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SUMMARY

' 1. The occurrence of elostridia in ‘various stages of Bantu beer :
production was investigated in order to -determine their significance
as spoilage organismﬂ in the brewing process and in the final preduct.

2.  The ecélogy*ef clostri&ia waﬁ studied .by. investigating~the

selective factors of the. environment according to the concepta of ‘
Bei jerinck and ‘Baae Becking. This’ study was extended by quantltative .
_1iavestigations of the microbial population aceording to the approach of

Hungate.

3¢ A new modification of existing techniques for the enumeratzon
'of clostridia is described. '

by Althongh clestri&ia were found. ﬁd’éﬁdﬁf‘aé'paff of the normal

: flora of brewing 1ngredients and eould be detecteﬁ in a1l etages of the
'normal brewing proceéé;léhey were preaent in apore-form ‘onlys - It was
round that the environmental faetors were not favourable for their

growth. o

5;' . The cénditidnﬁfvndor.ﬁﬁiéh‘éloéﬁfidiaieaﬁld occuflare‘discussea; 
6o  The strains isolated 1n this study were greuped ‘using ‘a dlstanCe

coefficient on the University of Cape Town ICT 130; eomputer..r'

. The significance of the two' groups that’ emerged from the
numerical study is discussed in relation to the mierobial _species o
problem as a whole' ‘ ' ' '



ABBREVIATIONS

The symbols and cade numbers used for malting firms, ,

B breweriea and malts in the present study are 1n aocordance

. with a acheme in use in the Bantq Beer Unit of ‘the el
~ Couneil for SGLentzfic and Industrial Research.
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CHAPTER 1

BACKGROURD TO THE INVOSTIGATION

There are occasional references to the highly intoxicating
properties of certain Bantu beers in the early literature on this
subject (Juritz, 1906; Klein, 1908; Doidge, 1910; Hellman, 1934;
Fox, 1938). It was suggested by Juritz (1906) and Fox (1938) that
these properties might be ascribed to.fermentation products such as
higher alcohols and related substances formed in a secondary
fermentation as a result of the rather poorly controlled brewing

procedures at that time.

Clostridias are well known for the production of propanol,
butanol, butyric acid, propionic acid and valeric acid, and have been
found to produce some of these substances in industrial fermentationsa
that are essentially similar to the brewing process of Bantu beer.

Clostridia have been recorded to be present in Bantu beer by
such early workers 28 Klein (1908) who found "Clostridium putyricum"
(sic) in the alcoholic fermentation and considered the environmental

conditions to be favourable for the growth of "Bacterium pasteurianum"

Clostridia have been demonstrated to act as spoilage organisms
in the production of silage (Gibson et al, 1961) which like Bantu beer
has a lactic acid fermentation; and contamination by bdbutyric acid
producing orgenisms has been recorded in the commercial production of
lactic acid where starch conversion liquor and grain protein are fer-
mented by Lactobacillus delbrueckii (Schopmeyer, 1954).

Aa higher alcohols and acids have been periodically detected in
beeras and fermenting malt mashes by chemists of the Bantu Beer Unit of
tbe Council for Scientific and Industrial Research, the present writer
was given the task of investigating the occurrence of clostridia in the
brewing process in order to sstablish their role in the formation of

these substances.



CHAPTER II

_ THE ECOLOGY OF MICRO-ORGANISMS

Ecology hae been defined in various ways and ig'ﬁost frequently
descrihed as the ‘study of an organism in relation to its environment
o (BI‘OCk’ 1966). v B

, The baais of microbial ecological xnvestigations was laid by
'auch early workers as Pasteur, who by the controlled ‘manipulation of:
: environmental factore could obtain bacter;al cultures and- study their -

. biochemical activitiee. By means of such technlqnes, Pasteur in. 1863

_studied the saccharolytic clostridia (McClung, 1956): This approach_
led to the development of the enriﬁhment techniques by Beijerinck
where, in a mixed population. one organism could be 1nduced to grow
preferentially. By this time methods for obtaining pure cultures had
been developed, so0 that specific bacteria could be 1solated and their'~'
_ biochemical potentialities Btudied in vitro. ‘

‘ Using such techniques Baijerinck (189}, 1902) studied. the butyrlc,
- fermentations by Baccharolytic anaerobic spore—formers. These he
grouped in the genus Granulobacter because of the ability of the cells }

to form granulose under anaerobic conditions. This genus included
clostridie vize Cl. butyricum andrgl.-Butziirl_ as well as facultatively
anaerobic bacilli, .e.g. Bécillusﬂpa;zgzggg Uging sim;lar techniques.
Omeliansky (1902) studied the cellulolytic clostridia which were
eventually brought into pure culture by Khouvine (1923) |

Important contributiona ta the study of microbial ecology were
made by Baas Becking (193# 1947) who clearly understood the value and
’.1imitations of enrichment techniques in ecological studies, The
principles of Baas Becking's approach have remained relatively unknown-
until the recent publlcation by Wbod (1965), one of his former

collaborators. ‘ g ’ '

ﬂhlike higher plants and animals, micro-arganisms (with few -
exceptions) are ubiquitous in their distributioa and their growth and
survival depend on the favourable integration of. environmental factors,
This integration of environmental: factors Baas Becking called the
“milieu" of the organism. . The ubiquity of micro-organisms, as previously
observed by Beijerinck ‘and their ahility to develop and grow as soon as
& favourable milieu is formed was summarised in the so-called "Law" of
Baas Becking: "Everything is everywhere and the environment aelects" _
(Alles is overal' naar het milieu selecteert). '



. It is possible to differentiate between different types of
milieu: ' o ' '

1. The "natural milieu" or the conditions under which
the organism actually occurs in nature, o -

' 2: the "terrestial milieu“ or the conditions in which
S the organiam could grow, whether it occurs in the
v particular habitat or.not,‘and ' '
3. the "laboratbfy milieu® or'“experimeﬁtal'milieu“~'
o fae the wider range of conditions under which the
' organism ¢an he grown in the 1aberatory,

In the 1aboratory the milieu can be detined precisely and the
“lahoratory milieu“ may approaeh the "aptimal milieu" bf the organism.
In nature fluctuating environmental factors are more likely to result
: in sub-optimal environmental conditions.

The parameters of the milieu of cells that are not 4n an active‘
state of metabolism. guch as spores or resting cells, can be more -
»widely set.. This Baas Becking terms the "milien of,latent 1ite” as_
’.opposed to the "milieu of active 1ife" 1nithéwcase of celle that ére in
&an active state of metabolism.,”" ' o . ‘ ' |

_ Baas Becklng stresses . the importance of experimentally delimiting
the bonndaries of the milieu of an erganiem._ This may be done by

‘eﬁ'measnrements as for inatance, temperature, pﬁ'and rH in an environment

in which the microbes have been demonstrated to cccur. - ‘Buch ohservatzons
- ¢an be augmented with pure culture atudies, where the effects of the '
variation of isolated factors can be tested by determiming the growth
rate of the organism. - In this way the minimal, maximal and optimal
'requirements for growth can be determined for each of‘the abnvementioned

tactoxs‘

The fermentation of silage may serVe ag an example. Here the

“ 'series of events is essent;ally similar to those of spontaneous sourings :

" 4in Bantu beer fermentations. Initially. enterobactoria and bacilli
develop which rapidly deplete the .environment of oxygen. Greating ‘
7 favourable conditiens for a 1actic fermentation which now ensues. . -4

. fall of pH can be recorded in the environments; 01. sEgrogenee and :
. bifermentans whieh can be demonstratea once ¢onditions have become '
anaerobic, soon’ disappear with increasing a&idity (Gibson, 1955).- '
“heir sensitivity to pH can be confirmed by pure culture studies. ;_If'
the lactic acid yield is low and the pH does not fall helow 4,6, '
anaerobic spore-formers nay develop with the productian of butyrate and
the- utilisation'of lactatg;; Pure culture atudies confirmed that ‘



*Cl. tyrobutxxicum (van Beynum and Pette. 1935. 1936).

Ghemical changes in the natural environment can thns e o
' correlated with changes in the medium of a pure culture. ﬁy studying t'
 the physmolagical potentialities of organisms in pure culture and .
cotrelating the data obtained wmth obsarvatians of changes in the
’natural envircnment it is possihle, as illustrated above, to study the _
'interrelatiﬁnships of’the components of an ecosystem and their -
 re1at:onship to the hiocoencszs as & whele.

By determining the milieu it is made pussible to predict which :
mrganisms occur in a garticular habitat, by the degree to which their
v specltie requirements have been met.v o : '

A favourable milieu will 1ead to the establishment nf a
’characteristic florn which may hring about chemmcal changes in the »
'3environment. It eonditions are faVQurable for amylolytic and cellulo-
1lytie organisms, the physical strueture of the environment may also be
: altered. Chemical changes B8re brought abonx in- the milieu by. the
utilisation of nutrients and the liberation of the en&-products of
metabolism which may aleo result in consi&erable changes ‘in pH and Eh
4n the environment. These chenges may create favourable condztions_for
v other organisms and in this -way a succession is established. |

In the . example giVen above. enterobacteria and bacilli caused
' such changes An the envirenment by the utilisation of oxygen. The
changed milieu was: favouradble for the growth of lactobacilli which in
turn alteréd the environment which now became a favourable milieu for
' 1actate fermenting clostriﬁia. ' L '

_ It is intereating to nate that this successian, unlike that of
higher plants. results in a more severe environmento. Initlally. a 1arge
‘number of forms is present thCh -gradually decreases as- the mediun-
becones depleted ‘and end-proﬂucts accumulate. Under guch_conditions_
'-,anly the more resmstant forms survive. . i '

_ There is thus a continuaus interaction between the organism dnd
ite'enviranment.v The envircnment selects by creating favourable )
conditions for growth for a particular physiologieal group of orsanisms
whiah in turn, through their bzoehemical activities effect changes in
that emvironment. maaing any particular malieu @ transient condition.

The failure of any particular organiam to develop in a particnlar_i-

f‘environment ean be ascribed to the 1nhibitive action of one or ‘more
limiting factors'which_gan be &etermined exPerimentally.



While the approach of Baas Beeking has remained relatively

: »_unknown, a complementary approach to the ecology of micro-organisms,

has been: developed. ‘This approach has been 3ummarized by Hnngate
_(1962) in his "Criterza for adequacy of ecological analysis"

*Considerations of bacterial ecology deal usually only with -
qualitati#e relationships, hut quantitatiVe aspecte also need consider-.
ation. Knowledge of qualitative aspects of a natural microbial
communxty is fairly satxsfactery when the following have been '

answered.
1, What kinds of organisms accnr?

2. that activities do- they perform and hew are these
S acthities interrelated? '

'Knowledge of quantitatiVe aspeets requires, in addition. afnswers to
_the Questions' . : ’ : '

“ 3. In what numbers does each kind of organiam ocour?

4, What is the magnitude of its activity, and uhat :
~ factors influence this magnitude?" P

In this approaoh the emphasis is placed on the orsanisms and

g not 6n the environment. - The importance of quantitative data and ;

enumerations 1s stresséd and changes in the number of the bacterial

_ population can, in certain circumstances, be used as an indicatlon of
' the magnitude of its activity. |

In the present study this approach was used to augment the. study
of the milieu.  As the present study deals mainly with the autecology
. of a specific group a complete investigation of the influence of the
:7_ succession on the miiieu would have fallen ontside the scope of the

present work. :

ll



@:}?‘ Vo

- carn a:ay be Ng;lam& b:.r mmthw mwt.

'ﬁm brzmizsg ai’ kaﬁir 'bear {m' Bantu mcr, as it ie Bleo kaewn?

forss an intngm& part of the culturs a:xé custons of the Bantu tribal
_ gocietles in Sowthern Africm.. There §6 no compon brewingwethods -
o M@%ﬁg procedures and the ingre&imm of the beer mry eenmiﬁwnhﬂg
 smong &ifferent tribes, The aifferent typos of tribal beer have been
. described ’b}* Jurits (&9&6). Chﬁgm and Baker (1907) and Doldge (1930).
With tha mpm wﬁaﬁimﬁm cf the Nonewhite mewxm in this aenﬁw

the demaed Lor theae beers grew rapidly and was freguontly ek by

-imieﬁs concoctions whish ware ghven acaets.:auva nBnes auch &e M4 Y
_ _wqﬁckﬂ m&‘ *’Mm ",  The ingmﬁimts ond methods of wapamtm
- of these brews have been ﬂ&ﬁﬁribeé by Hellosn {1934},

in nréer te fnset- the mming d&m& for beer by the m@ﬁndﬂ.&g

. _u‘rm ﬁowmtm, the Banto Baer Iaﬂmtry whE mtabl&ahn&. The souipe
- ment donventionally used im the brewing industry could mot be ﬁppl&e&
' 4n thie fnhaevently &iﬁ'@rmt wmaa s that new bmwmg tecfm&ques
. had to be &evﬂlﬂpeﬁ., : o : -

The reemsmmdm% hﬁﬁﬁiﬁg pmcaﬁnm win be bﬂ.ﬁﬂy gu‘hiiﬁeﬁ huu.

It pust be borne in mﬁm& %:hat many devietiohs from this schene exist.

Where such demtim are of mpart&nm fo the andmﬁan&ﬁng of the

protlesm madme imemig&i&m. ﬁwy ain be aew&bea in the r@lmt |

sotkion of the tmtt.

In South Africa ealted keffir covn, Sorghus vulgere Derse, 16
wned for the brewing of Bentu peer together. vd.th . marﬁhy gugmme o
of either unmalted kaffir corn or maize. In Zsmbis ond Rofwsis, haffir
snnicetun typhoidesn mcn.. or
ine goracans Gaertie (S?m&nm, mﬁ&). .

by Ciew

. The ma;r is mﬂe by Wn Maﬁiw‘& mi.cmmalcgim processes: o

iaati,a mi& xermtat%u and & a&wﬁwﬁa fammtaii@n.

' mm\ m:tm aem Zwmtﬁtmm

fhe 1&1‘:%&: acid termtat:ﬁ.m or mmwing. Re ampzw by

| Vnmwm:xg e mmsz-amma%a}y 10% suapsacion of malt in wnter at 48 to

500¢ for 16 to 18 nours. mmmg this Mﬁﬁ an m&e!ment of houoge

- fersentative th@mbaﬂtma takes place which have boen idontified as B
7 7 i1l (ven Revken and Inlenfoldt,
- uuyummn&ﬂ :iuﬁa). @h‘w tm nz fﬁm&n‘k&tiﬁﬂ ia Smﬁm as n; "apmﬁmaaua o

Lagtobacillve de i:ru gitii and Lo Jeichmann:




v souring" and may be used as an inoculum for further lactie forment-
ations. Iactic acid production is accﬁmpanie& by a break down of
starches by amylases formed during malting. Amylolysis takes place
feirly rapidly initially owing to the favourable temperature but begins
‘to fall off when the pH decreaces as the souring proceeds. The extent
tc which this process takes pldde ’is” primarily ‘dépendént - an the
disstatic power (DP) of the Balt useRe .. . .\vvry vt L

 The pH at the end of'séufingnis.usualij;in‘thearéﬁgé.éf;BiO to
3.3 and depends on the quantity of acid proance& and on the buffefing
capacity of the malt. In an averags souring the: 146tic desd eontent
~ varies from 0.8% to 1.6%; it is, however,. the pH value that aet&rmmnes
‘the organoleptic acidity., -

Afﬁer souring the bul? 6f thé mash’ 48’ tranéfefréd into’ c°okers
but & small amount remains in the vessel to serve as an 1nocu1um £or
the next bateh. | R

----------

The soured malt in the cooker is diluted with almost two volumes
of waters ﬁpproxxmately 1¢ parts of an adjunct, usually maize grits and
less frequently orggum meal, are added to every part of malt used for
Vsouring. The mmxture is boiled for apprbxxmatély 2 hours and cooled to
80°C when an additional 4 parts of Sorghum malt are added for every 10
parts of brewer*s‘maize grits previéusly‘usé&., This process is known
as "mashing" and the malt added is called "converelon malt" to distinguish
' if‘ffbm the malt used for éouring."fhé‘éﬁylases in the conversion malt
added further hydrolyse the starches, now gelatinzséd by boiling. The

conversion of starches: is incomplete,as the amylases are denatured
rapidly at such high temperatures and 1ow yH. Excess uugar production

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

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

...........

a dried yeast preparation of Saccharomyces cerevisiae. ?he mash is

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

passed through strainers where the coarser husks are removed and iu then
- pumped into fermentation tanks where avshqrt alcohelic,fermentation
,tgkes.plape_fbrps,tb.ﬁﬁfhpﬁfﬁ.?t;EQPEw,{Eh@ retention time in these tanks
~depends on the demand for the beer. The legal limit of alcohol in the beer
{(3% w/v) is dszlcult to control owing to the continued hydrolysis
of starches and because the beer is concumed in an active state of
fermentaﬁion; During the alcoholic fermentation there is a continued '
souring action. .After'the’adaition‘of adjunct and boiling the pH may



.risa to a value of 4, 0, whereas the final product has a pH of 3.3 to

Bantu beer contaxns L to 5% total solmds, mainly starch. The'
. average proteln content iz 0.6%. ' The vitamins present are mainly ;-
nicotinic acid, thiamine and riboflavin,:averaglng 189, 32 and .36
micrograns per 100'ﬁ1. of beer, réspéctivély (Nbvellie. 1966)s With
the increased use of maize grits as starchy ad junct there haa been a

. considerable drop in vitamin content of the product.

. - The participation of amylases of mucorales in the- hydrolysis of
 starchee as first postulated by Chapman.and Baker (190?),for home=_ .
”_brewed beayr and frequentlyvquoted in_the;literature, has been provéﬁ
not to occur in modera iﬁduspriai fermentations (NOVeliie; 19665;

fg;_- " The brewing pfbceéé as an environment.,
The importance of environmental factors in detarmlnlng the
sequence of ecological events in any particular milieu has been outlined

in Chapter IX. Tha most important environmental factors and the

signlficance cf mlcro-enV1ronmenta will be briefly dlscussed below. :

e gydrogen.idnﬂconcehtration."”'

Clostridia, even the lactate fermenting forms, are known to be
relatively sensitive to low pH values. The growth of Clostridia can - -
generally not be recorded in samples of silage and cheese below pH 4;0;"
Unless. the Clostridia found in'Bantu»beer are inherently aifferent froh
those found in the processes prev;ously mentioned, their qrowth is un-
likely to oceur in a well-soured beer which has a pH of 3. 0 to 3. Se
»During souring the conditions are, however, different.; ‘The pH of a
freshly 1nocu1ated souring 18 high enough for the growth of clostridia.
A freshly 1noculated scurlng usmng the recommended 10% inoculum has a
‘pH of approximately 4.5 to_5.5, depenalng on the buffe:ing capacity of
A‘the malt. (See Table VIII. P.27%)s The pH of & 10% malt suépenéion'
in water. as used for a spontaneous souring may vary. from 5.5 to €. Se

In many spontaneous sourzngs and in inoculated sourings where in=~

. effective inccula are used, a long time lag occurs before a’ drop in pH

can be recorded. Under such conditions a fermentation by clostrldla

. ism not unlikely to occur.~

2, - Temperature.

In a well: controlled souring a temperature of #8 to 50 (Zia

maxntaaned. :Ihis temperature is unfavourable ?or the development,of



mesophilic saccharolytic clostridia which have an optimum temperature
o

of 43°C (Henneberg, 1926). The maximum temperature tolerated by these

organisms was not investigated.

Thcrmophiiic clostridia have been described by McClung and McCoy
(1957) in Bergey's Manual of Determinative Bacteriology and their
possible growth in the souring process cannot be excluded.

More favourable temperaturesare found in the later alcoholic
fermentation but, as was pointed out previously, the low pH at this
stage is unfavourable for the growth of clostridia.

3. Redox potential.

No data were available on the redox potential in the various
stages of the brewing process. This aspect of the environment is
investigated in the present study.

b, Availability of oxygen.

The growth of clostridia ias greatly retarded by the presence of
oxygen in the environment unless a low redox potential can be
simultaneously established. The effect of oxygen and redox potentials
on the growth of anaerobes is further diécussed on p. 1l.

Oxygen as a gas is poorly soluble in water and ites solubility
decreases with an increase in temperature. The solubility of oxygen in
water at 760 mm atmospheric pressure is only 26.6 mg per litre at 50°C
(Lange, 1956) and is probably rapidly utilised by the aerobes that can
be demonstrated to be present in the initial stages of spontaneousa
sourings (van Kerken and Ihlenfeldt, unpublished data). Anaerobic and
mioro-aerophilic organisms can thus be expected in such sourings.

During the alcoholic fermentation all traces of oxygen will be
rapidly removed by the yeast population and, at that stage, the process
can be described as completely anaerobic.

5. Mcro~-environments.

Bantu beer is a highly heterogeneous medium in which both liquid
and solid phases can be found. Starch grains. and protein granules are
mainly responsible for this heterogeneity although larger particles
such as husks, rootlets‘and the remains of coleoptiles may be included
in the malt as "roots and shoots" and are found in the lactic acid
fermentation before straining.

Very little is known about micro-environments because investi-

gations are hampered by the lack of adequate techniques. Organic |
particles may form surfaces to which microbes and molecules may adsord
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resulting in distinct microeenvironments. The bulk pH and rH as
 measured in the medium may'not necessarily correspond to the values
' on the surface of a particle,

 Vhereas, in & well agitated mash relatively homogeneous -

conditions will prevai1¢-in‘casesvﬁheié stirring 13'1nadeqhéte or .
totally absent na jor environmentalléhanges ¢an be reéotdéd; The
settling of solids and fhe cooling of the periphery-ofvthe fermént-_'
| ation;véssel reSulf in-congiderable envirdnmental changésfin various
_parts of the tgnk-which a}é~ref1edted in~thé cqmpositidn of‘thé flora
4n such localities. A souring in qhich such coﬁditions occurred is
discussed in Chapter VII. | l




Ao

Qutline of methods used in thie study.

1. ZIntroduciion.

An overuheiming'namher af méthcé&»nnd,;nacrébia‘%echﬁiqﬁes have
been deviced and described for the Lsolaiion oand purdification of
clostridis. These have been adequately reviewed by Gibbs and Fremme
{1965} end Kutaner (1965). The techniques of tho Fromch School as nsed
in Prévot's laborntory have boen sumesrized by lebert and Terdfeux
(1952). o ‘ -
| The types of techniques cmplayed vary graatly with the nature
of the problem investigatad. Ia the present study combinations of
techniques were used which will be briefly outlined here and their source
of refurenca'stmtbd. The acheme followed wos obtained by trial and
error and wae found to give the most rapia end reliable results in the
aaalyais off Bantu baer. _ ' ‘

) ﬁare ﬁitfizult wAB tha aeiactinn af anitubla media. Clostridis
ﬂo not Lorm part of the dominant flora of melt and beer and are grnmtiy
cutnusbered by baeilli and enternbaeter&a‘ In both those groups facultate
ive anassrobes can be found uhigh traqnennxy ﬂntartare in the isnlnticn
ot cloatridia (KutznaT. 19653 . ‘

Gaﬂti&n viblet. sodium aamae. corble acid, suiphon&a&&es and

vnrinus antidlotics have baeh usmed to introasc the selectivity of media
‘mand to suppross the nocompanying fiorm. Most of these substances have
baon ahoun te be insufticiently pelestive and even te inhibit anaerab&c
zpore Yormers, {Mossel ot al., 19563 Gibba and Freame, 196853
Harayan, 1966). Gentinn viclet, if used in the riggt concentration, does
" not seriously inhi%it-éléﬁtridﬁa ﬁut is not vory effective in supprossing
serobic orgunisme. Similarly, clostridia have besn shown to be sensi-
. tive to codium thicanlphate, uhich is frequently included with ferric |
'V-_uitrntn in &ifturantiel uiﬂi& to ta&t for hydrogen auiphiﬂe proanctiﬁn

(Gihba and Fresms, 1955}. o :

A Alternatively, asrcbes can be suppresced bj 1nwering the radaz
potentinl of the wedium. - cyﬁtain, assorbic acid, th&agiycallic aoid
and iron selte in the reduced state are most Teequantly used for this
 purpose. Such media heve the sdvantage that they meke the "aercbic"
growth of clostridia possidle, a8 the reductants remove the hyﬂrogén '
L pﬁreziﬂe which is produced by obaigutc anasrobes in the praaanca of

ozygtn (Kutzner, 1965). - -



The media ueed in the present study were selected for the
following attributes' ‘ '

1. They must support the growth of both proteolytic
and saccharolytlc forms.

2¢ Interference fram facultative anaerobes must be
mninimel. ' '

"~ 3+  They must give repfbdﬁdiblé results.

In the present study attempts vere made to increase the

. selectivity of media using gentian violet ‘and thioglycollic acid.

.‘451nce the counts obtained with thése substances were much lower than
| with other methods. they were considered unsu1tab1e and were not
further investigated. The selection of media is described below in
Section B. - ' o | | |

'_2_ Hateriai.'
: tht, bran and ‘brewers® grits were collected from various
-breweries ‘and maltsters mentioned threughont the text. These samples

" Were treated aseptically whenever possible and storea at. room
. temperature in- the Iaboratory. - Lo

3 Preparation of Diluents‘-

The most effective diluent has been shown to be a solution

‘containing peptone (Gibbs and Freame, 1965). A 0.1% peptone solution

wae used in this stndy‘with‘the addition of 0.1% agar to obtain a better
' suspension. The &iiuent‘waé made up in 90 ml. quantities and sterilised
 in screwe~tap bottles to prevent the access of mir after sterilisation
and maintain anaerobie conditions. Ten-fold dilutions were prepared.
A 10% (w/v) snspension of malt, bran and brewers' grits was usad for
. further dilutioms.

L, Euumerations.'

_ AII samples were enumerated by the Mbst Probable Numher
Technique (MPR). Enumerations were carried out in test«tubes when
solid or semiusolid media vere used. or in MbCartney bottles ir broth
was used. Triplicate or quintuplicate samples were incubated for
each dilution. depending on the aceuracy desired and the time availabdle.

3

N In each case two serles were. incubate&. A pasteurised series
was used to'determine tho total numbar of spares ‘present. - 4n- un-
pasteurised ‘series was interpreted to represent the sum of spores and
: vegetative cells in the original sample. From this the nnmber of
;.vegetatlve cells in the sampie could be calculateﬂ. .



Samples were pasteurised in a water-bath at ?5 °c for 30
m:lnutes (szhs and Freame, 1965),

5e Preparatiun ofkgure cultures.

Pure cultures were prepared by streaking pastourised samples :
on RCM agar {(Gibbs and Fre&me, 1965). Plates were incubated in
" anaerobic jars under 95% Nitrogen and 5% cea To remove traces of
oxygen a mixture of 33 pyrogallol, 20g diatomaceous ‘earth and 28
Na 003
approximately 2g of this mixture ‘were place& in each inverted Petri

was prepared in a mortar and paper envelopes containing

dish. After 3 days' incubation at 37°C, coloniea from such plates were
_ restreaked on the same medium. Thls procedure was repeated at laast
" four times until pure cultures were - cbtained. ' '

If no pure cultures could be obtained by this method, shake
cultures in Burri tubes were used as described by Gihbs and Freame (1965)-
using vr basal ‘mediun (Lebert and Tardieux, 1952). Shake cultures of
every isolate were tested in this medium for aercbic contamination._ _

- Aerobes grow near the surface or throughout the medmum. The growth of'
anaerobes is restrlcted to the bottom of the tube.

) Spore forming strains givlng a negative catalase reaction were
| tested ‘for the presence of cytochromes by the benzidine test of Deibel' -
and Bvans (1960). All Btralns giving a negative catalase and benzidine,
reaction were. taken to be clostridia. . ' |

61 Maintenance of stock culturess

Fhre cultures were grown in ROM " broth (see below) until good
sporulation had taken place. . Cultures wers then centrifuged and the
spore sedinent wauhed twice, using N saline: & gdﬁcentrated'sp§ra o
Y suspension was inoculated into sterile soil. :Suéﬁ’duliures were«'_‘ N

- allowed teo dry at room temperature and were then stored at 4° Ce

Alternativoly, strains‘were,grown‘on"RCM‘asar slopes-in an

_ _anaerobic jar. Whenvadequaté growth had teken place, the %ubes:werev
removed from the jar and the Cottanawoql.plugs weré‘tfimued to the level
of the rim of the test tube. A few cryétals of pyrogallol and two drops
“of an N/10 Sodiua hydroxide solution were plated on the surface of the
‘trimmed plug. The tﬁbes»ﬁeré then sealed with a rubber bung {(Kutzner,
1965). '”he cultures'ﬁere stored at h°c. If it wes found that large
numbers of spores were tormed, the bnng and plug were removed and

. replaced by a sterile cotton-wool plug. '
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B : S Experimental.,

1. The selection of media.

In order to seleet:an'efficient'me&ium and obtain-informatién‘
about the flora of malt and beer simultaneaualj.'enuﬁeration studies
~ were conducted on malt and beer of different origins using di{ferent

media.

Medi& ;ested:

1. Ro-entoroed cloatridial Medium., (RCM) . .
' (Hirsch and Grinstead, 19543 Gibbs and Freame, 1965).

 Peptone - R 1
Oxoid labe-lemco . | lIOg'
| Hydrated Sodium acetate 5g
Difco Yeast extract 1.5
Soluble Starch lg
Lecystein HC1 OS¢

' Distilled water - . ~ 1000m1.
 pH adjusted to 7.1 toi2° . .
ﬁispensed in’ HbCartney bottles and stermlised at 15 lbs.
- OVerprossure for 15 minutes, L e
Twa per. cent agar was added to obtaln a solid meﬁinms'

: Differentialrkeuenforced clostridial Medium, (DRCM)

A 4% solution of scdium sulphite and a 7% solution bt Ferric
citrate was filtar-sterilised Geparately and stored‘aﬁ 4080

_ On the day of use equal volumes vere mixed and Zml. of the
~ mixture were added to 100ml. of RCM broth.. o

The mw&ium was diepensed in MbCartney hottles.

| Semi-solid ch 3 | . : o
To the RCM broth described above 0s2% agar was added. Thg médiﬁm
was incubated with Top-layer agar. (See below). A

The medive was dispensed 1n test-tubes containing &ilutions cf
_the sample to be enumerated« B

| ”2.»-szer Mgdium. {Kutzner accorﬁing to van Kerken. personal

: ‘ communication). J.f v

Cmeem Mk . . 1000ml.
Ox liver (mihce&) . Lo ~ S50g '
Potatoes {grated) .}ﬁ'vq,'f'"t . 100g

Glucose = - _';_.‘ o - '77'103' :
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Milk, liver and potatoes were sterilised at 15 lbs. over.
pressure for 1 hour snd passed through a sieve. Glucose was added .
and the pH adjusted to‘S.S.' The medium was dispensed in test-~tubes
and sterilised at 15 lbs.' overpressure for 15 minutes.

-3, Viande-Foie (VF broth) Adapted from Lebert and Tardieux (1952).

Lean boef {minced) = .  1300g

Oz liver (mincea) . 5008
Pepsin {(Merck, DAB6 = 1:}5000) . - 1g :
Distllled uater_ j}' : 9000 ml,

. 'All fat was removed from the beef before mincing. The minced
1iver and beef were added to 6 1, of wate? in a water-bath at 47°%.
Then 3 1. of water at 60°C were added with 75ml. pure concentrated HCl.
Pepein was dissolved in 30ml distilled water and added to the mixture.
A temperatnre of L8 to 50°C was maintsined for 20 hours with 1ntermittent,
stirring. The mixture was then boiled, filtered and sterilised at |
15 1bs. overpressure for 30 minutes..

‘Before use the pH was adjuste&‘té Zabe

The medium was dispensed in test—tubes and re-sterilised at
‘_”15 lbs. overpressure for 15 minutes. ' ‘

L, VF deep agar.

Agar was added to VT broth in a concentration of 1.5% and
‘steriliged at 15 1bs. overpressure for 15 minutes.

Se Gelatin,Hedium-,(Rosenberger, 1951).

Gelatin =~ - - 1208
Bactostryptone o , 15g
Yeast extract - - . 58
Cystein HC1 o Oe5g
Resagurin . S 5. Omg.
Distilled water | 1000m1.

PH sdjusted to 7.0

The ﬁedium was sterilised at 15 1bs. overpressure fbr 15 minutes
and dispensed into test-tubes conta;ning dilutions of the sample to be
_enumerated. Top-layar agar was used. ' '

6. Acetate-lactate Medium (Roseﬁbergef, 1951),

This medium was not used extensively as it is selective for
lactate fermenters only. A full deacription is therefore not given.
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7. Top-layer tggr. (Ro#tnberger._igél).

Thioglycollic acid  0.5m1

Cystesn BCY L o
‘Resazurin . SR - " 5.0mg
”Agar . L e

D&atillud uatqr ‘ f’-5>, o . 1000ml. -

pﬂ :djnatca to ?.O. ' _
 The na&inm was stcril&sed at 15 1be. overpressure tor 15 ninutwe.'

- ﬁhis»aeaium was usad to' QVerpour semi—solid mcdia to obtain
anaerobic conditions. Top-layer agar was used ‘to overpour Acetates
-‘Iactatc nedznm. galatin mediuﬂ and aoﬂi-solid ncw in test-tubea. -

Ennmerntzon atuéics were condncted on sourings and beers of )
diffcrent origins., A tub-hour oxd.souring PR 3.3 from Brewery B at
 43.8%C was compared with a li-hour old souring of Bronery'ﬁ.- The pH
of this sanple was 3.6 and the souring temperatures 51.2 Ce Samples were
enunerated as described above, in the follewzng mediu. '

‘RGH broth.

Iiver medium. _‘ R

' Gelatin medium with Top-layer agar.

'Acetata—lactatt uediun with Top~1nyer agara

v Similariy. tho final beers from Breweries B end B ﬂnra oxananeﬁ
using RCM pemi-golid medium with Top—lnyer agar, DHCM broth and V¥
deep sgare. The medium last mcntioned wae incubated in Burri-tuhes.

The results &re summariaed in Tablec I?and IT.

in or&nr to asc«rtain uhethtr RCM medium also supported the
'3grouth of protcolytic foras, L nl. aliquots wers withdrawn from the
'}cnumeration series of seni-collid 'HCM, pasteurised and inoculated 1ntb
gelatin medidm. As the samoe eamplc had been previously enumcrat.d on
gelatin the results could be ccmpared. (See Tahle I1).

‘Pubes in which gas-farmation could be dotocted were snlected from
the unpasteurised series. Streak plates on RCM agar were incubated both
aerobically 2nd anserobically and thn prosencc cf aerobes and annerobes

| was rccoracd. (See Table III)-

Pure cultures of aarobss were e-inoculatnd into thu originnl
medinm snd the tubca axaninod after 3 dayse ' '
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Results and Discuseion.’
TABLE 1

Closﬁrzdla in Industrial Sourings

: ApproxiMate number of cglls”per ml.
Megium ¢ Brewery B ' Brewery D
| |unpast. f'pagt*_, unpast. | paste
;ﬁc_ra broth 107 10° 20 10t
- [Liver medium 103 ‘lozb =B 103 B I T
Selatin medium with topelayer agar | 10° | 10° 10 | 10
 jacetate-lactate mediun | 10° 10 10% 10
| with top—layer agar : N o
TABLE II
Clostrlala in Beer
— Number of cells per ml.
fedive Brewery B ' __Breuary E
junpast. | pasts | unpast. past.
DRCH broth fixio® | 3mo® | wx10® | s5m0®
i:cm broth _, Tac® | sm0® | smo® | txao?
oM semiosolid agar frio”° | 10’ | 1x103 2x10°
Liver medinm with top-layer _ 13103.' 4x10” 1 1x10" 2x10° -
: ' a2 1 aeand | less { lese
Gelatin with fop-layer -2xlq' - 1x10 | than 20 | thaa 10
JXI'F deep agar ' L 12#101,'- | _2!.102’. : 2:1’02 o 52102 1
s 2 {(above) transferreﬂ to_ﬂ" | I ) 2 | less 4oL
gelatin with topelayer BX1Q" -3x10 than 10 | 9
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TABLLE II1
The occurrence of aerobes and ancerobes in
' enumeration experiments '

- Total 'Nﬁ@ber‘of tubeg showing colonies
 Mediuwm | Woe of tubes tested ‘.Ii Aerobic . | © Anaerobic
| RoM semiesorsa | . 200 -} & 1 2
1 RCM broth ! -~ 20 -} 0 ] - 19
Liver medium - | . 20 .~ | I I 1
Acetate-lactate | . 1o - - L L . B X

~ No significant'diffefenéeé in paéteﬁrigéa and'uhpasteﬁrisea counts
cenld be detected, thus 1nd1catmug that clostridia were present in spore--
form only; Slightly higher counts were obtained with RCM aemi-solid
.medium and with liver-medium than with any of the other media used.
See Table 11, Liver-medium, howaver, had the disadvantage of supporting
tha-growth of aercbes as cen be'seen'ih Table 1IT. Slightly loner o
counts were obtained with DRGM and RCM broth, the 1attar also supporting
the growth of aerobes. '

RGh semi-solid medium seemed to aupport the growth of protoolytic '
strains more readily than gelatin riedium. -Highexr counts were obta;ned
vhen pasteuriaed samples from the RCM enumeratzcn series were inoculated
into gelatzn than if gelatin was used for the przmary isolatxon.‘

(Compare Table II, Nos. 3, 5 and 7).

Gelatin medmum was occasionally used as a comparison in later .
studies end the results obtained agreed very closaly with thoae get out
here. Relatively low counts were obtained with VF deep agar and acetate-
lactate mediﬁm. These nedia were found to be too selective to be used
Cin a study of this nature. BC% 1n the semx-solid form gaVe the highesat

'counts ‘and the least interference from aerobzc organisms. It was, - '
: therefore, chosen for all. further routine enumerations. ' ‘

Aerobes that did occur were brought into pure culture and
7 identified as belonging to the genera’ Aercbacter and Baclllusﬂ, If such
pure cultures were re-inoculated into RCH semi-solid agar very little

. gas production was recorded. The behaviour of such strains was different
from the highly aerogenic fermentatlon of clootridia end their presence
could therefore always be detected in enumeration series.



The mefits of the various:media tcsfé& are shortly outlinedlbelou.

Semi-aolid ROH with Top-layer Agar.

Thms medium clearly gave the best results (see p.18 ) and was,
: therefore, uged for all subsequent enunerations. The medium was easy
to propare and 4id not favour the growth of aerobes.' : .

RCM hroth and DRCM broth.

"

Both nmedia frequently supported the growth of aeroves which could
frequently be. aetected in the form of a pellzcle.‘ Lower counts wgre

- reoalised than with the semi-aoli& medlums ‘The media were not used in

. further experiments.. ' '

Liver medium,

. ”he medium was excluded on account of the high level of aerobic
contamination evren when 1ncabated with anaerobic top-layer agar.

It was found to give: excellent results when e¢lostridia were
recovered from stock cultures An sterile Eoil and was subsequently used
for this purpose.

Acetate-lactate medium and gelatin mediua,
, These media were excluded és'théy were too aelective for specific
physiological groups and did not give a true reflection of the

c¢lostridial flora in sourings and beer.

 YF deep Bgar. i

'Very low éoﬁntsIwere'reaiisednﬁogsibly becéuse;the modium contains
no fermentable carbohydrates Whlch would favonr the growth of saccharolytic
clostridia usually dominant on malt. The redium was not used eXe
| tensively, althougb it gave reproducible results.

~Semiwsolid ROM,; the mediunm chosen; gave excellent results., Une
fortunately it did not lend itseif to direct colony counts which are
Wore accurate than enumerations by the MPN technique because of the
excessive gas producfion by the orgenisme that were eﬁumeratedg




'CHAPTnR ;'v_

~ZHE - FLORA _OF - BANTU BE?E AND » ITS
 INGREDIENTS

A . 'The flora of kaffir corn
~ Five répresenietive‘eéhﬁiéﬁ‘b?‘keffi?'Ebrn'%ere.inVes%igéfedeﬂb
,“‘Samples were taken aeeptzcally from unopened bags. at 3 different

eimaltsters. A suspension of. the mmcre-organisme on the raterial wae u
" made by ehaking IOg of kaffir corn An - 90 @l of eterlle agar-peptone

,,,,,,,,,

. for % minutes. Dilutions were prepared from the supernatant and

‘v:enumerated in. semi-solid Rcm.equuﬁﬁhe M.f . Th‘“;',Ab.};

» Less than 10 cloetridia were present per gram of  the: originaie
eample in all eases. Cloetridia are present 1n very small’ numbers
T on kaffir corn only. Simzlarly, 1t was found: that bacilli, enterobac-

......

teria and lactabacilli did not occur on kaffir corn in large numbere.

B.. _ ,l,‘r, Een;u,t “The flora of malt,

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

e.investigated. Mlcrobes occur: in very large numbers on kafflr corn malts.
representative samples was investigated routinely. Resulte obtained for
V:clostridia are summarised 1n Table IV belows-. In moat Lases enterobacs-
,v;teria and 1actobacillx were enumerated as well. See,Tableiﬁili,.p..Z?agf
~ Pigs. 3, P ua; Fige. 5,. Pe- 50. S |

, TABLE IV .
Number of clostridia per gram of malt,
| Reference Nos. - - . ..A;Maltstf:er FUREE B - MPN of eens per_grom
: ' - ) ] unpasta vvf‘ T paet.
M66/19 . 25107 . ) 1X10

166/25 - . o Exro® | hmuo®

B ,
166/27 - ss0® | amo®
ME7/104 B 2010° ). 2x10°
wep/s2. | .. B 1me® 8x103'
 we8n1z .~ | A 20" - | 2m0
VY, P B a1 ] 2me?
M68/143 T 30’ | ke’
- E 5::105 1 sae’




Clostridia could be detected on all malts investigated and
these proved to be almost exc;usively_sacchgrolytic forms. Samples

obtained from maltster E frequently showed & slightly higher count
than malts of other origins. '

Clostridia can be consld¥red to be a normal component of the
flora of malt. The slightly higher co&h%g%é;ven by unpasteurised
samples in some instances, may indicate that vegetative cells occur
on malt. In most cases, however, .clostridia occur as spores only. -

c.. ’ The flora of grits.

Six representative samples of brewers' maize grits from
different breweriocs were investigated. Grits were studied that had
been obtained from Ereweries D, B and E and were enumerated in somi-
solid RCM. .

The results are tabulated below:

TABIE ¥

Rumber of clostridies per gram of brewers' grits.

Brewery No:.of sample MPN of cells per gram
unpast.. past.
D Dl lens than less than
10 10
D2 less than less than
10 10
D3 less than less than
10 10
1 1
B B 2 x10 4 x 10
B2 less than less than
10 10
B3 less than less than
10 10
E El less than less than
10 10
E2 less than less than
10 10

On the average, a very small number of cells per gram of grits

was recorded.. As the accuracy of the Most Probable Rumber Technique
is very low at this level, the exact counts obtained are not given if
less than 10 cells per gram were rccorded.. It was found that

enterobacteria,. lactobacilli and bacilli occurred in very small numbers

on the same samples..
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The 1ow counts obtained may be aseribed to the polishing of
the grain where the microbial flora is removed with the fused pericarp
and testa of the caryopsis.

Clearly, the number of cells introduced wmth Brewer's grits ‘
into the mash is inszgnifieant. o

D f - The flora of bram.

Bran was only used extensively in Brewery B. The flora of this
brewery was exceptional, in that large numbers of proteolytic clostri—
dia occurred in the beer which were usually zbsent in the prcducts of
 other breveries. (See Table II, Nos. 5 and 7)._

Samples of bran. collected at Brewery B, were enumeratea in :
.gelatin medium and’ RCH asg previously described,.

TABLE VI

_ Number of clostridia per gram of bran.

:'-Geiatin B RCM -

| unpset. past;': unpast@f-pQSt;

‘B 7 9md® |mad® | e’ | emo’
B2 o ] 1m0 | 2m0’ 3x105 1 ax10®

B3 | emd® |md®| 9md® | 1ao’ |

All samples of bran contained large numbers of proteolytic
clostrid;a which accounts for their presence in beer: from Brewery B._'
:-RCM was . inclu&ed as a control, and the counts obtained indicate that
the proteolytic strains were not greatly outnumbered by Baccharolytic
- forms. ‘ '

E. . .'; ; ‘..v'T - . "Theufiofﬂ Of'Beef'.'

1. Enumeration egperiments.‘,

; The number of clostridia present in the final product were
determined by different ‘methods and have ‘been summarisad in Table II
“Page 17. Routine ennmeratlons on beeﬁ samples were Xrequently
carried out and special attention was paid to so-called "bad beers" L
. whieh were frequently sent to the laboratory for’ 1nvestigation. The =
“results obtained in suchvdeterminations were very_unzform._ The same



number of elostr;dia per ml. were found to be present in pasteurlsed
end unpasteurzsed samples, clearly indicating that they were presenﬁ
in spore~form only. The number of ‘clostridia present in EOvcalled
"had heers" agreed c10fe1y with the aceeptable product" |

_ Approxmrately 70 beer samples were investlgated in the ‘course

of this etudy and the. unzform counte obtalned do not warrant tabulation.
On an average 102 to 1oh cella were demonstrated to be preSent per ml.
of beer whxch is equivalent to uhe appreximate nunber of cells present
on malt. | | o { o '
1f spoilage can be éttributéd to the growth of clostiidia, these
organisms should be present 1n large humbers. and should be vieible » _;
microacepically. Thlb was found to e the case once only., See
Chepter VII. L R | L

2;' Enrichment experlments.

The recovery of clostr;dza from sourlngs of Brewery B was,

. attempted with specially deslgned medza as higher alcohols such as

butanol and propanol had been reported to be present by chemists of the
' Bantu Beer Unit of the C.8.1.R. .28 a eantrol. sourings of 2 brewery in
which no such flavours had been detected were 1ncluded in the enrichment 
._serles. S ' ' ‘ |
Initielly'the'?reseeée of propionic acid wesesuspectedvin the
souring of  Brewery. B. ‘Enrichments were therefore designed with the
,fpurpose of recovering propionic acid producing clostridlae '

_ Experimental Procedures.

A three-hour old souring, pH 3.2y from Brewery B was used for j
'the enrlchments. Ihe basal medzum had the following compos;tlon.3

"Bacto-peptone S o W[ . o 3g
‘>Yeast-extract 3 b.: ?'f__ff '.4g': .
;phosphate buffer (pﬁ- 7. 1). o ?“‘. 5 ml, . -
saturated Casou solution e ﬂ_.f>- 'f's‘:almi.
sttein EC1L - e C.2g
FeSO&.w 0. S oae |
| distilled water ;fz*}';?u:iff . 1000 m1.'7“':

A series of enrlchment medza was prepared by the additmon of
~ various carbon sources in the: concentratzon of 3¢ per 100 ml, basal
mediums The car’bon sources consisted of amino-acids ( ﬁl— alanine,-
asparagine. serlne, threonxne), sarboxylic acids (lactic and. succinic

acid) and alcohols (ethylene glycol and propyline glycol) after Gaston
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and,stéaﬁman (1963). The pH was adjusted to 9H ?~0,ih all cases.
The*selectiéerac%ion of propionicbacid was also investigated. Thé
acid was added in concentrations of 0.2 and 0.4% to the succinate and
lactate medium, to sterile converted malt and pasteurised samples of
Brewery B sourings. The cultures were incubated anaefobicaily in
200 al. quant1ties in glass-stoppered bottles at 3? C.

_ Enrichments that showed signs of growth were suhcultured twice
in the same medium. inecula were plated onto solid medium of the same
composition and were brought into pure culture on RCM agar,

Results.‘

CIostridia were recovered from all enrichment media with the
exception ‘of those containing serine and threonine as carbon-sources.
The strains isolated conld be morphologically divided into 7 groups
on the bases of cell and spore morphalogy and seened very szmilar to
~ strains recovered in enumeration techniques. Strains were selected -
from these Studies for computer dnalysis. See Table XVII P B1e
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CHAPTER VI

PHYSIOLOGICAL _STUDIES

11; B o _ “'pﬁ,as 1imiting factor'

1. Studiea Nlth pure cultures.

in or&or to determ;ne whether pH was limitlng the’ growth of v
-clostrzdia in spontaneous sBourings and beers, the strains previously ‘
isolated were tested for their abllity to grow at various pH values.

'1;A'more'concentrated RCM broth was prepared which, onvthe
addition of 10% buffeggwould give the normal final concentration. To -
 180 sl, portions of this mediun. 20 ml, of phthalate buffer was added
'and ‘batches of the medium were adjusted to pH 3.0, 3.5, 4.0 and 4, 5.

- A thin 1ayer of molten paraffin wax (MP52 « 55 C) was’ usod to
0htaih an anaerebic_seal_aftgr 1nqcu1ation. The tubes were incubated
.at'37pc and read after 15'2,_h_and'10 days;-"  _

' The results are briefly outlined in Table VII. For the detailed
- resction of each struin_refer to Teble XVIII o '

TABLE VII

The growth of 77'isolates at d;ffefent pH values.

. Total number of strains.

Growth - — :
recorded PH 3.0 pH 3.5 pH 4.0 pH 4.5 pPE 5.0 pH 5.5
S P. 8 P. S8 P s P s P 8§ P
After 1 day 0 0 0 0 9% 2@ 18 10 S8 12 59 16
After 2 days 0 ¢ 3W 0 13 & 41 10 56 15 61 16
After 4 days 0 0. W O 220 4% 42 10 57 15 61 16
After 10 days 00 & o 2h 4. b3 10 57 15 61 16
P = proteolytic W weak growth
8 = sadcharolytic ' '

The pH minimum of growth of clostridia from Bantu ‘beer lies :
between the values of 3.0 and 3.5. At this pH growth 15 very much slower
| _than at higher values and therafore not optimal. Growth was only ; ‘
detected after 2 days' incubation. . in general, the proteolytic strains
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were as sensitive to low pH values as saccharolytic clostridia.
See Table VII and Fig. 1. '

Yhereas, from the above data, it seems highly unlikely that
clostridia will be responsible for spoilage of a normal beer (pH 3.0 -
3.5) this possibility cannot be excluded in spontaneous sourings where
a fall in pH can only be recorded after 2 to 3 hours.

2. The pH stat.

It had been found in routine laboratory experiments that material
withdrawn from a pH stat gave better results when used as an inoculum
then material derived from a previous souring. In the pH stat, sterile
NaOH is added aseptically and automatically, to a fermenting mash to
maintain the hydrogen ion concentration at a predoctermined value.

Experiments were conducted at pH 4.0 and pH 5.0. It was found
that material derived from a pH 5.0 stat gave better results than an
inoculum from a pH 4.0 stat,

As clostridia had shown rapid growth at pH 4.5 and pH 5.0 in
previous experiments, it was thought possible that they might show an
increasse in numbers in the pB stat at pH 5.0.

Experircental.

The same malt, 166/19 (Maltster E), was used in all experiments.
The culture waes transferred into fresh malt after 3 days bofore the
mediun became exhausted. Samplec were taken after inoculation and
egain before the next transfer after 3 days. 4ll samples were with-
drawn aseptically after vigorous stirring for 3 minutes. Sterile
CaCO3 was added to raise the pH of the sample to %.3 and serial
dilutions were prepared.

Aliquots were ploted onto pre~dried McConkey agar and acetate-
agar (Sharpe, 1960) for the enumeration of enterobacteria and lacto-
bacilli respectively. ILactobacilli were incubated in an atmosphere of

95% Nitrogen 5% 602 at }700 and counted after 3 days.

Inocula were obtained from actively grouing routine sourings
that were subcultured in a fresh malt suspension using a 107 inoculum

after 12 hours.
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Results:

- The COunts obtained for clostridia, enterobacteria and
lactobacilli from the 1nocu1um, pH stat and the malt used are listed
in Table VIII.

' The enterobacteria formed slimy lactose fermeﬁtiﬁg_coioﬁiéa on
McConkey 's agar and were identified as belonging to the genus _
Aerobaéter¢ Whereas no thermobacteria were demonstrated to be ptesentf
on malt they formed the dominant group in all 1noculated sourings.
'_Betabacteria and pediococci could not be. demonstrated in such aourings' |
' although they were the dominant organisms on malt.

-Discnssion* o

" A higher survival rate of lactobauilli could be recorded at
pH 5.0 than at pH 4, 0, as no decrease in the viable count was detectable
after 3 days at the higher pH value. This may have been accompanied
' bf_greéter acid production, although the amcuat affRaGH'consumed was
‘_nat recobde&. Pedioeocci. streptobacteria and heterofermentative forms
" 444 not develop. Enterabacteria did not show an ‘increase in any
experiment. In one instance. they tould still be demonstrated after
3 days at pHS 0. -This survzval of enterobacter1a after 3 days could
~not be demonstrated 1n subseqnent experiments at the same pH value.

The malt was highly contaminated with clostridia.  These musf
have been present partly in’ a vegetative form~ as ‘can be seen by the.
-large ‘differences obtained between pasteuriaed and unpastenrised counts
of mait and in sourings after inoculation.; After 3 days the same counts '
| were realisad for pasteurised and unpasteuri-ed samples and those can o
" be ascribed to the presence of spores only. v

At no time during the experiments could an increase in the number
of clostridia be ‘detected. Clearly pH counld not have been limiting in
‘this experiment as the vast majofity of stfaine had grown at this pH
value in the pure culture studies previously recorded in this -
chapter (p. 25). - | R '

The failure of clostridia to grow could be attributed to the o
' following factors~ o : '

‘; 1«??The high lactate concentration- ,
2. The depletion of “eertain nutrients by the actively i
: growing lactobacilli. '
_ABu'jTha ralatiVely high temperature (Q8 °c).
L, The production of peroxide. o
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Iactic acid bacteria havé been shown to grbﬂuca hydrogen
peroxide undar aerobic canditionsq (Rewitt, 1950; Thimanu. 1963).
The growth of 1ac%obacilli may ‘have raised the redox patential %o an
unfavourabls level for the germinntian ana subsequant mulﬁiglicaﬁinn |

of clostridia by tha groduction of 3202

Nhturally. a cambination of the abevementicaeﬂ factora cannot
be cmln@e&. - ‘ ‘

B Growth in sterile sourings.

,!n_c?aﬁr to test wﬁether;a?&épletinn‘of nutrients becams
imiting to the growth of clostridie or, whether the lactate coneen~
tration was inhibiting their aevalopment the fallowing exneriaeut wag ‘
ﬁonductad. | '

- Mﬂ:heds.

Appraximately 290 mle of souring derived frnm a pH. 5.0 atat
were eterilizeﬁ at 15 lbs. overpresanre for 15 uﬁnntea and tramsferred
A sseptitally te SO ml‘ glass stoppered bottleg. Nhtari&l from a normsal,
 2hehour 018 rovtine souring at pH 3.2 was divided equally and one
‘portion adjusted to pH 5. with 10% KOH. Both portions ﬁeré:sietilisﬂ&
as above and transferred aseptically to similer bottles. The gzassj'
stoppereﬁ b@ttles were filled completaly. Retore iuocnlation the
"flasks were boiled in a water~bath to expel dissolved.nir.; 5

ﬂuplieate flasks uare iﬁoculatea with ap@raxﬁnately lg of malt

'”.MES/IQQ The flaske wore ineubatea<a$ 57 c.

v_»Reﬂults and ﬁiseuseion.

_ With tha exception ef the unadﬂusteﬁ nnrmal souring. an
,anrogenic fermentntion could be recorded after 1 day in all cases.v'
 Ho rermentation was sbserved in the nniaaculated contrala 6howing that

the sterilisation had been effective., : ‘

- Clenrly, @H 3.2 puat hﬁva hea& too low for the davelupaent of

| .;cloatriﬂiu that aceurwed on this partieular malt.- Essential- nut*ienta

~ ¢ould not ha?e beon &apleted a8 the growth of clostriﬂia took plaee in
o)1 sterile sourings where the pﬁ ‘had been adjusted tc 5:0,. nor could
'the Zactate concentration have baen reatrieting their ﬁevelcpmant.

sxx mtraﬁna were isnlatad and brnught inta ynre culture. Thsé#'”

' | were inclaﬂe& es straans {(oruts) 1. 2, 3¢ &y 5 and 6 in the aomputnr

study,» It 45 interesting ‘to note that five of those strains pra?ed
%o be lastatesfermenters. sae feature 9, Table XVIII, Pe .



Ce Temperature as limiting‘factor.x’

In order to test the effact of pH as 1imiting factor all straing
igolated 1n the course of this study. wefe tested for their ability to
grow at 15°C, 37°¢, uo%, u5°c, 48°c, 50%, $2°C ana 5&°c‘ In this way
the: apprazimate maximun growth temperature could dbe de%ermined. . The
Yow temperature was ineluded to differentiate between meSQPhilic and
thernophilic strainse Temperature differences have been shown to be
usefol eriterie in %hé’taxonomy of iactbbaﬁilli (E&iggsg'1953)« Rapid
growth at low temperatiures may be an importanﬁ attribute of stramns '
that cause spoilage of the final product.

Methods«
Straiﬂs'ﬁeré incﬁhated.in\a'wéteraﬁaﬁh*using & thermostat of
um inéﬁbation perdod at high temperatures

an accuracy of 0.5 C. The ainxis
was 3 dayss Strains were incubated at 15°C for 2 weeks. A vigorously
gfowing‘s%rain in VF broth was used to 1noculate RCH brothLWhieh had
been heated to dispel ‘diccolved air and an air-t;ght seal was made with
paraffin wax. (Helting point 52 to 55 G) ’

Resuits;i' ‘

- The detailed resuvlts of every strain were used in the bamputéfv '
analysis §n Chapter IX and are recorded as features 35 and 58 in
- Table XVIII. {For a key to the scoring see Table XVII). The results
are summarised in the‘fofﬁ of a Histogram in Figs 2+

Discussions

The maximum growth temperature of<most streins lies slightly below
the recommended eouring temyerature range of 48 to 50 Cs  The na jority of
proteolytie strains have theirﬁtemperature maximun within this range and
only two of the 77 strains tested weré able to grow above this temperature.
‘It 4is thus unlikely thai temperatnré is limiting'these forms, although it
must be borne in mind that the maximum temperature is not optimal for
_the growth of these organisms.,.;'

 Fiftyethree of ‘the 77 strains were able to grow at 45 ‘and at
higher temperatures. Of the 24 strains that grew at 15°¢, 21 were able
to grow at 45 C and abové this temperature.. It dis thus impossible to
arrange the strains in mesophilic and thermophilie gronpa, possibly '
because these terms ere arbitrarily defined.
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. Da Oxidation ~ reducticn potential as Timltlnp factor.

The osidet*on—redvctxon potential was investigate& in normal
,and strictly anaerobic sourings. ' ' “

Methods.
Experiment I. -

»,,A series'éf spontaneous sourings were conductédvuﬁder piirogen
_ to obtain strictly anaercbic conditionse 'Tﬁe' oufing was constently bv
stxrred in a 5 litre vessel at 50 C and waes charged with nitrogen which .
had . been passed through vanadoua ozide and’ amalgamated zinc to remove all
traces of oxygen (Stauffer, 1958). The pvaas automatlcally recorded
' and the Th uss read at regulér:intewvalé;' rdur sourings were 6oﬁducted
under these cond;tiong using a 10% (w/w) ‘malt suspenszon of Halt 1 8/1%3.f

Experimént II.

Hornal sﬁontanéou sourings vere conducted uﬂmng the same malt B
a8 in the previouve experiment. Sourmnga were conducted 4n 1 li%re .
Frlenmeyer flasks -and in Ejeldahl flasbs. is unatable readings vere
obtained, 0,5 ml. of a 0.05% methylene blue ‘soluticn in water. was added
per 8C ml. seuring. »ourings were stxrrﬂd with the nornal rotary stirrer
 in Mrlenmeyer fla kw Magnetic s=.t;;.r.t-exj.a were used for squrlngs 1n‘Kjeldah1

] flas.t\.?i

Resultsi

R

Experiment 1.
In a tvpical experiment ‘the Eh values varied between Eh +l59mv _
at pil 6.25 and Eh +159nV at pR 6.20 during the first 4 hours, &fte? .
‘which an increase to Eh +177mV at pH 6.19 could be recorded. -4 '
decrease in Eh td‘+158m? at phi 5.81 was recorded after 5 hours. After
14 hours an Eh of +389m? et pH 3.33 was reached. Urfortunately, these
- experimente were not repeatable althcugh a similar trend was observable.

in post cases.

Experim&nt II.

A snmmary of the results is gzven in Table Ix.
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TABLE IX.

| ﬁxiﬁatinn-radaetiun valunﬁ shtaina&
with malt M6U/143 1n apontaneau& i
sohriﬁ 05 et 56@0. L

3@5 tzatal wt.) 4n K} elﬂa“l fl&aﬂﬁ.“lipﬁﬂ itctﬁl Ht ) iF xrlenﬁayerv

flasﬁ |

35 "‘*"_“*-B'ﬁ(b" 143 he.8 25 16,08 J-130% {s93) 15 |
70 bask8o” {68 hus | 35 {65 [ase© {ap9fib8

105 Bais pabo’ {4 83 mhos o | 95 - [6.13 12557 [468 ) 1hek
35 195 1+ 28 Dh9 1 335 16,15 {155 468 | 2.k

2% L1935 1+ 20 R3.2 ] 120 6.5 feass |es8] bk |

1 1280 §. 43 R34 210 [B.15 l-abo {483 34.9

- 1hco

 Be B ek
ﬂhere ke m‘cans%aﬁt, iﬂ equal to +223nV
' for this Eh meter.

" Eb radox potentisl
E  measured poteéntial difference
TR e o En . 2.
: G198t

"+ wethylene blue ad&gda:

ﬁiacﬁas&mﬁ. _ (
The impartance of reﬁox potentlals for the growth of anaerches
bas beem “PFV&&L&lF manfaonﬁ& in Chopter IV, ahnrs it was yointed out

- that ana&rabﬁm nay ba~ca§ab1e of growth in the prasance of oxygen ir
- the medium hen a 1@@ reﬁax potentini.

Eh anﬁ.rﬁ mesnurenents were initislly epplicd tﬁiﬁimﬁiﬁy
‘veversible and defined ehemical systems. Later these neasurenents were
‘ adopted for bocterial cultures whers the asturs of the chemicol systen
io essentially Aifferent. The chenical changoes in a bacterial eulture
are 1rvevaraible. Purtherzore, & meﬂium such as Bantu beer has meny
known and unknoun chemical ayﬁtema oRch with ito oun relox |
- charactoristics. ' o
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Starka (1968) points out that for these reasons'thé'rélationship
_between Eh and pH. cannot ‘be Gxactly established in.a biologmcal system.
ané that rH meaeurements under such conditions have 11ttle meaninge

The above data must therefore be interpreted with great caution.
The mos t thet can be sald is that redox potentials. represent & trend
in the metaboiic activitles of the cuTture as a whole.

1t was found with pneumococci and other catalase negative forms
that very high redox potentials of 400 to 500mV could be detected when
- these were grown in the presence of oxygen. This high redox potential
:was shown to be & result of the accumulation of peroxide as an immediate
ﬁfall in Eh was recorded when catalase was added to the system
(Thimann, 1963.). e ' '

The redox requirements of a strict anaerobe. Cle pnrfringens, are
given by Starke (1968). “The . following Eh. values were found to be
limiting f@r.the growth:of the organism at the.correspouding pH levelst ..

o & tan
| €0 -  ,» - 2124;" 106
ez 13
6 T 160
6.6 S L 150
6.8 A 1 1
7.0 90 .
PWE -7 3 IR . 80
b 35 .90
2.8 . 0=30 _,ﬂ

These values fall well wmthln the llmits set in normal spon=
 taneous eourings.',See Table IX. It would therefore appear ‘that the |
Eh is not limitinévin spontaneocus lourings, although it must be borne
in mind that-Eh_determinaticnsvonly'bééame repeatable when methylene
blue had been added to the system as a mediator, which tends to poise
the Eh at a certain level. - ' o o

For strlctly camparable results the limitlng Eh should be - '
-determined feor different clostridia in a Sorghum malt medium. Even ;f
‘the chemical nature of this medium is unknown_it_would.bear a closer
:relafionship to.conditions in the natural environment then a synthetiec

meﬂium‘p

fhe higher readings cbtainedlinfﬁxperiﬁeﬁt I than in Experiment II
are difficult'to explain. Under strictlj anaerobic conditions a lower
redox potentzal should be recorued than if oxygen is admitted to the
syetem.
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" In conclusion, it should be pointed out that thefe does nbt
~appear to be an'aj)preciable aécumula‘tion of peroxide" in souriugé,'
”because'the ‘Eh is rel"atively'low. The experlments outlined above
should be repeated -and the repeatab:.lity of results tested hefore any
deducti.ons can be made with any degree of certainty.

n
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CEAPTER VIX

STUDIES COWDUCTED IN A BRERWERY

Ao

An a:tinsiva 1nv¢ntigatinn of the souring procsss was cnrriaﬂ
out in Brswery D.

This brewery was onme of the oldest amd the last of its kind on
the Witwatersrand snd hed s usique method of brewing. The browing
process wos not well controlled so that it sesmed likely taat
clostridis might ocour in the initial mouring process and. indend, gas
produstion had been recorded om several ostasions in the souriag tanke.
An axtensive survey wes carried out with the Chamical Engineering Staff
of the Bantu Bser Umit 4n order to sdtain detailed descriptions of the

brewiag process before tha brewery asased production im 1967. This
description may therefore be of some historicel interast.

The brewing procedures differed canﬂiderlbly from thu:c outlined
~ 4n Chapter III and ars briefly dascribtd belows

" Kaffir cora salt snd brawers' grits were mixed in the ratio
113, im an open veswsl with about 90D gallons of hst water up
to & finsl volume of 1500 gallons. Zhis mixture, tersed
the "premix”, had » ttmpprnturb of 74 tq.ﬁcfc and eonsisted
of 30 to HOR wli.ds.

isnedintely after mixing, the preu&x was pumpsd into & recelving
souring veasel through a piping system ¢oneisting of a G!ltfiﬁhl196l‘
veszal and an attached swivel-mrm distridution pips.

The open, ftcoiting souring vessel contsiaed & residue of the
previouns souring which served a5 an inoculnur for the new batch and
formed about 7% of the fotal volume. The mixture was stirred until the
receiving vessel had besen almost filled. This mixturs was allowed to
stand for about 2 hours at 58 to 63°C while the hydrolysis of starches
took place. This process is known as "presashing® to diffsrentiate it
from normal "asshing" which takes place after the lactic acld
fcragntqtion, a3 described in Ghl}tir I11.

The tempersture was then lowsred to about 50 to 52°C by the
addition of 400 galions of eold water. The mixturs was stirred for
about 10 minutes and allowed to sour for 6 to 10 hours. Aftar this
time the souring wae again stirred dbefore the transf&r of the mixturs
to the fersentation tamks of the slecholic fermsmtation,
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VWhereas relatively homogeneous conditions exist throughout the
mash in a normal, well-agitated souring, the inadequate stirring in .
'_this particular fermentation has ~important implications:

The setiling of all particulate matter results in = gradation
of the.physical:structure'Qf the environment,'from a liquid at the
surfacé to a relatively compact maes of denso material at the bottom
of the. vessel., As a result of the cooling of the periphery of the
tank temperature gradients are formed.' These cthanges in environmental
conditions ia various parts of the tank can. be expected to be reflected
. in the compoaitian of the microbial flora in such areas. '

v The prodnctioa of gas in this particular souring may be aecribed
to such differencas in envirommental factors. It had been‘obserVed in
thic brewery that gas was usually evolved at the periphery of the
vessel, the region where the lowest - temperaturé was recorded.

B. The florazof'souringa,;

The composition of the microbial flora and the succession of
micro-organisms was investigated in two experiments. In the first
experiment (I} the souring was stirred for three minutes before sampling;
in the second experiment (II) the normel brewing schedule was followed.

Experiment I.
The following samples were taken on the 13/2/6?, from the :
intermittently stirred mash from a tank marked "34", :
Sample 1. ‘Malt used for this particular qanring.
Sample 2. Brewers' grits used for this souring.~ jfj
~ Sample 3. Withdrawn after transfer from ?femi# and -
‘ L inoculation in the Bouring tank.

Sample k. Withdrawn 2 hours 1ater after the addition
. ef tap water and stirring_

 Bamp1e S Withdrewn & hours after the_previous_sample
 and after thorough agitation. '
Semple 6. Withdrawn shortly before the end of souring;
' .9 hours after inoeulation. after thorough
[stirring¢



Exgerimant II

_ The fbllcning samples uars taken from tank “32" on the 16/2/67.
‘The samples wereo always taken from the same point in the 7esse1 in nn
area where the temperu&ura Was estimated to be in the normal sou?ing
pange (b8 - 52°C), This point was 2 ft. below ‘the surface and 2 ft.
{from the side of the vessel. Procautions were taken to minimize
interference with . ‘the normal brewing yrczedure. '

Sample 7.  Malt used for thzs‘souring.
Sampzé-B, Brewere' grits used for this souring.
Sample Fe 'Sample zrom the premix.

Bample 10U, . Hithdramn dzrcetly after transfer from the
‘ ' "premix and ino*ulaticn in aouring tunk.

Sample 11.‘.Hithdraun 1 3/% hours after 1nocu1ation anﬂ i
o ' , Girectly after'dilutxon of this prgmash with o
tap water and sﬁ;rring. o

Sample 12. With&fawn‘z 3/@ hours aft@r inccnlatibﬁ.
Sample iE. ’thhdrawn 3 2/4 nours aftev inoculaticn.
Sample 1%, wathdrawn 6 ‘hours after ineculation.' 
Sample 15. _Hiﬁhdrawn 8% hours after inocuiation.
Sample 16, 'H&thdrawn direcily'at the end of souring
B after vigorous agitation, 9 hours after
;‘inoculatiaﬁ. . o

In cr&ef to obtain a can?fehenﬁive picture of the souring preééss.'
figures obtained for yeasts and the LLP group (Lauconostoc. Lactcbacillus
-and Pbdiococcus) are incluﬂed.' Thesa ‘enumerations were carrieﬁ cut with
the collaboration of Dr. A.E. van Kerkeu of the Bantu Beer Unit, Tae
pﬂ WaS determined by Mr. R. van Bellinghen of the Bantu Beer Unite

- The results of Experiment 1 arg sumnarlseﬁ in Table X and
Experimant il in Table Xl. : -

Samples from tanks in which an aerogenlc fermentatian vecane
evident were examined microscopicaliy and large numbers of yeastﬂ waré
found to be prﬁsent.' These yaaats were brought intc puru culturn on
-acidified Y agar (wickerham. 1951)and were 1dentified. See Table XIf.
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- Diseussions
. In both experimentn fluctuatlons in temperatures could be

'recorded showing a greater variation in the second. experiment. The"V‘
falling pH and 1ncre351ng titration f;gure indlcate a normal rata of
”',acmd productzon.‘ The re]atiVely hlgher fznal pH value and the hxgher

' titration value in ‘the first experlment may . be attributed to a greater
hufferlng capaCﬂty of the nrewLng mzxture as compared ﬁo the sournng
:of the seCOnd experiment¢ ' ’ '

‘ The "premxx" has no equivalent in the normal brewing procedure. »
- The high temperature ‘at this stage shoula hr;ng about a. gelatinxsation
of starches which facilitates its simultaneous and eubsequent cone-

 version to sugars. The elevated temperatures also: have & partial

. sterilisation ‘effect as is 1ndicated by the decrease in the number of

,enterohacteria and & decrease 1n dlfferences between unpauteurlsed and
pastourised countsy This is especially evident in Table XI where ne
'jdlffe;ences between unpasteurmsed and pasfeurised counts could ba ‘
detected from material derived from the "premlx" ' These organisms were, .

therefcre, present in. the form of sporeq only. o

Whereas heterofermentatlve lsctobacilll and pedlococci were  .
'domznant in the znmtial stages of | sour;ng, they could no :longer be f
‘detected in later stages because of the rapid multzplmcation of _
"_LaetobarLllus delbrupchii as aocn as the temperature had been lowered

by the addition of cold waters Lodelbrueckil is thus ‘the domlnant

organism in these sourings and shows max;mum lactic acic proauction | . '%
when ro further inerease in numbers can be detected, i.es when the -
cnlture has reached the statlonary phase. ‘Unlike enterobacter;a and

“ vegetative cells of bac:lll and clostridia, the 1actobacilli show &
4-re1ative insens;tivxty to the high temperatures of the "premzx“ and

"fl,the "premashing“ stage.

Large numbers of 1actobacilll can still be demonstrated in the,_'

"_final stages of souring and these therefcre meke an effective incculum

”when the residue is promptly used for thie purpose for the next batech.

. No gamwformation occurred in the experiments ‘described above.
'It can- be seen from Tables X and XI that the number of yeasts remained
' relativaly constant. In cases where an aerogenic fernentation was

observed large numbers of yeasts were found to be present m;croscapically

'-especlally in the sediment. These were identified as Saccharomyces

' cerevisisze, Saccharamvces italicus and as Candida robusta and were

treced to the distribution system, especially She central vessel descrlbed
-in_the preceding section. This vessel remained half—fllleq after every -
 transfer of the premix. The residue was frequently.inba_staté of
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| vigorous fermentation and served a6 on inaculum.for subsequent aourings.
The sporaéic occnrrence of an alcoholic fermentation may thus be
related to the retention time in this vessel or the time that elapsesn
betuesn any two courings. A short time interval uoulﬁ‘résult in the
introduction of n saall numbef of yeasts only, and a nornmal fernentation
would ensue s was the case in experiments I and II cutiinéd.abnve.
If avlong time elapsa&'hetween‘soﬁrings tho intro&ustiaﬁ‘ct a large
pusber of yeasts uauld snsure thelir devulopment in the arsan of the
tanlk thnt hond couled sufflcicntly.;

C@ L The. 0ecurrenca of elﬁstridia and theif ¢haracterist£cs‘

Four juclates of cleﬂtridia from Ezperiment 11 were brought into
pure culture and idantifiedc 4he§e straana, Coh to €97, were fdentical
in their fermentation pattgrnsfand acree closely to the description of
Cl, butyrieum as given by Kutzner (1963). 1f the charactefa of these

strains are compared with dencrﬁptiona given in the seventh edition ot
Bergey's fanual they san be glncod between Gl. butgricum, Ci. baii,rinck;‘
l angd Clo b“tgliauﬁ- v ’

, utraln gng prﬁved ta be tha only eloatridium in the prasent atu&y -
to have been isolatcd from gaterisl whero 4t was prcsant in sufficiently
large numbers to be visible microacopically. be straic oc¢curred in the
. residue of & tank~thatvmuat beve becn out of usa for a,conﬁi&erab;o time.
The ph of the material from which the strain was leclated was S.b.

, The phyeiolcgical and norphological prOpertias of these atrains :
‘are summarised iz Table xx:x._

_ It ia highly unlikely that this organism coula have contributed

to the spoilage of norxal besr es it was unsble %o grow at low pH walues.
- Siwslarly, the conditions curing souring are near the limite of
physiolog icai telerance ofitﬁiﬁ atrain, as ¢an be geon when comparing
its pH and tsmparature requiroaente in pure cultare with the conditions
during souring. S ' '

The charascteristicn of straina €921} isolateé from the disused
tank..&gxea closely with the aes¢rzytimn of Clt,thermoacatieum as given
_ 4n Bergey's Hanual except fﬁr:ita;inﬁbility to grow at slevated
temyeraﬁureas ‘3t could perhaps be clegsified as & sesophilic form of
this specics. Thie strain is {nciluded as strain (09U) 76 in tho numerical
analgaia doseribed in Chapter IK.
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TABLE  XIII

Physiological characteristics of clostridis from Brewery D.

Co4 - 97

Reaction in 1litmus milk

Strain € 92 (oTU 76)
‘ roinal. round spores oblong, sub-
Morphology spores te ’ * | terminal, distending
swelling collr th; cell
Presence of granulose - +(4)
Pigment | production - (k)
Fermentation of
cellobiose +4 +(4)
cellulose - -(4)
fructose ++ ++(4)
galactose + ++{4)
glucose A +++(h)
glycerol - +++(3)-(1)
acetate and glycerol - +++(4)
inulin + =(%4)
lactate ' - ++{4)
lactose + ++{4)
maltose ++ +{4)
mannitol - *‘s“)r
acetate and mannitol - +++(3)+(1)
raffinose + ++({4
starch + ++{h)
salicin ++ +(3)=(1)
sucrose = +{2)=(2)
tartrate - NR
lose + ~ ++ (%)
sorbitol - +(1)-(3)
dulcitol - )
Production of
Ho8 - =(4)
ole - =-(4)
acetyl=methyl-carbinol - =(%)
Reduction of NO3 - -(%)
Liquefaction of gelatin - -(4)
Growth at 48%% - =(4)
4500 - +{1)=( },)
(p8 7.2) —Qo%c 4 w4 (l)
!‘éoc‘ +he ++(1)-(§)—
Growth at pH 5.5 + +++ (L)
° PH 5.0 - ALY
(37° ©) ol 4.5 - ++(2)=(2)
Iﬂ 4.0 - "(‘f)
ARGC ARGC

+++  gtrong reaction
++ moderate reaction
+ weak reaction

- no reaction

KR not recorded

ARGC acid, reduction, gas, coagulation
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CHAPTER VIIT

cmmmmf ‘IN SPONTANEQUS -_samms :

‘ Spontaneous sourings are’ brought about by maintaxning an
vapproximately 10% Sorghum nalt suspenszon at 48 to 50° ¢ for several '
hours. Under such con&itions an: enrichment of thermobacterla is
éxpected tO»OcCth Sueh-gpontanepus scurings‘are uged as inocula for
further_iactic fe:mentations a@d;‘wgth,thévmarketing of soscalled
Hguick eouring" mélts,'mainly by ﬂaltster E, they have in some in-

, stances been used as the . sols means of lactic acid generation.

As may be expected such souringa are nat always successful. The
~suceeas of a. spontaneoua sourzng depends to & large extent on the nature
of the flora initially present ‘on the malt. The enrichment of lacto-
bacilli with lov aciduproduelng capacities. 4n the abéence of other '
forms, will resalt in & slow lactic acid generation with a poor acid
yield. . o R o |

It had been found by de Schaapdrijver and van Bellinghen (1968,
funpublished data) that malts could be divided into two groups by their
'capaezty for: acld-production in spcntaneous SQurings at’ 50 Ce The
' first group had a slow rate of acid—produetion with relatively low
“lactic acid yields. The second group produced 2 to 3 times as much
’lactxc acid under the same experimental condztions. The reaaons_for
| this d;fferent behav;onr of malts wasg not given by the authors. |

L The - ecology of spontaneouoly fermenting malt mashes was in-
vestigated extensively. Population studies of the more important gfoups
of micre-organlams that had been shown to occur in such ‘sourings, in

.previous experments, were correlated w&.th chemical changes in the

environment.v

As all. microbieloglcal samyles had to be investigated 1mmediately

| 'and as the whole sourlng process lasted for approximately 20 to 30 hours,

" these studies ecould only be undertaken with the collaboration of many
workers. The microbial analyses were . conducted with Dr. A,E. van Kerken
&nd | Miss J. de Villiers of the Hicrobiology Research Group and chemical
‘analyses were ca?ried out by staff of the Analytical Section of the :
Bantu Beer Unit._, ' S

Five malts were inVestigated and sourlngs with each malt were | '
‘gonducted in duplicate. . As the behaviour of clostridia was the same in
every experiment,’ only two sourings are dzucussed in detail in the '

_ present study. - Other spontancous’ sourings are only discussed in as far
as the'series.of ecological events may influencevthe development of
clostridia. o o | :



% -

In experiment 87, a "quick souring malt" (HS&/!#B) from Maltster
'{E was allowed to sour Spontaneously. The suecession .of micro-organisms

in thia experiment wasg compared with the succession in a similar o
N experi&ent (sa) using & "slow SOQring malt" (HﬁS/llh) obtained from_;'
N Nhltster c. ’ ' | |

Methods.J

A 10% (w/h) susPension of each malt was allowed tﬂ sour in a
5 litre rcund bottom fiazk in a waternbath at 50 C‘, The souring was- 
’leontinuously stirred with a rotary stirrer; Samples were withdrawn )
aseptically, examxnea microscopicaily and procesaed immediately., |

. The following analytical teats were performaﬂ on each sample .
vby ‘the Statf of the B.Bcv., according to their Tentative Hbtheds af
fAnalysiszﬂ' ' '

*{4) The pH at room temperature, fu_

(iil’ The titrable acidity expressea ns nl. K NaQH per
100 g sample when titrated to- an end»point of pH 6 3.

'(iii) The volatile aciaity expressea as ml. N RaOH per S
B 100 g sample,u ‘ i : g S

(1) The percentage 1actic aeiﬁ (w/#).

‘.i(v? The reducing sugars expressed in ml. 0.05 N |

NaZSZO

| (vi)v A specific glucose determination using glucose =~
" oxidase. The amount’ of glucose is given as g
gluccsellﬂo ml. sample. This can be expressed
 4in ml. 0,05 N’Naa 505 by multiplying the percentage
glucose by a factor of o.6h5,

(vit) The approximate ratio of glucose B fructose
maltose as determined by thin layer chromatography,

(viii)’ The.percantage.(w/v} of.solnble and.insc1ub1e ‘nitrogen.

--Results‘ e
of the five malts 1nvestigateﬂ. three consistently gave. high
1aetic acid yieids (M672/10k; . H68/113,‘ M68/143). -

One Malt (MEB/llh) with low acid yields was investigated. Thq'
fifth malt (M67/152) gave a 1ow yield in one experiment and a high
yi@ld in the replicate. ' :
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_ The changes 111 the microbial pbpulation are given graphically -
with pH changes in Fig. 3, .48 and Fig. 5, P.50. The chemical chenges
duriag souring are given in F:Lg. 4, 9.49 and Fig. 6, p.51. Additional
: chemical data are listed in’ Ta'b‘}.e XIV P 52 and Teble XV. Pe 53» ‘
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Discussion.

non-motile rods were observed microscopically and pure cultures of

‘these organisms were identified as Lactobacillus aelbrueckii. Motile

bacilli and pediococel were nearly always seen 4in the initial stages of

souring with this type of malt, “but they were eventually outnumbered by

the thermobacteria and ¢ould no longer be detected microscepically after
& few hours. ’

In spontaneous sourings conducted with "slow souring"malte, no
thermobacteria could be seen, Pediococed and motile rods were detected -
microscopically andfseemeﬂ to-form.fhewdaminénx flora, They were usually
still visible after 1 days - The motile rods were isolated .and identified
as Bacillhs coagulanSsv ' o S el

These microscopic obeervations were conflrmed by ‘the resnlts
obtained in enumeration experimentsz In. Exper;ment_s7gvconducted with
. & quick souring malt, the rapid;multiplicatian-of'thérmobacteria:was'
écccmpanied‘by a-rapid fall in pﬁu. See Figs 5. Small increases in the

'-_mumbers of pediococc; and bacilli were recorded; decreasing rapidly in

‘__numbers after 9 ‘hours, when the pH became unfaVQurable. ‘The number of
”bacigl; reachedaa,conspant 1eyeliafterzl5,hours_when_a pH;pf 3.3 had
»;ibeen~feaéhg&,ﬁ_At-ﬁhisiiﬁw pH the ﬁaci11i.were'pieseﬁ£ é§ spﬁ:es;only‘as
’  the‘éame valués'werelobtainea fbr thpasteuriéédxahd péstgurised‘éoﬁntgi
In Experiment $2 a slow. souring malt was used: No thermcbacteria

.‘could be detected ET7Y enumeration experiments. Baecilld decreased'vefy'
slowly 1n ‘rumbers and 1arge aumbers of" pediococci eould still bve
-detected after 35 hours. 4" slow decrease in pH was detected reaching a

' ‘minimum of nnly 3 9 after 20 hours.,--

A high lactic acid content of 0.9%, after 15 hours, was recorded
in Experiment S?. In Experiment S2 only 0:2% lacticzacld,wasw
recorded after the same time.  See Fig. 4 and Fig. 6. _ In both
éXperiﬁenfs‘the*maiirﬁm*rate'af‘Iaciie acid'production~tbék‘place:just
‘before the culture of’ 1actic ‘acid bacteria reached the stationary phase
"as is shown by in¢reases in the titrable acidity and 4n the specific
lactic deid presént. ‘ o . | '
o To significant changes ‘could de &etected in the soluble Nitrogen
'content in Experimént 824 See Table X1v. ' ‘
The amount of sugar present in the mash results from -twdo con-
: cnrrent processes: Sugar production by the enzymatic activity of the

malt and its simultencous’ utilisation by the microbial flora. - Reducing
sugars were present throughout the- sourlng process and never became
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f‘limiting- See Table XIV and Téble Xv. The small differences obtained

 between values for the total reducing sugars and velues for the

specifie glucose determination, indicate that mainly glucqae was
proéﬁced. This is}confirméﬁ by the semiw-quantitative, chromatographic .
aﬁalysis.where nainly glucose and only small quantities of fructose |
and maltose éould be detected. See.Table X1v aﬁd Table XV.

In no cases could vegetatxve clostridia be found in sourings, ;

7"nat even if slow souring.. malts were used where- the pH remained

© favourable almost throughout the progess. ‘The inactivity of ¢lostridia -

is confirmed by the low values obtained for the volatile acidity, as
. volatile acids are the main end-product of ciostridial fermentations.

' The small jncreases in the volatile acidlty may be aseribed to the

activity of the bacxllus rather than to the homofermentative pediococci
and thermobacteria. ‘ '

In general. it can be ;aid'thaf such spontaneous soubings”aré an
inefficient reans of aciduproaﬁétion‘on an industrial scale. VLower
'yields of lactic acid are obtamned after ) longer period than 15 the
case in en inoculateu souring. Inocula from such spontanecus sourings
will give unpredictable results bécausevof the spéradie-development of
thermobactéria.» It was expected that the conditlona in spontaneous
sourings would form a favourable milieu for’ clostrldin. This was shown
" not to be the case in the present study. ’ - |
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CHAPTER IX

EEE eLﬁSSI?iﬁﬁ“IGﬁ 0» GLGSTHIDiﬂ

T R o N N Introductian‘

&ttemptg were—maﬂe to identify %he 5trains that had- been
isolated and brought into pure culture in the sourse of investiy ratd
. ﬂesaribed in the preceding Chagtars. When it was found that. existing
keys gave unsatie!acﬁcry results, it was attempted to group the strains
by meaas nf “pheﬁetic“ or "numerieal" taxenemie teahniquea.

1o .Exastinf‘k@,s ana,¢1asgifieations..

| The anae?abic bacteria have been seaewhat neglectea %y tazbnomie |
investigators. A reoson for this may be the difficulties experienceﬂ ‘
in iselating and h&ndling these organisms heeause of rather laborious
'“anaerabic teahniques. Ehéreas keys exist that have fotind. general

' acceptance for a@st arrobic geoups of hacteria, artifisisl ‘though these
:_groupe'may be; such kﬁys do not exigt for %he genus clostriaium.

o @here are several gnod k638 that 6e31 with Bpeeies in seieeted

"vapgliea fielés. ?hefe are numerous kexa tc ciostri&ia ef meddeal

o impnrtance. Buttieux and ‘Reerens {198%5) have aeviseﬂ a key to spwciea
causing spoilage in canned foodstuffo. Gakiay {1955) is more tomprés-

- .- hensive and assigns apecies to physislogical grcups :

Apart fron these minor keys two aystams exist that claim to be

. more camprehensive. Mbﬁlung &nd Hhcey (19;77 in the 7th edition of

" Bergey's Faauel of Betarminativa Eaeterialogy 1ist 93 apaeiss. while =
Pravot (1957, 1966) eievates the genus Clostridium (aensu Bergey) %o
elass. status eomprieing 5 orders, 5 families, 10 genera and appraximately
200 speciea. ' ‘

_ These keys proveé to he rather unaatisfactcry. fﬁe strains could
be ass&gﬁaﬁ to spﬁcies by rollowiag the key, but wore nften than not
they agreeﬁ poorly with the @pecies deacription. '

2. ,&hé'ehﬁic@ of dota.

It has been Painteﬂ out by Sncath (1957 a ond b) end by Sokal and
‘Sneath (1963) that the tests chosen for numerical analysen ‘should cover
as wide z field as pnssible,A that the number of attributes should be
- iarge and base& oti the ﬂature'af‘tﬁe probler to be solved. -Ecoiégiaai
_ data frcm the previons chapters, such &g maximum growth temperatures and
- lowest pH values at which grcwth sould take pluce were thus $ncluded in
’vthie stuﬁy, as 1t was hnped that strainc that could be of importance in
the‘heer fe:mantations sight cmorge; a8 Gistinct groups howing these



- feayﬁrés in ~common, .-
As morphological attrihutea are widely used 1n the taxonomy of

clostridia such data were includea as well as numerous physiological

testa. In. th;s study the fermentation of 18 carbohydrate sources was

' examined.‘ Kutzner (1963) w°rking on strains of Cl., butyricum  and

Cle tyrobutyr;cum that normally did not ferment glycerol.and mannitoi

found that in the preqenCe of acetate such fermentation could: sometimes
’take place. A11 strains were tested for this ablllty.

The nature of the remalnlng tests is self-explanatory. The tests_
are summarlsea in Tuble XVIL ' ’ ' '

'3. -.TFhe scoring of étEributés;

The’acoring of 1ttfibutés'presented some'theéretiéa; problems
whieh - are brierly outlined below.‘ Quantitafive data were avoided as
:'”much as possible as there are certaln 10g1ca1 objectlons to such

multistate scoring, especlally if an arbitrary scale is used {Colless,
, “1967).u For example, iniaxally all fermentatzon tests were recorded as
3 gtate data 4n the following way: . ' ’

Mo fermentation‘(@3. The -pH dzd not fall below 5 after
' o 14 days? incubation.

Weak fermentation (1) A pH value above 4 and béiow 5 wag
recorded after incubatlon for 14 days..

. Strong fermentation (2) The pH fell to a value below 4 after
o1k days’ incubation, '

“where (0), (1) and (2) represent the fzgures recorded on the
' score-sheet. Thus 3 cultureq having pH values of 3.9, 5,0 and
S after 14vdays are recorded as (1). (2) and (2) respectively.
f-This gives rlse to 23 gross distortion of the results. as the
t .first two values are much closer than the second and third,
- Data were only scored accordzng to such an arbitrary ecale if :-,
no other latlsfactory solution could be found, eege attributes -
58, 59, 60, 61. See Table XVI.. ’

The fermentation of carbohydrates is usually accompanied by a fall
of pH 4in the medium and is measured as such in fermentation tests after ‘
& given timé of incubation. This method was also used in this study. '
But it must be pointed out that it is a poor indication 'of the extent to
which fermentatzon has taken place in the case of clostrmdia. A strain
producing mainly neutral prodﬁcts during fermentatlon, viz. alcohols -

will not lower the pH to such a degree as will a predominantly acid~

produclng_strain.v Gas production is not always indzcative of fermentation

P W ,v.,' -
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as most cloatridma produce a considerable amaunt of gas in the basal
;medium. The most rellable ‘method would be the quantitative analysis cf
' the end-prcducts of fermentation, but this is" too tlmeaconsuming and
'therefore impracticable. '

Care was taken not to welght attributes by a duplication in
scoring, e.g. acid-production was not scored in milk, as lactose was
one of the carhohydrate sources incluﬂed in the fermentation series.
Clotting ability in litmus milk, however, bore no relatlon to such an
3§bility'in cyétein milk and was, therefare, seored separately,

L, ' Data_used in this study.

» The»iollowing is . a Summéry of ‘the attributes chosen for this

study: ' ' 3 ' V ' |

o TABLE _ XVI

A key'tb the tests used_. _
S State of

Attrivutes ' No. of attribute  attribute

: Fermentatlon of the follow1ng carbo-
nydrates ané other carbon sources. '

© cellobiose 2
cellulose 2 2.
7. fructose - ,>F3" 2

'gélactose_ . h»' 2

 glucose = 2

” f_giyberélr _ 6 2
'acetate-glycerol'- 7 ; 2
inulin _' . 8 -N

- acetate-lactate L : »_f _ , ' 9 '2

- lactose S S "_1;57 R . 10 2

' naltose _2“- N ""fv",v- oon 2
mann1t01 ' 35' '{:' _; :v:r'}ﬁ?”g-i; 12 2

acetate-mannitol _A e 13 2
- raffinose . S -J;."fﬂ:f  B U -
o starch xf,,y'» A £ B 2 7
salicin o 16 2

sucrose e . .1?5; 2

 xylose A R ;“ Lo a8 c2

sqrbitoi .7' .';v_“ g?f"7: B 19 2

duleitel . - . 20 2



Production of:

indole
acetylemothyl-carbinol

Reduction of nitrate to anitrite

Reduction of nitrite

Proteolysis of gelatin

Reaction in litmus milk:

reduction of litmus
clotting
stormy clot

Reaction in cystein milk:

curdling
clotting
atormy clot
digestion

Production of lecithinase

Production of lipases

Growth temperatures (See attribute 58)

growth at 15°C

Gas production in VF agar stabs

Motility

Gram stain after 10 hra.
after 24 hrs.

Production of the following compounds:

acetone
acetic acid
butyrie aciqd
caprioic acid
ethyl alcohol
butanol
iso-propanol

Horphological characters:

inclusion bodies
granulose

21
22
23
24

25

26

27
28

29
30
31
32

33
34

35
36
37

38
39

40
b3
42
43
uh
45
46

47
48

NN
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c¢ells with rounded ends
clostridia swollen

filament formation

spores terminal

spores subterminal

spores central

pigrent production

colony flat (0) or raised (1)

Production of BZSz

negative (0)
blackening in form of a deposit (1)
blackening of the whole tube (2)

Growth temperatures:

growth at 37°C 0y
growth at 40°C )
growth at 45°¢ (2)
grouth at 48°¢ (3
Lowest pH value at which growth tekes place:
pPH 3.5 (o)
pH 4.0 1)
pH 4.5 (2)
pH 5.0 (3)
PH 5.5 (4)

Sodium chloride tolerance:

No growth in 4% NaCl (0)
growth in 4% NaCl (1)
growth in 8% NaCl (2)

Degree of anaerobiosis:

grouth in VF deop agar stabs
no growth (o)
growth less than 1 om. from surface (1)

growth ceases between 1 and 2 cm
from surfece (2)

growth ceases below 2 e¢m from
gurface (3)

Colony type:
regular margin (o)
rhizoid margin ¢9)
lobed margin (2)

k9
50
51
52
53
54
55
56

57

58

59

60

61

62

W NN NMYN



5. ' The choice of strains. "t

| _The - fdllowiug named strains were obtained from the. Nationsl
Collection of Dairy Organienms (hcno), National Institute. for: Research
in Dairying, Reading, England, ana these were. included in this study

4 paints nf reference.'f; L

,fNGDO cataiégue; ;
 Number

RN

 No. of stralm . - . o

,,,,,

g5
Ao
1715

856

Y
&7
68
73

. An this stwdy . .. . Grganism f . ;,

‘ﬁfEibéfgiéiuﬁfhéi’érﬁﬁékiij
Clostridiun bifermentans

' Glostridium sporogenes
o JClostridium Qx;obaﬁzricum
“f C1astridium butyricum '

' Strain ?7, Cl.

_acetobnt;licum, was ebtaiaed fram Hatianal

Chemiﬁal Products Ltd., Germiston (NCP strain 210)._.-

The origins of all strains useﬂ in the eompnter analysis are
given below in. Table XVII. B

TABLE KVII

Tha origzn of strains used 1& thie study.._

Noe of strain
(o10)

Original’
designation

-

A2

) AB“

FUS
A5 .

A6

-Glostri&ia grow;ﬁg in souriﬂgs .
flthat had been sterilised previouslyz",_
o Bourings wére derived from the: pH 5.0
stat. See psa?a.' - '

R N I SR I Y

B g el B
EREE

39

ao.

iF T

T, TR
ns

. L
"ﬂxﬁ

»3fIsdiéted7bem enumeration éeriéélof -
© sourings in Brewery D. (Experimentl).
See Table X, P39 '
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No. of strain Original
(oTu) designation Origin.
15 Ji6
16 J1?
17 Ji9
18 J20
19 J21
20 Jaz2 Isolated from enumeration series of
21 J23 sourings in Brewery D. (Experiment 1I).
22 J2h See Table XI , p. 4O.
23 Jas
2k J26
25 J28
26 J29
27 J32
28 J35
29 J37
30 J38
31 X7A Isolated from freeze-dried beer by
32 X7Ta Dr. A.E. van Kerken (February, 1965)
33 - X7Tb
34 X7Te
35 X7G
36 X97T(1)
3?7 Xl0a
23 Xlia
39 X12a
Lo X13a
41 c14 Beer from Brewery B. Enumeration in
4p C1s5 RCM semi-s0lld agar. Table II, p. 17.
43 C16
ik c12
4s c18
L6 c20
LYy c21 Souring from Brewery B. Enumeration
48 c23 in liver medium. Table I, p. 17.
L9 c2h
50 ca5
51 €26
52 c27 Souring from Brewery B. Enumeration
573 C30 in RCM broth. Table I, p. 17.




No. of strain  Original

{(oTU) ~ designation I ‘ f: . Origin.
| 54 s o C}l' ' Squring'from BréﬁérgiBﬁ"Enumeration'
55 €33 . . in gelatin medium. Table I, p. 17.
o PR | avan - A il .
57 ¢35
58 . €36 , -
59 @3 Same origin as OTU's 63 to 64 below.
6o €39 leegrAIrom_Brewexx_g._ VF_medium, Table IT
6l - cho Souring from Brewery'p; RCM semi- (p‘ 7.
62 o solid medium, Teble X, p, 17 .
- 63 | o _'~1642"- - Souring frém Bréﬁery D. Acetateslaetate »
_ 64 . ch3 medium. Tadle I, p. 17. L
Al_6§;l : {A”L __Chh - Enrichment withjg-alanine (p' 23). e
66 - K 0 . Y beijerinckii.4'” :
67 . cu9 ?~01,:b1farmentans.:
68  c50  Cl. oporogemes.
69 . 55  Enrichment with ethylene glycol as
: 70"__" _f,'} coh "_carboﬁ“soureé, (p. 23) :
T s o . ’
7/ D - t;robugzricum. -
74 . c?B‘V'l’<v The pEB.O‘stata Table VIII, p. 27a.
75 CBY -
26 . C92 "HADiéused tank in Brewery D;“p. L3,
77 .. €93 .  Gl. acetobutyliowm. -

6, Theorefzcal considerations.

It was attempted in this study to group 77 etrains phenetically
using the 62 attributes described. above. As is customary in Adansonian

,techniques all features or attributea were, a priori, considered to be
of equal.;mportance, “Resemblance" or "Difference” between strains was
calculated in terms of a "distance coefficient® as described by -Cain
‘and Harrison (1958) aud reviewednﬁy?Sokal»énd}Sneath (1963),Williams
_ and Dale (1965) and Colless (1967). |
Taxonomic Dishance can be deflned as the Pythagorean distance
B between two OTU's (Operational ‘Taxonomic thts, ime.rthe straine
-selected for this study) aarrepresented by points in a p—dimenaional



?'hyperspace where P represents the cowordinates in such & spac¢ej each
‘co-ordinate representlng a quantitutlve value of each attrzbute.
Distances between such poznts are expreosed as MGD (Mean Character

_ leference) values and are plotted in a matrlx.
iiﬂeterogeneity analys;s and Hemogeneity‘

As can. be expected, data preaented for classmfzcation must be
. heterogeneous to sore degree. This can be determineﬁ by the funct;on.

'p"‘

) . F , Z T ajr max
R L o d=1 |

'wﬁere:ﬁﬁ'repfesénté the héﬁerbgenéityifbr 2~State data. In. this function
the actual numher of rare states agr 18 lelded by a hypothetlcal .
maximally heterogenscous case with the sam numbcr of included members
for the jth of p attributes. ' |

_ In the present stuﬂy. where 2—state as well as - quantitaﬁive data_
were used the function had to be amended as follows (cf. ﬂall,_1967).,b

. o o Pt N o ra | L
Htqg = 1 E o o_adte o+ 2 E - __ejan
| ' P < ajtr max .- p sqn max
o w1 T e

where ¢ and"q refer to twoestate and quaniitative data iespectively.
Saqn refers to the standard deviatzon of attrzbute j
' for a set of n ﬂemberu. e '

Sqn max refers te & hypothetical group of n memberu . 
havzng maximal heterogenelty.

'Heterogenezty can be converte& to Homogeneity (qu) by the

following formula: o

Ham = “:i;_ Htq
The calculation of MCD values.

he MCD value between two GTU'S is equal to the average Heterogen-'

eity vglue ‘between such 0TU's. _ '

MCD = Htq av =~ = . Htq. pairs.

- . 1In the method Ouflihed'abqve'both negative and poaiti#e matches

‘are used in the-calculation of MCD values between twc OFU's.  The

acceptabzlity of negative matches has been discussed by Colless (1967)
and Hlll et al. (1961).



Proteolytlc clostridla are known to differ from saccharolytic
strains by their general inahllity to ferment qugars. If one considers
the proteolytic group on its own, it is ponsible that a part;cular:
carbohydrate is not fermented by two orgauisms for different reasons,
viz. a sugar may notvbe_aﬁtacked because of the lack of more than one - ‘
'en2yme. or becéuse'of a'permeability’effect;'fBéaring this in mind, it~

would seen that nPgative matches are not necessarily acceptable whereas

' 5;<positive matches and a positive and negative gomparison are valid.

For these reasons Sokal and Sneath (1963) suggest that negatlve matchesv
,should be omitted in AﬂanSOnian analyaes conducted with bacteria.

Pbsitive matches are usually considered to be sound (Hi11. et al.
19615 Sokal and Sneath 1963) but surely ‘the same reamsoning can be
emplayed here. ‘A carbohydrate may bve fermented by different pathways in
two organisms or by structurally different enzymes or 1sozymes. :

Essentially these are problems to. which no satisfactory answers
have yet been found and it may be pointed out that all tests are
essent:ally arbitrary observations of certain superficial characters

and not of the canses that have led to their expre381on.

Distance coefficients as-used in this study take poeitive and
negative matches into account and are not generally used in Adansonian

i 'analyses of bacteria.' K

.B.. ' : R “" S  ')Hethods;*'

1. The inoculum.

Strains wéré'recOvereﬂ from soil or RCM slopes and inoculated
into liver medium as preV1ously descr;bed in Chapter IV. '
After good -growth had taken place, a tube of VF hroth was

1noculated and 1ncubated for 24 hrs. at 37° G in an anaerobic Jar. N
This was used as an inoculum. for the following tents. '

25' Physiological tests.

Various methods have been descrlbea for conductzng fermentation
tests of anaerobic bacteris, that vary not only in the com9051tion of
the medium but also in the way anaerobiosis is achmevedg (Hungate, 1950;
Lebert and Tardleux, 1952; Spray, 1936).

A simple method has been described by Buttiaux and Beerens (1955).,
Anaerobiosis is achieved in a semi-solid medium by lowering the redox ’
: potential with cystexn and boiling the medluﬁ to expel air before use.

This method, however, gave spurlous resultse 1% has been 901ntea'
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by Stiisei et al. (196@) that ‘agar may be utilised as carbon-
surce by many saccharolytlc clo%trzdla._ The. medium described by
. Buttisux and Beerens {1955) was therefore moé&fied by omitting the
agars Now, ‘nowever9 it was clearly not anaerobzc enough for growth
to take place, even after boiling to ezpel air. However, repeatable
» _résults wererbbtained;if'thé mediuh was sealed with paraffln,waanrt9r 
"inoculatlan as has been descrzbeﬂ by Stussi ot al. (1962).

i~ . - ' The basal medium that was eventually used was adapted from
'_,Buttiaux and Beerens (1955) and had the following compositlon.

' Eacto Trjytone ':103'
~-Sodium chloride  S5g’

o " beef extract - 3g
?, ‘ S '  _"' yeast‘extract'.. _ 5g
' | o ‘cystein H(1 O kg

Distilled water 1000 a1.

The pH'waé adjustedﬁto 7.4. The nedium was dispenseﬂ in 9 ml.
qﬁdnfiiies’and sterilised. To this 1 nl. of the filterssterilised
: carbon source was addod aseptically to give a final concentration of

pE———

; L 0e5%.  Acetate was added aseptzcally in the form of the godium salt
S T give the seme final concentration. (A*tributes ? and 13). Stavch
~ and inulin were. sterllased in an autoclave and were added to the bagal

» medium in a 0.5% concentraticn.u

A drop in pH to a value below 5.0 after 14 days' incubation at -

37°C was scored a5 a positive reaction.

The fermentation of lactatﬁ was tested in the: medium described
by Bryant ana Burkey (1956). An 1ncrease in pH after 1b4 daya to a
] 3va1ua above pH ? 5 was recorded as a pos sitive reactiono-

' The reuuctlon of nitrate was tested after 1h days in the basal
medium with 0.,2% glucose and O.BA sodium nitrate, by the addition of '
1 ml. of a 0.5% naphthylamine solution in dilute acetic ac;d, followed
by 1 mi. of & 0,3% sulphanilic acid solution in- dilute acetic acid.

; A red colour denoted the reduction of nitrate to nitrite.- If no colour

~

developed, a knife—poxnt of zmnc dust was - added, to reduce nltratee to
nitrites If again no colour developed the nitrite stage must»have been .
missed and nitrite was taken tc have been further reduced. If colour
waa producea on the addition cf zinc dust, nitrates were not reduced by
the test organism.

“Liquefaction of gelatin‘was detgcted in the'basalvmedium with
0.2% glucose and 15% gelatina‘;Liquefaction was recorded after 1, 3~
and 14 days. T - ' ' '

LT LT | [
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~ The- reactmna 4n- litmus milk (attrlbutes 26 to’ 23) uere retorded’
~after 14 dayse Difca pawdere& 1itmus mllk has use&.~ o

The reactions in cyste&n milk (attributes 29 to 32) were recordad
" after 1% days. 0.08%. eystein was added to skimmed milk and the pH
' adjust@d to 724 before st@riiisation.

, The produétmon of 1ecith£na§e and iipasa was recorded on the
medium deacribed by Willis (1965) after 3 days’ 1ncubation in an :
aﬂaerOh i’c jaf' » ‘

fthe proﬁuction of Has was recorded after 1, 3, and lh days'
1ncubation in the basal medium, containing 0.02% ferrous sulphate and
0. 3% sodium thiosulphate that had been filter-steriliséd separaxely and

added aseptieally to the basal medium,

Temperature and pH studies described in a previous chapter were
included in this aaalysis.-‘

Growfh in 4% and 3% NaCl was recorded after 1k daya‘ incubation,
This test was carried out in the basal. medium with sodium ehloride.

The degree of anaerobnosis {attribute 61) was recorued in VF
deep agay by measuring the hezght from the surface of the stab whére
growth ¢ould be visibly detectea after 7 days. _

The ana ysis of fermentation products;

The production of ‘indole (attribute 21) wag detected after 3 days
4n the basal medium by the Ehplich’ reaction. Acetyl-methyl-carbinol
;V(attribute 22) was detected after 3 days in the basal medium plus 1%
glucose by the Barrit reaction.v . '

For the analysis of all other fermentation products (attributes
1-#6) “the followzng procedure was adopteam '

_ The‘prinemple of the Yvan-Hall marble tube was used for ferment- .

ations on a larger scale. 4 2@0 ml. conical flask was provided with

a lcng neck with a constriction at its base above which was 6 side=
arm, 1arge enough to hold a marble. The iiask was f£illed with basal
VF~medium plus 1% glucose to the devel of the side-arm and sterilised.
» Before use the me&ium was steamed for 20 minutes to expel air, cooled
and inoculated. The marble was then removed from the side~arm by
ltilting the flask.. It came to rest on the constriction,,thua sgalingi
the medium from the atmoaphere. The'flésk was iﬁéuﬁéteé aerébigallj'“'
at 37° °¢. S | R | ‘

After 2 to 3 &ays when the fermentatioh was tomplete and no more

gas was formed. the 1iquid was decanted and centrifugea. The super
natant was then used fcr the analysxs. ' ' - -



The pH of the fluid was“adjusted-to PH 7.5 to 8.0 and was
distilled till 50 ml. distillate was collected which was used for -

 the analysis or alcohols and acetone.

, The residual fluid was ¢ooled and acidzfied with concentrated
'aulphuric acid to pH 1 to 2 and steam distilled until 50 ml. distillate
was obtained. This was-used in the analysis of volatile acids. '

Analysis of the alksline distillate.

Aeetone was determined according to the method descrzbed by
| Neish (1950). | ' ' |

A Isoprepanol was deuermined by 1ts oxidation with ac;d sodium
dichromate to acetone (Neish, 1950). Isopropancl present could ‘be -
- caleulated from the difference between total mcetone present after
oxidation and the acetone present before ox;datzon.

Ethanol was determxned according to the method of Lebert and.

- fardieux (1952).

Other. alcohols were determined by the oxidat&on thh acid
pota381um dichromate to thelr correspondlng acids as described by |
van der Lek (1930). The oxidised alcohols were ateam-dzstmlled andv
 the distillate containing the volatile ac;&s was prcceeaed ‘with as |
descrzbed belowe ' ‘

Analysis of the acid distillate

~ The volatile acids contained in the distillate were determined
by paper chromatography accordxng to the method of Xennedy and Barker
(1951). It must be pointed out that this method does not differentlate
between prmmary and secondary alcohols orzginally present. :

3e Morphological observatlons.

_ BCM agar slopes were inoculated and 1ncubated in an anaerobic jar

o for 10 hours. Haterial from these slopes wag used for tests 47 to Sk,

Granulose (attribute 48) was teated with Gram®s Iodine Solutian.
Gran stains (attrlbutes "38 and 39) were made on. material from such

agar slopes.

Motllity (attribute 37) was determaned microscopically on material
derived from basal VF medium which was used as the crzglnal inoculum.

' Attributes 55, 62 and 66 were testod on RCM agar plates after
N incubatloq at 37 C for 36 hcurs 1n an anaerobic jar.



%, Scoring.

”Twc;siatéiﬁéta*weré séored asaa‘_if ﬁhe’teat}was‘negéﬁiéég o
:asfi,nif pnsi%ivé.. Quantitative data were scored as iﬁdicatéd'in'
- Table XVII. In cages where there was & 1agical bar, fete if there waE
a dependence of one attribute on anoth@r, such an attrzbute was scored
as HC (No Gomparison) if the independent attribute was positiveu
-mc*e were also used to aVal& wezghting of - any particular feature.

The Gomfutatiou of Data'»'

i ‘5.. . . - . - . B
The woprk was' conductéd using the" I&T 130& computer at the
"'Uhiversity of Cape Powns. The eomputer programme was written in

- Manchester Autocode {HAG) and was kindly made available for thme study

by Br¢ ﬁ V. Hall of the. Bolus Herbarium, Uhiversity of- Cape Lown. _

After the matrix of MCD values had been caleulatedm ‘the gronp
'wzth the smallest heteroganeity value was Pound and recorded. A1l
heteregeneity values of the T 's linked in this way were replaced by |
Ca 1arger value, and values were: feand for such ‘trial 1inks of this group
with other members. These were again recorded §n the working matrix,
and the case w&th the next minimum heterogeneity value was determined.
- Alternative choiees sonetimes presented themselves. and these were
selected by wanuval contral. : ‘

~From these datala dendrogram was nonstructe&.'gSee Figgreﬁ?;.~_

. Go . .v .- .. , o 'A . ’ - Resnltso ) .
The results of the 62 tests performed on the 77 strains in this
study, are recnrded in Table XVIIL, p. 71. oo

& dendrogram was censtructed from these linkages an& reproduced
 here zs Pigs 7y ps 70+ Tuwo distinct groups emerged from the analysis &nd
| gave a geca separatlon in the denarogram.
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TABLE  XVIIX

Remotions of 77 etreins used in the
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_ In order to discuss the results obtained in the computer ;
} ﬂnalysis the species concept and reaSOns for variability in micro-_

’ 4

organ;sms must be examined more closely.

‘VWherens in. higher organisms Linnaean taxonomy seems to have given

“-'reésonablyvsatisfactory resQlts its application to bacteriology, it is

generailyfccﬁcedea, has resulted in a certain amount of chaos. The
', question comes to mind whether this §s an inherent fault in orthodox -
»e taxonomy or. a.result of :its application to bacteriology. ’

!
H

Species and Spﬁciation in higher Organismse
o In pre-Darwinian times the species was an essentially statie
’"entity with a8 continuity of form within sueh a2 group exéept for a small
""sporting” yariation between. memberso With the ‘advent .of the theory of
evolution the apecies eoncapt became samewhat more pliable,as it was
postulated that new species could arise by the selectmon of hereditary .
varzants which were endcwéd with some a&vantage of repyroduction

or survival over their ccmpetitots.

_ Genetics haa revealed ‘to us that such hareaitary variations are
brbught.about by random mutations in 2 population and that these are
brdught!togethér by tthp?oéeSs'of’recombination-inhsekually reproducing
forms»' Isolating mechanisms}‘howevérg exist that 1imit such mutations
‘;to groups sharing a sommon geneﬁpeol in a gmven population, 4.0 to

. species that are reproﬂuctively isolated. This has resulted in the
,vgeneticiet‘* deflnitien of a species as "o potentially interbreeding
group”‘ ‘Such potentlally interbreeding greups may, however, be still

A"‘ffepréduetively ‘isolated in’ naturea This isolation may be due to

" geographical barriers or different flowering timés in plants. Different

Bpécies may be sexually imcompatible ory ‘if eapable of interbreeding.
'fproduce steraie or non—v;able off-sprxng and are genetxcally isolated
in this ways ’

'ﬁépfoductiveiy’isdfaﬁe&”organisms are théreforeﬁéié@ in effect
 fgenetica11y lsolated and ‘one species does not contrzbute to the gene-
. pool of another., T '

) o Before the advent of genetics and experimental taxonemy species
”:were entirely aefined in morphological terms and this is to a large
_degree still the case tooday,~ But as morphology is an expression.of
’the‘genOfypé, a break in the. morphclbgicél continuum ie‘in'practice'
frequently accempanied by a disrvytion in the reproductive and genetie
continuum. If morphological criteria are to be used in taxonomy
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‘génetic isOiation ié by'itself nbf-ehdugh evidence in delimiting a
species. A 3n individual in a population of higher plants is in-
capablevof.genetie exchange with & 2n ﬁembervan& thus genetically ’
isclated”ﬁut such individuals may be morphoiogicaliy‘indiSfinéuishabie.
Species must be defined by a comblnation of the above eriteria and not
by any one of them. It is still very much a matter of judgment of the
" taxonomist as to what canstituteg a species.

‘ “Phis may Borve as a very brief rev1ew of our knowledge of
speczetien anﬂ the species concept in hzgher organiams. The follﬁwing
" points must be stressed.

‘ (i) Species are 4n practice mainly delimited by using
ﬂorphological criteria.

o (s8) Bffectual and not:necessarily‘pptentiallgenetié-exchange‘
| within a group in nature can be used to delimit a species.

{$41) The taxonomist deals mainly with_in&ividual.erganisms
“constituting a groups | o

Genetic variétian and speeiatieh in ﬁacteria‘

in bacterza, as in hlgher organisms,genetic variability is a
resvlt of ranﬂom wpontaneous mutations. - This has been demonstrated
for the fermentation of sugars by Ryan (1952). But, as. & result of
the haploid nature of the bacterium. such mutations must immediately

be expressed and exposed to the Selective forces of the medium.

Becombination in. bacteria can be breought about in dlfferent

'wayé, '

(1) Bacteriel éexual&ty.'

| ‘ Thls texm is perhaps somewhat a m;snomer as bacterial Msexuality"®
is quite unllke_the sexuaiity of‘hlgher organisms; in that genetic
transfer between two ébnjﬁgatiﬁg cells i ‘always partisl, résﬁlting in
a merozygote. This is not fblioweﬁ by "crossing over” in a reduetion
’ﬁivision, but hereditary factors are passed onto the progeny. by &a
“eopy choice replication“ mechanism. The episomal nature of the sex=
determlnzng factor has no equivalant among higher- organisms {de Long,
1967). ' '

(34) Transduc%ion._ ‘ }

Pransduction by temperate rhage never results in the transfer of
morezthan 1o0r 2 closely associated genetic markers to the host bactprium
and are usually closte to the point of attachment of the phage to the

bacterial genophore_
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(i44) 9ransformation, -

Here again rarely more than ‘one genetic determinant is ine
corporateé by a bacter:um and thms process cnly takes place in actively
growing ¢ultures. , SRR ,~5~«v-'x.'1‘- . ' '

_ As ‘in higher @rganisms certazn isolating mechanisms exist.
Fertility factors way. affect. pairing abillty in bacterial sexualitg‘
Differentes in structure of the.genetigamaterial maycmakéyincor@aration
impossible in all three processen outlined above, Bééferiophages are
often extremely specific. Intraspecific and intragenerié transduction
has. howevar, been recorded amoﬁg the enterobacteria (Ravin, 1960).

v

' isimiiarly transfofmatien among BPECiBu of the genera Baemoghilus and {;“
Strgptococcus has been reaordea.

The bacterial species.

Three polnte were: noted abo?e, uhich characterise the approach
- of the systematist of higher organisms, but. the microbizl taxonomist has
a fundamentally different approach. C T e e e e Ay

Yhereas stable morphologicalvattribﬁﬁés:exist in bacteria, these

‘aps in frot very few. We kﬁéw'fﬁaf'ééeéi do not mutate into raﬂs;
.probably because they are genatically determined by many interdependent
hereditary_factersv But,as 86 few-morphologicaivcritsrla_exisi. there
Has been & general shift. of emphasis to physiological and biochemical
attributes, many of which. are excesdingly labile and1ﬁAy*%e<ckangéa by
-singlé gene mutations.. Strains ‘obtained from enrichment techniques

were often: deseribed’ on- the basis of a biochemical reaction for which
-lthe organism was selecﬁed, often without chedking the ability ef existing
~!_isolat@s to perform the same’ physiological feat. The resuit has been a
large nuﬂber of monotypic speclea ana a bad correlation of characters ‘
between them. some tests being appliéd to one species ana dlfferent tests
to others. ' ‘ o ‘

Whereas the taxonomist of higher organisms can stu&y the effective‘
'.reproﬂuctave ;solatxon in nature, tbe bacteriologist can only do 8o in
:the 1aboratory and his knowiedge of genetic exchange in the natural en-.'A
vironmen% remaﬁns largely hypoﬁhetzcal and based on inference from ‘ |
indirect techiques. : ' '

Fﬁrthermore, the bacteriologist does not deal with individual bace
\teria but with pogulatiens, ‘the, soe=called "pure culture" of millions of
cellsy which he puts through various tests usually bearing no relation to-
the environmental conditions from which the organism was isclated. In_fact,
Shimwell and Carr €1960) @oznt out that we are classlfyzng mixed and
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cnmpesito cw‘ttures which may vary in cell COmposition accordiug to the
tests applied. ahimwell (1959)" found that “pure cultures” of Acetobacter

soon became mixtures of “syecmes" and suggests that bacteria are
‘cortinnally evalving at a fairly rapid rate, posslbly as. a resuit of' v
their shqrz generatian time ané the immediate expressien of any. mutataon
that arzaes. o TR E PR RN .,é,,,:.i».‘.ﬁ,,gf _—
In‘thi“sfudy:eﬁ-clas%fidia two distinct groups. wefe~fbrmeds'
~Quating the first member of each group, these can bhe deszgnated as
- group 6 and group 52. Neithe? group can be sé%iéfééééfily aubdlvlded.‘
as. there is fo sigmificant drop in. Hemognneity between. members.in either
of these groups. Group 6 consists exclusiv@ly of saccharalytlc clostridia

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

and group 52 of proteoiytic strains.‘

b

The difference in Homcgeneity level cons;derea 5zgnafmcant is
tially a matter of Judgmenu ‘of the’ indlvhdual worker. “Th this - |
: case, howeVPr. it 15 quite elear that there ar¢ snly two greups. ‘as
'ﬂifferences in hoﬁcgeneity w;thin each group éé;‘éxceedzngly small.

L N T T Y N

. A gap in the phenotypmc continuum does exist and ohe could thus
onsiderteach group 48 & species but, as has been pointed out, this’ may
_vnot cozﬂclde with such a break in natures ,???,P?9§%??‘?9}???,?9?1d be
'one of rank onlya Subspeciflc classificéiions Qould beccme necessary

'  to define the prapertle" of the’ strains more closely, as the number of

[ L

"_predlctive featurés 1n such a 1arge group is Iowd

_ " The' groups obtained can be 1ikened to’ thé*"biatypes" sf
Winogradsky {1952). Which form distinct groups from which the. "species"v

in Bergey's Manual dlffer in. miner secondary charaﬁterzstics. Such &

"bzotype“ forms a natural group as opposed to the artific1a1 bacterial

,,,,,

'specie This has becn aemenstrated by de Ley (1963) using comparatlve
meanss This study thus confirms tha presenee of two "biotypes" o
vccrrespondlng to the saccharalytic and’ grateojytlc graupmi

- Clearlys for pragtical purposes, 8 classification into "such b?oad
,groups is inadequates . 4 classzfication based.on- the isolate with some
nunerical code o tndicate the physiologzcal attrlbutes of each strain
- and recorded on computer cards was suggested by;Cowan,(1962).v Alterna-
- tively, reference strazns could bevséiectéa‘ﬁéiﬁgfdéfiﬁeéfpﬁﬁéiéiogical-
variants of a.given biotype and the tazonomic-distance or percentage

- similarity ef unknewn strains could be calculateﬁ from such’ "inaicaters"

AAAAAAAA

In a study of this nature thls could be the best oolution even if the

“speclem prbblem" as such remazns unsolved¢
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"CHAPTEBR X-

ﬁISGﬂSéICN*O?<ECOEOGICAL,BRTA

The physzological potentialities of" clostrldia ogeurring on

malt and the environmental factors in various stages of the brewmng
process. were investigated and have been discussed in preceding chapters.
On the whole, it can be Bald that. ihe env1ronmental conditzons during
the brewxng process and in the beer are not favcurable for the. growth
of clostridia. Nevertheless, they were found to occur in an instance,
.~ in a disused souring tank and have heen recorded by Klein (1908) and
~van der Walt (1956) in Bantu Beere‘ Their physiological potentialltles
and the degree to which these have been met by the environment w111 be

iefly discussed here,-'

-y

Clostrldia were. shown to be practically absent on kaffzr corn,
':fyet occurred in relatively 1arge numbers on most malts. It is probable |
»~'that they multlply during the malting process, where the rapid
-. respiration of the germinet:ng kaffir corn may create aufficaently
vanaercblc conditions.  The relatlwely hmgh malting tempernture of 30 C
falls_wall within the range:of growth af_clostridia pqcurring_on_malt.

2

" In a normal, well-soured beer the low pH prevents the clostridia '
, from growzng.- Neverthejess, there is- one report of clostridia oceurring
in spoilt beer by van der walt (1956). Uhfortunately, the pH of the
sample investlgated is not given.' The author observed "motile clostridia"
mic¢roscopically and isolated clostridla by enrichment techniques. _Pgre '

:cultures were identified as Gl._butyrlcum. The beer must have had an.
abnormally high pH which would have made the growth of c’ostridia
possible. Alternativeiy. the results could be explained by the- growth

of epores normally present in beer in the enrichment medium. If this
were the chse, the motlla cella ohserved cnuld poss;bly haVe been bacllli.

spoilt beer samples were frequently brought to the labO“atory for
investigation by the present Writer._ Clostridia could never be detected
_microscopically. ' ' k R

"In Ghapter VI it was found that a few strains could grow at, pH 4. o
after incubating for 1 day. Such strains could poss;bly proliferate in.'
the initial stagQS'of.spontanépﬁsisourings where a relatively high pH is
maintained for a long peridd,espéciéiiy if no'thermobacteria develop.

'_In spontaneous sourings other faetors seem to be unfavourable,as the

_growzh of clostridia could never, be recorded. From Tabler\UII it
can be seen that growth at low pH is. vary selaom 11nked to a high maximum
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growth teasperature. Thiu is & probable explanation for their failure
to develop in spontanecus sourings.

In the pH astat » ravourubln P is maistained for even longer
periods than in spontansous sourings. Here addisiomal factors, such
as the high lactate content of the medium could restriet the growth of
elostridie. Antagomistic effects betwesn clostridia and lactobaeilld
have beea described by Gibson et al. (1961). The authors fousd thet
the growth of clostridia in silage vas erratie¢ and umpredictable even
1f a relatively high number of spores could be demonstrated initially.

Henneberg (1909 and 1926) whoes valuable contribution to the
knowledge of industrial ferseatations sust be ackoowledged, cbserved
that clostridia sultiplied in grain sashes cnly sporadically and that
more vigorous butyrie fermentstions occurred if the culture was com-
taninated by dacilli. VWhen ¢lostridia were associated with lactobaeilll,
reatrictive influences om their developaent were oﬁ.orvod, but in the
preseance of dacilli an enhancemezt of growth of the clostridia could be
recorded.

Temperature.

From the studies of zaxioum and ainiasum temperatures for growth
1t becams evident that the strailme could not be grouped imnto thermophilic
apd mesophilic sréups. The maximus temperature of sost straios was
slightly balow the souring temperature. Most proteolyiic straiss had a
saxisus withir the temperatures of souriag but,as these are rarely fousd
in beers,they cannct be conaidered as a major factor eof possible iater-
ferance in the souriag process. Proteclytic clostiridia ocour im large
aumbers on dran. Bran, however, ias omly used by ene dbrowery (Brewery C).

Time.

If the limit of grewth of clestridia is taken as pH 4.0 whore the
growth of some strains eould be recordsd after only l'day, it oecoass
evident that their grewth in sponiszecus sourings is unlikely te occur,
as these PN valuss are resached after & relatively short tize of 13 hours
in & slow souring sad 7} hours in & quick souring. See Fig. 3 and
Fig. 5. It im, however, difficult to cosgure spcatanecus sourings at
S0"C with growth at differeat p¥ values ai 37°C. It may well be that
an unfaveurable B coupled with saa unfavcurable growth temperatures near
_ the maximal limit toleratsed by the orgamiss would reeult im mo growth
at all; whereas some grovwth say be recorded whean -nyono of the two
factors sentioned is mesr the optin-.
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'Nutritional requirements and redox.potential.

_ Nutrztional requirements of clostridia were shown to be met by
the malt mash ae sterlle mashes and sourings supported the growth of
A clostridia. This could be expected as the more complex growth
requirements of lactobacllli are. met by the- same medium. Carbon sources
do not 1imit the growth of the mixed population in spontaneoue senrings.‘
The production of glucose by the mal? amylases exceeds the rate of
» utillsatzon of this sugar by the population.~' “1f however, a malt of 1ow
diaetatlc power is used, condmtious would become wmore favourable for
~starch termenting clostridia‘ The competition of thermobacteria and
pediococci would Vlrtually be eliminatedgas these do not ferment starch
to any extont,. Only the sterch ferment;ng Bacillus coagnlans would be

able to grow in such environmental ¢onditions; ‘and, it wss pointed out
'earlier, that the growth of” “this organism may enhance the growth of

- olnstrldia.

Redox potentials as far as conld e ascertaxned, fall within the
limits required for the growth of clostrmdia. It wae pointed out in
Ghapter VI that the 1nterpretatmon of suﬂh data mus* be’ done with cautian.

- General.

From the above diGCussion it would appear that the conditions of -
beer brew1ng embrace the range of tolerance of clostridza although these
‘ conditions are not optimal for their grcwth. In Chapter 1I the milieu
- was defined as the 1ntegration of.enymronmental factors. It ie.zmpossible
to siudy such ah integration of envirunmentai facters in the laboratory
“in a single experimentm without creating exceedlngly complex experimental
conditions. In the preSent studv only single factors were Btudied.

e Whenlsuﬁying the minimal H for growth and maximum growth
temperatures,lt would have been importaqt to choose & medium bearing a
close chemical resemblance to the natural environment, ise. a Sorghum
malt'masha Unfortunately, thie approach had toc be abandoned,as malt
mashes . vary congiderably from batch to batche-,ln order to compare ‘."
results of different strains tested in the computer study a semi-defined
mediumiwas_used in order to maintain»stendard conditions.

‘Furthermore, it must.be pointed out that the study of isclated
factors in the laboratory need not bear 2 strict relationship to the
- natural envirenment.Whefe different factors vary independently of each
other. Thus it may be found that the maximum_temperatﬁre for growth
of a certaineetfain maj‘be differentvet>ah optimal pH of 7.0 and at a
sub—optimel'pﬂ_of_S.O.e This_may explain the'behéviour‘Qf“clostridia_in
Bantu beer, where not anylena'fepter ptevents thé growth of clostridia,
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but a combinétion”of sub-optimal conditions. It is thls combinatlon
or integration of 5ub~optima1 factors that prevents the prollferation
.of clostridiz. In fact, it is the "milieu” that is unfavourable for
Mactiveclife", | It is. for this reason that their numbers remain

constant in the form of viable spores (so-called "latentslee").

Aithough'it is not unlikely that clostridia cause spoilage of
homembrewed beer and did 80 in factories with poorly controlled brewing
procedures as described by Kleln (1908) earlier this century, spoilage
by clostridia does not occour in nodern breweries, even in cases where
.,the brewing process is not very well eontrollea.
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