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Abstract This study demonstrated how to quickly and
effectively print two-dimensional (2D) and three-dimen-
sional (3D) microfluidic chips with a low-cost 3D sugar
printer. The sugar printer was modified from a desktop 3D
printer by redesigning the extruder, so the melting sugar
could be extruded with pneumatic driving. Sacrificial
sugar lines were first printed on a base layer followed by
casting polydimethylsiloxane (PDMS) onto the layer and
repeating. Microchannels were then printed in the PDMS
solvent, microfluidic chips dropped into hot water to dis-
solve the sugar lines after the PDMS was solidified, and
the microfluidic chips did not need further sealing. Differ-
ent types of sugar utilized for printing material were stud-
ied with results indicating that maltitol exhibited a stable
flow property compared with other sugars such as caramel

Electronic supplementary material The online version of this
article (doi:10.1007/s10404-015-1571-7) contains supplementary
material, which is available to authorized users.

4 Jianzhong Fu
fjz@zju.edu.cn

Yong He
yongqin@zju.edu.cn

The State Key Lab of Fluid Power Transmission and Control,
School of Mechanical Engineering, Zhejiang University,
Hangzhou 310027, China

Key Laboratory of 3D Printing Process and Equipment
of Zhejiang Province, School of Mechanical Engineering,
Zhejiang University, Hangzhou 310027, China

College of Biomedical Engineering and Instrument Science,
Zhejiang University, Hangzhou 310027, China

Department of Orthopaedic Surgery, the Second Affiliated
Hospital, School of Medicine, Zhejiang University,
Hangzhou 310009, China

or sucrose. Low cost is a significant advantage of this type
of sugar printer as the machine may be purchased for only
approximately $800. Additionally, as demonstrated in this
study, the printed 3D microfluidic chip is a useful tool uti-
lized for cell culture, thus proving the 3D printer is a pow-
erful tool for medical/biological research.

Keywords Microchannel - Microfluidic chip -
3D sugar printer - Cell culture

1 Introduction

Microfluidic chips (also referred to as “lab-on-a-chip”)
have significantly influenced biological and medical
research in recent years, leading to advances in tissue engi-
neering, proteomics and chemical analysis (Di Carlo et al.
2014). Studies indicate that 3D microfluidic chips can over-
come the limitations of conventional two-dimensional (2D)
microfluidic chips. Advantages include improved observa-
tion efficiency (Hanada et al. 2008), continuous 3D motion
(Hanada et al. 2011) and integration of more functions.
Research studies in the past 20 years have focused on fab-
rication methods and materials for 3D microfluidic chips.
Various fabrication methods for 3D microfluidic chips
include photolithography (Chiu et al. 2000; Anderson et al.
2000; Love et al. 2001; Wu et al. 2003; Abgrall et al. 2006;
Romanato et al. 2004; Zhang et al. 2010) and femtosec-
ond laser writing (Hanada et al. 2008, 2011; Bhuyan et al.
2010; He et al. 2012; Liao et al. 2012). Photolithography is
commonly utilized to produce 3D microfluidic chips with
the process fabricating each layer, aligning the patterns of
different layers and bonding all layers together. Femtosec-
ond lasers have also been used to fabricate 3D microfluidic
chips on glass. 3D microchannels with arbitrary lengths and
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configurations inside glass can be achieved (Hanada et al.
2011), and a high aspect ratio of taper-free microchannels
can be created (Bhuyan et al. 2010) with this method.

Other unique methods for creating 3D microfluidic
chips have been inventive. One method of direct fabrication
yields tunable nanochannel arrays between microchannels
with tunnel cracking of a brittle layer constrained between
elastomeric substrates (Mills et al. 2010). Another novel
approach utilizes electrical energy to fabricate 3D micro-
fluidic channels in polymers that resemble the vascular
networks of living systems. High electrical charges are cre-
ated inside a substrate with this method, locally vaporizing
and fracturing the polymer and resulting in a quickly con-
structed branched 3D microchannel network resembling
tree architecture (Huang et al. 2009).

Cost and efficiency remain a challenge to the many pos-
sible methods for fabricating 3D microfluidic chips. The
conventional method of photolithography for fabricating
high-resolution, 2D microchannels is impractical for mass
production of 3D microfluidic chips as alignment is time-
consuming and difficult to automate and, though femtosec-
ond laser is capable of creating arbitrary microchannels,
expensive laser equipment and rough channel surfaces limit
its wide use. Customization of channel size is hard to con-
trol with other delicate methods, such as tunnel cracking
and electric charge vaporizing.

The embedded sacrificial element method has recently
been utilized to fabricate microchannels at low cost. Mate-
rials such as carbohydrates, hydrogel, metals or polymers
are utilized as sacrificial templates yielding microchannels
after sacrificial structures are removed from the solidified
polymer. A type of sacrificial material, in this method, is
printed on the substrate to form 2D patterns or 3D lattice
matrixes, while a separate encapsulation material is then
cast onto the sacrificial structures to create a 3D micro-
fluidic network. Once the encapsulation material solidi-
fies, the sacrificial structures are dissolved to reveal a fine
microfluidic chip with 3D microchannels. One approach
for retrieving the chip with the 3D microchannels utilizes
direct-write assembly to fabricate microchannels in epoxy
matrices. This method can be applied to reproduce biomi-
metic microvascular networks of varying microchannel
size and hierarchical order (Therriault et al. 2003; Wu et al.
2010). The sacrificial material used for direct writing is
a type of fugitive organic ink that is mainly composed of
wax. Micromolded networks of gelatin conduits have also
been dissolved to yield vascular architectures within col-
lagen gel as gelatin melts at low temperature (Baker et al.
2013). Commercially available water-soluble material (pol-
yvinyl alcohol, PVA) has also been utilized to compose 3D
printed negative templates as 3D structured channels were
derived once PDMS was cast and the templates were dis-
solved (Canali et al. 2015).
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The properties of sugar, including cost efficiency and
dissolution characteristics, are advantageous for a variety
of uses including its application as a sacrificial material to
fabricate microchannels. Sugar also creates smooth micro-
channels when fused sugar is extruded while sugar fiber
has been used as a template for fabricating microchannels
with manual handling (Li et al. 2009; Bellan et al. 2009;
Lee et al. 2012). When caramelized sucrose fiber is used
as a core template, biomimetic nerve scaffolds with aligned
intraluminal microchannels can be obtained with a melt-
spinning technique (Li et al. 2009).

Melt-spun sugar fibers (cotton candy) have also been uti-
lized to make sacrificial sugar structures and form micro-
channels, resulting in a 3D, fluidic vascular network in a
polymeric matrix (Bellan et al. 2009). 3D microchannel
architectures in sucrose-based fabrication can also be estab-
lished after shaping, bonding and assembly of sucrose fib-
ers (Koyata et al. 2013). Miller et al. (2012) demonstrated,
with a modified 3D printer, a method to print 3D lattice
networks with sugar and apply these networks to construct
vascular networks for perfusable engineered three-dimen-
sional tissues. Koyata et al. (2013) printed arbitrary 2D
sugar patterns with a 3D printer to yield 3D microfluidic
chips with these patterns. Questions remain for 3D printing
with sugar despite the significant research effort. Micro-
channels on each layer, for instance, connect only with
channels on the next layer at some junctions in common 3D
microfluidic chips, rather than with a complete 3D lattice
network; thus, a new process is required for fabrication of
common 3D microfluidic chips.

A simple, low-cost method for fabricating sealless 3D
microfluidic chips with a 3D sugar printer is proposed in
this study. A desktop 3D printer was first modified with a
newly redesigned extruder for pneumatic driving of sugar
material. The modified printer was considered to be suit-
able for channel pattern customization, and total costs
were approximately $800 with the fabrication cost of each
microfluidic chip $1 or less, mainly for the PDMS. Sev-
eral types of sugar were then examined, and maltitol was
selected as the print material due to stable properties related
to melt status, suitable surface tension and high water solu-
bility. The diameter of printed microchannel could reach
40 pm, yet other modification methods were provided to
solve the difficulty experienced with fabrication of micro-
channels below 100 pm due to 3D printing limitations.

2 Materials and methods

2.1 3D sugar printer and software

An original desktop 3D printer (Zhejiang Flashforge 3D
Technology Co., Ltd., China), with a purchase price of
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Fig.1 Components of 3D sugar printer (a) schematic of 3D sugar
printer (a 3D sugar printer system consists of a computer with 3D
software for sugar printing, a 2D stage (XY stage) with a hot plate, a

approximately $600, was modified for sugar printing.
The modified 3D sugar printer system consisted of four
main parts, including a redesigned sugar extruder and a
PDMS extruder, a 3D motion stage, a temperature control
device and a pneumatic control device (Fig. 1a). The 3D
printer motherboard (RepRap Megatronics V2.0 mother-
board) originated from the open-source RepRap (repli-
cating rapid prototyper) project and was a key part of the
modified printer. The 3D motion stage, an original com-
ponent of the printer, consisted of a 2D stage (X and Y
axes) determining the planar printing path and a vertical
stage (Z axis) with two fixed extruders that determines the
distance between the extruder and the printing substrate.
The extruders were designed to produce fused sugar pow-
der and liquid PDMS, respectively, and consisted of sev-
eral parts, including syringe, nozzle and pneumatic con-
nector. A redesigned stainless syringe was utilized by
the sugar extruder while the PDMS extruder applied a
commercially available polypropylene syringe with both
extruders connecting to a pneumatic control device with

vertical stage with a redesigned sugar extruder and a PDMS extruder,
pneumatic control device and air supply). b Operation of the printing
software

Teflon hoses. The pneumatic control device was a dis-
penser (YCC-986C, Advanced ELE EQUIP Co., Ltd., Tai-
wan) simply connected to air pump and the printer with
the printer motherboard modified to control the dispenser.
The sugar extruder had an attachable heating device for
melting sugar and for maintaining a steady extruder tem-
perature while the heating device consisted of a thermis-
tor temperature sensor (NTC, 100 K€2) and custom-made
polyimide electrothermal membrane (100 mm x 100 mm,
12V, 90 W). The enclosure of the sugar extruder was sur-
rounded by the electrothermal membrane, and the entire
sugar extruder was covered with polyimide tape for ther-
mal insulation purposes while the motherboard acted as a
PID (Proportion Integration Differentiation) controller to
retain steady temperatures of £0.5 °C. Replaceable noz-
zles were utilized for the sugar and PDMS extruders to
prevent blocking by solidification and for ease of replace-
ment and cost efficiency while the pneumatic control
device pushed the liquid sugar or PDMS out with air to
maintain air pressure.

@ Springer



450

Microfluid Nanofluid (2015) 19:447-456

Total cost of the modified 3D sugar printer was minimal
at approximately $800 (Tab. S1) with the original desktop
3D printer a significant percentage of the cost. The sugar
extruder may be custom made, while other components
such as the temperature controller, pneumatic control
device, electronic accessories and Teflon hoses are avail-
able for purchase on many online vendors. Comparing
the Fused Deposition Modeling technology (FDM) sugar
printer designed in this study to other commercially avail-
able 3D printers that fabricate fluidic devices, the study
printer is competitively priced with acceptable printing
accuracy (Table 1).

The printing software was modified from an open-
source 3D printing software to allow control over printer
portions containing the moving stage, the temperature
control device and the pneumatic device. Operation of the
printing software consisted of several steps: (1) A micro-
channel visual model was set up first, and a 3D model was
obtained with commercial 3D modeling software (e.g.,
SolidWorks, Unigraphics NX); (2) the 3D model was sub-
sequently transferred to the 3D printing software in the
file format for STL (stereolithography) models; (3) the
3D printing software covered the STL model and trans-
lated the coordinates and movement paths into machine
control code such as G code; and (4) the control code was
reviewed and revised and then used to initiate the process
(Fig. 1b). Printing software supplied the preview interface
indicating the printing path and real-time printing param-
eters, thus providing a visual inspection for microchannel
fabrication.

2.2 Fabrication of 2D and 3D microfluidic chips

The microchannel structure should be checked prior to
printing to determine needs for supporting materials. FDM
technology applied in the 3D sugar printer requires sup-
porting materials to fabricate special types of 3D structures,
while all 2D structures and some 3D structures may be
directly printed without supporting materials, i.e., direct 2D
and 3D sugar structures.

Fabrication procedures include (Fig. 2) first mixing the
prepolymer, curing agents for PDMS (Sylgard 184, Dow
Corning, USA) at a 10:1 (w/w) ratio and then placing in
a vacuum drying oven for degassing. Maltitol (Aladdin
Industrial Corporation, Shanghai, China) powder is placed
in the extruder next and heated to 150 °C to melt. The fused
maltitol is squeezed out by air pressure and directly written
to form 2D and 3D sugar structures according to the desired
pattern path. Superior processing efficiency is achieved as
the sugar printing process can be completed within 5 min.
PDMS is then poured on the sugar structures and cured
in an oven (25 min @ 85 °C). The microfluidic chips are
formed, finally, as the printed construction is placed in
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Table 1 Comparison of 3D printers

System Technology X-Y resolution (um) Price

Objet Connex 350 SLA 42 $333,533

Objet Geometries SLA 42-84 $101,199
Eden 250

MiiCraft SLA 56 $1999

3DTouch FDM 125 $4718

Sugar Printer FDM 100 $811

SLA stereolithography appearance, FDM Fused Deposition Modeling

boiling water (10 min @100 °C) to dissolve the maltitol
pattern. Further sealing is not required with this method as
with conventional methods, and the minimal time invest-
ment of fabrication and customization, combined with low
cost, is 1 h or less from design of microfluidic chips to the
final production.

Limitations arise when complicated microchannels are
printed without supporting materials. Collapse of the 3D
structure may occur between the junctions of different
channels due to surface tension and gravity after printing
hot sugar filaments (Fig. 3a [I] and Fig. S1). Large space
between two adjacent microchannels may lead to the struc-
ture’s collapse, restricting the design of sugar structures.

Fabrication of other complicated 3D microfluidic chips
is investigated utilizing PDMS as the supporting material
during printing. FDM technology is applied to first slice the
model into multiple layers along the Z direction and then
print each layer that will then be inspected for determin-
ing supporting material requirements. Collapse issues are
resolvable as the junctions of microchannels can be freely
arranged with this method (Fig. 3a [1I]).

Several steps are involved to fabricate 3D microflu-
idic chips with supporting materials (Fig. 3b). PDMS is
first poured on the substrate (glass or polymer) and cured
to form the base layer before printing. The 3D structure
is printed layer by layer along the Z direction with sugar
lines printed as the designed pattern path in each layer.
Junctions connecting different layers are arranged freely in
each layer to obtain 3D structures. The key point of this
method is to determine the printing of supporting materi-
als, i.e., PDMS. PDMS is extruded as printing path when
supporting materials are required in one layer. Dilution
with silicone oil (OS-20, Dow Corning, USA) is applied
as required to control viscosity. The hot plate on the 2D
stage is then heated to 100 °C for 5 min to cure the liquid
PDMS. Air pressure and viscosity are regulated for con-
trolling the extruding rate and volume of PDMS, thus con-
trolling the thickness of the cured PDMS with the same
curing time. Printing of supporting materials (PDMS),
however, does not require exceptional printing accuracy.
A 3D sugar structure is formed by repeating the printing
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a

Fig. 2 a Fabrication procedures: / Direct 2D or 3D sugar structures are
printed. 2 PDMS is poured on the structures and cured. 3 Sugar struc-
tures are removed, and microfluidic chips are obtained without further

Fig. 3 a Comparison of micro-
channels with (/) and without
(II) collapse (1 top view of adja-
cent microchannels; 2 3D view
of adjacent microchannels).

b Schematic procedure of 3D
microfluidic chip with support-
ing material fabrication. The
base layer is obtained before
printing, and the sugar printing
is finished layer by layer along
Z direction with PDMS as
supporting materials. Junctions
connecting different microchan-
nels can be arranged freely in
each layer. PDMS is poured to
seal the microchannel, and the
chip is placed in boiling water
to remove sacrificial maltitol.
Dye is infused to assess the
fabricated chip

Glass or
Polymer

4.Print sugar pattern

process in every layer, and following fabrication of the
planned layers, the PDMS mixture is poured and solidified
to form the final pattern. The printed construction is placed
in boiling water (10 min @100 °C) dissolving the maltitol
pattern to form microchannels. Fabrication of 3D struc-
tures with supporting materials can be achieved within an
hour with printing time dependent on complexity of the
structure.

- 5mm

sealing. b Printed 3D sugar structure (size: 25 mm x 25 mm x 2.2 mm).
¢ A 12-layer 3D microvascular network

2.Print sugar pattern 3.Print PDMS to get 1% layer

Junction

»

5.Repeat proecess and seal 6.Dissolve and liquid perfusion

3 Results and discussion

3.1 Printing material

Miller et al. (2012) utilized a sucrose—glucose mixture as
printing material, while Koyata et al. (2013) utilized a mix-

ture of glucose and fructose. Formation of a stable print-
ing material requires the mixture to be melted and stirred
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Table 2 Melting temperature of different sugars

Types of sugar Melting Melting Cost
temperature (°C) property (USD/kg)
Sucrose 186 Easily oxidized 12.6972
Maltose 110 Stable, good flow 128.5996
property
Maltitol 149-152 Stable, good flow 51.5701
property
Glucose 146-150 Easily oxidized 22.4642
Fructose 103-105 Easily oxidized 35.6498

Cost analysis is based on the sugar prices at Aladdin Industrial Cor-
poration, China. Sugar purity is higher than 95 % to avoid extruder
blockage

for approximately an hour. An optimized mixture, how-
ever, is difficult to fabricate as melting properties for each
raw sugar batch may differ. Sucrose, fructose and glucose
do share a property of easy oxidization during the melt-
ing process causing the nozzle of the extruder to be eas-
ily blocked with the thermal decomposition. Various types
of sugar were examined for the following characteristics to
select the best fit for printing: (1) proper melting point for
the printing temperature; (2) properties during fusion that
yield stable printing quality and high repeatability; and (3)
low cost for fabrication. Maltitol was selected as the most
appropriate material for fabrication (Table 2).

Results indicate that sucrose exhibited a higher melting
point than other sugars, sucrose and fructose were not sta-
ble, glucose was easily oxidized, and maltose and maltitol
retained stable melting status. Extrusion experiments also
indicated that melting maltitol exhibited better flow proper-
ties than maltose. Melting maltitol (C,,H,,0,,-H,0) exhib-
ited additional advantages in other experiments leading to
the selection of maltitol as a suitable printing material for

Fig. 4 a Cross section of
printed microchannel.

b Microchannel with smooth
inner walls. ¢ Correlations of
microchannels’ diameters and
printing parameters
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a 3D sugar printer. Characteristics include the following:
ability to remain colorless and transparent for long periods,
thus ensuring the nozzle remained free from blockage. Suf-
ficient surface tension remains without applying gas pres-
sure, allowing the prevention of sugar drops from appear-
ing on non-desired areas due to gravity. Rapid solidification
properties resulted in a preferable smooth surface and,
finally, a comparatively reasonable cost.

3.2 Analysis of printing quality and printing cost

The printing quality and cost of microchannels were inves-
tigated. The final shape of the microchannels’ cross section
was oval or approximately circular (Fig. 4a) since the shape
of the printed sugar filament was affected by surface ten-
sion. The images of microchannels were captured with a
VHX-100 microscope (KEYENCE, Japan), and from the
view of Fig. 4b, the inner walls of microchannels were
found to be smooth.

Diameters of printed sugar filaments are affected by sev-
eral processing parameters, including nozzle size, air pres-
sure, printing temperature and printing speed and can be
fitted with the following equation utilized by past research-
ers (Miller et al. 2012; Koyata et al. 2013):

D =Av 9 (1)

where D is diameter of printed sugar filaments, v is the
velocity of the motion stage, and A is a constant determined
by nozzle diameter and extrusion flow rate. The extrusion
flow rate was determined by air pressure and heating tem-
perature, and the exact value of A in line with the nozzle
diameter, air pressure and heating temperature could be
attained according to the experiment results.

Results presented in Fig. 4c are in alignment with the
equation and demonstrate that diameters of microchannels
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Fig.5 Images of fabricated 2D and 3D microchannels utilizing
a 3D sugar printer. a—¢ 2D microchannels (microchannel diam-
eter = 200 wm). d Top view of fabricated 3D microchannel. Dyed
liquid was used to verify the connectivity of the entire 3D microchan-
nel. e 3D microchannel analyzed with two different dyed liquids (red

decreased as printing speed increased, thus indicating print-
ing accuracy of printed microchannels is controlled by regu-
lating the printing speed (Fig. S2). Nozzle size utilized was
0.3 mm with a minimum microchannel diameter reaching
40 pm by altering air pressure and heating temperature.
Diameter could reach several microns with a smaller noz-
zle; however, microchannel fabrication of several microns

and purple). The first layer (red) was connected to the second layer
(purple) through a junction. f 3D view of the channel observed with
a microscope. The image confirms the 3D structure of the microchan-
nel (color figure online)

experienced challenges requiring additional manufacturing
investment in facilities. Additional methods, such as surface
coating (Song et al. 2010; Abdelgawad et al. 2011), were
available for modification of microchannels to create circu-
lar cross sections and reduce the channels’ size (Fig. S3).
Printing costs were considered in this study with cost
associated mainly with the printed maltitol and PDMS.
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Fig. 6 a 3D microfluidic chip.
b Phase-contrast images of a
SKOV3 cells in the microfluidic
chip after 24, 36 and 48 h of
culture. ¢ Fluorescent images

of SKOV3 cells in the chip
after 60 h of culture. By AO/
EB staining, green fluorescent
signal indicated active (live)
cells and red indicated perme-
able (dead) cells (color figure
online)

Cell culture
area

The average cost of PDMS in each microfluidic chip was
$0.827, while the average cost of maltitol was $0.154
and each 3D microfluidic chip could be custom-produced
for less than $1 per chip, a comparatively competitive
cost for microchannel fabrication compared with other
technologies.

3.3 Demonstration of 2D and 3D microfluidic chips

Figure 5 presents 2D and 3D microchannels produced by
the 3D sugar printer. The 2D microchannel pattern was
a combination of straight lines (Fig. 5a, b) and curves
(Fig. 5c). Previous studies involved simple drawing of a
channel pattern with straight lines, but with the assistance
of a 3D printer and printing software, the 2D microchannel
pattern could be customized.

3D microchannels can also be fabricated with a 3D
sugar printer and exhibit great potential for biological
applications. Figure 5d, e presents a 3D microchannel with
the inlet located in the upper layer and the outlet located
in the lower layer. Dyed liquid was utilized to test the
microchannel, and results indicated no connection between
the microchannels in two distinct layers except for the
designed junction. Figure 5f also indicates the 3D structure
of the microchannel; thus, this method utilizing a 3D sugar
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printer, also characterized by low cost and high processing
efficiency, indicates considerable promise for fabricating
microchannels over other conventional methods.

3.4 Cell culture with 3D microfluidic chips

A 3D microfluidic chip fabricated with the 3D printer is
demonstrated in Fig. 6a. The 3D chip was designed for
microfluidic cell culture and can be applied to further
biological applications such as drug selection. Different
layers, including inlets and outlets, were utilized to fabri-
cate microchannels in the chip to derive the 3D structure.
Human ovarian cancer cell line SKOV3 was cultured to
display the feasibility of cell culture in the chip.

The SKOV3 cell was purchased from the Shanghai
Cell Bank of Chinese Academy of Sciences. The cell cul-
ture medium contained McCOY’s 5A (Sigma-Aldrich, St.
Louis, USA) supplemented with 10 % fetal bovine serum
(FBS) (Gemini, USA). Matrigel matrix (BD Biosciences,
San Jose, USA) was inserted in the device, and the cells
were seeded in microchannels with culture medium at a
concentration of 1 x 10° cells/ml. Cells were incubated at
37 °C in a humidified atmosphere containing 5 % CO,, and
the cell culture medium was perfused with a flow rate of
10 pwl/h by utilizing a syringe pump (BS-9000, Braintree
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Scientific, USA). The cultured cells were observed with
phase-contrast microscope (CKX41, Olympus, Japan)
after 24, 36 and 48 h of culture with observation results
displayed in Fig. 6b. The density and population of cells
grown on the microchannels increased over time. Cell
forms were polygonal and widespread with fine filopodia
after 48 h of culture compared with those cultured after
24 or 36 h. Additionally, the SKOV3 cells were cultured
for 60 h and then stained with AO/EB (Solarbio, Beijing,
China) to determine cell viability. Microfluidic channels
were imaged under the fluorescent inverted microscope
(DMI4000, Leica Microsystems, Germany) after a 30-min
incubation time (Fig. 6¢). Image J (National Institutes of
Health, Bethesda, MD) analysis revealed a cell viability of
approximately 97.53 £ 0.85 %.

4 Conclusions

Fabrication of microchannels using a 3D sugar printer was
investigated in this study. Results designate this innovative
method as practical in forming 2D and 3D microchannels
rapidly and cost efficiently with the main equipment costs
for a 3D sugar printer only approximately $800. A selec-
tion process was implemented to determine a sugar type
with superior qualities for use in fabrication with malti-
tol selected as the print material due to stable properties
related to melt status, suitable surface tension and high
water solubility. 3D sugar printing of 3D microfluidic chips
is achieved with low cost and high efficiency compared
with the conventional methods of photolithography and
femtosecond laser, while customization control for chan-
nel size experiences improvement over other delicate meth-
ods, such as tunnel cracking and electric charge vaporizing.
Additionally, 3D printed microfluidic chip was utilized for
cell culture, showing this technique’s potential use in bio-
logical researches. And future work for biomedical applica-
tions with this technique will be done.
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