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Summary

The microbicioglical properties of two
Dutch commercial wheatmeal sourdough
starters A (wheatmeal/water ratio 1.25,
no salt) and B (wheatmeal/water ratio
1.54, 1.5% NaCl) were Investligated.

A contalined Lactobacillus brevis var.
lindneri Il and L. sanfrancisco {log N
lactobaciili 7.7) and Saccharomyces exi-
guus (log N 7.0}, In B, only L. brevis
var., lindneri |i{ (log N 9.0) was detect-
ed, and a small population of Sacch.
exiguus (log N 1.5-4.5}.

After 7 hours fermentation at 25°C, both
starters reduced the dough pH tii| 3.8-
4,0, with lactate/acetate ratlios of 3.7
and 3.8, resp.

The microblological stability of starter
B agalinst contamlnations with commercial
and maltose-grown baker™s yeast (Sacch.
cerevisiae) was studied. Sacch. cerevi-
siae, when added at a level equal to
that of the resident sourdough yeast,
could be detected after fermentation of
the contaminated dough, but was elimi-
nated after fermentation of a dough made
with the contaminated dough as a start-
er.

Successive populations of Lactobacillus
spp. and yeasts were identified during a
10-week development period of a new
vheatmeal sourdough starter. The initial
community containing L. plantarum, L.
brevis, L. bilichneri, L. cellobiosus,
Sacch. cerevislae and Torulaspora del-
brickii, was reduced to only three spe-
cles after 7 weeks (20 dough transfers),
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viz.at L. brevis var. lindneri i, L.
sanfrancisco and Torulaspora delbriickii,

Mikrobiclogische Eigenschaften einiger
Welzenvol Ikorn-Sauerteigstarter

Zusammenfassung: Die mikroblologischen
Elgenschaften von zwel holl&ndischen,
handelsiibl Ichen Weizenvol tkorn-Sauertel-
gen A (Welzenvol lkornmehl-/Wasserver-
hattnis 1,25; ohne Kochsalz) und B (Wel-~
zenvol lkornmehl-/Wasserverhditnis 1,54;
1,5% NaCl) sind untersucht worden,

A enthielt Lactobacililus brevis var,
lindneri Il und L. sanfrancisco (log N
Lacfobacillen 7,7) und Saccharomyces
exiguus (log N 7,0). In B wurden nur L.
brevis var, lindneri Il (log N 9,0) und
eine unbedeutende Population von Sacch.
exiguus (log N 1,5-4,5) entdeckt.

Dle pH-Werte der Teige wurden durch die
beiden Starter nach 7 Stunden Fermenta-
tionszelt bei 25°C auf 3,8-4,0 herabge-
setzt (Laktat/Acetat-Verh&ltnisse 3,7
bzw. 3,8).

Die mikroblologische Stabilitédt des
Starters B gegen Kontaminatlion durch
handelsiibl iche und auf Maltose geziich-
tete Backerhefe {(Sacch. cerevisiae) wur-
de getestet.

Falis Sauertelg mit Sacch. cerevisiae im
Mengenverh&itnis der reslstenten Sauer-
teighefe beimpft wurde, konnte Sacch.
cerevisiae nach Ablauf der Fermentatlon
noch nachgewiesen werden. Wenn aber
dieser Teig als Starter flr die nachste
Fermentation beniitzt wurde, war Sacch.
cerevisiae nach Ablauf dieser Fermenta-



tion verschwunden, _
Aufeinanderfolgende Populatlionen von
Lactobact!lus- und Hefe-Arten wurden in
frischem Weizenmehl-Sauerfelg wahrend
einer Relfungszelt von 10 Wochen nachge~
wlesen, Die Anfangsgemeinschaft enthielt
L. plantarum, L. brevis, L. biichneri, L.
cel lobiosus, Sacch. cerevisiae und Toru-
laspora delbriickil, Sle wurde nach 7
Wochen (20 Teigbereitungen) auf nur drei
Arten, ndmlich L, brevis var. | indneri
tl, L. sanfrancisco und Torulaspora
detbriickli, reduziert,

Introduction

Microbiological, chemical and technolo-
gical aspects of the use of sourdough
starters as leavening agents in bread-
mak ing have been reviewed recently
£1,2]1, Central European sourdough start-
ers are traditlonally based on rye meal
or flour as a major raw material. German
rye-based natural and commercially pre-
pared sourdough starters were reported
(3,41 to contain varlable and diverse
microbial communities including homo-
and heterofermentative lactobacilll (L.
casei, L. fermentum, L. plantarum, L.
acidophilus, L. fructivorans, L. farci-
minis, L. brevis var. lindneri, L. bre-
vis), Pedlococcus spp. and yeasts
{Sacch. cerevisiae, Candida krusei, To-
rulopsis holmii, Pichia saitoi).

On the other hand, wheat-based sourdough
starters, employed In e.g. the manu-
facture of San Francisco sourdough
bread, were reported to contain a micro-
bial community limlted to one Lacto-
bacillus sp., for which the name L.
sanfrancisco was suggested [5] and two
yeasts, viz.: the Imperfect stage of
Sacch. exiguus (= Torulopsis hoimii),
and Sacch. Inusitatus [61, the latter
now being classified as Sacch. cerevi-
siae [7].

Sourdough breadmaking in the Netherlands
is carried out at a reiatively small
scale, sometimes in conjunctlion with the
manufacture of yeast-leavened products.
Little Is known concerning the microbio-
fogical composition of the sourdough
starters used in the Netherlands, which
are prepared entirely with wheatmeal and
water (sometimes salt is added) and can
be maintained during several years by
regular dough transfers. in addition,
the use of sourdough starters alongside

with baker's yeast prompted an investi-
gation of the microbiological stability
of a sourdough starter agalnst contami-
nations with beker's yeast,

Materials and Methods

The sourdough starters used In +thls
study were obtained from commercial
sourdough bakerles and had both been
maintained by 2-6 transfers per week
during several vyears.

During the experiments, they were trans-
ferred using similar conditions, includ-
Ing the use of the same batches of
wheatmeal as used in the respective
bakeries of origin.

Sourdough starter A was made with 50.g
whole wheatmeal, 40 mL tapwater of 30%-
35°C and 5 g of previous starter. Sour -
dough starter B was made with 50 g whole
wheatmeal, 0.75 g NaCl, 32.5 mL tapwater
of 30°9-35°C and 5 g of previous starter,
Both starters were fermented at 25°C for
7 hours before use or storage. Storage
was at 4°C; new starters were prepared
by the above procedure every 2-4 days,
Microbiological counts were performed
using the following media and condi-
tions: total aerobic count: plate count
agar (Oxoid CM 325), 3 days at 30°C;
total anaerobic count: Schaedler agar
(Oxoid CM 437), 3 days at 30°C in an-
aerobic jars; Lactobaclillus spp.: Rogosa
agar (Oxoid CM 627) with pH 5.4 and 10
ppm filter-stertlised cycloheximide
(Pfalz and Bauer), and/or M.R.S. agar
(Oxoid CM 361) + 1,000 ppm filter-steri-
lised pimaricine (Natamycin, Gist-Bro-
cades), 3-4 days at 30°C (overlay and
aerobic Incubation); yeasts and moulds:
oxytetracyclin-glucose-yeast extract
agar base (Oxold CM 545) + 100 ppm f1]~-
ter-sterilised oxytetracyclin (Terramy-
cins Pfizer), and/or modified rose ben-
gal medium {81, and/or wort agar (Oxold
CM 247), 3~5 days at 25°C.
ldentiflication of Lactobacillus spp, was
based on morphology of Gram-stained
smears, catalase reaction, ability to
grow at 15°C, 30°C, and 45°C, gas-
production from glucose, and assimila-
tion of 49 carbohydrates (AP{ 50 CH).
fdentification of yeast spp. according
to Lodder [9] was based on morphology,
capability of sporulation on vegetable
Juice agar, yeast extract-malt extract
(YM) agar, or malt extract (ME) agar,
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assimlilation of 19 carbon sources (AP
20 C-aux}, and abllity to grow In the
presence of 10 ppm cycloheximide (acti-
dionel). Enzymatlic assays of L-lactic
acld, D~lactic acld and acetic acld were
carrled out with Boehringer test-kits
cat, no. 139084, 106941, and 148261,
resp. '

Results and Dlscussion
Microflora of commercial starters

Table 1 summarises the major microbial
components of the investigated sourdough
starters., Counts below 10/g were ob=-
tained for Leuconostocs, Streptococct,
Staphylococel, Mlcrococcis collform bac-
teria, E. coll and bacterial endospores,
and were not included in thls table, In
contrast to the diverse microfiora pre-
sent in the wheatmeal used as a raw
material for thelr preparation and main-
tenance, the sourdough starters con-
tained only a limited number of dominant
populations, Lactobacllli were found in
large numbers in both starters, and
their fastidious character is clearly
shown by thelr poor growth on plate
count agar or Schaedler agar.

On the other hand, yeasts were found in
smaller numbers in the retatively dry
and salt-containing starter B, whereas
they were abundant In starter A,
Nevertheless, leavenling activitles of
both A and B were of the same order of
magnitude (not shown here), Indicating
that the lactobacilli must contribute
significantly to the production of |ea-
venling gas during the fermentation.

Some characterlstics of the Lactobacil-

lus spp. isolated from sourdough start-
ers A anag B are presented in Table 2.
Based on their morphology, growth at

different ftemperatures, and ability fo
assimilate carbohydrates, oniy fwo spe-
cies couid be distinguished, viz.: L.
brevis var. lindneri 1!, and L. san-
francisco. All isolates were classifled
as heterofermentative although some did
not produce gas in Gibson's seml=-sol id
tomato-juice medlum [10] which is gene-
rally used to detect heterofermentative
strains, However, all isolates produced
gas abundantiy In M.R.S.~broth.

Growth of isolates in M.R.S.~broth was
Inttially slow but Improved after trans-
fer; thelr growth on M,R,S.-agar was
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Table 1 Dominant microflora of two aged
wheatmeal sourdough starters
(log N/g) sourdoughs

AD) g2’
total aerobic count 7.2 3.5
total anaerobic count 7.1 3.5
Lactobac!llus spp. 7.7 9.0
yeasts 7.0 1.5 - 4.5
mou |l ds 2.2, 2.1

1)A: wheatmeal/water ratio 1.25, no salt
added

2)B: wheatmeal/water ratio 1.54, with
1.5% MaCl (based on meal weight)

Table 2 Lactobacillus spp. Isolated
from aged wheatmeal sourdough starters

L. sanfrancisco L. brevis var.

tindneri 11
Number of isolates:
sourdough A 3 6
sourdough B - 5
growth at: 15°C + +
30°C + +
45°C - -
Assimilation of carbo-
hydrates (APl 50 CH
system):
maltose + +
glucose - +
alt other 47
carbohydrates - -

poor, also with overlay or under micro-
aerobic conditions,

Both species have been reported and
thelr characteristics described by ear-
lier workers: L. brevis var. {indneri 1|
in rye sourdough [113}, and L. san-
francisco in wheat sourdough [5].

The yeasts in sourdough starters A and B
were predominantly Sacch, exiguus, Al-
though the imperfect stage of This spe-
cies {Torulopsis holmii) has been found
In both rye [4] and wheat sourdoughs
{61, the perfect stage has not been
reported earlier In this type of pro-
duct. The Isolated strains of Sacch.
exlfguus did not assimilate maltose, and



Table 3 Aclid production In wheatmeal
doughs, fermented 7 hours at 25°C

Ai) g2}
pH 3.8 4.0
titratable acid {mL
0.1 N NaOH/10 g dough) 18,2 171
L=lactate (% w/w) 0.58 0.60
D=lactate (% w/w) 0.16 0.19
Acetate (% w/w) 0.20 0.21
Lactate/acetate ratlo 3.7 3.8

DA sourdough starter A 5 g, wheatmeal
50 g, tapwater (30°-35°C) 40 mL

2)g; sourdough starter B 5 g, wheatmeal
50 g» NaCl 0,75 g, tapwater (30°-35°C)
32.5 mL

could grow in the presencée of 10 ppm
cycloheximide,

Acid production in commercial starters
Wheatmeal doughs were formulated and

fermented as carried out under commer-
clal conditlions., The acld production was

measured affter 7 hours fermentation at
25°C., Table 3 shows that simitar acidi-
fications took place in doughs A and B.
According to the standards of Spicher et
al. [1] for rye sourdoughs, the acidl-
ficatton In doughs A and B Is strong;
|ikewlse,» the lactate/acetate ratlo can
be classified as medium, corresponding
with a somewhat sour and hearty taste of
the resuiting bread.

Microblologlical stability of commercial
starter

The fate of added contaminations of
Sacch, cerevisiae was investigated in
sourdough B since this has only a small
resident yeast-population and might
therefore prove more sensitive than
sourdough A. Contamination levels of
half, and the same slze of the resident
yeast population were added at the time
of preparing a fresh dough using the
formula shown In Table 3. Counts of
total yeasts, the relative proportion of
Sacch. cerevisiae in the yeast count
plates, and of Lactobacillus were made
after 7 hours fermentation at 25°C
(Table 4, fermentation time 1) and after
a simiiar fermenfation of fresh doughs

Table 4 Contamination of sourdough starter B with bakers® yeast

ratio Sacch. cerevi- total yeasts tactobacilli
siae : Sacch. exiguus { log N/g ) ( fog N/g )
control¥* contaminated contr. contam, contr. contam,
contamination fermentation
leve| ** Time*x*%
bakers® pressyeast:
2.5 1 0:15 0:15 3.8 3.8 9.3 g.5
2 0:15 G:15 3.9 3.9 9.4 9.5
4.4 1 0:15 73 3,7 4,3 9.0 8.9
2 0:15 0:15 4,4 4.4 3.3 9.1
Maltose-grown bakers® yeast:
2,6 1 0:15 1:14 4.4 4,2 9.3 9.2
2 0:15 0:15 5.0 4,9 9.3 9.6
4.6 1 0:15 3112 4.4 4,3 9.3 9.1
2 0:15 0:15 5.0 5.3 9.3 9.4

* not contaminated; ** Sacch. cerevislae level added (log N/g fresh dough); *¥x {
7 hours at 25°C and 2 = dough obtalned using dough {1] as a starter, fermented 7
hours at 25°C; contr. = control; contam. = contaminated
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prepared wlith the contaminated doughs
(Table 4, fermentation time 2).

The results In Tablie 4 show that conta-
mination of these magnitudes had no
significant effect on the leveis of
total yeasts and Lactobacillius counts,
Although the presence of Sacch. cerevi-
siae could stlll be detected at the end
of the first fermentatlion, this was no
longer posslibie after the second fer-
mentation.

This experiment was repeated with the
same strain of Sacch. cerevisiae grown
in maltose broth prior fo belng used as
a contaminant, The data in Table 4 indi-
cate that prior cultivation of Sacch.
cerevisiae In the presence of maltfose
did not improve ifs chances of survival
In the sourdough.

Microbial succession in a new sourdough

To gain an insight concerning the period
required to establish a limited and
stable community of sourdough microor-
ganisms, a new sourdough starter was
initlated using a wheatmeal/tapwater
ratio of 1.43 without salf, Table 5
summarises samples taken after 1, 3, 7,
and 10 weeks, corresponding to 6, 12, 27
and 36 dough transfers, resp, The domli-
nating yeast, Torulaspora delbriickil,
has physiological properties similar to
Torulopsis holmii and Sacch. exlguus,
f.e. It cannot assimllate maltose and
can grow In the presence of 10 ppm cy-
cloheximide. Whereas Sacch. cerevisiae
could be detected in The 1-week old
sourdough as well, Torulaspora del-

brickil remained the dominant yeast
specles in later stages,

During the Investigated 10-week perlod,
a successlon of Lactobactllus popula-
tlions was observed, resulting . affer 7
weeks In a cllimax community of L. brevis
var. lindneri 1] and L. sanfrancisco.
However, the ratios between these or-
ganisms after 7 and 10 weeks Indicate
that more time might be required to
achieve a stablie equilibrium of Lacto~
bacillus populations.

Mechanlsms of sourdough stability

The present data support the view ex-
pressed earllier by Wood [12] that pro-
tonged maintenance of sourdoughs Is
required to establish stable communities
of sourdough microorganisms. In addition
there Is an interesting simllarity bet-
ween the microbial communities of the
Investigated commercial starters and the
7- and 10-week-old stages of the fresh-
ty-made starter. Although In the latter
starter neither Torulopsis holmii nor
Sacch. exiguus were detected, the pre-
sence of a yeast with resembling proper-
ties, Torulaspora delbriickil, indicates
a niche In this environment for maltose-
negat ivescycloheximide-resistant yeasts.
Yarious factors have been proposed to
contribute to the development and main-
tenance of stable sourdough communities,
including the abscence of competition
between lactobacilli and yeasts for
maltose [2], the formation by lacto-
bacitli of substances inhibifory to
certain yeasts [61, and excretion by the

Table 5 Populations Identified during the development of a new wheatmeal sourdough

starter {wheatmeal/water ratio 1.43,

no salt added)

Age {(weeks) of sourdough starter
Corresponding number of dough transfers
Lactobacillius (log N/g)

Number of isolates [dentified:

L. plantarum

L. brevis

L. blchneri

L. celloblosus
L. brevis var,
L. sanfrancisco
Yeasts (log N/g)

Mumber of isolates ldentified:
Sacch. cerevisiae

Torulaspora delbriickii

| tndnert 11

1 3 7 10
6 12 27 36
9.5 9.4 9,3 9.3
5 7 - -
2 3 - -
2 — - -
t - — —
- - 10 4
- - 2 6
6.2 7.4 6.7 6.7
3 - - —
5 10 10 10
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yeasts of compounds promoting the growth
of the lactobactlIi L[11],

Our experiments with Sacch. cerevlislae
have shown that thlis maltose-positive,
cycloheximlide-sensitive organism [s not
able to co-exist or compete with a na-
tural sourdough community, even after
its maltose assimliation had been boost-
ed by precultivation In a maltose broth.
Although these results are not in dis~
agreement with the factors mentioned
earlier, they do not prove that resist-
ance to antlmicrobial substances is the
only pre-requlisite for yeasts to co-
exist or compete with the sourdough
community., It is to be expected That
additlional physiological factors Includ-
ing carbohydrate assimifation rates and
growth kinetics of the members of dif-
ferent fTemporary and ultimate microbial
populations contribuie to the develop-
ment of a stable microflora in sourdough
as well.
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