
Four breeding lines emerged as candidates for variety release for craft brewring and distilling. Lines 107.43 and 120.14 exhibited very 
good potential alcohol yield (fine extract), lower FAN sought by craft brewers, but somewhat higher total protein levels than 120.17 and 
117.17. Line 107.43 had lowest S/T and diastatic power sought by the craft beverage industry. Lines 120.14 and 107.43 diverged in 
terms of flavor compounds, with higher farnesene and bisabolene levels in 120 lines (data not shown) associated with woodiness, green 
“vegetativeness”, floral, and herbal citrus aroma and flavor. Terpene levels were generally highest in 120 lines. Line 117.17 showed 
higher nonenol levels associated with ‘cardboard’ in beer, but which are important flavor precursors in whiskey, indicating potentially 

the need for different approaches in evaluating beer and whiskey varietals. Future work is focused on methods for interpreting 

flavor compound differences by variety, including sensory evaluation. 

Results
Results for grain and malt quality among breeding lines were compared with Brewers Association targets 
(BA targets), and Copeland (industry malting standard).

Breeding lines generally exhibited grain quality competitive with Copeland, including low protein, high 
plump, and low pre-sprout damage (Table 3). Some lines exhibited close to or greater than 30% reduction 
in germination from 4ml to 8ml tests, indicating water sensitivity which can impede sprouting during 
malting process. Barley lines varied in malt quality between lines, and compared to Copeland (Table 4). 
Several lines were competitive with Copeland regarding fine extract (alcohol yield potential), and friability, 
with slightly higher levels of beta glucan in breeding lines as compared to Copeland. Altered steep regimes 
improved malt performance in some parameters, and decreased it in others (Tables 4, 5).

Significant flavor compound differences (95% confidence interval) were detected in hot steeped barley by 
growing region as well as by some of the lines/varieties (most notably 107.8; Figures 6, 7). Growing region 
and/or growing conditions (terroir) had an effect on barley flavor, as well as flavor differences between 
some lines. Potential differences in flavor compounds were detected based on breeding line and location 
in unaged whiskey (Figures 8,9). Likely plant-derived compounds driving differences were terpenes (38% 
of variance) and trans-2-nonanol (49% of variance). Plant-derived differences were less prominent than 
distillation conditions, and likely yeast-driven differences. 

Introduction
Craft maltsters, brewers, and distillers want unique barley varieties and reliable end-use data, 
particularly regarding flavor, to serve a growing interest in craft beverages linked to place and grain 
variety. The goals of this project were to evaluate the impact of barley variety on distillate flavor 
compounds, and help farmers cultivate higher value markets. We hypothesized that unique flavors 
exist in the germplasm in the WSU barley breeding program. In 2017, seven breeding lines and three 
named varieties were evaluated for agronomic and end-use characteristics important to maltsters, 
brewers, distillers, and farmers. Lines/varieties were grown on field-scale replicated plots in south 
Puget Sound. These were evaluated for grain quality, malt quality, response to steep regime, and 
were distilled by Sandstone Distillery in Tenino, WA. Hot malt steeps as well as unaged distillate were 
analyzed for flavor compounds at the WSU Wine Science Center.

From Ground to Glass: Evaluation of Unique Barley Varieties for 

Western Washington Craft Malting, Brewing and DistillingWSU Wine 
Science Center

WSU Sustainable 
Seed Systems Lab

South Sound Community 
Farmland Trust
Thurston Conservation 
District
Hidden River Farms
Reisinger Farm

Brian Thompson 
Dallin Houston
OSU Barley World
Hartwick College Center 
for Craft Food-Beverage
Gold Rush Malt LLC

Stephen Bramwell1, Dr. Kevin Murphy2, Dr. Tom Collins3, Layton Ashmore3

Protein (%) Plump (>6/64 %) Germ. (4ml,  %) Germ (8ml, %) RVA

BA Target* < 10.5 > 85% 100 (%) >120

Copeland 9.8 99.1 100 90 202

107.43 10.6 98.9 97 71 201

120.14 10.3 99.1 97 87 176

120.17 10.3 99.6 100 91 140

117.17 10.0 99.0 96 60 165

117.24 10.0 99.1 97 80 160

107.58 10.1 98.7 96 90 180

107.8 9.9 98.4 100 82 200

Havener 10.8 98.1 85 61 169

Muir 9.2 92.1 100 83 128

Materials and Methods
Ten barley breeding lines/named varieties were grown in a randomized complete block design on 
uniform Chehalis silt-loam soil (NRCS 2016) in Montesano, WA in 2017 (Figure 1). Lines/varieties 
grown were 2-row type with low to moderate beta glucan and protein content with potentially good 
malting traits. Soil samples were sent to A&L Laboratory in Portland, OR. Stutzman’s (4-3-2) organic 
chicken manure was applied at 56 lbs N per acre, fields were limed at a rate of 2 tons per acre, and 
barley was seeded at 95 lbs per acre. 

One-thousand pounds unmalted barley of each line was ground and deposited as two 500 lb
replicates into cooker-fermenter reactors at Sandstone Distillery, Tenino, WA. Fermented mash was 
distilled directly from cooker-fermenters used as a pot still (Figure 3). Subsamples of the replicates 
were collected after the second distillation, resulting in 375 ml “low wines” samples. Low wines were 
combined for a third distillation run and one 375 ml subsample was collected prior to barreling. All 
samples were sent to the WSU Wine Science Center in Richland, WA along with 50 ml samples of pre-
fermentation mash (Figure 4). Samples were analyzed for differences among flavor compounds by 
GC/MS and LC/QTOF-MS; the former for volatile compounds, the latter to evaluate flavor precursors 
and compounds associated with mouth feel. Unaged whiskey is not yet analyzed (Figure 5). 
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Grain quality analysis Malt quality analysis

• Grain moisture (%)
• Protein (%)
• Test weight (lbs/bu)
• Plump (% retained on 6/64” 

screen)
• Thins (5/64”)
• Germ. energy (4 ml and 8 ml)
• RVA

• Malt moisture (%)
• Friability (%)
• Fine extract (% DB)
• Wort color (SRM)
• Beta glucan (ppm)
• Soluble protein (%)
• Protein modification or S/T (%)
• Free amino nitrogen (ppm)
• Diastatic power (L)
• Alpha amylase (D.U.)
• pH 

Conclusion
Barley breeding lines suitable for release as craft brewing, malting 
and distilling varieties should:
• Exhibit traditional grain and malt quality performance such as 

high potential alcohol conversion (fine extract), low protein, and 
suitable (>90%) friability;

• Separate from industry malt through lower diastatic power, 
lower free amino (FAN) nitrogen, lower soluble to total protein 
levels (S/T) and; 

• Demonstrate distinct end-use characteristics such as flavor 
compounds. 

Fine extract 

(% DB)

Friability 

(%)

B-Glucan

(ppm)

S/T (%) FAN (mg/L) Diastatic

power (°L.)

BA Targets >80.0 >85 <140 <45 <150 <150

Copeland 81.3 87.5 85 44.4 193 122

107.43 81.5 87.9 95 37.7 155 101

120.14 81.5 86.1 127 44.7 208 102

120.17 80.9 84.4 130 42.4 190 100

117.17 79.5 89.1 99 40.9 151 106

Fine extract 

(% DB)

Friability 

(%)

B-Glucan

(ppm)

S/T (%) FAN (mg/L) Diastatic

power (°L.)

BA Targets >80.0 >85 <140 <45 <150 <150

Copeland 81.9 92 75 49.9 232 131

107.43 82.4 89.2 471 40.8 157 86

120.14 81.7 88.8 195 47.5 217 98

120.17 81.1 89 228 45 202 98

117.17 80.6 92.4 340 40.7 156 94

117.24 78.8 70.9 730 37.5 138 90

107.58 80.3 69.8 483 39.2 164 87

107.8 83.6 70.1 622 41.4 171 76

Havener 89.1 63.8 726 41.9 149 67

Muir 80.3 82.0 216 41.3 153 101
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Figure 6. PLS-DA of LC-QToF data from unmalted barley steeps according to strain/location. 
Steeps and measurements were performed in triplicate. PC1 represents almost 70% of the 
variance in samples and indicates growing location (East vs West of the Cascades). Ellipses 
represent 95% confidence intervals about the centroid.
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Figure 7. PLS-DA plot of LC-QToF data from barley hot water steeps according to strain. Steeps were 

performed in triplicate, as were measurements. Data from strains 107.8, 117.17, and 120.17 represent 

barley grown in both the eastside (Pullman) and west side (Olympia) of Washington State. Ellipses 

represent 95% confidence intervals about the centroid. 

Ethyl trans-4-decenoate
Decanoic acid, ethyl ester
Dodecanoic acid, ethyl ester

Heptadecanoic acid, ethyl ester
Ethyl 9-hexadecenoate

Hexadecanoic acid, ethyl ester

Pentadecanoic acid, ethyl ester

Octanoic acid, ethyl ester

Heptanoic acid, ethyl ester

Ethyl 9-tetradecenoate
(Z)-Ethyl pentadec-9-enoate

Muir

Hanever

107.43

117.17117.24
120.14

120.17

-5

-4

-3

-2

-1

0

1

2

3

4

-4 -3 -2 -1 0 1 2 3 4

F
2

 (
4

0
.5

9
 %

)

F1 (49.28 %)

Biplot (axes F1 and F2: 89.88 %)

Active variables Active observations

Field operations and timing are 
summarized in Table 1 (Figure 2). Grain 
and malt quality analysis (Table 2) was 
completed at the Hartwick College 
Center for Craft Food and Beverage in 
Oneonta, NY. Samples were processed 
in a Custom Laboratory Products 
micro-malter (Milton Keynes, UK). 
Grain and malt quality analysis was 
conducted using methods of the 
American Society of Brewing Chemists 
(http://methods.asbcnet.org/toc.aspx).

Table 2. Grain and malt quality parameters 

Table 1. Field operations for crop production

Figure 8. PCA Biplot of GC-MS analysis of major volatile components of fresh-make whiskies 
made from unmalted barley. Major volatiles consisted mainly of fatty acid ethyl esters which are 
generally associated with fermentation by Saccharomyces cerevisiae. While barley strain 
accounted for most of the variability in the first two principal components, it is impossible to tell 
which esters are derived from barley strain and which are derived from yeast production.
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Active variables Active observations

Figure 9. PCA Biplot of GC-MS analysis of likely plant-derived aroma compounds. These consisted 
mainly of terpenes (farnesene isomers, trans-2-pinanol, linalool) and fatty acid oxidation products 
(trans-2-nonenal, nonanal, decanal). The main driver of varietal differences (PC1, 48.54% of variance) 
appears to be trans-2-nonenal production and farnesene content, with the 120.x strains having more 
farnesene and the 117.x and 107.43 strains producing more trans-2-nonenal.

Table 3. Grain quality analysis Table 4. Malt quality analysis, standard steep regime 

Table 5. Malt quality analysis, steep regime for water sensitivity* 

*Copeland, the set 120.14 & 120.17, and 117.17 received three different steep 
regimes to improve malting performance (steep regime data note shown). 

1Washington State University, Thurston County, Olympia, WA; 2Washington State University, Barley Breeding Program, 
Pullman, WA; 3Washington State University, Wine Science Center, Richland, WA

Figure 3. Combined cooker-fermenter, pot 
still at Sandstone Distillery. 

Figure 5. Future work: Sandstone Distillery 
owners extract aged whiskey at 8 months for 
initial test.

Figure 4. Unaged ‘low wines’ prepared for 
transfer to WSU Wine Science Center

Figure 1. Farmer cooperator Brian 
Thompson inspects the plots at a field day. 
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*Brews Association grain and malt quality targets. See: Malting Barley Characteristics 
for Craft Brewers. 

Impacts of this work include immanent 
release of a barley variety for craft brewing, 

a potential craft distilling barley release, 
commitment of industry funding for 

continued flavor research, and production 
of several hundred acres of craft-beverage-

specific malting barley in western WA.
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