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Abstract 
(E)-β-Damascenone (bDam) is one of the most important aroma compounds in foods and in both regular and alcohol-free beers. 
In the present study, the effect of the curing temperature during kilning on the concentration of bDam in malt was monitored, 
as well as during mashing and wort boiling. Two different varieties of malt (spring and winter) were compared. The results 
showed different trends during malt kilning, with an increase in the levels of the aroma compound over time at 78 and 90 °C. 
During mashing and wort boiling, bDam was formed following different trends, this attributed to a balance between formation 
and evaporation. Moreover, malts and worts from winter barley contained more bDam than spring barley. Further research is 
required in order to identify and monitor the precursors of this potent aroma compound. 
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Introduction 

(E)-β-Damascenone (bDam) is widely known in flavour science because of its extremely low orthonasal 
detection threshold of 0.004 μg/L in water [1] or even 0.00075 μg/L in water [2]. Despite being present at very 
low concentrations, it has been demonstrated that it plays a key role in the aroma of several foods as varied as rape 
honey [3], Syrah wine [4] and blackberries [5], where this compound imparts their characteristic pleasant, fruity 
aroma. In beers, fruity aroma has been traditionally related to the presence of esters and alcohols. However, the 
role of bDam must not be underestimated. In Bavarian wheat beers, this compound was reported to have the highest 
OAV besides ethanol [1]. In pale lager and Pilsner, its concentration was 1.6 μg/L [6] and 2.3 μg/L [7], respectively 
and bDam has been previously reported in unhopped wort [8]. However, hops have also been reported as one 
possible source of bDam, where the presence of its precursor, the β-D-glucoside of 3-hydroxy-β-damascone, has 
been previously identified [9]. However, bDam has also been found in barley malt [10]. 

bDam in wort was detected at extremely high level (450 μg/kg wort) [11]. Nonetheless, its concentration 
decreased remarkably after fermentation (7 days at 20 °C), thus leading to a non-detectable final concentration in 
fresh beer in the cited study. However, in the case of alcohol-free beers produced following a cold contact 
fermentation (CCF) procedure, the low fermentation temperature (close to 0 °C) not only limited the formation of 
ethanol, but also limited the reduction of the level of bDam. In our previous study, the concentration of bDam in 
an alcohol-free beer brewed by CCF was 10.4 μg/L, well above its orthonasal detection threshold 0.23 μg/L [12]. 

Because of the high contribution of this compound to the overall aroma of beer, it is essential to understand the 
factors affecting its formation throughout the brewing process. Since it was demonstrated that bDam was formed 
during thermal processes [13], the hypothesis of this study was that the concentration of bDam in malt is affected 
by the kilning temperature, and that kilning at different temperature has an impact on the worts prepared from 
these malts. Consequently, the objectives of the present research were to study the formation of this compound 
during the curing stage of malt kilning from two varieties of barley, as well as to determine its levels at different 
stages of mashing and wort boiling prepared with malts cured at different temperatures. 

Experimental 

Briefly, the green malt from two different varieties (spring variety “Planet” and winter “Etincel”) were kilned 
in a pilot scale micro-malting equipment from Nordon & Cie. (Nancy, France). The samples (650 g) were kilned 
following a temperature gradient: initial temperature of 25 °C, raised to 55 °C over 10 min, then increased to 64 
°C over 45 min, kept for 4 hours and 50 min and then increased to 65 °C over 3 hours and 15 min. After this stage 
(drying stage), the malt was cured isothermally at 65, 78 or 90 °C for 8.4 h. Samples were collected at the beginning 
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of the curing stage, after 4.8 h and at the end of curing. After collection from the micro-malting equipment, the 
rootlets of the grains were removed by manual rubbing, sieved off and the malt stored at -30 °C. 

For the preparation of mash and wort, the final malt samples, i.e., those cured for 8.4 h, were coarsely ground 
using a coffee grinder and sieved through a 355-µm mesh size sieve in order to remove undesired fine particles. 
The ground malt (40 g) was added to 120 mL deionised water at 55 °C (mash). The mash was kept at this 
temperature for 15 min with constant magnetic stirring. Then, the temperature was increased to 63 °C, kept for 40 
min, then raised to 72 °C and kept for another 15 min, and a final step of 78 °C for 20 min. The wort obtained this 
way was filtered through a 1-mm mesh sieve and then boiled for 30 min in an open beaker. Samples were taken at 
the beginning of the 63 °C-step, at the end of the 72 °C-step and after wort boiling. 

Quantification of (E)-β-damascenone 

Malt samples (5 g) were extracted with 25 mL of deionised water at room temperature for 60 min under stirring. 
The malt extracts, as well as the mash and wort, were centrifuged at 5500×g for 15 min at 4 °C. The pH was 
adjusted to 3.0 using 1 M HCl. Aliquots (5 mL) were poured into 20-ml SPME vials containing 1.3 g NaCl. α-
Ionone (5 µL at 5 mg/L in ethanol) was used as internal standard. The vials were incubated at 60 °C for 10 min, 
and then a DVB/Carboxen®/PDMS SPME fibre (65 µm, 2 cm) from Supelco (Bellefonte, PA, USA) was exposed 
for 45 min. The fibre was desorbed in the injection port of the GC in splitless mode at 250 °C for 20 min. The 
instrument used was a 7890A gas chromatograph coupled to a 5975C inert XL EI/CI MSD triple axis mass 
spectroscopy detector from Agilent Technologies (Santa Clara, CA, USA). The carrier gas was helium at 3 
mL/min. A non-polar ZB-5MSi column (30 m, 0.25 mm i.d., 1.0 µm df) from Phenomenex (Torrance, CA, USA) 
was used. Data acquisition was performed in SIM mode, using the ions (first ion for quantification) 121 and 190 
for bDam, and 121 and 192 for α-ionone. Mass spectra were recorded in the EI mode at an ionisation voltage of 
70 eV and source temperature of 230 °C. The experiments were performed in duplicate, and the results were 
expressed in relation to the concentration of the internal standard. 

Statistical analysis 

Duncan’s test for multiple comparisons was applied at a significance level α=0.95 by using the software 
InfoStat 2017, developed by the National University of Córdoba (Córdoba, Argentina). 

Results and discussion 

The effect of curing time on the level of bDam in barley malt at different kilning temperatures (isothermally) 
was studied. Figure 1 shows the concentration of this compound in terms of the ratio of the peak areas of bDam 
and the internal standard. The results show an increase in the amount of bDam in malts kilned at 78 and 90 °C 
over time. At 78 °C the maximum level was reached after 8.4 h curing, whereas at 90 °C the levels stabilised at 
the maximum after 4.8 h, this being not significantly different to the samples kilned for longer time (8.4 h).
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Figure 1: Effect of curing time and temperature (65, 78 and 90 °C) on the formation of (E)-β-damascenone 
during malt kilning for spring (S) and winter (W) barley. Results expressed as µg equivalent of α-ionone per kg 
malt. Significant differences (p<0.05) between curing time within experiments and between experiments at the 
same curing time are represented by lower and uppercase letters, respectively. 
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The results showed a certain degree of variability, especially those samples kilned at 65 °C. The reason behind 
this might be the variability associated with real food matrices. The green malt samples were collected from 
industrial germination boxes and kilned using a pilot-scale oven. Heating in this kind of pilot-scale ovens is not 
completely homogenous and also the hot air employed to process the malt may not be spread equally across the 
samples. The processed malts were placed in aeriated boxes in the oven in different positions, this possibly leading 
to uneven air flow. 

The malts prepared for the first part of this study were used for mashing and the preparation of wort. The 
mixture of malt grains steeped in water is known as mash, whereas the wort is the liquid extract after filtration. In 
order to understand the behaviour of bDam during mashing and wort boiling, different samples were collected at 
the beginning of the mashing process, i.e., before the step at 63 °C, at the end of mashing and at the end of wort 
boiling. Figure 2 shows the levels of bDam throughout the mashing and wort boiling processes. The data showed 
different trends dependent on the variety of barley used. Spring barley malts kilned at 65 and 78 °C showed an 
increasing trend during mashing and wort boiling. However, bDam decreased slightly during mashing and 
increased after wort boiling when using malts kilned at 90 °C. Similar behaviour was observed in malts from 
winter barley, but the differences were larger. For these malts, the concentration after mashing decreased 
significantly and increased to their highest values after wort boiling. These results suggested a balance of loss and 
formation of bDam: this compound was lost during mashing due to evaporation and its formation was not enough 
to result in an overall accumulation. However, the higher temperature applied during wort boiling might lead to a 
formation rate higher than the loss, and also the evaporation of water during boiling could have contributed to an 
increase in the final concentration of bDam. 

With respect to the varieties of barley used in this study, a higher average amount of bDam was found in winter 
barley than in the spring variety. The differences were significant (p<0.05) for both the malts, as well as in the 
worts prepared from those malts. Malts from barley winter contained 57% more bDam than spring barley, on 
average. In the case of the wort, the difference was smaller, around 33% higher. 

bDam is an aroma compound present in a huge variety of foods, mainly of plant origin. It is widely accepted 
that this compound can be formed from the hydrolytic degradation of the carotenoid neoxanthin [14, 15]. These 
authors proposed a formation mechanism via the so-called “grasshopper ketone”. However, this formation route 
in barley has not been confirmed yet, despite neoxanthin being found in barley grains [16, 17]. Little is known 
regarding the role of cultivar on the content of carotenoids in barley grain. Carotenoid content in wheat was found 
to be lower in spring varieties, but this was not proven in barley [18]. Other studies proved that this compound can 
be formed from the enzymatic hydrolysis of the β-D-glucosides of 5-megastigmen-7-yne-3,9-diol and 3-hydroxy-
β-damascone [19]. These precursors have been identified in fruit juice but not in barley. Nonetheless, the theory 
of a glycoside precursor has been supported by results showing an increase in the concentration of bDam in beers 
after the addition of β-glucosidase [11]. 

The formation of bDam in malt and wort was favoured at higher temperatures. This has been observed in other 
foods after heat treatment. For instance, a considerable increase in the concentration of bDam (13.5 times higher) 
has been reported in black tea infusions after sterilisation by heat treatment (121 °C for 10 min) [13]. It is of great 

Figure 2: Levels of (E)-β-damascenone during mashing and wort boiling for spring (S) and winter (W) malts 
kilned at different temperatures (65, 78 and 90 °C). Results expressed as µg equivalent of α-ionone per L wort. 
Significant differences (p<0.05) between samples within experiments and between experiments at the same 
sampling stage are represented by lower and uppercase letters, respectively. 
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importance to understand how process conditions, like temperature, affect the formation of bDam in malt and wort. 
This is even more critical when brewing alcohol-free beers by fermentation at very low temperature (such is the 
case of CCF). The formation of bDam was proven to occur during the thermal degradation of 9’-cis-neoxanthin in 
a model system containing peroxyacetic acid at temperatures from 60 to 90 °C [20]. Moreover, identification of 
precursors and monitoring of their behaviour throughout processing are required in order to elucidate the chemical 
mechanism and the factors that affect its rate of formation. This would help control the amount of bDam in malts 
and beers by monitoring and possibly manipulation of the concentrations of the precursors in the raw materials. 

Conclusion 

bDam was monitored during the curing stage of malt kilning as well as during mashing and wort boiling. 
During curing in kilning, the level of bDam increased over time at the highest curing temperatures (78 and 90 °C), 
with maxima reached after 8.4 h curing at 90 °C. These results demonstrated the great importance of temperature 
and time during malt kilning. The temperature of the malt curing did not have a significant impact on the  levels 
of bDam formed in the subsequent mashing and boiling steps, with different trends for winter and spring barleys. 
On average, malts and worts from winter barley presented significantly higher amounts of bDam than those from 
spring barley (p<0.05). Further research could provide better understanding of the differences related to variety, 
and thus be able to better control the concentration of this powerful aroma compound in the beer. 
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