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Abstract 
 

The project’s main goal was to compose a sulforaphane (SF) enriched functional food bar recipe 

and prototype as an in-between-snack to aid blood glucose regulation among patients with type 

2 diabetes (T2D). The antioxidant SF have by research proved beneficial reducing high blood 

glucose levels by alteration of hepatic glucose production. In order to compare different recipe 

alternative, and ensure work quality and efficiency, an iterative biomechatronic design 

methodology was applied.  

 

The project includes a literature study to define project requirements as well as practical 

experiments to test recipe alternatives. Recipe alternatives was developed on the basis of 

abovementioned literature, previous research within Lantmännen and a close dialogue with 

expert design team.  

 

Main results being a SF rich functional food bar prototype produced by practical experiments, 

which recipe meet project requirement. However, the project concludes that further research 

and analysis is necessary in order to ensure desired levels of SF and by so a product with an 

equal effect as today’s broccoli powder. Future work includes research and studies regarding 

stability and degradation of SF in the supplied broccoli powder. 
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1. Introduction 

The antioxidant sulforaphane, further denoted as SF, has been a substance of intense research 

the last years presenting health benefits among several conditions (Kim and Park, 2016). The 

compound is found in numerous vegetables such as artichoke, leeks and cruciferous vegetables 

as kale and broccoli. Extraction of SF from broccoli is performed since broccoli, especially 

young sprouts, present the highest SF levels (Kushad et al., 1999). SF research have shown 

effects as alleviating chronic inflammatory disease (Pal and Konkimalla, 2016) and inhibition 

of hepatocellular carcinoma cell proliferation (Wu et al., 2016) among others. The association 

between SF and diabetes have been accounted for by nuclear factor erythroid 2-related factor 

(Nrf2) studies (Jiménez-Osorio, González-Reyes and Pedraza-Chaverri, 2015) and furthermore 

by reducing blood glucose levels (Axelsson et al., 2017). High blood glucose levels in type 2 

diabetics (T2D) can lead to damaged blood vessels and long-term complication such as heart 

disease, kidney failure and blindness (Chatterjee, Khunti and Davies, 2017).  

 

SF show effect in T2D where it affects the liver’s glucose regulation and release. By 

downregulating hepatic endogenous glucose production and release, blood glucose levels are 

lowered. As the blood glucose levels are lowered and kept steadily, the risk for future long-

term complications are decreased. The research proving effect of SF in T2D by Axelsson et al. 

is partly financed by Lantmännen research foundation providing initiative for this project. Since 

Lantmännen is well-settled within the food- and cereal industry, the concept of combining a 

food product and SF from broccoli to form a functional food was created. Given the fast-

growing market of functional food, increased curiosity regarding natural sources of medicine 

and research (Alkhatib et al., 2017; Axelsson et al., 2017) the production of a functional food 

bar containing SF was to be evaluated by this project.  

 

1.1 Purpose of the study 

The purpose of this project was to develop a recipe of a functional food bar functioning as an 

in-between-meal solution for type 2 diabetics (T2D). The bar containing a broccoli concentrate 

powder with the antioxidant sulforaphane is thought of to be used as a health beneficial snack 

aiding blood sugar level regulation.  

 

Sulforaphane (SF), C6H11NOS2, is an antioxidant and is commonly present in cruciferous 

vegetables there amongst broccoli. SF constitutes the active bar ingredient in the broccoli 

concentrate powder (Kushad et al., 1999). The project’s scope consists of literature study to 

gain necessary knowledge in order to reach the pre-set goals and practical experiments. Internal 

competence and experience within Lantmännen proved a starting point for the design work 

together with ideas sprung from literature study and dialogues with supervisor. The final 

functional food bar was set out to weigh approximately 45g and contain a daily dose of the 

sulforaphane rich broccoli powder corresponding to 3,6 g. Other bar ingredient components 

were to be chosen with regards to a diabetes type 2 lifestyle, with a low blood glucose impact 

profile and caloric content less than 200 kcal per bar. 

 

The commissioner of this project is Lantmännen Functional Food in Stockholm. The 

commissioner’s purpose is to generate a recipe which integrates the present broccoli powder 

with sulforaphane into a bar as a vessel for its health beneficial capacity. By accomplishing this 

a product to aid blood sugar level regulation for T2D-patients and prediabetics is composed 

whereupon a new functional food product is acquired. 
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1.2 Expected impact of study 

Functional food, food which provides health beneficial effects, is a concept interconnected with 

both food and pharmaceutical industries as well as healthcare. Broccoli powder containing 

sulforaphane proves a natural preserved product rather than a medicinal pharmaceutical and 

lies therefore closely with the concept of a functional food. As of today, Type 2 Diabetes 

Mellitus (T2D) is a worldwide condition which is increasing with great haste and accounts for 

90 % of all diabetes cases. Today around 450 million people have T2D, mainly elderly people 

but an increase of the condition can be seen in younger individuals as well. T2D is 

interconnected with obesity and lifestyle and factors such as diet and physical activity is 

important in preventing and as treatment of the condition.   

 

Lantmännen is interested in designing and development the broccoli powder rich in 

sulforaphane as a functional food in order to aid individuals living with T2D. The functional 

food bar could act as a complementary tool to existing treatment to manage the disease. 

Alongside this main idea, the functional food bar should also provide a savory in-between-meal 

snack with the addition of sulforaphane intake. Since Lantmännen holds a presence in the 

agricultural and food sector the final product is not intended to be classified as a drug, but rather 

as a functional food. Since T2D is a condition which is increasing worldwide medication and 

tools to treat this condition is likely to remain in demand, proving it a long going business 

opportunity. Likewise, the functional food bar’s beneficial health effects could in the future 

render a reduced healthcare attached economic burden and therefore counter the societal T2D 

need.       

 

A successful incorporation of the naturally preserved sulforaphane rich broccoli powder will, 

if the process is kept within business area boundaries, provide a platform for future possibilities 

to develop similar functional food products. Lantmännen’s product portfolio contains brands 

such as AXA, GoGreen, Kungsörnen among others which provides several different functional 

food concepts and possible products in the future.  

 

The research carried out by Anders Rosengren (Axelsson et al., 2017) and others was initially 

given economic support by Lantmännen Research Foundation. This could give the product a 

greater sense of product credibility since Lantmännen have been present throughout the journey 

from research to a final consumer product.    

 

1.3 Objectives of project work 

The main goal was to formulate a recipe of a sulforaphane enriched bar, to generate a test batch 

containing sulforaphane and to ensure its ingredients activity. By achieving the main goal, a 

new functional food product with the same regulatory capacity as the present-day broccoli 

powder is produced and can be distributed. Furthermore, if the goal is obtained knowledge of 

the sulforaphane integration into food is gained then this can later be applied on other victuals 

of interest to widen the product range.  
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The main goal was divided into four sub-goals associated to the Biomechatronic Design 

Methodology, as can be found in chapter 2.2.  

 

I. Gain knowledge of desired ingredient groups, their ingredients respective traits and 

generate a broad concept recipe based on literature study and market research. Table of 

User Needs & List of Target Specifications 

 

II. Identify key ingredients and generate concept recipes. Concept Generation Chart  

 

 

III. Perform practical experiments on detailed concept recipes, containing chosen key 

ingredients and fulfils requirements, with subsequent evaluation. Screening & Scoring 

Matrix, Hubka-Eder Map 

 

IV. Evaluate chosen formulated recipe and ascertain sulforaphane effect in produced bars 

by experimental work and analysis. Anatomical Blueprint & Final Design Solution 
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2. Theory and Methodology 

In order to design a suitable recipe for the functional food bar the Biomechatronic Design 

Methodology (Mandenius and Björkman, 2011) was chosen. A continuous literature study 

regarding the active ingredient sulforaphane and ingredients was done to gain essential 

knowledge and sulforaphane’s chemical composition can be seen in Figure 1. Moreover, in line 

with the Biomechatronic Design practical experiments were carried out in order to evaluate 

alternatives and determine a recipe which met project requirements.    

 

 

 

 

 

 

 

 

This chapter is divided into three parts namely a scientific background, a theoretic background 

and a methodology section. The scientific background touch upon cruciferous vegetables and 

SF whereas the theoretic background regard diabetes type 2 and possible ingredient traits. The 

methodology section account for the chosen and applied Biomechatronic Design Methodology.  

 

2.1 Scientific Background  

Cruciferous vegetables, belonging to the mustards or the Brassicaceae family, include broccoli, 

kale, cauliflower and other leafy green vegetables and is considered to be a part of a healthy 

diet. Broccoli constitutes a rich source of bioactive components such as flavonoids, phenols, 

isothiocyanates and glucosinolates (Bahadoran et al., 2012). Glucosinolates are defined as 

natural components in plants and is a secondary metabolite involved in the defense mechanism 

among several pungent plant, such as cruciferous vegetables. Cruciferous vegetables, there 

among broccoli, show high levels of this instable secondary metabolite which is derived from 

phytoanticipins (War et al., 2012). When the plant encounters damaging forces and 

hydrolysation takes place Glucosinolates transform to form a bioactive compound known as 

isothyocyanates (Guo et al., 2016). A bioactive compound refers to a compound which occur 

in small quantities and affects a living organism and introduce changes within. The specific 

methyl-sulfinyl-alkyl glucosinolate glucoraphanin is widely found in broccoli and is further 

hydrolysed to form the project’s main bioactive compound, sulforaphane.   

 

In the event of the plant sustaining physical harm the antioxidant sulforaphane is formed by the 

precursor glucoraphanin (GR) and the enzyme Myrosinase. The condition of the physical harm 

to take place for the formation of sulforaphane is due to that GR and Myrosinase is situated in 

different compartments throughout the cell. Myrosinase is found in specific proteins across the 

cell whereas GR is situated to the vacuoles (Guo, Yuan and Wang, 2013). Depending on 

environmental factors such as pH Gluccoraphanin can form either sulforaphane or sulforaphane 

nitrile (Matusheski and Jeffery, 2001), pathway can be seen in Figure 2.   

Figure 1: Chemical structure of sulforaphane 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Chemical Structure of Sulforaphane 
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Figure 2: Chemical Reaction Pathway of Sulforaphane 

Sulforaphane is shown to be totally degraded after 30 days in pharmaceutical cream formulation 

and sensitive to temperature (Franklin et al., 2014). Sulforaphane has also been shown to be 

unstable in aqueous solution (Jin et al., 1999). The stability of sulforaphane is also shown to be 

owing to pH value in together with temperature, where a low pH combined with short 

temperature exposure time show the best results and least sulforaphane degradation (Wu et al., 

2014). Since the final product is oven baked special considerations concerning temperature and 

exposure time is to be taken to ascertain minimum degradation and maintained sulforaphane 

effect.  

 

2.2 Theoretic Background 

Diabetes Mellitus is a chronic disorder characterized by high blood glucose levels, 

hyperglycemia, and is divided into different types. Type 2 Diabetes Mellitus, T2D, is the most 

common type and a chronic disorder linked with impairment in insulin secretion, insulin 

resistance and dysregulated glucose metabolism (Blaslov et al., 2018). The production of the 

essential hormone insulin is managed by the pancreas and insulin helps to transport glucose 

from the bloodstream in to the cells for energy conversion. This progressive disorder can due 

to high glucose levels (hyperglycemia) lead to pathophysiological modification in multiple 

organ systems causing several sequalae such as cardio vascular disorders and blindness. T2D 

is strongly linked with obesity, genetic precomposition and lifestyle where poor diet and 

physical inactivity is major risk factors. The most commonly used criteria for determining 

individual’s glycemic control and diabetic status is HbA1c. HbA1c, glycated hemoglobin, acts 

as a three-month average of plasma glucose levels and is formed as hemoglobin is covalently 

bond to glucose. High blood glucose levels are directly associated with a high HbA1c which 

yields a lower HbA1c favorable with beneficial health effects (Guo, Moellering and Garvey, 

2014). HbA1c less than 53 mmol/L is by guidelines regarded as good glycemic control and 

values above is associated with poor glycemic control and a dysregulated diabetes.         

 

Diabetes is considered a global disease where an increase is seen worldwide. As of today, 

approximately 450 million people in the ages 18-99 lives with diabetes and the vast majority 

has T2D (International Diabetes Federation, 2017).   
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Nearly 400 000 people in Sweden has T2D where approximately 45% have a HbA1c above 52 

mmol/L (Nationella Diabetesregistret, 2019). T2D is greatly influenced on lifestyle hence 

lifestyle intervention and change such as increased physical activity and diet change provides a 

powerful therapeutic instrument. Besides lifestyle intervention several therapeutic instruments 

exist, there among oral agents, insulin and several others. Metformin is the most commonly 

used oral agent and a first-line treatment which acts to regulate glucose production in the liver 

(Marín-Peñalver et al., 2016).  

 

In pursuance of maintaining blood glucose levels within a narrow range, several organs and 

tissues are interconnected in an intricate system. The liver, which is the most substantial organ 

in this system, can regulate the hepatic glucose release and consequently whole-body blood 

glucose levels by two mechanisms: glucose production (gluconeogenesis) and glycogen 

breakdown (glycogenolysis) (Sharabi et al., 2015). The liver acts as a glucose storage unit as 

well as it accounts for hepatic glucose production, HGP. Glycogen acts as a glucose storage 

which is activated when nutrients are redundant, and HGP is activated in cases where nutrients 

are insufficient. Hyperglycemia caused from increased rates of HGP leading to an impaired 

glucose homeostasis is observed in T2D patients (Lin and Accili, 2011). Consequently, the 

HGP mechanism provides a therapeutic point of attack in patients suffering from T2D. Recent 

studies have shown reduction in fasting glucose and glycated hemoglobin in obese dysregulated 

T2D patients by administration of the antioxidant sulforaphane (Axelsson et al., 2017). 

Sulforaphane, altering the hepatic glucose production was administered in a broccoli extract 

powder which provides a different therapeutic approach towards regulating blood glucose 

levels. In this case, by a functional food rather than a therapeutic agent.  

 

2.2.1 Functional Food 

Functional food is food which above and over the product’s nutritional value provides health 

beneficial effects. Functional food contains components which are biologically active and 

associated with physiological health benefits in chronic diseases. A frequent consumption of 

functional food may be associated with improved insulin sensitivity and anti-oxidant function, 

which proves important in managing T2D. As an additional instrument in the T2D therapeutic 

arsenal, functional food can provide an easily accessible and health beneficial nutritional tool 

with additional benefits (Alkhatib et al., 2017). As mentioned above, T2D is closely connected 

with lifestyle and dietary intake, which makes the ingredient composition of the functional food 

bar crucial. In order to generate a functional food bar with desired effect knowledge regarding 

respective ingoing ingredient groups is needed and accounted for. 

 

The intake of foods provides energy and contain nutrients which are essential for maintaining 

human health. The five major food groups comprise grains, fruits, vegetables, milk and meat 

and is usually of animal or plant origin. Nutrients is further divided into macronutrients and 

micronutrients, based on required amount of consumption. Macronutrients includes 

carbohydrates, fats, fiber, proteins, water and alcohol and is consumed in a larger scale and 

provides energy and structural material such as amino acids and lipids. Micronutrients comprise 

minerals and vitamins, which are required in a smaller scale and do not provide energy 

(Prentice, 2005). The macronutrients differ in the amount of energy provided and is often 

measured in kcal. Energy conversion and absorption is dependent on a variety of digestive 

factors, however a general notion states that fat provides 9 kcal/g, carbohydrates and proteins 

provides 4 kcal/g and fiber provides 2 kcal/g. Furthermore, different foods have different 

nutritional profiles comprising different traits and nutritional effects. 

 



 

 

 

 

 

 

7 

 

The macronutrient carbohydrate affects blood glucose concentrations differently depending 

type of food and carbohydrate content. Glycemic index (GI) is a measurement of the rapidity 

of which carbohydrates are broken down and the rise in glucose concentration (Wolever, 2017). 

GI is given a number 0-100 where the main influencing factor is which type of carbohydrate 

present in the food. A low GI corresponds to a number less than 55, a moderate to 56-69 and a 

high GI is equal to above 70. GI is used as a tool to compare similar food products and asses 

carbohydrate composition. 

 

2.2.2 Highlighted Bar Ingredients: Oats, Fiber and Resistant Starch 

Oats is cornerstone of Lantmännen and widely used in the product portfolio, hence it provides 

a well-established base in the thought of functional food bar. Oats are grown worldwide with 

an yearly production of around 22,4 million tons, where the European Union accounts for  35 

% (Menon et al., 2016). Oats comprise several proven health benefits, such as lowering blood 

glucose levels (Francelino Andrade et al., 2014) and cholesterol lowering effects (Othman, 

Moghadasian and Jones, 2011) due to Beta-glucans. β-glucans is categorized as a carbohydrate 

and is a soluble fibre which occurs in the oat endosperm cell walls. Prebiotic fiber is defined as 

a food ingredient which benefit host health by specific stimulation and growth of designated 

bacteria in the colon (Roberfroid et al., 2010).   

 

Beta-glucans are prebiotic fibers and left intact throughout the digestion system until the large 

intestine where it acts as nutrition for microbiota, hence it has low blood glucose level impact.         

A second type of fiber used in the functional food bar is inulin which is present in 3000 

vegetables and plants, there among chicory. Inulin is mainly produced from the chicory plant 

roots where the end product could be a white powder or an inulin syrup. Inulin consist of 

polysaccharide chains with a variety of branching and belongs to a dietary and prebiotic fiber 

called fructans. Depending on inulin chain character a difference in sweetness is noted, short 

chain inulin possesses 35 % of the sweetness of sucrose. Short chain inulin chains, called 

fructooligosaccharides, provide sweetness and taste improving effects whereas highly branched 

inulin chains are capable forming a gel from particles which modifies product texture (Shoaib 

et al., 2016). Inulin possess several other technological beneficial attributes where the 

compound acts as a sugar and fat replacement, humectant, thickener and emulsifier (Franck 

A.*, 2002). Inulin have a caloric value of 1,5 kcal/g which, comparing with fat 9 kcal/g, 

manifest it’s use as a fat replacer. Inulin stimulates micro-floral growth in the large intestine, 

without impacting blood glucose levels, and is therefore a favorable ingredient in production of 

low caloric foods for diabetics. 

     

Since the final product also incorporates resistant starch, definition and properties are accounted 

for. Starch is categorized as a carbohydrate which undergoes hydrolysis by amylolytic enzymes, 

resulting in glucose and provides energy by 4 kcal/g. Starch is regarded as an easily accessible 

energy source since the degradation and absorption in the small intestine occurs rapidly. 

Moreover, resistant starch (RS) is defined as starch, including partial degraded products, that 

evades digestion and absorption in the small intestine. Resistant starch is divided into four sub-

groups RS I-IV: RS I: physically inaccessible starch ; RS II: starch of non-gelatinised granules 

of specific plants ; RS III: retrograded starch ; RS IV: physically- or chemically-modified starch 

(Leszczyñski, 2004). High amylose maize starch, a RS II, have been claimed to account for a 

reduction of post-prandial glycemic response (EFSA, 2016). The claim stands for a replacement 

of 14 % of total starch with resistant starch in baked goods, providing grounds for incorporation 

in the final food bar as glycemic response is essential among T2D. 
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2.3 Methodology 
Since the project time frame was 20 weeks an easily applicable methodology to define the 

project extent was sought in order to generate a detailed recipe. The food industry is today 

driven by technological tools there among computer aided design (CAD), computer aided 

engineering (CAE) to generate and evaluate data and develop design options. Digital tools are 

also used to assure quality and compare design alternatives by calculating economic factors to 

maximize profitability. This project required a straight forward approach in order to gain results 

which to interpret, hence complex digital tools where ruled out due to the limited project frame. 

However, as a subsequent future step for this project digital and optimization tools such as Lean 

Production would prove immensely useful in order to develop the bar production. Lean 

Production is widely used in different types of production today and originates from the car 

manufacturer Toyota (Holweg, 2006). The development of functional food products is deemed 

a complex process (Khan et al., 2013), where success factors is to be achieved accordingly. 

Since functional food has connections to food industry, pharmaceutical industry, healthcare and 

nutrition different competences are needed in order to generate knowledge and an applicable 

product. Product development strategies, innovation and market research is needed to merge  

new technology and nutritional science in order to match consumer and market demands (Nieto 

and Santamaría, 2007). 

 

Given the project time frame and scope the methodology Biomechatronic Design (Mandenius 

and Börkman, 2011) was elected. Simultaneously, literature research and practical experiments 

is carried out in an iterative work process to evaluate findings. Since these assignments is done 

concurrently this methodology was best suited for the project time frame and scope. To benefit 

from this methodology the design team is needed to be highly competent with different 

competences in order to generate an environment fit for iterative design development. The 

dialogue where design alternatives is scrutinized by the design team in an iterative process 

proves an essential part of the chosen methodology. Competence from the different branches 

within Lantmännen combined with competence contributed from supervisors served as the 

project’s expert design team. The Biomechatronic Design Methodology is described in the 

section below and can be seen in Figure 3.   

 

 
Figure 3: Biomechatronic Design Method – a schematic view of work process  
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As an initial step a table of user needs combined with list of target specifications is created to 

specify customer need and final product characteristics. The list of target specifications 

provides conversion of customer needs into measurable values. This is carried out to define 

project goals which to achieve and to concretize the project’s scope and work process towards 

the final product. Furthermore, literature findings together with input from expert design team 

provides a base which several concepts is developed and matched with the table of user need. 

(Maiorino et al., 2017). In order to evaluate generated concepts a two-part screening matrix is 

constructed to ensure that the specifications are met. The first part to ensure the specifications 

regarding nutritional values and the second part to evaluate practical experiments. Subsequently 

a scoring matrix is designed to weigh alternatives based on certain criterions. A criterion 

corresponding to a maximum weight of 5 is of the highest importance compared to a criterion 

of minimum weight 1. A total score is calculated by multiplying the weight with the alternative 

score in the respective criterion, as can be seen in Table 1. Furthermore, if a section is deemed 

more influential a greater number of criteria can be added in order to give the whole section 

greater weight.   

 
Table 1: Recipe alternatives points from scoring matrix weighted criterion 

Criterion Weight Score Points 

Sulforaphane activity 5 2 = 5 × 2 = 10 

   

Recipe alternatives with low scores in specific criterions is reimagined and engineered and put 

thru the process in an iterative cycle in order to create competitive alternative scores. The 

alternatives which met the nutritional specification and yielded the highest point is deemed the 

most promising. 

 

Subsequently a Hubka-Eder map is drawn, presented in Figure 8 Appendix B, in accordance 

with the Biomechatronic Design Methodology, in an attempt to visualize exchanges within the 

process interface, also called transformation process (TrP) (Derelöv et al., 2008; Mandenius 

and Börkman, 2011). The map is based on a system mindset were system can be of a biological- 

(BioS), human- (HuS), technical- (TS) and managemental (M) variety. The Hubka-Eder 

map involves, besides the foundation that is the TrP, three returning phases: the preparation 

phase, the execution phase and the finishing phase. Primary input operand (OdIn) and 

secondary input (SecIn) are fed into the TrP and respectively primary output operand 

(OdOut) and secondary output (SecOut) is generated. Primary input comprises material, 

energy, transformative objects whereas secondary input include components not necessary 

taken up by end product. Regarding the TrP output, primary output operand corresponds to the 

expected transformation results whereas the secondary output represents waste or 

unincorporated components (Mandenius and Börkman, 2011).  

 

As a final step, following the Hubka-Eder map, the Anatomical Blueprint is generated. The 

Anatomical Blueprint, presented in Figure 7, consists of biological and mechanical components 

and is the last step in the Biomechatronic Design Methodology which fulfils the list of target 

specifications and user needs and proves the final design solution. 
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3. Materials and Methods 

Following the theoretic recipe developing part based on literature studies, internal competence 

within Lantmännen and screening against project requirements, practical experiments were 

performed. The practical experiments were executed in order to create a physical functional 

food bar prototype and evaluation of its trait by scoring matrix. The scoring matrix is fully 

explained in section 2.2 and presented in Table 8.  

 

3.1 Materials 

Generated recipe alternatives, which met the list of user needs and list of targets in the 

Biomechatronic Design, were created by practical experiments. Thereafter, the recipes were 

evaluated based on scoring matrix. The practical experiments were carried out in a small scale, 

where 5-10 bars per batch were baked for the different recipe alternatives. The recipe 

alternatives which ranked highest in the scoring matrix was baked once more and introduced to 

a wider internal panel for tasting. The practical experiments took place at Lantmännen product 

developing Test Facility in Malmö. The test facilities include a fully equipped test kitchen with 

baking ovens, baking equipment and resources. Furthermore, some ingredients where available 

for instant use and specific ingredients where requested and transported to the test site. Since 

the project time frame was limited and Lantmännen is a major player in the food industry a 

range of in-house ingredient components were available for my project. Lantmännen has 

several brands and products in both cereal and breakfast markets, which suits my application 

of a functional food bar. The functional food bar was to consist of an oat base since Lantmännen 

has long experience of the cereal industry. By using well-known and accounted ingredients 

time was saved and could instead be used for practical experiments. The usage of in-house 

ingredients from a main storage facility ensured ingredient quality as well as provided detailed 

nutritional data. The exception of in-house ingredients, resistant maize starch, was acquired 

from an external distributor since it is not used within Lantmännen as of today. Sulforaphane, 

which Is the active ingredient in the bar, was supplied as a finely grounded broccoli powder 

containing 1% SF. In order to incorporate a daily dose of SF each bar was to consist of 3,6 g 

broccoli powder.  

 

The practical experiments originated from an ingredient list which was designed during the first 

part of this project and can be seen in Table 2. Recipe alternatives was then constructed by 

using varying quantities of the mentioned ingredients in order to create functional food bars 

with required traits.   
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Table 2: Functional food bar ingredient list, formation and origin included. 

Ingredient Formation In-house 

Oats Whole oatmeal Yes 

Rye Cut rye flakes Yes 

Pea protein crisp Extruded crisp Yes 

Apple Cut apple splits Yes 

Resistant Maize Starch Starch flour No 

Broccoli powder Finely grounded powder Yes 

Beetroot Finely grounded powder Yes 

Salt Baking salt Yes 

Apple juice Concentrated juice Yes 

Lemon juice Concentrated juice Yes 

Water Water Yes 

Chicory root fiber Inulin syrup Yes 

 

3.2 Methods 

In order to achieve a final product which met nutritional requirement a nutritional calculation 

method is applied. Since all ingredients, except resistant maize starch, is available in-house 

nutritional data is available by internal systems. By using these systems, nutritional expert 

guidance and an internal Lantmännen nutritional tool, nutritional values and composition was 

calculated. The result accounted for a total caloric value per 100g ingoing material as well as 

macronutrient fractions and their respective caloric contribution. The practical experiments 

evaluated several recipe alternatives that met requirements in a process depicted in Figure 4, 

where upstream and downstream activities are marked.  

 
Figure 4: Schematic overview production process carried out in Test Facilities in Malmö, upstream and downstream with 

activities. 

Since the experiments was carried out in small scale, manual labor was required to combine 

raw materials and generate functional food bars, resulting in the methodology described in 

Table 3. 

 
Table 3: Methodology baking process 

Step Activity 

1. Weigh and mix all dry ingredients in a plastic container. 

2. Weigh and mix all wet ingredients in a separate plastic container. 

3. Mix the dry and wet ingredients to form a formative bio mass. 

4. Apply the bio mass on a baking sheet and to a desired rectangle block form. 

5. Bake for 5 minutes at 200 °C 

6. Let the bars set in room temperature for 15 minutes 

7. Cut the rectangle mass into individual bars in rectangular shape of 40 g each 
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This methodology has been applied on all recipe variants to ensure a similar production process 

and enable direct comparison of the finished bars, experimental set-up presented in Figure 5. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Sulforaphane as the main active ingredient in the final functional food bar is aimed to be left 

unaffected by the baking process. To date no analytic method to detect SF levels in food is 

available, however SF levels in the used broccoli powder is detectable by external HPLC 

analysis. In order to evaluate the baking process impact, three samples were prepared for 

analysis. 10 grams of the broccoli powder was weighed and labelled respectively as sample I-

III. Sample I was left untreated, sample II was baked at 100 °C for 5 minutes and sample III 

was baked at 75 °C for 5 minutes. Sample II accounts for maximum heat exposure since the 

mix contains water and sample III represents the core temperature, found by experimental work, 

which SF is affected by.  

 

 

  

Figure 5: Experimental set-up with ingredients at Test Facility 
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4. Results 

This section presents results from literature studies and practical experiments alongside the 

iterative biomechatronic design methodology from which the recipe alternatives were 

evaluated. The results from literature studies is intertwined with results from the 

Biomechatronic Design and a starting point from which recipe alternatives are generated and 

carried out in practical experiments, will be presented. Subsequently, results evaluating 

practical experiments will be accounted for. The last part of this section covers sulforaphane 

analysis results.  

 

4.1 Biomechatronic Design & Practical Experiments  

As discussed in section 2.2, Biomechatronic Design methodology is an iterative methodology 

applied to design and develop products within the field of biotechnology. In the pursuance of 

reaching the project sub-goals and fulfilling user needs, a table of user needs with measurable 

target specifications was designed, Table 4.   

 
Table 4: Table of User Needs translation and metrics including target specifications with identified values and respective units. 

User Needs & Metrics Target Value Unit 

Production   

Ingredient cost - Reasonable 

Short process time and heat exposure 10 Minutes 

Sulforaphane level 3,6 g/bar 

 

Final Product 

  

Low caloric value <200 Kcal 

Weight 40 g/bar 

Taste & Savouriness - Best possible, not sweet 

Texture - Solid bar, not granulates/chunks 

Ingredient suitable for T2D < 70 Glycemic Index 

 

By performing competence studies within Lantmännen together with a market survey resulted 

in a possible bar ingredient list. By subsequent literature studies the bar ingredients where 

catalogized based on ingredient type and ingredient groups emerged. By combining these 

findings with competence within Lantmännen ingredient groups which to include in bar 

production was gathered as can be seen in Table 5.  

 
Table 5: Bar ingredient groups 

Ingredient groups 

Carbohydrates 

Fat 

Fibre 

Protein 

Sweetener 

Consistency/Texture 

Flavor 

 

In order to generate detailed recipe alternatives, key ingredients from each ingredient groups 

were chosen based on literature findings and expert design team and end customer input.  

Another major contributing factor was the availability of raw material ingredients within 

Lantmännen since these components is used in today’s products and have therefore a 
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guaranteed quality. Chosen key ingredient components for detailed recipe alternatives, can be 

found in Table 6. 

 
Table 6: Key Ingredients within defined bar ingredients groups 

Ingredient group Component 

Carbohydrates Oatmeal, Rye flakes 

Fat Canola oil, Shea oil 

Fibre Resistant Starch, Inulin 

Protein Pea protein crisp 

Sweetener Apple pieces, Concentrated Apple Juice 

Consistency/Texture Extruded products (Crisp)  

Flavor Broccoli powder, Beetroot powder, Salt, Lemon 

juice 

 

Based on the table of user needs a concept generating chart was designed and implemented. 

The concepts corresponding to recipe alternatives differ in the upstream process where different 

amounts of ingredients are mixed, however downstream process of baking remain equal. The 

entire production process including upstream and downstream is presented in chapter 3.2, 

Figure 4. One downstream process was subsequently chosen in agreement with expert design 

team since the project main objective was to design a functional food bar recipe rather than the 

production process. Downstream process parameters and target values is described in Table 7. 

Target values acquired from competence within the expert design team at Lantmännen as well 

as literature studies. Concept generation was carried out in an iterative cycle and carried out 

experientially if project requirement were met, whereupon experience was drawn and 

incorporated in the next coming concept.  

 
Table 7: Downstream process parameters, target values and working units 

Parameter Target Value Unit 

Temperature 200 °C 

Baking time 10 Minutes 

Cooling time 15 Minutes 

Cooling Temperature 20 °C 

 

The generated recipe alternatives comprised the arrangement of four different upstream 

processes and one specific downstream process, as can be seen in Figure 6.   

As a concluding result from the concept generation chart, four different upstream alternatives, 

UA-UD, in combination with one downstream alternative, DA, was generated and evaluated 

further by screening and scoring matrix. The four upstream alternatives recipes are accounted 

for in detail in Table 11 Appendix B.   
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Upstream 

Process  

Alternative 

 

 

 

 

Downstream 

Process 

Alternative 

 

 

 

 

As part of concept recipe generation, alternatives were assessed by an intermittent screening 

step before evaluated in a scoring matrix. Firstly, the generated recipes where compared with 

Table of User Needs (Table 4) and thereafter nutritional calculations. All four concept recipes 

exhibited a caloric value well below the project requirement of 200 kcal per bar (Table 11 

Appendix B) as well as suited the Table of User Needs. The recipes where subsequently 

produced by practical experiments and evaluated by a scoring matrix, presented in Table 8.   

 

As touched upon in chapter 2.2 the scoring matrix was developed in order to evaluate concept 

alternatives by scoring a point based upon criteria. Table 8 represents the scoring matrix where 

the entire process is covered and subdivided into three main parts; upstream process, 

downstream process and end product. The upstream processing method was equal throughout 

the concept alternatives, however different ratios of raw material was used, and a different 

upstream end product was acquired for each concept.  The minor differences in the upstream 

process ingoing raw material render this section in the scoring matrix with few criterions and 

an equal section score among the alternatives. The downstream process was equal for all 

concept, resulting in this section in the scoring matrix of low importance and all concept gained 

the same score. The section of greatest difference was the end product where the final functional 

food bars resulting from concept alternatives were assessed. This section is deemed the most 

influential and covers, as a consequence, the most criterions.  

 

As mentioned, the process alternative differs merely in the ingoing raw material in the upstream 

process, which results in different end products. Firstly, UA represents the original recipe 

proposal based upon literature studies, competence within Lantmännen and initial recipe 

hypothesis. Secondly, UB denotes a recipe suggestion where the pea protein crisp have been 

replaced by another extruded component namely a blueberry oat puff. Third, UC is a developed 

version of the original recipe with the incorporation of salt for a savory bar character. As of 

last, the UD proposal includes incorporation of lemon juice in an approach to counterbalance 

the beetroot and broccoli taste with an acidic component. This approach was proposed by expert 

design team based on earlier recipe concepts and tasting experience.   
 

 

 

 

 

UA

  
UB UC UD 

DA 

Figure 6: Concept generation chart comprising four upstream process alternatives; UA, UB, UC, UD and one downstream 

process alternative; DA. A more detailed overview of upstream alternatives and recipes is found in Appendix B. 
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Table 8: Scoring matrix which evaluate four process alternative combinations accounting for upstream process, downstream 

process and end product. Process which generated highest score UD-DA highlighted in green. 

  UA – DA UB – DA UC – DA UD – DA 

Criterion Weight Score        Points Score         Points Score         Points Score        Points 

Upstream      

Low 

Ingredient 

Cost 

3 3                     12 3                     12 3                     12 3                     12 

Mixing time 4 5                     20 5                     20 5                     20 5                     20 

      

Downstream      

Ensure SF 

activity 

5 5                     25 5                     25 5                     25 5                     25 

Process lead 

time 

4 3                     12 3                     12 3                     12 3                     12 

      

End product      

Taste 5 3                     15 1                       5 3                     15 4                     20 

Appearance 4 3                     12 3                      12 4                     16 4                     16 

Texture 4 3                     12 2                      10 3                     12 4                     16 

Savouriness 3 2                       6 2                        6 4                     12 4                     12 

Dimensions 

& Weight 

4 4                     16 3                      12 5                     20 5                     20 

Stability 4 4                     16 1                        4 4                     16 4                     16 

      

Total Points:  146 118 170 179 

Ranking  3 4 2 1 

 

The concept recipe which best fulfils end customer need, table of user needs and the list of 

specification is the one which yields the highest score in the scoring matrix. From this the best 

design alternative is identified and a ranking between different alternatives is formed. Process 

alternatives UC-DA and UD-DA gained 170 and 179 points respectively and was substantially 

differentiated from UA-DA and UB-DA, as can be seen in Table 8. Process alternative UD-DA 

yielded the highest score and was therefore elected for further studies.       

 

Following scoring matrix, a Hubka-Eder map was constructed for process alternative UD-DA. 

The Hubka-Eder map summarizes the design functions of the chosen process alternative by 

highlighting transformations and interactions in the design structure. The constructed 

conceptual Hubka-Eder map is displayed in Figure 8 Appendix B. As a succeeding step an 

anatomical blueprint was designed providing an outline of involved machinery, material and 

activities of the highest scoring alternative UD-DA. The anatomical blueprint, which states the 

resulting final step in the biomechatronic methodology and proves the final design solution UD-

DA, is described in Figure 7. 

 



 

 

 

 

 

 

17 

Primary and secondary input comprises raw material, broccoli powder containing SF, electricity 

and baking equipment. Process components are represented by circles and include machinery, 

such as scale and oven, as well as baking equipment and biological mass. Primary output 

operand is the generated functional food sulforaphane bar whereas secondary output consists 

of surplus biomass and used baking sheets.   

 

Calculations regarding caloric value and nutritional composition for concept alternative UD-

DA is described in Table 9. The findings show a total of 350 kcal per 100g of raw material 

translating to a nutritional value of 140 kcal per bar < 200 kcal which is within project 

requirements.  

 
Table 9: Nutritional values for process alternative UD-DA: Nutritional Values for 100g raw material and 40g bar 

Ingredient Weight (g) Kcal % Kcal 

Rye flakes 7,5 24 7% 

Rapeseed/Shea oil 7,5 67,5 19% 

Conc. Apple Juice 7,5 20,85 6% 

Pea protein crisp 15 60,9 17% 

Inulin 5 8,2 2% 

Apple Splits 7,5 26,25 7% 

Beetroot powder 6,5 24,31 7% 

Water 4,5 0 0% 

Oatmeal 21,5 79,09 23% 

Resistant Maize Starch 6,5 9,28 3% 

Salt 1 0,00 0% 

Broccoli powder 9 29,70 8% 

Conc. Lemon Juice 1 0,3 0% 

Per 100g product 100 350,38 
 

Per Bar (40g) 
 

140,16 
 

 

 

Figure 7: Anatomical Blueprint of final design solution UD-DA which gained highest score in scoring matrix 

Test Facility 
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4.2 Sulforaphane Analysis 
Sulforaphane is, as discussed in chapter 1.1, sensitive to environmental factors and degraded 

by exposure to heat. To simulate the environmental impact on SF while the bar is baked samples 

containing purely broccoli powder were submitted for external analysis at Eurofins. The 

broccoli powder used in the functional food bar claimed a concentration of 1 % SF. Three 

samples of 10 g each with a variety of heat exposure were sent for analysis and SF concentration 

were found in all samples, as can be seen in Table 10. 

 
Table 10: Sulforaphane concentration analysis results 

Sample Treatment Sulforaphane concentration 

Sample #0 Untreated 0,593 % 

Sample #1 Baked 5 minutes at 100 °C 0,895 % 

Sample #2 Baked 5 minutes at 75 °C 0,835 % 

 

Sample #0 was left untreated with no exposure to heat and provides a SF concentration baseline 

of 0.593%. Sample #1 and sample #2 where baked and exposed for different heat temperatures 

for 5 minutes respectively. Sample #1 showed the highest concentration by 0.895% where 

sample #2 presented a SF of 0.835% also above baseline.   
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5. Discussion 

This project was well suited for application of the chosen Biomechatronic Design methodology 

as it provided a framework from which a design solution was generated in an iterative manner. 

For an optimal implementation of the abovementioned methodology the project would 

beneficiate from performing additional practical experiments earlier in the project phase to 

evaluate ingredients as well as investigate different downstream baking methods. The limiting 

project time frame made this unachievable since this would have broaden the project scope 

outside the available working hours. The process of acquiring chosen ingredients from within 

Lantmännen took 2 weeks, including order placement and transportation. Since ingredients was 

to be firstly discovered by literature and competence studies before the process could take place 

this led to a reduced time window for practical experiments. The downstream process was 

developed by drawing conclusions from earlier bar production competence within Lantmännen 

alongside literature studies and qualified input from the design team. The resulting downstream 

process parameters, as can be seen in Table 7, which was applied to all upstream alternatives 

in order to differentiate alternatives by comparison. By limiting the project to one downstream 

process, the project scope was narrowed focusing on the task at hand, to develop a functional 

food bar recipe and produce a product prototype. Regardless the major limiting step of a short 

project time frame, the chosen methodology proved a useful tool to evaluate and elaborate 

design options and generating a final design solution.  

 

Initially, by defining customer needs and demands and transform these to measurable target 

values, as can be seen in Table 4, the project foundation was set, and the project objectives 

made attainable. The majority of the needs was addressed at the beginning of the project and 

some needs was raised throughout the project by literature study and expert design-based 

suggestions. The needs raised throughout the project was addressed immediately by close 

dialogue to supervisor and end customer within Lantmännen in order to ensure customer 

satisfaction in chosen bar ingredients and the end product. In combination with defining needs 

ingredient group, presented in figure 5, was identified based on literature study, market survey 

and competence within Lantmännen. The identified ingredient groups were found in similar 

products on the market there among Extend Nutrition Bar (Extend Nutrition, 2019) which is 

also aimed toward a T2D target audience. Key ingredients within identified ingredient 

groupings, presented in Table 6, were thereafter pursued by further literature studies and 

dialogues with former bar production colleagues at Lantmännen. A close dialogue with end 

customer within Lantmännen was held to ensure that the ingredients chosen fulfilled 

requirements as well as company policies and working principles.        

 

As mentioned above, the Biomechatronic Design methodology is well suited to a project of this 

character, however it is of the upmost importance that the methodology is applied properly. 

Since the project scope house questions requiring different competences an interdisciplinary 

expert design team, from which a close dialogue throughout the project, is necessary. 

Incorporation of the design team in the third step of the Biomechatronic Design Figure 3, is 

indispensable in order to generate concepts based upon creativity, previous experience, 

competence and imagination. The generated concepts comprise of a combination of four 

upstream alternatives and one downstream process and is consequently rather limited. 

Correspondingly, this circumscription alongside the short project time frame might dismiss 

other not thought of possible concepts, which are not incorporated and evaluated in the project.    
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The generated concepts and respective practical experiments were evaluated by the subsequent 

methodological step, namely the scoring matrix as can be seen in Table 8. Concepts was scored 

based on level of fulfillment of criterion which were weighed by its importance. Criterion 

importance and weight was decided by the design team based on literature findings and internal 

competence and experience. The end product section was weighted higher and therefore proved 

most decisive in concept scoring. Since this section includes criteria such as perception of taste, 

appearance and texture the human factor is at play and affect the outcome greatly. For instance, 

the criterion taste equals a weight of maximum 5 and may differ between individuals, resulting 

in score ranging from 5-20 points as is the case in alternatives UC-DA and UD-DA in Table 8. 

The chosen final concept alternative UD-DA which yielded the highest score of 179 point is 

also noticed in Table 8 and is as a consequence deemed the best design solution.  

 

As part of a methodological screening step the nutritional calculation was carried out in order 

to ensure the project requirement of a bar constituting a caloric value < 200kcal, as well as to 

visualize respective ingredient caloric contribution. The final design concept UD-DA, as can 

be seen in Table 9, indicates a bar constituting a caloric value of 140 kcal which is well below 

the project requirement and accordingly regarded as an advantageous design solution. 

Comparison with benchmark products, which similarly address T2D as a target groups, 

comprise caloric values in the range of 100-160 kcal (Rafkin-Mervis and Marks, 2001) and 

proves the project findings as reasonable. Table 9 specifies three major contributors to the total 

caloric value namely oatmeal (23%), rapeseed/shea oil (19%) and pea protein crisp (17%). In 

order to lower the functional food bar caloric value towards the products in the lower part of 

the caloric range these three components are to be scrutinized to a greater extent.       

 

Results regarding analysis of sulforaphane concentration in broccoli powder, presented in Table 

10, reveal unsurmised findings. Firstly, the broccoli powder supplied is claimed to contain 1% 

SF which is counter proven by analysis of untreated sample concentration of 0.593%. This 

discrepancy is most likely explained by external factors outside the baking process either with 

the supplier or the analysis process at Eurofins. Since these analytic results was provided in the 

final weeks of the project this subject was unfeasible to investigate further within the project 

scope. Since water is thought of to be evaporated by baking, water content could be analysed 

in the samples to better understand SF concentrations. The untreated sample concentration 

sample can however be used as a baseline indicating that the baked samples bear higher 

concentrations, sample #1 (0.895 %) and sample #2 (0.835%). These findings are possible to 

be explained by drying of sample due to heat exposure which lowers the water content in the 

broccoli powder and as a consequence increase SF concentrations.  

 

Since the sample analysis represents a simulation of the baking process, these results are not to 

be regarded an exact assurance but provide insight of heat exposure and SF concentrations in 

the final product. The exposure to heat during a short period of time seems not to have degraded 

SF in such a way previously shown (Jin et al., 1999; Wu et al., 2014).  Since SF concentration 

is as of today solely detectable in broccoli powder and no other composition, analytic method 

development is needed to assure SF levels in baked goods such as the functional food bar. The 

resulting functional food bar prototype resembles the thought of final product regarding 

appearance, texture and provides a savory flavor of beetroot and broccoli as requested. If the 

abovementioned analytical methods are to be developed and applicable, the importance of these 

findings regarding SF incorporation is increased and other possible foods could be transformed 

into functional foods.  
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6. Conclusion 

The main conclusion for this project study is that in order to ensure a functional food bar with 

the same effect as the broccoli powder of today, further studies regarding SF is necessary. The 

project has generated an applicable recipe which, when executed, transforms raw material into 

a SF enriched functional food bar according to project requirements. The project also concludes 

that the production of the functional food bar is feasible in small scale by a single operator and 

can as a consequence be developed without larger expenses.  

 

The project’s main objective was to formulate a SF enriched bar recipe, to generate a test-batch 

prototype bar and to ensure SF activity within the new functional food product. The report 

presents a possible process alternative which by practical experiment generates a functional 

food bar which meet project requirement regarding appearance and nutrition. However, the 

objective of ensuring SF levels and effect in the final product was not achieved although 

experience towards better knowledge of SF was gained.   

 

As illustrated in the introduction chapter, this projects’ expected impact was firstly to 

successfully incorporate SF into a functional food bar and secondly, by keeping the process 

within business area boundaries, provide a platform for future incorporation activities. By 

achieving this Lantmännen’s product portfolio can be scrutinized in order to find new SF 

incorporation possibilities and as a consequence new functional food products. If SF 

concentrations is to be ensured the SF enriched bar, with its proven blood glucose regulating 

therapeutic effect, will reduce risk for complications caused by high glucose levels in T2D 

patients.    

 

Work that lays ahead in the future consists of further investigation of SF stability and 

degradation in supplied broccoli powder in order to ascertain effect. Analysis methods to ensure 

SF levels are to be sought after and once available SF concentration analysis is to be 

implemented. Moreover, the supply chain providing the SF rich broccoli powder should be 

further investigated and developed in order for Lantmännen to be expert in sulforaphane and 

its characteristics. When SF levels are ascertained the future task is to develop a production line 

to enable production in larger scale of the functional food bar.  
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Appendix A  
Original Planning Report 

 

Abstract 
The project’s main goal was to compose a functional food product with sulforaphane suitable 

for patients with type 2 diabetes (T2D) and prediabetics as an in-between-meal snack to aid 

regulation of blood sugar levels. The main goal was divided into the following sub-goals with 

apparent connections to project milestones: 

 

I. Gain knowledge of desired ingredient groups and their respective traits and generate a 

broad concept recipe based on literature study and market research. 

II. Identify key ingredients within groupings by capability scoring and ascertain 

compatibility.  

III. Formulate detailed concept recipes, containing chosen key ingredients, which fulfils 

requirements. 

IV. Evaluate chosen formulated recipe and ascertain sulforaphane effect in produced bars 

by experimental work and analysis. 

 

The hypothesis was, by a suitable recipe, to produce functional food bars with the same blood 

sugar regulatory effect as the present-day broccoli powder within the project time frame. A 

systematic work approach is implemented and used in the project methodology alongside an 

empirical approach to evaluate the above stated hypothesis. 

 

Purpose of project, Goals and Sub-goals 
The object of this project was a functional food bar functioning as an in-between-meal solution 

for prediabetics and T2D. The bar containing a broccoli concentrate powder with the 

antioxidant Sulforaphane is thought of to be used as a health beneficial snack aiding blood sugar 

level regulation.  

 

Sulforaphane (SF), C6H11NOS2, is an antioxidant with the chemical structure depicted in 

Figure 1. Sulforaphane is commonly present in cruciferous vegetables there amongst broccoli 

and constitutes the active bar ingredient in the broccoli concentrate powder (Kushad et al., 

1999). The commissioner of this project is A/S Faktor Functional Food group within 

Lantmännen in Stockholm. The commissioner’s purpose was to generate a recipe which 

integrates the present broccoli powder with sulforaphane into a bar as a vessel for its health 

beneficial capacity. By accomplishing this a product to aid blood sugar level regulation for 

T2D-patients and prediabetics was composed whereupon a new functional food product is 

acquired. 

 

 

 

 

 

 

 
Figure 1: Chemical structure Sulforaphane 

 

The purpose beyond the project was to make the sulforaphane bar available for customer 

markets. 
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Hypothesis 
The hypothesis was that it will be feasible to integrate the broccoli powder into a functional 

food bar solution which will have regulatory effect on blood sugar levels within the project time 

frame. By achieving this, one bar will contain a daily dose and will by long-term use show 

similar beneficial blood sugar level trends which will help T2D-patients and prediabetics. The 

bar constitution and capacity will be investigated further such as the effects are maintained. 

Ingredient elements of interest are oats, sulforaphane, chromium, agglomeration agents, fiber, 

sweeteners and taste agents.  

 

The ingredients will be investigated by literature study, competence research within 

Lantmännen group and practical review of today’s market. The thought of a product, containing 

sulforaphane, is deemed a functional food which is associated with physiological health benefits 

(Alkhatib et al., 2017). 

 

T2D treatment strategies is dependent on the patient’s disease progression where different 

approaches can be sufficient, there amongst lifestyle changes and diet changes (Phielix et al., 

2010). Cruciferous vegetables, there amongst broccoli, have shown high levels of the organic 

compound Glucosinolates which together with enzyme Myrosinase form SF (Kushad et al., 

1999; Guo, Yuan and Wang, 2013). A concentrated broccoli extract containing Sulforaphane 

have been shown to reduce glycated hemoglobin HbA1c and fasting blood glucose levels in 

dysregulated obese T2D by downregulation of the livers’ endogenous glucose production 

(Axelsson et al., 2017). 

 

Project Objectives 
The main goal was to formulate a recipe of a sulforaphane enriched bar, to generate a test batch 

containing sulforaphane and to ensure its ingredients activity. By achieving the main goal, a 

new functional food product with the same regulatory capacity as the present-day broccoli 

powder is produced and can be distributed. Furthermore, if the goal was obtained knowledge 

of the sulforaphane integration into food is gained then this can later be applied on other victuals 

of interest to widen the product range.  

 

The main goal was divided into the following sub-goals: 

 

I. Gain knowledge of desired ingredient groups and their ingredients respective traits and 

generate a broad concept recipe based on literature study and market research. 

II. Identify key ingredients within groupings by capability scoring  

III. Formulate detailed concept recipes, containing chosen key ingredients, which fulfils 

requirements. 

IV. Evaluate chosen formulated recipe and ascertain sulforaphane effect in produced bars 

by experimental work and analysis. 

 

Boundary Conditions 
The project was limited to 20-week 40 hours a week period and the final product is a report and 

presentation at Liu and Lantmännen. The broccoli powder constitution was given, and 3,6 g is 

to be integrated into one bar to satisfy a daily dose. Furthermore, conditions regarding low 

Glycemic Index, total maximum weight of 50 gram and a shelf-life of 6-12 months was to be 

satisfied. The project is carried out at Lantmännen which sets the condition that confidential 

information will be withheld from the final report. The project will be limited to producing a 
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functional food bar with the available equipment and facilities within the Lantmännen group 

where company production standards will be met. 

 

Study Model 
The project study model, as can be seen in Figure 2, defines the bar creation process with human 

systems (HuS), technical systems (TS), ingoing- and outgoing parameters/elements. HuS refers 

to conceptual design ideas input and baking process operators. TS refers to process controlling 

parameters to ascertain the activity with the integrated SF in the bar. Both HuS and TS are 

systems which interacts with the study model and the subprocesses. The ingoing 

elements/parameters consists of raw bar ingredients (oats, fiber, fat, agglomeration agents etc..) 

and the broccoli powder with SF. The bar production process parameters consist of heating, 

electricity and other environmental parameters. The outgoing elements is production waste 

including heat and unused raw material and the final product the SF-bars. 

 

 

 
Figure 2: Project Study Model 

 

Milestones 
 

Milestone  Short description Type of deliverable Week 

1  Planning Report approved Report 3 

2 Identify ingredient groupings & generate Concept Recipes based on 

literature study and market research 

Figure & Table 4 

3 Identification key ingredients and ascertain recipe compatibility List & Table 6 

4 Half-time presentation & report completed Report & Presentation 10 

5 Practical experiments & Recipe Evaluation   Experimental work & Table 11 

6 Generate Detailed Recipe & Recipe Validation  Recipe & Analysis Results 15 

7 Final Report completed  Report 18 

8 Final Presentation Oral Presentation 20 

9 Corrected Final Report Approval Report 20 

 

Time plan 
The approval of the planning report was crucial to define the project and expectations which is 

required to enable the launch of sub-goal study activities. To generate a detailed recipe, practical 

experiments and result validation must be carried out beforehand to ascertain a working recipe. 

Since the project time frame is limited to 20 weeks a continuous report writing approach was 

applied to ensure a finished final report. 
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Gantt diagram  
 

ACTIVITY 

Project week 1 2 3 4 5 6 7 8 9 
1

0 

1

1 

1

2 

1

3 

1

4 

1

5 

1

6 

1

7 

1

8 

1

9 

2

0 

Calendar week 5 6 7 8 9 
1

0 

1

1 

1

2 

1

3 

1

4 

1

5 

1

6 

1

7 

1

8 

1

9 

2

0 

2

1 

2

2 

2

3 

2

4 

Planning report                                         

MS1: Planning report complete                                        

Sub-Goal I                                         

MS2: Reach Sub-Goal I                                       

Sub-Goal II                                         

MS3: Reach Sub-Goal II                                       

Write Half-time Report                                         

MS4: Half-time Report complete                    

  

                  

Sub-Goal III (Pract. Experiments *)               * * *                     

MS5: Reach Sub-Goal III                        

  

             

Sub-Goal IV (Pract. Experiments *)                     * * * *             

MS6: Reach Sub-Goal IV                             

 

 

         

Write Final Report                                         

MS7: Final Report complete                                        

Prepare Presentation                                         

MS8: Final Presentation at LiU                                        

Correct final report                                         

MS9: Corrected Final Report                                        

 = Milestone  

Blue = Report writing 

Orange = Sub-goal study activities 

Green = Examining occasion preparation 
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Appendix B 

Table 11: Upstream recipe alternatives UA, UB, UC, UD with ingredient amount and caloric value calculated respectively. All 

alternatives present caloric values below the caloric value requirement of 200 kcal. 

 

 

Hubka-Eder map accounting for essential activities based on distinctive systems. TS represent 

technical systems, HuS stands for human systems. OdIn represents primary input operand, 

SecIn stand for secondary input. OdOut represents primary output operand, SecOut stand for 

secondary output.   

 

Concept Recipe UA  UB  UC  UD  
Ingredient Amount(g) Kcal Amount(g) Kcal Amount(g) Kcal Amount(g) Kcal 

Rye Flakes 7,5 24 7,5 24 5 16 7,5 24 

Raps/Shea 15 135 7,5 67,5 7,5 67,5 7,5 67,5 

Conc. Apple Juice 7,5 20,85 7,5 20,85 7,5 20,85 7,5 20,85 

Pea protein crisp 15 60,9 0 0 15 60,9 15 60,9 

Inulin 3,5 5,74 3,5 5,74 5 8,2 5 8,2 

Apple Splits 5 17,5 7,5 26,25 11 38,5 7,5 26,25 

Beetroot powder 3,75 14,025 7,5 28,05 7,5 28,05 6,5 24,31 

Water 3,75 0 4,5 0 5,5 0 4,5 0 

Oatmeal 23,5 86,45 23,5 86,45 20,5 75,41 21,5 79,09 

Resistant Maize 

Starch 6,5 9,28 6,5 9,28 6,5 9,28 6,5 9,28 

Salt 0 0,00 1 0,00 0 0,00 1 0,00 

Broccoli powder 9 29,70 9 29,70 9 29,70 9 29,70 

Conc. Lemon Juice 0 0 0 0 0 0 1 0,3 

Blueberry Oat Puff 0 0 15 57,9 0 0 0 0 

Per 100g product 100 403,44 100,5 355,72 100 354,39 100 350,38 

Per Bar (40g)  161,37  142,28  141,75  140,15 

Figure 8: Hubka-Eder map accounting for essential activities based on distinctive systems. 
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