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The crsaturss cubside looked from
pig to man, and from man to pig,
and from pig to man againg bub
already it was impossible io say

vihich was which seense

sesss Georze Crwell
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The ocourprence of chronié and acube digestive disorders of
ferm animals during the reering period is an important problem, ot
onty do these disorders reduce the animel's food conversion efficisncy,
bt they may result in other economic losses by lowering the quality and
cuanbity of the enimal product or by causing the death of the animel,

I% hos been egiablished ‘t‘lhoﬁ: early weaning of piclets dncreases
the nunber of 1ittars that o sow can produce during o yeer,  Howewer, the
azroblen of providing thy eavly weansd piplet with an adequote and digestible
post=weanling diet is more complex than vwhen weendng ot a later ase is
wiractised,

HWeaning at 3 weeks of zge is commonly practised at the lossey
Universit, College of llenawatu Research Figgery. During the last 4 yeors
seouring has b:en o recwerent problem in piglets Just yzior to weaning and
up to 9 weeks of age. At times this scourdng hes resulted in the death of
the amimal,  Post mortem examlnation of the plislets revealed o considerabls
amount of damege to the lerge intestine., Culbural and microscopic

examinzbion of the fosces of scouring piglets hos falled <o find a counon

(3]
ta

single etiological agent wihich would hove been responsible. In the
majority of cases scouring hes bren accomponied by the presence in the
Tacces of large amounts of undigested sterch ond luorge numbers of Jalantidium

1 -

2011, There vore Indicolions that weaning ob 6 weeks of age lowersd the

ingidence 0f SooiaS,
The trizl reported in this thesis was conducted at She RHaesoarch

Pirgery and ths Velerinary Fat clog. end Animal Fhysiclogy Uepariuent of



Yasgey University Collepe of lanavwatu, The principle objective was %o
study the changes which occurred in the flore and fauna of the large
intestine during the early growth of the pig, comparing sarly and late
weaning. Also, to see if these changes ave rolalbed to the digestive
disturbances which have hoen found to occwr in piglets at the Research
Piggery.  For economic reasons it wes not possible to sacrifice piglets
of this arve in order t0 examine the luvge intestine and its contendks as
was originally planned, Recourse had to be made to the collgevion and
examination of faecal samnlese |

The investigations into th: scouring problem prior to this worlk
wers carricd oud on post mortem material or faeces obboined from piclets

walch heod beoen observed Lo scour. o $rizls hod been careied out in vhich

A

the flora, fauna and amounts of undigested mabterial present in the fasces wore
regulerly observed Juring the first € weeks of the piglets life,

The cxperiments reported in Part II involved 2L piglets, six from
each of four litlers, and <heir deoms., The piglets from two litters were
weaned at 3 weeks of age and tie others ot 6 weeks., Fasces samplzs vere
taken Irom each piglet veeidly during the firgt eirht weeks of 1ife and Trom
the sow while i% wes with the lit:er, Several groups end speecies of
bacteria were enumerated by cultural methodss The samples were then

preserved, cvored and later cozmamined by microscoyy for uniigestsd materiel,

L1
[T
H
o
o
a5
[irs

gesting bacteria, anl vorious speciess of Protozoa.

From the literature it is evident that the culiurel methods
commonly used or the cmmerstion of tacteris in such materisl =re
suspect in thelr ability +to provide reproducible resulis,  Also they

i

would be too cumbarsoms for the numbsr of deberminstions necessarys




It was essential, therefore, to devise a technlcque by which those two
linitebions could be sufficlently overcoms 40 make tho experiments
vorchvhile,

Part I iz a report on the work underiaken to develop amd test

a techniguz by which the emmeration of becterie from Taecal samples

could be satisfactorily carrisd oule




PART I

EHCMERATION OF THE PAECAL MICRO-FLORA

OF THE PIG .

BY THE DROP TRCHITICUE




S g

CHAPIER I

ROVIST OF LTTARATURR

The identification anl enumeration of each speciss o group of
bacteria present in ths conients of the alimentary tract of animals is of
considerable importance. ihe knowledge which is provided is sgsential
before the role vployed by bacteria in the health and nubrition of the
host enimal can be elucidated.

The cultural procedures available for the snumeration of the
bocteria present in gut contenis and faeces are similar to those usasd
3n the examinabion of waber, sewase, milk and milk byeproducts. They
aret

(a) The Host Probable Humber Techuique (3. Pl ) ’

(b) The Agar Pour Flate or Stendard Flate Count

{c) ihe lembrane Filter Technicue

{(3a) The Drop Technigue
Ernmmeration depends on either

(i) fscertaining the highest dilutions at wiich the organism will
grow in & liquid medimm (ML.F.ML)
op

(1) Counting the numbor of colonies which develop in/on a solid

medium from o known dilubtion,

From these resulbs the mumber of orgenisms per g. of material can be

calounlated.
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FIGURE 13 APPARATUS
1e Rubber Teat

24 Glass connecting piece

3 'Griffin' pinchvalve

lie Glass barrel
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(magnification 0,37X)
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The pipetie was chorged anl dilubions were mixed by sowesszing the
pirchvalve end manipulaiing the rubber teets Vhsn o dilubion series
was grepered end plates or dilubtlons were incculotled; the »ipeite was

charged, the teat was removed and the incculun or dilvent in the vipstie

was controlled b, means of tho pinchvolve, Thils alloved %he drops to

ipetten were celibrabed by allowing 25 drops of quaritsr-sitrength
Jinger solublon Yo fnll slowly inbo a wotchglass of known vweight and
This was repeobad five times for each of the

56 vipetbes used. Tt wos Tound that drops from oll the pipetbies used
-*-—

hafl an averaye wolght of 0,021 ge wibth an crror ofAO.OOO;‘jg. o1 + 2

The oipettes were placed in test tubos closed with cotton wool hums
and sherilised by autoclaving for 30 minudes at 124°%, It was necessary
about ten cuboclovings oz thoy sende

g consuming nor coatly,

Tha stivrer consisted of 2 0" lowny choft to one and of which vwas
altieched o paddle having fowr sharp edged blades. “he dlemster of the
peddle was 0.7in., The stirrer wes dviven by ¢ 'Skil' 3din, power drill

(odel 505, Tyoe 5, 2500 RP.M.) which wos clamped in the verdical posiiion

(343) Fzming Vessel

The vessels vere of fous, 2 ine scusre and b ine high. This {4y

of vesngel was found o be the mosi{ smatisiuctory in vhich to mix Laeces
2wl & dtiuens, o vordex wes Tormed end perticles wore broken down by
hittirg tho sido of the vessel as well es by coming inte combaet -ith the

biades of the stirrer,

s




-8

Both the stirrers and the mixing vessels {one pair for esch sample
or subesenple) were plucsd in o drossing drum awnd sterilised by autoclaving
for 30 mimutes alb 12196,

{(iv) Dilution Cups and Reck

ihe cups wore 5/8in, diameter, round botltom tubes, 3/4in. high which
fitted flamly into a plastic lee cube tray, The oups were placaed in cans
and. steorilised hy dry heat at 1809¢C for 2 hourse They were placed in the

th the 2id of sterile, cwmwed, {ine puinted forceps.

repk v
2.  Procedure

— v re——C iy w—

Decterdiol counis were mede on a selid differential medium by a
modificstion of the Drop Technioqus of Davis and oil (1958 and 1959), This

techmique makes two mojor ssswmptions and is subject bo the folioving

(2} thet onch colony devalons from only ons cell and
{b) thot ouly the organisms desired produce the observed charasheristic
coloniea,

(3) Diluent

The diluent used on all occasions vas sterdle quarter-strength
Ringer selubion, “hisc sovlublon was prepared by adding tozethon the
indicated amounts of the following stook solubtlons and melting up to 4
litre vith distilled watere

12,5 mls of 16% Sodiuvm Chloxide solubion

1025 % " % Sodium Biecorbonate ¥
1,25 " % 29 Marmopium Chlorids O
1.2 ¥ H Z.'.,: Galetun Chilovide o
1e225 " " S Potsssim Chloride ¢



wed at 12190 Lor 30 minubtes prior

i
Q
]
g
3
2]
&
=)
L
g

The scolution and the sipl
Lo USB,.
(i) dxdium
1

The madium used wos Fhen 1l Red Lectoae Ager (Difco).

(2i1) Iveparaticn of Plotes

On both ocgasicns plotes were nowred the day prior o0 sampling

szaelse considerabls time wes involved in preperabion and pouring of the

fa

medivm, The sgar was cosled do eboub 48°%C oricr bo pouring 4o peduce

Bt -

",

gheaming ond subsecuent condensation. Al pleates yore poured direch

R
from the Tlagk, This mathed not only goived labowr ond the use of test
tubes, bub eveided further healbing ol the medium,
To provent confluent growth of colondes 223 bo roduce the absorption
- . |

time of the dreps of inoculum, it was noscessavry to dry the plates before

n

uag, ine stawdord procsilme vasie

(=) 2llow the modiuvm o z0lidify;

(b) imvert cazch oloie and $ils the boitom so bhot bs cdge rested on ihe
inadde =dre of the 1id;

{c) leave the plates in ihis position on the bench overnighty and

(d) on the Pollowing doy incubate the plotes for 2 0 3 hours at 3790, in

the uprighi positicn with 1ids siishily waiseds

{iv) Initiel Dilution

ATY welighings, dilucions and inpoulotions were pade inside & culbure
honde

Gaeh sample wos Alvid=d into a wmber of subesamples, there being

weirnzd in storile nixing vesselse Fhey vere initially dlluted by wel ht
[ I w ]

1re 0f sub~sompls to U9z, of storile quartor-strength Rinjer sciution
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spresd by meving the plote in an eployeloid motilon,
The nlohes

The drops we
aken nob vo ollow the Ixops to run together,

bading G

Cals
wers placaed on the heneh to dry,
{vi) Igguaboiion
the plotes were ineubaied ssrobdeally and in the daverted

2z node dn Tour cuadrents of th: dilution vhich
mmmber of colomies withoul signs of contlugnce or

Counts v
sins dur oo evercrending {Hiles an? Lisre 1938)

rroduced the grootest
off gronn diwminnilion in folony sias
n the medlium used, members of ke Wribe dscherichese produse canary yellow
% wes the wamber of suis iype of solony vhieh was rocorded,




TABLE 1

The log mmmber of coliforms per g. of faecces on each of the two

sampling days as determinzd in quadruplet {rom a number of

gub~gamoles.
Day ia

Sub~

Sampie 1 2 3 & 5 6
Dzrop

1 8-‘1-.'-0 8351 862!'5 8-42 8&52 80-'-%-9

2 8.32 8446 Bad2 8,38 8,60 8,56

3 8420 8aki 848 8e3k 8,58 8,57

2;. 8,2}-8 8:"-{-5 8:'!!'3 861 .3 8'52 802{5

Day sz

Subw

Sample 1 2 3 L 5
Drop p
1 Badb Gel1 8,18 8.28 Bokd

2 8o 8,32 Bad: 8423 834
3 8,56 .28 8e56 838 Belb
k. Ba23 8438 8.8 Boli5 830
Melysis and componenta of variance

sis of variance Components of variance
i d.f. SQS. I'tipgo F

75 (2) 10,0555 0.0535 1,79 MS{ ofd  +ofs  +lkoip
AMFLES (8) wE 9 0a2795 003105 Lohg % o‘a 058
(YwsSwP 33 0,2281  0.00691 ofa

L3 0.5631

{e8, ot significant at the 5% level (P0,05)
Significant ot the 1% level (1¥0,01)




CHAPTIR IIZ
RESULTS

The log number of coliforms jer g. of fasces from the piglets
on day (2) and day (b) zmd the analysis and components of varionce are
presented in Teble I,

It can e ssen from Table I that the difference in counts
between the two pirlets was not significant and that the difference in
counts between Sub-Samples w Ficlets was significant at the 1% level,

The mean log counts and their stondard errors, of this oprganism
Tor the sample from the two piglets were:

8old + 0,036 (day =) and 8,37 + 0,039 (day b) per g. of facces.
The standexrd ervrors for these mean counts ware sstimated from the formula
presented in Yable IT,

The highest and lowest counts on day {(a) were 8,15 and 8,50
{1, % 10% zna o0 % 108) respectively and on day (b) 8,11 and £,56
(1.3 %= 109 2md 3.6 x 108) raspectively, The standard error for any
indiviiual count was & 0,042 and ymzs estimated fpom the forpuls presented
in Table 1.

Frior to estimating tha components of variance it vwas necsssary

to detexrmine the value of k {Table I) because there were an unsousl number

of subwgamples between the two sampling days.




TABLE TI

Formulae used Jor estirating stendard errors.

i)  S.W. of the mean couttks

{(SwF) .8,
24 (day a) or 20 (day h)

4]
o
=
.
tH
+

(ii) S.B. of inmdividual counts

(D7SwE) .S
S.F. = & X

Zstimates of comporents of variznce and their porcentage contribution

Component dgd 028 Ggp )
Estimate 0. 0691 000604 0, 00111
% 19,16 4296 7,88

Estimated standard errors of a mean Tor D, drops por sub-sample,
and S, sube-samplas per pige

Sub=Samples 1 2 3 L. 5 6
Dross

1 0,114 0.078 G055 0,057 0051 Q047
2 0,095 0,067 0,055 0,047 0,042 0359
j 00089 00055 00052 0.0i;-f? 0.0#O 01056

0,089 0,063 0,052 0045 Je O4O 0,036

4




The formula used Lo asiinating k woss

k = e

N

Vhere ny = ifo, of sub-samples for day (a)

np = o, of subesamples for day (b)

jul n, + oo

A

The estimales of the compensuts of vardance and thelr percentaoge
contributicn are mresented in Vobls TI, Standard errors of a mean for D
4= 3

drops psr subesauple, and S, sub-samples, per pigles (Table II) were

calculated from the formulas

e + D (ofs)

bx 8

{here 0°d = BEstimstes of variance bebween dreps

2 Bstimetzs of variance between gube

samples

Q
4
i

P = Humber of drops
8 = [Rhumbar of subesamples.
Tablc I¥ shows that as the humbsr of drong per sub-sample

noreased up to three the standard orvors leercased, afber which they

remeined ths same for cach number of sub-gamnles, Similarly, as the

mmber of suUb-samples increansed, the standard errors decreased, but in

diminishing amountse




CHALTER IV

DISCUSSICH

The non significance of +the diiference Dbetween the two niglets for
the couwts of colifomms was probably fortultous. The piglets were
randomly selected, were of different ages, came Trom different ILitters
and the samples werc collected on different dayse

Exemination of the ostimates of ths components of variance (Table IT)
showe that the conftribution of the differences betwsen Drops w Sub-samples
w Piglats to the btotal variation was slightly hichear than ths differences
beiveen Subesamples w Figletse. This weouldd indicate that the verdiation
in ddstribution of coliforms betwcen theo various sub=samples of e¢ither
of ths samples collected was slizhtly 10Wer}t an the variatioh in distributior
within any one sub-sample after dilution and mixing, It must be assvmed
however that cach organism had an equel opportunilby Ho grow and develop'
into a colony. The tetal contribution of the differences bztween sach
of thrse two sources to the obgerved variation was 92,120,  Although
these dlferences were statisiically signilicant they may not be of
practical importance becouse of the lerpge numbers involved, the small
relative differences bebwsen the hizhest and lowest counts on each of the
two days, and the probable variation in the distribution of bacteris in
the feeces of pigs,

In the experiment reported here the variance of an individuzal
observation, i.e. one drop from one sub~sample}was:025 + 028 = 0,01295

e

('table II). The standard deviation of the method including 21l drops
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and sub samples wass [0.01295 = 0,11k, The Coefficiont of Variation

gej};"—}- P 1100 - 1.£§é)‘7here 8.}_;_0 =] overa.ll mean

of the total method was:
countt for the experiment., The degree of precision of this mathod was
considercd 4o be sabisfactory and the =method was used in the experiments
described in fort I3,

For the cultural emmeration experiments in Fart IT the
combination of 1 sub-sample wir piglet and 2 drops per sube-sample was
ghosen, from Table II it can be scen that the expected standard =rror
of & mean for this combination is + 0,095, In this experiment the
overall mean log count for coliforms was G40 per g. of Cacces, The
ezpected total erpror of ithis combination would be 1. approz. By adding
anl subtrecting cae standard orror ( + 0.095) from the above mean and
recomwerbing thy resuliing Figsuwres bo nabwal numbers, the nsé standard
srror expressed as a nercentage vas + 22k,

Provided that thers is no bias because of any inherent faunls/s
in technicue +the values obtained by this combination mey be too high by
2hys or too low by 205,

In this experiment the Drop Technioue only wag tested so that
a dircel gomparison of the aceuracy of Lhis meti.of with that of other
methods as determined by other workers for different sources of material
would be invelid, Howrever, the accuracy of thzae mothods of enumeration

el

oL

&

interast.
In determining the accuracy of the I, F.H. technigus, ialvorson
and Zisglor (19%3%) found thet when 5 tubes are uscd for each of % teniold

dilubions, the M.P,N. from the tables may be too high by 250% of the true




value, or too low by 704
From an investigation into the accuracy of the Standord Flate

Count, Wilson {1935) concluded thab:

csas’ in routine milk znalysis a marzin of at least
90 per cent, should bes allowed on any count
rav milk based on a single plate. An
1llowance of + 64 per cenbt. should bs made

or counts based on 2 plates, and of + 52

2 cents Tor counts bogsed on 3 vletes. These
igures are caleulated on the assumption that
1 standard technigua is v5ed cesese’

i+

Fh

h o O

o &

] I-bl';j 1=+

Thus it is concluded that, provided there is available a
suitable mdium snd a satisfactory method For suspension without
destruction of backeria, the numbers of =ach giroup or specles of

.
bacteria present in piglet's facces can, for comparative purposes,
be estimated with sufTicient scouracy by the Drop Techmique outlined

and the combination chosen, Also, because oi its known degree of

precision and that it is far more economical in terms of physical

outlay =znd components, it is preferable to the other methods mentioned,




CHAlTER ¥V

SUIBIARY AND {ONCLUSTONS

o 4 modification of the Drap Tachnicuo for the enumerabtion of bacteria
from piglet faecal samples was developed and testeds

2. A dropping pipette was develeped, tested znd found to be setisfactory
for use in making colony coUuNtSe

3e Other epparatus used in the Drop Technicue is deseribede

o Dasulis showed that there were sisnificent differences in counis of
coliforms heobween both Drops w Sub-samples and Sub-samples w iiglets.

+ was surgestod that the magnitude of these differences may nov be of
practical imporiances

-

5o The Drop Techniue was considered to be su’ficiently accurzie and
more econcmical then the other methods availnble for the enumeration of

bacteris from piglsl faeces.
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PART I

STUDIES O THE FARCAL MECRO-FLORA ATD IICRO-FAUTA

Op THE YOUIL PIf .

A8 TUFLUSIL 3D TY DIET, AGR D TIHS O JEANLNG.




CHACTER L

SUEEY R LITINATURE

Ny Intrmoduction

There are two main methods available with whieh $o study the
intestinal flora and fcwsa of the pige These arveiw
(i) tderossopy - Dircet microocopie exemination of {resh or sressoved

samples fron verious perta of the alimentary tracte

and
(ii) Cultural mothods - Ths isolation and enumeration orn suilaple culiure
mdis of verious microUlal or irotozoan species from the mised posuloticon
found in vhe alimeniary tract.

To date, vho source of samples examined ty these technigues hos
boon westricted Lo either frosh fascos or melerial reomoved from variocus

povbs od the alimentory troct Lisedlat ly alver slau hiere
A meotzod of obtolining samples Jor digestion sbtudies Prom various
parts of the elimonbary tract off the liwving pig by a me=entrent Mistula

i)

hos buen investisatsd {Cunningham, Frdend ond Dicholson 1952). ilovever,
this method is restricl.d o weaned pigs fod on Tinely ground wations,
Tadvigeen cnd Thorbal (1961 ) montioned %hat thoy used an fortisicio l ganuls

to obtain samplos {rom the ceccum of Lirs vor o4, volatile febty ncld and

lagtic ecld doterminotions but glve no ieteils., o reports comcerning the

r;;
[-J .
&
=

pacteriolosical xominction of materiel oila
canrtlee or Jistulee have boen Tound in tho literature,

The provlems Liwolved and thoe Limitations of the technioquss
senbionad previously In fundamental vork on vhe novpal flowe ov the pig

. B e A
and Yose (1947,

elimontery trect have isen discussed by Befioz (1946)



Bokor ond formiss (19L7-48), Lorson ond Wil (1993) ant Fuller and edoes

(1962)a

»oblems and iimitetions

(i) It is not wonsible, ob the jresent time, to zrovw in vitro many of the
representative microblal species found in thr alimentexy treact of the pig
(11) croscopic exanination of imtestinol convends (frosh or stuinsd smesw)
can bo confusing dus to the hetlerogoneity of the matericl, ithe oscurrence
oi lypios L Tocsc of bacteria ond fhe jresence oF dead orpanisms which mey

nos give charactoristic stolining neachions,

(344) Honaremend, ddeot, Dreed end ope of the ondmal o ethor with the
colleetion and hendling of semples mey cnuse o much variation in the
composition of th3 bacterinl ponulation as thot sroduced by cony = erimontol
conditizn imoosed, ]

(iv) Dirforent culture media vary in Shoir obility to support the (rowsh of
any onz snecies or grouy of or anisms, even thouch the medie employed are
selogtive for or con diflorentiaic eiween the oyganisnn in guestlcon,

Thore is no conformiby betuecen crouars of workers with reserd to the dypes

£ omor l 1o employeds Consequantly, oom;;crisen en the resulits o‘fﬁ;ainad. [27s
one grouo of vorkers with thol of cnothue grour moy be misleodiny: and

wharrented,
{v) Cultwral or microacopie stwdies uwsing foecal samples ooy be peviormed

over o perdod of tize,but only give inmlormation applicabls to one wepion of

the alimentery troct, Jimilor studics on materiel colleocted afer slavghbe:

can give inlormation on all regiens of the alinentewy tract bub can only te

mede ot one time for any padticulor 2igs
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Be The Faecal icro-flora of the Pis

Te Loe Influsnoe of Age

Somples of moconivm from boby pigs farroved by hysterectomy were
jound Lo be free of bacterda {Larson and 111 19J5), Also, it hos Been
reported that the intestincl tract of the naturelly born piss is devoid of
mierobial ;;ro\—-;th; {Hloar 19593  Tilbue, Catron, Uninng Spocr and Hlays 19603
Smith and Orebbk 1961 end Smith 1961).  All the sbove workews have foun?
Shat within L8 hours of birth bacterial sopmations of the pig intestined

troct reach thedr prectest densisy in terms of viable cells ('id orronisms

or Ge TOGCCS CIDYOR. e

i

Komarev {1940) cited by Fuller end Lricgs {1952) detected the

presence off Zgchewvichin coli, strepitocosel and loctouacilli in tho faoges
of one dey old pics; soore bearin: anaewcbes at tiwoe days end spirochasies

Talbur (1359) and Albur e sl (1960) Cound thet Taecel counts of

totel - ocaobes, total epaercbes, kncliobacllli, sireptococci; stashyloccuci

Fed

noukis and yeosts doclined slowly ivom one to 14 days of cpe vwhen niglets

£

were weansd optc dyvy dists, Log counts for the first thrae orgonisms
mentioned eporoachad 10.0 nor ge fasces ob ona
weolts of aues  Counds for the ofther orgonisms

day of eope ord 8.0 at 2

were slishitly lower., (ounts
of 211 croonisms rose sharoly during the firgt few weeks afber vieoning fo
valuzs just below Lhoss abttzined at ome day of age and then dropped pradualiy
pnsil the iszs reached merked vedpht (800 Lbs asprons e Coliforms shoved
an over deoereosing count from one doy of are to movket weisht cxcent Tor 2

" by “ o DO mad e "
Didlast Ancrease bebusen d and 5 ouseks ol 25C,



Smith and Crabd (1961) =nd Smith (1961) observed shol foscal

counts of Escherichia coli, Closiriilum welchii, sireplocozcl and

bacteroides decreased with aze up 0 24 weein when lhe exzorimeont wes

terminotod. There was no epparvent wpuerd trend oftor weaning ob oipht

et

eelig.  However, loctobeeilli ccumts did nol decreasc as the pislsts rzew
clder bui Dfolloved o steady high count throwhoud (109 organisns
ceste Thase findinges wore bosed on observaticns made on coaven »isg wnich
came Lrom vhree iltters, two frop oms Tarm, ond one Ifrom anothor. o
inticetion was given of the post yeanming dlet or if pro-weansd oiglols
were sugplemented with a creepr Jeods

In an sxzeriment degismed fo show the effect of amuiblobics and
covger suighato distery supploments on the pig pub i‘lom.) Puller, fewland,
Oeicgs, Sreude ond Jitenell (19507 found that in the 5 unsu plerented iss
(© to 2k weeks of ape) wsed as conbiols, sireptsocccel, lact;mcilli oand
coliformy were the main constliivenmts of ihe fnecal Tlora, Counts of those
orpenisns were within the rense 107 - 107 (strepbococes and lacbobueilli)
and 10% ~ 107 {coliforms) per ge focces, Their results showed that counds
of thesc threo orgendsms fluctusted Dotwoen the sampling time Intervels,
but there was no disceraible trend with the age of the pigs. Sdmilar
results vere obtained by Willingale and frisgs (195) with
Fuller and Dedgzs {(1932) resortod, vithout oivin references,

that the oscurrence o Closirddium welchil in {szees iz corvelated ith

1 - 1 4 ——t
the aqge of the pio,
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They state thoti~

“Larpe nunbers ave detectable at three days of opge
but from then on the mumbers decllne and af'ter

2]

weaning ot eisht weeks it is 4ifTicult $o dsolwete
oy of theae orgarnisms',

The only support siven to this staboment was thet of Horveth, Sceley,
tozner and Loosli (1978) and Andrip ond Dedrr (ungublished) who mere
unablo to isolabte clostridia from older plus,

Subsequantly, Amdrle and wrdiges (1952) in en experdizent involving

18 pirs (9 from each of two litiers) have Tound that from 12 4o 15 weels of

a;e {aeccol countz of Closiridium weichid decroased steadily uabil ot 15

wosks noue were isolated, This orranism reapnearsd 2t 51 weels and
steadily incroased in number wrbil 335 veeks when the numbzr of pigs was
valduced to 12, 9 of which wowe fed diets supplemented ifh anbiviobics,
In $he thrse wisw . platented »izg used &5 conirols ccu_rw oi Llostridiva
wolehii fluctunted within the range 107 - 107 sor e & foscds until the
gtk

Smith and Crebo (i%a amve repoxted bich counts of Closteldium

welehdd dn the fzeces of jyoung pigs and thot these coumts decreessd rapidly

athor 2 weeks of age, Ilowe r)tl‘:ese workers vwere zixle o isolate smell
nunbers of this organisn from pigs 2 weeks o 6 months of ofe. Similax

observaiions wers made ly Lomson and (421 (19.5).

Jahlstrom, Yerpil end Johnson {1952} found no ﬁvldencc of

clogtridlda tyee oprgenisns in pligs removed irom their doms at 43 hourg
of &g and reored unleor laborotory conditions in wire hotltom cores,



1

SULHARY

From the Literature cxamivngd it is evident thatse

(i) 1The alimenisxy itract of the newborn pig is sterilo.

(31) tost of the srouss of organisms uwsually found in the faeces of niss

are pregent during the first week of 1ife and thet the numbers of orpanisms
ithin each ¢roup ave relatively hirher duriry; this periocd then at axny other

(iii) Thero is a Jdecrease in the nunbers of ongenisms in these frouss

o

durin; the first 6 - 10 weeks of the pislet’s life, bub weaning ot 2 vecks

of age causes & temporary utpsurpse in nicrobicl densitye

o L]

(i) After 6 = 10 veeks there is conflicting ovidence For the influsrce of

-

are. Hovever, resulis from ex eriments speciiicolly desicned Lo cremin

P

e elffects augrest that there is o gredusd decline in the densibty of moost
=y A LY

H
th

grouwus of orgenisms os the pizs becamo older,
ot ]

(v} There is a possibility that age hos no eifoet on the numbers of some

of the yroups of orpanisms, 3.0, lechobacilli, and thot obbhers mey be obsent

[

from the faccal flore for o reriocd of time, e.fe Ulesiridiuvm welchii,




Ze “he Infla-nae of Died

Until recendly, 1ittle hoes been done unler vwell Jeflined ond

controlliced coerlitlons concerniiy: an intensive imvestipation of how the
Tascal Lochorial lora vories with diet,

Stups were mede dn %ids ddrection by vwinn ot al {1953 a, Do),
Hillingole - nd Pedges (1955) and lowwath ot al (1358) However in these
exporisents the highly complex dieis wsed would provide numerous souvees
of vapriabion; alsc relatively smell numbirs of cnimels were studied
boetarislosically,

The Tirst of these three srouss of workers concludad vhat thire

was no "normod flora! in the pip sut and sugresited thet the miisiing lore
vas o veflecticn of the queliiy ond cusntity ol the ration consumed,
Comversely “he othsr two (roups considered that the infestinal flove wos
"puffered” an’ not readily subject Lo change.

In a sevies of fowr exzeriments inyelving 53 pis 1

weelly from ome doy to 12 weois o.' oge Lorson end Iiill(‘tﬁ)j'j) found that

foaccol counts of 4obal anasrobes, total aerobss, Bgohorichis cold,

emcerococel, closiridia and yeasts [luctusted within each experiment
ixierendent of vhether the picleds wore ied milk ox & solid dlel, Alsog
differencos bebween crseriimental sroups on difTeroent dists and at
dift.rent ages were no grogter than differenmces wibtbhin euperiments, An
exception wes lastobnellli wivich varded irom vory low counis to bodng o
pradominating orgondsm desendert on The pevbleulsr cxroriment reportod.
Adshougn each of these .xporiments resvesent.d a comevhat diffovent dintory

pursdme, the chonge in diet carmol te clrectly implicoted os othew variables

are 2l8o present,



The influence of diet on the facecal flora of young piss has
been studied by Jilbwr (1959) anl ilbwe et ol (1960), Furificd diets
were usad, with cesein os the gouree of mrotein and eithor hobo-lacitose
or yaw corn starch as the source of cavbohydrate. The »iglots (L8)
vere vieansd ob 2 weeks and fed on the sbove diets 1o 6 weeks of age.

ALY fapoal orranioms (see pagell) with the exception of the total
cnaerobes and lactobacilli were lower in numbers when lmelose was the
carbohydrateo {fed as compored with sterchs

These euthors poatuloated that dlet anl aze have an intepelated
cifoet on the flora of young pigs, They suggestsd that the similarities
in eounts of the crzanisms sbhudie’ during ths pre~ and post-weaning pericd
Tor the lectose fed pips reflected vhe similority of the diet at those
timene Conversaly the sitarch diet proviied e shorp change in substrate

Tor the faecal floro,

+ hos b2en egteblished that the pig's obility to wbilise lactose

1956 and “alker, 1959). Valker (1959) notes that although lectoss
activity por unit welsht of intestine deerescses with ape, the totel veight
of the intestine increcses and the tobtal lactose ectiviiy stays aboud
cerstant, In contrast, reow cereel storeh is not digested rapidly until
the pigs are 27 to 23 days of u.e or oven older, and it is possible that
the digestion of raw starch by young pips dis restricted by inebility to
runbure the starch grenule (Hulman, Triend, llertman, Ashbon aml Catron,

19576, Prouds, Nollar, Mitchell and Porter, 1958, Cunningham, 1959.,

Tucas and Lodre, 1961¢).
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In the dscussion, Wilbu (1959) shatcd thobie

WAL

3,

Yhen considerin: only substirato concentration in
the lorge intestine, $he recent stndies on dgestive
engymes of the baby pig provide the basis for sozs
of the effects observeds Jor oxample, the rather
poor ubkilisation by the pizs of starch in the initial
wariod, orovided velabively large guantities ol this
wniigested carbohylcate os substrote in the lazpe
intestine, bub as the wngerdnent rosressed, feed
consumpbion incrcosed and the pigts abillily bo
ubilise the starch was improved rosulting ina
tonlency of thezo counvs to plabeau at about five

veelts of age.

Conversely, the pig®s sbillty to utilise lactose ig
rather hizgh initinily and is generally considersd to
docreose with inereasin: gze. Whis would provide
mowe avalilable carbohydrate for mierobial growth in
the cogbterior area of the 4i estive tract as time
alapses, yot not to the axtent =s with stacch
Toedine  Vith organisms vhich do not Deapond in

a mooner indicstoed by the above pabtorns of
carbohydrate availability, other Tactors such as
seotein utilisation, pil, gastrointestinel secreiigns,
eic. may be more intimately lmwelved,!

lmmsson and Olsson {1961 2,9,0e and 1932 a, b, c.) performed
a2 gl 2

of sxporimonts using diets which vere 2ot desizned to meet

conventional iteeding standerds, bubt were oxeciod o induce changes in

R [, B E R ..
oha imbestinnl Tloro.

o, Do), S5 s wore used, 7 dn tho

IeALEL ASrOUSS.

In the first tno of these sxperiments (larwson and Olsson 1961
confrol ;roups ond 17 in the exgcori~

e &

5

he oxperimental diet {(Gd-ostibls protein 14.25%, caleium 4.75% end

These workers found that in the pirs wiich were fed

phogshorous Q. 33?;-:;} There was & meriied chanye in she Joscel coms of

Clostpidimm sorfrin ens {welchii) conzared il those fed the conirol

diet {digeatible ;rotein 7.8, coloium 0e68) and phosshorous Jedyt)e
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The retion for tho conbrol group was bosed upon cereals and vheat wen,
Por the experimental group fish meal replacod some of {he cereal in oxder
to inorease the protein and caleium levels.

Fox the Dirst 5 weeks of She exveriment thers were no morked
differences in fascal counts of cmberccocci, coliforms or Clostridiun

ertrinens betoeen the conirol end czperdmental grouns,  After 3 weeks

on superiment the mumber of 7 lostridivm worfoineons in the oxporimentol

k- il - .
group rose iwom {107 to 10° por gl Pacces and remeined ot the hicher
ievel )r:hc roas counis of this organism for bthe control croup remained at
102 zer e fasces. nnterceocol counts in both proups were similap

(10& DO [a T0006S o Ui, ) and coliform counis were gignificently hi her

Tor the cxparimonizl than sor the combzol froup, 106 and 407 BRIT0Es 5
respoctively.

Concomitant with the change in flera the nigs of ‘t}w exgorimental
croun devoeloned sarazerabtogsis and their a.petiie and roife of gain
decrecsed 1o olinleoel zbanomaaliiies were obsorved among tho econbrol
andmalse  Abous 5 or 6 weeks following the occurrence of parekeratosis
zine sulshnie was eddad to the dringing wobor of Lhe ex.erimental rouge
Trom this point omgard there wes an improvement in seight gmain ond skin

leogions bubt th: incroase in counss of G:?.ostr:'r.d_j.‘m oorfrincens amd

woliforns sorsistod,
A later omperimend {(Iansson an? Olsson 1951 5 ¢) showed that
with the seme sxperimental Jiet just Jlescribed plus zime {50 De obe) as

gine carboleie, sinilar changes occurred in dhe fueecel lore of § pigs

phy

bub no gizin lealons wore obsorved snd weliphit gains were sgbisicetory,
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The 23dition of ¥ citric oeld 4o this oxperimontal dlet fed

r

to 12 Jigs illansson ot Ulsson 1962; =) resulted in lover Pascal counts

-

"y - - 3 ; L -?
of Clogbridivm periuincens { Lack wWr po Tacces) and eaborccocei ({107),

end similar counts Iy colilcrms to those Jomnd In emrlier evreriments
by these auvtiors. Phe welsht going of the pies were satisiactory

shrowshout the exzeriient oven though some i
:}&"‘I’Q}EOT h0sin,

tes.:l%s similor to thosze of carlisr cxporiments were found Uy
shese awhors (Monsson anl {loson 1952 ;bJ wvhen they =4 an ex_eriscental

ddet high in verelable creboin (soyboan meal) o § oplss. Mo fecenld

&

Clostridium seripincens were detecvod in che first 2 weeks, bubt alfer

e

shed tine they increasel repldly to 108 w2 gZa end the »irs develozed

T - R L - I 7 ES =
siin Zeslons iypicul of carakeratosiss

rF
¥inelly dausson ond Clsson (1952e) fed diets similar Yo those
doseriled in carlior ewiordments {Mansson wnd Ulsson 1961 a, be), B0 13

nics Advided Snbo 3 erperimental sroups. They found thet there vwaz &

eloar diifforence in faccel counits of Clostridium nerigim::ens hotween the

¥

3 cpoupse  In croup 1 {control dist) the mean log count wos 1,10, in
rooup 2 (erperimonsal diet fed dry) L7 ond in [roup 3 {experimerntal dict
e’

ol wah) D.00 organisms ev . Onldy the irs given the hish prolein

diet Jdry dewveloved rurekeraiesis wnd the numbors of flostridimm neriringens

in the faeces of these iss increcsed ropidly efter 2 weeks on exporiment,
Iumbers of this o-oniss in those siss given et feed vere not nigh unbil

e

the seventh tecks, The o ddition of 30 pepems &ins Lo the dlet of plegs

with powghoretosis improred the skin lzaions bab 14l aot dter the
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histemine gebdivity of bloed and histaninase activibty of blood serum of
whe 17 pios were evalucied every 2 weeks, Hopardless of diet or {lora
counss, no Gemonstravls changes of the values ook plase during vho
exporiments, slihoush iwtividual vardlations ol hlstaminosce activity

wWore joue

SULTARY

{(a) ALl the experiments of euthors reviewed in this sestion, apert {rom
X PR A (40050% and Y3 a1 “6

thoge of Uilbur {1959) anmd 7iibwr et al (1360),

either

(1) wore not specifically designed to czamine the effect of diet on

he feeced ~ojuiation of misrcoeorganisms but hed other objeots in wiew,

o5

{i1) aid nobt omploy a suffdcient number of cxperimental enimals on whilch
o boese valid conelusions,

(b

Sreaar”

There are thrse othar Poctors which male it difficult o compare

resilis obtained by differsnt workers, These arete

ch
£
8

i} PDifferent disis were usad in oll the experiments mentioned hore.

il} In the majority of cases workers used iiets whleh would irovide

nmmerous socurces of viorioliion.
{i33) “ne stareh 3det used by Wilbur (1959) ond Tilbue of 21 (1360) and 4he
hizh protein diet of lznsson -nd Olsson (1951 a, b, ¢, and 1952 a, D, Gl)

4 ot eonform to conventional feeding stondardis,

b

(2) With the siove Llimitetions in mind

In

t was oooovent {rom tha

-

WO raviovied thotie



{i) Tn young pigs vhe fapcal ilove can e lulluensed by the tyme
G ddeh the piEs Localives
&l

{34) Compamed with standard Gists, hish proteinenish caleium Aiets can

cause o markod dscrease in she number of Slogsiridium peririnzens [welch%]

found in the fasCose
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30 The Influence of Mansgement

Experiments have been designed i examine the effect on the
faecnl flora of rearing pizs singly or in grouns. These experiments
have been confined Yo the following, Determination of the differences
in flora botiraen:=—
{4) pigs individuslly housed in wire bobitom crabes without access to their
oun fasees ond pigs individually or roup housed on conorete with access
to their own fasces (wuinn et al 1953 a, b, and Larson and Hill 1955).
and
(i1} Individually and group fed pisgs housed on concrete with asccess Lo
their own faeces, (Tillinscle and Briggs 1959, Wilbur 1959 end Tilbur
et al 1960).

The last tvo sroups of workers found thet individuelly fed oigs

had bebtter velrht geins and slightly lower counts of feecal boeterin. This

)

*

was noted by Willingale and Bricss (19057.

Wilbue {1959) sugsested that she better weight zains of the
individually fed pigs mipght be related to less competition hetween pigs
25 comparsd with group feeding. Also, that the lower coeff'icients of
variotion with grouy iveding indicabsd that there was some inilusnce
of one pig on another on their fzecel flora. No relisble conclusions
can bz draym from this experiment in this respect becaouse other veriables
were also prasend.

The other 4wo .roups of workers (Quinn ot 21 i99% a, b, and
Largon nnd Hill 4955) found thet individual or group vearing of pigs with

or withoul aceess Lo thelr own feeces had little effect on the {‘speal

w

T orae



There are no reports in the literatuwrs of xperiments designed

-

to find oul what elfect the sow hes on the development of the fascal
flove of her litter, IHowever, Lerson and Mill (1955) in an oxperiment
with pigs obtained by hysterectomy and iept in individual isolation uniys
unbil thoy were 8 woeks old found thol they developed o Ytypicall flore
irdependont of the prosemce of other plzss These pigs 1id not recsive

golostrmm and vere in conbaot with their dam o lither mabesg.

qrhs

rilbur (1959) observed thot there vas & signifdcant litier
influence on the density of various groups of crponisms, I suggested
thet litter effects must be direetly related o physiological characteris-
tics of the individual pig as infivenced by genstics znd ithe environment
immedistely following birth. This litter influence has been observed to

a limited extent in vigs as old as 5 monmtha of ago.
apars published reperding the effects of inadeguate nubrdficon

and pooy manggement on the fsecul flore of pigs and the pressuce of

sotential pethogens in the facces of apperently hoelbhy pilss have rocently

een reviewed by Fuller ond Irigss (1962).

SR

(z) Trom the work zovieved here it sujcers that group or oingle reazing

8 with or without =zpcess to their omm faeces has 1little queliiatbive

or cuantitative effect on the iaecal Tlors., lHowever, two {actons

compiicuted the duaberprotation of the resuivs of these experdmentse

(i) Tith the exeeption of the pigs used by Larson and Hill (1955), all
7igs were reared by thelr sow For at lecst 2 weeks before the miperdmente

conditicns were imnoseds




and

13y T , A, ter) . T A el e asy g =
(33) In the cxperiment of Larson ond i1l (1555}, the piss reared in
groupy received different dicts {rom those reared singly,

(B} The stotement of Lorson and 11 {1953) that ples reared in isolation
developed e "iypical? flore i a 135%le misloadinz, becouse, this term
hag yob to be eleoxly delined,

{c} The observaiion made by Wilbur (.953) that there was & significent
Titter influence on the Dzecald ilore is of considerable inderest. It

sugpests the sow wmey have o morked influsice on the development of the

foveal flora ovf hon litheite
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g The Influonse of Chemotherancubics os Dietary Susplements,

It hos beon established by o mumber of workers thet .the
additicn of certain antibiotics tc the diot of piga inereases thelir
erowth rote and/or food conviorsion officiency, In an abiempt to
asgertaln the riason for these ei‘fec{;s}some workers hove mode benters
iolopical cxaminotions o the intestinal contonts and faoces of piszs
receiving dlebs with and withoud an antibiotic susploment,. Complate
referencaes 40 thesa expuriments can be Tound in the raviews by
Prexde, don and Porber {41953), Stockstad (1934}, Jukes (1953),

Finlend {1956), Guina {1 9;35)’ Herek (193;7); Canha (1958) and Lucksy (1959),
Thase reviewers indicebe that the tobel micrebial populetion is generally
not reduced, dissese produeiny strains do not  emoral emszye and no

egreemens heobween popers relating to ajeeific changes im flora iz ceeli

Pl

{UneCito, wasgel®d with penicillin end chlortetracycline, These authors
TRt - =

noted that dletary supplements of cowper sulphate (250 pepDeme Cu)
cenged a reduction in the number of streptococei and a chengs in the

type of streptocozel and luotobacilli fownd dn the facces of pigs compared

’

witl: those roceiving unsuvplemented dicits. These chanses cowid nob be

correlated with the growih stimulceting elfest of this compound,
Baotericlogical exapingtion of the faeces of piss kept under

sedinery commereial conditions on many dilferent nremises rovealed thod

lover numbers of lecithinose-nrodueing @l-torin) Clostridium welehii

Fy

were iound in the fzcces oi those aninels Ped on dists containing either
ftetracyelings or soenleilliin ,vhan those fed diets that 44d nck contain

b}

ansibioties (Smith 1959)e ‘There was no diiforence in the botal mumber



e BN O 3 . ot any . 3
Teen bhe pigs fod on chilcoritsirasveling

2
b

of thess organisid Sressw

Fo

susnisnented dlets ond those Tod on diets without antibiotic, bhub

e

there vere smaller mambers in the pigs fod on diets supplemsnded with

ir
Y
i
34
o
ek

pondeilling, Inder;retation of the resy his experimont wis
complicated by the fact thet there were dleter; differsuces botween

the pirs i2d on antibiotic supplemsntod diels and those on unsuprlemented

Andrla and T;‘;z.*igg;sr ) ci‘i;,}pa:;e he gbudied in vityo  the

lgrithinase activity of (lostridiim pelehii isolaoted from the fosces
P ————— i S ST IR - R

-

oi oles 9 = 10 weeks of ages They found thai ez the fascel population

o Slogtridiyws velohly declined in nunber so clso did thelr lecithinose
ectivity, The veverse process ocowrred after 30 wecks of age when a5

the numbers of Glostridivm welehii increaged the lacithincse actlvily

vas restoredes These aubhors suggested thob the zbsence of this
oxgerinn Trom ihe fagces of piss 15 to 30 weeks of age was dus o
netursl enbibliosis which may be funetlonal during that periode In

the game expoyimentt it was fownd that antibiotic suuplementetion of the

diet cousaed a shorp decline in the muibers of Clostridium welohid in

comparison with the control (Toun, Also as the mumbars of this

* = 7
orzardse declined so did thelr lecithinose activiiy though this could
not e correlated -ith ahy significant weirsht sainse. The decroase in

the mumbor of Clostridium welchii dus to chlorletracyelins sunplomsnbation

-
i

of the Aded is in conirast with the Dindings of Smith (195%).
#ichel (1951) in in vitro exmyoriments showed %hat the micro=
organisns of the stomach and smell infesdine of the piyg can cause the

breakdown of sugar with the formation of Jactic acid which ean in turn

L



bz reduced to voletlle fabfy eclis dn the spall intestine. It wes found

wt the addition of ehlortetracycline o the culburel medivm, in smounts

-

which corresponded to those msed in the dict, inhibited the breskdown of
gluense without affecting the amounts of protein anl nuclseic substenses
Pormed by the mdcroworpanisms, This anthor sugcested thot this 1s a
sosaible ieason Jor the more officient wse of ensrgy of the {eed when
antibiotics are given,

Iorgon end Hill {1960} observed that thore was & lower metabolic
activity of ihe micro~orzenism and lesser amount and veriety of crnirmes

presentd in the ifleum contents of young pips which received log levels of

e,
[

ortetracyeline comparcd with pirs whiech received no entibilotic. Thoy
suggeated that these effects may conbdribubte te the sporins of nubrients

Tor the host enimgl and in this wey conbribute to its thriftiness.

Sy

(2) Tor earlicy wark in this subject the vesder is relorved to the
summery by Lucizey (1959) of the sroposed modes of action of anbibiotic
seoreh atimalation,

(b) c“he later work reviewed here is in egreement with some of the
sroposeds set out by the dbove ravievwer.

(c) 1% is apporent {rom the lest fowr authors mentioned in this ssetion

that one wntibiotic, chlorietracycline, effects the sub flore in 2 nurber

"1
(1) leduction of the mumbers of Clostridium vwelchii
(i} Roduetion in the lecithinese activity of Clostridium welchil




Whition of the breckdéorm of glusose by ¥

[

ooy uhe mebabolic acdtivisy sml ind
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Ce The Horc=f{lora of the Alimentory Tract of the Fir os estinoted

-

donadintely alber slousiitor,

1e The Stomach
The stomzen, once thousht to D2 aterdle, s boen shown to
hove 2 back:rial flora similsr 4o thot of the feed (Horwath ot al 195 ).

They fownd thet lootouacilll wore consistently sresent in the stomach

Lo

ot lavels morc than 107 organisns .or Ge greater than those found i

tre veds,  Fhe aumbers of the odther orpanismg studded; except moulds,
were found 4o bo about 10° orgnnisms Ter ge higher in the stomech then
in the fcef.

Alezandor ond Davies {1955) were sble te isolate lactobooilli
iron vhe stomach conternts off § in 10 =dgs and Yound thet these organisms
were _resent wibhin the ranye 155 w 108 per ge which is in spreesent with
Horvath et 2l {1958),.

Dickinson «wd HSocquot (1961) Tound that the mean log cound of
colif'oims {vom observotions made on the fastule conbontes of 124 odrs vies

55 ompenisms el ge (ronie 1400 = 570} Raibawd, Couled, Calpin oxnd
foeqeot (1951) examined 27 sanples of gastric contents and found that the
moan lop count of sirveptocosel was 4,90 (minse Z.00 = 6,50), e lass

twe crowss of workers Jid not make o bactericlogisold exeminction of the
feed, Their flovres aro Detwusen 1-32 - 403 lover than those Touni Top
Horvath ot al (19;58) and the Jiffzpences moy zeflect the -ifferernces in ths
oeterinl populations of whe feed and/or the rothods used For the emumsrabior

=l

of those orsaiisms.



2o The Haoll Intestine

Jidbue {4959) amd Cilbhur ot al {1960) observed theit regordiess
o7 izt the ileum contained very much lopper numbers of micro=oponisms
thaa the dusdemm.  Apsroxinmote 1o counts of the various orgenisme found
in tie duoderum were:lactobacilli, Loital asrobes wnd obal anzerobes 5,0
orponisng per L., colilorms eni staphylococed 5,0 and streptosceci,
moulds and yeasis Y. It was olso Jound thot the pH valuos o 31301
contents wapre cbout 1 unit hihoy then those of the ducdenal cuiilonis,
These resulis are in agreement wlth tiose of llansson =nd Ulsson (1961 &,b.e,
1962 2.b,e, 7 ent Larson ond 311 {199 although counts of oll ox calsms
obsained by the lotber rrouc o) workers were higher Por bobth sositlons
ond shoved grealer differencss. Hansson - nl Olsson (961 o 330.196{.: & b6}
observed that throushout their emperiments fhere were no sipnificent

AilTerences boiwsen illeld ond Juodencl counts of Cleostrddium periringens.

Other wodsers (Hopvath el al 1958 and Dickinson cnd ocouot 4951)
have onumerated vaprious groups of bocterdo found In the contents of
amall drtestine j"zm‘c do net siete from whick pard of this orpan the somples
mere renoveds

30 Tho Lavge Indestine

Throughoul theiv experiments Lerson ond HiLL (1999} observed thot
counts of leeboboellli ond enterococel werce ctnsistewmbtly nisher in the

K - Eal
SoRnLEg 0

i
&
1
%,
o

caacum then in the ilecum, Also in 750 of the observotion

botal mmesroibns, toial eerobes ond ochexdchizs coll shored a sinmilar {rend,

The dif'ferences in counts of the chove opr.cnisms Letween Tthese o seections

the alimpabary broet wore uot o8 morked as the ~dlflerences Loitwcen



duodenal end ilial counts. There were no consistent éiffercnces in the
numbzr of clostridis found in the ileum and the cascum;y olssc the counts
of' yeastg were alweys higher in the ilcum,

The avove resulis oy Larson ond Hill (1955) —e= in accordanco
with those of Filbwe (1959) and wilbur et al (1760)s The last two croups
of outhors found that the mumber of colilforms, streptococel, astaphylococei,
moulds snd yessts in the ileun ond caeoum of plss fed on the lectose diet
(see vage "T)l., were rospectively lower than those obtalned for the pigs
fad on the starch diet. However, within eazch dietary treatment the counts
of these organisms were higher in the caecum then in the ileum. The counta
of total anaerobes, total asrchbes and lactobacilii showed only sli-ht
varietions due to dietery diifferences. The difference in pH levels batuscen
these two szections of the put was greater in the pips fed the” lactose diet,
viz 645 (Lleum) ard 3.6 {caeccum) compared with 6.3 (ileum) anl 6,1 (caccum)
for the pigs feod the storeh dist.

Dickinson and lcccuot (1961) ave in egrecment with the above as
regapds differences in coliform counts between the cascun and ileum.

Hoxvath et al {(1958) found that there were no consistent
differsnces in counts of lactobacilli, enterococei, coliforms, moulds
and yeasts bebween vhe smell and large intestines, llowever, nc nention
was made of which part of the two gut sections was sampled,

Mansson end Olsson {1951 a,b,c. 1962 a,b,c.) were unable to
find consistent differencecs betmsen counts of enterococci opr coliforms in

the ileum ond mid=-colon, In the piss which hod been ied a high protein

diet counts of Clostridium perfrincens (welchii) were greater in the

-

mid=colon than in thz ileum,



Other species or groups of organisms, apart from those already

mensioned, ave Imowm to be present in the caescun, It appears irom the
literoture reviewed bhelow that the type of substrate present can affect the
density oi saeh froup or specics.

¥illingele and Driggs (1955) state thats-

*Vartiovaara & Roine (1942) incubated cascal conbents
with cellulose in vitro and showed that decomposition
of the cellulose oceurred, They isolated two cultures
but neither wos pure; one, an aneeroble, shori-chain,
Gramepositive coccus was able to decompose cellulose,
In {further experiments Vartlovaara, Roine and Fodjorvi
(1944} fed cultures of these orgenisms to two pigs on
a diet containing spruce sulphite pulps eleven days
after administration of the cullures the proportions

of the cellulose Migestod hod increased irom 0.6 and
9464 resyectively to 59425, Lator, when aszen sulphate
pulp was fed, the authors c¢laimed that the piss were
digesting 87 and 96,84 respectively of the cellulose

in the disd,!

The diebory and physiolosgical civeumsitences whieh affect the
hrealkdown of sbarch have been dlscussed by Duler and Hasw (1947). Ixpere

a5 showm vhat, in

vy

imental work Dby Beker, Hasr, Morrice and Bruce (195¢;1

piss, nmodze sterch is dijested in the smell gut and relatively few granules
reoch the coecum, Conversely potato storch granvies cccumulate in the
cageum in larze mumbers vhere they are abbacked by bacterin., They

e 13

sugiested thot the differences in dipjestibility betwsen 4di'ferent sowrces

of starch

m
b

fus o the presence or degree of development of and resistsuce
Lo enzymes action ol the swiace membranes of the starch pranules.
Baker et al (1950) also pertormed a series of in vitro
T P A——

experinents on the csecal contents of piss collectad after slavehtex.



The piss had een fed on diets containing lorge amounts of untresated
potato  and untreated melze stareh, They stoabte thati-

'rom these experiments it bzeome clear that the mived
microbial pojulation of the picts cascum is able to
ferpment storch anl a wide verlety of soluble carbohyd-
watels Breakdown ol starch sl scluble carbohydraitses
is gecompanded by ih2 deposition of iodo:hil poly=
saccharide within many of the boeterial spazeies and

by the production of seid end ;88. Soluble starchss
are nove repidly fermented than structural sterches and
structural maige than structural solatoe starche cevee

The resulits suggest thet in the cescum of {the pig
lactovacilli, enteroccocel, y2asts cnl coliforms do
not play a leading part in the breakdowm of sterch.
Cn the other hond, sporing rods are prodominent in
caecal samples vhich, on ineubation, otteck sugars
as well as starch,

Lagtobzeilli, entorococel, yeasts and coliforms are
also cazable of altaciking o wide ronie of soluble
carbohydrates; +this moons thot the number of species
in the pig's cescum capable of metebolising the
carbohydrste products of starch decomgosition is
greater than the number capeble of decomuosing silatch
it82lfs  seescaevse T demonstiation of free smylase
in the fresh cascal conienis corffirms the Zinding that
soluble products of stareh decomposition ars actually
Qx!esent in the pig‘s cascum in lifﬂ- sesasersnes N2
i wna vhidleh me observed in the pig's cascum show
the influence on the mixed bacteris alrcady .resent
of the srrival of a new substrate - starch, The
genzral poyulailon shows an incresse in fermentative
activily onl o special growp of spore-iforming rods
assumes suificient dominance to becoms recopnisabls
as & special facies.!

Baker et al {1950) slso found that:i-

(i) The predeminant sporing rod was an iodophil sivain of Clostridium

butyeicua which was motile and grem positives
(ii) This orgonism wes exclusively rosponsibvle Tor the produetion of the

& =anylase found in these experimentse



{341) Clogtyidium bubyricum in pure cultwre is a far more powerful agent

of' breokdoma for untreated starches, ce.ge vaw potato , than culiure
{iltrates of aqgylase, They state thati-

*It may be significant that the bacterda of the speecial
faclos exercise thelr action in situ in ¢lose apposition
to the surface of the gramile, since fetrie {private
conmunication} has shown that in plent tissuss the
corprosion of starch by dlastase depsnds upeon aciual
contact of the cell mitechondris with the asuxface of
the gramiie, The available evidence emghasises,
therefore, the importance of supermolecular orgonisation
in the melative rutes of breakdown of different gharches
and starch products by nicrce-organisms, cellwfree bocterizl
enzymas and dipestive sesretions,!

(iv) Clostzidiun bubtyricum 1is cepeble of synthesising some members of

she vibamin f=conplex in significant amounts na.rzaely, ribofiavin, nicotiniec

acid, peathobheniec oeid, syridoxine and follic acid,
(v) Figs can live satisfectorily on @ dist deficient in B vibtamins vhich

conboins rew potato sterch, This phenomena io termed relzetion,

Hose (194 oited by Fuller and frires (1952) suggested that the

stimulatory offect of the 3 vitemins produced by Clostridium bubtveicum on

the lsetebacilli and streptococed in the imtesting would lead o an inercase
in oroduction of lactic oeld ani a yreduetion in pH Taveuring absorption of
the synthesised vitaming by the host animale

Mexender znd Davies (1963) wers uneble to isolate lactobacilli
from the colon contents of 10 plgs. The cascal contents of these aningls
contained only smell numbers of lactobacilli, (103 or;onisms por ge These
authors found thaet the larpe intestine contained lorpge mumbers of lactate

o

produeing straplosoced, 10" DSL fle QPDTOe Laetate fermenting bacterie,

wumly Vedllonolle sanopones, Pestostrectococeus elsdenii and a lactate

fermenting stroin of sscherichie coli, were also isoloted irom the larpe




intestine bub in smaller numbers. In their wepoy Alexander and Davies (1963
gave no indication of the diet the pigs received prior to slaughter.

An examination of the data published by Milbur {1959) revealed
that there was close agresment in microbial counts betrmeen the eszcum
and rectium, The roatio of ractel counts to caecal counts for the 24

wics slaughterad wore as Tollows:i-

Total asvobes 1407
Total annerobes 105
Lactohacilili 1405
Streptococel 1.08
Coliforms 102
Staphylococel 1410
Honlds and Yeasts 0,98

The enumerstion of coliiorms, lactobacilli and strtutosocel
in the fheces and caecal contents of Z2 niss sleushtered et bacon weisht
was carried out by Tillinwole and Bripgs (1955).  They found that, within
each i, the cowmits frop both sources wore similar, althoush there vas a
Tendle {or t} 1 countg to he lov than the ¢ agoonding faecal
vendency for the cascal countg to he lower than the corressonding fzee
comnts,. The atio of foecal to caecal counls wes cstimated from thelr

resvlts {converied o logs) and ore as follovsi-

Coliforms 10
Lastoboeillli 103
Stroptoconecd 100

They suggested that faseal counts of the organism siuldied wpould jrovide

o numeiical index of those preseant in the cascun, but simileriiios in 211

Tyes of orgenisms from these sources ccul” not te inferred
o & .



From the data of Dickinson and Hocouot (1961), who made
observations on 103 caecal samples and 266 fagcel samples, it was found

that the ratio of fsecal to caecal counts of colifowrms was 1,06, Also,

the averapge counts of this orgenism for both sites were in close agreemnent
with those of 7ilbw (1959).

A similar examination of the data published by Raibaud et al
(1951) vevealed that the ratic of fascal 4o cascal counts of snterococci
was 1e0i, This deta came Trom 110 fascal samples and 42 cascal samples,

e

The average feecal sand caecal enterococeli counts were similar o those

obtainod by Wilbur (1959).

The regulits of Larscn and TH1L (1955) »we in agreement with the
last 4 groups of workers, though it was not c¢leer from their paper if the
ceecal counts of the slaughtered animals vere made abt the same time as the

faccal countsSe.

SUIZIARY

{a) From the literature reviewed in this section it is oviient thati-

(i) Counts of most species or groups of organisms follow a pattern of
increasing mmbers from the anterior t¢ the posterdor end of the inbteatinal
tract. ‘

(ii) The counts of each group or species found in the stomach, except
lactobaeilli, may be a reilection of the numbsrs in the feed,

(3ii) There is a greater increase in microbizl density between the duocdermm

and che ileum than between the ileum and casoum,



{iv) The cifference between the faccal and caccal populations of at leoas?

five groups of ovpanisms is very smell =nd thet the foecal count of each
shese grouss would provide a mumerical index of those prosent in the

Cos0Us.

(v) 9he prosence of lorse cuantities of starch or cellulose in the caecim

con hove a merited effect on the relative proportions of the species or

grouns of organisms that make up the total microbial population in this

vegion of the olimentary tract.

(b) A number of authors have sugresied that the difforences in counts of

the vavious intestinal organisms throughout the alimentayy tract pay be

related to3-

(i) The incrcese in nH from the anterior to the posterior end ol the

intestinal tract,

(ii) The presence of intestinal secretions, bile —salts, and dlgestive
engyres in the duodenum,

(3111} A aifferentisl rate of passage throughout the various sechsons,

prabably belng greator in thoe lucdanum zni ileum than the csecum and

2C UL
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Ds The Foeccal aid Tnteatinal lficro-fauna of ths Pig

Throughout this work, micro-fauns are regarded as being speeiles
of Protozoa, generelly described as the Tirst, and the lowest, phylum of
the arndmed kingdome

Pigs have tesn fourd o harbouwr about 40 species of Protozoa
{(Frye amd Teleney 1932, Dunlap 1958, Hoore 1959, and Simiteh, Chibalitceh,
Petroviteh apd Heneberg 1959) and, with the excepiion of the sporozoan
species, few ave .mmown to be pathogenic. In most cases emphasis has
bren pluced on the investigation of the possivility that pige may aetb as

corrisys of sane siceles nathopenis to man, v.ie Dalantidium ecoli and

Ontamoebe histolytica, rather than the nathopgeniciiy of these specles ko

Pigse

i deseription of the voriocus species harboured by piss is
presented in books by Oreig (1942), Morgan and Hawkins (1948), Xudo (1945k),
e (1958) and Hason and Zruner {1951 ).

&3 rentioned in the Introduction, the most common species Tound
in the lersge inbestine and fepces of young rigs suffering from scovtrs ot
sho linssey University College of lancwatu Rescorch Figgery was Balantidium
coli (B, 4. Beynolds perss COMb,)e

Balartidium coli has Teen founi 0 be a common irhabitant of

the lar;e intestine, bub it ravely couses any visible lesions (Rey 1957,

Avean ond Koppiseh 1956). Simitkh et 2l (1959) foumd Dalantidium coli

in the faocces of 61.9% o the 1,800 pipgs they examined,
Schumeker (1951) wmeviewed the work of early aubhors wao studied

infections of Palantidlium coll in the plge He concluded that the numbsps

of this orgenism rosent in the large intestine were correlzted to the
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amount of undigested food rasidue, including starch rranules, The last
autior also exomined the oascal contents ol 79 pigs. It was found thatl,

compared with 1licht infections, heavy inteetions of zalantidius coli in

the cascun viere acconpanied by lerger omounts of starch, both microscople

and macroscopic, and an integiinel {iora whieh contained grecter numbsrs

oi zeidwric orpanisms and lesser numb:rs of lactose fermenbers and

roteolytic ansorobes, The observation that grain diets favowr intection

-1

by this orgonism was in agreenment with the findings of fpean anl Yo.pisch
(1956},
Beck, Louchcr end Pop.ensiek (1943) reporbed an cutireak of

scourin;; accompanied by melena in youny pigs. Faecal cxaminati. on rovealed

2 heevy infestation of Balantidium coli, fFost mortem exomingtion disclosed

a severz heemorrhagic colitis and gereralised onteritis. Iistopathological
gitud of secticns of tho swmell Intestineg ond colon determined a marksd

cenotrotion of the swollen enterie muccse by Balantidium coli, o

&

bacteriological examination of the Taecces or intestinel contenits w
mantionad,

Ia an iowestizgetion of swins & senter; on five Torms, inchevw,
Goirnevy, Mincheva ond llatzev (’i 351 ) were unable to dedeet a causal agont

o

oThor thon Jolantidium coli. The yesulits of o histoloyical examination

of' seciions of the larpe intestine were in agreement wWith those reported
by Back et al (1923)e Enchev et al (19561) found no evidence of leptospira,
vibrio or bocterial ioxins.

Tempelis ond Lysenko (1957) have shown that Zelantidium goll

gan produce an shzyme which has hyaluronidese setivitr, They sugrest that
an indsial 1ybic Tactor or mechenical damage is necessery belore the

parasite can pess through the surfoce of the intestine,. #lsg, that



hyalurenidease may then caunse an enlerpement of the leslon by attecking the

giound subgtanece hHetwsen the host cells,

{2} The pip is known 4o harbour mumerous species of Probozeoa any ons
of vhich may ccour in lovge numbors, Hevever, there is considerable
variaticon botween pls es rejer’s ths specles present,

(b) I%f has Lren esieblished that jelentidium coli is a common inhabiitens

LT g Fa B e RS | .
oi' the 1:11'93 IRL25Lane O ©Tne

[

5
(¢) The presence of large amcunts of stawch in the cascum has been shown
to devour infection by this orpenisine

(4) Thore is conflicting evidence as 4o whether polantidium coli is troly

patiogenic to the piy or is only a secoendary invader. s

o

(e) It arwecrs thet young animals apre pors susceptible to balantidiasis.

Howrovow, 1t is not clesy whethar che deererse in welight gain whieh cccomse

& B AR 1

panies the arpesrance of Dalantidium coli lesions is due to the perasite

or if the rarasite abtacks the host vhen 1t is debilitated Ly other factorse



CHAPTER IT

Tie  XPARTHEICAL, DuSTGN

The yrimary aim of this trial was to study the changes

waleh oeceur in the flora, fauna and amounts of undigested food

rnaterial present in the lerge intestine {faeces) dwring the carily

growth of the pig, comparing ecarly and late weaning,
70 elimingte the possible influence of sex differsnces on

vhe counts of orpenisms, it weas decided as Yar os npossible Lo use only

male viglsis. However o measurs the offect of littermates on each

other it was crnsidersd thot six piglets in any onz litler were nzcossory,.
The experiments involved 24 pislets six irvem each of four litters,

end their dams, The piglets from o litiers oxe veared ot 3 eaks of

age and the others at 6 weks Dotes of forrowing ond veen .nv. ars
prosented in Pable II, Faecal samples were c¢ollected from each piglet

and its dem ot ono weelk after forvowvin: and escech el thereaftor unbil
the pi:lets rezeled 8 veeks of aye., Although this exwperimental design
was considered the most guziteble some aupersnt limitations Justily
commente

Since each group of six piglets come from differvernt Iitiers
any litter influence cowld confound the manascment oifect., However,
the worlisr work by Be A. Reynolds {Fers. comm,) swisested that (iiferences
vetreen Litters wearsd ot 3 veeks and 6 veelks were considerable, IF half

.

of a 1it.er were wveansd ot 3 weeks and the other holf ot 6 weeks the

folloving voriables would be introducoed,



(1) The pislets weaned at 6 weeks would get more milk than under
normal conditions,

(ii) Removing holf the litter could have an effect on the sow's milk
DrOHNCTI0n,

(iii) By weoning half the likter ai 3 weeks the effect the eariier weaned
pigleats wourld have hod on their liflermesies iz also removed.

(iv) At weaning time it is usual to0 lsave the .iglets in familier

(1] L]

surzoundings and remove the sovwe 1P nall of the litter were
veaned &t 3 weeiks they would have to have been huused elsevhere -
a chence in envivonment,

In addition the following problems woull arise,

(i) The rmuber of samples that would be examined on on any one day would
reduce Tthe accuracy of culturel emmeration bocause of “he ddlffercnces
in time interval bhetveen sompling and plating,

(31) Accommodoiion for litters was limited because of the mumiber of sows

£
¥

forvowing during the perioed covered by these experimentse
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CIATSR I1T

HARHERTALS AT MIRTHODS

A, Andmols and Samuling

te Andmals Solsetod Jox the Todal
The 40 exgeriments involved 24 »islsts, 6 from sach of our

rrom Loarvge Twite sono moted

F N — L R 21
litters, and tholdr Jomo,

to Jerishize Dosrs. The piglets of the two sows in Yrosrdment I wepe

sired by the some boer ord the
mare sived Wy cbhex boors,.

dhore possible, only male wiflols were selected for the irial,
In irperiment I, the 1itter selected for sorly weenin consisted of 6

gilhs and 6 boars therefore no piglet scleciion wes nscessory. The
1litier aelocted for lote weaning consigied of D gilts end 7 boors,

The one hoor nislst o be cxcluded from the 4rizl was selzebad ot

Za mnoramsnt ond Ibbhosing

The pizlets were farvouod cunl 2eared in Jow Leclond rowyd houscs.
| EL I - - 2o o praam il o JPam— 1 SR st £ .
A3 the pislets of o Litior were kopt togethor during the courss of soch
exporiment, They had access o the sow's ived, smisr ond faszcen during

;. [P e T FUN U ] e g I e imeme
the nuesing period but were kept in the round house whan Lo SoUs ware
vy m i AV S P T ] oy, -

allowsd oGh to gragze Jor ong howr oach doy, The malds ziglots Trere

zecsived {orally ot thweoe

T v iy rimamy E TR - - i )
ccoateabed at toen days of ogce ALL the

and ben deys of age) o dese of & mimbture of saccharotsd Tarrous corbonute



(obout 50w Fe GOz) in Vebtemul, o vroyrietary preparation containing
5,000 ToUe Vitamin A and 1000 LU, Vitemin D3 per grea and U570 froe fat.
In each of the two exyeximonts, one lititer vns wooned ob three weess of
aee anl one ab six veuks of zre. AfSer weendng the pislets were eyt in
thoir resnoective round housss until they wewre eight weels old when the
experiment wos Lerainnted.

The srotected zons of onch round house was hogbed Ly & 2950 wabtt

mercwry coased heatin: lamp. This orovide

13
o
B
ﬁ
]
£
b
i
e
)
I
g
ck
d
ri-n.
@
ci
o

without distrossing the sowe  Thoe heotlng lamps vere used during the Jivst
eight veeks of the pileta! lifs,

Hach round house wos cleaned by acruubin: with o solubion of
chlorate of Llime ond lelt uncceupied Jor two weeks prier to use, Vhile
in use, the round houses were cleared doily and owy dirly straw bedding wes
reploced.

-~

A gelf-feeder sas pwoviled in the creey cres Tor the »isleis.
An opon feeding troush was provided Yor cach sow and an open waler troucsh
For the sow and her pigleis.

AN animelds weve observod at leost wivice

fe Rt

shons o8 well as Por consistency off thio facces.

+ was velghed

ot birth ond orein ot three, six end eighbt weeln of age. At bivbth ecch

Plodot was eor morked, detusked and the numbsr o

_'ﬁ.

las om ook 3ide of

whe bedy reconiad. The stendersd orocedure Yo o namiling wes oy the
1ot cor Lo recoive the mowks reorasenting the lither muber znd the 2isht

ear the individiuedl i let numbory



50 PEET
Ths feed mimbupes used oy the pitiobs in these expewimonts oare
presented in Yable I o In pddition, the pdlets were fod siim

-

mills {ron three or nix wmeelts of gge dezending on when they wore vweansd., IF
weaned ot Shree vesks, skim mille wns fed at the rote of 2 gallons per litter
ar oy in three feeds incvessing slowly do L gellons per lidser por doy

L= Fh L J

at eight ek, It weoanaed o six

u

als, skim nili wag fod et the rate of
5 galdlons pop litier pex doy ingreosing slowly te 4 gallons per litter sor
day, ot oi:bl weeks. Fresh s0il (2 swplomentary souves of iron) wes
srovided for the pizlets from wwo weeks of ape wnd was replendshed every
other day until the pirlets wove olght weelks of ages
The forrowing and weaning dates ol the sows in those cinerdments
are oresented in eble T,  Ths daily vations fed to the Sows oxe
pessented in Tables LIT~ ¥, Ihgl mixiures wers 2d once 2 dgy and
sigim mill or whey and Jodder teet theee times o dgy. In addition, the
sows vere grased on poshire Jor ong hour esch day,.
The reasons Tor the ldffercnces batmeen ithe daily votions
fod 4o the sows ere os follovstw=

*

(2) vhey was aveilable Jor the sows wnbil 174h Jume 1902, After

-

thils time a limlted cmount of shim mili wos available for {eeding the
loctating sovs.
() In 1962 thore was & »0ov ewmoyp of woider beat vhich wos

o

consumed by 20%h Julye. Uhe Do der eet wes Ie

QJ
iy
bt
{0
i-
o}
l
(6]
3
£
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o
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1
(3
o
%
3
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with leorpe litlers and o restricted amowyd wos 04 L0 sows Tith spall

litthers ™
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DETT T
LhaLin IV

i Yol R

Delly Antion of the sov with the three weelr nursing

pericd in perdment IT

Foriod fed 3 to 10 days i1 o 16 dgys 17 to 21 days
post Torrowing wost farvowing post foarrowing

Bran 11n

Hept Teal 21hs !

Borley lleal 51bs 5lbs flos

Chaena 21bs . 21hs

Foddor Teet 13bs (2F.0.
80
Shim Milk Loellons Lpellons Loellons

o




- 59 -

PATL Y

A repp———. T

Dally lation of Ghe Sow with the six week nursing

period in Sxooriment IT

e e _ 1
P Poriod *’ec’l 5 10 10 days i 11 Lo L2
i post farvowing | post f‘ ‘:z‘o
o e DU . ]
| |
|
. Borley ikel ; 5lbo '5_ 7ibs
i

Thaaag ' 21lhs : 2ibs

' Todder Boet . 14108
Dodkin Rk i ko gallons
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L Saomling Frocedurs

Fresh foeeal samples were collected from the siy piglets and from
their dan when the lifter wes one week old and ocoeh woelr thereefbor until
@ experiment was tsrminatod.  The samples were collectad 2t Ta.m. {(2nproz.,
ol each sampling doaye.  This vas found to be the best vime because the
shglets were roarely disturbed by The sitondants prior to this time and
segmed Ho be ready Lo defaecabe vwhen moved from tho round house,  Fhen th
sow vas pui out to grase, a Tfoecal sample was collscted and ploced in 2
lebelled, storile conbainer, lsually the sow moved about the zodliock,
.

defaecoted, urincted ani then ook an interest in the posture. o enswye

%1

that there wos no coniusion, each piglet wes wloced in o separate wive con

on olzan conoreta

ioz 4o colleetion off the samples, As soon ns cach
wiqlet defaccabed & semple of fsesces was placcd in e lobelled, sterile

CONLaLIT.

to induce Jdelasonition Dy inservin: in the roctum a storile colbbon ool

sweb dioposd in olycsrins,  Ilo obsorveble citation vias wioliuced Dy thin

srogedurs, Lerson o ALl (1955)e

B LAZDRATCRY HECIUTIOURS

Te Bash Mehepdial

Dookordnl counts vwere mode on solid selective andfor diTferential

medle using the tachnicue described iz Pert T. The use of sslectiye nedia
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()

other %han the omes desired fail to multily ot & reote fast enoush 4o

produce visible colonial rowth ia the alletbsed ineubation bimes

(1) Dilvent

The soms dlvent and delliverr appavetus were wed as lesorilsd

(i1} Ieddis Used awd Qrrenisms Shudied

The groups of organiscs studisd cnd the selscbive and/or

differantisl modis used were ns folliovms:

{a) Total anmercies The modinm employed was thot used in the

Vatorinny foatholosy and Animal Physicloszy ncpordment, lossey University
Collare of fanmawalbis The composivion of the mediuwm woes:
BoetoYeost Hrbrect O35,
Fasto~iroteose Paptone 2 .
Sedium Chloride DOe5is
Bacto=Agar 2 g

-

The pil of the medium was adjustad to 7o with 4 sodiuwm hydvoxide .xior to
autoclaving, Defibrincted rabbit blood (55) was 26ded ascpbioslly to the
above medium at 50°C prior jo jouring the

(b} Clostrisium welchid (vepfrizrensls A2 in (2) +Ath the aidition

-

off 0,02 Sodium Aside (Lichsiein ond Soule 194
{c) nterococed — iminterococcus Ager (Difeo Susplement iLitsrolure)

cnd MAtis-Saliverius Aser (Difes) plus 10mls of & C.10 solubion of

-
[

potassivm tellurite ney litre.

w _ry

(4) Coliforms Lovire 8,143, Ager (Difco)




{e) Lactobacilli Rogosa 8 L Azer (Difce Supploment Literature).

Bach weelr gulficient media was prepored Lor the two gollection
dayse  The medis eaployed {or total ancowobes and Clostridimm welehld were
sterilised by auboclaving in flasks for 15 mimbes 2k 12100. I not used on
the day of preparction, Hitis Solivarivs Ager was sherdlised by auitoclaving

in o fleask for 15 apinutes of 1219C,  In Rzrerimernt I, the portion of Levins

BB Azar not wsed on the day of zreperavion was auboeclaved az auvove, bus
this lowsred its srowth wmromobing abilisy, The nunbsr of colonizs produced

£}

gas found Lo o Llover than that on mediuvm nolt autosloved. Thaelore in
Srrerinont TL 16 wes rrepoved just prior to jowring the platas,

Rogosa & L agar and =Haberocodcous cper were cithor used on the
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doy of prencrad
time vere they autoclovod.

The pobtessivm tellurite, tryphon blue, T, i.Cey cosi? ¥ cnd
methylene blus were added aseptically to iie respective medic abt L00C piior
to powing the plates. The swerose wos odded asepiicelly to

.

ius ager 2t 80°%C prior to sourin: the zlates.

Metes ware prepored os dJdeacrid-d In Part T

(iv) Zpitisd pilution

The same proceduwre vas Tollewed os in yort I emcept thal ons,

1g-canple wes used Yrom coach pipe  Zoch soample wos handlied individuelly

i~

in order o measure oi;=lo-pl; varistion. Cecesicnally it wos not possible

to obtain a2 full ig.sangle {rom the very youny anircls, In such eoses thoe

amowrre of dilubing £luld wos reduced to thet reguired Lo give & one poresnt

(W} faecal suspension,
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() Subseauent Dilubions sl Tnoeulation of ilates

i

The soempe proecsdure was follewed a3 in Food T eiicent that two,
not fovr, quadronts of a plate were inecvlobed per dilution,
{vi) Incubation
ks el A 2y

A1l plates were incuboted in the inverted position, The hlood

. - P s i
azay and blood oper plus sside plates were ploced dn Uelobosh exnd 1Mildes
Jers woizsh were seoled with plostdcermm, The Jors gere eveeunted with a

P T . ey - PR T T S - a (I
webor vacumm pums and refillisd wAth hgfivogen from & oylinder. This morocsss

waa rejeated four times, A vacuum Jfaqrxivalent to 1leme mepeury,vwas latt

» -

L

the Jors o comusunsete Yor tha oxpansion of hydrogen 2b Incubation fenmserot-

vre owl vo hold the 1ils of the jJers in place, A tube ol lethylene Ilue

Indicator (Socisty of Americon Decteriologisis Conmitice, 1957) was

i

luded in each Joxe A dish; holf fillled with coleium chloride, wog

laead balow the inoculoted nletes to obsord free moisture in $he jurs.

The Levine 7,¥.B,, Mitis«Saliveorius and ansercbic slotes were

h

cubated for 2b howrs, the =Inl.roccccus Arar plates sor .0 heurs and
18 Rogopa S.L. Acor plates Por 72 heurs ol 37%C.
rii) Commiing

The sons genspal »rocsdure wos  followed os iz cescribed in
Fart 1. The type of golony observeld anl Lhe -zoun of
on the varicus niedis used arve descrlibved bolowe

(a) Tobal anmerobes were osbinmnted from bhe murber of colonies

apzaring on blood agor plates.

{ b‘! Clostridiun welehil wore catimobel from the nuaber ol eolonis

sharing double sone hasmolysis on Dloold zgar plus azide sleles, Thase

e .

agihinotes were carried out aller the plates hod boen el I

o 12 hisues on

the benenr ob iy tempercture subseccusnd bo Ancubatiocn.
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(c) Enterococci were ostimated from the numbers of pink to dark
maroon colonies of 0.5 - 3 mme. dismeter apucaring on the plates of
imhnterococcus Aror ond from the number of blue or hrowm colohies
with a white perdipiery cppecring on the plates of Hitis=3alivarius
Aper,

(d) Bsgherichia coll were estineted from the number of smell, dark,

colomies with & sreenish metalliec shoen appearing on the platzs of Levins
wiiele Arar,

(o) Laghobacilli were cstimeled by counts on the plates of Rogosa

o L

5. T Agare  Several dliferent colonial types were noted, the commonsst
haring a very Toufh anpoarancce, Other colondal types were smooth and
varied in size <rom 1ittle more vhan pin point to several mm 1n dieometer,

102 Characterisation -

Tvdividual colonial isolates ere taken from various plates
throughout the experdments and were characierised by their cultwral,
shysiological ani s talning properti .

(a) Total ennerobes Isolates Prom the lerge, sreyish coloniss,

[

both haemolytic end non=heemolytic, appearing on RBliod Ager plates wave
inoculated heavily by s meoring over the suriace of a slant, and stalbing
the butt of tubss of Triple Sugoxr Ivon Agar {Difco)s The tubes were
observed after 24 and 48 hours incubsbion ab 379%C, Tubes were juiged

a3 positive for sgeherichia coll if a yellow slant and bult with gas

formation was observed,



- 55w
Sueers wore snde Jrom isolates oF the malin types oi colondes
gpmearing on Ulood igar slotes.,  They vere otalned by the Hwsker lodifice
shion of the fran Sbain {(Zocdoty of Amorican Do Commitioe, 1957)
hereldnadber pafurrved tTo £8 Uran Stoliug
{(v) Closbpiiium welehil  Smeows medas from dsclabtes of the coloniss
shuyin. conble zome neamolyeis on Hlood fAoaw pius Asdde flales wers steined
with G Shadn,
(¢} wrterocosci Isolates frem the vericus colouy iypes Touni on
plates of Mitis-Solivaring A er rmd Me-lnde shiohed on
rpepercd olstes of both Mific~Ialivard winborococens
The type of growth and the colow e mocorded aiver
2 on? L8 hours incubsiion ot 37°C,  Smeers mzde from both tho colonial
iscletes ard the atrezis were stalnsd with Gram Stain, X
Torther characberisation of the gbove wes carrisd out by the
ghyeiolo ical telrranse tests enunzrobted bolow Por the fMirat dwo of
thase toats, o meal sulract eolieil, vivich enswres optimel growih ol she
orpamises to be 3tudisd wos chosen 23 & medium,  The composiflion of tilis
mediun iy o Tollous:

ant

Bacto=ilaos raet

Sodiva Chloriie
Froteosa Feptone

.
ivieic]

Deoho=-iTy.:

- ..Jf-
SR

£2CGomD 050

Gaeso=fgor

Ge o

M

Sy b
0e14s
Celji

Q0,015

-
e

{}e ,)_',"v'
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(1) Resistance %o an Irhibilory Substaonce
Tha ahove mediun conbainins an adiitiomal 63 of 3edium Chloride
wes eowdht o pH7.Z oithT Sodivm Hydroxide end was dispensed ian 10ml .

gmountbs in screwecapped tuhsse

The tubed

edivm wes aubocloved ab 1241°C

for 1% minubes noior te une.  Tho ftubes were invculoted and vere obsewved
aftar 183, 36, sad 54 hours incubation ot 379C Crowsl wes juldged by

turbidity,

(1) Growdh ob 12,6

N

sufficient § MaOH was added fo ths ahove mediun to beizng it to
12,8 wdor 4o autoclowing. The medium was dlsrensed, aubeeloved,
dnsowloted and ohserved ap 3n (1) nhove Grovth wes juelzed by tuwebidity.

334) Growbh dv ik contadning Q017 Mebhylens Tus
festeurised mill wos autoclaved in boulk,

[ S PR S
It was dispensed in
3

6ml amounts in 6 x i in test tubes, Tthe reauisite amoumdt of dye wos
a2dded and the {ubss were steppered with cobbon wool slugs. Who tubos
were inoculobed and obssrved s in {i) aboves Grreth was judged by the

degroe of oxidebion (dec

olourischion) of

whe
I

rethylene Tlug,

{a) Escherichin goll Isolates from the small doeek colonies with a
greeaish metellic sheen appearing on levine W,HW.D. fsav were inocculoied
on to Tricle Suger Jron Agare,  The culbural react TREe ascorlainad
as for Fgcherichia eoli in (&) above.

Smears mode {rom isolstss of theose eolondes sove stained with Grex
Stain,

() Lootobenilli Swears zode Jrom isolates of the two nein colony
typea found on plotes of Rogosa 3.5L. Azgar were stained wibth Gram Staline



» epmsentht:.\re iscletes of these bwo colony types were culiured in
gorencappad Hubzs of Moposa Se e Troth (Difco Suplement Literature).
The fubcs were incubsted for 72 hours ot 37°C.  Growth wes Judged by
Larhididy, Smesrs mode from the tubes were stained with Loeiflexis
Alzeling Fethylene Dlue.  Grom Hiain wes found to be wsatislachory
hagouse of the low ol of the medium,

Representative isolates of the two mein colony types Tound on plates
of Rososa 8 e Asar werg sirvolked on Troshly pwepared plotes of ihe seme
madinme  Whe plates were dncubetd for 72 hours abt 37N and the types
of colony produced were recordod,

The medie used in these ocxperimenis wore tested for thelr dlectivity
and dirfercntial ability by cross-sowlns isolates of typical colondes from
plates of one medium on to {weshiy prepared plates of all the medla used

and observing any ;rowth afber 24, 48 and 72 hours incubation ot 37°C,

1.5 pH Ipasurements

Al off meosurenents were made with & Beckman Nodel &, pH meter

1=

pecording to standoxrd procsdure, The instrument wes sitandardiaed beiore
snd chocked avter dnlly readings a, ainst Ieckman 2uifer Solution, pli7.0
Jpproinateldy g, omounds of each Iwesh faccal sample wore thoroughly mixed
ith Rul,of sterile, Gistilled water in chemleally cleen, flint glass,

-

drochn phials, pH oeesurements wer: complobted ithin 1 howr of tre errivel




of ‘the samules ot the laboratorys

120 :'L.P] 1}.?.“}-} IL) L.. ;L\].J..AL

wher tho first dilvtion ocup in each set had boen inoculoted
a5 in 1e1s iv, Snumsrabtion, 10mls. of formeldehyde solution 4G w/v
mere added 10 each jJar combteining the .*.z:it:i.al dilution mixture, The
gontents of each Jar were silrred, cenbrifuged and a1l but 25mis, of

supernatont ond the sodiment removed by suction pumpes The sediment was

suspended in the remaining supsrnateont and tronsierred iunto a nlastlo
stoppered 1oz, phial, labelled ond stored.

242 Ifdins and stoining

About 10 mls, of supernntont wers renoved from each storasd phiel

Ty stetion pumpe  The remaining supernatent and the sediment was transferyed

=F

nto o welshsd, cleon, slestic stoppered 1 og,phials. Then 1.2 mls, of

ugols Teodins (5% was added and the suspension mode wp to 20 g.with 1053

i}

formalinwsaline goluiion, The phiols were stoppered, labelled and atbached
to the hordzontal spindle of a 60 RiM symchronous motor. By this method
a thoroush end-over-cnx! mixing was obiained in D mimutes, The final

iodine cuncentration for cach suspension was U.55% (“m:)r o ilasz, 19&?).



245 Immeration
o techniques were employed in the enumeration of organismg
from this material,

(1) The enumoration of small protosoa, uniisesboed storch sronules

and clones of Jodozhiliec hocterin,

Using o clean drogpla; nipotte, onc drop (0.025) of ezch
mlzed sanple was placed on & microscope slide and covered with a

Li0e2, 22mm2 sover slonse  Tho edges of the cover lass were sealed to the

= o

sTide with immersion oil (Shilloberts lionDrying, Grode 2, Hipn Tiscosity)

o

to provent streaning and drying oub while couniing. This method of sealing

had the ofled advanizzo that the vhole Jroy could be counted as it wes

ot )

o

=088ible %o wisw the tolal srez vnder thoe cover jless.
Cuunbs were made b, moans of a aison Doctil binoculer microncope;
F

using a Lmm objective, 210 oceuleaws, x1.7 inelining unit and o mechonical

shases An opocus disphrarm with a cenirel rectanguloyr aperture uleacad in

B

each syepiece gove the following sdvantog s,

L

(a) sese of counting, by resbtricting th: ield size and shopc.

{b) Increased aceuracy, by redueins the possibility of overlaising

ficlds,

To increase contrash, saviioulorly with lodorhilis moberdiel and
orpanisms, & Jderkeground stop was inserded in the 1ilicy carrisr below the
sub-gtaze condenser,

The total area unier the cover sloss was examived and the counts
were recordedl on thiee seperate Veedor tolly counmbors, The total count

multimlied by & fecbor of 1000 efforded an sstimese of the numbar of

orpanisms or undicestod sterch gromiles present por [fam 0f foecesS,



01 tho method

Batantidivm cold
w2 medificabion

The emmoration of
Dalontidium coli were countad by
Liter thoroush mixing of the 1

1 o
&

in 20 suspension,

20w EOmm

e

of Schumoker (1930,1951 )e
wolghad on 40 2 microscore slide and covered with

The oprpamisms were counbed by the seame method oo in
Yihen

D42 was
ot 2 cover nlosse
(i) zoove except that & 15mm objective ond =7 eyepleces vere 1seds
more than 10 opganisrs were coumced per slide, a duglicalte counb was mode.
An average of the two counts muwltizlisd by the Jfacter 100 afforded en
egtimate of the mumber of orgenisms prosent por geam of {asces,
4 in this thosisz were tokon with
and & Lediis

Zoly Enolomloruirasiny

a bodca 3%mm camers in combination with o Hides micro-adlochment

YUrtholus' microsconc,
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1 Arimal rorformancs

In Sxpordment I two pdplets Irom litter BYVI disd at the age of
G weeks, one {piz 1.) on the 18th June ond The othor (pig 2) on the
» (.cJ 2=
19%h June. Both :izlets appeored o bz oulte normal on 17th Juns,
s e LY e
On posy moriten examinstion of bosh pigleds, excess oriionzel and

pleursd luid wvoes found, Culture of hesrt bleod rnd liver fpom both

izless reveoled lavce numbers of haomolytic Ischerdchin celi in pure

culture, Irom this evidence it wes consider.d thot death vas dus to

a coli sepbicaenmiz, 4 prelisnosing Tactor could have boen oihlilling due te

2 cower Jeilure on the nizht prior {o the death of (he Jirst siglets
fpart from the ftwo Jeaths, bhoth :moral conditlion and serioraniwcs

the anlmnls in these experiments wers coasilerad fo be poods The

averype 73 det welghts atv verlous a/esy the covraponding iglel avuense
for tha 1itter groups to whicih the empsrimental 1itters balonged, and
the averase for pizlets Jor ihe 1962 zeason ot the Yassey Urdvorsity

- LI s 5 [P B & e .. o N AP —y ATLT :
Collere of Venowatu ileseoreh Pipgery ave progonled dn Table VI

wen lituer averoyes verdied
~ = I I, S ?
23 three ond =ight week

TR ILgEee u...'ful" 4 1bu

lcgs ond 7lbse greebor than those in Txperdment TI. The corrzgponiing

Gifferences Drimeen The 1ittsr rrougg wmeve Qo3lbse onnd . o0lba. widich

A__ . '

indicaves Thet the 1itters wsed were rosrosentative oif Lhedr grous with

rosard to Liwvoveisht,
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Liveweisht ecoris (1bs.) for piglets

(Lister, Group onl 1962 Seauzon avorazes)e

| AT BIRTH 3 weelks 6 wecks 8 wecks |
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Chservations on the conditions of the Paseen vevealed thet wh to

about Tive weeks of asxe all pizlets had well formed or pelletad foecoes

ity
%

ranging in colovr from yellow o blacke From five to eight weeks of
age the feeces were notably solfter, being scmi~formed, molst, gronuwler
and ransing in colour from brown Ho black, The changes in the appearonce
£ the fesces correspornded to the chanses in the creen diot; ab iy woelks
of age the piglets wre presented with a feed mixture conbeining 63
grain maa
Tdquid faeces were only obs:rved twice throushout the course of

the twe experiments,

2e Cheractepdisation

Two Pactors limifted the mumher of isolatos from scleetive end/or
differential modie which were cheraeteriseds Thase are as follows:ie
(i} The primary object of the exwporiments describod here was the

epummsration of bacteria ond his oceupled & considerable powtion

of thoe author's time,

9, an

(ii) The cheracterisation of orsenisms should e periormed o5 5COF

|J
]
o

ble eftor dsolabion,

s

P58

trl

a) Tobal aonerobes  Isolates of the lavge, :royish colondas,

P

both heemolybic and non~haecmolytic, grom on lood Agar, all croduced

2 yellow slant and bult with gas formotion wiithin 24 hours ot 579C,

tubag of Teiple Sugar Tron Agare. All orgenlsms irom those colonies were
found to e gram nagative, nor aporin. rodse As a convlymetony test, an
ager gtecke Trom each of tha above vubes was made on plates of Levipe
Deilelts fgare,  Dach of the sitrokes gave asbundont prowth and produced a
daric gtreck with & reenish meballic sheen. Thoese orpanisms wvere regerded

o5 beins fschorichis coli (Levine 1921 cited by Difeo).




- T -

The three mein colony typeos encounbterad on plotes of Blocd Agar
are :escritved below:-
(1) Loarge, greyish colonies both heemolybic and non hoomolytic (see above)s
(i1) Colonics characterilstic of Clostridium welehii (cee be)

(334) S5m0l colonies whieh ;roduced pronounced green zonss of varying
intensity (2lpha haemolytic) typical of the viridans group of
streptococci. Organisms from these colondes vore found 4o e grom
positive cocel which occcurxed in chaling,

A mumbor of other colony types were observed on this madium during
these exporiments, They did not oceour in sulficient mmbers or consistently

enough to warrant deseription.

(p) Clostridium welehil In Sxperdment I Clostridium welchil were

pstinated from plates of Bleod Agar, DBecowse of ths larpge numbers of

haemolytic Zscherichis coli colonies found oz some platos, it was often

imposaible $o count the mmber of Clostridium welchii present, In

Trperizent IX Blood Ager ond 2lood Agar plus sodimm azide were used and

Clostridium welchii were estimeted from plates of the lattew, The

[z
&
l._l
b
%3
ko

ion of gsodium oside (0.024)in the medium restiricted the srowbh of

-

¢ran negetive boeterie without wifecting the srowth of Slogtridiwn welchii.

{Lichstoin and joule 19kd4).
A description of the colomy type regerded s being that of

Clostiridium welehll and the sonos of heeoolysis 1t produced on plates of

Dlood Agar end Ilood Ager plus sodium ezide is as Tollowsi-
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FIGURE 2: Typicael red and maroon surface colomies of enterococei
"~ on k-Enterococous Agar (actual size). "

FIGURE 3t The lower right group of the above
at a magnification of 245X,
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The vhite, punetidorm colenics ware fownd on L ar oceosions, and

)

2t no time 412 thoy ovorerowd the othzr colonins,

& IR

Fhotosrephs 1ilustrating the morzholory of red and maroon colonies

are srepented An Fisures 2 ond e Floure 2 represents four jpoups of

¢oloniazs zrown on the swface of I=interococcus froav. These roups
srev from four 0.021g,drogps of a 10—6 Bhtion of fazess from 4 b rmek

Fl

old pise Piawe 3 Allustrates one of those ;roups of colonies nt o
mapnisication of 2.5%.
hwﬂ.,;; o th: physiological Solorance btents pordormed on isolates

am,

from the thres main colopy Touni on =iEnterococeus Apar are

() Bscherichin coli Isolates of the smell, dork coloniss with

& sreendsh metalllie sheen jrown on Levine U.l.De Asger all orpluced a

vollow slont and bubtt with ges rormelbion within 24 hours at 57°C in 4ub

[oxa

of Trizle 3ugar Tron Apsve ALl oivgondsms from these colomiss were found

e be grom nogoitive, non gporing »ods. These oryanisms wers roraied

as being igeherichia ooll (Levine 1921 cit:d by Difeo).

Fa Y

{2) Loctoboeilli A Jeserindion of

the colony typos proun on plotes

ol o052 36 De Srae is sresonted in Cheptor III.  These colony hyoes ove
raganied s veling charactoristic of the fenus Lastoboeillus  on this

meditm,

o Kl

lustoriting the 3497 :mences in colonizl morshelosgr o

sresented An Misupos 4 oand 5. Picure o reyresants Tour groups o colon

- -
WO, 082 s Lae

containdry ot colony typss, grown on the surloce ol
Lhase grouwps crew Jvom Dour De021p5. dyvoss of Lthe same inocuwlum s vss

usen in (a). Firer: o illusiraten one of che roucs of coloniocs ot a

2

.
ies,
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TADLAE 17
O N T

GColony types found on plates of I=Enterococcus Agar,

tal

growrsh on agor stroke of isolatza of these colony
tyses on two media, enl reaction to Gram Stain of

smears Crom the isoleics o straeaciio,

Golony Humber UeTinberococcus itkeis Giram
Tyme of Agar Seliverius Stain
Ioolaves stroke Aperm
| Stroke
Lieroon,
clooubar g Horoon Twonm Grom 4+ Ve
; difreoccus
Red,
cireulor 7 Red Blue Gron + ve
diplococcus
Fink,
cirgular 8 Pivk Blue Gram + ve
dinlocoocgus
Thite,
puncbilorn 2 hite white Gram + ve
diplococeus
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FIGURE 4t Typical rough and smooth surface colonies of lactobacilli on
Rogosa S.L. Agar (actual sisze),

FIGURE 5¢ The lower right group of the above
at a magnification of 2,5X



magniticotion of 2453 Since the smooth colonies were raised and compect,

1

darfieultios were encountered in fTocuning end lighiing, snd the colondzs

opnewr move promilor than they are iIn rafiity. The rough colonics we

]

characteristically sperse, flat and drregulor

Al1 orpendisms from both colony types oS found to be long, slenler
(some fiiamentous) grom nositive rods.

In oxder o Zetormine waether the tvo colonial types were sicble on
hs modium wmed, isolates Jrom each t pe vwers incculabted over the whole
surfase of olates of ogosa 8Se L. Ager.  Isoletes from roupgh colonios
sreduced predominately rough coloniss with a few smooth cclomizs, Isolate
fron the smooth colonlas prodused more smogth than rough colonias,

vwenty isolzbes of the two colony typ:s {8 smooth snd 412 woush)
wers cultured in tubes of Rojosa S. Lo Broth. Aftor 72 hours incubation
at 37°C, all che bubas wers turbid, those Irom the riugh colonies showing

flocenlation ond some deposit on the boltom of tho tube. ALl orgenisoms

“from these broth culiuras wers lowng, slender rods with a tenlency to JTorm

Rasutiss of $he %ests mode on $he selective and/or difforenbisd madia

; . noon ey PR A - oy e, A 51 % o - cam T
amployed Lo these expsidments s progented in Table 7 o0 ALY sedlis
excopt Mitds-Saliverive Agsar perforned gabis¥actorily with tho font

oranisms uged,



TADLL

2

Growth on agor stroke of colonial isolates from
the seloctive andfor dirfersntizl medic used on
fowr nedio
“Growth on “Growth on “Grovth on ' SGrowth on
Levine $.M.B. I=Enturococcus Jitds=3nlivarius | Rogosa S.L.
Agar Agar Agar Agar
Incubation time in hrs, 24 &8 Colour 2L K3 Colour 2L 53 Colow 24 LG5 72 Colour
of _ of of of
Streak | Stroak Streal 3treak
L o £
Colony Tyoe and Ihanber
Souree of
ey
Isolates
(Rogosa SL Aror)
R Rough, smiite 5 - - - - - - + 4+ -+ Thite
Smooth, wiults 2 - - - - = & uadde + b Uhite
<0
~ (Levime 3,1,D. Asor
g Small, deric with 8 44+ +++ Dork - - 5= B “ - -
sreenish metallic with 3+ 3+ Doovm
shoan metallic
shaon
H=tinkerococeus Angr)
Haroon, ciroular 3 - - }- ke oroon 4+ b Deown 5 - - e
Red, cireuln 3 - - bk ned e+ Slue - - -
Pinle, cirveulen 3 - - + 4+ Pink ++ b+ Blue N
|
(1{1{)3—«}"’5’93—.1."‘,4.. Aran)
Carculer » “hrowa
with white erisheiy &4 - e + R+ MoDoon b ek Doovmn f v e o=
Circular, blwe
with white perichwy L - - ! +++ Finke to b AR Droun ‘ - = -
Trad !
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Juureo

A TUE ST
AT A
TR g

S

HAUAGEIENE (1)

T MY {Il) w s
LA

LIRSt S 2.4 W

-t

£
CAPI I

Oalls.
G 3
17461

Os ke L
ins 27
0s 0805

5430 E

e (4] 7 59427 9490 6.3 ¥
Lox i 7 10,90 1256 <1 RIN
A x (Lant) 1% BDeis2 27 3473 =
A x (el 155 100605 0a7355 (2464 .
buplicatos we soaples 108 163 0,008
Lotal 575 258,19
1e3, ionificent of the

Sismificant ot
lovel (I40.05)

Si:mificent at
Tavel (PLL)
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Analysis of wvarisnce lor enterococel

P
Hy
1as
2
vt

3owres

vrswaE (19
%S (L) w i

FIRLEs () wial

LY
W
]
¥

6 a ;:ﬁ:— <. 1 -ﬂ-o 3 L]
67eike 33.57  46e7B
G, 7180

D

o
N
- -
9

W
[¥hY

&8 (a) 7 310458 438 26,26 ¢
Azl 7 1185 169 (1 YeBe
Az (Lu) 14 124,026 8.82  10.24

Az (Porlen) 136 11795 Qo867 149,00 %%
Duplicotes we samnles 183 Gk Qe 77

Yobal 575 65451

eS¢ Hot siznificant ab th
55 level {#X0405)

[+

S o 4 o & e s
SisndTicont ot the b

Iovel {140,053}

wE o Sdgnaficant ot the 1
level (40,M)
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¥l

BSouree ar 38 s

pamacsremr (1) 4 Coli2 Ooi:2 4

1705
LITMERs (L) w i 2 1170 5058 5055
FIGLETS () wiaf? 20 1751 0,8955

AGR (1) 7 106,31 15,27 44,23
AxM 7 T3 1356 1
Az (Lut) 1 16,55 1,18 2,45

2 loSa

Az (Pedws) 136 7535 0.5BL0 63460
Duplicotes we samples 103 1o0l 0,047
Total 375 239N

tieBe ot significant ot the

&5 lovel (F20.05)
Siznificant ot Sha 5.
lovel (P0,05)

Significant at the 1.
lovel (FLO.01)
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The analyscs were pariormed

derivod as oublinsd by

Komoshorne (1932),

and Lhe coansonents

The de-roes of frecdom wers

adjugted o 2llow Yor the wmissing itemes The negotive ostlimatos ol the
componerdss of variance have no wenl mesnine {except that Shey weve very

small) ord werve cmadltsd from

1.7,
Lil3

[

The non signilicence o
dnteraction Tor aach of the o
uh'"JL-.

I thors were difleor:

mambar of littors were testad to
o
(34) The roal offoct of ans: cmendt was

(7able Vi) iniieated thai llwse

The AAf{se

eith Ao (A z 091) were silgnificant 1
of sismificonce showm in Voablos E O -TE
*,

cenagoment gy be indlated

cmalysis Injects o seasonnd eff

Ape cxhibited o signilicent

i 0:& _I:] ﬂ‘: r‘ms

nees patuaen the

1es bebtusen Litbers e

hocouse the ¢

reloulation of perecentare contribubion,

main offect, Honogement, and its
studiad wos interometed aos meaning
w0 Jepapemantc an insuificlerr

shoy this effuot.

gmall, Refcrence to the spzeific

the meragement moong for eech organism studiod

2
£y
£
G
g
=
o
[
&
L3

Yt r e
EDRTIINS

menns wvore

* PR A o -~ TR T
Hanagenont and vhe intorac

v the fowr orpenisms bestod

Yha JifTorencos bDebuoen Ldtters w

o -
a0t 0.ls50e

gomDinin; o the Hwo exgerirzents Zow
influcnce on the {ouw orpanisrs stwiled,

memiustion of ostimoies of hy copmonents of varisnce suowed thod
for iho Yowe types of orgerisms sivdied Ape plua fue x Litders w innageiont
plus hze x riglets w Littors v o ansgenent conizdbuited brtween &y to 94 off

wabory ervor {(Duplicatso

Lauo:

15 b0 the oy fop

f

" ] A "
axporimental

3

each

L N eyl Ty T P, s .
5 7 Semnles ) contrlbuitzn ammrotinniely
the or;onisnns studied,



The nopotive valuos for the estinobes of the offeet of (igleis
w Litver v Mansponent indicated thol although weellly veriation betwesn
Ficlets w Litters w Menogement (A x (wisfl sismificent at the 15 level

for the Towr orgerdsms ) wes comsidercble, the sum of each type of organism

for sach sigled Jdvoring ths sxzerdmental sexiod wes nol signilicontly

The nepotive values Jor the estimotes of the componsnis Age

w Vanzcoment ond Uaragement indicatold thot, alithough Alp exhibitod

a

wAficont influcoeee Tor the fouwr orgenisms studled, the diffevonce buatw:en

o}

Ij'

51
Nenapemonts Jrom wesk o wmeli tend Lo cancel each othuy oub over Lie
arerinoainbol

that the components of variosnce were

onleuloted uming the wissing items ingarted. Oy this pwocess, the Duplicoies

w sannles voarionce and Lie fonagement verloncs

componznbs ore unchanged bat the other comgpononts may be sli_hily biassed.
The mamagemsnt ond litbter means cnd the standord erpors i
four or-anisms suvudicd ave prosented in ¥able VI, " general standerd

littors of a posulotion cnd provided o meecsure of the

el

y into coceount uvhen compordns these Littors. The

assecifdc standard oryvors aspliad to the -dglets used ard provided s meagure
of tho accuraer of these siperimenis.

The pensyol standard error oif th: Idtier ond Tancioment means

for ooch organism wore coleulsied Twom the {ollowing Tormulieo,



The corpespondin syecilic stondard orrors were coalculated fom

the Pollowing formula,

—
TATHE VI

Moans and Sheir Stardord Trrors for these erxporimontse
Uonagement or I HEEA Bre 12 LT Lz Goecific Generel
Lither Veanad toaned stendaxrd Stoniaxd
2% av erYoT & eryer 2
viegks o vreeks

e T O
Crpariss

Total Anserobes Be22 8,38 8e07 816 7,97 S35 40,07 _-to_.'lS

Zacherdchis cold 8,02 Co15 7,08 7,39 7,77 Ce.21 20,08 1019
5

fatercoosci 6e9l 7053

o

05 6. 9 5057 6.?1 -.E‘}’Gé ‘?‘003}2

Lactoboeilli 7423 7439 Te08 7433 TWE3 Te1G #0607 4061

5

Stondord errors Jor FL oand SUT were caleulated using the edjuste

degraes of Treedom.

tenarement or Litter moans Jor coch off She four or_ondsms svuldisd, Also
e }

the puecliie standord errows Yor ithe pislets used were smaell and vere

interpreted os menning that if thesc exzerinents were ropested a numbor

oF

oi Limzs, in 665 of them the means would be detormined within 1. of their
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LOG COUNT/g. FAECES (Mean of 12 observations )
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The log count of each organism (mean of 12 ocbservetions) plobted
agaimat age for each litier are wesonted greshically in Migures 6 ~ 9,
Cn eraminabtion of Apperndies T - IV 1t is epnparent that there wes

A=

considersnio vardiction in thoe sounts from the pislets of the same litter ab

any cne weell for amy one of the organisms siundied, Do give an Indivetlion
of this variation it was decided to inclule siandexrd wrpors in the  »ashs,

Those standard errors are repraosented by verticel lines, fThe sltandard crvor

of individusl fge x Ldtters w Vanarerment means for each organism were caloul-

("

¥,

ehed from the following Jormoln

Bally = 72

o

The total encerobes (Migure 0) and Bschorichiz coli (Figwee 7) have

similer praphs for th: respective litiers ewcept that botal mnaerobos
have slightly highor values, The indtial lovels of stotal cneerobes and

Sacherichis coll are siniler Tr oll lidters, Doth or enlsms Tor the 4wo

B litbers lluctusted from week to week bhut ghowed an overall dowmrerd
toend from weelk 1 to G, In litvter L7 voth omcarismg showved a dediniite
fall ivoa 1 Yo 6 wesks of age folleved by o stoady rise For tie roxt Hwo
weelsn,  Counts of both crpanisms in litter 112 remeined steady lfor the
firat 5 weeks rollowed by a shavp 221l abt week 6, an equally sherp rigse ok
waek 7 felling away again at week S,

nierococel counts {Rigure &) for Litter I followed 2 steady Pall
thirouhout the exierdmontyl sried, Counds Zor 1itter I followed &
sharper dovnward $rond Lo weck 6 and remained stealdy s week &, Tn the
same figure, counts for libters Wi2 anl L72 vwere gimiler ot woek I, Deing
considerebly lover then these of the other two litters, The count Jop
U2 showed a very sharp indtial rise Lfollowd by a steep Tall to weelk 4

whove She count remeined stobionary unbil week 6 and then rose o week Y



- 8 -

The graph for litber L2 illustrates a slight initial rise in enterccocel
tc a lavel that remained stavionary until week 5 and which fluctuated
somaewhat Tor the latisr 5 weeks of the sxperiment,

ixcept Jor a higher count for litter 12, the lactobacilli counts
(Figuwe 9) 2% ome mek of age were similer for all litters., Counts for a1l
1ittors then fell to about 3 = 5 weeks of age, xose ani finally dropped

grodunlly afier 6 weeks of age for the BY lltters ond after 7 weelks of age

{b) Clostridium welchil

The Ailficuliics encountod in enunerating Clostridium welechil

=y

in Zxperiment T are reported eariier in this chapter, The deta for ihis
orponimn are incomplete Yor Experiment I andl are not presented.

The log number (Juplicabte averases ) per g. of foeces of.Clogtridium
wzlehii Tor the piglets in Sxperiment IT are presembed 1n fppendix Vi,
An examinotion of Appendix VI shomps that only an occasional piglet had

)

counts of Jlostridium welchii above 105 poer e oF faeces alier three

Hada o

woeks of age, The mean of coumts of this organism for pislets in litbers

Loy

12 and L2 up to threse weeks ol aze sro presenied in Teble ZIVII,

TADLE XVIT

Log count of Slostridium welchii for the piglets in BExperimermt IT

(moans of 12 observadions)

Age (leeks) 4 2 3
Litter

e Bel5 Tab3 6,25
w2 8e25 6,97 De33




LOG COUNT/9. FAECES
(Mean of 12 observations)
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TABLT

Analysis of varianse for the log cound por g. of eeccs

{(huddcatus) of omberosocel on two medin

Souree

-

fopr lithker

:-_‘.1'}".:{2 ®

AGE (A)
ZEDTA

2‘(\9’.‘
UG

176

156472
0.53
4,50
Db

19634
0629
D70
Ua58

A
Er.:.]

Tatal,

191

23-3-"!-11 71&

AR Y
it T g

Anolorals of vardance for the log count BT S of

(Duplicates)

Source

o3

ante

sogoocl on two medin

A (A)
sapra (60
Ax W

nrpon

035 0403
Yol Cog2

5925k 0.40

g 1191

e
L
<

ey
[

rad
oy

ces
LiiZs

Sotel

157680

3, tel sig

Gl .Levcl {120,057
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Tevel (i 40., 1)

=
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§

o
—‘I
|

Table"Ighows Thet the mumbers of Cloatrid 1:::1 melohil were

similer Tor the viglets of both libtiers and that they shoved o siead

P

decrense with inorecging agge

(c) omparison of Lo media for the enumsraiion of ‘nterosocel in frerimentIl

TI vers - 4503 dverivs fzar

sne medin are

5]
O
-l
o
i3
&
¥
{
[
ol
L)

13
1)
7]
0

ek

enmmerated on =inberccoccus fgor Tor all piglets in Hxperimont I arve

sresented in fppendisc V.o These dets ace prosented Seophieslly in Fiuare 10.
“he analyses of verisnce i lidlers 542 pnd 472 sre nresoented in

Toble regpecyively. Similor conelusions were drawm from the

rosults of both onalyses of verdance, The differences du2 to e vere

1,

sisnificont in both anelyses which was consistent with the Z1.3ings [resented

earlier in the Chaopter. The non ol mificonce of the 4iffeorsnces Detw.en the
two medla and the intercotion wwikh tfre indicated thoti-

(1) “here was little ovorall divference in counts on the +ue media,

LI Al S - I~ Yy wwnry oo e cen A - - 2 . p N
(ii) D Zferences from wmock 50 wenk were small, fompaxisca of Pipuwes ©
end 19 i3lustrates these ohservobtlons oraghilcallyv.

502 Faecal Crranisms of Lhe Sors

e averases) ol all the

owganisms sowiisd Tor the Totr sows ar: mawseanted dn Algendiy VI,
The means of the lop couni of ecch orpanism for Lhsz Jour 50TUS

2urdine their nuvsing perdod ere prosembed in Teble i o



Analysis of variarce

TIABLE

———1

Tor pH date

oL - -
Socuree ar 35 iy ®

MATIALT T 7 {3770 5 ny v
MATIALEI LT {1;;} 1 W fo e ?2 Y !l‘{. ;;\f,- 3 "

LITTRRS (L) w i

rreLEd (1) wihang

Sl
[ - T
dy

H,
=

]
It
&
L
Aty

S

o

De20

29 Za 7l

-~ O
5 4o 30
“ w A
[ S
12 a0

v
-
(v
e
=y
]
—
bl

Ug‘: 2.:. 1 Q{}{}

?‘-.Erg 3 &

Uell

s = . Ly e
83,75 {ger LA
- e - .
oIyt 4‘5 e e
[
Uo92 Ha o e

Q.10

—
1] :;‘\
et
;]
E—l

Dot gicnllican: at Uhe
e levsl (i'}‘f.:g‘:)ﬁ)

A3 SO L Z R N
shomreany at o wne i

Ievel (£40,01)



(o
b

TABLE 7
A AT —

The means of tho log count of each orgenism studisd for the
four 0.8 in fthese ~wmoriments

B g2 T L2

g - L4 - 3
Total ancorobes 7606 5e11" 5o 7482
Lagbobacilld 7ol 6015 Se77 Gl
5003 0 523 ey !

Znterococel (154
{ - 54 00% Y,
% DS - Sk

Intesosocel

Osgierdcivia goll Sebl 5 el a8 7 31
Clost=idium welcnii = 0 - 5098
a

3

Mitis - Salivarius Agar

b
Hminterococous Agay

Hoons of counds vocorded or fhose atove 107,

0

-~

ilean of 5 valusg belause the piglets of this iitier were veansd on

the dey prior to the enlleciion day on the sizrdh weel.
AT

e shova Table showr Zhot the aow of Idtter 372 haod the lousss counts of

vt

the orvsonisms otudisd, A3 the sous showed scme variztion is counis, Che
sows with O z'or some or enisms may hove herboured these organiesms in their

they were less than 107 per e

Ae

lageos bul

o 2

het phi levels of the faocel samplas fyom th: piclets,

The analysis of variance of the pH doba (sin.lc observaiions -

Appendiz VITII) is presented in Tablelil The missing items were inserted



LOG COUNT LACTOBACILLI/9. FAECES(Mean of 12 observations )

Fig.12 pH and LACTOBACILLI
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ond the fests Tor sicolilcoent offects weore performed with o method sinmiler
to +heot used in the aaslyacs for Tacgal orgonisms, Tesause an insuliicient
smount of sample was oollseted {vom eash piglet st ome weel of ozz At was
Impossible to cavyy cut o delorsinatlons on thase Gayse

the feccal somples {(meen of 6 observaticns) plott:d
arpinst age Jor each litler are wresented grevhically in Ploare 11, T::-‘z-or;'z
Flpure IT there a:peavcd 40 ba N0 obvious eifects ue to lanzjement, Litters
v Hanogemants or A e, Also it was ap acent thet 1itiors oi
menacenent verlel considerably Iromweel Lo weels Thosoe cobservelions were
subsoquontly confirmed as o rosult 0P the statistical anclysis (TableTlle

he2 Relonticnshis boluecen levels of uil ol counts o orrenisns.

Peure 12 wepresents levels of (M (mean of 6 observaticas)
plotted ayainst log ¢ unt of lectobaciili (mean of 12 observetions) Lor ail
litters. oxcent for one noink (pHB.2 and lectobaeldlli 6,03) theve was no
clear velobicnshis betwesn level of i snd numbors of imotopacilli, Graphs
for the other cryanisms followed o sinilor potiern and ave 1ot Liresenbed hore
Regropsions vwere considered and rejected besauwse of tho obvioun look of
relotionship in the Jatag,

‘}

2o  Hnumoretion of undircested staveh rgeanules, clones of dodonhilie

onfl Palantilium coll by microscanye

L)

The lower 1imit of the method employed in those experdmenis 4o
enumarate wuiigostod stereh pranules, clones of lodephilic bocterda ond

small proLoses wes 197 orgonisms or sterch granules e e

o fagces. The
. e . : . 2 .
lover Limit {ox il anumeration of Deolantidium coli wes 107 orcanisss por

s -

e OF Toeces,



Various specizz ol snall pretomoe vwore cerncouniered and these

ineluded Timerde doblisghid, Grdamocth Loond fodzmcebe bubgehlid,
Thece orgenisms 433 not ccewr consigtently or in sufliclismd mumber 4o
verrent couning,
51 Undirested shaxch joanwlnr

Starch srerclos were obsorved dn the Touces of 2ll piglats Trow
Five to odrht weals ¢ ~ge. Theldr coesenss 2t Tive wmely of ase sorvespond-
ed uo the chenrgro in the oreep diet and in the a.peunance of the fasces

wndisested nbareh grenvles

B LIS P,
The logz muamber por 3, of facues 2

(sin-le observations)} Tor ol niglebts cre presembed inm Azjeniiz 0 The
statistical enplysis of fhin doa Tha mlssing

K P . A, T LS e X s LT I I . R
itens vore Ingserted snd the fegts Jor oimmifizent olfinbs were rerlormad

with 2 me hed similexr to theb uned in the anslyses fop

EATLE UL

G'_f ""“?‘ ITS.__ _____;E"., e me R
1 D 0 0 5
2 572 106 857

2 hadh 00217

3 3
3 2635 G375 2679 HeBa

& et 0.28 e kS

6 T3 Cai259

91 22400

e ob sizmificent ot ihe 5 lovel {B20.00)
& Simificant et the 10, level (IP¢0,10)
Sismificant b tae 1% level (P01}

o - e - we e
galid Ou 5'..’ 1o Ligla
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The sipnificance i the 14 level of the differences between Liticys
w fenpgement indic-lad that the cumuvlative amount of starch for the four weeks
vordaed from 1libier to 1litiurs ilowever fanagement had ne sigrificent offect
on the amcunt of undisested stareh ir dhese experiments. The interaciion

.

cters w Uonagement was significent ot the 10 level whioh indicate
thnt the Ailferences in undirestod storen betesen Litiers w Honagement vorded
iron week to week. There were no si nificaunt Age aifferences in the levels

of undigested aboreh during thoege four woelks.

o2 Clonzs of dlodesnilic bactorio

Por the purpose of these experiments lodophilic bacleria were
defined o8 those micro-orsanisms which gave o blue colour xeaction with
Todire (finel conecarntratior G50

Tocephilic bacteris were Tound to aypear in ths faeces of nost
pizleds at 5 4o 6 wesks of aree Thoy ocourynd ng clionss either Treely or in
asseoeintion with sterch grenules or other plant material,.

Fhotographs illustreting the various Yorms of lodophilic bacloria
encountored and tholr associatlion with plant owetuorial cre presented in
Tdwews 13 - 18, ALL vhobographs were made Trom fodire stained, wet
zpeparations of plclet facces as used for emumeretion (2, Chapter ITI),

The size of the clones vordied from small cheins (Finure 15 and 17) ho large

groups, elither frase (Figure 16) or on the ~iwface of shtarch gromvles or

=)

other plans cells {Jdigures 15—13, an: 18).

The log numbsr of clones of lodophilic bacteria per ge of fosces
Tor all pizlets ore wresented in Appendixz X.  These deifa were not statistlie-
a.ly anniysed because nome of tho plolets recordsd valuszs lower then '103
clonas por e Of loeces. Also, becouse of the lovpe vevdation in the

aize of the clones these counds providel no real meassure of the mumbsz of
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of orpenisnms proselts The numbor of uiglets por lither with fodophilic
I Ll L iz

-

pacterda sresent in thelir seves and the range o ¢ unts are presented in
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weble oTTT chows bhat only at soven woeks of ege 1id oll tho piglets
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The mmber of pislate per litter with Iolantldium cold in
thelr Tagces and the renge of counds over the expzrimental

period
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'lhc log number per ge. of fasces of Balantidium coli for
vhe Tour gows ond the meens during the nursing pe ri0de
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5,3 Palentidium coll

Balontidivm ecoll were Townd %o aspear in tho iaseces ol some of

tha nirlets of each lither ob aboub h - 6 weeks of ooe.  ALL Bo idium

Ao
£
Pt

wold observed in these exverimonis occourred 23 cysis,.

“hotezraphs Iustraling a ovwsh and various forms - of teophosoitss
are oresented in Figwres 19 - 22, The vhotosranh of the erat wop mode ifrvom

an Lodine stelinnd, wes : Poceen 29 wos vsed for

emmaeration {2,Chapber IT3),  As the starch sramiies within the cysts wore

£}

deendy steinad pith dodine thoy wers decolomdsad xith acdium thiosulphate

in ordnr fo show thoe morrholosinal dakaila of the gvahs,

The phohegraphs of the thrse trovhosolies were wnde from wed

pheparations of formalin fixed moverisl izom tho ereeinm of a nine wosk old
piolet from the

The log wumbor 2ov g 0F Tasees of Holantidium cq&:j; for all
ol d2ts eve presentel in Asperndix T, lxaminsdion of Acpendiz XTI reveals
shat three of the pislets wore eidher not infucted or hed counts lower Lhan

107 ner ge of foecss duoring $he eyparimontol rewied,

coli dild not occwr cunsistently In the facces of some

“he maher of picleis ner 1litler with Ielant’dium coli in their

T IR P

]

fapcns ond the Donge of o wite durlin: thy experisentnl peorlod cre nresenied

in Table TTF The log muber for g of fasces of Zelantidiom soli foo the
Tour goms ave sesented ir Yabkls TU Teble ¥V shows .ﬂ"": L 'crc 18
considerable 1itter and pislet verisidor in the oor et which Zalantidium
godd  ccouresd din The fuoces of the pirlets., Ondy at ;,-‘i;_-jh’a wacks of age

Sid all the pigiets of o Litter (W72) hove Bolentidivm cold in thair Zucass,
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Phy ranye of counbs were similor for ocach litter,  Fable -~ ghows that with
the exception of the sow of 1itter LI ot wmek 2, all sows lad counts of

Py

Bedantidimm codd above 102 M 1 0f fasces Jwrdn: the aursing period, As

con ba geen from the means, the countn Tor all sous were similar,
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cf pislet

Firuze 15

Picyms “’:

Ficqore 15

- -

%5

deqmaam 17 e 402
Firmen 15 = 10

A1l photograghs were made from lodine stained, wet .reverations
fopces,

gearule surrounded by iodophilic bamcteriz; eorly
bromidonna

z grenule coverad with lodoshilic bacterizs {rods),

e

showing dissolubion of the bluc reecting componont {(amylose)
vith temporary sorsistence of the nonereacting (emylopectin
residue,
Centre top: Chain of smell lodorhilic bacteris,

Left centre: Isolated rods of lorze iodophilic Dhocteria,

Canire bottoms Starch prenule surrounded by iodo hilic

bastering
Fors ol a lorge clons of ilodohilie bacteria,

A cheln of lorge Zodoshilic ooteris on the swflfaece of o

cell coversd with lapje iodophillic bacteris,

A plont







Pigure 16 =x 287



Figave 18 =x 2875



Fiure 19

A eyst of Iolentidium coli

showing the presence of gmall
starch gramilens As Jound in
the Tesers of an sperinontal

D3 gle‘b ™
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Simwes 20 ~ 22

These photographs were made Trom wel preparasions of Jorpalin

fized matsriel Jrom the cascun of e nine vweek old piglet.

Pieure 20 An ovelid vrophoselite of Baleantidium cold
Tme 24 An elongote trophosolite of ialantidiua coli (suis).
Pioure 22 A lorpe ovold vz phozoite of Dalsntidinm eold




Figure 21

x 1000



x 1000

Figuve 22



DISCUSSION

1e The Use of Wwo iedis Loz the Anumeration cf Bnteroccocel

T
R it

[

nz the expariments described hore, sight ddrfcrent colony
typas could be distinguished on plates of Hitis-Salivorius Ager (Teble VII),
Crganisms fvom only twe of these colony tyves, nemely the blue and brovn
circulay c¢oloniss with g white poriphery, vere fowid 4o be gram posibive
diplococci, The wvesulls of the physiolozical tolerance tests {Tebls VIII)
and the cobility of these organisms teo produce pilik to dark marvon straaks
on i-interococcus Ager indicated that they were entorccocci (Breed et ol
1957, Slenetz and Bertley 1957). The number of colonies of these twe types
only, were recorded as enterococci.

s

Colony tywes, produced hy variocus species of streptococci ifronm

FEE]

human Taecal spseimens, which grew on the surface of iitis-~Salivarius Ager,
were deseribed by Chapman (’r 941, 1946 and ‘3935.?) and are presented belojgz-

(i) Strepbococcus salivarius produces blue smooth or rowdh 'gum drop!

-

colomies from 1 to 5 mem, in diameter which cen easily be recognised by
reflected ligut.

(ii) Streptococcus mitils rroduces small blue colondes 0,5mm or less in

diepeter wiich ere slishtly ralsed.
(ii1) Enterccocci produce derk blue (brown, Chopman 1944) or bleck shiny,

slichtly reised colonies, 1 to 2 mm, in diameter, which heve a chavacheristic

appearance and are easily difforentisted {rom (i) ond (i) above, particul-

arly when viewed by veflected light.




(iv) Coliforms msy grow ocecasionally, but they produce brown or gray
colonies and ravely spread.

Comparison of the colony types found on Mitls-3alivarius Agar
rouorted hore with those reported by Chapman (1944, 1945 and 1947) revesl
sone dliTerences and only one similerity. These are as follougsw
(1) Colomy types chserved hore that could be classified cs streptococed
or enterococei by the above descrisbions, o.i e blue circuwlar and small

Plack pulvingte colonics, vers not menbsrs of the Genug Streptococcus

(wables VIT and VIII).

(ii) Organisms which were found o be eniterococci came from colonies which
vere difforvent fvom the typleal enterccocei coleonios described by

Chapman loc, cit,

(313} In the resulis reported herein, the description of the appearance of

coloniecs produced by scherichia coli was in agreement with that reported

by Chopmen loc eit,

Because of the apparent discrepancy betwoen the colony types Tound
on Atis=Salivarius Agor reported here and thse colony typoss describzd by
Chapmen loc ¢it., & second medium, M-intcerococcus Agar, wes employed for
the emumerabion of entsirocoeei during the lost 3 weeks of Brperiment T and
throughout Experdirent IX, The descrizbion of the colony Hypes found on
plotes of lBndsrococcus Apgar and the resulis of the ph;siolosical tolerance
teats porformed on organisms from these colony types {atles VIII and IX) are
in accordance with observebtions mede by Slanstz and Dortley {1957). The

last authors developed this medium and Tound it %o be 100 selective for

faeeal streptosocei {enterocozei).




Results of the statisbical analysis (Tables XVIIL and XIX) show
that there was close asrzement between counts of typical enberococcel colonies
oh Me=Enberococcus Ager an: counts of bluc and brown circuler colondies with
a white pariphery on MNitis-Salivarius Agar during Bxperiment IT,  This
result ani the resudis of the cultural and stalning tests show that ducing
the oxperdments reported here, the cireular blue and brown colonics with a
white periphery were produced by enteorceocci,

The discrepancy between the deserivbtions of the colonies produced
by enterococel on Mitis=Salivaerius Ager reported here with t.uose reported
by Chapman (1944, 1946 end 1947) is difficuld to interpret, It iz unlikely
that the difference hotween sources of inocculum was responsible, i.e. faccal
specimens from pislets or humans, A possible reason would that some of
the comgononts of $his medium, as procared here, came from sources different
from those of Chapman loce. cit., thus providing a veriation 1r; growth
promoting end rrowth suppresailng factors. Also the interection of these
componants apd thelir final reaction with the organism produced colonies of
a diffevent ocolowr to thoze observed by Chapmen loc, cif,

The results reported hore throw som: deubt on the selective abdlity
of itis-B3alivarius Aper Tor enbtiroecogei, For, while it was possible to
distinguish and enumerate the entserococci colonies, the presence of other
colonies on this medium did not malke the %ask an casy oms. Wilbur (1959)
reporged that throughowt his expoeriments the medium .rovided numsrous types

Py

of isclates, However, this author 2id not describe the colony types which

weres cnocounterced.
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On the other hond, I=Bhterococeuns Ager 83 used here, wes iownd to
bz almost completely sclective for enterococel znd produced colonies of tidls
organism which were similar in cppeerance Lo those doscribed by Slensiz and
Bartley (1957} J—-interococeus Agsr is simpler to preparce then Uitis—
Salivardus Agore The counis of cnberccocel from corresponding plabes
of Hitis=3aliverius Aoy and Bnterscocens Ager were similar,  This
gshowed thas thedir growth promoting properties for this organism were
aqual. tloviever, H=interococeus fgar was found $o0 e supericr to Hitize

Salivarivs Agar as a medium for the enumeration of anieiocncel from porcine

faecal samplon,
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= Faetors wiich influenced the Paecal Populations of Total Ancercbes,

Leetobacilili, Enterocccel and Bscherichizs coli,

The similerity between the weekly counbs Trom plates of Blood

Agar {total onacrobes) and Levine #.1L.B. Agar {Escherichia c¢oli) for any

one piglet wos due to The Tact that the majority of colonics counted on

thoe former vore also Bucherichla coli, a facultabive anserobe, The

othor organisms which crew on Blood Agcr {see page 74 ) accounmted for the

lightly hishor counts on this medium,

(2) ioneapgoment mnd Tntarection

Differences in the time of weaning (Henagement) were found o hove
Tittle effact on the total fascal po ulations of toital anaerobas, lac obacills

enterococel and Sscherichis coll For the [irst 8 weeks of tht piglet's life

Beamingbion of Fipures 6 = 9 reveals that counis of the four organisms
the EY 1itters woere lower the weeik after weaning than ot weaning time.
-2 AN ] P = H ey R 3 ] £
ixcept Jor enterccocel, the Jecresase was not found o be sicniiicant and the
counts were Tollowing a twend thet was apparent prior bto waaning, Coanversely
The counts of the four organisms in the LY litdters were higher the week
after veaning thon ot weaning tize. A significent increase was found for

counts of total anaerobes ond acherjehlis coll but only in litter LT was

this increase maintained at the following week, The indrease in enterococci

cowtt was significant for litier Ii/2 but not for Ifl., Lactobacilli counts

vere not siznilicantly higher and followed a simiier pre-weaning patitern.,
rrom the results reported here it can be scen that weaning may cause a

significant change in the counts of scne organisms at the week afber weaning

and the tyge of change may be influencsd by the time of weaning, Thase

PRI e
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chenzes are not maintained in both litters within e Hanagement for the
following weelks and therelore tend 10 cancel each other out, It is also
posaible that litier and age offects and the interactions were prect
snouan to mask any mena ement eifect.

Compavrison of the results roported here with those of other
workers (ilbur, 1959 and Smith and Crabb 1961), Jor the offect of bime

of meaning on the faccel flora is complicated by the faet that, in 211

coses dilfferent nehagement proceduyes eni pre-~ and pogbt-weawnding dlets vare

Tiltbur Opl.oib. page 4b, observed simller pre-~ and posit=wenning ive-
zel counks of lagciobacilli, colifcrms &nd strepiocoeccl, for piglats
veaned at 2 veells of age and ©od a dlet hish in laetose. The suggestion
by thds cuthor that the similar counis reflected the similarity bstween the

piglets weaned ot

£}

pre=- and nogt-weaning dlets magy alse au.ly hore for the

[

ks ol age. The chonge in diet at veaning time in the experiments

=
{DJ
5

.

reported horedn was Trom sow's milk to skim milk, the creep diet being
identical for all piglets at both weaning timese.

(b} Litkers w Honasement and Inberackicn

Yxanination of Table XV showa that Litters w ionnsement »lus fge

x (Litters w Henagement) combributsd botween 15 and 4250 to tho total
veriation desending on the organisms studied.
The significont difference between Liitters w lanagement for counds
of the Tour orgenisms may be reloted to a scascnal influence in that
fuperdments I wnd II were porformed in different months of the year (Table II).

) oy

Table XVI shows thai ths mean csunts of the f'our oprgonisms were higher {or

Litter /I then EV2 and, apart from lactobacilli, lover Do litter LWL than




B2, It is temobing bo sugmest thet a Litter x Season intersction wes
responsible for these ingonsistencies. iovever this inbteraction was not

mrasupred and in view of the small differsnces in the mean counts of any

onz organism belween Idtters w Menagement, the elffect was probably not a

Another factor which mzy have conbributed to this source of
voriabion wos thot different sow diets were nsed hotwaen the oo sxperiments
(foblos ITT - V) snd uiglets hod access to their sow's feede In view of
the findin:s of other worksrs (Review of Literaturc) it is ouite conceivable
hat dietary differenees of Uhls nature could have caused some of the
obaerved diilference in the flors between litters,

The faecal povulotions of the I'ouw orpganisms were similor for

-

the four sows during the tlme they were nursing their litterg.  Thus,
apart from providing cne of the inicial soureges of inoculum, access to the
sow's Yaeces nrobably contributed cnly a small amowmnt 1o the observed var-
latvion,

Yhroughoult those exgeriments no udder infections yern observed in
eny of the Tor 30WS, It was assumed, therefore, that the sows milkwas
sterils, Durin the nux-s:m{; poriod sows were allowed out to ;roze for one
hour each daye. It is possible thet esach sow could hove brought back to its
round house different concentrations aznd species of bacteria and transmitbed
them te their siglets, This could hove influenced Tthe oversll difference

in counis of the four orsanisms between Litters w ionagenent, One mode

of Lransmission wrould be the sow's teats.
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The differonce in counts of each of the fowr oxganisms between
Iitters w lunapement vere Tound Lo chenge significantiy from week 1o week
(4 x I w 4 interaction)s Ghese chan es are illustrated in Figures 6 ~ 9,

I is probable that the couse of these significant changes is

related Lo the foclors which ceused the overall Litter w ihnorenent

I

Jifferences. Ior oxample:  After weaoning the piglets do nob have zeccess
to thelr dam and hex feed, Consequently the difference in the environment
bevween Lithbers w lsuagement is reduccds It foilows thot the differsnce
in counts of some oxganisms bebween Litters w Management afber vweening may
be significantly smaller than before weaning., This was found to be the
cage i'or lactobnellll counts in both B and Y litters,

The significant 1itter influsnce on counts of the four organisms
obgerved In these experiments is in agrsement with Wilbur Cr.03te zp 49, 50

and @e Furtiermore Tilbur loc clt. page 79. elso found in one experiment

by

ignificont Arse x Litter interactions for counts of lactobacilli, coliforms
and streptococcl,. (Comparison of these vesults is complicated Ty ihe
ditference in sxporimental desipn between the work reported here and that
of illnm loc cit. poge 13.

from the results reported here it would appear that Hie sow a
the monagenent of the gow during the mxsing noried have a considerable
influsnee on the foecal cownts of the fouwr ovgenisms present in her litter.

azouvete esiimate of the influence of the sow covdd only be obtoined by

carrying oul Dwrther expariments in vhich other experimental variables ave
" Y b

elininnted or controlled,



(¢c) Piglets w Lither w Honascement =nd Intoraction

Phe similacdty in the ovorall ccounts of each orgawnisn between
Pislets w Litters w danagement {(Table XV) may be due 0 a number of
Tactors, These includei=
(i) 7The similar genetic mokeup end enviroment of littermates.

{ii) Access to the fasces of lititermates.
(1ii) The use of common feeders end drinking troughs by membors of a
litter,

The {Mrst fector would play & part in the development of similar
physiologleal characterdstics baotween littermatess  Some of these chavocter
istiecs would have a similar effect on thoe mumber and type of fazecal organisms
nreaent,

The lost two factors grovided  similor sowrces of incculum wihich
could have maintained an overall similavrity in counds of cach organism
between 1littermaies., That this iz the case, is supported hy the findings
of Yilbur (91959) (sce page 3.

The estimated contribution of the interaction Aze » (Piglets w
Litter o Taﬂagement) to the e¢bserved variation of fascel counts of the
four orgenisms v within the rengze 18 - 495 {Teble XV)e The interoretation
of %l interacticon dis thet the dilferences in the esunbs of cach of tho
four organisms between iiglezts w Litbtor o lorpagement chonged significantly
Lrom weell Lo weels, This signilicont chanse is probably velated tc a
corresponding change in the difference from weel to weex in the inzestinal
cnviroment wiween littermates.

The intestinal environmment of axy one »is ab any one time is

H -

dependant on & number of factors, the cstimation of {the oifect of vhich is
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beyond ths scope of those studies. Jome of these feciors are:
(1) he sslective appeiite of o piglet
{i1) The heolth of the piglet

1

3 -, . PO -,
develeopment of The in

.y

It is obvious that fhe Jiffurences botween litiermabes for each

Iy

ef these fophcrs can chonge Jrom week to vieell, Hovever, from the resulls

- - - = g a Fo £ 2 . EE IR
b appears the effect of Those factors on counts of the

—

four orgenisme tend 40 halomce oud over a paricd of time,

(2) Are

The analyses of the pooled deta (fables 4T « XIV) shoved that
shere vers significant differences between weeks in counts of ecach of the
Jeur orpanisms, From Tigures 6 - 2 it is evident that these sisnmiilcaunt
aifferences oceurred within sach litter. The cbserved diffirencss b:tween
veekly counis cannot be endributed solely to changes in age bacause the
prasence of, and tha changes in the ervep diet, introduced a dietary effret,
The creep iiet was the samz for all litters at any one time,

There was no consistent pattern duwring the experdmental jeriod Iop

coumts of total ancerobes, Ischerichia coli and enterceocci in all Jour

litters as can be szen in Pigures 6 - 8¢ This could be due o the Pactors

41

alrepdy dlscussed e.ge differences in time of weaning, sowg cnd sow

manziements.  These three factors and the type of creep diets used, may also

o

account oy the differences b:iween the resulids presented here and those

of othor workers (Jeview of Litorature) for pirlets of the same age. I

avpaars that only the numbsr of laevobazeilll rwresent may have been aff:cted

o

by thsse factors as this organism folloved a sinilar potborn in all litbers,

(Ficure 9)e



1

Counts of Egscheriehia coli and total anserobss in bobth the

2 1ithers were found %0 decrcase with incveasing age. This dis in
agreement with the observetions mode by Vilbur (1959) for counts of
coliforms in pislets weaned at 2 weeks of age. For the first 6 weeks,
cowrts of the fwo organisms followed a similuer peattern in litter LI
bubt not in litier V2.

In littexs T and LJI counts of enderococei showed a ainilor
decreaso ikl increasing age. The pattern for this organism in the other
two litders was ons of fluctuation,

‘olloved 2 cyelic pattorsn,

ety

In the fowr litters lactobacilli counts

-

being hizh dnitially followed by o fall, a rise, snd finelly s sliight 211,
The veasons for ihis pabtbern are not cleer for they de not correspond with
weanming times opr changes in the croep diet. .

Tt ds apparent that c.ounts of some organisms decrsased with
inereasing age and consecunent changes in diet in some 1itiers., The other
factors present couwld have masked this decreasse in a1l Lilters Tor all
orsonisme, From the sxperimenis reported hers therve is no conclusive prroof
thet zpe or the changes in the creep dlet influsnced the count of 21l

organisns.,

(o) Lehorsiory Mrmror

The problems of ecomparing results of ons proup of workers with

ca
w5
L&
o
B

e
a

thoss of ancthsr group heve already beea discussed {see sage

"

Another problem iz that in a number of cages different emmsrabion
technioues were used.
Apert from the experiments of Smith and Grabb {(31961) and those

[

reporsed heve most of the other groups of workers who have emmeratzd the
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fozcel ond intestinal lora of pigs have us-d the P, ond/or Agar
Pour rlote dechnicusse Ao discussed in Fart I these two methods can
have & large sawpling error (H.F.H.) and/or an overcrowding error {(Agar
Powr Flate), The use of these motbods could significantly influence the
sounha obhained,

frovided that there was no biss in the data yresented here because
of a consisbtent Tault/s in technique it appears that the Drop Technique is
at least as accurate if not more 30 than the methoeds mentionsd aboves
Comparison of the expected siapdard error for 1 sample and 2 drops {or
coliforms (Fart It + 0,095) with the specific standerd orrors (Table XVI)
for the coummbs of the ovpamisms studied in fxperiments I and IT shows that

the latter were sliphtly lower. Furthor evidence of the acouracy of the

rF
Drop Tecimigue is found in Teble XV, The contiibution of leboratory
erwor to the observed viriation wes a.yroximately 1% Tor the Towr orponisms

countad,



e Clostridiom welchil

Tt was found in Sxperiment II that fascal counits of Clostiidium
welehid in botn litbers decreased with incressing age. After 3 weeks of
age, =zzeent for three oceasions, counts of this orgenism were less than

£

109 7o & foscss (the lover limit of the technigue uvsed), Similor resulis
were obbained by Smith anmd Crabb {981}, They Tound that these orpganisms
vere present in the fapces aféer 3 veeks of a2ge at levels within the cange
0 -<’505 per g, Of fomces,

Puller and Briges (1962) have found a subsiance in the small

intesgtine of pigs which 18 bacterieidal for Clostridium welchid They

sugzested that thnls substance moy be respormible For the deelive in

Cwri ]

nmmbars of {leostridium welchil idn the intesiine of plss on meaning,

The precise mebure of this bootericidal substence has yat to be established,
Also, the zge of which this substence was fvund o occewr in pigs wes not

iz

mentioned by Fullsr and Drigss loc, cite
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Lia Undigested Starch, Todophilic Bacteria and Islantidium coli

(a) Undirestod Stavch

In the experimonis reported here it was found thet undigested
starch was present in the facces of all niglets from 5 to 8 weelis of sge.
This undigestod starch occurred as gromules, or perticles of grein which

weelts of age sterch fpanules were

T

contained many gromiies. Frior to
found only ccezsionally in the feeces of 2ll pizlets.
Trom Yable I it can bz seen thal semoling was the sole source

taxch fed to the plglets from 10 to 31 days of age, The zemoling,

Fal
ox T

[ #]

23 piven in the ereep Jddet, is prepared from whest. The commercial

mzthod of oprogeration conaists of roller xrinding the wheat to a Tingness

5 srades coarser than comercial flouw, Frior o -rinding, :'10 soain is
moilstened and leit for 2 - 5 dayse 1t is considered that moistening

enables the amylese present in wheet grain (Jones and Amos, 1947) %o

awtack the starch granwles. The grein is milled before reducing

substances (caleulated as malbose) can be (i:*—;ectacl, arnd the final product
5111 shows a blue colowr rasaction with lodine, The resulis reported herein
(Appendix IX), indicote that the piglets were zble to digest this Torm of
storch almost cospletely.

At 52 days of age the pislsis vere presented with o creep dist
which conbained 65% grain mesal {(ia.le I), This diet wos condinued until
the piglets wore 4L days of oge vhon it wes ajain changed, and ihe grain
necl component was increassd to 02,50  The constituenits cnd the relsative

rroporbions of the grain meal were barley D maize = vheal > pollard
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(>’ more than), The metiod of prepevetion of these grain nmeals consis
of hammer milling the pgrain se that it dis hwoken dowm into narticlos. The
resulting msals are congiderably coerser in texture than semolina.

In he exgeriments roporbted here, the appetile of Lhe pigleis
was not Inoun s feod consumistion nsasurements were kot recordcd. The
difforences between thy sizes of the proanulss, and the numbers of granules
in the particles of grain made 1t Impossible to measure acceurately the

amount of undipesied sferch present in the fascez, It is, therefore,

rraat deal of orphesis on the resulis ol the

—

ungerraitied Lo plzee &
statistical analysis (Teble XIITL) sorlormed on the counts off starch
grenules, The rosulis do indleatc, however, thal dilfercnces occcurrad

bevwesn Litters w Hamogement in the amount of wndigested stsreh present,

Llso, the levels of wadigestod starvch within any one litter remainsd
relatively constant throuvghout the last fowr veeks of beoth exvorimsnis.
{Zopendis IX}, The high nusbers of starch granules ecorded, within the
ran e 105 o 107 por Ze of fesces, showed thot o considerable amount of the
storen wes widigesieds

Lucos oand lodie ('} 951) have reviewed recent work on the
development of the disestive enzyme sysiem in pigs. From the work

L

roeviswed it 3

0

axporent thab:

'Fancreatic amylase actdvity is low at dbirth,
=]

but inersasos repldly wniil the piss are 4 to

5 veeks of agel.
vallzor (1959) susgested thot sulficient amylase is nresent, in
pirs &t 211 ages, to digest the amocwntbs ond typos of starch that would be

siresentad in o synthetic dist, Bu.uept lor {hie suzgestion is 4o bve found



in the resulits obtained by Cumningham {(1959), thot youwns pios readily
digested soluble meize starch. The resulis reported here, ror the

poriod vhen semolina was the only souree of sharch, cre in cgreement

h...

uith Cumninghan loc, olite 2nd support the suszgestion ol laller Op. ¢ite

It hes boen Pound that raw cerecal starch is not Jdigested rapidly

until piss are obout 4 weeks old ox even oldor {Review of Liitersburc),

|
B

sugrestion of Draude et al (1 958) angd Cunndngham (’I 959) thabi the

i
s

inability of the alimentary tract of youny uigs bo rupbure the starch
gramuile restrdets the digestion oi' rewr starch would coriainly apply here.
It 1s olso agparent from the resulits reported here that hamner milling as
a method of preparing srain meals does not cause physical Adamage o 211 %
stareh gramiles so that this form of dictary starch is not completely
available to piglets 5 ~ 8 weeks of age. The absence of a significant
rise in the muber of storch granules present in the fancos from 7 o 8
weeks of aze, for all litters, can bs seen in Appendix IX, This indicates
that the piglet's =sbility to digest this Form of starch may have improved,
beeouse at 7 weeks of age the geadn meal poreentage of the creep diet rose
From 65,00 o0 82:50

The rosults herein ave similar to those of Baker et al (1559 who

-

found that pisg were wneble to coampletely dlgest raw potato in the small
intestine and lorse numbers of notateo stareh gremules acccumilstszd in the
cascume  The pessible resasons for the foprences in digestibilisy of

vorious scurees of stavch, surgesi:8 end discussed by Daker et als., loc. cite,

olcer 2h als loc. cit, concluded
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tin the absence of the information which syu'tomat:r.c microscopy
alone can yield, purely bactoeriological and bicchemicel inguiriss
lack hoth a sterting point and an essential control, Withoub



some undersbtanding of the significance of the many
complox Tactors involved in the breakdommn of starch
within the gut of animels, workers must realise that
undeiined variables are introducad into 2ll experimenis
whether conducted in the field, the laboratory or the
hospital, in which starch-containing diets are given to
animals or man',

{b) Icdovhilic Dacieria
The obscrvations veported here are in aprsement svith Baker ot al.

(1950) who founi thot:
YIn 213 the animal spacics investigat:@d, the special
bacteriad Jacics of siorch breakdown in the gut
ineludes picro-organisms ;iving a colowr reaction
with dodins. ‘here Lhe chemical composition of
jodophil bacteria his been shudied (Smith and Roker
1944t Hehre and Hamilbton, 1946, 1948; Nosr and Laker
1949}, the iodine reaction has been shown to bz due Lo
the zrpaeme in the bocteris of a hexosan polysaccharide
whose chemical properties are interszediate batween those
of amylonectin and glycogen,  Synthesis of iodouhil Loly-
saccharide attonds the bacterial decomzosition of sysars
and of such structural polysaccherides as cellulose and
gvarch’,

'In non=ruminants the extent to which the facies was
consistently distinctive depended on the aniual speciss
investizated. In guinsa~pigs and domestic pigs a high
degree of uniformity wes maintained; ruinee=-pigs showing
a Taclics of curved iodonhll rods and domestic pizs one of
longer or shortzr clostridial chaing?s,

TIn the exserimentis reported hore, ledophilic bactevia were not found in

ol

the fasces of pislets during thoe Tirst b weelts of lile., These orgzanisms
were first obsirved in tho fascos at o cromimotoly fhe same time zs the
lorge numbers of undigested storch gremules,  From th: resulbs obtained
and tho observ#tinns mede it appesrad that the presenes of wndigested

storch in the lerpge intesting wes nacessary boefore lodoshilic bacterie

bocamz g noticeable comporant of the faecal Tloxa, It is possible thet
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these organisms were prosent in € faeces prlor to 5 weeks of zpp but
thelr enumeration was limited by the technicue emsloyed (see nage™l ).

It was fourd that iodophilie bseteria cceuwrred mainly in clones
vhich were not broizen down By the mixing technique used. From Figure 14
v ds o poroent shab the dodephilic bactsria were in close association
with the starch groruls and were consecuently resistant Lo release uring

mixinge  I% is possible thot she apparently free clonss of lodophilie

-

bactorla vere also in esgoeliotion sith sbovel granules, bul, because of

I P

the engynic setivily ol

Fy
o

he Dbacteria, thsse gronules no longer gave a
colowr reection with i-dine. Or: the othor hand the number of fodophilic
tactoriza present dn some glonss was auch thav it would not be possible o
sce the starch gramile within, The above suggesticns for the ccowrrance
of clones, which were rosistent o breakdown by mizing, are consistent uith
the observutions that only lodophilic Bacueria ccewred in clones. Also
the non=ioloshilic bacierdia obsorved, were present singly end very ravely
in pairs oy short chalns,

o

Durin: the peried when the piglets were 6 - § meeks of age it

was found that o of the 58 samples cxamined 4id not contzin obsazvable

58

mabors of clones of lodophillc bacteria (Table JXITII), Also, at 5 wecks
of e, nons of the sam les szemined ‘rom piglets of Litter LYZ and only

2 fpom Littor 392 cuntained observable mmboers of clones, The reason for
these ohserved cbsences or iodophilic hacterda are difficult Lo interpret,
sarent that all pislets hed occess vo sources of inceculumy 4

It ig ay

Lid
A

I

oiglets of littor L2 from the facsce: of their dam (fable XXIV) and the

Eal

wisdats of tho other litters from the Tmeces of some of thelr littermob:se



e A
¥t is suggested that the followin: factors amay have been responsible
(i) The number of cleazs, if cresent in the samplss collected, was below

whe lower limit of the enumeration technicue,

=8 in piglats
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(31} Todophilic bacherie hecome ostoblished at Al

The anount of undizested staveh present &id not appeser o be a contributing

Althousht it was impossible 4o count the numb:r of iodophilic

&

backoria within any one clone, 3t was o perent irom the size of the clones

and the mumber of clon:s countod {(Appendix X) thet levge numders of these

- *

organisms wore pyesant in the mejordty of seamploss,
#rom an sramination of Figures 13 = 18 it a.pears thaet at least
two growss off lodophllic bactsrie weve vesent in ithe faeces; one being

a much lorger irod than tis othzr, The possibility of pleomorphism,

however, should not be ovorlookod (Baker ot al 1950). As Tor a3 possible
the Tigures menbionsd above i1llustrite all the forms of dodephilic bacteria

and thelr assopiation with stareh prenules that were encounbered in these

he Dacterial brealtdovm of starch
od by Bulmr o 2l {15350) has leen mpentioned
see cape 0 Yo Therve iz o omerked siadlavity

3

23 theds relat onship with sharch zracules

P 2 | ne - 2, -t I - T
28 depicted in the hotogrophs sresented here (3

sresented by Boker and Horwiss (19.7-19:8) ani This

would indicate thot Clostridium bubysicym mey have boen zresent in the




foeces of the piglets examined in the expariments reported herse As Rro
culiural examinations of the iodoghilic bacteria were carried oul, a more
definite stabtemont, bosed on morghological similarity olone, would be
unjustitfisd,

The investigation by Daker ob al {1950) into the bacterial

breakdown of stareh in the pists caccum was in the main restricted to

-

rew potato starche %he significance of the bacterial Dreakdowm of this

105 Dbeen deald with elsewherc (sce page 5 ).  Thad ¢

bk

e - i -
Torm of starch

sozmevhot similar stale of aiffairs may occur when a diet hish in grain

meal is fed to young pigs is inddcofted from the results presented here,

The {ull significance of the effect on, and the contribuilon to, the

host andmel of the bactarial digestion of starch within its large intestine

renpins to be elucidated, *

{c) Dolantitium coli

The observabion reported horelin that Balawnbidium coll occurred

only in the encysted sitase in the feecal mawmples of infeched pigs izo in
agreement with JeDonald (1922) cibed by lees (1927). In contrast, Rees
(1927) ond Shumeksr (1930) roarely found encysied balantidie in the faeces
of infected pigs. Also, in work on post mortvem maberial prior to the
experinents reported here, boleontidin woere found to ocour meinly o8 trophose-

oites in the ectum of infected sninmals,

Deseriztions of Dolanvidium coll  cysts are pregsented in books

by Crodg (1202) and Kudo (1954)e  In these descriptlons no mention is

mde of food particles being included in the cytoplesm of the encysted

!

sroiome  Be A. Deynolds (sersa. comme) has observed thot prior to encyshment,

- a1

balontidla lischarge oll the siarch granvles znd other wdirested foed
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theoush the eytopyae. Similoy extrudation of food meterials oprior o
encystment is imown to occur in other protozoan specles which inhabit the

climentery tract of the pig, Sefe Zndumoeba coll (Craig 1942)e  The last

author hes found that bolantidis encysts only whoen conditions are unfavour-

eble for muliiplication, Rees (1927) observed trophozoites in fascal

o}

amples which hed been kept at room temperaiure (20°9C) for up to 11 dayse
The majority of ths cysts observed here wers en-orged with starch

gremiles (Pigure 19)e This wovld indicabte that, although adequate substrate

oy wropiwozgoites Lo survive, some Tactor/s coused them +o

encyst recidiy. It is probeble that the mechanical amixing of the samples

was sufficient, and that the organisms were preserved in the encysted stoge,

bocause Tornmalin was added a short time afler mixing.

An examinction of feble XIV shows that balantidia woxe fowd in

the ipaces ol only one piglet prior to 5 woeks of

ages rrom 3 to § weeks

Ry

of aze 5% ol the 92 faecel semples examined contalasd balanitiliia cyats

(fppendiz XI)., Counts of Balantidlum coli por ge of feecces from the 53

sompdes wvere within the following ianges:

Mo: oY sam

Durings the aursiog pariod, balantidia wers present in the faeces of {he
fowr sows used in these experiments (Veble MEVI). It is spuarent, thorefors,

that all pizlets were exnoscd to infsetion,



From the results preosented here it appears that the presence of
wndigested sbarch in the large intestline is necessary before balentidia

mudticly to the cxbent that they can be observed in the fasces, HNo
physiolozical sxplenation con be given for the difference between litiers
or the differsnce botween littermebes in the first ap carance and recurrehce
of bhalantidia in the fesces. It is possible that these orgenisms were
present but in insulfici:nt mmmbers to be counted, The lover limit of
the couwting tochnicuss esployed was 1"2 orpanlsm Doy fe 0f Posoen,

ihe obsepvation reported here that o dlet containing sreain meal,

gome of vhich wag nob digested by the piglets, fovoured infection by

Tt
-

alensidia is in agreement with Schumaker (1931).  In contrast with the
iindings of Schumsker (1931), large ausbers of balantidia were not always

found in the samples which contained large numbzrs of undigesisd shtarch

Gronlos, fse, the majority of fascal counts were lower than the casecol
counts obbained by Schwmakor (1931) oven thoush a similar covniing bechnique
wag employed. The mein reason for these diff'erences is prcbably related
to the &Efference in the source of samples, de.2e Jaeces and czecal material,
Although it hos boen established that there is e close relationship botween

the faccal and caecal counts of some organisms ('{ovz.,‘.r of _;n,uew“un'o),

such compa-igons lave boen reported in the literature for Balaniidium coli,

bable that Dplantidium coli, an extremsly motlile orpganism, will

Y -

tend to remain in the larze intesbine whon conditions Cop muliiplicoation are

sudiable and only relatively ifewr will poss cub with the facces,

In the sxperiments reporéed here, scouring vas observed in only

El

two pirlets; hoth ot aboub 1 - £ weeks of ore, Cultursl and microgcopic
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examination of liquid foeces irom these pizlets reveanled that bacterial
counks vare similar to those of thedir littermaotes which hed well formed
Taseces and po belantidiz wwre found. Apart from the very huard fascal
pelliets from piglets 1 - 2 weeks of age, no other abnormal fascel samples
were observod, This vould indicate thal no dizestive disturbasnces occuwrred
in the other 22 piglets during the two 8 weck experimenial periods.

At the time of the ezrly work on the problem of scomring in
young pigs at lassey Undversity Coliepge of Ilanowatu Research Plgrery ¢
diet they roceived from 10 = 31 days of age was similer Lo tha
the experviments reported here except that barley meal was the source of
starch, Trom the work moported here it ds evident thot this type of starch
was not completely digested by piglets 3 - 56 days of age.  Also,
belantidia occourred in the fazces of all bub % of 1h: 24 bigﬁéﬁs gxamineda.
It was observed that the balantidia were able to ingest the sterch grenules
oresent {Figure 19).

Although 1t hes not been esteblished thet Balantidium coli, Ty

Ttaelf, is pathogenic for piglets it is evident that it is responsible for

some demage Yo the wall of the larpe intestine ( Review of Titerature ).

In the eariier voak by D.A. Reynolds (pors. comm.) large numbers of
undigesied stareh gramales and balantidia were commonly found in the facces
£ scourdng pislets, Examination of histological sections of ihe lerpge
intestinge from such piglets stosed halantilia deep din the crypbs of tie
nucous membrane with on sssocieted foecal neercsis. On oceasions they
vere found doep dn Ths muscularis or within a gelatinous exudate adhsrent

to the peritonsal surface of the serosa, Those histopathological



observetions are in agreement with Reck ot al (19.3), Dunlap (1958) and
Hazen and Sruner (1961).

From the rosulls reported here it is evident that the uresence
of balantidiaz and undigested gstareh rranvles in the larze indestine do nod
in themselves cause scouringe. Prior to the time of these experisents
barley meal was fed to the piglets irom 10 = 31 days of age at the Imssey
University Collere of lanawatu lesearch Hppery. Tt is possible that the
surface ' the large intestinal mucose moy be dnsulPiciently resistent o
damape by this sharp grain meal at this age. This could be the mechaenical
factor, susgzsted by Tempelis and Lysento (1957), vhich allows ualantidia
to pesa through the mucus and epithelizl swelface of Hhe lorze inbestine
znd then by hyalwronidase acltivity, enlarge the lesion,  The host would
then scour begause of ;ut drritetion and perioration of the  ut well may
oegur a8 hag boen obacrved in the esrlier work mentionsd above,.

It may be significant that durdng the peried covered by those
experiments vhen asemoling roploced bavley meal in the diet of piglets
10 = 1 days of age, vury 1ittle scouring was oboewved among the pigs ab

el

the Linssey University Colle.e of anowatu Research (dggmery,
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CHAPTER VI

SUIRARY

1¢ & trial vias condunted o stuly the flora, fauna anl amounts of

undizested moterial present in the facces dwring eerly grovnth of ¢
Pig and 4o determine how they vary with diet, agze anl management
{weoning time),

2o Ths experiments imolved 24 pizlets, six from each of four litters,
and their dams, The piglets {rom o litters were weened at 3 weeks of
age and the obhers at 6 weeks, Feocal semples were tawen from each
piglet weekly during the first 8 wecks of 1ife and from the sow while

t wos with ‘thé litter,

e The orsanisms studied and enumerated by cuitwral methods in these

exzeriments vere, totel anserobes, enterccocei, lactobaeilli,” Eacherichia

coli and Clostridivm welechii,

4g Differences in counts of each of the atove crpanismg between litters
weansd of 3 woeks of age and 6 weeks were nob significant.
5e¢ The pozaible causes of the oboerved scigniflcent dilferences hetbueen

Litters v lionapement and the sipnificant interaction with Aze for counss

of total anserobes, leetobacilli, enterococecl and 3schgrichia coli were

discussed,

6, The influence of one piglet on another within the same litter was
aviiens bocause of the nop-significsant difference in counts of the above
orzenisms (see 5e) between Piglots w libter w lanazement,

Te Chanses in gge end dist 4id nrot have o consistent effoet on the counts

of the ohove organisms (sce 5.) bebwsen Litters v lasssement,
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8s A comparison of two media Tor the debtection and emumeration of
enterococel from piglet Fzeces shoved that Y~Znterococcus Agar was
superior to Hitis-Salivarius Agar.

Ge Todophilic bacieria, Ealantidium coll and unligest=d starch

cramales vere studied and enumerated by microscopy Irom preserved
asamples.

10, Dif:erences in cocunts of each of the above (sce 2 .) between
litters weaned st % weeks of oge and 6 weeks were not siznificant,
11e DLarge numbsrs of undigesieod starch gramules were Tirst olserved
in the facces of all piglets a2t 5 wecks of age and remoined et a consistent
loved until 8 weeks,

12, Iodophilic hacteris were {ivst obssrved in the faeces at,
approvimately 5 - 6 weels of age and were present in 7 of the

92 {ascal samples examined between 5 = § weeks of age. Their
relpiionship with storeh grenules is i1lustrated and discussed,

13. Hatcept on one occasion Belantidliwa coli were not found in the

faeces of piglets zrior to the appearance of vndigestsd starch,
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