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3D printed materials are of great relevance for the production of therapeutic and specialized 
foods. An approach to forming 3D printable materials is to use jammed oil droplets. Jammed 
oil droplets are highly viscous and can be extruded through the nozzle of a 3D printer, while 
after chemical crosslinking they acquire a self-standing ability. However, the molecules 
currently used to stabilize and cross-link the oil droplets have questionable biocompatibility. 
Therefore, our research aims to produce 3D printable jammed emulsion using pea proteins. Pea 
protein stabilized emulsions were extremely stable with monomodal droplet size distribution. 
The jammed emulsions showed gel-like visco-elastic rheological properties. However, upon 
3D printing, the material was not self-standing owing to the lack of plasticity. In order to induce 
plasticity, we used self-associating properties of pea proteins by pH trigger. Our previous work 
has shown that pea proteins self-associate into adhesive protein particles at pH 3. The adhesive 
nature of pea proteins could aid in creating additional droplet-droplet interaction to create 
plasticity in the jammed emulsions. Therefore, jammed emulsions in the presence of pea protein 
particles were formed by simple pH adjustment. These emulsions with protein particles formed 
a material with elastoplastic rheological properties. The emulsion flowed smoothly above a 
critical stress, and after extrusion exhibited the required self-standing properties for 3D printing. 
The adhesive protein particles act as physical cross-links between the jammed oil droplets, 
creating the plasticity necessary for 3D printing. In this research, we show that by understanding 
the associating properties of pea proteins and their behavior in bulk and on interfaces, pea 
protein-based 3D printable material was created for the first-time. 
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Acknowledgements: The work is featured at the cover of the Journal Advanced Functional 
Materials: https://doi.org/10.1002/adfm.202101749

PLENARY LECTURES

•	 Simha Sridharan, Costas Nikiforidis 
3D PRINTABLE FOODS USING PLANT-BASED JAMMED EMULSIONS� 2

•	 Marinella Farré, Marta Llorca, Katerina Savva, Albert Vega 
THE CHALLENGE OF ASSESSING CONTAMINANTS OF EMERGING� 3 
CONCERN IN THE ENVIRONMENT

•	 João G. Crespo 
MEMBRANES IN BIOPROCESSING� 4

INNOVATIVE FOOD SCIENCE AND BIOPROCESSES

•	 Eleonora Zabos 
YEAST EXTRACT – FOOD OF THE FUTURE� 6

•	 Ioannis Mourtzinos, Stamatia Christaki, Anastasia Kyriakoudi 
INNOVATIVE TECHNIQUES FOR THE EXTRACTION AND EXPLOITATION OF 
BIOACTIVE INGREDIENTS IN FOODS� 7

•	 Jelena Jurić  
PROCESS OF SETTING UP QUALITY SYSTEMS DURING A GREENFIELD FOOD 
PRODUCTION PROJECT� 8

•	 Jovana Degenek, Vladimir Vukić, Katrina Kanurić, Mirela Iličić, Dajana Vukić, 
Salo-Ahen Outi 
MILK PEPTIDES AS POTENTIAL INHIBITORS OF E. COLI RNA POLYMERASE 
(RNAP) AND DNA GYRASE� 9

•	 Igor Gáspár, Ivana Pajčin, Flóra Vitális, Vanja Vlajkov, Aleksandar Jokić, 
Dragoljub Cvetković, András Koris, Jovana Grahovac 
TESTING ANTIMICROBIAL 3D PRINTING FILAMENTS FROM FOOD SAFETY� 10 
ASPECT

•	 Zivko Nikolov, Laura Soto-Sierra  
SINGLE-STEP CLARIFICATION AND RECOVERY OF ALGAL PROTEIN 
HYDROLYSATES BY TANGENTIAL FLOW ULTRAFILTRATION� 11

•	 Andrea Karlovic, Anita Lalic 
ENRICHMENT OF WHITE ĆUPTER WITH FATTY ACIDS: EFFECTS OF 
ADDITION OF BREWERS’ SPENT GRAIN� 12

•	 Hami Alpas, Mecit Halil Oztop, Berkay Bolat, Ahmet Erdem Uğur  
INSECTS AS NEW GENERATION PROTEIN SOURCES: NOVEL PRODUCTION AND 
CHARACTERIZATION APPROACHES� 13

•	 Szilvia Bánvölgyi, Angela Maldonado, Ana Marđokic, Máté Molnár, Katalin Klosz, 
Gyula Vatai 
EXTRACTION OF POLYPHENOLS FROM OLIVE POMACE OF ŽUTICA VARIETY � 14

•	 Chaima Neji, Emese Seres, Peter Sipos  
EFFECT OF NITROGEN FERTILIZATION ON SOYBEAN FLOUR QUALITY� 15

•	 Natasha Gjorgovska, Vesna Levkov, Daniela Belichovska, Svetlana Grigorova 
EGG – SUPERCHARGED FOOD PRODUCT� 16



 
 

3D PRINTABLE FOODS USING PLANT-BASED JAMMED 
EMULSIONS

Simha Sridharan, Costas Nikiforidis

Biobased Chemistry and Technology, Wageningen University and Research Centre, Bornse 
Weillanden 9, 6708WG, The Netherlands, costas.nikiforidis@wur.nl

3D printed materials are of great relevance for the production of therapeutic and specialized 
foods. An approach to forming 3D printable materials is to use jammed oil droplets. Jammed 
oil droplets are highly viscous and can be extruded through the nozzle of a 3D printer, while 
after chemical crosslinking they acquire a self-standing ability. However, the molecules 
currently used to stabilize and cross-link the oil droplets have questionable biocompatibility. 
Therefore, our research aims to produce 3D printable jammed emulsion using pea proteins. Pea 
protein stabilized emulsions were extremely stable with monomodal droplet size distribution. 
The jammed emulsions showed gel-like visco-elastic rheological properties. However, upon 
3D printing, the material was not self-standing owing to the lack of plasticity. In order to induce 
plasticity, we used self-associating properties of pea proteins by pH trigger. Our previous work 
has shown that pea proteins self-associate into adhesive protein particles at pH 3. The adhesive 
nature of pea proteins could aid in creating additional droplet-droplet interaction to create 
plasticity in the jammed emulsions. Therefore, jammed emulsions in the presence of pea protein 
particles were formed by simple pH adjustment. These emulsions with protein particles formed 
a material with elastoplastic rheological properties. The emulsion flowed smoothly above a 
critical stress, and after extrusion exhibited the required self-standing properties for 3D printing. 
The adhesive protein particles act as physical cross-links between the jammed oil droplets, 
creating the plasticity necessary for 3D printing. In this research, we show that by understanding 
the associating properties of pea proteins and their behavior in bulk and on interfaces, pea 
protein-based 3D printable material was created for the first-time. 

Keywords: 3D printing, Plant-based foods, Proteins, Rheology

Acknowledgements: The work is featured at the cover of the Journal Advanced Functional 
Materials: https://doi.org/10.1002/adfm.202101749

 
 

3D PRINTABLE FOODS USING PLANT-BASED JAMMED 
EMULSIONS

Simha Sridharan, Costas Nikiforidis

Biobased Chemistry and Technology, Wageningen University and Research Centre, Bornse 
Weillanden 9, 6708WG, The Netherlands, costas.nikiforidis@wur.nl

3D printed materials are of great relevance for the production of therapeutic and specialized 
foods. An approach to forming 3D printable materials is to use jammed oil droplets. Jammed 
oil droplets are highly viscous and can be extruded through the nozzle of a 3D printer, while 
after chemical crosslinking they acquire a self-standing ability. However, the molecules 
currently used to stabilize and cross-link the oil droplets have questionable biocompatibility. 
Therefore, our research aims to produce 3D printable jammed emulsion using pea proteins. Pea 
protein stabilized emulsions were extremely stable with monomodal droplet size distribution. 
The jammed emulsions showed gel-like visco-elastic rheological properties. However, upon 
3D printing, the material was not self-standing owing to the lack of plasticity. In order to induce 
plasticity, we used self-associating properties of pea proteins by pH trigger. Our previous work 
has shown that pea proteins self-associate into adhesive protein particles at pH 3. The adhesive 
nature of pea proteins could aid in creating additional droplet-droplet interaction to create 
plasticity in the jammed emulsions. Therefore, jammed emulsions in the presence of pea protein 
particles were formed by simple pH adjustment. These emulsions with protein particles formed 
a material with elastoplastic rheological properties. The emulsion flowed smoothly above a 
critical stress, and after extrusion exhibited the required self-standing properties for 3D printing. 
The adhesive protein particles act as physical cross-links between the jammed oil droplets, 
creating the plasticity necessary for 3D printing. In this research, we show that by understanding 
the associating properties of pea proteins and their behavior in bulk and on interfaces, pea 
protein-based 3D printable material was created for the first-time. 

Keywords: 3D printing, Plant-based foods, Proteins, Rheology

Acknowledgements: The work is featured at the cover of the Journal Advanced Functional 
Materials: https://doi.org/10.1002/adfm.202101749

•	 Sotirios Ekonomou, Eleni Asimakopoulou, Pagona Papakonstantinou, Olena Doran, 
Alexandros Stratakos 
PLASMA ACTIVATED WATER AS A NOVEL DECONTAMINATION METHOD 
FOR WATER AND FOOD CONTACT SURFACES� 17

•	 Katarzyna Leicht, Małgorzata Korzeniowska  
QUALITY OF POULTRY MEAT - DEFECTS AND MYOPATHIES OF BROILER 
BREAST MEAT � 18

•	 Vesna Đorđević, Vladimir Tomović, Milana Lazović, Ivana Vasiljević, Marija Jokanović, 
Branislav Šojić, Snežana Škaljac, Dragan Vujadinović, Mila Tomović 
ARSENIC IN FEMALE CATTLE LIVERS AND KIDNEYS FROM VOJVODINA, 
NORTHERN SERBIA� 19

•	 Kristian Pastor, Marko Ilić, Jovana Kojić, Nataša Nastić, Jelena Krulj, Marijana Ačanski 
AUTO-ML GC/MS FINGERPRINTING STRATEGY FOR CEREAL FLOUR 
AUTHENTICATION� 20

•	 Valentina Nikolić, Slađana Žilić, Marijana Simić, Vesna Kandić, Dejan Dodig  
THE EFFECT OF PRETREATMENT AND MATRIX ON THE  IN VITRO 
DIGESTIBILITY, NUTRIENT BIOAVAILABILITY, AND ANTIOXIDANT 
PROPERTIES OF CEREAL GRAIN-BASED FOOD INGREDIENTS � 21

•	 Veronika Barišić, Ivana Flanjak, Antun Jozinović, Jurislav Babić, Drago Šubarić, 
Borislav Miličević, Đurđica Ačkar 
CHEMICAL COMPOSITION OF HAZELNUT COCOA SPREADS WITH ADDED 
COCOA SHELL AND CASEIN� 22

•	 Milana Lazović, Vladimir Tomović, Ivana Vasiljević, Isidora Kecojević, Mila Tomović, 
Aleksandra Martinović, Dragan Vujadinović 
THE CONCENTRATION OF COPPER IN FRUIT PRODUCTS INTENDED 
FOR HUMAN CONSUMPTION IN THE REPUBLIC OF SERBIA� 23

•	 Gjore Nakov, Iliana Lazova-Borisova, Viktorija Stamatovska, Tanja Stojanovska, 
Milica Arizanova, Mishela Temkov 
EFFECT OF STORAGE PERIOD ON COLOUR AND TEXTURAL PROPERTIES OF 
COOKIES WITH WHEAT MALT FLOUR� 24

•	 Ina Ćorković, Marija Smiljanić, Anita Pichler, Josip Šimunović, Mirela Kopjar 
ADDITION OF PULLULAN DURING ENCAPSULATION OF VANILLIN IN 
ALGINATE HYDROGEL BEADS� 25

•	 Svetlana Bogdanović, Dobrila Randjelović, Zvonko Zlatanović, Violeta Rakić, 
Dragana Stanisavljević  
TESTING OF VITAMIN C CONTENT AND MICROBIOLOGICAL QUALITY 
CONTROL IN FRESH AND DRIED ROSE HIP (Rosa canina L.) FRUIT� 26

•	 Milica Mirković, Dušanka Paunović, Nemanja Mirković, Vele Tešević, Zorica Radulović 
MICROBIOTA AND EFFECT OF DIFFERENT FREEZING REGIMES ON VOLATILE 
AROMA COMPOUNDS OF BLACK TRUFFLE TUBER AESTIVUM � 27

•	 Vesna Kalaba, Tanja Ilic, Željka Marjanović Balaban  
ANTIBACTERIAL ACTIVITY OF MANUKA HONEYS WITH DIFFERENT UMF VALUES� 28

•	 Vesna Kalaba, Tanja Zenić, Dragana Kalaba  
HERBAL ESSENTIAL OILS - COMPARISON OF THE EFFECTS ON 
Salmonella Typhimurium AND Listeria monocytogenes GROWTH� 29



 
 

3D PRINTABLE FOODS USING PLANT-BASED JAMMED 
EMULSIONS

Simha Sridharan, Costas Nikiforidis

Biobased Chemistry and Technology, Wageningen University and Research Centre, Bornse 
Weillanden 9, 6708WG, The Netherlands, costas.nikiforidis@wur.nl

3D printed materials are of great relevance for the production of therapeutic and specialized 
foods. An approach to forming 3D printable materials is to use jammed oil droplets. Jammed 
oil droplets are highly viscous and can be extruded through the nozzle of a 3D printer, while 
after chemical crosslinking they acquire a self-standing ability. However, the molecules 
currently used to stabilize and cross-link the oil droplets have questionable biocompatibility. 
Therefore, our research aims to produce 3D printable jammed emulsion using pea proteins. Pea 
protein stabilized emulsions were extremely stable with monomodal droplet size distribution. 
The jammed emulsions showed gel-like visco-elastic rheological properties. However, upon 
3D printing, the material was not self-standing owing to the lack of plasticity. In order to induce 
plasticity, we used self-associating properties of pea proteins by pH trigger. Our previous work 
has shown that pea proteins self-associate into adhesive protein particles at pH 3. The adhesive 
nature of pea proteins could aid in creating additional droplet-droplet interaction to create 
plasticity in the jammed emulsions. Therefore, jammed emulsions in the presence of pea protein 
particles were formed by simple pH adjustment. These emulsions with protein particles formed 
a material with elastoplastic rheological properties. The emulsion flowed smoothly above a 
critical stress, and after extrusion exhibited the required self-standing properties for 3D printing. 
The adhesive protein particles act as physical cross-links between the jammed oil droplets, 
creating the plasticity necessary for 3D printing. In this research, we show that by understanding 
the associating properties of pea proteins and their behavior in bulk and on interfaces, pea 
protein-based 3D printable material was created for the first-time. 

Keywords: 3D printing, Plant-based foods, Proteins, Rheology

Acknowledgements: The work is featured at the cover of the Journal Advanced Functional 
Materials: https://doi.org/10.1002/adfm.202101749

•	 Viktorija Stamatovska, Ljubica Karakasova, Vezirka Jankuloska, Tatjana Blazhevska,  
Namik Durmishi 
INFLUENCE OF DIFFERENT SWEETENERS ON SENSORY ATTRIBUTES OF 
RASPBERRY JAMS� 30

•	 Ivana Lončarević, Biljana Pajin, Jovana Petrović, Ivana Nikolić, Branislav Šojić, 
Danica Zarić, Jelena Jurić 
THE IMPACT OF COMBINED EMULSIFIER ON CRYSTALLIZATION PROPERTIES 
OF TRANS FREE FAT INTENDED FOR FAT FILLING PRODUCTION� 31

•	 Aleksandra Ranitović, Dragoljub Cvetković, Olja Šovljanski, AnaTomić, Siniša Markov, 
Milica Aćimović 
WASTE PLANT MATERIAL – A NEW SUBSTRATE FOR KOMBUCHA BEVERAGE 
WITH EXPRESSIVE ANTIBACTERIAL ACTIVITY� 32

•	 Nikola Maravić, Jelena Tomić, Dubravka Škrobot, Ljiljana Popović, Slađana Rakita 
ANTIOXIDATIVE PROPERTIES OF GLUTEN-FREE CRACKERS BASED ON 
CHICKPEA FLOUR AND PUMPKIN SEED OIL PROCESSING BY-PRODUCTS� 33

•	 Jelena Mitrović, Nada Nikolić, Ivana Karabegović, Saša Savić, Olivera Šimurina, 
Mirjana Pešić  
THE COMPOSITION OF PHENOLIC COMPOUNDS OF COOKIES ENRICHED BY 
NETTLE (Urtica dioica L.) SEEDS AND EXTRACT� 34

•	 Nataša Obradović, Mina Volić, Aleksandra Jovanović, Tanja Krunić, Viktor Nedović, 
Marica Rakin, Branko Bugarski  
DESIGN AND CHARACTERIZATION OF SPRAY-DRIED MICROCARRIERS FOR 
PREPARATION OF FUNCTIONAL WHEY-BASED BEVERAGES� 35

•	 Biljana Pecanac, Željko Slodojević  
THE PRESENCE OF NITRITE IN MEAT PRODUCTS FROM THE MARKET OF 
REPUBLIC OF SRPSKA � 36

•	 Sara Brunet, Uroš Miljić, Vladimir Puškaš, Vesna Tumbas Šaponjac, Lato Pezo 
POLYPHENOL COMPOSITION AND ANTIOXIDANT ACTIVITY OF PROBUS AND 
PROKUPAC RED WINES FROM SERBIA� 37

•	 Gorica Pavlovska, Violeta Ognenoska, Anka Trajkovska Petkoska, Vezirka Jankuloska 
STABILIZATION OF SUNFLOWER OIL BY ADDING GARDEN SAVORY 
(SATUREJA HORTENSIS)� 38

•	 Nada Nikolić, Suzana Cakić, Jelena Mitrović, Mirjana Pešić, Ljiljana Takić, Goran Nikolić 
THE CONTENT OF SOME PHTALATES IN MUSHY PEACH AND APPLE JUICE 
DURING STORAGE TIME � 39

•	 Ivana Nikolić, Jovana Petrović, Ivana Lončarević, Slađana Rakita, Ivana Čabarkapa, 
Aleksandar Takači 
INFLUENCE OF SPIRULINA ON PHYSICAL PROPERTIES OF DOUGH FOR CRACKERS� 40

•	 Tanja Lužaić, Ranko Romanić  
OXIDATIVE STABILITY OF HERB INFUSED SUNFLOWER OILS � 41

•	 Mirela Iličić, Maja Bjekić, Vladimir Vukić, Dajana Vukić, Katarina Kanurić, Branimir Pavlić, 
Zoran Zeković, Jovana Degenek  
CHEMICAL COMPOSITION, ANTIOXIDANT POTENTIAL AND TEXTURAL 
CHARACTERISTICS OF FRESH CHEESE SAMPLES PRODUCED WITH 
ADDITION OF SAGE� 42



 
 

3D PRINTABLE FOODS USING PLANT-BASED JAMMED 
EMULSIONS

Simha Sridharan, Costas Nikiforidis

Biobased Chemistry and Technology, Wageningen University and Research Centre, Bornse 
Weillanden 9, 6708WG, The Netherlands, costas.nikiforidis@wur.nl

3D printed materials are of great relevance for the production of therapeutic and specialized 
foods. An approach to forming 3D printable materials is to use jammed oil droplets. Jammed 
oil droplets are highly viscous and can be extruded through the nozzle of a 3D printer, while 
after chemical crosslinking they acquire a self-standing ability. However, the molecules 
currently used to stabilize and cross-link the oil droplets have questionable biocompatibility. 
Therefore, our research aims to produce 3D printable jammed emulsion using pea proteins. Pea 
protein stabilized emulsions were extremely stable with monomodal droplet size distribution. 
The jammed emulsions showed gel-like visco-elastic rheological properties. However, upon 
3D printing, the material was not self-standing owing to the lack of plasticity. In order to induce 
plasticity, we used self-associating properties of pea proteins by pH trigger. Our previous work 
has shown that pea proteins self-associate into adhesive protein particles at pH 3. The adhesive 
nature of pea proteins could aid in creating additional droplet-droplet interaction to create 
plasticity in the jammed emulsions. Therefore, jammed emulsions in the presence of pea protein 
particles were formed by simple pH adjustment. These emulsions with protein particles formed 
a material with elastoplastic rheological properties. The emulsion flowed smoothly above a 
critical stress, and after extrusion exhibited the required self-standing properties for 3D printing. 
The adhesive protein particles act as physical cross-links between the jammed oil droplets, 
creating the plasticity necessary for 3D printing. In this research, we show that by understanding 
the associating properties of pea proteins and their behavior in bulk and on interfaces, pea 
protein-based 3D printable material was created for the first-time. 

Keywords: 3D printing, Plant-based foods, Proteins, Rheology

Acknowledgements: The work is featured at the cover of the Journal Advanced Functional 
Materials: https://doi.org/10.1002/adfm.202101749

•	 Munevera Begić, Selma Čorbo, Halil Omanović  
SENSORY EVALUATION OF “VISOČKA PEČENICA” FROM TRADITIONAL AND 
INDUSTRIAL PRODUCTION� 43

•	 Selma Čorbo, Amina Jusupović, Munevera Begić, Biljana Rabrenović 
THE EFFECT OF ANTIOXIDANTS ON QUALITY AND OXIDATIVE STABILITY OF 
ANIMAL FATS� 45

•	 Amela Kusur, Ramzija Cvrk, Husejin Keran, Tijana Brčina, Halid Junuzović 
THE INFLUENCE OF TECHNOLOGICAL PROCESS PARAMETERS ON THE 
OXIDATIVE STABILITY OF BLACK CUMIN OIL (Nigella sativa L.)� 46

•	 Suzana Cakić, Nada Nikolić, Ivan Ristić, Ljubiša Nikolić, Jelena Mitrović, 
Snežana Ilić-Stojanović 
DETERMINATION OF BENZYL BUTYL AND DI-N-OCTYL PHTHALATE FROM 
MATRIX OF MUSHY PEACH AND APPLE JUICE BY USING LIQUID-LIQUID 
EXTRACTION � 47

•	 Marijana Simić, Valentina Nikolić, Slađana Žilić, Marko Vasić  
CHANGES IN TECHNO-FUNCTIONAL PROPERTIES OF MAIZE FLOURS 
INDUCED BY DRY-HEAT TREATMENT� 48

•	 Gordana Hojnik Podrepšek, Željko Knez, Maja Leitgeb 
SUPERCRITICAL CO2 INFLUENCE ON α-AMYLASE ACTIVITY IN 
GRAHAM FLOUR � 49

•	 Nika Kučuk, Mateja Primožič, Željko Knez, Maja Leitgeb 
GANODERMA LUCIDUM AS A SOURCE OF INDUSTRIALLY IMPORTANT 
ENZYMES� 50

•	 Lidija Peić Tukuljac, Jelena Krulj, Lato Pezo, Jovana Kojić, Nikola Maravić, Zita Šereš 
APPLICABILITY OF DIFFERENT KINETIC MODELS ON BIOSORPTION OF 
MOLASSIGENIC METAL IONS IN CLOSED-LOOP FIXED-BED COLUMN SYSTEM� 51

•	 Ranko Romanić, Katarina Nedić Grujin, Tanja Lužaić, Branislava Nikolovski 
INFLUENCE OF WINTERIZATION SUPPORTED BY CELLULOSE FILTRATION AIDS 
ON THE REMOVAL OF UNDESIRABLE COMPONENTS OF SUNFLOWER OIL � 52

•	 Marica Rakin, Maja Bulatović, Sara Živanović, Milica Milutinović1, Duška Rakin, 
Danica Zarić, Maja Vukašinović-Sekulić 
PROBIOTIC ALMOND - BASED BEVERAGE: PROMISING STEP TOWARDS A 
CIRCULAR BIOECONOMY� 53

•	 Tatjana Daničić, Aleksandra Tepić Horecki, Anita Milić, Zdravko Šumić, Aleksandra Nešić, 
Branka Pilić 
ANTIOXIDANT ACTIVITY OF BLUEBERRY POMACE EXTRACTS OBTAINED BY 
ENZYMATIC-ASSISTED EXTRACTION� 54

•	 Sandra Zavadlav, Ivan Štedul, Danijela Bursać Kovačević, Predrag Putnik, Tibor Janči 
DETERMINING CHANGES OF FATTY ACIDS FOR QUALITY  ASSESSMENT OF 
EUROPEAN SQUID (LOLIGO VULGARIS) DURING TRADITIONAL AIR 
CHILLING WITH EFFECTS OF ACID WHEY IMMERSION ON STORAGE QUALITY� 55

•	 Konstantinos Giannoutsos, Danai Koukoumaki, Malamatenia Panagiotou, 
Konstantinos Gkatzionis  
THE EFFECT OF MODERN CLAIM RELATED TO PACKAGING SUSTAINABILITY 
ON THE SENSORY PERCEPTION OF GREEK CRACKERS� 56



 
 

3D PRINTABLE FOODS USING PLANT-BASED JAMMED 
EMULSIONS

Simha Sridharan, Costas Nikiforidis

Biobased Chemistry and Technology, Wageningen University and Research Centre, Bornse 
Weillanden 9, 6708WG, The Netherlands, costas.nikiforidis@wur.nl

3D printed materials are of great relevance for the production of therapeutic and specialized 
foods. An approach to forming 3D printable materials is to use jammed oil droplets. Jammed 
oil droplets are highly viscous and can be extruded through the nozzle of a 3D printer, while 
after chemical crosslinking they acquire a self-standing ability. However, the molecules 
currently used to stabilize and cross-link the oil droplets have questionable biocompatibility. 
Therefore, our research aims to produce 3D printable jammed emulsion using pea proteins. Pea 
protein stabilized emulsions were extremely stable with monomodal droplet size distribution. 
The jammed emulsions showed gel-like visco-elastic rheological properties. However, upon 
3D printing, the material was not self-standing owing to the lack of plasticity. In order to induce 
plasticity, we used self-associating properties of pea proteins by pH trigger. Our previous work 
has shown that pea proteins self-associate into adhesive protein particles at pH 3. The adhesive 
nature of pea proteins could aid in creating additional droplet-droplet interaction to create 
plasticity in the jammed emulsions. Therefore, jammed emulsions in the presence of pea protein 
particles were formed by simple pH adjustment. These emulsions with protein particles formed 
a material with elastoplastic rheological properties. The emulsion flowed smoothly above a 
critical stress, and after extrusion exhibited the required self-standing properties for 3D printing. 
The adhesive protein particles act as physical cross-links between the jammed oil droplets, 
creating the plasticity necessary for 3D printing. In this research, we show that by understanding 
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Metal oxide nanomaterials have gained a lot of attention during last decades due to their 
potential applications in wastewater treatment, energy storage, sensors, food packaging, etc. 
To date, these materials have been synthesized by different chemical and physical techniques. 
However many of them employ environmentally unfriendly solvents and toxic chemical 
compounds. To tackle this problem, use of renewable biomass such as plants and fungi as 
reducing or stabilizing agents in green synthesis has been considered as more sustainable 
option compared to toxic chemical compounds. These biological substances also behave as 
capping agent, which control the size and the shape of the nanoparticles. In this work, ZnO 
nanoparticles (NPs) have been prepared via simple, low cost and ecofriendly method using 
citrus fruit peel and extracts, Agaricus bisporus powder and extract as biological reducing 
agents. Zinc nitrate and zinc acetate were used as source of zinc ions. Structural and optical 
properties were investigated by X-ray diffraction analysis (XRD), Zeta potential, Fourier 
Transform Infrared (FTIR) spectroscopy, UV-visible (UV-vis) spectroscopy and 
Photoluminescence spectroscopy (PL). Morphological features were characterized by Field 
Emission Scanning Electron microscopy (FESEM) and High Resolution Transmission 
Electron Microscopy (HRTEM). Antibacterial and antioxidant activity was tested and 
evaluated.  
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