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1. Introduction 

A recent shift toward healthier and more sustainable dietary choices can be noticed, as the 

trends of food production are being reconsidered globally. Nowadays, one of the main 

concerns is the overconsumption of meat, especially red meat. While it is known for being 

nutritious, when consumed excessively and cooked at high temperatures, red meat can 

potentially lead to a wide range of health problems, including cardiovascular diseases, 

obesity, and some types of cancer. In this regard, there is a trend among many individuals to 

reduce or eliminate red meat from their diets. The alternative option for them is usually a 

vegetarian or plant-based diet.  

Nevertheless, this sudden change can pose particular problems, with the consequences 

mainly stemming from the lack of essential micronutrients, such as vitamin B12, iron, and 

zinc. Besides, many consumers face many difficulties when giving up the rich variety of 

flavours typically associated with meat-based products. Mainly, it goes for products like 

burger patties – they are strongly tied to convenience and taste preference.  

Everything mentioned above led to the development of a growing interest in hybrid food 

solutions, where meat is partially replaced with plant-based components, aiming to reduce 

the health risks and impact on the environment, with a minimal effect on flavour and texture. 

Mushrooms stand out as the most widely used ingredients for partially replacing meat. The 

reasons for this are their favourable nutritional profile, which includes fibre, antioxidants, 

several B vitamins (niacin, riboflavin, and pantothenic acid), as well as their umami-rich 

taste and meat-like texture. Moreover, they contain a lower amount of fat and cholesterol 

compared to meat. It must also be mentioned that they can improve the texture of the final 

product, making it juicier. 

The investigation of the techno-functional, nutritional, and sensory characteristics of 

partially meat-based mushrooms can lead to the development of healthier, more sustainable 

food products. The present research stands on the point that mushrooms can serve not only 

as a flavour enhancer or extender, but also as an essential ingredient to be combined with 

meat in different consumer markets. The hybrid food solution can be beneficial for meat 

processing companies: it reduces costs by using less raw meat while preserving consumer 

satisfaction by maintaining almost the same taste and texture profiles. 
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2. Aim of the Study 

The research investigates the techno-functional, physical, and sensory properties of a 

mushroom-based burger patty with reduced meat content, aiming to develop a nutritionally 

valuable product for consumers who wish to maintain their traditional eating habits. The 

research used ground beef as its base meat component because it remains a popular choice 

for burger production among consumers. The research selected oyster mushrooms (Pleurotus 

ostreatus). They possess a distinctive flavour and favourable texture and are both available 

and affordable. The research involved preparing 11 different patty mixtures, which 

decreased the meat content by 10% increments from 100% meat to 0% meat while 

substituting oyster mushrooms proportionally. The techno-functional properties were 

evaluated through rheological measurements and yield evaluations to determine the 

product's processing behaviour and industrial feasibility. The research team conducted 

instrumental colour analysis and visual shrinkage measurements to determine product 

consistency and appearance while assessing shelf appeal. The research used statistical 

methods to determine how rheological measurements and physical properties related to each 

other in different sample formulations. Consumer testing evaluated taste and aroma along 

with overall acceptability to determine the palatability and market potential of the developed 

patties. This research examines the practical application of this hybrid product as a 

nutritional supplement for human diets. The research investigates how consumer acceptance 

of mushroom-enriched burger patties relates to their techno-functional and physical 

attributes. 
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3. Literature Review 

3.1 Drivers of meat consumption 

Understanding the reasons behind consuming specific types of foods is a crucial step for 

improving health and environmental outcomes. For some people, there may be no dietary 

alternatives to animal-sourced food. For example, nomadic pastoralists in desert and 

semidesert environments, as well as traditional Inuit communities in the Arctic, are limited 

in their farming and hunting activities due to the scarcity of land with suitable soil for 

growing plants and the limited opportunities to purchase products. In other populations, on 

the other hand, there exists a problem of people's inability to buy and therefore consume 

generally considered desirable amounts of meat products. It must be stated, however, that 

at the present time, the opportunity for a large proportion of the global population to 

purchase and consume meat products is higher than it has ever been in history (Godfray et 

al., 2018). 

In addition to price, there are many factors behind making decisions to consume meat. 

Innate food preferences probably evolved in an environment where food scarcity was a 

constant risk. A natural desire for energy-dense and nutrient-rich food once promoted 

survival, but today it may lead to diseases such as overconsumption (Drewnowski et al., 

2012; Berridge et al., 2010). 

When it comes to shaping diets, biological and psychological factors co-exist in a constant 

interplay with each other: nowadays, the decision about purchasing meat is shaped not only 

based on affordability, but also a wide range of factors, including convenience, social and 

cultural values, dietary habits (Marteau et al., 2017). 

As it has been partly discussed previously, economics plays a very significant role in 

shaping diets. Livestock constitutes around 40% of agricultural output by price, with 

subsequent processing and retailing being substantial economic sectors in most countries. 

The meat production industry has a considerable political influence and can invest large 

amounts of money into advertising and marketing (Nestle et al., 2007). 

3.2 Meat Diet, effects on health 

The dominating framework through which studies on estimating the impact of meat 

consumption on health in the long term are conducted is epidemiological cohort studies in 
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which tens of thousands of participants report their dietary intake, with their health status 

being monitored over the course of years. The conclusions are based on the identified 

correlations between meat consumption and the risk of disease. The results of these studies, 

however, must be interpreted with great care to account for potential outside factors. Meta-

analyses that aggregate findings from individual cohort studies can offer estimates. 

However, their reliability is compromised if they merge data from dissimilar studies or 

inherit the same biases present in the original research (Barnard et al., 2017). 

Meat provides a wide range of essential nutrients, including protein and micronutrients 

such as iron, zinc, and vitamin B12. With a balanced diet, there exists a possibility to obtain 

a sufficient intake of these nutrients without consuming meat (Appleby et al., 2016; Orlich 

et al., 2013). However, in lower-income countries, access to alternative nutrient-dense 

foods may be limited; therefore, it is nearly impossible for the population to maintain diets 

low in meat without the risk of malnutrition (Dror et al., 2011; Jackson et al., 2016).  

Extensive studies and meta-analyses conducted in the Western wealthy countries steadily 

show that mortality rates tend to be higher when it comes to the part of the sample who 

follow a diet rich in both red and processed meat than in those with low meat intakes, 

whereas no or moderate inverse correlations have been observed for poultry (Rohrmann et 

al., 2013; Etemadi et al., 2017; Sinha et al., 2009; Wang et al., 2016). 

3.2.1 Meat Diet, diseases Risks 

The strongest evidence of the risks connected to high consumption of meat is its correlation 

to colorectal cancer. Due to the evidence of a link between meat consumption, the World 

Health Organisation’s International Agency for Research on Cancer (WHO IARC) has 

classified processed meat as carcinogenic to humans, with red meat classified as probably 

carcinogenic to humans (Bouvard et al., 2015). IARC estimates that 34,000 cancer deaths 

per year worldwide can be attributed to diets rich in processed meat. If the reported 

associations with red meat were proven to be causal, then diets high in red meat could be 

responsible for 50,000 cancer deaths per year worldwide (IARC, 2015). The average intake 

of processed meat in Western Europe [26.4 g day; (Micha et al., 2015)] would, based on 

the IARC analysis, lead to a 9% [95% confidence interval (CI) 5 to 14%] increase in 

colorectal cancer risk. Components in meat that might be carcinogenic include heme iron, 

N-nitroso compounds, heterocyclic aromatic amines, and polycyclic aromatic 

hydrocarbons, which are formed when meat is cooked at high temperatures (Bouvard et 

al., 2015). 
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Consumption of processed meats is also associated with risk for several other diseases. For 

example, a recently conducted meta-analysis reported that high intakes of processed meat 

are associated with a moderate increase in the risk of mortality from cardiovascular 

diseases (Rohrmann et al., 2013; Wang et al., 2016). Several factors could explain the 

observed association between high meat intake and the risk of the disease. Firstly, red and 

processed meats may increase risk due to the high saturation of fatty acids, which raises 

low-density lipoprotein cholesterol. Secondly, the high salt levels present in processed 

meat might raise blood pressure; other factors could include the generation of 

trimethylamine N-oxide from L-carnitine in meat (Wolk, 2017; Wang et al., 2011). 

Recent studies have also suggested that high intakes of processed meat are associated with 

an increased risk for other chronic diseases, such as diabetes (Wolk, 2017) and weight gain 

in adults (Vergnaud et al., 2010). 

 

3.3 Recommended meat intake 

Currently, various national and international bodies recommend introducing a maximum 

limit of meat consumption in order to maintain a good state of health. For example, the 

World Cancer Research Fund recommends consuming less than 500 g of meat a week, and 

population average consumption should not exceed 300 g a week, in each case, minimising 

the presence of processed meat in the diet (WCRF, 2017). The Global Burden of Disease 

project (GBD) suggests maintaining an intake of no more than one 100-g portion a week 

to reduce the possibility of developing a disease related to meat consumption (Forouzanfar 

et al., 2015). 

Figure 1. Daily meat consumption per person worldwide, 2021 
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High consumption of meat, particularly red and processed meat, may pose health risks to 

consumers and increase the likelihood of various diseases and higher mortality (Rohrmann 

et al., 2013). However, it is important to consider the potential effects and consequences 

of eliminating meat from the diet. 

 

3.4 Dietary characteristics of vegetarian diets  

Vegetarians are defined as individuals who do not eat any meat, poultry or fish. 

Vegetarians are subclassified as lacto-ovo vegetarians, who eat dairy products and/or eggs, 

and vegans, who do not eat any animal-sourced products. Since vegetarian diets are defined 

by what they do not contain, the actual composition of vegetarian diets is widely varied. 

For the present review, the discussion is primarily based on the observed average diet of 

vegetarians as described in published reports, mainly for individuals living in affluent 

Western countries (Key et al., 2006). 

3.4.1 Vegetarian diets, effects on health and development 

A well-planned vegetarian diet is considered to be adequate for all stages of the life cycle 

(American Dietetic Association and Dietitians of Canada, 2003), but growth and 

development in vegetarians are poorly documented epidemiologically. New data on 390 

lifelong vegetarians in EPIC-Oxford (Rosell et al., 2005) found that the height for both 

genders and age at menarche for women did not differ significantly between those who 

became vegetarian at age 20 and lifelong vegetarians (Rosell et al., 2005). 
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Studies of Western vegetarians have reported consistently that vegetarians have lower BMI 

(Body Mass Index) than non-vegetarians, and the mean difference in BMI is about 1 kg/m2 

(Key et al., 1999); the proportion of vegetarians who are obese is also lower than that of 

non-vegetarians (Key & Davey, 1996). The debate on the reasons for this difference has 

not been concluded, but it is possible that the difference in the composition of the diet, 

such as higher fibre and lower protein intake, may be the main drivers of the difference 

(Spencer et al., 2003).  

The bone health of vegetarians has been of interest, but still, the data is scarce. Calcium 

intake of lacto-vegetarians is similar to that of non-vegetarians. In contrast, vegans have 

substantially lower Ca intake than the reference group, unless they consume a lot of Ca-

rich plant foods (kale, collard greens, arugula, etc.). It has been suggested that omitting 

meat products from the diet may be beneficial due to reduced ‘acid load’, but the role of 

this factor is not well understood and remains actively discussed (New, 2004). Early results 

from EPIC-Oxford show that there is no difference in fracture rates between vegetarians 

and non-vegetarians; however, they did highlight the importance of consuming enough 

Calcium in order to reduce the risk of fractures (Key et al., 2006). 

3.4.2 Vegetarian diets, disease risks 

The dietary patterns characterised as vegetarian are associated with reduced incidence of 

colorectal cancers (Key et al., 2006). 

Typically, in addition to lower intake of animal products, vegetarians eat less refined 

grains, added fats, sweets, snack foods, and caloric beverages. However, vegetarians 

consumed increased amounts of a large number of plant foods. Such patterns may reduce 

hyperinsulinemia, which has been postulated to be a cause of increased colorectal cancer 

risk (McKeown-Eyssen, 1994; Giovannucci, 2003; Tran et al., 2006; Choi et al., 2012; Wei 

et al., 2005; Michaud et al., 2005; Tsai et al., 2012; Bao et al., 2010). 

From the information collected, both diets appear to have the potential of being hazardous, 

and thus, it is important to compare the two in order to get a clearer picture of their effects. 

3.5 Comparison of vegetarian and meat-based diets 

3.5.1 Land resources 

More than 99.2% of the food is produced on the land, while <0.8% is from oceans and 

other aquatic environments. The use and availability of the land is a growing concern with 

the rate of soil erosion and degradation in the United States and other parts of the world. 
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Every year, 90% of the US cropland loses soil at a rate 13 times above the sustainable rate 

of 1 ton/ha/y. Also, US pastures and rangelands are losing soil at an average of 6 tons/ha/y. 

About 60 % of the pastures in the United States are overgrazed and are prone to accelerated 

erosion (Pimentel et al., 1998).  

The concern about high rates of soil erosion in the United States and other parts of the 

world is evident when it is considered that it can take as much as 500 years to replace 25 

mm of lost soil. Some of the nutrients lost through soil erosion can be replaced through the 

use of commercial fertilisers, but this requires much energy from fossil fuels (Pimentel et 

al., 1998). 

3.5.2 Water resources  

Agriculture is the largest consumer of water in the United States. Western agricultural 

irrigation is responsible for approximately 85% of water consumption. The water used in 

producing various foods and forages is between 500 and 2,000 litres per kilogram of 

produce. For example, a hectare of US corn uses more than 5 million litres of water during 

the three-month growing season. If irrigation is required, more than 10 million litres of 

water must be applied. Even with 800-1000 mm of annual rainfall in the US Corn Belt, 

corn often experiences water deficit in July when the corn grows most rapidly (Pimentel 

et al., 1997).  

Producing 1 kg of animal protein requires about 100 times more water than producing 1 

kg of grain protein (Pimentel et al., 1996). Direct use of water by livestock is only 1.3% of 

the total water in agriculture. However, when the water used for forage and grain 

production is also included, the water use in livestock production is drastically increased. 

For example, 1 kg of beef may require as much as 13 kg of grain and 30 kg of hay (Pimentel 

et al., 1980). This much forage and grain requires about 100,000 litres of water to produce 

the 100 kg of hay, and 5,400 litres for the 4 kg of grain. On rangelands for forage 

production, more than 200,000 L of water are required to produce 1 kg of beef. The 

amounts of water used in animal production are different depending on the type of animal. 

Broiler, for example, can be produced with 2.3 kg of grain for each 1 kg of feed conversion 

(Thomas, 1987). 

3.5.3 General sustainability 

Both the meat-based average American diet and the lacto-ovo-vegetarian diet are heavily 

dependent on fossil energy input and are therefore not sustainable in the long run. 
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However, the meat-based diet is more energy-, land- and water-intensive than the lacto-

ovo-vegetarian diet. In this sense, the lacto-ovo-vegetarian diet is more sustainable than 

the average American meat-based diet (Pimentel et al., 2003). 

The primary threat to the future and the US’s natural resources is population increase. The 

population of the United States of 285 million people is expected to double to 570 million 

in the next 70 years, which will put more pressure on the limited energy, land and water 

resources. These resources are going to be shared among an ever-increasing number of 

people (Pimentel et al., 2003). 

3.5.4 Total mortality  

Total mortality appears to be similar among vegetarians and non-vegetarians; in the pooled 

analysis of five prospective studies, the death rate ratio in vegetarians compared with non-

vegetarians is 0.95 (Key et al., 1999), and a subsequent analysis in EPIC- Oxford shows a 

death rate ratio of 1.05 (Key et al., 2003). The calculation of the standardised mortality 

ratio in the three UK cohorts shows that the mortality in the vegetarians is lower than that 

of the general population of England and Wales. The standardised mortality ratios (SMRs) 

are 49, 47, and 45, respectively for the Health Food Shoppers study, the Oxford Vegetarian 

Study, and EPIC-Oxford, Low SMRs are seen in cohort studies of volunteers but these low 

values for the vegetarians do demonstrate that in general terms their health is good (Key et 

al., 2006). 

After comparing the advantages and disadvantages of vegetarian and meat-based diets, 

along with the high meat consumption trends in developed countries, it can be concluded 

that there is a need to develop a reduced-meat product. This concept involves a patty with 

lower meat content, replaced by a mushroom component.  

3.6 Ground beef 

Beef that is ground by the USDA standards includes only fresh or frozen beef with no 

water, phosphates, binders, or extenders added. The usual source of ground beef is beef 

trimmings, the pieces produced when cutting and fabricating beef into smaller pieces. The 

highest fat content for ground beef is 30% (70% lean) and is expressed as a lean-to-fat 

ratio, such as 80/20 or 90/10 (USDA, 2023). These ratios help consumers select ground beef 

that matches their cooking needs; for example, higher fat content offers a juicier texture ideal 

for burgers, while leaner options are suited for recipes like tacos or sauces that benefit from 
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minimal grease. Ground beef must not include extra fat unless it is labelled as "hamburger," 

which allows the addition of separate beef fat (USDA, 2023). 

Ground beef’s distinct colour is due to myoglobin, a muscle protein that reacts with oxygen. 

The nutritional value of ground beef includes protein, iron, and zinc, with levels slightly 

varying based on fat content, providing flexibility in nutritional and culinary applications 

(USDA, 2023; Texas A&M Meat Science, 2023). 

3.6.1 Ground beef packaging 

Ground beef was formerly a by-product, that is, the trimmings from reducing muscle to 

edible portion size. Some muscle cuts are now being ground to meet the demand for ground 

beef as opposed to using the beef for this purpose only. The bacterial contamination is 

higher in the beef as it is cut into smaller pieces. It is distributed further into the surface 

and sub-surface layers, and thus offers a rich source of nutrients even under cold storage 

conditions. Pork is not often reduced to ground fresh form but pension is being taken to 

process and sell poultry meat and even as a cheaper alternative to beef. Most of the ground 

beef is processed in the abattoirs and packed under reduced O2 conditions for storage at 

refrigerator temperatures to reduce the rate of microbial growth. The most common method 

of packaging is in chubs, which are flexible, gas-impermeable tubes that have metal ends. 

In this case, the pressure while packing forces most of the air out of the ground beef and 

since there is no headspace in the package, there is little air in the package to support the 

growth of aerobic spoilage microorganisms like Lactobacillus and Leuconostoc spp. At 

the retail level, the coarse ground beef is finely ground to restore the desirable red colour 

and provide the consumer with the desired product (Aaron, 1999). 

3.6.2 Categories of ground beef products 

It is important to distinguish the different categories of ground beef products that can be 

purchased in retail outlets. Products labelled as ground chuck, ground round, or ground 

sirloin are ground beef products that contain only skeletal muscle and skeletal trimmings 

that originate from the muscle primal specified on the label. As an example, a ground round 

product contains only skeletal muscle and skeletal trimmings from the round primal. A 

product labelled simply as ground beef is produced by combining skeletal muscle, skeletal 

trimmings, head meat trimmings and up to 25% of cheek meat. In addition to the 

components allowable in a ground beef product, products designated as hamburger can 

also contain added beef fat. Regular or coarse ground beef and hamburger can be purchased 
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at varying ratios of lean to fat (eg, 80% lean/20% fat), which provides an array of products 

with differing price points that are suitable for a variety of applications and personal 

preferences. Unlike water, seasonings, phosphates, and other additives (eg, extenders or 

binders) are allowable in ground beef and hamburger products (USDA-FSIS, 2013a; Unruh 

et al., 2016). 

3.6.3 Nutrient and chemical composition of ground beef 

An analysis of fast-food hamburgers from eight different restaurants by Prayson et al. 

(2008) showed that hamburgers are primarily water (49%) and that the ‘meat’ portion of 

the samples ranged from 2.1% to 14.8%. The ‘meat’ portion of the samples included 

skeletal tissue, connective tissue, blood vessels, peripheral nerves, adipose tissue, bone, 

cartilage, and plant material (Prayson et al., 2008). Ground beef is nutrient-dense, 

accounting for high percentages of daily values of total fat, saturated fat, cholesterol, 

protein, and vitamins B12 and B6 (USDA-ARS, 2015). Sufficient levels of various 

minerals, such as phosphorus and potassium, are also bioavailable in ground beef (USDA-

ARS, 2015). 

 

3.7 Defining a burger: essential elements of the patty 

A burger’s quality is determined by its texture, shape, consistency, and appearance, all of 

which influence both the sensory experience and consumer satisfaction. Each of these 

elements can be controlled through specific processing techniques, allowing for different 

types of burgers that appeal to varied consumer preferences (Field et al., 2020). 

3.7.1 Texture and taste 

The texture of a burger significantly impacts the taste experience, mainly due to the grind 

size and orientation of meat proteins, particularly collagen fibres. Collagen orientation 

affects the patty’s juiciness and bite, as it determines how much air is retained within the 

meat mass (Hughes et al., 2018). By aligning collagen fibres in a specific direction, it is 

possible to control the meat’s firmness and density, allowing for either a softer or firmer 

bite. Larger fibre sizes, for instance, create more space for air pockets, enhancing juiciness 

and giving the burger a more substantial texture (Chin et al., 2020). 
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3.7.2 Shape consistency 

Controlling the contraction of collagen fibres during cooking is crucial to the appearance 

of the burger. During cooking, collagen fibres shrink, which may lead to a reduction in the 

size of the patty. However, by aligning these fibres vertically, the reduction in diameter is 

at the expense of height. This approach helps the burger to maintain its shape prior to 

cooking, to give the consumer a good impression, and to reduce the chances of the 

consumer being dissatisfied with the shape of the burger. An adverse finding of this study 

is that the appearance of the patties before and after cooking has an important role in the 

decision-making process of the consumers (Tornberg et al., 2005). 

3.7.3 Visual appeal 

Appearance is also an important factor both before and after cooking, and is a key factor 

in the decision-making process of the consumer. Characteristics such as the fibre 

orientation, grind size and surface structure of a burger are crucial in determining its visual 

quality and quality perception in the mind of the consumer, a positive correlation being 

observed for visual quality with consumer perceived quality. Recent work has shown that 

burgers with a more uniform surface and colour are perceived to be fresher and more 

attractive (Tornberg et al., 2005). 

3.7.4 Different types of burgers 

Burgers are made in different ways to meet the taste and texture preferences of the 

consumer. The Standard Burger has a traditional texture with a lightly aligned fibre 

structure, which is obtained by a relatively mild grinding and mixing process and 

avoidance of high-pressure forming in order to maintain the initial raw material shape and 

size. The Tender-Fresh Burger, however, has a soft and juicy texture with the fibres 

arranged in the vertical direction. This orientation also improves the tenderness by 

allowing the individual columns of meat to separate easily when bitten, and also reduces 

the height by which the patties shrink when cooked (Tornberg et al., 2005). 

For a lighter texture, the Homestyle Burger employs smaller vertical fibres to reduce 

density, resulting in a looser bite that minimises shrinkage and maintains visual appeal. 

This structure caters to consumers seeking a balance of tenderness and texture.  

Meanwhile, the Butcher Burger features a distinctive “angel-hair” or interwoven fibre 

pattern that traps air, contributing to a juicy texture, faster cooking, and an artisanal look. 
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This interlaced structure not only enhances juiciness but also aligns with consumer demand 

for premium, high-quality burgers (Tornberg et al., 2005). 

 

3.8 Burger patty production factors 

To obtain a high-quality and homogeneous product, there are several important factors that 

need to be taken into consideration, such as fat content, product weight, temperature, and 

foreign body rejection. All factors are significant in achieving a uniform product while 

simultaneously maximising yield, quality, and safety (Tornberg et al., 2005). 

The fat-to-lean ratio is important in the beef patties in terms of texture, moisture and 

flavour, and it has been found that a fat content of between 15-20% gives the best taste and 

juiciness while a lower content gives a dry and dense product. At present, X-ray technology 

and interferometric spectroscopy can be used for the accurate control of fat content; thus, 

the quality of the product is improved, and there is minimal product waste. This is also 

important in the control of product weight to ensure that the products are of the right size 

and weight for portion control and cooking purposes. This can be done by the use of 

forming machines or vacuum stuffer portioning. This paper shows that controlling density 

in forming machines improves weight accuracy, which is cost-effective and produces 

quality products. Temperature regulation is also an important factor because the optimum 

processing temperature of -2 to 0°C (28-32°F) is ideal for forming and cooking, to make 

the patties firm and malleable. This can be accomplished with the use of fresh and frozen 

meat or with the help of nitrogen cooling to maintain the meat quality and safety. In 

addition, foreign body detection is critical in any food company since contaminants such 

as metals and bones are dangerous to health. They can prevent contaminants up to 99% in 

the final products using metal detectors and X-ray systems. It also reduces safety risks and 

production waste (Tornberg et al., 2005; López-Campos et al., 2018). 

 

3.9 Continuous production line for ground beef patties 

Today, the continuous production line for ground beef patties is indispensable in the large-

scale production of food products with the required level of quality and productivity. This 

line incorporates several technological advancements that enable it to handle the complete 

process from the reception of the raw meat up to the cooking, quality control, and 

packaging. Such systems respond to increasing consumer demand for safe, high-quality 
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and uniform products, while also addressing economic imperatives for cost-effectiveness 

and reduced labour dependency in the food industry (Barbut, 2013). 

The production line starts with the grinding section, in which the raw beef and other 

ingredients, if desired, are cut to the desired grind size. Industrial grinders are utilised to 

cut meat at a rapid rate and produce a uniform product in terms of texture and taste across 

different batches. At this stage, salt, preservatives or any other flavour enhancer can be 

incorporated into the product to achieve the desired product formula and to increase the 

shelf life of the product. These high-precision automatic dosage systems ensure that these 

ingredients are added in the right measure, preventing the possibility of making errors, and 

at the same time guaranteeing that every batch is safe and fit for consumption as per the 

requirements of the regulations (Barbut, 2013). 

The meat is then conveyed to the patty-forming station from the ground meat using 

conveyors. Modern forming machines use hydraulic or mechanical pressure to give the 

ground beef the shape and size of a patty. This is so because size is a crucial and important 

quality and acceptance parameter of the consumer. Some forming machines are 

programmable and can be set to specific patty sizes to suit different product lines or 

consumer tastes. Furthermore, the automation features that the machines offer make it 

possible to produce at rates that would be impossible to achieve by hand (Barbut, 2013). 

The cooking stage is another important stage that includes processes such as grilling, 

steaming or baking, depending on the product type. The ovens or grills that are automated 

control the temperature and time of cooking to guarantee that the patties are cooked to the 

required internal temperature to kill pathogens. Modern cooking equipment is often 

equipped with temperature sensors and monitoring systems that can provide real-time data 

and control. These systems, in addition to improving food safety, also help in the formation 

of the desired texture and juiciness and thus the sensory quality of the final product (Barbut, 

2013). 

The patties then move on to the cooling or freezing area right after the cooking stage. 

Chilling is, however, very important to stop the growth of bacteria and to preserve the 

product quality. The standard freezers are cryogenic or mechanical freezers, and these 

systems are intended to hold patties in the temperature “danger zone” (4°C to 60°C) for as 

little time as possible, during which time bacteria can grow. Temperature is, however, 

important to the extent that one has to achieve it in order to meet the shelf life, especially 
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when the product is to be transported to market over a large area. Like the other phases of 

the production line, this stage is often highly automated, thus significantly reducing the 

potential of contact between the product and the human body and the chances of 

contamination (Barbut, 2013). 

The role of automated quality control systems located within the line is to guarantee 

product quality and safety. Some systems use optical sensors and imaging technology to 

measure patty attributes such as colour, shape and size. Some production lines are also 

installed with X-ray or metal detection units to make sure that no foreign materials are 

incorporated in the final product. These quality control systems can work at very high rates, 

and in the case of patties, they can examine several hundred patties per minute and reject 

those that do not meet the set standards. Such automation helps in avoiding wastage and, 

at the same time, only the good patties get to the consumer (López-Campos et al., 2018; 

Tornberg, 2005). 

 

3.10 Comparative analysis of double-sided grilling and oven baking in meat 

processing 

The properties of meat products change significantly according to the cooking techniques 

used. Two prominent cooking techniques used in both home kitchens and industrial 

environments are double-sided grilling (DSG) and oven baking. The cooking process of 

DSG produces quick cooking and deep surface browning through direct heat application to 

the meat's dual sides, which occurs through contact with heated plates. Oven baking creates 

internal temperature uniformity through enclosed convective heat transfer while maintaining 

moisture content (Pathare & Roskilly, 2016). A mathematical model for predicting 

temperature profiles during DSG of meat patties was developed by Pathare and Roskilly 

(2016). The model showed that DSG produces faster heat penetration than single-sided 

methods, which results in shorter cooking times and potential commercial process 

advantages. Fast heat transfer during DSG operations tends to produce temperature 

inconsistencies throughout the meat. This usually happens due to failure to implement proper 

temperature management (Pathare & Roskilly, 2016). 

The selected cooking technique impacts sensory characteristics that include tenderness, 

along with juiciness and flavour. Al-Moadhen et al. (2023) analysed different beef cuts in a 

study that compared grilling techniques against roasting methods, commonly known as the 
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oven-baking method. The evaluation showed that grilled samples received better scores for 

tenderness, juiciness, flavour and overall liking, except when testing the Topside cut, which 

displayed decreased tenderness during grilling. Sensory benefits of DSG on the quality of 

meat differ from one specific type of meat to another (Al-Moadhen et al., 2023). 

The nutritional profile of food changes based on how meals are cooked because it affects 

both protein breakdown and fat levels. Olagunju et al. (2020) studied how grilling and 

boiling affect the nutritional characteristics of different meats from different animals. The 

research showed that in vitro protein digestion increased significantly after grilling, 

particularly in cow meat, compared to when using boiling as a cooking method. The 

combination of grilling with cooking losses resulted in reduced fat content in the final 

product (Olagunju et al., 2020). 

The textural study of tilapia fish burgers by Bainy et al. (2015) demonstrated that grilled 

burgers showed higher shear force measurements, together with decreased water retention 

when compared to baked samples. The baked samples maintained their texture softness 

while retaining more moisture content, which matches specific product development 

requirements (Bainy et al., 2015) 

 

3.11 Oyster mushroom 

Mushrooms are macro fungus which has distinctive fruiting bodies that can either be 

epigeous or hypogeous (Chang et al., 1992). Due to a lack of chlorophyll in mushrooms, 

they cannot synthesise their food, so they depend on dead and decaying matter as their 

saprophytes. Moreover, it has the potential to solve many growing global problems like 

food demand, unemployment, environmental pollution, etc. Mushroom produces enough 

amount of quality and quantity food which is of high biological value and suits a wide 

range of groups from children to older people (Nongthombam et al., 2021). 

Among the different types of mushrooms, the oyster mushroom is also one of the most 

cultivated species. Oyster mushroom (Pleurotus ostreatus) belongs to the family 

Agaricaceae and class Basidiomycetes. Oyster mushroom is known for its rich content of 

vitamin C and vitamin B complex, and its protein content varies from 1.6 to 2.5 percentage, 

along with mineral salts, which are essential for the human body (Randive, 2012). 

Apart from its nutritional value, it is also known for its medicinal value in fighting diabetes 

and cancer (Sivrikaya et al., 2002). Due to its high potassium-to-sodium ratio, it is ideal 
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for people suffering from heart disease and hypertension (Sharma et al., 2013). Moreover, 

it has no cholesterol content since it is easily digestible (Oei, 2005). It can also cure 

anaemia because of the folic acid present in oyster mushroom (Randive, 2012). Mushroom 

species are known to have a wide range of metabolites such as antitumor, antioxidant, 

antitoxic, antiplatelet aggregating, antihyperglycaemic, antimicrobial and antiviral 

activities (Chang, 2007). Moreover, among the types of mushrooms, the oyster mushroom 

species, namely Pleurotus ostreatus, has antitumor activity (Chorvathova et al., 1993),  

while Pleurotus cystidiosus has strong antioxidant properties (Li et al., 2007). 

Therefore, oyster mushroom cultivation has increased throughout the world because of its 

medicinal properties and its potential to grow at a wide range of temperatures and different 

agro-based residues. It also has wide adaptability to various agro-climatic conditions on 

different agricultural waste (Jandaik et al., 1995). Moreover, the substrates where the 

mushrooms were grown can also be used as biofertiliser for enriching the soil fertility, as 

animal feed and also as a feed for biogas production (Alice et al., 2004). As a reason, 

mushroom cultivation is known to be eco-friendly as it has no effect on the environment 

compared to other crop cultivation (Nongthombam et al., 2021). 

 

3.12 Production of oyster mushroom  

Mushrooms are grown mainly on waste materials like sawdust, composting materials, 

straw and garbage (Gbolagade et al., 2006). It is reported that mushroom cultivation was 

first started in France around the age of 1630, so to monitor different growth parameters 

of mushrooms, a series of experiments and studies have been conducted since then (Miles 

et al., 2004). 

3.12.1 Agro-climatic requirements  

The most suitable temperature for the growth of Oyster mushroom ranges from 20° to 30° 

C, and humidity ranges from 55-70%, for a period of 6-8 months in a year. The cultivation 

practices during the summer months can be done by providing the extra humidity required 

for its growth and development. Mushroom production requires multiple steps and is 

grown in favourable conditions, which are found in natural caves or in a well-controlled 

growth chamber (Sharma et al., 2013). 
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3.12.2 Substrate preparation  

Mainly used substrates are organic materials like lignocellulosic farm waste, on which the 

growth of mycelium takes place to produce mushrooms. Substrates used include sawdust, 

rice bran, rice straw, wheat bran and wheat straw (Khare et al., 2018). Substrate preparation 

is known to be the most critical stage in the production process to ensure the occurrence of 

diseases is less, with better yield (Khonga et al., 2013). So as to eliminate potential 

competitors such as Trichoderma spp. and Pleurotus spp., substrate like grasses, sugarcane 

bagasse is pasteurised beforehand (Oseni et al., 2012). Pasteurisation can be done by using 

steam or by using hot water treatment (±70°C) on the substrate for a few hours. Soaking 

the substrates in water treated with benomyl (0.06g/L) tends to suppress the risk of 

Trichoderma spp (Gumede, 2008). Including commercial production and small-scale 

production of oyster mushroom, the treatments mentioned above can be applied and are 

affordable (Nongthombam et al., 2021). 

3.12.3 Spawning of substrate  

Spawn, which is used as a seed in propagation for mushroom production, is defined as a 

substrate in which mycelium is impregnated and developed (Woo et al., 2004). Spawn can 

be prepared from different carriers of grains such as wheat, sorghum, barley and rice 

(Khonga et al., 2013). It is reported that, compared to grains of wheat and barley, grains of 

sorghum are better mycelium carriers. The yield and biological efficiency can be increased 

by the adoption of the spawn, while the spawn running time gets reduced (Khare et al., 

2018). 

The quality of the carrier and moisture (60-70%) significantly affects the quality of the 

spawn as it determines the growth and colonisation of the mycelium on the substrate. The 

spawned substrate requires a certain temperature ranging from 25-30°C and a dark room, 

which satisfies the mycelia for proper growth and colonises the substrate (Nongthombam 

et al., 2021). 

3.12.4 Incubation and fruiting  

During the incubation period, temperature is optimised to 20- 250 °C in order to get the 

best results and kept in the incubation room without disturbance for 15-25 days, also 

depending on the size and conditions of the bags (Woo et al., 2004). At the time of fruiting, 

the Relative Humidity should be maintained at 70-85% by spraying or sprinkling water 
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into the gunny bags or on the sand spread on the floor (Sharma et al., 2013). At least 8-12 

hours of sunlight are required at the time of fruiting. (Nongthombam et al., 2021). 

3.12.5 Harvesting and yield  

The mushrooms can be harvested by gently twisting the fruiting body before water spray. 

After first harvesting, the bags are kept in a growing chamber so that other mycelium can 

grow and produce more fruiting bodies, which can then be harvested again. The harvested 

mushrooms are then packed in perforated polythene bags for marketing. In a period of one 

and a half to two months, from 1 ton of paddy straw, around 500-700 kg of fresh mushroom 

can be harvested (Sharma et al., 2013). 
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4. Materials and Methods 

4.1 Materials 

The experiments were conducted at the Hungarian University of Agriculture and Life 

Sciences (MATE), Buda Campus, Budapest, Hungary. The raw ingredients used in the study 

included ground beef with a composition of 20% fat and 80% lean muscle meat, sourced 

from the brand “Regnum,” produced by SPAR Regnum Hungary Kft. Oyster mushrooms, 

used as a partial meat replacement ingredient, were purchased in raw, non-cultivated form 

from the “KORONA” brand, produced by Magyar Gomba Kertész Kft. Both raw materials 

were obtained from a SPAR supermarket. 

4.2 Methods 

4.2.1 Preparation of mixtures 

For the preparation of the mixtures, which were subsequently used for further analyses and 

measurements, the raw ingredients were first procured. Following this, the mixture 

formation step was carried out. Both ground beef and oyster mushrooms were utilised in 

their raw state in a proportion according to the Table 1., without the addition of seasonings 

or other additives, in order to obtain comprehensive and objective results. 

Table 1. Meat-mushroom mixtures and their proportions in a single patty sample  

Sample code 

number 

Ground beef 

content (g) 

Oyster mushroom 

content (g) 

Total mass (g) 

1. 100-0 100 0 100 

2. 90-10 90 10 100 

3. 80-20 80 20 100 

4. 70-30 70 30 100 

5. 60-40 60 40 100 

6. 50-50 50 50 100 

7. 40-60 40 60 100 

8. 30-70 30 70 100 

9. 20-80 20 80 100 
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10. 10-90 10 90 100 

11. 0-100 0 100 100 

The raw materials were weighed with precision using “ENTECH NWT-3K” scales, which 

had a measurement error of 0.001 kg. The ingredients were then combined for approximately 

120 seconds according to the specified proportions for each sample, using a “Robot Coupe 

R2” mincer with a 2.9 L capacity. Upon achieving a homogeneous mixture, the samples 

were subjected to further processing steps, while a portion was retained in raw form for 

testing. 

Following mixture formation, the cooking process was initiated. The mixtures were shaped 

into 100 g patties and labelled accordingly. Two distinct heat treatment methods were 

applied. The first method involved oven baking, wherein the samples were heat-treated for 

15 minutes at a temperature of 170 °C using a “LAINOX VE051P” oven. After thermal 

processing, the samples were allowed to cool and were then used in subsequent experiments. 

The second heat treatment method employed double-sided grilling using an “AMBIANO” 

cooking device for 6 minutes at an approximate temperature of 190 °C. Both cooking 

methods ensured that the final products reached the “well-done” stage required for testing. 

4.2.2 Yield measurement  

For the yield measurement, each patty sample was weighed before and after the heat 

treatment procedure. Every sample was intended to reach a weight of 100 g; however, minor 

deviations occurred due to measurement error. Each mixture was prepared in three parallel 

samples for each heat treatment method. The yield was calculated using the following 

formula: 

𝑇𝑜𝑡𝑎𝑙 𝑦𝑖𝑒𝑙𝑑 𝑏𝑦 𝑚𝑎𝑠𝑠 (%) =  
𝑚2

𝑚1
∙ 100% 

Where:  

m1: mass of the patty sample before heat treatment 

m2: mass of the patty sample after heat treatment 
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4.2.3 Colour measurement  

A transparent film individually covered the provided samples. The samples were then 

measured after the heat treatment procedure using a CR-400 chromameter (Konica Minolta 

Co., Japan) at room temperature. Three replications were carried out for each sample to 

ensure precision. The CIE-LAB elements were defined, and the colour factors of L*, a*, and 

b* were identified within the homogeneous colour space CIE-LAB. Positive values of a* 

indicated reddish colours while negative values indicated greenish hues. Positive values of 

b* corresponded to yellowish hues, and negative values indicated bluish colours. The L* 

value ranged from 0 to 100 and indicated the lightness of the sample.  

 

4.2.4 Rheological parameters measurement  

After cooling, the prepared samples were tested for rheological parameters. Each patty 

sample was placed on a stand, and six repetitions were performed on each one. The test type 

used was a “puncture” test, in which a cylindrical probe penetrated the patty sample. To 

investigate the rheological properties, a TA.XT Plus texture analyser was employed. The 

analyser was fitted with a 5 mm stainless steel cylindrical probe (P/5). The settings applied 

included: test mode – compression; pre-test and test speed – 2 mm/sec; post-test speed – 10 

mm/sec. The target mode was set to “distance,” with a target distance of 20 mm, and a 

minimum trigger force of 0.049 N. The device was operated using TA.XT texture analyser 

software, and all measurements were conducted at a constant temperature of 20 °C. For result 

evaluation, two main parameters were selected as indicators of overall texture: the peak 

positive piercing force (measured in N) and the adhesive working area (positive, measured 

in N·mm). 

Figure 2.1. provides an example of the adhesive work area, demonstrating how this data was 

measured and collected. The graph in Figure 2.1. shows the 40/60 mixture in the 4th 

repetition. Only the positive work area was measured, as the negative work area represents 

the relaxation stage of the measurement. 
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Figure 2.1 Positive work area graph example 

 

4.2.5 Statistical analyses  

To assess the influence of sample composition and heat treatment method on texture 

parameters, a repeated measures ANOVA test was conducted. This statistical approach was 

chosen because each patty sample underwent multiple testing conditions, allowing for the 

analysis of within-subject variability. The repeated measures design ensured that the 

influence of individual sample differences was minimised, improving the reliability of the 

comparisons across treatments. The analysis focused on two primary rheological parameters 

obtained from the piercing test: peak positive piercing force (N) and adhesive work area 

(N·mm). Each measurement was performed in six replicates per sample. For each treatment 

group, mean values and standard deviations were calculated, and the assumptions of 

normality and sphericity were verified prior to analysis. 

Statistical analysis was carried out using Past 4, where significance was evaluated at a 95% 

confidence level (p < 0.05). Where significant effects were found, post hoc pairwise 

comparisons with Bonferroni correction were applied to identify specific differences 

between the groups. 

IBM SPSS software (Version 29, SPSS Inc., Chicago, IL, USA) for macOS was used to 

perform analysis of variance. Tukey’s post hoc test was performed to detect significant 

differences between groups. Multivariate statistical methods were also used to evaluate the 
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results: Principal Component Analysis (PCA) and Canonical Discriminant Analysis (CDA). 

The PCA, a non-supervised method, is based on extracting substantial information 

(capturing the maximum amount of variance) with dimension reduction to detect similarities 

of the samples. The CDA is a supervised method that tries to maximally separate the different 

groups by focusing on the ratio between class variance and within-class variance. Levels for 

significant differences were set at p < 0.05 in all cases. 

4.2.6 Visual shrinkage measurement  

For the visual shrinkage measurement, images of the meat patty samples were captured both 

before and after heat treatment. To ensure precision and consistency, the camera was 

positioned at a fixed height and angle relative to the table surface. Each sample was tested 

once, with three parallel patties analysed per formulation. 

Figure 2.2 Representative picture of the visual shrinkage measurement process 

 

A GoPro camera was used for image acquisition. A measurement ruler was included in each 

image to allow for accurate scaling during analysis. Visual shrinkage was determined by 

comparing the surface area of each patty before and after thermal processing. The following 

formulas were applied to calculate the shrinkage percentage: 

𝐶𝑜𝑛𝑣𝑒𝑟𝑠𝑖𝑜𝑛 𝑒𝑞𝑢𝑎𝑡𝑖𝑜𝑛: 1 (𝑚𝑚) =  
𝑙10

100
= 𝑦 (𝑝𝑖𝑥𝑒𝑙𝑠) 

Where:  

𝑙10: the average number of pixels on a 10 cm section of a ruler  
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𝑉𝑖𝑠𝑢𝑎𝑙 𝑠ℎ𝑟𝑖𝑛𝑘𝑎𝑔𝑒 (%) =  

𝑥1
𝑦 − 

𝑥2
𝑦

𝑥1
𝑦

∙ 100% 

Where: 

x1: the number of pixels on a patty diameter before heat treatment 

x2: the number of pixels on a patty diameter after heat treatment 

y: number of pixels in 1 mm 

4.2.7 Sensory analysis measurement  

For the sensory analysis, a Quantitative Descriptive Analysis (QDA) combined with 

elements of a hedonic test and projective mapping test was conducted involving 27 

panellists. Each sample was coded with a random two-digit number, and a total of 22 samples 

were evaluated, including those prepared using grilling and oven baking heat treatment 

methods. The panellists assessed four key sensory attributes: smell, taste, overall 

acceptability, and the perceived character of the sample (i.e., whether it was more meat-like 

or mushroom-like). 

For the attributes of smell, taste, and overall acceptability, a hedonic scale ranging from 0 to 

10 was used, where 0 indicated “disgusting” and 10 represented “very pleasant.” To evaluate 

the perceived character of the sample, a separate scale from 0 to 20 was used: 0 indicated a 

strong mushroom-like character, 20 indicated a strong meat-like character, and 10 

represented a neutral balance.  

At the beginning of the test, all panellists were blinded to the composition of the samples, 

and the order of sample presentation was randomised to prevent bias. Each sample was 

served in 10 g portions, and panellists were instructed not to add salt or sauces to ensure 

consistent and fair evaluation. All panellists were regular meat consumers who expressed an 

interest in healthier food products, provided they did not have to alter their dietary habits 

significantly. 
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5. Results and Discussions 

5.1 Yield measurement of meat-reduced mushroom-based burger patty 

samples 

As seen in Figure 3. and Figure 4. the final product after certain types of cooking has some 

losses, mainly due to moisture loss. 

Figure 3. Yield parameters of grilled meat-mushroom patty samples. a-e: 

Distinct letters indicate significant differences among the samples. (Tukey’s 

post hoc test, p < 0.05). 

 

Figure 4. Yield parameters of oven-baked meat-mushroom patty samples. w-

z: Distinct letters indicate significant differences among the samples. 

(Tukey’s post hoc test, p < 0.05). 

 

Figure 3. depicts yield after grill-type cooking, and Figure 4. depicts oven-baked type of 

cooking. 100/0, 90/10, etc., represent how much ground beef and how much oyster 
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mushroom the mixture contains. The 1st number represents ground beef percentage, and the 

2nd number represents oyster mushroom percentage. The letters a, b, c, d, e and w, x, y, z 

and their combinations were used as label notations to indicate group membership in 

homogeneous subsets, reflecting both the differences and overlapping belonging among the 

sample groups. 

A clear pattern is evident in Figure 3. The more oyster mushrooms the mixture contains, the 

more moisture the grilling method evaporates. The maximum value in the grill case can be 

seen with the 100/0 ratio, where the yield is 63.81 g, and the lowest can be seen in the case 

of 0/100, where the yield is 47.14 g. Similar results can be seen in the study by Pathare and 

Roskilly (2016), which confirms that direct dry-heat cooking, such as grilling, tends to cause 

higher water and fat loss, especially in plant-based or high-moisture content ingredients like 

mushrooms. This suggests that grilling may not be the optimal method for achieving optimal 

moisture retention, particularly in mushroom-enriched formulations (Pathare & Roskilly, 

2016). 

In Figure 4. we can see oven-baked samples. There, a clear opposite pattern may be 

observed. The more mushroom content, the more moisture is retained in the final product. 

Processing errors, such as uneven heat flow inside the oven, should still be considered. 

However, this method preserves more moisture and might be helpful for specific procedures 

in the food industry. The highest value in Figure 4. can be seen in the 30/70 mixture, where 

the yield is 80.89 g, and the lowest value is observed in the 90/10 mix, where the yield is 

69.65 g. Similar results are reported in Bakhsh et al. (2021), who found that oven baking 

yields lower cooking loss and higher water-holding capacity compared to dry-heat methods. 

This suggests that oven baking could be more suitable for producing juicy, high-yield meat 

alternatives containing mushrooms (Bakhsh et al., 2021). 

 

5.2 Colour measurement of meat-reduced mushroom-based burger patty 

samples 

On Figure 5., Figure 6., and Figure 7., colour parameter results can be observed. 100/0, 

90/10, etc., represent how much ground beef and how much oyster mushroom the mixture 

contains. The 1st number represents ground beef percentage, and the 2nd number represents 

oyster mushroom percentage. The letters y, z; a, b; a, b, c; z; and a, b, c, d, e and their 
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combinations were used as label notations to indicate group membership in homogeneous 

subsets, reflecting both the differences and overlapping belonging among the sample groups. 

The L* parameter in Figure 5. represents lightness (from 0 = black to 100 = white), a* in 

Figure 6. indicates redness (+127) to greenness (–128), and b* in Figure 7. describes 

yellowness (+127) to blueness (–128). The Lab* system is described in ISO 11664-4:2008 

(CIE 1976) and is commonly used for measuring food colour in both research and industrial 

applications due to its objectivity and reproducibility. 

Figure 5. L* colour results of the measured meat-mushroom sample 

mixtures. y-z: Distinct letters indicate significant differences among the oven-

baked samples. a-b: Distinct letters indicate significant differences among 

the grilled samples.  (Tukey’s post hoc test, p < 0.05). 

 

Figure 6. a* colour results of the measured meat-mushroom sample 

mixtures. a-c: Distinct letters indicate significant differences among the 

grilled samples.  (Tukey’s post hoc test, p < 0.05). 
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Figure 7. b* colour results of the measured meat-mushroom sample 

mixtures. y-z: Distinct letters indicate significant differences among the 

grilled samples. a-e: Distinct letters indicate significant differences among 

the oven-baked samples.  (Tukey’s post hoc test, p < 0.05). 

 

In Figure 5. two legends represent oven-baked and grilled samples. A visible trend may be 

seen: the more mushroom content the sample contains, the higher its lightness value L*. 

Oven-baked: The highest value is seen in the 0/100 mix, where L* is 42.4, showing moderate 

sample lightness. The lowest value is in the 100/0 mix, with L* of 32.77, indicating a 

relatively dark sample. Grill mixtures: the highest L* value appears in the 80/20 mix (31.1), 

while the lowest is in the 70/30 mix (23.81). In the oven-baked group, lightness values are 

more stable and gradually increase with mushroom content, likely due to less browning and 

the intrinsic light colour of oyster mushrooms. Similar findings can be described in the study 

by Serdaroglu et al. (2017), which indicates that increased plant-based ingredients in meat 

analogues lead to lighter product colour, especially when cooked with low surface exposure 

methods like baking (Serdaroglu et al., 2017). 

In Figure 6. where the* values are represented, another pattern emerges. The more 
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characteristics of raw ingredients—meat typically has reddish tones. In contrast, oyster 

mushrooms are more neutral to greyish-greenish in hue. Oven-baked mixtures: the highest 

a* value is 10.125 (100/0), and the lowest is 4.531 (0/100). Grill mixtures: the highest is 

10.93 (100/0), the lowest is 8.01 (10/90). In both cooking types, the trend is the same; 
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however, the grill samples show a more defined trend, likely due to surface browning and 

crust formation enhancing red-brown tones. Similar findings can be found in Fernández-

Ginés et al. (2003), which indicate that surface browning during high-heat methods enhances 

redness (a*), especially in samples with higher meat content (Fernández-Ginés et al., 2003). 

In Figure 7. b* values are presented. For oven-baked samples, a clear pattern is observed: 

more mushroom content corresponds to higher b* values, indicating increasing yellowness. 

The highest value is in the 10/90 mix (20.06), and the lowest is in the 90/10 mix (12.165). 

This trend likely results from the natural yellowish hue of mushrooms becoming more 

dominant as their proportion increases, combined with less Maillard browning than in 

grilling. In the grill group, no consistent trendline is seen, and b* values are relatively stable. 

The highest value is in the 80/20 mix (16.545), and the lowest is in the 40/60 mix (12.25). 

This could be due to the grilling process inducing uneven surface browning, affecting the 

colour heterogeneity. Similar findings can be seen in studies such as García-Segovia et al., 

(2007), which indicate that cooking method and formulation both affect b* values. However, 

grill-induced crust development can mask the underlying colour changes caused by 

ingredient ratios (García-Segovia et al., 2007). 

 

5.3 Rheological parameters measurement of meat-reduced mushroom-based 

burger patty samples 

Figure 8. and Figure 9.  illustrate the rheological parameters of the mixture samples 

measured using the TA.XT texture analyser. The objective of these measurements was to 

assess the maximum piercing force applied in Newtons (Figure 8.) and adhesive work 

area in Newtons*mm (Figure 9). The notations such as 100/0, 90/10, etc., represent the 

composition of ground beef and oyster mushrooms in the mixture. The first number indicates 

the percentage of ground beef, and the second number indicates the percentage of oyster 

mushrooms. The letters a, b, c, d, e; x, y, z and 1, 2, 3, 4 and their combinations were used 

as label notations to indicate group membership in homogeneous subsets, reflecting both the 

differences and overlapping belonging among the sample groups. The two trendlines 

represent different cooking methods, as detailed in the figure legend.  
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Figure 8. The maximum piercing force applied to the meat-mushroom sample mixtures. x-

z: Distinct letters indicate significant differences among the grilled samples. a-e: Distinct 

letters indicate significant differences among the oven-baked samples.  (Tukey’s post hoc 

test, p < 0.05). 

 

Figure 9. Positive work area results of the meat-mushroom sample mixtures. 1-4: Distinct 

letters indicate significant differences among the grilled samples. a-e: Distinct letters 

indicate significant differences among the oven-baked samples. (Tukey’s post hoc test, p < 

0.05). 
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Figure 8. displays a non-linear (parabolic) decreasing trendline. As the proportion of 

mushrooms in the mixture increases, the maximum piercing force applied decreases. This 

suggests that the hardness and endurance of mushrooms are lower than that of meat. As the 

meat content decreases in the mixture, the overall texture and resistance become softer, likely 

due to the structural differences between meat and mushrooms. This explanation is supported 

by the fact that mushrooms have a softer and more porous structure compared to the denser 

and more rigid structure of ground beef (Arun et al., 2021). In case of the grilling method, 

the highest value was found in the 100/0 mix, with 13.149 N, while the lowest value occurred 

in the 10/90 mix, at 2.0648 N. Several large standard deviations were observed in the 100/0 

and 40/60 mixes, indicating either non-homogeneous distribution or possible measurement 

error. In case of the oven baking method, the highest value was recorded in the 100/0 mix at 

13.416 N, while the lowest value was in the 10/90 mix, at just 0.701 N. The only significant 

standard deviation was found in the 100/0 mix, with a value of 2.0699. This could be 

attributed to the structure of ground beef, which may lead to greater variability in the results. 

These findings suggest that the texture of the ground beef portion of the mixture has a greater 

impact on the overall texture than the oyster mushrooms, which exhibit more uniformity 

across different mixtures (Bakhsh et al., 2021).  

In Figure 9. similar observations can be made. The adhesive work area follows a similar 

parabolic decreasing trend, indicating that as the mushroom content increases, the adhesive 

work decreases. This suggests that the structural differences between meat and mushrooms 

are influencing the rheological properties. As previously mentioned, the texture profile 

becomes softer and smoother as the mushroom content increases, which is consistent with 

the observed reduction in adhesive work. In the case of the grilling method, the highest value 

of adhesive work (87.268 N*mm) was found in the 100/0 mix, while the lowest value (7.47 

N*mm) was in the 0/100 mix. The highest standard deviation was observed in the 90/10 mix, 

with a value of 23.76, indicating significant variation in the texture of that mixture. In case 

of oven baking method, the highest value was found in the 100/0 mix, at 99.027 *mm. 

Interestingly, the 90/10 mix already had a value of 50.56 N*mm, which is nearly a 50% 

decrease from the 100/0 mix, indicating that the mushroom significantly influences the 

texture profile. The lowest value was recorded in the 10/90 mix at 4.19 N*mm. High standard 

deviations were also observed in mixtures with higher meat content, further supporting the 

idea that the meat structure introduces more variability in texture. These observations are 

consistent with the literature on the structural properties of meat and mushrooms, which 
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indicate that the former has a denser, more fibrous structure, while mushrooms tend to be 

more porous and softer (Arun et al., 2021). 

 

5.4 Statistical analyses on parameters of meat-reduced mushroom-based 

burger patty samples 

In Figure 10.1 the discrimination of samples based on heat treatment is illustrated using 

REGR factor scores. The data points on the graph represent various parameters, including 

yield, L*a*b* colour values, visual shrinkage, and rheological properties. Each point 

corresponds to a specific sample, allowing for a comparative analysis of these parameters. 

The samples are distinctly grouped according to the type of heat treatment applied—either 

oven-baked or grilled. This grouping pattern, with only minor deviations among points, 

indicates that the measured parameters differ significantly between the two heat treatment 

methods. This method is commonly applied in food science research to assess how different 

processing techniques simultaneously influence multiple quality attributes. For example, 

REGR factor analysis has been successfully employed by Wyrwisz et al. (2012) to assess 

the impact of thermal treatment on meat texture and colour, making it a suitable approach 

for the present study as well (Wyrwisz et al., 2012). 

Figure 10.1 Discriminant analysis of meat-mushroom samples based on heat treatment 

using REGR factor scores 
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Figure 10.2 Canonical discriminant analysis (CDA) of grilled meat–mushroom mixtures  

 

Figure 10.3 Canonical discriminant analysis (CDA) of oven-baked meat–mushroom 

mixtures 

 

In Figure 10.2 the canonical discriminant analysis (CDA) of grilled meat–mushroom 

mixtures is presented, while Figure 10.3 illustrates the CDA of oven-baked meat–mushroom 

mixtures. The notations such as 100/0, 90/10, etc., denote the composition of ground beef 
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and oyster mushrooms in the mixture, with the first number indicating the percentage of 

ground beef and the second representing the percentage of oyster mushrooms. Both graphs 

compare data on yield, L*a*b* colour values, rheological parameters, and visual 

shrinkage. Squares on the graphs represent the average positioning according to the 

canonical discriminant of each group mixture, allowing for the visualisation of overall 

differences between sample groups. According to the SPSS statistical analysis of the grilled 

samples, 66.7% of the original grouped cases were correctly classified. Cross-validation, 

performed by classifying each case using functions derived from all other cases, resulted in 

42.4% of cross-validated grouped cases being correctly classified. For the oven-baked 

samples, 53.0% of the original grouped cases were correctly classified, with cross-validation 

yielding a 33.3% correct classification rate. These results suggest that while the grouping 

was not significantly accurate, there is still a discernible differentiation between the groups. 

In Figure 10.2 most groups are centred with a particular pattern, though some group 

deviations are evident. Notably, the 0/100 group is positioned higher than the majority of 

samples, indicating a significant difference. Additionally, deviations are observed in the 

90/10 and 100/0 groups, which are placed further to the right, suggesting that high mushroom 

content significantly influences the parameters of meat-reduced, mushroom-based patty 

samples (Ilaria et al., 2021). 

Figure 10.3 illustrates a closer clustering of sample placements, indicating overall similarity 

in the results. However, the 100/0 group is positioned well above the majority, suggesting 

that in oven-baked samples, the 100% meat patty parameters are unique and cannot be 

grouped with mushroom-based analogues. The 90/10 and 80/20 groups are located to the left 

and below the majority, indicating their significant difference and lack of similarity with 

samples containing higher mushroom ratios. Similar findings have been reported in studies 

where canonical discriminant analysis was applied to assess the effects of meat substitution 

with oyster mushrooms on the quality characteristics of sausages. These studies utilised 

CDA to distinguish between different formulations based on physicochemical and sensory 

properties, demonstrating the method's effectiveness in differentiating sample groups based 

on compositional variations (Ilaria et al., 2021). 

Additionally, Tukey’s post hoc test on homogeneous subsets was performed to detect 

significant differences between the mixture groups with varying meat–mushroom 

content. This analysis was applied to Figure 3. and Figure 4.  for group comparisons of 
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yield; Figure 5., Figure 6., and Figure 7. for colour values; Figure 8. and Figure 9. for 

rheological parameters; and Table 2. for visual shrinkage measurements. The notations used 

in these figures and tables indicate group memberships, with some groups assigned multiple 

letters or numbers (e.g., ab, abc, abcde, xyz, wxyz, 1234, yz) to reflect their inclusion in 

multiple homogeneous subsets. This method, as described by Ilaria et al. (2021), is 

commonly employed in food science research to identify statistically significant differences 

among sample groups based on various quality parameters (Ilaria et al., 2021). 

 

5.5 Visual shrinkage measurement of meat-reduced mushroom-based burger 

patty samples 

Table 2. presents the results of visual shrinkage measurements, showing shrinkage 

percentages based on diameter changes measured in millimetres. The notations, such as 

100/0, 90/10, etc., represent the composition of ground beef and oyster mushrooms in the 

mixture. The first number indicates the percentage of ground beef, and the second number 

represents the percentage of oyster mushrooms. The letters a, b, c, and y, z and their 

combinations were used as label notations to indicate group membership in homogeneous 

subsets, reflecting both the differences and overlapping belonging among the sample groups. 

Table 2. Visual shrinkage results of the burger patty meat-mushroom sample mixtures. a-c: 

Distinct letters indicate significant differences among the grilled samples. y-z: Distinct 

letters indicate significant differences among the oven-baked samples.  (Tukey’s post hoc 

test, p < 0.05). 

Grill samples 

mixture type 

Shrinkage (%) Average and 

Standard Deviation 

Oven samples 

mixture type 

Shrinkage (%) Average and 

Standard Deviation 

100/0 15,05c ± 5,09 100/0 21,63z ± 1,97 

90/10 13,57bc ± 4,30 90/10 20,69z ± 2,12 

80/20 15,94c ± 2,19 80/20 17,82z ± 4,26 

70/30 10,53abc ± 4,61 70/30 17,74z ± 3,16 

60/40 6,33a ± 4,96 60/40 9,42y ± 3,31 

50/50 7,70ab ± 1,48 50/50 8,13y ± 2,77 
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40/60 7,92ab ± 2,92 40/60 7,96y ± 2,00 

30/70 7,24ab ± 2,26 30/70 8,64y ± 3,21 

20/80 6,70a ± 2,02 20/80 8,76y ± 3,40 

10/90 7,01a ± 1,69 10/90 8,63y ± 1,47 

0/100 6,49a ± 2,16 0/100 8,48y ± 1,47 

Visual shrinkage measurement provides insights into the overall appearance after cooking, 

as well as the objective influence of the meat-mushroom content on yield. 

Table 2. shows similar results to those observed in yield measurements (Figure 3. and Figure 

4.) as these two parameters are correlated. Shrinkage is generally associated with water loss 

and changes in texture after cooking, which directly affects yield. As the mushroom content 

increases, the mixture tends to retain more moisture, resulting in less shrinkage. This 

suggests that the more porous structure of mushrooms may help retain moisture compared 

to the denser structure of meat, which tends to shrink more as it loses water during cooking. 

Findings from Dikeman et al. (2005) support this observation, indicating that higher 

mushroom content leads to lower shrinkage due to the increased water-holding capacity of 

mushrooms (Dikeman et al., 2005). 

In the case of the grilling method, the highest shrinkage percentage (15.057%) is observed 

in the 100/0 mix, while the lowest shrinkage percentage (6.49%) is seen in the 0/100 mix. 

High standard deviations are primarily found in meat-enriched mixtures. For example, the 

100/0 mix has a standard deviation of 5.09, indicating considerable variability in shrinkage 

within that mixture. This could be due to the inherent variability in the meat’s structure, 

which results in more inconsistent shrinkage during grilling. In the oven-baking method, the 

maximum shrinkage is observed in the 100/0 mix, with a shrinkage percentage of 21.635%. 

The minimum shrinkage in this method occurs in the 10/90 mix, with a shrinkage percentage 

of 8.63%. Standard deviations in oven baking results are accidental and do not follow a clear 

pattern, which may be attributed to inconsistencies in heat distribution during the baking 

process. This unpredictability suggests that oven-baking might introduce more variability in 

shrinkage due to uneven heat flow within the oven (Zhuang & Savage, 2008). 
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Additionally, in comparison, the shrinkage percentage is higher in oven baking than in 

grilling. This difference can be attributed to the higher temperatures used in oven baking, 

which may cause greater water loss and texture contraction in meat compared to grilling. 

Grilling typically involves direct heat, which may reduce moisture loss more effectively by 

searing the surface and sealing in moisture (Mazumder et al., 2023). Similar results were 

found by Zhuang & Savage (2011), who reported that moisture retention during oven baking 

was lower than grilling due to the prolonged exposure to heat (Mazumder et al., 2023; 

Zhuang & Savage, 2011). 

5.6 Sensory analysis measurement of meat-reduced mushroom-based burger 

patty samples 

Figure 11. and Figure 12. present the results obtained from sensory analyses. The notations, 

such as 100/0, 90/10, etc., represent the composition of ground beef and oyster mushrooms 

in the mixture. The first number indicates the percentage of ground beef, and the second 

number represents the percentage of oyster mushrooms. In the first half of both figures, we 

observe evaluations of smell, taste, and overall liking on a scale from 1 to 10, where 1 

denotes "disgusting" and 10 signifies "excellent." The second half illustrates participants' 

perceptions of whether the meat patty sample had meat-like characteristics (score of 20) or 

mushroom-like characteristics (score of 0). A score of 10 represents a neutral character, 

indicating that the participant could not discern whether the sample was more meat- or 

mushroom-like. All participants followed a meat-based diet. 

Figure 11. Sensory evaluation results of oven-baked patty sample mixtures 
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Figure 12. Sensory evaluation results of grilled meat-mushroom sample mixtures 

 

Figure 11. represents the sensory evaluation of oven-baked samples. In the first half, the 

highest scores are observed in samples ranging from the 100/0 mix to the 60/40 mix. These 

mixtures received the most favourable evaluations on average. Specifically, the 100/0 mix 

achieved the highest scores for smell (6.55) and taste (6.29), while the 90/10 mix received 

the highest overall liking score (6.07). The 80/20 mix scored 5.11 for smell, 5.25 for taste, 

and 5.29 for overall liking. The 70/30 mix obtained scores of 5.81 for smell, 5.29 for taste, 

and 5.74 for overall liking. The 60/40 mix received 5.70 for smell, 5.00 for taste, and 5.03 

for overall liking. Notably, while the 100/0 mix had the highest smell and taste scores, the 

90/10 mix achieved the highest overall liking score. This suggests that a slight inclusion of 

oyster mushrooms may enhance the meat's sensory properties without significantly altering 

its character. Similar observations were reported by Sogari et al. (2023), who found that 

hybrid meat-mushroom burgers were well-received by consumers, indicating that mushroom 

inclusion can positively influence sensory attributes without compromising meat-like 

qualities. Scores significantly declined beyond the 60/40 mix in oven-baked samples. 

Participants indicated that mixtures exceeding this ratio resulted in a dominant oyster 

mushroom taste and smell, which were not pleasant to them. The lowest scores were 

observed in the 0/100 mix, with smell at 3.62, taste at 2.59, and overall liking at 2.66. These 

findings align with those of Sogari et al. (2023), who noted that higher levels of plant-based 

ingredients in meat analogues could negatively impact consumer acceptance (Sogari et al., 

2023). 
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In the second half of Figure 11. we examine the meat/mushroom characteristic perceptions 

of oven-baked samples. The 100/0 mix received a score of 16.48, indicating a dominant meat 

flavour. However, this score is below the expected 20, which could be attributed to factors 

such as cross-sample aroma contamination or participants' anticipation of mushroom 

presence, given that they were unaware of the specific mixture ratios. Similar to the first 

half, meat flavour dominance persisted up to the 60/40 mix, where the score was 9.888, 

suggesting a neutral perception. Beyond this ratio, the oyster mushroom flavour became 

more prominent. The most mushroom-like sample, the 10/90 mix, received a score of 2.444. 

These results are consistent with findings by Sogari et al. (2023), who reported that higher 

proportions of plant-based ingredients in hybrid products led to increased perception of non-

meat flavours, affecting overall consumer acceptance (Sogari et al., 2023). 

Figure 12. presents the sensory evaluation results for grilled samples. As in Figure 11. the 

first half of the figure displays results for smell, taste, and overall liking rated on a 10-point 

scale. The second half measures participants' perception of meat-like or mushroom-like 

characteristics, ranging from 0 (completely mushroom-like) to 20 (completely meat-like), 

with 10 indicating neutrality. The results of the grilled samples follow a similar trend to the 

oven-baked ones. The highest scores were observed in samples ranging from the 100/0 to 

50/50 mixtures. Specifically, the 100/0 mix had the highest score for smell (6.88), taste 

(6.11), and a high overall liking score of 6.33. The 90/10 mix achieved smell – 6.74, taste – 

6.48, and overall liking – 6.4. The 80/20 mixture yielded smell – 6.51, taste – 6.70 (the 

highest among all), and overall liking – 6.48 (also the highest among all grilled samples). 

The 70/30 mix followed with smell – 6.18, taste – 6.14, and overall liking – 6.03. The 60/40 

mix achieved smell – 6.04, taste – 6.07, and overall liking – 5.74. Lastly, the 50/50 sample 

had a smell score of 6.37, taste – 5.74, and overall liking – 5.81. These results suggest that a 

small proportion of oyster mushrooms, particularly around the 20% mark, may enhance the 

sensory attributes of the meat patty without overpowering the meat character. Similar 

findings were reported by Yuan et al. (2021), who demonstrated that the incorporation of 

edible mushrooms in meat products improved flavour complexity and overall palatability 

when used in moderation (Yuan et al., 2021). 

The second half of Figure 12. illustrates participants' perception of meat versus mushroom-

like character in grilled patties. The highest value was observed in the 100/0 sample (17.74), 

suggesting that in grilled samples, participants more clearly identified the presence of meat 

https://www.sciencedirect.com/science/article/abs/pii/S0963996920311149
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compared to oven-baked ones. The 90/10 sample followed closely with a score of 17.185, 

indicating that at this ratio, the presence of mushrooms was hardly perceptible to meat-eating 

participants. After the 90/10 mix, the scores decreased proportionally, suggesting increasing 

mushroom dominance. The neutral perception point (score ~10) was reached at the 40/60 

mixture. The most mushroom-like result was observed in the 0/100 mix, which received a 

score of 3.04. These findings are consistent with those reported by Michel et al. (2021), who 

found that hybrid products with over 50% plant content are more likely to be perceived as 

"non-meat" by omnivorous consumers, potentially reducing their acceptability (Michel et 

al., 2021). 

A comparative analysis of Figure 11. and Figure 12. suggests that overall liking scores were 

generally higher for grilled samples. This could be attributed to the formation of a pleasant 

crust during grilling, which adds desirable texture and flavour complexity. As noted by Chen 

and Rosenthal (2015), Maillard reactions occurring during grilling can enhance the aroma 

and taste profile, making grilled patties more appealing to consumers. 

Additionally, mushroom flavour dominance was more pronounced at higher inclusion levels 

in grilled samples than in oven-baked ones. This may be due to partial masking of the 

mushroom aroma by the grilled meat's enhanced flavour and aroma intensity. Similar 

findings were discussed by Ismail et al. (2020), who found that cooking methods involving 

direct dry heat (e.g., grilling) intensify umami compounds and may reduce off-notes from 

plant-based ingredients in hybrid formulations (Ismail et al., 2020). 

 

5.7 Summary of the results 

Overall, some clear patterns can be seen in the discovered results. In the case of the yield 

study, we observed that by reducing the meat content during grilling, the yield also 

decreased. However, when using cooking (oven baking), the same procedure resulted in 

increased yield due to the higher moisture retention of the oyster mushroom product (Pathare 

& Roskilly, 2015; Bakhsh et al., 2021). 

For colour measurement, a clear pattern was also observed. Regarding the L* (lightness) 

value, the values differed between grilling and cooking but remained stable during the 

reduction of meat content. This indicates that increased plant-based ingredients in meat 

https://www.sciencedirect.com/science/article/abs/pii/S0950329320301260
https://www.sciencedirect.com/science/article/abs/pii/S0950329320301260
https://www.sciencedirect.com/science/article/abs/pii/S0963996920304529
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analogues lead to a lighter product colour, especially when cooked with low surface 

exposure methods like baking (Serdaroglu et al., 2017). 

In the case of the a* value, for both cooking methods, the values slowly decreased, showing 

more greenish than reddish tones. This can be explained by the surface browning during 

high-heat methods, which enhances redness (a*), especially in samples with higher meat 

content (Fernández-Ginés et al., 2003). Interestingly, the b* values increased in both cooking 

methods, showing more bluish than yellowish tones as the meat content decreased and the 

mushroom content increased. This indicates that both the cooking method and formulation 

affect b* values, but grill-induced crust development can mask the underlying colour 

changes caused by ingredient ratios (García-Segovia et al., 2007). 

While measuring the rheological parameters, a clear decreasing trend was seen in both 

maximum force and adhesive work area, indicating that the strength and general elasticity 

of the burger patty decreased with the addition of mushroom (Bakhsh et al., 2021; Arun et 

al., 2021). Moreover, a statistical analysis (repeated measures ANOVA) showed a clear 

correlation between the meat–mushroom content and the measured results, with only minor 

measurement errors (Bakhsh et al., 2021). 

Visual shrinkage measurements also showed a clear and visible pattern, similar to the yield 

results, and essentially indicated the same trend (Dikeman et al., 2005; Mazumder et al., 

2023; Zhuang & Savage, 2011). 

Lastly, the sensory analysis for customer acceptance revealed that, in line with our aim to 

preserve the meat taste while increasing healthiness by reducing meat and increasing 

mushroom content, general customer acceptance was achieved. In the case of grilling, 

acceptance was met only up to the 50/50 mixture, and in the case of oven baking, up to the 

60/40 mixture—indicating a general trend and consumer preference for grilled products 

(Sogari et al., 2023; Yuan et al., 2021; Michel et al., 2021). 
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6. Conclusions and Suggestions 

Based on the observed parameters of oyster mushroom, such as physical, techno-functional, 

and sensory, there is a particular possibility to introduce it as a partial meat replacement in 

ground beef burger patties.  The initial aim of the study was to obtain the results of the 

experiment that could reveal whether partial substitution would be suitable for mass 

production, as well as acceptable to customers who are not willing to change their dietary 

habits significantly. The results of the analysis of the data obtained showed that not all of 

the combinations can be deemed suitable. 

Oven-baked patties containing lower meat amounts demonstrated superior yield 

performance, which makes this processing method suitable for industrial production. The 

yield measurements for grilled samples decreased after meat reduction, which could restrict 

industrial production. 

The colour evaluation of L*, a* and b* values confirmed that oyster mushroom proportion 

did not significantly change the colour but resulted in minor shifts. The lightness of the 

product slightly increased, yet redness and yellowness decreased when the mushroom 

content increased. 

The addition of high levels of oyster mushroom beyond 50% resulted in structural instability 

according to rheological measurements. These products displayed a loose structure, which 

caused them to break apart easily, thus rendering them useless for manufacturing operations. 

The texture integrity decreased as measured by both maximum piercing force and adhesive 

work area when mushroom content increased. 

Visual shrinkage analysis showed that grilling led to greater shrinkage than oven baking. 

The results from yield data support oven baking as the better method to produce meat-

reduced patties with acceptable physical attributes. 

Consumer acceptance ratings remained stable when oyster mushroom content reached 40%, 

while beef content reached 60% in samples. The 20% mushroom to 80% meat ratio produced 

the best sensory scores since it matches consumer preferences. Sensory scores decreased 

when the oyster mushroom ratio exceeded 40%, indicating that excessive meat reduction led 

to decreased acceptance. 

The replacement of meat with oyster mushroom in burger patties shows promise for the food 

production sector. According to our research, the maximum acceptable oyster mushroom 
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ratio for production should remain at 40% to preserve product integrity and consumer 

acceptance, as well as manufacturing capabilities. 

Multiple additional steps should be taken to validate these research findings. An expanded 

sensory analysis with a larger participant group from diverse demographics should be 

conducted to better understand consumer acceptance. The results would become more 

generalisable to consumer acceptance through this method. Evaluating market 

implementation feasibility requires comparisons to existing industrial standards and 

production regulations, as well as labelling requirements. A detailed nutritional analysis 

should be performed to determine how substituting oyster mushrooms for meat affects the 

nutritional content of the finished product. The nutritional analysis must determine the 

protein content, as well as the presence of saturated and unsaturated fats, along with dietary 

fibre, vitamins, minerals, and carbohydrates. The nutritional data will validate health claims 

while quantifying the dietary advantages of meat-reduced patties. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 49 

7. List of References 

1. Al-Moadhen, H., Lees, J. C., Pannier, L., & McGilchrist, P. (2023). Quantifying the 

effect of grilling and roasting on the eating quality of lamb leg muscles. Foods, 12(19), 

Article 3609. 

2. Alice, B., & Kustudia, M. (2004). Mushroom cultivation and marketing (Publication No. 

IP087). NCAT ATTRA. 

3. American Dietetic Association, & Dietitians of Canada. (2003). Position of the American 

Dietetic Association and Dietitians of Canada: Vegetarian diets. Journal of the American 

Dietetic Association, 103(6), 748–765. 

4. Appleby, P. N., Crowe, F. L., Bradbury, K. E., Travis, R. C., & Key, T. J. (2016). 

Mortality in vegetarians and comparable nonvegetarians in the United 

Kingdom. American Journal of Clinical Nutrition, 103(1), 218–230. 

5. Bainy, E. M., Bertan, L. C., Corazza, M. L., & Lenzi, M. K. (2015). Effect of grilling 

and baking on physicochemical and textural properties of tilapia (Oreochromis niloticus) 

fish burger. Journal of Food Science and Technology, 52(8), 5111–5119. 

6. Bakhsh, A., Lee, S. J., Lee, E. Y., Hwang, Y. H., & Jo, S. T. (2021). Traditional plant-

based meat alternatives, current and a future perspective: A review. Journal of 

Agricultural and Life Sciences, 55(1), 1–10. 

7. Bao, Y., Nimptsch, K., Meyerhardt, J. A., et al. (2010). Dietary insulin load, dietary 

insulin index, and colorectal cancer. Cancer Epidemiology, Biomarkers & Prevention, 

19(12), 3020–3026. 

8. Barbut, S. (2013). Review: Automation and meat quality—Global challenges. Meat 

Science, 96(1), 335–345. 

9. Barnard, N. D., Willett, W. C., & Ding, E. L. (2017). The misuse of meta-analysis in 

nutrition research. JAMA, 318(15), 1435–1436. 

10. Berridge, K. C., Ho, C. Y., Richard, J. M., & DiFeliceantonio, A. G. (2010). The tempted 

brain eats: Pleasure and desire circuits in obesity and eating disorders. Brain Research, 

1350, 43–64. 

11. Bouvard, V., Loomis, D., Guyton, K. Z., Grosse, Y., Ghissassi, F. E., Benbrahim-Tallaa, 

L., Straif, K. (2015). Carcinogenicity of consumption of red and processed meat. The 

Lancet Oncology, 16, 1599–1600. 



 50 

12. Brody, A. L. (1999). Packaging of foods. In Encyclopedia of food microbiology (pp. 

1611–1623). Duluth, GA: Rubbright Brody Inc. 

13. Chang, S. T. (2007). Mushroom cultivation using the ZERI principle: Potential for 

application. Micologia Aplicada International, 19(2), 33–34. 

14. Chang, S. T., & Miles, P. G. (1992). Mushroom biology—a new discipline. Mycologist, 

6(2), 64–65. 

15. Chin, K. B., Lee, H. L., & Park, S. Y. (2020). Influence of muscle fiber structure on the 

textural properties of beef patties. Meat Science, 169, 108205. 

16. Choi, Y., Giovannucci, E., & Lee, J. E. (2012). Glycaemic index and glycaemic load in 

relation to risk of diabetes-related cancers: A meta-analysis. British Journal of Nutrition, 

108(11), 1934–1947. 

17. Chorvathova, V., Bobek, P., Ginter, E., & Klvanova, J. (1993). Effect of the oyster 

fungus on glycaemia and cholesterolaemia in rats with insulin-dependent 

diabetes. Physiological Research, 42, 175–175. 

18. Das, A. K., Nanda, P. K., Dandapat, P., Bandyopadhyay, S., Gulló, P., Sivaraman, G. 

K., McClements, D. J., Gullón, B., & Lorenzo, J. M. (2021). Edible mushrooms as 

functional ingredients for development of healthier and more sustainable muscle foods: 

A flexitarian approach. Molecules, 26(9), 2463. 

19. Dikeman, C. L., Bauer, L. L., Flickinger, E., & Fahey, G. C. (2005). Effects of stage of 

maturity and cooking on the chemical composition of select mushroom varieties. Journal 

of Agricultural and Food Chemistry, 53(4), 1130–1138. 

20. Drewnowski, A., Mennella, J. A., Johnson, S. L., & Bellisle, F. (2012). Sweetness and 

food preference. Journal of Nutrition, 142(6), 1142S–1148S. 

21. Dror, D. K., & Allen, L. H. (2011). The importance of milk and other animal-source 

foods for children in low-income countries. Food and Nutrition Bulletin, 32(3), 227–

243. 

22. Etemadi, A., Sinha, R., Ward, M. H., Graubard, B. I., Inoue-Choi, M., Dawsey, S. M., 

& Abnet, C. C. (2017). Mortality from different causes associated with meat, heme iron, 

nitrates, and nitrites in the NIH-AARP Diet and Health Study: Population based cohort 

study. BMJ, 357, j1957. 

23. Fernández-Ginés, J. M., Fernández-López, J., Sayas-Barberá, E., Sendra, E., & Pérez-

Alvarez, J. A. (2003). Effect of storage conditions on quality characteristics of Bologna 

sausages made with citrus fiber. Journal of Food Science, 68(2), 710–714. 



 51 

24. Field, R. A., Johnson, P. D., & Kim, Y. H. B. (2020). Sensory and quality attributes of 

beef patties: A review. Meat and Muscle Biology, 4(2), 12–21. 

25. Forouzanfar, M. H., et al. (2015). Global, regional, and national comparative risk 

assessment of 79 behavioural, environmental and occupational, and metabolic risks or 

clusters of risks in 188 countries, 1990–2013: A systematic analysis for the Global 

Burden of Disease Study 2013. The Lancet, 386(10010), 2287–2323. 

26. García-Segovia, P., Andrés-Bello, A., & Martínez-Monzó, J. (2007). Effect of cooking 

method on mechanical properties, color and structure of beef muscle (M. 

pectoralis). Journal of Food Engineering, 80(3), 813–821. 

27. Gbolagade, J. S. (2006). Bacteria associated with compost used for cultivation of 

Nigerian edible mushrooms Pleurotus tuber-regium (Fr.) Singer, and Lentinus 

squarrosulus (Berk.). African Journal of Biotechnology, 5(4), 338–342. 

28. Giovannucci, E., Pollak, M., Liu, Y., et al. (2003). Nutritional predictors of insulin-like 

growth factor I and their relationships to cancer in men. Cancer Epidemiology, 

Biomarkers & Prevention, 12(2), 84–89. 

29. Gumede, T. (2008). Effects of prolonged soaking on the elimination of contaminants 

(Project Report). Botswana University of Agricultural and Natural Resources, 23–30. 

30. Hughes, J., Oiseth, S., Purslow, P., & Warner, R. (2018). The structural basis of beef 

texture. Meat Science, 144, 110–122. 

31. International Agency for Research on Cancer (IARC). (2015). Q & A on the 

carcinogenicity of the consumption of red meat and processed meat. World Health 

Organization. 

32. Jackson, J., Williams, R., McEvoy, M., MacDonald-Wicks, L., & Patterson, A. (2016). 

Is higher consumption of animal flesh foods associated with better iron status among 

adults in developed countries? A systematic review. Nutrients, 8(2), 89. 

33. Jandaik, C. L., & Goyal, S. P. (1995). Farm and farming of oyster mushroom 

(Pleurotus sp.). In R. P. Singh & H. S. Chaube (Eds.), Mushroom production 

technology (pp. 72–78). GB Pant Univ. Agril. & Tech. 

34. Key, T. J., Appleby, P. N., & Rosell, M. S. (2006). Health effects of vegetarian and vegan 

diets. Proceedings of the Nutrition Society, 65(1), 35–41. 

35. Key, T. J., Appleby, P. N., Davey, G. K., Allen, N. E., Spencer, E. A., & Travis, R. C. 

(2003). Mortality in British vegetarians: Review and preliminary results from EPIC-

Oxford. American Journal of Clinical Nutrition, 78(Suppl.), 533S–538S. 



 52 

36. Key, T. J., Davey, G. K., & Appleby, P. N. (1999). Health benefits of a vegetarian 

diet. Proceedings of the Nutrition Society, 58(2), 271–275. 

37. Key, T., & Davey, G. (1996). Prevalence of obesity is low in people who do not eat 

meat. BMJ, 313(7060), 816–817. 

38. Khare, K. B., Jongman, M., & Loeto, D. (2018). Oyster mushroom cultivation at 

different production systems : A review European of Biomedical AND Pharmaceutical 

sciences. EUropean Journal Of Biomedical and Pharmaceutical Sciences, 5(5), 72–79.  

39. Khonga, E. B., Jongman, M., & Khare, K. B. (2013). Effect of different grain spawns 

and substrate sterilization methods on yield of oyster mushroom in 

Botswana. International Journal of Bioassays, 2(10), 1308-1311. 

40. Lanza, I., Conficoni, D., Balzan, S., Cullere, M., Fasolato, L., Serva, L., Contiero, B., 

Trocino, A., Marchesini, G., & Xiccato, G. (2021). Assessment of chicken breast shelf 

life based on bench-top and portable near-infrared spectroscopy tools coupled with 

chemometrics. Food Quality and Safety, 5, fyaa032. 

41. Li, L., Ng, T. B., Song, M., Yuan, F., Liu, Z. K., Wang, C. L., Jiang, Y., Fu, M., & Liu, 

F. (2007). A polysaccharide–peptide complex from abalone mushroom (Pleurotus 

abalonus) fruiting bodies increases activities and gene expression of antioxidant 

enzymes and reduces lipid peroxidation in senescence-accelerated mice. Applied 

Microbiology and Biotechnology, 75(4), 863–869. 

42. López-Campos, Ó., Roberts, J. C., Larsen, I. L., Prieto, N., Juárez, M., Dugan, M. E. R., 

& Aalhus, J. L. (2018). Rapid and non-destructive determination of lean, fat and bone in 

beef using dual energy X-ray absorptiometry (DXA). Meat Science, 146, 140–146. 

43. Marteau, T. M. (2017). Towards environmentally sustainable human behaviour: 

Targeting non-conscious and conscious processes for effective and acceptable 

policies. Philosophical Transactions of the Royal Society A: Mathematical, Physical and 

Engineering Sciences, 375(2095), 20160371. 

44. Mazumder, M. A. R., Panpipat, W., Chaijan, M., Shetty, K., & Rawdkuen, S. (2023). 

Role of plant protein on the quality and structure of meat analogs: A new perspective for 

vegetarian foods. Future Foods, 8, 100280. 

45. McKeown-Eyssen, G. (1994). Epidemiology of colorectal cancer revisited: Are serum 

triglycerides and/or plasma glucose associated with risk? Cancer Epidemiology, 

Biomarkers & Prevention, 3(8), 687–695. 



 53 

46. Micha, R., Khatibzadeh, S., Shi, P., Andrews, K. G., Engell, R. E., & Mozaffarian, D. 

(2015). Global, regional and national consumption of major food groups in 1990 and 

2010: A systematic analysis including 266 country-specific nutrition surveys 

worldwide. BMJ Open, 5, e008705. 

47. Michaud, D. S., Fuchs, C. S., Liu, S., Willett, W. C., Colditz, G. A., & Giovannucci, E. 

(2005). Dietary glycemic load, carbohydrate, sugar, and colorectal cancer risk in men 

and women. Cancer Epidemiology, Biomarkers & Prevention, 14(1), 138–147. 

48. Michel, F., Hartmann, C., & Siegrist, M. (2021). Consumers’ associations, perceptions 

and acceptance of meat and plant-based meat alternatives. Food Quality and Preference, 

87, 104063. 

49. Miles, P. G., & Chang, S.-T. (2004). Mushrooms: Cultivation, nutritional value, 

medicinal effect, and environmental impact. CRC Press. 

50. Nestle, M. (2007). Food politics: How the food industry influences nutrition and 

health (Revised ed.). University of California Press. 

51. New, S. A. (2004). Do vegetarians have a normal bone mass? Osteoporosis 

International, 15(9), 679–688. 

52. Nongthombam, J., Kumar, A., Ladli, B., Madhushekhar, M., & Patidar, S. (2021). A 

review on study of growth and cultivation of oyster mushroom. Plant Cell Biotechnology 

and Molecular Biology, 22(5–6), 55–65. 

53. Oei, P. (2005). Agrodok 40: Small-scale mushroom cultivation: Oyster, shiitake and 

wood ear mushrooms (1st ed.). Agromisa Foundation & CTA.  

54. Olagunju, A. I., & Nwachukwu, I. D. (2020). The differential effects of cooking methods 

on the nutritional properties and quality attributes of meat from various animal 

sources. Croatian Journal of Food Science and Technology, 12(1), 37–47. 

55. Orlich, M. J., Fraser, G. E., Sabaté, J., Knutsen, S. F., Beeson, W. L., & Jaceldo-Siegl, 

K. (2013). Vegetarian dietary patterns and mortality in Adventist Health Study 2. JAMA 

Internal Medicine, 173(13), 1230–1238. 

56. Oseni, T. O., Dlamini, S. O., Earnshaw, D. M., & Masarirambi, M. T. (2012). Effect of 

substrate pre-treatment methods on oyster mushroom (Pleurotus ostreatus) 

production. International Journal of Agriculture and Biology, 14(2). 

57. Pathare, P. B., & Roskilly, A. P. (2016). Quality and energy evaluation in meat 

cooking. Food Engineering Reviews, 8(4), 435–447. 



 54 

58. Pimentel, D. (1980). Handbook of energy utilization in agriculture. Boca Raton, FL: 

CRC Press. 

59. Pimentel, D. (1997). Livestock production: Energy inputs and the environment. In S. L. 

Scott & X. Zhao (Eds.), Canadian Society of Animal Science, Proceedings (Vol. 47, pp. 

17–26). Montreal, Canada: Canadian Society of Animal Science. 

60. Pimentel, D., & Kounang, N. (1998). Ecology of soil erosion in ecosystems. Ecosystems, 

1, 416–426. 

61. Pimentel, D., & Pimentel, M. (1996). Food, energy and society. Niwot, CO: Colorado 

University Press. 

62. Pimentel, D., & Pimentel, M. (n.d.). Sustainability of meat-based and plant-based diets 

and the environment. Department of Ecology and Evolutionary Biology, Cornell 

University, Ithaca, NY. 

63. Prayson, R. A., McMahon, J. T., & Prayson, M. J. (2008). Fast food hamburgers: What 

are we really eating? Annals of Diagnostic Pathology, 12(6), 406–409. 

64. Randive, S. D. (2012). Cultivation and study of growth of oyster mushroom on different 

agricultural waste substrate and its nutrient analysis. Advances in Applied Science 

Research, 3(4), 1938–1949. 

65. Rohrmann, S., Overvad, K., Bueno-de-Mesquita, H. B., Jakobsen, M. U., Egeberg, R., 

Tjønneland, A., Linseisen, J. (2013). Meat consumption and mortality—Results from the 

European Prospective Investigation into Cancer and Nutrition. BMC Medicine, 11, 63. 

66. Rosell, M., Appleby, P., & Key, T. (2005). Height, age at menarche, body weight, and 

body mass index in life-long vegetarians. Public Health Nutrition, 8(7), 870–878. 

67. Scarborough, P., Springmann, M., Jebb, S. A., Godfray, H. C. J., Aveyard, P., Garnett, 

T., Hall, J. W., Key, T. J., Lorimer, J., Pierrehumbert, R. T., & Kelly, P. (2018). Meat 

consumption, health, and the environment. Science, 361(6399), eaam5324. 

68. Serdaroglu, M., Can, H., Sari, B., Kavusan, H. S., & Yilmaz, F. M. (2022). Effects of 

natural nitrite sources from arugula and barberry extract on quality characteristics of 

heat-treated fermented sausages. Meat Science, 198, Article 109090. 

69. Serdaroğlu, M., Nacak, B., & Karabıyıkoğlu, M. (2017). Effects of beef fat replacement 

with gelled emulsion prepared with olive oil on quality parameters of chicken 

patties. Korean Journal of Food Science of Animal Resources, 37(3), 376–384. 



 55 

70. Sharma, S., Yadav, R. K. P., & Pokhrel, C. P. (2013). Growth and yield of oyster 

mushroom (Pleurotus ostreatus) on different substrates. Journal on New Biological 

Reports, 2(1), 3–8. 

71. Sinha, R., Cross, A. J., Graubard, B. I., Leitzmann, M. F., & Schatzkin, A. (2009). Meat 

intake and mortality: A prospective study of over half a million people. Archives of 

Internal Medicine, 169, 562–571. 

72. Sivrikaya, H., Bacak, L., Saraçbaşı, A., Toroğlu, I., & Eroğlu, H. (2002). Trace elements 

in Pleurotus sajor-cajucultivated on chemithermomechanical pulp for bio-

bleaching. Food Chemistry, 79(2), 173–176. 

73. Sogari, G., Caputo, V., Petterson, A. J., Mora, C., & Boukid, F. (2023). A sensory study 

on consumer valuation for plant-based meat alternatives: What is liked and disliked the 

most? Food Research International, 169, 112813. 

74. Spencer, E. A., Appleby, P. N., Davey, G. K., & Key, T. J. (2003). Diet and body mass 

index in 38,000 EPIC-Oxford meat-eaters, fish-eaters, vegetarians and 

vegans. International Journal of Obesity, 27(6), 728–734. 

75. Texas A&M AgriLife Extension Service. (2023, July 6). Making some sense out of 

ground beef labeling. Texas A&M Meat Science. 

76. Thomas, G. W. (1987). Water: Critical and evasive resource on semi-arid lands. In W. 

R. Jordan (Ed.), Water and water policy in world food supplies (pp. 83–90). College 

Station, TX: Texas A&M University Press. 

77. Tornberg, E. (2005). Effects of heat on meat proteins—Implications on structure and 

quality of meat products. Meat Science, 70(3), 493–508. 

78. Tran, T. T., Naigamwalla, D., Oprescu, A. I., et al. (2006). Hyperinsulinemia, but not 

other factors associated with insulin resistance, acutely enhances colorectal epithelial 

proliferation in vivo. Endocrinology, 147(4), 1830–1837. 

79. Tsai, C.-J., & Giovannucci, E. L. (2012). Hyperinsulinemia, insulin resistance, vitamin 

D, and colorectal cancer among whites and African Americans. Digestive Diseases and 

Sciences, 57(10), 2497–2503. 

80. U.S. Department of Agriculture, Agricultural Research Service. (2015). USDA National 

Nutrient Database for Standard Reference, Release 28. U.S. Department of Agriculture. 

81. U.S. Department of Agriculture, Food Safety and Inspection Service. (2013, August 6). 

Ground beef and food safety. 



 56 

82. U.S. Department of Agriculture. (n.d.). Definitions and standards of identity or 

composition—Miscellaneous beef products (9 CFR § 319.15). Electronic Code of 

Federal Regulations. 

83. Unruh, D. A., Kastner, J. J., Jenott, J. R., & Gragg, S. E. (2016). Handling of hamburgers 

and cooking practices. In Food hygiene and toxicology in ready-to-eat foods (pp. 107–

122). 

84. Vergnaud, A. C., Norat, T., Romaguera, D., Mouw, T., May, A. M., Travier, N., … 

Peeters, P. H. (2010). Meat consumption and prospective weight change in participants 

of the EPIC-PANACEA study. American Journal of Clinical Nutrition, 92, 398–407. 

85. Wang, X., Lin, X., Ouyang, Y. Y., Liu, J., Zhao, G., Pan, A., & Hu, F. B. (2016). Red 

and processed meat consumption and mortality: Dose-response meta-analysis of 

prospective cohort studies. Public Health Nutrition, 19, 893–905. 

86. Wang, Z., et al. (2011). Gut flora metabolism of phosphatidylcholine promotes 

cardiovascular disease. Nature, 472(7341), 57–63. 

87. Wei, E. K., Ma, J., Pollak, M. N., et al. (2005). A prospective study of C-peptide, insulin-

like growth factor-I, insulin-like growth factor binding protein-1, and the risk of 

colorectal cancer in women. Cancer Epidemiology, Biomarkers & Prevention, 14(4), 

850–855. 

88. Wolk, A. (2017). Potential health hazards of eating red meat. Journal of Internal 

Medicine, 281, 106–122. 

89. Woo, S. L., Di Benedetto, P., Senatore, M., Abadi, K., Gigante, S., Soriente, I., Ferraioli, 

S., Scala, F., & Lorito, M. (2004). Identification and characterization 

of Trichoderma species aggressive to Pleurotus in Italy. [Journal/Publisher 

unspecified], 30(4), 469–470. 

90. World Cancer Research Fund (WCRF). (2017). Animal foods. World Cancer Research 

Fund. 

91. Wyrwisz, J., Półtorak, A., Poławska, E., Pierzchała, M., Jóźwik, A., Zalewska, M., 

Zaremba, R., & Wierzbicka, A. (2012). The impact of heat treatment methods on the 

physical properties and cooking yield of selected muscles from Limousine breed 

cattle. Animal Science Papers and Reports, 30(4), 339–351. 

92. Yuan, X., Jiang, W., Zhang, D., Liu, H., & Sun, B. (2021). Textural, sensory and volatile 

compounds analyses in formulations of sausage analogues elaborated with edible 

mushrooms and soy protein isolate as meat substitute. Foods, 11(1), 52. 



 57 

93. Zhuang, H., & Savage, E. (2008). Validation of a combi oven cooking method for 

preparation of chicken breast meat for quality assessment. Journal of Food Science, 73, 

424–430. 

94. Zhuang, H., & Savage, E. M. (2011). Effect of postmortem deboning time on sensory 

descriptive flavor and texture profiles of cooked boneless skinless broiler thighs. LWT 

Food Science and Technology, 44(10), 2087–2090. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 58 

 

 

  



 59 

DECLARATION 
 

 

Mazurova Arina (name) (student Neptun code: LL6XLK)  

as a consultant, I declare that I have reviewed the final thesis and that I have informed the 

student of the requirements, legal and ethical rules for the correct handling of literary 

sources. 

 

I recommend / do not recommend1 the final thesis / dissertation / portfolio to be 

defended in the final examination. 

 

The thesis contains a state or official secret:  yes no*2 

 

Date: Budapest, 2025 October 30. 

 

 

 ____________________ 

 insider consultant 

  

 
1 The appropriate one should be underlined. 
2 The appropriate one should be underlined. 



 60 

 

 

 

 

 

 



 61 

 


