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REQUIEM

On ilonday, when the sun is hot,

I wonder to myself a lot:-

"iow is it true or is it not

That whet is vwhich end waich is what?!

On Tuesday, wnen it hails &nd snows
The feeling on ne grows ond grows

That herdly anyvody knows,

I those sare these and these sre those.

On .ednesday, when the sky is blue,
snd I have nothing else to do,

I sometimes wonder ii its true
That who 1is whnat and what is who.

On thursday, when it starts to frceze
And hozr-frost twinkles on the trees
llow very readily one sees

Thet these sre whose - but whose are these?®

On l"l"id.ay @00 evc 000000 e
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INTRODUCTION

1. GENERAL

P e T

Considerable interest has been showm in the last ten years in
the early wesning of litters from the sow before they reach the
"traditional" 3 week weaning age. The attention of commercial
pPig producers end resecrch workers has eeen drawn to the possibility
of improving the efficiency of the reproductive phase of pig pro-
duction, by the use of ecrly weaning tecimigues.

4L nwiber of arguments have veen advainced in su.port of thre use
of tinis nmethod. wamely, that the Teed consumed by the litter
directly <Irom tiic trough, is converted more efficiently then thet
fed throuch the sow cnd that sow weight losses are reduced as the
lzctetion weriod is shortened. rwrthermore, in countries wihere
feed is aveilable all the year round, esvly weaning can be used
as a ueaans of ilmproving the productivity of' the sow ®y 1lucreasing
the nwiber of litters born each year.

In ilew Jealoand, dairy by-products constitute the bullkk of feed
used or pigs. the output of these by-products is seasonal, they
are perishable in nature and are produced irrespective of the
requirements of the pig herd. In terms of the most efficient
production with a minimwa of wasteage of feed, early weaning allows
the plamning of more suitable Tarrowing dates and valance of stock
numbers, to fit in with the supply of food.

This interest in early weaning has provided a stinulus to

studies on the nutrition of the young pig and the formulation of



suitable post weuning diets.

These studies have indicated that lactose is the preferred
source ol energy over the other carvohydrates during the first
few weelis of liTe. This would suggest that foodstul'fs rich in
lactose, such as whey, might be useful for rearing young pigs.

vhey is produced in Hew Zealand in qu ntities far in excess
of its demand for pics feeding vurnoses. Conseguently a growing
whey disposzl problem confronts meaily cheese and casein menufecturers.
The concentrction of soie ol this surwnlus hes been carried out by
a few Dolry Compenies in the hope thaet the dried product could be
conscrved for local tse oind export.

Inovlecdge on the use of dried whey products in pig Teeding
in liew Lesland, is limited, slthough soue locel cnd overseas trials
have indicated that tihe young »nig cisn tolerete higher levels of
dried whey tiiwn at later stages of girowti, Purthermore, thne nigh
rroduction costs of wiwey powder in HN.Z., nekes it additionsally
important that tinis kmowledge be extended, so as to deterinine the
conditions wnder which the product must be used to reclize its

maximun value.

2. SCOPE OF STUDY

The present trial was designed to obtain information on the
effect of different levels of substitution of lactic casein whey
powder for barley meal, in &n early weaning mixture for young pigse.

Comparisons of rates of gain, feed conversion efficiency and

thrift of the animals on the different experimental treatments,



were supplemented with data on the apparent digestivility of feed
constituentse. These digestibilities were determined by the
chromiun oxide reference-narker technigue. Observations wvere
made on the uce of this method in pig nutrition studies, &end
results and discussion are presented on the chemical analytical
Dprocedures used.

Durther observations were made on the mansgeimenteal fectors
involved and the feeding hablts of young pigs fed whey wowder

in their meal mixtures.
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REVIEW OF LIT.RATURE
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T I: THE NUTRITTCHN OF T8 YOUKG I'IG

1. ILYRODUCLION

The pig, by comparison with other species of farm livestock,
is born at & relatively early stuge of its develorment. I'or
example, at virth the pig weighs less than 1% of the sverage
edult size wherees the foal weighs about 9/ of the aversge adult
size (Dreulie 1954).

The subsecuent rapld grovith rate is unicue. At virth the
averige wiglet weighs bvetween 2% and 3 lbs (B8ellis, 1957; Duncan
end Lodgre, 1S60) and at & weeks of age may weigh 50=-60 lbs.

it is tiws no wonder that the young vig is extremely sensitive
to inadequacies in its nutrition and environment. /fn adeguate and
balznced suwply of nutrients are recuired to support such rspid

grovithe.

2. T GRO.TH CURVLE AxD FuiD SiToxGY ESLATIONSHIP

The growth rate of the young pig depends largely on the
digestivble energy inteke from its rleed. with suckled pigs,
this will of course depend on the energy yield of the sow's milk.
Braude (195.4), Lodge and Lucas (1956, 1958), Smith (1952, 1960)
and others h&ave reported that the sow's output of milk solids
declines markedly from about the 3rd-4th week of lactation. In
the absence of any other source of dietary energy, the growth

rate of' the litter can be expected to fall off. This 1is illustrated
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KEY TO FIGURE 1

GROWTH CURVES AND FiiD INTAKES

OF BEARLY WSANED PIGS
(Lodge and Lucas, 1958)

Line 1 : Farly weaned pigs, full-fed.
Line 2 : Farly weaned pigs, restricted feed.

Line 3 ¢ Sow-~reared pigs, not creep fed.
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diagrameticeily in Fig. 1 from data compiled by Lodge and Lucas
(1958) from a trial where no alternative source of energy to
sow's milk was given.

Berge uad Indreb¢(1955) showed that the younger the piglet,
the more valuevle was millk from the deni. The weight increase
of' pipglets during the Tirst and second weeks of lactation, rep-
resented 60, of the caloric content of sow milk; dwring the
third wveek 364 and during the fourth only 28:s.

"ais Cactor was further clarified vy Sreude (1954) who
found thet up to ovout 3 weeks of «ge the growth curves of
litter mates reacred artificially on a sow milk substitute, were
very osiudlar to those of mates of the sume litter reared on the
SO Jfter this time the artificielly reared piclets hsd =
fester grovth rate then the other group. Braule concluded thst
pigs recred on the sow received an insufficient supply of milk
vo enzvle them to grow at tuneir full potenticl rote I'roil the age
ol 2-3 vieeks. In this trizl, both lots of pigs received the
same creels feed, which suggested thot tne milk substitute (fed
ad 1ib) satisfied a nutritional recuirement not catered for by
the limited wiount of milk the sow was giving to her pigs.

These findings have indicated the need for the feeding of
a supulement to the young pig during the suckling period and
particularly after the 2nd-3rd weck of lactation. The provision
of supplementary feed for suckling pigs in an area of the pen

called a '"creep'", to which the litter, but not the sow, has access

is now commonly practised in many countries. Development of



Line 1: Energy intakes of early weaned pigs which
reached 45 1b at 8 weeks of age.

2. Bnergy intakes from milk and creep feed
of sow reared pigs which reached 38 1b at
8 weeks.

3. Hstimate of energy requirement from milk +
creep for pigs reaching Jo0-45 1b at 8 weeks
of age.

L. Mean energy intakes from sow's milk over
24 recorded lsctations.
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Requirements for digestible energy from sow's
milk end creep feed (Lodge and Lucss, 1958).




suitabie supplements has stimulated much interest in recent years,
in the specific nutritive reculrements of the young pig and into
the nature of the delicate nutritional balsnce betwecen piglet and
dam.

I'rom an cenergy efficiency point of view Lodge (1959) in U.K.,
and Smith (19598, b; 1960) in iI.2. found that provision of
surplementary fced to suckled mnigs, resulted in hesvier pigs st
werning znd tiint the intake of supulementary feed oy the litter
led to ¢n increese in the energetic eflfiiciency of litter production.
smithh (1960) showed thrt this higher efficiency was due (a) to the
lover weisznt losses of the sows (doms of littewrs receiving no
suoplenient produced more milk over the lost four weeks of lactation
cnd lost more weight); and (b) to the greater efficiency with wihich
thic creep red cuergsy obtuined directly from the trough, was con=-
verted to weight gwins vy the litter, compsred with the feed energy
which was Ted througn the sovw to iroduce milg for the sucxers. In
some earlier work Smith (1959) indicated that between 30 and 50, of
the food conswueed by &« litter up to v veeks of age, could be derived
from tie creep rfeed,

In a review, Lodge and Lucas (1958) presented data from some
of their studies on these cnergy aspects of crecp feeding. ooie
of this data 1s shown in Table 1 and Hig. 2.

Several workers have referred to the relationship between
creep consumption by a litter and their milk intake from the sow,
as a compensatory relationship. Whether this is in fact the case

and whether such &n effect acts automatically, is open to question.
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Liost of the factors governing the amount of creev food eaten by
2 littecr end the tine that the litter starts eating it, sre still
unkinown. It is believed that & nuwnber of factors such &s the shape

of the lactation cwrve ag well as palatenility of the creepn food, and

site of the crcen trough, &are inportant.

TABLE 1

snergy recuired fro.: creep feed. Lodge
and fucas (1958).

—
- Ape  |Apirox. inergy, digestible K. cels. Calculated
(vecl)|ody wt. [Deily | Sugnlied} Reguired | Daily Amount
(1os) Requirements| by sows from Crecyp of’ Ureep I'eecd
Milxk Teed (4ir Dry Basis)
(1b.)
1 5 950 950 - -
2 9 1250 1250 - -
55 13 1625 1400 225 0.2
L 17 2000 1250 750 0.5
5 22 2375 1250 1125 0.8
6 206 2750 1150 1600 1.1
7 35 3125 200 ‘ 2225 1.5
8 L2 3500 800 j 2700 1.0

3. LSARLY VIANING

During the last ten years, considerable interest has been
shown in the rearing of young pigs away from their dams as a
means of increasing the efficiency of the reproductive phase of
pig production.

Investigations have developed along two broad lines: -



(a) “he development of sow milk substitutes for the artificiszsl
raising ol newborn or vepry young piglets.
(o) The development of dry mesl mixtures for piglets wesned

from 7-1@0 days onwards.

(a) cohnson (i948) was onc of the first to produce & sow
mili: suestitute. He was followed by many others. rom a prec-—
tical point of view however, the crtificisl raising of very young
Pigs hes ween resiricoed to litters threstened by starvation in
the evesrt o’ death or iliness of thelr dam, Dyrendahl (1953,
1958) reported that srtificisl reising of very young viglets had
given rcsults couparanle Wwith those of natural methods. The feeds
used however, werc ol very nizh nutritiondl value and in consecduence,
expensive. In addition the younger the »nigs, the higher the
standard of hygiene and menagenent reguired.

Murtherriore Dyrendehl et al. (1$56), Grummer (1953) @nd others
showed thet the nw.jority of sows, even efter thelr litters hsd
been removed at & very early age, would not conceive until approx-—
imetely 3 weeks after verturition.

The piglet is dependent on the colostral transfer of anti-
bodies (Foster et al. 1551). Thus piglets that have not suckled
their dam, are very susceptible to disease. “he newborn »ig,
which is dcvoid of antibodies, absorbs them within minutes of
obtaining colostrum, Catron et al. (1958) found that most
antibody transfer took plsce during the firét 12 hours of the
®iglet's life. VUnder artificial rearing conditions (from birth)

this would be a difficult problem to overcome.
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(b) TFrom a practicel point of view, weaning at a later steage,
wvhen it is possible to dispense with sow milk substitutes and feed

& dry mesl mixture, is a more satisfuctory siroposition. The

(%

purpose ol develowping early weaning tecimiques from 7-10 days of

—

age &nd onwvards has been to teke advantage of a shortened nursing
period. aarly removal of piglets from thelr dam can incresse
thie T'ood conversion efliciency oi the reprroductive phase.

Smith (1960) suuported this argument with data showing that
feed consuied by tne litter directly from the "creep' or trough
was converted twice as efficiently as that fed to them tiwrough
the sov. In addition sow velght losses werc reduced as the lac—
tation period shorvened snd tiile sows could consequently be kept
o1l @& plore uniforil plune of nutrition, reducing the amount of Teed
recuired during the dry period. wmith wroduced Turther cvidence
to show that when lsctetion efficiency @lone was being considered,
the feed encrgy required ner pound geain for litters of ten wpigs,
was reduced by as nuch as 30% &s & result of weaning at 20 days
instead of the traditional 56 days. wven when the nminimum energy
rcguirenents for gestetion were added to those for lactation, there
was a 21, saving in feed energy per pound of gain.

It is oi equal importance in explaining the reasons for these
results, to remember that early weaning can coincide with the
reriod of falling sow milk energy, which occurs during the 2nd
or 3rd week of lactation.

Furthermore an early weaning programme shortens the period

between farrowings and it is thus possible to get an increased



10.

nuniber of litters per sow per year.
marly weaning holds a special place in pig resring under New
sealand conditions. These may bpe s wmlarised as rollows:-—
(smith 1252, 1960)
i. Dairy by-products constitute the bulk of feed used
Tfor pigs in H.4.. Due to the perishable nature of
these products there must be simultaneous production
and consumption if their full value is to be exploited.
ii. Due to the seasonal production oif' these products
irrespective of the requirements of the pig herd,
stock nwrbers must be adjusted to meet fluctuations
in feed supnly. werly veaning allows earlier
ferroving of sumier littcrs, giving a greciter chance
for these pigs to e niarketed bpefore milk supplies
fall at the end ol vhe scason,.
iii. The savings efTected by an eecrly weaning progralae,
in food reguirements over tlhie reyroductive phese,

allow extra stock to pe carried.

Very early weening is subject to tie difficulties already
mentioned. Grumuier (1953), summarised present knowledge by
stating tnat the earlier weaning took place the higher were the
reguirements for nutrition, environment and care. Under most
farm conditions it was impracticable to remove litters from
their sow earlier than two or three weeks after parturition.
There is general agreement in the scientific literature (Braude,

1954, 1957; Lodge and Lucas, 1956, Smith 1952 and many others)
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that 2-3 weeks of age is satisfactory for weaning. tany com=
mercial procducers in the U.X., in i{.Z. and other countries have
found however, that later weoning ot 3-5 weeks of sge is preler=-
anle under tinelir conditions of nwnasenent.

With increasing ege, the requirements of young pigs for
feeds of high nutritioncl velue is reduced ¢nd the econoniic

factors governing reising are uuch more fovoursble theaon is the

case with newborn piglets. On tie other hend the longer wesning
is delsyed, tiwe suweller the adventage ol tne technigue. The

"point of wilance" depends on cconoliiic factors znd mansgement

stendards.

e LHZ SLCINIC NUTRITIVAE REGQUIRGMGSNTS OF THE YOUNG PIG.

'he develovnent of early weenling as a practical method
oi reuring litters has cweited, eund followed, the evolution
A

¢
of heby pig rations. (Sieith, 1950)

g
Vo

@

The studies described in sceclion 2 of this review nave &lso
led to much of the present interest in baby pig nutrition.
Developnents in tiie general field of snimel vhysiology and
nutrition have rade further contributions. While an apprecicvle
aniount of inforiwiation on the sub ject is aveilable however, this

particular field of research is by no mesns exhausted.

Limitations of leeding Reguirements

Braude (1958) in reviewing current knowledge on feeding
stendards stated tnat: -
«eeseeding standards of today are one of the most mis-

interpreted concepts in animal husbandry. With the
advancenient of the science of nutrition in general...it
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has become abundantly clear that no single yardstick can
cover all the contingencies that may arise in practical
feeding....'eeding standards should be treated only as
guides....with the interactions between nutrition and
either hereditary, environment, management, stage of
development or type of production and superimposing on
all of these the economics of feeding, it becomes obvious
that no feeding standards are capable of covering every
possibility.

(a) Protein
Reports in the literature on protein requirements vary
considerably. This is not surprising since a number of factors
affect these requirements. These include (apart from environ-
mental factors or disease, which may restrict growth):-
i. The development of the digestive enzyme system.
ii, The amino acid composition of the feedstuff and
the availability of these acids.
iii. The ratio of protein to the total energy content
of the ration.

iv. The source of dietary constituents.

i. The development of the digestive enzyme system.
Catron (1957), claimed that in pigs of less than 5 weeks
of age, the proteolytic enzymes are poorly developed and remain
relatively inactive until the pH of the stomach falls below a
level not normally reached until 20-30 days of age. Casein was
the protein of choice for pigs at least prior to 5 weeks of age.
This is shown diagramaticlly in Fig. 3.

Catron further reported that the fortification of the diet
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with proteolytic enzyme extracts, improved the digestibility of
the protein. Calder et al. (1959) and several other workers
were unable to confirm these findings eand expressed doubt as to
whether the complex digestive processes could be so simply
speeded up.

ii. Amino acid content,.

Rose (1948) classified the 10 essential amino acids required
by the pig. Braude (1953) indicated that the modern use of the
term "protein supplement", implies an ingredient which is called
upon to meet the animals amino acid requirements. In the past,
protein requirements have often been confused with accessory
substances which can, with modern developments, be supplied
separately.

Very few amino acid requirements have been confirmed for
pigs under 20 1b liveweight. The problem is further complicated
by interactions between different amino acids. Amino acids
should be present in the diet not only at levels to meet minimum
requirements but also in correct proportions to each other, as

well as in a form which is available to the animal.

iii. Ratio of protein to the total energy content of the ration.

Sewell et al. (1953) found that the nutritive economy during
the early stages of growth depended primaerily on & correct adjust-
ment between the proportion of protein and the total energy
supplied. They found the most efficient and rapid gains occurred

on diets with a nutritive ratio approaching 1 : 3.
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(Maynard (1956) defined nutritive retio as:-

il,R. = (digestibility Tat x 2.25) + dig. .1'.¥. + dig.Cr.5iibre)
dig. protein

licCrea and wribe (1950), developing seui-synthetic diets
for very young pigs (1-3 deys old) fed three different levels of
grotein (mainly froa casein and dried milk, - 20, 27 and 34% protein).
Maximwi vieignt gain to 550 days oi age occurred on the 20% level
(av. weight 35.7 los) and lowest gain on the 34% protein level
(av. veight 32.5 1lbs). vwnen 10% of the sucrose in the 34% protein

-

diet vag revleced by lard these aninals showed e 56 day weight of

Q]

3S.4 1pbs. The authors concluded that the calorific density of
tiie diet had a consideravle infiuence on tihne optimal protein level.
They alco suggested that the different celoriiic density of the
diets wsed, =nd tie blologicul verues of tne protein, used by
verious worlicrs pcrtislly accounted for tne lack of egrecuent

in the results obtained.,.

iv. ''he source or dietary constituents.

Lodge and sucas (1958) aporroached the Lroviem of swiasirising
existing lmowledge on protein recuireuents vy sorting the deta
out accordi.ig to the type of diet used in the trial concerned.
They found tnat tnese estimates fell into two categories - those
where the protein was from cow's millk or casein “(“synthetic™
diets) and those where mixed proteins had been used ('"non-synthetic"
diets). On this basis the crude vrotein estimates for the
synthetic diets were only about 66% of the non-synthetic diet

estimstes. mven so, the former were considerably above the
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LO-L5 g. crude vrotein per 1000 digestible K. cals. in sow's milk
up to the 6Gth week of lactation. On an estimeted digestible
protein basis, the synthetic diets contained only 78% of that in
the non-synthetic mixed protein diets.

The guthor's inferred from this that the value to the young
pig of the digested protein of cow's milk was higher than thst
of the digested protein of a mixed ration containing dried cow's
mil.i, fish meal or soya becn neal snd cereacls.

Catron's work, quoted ecarlier (see also Fig. 3) supported
these Tindings. Ile suggested that wilk proteins could be
digested by trywpsin with little or no helyp from pepsin. This
was not true of plant proteins and thus young pigs were appearently
unsble to utilize soye besn or possibly Ffish and nect mesl Hroteins
wntil they vere old enougn to secrcte wepsin in an active form.
(repsin resches its meximwn active stage at zbout 6 weeks of age.)

The above factors zccount in no small pa2rt Lor the diversity
of results owteined by different workers in recent yecrs. Lome

of these wuwre sumuarised in “Lcole 2: -

LABLE 2

Sunwnary of some baby pig protein requirement

determinations
Authors Age of Source of Protein in % Protein
Pig Diet uUsed. for most

efficient gedrs
Reber (1953) = Weeksg Vitamin extracted csasein L1%
8 weeks 20%
Swell et al. (1953) |2=30 days Soya bean protein 32%
Bedker et al. (1954) |1 -4 weeks Skim milk 22%
5-=9 weeks 12%
Crampton &Ness 10 days Skim milk, soya bean, fish 0%
§195u) v > R é meal 30%
Jensen et 8l. (1957) 2 -8 weeks laize and casein 17%
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Lodge and Iucas (1958) summerised requirenents for crude

vrotein from mixed sources for early wesned vigs as follows:-

TADLI

Ilinimuwn crude protein recuirciients in mesal mixtures con-—
teining fishmeal, soya bean meel, dried milk and cereuls.
Lodge and ILucas (1958)

Crude protein
le?ggiﬁht (te DEr 1000 G. per 100 g.
Digestible Dry liatter
Ko Cal,
10-20 (1b) 73 By £y
20-35 (1b) 56 21.5
35=45 (1b) L9 i 1t

(b) Carbohydrates

The work of Porter and Dollar (1957); DBailey, Xitts and
Vood (19506); Cunninpghem and Brisson (1957); Cotron (19579 ;
and Lodge cnd Lucas (1958, 1959) hes shovn that the development of
the digestive engyme systen also plays an important part in car-
bohydrate digestion in the youang pig.

In view of the high level of lactose in whey powder, car-
bohydrate digestion is of special interest in relation to the
present trial,

Fig. 4 compiled from the Iowa data (Catron, 1957) shows the

development of the amylolytic enzyme system. It follows that
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this has an inmportant bearing on the type of cerbohydrsate that
should be Ted at different stages of the animal's life.

Glucose and galactose cre readily utilized by baby migs and
have been widely used as sources of carbohydrate ia their diets.
Johnson and James (1948) found that baby pigs could be
started very successiully after a preliminary nursing on colostrum

with puriied diets contiining eitner glucose or lactose as the
source ol carovohydirute,

i.ost workers now support the contention that intestinal
lactase cetivity 1s high at birtih and declines shurply after
the Zrd-Lth week. this would follow, since lactose is the
natural corbohydrate of milk.

Doller et_sl. (1957) confirmed these findings and Lurther
reported thot ai'ter whout 10 daoys of rge, anylese, sucrase and

maltase become increzsingly =ciive and conseguently starch,

-

sucrose and maltose wmey be included in greater cnouwnts in the
diet.

Becker ¢t al. (1954) found that sucrose and fructose were
the least satisfactory souices of carbohydrate during the first
week of 1life. he increase of sucrase activity with age,
allowed pigs of 7-14 days of age to utilize 10-20% of sucrose
in their diet. Becker also found that betweean the age of 7-35
days, glucose, dextrin and maize starch gave equal rates of gain
when incorporated in the diet. This would support the theory

that increasing quantities of starch (a cheaper source of car-

bohydrate) can be included in the diet as the pig gets older.
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Lodge and Lucas (1958) reported that glucose was the only
sugar winleh was tolerated by »igs of all ages, from 2 days to

8 weeks. They used diets with a glucose content of up to 60%

successiully.
(c) Fat

It has been estavlished that in spite of the ebility of
the pig to build fat from other nut'idents, such as protein and
carbohydircate, sone fal 1s essential Tor normel developrient.
(Breude 1554 )

There is little data on the minimum fat reguireiments of
the young pig. In theilr review on »ig nutrition, Lodge end
Lucas (1958) indicated that most of the syathetic milk diets
reported to have been used with very young plgs, contained
ciproxinctely 275 of lard on & dry matter basis. In dry eels
Tovr pigs of over 10 1b liveweight, rises in fat level generally
improved feed conversion efficiency, but over about 13%, increasing
fat levels tended to produce an olily diet which made cleaning of
equimient difTicult.

Several workers have supported the theory that the level of
protein in the diet has an important bearing on the utilization
of fat,. speer et al. (1954) for example used a dry ration con-
taining 245 protein and 7% fat successfully. Crampton and Iless
(195&) obtained good results from a diet containing 30% protein
and 8% fat. ilention has already been made of the contribution
fat can make to the calorific density of the diet and the con-

sequent utilization of protein.
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Lloyd and Crampton (1957) at liacDonald College, showed that
an inverse relotionship existed vetween the molecular weight of
fatty ecids in feats end oils and thelir digestibilities in young
Pigs. They also snowed that seven week old pigs could digest
fat better then 3 weeir old pigs. This could possibly be
exwlained by the work of Kitts gt al. (1956) which showed that
prancreotic lipase aelivity in pigs was of & nigh owrder at birth.
They postulzted thaot the increase in digestipbility of fat with
advancing cge wes due to an increase in bile secretion, which

resulted in an increassed absorptive capacity for fat.

(d) iidnerals, vitsmins end other crowth factors.

ifach work is still needed to elucidate the specifiic require-
mentos o the young vig for mineruls, vitemins énd other growth
factors,. vWhile dJdetalls oi deficiency symptons, 1in meny cases,
are lmovmn, minimuan recquirements to prevent these symptons

appearing ¢nd to maintain hezlthy crowth, cre not «t all clear.

5. Tils von OF JHSY POVDER TN HIATURLS IO YOUIIG PIGS.

Table 4 shows an anslysis of a sample of unneutralised lactic

casein whey powder, as used in the present trial.

TABLE 4
Henneberg analysis of unneutralised lactic casein whey
powder. (llassey College Biochemistry Dept. 1959.)

Constituent Air dry %| Oven dry %
Dry Liatter 89.7 -

Ash 10.9 12.2
Protein 12.9 14.4
Fat 1.2 1.3
Crude Fibre - -
Nitrogen Free &xtract 64.7 72 .1
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TABLE

oome data on constituents of unneutrsalised lectic casein
whey powder (Dairy Research Institute 1961)

(a) lineral content:-

o

5 K
5% 2.40%

lig. Clak. L
3L AL 1.86% dl.

(o)

(b) Lactose and lsctic acid content:- (apy.roximate)

lioisture » 10%
frotein s 12%
Ash 2 10%
Lactic scid: 8%
Lactose s 60%

100

From Tavle 5, it is cliear that whey is a rich source of
lactose and contains about 60-70% of this sugar on a dry matter
basis. “hat lactose, as the neturael caroohydrate source of
every umanualioen infant, wipgnt hold a swecial place in the feeding
of* young céniucdls, was noted by vuncéen (ﬁ955) reviewing the phy-
gioloricul ei'iects of tals sugar. pactose nas nowever, certain
rhysiological virroperties not cihalwcteristic of the other dis-
accharides oy Sugars. ‘hese way wvartly account o e diversity
of opinions wnich exist in tne litecreture, as to the value ol
lactose in foodstuffs.

Some o these physiological differences were listed by
Duncan (1955):-

e bome are due to the liveration of galactose when lactose is

hydrolysed, some due to the other hexose sugar, glucose, which is
€lso liberated on hydirolysis. (Both glucose and galactose can be

utilized by the baby pig - see back.)

2. Sone are specifiic to the lactose molecule itself.

These include: the effect of the sugar on gastro-intestinal
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motility causing & peneficial laxative effect in some cases

and diesrrhoee (usuzlly when fed in excess) in others; its
Tavourable iniluence on ithe cpsorption, retention and utilization
of calciw, phosphorous wnd megnesiwn; 1ts value as a lipo-
tropic cgent and sparer of ciholine; 1ts possible role in main-
taining tiie natural intestinal Tlore in young &animals; provision
on hydrolysis o the energy-producing sugesr, glucose and the
"strucitural! suger, gzluctose, wiich may be importent in the

Tormetion oif ti:e cerevrosides and nmcopolyseccherides of tiwe

nervous systeri; and Lossible otners.

(a) Oversecs

A nuber of' rescorch stetiong overseas heve interested
tneiaselves in studies oi wney feeding to pigs. V/ith respect
to the use or whey powder in retions for young pigs, reports
in tihe literatare cre nwinerically insigniiicsant.

There has veen a hesitancy in the past to feed high levels
of dricd wiiey to pigs due to recvorts of ensuing diarrhoea.
For exaunple Krider et al. (1949) reported the occurrence of
dierrhoea in weanling swine fed L3 to 8% of a dried whey product.
Lactose was suggested as the causative factor. In recent years
however, work on the levels of whey powder tolerated by pigs of
different ages has thrown soie light on the nutritive value of
the product.

i) As a replacement for other carbohydrates in the ration.

Becker et _al. (1954) reported a series of tests in which
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the nutritive value of various carbohydrates was determined with
Pigs &t dififerent ages. In the baby v»ig, lactose fed at a level
of 56.65 of' the diet, gave a superioi rate and efficiency of gain,
to either glucose or starch, without any evidence of' diarrhoesa.
Likewise with the finishing pig, 255 of its diet as lactose
vromoted catisfectory rate snd efficiency of gein with the
abscnce of diarrhoes.,

In a fuwrther investigution, Becker et al. (1¢57) studied
the efrfect of hipgh levels oif dried whey on pigs atl various
stages ol growtin. Jried wihey fed to basy pigs weened at 14
Geys of age, ot levels off O, 30 end 603 of the diect, nad no
gignificant eifect on tne rate or eilficliency of gain, nor vas theie
any evidence ol « whey-induced diarrhoea during the four week
trial period. Jith Tfuttening plgs fed & semi-purified diet,
a 605 vhey ration produced severe diarrhoea and markedly
depressecd food intake and growth rate, Some diarrhoea occurred
on a 40,5 whey powder diet, wut growth rate was not significantly
slowver tnen those without the product in their diet.

In a subsequent group feeding trial, substitution of 20 and
30 dried whey in a practical ratioa of corn and soya bean meal

fed ad libitwm to weaning pigs, seriously reduced food conswiption

and growth rate during the 34 day trial period and produced a
moderate diarrhoea.

Becker concluded that the pig had the ability to utilize
higher levels of dried whey, without deleterious ef'fect, than some

workers had reported. The maximun advisable feeding rate appeared
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to depend primerily on the remainder of the diet and the age of
the vige.

Conpering tue results oi this wney powder tricl with the
results froi tie tricl where lectose had been fed, the authors
Telt thet the differences in resovonse to tie high levels eof
dried vihey could not be explsined solely in terms oi the level
of" lactose fed. .nile lsctose :nd dried whey tolersnce showed
an indirect relautionsnin with the tge of the wnig, these tolerwiices
were prevwuvly estuvlished by different mechanisiis.

Deniel wind lisrvey (1947) sucgested a possible mechenism
involved in Tixing driea viney toierance. “hey rerorted that
dialysis oi" whey produced u veneliciol elfect on its nutritive
value in rats. In addition wihey ash depressed tine growtihh ol rsats
Ted cdried woole milk and diclysed wihey &s tne source of protein.
These owvservations iluplicd thot the inergenic fraction of dried
whey might be the growth retarding factor. t'he vesponse froin
feeding nigh levels of whey might have depended upon the mineral
composition of tie remminder of the diet.

ileade et al. (1957) when studying dry meel formules for bubdy
pigs, used rations containing 10% of sugar with whey at levels
of 5 to 30%. This acddition of whey incressed growth rates of
the pigs from 3-11% respectively compared with those without

whey powder in their diets.

ii. As a replacenent for carbohydrate and protein concentrates.
Hudman et _al. (1956) reported that lactose fed to baby pigs

with soya bean meal, and sucrose with milk protein gave best growth
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ICSHONSES They suggest thet from the analyses listed by
liorrison (15$56) both dried skim milk and dried whey uust be
considered ag & souw’ce ol lectose, since on &n average these
products contein a high gu lity, protein.

Crine (1953) observed tint weenling igs gained more
razidly on a ration conteining LO: dried siiim milk than on
one containing 355 dried skim milk and 107 dried whey.
oenson gt_sl. (1$57) claimed thet dry skim milk improved a
50/ dried whey diet for youwy pips.

Lloyd and Urampton (1958) descirribed a trisl in which they
attemypted to renlsce the sxim milk powder in a babvy pig ration by
& mixture oi whey ovder and meat me=l, They considered thet
whey powder, which contains pirotein of & similir origin to skim
milik, wes possioly the less costly ingredient. Lecording to
the zuthors Tfrom the wnoint of vievw ol awmino .cid distrioution,
the vrotein of whey powder is as good as the protein of' skim
milk powder bput the totel content of the for.er is consideranly
lovier then tue letter. It was thus noued to wrovide e siniler
protein level as tict of’ skim mllk by using a 50/50 mixture of
whey powder cnd neat neal. furthermore it was considered that
a methionine deficiency would still exist in this mixture and
guantities of this anino acid were included in some treatments.

This gave & ration with a 30% protein level and one with a
26% protein content. The overall substitution gave decreased

feed conversion efficiencies and rate of gain and in no individual

case did the addition of methionine significantly increase rate
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of gain or ¥.C.:. IMarthe rinore rate of gain of pigs on rations
containing 26% protein was sirnificantly gresater than that of

the 30s protein fed animels, but in terws of F.C E. and nutrient
digestivnility, both levels ol protein resulted in similer values.
This result does indicate the erTect or the other nutrients in
the diet on tne value ol vhey vowder sup.le.enteation.

This refercnce is of particulzr imgortence to tne present
gstudy dce to the successiul uwse ol chromium oxide as a maiker
substence in the deterninetion of digestibility. The authors
presented digestibility dete vhiclh threw sowe light on the
recsons ror the IMsiluwre of the weri mezl end whey povder rations
to support growtih to the swaue vxtent =@s the s:xim milk vovrder
retions. The lover gplarent cigestibility of the crude orovein
1 totel corvonydrate in tne wihicy wvovwder rotions =t noth 3 &nd
7 weeks ol ©pe contrivuted to tihe lover digestibility oi both
dey wwltter and gross energ)y thue decressing the feeding value
of this nixture.

“he authors concluded by referring to the Iowa work (gquoted
earlicr) on the developiwent of the amylolytic and proteolytic
enzyme systers, in support of the superior results obtained with
the skim milk vovider supwlemented rations. Lewis et al. (1955)
at ITowa had reported that the protein and carbohydrate of choice
for pigs, at least prior to 5 weeks of age, was casein and lactose
respectively.

Danielson et al. (1960) fed different combinations of dried

skim milk powder and dried whey powder to baby pigs. Greatest



26.

geins and food couversion efficiencies were wmwade on a ration
containing 30% dried skim milk and 10% dried whey. Gains wd
¥.C.u. decreazsed when the whey povder was increased above this
1045 ration. Pigs fed starter rations contoining dried wvhey
nade grester geains duriag the suvusequent weriod th=n those fed
on & L0 dried skim milk starter ration. This work further
cupn&asised tiie eifect the remélining ingredients i1 the retion
hed on the overall nutritive value o whey powder. The authors
concurred with rnwuch of the wvrevious vork regording tie violue of
laoctose as bie contriovuting coiround to the grewter efTiciency
off milk products to sustain hedlthy ead efficient growth over
the corn, soya bean or plant type of diet. They «lso oiTered
the surgestion thet not wll this iliwrovement could be attrivuted
to laetosc, This wus evident from tike reduction in gains and
feed eivicicncies observed vhen dried vhey levels were increased

ubove 10, cnd vies velieved to have heen due to the total wrotein

coming rom the milix uroduct. Coya beewn oll was used to keewp
the wrotein level constént and coansequently as the whey powder

level increased so the total soyea bean nrotein increased.

(b) UWew zezlend

A growing whey disposal problem confronts the N.Z. Dairy
Industry at the present tine. New “ealsznd in the 1$59-60
season was second only to the Argentine in world casein pro-

duction (¥.Z. Dairy Board Annual.Rkeport 1960). From figures

obtained from Dairy Board Reports, Owtram (1961) and Henson
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(pers. comil. 1951), it would appear that the production o cheese

and casein whey has increased from about 975,000 tons to 4,730,000

tons annually over the pest twenty yearse. This has princrily
been due to the incirease in casein _roduction. This production of vhey
> Na)

is fer in excess of 1its dewmand for stock Teeding purwvoses, and
conseqguently & substantial provortion runs to waste, There is
little economic yiessure on dairy farmers necessiteting them to
Tully exnloit the vealue of dairy by-products. Due to the pgrob-
lems of river and streair pollution when they cire used for whey
diswosel, nressure is velng vut onto bLairy vougunies and rroducer
voexds to find zlternavive means of diswmosal.

InTovrmation permitting full exglolitation of whey and whey
products in this country is very limited. I'or this reason the

N

lisssey desearch Jlggery has been engaged for a2 nunber of years
in a series of trisnls ained ot obpteining information on the
utilization of whey and whey products by the vig.

A nunber of vDairy Corwwonies heve been producing smell
aguantities of whey »owder in cn effort to find a meonc of dis-
posal of wiey as & stock rood. “his has principslly been of
the lactic caseln veariety.

The 1.2. Co=operztive Dairy Co. (pers. comu. 1961) produced
109 tons of lactic casein whey powder in the 1957-56 season, 2860
tons in 1956é-59, and 360 tons in 1959-60. Concentration is
expensive (powder nust be sold at £35-40 to cover costs of

production), little progress has been made in finding a suitable

export narxet and local sales are very variable.
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However, whey powder is wrrobably cheaper in H.Z. relative
to the orice of cereals, compared with the situstion in other
countries and f'or this reason tiere 1is greater interest in this
country in using relatively higher froportions of it, in pig
rations.

A Tew tirials with whey powder have been carried out at

tire Liossey viggery and the results of these are swmnarised in

the following section. (Dunkin, pers. comm. 1961)

1. VALUS OF HAY POGDER FOx FATTENING PIGS

(&) In an &ll meal ration

During 1956 an individual feeding tricl wss curried out
in which luctilc caosein vhey powder, supuleuaented with thiree

)

Giffervent deily mezl allowences (I, MWy IL, 4 lbg IIlz 2 Tby

was compared with an sll mesl ration. Figs were fed the
experimentsl mixtures from an initicl liveweight of 47-50 1b
until all aniuals weighed at least 140 1b liveweight. lor
the overall triel period whey powder constituted 847, 715% and
L35 of the total food eaten in treatments I, II and III above.
From 46-110 1b liveweight there was no significant differ-
ences in growth or food economy between the groups on the three
whey powder treatments but all were significantly superior to
the control group. Some scouring occurred in the earlier
stages of the trial, especially in the case of the group of

pigs on the highest whey intake. From 110-140 1b liveweight,

the groups receiving the two highest levels of whey powder lagged
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behind the controls @nd those pigs on the lowest whey powder
treatinents.

Decause it was considered that the control's performance
was sub-normal diring the early phase oi the trial, the trizl
was repected, tie only modificetion being that the control

grouy was fed a mixture containing 10% whey powder so that

(julé‘/"

there was no quentitetive differences between the treztments.
Over the liveweight range L6-110 1b the averege growth rate for
all f'our grouws was very sinilar, confirming the results of the
previous trial.

It was conc luded that uy to light pork weight, casein whey
vovider sup,clcuented by as little as -y 1b nesl daily caen sugport
o Aally goin of cprroxiwmetely 1 1b and that up to this stage the
powder was Tully equilvalent in feeding value, to the barley wmeal
us ed. 1“hie highest vhey povder treatients did have the disadvant-
&ge ol increasing tie rate of scouriag but this was not excessive.
Yrom 100 1b livewelightv onwards, the results indicated a decline
in growvth rate ¢nd food conversion efficiency when the basic

deily necal allowance was reduced below 2 1b.

(b) As a supplement for fodder beet

VWvhen compared with barley meal as the main ingredient of
two levels of measl used to sup.lement sliced fodder beet fed

to appetite, whey powder proved to be the superior concentrate.

(c) As a supplement for liquid whey

ithey powder was canpared with barley meal as a supplemnent
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for licuid whey st two levels of supulementation, viz. 1% end +» 1b
rer day. Hothh the rations contalining berley meal, gave Taster
growth rates then either of the viney powder rations, over the

15 week trial veriod.

(a) s & suvplement for skim milk

in an individual feeding trial with 12 pigs, skim milk was
fed to swoetite aénd suvplemented with a daily allowence of
either 1 1o of barley meal or 1 1o Wwhey powder ner pig. Lfter
a 50 day trial weriod from 80 lc liveweight, pigs receiving whey

povder averoned 146.3 1b liveweigsht, while those fed barley meal

averaged 157.3 1b.

2. UBw O HuaY PODER IN wARLY WaATTNG MIXTURLES

During lete 1956 to mid 1959, & totel of 21 litters was used
to eveluste the eflfect of including vwaey powvder in the neel
mixtures of pips wesned &t three weels ol cge. Over the trizl
period seven littewrs viere placed on eacihh oi three experimentesl
treatments. otarter mixture was fed to the litters from 7 days
of age, veuning toolr place at 21 days of age, and a '"carry on'
mix was fed from the 3%2nd to 56th day.

The princinal ingredients of the experimental “starter"

and '"carry-on' meal mixtures are shown in Table 6.
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TABLE 6.

axperimnental feed mixtures (vrincipal ingredients
only). warly weaning trial (Dunkin 1959, pers.

cont.e )

Frincival Ingredients Treatuments
O 2y I II III
Starter |Carry=m | Sterter |Carry—on | Sterter [Car -

% Butteimilk jowder 60 30 L0 30 4O 20
% lihey powder - - 20 20 20 Lo
75 Barley meal 13 L5 10 25 10 15

Treatment I was 1in current wse a2t the Piggery ¢t that tilue
end was consecuently regarded as tie control in this triel.

uver the 3-0 week peiiod, the average totel gains for the

thiree groups, d.ilffered by a maxinun of’ only 1.3 lbs. This
diiference was not stitistically significent. The zniount of

meal conswacd, decreused as tne pornortion oi whey in the mixtures
incireased. It was considered tiwt this was possibly due to the

stickiness of the mixtures contuining whey (due to its hygroscopic
nature) which caused "caking" in the self-f'eeders and wihich could

heve had a restricting effect on intake.

3. COLICLUSIONS

From the results reported above, 1t appeared that whey powder
was a useful concentrate food, roughly comparavle to barley meal
on a weight for weight basis. Its precise nutritive value depends
upon the other ingredients of the r&tion, being greatest when used

in rations containing no other milk products.



32.

Pl ET TTE Ty LSSTIMATTION Ok APPARMNT DIGLSTIBILITY

1. INLCRUDUCTION

Crampton (1956) defined appare.t Cigestibility of some
constituent nutrient oif' & feed, as tnat fraction oi the intake
thot was not recovered in the Teaeces., It is this unrecovered
fraction expressed as a percentuge of the total intake that is
the apucrent digestivility or coefficient of digestioility of
that Traction.

wvnile o siugle couparative feeding trial may compare the
results oproduced vilen a certain retion is fed, in terus of growth
rate, food conversion ef'ficiency, oi* sone other productive nrocess,
it feils to answer tiae gqguestion as to why one narticular reed was
petter thon snother. The estimetion of apperent digestivility
partly answvers this cuestion by detemuining the relative degree
to which the individual nutriencs in tihe retion are "digested'.

iitchell (19&2) noted thet there were marked dificrences
enong feeds «nd rations in the extent to wvhich nutritive weterial
was lost in the digestive rrocess end awmong dif'ferent species
of animals in which digestive efficiencies dirfered. wven
among aniuals of one species, the completeness with wnich nutrients
were utilized in digestion showed considerable variation.

In a more recent review Crampton (1956) pointed out that
digestion coefficients are not constants and consequently tot&al
digestible nutrient values are nolt constant. Maynard (1956)

listed several factors which affected digestipility. These



included the nutritive rutio of rations fed, the ingredients of
the ration, nutrient interrelationships, speed of passage of
Tood ilwough tie digestive system, physical state oi' food fed
and seversl others.

Lt is inwortent tnerefore to measure digestibility accurately
and to have some knowledge of its liwmitations. Despite tihese
limitations digestion coelficients remain distinctly useful.
Interpretation of’ digestibility data hés been enhaénced by modern
develomients in tie Tield of stctistical method and exverinentcl
design.

2. lwABUuldam s TOTAL COLLACTION .iwTtO0D ve IITERT SUdti2stid

b=

SUBELMANCH 1usi'ii0D.

The estimation of awerent digestibility degends on an
accurate record or feed intaeke and faeces outovut. .ethods
involving toteal colliection of faecal uatter by neans of & bag
strapped to tiie anlinal have peen used for wmany yeers. they
are, however, cunbersome and time consuming; uncomfortable for
the animal and unpleasant for tie worker. weasurement of feed
inteke devpends on tvihie type of feed used and tne animmals con-
cerned. The difficulties encountered in a guantitative estimate
of pasture intake by grazing animals are nuierous. With swine
feeds, most of which can be hand fed, the problem is not so
difficult.

The modern approach has been in the development of techniques

which obviate the necessity of a total collection of faeces.
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These range from the use of "tracer'" substances which are a
natural part of the feeds used to the incorporation of "indigestible"
markers into tiie reed. It is mossinle on & ravio basis and
provided these substances are "indigestible'" to calculste the
digestibilities of feeds used or of their coastituents.

Chrouwiwin oxide (CP203) hes proved an effective marker sub-
stonce in digestibility studies withh seversl animal si.ecies
including the pig. Detailed reference to its use in swine

nutrition studies follows.

3. A uSs L CITROLIUM OAIDA 1.7 OWING DIGaSTIBILITY oSTuDInS

(a) GENIRAL

Ohromiwn oxide or chroue green, is the niost used index
substance at the piesent tine. his coipound is used in
industry as a colouring pigment in puints.

Grampton (1956) described index substences as materials
that could ve consued by or adninistered to an animal, but
were (theoretically) entirely inert in the digestive system
and were completely and regulerly mixed with the Taecal
material. ''he apparent digestibility could be determined
on a ratio basis from differences in the concentration of
the index substance in the feed and its concentration in the
corresponding faecal output.

Where the same combination of feed is fed at all feedings
(or on an ad 1lib basis) the index substance may be mixed in

fixed proportion with the batch as a means of getting it into
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the animal (as in the present trial). With rations made up of
combinations of roughages and grains in differing proportions,
or in diests in which the supplements and the basal feeds are fed
separately or in pasture feeding trials, it is usual to admin-
ister the index substance in a capsule. The quantity to be
administered will depend on the amount of feed eaten, for the
concentration of the index substance in the feed must remain
constant over the test period.

Most workers with swine have used a level of about 1%

01-203 (by weight).

(b) USE

Bdin (1926) in Sweden, was one of the first to describe
the use of Cr203 as a reference substance and later published
a series of papers embodying results obtained with the farm
animals he used.

Barnicoat (1928) advocated the use of inert reference
materials in digestibility work and in 1942 used Cr203 as an
index in a pig nutrition study. He compared this with the
standard bag collection method and obtained satisfactory
results both in terms of the digestibility figures and the
management of the trial.

Up to this time reports on the accuracy of the Cr203
method were diverse. Bergeim (1926); Hamilton et al.
(1928); Heiller et al. (1928) and Gallup and Kuhlman (1931)

for example reported favourable results. In a further trial
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with a variety of animsls Gallupr snd Xuhlman (1936) suggested
the method hiad & limited applicebility while Inott, et sl.
(1935) reported the iethod constituted "a serious sacrifice
in «ccuracy' as coupared with tie umore conventional methods.
In @ further comparetive trial, Barnicoat (1S45) with
lanibs, calves, wethers end pigs, Tound that in most cases the
index method gave lower results than those found by the total
collection netnod. This was particulsrly so in the ruminants.
ile believed that this was due to lower recovery of the index
substonce than expected. Among the factors affecting this
rate of wecovery, he listed:-
i. Losses through cheniical estimation of Cr2O3 in
rced and feaeces.
ii. woss by solution or absorontion of or203 in the
digestive tract.
iii. Straticication of Ur203 in the digestive tract.
iv. ldetention ol Cr2O3 in the digestive tract.
v. he tiue lag between f'eeding and excretion of Or203.
That the method, with certain improvements to techniocues,
could e a useful one, was becoming obvious to a number of
workers. it was evident that the slightly lower accuracy
of the reference metnod over the total collection method,
could be compensated for by the fact that more animals could

e used.

Kane et_al. (1952) and Hardison and reid (1953) showed that
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with ruminants (in this case cattle) the complexity of the
digestive tracts could sec expected to contribute to the uneven

execretion jpattern of Cr and its variable rate ol recovery.

203
schurch et al. (1952) outlined & urocedure for the
deterniination of awpparent digestibility in swine and recorded
data which indicated that the rate of excretion of Cr203 was

much less variable than in cattle.

They used a fommile:—

¢3 apsarent digestivpility = 100 (a = b)
ol’ nutrients a

where a = ports ol nutrient (D.lf., protein, ether extract, etc.)
per unit index muterial in the food.
b = parlts oi the nutrient per unit index materizl in

T'aeces.

(¢) ZXCHAPION PAMIGRN AD DIURNAL VARIATION

A study of excretion vatterns of index substances and faecal
components might ve expected to help assess the accuracy and
usefulness ol index methods as well as suggest modifications or
improvements to technicues.

During recent years therefore the diurnal variation in
faecal composition has received attention from a number of workers
in respect to the use of insoluble markers.

Diurnal variations in the faecal excretion of Cr203 were
reported by Kane et al. (1952), Smith and Reid (1955) and Hardison

et al. (1956) working with cattle; Raymond and liinson (1955) and
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Pidgeon and Brisson (1956) with sheep; Dansky and Hill (1952)
and iiuelier (1956) with poultry and Clawson et al. (1955) with
pigse.

Clawson reported tnat e.cretion of CP203 by pips self-fed
a ration in which the indicator had been thoroughly mixed,

regularly varied about 5% between samples taken at 10.30 z.m.

and 8430 a.mm.. cauples token at 5.30 a.me and 3.30 Delile ilOre
clearly apvoroxiiated the levels of Cr203 calculated for 100%

recovery thetn sanmles obtained at other tines.

Digestion coelfTicients comnputed from the mean concentrations
ox' Cr203 in faecal scmples tsken from pigs individually during
one-day pcriods, agreed fairly closely with those determined in
a2 total collection trial of 7 day duration. Taple 7 shows
soile of tihese results.

Clawson further suggested tnat a rate of' recovery of
Ur203 as low as 905 could result in apureciable errors if the
ration or nutrient in cuestion is of low digestibility. with
swine rations it could ne expected that the error in tle
neasurement of digestibility would be greater for crude fibre
than for the other fractions.

Clawson also found that tle CP203 concentration in tle
feeces of his animals, became relatively constant after 3

to 4 days from initial feeding of the marker.
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TABLI

Comparison of digestion coefficients determined conventionally
with those derived from use of Cr203-ratio method (Clawson et

al. (1955)

Digestibility (%)

Dry llatter srude Protein

Lot Iio. a” ot a b
1 81 80 81 79°
8 79 79 7 we
5 80 [ 7l 76
Fe 81 80 78 76
L 4 72 72 70
5 75 7 76 e
2 67 67 66 : 68
10 69 67 L 72
P 7 | 7k 71
g 7 69 71 65

1
"’ as Digestion coefficients determined in conven tional
trials of 7-day duration.
+

1) Digestion coefficients derived from use of Cr203-
ratio method; faecal samples teken rectally

twice daily on 3 consecutive days and compounded
by lots.

It might well be possible for the type of feeding treat-
ment imposed on the animal, to have an affect on faecal ex-

cretion patterns. Moore (1956) investigated the faecal
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excretion patterns ox Cr 03, crude fibre, crude protein snd

2
ash.
In a series ol three exgeriients, pigs were ted at
diftferent tiues oi the day, viz. twice or three times daily.
Gr203, crude pirrotein, crude fibre =nd CP203 - free ash
were excreted in tie faeces of pigs in regular daily patterns,
which to @ certain extent wvere churacteristic for each pig and
depended uvon the lensth of time between feeds. (fFig. 5) reaks

in Cr concentration occurred between 2, and 29 hours after

203
cach If'eeding.

During the iirst L hoars oI digestion the rate ol passege
of' nitrogenous materizl from the stomach into the small intestine
was nich greater then tinst ol the dry matter. “ne dry natter
was 1in turn renoved from the stomsch &t & more repid cvote tiasn
crude Tinre. Thus observed diurnel veriations in f'tecsl coin-
position could e exileined in termus of tine dirferential rates
oi' passage of' food coustituents TLrom the stamnach.

In one exleriient woore oonlteined recoveries ol ingested
(Jr203 as low as 835 for no apparent reason.

In a further paper noore (1957) evolved a reliable partial

sampling technique for the Cr O3 method, using the results from

2
his previous report.

This involved the collection of a relatively small piro-
portion of tihe daily output of faeces which on analysis would

provide an accurate value for the digestibility coefficient of

any particular nutrient.
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lioore deternined the effect of the nwber of random sanples
off Tfaeces collected on tiie maximunm error involved in the determ-
ination of tihe digestibility coefiicients of tihe constituents.
Results are shown diasgremmatically in Fig. 6. A rendom sauipling
technicue could be apwlieda o tine deternination of the digestib-

ility cociticients or dvy ratter, crude protein and Cr - f'ree

203
ashh with a Tair degree of dccuracy. The sampling nethod con-
sisted of collecting two saiiples of fucces each day, each
amounting to zoout 10y of the total faeces for the dey. CP203
was, as 1in tee Lirevious tricl, incorporated in tine diet av a
level oi” 1¢.

To obtain & reliable vulue for the aigestibility of crude
fivre hoever, the nwnber of rondom sanples that must ve teken,
would cinmount almost to & couwlete coliection of totel deily
i'aecal production. lLioore found thet un 60-9C,5 coliection oi
the daily feecal production was reculred to reduce the error
to the vicinity of i2<i.'igestibility units. e also calculated
tihiat with tie couventional total collection metiod, because of
the problem of gumntitative fzecal collection, a loss of 10%
of the fseces would introduce a positive error of + 7.7 digest-
ability units,

lloore explained the above trends in terms of the diurnal
variations of the digestibility coefficients as found in his
previous trials. Diurnal variations were greatest for crude

fibre digestibility coefficients.

In discussing the most suitable times of sampling, Loore
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pointed out that feecal excretion watterns depended on the
method of Teeding, types ol Ifeed used and on the individuality
of tue pig. unless thie potterns were known for any particular
combination ol these factors, it would be difficult to predict
a suitable time of the day in which feeces should be sampled.

The metizod does however, &llow tue use of more animals,
in which case weny oif' the varistions owpserved can be compensated
for.

In contrust to soore's study, with hsnd-fed pigs, iiorveth
(1958) ovserved fzecal wpatterns in swine wihich were seli-fed.
.hereas woore louwnd tiiree peaks in excretion of feecal con-
stituents when i1ls ani.cals were ied three tiues a day, worvati
found tact in seli-Ted aniaals diarnel fluctuxtions overlapped
with tue increased frecuency of eating, thus miniuising
variations 1n coul.osition. ile farther suggested that any
differential rate ol wvassare, tiirough the stomach would dim-
inisn witn the mixing oi’ food constituents as they passed

tnrough tiile wpver large intestine.
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PART IIT: THS HUNITEBEREG ATALYSIS OF FulkDS AND

OWrimtt CHalitCAL FROCmDuilmS IuVOLVaD IN NUTRITION

STUDILS

1o ILallLBuRG ATALYSIS AND ITS LIMITALTONS

Devised at the weende uxperimental Station in Germany
in 1060, the Henneverg analysis is the most generally used
chemical scheme for describing foodstuf'fs, in spite of the
fact that tne informetion it gives in meny insteances, may be
of the uncerwvein nutritional significence and of ten mislead-
inge.

According to the systen a feedstufi is partitioned into
six froctions: water, ether extrect, crude fibre, nitrogen
free extract, crude protein and ash.

Crampton (19656) in his booi “ipi.lied /niwmel Liutrition

draws attention to tine limitations or the ilenneberg system.

The denneocrg analysis 1s not as is souetimes erron-—
eous ly supposed, an analysis of the nutirients of the
food. wé&eh ol tue convonents, except water, represents
a combination of substcnces, some of wirich are nutrients
or combinations of nutrients and some which are of no
nutritional value to the animal at all---1it is an index
of nutritive value only because the fractions that it
isolates are correlated with some of the properties of
Lfeeds that have nutritional signif'icance.

It has long been recognised that digestibility of nut-
rients in feeds 1is related in part to chemical composition.
Schneider (1952) stated that @y increase in the accuracy of
predicting digestibility coefficients could only occur when

more information was available from digestibility experiments
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in which tie chemnical analysis was more precise than the
Henneberg analysis. AN increasing number of workers are
now carrying out a more comuvlete wnulysis of the components
of feedstulils. vince these iiethods are often more difficult
and tire congsuming thsn the Hennebery their value has to be
carefully studied.

The criticisms of Jrampton (1956) on the Henneberg
anelysis can e sunwied up &s follows:-—-

The difficulties lie:-
(a) in deranding sometiiing from the aneclysis thet with our
expanding lmovledge of nutrition we think desirable, but
which tane schene was never intended to give.
(b) in ouw failurc, beczuse of wncritical or erroneous
thinking znd deduction, to pioperly interpret the figures
this anealysis yields.

wodern imwovwledge of nutrition has bpeen suppleunentary
to aigestivility deta derived by ithe ilenneberg, rather

thin & replaceuent for it.
Ik

2. Lilu BSTIUATION OF CHROMIUNM OXIDE

The accurate estimation of tihie concentration of Cr2O3
in feeds and faeces where it is used as a digestibility
index is obviously vital, if relisble estimates of digest-
ibility are to be obtained.

Owing to certain facts which came to light during the

present trial while attempting to standardise an analytical
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procedure Tor determining Cr20 concentration, a review and

3

discussion of this topic will appear in Chapters IVand V.

3. GROSS LNERGY DATA

In relstine methods of exnressing nutrient recuirements
to wig nutrition rsart I of this iteview indiceted that with a
well belenced ration end heslthy animels in s good environment,
that whicihh liwmits growth is the intake of digestible energy.

Lodge and Lucas (1958) suggested that if energy intake
were rcduced tie growtih rate would be slowver and in conseguence,
tize recuirements for tane other nutrients would e less. It
would cw.cur theref'ore tnat a logical measurement i'or many,
although not «ll, (e.g. minerals, vitomins) nutrients would
te in temus of avcilable or digestible energy.

Laynard (1956) recorded thot the expression of a feeding
standerd in terms of the enerpy value ol & food was useful,
because tue lirgest function of food weas to furnish energy
for body vrocesses &énd to help form the non-nitios enous,
orgenic matter ol tissues and secretions.

Liany different measures ol food energy exist, e.g. total
digestible nutrients (T.D.N.) digestible encrgy, starch velues,
metepvolizable cnergy. o measwre or useful fuel energy can
be exact in its gpplication. Like most other feed standards,
many variables are involved (particularly in drawing the line

between the total amount available and the actual amount
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utilized oy the animal. ) The field is however, an important
one ior reseaich,

A Bomu valorimeter was available in the gresent trial,
for the deteruination of gross energy of feed and faeces.
Jhile epprecileting that gross energy figures do not account
for certein encergy losses duringe metavolism of feeds, it was
considered desireanle to study a few gross digestible energy
figures in tihe nope of I'inding some general relationship

apwlicanle to the results of tne trisl.
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EXPuRT LN TAL

I. INYRODUCTION

The trial to be described, was carried out between June
and sSepterniber 1959 and the laboratory work during most of 1960.

From June to the early part of July 1959 a preliminary
trial was conducted with a small nurber of animals. A8 this
was the Tirst tise thet a trial with young pigs had been
carried out in the test Tattening house, tne purpose of the
preliminary trisl was to examine experimental techniques, to
test equipment and to standardise laboratory analytical pro-
cedures, which might e used in the main trial.

The main trial was carried out fran mid July to early
septenlber, 1959, Over a 5-week test period, piglets wesned
at three weeks were fed the exwverimental feed mix tures.

ixperimental design and mansgement of' the preliminary
studies are described in rart 1 of SYection I1I of this Chapter

and that of the main trial in rart 2.
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IT. MATORIALS AuD (wuTHODS

mxperimental site

Both the preliminary and main trials were conducted in
the test-=house of the wmassey Agriculiural College Research
Piggery. This totally enclosed and well insulated Danish
tyve exverimental fattening house was completed in 1956.
(See Zwigs. 7 and 8) It contains 28 individual pens and is

equinned with =zm sutomatic air temperature control unit.

Alr cirvculation 1ia tne nouse works on the principle of forced
ventilation, Alr passes Irom the control unit into the in-
terior of the house tarough ducts which have thelir ovenings
in the ceiling.

These can be seen in wig. 7 which shows the interior of
the house. rens are arranged on either side of a central
race. At the vack of each pen is a dunging area, each
separated f'rom the next by &a movable gaute. For cleaning
out these gates swing vack against the pens to form one long
dung passage on either side of tie house. rig. 9 gives pen
diiensions,.

Chemical analyses of feed and faecal samples were
carried out in the laboratories of the liiassey Biochemistry
Departnent. The dry matter oven of the Dairy Research

Institute was used for drying faecal samples.
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PART 1. PROLIMTWARY ‘TRIAL

1e ANIHALS USHD

our wvarge .hite x Berkshire barrows of 6 weeks of age
and welghing 20-25 1b were used. Two animals were allotted

at random to each of two wpens.

2e EAPHATMGHIAL COuDILIONS AnD TROATEENT

Continuous tnermograph recordings suowed that the day
teuperutures inside the test house, fluctuated from 650—7OOF.
wxternal tempersatures during the saume period of time ranged
from about 400—560F. un o nwiber of occasions frosty nights
were responsible for outside temwers.tures in the BOOF range.
under these conditions, temperatures within tie house fell to
avout 60°% fov a veriod of 2-3 hours, usually in the very early
hours of the morniang.

wach pen was egulipped vith a seli-feeder, which enabled

a dry iieal mixture to be offered ad liopitum. The animals

were placecd onto the experimental diet for a period of 10 days.
The composition of this diet is shown in '‘able 6.

Because of the hygroscopic nature of whey powder, mixtures
in which it is included are inclined to ‘cake'. By using the
mixture described (containing U45% of whey powder) it was possible
to test its flow in the self-feeders and to make observations

on its general use.



TABLE 8

Composition of exgerinmentsl diet for pre-

liminary trial.

Ingredient
+ Whey powder L 5%
butterniilk povder 30
meat meal 5
bairley uweol 15
vugar 5

wipac" (Vit. 4: 10,000 I.u.;

Rt DL 1000 I.u.i 84 gus/1001b dry mix
"etspen! (195 preczine penicillin) c cadf W i "
derrous sulphsate %5 pastd 0 " "
lienganese sulphate 12 ® " I "
Copwer sulphate 5 " " "
4inc suluvhate 2.5 1" " "
Covalt sulvhate 2.5" " m "
lrotassiwn iodate 3 " " u

+ Unneutralised lactic casein whey powder
(analysis: ‘Table 5)

Guaranteed minimum crude protein content:- 57%

X roller dried

This mixture was in fact, identical to experinental feed
treatment IV, planned for the main trial. Of all the four
experinental diets used in the main trial (see rart 2), Ho. IV

contained the most whey powder.
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A bulk gquantity of the experimental mixture was prepared
before coumiencement of the trial and chromium oxide was in-
corporated in it at a level of 1% (by weight).

wach pen was equipped with en ad 1ic supcly of water and

special sleeping cquarters.

3. TuCIINIOULS AND OBSURVATIONS

The main purpose of this »reliminary trisl, was to test
equirment wnd stenaurdise tecnnicues to ve used in tie main

tricel.

(a) Consiruction of pen apparatus

(i) seli feeders

These were constructed of galvenised iron sheet screwed
oiito a wooden Iraiiework. The unit was wired onto the side

of the wen (see ¥ips. 1C and 11).

(ii) Drinking troughs

110 provision nad veen msde in the test-house for individual

ren drinking troughs. A set off troughs was constructed by
cutting lLi-gallon kerosene tins longitudinally and attaching
them with straps of hoop iron, to a solid wooden vpase (see

Fig. 11).

(iii) Sleeping quarters

It has been suggested by a number of authors that the
body temperature regulating mechanism in the newborn pig is
not fully developed. Subseguent development of this mechanism

heat regulation is poor compared with many other species of
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danestic livestock (fHeitman and iughes 1$49, 1951).

Temwperature adaption in the paby plg was studied by
wallach et al. (194¢); Wewland et al. (1949) and Pomeroy
(1953). These authors found that tie rectal temperature
of the newnorn pig fell at least 30F shorrtly after birth.
The tine talten for the piglet to reach the "normal' body
tenoerature of 102.50F depended on a nwiber of factors.
These included tie ability ouv tile piclet to find its way
round to the sow's teats, (this dewended on the vigour of
the piglet itself), the supply of milk energy and the
surroundinge asmbient sir temperature. In environients of
70—75OF, vaby pigs reached the normal body temcerature in
ovout 2 duys. aven &t one month ol wge piglets on low
plunes off nutrition, and in poor health were wisible to
tolercte low tenycretures as well es more thritty snimsls.

wore critical work is needed to determine tie ideal
tenperatures ror ostimwn growth end thrift or Ligs in the
3 weeir - ¢ week age range. Lemperstures between 60°%w and
75OF are comrionly quoted in practical recomnuenduations.

It is a general observation that below certain temp-
eratures, pigs at all ages, ol'ten huddle together in a heap,
so reducing the surface area exposed to the atmosphe re.
This tends to reduce the rate of heat loss to the surroundings
and has been described as the "commwmity heating' effect.

As mentioned, the present trial was the first of its

kind in the test house. This lack of previous experience
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combined with so few critical observations reporrted in the
litcrature, uede it difTicult to predict whether the 6O—7OOF
temperature ranpe Within the test house, would be sultable for
younger pigs.

o teke adventage oi' "comumwmity heating', two pigs were
Placed in each pen. In addition, sleeping quarters were
provided in the form of a tea chest lzid on its side (see
¥ig. 10). It wvas hoped that tne wir teupersture within this
shelter, witi tue contributing warmth of the inmates, would
be 1n & wore sulitevle range Tor tineir well being. Theoiretically,
such a snelter would e less prone to expecrience the tempersture
fluctuations comuion to the resyv of tiie iiouse. Yenperature

resdings were tlaken inside the snelter, periodically.

(b) Incorporation of Cr in the food

293

(i) ldxing in the Tfood

With a system of ad lio feeding, capsule administration
of Ur2

A bullkk guantity of thie experiuentul feed mixture was thus

O, is not suitanle, as dally food intake is not known.
)

prepared nefore the start of the trial, in which Cr203 was

incorporated at a level of 1%.

(ii) rrovlem of ‘settling out" of the indicator

Owing to the high specific gravity of CP203 (5.21) and
its very fiine state of sub-division, it is lisble to sink
to the bottom of feeding troughs or containers. Although

Barnicoat (1945), found no '"settling out" of the compound in
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his trisls, scveral other workers have reported stratification
of the substance in feed mixtures.

As mentioiled the feed wes mixed and stored in bulk., vamples
were periodically taken for anclysis from different levels of the
storage obins and feeders. In addition severszl samples of each

.

of' the experimentsl mixtures to e used in the main triasl were

-
L

prevared and stored in glass Jjars. “'hese were shaken frowm tine

to time, to simulaste nandling &nd exanined for signs of Cr203
stratification.

It was felt tnat several advantages would accrue if' f'eed
peliets could ve used. P“hese included easier handling of the
'ood, less vustage through syiliage f'rom the self'-feeders, less
tendency wverhaps of ‘Ycaking" in tihe ieeders snd above all a
meens oi vinding reed ingredients to prevent stratificetion of
the index meterial. Conseqguently saumles of the feed mixtures
were sent to a local stock feed firm to see whether pellieting

was possible.

(c) Sampling of feed and faeces

bPeriodic sampling of feed from the self-feeders end storage
bins prescnted no reel problems. Screw-topped glass jars vere
used for storing these samples.

4ith faecal samples however, a satisfactory technique of
collecting, drying and subsequent storage for analysis, had to
be investigated.

The literature, reviewed in Chapter II, indicated that while



a 10~-205% Ygrev' sample of the total daily faecsl output was
l'eirly setisfactory, collection of larger dally samples was
likely to give wmore accurate estimates of digestibility. This
was narticularly so as far as crude fibre digestibility was
concerned.

The procedure adopted was to take collections at approx-—
imately 7 a.m. and 5 p.m. each dey, af'ter a 5-day preliminary
I'eeding period, so as to cover both night and day voidings.
Collection consisted ol placing all the uncontaminated feecel
material aveilovle (i.e. uncontamine ted with urine, feed, etc.)
into a 6" xz ©" shellow coke tin. wach tin was nuwibered for
reference, oite tin being used per pen, per collection. riilled
tins were then »laced 1n & syecially constructed wooden con-
teciner and trenscorted to tie dArying ovens.

Collection ves made nignt &nd morning over thiee consecutive
days. Yor tne convenience of drying, material from each collection
and pen was kept separute. Dried material was bulked together
on a per en vasis Ior tihe three day period so that two bulk
samples resulted (i.e. one for each wven). These were sub-
sequently sround in & leboratory mill, aquartered and stored
for analysis.

Observations and adjustments were made on the drying oven

to find the mwost suitable time and temperature combination.

(d) Chemical analysis of samples

(1) gr,0,

CP203 concentration in feed and faecal samples was deter—
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mined by the method used by Barnicoat (1945). when this
method proved unsatisfactory, that of Stevenson and de Langen

(1960) was used.

(ii) Composition of feed snd feeces

Henneverg anelyses of voth feed ond feecal samples were

carried oute.

(iii) Other analyses

A trial run was made with a liahler-Cook Bomb Calorinmeter,
Tor estimation of the gross energy content of feed uand faeces.
‘'he method of Richards (1959) Tfor the estimation of reducing

sugar was @lso tried out on feed and Ilaecal samples.

(e) Recording vata

s efficient system ol data recording is essential to any
experimental project. A seriles oi data sheets were cyclostyled
of'f for reccording weight dats, feed aate and collection data.
Over eacnh pen vas placed an observation card giving all the
relevant information on the inmates (growth record, collection

days, feed conswaption checks, etc.).

(f) General

These preliminary studies gave an opportunity to observe
whetheir or not such young onimals could be handled under the
experimental conditions. Adjustments to equipnent were also

ma.de.
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KEY TO FIGURE 12

EXPERIMENTAL PLAN

PIG NUMBER & SEX

WEANING DATE (3 WEEKS OF AGE)

WEIGHING DAYS

MEAL CONSUMPTION CHECK-DAY

FAECAL COLLBECTION DATES

58TH DAY OF AGE (CONCLUSION OF TRIAL PERIOD)
FEED TREATMENT

N.B. This plan is orientated in the
same way as the photograph of
the test house shown in Fig. 7.
Pen numbers (1-24) are shown in
the centre of the plan.
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PART 2. il CRIAL

1. ANTHALS USED /D wXomlihlilTAL DisSTIGH

A randomised block design was used, with a total of' 6 blocks,
each block containing four pens. /ithin each block of four pens
the four ex;erimental feed treatments were ossigned at random, i.e.
one treatrient per pen. Thus a totsl of 24 pens was used and
each ol the four treatiments was reuvlicated six times.

Lo Large «hite x Berksiire piglets were removed from their
dams and wrought into the test house at 21 days of &ge.

To eucnn ol tie plocis described, eight littewriiates were
allocaeted at random, i.e. two per gpen. In selecting these
littemaotes houcver, liveweisht and sex were teken into account
so thst wherever possible esch pen would contain littermates of
approximately ecual weicht and a member of each sex. Invariably
there was not clvays an equal nwaber of noars and gilts in each
litter. vonsecuently livewelight was regarded es the most
importont factor in ceses where palancing tor poth weight and
sex was not possiple. It was considered that competition for
feed ana bullying by a heavy pig over its lighter mate, could
appreciably uwset tne results of the trial.

The experimentsal plan is outlined diagramatically in Fig.
12,

These animals remained on the trial for a period of 5 weeks,

concluding at 58 days of age.
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2¢ BXPuRTILITAL CONDITIONS

A suitaeble pen layout was developed in tue preliminary
trial (see Higs. 10 and 11).

A minimwa tenperature of about 60°% was recorded in the
test house during the preiiminary trisl. As outlined this
teunperature was experienced on frosty nights. ¥or the main
trial therefore, tvo smell suace nesters operated in the house
in addition to the mein air temperature unit, when low exteirior
temperatures vere likely.

The test house ves cleaned out daily, imiediately after
the moiming 1'esecel sempling ot 7 a.n.. This involved washing
out the dung nassares, sweeping up svilled food, re-filling

water trouchs and generelly tidying up the ..ens.

- Y 3T TEUTR YT T 1T R Y o a0 b i o Tt
De AP nR T AL FanD LIZTYURWGS

(a) Up to 21 days of age

From 10 days of age and while still suckling their dam,

piglets had veen ofrered an ad libitwn starter ration in the

form of a 'creep". The composition oi this ration was ident-
ical to that fed from 2i1-26 days of age in the test house and

is described in (b) following.

(b) 21=-28 days orf age

On entering the test house at 21 days of age, all animals
were fed on a conmon starter ration up to 28 days of age. The

composition of this ration is shown in Table 9.



TABLIE

Composition of common starter ration (21-28

days)

Ingredient %
Buttermilk powder 40
Vhey powder 20
kieat meel 10
sSugar 15
Tallowr 2
Barley meal 8

+ rremix : 2'lour 5
Cr,)O3 1
"Apac! s in preliminary trial
"Vetspen" mixture (see Wevle 8)
liinerals

as used in preliminary trial.

+ see note further on: Incorporation
of Cr

1]

203 .

This conmon starter mixture differed frowm that currently

]

in use at the liassey riggery, only in tnat one third of the
dried vuttermilk powder was replaced by whey powder. 20%
of whey powder was included for the following reasons:-
(i) To observe whether any adverse affects were notice-
able when whey powder was included in the diet at
this early age.

(ii) To provide a mediuwm level of whey powder, so that
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the cnangeover onto tne exwverimental mixtures,
would not give too much of & nutritionsl or
vhysiologicsel shock to the animal. some degree
of ciieck in growth, usuwelly occurs in early
viesned piglets during the Tirst week after
weuning . It wss hoped that tiie use of the
procedure described, i.e. an "scclim=tization'
period, would wminiwmize this settling in vrocess
and possinle grovth caeck, to tie I'irst few

deys under the test conditions.

(c) after 28 days of uge

Table 10 siiows tile four experliuental feed mixtures fed
from 20 to 57 days of age. inal feecsl collection was
cariried oul on tne 55th, 5oth snd 57th days of age and con-

secguently iced treatments were continued uatil the 57th day.

TABLSE 10
Composition of cxperimental Teed treatnents (20-57
days )
Ingredient % Treatments
I 160 A HE IV
\they powder 0 15 30 L5
#* Buttermilk powder 30 30 30 30
= lleat meal 5 5 5 5
Barley meel 55 LO 25 10
sugar 5 5 5 5
+ Premix éFlour 5 5 5 5
br203 1 i 1 1
ﬂigzgﬁls as for common
"etspen" starter mixture |

E

as used in common starter mixture
+ see (L) following.



61.

L. INGORFORATION OF Cr

093
Gr203 was 1ncorporated into alli feed treatments and the
comuon starter ration at a level of 1% by weight. Tne pre~
liminary trial showed that stratification of CP203 within tae
feed mixtures could occur. ull deteils o1 these findings

and tine subsecuent procedures carried out, will be found in
Chapter IV: Results,.

At this stage, it will sufrice to say that attempts to
produce pellets of feed mixtures comg.lete with merker failed.
As sn alternative, Cr203 was incorporated into a flour and
water paeemiil, walch was dried and ground &nd then mixed with
the other ingredients.

As a Turther preceution, finel mixing of &1l feed mixtures
wes carried out at « loczl milling wlant. 200 1b of the
conmnpon starter ration, end 700 ibs oi" cecn off the four trisl
mnixtures, were prepered in tanis way. wach wss stored in
vlestic lined oags end »rior to feeding each new bag was
remixed as thoroughly as possible to minimise dangers ol

5 i 4- 3 % i
09203 settling out".

5 FuwDING rrOCLDURNS

All feed mixtures were fed ad libitum in the self feeders

described in Part I ol this Chapter. In order to reduce the
chances of “caking", particularly with those mixtures containing
high levels of whey powder, feeders were not filled completely.

A system of supplying fresh feed each morning was adopted.
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IMurther deily checks were made to prevent clogging and any
swillapge was swept up and returned to the feeders.

HFeed conswiption cihiecks were carried out on a weekly
basis (see r'ig. 12). Comnlete records were kept of the
amounts eaten daily and at the end of each week all uneaten
Tfood was veighed back,

landom swiijoles of feed were leken periodicslly from the

bulk stores wnd seli’ feeders for anslysis.

6. SAMPLIIG OF FALCSS

The procedure described for collecting sz les of Tfseces
in the preliminary studies, proved satisfactory «nd was adopted
Tor the mein triazl. In vlenning the deys on whicihh to collect

Nal

faecel sani.les, tihe following factors ajp,.cared importent:-—

(&) The time lepse ovetiveen initisl feeding oi' tue index sub-
stance and tne tiwe when it reuches a state of eqguiliorium

in the iaeces.

(b) The possipility of digestivility chznges in time, i.e. as
the aniucwl increases in age, its digestive powers for assimil-
ating different nutrients may chonge.

(c) Fossible diurnal variations in faecal composition.

In the forner case the recommended time lapse is a min-
imun of 3 days. Some workers however, (e.g. dMoore 1957) have
found that even on the fourth day complete recovery of ingested
marker has not been possible.

The following plan was adopted involving four collection
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periods for each psair of animals under test:

Collection 1: at the end of the first week under test

(4 weeks o0ld - cormion starter mixture).

Collection 2: at tie end orf the tnird week under test

i.e. on the exverimental aixtures - 6 weeks
old.

Collection 3: at tihe end of the Lth and 5th weecks of the

L: test period respectively (7 and 8 weeks old).

Thus a pceriod of st least 7 days vas taken between the
staert of the trial and tae first collicction and successive
collcctions tierecfter. it was tiiwe possible 1o compare
gvrorent digestivility coeri'icients from one period to the
next.

sach collection extended over a wperiod of tnree days -
the middle day falling on tne weekly ‘'birthday' of the enimals
concemmed. In view of the reworts in the literature on
diurnal veristions in faecal composition, it was considered
that a coulwosite sauniple of raeces I'rom tiwree days of collection
would be more representative of the faecal constituents, at that
time.

liaterial from each pen (i.e. per two piglets) was collected
separately at each collection time (7a.m. and 5p.m.), placed in
a numbered tin and dried at approximately 70—8000 for 12 hours
to a dry matter level of apgroximately 90%. The total dried
material for the three day period was bulked together on a per

pen besis, ground in a laboratory mill, quartered and stored
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for analysis. In this way a total of 24 samples (one for
eachh pen) were held for analysis from each of the Tour

collection periods.

7. GRO.JTH DATA

avery animal was weligned twice a week: -

(a) on each weekly ‘“birthday i.e. 21st day,
28th, 35th etc.

(b) on tie Tourtn day after this.

At the conclusion of the trisl, esch animal weas weighed
on tihe 50th day, then again on tie 57th day cnd finally on the
50th day after 24 hours of starvation. In plenning tie trial,
it was felt that &« starved Tinal weight would be useful. where-
gs at 21 days oi' age, tue weignt oi' the stomach contents would
be relatively small, (possibly less then % 1lb) this might not
be so witn & week old animals. At O weeks of age the amount
of food in the stomach (2-3% 1lbs), could affect the final weight
recorded.

Because the 50th day coincided with tie fourth and final
faecel collection period (55th, 56th and 57th days), it was

considered inadvisepnle to starve the animsls dwuring this periode.

¥or this reason, starved weight was taken on the 58th day.

8. CHELUICAL ANALYSLS

(a) Proximate constituents

Analysis of feed and faecal samples for moisture, ash,

crude protein and ether extract, crude fibre and nitrogerfree-
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extract was Dy the Henneberg method. Comruents on the use of
this method appear in subsequent chepters. Collection of feed
samples as descrioned in rert I, consisted of rendom ssmpling &t

periodic intervals from storage bins and feeders.

b) Cr,0
(0) gzo05
Analysis oi' the Gr2O3 concentration of f'eed snd faeces
samples was carried out by the mwethod of Ltevensan and de Langen
(1960). The preliminary tricl showed that tue method reconuiended
TIOE

by Barnicoat (1940) was unsatisfactory.

(c) Gross .nercy

Detewnlinations of' the gross energy content of feed and faecal
sainyles wvere carried out in a ilahler-Cook Bomb valorimeter. In
rreparing the caloriumeter f'or use, two Beckmsn thermometers were

forwarded to D.53.I.R. for checking end gradustion.

9. muwrLICATION OF CHUMICAL AWALYSIS

At eacn of the four faecal collection periods, 24 conwosite
samples (i.e. one from each pen) were collected. This gezve a
totel of 96 fuecal samples for analysis. In addition to this,
five composite feed samples were obtained (one from each treat-—
ment and one from the common starter mixture), from the random
samples collected during the trial.

Considerable time had already been spent in the preliminary
trial standardizing analyticsl procedures. Unfortunately, it

was necessary, due to limited tine, to abandon the reducing sugar
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test and concentrateon the Henneberg anslysis, GP203 concen-
tration and gross energy determinations.

Duplication oi' tuesce piresented another tiine proolem. It
ves considered doubtiul whether tle standard procedure of dup-
licating every analysis in strict order was sound. ideally
duplicotes should be carried out on ditifferent deys or at different
tines ot the day, to reduce the wossibility of bias, due to the
techinician, reaogents used, environmental conditions, etc.

Because tihe Gr203 snalysis was uore delicate than the
other anzlyses, conlwlete duplication, vwut on dif'ferent days,
wes caryied out on &ll feed and I'sccul samoles, .iennebery
duplication of iececel sainles consisted of 16 sets of anclyscs,
representing Tour ssimples (one from each trectnent) for each
collection weriod. ovelection of tnese duplicates was done vith
the aid or @& set of rzndom nunberes using the gen nwiber (1—2@)
and the treatment nuwmnver (1-l), for each collection period
(sec wable 11).

PABLY 11

waecal samoles selected for dunlicate dennebverg

snalysis.

Collection Period

1 2 3 L
Pen No. |[Treatment | ren No. |Treatment| Pen No. [Treatnent | Ren No. |Treatment

2 Cs L I 3 IV 8 I

5 Cs 6 IV 7/ III 12 IT
10 Cs 22 ITI 13 1T 15 Iv
23 Cs 2L II 17 I 18 III

Cs Common Starter



67.

In the event of' a duplicate not agreeing with the previous
detewniination, duplicates were carried out for all other samples
from that blocl. rlence i the sample from pen 3, collection
period 2, Tailed to agree with earlier results, analyses of
samples 1/2, 2/2, 3/2 and L/2 were repeated.

Duilicate idermebergs were carried out on each of the five
feed samples.

Considersable difriculty was expcrienced in detewrsmining the
water couivelent ol the bomb cslorinecter. Adjus tments viere
continually iade until renecztaovle results could pe obtiined.
The time roctor egein irevented a gross energy deteruinction
of &1l samples &ad &g o conpiromise, the 16 sets of faecsl
sainples outlined in Yenle 11 were used. Juvslicate deteriin-
ations were csrried out on these cnd on ewch ol the iive ieed

samples.

10. CAICULATION OF APPArWHT DIGUSTIBILITY COLFFICIENTS

The Tormula used by Schurch et al. (1952) was used to
calculate the apparent digestibility coefficients:-
Apparent digestibility %

= 100 (a="Db)
a

where a = parts of 'mutrient" (i.e. ash, protein, ether
extract, etc.) per unit index in feed

b = parts of '"mutrient'" (i.e. ash, protein, ether
extract, etc.) per unit index in faeces.
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11, OBu_RVATIONS

The following: observations were made during the trial:-

(a) Dung consistency and incidence oi scouring (if any) on
the exierimentsl treatments. This followed from observatlions

in every pen on each dsy, regardless of whether a daily feecal

collection wes cearried out in that pen, or not.

(b) I'eeding hebits of animals on the different experimental
trestments. Anart froim daelly observations on feeding habits
throughout the trisl, two 2L-hour watches were kept on groups
of animals.

The iirst observation was csrried out firom 8 a.me on 21st
Asugust to U a.m. on the 22nd fugust. Ti.es ol feeding, drink-
ing, uwrinating and defecating of each pic, were recorded through-
out tune 2ii-hour veriod.

Mo vlocks (eight piglets in each) were involved. Animals
in Bbloeclt "AY and in Block 'B¥, were 7 znd 5 weeks o0ld respectively.

Tae second observation was carried out along the same lines
as the Tirst, 2 weeks later. wipht piglets were used, viz.
those in Block '"B'" of the previous observation and now 7 weeks
old. It was hoped to be able to compare hebits between the

two observation periods.

(¢c) iiater consumption of animals on different feed treatments.
From the literature two factors appear to have a bearing
on water consumption of animals fed concentrated or dried whey

products: -
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(i) The high soluble salt content of these products
(e.g. Webb and Whittier 1948). Apart from imparting a
salty flavour to the feed, water is required in the process

of elimination of these salts from the animal.

(ii) The hydragogue action of lactose (Fischer and Sutton,
(1949). Hydragogue action, according to these authors, is
characterised by dehydration. Substances belonging to this
group are only slowly absorbed from the intestine; many of
their ions and molecules remain within the lumen of the gut
and thus raise the osmotic pressure therein, above that of

the blood. Water therefore diffuses into the lumen of the
intestine from the blood, resulting in a dehydration of tissues
and/or decreased urine volume. Lactose is believed to have
these properties. Several authors have reported an increase
in water consumption in animals fed rations high in lactose or
with a dried whey product (e.g. Krider et al., 1949). Pre-

sumably this is an attempt to restore the water balance.

In view of these reports a water consumption study was
planned as part of the trial.

For the purpose of describing the procedure used, blocks
(i.e. 4 pens; 2 pigs per pen) in which consumption was measured,
will be referred to as "A", "B", "C", etc.

Over a three day period, (21st - 23rd Aug.) water consum-
ption in Block "A" (pens 1-4); "B" (pens 5-8); "C" (pens 9-12)

and "D" (pens 21-24) was measured. This involved keeping a
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record of water added to each pen trough (i.e. per 2 pigs)
during the three day period. (It was normal practice to
give fresh water to all pigs in the test house after cleaning
out each morning) No account could be made of spillage.

One week later this procedure was carried out on Block
"E" (pens 17-20) and again on "D" (pens 21-24). Block "D"

consumption was then repeated for another three days.

(d) General habits of the animals during the trial were
observed. In particular the adaptability of the animals
to the trial conditions and ease of handling were watched
as guides to possible improvements for future work of this

nature in the test house.

IIT STATISTICAL METHODS

The analysis of variance, as outlined by Snedecor (1959)
was used to test for significant differences among the data
on liveweight gain, relative growth rate, feed conversion
efficiencies, apparent digestibility coefficients, gross
digestible energy and water consumption.

In the case of rate of gain data, the covariance analysis
(Snedecor, 1959) was applied to test the regression of weight
gain during the trial, on initial liveweight, and to see
whether, in fact, the covariance method could be used to

increase the accuracy of statistical analysis of the data.
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Relative growth rate was obtained by transforming the
liveweight data to a logarithmic scale as follows:

Huxley (1924) introduced an equation relating to his
allometric concept of growth, and this has been used exten-
sively in the study of relative growth. Snedecor (1959)
expressed the equation as

W= ot
where A and b are constants to be evaluated and e is the
base of the natural system of logarithms (value 2.718).

In logarithmic form this becones

loge w = loge A + bt

The regression coefficient, b, is the relstive rate of
increase of WV 1i.e. the rate of increase per unit t per
unit W,

Glenday (pers. comm. 1961) rearranged this relationship
so that:

b (relative growth rate)
W, (Final Wt.)
Log

= e (w1 (Initial Wt.) )
ty = 1ty

2

where t2 - t1 represent the time interval during the period

of growth concerned.
. W2
or using K = Log10 W
1

2 1



72.

Where the F-test showed significant differences in
the data, Duncan's (1955) multiple rangeftest was used to
try and gauge the pattern of these differences.

With respect to the data on food conversion efficiency,
consideration was given to the use of a covariance analysis
using the initial liveweight data and the corresponding total
food intake. Similar consideration was given to the poss-
ibility of testing for the effect of feed intake on the
apparent digestibility coefficients of the feed.

As a logical starting point to the statistical treatment
of the growth data, an analysis to determine whether any
differences in liveweight gains between pigs, were due to
differences in sex, was carried out. The t-test method
described by Snedecor (1959) for compsaring data from two

randomised groups of the same size, was used.
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RESULTS

PART I. EXPERIMBNTAL CONDITIONS

1. ADAPTION TO EXPLRIMMNTAL CONDITIONS.

During the first two or three days in the test house,
piglets were extremely noisy and very nervous. This was
no doubt due to their sudden removal from the dam and litter-
mates into strange surroundings. After this initial period,
"settling in" was surprisingly rapid and the animals became
quite used to the movements of the author in the house and
in their pemns. Although a period of scouring caused some
fouling of the eating and sleeping area of each pen, most pen

mates quickly leanrt to use the dunging area.

2. SUITABILITY OF PEN APPARATUS.

In the preliminary trial, the use of heavier animals
(20-25 1b) proved to be a fortuitous move. WWater troughs,
self feeders and sleeping quarters alike received quite a
battering from the pen inmates, but without exception, this
equipment stood the test admirably. Some difficulty was
experienced in fastening the self feeders and the boxes used
as sleeping quarters securely onto the side of the pens, as
the animals habitually pushed their snouts under the apparatus.

More secure fastenings were used in the main trial.
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(a) Self-Feeders

Great difficulty was experienced in obtaining an adequate
flow of feed from the self-feeders, without overflow or spill-
age. Frequent adjustments had to be made to the apparatus.
Throughout the trial pigs nosed feed out of the feeder and
onto the floor. Adjustments to the height of the feeder
above the pen floor, were made according to the size of the
pigs eating from it, to find the easiest position for them
to eat from and to minimise spillage. Similarly, adjust-
ments were made to the width of the actual feeding apertures.

Neither of these adjustments completely prevented feed
spillage. Feed deposited on the floor became fouled and
was rapidly spread around the pen and into the dung passage,
unless swept up. This wastage amounted to 2 or 3 1lbs of
feed per day in some cases. Consequently it was necessary
to sweep up and return spilt food to the feeders two or three
times a day. Only in this way could wastage be reduced to
& mininmuam.

Further trouble was experienced in the '"caking!" of feed
mixtures in the feeders. This clogging in the feeders grew
progressively worse as the amount of whey powder in the feed
mixtures increased. Hence treatment I mix caused little
trouble in this way, whereas treatment IV mix formed into
hard lumps which frequently had to be broken up. Moisture
absorbed by the feed either from the atmosphere or from the

snimals' saliva caused mixture IV in particular to form a
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sticky mass of feed in the bottom of the feeders. Unless
precautions were taken to remove this, a solid lump formed

which restricted feed flow.

(b) uwater troughs

Siting of the water troughs in the dung passage meant
that on a number of occasions, fouling of the water occurred.
Fresh water was thus provided in each pen, every day or
replenished when necessary. Data on water consumption are

presented in Part IV of this Chapter.

(¢c) Sleeping gusrters

Piglets made constant use of the sleeping shelters
provided. During the first two or three weeks of the test
period, animals only left the shelter to feed and drink.

As they grew older and larger, more time was spent during the
day lying outside the shelter. At night, however, when
temperatures in the test-house on a nunber of occasions
dropped to about 60°F (see Cheapter III, Part I), all animals
slept inside the shelter.

Temperatures ranging from 650—70°F were recorded in the

interior of the shelters.

3. SUITABILITY OF AMBIENT AIR TEMPERATURES

On no occasion did piglets appear to be chilled or to
be suffering from the cooler temperatures experienced at night.

No critical tests were made however, to corroborate this
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observation. The constant use of the sleeping quarters
suggested a natural reaction of the animals to keep them-

selves warm.

PORT LT, USE OF CHROMIUM OXIDE

1. INCORPORATION INTO FEiuD MIXTURES

@) Preliminary Trial

Results obtained in the preliminary trial, indicated

that settling out of the Cr in the meal mixtures, was

293
occurring. Visual inspection of the jars of samples showed
definite layers of the index substance, much of which worked
its way down to the bottom of the Jars.

This settling out appeared to be less marked in the
samples of treatments III and IV (containing 30 and L4O%
of whey powder respectively.)

Chemical analyses of samples from different levels of
the bulk containers were carried out to determine the Cr203
concentration, using the Barnicoat method. These samples
were the first to be analysed in the present trial by the
Barnicoat method and due to the difficulties experienced
in the use of the method (described in this Chapter), it
was doubtful whether the results were reliable. It was not
possible to delay the main trial until a satisfactory tech-
nique for the estimation of Cr,0O, had been found or until

2°3
more definite chemical information was available on the
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degree (if any) of stratification in the feed mixtures.
The possibility of stratification occurring however, indicated
the need to try other methods of overcoming the problem.

A local stockfeed firm was unable to make pellets out of
samples of the experimental feed mixtures. The manufacturing
process involves the forcing of the feed material through steel
dies, under a pressure of stesam. When subjected to this steam
treatment, those feed samples containing whey powder became
sticky and unworkable. This material set hard as soon as
exposed to the air and blocked the machine.

In the light of these findings it was necessary to seek
alternative means of minimising Cr203 stratification. A
nunber of authors (e.g. Schurch et _al, 1952), prepared a
"premix" of Cr203 prlus some binding substance and incorporated
this into the experimental diet. Two such premixes were

tried in the present trial.

i) Cr + barley meal + water.

203
ii) Cr203 + flour + water.

Five parts of barley meal or flour and one part Cr203
were mixed with water into a thick paste. The mix ture was
subsequently dried in an oven and ground to medium sized
particles in an electric mincer. This premix was then
incorporated into samples of the experimental feed mixtures
and stored in glass Jjars. Visual examination of these
samples followed frequent handling and shaking of the con-

tainers.

The barley meal and water formed a wet mash which had
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little binding effect on the marker substance. On the other
hand the flour and water mix gave a sticky paste with reason-
able binding action, although some Cr203 was inevitably ground
out during the drying and grinding of the mixture. Neverthe-
less, it was decided that the flour and water premix was the
most satisfactory of the two and was therefore adﬁpted for

use in the main trial.

(b) Main Trial

In preparing bulk qu-ntities of the experimental feed
mixtures, the flour - Cr203 premix was incorporated so that
the flour constituted some 5% of the experimental diet and
the cr203 on additional 1%. A bulk quentity of the premix
was prepared, placed in shallow tins and dried in the oven.

Appreciating that even this premix might not completely
prevent stratification of the index material in the feed,
additional precautions were taken. All feed was mixed in
bulk at a local milling plant, before the trial commenced

and the contents of each feed container were subsequently

remixed by hand immediately prior to feeding.

2. CHEMICAL ANALYSIS OF FEED AND FAKCAL SAMPLES

(a) Preliminsry Trial

The Barnicoat method proved most unsatisfactory, being
both cumbersome and unreliable. The main reasons for this

were as follows:-
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(1) Fusion of the sshed sample with sodium peroxide
was not only dangerous but no two samples fused alike. It
was difficult to obtain any uniformity in fusing technique.

(ii) The wear and tear on the nickel crucibles was
immense. After only 12-15 fusions, the bottoms of the
crucibles were worn right through and had to be replaced.
Nickel apparatus is expensive.

(iii) It was difficult to ascertain when all the excess
peroxide had been removed by "boiling for about one hour'.

It is vital that no traces of this oxidising agent are left
in solution if the subsequent titrations with iodide and
thiosulphate are to give accurate results.

(iv) The method lacked precision - end roints of the
various stages being difficult to determine. Furthermore
each batch of samples took 12 hours to complete and, with the
apparatus available, only 12 samples could be completed in any
one day. With several hundred sanmples involved the task
appeared formidable.

Advice was sought therefore, from Ruakura Animal Research
Station, where Christian, Coup, Lancaster, de Langen and others
had been working for a number of years on the estimation of
Cr203 concentration in faecal material from sheep and cattle,
in a series of nutrition studies.

Stevenson and de Langen (1960) presented a "wet digestion"
method for the estimation of Cr203. The final step in their

procedure was a colorimetric determination of Cr20

3 concentration,
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after all the chromic compounds had been brought into solution
by oxidation to dichromate.

A triasl run on feed and faecal samples, using this method
proved substantially more satisfactory than the previous
method. While less critical conditions were required, end
EFoints were more definite, a higher reproducability could
be obtained and the daily output was in the vicinity of
20-30 samples.

Trouble was experienced at first with the accurate
dilution rates required immediately before the colorimeter
readings were taken. This was solved by using more accurately
graduated equipment and keeping all the apparatus spotlessly
clean.

Although colorimetery is a highly sensitive procedure
it is speedy and fairly accurate. The portable Beckman
photometer used had a limit of accuracy of readings of 3%.

No intermediate gradustions in the light value scale of the
ins trument existed and it was only possible to read values

to one place of decimals. Thus any duplicate samples whose
results differed by more than 3% of each other, were repeated.
With the de Langen method this accuracy between duplicates

was achieved with over 80% of the samples tested. On the
other hand, with the Barnicoat method over half of the samples
had to be repeated and it was seldom that, even then, the
differences between duplicates could be reduced to 3%.

This is indicated in Table 12 which gives comparative
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figures from duplicated analyses using the two methods.

TABLE 12

Concentration of Cr.O0, in feed samples: Comparison

2°3
of results obtained by two analytical methods.

(Duplicate analyses)

Fedd Me thod Cp O3 %
Sample (1) De Langen < (2) Barnicoat

and (1945)

Stevenson (1960)
Common . 860 .870
Starter .862 .923
1.055 1,143
T, I 1.051 1.053
1T 0.927 0.910
0.924 1.112
1.049 0.918
e 1.046 1.03L
0.966 0.869
2 0.965 0.927

(1) Duplicate results from a total of 6 feed samples
analysed, i.e. only one set of analyses had to
be repeated.

(2) Duplicate results selected from a total of 30
feed samples analysed being those 6 duplicated

samples with the closest results.



82,

(b) Main Trial

The method of Stevenson and de Langen (1960) was used.
Observations on the use of this method confirmed the findings
of the preliminary trial. The results of the Cr203 analyses
of feed samples are shown in Tables 12 and 16 and those of

faecal samples appear in Appendix 2.

PART TTT: SAMPLING AND COLLHCTING TECHNIQUES

The procedure developed and described in Chapter III
for collection of faecal material proved satisfactory. The
cake tins used were easy to handle and clean and even with
older pigs were large enough to hold most of the dung voided.

Lloyd and Crampton (1958) recommended a temperature of
100°C for 24 hours as suitable for drying faecal samples.

In the present trial a temperature of 70°-80°C for 12 hours
was found to be more suitable. This reduced the material
to a moisture content of about 10%. Samples with a higher
moisture content were liable to clog up the laboratory mill
on grinding.

Furtheremore the 12 hour drying period was a handy time
interval. Morming samples could be removed from the oven
as the evening ones were put in and vice versa. Evening

samples could be conveniently left in the oven overnight.
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PART 1V. OBSERVATIONS

1. DUNG CONSIST:NCY AND INCIDENCE OF SCOURING

Three arbitrary levels of consistency were used in
observations on the dung, viz. scours (very soft-liquid
faeces), soft (semi-formed) and well-formed. No scouring
was observed in the preliminary trial.

A bad bout of scouring occurred with the first 3
litters (eight piglets in each) to go under test in the
main trial. Scouring begsn on the 2nd snd 3rd day after
the animals had entered the test house snd were being fed
on the common starter ration. In many cases fouling of
the pen area, sleeping quarters and the animals themselves,
became a serious problem. In most cases this scouring
continued until the 6th or 7th day under test and by the
10th day normal faecal consistency was regained. Scouring
appeared to have little effect on growth in comparison with
the non-scouring animals. All piglets had a small growth
check during the first week under test.

At the first faecal collection period (on the 7th day)

a considerable amount of liquid and very soft faecal material

was collected. It was thus possible to compare digestibility
data from both the scouring and non-scouring animals. These

are presented later in this chapter.

In the remaining three blocks of litters under test, no
scouring was observed, although a few animals passed soft

faeces during the first 3 or 4 days of the trial. This was
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surprising considering that some of these piglets were in
the house at the same time as the scouring groups.

While it was considered thst the scouring was due to
a nutritional upset, the possibility of bacterial scours
could not be ignored. Samples of faecal material were
therefore sent for a microbiological examination. No
evidence of an abnormal nwiber of organisms likely to csuse
bacterial infection, could be found. However, as an
additional precaution all animals in the house were given
a single intramuscular injection of 1cc¢c of sulphamethozine.
At this stage the first litter of eight had been in the test
house for 5 days. All successive litters to enter the house
were automatically given this injection. This had little
effect on those litters already scouring and did not prevent
scouring f'rom occurring in several other litters.

This bout of scouring disrupted the feeding plan. Tt
was originally intended to place the animals on the experi-
mental '"carry-on'" mixtures at 28 days of age, i.e. on the
7th day in the test house. In view of the prolonged scouring,
this changeover was delayed until the 31st day of age and
involved a gradual change, with increasing amounts of the
experimental mixtures and lesser amounts of the starter
ration. By the 35th day of age (14 days under test) all an-
imals were feeding on the carry-on mixtures.

No scouring was observed at any stage of the 'carry-on"

feed period. Very characteristic faeces were passed however,
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by animals on the different feed treatments. In the case of
animals on treatment I fairly moist but well formed faecal
material was passed. At the other extreme pigs on treatment
IV voided extremely dry material in hard round pellets. Faeces
of the animals on treatments II and III fell into an inter-

mediate range of physical character, to those extremes

described.

2, FuiDING HABITS = 24 HOUR OBSERVATIONS

General observations amd those made during the two 24
hour "round the clock" studies on piglet habits, showed that
distinctive habits developed according to the feed treatment.

During the day animals stood at the trough or nosed
around the pen, more than they did at night. Because of
the daily movements of Piggery staff, pen cleening, weighing,
etc. it was very difficult to determine whether the enimals
spent more time at the trough during the day becsuse they
had been disturbed or beceuse they were genuinely hungry.

Animals on treatment IV ate "little and often" during
the day, appearing at the feed trough every 20 minutes - %
hour. Bating was invariably accompanied by frequent visits
to the water trough - usually every U4-5 minutes. Water con-
sumption of pigs on this treatment was the heaviest of all
treatments. More frequent drinking was accompanied by more

frequent urinating.

On the other hand, pigs feeding on treatment I fed at
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approximately hourly intervals during the day. They drank
considerably less water, visiting the trough only once every
one to two hours. Urine volume was correspondingly less.
Pigs on treatment II reacted in a manner more similar to
those described for I, while those feeding on treatment III
had habits more like those on treatment IV.

Irrespective of feed treatment, all animals defecated
every 5-6 hours.

The movement pattern, as might be expected, was more
settled at night then it was during the day. With approach-
ing dusk (5.30 - 6 p.m. ), animals beceme restful and settled,
and presumably becsuse the tempersture of the house fell
slightly at night, spent more time huddled together inside
the sleeping shelter. During the observation periods the
test-~house lights were not switched on during the hours of
darkness and only a small red bulb of low wattage remained
burning.

During the night, animals feeding on treatments I and II
appeared at the feeder at hourly intervals with almost uncanny
accuracy. Animals on treatments III and IV did not observe
such regularity, particularly those on treatment IV, but as
observed during the day spent less time eating but appeared
more often.

A comparison of the results of the two observation periods
showed that the older the animals, the less frequently did
they appear at the feeder. In the 2nd observation period

for example, pigs on treatments I and II fed only ormnce every
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1% = 2 hours and pigs on treatments III and IV every 1 - 1%
hours.

It was interesting to note that little bullying between
pen mates occurred, at the feed trough, even in pens where
one pig was heavier than the other. kBach piglet rapidly
developed feeding habits relatively independent of those

of his mate.

3. WAT=R CONSUMPTION

Teble 13 gives the average daily water consumption of
each pair of piglets per pen over the observation period.

These figures are taken from Appendix 5.

TABLE 13

Average daily water consumption (galls.) per pen
(i.e. per two pigs) over 3 three-day observation

periods.
Age (wéeks)
Treatmen 6-65 | 7-7 |T4-73 |72 -8
I 1.3 13 1.6 1.9
II 1¢3 2.0 262 2.3
III 2.3 2.9 3.0 3.0
IV 2.9 3.4 3.5 L.0

Over the range of ages involved, those pigs on treat-

ment IV, consumed approximately twice as nmuch as those on
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treatment 1. Pigs on treatments II and III consumed more
than those on I but less than those on IV.

In Table 14 the results of an analysis of variance of
the data presented in Appendix 5, are shown. There were

highly significant age and treatment differences.

TABLE 14

Analysis of variance of data on daily water

consumption.
Source S.5. cryfye M.S5. F Result
Age 1.691 3 0.5637 [17.2h | ==
Treatment 8.858 3 2.9527 90,30 ek
Error 0.294 9 .0327
Total 10.843 15

The multirange test showed that the increase in water
consumption from animals on treatment I up to those on treat-
ment IV, was highly significant between all trestments. The
increase in water consumption with increasing age was also

highly significant between all four age groups.

L. GENERAL
The first week of the trial, during which animals
settled into their new environment, was the most difficult

period from a management point of view. This initial phase
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was aggravated by the incidence of scouring in some litters.
Once routines had been developed, however, there was no question
that young pigs could be handled satisfactorily uner the experi-

mental conditions.

PART V, HENNEBERG ANALYSIS OF FEED AND FAECES

Estimation of the ether extract and crude fibre fractions
of feed and faeces by the Henneberg method, proved troublesome.

During ether extraction of semples, particles of finely
ground CP203 (particularly in faecal samples) worked their way
through the extraction thimbles into the ether solution. Re-
extracting with ether with brand new thinbles made little

difference.

By a process of trial and error the following technigue
was developed. After the first extraction, ether was evapor-

ated off in the normal way and the material left was re-dissolved

in petroleum ether.

N.B.: Petroleum ether has a greater absorptive capacity
for crude fat and is also less likely to absorb
moisture either from the surrounding atmosphere
or from the sample during extraction (extraction
is carried out with oven dry samples but the
possibility exists that moisture might be absorbed
at some stage).



TABLE 15

Henneberg analysis of principal ingredients in experimental

feed mixtures (Massey Biochemistry Department 1960)

Dry Matter % Ash % |CGrude Proten %| Fat % [rude Fibre %| N.F.E. %
(a) (b) (a) (b)|(a) | (b) [(a) [(®) [(a) (b) | (a)] (b)
' Meat Meal 90.2 - |16.4|18.2(57.3 | 63.5 |14.4|16.0 - - | 2.1] 2.3
Whey Powder 89.7 - |10.9 [ 12.2{12.9 |14.4 | 1.2 1.3 - - |6L.7|72.1
Buttermilk Powder|95.4 - 7.0 7.2133.5 | 34.7 9.6110.4 - - |145.3{4L48.1
Barley Meal 85.4 - | 1.0 2.9(10.3 [12.0 | 1.2| 1.4 3.8 | 4.4 |69.1]79.3
(a) Air dry (b) Ooven dry
TABLE 16
Henneberg and Cr203 analyses of experimental feed mixtures
Dry Matter %| Ash % |Crude Protein %| Fat % |Crude Fibre 4| N.F.E. % 01129_5 %
a (v) [ (a)] (b)] (a) (b) [(a) | (b)] (a) (o) | (a) [(b)
Camnan Starter| 91.7 - 8.4 9.3|22.0 2h.2 |7.8| 8.6 - - 53.5|58.0 0.86
I 89.5 - 9.5|10.9/18.9 21.3 |4.3| 5.0 Included 56.8|62.8 1.05
II 90.1 - 9.4[10.6]19.0 21.3 |L.6 | 5.3 in 57.1162.8 0.92
III 90.5 - 9.3|10.3[19.7 21.9 {5.1] 5.8 N.F.E. 56.4]62.0 1.04
IV 89.7 - 9.1[10.2[20.6 23,1 |5.7| 6.2 54.3]60.5 0.96
(a) Air ary (b) Oven dry - ('31'203 free




The re-dissolved fat extract was then filtered through
a medium grade filter paper into evaporating flasks. Fat
particles tended to adhere to the edges of the filter paper,
where the ether was evaporating very quickly, and were removed
by repeated washings with petroleum ether. This procedure,
although tedious, gave reproducible results. About 12 samples
per day could be completed in this way.

mstimation of crude fibre was even more difficult. The
method itself is lengthy and the numerous steps involved lend
themselves to errors of all kinds. In the filtering stages
after acid and then alkali treatment, particles of Cr203 and
other material clogged up the linen filter pads and could not
be removed by washing. LO-50 attempts at crude fibre estimations
produced not one reproducible result. On the advice of the
Biochemistry Department, whose past experience had shown that
crude fibre levels below about 2-3%, were difficult to determine
accurately by the Henneberg method, the estimation of this
fraction was abandoned. (It was calculated that the crude
fibre level of feed samples was in the vicinity of 1-3%.)

Henneberg analysis of the principal ingredients in the
experimental feed mixtures are shown in Table 15. It should
be noted, however, that the figures shown were collected from
analytical records made available by the College Biochemistry
Department. No samples were taken for analysis from the
ingredients actually used to prepare the experimental feed

mixtures.
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Table 16 shows results of the Hennebergand Cr analysis of

203

analysis of faecal samples

the trial diets. Henneberg and Cr,0

2°3
are presented in Appendix 2.

Analysis of the remaining fractions in feed and faeces by the
Henneberg method proceeded smoothly and it was found possible to

obtain duplicate results which differed by 1.2%.

PART VI. GROVTH DATA

Liveweight data recorded during the trial are presented in
Appendix 1. Average weekly weight reached by animsls on each
feed treatment are given in Table 17. This data is presented

graphically in Figure 13.

TABLE 17

Average weekly weight (lbs) of pigs on the experi-
mental feeds.

Age — Liveweight (1bs)
Cormon Stgrter Ration

3 weeks 10.9 12.5 12.2 11.6
dy 13.0 .7 14.5 13.8

P8 II ITI Iv
5 " 18.1 20.5 20.1 19.3
6 v 24.9 27.8 27.8 27.0
7 " 34.1 37.4 36.5 35.5
8 " 44.0 L47.5 L6. 4 45.2
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1. SEX

Fifteen pens contained a piglet of each sexX. Analysis
of the liveweight gains from the 21st - 58th day (data
extracted from Appendix 1) showed no significant differences

between each group. This is presented in Table 18.

TABLE 18
Statistical Analysis of Liveweight Data for Differences
Due to Sex.
2 2 = = = =
S S™/n SX - ¥y X -y t Result
22.62 1.51 1.74 1.3 .« 75 N.S.
Vihere 82 = pooled mean square
82n = variance of means
2
SX -y = /2 §H— = variance of difference

between means

2. RATE OF GAIN

The mean growth curves for amnimals on the experimental
diets are shown in Fig. 13. There would appear to be no
obvious treatment differences. This observation was sub-
sequently confirmed as a result of the statistical analyses.

In the statistical treatment of liveweight data, 35-58
day weights were used. This was in view of the fact that

the four main experimental feed treatments were fed from the



93.

35th day of age. Prior to this, all animals were feeding on
a common ration and this was regarded as a common settling in
period.

There were no statistically significant differences in
growth rate from 35 to 58 days of age, between pigs on the
four experimental feed treatments. This was shown by the
analysis of variance of liveweight gains during this period

(Table 19).

TABLE 19

Analysis of Variance of Liveweight Gains (per pig)
from 35 to 58 Days of Age.

Source S S ar MS F Result
Blocks 12,09 5 2.418 0.22 N.S.
Treatments 5.72 B 1.907 0.17 N.S.
(E1) Pens 161.43 15 10.762 Al , W N.S.
(E2) Within 145.88 24 6.08

Pens
Total 325.12 L7

An analysis of covariance to test the effect of 35 day
liveweight on the liveweight gain from 35-58 days, also showed
no significant block or treatment effects. The analysis did
however, increase the accuracy of statistical analysis by

reducing the standard error of the treatment means from ki 1.9



TABLE 20

Analysis of Covariance and Significance of Regression.

y = 1liveweight gains per pen from 35-58 days of age.
X = 1initiasl liveweight per pen.
COVARI ANCE:
ource dar 7 b.¢ Xy y y1 df1 MS F
'‘otal 23 762.24 + 325.95 358.49
ilocks 5 330.93 + 39.83 24.18
'reatments 3 82.37 + 21.87 11.45
rror 15 348.94 + 26L.25 | 322.86 | 122.75 14 8.768
r + E 18 431.31 + 286.12 334.31 | 144.51 17 8
\ifference 21.76 5 |7.255] 9022
Unadjusted treatment mesns and S.E. of means:-
I s1.2% f2s22% _ % 4.9 111 51.5 % 1.9
II 53.0 £ 1.9 IV 5.9 £ 1.9
SIGNIFICANCE OF RiIGRASSION:
Source SS dar MS F Result
Regression 200.11 1 200.11 22.82 ks
Arror 122.75 14 8.77
Total 322.86 &5
. _ +264.2
Regression coefficient b = 3L8. 0l
N + Oa757
2 . B _
% = StFem = -0
b £ sb = +0.757 ¥ 0.159 1bs
Adjusted treatment means:
I 51.2 - 0.7573 (36.2 = 39.0) = 53.3
II 53.0 - 0.7573 (40.9 - 39.0) = 51.6
IIT 51.5 - 0.7573 (40.3 = 39.0) = 50.5
Approx. S.E. of treatment means = /Eégéﬁ =% 1,2

Relative efficiency of covariance analysis

2L5%
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to ¥ 1.2 (Table 20).

A significant result was found on testing for the sig-
nificance of regression. The regression coefficient (b)
was found to be:

b = +0.757 £ 0.159 1bs

In the analysis of variance of 58 day liveweight, a
significant difference was found between pens (p< 5%> 1%)

(Table 21).

TABLE 21

Analysis of Variance of Liveweight (per pig) at
58 Days of Age.

Source S S aft MS P Result
Blocks 217.37 5 L3.475 | 1.09 N.S.
Treatments 68.77 3 22.923 0.57 N.S.
(E1) Pens 600.17 15 40,011 2.26 *
(E2) Within| L424.00 2L 17.667

Pens
Total 1310.31 L7

The analysis of covariance using 35 day weight as the
independent variable and 58 day (final) weight as the dep-
endent variable, similarly improved the accuracy of statis-

tical analysis of the data (Table 22). Although no signif-

icant treatment or block differences were found, the standard

error of the treatment means was reduced from & 3.7 to 2

— 102.



TABLE 22

Analysis of Covariance and Significance of Regression

y = Final weight per pen at 58 days.
X = 35 day weight per pen.
VARIANCE:
Source ar x Xy ¥ vy |ar MS | F
otal 23 762,24 | + 1088.19[1772.62 ‘
llocks 5 330.93 | + 370.75| L3L.7L
‘reatments 3 82.37| + 104.23| 137.54
‘rror 15 348.94 | + 613.21]|1200.34 [122.71| 1L 8.77
v + E 18 LU31.31 | + 714.44 | 1337.88 |[144.49] 17 -
)ifference 21.78 3 726 N.Sj
Unadjusted treatment means and S.E. of means
I 87.3 % /§94%gg = & 3% TR 1.8 & 57
II  93.9% 3.7 IV 90.4 I 3.7
GNIFICANCE OF RuGRISSION:
ource S S af MS F Result
egression 1077.63 1 1077.63 122.9 Rk
:rror 122.71 14 8.77
otal 1200. 34 15
Regression coefficient b = + 61%.21
346.94
5 = + é‘757
5% = 3he.oy - 0:025
b * s, = +1.757 % 0.159 1bs
Adjusted treatment means
I 87.3 -1.7573 (36.2 - 39.0) = 92.2
II  93.9 - 1.7573 (40.9 = 39.0) = 90.6
III 91.8 = 1.7573 (40.3 - 39.0) = 89.5
IV 90.4 = 1.7573 (38.5 - 39.0) = 91.3
= i 1.2

Approx. S.E. of mean = /8.;2
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The relative efficiency of the covariance analysis in this
case was 912%.
A very highly significant regression was found and on

calculation of the regression coefficient:

+

0.159 1bs

3. RELATIVE GROWTH RATE

Table 23 summarises the analysis of variance on relative
growth rate data between 35 and 58 days of age. No significant
treatment differences were found, nor was there a significant
block-treatment interaction. A highly significant difference
was found between block means (p<1%). The multi-renge test
showed that animals in block 5 (pens 17-20) had the highest

relative growth rate and those in block 2 (pens 5-8) the lowest.

TABLE 2

Analysis of Variance of Relative Growth Rate

(35-58 Days of Age).

Source SS ar MS F Result
Blocks .000318 5 . 0000636 6.49 %%
Treatments .000045 3 .0000150 1.53 N.S.
(E1) Pens .000147 15 .0000098 1.36 N.S.
(E2) Within .000128 24 .0000072

Pens
Total .000683 L7
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PART VII. FEED CONVERSION EFFICIENCY

Meal consumption records over the trial period are
presented in Appendix 6 and feed conversion efficiencies
in Appendix 7. Average meal consumption per pen (i.e.
per pair of piglets), increased from about 1 1b per day
in the first week of the trial, to between 5 and 6 1bs
per day in the last week. Details are summarised in
Table 24.

TABLE 24

Average Vieekly Meal Consumption (1lbs) Per Pen (i.e. Per Two
Pigs) from 21-56 Days of Age; Average leal Consumption 35-57
Days and FCLE 35-57 Days.

Age Average Meal Consumption (1lbs)
(Days ) Conungn Starter Ration
21-=28 0 6.6 7.0 6.9
28-35 12.5 1.7 il .18 11.9

I II III Iv

35=-442 19.7 20.9 18.3 18.3

L2-49 30.0 31.8 29.1 28.0

L9-56 38.4 37.5 37.5 37.0
Feed Conversion Efficiency

Average Liveweight
Gain per Pen (1b)
35=57 Days | She7 57.8 56.8 56.3
Average Total Meal
Consumed (1b)
35-57 Days 93.3 97 .1 92.5 88.7

lbs Meal/lb Gain| 1.7 1.68 1.63 1.56
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Table 24 shows that feed conversion efficiency in terms
of the number of pounds of meal eaten for each pound increase
in liveweight between 35 and 57 days of age, improved as the
amount of whey powder in the diet increased.

An analysis of variance of the feed conversion efficiency
data (Table 25) showed no significant differences between

treatments, but a highly significant difference between blocks

(p<1%).

TABLE 25

Analysis of Varience of Feed Conversion Efficiencies,
35-57 Days of Age.

Source 38 af MS F Result
Blocks 0.41 5 0.082 5.46 e
Treatments 0,08 3 0.027 1.80 N.S.
Error 0.22 15 0.015

Total 0.71 23

Linear Trend 0.0785 1 0.0785 | 5.34 *

The improvement in FCE from treatment I to treatment
IV, as shown in Table 24 was of the order of 9%. Further-
more the fact that the whey powder levels had been increased
by 15% of the ration in each treatment from treatment I up
to treatment IV, i.e. a graded series, suggested that there
might be a significant linear trend as far as the improvement
in FCE was concerned. Calculation of the linear component

(Table 25) showed that this was the case, and that there was
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a significant linear trend in the improvement of the FCE
as the amount of whey powder in the ration increased, at
the 5% level of probability.

In the original experimental plan, it was intended to
test for the regression of total liveweight gain, on total
feed intake. In deciding that such an ansalysis was not
likely to improve statistical interpretation of the data,
two main factors were taken into account. These were;
firstly the fact that examination of the raw data revealed
no obvious treatment effects on liveweight gains, (see also
analyses of variance on growth data); and the x variable
(intake) could be affected by treatment. Data on weight
gains and feed intake provided a conversion factor for each
treatment. Fully realizing the risk of non-normality of
these ratios, it was decided that an analysis of variance
of the FC & would be easier to interpret.

ihen the significance of the difference found for the
block means (Table 25) was analysed; blocks 4, 5 and 6 (with
meean FCE's of 1.50, 1.49 and 1.60 1lbs. feed/1b gain respect-
ively) had significantly better FCE's than block 3 (P<L1%);
blocks 4 and 5 were better than block 1 (P<5%) and block 5
was significantly better than block 2 (P<5%). Blocks 1,

2 and 3 had mean FCE's of 1.71, 1.69 and 1.87 1lbs meal/1lb
gain respectively.

Figures 14 and 15 show food intake plotted against age
and liveweight of the pigs, respectively. These graphs also

show that in general meal consumption on treatment IV was

MASSEY CCILEGE LIBRARY
PALMERSTON NORTH, N.Z.
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TABLE 26

Block Means for the Apparent Digestibility Coefficients at 28 Days
of Age (Collection Period 1)

F Block Standard | Significance
Fraction 1 2 3 N 5 6 ﬁg;gr of | of Difference

Mean Apparent Digestibility %

Dry Matter 80.27 | 79.1979.19 | 84.70 | 83.87 | 83.08| 0.523 4y, 5, 6> 1, 2, 3 **
Crude Protein 67.79 | 67.91 | 67.73 | 79.64 | 77.84 | 75.LL4|1.015 4, 5, S>g, 2, 3 **
> *
Ether Extract 82.33 | 77.65 | 75.20 | 86.13 | 85.53 | 85.40[|1.507 4, 5, 6=3, 2 * 3k
1> 3 3% %
1=>2 *

Nitrogen Free 88.37 | 66.77 | 87.04 | 89.82 | 89.33 | 89.32|0.412 Ly, 5, 6>2, 3 * %
Extract 4> 1 %
12, 3 *

Ash 54.82 54.37 | 58.30 | 65.31 | 61.97 | 60.32|1.797 ﬁ>~2, 1 %%
>3 *
5, 6>1, 2 *

% P< .05

#% P < .01
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slightly lower than consumption on treatment I. Consumption
on treatment II increased rather sharply up to the 7th week
of age (see also Table 26) but then dropped back to a level
near that of II, III and IV.

PART VIII. APPARBNT COEFFICIENTS OF DIGWSTIBILITY

Apparent coefficients of digestibility for the five
Henneberg fractions - dry matter, crude protein, ether
extract, nitrogen-free extract and ash - are tabulated in
Appendices 3, A, B, C and D.

Consideration was given to the possibility of feed
intake affecting digestibility, particularly as far as the
greedier animals were concerned. Again the difficulties
of interpreting any figures obtained from such an analysis,
and the lack of any noticeable pattern in the raw data
suggested that an analysis of variance would be adequate.
These analyses are presented in Appendix 8.

Tables 26-29 give the mean apparent digestibility co-
efficients, for blocks in the case of the first collection
reriod, and treatments for the remaining periods, plus the

result of the multiple range test on these means.

(a) Collection period 1. (28 days of age) (see Table 26)

At this stage all animals were being fed the common
starter ration. As previously described in this Chapter,
a fairly severe bout of scouring developed in the first 24

piglets to enter the test-=house. No scouring was observed



TABLE 2

Treatment Means for the Apparent Digestibility Coefficients at 42
Days of Age (Collection Period 2)

Treatment Standard Significance of
Fraction I II IIT Iv Error of Difference
Mean
Mean Apparent Digestibility %

Dry Matter 82.82 86.73 | 86.11 86.38 0.552 11, III,F mVi & Wb %%
Crude Protein 77.80 82.44 | 80.98 82.06 0.666 I1, II1II, IV = 1 A ok
Ether Extract 70.21 80.73 | 82.79 86.40 1.145 11, 111, IV = 1 * %
IV = II **
Nitrogen Free 86.38 89.71 | 90.52 92.07 0.423 11, I1I, IV > 1I %%
Extract IV = 1II **
| Iv > 1III =*
Ash il B4 79.94 [ 71.27 62.92 1.43 I, II, III = IV **
I, II = III *%*

* P< .05
**% P<,01
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from the remaining animals to enter under test.

Highly significant differences were found between the
block means of all five fractions. The multiple range test
showed the mean apparent digestibility coefficients for those
animals which did not scour (blocks 4, 5 and 6), to be sig-
nificantly higher than for those of the scouring groups

(blocks 1, 2 and 3).

(b) Collection period 2. (42 days of age) (see Table 27)

At this stage, all animals had been fed on one of the
four experimental diets for one week. An analysis of variance
on digestibility coefficients showed highly significant differ-
ences between treatments for all five fractions. The multiple
range test, showed that the mesn digestibility coefficients of
dry matter, crude protein, ether extract and nitrogen free
extract for treatients II, III and IV were significantly higher
than the mean digestibility coefficients of these fractions in
treatment I (P< 1%). In addition the digestibility coefficients
of ether extract and nitrogen free extract for treatment IV were
significantly higher than for treatment II (P<1%).

On the other hand the digestibility of the ash fraction
for treatments I, II and III, was significantly higher than
for treatment IV, (P<1%).

(¢) Collection period 3. (49 days of age) (See Table 28)

In period 3, the mean appearent digestibility coefficients

of the dry mattef and crude protein did not have such signif-



TABLE 28.

Treatment Means for the Apparent Digestibility Coefficients

at 49 Days of Age (Collection Period 3)

Treatment

Standard Significance of
Fraction I sl IIT Iv Error of Difference
Mean
Mean Apparent Digestibility %
Dry Matter 82.66 | 86.55| 84.37 | 84.92 0.635 IT == T *¥
IT > III *
Iv - I %
Crude Protein 78.70 81.99 | 79.98 81.13 0.783 II > 1 *
Ether Extract 72.43 80.01 | 82.43 85.28 0.996 5L, TEE, I = I *%
Iv = 11 %%
Nitrogen Free
Extract 86.23 86.43 | 89.53 91.87 - N. S.
Ash 76.57 75.60 | 64.02 53.72 1.523 I, II, III = IV %%

I, I = IIE

% %k

* P<.05
*¥** P< .01

N.S. Not Significant
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icantly higher values in the whey powder containing rations as
in period 2. Compared with the previous period, dry matter
digestibility was greatest in treatment II only, the difference
from that of I being significant at the 1% level of probability
and from that of III, at the 5% level. The only significant
difference in crude protein digestibility between treatments,
was also in treatment II, which was significantly higher than

I (P<.05). (A similar trend was noted in period 2, where the
highest digestibility coefficient for dry matter snd crude
protein was for treatment II. This was not however, signif-
icantly greater than the meen digestibilities of these fractions
for treatments III or IV, but was significantly grester than
for treatment I.)

The iiean digestibility coefficients for the ether extract
and ash fractions had significant treatment differences of the
same order as those observed in the previous period.

An analysis of variance showed that there were no signif-
icant differences between treatments for the digestibility of
the nitrogen-free extract. As observed in period 2, however,
the digestibility of this fraction increased as the amount of
whey powder in the ration increased (Table 28). Calculation
of the linear component, on the basis of the whey powder increase
being a graded series (Appendix 8), proved this trend to be a

significant one.

(d) Collection period 4. (56 days of age) (See Table 29)

The pattern of the treatment differences for the mean

digestibility coefficients in this period, was similar to that



TABLE 29

Treatment Means for the Apparent Digestibility Coefficients
at 56 Days of Age (Collection Period 4)

reatment Standard Significance of
Fraction I IT IEI IV Error of Difference
. Mean
Mean Apparent Digestibility %

II>1 *

Dry Matter 81.71 84.56 | 82.43 83.99 0.536 I6>III *
>1 *

Crude Protein 77.15 80.74 | 76.30 79.61 1.118 IT>III, I *
Ether Extract 67.73 73.12 | 75.24 80.97 1.020 I1, III, Iv=>=1 * %
IV=>=1II, III #*=*
Nitrogen Free 85.85 | 88.84 | 89.97 | 91.83 0.351 II, III, Iv=>1 ok
Extract IV=II, III *=*
III=>11I *
Ash 76.02 72.81 | 57.35 50.16 1.57 I, II, III > IV %* %
o

I, II > III

* P<,05

** P<.01
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observed in period 3. Compared with the previous period the
major difference occurred in the digestibility of the nitrogen-
free extract, which was more similar to that observed in period
2. NFE digestibility for treatments II, III and IV was sig-
nificantly greater than for treatment I. In addition the NFE
coefficient of digestibility for treatments III and IV were
significantly greater than those for treatments II; and II and
III respectivelye.

Furthermore the mean coefficient of digestibility for
crude protein in treatment II was significantly greater than in
treatments III and I, and the digestibility of ether extract in
treatment IV was significantly greater than in treatments III

and II.

GENERAL

The average digestibility coefficients for the five
fractions for each treatment comparison and at each faecal
collection period, are listed in Table 30.

In general digestibilities of the fractions, increased
over the first 3 weeks of the trial but dropped slightly in

most cases, over the last 2 weeks of the trial.



TABLE 30

Average apparent digestibility coefficients for the five frac-
tions at each faecal collection period.

Trt. gr;]i.lieggion Dry %atter Crude%Pr'ote:in ggga o %Ngigiig 9Fzree Ash %
1 = 81.37 71.80 81.21 88.43 58.47
2 82.82 77.80 70.21 86f38 77.84
! 3 82.66 78.70 72.43 86.23 76.57
L 81.71 7715 63.73 85.85 76.02
¥ 81.75 73.11 83.34 87.94 57.92
2 86.73 82.44 80.73 86.38 77.8L
= 3 86.55 81.99 80.01 86.23 TS,
L 8L4.56 80.74 73.12 85.85 76.02
1 & 81.65 72.13 82.61 88.54 57.92
2 86.11 80.98 82.79 90.52 71.27
o 3 84.37 81.99 82.43 89.53 6L4.02
L 82.43 76.30 75.24 89.97 57.35

1 * 82.09 73.01 80.09 88.9y | 60.01
2 86.38 82.06 86.40 92.07 62.92
N 3 84.92 81.13 85.28 91.87 53.72
Y 83.99 79.61 80.97 | 91.83 50.16

* Common Starter Ration (E;E- For comparison
with the other collection periods the means for
the six blocks have been re-calculated on the
basis of the four treatments which were subsequently
allotted in those blocks.)
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PART IX. GROSS DIGESTIBLE IENSRGY

Table 31 gives the gross energy content of faecal samples,
as determined in the Bomb Calorimeter. Gross energy content
of the five experimental feed mixtures, determined in the same
way, are shown in Table 32, By using the chromium oxide ratio
between feed and faeces, as used in the determination of the
apparent digestibility coefficients, it was possible to cal-~
culate the gross digestible energy of each feed treatment.

This value expressed as a percentage is listed in Table 31.
In Table 32 this percentage has been applied to the gross

energy content of the corresponding feed treatment to give
an estimate of the gross digestible energy in calories per

gram, of each feed mixture.

TABLE 31
Gross energy of faecal samples and gross digestible energy
percentages of treatment comparisons at collection periods.

Collection | Pen No.| Treatment| Gross LEnergy Gross Mean
Period Faecal Sample | Digestible G.D.E.
(Cals/G.M. of | Energy % %
D.M.)
2 6990 72.59
1 5 Common 7207 71.25 73 .11
10 Starter 7204 72.03
23 6722 78.97
L I 5965 81.89
2 6 Iv 6630 83.10 83.37
22 IIT 6363 84.26
24 II 6297 84.23
3 IV 6231 83.56
3 7 III 6150 80.00 82.17
13 II 6127 82.95
17 I 5978 82.15
8 I 6217 78.20
L 12 IT 6045 80.53 80.00
15 IV 6295 80.64
18 III 6164 80.67
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TABLE 32

Gross energy; Mean G.D.E. % and G.D.E. of the
Experimental Feed Mixtures

Treatment Conmon I 11 III Iv
Starter

Gross knergy 5349 5281 5250 5216 5160

(Cals/G.M.%

Mean G.D.E. %
of Feed over 73.71 80.75 82.57 81.64| 82.43
Trial Period

G.D.E. in
Feﬁd)(Cals/ 3943 La6L 4335 L258 L4253
G.M.

Although slightly higher for treatment II, the estimated
gross digestible energy contents of the four main treatment
comparisons, were very similar, being in the order of 4,250
calories per gram.

As only a small number of results were available the
only statistical treatment of the energy calculations was an
analysis of variance on the gross digestible energy percent-
ages presented in Table 31. This was to compare differences
between feed treatments and between collection periods in the

range of energy values measured (Table 33).
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TABLE

Analysis of variance of gross digestible energy
% of feed treatments.

Source Ss ar MS F Result
Collection

Periods 221.88 3 73.96 12.93 sk
Treatments 1.73 3 0.58 0.101 N.S.
zrror 51.49 9 Be 72

Total 275.10 15

There were no significant differences between treatments.
A highly significant difference was found between collection
periods. The multirange test showed that the meen G.D.E. %
for collection periods 2, 3 and 4 (42, 4% and 56 days of age
respectively) were significantly greater than the mean G.D.E.

% for period 1 (28 days of age) - P< 1%. There were no other

significant differences.
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DISCUSSION AND CONCLUSIONS

I. ADAPTABILITY OF ANIMALS TO EXPERIMENTAL CONDITIONS

This trial proved beyond a doubt that young pigs could be
handled very easily under the experimental conditions. Young
pigs are inclined to be boisterous and pen apparatus must be
able to withstand a fair battering. Pen cleaenliness is import-
ant, not only in the event of a bout of scouring such as in the
present trial, but in order to prevent excessive waste of spilled
food where a food consumption check is kept. The growth rate of
the pig makes it an ideal experimentsl animal, with relatively
short experimental periods in which a large amount of deta can
be collected. IMurthermore the housing arrangement in the pres-
ent trial was admirable for the purpose of constant observation

on all the animals, with & minimum of trouble.

IT, USu OF CHROMIUM OXIDKE

While no comparison was made of the Cr - reference method

203
with any other method of measuring digestibility, the method
proved satisfactory in the present trial, easy to manage once
techniques had been developed, and the results would appear to
give a fair indication of the digestibility of feed fractions

through the trial, These will be discussed in more detail

elsewhere in this Chapter.
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1. Incorporation into the Diet

Just how real the problem of stratification of the index
substance in the feed would have been, if the premix method
of incorporation had not been used, is difficult to ascertain.
This problem could only be answered, if a trial comparing the
results of the use of the index with and without a premix or
"pinder'", was conducted.

It would appear however, that the use of the flour - Cr,0, -
water premix did help to prevent excessive stratification of
the index substance through the feed.

Visual inspection of the Jjars of stored feed samples
showed that less stratification of Cr203 was occurring in
treatments III and IV. This could possibly have been due to
the whey powder exerting a binding action on the fine Cr-203
particles.

It was unfortunate that attempts to produce the trial
feeds in pellet form failed. Apart from the fact that pellet-
ing would have obviated the necessity to prepare a premix of
the index substance, the problem of '"caking" of the feed mix-
tures and feed overflow may have been easier to cope with.

A nunber of authors have satisfactorily used pelleted
feeds for young pigs and have reported that there is less waste
than with the same ration fed in a non-pelleted form (Carroll
and Krider, 1956; Terrill et al, 1956; Dyrendahl et al, 1958).
Acker and Catron (1953) claimed that in a comparative trial young

pigs offered the same good starter ration in three forms - pellets,
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crumbles (granulated) and meal - showed a preference to eating
them in that order.

The manufacturer concerned in the present instance reported
that he had always experienced trouble, trying to manufacture
pellet feeds containing more than about 20% of milk products.
This difficulty is probably due to the hygroscopic nature of

some of these products.

2. 95293 Analysis

The poor results obtained from the Barnicoat alkaline
oxidation fusion method would concur with the findings of
Stevenson and de Langen (1960). These workers examined the
fusion methods of Barnicoat (1945), Kane et al (1950), Schurch
et al (1950), Raymond and Misson (1955),snd Kamsols et al (1957).

In fusing with sodiuwm peroxide, Stevenson and de Langen
found that the loss in weight of the nickel crucible was 2-5 mg
per assay. The crucibles (as in the present trial) became
pitted and eventually holed. Retention of chromate in the
nickel oxide precipitate was considerable and at no times was
this loss of chromate a standard one of 2%, as suggested by
Barnicoat (1945). Fusing with potassium and sodiwn hydroxides
showed less loss in weight of the nickel crucibles, but low
recoveries of chromate and poor reproducabilitye.

More satisfactory results were obtained with the method
of Maunsell (194l). This method consisted of a sodium car-

bonate fusion, oxidation being completed by addition of
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hydrogen peroxide. The solution was then boiled to ensure
that all the chromate was completely dissolved and to remove
excess peroxide before colorimetry. It was found that the
large expenditure of nickel crucibles and the retention of
chromeate in the nickel oxide precipitate, could be avoided if
the oxidising substance was added to the crucible after fusing.
However, reproducibility of results, devended on critical heat-
ing conditions during fusing, and adequate mixing and grinding
of' the CP203 - carbonate ash. These conditions made the method
a diff'icult one for large scale routine work.

Por this reason a ‘wet digestion'" method was developed by
Coup and Lancaster (1952) and modified by Christian and Coup
in 1954. This method consisted essentially in the use of
potassium bromate as the oxidising substance. In the presence
of a sulphuric acid/phosphoric acid mixture snd a manganese
compound a complete oxidation of the CP203 to the dichromate
state could be achieved. Previous attempts to establish such
a wet digestion procedure had failed with a number of oxidising
agents, catalysts and controlled heating, mainly due to the
incomplete formation of dichromate or, convemssly, complete con-
version into insoluble chromic compounds. kstimation of di-
chromate was achieved by volumetric methods. The authors
presented this procedure as an improvement over Coup and Lan-
caster's (1952) method where a low daily output was common.
Furthermore a long-boiling period was required because the
Cr.0, was not readily attacked by the oxidising agents at the

a3
temperature of the dilute acid mixtures used and also to ensure
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at a later stage that all excess bromate was removed before
the back titration.

Stevenson and de Langen (1960) however, describe a further
modification to this method which avoids the critical heating
conditions of Christisn's modification and the long boiling
time of Coup and Lancaster's method is reduced to 10-15 minutes.
Furthermore these authors consider a colorimetric method of
determining the concentration of dichromste more accurate than
the volumetric one (it does away, of course, with the necessity
of preparing stendard solutions which could introduce further
error). Chromate solutions conform to Beer's Law and a wide
renge of concentrations cen be measured at a wavelength of 400 mu
with sufficient accuracy.

For this reason the method was adopted in the present trisl
and proved satisfactory.

Since this trial was completed de Langen (pers. comm. 1S60)
has indicated that further modifications to this method have been
made. Again these consist in the main of reducing the critical
conditions required at certain stages of the procedure, in this
case in the final removal of the Mn O2 precipitate, (in the previous
method, shaking of the solution tended to break this precipitate
down into the colloidal state again) and the preparation of the
dichromate solution for a photometric reading.

In the present trial, the "wet digestion" method used proved
satisfactory once familiarization with the procedures had been
achieved. It was vitally important however, to keep equipment

spotlessly clean. The modifications to the method, which have
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been developed since the present trial was carried out, would be

well worth consideration for future Cr203 analytical work.

ITII. OBS&ERVATIONS

1. Dung Consistency and Incidence of Scouring

The bout of scouring recorded in the first 24 animals to go
under test, serves to emphasise the importance of avoiding sudden
chenges in diet. In this case removal from the sow into an

environment in which ad libitum food was provided and virtually

no competition for food with littermates existed. All animals
had however, been given a '"creep" feed while on the sow, identical
in composition to that of the common starter test ration.

WVhether or not, this scouring was whey induced is open to
con jecture. In the starter ration whey powder constituted only
20¢ of the ration. Becker et 8l (1957) found no incidence of
scouring at any stage of their trial, in spite of the fact that
dried whey powder was included in a semi-purified diet fed to
young pigs (14-42 days of age) up to a level of 60%. Krider
et al (1949) on the other hand reported the occurrence of diarrhoea
in weanling swine fed from 56 days of age, on a corn-soya bean type
of ration containing 4% and 8% of a dried whey product. In the
preliminary trial of the present study, no scouring was observed
in the 6-week o0ld pigs used, although whey powder was fed at a
level of U45% of the diet.

It would thus appear that tolerance to whey powder feeding
in young pigs is governed by a delicate balance between the age

of the animal and the remaining ingredients in the diet.
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It is unlikely that physical conditions within the test-house
contributed. Although all the scouring occurred in animals on
one side of the house, a complete litter of eight in which no
scouring was observed, were housed on the same side.

It is possible that appetite was a contributing factor.
Generally the scouring animals were slightly heavier when they
entered under test than the non-scouring animals. The last two
litters to enter the test-house (Pens 17-24) in particular were
generally lighter in weight than most of the other litters,
(Appendix 1) and did not suffer from scours. The heavier animals
were inclined to have heavier appetites (Appendix 6) and over-
eating on their part could have induced scouring. In particular
pig 49/69 B in pen 3 ste extremely greedily and heavily throughout
the trial, had the heaviest consumption of any of his mates and
topped the scales at each weighing. During the first fortnight
this animal suffered heavily from scouring and was the last member
of the scouring groups tc recover from the bout. It is suggested
that this was an exaggerated case of a general pattern in the
scouring groups.

The characteristic form of faecal material voided by animals
on each of the experimental treatments would concur with the
generally accepted physiological role of the large intestine in
water conservation in the body (Dukes 1955). Fischer and Sutton
(1949) referred to the dehydrating effect of lactose in the small
intestine. Krider et al (1949) reported an increase in water
consumption by animals fed rations high in lactose or in dried

whey products. Removal of water from the final undigested
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bProducts of alimentation, by the large intestine would help to
counteract this dehydration.
The hard dry faecal matter voided by animals on treatment

IV in the present trisl, corroborates this.

2. Feeding Habits

The sow has very close control over the let down of her milk.
Smith (1952) found that the interval between sucklings in sows
varied from a mean of 60 minutes in the first week of lactation
to 70 minutes in the eighth week. The pattern of feeding in
the present trial, particularly when the snimsls were settled at
night, suggested that this hourly feed to which they had become
accustomed prior to weaning, was carried ‘through to the post
weaning stage. This was perticularly so with animals feeding
on treatments I snd II. More frequent visits to the feeders
by animals on treatments III and IV might be explained in terms
of these mixtures being less palatesble. The observations
indicated that animals on these treatments ate little but often.
These treatments were high in their whey powder content, rapidly
became sticky on exposure to the air and from animal saliva and
caused animals to make frequent visits to the water trough. To
the human palate, these mixtures were extremely salty.

As the animals became older, the interval between feedings
increased. This was no doubt a natural adaption developed as
the animals lost their pre-weaning suckling habits and fed

according to their new needs.
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3. Water Consumption

The importance of providing fresh clean water when dry
meals are fed to pigs was shown in this trial. On all treat-
ments animals made constant use of the water provided and in
most cases refused to drink contaminated water.

The fact that more water was drunk by those animals on the
high whey powder feeds would follow from the reports cited
earlier, on the dehydrating effect of feeds rich in lactose or
concentrated whey products, and which also have a high soluble
salt content.

There is 1little data in the literature on the water con-
sumption of young pigs. Most of the available information
relates to older pigs. The amount needed undouvtedly varies
according to the age of the animal, the type of food and the
environmental temperatures. Linton and Williamson (1943) put
forward the general rule that the daily supply of water should
be 3 1lbs of water for each 1 1lb of meal up to 100 1b liveweight.
On the other hand Evvard, Wallace and Culbertson (1927) calcul-
ated that a 25 1b pig would require 4.25 and 5.45 1lbs of water
per day, in the autum and spring respectively. A 50 1b animal
would require 4.80 and 5.80 1lbs per day. Leroy (1937) suggests
3.5 1bs of water per day for a 44 1lb pig. The water consumption
of animals on treatment I at approximately % gals. - 1 gal.
(7-10 1bs) per day, at liveweights ranging from 30-45 1lbs, would
be slightly higher than the above recommendations. With the
treatments containing whey powder (II, III and IV), these recommend-

ations are definitely too low. Daily consumption by animals on
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treatment IV was in the vicinity of 2 gals. (20 1b). This
would further indicate the importance of providing adequate

quantities of water when feeding whey powder.

IV. HENNEBERG ANALYSIS

The remarks of Crampton (1956) concerning the limitations
of the Henneberg analysis, and quoted in Chapter II, were well
borne out in the present trial. Nemely, that this nethod was
never intended to give results which our modern knowledge of
nutrition deens desirable. The problem still remains to find
suitable methods of analysis which give more precise information
on the individual chemical compounds in feedstuf'fs, but are easy
to carry out on a large nuwrber of samples.

In the present trisl the major faults with the Henneberg
method lay in theestimstion of:-

(1.) Crude fibre
(2,) Nitrogen-free extract

1. Crude Fibre

Wallace (pers. comn. 1960) and other workers have reported
on the difficulties of accurately estimating the crude fibre
content of materials by the Henneberg method, at levels lower
than 2-3%. In Table 15 (Chapter IV) barley meal is given an
oven-dry crude fibre percentage of 4.4 and is the only ingredient
in which crude fibre is found. Calculation of the crude fibre
content of the main treatment comparisons in the present trial

would thus give the following:
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Treatment I II IIT Iv
Barley Meal % 55 L0 25 10
Crude Fibre % 2.4 118 1= i

The accuracy of a crude fibre estimate at these levels
is questionable. This is unfortunate, , particularly as the
main trial was primarily to observe the effect of replacing the
barley meal with whey powder.

The extent of crude fibre digestion in the monogastric
animal is of great interest and importance. Hallsworth (1949),
Mitchell (1942) and Wwalker and Hepburn (1955) are but a few of
the workers who have found that the crude fibre content of animal
diets, even at low levels, often have a direct bearing on the
digestibility of the other nutrients. Many have found a negative
correletion between the crude fibre content of the organic mstter
and the digestibility of the orgenic matter. For this reason
several current investigations include a study of the more complete
analyses of plant constituents in animal diets. To date most of
these methods are difficult to operate and lengthy.

Hellsworth (1950) suggests modifications to the Henneberg
crude fibre analysis by using an acid digestion alone, to
eliminate variations which may occur due to the alkali method
more commonly used.

Crude fibre is a misleading term, the fraction which it
represents is not a single chemical entity and varies widely in

constitution between materials and between feed and faeces.
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2. Nitrogen Free Extract

Like the crude fibre fraction the *hitrogen free extract!
portion, obtained by difference in the Henneberg analysis, is
not a single chemical compound, It is usually regarded as that
portion of the material containing the soluble carbohydrates.
In the present trial the specific constituents of the NF & portion
were of particular interest as these would have changed as whey
powder replaced barley meal in the treatment comparisons. This
was particularly the case with respect to lactose which constituted
some 60% of lactic casein whey powder. Reference to the sens-
itivity off the young pig to lactose was nade in Chapter II.

The ash content of the experimental feed treatments (Table 16)
was slightly higher thasn that calculated by using the data in
Table 15. This was probably due to the mineral mixture added to
the trisl diets. Furthermore, this calculation shows an increase
in ash content of the trisl feeds as the amount of whey powder
increases; not a decrease as found on analysis. This would
emphasize the danger of placing too much weight on the nutrient
fractions of feedstuffs as calculated from data on the individual

ingredients.

V. GROWTH

Overall liveweight gains of the animals during the trial
were very satisfactory. The period of slower growth recorded
during the first week of the trial, was as expected, while the
animals settled into their new conditions. This was also the

first week after weaning. The absence of any significant
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treatment effect on 1liveweight gains would emphasize that whey
powder was a successful replacement for barley meal under the
conditions of the present experiment, so far as growth performance
was concerned.

The highly significant block differences found in the relative
growth rate data were attributed by the multirange test to block
S This could possibly be explained in terms of the litter in
that block having a slightly superior inherent reletive growth
rate, compared with the other litters under test.

At the end of the trial (8 weeks of age) the average liveweight
of animals on the main treatment compsrisons, I to IV was 44.0,
L47.5, 46.5 and 45.2 1lbs respectively. Among the individual weights
recorded several animals weighed between 55 and 65 1lbs at the 8
week stage, having reached this from a 3 week weight in the vicinity
of 10-12 1lbs. These were some of the highest liveweights recorded

at the lassey Piggery for pigs of this age.

VI. FziED CONV.LURSION BFIICIING

It is of interest to note that the feed conversion efficiency
increased as the amount of whey powder in the ration increased,
(although not statistically significant on a treatment basis).

This was due to a slight decrease in the asmount of feed eaten as
the whey powder content of the feed increased and not because of
an increase in liveweight gain as the whey powder content increased.
Mention has been made of the feeding habits and increased water
consumption of animals on the higher levels of whey powder suggest-

ing that these mixtures were less palatable., The increased FCE's
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might have been due to a restriction in intake of the high whey
powder containing rations, imposed by their less palatable
nature.

On the other hand, rather than a restriction imposed simply
by palatability or taste, the dehydrating effect of whey powder
which was presumably counteracted (or partly so) by frequent
water drinking could have had some physiologicel effect on the
mechanism of &appetite.

In the trial of Becker et al (1954), in which lactose was
fed to baby pigs at a level of 56.6% of the diet, a superior
efficiency of gain was reported, compared with diets in which
glucose or starch was the carbohydrate source. The subsequent
trial, however, (Becker et al, 1957) in which dried whey powder
was fed to young pigs up to a level of 60% of the diet, produced
no significant improvements in FC E. Danielson et_al (1960)
reported a decrease in feed efficiency when dried whey levels
were incressed above a level of 10% of the ration. In this
trial, reported in Chapter I, whey powder was being used as a
replacement for protein as well as carbohydrate concentrates, at
different levels.

These results would still further emphasize the fact that
the overall value of whey powder in young pig rations will depend
largely on the nutrients it replaces (i.e. where comparisons are
being made) and the remaining ingredients in the ration.

Comparison of the mean FCE on a block basis brings out two

interesting facts:

(a) The fact that block 5, had the best FCE value of all the blocks,
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although this was significantly superior only to blocks 1, 2, and
3. Animals in block 5 also showed a significantly higher relative
growth rate. It might be argued that a superior FCE and relative

growth rate was an inherent characteristic of this litter.

(b) The fact that blocks 4, 5 and 6 had superior FCE's to blocks
1, 2 and 3 (although only measured from the 35th-57th day) would
lend weight to the remarks made earlier on the reasons for scouring
in the latter blocks. It would appear that animals on blocks 1,

2 and 3 not only overate during the first week but continued doing

so throught the trial with correspondingly poorer food conversion

efficiencies.

VII. APPARINT COLFFICIENTS OF DIGESTIBILITY

In the trial of Lloyd and Crampton (1958) estimates of the
apparent digestibility coefficients, threw some light on the reasons
for the failure of their whey powder rations to support satis-
factory growth. This poor growth was due primarily to the failure
off the whey powder and meat meal to adequstely replace the protein
of skim milk powder. The present trial differed because the
whey powder was primarily a substitute for barley meal, or a car-
bohydrate concentrate. With no significant treatment effects on
growth however, the digestibility percentages can be discussed
only from the point of view of the biochemistry of digestion of
the rations, or in terms of the slight improvements observed in
feed conversion efficiency.

Lowest mean digestibilities were observed at the end of the
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first week of the trial. This indicates that the settling in
period during the first week, and in which slower growth rates
were recorded, is accompanied by lower digestibilities of the
feed fractions. In addition as this was the first week after
weaning, slower growth rates and lower digestive efficiencies
are to be expected. Scouring was assocliated with significantly
lower digestibilities of the feeds.

klention was made in the previous section to the slightly
better FCE's of animals in blocks 4, 5 and 6 (pens 13=-24) from
the 35th-57th day, than animals in blocks 1, 2 and 3. There
appeared to be no similar improvement in digestibilities in
blocks L4, 5 and 6; the only significant block difference was
found for the digestibility of the crude protein in collection
period 3.

The general significant increase in the apparent digest-
ibility of the dry matter, crude protein, ether extract and
nitrogen free extract fractions, as the amount of whey powder
in the ration increased could explain the improvement in FCE
also observed as the whey powder level increased. It is suggested
that the feed conversion efficiency is associated with the digest-
ibility of the feed fractions.

Catron (1957) found that intestinal lactase activity decreased
rapidly after the 2nd or 3rd week of age (see Fig. 4). The
results of the present trial would indicate that in spite of this
possible decrease in lactase activity, the carbohydrate fraction
of the high whey powder diets was still highly digestible at 8

weeks of age.
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It was interesting to note that the apparent digestibility
coefficient of the ether extract remained consistently and sig-
nificantly higher in all the whey powder trestments and partic-
ularly in treatment IV, throughout the 35-56 day period. This
was the ssme with the nitrogen-free extract fraction except at
the third collection period.

Lloyd and Crampton (1958) found with the particular rations
used in their trial, that the average apparent digestibility of
the dry matter, crude protein and nitrogen free extract portions,
were significantly higher for /- then for 3-week o0ld pigs. while
the apparent digestibility coefficients found in the present trial
are of a similer order to those determined by Lloyd and Crampton,
in contrast to their results, the apparent digestibility coefficients
of dry matter, crude protein and ash on treatments I and II in-
creased from 4 weeks of age up to the 6th week snd then decreased
over the last 2 weeks of the trial. On treatments III and IV
a similar trend was observed for the ether extract and nitrogen-
free extract portions, as well as the other fractions.

Wiithout further data being available it would be difficult
to attribute these small decreases in digestibility to decreases
as far as carbohydrate digestion was concerned, in lactase
activity. Treatment I, which contained no whey powder and
therefore little lactose, except in the buttermilk powder, also
exhibited a similar decrease in the digestibility of its feed
fractions including carbohydrate. It is possible that in all
treatments any enzymological effects which might have appeared

towards the and of the trial period, were confused with a general
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lowering in digestibilities in the final 2 weeks of the experiment,
due to the increasing amount of feed being eaten. It is 1likely
that this resulted in decreased feed conversion efficiency, at

least as far as digestibility was concerned.

VIII. GROSS DIGESTIBLE ZNERGY

The mean G.D.E. % was higher in the rations containing whey
powder, although this was not statistically significant. As a
similer trend was observed in the digestibilities of four of the
feed fractions, it would appear as though the G.D.E. % follows
the pattern of these digestibility coefficients.

The significantly higher G.D.E. % in the 6th, 7th and 8th
weeks compared with the 4th week was similer to that observed by
Lloyd snd Crampton (1958). In their trial the gross digestible
energy percentage was significently higher at the /- than at the
3=week stage.

The G.D.Z. % of their whey powder rations were lower however,
than the G.D.E. % of the other rations, presumably for the same

reasons outlined in other sections of this Chapter.

IX. Go&NiRAL

1 Nutrition Aspects

The good health and growth rates maintained by all animals
throughout the trial indicate that the diets were nutritionally
balanced. No signs of deficiency were observed. The improved
apparent digestibilities on the rations containing whey powder

support the conclusion that whey powder can replace barley meal
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in early weaning meal diets at the levels used in this trial.

It is difficult to compare levels of nutrient fractions
with the results obtained by other workers beceause of the
different nature of the diets used. As far as the fat per-
centage of the trial diets are concerned (5-6%), they would be
slightly lower than the levels used by Speer et _al (1954) - 7%;
and Crampton and Ness (1954) - 8%. With protein the 21-23%
levels used in the present trial would agree fairly closely with
the levels successfully used in other trials where milk products
have constituted the basic source of protein, e.g. McRea and
Tribe (1956); Reber (1953); Becker et _al (1954) and others
cited in Chapter II.

The results of Lloyd and Crampton's (1958) trial in part-
icular would emphasize the importance of the other ingredients
in the rations as far as the value of including whey powder is
concerned. In their case and in that of Danielson et al (1960),
the availsble protein in the feed mixtures containing whey powder,
was the limiting factor in the overall performance of these
rations. Vhile whey powder is a good carbohydrate replacement

it would appear to fail as a complete proiein replacement.

2. Managemental Factors

The hygroscopic nature of the whey powder used in the present
trial, made it extremely difficult to handle. Treatments III and
IV in particular were inclined to '"cake" to the extent that self-
feeders became blocked unless precautions were taken. Furthermore

stocks of feed mixtures had to be kept in air-tight containers.
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Under commercial feeding conditions, where attention to the
animals might not be as rigorous as under experimental conditions,
the hygroscopic nature of whey powder would be a serious dis-
advantage.

Spellacy (1953) discussing the manufacture and use of whey
products referred to the desirability of producing whey powder
of a non-hygroscopic nature. He listed several methods which
could be used to '"stabilise" dried whey powder. These included
the addition of moisture to the product during the de-hydrating
process or after dehydration had been completed.

Latimer (pers. coma. 1961) informed the suthor that the
Dairy Research Institute (N.Z.) was investigating methods for

reducing the hygroscopic nature of whey powder.

3. ficonomic Considerations

The results of the present trial indicate that whey powder
can successfully replace barley meal in early weaning mixtures
for young pigs - although the mazimum level at which successful
substitution can be achieved was not determined.

The N.%. Co-operative Dairy Company Ltd. (pers. comm. 1961)
claimed that, in the current season, lactic casein whey powder
would have to sell at between £35 and £40 per ton if the direct
costs of production were to be re-couped. On this basis whey
powder competes with barley meal, which is selling at approximately
£32-35 per ton at present. From an economic point of view there-
fore the decision on which of the two products to use will depend
on the prices ruling at that time. The handling and packaging

of a hygroscopic material would also tend to put the cost of



126,

production up.

X. FUTURE RuSBEARCH FIELDS

The results of the present trial show that the use of whey
powder in rations for young pigs could be a potentisl source of
disposal of some of the enormous surplus of liquid whey in New
Zealand. It is considered that the following fields of research
would add inmensely to any final conclusion on the value of whey

powder feeing in young pigs.

1. Levels of whey powder

(a) As a substitute for barley meal.

A trial is needed to determine the maiximum successful
substitution rate of whey powder for bsrley meal in an early
weaning mixture. Forr example, could all the barley meal at

the levels used in the present trisl be replaced by whey powder<?

(b) As a substitute for other ingredients.

Clearly trials are needed to determine not only the maximum
amount of whey powder which can be fed in the diets of young pigs
without deleterious effects to efficient growth and good health;
but also to determine which ingredients or nutritive fractions can
successfully be replaced.

Further trials, similar to those conducted by Lloyd end
Crampton (1958) and Danielson et al (1960)J f'or example, where
whey powder was used both as a carbohydrate and protein replacement,

are needed.
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In terms of the present trial, to what extent could the

buttermilk levels in the rations used, be replaced by whey powder?

2. More detailed studies on the physiology of digestion of whey

powder in the young pig.

3. Research into the more economic production of whey powder or
whey products of a non-hygroscopic form, as a source of animal or

human feeds.

L. Apart from the point of view of the use of whey powder as a
means of dispossl of liquid whey surplus, the present trial
indicates how useful digestibility data could be in a nutrition
trial. Because no significant treatment effects on growth were
found, the digestibility results were of no particular use as

fer as growth was concerned. They did however, give a clearer
picture of the reaction of the digestive system to the different
rations. It was also suggested that they were useful in explain-
ing the differences observed in F.C.E.

It is possible that in future trials digestibility data might
usefully explain variations in growth between treatments as well
as contribute to knowledge on the biochemistry of digestion. For
this reason it is suggested that a large field of research exists
in developing techniques of measuring digestibility in the pig.
For example, a more detailed study of the use of the Cr203 -
reference method would be useful, to determine more accurately the

uniformity of distribution of the marker in the feed; to invest-

igate methods of incorporating the marker in the feed or in the
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animal; to develop satisfactory chemical analytical techniques

and to assess the accuracy of the method.



CHAPTER VI

SUMMARY



SUMMARY

i1 An experiment is described in which a study was made of
the effect of different levels of substitution of lactic casein
whey powder for barley meal, in early weaning meal mixtures for

young pigs.

2 Forty-eight Large ‘White x Berkshire pigs, weaned at 3 weeks
of age, were allotted in pairs to a randomised block layout in

the experimental fattening house of the Massey College Piggery.

1 During the first 14 days of the trial all animals were fed
on a common starter ration. This was followed by four main
treatment comparisons in which whey powder constituted O, 15, 30
and 45% of a dry meal diet respectively. These rations were

fed until the animals had reached 8 weeks of age.

L. There were no significant treatment effects on growth.
Growth in all animals was satisfactory and at 8 weeks of age

the mean liveweights for treatments I to IV were 44.0, 47.5,
Lé6.4 and 45.2 1lbs respectively. A period of slow growth was
recorded during the first week of the trial as animals "settled
in" to their new conditions. This was accompanied by scouring
in some animals, believed to be due to a nutritional upset, over

the first few days. No subsequent scouring occurred.

5 The feed conversion efficiency was slightly improved as the

amount of whey powder in the ration increased, viz. 1.71, 1.68,
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1.63 and 1.56 1lbs of meal eaten per pound liveweight gain for
treatments I, II,IITI, IV respectively. This represented an
improvement of 9% from treatment I to IV which was not a stat-
istically significant treatment effect, but was a significant

linear trend.

6. In order to study more closely the physiology of digestion

of the experimental diets, the apparent digestibility coefficients
of the dry matter, crude protein, ether extract, nitrogen-free
extract and ash fractions were measured, using the chromium oxide -
reference marker method. The method of Stevenson and de Langen
(1960) was found to be the most suitable for measuring the con-
centration of Cr203 in feed and faecal samples. The Henneberg
method was used with moderate success to estimate the five nutrient
fractions. Dats is presented on the use of these methods in

digestibility determinations.

74 The apparent digestibility coefficients were measured at 4,
6, 7 and 8 weeks of age. The coefficients of all five fractions
were significantly lower in those animals which suffered from
scouring in the first week of the trial, than in those which did
not. Significant treatnent differences were found with the
digestibility of the dry matter, ether extract, crude protein and
nitrogen-free extract portions. Digestibility of these fractions
increased in most cases as the amount of whey powder in the ration
increased. The reverse was true for the ash fraction. These
effects were most noticeable up to the 6th week, but became less

pronounced in the 7th and 8th weeks with the exception of the
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nitrogen free extract.

8. The apparent digestibility coefficients of all five fractions
increased up to the 6th week but decreased in the 7th and 8th weeks.
These differences were however, of a fzirly low order and no stat-

istical test was applied.

9. Gross digestible energy determinations on a limited nunber

of samples showed that the G.D.Z. % followed a similar pattern

to the digestibilities of the dry matter, ether extract, crude
protein and N.EE. fractions both on a treatment and time basis.

The treatment effects were not statistically significant but the
increase in G.D.E % from the Lth to the 7th week was statistically
significant. All four main feed rations were found to have a
gross digestible energy value of the same order, viz. approximately

L4,250 cals/gm.

1C. There was a statistically significant increase in daily water
consumption as the amount of whey powder in the ration increased.
WVhereas the average consunption rer pair of piglets was the order
of 1-2 gallons per day on treatment I, consumption on treatment
IV was approximately 4 gallons per pair of pigs per day. There
was also a significant increase in water consumption with age.
Observations on feeding habits of animals on the four main

treatments are also presented.

11. The hygroscopic nature of the whey powder used would be a
serious disadvantage from a commercial management point of view.

"Caking" of the high whey powder feeds was a constant problem.
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12. The results indicate that lactic casein whey powder can
successfully replace barley meal at least up to a level of L45%
of the diet, in an early weaning mixture for young pigs. The
use of whey powder in this way could be a potential means of
disposal of some of New Jealend's liquid whey surplus, partic-
ularly if present costs of production of the product couid be

reduced, and its poor physical properties improved.
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APFoNDIX 1

Liveweight Record (lbs)
Common starter

‘ . -
Pen| Pig 3 wks L wks Tt 5 viks 6 wks 7 viks 8vwiks | 57th | 58th

No. No. Wt Neg, K WEC.. Wit. Gl Wt. Day Day
1 {u9/598B|11.5 |10.0 | 10.0]11.0 | II| 13.5[17.5] 20.5 | 25.0 | 25.0 |3L.0 | 39.0 | 39.5 | 38.0
L9/6 ¢|12.0 |12.5 | 14.0| 17.0 21.0| 25.5| 29.0 | 35.0 | 37.5 | Li1.O | 50.0 | 51.5 | 47.5
2 |49/8 6] 12.0 |12.0 | 13.5| 16.5 |TII| 20.0 | 24.5| 27.5 | 32.5| 39.5 |L41.5| 46.5 | 49.0 | 45.5
4L9/78B | 12.0 [12.0 | 13.0 | 15.0 18.5| 21.5| 25.5 | 30.0 | 3.0 |39.0 | 4L4.5 | 46.5 | 43.0
3 |u49/69B | 16.0 [16.0 | 18.0 | 23.0 | IV | 26.5]| 31.0| 36.5 [ 41.5]| 47.0 | 50.0 | 57.5 | 63.0 | 57.0
49/7 a¢|13.0 [12.5]|13.0 | 16.5 20.0|| 23.5] 29.0 | 33.5 | 39.0 | 41.5 | 48.0 | 51+0 | 47.5
L |49/58B| 9.5 | 9.5]10.0 [ 12.5 I|14.5|18.0] 21.0|25.0] 30.0 |3L.5]| 38.5| 39.0| 38.5
19/5 G| 12,0 | 13.0 | 15.5 | 19.0 219l 27201 310 | B6a@ | 415 [7.5 | 515 ] Stad:) 510
5 |50/57B|16.0 |16.5 | 16.5]|21.5 | II | 24.5(31.0] 32.5 [38.5| 41.5 [47.0| 51.5 | 53.0 | 50.0
50/56B | 14.5 |15.0 | 17.0| 19.5 2emslll 27-dl. 290 | 5605 4 35L.5 1 U6.0(l 52.0 §il 5.0 | hiSk &
6 |50/68B|13.5 [15.5 | 17.5| 21.0 | IV]| 23.5]| 30.0| 33.0 | 38.5| 40.0 [47.5]| 5L.5 | 55.5| 54.5
50/5 ¢ | 14.0 |15.5 | 16.5 | 20.0 22.0|27.5| 31.0 | 37.0 | 39.0 | 45.5| 50.5 | 52.0 | 50.5
7 |50/58B | 14.0 |16.0 | 18.0 | 21.0 |III| 24.5 | 27.5| 26.5|33.0 | 36.0 |41.5| L47.5 | 49.5| L46.5
50/6 G| 14.0 |14.5 | 17.5 | 21.5 23.5]30.5| 34.0 | 4O0.O | 41.5 | 49.0 | 55.5 | 57.0 | 53.5
8 |50/8 G| 10.0 |11.0 [ 11.0 | 13.5 I]145.5]|16.5| 20.5]23.0]26.0 |30.5| 35.0 | 35.5 | 34.5
50/7 G| 12.5 [14.515.5]| 19.0 20.5 | 25.5| 28.0 | 32.5 | 37.0 | L2.5| L&.5 | 50.0 | 48.0
9 (51/9 ¢|12.0 [13.5 | 14.5| 19.0 [|1II|20.5|24.5| 28.5 | 3L.5 | 36.0 |43.0 | L7.5|L9.0 | 47.0
51/79B | 14.0 [15.5 | 16.5 | 20.5 2u.5| 28.5| 33.5|39.0 | 42.5 |49.0 | 53.5 | 56.0 | 53.5
10 |51/68B | 12.5 | 14.0 | 15.5|19.5 | IV | 21.5| 26.0| 29.5 | 34.5 | 37.5 | 4bk.5| 47.0 | LB.0O | 47.0
57/5 G| 11.5 [13.0 | 14.0 | 17.5 21.0 ] 25.0| 26.5 | 33.5 | 36.5 |L42.0 | 4K.5 | L46.5| L4L5.0
11 |51/59B | 11.5 | 12.0 [14.5| 17.5 I|20.0]|23.0|27.0]33.0|36.0 |42.0|46.0|L8.0]L6.5
51/7 G| 11.0 |13.0 | 13.5| 1€.5 16.5| 21.5] 24.5 | 30.0 | 33.5 | 39.0 | 43.0 | 45.0 | 43.0
H2 |51/6 ¢ | 10.5 |11.5 | 13.0| 15.0 | II|19.0| 21.5| 24.5 [ 30.0 | 34.5 |L40.5 | 4h.5 | 45.5| LL.5
51/78B | 11.5 | 14.0 | 16.0 | 19.5 22.0 | 26.5} 30.6 | 36.0 | 4O0.5 | 47.0 | 51.0 ] 52.5| 50.0

B Boar
G Gilt

(Contd.)



ArPuNDIX 1 (Contd. )

Pen| Pig 3 Viks L ks ot | 5 Vhks 6 Vs 7 ks 6 ks| 57th | 58th
No.| ilo. Wt, Wt * it Wt it t. | Day | Day
13|53/58B | 13.5 [15.0| 18.0 [21.5 | II [25.5|29.5| 33.5| 32.0| u6.5| 53.0| 57.5|61.5| 57.5
53/8 G| 13.0 |15.0] 17.0 | 20.0 22.5 | 27.5| 30.5| 36.0| 4L0.5| L4L5.5| 50.0 | 53.5| 50.0
14153/57G | 11.5 [13.5[ 15.5 [10.5 |III [20.5 | 22.5| 26.0| 30.0| 34.5 | 39.5 | 43.5 | 46.5 | 3.0
53/56G | 11.0 |12.0| 14.5 | 17.5 1.0 | 22.5| 25.5| 30.0| 3L.5]| 39.5| 43.0 | 46.5| 43.0
15153/7 G| 9.0 [10.5| 12.5 | 14.0 | IV [15.5 [18.0| 22.0]| 27.5| 30.0| 35.0 | 38.0 | 40.0 | 37.0
53/68B| 8.5 | 9.5| 10.5 [13.0 14.5 [ 17.5| 20.5| 25.0( 29.5| 33.0| 38.0 [ 41.5| 38.5
16|53/67B| 9.0 |10.0| 12.5 [12.5 I]|16.0[19.0( 22.0( 27.5| 31.5]| 37.5| 43.0| uLh.0| L1.0
53/6 G| 10.0 [10.5]| 12.5 | 13.5 17.5 | 20.0| 24.0] 28.5| 32.5| 37.5| 42.0 | 43.5| 41.0
17|56/78B | 12.0 |12.0| 13.5 [ 15.5 I]117.0[20.0( 24.0] 29.0| 33.0| 4LO.O| 44,5 | L46.0 | 44O
56/67B | 11.5 |11.0]| 12.5 | 15.0 17.0 | 20.0| 24.0| 2S5.0| 34.5 | 4O.5| L4.O | 45.0| 43.0
18(56/58G | 9.5 | 9.5| 10.5 |12.5 |[III |414.0 [16.5| 21.0| 25.0| 20.5]| 33.0| 37.0 | 35.0 5745
56/56G| 9.5 |10.0| 11.0 | 1L..0 15.0 | 19.5( 23.5| 27.5| 31.5] 37.0| 41.5| L2.5| L41.0
19156/79B | 10.5 |10.5] 12.5 | 15.0 | IV |16.5 [ 21.0| 2L.5| 29.5| 34.0 | 39.5| 5.5 | u6.5| 15.5
56/7 G| 10.5 [10.0] 11.5 | 13.5 15.0 1 19.0] 21.5] 26.0| 30.0 | 34.0 | 37.5 | 39.0| 39.0
20|56/9 G| 11.0 |11.0]| 12.5 |16.0 | II [16.0 |[22.0| 26.5| 31.5| 34.5| Lo.O | Li4.5 | L6.0 45.0
56/6 G| 10.5 [11.0] 12.0 | 1.5 16.0 | 19.5]| 23.0| 27.5| 30.5| 35.5| 39.5| 40.5| 39.5
21|57/58B [ 10.0 |10.0[ 11.5 | 14.0 | IV |16.5 [ 20.0| 23.5| 27.5| 30.5 | 33.5 | 36.5 | 41.5| 39.0
57/8 G| 10.5 [11.5| 13.0 |15.5 18.5 | 22.5| 25.0| 29.5| 32.5| 38.0| 42.0 | W5 42.0
22|57/56B | 13.0 |12.5| 13.5 | 17.0 |IIX |[21.0 |26.0| 29.5| 35.0| 38.5| Lk.0 | 49.0 | 52.0 49.0
57/78B | 14.0 [14.0| 15.5 | 16.5 21.0 [ 26.5] 30.0| 34.0| 356.5| 43.5| 47.5| 50.5| 48.5
23|57/5 G| 11.0 [11.0]| 12.5 | 15.5 I119.5]23.0( 26.5| 31.5| 36.0| 4O0.5 | 44O | 47.0| 45.5
57/7 G| 11.0 [11.0| 12.0 | 15.5 19.5 |1 24.0] 26.5| 31.5( 37.5| 42.0 | 47.5 | 50.5| 48.©€
2L 57/68B | 12.0 |12.5( 13.5 [17.0 | II |19.5 [23.5| 26.0| 31.5| 35.5|39.5| 3.5 [ L6.5| Ll 5
57/67B | 13.5 [14.0| 15.0 [ 18.0 21.5 | 24.0| 28.5| 34.5| 38.5| 43.0| 47.0 | L9.5| 47.5




APPENDIX 2

Analysis of faecal samples (Duplicate Average) for
each Collectien reriod

N.B. Crude Yrotein, .uther uxtract, Ash and N.i..d. %, on an Oven Jry —Cr203-Free Basis

Dry liatter ' srude Protein R @ther Ixtract
CdllectionRriod | 1 2 3 L ' 2 3 N 17 2 3 L
PenlNo.| Tt. _ o A
1 I1 90.83 | 88.54 | 69.29| 89.22| 38.01 | 29.36 | 29.471 | 2e.18 | 7.45| 6.32| 7.18| 6.73
2 III 89.55 | 89.79 | 90.22 | 90.29| 38.40 | 29.74 | 26.23 | 26.29 | 7.62| 6.08| 5.42| 8.15
3 IV 88.46 | 86.20 | 91.46| 90.33| 38.13 | 22.53 | 26.45 | 2. 51 7-72 | 4.60] 5.53]| 7.43
L I 87.55 | 89.76 | 90.40 [ 90.09| 40.38 | 28.55 | 26.48 | 26.33 | 7.01| 9.17| 7.41[10.19
5 Tl 87.33 | 90.26 | 69.88 | 90.03| 37.01 | 27.09 | 30.54 | 26.98 | S.12| 9.72| 8.46[(11.12
6 IV 68.24 | 89.28 | 89.69 | 90.22| 3L4.32 | 31.72 | 32.76 | 31.34 | 8.49 | 7.75| 6.55] 6.26
I TET 87.55 | 89.66 | 91.03| 90.09| 35.39 | 29.46 | 29.19 [ 31.20 9.59| 8.86| 6.57| 8.58
8 I 88.59 | 89.4l | 90.21 | 90.93| 36.47 | 27.18 | 29.20 | 26.58 | 9.88| 9.87| 7.98]10.95
9 I1I 87.52 | 89.21 | 69.89| 89.30| 58.88 | 32.65| 29.95 | 30.30 | 8.66| 8.59| 6.96| 8.64
10 v 88.32 | 90.27 | 90.70| 89.91| 37.57 | 32.25 | 29.91 | 29.48 [11.66| 7.43| 6.60| 8.32
11 I 90.62 | 88.03 | 90.93 | 89.89| 30.36 | 30.65 | 29.64 | 26.29 [11.48| 6.07| 7.97[10.4LO
12 II 87.18 | 89.24 | 90.0L | 90.13| 36.69 | 30.21 | 26.32 | 26.15 | 8.00| 8.47| 7.11| 9.93
13 II 92.35 | 9.0k | 89.05| 90.00| 31.03 | 26.13 | 25.49 [ 26,73 | 7.62| 7.35| 7.23| 8.88
14 III 91.99 | 89.35 | 90.71 | 90.25| 34.03 | 30.57 | 27.83 | 26.93 | &.11 | 6.80| 6.27| 8.23
15 IV 92.04 | 89.82 | 90.37| 90.33| 31.97 | 31.10 | 27.46 | 27.33 | 9.17| 6.07| L.96| 6.21
16 I 91.85| 66.98 | 91.53 | 8¢.01 | 32.40 | 27.95 | 24.90 | 25.61 6.46| 7.13| 6.84]10.60
17 I 91.03 | 91.48 | 91.16| 89.66 | 34.28 | 26.03 | 24.86 | 24.98 | ©.21 | 6.45| 7.44[ 8.68
18 III 91.91 | 91.13 | 91.42| 90.36 | 33.37 | 27.05 | 26.32 | 26.34 | 6.54| 5.55| 7.02| 7.35
19 v 90.19 | 90.14 | 91.70| 89.78| 3L.92 | 27.4L9 | 27.20 | 29.52 | 9.39| 5.84] 6.42| 7.12
20 II 92.20 | 90.33 | 91.12| 90.4h4| 29.55 | 24,49 | 22.61 | 23.20 | 6.29| 5.4 7.11| 8.37
21 Iv 90.61 | 90.74 | 90.61 | 90.73 | 35.29 | 31.35 [ 29.51 | 30.51 | 9.26 | 5.60| 6.45| 6.62
22 III 91.27 | 89.81 | 90. 4L | 89.87 | 3L..57 | 29.07 | 28.98 | 32. 51 6.50| 6.37| 6.73| 7.38
23 I 90.53% | 69.43 | 90.18| 90.35| 34.49 | 25.06 | 26.75 | 29.19 | 6.55| 9.02| ©.12| 8.47
2l II 91.28 | 89.53 | 91.01 | 90.75| 35.11 | 28.4& | 27.37 | 25.84 | 7.05 7.46) 7.59] 7.75

" On common starter rstion



APFIIDIX 2 (Contd. )

—-—
' Ash ‘ N.F.E.
Collection ®riod| 1 2 3 N 17 2 3 L 3 N
Fen No. Pt
1 IT [19.41 |16.04 | 16.87 | 16.35 | 35.13 | L8.28 | 46.54 | 6. 74 | L. 48 6.7 6.28
2 ITT |21.35 | 2L.45| 24.76 | 23.92 | 32.63 [39.73 | 43.59 | 39.34 | L.10 6.66 | 6.23
3 IV |21.21 | 30.25| 32.67 | 32.91 | 32.94 | 35.62 | 35.35 | 30.15 | L.O1 7.05 | 6.16
n I |20.38[12.78| 15.06 | 14.19 | 32.23 | 49.50 | 51.05 | L2.29 | 4.38 6.97 | 6.26
5 II |18.57 [16.38 | 17.40 [17.51 [ 35.30 | 46.81 | 43.69 | LL1.39 | 4.03 6.52 | 6,08
6 IV |18.09 | 28.91] 28.70 | 31.L7 | 39.10 [31.62 | 31.99 | 26.93 | 4.4 5.96 | 5.65
7 IITI |21.37 [18.73] 19.98 | 25.11 | 33.65 | L2.95 | k.26 | 35.11 | 3.61 6.10 | 6.03
8 I [19.72 [14.16| 16.48 [ 14.89 | 33.93 |Lu8.79 | u6.3L | 47.58 | 3.68 6.67 | 5.67
P III 17.99 [18.75| 23.31 | 23.43 | 34.45 [LO.O1 [ 39.76 | 37.63 L.21 6.88 ] 6.02
10 IV |17.84 [22.00]| 32.08 [ 32.85 | 32.93 | 36.32| 31.41 | 29.35 | L.14 6.10 | 5.72
11 I JiBs12 J[13-40 [i13.52 ||| 1400 | 54=02] §lig p&d | "S1eST | i 3995 |59kl Bns2l] 6:05
e II [17.73 |15.07 | 16,066 |19.00 | 57.58 [ 46.25 | 45.71 | 42.92 | 3.68 [ 7.05 | 6.46 | 5.4
13 II [19.54 [15.00 | 18.05 | 20.25 [ 41.81 | 49.52 | 49.23 | bh4.14 | 5.52 [ 6.14 | 6.30 | 5.40
14 IIT |22.08 |20.95| 24.07 | 26.42 | 35.78 [ L1.68 | 41.83 | 36.42 | 5.62 | 7.59 |6.95 | 4.79
15 IV |20.98 |27.27/| 33.62 [132.45 | 57.68 ] 35.56 | 33.94 | 34.01 6.0l | 7.10 | 6.21 | 6.05
16 I |21.84 |13.84] 13.24 [ 14.01 | 39.24 | 51.08 | 53.02 | 49.78 | 5.43 | 6.03 |[6.63 | 5.71
17 I |20.39 [14.90 | 14.12 | 14.95 | 37.12 | 50.62 | 53.58 | 51.39 | 5.16 | 5.48 [6.66 | 5.17
18 IIT |21.09 |21.61 | 25.80 | 27.37 | 39.00 | 445.79| L40.86 | 36.9L | 5.33 | 7.81 | 7.57 | 6.36
19 IV {21.86 |30.06 | 31.8%5 | 30..35 | 33.83 1|36.61 |/ 34.53 | 53..01 5.02 | 7.94 | 6.48 | 6.00
20 II (22.77 [17.49 | 20.94 | 22.27 | 41.39 | 52.08 | 49.34 | L6.16 | 5.78 | 7.42 |6.73 | 6.68
21 IV |21.71 |28.61 | 31.07 | 31.68 | 33.74 | 344k | 32.97 | 31.19 | 5.04 | 7.82 |6.99 | 6.71
22 III |20.26 |22.50 | 25.47 | 23.21 | 36.67 | 42.06 | 38.62 | 37.20 | 5.02 | 8.06 [6.06 | 6.23
23 I [22.04 [15.04 | 16.76 [14.94 | 36.92 | 50.58 | L48.37 | 47.40 | 5.14 | 5.97 |4.95 | 5.91
24 II [21.96 |15.92 | 16.69 | 17.30 | 35.68 | 48.1L | 46.35 | 4L9.11 500 Ylows3 | 61,90

Conmnon starter ration




APPENDIX 3

Apparent Digestibility Coefficients of Dry hiatter,

rude Proteln, wther wuxtract, Ash, Nitrogen-Free

A,

Collection ieriod

oxtract.

1. (28 days of age)

Dl Gre rrot. Bth., Hx. Mo,
k| T+ « ()¢ 5 | ()4 @ (b)+ | %
1 20,28/ 80.99| 8.48]169.90 | 1.66|863.40 7.84 | 86.37
2 21.8L] 79.52| 9.37|66.73 | 1.86|81.34 7.96 | 80.20
3 22,060 79.31 | 9.51|66.2L | 1.93|80.04 8.21 | 87.82
L 19.99| 81.25| 9.22|67.27 | 1.50|53.95 7.36 | 89.006
5 21.69 79.66| 9.18|{67.U1 | 2.26|77.33 c. 76 | 67.00
6 20,01 61.23| 7.78|72.38 | 1.93|60.64 8.87 | 86.84
7 22.98| 78.45] 9.29|67.02 | 2.52| L. 72 8.83 | 86.90
8 201,070 77.43 | 9.91|6L.82 | 2.68|73.12 9,22 |86.32
9 20.79| 80.50| 9.24|67.20 | 2.06| 79.3L 8.18 | 87.87
10 21 .33/ 80.00| 9.07,67.80 | 2.82[71.72 7.95 | 88.21
11 22,94 78,49 9.21/67.31 | 2.91| 70.81 6.61 | 87.23
1e 2%.69 77.781 9.97! 64.61 | 2.17|78.23 10,21 | 84.85
13 10.73| 0l4.31 | 5.62180.05 [ 1.38|56.16 roerdl Kecora
14 16.37| 8L4..65| 6.06{78.49 | 1.44|85.56 ©.37 | 90.55
15 15,244 85.71 | 5.29;061.22 | 1.52|8L.75 6.27 | 90.70
16 10.92| 84.13 | 5.97/ 76.61 | 1.19| 88.06 7.23 | 89.27
i 7 17.6L| 83.46 | G.64 76.43 | 1.59|64.05| 3.95 7.19 | 829,33
18 17.24] 83.53| 6.26|77.77 | 1.23|87.66 | 3.96 7.32 | 89.14L
19 17.97| 63.15| 6.96| 75.25 | 1.87|61.24 | 4.35 6.74 | 90.00
20 15.95|85.04 | 5.41{61.86 1 1.08|89.17 | 3.94 7.16 | 89.36&
21 17.98[83.14 | 7.00[ 75.15 | 1.8L|81.54 | L.31 6.69 | 90.08
22 18.18| 62.95| 6.89 75.54 | 1.29/87.06 | 4.OL 7.70 | 88.58
23 17.61| 83.48 | 6.71/76.18 | 1.27|87.26 | L.29 7.18 | 89.35
2L 18.40] 82. 74| 7.08| 74.87 | 1.42|85.76 | L4.L49 7.23 | 89.27

" All on common

+ Taecal : index

starter ration

ratio




B.

APPENDIX 3 (Contd.)

Collection reriod

2. (42 days orf age)

Cr. Yrot.

D. M. Ith. @x. Ash N.H.x
oo Tt. | (0)+ | % () % M+l % | 0+ @ | (0)+] %
1| II|12.70|87.03| L4.21]|81.82] 0.91[84.06] 2.30[80.09| 6.93 | 89.99
2| I1I[12.61}85.51 | L..18|80.18 | 0.85f6L.66 | 3.43 65.49 | 5.58 | 90.64
3| IV|15.58[83.33| 5.12|78.76| 0.80|67.54| 5.2l 50.71 ] 6.17 | 90.22
L I113.70| 63.93 | 4.36|706.52| 1.40|70.28| 1.95/81.21| 7.56| 87.37
5| 1I|13.18|66.50 | 3.95(82.04 | 1.42]75.13 | 2.39 79.31| 6.83 | 90.00
6] IV[12.23|86.91 | L.35|61.95| 1.06|83.49 | 3.96]62.75| 4.33 | 93.13
7| III[12.90[ 85.18 | 4e24|75.90 | 1.27|77.08 | 2.69[ 72.94 | 6.18| 89.63
8 I[12.94| &6L.82 | 3.93|80.6L | 1.43[69.64 | 2.05| 80.25] 7.06 | 66.20
9| 11I|12.44f 65.70 | 4.55[78.43 | 1.20| 7u.34 | 2.62[ 73.64] 5.58 | 90.6
10 | Iv[12.95| 66.14 | 4.63]|80.79 | 1.07|83.33 | 3.16| 70.27 | 5.50 | 91.28
11 I|14.82]| 82,61 [ 5.16(74.58 ] 1.36|71.13 | 2.206| 78.23| 6.06 | 86.53
12 | II|12.66|67.07 | 4.29|61.48 | 1.20(78.98 | 2.14] &1.L7 | 6.56 | 90.40
13| II|{1L.50[85.20 [ L4.58]|80.22| 1.20(78.96| 2.4 76.87 ] 6.07 | 68.19
14 | IIT|11.77[86.47 | 4.03]|80.89 [ 0.90(83.75 | 2.76| 72.23 | 5.49 | 90.79
15 | IV|12.65/66.46 | 4.30]|61.63 | 0.85(86.76 | 3.84|63.88 | 5.01 | 92.06
16 I{14.76]|62.68 | L.6L4|77.1L4 | 1.18] 74.95 | 2.30| 77.8L | 8.47 | 85.85
17 111€.69|80.42 [ L.75]|76.€0 | 1.54| 67.30| 2.72| 73.80| 9.24 | 8L4.56
16 | III{11.67|86.59 | 3.46]83.59| 0.71|87.16 | 2.77| 72.13 | 5.86 | 90.16
19 | IV[11.35[67.85 | 3.L6|65.64 | O.7L| 88.47 | 3.79[ 6L4.35| L.61 | 92.69
20 | IIf12.17|87.57 [3.30[65.75 | 0.860|65.99| 2.36|79.57 | 7.02| #9.72
21 | IV|11.60[87.59 | 4.01|83.36| 0.72|88.79| 3.66| 65.57 | 4.LO | 93.02
22 | TZL 141 67.20 | 3.64|82.88 || 0.7 65, /| 2.7 71.19| 5.22 | 91.24
23 I|i4.96|82.43 | 4.20(|79.31 | 1.51|67.9 | 2.52| 75.72| 8.52 | 85.76
2h | II|12.79|86.94 [L.07|82.43 | 1.07|81.26| 2.27| 80.35( 6.88 | 59.9

+ Faecal : index

ratio




Ce.

Collection Period 3 (49 days of age)

APPENDIX 3 (Contd.)

D, M. Cr. Prot. Lthe HX. Ash NeB, b,
Mo | Tt. | (D) % (b) % (o) % (b) % (b) %
1 II|13.80|85.91| L.55/80.35| 1.11]80.56| 2.60|77.L.9| 7.19 | 89.L7
2 | III|13.55|80.b3| 3.94| 81.32| 0.81]165.38 | 3.72|62.58 | 6.55 | 89.00
3 | Iv[12.98|86.11| L.0OL|83.24 | 0.78[67.85| L.63|56.4L | 4.73 | 92.50
M I({12.97|0L.78] 3.80|81.28 | 1.06{77.49| 2.16]79.19| 7.32 | 87.77
51 IX[13.79185.92| L..68|79.79] 1.30|77.23| 2.67|76.88 | 6.70 | 90.19
6 IV]|15.05[83.89] 5.50| 77.18 | 1.10|82.87 | L.52[54.66 ] 5.37 | 91.48
7 | IIT|14.92|82.85( L.79|77.29| 1.08|80.51 | 3.28[67.00| 7.26 | §7.82
8 I[13.52[64.14] L.38| 78.42 | 1.20) 74.52| 2.47| 76.20| ©.95 | 88.39
9 |III[13.06]|6Le99| Le35[79e37 | 1.01|81.77| 3.39/65.90| 5.7& | 90.30
10 | IV[14.67|64e09] L.90|79.67 | 1.08[63.16| 5.26|50.17| 5.15 | 91.83
1K I[10.47]|60.68 L..68[75.96 | 1.44|6S.43 ] 2.45| 76.40| 9.34 | 84.39
Ly IT[13.94|165.77 L.38|61.09 | 1.10|60.74 | 2.92| 74.72 | 7.08 | 89.6L
13 IT|14.23]89.15| L.05(82.51 | 1.15|79.86| 2.87| 75.15| 7.81 | 86.67
14 [ III|13.05]|65.00| L4.00[81.03 | 0.90|63.75| 3.Lo|65.19]| 6.02 | 89.90
15 IV[14.55|8L.L3 ] L.L435[81.62 ] 0.80|87.54 | 5.41|49.11 | 5.47 | S1.33
16 I[13.81|063.80| 3.76|81.48 | 1.33|71.76| 2.00| 80.73 | £.00 | 66.63
17 T113.69(83.9L 3.73|61.63 | 1.12|76.22| 2.12[79.58| 8.05 | 80.55
18 | III[12.038]|86.12| 3.48|63.50 | 0.93|83.21| 3.41[65.69]| 5.40 | 90.9L
19 | IV|[14.15[8L.86] L.20|82.57 | 0.99|84.58| L.92|53.72| 5.33 | 91.55
20 I113.54])60.16] 3.36|65.49 | 1.06| 6140 3.11|73.07| 7.33 | 70.65
21 IV[12.96]|86.13| L4.22|82.49 [ 0.92[85.67| L.4L4|58.23 | L.72 | 92.52
22 | III [14.92[02.85] L. 78|77.34 | 1.11]79.96| L.20|57.75| 6.41 | 89.2L
23 I116.22|78.03| 5.40|73.40 | 1.64|65.18]| 3.39/67.34| 9.77 | 83.67
2L | II|M5.33]|86.39| 4.01|82.69 | 1.11|80.56| 2.74| 76.28| 6.79 | 90.06




AFPPENDIX 3 (Contd. )

D. Collection Period L4 (56 days of age)

o D.M. Cr. rrot. mthe X Ash Hellels
Mo |t () | % | (0 | & | | % [®)| 3 |® | 3

II|14.21]65.49] L.49]|80.61 [1.39]75.66| 2.60} 77.L9 | 7.4k [89.11
LLIY 1 hedi9t 83.85 1 Y UL 78UT §3.51] 76.35 ) 3.84] 671 .37 |} 6351 | 89.41
IV{14.66 | clie31] 4.79]60.12 [1.21[81.15| 5.34|49.76 | L. 89 | 92.25
I{14.59] 6352 ] 121179.26 | 163]65.39| 2.21[78.13 |} 7«87 | 86.85

IT|14.89| 6le 80| L.LL|80.83 [1.83]67.95| 2.88|75.06 | 7.30 | 89.31
IV]15.97]1 02.91] 5.55[76.97 | 1.L6| 7726 | 5.57|L47.60 | 5.12 [91.88
TITldb.9ul 82.63 717549 | 1el2]| 7437 Le16[58.15 5. 82 [90.23
I|16.04]81.18 3{76.95 |1.93(59.02 | 2.63| 74.66 | 6.39 | 85.97

o= 0w o~Nowm | Flwpp =

5.1
L.6
IIT|1L.83[02.96] 5.0
5ol
.6
9l 1

3176.15 [ 1.0] 7LheO1 | 3.89(60.87 | 6.25 | 8S.25
1 IV[15.72[83.18 «15176.63 | 1.45(77.41 | 5.74|46.00 | 5.13 |91.86
1 I[14..91] 82.51 .69176.90 | 1.72|63.L6 | 2.32|77.65 | 7.85 | 86.86
d IT1|16.57|63.08] 5.17|77.68 [ 1.83|67.95| 3.50[69.70 | 7.89 |86.L5
13 II|16.60]52.99| Le95|75.63 [ 1.6l 71.28 | 3.75|67.53 | 8.17 |8s6.0L
1L |TII[15.080]| 78.35) 5.62[7%3.35 | 1.72|66.95 | 5.52(4L.47 | 6.64 | 88.86
15 IV|10.935]84.021 Lo52|061.24 [ 1.03]63.96 | 5.36[49.58 | 5.62 | $1.09
16 I|15.75(61.52] Li.49|77.88 | 1.86(60.51 | 2.145|76.97 | 8.72 | 65.L3
17 I[17.34]79.66| L.83|76.21 | 1.68|€L..33 | 2.89|72.16 | 9.9 [83.39
18 |III{14.21]|63.67| L.LE|T76.85 |1.16]79.06 | L.30|56.74 | 5.81 |90.25
1S IV 14.96[63.99] L4.92]79.59 | 1.19| 81.46 | 5.06|52.40 | 5.50 [91.28
20 II|13.5L]86.18] 3.47]65.02 [1.25[ 76.11 | 3.33|71.69 | 6.91 |[89.86
21 IV{13.52[35.53| 4.55[81.12 | 0.99| 8L.58 | L4.72|55.60 | 4L.65 |92.63
22 |III|1i.L3]|83.42] 5.17|75.49 | 1.18| 78.70 | 3.73|62.47 | 5.97 [89.98
D3 I|15.29| 862,06 | Le94|75.67 | 1.43|69.6L | 2.53| 75.63 | 8.02 | 86.60
24 | II|14.88|84.81| L.24|81.69 |1.27| 77.76 | 2.84| 75.41 | 8.05 |88.22




APPUINDIX L

Ieed : index ratio (a) = calculated from

Table 17
Trt. .M. | ¢o. Brot. |ubEer Ash 5, I e
iXtract
s 106.63 28417 9.97 10476 07«41
I 85.24 20,30 .71 10.38 59, 84
[CIL 97.9L. 23,16 5.71 11.55 68431
CIII L7.02 21.09 o ST 9.94 59.59
IV S3, Ll 211,10 6.42 10.63 63 .06




APFONDIX 5

Average Daily .ster Jonsumption (galls.) per Two
Ficglets, over 3 Day Lrial reriods

21/6/59 = 23/8/59 28/8/59 = 31,/8/59
- o age of |average water | . ' i sge of | Average Vieten
Pen No. |Treatment | Ly, jcts |Gonsumption | OB 4O+ |Treatment| o7 ) s | Consumption
(Gallons) (Gallons)

1 II ) 5 17 I ) i

2 III Tih =8 25 18 IIT 7% =8 5

B Iv weeks Lz 19 Iv weeks e

L I 2 20 II 2

5 II ) 24

6 v Tz =7% 38

7 III veexs 3%

8 ii 15

9 III } 2%

10 Iv 7=z 3%

11 i weeks i - :

12 II ) 2 28/8/59 -31/6/59 30/8/59 - 1/9/59
21 Iv 2% ) i 3. | L

22 III 6 - 6% 2 7 - 7% = 7% -8 3%

23 I weeks 1; wreeks 1% weeks 2

oL, II 1% k| o1




APPEINDIX 6
veekly iieel Consumption (1bs)per Fair of -iglets -
21-57 dsys of s&ge.
Pen| 1st week4}2nd eek . | 3rd ueek Lith eek | 5th ..eek [|56th-57th| Total Tétal
No. | (Common Starter) Day Consumption| Consumption
B o 21=57 Days | 35=57 Days

1 095 12.75 IT 22.0 $2L75 L2.25 50 S 25 402.0
2 6.5 13.0 III 19.0 25.75 36.25 5.0 105.50 86.0
3 Vo5, 16.25 v 29.0 3h%5 L&.0 6.5 141.75 110.0
L 7.5 16.50 I 23.5 28.5 L1.5 6.0 123.5 99.5
5 8.0 15.0 1T 25,0 27l 5) 685 5.5 1955 96.5
6 2150, 17.25 Iv 24,0 29.0 L3.0 6.0 128.25 102.0
7 9.0 1 7o 125 11T 13525 30.0 L2.25 6.5 121.75 95.0
8 8.0 16.50 J 16.50 30.5 39.0 5.0 115.5 91.0
9 9.0 1 5060] ITI 2L4.0 36.0 L7.75 7.0 138.75 114.75
10 8.75 Tirs75 Iv 20.0 2045 T 6.5 125.0 101.5
i1 9.5 14.0 I 18.0 3.0 5149 L.5 119.5 96.0
12 9.5 15.0 1L 25.0 35.75 38.50 5.5 13445 104.75
13 6.0 11.0 II 25.0 5.5 iin, 5 6.0 127.0 110.0
1L 7.25 Ge5 III 16.0 25.5 35.25 e % «5 $1.75
15 Sk.0 /425 Iv 5610 23475 53.0 51 © 79.0 66.75
16 5.75 8.0 I 17.5 22.5 37.25 5.25 96.25 02.5
17 5.75 775 1 1¢.5 32.0 3L.75 5.0 10L.75 91.25
N8 5.25 5.75 IIT 16.25 2v.25 30.75 Ll 80.75 Ti=i(D
19 5.75 7.0 v 16.25 25.0 25.0 3¢5 82.50 69.75
20 5.75 7.25 II 20.25 30.25 30.25 45 Q0«25 &5% 25
21 5625 7.0 Iv 1575 27.75 25.75 L.O 86.5 76.25
bz L.75 11.0 IIT 21.25 31.25 L41.5 6.0 W5 . 15 100.0
D3 5.25 12.0 I 23.0 325 3645 5% 5 116.75 99.5
200 5.75 9.0 II MR 25 30.25 31.0 L.5 98.75 84.0




APPENDIX 7

I'eed Gonversion fficiency per rair of
Pigs = 35th-57th Day.

S e = . _ . 1lbs lieal Uonbined 1bs lieal per
Pen Ho. |Treatuent |0y soty | Leight Gain lbs Gain
Day 35th-57th Dsy
(1bs)

1 gs 102-0 56.5 1.80
2 UL 86.0 57.0 1.57
3 v 116.0 67.5 e
L I 59 54.5 1.83
5 II 96.5 59.0 1.64
6 IV 102.0 62.0 1.65
I III 95.0 58.5 1.62
8 I 91.0 IRE 1.84
9 III 114.75 60.0 1.91
10 IV 101.5 52.0 1.95
11 I 96.0 BlLD 1.76
12 II 104.75 . 57.0 1.84
13 II 110.0 67.0 1.64
14 III 81.75 55.5 1.53
15 v 66.75 5145 1.3
16 T 82.50 54.0 1.53
1 i 91.25 57.0 1.6
18 III 77.75 51.5 1.51
19 TE 69.75 54.0 . .22
20 II 85.25 52.5 1.62
21 IV 76.25 51.0 1.5
22 III 100.0 60.5 1.65
24 II 84.0 55.0 1.53




APFENDIX 8

Analyses or Varisnce of Coefficients of Digest-

ibility for each l'aecal Collection reriod. (See
Chapter IV)
a) Period 1: (26 days of age)

i. Dbry matter
source S 8 dr’ WS t B Result
Between
Blocks 120.93 5 24.19 22.1¢
Vithin
Blocls 19.70 16 1.09 _
Total 140.63 23

ii. Crude »nrotein
source 5 S ar HS I Result
Letveen ) )
Llocks 6506. U6 5 |[131.77 31.98
1 thin
3locks 7. 20 10 L.12
Total 733.06 23

iii. atier extract
oource 59 aft S F Result
Between | | | | ux
Zlocks L&t .63 5 96.37 10.63
4ithin ) v
Blocks 163.18 18 9.07
Total 6L5.01 23

iv. liitrogen-free extract
Source SS ar MS F Result
Between -
Blocks 34.0 5 6.80 10.00
yWithin
Blocks 12.26 18 0.68
Total L6.26 23




b)

Feriod 1 (Contd.)

Ve 5£8h
o -

Source oS af S r Result
Betvieen 3
Blocks %55.06 5 71 .01 5.54
ithin )
Blocis 232.82 18 12.93
Total 590.88 5

reriod 2 (42 deys of age)

i.. Dry hEtter
source s ax S ¥ esult
Dlocks SRE6 5 0.672 0.367 Hei3e
Tresotments ©,03 3 14,67 10. 74 %
rror 27.49 15 1.83
Total 89.88 23

ii. urude wviotein
source 55 af Mo F Result
Blocks L6.L6 5 %.29 3.49
Treatments 79.63 3 26.01 10.00
LrTror 39,51 15 2.66
Total 166.20 23

iii. wsther extract
source SS af MS F Result
Blocks 109.68 5 21.94 2.78 NeSe
Treatments 870.92 3 290.31 36.84 GRS
mrror 118.24 15 7.88
Total 1098, 84 23




Period 2 (Contd.)

iv. Witrogen-free extract

source 5SS ar ! i) Result
Blocks BrEl 5 0.634 .587 e
Ireatnents| 103.74 3 34.58 32,02 e
LrIYOor 16.17 15 1.08
Total 123,08 25

vis  afsh S0
Source 58 | ar 1S » Result
Blocis 90.39 5) 18.00 1.30 NeS,
Treatrnents |[1057.3 B 352.43 25.35
Zrror 208. 50 15 (5543
Total 1356.25 23

reriod 3 (49 deys of age)

i. Dry natter
source oo at s i Result
Blocks 1531 5 3.06 1.26 eS.
"reatiients L6.26 3 15.0142 037 s
arror 26.23 15 Zol42
Total 97. 60 23

ii. Crude protein
Source S S ar MS F Result
1locks 80.70 5 16.14 4.39
Treatments| 36.77 3 12.26 3.33
arror 55.18 15 3.68
Total 172,65 23




Period 3 (Contd.)

iii. istiier extract
source 53 af S iy Result
Blocks 7179 5 104436 2.41 Weise
Treatients | BL6.29 3 162.10 30455 '
Jrror 89.33 15 5.96
‘Potal 707.41 23

iv. L itrogen-freec extract
source IS aft s R Hesult
‘Blocks 63. 77 5 12.75 0.732 Faeide
'reztments| 130.97 3 L3.66 2.51 Ao ide
urror 261 .30 15 17.02
Total 1156.08 23
Linear
'rend 120.10 1 i 120.10 6.89

V. Ash
source S S ar MS B Result
Blocks L43.78 5 8.76 0.631 Nebo
Treatments|2099.19 3 699.73 50.38 3%
Error 208.33 15 13.89
Total 2351.30 23




i. Dry uatter

d) Period L (56 days of age)

Source oS il s B Result
E‘lOCkS 15009 5 3.02 1 .76 l‘é‘.So
Treatitents 31 .71 3 10.57 6.15 #
arror 25,60 15 1.72
Total 2060 23

ii. Crude protein

[ Source 58 ar 1S 7 Result
Blocks 23.97 5 L.79 1.39 WS,
irectiients 77.60 3 25.87 7.52 =
Lrror 51 .6 15 3.0
TeE 2 i55k2i 23

iii. =ther extract
Source S5 ar S I Result
Dlocits 205.46 5 L1.,09 6.61
Treatuents| 925.42 3 306.47 1LS.59
arror G3.24 15 Ve22
rotal 128L.12 23

ive sitrosen-free extract
source oS af s I Result
Bloclks 3,506 5 0.712 0.967 Moo
Trestments| 111.17 3 37.06 50.35 ok
urror 11.04L 15 0.736
Total 125.77 23

ve Ash
source S S ar MS r Result
Blocks 157.05 5 31.41 2.13 N.S.
Treatments|2747.85 3 1 915.95 62.14 Hese
Hrror 221.14 15 174
Total 3126.04 23
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