
Classical microbiology

All plates were incubated under aerobic conditions. MRSA plates were also incubated
under anaerobic conditions. TSA plates were incubated at 30°C for 3 days, MRSA plates at
30°C for 3 days and OGYEA plates at 25°C for 5 days. The microbial load of both barley
varieties was found to be comparable, except for the anaerobic incubation of the MRSA
plates. For ENTIP malt, comparable counts were found irrespective of the germination
conditions. In contrast, FRTIP malt showed slightly higher counts on both MRSA and
OGYEA after germination in an ‘open’ box.

Samples inoculated in minimal medium containing arabinoxylans as the major carbon
source were incubated under aerobic conditions at 25°C for 3 days. After incubation, the
concentration of arabinoxylans was determined according to Loosveld et al. (1997) and
expressed relative to the concentration of arabinoxylans in a non-inoculated medium.

Microorganisms derived from malt seem to consume more arabinoxylans in comparison
with microorganisms from barley. Furthermore, malt germinated in an ‘open’ germination
box probably has more xylan-degrading activity in comparison with malt germinated in a
‘closed’ germination box.
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Introduction

Optimisation of malt quality in regard to a
better lautering performance is a critical
factor in the malting and brewing industry.
The presence of microorganisms producing
cell wall hydrolysing enzymes such as
xylanases at different stages of the malting
process is presumed to affect mash
filtration behaviour of the kilned malt.
Therefore, the arabinoxylan degrading
bacterial microflora was characterised in
different industrial malting systems,
generating malt of different quality in
respect of filtration capacity and degree of
modification. Barley samples and kilned
malt samples were plated onto different
agar media as well as inoculated in a
medium containing arabinoxylans, isolated
from barley, as a major carbon source. The
media were analysed for arabinoxylan
consumption and the diversity of the
microflora.
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Methodology

ENTIP and FRTIP barley and malt samples (10
g) were each mixed with 90 mL sterile
physiological water and homogenised with a
Stomacher Lab Blender. Serial dilutions were
plated on Tryptic Soy Agar (TSA), De Man
Rogosa Sharpe Agar (MRSA) and Oxytetracyclin
Glucose Yeast Extract Agar (OGYEA). Following
incubation, total cell counts were determined.
In addition, samples were inoculated in a
minimal medium containing arabinoxylans
isolated from barley as the major carbon
source. More specifically, the medium contained
7.0 g L-1 K2HPO4, 3.0 g L-1 KH2PO4, 0.1 g L-1

MgSO4, 2.0 g L-1 proteose peptone and 5.0 g L-1

arabinoxylans. Media were analysed for
arabinoxylan consumption and microbial
community composition. 16S rRNA gene clone
libraries were generated with the primers 516F
(TCAACTCCCAGTATCCAGTCTG) and 1541R
(AAGGAGGTGATCCAGCCGCA), sequenced and
analysed by BLAST search.

Barley varieties and malting settings

Two Tipple barley varieties, one from an English harvest (ENTIP; 2009) and
one from a French harvest (FRTIP; 2009) were each malted in two different
germination boxes, a ‘closed’ germination box, i.e. one box in a room and an
‘open’ germination box, i.e. six boxes in a room, respectively producing ‘malt
1’ and ‘malt 2’. Kilned malt was analysed according to a modified mashing
procedure (50 g of coarsely milled malt was mashed for 115 minutes at 62°C
with 200 mL water, followed by warm filtration), indicating a slightly better
filtration capacity for malt 2 in comparison with malt 1. Friability (determined
according to Analytica EBC 4.15) was 4.9% (ENTIP) and 2.4% (FRTIP) higher
for malt 2 in comparison with malt 1.

‘Closed’ germination box ‘Open’ germination box

Molecular microbiology

16S rRNA clone libraries were sequenced to assess the microbial community composition
in the different samples inoculated in minimal medium containing arabinoxylans as the
major carbon source. Results of BLAST searches in GenBank, showing the closest match
together with the minimal sequence identity and sequence abundance in the clone library
(both expressed in percentage) are listed below for each of the samples studied.

Different microbial communities were observed for the different samples, representing
strains from 19 bacterial genera. Microbial diversity was found to be low, ranging from 3
(FRTIP barley) to 12 species (FRTIP malt 2). Several of the bacteria found are known to
produce one or several xylanases, according to the Carbohydrate-Active enZYmes
Database (CAZy). Plating of the media on TSA resulted in the isolation of several strains
of these species.

Conclusions

Consumption of arabinoxylans in the minimal media suggests the presence of xylanolytic
microbial populations. Molecular characterisation of the inoculated media revealed the
presence of several bacteria that are known to produce xylanases, including Bacillus
amyloliquefaciens, B. cereus, B. subtilis, B. pumilus, Paenibacillus, Xanthomonas, ....
Isolated cultures of these bacteria will be screened for their enzymatic activity, aiming at
obtaining highly promising isolates that can be introduced into the malting process.
Bacteria producing thermostable xylanase activity have especially great potential in
respect of more efficient wort production and enhanced beer flavour quality, including
flavour stability.
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