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Abstract The malting ecosystem consists of two com-
ponents: the germinating cereal grains and the complex
microbial community. Yeasts and yeast-like fungi are
an important part of this ecosystem, but the composi-
tion and the effects of this microbial group have been
largely unknown. In this study we surveyed the devel-
opment of yeasts and yeast-like fungi in four industrial
scale malting processes. A total of 136 malting process
samples were collected and examined for the presence
of yeasts growing at 15, 25 and 37°C. More than 700
colonies were isolated and characterized. The isolates
were discriminated by PCR-fingerprinting with micro-
satellite primer (M13). Yeasts representing different
fingerprint types were identified by sequence analysis
of the D1/D2 domain of the 26S rRNA gene. Further-
more, identified yeasts were screened for the produc-
tion of a-amylase, B-glucanase, cellulase and xylanase.
A numerous and diverse yeast community consisting of
both ascomycetous (25) and basidiomycetous (18) spe-
cies was detected in the various stages of the malting
process. The most frequently isolated ascomycetous
yeasts belonged to the genera Candida, Clavispora,
Galactomyces, Hanseniaspora, Issatchenkia, Pichia,
Saccharomyces and Williopsis and the basidiomycetous
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yeasts to Bulleromyces, Filobasidium, Cryptococcus,
Rhodotorula, Sporobolomyces and Trichosporon. In
addition, two ascomycetous yeast-like fungi (black
yeasts) belonging to the genera Aureobasidium and
Exophiala were commonly detected. Yeasts and yeast-
like fungi produced extracellular hydrolytic enzymes
with a potentially positive contribution to the malt
enzyme spectrum. Knowledge of the microbial diver-
sity provides a basis for microflora management and
understanding of the role of microbes in the cereal ger-
mination process.

Keywords Barley - Malting - Yeast - Diversity -
Enzyme
Introduction

Malting, the controlled germination of cereal grains, is
a complex biological process involving a wide range of
biochemical and physiological reactions. The main goal
is the production of various enzymes capable of
degrading the grain macromolecules into soluble com-
pounds. Malting traditionally involves three stages:
steeping, germination and kilning [2]. During the
steeping stage, the moisture content of the grains is
increased at 14-18°C up to 43-46% by alternating
immersion and air rest periods. The grains are then
allowed to germinate under humid and aerobic condi-
tions at 16-20°C for 4-6 days. Finally, germination is
terminated by kilning (drying) the grains for 24 h at
temperatures increasing gradually from about 50 to
85°C or more depending on the type of malt. Kilning
halts biochemical reactions and ensures microbiologi-
cal stability of the dried product (moisture content
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3-4%). Furthermore, several colour and flavour
compounds are produced during kilning. Malt, tradi-
tionally made from barley (Hordeum vulgare), is a key
material in beer production. In addition, malt is used
for the production of distilled spirits, and can also be
processed into ingredients for different branches of the
food industry [2].

A diverse microbial community is associated with the
barley grain, and consists of various types of bacteria,
yeasts and filamentous fungi [25, 49, 52]. Therefore,
malting can be considered as a complex ecosystem
involving two metabolically active groups: the germi-
nating grains and the diverse microbial community.
Many intrinsic and extrinsic factors including plant vari-
ety, climate, soil type, agricultural practices, storage and
transport influence the richness and structure of the
microbial community present in the incoming barley
[15, 25, 31, 52]. Furthermore, malting conditions are
extremely favourable for microbial growth [25, 49].
Steeping can be considered as a critical step in malting
with respect to microbiological safety. Although some
of the microbes are washed away along with steep water
draining, the viable number increases tremendously
during the steeping period and remains high throughout
the germination period [15, 24, 25, 52]. Finally, kilning
reduces microbial activity. However, the number of
microbes is generally higher in malt than in native bar-
ley [49]. The microbial community is also significantly
influenced by malthouse operations, and each process
step can be a source of additional microbes and their
metabolites [24, 51, 52]. Thus, it is evident that the
interactions between grains and microbes during malt-
ing greatly influence both malting performance and the
properties of the final product [25, 49]. Depending on
the nature and amount of microbes, these effects may
be either beneficial or detrimental [6, 14, 18, 22, 25, 28,
32, 35,36, 46, 49, 57, 61, 68, 72].

Although several studies of microbial communities
in malting have been published, most of them have
focused on bacteria and filamentous fungi. Relatively
little has been reported on yeasts in industrial malting
ecosystems. Flannigan [25] reported that yeasts are the
second most abundant microbes after bacteria in viable
counts in pre-harvest barley. Furthermore, encapsu-
lated yeasts were reported to survive during long-term
storage, whereas the number of bacteria and filamen-
tous fungi associated with barley decreased [11]. High
numbers of yeasts and yeast-like fungi have also been
observed during the malting process [7, 15, 24, 25, 31,
51, 52]. Traditionally the yeasts in the malting ecosys-
tem have been approximately divided into pink yeasts
and a variety of white yeasts on the basis of colony
morphology [15, 24, 25]. Previously, 10 ascomycetous
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and 6 basidiomycetous yeast species were reported
from barley and from malting samples [15, 21, 23-25,
37, 49, 52, 68, 69]. Furthermore, a yeast-like fungus
Aureobasidium pullulans was commonly encountered
in pre- and post-harvest barley samples [11, 21, 24].

The role and the effects of yeasts in the malting eco-
system are not yet fully understood. Pigmented-yeasts
may be responsible for discoloration of barley kernels
and of grain products [37]. Yeasts also caused bridging
of damp kernels during post-harvest storage in silos
[48]. This extensive formation of yeast biomass around
the kernels is also very likely to affect grain physiology
during malting if uncontrolled yeast growth occurs dur-
ing processing. Viable yeast cells of malt origin are
destroyed at the latest by the high temperatures during
mashing and wort boiling in the breweries [51], but it is
well known that the microbial metabolites produced
during malting may survive throughout the processing
and enter the final product. Kreisz et al. [38] reported
that small amounts of extracellular polysaccharides
produced by malt-derived bacteria and yeasts may
have a negative impact on wort and beer filtration. In
addition, fungal activity on the malt husk appears to
create factors that influence yeast flocculation, which is
an important property of brewing yeast [70]. Further-
more, yeast metabolic activity in the production chain
of fermented beverages may also lead to film forma-
tion, cloudiness and haziness, sediments and excessive
gas production, off-odours and -flavours at all stages of
the process [10, 26, 45].

Despite their several undesired -characteristics,
yeasts are extremely important microbes for the food
and beverage industry. By production of valuable
metabolites such as enzymes and vitamins, yeasts can
contribute to the processability and nutritional value of
cereal products [13, 63]. However, surprisingly little is
known about their possible positive contribution to
malt properties. Some yeasts normally associated with
malting have shown strong antagonistic activity and
have been applied as natural biocontrol agents to
restrict the growth of harmful fungi [6, 17]. Our previ-
ous studies with lactic acid starter cultures revealed
that the addition of lactic acid bacteria (LAB) into the
steeping activated the indigenous yeast community and
enhanced the production of microbial B-glucanase and
xylanase in the malting process [32-30, 43]. However,
the source of these microbial enzymes was unknown,
and we suggested that enhanced growth of the yeast
community could partly explain the increased enzyme
activities. To our knowledge no research has been
reported on the potential of yeasts from the industrial
malting ecosystem to produce extracellular hydrolytic
enzymes.
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The aim of this study was to investigate the diversity
of yeasts and yeast-like fungi in the industrial malting
ecosystem. Furthermore, yeasts isolated from the malt-
ing process were screened for the production of extra-
cellular hydrolytic enzymes. Better understanding of
yeast ecology in the malting ecosystem could lead to
more efficient control of the unwanted phenomena
induced by yeasts as well as to the utilization of their
beneficial properties in malt production.

Materials and methods
Sample collection

Four industrial lager malt production runs were moni-
tored during the year 2002. In all cases the Finnish
malting barley cultivar Saana from the 2001 crop was
used. Barley was steeped twice in conical steeping ves-
sels at about 15°C, with an 11-18-h air rest between the
steeps. After steeping, the barley was transferred to
germination boxes and germinated for 5-6 days at 15—
20°C. The germination process was terminated by kil-
ning. The air temperature was first raised to 55-60°C
and finally to 85°C. The total kilning time was 16-19 h.
A total of 136 samples were collected at nine stages;
from the original barley (n = 4), from the steeping ves-
sel after the air rest (n=28) and after the steeping
period (n = 13), from the germination boxes after 1 day
germination (n = 20) and after the germination period
prior to kilning (n = 20), from the dryer after 5 h kil-
ning (n = 18), after 10 h kilning (n = 16), and after the
whole kilning period (n =14), and the final screened
malt (n =3). During steeping, 1-2 kg grain samples
were taken through sampling pipes positioned at vari-
ous locations and depths in the steeping vessels. A
grain sampler was used to collect the samples from the
various locations and depths in germination boxes and
during kilning.

Enumeration and isolation

Samples (10 g) were mixed with 90 ml sterile saline
solution, soaked at 4°C for 30 min and homogenized
with a Stomacher Lab Blender 400 (Seward Medical,
London, UK). Serial dilutions of homogenate were
surface plated on yeast-malt extract agar, YM-agar
(Difco Laboratories, Detroit, MI, USA), which was
supplemented with 0.01% chlortetracycline (Sigma,
St.Louis, MO, USA) and 0.01% chloramphenicol
(Sigma) to prevent bacterial growth. In addition,
0.02% Triton-X 100 (BDH Laboratory Supplies,
Poole, England) was used to prevent the spreading of

fungal colonies. Replicate plates were cultivated in
aerobic conditions at 15, 25 and 37°C for 5 days.
Counts were expressed as colony forming units per
gram (cfu/g).

A total of 733 colonies were isolated from the cul-
ture plates. Selection was based on different colony
morphology (diameter, shape, colour and surface).
Different colony types were collected throughout the
malting process in order to identify the predominant
species in the malting ecosystem. Cultures were puri-
fied by cross-streaking twice on YM agar, and stored in
10% glycerol at -70° and on YM-slants at 4°C for short-
term storage.

DNA extraction

Genomic DNA for PCR reactions was extracted with
two different methods. In the glass bead protocol the
cells were grown on YM-agar at 25°C for 2 days. A
loopful (10 pul) of cell mass was suspended in 1 ml redis-
tilled water with 0.1 g 150-212 pm glass beads (Sigma-
Aldrich, St Louis, MO, USA). Samples were homoge-
nized in a FastPrep cell disrupter (FP120, Q-Biogene,
Carlsbad, CA, USA) for 2 min at 5.5 m/s. Cell debris
was removed by centrifugation at 13,000 rpm for 3 min.
The supernatant containing the DNA was stored at
—20°C.

The simple and rapid mechanical extraction proto-
col with glass beads was not efficient for most of the
malting yeasts. Some yeast cells from the malting pro-
cess were difficult to disrupt due to their very complex
cell walls and capsules. Therefore, DNA was extracted
from young cultures (18-24 h) with a DNA-kit, which
combined both enzymatic treatment and mechanical
lysis with ceramic sphere and garnet matrix. Genomic
DNA from encapsulated yeasts was extracted with
FastDNA®kit (Q-Biogene, Carlsbad, CA, USA) with
CLS-Y lysing solution according to the manufacturer’s
instructions with minor modifications. A loopful (10 pl)
of cell mass was suspended with 1 ml cell lysis solution
(CLS-Y) in a tube containing lysing matrix (ceramic
sphere and garnet matrix). Samples were homogenized
in the FastPrep cell disrupter for 3 min at 5 m/s. Cell
debris was removed by centrifugation at 12,000 rpm
(14,000g) for 10 min. Purification and elution steps
were carried out according to the manufacturer’s
instructions. DNA samples were stored at —20°C.

Molecular typing and identification
PCR-fingerprinting with M13 microsatellite primer (5'-

GAGGGTGGCGGTTCT-3') was performed accord-
ing to Andrighetto et al. [1] with minor modifications.
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Five microlitres of undiluted or 1:100 diluted DNA was
mixed with 45 pl of PCR master mix. The master mix
contained 1x DyNAzyme reaction buffer (final con-
centrations 10 mM Tris-HCI, 1.5 mM MgCl,, 50 mM
KCl, 0.1% Triton X-100, pH 8.8), 200 uM of each
dNTP, 2 U of DyNAzyme II DNA polymerase (Finn-
zymes, Espoo, Finland) and 1pM of M13 primer
(Sigma-Genosys, Cambridge, UK). Amplification was
carried out in a UNO II Thermal Cycler (Biometra
GmbH, Goettingen, Germany), with initial denatur-
ation at 95°C for 5 min followed by 34 cycles of 60 s at
94°C, 20 s at 45°C (ramping to 72°C at 0.5°C—s), 60 s
at 72°C and 20 s at 50°C and a final extension at 72°C
for 10 min. A reagent control in which DNA was
replaced with redistilled water was included in every
experiment. Amplified DNA fragments were sepa-
rated by electrophoresis in 1.8% agarose gel (Cambrex
Bio Science Rockland Inc., Rockland, ME, USA) in
0.5x TBE (Tris—Borate—EDTA, Bio-Rad laborato-
ries, Hercules, CA, USA) buffer at 120 V for 4 h, and
visualized by fluorescent labelling with ethidium bro-
mide (Mercury, CLP, San Diego, CA, USA). Similari-
ties between the DNA fingerprints of the selected
isolates were determined with the aid of the Bionumer-
ics program using the Unweighted Pairgroup Method
with Arithmetic averages (UPGMA) clustering based
on the Pearson correlation.

The strains were identified by sequence analysis of
the D1/D2 domain of the 26S rRNA gene as described
by Kurtzman and Robnett [40] except that the ampli-
fied DNA was purified with a QIAquick PCR purifica-
tion kit (Qiagen, Mississaugua, Ontario, Canada), and
the ABI BigDye v3.1 Terminator Cycle Sequencing kit
was used for sequencing reactions (Applied Biosys-
tems, Foster City, CA, USA). Electrophoresis of the
products was carried out in an ABI PRISM 3100
Genetic  Analyser (Applied Biosystems). The
sequences were edited with DNAMAN software ver-
sion 4.1 (Lynnon Biosoft, Que, Canada). For identifica-
tion, the sequences were compared with those of all
known species available at the GenBank Database. A
similarity of > 99% to 26S rRNA gene sequences was
used as a criterion for identification [40]. Identified
strains were deposited in the VIT Culture Collection
and their nucleotide sequences were deposited in Gen-
Bank under the accession numbers shown in Tables 2
and 3.

Production of extracellular hydrolytic enzymes
The production of extracellular hydrolytic enzymes

was studied with a plate-screening method. Yeast
strains (27 ascomycetous and 28 basidiomycetous
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yeast) were cultivated on YNBG plates containing
0.67% yeast nitrogen base (YNB, Difco Laboratories),
1% glucose and 2% agar at 25°C for 2 days. Yeasts
were then surface streaked on duplicate enzyme assay
plates and incubated at 25°C for 3 days. Strains were
screened for their ability to hydrolyse starch on a
medium (YNBS) containing 0.67% YNB, 2% agar and
1% soluble starch (Merck, Darmstadt, Germany).
After cultivation, the plates were stained with Lugol
solution (containing iodine, 1 g; potassium iodine, 2 g
and distilled water 300 ml). A yellow zone around a
colony, in blue-stained medium, indicated amylase
activity. B-Glucanase activity was determined on YNB
plates (YNBB) supplemented with 0.5% barley B-glu-
can (P-BGBM, Megazyme, Wicklow, Ireland). Plates
were flooded with 0.1% Congo red solution for 10-
15 min and excess dye was rinsed off with 1 M NaCl.
Clear halos around the colonies indicated hydrolysis of
the substrate. Cellulase production was determined on
YNBC plates containing 0.5% carboxymethylcellulose
(CMC, Fluka, Buchs, Switzerland). For screening of
hemicellulase activity, the YNB plates (YNBX) were
supplemented with 1% xylan (Xylan from oat spelts,
Sigma). The presence of extracellular cellulases and
xylanase was detected with the Congo red method as
described above.

Results and discussion
Yeast growth in the industrial malting ecosystem

The yeast community was monitored in four batches of
Saana-barley from the 2001 crop as they went through
the industrial malting processes from steeping to kil-
ning (Table 1). The initial yeast count on stored barley
was 2 x 10°-2 x 10° cfu/g. The soaking of barley acti-
vated yeast growth, and a 10-100-fold increase of yeast
counts was detected during the first days of malting.
O’Sullivan et al. [51] reported an increase of the same
magnitude in industrial scale, and Petters et al. [52]
observed a 1,000-fold increase of yeasts during an
industrial steeping period. Yeast activity remained
high throughout the germination period, and the viable
count reached a maximum level of 107 cfu/g at the end
of germination.

We also studied the effect of growth temperature on
the yeast counts. All the samples were incubated at 15,
25 and 37°C (Table 1). The majority of yeasts live in
habitats in which the temperature domain is between 0
and 45°C [12]. As shown in Table 1, yeasts in the malt-
ing ecosystem were capable of growing at 15°C. Our
results were in agreement with those of Petters et al.
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Table 1 Yeast growth (cfu/g) during the industrial scale malting processes

Malting phase N Incubation temperature

15°C 25°C 37°C

Mean Range Mean Range Mean Range
Barley 4 2 x 103 1 x 10°-2 x 10° 7 x 104 2 x 1042 x 10° <50 <50
Steep, after air rest 28 4 x 10° 1 x 10°-7 x 10° 3 x 10° 3 x 101 x 10° 1 x 103 <50-6 x 10°
After steeping period 13 2 x10° 2 x 10°-3 x 10° 7 x 10° 8 x 10*-2 x 10° 8 x 107 2 x 102 x 10°
After 1 day germination 20 2 x 10° 5 x 10°-5 x 10° 3 x 10° 3 x 10°-9 x 10° 5% 10° 4 x 102-3 x 10*
After germination 20 3 x 107 1 x 10-7 x 107 3 x 107 1 x 107-5 x 107 5% 10° 7 x 10°-5 x 10°
After 5 h kilning 18 4 x 107 2 x 107-6 x 107 3 x 107 1 x 107-6 x 107 6 x 10° 4 x 10°—4 x 10°
After 10 h kilning 16 3 x 107 4 x 10°%=7 x 107 2 x 107 4 x 10°%-7 x 107 5% 10° 2 x 10°-2 x 10°
After kilning 14 2 x 10° 9 x 10°-3 x 10° 2 x 106 7 x 10°-4 x 10° 3 x 10* <50-9 x 10*
Screened malt 3 1 x 10° 4 % 10°-2 x 10° 1 x10° 5 x 10%-1 x 10° 9 x 10* 4 % 10%2 x 10°

[52], who also found that the occurrence of yeasts in
malting was attributed to their ability to grow at low
temperatures.

Malting processes also harboured yeasts capable of
growing at 37°C (Table 1). After the steeping periods
2 x 10%-2 x 10’ cfu/g were detected, and the viable
count increased significantly during the germination
and the initial phase of kilning. Thermotolerant yeasts
represented ~2% of the yeast community after germi-
nation. Greater variation in the number of thermotol-
erant yeasts was observed within the batches compared
to the populations growing at 15 or 25°C. Thermotoler-
ant yeasts obviously originated from the malting equip-
ment, as they were not detected in the native barley
samples. Batch-to-batch variation in the process envi-
ronment and in the malting procedures could explain
the observed fluctuation. It has been shown that a spe-
cific microbial community develops in each malting
plant [51, 52]. Furthermore, the yeast community pres-
ent in the malting process depends on the initial popu-
lation of barley, interactions between the different
microbial groups, process conditions such as tempera-
ture and aeration, and the use of antimicrobial treat-
ments such as starter cultures [25, 43, 49, 52].

Kilning appeared to have little effect on viable
counts (Table 1). Kilning started with an air-on tem-
perature of 55-60°C. Barley dried progressively from
the bottom to the top of the grain bed, and the time
that barley was exposed to each temperature depended
on its location in the kiln. The first hours of kilning
before the temperature breakthrough, especially in the
top layers of the grain bed, appeared to favour yeast
growth (data not shown). Only a tenfold reduction in
yeast counts was observed during kilning. Yeast num-
bers in the finished malt ranged from 4 x 10° to
1 x 10° cfu/g. Schwarz et al. [60] also reported a large
increase in ergosterol content during the early hours of
kilning, indicating that the fungal growth was acceler-

ated. Therefore, kilning can also be regarded as an
important step with regard to the microbiological qual-
ity of malt. The kilning regime has been identified as a
significant factor in controlling the microbial commu-
nity [62]. Under normal environmental conditions, the
vegetative yeast cells are rapidly inactivated by tem-
peratures of 60-65°C [26]. However, in the malting
ecosystem yeasts are well protected under the outer
layers of the barley. Microbial populations adhere to
external and internal surfaces of grain tissues to form a
compact biofilm, which protects cells against heat and
other antimicrobial treatments [66]. As discussed later,
a large proportion of the yeast community was com-
posed of encapsulating yeasts, which could also explain
the high number of survivors in the kilned malt.

Characterization and identification of yeasts
in the industrial malting ecosystem

The main goal of this study was to obtain an overall pic-
ture of the yeasts present in the industrial malting eco-
system. We isolated over 700 yeast colonies from various
stages of the process. All the isolated yeasts were
detected at least at a level of 10*-10° cfu/g. Furthermore,
the selection of different colony types from several sam-
ples throughout the malting process ensured that the
predominant species were selected. However, some
minor species may have been overlooked on the plates.
We applied DNA-based techniques for the differenti-
ation of yeast isolates and for species identification. Yeast
isolates were first discriminated with PCR-fingerprinting
using an oligonucleotide primer (M13), targeting simple
repetitive DNA sequences named microsatellites. This
protocol has been widely applied in yeast typing and it
allows discrimination of species even at the subspecies
level [44]. In this study 55 fingerprint patterns were
detected. All the yeast isolates with different DNA-
fingerprints were further identified with sequencing of
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the DNA sequence (600-650 nucleotides) from the 5’
end of the 26S rRNA gene, D1/D2 region [19, 40].

A surprisingly diverse yeast community was
detected in the industrial malting processes of Saana-
01 barley. We detected 25 species of ascomycetous
yeasts belonging to eight different genera (Table 2) and
18 species of basidiomycetous yeasts belonging to six
different genera (Table3). The most frequently
encountered ascomycetous genera were Candida,
Clavispora, Galactomyces, Hanseniaspora, Issatchen-
kia, Pichia, Saccharomyces and Williopsis (Table 2). In
addition, two ascomycetous yeast-like fungi or black
yeasts, A. pullulans and Exophiala dermatidis, were
frequently detected. Candida species were allocated to
11 different species, namely C. anglica, C. cylindracea,
C. fermentati, C. intermedia, C. natalensis, C. pararug-
osa, C. picinguabensis, C. saitoana, C. sake, C. silvae
and C. solani. Furthermore, two sets of isolates Can-

dida sp. 1 (C-04530) and II (C-04532) did not match
closely enough to any of the sequences present at the
time in the database query. Candida sp. 1 gave only
92.8% similarity to an undescribed Candida sp. and
strain IV 93.9% to Issatchenkia sp. These two isolates
may represent novel Candida or Issatchenkia species
and are being subjected to further characterization.
Basidiomycetous yeasts comprised six different gen-
era: Bulleromyces, Cryptococcus, Filobasidium, Rho-
dotorula, Sporobolomyces and Trichosporon (Table 3).
A wide variety of white, cream and pigmented Crypto-
coccus species were detected in the malting ecosystem.
They were identified as C. albidosimilis, C. curvatus,
C. hungaricus, C. macerans, C. magnus, C. victoriae and
C. wieringae. In addition, four groups of undescribed
Cryptococcus species, indicated as Cryptococcus sp.
I-IV, were found on the basis of D1/D2 sequences.
Cryptococcus sp 1 (VITT C-04545) showed 99.4%

Table 2 Ascomycetous yeasts identified by sequence analysis of the 26S rRNA D1/D2 region

Genera Species VTT Culture Sequence similarity to GeneBank
collection the closest species/strain Account number
number

% bp
Candida C. anglica®, smooth colony type C-04516 100 570/570 DQ377631
C. anglica®, rough colony type C-04517 100 570/570 DQ377632
C. cylindracea C-04529 99.1 568/573 DQ377633
C. fermentati C-04519 100 534/534 DQ377634
C. intermedia C-04520 99.8 518/519 DQ377635
C. natalensis C-04521 100 569/569 DQ377636
C. pararugosa C-04522 100 581/581 DQ377637
C. picinguabensis C-04523 100 488/488 DQ377638
C. saitoana C-04524 100 538/539 DQ377639
C. sake C-04518 100 587/587 DQ377640
C. silvae C-04527 100 541/541 DQ377641
C. solani C-04528 100 568/568 DQ377642
Candida sp. 11 C-04530 92.8 323/348 DQ377643
Candida sp. IV C-04532 93.9 526/560 DQ377644
Clavispora Cl. lusitaniae C-04533 99.8 551/552 DQ377645
Galactomyces G. geotrichumb® nd nd
Geotrichum silvicola C-04559 99.6 559/561 DQ377646
Hanseniaspora H. clermontiae/meyri C-04560 99.8¢ 583/584 DQ377647
H. uvarum C-04561 100 556/556 DQ377648
Issatchenkia L. orientalis C-04562 100 602/602 DQ377649
Pichia P. anomala C-04565 100 573/573 DQ377650
P. fabianii C-04566 100 613/613 DQ377651
P. fermentans C-04567 100 556/556 DQ377652
P. guilliermondii C-04568 100 561/561 DQ377653

Saccharomyces S. exiguous C-04572 99.5 586/589 DQ377654

Williopsis W. californica C-04576 100 632/632 DQ377655

Black yeasts

Aureobasidium A. pullulans D-041013 100 614/614 DQ377656

Exophiala E. dermatidis D-041016 100 617/617 DQ377657

2Two different colony types of C. anglica were deposited in the VTT culture collection although they gave similar DNA-fingerprinting
patterns and identical sequences

b G. geotrichum was identified on the basis of morphology and DNA-fingerprints. Pure cultures, previously isolated and identified from
the industrial malting processes (VIT C-94425 and VTT C-99718), were compared to those isolated in this study

¢ Could not be separated by D1/D2 sequencing
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Table 3 Basidiomycetous yeasts identified by sequence analysis of the 26S rRNA D1/D2 region, VTT Culture Collection number and

GeneBank access number

Genera Species VTT Culture Sequence similarity to GeneBank
collection the closest species/strain Account numbet
number

% bp

Bulleromyces B. albus C-04514 100 632/632 DQ377658
Cryptococcus C. albidosimilis C-04508 99.8 611/612 DQ377659
C. curvatus C-04536 99.9 507/508 DQ377660

C. hungaricus C-04558 98.8 619/629 DQ377661

C. macerans C-04538 99.8 624/625 DQ377662

C. magnus C-04540 99.8 643/644 DQ377663

C. victoriae C-04542 100 489/489 DQ377664

C. wieringae C-04509 100 626/626 DQ377665

Cryptococcus sp.1 C-04545 99.4 618/622 DQ377666

Cryptococcus sp.I1* C-04546 99.8 602/603 DQ377667

C-04547 100 603/603 DQ377668

Cryptococcus sp.I111* C-04548 99.8 628/629 DQ377669

C-04549 99.8 639/640 DQ377670

C-04550 99.8 634/635 DQ377671

C-04551 99.4 637/641 DQ377672

Cryptococcus sp.IV? C-04510 100 532/532 DQ377673

C-04552 100 611/611 DQ377674

C-04553 100 611/611 DQ377675

C-04554 100 611/611 DQ377676

C-04555 100 611/611 DQ377677

C-04556 100 611/611 DQ377678

C-04557 100 611/611 DQ377679

Filobasidium F. globisporum C-04511 99.4 627/631 DQ377680
Rhodotorula R. glutinis C-04513 100 617/617 DQ377681
R. pinicola C-04570 100 626/627 DQ377682

Sporobolomyces S. roseus C-04574 100 604/604 DQ377683
S. ruberrimus C-04573 100 597/597 DQ377684

Trichosporon T. brassicae C-04575 100 626/626 DQ377685

4 Members of the Cryptococcus 1I-1V groups gave several banding patterns with microsatellite primers and strains with distinct finger-

prints have been deposited to VTT culture collection

similarity to Cryptococcus strain CBS 7743 (Gene bank
no. AJ311452), which was closely related to C. nyarr-
owii. These strains were previously isolated from soil
and snow from Antarctica [67]. The D1/D2 sequences
of the Cryptococcus sp. 11 isolates were identical with
those of Cryptococcus yeasts isolated from soil in Aus-
tria (HB946, Genbank no. AJ510201), and for the iso-
lates of the type III the closest relative was another
Cryptococcus HB1052 strain isolated from soil in Aus-
tria (Genbank no AJ510146). The sequence of the
Cryptococcus sp. IV was identical with that of the
strain KCTC 17065 (Genbank no. AF459681) isolated
from flower samples in Korea [33]. Cryptococcus iso-
lates I-IV have been subjected to further phenotypic
and genotypic characterization.

Occurrence of yeasts in the various stages
of the malting process

The species detected in the various stages of the malting
process are summarized in Table 4. Basidiomycetous

yeasts dominated in the yeast community of barley. In
addition they were frequently detected during the first
days of malting. The growth of basidiomycota was
favoured by low temperatures during steeping. Many
species have temperature optima below 20°C [12, 67].
The oxidative basidiomycetous yeasts are common in
plant ecosystems [25, 27]. The attachment of these yeasts
to plant surfaces is attributed to the production of extra-
cellular gums and mucilages, which also protects the
cells from desiccation and other external factors [8]. This
study clearly shows that encapsulated basidiomycetous
yeasts can survive the high temperatures reached during
kilning. Basidiomycetous yeasts also have other survival
properties, such as the ability to compete with other
organisms for nutrients, which could their abundance in
the barley ecosystem [27]. In addition, Cryptococcus,
Rhodotorula and Sporobolomyces generally produce
red, pink and yellow carotenoid pigments, which
enhance tolerance to sunlight and radiation [27]. Yeast
pigments may later be involved in the discoloration of
grains and cereal products.
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The following six basidiomycetous yeasts: C. albi-
dus, Cryptococcus sp. R. glutinis, R. mucilaginosa,
S. roseus and T. beigelii have previously been reported
in the malting process [15, 21, 23, 25, 49, 52, 69]. We
found 11 different Cryptococcus species in the malting
process including four potentially novel species. Cryp-
tococcus species are commonly found in both natural
and man-made ecosystems. Cryptococcus species as
well as Filobasidium globisporum were encountered
especially during steeping and at the beginning of ger-
mination. F. globisporum is also known from plant
material and is often found in weathered leaves [4, 39].
This study showed that Bulleromyces albus (anamorph
Bullera alba), commonly associated with plant ecosys-
tems [4], also survived throughout the malting process.

In agreement with previous investigations [24, 25,
49, 52, 69], the red-pigmented yeasts Rhodotorula and
Sporobolomyces were important members of the malt-
ing ecosystem. Rhodotorula species can be found from
a variety of substrates and environments world-wide
[39]. Sporobolomyces species mainly occur in the phyll-
osphere [5, 20]. R. glutinis was isolated in every malting
sample (Table 4). In addition we detected R. pinicola
in samples from the initial phase of kilning. This spe-
cies was recently isolated from pine twigs [74]. We
detected the presence of two Sporobolomyces species
during malting. S. ruberrimus was isolated at every
stage and S. roseus at the end of germination. We also
isolated one member of the Trichosporon genus during
steeping; T. brassicae, which has previously been
detected from cabbage [39].

In contrast to basidiomycetous yeasts, ascomycetous
species dominated at the end of germination and espe-
cially during the first hours of kilning. We found 20
different ascomycetous yeasts in the samples taken
after 5 h of kilning, whereas only five basidiomycetous
species were detected in the same samples (Table 4).
The occurrence of ascomycetous yeasts was obviously
due to their ability to grow better at the higher temper-
atures prevailing at the end of malting than basidiomy-
cetous yeasts. The predominant yeast species detected
in 37°C cultivations were C. fermentati, C. intermedia,
C. pararugosa, Candida sp 1, CL. lusitaniae, 1. orientalis,
P. fabianii, P. fermentans and P. guilliermondii. Only
two basidiomycetous yeasts, C. curvatus and T. brassi-
cae, were detected in YM-plates cultivated at 37°C.

Candida species were among the most frequently
detected ascomycota throughout the malting process.
This study revealed 13 different species in the malting
ecosystem. Only three different species have previously
been reported from malting processes [25, 49, 52].
C. anglica, C. pararugosa, C. natalensis and C. silvae
were present in every malting stage including the final

malt. The genus Candida is an extremely heterogenous
group of yeasts and is commonly associated with
plants, rotting vegetation, insects which feed on plants,
or with different foods and beverages [39, 41, 54, 58].

This study showed that Clavispora lusitaniae was
part of the malting ecosystem and was detected in sam-
ples derived from germination and kilning. It was fre-
quently isolated from 37°C cultivations. C. lusitaniae
occurs in a wide variety of substrates of plant and ani-
mal origin as well as in industrial wastes and clinical
specimens [39, 42].

Galactomyces geotrichum (anamorph Geotrichum
candidum) was a common isolate in process samples.
In addition to G. geotrichum another Geotrichum spe-
cies, G. silvicola, was isolated from the malt samples
(Table 4). G. geotrichum is generally considered as a
process contaminant and is rarely present in native bar-
ley, but may become one of the dominant fungi during
germination and is often found in kilned products [52].
Douglas and Flannigan [15] reported that increased
aeration during steeping may promote the growth of
Geotrichum. They also reported that contamination
with G. geotrichum led to reduction of the other yeast-
like fungi. Subsequently, G. geotrichum with antifungal
properties has found an application in the malting
industry as a biocontrol agent for prevention of toxi-
genic fungi [6].

Members of the genus Hanseniospora became part
the yeast community at the end of germination and
were detected particularly during the initial phase of
kilning. We detected two different species, H. clermon-
tiae and H. uvarum, which has previously been
reported in the malting process [52]. Furthermore, spe-
cies of Hanseniaspora are common organisms in soil,
various plants and fruits and are particularly associated
with grapes and wine production [27, 53].

Issatchenkia orientalis was isolated from the samples
derived from germination and kilning. It also entered
the final product. I. orientalis is also commonly associ-
ated with various foods such as fruit juice, tea, beer,
bread, dairy products, fermented foods and beverages
[39]. It has often been linked with food and beverage
spoilage and particularly with film formation [53].

The Pichia population during malting was composed
of four species: P. anomala, P. fabianii, P. fermentans
and P. guillliermondii. All of them were detected in
every stage of the process except for P. anomala, which
was isolated only during the first hours of kilning.
Pichia are also an extremely heterogenous group of
yeasts [39]. They are common in both natural and clini-
cal environments and are often found in industrial fer-
mentation processes [3, 39]. P. guilliermondii is often
isolated from insects such as beetles, which are the
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principal vectors for the transportation of yeasts in
plant ecosystems [65]. P. anomala and P. guilliermondii
strains with antagonistic activity have been applied as
biocontrol agents to suppress pre- and post-harvest
fungal diseases [16, 55].

Only one representative of the genus Saccharomy-
ces, S. exiguus was detected during the first hours of kil-
ning. This species is often associated with fresh and
processed vegetables as well as with spoilage of soft
drinks and fruit juices [39]. It is also a common organ-
ism in sour doughs [12]. Williopsis californica was
mainly found in the samples derived from steeping and
germination. This species is widely distributed in
nature, commonly being found in soil, streams, lakes
and plants [39].

Ascomycetous yeast-like fungi were frequently
encountered in the malting ecosystem. A. pullulans was
already present in the indigenous microbial community
of barley, and was also detected in every process step
(Table 4). Several studies have shown that A. pullulans
is a very common organism in pre- and post-harvest
barley samples as well as in the malting process [15, 21,
22,24, 52]. A. pullulans is a ubiquitous saprophyte in
the phyllosphere and is often found in decaying and
damp materials [53, 73]. It has been reported from var-
ious foods, but only rarely linked to food spoilage [53].
It is also a potential biocontrol agent of plant patho-
gens [59].

The other black yeast, E. dermatidis, was detected in
samples derived from steeping, germination and kil-
ning, but not in the native barley. Thus, it can be con-
sidered as a process contaminant. E. dermatidis has a
world-wide distribution and has been isolated espe-
cially from environments with high temperature, high
moisture and low nutrient levels such as bathrooms,
saunas and steam rooms [47]. The cells are protected
by extracellular polysaccharides, which promote their
survival in harsh environments. These properties could
also explain their frequent occurrence in the malting
environment. Although this organism is commonly
found in various man-made environments, its natural
ecological niche is unknown [47].

It is evident that a great number of different yeast
species play a significant role in the industrial malting
ecosystem, and that yeast association with grains may
be more important than previously believed. In this
study nine species were predominant in native barley
and 21 different species formed the prevalent yeast
community in the screened malt. Although only one
cultivar from one crop year was followed throughout
the processing, this study provides a clear indication of
the vast microbial diversity in commercial scale malt-
ing. It is obvious that even more heterogeneity could

@ Springer

be expected due to differences between crops as well as
between industrial practices in different locations.

Production of extracellular hydrolytic enzymes

Malted grains can be considered as packages of
enzymes and nutrients utilized especially in beer pro-
duction. The successful production of malt includes
production of various hydrolytic enzymes and con-
trolled degradation of the grain endosperm structure.
The key component of barley of interest to the brewer
is the starchy endosperm, which represents about 70%
of the total weight [2]. The cell walls of barley contain
70% [1, 3], (1,4)-B-p-glucan, 20% arabinoxylan, 6%
protein, 2% cellulose and small amounts of other com-
ponents [71]. It is now recognised that the microbial
community associated with the grains has a significant
impact on malt enzyme potential. Several studies have
indicated that filamentous fungi present in barley and
in malting produce a wide range of enzymes [22, 23, 35,
50, 56, 61, 72]. Although yeasts are important players in
the malting ecosystem, their contribution to malting
and brewing performance is still not fully understood.
In this study, yeasts and yeast-like fungi isolated from
industrial malting processes were screened for the pro-
duction of amylase, f-glucanase, cellulase and xylan-
ase. To our knowledge this is the first report on enzyme
profiles of yeasts isolated from the malting environ-
ment.

The enzyme profiles were determined using minimal
medium containing 0.5 -1% of substrate as sole carbon
source (Tables5 and 6). All the yeast grew in YNB
supplemented with glucose, which was used as a posi-
tive control. Ascomycetous yeasts in general were not
able to utilise complex polysaccharides as the only
source of energy in the plate-screening assay. An
exception was the yeast-like fungus A. pullulans, which
was an effective degrader of all the substrates tested. In
addition, E. dermatidis hydrolysed both barley B-glu-
can and carboxymethylcellulose. We also found that
G. silvicola (C-04559) degraded cellulose. As shown in
Table 6, basidiomycetous yeasts were active in the pro-
duction of glucanase, cellulase and xylanase. Several
basidiomycetous yeasts also hydrolysed starch. The
most intensive degradation was observed with C. mac-
erans, S. roseus and S. ruberrimus isolates. In addition,
several species exhibited B-glucanase activity. The
most significant producers of B-glucanase were
B. albus, C. macerans, C. magnus, F. globisporum and
R. pinicola. All these species, except R. pinicola, also
showed cellulase activity. Cellulose and xylan degrada-
tion was detected especially among the Cryptococcus
species. Many of these activities are assumed to be
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Table 5 Production of extracellular enzymes by ascomycetous yeasts isolated from an industrial malting ecosystem
Genera Species VTT number Amylase B-Glucanase Cellulase Xylanase
Candida C. anglica C-04516 - - - -
C. anglica C-04517 - - - -
C. cylindracea C-04529 — — — —
C. fermentati C-04519 - - - -
C. intermedia C-04520 - - - -
C. natalensis C-04521 + - — -
C. pararugosa C-04522 - - - -
C. picinguabensis C-04523 - - - -
C. saitoana C-04524 — - - —
C. sake C-04518 — — — —
C. silvae C-04527 - - - -
C. solani C-04528 — — — —
Candida sp 1 C-04530 — — — —
Candida sp 11 C-04532 - — — —
Clavispora C. lusitaniae C-04533 — — — —
Geotrichum G. silvicola C-04559 — — +++ —
Hanseniaspora H. clermontiae. C-04560 - — — —
H. uvarum C-04561 — - — -
Issatchenkia 1. orientalis C-04562 — - — -
Pichia P. anomala C-04565 - - - -
P. fabianii C-04566 — - — -
P. fermentans C-04567 — - — -
P. guilliermondii C-04568 - - - -
Saccharomyces S. exiguus C-04572 — - — -
Williopsis W. californica C-04576 — - — -
Black yeasts
Aureobasidium A. pullulans D-041013 +++ +++ +++ ++
Exophiala E. dermatidis D-041016 — +++ ++ -

+...++ positive result: a clear zone, +++ intensive degradation of the substrate, — negative result: no degradation, + weak production

necessary for the fungi to degrade barley cell wall com-
ponents and to penetrate plant cell walls [22].

In agreement with earlier research [9, 64], this study
shows that yeasts are potential producers of enzymes
degrading plant cell walls. However, some enzyme
activities, especially those of ascomycetous yeasts,
may have been overlooked in the plate screening
method in which the complex carbohydrate is the only
source for energy. Strauss et al. [64] reported that
some ascomycetous yeasts showed cellulase activity
only in the presence of glucose. Horn [34] reported
that growth of the ascomycetous yeast Pichia guillier-
mondii associated with corn was considerably
increased in association with amylolytic filamentous
fungi. In the malting ecosystem complex interactions
with the other microbial groups such as filamentous
fungi and bacteria as well as with the germinating
grain influence the growth and activity of the yeast
community. Yeasts may also be a source of proteolytic
and lipolytic activities. Although these enzymes have
not been as extensively studied as polysaccharide
hydrolysing enzymes, they are known to influence
malt quality. Our further work will include studies on
the microbial contribution to these enzymes.

Conclusions

This study revealed that the indigenous yeast commu-
nity in the industrial malting ecosystem is complex and
consists of a wide variety of ascomycetous and basidio-
mycetous yeasts. Although some minor species may
have been overlooked in this study, the diversity of the
yeast community in barley malting is greater than
expected. Some potentially novel species were found in
the malting ecosystem. Many of the yeasts associated
with barley and malting produced enzymes degrading
plant cell walls, which may contribute to the enzyme
potential of malt, although their significance in indus-
trial malt production needs to be confirmed. Knowl-
edge of the microbial ecology of the malting process
provides a basis for microflora management and under-
standing of the role of microbes in the malting ecosys-
tem.

Acknowledgements The authors are grateful to the staff of malt-
houses for help with the industrial trials. We acknowledge the
technical staff of VTT for their skilful assistance, especially Tarja
Nordenstedt and Merja Salmijirvi for microbiological assistance
and Anne Heikkinen for assistance with the preparation of culture
media. We thank Michael Bailey for critical reading of the

@ Springer



964

J Ind Microbiol Biotechnol (2006) 33:953-966

Table 6 Production of extracellular enzymes by basidiomycetous yeasts isolated from an industrial malting ecosystem

Genera Species VTT number Amylase B-Glucanase Cellulase Xylanase
Bulleromyces B. albus C-04507 +/— +++ +++ +
Cryptococcus C. albidosimilis C-04508 +/— +/— - +
C. curvatus C-04536 - + — +
C. hungaricus C-04558 ++ - - -
C. macerans C-04538 +++ +++ +++ —
C. magnus C-04540 — ++ +++ +
C. victoriae C-04542 - - - +
C. wieringae C-04509 + - +++ +
Cryptococcus sp.1 C-04545 + - +++ -
II C-04546 + - +++ +/—
C-04547 + — +++ +/—
III C-04548 - - +++ +
C-04549 - - +++ +
C-04550 — +/— +++ +
C-04551 - - — -
v C-04510 - - — +
C-04552 - - - +
C-04553 - + — +
C-04554 - - - +
C-04555 - - - +
C-04556 - - - +
C-04557 - - - +
Filobasidium F. globisporum C-04511 - +++ +++ -
Rhodotorula R. glutinis C-04513 — - — -
R. pinicola C-04570 — ++ — —
Sporobolomyces S. roseus C-04574 +++ - - -
S. ruberrimus C-04573 +++ - — -
Trichosporon T. brassicae C-04575 — — — —

+... + + positive result: a clear zone, + + + intensive degradation of the substrate, — negative result: no degradation, + /— weak production
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