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Sl114MARY 

1. The occurrenc~ ~~f -~lost.rtdia ·~Ji ·various :Stages ·iJt ·Bantu beer : 

production was illv.estigated in :·order 'to ·determine . th~ir .s1gn,if~cance 

as :spoilage organiSms· in tbe·brewing process and in the final product. 
' • ~.- .. j ~ \ '· .. ~ • ~ '~ ... ~ •• ' s ' ·, · ... ~ ·, ' • ~.~ ~ 

2. ·ne ecology of .f:t.ostricli~ was studied-by-1nvestig~t1l)g.th~ 

selective ta-ctora of the. ellV~ol;lment. according to the. concepts. of · 

Beijerinck an~ "Baas J3ecking. . 'This. study . ~~s. ~~t~nded. by. ttututt:i.tative ~ 
investigations or the microbial populat~on'accordingto the approach .ot 
Hungate. 

:5~ A new moditic~tion. :~f e~~t~~. t;ec~.i,ques for the enumeration 
ot clostridia is described. 

4. . Although clostr$.-dia were tound t'ci 'occ\ir' 'as. ·part ·or t·ne ·normal 

flora of. brewing ingredients and co111:4 be detected in .. all stages ot the 
rl . : ' ;, . I f ' ' • • ' .,., ~ ~ • ~. o ~· t. . ~. • • '... ' • . . . . ·- • 

normal brewing process. they were present ::Lri spore•form ·cni17• · ·It was 

.found that .·the .environment.al factors were not favourable for .their 

growth.· 

5. The condition& under ·which ~lostrldl.a.eould occur'are discussed. 

·6. lfhe strains isolated in this·study were'grouped'using'a distance 
coeff'ieient on ·th~ University .of Cap~· Town ICT 130;i eoinputer •. 

. . · i • • -: • . ~- ~ . • j. l - :. ' • .. • .. ~ ' . 

'1• 'l'he eigni£1-cance of tbe two groups that emerged trom the 
numerical study is discussed in relation to the 'microbial .species 

problem as a .whole. 

; ... 

. ~: 

;.··. 
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C H A P T E R I 

BACKGROUND TO THE INVESTIGATION 

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; Bellman, 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. 

Clostridia are well known for the production of propanol, 

butanol, butyric acid, propionic acid and valerie acid, and have been 

found to produce some of these substances in industrial fermentations 

that are essentially similar to the brewing process of Ban.tu beer. 

Clostridia have been recorded to be present in Bantu beer by 

such early workers as Klein (19o8) who found "Clostridium putyricum" 

(sic) in the alcoholic fermentation and considered the environmental 

conditions to be favourable for the growth of ttBacterium pa.steurianum" 

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 b;y butyric acid 

producing organisms has been recorded in the commercial production of 

lactic acid where starch conversion liquor and grain protein are fer­

mented b7 Lactobacillus delbrueckii (Schopmeyer, 1954). 

As higher alcohols and acids have been periodicall;y detected in 

beers and fermenting malt mashes b;y chemists of the Bantu Beer Unit of 

the Council for Scientific and Industrial Research, the present writer 

was given the task of investigating the occurrence of clostridia in the 

bre~ing process in order to establish their role in the formation of 

these substances. 
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CRAP~ E~ II 

~E ECOLOGY _OF _ MICRO.QRGANISMS 

Ecology has been d-efined in vari-ous ways and .is most frequently 
- . 

described as the :,study of an orge.ism in relation to its environment 

{Brock, .1969) ~ 

'lhe basis or·mtcr9btal ~cological investigations wa:s laid by_ 

:auc'h early workers as Pasteur, who by ·the eon_tr.olled .. manipulation- o·f 

~v:ironmental. · tactor.s could obtatn bacterial cult;l.U:'ea and ·study their - ·· 

biochemical actintt-es~ By 'm~ans of such 'techQiques~ Pasteur in 1863 

stl.ldied the saccharolytic clostridia (McClung, 1956) • 'l'his approach 

·led to the_deYelopmeri.t ot the enrichment techniques bJ Beijertnck. 

where• in a ,mixed populati•on, one organi-sm C-OUl·d be induced ~o gr.ow 

preferential.li. By · th~s time methods for obtaining pure ,cultures had 

been d-eveloped, .so that ap-ec!it:l~ bacteria coUld be isolated and their 

biochemical pc)tentiallt!ea studied -;1n vitr_o. 

. Us~ng such -tecim~que~ -B~ije;inck (189.3, '1902) studied the butyric. 

- fermentations bl' aa~charolytic ana&robi·C spore-forme:rs. These he 

grouped in ,the genus (}!'anulobacter beca.U.se of the .ability ot the cells 

to form granulose ·under .. anaerobic conditions• 1'his genus inc.luded · 

clostrictia vi;z • .9!· -,buty,r-i.cum and ,9.• butylicum as well as tac'w.-tatively 

.anaerobic bacilli, .e.g •. Baccillus po].ymyxa,. Using similar techniques 

Omeliansky (1902) studied. the c.ellulolyti·c clostridia which were 

eventually brought .~to pure culture by Khouvine (1923). 

· Impototant contr.i.butiona to the etudy of microbial ecology were 

made ·by Baas Becking (l9}4, ·194?) who clearly understood the value and 

limitations of .enrichment:techniques in ecol~gical studies. ~~ 
principles o:t Baas Becking•s approach have relllained relatively unknown 

~til. the x_-eeent publication by WOQd (196!)) t one of his .f,ormer 

collaborators. 

Unlike b.igher ·plants and animals, micro-o-rganisms (with few · 

exceptions) a.r~ :ubiquitotis :in their distribution_ and ___ the1r growth and · 
' ' -

survival depend on the favol1rabl·e integrat::lon of ·enviro~mental factors. 

This int-egration of environmental- factors Baas Becki.ng called the 

••milieu" of the organism. The ubiquity of miero-organism~J, as previously 

·observed by Beijerinck and their -abUity to d.eve'lop and grow as soon as 

a favourable milieu is formed waa·summarised .in. the so-called "Law" ot 
Baas Beck.!ngt·- "Everything is everywhere-and the environment selects" 

(Alles is overal: maar het milieu aeleeteer~). 
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It is possible to differ.entia.te between different· types of 

1. The ''natural milieu'' ·Oi' the conditions wider wb.i:Ch 

th.,e organism actually occurs in nature,, 

2.~ the "terrest1al. milieuu ·or the condit.io.ns in whieh 

the organism coul~ .grow, whether i.t occurs in the 

particular habitat or not,, .and 

3. the "laboratory m1lteutt or •texperimental mili~u"',: 

i .. e. the wider range ·of conditions ·under which the 

organism can be gr.owtt in th~ ·labor'atory. 

In· the laboratory t'he milieu can be 'defined p,rectsely ~and the 
. . -· 

''laborato~y tllilieu" may app.toach the "optimal milieu" of the ·organism. 

In il?-ture fluctuating environmental factors_ are more likely to result 
in sub•optiin~l- envir.onmental. ~conditi·ons·. 

-The· parameters . of the milieu. ot cells that are .not ··in an active 

state·or r:netabolism1 such as spores or resting cells, can be •ore 

· widely se~ .• - This Baas Seeking terms the "milleu of latent lit·en as 

opposed to the nmilieu of a~tive lifen in the: case of cells that are in 

an active st.ate of metabolism. 

Baas Becking stresses the importance of experimentally delimiting 

the boundaries ot the mll'ie~ of .an organism_.- - T}lis may be done. by 

measurements as tor instance., tempera~ur.e,. pH and ra in an environment 

in which ·the microbes have lu~en demonstrated to occur,. Such observations 

can be augmented. with ~ureculture studies, where.the effects of the 

variation of isolated factors ·can be . tested by de:terp~intng. the growth 

.rate of the organism.. In this _·wa.y the minimal, maximal. and optimal 

requ:lremtrnts :for growth can be determin-ed for e~ch ot.the abovementioned 
' .. ' 

facto-rs. 

The· fermentation of silage may serve As a:n .example: .l:lere the 

·series of events la essentially simUer to those of spontaneous .sourings 

.in :Bantu beer fermentations. Initially·, entttrobaeteria and bacilli i 

develop which ·rapidly deple:te. the . environment _ ot oxygen. _ ,ereating 

taY.ourable ·Conditions for $ lactic .f-ermentation. which no·w ertsues •. · .A 

Call· of pH can be recorded :ill the environment; :2!• _.spoi"QS$UJB tmd . 
. . . ' . . ' . 

Cl.. bif'e:rmentans which ean.be ·demonstrated once conditions have become ,........ . . . 

.anaerobic, . soon- disappear with increasing acidity. (Gibson, i 955) • . 
Their sensitivitJ to pH can b.e confirtned by pure cul.ture studies. . If' 

the lactie :,acid yield is low and. the pH ·doe.s not f'a.ll b,elow 4.6, 
anaerob~c spore-former.s may develop ·with the pr()ducti<m o.t. butyrate and 

the utilisation of l.actat_e... Pure culture studies confirmed tha~ 
·. . . 

' .• .. · 
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these clostridia were lactate f'ermen'terst viz. Cl. but:vricwn and 

01 •. tlrobutzricum (van· Beyn~ and Pe.tte, 19:55,: 1936)~ 

ChemieB.l changes ·1n the natural environment :Can thus· be 

cot-related with changes in .the mediU!Ii of.a. p~e culture. By .studying 

the. phy.siol~gical potentWitJ.e~ .of organisms in pve ~uit~e and 

correlating ·the data obtai.ned 'with observations· of changes 'in the 

·natural ·&rivironm~t it is possible:" as illustrated above, to study the 

interr~lationships of the Co!ftpcnEmts · ot an ecos,ystem and their 

·relati.oi1Ship to .the biocoenosis a8 a. whole. 

Sy determining the milieu l;.t 5-s made posi:ltble to predic·t which 

organisms occur in .a particular habitat, by the degree to whieh their. 

specific requirements have been met. 

A :favourable tdlieu will .l.ead to the establishment ot a 
. . 

cha.racteristi.c flora whtch may brins about chemical :Changes in the 

environment t It condi:ti.ons are favourable :tor ·amylclyti,c and ce11ulo-t 

l;rtic organisms, the physical structure ot the ·en"vironment may :al.so be 
. . 

alter-ed• Cb.emi·cal changes are brought about in ·the milieu by. the 

uttlisation or nutri~nts :and the libeJ>ati.on ot the end•products ot 
~ ·' ' 

.metabolism which ·may ~so r(!s\ilt in ·Considerable changes. in pH . tut.d Eb . 

.in the environment. Theee changes ma,y .create favou.r•ble cond:i.tions for 

other· organisms aiid 1n this .way a succession .is establ·ished • 

. . In the example given above, enteroba.cteria and bacilli caused 

such changes .1.n :tile .environment b:jt the utilisation of oxygen. 'l'he 

changed milieu was fa·yo·u.rab.le .tor the gr~wth of lactobacilli which in 
' ,. 

turn .alt•red the environmen:t which now became a favourable milieu for 

laq,tate fermenting clostridia• 

It is li.nteresting to note that this succession,. unlike that of 

higher plants,. results in a mor$ ;Severe env.tronm.ent..; · Initially • a large 

number of· forms is pres.ent whic!l. gradWilly decreases .as the medium 

becomes depleted . .a~d end•products accumulate. Under f!IUCh .conditions 

·. onl;y the more ·resistant· torms ··survive. 

' ?:'here is thus a ·continuous inter.action between the ·organism ;and 

its envtronmen~. ·!J:he envi·ronment. selects b;v· creating tavourabl~ 
condi tio.ru;. fol" growt:h for a pert.t.-cular phyaiologilcal gr.oup of organisms 

which .1D turn .• through. thei.r· bio~hemtcal activities· .effect changes in 

that ead.ronment t maki.ng ·EiDJ' particular milieU a transient condition. 

The failure or any partie-alar o~gtmiem to~ devei.op in a particular 
environment can be ascribed to the inhibitive action or one or more 

limitin$ taetors which c.an be determined ·e~perimentall;r. 
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vJh.ile the approach of Baas :Seeking has remained relatively 
.unknown., a complementary approach-to the ecology of micro•{)rganisms 
b&s been-• developed• ·This approach has been summarized by Hungate 

(1962) in hts ''Criteria tor adequacy of. ecological o.nslysis"; 

naonsidera.tions of bacterial ecology d.eal usually only with 

qualitative relationships~ 'but quantitative aspects.also need ·Constder•. 

ation. Knowledge of tJUaii~ativ.~ aspects of a .natural microbial 

community .is tairl,y satisfactory when the following have been 

answered~ 

1. What kinds ·Of organisms occur? 

2. '\llhat activ.J.ties do· ther perform and how are these . 

activities· i.!lterrelated? ·. 
' ' 

Kaowledge of qu~titative .aspects r·equtres~ .in .addition, answers to 

. the Quest:Lon·s: 

J. In what nulribers does each kind of organism occur? 

4. ·What is the magnitudeof.its activity, and what 

factors. influence this magnitude'?" 

In this approach the ~mphasia is place·d on the organisms and 

not on the environment. · The impol'tanoe ot quantitative data and 

enumerations.· is stressed and changes i.n. the .number of the bacterial 

population. can, in certain ·circumstances, be used as an indicat.ion ot 
the magn.1tude of its activity. 

In the present study this approaeh was used t-o. augment the study 

of the milieu. As the present study deals mainly wi.th the autecology 

o.t a specific group a complete investigation of the influence of the 

SUC·Cession. on .the m:Llieu would. have fallen outsi<le t'he scope of the · 
present wor.k. · 

. ' 
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fhe br~a· of ~tat:fii' beer (or •ntu.. ij.U.., as· .lt :t.e .aloo knolin) 
:t~ an ic.t-~rg~l ~. ot tlte clllt.urti and custoa of the Dantu tdbfal 
:~ocutt•a ::i.n So\ltbf!m At•tca. ,. fb'b"~ i.e no eo~ ~brQlll~~-ethod. 
:ar~ -~·~•r!s;: o.ttd tho bp.aAenta ol ttse bear. ••1 confildeabl.,y 

omott~t d:i;tf•ent t:r1'bes., ~. <U:r.~t ~ cf trS.tml· beer ·h••'V'" been 
4e*Crib•d b7 J._it~ (1906), Chap~ .fll'l4 Brut"et> . <19:'0?1 lm4 Doi<tge ·(1910)~ 

v.tth the tt6p14 urbe~Jilhlttcm cf the ~'on-whit$ .population :SA t.ht• ceflttul7 
' . - . 

th~ i!enQd tor these b•er.s .p•w. raP'di¥ .and wac treq:uttnttr ~•t .br 

!.Utcit ooncoC\Uoao. wblch -~• c£,v«m ;descr~pUva nue& ouch as 'tsi!l­
.... qutf;Jtff ea -~,~~Ji •.. *lho i!lgfldJ.<mto Qd Jte1\hod& of' ~'it'iftp$ra.tlolt, . 

of th:G$11 hr-. bM• hen au,.ribed by Bellimm (193ft) • 

. lb. ortl•rr to ~t· the pcwi.n:g d&m.and to~ ~· bf the· •ilr:PQB<li.tls 
vblui populatton .• the Dimttt &t•r· :fadWltFt vee ~»·tftbll&b.-4.- Tbe .equip. 

. . 

. mut 0®•wt:tona117 \18&4 ill the **'•wbs imiuot17 ;~ol41! ttot .be JJ;ppllod 
An ·thu Allft&rmti.J ~fterfmt prooeua ao that tlftt _bl'~ t.cchtt!qnea · ·- . . . . 

hti6 tQ be· de•eloped •. 

fbo reoo .. nt!d b#Wlft$ ;proCd1u-O all· be brJ.ef;l.; out1.J.aetl here. 
- ' . .~ . . " 

tt m.'Uit!l,t be~. in~ th&t ~ deYletlono Jtr~ :tl'.de o-ehqe u.tst.. · 
Wb~*'e M~dl; 4e'fill,t1osss. ee .of lapo~ttme~~ .tc tbe m:t4_ft>$tlmdbS .of th"« 

· pt:oble=~ tUtde:r avfmtigilt£on. ~~ u.11l be 4esenbe4 ~ . tbe rel~t 
iiieo;t1on. or th~ h'Jtt. 

IQ. South A.:tn•. 81 ted· of fifo :e:oiots• Sp.r$!9! :als!~!. hr-a. • · J.a 
uo•4 to:r: tho 'brawlaa ot &.ttl! beer to&•~.er. with « otaz.oby ,eUppl~t 
of •i.tbtf.r ~te4 kafUlr ocra OJ' mat.••~ to. &aabJ.&. 1Ul4·"miotl•st&, kaflir 
,c~, :.z bo Jt$placeet· blf .IJ'lothor mUI.etc,. !Em&!!*!!. !11&~«~· Rich.,, or 

by !1$!!!~.! ~~!S&IU\ · ttft&r>tn. (~t;tY•lla.;e;. 19~6). · 

fh• be• 1~ aadt ·b,)" tw:· 4ttJt~oct llic;tQb1.o1og1¢al proc••••= o; 

lactic a¢14 ttrawmta.Uon, aatt . .atl •lco~lb ter.mtmtation •. ·. 

nte lactiC acs.a fet'm4mht1on # 

!'he :tactic: ae14. leJ"~ta.t:t.on: or so.v"-q• ·,._ a~p1~ •)' 
maiftti\lLrJlns·:.ae e.;p:P.l"old.aatel,J' l.Oi .a-.~ndcn ot aalt iQ, wnte# .at I~ to 

sooc tor 16 te 18 hour•• .»U&"i.f.tl t!W! ~015 $tt ebr;$1ebtf.lJlt ot hqao- · · 

fermen:t.o.ti¥-G theJ't'tObaotoia tOit.a -,laoe wbi~b haTe been id•ntitid as · 

J41eto'ba~.Jt:ua it•i:•uscttU uti .L.. l.•fi.c'k~i~ (.~ baen ~ lhleafe14t, 
- ~bl •iRJIII~il- -w- --- _ ·- _ lid· iiMf!Wili6_i; ~- ~1= ' _ 

. ·uupu'blit$!1.&6, uta).. !t'a'ts t;vp& . of· f~tat;tou,. :toi ~- d a ~s:,O.atan:eoue . 
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souring~' ,and ·may be :used -as .an. inoculum ;t.or further lac.ti.c ferment­

ations. Laetl-c ~acid. _pro-duction is accompanied b;y a break. dot-m ot 
. . . ' ! ' 

starch~s ~Y amylases .formed during malting.. Amyloly':3is ~akea ,place 

t~i·rly .rapi~ly' mi tially owing to the favourebl_~ :_temperature' but begins 

. to· tail ott wh-en the pH decreases as the souring proceeds. The ·extent· 

to which thiS process takes placa 'ie ··pr~matily 'dependent 'on' the''' 

diasta.tic- p_ower (.DP) of ,the malt .used •. ' . '.'.'. . 'I •• ' ' '' '. ·-· ••• 

'!'he pH at the end of ·.souring .is .usualll.in, the .. r~ge .Qf.3•·0 to 

3.3 ~d. -depends on the quantitJ or .acid produced and on th~ but.teri.n~_, 

capacity of the .malt. In an average 's6l'iritig 'the 'la~tic . acid '·Oon'tent' ' 

varies from ·0.8% to 1 .•. 6%; lt is, ,.however, the .. pR, val~e that. det.er.mines 

the organol·eptic acidity. , . . 
• If I :0 II ~ I l ~ '( ~ •• , 'i • .l , <, " 4 , ~ 

After souring the bUlk· -or· the· mash ·is · transi'er.red ·into ·.cookers 

but a small amount t-emai:ns .in the vessel to serve as an .inocUlum for 

the next batch. 
,.,.~~·~-··~--~-.,~ ... ·1·~·~ ,,~·· 

f ~ • ~ • .. • • • u • t • t ' • • 

l'b.:e soured malt in the cooker is diluted w1th almost two volumes 

of :water.. Approximately .lO parts of an ;adjunct., usually maize grits and 

less frequently _Sorf2!um .meal, ar.e ad-ded to every part of malt used· for 

souring. 'The mixtut-e ·is boiled for approximately· 2 hours and eooled to 

60°C when an addit.!i.onal ·4 parts .cf S.orghum malt are added for every 10 

parts ot b:rewer•s 'maize gr.its previously. used •. , Thi$. pro~ess is known 

as "mashing"' and the malt added is -called ••conversion malt" to dlst.inguish 
f • ~ ~ 4 t ': ~ • :• t ! I ' • I ' , , ; I I • , l , ! l , ' ' - ' , t o , ' • * e 

i.t from the malt used for .souring• The.· amylases· in the· conversion ·malt 

added .turther hydrolyse the starches,, ttow · gelatittllaed 'by boiling. The 
\ i t : I l ~ \ I 1 ~ l j ; ! • ·, ' t '1- ~ ~ ... • I I .j, 

conversion of .star.ches ·is incomplete,_ as the amylases are denatured 
' •,,.. It J #I • • • y • 

rapidly at !SUCh high temperatures an.d low pH •. Excess sugar production 
P. I· ' ! • ~ ~ • 0 , / 1 • I • l t ; • .0 1 • I o • o • I < t • I l •. " < 

is not desirable, as it would increase t.he alcohol ,content of the final 

.. ,P,Od~.c.t, !l)l,d. ,,e,tl~.C;&, ,th,e. ,V,if3.C.o!J,i,ty !l,f, .tJl,e. p,e,er whteh ~WOUld . make it lesS 

a:coeptable. to the consumer. 
• • < ~ ~ ' < _.. • ,II < l j ,j o : < ; • t •. > I • I 

. , , , . , . , . ,Wlt;e1t, .:t;h;e, .m~;aJt has :cool_ed _to ~ppro~:i.matel::V "j0°1C .1t is pitched with 

e. dri,ed. yeast prepar.ati"On ot Saochar()myces eer~vis'-a~... Whe masJt is 
~ t- f • \ ' ~ .~ t ~ ' I r '• •,, ' ' • ~ J , .. I I 'i • ~ 4 

passed through strainers where the coarser husks are removed and is then 
,. r ·' • 

· · pump·ea-· :tnt~' fermenta'ti'on: ·tank'S' 'Wh·ere a short alcoholic. fermentation 

, , t~e~. pt~~e f!l~. !3 _t:O. ,2!+. h.o~.s ~t. ?;O~C .•. , ~h!e retenU.on time li.n these tanks 

.depends on the demand for the beer... The lega_l, .lim:it. :o.f alcohol in the beer 

(}% w/v) is difficult to control owing to the continued h~drol:ysis 
• A ' ~ <. f- I } ' I • 

of starches $nd because the beer J.s consumed in an active state of 

ferm"entation. Dur,i:ng the al•coholic fermentation there is a •continued 

souring action .. After the addition of adjunct and boiling the pH may 
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. rise to a value o£ 4.o,. whereas the final product has a pH of 3.; to 

3.5. 

Bantu beer ,contains 4 to 6% total solids, mainly starch~ The 

average protein content is 0.6%. ·. 1'he vitamins present are mainly ·· 

nicotinic acid, thiamine· and r.ibofiaTin, averaging 189• 32 and ·36 

micrograms per 100 ml., of beer .• r~apecti.v.ely (Novellie, 1966). With 

the 1ncreased.use of maize grits as starchy adjunct there has been a 

. considerable drop in vitnmin content of the product • 

. ·The :participation of amylases of l!lucoral.es in the hydrolysis of 

starches as first postulated by chapman and J3a_lter (1907) for home­

brewed beer and .frequently quoted in the literature, has ,been proven 

not to occur· in modern industrial .fermentations (Novellie, 1966). 

B - "The brewins: proc:ess as an environment. 

The importance of environmental factors in determin;i.ng the 

sequence of ecological events in.l.my particular milieu has been outlined 

in Chapt·er II. The mot-Jt important en.vironmenta.l factors and the 

1. significance of micro-environments will be briefly discussed below. · 

l. Hydrogen ion coneentration. 

Clostridia, even the lactate ferill~nt:i.ng forms, are known to be 

l"elatively sensitive to low pH values. The growth of Clostridia can 

generally not be recorded in samples of silage and cheese below pH 4.o. 
Unless the Clostridia f.ound in Bantu beer are inherently different from 

those found·in the processeo previously mentioned, their growth is un­

likely to occur in a well-soured beer which has a pH ,of 3.0 to :5.5. 
During souring the cond.itions are; howevert different.·. ·The pH of a 

freshly ino.culated souring is high enough for the growth of clostridia. 

A freshly .inoculated souring· using the recommended 10% inoculum has a 

·pn of approximat~ly 4.5 to 5.5, depending on the buffering capacity of 

the malt. (See Table VIII, p.27a). The pH of .a 10% malt suspension 

in water, as used for a spontaneous souring may vary from 5.5 to 6.5. 
In many spontaneous sourings and in inoculated sourings where in­

effective inocula are used, a long time lag occurs befor·e a drop in pH 

can be recorded. Under such conditions a fermentation by clostridia 

· · is not unlikely t()· occur._ 

2• Temperature. 

In a well controlled souring a temperature of 48 to 50° Cis 

maintained. This temperature is unfavourable for the development of 
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mesophilic saccharolytic clostridia which have an optiaua temperature 
0 

of 43 C (Benneberg, 1926). The aaxiaum temperature tolerated by these 
organiaas waa not investigated. 

Thermophilic clostridia have been deacribed by McClung and McCoy 

(1957) in Bergey's Manual of DeterMinative Bacteriology and their 

possible growth in the souring proceaa cannot be excluded. 

More favourable teaperaturesare found in the later alcoholic 

fermentation but, aa waa pointed out preYiously, the low pH at this 

stage is unfavourable for the crowth of clostridia. 

J. Redox potential. 

Ko data were available on the redox potential in the various 

stages of the brewing proceas. This aspect of the environaent is 

investigated in the present study. 

4. Availability of oxygen. 

The growth of clostridia is greatly retarded by the presence of 

oxygen in the environaent unleas a low redox potential can be 

eiaultaneously established. The effect of oxygen and redox potentials 

on the growth of anaerobes i• further discuaaed on p. 11. 

Oxygen as a 1as is poorly soluble in water and its solubility 

decreases with an increase in temperature. The solubility of 0%1gen in 

water at 760 .. ataoapheric pressure is onl7 26.6 mg per litre at 50°C 

(Lange, 1956) and is probably rapidl7 utilised by the aerobes that can 

be deaonstrated to be present in the initial stages of spontaneous 

sourin1s (van Kerken and Ihlenfeldt, unpublished data). Anaerobic and 

Micro-aerophilic or1aniame can thus be expected in such aouringa. 

During the alcoholic fermentation all traces of OXJien will be 

rapidly reaoved by the yeaat population and, at that atace, the proceaa 

can be deacribed aa completely anaerobic. 

5. Mlcro-environmente. 

Bantu beer ia a hiihl7 heterogeneoua aediua in which both liquid 

and solid phaaea can be found. Starch grains~ and protein granule• are 

aainly reaponaible for thia hetero1eneit1 although larger particles 

such aa huaka, rootlet• and the reaaine of coleoptiles may be included 

in the aalt aa "roota and ehoote" and are found in the lactic acid 

feraentation before •training. 

Ver7 little 1• known about. micro-environaenta because 1nveati­
gationa are haapered by the lack of adequate techniques. Organic 

particles may fora surface• to which aicrobea and molecule• may adsorb 
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re~ulting in .distinct micro•environments. The bulk pH and rH as 

measured in the medium may not necessarily correspond to the values 

on the surface ot·a particle. 

\<1hereasf in a well agitated mash relatively homogeneo·us 

conditions will prevail, in cases where stirring is ·inadequate or. 

totally absent majo~ environmental changes can be recorded. The 
. ' . 

settl.i.ng of solids and the cooling of . the periphery of the ferment• 

ation ·vessel result inconsiderable environl!lental. changes in various 

. parts of the tank which a_re reflected. in the composition or' the flora 

in such localities. A so;uring in which such conditions occurred is 

discussed in Chapter VII.. 



IV 
1 

l.. Intrc4cctlon. 

An ovet'Tih.&lelng aumbef' of m;!tb.odo 11nd. anaerobto tecJmiquea ha•e 

bt~en 4evi.ee4 t~~-114 described fot' the 1sola.ti.cn and puritleat!on ct. 
:Cloett>UD. !these have been adequat•l7 :oeri.ewed b7 Gibbs ana J':r~me 

(i96S) ·and 'C~t!H)fll'' (1965)• '!b& t~ehntq:uss of tho French School as: Mt!11 

in Pre'Yot •a laborntorl' hav~ b••» BWilea:r'Ued b:y Lebert !Ulli ~AJ"tU.~tus 

(19,2). 

ihe t7pes of technique.& emploted Ttrr:/ greatl;v w1 tb the nature 
of' th~· problem !flv.-t!cated. In tho prennt. atud.y ·001lbitlat.10!1& of 

• . I .,. • ' 

techrd,ques were uoe« whiob will be brien7 outlined bore and th«ir aourtt• 

ot retnace· sta·tfid. fh• aohwo· f'oll:ewed waa obtaS.ad by. trial and 

. ~or .qt£ was fa.und to gtvo 'tbe MOSt .rapid Md ll"itlla'blo reaulta :lA the 

onal7eis of :Bantu bHJO• 
.. 

Rore Utt1cult was the selection of ·auttable aedlo., C:lostr1dt.a 

4o n.ot tora part of the dominutt nora of JIRlt and beer aceS are greatly 
,ou\auabft'ed by baeUli. ud ~terobaetaria. ln both these #OU.ps facultat­

ive anavobes can be toun:d. tthich fraquct~ lftterfe~te itl the iaol.atlon 
:Ot ·Clostridia (Kutzruw. 1965}. 

Gett.tiaa violet, so4ia, asi.de 1. C!!C:tbi.C. aCid• m4phons.Jd.de.e U.d .. 
. ~ ' -

various ut!:blot:t.es have be.en u:rsea to iQcroase the . .sttleet!vitf ot •edia 
.. del lo 8UJ)p!"·{')M the ACC01Jipafl1ing flOr.'lt• Mo$t . ot ·these SUb8ttme•a tui·e· 

baon &ho11fl to be in.surrtcietLtl)t eelectt•• and ftvcm to lub!b1t eaercbic 

.spore foftll~'l'S~P (M'osa•l ~t Ill• • 19!)6; G!.bba an4 Fr.eue. 1965;. 
fiar,efailt 1966'). .Gent1on Violet, _u· used 1ri t~e risht COllCtmtrat!.Oil; 4oes 

not ae,iouul.J !n!d.blt clostridia but ia not vo-q' effective in aupproutq 

aerobic c~ganisme. S.ittUarl;y,.. c.loatrtd1• h&v:e .beNt nbown to b• aenai­
tive to cotit.lm tld.oaUlphate,: wbleh le ft-equMt17 tnolu4e4 with tenio 
oit:rat• in d1fferont1a1 m•tU.a to test f'ol! h;r4rocen Gulphlde producti.oli 

(Gi'bba 'and· Freamtt• 1965). 

Alternat1Yel;r, il*l"obea eM· be su;pprtu;sed by lowering tho redox 

p()tential of the ~~;edi'Wl'.l. · c,.ateJ.n., ut:arb1c aci4. tbioS"lrcollS.o o.cid 

and iron sal,ts in tne r~ttlueed state •re t~est fr•que:ntl;y as•tl tor thla 

pU!"po••• Such mediA baYG th• edvaQtap that the,- malt~ t.be · naeJ"Oblc" 

growth. err clofl.tridl« poauib1o,. as the f?eduetante re11ove tbe. :b74rogen 

:peroXide which is Pl"04uced by ooligat• anaerobos t11 the presence of 

oQ'g•tl (Kut.DG1"t 196~) • 
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The media used 'in the present study were selected for the 
following attributes: 

1. 1-"hey must support the growth of both proteolytic 

and saccharolytic forms. 

2. Interference from facultative anae~obes must be 

minimal. 

3· They must giYe reproducible results. 

'In the ,;present study attempts tiere -made to increase the 
. . 

eelecU:Yi.ty of m~di.a using genti.an violet and thioglycol'li.c a.o14. 

Since the counts obtained with these substances were much lower than 

with ·other methods, th$y were considered unsuitable and were not 

further-investigated. ~e selection ot media is described below .in 

Section .a. · 
2. Ma:teria:l. · 

l.falt, bran and brewers' grits were collected from various 

breweries and maltsters mentioned throughou.t.the text.· These samples 

were treated .asepti-cally whenever possible and stored at room. 

temperature in ·the laboratory. ~ 

}. Preparation of Diluents,. 

The most effective diluent has been shown to be a solution 
. '' 

containing peptone (Gibbs and Freame-t· 1965).. A 0.1% peptone solution 

vaa used in this study with the addition of 0.1% agar to obtain a better 

suspen~ion. The diluent was made up in 9() ml. quantities an.d sterilised 

in screw-cap bottles to prevent the access or air after sterllisati.on. 

and maintain anaerobic conditions. ~en..:told dilutions were prepared. 

AlO% (w/v) suspension of malt, bran and brewers' grits was used for 

further dilutions. 

4.. Enumerations. 

All s9.mples were enumerated by ·the Most Probable Number 

Technique (MPN). Enumerations were carri·ed ¢Ut in test•tubes when 
solid or semi-solid med_ia wet'e used. or in MCCartney bottles if hrotb 

was used. Tritpli:cate -or quintuplicate samples were incubated for 
' . . .. 

each dilution,. _depending on the accuracy'desir.ced and. the ti.me avail.able. 

In each ease two series were incubated. _A.pasteurised series 

was used to ·.determine the· total number of spores preaent. · An· un• 

pa:steurlsed series was interpreted to ~epresent the sum of .spores and 

•~g-etative cells in the original sample. 'From this the num:t>.er ot 
. vegetative cells in the sample could· be calculated .• 
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Samples were pasteuriaed. in-a water-bath at 75°C tor 30 
minutes (Gibbs and :Freame9 1965). 

:;. Prevaration of ;eure·eulturee. 

Pure cultures were prepared by streakln.g .pasteuri.sed saap~es 

on RCM agar (Gibbs and Freamet 1965). Plates were incubated in 

anaerobic jars unde.r 95% Nitrogen· and 5% co2• 'I'o remove traces ot 
oxygen a mixture of 3g pyrogallol, .lOg diatollaceous earth and 2g 

.Na2 ·co, ~as prepared 1n a mortar and paper envelopes containing 

approximately 2g or this mixture ttere pla~ed in each inverted Petri 
. . . ~ . . . .. . . .. 

dish. After 3 days' in~ubation at 3? C0 colonies .from such plates were 

restreaked on the same medium. This procedure was repeated at least 

· four times until pure cultures were obtained. 

It no pure cult~es CoUld: be· obtained by this m.ethcd• shake 

·cUltures in Burri tubes were used .as descri.bed. by Gibbs and Frease {1965) 
. . ·.- . . . . -· . . 

us.ing VF basal medium (Lebert and Tardi.eux, 1952). Shake cultures ot 
every isolate. were tested_ in t,his medi~ tor aerobi·c contamination. 

Aerobes grow near the aur:face or .throughout_ the medium. The growth of · 

anaerobes is restricted to the bottom of the tube • . '. . . . 

.Spore forming strains giving a negative catalase reaction were 
. . . ·. ' -

tested for the presence ot c;rtochromee by the benzidine te$t of Deibel · 
-· 

and ,Evans -(l960). All strains giving a negat~ve catal-ase and benzidine 

reaction were taken to be clostridia• · 

' 

6. J.faintenuee .or stock cultures • 

. Pure cultures were grown in ReM 'broth (see below) until ~ood 
sporulation had taktm place.·. Cultures were then centrifuged and the 

spore C;od.iment. washed_ twice, using N _saline_: . A ·~oncentrated ·apc»re 

suspension was inoculated into sterile soil. Sudb. cultures were.· 

allowed to d'ry at· room temperatur.e and were then stored S:t 4°c. 

Alternatively, strains were·.growri on RCt.f .agar slopes in .an 

anaerobic jar. When adequate growth had taken place~ the tubes were 

removed from the jar and the cotton•wool plugs were trimmed to the level 

of the rim of' the te.st tub~h A .fei<~ crystals ot pyrogallol and tt>m drops 
. ot an N/10 ·sod1U1l1 hydroxide solution were placed on the surface of the. 

trim.med 

1965). 
numbers 

plug. The ~ubes were then sealed with a rubber bung (Kutzner, 
. . 0 

The cultures ~ere stored at 4 c. . If it Wa.s .round that large 

of spores were formed, the bung and plug were removed and 

replace~ by a sterile cotton•t<Jool plug. 
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B Experiment~* 

1. The selection of media. 

In order to select an efficient Medium and obtain information 

about the nora of malt a.ncl beer simultaneously, enumeration ·studies 

were conducted on malt and .beer or different origins uaing different 

.. media. 

Media Tested : 

1. Re-enforced clostridial Medium. {RCM) 

(Hirsch and Grinstea.d.e 1954; Gibbs and Freame.· 1965). 

Peptone 

OJ:oid la.b•lemco 
Hydrated Sodium acetate 

Ditco Yeast extract 

Soluble Starch 

L•cystein HCl 
Distilled water 

pR adjusted ·to 7.1 to ?;.z:· 

lOg 

lOg 

5g 

0.5g 

lOOOJal. 

Dispensed in McCartney bottles and sterilised at 15 lbs. 

· overpr.essure tor 15 minutes. 

Two percent agar was added to obtain a solid medium. 

Differential Re-enforced clostridial Medium.. (DRCM) · 

A 4% solution o.f $odium sulphite and a 7% solution of Ferric 

citrate was fUter-sterUised separatelt and stored a~ 4°C,.. 

On the day or ·use equal volumes tzere mixed and 2ntl. of the 

mixture were added to-lOOrnl,. ot.RCM broth. 

· ·The medium was dispensed in McCartney bottles .. 

Semi•s.olid RCM 

To the RCM broth described above 0.2% agar was added. The mediUm 
. . 

was incubated with Top-layer agar. (See below). 

'The mediu.a was dispensed ih · test•tubes containing dilutions ot 
the sample to be enumerated .. 

2. Liver Medium. (Kutzner accordin~. to van Kerken, per.sonal 

communica ti·on). 

Sldtt Milk lOOOml •. 

Ox liver (miilced) 50g 

Potatoes (grated) loo, 
Glucose lOg 
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Milk, tiver and potatoes were ·sterilised at 15 lbs. ov.er_ 

pressure for 1 hour and. paased through a sieve. Glucose was added . 

and the pH adjusted to 6.5.- The mediU1l was diapensed in teat""!tubes 

and sterilised at 15 lbs.· over];iressure for 15 minutes. 

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

Lean beef (minced). 

Ox liver (minced) 

Pepsin (Merck, DAB6 = 1:,35000) 

Distilled water 

l}OOg 

500g 

lg 

9000ml.-

All fat was removed from the b•ef before mincing. The ainced 

liver and beef were added to· 6 i. of water in_ a water-bath at 4?°C. 
- - 0 - -_- '- -- -_ 

Then 3 1. of water at 60 C were added with 75m.l. pure concentrated HCl. 

Pepsin was dissolved in 3oml distilled water; and added to th~ mixture. 

A temperature of_48 to 50°C was m&intained for 20 hours with .intermittent 
- -

stirring. The mixture was then boiled, ·filtered and sterilised at 

15 lbs. overpressure tor ,;o minutes •. 

Before use the pH was adjusted· to ?.6. 

The medium was dispensed in test-tubes and re-sterilised at 

15 lbs. overpressure tor l5.minutes. 

4. VF dee;e agp: •. 

Agar was added· to VF broth in a concentration of_ 1•5% and 

sterilised at 15 lbs. overpressure for 15 minutes. 

5. Gelatin Medium (Rosenberger• 1951.). 

Gelatin 120g 

Ba.ctu-tryptone 
Yeast extract 

Cystein,HCl 

Resazurin 

Distilled water 

pH adjusted ·to ?.o. 

l5g· 

5g 
o • .5g 
5.0mg. 

lOOOml. 

The medium was sterilised at 15 lbs. overpressure .for 15 minutes 

and dispensed into test-tubes containing dilutions of the sample to be 

_enumerated. 'lop-layer a.gar was used. 

6. Acetate-lactate Medium (Rosen.berger,. 195i). 

This medium was not used extensively as it.i.s selective f'or 

lactate fermenters only. A full description is therefore not given. 
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(Roaenberger, 1951). 

· t.rhioglJc:ollJ.o aci.d 

Cyetein Bel· . 

·Resazurh 
Agar 

l>ietillod water 
pB. adjusted to '7. o •.. 

0.5ml 
o.5c 
5·0ma 
-lOg 

lOOOial. 

~Ei aedlua wa•. aterU:laed at 15 lbs. OVeJ-preGGU:r• for 15 Jda.utes. 

~1· ~edium 'Was ·us-ed to ' overpour sem1-soltd ••dia. to . obtain 

anaerobic conditions. ~op-loyer .,_~ was need to overpour Acetatq• 
. . 

lactate llediwa., gelatin media and · •••1-soUd RC'!4: in test-tubea. 

EnuMeration studiea were ·conducted on souring• and beers of 

different origins. A two-hour old souring pH 3.3 troa Breweq .Bat 
4J.8°C wu compared with a 1!-hour old Dourine ot Bl'"eveey D. '!he pH 
ot this aa.•ple -was }.6 and the eouri.ng temperature 51.2°C. Samt>l•• were 

enumerated as desc:ribed e.bove, il'l the tollowin.g aedia. 

ROM bro.th. 

Liver ·medi\Uh 

.. Gelatin l!llediwn witb Top-layer agar. 

Acetate ... lao·tate aediUJJ with fop--layer ap.r. 

Similarly. tho final beers from Breweries B and E wot>e ex&JU.ned 

ua1ng RCM eeMi-aolid mediua with Top-layer agar, D:RCM broth and VF 

deep agar. The medi.Ull last mentioned vas incubated in Burri•tubes. 

~e resul ta are eummar1aed in Tables Jr and :IL 

In order to a•certidli whether RCM ae4iua alao supported the 

·, az-owtb of proteolJii.c. forllG1 _1 ale aliquots were w;Ltbdr&Wlt fi"om the 

enueration aerioa ot semi•solid RCJI, pa.ateuriaed .and inoculated into . 

gela.tin aedium. As the ·same su,ple had boen previousl,- enumerated on 

gelatin the :reltults ·coul-d be :Compared. (See Table II). 

~bes in which gas~for11ation coulclbe d•tected wertt selected froa 

the unpasteurised series. Streak plates on RCMasar were incubated both 

aerobically and anaerobicall1 and the preaenc• ot aerobes and anaerobes 

wae recorded. (SeeTable III). 

Ptire cultures .of &\lrobe!' were re-inoculat•d into t.he oricinai 

11odiu .and the tubes en1d.ced after :; deys.; 
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.Results . and: Discussion. · 

TABLE . I 

Clostridia in Industrial Sourings 

,. . 

Approximate number· of ·C~lls ·per ml. 
Medium Brewery B 

unnast. past. . 
RC!'i broth 102 10, 

,!Liver medium 10~ 10
2 

~elatin medium with top-layer agar 102 
10

2 

~cetate-laetate medium 10 2 10 
with top-layer agar .. I 

. 

TA'BLE·· II 
.'·" 

·Clostridia in Beer 

1 DRC:t-t broth 

2 RCM broth 

3 RGM semi•solid agar 

4 Liver med.ium with top-layer 

' Gelati.n with top~layer 

6 ,VF.deep agar 
' ·' 

7 . No. 2 (above) . transferred to ' 
gelatin with top•.layer 

.. .. 
' 

Number·ot 

Brewery B 

. Utt'PaSt. past. 

4xio2 3n02 

. ?Jxl02 5x:to2 

5xl03 1x103 

t~o3 4xio3 
2xl02 1x1o2 

~2xio1 2.xl.02 
I 

·' 

~l3x1·o3 .)xlti 

13rewecy D 

unnast. pa~~ ••. 

104 
10

4 

103 10 
lo3 l.O,; 

102 10 

cells per m:1. 
Brewery E. 

.un,past. past • 

lfxlo2 
5xl02 

5xl.o2 4xto2 

lxlo' 2xl.o:3 
4 lxlO . 2xlo3 

less less 
than ];0 than lC 

2XJ.02 
5xl0

2 

' less 
than 10 0 
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Medium 

RClll semi•solid 

RCM broth 

Liver medium 

Gelatin 
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f!!ABLE III 

The occurrence of aerobes and anaerobes in 

enumeration experiments. 

,, 
.. · Numbe:r'' of tubes ?:otal 

No. of tubes tes-ted Aerobic 

20 4 

20 .. '10 

2o 4 

$. 0 

Acetate-lactate 10 ·1 , .. 

. . 

ehowingflolonies 
- .. 

Anaerobic 

20 

19 
16 
·5 

10 

l'lo significant differences in pasteur-ised and ·unpasteurised ·counts -

could.be detected.t thusindicating that_ clo.et~idia were present in spore­

form only. .Sligbtl.y higher counts. were obtained· \ii.tll RC!.f semi-solid· 

medium and with liver-medium than \>lith any of tho other media used. 

See Table II. Liver-medium• however• had the disadvantage ot supporting 

the growth of aerobes as can be seen in Table Ill-. Sli,gh tly lower . 

counts were obt~ined with DRCM and RCM broth.., the latter al'f.so supporting 

the growth or aerobes. 

' 
RCl·i semi-solid medium .. seemed to support the growth of proteolytic 

. . . 

strains more readily thangelatin medium. Higher counts were obtained· 

t~1hen paateur.iaed samples frolli th~ RC~t enUmeration series were inoculated 

into gelatin than if gelatin was used for the primary isolation. 

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

Gelatin medium was oeea.siona"lly used as a comparison in later 

studies and the results obtained agreed very closely with those eet out 

here. Relatively low counts were obtained with.VF deep agar and ,acetate­

lactate medium. 'These media .. were found to be too selecM.ve to be used 

-in. a study of this nature .• · .RCl~ in the semi-solid form gave the highest 

counts and the 1east interference from aerobic organisms. It was,· 

therefore, chosen for all further routine enumerations. 

Aerobes that did occur were brought into ptire culture and 
. . 

identified as balonging to the genel'a Aerobacter and Bacillus •. It such 

pure cultures were re-inoculated into RCM semi•solid agar very little 

gas production was recorded. The be~aviour ·or such strains ~ms different 

from the highly aerogenic fermentation of clostridia and thei.r presence 

could ther-efore .always be detected in enumeration series. 
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The merits of the various media tested are shortly outlined below. 

Semi-solid RCM _with.!ro:p:lazer Agar. 

Th~s medium clearly gave the best results (see p.18 ) arid was, 

therefore, used tor all subsequent· enUll.erations. The mediUil was .easy 

tO prepare and did .Dot .. favOur· the growth of aerobes. ,jJ 

RCM broth and DRCM.broth. 

Both media tr.equently supported the growth of aerobes which. could 

frequently. be. detected in the form of a· pellicle.. Lotier counts were 

realised than with the aemi•solid medium. The media wera not used in 

· further experiments •. 

Liver medium.· 

The Medium was exclutle4 on ac~ount of the high leYel of.aerobic 

contamination even when incubated with anaerobic top-layer agar. 

It was found to give excellent results when clostridia were 
recovered from· stock cultures ,in.sterile.soU an4 was subsequentl.y used . . 

tor this purpose. 

Acetate-lacta£e medium and selatin medium .• 

:fhese media were excluded as they were too selective for specific 

ph;ysiological groups and _did not give a true renection of the 

clostridial nora in sou.rings and beer .. 

VF de.!!:! _a_gar. 

Vary low -counts were re,alised p~ssibly b,eca.use .the. medium contains 

no forynentabl~ carbohydrates which would fa.vour the gr-owth of sa.echarolytic. . ,, , .. 
. . 

clostridia usually dominant on malt. ~he medium was not used ex-
.. 

tensively, although_ it gave reproducible results. 

· Semi•solid RCM, the mediW'll chosen, gave excellent results. Un­

fortunately it did not lend l.tseif to direct colony c_ounts which are 

mor.e accurate thatr enumerations by the MPN te-chnique because ot the 

excessive gas product:ion by the organi.srna that were enumerated._ 
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c·nAPTER .V 

.'l'HE · FLORA ... Of · $AN:J:IU. .BEER. AND • . I~S · 

· .INGRE;DIENTS . 

·.'The flora or .katn.r· corn 
. '.-

Five .r'epr.esentat1ve· samples· or· .kaffir' corn· were .investigated.it .. 
. . . 

. .. .Samples w~~e ta}ten aseptically from. unopened bags at ;3 dilferent 

·maltster.s~. A suspension of. the mi·cro•organisma on the material· was 

... made by shak;ing lOg . ot kaffir · eorn .i~ · 9c -~1_: •. ~f ~t~~_ij_~· ~g~~~~~pt·one 
. . . 

' tor s :mi;nutes~-- .. Pilttt~ons were pr.epared tront' the"'.a4pernataht' and 
.· enttmerate"d in semt .... sol.ld RCM•~ ....... · .. " . . . . . .. .. . .. . ... · 

-· •. "• < •. ':i I 

. . . 

sampl:e in all cases.. Clostridia are ·Present. in very small numbers 

on kaffir corn .only • -SltmiJ.ariy . .-: it was' f'ound :that:" baeilli:9 . ·enteroba·C•·· 
" :...· ' ' . 

teri:a and lactobaa:il;t.i· did not ·occur on k:atfir corrt .i.n·l~rge numbers •. 
' ~,,,,_uj~,~~~· ,, <1·-t< ..... ~-••~•·· '•-·•v.' 

' ' I '- . { 

.In th~ ,eoursQ -o·f tb,e pres~nt study .a.· large' num'be.r· oif malt$ were 
J ' ' ' I' , < ' ,' ' ' < I ' ~ ' ' ' '. • ,• , ! 

investigated.-. Mirer.obes occur: in very l,arg~ .numbers· on kaffi.r corn malt.o.. 

' Be for~ e·x~e~lment·s· vJe:re ~ond~cte~· with. atiy~' parti·Cuiar· malt~- the. flora of. 
' ' 

.representatiVE! sa,mples. was :in.V.est:igated routirur~l;v.~r.. R¢sUlts ,obtained for 
' . . ' . .· ·i. . '' 

elpstr:td~a are ·$ummar.ised· in ~abl~ IV below., In .most .cases enterobaC•· 
' . 

t.er'ia and lactobacilli. wer·e enumerat·ed as w.ell:., .. ·.See Ta,ble:. VIII .•. p •. 2?a~;· 
•. 'j :. • - ' -·· •• : •• i ' .• 

Fi;.s•- .'3-tt· P•·· t.B; . . Fig •.. 5,, p .... So •. . 

TABLE IV .. · 

Number. of clostridia.. per gram .o·f malt •. 

. ~ - . 

1>166/19 
·t-166/25· 
.M66/2?. 

M67/lo4 

M67/l52 
t{6a/113 

t-1~8/114 

M68/1'43 
·:W· 

.... 

'"· .. 

• 0 I! 

'E .... 

J.L 

E 

E 

B 

A 

c 

E 

E 

MPN -of· cells .'J')er gram 

unpast-. ... 

..2uo8 

3Xl0,. 

sxto2 

2xlo3 
1·x1o3 

2xl0~ 
2xlo5 
:;xto5 ·· 

. :4~lo6 

Sxto6 

.. · 5 ··lxlO 

4xro3 

4xlo2 

2xl03 

8x1o3 
.. 4 
2xl0 

2xl~ 
.. 4xlO;· 

3xu)5 
7. 

4ltl.O~ 
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Clostridia could be detected on all malts investigated and 

these proved to be almost excluaively saccharolytic forms. Samples ... . - . 
, , ..; ... ·. 

obtained from maltster E frequently s~owed a slightly higher count 

than malts of other origins. 
t ' . 

Clostridia can be c~n;r~~ed to pe a normal component of the 

nora of malt.. The slightly higher co~.g.ven by unpasteUrised 

samples in some instances,. may indicate that vegetative cells occur 

on malt. In most cases, however, .clostridia occur as spores onl;y. ·. 

c;. The nora of grits~ 

Six representative samples of brewers' maize grits from 

different breweries were investigated. Grits were studied that had 

been obtained from Breweries D, B and E and were enumerated in semi-· 
solid RCM; 

The results are tabulated below: 

TABLE V 

Number of clostridia per gram of brewers' grits. 

Brewery No •. of sample MPN of cells per gram 
~ 

unpast •. past. 

D Dl less than less than 
10 10 

D2 lese than lees than 
10 10 

D3 less than less than 
10 10 

B Bl 2 X 101 4 X 101 

B2 less than less than 
10 10 

B3 less than lees 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 Number Technique 

is very low at this level,. the exact counts obtained are not given it 

less than 10 cells per gram were recorded:· It was found that 

enterobacteria,. lactobacilli and bacilli occurred in very small numbers 

on the same samples •. 
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file low counts obtained maybe ascribed .to the polishing ot 

the grain where the microbial flora is removed with the fused pericarp 
and testa of the caryopsis .• 

Clearly., the n_timber of cells iatroduced with Brewer•s grits 

into the mash ie insignificant._ 

n. The flora-of bran. 

Bran was only used extensively in Brewery B. ':he nora of this 

brewery was exceptional, in that large numbers of pro·teolytic clostri­

dia occurred tn· the beer which were ·usually absent in the products of 

-other breweries. (See -Table II, Nos •. ·- 5 and ?). 

Samples of bran,.· collected at Brewery Bt were enumerated in 

-gelatin medium and ·ReM as previously described. 

__ TABLE -VI 

Number of clostridia per gram of bran~ 

'-

Sample '• 
., 

MPN -of <Cells per gr.am 
; 

,_ 
,_ 

Gelatin ROM 
~ 

unpast.. past. un:past •. past .• .. 
' 

.. 2 
7xl0

2 lxlO; 2xl.03 Bl · : 9xl0 

B2 1no3 2xl.o3 :;u<Y 4xto3 

B} 6xto2 
?xl0

2 
: 9xl0

2 lxlo3 
-

All samples ot bran contained large numbers o:t proteolytic 

clostridia which accounts for their pr~sence 1n beer_~rom Brew~ry B •. 
·:RCM was,included as a control~ and. the counts obtained indicate-that 

the proteolytic strains were not greatly _outnuznbered by saccharolytic 

•·. .totms. 

E. -The no~a of Bee!'. 

l• Enumeration experiments. 

The. number of clostridia present . in th·e final product were 
d4!termiaed by_ different m~thods and haYe.b•e» surrnnari.sed in Tahlt! II, 

. Page 17. Routin.e enumerations on beer samples were frequently . 

; 

carried out .and special attention was paid to · so•call~d_ "bad beers't .. 

whi.ch were frequen_tly s;~mt to the laboratory for· investigation.. The 

'+esults obtained in such determinations were very uniform. The Satlle 

I 
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number of clost.ridia per ml. were 

and. unpasteurised samples, clearly 

in spore•form_only. The number of 

f-ound to be present in p&steurised 

indicating that they were present 
:. ·. . 

clostridia present in so ... t£alled 

''bad beers" .agreed closely with the aeceptabie product• 

Approx:Unately.')O beer samples were investigated _in the-coUI-se 

of this study and the uniform counts obtained do not warrant tabulation. 
'2 . 4 .. - . -

On an average 10 to 10 cells were demonstrated to be present per ml. 

-of beer Nhich is equivalent to the approximate number of cells _present 

011 malt. 
' -

It spoilage can be attributed. to the growth e>f clostridia, these 

organisms should be- pr-esent -in large number.s and should be visible 

microscopically. This was found to be the case once only.;. 

Chapter VII. 

2. Enri,chment e:per~ments. 

See 
·' 

. The recovery of . clo.str.idia from sourings of Brewery .B 'It/as _ 

.attem.pted with specially designed m.ed.i·a as higher alcohols such as 

butanol .and propanol had been reported -to be present by chemists o':f': the 

Ban:tu .Beer Utd.t of the c.s.I.R.. As. a control, ,sourings o£ e. brewery ,in 

tthieh no such flavours had been d·etected were included in the enrichment 

series • 

. InitWly the presence of propionic· e.c.id wa.s euspecte-d in the 

souring of- Br~1ery B. 'Enrichments. we.re ther.efore designed with the 

purpose' ot recovering propioni(: acid: producing clostridia. 
;·. ' 

;E:)Cperimental Procedures. 

A three-hour old ,(;;ouring,· pH :5.2. from Brewery B was used tor· 
.. 

· t·he enrichments.. The basal medium had the followi.ng composition:, · 

-Bae to-peptone 

Yeast• extract 

_phosphate buffer <Pn• ?.1). 
satm:ated Ca.so4 solution 
Cystein HCl 

f.1gso4.. 7H20. 

Feso4• ?H2o. 

distill.ed water 

jg 

4g 
5 ml. 

2 m:l. 
0.2g 

-0~05g 

o.olg 
1000 ml.· 

A series of enrichment media wa_s prepared by the addition of 

various carbon sourc·es i.n: the concentration of 3g per 100 ml. basal 

medium. ~he carbon- source~ consisted . of amino..:acids ( fa- alanine, 

asparagine, serine, threonine), carboxylicacids (lactic andsuccinic 

acid) an,d alcohols (ethyl·ene glycol and propyline glyc.ol) afte.r Gaston 



and Stadtman (1963) .. The pH was adjusted to pH 7 .. 01n all cases. 

~he-selective action of propionic acid was also investigated. The 
-acid wa..s added in: concentrations of 0.2 and 0.4% to the succinate and 

lactate medium_, to sterile eonv-erted malt and pa.steurised samples; ot 
Brewery B sourings. The -cultures t1ere incubated -anaerobically in 

200 mt. q~antities 1n gla~~-stopper~d-bottles at )?°C.-
·) .. 

. Enri,chments that s~owed _signs ot growth were subcultured twice 

in- the same medium. Inocula were plate_d onto .solid medium.- of the same 
. ' . - . 

composition and were brought into pure culture on RCM agar .• 

Results .. 
- -

Clostridi-a were recovered from ·all- enricfhment media .with _the 

exception ·ot those eontaining_s-erine and threonine as earbon-sour-ces. 

The strains tsolated could be morphologically divided into 7 g:t-oups 

on the bases of cell and spore morphology and s~ef!led very similar to 

strains recove-red in cenumeration techniques .• :· Strains we-re select,ed 
- ' -

from these studies for computer analysis. See Table XVII p. 61.-

:~ ' 
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C H A P T E. R VI 

PHYSIOLOGICAL STUDIES 

A. pH as limiting facto~ 

1. Studies with pure cultures. 

In order to determine whether pH was limiting the growth of' 

clostridia in spontaneous sourings and beers, the strains previously 

isolated were tested for their ability to grow at various pH values• 

·,. A more conce11trated·RCM broth was prepared which, on the 

addition of 10% buffer,. would gi~e the normal. final concentration. To 

180 ml. portions of this medium. 20 mlt .of phthalate buffer was added 

and batches ot the medium were adjusted to pH 3.0, 3.5, 4.0 and 4.5. 

A thin lqer of molten paraffin wa~ (MP52 • 55°C) was· used·to 

·obtain an anaerobic 6eal after inoculation. The tubes \fere incubated 

at 37°C and rend after 1', 2, 4 and io days• · 

The results are briefly outlined in Table VII. For the detailed 

reaction of each strain refer to Table XVlti • 

'!'ABLE VII 

The growth of 77 isolates at different pH values. 

Growth 
recorded 

After .1 day 

After 2 days 

After 4 days 

After 10 days 

Total number 

pH 3.0 pH }.5 pH 4.0 

s 

0 

0 

0 

0 

p s p s p 

o· 0 0 9W 2W 

0 

0 

0 

3W 0 13 4 

4W 0 21 4 

4 0 24 4 

P - proteolytic 

S = saccharolytic 

of s~rains. 

pH 4.5 pl{ ,5.0 pH 5.5 
s p ·S p s p 

18 10 58 12 59 16 
41 10 56 15 61 16 

42 10 57 15 61 16 

43 10 57 15 61 16 

W weak growth 

The pH minimum of growth of clostridia from Bantu beer lies 

between the values of ,3.0 and 3.5. A~ th.is pH growth is very much slower 

. than.at higher valuee and therefore not ~ptimal. Growth was only 

dotected 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. 

t~ereae, 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 pB stat. 

It had been found in routine laboratory experiments that material 

withdrawn from a pH stat gave better results when used as an inoculum 

than 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 predetermined value. 

Experiments were conducted at pB 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 

increase in numbers in the pH stat at pH 5.0. 

Experimental. 

The same malt, M66/l9 (Ma.ltster E), was used in all experiments. 

The culture was transferred into fresh malt after 3 days before the 

medium became exhausted. Samplen were taken after. inoculation and 

again before the next transfer after 3 days. sll samples were with­

drawn aseptically after vigorous stirring for 3 minutes. Sterile 

eaco3 was added to raise the pH of the sample to 5.3 and aerial 

dilutions were prepared. 

Aliquots were plated onto pre-dried !~Conkey agar and acetate­

agar (Sharpe, 1960) for the enumeration of enterobacteria and lacto­

bacilli respectively. Lactobacilli were incubated in an atmosphere of 
0 95% Nitrogen 5% co2 at 37 C and counted after 3 days. 

Inocula were obtained from actively growing routine aouringa 

that were subcultured in a fresh malt suspension using a 1~~ inoculum 

after 12 hours. 
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Re~ult,s: 

.. 
'The count~ obtained for clostridia~ enterobacteria ,an4 .. 

tactobacilli from·the inoculum.. pB stat and the malt used are listed 

in Table VIII. 

·The enterobacteria torm·ed slimy lactose fermenting colonies on 

McConkeJ's agar and were .identit.ied as belonging to the genus 

Aerobacter. Whereas no thermobacteria were demonstrated to be present . 
. . . 

on malt the;t formed the dominant group in all inoculate·d sourings .• 

Betabacteria and pedlococci could not be demonstrated in .such aourings 

although they were 'the domirumt organisms on malt. 

Discussion.:: 

A higher su.rviYal rate of lactobacilli could be .recorded at 

plf 5· Ci than at ·pH 4. 0., as no decrease· in the viable count was detectabll! 

after 3 days at the higher plt value. This may have been accompanied 

by greater acid pro·duct1ont. e.l though· th-e amoUDt of. NaOI .consumed was 
. . . . 

not recorded. PedioCoceit etreptobacteria. and heterof'ermentative forms 

did .not develop.· Enterobacteria did not show;an increase in any 

experiment. In one ins.tanee, they could still be demonstrated atter 

.3 days at pH!).O •. · This surviYal of enterobacteria after 3 days could 

not b~ :demonstrated in subsequent experiments at the same pH value. 

1'he malt -was highly contaminated :.with clostridia., 'l'hese must 
. . 

have been present ·partly in· a vegetative form as can be_seen by .the. 
'. . '·· . .· 

. large . diff.erences obtained. between 'pasteurised and Wlpasteurised counts 

of malt and in sourinss after 1noc.ulation •.• After .3 days the same coun.ts . . . ~' 

were realised fo.r pasteurised. and unpast.eurised samples and those can 

·be asciibed to the presence of spore.s only • .' · 

·At no time dW:ing the exper.im:ents .coUld an increase in the nwnber 

of clostridia be 'detected. ,<.:!early pH could not have been limiting in 

this experiment ae the vast .majority of strains had grown at this pH 

yalue in the· pure c~ture studies .. previously recorded: in this 

chapter (p. 25) • 

1'hefailure of clostridia to grow-could be attributed to the 

followiftg factors: 

1. ,.: The high lactate- concentration. 
. -

2. The depletion of ··certain nutrients by the actively 
gro'Wing iactobacilli. · .· 

. ,, -
. . .. 

;; .. The-relatively high temperature (48°C)• 
. ' . . ' 

4. 'fhe production of peroxide. 
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'Lact1e acid ba•ter1a have been shown to produ~e h;ydroge:n 
·peroxide under .aerobic condition~9 (Hewit.t . ., 1950.; · rhii'Ul!Ul, 196)). •. 

'!he growth of laetobacllli me; have :raiased the redox potuttat .to an 

Utafavourabl~ leYel for the ger.miruttiotl a:n(l SUbseq\l&flt llultiplicat:I.OD 

ot elostr:tdta b7.th_, production. ot n:2o2• 

Natural~,. a combination. of' the. abcYem-entioned f~ctora cannot 
;be eacluied. 

n. 
Xn o?der to test wbeth•r & depletion of nutrients became 

l.ltd.tiiflg to t,he growth or· clostr!d:u or:• whether. the :Lactate ooneen~ 
tra.tlon was :inhibiting their development .. ~he :following experJ.Jient vas· · 

eonciuotea • 

. . Appi'old.aa:telJ 200 ml• ot sourlag d'f!:r~ved f't-om a pH ·5.•0 stat 

war.e steri11s$a· at l' lbs. overpreseur, t~t' 15 a!autee aild transt•ned 

aaep.ticaJ.l:r to $0 Jill. glass. ·stopper.ed bottles. Ma·ter:tal trot~ a nora1. 
- ~ - . . ' . ~ 

24-hoUJ> old J"'utae· sourin• at tR ~ • .2 Tlf8:& dirided equally an4 oae. 
.. . 

·portion ad3tisted to plt s .• o with 1~ K~.. Botb portion.e wen aterllis~ti 

as abo'll'e attti ·transfet-red aaeptioall;r to similar bottles,. 1'he slatias 
' ' - ' 

stcppf)red bottles rwere t:U.led completelJ•· Defore inoeula:ti.on the . ' . . . 
ftaBks were boiled. in a wate~·b&,th to exptl dieeot.ved rd.r~. 

· Duplic$.te flasks wer~ :11'1oettlate4. with appro'.dutel.J lg ot auilt 
· · 166/19.. . !he ilasks wor~ incubated .at 37°C.~ 

Resnllte and Ma·cuseion. 

VJ.th tbe •xeepti.on of the UIUld,jtteted cOOl'Ml eourin;g, O.ft 

.. orogenic r.r.aentntton could be r~oorded aft-er l day in. all ~e •• 
. . 

lo f<erifi•ttttition was observed h the u.nilloculo.ted cotat~ols showing th,at' 

the eter."ilisat.i.Qn had been ettectil1te~ . 

Cl4;lst'l1:t p:l! .3~2 .11ust ha:ve heen too low to-r the d.ove~opMt ot 
. Clost;rid.f.a. that ,QCCU!'J'ed on tbia :particular malt~ ·· aase~tlal :nutrl.ents 
could not have beoo deplettJd · as th~ growth ot clostridia ·took pl$ce ill 

ell ,liJterile. &ourlt'Jgs where thti pll had .been adjustecLto !i!"O• nor could 
+. • • • -

·the lactat-e C:oAc•nti'ation have been t'iQ"$tri<:ting their deYeloplUltllt~" 

Six ~Jtratnll ~were iSolated . ud brouaht i~t~ pure culture~ ~.-. · 
We!'e lncladed as $trains (O!ft1's) 1, Z, lti 4. 5 and 6 in 'th.& (lOtnptlt.r 

study~ . tt is int·•rest~g to note . that ttve ot ·these strains proved 

· to be· tactate•f'ermetateJ'.o,., S~ feature 9. 'table XVII!,. P• 71• 

.. ··· ... 



c •. TempeJ:iature as 1!~tins tat;i;or. , 

In. ·order t·o test the :etfeet ·ot pH as li.mltlng factor all strains 

·isolated •in the ctoursec of thls study. were tested fot.> their ab.111ty to 

· grow at '15(JC~: 316e,; 4o()c,. ·45°:(!,, 48°c,, t;o0c. S2°C and '54°C,. tn t'h!i.s way· 

the appr.oldmate :maximum growth t·empe:r.ature could. !be det~rmined., . '~e 

.low temperature ,,;ae included. ·to differenti.t:tte between me~Sophili.c· ruad 

thermophilic ·strains., Temperature d_~f'.f.erences have been sho'W11 to be 

usetu:1 ~crltet'la ill the taxonomy -·of taetobac.ill1 (~1ggs •. 19.$)). .. · Ra:pid 

.growth at l.ow tempe~a'tures may be an .important. attribute. of strains 

that .ca;use spoilage .of the ·rtna1 pr-oduct •. 

Methods .. 

Strains were .irlctiba ted 1n a wa. ter•bath using a· thermostat of 

an aecuracy of o.,$0 0., fbe ma.dmwn .incubation pe~:lod at high 'temperatures 

was 3 da7s~ Strains were .incubated at "15°0 to~ 2 weekS. A vtgoroualy 

growing'strairi ln VF broth was :used to .inoculate BCM brothwhioh had 

been heated to ·dispel ·aissolv.ed air and an air-ti.ght seal was made wJ.th 

paraffin wax.· (Mel·ting po:tnt: $2 to ;;5'6c) ~ 

· The detailed results of every strain were :used 1n. the ·Computer 

analysis .in ·Chapter !X .and are record·ed ,a_s f'eatures 3' and 58 in 

Table ·mzt. (For a keN to the sc,ori:ng see 'Table XVII). ·The resUlts. 

are summarised in the .form of a Histogram in· Fig. 2 ... 

Discussion • .. 

'l'he maximum growth temperature of ~most strains lies .slightly below 

the Jl'GCotnmentied sotwirig temperature range o.f' 48 to 50°tJ •.. The majorit»' of 

proteolytic stralils have their temperature maximum td:.th1n this r:ange and 

only. twO ,Of· the 77 strains tested Were abl& to ,gt'Ol/1 aboVe this te"mperature • 

. ,It. is thus unlikely t~at temperature i.s limiting. these terms, although it 

must be·borne in mind that the maximum temperature is not optimal f.o:r 
the growth of these or,gimisms.· 

:Fifty,•three ot the 77 strains wer• ·able to g~o~r at 45° and ·~t 
higher temper.atures. ot the .24: strains that grew .a:t l.5°'CI Zl. were abie 
to grow at 45°C and above this tetnp·eratttre.. It· :i'S thus impossible. to 

arr.angf) the strains i:n .mesophilic atu:l _the:rmoph1lic group.s, possi.bly 

because these terms e_re .arbitrarUy .define,d. · 
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D •. · .9:s.id!tion - reduction JZOt:en"'!_al as limit in,& factor. 

The oxide.tion-reduction potential was· investigated in normal 

. and .str.ictly ·.anaerobic sourings. 

Methods. 

Experiment .I.· 

A seri~sof spontaneous sourings were conducted under nitrogen 

to obtain strictly anaerobic conditions.. The· sow-ing was constantly 

stirred in a 5 litre vessel at 50°C and 1tms charged .-1ith nitrogen ~~hich 
had been passed through vanadotis oxide and amalgamated zinc to remove all 

traces of oxygen (St~uf'fer, 19.58). Th~ pH was automatically rec.orded 

· . and the Eh vm.s read at. regular intervals. Four souri.ngs were conducted 

under these eo.n.ditions using· a 10% (t-1/w) malt suspension of :r.falt r:68/143. 

Experiment .XI. 

Normal spontaneous sourings v1ere conducted u_oing_ the same malt 
•.)· . 

as in the previous experiment • Sour.S.nga were conducted tn .1 litre 

Erlenmeyer flasks -and in E:jeldahl flasks. As unstnble readings ttere 
•. : . 

obtained, o. 5 ml. · of 

per 80 tllle souring. 

· in Erlenmeyer flasks. 

fla.sks. 

Results: 
'· 

Experiment I. ' 

a o.o.;%methylene blue'sol:.ution in water was added 

Sour:1ngs were stirz·ed 1:1ith the normal rotary stir.rer 

I1agnetic stirrers \-Jere used for sourings in K.jeldahl 

In a typical experitttell.t the Eh values varied betw~en. Eh. +l39mV 

at p!I 6.25·a.nd Eh +159mV ~t pH 6.20 during the· first 4 hours, after. 
' ' . ' 

whioh' an increase. to ISh +1770).'if at pH 6.1:9 ·could· be record.ed. A 

decrease i~. Eh to '+l68mV at pH 5.81 t:as recol'ded ~fter 5 hours. After 

14 hours an Eh of +389mV at pH 3.33 was· reached. Unf'ortunntely, these 

-experiments were not repeatable a.lthcue;h a similar .. trend was observable 

in -rnos~ cnses. 

Experiment II. 

A summary of the results is given in Table IX. 
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14CO ~.48 
--

33 

TAB:t,1; !X • ....... '-~~ 

Oxidatton-roauettcn · vo.l tttl8 obtained. 

with malt M68/14) in -spon:tauttoue 

•otu:-it~se at 5-0°c. , 

--

in Kjeld~h~. flaW:~. 1150~ (totfll \it.} 1n 
t~Uk. 

' 

mV i. : mV 
E: Eh rR ~~outu) _ -pn· ;a:----

- -

i'-80<;; <t>llf) ~6.8 z' 6.o8 •1309 

""so<a . .., 68 14.5 '5 6.1!) --14~0 

1-140~ 8) -~4.; 9S ,6.15 
- . "' 

~ • -1.,5 
~19!5 + 28 1.4.-9 :q:, -_6~15. ._ ... lj5!) 

- ' ,. 

~193 + 30 -~).2. 1)0 'Eli.l$ ·lSS 
180 

: 4;; ~,.4 210 _6.1' if-Ol-'40 ... 

:wber~ k, -a. eo-nsta.r.lt:. 1o fJqWll. to +22JmV 

to-r th£~ :ISh aat•-r. 

, 

;"r1a.nmey~r 

E-h :rB 

+93 1.5.1 

+79 14.8 
- ... 68. 14.4 
~EL 14.4 
.68 lit'!4 

+83 14.9· 

fh-~ :Utpo:t<t.anoe ot re!!to~ :pot~~Jntin.ls f~-r the_ ~h of aaerobee 

baa 'beu: pre'fioWJl:y oentior.uu! in Cbnpti!Jr 1:'11', t~~hare it as ;poiate4 .out · 

that anaerobes _._, · b& capable ·or growth u the prat~~e12;c~ of oqgen lf 

· :ttut ~e4!um h$u a low ~edox poten't:hl • 

. . E.h and .rn measurements 'lf.ere initl.all.J opplicd to. tli.lft:Pl,e, 

l"GYersible an4 :defined chemic:ol o;rstetil$. Iatar these measurement& were 
adopted fo~ bacterial eultu.re• -whe:-o the aat1uoe cl. the Chel!\1C41 q•tu 
ie essentially d1ffero.nt. !?he ~hea.i;e·al changoe in a baetot"ial culture 

are irr•verrd.ble. ~thermore. a cedilJ.:l: 4UCh as &ntu b~r bas many 

knoWn:. sud. unknown chemical eys;temn each with ita own 2-edox 

cha!"aetcri&tics. 
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Starke. .(1968) pointe out that for these reasons the· relati.onship 

b~tween Eh .and pH.cannot be exactly established in a biolog:i.cal system. 
. ,. 

and that rli meas'urements_und-er such conditions have .little meaninge 

Theabove data must therefore be interpreted with great caution~ 
·' 

1'he most that can be said is that redox potentials r-epr.esent a trend· 

in the metabolic activities of the culture as a whole.· 

It was found with pneumococci and other catalase negative forms 

that very high redox potentials of 400 to 500m.V ·could be detected tfhen . 
· these were grown in ~he presence of oxygen. This high redox potential 

was sho-vm to be a result of the accumulation of peroxide as an immediate 

fall in Eh was recorded tfhen catalase was added· to tlie system· 
; . " ' 

{Thimann, 196~;~). 

The redox requirements of a strict anaerobe, Cl. perfringens, are 

g'iven by Starka (1968).,. The following Eh. values were found to be· 

limi.ting :for thEt growth oi the .organisOl. at the_ corresponding pH levels: 

~H .E.£ 

6·.o 
6.2 
6.4 
6.6 
6.8 
?.0 
?.2 
7.4 
?.8 

!!!.,_ (+mV) 

106 

131 
160 

150 
114 

90 

80 

35 - ?O 
0- 30 

The(E!e values ~all well within. the ii.mits set in normal spon• · 

taneous sourings. See Table IX. It would. therefore appea,r that the 

Eh 1s not limiting in spontaneous sourings, although it.must be borne 

in mind that :Ch determinatioJ1S only became repeatable when methylene 

blue hacl been added to the system as a mediator, which tends to po.ise 

the Eh at .a certain level. 

For strictly comparable results the limiting Eh·should be 

tieterinined. for differ-ent clostridia :in a· Sorghum malt medium. Even -if 

the chemical nature of this medium is unltnown it would bear a closer 

rela.tionship to. conditione in the natural environment than a synthetic 

medium .. 

The h!gherread.ings obtained in Experiment I than i.n Experiment II 

are difficult to ·explain. Under strictly anaerobic condi ti.one a lower 

redo% potential should be recorded.than if oxygen ia admitted to the 

system. 
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In conclusion, it should be pointed out that there ·does not 

appear to be an appreciable aeeumu~ation of peroxide in sourings,,. 

becaus·e the Eh is relAtively low. Th~ e:xperi.m.ents ~utlined above 

should b.e repeated ·and the repeatability of results tested before any 

deductions can. be made. with any ·degree of certainty. 
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C R. A P ~ K R YII 

All extaa.t.•• in•••U.ptloJl. ot the aourillc :pro_cua -.. carr-iell 
ovt in ~ewer,r D. 

!hi• bJ"eweJ17 wu one of the oldeat ad th• lut. of i.ts ldA4 oa 

the Wit.at•r•ran4 aad- had a uaiqu• ••tho• of brevinc. !b• breviDc 
p ... ooe•• vae not wtil coatroll*<l eo th•t it •••d. llkMl7 tllat 

cloetritti.• lliJbt occUJ' io the la.it.i&l eovi.nc poe••• and, i.a4e•cl• pa 

produetioe hd be.n record.U oa •••eral. ·o•e:aaiu• in t1t.e aouriac tau.. 
An extena.iYe &ttrY•7 \Ia& curie( otlt wS.th tb• CltM.ical bpaewine $taft 
ot the &a·t~ Jleu· U..it 1ft 01"4•1- to ••ta.in t•talld ducr1Jtioaa of tbe 

brewiag p.ro•.aa bet01"e t~a •l'Wer)' eeued .,roctuction 1a 1967. ftia 

4eacJ'.ipt1oa U3 tkeefo-l'e 1Ht ot ao•• hlatorical intereat. 

~· wewiDs J,U"'CedvM dittere4 eO.sidera~ly .from tbg.. outliaat 

in Cllapter III aod are llri•fl7 d•cribed below: 

· laffir cora u.lt ana brevets• ¢ta wre llixe4 i.G tile ratio 

lc '' :La u opa Yenel vi th about 990 ,;allcua ot hot water up 

to a fin&l vol•• of lSOO pllou.. '.lhia Jd.nve.. ten..t 
the "pr..U" • 1la4 a tnperatur• of 74 to 8o~c and eoui•ted 

ot 30 to 4~ aollu. 

lllM41at•lJ' att•~ ld.Jdnc. t.b• Jll'ellis wu puaped Into a rece:l.'rinc 

aourins v..uel tbrouJb a pipiq •1•tn oonaiatills of • cntra1 · •loeet 

•••••1 ancl u attached aw1vel-ara 41atr:l.but1on p1pe •. 

Th• open, recei•iftc sourins Yeaael conta1ae4 a ree1<1wa ot the 

pre..-1ou aourins which ewvect ..... u. illoc'altill ro.r the new batCh and 

f01'1'1•4 ucut ·~ of the total. volu:ae.. tb• ld.xt.ve wa• •tt.ned UDtU the 

r•c·a1Y1ft8 Yes••J had beea alae•\'. fUl..t. fid.a llixture waa al.loMd to 

ataa4 tor about 2 hours at 58 to 63°0 vhll• the b1drol,a1• of •tarch .. 
took. place.. ~hie proc••• u la:tolftl aa upreu.ahinc" to d1tt'•r•t1ate it 
from aoreal "aaabinctt whi.ch takes _ :pl.ace after the- laotS.o a-cid 

f•rmptation, u deacr1'b•d in Chapter Ill •. 

!he t•p•r•t\U"e vas then lowere4 to ~bo\lt 50 to 52°C b3 the 

addition of 400 gallot\8 ot eold water. Tke a.b.tv• wu •tined for 

•bout 10 ld.nutee and a11owe4 to sour for 6 to 10 hour•• After th1a 

tilte the courins ••• apin •t1rru btfore the traaaf•r of the •idUJ'e 
to t.he ternntat10lt taaka of· the alcoholl.c fer•eatat1on. 
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Whereas relatively homogeneous conditions exist throughout the 
me.stt in ~ normal,, well-;:.tgita.tod souri,ng. the inadequate stirring' in 

this par.ticular f.ermentatiC?n· has .iJ1portant implications: 

The settling ot all particulate matter results in a gradation 

of the.phys:l.cal·structureot the. environment, ·trom a l~quid at the 

Burtace to a relatively compact mass of denao material at the bottolli . 

ot the vessel. As a reeul t of the cooling of the periphery of the 

tank temperature gz-adients are formed. · 'These changes in environmental 

condi~1ons in various parts of the tank can be expected to.be reflected 

h the composttion of the microbial flora in such . areas. 

The production ofgas ·in this particular .souring may be ascribed 
to such differences in •nvirolU'Ilen~a.l factors. It had been observed in 

this brewery that gas was usually e•olved at the periphG!'1 of the 
vessel, the region where the lowest · temperature was recorded. 

B. The flora of souring •. 

the com.posi.tion of the mi'crobial nora and the succeast.on of 

mi.cro•organi.slllS was investigated in. two eiperim.ents. In the first 

expe!iment (I) the souring was stirred -for three[l1tinutes before samplirlg; 

in. the second experiment {II) the normal brewing schedult~ was followed. 

Egerb!,en't I. 

~he following samples were taken on the 13/2/67, from the 

intermittentlJ stirred mash trom a tank marked "J4n. 

Sample 1.. Halt used far this particular ~ouriflg .• 

Sample 2. Brewers• grits used for this souring. 

· Sa!llJ)le ,;. Withdrawn .after trans~er from pr.emi:x and 

inoculation .in the :souring· tank. 

Sample 4. Withdrawn 2 hours later after the addition 

. ot tap water and stirring. 

Sample 5· Withdrawn 4 hours after the pr$V1ous sample 

and e.tter thorough agitation. . 
' . 

Sample 6. Withdrawn shortly before the end of' souring; 

9 hours after in-oculation, after thorough 

.stirring. 
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~xeerimant It. 

The following samples were taken from tank 1132" on the 16/2/6(. 

The samples were always taken from the same point in the vessel -in en . . . 

area where tho tempe.rntu:r;oo was estimated to bEr in the normal souring 
. . . 0 . . 

range (48 - 52 en. Th1s,point was 2 ft. below tho surface Olld 2 tt •. 
from the si.de ot the vessel. Precautions were taken to mi.nimize 

i.nterference with the normal brewing procedure. 

Sa:mple- 7• f>f.:alt used for this ~ouring. 

Sample 8. Brewers'' grit..s used tor thia souring • 

.Sample 9. · Sample tram the promix• 

· Sample 10~ . Withclr~tm diroctl¥, ~fter transfer. from the 

· pre~i.x. and .ino-culation in souring :t•nk. 

Sample 11 •. Withdrawn j_ ?;/4 hours a:rter. inoculation and 

dir&ctly after dilution. Gf' this premasb.- witb 
j ' . • ' • 

' tap wat<tr ·and stirring. 

Sample li. Withdrawn 2. 3;q. h~urs after j.noeulation. 

Sample ~). Withdrawn 3 3/4 hours .aft(!r inoculation. 

Sample 14. 'h'i~hdrawn 6 hours after inocul.at.ion. 

Sample 15. _Withdrawn 8-! hours after inoculation. 

Sample 16. Wi~hdrawn direc-tly a;t the end. of' souring· 

aft_er Vigorous agitation, 9 bourn after 

inoeulation. 

In order to obtain a comprehensive picture of the oour:lnf$ process, 
figures obtatn.ed for yeasts and the !.~.LP group (Leueonost<H:: • Lactobe.cillua 

and Pediocoecus) .a.ro include~. These enumeraU.oius were ,carried out with 

the collabcl".&tion of Dr. A.E. van. K<&rken of' the Bantu Beer Unit. fhe 

pi was determina-d. by Mr. R. va."l Bellinghen of the Bo.ntu Beer Unit. 

iJ!he resul.ts of Experi-ment I nre swn=arisad in Tablo X nnd 

Exporil!lent .I!.in Table XI. 
. .,._ __ ) 

. . 
Samples from tanks :in-which anaerogeniefert;tentati-on bacame 

evident were examined microseop:l.ca.lly andlarge numbers ot yeasts were 
found to·be pr-esent. These yea.sts'were brought into puro culture on 

ncid:i.fied t-3"¥ .agu (WickerhSBt 19,1) end were i·dentUied •. See Table XU. 
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Discussion• 

In·both experiments_fluctuations in -temperatures ,could be 

recorded sho~ing a greater var.iation. in the second. experiment •.. The 

falling plt artd in~reasing titration. figure indicat-e a norm~l rate of · · 

acid production• . ··1:'he relatively higher final pH value and· the higher 

titration value :tn the first. experiment may .be attributed. to a greater 

bu.ff'eri.ng capacd.ty of. the brew:tng -mixture as .compared to the souring 

of tho . second experiment .• 

The '1premix''. has no equi.v~lent in the normal brewing procedure. 

The h~gh temperature at this stage should bring about a gela.tinisation 

of starches 1'Jhich facilitates its G.imu.ltaneous and subsequent con-· 

versi·on to .sugars. The elevated temperatures also have· a partial 

sterilisation effect as is i~dicated by the decrease. in the numbet' of 

_enterobacteria and a decrease i~ ,differences between llll:?asteuriaed and 

pasteur.ised CQunt.s, 'This is especially evident in Table XI where· no 

. differences be.t\'Jeen unpasteurised ·and. pasteurised counts could be 

detected from material derived from the npremix"• 

therefore, presen·t ~n. the form of .sp~res ~nly. 
These organisms ttere, 

Whereas heterofebnentative laetciba.cilli and ped:ioeocei were 

dominant in th~ initial' stages of souring., they could. no •longer be 

' detected in later stages beea:!lae of the t"apid multiplication of. 

Laetoba.cill us delbrueeldi .as soon as the temperatu~e had been lo~ered 
by' the addition of cold ·water. L.delbru.eckii is thus the dominant 

organism in these sourings and shows maximum lactic acid production ~ 

when no further increase in m.imbers can be d.eteeted 9 1..e. when the 

culture has reached t.he t?tationary phase. Unlike enterobacteria and 

ve:getat.ive -cells ot bacilli and clostridia; the lactobacilli shot·r· a 

r-elative insensitivity to the high temperatures of the 'ifpremixn and 
. ' . ' 

the npremashingn .st_age. 

Large ntttnbertlf of lactobacilli can still be demonstrated in the 

final stages of sour1ilg and these therefore make an effective inoculum 

when the residue is promptly used for this purpose for·the next batch.' 

.No gas...,forma.tion occurred in the experiments described above. -

· Xt ·can be seen from Tables X and XI ·that. the number of. yeasts remained 

relat:Lvely constant .• · In eases ·tr.ihere an aerogenic fermentation was· 

.()bserved large numbers of yeasts were found to be present. mierosco;pically 
; . . 

especially 'in the sediment. These were identified as Sp.eeharomyces 

,(;erevisia.e, Saccharomrces italic.us and as C<Uldi.da robaata and were 

traced to the d.istribution system, especi.ally -;;he. central vessel described 

in the :preceding section. This vesse1 remained half-filled after every 

transfer of the premix. The residue was frequently in a state of 



- .4} .• 

visoroua fermentation and served aG an inoculum: tor subsequent eouringa. 

1'he sporadic occurrence- ot an alcoholic fermentation ma,J thua. be 

related to the retention t:.tm.e in this •essel or the tille .··that elapsea 

between any two sour:Lnga. A short time interval w.ould re:sul.t in the 

111\roduot.ion of n e11a.ll JUltnber ot yeasts only • and a normal fernent.ation 

'-'t>uld ensue az wao the case lfl experbent$ I and II outlined above. 

If' &. long time elapsed between aour1ngs the introduction of' e large 

numb-er ot ye.a.&ts would enour• tbei:r fJ.evclo:gl\ent :1c the areas of tho 

tank thnt bnd cooled SlJ.ffteie.ntly. · 

c. The occurJ"enCe of eloatpidta and their eharacteri.atios. 

Four .ittolates of cloatricU.a fr.om Experiment II _were br-Qu$b." into· 

pure eultu1 .. ct end identified.. ~hese strains, C94 to <:97, w~re identical 

in. thei.r !oroentnt.ion patterns a:ru1' acree closely t6 :the aucri:ption of 

Cl•. butzt.~!! aa give b:y Xutsnor (196,}. It tbe cb.araetera or these 

strains are comparee} with deacr-s.ptions given· 1it the seventh edition. ot 
Berger •a Manual they can be plc.ced between Cl. but1r':~ut:t, Cl. 'l.!~;jerincJtt= 

and Cl. butzli.c_"t:• 

Strain C92 proved · to bo tho ont..,~ cloetr.id1um .in the present study 

to have been isola.ted from material whero i:t wa.a preso:nt :1n suff1c1entl7 
. . . . . . 

l&l"g• numbera to be •isible aticroscop1call;y. ~he otrain occurred .tn the 
residue of a. tank that mu.at heave b•on out of usa tor n ecnoidera:blo tit~e. 

The pS. of the material. from wh:tch the ·strain was uo-lated wac 5.4. 

'l'b.e pbyeiologi.Qnl ·and morphological. properties of tbene strains 

·fll:'e summarised 1c. ifablo XIII. 
. ' 

lt is, highly wl!kelj that this organtem could have cotltribute4 

to the spoilage of .oormal beer as it .as unable t.o grow at lo'!4 :pH 'falues. 

Similarly, thG eonditi:ono t~urin,Ei sow-i.ng nl"$ near the l.:f.o1te of 

. phye:i.ologic:al tel era.noe of ·this st:-ain, aa can be aeon when·. co:mpart.ng 

it·l! pft and teu~pet"ature r~&qui.re;:~ente in pure oul ture with the conditione 

during soU:rins. 

The ohara.ct:eri3tic~ of atrain.a C92l} isol&ted trcm the diauaed . 

tnnk, agree c:loselJ w.itb.th& description of Cl. tber~oaoetieu~~t es. g.l't'en 

in Ber.ge1•s t'.il.nua.l except. lor its, :ifti!.bU.ity to· grow at elevated, 

temperatures• ·It could perhaps be .c:laas1f1etl a.s a •esophUie. totm of 

·thta epectes. "lh1e ,at,_r.ain. is tncludetl ae strain ((f.i.!U) ?6 in tho numeri.cal 

e.t:Utlysio dcscrib!~d in Chapter IX. 



- 44 -

'l'A.BLE UII 

fh1a1ological characteristics of clostridia troa Brewery D. 

Strain 

Morphology 

Presence of granuloae 

Pigment production 

Fermentation of 
cellobiose 
celluloH 
fructose 
Jtal.actoae 
ducon 
dycerol 
acetate and glycerol 
inulin 
lactate 
lactose 
IIQl.toae 
1111m:n'ttoJ. 
acetate and mannitol 
raffinose 
starch 
aalicin 
aucroM 
tartrate 
x.vl.ose 
sorbitol 
dulcitol 

Production of 
B2B 
Indole 
acetyl•.etbyl-carbinol 

Reduction of N03 

Liquefaction of gelatiB 

Growth at 48°c 
45°C 

(pH ?.2) 1foOC 
lSOC 

Growth at llR 5·5 

(37° C) 
llB 5.0 
dl 4.5 
PI 4.o 

Reaction 1n litmus milk 

+++ strong reaction 
++ moderate reaction 
+ weak reaction 

no reaction 

c 9l (OTU 76) C94- 97 

eporea terminal, round, spores obl.ong, sub-

swelling cell teraiDa1, diatend.i.ns 
the cell 

- +(4) 

- -(4) 

++ +(4) 
- ~(If) 
++ ++(4: 
+ ++(4) 
+++ +++ ;z 

- +++ 3. •{1) - +++ ;4, 
+ •{'I - ++ l4) 
+ ++ :4) 
++ +(t - +(4, 

- +++ ~)+(lJ 
+ ++ ~4. 
+ ++ l4 
++ +{ ))•(1} 
++ +(2)•{2) - NR 
+ ++(' ") - +{l •{3} - -(4. 

- -(4) - -(4} - •(4) 

- -(4) 

- -(4) 

- -(4) 
... +(1)-(3) 
+++ +++(4) 
+++ ++(l)·t~) 

++ +++(4) 

- +++(4) 

- ++(2)•(2} 

·- -(4) 

ARGC ARGC 

rm not recorded 
ARGC acid, reduction, ga.a, coagulation 



C H A P :T .. E R VIII 

CLO~IDIA. IN SPONTANEOUS SOURINGS 

.Spontaneous sourings are'brougbt about by maintaining an 

~pproximately.lO% Sorghum malt suspension at 48 t~ 50°C tor several 

hours. Under such co.ndition.s ran· en.richm,ent of thermobacteri.a is 

expected ·to ·oc·cur,. Such spontaneous sourings. are used as inocula tor 
furthex- lactic fermentations and·. with the marketing of· so;called 

nqu1ck souri.ng'.' malts, mainly by Maltster E, they have .in some in• 

stances been used as the sole means of lactic aci.d generation. 

As ~nay .be expected such .. sour.ta.g.s are no.t alway .. s successful., The 

success of a. spontaneous souring depend.s to a large extent on the nature 

ot the flora itt!tially present on the malt. The enrichment o.f laeto­

bac.:l.lli with low aeid-produ~ing ea.paci.ties,. in the absen~e of' othe.r 

forms,.. will. result i:n a slow ·lactic acid gener.a tion with a poor acid 

yield. 

It had been found by de Schaapdrijver and van Bellinghen (1968• 
.· uripublislled,.data). that m"-lts ,could .be. divided into two gl'oups by their · 

capaeity·for·acid-produetion in spontaneous sourings at 50°C. The 

fir,at ·group had a·slow rate of acid~production with relatively lo~ 
,j • ' • ·' ' .'· • 

· lE~.cti·c acid yields.. The second sroup produced 2 to. 3 times as much 

'lactic acid Under the. same exper:imental:. cond!i,tions. The. reasons .for 

th·is diff,6rent behavio~ur of mal.ts. was not given by tb.e. authors. 
'. 

~he ecology. of' spontaneously fermenting malt. mashes was in• 

vestigated extensively. Populati~on studies of the more important groups 

cf J1l1.Cro-organ:iema that ha4 been shown to occur iri such·sotirings, in 
. . .. . . . . ' . 

preVious experiments, were correlated wi:th. chemict:tl changes :l.n the 

environment. 

·.As all. microbiologi~al· $am:pies _had to be investigated immediately 

a.na as the whole souring'p'rocess las~&d for approxi~tely 20 to 30 hours, 
·, these stttdi.es could O'nly be. undertaken tvith the colllil.boration of many 

workers. The mfcr~bial analyses were ~onducted with Dr .. A.E. van 'lterken 

.and :Miss ·J·· ,de. trillier.s o.t the Microbiology Research Group Elild ~chemi.cal 
-:· c . • 

analyses were carried. out by staff of the Analyt:ical Section of the 

Bantu Beer Unit .. 

Five malts wer4J ·investigated and sourings with each malt were 

conducted in duplicate. . As .the behaviour of clostridia was the same in 

every e'XJ)eriment, ·only two sourings are .discussed :in detaU in the 

present study. Other spontaneoussourings are only discussed in .as tar 
.. ·/ . . 

as the· series of ecological events may ·1nflu.ence the developm~ent ot 
clostridia. 
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In experiment S?, a "quick souring.malt11 (M68/l43). from Ma]:tster 
· E was allowed ~o sour spont~eouel1•· ~he succession . ot micro ... organisms 

in this.experiment.was compared with,the succession in a similar 

experiment (sa) ueing a "slow sour.ing malt" (M68)tl4) obtained from . 
,· .· .. ·.. . ' . ' \ ' ' .', \ .. 

Maltster c. 
·•·i ; ',; I 

0 
1 

Methods .. ' ·, I ' 

. A 1076 '(w/w) su~pension of' 'each ·~lt 'was allow~d· 't~ s~~ .in a. 

5 litre ro~d .bottom tlask in a t>t~ter-bath at 'r.s<lic. ·The .so~~g was 
, • . ' , .' o • ~ 

1 
~ \ ' 0 I . I , 

. tonttnuously. stirred wtth a rotary '·stiJ'rer~ Samples Were 'Withdrawn 

·.~septicdlr, ~examined ·micros~o.ptcslly a~d processed. immediately •. · 
. . 

' ~he f~~low~g qalytleal tests w~~e pertorme~ on' ~ach sampl~· 
b7 :the s~atl ~r ·the··a.!.u~.· acc~if.~~ng't~ their Tentat:i:ve ·Method~ of 

' • , ' ' ', I 1' ' 

·, ',1 : '•.' 

· · .(t) ~e pH at room temperature;; 

(it.)· . ~e·. ti~trabl·e aeid.i.ty expr.essed · ~s :m1 •. N NaOl( per . 
100 g sample when titrate:d·to ·arJ. end•point of pH :6~;,;.,: . . ' . . . ,· . 

(i.ii) The volatile a'CliditJ .. expressed a.s ml. N NaOR per ' . ; 

· ·lOO·g sample; 

(i.v) ·The percentage lactic· a.cid '<~/v); 

(v) 'l'he reducing sugar.s expressed in lll• o.o!) N 

Na2.S203:; . 

., . 

(vi)· A. specific glucose d$tel'minatiO'n using giuco:Se 

· · ·oxidase. · The amount of glucose is given as g 

.g~ucose/100 mi. sajhple. Tllts can be expre~sed 
in ml. .o. 05 .N Na2s2o

3 
by multiplying the percentage 

glucose by a raetor of ·0.645; · · · · . 

:(vii) ~e approximate r~tio of glucose ::. fructose : 

maltose as determined. byethinlayer chromatography; 

(vii:l) The percentage (w/~) of soluble and. i.nsoluble .nit'rogen. 

liesults: 

Of the :five tna.lts investigated,.· three consistentl.y gnve high 

:tactic acid yie~ds (M67 /l:04,; · M68/113; . t-1$8/llf} )'. · 

One Malt. (M68/114) with 'low ·acld yields wa~ u'ivestigatea. The 

fifth malt (M67/152l gave. a lo:W yi..eld 'i.n one- exper.iment and a h~h 
yield .:t.n the replicate,. 
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'The changes· in the microbial population are given gral)hically 

with pH changes in Fig. 3 •. ·p.48 and Fig. 5, p.5o. Th~ ch~mical changes 
. - I , • . ' ' 

during souring are given 1ft Fig. 4, .p.49 and Fig. 6, p.,51. Additional 

chemical data nre list,ed in Table XIV, p.5~ and Table xv. ;p.53 .. 

: .:: 



6 
-

X
 

X
 

X· 
--

--
x

 

"' 
1 

~
-
X
 

-- c 
""

 
::

J 
X
~
 

:X
: 

X
 

X
 

X
 

X
 

K
E

Y
. 

a.
 

3 
X

=
 p

H
. 

~
 =

 P
e

d
 io

c
o

c
c
 i.

 

S
-j

 
~
 

~
 

li> 
~
 

0 
=

 T
o

ta
l 

P
o

p
u

la
ti

o
n

. 

I=
 C

lo
s
tr

id
ia

. 

. 
~-

"' 
7 

---·
 

-
<:>

-...
....

....
.._

 

-
~
!
 

~
 

u 
....

....
... 

'!'
 

• 
=

 E
n

te
ro

b
a

c
te

ri
a

. 

-
~
 

,o
 

I 

--..
.... 

I ~
 

I 
~
 

0
0

 
- ..a 

=
 

ns 
5 

I 

·-
1

-
a

-
a

 
>

 
• 

II
 

I 
a 

• 
! 

• 
I 

• 
0

•l
il
 

• 
<:> 

..._
 

4 

0 d 
fV

' 
z 

3 
i 

: 

~
 

o
. 

4 
~
i
 

-
0 

~
 

2 
. 

• 
Q

 

0 ...
.J 

0 
1 

2 
3 

4 
5 

6 
7 

8 
9 

10
 

11
 

12
 

13
 

14
 

15
 

16
 

17
 

18
 

19
 

20
 

21
 

22
 

23
 

24
 

2
5

 
2

6
 

7-
7 

28
 

29
 

30
 

31
 

32
 

3
3

 
3

4
 

35
. 

T
im

e 
in

 h
o

u
rs

 
··_: 

F
IG

: 
3--

E
xp

e
ri

m
e

n
t 

S
z.

 
S

p
o

n
ta

n
e

o
u

s 
S

o
u

ri
n

g
 

w
it

h
 

M
a

lt 
M

68
/1

14
.,·

.P
_o

.p
ul

at
io

n 
&

p
H

 
C

ha
ng

es
. 



l-
0

 

0-
9 

0-
8 

0-
7 

.....
. 

(!
) 

ci1
 

0-
6 

.... - -
0:

5 
c ~
 

u '-
0-

4 
~
 

0
..

- 0.
3 

0.
2 

0.
1 

~
;
 

K
E

Y
: 

A
:;

. 
1/

10
 •

;,,
 '9

tu
c(

)s
e

 _
S

pe
ci

f_
ic

. 

0 
=

 
•1

. 
la

c
ti

c
 A

ci
d

 
S

p
e

c
if

ic
. 

e=
 

Ti
tr
~q
_l
e 

A
ci

d
_

it
y.

 
x=

 
V

o
la

ti
le

 'A
ci

C
Ji

ty
. 

: 
:
:
 

l 
~
~
·
~
 

I 
I 

I 
I 

I 
. 

I 
I 

I 
I 

I 
I 

1 
I 

I 
I 

I 
l 

I 
I 

I 
I 

1 
A

 
I 

I 
I 

I 
I 

A
 

I 

I 
I 

I 
I 

I 
I 

I 
1 

I I I I -· I 

1 
1/
~-
--
l-
--
1/
t-

I 
I 

I 
I 

I 
I 

I 
I 

1 
1·

 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

1 
' 

I 
I 

I 
I 

I 
-
-
-
-
-
-
-
-
·
-

r • 
:
/
,
 

: 
: 

: 
: 

•
-

ol 
I 

I 
I 

I 
1 

I 
_

_
_

..
-
-
, 

. 

1 
I 

I 
I 

1 
I 

•:
.,

.-
--

-~
 

-
0 

I 
I 

I 
I 

I 
I 

.J
I'

I 
.'

 
I 

.1.
 

I 
I 

1 
1
;J

'
0 

I 

:
-
-
-
-
-
-
·
 

I 
I 

I 
I
/
"
 

I 0 

A
 

·
I
 

I 
I 

1
/
Q

F
 

I 

: 
~ 

i 
·-

i-
_/ 1

 
: 

• 
I 

I 
j 

0~
,.

, 
I 

I 
I 

I 
I 

I 
I 

I I I I ·x 

I I 
' 

I 
I 

I 
I 

* 
* 

1 
0 9 8 7 6 [ r3 

0 
1 

2 
3 

4 
5 

6 
7 

8 
9 

10
 

11
 

12
 

13
 

14
 

15
 

16
 

17
 

18
 

19
 

20
 

21
 

22
 

23
 

24
 

25
 

2
6

 
27

 
2 

8 
29

 
30

 
31

 
32

 
33

 
3

4
 

35
 

T
im

e 
in

 h
o

u
rs

. 

D.
 S

. 
d

el
. 

F
IG

: 
4.

. 
E

xp
e

ri
m

e
n

t 
S

z.
 C

h
e

m
ic

a
l 

C
ha

ng
es

 i
n

 a
 

S
p

o
n

ta
n

e
o

u
s 

S
o

u
ri

n
g

 w
it

h
 M

a
lt

 
M

68
/1

14
. 

,.
.;

 

><
 

«J
 

0 .....
. :r:
 

I .t-
-. 

0 
(
0

 
ns 

I 
z .

 
z
- . - E
 

:>
. - ·- "'

0
 

·- u <
( 



. 
6 

tn
 ·- ·- c 5

 
::::>

 

:::c
 

0
.4

 

3 9 8 7 
. tn
 - ; 

6 
u ~
 

5 
.a

 
ns ·- >
 

4 

'6
-

0 0 
3 

z m
 

0 ...
.J

 

-
x

-
-
x

'-

'~
\ X

"'-
.. 

. 

K
E

Y
. 

X
: 

pH
 

A
=

 P
e

d
io

c
o

c
c
i.

 

•= 
C

lo
s
tr

id
ia

. 

•= 
E

n
te

ro
b

a
c
te

ri
a

. 
0 

:B
a

c
il
lu

s
. 

-.
._

X
--

·-
X

 
X

 
X

 
X

 
X

 
X·

 
T

 =
 Th

e
rm

o
b

a
c
te

ri
a

. 

T
 _

_
:_

_
. T

-
-
-

T
 

1
_

..
. 

I 
I 

T
 

: 

• 

I I 

T
 ~
0
"
'
:
 

T
 ~
·
 

0 
T

 
0 

.0
 

-.
..

..
..

..
 .. 

0-
-rK

,rr
 

;1
/:

,t
 

a1 
'V

 ~ A
 

,:
. 

'\.%
 

.L
 __

 I
 

-
-
-
-
·
-
-
~
-

I I A
 

., I 
I I I I • 

I T
 

0 
~
 

' 

0
'\

: 
0 

0 

0 • I • • • T.
 

t I I 

-
r
-
F

:
 

fi 
I 

I 
1

-
-
r
-
-
-
.-

-
-
-
1

 
I 

I 

I c.n
 

0 I 

0 
1 

2 
3 

. 4
 

5 
6 

7 
8 

9 
10

 
11

 
12

 
13

 
14

 
15

 
16

 
17

 
18

 
19

 
20

 
21

 
22

 
23

 
2

4
 

.2
5.

 
2.

6 
?..

7 
.2

8
 

29
 

30
 

3
5

. 

T
im

e 
in

 h
o

u
rs

. 
Fr

G
:s

. 
E

xp
e

ri
m

e
n

t 
s 7

. 
S

p
o

n
ta

n
e

o
u

s 
S

o
l!

ri
n

g
 

w
it

h
 

M
a

lt
 

M
68

/1
43

. 
P

o
p

u
la

ti
o

n
 &

 p
H

 
C

h
a

n
g

e
s.

 



1·
0 

0-
9·

 

0·
8 

0-
7 

...
..;

. 

0 ~
 

0-
6 

~
 - ..

..
 0

-5
. 

c Q
) 

(J
 

...
. 

0-
4 

6
,)

 

n.
 0·

3 

()
.2

 

()
.1

 

0 

• 

; .
 ., 

'*' 
• 

i 
· 

f 
:,

;.
 ·

 
_..

, 
;"

" 
r 

_.
.. 

·~
 

..
 (\

 .
. 

K
E

Y
: 

fl
 =

 11
10

•1
. 

G
lu

c
o

s
e

 
S

p
e
c
if

ic
. 

i 
• 

' 
. 

~.
 = 

·t~
 L

a.
 c

t i
 C

c 
,II.

 c
 i d

 
Sp

~c
 i f' 

c.
 

I
=

 T
it

ra
b

!e
 A

i;
;i

di
ty

. 

X
=

 V
o

la
ti

le
 A

ci
d

it
y

. 

. 
~
·
 

. 
~
·
 

_
,
 

~
·
y
-
e
-

e. 
e 

e 
re

· 
. 

e 
0 ---·
 

' 
' 

' 
, __

___
 _ 

~
 

' 
. 

t 
2 

3 
4 

5 
6 

7 
8 

9 
10

 
11

 
12

 
13

 
14

 
15

 
16

 
17

 
18

 
19

 
20

 
21

 
22

 
23

 
2

4
 

25
 

26
 

2
7

 
28

 
29

 
3

0
 

T
im

e 
in

 h
o

u
rs

. 
F

IG
: 

6.
 E

xp
er

im
en

t 
s 7

. 
C

h
e

m
ic

a
l 

C
h

an
g

es
 

in
 

a 
S

p
o

n
ta

n
e

o
u

s
 

S
o

u
ri

n
g

 
w

it
h

 
M

al
t 

M
 6

8
/1

4
3

. 

. ' 

10
 

9 8 

. -
7 

;>
< 

oJ
 • -

6 
:X

: 
0 

I 

ns 
(.

11
 -

z 
5 

I 

z . -
4 

E
 

>
- ..,
 

3 
·- "t:

J ·- (J
 

2 
<

( 

35
 



TA
BL

E 
X

IV
 

·E
X

P
E

R
IM

E
N

T
 
~2
' 

_" 
CH

Er
.U

CA
J.,

 
D

A
T

A
 

S
am

pl
e 

N
o.

 
S

2
/l

 
S

2
/2

 
S

2
/3

 
S

2/
4 

S
2/

5 
. 

S
2

/6
 

A
ge

 
(h

o
u

rs
/m

in
u

te
s)

 ·
 

1 
4 

7 
. 

9
/1

5
 .. 

11
 

1
2

/4
0

 
-

. .
 

. 
. 

R
ed

uc
in

g 
su

g
ar

s 
1

.0
5

 
1

.6
4

 
2

.4
5

 
2,

88
 

2
.9

0
 
.
.
 3

 .. 1
9

 

.. 
%

 G
lu

co
se

 
(s

p
e
c
if

ic
) 

0.
87

 
1.

3'
7 

2 
.. 4

6 
3 

•. ?
0 

. -
'•

53
 

::; .
. ;

;8
. 

9h
ro

m
at

o,
sr

am
s 

R
at

io
 

' 
(T

.L
.C

.)
 

g
l u

eo
ae

 ..
!..,

 . 
· 

4
' 

5 
6 

? 
'7

 
6 

1
0

 
. 

~
 
. 

. 

fr
u

e
to

se
{

o
 · 

t 
t 

t 
' 

' 

t 
l 

t 

z 
m

al
to

se
 i

"5
 

1 
2 

.. 
· 

3 
4 

.3
 

3 
..

 
..

 

22 
t
a
t
r
o
&
e
~
 

-
S

o
lu

b
le

 N
 

o.
o8

 
o .

. c
8 

.. 
0

.0
9

 
. 

0 
.. 

0
9

 
0

,0
9

 
o.

o9
 

:t
n

s.
 
s
o

l.
 

.N'
 

1.
75

 
1.

79
 

'2
.1

6
 

2
.4

0
 

2
.
~
1
 

2 
.. 9

8 
J 

·s
a/

? 
S

2/
8 

82
/9

 

1
3

/5
0

· 
··1

6/
:;

o 
. 

20
 

. '
.
3
~
3
3
 

. 3
.2

?
 

3
-3

4
 

. 

3·
8'

+
 

4.
09

 
4

.0
6

 

6 
5 

.5 
' 

. 

... 
t 

f 
t 

. 
' 3 

3 
2 

.. 

0
.0

9
 

0
.1

0
 

0
.1

1
 

:; 
.. 2

5 
;;.

a_
; 

:; 
.. o

6 

S
2

/1
0

 

24
 

..
 

3.
52

 

''
 

4
.8

9
 

5 4 
' 

' 

l 

..
 

o .
. 1

1
· -

I 
S

2
/l

ll
 i 

;3/
39

 

3.
54

 
..

 

4
. 0

2 

. .
 

I 

51
 ti l 

I 

o.
u,

 : 

-~
I 

• \J
T

 
N

 t 



T
A

B
LE

 
X

V
 

E
X

PE
R

IM
E

N
T

 
S

7 
C

H
E

H
IC

A
L

·D
A

T
A

 
. 

' i 
Sa

m
pl

e 
N~

 .. 
s 

/1
 

7
. 

S
7

/2
 

S
?/

3
 

·S
?/

4.
 

S
?/

5 
S

?
/6

. 
S

?/
7

 
i 

. 

A
ge

. 
(h

o
u

rs
/m

in
u

te
s
} 

. 
1 

2/
35

 
4

/0
 

5
/3

0
 

7
/0

0
 

8
/4

5
 

10
/5

5 

" 

R
e
d
1
,
1
c
i
n
~
 
su

g
ar

s 
0,

.?
1 

0 
.. 9

4
. 

1
.1

2
 

1 
.. 3

4 
1

.6
?
 

1
.8

0
 

1
.6

;·
 

. 
. 

. 
.. 

%
 G

lu
ao

se
(s

:p
ec

if
io

) 
. 

0.
59

 
0.

79
 

·o
.9

9 
1 

• .,
30

 
1

.8
7

 
2

.1
? 

2.
2Q

: 
-

-

C
hr

2.
!!!

,a
to

a_
ra

i!}
.S

 
R

at
io

 

g
lu

co
se

· 
1 

lt
 

2
i.

 
3 

3
f 

4 
4

} 

fr
u

ct
o

se
 

1
/4

 
l/

4
 

1
/4

 
1

/4
 

o·
 

0 
.0

 

m
al

to
se

 
t 

1 
1 

2 
2

i.
 

2 
11

-
1!

 
I. 

-
i '

 . 

S
?/

8 
_!

37
/9

 ..
. 

s?
/l

o
 

. 
14

/4
5 

16
/4

.5
 

1
9

/4
0

 

1
.5

3
 

1 
.. 5

2 
1

.5
2

 

2 .
. 2

2 
2
.
~
8
 

2
.0

6
 

5 
5

i 
5·
~ 

. 

0 
0 

0 
.. 

1
1

/ 
' 

4 
1

1
/4

 
1 

. 

.S
? /

ll
 .I

 
S

?/
12

 
. 

I 
. 

. 

24
/0

0 
33

/1
5 

1
.5

2
. 

1
.7

1
 

2
.3

5
 

2
.1

9
 

5t
 

5t
 

0 
0 

1
·.

 
1 

_,.
....

 

• \o
n 

\»
 

I 



Discussion.-

In till spontaneous sourings ·Conducted with "quick souringnmal·ts, 

nt>n-motile rods were observed microscopically ~and pure c.Ul tures of 

these organf.sms were identified as Lactob-acillus delbrueckU.,. Motile 

bacilli and pediococ.ci were nearly alway.s seen 5-n the initial stages of 

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

the thermobacteria and could .no longer be detected microscopically after 
a few hO"urs .• 

In spontaneous sourings conducted with. "slow souri.,ng"mal.ts, no 

thermoba~teria coUld be seen,-. Pedioco-cc1 and motile rods were a·etected 

mltcroscopi-cally and .se~med to ·f·o~m th-e dominan:t flora• .-['hey ·werG' usually 

sti.ll 'V'isible aft~r .l day:~.'. The -motile _rods ltJCre i-solated .and identified 

.a.s .Bacillus coagp.).ana. · 

. These' microscopic observation'S ~ere 'cori.'thmed by 'the results 

·obtained 1-n enumeration ··experlm,ents~: tn -Experiment S7:1. conducted with 

El. quick ·e?c>:ur.:tng malt, t_he rapid multiplication of· tliermobacter!a .was 

~ccompanied by a ·_rapid. _fall :in pB·. .See . Fig. 5•· · Smallinc.reases in the 

:number,s ,~of . p_e_di_ococci: an-d bacilli. we,re recorded_, decreasing_ .l"apidly in 

·. · .. numbers after· ·9 hours, when th.e pH became unfavour~bl<H 1'he number of 

. bacill:l reached-~ constant level .. after .15 .hours_ :wh~n a pH pf 3•3 .bad. 
. . ' . : . . - ' ' . ' .. 

' . 
tvhe. ~same valu'es were .obtained . for unpa.steurised -l:lnd _ _pasteurised counts. 

, ' . . . ' ' ~ . ' . . . . ' 

· .In· Experiment .S2 a slow. sou.r-:l.ng .mallt 'was u-sed• ·;No thermobacteria 

· could ~e ·a.etected :in enumeration· e:ftpertmettts; · .Ba-e'il.li decreased trel'y 

.slowl.y ln~numbe.rs ab·d 'large .numb1er-s .o.t· ,pediococc·i coul:d s.till 'be 

· dete-c·ted ·aft·er 35 hours... .A" sl-ot-1 deCr·ease in pR was detected ,reaching a 

. ~minimum of only 3·9 after 20 hour.sh 

A high lactlc acid content of 0."7%, ·atter i5 hours,. was rf)corded 

~in Experiment S?. .Itt Experiment S2 ;only O.o2% 1a.Ct:1c .acid _.was 

:recorded after ·the ·.same. ·time.· . See Fig. "4 and Fig .• 6• _ In .both 

experiments 'the .. marlmti:m rate of lactic acid· production took place just 

·before· the cu.l ture · -ot ·a.aetic ·acid bacteria rea4hed th·e stationary phase 

as .:ts shoWn by increases in the titrable acidit_r· and ·in the specific 

lactic :acia pres,~nt. 

No .significant changes could be detected in the solubl'e tU.trogen 

content in Expet"iment · S2. See T.able XIV~ 

· .. · 1'h·e ·~mount of sugar_ pres.ent in the mash results f'r.om ·two con­
eurr·ent processes: ·Sugar production by _the ·enzymatic ,aetbtity of the 
malt a:nd its simultaneous ·utilisation b;y the microbial .flora.- Reducing 

sugars were present. throughout the·souring proces-s and never beeame 
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limiting. See·Table XIV·and Table XV. The small differences obtained 

between value.s for the total reducing sugars and val'Ues for the 

specific gluc.ose determination, indicate that mainly glucose was 

produ.ced. This is confirmed by the semi-quantitativei chromatographic. 

analysis where mainly glucose and only small quantities of' fructose· 

tmd maltose could be detected. See Table XIV and Table XV. 

, . In .no cases could vegetative clostridia be found· in aourings, 

· not even if' slo~ souring; ·malts were used where the pH remained 

·favourable altttost throughout the process. The inactivity of clostridia 

ie confirmed by the low values obtained for the volatile acidity, as 

volatil·e acids are the main end-product of CJ.ostridial fermentations. 

The small increases in the: volatile acid.ity ma,y be ascribed to the 

activity of the bacillus rather than ~0 the homofermenta.tive pediococci 

and thermobacteria. 

In general, it can be said that suchspontaneous souri.ngs are an 

inefficient means of acid·p~odu~tion on an industrial scale. Lower 

yields of lactic aei.d a:re obtain~d after a longer period ths.n is· the 

case in an inoculated souring. Inocula from such .spontaneous sour:lngs 

~ill give unpredictable results because of the .sporadic development of 

thermobaeteria. · ·It was: expected that the co~ditions in spontaneous 

sourings would form a favourable milieu ror·clostridia. This was shown 

n.ot to be the case 'in the present study. · 
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·0. lt A f.l T E R . IX 

.·. ~BE cLAS.SitlCA'liON OF CLO.St.rRIDill.' 
- ' . -- .. - - . 

A. .In:tro4uet1o11 .. 

Att~pts were made to :Uentt£1 the ot1-ait1s that. had· been 

isolated end br.oucht int~ pure., eu1ture in tho cov..rse ot ~nve$t!pti.ofls· 
. descr.ibed in t~· preceding Chapter& •.. lftten.it ~ fo11ad 't.h•t· eJCtsttng. 

keys gave · unsatieta.ctcr1 results., it wan attompt~d to poup the stNirts 

, I '1 'l • , •. • ': ,. 

'fh:e tutaer.obtc bacteria 1w.ve .• een somewhat negfec·tea 'h; t~xonomtc 
; " o • > 11 I .. '' ' • - •. . ' 

investigators. A reason for this ~ be the difficulties exper!.oncetl .. 

.l:n i.sole:tilig ~4 :hanait~g these organiil~s beeause. · ot rather· labor'~oua . 
• ' ' ' : - .- ~- • • • • <I • • t ' ' . .. • . : . . ' . 

ana.eroblc technquea. lot1ler~tu.~ ke7s ~exist 'that have fotmd general 

.acceptance for aost .aer:Ob1e gz-oups ~t bacteria:, art:S.ti·cW though ··these 

· IZ>oups may be; £SUCh' kf:)'& do not edat for" the genus· Clostr!.cU .. um~ 
' • ' ' ·: - . ' - .. : t .. ~ ~ . . ' ' ~ ' ' • ' ' ' . : '. ' ~ ·• . . . _· 

· '!here Me se'9'enl good 1te7s that deal w1th .~peci&s ie selec~ted 

appli.ect· ·.t!elds~ · ~h~re ere riumeroua k:eis t~ cto:strt.itia. ot m~ucat 
importance.. ..Butt.lau% .and ·:seer:eae :(l.9SS) have devised a keJ to .specie!\ 

CAQGlilg mpoUage 1h . ca.tlhed foottatntta. OaldtJy · {19S6) iB· mor$ "compte• 

hen.s:lve ea assigns species :to phys1o1ogical. groups. 

· Apart .trot1t · theae mitlor kt)ys two systems exist that cbdm to be 

more· com.PJ'ehenatve~. McClung .&td McCo7 {19Si> in the ?tb ecitt1on ot 
' · Jergey·•a ·ManUal ·of Detcrminatl•e Bact&riolcg lJ.at '93 specl~$,1 •hUe · 

Prevot (19S?, ~966.,- el~'Vates the: :gen.ws Clostridium (sensu. ~gey) <to 
class. statutt compr1·aS.ng J .or4ert; •. 5 familie.G, ·1:0 genet-a uti ·approd.matelf 

' -

200 apecleo. 
.• . 

!hese ko7s p.r.oved. to 'be rather ·un:$a.ti.sfac:tor7• ft.e strains -could 

be nsel.gno4 to ~pecie:s b7 toll owing the . k~J, · but m.or~r often tba.n not 

the;r &.$t:ee4 ;poorly with the S{!eci.e:s. description. 

It.has been poi.nted out b7 Saoath {1957 aMd h) end b:r SOk&l aa.d 
·sneath (1963). that the ·tests chosen £or numerical an6l:rseoshould ·Cover 
u wtd.e ·a field as ·possl.'bl·e; . that th~ number of attributes .$hould be 

· large and based on the: nature ot the problem to be eol ved. Eeol'();,rS.cal 

data tr:om the previous chapters, such as :mad.mutll grotfth temperatures ond 

l.owe$t . pB values at which ~owth oou.ld · tQke place were thus tncludt!d ~n 

· th1e · :1tttd7• GS i.t was hoped th3t strains that eoul·d be :of impot•ta.nce in 

·the beer f.erm(!!ntati.oAs .lJi.tgbt 4m.erge() ~as tU.att:n.ct groupa having those 
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features in common. 

As morphological attributes are widely used in the taxonomy of • 

Clost.ridia. SUCh data \iH~re included as well as numeroUS physiologicat. 

tests .. · In this·study the fermentatioti of 18 carbohydrate sourceswas 

examined. Kutzner (1963) working on strains of Cl. butyricum and. 

Cl. tyrobut;zricum that normally did not f~rment glycerol and mann.itol .. 
. . 

found that in the presence of acetate such fermentation could somet:1.mes 

take place. All.stridris were tested for this ability. 

The na.t'l,lre of ~he remaining tests i·s self•explanatory. The tests 

are stimmarised.in Table· XVI .. 
.. 

3· .. The scoring .,2.f' attributes. 

The scoring of att.ributea presented some theoretical P'roblems 

whieh·are briefly outlined below. Quantitative data were avoided as 

much as possible as there are certain logical objections to such 

multistate ~coring, especially if an arbitrary scale .is used (Colleu. 

.. 196?) ... F"or example" initi~ly all fermentation tests were recorded as 

3 sta.te'data in the follo~ng way: 

No fermentation (o)~ The. pH did not fall belo\-1 5 after 

llf days' incubation. 

Weak fermentation {1) A pH value above 4 and b~low 5 was 

. ·recorded after incubation for 14 days•· 

Strong fermentati·on (2) The pH fell· to a value b·elow 4 after 

14 days• incubation, 

. where (0),. (1) and (2) represent the figures recorded on the· 

score-sheet. Thus 3 cultures having pB values of 3~9, 4.0 and 

4.9 after l4.days are recorded as (l), (2) and (2) respectively. 

.. This gives rise. to a gross distortion. of the results, as the 

·. fir.st two values are much closer than the second and third. 
.. . 

Data were only scored according to such an arbitrary scale if' ' 

no other satisfactory solution coUld be foUnd, e.g. attributes 

58, 59; 66, 61. See Table XVI. 

The fermentation of carbohydrates is. usually accompanied by a fall 

·or pH ··in th.e medium and i.e nteasur,ed as such in fermentation tests after 

a given t1m.S of-incubation. ·This method was also used in this study. 

But it must.be pointed ()Ut that it is a poor indication of the extent to 

which fermentation has taken place in the case of clostridia. A strain 

producing mainly neutral products during fer:mentation, viz. alcohols 

will not lower the pH t~ such.a degree as will.a ·pr~dominantly acid­

producing strain.· · Gas produ<?ti.on is not always iridieative of .fermentation 
._, .. 

·-:-: 
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as most clostridia produce a considerable amount ()f' gas in the basal 

medium. The most reliable method would be the quant~.tative analysis of 

the ,end ... products ,of fermentation, but this is· too ti.me•consuming and 

·therefore impracticable. 

Care was taken not to weight attributes by a ·dupli.cation in 

.scoring, e.g. acid-production was not scored .in milk, as lactose was 

one of the carbohydrate sources included i.n the fermentation serie.s. 
' . .. 

Clotting ability iri. litmus.. milk, howevel", bore n_o relation to such an 

ability in eystei.n milk and was, therefore, scored sepai"ately. 
" . 

4. · Data used in ~this .studz. 

The following is a summary of :the attributes chosen for this 

study: 

TABLE XVI 
-:. -'OMW 

A key to the tests used,. 

.Attributes 

Fermentation·of the following carbo ... 
hyd~ates and ot.h.gr carbon sources. · 

cellobiose 

Cellulose 

fructose 

galactose 

glucose / 

glycerol 

acetate-glycerol 

inulin 

acetate•lactate ~.· . 

lactose 

:maltose 

mannitol 

acetate-mannitol' 

raffinose 

starch 
•., 

salicin 

sucrose 

xylose 

sorbitol 

dufcitol 

No. ot attribute 

l 

2 

3 
4 

5 
.. 6 

7 
8 

9 
10 
11 

12 

13 
14 

.15· 
16 
17 

'• 

18 

19 
20 

State of 
attribute 

2 

2 

2' 

'2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2. 

2 

2 

.2 

2 

2 



Production of: 

indole 

acetyl•mothyl•carbinol 

Reduction of nitrate to nitrite 

Reduction of nitrite 

Proteolysis of gelatin 

Reaction in litmus milk: 

reduction of litmus 

clotting 

stormy clot 

Reaction in cyatein milk: 

curdling 

clotting 

stormy clot 

digeaU.on 

Production of lecithinase 

Production of lipases 
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Growth temperatures (See attribute 58) 

growth at 15°C 

Gas production in VF agar stabs 

Motility 

~ stain after 10 hrs. 

after 24 hre.; 

Production of the follouins compounds: 

acetone 

acotlc acid 

butyric acid 

caprioic acid 

ethyl alcohol 

butanol 

iso-propanol 

t1orphological characters: 

inclusion bodies 

granulos& 

21 

22. 

26 
27 
28 

29 
30 
31 
32 

33 

34 

.35 

.36 

3? 

38 
39 

40 
41 
42 

43 

44 

45 
46 

4? 
48 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 



cells with rounded ends 

clostridia swollen 

filament formation 

spores terminal 

spores subterminal 

spores central 

p~ent production 
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colony flat (0) or raised (1) 

negative (O) 

blackening in form of a deposit (1) 

blackening of the whole tube (.2) 

Growth temperatures: 

growth at 37°C 
growth at 4o0 c 
growth at 45°C 
growth at 48°C 

(O) 

(1) 

(.2) 

(}) 

Lowest pH value at which growth takas place: 

pH 3.5 
pH 4.0 
pH 4.5 
pH 5.0 
pH 5.5 

(O) 

(1) 

(.2) 

(3) 
(4) 

Sodium chloride tolerance: 

No growth in 4% NaCl ( 0) 

growth in 4% NaCl (1) 

growth in 8% NaCl (2) 

Degree of anaerobiosis; 

growth in VF deep agar stabs 

no growth (O) 

growth less than 1 em. from surface (1) 

growth ceases between 1 and 2 em 
from surface (2) 

growth ceases below 2 em from 
surface (3) 

Colony type: 

regular margin (O) 

rhizoid margin (1) 

lobed margin (2) 

49 
50 
51 
52 
53 
54 
55 
56 

5? 

59 

60 

61 

6.2 

2 

2 

2 

2 

2 

2 

2 

2 

3 

4 

5 

3 

4 

3 
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5. · .. 2:'11·~ ,choief:!C ·of · strs:tns~ 

: ilfbe .:tollcwing ·named :atrai.ns wt!r~ .obtained from the .Nat:tonat ... 

:··CoU.e;e:tilorr ot Dairy· ~ga~arrts (IfC;DO:~., National ·tnstt·tut~ :.fot<Resear.ch 

in ·Da.try.1t:ig,~ Reading. ·England,. arrcf·thes~ were lncluded in this ·.study · · 

·NC.DO Catalogtte ; 
Number · . . ' ~ . . -

·. ' . i?5~l 

. ,.· 

:. 935 .· 

·.:1110 

1115 
856' 

'!-·. 

_; ' . 

.No.. of strtill.n . ' 
1~ this. s·tudy' 

.' 66 ' 

67 
68. 

'12. 
13 

··'·· 

.' ., 
. Organism . 

' .. ~ . . ~·-- " ' 

· · ·:. c1ostr1atum· .beljer~ckil. 
Clostridium bitermen:tana. 
£1ostrid1um spgl'o&~mes. 

Clostr.l~ium . tzrobt~t;rrioull 
· · · qlestridtum ·l:,l!tir:i~um 

-. . ' ' ' ,: . 

"'~ . . ' 
.~train ?7.- Cl. acetobuty1Lcum~ was obta;tned ·from ~ational. . . 

. . . . -. : .. ; : ... ''. ' . '\ 

.Ch>Gmicai Pr.oQ:uct$ Ltd••· ;Ger.m:teton .. (NCP strain 210). 
'· • • • •• • '> • : ' ' "•,,: ••• '· 

. :. Th'e. or:f.~ns ef ~U . ,strdhs USed in th~ ¢Omputer ru'!al~SiS are 

given below in 'l'abb' XVII. 
, • • . I o : , ~·· .. 

~!'ABLE· .. · XVJU: 

'The or.igin or' straiils; used in this .study •. 

No. :o.t' strain 
:(Oi'J) . 

l 
.. a 

3 
. '4· 

' 6 
7 
a 
9 

10 
11 

12 

13 
14 

Original' 
de.signation 

At' 

A2 

A3· 
A4 . 
A,5 . 

. A6.· 

.J8 .· 

J9 

110. 
·nt 

·412 
J13. 
J14 

J15 

· Clostridia· growing' ·lft souri'llgs ' · 

· . tha·t ·had been: sterilised, prev.1ously _. · . 

.Sourings wtu!•e derived' from the· pH :.5•0 

st-at. .·See. p .• .27a.. 

Isolated from enumeration ser.ies of 

sour.ir!gs .tn .Brewery D. .(Exper.:lment~). 

See 'Tabl~ X; P•39· 



No. of strain 
(OTU) 

15 
16 

17 
18 
1 

20 

21 

22 

23 
24 

25 
26 

27 

28 

29 

0 

31 

32 

33 
;4 

35 

36 

37 

38 

39 
40 

41 

42 

43 
44 

45 
46 

47 
48 

49 

50 

52 
53 

Original 
designation 

Jl6 

Jl7 

Jl9. 
J20 

J21 

J22 

J23 

J24 

J25 
J26 

J28 

J29 

J32 

J35 

J37 
J 8 

X7A 

X?Ta 

X?Tb 

X7Te 

I7G 
X9T(l) 

n0a 
Xlla 

nZa 
n,3a 

Cl4 
Cl5 
Cl6 

Cl2 
Cl8 

C20 

C2l 

C23 
C24 

C25 
C26 

C27 
c;o 

- 62 -

Origin. 

Isolated from enumeration series of 

souring a in Brewery D. (Experiment II) • 

See Table n • P• 40. 

Isolated from freeze-dried beer by 

Dr. A.E. van Kerken (February, 1965) 

Beer troa Brewery B. Enumeration in 

RCM selli-•olid agar. Table II,. P• 17. 

Souring from Brewery B. Enumeration 

in liYer medium. Table I, P• 17. 

Souring from Brewery B. Enumeration 

in RCM broth. Table 11 p. lZ· 
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-- -------·------------------------------------------------------No-. or strain. 
(OW) 

54 
55 
!::6 

·"" 
57 
58 . ' 

59 

60 
61 

62 --1 
6) 
64 

6t> . < 
66 
67 
68 
69 
70 
71 
72 

73 
74 

·zc. 2 
6 7 . 

7? 

Original 
designation 

C3l 

C33 
C34 
C35 
C36 .. 

C37 
C39· 

c4o 
C41 

·C4.2 

. c4;; 
'(!44 

c48 
C49 

C50 

C55 
C64 

C66 

C?l 
C72 

C78 
(:81 ... 

· ·c22 
C93 

Origin. 

. ' . 
Souring from Brewery-B.· EnWiet-ation 

in gelatin medium:. 'Table It P• 17. · 

. Same _origin as OTU!s _6,} to 64. below •.. 

Beer. from. Brewer;v B. VF medium •. ~able II 
Souring from Bt-ewery D. RCl~ semi.·•(p. 17'" · 

solid medium •.. ',rable I, P• .1z,,, . 
Souring f'rom Brewer;r D. ·Acetate-lactate 

medium •.. ifable I,- P• 17• 

· Cl. beiderincldi. 

· Cl •. bitermentans. 

Cl.;-sporogenes. 

Enrichment :with ethylene glycol as 
· carbon source. (p. 23) 

Cl. tyrobutYricum. 

Cl. but:yrtcum. 
The PB5•0 stat. Table VIII. p .. 2?a. 

Disused tank il'l Brewer: D,. ;p. 43. 

Cl. :aceto'butzlioum .. 

6. Theoretical consideratllons. 
' .· 

It was .attempted in this· study to group 77 strains phenetica.lly 

uoing the 62 attributes described :above.. .A.s is custof!Ulry in Adansonian 

techniques all features or attributes were. a priori, considered to be 

of equal importance. "Resemblance" or "Difference" between strains was 

calculated in terms of a nd.tsta.nce coefficient" as described by-Cain 

and Harrison (1958) aud revie"1ed by Soknl and.Sneo.th (1963),tt"illiama 
and Dale (1965).and .Collesa. (196?)e 

'l'axonom:tc Distance ca:n be def~ed ae the Pythagorean distance 
. ' 

between two .OTU's (Opera.tional Taxonomic Uni.ts, i.,e. ·the strains 

·selected for this study) as represented by-points in a p-d1mensional 
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... 
hyperspace where :p represents the co-ordinates in such a space; each 

co-ordinate·representing a quantitative value of each attribute~ 

Distances between such points a~e expressed as MOD O-lean Character 

Difference) values and are plotted in a matrix. 

· Beterogeneity analysis and Romogenei.ty: 

Aa cr:m be expected' data present~d for classification must be 

heterogeneous to .some degree;, This can be determined by the tuncU.on • 

.1 - ajr 
p ajr max 

j=l 

-where Ht ·repr·esents the heterogen-eity for 2•state data~ In. this function 

the actual ~umber of rar-e sta:tes ~jr is divided by a !lypoth.eti.cul -

m.aximally heterogeneous case wit.h .the same number of included members 

for tb.e jth of. p attributes. 

In the present study., where 2•state as ·well as quantits.tive data 

were used the function had to 'be ~mended as follows (cf'. Hall, 1967). 

. - pt pq 

Htq 1 a.Jtr -f. 1 sjqn _ - ·-p 
-~ 

·ajtr. max .p ~ sqn max 
jt:l jq.:l 

where t and q refer to two-state and quantitative data respectively. 

Sjqn refers to the standard deviation of attribute j 

for a. set of n members. 

Sqn max refers-to a hypQtheticcil group of n members 

having maximtZI:l heterogeneity. 

Heterogeneity can be converted to Romogrmeity (Hqm) by the 

following f.or.mula t -~ 

Hqm .:;; 1- Htq 

The calculation of l-ICD values. 

The MCD value between two aru•s is equal to the average Heterogen­

eity value b.et\;reen such OTU*s .. 

f.iCD = Htq av = Htq. pair.s. 

.. In the method outlined above both negative and positive matches 

·are used i.n the·ca.loulatl.on of HCD values between two Ol'U's. ·The 

acceptability of negative matches has been discussed. by Colless (l967) 
and. Hill et a.L. (1961). 
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· Proteolytic ·clostridia are known to differ. from saccharolyticc 

·strains by . their general inability to ferment, sugars.. If ·one consi.d.er.s 

·the pr~teoly~iC group on its own,. it is possible _that a parti.cn:ilar · 
. . 

carbohydrate is not fermented by two ·organisms for diff'er.en.t reasons, 

viz. a sugar may not be attacked because of .the lack of more than one 

enzyme, or because of a permeab.il.ity effect, · Bearing this in mind, it · 

wouJ..d seem that negatj.ve matches are not ·necessru:ily acceptable whe~eas 

' posit.ive ma-tches and a positive and negative comparison are valid. 

For these reasons Sokal and. Sneath (196.,3) suggest that negatiV"e matches 

should be omitted in Adansonian analyses conducted-with baet~ria. 

Positive matches are usually_co~sidered to be sound (Rill,et al, 
1961; Sokal and Sneath 1963) ,, but surely, the same reasoning can ._be 

employed hel'e. 'A carbohydrate rna:y be fermented by different pathways in 

two organisms or by structurally diff.eren·t enzymes or isozymes~ 

Essentially these are problems.to which no sa~isfactory answers 
have yet been found and it may be poUited out ·that all .tests a.re · 

es.sentS.e.lly arbitrary observations of certain superficial characters 

and not of the causes that hav·e· led to their. expression •. 

·Distance coefficients as used in. this study take positive and 

negative matches into account arid are not generallY used in Adanso.nian 

·analyses of bacter.ia. 

B. Methods .• · 

1. The inoculum. 
~ -· 

Strains wer.e recovered from soil or RCM slopes and inoculated 

into liver- medium as previouSly described in Chapter IV • 

. After good growth had taken place, a tube of VF broth was 

inoculated and incubated tor 24 h.rs. at 37°C in an anaerobic· jar. 

This was used as an inoculum tor the following tests: 
·I 

2. Eh:rsi6togical.tests. 
·., 

Various methods have been described for conducting fermentation 

tests of anaerobic bacteria; that vary not only in the composition of 

the medium but also i_n .the way anaerobiosis is achieved0 (Hungate, 1950; 

Lebert and 'l'ardiewe, 1952; :Spray, 1936). 

A simple method has been described by Butt.iau.x and Bee.rens (1.955). · 

Anaerobiosis is .achieved in a semi-solid .medium by lowering the r'edox 

potential with cystein and boiling the medi.um to expel air before use. 

This method~ however. gave. spurious results.. .It has been point·ed 

•., 
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66 -
by Stussi et al. (196f) that agar may be utilised as carbon-

.~urce by many saccharolyti~~:clb~tridia._ The .. medium described. by 

Buttiaux and Deerens <i955) was therefo;~'):·~oifiried by omitting thG 

agar.. l'lolit however, it .wae clearly not anaerobi.e enough for growth 

·to take-place, even after boiling to expel air. However, repeatable 

results were obta:ined,.i.f' the medium was sealed with paraffin wax after 

inoculation as has been.de~cr:ibed by Stiissi. et al. (1962). 

·· The basal medium. that was eventj.mlly used. was adapted from 

. Butt!laux nnd Beerene (19.55) and had the._ followi~g eompos.iti.on:' 

Baeto Tryptone 

. -Sodium chloride 

beef extl'act -. 

;yeast extract · 

· cystein HCl 

. Distilled lvater -

The pH was adjusted to 7.4., 

lOg 

5g·· 

. . '}g 

5g 
o.4g 

1000 ml • 

The med.ium ,.,as d:ispensed in 9 ml. 

quantities· and sterilised. To this 1 t;11 .• of the fil ter-ster111.sed 

carbon source wa.s added aseptically to give a final concentration of 

0.5%. Acetate was added aseptically in the form of the so~ium sal.t 

to give the same final concentration.. (Attributes ? and 13). Starch 

.and inulin were sterilised in an autoclave and were added to the basal 

medium in a 0.5% concentration •.. · 

A drop .in pR to a value below 5.0 after 14 day.s·• incubation at 
0 . . .-

37 C was scored as a_positive reaction. 

Tho fermentation of lactate was tested in the medium described 

by Bryant and Burkey (1956)., An ·irierease in pli after 14 day.s to a 

·.,alue above pll ?.5-was recorded as 'a positive .reaction .. 
.. . 

'The reduction of nitrate was tested after 14 days. in :the basal · 

medium with 0.2% glucose and 0 .. 5% sodium n:itrat:e, by the addition of 

1 ml. of a 0 .. 5% naphthylamine solution in dilute acetic acid., followed 

by 1 ml .. ·of a 0.3% sulpha~ilie acid solution in dilute acetic acid .. 
\ - . 

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

developed,. a knife-point of_ zinc dU$t was- added, to reduce nitrates to 

nitrite. If again no colour developed the nitrite stage muat have been . 

.missed and nitrite was taken to_have been further reduced ... If' colour 

was produced on the addition of zinc dust, nitrates were not reduced by 

the test organism. 

Liquefa.cti.on of gelatin was detected in the basal :nedium with 

0.256 glucose and 15_% gelatin. · :Liquefaction was recorded after l, 3· 

and 14 days. 



The-t"eactic)ms. :in ·litmus mil.it (G:ttributes· 26. :tc{ .28'): wert¥ ~ecor-ded' 

. ·e.f'ter 14 days• Ditco · powder,ed 'litmus milk. wa~ used··· 

-· 'The· -r~actltons in ·eyst-ein ~llk (attribtttes 29 to 3'.2J were :1"~¢oZ.tled 
·arte:r 14 -days'• · · 0• 08% .,cystein was :added ~to skimmed milk and ·the pH 

adjusted. ·t.o 7':.;4 before stet.llt~at-ionc. 

~he· production of lecitni<naa·e and lipase ·wa:s- recorded on the 
medium described by 'Wil.li.s 0:965) af'ter 3 days• incubation in :an 
anaei-obie jar'• 

·The production of ~2s. was recorded after 1-~ . 39 and 14 da:ys'' 

incubation in the basal mediiun·, con~aining o.-02~~ ferrous .sUlphate :and 
~Ot.3% sodium thiosulphaite tha:it had b~en ti:l·te:r•sterilised sepai"ately and 
added .aee;pt1eally 'to the basal mediWJ •. 

·Temperatur-e and pH etudles descri-bed in a pre'IJ'ious chapter :were 

included in this analysts. 

Growtn ·fil 4% and ·B% Na:Cl was recorded •atter 14 ·dqs' incubation. 
mhis test was :Carri-ed out ln the basal medium tdth sodium chloride. 

The degree of anaerobiosis (attribute 61) ~as record~d in VF 
<ieep agar· by measuring the h.eigli·t from ·the surfac.e of the stab where 

gr-owth .could be visibly· -·de"tected a:ttet 1 d~ys .• 

~e . a.nalzsis of fermenta·tion. products. 

The product·ion of' ·.:indol~ (attrlbut• · 21) ·was 'detected · .att-er ;; days 

1.n . the b!tsai meciium by the ·nrlicih ·, reai.ctiou~ Acety1-meth~l-carb1nol 
(attribute 22) was detected aft~-r 3 days in th:e baeal medi~ plus '.1% 
g:t1lcose by the Bar'%-it reactioi.. ' 

For t_he analtsis .o_f a.~l .other fermentation products- (attributes 

41-46) the following pl,"ocedure was ;adoptach 

the principle of the Yvan-Ha11 marble tube was used for ferment• 

at ions on a large:r scale. A 200. ml• ·contcal flask was provided with 
' . . : ' 

a-long neck wi,th a constriction: at lt$ base above wh~-ch was a side-
arm, .large e~ough to ~old ~- m.arble.. ~he .naak was .f'J;U,ed \'lith ·basal 

VF aediwn. pl~s :1% glucose to the level .of the s:tde•arm· and ~ste:r:ilised. 
Before use the _medium wa.a steamed for 20 minut,es to expel airt' cooled· 

, , ' . - n . 

and ino~ula.ted. Tbe marble wa.s then removed t~om the side-ar.m by 

_ til tin.g the ~ask~ . t't came to rest on the constriction, . thus sealing 

the medium trbm t'he ·atmosphere~ '.rhe· flask was incubated aerobically -:· 
'. -0 ' 

at .37 c. 

Af~er 2_ t~ ) ,days ~h·~n the fermentation t-tas complete and no ,more 

gas was formed, the liquid was ,decanted. and centrifuged. 'l'he super- · 

natant was then used . for the anal.ys:i.s·. 



The pH of the fluid was .. adjusted. to pH 7.5 to 8.0 and was 

distilled. till 50 ml. distillate \-las collected whi'ch was used tor 
the .analysis ot alcohols and acetone. 

ilJle _residual .. fluid waa cooled e.nd acidified t<~i th concentrated 

sulphuric acid to pH 1 to 2 and steam distilled 'lllitil 50 ml. distillate 

.,qas obtained. This was used in the analysis of volatile acids. 

Analysis of.the alkaline distillate. 

Acetone was· determined .according to the method described by 

Nei.sh (1950). 
. .. 

Isopropanol was determined. by ita oxidati.on .with acid sodium 

dichromate to-acetone (Neish.·19.50). Isopropanol present could be 

calculated :from the difference between total iacetone present after 

oxidation and the acetone present 'be!ore oxidation• 
., 

Ethanol was determined according to the method of Lebert and 

Tardieux (1952),. 

Other. alcohols \-Jere determined by the oxidation tfith acid 
. . 

potassium dichromate to their corr'esponding acids:: as described by 

van der Lek (1930). The· oxidi.sed alcohols were steam-distilled and 

the dist·illate containing the vol&tile acids was proceeded. with as 

described below. 

Analysis of the aoid distilla~~ 

The volatile acids conta:.tned in the distillate tlere determined 

by paper chromatography according to tho method of Kennedy .and Barker 

{1951) •. It must be pointed out that this method does not differentiate 

between primary and secondary !ilCohole originally present. 

,. . !>10r:Pholosical observa tiona .. 

. RW•1 agar slopes were inoculated and incubated in an anaerobic jar 

for 10 hours.. t·~terial from these slopes was used fo:r: tests 47 to 54 .. 

Granulose (attribute 48) was tested with Gram".s Iodine Solution. 

Grarn stains (attributes',38 and 39) were made on material from such 

agar slopes .• 

Moti.lity (attribute 37) ·was determined microscopically on material 

derived !rom basal VF mediWI which l'U~s used. as the original inoculum._ 

Attributes .55, 62 and 66 were tested on RCM agar plates after 

incubation at 37°C f'.or .;6 houris in an anaerobic jar. 



'· 
Two-sta:te ·data were scored as o. if' the test \'J8.S negat!tv.e. or 

-a.sl, .;tf positive.. Qu:ant:itat.;ive ,data wer-e scored as indicated ·ifl · 

. !fable XVII.. tn. eases where there was a logtc.al bar,. i-.e •. if th:ere was 
. . . . 

a 'depe~denee of one a.tt:z'<ibute onanoithP-r, such ·a:n attribute was; scored 

as NC 'CNo Comparison) it' the independent ·attr.ibute ·was positive. 
·Nc•·s: wer.e also used to avoid weighting ·of' ant part'icu1.ar f.eatur-e .• 

5. ~he .Computation .ot. ,Data ... 

: The work was. ;Conducted us·ing the· !Qi' '1,301 computer :at ·the 

UntveJ:"si:t.Y, ot Cape Town~. the computer pr~gramme was· written itt· ·. 

· · · t;Janohe.st,er · Aut·ocode 01AC). and was kif.ndly .~ade available tor this stud;: 

by nr.: ./l. .• v.,.· .. Hall ·Of the: BolU$ Herbarium, .Unlvet>~.ity of· Cape Town. 

'A.tter the matrix ot MCD.values had· been ·~alc~latea,• ·the ·sroup 
. ' .... '. . ...... ' . : . ' ' . . . . . . . ·; ' .. . ' ,, ., ...... i '. 
:w~th the smallest heterogeneity value 111as .found ;and recorded.. All 

h-eterogenei.tJ va:lues of the· rOT.U•,s linked in this way ·were :replaced by . ' . . ' . . . . - ' 

a larger value., and values :were· .found for suc.h trial.. links -of this. group 

'tJf.th other ·members. Thes~ were again record-ed .S.n the worl.dilg matl"ix, 

.tlfid· :t.he ease w.l:th the n'Sxt minimum }H~.t~rogeneity ·vatu.e was .deter:mtned. 
- ' . - . ' - . . . 

!'he results of the 62 tests performed . on the 7? strains· in this 
. . 

;S:tuay,, are r-ecorded :in ~able m!:t, p.. '71· 

Jl. dendrogram was constructed from these l:l~..ages :and. reprodueea 

!here as .Fi,g;. 711 p. 70~~ ·1:fwo -d.iatiuct groups :emerged · trom the analysis and 
gave a. good separation in -~he . d~endrogrrun •. 
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Discussion. 

\ ' 

In order to d1aeuss the results obtained i.n the ~omputer 

Qtl:J.l!,sis the species eortcept and reaeons for vart.ability':il,'l micro-

organisms must be examin.'94 more Cl•OSely,.; 
, . 

'· ,· 

·Whereas in . higher or.gan1sms L1n~aean taxonomy seems . tq. h!;lVe given 

reasonably ;satisfactory res4lts it.tl appli·cation to .~ae,teriol·t;tgy,., it is 

gener.ally·eoneeded1 hae·resu~ted in a certa1~ amount or chaos. The 

question com.es .to: mind .. whether this is a.n inherent fault in ·orthodox · 

i, taxono~y· or.~\ result,..ot:i:ts applica·t!on· tq, iba~terl.ologu •. 

'' I ' I . 
.... ' 

' 
Speci~s·_and $peciation .ifl higher Organisms.. . . •; · · 

I . 

. '· ~ • ,J- . . l - .•. ~ . '. • • • ' .· • • ' - ·,. . . 

· · ·: In pre~Darwinian · t.imes ·the speclos was· an ·essentially stati.·e 

·entity _'with a·.contj,nuity or' form tt~thin; such a 'group· except ~or.~ small 

· · ·•1.6porting" va.rtati·on .b~twe!!n: members. l'Jith the~adve~t :o£ the ifheory or 
ev~lutton . the ,~pacies COhCt;tpt . becam~ s~mewhat more pliable_,.as' u~ was 

' ' 

postulate4 tba* new species could arise by t4e selecti~n of here~itarr· . ' 

v~iaats which .wer~ endowed with some advant~.ge: ·of reproduction 

o~ s~rvival ,ov~~ their . competitor:a. . ·, 

.. '' ,·' Gehet!lea'·has reveaiecf·to 'US that such .hereditary variations .are 

br.ottght about by random· ·mutations ·in a population .and .that· these are 

brought together b; theproeess ·of ~eeombinationin,se:Xually reproducing 

forms,. Isolating mechanisms,; howeve·r,., exist that limit such mutations 

, to gz-oups shar.ing a ~ommofi gene•pool , in a given popUlation, i.e • to 

species ~hat are .reproductively :isolated:. 'This has resulted ln_the 

geneticist j G defin.ition ot a .speCies flS "a potentially blterbreeding 
'

1 
t ! ' I • ' ' o ' ' • • 

g~()uri'·• Such 'potentially in.terbre~tibg g~oups may • however, be still 

'reproductivelu isolated i:rl ·,nature.· This isolation may be ·due to 
· geographical bar.riers · ol'. ditt,trent riower.ing times .in· plants.. Different 

speci.es 'may be. sexuallN iricompa.tlble or• ·it capable of interbreeding., 

·produce sterile or tron•'lti.abl.e off..;spring and are genetically S.solated 

:in this way .. 

' Reproductively isolateci organ1sm.s are therefore_.aiso in ef'tect 

genetically' isolated and. one ·:Species does not .contribut~tf to the gene• 

·pool ·of another. 

Before the advent ·Of genetics and experimental taxonomy .species 
were ent:irsly de:f'ined in morphologi·Cal tertl'I.S and . this is to a large 

degree still the ~ase 'to-day.' But as morphology is an expression ~or 
. . 

the genotype• a break .in the morphological continuum .is in practice 

frequently accompanied by a disruption in the r~eproducti.ve a:nd genetic 

c,ontinuwn. . It morphological crite,ria are to be used in taxonomy • 



,g~net1c ·isolation is by· itself not enough evidence in delimiting a 

species. A .3n individual in a· ·population of higher plants .is in­

ea.pabl"G of genetS.e excha:ng:e with :a: 2n member and thus genetically 

isolated but such individuals may b~ morphologically indi.~ttngutshable. 

Species must be defined. by a .combination of the above criteria and_n.ot 

by .any one of them.. tt is still· very much a matter of judgment cd' th~ 
· taxonom1.st as to what constitutes a~ species:•· 

·. !!.'his may .s.erve as a very briof review of our lmow;tedg-e · ot 
speciation and the .species concept .in higher organisms. ':rhe followi.ng 
points. must be str,essed. 

r(i) Species a.re in ~a·ctice :n;atui,Y 'delimited by using 

mor,Phol.ogtcial crit·eri:a., 

U:i) E.ffectmU and not nee·essar.ily potential geneti.c' exchange 

within a. group in .nature·can be used to delimit a species .. 

. (tii) The taxonomist deals -mainly with .individual organisms 

-•Constituting a group. 

Genetic variaU.otl and speciation in bacter.ia. 

ln ba:cteria, as in higher organisms>genetic variability is a 
,,. . 

result o.f ·r~dom ~ponta.neous mutat'tons. ·This has beeri demonstrated 

tor the f·ermentation or sugars by ~yo (1952). But, as a result of 

the haploiid nature of the bacterium., such mutati-ons must immed.iatel¥ 

be expressed and exposed to the selective forces :of the medi:u.m,. 

R:eeomb:l.nation · in· bacteria can be })rought about tn different 

(i) · .Bacterial sexuality-. 

This term is .perhaps ;somewhat a misnomer as bact-erial ttsexualityn 

il,:s quite unlike the sexuality or higher .organisms; in that genetic 

transf'.er between two e6njugati.ng :<:ell's is. always parti.a.l., resulting in 

.a merozygote.. ·Tb.is is not foll.owed. by "crossing overi' .in a redueti.on 

aiv:lsion,. but hereditary .factors are passed onto the pr,ogany by a 
·•. 

"copy choice replication" mecha:nism .• The episomal .nature .of the sex• 
' determining f'aetor has rnG equi:va.l.snt among higher organisms (de Long, 

(it) ·Transduction. 

Transduction by temperat-e phage never results in the trans!'er of 

more: than 1 or 2 ·closely -associated: genetic marke-rs to the host bacterium 

,and ar~ usually clotn~ to the point of attachment of the phage to the 

'bacterial. genophore •. 



·. ·. .. ' . ,, ' 
' ~ ' ' -

ltere"ag~ rar~ly'more than:one geneticdeterminatlt is in­

corporated.. by a· bacterium .. and thts."process on,ly takes .. ·.;plac·e· in; a .. ~t~:vq.ly. · 

grotd.ng ·eul t~.es •.. -·.·· i I. •,' ·,' 

· 'As ·:in ·:h'lghe:t>. organisfus :ic~rtaiti' ·isolating mech~Lsms eld,et~ 
.FertUl~N faetor~ ;fiJta!f: .atf.eet. pairing abil:i,.;ty in bacte-r~ sexuaU.~y. 
Diff-erences: in structur~ :()f the genet:ic· material 'f1i13.1 :mal(;e -~·c0rporati:on 

impossibl-e ~· ,all· three processes :outlined above.. · Bac·t·eriophages are 

.often extreme.ly spe.ctfie~ !ntr.aspeci£.1c arid. ln_t.r.ageJ'leric t.r~'sduc·~fon 
'' ' • . • • . • '- • 1 • ' ••• 

has.· hot"iever .• :be~n .:re4Qrded among· th.e ·:en·teroba:ct;er:ta :(Ra\rin~. 19$0). 
' y •• ' • • • •, ,, • -. • • l • • . :· . \ ' • . ' ·. ' - 't' 

. S~~1iar:'1Y ;_tr~~S~?~at~~~ ·. ~mo~~ ·~~~~~~e~. of:. t~~- ~~ne~.it .~emoph{lu~ .:~nd , 
1 

~treptocoCC'J2 has. ~een ~.· · ecord~_d. 
• p •t 

'Three ·points were·liot.ed above, which: characterise the· approach 

· of the sy,stefaattet of higher ·o~ganisms,. ~ but. the· :mi,e~'()hla~ taxonomist·. has 

a hnda~entalla· d{:ff,ere.nt a:pproac:h,., . . . "., 

Whereas stable ~morpbol·ogica1 attrtbut$s .e·xtst in bacteria•. these 

·arc. 1n fe.e.t very· .:ftJw•. We know that eoc.cli do not .mutate into rods•: . , 

. probably· be¢9\ttSe ·they· :are· ·genetS,.eal.'iy .det'er~i~ed by many'1nterd·ependent 

heredi:taey factors·•· But a~ so·· few morphol:OgLcal' ·criteria exist t' there· 

has . been.· a :genera±' ·shift' o't .. e--mphasi$· t\) phy.sicSl·ogical· and biochem!:cat' 

attributes;~ iltaAJ of whiicli. are ·exce.dtttgly'lab;'le ·and ·ma.y. ,be changed by .. 

s~ngl'e·. gen~ .-mutati-ons.. .Strai:ns iobtaified' £~9~· enri:dhment. tecbnl;ques.·· 
were ·often~ des:Cribecf Oil· th1lF basis of a·. bfi.ocbemii.~al .r-eacti.~n· for, wld.;C:h 

the. <>rganism was s_el.ectet:t,, ott:e.n. with*tit' ¢heclti.ng. the :abilit# of' existiQg 

~sola:tieS to pet'for~ th,e ~ame · p~siologlcaJ. · f'ea.te The result;· has ibeen. a 
I , .. . . . , . ' -. . ·, .· 

la;rge number o.t mG-n-otypie· species. and a .bad. eorrelaU.oa ·Of cbara·Cters 

b~t~.een them,· ·some tests· bei.~g appll~d ,to ,ohe species ·and diff.erent tests 

tb others. 
' . ' ; . ' ' 

• , , , ! : . . ' • 1• • ~ • r . ' , 

. Whereas _th<e taxoiu'Jf!lis't ot h:tgher· organisms can. study· the .effective 

. ~eproduct:i~e :lsolaticrn. ~ .n~tUi.e., ·\h~ 'bact~riol.~~ist. call· ~~i:r do ~o .in. 
' . ~ ' ' , 'i . · 

1 
· . , •• , ' , • 1 ~ • • ! , , , ·. , j ' : . ; I • , 

the :laborato.rt mid his. knowledge of ge,net~o. exchange in the natural ea• 
·v.ironm~t rema!lis l,argely bypothe:ttcal an.d based 0~ .interenc.e' fr~th . 
ind.irect ·teehiques. 

·Fur~t;nermor~ .• · th:e ba-cteriologist does not a~~l wtth 1ndt"i.dua1 bac• 
teria bu't wi.th populations~ th~, .so-col.led «p~e c~lture'" ot mS.l'U.onW:J of 

. . 
cell.s,, wh·tch be puts through vari-ous tests usually bearing no relation to 

' . . ' ' . . 

the envi:t"olimental: conditions f'rom which the organ'ism :waa isolated. IQ tact, 
Shimwell anti·Carr (1960) .Point out that we are '¢lassifying -laixed and 

."'i'', 
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eornpozita -cultures whlteh fl".ay vary in cell eompo.sition according· to the 

te~~a a:rn?lied. Sh:tmwell_ (l959r' found. that npure cultures" of Acetobacter 

soon beeame milttures of "speeiesn and suggests that , bacteria .. a.;r,e . 

continually evolving at a. fairly rapid rate. poss!bly as a result of. 

t.heit> .short generation time a.ftd the immedi.a te expression, o.f ~Y mu.tati.on 

that .arises .. 

tn · this ·study on · e'lostr.1dta two dl~ts~nct, groups, ~:ere, formed• 

Quotin·g the f:l:i"St member of , each ,group ... these can be des!gttated .as 
_ • , , , , • , , '· ~: ~ 11 ~ t ~ ~ I · « ~ f ~ ~ ; I • <;: t ~. J , ! I , 

group ·6 and group .52iil · Nei·ther gr.oup ;Can be satisf'aetoriiy subdivided, 
- • • • t• • 

as. there is .no .stgnifl·c~t. ·drop,. in.l~omogen-elty. bet'fileen .. members, in either 

·or· these groups.. Group 6 consists e:xciusivel:i'/ of ·sa:ccharolyt:ic ·clostridia 
• ' • ' • ,, ' 1 ~ ' f " ,. ~ • .. ' • ' ~ i c ~ ( ~ • ~ ., 4 ~ t t .. • ... " 

and. group 52 of' proteolytic strat-r.s .• 
' ' . ' ... • • I< I , • o 4 .. • f ~ • I t ~ '' II • ~ • ; f 

The di.ff.erence in llomogenei.ty level considered · eigni:f'icant i·s 
' ' 

essentially ·a· matter :of judgment,.of' the' individual' wofk,er~' · In'this · 

.ease. however, it . .ts quite cleat- .that there are gn].y two groups,,· as 
11~ ~~~ .... f,, .• ,.~f~1";!-!•~·t 

·difference~ in homog;enei ty ltiithin . ea-ch group are ·exce~dingly small,. 

A 'gap in the phenotypic continuum does exist .and ·Ohe could thus 

eo~sid~r··eaeh group as a species but. ~6 4as, been pointed out~, this.·may 

no•t coincide ·with such a break Ui nature-. t.t'he problem solved would be 
' . ' . ~ - • I .f ; p ~ f .f t ; '! J t , ~. • ~ ~ ·, '• .~ .~ If 'f' ·, 'I I J! 

.one '?f t'&nk ~nly.- · SU:bspeci.,fi.c cl~~sifications v1ot!ld become necessa~y 
to d.efine the properties' of'' tlle'.:etrains .more _closely. as the number of 

predictive feature-s in . such a 'large' group' is' iow;.' 

'The fl:l'OUpG obtained C8.n be' ltkettetl' to • tne' rfbiotypesU~.c)f'' ' 

ti.'inograd~ky {1952), Wh:ich .form distinct groups t'rom which the. "spect.esn 

in Bergey'·' a MariuaJ. d.ift'e:r ii.ri, minor. seoond~ry. chara-cterastt..cs .• · . Such a 

"biotype11 f.orms a natural group as opposed to· the artifi.cial ba·cterial 

.. species.. 'fhis has been' demQnstrated by· de tey. (1963) 'using. comparative 
biochemical techniques and ts •COn.firmed here by numerical. ta.x.onomic 

, ~· J 1, " ~ l -, i ~ ; l• ;; ~ I : ~ ' ~ I ~ ' .i 1 ~ \ 

means,. <This study thus confirms . the presence of ttrm "biotypes" . 
CQrrespondi:ng to the saccharolyt.}.q 'and' proteo],ytic 'groups .• ' , , ' ' . ' 

Clearly. for pra.eti:eal purposes• ·a. ·cla.ssificatS,.ol\ ,.into. 'such bi-oad 

,gr.oups is i:nade-qu.at-e,. . A cla.seif'ie8;ti.on.based··on· the.isolate-t'lith aome · 

numeri,Ct;ll · code to tnd.icate the physiological · attributes of eaoh strain 
-;~" • ~~-.~~.,;.~,~oo :;,:~c~··•~• 

and recorded on eomputer car(is was ,suggested by .Cowan (1.962'). llterna• 

tively, referen~e .strains ~ould be .s'elected' using' d~fined .. phys:io1ogica.l 

var.iauts of a, given biotype and. the taxonomle. distance· or, percentage . . 

similarity of un·known strains •Could be . ·Calculated from such ni.nd.icatot-sn,. 
J • - •• • . • • • r· · , 9 ~ > J ~ , • ~ ! ~ • t · . 

In a study -of' this nature thi.s -could 'be the best solution even if the 

"species problemn as .su-ch :remains unsolved.-
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CHAPTER X· 

DISCUSSIONOFECOLOGICALDATA 

The physiological· potenti~li.ties of clostri'd:ta occurring on 

malt and_ the environmental factors ln various stages of the brewing 

process. were ittvestigated and ha._ve been discussed in preceding chapters. 

On the whole, it can be said th~t.the environmental conditions during 
- - ' 

the brewing process and in the_beer are not favourable for the.growth 

of clostridia. Neverthe'less, they were tound to.oceur in ai'J. instance, 

:t·n a disused souring tank an-d have been recor~ed by Kle.in (1908) and 

van der \'lalt (1956) in Bantu Beere Their physiological potentialities 

and the degree to which these have been met by the environment will be 

briefly discussed-here~ 

- ·, Clostridia we.re sho11-m to be prac·tically a.b.sent on ka.ffir corn, 

yet occurred in relatively large ntimbers on most malta. It is probable 

that they multiply. ·during the malti~g process., where the rapid 
. . . ' . 

re.spiration of 'the germine.ting kaffir- corn may create .sufficiently 

anaerobic, conditions .. ' The relati·vely high malting temperature of 30°C 
falls well tdthin the range .of- gro't-1th o.f clostridia occurring on malt;. 

In a normal, well-'soured beer the low. pH prevents the clostridia 

from -growing. Nevertheless, there· is-_one report of clostridia occurring 

.in spoilt beer by van der vlalt' (1956) .• - Unfortunately., the pH of the 

.sample investigated is not given.·· 'l'he author observed nmotile clostridia" 

microscopically and.isola.ted clostridia. by e~richment techniques. Pure 

cultures t-Jer.e identified as Cl .. _ butyri,cum. The beer must have had an 

abnormally high pti whi~h would have made the growth of clostridia 

possible. Alternatively, the results could be explained by the-growth . 
of spores·norznaily present.in beer :in the enrichment medium. It this 

were the c~se, the motile cella observed could possibly have been bacilli. 

Spoilt beel' samples \'lere frequt~.ntly brought to the laboratory for 

investigation by the present Writer.· Clostrid1.a could never be detee.ted 

microscopically. 

· ln Chapter VI it was found that a few stra$.ns coUld grow at; pH 4. 0 

after incubating ·for l day. Such strains eouldpossibly proliferate in. 

the initial stage.s of. spontaneous ·sourings where a relatively high pit is 

maintained for a long period, especially if no thermo bacteria develop.· 
' -

In spontan·eou~ sourings othel- factors seem to be unfavourab+e, as the 

growth of c1ostr.idia coul-d never. be recorded. From Table XVUl it 
can be seen that growth a't low pli is_ very .seldom .linked to a high maximum 
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crowth teaperatUl"e. !b1a ia a proeable explaaaticm for ta•ir faUure 

to 4eYelop in epoataneota aourlnt•• 

lJl tll• p!l atat • ta•ovable pi ie aiataiae4 for eva lcarar 

period• thaD 1a apon\aa.oua aouriaa•· Here •••t•~o•al tactora, eueb 

u tbe hi&b lactate ooatut ot tba ••diu could rHtrtct. tile powth of 

eloatnclia. Aataaaiatic ett.ota t.etwen eloa,ri41ia an4 lactobacilli 

ha•• Mea deacr1lte4 JJy Gilleoa et al. (1961). ft• avthora foua4 tJaat 

the pcwth of c:loatrtdia in aJ.laa• W&a erratic ud u:aprHietable eYea 

if a .relat1Ye11 hip ••'-•r of aporN ooul4 be 4eaoaatrate4 1Dit1&1.17• 

Hunabera {1909 Md 1''26) litboH •al•ble ..,..trib•U.on to tbe 
kawleqa of 1aduetr1al t.r ... tati.OIIII ._t be ackaowl..tpd. oba•Yed 

tut cloatri.clia ault1plie4 1a p-a:La ...n .. oaly epo:raticall.J' and taat 

11t0r• dproM butyr1o fe~MAtaU.ou occurred it toe cultl&re waa coa­
tealnated b3 bacilli. When elo.tr141& were a.aociated with lactobacilli, 
reatr1ct1Ye 1nnu.no.e oa their ••••lopattAt were obeert'K, but ill tbe 

preamce ot kcill.i au eah&ftc--.t of powth of the cloat.r141a coulcl be 

reeordM. 

T••nratur~ .. 

Jl'rcNI the •t""i•• ot unave ... aiJliaua t•p•ratvea foze crovth 

it bee••• eTil!at tlaat th• atraiae co:ltl.4 aot •• croupM iato theno)tllllic 

ad aeeGphil1c aroupa. 'l"be au:l.ll• t.4111penture of JtOet atrai.aa wae 

•11Ptl,- below tJae 80UJ'.1n& t•pera\tiJ'e. ••t proteolytic atr&i.aa u• • 
uxi.MM within Ul• tea,.:raturH ot ao.riac but, aa t.'beee •r• ra.r•lJ touad 

ill b"re, the7 cannot be considered •• a Hjor ta.c.tor ot .-aible iater­

tveuoe 1a the aovri.lla jQ'OCeH. Proteol7tic oloatriclia oeov ia larr• 
aultva em ~ran. Bran, hcweYer, .ia ealy used b7 ea• "r•wr,- (Brevei'J C). 

~!.lie. -
If' the lillit ot a:rovtll of eloatri41a b ta• •• pi ~t.o wbve the 

pcwtll ef some atraba eould lte rnor4letl at''ter oal7 l. day, it. oeoo.u 

••14.at t.bat tbeir CI'OWtb ia QOntaneoue 110uriqa 1a tmlikel3' to occ\11', 

u t!l••• ptl valuea are ,. ..... " after a l"elat1Yel7 ahort t:Lce of 1.} houra 

1a a alov aoartaa aacl ?t hove ill a qaiok .ouma. he Fie. :S ad 

Fie. '· It ia, llctweYer. clifticult to ooata!"e qoa\ueou •oarinc• at 
S0°C with p-Otdh at 41tter•t ,a ftl.UM at )?°C. It ..,- wall be Ulat 

•n •tavovallltle pB coupled witk aa .•ra.-ovule crovth teaperature aear 
· the axill&l. lu.i~· tol.,..te« b7 tb• orcaai• would rMult haG cronll 

at -.l.l; . vker ... eotae crowt.tt ..,- tte r•cor• .. wll• •7011• of the twe 
tactora Matio:a .. ia aeuo th• optia ... 
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Nutritional requirements and redox pgtential. 

·Nutritional requirements. of .clostridia were shown to be met by . - . . . ·.. . 

the malt mash5 aa sterile mashes and souringa supported the growth of 

clostridia. ·This could be expeeted,as.the more complex growth 

requirements of l·a.ctobacilli are ~et ·by the· same medium~ Carbon sources 
. . 

do not limit the growth of the. mixed populati011 irt spontaneous sourings •. 
. . . 

The productionof.glucose by the malt amylases exceedl!f the rate of 

utilieat.ion of this sugar· by the population. · If ·however, a malt of low .. 
diastatic power is used, c·on.ditioitls would become more favourable for 

starch fermenting clostridia •. The .competition of thermobacteria· and 

pedioeocci would virtually be eliminatedjas these do not f·erm.ent starch . 

to any extent. Only the starch fermenting Bacillus coa!!lllins woUld be 

able to grow in such .environmental ci:niditicns; and, it \-:as pointed ·out 

earlier, that the growth of:this orga.nismmay enhance the growth of· 

clostridia .. · 

Rodox·potentials,as far ·as could be ascertained, fall within the 

limits required for the growth .of clostridia. It was pointed out in 

Chapter VI that the interpretation of such data must· be done with caution. 

General. 

From the above discussion it would appear that the conditions of 

beer brewing embrace the rang·e of toleranae of clostridia ,al.though these 

conditions ·are not optimal for their growth. In Chapter II the milieu 

was defined as the integration of en"!'ironmental factors. It is impossible 

to study such an ip.tegration of environmental factors in the.laboratory 

·in a·single exp-erimentc- without creating exceedingly complex experimental 

conditions. In the present ,study only single fact.ors were :studied • 
. · 

When stui.ying the minimal pH for growth and max1.mum growth 

tempera.t·ures, it would have been important to choose a mediWI bearing· a 

:Close chemical resemblance to the nat~al environment., i.e. a Soi!:'ghum 

mal-t ·mash. Unfortuna tel:r, this· approach. had to be abandoned, as. ma't t 

mashes. vary considerably from batch to batch.· . In order to Col:apare 

results o·f different strains tested in the ,computer study a semi-defined 

medium. was used in order to maintain·etandard conditions. 

Furthermore., it must be poi.nted out that the study of isolated 

:tactors.in the laboratory need. ·not bear a strict relationship to the 

natural environment .where different factors vary independently of each 
. . ' 

other. Thus it may be. found that the maximum temperature for growth 

of a certain strain may be ·ditfar.ent at an optimal pH .()£ ?.0 and at a 

sub-optimal pH o.f 5.0. T~is may explain the behaviour of clostridia in 

Bantu bee.r, where not any. one factor prevents the gr.owth of clostridia, 
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but a combination of sub-optimal conditions. It is this combination 

or in.tegrati·on of sub-optimal factors that prevents the proliferation 

. of clostridia.. .In tact~ it is. the "milieun that is unfavourable for 

"activeqlife'" • It is. for this reason that their nur.ilbers remain 

constant .in the form of viable spor~s (so-called "latentoliten) .. 

. Although it is not unlikely that clostridia oause spoilage ot 
home ... brewed :beer and did. so in .factories with poorly controlled brettins 

procedures as described by Kl·ein (1908) earlier this. c~ntury; spoilage 

by clostridia. does not occur .in modern bret-teries, even in cases where 

the. br.·ewing process is not. very well controlled. 
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