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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
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A SENSITIVE VOLTAMMETRIC SENSOR FOR CAFFEIC ACID 
MADE FROM THERMOLISED MODIFIED UF RESINS WITH 

INCORPORATED Fe(III) AND Ti(IV) OXIDE PARTICLES 
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Domestic high performance electrode material was prepared by thermolysis of in situ 
synthesized urea-formaldehyde (UF) resins modified with Fe(III) nitrate and Ti(IV) oxide in 
different combinations: iron salt and UF resins (SynFe/UF-TP), titan oxide and UF resins 
(SynTi/UF-TP) and both metal compounds together and UF resins (SynFe+Ti/UF-TP).  For 
comparison, the thermolysis prepared materials produced by simple physical mixture of metal 
compounds and UF resins (Fe/UF-TP, Ti/UF-TP and Fe+Ti/UF-TP) were made, too. The 
surface morphology characterization of all materials were done by SEM. Electrochemical 
results obtain by cyclic voltammetry and impedance spectroscopy have shown that in situ 
synthesized UF material modified with iron and titan compounds prepared by thermolysis, 
incorporated in carbon paste electrode (SynFe+Ti/UF-TP@CPE) possesses a better 
electrochemical response and conductivity than the other materials prepared by the same 
procedure, or pure CPE without addition of extra material. After optimization of experimental 
conditions and parameters of differential pulse technique, selectivity of proposed 
electrochemical method was examined. The proposed sensor with incorporated developed 
material has proven itself as a selective and sensitive electrochemical platform for 
determination of caffeic acid (CA). It was successfully applied for the determination of 
antioxidant capacity, based on CA equivalents, for honey, liqueur and juice samples.    

Keywords: Modified urea-formaldehyde resin, Thermolysis, Voltammetric sensor, Caffeic acid 
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The effect of different montmorillonites (KSF and K10) and their modifications (Na-KSF, 
Na-K10) on content of formaldehyde-FA (free and liberated) modified urea-formaldehyde 
(UF) composites was investigated. KSF and K10 were modified by sodium chloride (NaCl). 
A total of four samples were synthesized, with the designations UF/KSF, UF/Na-KSF, 
UF/K10, and UF/Na-K10, under the same conditions. The content of free FA was determined 
by the bisulfite method. The hydrolytic stability of modified UF resin was determined by 
measuring the concentration of liberated FA of modified UF composites after acid hydrolysis. 
The specific surface area of the tested montmorillonites was determined by the Sear's method. 
Higher values of specific surface area were obtained for pure KSF (149.4 m2/g) compared to 
modified Na-KSF (48.6 m2/g). Specific surface area for pure K10 was 111 m2/g, compared to 
value of 71 m2/g for modified Na-K10. The amount of free and liberated FA was 0.4%, 0.12% 
and 1.2% and 2.3%, respectively for UF/KSF and UF/Na-KSF composite. The values for free 
FA for UF/K10 and UF/Na-K10 composite are the same and amount to 0.6%. It was 
concluded that the UF/Na-KSF composite has a smaller content of free FA (0.12%) compared 
to other UF composites. The UF/KSF composite has a higher resistance to acidic hydrolysis 
and lower liberated FA percent (1.2%). 

Keywords: Montmorillonite, Free and liberated formaldehyde, Urea-formaldehyde composite 
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