
La Trobe University 
BUNDOORA I VICTORIA I AUSTRALIA 3083 

TELEGRAMS AND CABLES: LATROBE MELBOURNE 

The Chief Librarian, 
Massey University, 
Palmerston North, 
NEW ZEALAND. 

Dear Sir, 

SC H O O L OF A G RI C ULT U R E 

T E LEPHO N E: 47 8 3 122 

8th September, 1971. 

I have referred to my thesis "Studies on the 
faecal micro - flora and micro-fauna of the young pig as 
influenced by diet, age and time of weaning" . (1962) in 
the enclosed paper and also in a paper I have submitted 
to the Australian Society for Animal Production for presen
tation at the 9th Biennial Conference in Canberra during 
February 1972. 

I hereby give authority to the Massey University 
Library to have the thesis microfilmed for i nterloan 
purposes . 

Encl . 
PDC/ JS. 

Yours faithfully, 

q~~. 
P.D. CRANWELL 

Lecturer in Agriculture . 



STUDIFJS Ol'f THE FAZCAL ll!CRO-FLORA .AND 

MICRO-FAUNA OF THE! YOUNG PIG AS D •LUENCED 

BY DIET, AGE AND TIME OP WEANim 

--------

A thesis p.."'0sonted to the Massey University 

College of anawatu in partial 

fulfilment of tm requiremnts 

of the Degree of Master 

of .Agricultural 

... ._ ........... __ _ 

P. D. CRAW/ELL 

MASSEY UNIVERSITY COLLffi.E OF MANA'WATU 

November, 1963. 

LIBRARY 
MAssEv ONIVl:RilTY OF MANAWAlV 

PALMERsroN NORTH, N.Z. 



outside looked 

man to 

to man but 

it was to 

••••• George Orwell 



ACKNcmLEDGMENTS 

The author wishes. to record his sincere appreciation and 

thanks for the guidance and continuous interest of' Mr. B. A. Reynolds 

throughout this pro jeot . 

Acknowledgment is due to • A. c . Glenday and Mr. D. A. Evans 

f or statistical advice; Dr. R. Clark and Misa Margaret Soulaby for 

preparation of the photograJ?hs; Yr. J . c. Newhook for he1pt"ul 

discussion; Misa M. G. Campbell and Mias Pamela Forsyth, f or 

ass istance in obtaining litei-ature; • T. Rogers of the Research 

Piggery (at the tiioo of t he trial) for his assistance e.nd Mr. P. R. Hockey 

for help in preparation 0£ the graphs and proof reading. ~ 

This ork was carried out while the author Vm3 assisted 

by Farimrs t Union am Pig Industry Scholarshi ps • 

Special. thanks are due to iss Jule Barber for typing this 

t hesis. 

Finally, the author wishes to express his appreciation to 

his wife Cecile, f or her unf'al toring patience am continued assistance . 



1 

I 

PIG 

I OF 4 

II 6 

6 

6 

1. 6 

Prooerlure 8 

llI 12 

N 14 

v c 17 



OF (contd.) 

II 

I 18 

18 

20 

52 



1. 
1.1 
1 
1.3 

1 .. 
2. 

v 

iCYlophilie bacteria 
Bala.ntidium a oli 

Clostridium welchii 

Ull<i:i.f\~Si~eei starch., ... ""'""''<'..,, ..... ..._.. bacteria 
Balantidium coli 

60 
60 

67 

68 

69 
70 

Tl 

71 
73 

79 

87 

91 

96 

100 

108 

109 

120 



PART I 

I oo:µforms per g. 
sampling as 

of sub-samplsa. 
12 

II 

of a mean for D,, drops 
13 

PART II 

I f'or 55 

II of sows 
56 

III of ea.oh sow I 57 

IV 
58 

v aix 
in 59 

VI 
72 

VII on 
on agar 
on two 

smears 75 

VIII 

75 



Table 

x 

XII 

XIII 

XVI 

Gro~11 th on agar stroke of col.oirl.al. isolates 
from the seleotive arii/or 
i.uau.1-a. used on 

of 

for Escherichia coli 

Clostridium. welchii for the 
II {?leans o:f 12 obaervationa • 

iodophilio 
and of counts 

78 

80 

80 

80 



(contd.) 

Ba.la.ntidium 
counts over 

Ba.lantidium coli 
during the nursing 

91 



1 

11., 

12., 

1 

1 

of 

OF 

v 

87 

87 



Part of a 

19 .. 

21. 

(contd.) 

of' 

on the 

Balantidium coli 

of Balantidium ooli (suis),. 

Balantid.ium coli 

93 

93 

93 

95 

95 

95 



- 1 ... 

IMffiODIJCTION 

The occurrence of ohronio and acute digestive disorders 

farm animals 

olicy' do reduce animal's food conversion efficiency~ 

but result in other economic losses the quality and 

It established that early weaning of.' 

the number a year. the 

weaned 

at a is 

3 weeks oft is commonly practised at 

.Research 

scouring a recurrent problem in and 

up to 9 weeks of age. At times this scouring of 

intestine. 

to a common 

responsible. In 

majority accompanied the presence the 

of amounts of starch 

coli. - There were indications 6 of age 

incidence of soou..""S. 

in was conducted at the 

of 



University" The objective was to 

study the uw:i.ut;t::o which ocou.rred in the flora and of 

intestine the early of the pig, co11lus:r::ul2'. early and late 

weaning. Also, to see if these are related to the digestive 

disturbances which have been found to occur in piglets at the Research 

For economic reasons it was not :possible to sacrifice 

age in order to and its as 

was originally planned. Recourse to be to the collection 

examination 

The into the scouring problem prior to 

were 

which 

trie 

matar:ta.J.. or f a.eces out on 

observed soour. 

and amounts of 

observed UIAJ.-'-L'"" the first 8 weeks of 

piglets 

life. 

The reported in n involved 24 six from 

each four litters, and litters were 

weaned at 3 of age and otti..ers a.t 6 Faeces were 

from ea.eh piglet 

the sow while it was the 

were enumerated by cultural 

stored 

starch digesting bacteria., 

in. 

be too 

the it is 

the e IlJlllleration of 

to 

for the 

Several 

were then 

material, 

species of 

that the cultural methods 
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It was essential, therefore, to a technique by "'"-..... u. these two 

+imitations could overcone to 

a 

could be 

I is a report on 

by which the 

wor'A: 

of 

to an:l 



PART I 

ENO:MERATil:lN OF 

OF THE PIG 

THE 
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of each OIJ'"'"'"""°"' or 

S'Lt''il'l'll"!:nt:arv tract of ~.uw::l..Li:> is of 

is 

in the health 

is essential 

nutrition the 

<;i.u .. .ul.l(;lu;. can be elucidated. 

The 

in the 

are: 

(a.) 

(b) The 

(c) '.l..'he 

(d) The 

(i) 

or 

(ii) 

From these 

or st.aruia.I·d 

m~!!Hll"rtij~ Filter Technique 

Technique 

on either 

) 

nmnbe•r of colonies 

enumeration of the 

are similar to 

Count 

develop iil/on a solid 

material can be 







FIG-UR, 1: A PA ATUS 
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2. Glass connecting piece 
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The 

Sub-

1 
2 
3 
4 

Drop 
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2 
3 
4 

0£ 

e 

TS (P) 

• 

1 

1 

of 

as 

1 

9 

33 
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2 

TABLE I 

two 

a 

Day (al 

3 5 6 

s.ss s.57 
8,.43 a.15 s.52 s.43 

Day (bl, 

3 5 

8.48 

at the level (P>o.05) 

at the level (P<o.01) 
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The 1og nmnoer of co1iforms :per g. of faeces from the piglets 

on (a) (b) the analysis components of variance are 

I. 

It seen I difference in counts 

was not significant and the d.iff erence in 

organism 

:f'or the sample the two piglets were: 

8.44 + - and 8.37 + 0.039 - b) 'faeces. 

these mean counts were estimated formula 

II. 

!I.be coun-'ca on (a) were 8.15 and 

(1 x 108 x 10
8) on (b) s.11 and 

(1.3 x 108 and. x 108) 

was 

in II. 

to the it was necessary 

to value of k (Table I) 



TABLE II 

errors. 

of mean 

S,.E., = + or 20 (day b) 

(ii) of counts 

(DwSwPl M,,S, 
:;; + 4-

om:i:;onem;s of varia.nce a.nd their percentage contribution 

0.00111 
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k -
N 

?l.t = No. of.' sub-samples :for (a) 

(b) 

The estimates the 

II. 

s, 
formula; 

DxS 

for 

of variance their percentage 

Standard errors of a. mean for D, 

(Table 

of 

were 

between drops 

sub
samples 

D = Iiumber of drops 

s ::: 

II shows that a.a J.lumber of drops per sub-sample 

Similarly, a.a the 

number of sub-samples increased, 
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DISCUSSIOl'I 

The non significance of the difference between the two piglets 

counts of coli.forms was probably fortuitous. The piglets were 

randomly selected, were of came from different litters 

and the OUllNl.J-1::'., were collected on 

=-n.•;J<U ............ ion of the estimates of the of variance (Table II) 

shows that the contribution of the differences between w Sub-samples 

to the total variation was the 

• indicate the 

in sub-samples of 

of collected \'1as slightly lower~ than the variation in distribut 

one sub-sample after dilution mixing., It must be 

however that had an equal opportunity to grow develop 

into a colocy. The total contribution of the differences between each 

of these two sources to the observed Although 

these not of 

importance because of the large numbers involved, the small 

rr19r<:mc:es between the highest lowest counts on each of the 

two and the probable variation the distribution of 

the faeces of 

In 

( II). 

exnAJr-1111eJ:Jrr. reported here the variance of an individual 

The 

~.!:'.'om one sub-sample> was: rf!.s + o2d = 0.01 

deviation of the method including all drops 
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and sub samples was: Jo.01295 = 0.114. Coefficient of Variation 

of the total method was: 100 
x -r- = 1 .4%) where 8.40 = overall mean 

count for the experiment. The degree precision of this method was 

considered to be satisfactory and. the was used in the 

described in II. 

For the cul tura.l enumeration experiments in Part II 

combination of 1 sub-sample 2 drops per sub-sample was 

chosen. From Table II it can seen that the expected starJilard error 

of a mean for this combination is + 0.095. - In this experiment the 

overall mean log count for ool.iforms was per g. The 

subtracting one ~~·~~ error(.t. 0.095) mean and. 

to 

was .t. 

Provided that is no bias of fauJ:'c/s 

in technique the values obtained by oombination be too by 

or too low by 

In this experiment the only was so that 

of of of othor 

methods as determined by workers for 

would be invalid. Howaver, accuracy enumeration 

is of interest. 

In the 

( 1933) found that when 5 tubes a.re used ea.oh of 3 tenfold 

may ba too tho true 
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value, or too low by 

From an investigation into the aooura.oy of the 

Count, Wilson ( 1935) concluded that: 

••••' in routir;e milk a of at least 
+ 90 per cent. allowed on alr.f count 
of raw based on a single plate. .An 
allowance + 64 per cent. should be made 
for counts oo;0a. on 2 , of + 52 

cent. for counts on 3 - These 
are calculated on the assumption that 

a standard ••••••' 

Thus it is concluded that, there is available a 

medium ard a satisfactory method for suspension without 

destruction of bacteria, the of or of 

bacteria present in piglet's faeces can, for comparative purposes, 

be estimated with sufficient accuracy by the Drop Technique outlined 

and the combination chosen. Al.so, because its known of 

precision and it is far more economical in terms of physical 

outley it to the other methods mentioned. 
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CHAPI'ER V 

smDLAR.Y AIID CONCLUSIONS 

1. modification of the Technique for em:imera:tion of bacteria 

piglet was developed and tested. 

2. A pipette was developed~ tested and found to satisfactory 

use 

other 

colol\Y cowr-\IS • 

an1oa1•a.t:u.<t used in the 

that there were 

colif arms between both 

It was s these 

was considered to be 

more economical than the other 

faeces. 

is described. 

differemes in counts of 

Sub-samples w 

mey not be of 

enu.rooration of 
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access to ovm 

to on 

or 
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access to 

on eomrete access 
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on concrete access to 

1 1 and 

counts 

of 

of 

1 a, 
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duodenal and ilial counts. There were no consistent differences in the 

number ileum 

ileum. 

al:iove 

those of' Wilbur ( 1 et 

oa.eoum; 

(1955) 

(1 The 

counts 

in accordance 

of authors that the number of coliforms, streptococci, stapli.yl.ocooci, 

moulds and in the ileum and. oaeolJIIl of on 

(see page )., were lower than those :for the 

fed on the starch diet. However, within ea.oh dietary treatment the oounts 

of these caecum than in the ileum. counts 

of' total anaerobes, total aerobes 

variations due to The difference in levels 

these two sections of the 

(ileum) and 5.6 ( 6.3 (ileum) and 6.1 (caecum) 

for the pigs fed the starch diet. 

Dia.1<:inson ( 1961 ) are in af{J:-ee.merit with the above as 

differences in coliform counts ileum. 

Morva.th et ( 1958) found there were no consistent 

di£ferenoes in counts of lactobacilli, enterocoeci, oolif'orms, . moulds 

and between the small intestines. no mention 

of which of the two sections was 

b,c.) were unable to 

consistent differences counts of enterocoooi or oolif'orms in 

the ileum and mid-colon. In the which been a protein 

mid-colon than in the ileum., 



Other species or groups of organisms, apart from those alrea.d¥ 

present in the caecum. It appears from the 

below that the of the 

•vartiovaara Roine (1942) incubated caecal contents 
with cellulose in vitro showed that decomposition 
of cellulose occurred. They isolated t\vo cultures 
but neither was one, an anaerobio, short-chain, 
Gram-positive coccus waa able to decompose cellulose. 
In further experiments Vartiovaara.. and Poija.rvi 
("44.) fed. cultures of these organisms to two on 
a diet contain.:U:ig sulphite eleven days 

of the cultures proportions 
50.6 

~,,, __ sulphate 
pi~:s were 

of the cellulose 

The 

starch have discussed Balcer I>Tasr (1947). Exper-

il:oonta.l by J,for.rice and Bruce ( 1 

relatively fevr granules 

accumulate in the 

caecum numbers bacteria. 

the be tween different sources 

of a..-e due to the of development of and resistance 

to action of of the starch granules. 

a series in vitro 

on the caecal contents of collected after slaughter. 



been fed on diets amounts of untreated 

starch. that:-

:l:'e;rmented than sti"Uotural starches 
than structural starch. • ..... 

that:-

(i) was an iodophil strain of Clostridium 

but;tticum which was motile and grmn positive. 

(il) This the production of the 

in these experiments. 



(iii) Clostrldium putzx:icum in oultt'II'e is a more powerful agent 

They state tllat:-

IJ,.l.-~1<U1""'u'u" of different 1Bll!i~h<:1s 
micro-organisms, oell-free 

"""'''+.;,.,,,,,. seoretions.' 

of some members of 

the amounts niootinic 

a.n:i f olic aoid. 

(v) can on a diet in B 

(1 (1962) that the 

stimulatory effeot Clostridium but,y::icum on 

tho in intestine would 

of lactic and a reduction of 

the host animal.. 

tho colon • caecal. these 

numbers lactate 

Laotate 

V~illonella e;a.zo3enes, PeptostreEtooocoua elsdenii and a lactate 

the 



intestine but smaller numbers. In their na:rH:ir. JUJex<mcLer ar.d 

gave no i.'ldication of the diet the received to slaughter. 

An examination of the published by ( 1959) revealed 

that there was close agreement in microbial counts between the caecum 

wii rectum. The ratio of rectal counts to caecal counts 

were as f ollowai-

Total aero bes 1.07 

Total 1 

Laotobacilli 1 

Streptoooooi 1.08 

Coliforma 1.02 

Staphylococci 1.10 

0.,98 

emwera•t;1.o'n of 

in the faeces and contents of 

waa 

each 

ter.dency 

counts., 

U•......_•~}<;:!J.0 and ~L.L~~~ (1 

the counts from both sources were similar, 

caecal counts to be tha."1 

va'"'·"''l...l.. counts was ot: to 

results (converted to logs) 

of these sources 

1 

1 

1 

not b:; 

24 

in all 



that 

the data of Dickinson Mocquot ( 1961 ) , who made 

on 103 caecal. samples and. 266 faecal sampl.es, it was found 

of faecal. to caecal counts of coliforms was 1.06. luao, 

average counts of' this organism f'or both sites were in close agreement 

with those of (1959). 

( 1961) 

la.at 

SWtAilAR.Y 

(a) From 

(i) 

al. 

the ratio of "-=~,,.., ..... to oaeoa.l counts o:f enterococci 

came 110 and 42 caecal. samples. 

and caecal enterooocoi counts were similar to those 

Wilbur ( 1959) • 

( 1 in agJ:-eeme11t with 

.,.u,,,u.e;,.u. it was not clear their i:f the 

animals were at the same time as the 

literature reviewed in this section it is evident that~-

most species or sr<:mtls of organisms follo\'1 a pattern of 

~~vA<#~!.UJn numbers to posterior of . intestinal 

tract. 

(ii) counts of' each or species in the stomach, except 

be a reflection of in the feed. 

(iii) There a increase in microbial. density duodenum 

ileum than between the ileum 



(iv) The 

five 

(v) The of 

caecal populations of at least 

small an:l that the faecal oou.llt of each 

those the 

of starch or cellulose in the caecum 

can a m.?1:!'."'ICed effect on the relative of the species or 

that the total microbial population in this 

tract. 

(b) of authors have 

to:-

(i) in 

(ii) of 

in duodenum. 

(iii) A differential rate of 

rectum. 

the 

that the differences in counts of 

throughout traot 

to the of the 

secretions, bile - salts,, digestive 

throughout the various sections, 

the caecum 
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Throughout this work, micro-fa.um are regarded as being species 

Protozoa, 

(1 

in the 

of 

described as the first, the lowest, phylum of 

been to 

), 

Bruner ( 1961 ) • 

the Introduction, 

College 

but it causes 

) • Simitbh et 

the 1, 

(1 ) 

Balant:ldium coli in the 

species Protozoa 

Ch:lbaliteh, 

exception of the sporoz oan 

In most cases 

that ·aot as 

e.g. Balantidium coli 

to 

(19J.i.8), (1 

most oonmon found 

from scours at 

was Balantidium 

1937, 

Balant:ldium coli 

stuiied 

were to the 



amount food residue, inoluding starch 

caecal contents of 79 

infections 11 

the caecum were accompanied by 

Tf1...e 

It was found 

in 

an flora which numbers 

of and lesser numb:irs lactose 

that grain diets 

the of .Arean am UV'!o/I•'',.,._., 

( 1 ). 

(1943) 

of Balantidium coli. 

Faecal l:l.11..~:ui:a 

Post mortem ttJl.it;tm.1.xu;~" 

colitis and. 

of the and colon 

mucosa !'Io 

v<;>.t. ,,.,..,....,..,,0 ,J..vi;;;;..1- ey,.am;J.nation Of faeces or was 

and. Mateev ( 1 ) 

of of the 

O'Y!oPO''V>n on 

to detect a u~.Ui:>t:l...!.. 

.1-u~ ... u~ ... examination 

with those ..-.~~ . ..-~n 

by Beck et al (19L,.j)., Enohev et al ( 1 ) no evidence of 

vibrio or bacterial. toxins. 

can 

an initial 

oa.11 

and (1 

ono~"mQ which bas 

factor or .w~•vuccu.Ju.v 

the 

have shown 

of the that 



(a.) The 

of 

(b) 

of the 

(o) 

(d) There 

-
then cause an 

ne~weenthe host ce11s. 

of 1esion by the 

is known to 

occur in 

numerous Protozoa a.qr one 

However, there is 

the present. 

that J3aJ.antidium coli is a common 

a.mounts of' starch in the caecum shown 

Bala.ntidium co1i is truly 

to the 

( e) It appears that to 

is not clear which aooom

"""""''-'-""'' the appearance of' Bala.ntidium coli is due to the 

or attacks the host it other 



The aim of this trial \'raS to study the 

whioh occur in the flora, am amounts of undigested food 

material in the intestine (faeces) 

growth of the c early late weaning. 

To eliminate the possible influence sex on 

counts of it was as possible to use only 

male However to me a.sure the of littermates on each 

other it vraa that in acy one litter were 

from of litters,, 

dams. "h"No litters ~ere of 

age the others at 6 

in II. samples were collected from each 

and its dam at one an.cl until 

8 of age. this experimental. design 

was the most $ justi1y 

comment. 

came litters 

effect. Iiowever, 

work by A. (Pers. comm.) 

litters weaned at 3 and 6 were coneidera.ble. If 

of a 3 other at 6 
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(i) Tbe more milk than under 

(li) half the litter could have an effect on the sow' a milk 

(iii) 

(iv) At 

In 

( i) The nugiber 

(ii) 

is 

3 

on their 

remove the sow. 

have to 

enumeration 

covered these 

the 

in 

litter were 

• 

one 

number of sows 



6 

ten ) 



- -. 

In 

sow 



I 

I 

( 1 1 

1 

to sows 



-

1 

1 

! 
1 

i 
! 
~ 1 

2 

1 

OS 

1 

1 

1 

2 

12 

1 oz 

oz 2 
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-

on 

""""'"'<;& .... ;;;'~ir~ was 

aow mofU'Ari. 

ensure 

were 

the 



- -
ones 

2 

1 



- ... 

SL • 

on 

no 

y 

to 

(1v) 

one, 

1 g. 

to 



- -

on 

1 on 
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( c) Enterooooci were estimated the numbers of pink to dark 

ma.rt:10n colonies of 0.5 - 5 mm. d~ter appe~u-1 on the plates of 

from the number of colonies 

on the plates or Mitis-Sa.liv~us 

(d) Escrie richia coli were v..ul:tel.t.•vU. from the number of ama.11, dark, 

a g:;r1:oer1J.Sn metallic sheen ap:pe<:ir:l.ng on the plates of Levine 

(e) Laotobaoilli were counts on plates of 

S. L., colonial were noted, the commonest 

other colonial types were smooth 

size little more pin 

1. 2 Characterisation 

Individual colonial isolates were 

the were oha.racterised 

v<;J...wY.i~; properties. 

(a).;;;;.,;;;.;;,.;;;;;;;;;...;;;;;;;;~~ 

li.aemofytio 

inoculated 

the butt -'cubes of Triple 

after 24 48 hours 

as positive for Escherichia coli 

formation was observed. 

Iron (Difeo). 

37oCJ!;f 

mm in diameter. 

various 

cultural, 

colonies, 

JJ""::.v<;;•o were 

stabbing 

tubes were 

and buti:; gas 
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rise enteroo occi 

to a fluctuated 

9) for all 

litters 

I are not presented. 

) g. t'a.E~cers of,. Clootridium 

an occasional piglet had 

counts Clootridium VJalcbii three 

Lit'ter 

mean of in litters 

are XVII. 

TABLE XVII 

C1ostridium VJalchii for piglets in Experiment II 

{means of: 12 observations) 

1 2 



8.0 

(/) ~L7.0 w 0 
u :;: 
w C'V 
<{ > 
LL W 

• CJ) 
Ol ..0 

p OL6.0 
z C'-J 
:::::> T'""" 

ou 0 EW2 

Fig.10~ 

ENTEROCOCC I 

M-Enterococcus 
Agar 

/' 

0~~~~~7 1 0 <l> 
_J 2 -

.~·~ 

2 3 4 5 6 7 8 

AGE(wk.) 

/·-----.----·-· 

LW2 

2 3 4 5 

AGE (wk.) 

I 
6 7 8 



1 

A 

7 
1 

7 

7 
1 

7 

1 

1 

1 

L.1 
1 



-

1 

sows 



1 

2 1 

12 1 

1 



1 

0 

-
or 

counts 



I. 

Fig.12 pH and LACTOBACILLI 

· EW 1 
x EW2 
0LW1 - ®LW2 en 8·5 c 

0 
+J 
ro 
> 
i.... 
Q.) 
en 

..0 8·0 0 0 
N 
r-- 0 0 
c )( 

ro • 
Q.) 7-5 )( 

~ @ ~ 
~ • 
Cf) 0 
UJ 
u • UJ 8 
~ 7·0 

)I 

o) 
.............. 0 
_J 
_J )( )( 

u 
<( 
co 6·5 9 

0 8 
f-
u 
<( 
_J 

f- 6·0 z 
::::> 
0 
u 
<.D 
0 
_J 

6·0 6·5 7·0 7.5 8·0 8·5 
pH 

(Mean of 6 observations) 



)> 
(j) 
rn 

" 0 

pH (Mean of 6 observations) 

" // . / 
···.. / " • Vo •• \ .. ~ 

\ 
\ 
\ 

---1 --
\ 

---
\ ..... . 
. , 

............ . 

' .. 

.............. 
............... 

-----

. .. 

en 
0 

............... 

--.. 
I~ 
-0 

............... I --



} 



... -

1 0 0 

7 



•. 

or 

or 

no 



4 

0 

6 7 a 

... 

--



1 

0 

1 

0 

2 

0 

4 
0 

0 

6 

.3 

4 

3 

4 

7 8 

3 
8 

6 



1 



seen 

were 

sow 

-· 



... 



Fi.&&9 1~ x 2875 



x 18;>0 



imuy 1 z .x 2875 





x 1000 



PUQl,i!JgJ.:'8.JJ'LW \Vel,'e 

caeoum 



x 10CX> 

.. 

x 1 





-

DISCUSSION 

1. The Use of Two Jiledia for the Enumeration of Enterooocci 

JJ.,,.L'-""=- the exi::iex•im1em;s r11P.s:ttn"'.t 1''"1"''"'"""''"'""' ooloey 

v.U.£5l...,,_i'J,UOU. on 

on.lg two of these color.w blue 

(Table VII)• 

brown 

circular colonies a to be gram positive 

diplooocei. The results of ~.u.Y'0.!.'"""'"''6.!.l"a ... tolerance (Table VIII) 

the of these to maroon 

were enterooocoi et al on l'tl-1!1n1~ex•oe 

1957, Sla.mtz and 

:indicated 

1957). The number of co loniea of these two 

only, were recorded as enterocooci. 

Coloey 

hmnan f aeoal 

were (1 

(i) Stre;etooocous sal,ivarius 

colonies from 1 to 5 m.m. in 

reflected light. 

(ii) ~~re;etooooo.us mi.tis 

and 191+ 7) and 8-I'e 

pr1od1roes blue smooth or 

<11le.mE~'ter \vhich e,re 

(iii) Enteroooooi 

raised. 

blue (brown, 

rrl..LH'":tl colonies, 1 to 2 mm. in diameter, which have a 

appearance 

arly >'1hen 

are easily differentiated (i) and (ii) above, partioul-

ref1eoted light. 



-

(iv) Coliforma mey oooasional.l;r, but 

spread. colonies 

of colon.v types f ouna. on Mitis-Salivarius 

una~pma'11 ( 1 1 1947) reveal 

some o:ne similarity. These are as f'ollows:-

(i) Colon.v could be aa streptocooci 

or enterocooci by the e.g. ciroul.ar and small 

(ii) 

were 

of the Genus Strevtococous 

VIII)., 

which were 

the 

to be enteroooooi came from colonies whioh 

v}fJ;.;.;&.1;;<:1.1. enterooooci colonies described by 

u.u.<::.i..1.iw~ loc., cit. 

(iii) In the results ""'"'7""'"'-t-"'ri herein, the description of 

v ..... .,LJWi.oo pr1odt1ced 1zy' Ssoherichia coli was in agreE,memt 

i.;ru:i.pn:ian loo cit. 

of 

that reported 

discrepancy between the coloey found 

on and the oolo:qy described by 

u.ei.1,,~.i.;. loo cit., a second .....,,_...,.,....,..,. was employed for 

tests 

of 3 weeks of I and 

of the colo:qy 

and the results of the 

found on 

toleranoe 

........ ,, ... "'.., VIII and IX) are these coloey 

(1957). The 

it to be 1 selective for 

streptooocci (enterococci). 



atatiatioal (Tables XVIII XIX) 

there was close between counts of enterococci colonies 

counts of and brown circular colonies 

cultural and staining tests show that 

here$ the circular blue and brown colonies with a 

enterooocoi. 

between the descriptions of the colonies produoed 

reported 

1947) is to interpret. It is unlike'.l;y 

that the 

reason would be that S01lle of 

medium, a.a 

a variation in growth 

• Also the interaction of these 

reaction the colonies of 

colour to observed by 

here throw some on the selective ability 

enterocoooi. while it was possible to 

distinguish and enumerate the enterococoi coloniesi> the of other 

colonies on medium not the task an (1959) 

reported that his the numerous types 

isolates. this author not describe the colony which 

were encountered •. 



On 

(1957). 

of 

other hand, 

selective 

counts 

here, was found. to as 

enterocooci and ,.....,.,rui••""' colonies of 

to those Slanetz am 

~urr~M~v''"-'-~~~ plates 

1\~Enteroooceus were aim:iJar. This 

~Enterocoocus Vias 

organism were 

be superior to 

of enterooocoi f:rom porcine 
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Lactobaci11i, Enterococoi and Escherichia co1i. 
"( • t II :zdL 

between the weekly counts from plates of Blood 

{total anaerobes) and Levine (Escherichia coli) £or aey 

one was due to that the majority of colonies counted on 

the T.,..,,.,.,,,,...,. were also !!.,cheriohia coli, a faaultative anaerobe. The 

grew on B1ood (see ) accounted for the 

on 

(a) 

Differences the time of 'ilere found to have 

on total faecal of anaerobes, lactobe.cil~ 

enterococoi Escherichia coli for first 8 weeks of t}lt, piglet's lif'e. 

6 - 9 reveals 

in litters were lower the after than time. 

enterocooci, the decrease was not found to be s ignifioant and the 

counts were a trend Ilt'ior to ConverselJr 

the litters were higher the week 

A significant inorease was found for 

COU..flts and .Escherichia coli but 01il\)r in litter was 

increase maintained at the following week. The increase in enterococci 

count was litter but not for LVII. Lactobacilli counts 

and a similar pre-weaning pattern. 

From the reported cause a 

in the counts of a ome 

time These 
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are not vci;.1~u. in both litte.rs within a Ma:DBJ5eDaetrt for 

and 

possible that litter and 

to cance1 ea.ch other out. It is also 

"""''""n".n to 

cases 

used. 

.3 

(b) 

The 

litter 

effects and interactions were 

effect. 

reported here in th those 

and vm.1.vu and Crabb 1961 ) , for the 

other 

time 

is complicated fact that, in all 

procedUI'es pre- and post-weaning were 

45, observed similar pre

of 

that the S.uu-1....1.0:.J.. 

post--we~al'.ti.l:Jlf!: diets rD.03' 

age. The in diet 

a.nd streptococci, 

in lactose. 

reflected the similarity 

the 

in the exoeJt>:Une11ts 

was so\v' s milk to skim milk, the creep diet 

times. 

Litters w .!!18.Jn.at~en1e?Jlt plus 

to the total 

to a 

I in different months of the 

shows that v ... ,5 cw.J...U.:J•J;JQ were 

for litter 

the 

at 

II). 



It 

for 

maaaured in 

one 

one. 

- V) 

The 

sows 

sow' a 

of the 

hou.r each 

round. house 

to 

to a x was 

vraa not 

the d.iff'erenoes in mean counts of 

w the was probably not a 

factor 

sows. 

the 

is 

access to their sow•s feed. In 

It was 

have 

litters it 

it is quite conceivable 

some of 

were 

.UUJL-.cu_u.,. their littersp Thus, 

sources of inooulum., access to 

that 

observed v~ 

were 

sows waa 

udr-<:u•L sows were allowed out to graze for one 

concentrations 

This could 

the s 

sow could have brought back to its 

of 

One mode 



-
The dil"'ference in counts each of tl1e between 

w Vtere found to ~.u·-~1;:,Y significantly from weak to 

(Ax L w interaction). 'l'heae 

to 

are illu.strated in Figures 6 - 9. 

ca-use of' these is 

e.n::i...1...L. Litter Vl Y~U£:1oj0,t$lJ~J:Lf,, 

TI~•::i.MJ.ue, the piglets do not have access 

and he1" feed. Consequently the difference in the environment 

reduced. It the difference 

between Litters w after ma;y 

be before This was found to be the 

case both litters. 

litter on counts of' the organisms 

is ~9, 50 

loo 79. found in one experiment 

x Litter counts laotobacilli., ooliforms 

and streptocooei. these results is complicated by the 

the vmrk. reported here and that 

loo cit. 

reported here would appear that the sow and 

a considerable 

in her litter. 

An accurate of' sow could onzy """'~""'-Y. by 

in which other expe:t>:Une11tsw.. variables are 

or controlled0 



(o) ~lets w Li~ter w ~ement and Interaction 

similarity in the overall counts 

(Table XV) be 

(1) 

(ii) 

(iii) 

include:-

litter. 

between 

The 

two 

m~"'"'·'~°""~~~ an overall 

of (1959) (see • 

in the 

"""'"~•"'''""'!') litterma.tes. 

The 

a in the 

is the oase, is 

week to 

one 

organism 

to a number of 

at 

mem~ars of a 

the 

x 

counts o:r 

related to a 

in the 

one is 

on a number of the of 

w 



( 

(ii) 

(ill) 

(d) 

the of 

tend 

of 

t.bere were i;)..!.i!",!J.·l...L ·""'"'"""''"' 

four 

counts 

pri::isEmc1e of, 

counts of 

litters as 

9). 

6 - 9 it 

same for 

the number of 

as 

of 

on counts 

nt:rocluc:ed a 

om ti.'lle. 

that 

of 

enterococci in all 

be due to 

sows sow 

of creep 

of the same .. It 

affected 

al1 litters .. 



Counts 

litters were 

1 

Escherichia coli and total ana.erores in both t.be 

to decrease increasing age. Thia ia 

the observations made by (1959) for counts 

coliforms in r-<e::>-~ 

counts of 

but not in litter 

decrease 

weaned at 2 weeks of age. For the first 6 weeks, 

followed a. s:lmila.r pattern in litter 

an:l LWI oounts 

The 

enterococci ;;>uu~''"'u. a similar 

5a.i.J...1.Qm in the other 

litters was one of fluctuation. 

In the litters oounts followed a cyclic 

initially :follov1ed by a fal.1, a rise, and finally a s 

,..,,,,r,;-,,,.,,."' a.re not clear for they do not correspolld with 

>Vv<'"""'-1-""F. times or '-'U!:<l..UFSGU in the diet. 

It ia that counts of some 
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of' have the a:nd/or 

in Part I these two method.a can 

a large error error 

Pour • use of these significantly influence 

counts 

here because 

Drop Tec.b.nique is 

least as accurate not mol'9 so than mentio:re d above., 

.coliforms (Part I: + 0.095) -

.for the counts 

the 

error to the 

1 sample and 2 

the specific standard errors (Table XVI) 

I and II that 

accuracy of the 

u~v~uu of laboratory 

for four 



- 1 

II 

we.lob.ii in 

1 g. (the lower l:lmit of 

were obtained Smith and (1961 ),. 

were in the 3 

(1962) 

counts 

age at 

a substance 

to ocour 

Clostridium 

3 of 

than 

results 



Starch, Iodophilic Bacteria and Balantidium cg!! 

(a) Uffii.&ested Starch 

In the experiments reported here :tt was found that undigested 

starch was in the faeces of from 5 to 8 weeks of age. 

found 

of 

occurred as granules, or particles of grain which 

• Prior to 5 weeks of age starch granules were 

ooeasionallJT in faeces of 

:E'rom Table I it can be seen 

f'rom 1 O to 31 

diet, is 

£lour. 

piglets. 

semolina was 

of' The 

aole source 
" 

The commercial 

to the 

for 2 - 3 It is considered that moistening 

the anwlase (Jones &"'ld Amos, 1947) to 

the starch granules. is milled before reducing 

is 

substances (calculated as ani the final product 

still shows a blue colour reaetion iodine. The results reported herein 

IX), the piglets were able to form of 

c anpletely. 

32 of age the were presented a creep diet 

which contained I). This diet was continued until 

the piglets r'fere of age l'lhen it was ani the 

was to The co:nstituents and the relative 

of the 'i'lere > = > 
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( >1 more than) • The of preparation these grain meals consists 

it is particles. The 

are eonsiderab13" coarser in texture than semolina. 

reported here, the appetite of tre piglets 

were not recorded. The 

numbers of' 

it impossible to measure accurately the 

in the faeces• It is, theref*ore, 

a. deal on of' the 

(Table XXII) on the counts starch 

do occurred 

amount of undigested starch present. 

J~o, starch within one litter remained 

relativeJ.y constant last four both 

numbers of recorded, the 

a considerable amount of the 

starch was 

(1961) recent on the 

in pigs. From work 

activity is low at birth, 
lL'l't il the are J.i. to 

that is 

to the amou...11ts and of starch that be 

a synthetic diet. is to be 



in 

It 

a 

of 

the 

oaeoum. 

1 

( 1959), 

the 

only source of 

oit. 

It been rapid:!¥ 

are about 

et al. ( 19.58) &'1.d Cunningham ( 1 the 

to the 

oertailiJ3 

to all 

7 to 8 

litters, oan 

s ability to of starch may have improved" 

of 

reasons for 

{see 

rose 

who 

raw potato in the small 

accumulated in the 

of 

by Baker et al. .. , loo. cit .. , 

). al.., loc. cit. concluded 

which systematic .......,.,,.. "'"" 
0~0~<~1~LoJ~oe~1ciak and U~Y~·.~~~...._~, ............. ~ ...... ~d~.., 

""''""'""'"'_.... control .. 
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some of the significance of the many 
complex factors involved in breakdown of starch 
within the gut of animals, must realise that 
undefired variables are introduced into all ex:perinents 
whether conducted in the field, the laboratorrJ or the 
hospital, in which starch-containing diets are given to 

or man'. 

(b) Iodo;philic Bacterie;, 

The observations 

(1950) 

' 

In 

. . 
the special 

:Lnteirmi~d:lLat;e n:::>T.'!!76')lflllcn those 
of iodophil 

decomposition of 
and of 1.'.n:ioh structural polysaccharides as cellulose 
starch'. 

\'lere not 

al. 

• These organisms 

were same time as the 

of starch .. results 

and observat made it that the presence of' 

in the intestine was necesaru:y 

became a. noticeable o of It is that 

in 



113 -

these were 

enumeration Vias the 

iodophilic 

were no·t broken down by the 

the 

the 

colour 

bacteria 

s~e the 

of 

in 

was 

2 

were 

The 

to 

chains. 

of age 

(aee ). 

occurred ma.inl;y in clrules 

technique used. From Figure 14 

were in close association 

resistant to .... -10 • .i.<:Jeu:i<;;; '"UJ"'.i.A.it'> 

of iodophilia 

because of 

gave a 

of iodophilic 

not be possible to 

occurrence 

bacteria occurred i..'l clones .. 

were present 

were 6 -

not 

age it 

The reason for 

It 

are 

access to sources 

to 

the 

the dam 

of other litters from the some of 



1 

{J..• '; JTI'L..- "t.~ 
J.J.J.<;;, numuc:r collected, was bel0\'1 

of 

amount of starch not contributing 

• 
it was to count the 

one 

the these 

were 

at least 

were one 

a much The pleomorphiam,. 

however, • as possible 

the Oi:~ 

were encountered in these 

of 

in the 

13 1 those 

Baker and (1950. 

mav 
"' 

in 



of 

(1 

made 

- 1 -

• As no 

the iodophilio booteria •vere a more 

on morphological alone, would 

( 1930) rarely 

(1954). 

oomm,.) 

the starch gr;:m.t:ull.ers 

.. In contrast, 

in 

to the 
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S2milar e:xtrudation of 

known to occur in other protozoan 

to 

Utlti.J..l:llS vthioh inhabit the 

e.g. Endamoeba coli (Craig 1 • The 

conditions are unfavour

Rees (1927) observed in faecal 

re en to 11 deys. 

majority of the """""'.""''" here were P.n&>'cn"rtfllil starch 

19). indicate that, although 

trophozoitea to survive~ some factor/a uttt.L<:Sl::l'u. them to 

ll.u;:J'vJ.Ji:~~\J<:l,.J.. Hl.J.Z .. ;JU.t.i; Of the It is 

that 

that 

in 

that balantidia 

encysted 

found in 

to 8 

of age the 

of age. 

contained rr"Ll..ail. ta.Lt..1.a cya ts 

• Balantidium coli 53 

v1ere 

8 1d+ ... 1 

32 10.3 - 1 

13 1o2 - 1o3 

the were of the 

sows used .. It 

that were to 



or 

the 

the 

oounta 

It 

two 

- 117 -

the 

It is 

no1'1't'1''j.,...,...,,,,. .. ,, nanoeirs to 

..,,zi,;.1..1."'-""'""' was 1 

(1 

reaaon 

ap peara:nce and. recurrence 

nU1llbe1 rs of ,...,,,, ... .J.f;oo 

co1mt;s were lower 

were 

related 

sou:ree of' ;;;la.14,l!J~"''"';;::'• 

caecal counts some of' 

literature for Ba.lantidian coli., 

motile will 

are 

only relatively 

was observed in only 

at about 1 - 2 of age. Cultural 



- 11 

these piglets revealed that bacterial 

counts were similar to of litterma.tes which \rell formed 

faecal 

11nt:>'l"r!1A..t. faecal samples 

disturbances occurred 

faeces 

pellets 

were 

no 

of 

Apart 

no other 

that no 

in other 22 d~....l'.l,g the two 8 periods. 

the 

was 

It was 

itself, is 

ome 

of 

mucous 

were found 

At of work on problem of in 

University College of Ma.nawatu Research the 

10 - 31 age was s)mjJar to in 

reported here except that was the source of 

reported here it 

31 - 56 of a 

all but 3 of thB 24 

the to the 

19). 

Although not that Balantidium eoli, by 

it 

( 

comm.) 

ua..1.cuJ.v.l..U..l.Cl. were common]Jr 

such 

with an 

J.Jo..J.a.J.iv~•u.. .. .ci. deep 

focal necrosis. 

in the muacularis or a. 

On occasions 

). 

of 

of the 

to the peritoneal of the serosa,. These 



-- 11 

observations are in ru?:reE~memi; with 

u~<~ and (1961)e 

the results re·oo1:-te 

of 

themselves ca.use 

at 

to 

of irritation then SCOUJ:' 

occur as observed in 

It m~ 

10 - 31 

University 

et al (1 9.58) and 

here it evident that the 

in do not 

time these "'"'·"""~""' 

10 - 31 of' at the 

It is possible that the 

be ineu:ffioientJ¥ resistant to 

age. This could be the mechanical 

(1 allows 

diet 

among at 
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to stu:ly the flora, fauna a.mounts of 

they with 

illlfolved six each of four litters, 

two litters were 

each 

the sow while 

it was litter. 

coli and Clostrid.ium welchii. -
of above 

s. causes of 

interaction for counts 

laotobaoilli,1 enterocooci and Escherichia. coli were 

6. The influence of one piglet on within same litter was 

of non-significant in counts of the above 

(see 5.) Litter w 

7., in diet have a consistent on the 

of (see .5 .. ) Litters w 
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of 

that 

BUDel'.'1011'.' to ill.i.t...Us-.:><:1..1. • .1. v~· • .i.~ 

Iodophilio 

were studied 

aamples. 

10. 

weaned at 3 

11. 

level until 8 -~in:t_ 

12. 

92 

Balantidium coli am 

were 

of 

ot: the 

age and 6 

(see .) between 

at 5 

04 '"""'"""""""''"' were 

am 4. ""'~...,_,..,. 

-8 of 

is illua't;rated 

of 

Their 

diaouaaed. 

a consistent 

1 vv1i.;;u~).z.v.u Balantidium ooli were not in the 

starch<r of to of UD:uei;e::.:rtea 
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6.16 
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0 

OT T D 
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13 11;. 15 16 17 18 

2 7.3 7.9 7.7 7.6 
3 1.1 7.1 7.3 7.1+ 
l;. 7.1 

5 1.i.. 7.5 7.,2 
6 1.1 7.lr 71113 7.7 
7 6.7 7.1 

7.1 6 7.1 

19 

2 6 6.1 

3 1.2 
4 7.4 7.7 7.6 
5 7,,2 7.7 7.6 8.1 

6 7ffl2 7.1 
7 
8 7.4 7.3 7.3 



I II) 

6 7 8 

1 5.95 
2 51152 

3 
4 
5 
6 6.11 

7 

5.71 

11 

1 ,5,.61 

13 2 

1 

1 

1 

1 

1 



MeallS and their standard errors for log counts of starch granules 

Litter means 

IN!I 

Week means 

AGE - (Weeks) 5 6 7 

LITTER 

6.28 5. 70 5. 73 

a S.E. = .:t. 
(LwM) M.s. 

1+7 

=.:t. 0.20 

8 

114.s. 
6.11 5.39 5.1+8 s. 

5.71+ 6.28 6.02 = .:t. 0.15 

a 
The error for litter was calculated using the adjusted 

degrees of 





Log o:f 

Age ( e la)) 

Li~~r ~ 

1 

2 

3 

4 

5 
6 

·2 7 
8 

9 
10 

11 

12 

13 
14 

15 
16 

17 
18 

L 2 19 

20 

21 

22 
2,3 

24. 

APPENDIX XI 

·ant i um coli per gram of faecea 

(ExpGrimont l and II) 

5 6 7 

0 0 2 .00 

0 0 0 

0 0 0 3.64 
0 0 3.69 3,45 
0 0 3 45 3.66 
0 0 0 0 

0 0 0 0 

0 3.15 2. 00 2.,95 
0 3. 00 0 0 

0 2. 00 3. 20 J . 74 
0 3 • .59 3.04 0 

2. 70 2. 70 2. 78 2. 90 

0 3.68 0 0 

0 0 0 0 

0 . 20 4.25 2. 60 
() 3.43 .;. 92 -:, . 79 
0 0 2 ... 00 0 

0 .3.51 0 ,3;,0B 

0 0 0 0 

0 0 0 . 23 
0 0 2. 70 3. 23 
0 0 3.54 0 

0 0 4..06 21tOO 

0 0 4.03 .. 21 

a 

.;. 11 

4. 20 

3.40 
0 

2 .• 78 

4,18 

3.69 
4 .• 07 

3.42 
.3. 59 

0 

3.65 
3. 88 
0 

0 

3.51 

0 

3.00 
3.51 
3.60 
0 

4.24 
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