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Fifty barley samples, displaying a range of 0 to 100% kernels infested with Fusarium, were collected
in North Dakota, South Dakota, and Minnesota during the harvest of 1994. Samples were micro-
malted, and the levels of the fungal metabolites, deoxynivalenol and ergosterol, were determined.
Fusarium infestation and the levels of fungal metabolites were evaluated as predictors of gushing in
laboratory trials. Malt samples which were infested with Fusarium or contaminated with the fungal
metabolites exhibited a propensity to gush. However, only the levels of deoxynivalenol and ergosterol
were found to be strongly correlated with the actual amount of gushing observed. This suggests that
their production may parallel that of the component which actual causes gushing, and that screening
barley and malt for these metabolites, may offer a means of reducing gushing problems in the
brewery. Determination of deoxynivalenol is rapid, when it is present, and necessary because of food

safety and malt quality concerns.
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INTRODUCTION

In 1993 and 1994, serious epidemics of Fusarium head blight
occurred on barley produced in Minnesota, North Dakota and
South Dakota. This three state region is the major site for
six-rowed malting barley production in the USA. As Fusarium
head blight of barley is often associated with deleterious effects
on grain and end-product quality there was considerable
concern within the malting and brewing industries.

Fusarium infection during grain development may result in
reduced test weights?. Furthermore numerous species of
Fusarium are also associated with the production of myco-
toxins. Deoxynivalenol (DON) was the predominant myco-
toxin detected on regional barley?®, and was present at levels
up to 60.0 pg/g. DON is water soluble and its concentration is
greatly reduced during steeping?. However, malting conditions
are favourable for rapid microbial and fungal growth® with the
subsequent production of additional DON?'. DON is stable
during kilning and wort boiling, and is largely extracted into
the resultant wort and beer. Infestation with Fusarium and
contamination with DON have been reported to effect malt
quality'*16.1823 and fermentation performance®. The presence
of DON in several samples of commercial beer has been
reported?,

Aside from concerns over grain quality and the presence of
mycotoxins, it is also believed that there is a close relationship
between the Fusarium infestation of barely and the gushing of
beer'-784, While several methods are available for laboratory
evaluation of gushing®'>1%2, they all require several days for
completion and are thus limited by sample throughput. The
actual compound(s) responsible for gushing are unknown, and
Niessen ef a/'* has proposed that the presence of gushing

factors and the risk of gushing might be assessed by determin-
ation of other field fungal contaminants. The objectives of this
study were to determine the relationship between Fusarium
infestation of barley, the presence of fungal metabolites on
barley and malt, and the potential for gushing observed in
barley from the 1994 North American six-rowed barley crop.

EXPERIMENTAL METHODS

Barley. Six hundred and sixty samples of six-rowed malting
barley (~450 g) were collected from farms and local grain
elevators in Minnesota, North Dakota and South Dakota
during 1994 as part of an annual survey of regional crop
quality*. Fifty of these samples were selected for the current
study. The distribution of cultivars collected closely assembled
that of cultivars planted, with Robust being predominant
(>60% of total acreage). Grain quality analysis were per-
formed on single samples following the removal of foreign
matter on a Carter-Day Dockage Tester (Carter-Day Co.,
Minneapolis, MN). Test weight and kernel plumpness were
determined according to standard methods of the American
Society of Brewing Chemists®. Barley moisture was determined
with a Motomco Model 919 Automatic Grain Moisture Tester
(Dickey-John, Auburn, IL). Protein was determined by near
infrared reflectance (NIR) on a Technicon InfraAlyzer 400
(Technicon, Tarrytown, NY). Samples were stored in poly-
ethylene bags at room temperature for approximately eight
weeks prior to malting. The range in quality parameters of the
barley samples is shown in Table 1.

Micro-malting

Malting was conducted according to a modification of the
methods previously described'!. Samples (160 g) were steeped
40 hrs at 16°C, and germinated for 5 days at 16°C and 95%
RH. Kilning was for 24 hrs at 49-85°C.
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TABLE 1 Observed Range in Gushing Potential and Barley and

Malt Quality Parameters

Quality Parameter Range Mean  Median
Gushing (% loss/355 ml bottle) 0.0-40.5 10.5 52
Deoxynivalenol-Barley (ug/g) <0.2-60.0 13.3 7.2
Deoxynivalenol-Malt (ug/g) <0.2-13.0 2.1 1.2
Ergosterol (ug/g) 0.7-74.5 20.3 154
Fusarium (% Infested Kernels) 0-100 79 89
Alternaria (% Infested Kernels) 0-100 68 74
Plump Kernels (%) 44.3-91.1 73.5 76.7
Thin Kernels (%) 1.1-15.3 40 35
Test Weight (Barley) (kg/ht) 52.1-66.2 59.7 60.2
Moisture (Barley) (%) 10.0-15.3 129 12.8
Protein (Barley) (%) 10.1-15.1 12.7 12.8

Mold Counts

The percentage of barely kernels infested with Alrernaria or
Fusarium was determined by direct plating of kernels. Barley
samples were surface sterilized with a 1:10 dilution of bleach
and then rinsed several times with sterile distilled water.
At least 50 kernels were planted on the selective medium
dichloran, chloramphenicol, peptone agar (DCPA; peptone,
15 g; KH,PO,, 1g; MgSO, ¢7H,0, 0.5 g; chloramphenicol,
0.2 g; dichloran (0.2% solution in ethanol), 1 ml; agar, 20 g;
distilled water to 1 liter)’ with incubation at 17-25°C under
constant fluorescent lighting. Molds were enumerated after 5-7
days of incubation with genera identification by conidia mor-
phology and coloration of colonies.

Deoxynivalenol ( DON)

Five grams of ground barely was extracted with 40 ml
acetonitrile/water (84/16)*2! for one hour on a horizontal
shaker. Four ml of the extract was then clarified with a
C-18/alumina (1:3) column. Two ml of the eluent was eva-
porated to dryness with nitrogen at 55°C and derivatized with
100 pl of TMSI-TMCS (99+1) at rcom (emperature. Sub-
sequently 1 ml of isooctane (0.5 ppm mirex) was added to the
derivative solution and back extracted with 1 ml of water. The
isooctane was injected onto a 30 m DBS x 0.25 x 0.25 capillary
column with quantitation by an electron capture detector®®.
For malt samples, the isooctane was injected onto a 30m
AT50x0.25x%0.25 capillary column and quantitation was
based on select ion monitoring (259, 295, 408, 422, 512 m/z)?".

Ergosterol

Ergosterol was extracted from barley and malt samples with
methanol were determined by reverse-phase high performance
liquid chromatography (HPLC) according to a modification of
the method of Jambunathan er al."® as previously described?!.

Gushing Potential

Gushing potential was determined according to the method
of Vaag et al.®. A popular priced American lager was utilized
as the test beer. Replicate extracts (N = 2) of each malt sample
were analyzed, and four bottles of each replicate were evalu-
ated. Positive and negative control malts were included with
each set of analysis. Gushing is reported as the % weight of
beer lost upon opening. Positive control malt was prepared
from a sample of Foster barley grown in North Dakota during
1994. This malt averaged 27% gushing with a coefficient of
variance of 25% across days of analysis The negative control
was a commercial 2-row malt. Gushing was not observed with
the negative control.

Statistical Analysis
With the exception of gushing potential, all analyses were
conducted on data collected from single samples of barley and
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malt. Values for gushing potential used in analyses are the
mean of two replicates. Replicates consisted of two extracts
prepared from each malt sample.

Pearson’s simple correlation coefficients were determined for
each pair of traits using the PROC CORR procedure of the
Statistical Analysis System (SAS)'”. Correlation values were
determined to be different from zero at the P < 0.05 level of
confidence. Stepwise regression was used to determine which
independent variables may contribute to the variation in gush-
ing potential. Independent variables could be included in the
stepwise model if the regression coeflicient for a respective
independent variable was significantly different from zero at
the P <0.05 level of confidence. The PROC STEPWISE pro-
cedure of SAS was used!’.

RESuLTS

Quality parameters of barley and malt samples analyzed as
part of this study are shown in Table I. Deoxynivalenol
(DON) levels of the Barley samples ranged from <0.2 pg/g to
60.0 ug/g DON. When malted the samples displayed levels of
DON ranging from <0.2 ug/g to 13.0 ug/g. On average this
represents 47% of the DON originally present on barley,
although there was considerable variation between samples.
Previous research has demonstrated that DON present in
barely is solubilized during steeping, and the DON present in
malt is largely produced during germination?'.

Speciation of molds present on the samples utilized in the
current study was not performed. However, work conducted
on other regional crop samples in the North Dakota State
University Department of Plant Pathology strongly suggests
that Fusarium graminearium was the predominant species
associated with the 1994 epidemic of Fusarium head blight
(personal communication: Dr Bacilio Salas & Dr Brian
Steffenson). Fusarium graminearium was isolated from 76%
of blighted kernels examined. Fusarium poae and Fusarium
sporotrichiodes were isolated in low frequencies. Fusarium
graminearium was also determined to be the predominant
species present on regional barley samples in 199321,

The relationship between Fusarium infestation of barley and
the gushing of beer is well documented?248!4, Niessen and
coworkers reported that the principal species associated with
gushing in barley and what appeared to be Fusarium
graminearium, with a subordinate role played by Fusarium
avenaceum'®, Haikara reported that beers prepared from malts
containing over 50% of the grain contaminated with Fusarium
showed high evidence of gushing, while beers prepared from
malts with less than 50% of the grain contaminated showed
only a rare tendency to gush®. In the current study only five
samples were free from Fusarium infestation. Malts prepared
from these samples did not induce gushing. Of the remaining
samples all displayed infestation levels of greater than 50%
kernels infected (Table 1), and approximately 80% of the malts
prepared from these samples did induce some gushing. A
significant relationship between the gushing potential of malts
and Fusarium infestation of barely was determined (Table 2).

TABLE 11 Correlation Coefficients Between Gushing Potential and
Barley/Malt Quality Parameters

Deoxynivalenol-Barley (ug/g) 0.74**
Deoxynivalenol-Malt (ug/g) 0.77**
Ergosterol Malt (ug/g) 0.74%*
Fusarium (% Infested Barley Kernels) 0.30*
Alternaria (% Infested Barley Kernels) 0.0¢
Plump Kernels (%) 022
Test Weight (Barley) (kg/hl) 0.54°**
Thin Kernels (%) 0.23
Moisture (Barley) (%) 0.12
Protein (Barley) (%) 0.26

**, *; significant at the P < 0.01 and P < 0.05 levels of probability









