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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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There are known several biological processes for the utilization of biomass, such as ethanol 
fermentation or anaerobic digestion. Some of the core challenges of enzymatic hydrolysis and 
fermentation are the on-line and real-time monitoring of process efficiency, detection of 
optimum process time and end product inhibition, and predicting end-point of biodegradation 
processes. Determination of the changes in dielectric behavior of bio-systems is suitable for 
these purposes, but the applicability of dielectric measurements is not investigated in details in 
biomass biodegradation and utilization processes.  
Our research focuses on the determination of the frequency dependent change of reflection 
coefficient (), dielectric constant (’) and dielectric loss factor (”) in the frequency range of 
200-2400 MHz during batch enzymatic hydrolysis of cellulosic biomass (using corn cob feeds 
and grits as substrate for enzymatic degradation by enzyme blend of xylanase and cellulase), 
lab-scale yeast ethanol fermentation (applying separated and simultaneous saccharification and 
fermentation process, as well), and lab-scale batch mesophilic anaerobic digestion process 
(using municipal and food industry originated wastewater sludge as feed).  
Our results verified that the decomposing of high molecular weight components, therefore the 
increment of the concentration of smaller and more polar compounds, furthermore the liberation 
of ionic components from cell membranes and intracellular space and/or the destruction of 
extracellular polymeric substance, and the change of binding energy of water molecules to 
macromolecules (ratio of free to bounded water) have effect on the dielectric behavior of the 
high water contented suspensions and substrate-enzyme-microorganisms-end/side products 
contented systems. It can be concluded that the dielectric constant (’) measured at a frequency 
range of 300-500 MHz was the more sensitive parameter to monitor the biodegradation process 
and fermentation efficiency of cellulosic biomass and wastewater sludge, as well. 
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