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This thesis examines sustainable processing alternatives for Finnish natural food products 

from a techno-economic perspective. The study focuses on natural and semi-cultivated raw 

materials such as berries, herbs, mushrooms, forest-based materials, and selected side-

streams. The aim is to evaluate how processing methods can be selected in a way that 

supports sustainability, economic feasibility, and practical use for small-scale and regional 

producers. 

The thesis uses a mixed-methods approach. Empirical data were collected through 

interviews and field observations with Finnish natural food producers and related actors. 

These data were combined with scientific literature, Finnish development project material, 

and secondary techno-economic data on selected processing technologies. The main 

technologies considered include drying, freezing, blanching, milling, extraction, 

fermentation, and selected advanced methods such as freeze-drying, microwave-vacuum 

drying, cryogenic processing, and supercritical CO₂ extraction. 



 

 

The results show that Finnish natural food producers mainly use traditional and semi-

mechanized methods. Some of these methods are drying, freezing, cooking, pasteurization, 

cold pressing, and milling. These are suitable for producers who work with seasonal 

materials and have small-batch productions. But they also have their challenges and 

limitations. These challenges can be related to energy use, capacity, labour, moisture control, 

packaging, scalability, and access to advanced equipment. The techno-economic comparison 

helps us to realize that some methods, such as mechanical freezing, basic drying, cooking, 

pasteurization, and hammer milling are easy to access and use for most of the natural 

producers in smaller scale. Although more advanced techniques improve product quality and 

add value, but they are not commonly accessible for most of the producers. So, in order to 

be suitable for more producers, they can be used through shared facilities, outsourcing, 

cooperatives, or industrial-scale production. 

The thesis concludes that in order to move toward sustainable modernization of Finnish 

natural food products, needs to gradually and step by step. The shift shouldn’t be sudden, 

and it shouldn’t be from basic to completely advanced techniques and equipment, since it 

will be very costly for the businesses. Instead, the thesis suggests that this goal can be 

reached by improving the current existing practices, using intermediate methods when it is 

feasible, and considering shared or outsourced advanced processing when product value and 

production volume justify the investment. 
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1  Introduction 

1.1  Background and context of Finnish natural food products 

In recent years, the focus on natural food products and non-timber forest products (NTFPs) 

have gained increase in the recent years in food research, regional entrepreneurship, and the 

development of a sustainable bioeconomy. This thesis mainly describes natural food 

products as Finnish wild and semi-cultivated raw materials, which include berries, 

mushrooms, herbs, forest plants, and some by-products. These by-products can be 

transformed into foods, beverages, powders, extracts, supplements, and other value-added 

products. Their importance comes from their health and nutritional benefits, and also from 

their connection to local food traditions. They also use forest-based resources, clean-label 

consumption, and they support rising demand for traceable and eco-friendly ingredients 

(Rabiei Pour and Vilko, 2026; Ayodele et al., 2017; Pohjanmies et al., 2021). 

Finland provides a great place to develop natural food products because of its forest 

resources, seasonal wild harvests, and cultural ties with berries, mushrooms, and wild plants. 

Wild berries, such as bilberry (Vaccinium myrtillus L.), lingonberry (Vaccinium vitis-idaea 

L.), cloudberry (Rubus chamaemorus L.), crowberry (Empetrum nigrum L.), cranberry 

(Vaccinium oxycoccos L.), and sea buckthorn (Hippophae rhamnoides L.), are used in 

products such as jams, juices, syrups, glögi-type (mulled wines) beverages, frozen 

ingredients, powders, extracts, and functional food applications. These berries are 

considered important and valued for their phenolic compounds, anthocyanins, flavonoids, 

organic acids, and antioxidants. This makes them popular among natural ingredients and 

functional food markets. (Chen et al., 2022; Syrpas et al., 2021; Cui et al., 2025). 

Mushrooms and herbs are important components in Finland's natural products. Edible types 

such as chanterelle (Cantharellus cibarius), porcini or cep (Boletus edulis), black trumpet 

(Craterellus cornucopioides), oyster mushroom (Pleurotus ostreatus), and chaga (Inonotus 

obliquus) are considered valuable for cooking and their health benefits. They contain 

bioactive compounds, including polysaccharides, triterpenoids, lipids, fibers, and aroma 
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compounds (Kobus et al., 2024; Huynh et al., 2022; Zhang et al., 2025). Herbs and wild 

plants, such as stinging nettle (Urtica dioica), birch leaves (Betula pendula), meadowsweet 

(Filipendula ulmaria), heather (Calluna vulgaris), mint (Mentha spp.), dandelion 

(Taraxacum officinale), and horsetail (Equisetum arvense), are frequently transformed into 

teas, seasonings, infusions, herbal oils, powders, and extracts. The quality of these products 

depends a lot on factors such as harvest timing, drying temperature, moisture management, 

storage conditions, and packaging (Korpela, 2021; Moilanen, 2023). 

1.2   Sustainability in natural food processing 

In this thesis, sustainability is more than just environmental protection. It is defined beyond 

that. While a sustainable processing method should support environmental responsibility, it 

should also support economic feasibility, efficiency in resources, and social and regional 

values. The commonly used definition of sustainable development comes from the 

Brundtland Report, where sustainability is described as meeting present needs without 

reducing the ability of future generations to meet their own needs (WCED, 1987). In food 

processing, the aim is not only to preserve the products. It also should include the use of 

energy and raw materials, reducing the wastes and utilizing them, and keeping the goal 

realistic so that the producers can utilize it. 

For Finnish natural food products, sustainability is linked to seasonal raw materials, local 

production, using side streams, and the economic survival of small producers. A technology 

may seem sustainable from the point of adding value to the product by looking at the studies 

but in the practical and realistic situations, they are not truly sustainable for producers who 

cannot invest a lot in equipment or replace their current facilities, or maintaining and running 

them is not feasible for them. Therefore, sustainability in this thesis includes three parts: 

environmental aspects, such as energy use and waste reduction; economic aspects, such as 

CAPEX, OPEX, and equipment utilization; and practical or regional aspects, such as local 

value creation, producer capacity, and the ability to preserve the identity of the products. 

This understanding is important because Finnish natural food products are not only industrial 

ingredients. Their value is also linked to Finnish origin, wild nature, local traditions, artisanal 

production, and customer trust.  
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1.3  Processing as value addition and Techno-economic evaluation  

Processing is crucial due to the nature of Finnish natural food raw materials, which is usually 

seasonal, moisture-prone, and highly perishable. Processes such as drying, freezing, heating, 

pasteurization, fermentation, milling, blanching, and extraction may extend shelf life, 

minimize waste, and increase value-added products using berries, herbal plants, fungi, and 

by-products (Zhang et al., 2021; Geng et al., 2023; Syrpas et al., 2021; Grimm et al., 2020). 

Regarding techno-economical assessment of processing technologies, it means that the 

technologies will be assessed based on both technical and economical criteria. Technical 

factors include suitability of the technology to the type of product, controllability, energy 

input, production output, quality impact, and suitability to raw material types. Economical 

factors include capital expenditure (CAPEX), operational expenditure (OPEX), specific 

energy consumption (SEC), equipment availability, labor requirements, consumables, and 

estimated scales of production. Such considerations are vital since even though a technology 

might be technically feasible, it might be economically infeasible due to high investment 

costs or operating costs (Frank et al., 2019; Rabiei Pour and Vilko, 2026). 

The focus of this work is on selective natural foods from Finland, particularly berry fruits, 

herbs, mushrooms, raw materials from forests, and some by-products. Processing 

technologies include drying, freezing, blanching, milling, extraction, fermentation, and other 

forms of added value that may be appropriate for small-scale and regional processing. This 

work will provide an indicative analysis of the economics involved, without including an 

investment study. Lab tests and life-cycle assessment are excluded from this work. 

1.4  Research gap  

The primary research problem of this thesis is that the literature on technology studies is 

insufficiently linked to the practices of natural food producers in Finland. Numerous studies 

reveal a wide range of technologies applicable to berries, herbs, mushrooms, and by-products 

derived from the forest biomass industry. Nevertheless, the majority of these studies consider 

primarily scientific issues, such as drying efficiency, extraction effectiveness, antioxidant 

power, bioactive compounds recovery, or final product quality (Syrpas et al., 2021; Huynh 

et al., 2022; Zhang et al., 2025; Geng et al., 2023). In other words, they do not pay enough 
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attention to practical issues, such as the feasibility and affordability of the technologies 

mentioned. 

There is a second gap existing between Finnish projects and producers. The Finnish projects 

present multiple opportunities to process natural raw materials and their side streams through 

means such as drying, extraction, oiling, fermentation, fractionation, and cascade utilization. 

But the opportunity presented by projects does not mean that the same technology can be 

used by the producers. The factors that determine adoption include financial capability, 

production quantity, equipment availability, technical know-how, food safety standards, 

seasonality, and market demand (Sarjala, 2018; Korpela, 2021; Moilanen, 2023; Rabiei Pour 

and Vilko, 2026).  

The third missing element is the missing techno-economical comparability of different 

processing options. Small-scale producers require not only the knowledge about possible 

technology types, but also the knowledge about which technological types are realistic in an 

initial stage, which are suitable for intermediate improvements, and finally, which ones will 

require collaboration among others. The current thesis seeks to fill the above mentioned gaps 

by using information obtained from interviews with producers, Finnish projects, literature, 

and indicative techno-economical calculations. 

1.5  Research questions and scope of thesis  

The main problem is not only finding the most advanced processing method. While freeze-

drying can keep the color, structure, and bioactive compounds, but its high energy 

consumption and high initial costs can make it impractical for small-scale producers (Grimm 

et al., 2020; Geng et al., 2023). On the other hand, traditional drying or standard freezing 

methods can be easier to fit the local production, but they can limit the control over the 

process, consistency, and scalability (Rabiei Pour and Vilko, 2026). So, choosing a 

technology needs a techno-economic assessment that considers the type of product, changes 

in raw materials, energy consumption, operational expenses or running costs (OPEX), 

capital expenses or starting costs (CAPEX), production size, equipment availability, and 

market position. 
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This thesis aims to address the current existing gap by exploring sustainable processing 

alternative ways for Finnish natural food products. It uses a detailed approach. The research 

uses empirical interview data from Finnish producers, data from Finnish natural product 

projects, scientific studies around the world with the same geographical potential or same 

NTFP products, and a techno-economic comparison of selected processing technologies. 

The goal is to understand the current producer practices and methods, find and link relevant 

technological opportunities and possibilities, and see which processing methods are feasible 

for small-scale, cooperative, or industrial businesses. This approach highlights the 

importance of combining local knowledge with scientific and techno-economic analysis 

(Flyvbjerg, 2006; Patton, 2015).  

The main research question of this thesis is: 

How can processing methods for Finnish natural food products be evaluated and selected 

in a way that supports sustainability, economic feasibility, and practical use for small and 

local producers? 

To answer the main question, the thesis uses five supporting questions: 

1. What processing methods are currently used by Finnish small-scale producers for 

berries, herbs, mushrooms, and similar natural food products? 

2. Why are these methods chosen, and what benefits, limitations, and practical 

advantages do producers associate with them? 

3. What alternative or emerging processing technologies are presented in Finnish 

development projects and scientific literature for similar raw materials? 

4. How do these methods compare in terms of energy use, operating cost, investment 

cost, scalability, equipment access, and suitability for small-scale production? 

5. Which processing pathways can be recommended for producers or entrepreneurs 

who want to develop natural food products in Finland? 

First, it asks what processing methods Finnish small-scale producers currently use for 

berries, herbs, mushrooms, and similar natural food products. Second, it looks at why these 

methods are chosen and the reasons behind producers’ decisions, including their benefits, 

practical limitations, and possible advantages from the producers’ point of view. Third, it 
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focuses on what alternative or emerging technologies have been studied in Finnish 

development projects and scientific literature for similar raw materials. Fourth, it compares 

these methods using techno-economical factors such as energy use, operating cost, 

investment cost, scalability, equipment access, and suitability for small-scale production. 

Finally, the thesis brings these parts together by asking which processing pathways could be 

recommended for producers or entrepreneurs who want to develop natural food products in 

Finland. 

This thesis will consider the natural food ingredients that are pertinent to Finland, including 

but not limited to berries, herbs, mushrooms, wood-based products, and some selected by-

products. The processes to be discussed are drying, freezing, blanching, milling, extraction, 

fermentation, and other value-added processes. The economic analysis in this project is 

indicative and does not constitute an investment analysis in itself. The areas to be analyzed 

include CAPEX (capital expenditure), OPEX (operational expenditure), specific energy 

consumption (SEC), availability, scalability, and feasibility. 

This work does not contain laboratory experiments, microbiological tests, sensory analysis, 

or full lifecycle assessment. This thesis evaluates different processing alternatives using 

practical means, such as interviews with producers, Finnish projects, scientific literature, and 

technoeconomic comparison. Chapter 2 covers natural food products, processing difficulties, 

technologies, utilization of by-products, and technoeconomic feasibility. Chapter 3 describes 

the methodology applied for this thesis, namely interviewing producers, gathering scientific 

information about technologies, collecting information from Finnish projects, and gathering 

technoeconomic data. Results obtained using interviews with producers, technoeconomic 

comparisons, and supported by literature are presented in Chapter 4. Chapter 5 contains a 

discussion of results, combining the practices of producers and feasibility problems. The 

conclusion is given in Chapter 6. 

1.6  Research process of the thesis 

The research methodology of this thesis was developed in a phased manner. Initially, the 

research problem and scope were framed based on the sustainability of processing and 

techno-economical feasibility of Finnish natural food products. The selected raw material 

groups include berries, herbs, mushrooms, forest-based materials, and selected side-streams. 
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The rationale behind selecting such product groups is their relevance to Finnish natural food 

production, non-timber forest products, and regional value creation (Ayodele et al., 2017; 

Pohjanmies et al., 2021; Rabiei Pour and Vilko, 2026). 

Secondly, empirical data were gathered through interviews and observations from producers. 

These data help in comprehending the existing processing systems, reasoning behind the 

selection of technology, benefits derived from it, and practical barriers faced during 

adoption. Thirdly, an extensive review of scientific literature and Finnish project documents 

was carried out to obtain relevant technological options and valorization routes for similar 

raw materials. Such literature reviews encompass topics such as drying, extraction, 

mushroom processing, berry pomace, sea buckthorn, chaga, lingonberry, and natural food 

materials (Syrpas et al., 2021; Zhang et al., 2021; Geng et al., 2023; Cui et al., 2025; Zhang 

et al., 2025). 

Fourth, techno-economic information was obtained from the selected technologies including 

drying, freezing, blanching, milling, extraction, and some advanced techniques. In the last 

step, all sources of evidence were brought together. Practices of producers were compared 

against technology backed by literature evidence along with techno-economic indicators. It 

became possible to determine which technologies can be adopted by farmers at the entry 

level, which technologies are feasible at the intermediate stage, and which technologies 

should be adopted by premium and cooperative producers (Frank et al., 2019; Rabiei Pour 

and Vilko, 2026). 
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Figure 1. Research process of the thesis.  

1.7  Structured source-selection approach 

Literature and project information were selected in a way inspired by the PRISMA 

methodology. PRISMA is commonly used in scientific studies in order to explain the 

selection process from record identification, screening, exclusion to inclusion (Moher et al., 

2009). In this thesis, the approach was altered since the literature review did not focus 

exclusively on scientific literature, but also on Finnish projects and other techno-economical 

information on natural foods. 

The keywords for the review were natural foods, berries, mushrooms, herbs, non-timber 

forest products, drying, freezing, blanching, milling, extraction, fermentation, side streams, 

bioactivity, valorization, and techno-economical feasibility. The above keywords were 

Research problem and aim 

Sustainable processing and techno-economic feasibility of Finnish natural food 

products 

↓ 

Research questions and scope 

Berries, herbs, mushrooms, forest-based materials, and selected side-streams 

↓ 

Empirical 

data 

Producer 

interviews and 

field 

observations 

Literature and Finnish 

project data 

Scientific articles, Aitoluonto 

project material, and PRISMA- 

inspired screening 

Techno-economic 

data 

SEC, CAPEX, OPEX, 

throughput, equipment 

access, 

and scale 

↓ 

Data organization and analysis 

Thematic coding, product-group comparison, and technology classification 

↓ 

Integrated feasibility assessment 

Comparison of current practices, technology opportunities, and economic 

feasibility 

↓ 

Practical recommendations 

Entry-level, intermediate, premium, shared/cooperative, and industrial pathways 
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selected due to their connection with the raw materials, technologies, and criteria used in the 

thesis.  

The criteria for selection consisted of the following factors: title, abstract, project 

description, raw material, processing technique, and relevance to the questions studied. 

Selection was not made if the sources were concerned about food processing of other types, 

had an irrelevant choice of raw material and technology, focused exclusively on biological 

or medicinal effects that were not relevant to the study, or if they provided nothing helpful 

in the context of a literature review or technology comparison. 

This PRISMA-based source selection process was employed to add transparency to the 

source selection procedure. The thesis was not designed as a systematic review per se. 

Rather, the procedure served to organize the scientific literature, Finnish project materials, 

and technological-economical data. 

 

Records Identified 

Databases: Web of Science, and Finnish project databases 

n = 403 

↓ 

Records Screened 

After Duplicates Removed 

n = 311 

↓ 

Records excluded 

Title/abstract screening 

n = 241 

↓ 

Full-Text Articles Assessed 

n = 70 

↓ 

Studies Included in Review 

n = 51 

Figure 2. PRISMA-style flow diagram of literature and project source selection 
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2   Systematic Literature Review 

Natural food products in this thesis are considered within the wider group of non-timber 

forest products (NTFPs). These products come from forests, semi-natural areas, and wild or 

semi-cultivated resources, and they can be used in food, health-related products, cosmetics, 

and specialty ingredients. In Finland, the most relevant groups for this study are wild berries, 

edible mushrooms, herbs, leaves, flowers, bark, needles, and other forest-based raw 

materials. Their importance is not only ecological, but also practical and economic. They 

support local food production, regional entrepreneurship, and the development of value-

added products based on Finnish raw materials. For this reason, NTFPs provide a useful 

starting point for studying how simple raw materials can be processed into more stable, 

marketable, and higher-value products (Ayodele et al., 2017; Pohjanmies et al., 2021). 

Wild berries are important among Finnish natural foods. Varieties such as bilberry 

(Vaccinium myrtillus L.), lingonberry (Vaccinium vitis-idaea L.), cloudberry (Rubus 

chamaemorus L.), crowberry (Empetrum nigrum L.), cranberry (Vaccinium oxycoccos L.), 

and sea buckthorn (Hippophae rhamnoides L.) are utilized in forms like fresh, frozen, dried, 

pressed, fermented, and extracted. They are rich in phenolics, anthocyanins, flavonoids, and 

other active compounds. This makes them valuable and useful for functional foods, health 

supplements, and natural ingredients (Chen et al., 2022; Syrpas et al., 2021; Cui et al., 2025). 

Mushrooms form another important product group in Finnish natural food processing. 

Species such as chanterelle (Cantharellus cibarius), porcini or cep (Boletus edulis), black 

trumpet (Craterellus cornucopioides), oyster mushroom (Pleurotus ostreatus), and chaga 

(Inonotus obliquus) are relevant because they can be sold as food products and, in some 

cases, used as sources of bioactive compounds. For edible mushrooms, the most common 

processing steps are practical preservation methods such as cleaning, drying, freezing, 

cooking, blanching, powdering, and, in more advanced cases, extraction. These methods are 

important because mushrooms are highly perishable and their texture, flavour, colour, and 

aroma can change quickly after harvesting (Zhang et al., 2021; Peter et al., 2021). Chaga 

differs from ordinary edible mushrooms because it is often discussed more as a functional 

or extractable raw material than as a conventional food ingredient. Previous studies have 

examined the recovery of compounds such as triterpenoids and polysaccharides from chaga 
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using supercritical CO₂ extraction, subcritical water extraction, ultrasound-assisted 

extraction, and microwave-assisted extraction (Huynh et al., 2022; Upska et al., 2023; Zhang 

et al., 2025). 

Herbs and wild plants are also considered important and valuable in Finnish natural product 

processing. Stinging nettle (Urtica dioica), birch leaves (Betula pendula), meadowsweet 

(Filipendula ulmaria), heather (Calluna vulgaris), dandelion (Taraxacum officinale), mint 

(Mentha spp.), and horsetail (Equisetum arvense) are processed into products like teas, dried 

herbs, seasonings, infusions, oils, and extracts. These materials are valued for their aroma, 

essential oils, minerals, traditional use, and natural origin. Their quality depends a lot on 

factors such as harvesting time, drying temperature, storage humidity, and packaging 

(Korpela, 2021; Moilanen, 2023). 

The information from the Finnish projects also showed that the use of these raw materials 

has already been a subject and focus of national and regional development work. The 

projects analyzed in this thesis include the ones that involve materials like berry residue, 

specific plants, Arctic biomaterials, wild mushrooms, nettle, cloudberries' leaves, heather, 

forestry side-streams, lingonberry phenolics, and porcini mushrooms. The processing 

technologies mentioned in these projects are various. From simple methods like drying and 

freezing to advanced techniques, which include hot water extraction, ethanol extraction, 

supercritical CO₂ extraction, infusions, milling, oil pressing, fermentation, fractionation, and 

cascade valorization. Such data is valuable because it shows that the development of Finnish 

natural food products is not only about preserving the quality of the products after harvesting, 

but also is about covering high-end processing, which converts side-streams and 

underutilized resources into ingredients, extracts, oils, powder, etc. (Rintoo, 2024). 

2.1  Processing challenges of natural food materials  

The natural food materials are much harder to process than standardized industrial materials 

because they are not consistent across seasons, place of sourcing, maturation stage, water 

content, size, chemical composition, and the presence of microbes. This diversity is highly 

relevant in relation to wild and semi-wild products whose producers have little control over 

the raw material compared to those in cultivation production. The consequence is that the 

same method of processing will have diverse results based on such factors as harvesting 
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season, climatic conditions, storage period, and pre-processing of the raw material (Peter et 

al., 2021). 

Therefore, flexible processing methods should be considered rather than one processing 

method for all kinds of materials (Rabiei Pour and Vilko, 2026). The process of pressing, 

drying, freezing, fermenting, and extracting in berries depends on many things, including 

moisture level, skin type, sugar-acid ratio, and phenolic profile. Bilberries and lingonberries 

have high levels of bioactive substances; however, these substances may be degraded under 

heating, drying for a long time, contact with oxygen, or unfavorable storage conditions 

(Syrpas et al., 2021; Cui et al., 2025). It should be noted that sea buckthorn was also 

researched concerning drying, when the chosen drying method may influence the quality of 

the product (Zhang et al., 2021; Geng et al., 2023). 

Mushrooms present a unique processing problem due to their moisture content and limited 

post-harvest shelf life. They tend to require prompt processing and stabilization through 

drying, freezing, blanching, cooking, or making powder from them. Processing processes, 

however, may affect the aroma, texture, color, and taste of mushrooms, requiring process 

control to be done (Zhang et al., 2021; Peter et al., 2021). Research on the heat-pump drying 

and chanterelle drying models proves that proper control over processing conditions may 

contribute to product quality management and help minimize risks associated with the 

processing processes (Peter et al., 2021). With regard to herbs and wild plants, the primary 

issue related to processing refers to preserving aroma, color, and essential oils due to 

exposure to heat, extended drying time, inadequate storage, and moisture intake after drying. 

High heat or long drying can ruin their quality, which is why small producers often use low-

temperature air drying or cabinet drying (Korpela, 2021; Moilanen, 2023). But this method 

is slower and dependent on humidity and airflow. If drying or packaging is not proper, herbs 

may absorb moisture, lose aroma, and lose quality.  

These challenges show that the processing methods need to match the raw materials. The 

same technology may not work well for berries, as well as mushrooms, herbs, and forest by-

products. Sustainable processing must focus on both maintaining quality and costs (Rabiei 

Pour and Vilko, 2026; Kitrytė et al., 2020; Syrpas et al., 2021). 
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2.2  Conventional processing methods  

In Finnish natural food production, traditional and conventional processing methods are the 

most common. These methods are air drying, cabinet drying, convective hot-air drying, 

freezing, cooking, pasteurization, hot filling, fermentation, cold pressing, grinding, and hand 

packaging. Their widespread use is because of their cost-effectiveness, ease of use, and 

suitability for small-scale production (Rabiei Pour and Vilko, 2026). Drying is important as 

it reduces water activity, which extends shelf life. This is a common technique for herbs and 

mushrooms, but it is also used for berries, berry residues, and powders. Among these, 

convective hot-air drying is the most common because the equipment is available in different 

sizes and it is easier to use compared to more advanced drying methods. 

However, if temperature, airflow, and time are not managed and observed carefully, 

conventional drying can lead to affecting the color, aroma, texture, and bioactive compounds 

(Zhang et al., 2021; Geng et al., 2023). 

Freezing is another preservation method, especially for berries and seasonal raw materials, 

making them easier to store for later processing into jams, juices, sauces, or other products. 

While freezing is technically easy and accessible, it needs freezer space and using constant 

electricity, and it does not produce shelf-stable products, which leads to the need for constant 

space and electricity (Korpela, 2021; Moilanen, 2023).  

Thermal processing, which includes cooking, pasteurization, and hot filling, is used for jams, 

syrups, glögi-type beverages, sauces, and juices. These methods increase safety and shelf 

life but can impact heat-sensitive compounds and taste (Borowiec and Szwajgier, 2020; 

Chen et al., 2022). Cold pressing is used for juices and elixirs because it can keep them fresh 

and preserve minerals, but it often requires additional methods like refrigeration or 

pasteurization. Milling and grinding are essential after drying herbs, berries, and mushrooms 

into powders, tea cuts, seasonings, and ingredients. This method is one of the most feasible 

value-addition pathways, as equipment like hammer mills and small grinders is cost-

effective and cheap compared to advanced extraction or freeze-drying systems (Rabiei Pour 

and Vilko, 2026; Sarjala, 2018). 
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2.3  Emerging and advanced processing technologies  

Traditional methods are frequently used in small-scale production; research shows several 

new technologies that could enhance quality, efficiency, or value recovery. These 

technologies include freeze-drying, heat-pump drying, microwave-vacuum drying, enzyme-

assisted extraction, ultrasound-assisted extraction, microwave-assisted extraction, 

subcritical water extraction, green solvent extraction, and supercritical CO₂ extraction 

(Syrpas et al., 2021; Huynh et al., 2022; Zhang et al., 2025; Aniskevich et al., 2025).  

Freeze-drying is one of the best drying methods as it keeps the structure, color, aroma, and 

bioactive compounds intact by removing water at low temperatures and under vacuum. It is 

ideal for high-quality berries, mushrooms, herbs, and powders. But it needs a lot of energy, 

time, and capital investment, making it more useful for industrial processors, shared 

facilities, or high-value products rather than small producers (Grimm et al., 2020; Geng et 

al., 2023).  

Heat-pump drying and hybrid drying are more energy efficient and offer better process 

control compared to basic hot-air drying. Heat-pump drying is used for drying chanterelles, 

where the process can be optimized with the help of modeling (Peter et al., 2021).  

For Finnish producers, heat-pump drying is more practical than freeze-drying because it 

gives better drying control with less investment.  

Microwave-vacuum drying decreases drying time and improves quality compared to 

traditional drying, especially for premium snacks and botanicals. However, its use depends 

on the product and public cost data, which is often limited. So, this technology needs supplier 

trials and specific evaluations (Geng et al., 2023; Rabiei Pour and Vilko, 2026).  

There are various extraction techniques that have proved to be efficient in the separation of 

highly valuable constituents from natural products. The use of water and ethanol as 

extraction media is appropriate when dealing with herbs, berries, and mushrooms. In 

enzyme-assisted extraction research have been carried out with regard to bilberry pomace, 

whereas high-pressure and enzyme-assisted extraction studies have been done for 

lingonberry pomace using environmentally friendly solvents (Syrpas et al., 2021; Cui et al., 

2025). Supercritical CO₂ extraction, subcritical water extraction, ultrasound-assisted 

extraction, and microwave-assisted extraction have been tested on chaga (Huynh et al., 2022; 
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Upska et al., 2023; Zhang et al., 2025). Supercritical CO₂ extraction is suitable for high-

value compounds as it avoids traditional organic solvents and allows selective extraction. 

However, the equipment is costly and operates under high pressure, making supercritical 

CO₂ extraction more suitable for industrial or cooperative-scale producers rather than 

individual small producers (Huynh et al., 2022; Sarjala, 2018). 

2.4  Side-stream valorization and cascade processing  

In the sustainable way of working with natural food products, the analysis should consider 

not only the main products but also by-products and side streams. Because these materials 

can be valuable if they are taken care of correctly. These items can be berry skins, seeds, 

pomace, mushroom residues, herb stems, bark, needles, and other forest-derived materials. 

These materials should not be discarded after production as waste. Because by disposing of 

them, a considerable amount of potential value may be lost a great amount of potential and 

value. By using the correct and suitable methods and techniques for them, we can turn them 

into powders, extracts, oils, fibers, pigments, or other functional ingredients (Syrpas et al., 

2021; Cui et al., 2025). 

Berry by-products are considered relevant, especially because during processing, berry 

products such as jam, juice, and sauce leave a significant amount of skins, seeds, and press 

cake. Studies have been done on bilberry and lingonberry pomace by enzyme-assisted 

extraction, high-pressure extraction, and green solvent extraction (Syrpas et al., 2021; Cui et 

al., 2025). Berry press cakes can also be dried to make them more stable so that they can 

later be used as ingredients, which makes drying an important first step before further 

valorization (Grimm et al., 2020). Finnish project data also point to the potential of berry 

residues, seeds, oil pressing, fermentation, and phenolic enrichment as ways to increase 

value from berry processing side-streams (Sarjala, 2018). 

Mushroom and forest-based by-products have the same potential, but their processing 

methods are different. Chaga and other mushrooms can be dried, milled, extracted, or infused 

into food and ingredient applications. Other forest materials, such as bark and needles, have 

also been processed with hot-water extraction, supercritical CO₂ extraction, fractionation, 

and refining in Finnish development projects (Tietari, 2022). By looking into these 

examples, we can see that not only is processing these side streams and by-products a good 
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strategy to control and reduce the waste, but also it can create an opportunity to have new 

products from materials that were already available in natural food resources. 

Cascade processing is one practical way to understand this opportunity. In this method, one 

material is used to be turned into several other products instead of one. For example, berries 

can be pressed to produce juice them they can be dried, milled, extracted, fermented, or used 

as a fiber-rich ingredient. Although this method can improve the efficiency of production 

and create several products from one source, it also has its challenges. Because some of these 

steps need equipment or high technical knowledge, which is not common among all 

producers, many small-scale producers cannot use the full potential of cascade processing 

by themselves. That is why shared facilities, outsourcing, or regional processing hubs might 

be more feasible options for implementing cascade processing in the Finnish natural product 

sector (Sarjala, 2018; Rabiei Pour and Vilko, 2026). 

2.5  Techno-economic feasibility in technology selection  

Selecting the processing method and technology cannot be based only on technical 

performance. It needs to be considered if that method is feasible and low-cost for producers, 

if it is easy to operate, or how much labor it needs to run. Also, it is also necessary to consider 

energy efficiency by finding other uses for equipment that are used off the production season. 

That is why in this thesis, the approach is from a techno-economic perspective, not just a 

technical comparison. 

The best methods for small producers are the ones that match the production scale, products’ 

value, producer’s skills, and the capacity of the production (Rabiei Pour and Vilko, 2026; 

Sarjala, 2018). The main techno-economic factors considered in this thesis are specific 

energy consumption (SEC), capital expenditure (CAPEX), operational expenditure (OPEX), 

throughput, equipment accessibility, and production scale. SEC is especially important for 

drying and freezing since these processes need a long operating time and also continuous 

cold storage. CAPEX is important because many small producers cannot afford or invest 

initially in expensive equipment. OPEX is also critical because electricity, consumables, 

maintenance, labor, packaging, and possible solvents can affect long-term profitability. 

Throughput is another key factor, because expensive equipment can be more beneficial if 

they could be used even in off-seasons or by some other producers in shared facilities, so it 
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can be used to its full potential, not just for a seasonal use (Frank et al., 2019; Rabiei Pour 

and Vilko, 2026). 

Drying is a clear example of why techno-economic comparison is needed. Convective drying 

is easy to access and is being used more often, but it needs to be controlled carefully. Poor 

control and monitoring of temperature, time, and airflow can severely affect the final 

product. Freeze-drying can give better color, structure, and retention of sensitive compounds, 

but it requires higher investment in equipment, and it demands more energy. Microwave-

vacuum drying may reduce drying time and support high-quality products, but its feasibility 

is highly dependent on the product, and it has a limited public information on costs (Geng et 

al., 2023; Zhang et al., 2025). Therefore, the best drying option depends on the value of the 

product, the required quality level, the available budget, and the expected production scale. 

Other technologies show similar trade-offs. Mechanical freezing may have relatively low 

energy use per kilogram during freezing, but it needs continuous electricity and freezer 

space. Cryogenic freezing can offer flexibility and good product quality, but its operating 

cost depends on liquid nitrogen or carbon dioxide consumption and price. Milling is often 

more feasible for small producers because hammer mills and similar equipment need less 

energy demand and their investment costs are less than some of the advanced methods. 

Extraction feasibility depends on many things. Because it can create a high-value product, 

but producers have to consider solvent use and solvent recovery, regulations, and process 

control, and also consider the market potential for their high-value and quality product 

(Sarjala, 2018; Huynh et al., 2022). 

2.6  Technology adoption barriers and intermediate pathways  

When small-scale producers want to choose the advanced technology or a new processing 

method, they face some challenges. These challenges are not only about expenses and the 

cost of equipment. It is also about if this equipment is going to be used for seasonal use or if 

they have enough knowledge about how to use this advanced tech. Meanwhile, they have to 

consider the space in their facilities, their production volume, maintenance needs, food safety 

and hygiene regulations, and packaging expenses. Even if there is a market demand for their 

high-cost final product (Rabiei Pour and Vilko, 2026). 
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These challenges are greater for natural food producers. Since the main sources of natural 

food products are berries, mushrooms, and herbs, these resources are considered seasonal. 

Which means some of the equipment will be used only in the harvest season, and they will 

be underutilized for the rest of the time. Also, producers can face some harvesting 

challenges, for example, the difference in harvest batches in each season, which leads to 

complicating the application of a single processing condition to all products (Korpela, 2021; 

Moilanen, 2023; Rabiei Pour and Vilko, 2026). Therefore, modernization should not be 

understood as a simple replacement of traditional methods with advanced technologies. In 

many cases, the more realistic question is which level of improvement fits the producer’s 

scale, product type, skills, and investment capacity. 

For numerous producers, integrating mid-range technologies offers a more attainable and 

sensible strategy. Examples of such technologies include improved cabinet or convective 

dryers, drying systems assisted by heat pumps, advanced freezing techniques, steam 

blanching, hammer milling, moisture measurement, small-scale water/ethanol extraction, 

enhanced packaging, and semi-automatic filling equipment. These solutions can boost 

process control, product stability, labor efficiency, and the quality of the final product 

without requiring a full shift to industrial-scale operations (Sarjala, 2018; Rabiei Pour and 

Vilko, 2026). 

The shared use of processing facilities might also be considered where the equipment would 

be too costly or too specialized for a single enterprise to acquire on its own. Freeze dryers, 

microwave vacuum dryers, extractors, bigger milling plants, and bottling systems might 

become more viable if these pieces of technology are shared among a number of enterprises, 

cooperatives, regional development agencies, or university/industry partnerships. Such an 

arrangement might allow companies to pursue higher value-added processing without 

incurring large capital costs. 

Such an approach may allow for decreasing the investments made by one company while 

still enabling access to more effective technologies. At the same time, it corresponds to the 

idea of circular and cooperative processing systems. Rather than having every small-scale 

producer own all processing operations, different parties might pool their assets. For 

Finland's natural product industry, such an approach would work well for materials that are 

seasonal in nature as well as those whose production requires advanced technologies for 

certain periods (Sarjala, 2018; Rabiei Pour and Vilko, 2026). 
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2.7  Literature gap and positioning of the thesis  

Many studies have been done on natural foods and their processing methods in the past few 

years. These studies showed that by using advanced methods such as drying, extraction, 

bioactive compound recovery, and side-stream valorization, the quality of natural food can 

be increased, its stability can be improved, or its value can become higher. But these studies 

were mostly focused on technical aspects like drying kinetics, extraction yield, antioxidant 

activity, compound recovery, or the quality of the final product. These studies are valuable 

and show the potential that natural food could have, but they do not address whether these 

methods are feasible for small-scale producers in Finland (Syrpas et al., 2021; Huynh et al., 

2022; Zhang et al., 2025). 

Finnish development projects also present several promising processing ideas for natural 

raw materials and side-streams. However, project-level potential does not mean that it can 

be applied to producers and achieve full potential. In practice, adoption depends on 

investment capacity, available skills, regulatory requirements, production volume, 

equipment access, and whether there is a clear market for the final product (Sarjala, 2018). 

This creates a gap between technological possibilities and everyday producer practice. 

This thesis is placed right in the middle of this gap. By utilizing data collected during 

interviews, Finnish projects' content, scientific literature, and some techno-economic 

information, different processing techniques are evaluated from a practical aspect. However, 

this thesis does not seek to offer the best available technology for all cases. Instead, this 

thesis tries to establish certain types of processing techniques that can be used in different 

products, production scales, and producer settings. Thus, this thesis can provide real help for 

those involved in natural food production. 

 

Table 1. Summary of technology categories that are reviewed in the thesis. 

Technology category 

 

Examples 

 

Main relevance 

 

Conventional preservation 

 

Air drying, cabinet drying, freezing, 

cooking, pasteurization 

 

Current small-scale practice 
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Intermediate upgrading 

 

Improved convective drying, heat-

pump drying, steam blanching, 

hammer milling 

 

Realistic development pathway 

 

Premium processing 

 

Freeze-drying, microwave-vacuum 

drying, cryogenic freezing 

 

High quality but higher cost 

 

Extraction and valorization 

 

Water/ethanol extraction, enzyme-

assisted extraction, supercritical 

CO₂ extraction 

 

High-value ingredients and side-

stream use 

 

System-level solutions 

 

Shared facilities, outsourcing, 

cooperative hubs 

 

Feasibility support for small 

producers 

 

 

3  Materials and Methods  

This thesis uses a mixed-methods research design to study Finnish natural food product 

processing and to discover a sustainable method of processing for them. This way of 

approach was chosen because the problem that is being discussed and studied in this thesis 

is not approachable only from one perspective. It needs a series of understandings. First, the 

processing methods and practices used by producers these days should be studied, and then 

creating a structured comparison of processing technologies in terms of cost, energy use, 

equipment access, and suitability for different production scales.  

The qualitative part of the study focuses on the current practices of small-scale producers 

working with berries, herbs, mushrooms, and related natural food products. This part helps 

to discover what methods are being used by producers. Why are these methods being used, 

and what are their limitations and challenges? Then comes the techno-economic part that 

compares these current practices with alternative and more advanced ones. By combining 

this information, this thesis helps to build an understanding of both practical field-based 
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information and more systematic technology options (Creswell and Plano Clark, 2018; 

Patton, 2015). 

This research is neither an experiment nor theoretical but applied and exploratory. There are 

no lab tests, sensory testing, or chemical measurements involved in the process. In its stead, 

it relies on expert interviews, field studies, data on the Finnish project, scientific literature, 

and secondary techno-economic data. This is due to the fact that the objective of the study 

is not to determine the optimal way to produce a single product in a laboratory environment. 

Rather, the study needs to examine whether a particular processing technique could be 

applicable to use in a real-life setting. Therefore, a case-based approach is appropriate since 

it allows us to study decision-making within the context of a real-life situation. (Flyvbjerg, 

2006; Patton, 2015). 

The research process followed four sequential phases. Firstly, empirical information was 

gathered through interviews with producers as well as through field observation. Secondly, 

scientific literature and the data from the Finnish projects on valorization were evaluated in 

order to determine the applicable valorization processes and products. Thirdly, techno-

economic information was gathered regarding the technologies related to such processes as 

drying, freezing, blanching, milling, extraction, and selected advanced technologies. 

Fourthly, all of this information was combined to evaluate the technological feasibility of 

the process and to determine the feasible processes. This method enabled the author to 

consider these factors together rather than separately. 

3.1  Empirical data collection: interviews and observations 

The empirical information was gathered via semi-structured interviews with producers of 

Finnish natural food products. The selection of semi-structured interviews was appropriate 

for this research as this technique made sure that particular themes would be raised among 

all participants and, at the same time, gave freedom to ask further questions and provide 

clarifications (Kvale and Brinkmann, 2015; Silverman, 2020). The mentioned freedom was 

essential as participants represented various types of products, sizes of businesses, 

processing techniques, and technical expertise. 
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The total empirical data comprised 15 anonymous interviews, discussions, and observations 

involving Finnish natural food producers and other involved actors. They consisted of the 

following cases: berries, herbs, mushrooms, mixed natural foods, cafes, farms, cooperatives, 

educational, and tourism-oriented food service. It was not the objective of the research to 

create any statistically representative picture of Finnish natural food producers; rather, its 

goal was to collect practical data concerning processing techniques employed, reasons for 

their employment, advantages, constraints, and potential developments. The summary of the 

anonymous empirical data is found in Appendix 1. 

The interviews were centered on the actors concerned with the manufacturing and marketing 

of berries, herbs, mushrooms, and wild food products, such as café owners, cooperatives, 

and seasonal food services. This is because they provided information about how the 

processing is currently undertaken by them, why they selected that particular method of 

processing, difficulties and problems associated with that method, and whether they are 

familiar with other processes and methods. It should be noted that the interviews were not 

meant to provide a statistical representation of the entire natural foods market in Finland, but 

to extract information regarding this issue directly from the experiences of producers. Such 

an approach to sampling corresponds to purposive sampling described by Flyvbjerg (2006), 

Patton (2015). 

The interviews were conducted and navigated by an interview sheet during the food fair 

events. The questions on the sheet were about the processing methods used by producers, 

awareness of other processing options, barriers to adopting alternative technologies, and 

whether the current process was mainly traditional, modern, or a combination of both. Space 

was also left for notes on challenges, limitations, packaging, storytelling, product 

presentation, and other observations. The interview sheet helped the process of data 

collecting be structured, and meanwhile gave the actors the freedom to explain and tell their 

story. This follows the role of an interview guide in semi-structured qualitative research 

(Kvale and Brinkmann, 2015). 

Field observations were used to support the interview data. During the events, their products, 

their stand, and their storytelling were also noticed and documented. These were useful 

because natural food products are often marketed through local identity, Finnish origin, wild 

nature, sustainability, domestic raw materials, and artisanal production. For example, some 

actors highlighted their family-run business since it is important for customers, and also it 
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added to the soul value of their products. Observing these details helped to interpret why 

some producers continue to use traditional or manual processing methods, while others are 

more interested in semi-mechanized or advanced alternatives. In this way, the observations 

helped connect what producers said in the interviews with the visible products and business 

context around them (Silverman, 2020). 

Berry-related data covered bilberry (Vaccinium myrtillus L.), lingonberry (Vaccinium vitis-

idaea L.), cloudberry (Rubus chamaemorus L.), crowberry (Empetrum nigrum L.), cranberry 

(Vaccinium oxycoccos L.), and sea buckthorn (Hippophae rhamnoides L.). Mushroom-

related data included chanterelle (Cantharellus cibarius), porcini or cep (Boletus edulis), 

black trumpet (Craterellus cornucopioides), oyster mushroom (Pleurotus ostreatus), chaga 

(Inonotus obliquus), and mixed wild mushrooms. Herb and wild plant data included stinging 

nettle (Urtica dioica), birch leaves (Betula pendula), meadowsweet (Filipendula ulmaria), 

heather (Calluna vulgaris), mint (Mentha spp.), dandelion (Taraxacum officinale), and 

horsetail (Equisetum arvense).  

Latin names are italicized in the thesis as per standard scientific writing rules. 

3.2  Sampling, anonymity, and ethical considerations  

The study used purposive sampling to select participants who were involved in natural food 

products and their processing. The reason that this approach was chosen was not to explain 

how common some processing methods are across this sector. Instead, the purpose was to 

collect relevant and detailed information from actors who could explain how and why 

processing decisions are made in practice, what limitations they face, and what development 

opportunities they see (Patton, 2015). 

In order to show the variation of the production scale, product types, and processes, different 

types of actors were interviewed and sampled. Including small-scale producers, family 

businesses, farms, cafés, cooperative or shared-production cases, educational actors, and 

tourism-related food-service actors. By having this variety and range, it was possible to 

compare traditional, semi-mechanized, and more modern processing practices across 

different operating situations. In qualitative research, this type of case variation is useful 
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because it helps to understand how the same issue appears in different contexts rather than 

only in one typical case (Patton, 2015; Flyvbjerg, 2006). 

All producers and other actors are anonymized in this thesis. In the results and discussion 

sections, they are referred to either by numbered labels, such as Producer 1 and Producer 2, 

or by broader categories, such as herb producer, berry processor, mushroom producer, 

cooperative actor, food-service actor, and educational actor. The names of the companies, 

names of people, addresses, telephone numbers, e-mail addresses, and websites are not 

mentioned. It is important as part of the privacy guidelines because some information can be 

classified as sensitive information, such as internal processes, production constraints, 

equipment usage, outsourcing, and other difficulties that a company might face. Due to this, 

all findings are analyzed thematically and per categories of producers and not evaluated as 

assessments of particular firms. Anonymization is applied in regard to any primary data 

provided in the appendix. The procedure is common in scientific research (TENK, 2019; 

Silverman, 2020). 

Empirical data were gathered, analyzed, and interpreted by the author as a component of the 

thesis research. Digital applications such as ChatGPT and Grammarly are mentioned in the 

declarations for assistance in organization, language editing, and text revision. Nonetheless, 

it was the author’s accountability to conduct data gathering, analysis, interpretation, and 

conclusion of the final output. 

3.3  Qualitative data organization and thematic analysis  

After the interviews, the gathered data were analyzed, interpreted, discussed, and presented 

in an organized table form. This information involved details regarding the producer's 

number, kind of product, processing techniques used, rationale for choosing them, benefits 

associated, knowledge of other techniques, constraints faced, degree of technological 

advancement, as well as any relevant remarks related to packaging and storytelling. This 

ensured comparability between producers under similar themes but without separating them 

from their contextual background. 

The interview data were analyzed through thematic analysis. Thematic analysis is widely 

applied for identifying, organizing, and interpreting patterns in qualitative data (Braun and 
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Clarke, 2006). In this research study, the theme is not defined prior to the analysis process. 

The theme emerged from the data gathered during the interviews. However, the research 

questions also played an important role in structuring the theme, especially concerning 

processing methods, technology selection, limitations, and feasibility. 

The thematic analysis involved several phases. Firstly, the identification of the processing 

method occurred by reviewing the interview data. Secondly, codes for particular processing 

methods were determined, such as drying, freezing, cooking, pasteurization, cold pressing, 

fermentation, milling, blending, bottling, extraction, and outsourcing. Thirdly, producers 

were classified according to their product types, i.e., berries, herbs, mushrooms, mixed 

products, food service actors, and cooperative cases. Lastly, some of the themes have been 

determined, e.g., seasonality, energy cost, equipment cost, labor intensity, limitation in 

capacity, moisture management, product identity, and awareness of alternative technologies. 

The final coding framework included seven main categories: product group, processing 

method, technology level, reason for method selection, perceived benefits, limitations, and 

development opportunities. These categories were chosen because they link the interview 

findings directly to the techno-economic comparison. For example, when producers 

mentioned cabinet drying together with energy cost or capacity limitations, this information 

could be compared with data on convective drying, heat-pump drying, freeze-drying, and 

microwave-vacuum drying. Similarly, when producers used standard freezing but reported 

limited freezer space, the interview findings could be compared with mechanical and 

cryogenic freezing options. In this way, the qualitative analysis did not remain separate from 

the technical comparison but helped to explain which technologies may be realistic in 

different producer situations. 

Table 2. Analytical framework for interview data. 

Category 

 

Examples of coded content 

 

Purpose 

 

Product group 

 

Berries, herbs, mushrooms, mixed products 

 

Compare raw material 

categories 

 

Processing method 

 

Drying, freezing, cooking, pressing, milling, and 

extraction 

 

Identify current 

practices 
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Technology level 

 

Traditional, semi-mechanized, modern, industrial 

 

Classify adoption stage 

 

Reason for method 

choice 

 

Cost, simplicity, quality, tradition, availability 

 

Explain decision-

making 

 

Benefits 

 

Shelf life, aroma, low cost, flexibility, customer value 

 

Identify perceived 

advantages 

 

Limitations 

 

Energy cost, labor, capacity, seasonality, regulation 

 

Identify barriers 

 

Development 

opportunity 

 

Improved drying, milling, shared equipment, 

extraction 

 

Link results to 

recommendations 

 

 

The qualitative analysis was descriptive and interpretive rather than statistical. Since the 

sample was purposive and limited in size, the results are not presented as statistically 

generalizable to all Finnish natural food producers. Instead, they are used to identify 

meaningful patterns and practical insights that can be compared with literature and techno-

economic data. This is appropriate for applied qualitative case-oriented research (Flyvbjerg, 

2006; Patton, 2015). 

3.4  Literature and Finnish project data collection  

The second source of data comprised scientific literature and information from Finnish 

natural product projects. The scientific literature was primarily sourced from the Web of 

Science, while Finnish development data were gathered from Aitoluonto and associated 

project sources. 

These resources helped identify processing methods, product categories, and valorization 

pathways pertinent to the materials from the interview data. The scientific literature covered 

topics such as the drying of edible mushrooms, sea buckthorn drying, enzyme-assisted 

extraction of bilberry pomace, extraction and fractionation of lingonberry phenolics, 

processing effects on bilberry juice, green extraction of lingonberry, supercritical CO₂ 

extraction of chaga, ultrasound-assisted extraction, microwave-assisted extraction, 
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subcritical water extraction, and heat-pump drying of chanterelle (Syrpas et al., 2021; Huynh 

et al., 2022; Peter et al., 2021; Kobus et al., 2024; Zhang et al., 2025; Aniskevich et al., 

2025).  

These studies were chosen because they are connected to raw materials and technologies 

relevant to the thesis. The Finnish project data provided both national and regional views. 

These projects included berry residues, pine bark, specialized plants, Arctic biomaterials, 

wild mushrooms, stinging nettle, forest side-streams, cloudberry, heather, lingonberry 

phenolics, Arctic berries, herbs, porcini mushrooms, and general NTFP valorization. 

Processing methods found in these projects included drying, freezing, hot-water extraction, 

ethanol extraction, supercritical CO₂ extraction, infusion, milling, oil pressing, fermentation, 

pre-treatment, mechanization, fractionation, refining, and cascade processing. These project 

data were important as they show which natural product processing methods are already 

being explored in Finland. The goal of the literature and project review was not to cover 

every possible study on natural food processing. Instead, it focused on raw materials and 

technologies relevant to the thesis scope. Sources were prioritized when they provided 

insights into processing methods, product quality, bioactive compound recovery, side-stream 

valorization, Finnish or Nordic relevance, equipment implications, or techno-economic 

significance. 

The source-selection logic was introduced in Section 1.7 using a PRISMA-inspired 

approach. In the methods chapter, the literature and Finnish project material are treated as 

one of the main data sources used to support the literature review, identify processing 

opportunities, and provide information for the techno-economic comparison. 

3.5  Techno-economic data collection and calculation logic  

The third part is about the tech-economic data of the processes. The technologies were 

drying, freezing, blanching, milling, extraction, and more advanced methods such as 

cryogenic processing and supercritical CO₂ extraction. These processes were studied both in 

economic and technical aspects in order to determine feasibility. Because feasibility cannot 

be defined only by the final product’s quality (Sarjala, 2018; Rabiei Pour and Vilko, 2026). 
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The techno-economic data were collected from equipment examples mentioned during the 

interview, EU original equipment manufacturer information, used equipment listings, 

scientific literature, technical reports, and project documents. The main parameters collected 

were specific energy consumption (SEC), capital expenditure (CAPEX), operational 

expenditure (OPEX), throughput, equipment availability, and technology scale. CAPEX 

values were treated as indicative because equipment prices vary according to capacity, 

supplier, configuration, automation level, new or used condition, installation requirements, 

and country. Also, many manufacturers mentioned that they can provide a starting point for 

the equipment cost because in most cases, the equipment is modified and personalized based 

on the producer’s needs. Therefore, the values were used for comparison and feasibility 

discussion rather than as exact investment quotations. 

Techno-economic data was obtained using secondary sources and served only for indicative 

comparative calculations, since no quotation information from suppliers is provided. The 

sources comprised scientific literature, EU and Nordic technical documents, European 

equipment producers, openly accessible suppliers' catalogues, and European used equipment 

lists. The use of European sources was favored due to the focus of the thesis on 

Finnish/European SME-level processing conditions, in which equipment availability, safety 

regulations, transportation distance, installation cost, service availability, and import 

restrictions might play an important role. The prices of new industrial equipment in several 

instances could not be found, as food processing systems tend to be made-to-order depending 

on the system capacity, type of products processed, degree of automation, materials needed, 

and other parameters of installation. As a result, CAPEX data was obtained through available 

OEM examples, used equipment markets, case study publications, and techno-economic 

studies. 

SEC values were collected when available, but the unit depended on the technology and the 

source. For drying, SEC was usually expressed as kWh per kilogram of water removed or 

kWh per kilogram of final product. For freezing, energy use was reported as kWh per 

kilogram or kWh per tonne of product. For blanching, energy use was also given as kWh per 

kilogram or kWh per tonne, while milling energy use was normally expressed as kWh per 

kilogram of product. Because these units were not always reported in the same way, the 

values were interpreted carefully and used mainly to compare the approximate energy 

intensity of different processing options. 
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The techno-economical calculations carried out for this thesis were made as indicative 

comparisons rather than calculations for investment. Whenever there were SEC values 

available either from literature or technical reports or from the technical data of the 

equipment itself, these were directly used in the calculations. In case there were energy cost 

calculations to be done, the calculations were done using: 

Energy cost per kg product = SEC × electricity price 

where SEC is expressed as kWh/kg product and electricity price is expressed as €/kWh. For 

example, if a process uses 0.10 kWh/kg product and the Finnish electricity price is 

€0.0767/kWh, the energy cost is: 

0.10 × 0.0767 = €0.00767/kg product 

In terms of energy utilization, in some cases for drying processes, instead of using kWh/kg 

dry matter, energy consumption is given in kWh/kg water evaporated. In such scenarios, 

water lost in the process can be estimated by the difference between the starting and ending 

weights: 

Water removed = initial mass − final mass 

The drying energy cost can be calculated as follows: by multiplying the energy consumption 

with the unit cost of electricity. In case the drying energy cost has to be expressed per 

kilogram of product output, the energy cost is divided by the final product weight: 

Energy cost per kg final product = total drying energy cost / final product mass 

In terms of freezing, blanching, and grinding, the same logic was used when the energy data 

were provided. Where the energy use was indicated in terms of kWh/kg, it was simply 

multiplied by the electricity price. If the energy use was indicated in tonnes, then it was 

converted into kilograms. For instance, 100 kWh/tonne is equal to 0.10 kWh/kg. 

Conversion of CAPEX values into either full payback or investment models was not done 

since the aim of the thesis was to conduct the feasibility analysis only. The investment cost 

was used as a hypothetical barrier, calculated from the cost, scale, production capacity, 

automation, and availability of equipment for personal, SME, communal, or industry-level 

use. A real calculation of the investment cost would include other costs such as installation, 
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maintenance, labor cost, financing cost, cleaning cost, downtime, product loss, and annual 

working capacity of the equipment. 

Using this method, the comparison of different processing technologies could be done, 

despite being approximate and specific to the product. Consequently, the techno-economical 

findings from the thesis can be seen as a comparative tool rather than a precise investment 

cost for a company. 

Extraction technologies were more difficult to compare using a single energy or OPEX 

value. Their feasibility depends on factors such as solvent-to-solid ratio, extraction 

temperature, extraction time, solvent recovery, distillation needs, cleaning requirements, and 

target compound. For this reason, extraction methods were assessed using CAPEX, utility 

requirements, process complexity, and qualitative feasibility rather than only a calculated 

energy cost. 

Energy-related OPEX was estimated using electricity price assumptions. In the techno-

economic dataset, the Finnish electricity price was approximately €0.0767/kWh, while the 

EU average was approximately €0.1899/kWh. Energy cost was calculated by multiplying 

the energy use by the electricity price. For example, a process using 0.10 kWh/kg of product 

would have an estimated Finnish electricity cost of 0.10 × 0.0767 = €0.00767/kg. The same 

calculation principle was applied to drying, freezing, blanching, and milling when energy 

data were available. 

Where the technologies involved are those that consume large quantities of consumables, 

electrical costs only form a portion of the operating costs. Cryogenic freezing and milling, 

in particular, make heavy use of liquid nitrogen or carbon dioxide, whose costs vary based 

on the supplier, contractual terms, quantity used, and geographic location. As a result, the 

costs of operation were not quantified for these technologies. Rather, quantitative figures on 

typical consumptions were included, with explanations provided in qualitative terms. This 

was also done with ethanol extraction due to the effects that considerations like solvent 

recovery and loss could have on the operating costs. 

Table 3. Main techno-economic indicators used in the thesis. 

Indicator 

 

Meaning 

 

Use in thesis 
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SEC 

 

Specific energy consumption, usually 

kWh/kg water removed or kWh/kg product 

 

Comparison of energy intensity 

 

CAPEX 

 

Capital expenditure for equipment 

purchase or system investment 

 

Evaluation of investment barrier 

 

OPEX 

 

Operational expenditure, mainly energy 

and major consumables 

 

Evaluation of running cost 

 

Throughput 

 

Capacity, such as kg/h or batch volume 

 

Assessment of scale suitability 

 

Equipment 

availability 

 

New, used, quote-only, EU OEM 

examples 

 

Practical accessibility for producers 

 

Technology 

readiness 

 

Traditional, intermediate, advanced, 

industrial 

 

Classification of adoption feasibility 

 

Product suitability 

 

Berries, herbs, mushrooms, side-streams, 

extracts 

 

Matching technology to raw material 

 

 

3.6  Technology classification and integrated analysis  

The processing technologies were grouped into four levels: traditional, intermediate, 

premium or advanced, and industrial or cooperative scale. This grouping was needed in this 

research because dividing technologies into “traditional” and “modern” couldn’t explain the 

real difference between these methods. 

Traditional methods include air drying, basic cabinet drying, standard freezing, cooking, 

pasteurization, hot filling, hand packaging, manual blending, and simple fermentation. These 

methods are recognized and have been used by many small producers for a long time. They 

are easy to use and suitable for small seasonal batches. But some of their limitations are their 

capacity, inconsistency during production, and also they are not easy to control the process. 
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Intermediate technologies include improved convective drying, heat-pump-assisted drying, 

steam blanching, hammer milling, improved mechanical freezing, small pin milling, water 

or ethanol extraction, semi-automatic filling tools, and upgraded packaging systems. 

Producers, by using these methods or including them in their current methods, can increase 

their product quality and their process efficiency without replacing their whole product 

process line. 

Premium or advanced methods include freeze-drying, microwave-vacuum drying, cryogenic 

freezing, cryogenic milling, ultrasound-assisted extraction, microwave-assisted extraction, 

and advanced green extraction. These technologies can provide better quality products with 

higher value, and decrease the processing time, but this advanced equipment usually costs 

much more than the common ones, while their require higher technical knowledge to 

operate. Also, to fully move to premium-level technology, strong market justification is 

needed. 

Industrial or cooperative-scale technologies include large IQF systems, industrial ethanol 

extraction, supercritical CO₂ extraction, large-scale freeze-drying, and integrated cascade 

processing systems. These are harder to apply for small-scale businesses, but they can be 

feasible through shared facilities, outsourcing, cooperatives, regional development 

platforms, or industrial processors. 

The final analysis combined three main sources of evidence: interview data, literature, 

Finnish project data, and techno-economic data. By combining these, the thesis shows what 

are the current processes in different scales of natural food production are, which ones could 

benefit from upgrading, and which ones are better suited for premium and industrial 
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scenarios. This scope helps to move beyond the current ongoing processing and gives us the 

idea of what producers could realistically do to improve their operations. 

3.7  Methodological limitations 

The methodology has some limitations. First, the interview sample was small and selected 

purposively. So, they cannot be applied to all Finnish natural food producers. Instead, the 

interviews provide practical and detailed insights from selected producers and actors, which 

is suitable for an exploratory qualitative study (Flyvbjerg, 2006; Patton, 2015). 

Second, the interviewing process was conducted during an event at food fairs. So, it is 

common that the amount of data from each actor is different. Because some of them had 

extra time to discuss more about their business and their perspectives, while some of them 

did not have enough time to explain every detail. While some of them were fully aware of 

every aspect of their production, some only shared some general info. 

Third, the techno-economic data were based on secondary sources, such as equipment 

examples by producers, literature values, used equipment listings, technical reports, and 

available manufacturer information. Actual energy use and cost can change depending on 

product type, moisture content, equipment configuration, batch size, utilization rate, 

maintenance, operator skill, and local energy prices. For this reason, the techno-economic 

Figure 3. Integrated analytical framework. 
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results should be considered as indicative of their role to help to compare them, not as exact 

investment calculations and numbers. Real investment decisions would require supplier 

quotations, pilot trials, product-specific testing, and a more detailed financial analysis. 

Fourth, the thesis does not include laboratory tests on product quality, bioactive compound 

retention, microbial stability, or sensory properties. The data from the literature were used 

to indicate them. For future research, it could be done on selected specified Finnish natural 

raw materials with controlled drying, freezing, milling, or extraction conditions, and then 

connect the quality results with energy use and processing cost. 

Despite these limitations, the methodology is suitable for the aim of this thesis. The purpose 

was not a laboratory optimization or design, or a full industrial investment plan. But the 

study aimed to connect producer practices, technological opportunities, and economic 

feasibility. The combination of interviews, literature, Finnish project data, and techno-

economic comparison provides a reasonable basis for evaluating practical processing 

pathways for Finnish natural food products. 

4  Results 

4.1  Overview of the empirical results 

This chapter presents the results from the interviews, literature review, Finnish project data, 

and techno-economic comparison of selected processing technologies. The findings are 

organized into four main parts. First, the chapter describes the current processing methods 

used by Finnish natural food producers. Second, it compares processing practices across 

product groups, including berries, herbs, mushrooms, and mixed food-service or cooperative 

cases. In the third chapter, it connects the producer's experience to the technical potential 

mentioned in the literature and project data. In the end, it evaluates the practical and 

economic feasibility of selected processes. 

The results from interviews with different actors show that small-scale producers use mostly 

traditional or semi-modern methods such as drying, freezing, cooking, pasteurization, cold 

pressing, blending, milling, bottling, and manual packaging. These methods are common 

among them because they have been used for a long time, they are easy to use, affordable 
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and suitable for small seasonal batches. This matches the challenges described in the 

literature, where small natural product producers often face limited investment capacity, 

fragmented value chains, seasonality, and regulatory complexity (Sarjala, 2018; Rabiei Pour 

and Vilko, 2026). 

It is not always the case that producers’ selection is based on efficiency. Producers select 

practices that maintain their product identity, local origin, “wild Finnish nature” identity, 

and handmade quality since many of their customers are buying these products because of 

their special significance. This observation is important since natural food products do not 

sell as technical food products alone. In addition, they are tied up with places, stories, 

traditions, and naturally. The current observation is similar to the results obtained by several 

scholars studying NTFPs (Rabiei Pour and Vilko, 2026). 

The interview guide focused on the processing methods used by businesses, the reasons for 

choosing them, their perceived benefits, awareness of alternative methods, main challenges, 

and whether the methods were traditional, modern, or a combination of both. This structure 

helped compare different product categories while keeping the data close to the real food-

fair and producer-event settings. It was also helpful to connect the techno-economic section 

to the empirical data and validate some points, such as issues of equipment cost, energy use, 

capacity, labor needs, and feasibility mentioned by producers. 

Table 4. Overview of empirical producer categories and processing focus. 

Producer 

category 

 

Main product types 

 

Common processing 

methods 

 

Typical 

technology level 

 

Main limitations 

 

Small herb 

producers 

 

Dried herbs, herbal 

teas, spice blends, 

herb seasonings 

 

Air drying, cabinet 

drying, chopping, 

blending, and hand 

packaging 

 

Traditional to 

semi-mechanized 

 

Weather 

dependency, drying 

capacity, moisture 

control, energy cost 

 

Berry 

processors 

 

Jams, juices, syrups, 

glögi, wines, frozen 

berries 

 

Sorting, cleaning, 

freezing, cold 

pressing, cooking, 

pasteurization, hot 

filling 

 

Traditional to 

semi-mechanized 

 

Seasonal supply, 

freezer capacity, 

labor, and 

packaging cost 

 

Mushroom 

processors 

Dried mushrooms, 

cooked mushrooms, 

Cleaning, drying, 

freezing, sautéing, 

Traditional to 

semi-mechanized 

Perishability, 

drying control, 
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and wild-

food actors 

 

powders, soups, 

fillings 

 

blanching in some 

cases, powdering 

 

 short season, 

energy demand 

 

Food-

service, 

tourism, and 

cooperative 

actors 

 

Seasonal menus, 

local food products, 

jams, and sauces 

 

Freezing, cooking, 

drying, bottling, and 

shared facility use 

 

Traditional 

recipes with 

modern kitchen 

tools 

 

Storage capacity, 

labor, scheduling, 

space 

 

 

The table shows that Finnish natural food producers do not use the same level of processing. 

Small-scale producers use different methods, but these methods are often limited by scale, 

cost, and labor.  

4.2  Berry processing results 

Berry processing was a crucial empirical category, with producers handling raw materials 

like bilberry (Vaccinium myrtillus L.), lingonberry (Vaccinium vitis-idaea L.), cloudberry 

(Rubus chamaemorus L.), crowberry (Empetrum nigrum L.), cranberry (Vaccinium 

oxycoccos L.), and sea buckthorn (Hippophae rhamnoides L.).  

The berries were turned into a wide range of different products after processing. These 

products could be in liquid and semi-liquid forms, such as jams, juice, syrups, mulled wine, 

and wines. Also, solid forms such as powders and supplements. Most of the processing steps 

started from sorting and cleaning, and after that, depending on the final product, they could 

be cold-pressed, frozen, cooked, pasteurized, hot-filled, fermented, bottled, or packaged. The 

fact that berries are seasonal fruits means that freezing is a viable choice to allow their 

production in other seasons as well. The small-scale enterprises usually make use of several 

regular freezers as opposed to industrial ones. This was preferred due to the convenience and 

cost-effectiveness of using the regular freezers with regard to the seasonal fruits. 

Cooking and pasteurization were some of the practices used in liquid and semi-liquid berry 

products. This was because the process was quite simple and easy to implement, while also 

helping preserve the berries and providing safety from any microbes. During the process, 
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there could also be effects on heat-sensitive substances, aroma, taste, and color, as mentioned 

in literature studies (Kobus et al., 2024). 

Cold-press was widely applied to juices, tonics, and supplements. This method allows 

preserving natural nutrients. However, in order to stay fresh, cold-pressed products have to 

be stored under refrigerated conditions or freeze, pasteurized, or have a limited shelf life. 

Fermentation was used for berry wines and other specialty beverages. This can create value-

added products from seasonal berries, but it also requires temperature control, hygiene, 

microbial stability, and attention to regulations. Fermentation is also mentioned in the 

literature and Finnish project data as a possible way to add value and a side-stream pathway 

for berries and other natural raw materials (Jaakkola, 2017; Cui et al., 2025). 

Table 5. Berry processing methods reported during producer interviews. 

Processi

ng step 

 

Typical operation 

observed 

 

Equipment or 

tools 

mentioned 

 

Product 

examples 

 

Main benefits 

 

Main 

limitations 

 

Collectio

n and 

sourcing 

 

Manual collection, 

collectors, own 

berries, small 

suppliers 

 

Buckets, crates, 

collection 

networks 

 

Bilberry, 

lingonberry, 

cloudberry, 

sea 

buckthorn 

 

Local and wild 

raw material 

access 

 

Seasonal 

availability, 

variable 

quality 

 

Sorting 

and 

cleaning 

 

Removal of leaves, 

twigs, insects, spoiled 

berries 

 

Manual sorting, 

rinsing, sorting 

tables 

 

Berries for 

jams, juices, 

drinks 

 

Improves hygiene 

and quality 

 

Labor-

intensive 

 

Freezing 

 

Storage of surplus 

berries for later 

processing 

 

Ordinary 

freezers, freezer 

cabinets 

 

Frozen 

berries, jam 

and juice 

raw material 

 

Enables year-

round production 

 

Freezer 

capacity, 

space, 

electricity 

use 

 

Cold 

pressing 

 

Juice extraction with 

limited heating 

 

Small presses, 

manual/electric 

presses 

 

Juices, 

elixirs 

 

Fresh quality, 

perceived nutrient 

retention 

 

Limited 

scale, 

preservation 

still needed 

 

Cooking 

and jam 

Heating berries with 

sugar and ingredients 

Kettles, pots, 

heating units 

Jams, 

syrups, 

sauces, glögi 

Familiar, safe, 

value-added 

products 

Energy use, 

manual labor 
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productio

n 

 

     

Pasteuriz

ation and 

hot 

filling 

 

Thermal stabilization 

and bottling 

 

Bottles, jars, 

filling tools 

 

Juices, 

beverages, 

jams 

 

Better shelf life 

and microbial 

safety 

 

Heat effects 

on quality 

 

Fermenta

tion 

 

Juice fermentation 

and maturation 

 

Fermentation 

tanks, bottles, 

filters 

 

Berry wines, 

specialty 

beverages 

 

Unique product 

value 

 

Temperature 

control, 

contaminatio

n risk 

 

Packagin

g and 

storytelli

ng 

 

Glass jars, bottles, 

labels, Finnish origin 

branding 

 

Jars, bottles, 

labels 

 

Jams, juices, 

syrups, 

wines 

 

Adds identity and 

market value 

 

Packaging 

cost 

 

 

The results in berry products show that the producers already know the practical way to 

value-addition and preservation methods, but they are using mostly traditional or 

intermediate methods. For future improvement, the most realistic options are not necessarily 

the most advanced technologies. More practical steps can be taken to upgrade their current 

methods. For example, improving their freezing capacity by outsourcing or shared facilities, 

stabilizing and controlling heat-driven processes, and valorizing side-streams and by-

products. 

The literature supports these directions. Studies on bilberry and lingonberry pomace have 

examined enzyme-assisted extraction, high-pressure extraction, and green solvent extraction 

as ways to recover valuable compounds from berry side-streams (Syrpas et al., 2021; Cui et 

al., 2025). One method to support the cascade valorization is to dry berry press cakes and 

residues to improve their stability and use them as an ingredient for other products. This 

aligns with the definition of cascade valorization, where the same raw material is used 

through several processing steps instead of being treated as waste after the main product is 

made (Grimm et al., 2020). 
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4.3  Herb processing results  

The interview data showed that herb processing was mostly based on simple and familiar 

steps, including drying, chopping, blending, infusion, and manual packaging. Producers 

handled herbs and wild plants like stinging nettle (Urtica dioica), birch leaves (Betula 

pendula), meadowsweet (Filipendula ulmaria), dandelion (Taraxacum officinale), mint 

(Mentha spp.), horsetail (Equisetum arvense), heather (Calluna vulgaris), and a mix of wild 

or cultivated herbs.  

Herb-based products used include dried herbs, herb teas, herb seasonings, spreads, 

condiments, oil extracts, and infusions. Drying at low temperatures was the most common 

technique used to preserve the herbs. Air drying, shade drying, cabinet drying, and basic 

mechanical drying equipment were all used. Drying temperatures would typically range 

from 30-45 °C, particularly when preserving herbs, where aroma, color, and essential oils 

Figure 4. Berry processing pathway. 
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are quality considerations. This is supported by research showing the impact of temperature, 

humidity, ventilation, and storage on herb quality (Korpela, 2021; Moilanen, 2023). 

Some producers applied the method of shade drying before mechanical drying as a strategy 

for minimizing insects and pests. It demonstrates that even when dealing with small-scale 

manufacturing of medicinal herbs, there is room for combining traditional wisdom and 

practicality while using inexpensive means. The dried herbs were then cut, ground, mixed, 

and made into teas, spices, sauces, spreads, and seasonings. 

Some producers emphasized clean labelling, Finnish provenance, sustainable sourcing, and 

hand-crafting. Nevertheless, problems included dependence on weather conditions, 

insufficient drying capacity, high energy costs, varying moisture levels, caking of powders, 

short shelf-life, oil separation in spreads, and higher packaging costs. These challenges show 

that controlling moisture and packaging play an important role in the quality of herb 

products. 

Table 6. Herb processing methods identified in the interview data. 

Processing 

step 

 

Typical 

operation 

observed 

 

Conditions or 

equipment 

mentioned 

 

Product 

examples 

 

Main benefits 

 

Main 

limitations 

 

Harvesting 

 

Manual collection 

from farms, 

gardens, forests, 

or meadows 

 

Scissors, 

baskets, manual 

labor 

 

Nettle, birch 

leaves, 

meadowsweet, 

mint 

 

Selective 

harvesting, 

strong product 

identity 

 

Labor-intensive, 

weather-

dependent 

 

Sorting 

and 

cleaning 

 

Removal of 

damaged leaves, 

insects, dirt, stems 

 

Manual sorting, 

shaking, and 

light rinsing 

 

Fresh herbs for 

drying 

 

Improves 

quality 

 

Time-

consuming 

 

Air or 

shade 

drying 

 

Initial drying in 

shaded or 

ventilated spaces 

 

Racks, natural 

air, shade 

 

Leaves and 

mixed herbs 

 

Low cost, 

natural insect 

removal 

 

Slow, weather-

dependent 

 

Cabinet 

drying 

 

Controlled drying 

at low 

temperature 

 

Electric cabinet 

dryers, multi-

layer dryers 

 

Herbal teas, 

dried herbs 

 

Better control, 

aroma 

retention 

 

Energy cost, 

limited capacity 
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Grinding 

and 

chopping 

 

Size reduction 

after drying 

 

Manual/electric 

grinders, cutters 

 

Tea cuts, 

seasoning herbs 

 

Product 

diversification 

 

Dust, aroma 

loss, moisture 

sensitivity 

 

Blending 

 

Mixing herbs with 

spices, salt, oil, or 

acid 

 

Bowls, mixers, 

hand blending 

 

Seasonings, 

herb spreads, 

condiments 

 

Clean-label 

products, 

flexibility 

 

Oil separation, 

short shelf life 

 

Packaging 

 

Filling into paper 

bags, glass jars, or 

pouches 

 

Paper bags, jars, 

labels 

 

Teas, spices, 

spreads 

 

Supports 

branding 

 

Moisture 

protection and 

packaging cost 

 

 

The findings show that herb producers do not need the latest technologies at the start of the 

development phase. Instead, they focus on improved drying control, enhanced airflow, 

moisture measurement, better packaging materials, hammer milling, and potentially shared 

drying capacity. Data from a Finnish project on nettle, heather, meadowsweet, cloudberry 

leaves, and Arctic herbs also highlight the importance of harvesting, drying, infusion, 

milling, and post-harvest processing, which supports these ideas (Korpela, 2021). 

Figure 5. Herb processing pathway. 
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4.4  Mushroom processing results 

Mushrooms were processed in both direct production and wild-food settings. The raw 

materials comprised porcini or cep (Boletus edulis), chanterelle (Cantharellus cibarius), 

black trumpet (Craterellus cornucopioides), oyster mushroom (Pleurotus ostreatus), chaga 

(Inonotus obliquus), and assorted wild mushrooms.  

The products made are dried mushrooms, frozen mushrooms, sautéed mushrooms, soups, 

fillings, and powders. The main processing methods for mushrooms were cleaning, drying, 

freezing, cooking, sautéing, and powdering. Because of their high moisture content and 

susceptibility to microbes, mushrooms are easy to spoil. So, drying and freezing play an 

important role in preservation techniques and keeping them fresh. Drying helps reduce 

weight, extend shelf life, and enhance powder production. But the drying process needs to 

be controlled, because it can affect the aroma, texture, color, and flavor development (Zhang 

et al., 2021; Peter et al., 2021).  

Research on heat-pump drying and modeling for chanterelle shows that better control of 

drying can improve the quality and energy efficiency (Peter et al., 2021). Freezing is used in 

food-service and seasonal contexts, letting to be used in off-season, but it can change the 

texture during thawing. Blanching before freezing or drying can help by reducing enzymatic 

activity and enhancing stability, but small producers don’t use this method often. Finnish 

project data on wild edible mushrooms and porcini mushrooms highlight that drying, 

blanching, freezing, powdering, extraction, and product formulation are important methods 

(Tietari, 2022). This means that mushroom processing has more potential than is currently 

realized by many small-scale operators. 

Table 7. Mushroom processing methods and development opportunities. 

Processing 

step 

 

Current practice 

in interview data 

 

Literature/project-

supported 

opportunity 

 

Main benefit 

 

Main limitation 

 

Cleaning and 

sorting 

 

Manual cleaning, 

removal of dirt 

and damaged 

material 

 

Improved grading and 

hygiene 

 

Better quality and 

safety 

 

Labor-intensive 
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Drying 

 

Air or cabinet 

drying for storage 

 

Heat-pump drying, 

vacuum drying, freeze-

drying, microwave-

assisted drying 

 

Shelf-stable 

products, lower 

storage weight 

 

Energy demand 

and quality 

variation 

 

Freezing 

 

Ordinary freezing 

for later cooking 

 

Mechanical freezing, 

IQF for larger volumes 

 

Seasonal storage 

 

Freezer capacity, 

texture changes 

 

Blanching 

 

Limited direct use 

in interviews 

 

Hot-water or steam 

blanching before 

freezing/drying 

 

Enzyme 

inactivation, 

improved stability 

 

Texture/flavor 

changes if 

uncontrolled 

 

Cooking/sauté

ing 

 

Used in cafés, 

restaurants, and 

seasonal products 

 

Standardized small-

batch cooking 

 

Ready-to-use 

products 

 

Short shelf life 

unless preserved 

 

Powdering 

 

Possible after 

drying 

 

Hammer milling, pin 

milling, cryogenic 

milling 

 

High-value 

ingredients 

 

Requires 

complete drying 

and packaging 

control 

 

Extraction 

 

Not common 

among small 

producers 

 

Hot water, ethanol, 

ultrasound, microwave, 

supercritical CO₂ 

extraction 

 

Functional extracts 

 

High cost and 

technical 

complexity 

 

 

The research on mushrooms shows a big difference between existing small-scale practices 

and what is possible according to academic literature. Chaga is especially important in 

studies. It has been examined by methods such as supercritical CO₂ extraction, subcritical 

water extraction, ultrasound-assisted extraction, microwave-assisted extraction, drying, 

powdering, and it is added to food products (Huynh et al., 2022; Zhang et al., 2025). These 
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technologies are valuable, but they are mostly usable in industrial, cooperative, or research-

backed settings rather than by individual small-scale producers. 

4.5  Mixed food-service, cooperative, educational, and shared-production cases 

Not all examples were about traditional product manufacturers. Some were cafés, resorts, 

cooperatives, educational projects, or mixed food-service environments. These examples are 

important because Finnish natural food processing is more than just packaged retail goods. 

Natural ingredients are used in seasonal menus, tourism experiences, educational 

workshops, local cafés, and cooperative food production. Food-service participants used 

methods like freezing, cooking, drying, sautéing, infusion, bottling, and small-batch 

preparation to enhance seasonal menus and wild food events.  

Figure 6. Mushroom processing pathway. 
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Here in these cases, processing added experiential and regional value, not just creating shelf-

stable retail products. This is important because the value of natural food products is not 

only based on industrial output or processing efficiency. In many cases, value is also 

connected to tourism, storytelling, local identity, Finnish origin, and the experience around 

the product (Rabiei Pour and Vilko, 2026). 

Another form of cooperation was found among participants in the interviews, namely 

cooperative and collaborative processing arrangements. They either cooperated in using 

facilities, outsourced some processing stages, or rented equipment based on the season. This 

matter should be highlighted since the cost of such technology can become unaffordable for 

an individual producer due to the short-term usage of equipment in harvesting. Such 

cooperation in processing allows using better technology, which is consistent with 

collaborative processing networks that provide the opportunity to use improved processing 

technologies for producers without having a complete processing process (Sarjala, 2018; 

Rabiei Pour and Vilko, 2026). 

4.6  Cross-case themes from producer interviews 

The interviews showed several common themes across the different cases. The first theme 

was seasonality. Berries, mushrooms, and herbs are only available during certain harvesting 

periods, so preservation becomes necessary. This explains why drying and freezing were 

such important processes in the interview data. Seasonality is also discussed in the literature 

as a challenge for NTFP supply chains and for planning processing capacity (Rabiei Pour 

and Vilko, 2026). 

The second theme was equipment accessibility. Producers often used technologies that were 

affordable and easy to access, such as standard freezers, cabinet dryers, kettles, small 

grinders, manual presses, and hand-packaging tools. This finding is in line with studies 

showing that small-scale producers often face barriers related to capital, equipment access, 

and production scale (Rabiei Pour and Vilko, 2026; Sarjala, 2018). 

Theme three involved issues of energy consumption and capacity. Drying and freezing were 

frequent since they contribute to the preservation of seasonally harvested raw material, but 

both of them come with their own constraints and limitations. Some of the producers had 
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limitations on the capacity of their dryers, while others relied on many small freezers as 

opposed to one big freezing unit. Energy consumption is especially vital in the case of drying 

and freezing due to their importance to preservation and year-round production (Geng et al., 

2023; Rabiei Pour and Vilko, 2026). 

Theme four involved product identification. Producers usually highlighted Finnish origins, 

the wild aspect of the products, clean ingredients, sustainable practices, local manufacturing, 

and the handmade aspect of their products. The technology used in manufacturing thus, must 

be compatible with the identity of the product. For instance, industrial manufacturing of such 

products might not fit the image of the product. 

Theme five was awareness without adoption. There were farmers who had information on 

better ways to dry their produce, or ways to freeze it, better packing techniques, and others, 

but had failed to adopt any of the techniques for various reasons, such as costs, lack of space, 

and large-scale production, among others. It is also connected to investment capacity, 

business organization, and the level of risk that small producers can accept. 

Table 8. Main cross-case themes from interview analysis. 

Theme 

 

Evidence from interviews 

 

Interpretation 

 

Seasonality 

 

Berries, mushrooms, and herbs available 

in limited harvest periods 

 

Preservation is central to 

business continuity 

 

Low-cost technology 

reliance 

 

Ordinary freezers, small dryers, kettles, 

and manual packaging 

 

Technology choices are 

constrained by investment 

capacity 

 

Drying and freezing 

dominance 

 

Common across herbs, mushrooms, and 

berries 

 

Most accessible preservation 

methods 

 

Limited capacity 

 

Dryer size, freezer space, labor shortage 

 

Scaling is difficult without 

equipment or cooperation 

 

Product identity 

 

Finnish nature, wild herbs, handmade 

products 

 

Technology must fit branding 
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Awareness of alternatives 

 

Better freezing, hybrid drying, automated 

filling, and advanced preservation 

 

Knowledge exists, but adoption 

is limited 

 

Cooperation and 

outsourcing 

 

Shared facilities, contractors, rented 

machinery 

 

Shared models may enable 

upgrading 

 

 

4.7  Literature-supported processing pathways 

Research articles and Finnish project data show that natural food materials can be processed 

in more ways than many small-scale producers currently use. The Finnish development 

projects reviewed in this thesis included methods such as extraction, drying, mechanization, 

pre-treatment, cascade processing, pilot-scale valorization, blanching, freezing, 

fractionation, refining, harvesting systems, infusion, oil pressing, fermentation, milling, and 

product formulation (Sarjala, 2018). 

The Web of Science articles also presented several relevant technologies, including drying, 

extraction, pasteurization, fermentation, bioactive compound recovery, green solvent 

extraction, enzyme-assisted extraction, supercritical CO₂ extraction, ultrasound-assisted 

extraction, microwave-assisted extraction, and heat-pump drying (Syrpas et al., 2021; Huynh 

et al., 2022; Peter et al., 2021; Zhang et al., 2025; Aniskevich et al., 2025). 

Together, these sources show a clear gap between current producer practices and the wider 

range of technologies available in research and development work. In the interview data, 

producers mostly used drying, freezing, cooking, pasteurization, bottling, and basic 

mechanical processing. In contrast, the literature and project data show more possibilities 

for advanced drying, extraction, side-stream use, and higher-value ingredients. 

However, this does not mean that all advanced technologies are realistic for small producers. 

Their feasibility depends on investment cost, operating cost, technical skills, regulatory 

requirements, equipment access, and how often the equipment can actually be used during 

the production season. For this reason, the thesis treats technological potential and practical 

feasibility as two different things. 
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Table 9. Processing pathways found in Finnish development projects and scientific 

literature. 

Product or raw 

material group 

 

Processing pathways 

identified 

 

Main relevance 

for thesis 

 

References/sourc

es 

Berry residues, skins, 

peels, seeds 

 

Solvent-free extraction, hot-

water extraction, oil pressing, 

fermentation, high-pressure 

extraction 

 

Supports side-

stream 

valorization from 

berry processing 

 

Sarjala, 2018; 

Jaakkola, 2017; 

Syrpas et al., 

2021; Kitrytė et 

al., 2020; Grimm 

et al., 2020 

Bilberry and 

lingonberry 

 

Drying, freezing, fermentation, 

water/ethanol extraction, 

enzyme-assisted extraction, 

high-pressure extraction 

 

Directly relevant 

to common 

Finnish berry 

products 

 

Syrpas et al., 

2021; Kitrytė et 

al., 2020; Kostka 

et al., 2022; Cui et 

al., 2025; 

Jaakkola, 2017 

Cloudberry and 

cloudberry leaves 

 

Drying, infusion, seed oil 

extraction, pre-treatment 

 

Supports premium 

berry and herbal 

product 

development 

 

Korpela, 2021; 

Grimm et al., 

2020 

Sea buckthorn 

 

Hot-air drying, freeze-drying, 

vacuum drying, microwave-

assisted drying, drying kinetics 

modelling 

 

Supports drying 

technology 

comparison 

 

Zvicevičius et al., 

2021; Geng et al., 

2023 

Wild mushrooms and 

porcini 

 

Drying, freezing, blanching, 

powdering, extraction, and 

product formulation 

 

Supports 

mushroom 

preservation and 

powder 

development 

 

Tietari, 2022; 

Zhang et al., 

2021; Peter et al., 

2021 

Chaga 

 

Supercritical CO₂ extraction, 

subcritical water extraction, 

ultrasound-assisted extraction, 

microwave-assisted extraction, 

drying, and powdering 

 

Demonstrates 

high-value 

functional 

ingredient 

potential 

 

Huynh et al., 

2022; Upska et 

al., 2023; Zhang 

et al., 2025 

Herbs, nettle, heather, 

meadowsweet 

 

Drying, infusion, milling, 

harvesting protocols, 

cultivation, and post-harvest 

processing 

 

Supports herb-

processing 

findings 

 

Korpela, 2021; 

Moilanen, 2023 
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Forest side-streams, 

bark, needles 

 

Hot-water extraction, 

supercritical CO₂ extraction, 

fractionation, refining 

 

Extends thesis 

toward forest 

bioeconomy and 

cascade 

valorization 

 

Moilanen, 2023; 

Sarjala, 2018 

General Arctic 

biomaterials 

 

Pilot-scale valorization, 

extraction, cascade processing 

 

Supports regional 

processing hub 

concept 

 

Sarjala, 2018; 

Moilanen, 2023 

4.8  Comparison between current practices and technology opportunities 

The analysis of interviews and literature reveals three groups of technologies. The first group 

represents those technologies that producers already use and that are covered in the literature, 

including drying, freezing, pasteurization, milling, and infusion. They are feasible since 

producers know how to use them. Improvements include optimization of control, energy 

savings, packaging, and product quality stability. Technologies in the second group are 

currently less used, but might prove helpful at the development stage, which include heat 

pump-assisted drying, enhanced convective drying, steam blanching, hammer milling, 

improved freezing technology, automation of filling, water, and ethanol extraction. These 

might prove appropriate for SMEs, cooperatives, or regional shared technologies. 

Technologies in the third group are more complex and challenging. They include freeze-

drying, microwave-vacuum drying, cryogenic freezing, cryogenic milling, supercritical CO₂ 

extraction, ultrasound-assisted extraction, microwave-assisted extraction, and industrial 

ethanol extraction. They offer great potential in technology development but also require 

significant effort. However, the application of these technologies is more viable and 

applicable through outsourcing, shared facilities, partnerships with industry, or focusing on 

high-value-added products (Sarjala, 2018; Rabiei Pour and Vilko, 2026). 

Table 10. Comparison between current producer practices and literature-based technology 

opportunities. 

Product 

group 

 

Current practices 

from interviews 

 

Literature-based 

opportunities 

 

Main adoption 

barrier 

 

References / 

sources 

Berries Freezing, cooking, 

jams, cold pressing, 

Freeze-drying, vacuum 

drying, microwave-

Equipment cost, 

production 

Syrpas et al., 

2021; 
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 pasteurization, hot 

filling, fermentation 

 

assisted drying, enzyme-

assisted extraction, high-

pressure extraction, and 

side-stream fermentation 

 

volume, and 

technical 

complexity 

 

Kitrytė et al., 

2020; 

Kostka et al., 

2022; Cui et 

al., 2025; 

Sarjala, 2018 

Herbs 

 

Air drying, cabinet 

drying, chopping, 

blending, oil 

infusion, and hand 

packaging 

 

Heat-pump drying, 

solar/hybrid drying, 

milling, green extraction, 

infusion optimization 

 

Small batch size, 

investment 

capacity, and 

moisture control 

 

Korpela, 

2021; 

Moilanen, 

2023 

Mushrooms 

 

Drying, freezing, 

sautéing, cooking, 

powdering 

 

Heat-pump drying, 

freeze-drying, blanching, 

extraction, functional 

powder formulation 

 

Perishability, 

energy demand, 

equipment access 

 

Tietari, 

2022; Zhang 

et al., 2021; 

Peter et al., 

2021 

Berry and 

mushroom 

residues 

 

Limited direct use 

in small producer 

data 

 

Drying, milling, 

extraction, fermentation, 

oil pressing, cascade 

valorization 

 

Knowledge, 

market 

development, and 

regulatory clarity 

 

Sarjala, 

2018; Syrpas 

et al., 2021; 

Kitrytė et al., 

2020; 

Grimm et 

al., 2020 

Chaga and 

forest side-

streams 

 

Limited in 

interview data 

 

Supercritical CO₂ 

extraction, subcritical 

water extraction, 

ultrasound-assisted 

extraction, microwave-

assisted extraction 

 

High CAPEX, 

skilled operation, 

industrial scale 

 

Huynh et al., 

2022; Upska 

et al., 2023; 

Zhang et al., 

2025; 

Sarjala, 

2018; 

Moilanen, 

2023 
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4.9  Techno-economic comparison of drying technologies  

Drying serves as a key process in natural food processing due to the production of products 

with long shelf stability and reducing storage and transportation requirements. Techno-

economic data reveal that different drying processes differ greatly regarding their energy 

efficiency, cost of installation, product quality, and applicability to smallholders. The 

convective method is the most commonly available technique, while the freeze-dryer 

provides the best quality; however, it is the most energy-intensive and expensive of all 

methods. The microwave-vacuum dryer can be viewed as a middle or higher-class technique 

depending on the product involved (Geng et al., 2023; Rabiei Pour and Vilko, 2026). 

 

 

 

Figure 7. Technology gap between current small-scale practices and advanced processing 

opportunities. 
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Table 11. Techno-economic comparison of drying technologies for natural food products. 

Technolog

y 

 

EU OEM / 

example 

 

Energy use / 

SEC 

 

Energy OPEX 

 

Indicative 

CAPEX in EU 

 

Main 

interpretation 

 

Convective 

hot-air 

drying 

 

Ventilex 

fluid-bed 

dryers; 

Andritz and 

Stela belt 

dryers; 

Huber BT 

belt dryer 

 

0.8–1.5 kWh/kg 

water removed 

 

Finland: €0.23–

0.43/kg final 

product; EU 

average: €0.57–

1.07/kg 

 

Around €20,000–

€360,000 

depending on 

scale and 

configuration 

 

Most established 

and realistic 

drying option for 

small and medium 

producers. Heat 

recovery or heat-

pump support can 

reduce end-energy 

demand 

significantly. 

 

Freeze-

drying 

 

Martin 

Christ, 

ZIRBUS, 

Telstar 

 

Around 50–75 

kWh/kg water 

removed 

 

Finland: 

€14.38–

21.57/kg final 

product; EU 

average: 

€35.61–

53.41/kg 

 

Lab/pilot units 

around €4,500–

30,000+; 

industrial units 

often six- to 

seven-figure 

investments 

 

Highest product 

quality but the 

strongest 

economic barrier. 

Suitable mainly 

for premium 

products or 

shared/industrial 

facilities. 

 

Microwave

-vacuum 

drying 

 

Püschner 

microwave-

vacuum 

dryers; 

SAIREM 

MW/RF 

systems 

 

Around 7–36 

kWh/kg water 

removed 

 

Finland: €2.06–

10.26/kg final 

product; EU 

average: €5.09–

25.40/kg 

 

Quote-only, 

project-specific 

 

Potential middle-

to-high 

technology 

option. Faster 

than freeze-

drying, but 

feasibility 

depends strongly 

on product type 

and equipment 

configuration. 

 

Note: The drying comparison was based on publicly available European OEM information, 

supplier catalogues, used-equipment listings, and scientific or technical literature. 

Equipment examples were selected from Ventilex, Andritz, Stela, Huber BT, Martin Christ, 

ZIRBUS, Telstar, Püschner, and SAIREM. Used-equipment listings such as Exapro and 

Machineseeker were used where public new-equipment prices were not available. The full 

web sources used for the techno-economic tables are listed in Appendix 2. Energy OPEX 
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was calculated using the electricity-price assumptions and calculation logic described in 

Section 3.5 

It is clear that there are significant differences between the costs of the two drying 

techniques. Based on the calculations performed on the basis of the thesis assumption, the 

operational costs associated with the application of the process of freeze-drying in Finland 

are estimated to lie within a range from €14.38 to €21.57 per kilogram of the end product. 

On the other hand, convective drying costs between €0.23 and €0.43 per kilogram. 

Therefore, it is evident that freeze-drying cannot replace traditional drying in small-scale 

production. 

4.10  Techno-economic comparison of freezing, blanching, milling, and 

extraction 

Freezing, blanching, milling, and extraction have distinct roles in the processing of natural 

foods. Freezing has a main role in food preservation, while blanching acts as a pretreatment. 

Milling is used after the drying stage to add value. Extraction is used to get ingredients of 

higher value. Due to the different roles, feasibility is influenced by the product type, scale of 

processing, and selling options of the finished product. 

Mechanical freezing is very popular due to its familiarity and low direct energy cost. 

According to the literature, the energy consumption per unit mass for blast or spiral freezing 

ranges from 0.07 to 0.13 kWh/kg of product. Using the Finnish electricity price assumptions, 

that would translate into €0.005 to 0.010/kg frozen product, explaining the popularity of 

freezing among producers. The process of freezing, however, does not stop at the freezing 

stage alone. There is still cold storage and a cold chain to consider. 

Blanching is usually used before freezing, drying, or further processing. Its energy demand 

is also relatively low compared with many advanced technologies. Hot-water blanching uses 

about 0.05–0.08 kWh/kg, while steam blanching uses around 0.03–0.06 kWh/kg. Steam 

blanching can be more energy-efficient and uses less water, but equipment cost, batch size, 

and processing speed still need to be considered before it can be recommended for small 

producers. 
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The process of milling is among the more realistic forms of value addition that the small-

scale producers can adopt, considering that some are producing their products dried. 

Hammer mills are not too expensive compared to other drying or extraction machines. Prices 

of hammer mills in the used EU market were found within the price range of approximately 

€6,000-15,000, and the estimated electricity cost in Finland was approximately €0.004-

0.008/kg. This makes the process of milling quite realistic to produce various products from 

the dried products, such as powdered products, tea cuts, seasonings, etc. Pin milling and 

cryogenic milling will produce better powder qualities. Extraction offers the highest strategic 

value but is also complex. Water and ethanol extraction can be usable for pilot-scale or 

cooperative production, while supercritical CO₂ extraction is mainly industrial due to high 

capital costs and technical demands. Studies on berry pomace, lingonberry, chaga, and forest 

side-stream valorization show that extraction can recover valuable compounds but needs 

controlled processing conditions (Syrpas et al., 2021; Huynh et al., 2022; Cui et al., 2025). 

Table 12. Summary techno-economic comparison of freezing, blanching, milling, and 

extraction technologies. 

Technology 

group 

 

Most relevant 

options 

 

Indicative cost/energy findings 

 

Feasibility 

interpretation 

 

Freezing 

 

Mechanical IQF, 

blast/spiral freezing, 

cryogenic freezing 

 

Mechanical freezing approx. 0.07–

0.13 kWh/kg; Finnish OPEX 

approx. €0.005–0.010/kg 

 

Energy-cheap per kg, but 

requires cold storage and 

capacity 

 

Blanching 

 

Hot water, steam, 

microwave blanching 

 

Hot water approx. 0.05–0.08 

kWh/kg; steam approx. 0.03–0.06 

kWh/kg 

 

Useful pre-treatment; 

steam more efficient but 

needs suitable equipment 

 

Milling 

 

Hammer mill, pin 

mill, cryogenic mill 

 

Hammer milling used EU CAPEX 

approx. €6,000–15,000; Finnish 

OPEX approx. €0.004–0.008/kg 

 

Highly feasible value-

addition step after drying 

 

Extraction 

 

Water/ethanol 

extraction, industrial 

ethanol extraction, 

supercritical CO₂ 

 

Pilot reactors approx. €15,000–

40,000; used herbal line approx. 

€95,000; scCO₂ Finnish TEA case 

approx. €5.4 million TCI 

 

High value potential but 

requires technical and 

economic capacity 

 

Note: The equipment examples and indicative CAPEX values were compiled from publicly 

available European OEM pages, supplier catalogues, used-equipment listings and 
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scientific/technical sources. The full web sources used for the techno-economic tables are 

listed in Appendix 2. Energy OPEX was calculated using the electricity-price assumptions 

and calculation logic described in Section 3.5. 

4.11  Overall feasibility ranking 

The final result is a list of feasibility rankings from interviews with producers, literature 

references, energy consumption, operational and capital expenditures, technical complexity, 

and suitability for scale. This ranking shows that sustainable modernization should not mean 

to the immediate use of the most cutting-edge and advanced technologies. But a step-by-step 

approach is more practical. 

Table 13. Overall feasibility ranking of processing technologies for small-scale Finnish 

natural food producers. 

Feasibility category 

 

Technologies 

 

Reason 

 

Most feasible entry-level 

options 

 

Mechanical freezing, hammer milling, 

basic convective drying, cooking, 

pasteurization, and hand packaging 

 

Lowest relative CAPEX and 

OPEX; widely available; 

technically understandable for 

small producers 

 

Practical middle-ground 

options 

 

Improved convective drying, heat-pump-

assisted drying, steam blanching, 

water/ethanol extraction, small pin 

milling, automated filling 

 

Better efficiency or product 

quality than basic methods, 

while still potentially realistic 

for SMEs or cooperatives 

 

Premium but limited 

options 

 

Freeze-drying, microwave-vacuum 

drying, cryogenic milling, cryogenic 

freezing 

 

High product quality but high 

CAPEX or consumable cost; 

suitable for premium products 

or shared facilities 

 

Industrial or cooperative-

scale options 

 

Supercritical CO₂ extraction, industrial 

ethanol extraction, large IQF systems, 

and large freeze-drying lines 

 

Strong technical potential but 

requires a high utilization rate, 

skilled operation, and major 

investment 

 

 



64 

 

The ranking shows that small producers should not always aim for the most advanced tech 

to get feasible results. At first, many producers should focus on better drying control, 

optimizing freezer management, improving milling and packaging, measuring moisture 

accurately, and gaining access to shared facilities. More sophisticated technologies like 

freeze-drying, microwave-vacuum drying, and supercritical CO₂ extraction are mainly 

useful when the product's value, production scale, collaboration, or outsourcing can justify 

the investment. 

4.12  Summary of results 

The results show that Finnish natural food producers mainly use practical processing 

methods such as drying, freezing, cooking, pasteurization, milling, bottling, and manual 

packaging. These methods fit small-scale and seasonal production, but they also create 

challenges related to energy use, labour, capacity, moisture control, packaging, shelf life, 

and scalability. 

In comparison to both literature and project data from Finland, it is apparent that there are 

more sophisticated ways of processing that are possible, particularly regarding improved 

drying, extraction, side-stream utilization, and increased value-added ingredient processing. 

However, based on the comparison from a techno-economic perspective, it is evident that 

not all of these are practical for individual small food producers. The most practical ones 

include mechanical freezing, hammer milling, basic drying, cooking, and pasteurization, 

whereas freeze-drying, cryogenic processing, and supercritical CO₂ extraction should be 

considered in premium products. 

In conclusion, the findings imply the implementation of gradual technology development. 

Thus, the Finnish natural food producers will benefit from improving their current 

processing technologies, using intermediate technology where possible, and implementing 

more sophisticated processing technologies via shared or outsourced means when justified 

by product value and production volumes. 
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5  Discussion 

5.1  Interpretation of the main findings 

The findings of this thesis point to one important challenge in Finnish natural food 

processing, which is the difference between what producers can realistically access and what 

modern technology can offer. Small-scale producers already make use of different methods 

for preservation and adding value to products, such as drying, freezing, cooking, 

pasteurization, cold pressing, fermentation, milling, blending, bottling, and manual 

packaging. These methods are often suitable for seasonal production, small quantities, and 

locally branded products because they are already familiar to producers, usually cost less, 

and can be used without highly advanced technical equipment. However, scientific studies 

and Finnish development initiatives also indicate that the same raw materials could be 

processed using more advanced technologies. These include freeze-drying, heat-pump 

drying, microwave-vacuum drying, enzyme-assisted extraction, high-pressure extraction, 

green solvent extraction, and supercritical CO₂ extraction (Syrpas et al., 2021; Huynh et al., 

2022). 

The difference between current practices and technological possibilities appears to be one of 

the key findings of this thesis. The issue is not that producers do not have enough knowledge 

about their products. Based on the interview data, producers seem to have a good 

understanding of their raw materials, customer needs, product identity, and practical 

limitations. The main challenge is that many advanced technologies are not easy to apply in 

the economic and operational conditions of small-scale production. Factors such as high 

investment costs, low production volumes, fragmented supply chains, limited access to 

equipment, seasonality, and regulatory requirements can all influence whether new 

technologies are adopted. This result is also consistent with earlier studies on small-scale 

natural product and forest-based businesses (Rabiei Pour and Vilko, 2026). 

The results also suggest that processing decisions are not based only on technical efficiency. 

Many producers choose certain methods because these methods help maintain product 

identity, local origin, the connection to Finnish nature, artisanal quality, and customer trust. 

This was particularly visible in products such as herbs, jams, berry-based products, wild food 
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services, and tourism-related products. For this reason, modernization does not necessarily 

mean replacing traditional methods with industrial systems. A better approach may be to 

find ways to improve efficiency, safety, and quality while still keeping the local character 

and natural identity that are an important part of the value of these products. 

5.2  Traditional processing as a practical but limited foundation 

Small-scale natural food processing in Finland is still mainly based on traditional methods 

but some partly mechanised methods are also used. The most common methods used by 

producers are drying, freezing, cooking, pasteurising, bottling, and manual packaging. One 

reason is that these methods are usually inexpensive and flexible, especially for seasonal 

production. They also allow small producers to continue to operate without having to spend 

a lot of money on state-of-the-art equipment or complicated systems. For these small 

companies, practical methods that are easier to work with are often more important than the 

highest level of technical performance. 

At the same time, the findings show that traditional methods can also bring some challenges. 

For example, air drying and simple cabinet drying are quite sensitive to conditions such as 

humidity, airflow, temperature variation, and even the way materials are placed inside the 

dryer. When these factors are not managed properly, the drying result may not be consistent, 

which can affect aroma, colour, or product quality due to moisture. Similar issues have been 

reported in earlier studies on dried berries, mushrooms, and herbs, where researchers found 

that both drying temperature and the method used could noticeably influence the final quality 

of the product (Zhang et al., 2021; Geng et al., 2023; Peter et al., 2021). 

Freezing is also a useful method, but it is not always easy for small producers. It depends on 

sufficient freezer space, steady electricity, and proper cold storage. Meanwhile, the product 

also needs cold conditions for storage. Cooking and pasteurization can improve safety and 

product shelf-life, but some heat-sensitive qualities can be affected if not carefully handled 

during the process (Borowiec and Szwajgier, 2020; Chen et al., 2022). This means that, due 

to this, it may not be necessary to completely replace traditional methods all the time. In 

many cases, it might be better to improve these methods bit by bit than to change them 

completely. 
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Herb producers, for example, may not need freeze-drying to start with, but improved airflow, 

moisture monitoring, packaging, or more efficient cabinet dryers could still help. Berry 

producers may not need industrial IQF systems in the early stages either, although better 

freezer organization or shared freezing facilities could be helpful. For mushrooms, producers 

may find better drying control, blanching before freezing, or milling after drying helpful. 

These improvements seem realistic because they relate to techniques of which producers are 

aware of and use all the time. 

5.3  Techno-economic feasibility and the importance of scale 

The techno-economic analysis shows that a technology is not successful just because it 

works well technically. Feasibility is also related to production scale, product value, 

investment cost and frequency of equipment use. A procedure that has a low direct operating 

cost may not be the best choice if it requires expensive equipment, a large space, or long-

term infrastructure. Similarly, a method that produces very high product quality may still be 

unrealistic if the producer cannot sell enough product at a sufficiently high price. 

Drying is actually a good example of this difference. The energy consumption of convective 

hot-air drying is generally in the range of 0.8–1.5 kWh per kg of removed water, which costs 

€0.23–0.43 per kg of final product in Finland. In this respect, freeze-drying is a different 

story. It takes roughly 50-75 kWh per kilogram of water removed, with the cost rising to 

about €14.38-21.57 per kilogram of final product. With such a gap, it is quite obvious that 

freeze-drying cannot really replace convective drying for small-scale production. It is of 

higher quality. But the costs and energy use make it something that fits better for premium 

products, larger companies, outsourcing, or shared processing setups (Grimm et al., 2020). 

Again, freezing is a little different. The direct energy use is relatively low (approximately 

0.07–0.13 kWh per kg product; in Finland, this corresponds to approximately €0.005–0.010 

per kg product). This is, of course, also one of the reasons why it is so often used, especially 

for berries and other seasonal products. But freezing is not really the complete answer. But 

freezing still requires freezer space, constant power, cold storage, and proper handling over 

time. So, in practice, freezing is more a method of preserving products from the season than 

a means of making them shelf-stable in and of itself.  
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Milling seems to be one of the more viable value addition steps for small producers. 

Hammer milling requires relatively low energy input and has moderate equipment costs 

compared to more advanced drying or extraction systems. For producers already drying 

herbs, mushrooms, berries, or side-stream materials, milling can transform dried material 

into powders, tea cuts, seasoning mixes, soup bases, and functional ingredients. In this 

respect, milling can be a useful intermediate step between traditional drying and more 

sophisticated production. Cryogenic milling may preserve aroma and heat-sensitive 

compounds better, but its dependence on liquid nitrogen means it’s better suited to premium 

products or shared processing models.  

Extraction technologies have high value potential but are more difficult to apply in small-

scale production. Water and ethanol extraction may be feasible at the pilot, co-operative, or 

shared-facility scale for herbs, berry residues, and some mushrooms. However, the process 

is complicated by ethanol recovery, distillation energy, solvent handling, cleaning, food 

regulation, and product safety. Supercritical CO₂ extraction also shows great potential for 

oils, aromas, triterpenoids, and other high-value compounds, but the high investment costs 

make it unrealistic for most small individual producers (Huynh et al., 2022; Sarjala, 2018). 

5.4  Product-specific processing pathways 

The results suggest that processing recommendations should be matched to the product 

group. Berries, herbs, mushrooms, and forest by-products do not have the same processing 

needs, product value, or technical limitations. For this reason, one general recommendation 

for all Finnish natural food products would not be useful. 

For berries, the most practical methods are sorting, freezing, pressing, cooking, 

pasteurization, bottling, and packaging. These are already used quite a lot by small-scale 

producers and they also fit seasonal production quite well. The main improvements here are 

mostly about things like better freezing capacity, more stable pasteurization control, using 

side streams like drying the residues, and also milling, oil pressing, and sometimes using 

pomace or seeds for extraction. Studies on bilberry and lingonberry residues also show that 

berry by-products are not just waste, and they can still be used, for example, with enzyme-

assisted extraction, high-pressure extraction, or green solvent extraction (Syrpas et al., 2021; 
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Kitrytė et al., 2020). For berry powders with higher value, freeze-drying can be useful, but 

in reality, it is often done more through outsourcing or shared facilities because of the cost. 

For herbs, drying is pretty much the key step. Most important of all are low-temperature and 

controlled drying, moisture control, packaging, and sometimes milling. Herbs are quite 

sensitive, so if the drying is too hot or not stable enough, they lose aroma, color, and essential 

oils quite easily. That’s why things like better cabinet drying, heat-pump drying, humidity 

control, and improved packaging are often more realistic for small producers than investing 

in advanced technologies.” In the case of herbal products such as oils or extracts, small water 

or ethanol extraction or simple infusion may be applied in some cases as well. However, 

these require more control and attention during the process. 

For mushrooms, preservation is mainly by drying and freezing. Mushrooms are very moist, 

which is why they spoil quickly, and it is important to handle them quickly after picking. 

The possible improvements include better control in drying, blanching prior to freezing, and 

also milling dried mushrooms into powder. The heat-pump drying method is especially 

suitable for mushrooms such as chanterelles, as it allows for better control of the drying 

process and improved energy management (Huynh et al., 2022). 

The main options for forest by-products like bark, needles, chaga, and berry residues appear 

to be extraction and cascade processing. These materials contain useful compounds but often 

require more advanced processing than normal food products. Therefore, they are often more 

suitable for development projects, regional processing hubs, research-industry cooperation, 

or industrial processors. This is also in line with the Finnish project data, where forest by-

products and Arctic biomaterials are often linked with extraction, fractionation, refining, and 

cascade valorization (Moilanen, 2023; Sarjala, 2018). 

5.5  Shared processing and cooperative models as realistic solutions 

One of the main findings of this thesis is that advanced technologies may be more useful as 

shared resources than as individual investments. Many small-scale producers do not have 

enough production volume, financial capacity, or technical expertise to own equipment such 

as freeze-dryers, extraction reactors, large IQF systems, cryogenic systems, or industrial 
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milling lines. For one producer, this kind of equipment may be too expensive and may 

remain unused for much of the year. 

These technologies may become more realistic if they are shared by several producers 

through cooperatives, regional processing hubs, contract processors, or university-industry 

collaboration. The interview data show that some producers are already using outsourcing, 

shared facilities, cooperative processing or even renting machinery. So in practice, there is 

already some level of collaboration, even if it is not always organised in a formal or 

structured way like processing hubs. 

These common models can reduce the cost of entry for other producers to get better 

technologies, instead of everyone having to invest a lot by themselves. Shared facilities could 

also lead to more efficient use of equipment, which is especially important for expensive 

technologies. This is particularly important for raw materials only available in a certain 

season, else the sophisticated equipment would remain idle for long periods outside the 

harvest season. “A regional processing hub could offer things like controlled drying, 

freezing, blanching, milling, bottling, packaging support and small-scale extraction tests. It 

could also assist with things like food safety paperwork, traceability between batches, and 

product development. Thus, small producers could retain their own brands and also reap 

benefits from improved processing facilities. 

This is in line with circular and collaborative processing networks where different producers 

share resources and aim to create more value from regional biomass (Sarjala, 2018; Rabiei 

Pour and Vilko, 2026). Shared processing can also aid sustainability, as the same equipment 

can be used for different product seasons. For example, a drying machine can be used for 

herbs in one season, for mushrooms in another season, and for the residues of berries after 

the production of juice. Dried herbs, mushroom powders, and berry powders can also be 

milled using milling equipment. Extraction systems could be used for herbs, berry pomace, 

chaga, and other forest side-streams. Equipping for this multi-purpose purpose makes the 

investment more reasonable and also supports cascade valorization. 
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5.6  Relationship between sustainability and economic feasibility 

Sustainability in natural food processing has to be seen in a wider sense, not only from the 

environmental point of view. It is also about the economic viability of the process, the value 

it brings to the region, the use of resources, and the preservation of local food traditions. A 

technology cannot be sustainable if it gives better quality but is too expensive for producers 

to actually use. At the same time, even a cheap method is not really sustainable if it leads to 

energy waste, product losses, or inconsistent quality.  

Results also show that the most advanced technology is not always the most sustainable. For 

small producers, sustainability often starts with small changes in practice.  

That could be things like reducing losses in drying, improving freezing efficiency, better 

packaging, using side-streams more, sharing equipment, or turning dried materials into 

powders. Sometimes these smaller steps are more useful in reality than suggesting advanced 

technologies that are difficult to buy or operate. 

Sustainability also encompasses the utilization of by-products. And materials such as berry 

pomace, seeds, mushroom residues, herb stems, bark, and needles can still be full of useful 

compounds after the main process. Research on bilberry and lingonberry pomace shows that 

these side streams can be further processed and utilized for ingredients via various extraction 

or stabilization techniques (Syrpas et al., 2021; Kitrytė et al., 2020). Also in Finland, interest 

in forest by-products, Arctic raw materials, and cascade processing is increasing (Moilanen, 

2023). 

But in practice, this is not always easy. It needs good equipment, and you need a market for 

these kinds of products. If not, many of the residues may remain unused, even if they have 

value. Therefore, economic feasibility is very important in sustainability. Producers need 

tools they can actually afford and manage in real life. This is also why intermediate 

technologies and shared facilities are important in this study, as they can help producers to 

move step by step from simple traditional processing to more advanced value creation 

without very big investments. 



72 

 

5.7  Implications for entrepreneurs and small producers 

People who are starting a natural food business in Finland, or who are looking to grow an 

existing business, need to choose the right technology. Based on the findings, it is more 

useful to think about the product and the business plan first, rather than looking for the most 

advanced technology directly. At the beginning, things like what kind of product will be 

made, what quality is needed, how much can realistically be produced, and what customers 

are ready to pay for may be more important. 

Many producers of berry products usually begin with processes like freezing, cooking, 

pasteurization, cold pressing, bottling, and packaging. They are often more realistic at the 

beginning. If the business stabilizes later, there may be a possibility to improve production 

with better freezing systems, drying side materials, milling, oil pressing, or even freeze-

drying through outsourcing for premium berry powders. First investments in herb businesses 

usually make more sense in things like drying control, moisture checking, blending, milling, 

and packaging. For mushrooms, it is more practical to begin with cleaning, drying, 

blanching, freezing, and the production of powder than to go straight to advanced extraction 

methods. 

For high-value products such as chaga extracts, berry phenolics, or compounds from forest 

side-streams, small producers often cannot do everything on their own. Such products 

generally require more technological processing, better quality control, and a better 

understanding of regulations. So it might be more practical to work with processors, 

cooperatives, regional hubs, or research partners rather than buy expensive equipment 

yourself.  

The feasibility ranking created in this thesis can also help producers make better decisions. 

Methods such as hammer milling, pasteurization, cooking, basic hot-air drying, and 

mechanical freezing are generally more accessible and easier to work with. Some middle-

level technologies may be appropriate for SMEs or producers with more stable production, 

such as improved drying systems, heat pump drying, steam blanching, water or ethanol 

extraction, and small pin milling. More sophisticated technologies such as freeze drying, 

microwave-vacuum drying, cryogenic freezing, and cryogenic milling are only feasible if 

there is sufficient market demand to make the costs worthwhile. Large industrial 
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technologies like supercritical CO2 extraction, industrial ethanol extraction or large IQF 

systems usually require much larger investments and stronger technical knowledge.  

The risk can also be reduced by taking it step by step. Small producers don’t have to put too 

much in, too soon. Instead, they can improve gradually, testing products and getting a better 

feel for the market before deciding whether more expensive technologies are really needed. 

5.8  Theoretical and practical contribution 

The thesis contributes to the topic by integrating NTFP processing, technology adoption, 

and techno-economic feasibility in a practical framework. Previous studies usually pay more 

attention to technical details, e.g., drying performance, extraction yield, antioxidant activity 

or recovering bioactive compounds (Syrpas et al., 2021; Huynh et al., 2022). However, these 

studies do not always clarify whether the same technologies are realistic for small producers 

in Finland.  

This thesis attempts to look at that issue more from a practical side by linking technical 

possibilities with real limitations producers face, such as costs and practical feasibility. An 

important part of the thesis is the idea of a step-by-step technology pathway for Finnish 

natural food processing. Rather than assuming that the most advanced technology is the best 

solution in all cases, the thesis differentiates between entry-level, intermediate, premium, 

and industrial or cooperative scale technologies. Thus, the results may be more valuable not 

only for producers and entrepreneurs but also for regional projects and future development 

planning.  

The thesis also argues that modernization should be connected to local identity and product 

story. The value of many natural food products is tied not only to efficient processing but 

also to Finnish origin, wild nature, artisanal production, and customer trust. The thesis also 

emphasizes the significance of shared infrastructure. Some technologies are expensive, so 

sometimes shared processing may be more realistic than individual equipment ownership. 

This may be useful, especially for regional projects, universities, municipalities, 

cooperatives, and producer networks that want to support more value-added natural food 

processing in Finland. 
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5.9  Limitations of the findings 

The results of this study also have some limitations. First, the interview data were based on 

a relatively small sample of selected producers and other relevant actors. For this reason the 

results cannot be statistically representative of all natural food producers in Finland. 

Nevertheless, the interviews yielded valuable practical insights into processing methods, 

challenges, and decision making in real producer settings. As this study is qualitative and 

exploratory, the main goal was not to measure the entire sector, but to get a deeper 

understanding of selected cases. (Flyvbjerg, 2006; Patton, 2015). 

Another limitation is that the techno-economic values used in this thesis are only estimates 

and should not be understood as the exact investment costs. Prices of equipment, energy use, 

and operating costs can change depending on many factors, for example, production scale, 

supplier, product moisture, product type, facility setup, equipment use, maintenance, or even 

operator experience. Because of this, the tables in the thesis are more useful for comparison 

and planning rather than as exact business cost calculations. 

The thesis also does not include laboratory testing of product quality. The discussion on 

quality is mainly based on the previous literature, and no additional experiments were done 

to test e.g., bioactive compounds, microbial stability, sensory quality, or shelf life. In the 

future, research could be improved by testing Finnish raw materials under controlled 

processing conditions and comparing quality results together with energy use and cost data.  

Finally, the regulatory side was only touched upon to a limited extent. Food safety 

regulations, alcohol products, supplements, extracts, novel food rules, organic claims, and 

export requirements may influence feasibility. But a complete regulatory analysis was out 

of scope for this thesis. 

6  Conclusions  

The research for this thesis analyzed the techno-economically viable alternative processing 

technologies of natural foods in Finland. It included the interview of the producers, field 

observations, project material from Finland, scientific literature and indicative data in terms 

of techno-economics. The goal of this analysis was to understand the processing 
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technologies used by Finnish producers and those processing technologies that can 

potentially contribute to the sustainability of small-scale natural food industries. 

As it turned out, Finnish producers apply practical and widespread technologies such as 

drying, freezing, cooking, pasteurizing, cold pressing, fermenting, grinding, bottling, and 

hand packaging. These technologies are applicable for seasonal and small-scale production 

due to their relatively inexpensive nature and simplicity when compared to highly developed 

industrial techniques. Besides, such technologies fit well with the Finnish natural and 

traditional approach towards food production. 

But these same processes have specific drawbacks. As for producers, the drawbacks include 

energy consumption, drying and freezing capacity, manual labor, moisture control, packing 

expense, product consistency, and seasonal availability of ingredients. More advanced 

techniques like heat pump drying, freeze drying, microwave-vacuum drying, water/ethanol 

extraction, enzyme-assisted extraction, and supercritical CO₂ extraction may result in 

improved quality or value addition. But not all of these techniques are necessarily applicable 

to small-scale producers because they require significant capital expenditure, skilled 

personnel, machinery access, knowledge of regulations, and adequate volumes of 

production. 

In other words, the conclusion is that sustainable modernization should be gradual. What 

does it mean? Improving existing methods of producers' production before switching to 

expensive new technology. Improved drying management, freezer operation, moisture 

monitoring, milling, packaging, side-stream processing, and equipment sharing will 

contribute significantly to quality improvements already at this point. Advanced techniques 

may be considered only in case product value, volume of production, outsourcing, or 

common ownership of facilities will make investments worth it. 

6.1  Answers to the research questions 

The primary research question of this thesis was: how can processing technologies for 

Finnish natural food products be assessed and chosen to increase their sustainability, 

economy, and applicability for small-scale and regional producers? 
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The answer lies in choosing methods based not only on technological advantages but also 

on practical considerations. A technology cannot be chosen based on its advanced nature or 

the high quality of a processed product. In addition, it must match the raw material, volume 

of production, price of a product, skills available to a producer, access to technology, and 

overall market conditions. This leads to the proposal of the following technology pathway: 

from low-cost to more complex and valuable solutions, including shared, cooperative, or 

industrial facilities. 

RQ1: Which processing methods are currently used by Finnish small-scale producers 

engaged in berry, herb, mushroom-based foods, and other related products? 

Interviews revealed that such methods include drying, freezing, cooking, pasteurization, cold 

pressing, fermentation, milling, mixing/blending, bottling, and packing. For berries, these 

methods include freezing, pressing, cooking, pasteurization, bottling, and fermentation. For 

herbs, they include drying, chopping, blending, infusion, and packing. As for mushrooms, 

the processing methods are cleaning, drying, freezing, cooking, blanching, and powdering. 

RQ2: What are the key drivers, advantages, and constraints related to these processing 

techniques? 

Cost-effectiveness, familiarity, flexibility, and seasonally suitable batch production 

represent the primary drivers of these processes. Processing enables preserving raw 

materials, extending their shelf life, and giving unique characteristics to local or handmade 

products. The limitations involve energy consumption, low dryer or freezer capacity, manual 

labor, poor control of moisture content, expensive packaging, shorter shelf life in certain 

products, and scalability problems. 

RQ3: Which new or advanced processing technologies have been revealed by Finnish R&D 

initiatives and scientific publications for similar raw materials? 

According to the reviewed literature, there is a number of promising technologies that 

include heat pump drying, freeze-drying, microwave vacuum drying, enzyme-assisted 

extraction, high-pressure extraction, ultrasound-assisted extraction, microwave-assisted 

extraction, aqueous/ethanol extraction, green solvent extraction, supercritical CO₂ 

extraction, fermentation, fractionation, oil pressing, and cascade valorization. It is worth 

mentioning that these technologies are particularly applicable to berries' by-products, herbs, 

mushrooms, chaga, forest side-streams, and valuable ingredients. 
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RQ4: In what way do the selected technologies differ in relation to energy consumption, 

operating costs, capital investment, scalability, and applicability in the case of small-scale 

farmers? 

The comparison reveals that there is great variance in feasibility amongst different 

technologies. Technologies such as mechanical freezing, convective drying, cooking, 

pasteurization, and hammer milling can be considered the most feasible ones for small-scale 

farmers. Heat pump drying, steaming, small pin milling, and ethanol/water extraction could 

be considered as intermediate-level options. Freeze-drying, cryogenics, IQF, large-scale 

ethanol extraction, and supercritical CO₂ extraction need more capital investment. 

RQ5: What processing approaches would you recommend to producers/entrepreneurs who 

wish to start a business producing natural food products in Finland? 

The berry producers need to first explore the practical approaches towards preservation and 

value addition through processes like freezing, pressing, pasteurization, bottling, side-stream 

drying, milling, and selected outsourcing for high-quality powders. The herb producers will 

need to concentrate their efforts on low-temperature drying, moisture testing, milling, 

blending, infusion, and packaging. As for the mushroom producers, rapid cleaning, 

controlled drying, freezing or blanching where necessary, and powdering become essential. 

High-value extracts or forest side streams require cooperation more than investment. 

6.2  Practical Implications and Recommendations 

In practice, this means that smaller producers do not have to take the leap straight from 

conventional to highly advanced technologies but should rather focus on improving their 

current systems through improvements in drying control, freezer management, water 

measurement, milling, packaging, and utilization of by-products. The outcomes will help the 

producers, entrepreneurs, cooperatives, and other regional developers in determining how 

realistic various processing technologies are at each level. 

From the science perspective, the novelty of the thesis lies in the interconnection of three 

fields that were usually treated independently: processing of natural food products, Finnish 

development projects, and techno-economical feasibility analysis. While conventional 

studies only evaluate technologies based on the product quality or technological 
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performance, the author compares technologies according to the actual limitations faced by 

the producers, including CAPEX, OPEX, SEC, availability of equipment, scalability, and 

seasonality issues. 

The first recommendation would be the improvement of current processing techniques prior 

to the investment in more modern equipment. Many producers currently have access to 

simple dryers, freezers, kettles, mills, bottling machines, jars, and other processing 

equipment. Making improvements to how these are utilized might be a more achievable step 

than purchasing expensive technology. For example, there could be improvements made to 

airflow within dryers, no over-filling of drying racks, improved moisture content monitoring, 

better storage of frozen items, and record-keeping for processes. 

The second recommendation would be that milling and powdering should be implemented 

more actively as an option for value-added processing. Those producers who dry herbs, 

mushrooms, berries, and side streams would be able to produce powders, tea cuts, seasoning 

blends, soup base, or other ingredient type products through the process of milling. While 

this is a more achievable option than extraction or freeze-drying at first, one must take into 

account that the product needs to be stable enough to be milled. 

The third recommendation would be that side streams can be used as potential materials. The 

pomace, skins, seeds, press cake, stems, mushroom residuals, bark, and needles might still 

be rich in beneficial substances. Depending on the scale of production and machinery 

availability, it would be possible to dry, mill, press, ferment, or extract substances from the 

listed materials. Every small company does not have to process its side streams 

independently, but the use of such resources should not be disregarded. 

The fourth recommendation would be related to creating shared processing opportunities. 

Some technologies may be too costly or simply unavailable for individual producers, 

particularly if the materials are seasonal. It would be possible to organize joint drying, 

milling, freezing, bottling, extraction, or even freeze-drying facilities to make the processing 

more efficient without bearing the burden of the entire investment. Such models may include 

cooperatives, regional centers, contract processors, universities, and development projects. 

Recommendation number five is for technology to be appropriate for the product and the 

market. The Finnish natural food products are highly regarded due to the fact that they are 

natural, local, wild, pure, seasonal, and partly artisan. Technology applied in processing 
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should help achieve safety, quality, and improved value without compromising these 

attributes. Technology is considered advanced where it helps achieve the product 

characteristics and the market is able to compensate for the increased cost of production. 

6.3  Limitations of the study 

There are several limitations to this thesis. Firstly, the empirical material is based on few 

interviews, field discussions, and observations. The material does not present statistical 

results that would reflect the views of all Finnish natural food producers. On the contrary, 

the empirical material gives practical knowledge about the chosen producer environments 

and processes. 

Secondly, the techno-economic figures used refer only to the approximate values for 

investments. The costs of equipment, energy consumption, operational expenses, and 

feasibility depend on capacity, vendor, moisture content of products, factory design, level of 

automatization, utilization rate, maintenance, labor, and prices of energy on the local market. 

Consequently, the techno-economic figures can serve only for the comparison purpose. 

Thirdly, there have been no laboratory tests, microbiological tests, sensory evaluations, 

shelf-life measurements, or life-cycle assessments carried out. The quality of products and 

efficiency of technologies have been analyzed relying on scientific sources, Finnish projects, 

and secondary techno-economic data. Further testing would be required for decision-making 

about the process design or investment. 

6.4  Future research and development potential 

The focus of future research should be testing selected Finnish raw materials under various 

processing conditions. Such materials include Bilberry, Lingonberry, Cloudberry, Sea 

Buckthorn, Nettle, Chanterelle, Porcini and Chaga. Future investigations should be geared 

towards identifying the relationship between product quality and processing costs through 

quantification of moisture content, color, smell, phenolics, antioxidant, microbiological 

stability, sensory quality, energy requirements and processing cost. Further studies are 
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required for joint processing business models, regulatory feasibility and environmental 

impact assessments considering the side stream utilization and package costs. 
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Appendix 1. Overview of anonymized interview and observation material. 

The respondent’s position is provided in a generalized form due to the anonymous nature of 

the cases. For smaller-scale and family-owned enterprises, the interviews took place between 

the owner, partner, family member, or head of the business. For cooperatives, cafes, or 

shared production units, the interviewee could be either the owner/manager or any other staff 

familiar with the process of production. 

Informant 

code 

Actor/product focus 

and interviewee role 

Main processing 

methods 

Main 

practical 

issue or 

observation 

Technology level / 

context 

Informant 

1 

Small-scale producer 

of dried herbs, 

mushrooms, and jams; 

the interviewee was the 

owner 

Drying, freezing, jam 

cooking 

Freezing 

used due to 

lack of 

affordable 

industrial 

freezing 

options 

Traditional small-scale 

processing 

Informant 

2 

Family farm collecting 

herbs; the interviewee 

was the owner 

Shade drying, 

mechanical drying 

Shade drying 

used before 

mechanical 

drying to 

reduce 

insects 

naturally 

Traditional drying with 

simple mechanical 

support 

Informant 

3 

Berry beverages and 

jams producer; the 

interviewee was the co-

owner  

Cold pressing, 

crushing, fermentation, 

heating 

Seasonal 

berries used 

for juices, 

wines and 

jams 

Traditional processing 

with fermentation 

https://doi.org/10.22616/ERDev.2021.20.TF265
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Informant 

4 

Herbal teas and 

seasoning herbs 

producer; the 

interviewee was the 

owner 

Manual harvesting, 

air/cabinet drying, 

chopping, blending, 

packaging 

Drying 

control 

important for 

aroma, color 

and essential 

oils 

Traditional harvesting 

with semi-mechanized 

drying 

Informant 

5 

Spice, herb and 

condiment producer; 

the interviewee was the 

owner 

Drying, grinding, 

blending, mild 

pasteurization, bottling 

Moisture 

control, 

powder 

caking and 

packaging 

costs were 

challenges 

Traditional recipes with 

small modern 

equipment 

Informant 

6 

Cooperative/café 

producing jams and 

sauces; the interviewee 

was the knowledgeable 

staff member 

Sorting, cleaning, 

cooking, hot filling, 

freezing 

Shared 

facilities 

supported 

small-batch 

production 

Traditional small-batch 

methods with shared 

production 

Informant 

7 

Wild-inspired café 

using berries and 

mushrooms; the 

interviewee was the 

manager  

Cleaning, freezing, 

cooking, sautéing, 

drying 

Freezer 

capacity and 

seasonal 

supply were 

key 

limitations 

Traditional recipes with 

modern kitchen 

appliances 

Informant 

8 

Wild herb spreads and 

seasonings producer; 

the interviewee was the 

owner 

Cleaning, drying, 

blending with 

oil/salt/lemon, jar 

packaging 

Short shelf 

life and oil 

separation 

were 

practical 

issues 

Artisanal blending with 

simple equipment 

Informant 

9 

Educational actor in 

wild food processing; 

the interviewee was an 

instructor responsible 

for demonstrations 

Air drying, low-

temperature cooking, 

preservation 

demonstrations 

Focus on 

education, 

sustainability 

and low-tech 

methods 

Teaching context, not 

commercial scale 

Informant 

10 

Wild food and seasonal 

tourism actor; the 

interviewee was the 

manager involved in 

food preparation 

Freezing, drying, 

sautéing, infusions, 

small-batch cooking 

and bottling 

Processing 

supported 

seasonal 

menus and 

local food 

identity 

Combination of 

traditional and modern 

preservation 

Informant 

11 

Natural products for 

supplements/cosmetics; 

interviewee was the 

knowledgeable 

seller/representative 

Cold pressing, hot-

water infusion 

Niche 

products 

based on 

natural 

ingredients 

Modern small-scale 

natural product business 

Informant 

12 

Berry jams, juices, 

syrups, and glögi 

producer; the 

interviewee was the co-

owner  

Sorting, washing, 

freezing, 

outsourced/cooperative 

processing 

Some 

processing 

was done 

through 

external or 

cooperative 

support 

Traditional preservation 

with 

outsourcing/cooperation 

Informant 

13 

Wild/garden 

ingredients and juices 

producer; the 

interviewee was the 

owner 

Herb and mushroom 

drying, cold pressing, 

and pasteurization 

Multi-

product use 

of herbs, 

mushrooms 

and juices 

Small-scale natural 

food production 
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Informant 

14 

Handmade berry and 

natural ingredient 

products producer; the 

interviewee was the 

owner 

Jam cooking, hot 

filling, juice 

extraction, 

pasteurization, bottling 

Food safety, 

batch records 

and 

traceability 

were 

important 

Manual or semi-manual 

small-scale processing 

Informant 

15 

Garlic and wild herb 

farm; the interviewee 

was the owner 

Drying wild herbs with 

a multi-layer dryer 

Simple dryer 

used for 

farm-scale 

herb 

processing 

Traditional farm-scale 

drying 

 

Appendix 2. Overview of web sources used for techno-economic equipment and cost data. 

Technology group Source/provider Information used Link 

Convective hot-air drying 

efficiency 

DryFiciency  Final report on the heat pump 

technologies developed 

hyperlink 

Convective hot-air drying Andritz / Stela Belt dryer equipment examples hyperlink 

Convective hot-air drying Huber BT Belt dryer case material / energy-

related information 

hyperlink 

Convective hot-air drying Exapro / Machineseeker Used-equipment CAPEX examples hyperlink 

hyperlink 

Freeze-drying Martin Christ / ZIRBUS / 

Telstar 

Freeze-dryer equipment examples Hyperlink 

Hyperlink 

Hyperlink  
Freeze-drying Scientific literature SEC range for food freeze-drying link 

link 

Microwave-vacuum 

drying 

Püschner / SAIREM MVD/MW/RF equipment examples Hyperlink 

Hyperlink  
Microwave-vacuum 

drying 

Scientific literature SEC range for MVD link  

 

https://dryficiency.eu/fileadmin/mc/energy/D5.4-Final-report-on-the-heat-pump-technologies-developed_review.pdf
https://www.andritz.com/resource/blob/471276/94850607aea0f43b0f160ef4a1c827ed/pas-belt-dryers-for-sludge-biomass-rdf-en-web-data.pdf
https://www.huber-se.com/en-us/case-studies/detail/energy-efficient-sewage-sludge-drying-at-innsbruck-with-huber-belt-dryer-bt/
https://www.exapro.com/food-processing-lines/
https://www.machineseeker.com/Dryer/ci-333?srsltid=AfmBOoqPlgb6p3KVjlmiCoxK0Jv0Z7IFg_yZBeFv2nk9oZmMj7lEthD9&utm_
https://www.martinchrist.de/en/products/production-systems/bulk-and-vial-drying
https://www.zirbus.com/freeze-dryer/bulk-freeze-dryer/
https://www.foeth.com/en/dryers/freeze-dryers/telstar-technologies-lyoalfa-15-55-freeze-dryer-329t1332/
https://www.mdpi.com/2227-9717/8/11/1399
https://www.mdpi.com/2304-8158/12/18/3437
https://www.pueschner.com/downloads/vacuumdrying.pdf
https://www.sairem.com/microwave-radiofrequency-equipment/industrial-machines/nutritemp-defroster-tempering-system/
https://fppn.biomedcentral.com/articles/10.1186/s43014-023-00202-8

