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Lactobacillus plantarum VTT E-78076 (E76) and Pediococcus pentosaceus VTT E-90390 (E390)
starter cultures were added to the steeping water of normal malting barley in order to balance the
microbial community and to enhance malt processability. In this study, we also investigated the effects
of lactic acid-acidified MRS-spent medium (MRS-LA) on malting performance. Malting trials with five
different two-row barley varieties were carried out in 25 kg pilot scale. The starter cultures promoted
yeast growth during malting and restricted the growth of harmful bacteria and Fusarium fungi.
Furthermore, they had positive effects on malt characteristics. Reduction in wort viscosity and 5-glucan
content and enhanced xylanase and microbial S-glucanase activities were observed. Starter cultures
notably improved lautering performance. Some of the beneficial effects were due to the lactic acid
and low pH, as similar effects were obtained with MRS-LA. Starter cultures offer a tool for tailoring

of malt properties.
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INTRODUCTION

Malted barley (malt) is traditionally used in the production
of alcoholic malt beverages and distilled spirits. Malt is the key
material in brewing, providing all of the nutrients needed for

yeast growth during the fermentation process. Moreover, malt

has great effects on the brewing efficiency and on the
characteristics of the final beer. The production of malt, malting,
is a complex biological process in which the germination of
barley HordeumwulgareL.) leads to the synthesis of hydrolytic
enzymes and degradation of grain structure Barley grains
are naturally colonized by a variety of microbes (2).

that the diverse microbial community greatly influences the
germination process and thereby the quality of the final product.
Depending on the nature and the amount of the microbes, their
effects may be either deleterious or beneficial.

Occasionally, microbes can be responsible for reduced grain
germination. It is well-known that an excess of aerobic microbes
on the wet grain competes with grain tissue for oxyg&roj.
Microbial activity causes changes in cereal carbohydrates, lipids,
and proteins. Uncontrolled degradation of barley components
is often observed as discoloration of kernels and as formation
of off-odors and off-flavors (23). Certain fungi are known to

Therefore, the malting process can be considered as anpg active gushing inducerd@—12). Gushing (spontaneous

ecosystem consisting of two metabolically active groups: the

diverse microbial community and the barley grains. The
indigenous microbial community consists of various types of
bacteria, yeasts, and filamentous fungi, and it will vary in

response to a number of factors including plant species and

variety, climate, location, cultivation, storage conditions, and
transport (2,4—6). Furthermore, malting conditions favor

overfoaming of packaged beer immediately on opening) is a
very complex phenomenon, and it can at least partially be
explained by the secretion of specific gushing factors by fungi
during field conditions, during storage, or during the malting
process (1013—15). In addition, many fungi are capable of
producing toxic metabolites, mycotoxins, which are often very

microbial growth, and each process step can be a source Of_stable compounds and can therefore survive throughout process-

additional microbes and their metabolit@}. (Thus, it is evident
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ing and enter the final producit). Furthermore, microbes can

be involved in poor lautering performance. Some bacteria and
yeasts produce extracellular polysaccharides (EPS) during
malting, and these slimy compounds may cause problems later
during the wort and beer filteratior 7, 18). Walker et al. 19)
reported that dead malt-derived bacteria also had a negative
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effect on the filterability of sweet wort and caused visible haze
in the final beer.

J. Agric. Food Chem., Vol. 54, No. 11, 2006 3841

culture technology based on the useRifizopus oligosporus
was developed with the specific aim of compensating for

Although microbes and their metabolites may have serious deficiencies in malt cell wall modificatior6, 50, 51). Rhizopus

negative impacts during malting and later in the brewing process,

the positive contribution of the microbial community on the
malt characteristics is even more significant. Barley germination
is metabolically regulated by a series of plant growth regulators.
It is well-known that many microbes take part in the production
of metabolites, including plant hormones, which stimulate grain
germination (2,3, 20). Furthermore, microbes significantly
contribute to the malt enzyme potential by being important
producers of amylolytic, proteolytic, and cell wall-degrading

starter culture produced cell wall-degrading enzymes, mainly
fB-glucanase, xylanase, and proteases with beneficial effects on
malt characteristics.

The inoculation stage and composition of starter preparation
are critical with respect to the functions of microbial cultures
in bioprosesses. The indigenous microbial community is rapidly
activated during the first step of malting, steeping. Therefore,
starter cultures are often applied at this sta2@, 43, 51). It
has been shown that whole LAB cultures (cells and spent

enzymesZ, 3, 21). In addition, microbes improve the nutritional medium) are needed for the maximal restriction of harmful
value of malted cereals by degrading antinutritive components microbes, because the antimicrobial effect of LAB is to a large
and also by taking part in the production of health-promoting extent based on the antimicrobial compounds present in the
compounds such as vitamins (223). culture broth, and growth medium also provides beneficial

Malt-derived microbes, especially lactic acid bacteria (LAB) Nulrients for starter strains (282, 37). Therefore, starter
and also certain fungi, offer a potential alternative as natural, CUltures are usually activated in the broth before s $2).
However, very little is known about the effects of cell-free spent

food-grade biocontrol agents. Microbes with antimicrobial ) . ) .
potential can be applied as starter cultures in bioprocesses inmedium of starter cultures on the overall microbial community

which the use of chemical antimicrobials is considered undesir- and malt quality. . . .
able. The success of LAB is due to their ability to improve the ~ Several investigations with LAB have been carried out in
safety, flavor, nutritional value, and structure of the products laboratory scale with artificially and heavily contaminated
(24). Starter technology, in which the barley is inoculated with Material or with barley expected to cause problems in the
well-characterized microbes, has also been introduced in thebréwing process. To our knowledge, comparatively little has
malting industry (25—27). Our earlier studies revealed two Peen reported of their impacts on the normal malting process
potential LAB strains for malting purpose®7, 28): Lactoba- ina larger sca!e. The present investigation was set up to study
cillus plantarumVTT E-78076 (E76)Pediococcus pentosaceus 1N more detail the effects oL. plantarum E76 and P.
VTT E-90390 (E390). These two strains added into the steeping Pentosaceui390 starter cultures on the malting process as yvell
waters of barley restricted the growth of harmful bacteria causing @S On the malt quality of normal malting grade barley. Malting
wort filtration problems and ofFusarium fungi during the ~ €xperiments with five different barley samples of the same
malting process (28—32). The starter cultures have also shownharvest were carried out in 25 kg scale in an automated pilot
their antimicrobial potential in other cereal-based bioprocesses.Malting equipment. We also monitored development of the

Katina et al. 83) successfully utilized.. plantarumE76 and
P. pentosaceug390 in wheat sourdough breads, in which they
notably inhibited rope spoilage caused Bwcillus species.
Furthermore, a combined culture bf plantarumE76 andP.
pentosaceug390 effectively suppressed the growth of clostridia
during the storage of brewers spent graid4)( Several

microbial community during the pilot scale malting process and
the influence of starter cultures on microbial growth during
processing. Furthermore, we investigated the effects of chemi-
cally acidified, unfermented MRS culture broth on the microbial
community and on malt quality.

investigations have been conducted to study the antimicrobial MATERIALS AND METHODS

properties of LAB isolates from barley and malt and their
potential against microbial contaminants in maltird®,(36—

40). The antagonistic action of LAB is based both on competi-
tion for nutrients and space and on the production of various

Lactic Acid Starter Cultures. L. plantarumVTT E-78076 (E76,
isolated from beer) anB. pentosaceusTT E-90390 (E390, isolated
from split barley kernels) were provided by the VTT Culture Collection.
During the experiments, the bacteria were maintained as frozen stock

antimicrobial compounds such as organic acids, hydrogen cultures (Protect Bacterial Preserves, TSC Technical Consultants Ltd.,

peroxide, bacteriocins, and low molecular weight antimicrobial
compounds41). Recently, Lowe and Arend42) reviewed the
potential of LAB in malting and brewing applications. Along
with LAB, certain fungal cultures with antagonistic properties
can be used as biocontrol agents in malti@@eotrichum
candidum, a yeastlike fungus, inhibited fungal growth and
prevented mycotoxin production during malting (2%3).

In addition to their antimicrobial potential, the use of starter
cultures in malting has led to improvements in the physical and
chemical quality of malt. Malt-derived thermophilic LAB have
traditionally been used in the production of biologically acidified
malt, mash, or wort44, 45). In addition to improved micro-
biological stability, biological acidification has contributed to
the technological and organoleptic properties of malt, wort, and
beer (45—48). Our previous studies showed that LAB starter

Lancashire, United Kingdom) at-70 °C. LAB were routinely
propagated twice in MRS broth (Oxoid Ltd., Basingstoke, Hampshire,
United Kingdom) in anaerobic conditions at 3G for 2 days. The
final LAB starter preparation was produced using 1% inoculum and 3
days of incubation at 30C without shaking. The cultures were stored
in a cold room {+4 °C) overnight before adding them into the steeping
water.

Pilot Scale Malting Experiments. Five different two-row barley
varieties (Kymppi, Kustaa, Saana, Tofta, and Mentor) from the same
harvest were malted in pilot scal&dble 1). A total of 17 pilot scale
malting experiments were carried out. Barley samples were analyzed
using the following EBC%3) recommended methods: moisture content
(EBC 3.2), protein content (EBC 3.3.1), germination capacity (EBC
3.5.1), and germination energy (EBC 3.6.2). Before malting, barley
samples were sieved to remove graf#f®.5 mm. For moisture content
analysis, a 1 kggample of barley was packed into a netted fabric bag
and malted along with the batch. The sample was then weighed daily

cultures added into the steeping contributed to malt €NZYME for the moisture content estimation. Batches of 25 kg barley were

potential and to lautering performanc8(29). Bol et al. 49)
reported increaseftglucanase activities when they inoculated

steeped in an automated conical steeping vessel (Inssitiimi, Turku,
Finland) for 2 days at 12C to a moisture level of 4546% with two

unspecified microbes into laboratory scale maltings. Later, starter alternating wet steep periods (8 h each) and two air rests (16 h each).
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Table 1. Basic Characteristics and Microbiological Quality of the bacteria and yeast results are expressed as colony forming units/gram
Barley Samples Malted in 25 kg Pilot Scale Experiments barley (cfu/g).
For Fusariumanalyses, 100 randomly selected kernels were placed
Kymppi  Kustaa ~ Saana Tofta Mentor on a selective Czapek—Dox agar containing Iprodion and Dichloral
barley characteristics (CZID agar) _(54,55). The CZ_ID plates were incubated at‘ZSfor_ 7
moisture (%) 136 12.7 13.4 125 136 days. Other filamentous fungi suchAlernaria spp.,Cephalosporium
protein (% d.w) 11.2 11.5 12.6 11.2 12.0 spp.,Cladosporiunspp.,Drechsleraspp.,Epicoccunspp.,Mucor, and
germination capacity 98 98 100 96 100 Rhizopusspp. were determined on wet filter paper using direct plating
(%?) of 100 kernels §5). Filter paper plates were incubated at’25for 21
germination energy 98 98 9 98 100 days. Fungi were identified under a stereomicroscope on the basis of
(4 mL, %) typical colony form and color. Identification was confirmed by conidia
germination energy 68 85 85 76 90 morphology with a light microscope (magnification 460 The results
(8 mL, %) are expressed as percent of kernels contaminated with fungi.
bacteria and yeasts (cfulg) Malt and Wort Analyses. Congress mashings were carried out
aerobic heterotrophic ~ 3x107  2x10"7 2x107 5x10"7 2x107 according to Analytica EBC53). Both fine and coarse grinding were
bacteria used. Extract content (fine grind, congress mash, EBC 444.2),
Pseudomonas spp. 8x10° 5x10° 2x10° 4x107 3x10° color (visual method, EBC 4.7.2), free amino nitrogen (FAN, EBC
LAB 1x 10i 0 S0 5 10$ 2% 10; 4.10), soluble nitrogen (Kjeldahl method, EBC 4.9.1), wémglucan
yeasts 1x10° 2x10° 3x10° 6x10° 2x10 content (fluorimetric method, EBC 4.16.2), viscosity (EBC 4.8), and
field fungi (kernels contaminated with fungi, %) malt modification (Calcofluor method, EBC 4.14) were carried out
Fusarium 22 7 10 13 12 according to Analytica EBC (53). The filtration rate of the congress
Alternaria 33 53 36 68 61 wort made of coarsely ground malt was determined by measuring the
Cephalosporium 43 9 1 30 13 time needed to collect 300 mL of the filtrate. In addition to conventional
Cladosporium 9 4 13 9 12 - . : - - ) .
Drechslera 1 3 18 0 5 congress mashing, high gravity mashing and the Buichner filtration test

for evaluation of lautering performance were performed as described
by Sjoéholm et al. (56).

Enzyme Activities in Malts. The assay fora-amylase was a
maodification of the Megazyme Ceralpha method (Megazyme CER 6/93)
(57). p-Glucanase activity was analyzed using the Megazyme Azo-
The barley-water ratio was 25 kg:27.5 L. The steeping water was barley glucan method (Megazyme MBG 6/93) (58). An estimate
aerated for 5 min every half hour, and during the air rest, carbon dioxide for ﬂ_glucanase activity of microbial origin was obtained by analyzing
was removed, simulating the industrial steeping procedure. The LAB g-glucanase activity at 66C. The malts-glucanases are inactive at
cultures (120 mL/1 kg barley), including cells and spent medium, were 60 °C and thus contribute only to a minor extent to the measured
added into both steeping waters. To compare the effects of culture brothactivity. The xylanase assay was developed on the basis of the
components and lactic acid on the malt quality, two malting experiments Megazyme Xylazyme AX method (Megazyme XYL 8/94) using an
with Kymppi and Mentor barley were carried out in which a extraction time of 15 min. Sodium acetate buffer (25 mM, pH 4.5)
corresponding volume (120 mL/kg) of chemically acidified, unfer- was used to extract the enzyme. All of the enzyme analyses were carried
mented MRS broth (later referred as MRS-LA) was added into the out in duplicate.
steeping instead of starter culture. Unfermented MRS broth was  Statistical Analysis. The overall effects of.. plantarumE76 and
prepared without glucose and supplemented with 2ohd%actic acid P. pentosaceus390 starter culture treatment were studied with a paired
(BDH Laboratory Supplies, Poole, England). The pH of the MRS-LA samples two-tailed-test. Therefore, the data were paired as samples
was adjusted with NaOH to 3.8, the same pH value as in the starter (Kymppi, Kustaa, Saana, Tofta, and Mentor) before and after starter
cultures. After the steeping, samples were transferred to an automatedreatment. We compared the magnitude of difference between two
pilot germination/kilning unit (designed at VTT Biotechnology) and means in relation to the amount of inherent variability in the data. The
germinated at 14C for 6 days. The percentage of germinated grains differences were considered to be significant wikers 0.05.
was calculated from 150 to 200 kernels daily. The samples were kilned
for 21 h with a stepwise temperature increase from 50 t6@5The RESULTS
moisture content after kilning was approximately 4%. After kilning, o ) ) .
the rootlets were removed in an ejector-feeded grain precleaner Barley Characteristics. Pilot scale malting experiments were
(Kongskilde precleaner KF-12/FRL10, Kongskilde, Denmark). carried out with five different, randomly selected barley

Microbiological Analyses.Samples for the microbiological analyses ~ Varieties, Kymppi, Kustaa, Saana, Tofta, and Mentor, from the
were taken from untreated barley and from barley after steeping, S@me harvestTable 1 shows the basic characteristics and
germination, and kilning (after rootlet removal). The following microbial Microbiological quality of the barley samples prior to malting.
groups were analyzed from homogenized barley samples: aerobicSamples were considered as normal malting grade barley, with
heterotrophic bacteri®seudomonaspp., LAB, and yeasts. A sample  germination energies of 98100%. The indigenous microbial
of 10 g was homogenized for 10 min with 90 mL of sterile saline ina communities of the barley samples consisted of various types
Stomacher Lab Blender 400 (Seward Medical, London, United of microbes. The initial aerobic bacterial count in the native
Kingdom). Aerobic heterotrophic bacteria were determined on plate harley was (2—5) 107 cfu/g. A significant proportion of this
count agar (PCA, Difco Laboratories, Detroit, MI) aRdeudomonas  aerobic heterotrophic bacterial population was composed of
spp. on C-F-C agar (Oxoid Ltd.). Samples were incubated in a_eroblc pseudomonads (2 106—4 x 107 cfu/g). Only low numbers,
gﬂnﬁtg’gsaatio%foré—?’ dzys' Thelnumber of LAiv‘t'as qeterm'nedb_ <50—200 cfu/g, of LAB were found in the indigenous com-

gar (Oxoid), and samples were incubated in anaerobic munity. In addition to bacteria, various types of fungi (yeasts

conditions at 30°C for 5 days. To prevent fungal overgrowth of . - .
bacterial determinations, 0.001% cycloheximide (Sigma Chemical, St. and filamentous fungi) were detected in the barley samples. The

Louis, MO) was added to PCA, C-F-C, and MRS media. Yeast counts Umber of yeasts ranged from>2 10° to 1 x 10* cfulg. The
were determined on YM agar (Difco Laboratories). Samples were MOst frequently detected filamentous fungi belonged to the
incubated in aerobic conditions at 25 for 3-5 days. Chlortetracycline ~ generaFusarium(7—22%), Alternaria (36—68%), Cephalospo-
and chloramphenicol (both at 0.01%) were added to YM medium to fium (1—43%), Cladosporium(4—13%), andDrechslera(0—
prevent bacterial growth. In addition, 0.02% of Triton-X 100 (BDH) 18%). The strorage fungiAspergillusand Penicillium, were
was used to limit the spreading of fungal colonies on YM agar. The not detected in these samples.

2 Germination capacity (hydroperoxide method). ? Germination energy determined
using 4 or 8 mL water for 100 grains.
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Table 2. pH Range in the Steeping Water during the First and Last was 2x _108 cfu/g. after germination and decreased by 2 log
Hour of the Steeping Phase? units during the kilning.
As seen inFigure 1A, the indigenous LAB population in
untreated . .
' the barley samples was low (80 cfu/g) but was activated during
steeping samples L. plantarum  P. pentosaceus ~ MRS-LA f .
phase (n=5 E6(1=5 E30(1=5 (1=2) the steeping phase. It reached a maximum level échig at
the end of germination. Kilning reduced the indigenous LAB

:zigg gﬁg'n”'”g ;:i:;:g 2:2:3:3 3:;:3:5 2:3:3:3 population by 2 log units. The addition of MRS-LA into the
Il steep, beginning ~~ 5.6-6.2 3.9-4.2 41-43 3.9-4.1 steeping water had little effect on the growth of the indigenous
II steep, end 5.8-6.5 41-43 42-43 41-43 LAB population. A slight increase, from & 10? to 3 x 10°
cfu/g, was noticed after the steeping phase. However, 10-fold
a Starter cultures and MRS-LA were added into both steeping waters. less LAB were observed in the MRS-LA samples after germina-

tion than in the untreated samples. MRS-LA treatment probably

lEffECtS of Starter Cultures on the Malting Prlocess.L. reduced the number of acid-sensitikeuconostocspecies in
plantarumE76 or P. pentosaceu&390 starter cultures were . | Ag community. Furthermore, the growth of indigenous

propagated in MRS_broth, and the W.h0|e cultures (!ncluding LAB appeared to be interrelated with the indigenous yeast
cells and spent medium) were added into both steeping waters

level of 120 ka of barl dv the off ; population. MRS-LA addition into the steeping water promoted
at a level o .1.. mL/kg of barley. To study the effects of o yeast growth during germination, and 10-fold higher yeast
chemlcally acidified MRS broth (MRS'!‘A)’ uqferm_ented broth_ counts were determined in the final malt samples after MRS-
wnZout glucose was shupplemented with ?Ct'c acid. Thtz(ljactlc LA addition than in the untreated samples (Figure 1B). The
i tration in t t i t MRS-LA iti :
was 29 mM, corresponding 1o the amount of lactic acid added Jo2 910V was also accelerated by the starter cultigert
. ’ . 1B). Significantly higher yeast counts, over 1 log unit, were
with the starter cultures. The pH of the steeping water was

automatically recorded during the immersion periods. As seen detected after the germinatioR ¢ 0.01) and also in the final
. - .
in Table 2, the addition of starter cultures or MRS-LA notably malt (P < 0.001) when starter cultures were applied. The yeast

o . . community was probably composed of species resistant to LAB
altgreddthe acidity é}lur_lng ?lte?plng. The ?H of the water was antimicrobials. Furthermore, the acidic environment appeared
rL?A :%%iti?n4§nt7theur";gvtaﬁ e';S:aeregg ?rct)frq Sﬁrtgfrgl\g?tsr{e to promote the growth of certain yeast populations such as
end of the’ second sr.)teep In the gmalting ex.perime.nts with Iactate-qtlllzmg yeasts presentin the malting process. In addl_tl_on,

) - . the decline of competitive microflora created more opportunities
untreated barley, the pH of the water remained constant during

the first steeping. pH values of 7.2—7.4 were measured at thefor yeast growth. ) .
beginning and 7.27.2 at the end of this first period. Because ~ Starter cultures, especially. plantarum E76, effectively
of the activation of the indigenous microbial community, lower restricted the growth of aerobic bacteria during steepfigrfe
pH values were recorded in the untreated samples during thelC:D). A statistically significant® < 0.001) 2—3 log unit
second steeping, 5.6—6.2 at the beginning and-6.8 at the reduct!o_n in th_e number of a_eroblc he_terotroph|c bacteria,
end of the second steep. Both starter cultures and MRS-LA COMPrising mainly Gram-negative bacteria such as enterobac-
addition decreased the water uptake by the kernels and delayed€'i@, Was observed after addition bf plantarumE76 or P.
grain germination. After the second steep, the moisture contentPeNtosaceuB390 starter cultures into the steepifgglre 1C).
of the barley was approximately 1% lower in the treated samples Furthermore, starter _cultures greatly |nh|b_|ted growth of_ the
than in the untreated samples. Therefore, it was necessary td”Seudomonapopulation throughout the pilot scale malting
spray extra water on the starter and MRS-LA samples at the 8xPeriments igure 1D). A decrease of 34 log units was
beginning of germination in order to obtain a moisture level of ©PServed during the steeping. The viable counseudomonas
46%. Delayed grain germination was recorded as decreasedPP- &lso remained significantly lower (approximately 1 log unit)
carbon dioxide production during the air rest period and as dur_lng the germination and mth_e kilned ma_llt. The antagonistic
reduced rootlet growth (data not shown). The number of action againsPseudomonaspecies was mainly due to organic
germinated kernels after steeping was approximately 15—20% a<_:|ds and _the redu_ct_lqn of pH, as S|m|Ie_1r results were obtained
lower in starter and MRS-LA-treated samples as compared to With chemically acidified MRS broth (Figure 1D).
the untreated barley samples. However, after 1 day of germina- In addition to bacterial and yeast determinations, malting
tion, 92-98% of kernels were germinated in all of the samples, samples were analyzed for filamentous furi§gure 2 shows
although low steeping and germination temperatures-(12 the Fusarium contamination level in native barley, steeped
°C) were used in this study. barley, and final malt. Although thEusariumcontamination
Effects of Starter Cultures on the Microbial Community in the native barley was low (only-722% of the kernels were
during Pilot Scale Malting. Figure 1 shows the growth of LAB contaminated with fusaria), intensive growth was observed
(A), yeastsB), aerobic heterotrophic bacteri@)( andPseudomo- during the steeping. Approximately 380% higher counts were
nas species (D) during the pilot scale malting. plantarum measured after the steeping. The additioh.oplantarumE76
E76 andP. pentosaceuk390 starter cultures were added into or P. pentosaceus390 notably restricted the growth of fusaria.
the steeping waters at the beginning of both steeping phases af he contamination level decreased to approximately 20% after
a level 1@ cells/g of barley. The determination of LAB counts starter addition. Interestingly, the addition of MRS-LA had a
showed that (2—5) 18 cfu/g were colonized to the steeped similar effect againsFusariumfungi present in barley. The
grains after 2 days of maltindg-{gure 1A). The number oP. steeping water contained only 0.27% of lactic acid, but marked
pentosaceus€390 adhered to the kernels remained constant reduction in theFusarium counts was observed. The main
throughout the malting process, and as a thermophilic organism,population of the two-rowed barley samples consisted- of
it survived better thah. plantarumE76 during the kilning and avenaceunspecies. The growth of this species was obviously
even multiplied during the first hours of kilningrigure 1A). affected by the synergistic effect of lactic acid and sodium
The viable cell count oP. pentosaceug390 in the final malt diacetate, an ingredient present in the commercial MRS broth.
samples was stilt 10° cfu/g. The number of.. plantarumE76 Kilning effectively reduced the viable count of fusaria in all of
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Figure 1. Counts of LAB (A), yeasts (B), aerobic heterotrophic bacteria (C), and Pseudomonas spp. (D) during the pilot scale malting experiments. Black
bars, untreated control samples (n = 5); medium gray bars, L. plantarum E76 added into the steeping waters (n = 5); light gray bars, P. pentosaceus
E390 added into the steeping waters (n = 5); and white bars, MRS-LA solution (pH 3.8) added into the steeping waters (n = 2). The significance levels
in the paired ttest: *P < 0.05, *P < 0.01, and ***P < 0.001. The detection limit in bacterial and yeast determinations was 50 cfu/g (log 1.7 cfu/g).
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Figure 2. Effects of starter cultures (L. plantarum E76 and P. pentosaceus E390) and MRS-LA (unfermented MRS broth, containing 2.5% lactic acid)
added to steeping water on the occurrence of Fusarium fungi during pilot scale maltings. The counts are mean values obtained from five different
individual malting experiments. Two malting experiments were also carried out with MRS-LA. In addition to mean values, minimum (a) and maximum
values (M) are presented.

the samples. In the finished malt samples, approximateli4?bo
of kernels were contaminated usariumfungi.

The antifungal effect of starter cultures was selective against
Fusariumfungi. The growth of other common field fungi such
asAlternaria, CephalosporiumCladosporium, or Drechslera
was not inhibited by the addition of LAB={gure 3A). On the
contrary, a statistically significant increaseAdfernaria fungi

addition of starter culture or MRS-LA into the steeping had no
significant effect on the growth dflucor and Rhizopudungi.
Effects of Starter Cultures on Malt Quality. The effects
of starter cultures on malt quality were studied in detail using
the high gravity mashing procedure in parallel with the
conventional congress mashing proceddr&ble 3). Student’'s
t-test was used to evaluate the difference between the malt
was recorded during the germination whienplantarumE76 analyses of paired observations: untreated malt against starter-
(P < 0.05) orP. pentosaceug390 (P < 0.001) cultures were  treated malt. Although starter addition appeared to retard grain
added into the steeping waters. The common field fungi were germination during the first days of malting, the malt modifica-
not affected by the addition of unfermented MRS-LA. The tion was not significantly affected. By contrast, significantly
Mucoralesfungi such asviucor and Rhizopusdid not belong lower -glucan levels P < 0.05) were detected in congress
to the normal microbial community of barleyigure 3B). worts after L. plantarum E76 addition. The wor{5-glucan
However, they are commonly detected at elevated moisture concentration was approximately 30% lower in starter-treated
conditions, especially during the early hours of kilning. The samples as compared to untreated samples. Furthermore, starter
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Figure 3. Effects of starter cultures (L. plantarum E76 and P. pentosaceus E390) and MRS-LA (unfermented MRS broth, containing 2.5% lactic acid)
added to steeping water on the occurrence of Alternaria, Cephalosporium, Cladosporium, Drechslera (A), Rhizopus, and Mucor (B) fungi during pilot
scale maltings. Black bars, untreated control samples (n = 5); medium gray bars, L. plantarum E76 added into the steeping waters (n = 5); light gray
bars, P. pentosaceus E390 added into the steeping waters (n = 5); and white bars, MRS-LA solution (pH 3.8) added into the steeping waters (n = 2).

malts resulted in notably lower wort viscosity. In the present
study, reduced worf-glucan content and low wort viscosity
correlated well with mash filterability (Table @andFigure 4).
The Blchner filtration test clearly showed that the filterability

detected aftet.. plantarumE76 treatment and approximately

40 U/kg higher activities (< 0.04) afterP. pentosaceus390
treatment as compared to untreated samples. Furthermore, malt
xylanase activity was greatly influenced by the addition of starter

of starter malts was better than that of untreated malts, althoughcultures. A paired sampletest showed that untreated ahd

all of the samples were classified as malt with good filterability.
The filtration test carried out with coarse grinding confirmed
the improved lautering performance with starter malts. Ap-
proximately 10 min less time was needed to collect 300 mL of
congress wort when starter cultures were applieab(e 3).

The starter treatment affected the wort pH. Approximately
0.1 unit reduction in wort pH was recorded in starter-treated
samples as compared to untreated samplasle 3 also shows
the effects ofL. plantarumE76 andP. pentosaceu&390 on
o-amylase,$-glucanase, and xylanase activities in the malt
samples prior to mashing. No profound differences were
observed ina-amylase or endogenoys-glucanase activity

plantarum E76-treated samples differed significantly ®
0.001). The estimated mean difference wa#4 U/kg, which
implied a higher xylanase activity aftdr. plantarum E76
treatment as compared to the untreated sampleblé 3).
Enhanced microbigi-glucanase and xylanase activity detected
in starter samples could partly explain the improved wort
filtration performance (Table 3and Figure 4). Furthermore,
starter treatment during steeping enhanced proteolytic activity
during malting and mashing, which was recorded as higher
soluble and free amino nitrogen levels in worable 3). In
addition, the darker wort color detected in many starter samples
was also due to the increased proteolysis.

between the untreated and the starter samples. However, We also investigated the effects of chemically acidified
significantly higherf-glucanase activities were observed in steeping on malt quality. MRS-LA added into the steeping water
starter malts when the activity measurements were carried outappeared to inhibit grain germination in the beginning of malting
at 60 °C, indicating the presence of microbigiglucanases. more than starter cultures, although the added concentration of
Approximately 60 U/kg higher activitiesP( < 0.01) were LA in steeping water was similar, 0.27%. Despite lower
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Table 3. Effects of L. plantarum E76 and P. pentosaceus E390 Starter Cultures on Malt Quality and Enzyme Potential
mean = SD mean = SD
untreated after E76 after E390
samples treatment treatment
analysis (n=15) (n=05) da = (n=05) d P
congress mashing
extract content, fine grind % 80.0 £0.59 80.5+0.36 -05+0.77 0.203 80.5+0.47 -05+0.88 0.274
pH 5.97+0.04 5.86 + 0.06 0.10 £ 0.05 0.014** 5.87 £ 0.04 0.09 +£0.04 0.009**
color EBC 3505 38x05 -0.26 £0.42 0.235 37£07 -0.14+0.29 0.338
FAN mg/L 170 + 28 191 +22 -21.2+176 0.054* 191+ 26 -21.2+198 0.075
soluble nitrogen mg/L 825+91 899+ 79 —73.6 £50.5 0.031* 898 + 85 —72.4+498 0.031*
p-glucan mg/L 188 + 96 133+ 78 544+413 0.042* 123 £ 41 644717 0.115
viscosity cP 153+0.04 1.48 +0.01 0.046 +0.03 0.027* 1.49 +0.03 0.034 +0.06 0.281
filtration time (coarse grinding, min 87+26 77+£30 10.2+£14.7 0.195 78£30 9.4+14.10 0.210
approximately 300 mL)
modification (Calcofluor) % 95+3 96 +4 -0.6+1.95 0.529 96 +3 -0.8+3.03 0.587
high gravity mashing
extract content (theoretical) % 81.0 £ 0.66 81.4+0.63 -0.4+0.88 0.390 81.6+1.08 -0.56 +1.33 0.386
pH 5.59 +0.03 5.48 £ 0.06 0.11+0.07 0.057 5.50 +0.04 0.09 +0.06 0.058
color EBC 70+06 76%05 -0.6 +0.491 0.279 78+08 -08+0.6 0.000***
FAN mg/L 362 + 66 399 +48 -37+38 0.093 375+ 95 -13+41 0.508
[-glucan mg/L 277 £153 177 + 126 99 + 68 0.063 187 £91 89+ 92 0.149
viscosity cP 2.29+0.06 2.10+0.02 0.18 £0.06 0.002* 2.13+0.02 0.15+ 0.06 0.006*
Biichner filtration, 15 min g 81+10 99+6 -19+5 0.001%* 92+9 -11+9 0.047*
Biichner filtration, 30 min g 103+5 112+ 4 -8+5 0.013* 109 £ 6 —-6+5 0.073
Biichner filtration, 60 min g 110+3 116+4 -5+6 0.108 113+5 -3+7 0.382
Biichner filtration, area gh 91+6 103+ 4 -11+4 0.004** 99+6 -8+5 0.032%
malt enzyme activity

o-amylase Ulg 246 + 66 248 + 62 -1.4+27 0.911 259 + 61 -12.8+25 0.318
[-glucanase (30 °C) endogenous Ulkg 194 + 39 181+ 25 13+26 0.477 189 + 22 5+39 0.795
p-glucanase (60 °C) microbial Ulkg 51+8 114 £39 —63 £ 32 0.012* 93+32 -43+32 0.040*
xylanase Ulkg 104 £ 24 148 + 31 —44 +13 0.001%* 126 + 44 -22+28 0.154

a of = mean difference between the pairs of malt samples before and after starter treatment. ® Two-tailed paired samples t-test; *P < 0.05, **P < 0.01, and ***P < 0.001.
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Figure 4. Effect of L. plantarum E76, P. pentosaceus E390, and MRS-
LA (unfermented MRS broth, containing 2.5% lactic acid) on mash
filterability measured by the Biichner filtration test. Starter cultures and
MRS-LA were added to steeping waters (120 mL/1 kg) of the pilot malting.

endogenoug-glucanase activity and malt modification in MRS-

treatment can be explained by the lactic acid and the low pH,
as the same effects were obtained with MRS-LA treatment.
However, the best filtration performance was observed after
plantarumE76 treatment. Starter samples, especikllyplan-
tarum E76, exhibited higher xylanase acticity than MRS-LA
samples, with a consequent beneficial contribution to lautering
performance.

DISCUSSION

The complex microbial community naturally existing in cereal
grains has a decisive role in the malting ecosystem. As shown
in the present study, the microbial activity during malting has
great impacts on grain germination and thereby on the properties
of the final malt. Our results were also in agreement with the
earlier observations (&, 5—7, 49, 60, 61). Strict control of
the incoming barley lots is vitally important in order to reject
heavily contaminated material prior to malting. However,
malting conditions favor microbial growth and each process step
in the barley to beer chain can be a source of additional microbes
and their metabolite2( 3, 7). Therefore, there is a need for
safe ways to control the microbial community during processing.
The present study confirmed that steeping activated the micro-
bial community present in barley; therefore, this stage can be
considered as the most critical step in the malting process. The

LA samples as compared to the untreated samples, a notablynumber of microbes increased during the germination phase.
lower B-glucan content and wort viscosity were recorded after Although kilning caused a reduction in microbial counts, the

MRS-LA treatment (Table 4). In addition, MRS-LA treatment

number of viable microbes in the finished malt was generally

increased proteolysis recorded as higher soluble and free amindiigher than that in the starting barley. Only about 1—2 log
nitrogen levels. Furthermore, MRS-LA treatment during steeping reduction in the viable counts of yeasts and bacteria was
promoted microbiaB-glucanase and xylanase production and observed during kilning.

led to improved wort filtration Table 4 and Figure 4).

Nowadays, seed—microbial interactions are generally ac-

Therefore, part of the beneficial effects obtained with starter cepted as an integral part of the malting process. Microflora
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Table 4. Effects of MRS-LA Treatment (Lactic Acid-Acidified, basal medium with 2.5% lactic acid (MRS-LA) in order to
Unfermented MRS Broth) on Malt Quality and Enzyme Potential? investigate the effects of spent medium and chemical acidifica-
tion on the malting performance. Biological or chemical

untreated MRS-LA acidification notably altered the steeping conditions and thus
samples treatment affected the grain physiology. The present study indicated that
analysis Kymppi ~ Mentor ~ Kymppi  Mentor low pH during steeping resulted in delayed barley germination
congress mashing and reduced water uptake. However, malt modification and
extract content, % 813 80.0 80.7 80.4 enzyme production were not disturbed. Grain germination as
fine grind well as starter performance are greatly influenced by the steeping
"C’g'lor EBC 2:36 2:22 g:gs 2:23 conditions, especially temperature and gas atmosphere. The
EAN mgll 200 210 217 228 deficiencies in grain germination caused by starter cultures could
soluble nitrogen mglL 887 974 961 1042 be compensated by the temperature and respiratory control
f-glucan mglL 410 130 150 94 during processing. van Campenho@®l) reported thatP.
i('sco.s"y. oP 155 155 143 145 pentosaceuk7230 severely inhibited the acrospire development
iltration time (coarse min 136 96 85 84 L .
grinding, a_nd ;Iowed germmaﬂon, which was recorded as reduced carbon
approximately dioxide production and heat release. However, she showed that
300 mL) starter performance could be improved by respiration control
modification % 94 91 90 88 of barley after the inoculation stag®1). This study also
(Calcofluor) indicated that it is extremely important to monitor and control
high gravity mashing the whole malting ecosystem simultaneously, both microbial
extract content % 82.5 81.1 82.1 81.9 activity and grain germinationl
pH(theoretlcal) 546  NDb 5.45 ND The composition of the microbial community was greatly
color EBC 10 ND 13 ND influenced by the biological and chemical acidification of
FAN mglL 422 457 441 480 steeped barley. In accordance with our previous res2&s20,
B-glucan mglL 490 120 220 120 31), starter cultures restricted the growth of aerobic bacteria,
\é|§003|ty . P 235 228 209 21 which were mainly composed of Gram-negative bacteria such
Uchner filtration, 15min g 76 79 100 81 . A .
Biichner filtration, 30 min g 101 104 112 100 as enterobacteria and pseudomonads. A marked reduction in
Biichner filtration, 60 min g 108 112 117 113 aerobic bacteria was observed throughout the malting process
Buchner filtration, area  gh 75 91 103 93 when starter cultures were applied. The strongest antimicrobial
malt enzyme activity potential was obtained with thie. plantarumE76 strain. The
a-amylase Ug 378 354 426 408 antimicrobial action was partly due to the organic acids and
'B'g'eicdi”‘f::of’so ©) Ukg 167 249 161 146 low pH, as similar effects were obtained using chemically
,B-glucangase (60°C) Ukg 45 60 85 116 acidified MRS_. In ad(.im.on tq organic acids, LAB produced low
microbialc molecular weight antimicrobial compounds}. Pseudomonads
xylanase Ulkg 92 83 113 115 were particularly sensitive to LAB antimicrobialBhe restriction
of aerobic bacteria during steeping can be regarded as advanta-
a Four pilot malting experiments (two untreated and two MRS-LA) were carried geous. Aerobic bacteria are known to be involved in water
out with Kymppi and Mentor barley. ®ND, not determined. ¢ Background level, sensitivity and secondary dormancy, in which the grains do not
45 Ulkg. germinate although they are steeped in optimal conditi8ns (

9). Furthermore, EPS produced by aerobic bacteria during
management during malting should be conducted in such a waymalting may cause filtration problems later in the brewing
that the neutral or beneficial microbes are favored with process 17, 31). Kreisz et al. 18) reported that even small
simultaneous restriction of unwanted microbial populations. amounts of bacterial polysaccharides such as gellan, levan, and
Several studies have demonstrated that bacteria and fungakanthan released from malt or wort contaminants had negative
cultures originating from barley, malt, or brewery environments impacts on wort filtration.
can be used as biocontrol agents in malting. The yeastlike fungus |n addition to aerobic bacteria, LAB comprised a significant
G. candidumthe filamentous funguB. oligosporusand several  part of the microbial community in malting, although present
LAB have been applied in maltin@{—29,43,50,51,62, 63). in low numbers in the native barley. Our results were in line
Our earlier studies revealed two straibsplantarumE76 and  with an earlier observation that steeping activated the growth
P. pentosaceus390 @8-31,37), originating from malting and  of indigenous LAB, although growth in pilot scale was not as
beer, to be suitable starter cultures for maltlng Differences intensive as in industrial scale (7) O’Sullivan et al. reported
between the activities of the two LAB strains were observed, anincrease from 590100 to 16 cfu/g during the 48 h of steeping
which makes individual optimization of the malting process (7). The present study revealed a 10-fold increase of LAB during
necessary for each strain. The different characteristics of thehe pilot steeping, and the maximum®ldu/g was reached at
two strains make them applicable to different types of biopros- the end of germination. The addition of starter cultures obviously
essess. This study clearly showed that the thermopRilic  changed the composition of the indigenous LAB population,
pentosaceusE390 persisted throughout the processing and mainly comprised of euconostospeciesLeuconostoare often
survived better thah. plantarumE76 during the kilning. present in high numbers in the early stages of fermentations

In this study, liquid starter cultures were added into the with plant materials§4). They are relatively sensitive to acidic
steeping process of normal malting barley. Both the cells and conditions, and it has been shown that lactic acid contributes
the spent medium were added into the steeping waters, becaus® the early elimination oLeuconostocspecies in vegetable
not only the extracellular compounds but also the viable cells fermentations&5). Leuconostospecies are capable of produc-
are needed for the maximum antimicrobial acti@s,32). We ing slimy microbial polysaccharides, which may cause severe
also constructed MRS without glucose and supplemented theprocessing and quality problems (168).
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The fungistatic effect of. plantarumE76 andP. pediococcus  of yeasts and yeastlike fungi are frequently observed in the
E390 againsFusariummolds has been demonstrated in several malting process, but the composition and the role of this
laboratory scale experiment2d, 30—32). This pilot scale study  microbial group are still largely unknown. Yeasts belonging to
with five different barley varieties supported our previous the gener&andida,DebaromyceddanseniasporaRhotorula,
findings. The antifungal action of LAB is often due to several SaccharomycesSporobolomycesTorulopsis, andwilliopsis
mechanisms, and it can be partly explained by the production have been detected in the malting proce&s 3, 6). Our
of organic acids. Many LAB are also known to produce specific preliminary studies revealed that yeasts and yeastlike fungi have
antifungal compounds, which are involved in the antimicrobial a significant contribution to the production of cell wall-degrading
action (37,67, 68). Our results indicated that the unfermented enzymes (unpublished data).

MRS broth containing lactic acid (final concentration in the The microbial community and especially fungi have a great
steeping water, 29 mM) restricted the growth of fusaria in pilot influence on malt enzyme potentiah, (21, 49—51, 60, 75—
scale experiments. We have shown that MRS broth alone, 77). This study revealed that by the addition of starter cultures
adjusted with hydrochloric acid to pH 3.8, had no fungistatic it is possible to enhance the production of micropiglucanase
effect 32). MRS broth contains sodium acetate, which may have and xylanase in the normal malting process. Lowe et6) (

a synergistic antifungal effect when combined with lactic acid. added LAB cultures into the steeping and found that all of the
Stiles et al. (69) reported that this basic component of com- piologically acidified malts exhibited high@rglucanase activity
mercial MRS contributed to the antifungal propertieslof  as compared to that in malt produced from untreated barley.
rhamnosusculture. We previously reported thadtusarium They reported that enhanced enzyme potential obtained by
species differed in susceptibility to LAB antimicrobials and that iological acidification can be applied to compensate for reduced
the growth off. avenaceunwas restricted by lactic acid. (32).  enzyme activity when other adjuncts such as unmalted barley
However, lactic acid and low pH even when combined with are used in processing{, 48). In our study malt, endogenous
MRS broth could not inhibit the growth d¥. culmorumor F. B-glucanase activity was not increased by the starter addition.
graminearumfungi (32). On the contrary, we have observed However, significantly higher glucanase activities—40 U/kg,

that a small amount of lactic acid stimulated the germination were observed in starter malts when the activity measurements
of Fusarium culmorunmacroconidia (unpublished data). There- were carried out at 66C, indicating the presence of microbial
fore, the similar antifungal effect detected with starter treatment -glucanases. The endogenous barfeglucanases are heat
and MRS-LA treatment in the pilot scale malting experiments [abile and are inactivated at 6€ and thus contributed only to
can be explained by the presence of sensiiveivenaceum g minor extent to the measured activity (78). In addition, MRS-
species, which have been the most commonly detdaiserium LA treatment promoted the production of microbfiatlucanase.

species in Finnish grain samples in recent ye@@3.(However,  Furthermore, L. plantarum E76 treatment during steeping
Fusariumflora may differ between different crops and locations. - significantly enhanced the production of xylanase. It is well-

Therefore, organic acids alone are not recommended for controlknown that xylanases are mainly produced by microbes,
of the Fusariumcommunity. especially filamentous fung7@). van Campenhou®() reported

The antifungal effect of the studied starter cultures was that approximately 75% of malt xylanase activity was derived
surprisingly selective against fusaria. Other common field fungi from the microbial community and 25% from the grain.
belonging to the generlternaria, CephalosporiumCladospo- Increased growth and activity of yeasts could explain part of
rium, andDrechslerawere not inhibited by the addition of starter  the increased microbial xylanase apfdglucanase activity
cultures. In fact, starter cultures actually promoted the growth detected in starter samples and after MRS-LA treatment.
of Alternaria fungi during the germination. Inhibition of fusaria The enchanced enzyme activities measured in LAB-treated
by starter cultures provided more opportunitiesAfternaria. malts led to more intensive degradation of cell wall polysac-
A corresponding tendency was observed in studies carried outcharides, which was recorded as decregbeglican level and
in the laboratory scale. Haikara et a28f reported that the  wort viscosity and as improved lautering performance. Thereby,
number ofAlternaria, CephalosporiumCladosporium Drec- this study confirmed our previous findings (289, 31). The
slera, andMucorwere slightly higher after steeping when starter - peneficial effects were more pronounced wittplantarume76
cultures were appliedhlternariais known to compete on plants  starter culture. Wort filtration was also positively affected by
with other field fungi such as-usarium,Cladosporium, and  chemical acidification with MRS-LA. In the pilot malts, the
Epicoccum. Several investigators have reported antagonisticmash filterability was considered as good, and areas under the
interactions betweeAlternariaand other field fungi, especially filtration curve were>85 ghrt indicating good filterability §6),
fusaria (5,71, 72). When the number of kernels infected with  pyt starter cultures could still improve the filtration rates and
Fusariumincreases, a concurrent decreaséiternaria con- volumes. Wort separation is often a bottleneck in brewhouse
tamination is observed. MRS-LA treatment had no Signiﬁcant operations’ and poor runoffs cause losses in production (80)
effect on growth of filamentous fungi during the malting, Therefore, good and balanced mash filterability obtained with
although unfermented MRS-LA brought extra nutrients into the starter cultures can be regarded as advantageous. Mash filter-
malting process. ability is a complex phenomenon, affected by many different

This study clearly showed that the yeast population was not factors. The filtration rate is dependent on the complexes formed
inhibited by the starter cultures. On the contrary, yeast growth between proteins and pentosafigylucans, residual starch, and
was stimulated by both the starter and the MRS-LA addition. lipids (81). Furthermore, arabinoxylans contribute to beer
Yeasts are frequently observed in plant-based bioprocesses wittviscosity, foam stability, haze formation, and stabili®2(83).
low pH and low temperature78). They often occur in plant  Improved filtration observed with starter and MRS-LA-treated
fermentations together with LAB, and synergistic interactions samples could also be due to the reduction of slime-forming
between these two microbial groups are utilized in many cereal- bacteria. EPS produced by the malt-derived bacteria and also
based fermentation process@d). Many species belonging to  some yeasts may lead to mash filtration problef¥s {8). The
thegeneraCandida,Hansenula, andPichia have the capacity  effects of starter cultures were more pronounced in the barley
to utlilize organic acids as substrates for growth. High numbers samples showing poor lautering performance due to the presence
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of EPS-producing microbes in barley-containing split kernels
(31). Anderson (84) reported that barley microflora may secrete
flocculents to the surface of the malts, which may influence
the filter bed porosity. Malt batches of the same crop but
showing great variability in filtration may differ in microbial
community; therefore, the amounts of the endogenous floccu-
lants may vary, affecting the porosity of the filter beds. Starter
technology offers a potential to equalize the fluctuations
observed between different malt batches.
The results of this study revealed that LAB and MRS-LA
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(8) Doran, P.; Briggs, D. E. Microbes and grain germinatibrinst.
Brew.1993,99, 165—170.

(9) Kelly, L.; Briggs, D. E. The influence of the grain microflora
on the germinative physiology of barley. Inst. Brew.1992,
98, 395—400.

(10) Amaha, M.; Kitabatake, K. Gushing of beer Brewing Scienge
Pollock, J., Ed.; Academic Press: London, United Kingdom,
1981; Vol. 2, pp 457—489.

(11) Haikara, A. Gushing induced by fungi. Symposium on the
relationship between malt and beBur. Brew. Conv. Monogr.
VI; Brauwelt-Verlag: Nirnberg, 1980; pp 251—259.

treatment tended to darken wort color and to increase the amount (12) Schwarz, P.; Beattie, S.; Casper, H. Relationship between

of soluble and free amino nitrogen in the wort, which were

considered to be a consequence of enhanced proteolysis. Lowe

Fusariuminfestation of barley and the gushing potential of malt
J. Inst. Brew.1996,102, 93-96.

et al. (62) proposed that treatments such as with starters, which (13) Munar, M.; Sebree, B. Gushing—A maltster’s vielvAm. Soc.

inhibit rootlet growth, cause an increase in soluble nitrogen

presumably because nitrogen is not drained away to the roots.

Excessive levels of soluble nitrogen are undesirable as they
might have an impact on foam and haze properties of beers
and as they decrease the microbiological stability of the finished
beer (). However, higher proteolysis in malt is preferred when
larger proportions of starchy adjuncts are used as raw material.

The present study clearly indicated that lactic acid starter
cultures added into the steeping of normal malting grade barley
had a great influence on the microbial community and brewing
performance of malt. Overall, it can be concluded that starter
cultures had many beneficial effects on the malt quality, resulting
in improved economy of the malting and brewing processes.
Well-characterized microbial cultures offer a new tool for
enhancing the antimicrobial potential and other functional
activities in germinated cereals. By using a tailored malting
process, it is possible to produce novel functional ingredients
with the desired combination of valuable properties for the food
and beverage industry.
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