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Objectives of the current study

Å1) To assess whether postharvest treatment of malting barley 
eliminates subsequent growth of F. graminearumand associated 
production of DON and related mycotoxins during the germination 
process thus improving malting and brewing quality

ïThe ThermoSeedprocess was the primary focus

Å2) To determine if postharvest treatments have negative, neutral 
or positive impacts on malting and brewing quality

ïThe Thermoseedprocess was the primary focus

ïThe impact of water immersion, steam oven or dry heat treatment were 
also assessed for GE and GI



ThermoSeed is effective: Bipolarissorokiniana(Cochliobolus
sativus) infested barley seed, northern Netherlands in April 

ThermoSeedTM

Chemical 

reference

The benefit over untreated 

for heavily Fusarium

infested  lots

ÅThermal 
disinfection

ïsteam 
pasteurization 
tailored to seed 
characteristics

ÅCapacities

ïavailable up to 25 
tons/h

ÅEnvironmentally 
friendly



Materials and Methods
ÅThree barley samples (cv. AAC Synergy) with variable fusariumhead 

blight (FHB) contamination levels were sourced from Manitoba and 
Alberta in 2018

ïThe assistance of 20/20 Seed Labs is graciously acknowledged

Table 1.  Background germination and Fusariumgraminearuminfection levels for three seed 

lots.

Sample Source 

year of 

seed

Province 

of origin

% seed infection 

with Fusarium

graminearum

% seed germination Cereal cold 

stress (Total % 

Vigour)

RE-17-15 2017 Alberta 0 99 -

RE-17-13 2017 Manitoba 1.5 99 98

RE-17-14 2017 Manitoba 11 95 98



Materials and Methods
ÅTwo barley grain samples collected from 

Manitoba 

ïContained low and moderate levels of deoxynivalenol
(DON), DON 3-glucoside, and culmorin

ÅDesignated ά[ƻǿ CI.έ όw9-17-моύ ŀƴŘ άaƻŘŜǊŀǘŜ CI.έ όw9-
17-14)

ÅAll three barley samples exhibited excellent 
germination energy (GE, 4 ml)

ïThe moderately FHB contaminated sample (RE-17-14) 
was moderately pre-germinated as indicated by 
lower RVA viscosity compared to the other two 
samples



Quality parameters of untreated and ThermoSeed-
treated barley with various FHB contamination levels

RE-17-13 RE-17-16 RE-17-14 RE-17-17 RE-17-15 RE-17-18

Not 

treated Treated

Not 

treated Treated

Not 

treated Treated

Moisture (%) 11.4 12.5 14.1 13.1 10.3 11.5

Protein (%,db) 11.5 11.5 12.1 12.5 13.9 14.1

GE(4ml) % 100 99 96 92 100 100

GE (8ml) % 92 95 76 48 100 100

GI 8.5 8.5 8.0 6.2 8.8 7.5

BARLEY

Sample ID

FHB contamination level Low FHB Moderate FHB No FHB



Malting quality parameters of untreated and ThermoSeed-
treated barley with various FHB contamination levels

RE-17-13 RE-17-16 RE-17-14 RE-17-17 RE-17-15 RE-17-18

Not 

treated Treated

Not 

treated Treated

Not 

treated Treated

Rep1 45.9 45.1 46.8 45.2 46.0 45.2

Rep2 44.5 44.6 46.4 45.3 44.3 44.6

Rep1 91.4 90.3 91.3 92.0 89.4 89.5

Rep2 92.4 92.4 94.1 93.4 91.2 92.2

Roots, %db Rep1 4.2 4.3 4.0 3.4 4.5 4.4

Rep2 6.4 6.6 5.6 4.8 7.0 6.9

Malt Moist., % Rep1 5.0 5.3 5.4 5.2 5.1 5.1

Rep2 5.8 5.5 6.3 6.3 7.0 7.4

Friability, % Rep1 83.0 79.4 65.7 64.6 57.4 53.9

Rep2 76.3 75.9 59.6 50.2 52.4 46.8

Malt Protein, % db Rep1 11.7 11.5 12.5 12.6 14.3 14.4

Rep2 11.5 11.6 12.7 12.6 14.3 14.2

DP, o db Rep1 162 164 170 160 218 216

Rep2 160 157 169 162 221 216

ʰπ!ƳȅƭŀǎŜΣ 5¦Σ ŘōRep1 100.1 98.3 90.5 82.7 93.9 100.0

Rep2 98.1 96.6 89.1 82.9 92.4 95.8

Rep1 82.5 82.5 80.6 80.8 79.1 79.2

Rep2 82.9 83.2 81.5 81.3 79.6 79.1

Rep1 4.41 4.53 4.86 4.73 5.11 5.04

Rep2 4.40 4.21 4.92 4.67 4.92 4.69

Rep1 37.8 39.4 38.8 37.4 35.7 35.1

Rep2 38.2 36.4 38.8 37.1 34.5 33.1

Rep1 170 182 185 167 203 200

Rep2 197 196 209 195 213 207

Rep1 1.51 1.73 1.85 1.82 1.54 1.61

Rep2 1.70 1.68 1.96 1.95 1.48 1.46

Rep1 86 85 85 86 79 79

Rep2 127 117 105 101 100 100

Rep1 1.43 1.44 1.44 1.46 1.38 1.38

Rep2 1.46 1.45 1.44 1.46 1.38 1.40

FHB contamination level

Colour, o

ʲπDƭǳŎŀƴΣ ƳƎκ[

Visc., cP

Moderate FHB No FHB

Fine Extract, %

Soluble Protein, %

KI, %

FAN, mg/L

Low FHB

Steep-out Moist, %

Malt Yield, % db

Sample ID

MALT



RahrMalting Sensory Analysis, Shakopee, MN
ÅA sensory analysis was performed using the 

ASBC hot-steep method with 18 panelists 
with 1-2 reads per person

ÅResults indicated there was no sensorial 
difference between hot steep samples from 
the ThermoSeedand untreated samples 
(P> 0.10)

ÅThus, ThermoSeedheat treatment of 
barley did not introduce detectable 
differences in the flavor profile of wort as 
determined by the 18-person trained panel



Concentration of in malt prepared from untreated and 
ThermoSeed-treated barley with various levels of FHB

Sample ID RE-17-13 RE-17-16 RE-17-14 RE-17-17 RE-17-15 RE-17-18

MALT

Not 

treated Treated

Not 

treated Treated

Not 

treated Treated

ppb Rep1 <0.6 <0.6 <0.6 <0.6 <0.6 <0.6

Rep2 <0.6 <0.6 <0.6 <0.6 <0.6 <0.6

ppb Rep1 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0

Rep2 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0

aflatoxin B2 ppb Rep1 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0

Rep2 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0

HT-2 toxin ppb Rep1 <60.0 <60.0 <60.0 <60.0 <60.0 <60.0

Rep2 <60.0 <60.0 <60.0 <60.0 <60.0 <60.0

T-2 toxin ppb Rep1 <30.0 <30.0 <30.0 <30.0 <30.0 <30.0

Rep2 <30.0 <30.0 <30.0 <30.0 <30.0 <30.0

aflatoxin G1 ppb Rep1 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0

Rep2 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0

aflatoxin G2 ppb Rep1 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0

Rep2 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0

15 - acetyl DON

ppb Rep1 <50.0 <50.0 <50.0 <50.0 <50.0 <50.0

Rep2 <50.0 <50.0 <50.0 <50.0 <50.0 <50.0

DON 3 

glucoside ppb Rep1 374 136 786 139 <50.0 <50.0

Rep2 84.4 <50.0 347 182 <50.0 <50.0

nivalenol ppb Rep1 <60.0 <60.0 <60.0 <60.0 <60.0 <60.0

Rep2 <60.0 <60.0 <60.0 <60.0 <60.0 <60.0

deoxynivalenol 

(DON) ppb Rep1 119 <30.0 280 <30.0 <30.0 <30.0

Rep2 <30.0 <30.0 111 94 <30.0 <30.0

zearalenone

ppb Rep1 <20.0 <20.0 <20.0 <20.0 <20.0 <20.0

Rep2 <20.0 <20.0 <20.0 <20.0 <20.0 <20.0

3 - acetyl DON ppb Rep1 <50.0 <50.0 <50.0 <50.0 <50.0 <50.0

Rep2 <50.0 <50.0 <50.0 <50.0 <50.0 <50.0

culmorin ppb Rep1 110 33.8 288 26.6 <5.0 <5.0

Rep2 51.1 5.69 101 55.8 <5.0 <5.0

FHB contamination level

ochratoxin A

aflatoxin B1

Low FHB Moderate FHB No FHB

Sample ID RE-17-13 RE-17-16 RE-17-14 RE-17-17 RE-17-15 RE-17-18

MALT

Not 

treated Treated

Not 

treated Treated

Not 

treated Treated

ppb Rep1 <0.6 <0.6 <0.6 <0.6 <0.6 <0.6

Rep2 <0.6 <0.6 <0.6 <0.6 <0.6 <0.6

ppb Rep1 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0

Rep2 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0

aflatoxin B2 ppb Rep1 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0

Rep2 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0

HT-2 toxin ppb Rep1 <60.0 <60.0 <60.0 <60.0 <60.0 <60.0

Rep2 <60.0 <60.0 <60.0 <60.0 <60.0 <60.0

T-2 toxin ppb Rep1 <30.0 <30.0 <30.0 <30.0 <30.0 <30.0

Rep2 <30.0 <30.0 <30.0 <30.0 <30.0 <30.0

aflatoxin G1 ppb Rep1 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0

Rep2 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0

aflatoxin G2 ppb Rep1 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0

Rep2 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0

15 - acetyl DON

ppb Rep1 <50.0 <50.0 <50.0 <50.0 <50.0 <50.0

Rep2 <50.0 <50.0 <50.0 <50.0 <50.0 <50.0

DON 3 

glucoside ppb Rep1 374 136 786 139 <50.0 <50.0

Rep2 84.4 <50.0 347 182 <50.0 <50.0

nivalenol ppb Rep1 <60.0 <60.0 <60.0 <60.0 <60.0 <60.0

Rep2 <60.0 <60.0 <60.0 <60.0 <60.0 <60.0

deoxynivalenol 

(DON) ppb Rep1 119 <30.0 280 <30.0 <30.0 <30.0

Rep2 <30.0 <30.0 111 94 <30.0 <30.0

zearalenone

ppb Rep1 <20.0 <20.0 <20.0 <20.0 <20.0 <20.0

Rep2 <20.0 <20.0 <20.0 <20.0 <20.0 <20.0

3 - acetyl DON ppb Rep1 <50.0 <50.0 <50.0 <50.0 <50.0 <50.0

Rep2 <50.0 <50.0 <50.0 <50.0 <50.0 <50.0

culmorin ppb Rep1 110 33.8 288 26.6 <5.0 <5.0

Rep2 51.1 5.69 101 55.8 <5.0 <5.0

FHB contamination level

ochratoxin A

aflatoxin B1

Low FHB Moderate FHB No FHB



The effect of ThermoSeedtreatment versus untreated on total Fusariumspp. 

and Fusariumgraminearuminfection levels for three seed lots.

% seed infection with Fusariumspp. % seed infection with Fusariumgraminearum

Sample

Source 

year of 

seed

Province 

of origin Untreated

ThermoSeed 

Treated P>F Untreated

ThermoSeed 

Treated P>F

RE-17-15 2017 Alberta 0.5 0.3 NS 0.0 0.0 NS

RE-17-13 2017 Manitoba 0.8 0.8 NS 0.0 0.0 NS

RE-17-14 2017 Manitoba 5.3 0.5 <0.0001 2.3 0.0 0.0001



The effect of ThermoSeedtreatment versus untreated on total Fusariumspp. and Fusarium

graminearuminfection levels for three seed lots
% seed infection with unidentified 

bacterial species % seed exhibiting no microbial growth

Sample

Source 

year of 

seed

Province 

of origin Untreated

ThermoSeed

Treated P>F Untreated

ThermoSeed

Treated P>F

RE-17-15 2017 Alberta 17 13 NS 9.5 56.3 <0.0001

RE-17-13 2017 Manitoba 39.3 65.8 0.0018 0.3 2.8 0.0701

RE-17-14 2017 Manitoba 57.8 68.3 0.0356 0.0 4.0 0.0013

% seed infection with Alternaria and 

Cladosporiumspp.

Sample

Source 

year of 

seed

Province 

of origin Untreated

ThermoSeed

Treated P>F

RE-17-15 2017 Alberta 72.0 30.8 0.0008

RE-17-13 2017 Manitoba 93.3 73.3 <0.0001

RE-17-14 2017 Manitoba 87.8 62.0 <0.0001



Alternative heat treatment strategies were also 
investigated in the current study

ÅFocused on the Fg-free and the moderately 
Fg-infected grain lots

ÅDifferent temperature and time regimes for 
the following

ïWater immersion, steam oven, and dry heat

ÅOnly assessed the impact on GE and GI (CGC)

ÅGenerally, the water immersion treatments 
less negatively affected the germination index 
(GI) than steam and dry heat treatments



Preliminary conclusions
ÅThermoSeedheat treatment of malting barley 

grain may be a promising process

ïFor lowering the microbial load and the 
concentration of various mycotoxins in malt 
produced from FHB contaminated barley

ÅWhile having no to limited impact on malting quality

ÅHowever, the level of the FHB infection in barley used 
in this study was relatively low

ïFor routinely eradicating F. graminearumfrom 
malting barley grain

ÅWithout impacting germination ability in the malt 
house and end-use quality in the brewhouse


