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Caminante, son tus huellas 

el camino y nada más; 

Caminante, no hay camino, 

se hace camino al andar. 
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Summary 

Flavor stability has always been of particular interest in the brewing industry. Besides 

the well-known beer oxidation process caused by oxygen, the off-flavor known as 

“sunstruck flavor” may occur if beer is exposed to light without protection. Brown 

bottles and cans prevent the formation of the sunstruck flavor; however, a prestigious 

poll states that people prefer to drink beer filled in white glass bottles. Compositional 

ways to prevent the formation of sunstruck flavor, for example, reduced isomerized 

hop extracts, are available on the market. However, the growing trend towards 

natural products (clean label), the higher costs of protected bottles and reduced 

isomerized products as well as brewing in accordance to the German Purity Law 

motivate the search for other natural products. 

Cereal-based beverages contain substances capable of preventing the formation of 

sunstruck flavor. Polyphenols, such as catechin, epicatechin, and quercitin as well as 

the amino acid tryptophan have been described in the literature as sunstruck flavor 

inhibitors, thus preventing its formation. However, this type of beverage also contains 

substances capable of promoting the formation of sunstruck flavor, sunstruck flavor 

initiators which are riboflavin, cysteine, methionine, phenylalanine and glutathione. 

Therefore, albumin and glutenin fractions, probable sources of those amino acids, 

are also considered to promote the formation of sunstruck flavor. 

Although many ways of preventing of sunstruck flavor have been described, none of 

these deals with the idea of decreasing or increasing the levels of sunstruck flavor 

initiators or inhibitors respectively. Whereas the cereal used in the brewing process 

serves as a source of all sunstruck flavor initiators and inhibitors, the hop product 

only provides polyphenols. Profound knowledge about the content of initiators and 

inhibitors in different raw materials, cereals and malts other than barley as well as 

hop products, is needed to specify the possible natural ways of reducing sunstruck 

flavor in cereal-based beverages. Additionally, the impact of the malting and brewing 

process on the content of initiators and inhibitors is important in order to determine 

the potential of the raw materials employed. 

The content of sunstruck flavor initiators and inhibitors as well as the changes during 

the brewing process are analyzed stepwise and in detail in this work in order to 

establish the necessary background knowledge to reduce the formation of sunstruck 
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flavor in cereal-based beverages. First different commercially available hop products 

were analyzed for their single and total polyphenol content, alpha-acid content as 

well as their potential of developing sunstruck flavor in beer. The results revealed an 

enrichment or depletion of polyphenols and bittering acids during the hop product 

production. The lowest sunstruck flavor perception in beer was found employing 

either tannin extract or spent hop 45.  

Complementary to the analysis of hop products, the content of sunstruck flavor 

initiators and inhibitors during the malting process in different cereals (spelt and 

triticale) was investigated. An increase of the content of initiators cysteine, 

methionine, phenylalanine and those peptides resulting from the degradation of the 

proteins during malting was confirmed, having, therefore, a higher potential of 

develop sunstruck flavor. Also, the majority of the proteins found in the albumin 

fraction increased, and the proteins in the glutenin fraction decreased during malting. 

Finally, the influence of different malting parameters on the content of sunstruck 

flavor initiators and inhibitors was analyzed. Although the lowest content of sunstruck 

flavor initiators was found under lower germination temperatures, shorter germination 

times and lower degrees of steeping (under modified malts) concurrently, the content 

of sunstruck flavor inhibitors is also low under those conditions. For this reason, it can 

be concluded that in order to reduce the formation of sunstruck flavor a compromise 

should be found using under-modified malt (with low content of initiators and 

inhibitors) together with a rich polyphenol hop product (with no humulone content).  

This work evaluates the potential of different raw materials, malting and brewing 

process on modifying the content of sunstruck flavor initiators and inhibitors. 

Furthermore, the results achieved by this work provide a valuable basis for the 

design of light stable cereal-based beverages.  
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Zusammenfassung 
Die Aromastabilität des Bieres ist von jeher von besonderem Interesse in der 

Brauindustrie. Neben dem wohlbekannten, durch Sauerstoff verursachten, 

Oxidationsprozess im Bier kann das Fehlaroma Lichtgeschmack auftreten, falls Bier 

ungeschützt dem Licht ausgesetzt wird. Braunglasflaschen und Dosen verhindern die 

Entstehung von Lichtgeschmack. Indes ergaben Repräsentativ-Umfragen, dass die 

Befragten es bevorzugen, Bier aus Weißglasflaschen zu trinken. Eine weitere 

Möglichkeit zur Vermeidung der Bildung von Lichtgeschmack im Bier bietet die 

Veränderung der Inhaltsstoffzusammensetzung. Zum Beispiel sind Reduzierte Iso-α-

Säure-Extrakte auf dem Markt erhältlich. Allerdings bestärken der steigende Trend 

zur Verwendung von natürlichen Produkten (clean label), die höheren Preise für UV-

geschützte Flaschen und reduzierende isomerisierte Produkte sowie das Brauen 

gemäß dem deutschen Reinheitsgebots die Suche nach natürlichen Alternativen. 

Getreide basierende Getränke enthalten Substanzen, die die Fähigkeit besitzen, der 

Bildung von Lichtgeschmack vorzubeugen. Die Polyphenole Catechin, Epicatechin, 

und Quercitin sowie die Aminosäure Tryptophan werden in der Literatur als 

Lichtgeschmackinhibitoren beschrieben. Jedoch enthalten diese Getränke auch 

Inhaltsstoffe, die die Bildung von Lichtgeschmack fördern können. Diese Substanzen 

sind Riboflavin, Cystein, Methionin, Phenylalanin und Glutathion. Da die Albumin- 

und Glutenin-Fraktionen die mutmaßlichen Quellen dieser Aminosäuren darstellen 

werden sie ebenso als Lichtgeschmack fördernd beschrieben. 

Obwohl viele verschiedene Ansätze zur Vermeidung von Lichtgeschmack 

beschrieben sind, beschäftigt sich keiner mit der Verminderung der Initiatoren 

beziehungsweise der Erhöhung der Inhibitoren. Während Getreide alle bekannten 

Lichtgeschmackinitiatoren und –inhibitoren in den Brauprozess einbringen, 

beinhalten die eingesetzten Hopfenprodukten einzig Polyphenole.  

Es wird ein umfassendes Wissen über den Gehalt an Initiatoren und Inhibitoren in 

Getreiden, Malzen und Hopfenprodukten benötigt. Damit können die möglichen 

natürlichen Wege zur Verminderung von Lichtgeschmack in Getränken auf 

Getreidebasis aufgedeckt werden. Des Weiteren ist es wichtig den Einfluss des 

Mälzungs- und Brauprozesses auf den Gehalt an Initiatoren und Inhibitoren zu 

betrachten um das Potential eingesetzter Rohstoffe zu erfassen.  
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In dieser Arbeit werden die Gehalte an Lichtgeschmackinitiatoren und –inhibitoren in 

Braurohstoffen sowie deren Veränderungen im Mälzungs- und Brauprozess im Detail 

analysiert. Dadurch wird das benötigte umfassende Hintergrundwissen zur 

Verminderung der Lichtgeschmackbildung in Getränken auf Getreidebasis 

geschaffen. Es wurden verschiedene kommerziell erhältliche Hopfenprodukte auf 

ihre einzelnen Polyphenole, den Gesamtpolyphenolgehalt, den alpha-Säuren Gehalt 

sowie deren Potential zur Bildung von Lichtgeschmack in Bier untersucht. Die 

Ergebnisse zeigten auf, dass im Herstellungsprozess unterschiedlicher 

Hopfenprodukte eine An- bzw. Abreicherung von Bittersäuren und Polyphenolen 

stattfindet. Die geringste sensorische Lichtgeschmackwahrnehmung im Bier wurde 

bei dem Einsatz von entweder Tannin Extrakt oder Hopfentreber 45 erzielt. 

In Ergänzung zur Untersuchung der Hopfenprodukte wurde der Gehalt an 

Lichtgeschmackinitiatoren und –inhibitoren während des Mälzungsprozesses der 

Getreidearten Dinkel und Triticale analysiert. Es konnte bestätigt werden, dass 

während der Mälzung der Gehalt an den Initiatoren Cystein, Methionin, Phenylalanin 

und anderer aus dem Proteinabbau resultierender Peptide erhöht wird. Somit steigt 

das Potential zur Bildung von Lichtgeschmack durch den Mälzungsprozess. Ebenso 

führt der Mälzungsprozess zu einem Anstieg an Proteinen der Albuminfraktion 

während der Proteingehalt der Gluteninfraktion abnimmt. Abschließend wurde der 

Einfluss der unterschiedlichen Mälzungsparameter auf den Gehalt an 

Lichtgeschmackinitiatoren und –inhibitoren untersucht. Der niedrigste Gehalt an 

Lichtgeschmackinitiatoren wurde mit niedrigen Keimtemperaturen, kürzeren 

Keimzeiten und niedrigeren Weichgraden (unterlöstes Malz) erzielt. Dies führte 

allerdings gleichzeitig zu einem niedrigen Gehalt an Lichtgeschmackinhibitoren. 

Daraus ergibt sich, dass der Einsatz von unterlöstem Malz in Verbindung mit einem 

polyphenolreichen Hopfenprodukt (keine Humulone) die Bildung von Lichtgeschmack 

vermindert. 

Die vorgelegte Arbeit zeigt das Potential eingesetzter Rohstoffe, der Mälzung und 

des Brauprozesses zur Beeinflussung der Gehalte an Lichtgeschmackinitiatoren und 

–inhibitoren auf. Des Weiteren dient sie als Grundlage zur Entwicklung von 

lichtstabilen Getränken auf Getreidebasis. 
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1. Introduction 

1.1. Sunstruck Flavor 

1.1.1. First Sights 

Flavor stability has always been of particular interest in the brewing industry. Besides 

the well-known beer oxidation process caused by oxygen, the off-flavor known as 

“sunstruck flavor” may occur if beer is exposed to light without protection. This off-

flavor, detected as early as 1875 by Lintner [1], is described as having meaty, sulfury 

and skunky-foxy notes. 

All fermented non-distilled beverages suffer from light-induced development of off-

flavors and deterioration of the product [2]. The development of a specific off-flavor 

during exposure to light has been also described in wine [3, 4] and dairy products [5-

7], being described as “skunky”, cooked cabbage and onion-garlic in wine and burnt-

feather in dairy products. 

1.1.2. 3-Methyl-2-butene-1-thiol as an Aroma Active Compound 

Trying to explain the formation process of the sunstruck flavor, Gray et al. [8] 

discovered that cysteine and sulfites increase the tendency toward the development 

of a "sunstruck" flavor. They determined that  the flavor is due to a sort of mercaptan 

because while mercaptan is scarcely detectable in fresh beer, it develops parallel 

with the occurrence of the sunstruck flavor [9]. Kuroiwa and Hashimoto [9] and 

Kuroiwa et al. [10] suggested the aroma active compound 3-methyl-2-butene-1-thiol 

as the key compound responsible for sunstruck flavor. They have shown that 

photolysis with visible light (up to 500 nm) of solutions containing a mixture of 

riboflavin, isohumulones, ascorbic acid, and sulfur-containing amino acids produces 

3-methylbut-2-ene-1-thiol, the compound believed to be largely responsible for the 

offending flavor and odor [11]. 

Not until 1978, 3-methyl-2-butene-1-thiol was identified by Gunst and Verzele using 

the head space Gas Chromatography analysis and Flame Photometry Detection [12]. 

They described the photolysis of iso-α-acids in the presence of a thiol donor leading 

to 3-methyl-2-butenethiol [12]. 3-Methyl-2-buten-1-thiol, with an aroma threshold of 

0.2–0.4 ng/L in water [12] and of 4–35 ng/L [13] in beer, is considered to be one of 

the most important aroma active compounds. Under exposure to sunlight 0.1–1 µg/L 

of the thiol can be generated [12,14,15]. It should be noted that the light-struck flavor 
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is developed from iso-α-acids and is clearly detectable (odor and taste) without 

noticeable degradation of the iso-α-acids due to their low threshold level [16]. A 

simple calculation shows that, in a beer having a concentration of 20 ppm iso-α-

acids, formation of 1 ppt 3-methyl-2-butene-1-thiol corresponds to a yield of only    

10-5 % [16]. Sakuma [15] proposed that when beer is exposed to sunlight, 

isohumulones decompose to the 3-methyl-2-butenyl radical, and sulfur-containing 

amino acids and protein decompose to the SH radical in riboflavin-photosynthesized 

reactions. Both radicals then combine to form 3-methyl-2-butene-1-thiol [15]. 

1.1.3. 3-Methyl-2-butene-1-thiol Initiators 

The Japanese researchers Kuroiwa et al. [10] described the effective wave length as 

being in the range of about 500 to 350 nm.  Although, problematic to the iso-α-acids 

is their pronounced light sensitivity [17], isohumulones show absorption bands with a 

maximum of around 250–255 nm (shoulder around 270–280 nm) [18, 19] and are 

fully transparent at those wavelengths, and riboflavin is the only light-absorbing 

species [18, 20]. Therefore, photo-reactivity can only occur via the intervention of 

riboflavin [21]. Moreover, it has been found that the concentration of 3-methyl-2-

butene-1-thiol increases linearly with an increase in riboflavin concentration [19, 22]. 

Riboflavin, present in several hundreds of micrograms per liter beer [23], shows 

maximum absorption at 375 nm and at 445 nm [24], and under visible-light 

irradiation, it may be excited to the first excited state and then undergo intersystem 

crossing, ISC, to a triplet-excited state  (3RF*) [25]. According to Muller [26], the light-

induced loss of color of riboflavin in solution is due to the photochemical reduction of 

the riboflavin [22]. The excited riboflavin is able to extract electrons from electron-rich 

substances such as proteins that may also be in solution [22, 26]. However, while 

many reviews have focused on riboflavin to the exclusion of other flavins, it is 

important to note that flavin compounds in beer consist of free riboflavin, flavin 

mononucleotide (FMN), flavin adenine dinucleotide (FAD) and flavoproteins. Since 

they all undergo similar degradation by light, it is conceivable that any or all of them 

may take part in the formation of the sunstruck character [27]. 

Both sulfur containing amino acids, cysteine [3, 15, 27-29] and methionine [3, 5, 13, 

15, 29] were also identified in the formation of the sunstruck flavor. Sulfur-containing 

amino acids and, by extension, also sulfur-containing polypeptides and proteins are 

prone to undergo photo-oxidation caused by visible light in the presence of riboflavin 
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or other flavin derivatives [21] and serve as a sulfur source for the development of the 

sunstruck flavor, even accelerating its formation.   

Kuroiwa et al. [10] experimented with beer proteins dialyzed and fractionated 

according to its solubility and indicated that the donor molecules are of both high and 

low molecular weight; thus proteins, polypeptides and free amino acids may all 

participate in the sunstruck reaction to some degree [27]. They also studied the 

evolution of hydrogen sulfide (a sunstruck flavor indicator) from these fractions in the 

presence of riboflavin after exposure to sunlight and found that the alcohol-soluble 

fraction (gliadin) was not responsible for the evolution of hydrogen sulfide, but the 

water (albumin) and alkali (glutenin) soluble fractions were. Templar stated that 3-

methyl-2-butene-1-thiol is formed from H2S only when the medium is highly reduced 

[27]. For example, Sakuma et al. [15] proved that, when high concentrations 

(>50 mg/L) of ascorbic acid were present, H2S in addition to iso-α-acids and riboflavin 

contribute to 3-methyl-2-butene-1-thiol formation. Therefore, in commercial beers the 

reduction of H2S to form the SH radical may be less significant than the 

decomposition of sulfur-containing amino acids or proteins [27]. 

Amino acids such as cysteine do not directly absorb visible light, but, clearly, triple-

excited flavins may interact with sulfur-containing amino acids (and derivatives) via 

electron abstraction [30], thus furnishing the corresponding sulfur-centered radicals 

[21, 28]. Moreover, the photo-reduced stage of riboflavin has no influence on the 

photochemical evolution of hydrogen sulfide from sulfur-containing compounds [10].  

1.1.4. 3-Methyl-2-butene-1-thiol Reaction Pathway 

Kuroiwa et al. [10] already proposed that the photochemical sensitization of riboflavin 

was considered indispensable for the formation of 3-methyl-2-butene-1-thiol from 

isohumulones and from sulfur-containing amino acids or protein [15]. However, 

Huvaere et al. [18] were the first to determine the reaction products formed on the 

photo-oxidation of isohumulones and described the complete reaction of the 

formation of 3-methyl-2-butene-1-thiol. 

Riboflavin is excited to a singlet electronic energy state, followed by the transition to a 

triplet energy state, in which it has a strong affinity for electrons and hydrogen ions 

[19, 22]. 
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Consequently, sensitized irradiation of iso-α-acids induces an electron transfer from 

the ionized tricarbonyl group of isohumulones to the riboflavin triplet energy state 

leading to the formation of reactive triacylmethyl radicals [19]. Stabilization pathways 

for these species may include inter- or intra-molecular hydrogen abstraction [31]. The 

activation of the iso-α-acids with UV light Ieads to bond cleavage by α Norrish Type I 

reaction, in turn leading to a ketyl-acyl radical pair [32]. Here, the side-chain of 

isohumulones at carbon 4 of its five-membered ring, namely the 4-methyl-3-

pentenoyl group, is first produced photochemically, and then photo-degraded to a 

minute amount of 3-methyl-2-butenyl radical [9], the main precursor of 3-methyl-2-

butene-1-thiol in the presence of a suitable sulfur source [19, 33]. Thiol-containing 

substrates such as sulfur-rich proteins derived from barley (Hordeum vulgare L.) malt 

or low molecular-weight sulfur-containing compounds, including cysteine, originally 

present in the cereal-based beverage and in the malted barley [4, 34], Iead to the 

formation of sulfhydryl radicals [19, 28].  Figure 1.1 shows the formation pathway of 

3-methyl-2-butene-1-thiol due to the photo-oxidation of isohumulones by riboflavin. 

The three iso-α-acid analogues have been described to have different UV absorption 

profiles, and hence extinction coefficients; these differences are reported to be 

minimal at 270 nm [35-38]. However, trans-isohumulones have been reported to be 

less stable than cis-isohumulones [39, 40]. It has been demonstrated that trans-

isohumulones are readily degraded during beer-aging by oxidative and 

photochemical processes, while cis-isohumulones seem to better resist oxidative 

degradation [32, 40-42]. 
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Figure 1.1: Photo-oxidation of isohumulones by riboflavin [19]. RF: Riboflavin, 3RF*: 

Riboflavin triplet energy state 

 

1.1.5. Other Aroma Compounds Responsible for the Sunstruck Flavor 

The results of Gunst and Verzele [12] showed that after synthesis and appropriate 

dilution of 3-methyl-2-butene-1-thiol the smell was similar but not identical to beer 

exposed to light. Therefore, it was assumed that also other compounds are 

responsible for the overall aroma impression of the sunstruck flavor in beer. The 

flavor of sunstruck beer does not arise solely from 3-methyl-2-buten-1-thiol, although 

it is the major impact character [27]. This fact was approved later on by other authors 

who identified more aroma active compounds involved in the perception of the 

sunstruck flavor in beer. Haboucha and Masschelein [43] and Kattein et al. [14] 

stated that the increase of methanethiol, during exposure to light, contributed to this 

flavor difference observed. Methional also contributes to the flavor [27, 44]. 

Komarek et al. [13] analyzed pilsner and pale ale beer before and after exposure to 

sun-light using Aroma Extract Dilution Analysis (AEDA). Besides 3-methyl-2-buten-1-

thiol, other substances such as 3-(methylthio)-propanal, phenylacetaldehyde, 2-
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methylpropanal, 3-methylbutanal, methanethiol, and an unknown compound with a 

sulfury odor note were detected in the beers exposed to light. Moreover, a recent 

study [45] described in illuminated beer an increased content of these substances as 

well as of methanthiol. These authors also identified methionine and phenylalanine 

as precursors of 3-(methylthio)-propanal and phenylacetaldehyde, respectively. Also 

Wainwright et al. [46] described 3-(methylthio)-propanal as an intermediate in the 

formation of methanethiol from methionine; however, the reaction pathway is not 

known. These results show that the perception of sunstruck flavor after exposure of 

beer to sunlight is due to a combination of many aroma active compounds and not 

only 3-methyl-2-butene-1-thiol. 

1.1.6. Sunstruck Flavor Inhibitors  

Beer contains substances capable of preventing - to some extent - the degradation of 

riboflavin [22]. Polyphenols are described by many authors [3, 6, 13, 22, 33, 47-50] 

as inhibitors of the formation of the sunstruck flavor.  Phenolic compounds found in 

beer include phenolic acids, flavonoids, proanthocyanidins, tannins, and amino 

phenolic compounds [51]. Charpentier and Maujean [3] stated that the formation of 

sulfur compounds is slower in the presence of tannins, and their reactions depend on 

the concentration and structure of tannins however, no quantification of the 

compounds was conducted. Years later, Cardoso et al. [33] analyzed the influence of 

single phenols on the formation of the light-induced off-flavor. Their results suggested 

that these compounds quench both the singlet- and triplet-excited states of riboflavin 

responsible for the lightstruck flavor development with rates close to the diffusion 

control. Also Pozdrik et al. [22] found that the polyphenols catechin and epicatechin 

preserve the riboflavin absorbance in light-exposed model beers by quenching its 

excited energy state. Alternatively, these authors also describe the possibility that 

isohumulone may extract electrons from the polyphenols to regain stability rather 

than to degrade to more stable minor products. Finally, polyphenols might extract 

electrons from photo-reduced riboflavin, possibly returning the riboflavin to its original 

state before exposure to light [22]. Also the reduction of the sunstruck flavor by the 

addition of quercetin has been proven [45].  Although the interaction among phenols 

and singlet-excited riboflavin occurs with a rate constant close to the diffusion limit, a 

content of phenolic compounds of >0.3 M is necessary to quench 90 % of the 

riboflavin in the singlet-excited state, and consequently, to hinder triplet-excited 

riboflavin generation [33]. 
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The efficient deactivation by polyphenols makes these compounds of importance as 

a protectors against light-induced oxidation [6]. However, polyphenols have also 

been described as catalyzing the transformation of amino acids to their 

corresponding Strecker aldehydes, methional and phenylacetaldehyde [13, 48] which 

may provide an aged flavor. AEDA, carried out by Komarek et al. [13], revealed an 

increase in the Flavor Dilution-factors of the Strecker aldehydes, methional and 

phenylacetaldehyd in both "sunstruck" beer samples [13]. The polyphenols acting as 

antioxidants and in the presence of oxygen may be oxidized and can act as 

dicarbonyl compounds required for the Strecker degradation [13]. Nevertheless, the 

mechanism supporting Strecker aldehyde formation induced by light is still unclear 

[47].  

Sakuma et al. [15] stated that an increase in the beer color greatly suppressed the 

formation of sunstruck flavor. Dark beer contains more polyphenols, whereas the 

polyphenol content of lager beer is intermediate [52] . Moreover, according to Gray et 

al. [8], in darker beers, the caramel coloring absorbs the light before it can exert its 

full photochemical effect on the sulfur bodies. 

Goldsmith et al. [49] also demonstrated that tryptophan is able to quench the triplet 

state and inhibit the formation of the light-struck character in beer and in model 

beers. As afore-mentioned, tryptophan at similar concentrations in beer and model 

beer will protect riboflavin from photo-degradation [22]. 

1.1.7. Protection of Beer Against Light 

The formation of oxidation flavor is suppressed when beer is bottled under good 

conditions, i.e., kept free of oxygen and not exposed to sunlight. Whereas, sunstruck 

flavor develops when beer is bottled under good conditions, with the bottles 

containing a minimum amount of oxygen but exposed to sunlight [10] without 

protection. Figure 1.2 shows the electromagnetic spectrum with light highlighted. 

Riboflavin upon photo activation by light in the wavelength region between 350 nm 

and 500 nm becomes energetically excited in a triplet state (denoted 3RF'), which 

may subsequently oxidize available isohumulones [53]. This range is within the blue, 

violet, and near ultraviolet regions of the spectrum. 
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Figure 1.2: Electromagnetic spectrum with light highlighted [54] 

 

Ways of preventing 3-methyl-2-butene-1-thiol formation may be divided into physical 

and compositional options. Physical solutions are essentially ways of preventing light 

interacting with the product [55]. Sturgeon [56] measured the light transmitted 

through different colors of beer bottle packaging and found that clear glass does not 

protect the beer in any way from photochemistry, brown glass filters the largest 

amount of high energy light, and in a green or blue bottle some of the light is 

absorbed, although the protection is not as great as with the brown bottle. Figure 1.3 

shows the emission spectra from the sun filtered with blue glass, green glass, and 

brown glass compared to that of the sun and a standard tungsten light bulb. Brown 

glass cuts off light around 500 nm, hence, beer in a brown bottle seems to be  

protected [21]. On the other hand, green glass has a cut-off around 400 nm, 

indicating that the most energetic part of the visible spectrum, namely blue light, may 

penetrate through a green glass, hence, protection against sunstruck flavor is 

compromised [21]. 
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Figure 1.3: Emission spectra from the sun (black line left), standard tungsten light 

bulb (black line right), and the sun filtered with blue glass (blue line), green glass 

(green line), and brown glass (brown line) [56] 

 

Due to the cut-offs of light of brown bottles around 500 nm, some authors [8,13, 56, 

57] have defined brown bottles as the best protection against the formation of 

sunstruck flavor. Also packaging in cans minimizes light ingress [55]. However, a 

prestigious rational psychology poll states that people prefer to drink beer filled in 

white glass bottles [58]. Therefore, breweries first started to fill beer into transparent 

bottles for marketing reasons [59]. The use of a sunscreen on the bottle helps to 

prevent skunking of beer [60]. Nevertheless, this kind of bottle normally has higher 

acquisition expenses.  

Compositional solutions to prevent 3-methyl-2-butene-1-thiol formation have been 

described. According to Mitter [59], there are mainly two possibilities for minimizing 

taste impairment resulting from UV light shining on transparent bottles. Apart from 

storing beer in light-proof containers or immediate consumption, the photosensitivity 

can be circumvented by quenching of the excited triplet state of the isohumulones 
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and/or riboflavin or by the use of chemically modified isohumulones, whereby 

formation of the sunstruck flavor is prohibited [17].  

The chemical modification of isohumulones is complex, cumbersome, time 

consuming, and obviously, expensive [61].  By the targeted disruption of double 

bonds with hydrogen, reduced downstream products are produced from the already 

isomerized products. There are three types of reduced iso-alpha-acids: the rhohydro-

iso-alpha-acids exhibit a twofold, the tetrahydro-iso-alpha acids a fourfold and the 

hexahydro-iso-alpha acids a six-fold hydrogenation [62]. The chemical modification 

has the effect that here no separation of side-chains can occur, which is ultimately 

the cause of the light taste in beer [63]. Figure 1.4 shows the structures and 

production steps of the reduced iso-alpha-acids: rhohydro-iso-alpha-acids, 

tetrahydro-iso-alpha acids, and hexahydro-iso-alpha acids. 

 

Figure 1.4: Structures and production steps of the reduced iso-alpha-acids: rhohydro-

iso-alpha-acids, tetrahydro-iso-alpha acids, and hexahydro-iso-alpha acids [64] 

 

Although reduced iso-alpha-acids are normally described to be light stable, 

contradictory studies have shown that tetrahydro-isohumulones and/or rhohydro-

isohumulones are also oxidized by triplet-excited riboflavin [39].  3-methyl-2-butene-
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1-thiol cannot be formed by the decomposition of tetrahydro-isohumulones because 

the double bond is lacking [21]. However, Huvaere and De Keukeleire [24] stated that 

the irradiation of beers containing tetrahydro-isohumulones furnishes an obnoxious 

off-flavor, which evidently is not due to 3-methyl-2-buten-1-thiol, but most likely due to 

other sulfur-containing compounds. On the contrary, Burns et al. [11] showed that 

dihydro-iso-a-acids have light resistance but tetrahydro-iso-alpha-acids are as photo-

reactive as the iso-alpha-acids; however, 3-methylbut-2-ene-1-thiol (ªskunkyº thiol) 

cannot be formed from these compounds subsequent to photo-cleavage.  

The addition of non-natural reduced forms of iso-alpha-acids is not allowed in beers 

for the German market due to the “Reinheitsgebot” stating that only natural hop 

compounds may be used in the brewing process [65]. Therefore, alternatives for 

reducing the appearance of sunstruck flavor are of great interest for the brewing 

industry. 

Other compositional ways of reducing the formation of 3-methyl-2-butene-1-thiol are, 

for example, the use of flavoproteins or riboflavin-binding proteins which have been 

described to be able to bind riboflavin [66-68]. Laane et al. [68] investigated how 

riboflavin-binding proteins are able to reduce the amount of riboflavin-induced 

sunstruck flavor formation in a model beer system and stated that these selective 

adsorbents of riboflavin might help to limit sunstruck flavor formation in beer. 

Moreover, in 2011 a patent [69] described N-heterocyclic substances to be 

advantageous as additives in beverages and foodstuffs in order to protect these 

against light induced flavor changes. These authors stated that N-heterocyclic 

substances are capable of absorbing ultraviolet light without being decomposed into 

undesirable off-flavor generating substances, thus being used to inhibit 

decomposition or reaction of light sensitive substances as a result of UV-induced 

excitation. 

Irwin et al. [70] created a patent where the treatment of wort with an effective amount 

of an absorbent clay to absorb the riboflavin reduced its amount in less than about 

0.2 ppm, and the resulting hopped malt beverage had enhanced stability to light. The 

clay employed as the absorbent of the invention was a hydrated aluminum silicate or 

a hydrated aluminum-magnesium silicate. Also, Palamand [61] believed that the 

addition of 1,8 epoxy compounds to the malt beverage prevents the formation of the 

3-methyl-2-butene-1-thiol, either by reacting with the iso-pentenyl fragment or by 
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protecting the isohexenoyl side-chain from fragmenting or blocking the sulfhydryl 

group by reacting with the iso-pentenyl fragment. 

Although many ways to prevent the formation of sunstruck flavor have been 

described, none of these treats with the idea of decreasing the levels of sunstruck 

flavor initiators or increasing the content of sunstruck flavor inhibitors. The studies 

described before deal mainly with the idea of decreasing the content of riboflavin 

present in beer or protecting the beer from the light. To be able to reduce the 

presence of sunstruck flavor initiators or to increase the presence of sunstruck flavor 

inhibitors, it is important to clarify their origin and their way through the malting and 

brewing process to the final beer. 

1.2. Origin of the Substances Involved in the Formation of Sunstruck 

Flavor 

Summarizing the information found in the literature, many substances play an 

important role in the formation of the sunstruck flavor. The light-induced degradation 

reaction of isohumulones occurs in the presence of riboflavin, phenylalanine, and the 

sulfur-containing amino acids and polypeptides such as cysteine, methionine, and 

glutathione. Moreover, the albumin and glutenin fraction of barley has been 

described to promote the formation of the sunstruck flavor, probably serving as a 

source of the previously mentioned amino acids. These substances can, therefore, 

be referred as sunstruck flavor initiators and are of great importance while trying to 

reduce the formation of sunstruck flavor in beer. 

Riboflavin is present in beer at concentrations between 0.3 and 1.3 mg/L [19, 68], 

being in bottom fermented beers lower than in top-fermented beers [27]. Possible 

sources of riboflavin in beer are the malt and yeast [19, 23]. Barley contains riboflavin 

(1.2–1.5 mg/kg) [27], and the concentration increases during malting, especially at 

higher germination temperatures [2, 71]. The increase of riboflavin content in different 

cereals during germination has been determined by many authors [72-77], it can 

grow up to 1.5-fold content of barley; a concentration from 1.0 to 3.7 mg/kg malt d.m. 

[74, 77]. This vitamin is located in the epithelium of seedlings and the aleurone layer 

of the barley grain, and together with other vitamins is involved in enzyme synthesis 

[78]. 
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Riboflavin is extracted quantitatively into wort and survives wort boiling and is 

produced by yeast with the production rate being proportional to yeast growth [2, 79].  

However, the riboflavin content of beer is relatively high because riboflavin comes 

from malt, and the yeast absorbs hardly any riboflavin from wort during fermentation 

[74]. During the fermentation of the wort, yeast (Saccharomyces cerevisiae) produces 

50–100 µg of riboflavin/L d.m., which is retained within the cells [23, 80]. The 

maximum biomass production is 4-6 g of yeast cells/L, of which 1 g/L is inactive cells; 

10–20 % of the inactive cells leak [81], which may cause release of riboflavin into the 

beer [23]. From this data follows that the maximum contribution of yeast to the 

riboflavin content of beer is 50 nM [23]. On the other hand, part of riboflavin is 

destroyed during the stationary phase of the yeast as a result of enzymic breakdown 

[2]. 

It is believed that reducing the amount of riboflavin to a relatively low level prior to 

hopping inhibits the formation of sulfur compounds imparting a “skunky” favor and, 

hence, is responsible for the enhanced light stability [70]. It is also advantageous to 

use a yeast that is substantially free of riboflavin or at least is riboflavin-deficient [70]. 

Beer contains ~500 mg/L of proteinaceous material including a variety of 

polypeptides [82]. Up to one percent of protein bodies derived from malt are present 

in beer, in which sulfur is a characteristic element, and may also contain various 

soluble sulfur compounds resulting from the metabolism of the yeast [8]. Barley use 

for malting has ideally a protein content of between 9–11 % d.m. The amino acids 

cysteine, methionine, and phenylalanine, described as sunstruck flavor initiators, are 

present in barley in quantities of between 150–270 mg/100 g d.m., 140–

210 mg/100 g d.m. and 520–630 mg/100 g d.m., respectively [83].The most important 

factors for the protein composition in finished beer are barley cultivars, and the level 

of protein modification during malting [82]. Variation of the malting parameters, for 

example, longer germination times, exerts an influence on the degradation of 

proteins, normally increasing the content of free amino acids [73]. During kilning, 

amino acids may increase initially but finally decline in amount [72]. 

Glutathione is a tripeptide characterized by an N-terminal glutamyl moiety, a central 

cysteine residue, and a C-terminal glycine (L-γ-glutamyl-L-cysteinylglycine). Due to 

the presence of an active thiol group in the form of a cysteine residue, it can also be 

described as a sunstruck flavor initiator. It has long been known that reduced 
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glutathione (GSH) is rapidly formed in the first stages of the germination of seeds  

[84, 85] and plays an important role in antioxidant protection mechanisms in the plant 

cell [86]. Non-dormant grain embryos are able to release glutathione and cysteine 

when the grains are soaked [84, 87]. Belderok [84] also reported a correlation 

between the total amount of glutathione and cysteine in embryos after 24 h wetting 

and the percentage of grain germinated in three days. However, these authors [84, 

87] agree that the content of glutathione decreases to further increase during the 

germination of barley. 

Substances known to reduce or minimize the formation of sunstruck flavor are here 

named as sunstruck flavor inhibitors and are comprised of polyphenols, such as 

catechin, epicatechin, and quercitin, and the amino acid tryptophan. 

Polyphenols can be subdivided into three main sub-classes, the flavonoids, phenolic 

acids, and the stilbenoids  [88]. Among others, beer contains phenolic compounds of 

the flavonoid group such as catechin, epicatechin and quercitin, [52]. Total flavonoid 

content for lager beer has been estimated at between 13.4 and 52.6 µg/mL [52, 

89].The great variations in phenolic profiles for different beers are caused by the 

differences in raw material and the brewing process [19, 51, 52]. In wort and beer, up 

to 20–30 % of the polyphenols present are derived from hop and 70–80 from malt, 

despite the fact that malt is added in much larger amounts (nearly 100 times more) 

[52, 90, 91]. However, some flavonoids, catechin and epicatechin, arise equally from 

malt and hops [92] and their Ievels in the beer are in the ranges of 0.03-4.00 mg/L 

and 0.02–0.73 mg/L, respectively [19, 51]. The polyphenols in hop cones consist of 

diverse classes of which proanthocyanidins, monomeric flavanols, flavonol 

glycosides, and prenylated flavonoids are the major ones, and hydroxybenzoic acids, 

hydroxycinnamic acids, and flavonols are minor classes [93]. Depending on the hop 

variety, its geographic origin and freshness, the harvesting procedure, and the 

manner in which the dried hop cone is packaged, total polyphenols account for 3-6 % 

(w/w) [52, 90, 94]. In cereals, polyphenols are deposited in the husk, the pericarp and 

the aleurone layer of barley [52, 77, 95-97]. The polyphenol content of barley 

depends on the variety and increases during malting [98]. Also, the extraction of 

phenolics from malt into the wort is highly dependent on the malt to water ratios [52]. 

During the brewing process, mashing increases the concentrations of 

hydroxycinnamic acid derivate as they are released from previously non-extractable 
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combinations [52]. Moreover, polymerization of phenolics and formation of 

polyphenols can occur during wort boiling, and possibly also during fermentation and 

storage of beer  [52, 99]. 

Polyphenols have an influence on the final beer quality. Whereas some authors point 

to an increase of mouth-feel due to proanthocyanidins [93, 100], others associate a 

harsh astringent flavor, and thus, a detriment in the mouth-feel [101]. They contribute 

to astringency and color, [102] serve as browning substrates, participate in chill haze 

formation and are responsible for overall beer stability [91, 103]. 

The raw material employed in the beer or cereal-based beverage production 

processes are the main source of sunstruck flavor initiators and inhibitors. 

Investigation and analysis of the content of sunstruck flavor initiators and inhibitors 

present in different raw materials is necessary to ponder the different raw materials 

employed in the production of malted cereal-based beverages. 

1.3. Content of Sunstruck Flavor Initiators and Inhibitors in Cereals 

The initiators and inhibitors of the aroma compounds 3-methyl-2-buten-1-thiol, 

methanethiol, methional, 3-(methylthio)-propanal, phenylacetaldehyde, 2-

methylpropanal, 3-methylbutanal can be found in the cereal or malt used for the 

malting and beer production. The use of other cereals other than barley and of the 

hop products for the cereal-based beverage production offer the possibility of 

changing the content of the sunstruck flavor initiators and inhibitors, and thereby of 

being able to produce a new light stable cereal-based beverage that can be filled into 

a white bottle. However, the cereal use has to have also a good brewing quality and 

performance. Spelt (Triticum spelta L.) and triticale (× Triticosecale Wittmack) have 

been investigated upon their use in the cereal-based beverage production [75, 104-

118]. Both cereals show good processability and offer a good possibility for the 

production of new cereal-based beverages. Moreover, the content of sunstruck flavor 

initiators and inhibitors differs with that of barley. Table 1.1 shows the content of 

initiators and inhibitors in spelt, triticale and barley. The lower content of riboflavin, 

cysteine, methionine and phenylalanine in spelt than in barley could reduce the 

formation of sunstruck flavor. Moreover, although the content of riboflavin and 

methionine is higher in triticale than in barley, phenylalanine is found in lower 

quantities than in barley, and tryptophan and polyphenols are found in higher 

concentrations, the latter being almost twice as high as in barley. 
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Table 1.1: Content of sunstruck flavor initiators and inhibitors in spelt, triticale and 

barley.  

  Substance Units Spelt Triticale Barley 

Sunstruck Flavor 
Initiators 

Riboflavin µg/100 g 173 a 320 b 180 b 

Cysteine mg/100 g 210 a 200 b 220 b 

Methionine mg/100 g 170 a 180 b 180 b 

Phenylalanine mg/100 g 480 a 510 b 590 b 

Glutathione 
nmol/g 
d.m. 

- - 210 d 

Sunstruck Flavor 
Inhibitors 

Tannins g/kg 1.96 c 3.48 c 1.9–2.6 f 

Tryptophan mg/100 g 150 a 157 e 150 b 

 Values obtained from a: [119] b: [83] c: [120] d:[121] e:[122] f: [123] 

 

Moreover, the albumin and glutenin protein fractions are known to increase the 

sunstruck flavor formation probably serving as a source of the amino acids involved. 

Table 1.2 shows the composition of the Osborne fraction of spelt, triticale, and barley. 

Although the data about the composition of the Osborne fractions in cereals is 

sometimes contradictory, the literature shows a higher proportion of the glutenin 

fraction in spelt and in barley than in triticale. The composition of the 

albumin+globulin fraction is relatively similar between cereals. 

Table 1.2: Composition of the Osborne fractions of spelt, triticale, and barley 

  
Albumin Globulin Prolamin/Gliadin Glutenin 

% % % % 

Spelt 17–27 a b 
29–34 a b 52–55 a 

62–68 c 13–17 c 

Triticale 
12–19 d e 

24-33 f g 9–17 f g 
28–32 f 

Barley 3–11 h i 10–20 h 35–50 h i 30–45 i 
 Values obtained from a: [124] b: [125] c: [126] d: [127] e: [128] f: [129] g: [130] h:[131] 
i: [82]   
 

The lower content of some sunstruck flavor initiators and the higher content of some 

sunstruck flavor inhibitors found in spelt and triticale compared to barley together with 
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a good brewing performance, define both cereals as a good alternative to barley for 

the production of light stable cereal-based beverages. 

1.3.1. Spelt 

In the last few years the interest in hulled wheat has increased due to the low-input 

techniques used for its management, its outstanding stress resistance, and quality 

performance [132, 133]. Spelt is an interesting (hexaploid) crop for marginal regions 

where environmental factors prevent the cultivation of wheat (Triticum aestivum L.) 

[134]. Spelt is well adapted to cool and wet climatic conditions of higher altitudes, and 

is, therefore, described as a 'robust' cereal [135, 136]. The protecting hull allows the 

spelt grain to be resistant against pollutants and insects without using a pesticide 

[137]. Furthermore, spelt grain could give a high yield with a low fertilizing rate and 

shows a better mineral intake than common wheat [138]. Although spelt is genetically 

closely related to wheat, it has been demonstrated that there is a clear divergence 

between spelt and common wheat based on DNA or protein variability [119]. 

Nowadays, spelt is still considered as an alternative crop compared with widely 

cultivated modern winter wheat [139].  

Spelt is probably originated from the mutation of wheat because no wild form of spelt 

is known [140]. This domesticated hulled wheat was one of the major feed and food 

grains in ancient Europe, extensively grown, and a staple in the everyday diet, but its 

diffusion has progressively diminished throughout the centuries.  

Uses of Spelt 

Spelt has applications in many areas of the food industry. This hulled bread cereal is 

intended both for animal feeding and human consumption [139], showing potential in 

a variety of end applications, including bread, pasta, and breakfast [119]. Several 

cultivars have been examined for the potential in the baking industry [134, 141-150]. 

Spelt has also been attached importance due to its uses for unconventional foods, 

therapeutic properties attributed to their derivatives, and their potential as a source of 

genes for breeding hull-less wheats [151, 152].  

There are many applications of spelt in the baking industry but not many in the 

beverage industry. Although spelt has promising aptitudes for beer and cereal-based 

beverage production, it is still considered as a niche product. Only few research 

projects [75, 118] have been carried out on the capability of spelt for this purpose. 
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Spelt is processed for the production of spelt beer in Germany [140], but seldom 

exceeding 50 % of the used malt, according to the purity law. This provides new 

approaches in the malting and brewing process which require further investigation. 

The normal commercial requirement of barley and wheat is a maximum of 11.5 

g/100 g [95] and 12.5 g/100 g d.m. [153] protein in the d.m. respectively, which is 

slightly lower than that of spelt. Therefore, the high protein content of spelt may 

cause difficulties in the brewing process such as lautern detriment, haze and poor 

flavor stability. To avoid this problem, spelt protein content should be controlled 

during the process or it could be used for opaque beers with a need for stable 

turbidity. For these reasons, spelt has potential in the beverage industry for the 

production of new alternative cereal-based beverages. 

Composition of Spelt 

The nutritive value of spelt grain is high, compared with other cereals, and it contains 

all the basic components which are necessary for human beings such as 

saccharides, proteins, lipids, vitamins and minerals [147, 154]. The principal storage 

carbohydrate in spelt is starch. According to Abdel-Aal et al. [155], the starch content 

of the spelt grain varies from 60.9 to 65.8 g/100 g d.m. These values are slightly 

higher than those of barley (Hordeum vulgare L.), 50–63 g/100 g [95], and within 

range with those of wheat, 60–68 g/100 g [156], which represents an advantage for 

the brewing process.  

Spelt contains more dietary fiber, between 12.9–13.8 g/100 g d.m., than wheat, 

between 9.8–13.2 g/100 g [148], and barley, 9.8 g/100 g d.m. [83] but β-glucan is just 

present at low levels [157] (good from a brewing point of view). However, 

consumption of whole-grain or bran products of spelt and other wheat species would 

also reduce caloric density and possibly intake, and therefore, the incidence of 

diseases of the lower digestive tract. But the intake of other components in the diet 

would be needed to supply soluble dietary fiber to reduce blood lipids [119]. 

Generally, spelt may contain higher levels of protein than barley and wheat, ranging 

between 11.0 and 18.3 % d.m. [124, 158]. However, there is a substantial variation 

among cultivars [148, 158, 159].  Bognar and Kellermann [154] and Abdel-Aal et al. 

[155] attribute this difference to the larger aleurone layer present in spelt. Moreover, 

no important differences are found in the amino acid composition between spelt and 
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wheat [160], which means that these products are not suitable for people with celiac 

disease [147, 161]. Campbell [133] supports that persons suffering from certain 

allergies to wheat, have reported to be able to tolerate products made from spelt. 

Therefore, it could be said that persons with wheat allergies, who are able to tolerate 

spelt, may suffer from something other than gluten intolerance [133]. However, there 

is no other supporting scientific or medical evidence, and therefore, more research 

should be conducted into determining the allergenicity of spelt. 

Data about the distribution of Osborne fractions in spelt are contradictory. Table 1.2 

shows the distribution of the Osborne fraction of spelt compared to other cereals. 

Koenig et al. [126] stated that gliadins are the most abundant proteins in spelt (61.5–

67.6 %) followed by the albumin/globulin fraction (19.9–22.8 %) and the glutenin 

fraction (12.5–17.4 %).  Belitz et al. [124] determined gutenins as the most abundant 

proteins of spelt (54.6–49.4 %) followed by gliadins (28.6–30.6 %), and then the 

albumin/globulin fraction (16.5–20 %). Although considerable work has been 

performed in the investigation of the gliadin and glutenin, little is known about the 

proteomic profiles during the grain development stages. 

The investigation of spelt proteins has been used for several applications. By 

analyzing the composition of protein fractions, some authors investigated the origins 

of European spelt [162] and its genetic diversity [132], analyzed its baking quality 

attributes [149, 160], attempted to differentiate between spelt and wheat to classify 

and endorse new varieties and cross breeds or for cultivar legal protection [126, 163-

166], or tried to evaluate the influence of the crossing between these two cereals 

[167]. 

1.3.2. Triticale 

Triticale (x Triticosecale Wittmack), the first man-made cereal, is an intergenic hybrid 

between female wheat and male rye (Secale cereale L.). Triticale belongs to the 

family of sweet grass (poaceae) and the tribe Triticeae.  The grade of ploidy is 

tetraploid, hexaploid or octoploid depending on the parental breed.  The hexaploid 

triticale is the most common form, usually with the genomic formation AABBRR. In 

1875 the first intended hybrid was made by A. S. Wilson in Scotland [129]. After 

decades of research the first profitable cultivar was created in 1969 [168]. 
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Triticale was designed to combine the productivity, uniformity and superior grain 

quality of wheat with the hardness, disease resistance and better nutritional quality of 

rye [127, 169]. The main characteristics of the early triticales were good disease 

resistance, shriveled grain, minor grain yield, high content of proteins, 

disproportionate size and pre-harvest sprouting. Achievements in breeding improved 

the negative factors and allow for a real alternative to other crops, especially wheat 

[170]. Nowadays, this cereal is also capable of producing much higher agricultural 

yields and biomass than other cereals and has better tolerance to many diseases 

and pests than its parental species [112] which thereby reduces the necessity of 

chemical protection against such harmful agents [170]. 

Triticale offers several advantages over other cereal grains, such as better-quality 

protein in terms of amino acid composition and digestibility, higher content of soluble 

dietary fiber and minerals and a pleasing, nutty, mild-rye flavor [171]. All the 

characteristics of triticale lie somewhere between wheat and rye. The body is a bit 

bigger, the profile is longer and the color is slightly darker than wheat. 

Uses of Triticale 

The current uses of triticale are largely determined by its chemical composition [172]. 

McGoverin et al. [172] reviewed the uses of triticale. The main use of triticale is for 

animal feeding, especially poultry, monogastrics and ruminants. It is an alternative to 

other feeding grains and protein sources such as soybean [173]. It has a high content 

of proteins, high starch digestibility and is often used in diets for chickens as the only 

cereal component or is added to compound diets [170, 174, 175]. The unsuitable 

nature of triticale for baking, bread-making specifically, was acknowledged early, and 

subsequently, efforts were made to improve triticale for baking [172]. Triticale flours 

produce weak doughs due to a low gluten content, inferior gluten strength and high 

levels of α-amylase activity [176, 177]. However, Lorenz et al. [178] demonstrated the 

possibility of producing triticale bread of very acceptable quality by making only minor 

modifications in the mixing procedure. In contrast, the ease with which triticale 

produces high levels of α-amylase [176] and high proteolytic activity, in combination 

with the low gelatinization temperatures (59–65°), has its positive side; it allows 

triticale to perform well in malting and brewing. Intense research has been done on 

the use of triticale as an adjunct for brewing [111, 113-115] and for its suitability in the 

malting and brewing process [104-110, 112, 116, 117]. 
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Triticale malt is described, in general, to have higher malt losses, but also higher malt 

extracts, higher diastatic power, and higher α- and β-amylase activity than barley 

malt [106, 112, 175]. Triticale malt has been also described to have high nitrogenous 

content, high proteolytic activity [106, 107]. Blanchflower and Briggs [110] defined 

pentosans and proteins as the main constituents contributing to the high viscosity 

and turbidity of triticale wort, respectively. Due to these characteristics and to its 

composition, triticale serves as a good cereal for the production of new alternative 

cereal-based beverages. 

Composition of Triticale 

The starch content of triticale is similar to wheat and rye. The protein content of 

whole-grain triticale is often higher than that of wheat [179]. Some authors [106, 180] 

report the protein content of triticale to be between 8.0 and 22.5 %. This fact is 

apparently due to the combination of the protein fractions from wheat and rye [181-

183]. The gluten content of triticale is lower and of inferior quality (weak and less 

elastic) than that of wheat [170]. In addition, some triticale lines display high levels of 

amylolytic and proteolytic activities in their unmalted form [115, 184, 185]. 

Chen and Bushuk [130, 186, 187] studied the proteins and amino acid composition of 

triticale and its parents, and showed that both solubility characteristics and amino 

acid composition of triticale proteins are, in general, intermediate between those of its 

parent species. However, Lei and Reeck [121] indicated that the electrophoretic 

patterns of triticale proteins are generally similar, but not identical, to those of the 

corresponding combined protein fractions of its parental species.  

Table 1.2 shows the distribution of the Osborne fraction of triticale compared to other 

cereals. The triticale albumin fraction is defined to be larger than that of wheat; an 

important fact, since many proteins in the water-soluble fraction exhibit biological 

activity such as enzymes and exogenous enzyme inhibitors [182]. Some authors 

[186, 188] have reported an albumin fraction between 17 % and 26.4 % in triticale. 

Chen and Bushuk [186] quantified the globulin fraction in triticale as 6.5 %, lower 

than that of rye (10.7 %), but higher than that of wheat (4.7 %). However, the globulin 

fraction is normally quantified together with the albumin fraction. Jonnala et al. [127] 

and Naeem et al. [128] analyzed triticale cultivars and determined an albumin and 

globulin fraction to be between 11.7 and 19.0 %. These results do not agree with 
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those of Varughese et al. [129] who summarized the results of various studies and 

found the albumin and globulin fraction to range between 27.9 and 32.2 %. Although 

there is a discrepancy, all authors agree that this cereal’s albumin and globulin 

fraction is larger than that of wheat. Taking into consideration the high presence of 

the albumin fraction with respect to the total protein content of triticale, it can be said 

that the globulin fraction is the smallest Osborne fraction. The gliadin and glutenin 

fractions of triticale have been quantified as about 24.4-33.3 % and 9.4-17.3 % 

respectively, lower than that of wheat [129, 186]. 
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2. Aim 

Flavor stability has always been of particular interest in the brewing industry. Besides 

the well-known beer oxidation process caused by oxygen, the off-flavor known as 

“sunstruck flavor” may occur if beer is exposed to light without protection. The 

growing trend towards natural products (clean label) and the higher costs of 

protected bottles and reduced isomerized products as well as brewing in accordance 

to the German Purity Law motivate the search for other natural hop products which 

may help towards isohumulone photo-degradation. 

Ways of preventing 3-methyl-2-butene-1-thiol formation may be divided into physical 

and compositional options. The best physical solution is the use of brown bottles and 

cans; however, a prestigious rational psychology poll states that people prefer to 

drink beer filled in white glass bottles. The other physical solution is the use of 

sunscreen on the bottles; however, this implies higher acquisition expenses. 

Compositional solutions to prevent 3-methyl-2-butene-1-thiol formation have been 

described. The most common solution is the use of chemically modified 

isohumulones such as rhohydro-iso-alpha-acids, tetrahydro-iso-alpha acids, and 

hexahydro-iso-alpha acids. However, addition of non-natural reduce forms of iso-

alpha-acids is not allowed in beers for the German market due to the 

“Reinheitsgebot”. To date, other compositional solutions to reduce the formation of 

the sunstruck flavor have been patented, among other, the use of flavoproteins or 

riboflavin-binding proteins, N-heterocyclic substances, absorbent clay, and 1,8 epoxy 

compounds. However, these substances are also prohibited by the “Reinheitsgebot”. 

Beer contains substances capable of preventing the degradation of riboflavin. 

Although many ways to prevent the formation of sunstruck flavor have been 

described, none of these deals with the idea of decreasing the levels of sunstruck 

flavor initiators or increasing the content of sunstruck flavor inhibitors. Possible 

natural solutions are, for example, the circumvention of the photosensitivity by 

quenching the excited triplet state of the isohumulones and/or riboflavin. However, no 

natural ways of reducing the formation of sunstruck flavor formation have been 

described.  Knowledge about the content of sunstruck flavor initiators and inhibitors in 

different raw materials, cereals as well as hop products, is needed to specify the 
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possible natural ways of reducing the formation of sunstruck flavor in beer or other 

cereal-based beverages. 

Additionally, the impact of the malting and brewing process on the content of the 

substances involved in the formation of the sunstruck flavor is important to determine 

the potential of the raw materials employed in the brewing process. In conclusion, 

only through a detailed understanding of the behavior of the substances involved in 

the formation of the sunstruck flavor will it be possible to achieve a high light stability 

together with high quality products. 

Therefore, the aim of this work is to analyze the origin and content of sunstruck flavor 

initiators and inhibitors in different cereals and hop products as well as the change in 

their content during the manufacturing process. To achieve this comprehensive 

knowledge, this work is structured in three main parts: 

1. Screening of the content of polyphenols in hop products and their effect on 

sunstruck flavor formation in beer. 

2. Detailed analysis of the content of amino acids and protein fractions in 

different cereals and the technological impact of the malting process, 

3. Influence of different malting regimes on the content of sunstruck flavor 

initiators and inhibitors in different cereals and, 

A firm understanding of these interaction mechanisms will enable the use of 

alternative raw materials and malting regimes through the reduction of sunstruck 

flavor initiators and increase of sunstruck flavor inhibitors without decreasing the 

product quality. 
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3. Results 

3.1. Paper Summary 

CHAPTER A 

PAGES  

USE OF POLYPHENOL-RICH HOP PRODUCTS TO REDUCE SUNSTRUCK 

FLAVOR IN BEER 

Reproduced, by permission, from Munoz-Insa, A., Gastl, M., and 

Becker, T. 2015. Use of polyphenol-rich hop products to reduce 

sunstruck flavor in beer. J Am Soc Brew Chem. 73(3):228-235. 

 Polyphenols are known to be sunstruck flavor inhibitors. Polyphenols 

such as catechin, epicatechin, and quercitin have been described to 

protect beer against the formation of sunstruck flavor by quenching 

both the singlet- and triplet-excited states of riboflavin, giving electrons 

to isohumulone to regain stability rather than to degrade to more stable 

minor products or extracting electrons from photo-reduced riboflavin 

returning it to its original state before exposure to light. 

Hops are an important source of polyphenols and humulone in beer. 

During the extraction procedure of some products, the polyphenol 

content is discarded or increased. However, the content of the single 

polyphenols in the different hop products has not been extensively 

examined. An increase in the contents of catechin, quercetin, and 

epicatechin in the final beer should reduce the formation of the 

sunstruck flavor. The aim of this study was to examine the single and 

total polyphenol content of different hop products and specify a suitable 

hop product to be tested for the reduction of sunstruck flavor. This 

study shows the possibilities of different products according to their 

polyphenol composition. Also, the appropriate process parameters 

using tannin extract to be used for the reduction of sunstruck flavor 

perception in beer were described. 
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CHAPTER B INFLUENCE OF MALTING ON THE PROTEIN COMPOSITION OF SPELT AND 

TRITICALE 

SECTION  1 

PAGES 

INFLUENCE OF MALTING ON THE PROTEIN COMPOSITION OF SPELT (TRITICUM 

SPELTA L.) “FRANKENKORN” 

Reproduced, by permission, from Munoz-Insa, A., Gastl, M., and 

Becker, T. 2016. Influence of malting on the protein composition of 

spelt (Triticum spelta L.) ‘Frankenkorn’. Cereal Chem. 93:1-9. 

 In the last few years the interest towards hulled wheat has increased 

due to the low-input techniques used for its management, its 

outstanding stress resistance, and its quality performance. Spelt has 

applications in many areas of the food industry, in the majority of cases 

as an ingredient for the baking industry. However, although spelt has 

also promising aptitudes for beer and beverage production, almost no 

investigation about its protein modifications during malting has been 

conducted. One of the most important physical–chemical changes 

during malting is the degradation of the proteinaceous matrix and their 

conversion into soluble peptides and amino acids. The most important 

factors for the protein composition, as origin in finished beer are barley 

cultivars and the level of protein modification during malting. Beer 

contains ~500 mg/L of proteinaceous material including a variety of 

polypeptides among others, cysteine, methionine, and phenylalanine, 

described as sunstruck flavor initiators. The aim of this project is to 

investigate spelt protein changes during and caused by malting. This 

paper contributes to the understanding of the protein modifications and 

metabolic changes during the malting process of spelt and facilitates 

the determination of the potential of this cereal for the production of 

cereal-based products.  

 

 

 



RAW MATERIALS FOR THE REDUCTION OF SUNSTRUCK FLAVOR RESULTS 

-31- 

CHAPTER B INFLUENCE OF MALTING ON THE PROTEIN COMPOSITION OF SPELT AND 

TRITICALE 

SECTION 2 

PAGES 

INFLUENCE OF MALTING ON THE PROTEIN COMPOSITION OF TRITICALE (X 

WITTMACK) “TRIGOLD” 

Reproduced, by permission, from Munoz-Insa, A., Gastl, M., and 

Becker, T. 2016. Influence of malting on the protein composition of 

triticale (× Triticosecale Wittmack) ‘Trigold’. Cereal Chem. 93:10-19. 

 Triticale (x Triticosecale Wittmack), the first man-made cereal, is an 

intergenic hybrid between female wheat (Triticum aestivum L.) and 

male rye (Secale cereale L.). Triticale was designed to combine the 

productivity, uniformity and superior grain quality of wheat with the 

hardness, disease resistance and better nutritional quality of rye. 

Triticale is a promising cereal for malting and brewing due to its high 

levels of α-amylase and proteolytic activity and low gelatinization 

temperatures. However, almost no investigation about its protein 

modifications during malting has been conducted. One of the most 

important physical–chemical changes during malting is the degradation 

of the proteinaceous matrix and their conversion into soluble peptides 

and amino acids. The most important factors for the protein 

composition, as origin in finished beer are barley cultivars and the level 

of protein modification during malting. Beer contains ~500 mg/L of 

proteinaceous material including a variety of polypeptides among 

others, cysteine, methionine, and phenylalanine, described as 

sunstruck flavor initiators. The aim of this project is to investigate 

triticale protein changes during and due to malting. This paper 

contributes to the understanding of the protein modifications and 

metabolic changes during the malting process of spelt and facilitates 

the determination of the potential of this cereal for the production of 

cereal-based products. 
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CHAPTER C 

PAGES 

VARIATION OF SUNSTRUCK FLAVOR-RELATED SUBSTANCES IN MALTED 

BARLEY, TRITICALE AND SPELT 

Reproduced, by permission, from Munoz-Insa, A., Gastl, M., and 

Becker, T. 2016. Variation of sunstruck flavor-related substances in 

malted barley, triticale and spelt. Eur Food Res Technol. Vol. 242, 

Issue 1, 11-23. 

 Riboflavin, phenylalanine, cysteine, methionine and the sulfur-

containing peptide glutathione have been described as sunstruck flavor 

initiators, promoting the formation of the sunstruck flavor. Moreover, 

tryptophan and polyphenols are known to reduce the formation of the 

sunstruck character in beer (inhibitors). The initiators and inhibitors of 

sunstruck flavor originate in the raw material used, and their content 

can be influenced during manufacturing. During germination, proteins 

are degraded and the content of free amino acids increases. Also, the 

polyphenol and riboflavin content is known to increase during 

germination. The aim of this paper was to define the influence of the 

malting process parameters on the content of initiators and inhibitors 

involved in the formation of sunstruck flavor in barley, spelt and 

triticale. Moreover, the influence of malting process on the content of 

these substances as well as the differences between the raw materials 

were defined. With the knowledge gained, the potential of barley, spelt, 

and triticale for their use in the development of light stable malted 

cereal-based beverages was determined.  
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3.2. Use of polyphenol-rich products to reduce sunstruck flavor in beer 

 



RAW MATERIALS FOR THE REDUCTION OF SUNSTRUCK FLAVOR RESULTS 

-34- 



RAW MATERIALS FOR THE REDUCTION OF SUNSTRUCK FLAVOR RESULTS 

-35- 



RAW MATERIALS FOR THE REDUCTION OF SUNSTRUCK FLAVOR RESULTS 

-36- 



RAW MATERIALS FOR THE REDUCTION OF SUNSTRUCK FLAVOR RESULTS 

-37- 



RAW MATERIALS FOR THE REDUCTION OF SUNSTRUCK FLAVOR RESULTS 

-38- 



RAW MATERIALS FOR THE REDUCTION OF SUNSTRUCK FLAVOR RESULTS 

-39- 



RAW MATERIALS FOR THE REDUCTION OF SUNSTRUCK FLAVOR RESULTS 

-40- 



RAW MATERIALS FOR THE REDUCTION OF SUNSTRUCK FLAVOR RESULTS 

-41- 

3.3. Influence of Malting on the Protein Composition of Spelt (Triticum 

spelta L.) Frankenkorn 
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3.4. Influence of Malting on the Protein Composition of Triticale (× 

Triticosecale Wittmack) Trigold
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3.5. Variation of Sunstruck Flavor-Related Substances in Malted Barley, 

Triticale and Spelt 
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4. Discussion 

Flavor stability has always been of particular interest in the brewing industry. Besides 

the well-known beer oxidation process caused by oxygen, the off-flavor known as 

“sunstruck flavor” may occur if beer is exposed to light without protection. All 

fermented non-distilled beverages suffer from light-induced development of off-

flavors and deterioration of the product. When beer is exposed to sunlight, a group of 

compounds develops from the degradation of substances present in it. The main 

compound responsible for the sunstruck flavor is 3-methyl-2-butene-1-thiol but 

methanethiol, methional, 3-(methylthio)-propanal, phenylacetaldehyde, 2-

methylpropanal, 3-methylbutanal also play a role in the cereal-based beverages 

exposed to light. 

The formation of the aroma active compounds responsible for the sensory perception 

of sunstruck flavor is due to the presence of the initiators isohumulones, riboflavin, 

cysteine, methionine, phenylalanine and glutathione. Also, the Osborne fractions 

albumin and glutenin are known to increase the formation of sunstruck flavor as they 

probably serve as a source of the amino acids involved in the process. However, 

cereal-based beverages have also substances able to prevent the formation of 

sunstruck flavor. These substances are known as sunstruck flavor inhibitors and are 

the polyphenols catechin, epicatechin and quercitin, and the amino acid tryptophan. 

Whereas the cereal or malt used in the brewing process serves as a source of all 

sunstruck flavor initiators and inhibitors, the hop product use serves as a source of 

polyphenols. Table 4.1 shows the sunstruck flavor initiators and inhibitors and the 

raw material where they are to be found. 
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Table 4.1: Origin of sunstruck flavor initiators and inhibitors 

  Substance Cereal/Malt Hop 

Initiators 

Riboflavin x   

Cysteine x   

Methionine x   

Phenylalanine x   

Glutathione x   

Inhibitors 
Polyphenols x X 

Tryptophan x   

 

The brewing industry offers physical and compositional solutions to prevent the 

formation of sunstruck flavor. The physical options to prevent the formation of 

sunstruck flavor are the use of brown bottles or cans and the use of sunscreen on the 

bottles to protect the beer. However, a prestigious rational psychology poll states that 

people prefer to drink beer filled in white glass bottles [58]. 

As compositional solutions to prevent sunstruck flavor formation offered by the 

industry apply the use of chemically modified isohumulones. Also, many patents have 

been registered suggesting the use of flavoproteins or riboflavin-binding proteins, N-

heterocyclic substances, absorbent clay, or 1,8 epoxy compounds in order to prevent 

the formation of sunstruck flavor in beers bottled in transparent bottles. However, the 

addition of these substances stops only the formation of 3-methyl-2-butene-1-thiol but 

not the formation of the other aroma active compounds also responsible for the 

sensory perception of sunstruck flavor and which are formed due to the presence of 

amino acids. Moreover, none of these products is permitted by the German Purity 

Law, and many brewers consider them as non-natural. 

The fact that people prefer to drink beer filled in white glass bottles, the growing trend 

towards natural products (clean label) and the higher costs of protected bottles and 

reduced isomerized products as well as brewing in accordance to the German Purity 

Law motivate the search for other natural products to help towards the isohumulone 

photo-degradation. 
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The raw materials used in the cereal-based beverage production contain substances 

capable of preventing the formation of sunstruck flavor, the so-called sunstruck flavor 

inhibitors. Higher contents of sunstruck flavor inhibitors together with a lower content 

of sunstruck flavor initiators could lead to a lower formation of sunstruck flavor in a 

natural way. The aim of this research was to analyze the potential of different raw 

materials (hops as well as cereals) for the production of cereal-based beverage by 

increasing or decreasing the content of sunstruck flavor inhibitors and initiators in the 

medium, respectively. Moreover, the raw materials chosen should also ensure a 

good brewing performance.  

Hops are a big source of polyphenols in beer. In wort and beer, up to 20–30 % of the 

polyphenols present are derived from hop, despite the fact that hops are added in 

much shorter amounts than malt. During the extraction procedure of some products, 

the total polyphenol content is discarded or increased. However, the polyphenol 

composition of the different hop products is normally unknown. Based on this idea, it 

was necessary to find a hop product with a high polyphenol content, specially 

catechin, epicatechin and quercitin, and no humulones or isohumulones. Therefore, 

commercially available hop products were analyzed for the content of total and single 

polyphenols, bittering acid content, and sunstruck flavor perception in beer after 

exposure to light. 

The different commercially available hop products analyzed were Isohop, spent hops 

from the CO2 extraction, spent hops from the pellets type 45 production, pellets type 

90, tannin extract, and polyphenol enriched extract. Figure 4.1 shows the Hopsteiner 

hop product family-tree. 
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Figure 4.1: Hopsteiner hop product family-tree. The white elements represent the 

products used. 

The results reveal a removal of the bittering acids in spent hops by the CO2 

extraction, spent hops type 45, tannin extract, and polyphenol enriched extract. Also, 

the total polyphenol content accounted for 10 mg/g for Isohop, 41 mg/g for spent hop 

CO2, 64 mg/g for spent hop type 45, 67 mg/g for pellets type 90, 144 mg/g for tannin 

extract, and more than 845 mg/g for polyphenol enriched extract. These results show 

the separation of polyphenols from the product during the CO2 extraction and during 

the ethanol extraction. The enrichment on the polyphenol content in tannin extract 

compared to pellets type 90 in the ethanol extract production is clearly high. The total 

content of polyphenols in spent hops type 45 and pellets 90 shows that in the 

production of pellets type 45 a higher amount of polyphenols is discarded and ends 

up in the spent hops. 

On the other hand, the total polyphenol content of spent hops from CO2 production is 

lower than that in pellets type 90. These results showed that there exists a separation 
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of the polyphenols in the pelletizing process of pellets type 45, in the ethanol extract 

production and in the CO2 production which entails that further products in the 

production line will not be suitable for approaching sunstruck flavor reduction. 

Due to the fact that the products either originate from different hop plant fractions or 

are manufactured in a different manner the single polyphenol profile is also different 

between products. The polyphenols catechin, epicatechin, and quercetin were of 

special interest as they are known to protect beer against the formation of sunstruck 

flavor. Therefore, the hop products were examined on their content of single 

polyphenols. The highest catechin content was found in pellets type 90 followed by 

spent hops type 45 and tannin extract. The latter presented the highest epicatechin 

content. Although polyphenol enriched extract presented the highest quercetin 

glycoside content, neither catechin nor epicatechin nor quercetin were detected. The 

results showed a loss of the catechin and epicatechin content and an increase in the 

quercetin glucoside content in the production of polyphenol enriched extract. 

The evaluation of the illuminated beers brewed with single hop products showed that 

the beer with Isohop had the highest scores for sunstruck flavor descriptors owing to 

the high presence of iso-α-acid and tannin extract, and spent hops type 45 presented 

the lowest off-flavor perception. The results show no correlation between polyphenol 

content and sensory perception of the sunstruck flavor. Although pellets type 90 and 

spent hops from the CO2 extraction have similar polyphenol content as spent hops 

type 45, both products showed a higher sunstruck flavor perception. The results 

indicate the potential of the tannin extract for the reduction of sunstruck flavor in beer. 

Therefore, the influence of the concentration of tannin extract and different boiling 

times were tested. Tannin extract showed a reduction of the sunstruck flavor 

perception in final beer, probably due to the higher presence of the polyphenols 

catechin, epicatechin and quercitin. Moreover, the tannin extract also increased 

partially the color of the beers (1.5 EBC), which may also contribute to the absorption 

of light. Fatty acid and fatty acid ester content increased with the content of tannin 

extract. However, the concentration of these compounds was within the average 

concentrations of lager beer. 

Further steps in this research were the comparison of the content of amino acids and 

Osborne protein fractions during the malting process in different cereals. The protein 

fraction of the cereals used in the brewing process plays also an important role in the 
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formation of sunstruck flavor. The amino acids methionine, cysteine, phenylalanine 

as well as the peptide glutathione and the Osborne fractions albumin and glutenin 

are known to promote the formation of sunstruck flavor, whereas the amino acid 

tryptophan is known to quench the triplet state and inhibit the formation of light-struck 

character in beer. The cereals spelt and triticale were chosen as they offer different 

concentrations of sunstruck flavor initiators and inhibitors than that of barley and, at 

the same time, they have shown good brewing performance in previous work [104, 

118]. Spelt has lower content of riboflavin, cysteine, methionine and phenylalanine 

than barley, and triticale has lower concentrations of phenylalanine and higher 

tryptophan and polyphenol concentrations than barley. These differences in the 

composition offer the possibility to employ new raw materials with less sunstruck 

flavor appearance and good brewing characteristics for cereal-based beverage 

production. 

Also, the malting process exerts an influence on the content of the sunstruck flavor 

initiators and inhibitors. One of the most important physical–chemical changes during 

malting is the degradation of the proteinaceous matrix and their conversion into 

soluble peptides and amino acids. Spelt and triticale were analyzed during malting to 

broaden the knowledge of protein modifications and metabolic changes during this 

process. For this purpose, samples during the malting process of spelt and triticale 

(from raw material to malt) were taken every 24 h and the proteins as well as the 

amino acid composition were analyzed. The proteins were characterized according to 

their pI and MW during the different stages of the malting process. 

The results showed that the majority of the spelt proteins ranged between 13 and 

236 kDa and had a pI between 6 and 7, and of triticale between 4.7 and 64 kDa and 

which had a pI between 5.08 and 6.63. Although these results revealed a protein 

degradation process during malting of spelt, in contrast in triticale most of the 

polypeptides increased gradually, only to decline thereafter. 

The Osborne fractionation shows some fundamental understanding of the 

modification of the proteins during malting. Although the protein composition of both 

cereals, spelt and triticale differs, the behavior of the albumin fraction during the 

malting process was very similar. For both cereals, the majority of the proteins of the 

albumin fraction increased during malting until the last days of germination. However, 

some of the proteins of higher molecular weight underwent a total degradation after 
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some days of germination. Also in the glutenin fraction of spelt and triticale the same 

behavior can be found. This fraction underwent a sharp degradation after kilning. The 

same behavior has been found in the albumin and glutenin fractions of barley [131, 

189]. 

The albumin fraction consists of a complex mixture of structural, metabolic and 

storage proteins with a high metabolic activity. Celus et al. [190] analyzed the effects 

of malting and mashing on barley proteins and stated that the apparent increase in 

albumins and globulins during malting is the result of the proteolytic breakdown of the 

disulfide-linked hordeins and the secretion of enzymes in the endosperm. This 

breakdown of disulfide-linked proteins may serve as a source of sulfur, and thus 

having an impact on the formation of sunstruck flavor. 

The degradation of the protein fraction has also an impact on the amount of amino 

acids involved in the formation of sunstruck flavor. The results reveal an increase in 

the content of the amino acids cysteine, methionine and phenylalanine during 

malting, increasing until the last day of germination and decreasing in concentration 

afterwards during kilning, which is a sight of heat sensitivity. Just the content of 

phenylalanine in triticale increased steadily all through the malting process. The 

same behavior has been found in barley by other authors [191]. According to these 

results the content of the sunstruck flavor precursors cysteine, methionine, 

phenylalanine and those peptides resulting from the degradation of the proteins 

increases during malting, having, therefore, a higher potential of develop sunstruck 

flavor. Moreover, the content of cysteine in triticale (and triticale malt) is higher than 

in spelt (and spelt malt), whereas the content of methionine and phenylalanine is 

higher in spelt (and spelt malt) than in triticale and triticale malt.  

The malting parameters such as germination temperature, germination time and 

degree of steeping have an influence, not only on the content of the amino acids and 

peptides but also on the content of riboflavin and polyphenols. Therefore, further 

steps in this research were the investigation of the influence of the malting 

parameters on the content of sunstruck flavor initiators and inhibitors. The definition 

of the behavior of the content of these substances under the variation of the malting 

process parameters allows a better understanding of the origin and content of 

sunstruck flavor initiators and inhibitors in different cereals and the potential of 

achieving a high light stability together with high quality products. Therefore, the 
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changes in the content of sunstruck flavor initiators (cysteine, methionine, 

phenylalanine, glutathione, and riboflavin) and inhibitors (tryptophan and 

polyphenols) of barley, spelt and triticale were analyzed under the influence of 

different germination temperatures, germination times and degrees of steeping. 

The results showed an increase of the inhibitors and initiators of sunstruck flavor the 

more intense the malting parameters are (higher temperature, longer germination 

times and higher degree of steeping). Solely, the germination temperature had a 

negative influence on the content of the amino acids cysteine, methionine and 

tryptophan of triticale. The germination time and temperature showed a negative 

influence on the tryptophan content of spelt. In general, although the lowest content 

of sunstruck flavor initiators was found under lower germination temperatures, shorter 

germination times and lower degrees of steeping, concurrently, the content of 

sunstruck flavor inhibitors is also low under these conditions. 

Comparing the content of initiators of the three cereals, barley had, on average, the 

highest methionine and phenylalanine content, spelt the highest riboflavin content, 

and triticale the highest cysteine and glutathione content. On the contrary, barley had 

the highest total polyphenol content and spelt the highest tryptophan content. 

The results of this work show an influence of the raw material used (cereal and hop 

product) on the content of sunstruck flavor initiators and inhibitors. Although the 

content of amino acids, polyphenols, and riboflavin was different between cereals, 

neither barley, neither spelt nor triticale could be defined as more prone for the 

formation of the sunstruck flavor. 

However, some of the hop products investigated show more potential for the 

reduction of sunstruck flavor as they do not contain any humulones or isohumulones 

and have higher content of polyphenols in special catechin, epicatechin, and 

quercetin. Any product after the CO2 extraction or ethanol extraction is not suitable 

for the inhibition of sunstruck flavor as the polyphenols are removed during the 

production process. 

The content of tryptophan increased during the malting process, which has a positive 

effect on the inhibition of sunstruck flavor. However, the content of cysteine, 

methionine, phenylalanine and the albumin fraction also increased compared to that 

prior to malting. For this reason, it can be concluded that the malting process does 
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not exert a positive effect on the inhibition of sunstruck flavor appearance in cereal-

based beverages.  

By changing the malting parameters, the content of sunstruck flavor initiators and 

inhibitors can be decreased and increased. The last step in this work was to identify 

the changes in the content of sunstruck flavor initiators and inhibitors due to different 

malting parameters in spelt, triticale and barley. Under variation of the malting 

parameters, it was possible to decrease the content of initiators to undermine the 

formation of sunstruck flavor. However, the content of sunstruck flavor inhibitors 

decreases concurrently. Malts produced under more intense malting parameters 

(higher germination temperatures and degrees of steeping and longer germination 

times) tend to have higher content of sunstruck flavor inhibitors but also higher 

content of sunstruck flavor initiators, and malts produced under less intense malting 

parameters (lower germination temperatures and degrees of steeping and shorter 

germination times) tend to have lower content of sunstruck flavor inhibitors but also 

lower content of sunstruck flavor initiators. Therefore, a compromise should be found 

in order to aim for a beverage (containing hops) with no potential of developing 

sunstruck flavor, for example, using under-modified malts (with low content of 

initiators and inhibitors) together with a rich polyphenol hop product (with no 

humulone content). 

However, under these parameters, the formation of the sunstruck flavor will not be 

completely inhibited. To avoid the formation of sunstruck flavor further research 

should be carried out in order to understand the behavior of riboflavin during 

fermentation. Some research [79] has shown that the ability of yeast to synthesize 

riboflavin appears to be genetically determined and that the medium composition 

influences the synthesis or depletion of riboflavin by the yeast. Also, the absorption of 

the amino acids by the yeast has an influence on the final content in beer but was not 

taken into consideration in this work. Moreover, other cereals should be tested in 

order to find a raw material with higher potential in the production of light stable malt-

based fermented beverages. 
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auf die Bierschaumstabilität. Muñoz Insa, A., Gastl, M., Becker, T., 2014 

 46. Technologisches Seminar, Freising, Germany: Einsatz von 

Hopfenprodukten zur Vermeidung von Lichtgeschmack. Muñoz Insa, A., Gastl, 

M., Becker, T., 2013 

 World Brewing Congress, Portland, USA: Oat: Substrate for Malted Cereal 

Fermented Beverages. Muñoz Insa, A., Gastl, M., Becker, T., 2012 

 45. Technologisches Seminar, Freising, Germany: Technologische 

Vermeidung qualitätsmindernder Aromastoffe in hopfenhaltigen Getränken. 

Muñoz Insa, A., Gastl, M., Becker, T., 2012 

 MBAA Annual Conference, Minneapolis, USA: Malting process optimization of 

barley (Hordeum vulgare L.) to reduce the content of initiators and maximize 

the content of inhibitors of sunstruck flavor. Muñoz Insa, A., Gastl, M., Becker, 

T., 2011 

 MBAA Annual Conference, Minneapolis, USA: Identification of barley varieties 

by Lab-on-a-Chip capillary electrophoresis. Muñoz Insa, A., Gastl, M., Becker, 

T., 2011 

 33rd EBC Congress Glasgow, UK: Evaluation of different hop products and 

boiling parameters to reduce sunstruck flavor in non-alcoholic fermented 

beverages. Muñoz Insa, A., Gastl, M., Becker, T., 2011 

 44. Technologisches Seminar, Freising, Germany: Optimierung des 

Mälzungsregimes von alternativen Getreiden hinsichtlich des Gehalts an 

Photoinhibitoren und ‐initiatoren zur Vermeidung von Lichtgeschmack. Muñoz 

Insa, A., Gastl, M., Becker, T., 2011 

 Tag der Studienfakultät Brau- und Lebensmitteltechnologie, Freising, 

Germany: Milchsäure Fermentationstechnologie in der Getränkeindustrie. 

Qian, F., Muñoz Insa, A., Gastl, M., Becker, T., 2011 

 8. Rohstoffseminar, Freising, Germany: Unterschiede in den 

Vermälzungseigenschaften verschiedener Getreide aufgrund ihrer stofflichen 

Zusammensetzung. Muñoz Insa, A., Gastl, M., Becker, T., 2011 



RAW MATERIALS FOR THE REDUCTION OF SUNSTRUCK FLAVOR PRESENTATIONS AND POSTERS 

-96- 

 Second International Symposium for Young Scientists and Technologists in 

Malting, Brewing and Distilling, Freising, Germany: Identification of triticale (x 

Triticosecale) aroma compounds from malt and during the brewing process. 

Muñoz Insa, A., Becker, T., Zarnkow, M., Gastl, M., 2010 

 Tagungsband FEI-Jahrestagung 2010, Freising, Germany: Adaption der 

milchsauren Fermentation an Triticale-Würze am Beispiel von Lactobacillus 

casei. Qian, F., Muñoz Insa, A., Gastl, Becker, T., 2010 

 World Brewing Congress, Hawaii, USA: The Use of Response Surface 

Methodology to Optimize Malting Conditions of Oat (Avena sativa L.) as a Raw 

Material for Alternate Fermented Beverages. Zarnkow, M., Muñoz Insa, A., 

Burberg, F., Arendt, E., Back, W., Gastl, M., 2008 

 


