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Abstract 

Due to rising consumers’ environmental and health consciousness and therewith an increasing 

trend towards natural flavour ingredients, the industry constantly seeks for alternative 

production methods to fulfil these demands. Biocatalytic strategies are hereby playing an 

increasingly prominent role, as they enable ecologically and economically sustainable 

production of flavour chemicals in line with the principles of ‘Green Chemistry’ and meet 

consumers’ demand for products of natural origin.  

Fatty aldehydes represent a class of highly demanded odour-active compounds contributing 

to the smell of many foods including fruits, herbs, and meat products, and are therefore 

important ingredients for respective flavourings. Moreover, they are applied in a variety of 

cosmetic products including highly valuable fragrances. In nature, fatty aldehydes are 

biosynthesised mainly from fatty acids via enzymatic cascade reactions. These involve 

lipoxygenases together with hydroperoxide lyases, carboxylic acid reductases or  

α-dioxygenases, which are key enzymes of the plant α-oxidation pathway. Recently, a 

cyanobacterial α-dioxygenase from Crocosphaera subtropica (Csα-DOX) has been identified to 

be a highly promising candidate as biocatalyst. It enables the production of unusual odd-chain 

numbered, mono- or polyunsaturated fatty aldehydes from naturally abundant fatty acids in 

the presence of molecular oxygen as sole cofactor. In the present study, a recombinant, 

cyanobacterial fatty aldehyde dehydrogenase from Vibrio harveyi (VhFALDH) has been jointly 

applied with Csα-DOX in a coupled-enzyme reaction to produce a series of carbon chain 

shortened fatty aldehydes. The biocatalytic approach was systematically established and 

optimised to increase the production efficiency towards the desired Cn-x aldehydes. It was 

subsequently used to convert various single fatty acids as well as hydrolysed lipid extracts 

with unusual fatty acid profiles obtained from plant and fungal sources. The resulting 

aldehydes were quantified and characterised by means of gas chromatography coupled with 

mass spectrometry and olfactometry alongside sensory evaluations of the aldehyde mixtures. 

Thereby, odours of numerous (Z)-unsaturated fatty aldehydes have been described for the 

first time. 

Apart from the generation of natural odourants, the field of non-volatile flavour compounds 

is equally in the spotlight. With the growing trend of sugar reduced foods and those enriched 



 

 

with protein or amino acids, artificial sweeteners are usually applied to compensate for the 

lack of sugar and to mask off-flavours. However, with lately accumulating studies on health 

concerns regarding such sweeteners, alternatives are highly demanded. A number of  

O-methylated flavonoids, such as neohesperidin dihydrochalcone, homoeriodictyol, and 

hesperetin have been described as taste-active, with sweetening, bitter-masking or sweet-

enhancing properties. Direct catecholic precursors of such flavonoids e.g. eriodictyol are 

abundantly found in nature. Thus, a suitable O-methyltransferase activity was sought to 

efficiently produce the corresponding products. The mycelia of several fungi from the phylum 

Basidiomycota were screened for the targeted enzyme activity, and Lentinula edodes  

(syn. shiitake) was identified as the most promising candidate with the targeted biocatalytic 

activity against eriodictyol [dihydrochalcone], resulting in considerable product 

concentrations of homoeriodictyol [dihydrochalcone] and hesperetin [dihydrochalcone]. In 

addition, other catecholic compounds were enzymatically converted into the corresponding 

O-methylated analogues, including industrially highly relevant flavouring substances such as 

vanillin. By means of a bottom-up proteomics approach, genes of L. edodes encoding for the 

responsible O-methyltransferases were successfully identified and functionally expressed in 

Escherichia coli. The purified enzymes were systematically characterised including reaction 

conditions, enzyme kinetic parameters, and activity against numerous phenolic substrates. 

Thereby, high product yields of up to 100% were achieved.  

The present work demonstrates the successful enzymatic production of odour-active fatty 

aldehydes and flavour-active O-methylated flavonoids from natural sources. In contrast to 

chemical synthetic methods and the elaborate sourcing of naturally scarce substances, this 

represents a sustainable and environmentally friendly production strategy and is therefore of 

major relevance to the flavours & fragrances industry.  



 

 

Zusammenfassung 

Angesichts des kontinuierlich wachsenden Umwelt- und Gesundheitsbewusstseins in der 

Bevölkerung, sowie der damit verbundenen steigenden Nachfrage nach natürlichen Aroma- 

und Geschmacksstoffen werden fortlaufend alternative Produktionsmethoden erforscht, um 

diesen Bedarf zu decken. Biokatalytische Strategien spielen dabei eine zunehmend wichtige 

Rolle, da sie eine ökologisch und ökonomisch nachhaltige Produktion von geruchs- und 

geschmacksaktiven Verbindungen nach den Prinzipien der ‚Grünen Chemie‘ ermöglichen 

und die Nachfrage nach Produkten natürlichen Ursprungs erfüllen können. 

Mittel- und langkettige (bis ~C17) Fettaldehyde tragen zum Geruch vieler Lebensmittel, 

einschließlich Früchten, Kräutern und Fleischerzeugnissen bei und sind daher wichtige 

Inhaltsstoffe entsprechender Aromen. Außerdem werden sie in einer Vielzahl von 

kosmetischen Produkten, wie etwa hochwertigen Parfums eingesetzt. In der Natur werden 

Fettaldehyde hauptsächlich aus Fettsäuren über enzymatische Reaktionen u.a. mittels 

Lipoxygenasen, Carbonsäurereduktasen oder α-Dioxygenasen synthetisiert. Eine aus dem 

Cyanobakterium Crocosphaera subtropica stammende α-Dioxygenase (Csα-DOX) wurde als 

vielversprechender Kandidat für die Herstellung ungeradzahliger und ungesättigter 

Fettaldehyde aus Fettsäuren identifiziert. In der vorliegenden Studie wurde eine Fettaldehyd-

Dehydrogenase des Cyanobakteriums Vibrio harveyi (VhFALDH) heterolog exprimiert und mit 

Csα-DOX als gekoppelte Enzymreaktion eingesetzt, um eine Serie von kettenverkürzten 

Fettaldehyden zu generieren. Der biokatalytische Ansatz wurde systematisch optimiert, um 

die Produktionseffizienz der gewünschten Cn-x-Aldehyde zu erhöhen. Anschließend wurde 

die Enzymkaskade in Gegenwart einer Reihe einzelner Fettsäuren sowie komplexer 

Fettsäuremischungen aus hydrolysierten Pflanzen- und Pilzextrakten mit interessanten 

Fettsäureprofilen angewendet. Die Produkte wurden mittels Gaschromatographie-

Massenspektrometrie gekoppelt mit Olfaktometrie sowie sensorischen Untersuchungen der 

Aldehydgemische charakterisiert. Dabei wurden Geruchseindrucke zahlreicher  

(Z)-ungesättigter Fettaldehyde erstmals beschrieben. 

Neben der Erzeugung natürlicher Geruchsstoffe nimmt der Bereich nichtflüchtiger 

Geschmacksstoffe eine zunehmend bedeutende Rolle ein. Einhergehend mit dem Trend hin 

zu zuckerreduzierten und mit Protein oder Aminosäuren angereicherten Lebensmitteln ist es 



 

 

üblich, künstliche Süßstoffe einzusetzen, um die fehlende Süße und Fehlgeschmäcker solcher 

Produkte auszugleichen bzw. zu maskieren. Angesichts der sich in den letzten Jahren 

häufenden Studien über potentiell negative gesundheitliche Auswirkungen einiger Süßstoffe, 

wird intensiv nach Alternativen gesucht. Einige O-methylierte Flavonoide wie z. B. 

Neohesperidin-Dihydrochalkon, Homoeriodictyol, oder Hesperetin sind geschmacksaktiv 

mit süßenden, bittermaskierenden oder süßmodulierenden Eigenschaften. Direkte 

catecholische Vorstufen solcher Flavonoide wie z. B. Eriodictyol kommen in der Natur in 

höheren Konzentrationen vor. Deshalb wurde in dieser Studie das Ziel verfolgt, geeignete 

Biokatalysatoren mit O-Methyltransferase-Aktivität zu finden, um entsprechende Produkte 

effizient auf natürlichem Wege zu generieren. Dazu wurde mittels Submerskultivierung 

erzeugtes Myzel verschiedener Pilze der Abteilung Basidiomycota auf die angestrebte 

Enzymaktivität hin untersucht. Insbesondere das Myzel des Speisepilzes Lentinula edodes 

(Shiitake) wurde als vielversprechender Kandidat mit der angestrebten biokatalytischen 

Aktivität gegenüber Eriodictyol[-Dihydrochalkon] identifiziert, mit der die Produkte 

Homoeriodictyol[-Dihydrochalkon] und Hesperetin[-Dihydrochalkon] erfolgreich generiert 

werden konnten. Darüber hinaus wurden weitere Verbindungen mit Catechol-Motiv 

enzymatisch in die entsprechenden O-methylierten Analoga umgesetzt, darunter auch 

industriell hochrelevante Aromastoffe wie z.B. Vanillin. Mit Hilfe eines bottom-up proteomics-

Ansatzes wurden die Gene aus L. edodes, die für die verantwortlichen O-Methyltransferasen 

kodieren, erfolgreich identifiziert und in Escherichia coli funktionell exprimiert. Die gereinigten 

Enzyme wurden systematisch charakterisiert und die Biokatalyse einschließlich der 

Reaktionsbedingungen, der enzymkinetischen Parameter und der biokatalytischen Aktivität 

gegenüber weiteren phenolischen Substraten optimiert, wobei hohe Produktausbeuten von 

bis zu 100% erzielt wurden. 

In der vorliegenden Arbeit wird die erfolgreiche enzymatische Produktion geruchsaktiver 

Fettaldehyde und geschmacksaktiver O-methylierter Flavonoide aus natürlichen Quellen 

demonstriert. Im Gegensatz zu chemisch-synthetischen Methoden und der aufwändigen 

Bereitstellung von natürlich nur in geringen Mengen vorkommenden Substanzen stellt dies 

eine nachhaltige und umweltfreundliche Produktionsstrategie dar und ist daher für die F&F-

Industrie von großer Bedeutung.  
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1. Introduction 

1.1 Flavour 

Flavour has always played a central and multifaceted role in human culture. From early on, 

plants and other natural materials have been explored to be used as spices to enhance the 

palatability of foods, or were used as preservatives for such. Already the early Mesopotamian 

and Egyptian civilisations developed techniques to extract the flavourful fractions of materials 

by, for instance, liquid extraction using oils and even distillation techniques.1 In the course of 

the rapidly increasing trade between the continents in the Middle Ages, the variety of herbs 

and spices, used for culinary and cosmetic purposes, rose accordingly. By the 17th century it 

had become common to apply odorous extracts to aromatise foods and drinks or scent 

materials such as often unpleasant smelling leather.1 A milestone in flavour and fragrance 

history was the invention of chemical techniques to identify and synthesise single odorous 

molecules. In the course of Liebig & Wöhlers investigations on their ‘Radical Theory’ in the 

1830s, they succeeded in isolating benzaldehyde, the most important aroma compound of 

Prunus plants such as cherry, apricot, or almond.2 In 1833, Dumas & Péligot identified 

cinnamic aldehyde as the main contributor to the smell of cinnamon oil, and its first synthesis 

was achieved by Chiozza in 1856.3 Industrial flavour compound production traces back to 1874 

when Tiemann & Haarmann successfully synthesised vanillin from coniferin. This 

achievement served as the initial spark for establishing Haarmann & Reimer (now 

Symrise AG) later that year, with a focus on large-scale production of vanillin and other aroma 

chemicals.4 

In the area of tastants, such as non-caloric sweeteners, scientific studies started relatively late 

and accelerated rapidly with the serendipitous discovery of saccharin by Fahlberg & Remsen 

in 1879.5 As a result, other now common synthetic sweeteners such as salts of cyclamic acid 

(1958), neohesperidin dihydrochalcone (1963), aspartame (1981), acesulfame K (1988), and 

sucralose (1998) were developed during the 20th century.6 Some plants with sweetening 

properties have received renewed attention within the past decade. These include stevia 

(Stevia rebaudiana), liquorice root (Glycyrrhiza glabra), monk fruit (Siraita gosvernori), katamfe 

(Thaumatococcus daniellii) and pentadiplandra (Pentadiplandra brazzeana), of which the 

compounds responsible for the sweetness have been identified and most of which are 
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authorised for use in foods in the European Union.7,8 Only a few substances with a bitter taste 

have become established as flavourings over time. The most notable example is quinine, 

originally extracted from the bark of the Cinchona tree for the use as a remedy for malaria.9 

Quinine remains relevant in the food industry due to its use in popular soft drinks such as 

tonic water. However, excessive bitterness in food products naturally leads to customer 

rejection. Therefore, a number of taste-modifying compounds with bitter-masking or sweet-

enhancing properties have been discovered over the past decades, including a range of 

flavanones and dihydrochalcones, which are particularly considered in the present work (see 

section 1.3).10 

1.1.1 Legal framework in the European Union 

In the European Union, flavour-active compounds are regulated in two different legal texts. 

EU Regulation (EC) No. 1334/2008 covers the categories ‘flavourings’, ‘flavouring substances’, 

‘flavouring preparations’, ‘thermal process flavourings’, ‘smoke flavourings’, and ‘food 

ingredients with flavouring properties’.11 It should be noted that the term flavouring includes 

not only volatiles, but also non-volatile compounds in the sense of taste-active compounds, 

including substances with e.g. taste-modifying properties. However, substances with 

exclusively sweet, sour, or salty taste are explicitly excluded. For example, the bittering agent 

quinine, is covered by the Regulation (EC) No. 1334/2008, whereas sugar substitutes such as 

the earlier mentioned high-intensity sweeteners are not part of it. These are covered by the EU 

Regulation (EC) No. 1333/2008 on food additives.12 A special case is the compound 

neohesperidin dihydrochalcone, which is included in both, Regulation (EC) No. 1334/2008 (FL 

No. 16.061) and Regulation (EC) No. 1333/2008 (E959). On the other hand, the structurally 

related compounds hesperetin, naringin dihydrochalcone, and trilobatin are only listed in 

Regulation (EC) No. 1334/2008 (FL No. 16.097, 16.110, 16.112) since they are considered solely 

as taste-modifying compounds. 

In the light of sustainability and consumers’ demand for natural products, the definition of 

natural flavourings plays an important role. Reason for this is that it determines the extent to 

which manufacturers are permitted to declare flavourings or products in which they are 

applied. According to Regulation (EC) No. 1334/2008, a ‘natural flavouring substance’ is a 

“... flavouring substance obtained by appropriate physical, enzymatic or microbiological 
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processes from materials of vegetable, animal or microbiological origin ...”.11 Moreover, the 

legislation clearly points out that the substance can only be named natural if it is present in 

nature. Thus, biosynthetic production of a compound alone would not be sufficient to label 

the resulting flavouring as natural. To give a recent example, ethyl vanillin is a widely used 

flavouring agent with a strong vanilla odour that has so far only been available on the market 

as a purely synthetic flavouring. As it does not occur naturally, it cannot be declared as such, 

even though it was produced by e.g. a biotechnological process. Recently, ethyl vanillin was 

discovered for the first time in a natural source (Fragaria × ananassa), which could now lead to 

it being authorised as natural, provided it was prepared by one of the methods described 

initially.13 

If the compound occurs naturally and is produced by a suitable biotechnological process using 

genetically modified organisms (GMOs), the resulting substance can still be declared as 

natural.14 However, this poses a problem as consumers are often concerned about the use of 

genetic engineering. As a consequence, food manufacturers are trying to meet the demand for 

GMO-free products. In EU Regulation (EC) No. 1829/2003 it is specified how a product that 

has been produced using genetic engineering must be declared.15 This also includes 

flavourings. With regard to the declaration as ‘genetically modified’, a distinction is made 

between production from a GMO and with a GMO. If all or part of the flavouring is produced 

from a GMO, and the whole organism, or parts of it (e.g. DNA) is still detectable in the product, 

it must be declared accordingly.14 Since flavourings are usually highly purified, e.g. by solvent 

extraction, filtration, and distillation, residues of GMOs will not enter the product and are 

therefore not affected by the declaration as genetically modified.16 

1.1.2 Odour 

Odour-active compounds, also known as odourants, are volatile and mainly semi- to non-

polar compounds with a low molecular mass (< 300 Da) that are responsible for the smell of 

inter alia foods. The significance of a single aroma compound to the overall odour impression 

is mainly driven by the relationship of its concentration present in the analysed matrix and its 

odour threshold, commonly described as the odour activity value (OAV).17 The compounds 

which contribute most to the overall odour impression are known as character impact 

compounds. Prominent examples are vanillin, which shapes the smell of vanilla pods, 
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eugenol, which imparts the typical clove-like character, or diacetyl, which is abundantly found 

in butter.18–20 Although every food product contains a wide variety of odour-active 

compounds, only a limited set, present in a distinct proportion, creates the food’s characteristic 

smell. For example, fresh strawberries usually get their characteristic odour profile not from 

4-hydroxy-2,5-dimethyl-3(2H)-furanone (strawberry, caramel-like) alone, but also from the 

presence of (Z)-3-hexenal (green, leaf-like) and a number of esters such as methyl butanoate 

or ethyl butanoate (fruity).21  

1.1.2.1 Aroma analysis 

In order to identify, isolate, and evaluate the responsible odour-active compounds from 

usually complex food matrices, reliable and sensible analytical tools are essential. Therefore, 

aroma analysis plays a central role in the flavour research and food industry.  

The process starts with an appropriate extraction of the target compounds. A number of 

methods can be used for this purpose. Since odourants are usually characterised by their non- 

to semipolar properties, they can be isolated from their matrix using organic solvents or non-

polar adsorbents. In liquid extraction, the sample for analysis is mixed with organic solvents 

or a combination thereof. The resulting extract can then be analysed directly or subjected to 

further fractionation steps. Thereby, separation from abundant polar by-products such as 

carbohydrates and proteins can be achieved. As the sample may also contain highly non-polar 

interfering substances, in particular lipids and their derivatives, modern flavour analysis 

makes use of the volatility of flavour compounds. By means of the solvent assisted flavour 

evaporation (SAFE) method, the organic extract is gently separated into volatile and non-

volatile substances under vacuum at moderate temperatures. The target substances are then 

collected in a container placed in a bath of liquid nitrogen.22 Although recently a semi-

automated version (aSAFE) has been developed, the extraction proved very laborious and 

time-consuming.23  

Since organic solvents pose the risk of unwanted chemical reactions (depending on the 

solvent) and rise safety and environmental concerns, a number of solvent-free methods using 

sorbents to extract flavours have been developed over the past decades. Thereby, compounds 

from the matrix selectively bind to coatings, most often non-polar polymers such as 

polydimethylsiloxane (PDMS), divinylbenzene (DVB) and (semi-)polar materials such as 
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polyacrylate (PA) and PDMS/ethylene glycol (PDMS/EG) based coatings. Frequently used 

methods are solid-phase extraction (SPE), stir bar sorptive extraction (SBSE), dynamic 

headspace extraction (DHS), and solid-phase microextraction (SPME), which offer several 

advantages. Apart from the absence of potentially harmful solvents, the sample can be utilised 

for extraction without requiring labour-intensive preparation. Additionally, volatile 

compounds can be selectively separated using a technique known as headspace extraction. For 

the headspace-SPME method, a thin, one to two centimetres long, fibre coated with a sorbent 

is placed in the headspace of an airtight container, and the volatile compounds are then 

extracted until an equilibrium of the compounds inside the sample, in the headspace, and 

bound to the sorbent is reached. 

Following extraction, the sample can be subjected to gas chromatographic (GC) analysis, in 

which the extracted analytes are separated and commonly detected using a flame-ionisation 

detector (FID), and/or mass spectrometer (MS). By incorporating an olfactory detection port 

(ODP), the analytes can not only be detected as a signal in the chromatogram and identified 

by comparison with analytical standards or MS spectra, but the odour impression can be 

characterised simultaneously using the user's own sense of smell. In addition, GC-

Olfactometry (GC-O) can be used to approximate the odour threshold of a compound.24 

Moreover, the impact of an analyte on the overall odour profile can be determined using a so-

called aroma dilution analysis (ADA) or aroma extract dilution analysis (AEDA) through 

determination of the flavour-dilution factor (FD-factor) and the resulting OAV.25–27 

1.1.2.2 Olfactory system 

Although human olfaction is generally considered inferior to that of many other mammals, it 

remains highly sensitive and, as described in the previous section, can serve as a powerful 

‘analytical tool’.28 Commonly, the literature claims, that humans can discriminate around 

10,000 different odours; however, recent studies suggest that the human sense of smell can 

distinguish over a trillion different olfactory stimuli.29,30 The complexity of the olfactory system 

is already demonstrated by the fact, that even minor changes in molecular structure or 

concentration can result in a significantly different odour perception.28,31 Odour-active 

compounds can be perceived either by smelling through the nostrils (ortho-nasal olfaction) or 

via transportation from the mouth and throat to the back of the nasal cavity. The detection 
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process begins at the top of the nasal cavity in the olfactory epithelium, which is composed of 

various cell types including sustentacular cells, basal cells, and olfactory sensory neurons 

(OSNs).28 The cilia of the OSNs are situated in a mucus layer on the surface of the olfactory 

epithelium and carry G protein-coupled receptors (GPCRs).31 There have been around a 

thousand genes identified to encode different odour receptors, however only 300–400 are 

functionally expressed in humans.30 When odourants reach the epithelium through the 

respiratory air, they dissolve in the mucus, allowing them to bind to specific GPCRs. Each 

OSN expresses only a single GPCR type yet each GPCR can bind to multiple odourants with 

different affinities.32,33 The bound receptor-odourant complex leads to a signal transduction 

cascade inducing an action potential. The electrical signal moves along the axon through the 

cribriform plate leading to the olfactory bulb. In the glomerular layer, axons of multiple OSNs 

terminate in their specific glomeruli, where the signal is transmitted to mitral cells through 

various olfactory bulb projection neurons and glomerular interneurons. Eventually, the signal 

reaches the amygdala, where odour perception is processed and integrated with emotional 

and behavioural responses.32 

1.1.3 Taste 

In contrast to the above-described odourants, taste-active compounds are perceived via the 

gustatory system in the oral cavity exhibiting sensations such as sweet, sour, salty, bitter, and 

umami alongside less explored taste properties such as kokumi, fatty, and metallic.34 Also, oral 

somatosensory sensations such as spiciness, astringency, tickling, and lingering are usually 

associated with taste.35 As this is a very broad topic, the focus here will be on the taste 

sensations of sweet, bitter and their modulation. 

The sweetness of a compound can be determined using a numerical value, whereby a 

corresponding sucrose solution is rated as 1, and is therefore described as ‘relative 

sweetness’.36 The monosaccharide glucose is slightly less sweet (~0.7) while fructose exhibits a 

higher sweetness (~1.2).37 Sugar alcohols, also known as polyols, are sugar substitutes widely 

applied in confectionery and baked goods, and are often used for ‘tooth-friendly’ chewing 

gum and pastilles due to their decreased cariogenicity in comparison to common sugars. Most 

polyols have a relative sweetness lower than 1, with only xylitol being as sweet as sucrose 

(1.0).37 In contrast, so-called high-intensity sweeteners (HIS) have a significantly higher relative 
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sweetness with values ranging from 30 for cyclamate up to 200,000 for guanidine-based 

compounds such as carrelame and luguname.38 High-intensity sweeteners (HIS) are generally 

regarded as non-caloric because they are mostly unabsorbed by the human body. However, 

certain HIS, such as aspartame and thaumatin, have a calorific value because of their peptide 

or protein nature, respectively. Nevertheless, they are still considered as non-caloric as they 

are typically applied in very low concentrations.36 Due to the unfavourable taste sensations 

associated with HIS, such as bitter and metallic aftertastes, or delayed sweet-taste onset, there 

are multiple strategies to enhance palatability. A common approach is to blend multiple HIS 

to make use of synergistic effects, enabling the use of lower overall compound concentrations 

and consequently minimising undesirable off-flavours.36 An alternative approach involves 

using substances that have no taste on their own but can modify the taste perception of another 

compound.39 

Bitterness in particular is a major problem for the food and pharmaceutical industries. As 

mentioned above, this is due to inter alia bitter-tasting compounds being present in raw food 

materials, intermediate products and, most problematically, in finished products. Current 

strategies to reduce the bitterness include: 

 Reducing presence of bitter-tasting compounds in plant-based materials by breeding 

 Selective removal of bitter tastants from the product 

 Adjustment of technological processes, which are sensible to formation of bitter 

compounds (e.g. heat treatment of milk products) 

 Physical separation within the product by encapsulation or emulsion 

 Masking bitterness by increasing dosage of sweeteners, salt, or strong “sweetish” 

volatile flavours (vanilla, caramel etc.) to cover up bitterness 

 Introduction of taste-modifying compounds directly interacting on a molecular level39 

There are a number of compounds reported which have the ability to mask bitterness e.g. 

adenosine 5’-monophosphate (AMP), cyclodextrins, lipoproteins, and the HIS thaumatin and 

neohesperidin dihydrochalcone (NHDC).40–44 Moreover, a number of flavonoids structurally 

related to NHDC were identified to mask bitterness such as homoeriodictyol and modified 

hydroxylated benzoic acid amides as their structural analogues.45 
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1.1.3.1 Gustatory system 

Sweet, bitter, and umami taste perception is based on binding and activation of GPCRs 

assembled in the taste buds, which are found across the tongue papillae.34 Human sweet taste 

recognition is mediated by a single heterodimeric GPCR composed of the taste 1 receptor 

family member 2 (T1R2) and taste 1 receptor family member 3 (T1R3).46 Bitter taste recognition 

is a far more complex task due to the evolutionarily crucial defence against potentially toxic 

compounds. As these have a significantly greater structural diversity than sweet and umami-

tasting compounds, around 25–30 different receptors of the taste 2 receptor family (T2R) take 

this function.47 The signal transduction is initiated by the binding of the taste-active molecule 

to the corresponding GPCR, which leads to the dissociation of the G protein heterotrimer 

which ultimately stimulates the release of intracellular calcium, thus opening the transient 

receptor potential protein 5 (TRPM5) ion channels leading to membrane depolarisation and 

release of ATP.48,49 The resulting neural signals are subsequently transmitted to the central 

nervous system via the chorda tympani of the facial nerve, as well as the glossopharyngeal nerve 

and the vagus nerve.35 

In contrast to the activation of the above described GPCRs, there is a number of compounds 

known to influence bitter perception by interfering with the signalling process, which leads to 

the masking of the corresponding taste sensations. Such compounds belong to a group known 

as taste-modifiers, and in this case to the subgroup bitter-blockers.50 There are different targets 

of the signalling pathway for them to interact with. The most obvious mechanism is the direct 

interaction as an antagonist or modulator at the T2R binding sites. However, also other parts 

of the signal transduction may be influenced, such as the TRPM5 channels or even the 

subsequent neurotransmitter release.39  

Conversely, there is a number of compounds known to augment a taste sensation rather than 

preventing or reducing it. So-called positive allosteric modulators (PAMs) usually do not 

possess a taste of their own, but are capable of increasing another tastant’s perception.51 These 

compounds can bind to allosteric sites of the T1R2/T1R3 heterodimer, which causes a 

conformational change of the receptor and eventually leads to an increased receptor-affinity 

towards the agonist (sugar, sweetener) in the ‘active pockets’ of the receptors.52,53 

Consequently, the compounds are perceived as sweeter than their concentration would 
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suggest, opening up possibilities for the production of sugar-reduced foods without 

undesirable side effects such as loss of mouthfeel or off-tastes. 

1.1.4 Biocatalytic flavour production 

While pure chemical synthesis is a simple and viable process for many flavours, with high 

yields and good reproducibility, it inherits a number of disadvantages, including the use of 

energy-intensive petrochemicals, which are often toxic and environmentally harmful. 

Moreover, process conditions mostly involve high temperatures and high pressures. Not least, 

consumers’ rejection of artificial flavourings makes it increasingly unattractive for 

manufacturers to (exclusively) produce chemo-synthetic products.54 At the other end of the 

spectrum, natural flavourings are frequently produced by extraction directly from natural 

sources, predominantly plant materials. This can be a viable method to efficiently obtain a 

target compound in a cost-effective, environmentally friendly way, and allowing the flavour 

to be labelled as natural. Yet, this does not hold true for many flavour compounds demanded 

by the market. If the desired compound is not readily available in nature, if there is a lack of 

suitable extraction and purification methods, or if it has poor chemical stability, the processes 

involved are typically inefficient and therefore not considered worthwhile to pursue. 

Moreover, agricultural sourcing goes along with unpredictable factors such as weather 

conditions and plant diseases.55 Alternatively, there are plenty of examples for naturally 

abundant compounds that are structurally very similar to scarcely available flavour-active 

compounds. Such flavour precursors can be modified chemically, which in turn goes along 

with the above-mentioned disadvantages of chemical synthetic products and disqualifies the 

product to be labelled as natural. Another major downside is the lack of selectivity, which can 

result in a complex mixture of structurally similar compounds or even isomers, which are 

challenging to purify. 

In contrast, enzymatically catalysed reactions are characterised by a high degree of 

chemoselectivity, regioselectivity, and enantioselectivity, which enables a highly specific 

modification of a target substrate.56 In addition, biocatalytic processes are usually conducted 

under mild reaction conditions, often in the neutral pH range and at moderate temperatures 

and atmospheric pressure. There are several production strategies involving biocatalytic 

reactions. Fermentative processes are performed by using living organisms, which harbour a 
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targeted set of enzymes to catalyse the desired reactions. In modern biotechnology, genetically 

modified microorganisms such as Escherichia coli, Saccharomyces cerevisiae, or 

Komagataella phaffii are commonly used for this purpose, as they are characterised by short 

doubling times and inexpensive growth media.57 Moreover, they are convenient hosts for 

genetic modification as compared to higher organisms.  In particular, E. coli is highly efficient 

at incorporating foreign DNA and expressing genes coding for recombinant proteins at a very 

high rate.58 In fermentative processes, it is also common to simultaneously express multiple 

genes encoding the corresponding target enzymes. This allows for the generation of an entire 

enzyme cascade or artificial biosynthetic pathways to produce target compounds from e.g. 

readily available platform chemicals. Application of single enzymes or a combination of 

purified enzymes are also common practices. The benefit of this approach is that it eliminates 

metabolic by-products, cell compartments, and unwanted native enzyme catalytic activity 

from the host organism.59 This significantly improves the recovery of the target compound and 

prevents it from undesirable modification or degradation. On the downside, enzymes tend to 

be unstable outside their natural environment and should be stored under appropriate 

conditions to preserve their structural integrity and catalytic function. In solution, enzymes 

generally remain stable only briefly, but can be stabilised by storage at low temperatures, 

adjusting the pH and adding stabilisers like glycerol, EDTA, sodium chloride, or antioxidants. 

Alternatively, enzymes can be lyophilised, encapsulated or immobilised to improve their 

stability.59 

1.2 Odour-active fatty aldehydes 

1.2.1 Structure and natural appearance 

Fatty aldehydes belong to the structural class of aliphatic and acyclic aldehydes with a carbon 

chain length of typically higher than six. Representatives with a length of up to ~C17 are 

regarded as odour-active, and are frequently used and highly demanded due to their diverse 

odour properties and wide field of applications in flavourings and scents for the food industry, 

cosmetic industry and pharmaceutical industry. The odour attributes described for fatty 

aldehydes are manifold including green, herbaceous, waxy, soapy, citrus-like, fatty, and 

meaty. 60 



Introduction  11 
 

 

A structurally diverse set of odour-active fatty aldehydes are found in nature and shape the 

flavour of many plants, in particularly of their foliage, flowerings and fruits.60 Citrus fruits are 

an important source of saturated odourous aldehydes, such as octanal, decanal and 

dodecanal.61 Although fatty aldehydes only make up about 1% of the essential oil, their low 

odour thresholds – typically < 100 ng/L (air) – make them crucial for the aroma profile of citrus 

fruits.62 In addition to the abundant saturated straight-chain aldehydes, highly sought-after 

unsaturated and methyl-branched aldehydes are also found in nature. A well-known example 

is 2-methylundecanal, which is a popular ingredient in fragrances, but occurs naturally only 

in small amounts in e.g. kumquat peel oil and in some meat products.63,64 Another key flavour 

compound, (E,E)-2,4-decadienal, is responsible for the smell of roasted or cooked chicken and 

is particularly interesting due to its relatively low odour threshold of 0.04–0.16 ng/L (air).65 It 

is abundant in chicken meat products, but is also reported to be present in a number of 

filamentous fungi.66,67 A selection of industrially relevant fatty aldehydes and their natural 

occurrence is summarised in Table 1. 

Table 1 Examples of fatty aldehydes used for flavourings and fragrances and their respective natural sources and 
odour attributes. 

compound CAS No. natural occurrence odour attributes 

saturated (straight-chain) aldehydes 

octanal 124-13-0 Citrus spp.61 citrus-like61 

nonanal 124-19-6 Citrus spp.68 soapy, citrus-like61 

decanal 112-31-2 coriander69 green, soapy70 

(poly)unsaturated aldehydes 

(Z)-4-heptenal 557-48-2 fish oil71 sweet, fishy72 

(E,Z)-2,6-nonadienal 557-48-2 cucumber73 cucumber-like74,75 

(E,E)-2,4-decadienal 25152-84-5 chicken meat76, Laetiporus spp.66 fatty, deep-fried, chicken77 

branched-chain aldehydes 

8-methylnonanal 3085-26-5 yuzu peel oil78 fatty, melon-like, soapy79 

2-methylundecanal 110-41-8 kumquat peel oil63, dry-cured ham64 
herbaceous, citrus-like, 

ambergris-like80 
12-methyltridecanal 75853-49-5 beef81 tallowy, stewed beef82 

 

1.2.2 Biocatalytic production strategies 

As mentioned earlier, the conventional method for the production of natural flavourings is 

direct extraction from natural sources. However, the concentrations of many desired fatty 

aldehydes are low, leading to cost inefficiency. Hence, biotechnological methods have 

emerged as a viable alternative, primarily due to the high natural abundance of fatty acids, 
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which serve as direct biosynthetic precursors for fatty aldehydes. Plants host numerous 

biosynthetic pathways that generate aldehydes as either intermediates or final products. These 

aldehydes play a crucial role in plant defence mechanisms against pathogens, and are involved 

in the signalling for attracting or repelling insects.83 Over recent years, various biocatalytic 

techniques have been developed based on these biosynthetic pathways to produce fatty 

aldehydes (summarised in Figure 1). 

One approach involves the oxidation of fatty alcohols to the respective aldehyde catalysed by 

alcohol dehydrogenases (ADH).84 Due to the limited catalytic activity against alcohols with 

carbon chain lengths longer than six, and the scarce availability of unsaturated and branched-

chain alcohols, this approach has proven unsuitable for the industrial production of the 

respective fatty aldehydes.85 Due to the widespread presence of fatty acids in nature, primarily 

bound as triglycerides, and their ability to undergo diverse structural alterations, research has 

mostly focused on enzymatic processes for converting fatty acids into aldehydes. 

The lipoxygenases (LOX) 9-LOX and 13-LOX in combination with hydroperoxide lyases (HPL) 

catalyse the generation of C6- (green-leaf volatiles) and C9-aldehydes from α-linoleic acid 

[18:2(9Z,12Z)] and α-linolenic acid [18:3(9Z,12Z,15Z)] in plants.86 This enzyme combination 

has been successfully applied using plant tissue extracts containing the desired catalytic 

activities and also by heterologous expression of the enzymes and subsequent 

biotransformations.87–89 

The direct reduction of fatty acids by means of carboxylic acid reductases (CAR) has been 

applied to convert a number of fatty acids to the respective aldehydes.90 A CAR from 

Mycobacterium marinum has been extensively characterised and revealed a broad substrate 

spectrum with high catalytic activity against saturated short-, middle- and long-chain fatty 

acids, but also a series of ω1-unsaturated and methyl-branched fatty acids.91–93 On the 

downside, the CAR-mediated reactions require costly cofactors such as ATP and NAD(P)H. 

Thus, a biosynthetic production strategy with a suitable cofactor recycling system is crucial for 

a viable industrial process. 

In recent years, another group of dioxygenases found in plants has been investigated.  

α-Dioxygenases (α-DOX) catalyse the stereospecific peroxidation at the C2 position (α-C-atom) 

of a fatty acid, resulting in an unstable (2R)-hydroperoxy fatty acid intermediate.94,95 This either 
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reacts to a (2R)-hydroxy fatty acid in the presence of a peroxidase and/or spontaneously 

decarboxylates, producing the corresponding aldehyde, shortened by one carbon atom (Cn-1).96 

The main advantage in comparison to the above-mentioned enzymes is that α-DOX do not 

require any cofactor besides molecular oxygen. Additionally, given the scarcity of odd-chain 

aldehydes in nature and their high demand, the conversion of easily accessible straight-chain 

fatty acids presents a particularly appealing mechanism for industrial applications. α-DOX are 

found in many plants and have been characterised for inter alia peanut, cucumber, tobacco, 

pea, rice, and Arabidopsis.97–100,96,101,102 Despite the fact that numerous biotechnological 

approaches utilising α-DOX worked in principle, the majority of them exhibited low catalytic 

activity or were not evaluated for their activity against unsaturated or branched-chain fatty 

acids. Apart from terrestrial plants, only one α-DOX from the algae Ulva pertusa was known 

until recently, when three α-DOX of cyanobacterial origin (Crocosphaera subtropica, 

Calothrix parietina, and Leptolyngbya sp.) have been discovered and functionally 

characterised.103,60,104 Remarkably, they exhibited a wide substrate spectrum, converting not 

only naturally common fatty acids like palmitic acid (16:0) but also various unsaturated and 

methyl-branched fatty acids into Cn-1 aldehydes such as 13-methyl-tetradecanoic acid (a15:0), 

palmitoleic acid [16:1(9Z)], and α-linolenic acid. 

 

Figure 1 Examples of enzyme catalytic reactions for the synthesis of fatty aldehydes. Reduction of a fatty acid to an 
aldehyde by carboxylic acid reductase (CAR), oxidation of a primary alcohol to an aldehyde by alcohol 
dehydrogenase (ADH), and α-dioxygenase catalysed peroxidation of a fatty acid yielding a hydroperoxy fatty acid, 
which either oxidises to a hydroxy fatty acid or spontaneously decarboxylates resulting in the Cn-1 aldehyde. 
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Convenient and easily accessible sources of fatty acids are essential to make the above 

discussed biocatalytic approaches an economically viable and sustainable process. Regarding 

(poly)unsaturated fatty acids, plant seed oils from rapeseed, sunflower or linseed are rich 

sources of e.g. α-linoleic acid or α-linolenic acid.105 However, when it comes to odd-chain fatty 

acids or branched-chain fatty acids, there is only a limited availability among commonly used 

plants. Therefore, other natural sources, such as fungi, have proven to be promising 

alternatives. For example, several oleaginous yeasts, such as Yarrowia lipolytica, have been 

investigated and genetically modified to increase lipid contents and/or alter the fatty acid 

profiles.106–108 The lipids of the filamentous fungus Conidiobolus heterosporus showed 

extraordinary high lipid contents with up to 30% of the dry biomass consisting of the unusual 

methyl-branched fatty acids 12-methyltridecanoic acid (i14:0) and 13-methyltetradecanoic 

acid.92 Closely related Mortierella spp. have been reported to accumulate considerable amounts 

of the polyunsaturated fatty acids arachidonic acid [20:4(5Z,8Z,11Z,14Z)] and 

eicosapentaenoic acid [20:5(5Z,8Z,11Z,14Z,17Z)] as well as naturally uncommon odd-chain 

fatty acids.109,110 

 

1.3 Taste-active flavonoids 

1.3.1 Structure and natural appearance 

Flavonoids are a diverse class of compounds widely found in nature, especially in plant-

derived foods like fruits, vegetables, herbs, and grains. They belong to the class of polyphenols 

and serve as plant secondary metabolites. These are crucial for protecting plants against 

various abiotic and biotic stress factors, such as UV-irradiation, extreme temperatures, 

pathogens or animal predators.111,112 In recent years, flavonoids have gained attention for their 

health-promoting properties, attributed to their antioxidative, anti-inflammatory, anti-

mutagenic, anti-carcinogenic, and antiviral characteristics.113 The basic carbon framework of 

flavonoids consists of 15 carbon atoms arranged in three rings (C6-C3-C6), where the two 

benzene rings A and B are interconnected by a pyran heterocycle (C-ring) (Figure 2). Although 

the C-ring of (dihydro)chalcones is not configured as a heterocycle but as a linear carbon chain, 

they are classified as flavonoids since they fulfil the C6-C3-C6 rule. In plants, flavonoids are 

mainly present as glycosides, with several mono-, di- and trisaccharides attached to the 

hydroxy groups, such as D-glucose, L-rhamnose, and combinations thereof.114 
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Figure 2 Basic structures of flavonoids (flavan) and naturally occurring variations. Compounds framed by dashed 
lines represent the most important structural classes for taste-active flavonoids. 

 

While the majority of known flavonoids have a bitter or neutral taste, others exhibit a sweet 

taste or act as taste modifiers, masking bitterness or enhancing sweetness.115 This makes them 

highly valuable to the food and pharmaceutical industries for improving the palatability of 

products, such as bitter-tasting foods or active pharmaceutical ingredients (APIs).  

Long before taste-active flavonoids were identified, people were already making use of them. 

For example, in the 19th century, the extract from the evergreen shrub known as ‘yerba santa’ 

(Eriodictyon californicum), was discovered to mask the bitterness of quinine, which was 

commonly used as a remedy for malaria.116 Later, the taste-modifying properties were 

assigned to the flavanones eriodictyol, homoeriodictyol and sterubin (Table 2).116 In 

experiments utilising the pure compounds, the bitter taste of caffeine was decreased by 43% 

with eriodictyol, by 46% with homoeriodictyol (sodium salt), and by 20% with sterubin.116 
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Although hesperetin – a regioisomer of homoeriodictyol and sterubin – did not show a 

significant bitter-masking effect in this study, a later report demonstrated that it exhibits 

sweet-enhancing properties.117 Supplementation of a sucrose solution with hesperetin 

increased the sweetness by 41%, indicating that it acts as a PAM. Neodiosmin, a closely related 

flavone, was among the earliest flavonoids identified for its taste-modifying properties, 

particularly for masking bitterness. Guadagni et al. (1979) demonstrated that neodiosmin was 

capable of increasing the taste threshold of caffeine by almost 80%.118 An intensely sweet taste 

has also been observed for structurally more distant flavonoids, such as various acetylated 

dihydroflavonols.119,120 A number of naturally occurring dihydrochalcones are known to 

exhibit taste-active properties. In a study reported by Ley et al. (2012), phloretin showed 

considerable masking properties of caffeine-induced bitterness (−30%).121 Phlorizin, the 2’-O-

glucoside of phloretin, and trilobatin are the major dihydrochalcones in Lithocarpus litseifolius 

leaves (~1.5% w/w), which are used to prepare a traditional ‘sweet tea’ in China.122 In a sensory 

study, trilobatin revealed bitter-masking properties, reducing the bitterness of a naringin 

solution by 24%, but it had no effect on the bitterness of quinine.115 Interestingly, the acetylated 

analogue of trilobatin, trilobatin 2’’-acetate has a sweet taste.123 The most prominent taste-

active flavonoids neohesperidin dihydrochalcone (NHDC) and naringin dihydrochalcone 

(NDC) are high-intensity sweeteners first synthesised in 1963 and are often described as ‘semi-

synthetic’ sweeteners because of their minor chemical modification from the naturally 

occurring compounds neohesperidin and naringin.124 Apart from its high relative sweetness 

(250 times as sweet as sucrose), NHDC exhibits bitter-masking properties in concentrations 

below its sweet taste threshold.125,126 The closely related aglycone hesperetin dihydrochalcone 

is also sweet-tasting.127 

While taste-active flavanones are particularly abundant in citrus fruits, their dihydrochalcone 

analogues are mainly found in the vegetative tissues, such as seeds, bark, and leaves of e.g. 

apple trees (Malus spp.).115,128 Side streams from the citrus and apple production therefore 

represent valuable sources of desired taste-active compounds or precursors thereof and may 

contribute to a sustainable production strategy of natural flavours while fulfilling the 

principles of ‘Green Chemistry’. 
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Table 2 Examples of flavonoids with taste-active properties. NHDC, neohesperidin dihydrochalcone. 

compound CAS No. natural occurrence flavour attributes 

flavanones 

naringin 10236-47-2 grapefruit129 bitter124 
eriodictyol 552-58-9 E. californicum130 bitter-masking116 

sterubin 51857-11-5 E. californicum130 bitter-masking116 
homoeriodictyol 446-71-9 E. californicum130 bitter-masking116 

hesperetin 520-33-2 orange131 sweet-enhancing117 

dihydrochalcones 

trilobatin 4192-90-9 Malus spp.132, L. litseifolius122 bitter-masking115 

trilobatin 2’’-acetate 647853-82-5 Lithocarpus pachyphyllus123 sweet123 

phloretin 60-82-2 Malus spp.132 bitter-masking121 

NHDC 20702-77-6 
not found in nature, precursor 
neohesperidin in Citrus spp.133 

sweet124, bitter-masking125 

others 

neodiosmin 38665-01-9 bergamot134 bitter-masking118 
taxifolin 3-O-acetate 78834-97-6 Tessaria sp.119 sweet119 

 

1.3.2 Biocatalytic production strategies 

In recent years, several approaches for the biocatalytic generation of taste-active flavonoids 

have emerged. The natural sources of the previously described target substances (see section 

1.3.1) usually accumulate structurally similar compounds or metabolic precursors like 

phenylpropanoids.115 These compounds are often present in significantly higher 

concentrations, and are therefore attractive substrates for the biocatalytic generation of the 

targeted taste-active products. Therefore, a variety of strategies, including enzymes from the 

flavonoid biosynthetic pathways in plants as well as from other organisms like bacteria and 

fungi, have proven to be promising tools, paving the way for industrial bioprocesses.135 

Thereby, genetic engineering including several mutagenesis techniques are employed to 

modify native enzymes, thus enhancing their catalytic activity and chemoselectivity.136,137  

There are numerous biocatalytic strategies to obtain taste-active flavonoids, including single 

enzyme conversions, sequential enzyme catalyses, biotransformations, and even de novo 

generation by using artificial biosynthetic pathways. In the following, a selection of different 

approaches is described (summarised in Figure 3). Gall et al. (2013) characterised a chalcone 

isomerase (CHI) and an enoate reductase (ERED) from the gut bacterium Eubacterium ramulus. 

The heterologously expressed enzymes were capable of converting the flavanones naringenin, 

eriodictyol, and homoeriodictyol efficiently into their respective dihydrochalcone 

analogues.138 A recent study demonstrated the generation of homoeriodictyol and hesperetin 
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from the phenylpropanoids ferulic acid and isoferulic acid via an engineered biosynthetic 

pathway by heterologous co-expression in E. coli.139 In a similar manner, Hanko et al. (2023) 

produced homoeriodictyol and hesperetin starting from caffeic acid.140 Thus, an additional  

O-methylation step catalysed by an O-methyltransferase (OMT) from Arabidopsis thaliana was 

crucial to obtain the (iso)vanilloic motifs at the B-ring of the flavonoid. In the biocatalytic 

approach reported by Liu et al. (2022), the sweet-enhancing hesperetin was produced from 

bitter-tasting naringenin.141 Therefore, an E. coli consortium carrying modules for the 

overexpression of a flavonoid 3’-hydroxylase (F3’H) (Gentiana trifloral), a cytochrome P450 

reductase (CPR) (A. thaliana), and a 4’-OMT (Mentha × piperita) were produced. While the 

conversion of naringenin to the intermediate eriodictyol was efficient, the final O-methylation 

step, catalysed by this mint OMT, proved less effective due to the OMT’s limited acceptance 

of the catechol motif of eriodictyol. However, the yield of hesperetin was increased by co-

expressing a gene encoding an S-adenosyl methionine synthase (metK), which ensured the 

availability of the methyl donor. Kunzendorf et al. (2023) recently discovered an OMT from 

the bacterium Zooshikella ganghwensis with considerable O-methylation activity against 

eriodictyol and eriodictyol dihydrochalcone, the catecholic precursors of the sweet/sweet-

enhancing compounds hesperetin and hesperetin dihydrochalcone.136 Thereby, a directed 

evolution approach led to an altered regioselectivity, diminishing the presence of undesired 

regioisomers. In another study, a rational design approach was used to genetically modify a 

strict 3’-selective OMT from Mesembryanthemum crystallinum (ice plant), shifting its catalytic 

regioselectivity towards the 4’-hydroxy group. This modification enabled the improved 

conversion of eriodictyol into hesperetin.137 Evidently, O-methylation is a key step in many 

approaches for the generation of highly sought-after flavour-active flavonoids and is therefore 

of great interest to the research community and the industry. 
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Figure 3 Biocatalytic strategies for the production of taste-active flavonoids, exemplified by the target products 
homoeriodictyol [dihydrochalcone] and hesperetin [dihydrochalcone] (dashed line). DHC, dihydrochalcone; CoA, 
coenzyme A, 4CL, 4-coumarate-CoA ligase; CHS, chalcone synthase; Mal-CoA, malonyl-CoA; F3’H, flavonoid 3’-
hydroxylase; CPR, cytochrome P450 reductase; ERED, enoate reductase; CHI, chalcone isomerase; ChOMT, 
chalcone O-methyltransferase; FOMT, flavonoid O-methyltransferase; SAM, S-adenosyl-L-methionine. 
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2. Objectives of the study 

The present work should demonstrate novel biocatalytic strategies to obtain highly demanded 

flavour compounds, such as odour-active fatty aldehydes and taste-active flavonoids.  

To produce a series of carbon chain shortened fatty aldehydes, an enzymatic tandem reaction 

with an α-dioxygenase and a fatty aldehyde dehydrogenase should be established by means 

of a one-pot reaction and optimised to increase the yields of the aldehydes. In the following, 

several different medium-chain and long-chain fatty acids should be applied for the 

biocatalysis to evaluate the enzymes’ substrate specificity and characterise odour attributes of 

the generated carbon chain shortened aldehydes by means of GC-Olfactometry. Apart from 

single fatty acids, lipid extracts of plant and fungal origin with interesting fatty acid profiles 

should be investigated and subsequently applied for the coupled enzyme reaction. The 

resulting complex fatty aldehyde mixtures should be analysed for their aldehyde yields, 

aldehyde distributions, and sensory characteristics. 

The second part of the project should address the biocatalytic production of O-methylated 

flavonoids with taste-active properties, such as sweetening, bitter-masking, and sweet-

enhancing. Therefore, a number of Basidiomycota should be cultivated submerged, and the 

produced mycelia should be tested for inherent O-methyltransferase activity against catecholic 

precursors to generate taste-active flavonoids with an (iso)vanilloid motif at the B-ring. The 

biocatalytic concept using fungal mycelia should be optimised, including fungal cultivation 

conditions, enzyme extraction techniques, and enzyme reaction parameters. In order to 

identify the enzymes responsible for the observed O-methyltransferase activity in 

Lentinula edodes, a bottom-up proteomics approach should be applied. The identified  

O-methyltransferases should be heterologously expressed in E. coli and subsequently 

characterised for their biochemical properties including enzyme kinetics, chemoselectivity, 

and regioselectivity. 
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