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volume of reagents. Calcium alginate beads can be 

easily fabricated by extruding drops of sodium 

alginate solution in air using a syringe and collecting 

these drops into calcium chloride solution, it offers 

little control of drop formation and millimeter-sized 

beads. Micrometer-sized beads provide higher 

mechanical strength, easier implantation and better 

transport of oxygen and nutrients [14]. Although 

alginate hydrogel beads can be fabricated by using 

microfluidic approach in micron size, the alginate 

microbeads formed were covered with oil layer, post 

cleaning process is required to remove the oil layer 

before dealing with cells. The removal of the 

immiscible fluid requires strong mechanical and 

chemical treatments, which prolongs exposure of 

the cells to divalent ions or solvents [8]. Alterantively, 

microbeads generation techniques assisted by 

airflow, electrostatic field and electrospray have 

decrease the alginate drop size and made its 

distribution relatively narrow. However, it required 

large volume of reagents in alginate beads 

fabrication and sophisticated high voltage supply to 

create atomization of alginate droplets. The purpose 

of this study is to develop a flicking device that could 

be used to produce calcium alginate (CaAlg) 

microbeads for the encapsulation of cells. The 

proposed method is simple, economic and reagent 

saving.  

 

 

2.0  MATERIALS AND METHODS 
 

2.1  Development of A Flicking Device 

 

Development of the flicking device is according to 

the flow chart as shown in Figure 1. Firstly, the 

conceptual model of the prototype for the flicking 

device was designed by using a Sketchup Pro 2014 

software. Then, the circuits of the flicking device 

were tested on a breadboard before further 

developed into a printed circuit board (PCB). Next, 

the performance of the designed circuit was tested 

with various flow rates (µl / min) and flicking speed 

(revolutions per minute). Images of the 

microcapsules from the flicker device was captured 

using a Nikon (Eclipse TS100, Japan) inverted phase 

contrast microscope, fixed with a QImaging (Go-3, 

Canada) charge-coupled device (CCD) camera. 

Based on the images captured, the size of the 

microbeads generated by different flow rates and 

motor speeds were measured and characterised. 

 
 
 
 
 
 
 
 
 
 

 

Figure 1 Flow chart for the development of a flicking device 

 
The components used in the development of 

flicking device were a lithium ion rechargeable 

battery (+12 Vdc, 2200 mAh), linear voltage 

regulator (LM317), Arduino-uno microcontroller, mini 

DC geared motor (100 rpm, 6.5 kg-cm, 6 V), 

potentiometer (10k Ω) and a 16 × 2 liquid crystal 

display (LCD). Figure 2 shows the overall block 

diagram of the circuits used for the development of 

a flicking device.A direct current (dc) 12 volt lithium-

ion rechargeable battery was used to power the 

flicking device which allows the device to be 

portable without using a power adaptor.  

A voltage regulator was used to convert the 

power source of the battery from 12 Vdc into 9 Vdc 

and then supplied to a DC geared motor and 

Arduino-uno microcontroller. Then, the 

microcontroller was used to generate a PWM signal 

to control the motor speed and read the current 

voltage level of the battery. The mini DC geared 

motor was specified to rotate at 100 rpm and hence, 

produced 6.5 kg-cm torque when 6 V was applied 

according to datasheet. At a higher voltage of 9 

Vdc, the DC motor was specified to rotate at 150 

rpm. Next, potentiometer was used to control the 

input voltage for microcontroller to generate 

different duty cycle of PWM signal.

 
Figure 2 The block diagram of the circuits for the development of a flicking device 

 

Circuit characterisation of the flicking device  

 

Determine the biopolymer for cell encapsulation 

 

Development of the flicking device  

 

Size measurement of microbeads generated by 

different flow rates and flicking speed 
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When the device was powered, the selected motor 

speed and battery level indicator would be 

displayed on a LCD screen as shown in Figure 3. The 

flicking device was incorporated with a conventional 

syringe pump to generate CaAlg microbeads. The 

effects of the motor speed and flow rate of the 

syringe pump to the size of the microbeads would be 

discussed. 
 

 
 

 

Figure 3 A LCD display of the flicking device indicating the 

duty cycle of the PWM and speed of the flicking device 

 

 

2.2  Programming Workflow of The Flicking Device 

 

The programming flow chart is as shown in Figure 4. 

The program of the Arduino-uno microcontroller was 

written in C language and it is function to read the 

user input from the switches and display the user 

selection to a LCD. In addition, the program was also 

designed to read the current voltage level of the 

battery and user selected motor speed via the 

voltage of the potentiometer. Next, the 

microcontroller was programmed to check and read 

the status of start switch in order to onset the mini 

geared motor. After the start button was being 

activated by the user, the motor started to rotate 

according to the selected motor speed. Otherwise, 

the motor would not rotate if the start button was not 

being pressed. Finally, the LCD displays the current 

speed of motor, battery indication level as well as 

the duty cycle of the PWM as shown in Figure 3. The 

PWM output of the circuit designed was captured 

using an Agilent oscilloscope (DSO-X 2022A) and a 

digital tachometer (Check line, model CDT-2000HD) 

was used to measure the rotation speed of the 

flicking motor. 
 

 
 

Figure 4 The flow chart for programming the microcontroller 

 

 

2.3  Preparation of The Alginate Solution and 

Production of Microbeads 

 

Sodium alginate (W201502-1KG) and calcium 

chloride (C1016-500G) used in the experiment were 

purchased from Sigma-Aldrich, United Kingdom. For 

the preparation of the solutions, calcium chloride 

and sodium alginate were each mixed separately in 

the distilled water and prepared in 2 % w/v and 5 % 

w/v, respectively. They required for the gelation of 

calcium alginate microbeads later. Then, the 

solutions were filtered using 0.2 µm PTFE membrane 

Acrodisc® syringe filter (Pall® Life Sciences). 

Subsequently, 2 % w/v concentration of sodium 

alginate solution and 5 % w/v concentration of 

calcium chloride solution were prepared. A 

customised system consisting of a flicking device and 

incorporated with a commercial syringe pump (New 

Era NE-4002X) was used to generate the CaAlg 

microbeads (Figure 5). A 0.5 ml insulin syringe 

purchased from BD Biosciences (Becton, Dickinson 

and Company, United States) was filled with the 

sodium alginate solution. The syringe was fixed with a 

needle of 29 gauge. An ethylene tetrafluoroethylene 

(ETFE) plastic tie (or cable tie) was used as a flicking 

flap which was fixed to the shaft of a mini DC 

geared motor. The rotation of the flicking flap 

creates a tapping force to the needle of the syringe 

while the syringe is simultaneously dispensing droplets 
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of sodium alginate via the needle.  The tapping 

force induced the dispersion of the alginate droplets 

that subsequently drop into a petri dish containing 4 

ml of calcium chloride solution. The petri dish was 

placed 5 cm directly under the needle of the 

syringe. Then, the microbeads of the calcium 

alginate formed were left in the solution for 10 

minutes for further gelation. The experiment was 

repeated 3 times for each flow rate at 5 µl/min, 10 

µl/min and 15 µl/min, respectively. A total number of 

30 calcium alginate microbeads samples were 

collected and measured each time for each flow 

rate. All experiments were performed at room 

temperature 25 oC for 20 seconds time to produce 

30 microbeads. 

  

 

3.0  RESULTS AND DISCUSSION 
 

3.1  Verification of PWM Signals 

 

 

Figure 6 (a-e) shows the signal pattern of PWM at 0 

%, 25%, 50%, 75% and 100% duty cycle respectively. 

The period of each complete cycle of a PWM 

waveform generated by the circuit is 2 ms. 5 volt 

peak to peak voltage and a frequency of 500 Hz. 

The PWM signal was used to control motor rotation 

speed of the flicking device. This result indicates that 

the designed circuit could generate different PWM 

signal effectively according to the program in the 

microcontroller. 
 

3.2  Effect of The Potentiometer Input Voltage to PWM 

Signal  
 

The potentiometer produced variable voltages 

ranging from 0 to 5 V to control the PWM signal 

varying between 0 to 100 % duty cycle. In turn, the 

PWM signals regulated the motor speed. As shown in 

Figure 7, the duty cycle of the PWM is linearly 

proportional to the input voltage of the 

potentiometer. 
 

 
 

Figure 6 The output signal of PWM shown by oscilloscope: 

(a) 0 %, (b) 25 %, (c) 50 %, (d) 75 % and (e) 100 % duty cycle 

 

 
 

Figure 7 The relationship between the duty cycle of the 

PWM signal and input voltage of the potentiometer 

 

 
 

Figure 5 The experimental setup to generate calcium alginate microbead 
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3.3  Effect of PWM on Motor Speed 
 

The relationship of the duty cycle of PWM and mini 

DC geared motor speed is as shown in Figure 8. The 

motor speeds increased gradually with respect to the 

PWM signals. The mini DC gear motor could not 

rotate when the PWM signal was lower than 10 % 

duty cycle. The minimum and maximum rotation 

speed of the motor was determined at 60 and 150 

rpm, respectively (Figure 8). There was a saturation of 

motor speed at 83 % duty cycle of PWM. Flicking 

speed is adjustable ranging between 60 and 150 

flicking per minute.  

 
Figure 8 The graph of motor speed versus duty cycle of 

PWM 

 

 

3.4  Battery Level Indicator of The Flicking Device 

 

Due to the reason that the flicking device was 

designed to be portable powered by a 

rechargeable battery, hence, a battery level 

indicator is essential to be included in the design. A 

graphical indicator of battery level was included in 

the LCD screen which enables the user to know the 

right time to recharge the battery of the device. The 

battery level indicator showed a full bar of battery as 

shown in Figure 9(a) when the battery level was fully 

charged and the device could perform in an 

optimum condition. The battery level indicator shows 

an empty bar when the battery level is on the middle 

level (Figure 9b). Then, the battery level indicator 

shows two empty bars when the battery level is low 

(Figure 9c). When the battery level is in an extremely 

low level, all bars are empty (Figure 9d).  

 

 
                                   (a)                                        (b) 

 
    (c)                                   (d) 

 

Figure 9 Battery level indicator: (a) high battery level, (b) 

middle battery level, (c) low battery level and (d) extremely 

low battery level 

3.5  Effects of Flow Rate to The Microbeads Size 

 

At a fixed motor speed of 90 rpm (production rate of 

15 microbeads per 10 seconds), variable flow rates (5 

µl/min, 10 µl/min, 15 µl/min) of the syringe pump were 

found to influence the size of the calcium alginate 

microbeads. The average sizes of calcium alginate 

microbeads generated by the flow rates of 5 µl/min, 

10 µl/min and 15 µl/min were 270.77 ± 22.96 µm, 

369.88 ± 4.47 µm and 429.85 ± 40.89 µm, respectively. 

The size of the alginate beads increased linearly with 

the flow rate of the syringe pump (Figure 10). Figure 

11 shows the different effects of the flow rate to the 

size of the microbeads. 

 

 
Figure 10 Size distribution of calcium alginate microbeads 

 

 
From the results, it clearly showed that the size of 

microbeads generated by flicking method was 

greatly dependent on the flow rate and speed of the 

flicking motor. The proper choice of these two 

parameters can produce a desirable size of 

microbeads. Smaller microcapsules (less than 300 

µm) offer many advantages for the use of cell 

transplantation as suggested in previous literature 

[13]. Furthermore, transportation of nutrients and 

oxygen is theoretically better in smaller 

microcapsules [15]. The microbeads produced by 

the flicking method were not presented with several 

problems as reported previously such as shape 

deformation [16], tail shape microbeads [17], an 

undesirable oil layer covering the beads which is 

difficult to apply to the culturing of living cells [8]. This 

technique has good potential for the encapsulation 

of cells in well controlled production of microbeads 

at room temperature. 
 



108                           Soon Chuan Wong et al. / Jurnal Teknologi (Sciences & Engineering) 78: 6–2 (2016) 103–109 

 

 

78: 6–2 (2016) 103–109 | www.jurnalteknologi.utm.my | eISSN 2180–3722 |  

  
 

 
 

  
 

Figure 11 Microbeads samples generated by different flow 

rates: (a) 5 µl/min, (b) 10 µl/min and (c) 15 µl/min. (Scale bar 

= 100 µm) 

 

 

4.0  CONCLUSIONS 
 

A flicking device has been developed to synthesise 

and fabricate the calcium alginate microbeads with 

a diameter ranging from 270 to 430 µm under flicking 

rate of 90 rpm and flow rate of alginate ranging from 

5 to 15 µl/min. This was achieved by careful control of 

the flicking speed of the flicking device and flow rate 

of the syringe pump. At a fixed flicking speed, the 

flow rate of the syringe pump directly affects the size 

of the microbeads generated. Larger size of 

microbeads was produced with higher flow rate of 

syringe pump. The flicking method proposed is a very 

straight forward and simple method to generate 

calcium alginate microbeads without complex 

preparation conditions. 
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