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Abstract — In order to realize food with customized shape, color, flavor, texture, and even nutrition, we designed and fabricated 
micro-droplet inkjet printing and an experimental setup was developed. The principle of pneumatic droplet-on-demand generator 
and the process of single droplet ejected from the nozzle were analyzed. Based on the work done, a customized color candy was 
fabricated with four food materials (cream, honey, fruit gel and starch) by using the experimental system. Experimental results 
indicate that 3D printing candy technology is effective and feasible. This works offer a new manufacturing method for customized 
color candy.   
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I. INTRODUCTION 

Additive Manufacturing (AM) is the technical term for a 
process commonly known as ‘rapid prototyping’ or ‘3D 
printing’ [1] which is defined as the process of “joining 
materials to make objects from 3D model data, layer by 
layer”. The technique is considered as a novel effective and 
low cost method for fabricating customized parts [2]. In the 
field of food manufacturing, to improve individual health 
condition, the concept of personalized nutrition which aims 
to tailor and fabricate diet specifically based on individual 
health condition has significantly prompted public interest. 
Food Layered Manufacture (FLM) [3] to describe a new kind 
of food production process that is a translation of the 
robotics-based Additive Manufacturing (AM) process into 
food fabrication. FLM technologies differ from the usual 
robotics-based technologies used in food manufacturing. It is 
a digitally controlled, robotic construction process which can 
build up complex 3D food products layer by layer [4]. The 
customized food with setting shape, color, flavor, texture, 
and even nutrition was designed and fabricated by the FLM 
[5], which has become a point of great interest to many 
researchers and organizations.  

The earliest application of 3D printed food, according to 
Wegrzyn, Golding and Archer [6], is a patent for 3D Cake 
production, using the Fab@-Home 3D Printer. Concept 
models such as the Cornucopia have been developed by MIT 
[7] and in competitions for Electrolux. Numerous efforts 
have been put into recipe modification, food printing process 
tuning, and equipment modification. Variant AM 
technologies, utilizing materials in liquid, gel, solid, and/or 
powder form, and apply many types of deposition and/or 
fusion technologies. Currently, selective sintering [8], hot 
melt extrusion/room temperature extrusion [9], power bed 
binder jetting [10], and inkjet printing [11] are applied to 
food-related printing. In this article, a micro-droplet inkjet 
printing was proposed to fabricate color candy and the 
experimental setup was developed based on the process 

principle. A customized color candy was fabricated used four 
food materials (cream, honey, fruit gel and starch) in 
different silica crucibles. The experimental results indicate 
that 3D printing candy technology is effective and feasible 
by micro droplet-on-demand deposition [12]. 

II. PROCESS PRINCIPLE 

The process principle of 3D printing color candy 
technology by micro droplet-on-demand deposition is shown 
in Fig. 1. A customized candy with desired geometric shape, 
color and material was proposed, firstly. The CAD model of 
candy is designed using modeling software (UG) and 
transformed into Stereo-Lithography (STL) format model 
data, which use a list of triangular facets and their normal 
vectors to represent the model’s boundary by modeling 
software. Then, the model is read into the slice software and 
sliced into a series of parallel layers with a certain layer 
thickness. Meanwhile, the solid areas in a layer are filled by 
droplet deposited paths, and the AM procedure file (G-code) 
including droplet deposited path and coordinately control 
instructions is generated by slice software. Finally, the 
experimental system controls the spraying of droplets and the 
motioning of deposition plat-form according to the AM 
procedure file, and the candy with desired geometry and 
material can be fabricated by sequentially de-positing micro-
droplets layer by layer. The fabricated customized candy was 
sent to the customer for tasting. 
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Figure 1. Schematic diagram of Process Principle 

III. EXPERIMENTAL SETUP 

According to the process principle, an experimental setup 
was developed, which mainly included a drop-on-demand 
generator, a droplet deposition system and a temperature 
measurement and control system. Figure 2 shows the 
schematic diagram of experimental system. The droplet 
produced module is used to generate different droplets on 
demand. The print head include six multiple silica crucibles 
to deposit different materials. The drop-let deposition 
module is consists of PMAC (program multiple axes 
controller) and 3D motion platform. The 3D motion platform 
was controlled moving in the X, Y and Z axis relative to the 
build surface and deposits material on the previous layers, 
according to data information in a certain movement pattern. 
The temperature system is used to measure and control the 
temperature of printing material and the deposition substrate. 
Which is consists of temperature controller, thermocouple 
and heating equipment. The above subsystems were 
coordinately controlled to complete the fabrication of 
component by industrial personal computer. 

 
Figure 2. Schematic diagram of experimental setup 

IV. PENUMATIC DROP-ON-DEMANG GENARATO 

A pneumatic droplet-on-demand generator, shown in 
Figure 3(a), was used to produce micro droplets on demand. 

It consists of a droplet controller, print head, pressure 
regulator, heating device, solenoid valve and inert gas 
resource. The heating furnace around the silica crucible 
maintained its temperature of food material. A nozzle was 
inserted into the bottom plate of the silica crucible. A T-
junction was connected to the solenoid valve, one of its out 
let was installed into the top plate of the crucible, a relief 
valve was connected to the other outlet of T-junction. The 
solenoid valve connecting the gas supply to the droplet 
generator chamber was switched on and off, creating a 
pressure pulse inside the droplet generator chamber. 

Figure 3(b) shows the process of single droplet was 
ejected from the nozzle. During the process, the gas pulse 
pressure inside the droplet generator chamber was as a 
driver, which was produced by switching on and off the 
solenoid valve. When the solenoid valve was switched on, 
the high-purity argon gas was entered into the crucible 
chamber. The gas pressure inside the crucible was enlarged 
and the food liquid was forced out through the nozzle 
forming a jet. Then, the tip of the jet was detached to form a 
single droplet under the force of gravity and surface tension. 
When the solenoid valve was switched off, the argon inside 
the cavity escaped through the vent on top of the droplet 
generator, pressure inside the droplet generator dropped 
rapidly below atmospheric pressure. The liquid was pulled 
back into the nozzle and no more droplets were formed until 
another pressure pulse was applied. 

 

 

(a) the structure of generator (b) the ejecting process of food droplet 
Figure 3. Schematic diagram of the pneumatic droplet-on-demand 

generator  

V. FABRICATION OF COLOR CANDY 

In order to verify the method is feasible to 3D printing 
color candy by micro droplet-on-demand deposition, a series 
of experiments were conducted using the mixture material 
(honey, cream, and sweet water). The main parameters of the 
deposition process were: spraying frequency (1-10Hz); 
substrate temperature (50℃); eject pressure(0.15Mpa); pulse 
width(4ms); nozzle diameter(500μm,800μm,1000μm and 
1500 μ m); 3D platform velocity (0.6mm-3mm/s) and 
deposition distance (10mm). The single droplet was 
deposited point by point according to the rectangle under the 
1Hz spraying frequency, as shown in Fig.4 (a). Fig.4 (b) 
shows the deposited results of lines under different nozzle 
diameters. It is observed that the width of the deposited line 
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is increasing significantly with the increase of nozzle 
diameter from0.5mm to 1.5mm. A customized color candy 
was fabricated based above the experimental setup, which 
used four food materials (cream, honey, fruit gel and starch) 
in different silica crucibles. The candy was deposited layer 
by layer with different food droplets according to the 
designed trajectory. The experimental results indicate that 
the novel 3D printing candy technology is effective and 
feasible by micro droplet-on-demand deposition. The 
customized food could be fabricated by adjusting process 
parameters and changing food material with the developed 
experimental setup, just as in figure 5. 

 
(a) deposited point (b) deposited line (c) deposited color candy 

Figure 4. The experiment results of deposited candy 
 

  
Figure 5. The customized food design and fabrication color candy 

VI. CONCLUSIONS 

The micro-droplet inkjet printing was proposed to 
fabricate color candy and the experimental setup was 
developed based on the process principle. The pneumatic 

droplet-on-demand generator was developed and the process 
of single droplet ejected from the nozzle was analyzed. A 
customized color candy was fabricated used four food 
materials (cream, honey, fruit gel and starch) in different 
silica crucibles. The experimental results indicate that 3D 
printing candy technology is effective and feasible by micro 
droplet-on-demand deposition. 
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