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ABSTRACT 

 
         The culturing and preparation of cells or tissues normally generates liquid wastes that must be assessed and managed according to 

the biological, chemical, and radiological hazards contained within them. Potentially infectious cell or tissue culture waste media 

constitutes a biological waste that must be disinfected prior to disposal. Waste of culture medium contains cells, nutrient, lipids, vitamins 
etc. This project is to set up a fully-automated biopolymer medium inlet system for the purpose of recycle culture medium and mass 

producing tissue engineering skin. This prototype has enhance sustainability is medicine. In this project, used culture medium was 

transported out of the culture tray and then collected in a collector tank where recycle the useful medium. It’s a challenge to design the 
control circuit with proper automation which enables the flow of the medium around the system efficiently. Lastly, this project has 

showed a good start to health improvement because this project is a life-changing project and may improve the health of the people who 

requires skin tissue treatment. In terms of profit, this project has a unique build and its marketing potential is very wide. This project 
proposed innovation and that a real business opportunity exists, should the technology prove feasible. 
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INTRODUCTION 
 

 In recent years, the demand for laboratory-

grown tissue cells has increased. These in vitro 

tissues are used in most major burns and injuries that 

have resulted in a loss of body tissue. Tissue 

engineering is the study of creating manmade body 

tissues and organs through extracting them from a 

healthy source and culturing them through different 

stages of growth. Other than biological applications, 

tissue engineering also requires biomechanics in the 

growth process [1]. Currently, culturing tissues like 

skin and bone are widely practiced in many countries 

whilst organs such as the bladder and lung have been 

successfully produced and implanted onto human 

patients [2]. These developments have greatly 

advanced the medical field and it is important to note 

that engineering applications were also involved in 

the process. 

 In order to obtain a rough estimation of the 

business value, firstly, the market is being 

considered. The health of the mankind is always 

important, thus, an increase in the global population 

will also increase the demand for cosmoceutical 

products. The marketing potential of this project will 

be assumed to be growing. This system is also 

considered to be average as this project is supposed 

to mass produce tissue cells as this is different from 

any ordinary bioreactor that only serves the purpose 

of providing suitable and sterilized environment for 

the growth of the tissue cells.  

 In the tissue culture system, the tissues that are 

cultured are very fragile and may break easily when 

in presence of any slight disruption or ripples from 

the medium. Thus, the tissues have to be submerged 

in the medium carefully with constant and steady 

flow of the medium to provide proper nutrients for 

growth of the tissue cell [3]. The medium culture 

used for the tissues must also ensure that the tissues 

do not rupture due to high velocities of turbulent 

flow from the medium source. Therefore, the input 

and output flow of the medium must be controlled 
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by automation of an electronic circuit which is to 

minimize the flow velocity of the medium at any 

preferred rate. With such efficient method being 

maintained, this allows the primary objective of the 

technique to occur, which is to mass produce tissue 

cells in a more economic and effective way for 

surgical and medicinal purposes. The tissue cells are 

soaked in the medium for a fixed period of time.  

 As stated by Martin et al. [4] in an excellent 

review paper, bioreactors can be defined as devices 

in which biological and/or biochemical processes 

develop under closely monitored and tightly 

controlled environmental and operating conditions 

(e.g., pH, temperature, pressure, nutrient supply, and 

waste removal). Different bioreactor systems 

matching this definition are currently being used in a 

wide range of biotechnological applications 

including industrial fermentation processing, 

wastewater treatment, food processing, and 

biopharmaceuticals manufacturing [5]. However, for 

tissue mass culture, bioreactors should primarily be 

used to modulate mass transfer, which is absolutely 

essential for both nutrient supply and waste 

elimination to maintain cell viability within large 

three-dimensional (3D) assemblies [6]. Although 

several bioreactors have been designed to engineer 

cardiac tissue with some level of success, but many 

shortcomings were remain [7]. Most current 

bioreactor designs are limited in function, complex, 

unreliable and difficult to set up and operate [8,9]. 

They have not been designed for low cost, ease of 

use, and reliability, and most important the issues of 

sustainability are not being concerned. 

 Based on the finding of Magda [10] on hospital 

solid waste, liquid medical waste was being 

discharged into municipal sewers in 75% of the 

surveyed hospitals without pre-treatment. There is a 

need to find proper procedure for handling liquid 

medical waste. The most frequently used treatment 

for solid medical waste was incineration; one of the 

surveyed hospitals was equipped with an incinerator, 

but this facility did not meet the national pollution 

control regulations. Improper incineration practices 

have been adversely reflected on the public health of 

the surrounding communities. It can be seen that 

there is a need for provide a solution for sustaining 

medical medium usage. 

 

2. Objectives: 

 This project is to design a culture medium 

recycle system to recycle cell culture medium waste, 

namely fully automated medium inlet system. 

 

Materials and Methods 
 

 The flow of the medium will be controlled by 

the design of the input and output system of the 

prototype. The body of the prototype should be 

guarantee on the durability to ensure no leakage of 

medium to prevent bacteria or any other harmful 

substances from entering the chamber as it will harm 

the tissue cells. This is because tissue cells have to 

be in a completely clean or sterilized environment in 

order to grow. For the control circuit, it is to ensure 

that the valves are properly controlled with 

appropriate timing for the opening and closing of the 

valves to prevent overflow of the medium and also 

to maintain a constant flow rate of the medium for 

the tissue cells. The control system is also allow the 

flow of medium around the body of the project in a 

cycle to allow equal spread of the medium for the 

tissue cells and also for filtering new medium in and 

out. 

 

3.1. Overall mechanisms: 

 The mechanism of the system begins at the 

collector tank. Firstly, the ball valve located at the 

collector tank will be released and this allows the 

medium to flow down to the reactor tank through the 

rubber tube. In this reactor tank, it contains two 

holes, which is a hole from the collector tank which 

allows the flowing of the waste medium from culture 

tray and another hole at the base of the tank to allow 

the flow of waste medium down to the storage tank. 

The waste medium from the reactor tank can only be 

released down to the collector tank when the ball 

valve between them is opened. In this collector tank, 

there will be a filter pump which filter the medium 

and then transfer to a storage tank through rubber 

tube. The storage tank is where all the filtered 

essences are stored separately.  

 Since the medium has to be pumped up to the 

storage tank, the storage tank is definitely located at 

the highest peak. Next, the medium has to flow 

down from the storage tank to the reactor tank using 

gravitational force, thus, the reactor tank has to be 

located lower than the reactor tank. Lastly, since a 

filter pumped has to be placed inside the reactor tank 

and recycle medium have to be released down from 

the reactor tank to the collector tank with the aid of 

gravitational force, it concludes that the collector 

tank is located right below the reactor tank. Thus, 

this has proven a complete flow cycle of the medium 

around the system. 

 

3.2 Storage tank: 

 There will be three main storage tanks; each 

tank serves different purposes such as the reactor 

tank, collector tank and storage tank.  

 The filter pump will be located at the collector 

tank and has the capability of sending the medium 

from the collector tank to the storage tank. The ball 

valves will be located between the storage tank to 

the reactor tank and also between the reactor tanks to 

the collector tank. The ball valve will be located at 

the storage tank is to maintain a constant flow rate 

and smooth flow of medium from the storage tank to 

the reactor tank. This ball valve is very important as 

it ensures the tissue cells receive appropriate 

medium flow and ensures no ripples will disrupt the 
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fragile tissue cells. The other ball valve will be 

located between reactor tank and collector tank is to 

allow unwanted medium to flow down to the 

collector tank and also to prevent overflow of 

medium in the reactor tank. Besides that, the valve 

adapter will be applied to the ball valve to ensure 

that the medium flow is constantly equal and also to 

prevent leakage of medium out from the tank.  

 

3.3 Valve: 

 There are two methods will be considered to 

transfer the medium from the storage tank to the 

reactor tank. The first idea proposed is to use the 

floating method, where the medium will be pump 

from the bottom of the reactor tank and flood the 

reactor tank. However, the con of this idea is it will 

be required for a longer time for the medium to reach 

the filters and requires an additional pump. The 

second idea is to allow the flow of medium from the 

side of the reactor tank, and this idea is to implement 

as it provides equal distribution of medium to each 

layers of filters and also does not cause much 

disruption or ripples that may damage the medium 

contents. Initially, gate valves and needle valves will 

be considered to be used as a medium control in the 

prototype. These valves can be shut and open 

quickly and allows precise regulation of flow 

compared to ball valve. However ball valve can 

produces less torque, lower cost and easily obtained 

from any hardware store.  

 

3.4 Circuit: 

 As for the circuit part, the Arduino Uno 

microchip will be taken into consideration. Arduino 

Uno microchip is normally used for the robot 

circuits. The second approach is PIC16F84A it reads 

Assembly language, which is a language easier to 

understand and write compared to C language, which 

is read by Arduino Uno. The Assembly language 

code is also shorter compared to C language and is 

still able to allow the circuit to function as good as 

using the C language code.  Besides that, 

PIC16F84A is a smaller size microchip and is easier 

to operate and handle, and also the microchip is 

cheaper compared to Arduino Uno. 

 

3.5 DC motors connection: 

 The next idea was connecting the three DC 

motors differently or separately, each at different 

output pins of the microchip. Although this idea 

causes imbalance distribution of current in the 

circuit, but this idea allows the control of different 

DC motors at different time which is the main 

purpose of this project. The alternative idea is to 

connect all three DC motors in series, through only 

two output pins. Even though this idea allows equal 

distribution of current in the circuit but this idea can 

only allow one control and there will be only one 

switch that controls the valves and pump to function 

together the same time. This will cause the medium 

could not flow properly through the prototype as the 

control of the valves is limited. Therefore, 

connecting the three DC motors separately suitable. 

 

3.6 Programming: 

 In order for the microcontroller, push buttons 

and DC motors to work together, the microcontroller 

has to be stored with the Assembly language code. 

Without this code, the push buttons will not be able 

to specifically assign when the DC motors to work. 

Besides that, the code is required in order to set the 

timer for the DC motor to operate at a specific time. 

Firstly, the following code is to send 0.5secs delay 

from the microcontroller to the output pins which are 

connected to the motor. Besides that it also contains 

code for the microcontroller to detect input signals 

from the push buttons and if a signal satisfies the 

condition, the microcontroller can only then send 

signals to the output pins for the DC motors to work.  

 

3.7 Temperature:  

 It is important for the three tanks to be 

maintained at 4˚C. The reason to this is to prevent 

any form of chemical reaction to happen 

unnecessarily as there is no presence of tissue cells 

in the storage tank. As for the reactor tank, this tank 

must be provided with 37 ˚C, exactly like the human 

body temperature. So that during culturing, the 

reaction between the medium and tissue cells is able 

to take place. The tissue cells will also be able to 

grow well as the temperature condition is favourable. 

However, from the culture medium to collector tank, 

a sudden change of temperature from 4 ˚C to 37 ˚C 

will be occur. Therefore, the solution to this is to coil 

the connecting rubber tube between both tanks with 

a heat source.  

 

3.8 Sensor: 

 The next improvement that can be implemented 

in this project is to use sensors. The temperature of 

tank, pressure of the tank, glucose level of the 

medium and pH value of the medium must all be 

carefully observed for the better growth of tissue 

cells. To measure the temperature of the tank, 

thermometer can be used. As for the pressure inside 

the tank, pressure gauge can be used. The pH and 

glucose of the medium must also be thoroughly 

checked and the pH must always be maintained 

around 7.4 to 7.7 as it is similar to the blood’s pH 

level.  

 

3.9 Material selection: 

 Biocompatible material will be used to build 

actual prototype especially the culture trays or 

culture, so that cultured cells damaged by toxic or 

immunological rejection is avoided. One of the 

priorities of a tank is the hygienic requirements. 

Such a tank should be aseptic and free of all bacteria, 

fungi or microorganisms. In order to achieve that, 

chemical sterilization is a suggested concept. 
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Chemical sterilization is used because heat 

sterilization may melt the materials. A good 

chemical sterilizer would be ethylene oxide, after 

using which, a rinse procedure should be carried out 

on the entire system, where plain distilled water is 

run through the system to carry out the remaining 

ethylene oxide gas. The Polyethylene glycol (PEG) 

coated Acrylonitrile butadiene styrene (ABS) will be 

used as the body of the prototype. This material is 

biocompatible, durable and waterproof, so would 

serves the purpose as a tank which is long-lasting 

and no leakage of water. The rubber tubing will be 

used as a connector between two different tanks to 

transfer medium. It is flexible to provide easy fitting 

and flow control, transparent which allows 

observation of medium flow and easily sanitized by 

ethylene oxide gas exposure. Lastly, 

Polytetrafluoroethylene (PTFE) tape is applied 

around the tip or the opener of the valves and hot 

glue is used to cover up holes between the valves 

and body. All these methods are to prevent leakage 

of medium.  

 

Results and discussion 

 

 The flow of the medium are all controlled by the 

design of the input and output system of the project. 

The body of the project is also being considered as it 

ensures the durability of the project, ensures no 

leakage of medium from the project and also to 

prevent bacteria or any other harmful substances 

from entering the chamber or project as it will harm 

the tissue cells. This is because tissue cells have to 

be in a completely clean or sterilized environment in 

order to grow. As for the control circuit, it is to 

ensure that the valves are properly controlled with 

appropriate timing for the opening and closing of the 

valves to prevent overflow of the medium and also 

to maintain a constant flow rate of the medium for 

the tissue cells. The control system is also allow the 

flow of medium around the body of the project in a 

cycle to allow equal spread of the medium for the 

tissue cells and also for filtering new medium in and 

out. 

 One of the main concerns in skin tissue 

engineering is the reproduction of a man-made 

vascular system able to supply the growing cells 

with sufficient oxygen and nutrients, as well as to 

remove the waste matter generated by cells 

metabolism. An excellent culture flow system will 

provide the best possible environment and allow a 

better result of growth of the skin tissue cells. 

 The concept to address this concern is to build a 

flow chamber where the tissue is placed inside. The 

chamber consists of an inlet and outlet which direct 

the flow of the nutrients culture. Besides, the 

chambers need to be an enclosed sanitized chamber. 

 In order to simulate the natural environment of 

the cells growth in human body, physiological 

environments involving flow and shear stress is 

needed. Another main challenge show up in skin 

tissue growth process under this environment is the 

thinness of the skin tissue graft which means it is 

very fragile as mentioned in our objective.  To 

address this challenge, we have to hold the concept 

of applying only very low pressure on skin tissue 

cause by the flow of the solution. 

 The third concept to hold for this project will be 

the tissue chambers would be suitable for any mass 

production machinery which is to include the 

following characteristic: 

1. The tissue chambers itself will be portable 

easily. 

2. Ease of insertion and extraction. 

3. Tightly enclosed space to prevent infection of 

bacteria or foreign particles. 

 The concept of having low liquid flow pressure 

onto the tissue graft is addressed to the design of the 

inlet. The design of inlet is built in a way that it is 

slightly angled from the horizontal line of the 

chambers. As for the rounded tray, it allows the flow 

rate of the culture to be minimized and unnecessary 

disruption to the tissue scaffold will be reduced. 

 Below the tissue scaffold will be a porous 

surface which allow the liquid medium (culture 

solution waste) to flow through to reach the tissue 

graft. In that way, the tissue graft will be able to 

receive nutrients needed. The culture that passes 

through the porous surface will then flow to the 

outlet tube and out from the chamber. As the for the 

tissue scaffold, it remains on top of the porous 

surface and does not receive any form of harm or 

disruption as there will be less vibration and ripples 

when the concepts are applied. In this design, the 

tissue growth chamber is preferable in a cartridge 

form for easier insertion and extraction from the 

culture solution pump system which also fits the 

requirement for any mass production process. The 

valves at the inlet and outlet of the cartridge give its 

purpose to contain the solution in the chamber. All 

these concepts or initial ideas have led the team to 

discover the most suitable method to allow the tissue 

cells to grow in the best environment with precise 

and constant flow rate and also proper transfer of 

nutrients to the growing tissue cells. The mass 

production of the tissue cells can also be achieved.  

 

5. Conclusion: 

 One of the main focuses is to promptly extract 

the waste medium after tissue culture, where reaction 

between the culture medium and tissue engineering 

scaffold takes place. Once culture time has lapsed, 

the waste medium is drained into medium inlet 

system to recycle for next round of culturing. This is 

where waste products and unwanted by-products are 

filtered out of the system whilst useful nutrients will 

be extracted and collected. Recycling is an important 

stage since it provides sustainability effort, ensures 

composition balance for efficient growth of tissue 

and harnesses valuable by-products such as 
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hormones, antioxidants and enzymes which can be 

used in again in culturing. As a conclusion, this 

project is a success. This is because the flow system 

is good and is easily and precisely controlled by the 

ball valves.  
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