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Abstract 
As populations grow older and more focus is put on feeling and looking healthy, interest has grown in 

nature-based products providing soothing, replenishing, and health beneficial effects that can easily be 

incorporated into people’s everyday lives. A compound interesting for such applications is 

avenanthramides (AVN): an oat-based compound that has been shown to exhibit antioxidant capacity 

and anti-itching, anti-inflammatory, and anti-proliferate effects. This is a novel compound and not yet 

commercially widespread, which gives significant potential opportunities for a company that has 

developed high AVN content oats to commercialize. This thesis explored the potential of AVN to go 

to market and their position related to technology, market, and the company’s capabilities to bring 

them to market. To further understand this complex process, a theoretical framework was developed. 

An experimental part, interviews with experts in the industry, and a company evaluation were 

performed to understand, explore, and explain avenanthramides’ potential. The experiments indicated 

that adding a stimulant could increase the AVN concentration 13-fold to 450 ppm, potentially enabling 

a viable way to produce high AVN-content oats. The market analysis concluded that the cosmeceutical 

market, primarily the anti-itch market, had the most significant potential because it enabled 

communicating the health benefits to the customer. Apart from communication, AVNs could also meet 

the needs of this market with their anti-itch properties. The company was advised to find a committed 

person who could further develop this process of going to market with AVNs and ensure that the 

critical junctures arising when going to the market were overcome.  

 

Sammanfattning 
En allt mer åldrande befolkning och ett större fokus på att hålla sig frisk har lett till ett ökat intresse 

för naturbaserade produkter som ger lugnande och hälsofrämjande effekter som lätt kan inkorporeras 

i människors vardag. En molekyl som är intressant för sådana applikationer är avenantramider (AVN): 

en havrebaserad förening som har uppvisat antioxidativ kapacitet och anti-klåda, antiinflammatoriska 

och antiproliferativa effekter. Detta är en relativt nyupptäckt molekyl som ännu inte är kommersiellt 

utbredd, vilket ger stora möjligheter för ett företag som har utvecklat havre med högt AVN-innehåll 

att kommersialisera detta. Detta examensarbete undersökte AVNs potential att ”go to market” och 

deras position relaterad till teknik, marknad och företagets förmåga att ”go to market”. För att 

ytterligare förstå denna komplexa process utvecklades ett teoretiskt ramverk. En experimentell del, 

intervjuer med experter inom branschen och en företagsutvärdering genomfördes för att beskriva, 

förklara och förstå AVNs potential. Experimenten indikerade att tillsats av ett stimulerande ämne 

kunde öka AVN-koncentrationen 13 gånger till 450 ppm, vilket potentiellt möjliggör ett genomförbart 

sätt att producera havre med högt AVN-innehåll. Utifrån marknadsanalysen kunde en slutsats dras om 

att marknaden som fokuserar på anti-klåda produkter hade mest potential för AVN. Denna slutsats 

drogs utifrån att man kunde kommunicera hälsofördelarna till kunderna samt att AVN har naturliga 

anti-klåda effekter som kan möta kundernas behov. Företaget rekommenderades att hitta en 

”engagerad person” inom företaget som kunde vidareutveckla denna process för att ”go to market” 

med AVN och se till att företaget klarar av de kritiska stadierna som uppstår när man går till 

marknaden. 
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List of general words 
Word  Description 

Antioxidant  Compounds believed to inhibit oxidation 

Antiproliferative  Potential to suppress malignant (cancer) cells 

Avenanthramides  Group of oat-based compounds believed to possess health properties 

Atypical dermatitis  Eczema, redness, and itchiness of the skin 

Beta-glucan  
An oat-based compound shown to control cholesterol levels and have 

other health interesting properties 

Bioavailability  A compound’s ability to reach its designated destination 

Biomarker  
A characteristic in an organism measured to examine the response to 

treatments 

Bronchial asthma   Condition of swelling and narrowing of airways 

Cardiovascular  Relating to heart and blood vessels 

Chromatography  
Separation technique based on affinity differences of a mixture’s 

compounds 

Cosmeceutical  Cosmetics with health benefits 

Cytokines  
Broad groups of smaller proteins involved in signaling mediation and 

regulation of inflammatory responses 

Dormancy  Inactive seeds - potentially induced by heat treatment 

Elicitation  The use of elicitor 

Elicitor  Compound introduced to induce compound production in plant 

Erythema  Redness of the skin 

False malting  Heat treatment, steeping, malting, and kilning 

Germination  Process of seed starting to sprout to form a seedling.  

Glutathione   Biomarker measured to test antioxidant capacity 

HACCP  Management system for food safety through hazard analysis 

Health claim  Demonstration of the relationship of food and health 

In vitro  
Studies examining the effect of compounds outside of living organisms 

or cells 

In vivo  
Studies examining the effects of, for example, avenanthramides on 

living organisms or cells 

ISO:9001:2015  
International standards specifying requirements for quality management 

systems 

ISO 2200  Requirements for food safety management 

Key factor  Fundamental aspects for going to market defined in this master thesis 

Kilning  Heating of seeds post steeping 

Malting  Steeping, germinating, and drying grains 



 

Mutagenesis   
Process of changing genetic information of an organism by mutations, 

either natural or induced 

Neurodegeneration  
A broad term to describe conditions with progressive loss or death of 

parts responsible for motor, sensory or cognitive function 

Nutraceutical  Food or drinks that have health benefits 

Petri dish  A small circular plastic container used in laboratory experiments 

Phytate  Antinutritional compound decreasing uptake of minerals 

Phytoalexin   A compound produced by plants in response to pathogen attacks 

Primary data  
Data collected by researchers directly through experiments or 

interviews 

Secondary data  Data collected from external sources such as literature 

Sodium hypochlorite  Sterilizing agent 

Steeping  Soaking of seeds in water/liquid 

Stimulant  Compound acting stimulating for AVN production 

 
 

 

 

  



 

List of business-related words 
Word  Description 

Opportunity recognition  
Recognising the opportunities and applications of new technology in a 

commercial setting.  

Opportunity framing  
Framing new technology opportunities within a commercial context by 

identifying markets, applications, and access customers.   

Entrepreneurial 

commitment 
 

Finding an individual who is committed to ensuring continued 

innovation and resolving uncertainties along the way.  

Pre-organisation  Implementing strategic plans 

Venture credibility   Giving the venture credibility by having a clear route to revenues. 

Re-orientation   
Possibility to reorient their target market if the product is more suitable 

on another market.  

Venture sustainability  

If the company does not recognize threats and opportunities within the 

company and market, the sustainability of the company might decline. 

This could also be due to not attracting new investments. 

Sustainable returns  
The company has addressed former uncertainties and now has 

sustainable returns. 

VRIO model  

Four question frameworks evaluate the company’s sustained 

competitive advantage from its resources’ value, rarity, imitability and 

organisational capacities.  

Design thinking  
Developing products with the user and the customer in focus and with 

an iterative approach. 

“Job to be done”  

Developing products based on understanding what job the customer 

wants done and their thought process when “hiring” the product for the 

job. 
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1 Introduction 

This introduction consists of four parts: Background, purpose, delimitations, and disposition of the master 

thesis.  

1.1 Background 

During recent years, the market need for natural, plant-derived ingredients with health benefits has 

increased rapidly in Europe and globally. This is mainly due to a growing elderly population in Europe, 

an increasing interest in a healthy lifestyle, and higher requirements for skincare and food ingredients 

(“What is the demand for natural ingredients for health products on the European market?”, 2021). This 

increasing interest has enabled new, exciting plant-derived ingredients with health benefits entering 

nutraceuticals and cosmeceuticals markets. 

One of these exciting ingredients is avenanthramides (AVNs). They are a group of health-beneficial oat 

compounds with indicated anti-oxidative activity, anti-inflammatory, and anti-itch properties (Perrelli et 

al., 2018). If used in cosmeceuticals, they can be incorporated in creams or other cosmetic applications 

and help people with eczema, itchiness, sunburned or inflamed skin due to their dermal properties (Sur et 

al., 2008; Redmond and Fielder 2005). However, if they are used in nutraceuticals, they can be 

incorporated in food or drinks, help people with inflammation, and act as antioxidants (Perrelli et al., 

2018). This natural, oat-derived compound could therefore have potential in these markets.  

CropTailor AB is a Swedish company that specialises in the development of oats with enhanced 

agronomic or health traits (“CropTailor AB”, 2021). They have produced a mutagenized population and, 

among other things, identified oat lines with increased levels of AVNs (Hernandez-Hernandez et al., 

2021). Such lines would be valuable in future applications where the positive effects of AVNs are 

exploited. Today, only one commercial producer of oat-derived AVN extracts exists (“Avenanthramides: 

Ceapro”, 2021). Hence, there could potentially be market potential and go to market possibilities for such 

a compound. However, to enable the company’s commitment to go to market with AVNs, the market 

potential, and the company capabilities to go to market must be explored and understood.  

1.2 Purpose of master thesis  

This master thesis’s main purpose was to describe, explain, and understand a University spin-off company 

(USO) phenomena, going from basic research about AVNs to frame attractive business opportunities. A 

theoretical framework was developed to fully capture the complexity of the identified key factors and their 

interconnections to obtain this purpose. 

The master thesis’ sub purposes are the following:  

1. Can a theoretical framework be developed to provide perspectives and deeper insights for 

recognizing the novel business opportunities of AVNs and how to take these to market? 
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2. What are key factors for the technology of AVNs when going to market?  For these key factors, 

where do AVNs stand today? Additionally, can high levels of AVNs in oats be produced by using 

a modified high-yielding production method? 

3. What are key factors to consider when evaluating the market potential for AVNs? For these key 

factors, how is the current market situation?  

4. What key capacities and organisational capabilities do the company and its network already 

possess that would help to go to market with AVNs? 

5. Based on the main purpose and sub purposes 1-4, what are future recommendations for both the 

academy and industry?  

1.3 Delimitations 

Exploring the potential of an innovative idea to go to market is complex. This master thesis is regarded as 

an initial study that highlights main areas and key factors that can be a basis for recognizing the 

opportunities of AVNs for CropTailor and their stakeholders. As a limitation, the theoretical framework 

is only based on the technology, market, and company capabilities. Therefore, the framework gives a 

condensed version of a complex reality that depends on more factors than these three. Others could be 

macro-environmental factors such as political climate and legislation and micro environmental factors 

such as supply chain and investors. Market requirements and legislation can vary between different 

countries and continents, and therefore, the market analysis targets the European market. The experimental 

part of this thesis only explored one of many possible methods to increase the AVN content in oats, but 

optimizations and other approaches could be used. Economic feasibility was not calculated but instead 

described in the context of AVNs. When suggesting the most promising market for AVNs, indirect 

competition will not be considered for this master thesis. A market analysis will not be performed on the 

most promising market suggested in this thesis.  

1.4 Disposition 

This master thesis is divided into five chapters: theoretical background, method, results, discussion, and 

conclusion. More specifically, the chapter describes: 

• Chapter 1 - Introduction: This chapter describes the background of the thesis as well as the 

purpose, delimitations, and disposition. 

• Chapter 2 - Theoretical background: This chapter describes the current AVN technology, AVN 

market, and innovation models describing the process of going to market for a university spin-off 

company. 

• Chapter 3 – Methods: The methods that are used during this master thesis are presented, which 

describes the development of a theoretical framework for AVNs and key factors important when 

going to market. Chapter 3 also includes a description of an experimental part where the production 

feasibility of high-yielding AVN content in oats is explored.  

• Chapter 4 - Theoretical framework: In this chapter, the framework is presented, described, and 

explained. This framework will also help structure the results.  
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• Chapter 5- Results:  In this chapter, the experimental results and the audit of AVNs made through 

the perspective of the key factors for the technology, market, and company capabilities are 

presented. 

• Chapter 6 – Discussion:  In this chapter, the design and the evaluation of the framework are 

discussed. Additionally, the experimental results and technology, market, and company 

capabilities audit results are discussed. 

• Chapter 7 – Conclusions & Future Recommendations:  This chapter contains conclusions of 

the framework, methodology, and laboratory experiments. Apart from these areas, this chapter will 

also conclude the technological, market, and company capability audit. As a complement to the 

conclusions, future recommendations as well as the contribution to academy and industry will be 

presented.  

 

Beyond these seven chapters, an appendix is included with raw data and observations from 

experiments, analysis, and expert interviews made during the master thesis.  
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2 Theoretical background  

This chapter will describe AVNs, the health aspects of the compound, and production technologies related 

to AVNs. This is then followed by information regarding the potential market for AVNs. Lastly, the 

company focusing on specialised oats, CropTailor, and business models related to innovation will be 

described. 

2.1 Technology 

In this master thesis, technology relates to the technical aspects of AVN. For example, AVNs’ occurrence 

in oats, health benefits, different methods of altering AVN levels, and processing of AVNs. In this section, 

these technical aspects will be described.  

2.1.1 Oats 

Oats have long been cultivated by humankind and are grown in moist temperate regions. Around 23 

million tons are produced annually; Top producers are Russia and Canada, with Finland, Sweden, and 

Norway being in the top five producers based on production per capita (“World Oat Production by 

Country”, 2021). Today, oats are used for various applications in animal feed, traditional porridge, and 

modern oat drinks. Oats have also long been used for health purposes. As early as 2000 B.C., humankind 

found a use for oats in dermatology, as it was thought to decrease cases of burns or eczema (Baumann, 

2007). In modern days, products containing the oat-based dietary fiber beta-glucan are sold as means to 

control cholesterol levels, blood sugar levels and help with digestion (“PromOat oat beta-glucan: 

Lantmännen Oats”, 2021; "SWEOAT® Bran", 2021). More recently, another group of oat-derived 

compounds called AVNs has been getting more and more attention. This group of compounds has been 

shown to exhibit antioxidant capacity and be linked to anti-inflammatory, anti-itch, and anti-proliferation 

properties (Meydani, 2009). 

2.1.2 Avenanthramides  

AVNs are compounds that are naturally exclusively found in oats. It has also been found in white cabbage 

butterfly eggs (Blaakmeer et al., 1994). AVNs occur at varying levels in different oat varieties (Skoglund, 

2008). The compound group is thought to exhibit several interesting health aspects (Perrelli et al., 2018). 

As levels of AVNs in native oats generally are low, research has been performed to develop methods for 

increasing the AVN content in oats (Collins and Burrows, 2012; Kim et al., 2021).  

2.1.2.1 Avenanthramides in oats 

AVNs are phenolic compounds of low molecular weight, generally found in the oat groats and hulls 

(Skoglund, 2008). The natural production of AVNs occurs only in oats and certain species of larvae 

(Mattila et al., 2005; Blaakmeer et al., 1994). In oats, the AVNs function as phytoalexins, meaning that 

the compound is produced in response to pathogen attacks (Wise, 2014). Oats can contain over 30 AVNs, 

where AVN-A, AVN-B, AVN-C are usually the most common in commercial oat varieties, although the 

dominant one of these three can vary (Skoglund et al., 2008). AVNs can also be produced synthetically 
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and used as standards for analytical purposes, standardised examination of health benefits of AVNs 

(Perrelli et al., 2018), and in some cosmetic applications (“Avenanthramides D”, 2021). The content and 

composition of AVNs in oats can vary greatly depending on genotype and environmental factors (Peterson 

et al., 2005; Wise, 2014; Leonova et al., 2017). Skoglund (2008) compiled data from 16 separate studies; 

the AVN content can vary between 2-289 ppm in the oat grain. The variance could be attributed to several 

factors such as cultivar, cultivation conditions, location, and year (Skoglund, 2008). When comparing 

studies examining the AVN content in oats, it is essential to keep in mind that there usually are differences 

in how the oats are processed before analysis and how the analysis itself is performed (Skoglund, 2008), 

which make the comparison of different levels of AVN levels more difficult. Analysis of the commercial 

oat type SW Belinda utilised by, for example, Lantmännen and CropTailor, have shown levels of up to 78 

ppm (Hernandez-Hernandez et al., 2021). However, attempts have been made to favourably select high-

level AVN lines where elevated levels of AVN are produced (Hernandez-Hernandez et al., 2021). 

2.1.2.1.1 Strains selected for high levels of AVNs  

In a study by Hernandez-Hernandez et al. (2021), 17 oat lines from a mutagenized population developed 

by CropTailor were analysed. The highest amount of AVN was analyzed in one of these lines was 227 

ppm. The same study also showed that in the commercial reference variety, SW Belinda, the amount was 

78 ppm. A trend could be seen that the AVN content was generally higher in 16 out of 17 strains compared 

to the parent strain SW Belinda, indicating that the selected mutagenized lines from CropTailor contained 

more AVN than non-mutagenized. The most elevated lines produced levels almost 2.9 times higher than 

the commercial lines Belinda. The study was performed in controlled conditions in a greenhouse to 

minimise environmental effects.  

2.1.2.2  Health benefits  

Several studies report the potential health benefits, and AVNs have been shown to exhibit antioxidant 

activity both outside of living organisms (in vitro) and inside living organisms (in vivo). Additionally, 

studies have demonstrated AVNs potential anti-itching and irritant properties, their ability to affect 

inflammatory biomarkers in the body, and to exhibit antiproliferative activity. Through these properties, 

AVNs could potentially help or prevent the progression of several diseases or problems that affect people 

of all ages, such as cardiovascular and neurodegenerative diseases, skin irritation, and cancer (Perrelli et 

al., 2018). One ignition point for the interest in the health potential of AVNs stems from its resemblance 

to the commercial synthetic drug Tranilast. The drug is produced by the Japanese pharmaceutical company 

Kissei Pharmaceutical Co. (Perrelli et al., 2018). It is commercially used to treat allergic responses, 

treating inflammatory illnesses, such as bronchial asthma and atypical dermatitis. Moreover, the drug has 

shown beneficial effects in numerous other fields such as autoimmune disorders, different cancers, and 

fibrosis while having minimal negative side effects for most of its users (Darakhshan, 2015). 

2.1.2.3 Bioavailability of avenanthramides 

For a compound such as AVNs to exhibit health effects, it must be bioavailable and reach the parts of the 

body where the compound exhibits its potentially positive effects. Bioavailability could be described as 

the degree a compound such as AVNs becomes available to its intended destinations (Price & Patel, 2021). 
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The bioavailability of AVNs has been investigated to examine if they can enter the bloodstream of humans 

by measuring the levels of AVN found in the blood after intake of AVN enriched foods. Zhang et al. 

(2017) orally administrated 90 g cookie-formulated oat flour (233 ppm) to test subjects - a total 

administration of 21 mg AVN. Post consumption, AVNs were found in the bloodstream of the test 

subjects. Consequently, the study concluded that orally administrated AVNs are bioavailable (Zhang et 

al., 2017). Another placebo-controlled study investigated bioavailability by letting subjects consuming 

skim milk with either 0.5 g or 1 g added AVN enriched mixture (AEM), where the AEM contained levels 

of 154 ppm AVN-A, 109 ppm AVN-B, and 117 ppm AVN-C. The study concluded that AVNs orally 

consumed in these amounts are bioavailable (Chen et al., 2007). In addition to this, the same study also 

measured antioxidant capacity in the test subjects, meaning that the consumption of such an amount of 

AVN could lead to detectable AVN activity levels (Chen et al., 2007).  

2.1.2.3.1  Antioxidant effect of avenanthramides 

Antioxidants are compounds that may delay or prevent certain types of cell damage (“Antioxidants: In-

depth”, 2021) and are often related to positive health aspects (Meydani, 2009; Perrelli et al., 2018). The 

positive health aspects are usually linked to antioxidants’ ability to counteract the effect of radicals and 

reactive oxygen species (ROS), which can trigger cell damage (Perrelli et al., 2018). ROS are produced 

naturally in humans during metabolism or exercise but can also be induced by cigarette smoke, sunlight, 

or air pollution. Even though antioxidants are thought to bring positive health aspects, some uncertainties 

exist (Halliwell, 2000). People with diets rich in fruit and vegetables containing antioxidants have been 

shown to have a decreased risk of getting cancer (Halliwell, 2000). In contrast, people provided with high-

dose antioxidant supplements may have adverse effects. These effects could be increased lung cancer risk 

in smokers from beta-carotene supplements and increased risk of prostate cancer from vitamin E 

supplements (“Antioxidants: In depth”, 2021). 

In vitro studies have shown that AVNs exhibit antioxidant activity (Peterson et al., 2002; Leonova et al., 

2017). Furthermore, a study performed on hamsters has shown that AVNs also exhibit antioxidant 

capacity in vivo (Chen et al., 2004). Another study from Chen et al. (2007) showed that consumption of 

enriched levels of AVNs led to changed levels of a biomarker called glutathione. The change indicated 

that AVNs had antioxidant capacity in vivo (Chen et al., 2007).  

2.1.2.3.2 Anti-Inflammatory and anti-itching effect of avenanthramides 

Research has been conducted to investigate the anti-inflammatory and anti-itching properties of AVNs. 

The orally administered drug Tranilast, which resembles the structure of AVNs, is already used for its 

anti-inflammatory properties (Perrelli et al., 2018). Sur et al. (2008) showed that cell cultures in presence 

of 1 ppb could positively affect biomarkers related to inflammatory responses. Additionally, topical 

application of 1-3 ppm AVN to mice’s skin reduces inflammation and less itch for the mice (Sur et al., 

2008). Another study presented that AVN-C in part acted suppressing on the expression of 

proinflammatory cytokines (Guo et al., 2008).  
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Additionally, clinical trial studies have demonstrated AVNs’ possible positive effect on specific anti-

inflammatory markers in young people (Zhang et al., 2020) and older menopausal women (Koenig et al., 

2014) related to exercise-induced inflammation. Due to this effect, clinical studies claim to reduce the 

amount of inflammation. Anti-erythema testing was performed in a patent by Redmond and Fielder 

(2005). Improved skin recovery from UV-light-induced erythema was showcased when an AVN spiked 

product was applied to the skin. They claim that the application 1.5 ppm - 45 ppm showcased significant 

results after 24 hours of application compared to the untreated control (Redmond and Fielder, 2005).  

2.1.2.3.3 Antiproliferative effect of avenanthramides 

An antiproliferative compound refers to something that may suppress malignant cells’ cell growth (Perrelli 

et al., 2018). In vitro studies have shown that AVNs have the possibility of inhibiting the proliferation of 

human colon cancer (Guo et al., 2010). Additionally, AVNs have been shown to inhibit excessive vascular 

smooth muscle cell growth (Nye et al., 2006). AVN-C has been linked to positively affect breast cancer 

cells (Hastings and Kenealey, 2017).  

2.1.3 Production technology 

To use AVNs derived from oats effectively and increase the potential to reach thresholds of bioavailability 

and therapeutic effects, techniques to increase the content of AVNs can be used. Ways of doing this could 

be to pre-process oats to increase oats’ content, extract AVNs from seeds to liquid, and further isolate the 

bioactive compound using chromatography purification. Depending on desired purity of the product, the 

number of processing steps can vary. With additional purity and processing, additional production cost, 

time, and complexity usually follow, which is an incentive to design a production process that reaches the 

desired product outcome with minimal processing (Roger et al., 2015). See Figure 2.1. 

 
Figure 2.1 Simplified illustration of a possible processing sequence for AVNs containing raw material input, enhancement of oats, 

extraction from seed to liquid, and further purification. 

2.1.3.1   Pre-processing and germination to increase AVN content 

Pre-processing of grains with malting has long been used in the brewing industry. The effects of malting 

have been shown to enhance the metabolic activity of biocompounds and improve nutritional values in 

grains (Bamforth & Barclay, 1993; Katina et al., 2007). A general malting procedure consists of three 
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steps: steeping, germination, and kilning. Steeping consists of exposing the grain to water, which initiates 

metabolic activity (Bewley & Black, 1994). The steeping is followed by germination, where the seeds are 

kept moist, allowing for germination. During the germination period of 4-5 days and a temperature of 16-

20°C, enzymes keep producing biocompounds involved in the early stages of growth (Kunze & Wanger, 

2004; Bamforth, 2000). During kilning, the oats are heat-treated at high temperatures to halt enzyme 

activity and the germination process. This process is illustrated in Figure 2.6. 

 
Figure 2.2 Brief process scheme for a general malting procedure including steeping, germination, and kilning. 

The effect of malting has also been investigated in oats. Malting of oats consists of the same steps as 

regular malting (Skoglund, 2008; Bamforth & Barclay, 1993). This process generally increases AVN 

content in oats (Matsukawa et al., 2000; Bryngelsson et al., 2003; Skoglund, 2008). Malting can increase 

AVN content up to 26-125%, but the increase is cultivar-dependent (Skoglund et al., 2008).  

2.1.3.1.1 Additional effects of germination 

Germination has been shown to affect other important aspects of the oat seed than the increase of AVNs. 

Firstly, extended germination has been shown to decrease beta-glucan levels in oats (Hübner et al., 2010). 

Beta-glucans are water-soluble dietary fibers with several health aspects associated with them 

(Charalampopoulos et al., 2002). Beta-glucan functional food products are also sold and claim to “...helps 

maintain healthy cholesterol levels, blood glucose levels, and digestion.” (“PromOat oat beta-glucan: 

Lantmännen Oats”, 2021). Another compound affected by germination is phytate. This compound is 

considered to exhibit antinutritional properties as it decreases the bioavailability of minerals naturally 

occurring in grains (Sandström et al., 1987) due to complex formation (Zhou & Erdman, 2009). During 

germination, phytate levels have been shown to decrease during prolonged germination, and 

concentrations can range from 0.65% in untreated oats compared to 0.47% after five days of germination 

(Hübner et al., 2010). Furthermore, germination changes the physical properties of the oat due to the 

formation of roots, shoots, and sprouts. The formation of these organs makes the incorporation into 

consumable oat products more difficult, as conventional processing methods such as milling must be 

adjusted to the new physical properties of the oat (Collins & Burrows, 2012). In addition, more advanced 

technologies such as false malting (Collins & Burrows, 2012) and elicitor-induced germination (Kim et 

al., 2021) have been studied and developed to increase AVN-content more effectively in oat grains during 

malting. 
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2.1.3.1.2 False Malting  

Germination has the effect of increasing AVN content (Skoglund, 2008) and decreasing the beta-glucan 

content and compatibility with production processes (Sandström et al., 1987; Hübner et al., 2010). Trying 

to overcome the problem of germination, a technique capitalising on the AVN increase of germinating 

while suppressing excessive physical germination was developed (Collins & Burrows, 2012). The 

technique - false malting - consists of 4 steps: a prolonged heat treatment step, steeping, malting without 

germination, and drying the seeds. This process is described in Figure 2.3. Firstly, the oat grains are 

exposed to a prolonged heating period at 30-40°C for 48-72 hours, followed by heat treatment of about 

70°C for 144-168 hours. The heat treatment aims to induce dormancy of the oat grain, which delays 

physical germination. Collins and Burrows (2012) were able to suppress germination by heat-treating the 

seeds and making the seeds synthesise AVNs. After heat treatment, seeds are then surface sterilised using 

sodium hypochlorite. The grains are anaerobically steeped in a water solution (Collins & Burrows, 2012), 

much like steeping in a normal malting process, starting the biochemical processes within the grain 

(Bewley & Black, 1994). Heat treated and steeped seeds had 60% more AVNs compared to steeped seeds 

without heat treatment. The steeping should preferably contain 2% CaCl2, which reportedly increased the 

AVN yield significantly (Collins & Burrows, 2012). Seeds are then malted in a moist and temperate 

environment for up to five days, where biosynthesis of AVNs is continued. It is also suggested that the 

optimal malting temperature is between 30-37°C and a treatment time of 96 hours. The highest reported 

AVN content with reported standard deviation when malting for 96 hours and a temperature of 37°C was 

957 ± 161 compared to 114 ± 8 in the untreated control. This translates to an 8.4-fold increase (Collins & 

Burrows, 2012). In the trials performed by Collins and Burrows (2012), the resulting content of AVNs 

varies greatly. However, it shows that false malting can increase AVN content while suppressing 

germination (Collins & Burrows, 2012).  

 
Figure 2.3 Illustrative process scheme for the false malting procedure according to Collins & Burrows 2012, which adds heat 

treatment to the malting procedure. 

 

2.1.3.1.3 Elicitors to increase avenanthramide content 

Other techniques can be used to improve AVN enhancement during malting. One example of this is 

elicitation. Elicitation refers to the exposure of a plant to a biotic or abiotic compound that induces the 

production of a secondary metabolite through several complex reactions. An elicitor can be defined as: “a 

compound introduced in small concentrations to a living system to promote the biosynthesis of the target 

metabolite” (Ramirez-Estrada et al., 2016). Examples of elicitors used could be methyl jasmonates (JAs) 
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or salicylic acid (SA) and its derivatives, as well as proteins, peptides, and other structures stemming from 

insects, yeast, or bacteria (Ramirez-Estrada et al., 2016; Joeng et al., 2018; Kim et al., 2020).  

Elicitors have also been examined for AVN enhancement. Kim et al. (2021) examined the effect of the 

addition of elicitors to germinating oats on AVN content. The study concluded that some elicitors can 

increase the AVN content and that there is a possible synergistic effect to two of the elicitors. The 

combination of the two led to oats containing levels of 1505 ppm, an increase of 2.3-2.5 times compared 

to when the elicitors were used in solitude (Kim et al., 2021). Additionally, plants have complex systems 

that allow them to handle exterior stresses by producing secondary metabolites, for example, AVNs 

(Okazaki et al., 2004). These stresses could be both biotic and abiotic. Biotic stress could be the infection 

of a pathogen, resulting in secondary metabolite inducement (Kasote et al., 2015). Abiotic stresses stem 

from non-biological factors that result in stress that could induce secondary metabolite production.  

2.1.3.2 Purification of avenanthramides 

To enhance the purity of the desired compound, different types of separation technologies can be used. 

Technologies include everything from hands-on methods such as filtering and sieving large particles and 

more advanced technology such as chromatography purification. Bioactive compounds could be defined 

as “phytochemicals, which can be extracted from foods or foods by-products, and able to regulate 

metabolic functions leading to beneficial effects” (Galanakis, 2017). In plants, the amount of a bioactive 

compound is generally low (Zhang et al., 2018). Two parts of separation are commonly used to reach 

desirable bioactive levels of plant stemming bioactive compounds: extraction and isolation. Firstly, 

extraction is performed to transfer the bioactive compound from the raw material to an extracting agent, 

usually a liquid. The most common type of extraction is solvent extraction, but other variants such as 

supercritical fluid extraction exist. Secondly, isolation techniques can be used to isolate specific 

compounds from the resulting extracts. The most common approach is to use chromatography to obtain 

pure products (Zhang et al., 2018).  

2.1.3.2.1 Extraction parameters affecting purification 

There exist some factors that play a significant role in extraction. Firstly, solvent selection must be correct 

in regards to safety, solubility, cost, and selectivity. Ethanol is usually considered the go-to solvent for 

plant stemming compound extraction. Secondly, hydrophobicity, charge, and particle size play a 

significant role in the efficiency of extraction. In general, the finer the solid particle is grounded, the more 

efficient the extraction will be. Additionally, elevated extraction temperatures increase the solubility of 

the bioactive compound but decrease the selectivity, possibly leading to the extraction of impurities 

(Zhang et al., 2018). 

2.1.3.2.2 Extraction of avenanthramides 

Organic solvent extraction is the most common method to extract bioactive compounds from plant 

material (Zhang et al., 2018). For AVNs, this type of extraction is also prevalent. Much of the extraction 

of AVNs occurs in a laboratory environment to quantify the AVN content (Leonova et al., 2017; Skoglund, 

2008; Bryngelsson et al., 2003). However, the extraction of AVNs has also been tested for commercial 
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purposes and at larger scales (Redmond and Fielder, 2014). Commonly, either 80% methanol (Collins, 

1989; Bratt et al., 2003) or 80% ethanol (Dimberg et al., 1993; Dimberg et al., 1996) at room temperature 

are used as extraction solvents at small scales, but variations in concentrations and temperature differ 

(Maliarova et al., 2015). Large-scale extraction of 500 kg oats utilising 50% ethanol at room temperature 

for 2-16 hours has also been tested and was deemed possible to use for AVN extraction (Redmond and 

Fielder, 2014). Another type of extraction method that could be used for AVNs is supercritical fluid 

extraction (Escobedo-Flores et al., 2018). In this current state, the commercial producer Ceapro utilises 

ethanol fractionation to recover AVNs (“Ethanol Fractionation Processes”, 2021) but are developing a 

method called Pressurized Gas Expanded Technology (PGX), which could potentially be used 

commercially in the future (“Pressurized Gas Expanded (PGX) Technology”, 2021).  

2.1.3.2.3 Isolation of avenanthramides 

Additional processing steps can be used to purify specific compounds from primary extracts further. 

Isolating plant-based compounds is generally done by chromatography technologies (Zhang et al., 2018). 

For AVNs, chromatography technology has mainly been used for analytical purposes (Leonova et al., 

2017; Skoglund, 2008; Dimberg et al., 2003) but could potentially be used to purify mixtures to high-

grade products (Zhang et al., 2018). Additionally, filtration technologies such as ultrafiltration have been 

tried to enhance the purity of AVNs for commercial purposes (Redmond et al., 2014). 

2.1.4 Summary of technology  

AVN content in oats can vary greatly depending on numerous factors such as genotype, environment, and 

external influences. AVN content can be challenging to compare between studies as handling of the oats, 

and analytical methods can differ (Skoglund, 2008). AVNs have been linked to several positive health 

benefits, including antioxidant capacity, along with anti-inflammatory, anti-itch, and anti-proliferate 

properties (Perrelli et al., 2018; Meydani, 2009). Efficient production methods, such as false malting and 

the use of elicitors during malting, can be used to enhance AVN content (Collins & Burrows, 2012; Kim 

et al., 2021). Additionally, methods exist to extract and purify AVNs, both for analytical (Leonova et al., 

2020) and production purposes (Collins and Burrows, 2012). 

2.2 Potential markets  

There is an increasing knowledge of the health benefits of oats and an increasing health-consciousness in 

consumers. Especially beta-glucans have had an increasing interest in the past years. As mentioned before, 

beta-glucan is a soluble fiber with a cholesterol-lowering effect and is mainly used in nutraceuticals. The 

global market for beta-glucans was estimated at $329 million in 2019 and is estimated to grow 7.2 % 

CAGR between 2020 and 2026 (“Beta Glucan market size”, 2021). 

The demand for natural supplements is increasing in Europe, and with an aging population, Europe is a 

promising market for natural ingredients in health products. (“What is the demand for natural ingredients 

for health products on the European market?”, 2021) Many companies have listened to the growing 

demand for natural products and have replaced synthetic ingredients with natural ones. European 

customers have a high will to pay for high-quality, sustainable, and healthy products, and the age segment 
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where this demand is the highest is “Millennials” ( b. 1981-1995)  and Generation Z (b.1995-2014). The 

main driving factors behind these groups’ demand and needs are health and the concern for environmental 

change (“What is the demand for natural ingredients for health products on the European market?”, 2021). 

The Canadian company Ceapro is the only company that extracts, characterises, and sells AVNs derived 

from oats. (“Avenanthramides: Ceapro”, 2021) Their current market is cosmeceuticals, but they also 

intend to target the nutraceutical market (Ceapro, 2020). Apart from Ceapro, companies located mainly in 

China synthesise AVNs and sell these for cosmeceutical purposes (“Avenanthramide 1kg”, 2021). AVNs’ 

anti-inflammatory and antioxidant properties can be used in the nutraceutical market as these properties 

are highly regarded in functional food on the European market because of the unhealthy lifestyle and the 

increasing demand for natural ingredients (“What is the demand for natural ingredients for health products 

on the European market?”, 2021). AVNs’ dermal properties such as anti-itch, anti-inflammatory, and skin 

protectant could potentially be suitable and valuable for the cosmeceutical market. 

2.2.1 Cosmeceuticals  

Cosmeceuticals are cosmetics with one or many bioactive ingredients that allegedly have medical benefits. 

The word cosmeceutical is a portmanteau of “Cosmetics” and “pharmaceuticals”. AVNs have positive 

dermal effects such as skin being protectants, anti-itch, and anti-irritant (Sur et al., 2008; Redmond and 

Fielder 2005), which are suitable for skincare products preventing dry, itching, or irritated skin due to 

eczema or sunburn. 

2.2.1.1 Competition  

Ceapro produces extracts of AVNs and beta-glucan, which are primarily sold through a major distributor 

who sells to big cosmeceutical companies such as Neutrogena, Body Shop, and Dove, who in turn use 

these in their products. ("Cosmeceuticals", 2021) This major distributor stands for 90 % of Ceapro’s 

annual revenue (Ceapro, 2020). Ceapro also sells its products to Johnson & Johnson-owned Aveeno, 

which specialises in oat skincare products and has started to sell its products in Sweden. Aveeno sells 

skincare products against eczema and moisturising products with oats, which specify the advantages of 

AVNs (“Oat”, 2021). Aveeno is among the top brands in the anti-itch cream market (“Anti-itch cream 

market 2021”, 2021). Aveeno also has a product line called Aveeno baby, which offers specialised 

products for treating baby eczema.  

Apart from selling the extract through this distribution network, Ceapro incorporates the AVN and beta-

glucan extracts in their own skincare company Juvente. Ceapro acquired Juvente in order for them to enter 

the high-end cosmeceuticals market and to be able to market directly to the end-user, which is a part of 

their business strategy (Ceapro, 2020). As mentioned before, several Chinese-based companies sell 

synthetically produced AVNs online for cosmetic use with claims such as “Anti-itching” and “anti-

allergic” (“Avenanthramide 1kg”, 2021). 

2.2.1.2 Market size  

The European market for cosmeceuticals is unsaturated with few strong players and is expected to increase 

by CAGR 7.87% to 26 billion USD 2024 in the European market alone (“European cosmeceutical 
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market”,2021). The global market for natural and organic cosmetics will grow globally from 34.5 billion 

dollars in 2018 to roughly 54.5 billion dollars in 2027, increasing by almost 60 %. The increase is due to 

consumers putting higher and higher requirements on the skincare industry to use natural and organic 

ingredients ("Global market natural cosmetics", 2021). 

When looking especially at AVNs and the market size for these, it is interesting to look at Ceapro’s 

revenues to gain insight into their market size. According to Ceapro’s annual report 2020, their sales 

increased 17 % from $13 million to $15 million. According to Ceapro, this increase was driven by a 33 % 

increase in sales of AVN products, mainly in the US. Currently, the US is the biggest market for Ceapro 

(accountable for nearly 70 % of the sales), with Germany as the second with 20 % of sales. Surprisingly, 

Canada is the smallest market for Ceapro, with 0.4 % of the sales (Ceapro, 2020). Germany is currently 

one of the biggest European markets for skincare and was valued at $4 billion in 2021 and is expected to 

grow 2.73 % annually based on CAGR 2021-2025. The US is the biggest skincare market globally, with 

a revenue of $18 billion in 2021. ("Skin Care - Germany", 2021) 

2.2.1.3 Legal 

In Europe and the US, there are no regulations on cosmeceuticals specifically. However, they are regarded 

as cosmetics and fall under the regulations for cosmetics ("Cosmeceuticals: definitions and legislations", 

2021). In Europe, the claims for cosmetics are regulated by the Commission Regulation (EU) No 

655/2013. There are six common criteria within the regulation for claims for cosmetics: Legal compliance, 

truthfulness, evidential support, honesty, fairness, and informed decision making. The evidential support 

should consist of relevant studies for the ingredient used (Laying down common criteria for the 

justification of claims used in relation to cosmetic products, Regulation No 655/2013). In order to appeal 

to European customers, the cosmeceutical company has to show that they follow the standards that meet 

the customers’ requirements and needs. Some of these are the management system standard ISO 

9001:2015 and the labels non-GMO and “Not tested on animals” (“Requirements for natural ingredients 

in cosmetics”, 2021). 

2.2.2  Nutraceuticals  

Nutraceuticals are food products with extra health benefits in addition to their primary nutritional value. 

The anti-inflammatory and antioxidant properties (Perrelli et al., 2018; Meydani, 2009) of the AVNs make 

them suitable for nutraceutical products, as these properties are highly regarded in nutraceuticals. 

2.2.2.1 Competition  

As mentioned before, the Canadian company Ceapro is the only company that extracts and commercially 

sells an AVN extract. This extract is sold to cosmeceutical companies and used in their brand, Juvente. 

Apart from the cosmeceutical market, they also have plans to expand to the pharmaceutical market. 

According to their website, Ceapro has developed a highly purified pharmaceutical grade powder 

formulation used in pre-clinical and clinical studies. The final aim is to formulate a pharmaceutical-grade 

tablet that would enable AVNs to treat inflammation-based diseases. In order to determine the anti-

inflammatory properties of AVNs, Ceapro has conducted studies on AVN’s effect on exercise-induced 
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inflammation. The positive results from this study can, according to Ceapro, support anti-inflammatory 

claims as a nutraceutical product that can enable a phase 1 clinical trial for a pharmaceutical product 

(“Avenanthramides in Nutraceuticals”, 2021).  

Nutraceuticals with oats have mainly focused on beta-glucan, which has a registered health claim on the 

European market. An example of this is DSM, a large Dutch company that bought the food company 

Oatwell from Swedish Oat Fibers and included beta-glucans in their product portfolio ( “A year of change 

for DSM’s OatWell”, 2021). Lantmännen also has a beta-glucan product: “Promoat” with its various 

applications for food ("PromOat oat beta-glucan: Lantmännen Oats", 2021). Nutraceuticals can contain 

oat extracts where AVNs are present, but currently, there are no products with an extract containing 

specifically AVNs.  

2.2.2.2 Market size  

The market for nutraceuticals in Europe is growing steadily. In 2020, the market value was 59 billion 

USD, expected to rise to 108 B USD by 2027. However, the market is consolidated and dominated by 1-

5 significant players: Nestle, Kellogg’s, Herbalife, Amway, and the Coca-Cola company. Functional food 

is the category with the largest share of money in nutraceuticals, but functional drinks are the fastest-

growing segment (“European Nutraceutical Market”, 2021). When looking at the market for natural food 

& drinks, this was valued at $79 million in 2016. It is predicted to reach $ 191 million by 2023, a CAGR 

increase of 13.7 %. (“Natural Food and Drinks Market | Industry Analysis, 2023”, 2021) 

2.2.2.3 Legal  

In order to communicate the health benefits of a food product, this product must have a health claim. 

Health claims are the demonstration of the relationship between food and health. This relationship must 

be scientifically proven and approved by EFSA, the European Food Safety Authority. In 2010, beta-glucan 

received an approved claim: “Oat beta-glucan has been shown to lower / reduce blood cholesterol. Blood 

cholesterol lowering may reduce the risk of (coronary) heart disease” (EFSA Journal, 2010).  

According to Vetorazzi et al. (2020), nutraceuticals are not regulated by EFSA. However, bioactive 

compounds included in food can fall under other regulations, such as regulations affecting food 

supplements, novel foods, or substances for food fortification. In addition to health claims, standards have 

to be obtained on the European market, e.g. Good Agriculture Procedure (GAP), ISO 22000, and work 

according to HACCP under the European regulation 852/2004. “Hygiene of food products”.  

2.2.3  Summary of the potential markets  

The demand for natural supplements is increasing in Europe, and with a population growing older, Europe 

is a promising market for natural, plant-derived ingredients with health benefits. (“What is the demand for 

natural ingredients for health products on the European market?”, 2021). There are two markets interesting 

for AVN: nutraceutical and cosmeceutical. Nutraceuticals are food or drinks that have additional health 

effects, and cosmeceuticals are cosmetics with additional health benefits. AVNs’ anti-inflammatory and 

antioxidant properties (Perrelli et al., 2018; Meydani, 2009) could potentially be used in nutraceutical 
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products. AVNs’ dermal properties, such as anti-itch and skin protectants (Sur et al., 2008; Redmond and 

Fielder 2005), could be suitable for skincare products soothing dry, itching, or irritated skin.  

The Canadian company Ceapro is the only commercial manufacturer of AVNs and sells the extract to big 

cosmetic companies, such as Neutrogena, Body shop, and Dove ("Cosmeceuticals", 2021). They also sell 

to Aveeno, who specialise in oat-based cosmetic products, and describes the health benefits of AVN on 

their web page (“Oat”, 2021).  Aveeno is also one of the most prominent players in the anti-itch cream 

market (“Anti-itch cream market 2021”, 2021). The cosmeceutical market is unsegmented and is expected 

to increase by 7.87 % until 2024 in the European market (“European cosmeceutical market”,2021). The 

global market for natural cosmetics is expected to grow by 60 % by 2027 ("Global market natural 

cosmetics", 2021). There are no specific regulations on cosmeceuticals. However, they fall under the 

European regulations for cosmetics ("Cosmeceuticals: definitions and legislations", 2021). In order to get 

a claim for cosmetics, relevant studies for the ingredient should be used. (Laying down common criteria 

for the justification of claims used in relation to cosmetic products, Regulation No 655/2013). However, 

these studies do not have to be clinical studies, which is required for nutraceuticals.   

There are no nutraceutical products on the European market that have AVNs exclusively. However, there 

are products with beta-glucan, which is marketed for its cholesterol-lowering properties. Ceapro has 

nutraceuticals in their pipeline and has conducted a study to evaluate AVN’s anti-inflammatory properties 

(“Avenanthramides in Nutraceuticals”, 2021). The market for nutraceuticals is consolidated and 

dominated by the major players of the food industry: Nestle, Kellogg’s, and Coca-Cola. It is valued at 59 

billion USD and is expected to rise to 108 B USD by 2027, increasing 83 % (“European Nutraceutical 

Market”, 2021). However, communicating the health benefits of ingredients used in nutraceuticals is 

highly regulated and must be scientifically proven in clinical trials and thereafter approved by EFSA.  

2.3  CropTailor 

CropTailor is a research company with ten employees and annual revenue of 5 million SEK (O. Olsson, 

personal communication, June 1, 2021). The company consists of academic entrepreneurs with expertise 

in oat biochemistry, genetics, and genomics, where they currently are world-leading. They have also 

developed a unique mutagenized oat population. Their business idea is to develop oat varieties with 

enhanced health benefitting properties and enhanced agriculture properties (“About us: CropTailor”, 

2021). Regarding AVNs, one CropTailor line (CT-line) is currently one of the world leaders with an AVN 

concentration of 227.5 ppm (Hernandez-Hernandez et al., 2021). Their business service turns their 

partner’s ideal oat properties into reality by producing mutagenised oat lines with the specific property 

through highly selective breeding.  

The mutagenised oat lines with enhanced properties that CropTailor possess can then be sold to their 

partner. However, this process takes between 4-7 years (“Propagation & Commercialization: CropTailor”, 

2021). Since 2015, Lantmännen has owned most of the shares in CropTailor (“About us: CropTailor”, 

2021). 
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CropTailor is indirectly involved in an industrial research centre in Lund with oats in focus, ScanOats, 

where the CT lines are used. ScanOats has three academic partners: Lund University, Swedish University 

of Agriculture Sciences (SLU), and the Swedish Research Institute (RISE). ScanOats also has three 

industrial partners: Lantmännen, Oatly AB and Swedish Oat Fiber AB (“About us: ScanOats”, 2021). 

2.4 Bringing an innovative idea to market  

When looking at bringing an innovative idea to market, some important factors must be considered. 

Below, five business models are described to understand further the process of putting an innovative idea 

on the market. Apart from these business models, the importance of a theoretical framework and 

evaluating a framework is described. 

2.4.1 Vohora model  

According to Vohora et al. (2004), there are five growth phases for a university spin-out company when 

putting an innovative idea on the market: Research, opportunity framing, pre-organisation, re-orientation, 

and sustainable returns.  Between every growth phase, there is a critical juncture that can prevent the 

company from transitioning from one phase to another: (1) opportunity recognition, (2) entrepreneurial 

commitment, (3) venture credibility, and (4) venture sustainability. The different development phases and 

their respective critical junctures can be seen in Figure 2.4 (Vohora et al., 2004). 

 
Figure 2.4. The five growth phases of a USO going to market with an innovative idea as well as the growth phases’ corresponding critical 

junctures. (Vohora et al., 2004).  

To overcome the first critical juncture, the opportunity recognition, the organisation must have prior 

business experience and commercial awareness. This is important because otherwise, the company will 

not be able to apply their technology to serve a market need and will not recognise the technology’s 

opportunity. The second critical juncture, the entrepreneurial commitment, arises when uncertainty 

regarding the technology’s application in a market and little prior business knowledge arises. Apart from 

this, Vohora and his co-writers also state the importance of academic, industrial, commercial, and social 

networks to overcome this juncture.  
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The third critical juncture, the venture credibility, can appear for many reasons, but it centres around the 

venture not having credibility. This can be due to not having a clear route to revenues, no proof of concept, 

and supply chain distributors and customers not receiving it well. It is also challenging to get credibility 

if the team/entrepreneur does not have the experience to manage growth in high-tech companies and work 

in the chosen market.  

To get sustainable returns, the fourth critical juncture, venture sustainability, must be overcome. Not 

reaching venture sustainability can happen due to not getting market shares, not being self-aware of the 

company’s competence and capabilities, and not recognising threats and opportunities within the market 

and the company. However, if the company is self-aware of its lacking competence and capabilities, these 

weaknesses can be reconstructed into strengths and distinctive capabilities. (Vohora et al., 2004)  

2.4.2 VRIO model  

The VRIO model is an acronym for Value, Rarity, Imitation, and Organization. It is a model that can be 

used when evaluating the competitive advantage of the company’s resources and capabilities, see Figure 

2.5 (Smith et al., 2021). First, it is evaluated if the resources and capabilities bring value to the customer. 

If so, the company must ask themselves if its capabilities are rare and something that is not present on the 

market today. If it is valuable and rare, the inimitability of the capabilities and resources must be evaluated: 

how difficult and expensive it is for a competitor to imitate it. If it is difficult to imitate, brings value for 

a customer, and is rare, the next step is to evaluate if the organisation has management systems, processes, 

and culture to exploit its potential competitive capabilities. If so, the company has a sustainable 

competitive advantage with their capabilities and resources. If not, they have an unused competitive 

advantage. (Smith et al.,2021) Although this model is usable for a company’s evaluation of its potential 

competitive advantage, it is essential to keep in mind that it simplifies reality and that every yes/no on 

each step is not definitive.  

 
Figure 2.5. The VRIO decision chain evaluating the competitive advantage of the company’s resources and capabilities (Smith et al., 2021) 
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2.4.3 Ford & Thomas  

In their article from 1997, Ford & Thomas describes the company technological system: which is the 

“mechanism by which a company acquires its technologies, as well as gaining access to those of other 

companies and by which it applies these technologies to specific or generic customer needs” (Ford & 

Thomas, 1997). The company’s relationship with other companies (both suppliers and distributors) is 

essential. They empathise that the company’s technology only has value if it is useful to other companies, 

depending on its interaction with others. They also state that no company can possess all the technologies 

for a particular application, making the company very dependent on its network and the technologies that 

its network possesses. According to Ford & Thomas, the managers’ perception of the strategic linkage 

between external and internal technologies is often not well developed. They tend to think more about 

their own technologies rather than external technologies or the connection between them. Further, they 

state the importance of building a network with others and exchanging the technology rather than isolating 

it within the own company. 

2.4.4 IDEO’s design thinking framework 

IDEO is a design and consulting company that has developed a design-thinking framework. This 

framework has been adopted by the world’s leading brands such as Google, Apple, and Samsung and is 

being taught at Stanford, Harvard, and MIT. Design thinking is an iterative process where understanding 

and developing an empathy for the user who will use the product or service is the central point. According 

to Tim Brown, the CEO of IDEO, Design Thinking is not only for designers but for every business level. 

(“What is Design Thinking?”, 2021). According to IDEO’s website (“IDEO Design Thinking”, 2021), 

Design thinking connects desirability from a human point of view with technological feasibility as well 

as economic viability, see Figure 2.6 (Golob et al., 2015). The most crucial factor is always people and 

their desirability, and if the focus is on the people whom you are designing it for and listening to them, 

optimal solutions will be made that will meet their needs. (“IDEO Design thinking”, 2021) According to 

Tim Brown, this iterative process has been used by designers over many decades to “match human needs 

with available technical resources within the practical constraints of the business. Design thinking takes 

the next step, which is to put these tools into the hands of people who may have never thought of 

themselves as designers and apply them to a vastly greater range of problems.” (Brown, 2019).  
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Figure 2.6. IDEO’s design thinking framework connecting desirability from a human point of view with technological feasibility as well as 

business viability (Golob et al., 2015). 

2.4.5 Clayton Christensen’s job to be done  

According to Harvard professor Clayton Christensen, consumers who buy a product actually “hires” it to 

help them do a job they have problems doing themselves. If the job is executed well, the consumer will 

most likely hire that product again, and if not, they will indeed “fire” it and look for another alternative. 

According to Christensen, understanding the customer’s “job to be done” makes innovations successful 

because successful innovations help consumers solve problems and helps the customer accomplish what 

they wish. Apart from helping consumers make the progress they need to make, it is also important to 

understand and address any inertia or anxiety that might hold them back from buying the product. 

Christensen also states that jobs should not only be seen as a function, but they also have powerful social 

and emotional dimensions for the customer. The product is not just a product: it is a job that customers 

hire to solve their problems and be an experience for the customer. (“Know Your Customers’ “Jobs to Be 

Done", 2021) 

2.4.6 Evaluation of framework 

According to David Gray (2021), a conceptual framework is a “mental representation that order 

experience in ways that enable us to comprehend it.” In a recently published article in the MIT Sloan 

management review, David Gray (2021) presents seven criteria that could lead to a successful framework, 

preferable to use when utilising an already known framework or even developing your own. A successful 

framework does not have to meet all seven criteria; instead, it is a way of critically examining the 

framework to ensure its usability. The seven criteria and their corresponding assessment questions can be 

seen in  

Table 2.1 (Gray, 2021).  
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Table 2.1. The seven criteria and their corresponding assessment questions regarding a successful framework. (Gray, D. 2021) 

Criteria Assessment questions 

Comprehensiveness 

Is the frame of reference wide enough to include what is important in the company 

to describe, analyse and possibly change?  

Can it be used for different types of companies and organisations? 

Utility 
Does the framework provide valuable insights into actions that should be taken 

and consider different situations and circumstances? 

Validation Do empirical data validate the frame of reference? 

Clarity 
Is the frame of reference easy to understand and does it use 

comprehensible/common-sense concepts that reduce the complexity? 

Easy to remember 
Is the reference frame designed and presented so that it is easy to remember and 

apply? Is it appealing to use? 

Integrated 
Is the frame of reference consistent internally so that its elements cohere in a 

meaningful way? 

Differentiated 

Does the frame of reference make it possible to see and understand things that are 

not presented in other frames of reference? Does it contain unique parts or connect 

parts in a unique way? 
 

2.4.7 Summary of applied models  

The Vohora model (Vohora et al., 2004) describes the critical junctures that might arise when going to 

market with an innovative idea for a USO. The VRIO model describes a process to understand the 

innovative idea and its potential sustained competitive advantage to understand the capabilities of a USO 

to bring a product to market. The Ford & Thomas model brings up the importance of a network and the 

importance of integrating the technology, market, and company. The IDEO business model describes the 

innovation trinity: which happens when a feasible, desirable, and viable solution is combined. Clayton 

Christensen’s “job to be done” describes the importance of understanding the consumer’s need and what 

“job” the product or service can solve, which is important in innovation. The seven criteria for a successful 

framework are essential to evaluate a theoretical framework and its potential. 
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3 Methods  

In this chapter, the process of developing a simple framework (TMC 1.0) derived from relevant business 

models is presented. TMC stands for technology, market, and company capabilities.. This is followed by 

how the framework was reformulated and expanded using business models and expert interviews to 

include identified key factors (TMC 2.0) important for going to market. It is then described how the key 

factors were audited in relation to AVNs based on expert interviews, laboratory results, and a company 

capability evaluation. Lastly, it is described how testing of a modified high AVN yielding production 

method was performed. The full process can be seen in Figure 3.1. 

First, a basic overarching framework was developed; see 3.1 TMC model 1.0. This basic overarching 

framework was developed to define the three main general areas that could be considered necessary for 

AVNs’ possibility of going to market. After establishing the main general areas, key factors within these 

main general areas were determined with the help of expert interviews and well-known business models 

that described fundamental concepts important for going to market with a novel idea such as AVNs. It 

was also developed to fully capture the complexity of the identified key factors and their interconnections. 

This process was described in 3.2 TMC model 2.0. After choosing the most relevant key factors, they were 

audited in relation to AVNs to evaluate AVNs’ possibilities and obstacles to go to market. Additionally, 

early lab-scale production feasibility of oats with elevated levels of AVNs was practically tested and 

evaluated by performing laboratory experiments. The laboratory experiments utilised heat treatment of 

oats, steeping in a water solution with and without a stimulant, malting, and analysis of the total amount 

of AVNs in treated oat grains.  

 
Figure 3.1 Schematic flow for methodology followed in the master thesis. TMC 1.0 framework defines main general areas from business 

models. TMC 2.0 defines key factors within the main areas of data from business models and expert interviews. In the audit, the key factors 

are then applied to AVNs and use information from expert interviews, laboratory experiments, and a company capabilities evaluation.  

3.1  TMC model 1.0  

3.1.1 Aim  

To construct a simplified framework that illustrates the main general areas important for going to market 

with AVNs. This framework was also created to explore the cooperation between the main areas and the 
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result when they are all connected. This will enable further analysis and an audit of AVNs’ potential to go 

to market through the perspective of these three main areas.  

3.1.2 Method  

To develop the TMC model 1.0, business models related to innovation were used as an inspiration source. 

One of these business models was the IDEO design thinking framework mentioned in 2.4.4 IDEO’s design 

thinking framework. This model has a three-part Venn diagram where innovation is the centrepiece of a 

desirable (human), economically viable, and technologically feasible solution. This principle of 

connecting and displaying the relationship between three main areas was fundamental when constructing 

the TMC model 1.0. However, to further develop the IDEO Design thinking model and make it more 

applicable for AVNs and this thesis, other models were considered, such as the Vohora model described 

in 2.4.1 Vohora model. This model highlights the importance of connecting management, technology, and 

the market for a USO to go to market with an innovative idea successfully. 

3.2 TMC model 2.0  

3.2.1 Aim 

To further expand TMC 1.0 by describing key factors within the main areas concluded in TMC 1.0. This 

was done to increase its utility and fully capture the identified key factors' complexity and 

interconnections. 

3.2.2 Method  

The process for developing TMC model 2.0 can be seen in Figure 3.2. The selection criteria for the key 

factors within the main areas was inspired by Gray (2021) described in 2.4.6 Evaluation of framework, 

where three of the criteria were chosen to be of most importance when determining the key factors: 

validity, clarity, and differentiation. To ensure the validity of the key factors, they were validated against 

primary and secondary data. The primary data consisted of information from expert interviews, which is 

described in 3.2.3 Expert interviews. The secondary data consisted of the business models described in 

2.4 Bringing an innovative idea to market. Common elements from both the primary and secondary data 

that described similar features and were logical when comparing to literature were defined by the authors 

as commonalities. These commonalities were potential key factors highlighted by experts or business 

models. The frequency of these commonalities was then visualised in a table of occurrence. This table 

displayed which expert or business model mentioned which element and how often it was occurring. From 

this table, it could be seen that the defined commonalities were frequently occurring and were therefore 

considered by the authors as key factors important for going to market for an oat-based health compound 

such as AVNs. Apart from validating the key factors to empiric data, they were also chosen because they 

were easy to understand, ensuring clarity, and that they were different from other frameworks, ensuring 

differentiation. These key factors were then categorised by the authors as belonging to either technology, 

market, or the company main area of the TMC model 1.0. After choosing the key factors within the main 

areas, they were utilised to audit AVN’s potential to go to market within the main areas, see 3.3 Audit 

based on the TMC 2.0 framework key factors. 
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Figure 3.2 Schematic flow for methodology utilized for the TMC 2.0 model. Primary data consisted of expert interviews, and secondary data 

consisted of business models. From primary and secondary data, commonalities were defined. These commonalities were then checked using 

a table that visualized how often the defined commonalities were mentioned in the primary or secondary data, where the frequently mentioned 

commonalities were considered key factors. The key factors were then categorised to T, M, or C, which became the TMC 2.0 framework.    

3.2.3 Expert interviews 

3.2.3.1 Aim  

To retrieve data from the industry that could help identify key factors within the technology, company, 

and the market.   

3.2.3.2 Method 

Semi-structured interviews were conducted with nine experts. These experts were obtained from reference 

to reference or via direct email contact by the authors. The selection criteria for the experts were that they 

either had worked with AVNs/oats or had experience in developing plant-based ingredients that had 

successfully reached the market. The experts were also chosen from different parts of the industry, and 

their work areas varied to receive primary data from several parts of different organisations and industries. 

Previous experience of the interviewees was either close work directly with AVNs, experience from the 

oat industry, or experience in similar fields of working with innovation and going to market with 

innovative products. The interviews were semi-structured with fixed questions regarding the potentials 

and obstacles for an oat-based product to go to market. However, some interview questions were adapted 

explicitly for the interviewee to receive expert knowledge of their respective fields. The fixed questions 

used can be seen in Appendix C. 

A summary of the interview was conducted after the interview and was sent to the person being 

interviewed. This was to validate the primary data recovered from interviews and gave the interviewed 

person an opportunity to add points not stated during the interview. To keep the identity of the experts 

anonymous, they were named E1-E9. Their job title and their relationship to AVN can be seen in Table 

3.1. 
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Table 3.1 The experts interviewed together with their job title and relationship with AVN. 

Interviewee Job Title 

Worked with or in 

close contact with 

AVNs 

E1 CEO at an Oat company in England with experience with AVNs Yes 

E2 
Business developer in the food business and has been on the board of 

CropTailor 
Yes 

E3 
CEO at a big Swedish Oat company that is working with functional food and 

cosmeceuticals (Company A) 
Yes 

E4 Business Developer at Company A Yes 

E5 Product developer at a Swedish company that produces Oat-products  

E6 Nutrition manager at Company A  

E7 
CEO at a University spin-out company that sells an ingredient used in 

cosmetics 
 

E8 Innovation & Production manager at company A Yes 

E9 
Development manager at the Nordic region’s leading supplier of grocery trade 

brands. E8 has also worked with nutrition at this company. 
 

 

3.3 Audit based on the TMC 2.0 framework key factors 

3.3.1 Aim 

To perform an audit with the help of the chosen key factors of the TMC 2.0 framework to investigate the 

current “go to market” potential of AVNs and provide insights and requirements for managing the process 

of going to market.  

3.3.2 Method  

The audit of the key factors in the TMC 2.0 framework was performed by a combination of primary 

validated data from expert interviews and secondary data. Primary data from expert interviews were used 

to describe AVNs in the context of the key factor. To complement the primary data, secondary qualitative 

literature data were used in combination to contextualize the key factor further. The secondary data was 
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gathered from research studies examining AVNs, company websites, patents, theoretical frameworks 

described under 2.4 Bringing an innovative idea to market, and governmental legislation documents. The 

secondary data was used to further describe and explain AVNs’ state for the specific key factor. To receive 

in depth knowledge regarding the company capabilities in relation to AVNs, company capability 

assessment interviews were performed separately with CropTailor’s CEO and two of the company’s board 

members, according to 3.3.3 Company capabilities. Additionally, to evaluate early-stage production 

feasibility, a lab-scale high yielding AVN technique was performed and evaluated according to 3.4 Early 

lab scale testing of a high yielding AVN technology. 

3.3.3 Company capabilities  

3.3.3.1 Aim 

The company capability assessment aimed to understand where the main focus of the company lies: if it 

lies in the technology, company, or their market competence. It was also conducted to understand the 

company’s obstacles and possibilities for exploiting AVNs. The company’s dynamic capabilities and 

ability to reconfigure competencies to respond to changes (Teece, 2018) were also evaluated.  

3.3.3.2 Method      

A company capability assessment of CropTailor was made together with the CEO of CropTailor and two 

of CropTailors’ board members based on the TMC model 2.0 and the VRIO-model described in 2.4.2 

VRIO model. This model was used because it can give a good indication of the company’s capacities and 

their potential sustainable competitive advantage. The subjects were asked questions focused on the 

company and their network, commitment and capabilities, and competence, but questions were also asked 

about their technology and relationship to the market. The interviews were semi-structured, and questions 

can be seen in Appendix D. 

3.4  Early lab scale testing of a high yielding AVN technology 

To investigate early-stage production feasibility for high AVN-content products, one pre-experiment, and 

one main experiment design were performed examining the effect on total AVN level in oat for a high 

yielding AVN malting technology. The experiment consisted of heat-treating oat seeds, steeping with and 

without a stimulant, and malting on Petri dishes for four days. Post malting, the seeds were ground, AVNs 

extracted with ethanol, and then analysed with HPLC. 

Firstly, a pre-experiment setup screened stimulant concentrations to find suitable concentrations for the 

main experiment. Due to experimental failure during the pre-experimental setup, namely the loss of 

moisture during day 2, 3, and 4 of malting, most of the outcome from the malting treatment was unreliable 

but still provided insights in favourable concentrations. As a result of this, only the main experimental 

setup will be considered. 

For the main experimental setup, the methodology was altered by parafilm encapsulating the Petri dishes 

to ensure sufficient moisture. The main experimental setup consisted of a modified, more robust version 
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of the first experimental setup, that further examined the more favourable stimulant concentrations during 

false malting. 

3.4.1 Aim 

Examine the total AVN outcome of a modified high AVN yielding system and the effect of a stimulant as 

an inducing agent during malting. Secondly, the experiment aims to compare the effect on AVN 

enhancement between seeds that are heat-treated and not heat-treated before steeping. 

3.4.2 Theoretical explanation  

Malting seeds not treated by a prolonged heating period have been reported to germinate more compared 

to heat-treated seeds (Collins and Burrows, 2012). Seeds that germinate could be considered less 

favourable as they could be harder to incorporate in conventional processing systems, applications might 

be more limited, or that biocompounds such as beta-glucans are destroyed during the germination process. 

If seeds are exposed to a prolonged heating period, the germination rate has been shown to decrease 

(Collins and Burrows, 2012). Additionally, the use of elicitors during malting has been shown to increase 

AVN content (Kim et al., 2021). 

3.4.2.1 Method for the main experiment 

According to the laboratory manual in appendix A.1, the main experiment was performed and examined 

the effect of malting on AVN content and the use of an inducing stimulant, hereby called “X”. The 

experiment examined five different treatments; regular false malting (FM), seeds with no heat treatment 

(No HT), two types of stimulant-induced false malting (X 0.05%; X 0.1%), and a control (C). The flow 

sheet for the experimental setup is illustrated in Figure 3.3. 

Firstly, seeds treated with false malting (red line) were treated with a prolonged heating period for nine 

days. Seeds were transferred to the steeping step, where the seeds were soaked in temperate water solution 

for 18 hours. The seeds were then malted, where the seeds were kept on moist filter paper in a temperate 

environment for a 4-day long period. The seeds with no heat treatment (yellow line) were not treated by a 

prolonged heating period. Seeds were then processed as the seeds in regular false malting. The stimulant-

induced false malting (green line) was performed identically to regular false malting, with the exception 

that the steeping solution contained either 0.05 wt% or 0.1 wt% stimulant. Samples for all treatments were 

collected pre false malting, after two days of false malting, and post false malting. 
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Figure 3.3 Flowsheet for the main experimental setup. The setup contains 5 three types of treatments: false malting (F.M), 

seeds not heat-treated before steeping (No HT), stimulant-induced false malting with two concentrations of 0.05% X and 

0.1% X (X), and untreated control (C). Samples are collected before, during, and after malting. 

Post-treatment, seeds were then grounded into flour. AVN was extracted by performing ethanol extraction 

following the procedure in Appendix A2. The extracted samples were analyzed by HPLC analysis, 

described in 3.4.3 HPLC .  

3.4.3 HPLC analysis 

3.4.3.1 Aim  

To determine the AVN concentration in the resulting sample solution from ethanol extraction, determining 

the AVN level in the oat grain.  

3.4.3.2 Method  

HPLC analysis was performed following the HPLC methodology from Leonova et al. (2020). The used 

flowrate was 0.7 mL/min, and the acetonitrile solution contained 0.1% formic acid. The total AVN 

concentration is measured as all peaks summarized from minute 8 to minute 24 in the chromatogram and 

is measured in AVN-A equivalents.  

3.4.4 Statistical evaluation  

3.4.4.1 Aim  

The standard deviation for samples is calculated to visualize the spread for treatments. Statistical 

significance is calculated to determine if AVN content significantly differ between treatments.  
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3.4.4.2 Method 

All experiments used four replicates for each treatment. The four replicates were then processed in 

Microsoft Excel using the formula STDEV (rep1; rep2; rep3; rep4) to calculate the standard deviation. 

Values are then presented as mean value ± standard deviation. A paired T-test with 2-sided distribution 

was conducted in Excel between the treatments of interest to calculate the significance levels between 

treatments. Significance in graphs were illustrated as * = (α < 0.01), ** = (α < 0.005) and *** = (α < 

0.0001). 
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4 Theoretical framework 

In this chapter, the two theoretical frameworks developed in this thesis are presented. The first framework, 

the TMC framework 1.0, is presented in 4.1 TMC framework 1.0 and illustrated the main areas essential 

when going to market with an innovative idea. The TMC framework 2.0, shown in 4.2 TMC framework 

2.0, is an extension of 1.0. This extension includes the key subcategories essential to obtain to successfully 

go to market with an innovative idea.  

4.1 TMC framework 1.0  

The TMC framework 1.0, see Figure 4.1, was created to illustrate the main areas to identify and understand 

going to market for innovation in the setting of a small company scale up. From the IDEO design 

framework and the Vohora model described in 2.4 Bringing an innovative idea to market, the three main 

areas were the technology, market, and company capabilities. To illustrate the importance of a multi 

perspective when going to market with an assumed innovation, the three main areas are connected in a 

three-part Venn diagram. When the three areas work in harmony, this possibly creates an epicentre for the 

potential of managing the process of going to market and the skill of going from one juncture to the next, 

as described by Vohora et al. (2004). The framework is also dynamic and works as a forecasting 

framework that identifies challenges in each area when moving forward to the next phase. This three-

parted framework highlights the importance of having a multi-perspective focus rather than only focusing 

on one area. The three areas put demands on each other that can easily be missed if the company has a 

one-sided focus on e.g., technology. According to Vohora et al. (2004), academic research companies 

often only focus on the technology and miss the technology´s coexistence with the market and the 

company. Perspectives from all three parts are essential, as they may face requirements from each other. 

For example, requirements from the market can impact the way technology needs to function. The 

limitations of the technology & company can impact what markets can be reached, and the company 

capabilities impact what technology is possible to develop.  

  
Figure 4.1 The first version of the TMC framework illustrates the connection between technology, market, and company capabilities and the 

potential to go to the market concerning these main areas. 
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4.2 TMC framework 2.0  

The TMC framework 2.0 was constructed to expand the main areas of the TMC framework 1.0 and include 

key factors within technology, market, and company capabilities. These key factors are subcategories to 

the main areas. The key factors would then be used to evaluate the AVNs potential to go to market in a 

technological, market, and company capability audit. The results of these audits can be seen below in 5.2 

Technological, market and company capabilities audit. The final key factors chosen by the authors and 

their description can be seen in Table 4.1.  

Table 4.1 Overview of the main areas: technology, market, and company. The respective key factors are described to provide 

the context of their meaning. 

Main Area Key-factors Description 

Technology 

Product functionality 
The product can be used for the chosen application and have desired 

functions 

Production Feasibility Production of compound or product is possible 

Economic feasibility Production of the product and incorporation is economically viable 

Market 

Market opportunity Market need & job to be done 

Market selection Available market, profitable market, growing market 

Communication & legal 
Health claims and enabling the communication of health benefits to 

the customer 

Company 

Network Social network, business network, distributors 

Management commitment Commitment to continuing working with the project 

Self-awareness 

Business and technology competence 

Economic capacity in the company 

 

The table of occurrence is presented in Table 4.2, where the key factors mentioned by each expert and the 

secondary data are presented. As shown in the table, the expert interviews highlighted more key factors 

regarding the technology and market, except for E7 who has made the journey from university research 

to a product on the market. Apart from the interview with E7, the key factors for company capabilities 

have mainly come from the business models.  
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Table 4.2 Table of occurrence illustrating which experts (E1-E9) and business models highlighted elements that were then 

considered key factors. Business models in table are Vohora (VH) and Ford & Thomas (F&T). Key factors in the table are 

product functionality (PFNC), economic feasibility (EFB), production feasibility (PFB), market opportunity (MO), market 

selection (MS), communication (CM), network (NW), management commitment (MC), and self-awareness (SA).  

Primary data: Expert interviews 

  Technology Market Company capabilities 

 Work title PFNC EFB PFB MO MS CM NW MC SA 

E1 CEO, Oats x  x x x     

E2 B.D oats x   x x x    

E3 Oat-Nutrac. x   x x x    

E4 B.D oats x     x    

E5 
R&D 

Oats 
x x x   x    

E6 Health claims x     x    

E7 
CEO, 

USO 
x x x x x  x x x 

E8 
Oat process 

production  
x x x       

E9 
R&D 

Food 
x x x x x x    

Secondary data: Innovation business models 

VH     x   x x x 

F&T       x x x x 

Occurrence 81% 36 % 45 % 54% 45% 63% 27% 27% 27% 
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An illustration of the main areas and their corresponding key factors can be seen in Figure 4.2.  

 
 
Figure 4.2. The TMC framework 2.0 includes the main areas and their corresponding key factors that are important for AVN´s potential to 

go to market. 
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5 Result 

This chapter will present the results from the laboratory experiments (5.1 Experimental results) and the 

audit of AVNs through the perspective of the main areas and their respective key factors described in 

TMC framework 2.0 (5.2 Technological, market and company capabilities audit). The main conclusions 

from the expert interviews can be seen in Appendix C. 

5.1 Experimental results

Experimental trials examining high-yielding AVN processing methods provided early-stage production 

feasibility insights into how high AVN content in oats can be achieved. Experimental trials showed the 

possibility of increasing the AVN level in oats by 13 times from 35 to 450 ppm utilizing stimulant-induced 

false malting. As a result, the technology provides prerequisites to either sell high AVN oat kernels or 

produce high AVN content extracts sold as an ingredient for commercial products such as cosmeceuticals 

or nutraceuticals. 

5.1.1 Avenanthramide content during malting 

A trend could be seen that with malting, the AVN content seems to increase for all treatments tested 

compared to the untreated control. The untreated control and samples collected directly after steeping 

were generally around the same AVN levels. After 2 days of malting, the highest average AVN content 

was for seeds treated with 0.05 wt% stimulant measuring 253 ± 61 ppm. The highest content after four 

days was for seeds treated with 0.1 wt% at 454 ± 46 ppm. See Table 5.1 and Figure 5.1. Notable is also 

the increase between 2 and 4 days for the No HT line, which from day 2 to day 4 increases from 77 ± 18 

ppm to 443 ± 18 ppm, resulting in a 13-fold increase over the course of four days. During the days of 

malting, the compositional structure between AVNs changed, as seen in Appendix B3. Replicate data for 

all treatments can be seen in Appendix B1. 

Table 5.1 The total amount of AVN present in the oat grain after 0, 2, and 4 days of malting. Seeds had first been heat-treated 

to induce dormancy, steeped in a water solution either containing or not containing the stimulant (X), and then malted on wet 

filter paper. The control had not been treated. No HT refers to seeds not being exposed to a prolonged heat treatment before 

steeping. 

Day 
Control  

(ppm) 

No HT 

(ppm) 

False malting 

(ppm) 

0.05% X 

(ppm) 

0.1% X 

(ppm) 

0  35 ± 7 49 ± 20 70 ± 8 73 ± 5 56 ± 4 

2 - 77 ± 18 159 ± 31 253 ± 61 186 ± 33 

4 - 443 ± 18 222 ± 21 345 ± 16 454 ± 46 
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Figure 5.1 The total amount of AVN present in the oat seed after 0, 2 and 4 days of malting. Seeds had first been heat-treated 

for nine days, steeped in a water solution for 18 hours, and then malted on wet filter paper. 0.05% X and 0.1% X was treated 

with steeping solution containing 0.05 and 0.1 wt% stimulant during malting. The control had not been treated. No HT refers 

to seeds not being exposed to a prolonged heat treatment before steeping. 

No HT seeds had started to germinate during day 2 of malting, while heat-treated seeds showed little to 

no signs of germination, see Appendix B4. After four days of malting, seeds of all treatments had started 

to germinate in various degrees. No HT seeds had visually germinated more profoundly compared to seeds 

heat treated. Visually, seeds heat-treated had similar levels of germination after four days of malting, 

compared to No HT seeds two days of malting. 

5.1.2 Avenanthramide content post malting 

Post malting, all treated samples exhibit significantly elevated levels of AVN compared to the control, as 

shown in Table 5.2. The elevated AVN content translates to an average fold increase of 12.8 for No HT 

seeds, 6.4 for FM seeds, 9.9 for treatment with 0.05 wt% stimulant, and 13.1 for 0.1 wt% stimulant 

compared to the control. Comparing No HT seeds and stimulant-induced treatments with regular false 

malting, the treatments exhibited levels of 2.00, 1.6, and 2.1 average fold increases, respectively.  
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Table 5.2 Total AVN concentration in ppm for control, no heat treatment (No HT), regular false malting (FM), and stimulant-

induced false malting (0.05% X and 0.1% X) after 4 days of malting. Significance (Sign.) compared to regular false malting, 

average fold change compared to control, and false malting is also presented. Significance is calculated with a paired T-test 

with the 2-sided distribution.  

Treatment Control No HT FM 0.05% X 0.1% X 

AVN (ppm) 35 ± 7 443 ± 18 222 ± 21 345 ± 16 454 ± 46 

Sign. vs FM p < 0.001 p < 0.001 - p < 0.01 p < 0.005 

Average fold 

change vs control 
1.0 12.8 6.4 9.9 13.1 

Average fold 

change vs FM 
0.2 2.0 1.0 1.6 2.1 

 

A visual representation of the AVN content for all treatments after four days of malting can be seen in 

Figure 5.2. Statistical significance is illustrated with 1-3 asterixis depending on their significance level.  

 
Figure 5.2 The total amount of AVN present in the oat grain after four days of malting. Seeds had first been heat-treated, steeped 

in a water solution, and then malted on wet filter paper. 0.05% X and 0.1% X were treated with steeping solution containing 

0.05 and 0.1 wt% X during malting. The control had not been treated. No HT refers to seeds not being exposed to a prolonged 

heat treatment before steeping. Significance compared to FM is shown by: * = (α < 0.01), ** = (α < 0.005) and *** = (α < 0.0001). 
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5.2 Technological, market and company capabilities audit 

The audit was conducted within the main areas of technology, market, and company capabilities with the 

help of the key factors from the TMC model 2.0 to explore the AVNs´ potential to go to market.  

5.2.1 Technological audit  

The audit of technology related to AVNs is performed in relation to the three chosen key factors connected 

to the technology in the TMC model 2.0. These key factors were product functionality, production 

feasibility as well as economic feasibility. 

5.2.1.1 Product functionality 

Product functionality is an essential factor for AVNs to go to market. To “get the job done” for the 

customer and meet their needs for health benefits, the product must exhibit the desired functions necessary 

for the application. For AVNs, this further means that it factually exhibits the alleged effects, that the 

effects are not disrupted during production, and that it is possible to incorporate it into the value chain. As 

highlighted by E6, an ingredient product needs to exhibit functional properties that make it attractive to 

incorporate. Examples of this functionality could be taste, formulation or health beneficial properties. 

Research links AVNs to health benefits (Perrelli, 2018; Meydani, 2009), but few clinical studies of the 

specific health benefits of AVNs have been performed. One clinical trial showed the bioavailability of 

AVNs (Zhang et al., 2017), and others have demonstrated AVNs' possible positive effect on specific 

inflammatory markers in relation to exercise-induced inflammation (Zhang et al., 2020; Koenig et al., 

2014). According to E1, which works closely with oat-based cosmetics, AVNs are still facing the problem 

of not being completely understood, even though there exist notions of it having positive effects. From 

entrepreneur experience, E7 described that the properties of a compound need to be tested extensively, 

understood, and proofed at a level allowing not only for efficacy in a final product but also for it to be 

communicated and marketed to a potential customer. If the properties have not been proven extensively, 

this will make it hard to convince customers to choose an ingredient such as AVNs to be incorporated in 

another product. 

Experts also highlighted that the level of the processing could affect the product functionality. Described 

by E1, potential beneficial synergistic effects might be disrupted with the removal of other health 

beneficial compounds by additional processing. These health-beneficial compounds could in themselves 

have desirable properties in cosmeceuticals and nutraceuticals. Studies have shown that excessive 

germination can lower beta-glucan content (Hübner et al., 2010), and this decrease could make it worse 

for nutraceutical applications (Perelli et al., 2018). E1 further describes that the product's efficacy could 

be lowered by additional processing removing certain AVNs if there is any unknown synergistic effect 

between AVNs. E8, who has a lot of experience with production processes with oats (especially beta-

glucan), even advised not to purify the product to contain only AVNs because of the risk of losing its 

properties. Processing could also affect how incorporable the ingredient is to other processes. Processing 

such as germination and malting could affect the ability to incorporate whole oats in existing processing 

systems as their physical appearance changes (Collins & Burrows, 2012). As an extract, bioactive 

compounds could be included in cosmetical products (Ribeiro et al., 2015). Ceapro has already developed 
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an extract that can be formulated into cosmetics. This extract contains oat seed extracts, glycerin, and 

potassium sorbate and states that the liquid formulation is suitable for all water-based products (“Product 

brochures: Ceapro”, 2021).  

5.2.1.2 Production feasibility  

Production feasibility relates to if existing technology can produce the desired compound. In the case of 

AVNs, production feasibility relates to if an AVN product can be produced with existing process 

technologies. As mentioned in 2.1.4 Production technology, there is a relationship between increasing the 

process steps to improve the purity and how production cost, complexity, and time increase. Depending 

on the application and desired purity, the production of AVNs could be designed as in Figure 5.3. The 

more process steps that are added, the purer and more concentrated the AVN product will be. It might, 

however, also lead to higher production costs and time consumed in the process. 

 
Figure 5.3 Simplified process scheme of how AVNs can be produced utilizing oats, enhancing the AVN content through malting 

procedures, extraction from seed to liquid, filtration of larger particles, and isolation using chromatography. With additional 

processing steps, the purity of the compound increases, and production costs, time, and complexity.  

In 5.1 Experimental results, it was shown that by using one enhancement step, AVN levels in oats could 

favourably be processed to contain AVN levels of up to 450 ppm. AVN content could potentially be 

improved in the future by using CropTailor’s selected lines with already elevated levels of AVN or 

combine stimulant-induced false malting with the treatment of other elicitors (2018; Kim et al., 2021). 

Ceapro utilizes commercial oats and ethanol fractionation (extraction in Figure 5.3) for their cosmetic 

grade AVN extract and sells it with a concentration of 100 ppm of AVN A, B, and C (“Product brochures: 

Ceapro”, 2021), which is below possible levels for stimulant-induced false malting tested in this master 
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thesis. Apart from the cosmetic grade extract, Ceapro produces a high AVN content powder formulation 

intended for clinical studies to sell it to the nutraceutical industry. The AVN content must be higher for 

the clinical studies than Ceapro’s standard concentration of 100 ppm. To accomplish this, Ceapro uses 

chromatography purification to increase the AVN levels ("Chromatography Purification", 2021). The 

same powder was then used in a study at the University of Minnesota, where the researchers used it to 

evaluate if AVNs could reduce exercise-induced inflammation. The AVN concentration used in this study 

was 206 ppm (Zhang et al., 2020). Since there are observed levels of up to 227 ppm in CropTailors oat 

lines and enhancement using stimulant-induced false malting can produce levels of up to 450 ppm, there 

is potential to feasibly produce AVN product with competitive AVN levels without the use of too many 

processing steps.  

5.2.1.3 Economic Feasibility  

Economic feasibility is a central part of the scale-up of technology and company, which many experts 

highlighted. In the short term, evaluating economic feasibility for a small academic company functions as 

a tool to catch investors' interest, raise capital (Vohora et al., 2004), and illustrate if the project is worth 

investing time and resources. In the long term, the economic feasibility is the foundation for the last step 

of Vohora’s scale-up process - the sustainable returns phase. As highlighted by E9, a product's feasibility 

must be continuously evaluated during its development phase, including the economic feasibility. If a 

project in its early stages is deemed not to be feasible, development could be cut. E5 even describes that 

money is often what makes or breaks product development. When going to market, E7 highlighted that it 

is essential to consider where a company wants and can be in the value chain. Factors such as end 

consumer product niche and position in the value chain heavily influence the potential revenue. Depending 

on where in the value chain the entrepreneurs want to position themselves and which applications the 

entrepreneurs choose, economic feasibility will vary and must be determined case by case.   

5.2.2 Audit of market potential   

The market audit is performed with the three chosen key factors connected to the TMC model 2.0. These 

key factors were: Market opportunity, market selection as well as communication & legislation. The 

market audit is made to examine the market potential of AVNs and what value AVNs can provide in the 

market. 

5.2.2.1 Market opportunity  

Many of the experts interviewed, see Appendix C, stated that one of the first important things to think 

about was understanding the need that AVN can help solve and determining the end value that AVN can 

give to the customers, both end- and B2B customers. According to E2, a business developer in the food 

industry, this was important to evaluate the market opportunity for AVNs. The value that a product gives 

a customer can also be seen as the “Job to be done” for the customer, which Clayton Christensen (2021)  

established and is described in 2.4.5 Clayton Christensen’s job to be done. According to Christensen, 

understanding the customer´s “job to be done” is the core of successful innovations because successful 

innovations help consumers solve problems and help them accomplish what they wish. The value that a 

product can give a customer and fulfill a gap in the market is something that E9 and her product 
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development team work regularly with to develop new products that the market truly wants and needs. 

According to E7, who has made the journey from university research to putting a product on the market 

successfully, emphasized the importance of having a continuous dialogue with the industry and customers 

to get more input into the market needs and understanding the customer's perspective and their 

requirements.  

As described in 2.2 Potential markets, a general trend in the European market is a healthy lifestyle which 

could be a counteraction against the current unhealthy lifestyle with an extended amount of sugar, fat, and 

less exercise in many Western European countries. Apart from the desire to maintain a healthier lifestyle, 

the awareness of ingredients and their impact on health and the environment has grown, resulting in 

increasing demands of natural and local ingredients in products, especially in food and skin care. High 

income in the western European countries has also led to high purchasing power and growing markets 

focused on health and keeping people healthy, such as nutraceuticals and cosmeceuticals, as mentioned in 

2.2 Potential markets. AVN from CropTailor could meet these market needs because it is a natural and 

EU-produced product with many health benefits, both for dermal and internal use. AVNs’ anti-

inflammatory and antioxidant properties could help consumers who want to have a healthy lifestyle and 

take care of themselves with natural ingredients. AVNs’ dermal properties such as anti-itch and skin 

protectant could get the job done for people who have dermal problems such as eczema or dry skin without 

compromising their demands for natural and “locally” produced ingredients. The anti-itch market is 

interesting because it is the main complaint from dermatologic clinic patients and is a state that can impair 

life quality (Wong et al., 2017). As mentioned before, the Canadian company Ceapro is the only 

commercial supplier of AVNs, with some sales in Germany. Apart from this, there is no other commercial 

supplier of AVNs in Europe.  

5.2.2.2 Market selection 

Once the market needs and the job to be done are evaluated, it is important to find an available market for 

AVN to ensure that it can penetrate the market. When selecting a market, the experts E3 and E4 

emphasized that it was important to look at how many AVNs can help, the market volume, and attractive 

sectors for AVN. For E7 and their process of going from academic research to market with a cosmetic 

product, their initial idea was to use their product in the pharmaceutical industry. However, E7 changed 

their target market to the cosmetics industry because it had the need that their product could fulfill. 

According to E7, the lesson from their journey was to be agile and open to changing the target market if 

the product is suitable for another market than what was first initiated. However, E7 emphasized that the 

core of finding a suitable market is to find their own “keys” in the market and what the properties of the 

products can add in different markets and what function the product can fulfill that nothing else currently 

can. According to E9, they only include a new ingredient in their products if there is a clear indication that 

the addition of the new ingredient will provide additional value for either the product or the customer. 

There are a couple of requirements the ingredient must have to provide value, but the most relevant for 

AVNs are that it should be cheaper than other options and that it has health effects that allow claiming 

health benefits of the product.  
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5.2.2.2.1 Profitable market  

The two main markets that could currently be applicable for AVNs are the nutraceutical and cosmeceutical 

markets. As mentioned in 2.2.2 Nutraceuticals, the nutraceutical market is growing explosively over the 

next coming years. However, the market is majorly saturated due to big players such as Nestlé and Coca 

Cola with big economic capacity and business competence. The cosmeceutical market does not have the 

significant explosive growth as the nutraceutical market has, but the advantage of the cosmeceutical 

market is that it is not saturated with big players.  

5.2.2.2.2 Available market  

The Canadian company Ceapro sells a cosmetic grade extract to a major distribution company that sells it 

to different cosmetic companies that use it in their products. As mentioned in 2.2.1 Cosmeceuticals, 

Ceapro´s biggest market is the US, and the second-biggest market is Germany, which is currently one of 

Europe's biggest cosmetic markets. This can indicate that Ceapro is starting to target the European market.  

5.2.2.3 Communication & legislation 

According to most experts, see Appendix C, being able to communicate the benefits of AVNs is central 

to put AVN on the market and make the customers understand why they should take AVNs into their daily 

lives. To communicate the benefits to the consumer, several legal aspects must be considered. In the 

nutraceutical and food industry, an EFSA regulated health claim must be registered for AVNs to be able 

to communicate the health benefits. According to the experts, this process is complicated, expensive, and 

tedious. One way to get around the EFSA regulated health claims is to do as some other companies do: 

only implying the effects of their products. However, this was something that most of the interviewees 

were cautious about because it can lead to prosecutions against the company for misleading customers. 

When speaking to E5 about the possibilities to maintain a health claim for AVNs anti-inflammatory and 

antioxidant effects, E5 said that these claims were complicated to get. According to E5, who has worked 

very much with health claims for foodstuff, anti-inflammatory is a problematic health claim to obtain due 

to inflammation being regarded as a disease, which is a part of the legislation for medical products, which 

is an even more regulated, time-consuming, and expensive process than the EFSA process. With 

antioxidants, E5 stated the difficulty in determining which exact compound had this effect and to pinpoint 

this on AVNs specifically. E5 suggested the option of communicating the product with the help of 

germinated and colloidal oats. Germinated oats have a positive effect for the consumer and colloidal oats 

are approved by the FDA as a skin protectant (Kurtz and Wallo, 2007).  

According to E2, there are other ways to communicate the health benefits that depend on what 

communication channel is used. For example, if health professionals are used as a communication channel, 

health claims are not needed to communicate the health benefits of AVNs. E2 also suggested investigating 

existing health claims for a similar compound and seeing how the health claims process was conducted. 

If there is a similar compound, it could be advantageous because it might be easier to claim something 

that has already been relatively mapped. E2 also advised determining the value the health claims can give 

and if the value proceeds the cost and time that the health claim process requires. Regarding the legalities 

concerning the health claims that have to be made in the nutraceutical market to communicate the health 
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benefits, E3 stated that the cosmeceutical market might be a more accessible market to target. However, 

E3 also expressed that the nutraceutical market will be exciting and valuable in the long run, even if the 

health claim process with EFSA might be lengthy and expensive.   

5.2.3 Company capabilities audit 

The company capabilities audit is a type of organizational analysis analysing the organisations’ 

capabilities to both research and go to market with AVNs. This was performed with the three chosen key 

factors connected to the company capabilities in the TMC model 2.0. These key factors were: Network, 

Management commitment, as well as the firm´s self-awareness. The firm´s self-awareness about their 

business & technological competence, and their economic capacity are included in this chapter. The audit 

of the company's capabilities is made to examine the firm's potential to put AVNs on the market. This 

audit is based on primary data consisting of the expert interviews and the evaluation with CropTailor (CT) 

described in 3.3.3 Company capabilities and secondary data consisting of the business models described 

in the theoretical background.   

5.2.3.1 Network  

Vohora et al. (2004) describe the importance of obtaining industrial, academic, commercial, and social 

networks to overcome the critical juncture that Vohora has named “Entrepreneurial commitment”, which 

can result in the entrepreneur not committing to the project and, as a result not moving it forward to reach 

the market in the end. The importance of network and communication was brought up by the expert E7, 

who emphasized that it was important to have a continuous dialogue with the industry and customers to 

get more input into what is sought after and what needs there are. This communication cannot be done 

without having an industrial, commercial, and social network. According to Ford & Thomas (1997), the 

company and its technology are dependent on its network and emphasizes that the company's technology 

only has value if it is helpful to other companies, which depends on the company's interaction with other 

companies.  

According to CropTailor, there are two possible ways that CT can sell the AVNs: Oats with high AVN 

concentrations or an AVN extract. The oats with high AVN can be sold to production companies that can 

extract them and use them in their processes, whether cosmetic, food-grade, or other applications. The 

AVN extract can be either cosmetic or food grade and can be sold to ingredient companies that can sell it 

to companies that produce cosmetic products or nutraceuticals. However, this would require that CT has 

a developed enough network and can sell directly to the ingredient companies or potentially to an agent 

middleman. It can also be sold directly to production companies that extract the AVNs that sell it to 

ingredient companies or directly to the cosmetic or nutraceutical company. According to the expert 

interviewees, it is also vital for CT to evaluate and assess their position in the value chain: if it should be 

directed to customers or selling the AVN extract or oats to ingredient companies.  

As mentioned before, CT is indirectly involved in an industrial research centre in Lund with oats in focus, 

ScanOats. This provides an extensive social network with entrepreneurs who have successfully 

commercialized oats and oat products, such as the founders and entrepreneurs of the successful company 
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Oatly. This social network could be used to exchange ideas and experiences. However, it could also be 

used to get advice about more practical things such as distributors and advice when attracting investors. 

Apart from this, this network can be seen as an innovation partner and developed further. However, 

according to the CEO of CT and the board members of CT, the company does not have an equally 

developed network with the production industry, distributors, or ingredient companies that could be a 

potential customer for their high concentration AVN oat. This could be due to them not having this 

network in their scope.  

5.2.3.2 Management commitment  

Management commitment, which can be seen as a part of the management capabilities, is another key 

factor important when going to market. From the company assessment, it was concluded that CT is 

committed to excelling at what they are specialized at; finding and selecting oat properties according to 

their customer´s request. One part of the company assessment was to evaluate the competitive advantage 

of AVNs through the VRIO-model described in the 2.4.2 VRIO model, where it was concluded that CT´s 

technology for AVNs and the AVNs have value, rarity and are difficult and expensive to imitate. However, 

as of now, the organization does not have the competence and capacity to deliver it to the market, and 

there is not a committed person who can “champion” the project and make sure it reaches the market, 

resulting in an “unused competitive advantage” according to the VRIO-model. Obtaining a “champion” 

or entrepreneurial commitment, as Vohora et al. (2004) describe it, is the second critical juncture in their 

model and is very important to obtain to move forward with the project. According to Vohora et al. (2004), 

this champion should have both business and technological competence.  According to one of the board 

members who have worked at Lantmännen (LM), a big company with significant revenues needs to ensure 

that the project will be profitable and has potential on the market to commit. This assurance could be in 

the form of an economic feasibility study, market analysis, or a pay-back estimation, for example. 

Currently, this assurance does not exist. 

5.2.3.3 Self-Awareness  

According to Vohora et al. (2004), it is crucial to understand and be aware of the company’s strengths and 

weaknesses and to be able to evaluate what competencies and capacities that the company has or lacks. 

Being self-aware of the weaknesses and strengths enables the company to re-configure these weaknesses 

and lacking capabilities into strengths and distinctive capabilities (Vohora et al., 2004). Apart from being 

self-aware of its strengths and weaknesses, it is also important to evaluate if the company has the business 

and technology competencies and the economic capacity to make an AVN exploitation possible. 

According to Vohora et al. (2004), it is important to have both the business and technology competence 

to apply the technology to the market and evolve the idea to be suitable for the market.  

5.2.3.3.1 Business and Technology Competence 

During the company evaluation with the CEO of CT and the two board members, it became clear that the 

primary competence in the company is technological competence, with their expertise in building an oat 

genome bank and finding fitting oat properties for their customer’s needs. However, as mentioned above, 

CT does not currently possess the business competence required to take innovations to market. This is not 
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something they plan to acquire because it is not currently within their company scope and business idea. 

Instead, they rely on LM to take their innovations to market. 

5.2.3.3.2 Economical capacity  

The company's sufficient economic capacity is important to ensure that there is finance to go to the market 

with an AVN project. According to Vohora et al. (2004), the economic capacity of university spin-out 

companies and their ability to secure investments affected their ability to go to market with their innovative 

ideas. Another important factor in this was the company's capability and capacity to develop or employ 

resources that could make the “go to market” process faster. Currently, CT does not possess the economic 

capacity and resources required to develop AVNs route to market. This is mainly since AVNs are currently 

not one of their priority projects, but also that CT does not have a big budget enabling them to bring 

products to market. Their focus and budget are in research and not business development.  
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6 Discussion 

This chapter will discuss the development and evaluation of the TMC framework and its related key 

factors. This is followed by a discussion regarding the validity of experimental results and possible 

improvements. The audit of technology, market, and company capabilities and network are then discussed 

in relation to AVNs.  

6.1 TMC framework and key factors  

Our framework 1.0 was initially developed to understand the key perspectives and the development 

processes from innovative idea to market and make sure that the project “propels” and moves forward to 

ensure overcoming the critical junctures mentioned by Vohora et al. (2004).  As mentioned before, the 

key factors chosen were evaluated of the most importance. However, there could potentially be other key 

factors that were overlooked and could potentially have changed the results of this master thesis. Due to 

this, it is important to continuously evaluate the key factors and see if they are applicable or if other more 

relevant factors should replace them. This is especially important during the different growth phases where 

the key factors and main area focus can change. 

The TMC framework was aimed to give a multi-perspective with three main areas: Technology, market, 

and company capabilities. Although these three areas do not give a whole, overall perspective, it was 

considered enough for this analysis. This was a decision by the authors based on business models, as 

mentioned before. Having an overall perspective instead of focusing on one area has the disadvantage of 

not getting a thorough analysis of this area. However, the overall perspective (with the three main areas) 

was necessary, especially considering that USOS´s often focus on the technology instead of the market 

and company capabilities (Vohora et al., 2004).  

As mentioned in 2.4.6 Evaluation of framework, seven criteria can be used to evaluate a framework; see 

figure 6.1 (Gray, 2021). When looking at the comprehensiveness of the TMC 2.0 framework, it is a broad 

model that can be applied to other industries and products. It was intended to work both as a management 

mindset and a practical tool to understand the importance of the three different areas when going to market 

with an innovative idea. Because of this, it could be evaluated to be comprehensive. Regarding the utility, 

the framework´s key success factors could help the organisation to understand and eventually act upon 

the areas that are not as fulfilled. This increases its usability as it can act as a “call to action” if some key 

success factors are not in place. However, this could be developed further, for example, by adding a 

grading system for each main area based on how many key success factors are in place in this central area. 

This grading system could give an insight into what area was in most need of action by the company. 

However, this would make the framework (2.0) more complicated and in-depth, and the risk not being as 

clear. The framework is constructed from validated data, either collected from expert interviews and a 

combination of existing models that have been validated. Although, the created framework could be 

further validated by validating it together with the experts interviewed, getting a second opinion on the 

framework. The clarity of the framework is one of its main strengths, where the main areas and the key 
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success factors are as easy to understand as possible to ensure clarity. The Venn diagram makes the 

framework visually appealing and memorable and shows the coherence between the three main areas in a 

simple way. According to the authors, the integration of the internal elements of the framework is 

apparent, which is enhanced by the Venn diagram connecting them. However, this integration could be 

developed by exploring the interface between the separate areas and how they affect each other separately, 

explaining how the different elements of the framework interact more in-depth. The framework is not a 

brand-new concept; instead, it is a combination of well-established models and insights from the industry 

put in affiliation to look at the potential of an innovative idea to go to market. From these evaluation 

factors, the authors conclude that the framework is successful and usable. To enhance its usability, it could 

be further developed by ranking the key factors in order of priority and to suggest actions that could be 

taken to fulfill these.  

 

Figure 6.1 The seven evaluation criterias used to evaluate the TMC framework (Gray, 2021).  

As mentioned in the TMC model 2.0, the key factors were heavily influenced by the expert interviewees, 

even though the defined key factors were solely the authors’ decision. Interviewees were selected to 

include many perspectives from the industry, including CEOs of oat companies and a development 

manager, nutrition manager, and a university company CEO who has brought an innovative idea to the 

market. However, it is possible that the key factors could have been different if different people were 

interviewed. An example of this could be if investors or people working directly with cosmeceuticals were 

Framework 
evaluation

Compre-
hensiveness

Utility

Validation

Clarity
Easy to 

remember

Integrated

Differentiated



46 

 

interviewed as well. Potential investors might have had different perspectives than the interviewed experts, 

providing insights into other aspects necessary to go to market with AVNs. However, this master thesis 

did not intend to include the investor's perspective but could be included in further research. To validate 

the key factors, they could have been evaluated together with the experts to get insight into their opinion 

on these key factors. Instead, this evaluation was made solely by the authors as part of validating the 

framework. However, evaluating the key factors together with the experts could have validated the 

framework even further.   

6.2 Experimental  

Laboratory results showed that AVN enhancement through malting could be significantly improved by 

using the stimulant. This could be a way to optimize the malting methods to improve the AVN content in 

oats to more attractive levels favourable for use in applications. However, this is only one experimental 

setup examining this phenomenon. One must keep in mind that oats and biological materials generally 

have a high variance in composition. As an extension of this thesis, it would be interesting to look at how 

stimulant-induced steeping could affect other types of oats, such as CropTailor’s lines with elevated AVN. 

Does the AVN content reach a plateau, or does it increase the levels beyond those achieved in this thesis? 

Optimizations of the system can be performed to improve the AVN content in oats. These could use 

varying temperatures during treatment, time of treatment steps, application mechanisms of elicitors, and 

concentrations of added elicitors. One example of a delivery system could be the spraying of an elicitor-

mix containing stimulant and other favourable elicitors that have been shown to synergistically improve 

AVN content during germination (Kim et al., 2021). Furthermore, since the AVN content and the oats' 

response to treatment can vary greatly (Skoglund, 2008), it is essential to keep in mind that no one solution 

works for all oats. For example, for Belinda SW used in this experimental setup, stimulant concentrations 

of 0.1 wt% seemed to work best. For another oat type, another concentration or type of elicitor could be 

more favourable. Combining favourable optimizations from literature and performing own testing is 

probably necessary for the more favourable enhancement of AVNs in oats.  

In theory, seeds heat-treated before steeping and malting should not germinate (Collins and Burrows, 

2012). During day 4 of malting, samples false malted still started to sprout, although not as excessively as 

seeds that were not heat treated. Possible reasons for this could be due to the heat treatment not being as 

effective as desired, other external factors unknowingly boosting germination, or that the type of oat used 

was not compatible with false malting. Other types of oats could be tested to see if the same chain of 

events happens. On the other hand, seeds not treated with heat reached levels higher than false malting 

seeds after four days of malting. Here, evaluation is required to the desired application if the nine days 

heat treatment of malting is necessary to hinder germination. If the focus is only AVNs, then a hindered 

germination might not be required. If an application such as a nutraceutical can benefit from the synergistic 

existence of beta-glucan, then a hindered germination might be required. 

On the other hand, germination could also boost the use of nutraceuticals by, for example, decreasing 

phytate concentration, which is considered an antinutritional compound (Hübner et al., 2010). This master 

thesis focused on the AVN content of oats and no other types of compounds. If the degree of germination 
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and level of other bioactive compounds would be of much interest, analysis of other compounds should 

be studied in parallel, and a more in-depth inspection of germination degree should be performed.  

6.3 Technological audit  

Regarding the production feasibility, CropTailor has the rare advantage of tailoring their oats to have an 

elevated level of 227 ppm AVNs before any process steps. Currently, Ceapro must use additional 

purification methods such as chromatography to get similar levels as CropTailor starts with. Being able 

to obtain these levels without putting the money and time into techniques increasing the AVN 

concentrations could improve the competitiveness of CropTailor compared to actors such as Ceapro. 

Besides the cost aspect, it is advantageous to have as few process steps as possible due to the risk of losing 

properties and functionality of the AVNs the more they are processed. Combining CropTailors oats with 

improved malting techniques could be a way to robustly produce oats containing sufficient levels – for 

bioavailability and signs of efficacy necessary for clinical trials and later for a product with sufficient 

levels. The experimental trials were, however, performed on a small scale. If the process is scaled up to 

produce enough for clinical trials, implications might follow, and adjustments in production methods must 

follow. This could either be done by optimizing process parameters or add additional processing such as 

filtering to reach product requirement limits. 

Much scientific research indicates or links AVNs to positive health benefits (Perrelli, 2018). However, 

few clinical studies have been performed to prove its efficacy in preventing and treating various 

conditions, making it difficult to establish its health benefits. As highlighted by many experts, proving a 

compound’s effect is essential for legislative purposes, communication to end consumers, and convincing 

other companies to incorporate the new product. To assure success in using AVNs, it might be necessary 

to provide own means of proof to make other parties interested in AVNs. However, Ceapro has been able 

to use AVNs and indirectly can promote the positive effects of AVNs. A company that aims to go to 

market with AVNs could have a similar approach.  

Since Ceapro is on the market producing AVN extracts, it provides a clear indicator that AVN products 

can be produced using sufficient technology. The fact that AVNs also was a significant driver for Ceapro’s 

revenues (Ceapro, 2020) also indicates that AVNs produced by another company could have a future of 

being economically feasible. Although, it must be kept in mind that Ceapro already has developed 

technology in place on the market. To go to market with a competing technology, significant development 

must be made in the production, efficacy testing, and product formulation.  

According to Vohora et al. (2004), USOs often focus on making the technology cutting edge and not 

focusing on the market and consumer desirability. This aspect is essential to keep in mind when 

developing a technology intended to go to market.   

6.4 Market potential audit  

From the results in the market potential audit, there are reasons to believe that AVNs have potential in the 

European market. Firstly, they are “right in time” in a market where the needs for health products (both 
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food and skin care) and requirements for natural products grown in the EU are increasing rapidly. The 

health properties of AVNs can benefit the customer with their antioxidant and anti-inflammatory 

properties and their anti-itch and skin protectant properties. However, it is crucial to communicate these 

health effects to the customer because it is a new, unknown product. As mentioned in the result for the 

market potential audit, there are significant challenges in the nutraceutical market due to the EFSA-

regulated health claims that are very expensive and takes a long time. The cosmeceutical/skin care market 

requires less proof when communicating the health benefits, and AVNs are already partly established on 

this market, thanks to Aveeno. Therefore, with the focus on the anti-itch/anti-inflammation segment, the 

European cosmeceutical market could potentially be the most viable for AVNs in this early stage of 

exploitation when comparing it to nutraceuticals because the health benefits will not be able to be 

communicated within nutraceuticals. However, if a health claim gets accepted by the EFSA in the future, 

the nutraceutical market has great potential and is a growing segment that could keep growing even more. 

An alternative is for CropTailor or Lantmännen to begin claiming health benefits for AVNs, but as 

mentioned before, this process takes a long time and is expensive. It can also be challenging to claim 

antioxidant or anti-inflammatory effects as mentioned in 5.2.2.3 Communication & legislation. However, 

if Lantmännen estimates that there is a potential in AVNs, the EFSA claim trial can be pursued.   

The analysis that the cosmeceutical market has more potential than the nutraceutical is based on the 

authors' decision to analyze these two markets exclusively. If a market other than nutraceuticals was 

chosen, the cosmeceutical market could potentially be deemed to be the least favourable market compared 

to that market. Therefore, a more detailed market analysis, including more markets and segments, is 

advised when moving forward with this AVN project. Apart from this, the geographical market of interest 

has been Europe, which can be expanded to, e.g., the US or East Asia in further market analysis.  

As mentioned above in 5.1 Framework and key factors, the key factors were chosen from the expert 

interviews and the innovation models. However, depending on whom the experts were and the chosen 

innovation models, the key factors could have differed. The most apparent key factor that could potentially 

change the market choice would be the key factor about the communication and legislation. Suppose the 

experts chosen for the interviews did not have any experience in the food industry. In that case, the EFSA 

health claims might not have been brought up, and the communication key factor would potentially not 

have been included. Thankfully, the chosen experts had much experience from the food industry, bringing 

an innovative idea to market and EFSA-regulated health claims. However, this is an indicator that a key 

factor might exist that could potentially change the conclusion of which market is more favourable. As 

mentioned in 5.1 Framework and key factors, more perspectives would indicate the key factors 

recommended when moving forward with this project.  

6.5 Company capabilities audit   

CropTailor has their expertise in their technology: finding the oat gene required to achieve the oat 

properties that the market or the customer desires. Bringing this technology to the market is not their 

expertise and is not in their scope, which means that someone in LM or CT must bring the innovations, in 

this case, the AVN, to market. As mentioned in 5.2.3.2 Management commitment, their AVN technology 
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is currently an unused competitive advantage, which makes the commitment from management important 

to put AVNs on the market and convert this into a sustained competitive advantage. To do this, a 

committed person is required to make sure that this becomes a reality. Vohora et al. (2004) identified this 

step as the second critical juncture for a USO and argued that this was an essential step for a USO when 

going to market.  However, when this “champion” has ensured management commitment, the next step 

would be to sell the oats with high AVN content to a production company (preferably within the LM 

group) that can extract the AVN and sell this extract to either an ingredient company who in turn can sell 

this to a cosmeceutical/nutraceutical company, or directly to the cosmeceutical/nutraceutical company 

depending on the production company’s capacity and network. The authors’ recommended supply chain 

can be seen in Figure 6.2. The potential supply chain actors for CropTailor have, however, not been 

analyzed in this master thesis.  

 
 

From the market audit, the most viable and potential market was deemed the cosmeceutical market, 

therefore focusing on an ingredient company with a focus within this sector is encouraged. To get in 

contact with a production company and ingredient company within the cosmeceutical sector, it is advised 

to utilize their social network in ScanOats as well as contacting the seventh expert, E7, who has made this 

journey from USO to an ingredient product within the cosmetic industry and has knowledge about the 

do´s and don’ts as well as contacts with distributors. E7´s product is used as a stabilizer and is therefore 

not a competition to CropTailor and their AVN product, making this partnership easier to obtain. 

The company evaluation was made from CropTailors perspective and two board members (one of which 

also works at Lantmännen and has insight into their work). However, to get more perspective of the 

company, it would have been interesting to evaluate CropTailor and their position with the people who 

work at CropTailor to get more perspectives on the company than solely the CEO´s perspective and the 

board members. It would also have been interesting to look at another USO company that works with a 

functional ingredient and evaluate its company capabilities and obtain a sustained competitive advantage.  

The competition that has been analyzed in this master thesis has been the direct competition for 

CropTailor: Ceapro. Other competitors who are more indirect are producers of beta-glucan as well as anti-

inflammatory/anti-itch ingredients. Companies that contain AVN in their products (such as Aveeno) have 

not been considered competition due to the author´s recognition that CropTailor´s eventual scope is to sell 

the AVN extract and not use it in products.  The companies that sell synthetically produced AVNs are not 

Figure 6.2. Probable supply chain for CropTailor to go to market. 
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a direct competition either due to CropTailor focusing on naturally produced AVN to meet the European 

market requirements.  
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7 Conclusions & future recommendations 

In this chapter of the master thesis, the main conclusions, future recommendations, and contributions to 

the academy and company will be presented. 

7.1 Main conclusions 

The main conclusion of this master thesis is that CropTailor has an exciting and innovative technology 

that only one company in the world is currently commercialising, which is a considerable advantage for 

CropTailor or a company that aims to commercialise it. For CropTailor to go to market with their 

technology, however, some things must be addressed. First, it is important to have a committed 

organisation with a committed person in the forefront who can lead the project and ensure that AVNs 

reach the market. Second, they must find extraction companies and ingredient companies that can 

incorporate AVNs into their production. This step can be facilitated by their social network of 

entrepreneurs and their contact with expert E7. Apart from this, a “good enough level” of AVN 

concentration must be determined. This is determined by what demands that are set by customers and 

what application that is chosen. Based on the conclusions and scope in this master thesis, AVNs currently 

has the most potential in the cosmeceutical market, especially in the anti-itch market. This is due to AVNs´ 

anti-itch properties and enabling communication about the health benefits to the customer.  

To conclude, the company of CropTailor has the technology to meet the market’s demands; there is a 

cosmetic market that grows and has the needs that AVNs can fulfill, and CropTailor has the potential 

required if they decide to put aside resources to finance a “committed person” who can further develop 

this project and propel it to the market. The authors of this thesis see great potential in AVNs and 

recommend CropTailor to develop their go-to-market plan further.  

 

7.2 Future recommendations 

The future recommendations regarding the experimental and the technological, market, and company 

audit are presented to enable suggestions on moving forward with the results from the master thesis. The 

framework and the methodology are presented to discuss and suggest how this master thesis could be 

developed further.  

7.2.1 Framework  

Based on the seven criteria to evaluate the framework presented by Gray, D (2021), the framework was 

evaluated to be successful. However, the framework's success depends on how the organisation, in this 

case, CropTailor, utilise it to overcome the critical junctures when going to market. Expanding the 

framework´s area of use to other areas unrelated to AVNs and oats would have been exciting and could 

have further validated the utilisation of the framework. As mentioned before, the framework was not 

validated with the interviewed experts; doing this would have validated the framework further. However, 

the author´s uniquely acquired knowledge of the three main areas and their respective key factors have 

given the knowledge and ability to validate the developed framework.  The integration could have been 
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developed by exploring the interface between the separate areas and how they affect each other; this could 

have explained how the different elements of the framework interact. To enhance its usability, it could be 

further developed by ranking the key factors in order of priority and to suggest actions that could be taken 

to fulfill these. It would also have been interesting to talk to potential investors and include their 

perspectives on key factors.  

7.2.2 Methodology  

This thesis has explored a broad perspective of aspects essential for going to market with AVN. This 

broadness has made it possible to cover and learn about many topics concerning going to market with an 

oat-based health compound. However, this has also made it more challenging to investigate exciting topics 

deeper and provide more profound and applicable knowledge. Examples of this could be a continuance of 

the laboratory work or a more in-depth market analysis. Suppose a similar master thesis is to be done in 

the future. In that case, it is recommended to early define the broadness of the master thesis according to 

the master thesis student’s expectations. According to the authors’ experience, broad exploration of an 

area is rewarding. At the same time, finding a healthy relationship between broadness and specifically 

addressing crucial topics can be difficult. If a future work wants to be more detailed, a recommendation 

is to use an already existing framework and not create an own framework. This is as it can be time-

consuming to develop your own framework.  

7.2.3 Experimental  

This master thesis investigated some factors concerning malting and AVN enhancement in oats. The 

master thesis authors´ opinion that several things could be investigated further to improve and better 

understand the AVN enhancement in oats. Firstly, improvements could potentially be made by combining 

CropTailors AVN-selected oats with stimulant-induced malting to reach even higher levels of AVNs. 

Secondly, elicitors in combination can be used that have previously been shown to potentially have 

synergistic effects (Kim et al., 2021). Extended malting times could be investigated to see if a prolonged 

malting time could be favourable for AVN enhancement. Other types of moisture and elicitor delivery 

systems could be tested for more efficient transferring. 

An example could be hoovering spraying device that continuously applies an elicitor mix during malting. 

Additionally, oats can react differently to treatments, which means that there might not be one solution 

that fits all oats. Consequently, continuous monitoring of how treatments affect the content and properties 

would be required if an optimized process is developed. Furthermore, heat treatment before steeping needs 

to be evaluated depending on the application going to market. If the application would solely focus on 

AVNs, then the heat treatment is probably unnecessary. If the application could benefit from the oat not 

germinating and retaining interesting compounds such as beta-glucan, then the treatment hindering the 

germination could be necessary. 

7.2.4 Technology audit  

To fully understand the properties of AVNs, more studies might be necessary to back up claims of AVNs 

efficacy for health purposes. Existing research and clinical studies could be indicators of its efficacy. 
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However, ingredient companies might not be willing to incorporate AVNs in their products if sufficient 

proof cannot be provided. Additionally, this thesis has indicated that AVNs can be significantly increased 

using stimulant-induced malting. However, this is made on a small scale, and scale-up must be made to 

get enough material to test in efficacy studies, formulation testing, and other development requiring AVN 

material. Furthermore, decisions must be made regarding how the AVNs are formulated and sold: in the 

form of whole oats, as an oat powder, or as a type of extract. As an extension, formulation development 

must be made as it is not covered in this master thesis. Moreover, as economic feasibility is essential for 

going to market, this should roughly be estimated for applications of interest. This provides means to 

communicate going to market potential to investors and function as a tool to understand which market is 

more interesting when going to market. This analysis further indicates what type of production is viable 

to develop with the existing economic capabilities.  

7.2.5 Market audit  

Some central recommendations can be concluded from the market need, available market, and 

communication of the benefits of AVN. These recommendations focus on the cosmeceutical and skin care 

market because it is a growing market, and communicating the health benefits is more accessible than the 

nutraceutical market. Although this is the current recommendation, it is vital to be agile and ready to 

change direction and market if AVNs fit better in another market; this was recommended by E6, who have 

made this journey from university research to a USO. To further understand the market for AVNs, it would 

be interesting to ask the companies that include Ceapro´s AVN extracts, such as Aveeno or Neutrogena, 

what needs AVNs fulfill in their products. Understanding these companies’ decision to include AVNs 

could potentially favour communication with ingredient companies. It would be favourable to conduct a 

more detailed market analysis, including more markets than solely nutraceuticals and cosmeceuticals. 

Apart from this, exploring more geographical markets than Europe would be beneficial. One example of 

this could be the US, which is currently the global cosmetic market leader and Ceapro´s biggest market. 

In order to understand the market need for a product such as AVN, it would also be favourable to conduct 

a survey with, e.g. ingredient companies and potential end consumers. Apart from this, investigating the 

indirect competition to AVNs would be beneficial because it could give further understandings of the 

market. 

7.2.6 Company capabilities audit  

The main recommendation drawn from the company capabilities audit is to either sell the oats with high 

AVN content to a production company (preferably within the LM group) that can extract the AVN and 

sell this extract to an ingredient company. This company can, in turn, sell this to a 

cosmeceutical/nutraceutical company. Apart from this, it is recommended to utilize their social network 

to learn about similar go to market journeys and the “do’s and don’ts” to successfully go to market. A 

specific example is E7, which has made the same journey from USO to market with a plant-based 

ingredient. Contacting E7 can be favourable due to its contacts within the cosmetics sector and especially 

with ingredient companies, but also due to the learning experiences from going to market. To develop the 

company audit and get more in-depth knowledge, interviews with other parts of the organization could be 

conducted to understand the company culture and their future vision of CropTailor. Apart from conducting 
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interviews with other parts of the organization, a survey could have been sent out where everyone in the 

organization could anonymously estimate the company´s capabilities and competencies and future wanted 

positions. This survey could have given a more quantitative representation of the company.  

7.3 Contributions to the academy and industry 

In this chapter, the contribution to the academy as well as to the company is concluded. 

7.3.1 Academy  

This master thesis has provided insights into how stimulants can be used in combination with malting to 

significantly increase the AVN content in oats and showcases other possible options that can be used to 

increase the AVN content. These insights also led to a patent process which was ongoing when this thesis 

was finalised. Additionally, this master thesis explored an oat-based health compound from the 

perspective of technology, market, and company capabilities and provided a framework of important main 

areas to focus on for a smaller university-based company. As an extension, the framework provides an 

example of factors essential to keep in mind for small companies based on market innovation. This 

framework also highlighted the importance of a multi-perspective focus when going to market with an 

innovative idea.  

7.3.2 Industry  

The company is provided with more understanding of AVNs, their applications, and techniques that can 

be used for favourable AVN production. The master thesis also aims to provide a helpful tool that 

highlights the importance of a multi-perspective focus and that the company needs to focus on several 

areas to go to market with innovative oats. As mentioned by Vohora et al. (2004), USOs often solely focus 

on technology. With this master thesis, the authors want to provide the insight that a multi-perspective 

focus is important when going to market. Another contribution is insights into the company’s capabilities 

and aspects important to take innovation to market. A specific example is understanding the importance 

of a committed person who can develop an innovative idea and make sure that it reaches the market. 

However, to make this happen, there have to be management capabilities and a committed organisation 

that can ensure that this committed person gets the resources they need. This thesis has also highlighted 

the company's exciting opportunities in the form of unique AVN levels in oats. Although going to market 

with AVNs is not currently in their pipeline, this work could provide a foundation and tools for potentially 

going to market in the future.  
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Appendix A  

This appendix contains material regarding how the laboratory procedures were performed in detail. The 

chapter covers the main experiment examining false malting, ethanol extraction of avenanthramides from 

seeds, and HPLC analysis of the AVN content.  

Appendix A1 

The procedure from the main experiment tested in this master thesis is described below. The oat line used 

for the experiment was Lantmännen SW Belinda 2020. The false malting procedure contains a heat 

treatment step, steeping the seeds and malting for four days. AVNs are then extracted and analyzed by 

HPLC (Model Agilent 1100). As described in 3.4.2.1 Method for the main experiment, seeds not heat-

treated before steeping are called No HT and are then processed like the other treatments. An untreated 

control is also extracted and analyzed by HPLC. The process can be seen in Figure A1.  

 
Figure A1 Flowsheet for the main experimental setup. The setup contains 5 three types of treatments: false malting (F.M), 

seeds not heat-treated before steeping (No HT), stimulant-induced false malting with two concentrations of 0.05% X and 0.1% 

X (X), and untreated control (C). Samples are collected before, during, and after malting. 

Heat treatment: 12 grams of hand-peeled oat seeds (Lantmännen SW Belinda 2020) were subjected to 

heat treatment at 37°C for 72 hours, followed by heat treatment of 70°C for 144 hours. 

Steeping: Seeds were stirred in a beaker containing 40 mL 0.1% NaOCl solution for 20 minutes to sterilize 

the seeds. The solution was removed, and seeds were stirred with 100 mL water for 5 minutes to rinse. 

Seeds were equally split into three separate 100 mL Eppendorf tubes with 15 mL steeping solution 

containing 0.15M citrate-phosphate, pH 4.1, and 2wt% CaCl2. Eppendorf tubes were incubated for a total 
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of 18 hours at 33.5°C. Post-incubation, seeds were then rinsed with distilled water and dried under a fume 

hood for 1 hour to eliminate excess water. 

Steeping with stimulant: For two Eppendorf tubes, the stimulant was added after 2 hours of incubation to 

reach concentrations of 0.05 wt% and 0.1wt%, and then incubated for 2 hours. The stimulant solutions 

were then rinsed away with water, 15 mL of steeping solution added to the Eppendorf tubes, and tubes 

were incubated for the remainder of the total incubation time. Post-incubation, seeds were then rinsed with 

distilled water and dried under a fume hood for 1 hour to eliminate excess water. 

False malting: Seeds from steeping were put on separate Petri dishes with moist filter paper, encapsulated 

with parafilm, and covered with aluminum foil. The seeds were incubated in dark for 4 days and at 30°C. 

Samples were gathered after 0 days, 2 days, and 4 days of incubation. Gathered sample seeds were ground, 

their dry weight determined, and stored at -80°C. 

Appendix A2  

Seeds from the main experiment had previously been ground and stored at -80°C. Samples were split into 

4 replicates of 100 mg and put into 2 mL Eppendorf tubes. 1 mL of 80% (v/v) ethanol was added to each 

replicate. The tubes were then shaken in Precellys in cycles of 10 x 90s, 5000 rpm, and room temperature 

to extract AVNs. Replicates were then centrifuged at 5000 rpm and 4°C for 10 minutes. Supernatants were 

collected in separate tubes. Replicates were resuspended with 1 mL 80% (v/v) ethanol, and shaking and 

centrifugation was repeated. The supernatant was collected and added to the previously acquired 

supernatant.  

To prepare the samples for HPLC analysis, the dried pellet was first resuspended in 150 µL methanol. A 

glass pellet was put into the sample to make resuspension more effective. The sample was shaken using 

Precellys for 2 x 15 s and 4500 rpm, a wait period for 5 min, and a repeated shaking for 2 x 15 s and 4500 

rpm. The samples were centrifuged at 13000 rpm for 15 min. The supernatant was then transferred to 

HPLC vials. The samples were stored at - 80°C.  

Appendix A3  

HPLC analysis was performed following the HPLC methodology from Leonova et al. (2020). The used 

flowrate was 0.7 mL/min, and the acetonitrile solution contained 0.1% formic acid. The total AVN 

concentration is measured as all peaks summarized from minute 8 to minute 24 in the chromatogram and 

is measured in AVN-A equivalents. The AVN content is calculated on a dry matter basis. Dry matter was 

calculated by weighing the ground samples from malting before and after drying in a fume hood for 48 

hours.  
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Appendix B 

This appendix contains material of results and observations during the main experiment. This consists of 

replicate data for the main experiment, data of statistical significance between treatments, illustrations of 

AVN compositions during malting, and visual observation of the degree of germination.  

Appendix B1 

Table B1.1. Data for all replicate for each respective treatment (Control, No HT, FM, 0.05% X and 0.1% X) and day 0, 2, and 

4 of malting during the main experiment. Replicates, averages, and standard deviations (Std) are measured in ppm.  

 

 

  

Day 0      

Treatments Control No HT FM 0.05% X 0.1% X 

Replicate 1 44 48 70 66 53 

Replicate 2 28 38 81 76 62 

Replicate 3 36 78 65 78 53 

Replicate 4 31 33 65 74 56 

Average 35 49 70 73 56 

Std 7 20 8 5 4 

Average fold change vs control 1.0 1.4 2.0 2.1 1.6 

Average fold change vs false malting 0.5 0.7 1.0 1.0 0.8 
      

      

Day 2      

Treatment Control No HT False malting 0.05 2 h 0.1 2 h 

Replicate 1 44 88 140 339 226 

Replicate 2 28 87 142 245 198 

Replicate 3 36 50 195 235 160 

Replicate 4 31 83 - 195 158 

Average 35 77 159 253 186 

Std 7 18 31 61 33 

Average fold change vs control 1.0 2.2 4.6 7.3 5.3 

Average fold change vs false malting 0.2 0.5 1.0 1.6 1.2 
      

      

Day 4      

Treatment Control No HT False malting 0.05 2 h 0.1 2 h 

Replicacte 1 44 418 191 364 492 

Replicate 2 28 462 226 350 430 

Replicate 3 36 446 236 343 492 

Replicate 4 31 445 234 325 402 

Average 35 443 222 345 454 

Std 7 18 21 16 46 

Average fold change vs control 1.0 12.8 6.4 9.9 13.1 

Average fold change vs false malting 0.2 2.0 1.0 1.6 2.0 
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Appendix B2 

Table B2.1. Statistical significance calculated between the treatments. Significance was calculated with a paired T-test with a 

2-sided distribution comparing two treatments. Treatments are an untreated control, HT, FM, 0.05% X, and 0.1% X during 

days 0, 2, and 4 of malting from the main experiment.  

Treatments control 
HT, 

Day 0 

HT, 

Day 2 

HT, 

Day 4 

FM, 

Day 0 

FM, 

Day 2 

FM, 

Day 4 

0.05% 

X, Day 

0 

0.05% 

X, Day 

2 

0.05% 

X, Day 

4 

0.1% 

X, Day 

0 

0.1% 

X, Day 

2 

0.1% 

X, Day 

4 

control - 0.2109 0.0242 0.0001 0.0102 0.0220 0.0007 0.0064 0.0043 0.0000 0.0263 0.0021 0.0002 

HT, Day 0  - 0.2348 0.0001 0.1818 0.0048 0.0010 0.0865 0.0073 0.0001 0.5784 0.0076 0.0001 

HT, Day 2   - 0.0001 0.4576 0.1105 0.0034 0.7534 0.0091 0.0009 0.0876 0.0036 0.0009 

HT, Day 4    - 0.0000 0.0050 0.00005 0.00001 0.0153 0.0070 0.0000 0.0014 0.7149 

FM, Day 0     - 0.0577 0.0010 0.5829 0.0089 0.0000 0.0093 0.0043 0.0005 

FM, Day 2      - 0.0463 0.0327 0.1342 0.0140 0.0347 0.4301 0.0041 

FM, Day 4       - 0.0003 0.4949 0.0059 0.0005 0.2615 0.0041 

0.05% X, 

Day 0 
       - 0.0118 0.0001 0.0084 0.0089 0.0005 

0.05% X, 

Day 2 
        - 0.0285 0.0081 0.0288 0.0028 

0.05% X, 

Day 4 
         - 0.0001 0.0288 0.0028 

0.1% X, 

Day 0 
          - 0.0042 0.0005 

0.1% X, 

Day 2 
           - 0.0012 

0.1% X, 

Day 4 
            - 

 

Appendix B3 

The compositional structure of AVNs changed during the malting, which can be seen in table B3. The 

combined AVN-A, AVN- B, and AVN-C content compared to other AVNs shifts from approximately 

55% and 57% to 36% and 38% after 4 days of treatment with both stimulant-induced false malting and 

regular false malting. Amongst the most common AVNs (A, B, and C), the total amount of A is relatively 

unchanged during the treatment period, while both C and B experience increases during the treatment.  

Table B3.1. The relative amount of AVNs compared to the total amount of AVN in the oat seeds for the control, FM, and 0.1% 

X for day 0 and day 4.  

Type of AVN Control FM, Day 0 FM, Day 4 0.1% X, Day 0  0.1% X, Day 4 

Other 55% 43% 62% 45% 64% 

C 13% 15% 14% 11% 17% 

A 15% 17% 6% 19% 5% 

B 17% 24% 18% 24% 14% 

A+B+C 45% 57% 38% 55% 36% 

 

Illustration of the compositional shift can be seen in figure B3, where FM and 0.1% Stimulant (X) for 

days 0, 2, and 4 are presented. Additionally, an untreated control can be seen.  
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Figure B3.1. Graph illustrating the total amount of AVN (in ppm) and its relative composition of AVNs for regular false 

malting (left) and 0.1% stimulant (X) induced false malting (right). 

Looking at chromatograms from the HPLC analysis (see figure B4), it was observed that some AVN peaks 

increased more than others. One peak occurring around 14.5 min (pink circle), two peaks around 18 min 

(purple circle), two peaks around 21 min (green circle) are examples of peaks that seemed to increase 

notably more than other peaks.  
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Figure B3.2. Illustrative comparison of HPLC diagrams between day 0 and day 4 of malting for 0.1% X. Major increases of 2 

peaks between C and B around 14.5 min (pink circle), 2 peaks around 18 min (purple circle), 2 peaks around 21 min (green 

circle). AVN-C (green square), AVN-B (yellow square), and AVN-A (red square) are also illustrated in the diagrams.  

Appendix B4 

Visual comparisons of the degree of germination can be seen here. It is exemplified by comparing images 

taken from day 2 and day 4 for seeds from FM (False malting) and No HT (No heat treatment prior to 

steeping). Seeds treated with 0.05% stimulant (X) and 0.1% stimulant for days 2 and 4 showed 

comparative levels of germination as days 2 and 4 for FM.  

 
Figure B4.1. Visual comparisons of germination during the malting period of the main experiment. In the upper row, seeds 

heat-treated before steeping (left) show little to no germination signs after 2 days of malting, while seeds not heat treated (right) 

before steeping show a started germination process after 2 days of malting. In the lower row, seeds heat-treated before steeping 

(left) have started to germinate after 4 days of malting, while seeds not heat treated (right) before steeping show more developed 

germination after 4 days of malting. 
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Appendix C 

In this appendix, the fixed questions asked during the expert interviews can be found. Additionally, the 

main conclusions from the interviews with experts can be seen in table C1.1. 

Fixed interview questions:  

1. What should one think of and keep in mind when trying to find applications and opportunities for 

a new health-promoting ingredient? 

2. What is the biggest obstacle to not succeeding in finding business opportunities? 

3. Which markets are most interesting right now? (ex. Functional foods, cosmeceuticals, etcetera) 

4. What requirements are placed on a new product when it is introduced on the market?  

5. How important is it to use EFSA regulated claims? Can one communicate health benefits in other 

ways? 

Table C1.1. Main conclusions from the interview objects.  

Abbreviation Title Main conclusions 

E1 
CEO at an Oat 

company in England  

AVN can lose its properties the more it is processed. 

 

The oat company does not have AVN in its pipeline, but AVN appears in their lipid fractions 

and they are interested in being able to do rapid tests on these to know what levels they have 

 

There is much potential for AVN applications and especially in nutraceuticals, where AVN is 

not present. 

 

E2 
Business developer in 

the food business  

Follow the process: Whose needs? → Product? → Where? → Communication? → Market? 

 

The process for Health claims is long and expensive → Is it worth it? What value does it 

provide? 

 

Other ways: Health professionals, add other ingredients, check out Botanicals 

 

Look at something similar to AVN that is mapped → easier to get a claim 

 

E3 

CEO at Sweden’s 

biggest food 

company in the Oat 

business(Company 

A) 

How big is the market for those we want to help? 

 

How much can we tell the customer? 

 

You can indicate effects, but it can mislead customers which can lead to prosecution  

 

 

Anti-inflammatory is impossible to get due to its link to diseases and therefore the 

pharmaceutical industry. 

 

Cosmeceuticals can be easier because it is not as strict, but nutraceuticals are interesting long 

term. 

E4 
Business Developer 

at Company A 

E5 
Product developer at 

an Oat-product 

See if ingredients are approved by the National Food Administration and review the 

company's requirements and brand. 
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company  

In this company´s case, the brand places demands on the entire value chain.  

 

Lab-scale tests → upscaling. 3 approved factory trials. 

E6 
Nutrition manager at 

Company A 

Anti-inflammatory: difficult, as it is considered a disease (HC only healthy) 

 

Antioxidant: Difficult because many compounds are antioxidant, and you have to prove that 

our compound has the oxidizing effect 

 

Exclusive health claim: 5 years exclusive right. 

 

Botanicals: not approved yet, but the EU does not know how to regulate and may be used until 

they know how to do. However, there must be evidence, but not as much as for the claim. 

 

Sprouted: Recent upswing, positive tone for consumers. The value is higher than usual. 

E7 

CEO at a University 

spin-out company 

within 

cosmeceuticals 

The cosmetics market does not have the same burden of proof (even if you have to show that 

the product is safe and does not cause allergic reactions etc.) 

 

The core of finding a suitable market is to look at the product's properties and what it can add. 

Find their "keys" in the market and what to add. 

 

Dare to change direction and be open to changing markets 

 

Criticize the product → find out the strengths and weaknesses.  

 

A continuous dialogue with the industry and customers are important to get input on where the 

need lies + understand the customer's perspective. 

 

Important to decide the position in the value chain: B2C or B2B? 

Ingredient companies have their distribution channels and can be a way to go. However, the 

company will earn less from its product this way. 

E8 

Innovation & 

Production manager 

at company A 

Do not sell the product 100% pure if you do not have very high levels of AVN. It can degrade 

the quality of the product if you try to clean it up too much. 

 

When going from Lab-scale to product scale, the level of accuracy may deteriorate. 

 

Not sure what fractionation AVN comes out of, but probably lipids. 

 

Biological raw material has great variance, even within the same variety and even from the 

same harvest. Difficult to compare results between runs and understanding of the stability of 

the process. 

E9 

Development 

manager at the 

Nordic region's 

leading supplier of 

grocery trade brands.  

Product development is based on consumer insights and a  cross-functional group develops 

new ideas and proposals.  

Competitors selling an equivalent product and cost can prevent the product from entering the 

market. It could also be because of the bad taste of the product.  

 

A  new ingredient has to provide value; some ways that it can provide value could be that it 

changes texture, has health effects that allow you to make claims and that it enhances shelf 

life.  

For this company,it is important to not imply health effects for a product if it does not have 

legislated health claims.  
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Appendix D 

In this appendix, the questions asked during the company capability assessment performed with 

representatives from CropTailor and Lantmännen is presented.  

1. What area (of Technology, market and company) is CropTailor´s strength?  

2. Are there any internal weaknesses that exist in said area that can hinder AVN exploitation? 

3. Are there any future obstacles to AVN exploitation in the said area? 

4. Regarding AVN exploitation, where will CropTailor put its resources in the future? 

5. What are Croptailor's goals and focus? What will Croptailor's goals and focus look like in 5 

years? 

6. How developed is Croptailor's network is for AVN exploitation? 

7. What does the collaboration with collaborators (ex Lantmännen) look like? Can they provide 

distribution channels, financing etc., for AVN? 

8. What is the willingness to cooperate with other players to ensure that AVN enters the market? 

9. Is there a will from Croptailor & Lantmännen to continue to give this project dedicated time to 

ensure that AVN enters the market? 

10. Is the competence in-house for technology development? 

11. Is the competence in-house for business development? 

12. Is there a financial capacity to invest in this project? 

 


