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Abstract:- Bioreactors, also called fermenters, are used 

in the production of vaccine antigens. However, various 

parameters (temperature, pressure, agitation, pH, 

oxygen concentration) must be carefully controlled to 

ensure the right conditions inside the bioreactor. 

Indeed, the good control of these parameters ensures a 

successful production and a high yield. In this work, an 

automatic real-time pH monitoring and adjustment 

system is developed. The system is composed of a device 

made with various materials and specific computer 

programs. The device is needed to detect the pH value 

in the bioreactors while the programs are used to 

control and parameterize the device. The device is 

called "pH control kit" and consists of a pH sensor, a 

processing unit, a switching hardware and a 

transmission hardware. The device is controlled by 

software and two types of programs called "pH 

control", "Arduino" program and "Java" program 

respectively. The "pH control kit" works for different 

types of bioreactors, however, the control programs can 

be customized for different types of antigens. The 

results show that it is possible to automatically detect 

and adjust the pH value in a culture medium in real 

time. Thus, the device and control programs can be a 

valuable tool for optimizing bioreactor-based antigen 

production processes. 
 

Keywords:- bioreactors, pH, automatic, pH control kit, 

control programs, antigens. 
 

I. INTRODUCTION 
 

Since the days of Jenner and Pasteur through the 

induction of an immune response to infectious diseases, 

vaccination has become a widely applied intervention [1]. 

Indeed, vaccination represents the best strategy for 

preventing infectious diseases. Moreover, the manufacture 

of vaccines is crucial for the control and eradication of 

diseases in the world [2]. Vaccine manufacturing is 

composed of several fundamental steps such as isolation, 

purification, bacterial multiplication and vaccine 

formulation [3]. In addition, bioreactors are processes used 
in the manufacture of vaccine antigens [3]. The use of 

bioreactors has advantages due to the existence of many 

options to adjust the process parameters to improve antigen 

production and to reduce manufacturing time. [2]. In 

addition, bioreactors provide optimal conditions for 

multiplication of vaccine strains to optimize the yield of 

bacterial biomass. However, several factors must be 

considered for the proper operation of a bioreactor, such as 

the type of process (batch, continuous, etc.), control of 

temperature, pH and oxygen supply, sterilization of 
materials and equipment used, and maintenance of the 

environment to ensure that it is free of contaminating 

microorganisms [4,5].  
 

In the production of bacterial vaccines, pathogens are 
grown in bioreactors using a developed medium [6]. Using 

bioreactors, optimal conditions of process parameters such 

as pH value must be monitored and if possible controlled 

to ensure high bacterial yield. This can be achieved by 

developing new monitoring methods and exploring 

alternative uses of existing techniques that can provide 

additional process information and ensure consistent 

product quality [7]. Since bacteria grow in a specific pH 

[8], the formation of organic acids and bases (lactic acid, 

acetic acid, biogenic amines, etc.) as a result of metabolic 

activity in microorganisms can vary the pH of the culture 

medium. [9,10]. On the other hand, changes in pH have a 
significant impact on cell viability and growth rate [11,12]. 

To obtain an ideal environment for bacteria, real-time 

adjustment of pH by addition of acid or base solution is 

essential. An automation system maintains the required 

quality and cost consistency of production without any 

manual intervention. [13]. Nowadays, automation of 

analytical systems has been used in many fields, such as 

clinical, pharmaceutical and biomedical applications [14]. 

The automatic system has played an important role in 

qualitative and quantitative analysis [5]. The objective of 

this work is thus to design a system for automatic 
monitoring and adjustment of pH in real time. 

 

II. METHODOLOGY 
 

A. System components 

The bioreactor essentially consists of a reactor vessel 

and various materials such as peristaltic pumps, containers 

containing NaOH and HCl, conduction tubing, a pH sensor 

(electrode) and a computer (Figure 1). However, additional 

materials and computer programs are designed in this 
study. 

a) pH electrode and its amplification module 

In this study, a pH meter kit with a combined, glass 

type electrode and an amplifier with an analog output 

(Figure 2) is used to measure pH. The specification 

of the kit is summarized in Table 1. 
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The signal coming from the electrode is 

processed by operational amplifiers (CA3140AMZ, 

TL081BCDG4) with a TC1121COA voltage 

regulator to have an analog output (Figure 3) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1: Synoptic diagram of the system 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1: Combination electrode; Electrode and pH amplification module (DFRobot) 
 

 

 

 

 

 

 

 

 

 

 

Fig. 2: Internal structure of the pH amplifier module (DFRobot) 
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Designation Values 

Module power :  5,00 V 

Module size       43 x 32 mm (1.69 x 1.26") 

Measuring range:  0 - 14PH 

Measuring temperature  0 - 60 ℃ 

Accuracy   ± 0.1pH (25 ℃) 

Response time  ≤ 1min 

Connector Sensor  BNC 

pH2.0 interface (3 foot patch) 

Gain adjustment potentiometer 

Power indicator 

Table 1: Specification of a pH meter kit 
  

B. Design of materials 

a) Processing unit  

A processing unit consists of an Arduino board, a Serial 

MAX-485 amplifier and a relay. An Arduino board with 
Atmel AVR architecture (ATMega 328p) is used (Figure 

4). The specification of the ATMega 328P is shown in 

Table 2. The processing unit plays various roles: it 

receives the analog value from the pH electrode 

amplifier; it converts the value to digital format and 

compares this value with the setpoints (pH min and pH 

max). It triggers or switches on peristaltic pumps 

according to the results of the comparison and updates 

the values obtained. It also calibrates the pH meter and 

can adjust the pH value to the standard. 
 

The Serial MAX-485 amplifier (Figure 5) is used to 

connect the control computer and the measurement 

device. The MAX485 chip that establishes a wired 

transmission is used. It operates with a 5V supply and a 
current of 300 µA [15]. The module provides four 10K 

pull-up resistors on the data lines: two 20K resistors (R5, 

R6) on the A/B differential lines and a 120 ohm resistor 

(R7) that passes between the output differential lines 

(OUT-MAX). 
 

The relay is a simple electronic circuit and consists 

of an electromagnetic switch (Figure 6). It is created with 

amplification by an NPN transistor and short circuit 

protection as a diode. It works when the electric current 

flows through the system [16]. 

 

 

 

 

 

 

 

 

 

Fig. 3: Arduino pro mini 

 

Designation Value 

a processor  8-bit RISC architecture  

Flash memory for programs, 32 KB 

SRAM memory () for data, 2 KB 

EEPROM memory for data  2 KB 

all the clock logic; 16 MHz 

Timers/ Counters (T/C)  8 and 16 bits 

- generation of PWM signals, 

- serial communication interfaces (UART, SPI, TWI compatible I2C...), 

- Analog to digital converter (A/D converter) 

Table 2: ATMega 328P specification 
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Fig. 4: Diagram of a RS-MAX 485 module 

 

 

 

 

 

 

Fig. 5: Relay 5 V 10 A (DEVBOT) 
 

b) Switching equipment  

The switching hardware is required to activate or 

deactivate the control of the two peristaltic pumps 

(Figure 7). It is separate from the processing unit and 

powered by another source to avoid disturbance of the 

measurements. 

c) Amplification material  

The amplification equipment is designed to increase 

the link between the equipment and the computer 

(Figure 8). The longer the distance between these two 

tools, the more likely it is that the signal will be lost or 

destroyed. 

 

 

 

 

 

 
 

Fig. 7: Synoptic diagram of the peristaltic pump switch 

 

 

 

 

 
 

 

 

 
 
 

 

 

 
Fig. 8: Block diagram of the transmitter connected to the computer 
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C. Computer program design  

The Arduino board acquires the analog values from the 
pH amplifier module, controls the relays according to these 

values, executes the commands and stores the values from 

the computer program (Figure 9). The computer programs 

are designed to process the data from the pH sensor and to 
adjust in real time the pH required for a culture (Figure 10). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6:  Flowchart of the program running on the Arduino 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 
Fig. 7: Organization chart of the computer program 
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III. RESULTS AND DISCUSSIONS 
 

A. Materials designed 

a) General presentation of the prototype 

The prototype designed for real-time pH acquisition and 

adjustment is shown in Figure 11. The prototype is 

called "pH-Control-kit" formed by the pH electrode 
(Figure 11A), processing unit (Figure 11B), switching 

unit (Figure 11C) and amplification unit (Figure 11D). 

The design of this prototype is ideal for real-time 

monitoring of pH. Indeed, the absence of continuous 

information on parameters such as pH limits the 

efficiency of a bioreactor [17]. 
 

 

 

 

 

 

 

 

 

 

 

b) Processing unit 

The box containing the processing unit (L=12cm; 

l=8cm and h=3cm) is shown in Figure 12. It is 

composed of a pH, an Arduino board, a transmitter, a 

power supply and a relay.   
 

c) Switching equipment 

The box that contains the switchgear is shown in Figure 

13 (L= 6cm; l= 4cm and h= 3cm). 
 

d) Amplification equipment 

The amplification equipment is found in a box with a 

dimension L= 7cm; l= 3.5cm and h = 3cm (Figure 14). 

Faced with the distance of the processing unit and the 

control computer, we had to design a signal amplifier to 
communicate these two pieces of equipment. It is 

equipped with an Arduino board, a MAX-485 

transmitter and a LED for data indication. This 

equipment is connected to the computer with a USB 

cable type A-micro. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 8: Overall view of a continuous or on-line pH acquisition system  

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 9: Internal view of the processing unit  
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Fig. 10: Switching equipment 

 

 

 

 

 

 

 

 

 

 

Fig. 11: Signal amplification equipment 
 

B. Programs and software developed 

a) pH Control software 

To control the system, a software program called "pH 

Control" was developed. It performs tasks on the 

processing unit and has four parts: the configuration 

area, the set point area, the chronological display area 

and the graphic display area (Figure 15). The 
configuration area has three menus: the first on the left 

concerns the creation or opening of a measurement. The 

second menu in the middle is used to manage access to 

the interface, connection to the amplifier device, 

calibration of the hardware, adjustment of the values, 

updating of the set point, testing of the peristaltic pumps 

and display of the values. The last menu contains the 

user guide and the program description. 

 

 

 

 

 

 

 

 

 

 

 

Fig. 15: Visual representation of the "pH control" software version 1.0 
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The software interface displays three tabs: 

Measurement, Settings, Help (Figure 16).  In the 
"Measurement" menu there are three menus for creating a 

new measurement, opening an existing measurement and a 

tab for quitting the application. In the "Parameter" menu 

there are seven windows with tasks such as accessing the 

interface, connecting the software to the instrument, 

calibrating the instrument, adjusting the pH values obtained 
during a measurement, configuring the minimum and 

maximum pH values, checking the status of the peristaltic 

pumps and the interface display mode.  

 

 

 

 

 

 

 

 

 
 

Fig. 16: pH control 
 

b) Arduino program 

The Arduino program controls the peristaltic pumps via 

the relay. It also ensures communication with the "pH 

control" software. In the program, the minimum and 

maximum pH value to be respected is declared and 

initialized after each measurement. If these values are 

not met, the peristaltic pumps are triggered. This is why 

functions have been created for updating the data (Setup 

block) and sending the data to the software (Loop 

block), as shown in Figure 16. 

 

 

 

 

 

 

 

 

 

 

 

Fig. 17: Arduino startup parameters instruction 
 

c) Java program 

A Java programming language is also developed for 

hardware tracking and configuration. Generic code 

portions, usable by several applications, are created. 

All elements are created as objects and then separated 

by several classes. Figure 17 shows the extracts of 

the program blocks. 
 

C. pH electrode 

Potentiometric measurement of pH value is performed 

using a pH electrode that works with a reference electrode. 

The two parts are often constructed as a single sensor called 

a combination electrode. At its output appears a voltage that 
depends on the concentration of hydrogen ions H+ or, more 

strictly, hydronium ions H3 O+ [18]. The electrode delivers 

a signal that is proportional to the activity of H+ ions within 

a solution according to Nernst's law [19]. Detection of the 

pH of the medium can be achieved using a variety of 

sensors: electrolyte-filled sensors based on porous glass 

electrodes, MOSFET-based ISFET pH sensors, pH sensors 

based on optical properties, potentiometric sensors [20]. 

However, the glass pH electrode is still widely used because 
of their excellent repeatability, long life and accurate 

Nernstian response [21]. On the other hand, the glass pH 

electrode are fragile and require regular maintenance in 

terms of electrolyte renewal and present fouling problems 

when used in complex media [20]. 
 

 
 

 

 

 

Fig. 16: Different menus in the interface 
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D. Arduino board 

The Arduino microcontroller is a computer on a single 
integrated circuit that includes a processor, RAM, some 

form of ROM, and I/O ports [22]. It contains a processor 

core, memory and input/output equipment. Thus, it has the 

general structure of common computers, but with lower 

performance [23]. The Arduino microcontroller is a very 

popular board and is known for its superiority. It is flexible, 

compatible, user-friendly and has many libraries for 

different creativities [24]. It is also a tool that can be used to 

develop programs for free use and is cheaper than their 

similar components. In this study, the Arduino board is 

connected to the computer through the MAX-485 IC. 

Currently, wireless transmission via Wifi, Bluetooth, radio 
is still the most used because of the simplicity of 

installation. However, it often causes transmission errors 

due to noise. Therefore, the use of wired transmission via 

MAX-485 IC is adopted in this study. In addition, this type 
of transmission has strong anti-interference capability and 

can be used in very noisy environments, such as industrial 

automation. 
 

E. User's manual of the pH control  software 
With this system, we have written a user's manual in 

order to help the users to master all the manipulations as 

well as to solve some problems that may occur. By 

following this guide, the user will know the physical 

indications of the materials as well as their installation. He 

will also know the step-by-step use of the equipment and the 

system. The presentation of the manual is shown in figure 

18a (software version) and figure 18b (paper version). 

 

 
Fig. 18: Interface connection program 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 19: pH control software user manual 
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IV. CONCLUSION 
 

Automatic and real-time monitoring of parameters 

involved in antigen production is essential. In the present 

study, a new system for automatic detection and 

determination of pH in real time was presented by designing 
suitable materials and programs. The hardware consists of pH 

electrode, processing, switching and amplification unit. In 

parallel, programs and software used on computer are 

developed: program "Arduino", program "java" and software 

"pH control". With the prototypes and the designed 

programs, satisfactory results were obtained. These results 

proved to be promising for the detection and automatic 

adjustment of the pH value. However, developing automatic 

and real-time control systems does not necessarily mean 

developing a foolproof system for all eventualities. Thus, 

improvements in efficiency and robustness should be made 
from time to time for the economic viability of the product. 

In the future, we will install systems to detect and 

automatically adjust other parameters such as optical density, 

oxygen level, nitrogen level and temperature. 
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