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GENERAL INTRODUCTION TO FOOD 
QUALITY AND DESIGN GROUP 

 

 

 

 

 

We invite you to take a look at the topics that we offer and to embark with us on the exciting 

journey towards a better understanding of what Food Quality & Design (FQD) actually means! 

If you are interested in a full immersion in food quality, FQD is the right place for you. As a food 

science student, you have already learned a lot about the chemical, physical, microbial properties 

of food, and you have learned how to process them. That knowledge is essential to build upon 

when discussing food quality and going into the design of new foods. But there is more to it! To 

play with food quality & Design, you should be able to integrate and connect your knowledge from 

various disciplines.  

 

Food quality is a broad, very dynamic and real life concept. It is obviously related to the properties 

of the food and the technological conditions it is subject to, and the integration required here is to 

connect the various disciplines of food technology, but, depending on the topic, perhaps also with 

plant and animal sciences. Next, it is important to realize that the perception of quality arises due 

to an interaction between food and humans. So, there you have a connection with social sciences: 

perception, consumer behaviour, psychology, ethics. So an effective food design is also 

determined by the way people handle food all over the food chain. Here you have another 

connection with social sciences, now more on the managerial level.  

 

To summarize, the research and education at FQD is characterized by integration of those 

scientific disciplines that are needed for a certain quality problem and you can distinguish three 

different kinds of integration: 

1. On the product level (integrating disciplines that are relevant to understand product 

quality attributes and design new foods with relevant nutritional and healthy attributes) 

2. On the food chain level (integrating disciplines that are relevant to describe and 

understand what happens to a product on its way through the food chain) 

3. On the techno-managerial level (integrating technological and managerial disciplines to 

describe and understand behaviour of people with respect to design, control, assurance, 

policy, in relation to the applied technology). 

Hence, FQD studies are really multidisciplinary and in this way, FQD contributes to the mission of 

Wageningen UR: to improve the quality of life.  
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Research theme 1 - Design of innovative & 
healthy foods 

Introduction  

In this research theme the design of healthy foods is approached in a holistic way from the 

nutritional, technological and consumer science point of view to find out the more suitable 

strategies to create value at the different points of each food chain. 

Food healthiness is one of the main driver in the creation and marketing of new food products. 

Different strategies can be pursued to design healthy foods such as the adoption of new 

ingredients having potential health benefits or the implementation of production processes to 

optimize the formation of desired compounds and to reduce the formation of those potentially 

harmful. Also foods targeted at specific categories can be designed: children, pregnant women, 

elderly, sportsman, students population. Finally foods intended for the prevention of specific 

pathological conditions can be developed: foods for weight management, osteoporosis,  gut 

health, mental performance and so on. 

Objective 

 To design healthy foods looking at the different point of the production chain from raw 

materials to consumer satisfaction. 

 To use formulation and processing strategies for the development of foods  tailored for 

different health benefits and different digestibility  

 To develop in vitro models for the systematic design of functional food for the benefit of 

gastrointestinal  tract 

 To control the development of Maillard Reaction minimizing the formation of potentially 

dangerous products and increasing the formation of desired ones 
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1.1 Food Design & Diseases Prevention 

Target: MFT  

Specialization: C (Product Design) 

 

Supervisor 

Teresa Oliviero (teresa.oliviero@wur.nl)  

 
Short Description  
The final objective of this research is to design food products that aim at preventing occurrence 
of  different non communicable diseases. 
 
Background 
The accumulation in our body of advanced glycation end-products (AGEs) is linked to the aging 
and to the development or worsening of many degenerative diseases, such as diabetes, 
atherosclerosis, chronic renal failure, and Alzheimer's disease [1, 2]. AGEs are modifications of 
proteins or lipids that become non-enzymatically glycated and oxidized after contact with aldose 
sugars. Our enzymatic defense against AGEs is called glyoxalase pathway (Fig. 1).  
 
In this research two strategies to reduce the accumulation of AGEs are selected: 
1) By designing food products that enhance glyoxalase 1enzyme  and induce the  formation of  S-

D-Lactoylglutathione from methylglyoxal and glutathione (Fig. 1)  
 

2) By designing food products that reduce directly the formation of methylglyoxal (Fig. 1), by 
inhibiting dipeptidyl peptidase-4 (DPP-4) activity, which is an enzyme that  induces the 
degradation of an hormone that stimulates the decrease of glucose levels in blood [3]. 
 

There are compounds present in vegetables that exert such activities in vitro, thus the 
development of food specifically designed to optimize concentration and bioavailability of  those 
bioactive compounds is the aim of this research. 
 
 
Research questions 

- Question 1: Which are compounds present in fruit and vegetables that enhance the 
glyoxalase 1 expression and activity in vitro?  

- Question 2: Which are compounds present in fruit and vegetables that inhibit  the DPP-4 
activity in vitro?  

- Question 3: Is it possible to develop food products that contain those compounds? 
- Question 4: Are those compounds capable to exert the same effect in vivo in humans (e.g. 

by consuming products that contain the same compounds)?   
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Figure 1. Advanced glycation end products (AGEs) are formed by reaction of methylglyoxal, a 
side product of glycolysis, and proteins or lipids. Compounds that enhance the glyoxalase1 
which converts methylglyoxal into S-D-Lactoylglutathione will be investigated (Question 1-3). 
Compounds that directly reduce the methylglyoxal formation by inhibiting dipeptidyl peptidase-
4 (DPP-4) reducing the glucose in blood, thus the glycolysis reaction, will be studied as well 
(Question 4). 
 
 
Proposed approach 
After confirming such activities in vitro and developing food products with specific 
concentrations of those bioactive compounds (question 1- 3), the bioactivity of those 
compounds will be investigated in human after consumption of products containing such 
compounds.  
 
References  
1. Liu, Y.-W., et al., Mangiferin Upregulates Glyoxalase 1 Through Activation of Nrf2/ARE Signaling in Central 

Neurons Cultured with High Glucose. Molecular Neurobiology, 2016: p. 1-11. 
2. Rabbani, N. and Paul J. Thornalley, Glyoxalase Centennial conference: introduction, history of research on the 

glyoxalase system and future prospects. Biochemical Society Transactions, 2014. 42(2): p. 413-418. 
3. Drucker, D.J. and M.A. Nauck, The incretin system: glucagon-like peptide-1 receptor agonists and dipeptidyl 

peptidase-4 inhibitors in type 2 diabetes. The Lancet. 368(9548): p. 1696-1705. 
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1.2 Control of Maillard reaction in nanoemulsion systems 

Target: BFT/ MFT 

Specialization: C (Product Design) 

Supervisors 

Antonio Dario Troise (antonio.troise@wur.nl);  

Vincenzo Fogliano (vincenzo.fogliano@wur.nl) 

Claire Berton–Carabin (claire.carabinberton@wur.nl)   

 

The Maillard reaction (MR) is characterized by a complex network and reactants location is a 
crucial point in the definition of the reaction mechanism.1 A considerable number of natural and 
processed foods consists either partly or wholly as emulsions which directly influence the extent 
of MR.2 Micellar solutions and nanoemulsions can work as food reactors,3 but according to the 
droplets dimensions it is possible to develop new MR tuning strategies in dressing and other 
emulsion-based foods. 

     

Research questions 
 Question 1: What is the development of MR in nanoemulsion systems? 
 Question 2: Is it possible to establish an interplay between MR and lipid oxidation in 

these systems? 
 Question 3: How does reactants location influence the reaction mechanisms? 

Proposed approach 
 The study will be focused on the characterization of the nanoemulsion system with 

different dispersed phase and continuous phase.   
 Different combinations of reagents and reaction environments will be tested to verify the 

reaction pathways in dispersed system. 
 Markers of Maillard reaction development such as Amadori compounds, volatile 

molecules and other Maillard reaction end-products will be measured in order to highlight 
the underneath behavior of Maillard reactants in these systems. 

 Physical properties of the system which can influence consumer perception (turbidity, 
color, viscosity, etc.) will be assessed. 

References  
1. Yaylayan, V. A.; Huyghuesdespointes, A., Chemistry of Amadori Rearrangement Products - Analysis,       

Synthesis, Kinetics, Reactions, and Spectroscopic Properties. Crit Rev Food Sci 1994, 34, 321-369. 
2. McClements, D. J., Food emulsions : principles, practice, and techniques. CRC Press: Boca Raton, FL, 2005. 
3. Fanun, M.; Leser, M.; Aserin, A.; Garti, N., Sucrose ester microemulsions as microreactors for model Maillard 

reaction. Colloid Surface A 2001, 194, 175-187. 
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1.3 Tear down the wall!  
Target: BLT/ MFT  

Specialization: C (Product Design) 

Supervisor 

Edoardo Capuano (edoardo.capuano@wur.nl)  

Background 
Structure plays a pivotal role in the bioavailability of micro- and macronutrients from plant-
based foods. After swallowing, plant tissues occur in our gastrointestinal tract as particle of 
different sizes (item 1 in the figure below) which  are made up of cells surrounded by a 
protective cell wall (2). Since cell wall structural integrity is retained during digestion in the 
upper intestine, in order to be available for absorption, plant food nutrients must pass through 
the physical barrier represented by the plant cell wall. The barrier effect exerted by the plant cell 
wall is the result of a very complex interplay between cell wall chemical composition and 
structure and modifications suffered upon digestion, as well as industrial, domestic and oral 
processing. As a matter of fact, the fraction of intact cells depends on the particle size 
distribution of the food we swallow. To complicate things even further, health-promoting 
compounds may be localized within sub-cellular organelles (3). Those represent further barriers 
for their digestion/absorption. In addition, macromolecules are naturally organized in 
complexes which have their own microstructure (4). Starch, proteins and fats are deposited in 
granules or “bodies” of varying size and structure, sometimes protected by additional layers (e.g. 
oleosins proteins in oil bodies), frequently tightly packed within the cells. 

 

Aim 
In this study, we will  investigating the effect of structural properties (cell wall integrity, cell wall 
permeability, particle size, etc.) on the digestibility and bioavailability of nutrients from plant 
based foods. 

Approach 
We will select nutritionally relevant plant-based foods and we will digest them in vitro. Then we 
will quantify the bio-accessibility of intracellular bioactive compounds  by measuring their 
release, stability and interaction with plant components (e.g. cell walls and proteins). We will 
use a combination of structural (e.g. microscopic analysis), chemical (e.g. pectins degradation) 
and physical (e.g. particle size distribution) assays to describe cell wall structure/composition, 
its changes during digestion and the level of cell integrity after industrial processing and will 
correlate this structural information to the observed bio-accessibility.   
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1.4 Cooked foods and human evolution: the relevance for weaning  

Target:  BFT/ MFT 
Specialization: C (Product Design) 

Supervisor 
Vincenzo Fogliano (vincenzo.fogliano@wur.nl)  
 
Background 
Humankind has a preference for energy-dense, smooth, refined, salty, fatty and sweet foods and 
snacks. This preference is a heritage of the millions of years hunter-gatherers walked around 
tasting plants, fruits and tubers to decide what was edible and what was poisonous (Armelagos 
2014). Sometime between 1,5 million and 250.000 years ago humans domesticated fire and 
begun to eat cooked foods (Carmody et al., 2011) and experienced that there were many good 
reasons to prefer cooked foods (Wrangham, 2007):  
 cooked foods provide much more energy than corresponding raw ones 
 cooking inactivates heat labile toxins and pathogens  
 cooked foods were perfect to antedate weaning time. Mothers and other individuals could 

provide soft, safe food to infants, reducing the demand for breast milk and allowing mothers to 
start a new pregnancy sooner. 

 

Methods and approach 
Different foods important in Paleolithic times, including tubers, fruits, vegetables, game, fish, and 
shellfish will be analyzed in raw and processed forms (i.e. pre-masticated, macerated, mashed, 
roasted, and boiled). There will be an emphasis on foods most likely used in the weaning process 
as inferred by ethnographic and archaeological research of hunter-gatherers or traditional 
subsistence populations from tropical and temperate Africa and Eurasia. Appropriate processing 
and cooking practices mimicking those accessible to Paleolithic hominins will be applied and 
infant digestion will be simulated in-vitro using a Simulator of Human Intestinal Microbial 
Ecosystem (SHIME). Different diets based on tubers, cereals, vegetables or game will be 
designed considering the resources availability in the Paleolithic time in different ecological 
niches and also looking at the dietary habits of hunter gatherer populations still practicing 
traditional methods of subsistence  

The release of glucose (starch digestibility) and of amino acids (protein digestibility) will be 
monitored in a steady state system to obtain realistic quantitative estimations of the nutritional 
and metabolic difference when comparing raw vs processed foods. During these experiments the 
modification of the gut microbiota induced by the different diets could be also monitored.  
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1.5  Unravelling the role of fat taste on the attraction and control of food intake 
Target: MFT  
Specialization: G (Sensory Science)   

     
Supervisors 
Dieuwerke Bolhuis (dieuwerke.bolhuis@wur.nl)  
Markus Stieger (markus.stieger@wur.nl)  

Short Description  
Human liking for fats is an evolutionary consequence to select energy-dense foods and essential 
fatty acids needed for survival. The drawback is that dietary fat is easily overconsumed and 
considered to be the greatest contributing factor to obesity (e.g., [1]). Dietary fat is unique in its 
way that it is perceived by somatosensory (texture), olfactory (odor) and gustatory (taste) 
sensations. Detection of fat by the taste system occurs through the free fatty acids (FFA), 
breakdown products of dietary fat. It has only been recently discovered that humans are able to 
detect FFA by taste receptors [2].  In general, the sense of taste acts as a nutrient gatekeeper and 
is well known for its role in selecting nutrients and controlling the amount of nutrient intake. 
Possibly FFA taste may play a role in the attraction to fat rich foods similar to sweetness that 
stimulates consumption of sugar/energy rich foods. FFA taste may also affect the amount of food 
intake, as the total magnitude taste exposure is negatively related to the total amount of food 
intake, as shown for saltiness and sweetness [3].  
 
Taken together, the impact of fat on taste, 
odour, and textural cues and their 
interactions on food liking has not been 
systematically investigated. Human fat 
taste perception is relatively recently 
discovered and its effect on both liking or 
control of food intake is not clear.  
 

Research questions 
Q1. What are the contributions of somatosensory (texture), olfactory (odour) and gustatory 
(taste) sensations from fat on liking of a model food (liquid and solid)?  
Q2. What is the effect of FFA taste on the control of food intake (i.e., the amount of food intake)?  
Q3. How does oral processing (e.g., chewing) affect the release of FFA and does this in turn 
influences food intake? 
 
Proposed approach 
Sensory evaluations (Q1) and intervention studies (Q2-3) will be designed to address the research 
questions. Prior to intervention, suitable food models will be piloted. FFA release will be 
quantified by GC-MS (Q3) 
 
References  
1. Bray, G.A., S. Paeratakul, and B.M. Popkin, Dietary fat and obesity: a review of animal, clinical and 

epidemiological studies. Physiology and Behavior, 2004. 83(4): p. 549-555. 
2. Kulkarni, B. and R. Mattes, Evidence for Presence of Nonesterified Fatty Acids as Potential Gustatory Signaling 

Molecules in Humans. Chemical Senses, 2013. 38(2): p. 119-127. 
3. Bolhuis, D.P., et al., Both a higher number of sips and a longer oral transit time reduce ad libitum intake. Food 

Quality and Preference, 2014. 32, Part C(0): p. 234-240. 
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1.6 Quality control of the raw materials for confectionery industry by fast Mass 

Spectrometry methods 

Target: BLT/MFT  

Specialization: C (Product Design) 

 

Supervisors 

Michele Pedrotti (michele.pedrotti@fmach.it) 

Vincenzo Fogliano (vincenzo.fogliano@wur.nl) 

Short description 

Sensory evaluation programs in agroindustry quality control (QC) have to face a number of 

challenges due to the many limitations of sensory methods: they are time consuming, expensive 

and not always compatible with the number of samples and the rapid decision time of industry 

[1]. Therefore, new technological approaches are needed to support these programs. Proton 

Transfer Reaction Mass Spectrometry (PTR-MS) is an emerging direct-injection mass 

spectrometry (DIMS) technology especially used to investigate and quantify volatile organic 

compounds (VOCs). VOCs are key drivers of food perceived quality during consumption and they 

are of great economic relevance since they can provide relevant information on biological, legal, 

safety, quality and value aspects [2, 3]. PTR-MS technique, thanks to its accuracy, high sensitivity 

and the possibility to measure non-invasively, is a promising tool for analyzing in a fast way raw 

materials VOCs and therefore to support QC programs of agroindustry [4]. 

This project aims to investigate possible applications and limitations of PTR-MS approach for 

raw materials QC of a confectionary industry.  

Research topics: 

1) Raw material investigation. PTR- MS will be applied on different type of raw materials 
with the possibility of monitoring industrial processes (i.e. hazelnut and/or cocoa beans 

roasting).    

2) In vivo analysis: measuring the nose-space.  PTR-MS technique will be applied on human 

subjects to follow how VOCs are released during food consumption in the nasal cavity. 

Approach:  

PTR-Qi-ToF-MS measurements will be performed on the selected raw materials with the 
possibility of coupling the analysis with GC-MS measurements and/or sensory analysis. In the 
project the possibility to compare PTR-ToF-MS and PTR-QiToF-MS performances is also offered.  
 

References: 
1. Munoz, A.M., Sensory evaluation in quality control: an overview, new developments and future 

opportunities. Food Quality and Preference, 2002. 13(6): p. 329-339.  

2. Biasioli, F., et al., Direct-injection mass spectrometry adds the time dimension to (B)VOC analysis. Trac-

Trends in Analytical Chemistry, 2011. 30(7): p. 1003-1017.  
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1.7 Product and meal design for modulation of digestion 

Target: BLT/MFT  

Specialization: C (Product Design) 

Supervisor 

Edoardo Capuano (edoardo.capuano@wur.nl) 

Background 
Bioavailability and digestibility of dietary nutrients depends on how food components interact 
with the gastrointestinal tract and its secretions. For instance, dietary components may interact 
with digestive enzymes and bile salts. They may also interact with each other changing the 
rheological properties of the chime, (e.g. its viscosity) or its colloidal state, (e.g. emulsions, gels, 
separated aqueous phases, etc.). They can also change chemical or physical parameters, like pH 
and reducing power. This information can be used to develop “mild” strategies to modulate 
digestive processes and thus reduce the incidence of chronic diseases like diabetes, obesity or 
hypercholesterolemia. This knowledge can be also used for the rational design of meal, i.e. meal 
which composition is optimized to exert a certain excipient effect on the target bioactive. 

 

Aim 
In this research, we will investigating the impact of dietary components on digestion processes 
and bioavailability. Our focus will be especially (but not limited to) the effect of polyphenols 
(extracted) from different sources (tea, cocoa, grape seeds, etc.) as well as DF-rich sources or 
ingredients rich in polyphenols and dietary fibre on starch digestibility or staple, starchy food 
like bread, pasta, rice and potatoes. 

Approach 
We will select food, food ingredients or purified compounds and we will test how they impact 
digestive processes, like starch and protein digestibility, bile salts binding and micronutrients 
bioavailability. The behavior of the selected food or components will be monitored during 
digestion by using in vitro digestion models.  We will assess macronutrients digestibility by 
measuring the levels of hydrolysis products and characterize the digesta using physical, 
rheological and microscopic analysis. 
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1.8 Organosulfide profiles and their H2S releasing activity on popular garlic and 

onion rich foods in Europe in Singapore. 

Target: MFT 

Specialization: C (Product Design) 

Supervisors 

Vincenzo Fogliano (vincenzo.fogliano@wur.nl);  

Huang Dejian (chmhdj@nus.edu.sg) University of  Singapore  

 

Short Description 

The organosulfide (OS) compounds are well known for their bioactive and for their potent taste 

and smelling properties. The profile of this compounds in food are deeply affected by the nature 

of the raw material and by the processing particularly at the household level. The release of H2S 

in the blood, which is different for the different compounds and it is mediated by enzyme action, 

it is probably one of the main mechanisms through which they exert their biological activity 

 
 

Proposed approach 

The research will be partially conducted at the National University of Singapore. 

The influence of the cooking methods on the organosulfide profiles and their H2S releasing 

activity on popular organosulfide rich foods will be investigated. A comparison between the 

situation in Europe (and the way they are normally cooked) and that in Singapore (the way they 

are cooked, stir-frying for example) will be performed.  
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1.9 Digestibility of rice starch: impact of variety, processing and cooking 

Target: BLT/MFT  

Specialization: C (Product Design) 

Supervisor 

Edoardo Capuano (edoardo.capuano@wur.nl) 

 

Background 

The rate and extent of starch digestion is an important determinant of the magnitude and 

duration of the glycaemic response for starch-rich foods. In the same way it affects the amount 

of resistant starch which goes undigested and enters the colon. Resistant starch is thought to 

have a broad range of beneficial effects on human health. In cooked rice starch digestion 

depends on several intrinsic (amylose/amylopectin ratio, size and morphology of the starch 

granule, protein and lipid content, etc.) and extrinsic (processing, degree of cooking, storage 

conditions) factors. 

 

Aim 

In this study we will investigate the impact of rice variety, hydrothermal treatments on 

carbohydrate digestibility parameters and will try to investigate the chemical-physical factors 

responsible for the observed differences.  

Approach 

Rice samples will be selected which differ in the botanical source and type of hydrothermal 

processing.  After cooking,  rice samples are digested by means of in vitro standardized models 

and starch digestibility will be assessed by measuring the kinetics of glucose release and the 

residual amount of resistant starch. Physical and chemical characterization of the rice matrix 

will be performed and correlated to the observed digestibility. 

References 
1. Parboiling of rice: changes in starch and protein and their relation to cooking properties  Doctoraal Proefschrift 

Veerle Derijcke, KULeuven 2007 

2. Slowly and rapidly digestible starchy foods can elicit a similar glycemic response because of differential tissue 

glucose uptake in healthy men 1-3. Coby Eelderink, Marianne Schepers, Tom Preston, Roel J Vonk, Lizette Oudhuis, 

and Marion G Priebe  Am J Clin Nutr doi: 10.3945/ajcn.112.041947. 

  

http://www.mylifenutrition.com/archives/442
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1.10 Quality of liquid medical nutrition: identification of markers from the 

oxidation of polyunsaturated lipids 

Target: MFT 

Specialization: C (Product Design) 

Supervisors 

Vincenzo Fogliano (vincenzo.fogliano@wur.nl);  

Evert RADEMAKERS (Evert.RADEMAKERS@nutricia.com) 

Claire Berton–Carabin (claire.carabinberton@wur.nl) 

 

Short Description 

Nutrition in special life conditions can be a big challenge. Danone Nutricia provides products for 

patients with such conditions, like gastrointestinal deficiencies or children that cannot be 

breastfed. They require foods with the highest possible safety requirements and are usually very 

concentrated in nutrients.  

Chemical modifications of macronutrients during processing and shelf life is very common for 

these products: Maillard reaction and lipid oxidation can deeply modify proteins and 

polyunsaturated fatty acids leading to undesired nutritional spoilage and off flavour formation. 

 

 

Proposed approach 

The student will be working in a collaboration project between the FPE and FQD departments and 

Danone Nutricia Research. It will consist of studying the effect of processing (e.g. heating) on 

complex, highly nutritional, model oil-in-water emulsions with high content of polyunsaturated 

fatty acids. Key will be the relation between ingredients and process setup to mechanisms of oil 

oxidation and identification of key precursors and (intermediary) reaction products. This will be 

studied in a laboratory environment. Key areas of interests for the student should be quality 

design and chemical analysis. It is anticipated to use amongst others GC-MS and PTR-MS.  

The student will be based in Wageningen with frequent opportunities to visit Danone Nutricia. 

There may be an opportunity to extend the thesis work with an internship at  

Danone Nutricia Research in Utrecht. 

  

mailto:Evert.RADEMAKERS@nutricia.com
mailto:claire.carabinberton@wur.nl
http://www.google.nl/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=0ahUKEwi_8KOdwdHWAhXF7hoKHf6VDAwQjRwIBw&url=http://nutricia.co.uk/souvenaid/a_new_drink_for_early_ad/what_is_medical_nutrition&psig=AOvVaw17uh-TWFXY9vfZuiJxGnkc&ust=1507018950256726
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1.11 Oral processing and bioavailability: An obvious but underestimated link.  

Target: BFT/MFT  

Specialization: C (Product Design) 

Supervisors 

Edoardo Capuano (edoardo.capuano@wur.nl) 

Markus Stieger (markus.stieger@wur.nl) 

  

Background 

Oral processing is the first step of food digestion during which solid foods are broken down, 

mixed with saliva, starches are enzymatically hydrolysed and a boluses is formed that can be 

safely swallowed. Oral processing has explicitly evolved to increase the accessibility of nutrients 

such as vitamins and facilitate digestion of macronutrients in the gastrointestinal tract. In plant-

based foods, for example, disruption of cell walls by chewing is a pre-requisite for the absorption 

of bioactive compounds or digestion of macronutrients. We hypothesize that the way foods are 

processed in the mouth has a large effect on bioavailability. We hypothesize that inter-individual 

differences in oral processing behaviour are a major contributor to inter-individual differences 

in nutrients bioavailability. 

 

 

Approach 

We will work with a variety of vegetal or animal-derived food such as fruits, vegetables, cereals, 

cheese and meat. The foods will be chewed by subjects with different chewing behaviors. The 

food boli are expectorated  and various boluses properties will be characterized at different 

stages of mastication. For vegetal foods, we may look into the amount of intracellular fluids 

released, the particle size distribution and the level of cellular integrity of the masticated bolus. 

For foods of animal origin we may look at bolus properties such as rheological and mechanical 

properties and particle size distribution. After oral processing the boli are digested in vitro and 

the bio-accessibility/digestibility of the target nutrients is determined. This allows us to 

correlate  the breakdown of the foods by oral processing with the bio-accessibility of health 

promoting micro- and macronutrients. 

  

Aim 

The aim of  this project is to investigate the 

link between oral processing behavior and 

bioavailability of micro- and macronutrients 

in a variety of vegetal and animal products. 

 

                   

http://www.google.nl/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiW5YflpYzQAhVDHxoKHc0mD6cQjRwIBw&url=http://beautyandtheprince.weebly.com/nutrition/get-chewing&bvm=bv.137132246,d.d24&psig=AFQjCNGFL_xyteHnkbTdBToBYb4hnaor1Q&ust=1478251435004819


15 
 

1.12 Nature-inspired food design:  Sub-cellular membranes as lipolysis inhibitors 

Target: MFT  

Specialization: C (Product Design) 

Supervisors 

Edoardo Capuano (edoardo.capuano@wur.nl)  

Costas Nikiforidis (costas.nikiforidis @wur.nl) 

 

Background 

Thylakoids are worm-shaped membranes that can be found within chloroplasts of all 

photosynthetic tissues. They are known as photosynthetic membranes and are comprised of 

multi-protein complexes and polar lipids. Due to their amphipathic nature thylakoids can 

stabilise oil in water emulsion by covering the surface of lipid droplets which opens up several 

possibilities to use them for specific technological applications. Recent investigations show that 

thylakoids-enriched ingredients from spinach leaves can slow down lipid digestion and may 

prolong satiety. The exact mechanism is not exactly known but it is probably related to their 

emulsifying properties. It can be hypothesized that thylakoids having different 

composition/structure may have different technological functionalities as well as a different 

impact on lipid digestion. Similarly, tailored processing can change their structure and thus their 

functionality. Finally, it can be hypothesized that other cellular membranes can exhibit similar 

functionality. 

 

 

Approach 

We will work with thylakoids extracted from sugar beet leaves, which are currently been 

discarded. Their structure and composition will be characterized before and after post-

extraction processing. Tailored processing will be applied to obtain fractions/ingredients with 

specific compositional characteristics. Intact and processed thylakoids will be digested in vitro 

and the effect of different conformations on digestion will be investigated. The effect on lipid 

hydrolysis is determined by measuring the amount of free fatty acids released in time.  

By the end of this project we will gain deeper knowledge on the interactions between proteins 

and lipids in thylakoid membranes and the effect of these interactions on the digestion kinetics. 

  

Aim  

The aims of  this project is to 

investigate the behavior of 

thylakoids during digestion, their 

effect on lipid digestion and how 

structural and compositional 

differences affects their ability to 

slow down lipid digestion. 

 

 

                   

http://thylakoids.com/appethyl-thylakoids/
https://www.google.nl/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjho-uf8InQAhWCVBQKHWxTCzEQjRwIBw&url=https://www.wur.nl/en/Persons/Costas-Nikiforidis.htm&psig=AFQjCNE7m53wX9T9-VWlP-2p9DBNUkJAUA&ust=1478169366471081
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1.13 Bioactivity of antioxidant dietary fibre: the role of gut microbiota. 

Target: MFT 

Specialization: C (Product Design) 

Supervisors 

Jonna Koper (jonna.koper@wur.nl)  

Edoardo Capuano (edoardo.capuano@wur.nl)  

Background 

Plant derived polyphenols and dietary fibres are an important group of functional ingredients 

with potential to promote human gut health. Not all polyphenols in foods are absorbed, but some 

are transformed by the intestinal microbiota thereby increasing their absorption and appearance 

in the blood. In many foods, polyphenols are bound to dietary fibres, often forming a water 

insoluble material called antioxidant dietary fibres (ADF). 

 

Aim 

In this study we want to investigate how dietary fibre and 

polyphenolic structure and composition changes during 

fermentation and what kind of metabolites are formed.  

 

 

Approach 

We will select ADF of different chemical compositions 

and/or physical structures and subject those to 

fermentation with the SHIME® (Simulator of the Human 

Intestinal Ecosystem), an updated, semi-static and semi-

automated model of in vitro digestion, to simulate microbial 

fermentation in the gut. The dynamic of ADF fermentation 

will be studied by monitoring the nature and concentration 

of the metabolites produced from polyphenols and the 

amount of short chain fatty acids from dietary fibre. 

 

References 

1. Hamaker, B.R. and Y.E. Tuncil, A perspective on the complexity of dietary fiber structures and their potential effect 

on the gut microbiota. Journal of molecular biology, 2014. 426(23): p. 3838-3850. 

2. Molly, K., M.V. Woestyne, and W. Verstraete, Development of a 5-step multi-chamber reactor as a simulation of the 

human intestinal microbial ecosystem. Applied Microbiology and Biotechnology, 1993. 39(2): p. 254-258.  
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1.14 Food structure and health: Understanding the role of intact cells on 

carbohydrate metabolism 

Target: MFT  

Specialization: C (Product Design) 

 
Supervisors 
Ana Rovalino Cordova (ana.rovalinocordova@wur.nl),  
Edoardo Capuano (edoardo.capuano@wur.nl)  
 

Background 
Starch is the main source of energy in our daily diet. The 
increasing consumption of starchy foods in western diets are 
associated with cardio metabolic risk factors and obesity. 
Therefore, it has been highly recommended to limit the 
intake of food products that gives a steep rise in blood 
glucose concentration (High GI) such as refined flours and 
replace them by wholegrain and fibre rich ones. The 
beneficial role of whole grain consumption towards the 
prevention of chronic diseases has been well documented 
during the past years. One of the most important parameters 
to take into consideration regarding the beneficial effects of 
whole grain products is the structure of the tissues that 
constitute the food matrix. There is substantial evidence 
which shows that the nature of the food matrix significantly 
affects the metabolic response, therefore a food product is not only the sum of its nutrients but 
also a structured matrix that contributes to metabolic and health effects. Recently, special 
attention has been paid to plant cell walls from legumes and cereals. Starch is naturally located 
inside the cotyledon or endospermic cells from legumes and cereals respectively. It has been 
found that this structure is a key factor regarding the bioaccessibility of nutrients during 
digestion of plant based foods.   

Aim 
The aim of this project is to clarify the mechanisms by 
which plant cell walls alter starch digestibility in the 
upper gut and the effect of these natural encapsulation 
system for microbiota fermentation in the large 
intestine.  
 
Approach 
In-vitro experiments will be performed using cereal 
and legume sources with intact cells in order to 
determine the kinetics of starch hydrolysis. Samples 
from different botanical sources will be characterized 
in terms of structure and particle size distribution. At a 
later stage, fermentation experiments will be 
performed to determine the impact of starch 
encapsulation on fermentation dynamics in the colon, 
microbiota populations and metabolites production.  
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1.15 Plant protein digestibility: The impact of plant cell wall encapsulation and 

porosity. 

Target: MFT - Process and Product Design 

Specialization: C (Product Design) 

 
Supervisors 
Mostafa Zahir (mostafa.zahir@wur.nl) 
Edoardo Capuano (edoardo.capuano@wur.nl)  

Background 
Knowing that the world will encounter a problem to provide all  people with enough proteins in 
due time, the global trend is to shift towards plant protein consumption rather than animal. In this 
respect, the core challenge to date is to increase plant protein bio-accessibility. Legume proteins 
are associated with low digestibility due to the physical encapsulation of intracellular protein by 
cell walls.  Hence, Legume cells structures require some sort of processing treatment e.g. heat 
treatment or structure fracturing to increase permeability and pores size of the cell wall in order 
to allow enzyme access and improve protein release. 
 

 

 
Approach 
We will use soybean and we will subject it to soaking, boiling and sieving in order to isolated intact 
cells. The intact cells that differ in their permeability and pores size of the cell as result of 
treatments will be visualised using microscopic image analysis. All different samples will be 
digested according to a standardised protocol (Minekus et al., 2014). The extent of protein 
hydrolysis will be determined using the standardised o-phthaldialdehyde (OPA) 
spectrophotometric assay. 
 

 References 
1. Bhattarai, Rewati R., et al. "Digestion of isolated legume cells in a stomach-duodenum model: three 
mechanisms limit starch and protein hydrolysis." Food & Function 8.7 (2017): 2573-2582.  
2. Grundy, Myriam ML, et al. "The role of plant cell wall encapsulation and porosity in regulating lipolysis 
during the digestion of almond seeds." Food & function 7.1 (2016): 69-78.  
3. Melito, Carmelo, and Juscelino Tovar. "Cell walls limit in vitro protein digestibility in processed legume 
seeds." Food chemistry 53.3 (1995): 305-307. 

Aim  
In this study, cell integrity, 
permeability and pores size of 
the cell wall changes that occur 
as result of soaking, mashing 
and boiling will be investigated 
in order to evaluate diffusion of 
enzymes inside the cells and 
monitor the degree of protein 
hydrolysis. 



19 
 

1.16 Food for Mood and Cognition 

Target: BLT/MFT 
Specialisation: C (Product Design)   
G (Sensory Science) and / J (Food Digestion and Health) 

Supervisors 
Matthijs Dekker (matthijs.dekker@wur.nl) 
Ondine van de Rest, HNE (ondine.vanderest@wur.nl) 
Betina Piqueras Fiszman (betina.piquerasfiszman@wur.nl) 
 

 

Food products can have an impact on mood and cognitive functioning. E.g. caffeine or taurine are 

stimulating compounds already widely applied in energy drinks. However there are much more 

(possible) relations between our food and our mood. Some of the effects seem well investigated 

and documented, while others are perhaps more speculative in nature. This project aims at 

evaluating and making an overview of the scientific literature on effects of food components on 

mood or cognitive functioning. Selected components and foods containing them will be tested on 

their effects on mood and cognitive performance by a human intervention experiment. The 

found effects have to be translated into criteria for the technological design of possible food 

products that can be suitable for this purpose.  

For MFT students the topic can be done alone or in combination with an HNE student 
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1.17 Design of foods without animal ingredients 

Target: BFT/MFT 

Specialization: C (Product Design) 

 

Supervisors 

Vincenzo Fogliano (vincenzo.fogliano@wur.nl)  

Ruud Verkerk (ruud.verkerk@wur.nl)  

Johan Versluys (johan@fi-s.com) 

 

Short Description 

The scarcity of food from animal sources will likely determine an increase of their price in the 

next future. This will determine a consequent shift toward an increasing demand of products 

containing no ingredients of animal origin. We can expect that consumers who have not a strong 

ethical convictions are not willing to compromise the sensory and technological properties of 

conventional foods because of sustainability reasons.  

In many case the replacement of meat, dairy and egg ingredients with those coming from legumes, 
cereals and other vegetable sources results in the loss of important technological properties 
related to physical (texture, water holding capacity) and chemical (flavour profile, browning 
formation) properties. This will in turn influence also microbiological stability 
 

 
 

 

Proposed approach 
The student will be working on one specific products design (meat or cheese replacers; milk 
type beverages and soups) by testing ingredients of vegetable origin for their potentiality to 
replace the actual standard available on the market. Quality parameters will be identified and 
monitored in the different stages of product design. Key areas of interests for the student should 
be quality design and physico-chemical analysis.  
 
The student will be based in Wageningen and they will have also the opportunities to 
collaborate with Food Ingredient and Specialties an ingredient company located in Maastricht. 
For MSc students there may be also the opportunity to extend the thesis work with an internship 
at Food Ingredient and Specialties. 



21 
 

Research theme 2 - System Dynamics and 
Food Quality Modeling        

In science mathematical models are being described for use in experimental design, interpretation 

of experimental results, prediction of new experimental results, or scaling up from small-scale 

experiments to industrial-scale production plants. This modeling approach is widely used in the 

chemical industry since the 1960s and more and more mathematical models are proposed in the 

design of foods  

Simplified in silico model has been based exclusively on mechanism-based equations and proved 

to be a useful tool for the description of bacterial behavior in the gastrointestinal tract and for the 

interpretation of in vivo gastrointestinal results. Several mathematical models have been derived 

to describe the transport and the degradation of foods in the gastrointestinal tract, to describe the 

fate of micronutrients and proteins in the gastrointestinal tract of humans and animals, to 

describe the dynamics of fermentation pattern in human colon.  

In this research theme we aim at developing mathematical models that can be used to describe 

the physical and chemical phenomena occurring along the food production, home-processing and 

consumption chain   

The advantages of such a modelling approach are easy to envisage:  1) It will help casting light on 

the physical and chemical mechanisms that are behind the process under study,  2) It will facilitate 

research trajectories towards new functional foods that would enhance the their effectiveness 3) 

It will reduce the number of expensive in vivo human intervention trials.  
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2.1 Reaction kinetics of changes of nutrients and phytochemicals during 

processing of  fruit and vegetables 

Target: BLT/MFT 

Specialization: C (Product Design) and J (Food Digestion and Health)  

 

Supervisors  

Jenneke Heising (jenneke.heising@wur.nl)   

Matthijs Dekker (matthijs.dekker@wur.nl) 

 
Fruit and vegetables are an important part of a healthy diet. During processing and preparation 
of these foods changes in the nutrient and phytochemical composition occurs that are related to 
the health benefits and also other quality attributes like sensory quality.  

 

 

 

Previous research has shown that the reaction rates of formation or degradation of certain 

compounds in foods can depend on the type of product. So apparently there are interactions 

between different components of the food matrix and the phytochemicals and nutrients that 

influence their reaction rates. 

In this topic you will study the changes in the content of certain nutrients (e.g. vitamins) or 

phytochemicals (e.g. glucosinolates, carotenoids, flavonoids) depending on the composition of 

the food or a model system and the reaction conditions (e.g. temperature). This research is 

partly experimental and can be extended with applying kinetic modelling of the analytical data 

to get more insight and to quantify the effects. 
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2.2 Influence of quality-based price on consumer buying decision 

Target: BBC/MME with specialization ‘Consumer’ 

Specialization: C (Product Design) 

Supervisors 

Jenneke Heising (Jenneke.heising@wur.nl)   

Matthijs Dekker (matthijs.dekker@wur.nl) 

Bea Steenbekkers (bea.steenbekkers@wur.nl)  

 

Background 

One third of the food that is produced worldwide is lost or wasted (FAO 2013). The causes of 

food losses and waste in medium and high-income countries mainly relate to consumer 

behaviour as well as to a lack of coordination between different actors in the supply chain. For 

optimal food supply chain management, perishable food must be sold to consumers before the 

product reaches its printed expiry date, while maximising profit. The willingness to pay of a 

consumer for a food product generally decreases is there are less days left to the expiry date 

(Tsiros and Heilman, 2005).  A dynamic pricing system, i.e. lowering the price as the expiry date 

approaches, might help to optimize the supply chain management and reduce waste.  But how 

large will this effect be? 

  

Aim and approach 

The aim of this thesis is to study and quantify the influence of a dynamic pricing system (based 

on the remaining shelf life of foods) on the purchasing behavior of consumers. The approach is 

to develop and perform a consumer study to quantify the purchasing behavior of consumers 

when similar products with different price/shelf life dates are offered.    

 

References 
FAO. 2013. Food wastage footprint. Rome, Italy: FAO. 
Tsiros M, Heilman CM. 2005. The effect of expiration dates and perceived risk on purchasing behavior in grocery store 

perishable categories. Journal of marketing 69(2):114-129. 

  

http://www.google.nl/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiFm5-JyorQAhXC2BoKHSbTA2UQjRwIBw&url=http://beterbudget.blogspot.com/2015/08/tht-korting-bij-albert-heijn.html&bvm=bv.137132246,d.d24&psig=AFQjCNG5OMMTRpQy14xJE2MJtzsui9856g&ust=1478193416757584
http://www.google.nl/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwif8Oyvoo_QAhVGshQKHSXdD04QjRwIBw&url=http://www.eufic.org/article/en/artid/Food_shelf_life_and_its_importance_for_consumers/&bvm=bv.137901846,d.d24&psig=AFQjCNHNc_ZFFj9HK_JPZE2wcKx3rJhR3Q&ust=1478354624359805
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Research theme 3 - Consumer-product 
interactions and Food Quality 

Introduction 

In the production and supply chain the quality of food products is controlled to keep it at an 

optimal level. However after the product is purchased by the consumer, it has to be stored and 

prepared before actual consumption takes place. In this last part of the chain the quality can 

deteriorate due to product handling processes by the consumer. 
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Project 3.1  Consumer Behavior and Food Quality 

Target: BBC/MME and BLT/MFT/ MFQ with interest in consumer behaviour 

Specialization: C (Product Design) 

Supervisor 

Bea Steenbekkers (bea.steenbekkers@wur.nl)  

Hardly any research is done on consumer handling and practices at home with food products. How 

are products stored and prepared and how do these practices influence the final product quality. 

In order to gain more insight into these behaviours, consumer research in daily life situations is 

needed to understand practices and motives behind these practices. The research methods used 

will be in home observations and interviewing consumers.  

Students BBC/MME can also focus on consumer perception, understanding and/or acceptance of 

new products and/or ingredients and assess best ways to inform consumers about this. 

Students BLT/MFT/MFQ might do some lab analyses to assess the influence of the consumer 

behaviour on the final, consumed quality.  

When these final steps in the food production-consumption chain are taken into account during 

product design, possible quality loss can be prevented by anticipating on the behaviour of the 

consumer. 

This type of research needs to be done with all 

food products, according to the students’ own 

preferences: e.g. vegetables (including ‘new’ 

products like sea weeds), dairy, meat, meat 

replacers (incl. insects), convenience products 

etc. Examples of products recently studied are 

broccoli and carrots as part of a hot meal. Also 

the influence of in home behavior on the quality 

of ready-to-eat meals has been studied.  

The aim of the project will be to generate 

knowledge that can be used to improve product design and/or to inform consumers about more 

appropriate food handling. 

Students are also invited to define a topic of their own interest in which food products/ 

ingredients and food quality is studied from the consumer perspective. 
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3.2 Design of long shelf life dairy products tailored on Chinese consumers 

Target: BLT/MFT/ MFQ with interest in consumer behaviour 

Specialization: C (Product Design) 

Supervisor 
Vincenzo Fogliano (vincenzo.fogliano@wur.nl)  
Ruud Verkerk (ruud.verkerk@wur.nl) 
 

 

Problem description 

Dairy products market is increasing in Asian markets. For several reasons the requests is 

focused on long term shelf life products having  a strong health-related message. Up to now the 

possibilities to produce long shelf life yoghurt were limited and the quality of the products were 

not satisfactory. Now this technological hurdles have been partially overcome.  

Among dairy products yoghurt has generally a positive image and in this project we aim at 

improving this aspects by a systematic investigation of the available healthy ingredients.  

Dietary fibre, polyunsaturated long chain fatty acids as well as different source of  

phytochemical/antioxidants will be tested and the technological/sensorial performances. 

In the frame of the project the perception of Chinese consumers and the food choice 

determinants will  be investigated. 

Question 1: Which  is the technological requirements of ingredients added to long shelf 

life yoghurt?  

Question 2: Which  is the sensory performance of  dietary fibre, polyunsaturated long 

chain fatty acids extract of  phytochemical/antioxidants added to long shelf life yoghurt 

Question 3: Which are the food choice determinants for healthy yogurt on the Chinese 

market  

Because of the topic a Chinese student is preferred particularly for the FQM aspects  

 

References  
Lee, Pui Yee; et al. An attribute prioritization-based segmentation of the Chinese consumer market for fruit juice FOOD 

QUALITY AND PREFERENCE,  2015,  46: 1-8    

Bai, Junfei et al. Dietary Globalization in Chinese Breakfasts CANADIAN JOURNAL OF AGRICULTURAL ECONOMICS-

REVUE CANADIENNE D AGROECONOMIE   2014: 62, 325-341. 
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3.3 Optimal food portioning to reduce consumer food waste and overconsumption  
Target: BBC/MME, MFQ, (MFT possible when background in consumer studies)  

Specialisation: C (Product Design) and B (Food Innovation and Management) 
 

Supervisors 

Dieuwerke Bolhuis (dieuwerke.bolhuis@wur.nl)  
Bea Steenbekkers (bea.steenbekkers@wur.nl) 
Pieternel Luning (pieternel.luning@wur.nl) 

 

Short Description  
About 25% of all food supplied is wasted from farm to fork. Consumer households generate about 
50% of the total food waste [1]. Food waste increases with decreasing household size, thus single 
households waste most per capita. One of main the causes of food waste within single households 
has been attributed to packaging, e.g.  package sizes of food are too large, or large packages are 
relatively cheaper. Portioning of food, at the stage of preparation and cooking is something that 
many consumers find difficult and package sizes may be taken as ‘reference’. Preparing too much 
food for a meal may lead to food waste and overconsumption. Even though packaging also has an 
environmental impact, the production of food taking into account all stages of supply chain leads 
to much higher environmental impact [2]. Therefore, the ultimate aim of this project is to 
investigate whether smaller packaging improves the portioning during meal preparation, which 
better corresponds with the actual amount of food intake and thereby decreases the food waste. 
 

 
 

Research questions 
Question 1: What are the main drivers that determine food portioning during meal preparation 
for single households? To what extent do these portion sizes depend on the packaging (sizes)?    
Question 2: What is the most optimal package size for foods that are most often disposed (e.g., 
food items related to meal preparation, dairy, bread) in single households? What are the 
differences between various consumer segments? 
Question 3: Do smaller package sizes lead to less food waste? How do smaller package sizes affect 
food intake? 
 
Proposed approach 
A combination of qualitative and quantitative research will be used to address the research 
questions. Question 1 will be addressed by observational studies and interviews. Question 2 will 
be answered by a combination of focus groups/interviews. An intervention study will be designed 
to answer question 3.  
 

References  
1. Secondi, L., L. Principato, and T. Laureti, Household food waste behaviour in EU-27 countries: A multilevel 

analysis. Food Policy, 2015. 56: p. 25-40. 
2. Williams, H. and F. Wikstrom, Environmental impact of packaging and food losses in a life cycle perspective: a 

comparative analysis of five food items. Journal of Cleaner Production, 2011. 19(1): p. 43-48 
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3.4 Think global, act local:  Increasing consumers’ familiarity and choice for ethnic 

foods 
Target: MFQ and MME (starting in September). 

Specialization: C (Product Design) 

Supervisors:  
Lucia Frez Munoz (lucia.frezmunoz@wur.nl) 
Bea Steenbekkers (bea.steenbekkers@wur.nl)  

 
Short description 
Food choice is a task that needs to be undertaken by individuals on a daily basis. However, it is a 
complex process that englobes several factors that play a role before and after purchase (Steenkamp, 
1990). At the shop, consumers use several cues and attributes to evaluate product quality, which will 
have an influence on their food choice. In this respect, the understanding of the key drivers involved 
in consumers food choice is paramount to improve/develop new products that will successfully reflect 
their needs and requirements (Linnemann et al., 2006).  

An interesting personal factor involved in this process is familiarity. It has been related to several 
product-related experiences such as knowledge, product availability and choice, consumption 
frequency, and typicality (Banović et al., 2012). In the literature, a higher familiarity with the product 
is linked to a higher understanding of its attributes, which is translated to more informed product 
evaluations. 

Nowadays, globalisation has elicited the positioning of ethnic foods in 
markets all around the world allowing a higher diversification. Spring 
rolls, sushi, tacos, lasagne, among others, are widely known and 
consumed around the globe, in other words, consumers are familiar to 
these products. However, many other ethnic foods do not share the 
same popularity. For this reason, the aim of this research is to identify 
the key drivers influencing the perceived quality and choice of ethnic 
foods, specially the role of familiarity, in countries with contrasting levels 
of globalisation in order to develop new valorisation strategies. 
 

Research questions: 
1. Which countries are more/less globalised in terms of familiarity—availability, knowledge, 

preparation, and consumption—towards ethnic foods when compared to local traditional 
foods? 

2. How do perceptions and choice of available ethnic foods differ in countries having different 
familiarity levels? 

 
Proposed approach: 
Quantitative (questionnaires, analysis of assortment of ethnic foods in different countries, etc.) and  
qualitative (focus groups, in-depth interviews, etc.) research methods will be used to answer the 
research questions. 
 
References: 
Banović, M., Fontes, M. A., Barreira, M. M., & Grunert, K. G. (2012). Impact of product familiarity on beef quality perception. 
Agribusiness, 28(2), 157-172. 
Linnemann, A. R., Benner, M., Verkerk, R., & van Boekel, M. A. (2006). Consumer-driven food product development. Trends 
in Food Science & Technology, 17(4), 184-190. 
Mak, A. H., Lumbers, M., & Eves, A. (2012). Globalisation and food consumption in tourism. Annals of Tourism Research, 
39(1), 171-196.  
Steenkamp, J. B. E. (1990). Conceptual model of the quality perception process. Journal of Business research, 21(4), 309-333. 
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3.5 Acceptance and consumption of re-formulated foods in real life settings  
Target: MFQ/MFT/BBC/MME 
Specialisation: C (Product Design) and G 
(Sensory Science) 
 
Supervisors 
Dieuwerke Bolhuis (dieuwerke.bolhuis@wur.nl)  
Bea Steenbekkers (bea.steenbekkers@wur.nl) 
Vincenzo Fogliano (vincenzo.fogliano@wur.nl) 
 
Short Description  
Many processed (snack) foods are highly palatable due to their high levels 
of fat, salt, and sugar. Overconsumption of these three nutrients have 
negative consequences for the development of various health outcomes like 
obesity, cardio vascular disease, and cancer. The food industry in the 
Netherlands is pressured by the Dutch government to lower the amount of 
salt, sugar and saturated fat in their products to a certain extent before 2020 
[1] to facilitate healthier food choices. Despite approaches to maintain 
palatability it is unavoidable that this will change the taste experience in 
some products. A quick method to measure taste perception and 
acceptability is to evaluate re-formulated products in sensory booths. 
However, this is a very different environment than consumption at home. 
Not only the environment but also the fact that most foods are consumed in 
combinations (like within meals, crackers with spread, etc.) will influence 
the perception. For example, the acceptability of a salt-reduced bread will 
be influenced by its topping [2], and possibly influence the choice of topping. 
The aim of this project is to investigate how re-formulated foods are 
evaluated and consumed in consumer households. Re-formulated foods 
include salt-, sugar- and fat-reduced foods, but can also be smaller portion 
sizes which is also a strategy to reduce intake of these nutrients [1]. 
 
Research questions 
Question 1: How is sensory evaluation of re-formulated food items affected by the environment 
(laboratory vs. household) and accompanied food items? 
Question 2: Does reformulation affect the way of consuming? (e.g.,  amount of intake, frequency 
of consumption, meal composition, and eating occasion) 
 
Proposed approach 
Question 1 will be addressed by comparing sensory evaluations in the laboratory and after 
consumption at home. Question 2 will be answered by a combination of observational studies 
followed by  interviews.  
 
References  
1. Akkoord verbetering productsamenstelling zout, verzadigd vet, suiker. Ministerie van Volksgezondheid, 

Welzijn en Sport. Rijksoverheid, 2014. 
2. Bolhuis, D.P., et al., A Salt Reduction of 50% in Bread Does Not Decrease Bread Consumption or Increase 

Sodium Intake by the Choice of Sandwich Filllings. Journal of Nutrition, 2011. 141(12): p. 2249-2255. 

  

An example of a 
food product 

reduced in sugar 
and salt that 
affect taste 
perception. 



30 
 

Research theme 4 - Phytochemicals in the 
food supply chains 

Introduction 
A large variety of phytochemicals (phyto = "plant" in Greek) are present in virtually all fruits, 
vegetables, legumes, and grains and are therefore easy for people to include them in their diet. 
Some phytochemicals are responsible for the typical color or sensorial properties in fruits and 
vegetables. Moreover, they are intensively studied for their protective or disease preventive 
properties. Major groups of phytochemicals are polyphenols, carotenoids, and glucosinolates.  

Many epidemiological studies have shown significant 
associations of diets rich in fruit and vegetables and 
reduced risk of certain cancers as well as several other 
chronic diseases like cardiovascular diseases and diabetes 
type 2 and obesity. To some extent these associations are 
ascribed to health promoting properties of various 
phytochemical actions like antioxidant, hormonal, enzyme 
stimulation, and anti-bacterial. 
The concentration and composition of the phytochemicals 
in different plants, but also within a plant (e.g. in the seeds, 

roots or leaves), can vary greatly and also changes during plant development. Furthermore, 
various factors in the supply chain of vegetables including breeding, cultivation, storage and 
processing affect the intake and bioavailability of phytochemicals. 
Glucosinolates 

A specific group of phytochemicals 
called glucosinolates occur in 
representatives of the Brassicaceae 
family and are of particular 
importance in vegetables such as 
cabbage, Brussels sprouts, broccoli, 
cauliflower. Glucosinolates are 
claimed to be the active components 

responsible for many of the physiological effects proposed for Brassica vegetables in different 
types of studies, including in vitro, animal, human and epidemiological studies. Processing is one 
of the major factors affecting changes of glucosinolate content along the production and supply 
chain. Also domestic cooking methods influence the glucosinolate levels in various ways. 
Processing changes the glucosinolate content through several mechanisms. 
Each processing method involves specific conditions, which lead to various degrees of impact of 
the different mechanisms on the glucosinolate content. Using the underlying mechanisms that 
are critical for a processing or cooking method can be a valuable approach to understand the 
changes in glucosinolate profiles.  
 
Overall objective 

 To study mechanisms underlying changes in phytochemical content during industrial 
processing and domestic cooking practices 

 To study the potential for increasing intake of health promoting phytochemicals, such as 
glucosinolates, by optimizing food processing to minimize losses. 

Broccoli 
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4.1 Effect of Ripening Stages on The Quality of Vacuum Fried Tropical Fruits  

Target: BLT/MFT  

Specialization: C (Product Design) 

 

Supervisor 

Fitriyono Ayustaningwarno (ayusta.fitriyono@wur.nl)  

 

 

Tropical fruit has been widely recognized for their sensorial quality and their health benefits, 

being an important source of carbohydrate, vitamins, minerals, fibres and a large number of 

bioactive compounds that contribute to human health. On the other hand, in Europe fresh 

tropical fruit supply is limited due to transportation and the quantity. Furthermore, Indonesia as 

a large producer of tropical fruits such as pineapple, mango, avocado and papaya has a minimum 

contribution to the European market. Due to a limited shelf life and the necessity of air 

transport, fresh fruit processing is necessary to prolong the shelf life and increase its value. 

There is increase of attention to various processes that enables to maintain its health and 

nutritional benefit. Vacuum frying is an emerging technology of innovative processing in recent 

years for fruit and vegetable products. Vacuum frying may process fresh fruit into chips that 

have low moisture and fat content, while preserving health benefit.  

Effects of some processing variables such as frying temperature, vacuum level, frying time and 

pre-treatments to the fruit chips haves been investigated. Fruit properties, structural, 

composition, and bioactive compound content will be changed during ripening. Yamsaengsung, 

Ariyapuchai have studied the effect of ripening on physical and textural changes of the product. 

Starches that converted to sucrose and maltose during banana ripening affect the product 

expansion and diameter shrinkage. However, the effect to the vacuum fried fruits quality 

attributes such as colour, texture, structures and bioactive compounds, during vacuum frying 

has not been studied.  

Some of the research topics which involve experimental work in the laboratory might be, as 

followed: 

1. Study on the effect of ripening stages to the quality of vacuum fried fruits on the fried 
products quality attributes as colour, texture, and  bioactive compounds  

2. Study of the quality attributes kinetic during vacuum frying process. 
3. Study of the new colour measurement approach on vacuum fried tropical fruits  
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Research theme  5 - Insect-based 
Ingredients          

Introduction 

In view of the ever increasing world population the demand for protein will increase over the 

next decades, and new protein sources are searched for.  Insects have been proposed as one of 

the potential future protein sources of protein.  Although insect consumption is new in the 

western world, over 1900 insect species are consumed world-wide and appreciated for their 

taste.  

Several reasons exist for considering insects as a promising alternative source of animal protein 

in this part of the world. First, the production of insects is highly sustainable in comparison to 

production of cattle, pork, and poultry. 

Farming insects is characterised by higher 

food conversion efficiencies, lower 

environmental impact, and higher potential 

to be grown on waste streams.  The 

research is focussed on generating 

knowledge on how to use insects in a 

tailored way as an alternative source of 

protein for human consumption, direct or 

indirect through the feed chain.  

Last but not least the research aim at  creating highly palatable products which provide not only 

nutritional benefits, but also sensory satisfaction.  The major challenge to solve is that consumers 

often do not choose their foods from an ecological, sustainable or nutritional perspective alone, 

but are disgusted by the notion of eating insect containing foods. The research determines 

therefore the underlying mechanisms and product factors  that give rise to the aversion towards 

eating novel protein containing foods. Based on this knowledge, design rules will be delivered for 

the formulation and processing of novel protein foods with excellent sensory performance and 

consumer acceptance. 

 
Overall objectives - with a view on defining pathways towards insect-based food consumption - 
are: 

 Processing of whole insects in order extract proteins, fats in relation to functional 
aspects of the fractions obtained- 

 Consumer acceptance in relation to processing and sensory quality 
 Chain interactions between partners in the insect production chain 
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5.1  Towards a sustainable insect production chain 
Target: BLT/MFT 

Specialization: C (Product Design) 

Supervisor 

Catriona Lakemond (catriona.lakemond@wur.nl)  

 

 

Short Description 

Insects are considered to be a future alternative protein source. Literature supports that rearing 

insects is sustainable in comparison to traditional meat sources. Insects are already offered as a 

whole on the market. Another foreseen 

development is bio fractionation of insects into 

a protein, a fat and a chitin rich fraction. In 

order to be able to offer insect fractions as 

being sustainable to the public, it is important 

to use sustainable processing technology and 

handling along the food chain. This research 

will identify sustainability criteria in food 

supply chains and will develop a tool to 

analyse levels of sustainability.  

One of the topics that will be studied is chitin. 

Chitin is, after cellulose, the most abundant polysaccharide found in nature. It is present in cell 

walls of bacteria and fungi, and in the exoskeleton of crustaceans and insects. Chitin is a non-

toxic, water-insoluble biodegradable linear polymer. It is converted into chitosan upon 

deacetylation, a degree of deacetylation below 50% causes it to become soluble in aqueous 

media. Industrial use of chitin and its derived products include medical applications, as in 

wound healing, and usage in cosmetic products, i.e. in hair and skin care products. In view of 

these industrial applications chitin is extracted from its matrix using harsh conditions; an acid 

hydrolysis step (e.g. 2M HCl….) is required for demineralisation, an alkaline treatment (1 M 

NaOH…) for deproteinisation, and usage of organic solvents for elimination of lipids and colour. 

The current methodology used is expensive, environmentally unfriendly and, therefore, not seen 

as sustainable, which legitimates the search for more sustainable processing methods for using 

chitin-rich side streams.  
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5.2 Shelf –life extension of  dried edible insects. 
Target: BFT/MFT 

Specialization: C (Product Design) 

Supervisors 
Faith Manditsera (faith.manditsera@wur.nl) 
Catriona Lakemond ( catriona.lakemond@wur.nl  

Short Description  
Wild harvested edible insects play an important role in  contributing to food and nutritional 
security of developing countries, where the insect consumption is part of the culture. However 
the edible insects are  seasonal and available for a short period of time which can limit their 
potential contribution to food and nutrition security . As such this calls for identification of 
strategies that can help in improving the shelf life of the products.  Traditionally, insects are sun-
dried for longer storage.  
 
Research questions 
Which  conditions  are important for extending shelf life of  stored dried edible insects? 
 
Proposed approach 
Different processing and  packaging options of dried insects will be explored to identify the  
important factors in maintaining the nutritional and sensorial attributes of stored insects. 
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5.3 Technological and nutritional quality of food enriched with edible insects.   
Target: BLT/MFT 

Specialization: C (Product Design) 

Supervisors 

Domenico Azzollini (domenico.azzollini@unifg.it) 

Vincenzo Fogliano (vincenzo.fogliano@wur.nl)  

Catriona Lakemond (catriona.lakemond@wur.nl) 

The hereby research responds to the need of the increasing demand of animal proteins by 

promoting indirect-entomophagy, the art of eating insects. Today, about 2 persons in every 7 

around the world eat insects as a source of high quality proteins and nutrients. Around 1900 

species of insects are considered edible mainly in the tropics and a few are already suitable for 

mass production. 

Similar to crustaceans, insects are arthropods; but despite their taxonomy, Westerners react to 

them adversely and with feeling of disgust. However, in parts of the world where this practice is 

not well established, recent researches indicate that the acceptance of insects as food improves 

when their visibility is reduced, for example when insects are used as ingredient into familiar 

foods.  

This project seeks to anticipate the need for scientific and technological-based knowledge 

necessary to match and support the future trend of edible insect consumption in human diet 

through their inclusiveness into staple foods. The aim of this project is therefore to examine the 

effect of the inclusion of a whole insect powder on nutritional quality and technological 

characteristics of different foods like cereal based snack or tofu like protein gels 
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Research theme 6 - Food structure - food 
oral processing – dynamic sensory 
perception 

The aim of the research theme is to deliver the scientific knowledge on how food structure is 
converted into dynamic texture perception by food oral processing. This knowledge is needed by 
the food industry to develop healthier and tastier foods. The research theme addresses the 
following questions: 
• How can we understand fundamental physical and perceptual concepts  
 determining texture?  
• How do changes in food structure couple with changes in oral behaviour and  
 sensory perception? 
Food texture is perceived during the conversion of the initial food structure into a bolus through 
a complex series of oral manipulations including ingestion, oral processing and swallowing. To 
obtain insights into the perception of complex textural attributes, the research employs 
traditional, static descriptive and recently developed, time resolved sensory methodologies. 
Sensory attributes are perceived in a certain order during oral processing and depend on both 
food structure and oral movements. Texture attributes evaluated during early stages of the 
mastication cycle (first bite properties) are by far better understood and have been successfully 
related to food structural and mechanical properties. In contrast, texture attributes perceived 
during later stages of the mastication cycle and after swallowing are difficult to explain and less 
understood, although they contribute largely to food quality and acceptance. Due to the dynamic 
nature of oral processing, food structures and surfaces are continually changing, making 
assessments of texture perceived at later stages of the mastication cycle more challenging. By 
addressing the question what structural changes are perceived as textural properties, the 
understanding of texture perception is advanced. 

Eating is not a simple process of food 
breakdown, but a highly sophisticated 
process involving physiological, 
psychological and neurological human 
responses to the changing properties 
of foods. Eating and oral processing 
behaviour have been investigated 
using various experimental 
techniques including measuring 
electrical activities of masticatory 
muscles (electromyography), jaw 
movements (jaw tracking) and 
observation of tongue movements 

(videofluorography). Current experimental techniques do not provide us with the information 
about oral processing that we need to have to understand texture perception. New experimental 
technologies to track tongue and jaw movements in the oral cavity during food consumption are 
developed. Thus, the research links food properties such as mechanical and sensory properties to 
oral processing behaviour. 
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6.1  Oral processing behavior of composite foods (bread with spreads, vegetables 

with dips) 

Target: BLT/MFT 

Specialization: C (Product Design) and G (Sensory Science) 

 
Supervisors 
Arianne van Eck (arianne.vaneck@wur.nl)  
Markus Stieger (markus.stieger@wur.nl) 

Short Description  
Foods with different mechanical and sensory properties are often consumed together, such as 
bread with spreads or vegetables with dips. Although this is the most common consumption 
context, little is known about the oral processing behavior and sensory perception of such 
composite foods. We recently studied the oral processing behavior of composite foods by 
combining different types of carriers (bread/cracker and carrot) with different toppings (cheese 
and mayonnaise). We found that toppings assisted saliva in the bolus formation of both 
bread/crackers and carrots. However, the mechanisms underlying this process are still unknown. 
Therefore, it is necessary to continue with a selection of these composite foods while 
systematically varying its composition and mechanical properties in order to understand which 
specific product properties impact food oral processing behavior of composite foods. Studying 
oral processing behavior of composite foods enables to gain a better understanding of the 
structural transitions of foods that may contribute to sensory perception and liking. 

Research questions 
What is the effect of individual food components with different food properties on oral processing 
behavior of composite foods?  
 
Proposed approach 
In this thesis, we will combine 
carriers (bread and carrots) with 
toppings (mayonnaise) to form 
composite foods. The product 
properties of the carriers (i.e. 
hardness) and toppings (i.e. fat 
content and viscosity) will be 
varied and analyzed. Healthy adults 
will be recruited to participate in 
the study and they will be asked to 
process the foods in the mouth in 
order to analyze their oral 
processing behavior (eating 
behavior and bolus properties).  
 
Methods 

 Determination of product properties (composition, mechanical properties) 
 Determination of eating behavior (videos recordings or electromyography) 
 Determination of bolus properties at different time points throughout mastication 

(moisture/saliva content, fat content, particle size distribution, rheology, tribology) 
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Research theme 7- Food authenticity and 
traceability 

Introduction  

Food authenticity and integrity refers to the genuineness and intactness of food products. The 

series of food fraud incidents – melamine, horse meat, organic eggs, cardboard stuffed 

dumplings – is demonstrating that the vulnerability of food fraud incidents reaches to every 

dinner table in the world nowadays. Food fraud is a major concern not only for consumers, but 

also for producers and distributors. Food adulteration has been practiced forever, but has 

become more sophisticated in the recent past. These illicit activities result in considerable 

monetary losses worldwide and eroded consumer confidence. Foods or ingredients most likely 

to be targets for adulteration include those which are of high-value and which undergo a number 

of processing steps before they appear on the market. To understand why fraud possibilities are 

seen as opportunities fraud risk assessments are required. Since the perceived risk of detection 

is one of the factors, and food adulteration is advancing more and more, novel analytical 

methodology are pivotal to uncover food fraud.  

Objectives 

The main objectives are to elucidate economic/criminological risk factors contributing to food 

fraud vulnerability, and to discern markers which substantiate the identity of food products. 

Both information on vulnerability and detection options will help to set up food fraud 

management systems.  

Detailed objectives are: 

 To explore food fraud risk 

factors from product and 

business perspectives 

 To develop analytical 

methodology to ascertain 

the authenticity of food 

product constituents 

 To advance detection 

techniques to substantiate 

the history of food 

products, i.e. the production 

system (e.g. organic, halal), 

provenance (geographical 

origin), and processing. 
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7.1 Fraud vulnerability 

Target: MFT 

Specialization: C (Product Design) 

 

Supervisor 

Saskia van Ruth (saskia.vanruth@wur.nl) 

 

Short description 
Food ingredients are sourced globally nowadays, with price being the main governing feature. 

The food supply chain network has become very extensive, which increased its susceptibility to 

fraud. Food fraud covers issues with composition, processing, shelf-life, geographical origin as 

well as production practice (e.g. organic). Rather than looking at specific incidents, a system 

analysis approach is preferred in order to prevent fraud in the future. In  the past years a food 

factors contributing to the vulnerability to fraud of companies in various supply chains 

(http://www.ssafe-food.org/).  

 

Proposed research 
The overall objective of the study is to get insight in 

technological and social (people) factors increasing 

the risk on fraud in supply networks by assessment of 

particular chains based on in-depth theory analysis 

and expert interviews. In this student project, the 

fraud vulnerabilities will be mapped and analysed 

with application of the SSAFE food fraud vulnerability 

assessment tool. A particular chain may be selected, 

but for instance cereals, honey, and  alcoholic 

beverages may be interesting chains to look into. 
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7.2 Understanding intrinsic characteristics and origin of organic milk 

Target: MFT 

Specialization: C (Product Design) 

Supervisors 

Saskia van Ruth (saskia.vanruth@wur.nl)  

Ningjing Liu (ningjing.liu@wur.nl)  

 

Short description 
Organic food brings more benefits to environment and humans. However,  the  organic  products  

are  retailed  at  a  higher  price,  which  makes  them susceptible  to  fraud. Taking organic milk 

as an example, since the organic dairy system is very complex and restrict, some people utilise 

the difficulty of authenticity detection to make the adulteration. Organic milk is the production 

of the organic system, including organic farming and organic rearing. All the feed for cows 

should meet the requirement of organic farming discipline, which means the chemical fertilizer 

and pesticide are not allowed, no matter for the silage or fresh grass. To ensure the authenticity 

of organic milk and regular the organic milk market, the internal relationship between organic 

feed and organic milk and identification methods need to be studied. 

Proposed research 
In this project, we need to study the factors which can affect the quality of organic milk, find the 

difference between organic milk and conventional milk and develop the detection method based 

on results.  Finally, the traceable characteristics and the detection method can be applied for the 

organic milk authentication in the retail 

market.   
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7.3  Milk authenticity and fraud mitigation 

Target: MFT  

Specialization: C (Product Design) 

Supervisors 

Saskia van Ruth (saskia.vanruth@wur.nl) 

Yuzheng Yang (yuzheng.yang@wur.nl) 

 

Short description 
Food fraud for own economic gain in business has occurred throughout history. Milk products are 
important diets for many populations with high nutritional value, but the increasing demand of milk 
also made it prone to fraudulent activity. Milk adulteration became widely known as in 2008 nearly 
300,000 illnesses and six known infant deaths occurred because of the contaminant infant milk powder 
with melamine in China (Gossner 2009). Of the top fraudulent food ingredients in United States 
Pharmacopeia (USP) database, milk contributed to 14% of all scholarly records during 1980 to 2010, 
this was 2nd only to olive oil (Moore, Spink et al. 2012). 
The ever increasing scale and complexity of food supply networks make food product significantly 
more vulnerable to fraud and contamination. Meanwhile the types of adulterants become multiple 
and unexpected. It is much more challenging to decide which analytical methods are more suitable for 
the detection of  adulterants (Ellis, Muhamadali et al. 2015). Therefore, the focus of authentication has 
been shifted from single marker method to multiple markers method. This approach allows to detect 
more than one component simultaneously. Aiming at the existing adulterants in milk product, a broad, 
portable, on-site, non-destructive analytical method will be developed along with advanced 
multivariate statistics. The discriminating properties will be elucidated and applied to detect the 
various adulterants.  

 

Research questions 
Question 1: Can we detect the adulterants by using the newly developed portable detection device? 
Question 2: What is the detective limitation of the portable detection device on the adulterants? 
Question 3: How can we apply the portable device into the dairy supply chain to mitigate milk fraud? 

 

Proposed research 
To answer the first two research questions appropriate methodologies will be used combining 
chemical and physical analysis with new detection technique. To answer question 3 and the newly 
developed technique will be applied to the vulnerable points in the dairy supply chain according to the 
previous research results. 

 

References 

Ellis, D. I., H. Muhamadali, S. A. Haughey, C. T. Elliott and R. Goodacre (2015). "Point-and-shoot: rapid quantitative 

detection methods for on-site food fraud analysis - moving out of the laboratory and into the food supply chain." 

Analytical Methods 7(22): 9401-9414. 

Gossner, C. M., J. Schlundt, P. B. Embarek, S. Hird, D. Lo-Fo-Wong, J. J. O. Beltran, K. N. Teoh, A. Tritscher. (2009). "The 
melamine incident: implications for international food and feed safety." Environ. Health Perspect 117: 1803. 

Moore, J. C., J. Spink and M. Lipp (2012). "Development and Application of a Database of Food Ingredient Fraud and 
Economically Motivated Adulteration from 1980 to 2010." Journal of Food Science 77(4): R118-R126. 
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7.4 Food authenticity and traceability: developing rapid and novel analytical 

techniques to identify extra virgin olive oil adulteration 

Target: novel techniques to identify olive oil fraud  

Specialization: C (Product Design) 

Supervisors 
Jing Yan (ying.yan@wur.nl)  
Saskia van Ruth (saskia.vanruth@wur.nl) 

Short description 
Olive oils are among the most fraud vulnerable products on the market. Mixing with other seed 
oils or swaps of geographical identity are common. Especially analytically challenging is the 
differentiation between extra virgin olive oil (EVOO), which is considered to be the oil of the 
highest quality, and lower grade counterparts (e.g. refined olive oils (ROO)). General chemical 
compounds-based authentication techniques are valuable but nowadays companies and 
authorities would also take a great interest in rapid and untargeted checks. Recently the rapid 
analysis techniques are used to discriminate different grade of olive oils. 

 

 

Research questions 
Question 1: Can we find a new marker based on the chemical analysis to identify different grade 
of olive oils? 
Question 2: Can we develop a new and potential analysis techniques mainly rely on the physical 
parameters of olive oil to identify the olive oil fraud? 
Question 3: Can we find a portable device that can be used to classify different kinds of olive oil 
in rapid on-site checking? 

Proposed approach 
To answer the different research questions potential methodologies will be used relying on 
chemical and physical analysis, try to develop rapid and portable techniques that can be used on 
the olive oil fraud issue. 
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Research theme 8 - Food Packaging   

Within the research area of food packaging, as food technologists, we are focusing mainly on the 
interactions between the package, the environment and the food and we study the effects on the 
quality of foods. Food packaging is very important for the quality of foods, since a good package 
can help to improve or maintain the quality of foods and increase the shelf life of foods.  
The selection of suitable packaging materials for existing or projected target foods is primarily 
determined by the properties and type of food being packaged. In addition, market image, costs, 
and environmental issues must also be considered. Therefore, it is very critical to understand 
not only the food itself but also the general characteristics of various packaging materials and 
the conditions in the supply chain. 

 

A food package has several functions, the basic functions being containment, protection, 
convenience and communication. Two important trends in the field of food packaging are the 
development of active and intelligent packaging. Active packaging can be used to increase the 
protection function of the package and intelligent packaging extends the communication 
function of a package. Intelligent and active packaging can help to maintain food quality, 
increase food safety, extend the shelf life of foods, and/or reduce food waste.   
Another important trend in the field of food packaging is the development of biobased and 
biodegradable packages. This trend is driven by trends as sustainability and the desire to reduce 
the waste from packaging materials.  

Figure: Example of an intelligent packaging that monitors the 
freshness of meat (left) and an active packaging with an oxygen 
scavenger to extend the shelf life of these packed nuts (right). 
Within FQD, we are studying different disciplines of food 

packaging. We aim to develop new, or improve existing 
packages, to improve the functions of the package in order to 
optimize food quality. Currently we have projects within the 
areas of intelligent packaging, active packaging and biobased 
packaging. 

  

 

ENVIRONMENT 

Food 

PACKAGE 

FOOD 
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8.1 Using intelligent packaging for optimizing supply chain logistics 

Target: BLT/MFT  

Specialization: C (Product Design) and H 

(Sustainable Food Process Engineering) 

Supervisors  

Jenneke Heising (jenneke.heising@wur.nl)  

Matthijs Dekker (matthijs.dekker@wur.nl)  

Frits Claassen (frits.claassen@wur.nl) 

Intelligent packaging are packaging systems that monitor the condition of packaged food during 

its life cycle and communicate (i.e., indicate) this information related to the quality or safety of 

the packaged product. Sensors are placed on the package that monitor food quality attributes in 

a direct or indirect way.  

In this thesis you can study how real-time information on actual product quality can be 

combined with logistics decision-support models to improve the performance Food supply chain 

logistics. The information about food quality gained from sensors from intelligent packaging can 

be incorporated in quality change models during the complete distribution process leading to 

knowledge on the product quality status at its finally destination. This information from 

Intelligent packaging might help to optimize supply chain management in order to reduce waste 

or increase sales. Factors to study in the models are food waste, costs, shelf life, product prize, 

logistic actions and perhaps sales strategy (e.g. FEFO). 

  

  



45 
 

8.2 Develop an antimicrobial packaging using isothiocyanates 
Target: BLT/MFT  

Specialization: C (Product Design) and H (Sustainable 

Food Process Engineering)  

 

Supervisors 
Jenneke Heising (jenneke.heising@wur.nl);  
Matthijs Dekker  (matthijs.dekker@wur.nl); 
Nur Alim Bahmid (nur.bahmid@wur.nl)  
 
Topic description 
Antimicrobial packaging belong to the category of active packaging. Active packaging interacts 
with the product or the headspace in the food package. The aim of this interaction is to obtain 
desired conditions for a specific function or to optimize the quality of foods. Likewise, 
antimicrobial food packaging acts to reduce, inhibit or retard the growth of microorganisms that 
may be present in the packed food or packaging material itself. 

Antimicrobial packaging can take several forms including: 
1. Addition of sachets/pads containing volatile antimicrobial agents into packages. 
2. Incorporation of volatile and non-volatile antimicrobial agents directly into polymers. 
3. Coating or adsorbing antimicrobials onto polymer surfaces. 
4. Immobilization of antimicrobials to polymers by ion or covalent linkages. 
5. Use of polymers that are inherently antimicrobial. 
 
In this research we will study the antimicrobial effects of isothiocyanates (ITCs)  from 
glucosinolates. ITCs are breakdown products from glucosinolates, phytochemicals that are 
naturally present in brassica vegetables. In research it has been shown that glucosinolates and 
their breakdown products have antimicrobial effects. Therefore we would like to use these 
compounds to develop an antimicrobial package. We need to study the application of the ITCs on 
the package, so which form will give the best effects. Furthermore we need to study the release 
of the ICTs from to the headspace of the package and develop mathematical models for this.  

 

Figure: Example of the effect of an 
antimicrobial plastic film on 
Aspergillus niger. Agar diffusion 
method (from Appendini and 
Hotchkiss (2002) 
http://dx.doi.org/10.1016/S1466-
8564(02)00012-7 
 

Research aim 
The research aim is to study the antimicrobial effects of ITCs from glucosinolates and to develop 
models for the release of the antimicrobial compound from the package.  
Research activities  
The research activities in this topic consist of experimental work in the laboratory and 
mathematical modelling on the computer. This research is part of a PhD project. 
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8.3 Controlled release of antimicrobial compounds from food packaging 

Target: MFT 
Specialization: C (Product Design) and H (Sustainable Food Process Engineering) 
 

Supervisors 
Li Wang (li1.wang@wur.nl) 
Jenneke Heising (jenneke.heising@wur.nl)  
Matthijs Dekker (matthijs.dekker@wur.nl) 

Topic description 
Antimicrobial packaging is a type of active packaging that is defined as the incorporation of 
specific compounds into the packaging to extend the shelf life of food products by changing the 
internal conditions in the package surrounding the food. The application of active packaging for 
fresh or processed foods offers several advantages, one of them is prolonging shelf-life by 
maintaining desired sensory properties and by reducing the growth of pathogenic  
microorganisms and bacterial that are responsible for foods spoilage.  

Carvacrol is the major compound in thyme and oregano essential oils. The antimicrobial activity 
of carvacrol has been tested and reported against a wide spectrum of bacterial strains, mold and 
yeasts, which contribute to extend the shelf-life and improve the safety of perishable foods (Sebti, 
Martial-Gros et al. 2005, Martínez-Camacho, Cortez-Rocha et al. 2010). The application of 

carvacrol can contribute to extend the shelf-life 
and improve the safety of perishable foods. 

To understand the performance and 
effectiveness of an antimicrobial packaging, the 
mechanism/process of antimicrobials 
partition to food products and the resulting 
effect on microbial growth should be known. 
Therefore, several mass transfer processes 
would be expect to occur in the developed 
antimicrobial package, e.g. antimicrobial 
compounds release from incorporated 
packaging films, absorption process of active 

compounds and microbial growth in food products. With the knowledge of mass transfer process 
occurred in developed packaging system, it is helpful to design and optimise the packaging 
composition to have a desired antimicrobial effect for specific food categories. 

Research topics 
1. The effect of food matrix on carvacrol release from developed packaging. 
2. The antimicrobial activity of developed packaging on specific foods.   

References 
1. Sebti, I., Martial-Gros, A., Carnet-Pantiez, A., Grelier, S., & Coma, V. (2005). Chitosan polymer as bioactive coating and 
film against Aspergillus niger contamination. Journal of Food Science, 70(2).  

2. Martínez-Camacho, A. P., Cortez-Rocha, M. O., Ezquerra-Brauer, J. M., Graciano-Verdugo, A. Z., Rodriguez-Félix, F., 
Castillo-Ortega, M. M., ... & Plascencia-Jatomea, M. (2010). Chitosan composite films: Thermal, structural, mechanical 
and antifungal properties. Carbohydrate Polymers, 82(2), 305-315. 
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Research theme 9 - Quality of fish and 
meat products  

 

A PhD project entitled ‘The role of feed (ingredients) in the development of tailor made flavours 

in Pacific cupped oysters (Crassostea gigas) started in 2011. In the Netherlands two different 

species of oysters are cultured: the Pacific cupped oyster (Crassostrea gigas) and the native 

European flat oyster (Ostrea edulis). Nowadays there are 3 main areas in the Netherlands where 

oyster culture takes place. Shellfish farmers are nowadays expanding their horizon and are 

therefore more and more interested in land-based culturing of shellfish.  

Meat lipids contain mainly saturated fats and fatty acids . From nutritional point of view, we aim 

to give meat products a “healthy image” by adding polyunsaturated fats, e.g fats which contain 

omega-3-fatty acids, such as flaxseed oil, canola oil or fish oil.  

These fats contain linolenic acid and other long chain poly unsaturated fatty acids. Omega-3- 

fatty acids are considered as healthy, because they can prevent certain diseases, as coronary 

heart disease and some kinds of cancer. However, as these types of fats contain many 

unsaturated fatty acids they are susceptible to lipid oxidation, which may cause deterioration of 

the final product. 

In this type of work fermented sausages are produced with ingredients, containing omega-3-

fatty acids (flaxseed, canola, fish  oils). De vegetable oils are pre-emulsified and encapsulated oils 

are directly added to the meat dough. Lipid oxidation is followed in time by measuring primary 

and secondary lipid oxidation products. Also some sensory evaluation can be part of the work. 

 

Objective 

- Differences between Pacific cupped oysters and European flat oysters 
- Sensory properties and chemical composition of Pacific cupped oysters and European Flat 
oysters 
- Influence of feed of the oysters on sensory properties and chemical composition  
- Healthy image of fermented sausages. 
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9.1 Meat Quality 
Target: BLT/MFT  

Specialization: C (Product Design) 

Supervisor 

Jozef Linssen (jozef.linssen@wur.nl)  

 

Meat is one of the sources of food having a high nutritional value. As for each food product a high 

quality is important for consumers. The major components determining of high meat quality are: 

1. Yield and gross composition 

- Quantity of saleable product 

- Ratio of fat to lean 

- Muscle size and shape 

2. Appearance and technological characters 

- Fat texture and colour 

- Amount of marbling in lean 

(intramuscular fat) 

- Chemical composition of lean 

- Colour and WHC of lean 

3. Palatability 

-     Texture and tenderness 

-     Juiciness 

-     Flavour 

      4.  Wholesomeness 

 -    Nutritional quality 

 -    Chemical safety 

 -    Microbiological safety 

     5.   Ethical quality 

 -    Acceptable husbandry of animals 

 

Several factors determine the quality of fresh meat in meat chains. These factors are for example 

feed or stress before slaughtering or other factors. Moreover, slaughtering of animals yields 

different types of meat with different quality. Quality factors of for instance a steak or a slice of 

bacon are different. Also meat quality of meat from different animals (beef, pork, chicken, lamb, 

etc.) is different. Two overall types of quality can be distinguished. Functional quality refers to 

desirable attributes in a product. For example, we might want red meat to be tender and chicken 

meat to have good flavour. Conformance quality is producing a product that meets the 

consumers’ specification exactly. For example, pork chops must be trimmed or we want “portion 

sized” chicken breasts. Most people tend to mean functional quality, but quality management 

often focus on conformance quality. However, both types are important. Your task is to 

distinguish the importance of factors determining fresh meat quality. 
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Research theme 10 – Food Design in 
transition countries 

Introduction 

This research theme focuses on the design of improved food products for people living in 

transition countries, with a special emphasis on sub-Saharan Africa. In these countries large 

groups of the population do not have access to the foods they need to meet their daily 

requirements of macro- and micronutrients, for instance essential amino acids, iron, zinc and 

vitamins like vitamin A. Based on an assessment of consumer demands, wishes and 

preferences we study the production chains of locally produced foods and seek technological 

options to improve food quality in the local setting. 
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10.1 Food without synthetic colorants: the use of a thermally stable red sorghum 
extract in dairy, meat and bakery products  
Target: BFT/MFT  

Specialization: C (Product Design) 

Supervisors       
Anita Linnemann (anita.linnemann@wur.nl)  
Charlotte van Twisk (charlotte.vantwisk@wur.nl) 

Vincenzo Fogliano (vincenzo.fogliano@wur.nl) 

 
Short description  
Consumers prefer natural colorants but their use in the food industry is limited by their 
instability to food processing conditions (such as heat and pH). The dye sorghum plant (a variety 
of Sorghum bicolor) accumulates a red pigment in its leaf sheaths (Fig. 1), which is suitable for 
the food industry because of its thermal stability. The extracted pigment (Fig. 2) is rich in the 
phytoalexin apigeninidin, a 3-deoxyanthocyanidin. The application of the extract in fermented 
maize dough (Fig. 3) has shown an increasing antioxidant activity during fermentation. The 
potential use of the colorant from dye sorghum leaf sheaths in the food industry needs further 
investigation regarding applications in different food matrices, like dairy and bakery products.  
When dye sorghum proves to be a suitable biocolorant for the food industry, the production of 
this plant in West Africa may become a source of income for small-scale farmers to support their 
livelihoods. 
 

       
 
Fig. 1. Dye sorghum leaf sheaths Fig. 2. Pigment extracts from Fig. 3. Dyed maize dough 

 dye sorghum leaf sheaths 

 
Research topics 

1. How does the use of sorghum biocolorant impact the nutritional and sensorial (e.g. 
colour and aroma) characteristics of dairy and bakery products? 

2. How do the nutritional and sensorial properties of products developed with sorghum 
biocolorant develop over time? 
 

Approach 
The artificial red colorants presently used in recipes of dairy and bakery products will be 
substituted by sorghum biocolorant. Data on the stability of apigeninidin, antioxidant activity, 
nutritional and sensorial properties will be collected immediately after processing and during 
storage. 
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. 

10.2 Critical steps in the optimization of sensory quality of a traditional cereal 

based product (Munkoyo) in Zambia 

Target: BFT/MFT 

Specialization: C (Product Design) 

Supervisors 
Sydney Phiri (sydney.phiri@wur.nl) 
Anita Linnemann (anita.linnemann@wur.nl) 
Sijmen Schoustra (sijmen.schoustra@wur.nl) 

Short description 
Fermented cereal-based foods play a crucial role in attaining food security for many people in 
sub-Saharan Africa. The traditional cereal-based Munkoyo beverage is such a product (Fig. 1), 

which produced by spontaneous 
fermentation of lactic acid bacteria 
and has been consumed for a long  
time in  Zambia. It is an energy 
giving beverage with reduced 
spoilage and suppressed pathogenic 
bacteria. However, some of the 
critical processing steps are largely 
unknown, such as the role of the 
Munkoyo roots, which are added 
after the cooking of the cereal 
porridge. Improvements of sensory 
quality, nutritional attributes and 
product stability are expected to 
encourage production, consumption 
and marketing, and thereby food 
security. 

 
Fig. 1. The fermented, cereal-based Munkoyo beverage and its production process 

 

Research topics 
1. Is the Rhynchosia root the source of lactic acid bacteria in spontaneous fermentation of 

Munkoyo? 
2. What is the relationship between the fermenting micro-organisms and aroma compounds 

in Munkoyo? 
3. Do different processing methods of making Munkoyo affect the diversity of microbial 

community? 
4. Can  a  HACCP  approach  on  the  production  process  of  Munkoyo  ensure  safety  of  

the product? 
 

Approach 
Laboratory experiments will be conducted: 
 To determine whether the Rhynchosia roots are the source of the micro-organisms that are 

responsible for the fermentation in Munkoyo 
 To link the microbial composition to aroma formation in  Munkoyo 
 To determine the effect of different processing  methods on the diversity of the microbial 

community in Munkoyo 
 To develop a HACCP protocol on the production process of Munkoyo to improve the safety of 

the product 
 

For references on this topic you can contact Sydney Phiri (sydney.phiri@wur.nl) 
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Source: 

CIMMYT 

10.3 Improvement of maize-based foods in Sub-Saharan Africa 
Target: BFT/MFT 

Specialization: C (Product Design) 

Supervisors 
Onu Ekpa (onu.ekpa@wur.nl) 
Anita Linnemann (anita.linnemann@wur.nl) 
Vincenzo Fogliano (vincenzo.fogliano@wur.nl)  
 
 

Short description 
In Sub- Saharan Africa, maize serves as staple food and weaning food for infants as well as for 
special ceremonies, caring for the sick, aged and pregnant women. Malnutrition persists in 
regions with heavy maize consumption, partly due to compositional maize characteristics, 
nutrient loss during processing and consumer preferences. The overall objective of this study is 
to assess feasible approaches (i.e. capable of being adopted by maize users in local communities) 
to improve the nutritional quality of maize-based foods in Sub-Saharan Africa, in order to 
contribute to the fight against undernutrition in the region. 

 
  

 
 
 
 
 
 

 
 
 
 
 
 
 

 
 
Research topics: 

1. Determine the volatile profiles of the most commonly used maize varieties [i.e. white 
maize, yellow maize, provitamin A biofortified maize, zinc biofortified maize and 
quality protein maize] and their respective porridges. 

2. Assess the effects of alkaline, acid and salt cooking on the nutritional composition 
and bioavailability of phytochemicals (ferulic and p-coumaric) and micronutrients of 
maize-based foods. 

3. Assess the effects of high amino acid secreting starter cultures on the levels of 
protein and amino acids in a popular fermented maize-based food, namely ogi.  

 
For references on this topic you can contact Onu Ekpa (onu.ekpa@wur.nl) 

 

https://thesweetestbrunch.com 
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10.4 Effect of turmeric on microbiological properties of street vended maize-based 

Masa in Nigeria 

Target: BFT/MFT 

Specialization: C (Product Design) 

Supervisors 

Folake Idowu-Adebayo (folake.idowu-adebayo@wur.nl) 
Anita Linnemann (anita.linnemann@wur.nl) 
Vincenzo Fogliano (vincenzo.fogliano@wur.nl)  

 

Short description 
Masa is a fermented puff batter of rice, millet, maize, or sorghum cooked in a pan with individual 
cup-like depressions. It is consumed in various forms by all age groups, particularly in the 
northern states of Nigeria and many other Sahelian African countries (Mali, Burkina Faso, Niger, 
Chad, and Ghana). Masa is a good source of income for the women who prepare the traditional 
product for sale. However, it is a common practice that street foods have nutritional components 
of an unhealthy diet, and higher risk of contamination by biological agents thereby becomes a 
serious concern in terms of food safety. Among the numerous spices, turmeric (Curcuma longa) 
has gained considerable attention due to its profound antioxidant and antimicrobial activities. 

 

 
Figure 1: Turmeric fortified masa                       Figure 2: Turmeric Root and powder 

 
Research questions 

1. Can inclusion of turmeric in masa inhibit the growth of pathogenic micro-organisms 
associated with street vended foods? 

2. What is the minimal inhibitory concentration of turmeric against spoilage organisms? 
3. Can we develop turmeric fortified masa acceptable to consumers? 

 
Proposed approach 
              Turmeric will be included in masa at different ratios. Laboratory experiments will be 

conducted to determine if the inclusion of turmeric in masa inhibits the growth of 
pathogenic micro-organisms. Consumer acceptability of this product will also be 
determined. 

 
For references you can contact Folake Idowu-Adebayo (folake.idowu-adebayo@wur.nl) 
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10.5 Valorisation of immature grain food products for nutritional sustainability in the sub-
Saharan region: the case of Pepeta, a local rice-based food product in Tanzania 
Target: BFT/MFT 

Specialization: C (Product Design) 

Supervisors  
Kulwa Furahisha Miraji (kulwa.miraji@wur.nl)  
Anita Linnemann (anita.linnemann@wur.nl)  
Edoardo Capuano (edoardo.capuano@wur.nl)  
Vincenzo Fogliano (vincenzo.fogliano@wur.nl) 
 

Short description 
Micronutrient deficiencies in the diet substantially contribute to 
the burden of disease in sub-Saharan Africa. The situation is partly 
caused by consumption of cereal-based foods that have largely lost 
their nutritional quality due to processing practices, typically 
providing only a small proportion of the daily requirements for 
most vitamins and minerals. However, in one of the major rice 
producing areas in Tanzania, a local processed immature rice-
based food product known as Pepeta is widely consumed. 
Immature grains contain high amounts of nutrients, including 
micronutrients such as B vitamins and specific minerals. However, 
accurate information on the Pepeta processing factors that affect 
its sensory and nutritional quality is scanty.  

 
Research topics: 

1. What is the nutritional and physicochemical 
quality of freshly harvested immature rice grains 
destined for Pepeta production?  

2. What is the relationship between commonly used 
maturity levels and roasting practices on the 
sensory and nutritional quality of Pepeta? 

3. What possible ways exist to improve the sensorial 
and nutritional quality of Pepeta from most 
commonly used rice varieties?  

4. What is the sensory and nutritional quality of 
Pepeta products of local and optimised production 
processes?  

5. Do consumers perceive a difference between the 
conventionally produced Pepeta and the Pepeta 
produced by the optimised production process? If 
so, which product do they prefer and why?  

 
Approach 
A survey will be conducted on current Pepeta production to benchmark information needed for 
developing suitable and innovative processing technologies for improved nutritional and 
enhanced economic values. Laboratory experiments will be carried out to: characterise the 
nutritional and physicochemical properties of immature rice varieties used for Pepeta production; 
determine the effect of the major processing step of Pepeta production, i.e. roasting, on the sensory 
attributes of rice grains with different maturity levels; establish the effect of roasting on the 
nutritional quality of the most commonly used rice varieties; and assess consumer acceptance of 
Pepeta produced by optimised processing practices of selected raw material. 
 
For references you can contact Kulwa Furahisha Miraji (kulwa.miraji@wur.nl) 
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Research theme 11 - Effectiveness and 
Dynamics of Quality Management Systems  

Introduction 

Globalisation of trade, changes in consumption and food preparation behaviour, 

food security, fair trade, safety concerns, health trends, climate changes…….just 

to mention a few issues in society that impact food quality management in 

agribusiness and food industry. These pressures increased the need to design, 

control, improve, and assure production and preparation of healthy and 

palatable food that is safe, and is produced in a sustainable way. 

In anticipation to these pressures from society, agribusiness and food industry have put much 

effort in designing and upgrading their quality/safety management systems based on a wide 

range of quality assurance standards (like HACCP, BRC, SQF, GLOBAL GAP, ISO22000). However, 

the recent food scandals and emerging food safety issues worldwide indicate that a deeper 

understanding of the (context) factors influencing the effectiveness of these systems is needed. 

In the last few years, various diagnostic tools have been developed to systematically affect the 

core control and assurance activities in view of the riskiness of the context wherein the systems 

have to operate. However, the relation between context characteristics and quality system 

performance and quality output is still under study. Moreover, these diagnostic tools enable an 

overall assessment of the current system performance in their context, but do not yet take into 

account the dynamics in the 

system, i.e. dynamics of the food 

production systems and 

management systems. System 

dynamics is a research area well-

known in logistics and computer 

science but scarcely applied in the 

area of food quality management. 

It requires a deeper 

understanding of the cause-effect 

relationships between the people 

operating in the system and the 

food production system itself. 

 

Overall objectives  

include understanding of the relationships between context characteristics and quality system 

(or specific parts) performance and food quality/safety, analysing influence of safety/quality 

(organisational) culture on variable decision-making behaviour and food quality, modelling 

dynamics in quality management systems and the impact on food quality.  
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Research theme 12 – Quality design of 
foods: Product, process and Chain 
(re)Design  

Introduction 

Quality design focuses on relevant technological and managerial aspects that should be 

considered to achieve quality in developing food products, in developing food process designs, 

and in developing food chain designs. Quality design is very important for companies in 

agribusiness and food industry to remain competitive. Incorporation of quality design into the 

development of food products deals with, for instance, incorporation of the voice of the 

consumers. Whereas incorporation of quality design into the development of food processes 

deals with, for instance, incorporation of process variables determining optimal food quality. 

Similarly, incorporation of quality design into the food chains deals with incorporation of critical 

chain aspects, for instance, trustful customer-buyer relationships determining optimal food 

quality.  

 

Objectives 

The objective of research theme  is to find out critical quality points in developing new food 

products, in developing new food process designs, and in new food chain designs to establish an 

optimal food quality that helps companies in remaining competitive.  
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Research theme 13 - Causes and 
consequences of milk variability  

Introduction  

One of the main task of dairy research is to improve milk quality by breeding strategies. To reach 

this aim an accurate description is needed of the desired milk composition to improve product 

properties. In this research theme proteins and lipid milk components will be considered in this 

respect.  

Large variation exists in casein micelle composition due to difference in genetic variants, post-

translational modifications and interaction with the milk environment. Although statistical 

relations have been found between variation in genetic variants, protein composition and 

product properties, knowledge of the underlying mechanism is missing. It is necessary to 

understand how product properties such as rennet coagulation time or heat stability of milk are 

influenced by milk composition. 

Milk fat with different 

physical profiles and various 

stereochemistry structures 

are needed in the dairy 

industry in order to develop 

functional products. These 

different profiles could be 

obtained in a natural way by 

selective breeding and 

feeding.  

 

 

 

 

 

 

 

Objectives 

To elucidate the relation between milk composition and its properties 

 How are major milk components synthesized,  

 How does this influence the  characteristics of milk and dairy products?  
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13.1 Natural variation in caseins and the effects on casein structures and dairy 

product properties 

Target: MFT 

Specialization: E (Dairy Science and Technology) 

Supervisor  
Hein van Valenberg (hein.vanvalenberg@wur.nl)  
Etske Bijl (etske.bijl@wur.nl) 
 
Introduction 
Almost 80% of the milk protein fraction consist of 
caseins. Most of these caseins are assembled in 
casein micelles consisting of several thousands of 
casein molecules and salts. These unique structures 
are important for traditional dairy processes such as 
rennet coagulation of cheese milk, acid coagulation 
of yogurt, heating of evaporated milk and final 
product properties such as viscosity of sodium 
caseinates. Between individual cows large variation 
exists in casein composition. This variation results 
from genetic variation and post-translational 
modifications (PTMs). The PTMs include 
phosphorylation, glycosylation of κ-casein and 
disulphide bond formation.  
 
Project description 
Project have been defined on the following topics. 

- Differences between heat stability of milks with different genetic variants of milk 
proteins and different PTMs of caseins. 

- Determination of differences in glycosylation and/or phosphorylation pattern of milk 
from different cows. 

- Differences in break-down products after hydrolysis of different genetic protein variants 
after incubation with plasmin, pepsine or chymosin, 

- The effect  of genetic casein variants and PTMs on the viscosity of sodium caseinate 
- Effect of different feeding strategies on milk and casein composition 
- The growth of Bifidobacteria on substrates containing GMP with different degree of 

glycosylation. 
- Other projects can easily be defined. 

 
All experiments are done with milk samples of individual cows.  
 
Aim  
In this project we want to further 
explore the effect of natural variation 
on casein structures and dairy product 
properties to create opportunities for 
future dairy product innovations.  
 

 
  

Figure 1: Representation of a casein micelle . The internal 
structure of the casein micelle consists of a matrix of αs1-CN, 
αs2-CN, β-CN and κ-CN and calcium phosphate nanoclusters. 
The external region consists of a hairy layer of κ-CN 
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13.2 Influence of fatty acid composition and stereochemistry of triacylglycerols on 

physical properties of milk fat 

Target: MFT 

Specialization: E (Dairy Science and Technology) 

  

Supervisors 

Elke Scholten, Food Physics (elke.Scholtten@wur.nl) 

Hein van Valenberg (hein.vanvalenberg@wur.nl)  

 

Introduction 

Selective breeding and feeding can make a significant contribution in increasing the unsaturated 

fraction on. It has been reported that a change in the fatty acid composition leads to a change in 

the physical properties (polymorphic transitions and melting behavior) of milk fat; from these 

reports, it can be expected that fatty acid modifications will lead to a rearrangement of the TAG 

molecule which will also influence the physical properties of milk fat.  A shift in the 

stereochemistry of TAGs may also have an effect in the digestion and absorption of fatty acids, 

especially in new born babies.  

 

Project description 

Bovine MF is considered one of the most complex naturally occurring fats. It contains around 

400 different individual FAs that can differ on length (C4-C22), level of saturation and type of 

double bond (cis or trans). Just 12 of them are present in amounts higher than 1 mol%, 

consequently they are depicted as major FA. If only the 12 major FA are taken into account, the 

possible FA arrangements in the TAG is 1728.Physical and chemical properties of the fat vary 

with the presence and arrangement of FAs in the TAG; crystallization and melting point of MF 

are two properties affected by the variations in TAG molecule. During crystallization, the 

variation in the configuration of the TAG affects the chain packing of the individual molecules, 

therefore the polymorphic behaviour. Crystallization affects the consistency of high-fat milk 

products; it influences the occurrence and rate of partial coalescence in oil-in-water emulsions, 

as a result churning and whipping processes also alter; crystallization also affects the mouth feel 

of butter-like products. Therefore, crystallization is an important characteristic in dairy 

technology. 

 

Aim  

The objective will be to relate fatty acid and TAG profile to the crystallization behaviour of milk 

fat.   
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13.3 Effects of changes in milk fat composition on triglyceride and phospholipid 

profiles  
Target: DST 

Specialization: E (Dairy Science and Technology) 

Supervisors 

Sine Yener (sine.yener@wur.nl) 

Hein van Valenberg (hein.vanvalenberg@wur.nl) 

Short Description 

There is an increasing interest towards the analysis of milk fat due to their influence on the 

technological, sensorial, and nutritional properties of milk and milk products. For example, 

triglycerides(TAGs) determine the physical and functional properties of milk fat. Whereas 

phospholipids (PLs) are fundamental in milk for their emulsification properties. Factors such as 

feeding regime, lactation stage, breeding, season have strong influence on milk fat therefore its 

technological applications in dairy products processing. 

 

 

Research questions 

How does the variation in milk fat composition effect TAGs and PLs composition? Which TAG and 

PL structures are more affected by specific variations (i.e. feeding, season, organic/conventional 

production)? 

 How does the milk fat composition change in different milk fat fractions? What are the 

consequences on product processing? 

 

Proposed approach 

Different analytical approaches will be followed to answer these research questions. MALDI-ToF-

MS being the main tool, other methods such as chromatography, solid phase extraction will be 

utilized.  

References 
Jensen, R. G., Ferris, a M., & Lammi-Keefe, C. J. (1991). The composition of milk fat. Journal of Dairy Science, 74(9), 3228–
3243.  
Schiller, J., R. Süß, J. Arnhold, B. Fuchs, J. Leßig, M. Müller, M. Petković, H. Spalteholz, O. Zschörnig and K. Arnold (2004). 
"Matrix-assisted laser desorption and ionization time-of-flight (MALDI-TOF) mass spectrometry in lipid and 
phospholipid research." Progress in Lipid Research 43(5): 449-488. 
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Research theme 14 - Interaction between 
milk composition and bacterial growth 

Introduction 

Yoghurt quality is determined by a wide range of factors such as composition and pre-

treatments of base milk, strains of starter cultures used, fermentation process and storage 

conditions. Proto-cooperative growth of starter cultures, S. thermophilus and L. delbrueckii 

subsp. bulgaricus, has been well recognized for the production of traditional type of yoghurt. 

Also other bacteria may be present in milk (both wanted and unwanted). The growth of all these 

bacteria results in changes in milk composition, which we characterize by the metabolites 

produced by these bacteria. 

Objective  

The main research question is:  “Growth of bacteria in milk and yoghurt: what is the influence of 

milk composition and protocooperation on growth and survival of bacteria?” (joint projects with 

Food Microbiology) 

 To study the interactions between yoghurt starter culture and probiotics 

 Identification of bacteria by analyzing the metabolites produced by them 

 

 

 

 

 

 

  

Milk or yoghurt 

in which bacteria 

have grown 

GC/MS 

NMR 

Compare  metabolites 

between samples 
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14.1 Cheese flavour development using headspace-GC/MS  

Target: BLT/MFT 
Specialization: E (Dairy Science and Technology) 
 
Supervisor 
Kasper Hettinga (kasper.hettinga@wur.nl) 
 

 

Introduction 
During cheese ripening, major milk components (fat, protein, lactose) are broken down to a 
range of flavour components. This breakdown occurs in many stages, causing cheese ripening to 
be a slow process. In Gouda-type cheese, starter bacteria added during cheese manufacturing 
are an important source of enzymes that are responsible for cheese flavour development. 
In this project, we work together with a dairy farmer that is making its own cheese. In this 
specific case, in addition to the normal starter bacteria, also bacteria from the raw milk 
contribute to flavour development, due to the absence of milk pasteurization. Also, the usage of 
milk fat as cheese rind, which has mould growth during ripening, contributes to the flavour 
development of this specific cheese. 
Within the Dairy Science and Technology research group within the Food Quality and Design 
chair, several approaches for bacterial metabolism are used, mainly using advanced GC/MS- or 
NMR-based metabolomic approaches. These methods may facilitate a quick overview of the 
processes occurring during cheese ripening 
 

 
 
Aims 
Several research questions may be suitable for thesis students within the above described 
framework:  
• What is the effect of the mould growth specifically on the flavour development during cheese 
ripening? 
• Do chemical reactions in the cheese rind play a role in addition to the microbial flavour 
development? 
• What is the effect of not pasteurizing the milk on the overall flavour profile? 
• What is the importance of the raw milk composition on the final product flavour profile? 
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Research theme 15 - Interaction 
between milk composition and dairy 
chain sustainability  
 

Our research on dairy chain sustainability focuses on milk composition in relation to the 

sustainability aspects of the dairy chain. Dairy’s position in the nutrient security debate depends 

on the environmental impact of the sector. Land use and greenhouse gas emissions are decisive 

factors in this respect and are related to the productivity of the cow. Robust, high productive  

cows, are needed to fulfill the growing demand and to mitigate environmental impact. Farm-

based intervention in this area to optimize milk production are of high interest. However, the 

effect of these interventions on the composition and quality of milk is unknown. On the other 

hand, milk composition, may also reflect the physiological status of the cow, both with regard to 

health, feed conversion efficiencies and environmental emissions. We therefore aim at 

establishing the effect of on-farm sustainability interventions on milk composition, and finding 

markers for resistance of dairy cows, productivity and GHG emissions, thus, contributing to 

mitigating environmental impact.  

The main research question is: “How can milk composition be used to improve the sustainability 

of the dairy production system?”. 

The objectives 

 To investigate the influence of a shortened dry period on composition of high and low 

abundant proteins in milk, and on quality aspects of milk 

 Find a methane indicator in milk based on rumen fermentation metabolites or 

derivatives that are transferred to the milk 

  

Compare milk composition to 

understand the differences 

between these cows 

High methane, long 

dry period, etc 

Low methane, short 

dry period, etc 
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Research theme 16 - Milk proteome and 
human health 

Introduction 

The relation between milk components and human health is very complex. Milk not only 

provides nutrients, but is also important for protection and regulation. The challenge is to better 

understand which milk components are responsible for these effects, and the biological 

mechanisms underlying these effects. Two areas where we focus on are 1) the protective effect 

of milk proteins for the newborn, and 2) the effect of processing on composition and function of 

milk proteins. In the end, this should lead to new knowledge that can be used to improve infant 

formula. 

 

 

 

 

 

 

 

 

 

 

Objectives 

The main research question of this theme is: “What are the implications of the differences in the 

milk proteins between human and bovine milk?”  

The objectives are: 

 Understanding the variability in immune related proteins in milk 

 Determining the effect of processing on the denaturation of immune related proteins in 

milk 

 To investigate the influence of compounds that have been produced in intensively heated 

milk on the development of immune tolerance. 

Immune proteins 

in raw milk Immune proteins 

in processed 

dairy products 

Heating & tolerance 

induction in allergic 

children 
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16.1 Impact of intense dry heat treatment of cow’s milk protein on the antigenicity 

cow’s milk protein 

Target: BLT/MFT 

Specialization: E (Dairy Science and Technology) 

 

Supervisors 

Hannah Zenker (hannah.zenker@wur.nl) 

Kasper Hettinga (kasper.hettinga@wur.nl)  
 

Introduction  

Food allergy is an adverse health effect arising from a specific immune response. It occurs 

reproducibly on exposure to a given food. The prevalence of food allergy is more than 1-2% but 

less than 10% of the population. Cow’s milk is one of the leading causes of food allergy especially 

in infants. However, most studies have shown the prognosis of developing immune tolerance to 

cow’s milk to be good, with the majority outgrowing their allergy by the age of 3 years. It was 

reported that intensely heated (baked) milk products contribute to the development of immune 

tolerance to cow’s milk allergens. Also the process of outgrowing CMA can be accelerated by 

adding intensely heated milk into patients’ diets . The mechanism behind this observation and 

the effective compounds in heated milk that contribute to immune tolerance are largely 

unknown. 

 

 

 

 

 

 

 

Short description 

Heat treatment of allergens may alter their allergenic potential either towards an pro-

inflammatory or tolerogenic immune response. The aim of this project is to better understand 

what happens during extensive dry heating of cow’s milk protein (e.g. protein 

denaturation/aggregation and Maillard reaction) and how these changes are related to a certain 

immune response. Within this project different chemical analytical methods are used to 

characterize the protein as well as in vitro assays to evaluate the immunogenicity and 

digestibility.  

 

Aim 

Study the influence of dry heat treatment on the digestibility and immunogenicity of selected 

cow’s milk proteins 

 

Intensively heated milk allergens  Tolerance to milk allergens 
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16.2 Effect of heating on immune-active bovine milk proteins 

Target: MFT 
Specialization: E (Dairy Science and Technology) 

Supervisors 
Ling Xiong (ling.xiong@wur.nl) 
Kasper Hettinga(kasper.hettinga@wur.nl)  

Introduction 

Heating of both human and bovine milk has been shown to influences the healthy development 

of newborns , therefore heat label components are expected to cause this difference between 

breastfeeding and infant formula. Other research has also shown that unheated bovine milk may 

have the same protective effect as unheated breast milk, as many of the infections that are 

reduced by breastfeeding were also shown to be reduced in children being fed unheated bovine 

milk. Proteins are often relatively heat-labile, so the protective effect of milk may be caused by 

this class of heat-labile protein components. This protective effect may be directly through heat-

labile immune active proteins in milk, but also formation of bioactive peptides during digestion 

of milk may be reduced due to protein aggregation during heating. The mechanisms that 

underlie the decrease in native milk proteins are not well understood. Denaturation and 

aggregation kinetics of single proteins has been studied in model system. However in the case of 

milk, these processes will be more complex. It has for example been shown that denatured 

proteins may aggregate with casein micelles. Also, due to the presence of the reducing sugar 

lactose, lactosylation of proteins will occur, which may enhance the aggregation of proteins 

during heating, leading to insoluble aggregates being formed. However, the extent of these 

modifications, especially in comparison to the above described modification lactosylation is yet 

unclear. Besides chemical modification, also release of bio-active peptides during digestion may 

be reduced after processing due to protein aggregation during heat processing Finally, it is 

unclear whether these changes to the milk proteins also render them inactive from a biological 

perspective. The aim of the project is thus to study the effect of heat processing on milk proteins 

in general and immune-active proteins in particular 

Objectives 

1. Characterize the heat damage to immune protein in bovine milk during heat processing 

2. Determine functionality of antibacterial milk proteins and of in-vitro digests in 

bacteriostatic assays. 

Methods 

1. For the first research objective, Native proteins will be separated from aggregated 

proteins, and both classes of proteins will be quantified using proteomics methods . 

2. For the second research objective, bacteriostatic assay that have recently been 

developed will be applied, as an indicator of reduced functionality of immunological 

active milk proteins. 
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Research theme 17 - Immune proteins in 
human milk and bovine milk 

Introduction  

Milk is the most important food for the growth and development of the neonate because of its 

unique nutrient composition combined with the presence of many bioactive proteins. One of the 

most interesting components, the immune proteins, plays a pivotal role not only in protecting the 

gut mucosa against pathogens and achieving many beneficial outcomes for the immunity status of 

the neonate but also in the protection of mammary gland.  

Although breast milk has been considered as the best food for the neonate, still a lot of babies are 

feeding with infant formula because of the unavailability of breast milk. Infants who were 

exclusively breastfed for 6 months presented lower morbidity from gastrointestinal and allergic 

diseases. This may be related to differences in immune proteins between human milk and infant 

formula. The variation in immune proteins is expected to be large, both within and between 

human milk and infant formula. The problem is, however, that both the extent and causes of this 

variation are largely unknown. Possible causes of this variation are the lactation stage, individuals 

and species difference. Detailed determination of the dynamics in immune proteins in human and 

bovine milk may help in understanding the significance and characteristic of immune proteins. 

This study not only contributes to our understanding of the role of immune proteins for cow and 

human healthy but also provides guidance on how to develop infant formulas more similar in 

protein composition to human milk.  

Objective : 

- Study the profile of the immune protein of human and bovine milk over lactation 

- The effect of mammary gland inflammation on immune proteome in bovine milk 

- The difference in immune proteome among individual cows and individual human 

- The difference in immune proteome between species (human and bovine) 

Method 

1. Milk serum separation using centrifuge and ultracentrifuge 

2. Filter aided sample preparation (FASP) to digest proteins into peptides 

3. Dimethyl labeling for the quantification analysis 

4. LC-MS/MS and Maxquant to get the identified proteome and their relative concentration  
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17.1 Identification of immune proteins before and after protein digestion  

Target: MFT 
Specialization: E (Dairy Science and Technology) 
 
Supervisors 
Kasper Hettinga (kasper.hettinga@wur.nl) 
Mohèb Elwakiel (moheb.elwakiel@wur.nl)  
 

Introduction 
Infants who are exclusively breastfed for 6 months have less gastrointestinal and other infectious 
diseases. Because of these health benefits to new-born babies, the World Health Organization 
advices to exclusively breastfeed babies for the first 6 months of life. Although breastfeeding is 
superior to infant formula, we have to face up to the fact that most babies do not receive human 
milk solely during their first phase of life. From that perspective, it would be beneficial to have 
infant formula that has been adapted to best suit the needs of the baby. Over the years, many 
changes in infant formula composition have been implemented to make infant formula more 
similar to human milk in terms of composition and functionality. However, human milk still has 
advantages for the baby, part of which may be related to the presence and concentration of 
specific immune active components, such as immune proteins. Immune proteins are one of the 
largest groups found in human milk, in addition to transport proteins and enzymes, which are 
essential in protection and immune system development of the new-born. Dietary protein is a vital 
source of amino acids. Proteins ingested in the diet are digested into amino acids or small peptides 
that can be absorbed by the intestine and transported in the blood. Little is known in this respect 
about the development of digestive function and the digestion and absorption of immune proteins 

by the newborn. Although the various 
aspects of digestion in the newborn have 
been studied for decades, we still lack 
quantitative information about the 
contribution and/or role of immune 
proteins in the overall process.  

Project description  
Students will prepare protein extracts 
from already collected breast milk 
samples and analyse these extracts 
using LC-MS, followed by identification 
of components and statistical evaluation 
of results. What happens to the immune 
protein content of breastmilk after using 
an infant protein digestion model? 

Aim 
This project aims at providing new 
insights in the variability of immune 
proteins in breast milk before and after 
protein digestion using a specific age-
related infant model. 
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17.2 Alternative methods of pasteurization for human milk preservation 

Target: MFT 

Specialization: E (Dairy Science and Technology) 

 
Supervisors 
Eva Kontopodi (eva.kontopodi@wur.nl) 
Kasper Hettinga (kasper.hettinga@wur.nl) 
 
Short Description  
Breast milk is considered to be the best form of nutrition for infants and neonates. When mother’s 
own milk is unavailable or insufficient, donor human milk represents the best alternative. Before 
it can be safely stored in a freezer until use, donor milk needs to be processed, currently by holder 
pasteurization. However, this method raises some important questions regarding the effects of 
storage, handling and heat processing on the unique milk components.  

 
Figure 2. From Donor mothers to infants admitted to the Neonatal Intensive Care Unit 

Research questions 
Question 1. Holder pasteurization: What are the effects of storage, handling and heat processing 
on the unique milk components? 
Question 2. Thermal treatments VS non-thermal treatments: Comparison of bacterial inactivation, 
retention of immunological proteins and Lipase activity. Could there be a method feasible to 
implement in Human Milk Banks? 
Question 3. Which is the best combination of parameters  (e.g. time, temperature, pressure, power, 
UV-C dosage) in the retention of immunological components?  
 

 
                                                  Figure 3. Holder Pasteurization in Human Milk Banks 

Proposed approach 
To answer the different research questions, an analysis of the current recommended treatment 
and the possible alternative methods (e.g. High-Temperature-Short-time, High Pressure 
Processing, ultrasonic processing, Ultraviolet irradiation, Pulsed Electric Fields) should be 
conducted. Emphasis should be laid on investigating the effect of those methods on specific 
components of human milk, including enzymes, micronutrients, macronutrients, and 
immunological components. Regarding microbiological safety, the presence of several bacteria, 
viruses, and infectious agents that could be transmitted through donor milk, should also be 
assessed.  
 
References  
Peila, C. et al., 2017. Human milk processing: a systematic review of innovative techniques to ensure the safety and 
quality of donor milk. Journal of pediatric gastroenterology and nutrition, 64(3), pp.353-361. 
Hettinga, K. et al., 2011. The host defense proteome of human and bovine milk. PloS one, 6(4), p.e19433. Corpeleijn, 
W.E. et al., 2010. Human Milk Banking–Facts and Issues to Resolve. Nutrients, 2(7), pp.762-769. 
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Research theme 18 – Proteases in UHT 
milk  

Introduction  

The demand for ultra-high-temperature (UHT) processed and aseptically packaged milk is 

increasing worldwide. UHT milk, with the logistic advantages of prolonged shelf life and low 

energy cost for storage, makes the distribution and storage of liquid milk possible and increases 

the consumer convenience. However, the frequent occurrence of instability of UHT milk 

influences its commercial value. Age gelation of UHT milk is a major limiting factor for its shelf 

life, and the deterioration will be most prominent in poor-quality or contaminated milk (Chavan 

et al. 2011). Therefore, exploring the sources of instability in depth and solving them is a 

significant task. 

 

Objectives 

The main research question is: “Proteases in UHT milk: what is the influence of endogenous and 

exogenous proteases on the stability of UHT milk?”  

The objectives are: 

• To identify the genetic diversity of Pseudomonas spp. in milk and their potentials to cause 

proteolysis 

• To study the relationship between proteases from psychrotrophic bacteria and the plasmin 

system 

• To investigate the influence of  bacterial proteases and plasmin on the rheological properties of UHT 

milk 
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18.1 Instability in UHT milk  

Target: MFT 
Specialization: E (Dairy Science and Technology) 

 
Supervisor  
Chunyue Zhang (chunyue.zhang@wur.nl)  
 

Introduction  

The demand for ultra-high-temperature (UHT) processed and aseptically packaged milk is 

increasing worldwide. UHT milk, with the logistic advantages of prolonged shelf life and low 

energy cost for storage, makes the distribution and storage of liquid milk possible and increases 

the consumer convenience. However, the frequent occurrence of instability of UHT milk 

influences its commercial value. Age gelation and fat separation are the major limiting factors for 

the shelf life of UHT milk, and the deterioration will be most prominent in poor-quality or 

contaminated milk. Therefore, exploring the sources of instability in depth and solving them is a 

significant task. 

 

Several research questions may be suitable for thesis students within the above described 
framework:  
 

1. The effects of plasmin and psychrotrophic bacterial proteases on the physico-chemical 
properties of UHT milk; 

2. Rapid determination of Pseudomonas proteases in milk; 
3. A proteomic perspective on the changes in milk proteins or peptides due to Pseudomonas 

fluorescens; 
4. Optimizing the strategies for separating and quantifying protein on the surface of fat 

globules in UHT milk; 
5. Properties of Proteases from Aeromonas and Degradation on Milk Proteins 

 

 

 


