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Samenvatting 

Het Groene Hart is een regio die zich uitstrekt over de provincies Noord-Holland, Zuid-Holland en 

Utrecht. In het Groene Hart bevinden zich relatief veel zuivelbedrijven waarvan een deel zelf kaas 

maakt op de boerderij van zowel rauwe als gepasteuriseerde melk. Bij het proces van kaasmaken 

ontstaat een bijproduct genaamd wei. Door de voedingswaarde en structurele eigenschappen wordt 

wei toegepast in verschillende industriële doeleinden. Via technieken als centrifugeren, concentratie, 

filtratie en kristallisatie wordt wei industrieel verwerkt tot room, poeder, (bioactieve) eiwitten, 

mineralen en lactose. Momenteel wordt in het Groene Hart de wei vervoerd naar Brabant om het 

daar als varkensvoer te gebruiken. Kaasproducerende boeren uit het Groene Hart zijn overtuigd dat 

wei nuttiger kan worden gebruikt. Desondanks is er een gebrek aan kennis met betrekking tot de 

mogelijkheden om waarde toe te voegen aan wei en de haalbaarheid om dit toe te passen in het 

Groene Hart. De onderzoeksvraag van dit project is daarom als volgt: Wat zijn haalbare 

mogelijkheden om waarde toe te voegen aan het wei bijproduct voor kaasproducerende boeren in 

de regio van het Groene Hart? Hierbij wordt ook rekeningen gehouden met het verdienmodel van 

de boeren.  

Via een beslisboom worden potentiële opties gescheiden van opties die hoogstwaarschijnlijk niet 

zullen slagen. Allereerst dient een optie meer waarde te hebben dan veevoer, gebaseerd op de 

Nederlandse waardepiramide. Vervolgens worden opties verdeeld naar uitvoering op boerderij- of 

industriële schaal. In de beslisboom worden industriële opties gescreend op innovatie, volume en 

winst. Opties op boerderijschaal worden gescreend op investeringen, ruimte en hoeveelheid 

benodigde wei. Coöperatieve opties worden overwogen als een optie baat heeft bij samenwerking. 

Gebaseerd op deze criteria zijn de volgende opties op boerderijschaal door de beslisboom gekomen: 

Ricotta, Mysost, wei room, wei drank, ijs, milkshakes, bio-meststof en concentratie op locatie. 

Industriële opties zijn niet door de beslisboom gekomen. Op coöperatief niveau is biogas een 

potentiële optie gebleken.  

De haalbaarheid van de opties is verder bepaald aan de hand van een score-matrix met als doel een 

top drie op te stellen. Opties worden gescoord op de volgende aspecten: technologisch, economisch, 

sociaal, duurzaamheid, productieproces en innovatie. Scores variëren van 1 (onvoldoende) tot en 

met 5 (uitstekend). Op basis van de score-matrix zijn de drie hoogste opties: weiroom en –boter 

(op boerderijschaal), wei bier (in samenwerking met lokale bierbrouwers) en Ricotta (op 

boerderijschaal).  

Weiboter wordt verkregen door wei te centrifugeren. Dit resulteert in room en ontvette wei. Weiroom 

kan worden toegevoegd aan het proces van kaasmaken om de kaasopbrengst te verhogen.  Echter, 

te veel wei kan zorgen voor een ongebruikelijke nasmaak. Onderzoek moet uitwijzen welke 

hoeveelheid optimaal is. Weiroom kan verder worden verwerkt tot boter waarbij het restproduct 

karnemelk ontstaat. Vanwege het lage vetgehalte in wei zijn grote hoeveelheden nodig om boter te 

produceren. De resterende ontvette wei en karnemelk kan bijvoorbeeld worden verwerkt in weidrank 

of afgevoerd worden naar de varkens.  

De tweede optie is weibier, in samenwerking met lokale brouwerijen. Ontvette wei is nodig voor de 

productie van weibier en dit kan worden verkregen door wei te centrifugeren. Wei kan op de 

boerderijen worden ontvet en naar lokale brouwerijen worden getransporteerd. Waarschijnlijk kan 

zowel gepasteuriseerde als rauwe wei worden gebruikt om weibier te brouwen, hoewel onderzoek 

naar microbiologische veiligheid moet uitwijzen of bier uit rauwmelkse wei veilig is voor gebruik. 

Bierrecepten moeten worden ontwikkeld; mogelijk kan er “Groene Hart Weibier” worden gemaakt 

en verkocht onder het Streek-label. Onderzoek moet inzicht geven in de marktvraag naar dit 

product. Verder moeten er afspraken worden gemaakt tussen de boeren en de brouwers over het 

eerlijk verdelen van de inkomsten.  

Wanneer wei op boerderij wordt gecentrifugeerd, kunnen de opties weiroom en weibier worden 

gecombineerd. Ontvette wei wordt naar brouwers getransporteerd, terwijl weiroom verder op de 

boerderij wordt gebruikt.  

De derde optie is het produceren van Ricotta op boerderijschaal. Het proces is vrij eenvoudig omdat 

Ricotta wordt geproduceerd via verzuring en verhitting van wei. Het proces is echter tijdrovend. Bij 

gebruik van wei uit rauwe melk dient dit eerst gepasteuriseerd te worden. Geschikte 
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verpakkingsopties op de boerderij moeten worden ontwikkeld, aangezien de verpakking de 

houdbaarheid van het product beïnvloedt. Ricotta kan worden gemaakt in een kaasvat of pan, de 

laatste optie is met name geschikt voor kleinere hoeveelheden. Marktonderzoek moet inzicht geven 

in de vraag naar Ricotta. Het product kan mogelijk via het Streek-label worden verkocht. Tijdens 

het maken van Ricotta is Scotta een restproduct. Onderzoek moet uitwijzen of er geschikte 

mogelijkheden zijn om Scotta te verwerken, in plaats van het voeren aan varkens.  

Naast deze individuele opties zou een coöperatieve wei-verwerking een mogelijkheid zijn om de 

werkdruk van boeren te verminderen en de ontstane reststromen efficiënt te verwerken.  

Voor het onderzoek zijn interviews en brainstormsessies met boeren uit het Groene Hart en experts 

uitgevoerd. Dit werd gedaan om meer inzicht te krijgen in het productieproces van kaas en om meer 

ideeën te krijgen om wei toe te passen. 

Summary 

The Groene Hart is a Dutch region located in the provinces of South-Holland, North-Holland and 

Utrecht. Within the area, dairy farming is dominant and on-farm cheese production occurs relatively 

often. Cheese is produced from both pasteurized as well as raw milk. In the process of cheese 

production, whey is a byproduct. Per kilogram of cheese, circa 10 litres of whey are produced.  Due 

to its nutritional and structural properties,whey   is used in a wide array of products. Via techniques 

such as centrifugation, concentration, filtration and crystallization, whey is industrially processed 

into cream, powder, (bioactive) proteins, minerals and lactose. However, within the Groene Hart, 

whey is currently treated as a rest product as it is transported to the province of Brabant, where it 

is used as pig feed. Cheese-producing dairy farmers within the Groene Hart are convinced that whey 

can be used in a more valuable way. Nevertheless, there is a knowledge gap regarding the 

opportunities of adding value to whey and the feasibility of implication within the Groene Hart. 

Therefore, the research question is as follows:  What are potential and feasible opportunities of 

adding value to whey by-product for cheese-producing dairy farmers within the region of the Groene 

Hart? In order to answer this research question, revenue models for farmers are taken into account.  

Via a decision tree, potential options are distinguished from options which are less likely to succeed. 

First of all, options should have a higher value compared to animal feed, as based on the Dutch 

value pyramid.  Options are divided into execution at farmscale or at industrial scale. In the decision 

tree, industrial options are screened on innovative aspects, volume and profit. Farmscale options 

are screened on investments needed, space needed and amount of whey used. Cooperative options 

are considered if the option will benefit from collaboration. Based on these criteria, the following on-

farm options have passed the decision tree: Ricotta, Mysost, whey cream, whey beverages, ice 

cream, milkshakes, biofertilizer and concentration on-farm. No industrial applications have passed 

the decision tree based on lack of innovative aspects or regulations. For cooperative options, biogas 

has passed the decision tree. 

Feasibility of these options is further determined via a scoring matrix to identify the three most 

feasible options. Options are scored on aspects related to technology, economy, society, 

sustainability, production process and innovation. Scores range from 1 (insufficient) to 5 (excellent). 

Based on the scoring matrix, the three most feasible options are:  Whey cream (on-farm), Whey 

beer (in collaboration with local brewers) and Ricotta (on-farm). 

Whey cream is obtained upon centrifugation, resulting in cream and a liquid defatted fraction. Whey 

cream can be added to the cheese production process in order to improve cheese yield. Research 

should find out which amounts are optimal. Whey cream can be further processed into butter via 

crunching. A rest product in this process is buttermilk. However, due to the low fat content in whey, 

large amounts of whey are needed to produce butter. Tasty recipes should be developed and market 

research should determine customer demand. The remaining defatted whey and buttermilk could be 

used in, for example, whey beverages, or fed to the pigs. 

The second option is whey beer in collaboration with local breweries. Currently, trials have been 

carried out with whey beer and results are positive. Defatted whey, obtained via centrifugation, is 

needed for beer production based on whey. Whey could be defatted on-farm and transported to local 

breweries afterwards. Probably, both pasteurized as well as raw milk can be used to brew beer, 

although research into microbiological safety should find out whether beer based on raw-milk whey 
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is safe. Beer recipes should be developed; potentially, a "Groene Hart Whey-beer" could be invented 

and sold via the Streek-label. Appropriate marketing research should give insight in market demand. 

Furthermore, arrangements between farmers and brewers should be established to share revenues.  

Upon centrifuging whey on-farm, options of whey cream and whey beer could be combined. Defatted 

whey is transported to brewers, whereas whey cream is further used on farm. 

The third option is producing Ricotta from whey on-farm. The production process is relatively simple 

as Ricotta is produced via acidification and heating of whey. However, the process is time consuming. 

When using whey from raw milk, this should be pasteurized before processing. Suitable packaging 

options on-farm should be developed as packaging affects shelf-life. Ricotta can be made in a cheese 

vat or in a cattle; the latter option is used for small volumes. Market research should gain insight in 

the demand for Ricotta. The product could possibly be sold via the Streek-label. In the process of 

making Ricotta, Scotta is a rest product. Research should find out whether suitable options exist for 

processing Scotta, instead of feeding it to pigs. 

In addition to these individual processing options, cooperative whey processing could be an option 

to reduce workload of farmers and efficiently process resulting residual flows.  

The research involved interviews, conversations and a brainstorm session with farmers in the Groene 

Hart and experts. This was done to gain more insight into the cheese production process as well as 

gain ideas for whey application.  
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Introduction 
The Groene Hart is a Dutch region comprised of 32 municipalities located in the provinces of South-

Holland, North-Holland and Utrecht. It is an open, green, agricultural heart, surrounded by urban 

area (Plaatsengids, 2020). Two-third of the land is allocated to agriculture (Metabolic Consulting, 

2016). Within the area, dairy farming is dominant in terms of land use as 104 thousand hectare is 

allocated to grassland for grazing (Metabolic Consulting, 2016). In 2019, 1058 dairy farmers were 

active in the province of South-Holland (ZuivelNL, n.d.). Dairy farmers within the Groene Hart 

relatively often produce their own cheese, using on-farm cheese producing facilities. On a national 

scale, circa 300 farmers produce cheese on-farm, of which circa two-hundred are located within the 

Groene Hart (personal communication with J. Schep, 2021). Some farmers within the Groene Hart 

collaborate with a local cooperation that provides them a special label for the products they produce, 

the Streek-label. This label is only given to agricultural products of which 51% of the raw materials 

comes from the Groene Hart (personal communication with Groene Hart Streekproducten, 2021).   

Whey is a by-product in the process of cheese production. It has been reported that per kilogram 

cheese about nine litres of whey is produced (Melkveebedrijf, 2018). Farm size in the Groene Hart 

ranges from circa 50 to over 700 cows per farm, resulting in circa 1,500 to 140,000 litres of whey 

production per farm per week. Whey contains mainly B-vitamins, whey-protein, minerals, lactose 

and to a small extent, bioactive proteins (de Wit, 2001; Zuivelinfo, n.d.). The exact composition of 

whey differs depending on the season and production process of cheese (personal communication 

with J. Schep, 2021). Cheese within the Groene Hart is produced from both pasteurized as well as 

raw milk ('t Groene Hart Streekproducten, 2021). Cheese from pasteurized milk contains fewer 

bacteria, amino acids, fatty acids and immunoglobins compared to raw milk-cheese, which is 

reflected in the whey by-product (Funquay, McScweenew and Fox, 2011; Liu et al, 2020; personal 

communication with B. Soldaat, 2021). 

Although being a potentially valuable product, whey in the Groene Hart is currently treated as a 

waste product. Previously, circa half of cheese-producing dairy farmers kept pigs on their farm for 

meat production. Whey was fed to the pigs, making it a circular process (personal communication 

with M. Verkleij, 2021 & J. Schep, 2021). Changes in legislation made it difficult to keep pigs on a 

small scale. Due to the health problems regarding the nitrogen and particulates emission, pig farmers 

are obligated to limit these emissions via air washers. However, when pigs are kept on a small scale, 

this is a high investment (personal communication with M. Verkleij, 2021). Therefore, a lot of cheese-

producing dairy farmers no longer keep pigs simultaneously. Leftover whey is nowadays collected 

from the farms and transported to the province of Brabant, where it is used as pig feed. When whey 

is transported to be used as pig feed, it is not compulsory to heat the milk according to Directive 

(EG) nr. 79/2005. However, the use as pig feed does not generate any profit for the farmers as it 

costs money to discharge and transport the whey. Nevertheless, whey can be used to create other 

products with added value, thereby serving as economic driver (Singh, 2016). Due to its structural 

and nutritional properties, whey is used in the food industry in a wide array of food products (van 

der Steen, n.d.). Nevertheless, due to the number of pathogens present in whey, it is important to 

immediately pasteurise the whey and store it under cool conditions when used for human 

consumption (personal communication with M. van der Poel, 2021). Furthermore, whey can be used, 

among others, to generate biogas or fertilizer and it can be used in pharmaceutical applications 

(Macwan et al, 2016 & de Wit, 2001).  

 
Within the Groene Hart, ten municipalities by the alias “Groene Hart Werkt” have collaborated with 

the aim of improving circular economies on a regional level. ‘Circular economy’ is a term with many 

different definitions (Kirchherr et al, 2017). Kirchherr (2017) defines the concept as “an economic 

system […] with reducing, alternatively reusing, recycling and recovering materials in 

production/distribution and consumption processes.” Specifically for the dairy industry, valorisation 

of residual flows is an important part of a circular dairy-economy (NZO, 2020). These definitions are 

in line with the view of Groene Hart Werkt on circular economy, as they aim to create new products 

from residual flows by making better use of the natural environment (Groene Hart Werkt, n.d.). 

Initiated by cheese-producing dairy farmers, Groene Hart Werkt is convinced that whey can be used 

in a more valuable way compared to the current treatment as pig feed. Nevertheless, there is a 

knowledge gap regarding the opportunities of adding value to whey and the feasibility of implication 
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within the Groene Hart region. In this context, this ACT-project has been developed. The 

commissioner, a representative of Groene Hart Werkt, aims to improve circularity and contribute to 

a new revenue model for cheese-producing dairy farmers within the Groene Hart on the long term.  

The purpose of this project is to explore feasible opportunities that add value to whey by-product of 

cheese-producing dairy farmers within the Groene Hart region. Therefore, the following research 

question was formulated: What are potential and feasible opportunities of adding value to whey by-

product for cheese-producing dairy farmers within the region of the Groene Hart? 

In the following sections, methods are described. The report starts with a literature review on whey 

and whey processing. This is followed by a chapter on current uses of whey and its feasibility within 

the Groene Hart. Most potential options are elaborated upon. The report finalizes with 

recommendations and a conclusion.  
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Methods 

In order to answer the research question, the following methods were used. 

To get an overview of the current uses of whey (ingredients), a literature study was performed. The 

databases used were Scopus, Google Scholar, ScienceDirect, WUR library and CBS. To make a first 

selection on all possible applications, a decision tree was constructed, in which applications were 

screened for feasibility. Options which passed the decision tree were further investigated to assess 

feasibility specifically on technical, economic, social, sustainability, innovative and product process 

aspects. A scoring matrix was used to select the three most feasible options.  

Besides a literature research, input of experts was gathered to obtain a more consistent view of the 

feasibility and added value of potential options. This was performed via conversations, 

interviews and a brainstorm session with experts and stakeholders from different disciplines. Also, 

two farmers within the Groene Hart were visited to gain insight in the viewpoints of the people who 

took the initiative. 

All gathered knowledge and viewpoints have been integrated in this final report.  
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Chapter 1: Background 
 
Whey is the liquid product that is co-produced during cheese production. Of the total milk volume 

used, a similar amount remains as whey (personal communication with J. Schep, 2021; Ramos et 

al, 2016). In the process of making cheese, ‘early whey’ (Dutch: voorwei) and pressed whey are 

produced. The former is more concentrated, as the latter is diluted with water. Usually, both types 

of whey are stored in the same tanks (personal communication with J. Schep, 2021). On average, 

whey consists for circa 90% of water. The remainder is composed of mainly lactose, followed by 

minerals, proteins and lipids. To a small extent, the protein fraction consists of bioactive proteins, 

such as lactoferrin and lactoperoxidase. Also trace minerals, for example copper, zinc and iron are 

present in small amounts (de Wit, 2001). Whey composition slightly differs between winter and 

summer due to changes in feed (personal communication with J. Schep, 2021). Whey is classified 

based on its pH. Sweet whey, with a pH of at least 5.6, remains after the production of (semi)hard 

cheeses, such as Gouda. Acid whey is obtained from soft cheeses, such as cottage cheese, and has 

a pH below 5.1 (Kelly, 2019 & Ramos et al, 2016). Differences in composition between sweet and 

acid whey are reflected in Table 1.  

Table 1. Composition of sweet and acid whey. Retrieved from Bansal and Bhandari (2016). 

Compositional components 
(g/L) 

Sweet whey Acid whey 

Total solids 63.0-70.0 63.0-70.0 

Protein 6.50-6.60 6.10-6.20 

Non-protein nitrogen (NPN) 0.27-0.37 0.30-0.40 

Lactose 46.0-52.0 44.0-47.0 

Fat 0.20-0.50 0.30 

Ash 5.00-5.20 7.50-7.90 

Calcium 0.40-0.60 1.20-1.60 

Phosphate 0.50-1.00 2.00 

Sodium 0.50-0.53 0.50-0.51 

Chloride 1.10 1.10 

Lactate 2.00 6.40 

pH 5.90-6.40 4.60-4.70 

 

As farmers in the Groene Hart region produce (semi)hard cheeses, mostly sweet whey is produced. 

Cheese in the region is produced from both pasteurized milk as well as raw milk. Pasteurization is a 

microbiocidal heat treatment aimed at eliminating the number of pathogenic microorganisms. 

Therefore, the milk is heated at 72°C for 15 seconds (Codex Alimentarius, 2004). Raw milk cheese, 

on the other hand, is not heated beyond 40°C (Codex Alimentarius, 2004). Cheese based on raw 

milk is believed to have a more intense and stronger flavour compared to pasteurized milk cheese, 

due to the wide variety or cheese aromas caused by the raw milk microflora. Furthermore, it contains 

higher levels of free amino acids, free fatty acids and more volatile compounds, due to the microflora 

and because the enzymes are not inactivated by denaturation (Funquay, McSweenew and Fox, 

2011). This difference in composition is reflected in the whey by-product (Funquay, McSweenew and 

Fox, 2011; Liu et al, 2020; personal communication with B. Soldaat, 2021). 

Cheese-producing dairy farmers must comply to the laws and regulations with regards to dairy, 

agriculture and the production process of cheese. HACCP guidelines have been established on milk 

storage and cheese production (EUROPA, 2016). 

Whey is industrially used in a multitude of applications, ranging from functional food ingredient to 

pharmaceutical applications (de Wit, 2001). Before applying whey for such purposes, whey must be 

processed into its separate components. In order to understand which methods are feasible for 

farmers within the Groene Hart, either on-farm-scale or in collaboration, these processing methods 

are elaborated upon in the following sections. The focus is on technical aspects of processing whey, 

followed by possible applications of the resulting products.  
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1.1 Methods of processing whey 
Various techniques and methods are developed to process whey and recover organic compounds. 

Processing should occur as soon as possible after whey collection to minimise bacterial growth (Tetra 

Pak, 2019). Below, an overview of various industrial processes of whey processing is presented, 

visualized in Figure 1. 

First of all, the relatively easy process of centrifugation is used to partly separate fat from the whey. 

This results in a whey cream and a defatted liquid fraction. The remainder of the whey is used for 

further processing.  

Concentration, another industrial process, results in a product which is easier to store and transport 

compared to liquid whey (de Wit, 2001). In this process, water is removed via evaporation, thermal 

compression, ultrafiltration or reverse osmosis. The remaining product is dried, resulting in whey 

powder. Drying occurs industrially via drum drying or spray drying. Although more expensive, the 

latter method is used most often as spray drying results in less heat damage compared to drum 

drying (de Wit, 2001).  

Besides concentration, specific components from the whey can be separated via processes based on 

fractionation, demineralization or removal of lactose (de Wit, 2001). In fractionation, filtration is 

used to recover specific whey components. Microfiltration results in removal of fat. Ultrafiltration is 

used to separate proteins, resulting in whey protein concentrate (WPC) with a protein content 

ranging between 35-85%, depending on the filtration process. Higher protein contents of 90% can 

be obtained via subsequent removal of fat via microfiltration, resulting in whey protein isolates (WPI) 

(Kelly, 2019). Specific proteins can further be isolated via chromatography. In this expensive and 

sensitive method, bioactive proteins such as lactoperoxidase and lactoferrin are recovered (Tetra 

Pak, 2019).  

Removal of lactose occurs via crystallization. Depending on the refining process, a concentration as 

high as 99.8% lactose can be obtained. This can be used in the pharmaceutical industry (de Wit, 

2001).  

Demineralization is used to remove minerals via nanofiltration, ion exchange or electrodialysis. 

Nanofiltration results in partial demineralisation, whereas the latter two methods result in a high 

degree of demineralisation (Tetra Pak, 2019). Demineralised whey protein is suitable for using in 

infant milk formulations (Kelly, 2019). 

 

Figure 1: Summary of whey processing. Based on de Wit (2001) & Ramos et al. (2016). 
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1.2 Applications of processed whey 
As mentioned in the previous sections, whey can be processed into concentrated whey powder, whey 

protein concentrate (WPC), whey protein isolate (WPI), bioactive proteins, lactose and minerals. The 

use of these components is widespread in the food industry due to its functional and nutritional 

characteristics (de Wit, 2001). Processed whey products possess a variety of functional properties, 

such as improving solubility, water absorption, emulsion properties, foaming and fat absorption, 

depending on the method of processing (de Wit, 2001). When used in food products, often 

demineralised whey is used due to its less salty taste (de Wit, 2001).  

Whey powder is used in a variety of industrially processed foods, such as in confectionary and bakery 

products. Whey powder contributes to volume and flavour (de Wit, 2001).  

Whey protein concentrates are used in a variety of food products due to their functional properties.  

WPC-35 (whey protein concentrate containing 35% protein) is used to replace skim milk, whereas 

WPC-60 is used to replace egg white. WPC-80 is often used in meat and fish products and sometimes 

used to replace whole eggs. WPC in dairy products function as emulsifier, structure-enhancer and 

stabilizer. In meat products, WPC acts to retain juiciness (de Wit, 2001).  

Besides its functional properties, WPC and WPI are used to enrich protein content of food (Foegeding 

et al, 2011 & de Wit, 2001). WPI, with a protein content of at least 90%, is commercially used as 

sport supplement and protein-enriched beverages (Foegeding et al, 2011).  

Isolation of bioactive proteins are used in probiotics and to enrich infant formulas; in the latter case, 

alpha-lactalbumin is used (Smithers, 2015; de Wit, 2001). Beta-lactoglobulin, another protein which 

can be isolated from whey, is used as replacement of fat and additionally provides improved 

structure in a variety of food products (Smithers, 2015). Active yogurt culture can be added to WPC 

to produce deserts (Foegeding et al., 2011). 

Lactose is often added to improve colour and taste in bakery and confectionary products (de Wit, 

2001). Lactose is also used as ingredient in infant formulas. High concentrations of lactose can be 

used for pharmaceutical applications (de Wit, 2001). Lactose cannot be fermented by yeast, 

therefore it remains its functional properties when it is used in breads and beers (Yang & Silva, 

1995). Lactose is used for increasing shelf life, improving taste or enhance structure in a variety of 

food products (Rocha & Guerra, 2020, Yang & Silva, 1995). However, crystalized lactose could give 

a ‘sandy’ mouthfeel. Lactose is also used for the browning of baked products (Yang & Silva, 1995; 

Rocha & Guerra, 2020). Finally, demineralised and lactose-free whey is an important ingredient in 

infant formulas (de Wit, 2001). 
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Chapter 2: Current uses of whey and its feasibility  

2.1 Value pyramid and decision tree 
In order to separate the potential options of whey processing from the options that are less likely to 

succeed within the region of the Groene Hart, a decision tree has been made. The options that pass 

the decision tree are investigated further in a  scoring matrix. The first criterium that a product 

needs to meet is that it has a higher value compared to animal feed, as the aim is to add value to 

the whey. Value assessment is based on the Dutch value pyramid (Figure 2).   

  

Figure 2: Dutch value pyramid, retrieved from Bos et al. (2014) 

 
After passing this criterion, the options are divided into industrial scale and on-farm scale. The 

options for the industrial scale need to be innovative, there needs to be enough volume of whey 

and it is of importance whether the whey needs to be homogeneous or not. Next to that, there needs 

to be profit for the farmer and the industry must be located in the Groene Hart. For on-farm scale, 

the initial investments cannot be too high and there needs to be space available on-

farm. Furthermore, in on-farm processing it can be beneficial to cooperate with different farmers to 

split costs and to safe space. The last criterion for on-farm processing is that a substantial amount 

of whey is used in the product. In the following sections, an overview of possible applications of 

whey is given, using both whole whey as well as separate components. For each application, 

feasibility of application within the Groene Hart is determined based on the decision tree, which is 

shown in Figure 3. Findings are summarized in Table 3, which can be found at the end of this chapter. 

Products which pass the decision tree are further evaluated via the scoring matrix, this is further 

elaborated upon in Chapter 3.
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Figure 3: Decision tree for roughly estimating feasibility of possible uses of whey. 
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2.2 Industrial applications on-farm 

Below, a more elaborate overview on the processes needed to make use of the separate components 

is given. The feasibility of this techniques for farmers is evaluated. 

2.2.1 Concentration  
It takes a high amount of energy to concentrate the whey solids from 6,5% up to 50% to 60% (de 

Wit, 2001). Steam is used to boil the whey. The vapour of the whey can be used as a heating source 

in a following compartment to increase the efficiency of the installation. Up to seven compartments 

can be included, which makes the installation more complicated but more energy efficient as well 

(de Wit, 2001).  

Reverse osmosis (RO) is used to separate water from whey by creating a higher pressure than the 

osmotic pressure and therefore concentrating the whey, when ultrafiltration is used minerals and 

lactose are together with the water present in the filtrate (de Wit, 2001; Kucera, 2015). In North 

America, reverse osmosis and ultrafiltration (UF) techniques are used to concentrate raw milk to 

reduce transport costs. 

2.2.2 Microfiltration, ultrafiltration, nanofiltration  
Reverse osmosis solely removes water from the whey. Filtration techniques are used to separate 

different components of whey: micro filtration removes fat and microbes; ultrafiltration removes 

proteins and nanofiltration removes vitamins. These techniques are based on pressure and a 

controlled pore size (de Wit, 2001). Nanofiltration is developed as a variation of reverse osmosis. In 

nanofiltration, the osmotic pressure is lower, requiring less energy compared to reverse osmosis 

(van den Bruggen, 2018). 

When using membrane filtration, the fat must be removed first as the fat causes the membranes to 

clog (Poelarends et al., 2009). Ultrafiltration of whole milk was used on a dairy farm that processed 

its own milk, but they stopped after one year, as flow levels were not maintained due to clogging of 

the membrane (Poelarends et al., 2009). The technique is possible on farm level, but it is necessary 

to remove the fat first. 

2.2.3 Lactose crystallization  
The main solid constituent of whey is lactose, which can be obtained via crystallization in the whey. 

Depending on the composition of the source, lactose can be recovered via crystallization in either 

concentrated whey or concentrated deproteinated whey (de Wit, 2001). 

For sweet whey, the process of lactose crystallization starts with pasteurization of whey, followed by 

centrifugation. Afterwards, whey is concentrated. The concentrated whey is transported to 

crystallization tanks, where it is cooled down through stirring. Thereby, the solubility of lactose 

decreases and the lactose crystalises into lactose crystals. Addition of lactose seed crystals can 

accelerate the process of crystallization. When the mixture is crystallized, it is transferred into a 

decanter centrifuge, which can separate the lactose crystals from the liquid. Next, the lactose 

crystals are transferred to another decanter to be washed, so that the lactose content further 

increases. After drying, milling and sieving, edible lactose can be obtained. Lactose for 

pharmaceutical applications requires more refinement via a second crystallization process (de Wit, 

2001). The investment needed for a decanter centrifuge lies between €80,000-€100,000 (Vlaco, 

n.d.). 

2.2.4 Electrodialysis 
Electrodialysis (ED) is an electrochemical separation process in which ions are removed via ion 

selective or semi-permeable membranes. The industrial applications of ED include among others the 

removal of metals from wastewater and demineralization of whey. Disadvantages of electrodialysis 

are the necessity of pre-treatment, in order to reach the right pH and that the process is limited by 

concentration (low conductivity for diluted solutions) and fouling is a problem in higher 

concentrations. Electrodialysis can be applied in intensive laboratory and pilot plant studies as well 

as small industrial applications (Pabby, Rivzi, Sastre, 2015). Electrodialysis is a relatively cheap 

demineralisation process, but it is expensive to get rid of the mineral waste which limits the use of 

this technique (de Wit, 2001). 



16 
 

2.2.5 Ion exchange (demineralisation)  
Salts in whey can be removed via ionic exchange, which can demineralize the whey by 90%. In the 

process of ion exchange, whey enters a strong cation exchanger. There, the whey exchanges its 

cations with H+ ions from the column, causing a drop in pH of the whey to 1.5. Next, the obtained 

acid whey exchanges anions with OH- ions at the side of the basic anion exchanger, which leads to 

an increase in pH. The columns are regenerated with HCl and NaOH when the pH of the whey 

increases above 8. Since whey contains many minerals and because many chemicals are needed to 

regenerate the ions after ionic exchange in the column, a lot of waste is obtained. Since it is 

expensive to get rid of this waste, the use of ion exchange for demineralisation of whey is limited 

(de Wit, 2001).   

2.2.6 Chromatography 
Different methods of chromatography exist, such as affinity chromatography and adsorption 

chromatography. Affinity chromatography relates to the interactions that occur between proteins. 

When performing this method, IgG from sweet whey can be obtained only on large-scale due to the 

low absolute amounts of IgG present in whey (Personal communication T. Huppertz, 2021). Small 

proteins can be extracted from the whey proteins as well. With adsorption chromatography the 

mechanism of adsorption is uncertain. Alpha-lactalbumin (ALA) and Beta-lactoglobulin (BLG) can be 

obtained via this method (El-Sayed & Chase., 2011). 

Feasibility 
Concentration of raw milk on-farm due to heat and evaporation does not seem feasible due to the 

high investments and too little volume to make the process efficient (Poelarends et al., 2009). 

Therefore, it is unlikely that it is feasible for whey concentration on farm level. Although a large scale 

is needed (circa 2000 cows) to make RO or UF worth the investments (€50,000 for UF and €65,000 

for RO for 200 litres per hour) (Poelarends et al., 2009). As farmers within the Groene Hart do not 

reach these sizes, concentration on an individual farm is not feasible, although here could be 

potential for whey concentration in a cooperation. In this case, whey needs to be transported to the 

central processing place first. Centrifuging and concentration via filtration seems feasible on farm 

scale but the production of whey powder is energy intensive (Foegeding et al., 2009) and machinery 

is needed to separate all the components of whey to sell as supplements to other companies. 

However, since concentration might reduce transport costs, concentration on-farm passed the 

decision tree, the other options did not pass the decision tree due to a lack of innovative aspects 

and difficulties with competition to large-scale processing factories.  

2.3 Food applications 
Sweet whey can be used to make various food products. Examples of applications for sweet whey 

are whey cheese, beverages, candies and baked goods. In the following sections, food products are 

described including their feasibility of implementation for farmers within the Groene Hart. 

2.3.1 Whey cheese 
One of the methods to use the sweet whey is to produce whey cheese. This can be done in two ways 

(Królczyk et al., 2016). The first method by heating the whey and subsequently acidifying it to 

separate the fat and protein. This will result in a product called Ricotta. The second method of making 

whey cheese is by the Maillard reaction. In this process the water in the whey is slowly evaporated 

until lactose present in the whey causes browning, this product is called Mysost. Both processes are 

schematically presented in Figure 4. 
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Figure 4: The production scheme of Mysost and Ricotta cheese (Jelen, 2011). 

The Italian whey cheese, Ricotta, is one of the most convenient and least problematic ways to use 

whey. The yield of Ricotta cheese is normally around 5-6% of the whey used (Salvatore et al., 2014). 

The shelf life of Ricotta is approximately 14 days, depending on different factors, such as packaging 

and storage temperature (Hough, Puglieso, Sanchez & da Silva, 1999) 

Ricotta is made from sweet whey. First it needs to be heated to at least 90°C, whereafter an acid is 

added, causing coagulation of the whey proteins. The curd will rise to the surface and is separated 

using plastic baskets or suitable mechanical means. Making Ricotta is possible on a small scale and 

can done on small farms (Maragkoudakis, 2016; Jelen, 2011). However, small scale production of 

Ricotta comes together with some complications. Cheese processing by farmers happens mostly in 

the morning. Because acidification takes several hours, the last part of Ricotta processing should 

happen in the evening, which might be labour intensive for the farmer (personal communication 

with M. van der Poel, 2021). 

Furthermore, during the production of Ricotta a residual product remains, namely Scotta. The Ricotta 

contains primarily the protein fraction, leaving most of the lactose in the Scotta. Still, the residue 

contains 1% of the proteins (Maragkoudakis, 2016; Salvatore et al., 2014). Table 2 shows the 

composition of Ricotta and Scotta.  

Table 2: The composition of Whey, Ricotta and Scotta (Bergamaschi et al., 2016). 

 Whey Ricotta Scotta 

Weight 100 kg 5 kg 95 kg 

Fat 12% 11% 1% 

Protein 22% 10% 12% 

Total solids 48% 7% 41% 
 

Scotta has a high biochemical oxygen demand (BOD) and chemical oxygen demand (COD) 

(Maragkoudakis, 2016). COD and BOD are widely used as criteria of water assessment and reflects 

the degree of water pollution (Prambudy, Suprivatin & Setiawan, 2019). Due to the high BOD and 

COD-values of Scotta, it is considered an environmental pollutant. Therefore, production of Ricotta 

alone does not offer a solution to the whey disposal problem. Nevertheless, Scotta might be used in 

the production of other food and non-food products.  

For example, Rizzolo & Cortellinio (2018) developed a fruit drink in which Scotta was used instead 

of whey. As an advantage there was no precipitation of proteins. Following the same reasoning, 

Scotta could be used in the production of alcoholic beverages. Furthermore, research was done in 
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which Scotta was used as a replacement of milk in dairy products, e.g. ice cream (Meneses, 2020), 

in fermented drinks or as feedstock and biogas (Maragkoudakis, 2016) and as fertiliser (Vasmara et 

al., 2021). Moreover, de Vries & de Jong (2020) investigated using membrane filtration technology 

to produce lactose concentrate from Scotta. With the increasing use of membrane technologies and 

the possibility of their application in small or medium scale dairy farms, concentrated Scotta can be 

used as ingredient for e.g. salad dressings and other food products (Pires, Marnotes, Rubio, Garcia 

& Pereira, 2021). These examples show Scotta to be suitable in a wide array of (food) products.  

Another whey cheese originating from Norway is Mysost, a sweet caramel-like cheese. It is made 

from sweet whey with added whey cream and has two main types, sliceable or spreadable. Norway 

is still the main market for these types of cheese, but it is also sold in other countries (Jelen, 2011).  

Since no residual stream remains during the production of Mysost is easier to make the production 

circular compared to Ricotta production. The first step is condensation of the whey to 82% solids via 

heating (Wendorff, 2008). The main technological challenge is controlled crystallization of the 

lactose. Therefore, the paste should be rapidly cooled from 95°C to below 65°C. After the 

preconcentration, evaporation is needed to reduce the viscosity of the paste. During this phase, high 

temperatures cause browning of the product, due to the Maillard reaction of lactose with proteins. 

The heating is performed until the desired colour and taste is reached. The mass is kneaded while 

cooling, and then converted to cubical boxes (Jelen, 2011; Wendorff, 2008). 100 kg whey with 24.2 

kg skimmed milk and 10.7 kg cream will yield approximately 17 kg of cheese, with a shelf life of 

about a year (Skeie & Abrahamsen, 2017).  

Feasibility: 
Production of Ricotta seems feasible as it is possible to produce it on-farm and does not require big 

and expensive equipment, for small scale a simple kettle suffices and on larger scale a cheese vat 

with a volume of 2,000 litres of €29,000 can be used. However, in the production of Ricotta a 

residual product, Scotta, remains. Scotta cannot be disposed and therefore needs an alternative 

use or should be transported to pig farmers, like whey.  

The process of Mysost production is relatively simple, although it costs a lot of energy and leaves no 

residue. Looking at circularity aspects, the principle of Mysost cheese is more circular compared to 

Ricotta as no residual flows remain. However, Mysost is mainly consumed in Norway and yet 

unknown in the Netherlands. To bring it to the market outside Norway, the sensory profile might 

need to be modified to the consumers, as demonstrated in several consumer studies (Jelen, 2011). 

Due to the relatively easy production process, both Ricotta and Mysost passed the decision tree.  

2.3.2 Ice cream 
Ice cream is a frozen dairy food that is produced by pasteurization and mixing of multiple ingredients. 

The ingredients are mixed in order to add some air to the mixture and to ensure that it becomes 

consistent. Generally, ice cream contains milk products, sugars, water and possibly eggs, 

flavourings, stabilisers or emulsifiers (Arbuckle, 2013).  Whole sweet whey, WPC and WPI can be 

added during ice cream production (Foegeding et al., 2011; Young, 2007). Lactose free and 

demineralized whey can also be used. It is recommended to apply 1.5-3.0% of WPC 34 in whey ice 

cream, while this amount is 2.0-3.0% for sweet whey. The amount of sweet whey added can be 

increased up to 5% to produce ice cream low in fat (5% milk fat). For WPC 60-80, the recommended 

amount is 0.5-2.0%. Whey products must be added before pasteurization of the ice cream ingredient 

mix, to prevent microbial growth (Young, 2007).  

Besides adding whey as a substitute, Meneses et al., (2020) concluded that cheese whey and Scotta 

can be used to completely replace milk in ice cream production. In a consumer test for chocolate ice 

cream, the overall liking of ice cream decreased when it was made from Scotta where milk was 

replaced for more than 50% by whey. For replacement with sweet cheese whey the overall liking 

did not decrease, but when milk replaced for 100% by whey, the respondents experienced a stronger 

chocolate taste (Meneses et al., 2020). Therefore, making ice cream on basis of whey is possible, 

but more research is needed on the effect of taste. Young (2007) indicated that organic acids and 

fruit flavours can be added to ice cream in order to mask the taste of whey.  
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Feasibility 
Whey can be added to ice cream. However, this is only recommended in small amounts. Considering 

the high amount of whey that is available within the Groene Hart region, the efficiency of using whey 

in ice cream is disputable. Moreover, many farmers do not have their own ice cream producing 

facility, which means that either cooperation's with other farmers or the industry should be set up. 

Furthermore, the taste of whey ice cream should be further investigated. Nevertheless, ice cream 

did pass the decision tree, since it might be interesting to produce on-farm and it is a rather 

innovative product.  

2.3.3 Milkshakes 
Recently, research has been carried out to develop a milkshake containing whey. Since there are no 

reports in literature on using whey in milkshakes, this is an innovative idea. The study by Costa et 

al., (2021) focussed on preparing chocolate milkshakes with chia whilst partially replacing milk with 

whey. In the study, three milkshakes were prepared: a control formulation without whey, a 

milkshake containing 24% whey and a milkshake with 36% whey. Whey was heated to 85°C for 15 

minutes in order to inactivate enzymes and enhance fat separation. Next, the liquid ingredients of 

the milkshake (including the whey) were mixed. Solid ingredients were added and blended. 

Afterwards, the milkshakes were frozen in order to be analysed for nutritional and physiochemical 

properties and microbial quality in a later stage. The study concluded that partial replacement of 

milk by whey has significant effects on ash, lipid, carbohydrate content, energy value and pH. The 

milkshake with 36% whey had the lowest lipid content as well as lowest energy value, in contrast 

to the highest carbohydrate content. Therefore, it seems that whey is an appropriate partial 

substitute for milk in milkshakes. Nevertheless, further research is needed about the storage and 

sensory qualities of whey milkshakes (Costa et al., 2021).  

Feasibility  
Preparing whey milkshakes is an innovative idea and is very likely also feasible to conduct on a 

small-scale, especially if farmers have the possibility to blend the milk and whey on their farm into 

a milkshake. Additional ingredients such as chocolate flavour could be added to enhance flavour. 

Still, the storage durability and the acceptance among consumers is unclear and should be further 

investigated. Since whey-milkshakes are so innovative and possible to produce on-farm, milkshakes 

passed the decision tree and were further analysed in the scoring matrix.  

2.3.4 Whey cream and defatted whey 
Whey can be defatted via centrifugation. This results in whey cream and defatted whey. When aiming 

for whey cream, defatted whey is a residual flow. However, the defatted whey has many applications 

as it contains still almost all of the components of whey except the lipids and some proteins (de Wit, 

2001). Defatted whey can be used to produce for example sweetened condensed whey. Sweetened 

condensed whey was developed as a simple and inexpensive method of preserving whey for 

manufacture. This was done because drying is too expensive for a small farm due to required 

investments (Ramsdell & Webb, 1938). The process to make sweetened condensed whey is similar 

to that of sweetened condensed milk. First, the defatted whey is pasteurized at 62°C for 30 min, 

after which the sugar is added and evaporation takes place. The product is then cooled to 35°C and 

stirred to room temperature (Ramsdell & Webb, 1938, Webb & Wahsington, 1966). The sweetened 

condensed whey can for example be used in the production of several types of candy, such as whey 

fudge, whey caramel and dulce de leche (Panghal 2018; Wendorff, 2008). Of interest are the 

whipping properties of the sweetened condensed whey. Sweetened condensed whey can be stored 

at room temperature for at least three months (Webb & Washington, 1966). 

Whey cream has multiple purposes as well. The milkfat in whey cream can be used in making cheese. 

When adding whey cream to the process of making cheese, there will be an increase in yield due to 

the recovery of fat (Johnson et al, 1997). It is also possible that denaturated whey proteins that are 

recovered cause a larger moister retention in the cheese. When whey cream is recycled multiple 

times through the separator and centrifugal pumps, higher amounts of free fatty acids and peroxide 

values will appear. This in the end can result in free fatty acids and their undesirable rancid flavour 

(Johnson et al, 1997). So, although the yield can be increased when adding whey, the end product 

will be not at the same quality. This unfavourable flavour that in the end product, will happen when 

more than 10% of whey cream is used (Government of Canada, 2019). Besides adding whey cream 

to improve yield, it can be used to produce whey butter.  
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From the whey cream, butter and buttermilk can be produced. Some farmers already produce butter 

and buttermilk on their farm from milk instead of whey. For the butter production the whey needs 

to be skimmed first, this can be done by centrifugating (Soundous et al., 2019). After the skimming 

the whey cream needs to mature, this can be done in a fridge (2-7°C) or at higher temperatures (8-

23°C). Also cream from multiple days can be collected (Soundous et al., 2019). After the maturing 

of the cream, the sour cream needs to be crunched, so the fat globules are disturbed through the 

rapid movement and clump together. In this process the oil in water emulsion is turned into a water 

in oil emulsion (Sounous et al., 2019). The water residue is buttermilk. However, as whey buttermilk 

is more sour compared to normal buttermilk it may not be accepted as a consumer food product by 

itself, but it can be used as supplement to enhance characteristics of other products (Jinjark et al., 

2006; Sodani et al., 2006). To remove the last buttermilk residues from the crunch, it is washed by 

adding water. On-farm this process is performed three times in most cases (Soundous et al., 2019). 

To homogenise the butter, it is often kneaded for less than five minutes, after that the butter is 

packed in butter paper. The butter can be moulded using wooden moulds, pellets or even by hand 

(Soundous et al., 2019). The process of making butter from milk is summarized in Figure 5.  

 

 

 
Figure 5: Summary of butter production retrieved from Soundous et al., (2019). 

Feasibility 
A centrifuge with a capacity of 2,000 litres per hour costs €20,000 whereas a centrifuge with a 

capacity of 100 litres costs only €2,000 (C. Van 't Riet zuiveltechnologie B. V., 2021). The technique 

can be performed on-farm and does not require a lot of knowledge. Smaller amounts of cream can 

be used to increase the cheese yield and the rest can be used to make butter. The investment for a 

cruncher is relatively low; €1,800 for a cruncher of 200 litres (C. Van 't Riet zuiveltechnologie B. V., 

2021). These two options pass the decision tree. The defatted whey can be used for sweetened 

condensed whey but as the market demand is not known for this product it does not pass the 

discission tree. 

2.3.5 Whey soup 
Whey can be used as an ingredient to make soup (Appendix III: brainstorm session), which is quite 

an innovative idea as it is currently not performed. Large amounts of whey can be used for this as 

replacement of water. Cooperation with arable farmers in the region can be fruitful to deliver 

ingredients for the soup, for example tomatoes. Whey-based tomato soup consisting of 50% whey 

and 50% whey powder was liked most by consumers (Rai & Singh, 2003).  
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Feasibility 
Relatively large amounts of whey can be used as basis for the soup. The whey should be cooked 

with other ingredients or mixed with other ingredients at cold temperature. To enhance the shelf-

life, the soup must be heated after packaging or frozen. In Flanders (Belgium) one farm is developing 

soup from whey. Rest streams from whey, such as Scotta or defatted whey, could be used in soup 

as well. In this report, soup will not be elaborated upon as a distinct option, but as a method of 

making use of whey rest streams.  

2.3.6 Baked goods 
Whey can also be used in baked goods. Liquid whey can, in some cases, be used to replace part of 

the water in baked goods. Addition of whey adds some favourable characteristics to the baked goods, 

such as better yeast fermentation, better kneading and improvement in the crust. Research found 

a maximal addition of 13-18% of water to be replaced by whey in bread and roll recipes (Wendorff, 

2008). 

Feasibility 
Using whole whey in baked goods does not seem feasible, since only 13-18% of the water can be 

replaced with whey. There are too many other ingredients needed, compared to the whey that can 

be used and therefore does not pass the discission tree. Furthermore, the farmers are not specialised 

in baking and thus, if implemented, whey should be brought to bakers. 

2.3.7 Beverages 
Liquid whey can be used in beverages. Using whey is possible in several types of drinks. The first 

type of beverage is a fruit-juice beverage. Whey can be used as a whole, in which it is pasteurized, 

and fruit juice or concentrate is added.  Also deproteinised or ultrafiltered (UF) whey can be used. 

Besides fruit, other flavours can be added, such as chocolate or vanilla (Jeličić, 2008). Upon adding 

carbon dioxide, a carbonated beverage can be produced. An example of a carbonated whey beverage 

is Rivella, which is made by blending liquid whey with a fruit juice, after which it is carbonated 

(Panghal et al, 2008). 

Next to this, fermented whey beverages can be produced. To make fermented whey beverages, 

mainly a starter and probiotic cultures of lactic acid are used. These beverages can be made without 

the use of complicated technologies, e.g. ultrafiltration or evaporation (Jeličić, 2008). Furthermore, 

when using a yoghurt culture, beverages with a similar sensory profile to fermented milk drinks or 

drinking yoghurts can be obtained (Jeličić, 2008). 

Due to its nutritional composition, whey is potentially fruitful to produce sports drinks. Yet, no 

existing sports drink based on whey is commercially available (personal communication with M. van 

der Poel, 2021).  

Another type of beverage is an alcoholic whey beverage. Whey can be used to produce beer and 

wine (Holsinger, 1974; Wendorff, 2008). In the process of making beer, defatted whey is used. The 

presence of fat causes difficulties with foaming properties (personal communication with U. de Jong, 

2021). Unpasteurized whey could potentially be used; lactic acid bacteria turn lactose into lactate, 

which could give a specific flavour to the beer (personal communication with J. de Vries, 2021). 

Whey beer is currently produced in the Netherlands on a small scale. Currently, we are aware of 

three breweries which use whey in their production process. First of all, Henri Willig, a Dutch cheese 

producer and chain store, has developed three types of whey beer in collaboration with U. de Jong. 

In these beers, whey contributes to 10% of the volume (personal communication with U. de Jong & 

J. de Vries, 2021). De Jong has also been involved in the production of a beer based on whey from 

goat cheese, commissioned by goat farm ‘de Molkerei'. This beer consists for 25 to 50% of whey. 

This beer has won a prize due to its palatability, however the farmers decided to quit production as 

they had difficulties in finding sales channels (personal communication with H. Hartog, 2021). Lastly, 

brewery ‘Damphegeest’ in Limmen uses 5% whey in their ‘Alkmaars Blondje’-beer. The demand for 

this beer is quite high (personal communication with K. Koot, 2021). When too high amounts of 

whey are used in beer, the taste will become too creamy, and the smell becomes unpleasant 

(personal communication U. de Jong, 2021). 

In the production of wine, the entire whey is used. Yang (1977) states that production of whey wine 

is possible on a small scale as no expensive equipment is required. Glucose and sulphur dioxide are 
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added to the whey, after which it will be fermented for one to two weeks (Wendorff, 2008). However, 

whey should be deproteinised to avoid protein precipitation (Holsinger, 1974; Yang, 1977). Besides 

wine and beer, whey could be distilled into vodka. This is currently not performed in the Netherlands, 

but it is done in the United States of America.  

Feasibility: 
In general, whey beverages have not been very popular among consumers yet (Jelen, 2011). Whole 

whey can be used in fruit drinks. However, acid whey works better with the flavours of the fruits 

compared to sweet whey (Jelen, 2011).  

Experiments with whey fruit drinks have been performed within the Groene Hart before. 

Unfortunately, these trials did not turn out to be successful due to difficulties with marketing the 

drinks (personal communication with M. van der Poel, 2021). Also, for sports drinks, action has 

recently been undertaken within the Groene Hart. A recipe has been developed and even Leader 

funding was obtained; unfortunately, this project has not yet been carried out (personal 

communication with M. van der Poel, 2021). As a complete business plan has already been 

developed, our research will not further investigate whey sports drinks. Although yet 

unimplemented, the idea shows high potential, if carried out with other initiators.  

Adding farmers’ whey to commercial whey drinks such as Rivella or Taksi will not be considered 

feasible, as the factories of these products are not located within the Groene Hart.  

The production of beer from whey is relatively easy; whey has to be defatted and transported to 

local brewers. Relatively large volumes of whey can be used in the process of brewing, depending 

on the recipe. Since whey beer is currently only produced on a small scale, it is considered 

innovative.  

That is why brewing beer using whey, in collaboration with local brewers, is considered a feasible 

option. Whey beverages are not elaborated upon as multiple trials have already been performed 

within the Groene Hart.  

2.4 Non-food applications of whey 

2.4.1 Immunoglobulin 
Immunoglobulins (Igs) are present in different concentrations in for example milk and colostrum. 

Igs can be used as treatment against infections, oral consumption can have a protective effect on 

gastro-intestinal infections (Gapper et al., 2007) and hospital infections like chronic gastritis which 

is caused by the bacteria Helicobacter Pylori (El-Loly. 2007). In addition, Igs can be used 

intravenously as immune deficiency therapy (Perez et al., 2017). For immuno-modulation in chronic 

diseases immuno-replacement therapy can be beneficial (El-Loly. 2007). 

Colostrum Igs have a protective role in the body until the own immune system is developed. IgG 

can inactivate or reduce infections. In immune support products, colostrum is used as the basis 

(Gapper et al., 2007). IgG reduces cholesterol levels and thereby reducing blood pressure, and 

because of that it can be used as a beneficial food supplement (Mollea, Marmo and Bosco. 2013). 

Furthermore, IgG supports the function of the gastrointestinal barrier (Ulfman et al. 2018). 

In whey protein the total Ig content is 0.7g/l of which 80% is immunoglobulin G (IgG) (Yadav et al. 

2015). Bovine milk contains IgA, IgM and IgG. Of these three, IgG is mostly present (D’Incecco et 

al., 2018). Products that contain IgG are priced based on the total IgG content and the amount of 

IgG declines when going from colostrum to mature milk (Gapper et al., 2007). Colostrum contains 

50-100 times more IgG compared to mature milk (personal communication with J. van Neerven, 

2021).  

IgG consists of the isotypes IgG1 and IgG2 of which IgG1 is mostly present (cover 80% of the total 

IgG). During heat processing at a temperature of 60°C and higher, IgG1 is denatured. Full 

denaturation of IgG occurs at a temperature of 72-73°C. This means, when doing ultrahigh 

temperature (UHT) treatment of milk, all IgG's are no longer present because they are all denatured 

(personal communication with J. van Neerven, 2021). On the other hand, IgG2 is not affected at 

this temperature (Elizondo-Salazar, Jayarao and Heinrichs. 2010). When pasteurizing milk, 70% of 

IgG will remain. So, the amount of which IgG is present at the end of the process, depends on the 

heat treatment used (personal communication with J. van Neerven, 2021). When heat treatment is 
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performed, IgG can be separated from the other remaining proteins by chromatography. This 

method is often performed on lab-scale or at bigger companies (El-Sayed & Chase., 2011).  

Feasibility 
Seperating IgG on-farm is not feasible for farmers due to the investments and knowledge needed 

to perform chromatography. Industrial application of IgG from farm-whey seems unfeasible as well 

based on contact with industry. Nutricia mentioned that they use homogenous whey and they buy 

the single ingredients from big companies like Friesland Campina (personal communication B. 

Struck, 2021). Furthermore, the quality for infant formula is very strict and so are the requirements 

regarding to the composition, contaminants and microbiology. The suppliers of whey first need to 

be controlled by the quality department of the company and thus farmers have difficulties complying 

to these requirements. This means that it is not feasible for local farmers to sell their whey to big 

companies (personal communication with J. Van Neerven).  

2.4.2 Pharmaceutical applications of whey 
As mentioned above, components of whey could have an effect on the immune system. Health 

benefits have been associated with intake of whey due to its antiviral, antibacterial and antioxidant 
properties (Ahmed, Hamdy and Hammam, 2020). Whey can be used among others in probiotics, as 
dairy products have proven to be good vehicles of transport by protecting the viability of bacteria. 
Whey components, specifically alpha-lactalbumin, bovine serum albumin and lactoferrin, have also 
been associated with anti-cancer effects (Teixeira et al., 2019). Moreover, whey protein-based 

bioactive compounds have shown to positively effect hypertension by ACE (Angiotensin one 
converting enzyme) inhibition (Minj et al., 2020). 

 
Bioactive compounds are often encapsulated to be protected against degradation and arrive intact 
at the target site. Whey protein isolate can be used to encapsulate bioactive compounds, such as 
omega-3 fatty acids or probiotic bacteria (Eratte et al., 2015). As mentioned before, whey protein 
isolate consists of 90% or more protein. Furthermore, whey has also been used to deliver lipid-
soluble bioactive compounds in an emulsion-based delivery system. In this study, WPI was effective 

at forming emulsions with fine droplets. However, this emulsion can be quite unstable when it comes 
to temperature (Ozturk et al., 2015). WPI is used in pharmaceutical applications since it has good 

tablet ability, flowability and compatibility (Minj et al., 2020). Furthermore, whey is used a growth 
medium for micro-organisms and as a growth factor in tissue culture (Rama et al., 2020; van der 
Steen. N.d.). Active substances can also be delivered by inhalers, in which active substances are 
coupled to a lactose particle (de Wit, 2001). 

 
Feasibility 
Pharmaceutical applications rank high in the value pyramid. The feasibility of pharmaceutical 

applications on farm level is low due to the high investment and knowledge needed for elaborate 
processes. Also, when producing pharmaceutical applications, strict hygiene requirements are 
necessary, which are difficult to realise on a farm level. The feasibility of pharmaceutical applications 
of whey on an industry level is also quite low. Nutricia was approached with questions concerning 
the use of whey and whey components in their products. Nutricia stated that they do not receive 
whole whey, but readily processed components of whey such as WPI, lactose and demineralized 

whey powder. The ingredients that they use in their products have processed elsewhere. 
Furthermore, they mentioned that for small companies, liability can be an issue, for example when 
something is wrong in the end product based on the whey ingredients that have been used (personal 

communication B. Struck, 2021). Taking these aspects into consideration, pharmaceutical 
application of whey either on-farm or delivery to the industry does not pass the decision tree.  
  

2.4.3 Molkosan 
Molkosan is a prebiotic drink to improve the internal environment of the gut. It is made from whey 

and rich in lactic acid (Avogel, n.d.). Some species of lactic acid are proven to have several health 

and nutritional benefits (Gilliland, 1990). To produce Molkosan, the whey is fermented with lactic 

acid and the proteins are removed. After this process, the fermented whey is concentrated in a 

vacuum. Due to this fermentation, the whey is stable, and can last two months after opening 

(Avogel, n.d.).  
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Feasibility 
To make Molkosan, lactic acid bacteria are added to whey, whereafter it will be fermented. Therefore, 

is does not require expensive equipment. Molkosan is sold for €19.99 per litre (Avogel 2021), making 

it an economically interesting product. However, only small volumes are needed. That is why 

Molkosan does not pass the decision tree.  

2.4.4 Whey as biofertilizer 
The proteins in whey contain nitrogen, which can be converted into inorganic nitrogen and then be 
used by plants if the whey is applied to the land as fertiliser. Research by Grosu et al. (2012) revealed 

that this can indeed be helpful in enhancing crop development. However, it should be kept in mind 
that whey is probably produced whole year around (if the cheese manufacturer makes cheese during 
the whole year). Since the application of whey as fertiliser is limited to seasons, it is only a temporary 
solution to discharge the whey (Robbins et al., 1998). Moreover, the pH of cheese whey when applied 
as fertiliser can influence the pH of the soil. Acid whey has a pH that is generally <5.0, while sweet 
whey had a pH between 6.0-7.0 (Spalatelu, 2012). The pH of the soil is very important for proper 
crop growth. If the pH of the soil is too low, crop growth is slowed down. The soil of the Groene Hart 

area is mainly peat soil and its pH is around 5.0-5.5 (Beltman et al, 2019).  
 
Feasibility 
Research has shown that application of whey as fertiliser can impact soil pH and cause eutrophication 
of water streams leading to algae bloom, indicating that when whey is used as fertiliser it can lead 
to environmental degradation. Whey as fertiliser also results in an unpleasant smell. Moreover, the 
transportation costs of whey to the site of disposal can be high, since the temperature of the whey 

should be properly controlled to prevent growth of microorganisms. Additionally, it should be noted 
that the added value of using whey as fertiliser is low compared to other whey products that are 
obtained from whey powder concentrate and/or whey isolate (de Almeida et al., 2021). 
Nevertheless, many farmers are interested in using whey (rest streams) on their own land, as 
it is an easy way to discharge the whey. For that reason, whey as biofertilizer has passed the 
decision tree.  

 

2.4.5. Whey and the production of biogas 
Whey can be used to produce biogas, especially as a primary or co-substrate to produce biomethane 

and biohydrogen. Biogas is a combustible mixture of methane, carbon dioxide, water and hydrogen 
sulphide. The lactose present in whey is a suitable substrate for anaerobic bacteria that produce 
various organic acids. Some of these metabolites that are generated in this process can be used by 
methanogens to produce methane (Bachmann, 2008). The production of biogas from organic waste 
products by anaerobic digestion is mainly done when it is economically interesting. It is also possible 
to use cow manure and whey for producing biogas (Comino et al, 2009).  

  
Producing an increased amount of biogas via an additional loading of agricultural waste product, 

such as whey, does not generate a lot of extra costs and is a sustainable way of energy production. 

Biogas production can be boosted by whey, but a challenge is acid accumulation. Because whey has 

a low pH, anaerobic whey digestion with pH control can be performed. Another option for this 

problem is co-digesting whey with other waste products. Co-digestion can also be performed by cow 

manure and whey, using an anaerobic rotating biological reactor (Shilton et al., 2013).   

To increase biogas production, the co-substrates that are added need to contain high levels of energy 

and need to be biodegradable. Whey is such a product, as it contains a high amount of energy 

substrate. Because whey is largely made up of lactose, which is biodegradable, it has the potential 

to yield large quantities of methane. Because whey can be acid, digestion can be a problem due to 

a lack of buffering capacity but adding cow manure stabilizes the process of anaerobic digestion with 

cheese whey (Brown, et al., 2016).  

When whey is stored, the pH drops in the first three weeks. During storage, lactose converted to 

lactate and volatile fatty acids, mainly acetate. The ratio primary sludge: whey: cow manure to start 

the digestor with for fresh whey is 100:50:10 and for stored whey 100:70:10 (Brown, et al, 2016). 

When anaerobically digesting whey and cow manure, the methane proportion is 58% in the biogas 

produced (Comino, et al., 2012). Via the Jumpstart Project of FrieslandCampina farmers can build a 

bioreactor with subsidy, up until now approximately 40 farmers in the Netherlands made use of this 

subsidy (NieuweOogst, 2021).  
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Feasibility 
The price of a bioreactor is very high, which indicates that a lot of investments are needed to buy a 
bioreactor. Additionally, the added value of biogas is rather low compared to other products. 
Therefore, the option of using whey in a bioreactor might not be very interesting for farmers who do 
not have a bioreactor yet. For farmers who already have a bioreactor, for example to ferment 
manure, it might be an interesting option to also use the whey in their bioreactor. However, it is 
quite complicated to mix the exact right ratio of whey and cow manure (Brown, et al, 2016). So, if 
there is already an anaerobic digestion facility at the location it is feasible, otherwise it is not 
economically viable. Virtually no farmers within the Groene Hart have a bioreactor, reducing the 
relevance of this option (personal communication with M. Kok, 2021). Since it might be an attractive 
option for the few farmers who have a bioreactor, this option passed the decision tree.  
 

2.4.6. Photobioprocesses 
Whey can also be used to produce microalgal biomass by relying on acidogenic fermentation of 

cheese whey, a newly proposed method. This idea relies on the acidogenic fermentation of cheese 

whey into short and middle-chain volatile fatty acids, which happens in a bioreactor. By transferring 

these obtained volatile fatty acids to a photobioreactor, a photo-organanoheterotrophic microalgal 

biomass can be obtained. This microalgae biomass can be used by industries to produce products 

with highly added value (de Almeida et al, 2021). 

Feasibility 
The idea of using whey in photobioprocesses is very innovative, yet there have not been many 

experiments conducted before with using whey in photobioprocesses. As a result, it is difficult to 

assess the real profits that can be obtained by this method. Moreover, a bioreactor and 

photobioreactor are needed, which are costly. Due to a lack of information about this extremely new 

application as well as the fact that it is expensive to put into practise, this option has not passed the 

decision tree.  

2.4.7. Packaging material 
Whey protein can also be used for biodegradable packaging material. Whey protein-based coatings 

and films can be used to reduce the amount of synthetic packaging material that is needed for the 

preservation of food (Minj et al, 2020). Biodegradable packaging material can be created by using 

WPC and WPI (McHugh et al., 1994; Ramos et al., 2012; as cited in Minj et al, 2020).   

Whey protein film formation can be achieved via changing the protein chains conformations, so that 

the newly formed chains interact to form altered 3D-networks with properties that are useful for the 

formations of films and coatings (Schmid & Müller, 2019). The initial amino acid sequence 

determines interactions between the protein chains themselves and with possible other film 

components. For whey proteins, it is especially the thiol groups of cysteine residues that can form 

intra- and intermolecular disulphide bridges (Barone, Dangaran & Schmidt, 2006; as cited in Schmid 

& Müller, 2019). 

Starting products to produce whey protein-based films are WPI, WPC or Beta-lactoglobulin in 

aqueous solution with different plasticizers. Plasticizers prevent protein films from brittleness caused 

by excessive cross-linking. The final properties of the film depend on the proteins used and the 

additives that are used such as plasticizers, chemical agents, salt or lipids. Also, the denaturation 

process that is chosen has an effect (Schmid & Müller, 2019). 

Feasibility  
Using whey as packaging material or protein film formation requires many extensive processes, 

which are difficult to perform on farm-level considering the specific knowledge and equipment that 

is needed. It might be an interesting option for industries to use whey in packaging. However, this 

is not often done yet in the Netherlands since it is a relatively new technique. Therefore, future 

research should be conducted to investigate if whey can be used as raw material within the Dutch 

packaging industry. Because of the current lack of industries in the Netherlands that can make whey 

packaging, this option has not passed the decision tree.  
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2.5 Summary  
All abovementioned options, including their feasibility, are summarized into Table 3.  

Table 3: An overview of all previously described options, including whether options have passed the decision tree or not. 

Category  Product  Decision tree  

Pass/No pass  

Reasoning  

Applications on-farm  Ricotta + Scotta  Pass • Relatively easy to produce  

• Does not require expensive equipment  

• Residue (‘Scotta') can be further processed 

Mysost  Pass • Relatively easy to produce  

• No rest product remains  

• Not really known outside Norway; consumer demand is unknown 

Whey cream + defatted whey Pass • Whey is centrifuged into whey cream and non-fat whey  

• Whey cream can be used to make whey butter and whey buttermilk   

• Non-fat whey can be further processed 

• No expensive equipment needed 

Baked goods  No pass • Whey is supplemented in small quantities  

• Too many supplements are needed  

Beverages  Pass • In fruit beverages, acid whey works better compared to sweet whey  

• Rest product ‘Scotta’ might be suitable to use in beverages  

• Several beverage options exists, such as fruit drinks, sports drinks or 

alcoholic beverages 

Ice cream  Pass • Can be produced on-farm 

• No rest product if whole whey is used in the production process 

Milkshake Pass • Innovative idea 

• Can be produced rather easily 

Concentration on-farm  Pass • Can reduce whey transport costs 
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Industrial application 

on-farm  

  

  

  

Industrial food application  
Industrial food- application on-

farm (WPC, WPI, lactose, IgG)  

No pass  • Lots of complicated machinery and knowledge needed to produce 

whey powders  

• Investment is high  

• Farmscale cannot compete with industrial scale 

Pharmaceutical applications  No pass • High investment needed  

• Knowledge needed for elaborate processes  

• Strict hygiene requirements   

Biofertilizer  

  

Pass • Idea resonates among farmers  

• Whole whey is used  

• Whey rest streams can be applied as well  

• Storage and transport could be a challenge  

Packaging / film formation   
  

No pass • Innovative  

• WPI and/or WPC needed to conduct difficult chemical processes: not 

feasible on-farm  

Industrial application 

– whey delivery to 

industry  

Industrial food applications 

(WPC, WPI, lactose)  
  

No pass • Lack of innovative aspects  

• Industry buys separate ingredients  

• Profit for farmers is low  

Industrial 

food applications (IgG)  

No pass • Homogeneous whey is required in big companies 

• Strict requirements regarding the composition of infant formula 

• Difficulties for farmers assuring quality requirements 

Pharmaceutical applications   No pass • High in the value pyramid  

• Liability issues 

• Homogeneity requirements 

Packaging / film formation   

  

No pass • Innovative 

• Ask for extensive research and cooperation with Dutch packaging 

industry to research the feasibility 

Cooperative options  Biogas  Pass • High investments  

• Low position in value pyramid  

• Transport costs may be high if bioreactor is not nearby  

• Could be an option for farmers who ferment manure, if whey could be 

added to the same fermenter  
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Photobioprocesses  No pass • Highly innovative  

• Challenge to find a photobioreactor that is large enough for high whey 

concentrations.  

• High investments, uncertainty about return  
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Chapter 3: Scoring matrix 
Based on all potential options as described above, several options passed the decision tree. A 

summary can be found in Table 4. For options which passed the decision tree, feasibility is further 

determined based on technological, economic and social feasibility, and aspects related to 

sustainability, product process and innovation.  

Scores given have a value of 1 (insufficient) to 5 (excellent). When an option is scored 1 on any 

criterion, it is considered insufficient and will therefore not be taken into consideration. A score of 5 

however indicates that an option scores excellent on the criterion. The higher the score, the more 

appropriate the option. The following aspects are considered when awarding scores:   

• Technology: required equipment, knowledge about the process and cooperation. 

• Economy: revenue model for farmers, investments needed, and labour needed.  

• Social: stimulating work, consumer acceptance, market demand. 

• Sustainability: waste products (re-used), energy use, emissions and packaging. 

• Product process: shelf life, time consuming / labour, procedure, other ingredients needed, 

and volume needed.  

• Innovative aspects: is the process or product new or common? 

Reasoning behind scores can be found in Appendix I.  

Table 4: Scores of options which passed the decision tree. 

 Additional 

remarks (scale of 

implementation) 

Technical  

feasibility 

Economic 

feasibility 

Social 

feasibility 

Sustaina-

bility 

Product 

process 

Innovativ

e aspects 

Total 

points 

 

Ricotta + 

Scotta 

Farm-scale 4 3 3 2 3 3 18 

Mysost Farm-scale 3 3 2 3 3 3 17 

Whey cream  Farm-scale 4 3 4 3 4 3 21 

Whey beer Collaboration 

with brewers 

4 3 4 4 4 3 22 

Ice product Cooperative 3 2 3 3 1 3 15 

Milkshake Farm-scale 3 2 2 3 2 4 16 

Concentration 

on-farm  

Farm-scale 2 2 2 3 3 2 14 

Biofertilizer  Farm-scale 5 2 3 2 2 2 16 

Biogas + 

digestate 

 Only feasible for 

farmers with 

fermenter 

4 2 3 4 3 2 18 

Based on this scoring matrix, Ricotta, Whey cream and Whey beer are considered most feasible. In 

the following chapter, recommendations for implementation are described. 
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Chapter 4: Recommendations 

4.1 Whey cream  
For the production of whey cream, whey needs to be centrifugated in a cream fraction and a defatted 

whey fraction. Whey cream can be added to the process of making cheese and results in an increase 

in yield due to the recovery of fat (Johnson et al, 1997). However, when more than 10% of the whey 

is used, too many free fatty acids cause an undesirable rancid flavour (Johnson et al, 1997; 

Government of Canada, 2019). So, although the yield can be increased when adding whey, the final 

product will not be of the same quality. Future research and experimentation should 

determine the optimal amount of whey cream that can be added and its effect on cheese 

yield and flavour.  

Whey cream can also be used for other products, for example chocolate paste. This is currently 

performed on a small scale but needs further research in order to develop a tasty recipe. 

Another application of whey cream is the production of butter. The whey cream needs to be crunched 

in order to make butter after the cream has ripened. The ripening can take place in a fridge. There 

are several techniques to package butter, the simplest method is cutting it by hand and packing it 

in butter paper. The shelf life of whey butter is at least three months. The fat content of whey is low 

(0.02-0.05%), which means that relatively much whey is needed for the separation of relatively low 

amounts of fat. Butter should contain at least 80% milk fat and no more than 16% water (RVO, 

2020). This means that for the production of 1 kg of butter at least 1,600 kg of whey is needed. 

For the production of whey cream, a centrifuge is needed to separate the cream from de defatted 

whey. The price for a centrifuge with the capacity of 2,000 litres per hour cost approximately €30,000 

and is comparable with the price of a cheese vat (Dutch: kaasbak) (C. van 't Riet zuiveltechnologie 

B.V., 2021). When the whey is from raw milk cheese, a centrifuge that pasteurizes at the same time 

is needed, this will be a higher investment. When all fat of 2,000 kilogram whey with a fat content 

of 0.05% is centrifugated into cream with a fat content of 10%, this leads to 10 kilograms of cream. 

The 10 kilogram of cream can be collected. 100 litres of cream can be crunched to produce butter 

in a cruncher with a content of 200 litre and costs approximately €1,800 (C. van 't Riet 

zuiveltechnologie B.V., 2021). If this is processed further into butter containing 80% of fat, it will 

result in 1.25 kilogram of butter. The price for one kg whey butter is estimated to be around €9.00 

(Boerderij Ruimzicht, n.d.), whether whey butter can be sold at this price in the farm shop 

needs to be further investigated.  With a price of €9.00 per kilogram this will result in €11.25 

revenue when using 2,000 kilograms of whey. It will take over 2,800 times butter production of all 

the whey to cover the machinery costs. These small quantities compared to cheese may be easy to 

sell, but the investment should not be too high. An option with less risk is a smaller centrifuge with 

a capacity of 100 litres per hour which costs approximately €2,000 (C. Van 't Riet zuiveltechnologie 

B.V., 2021). With a price of €9.00 per kilogram it will take approximately 6,750 hours of centrifuging 

whey to cover the machinery costs. In this case, not all the whey can be defatted.  

As cream can be stored for several days when it matures, the work of crunching the cream to make 

butter can be planned at a moment that fits the farmer. This gives more flexibility for producing 

butter from smaller amounts of cream. Butter can be stored for at least three months. 

The taste of whey butter differs from normal butter. To make the product more attractive for 

customers taste experiments should be performed, for example development of whey butter 

with herbs or sea salt.  Adding herbs needs be done at the stage when the butter is forming and 

softening. After chopping the herbs, add them and when the process is done it should be refrigerated 

(Edible, n.d.). Production of butter with different flavours might improve sales. Market research 

should gain insight in the customer demand for whey butter.  

If a farmer has its own farm shop, whey butter can be sold via this channel. When larger volumes 

are produced, cooperation with the Streek-label is an option for farmers within the Groene Hart. To 

convince the Streek-label to incorporate whey butter in their assortment, a solid business 

plan needs to be developed. 

Defatting the whey and selling whey butter made from the cream brings new revenue to the farmers 

but does not solve the problem of whey disposal on itself, as there will be substantial amounts of 
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defatted whey left which still contains protein and lactose. As this product is already defatted, 

membrane filtration is easier. However, this is a complicated and expensive technique so performing 

this on-farm is not feasible (yet) (Poelarends et al., 2009). The defatted whey can be used in 

beverages or beer, which is described below. In the worst-case scenario, the excess of defatted 

whey can still be transported to pig farmers. In this case, additional revenues are still obtained via 

the sales of butter. Making butter gives another rest product during crunching, namely buttermilk. 

The buttermilk of whey butter is sourer compared to regular buttermilk (Jinjark et al., 2006) 

therefore, it will be a challenge to sell this product. Market research on whey buttermilk needs 

to be performed. If farmers do not want the risk of investing in bottling equipment for buttermilk 

or the market demand is too low, there is the risk the buttermilk must be discarded or used as 

animal feed.  

In the end, farmers should be aware of the amount of whey needed to process it into butter. 

Production of butter from whey cream might result into new revenues, but due to the high amounts 

of whey needed to be centrifuged, it is an energy- and labour-intensive method.  

Further research is needed considering the market demand for whey butter, whey buttermilk and 

the use of defatted whey. When market research is done, the price of whey butter can be better 

estimated as well. The use of defatted whey for the production of beverages like beer is further 

described below. 

4.2 Whey Beer 
Currently, there is a high demand for craft beers. Consumption of craft beers has increased since 

ten consecutive years (Nederlandse Brouwers, 2020).  Consumers are often searching for new beer 

flavours (Nederlandse Brouwers, 2020); a whey beer potentially fits in this market. Especially within 

the Groene Hart, producing beer could be a feasible option due to the popularity of local beer within 

the region; almost every village has its own small brewery (Andriessen, 2020). However, local 

brewers need to be open-minded to produce a whey-based beer and collaborate with farmers. This 

should be investigated to find out whether such collaboration would be successful.  

In order to produce whey beer, centrifugation of whey is needed to remove fats. Presence of fat 

causes difficulties with foaming properties (personal contact with U. de Jong, 2021). Considering 

centrifuging, two scenarios are possible. First, whey can be centrifuged on-farm and subsequently 

transported to a local brewery. The remaining whey cream can be further used or processed on-

farm, for example via making whey butter or adding it to the cheese production process, as described 

above. Secondly, whey can be transported as a whole to breweries and centrifuged there. In the 

latter case, no extra processing work is demanded from farmers, however, local brewers should be 

willing to make the investment of a centrifuge. In order to produce whey beer, a centrifuge must be 

purchased either by the farmer or by the brewery, which costs €2,000 for a centrifuge that can 

process 100 litres per hour. Larger centrifuges costs more, up to €30,000 for 2,000 litres per hour 

(C. Van 't Riet zuiveltechnologie B.V., 2021). These larger centrifuges will probably not be needed 

during the starting phase of whey beer production, as the starting scale will be quite small. Lastly, 

a separate tank must be purchased either by the farmer of by the brewery, to store defatted whey 

after centrifugation. Production of whey beer and whey cream can be combined, as visualized in 

Figure 6.  

Currently, breweries producing whey beer use pasteurized whey (personal communication U. de 

Jong & J. de Vries, 2021). It is potentially possible to use unpasteurized whey in beer production 

(personal communication with H. Hartog & J. de Vries, 2021). However, since unpasteurized 

whey is not currently used in beer production as far as we know, research into palatability 

and microbiological safety of the beer should be performed.  

For both pasteurized as well as unpasteurized whey, recipes for palatable beer should be developed. 

An efficient scenario would be when recipe development is carried out in collaboration 

and shared among brewers within the Groene Hart. In this case, a “Groene Hart Whey-beer” 

could be created which can be brewed locally based on the defatted whey from the cheese-producing 

dairy farmers. If this is the case, this whey beer could potentially be sold under the Streek-label and 

distributed through its partners. In this scenario, farmers are not responsible for finding locations to 

sell their product. Difficulties with finding the right sales channels have previously shown to be the 

reason for retraction of whey beer from the market (personal communication with H. Hartog, 2021). 



32 
 

This highlights the importance of appropriate marketing and sales from parties with 

expertise in this area. Making use of the distribution channels from the Groene Hart Streek-label 

could take this responsibility away from the farmer and increase chances of successful sales. An 

initial poll at the Streek-label has shown that it would be open to sell new products, if a solid business 

plan is created. In this case, farmers should join the Streek-cooperation.  

The total amount of whey used in beer, depends on the recipe and the demand. The current 

percentages of whey used in beers vary quite a lot, between 5-50%. The amount of whey that a 

farmer can deliver to a brewery for beer production is still unclear, as it depends on the recipe and 

the demand. Moreover, it is recommended to perform a market research to determine 

customer demand.  If not all farmers’ whey can be used to produce beer, the remainder should 

still be used elsewhere.  

Costs related to whey beer derive from the investment of a centrifuge, as mentioned above, and 

transport of whey to the brewers. Transport costs will be lower compared to the current situation as 

the distance travelled is shorter. The revenue model for the farmer is established by receiving money 

from the local brewers, by delivering raw materials. Furthermore, the sales of the whey beer will 

generate income. Arrangements between the farmer and the brewer should be established 

to share revenues. These arrangements should be established beforehand on a regional level; so 

that no individual negotiations have to take place.  

 
Figure 6: Schematic overview of whey cream and beer production. Percentages indicate the amount of product generated 
from the whey. 

4.3 Ricotta  
Production of Ricotta is possible on small scale and already happens on various cheese farms. The 

process is relatively simple, as can be seen in Figure 7 and does not require a lot of knowledge. In 

the process, whey is added to a cheese vat and heated to 85°C, whereafter acid is added. 

Subsequently, the curd forms, which is collected in baskets (Jelen, 2011). To make 1 kg of Ricotta 

cheese, approximately 20 litres of whey is needed (Bergamaschi et al., 2016; Salvatore et al., 2014). 

Therefore, when using a cheese vat of 2,000 litres, in each round of Ricotta production, around 100 

kg Ricotta can be produced. The costs of a 2, 000 litres cheese vat will be approximately €29,000 

(C. Van 't Riet zuiveltechnologie B.V., 2021). The revenue per kilo is around €7.22 (de Vries & de 

Jong, 2020). Considering the relatively low costs for the production of Ricotta and the fact that only 

one major investment is needed (the cheese vat) to produce Ricotta on small scale, it might generate 

attractive extra profit for the farmers. However, considering time management this Ricotta 

production can be difficult. Cheese production often happens in the morning, whereafter the heating 
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of Ricotta immediately starts. Because the process of Ricotta requires a few hours of heating and 

acidification, the process and curd collection should continue in the evening. Therefore, this process 

is time consuming. It depends on the farmer whether he or she is willing to make such time 

investment. It is also possible to make Ricotta via cooperative processing; this option will be further 

elaborated on in section 4.5.  

Considering the demand, production of 100 kg Ricotta is high when sold only particular in the farm 

shop. When the Ricotta is not sold, it will exceed the shelf life and should be thrown away. This is a 

waste of time and energy. Market research should be performed in order to gain insight in 

the demand. If demand turns out to be low, production using a kettle on the stove might also be 

interesting. In this case, only 15 to 20 litres of whey are used and converted into approximately one 

kg of Ricotta. This has as benefit that the is the lower investment. Furthermore, the process of 

heating and acidification only takes 30 minutes due to lower volumes (personal communication with 

Kaasmakerij Catharinadal., 2021). The challenge of time management is easier to overcome, 

however, it will be a niche product due to low production volumes.    

Ricotta production has the possibility to generate more income for the farmer, however it does not 

give a solution to the whey disposal problem, since Scotta is produced in the production process 

(Maragkoudakis, 2016; Salvatore et al., 2014). 100 kg of whey still leads to 95 kg of Scotta 

(Bergamaschi et al., 2016). Scotta can for example be used as bio-fertilizer and as raw material for 

ice cream. Additionally, it can also be used as animal feed, as currently performed with whey. 

However, this means that the Scotta should be transported, creating new logistical and 

environmental challenges. Therefore, to improve the circularity related to Ricotta production, 

usage of Scotta on farm-scale requires new research. Next to this, production of Ricotta has 

a high energy requirement, especially because it takes a long time before big volumes are warmed 

up. However, this depends on the type of equipment as well. 

Two distinct Ricotta variants exist that carry the Protected Designation of Origin (PDO) status, the 

first one being Ricotta Romona (produced from sheep milk) and the second variant, Ricotta di Bufula 

Campana (produced from buffalo milk). However, a general variant of Ricotta cheese is not carrying 

a protected name and it can be produced without specific production requirements (All my chefs, 

n.d.). Therefore, Ricotta made in the Groene Hart region can be called Ricotta. The Streek-label can 

thus also be applied to the Groene Hart Ricotta if the farmer is member of the Streek-label, which 

makes it an interesting new product to sell to individual consumers, supermarkets and/or 

restaurants. This also means that an appropriate business plan for Streek-Ricotta must be 

set up. If the Streek-Ricotta becomes a popular product, the production can be further increased.  

Lastly, spoilage should be considered. To kill possible pathogens, the whey from raw milk should be 

pasteurized right away and stored in cold conditions, before the production of Ricotta can start 

(Codex Alimentarius, 1999). If milk is already pasteurized before making cheese, this is not needed. 

It is important to note that the shelf life of Ricotta is only fourteen days. This shelf-life is severely 

influenced by the package in which the Ricotta is stored. Proper hygiene practises during cheese 

production and an appropriate package have a positive effect on the shelf-life of Ricotta. In many 

cases, Ricotta is stored in a plastic package (Mihaly Cozmuta et al., 2020). It is therefore 

important to develop suitable Ricotta packaging, which can preferably also be carried out 

on-farm.  Therefore, research should find out whether there are enough customers for the product 

(Hough, Puglieso, Sanchez & da Silva, 1999). If the market demand is not large enough, it could 

lead to financial losses for the farmer. 

In the future, further research must be done concerning the market demand and drivers 

for Ricotta consumption within and around the Groene Hart region. Moreover, in order to 

limit the waste-streams created in the process of producing Ricotta, new process methods for Scotta 

must be developed. In that way, possible new Scotta-based products can be created, leading to 

extra added value. 
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Figure 7: Schematic overview of Ricotta production. Percentages indicate the amount of product generated from the whey.  

4.4 Cooperation  
The options described above are all performed on-farm. However, a cooperation-based strategy 

might also offer fruitful chances to process whey in a cooperative and large-scale manner. 

Cooperative whey processing reduces the workload for farmers and can ensure more efficient use 

of whey rest streams. For the options described above, a whey rest stream remains; either Scotta, 

defatted whey or whey cream for respectively the Ricotta, whey butter and whey beer. Further 

processing of these rest streams on-farm is possible but generates extra work and investments for 

the farmers. If processing would occur cooperatively, a diverse palette of whey products could 

therefore be created without extra labour for the farmer. 

A cooperative processing facility could close the cycle of whey processing locally. In this scenario, 

whey is transported from farmers to the cooperative processing facility and is processed there into 

Ricotta and whey cream via the previously described methods. The remaining Scotta and defatted 

whey could be used for multiple purposes; for instance, to make a whey fruit- or sports drink. For 

whey sports drink, an entire plan including recipe has been developed which might be used in 

collaboration with enthusiastic initiators (personal communication with M. van der Poel, 2021). 

Besides whey drinks, remaining waste streams could be used to make a whey soup in collaboration 

with local arable farmers who could deliver vegetables. Research should find out whether arable 

farmers are open for this initiative. Besides, delivery of defatted whey to brewers is an option.  

The generated products might be sold via the Streek-label if this cooperation is eager to sell the 

products. Nevertheless, this depends on consumer demand as well, which should be investigated 

beforehand. Upon collaboration, the Streek-cooperation provides distribution channels for selling the 

products.  

Enabling joint processing is possible via multiple ways. Firstly, farmers could collaborate and share 

investments that are needed to buy machinery and equipment. However, farmers should be willing 

to take the risk of making these collaborative investments. Moreover, agreements on sharing 

revenues should be captured beforehand. Research among farmers should find out whether 

they are willing to be part of such a collaboration. Another option to start a collaboration-based 

whey processing facility would be via an independent entrepreneur who could start up a processing 

facility in which the whey of many farmers is used as raw material and further processed into new 

whey products. In this case, farmers do not have to take the risk of making a shared investment 

themselves. However, enthusiastic initiators who see the potential of joint whey processing, should 

be present and also willing to take up the initiative, which is a challenge. In this scenario, farmers 

can sell the obtained whey-based products afterwards themselves or sell it to the entrepreneur, who 

can then sell the final whey products. In all cases, setting up a cooperative processing facility means 

that large volumes of whey can be processed on local level, thereby benefitting the local economy 

as well.  
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4.5 Other recommendations 
Besides the three most feasible whey products mentioned above, further future recommendations 

can be made based on our research.  

Firstly, whey can also be used as a substance in pet feed. Whey protein ingredients are for example 

used in formulas for kittens and puppies. Many pet owners appear to demand that the food they 

give to their pets is of high quality, just like their own food (Nachay, 2016). Therefore, it is interesting 

to research if the demand for whey-based pet food will increase in the future, thereby possibly 

leading to a new niche market. 

Another potential use of whey is in the production of the Norwegian Mysost, a type of cheese. One 

big advantage of producing Mysost is that no rest product remains. However, the consumer 

acceptance is still questionable. This product therefore needs to undergo further research and a 

change in the sensory profile might be needed (Jelen, 2011). 

As mentioned before, a plan for a whey sports drink has been developed, for which Leader funding 

has been obtained as well (personal communication with M. van der Poel, 2021). If this project 

would be carried out by an entrepreneur or other initiator, this could become quite successful in the 

future.   
 
Another interesting product for further research is whey soup, which can be made with locally 

produced vegetables. A collaboration-based approach might therefore be an option.  

Moreover, future research could focus on developing a tasty whey ice cream and how the storage 

and sensory qualities of whey milkshakes can be enhanced. 

Lastly, setting up a new ACT project in relation to these other recommendations and their market 

potential would be a logical next step to further research these options.    
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Chapter 5: Conclusion 

Whey is a by-product of cheese production and contains valuable ingredients such as lactose, 
proteins, minerals and fat. On larger scale these ingredients are separated and sold for many 
different applications. Many of these separation techniques are not feasible on farm scale. In this 
report special attention was paid to researching the potential opportunities of adding value to whey 

by-product within the Groene Hart. An important aspect that was taken into consideration was 
whether the opportunity would also be feasible on-farm. Only the options that were placed higher in 
the value pyramid than pig feed were investigated.   

 

By making use of the decision tree and scoring matrix, whey cream, whey beer and Ricotta 
production turned out to be most feasible considering technical, economic, social and sustainable 
aspects. For each option, a feasible business plan must still be developed. Whey can be used to 
produce whey cream and subsequently whey butter, the defatted whey can, in cooperation with 
local brewers, be processed into whey beer. If the whey is not separated in cream and defatted 

whey, it can be used to produce Ricotta. Ricotta has a by-product called Scotta, of which applications 
needs to be further investigated. The yield of Ricotta production is low, the yield of cream production 
is even lower. However, whey needs to be defatted beer production, so cream production on-
farm for butter production is still a potential option. These three most feasible options are all food 
options. When whey is used for food applications, it must be pasteurized first to eliminate pathogens. 
For farmers who make their cheese from unpasteurized raw milk this is an additional investment.   

 

Further research is needed considering the market demand for whey butter and possible varieties as 
well as for Ricotta and whey beer. Sensory tests should also be conducted to study consumer 
preference for these products. Next to that, it is recommended to investigate innovative applications 

for Scotta, as well as the potential of processing Scotta and defatted whey in a cooperative 
way. Additionally, the willingness of farmers to set up a collaboration for whey processing should 
be explored. Lastly, the potential of whey in pet feed, Mysost and sports drink must be further 
examined, as it can possibly lead to new lucrative niche markets.   
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Appendices 

Appendix I: Scoring Matrix  
 
Ricotta 

• Technological feasibility: Ricotta can be made on small farms. However, due to time 

management this can be difficult. Cheese processing often happens in the morning, 

whereafter the heating and acidification for Ricotta production can start. When using a 2,000 

Litre cheese vat, the process of Ricotta requires a few hours of acidification and therefore 

continues in the evening, which is time consuming (personal communication with M. Van der 

Poel). However, production can also take place in a kettle. In this case only 15 to 20 Litres 

whey is processed each time. This takes only half an hour and might therefore be more 

feasible (personal communication with kaasmakerij Cathedral, 2021). It should be noticed 

that in this case it is only a niche product. It is also possible to make Ricotta in cooperation 

via machinery processing. An advantage is that not much knowledge is needed to produce 

Ricotta, since this is relatively simple. Ricotta gives a yield of around 5-6% (Salvatore et al., 

2014). Therefore, when using a cheese vat of 2,000 Litres, in each round of Ricotta 

production, around 100 kg Ricotta can be produced. The kettle will produce approximately 

one kg of Ricotta. 

• Economic feasibility: The costs of a 2,000 litres cheese vat will be approximately €29.000 

(C. Van 't Riet zuiveltechnologie B.V., 2021). The revenue per kilo is around €7,22 (de Vries 

& de Jong, 2020). Considering the relatively low costs for the production of Ricotta and the 

fact that only one major investment is needed (the cheese vat) to produce Ricotta on small 

scale, making Ricotta might thus generate attractive extra profit for the farmers.  

• Social feasibility: Due to time management, making Ricotta on small scale is labour 

intensive. Furthermore, it is questioned if there is a market for high amounts of Ricotta 

(personal communication with P. de Jong, 2021). Another cheese farmer did already 

experience with Ricotta, but because of the low demand he did not continue with the project 

(Personal contact with Kaasboerderij van Zeeburg, 2021). 

• Sustainability: One disadvantage of Ricotta is that is does not give a solution to the whey 

disposal problem, because of the Scotta produced (Maragkoudakis et al., 2016; Salvatore et 

al., 2014). 83 kg of whey still leads to 79 kg of Scotta (Bergamaschi et al., 2016). However, 

Scotta can also be used in bio fertilizer or ice cream for example or it can be used as feed, 

as is currently done with whey. Furthermore, production of Ricotta has a high energy 

requirement as it takes a long time before big volumes are warmed up. However, this 

depends on the type of equipment too. 

• Product process: The process is not difficult, but might be labour intensive. On the other 

hand, Ricotta has only a shelf-life of approximately 14 days, which is quite short. As extra 

ingredient only acid is added and sometimes some extra milk. 

• Innovative aspects: Ricotta production is not very common in the Groene Hart. However, 

Ricotta itself is not a new product.  

Mysost 

• Technical feasibility: To produce Mysost, evaporation to 80% solids takes place, whereafter 

it is cooled in a cheese vat. Further research needs to be conducting considering the 

equipment needed. Production on small scale can be labour intensive. 110 kg of Mysost is 

produced from 1,000 kg of whey (Skeie & Abrahamsen, 2017).  

• Economic feasibility: According to cheese stores, Gjetost sold for €26,00 per kilo 

(GoudseKaasShop, 2021). Gjetost is a comparable product, as is produced similarly to 

Mysost, but by using goat milk. Therefore, the expected price of Mysost is like that of 

Gjetost. The investments needed are not known, due to the lack of production in the 

Netherlands. However, it is expected that Mysost can be, like Ricotta, be made in a cheese 

vat or a kettle. The costs will, in that case, be €29,000  when a 2000 litres cheese vat is 

used (C. Van 't Riet zuiveltechnologie B.V., 2021). When using a kettle the investment will 

be lower. 

• Social feasibility: Mysost is mainly consumed in Norway. To bring it to the market outside 

Norway, the sensory profile might need to be modified to the consumers, as demonstrated 
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in several consumer studies (Jelen, 2011). The consumer acceptance of this cheese in the 

Netherlands is uncertain.  

• Sustainability: No residues are left in Mysost production. However, the evaporation has a 

high energy requirement since the substance needs to be reduced up to 80%.  

• Product process: To start with the production of Mysost, research needs to be done to find 

the exact procedure and ratios of ingredients used. Production on small scale can be labour 

intensive. Taken this two into account; feasibility and profit of production on small scale is 

questioned. 100 kg whey with 24.2 kg skimmed milk and 10.7 kg cream yields 16.68 kg 

and has a shelf life of about a year (Skeie & Abrahamsen, 2017). 

• Innovative aspects: Mysost cheese is not common in the Netherlands. Although, it is a 

previously existing product in Norway.  
  

Whey cream 

• Technological feasibility: Separating the whey cream from rest of the defatted whey is 

relatively simple due to centrifugation (Ramsdell & Webb, 1938). The fat content of whey is 

low (0.02-0.05%) so relatively a lot of whey is needed to produce enough fat to produce 

butter. 

• Economic feasibility: The yield of cream out of whey is low due to the low-fat content of 

whey. As centrifugation is a relatively simple technique, the investment for a centrifuge with 

a capacity of 2000 litres per hour is comparable with the price of a cheese vat of 2,000 litre 

(around €30,000) (C. Van 't Riet zuiveltechnologie, 2021). To produce butter a cruncher 

with a volume of 200 litres cost approximately €1,800 (C. Van 't Riet zuiveltechnologie, 

2021).  The price for butter which is made from cow milk in 2020 was on average €3.26 per 

kg (ZuivelNL, 2021). A comparable product can be made from whey cream. 

• Social feasibility: The fat content of whey is low (0.02-0.05%), this means relatively much 

labour is needed for the separation of a little bit of fat. Butter contains a minimum of 80% 

milk fat (Soundous et al., 2019), so for the production of one kg of butter at least 1,600 kg 

of whey is needed. As whey buttermilk is sour compared to normal buttermilk it may not be 

accepted as a consumer food product by itself, but it can be used as supplement to enhance 

characteristics of other products (Jinjark et al., 2006; Sodani et al., 2006).  

• Sustainability: For the production of butter, buttermilk is a rest product. The defatted whey 

is also a by-product, but this can still be used for most of the other applications we 

mentioned. 

• Product process: The process of making butter from raw milk is summarized in Figure 5. For 

the production of whey butter instead of milk whey is used the rest of the process is the 

same. Due to the fact that whey butter contains less unsaturated fatty acids than milk butter, 

leading to a lower shelf life but with addition of 400 ppm almond peel extract it can be stored 

at refrigerating temperatures for at least 90 days (Nadeem et al., 2015). The shelf life of 

buttermilk however is not that long when it is not further processed. 

• Innovative aspects: Whey cream is not yet produced or commonly used. However, cream 

butter and buttermilk itself are no new products.  
 

Whey beer 

• Technical feasibility: Producing alcoholic whey beverages on-farm is not feasible due to the 

required knowledge, raw materials and machinery. However, in collaboration with a brewery 

or distillery, respectively whey beer and whey vodka could be attractive options. Especially 

whey beer is an attractive option due to the high quantity of (small) breweries located within 

the Groene Hart. Farmers could collaborate with the brewers by delivering the whey, which 

forms the basis of the whey beer. Collaboration among farmers could take place as well, for 

example, via joint establishment of a distillery. However, due to a high investment and 

specific knowledge required for this process, such option is not yet considered feasible. 

Recipes for different types of whey beers have to be developed by breweries. It is still unsure 

whether whey needs to be stored in a cooling tank, as this depends on the type of beer 

whether bacteria growth is accepted.  
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• Economic feasibility: Investments on farm-scale are not needed as beer is produced in 

collaboration with local breweries. Revenues would be obtained from the delivery of raw 

material to the brewers. Whey beer could be sold under the Streek-label of the Groene Hart 

to gain interest from consumers and increase revenues. Transport costs will still be present 

for transporting the whey to the breweries. However, these will be lower than they currently 

are, as the collaborating breweries will be within the Groene Hart which reduces the distance. 

The amount of revenue farmers will receive for their whey in the collaboration is unsure.  

• Social feasibility: Currently, there is a high demand for speciality beers. Consumption of 

speciality beers has increased ten consecutive years (Nederlandse Brouwers, 2020).  

Consumers are often searching for new beer flavours (Nederlandse Brouwers, 2020); a whey 

beer potentially fits in this market.  

• Product process: Beer is a product with a long shelf-life, which is positive as the product 

does not immediately have to be sold. Production does not cause any additional time for the 

farmers as the process is performed by brewers. Whey contributes to a significant amount 

of the total volume (circa 10% in currently produced whey beers).  

• Sustainability: The whey rest product is entirely used in the brewing process; therefore, no 

additional rest streams are generated. Whey could be added as substitute of water, therefore 

reducing water needed in the brewing process.  

• Innovative aspects: Whey beer is currently produced on a small scale; however, it is not 

very widespread or common.  

Ice product 

• Technological feasibility: In order to make whey ice cream on the farm, an ice machine is 

needed and a pasteurisator. These machines come in many different sizes, but an ice 

machine and pasteurisator that can produce 35 L ice cream/hour costs about €17,545 incl. 

BTW (XXLHoreca, n.d.).  This is quite an investment, yet it might also be possible to use the 

machine in a cooperative way. However, making ice cream is a task that might need some 

practise. Moreover, a freezer must be bought and trays where the ice cream can be stored.  

• Economic feasibility: The machinery that must be bought in order to be able to produce ice 

cream is rather expensive but might be relatively small when the investment is shared 

between farmers. Not a lot of employees are needed to operate the ice machine, which is 

an advantage considering the extra employee costs. Taking the revenue model into account, 

it depends a lot on how much ice cream can be sold and how many farmers share the 

investment costs for the ice cream machine whether it is an interesting revenue model or 

not. Additionally, it should be noted that ice cream is very likely also only consumed to a 

large extent during summer, which makes it mainly a seasonal revenue model.  

• Social feasibility: Whether consumers will like whey ice cream still needs to be further 

investigated. Young (2007) indicated that adding organic acids and fruit flavours might mask 

the taste of whey, which might be an option to consider, thereby making the whey ice cream 

more attractive for consumers.  

• Sustainability: When ice cream is made using sweet whey, WPC or WPI no extra whey 

residue streams are created. Nevertheless, the whole process of ice cream production relies 

on using energy for production and storage in a freezer. Moreover, the ice cream should be 

stored in plastic cans before it can be served in a cone or cup.  

• Product process: In the process of making whey ice cream, only minor amounts of whey are 

used (Young, 2007). Moreover, the shelf-life is approximately three months when frozen, 

which should be taken into account (Bewaarwijzer, n.d.). Besides whey, also many other 

ingredients must be purchased in order to make the ice cream, depending on the flavour. 

Since only small amounts of whey are added to the ice cream, the question is whether this 

is the most efficient way of using the whey. 

• Innovative aspects: The innovative aspects of whey ice cream are limited, since it exists 

already. 
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Milkshake 

• Technological feasibility: Taking the study of Costa et al., (2021) into account, a blender is 

needed in order to mix all the ingredients of the milkshake.  

• Economic feasibility: When a farmer decides to produce milkshakes, several investments are 

needed, such as buying a blender, packaging material and possibly a fridge. Moreover, 

additional ingredients must be bought to add extra flavour. The price of a regular milkshake 

in an average Dutch cafeteria lies around €3.00 (Kwalitaria Bisschopshoeve, n.d.). When the 

milkshakes are made on-farm, depending on how much milkshakes are made, not a lot of 

employees have to be hired. Nevertheless, milkshakes are probably mainly consumed during 

the summer, which makes it a seasonal product with an unstable market demand. A 4L 

blender to make the milkshakes costs around €165.00 (Horecarama, n.d.). On top of this, 

paper cups or straws to serve the milkshake must be bought.  

• Social feasibility: Since whey milkshakes are a novel food, consumer acceptance is still 

unclear.  

• Sustainability: In the process of making milkshakes from whey, all whey can be used. In 

this way, no extra whey waste streams are created. Energy use and emissions are relatively 

low, considering that only electricity is needed for the blender and a fridge and/or freezer. 

Milkshakes can be served in paper cups along with straws. 

• Product process: Knowledge about the exact storage duration of a whey milkshake is still 

lacking. Moreover, relatively small amounts of whey can be used compared to the total 

amount of whey that is produced on-farm.  

• Innovative aspects: Costa et al., (2021) report that in literature so far, not a lot of whey 

milkshakes have been reported or researched before. This shows that whey milkshakes are 

an innovative idea.  

Concentration on-farm 

• Technology: In order to make the investment of buying the right equipment for 

concentrating milk worth it, a lot of whey volume is needed. The large and expensive 

machinery makes it unrealistic to perform concentration on-farm. Moreover, it is not easy 

to operate the corresponding machinery for concentrating whey (Poelarends et al., 2009). 

This makes a cooperation for whey concentration more applicable.  

• Economic feasibility: Considering the investments for the machinery of concentrating whey 

via evaporation, reverse osmosis or ultrafiltration it is unlikely that this technique can be 

applied on-farm. Cooperation-based investments could be an option, even though the whey 

still has to be transported to the place of machinery before it becomes concentrated. After 

concentration, the transport costs of the whey decrease due to its lower volume afterwards 

(Poelarends et al., 2009).  

• Social feasibility: The machinery to concentrate whey should be operated by a few 

employees, which should be taken into account.  

• Sustainability: It takes a lot of energy to concentrate whey (de Wit, 2001). Especially the 

reverse osmosis and ultrafiltration techniques cost a lot of energy (Poelarends et al., 2009). 

Besides, the concentrated whey is often transported afterwards to other locations for 

disposal or as pig feed. This volume is lower compared to the pre-concentration situation of 

whey, which means that less whey needs to be transported, thereby lowering the emissions 

that originate from transporting the whey.  

• Product process: After the extensive process of whey concentration, the concentrated whey 

that is obtained is still suitable for transport. 

• Innovative aspects: Concentrating whey on-farm is not a new technique, therefore the 

innovative aspects are low.  

Whey as biofertilizer 

• Technical feasibility: No new machinery or knowledge thereof is needed for using whey as 

biofertilizer. Possibly liquid whey needs to be transported if biofertilizer is applied elsewhere, 

if so, cooling tanks are needed.  

• Economic feasibility: For using whey as biofertilizer no new appliances need to be purchased, 

since whole whey is used. However, by using whey as biofertilizer no new revenue model is 

created. The only economic benefit is that other fertilizer no longer has to be purchased.  
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• Social feasibility: Using whey as biofertilizer will have limited to no effect on labour and 

consumer acceptance.  

• Sustainability: Whole whey is used; no rest streams are created by using whey as 

biofertilizer. Using whey as biofertilizer can negatively affect groundwater and cause 

eutrophication. Furthermore, the pH of the soil is affected by whey.  

• Product process: Large volumes can be used, and no other ingredients need to be added. 

The shelf life is limited, can only be used for limited amount of time before it rots. Also, 

using whey as biofertilizer is not possible all times of the year, so it is temporary solution.  

• Innovative aspects: Is currently already happening, but not on a large scale yet.  

Biogas and digestate 

• Technical feasibility: It is possible to add whey to a bioreactor, this will increase the yield of 

gas production. There is however knowledge needed to find the optimal balance between 

whey and other ingredients. Next to that, the pH in the digester has to be controlled due to 

the low pH of whey. 

• Economic feasibility: Biodigesters are so expensive that this will only be a solution for 

farmers that already own a biodigester. Addition of whey does increase the amount of gas 

produced. 

• Social feasibility: Biogas is a source of green energy, however building a bioreactor can 

cause issues. As digestion is only an option for already existing digesters, the market 

demand for the produced gas is already taken care of.  

• Sustainability: Digestors are a source of renewable energy, the whey has to be transported 

which causes emissions. It may also be considered a waste to make energy out of a valuable 

source of food. 

• Product process: When whey is stored, the pH drops in the first three weeks. Lactose is 

during storage converted to lactate and volatile fatty acids, mainly acetate. The ratio primary 

sludge: whey: cow manure to start the digestor with for fresh whey is 100:50:10 and for 

stored whey 100:70:10 (Brown, Güttler & Shilton., 2016). When anaerobically digesting 

whey and cow manure the methane proportion is 58% (Comino, Riggio & Rosso., 2012).  

• Innovative aspects: Whey is already added to existing digestors, this makes this solution 

not really innovative. 
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Appendix II: Interviews 

Appendix II-a Interview Eva Rademaker - summary 
Eva Rademaker is een kaasproducerende zuivel boerin, gevestigd in Langeraar, in het Groene Hart. 

Eva zit samen met haar man en zus in maatschap met hun ouders. Van oudsher heeft de moeder 

van Eva op de boerderij kaas gemaakt, Eva heeft dit inmiddels zelf weer opgepakt. De kaas wordt 

gemaakt, geperst en vervolgens in een pekelbad geplaatst. De kaas wordt ook op de boerderij 

gerijpt, gemiddeld tussen een maand en drie jaar. Er worden hier harde, rauwmelkse kazen 

geproduceerd, die onder de Vosseburch label wordt weg gezet en tevens onder het Streek-label 

hebben. In totaal hebben ze 60 koeien, waarvan de helft van de melk voor het kaasmaken gebruikt 

wordt. Er wordt vier keer per week kaas gemaakt, wat uiteindelijk twee tot drie ton wei per jaar 

oplevert. De kaas wordt verkocht in de eigen kaaswinkel, de kaasautomaat aan de weg, aan 

restaurants en aan supermarkten zoals de Hoogvliet (via Groene Hart coöperatie). Ze vertelt ons 

dat ze al samenwerkt met andere boeren in de omgeving via de Groene Hart coöperatie en het 

Streek-label. Via deze coöperatie is de afzet geregeld, wat haar goed bevalt. 

We staan open voor veel nieuwe toepassingen om wei te verwaarden maar wei als kunstmest of als 

weipoeder lijkt ons veelbelovend. Andere dingen zijn ook oke maar het moet wel geld opleveren. Ze 

geeft aan dat ze op hun land genoeg ruimte hebben waar wei opgeslagen kan worden of eventueel 

voor een nieuwe toepassing, eventueel kan hun boerderij als proeflocatie gebruikt worden. Iets wat 

ze belangrijk vindt is dat een product wat langer houdbaar is (THT-datum te onderzoeken). In het 

verleden is er een wei-fit drankje geweest, dat ongeveer tien dagen houdbaar was. Helaas was er 

niet heel veel animo voor en door de geringe houdbaarheid was dit dan ook niet zo'n groot succes. 

Momenteel maken ze geen onderscheid tussen de verschillen soorten wei en doen ze er verder ook 

niks mee. Nog iets wat ze aangeeft belangrijk te vinden, is dat het niet te veel energie kost t.o.v. 

van de hoeveelheid nieuwe product die dan verkregen wordt, dit moet in balans zijn. We hebben 

niet per se een voorkeur voor food- of non-food producten. Wel willen we liever geen beperkt 

houdbare producten omdat het lastig is om dan alles op tijd kwijt te kunnen. Ook moet de 

hoeveelheid arbeid in verhouding zijn met de grote van de opbrengst. Wij staan open voor alles, dus 

we willen ook zeker overal gebruik van maken. Als er echter een grote investering nodig is wordt 

het misschien lastiger om ervoor open te staan. Hier moet een gerekend worden met een terug 

verdien model. Of een  goede berekening maken.    

Appendix II-b Interview Jaap Schep - summary 
Jaap schep, een kaasboer uit het Groene Hart, is een van de initiatiefnemers voor het project om 

een waardevol product van wei te maken. Hij is betrokken bij Leader en speelt hiervoor door welke 

ideeën er vanuit boeren worden opgebracht. De verwaarding van wei is daar één van. Vroeger 

hadden veel kaasboeren varkens op de boerderij; de wei werd dan gevoerd aan de varkens die later 

werden geslacht. Momenteel zijn veel boeren hiermee gestopt omdat dit logistiek onhandig was. 

Sindsdien wordt de wei niet meer waardevol gebruikt. Hieruit is het idee ontstaan om er toch iets 

nuttigers mee te doen.   

Jaap heeft deze boerderij van zijn vader overgenomen en is de 8ste generatie die kaas maakt. 

Doordat zijn opa meerdere broers had die boer wilden worden, is zijn vader op Bergambacht gestart 

en is Jaap de 2e generatie op deze locatie. 

De koeien worden twee keer per dag gemolken. Het vet en eiwitgehalte fluctueert in de winter en 

zomer. Deze avondmelk wordt gekoeld en samen met de melk van de volgende ochtend direct 

verwerkt tot kaas. Dagelijks produceren de koeien 20.000 liter melk. Voor 1 kilo kaas is ongeveer 

8.5 liter melk nodig. Dit resulteert in de productie van ongeveer 16.500 kilo kaas per week. Via een 

pomp wordt de melk naar de kaasmakerij gebracht, waarna er kaas van wordt gemaakt. De melk  

gethermiseerd waardoor de goede bacteriën nog intact blijven. “Gethermiseerd” is korter verhit dan 

“gepasteuriseerd". Hierbij worden ‘slechte’ bacteriën gedood, maar blijven ‘goede’ bacteriën 

bestaan.  

Na het kaasproces krijgt de kaas een korst van vloeibaar plastic, wat op de boerderij gebeurt. Kaas 

wordt in alle soorten en maten gemaakt; de mogelijkheid om makkelijk van formaat te wisselen is 

één van de krachten van het bedrijf. Qua smaken worden o.a. truffel, brandnetel, komijn, noten, 

knoflook/ui, paprika/bieslook, brandnetel en fenegriek kaas gemaakt.  
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Na twee weken rijping wordt de kaas verkocht aan een coöperatie. Hier wordt de kaas verder gerijpt 

en verkocht (aan o.a. hotels, restaurants, markten en speciaalzaken). Het voordeel hiervan is dat 

Jaap direct na twee weken geld krijgt voor zijn kaas, zonder dat deze lange tijd moet worden 

opgeslagen voordat het verkocht kan worden. Deze coöperatie levert een klein deel van de kaas 

weer terug aan Jaap, wat in zijn winkel wordt verkocht, waar het vacuüm verpakt kan worden of 

door middel van een papieren omhulsel. Klanten komen vooral uit eigen omgeving; tijdens de corona 

kwamen de klanten ook uit omliggende steden om toch zo ergens heen te kunnen. Doordat de kaas 

goed wordt verkocht is het niet nodig op het Streek-label van het Groene Hart te hebben, maar 

hebben ze een eigen label. Naast kaas wordt in de winkel zelfgeproduceerde zuivel verkocht, o.a. 

boter, melk, yoghurt, vla, chocolademelk, welke op de boerderij worden verpakt in plastic flessen. 

Ook worden er producten van andere boeren verkocht, zoals noten, vlees, meel, chips, honing etc.  

De hoeveelheid melk en wei kan worden gezien als 1:1. Dit komt neer op de productie van 20.000 

liter wei per dag en 140000 liter per week. De wei wordt verzameld in een grote tank (90.000l), 

waar het niet wordt gekoeld, en meermaals per week afgevoerd. Tijdens het proces van kaasmaken 

wordt 2x voorwei geproduceerd en 1x perswei. Deze perswei is verdund met water en daardoor 

minder geconcentreerd. Beide typen wei worden in dezelfde tank opgeslagen.  

Voor het vinden van een nieuw product is het voor Jaap vooral belangrijk dat er een duurzaam, 

nieuw verdienmodel voor boeren, wat meerdere generaties mee kan gaan wordt gevonden. 

Verder staat hij staat open voor alle mogelijkheden, zowel coöperatief als op de eigen boerderij. Hij 

vraagt zich hierbij echter wel af of dit voor alle boeren geldt. Als de verwaarding van wei in 

samenwerkingsverband gaat plaatsvinden dan is een verdien model heel belangrijk. Boeren werken 

vaak het liefst individueel. Wanneer er wordt samengewerkt moet er een goed verdienmodel aan 

vastzitten, waarbij de boeren daadwerkelijk profiteren van een samenwerking. Wanneer het 

individueel rendabel zouden kunnen worden uitgevoerd, zullen ze waarschijnlijk hiervoor gaan. Het 

risico wordt natuurlijk gespreid als je een gezamenlijke investering doet, maar het maakt het 

logistiek lastiger. Momenteel vindt er niet echt een coöperatie plaats naast het leveren aan dezelfde 

coöperatie. Er is wel een uitwisseling van boeren onderling die elkaars producten in de 

boerderijwinkel verkopen.  

Industrieel zou ook een mogelijkheid kunnen zijn, maar dan moet de winst wel naar de boeren gaan 

en moet het wel onderscheidend genoeg zijn van hetgeen wat de fabrieken op dit moment 

produceren. Voor food-producten of non-food producten is geen voorkeur. Alleen de houdbaarheid 

is wel iets om rekening mee te houden. Dit maakt het verkopen van eigen zuivel lastig. Bijvoorbeeld 

Ricotta zou mogelijk kunnen zijn, mits het rendabel is. Voor verwerking op de boerderij is er een 

omslagpunt op welk moment de investering rendabel is. 

Wanneer er grote volumes worden geproduceerd is de afzetmarkt soms lastig zijn. Een voorbeeld 

hiervan is weidrank. Hier is wel mee geëxperimenteerd door een andere boer van de coöperatie, 

maar dit is nooit echt iets geworden omdat het lastig was om een afzetmarkt te vinden.    

Logistiek is een groot onderdeel in het hele verhaal: men komt niet naar jou, jij moet actief op zoek 

gaan naar een afzetmarkt/verdienmodel voor de wei. Het moet iets onderscheidende, bijzonders 

zijn.   

Wet- en regelgeving is een belemmering, vooral voor de verkoop op grotere schaal. De grote 

bedrijven, zoals Albert Heijn, vinden dit heel belangrijk. Wanneer er iets fout gaat komt dat aan de 

naam te hangen van Albert Heijn. Dit is één van de redenen dat het lastig is om met Albert 

Heijn/grote ketens in zee te gaan om hier producten te verkopen. Franchisers daarentegen zijn vaak 

juist heel enthousiast om hun producten te verkopen.   

Appendix II-c Interview Kees de Koning - summary 

Dairy Campus is onderdeel van de WUR en de focus ligt vooral op innovatie. Dairy Campus werkt 

nauw samen met Van Hall Larenstein en er is goed contact met Thom Huppertz. Verder was Dairy 

Campus eerst een regionale proefboerderij en werd later ontwikkeld tot een innovatiecentrum. Dairy 

campus heeft 500 dieren, en is dus vrij grootschalig maar juist kleinschalig in opzet.  

Nieuwe ideeën voor projecten komt eigenlijk van allerlei kanten, zowel eigen ideeën maar ook ideeën 

van bedrijven of partijen die zijn benaderd of van collega-onderzoekers. Elk project dat wordt 
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uitgevoerd moet een gefinancierd project zijn. Vanuit de WUR komen er veel vragen of bij de Dairy 

Campus nog capaciteit is om een idee of proef uit te werken / uit te voeren. Projecten die worden 

uitgevoerd hebben betrekking op gras, beleid, voeding, precision farming en biodiversiteit. Verder 

heeft Dairy Campus ook een eigen innovatieprogramma met de mogelijkheid om projecten te 

financieren maar deze projecten moeten dan wel innovatief zijn. Voor de helft van de financiering is 

het bedrijfsleven nodig (cash bijdrage).  

De criteria waaraan projecten moeten voldoen zijn:  

- Economisch perspectief 

- Technische haalbaarheid 

- Mate van innovatie 

- Kwaliteit 
samenwerkingsverband 

- Duurzaamheid 

oplossingsrichting 

- Bijdrage maatschappelijke 
waardering 

Deze criteria worden gescoord op een schaal van 0 tot 5.  

Bij het bepalen of een project kansrijk is of niet wordt gekeken naar deze criteria /  beslismatrix om 

te beslissen of een project voldoet aan de voorwaarden. De vooraf genoemde criteria worden 

gescoord op een schaal van 0 tot 5. Bij het maken van deze scores wordt subjectief gekeken en het 

is dan ook slim als meerdere mensen ernaar kijken. Eerst geeft ieder een onafhankelijke score 

waarna er vervolgens gezamenlijk naar wordt gekeken. De innovatiecommissie bestaat uit vier leden 

en wordt ondersteund door de Dairy Campus organisatie.  

Een project dat is uitgevoerd had betrekking op reststromen zoals mest, gras raffinage (bermgras 

uit natuurgebieden). Aminozuren werden hieruit gehaald en er werd voer voor koeien van gemaakt. 

Laagwaardige producten kunnen zo naar een hoogwaardig product worden gebracht. Dit soort 

projecten werden eerst op Dairy Campus schaal uitgevoerd, later werd dit lastiger i.v.m. de 

combinaties met loonwerkers. Mestraffinage zorgt voor een vervanger van kunstmest en dit product 

levert meer geld op.  

Kansen om wei te verwerken op de boerderij kan weipoeder zijn of het indikken van de melk al zorgt 

dit wel voor water als bijproduct. Een samenwerking tussen boeren en de industrie is een optie om 

wei te verwerken aangezien er waardevolle stoffen in wei zitten. Een mogelijk product is Ricotta, al 

is het wel belangrijk om te weten met wat voor volumes men te maken heeft en wat is het minimale 

niveau om wat te kunnen doen met de wei. Als boeren samen gaan werken, kan er sprake zijn van 

schaalvoordeel. Er is wel een investering nodig, maar met meer mensen bij elkaar maakt dat iets 

minder uit. 

In zuivel, 80% is coöperatief. Friesland Campina is hier een voorbeeld van want dit is eigendom van 

de boeren net als DMK en Rouveen. Dit laat zien dat boeren uitstekend in staat zijn om de 

samenwerking op te zoeken. Maar de vraag is of je gezamenlijk wilt investeren in een nieuwe 

initiatief want dat is een vereiste.  

Regelgeving waar rekeningen mee moet worden gehouden is Melkbesluit, EU hygiëne richtlijn, NVWA 

enzovoorts. Wat mag wel en wat niet. Een boerenkaasbereider moet met rauwe melk werken en 

mag niet pasteuriseren, er moet worden gekeken naar de wetgeving voor consumentenproduct van 

wei, verder moet er rekening mee worden gehouden dat een zuivelfabriek een verwerker is en deze 

mag alleen iets met melk, ook moet er gekeken worden naar de voedingswaarde als bijvoorbeeld 

een product als wei voor diervoeding wordt gebruikt.  

Ideeën kunnen zijn om te kijken naar de specifieke eiwitten in wei en wat de waarden zijn van de 

verschillende eiwitten. Pillen voor mensen die veel sporten, Ricotta van het groene hart. Het nieuwe 

product moet als apart product op de markt worden gezet met een business case erbij. Een 

thuiswinkel om het product te verkopen is een mogelijke optie die verkend zou kunnen worden.  
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Appendix III: Summary brainstorm session  
During our research, a brainstorm session was performed in order to gather new ideas about possible 

uses of whey and how these could be carried out. Four experts were present, namely; Marga van 

der Poel, Thom Huppertz, Tineke van der Haven and Marjon Verkleij. Furthermore, two group 

members were present to lead the session and two group members were present to participate in 

the session. The brainstorm session started with a warming up, to start the creative thinking flow. 

Phase 1 of the brainstorm was divergence, where everyone was able to share all ideas about possible 

uses of whey. A mentimeter word cloud was used to compile all answers, as can be seen in Figure 

8. Most of the ideas mentioned had been previously investigated within our literature study. 

However, some new ideas came to light, which had not been considered yet, such as soup. Molkosan 

was also a use of whey, not previously mentioned in our research. Furthermore, one expert 

mentioned cleaning supplies made out of whey, due to its acid character with lactic acid bacteria. 

Also, a type of porridge made out of whey, maizena and raisins was mentioned, named smoort.  

 

 

Figure 8: Mentimeter word cloud which was created during the brainstorm session. 

For phase two of the brainstorm session, converging of the ideas was the next step. This means 

narrowing down the options. All experts choose one use of whey which was used to further elaborate. 

The following uses were chosen; Ricotta + fermented drinks, whey beer, whey soup, specific 

components in unfermented milk and Molcosan.  

 

Phase three of the brainstorm consisted of creating an action plan for the chosen uses of whey by 

the experts. Leading questions for this part of the brainstorm were: which steps are needed to 

achieve X or carry this out? Would this work individually (on own farm) or in collaboration with other 

farmers? What are remaining questions to figure out? For most options the conclusion was that it 

could not be achieved individually, but cooperation was needed.  

Overall, it was a useful brainstorm session with new insights and interesting discussions between 

experts with different perspectives.  
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Appendix IV: infographic 

  

Figure 9: Infographic wei bier en room 
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Figure 10: Infographic Ricotta 


