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Sammanfattning 
 
Jordens befolkning förväntas ha överstigit 9 miljarder till 2050, vilket leder till en ökning av 

matbehov med 70%. Ungefär en tredjedel av all producerad mat slängs idag, speciellt grönsaker, 

bröd och annan mat med kort hållbarhetsdatum. Det är väldigt viktigt att hitta sätt att minska och 

återanvända avfallet om miljöpåverkan ska kunna minskas.  

 

Brödrester är en stor del av Sveriges totala matavfall och använt spannmål (BSG) står för den största 

delen av biprodukter från bryggningsindustrin. De kan tillsammans användas som substrat för att 

fermentera en svampburgare som är rik på näring och protein. Denna studien syftar till att bestämma 

vilken filamentös svamp, N. intermedia eller R. oryzae, som ger de bästa resultaten med avseende 

på konsistens, proteininnehåll, smak och utseende. Detta gjordes genom textur- och proteinanalys 

på svampburgarna. 

 

Ingen av svamparna utmärkte sig med märkvärt bättre resultat gällande konsistensen, men resultaten 

för studien hade en del osäkerheter i resultatet på grund av otillräcklig tillväxt. Med avseende på 

smak var N. intermedia att föredra, då den hade en sötare och mer behaglig smak. Vad gäller 

utseende så ser båda burgarna väldigt aptitliga ut, och de anses ha stor potential som köttsubstitut, 

men vidare forskning inom området krävs. 

 

Abstract  
 
Earth’s population is expected to have exceeded 9 billion people by 2050, leading to a 70% increase 

in food demand. Today, approximately one quarter to one third of all food produced goes to waste, 

especially vegetables, bread and other foods with short shelf life. Finding ways to reduce and reuse 

the waste is very important if the impact on the environment is to be decreased.  

 

Stale bread accounts for a large part of Sweden’s total food waste and brewers spent grain (BSG) 

is the brewing industry’s major by-product. Combined, they can be used as a substrate to produce 

a fungal fermented burger, rich in nutrients and protein. This study aims to determine which fungus, 

N. intermedia and R. oryzae, provides the best results regarding texture, protein content, taste and 

appearance. This was done by performing texture analysis and protein analysis on the fermented 

burgers.  

 

None of the fungi showed significantly better results than the other regarding texture. However, the 

results from this study have a few uncertainties due to lack of growth. The fungus that was preferred 

when considering taste was N. intermedia, which had a sweeter and more pleasant taste in general. 

Regarding the appearance of the fermented burgers, they are very different but they both are equally 

as appealing to the eye. The fermented burgers show great potential as meat substitute, but extended 

research is required.    
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1 INTRODUCTION  
 

By 2050, the world’s population is expected to have exceeded 9 billion people, resulting in a 

70% increase in food demand to feed the growing population. Moreover, along with a wealthier 

population, the meat consumption is predicted to increase by 13% per capita (Godber & Wall 

2014). Such increase would demand a large percentage of the Earth’s resources and the 

production of meat on its own accounts for a large part of emissions of greenhouse gasses, 

especially true for beef production (Petrovic et al. 2015). It is therefore necessary to find 

alternative, less resource-consuming protein sources to substitute meat or meat products. 

 

Managing and reducing the large amount of waste generated has risen over the years. 

Approximately one quarter to one third of all food produced goes to waste, especially 

vegetables, bread and other foods with short shelf life. To be able to reduce and reuse most of 

the food residue, or even parts of it, would make a huge difference (Bellemare et al. 2017; 

Naturvårdsverket 2018). One alternative is the use of industrial by-products for the production 

in another industry. Brewers spent grain (BSG) is the brewing industry’s major by-product and 

accounts for approximately 85% of their total waste. BSG cannot be digested by humans 

directly and must be processed (Mussatto, Dragone & Roberto 2006). Another waste product 

that has great potential for reuse is bread. Something that would be disposed or made into biogas 

can instead be used for new food, as the nutrients contained in bread can be reused by cultivating 

microorganisms such as fungi. 

 

A study was made on how Pleurotus ostreatus grows when cultivated on BSG, and the study 

showed that fruit bodies would grow on BSG alone, but the biological efficiency were higher 

when the substrate composition were 50% BSG and 50% wheat bran. The results also showed 

that mushroom cultivated on the substrate had higher nutritional value in comparison with other 

types of substrate, and the protein content had a total of 53,3% on a dry weight basis (Wang, 

Sakoda & Suzuki 2001). 

 

Therefore, two filamentous fungi (Neurospora intermedia and Rhizopus oryzae) was used in 

this study to produce a potential meat substitute with stale sour dough bread and BSG as 

substrate. Both components are considered waste for the producers and must be recycled, if not 

used by others, and that is often at a cost.  Therefore, it is economically beneficial for all parties 

when the waste is used as substrate in the production of the fermented cakes. The producers get 

rid of their waste and the production for the fermented cakes get their substrate at a low or no 

cost, all year round (Mussatto, Dragone & Roberto 2006). 

 

The fungi used for this study also has applications in other areas. N. intermedia can be used to 

produce a natural pigment, yellow-to-orange carotenoids, during fermentation. The biomass 

from N. intermedia is edible, and rich in essential amino acids and omega-3 and -6 fatty acids, 

which can be used to increase the quality of feed (Gmoser et al. 2018). The fungus can also be 

used to produce ethanol when fermented in airlift bioreactors (Ferreira et al. 2016). R. oryzae 

is a fungus with multiple applications, such as production of sustainable platform chemicals 

ethanol, fumaric acid and L-(+)-lactic acid. It is known to grow on a wide range of carbon 

sources and is used in Asia for food fermentation to produce alcoholic beverages, tempeh or 

ragi (Meussen et al. 2012). The enzyme lipase from R. oryzae is used in the process of biodiesel 

synthesis, which could make it more economically beneficial (Duarte et al. 2015). 
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The filamentous fungi are high in mycoproteins as well as other nutrients such as fibres. 

Mycoprotein has been associated with its cholesterol-lowering effects and control the blood 

sugar level in humans (Denny, Aisbitt & Lunn 2008). The fiber rich fungal biomass is also 

beneficial since the majority of adults are not eating enough fibre, and studies show that people 

who eat a high-fibre diet usually has a reduced risk of certain cancers and obesity (Buttriss & 

Stokes 2008). The high protein content and additional health benefits makes fungal biomass a 

promising meat substitute. 

 

Texture is another important factor when it comes to the acceptance of food. A study performed 

by (Takahashi et al. 2009) examined if human bite parameters can be correlated to mechanical 

properties. A multiple-point sheet sensor was used to determine correlations with compression 

test, puncture test, maximum bite force, ease of chewing and the impulse of the first bite. The 

measured values were divided depending on the looks of the graphs of maximum force, and 

results showed that a non-linear model best described the correlation between bite parameters 

and mechanical parameters. 

 

In this study, texture and protein analysis was conducted on fungal burgers produced via solid 

state fermentation on stale bread and/or BSG by N. intermedia or R. oryzae. The problem 

statements addressed were: 

 

 Which fungus provides the best results regarding texture, protein content, taste and 

appearance?  

 What incubation time is most suitable regarding the protein content over time? 

 When does the texture become too hard and non-appealing regarding the percentage of 

BSG in the burger?  

 Can the texture be approved by freezing the fermented burgers?  

Results were compared with previous studies and other meat substitutes available on the market. 

The study aims to increase the value of food waste by using it to produce new food for a growing 

population, while reducing meat consumption and emissions associated with it. 

1.1 Ethical aspects and sustainable development 

 

While hoping that the fermented burger will become a success, there are a few things to take 

into consideration. If becoming a commercial product, the amount of stale bread and brewers 

spent grain needed will increase significantly, leading to the need of multiple distributers. This 

decreases the amount of food waste, which is positive, but when obtaining substrate from 

different distributers the quality might differ, making it hard to guarantee a certain quality of 

the product. Furthermore, the making of the fermented burgers is very time consuming. Not 

only the preparation before incubation (which at the moment is made by hand, one burger at 

the time) but the fermentation itself. Making the preparations as efficient as possible and 

minimizing the contamination risk is necessary and would be financially profitable. Shortening 

the incubation time would also be economically beneficial but compromising the incubation 

time will affect the protein content in the burgers which is an undesired outcome. This is a 

complex evaluation between economics and product quality and must be thoroughly thought 

through.   

 

The production of fermented burgers will also take up a lot of space and result in a large amount 

of plastic waste. Investing in climate chambers that can fit many burgers would be preferable. 
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Also, decreasing the amount of plastic waste by investing in reusable containers would make 

the fermentation more sustainable and probably more financially profitable.  

 

Today, a lot of attention revolves around the food vs fuel debate. The problematic question 

about which crops should be prioritised from an economic, environmental and ethical 

perspective. One could argue that when decreasing the amount of food waste, it has a negative 

effect on the biogas industry. As mentioned, bread makes up for a large part of the total food 

waste in Sweden, and it may affect the biogas production if a large part of bread is used when 

producing the fermented burgers. However, this product does not interfere with the distribution 

of land between agriculture and biofuel industries.  

 

Biodegradable plastics may help in the food vs fuel debate if bioplastics could be composted in 

the same way food waste is, to produce methane (CH4) during anaerobic fermentation. Studies 

has been made on poly (lactic acid) and polycaprolactone to observe how it decomposes when 

composted in an anaerobic environment. The study showed that the bioplastics did not 

decompose totally, but up to 95% (Yagi et al. 2010). The research of decomposable bioplastics 

will probably increase in the future, partly to be able to produce green energy from it, but mostly 

to decrease the amount of plastic present in the sea. 

 

If we want the future generations to grow up in a world with healthy seas and flourishing 

biodiversity, we need to act now. Decreasing the greenhouse gas emissions is one of the most 

important goals and as mentioned before, the meat industry is responsible for a large amount of 

the emissions. Through sustainable development, a greener future awaits.  

2 MATERIAL AND METHOD 

2.1 Fungal strain 

 

The edible filamentous fungi Ascomycota Neurospora intermedia, derived from the family of 

Sordariaceae and Zygomycota Rhizopus oryzae, derived from the Mucoraceae family, were 

used in this study.  The fungi were grown separately on potato dextrose agar (PDA) containing: 

20 g/l D-glucose, 15 g/l agar and 4 g/l potato extract. The PDA plates were prepared via 

incubation for 3-5 days at 30 °C and then stored at 4 °C. For each fungus, spore solution was 

prepared by adding 20 ml of sterile distilled water to the PDA-plates. The spores were released 

with a sterile, L-shaped plastic spreader. The spore solutions were transferred to Falcon tubes 

followed by storage at 4 °C. The N. intermedia and R. oryzae had a spore solution concentration 

of 2.7 × 106 and 1.4 × 106 spores/mL respectively. The spore concentration was determined 

by diluting the spore solution by 10 and using the Bürker chamber method.  

2.2 Solid state fermentation  

 

In Petri dishes, the fungi were grown in 15 g of substrate consisting of: grinded stale sterile 

sourdough bread (see figure 2.2.1) with 0-20% brewers spent grain (BSG) (see figure 2.2.2), 

giving the substrate a moisture content of 0%. Milled BSG was used for a part of this study. To 

the substrate, 9 ml of distilled water and 1 ml of spore solution was added (if not stated 

otherwise) giving the substrate a total moisture content of approximately 40%. The substrate, 

spore solution and water were mixed together with an L-shaped plastic spreader (figure 2.2.3). 

The plates were weighed and then incubated in a climate chamber for 6 days at 35 °C and 90% 

relative humidity.  
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Meat substitutes and minced meat burgers were used as references. Anamma´s vego burgers, 

ICA´s vegetable burgers, Quorn´s vegan crispy burgers and Kung Markatta´s marinated tofu 

was used. The burgers were thawed out before analysis to provide the most representative 

results as possible.  

 

  
Figure 2.2.1, Grinded sour dough bread. Figure 2.2.2, Brewers spent grain. 

 

 
Figure 2.2.3, The mixed substrate and spore solution before incubation. 

 

Figure 2.2.4 A and B shows the fermented burgers with N. intermedia respectively R. oryzae 

after six days of incubation time.  

  . 

Figure 2.2.4 A, N. intermedia burger  Figure 2.2.4 B, R. oryzae burger 
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2.3 Protein analysis 

 

To determine the protein content in the fermented burgers the Kjeldahl method was applied.   

The fermented burgers were grown as described above on a substrate consisting of stale 

sourdough bread. After the incubation time the burgers were dried in an oven at 45 °C for a 

minimum of 2 days. Using a Retsch MM 400 ball mill, the dried fermented burger was milled 

into a powder using the frequency 30.0 s-1 and time 30 s. 

 

Approximately 0.5 g of each sample was weighed and transferred to digestion vessels. After 

adding one KT1 tablet and one antifoaming tablet to each vessel, 20.0 ml of concentrated (95-

97%) sulphuric acid was added. The digestion vessels were placed in the Behrotests® In Kjel 

digestion unit and the digestion ran for 90 minutes with 10 minutes of heating up the system, 

making a total time of 100 minutes. Meanwhile, one Erlenmeyer flask for each sample was 

prepared with 50.0 ml of 4% boric acid.  

 

After the digestion the samples were distilled in a Behr distillation unit. A condensate, for each 

sample, was obtained in the Erlenmeyer flask containing boric acid. The condensate was 

immediately titrated with 0.10 M HCl until pH 4.6 was reached. The nitrogen content was then 

calculated and converted into protein content by using the protein conversion factor 6.25. 

2.4 Texture analysis 

 

Using a calibrated Perten TVT 6700 Texture analyser, the texture was analysed by puncturing 

and cutting the fermented burgers. The puncture and bite force tests resulted in a maximum 

peak force (N) which can be used as a measurement of the fungus burgers behaviour when 

under a pressure load. Puncture test was performed on raw and fried samples while bite force 

test was carried out exclusively on fired fermented burgers and reference burgers.  

 

The instrumental settings differed to some extend between the two analysing methods. The 

general settings (which were the same for both teste) can be seen in table 1 below. For the 

puncture tests the probe 673005 Cylinder Probe 5 mm Diameter Stainless Steel (figure 2.4.1) 

was selected. A settings profile was made and used for both raw and fried fermented burgers as 

well as when analysing the reference burgers. The profile for puncture tests had the sample 

height 13 mm, auto probe height not selected, initial speed 3 mm/s and compression 90 %. 

 

When executing the bite force tests the N671306 Knife Blade with Probe Holder probe was 

used together with the 675080 Heavy Duty Stand rig (figure 2.4.2 A and B). The 675010 Set 

Insert – HDS was selected as insert. As well as for the puncture test, a setting profile was made 

to analyse the fermented burgers and the reference burgers. This profile had the sample height 

set to 15 mm, auto probe height selected, initial speed of 2.0 mm/s, compression of 25 mm.  

These parameters were the same for all profiles:  
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Table 2.4.1: Instrumental settings 

Type: Compression 

Test mode: Single cycle 

Force unit: Newton 

Starting distance from sample: 5 mm 

Custom force or distance: 0.0 mm 

Test speed: 1.0 mm/s 

Retract speed: 1.0 mm/s 

Trigger force: 50 mN 

Data rate: 200 pps 

Distance above trigger: 0.0 mm 

Diameter: 90 mm 
 

 
Figure 2.4.1, Puncture probe 673005 

 

   
Figure 2.4.2 A, Bite force probe N671306  Figure 2.4.2 B, Bite force rig 675080 
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After carrying out the puncture test on the raw fermented burgers, they were fried in a frying 

pan with approximately 7.5 ml of rapeseed oil at 110 °C for a total time of 10 minutes (5 minutes 

on each side). Puncture test and bite force test were then performed on the fried fermented 

burgers. The same procedure was applied on the reference burgers. Figure 2.4.3 shows what a 

N. intermedia burger grown in only bread looks like in three different stages, before incubation, 

after incubation and when fried. In figure 2.4.4 the N. intermedia burger has been grown in a 

substrate with 10% BSG and fried.  

 

 
Figure 2.4.3, N. intermedia burger with 0% BSG – before incubation, after incubation and when fried. 

 

 
Figure 2.4.4, A fried N. intermedia burger grown in 10% BSG. 

 

Texture analysis was also performed on fermented burgers that were fried when frozen. After 

the incubation time the fungus burgers were frozen for a minimum of 24 hours and then fried 

under the same conditions as described above. This study also examined how the spore 

concentration affected the growth and texture of the fermented burgers. It was done by adding 

1:9, 2:8, 4:6 or 8:2 ml of spore solution to water to the substrate.  
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3 RESULTS 

 
Determination of which fungi, N. intermedia or R. oryzae, has the highest potential as a meat 

substitute regarding texture, protein content, taste and appearance was based on the results 

obtained from the different analysis. The collected data is presented in figure 3.1-3.6. Due to 

growth problems throughout this study, the results are not completely reliable, and this will be 

discussed later in the report.  

 

Minitab was used to obtain probability values (p-value) and equations to easier interpret the 

results. A p-value > 0.05 indicates that there are no significant difference and the equations 

describe the correlation between peak force (N) and the examined parameter.  

As seen in figure 3.1 the protein content in R. oryzae burgers peaks at six days and decreases 

afterwards, while the protein content in N. intermedia burger keeps increasing even after eight 

days of incubation. Despite this, an incubation time of six days was determined for both burgers 

due to limited time.  

 
Figure 3.1, Protein content over time 

 

When performing puncture test there is a significant difference between the peak force of a raw 

and fried burger, figure 3.2. Furthermore, there is no significant difference when performing 

puncture test on two fried burgers, grown on the same substrate composition but with different 

fungi. This can be backed up with the p-value which in this case is 0.114. However, fungus and 

the substrate by themselves do show significant differences with p-values of 0.004 and 0.001 

respectively. The obtained equations for N. intermedia and R. oryzae were: 

𝑃𝑒𝑎𝑘 𝑓𝑜𝑟𝑐𝑒𝑁.𝑖𝑛𝑡𝑒𝑟𝑚𝑒𝑑𝑖𝑎 = 18.98 + 0.543 × 𝐵𝑆𝐺% 

𝑃𝑒𝑎𝑘 𝑓𝑜𝑟𝑐𝑒𝑅.𝑜𝑟𝑦𝑧𝑎𝑒 = 12.80 + 0,543 × 𝐵𝑆𝐺%  
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Figure 3.2, Results from performing puncture tests on raw and fried fermented N. intermedia and R. oryzae burgers 

when grown on different substrate compositions.  

 

Unlike for puncture test, when performing bite force tests (figure 3.3) there is a significant 

difference between a N. intermedia burger and a R. oryzae burger when grown on the same 

substrate composition, p-value = 0.021. There is also a significant difference between which 

fungi (p-value=0.001) used and the substrate composition (p-value=0.000). The equation for 

N. intermedia was in this case  

𝑃𝑒𝑎𝑘 𝑓𝑜𝑟𝑐𝑒 = 60.32 + 3.398 × 𝐵𝑆𝐺%  
and for R. oryzae; 

𝑃𝑒𝑎𝑘 𝑓𝑜𝑟𝑐𝑒 = 45.55 + 3.398 × 𝐵𝑆𝐺%. 

 

 
Figure 3.3, Results from performing bite force tests on fermented N. intermedia, R. oryzae burgers and reference 

burgers.  
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Whole BSG has a large impact on the texture and a content of more than 10% BSG makes the 

fermented burger too hard. This is very distinct when tasting a burger with 15% or 20% BSG. 

Therefore, R. oryzae was grown on a substrate with milled BSG and as seen in figure 3.4 and it 

shows a great potential since it only increases the peak force to 75-80 N, same as for the soy 

burger. The equation obtained when using milled BSG was 

𝑃𝑒𝑎𝑘 𝑓𝑜𝑟𝑐𝑒 = 79.13 + 0.062 × 𝐵𝑆𝐺%. 

 

 
Figure 3.4, Results from bite force test performed on fermented R. oryzae burgers containing whole or milled BSG.  

 

To see how the growth is affected by the spore concentration, different volume of spore solution 

was added to a substrate containing only stale sour dough bread. The results (figure 3.5) shows 

that for N. intermedia 6.0 mL of spore solution results in the highest peak force burger and for 

R. oryzae a volume of 2.0 mL results in the highest peak force.  

 

 
Figure 3.5, The differences in peak force between burgers grown with different spore concentrations.  
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Frozen burgers were also analysed to examine whether it affected the texture after frying the 

burgers, but the results showed no significant difference (figure 3.6). Therefore, further tests 

were not made.  
 

 
Figure 3.6, Results for fermented burgers that were frozen before analysed. Whole BSG was used. 
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4 DISCUSSION 
 

Lack of fungal growth during fermentation was the main issue in this study. The two factors 

the seemed to affect the most was the climate chamber (CC1) and the spore solution. Another 

climate chamber (CC2) was tested to determine whether there was any difference between the 

chambers, and when using the same spore solution and settings, there was a significant 

difference to the fungal growth. In CC1 the growth was adequate when the burgers were placed 

on the middle racks, in the centre – right in front of the fans. When placed anywhere else the 

growth was poor and uneven. The burgers fermented by N. intermedia also lacked pigment 

formation when compared to the N. intermedia burgers fermented in CC2. All burgers 

fermented in CC2 had an even and thriving growth. Air circulation was probably causing this 

significant difference between the chambers, and since aeration plays a significant part in 

pigment formation (Gmoser et al. 2018), it validates the theory. See figure 4.1A and B of N. 

intermedia after two days in CC1 and CC2 respectively. 

 

    
Figure 4.1A, N. intermedia after two days in CC1.     Figure 4.1B, N. intermedia after two days in CC2. 

 

Different spore solutions gave different growth result when incubated in the same chamber 

under the same conditions. This could be related to poor growth on the PDA-plates or when 

collecting spores from the plates. Contamination also occurred a few times during this study, 

but nothing major. Mostly it was R. oryzae burgers slightly contaminated by N. intermedia 

which in the end did not affect the results.  

 

For the protein analysis, the burgers were made different days, with different spore solutions 

and in two different climate chambers. Due to uneven growth, it is reasonable to believe that 

the results could differ a lot from the actual protein content in one burger over time. Although 

the fungi show similar patterns in the graph (figure 3.1), it is unlikely that bread with 10% BSG 

as substrate has a lower protein content than just bread for R. oryzae, since the study by (Wang, 

Sakoda & Suzuki 2001) shows a significant increase in protein content when adding BSG to 

the substrate. A new protein analysis is recommended when the plates are made the same day, 

from the same spore solution and in a climate chamber that has consistent quality to get more 

reliable results. If the new analysis shows the same pattern, a longer fermentation time would 

be recommended for N. intermedia to increase the final protein content in the burgers. For R. 

oryzae, the protein content decreases after six days of incubation, so the current incubation time 

would be preferred in further studies of this fungus. 

 

Milled BSG was tested for R. oryzae to analyse if the texture changed significantly compared 

to whole BSG. This test was only performed once, and many of the fermented burgers showed 

a lack of growth, but nothing major. The reason could be, as mentioned, the climate chamber 
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or the milled BSG. When BSG is milled and mixed with bread, the substrate was more packed 

than with whole BSG and it could affect how air is able to permeate through the substrate. The 

results in figure 3.4 showed that BSG percentage did not matter as much for the texture as whole 

BSG. The milled BSG as substrate had a consistent value independent of the percentage around 

80 N, similar to the soy burger which had the best texture of the meat substitutes. A protein 

analysis is recommended for milled BSG as substrate, since the protein content might be 

greater, yet not affecting the texture. 

 

Regarding the standard deviations, mainly for the puncture test, one theory is the small area of 

the probe. Since the burgers are inhomogeneous it is reasonable that the peak force is higher if 

it analyses on a grain than if just bread and fungus is under the probe. When using the knife for 

bite force test, the probability of the knife cutting through equal parts of BSG and bread 

distributed in the sample is much higher, therefore the standard deviations is smaller but still 

higher than desired. More replicates are needed to decrease the deviations, but due to limited 

time during this study, this was not conducted. 

 

When tasting the fermented burgers, there were sometimes a bitter aftertaste. Most likely, the 

oil used for frying is rancid, since the taste got much better after switching to fresh oil. Another 

theory is that all the nutrition in the substrate had been utilized by the fungus, and therefore 

producing a by-product. The reason for this theory is that the burgers fermented in CC2 had a 

very bitter taste, and the better growth may be correlated to the nutrition being utilized before 

six days of fermentation. 

 

The graphs obtained from texture analysis is shown in annex 1 and was compared to the 

diagrams in the study made by (Takahashi et al. 2009). The main issue when comparing the 

graphs is that they differ a lot in appearance, even test results from the same burger, so the 

graphs presented in annex 1 are the ones with the most representable graphs for each sample. 

Therefore, the results in this study might not be reliable and difficult to compare with the results 

in the study by (Takahashi et al. 2009). However, some similarities were observed. The graphs 

for puncture test of the fungi and the minced meat burger in this study is similar to each other 

and can be compared with the stewed pork, when considering maximum peak force and the 

look of the graph. The results for the soy burger, Quorn burger and the vegetable burger are 

similar in appearance, while the tofu is very different. Neither of these have similarities to any 

product tested in the study by (Takahashi et al. 2009). When comparing maximum bite force, 

the results in this study is from a mechanical test, unlike the results from the other study who 

used a multiple-point sheet sensor, this may affect the correlation significantly. For all fungi, 

the graphs have a similar appearance for this test as well, with the only difference that R. oryzae 

with milled BSG has a smoother graph. These are the only graphs that is similar to the study, 

and again, it is with stewed pork.  

 

Although the study suggests a resemblance with stewed pork, this differs when actually tasting 

the fermented burgers. The texture is more bread-like and the taste is similar to fried 

mushrooms. The texture might be different if the burgers were properly fermented, but most of 

the burgers grew well at the bottom and on the sides, while not completely permeated by the 

fungi in the centre.  
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5 CONCLUSIONS 
 

The percentage of BSG preferred is 5% and 10% for both fungi, since that is when the texture 

is most appealing when tasting it and it generates the most similar peak force to the preferred 

reference burger, soy burger. With 5-10% BSG content in the substrate, the burgers obtained a 

peak force (when performing bite force test) of 70-90 N, whereas the soy burger had 80 N as 

peak force. Furthermore, the fermented N. intermedia burger grown in 10% BSG is the one 

burger to be preferred regarding protein content and texture. Despite the fact that R. oryzae 

cultivated on stale sour dough bread only obtains a higher protein content it does not generate 

equally as good results when it comes to texture.  

 

The BSG content affects the texture significantly and at 15% BSG and higher, the texture 

becomes less appealing for whole BSG. It gets harder to chew since the fungi seems to be 

unable to decompose all of the grains. As for milled BSG, the amount does not affect the texture 

noticeably since all the peak force values is between 70-85 N. Regarding frozen burgers, the 

texture did not become better nor worse. This might be interesting when considering storage. 

 

The incubation time was set to six days for this study, which is suitable for R. oryzae since the 

protein content decreases when let to ferment longer. For N. intermedia the incubation time 

should be extended according to the results. Despite that, six days of fermentation was used 

since the texture did not seem to differ significantly from six to ten days. 

 

The fungus preferred when considering taste is N. intermedia, which has a sweeter and more 

pleasant taste in general. Regarding the appearance of the fermented burgers, they are very 

different but they both are equally as appealing to the eye. 

 

The fermented burger has a promising future. To obtain more reliable result in further studies, 

a climate chamber with consistent quality is preferred and more replicates are needed to 

decrease the standard deviations. In conclusion, the fungus favoured in this study was 

Neurospora intermedia which seems to have the greatest potential in future studies in this field. 
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ANNEX 1 – Texture analysis graphs 
 

Puncture test 

 

Representable results from the puncture test of fried burgers, fermented burgers and meat 

substitutes is presented in figures A1.1-A1.8. 

 

 
Figure A1.1, Puncture test of fried burger.    Figure A1.2, Puncture test of fried N. intermedia. 

 

 

 
Figure A1.3, Puncture test of fried R. oryzae with    Figure A1.4, Puncture test of fried R. oryzae. 

milled BSG.   
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Figure A1.5, Puncture test of fried soy burger.   Figure A1.6, Puncture test of fried Quorn burger. 

 

 
Figure A1.7, Puncture test of fried vegetable burger.   Figure A1.8, Puncture test of fried tofu. 

 

Bite force test 

 

Representable results from the bite force test of fried burgers, fermented burgers and meat 

substitutes is presented in figures A2.1-A2.8. 

 

 
Figure A2.1, Bite force test of fried burger.    Figure A2.2, Bite force test of fried N. intermedia. 
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Figure A2.3, Bite force test of fried R. oryzae with  Figure A2.4, Bite force test of fried R. oryzae. 

milled BSG.   

 

 
Figure A2.5, Bite force test of fried soy burger.  Figure A2.6, Bite force test of fried Quorn burger. 

 

 
Figure A2.7, Bite force test of fried vegetable  Figure A2.8, Bite force test of fried tofu. 

burger.   
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