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Exercise 1 (Dr. Erzsébet Karaffa) 
 

Purpose of the exercise: Characterise microbiological rapid methods for determining the numbers 

of microorganisms 

Required knowledge:  

Food should be monitored for checking its quality and safety. Quality control means detecting the 

organoleptic (physical and chemical) as well was the microbiological parameters. The later one 

covers the enumeration of the food microbiota, as microbial activity change the physical and 

chemical parameters of the food. Physical, chemical and microbiological hazards are inspected, 

when the safety of the food is determined. It means, pathogen microbes should be detected and 

identified. 

In the case of monitoring the microbiological quality and safety of the food, we have several 

difficulties. (i) Microbes erratically disturbed in the majority of foods therefore negative results does 

not have significance. (ii) Microbial populations change during time in the food, except resting 

spores, like bacterial endospores and ascospores of moulds and yeasts. Realising tose difficulties, 

monitoring food has changed from (I) retrospective approach (before 1974) to (II) prospective 

methods, which means forward control. HACCP (Hazard Analysis and Control of Critical Points) 

was introduced by Dr. H. Baumann, however nowadays LISA (Longitudinally Integrated Safety 

Assurance) is getting more widespread. It is an extended HACCP, buti in a „from farm to fork” 

aspect. For those methods rapid microbiological analysis is necessary at several points. 

„Rapid” microbiological methods have to be considered (1) facility, (2) rapidity, (3) consistency, 

(4) intrinsic guarantees for avoidance of errors, and (5) mechanisation or automation. Moreover 

sensitivity and selectivity are also important requirements toward these methods, because 

sometimes low level of contamination should be detected (e.g. 1 cfu/kg), and pathogens at low level 

should be detected amongst huge microbial populations (e.g 106 cfu/kg). 

The following basic methods are usually applied to determine the numbers of microorganisms: 

I. Standard plate counts (SPC) for viable cells or colony forming units (cfu). Int he case of 

aerobic incubation circumstances it is also referred as aerobic plate counts (APC). 

II. The most probable numbers (MPN) method can also be used. It is a statistical determination 

of viable cells. 

III. Viable cells with reducing capacities may also be estimated with dye reduction techniques.  

IV. Direct microscopic counts (DMC). 
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Further (rapid) techniques are: 

• Membrane filters 

• HCGMF 

• Turbidimerty  

• Conductomerty and impedimetry 

• Flow Cytometry  

• Bioluminescence  

• qPCR 

 

Example: 

Read the description of the “Conventional Plate Count Method“ in the FDA home page: 

https://www.fda.gov/Food/FoodScienceResearch/LaboratoryMethods/ucm063346.htm 

Characterise the method based on “Criteria for microbiological rapid methods” (Perales and Mossel 

1989) 

1. Strictly microbiological criteria: 

 Sensitivity 

 Productivity 

 Selectivity 

 Electivity 

 Correlation of data with those obtained in reference methods  

Answer: It is a reference method of foods, which have been developed by the Association of Official 

Analytical Chemists (AOAC) (3) and the American Public Health Association (APHA) 

 

2. Logistic aspects: 

 Sample preparation 

 Operation 

 Attributes of reagents: preparation, stability, availability, consistency 

 Required training and whether possible on site or mandatory elsewhere 

 Speed 

 Capacity: number of samples/day 
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 Space requirements 

 Reputation of company marketing hardware/software 

 Technical service: availability, speed, quality 

Answer: It needs large laboratory working place, sample preparation (e.g dilution), special 

equipment for colony counting, incubation, and refrigerators several consumables and chemicals. It 

has a limited capacity by one assistant. 

 

3. Economic considerations: 

 Acquisition 

 Reagents 

 Maintenance   

Answer: The method needs large amount of reagents (media, dilution), but no special maintenance 

requirements for the equipment. 

 

4. Strategic questions – acceptability of results by: 

 Suppliers 

 Buyers 

 Regulatory agencies: local, national, regional, international 

Answer: The method is widely accepted and used. 

 

Task 1: 

Read the description of the “Spiral Plate Method“ in the FDA home page: 

https://www.fda.gov/Food/FoodScienceResearch/LaboratoryMethods/ucm063346.htm 

Characterise the method based on “Criteria for microbiological rapid methods” (Perales and Mossel 

1989) – see example 

 

Task 2: 

Read the description of the “Most Probable Number from Serial Dilutions“ in the FDA home page: 

https://www.fda.gov/Food/FoodScienceResearch/LaboratoryMethods/ucm063344.htm 
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Characterise the method based on “Criteria for microbiological rapid methods” (Perales and Mossel 

1989) – see example 

 

Task 3: 

Read the description of the “Direct Microscopic Examination of Food“ in the FDA home page: 

https://www.fda.gov/Food/FoodScienceResearch/LaboratoryMethods/ucm063344.htm 

Characterise the method based on “Criteria for microbiological rapid methods” (Perales and Mossel 

1989) – see example 

 

Task 4: 

Read the description of the “The reduction of methylene blue in milk“ in the following home page: 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1254496/ 

Characterise the method based on “Criteria for microbiological rapid methods” (Perales and Mossel 

1989) – see example 

 

Task 5: 

List some methods for “Enumeration of Bacteria in Food” from AOAC home page: 

http://www.eoma.aoac.org/ 

 

Task 6: 

Read the description of the membrane filtration method (“Examination of Bottled Water“) in the 

FDA home page:: 

https://www.fda.gov/Food/FoodScienceResearch/LaboratoryMethods/ucm064948.htm#conventio

nalCharacterise the method based on “Criteria for microbiological rapid methods” (Perales and 

Mossel 1989) – see example 
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Exercise 2 (Dr. Erzsébet Karaffa) 
 

Purpose of the exercise: Finding application possibilities for the microbiological rapid methods 

based on detection of physical characters 

Required knowledge:  

Several microbiological rapid methods have been described based on detection of physical 

characters. Those are:  

1. Impedance 

2. Turbidimetry 

3. Electric nose 

4. NIR 

5. Microcalorimetry  

6. Flow Cytometry 

Impedance is the apparent resistance in an electric circuit to the flow of alternating current, 

corresponding to the actual electrical resistance to a direct current. When microorganisms grow in 

a media, they usually metabolize substrates with lower conductivity into products with higher 

conductivity. Consequently the measured impedance of the media is decrease. The impedance 

curves are characteristics for species, therefore are reproducible for species and strains. It is also 

used sometimes for mixed cultures. Specific growth inhibitors can be identified by use of this 

technique. 

Turbidity is describing how light passes through a liquid sample. It correlates with the number of 

the particles (e.g. microbial cells) in that liquid. Cell density can be measured by turbidity within a 

culture sample with photometers and spectrophotometers that shine different types of light through 

culture samples to determine turbidity. 

Small heat changes can be measured by microcalorimetry. The measured heat production is closely 

related to the cell’s catabolic activities. It is widely used for study spoilage in canned foods. 

Components, like cells can be measured by flow cytometry. Cells are transferred in a liquid 

suspension are brought to a detector one by one. Fluorescence, absorbance, and light scatter can be 

detected. By use of flow sorting, individual cells can be sorted on the basis of their measured 

properties, and 1–3 or more global properties of the cell can be measured. Flow cytometers  

use one or more excitation  neon ion lasers, and one or two fluorescent dyes. It can be measured and 

characterize several thousand cells per second. 
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Electronic nose is designed to detect and discriminate among complex volatile molecules (odours) 

with the help of chemical sensors. This machine was developed to mimic biological olfaction. It is 

widely used for food e.g. for detection of freshness, and off-flavours caused by spoilage microbes.  

Near‐infrared (NIR) spectroscopy measures and analyse the electromagnetic radiation at in the range 

780–2500 nm. NIR spectra of foods arising from absorptions of chemical bounds, like C-H (e.g. in 

fat), O-H (e.g. in water and carbohydrate) and N-H (e.g. in protein).  

 

Task 1: 

a) Can the impedance measurement be applied for the detection of microbiological quality 

(cfu/g) or safety (pathogen detection) of food? 

b) Find and describe minimum two application example connected to food.  

c) Could you find AOAC method(s) among them? 

 

Task 2: 

a) Can the turbidimetry be applied for the detection of microbiological quality (cfu/g) or safety 

(pathogen detection) of food? 

b) Find and describe minimum two application example connected to food.  

c) Could you find AOAC method(s) among them? 

 

Task 3: 

a) Can the electric nose be applied for the detection of microbiological quality (cfu/g) or safety 

(pathogen detection) of food? 

b) Find and describe minimum two application example connected to food.  

c) Could you find AOAC method(s) among them? 

 

Task 4: 

a) Can the microcalorimetry be applied for the detection of microbiological quality (cfu/g) or 

safety (pathogen detection) of food? 

b) Find and describe minimum two application example connected to food.  

c) Could you find AOAC method(s) among them? 
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Task 6: 

a) Can the flow cytometry be applied for the detection of microbiological quality (cfu/g) or 

safety (pathogen detection) of food? 

b) Find and describe minimum two application example connected to food.  

c) Could you find AOAC method(s) among them? 

 

Task 5: 

List application possibilities for the microbiological quality or safety detection of different food 

based on the review of Alander et al. 2013 (file:///C:/Users/user2/Downloads/341402.pdf) 

 

Exercise 3 (Dr. Erzsébet Karaffa) 
 

Purpose of the exercise: Finding application possibilities for the chemical based microbiological 

rapid methods  

Required knowledge:  

Chemical based microbiological rapid methods either (i) measuring metabolic activity of 

microorganisms on given substrates, or (ii) measuring of some cells components. 

Thermostable nuclease (DNase) method is used for the detection of Staphylococcus aureus. There 

is high correlation between the production of coagulase and thermostable nuclease by S. aureus 

strains, especially the enterotoxin producer ones. The DNase activity can be detected on agar plates 

containing high amount of DNA, or with spectrophotometric method. 

Limulus lysate for endotoxins use the lysate from haemolymph cells (amoebocytes) of horseshoe 

crab (Limulus polyphemous). The lysate protein is the most sensitive substance known for 

endotoxins. Gel is formed from the liquid lysate, when endotoxins (lipopolisaccharyde – LPS) are 

present in the sample. The gel formation is a result of the following enzyme cascade mechanism: 

1) In the presence of LPS, factor C is converted autocatalytically to an activated form.  

2) The zymogen factor B is activated by factor C.  

3) Clotting enzyme exists as its zymogen form (proclotting enzyme) in the hemocytes, which 

is activated by both factor B and factor G. 

4) Clotting enzyme cleaves two, bonds in coagulogen to yield a coagulin gel.  

Commercial chromogenic substrates contain amino acid sequences similar to coagulogen is used  
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for endotoxin consist of these linked to p-nitroaniline. When the endotoxin-activated enzyme attacks 

the chromogenic substrate, the amount of the chromogenic compound liberated is proportional to 

the quantity of endotoxin in the sample. Its sensitivity is 30 pg of endotoxin / ml. 

ATP is present in all living cells, and disappears within 2 hours after cell death. The amount of ATP 

per bacterial cell is generally constant, therefore bacterial cfu can be determined by measuting the 

amount of ATP. The luciferin–luciferase system of firefly is one of the simplest ways to measure 

ATP. Luciferase emits light proportional to the amount of ATP in the sample, and the emitted light 

can be measured with a luminometer. The ATP assay is widely used as a rapid and on-the-spot 

method for monitoring food handling surfaces by swabbing designated areas and reading the relative 

light units (RLU) from a luminometer. 

The presence of a microbial enzyme can be detected visually with using fluorogenic or chromogenic 

substrates. MUG (4-metilumbelliferin-b-d-glücuronid) is the most widely used fluorogenic 

substrate, which is hydrolyzed by b-d-glucuronidase (GUD) enzyme. E. coli is the primary producer 

of (GUD), although few salmonellae, shigellae and corynebacteriaare also GUD positive. The 

released fluorescent 4-methylumbelliferyl moiety is detected with long-wave ultraviolet light. This 

substrate has found wide use as a differential agent in media and methods for detecting fecal 

coliforms. The o-nitrophenyl-β-d-galactopyranoside (ONPG), is a chromogenic (or clorogenic) 

substrate specific for coliforms. The substrate is hydrolyzed by β-galactosidase to produce a yellow 

color (quantitated at 420 nm). ONPG is widely employed in a modification of the classical presence–

absence method for coliforms in water. There are several tests, where ONPG and MUG are used as 

sole nutrient substrates to detect total coliforms (indicated by a yellow colour) and E. coli (indicated 

by MUG fluorescence) simultaneously. 5-bromo-4-chloro-3-indolyl-β-d-galactopyranoside (X-

Gal) is another widely used chromogenic substrate employed in plating media for the detection of 

E. coli, which produce a blue colour colonies in 24 hours.  

 

 

Task 1: 

a) Can the thermostable nuclease (DNase) method be applied for the detection of 

microbiological quality (cfu/g) or safety (pathogen detection) of food? 

b) Find and describe minimum two application example connected to food.  

c) Could you find AOAC method(s) among them? 
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Task 2: 

a) Can the LAL test be applied for the detection of microbiological quality (cfu/g) or safety 

(pathogen detection) of food? 

b) Find and describe minimum two application example connected to food.  

c) Could you find AOAC method(s) among them? 

 

Task 3: 

a) Can fluorogenic and chromogenic substrates test be applied for the detection of 

microbiological quality (cfu/g) or safety (pathogen detection) of food? 

b) Find and describe minimum two application example connected to food.  

c) Could you find AOAC method(s) among them? 

 

Exercise 4 (Dr. Erzsébet Karaffa) 
 

Purpose of the exercise: Finding application possibilities of immunological rapid methods for food 

microbial analysis 

Required knowledge:  

Antigen-antibody interactions are used in the different immunological detection methods. Antigen 

(Ag) is  a molecule capable of inducing an immune response (to produce an antibody) in the host 

organism. AG can be a microbe (bacterium, a virus, and protozoa), bacterial toxin, LPS, peptide, 

polysaccharide or lipid (large enough to elicit an immune response). Antibody (Ab), also called 

immunoglobulin: a protective protein produced by the immune system in response to the presence 

of an antigen. The antigen-antibody interactions are exact and specific, therefore can be used to 

detectthe presence of Ag or Ab, moreover to diagnose disease or to identify molecules of biological 

and medical interest. Serological diagnosis means the measuring of antibody in blood serum or 

secretions to identify antigens in blood.  Different immunological techniques can be applied in food 

microbiology, (i) when organism cannot be cultured, (ii) to confirm an isolation, (iii) identification 

and serotyping of a microbe, and (iv) to detect microbe or microbial products (bacterial toxins, 

mycotoxins). Serotyping is most widely applied to Gram-negative enteric bacterial pathogens such 

as Salmonella and Escherichia, and for the Gram positives Listeria genus. The typical serotyping 
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scheme is the use of specific antibodies (antiserum) to identify homologous antigens. The following 

antigens can be identified for the species within the Enterobacteriacae family:  

O: Outer membrane 

H: Flagella  

K: Capsule 

Vi: Capsule of Salmonella 

Antibodies and antigens are in aqueous solutions in immune precipitation reactions, when a lattice 

(precipitation) is formed as a result of the interaction between polyvalent Ab’s and polyvalent or 

bivalent Ag.  

Agglutination is the aggregation or clumping of particles (e. g., latex beads) or cells (e. g., red blood 

cells). Antibody is bound to the carrier molecule, which is then mixed with sample to detect antigen 

in the case of immune agglutination tests. 

Immunofluorescence provides a quick method for the identification of pathogens, where Ab’s are 

conjugated with a fluorescent dye (fluorescein, rhodamine, phycoerythrin). If Ab’s bind to specific 

Ag’s, they emit bright colours following excitation with UV light. 

An enzyme is linked to an antibody in the ELISA (enzyme linked immunosorbent assay) tests.  That 

enzyme is able to generate some visible product when its chromogenic substrate is added to the 

reaction.  It is the most sensitive of tests among the Ag/Ab reactions, and provides not only 

qualitative but also quantitative detection.-For thr later one, a standard curve based on known 

concentration of Ag/Ab can be prepped and an unknown concentration can be ascertained. Indirect 

ELISA, sandwich ELISA, competitive ELISA are the most widely used ones in food microbiology. 

Lateral flow immunoassay (LFIA) can be recognized on several other names as well, like lateral 

flow test (LFT), lateral flow device (LFD), lateral flow assay (LFA), lateral flow 

immunochromatographic assays, dipstick, pen-side test, quick test, rapid test, and test strip. It is a 

simple diagnostic device to to confirm the presence or absence of a target pathogens, as well as 

contaminants in water supplies, foodstuffs, or animal feeds on the field of microbiology. The most 

commonly known type of lateral flow rapid test is the pregnancy test., containing a control line to 

confirm the test is working properly as well as one or more target or test lines. They can be 

qualitative and read visually, or quantitative when combined with reader technology. 

 

Task 1: Find the description of ‘Salmonella 1,2 test’. 
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a) Describe how it works. 

b) Can it be used for the determination of microbiological quality (cfu/g) or safety (pathogen 

detection) of food? 

c) Is it an AOAC method? 

 

Task 2: Find a test recommended for the serotyping of Salmonella or E. coli. 

a) Describe how it works. 

b) Can it be used for the determination of microbiological quality (cfu/g) or safety (pathogen 

detection) of food? 

c) Is it an AOAC method? 

 

Task 3: Find an ELISA kit recommended for the aflatoxin detection. 

a) Describe how it works. 

b) Can it be used only for aflatoxin detection, or is it also possible to use for toxin concentration 

determination? 

c) Is it an AOAC method? 

 

Task 4: Find a lateral flow immunoassay test recommended for the Listeria monocytogenes 

detection. 

a) Describe how it works. 

b) Can it be used only for aflatoxin detection, or is it also possible to use for toxin concentration 

determination? 

c) Is it an AOAC method? 

 

 

Exercise 5 (Dr. Erzsébet Karaffa) 
 

Purpose of the exercise: Set up a plan for PCR detection of a foodborne pathogen. 

Required knowledge:  

Polymerase Chain Reaction (PCR) is for selectively amplifying a particular segment of DNA by in 

vitro DNA synthesis even from complex samples, like food. It can be applied for detection and 
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identification of pathogens. The PCR reaction consists of cycles, which involve the following three 

steps: (i) denaturation, (ii), annealing, and (iii) elongation. 

The double stranded DNA (template) is heated up to 95-98 °C during denaturation is that causes 

DNA melting by breaking the hydrogen bonds, hence two single stranded DNA molecules are 

formed. It is followed by annealing (primer binding) when the reaction temperature is lowered to 

50 -60 °C, depend on the melting point of the primers. The primers (short synthetic oligonucleotide 

molecules consisting of 8-30 nt) are able to hybridize to their complementary target template 

sequences. A heat-stable DNA dependent DNA polymerase (most often Taq polymerase) elongates 

the 3’ end of the annealed primers and that leads to the synthesis of the new (complementary) DNA 

strand in the 5’→3’ direction. Synthesis of complementary strands takes place on both original 

template strands at the same time. This step is called elongation or extension, with 72-75 °C 

temperature, depend on the optimum of the enzyme.  

Nested PCR is a modification of Standard PCR. This reaction needs two primer pairs (for 

amplification of the outer and inner fragments). This makes the detection more sensitive and 

increase the specificity. 

During the real-time quantitative PCR (qPCR) reaction the user can monitor the amplification of a 

targeted DNA molecule, i.e. in real-time. Unlike end point PCR (conventional PCR), where 

products are detected after the reaction by gel electrophoresis, real time PCR allows monitoring of 

the desired product at any point in the amplification process (=real time) by measuring fluorescence. 

Hence, amount of amplicons can be detected in the exponential phase; it is the best stage for 

detection, since the PCR reaction is hampered in later stages. In addition, the initial amount of DNA 

can be determined. The basis of real-time PCR: the fluorescence sign is detected during the reaction, 

because its strength is proportional to the amount of newly synthesized products (amplicons). 

 

Example: 

Download the protocol for Listeria monocytogenes detection from the following homepage: 

http://www.bio-rad.com/webroot/web/pdf/fsd/literature/808465.pdf 

1) List the main steps for the detection. 

Answer: 

A) Sample enrichment 

B) DNA extraction 
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C) Real-time PCR 

D) Data analysis 

 

2) Describe the PCR reaction setup for 4 samples. 

Answer: 

i) prepare a PCR mix containing  22 l reagent C and 173 l reagent C 

ii) mix, and pipet 45 l to each well 

iii) add 5 l sample to each well. For negative control pipet 5 l reagent D to the well, and 

for positive control pipet 5 l reagent E. 

 

Task 1: 

Download the protocol for Salmonella detection from the following homepage: 

http://www.bio-rad.com/webroot/web/pdf/fsd/literature/808463.pdf 

1) List the main steps for the detection. 

2) Describe the PCR reaction setup for 4 samples. 

 

Task 2: 

Download the protocol for E. coli O157:H7 detection from the following homepage: 

http://www.bio-rad.com/webroot/web/pdf/fsd/literature/808466.pdf 

1) List the main steps for the detection. 

2) Describe the PCR reaction setup for 4 samples. 
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Exercise 6. (Dr. Prokisch József) Arduino 
 

Purpose of the exercise:  

To get knowledge about the microcontrollers and having some practise in the making of simple 

electric circuits. The practice can lead to have information of the range of available sensors and 

motivators.  

Required knowledge:  

Microcontrollers are a tiny computers, which can communicate with sensors, can handle analog and 

digital signals, can control switches, relays, stepper motors, servo motors and many other tools. 

They can handle different displays, interfaces for wifi, bluetooth communication and data storage 

systems. The present and the future of robotics, automatization, measurement and data collection 

can not be possible without microcontrollers. The price of microcontrollers dramatically decreased 

in the last years so its applications spreading quickly. The microcontroller gives us opportunity to 

build a simple analytical instrument, which can collect and handle huge amount of data, 

measurement result. According to the measurements the microcontrollers can control any system, 

so the automatization requires rapid measurement, evaluation of result and quick decision making. 

Arduino is one of the most popular and simple microcontroller what is used all over the word. 

Because of the wild range of using, huge amount of teaching and support material is available on 

the internet. Additionally the software which can control the Arduino is rather simple and free for 

download and application as well. 

The Arduino board has many version, the most commons are the UNO, Nano and Mega. They 

operational voltage is 5V, it can get the power from the USB port of a computer, or from a 9-12 V 

DC source or battery with 9 V.  The UNO, Nano and Mega boards looks like this: 

 

UNO 
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Nano 

 

Mega 

 

 

The board has analog and digital pins. The analog pins from A0 to A6 can measure the voltage 

between 0-5 V. The response is 0 for 0 V and 1024 for 5V. Digital pins (D0-D13 or more) can be 

input or output. These pins can receive digital signals from sensors and some can send PWM (pulse-

width modulation) signal as well.  

The sensors can be connected to the Arduino board and the response of sensor can be evaluated, 

displayed or can be used for automatization. The most common sensors are the following: 

Light sensors 

The main role of a light sensor is to generate an analog or digital response value according to 

the light intensity. With an Arduino microcontroller and a light sensor you can try to build a 

photometer, nephelometer, turbidimeter, automatic titrator etc. There are sensors which work 

in the infrared range.  
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The most common and most budgeted light sensors used with the Arduino microcontroller 

including the well-knows LDR, and continue with TSL235R, LM393, BH1750, GUVA-

S12SD, TEMT6000, VCNL4000, ColorPAL, Analog Ambient Light Sensor, and Parallax 

QTI. All these sensors can be interfaced very easily with a microcontroller and has different 

features to cover a broad range of functionalities (https://www.intorobotics.com/common-

budgeted-arduino-light-sensors/). 

  

 

Thermometers 

There are many types of temperature sensors, the most commons are TMP36, LM35DZ, 

DHT11, DHT22, TMP100, PT100, BMP180, DS18B20 (it has a waterproof version as well). 

Some of the thermometer can use the one-wire technology. For example the DS18B20 sensor 

communicates via one-wire interface. This means that it communicates with the Arduino 

using only one pin. Each thermometer has a unique serial number, which allows you to 

interface more than one sensor on the same data bus.  

 

DHT11 

 

DHT22 
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LM35DZ 

 

TMP36 

 

BMP180 

 

DS18B20 

 

TMP 100 

 

DS18B20 water resist 

 

Weight sensors 

When we build a balance we are using a load cell or balance cell, which has a weight related 

response. The load cell is a sensor whose output electrical signal is directly proportional to the 

mass measured by it. In its operating principle and structure, a similar sensor is the force cell, 

in which case the outgoing electric signal is proportional to the measured force. In general, 

the balance cell and the load cell are distinguished by the fact that the balance cell is scaled to 

kg (kilograms) or t (tons), while the load cell is scaled N (newton) or kN. Scale cells and load 

cells can operate on a variety of different measurement principles, such as strain gauges or 

piezo electrics. 

Load cells: 
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Relative humidity sensors 

Relative humidity measurement is very useful in the food industry and even the animal 

husbandry. These sensors can be used in the measurement of water activity of foods and the 

THI (temperature-humidity index) for cattle in the barn. There are many available type of 

sensors, like DHT11, DHT22, HS1101, BMP280. 

 

BMP280 

 

HS1101 

 

DHT22 

 

DHT22 
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DHT11 

 

DHT22 

 

Gas sensors 

Gas sensors available for different gas compounds like carbon-monoxide, carbon-dioxide, 

methane, ozone, ammonia, ethanol, hydrogen sulphide, hydrogen., VOCs, smoke, LPG.  

methane 

 

ethanol 

 

carbon-dioxide 

 

ammonia 

 

 

Task 

“Magic wand”  
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Prepare a tool with the Arduino which indicate the movement of static charge. Place one wire to the 

A0 pin, and a LED to the D13 and GND pin. The longer leg of the LED must be in the D13 pin! 

Connect the Arduino to the computer. Start the Arduino IDE software. 

Write the following program into the Arduino IDE software: 

int a; 
int b; 
long int c; 
 
void setup() { 
  // put your setup code here, to run once: 
Serial.begin(9600); 
pinMode(13, OUTPUT); 
} 
 
void loop() { 
  // put your main code here, to run repeatedly: 
a=analogRead(A0); 
delay(100); 
b=analogRead(A0); 
c=(b-a)*(b-a); 
Serial.println(c); 
if (c>1000) { 
  for (int i=0; i<11; i++) { digitalWrite(13, HIGH); delay(10); digitalWrite(13, LOW); delay(100);  } 
}  
 

The single wire in the A0 pin gives a signal what can be triggered by the moving of a charged piece 

of plastic e.g. a ruler.  

Test the effective distance of sensing and the reliability of the action. 

 

Exercise 7. (Dr. Prokisch József) Arduino IDE 
 

Purpose of the exercise:  

To learn the basics of programming with the Arduino IDE. 

Required knowledge:  

The Arduino IDE is a cross-platform Java development environment that allows you to create, test, 

and load Arduino programs onto Arduino Boards. To get started, the development tool includes 

several sample programs that let you easily learn how to blink LEDs, adjust brightness, or 

communicate with your computer via USB. Arduino programs can be written in a C / C ++-based 

programming language so that those familiar with these languages can easily become familiar with 
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the environment. The IDE includes the "Wiring" C / C ++ library, which allows you to easily 

perform the most common input / output operations. 

The Arduino IDE software can be downloaded from this place: 

https://www.arduino.cc/en/Main/Software 

The Arduino software can be learn from here: https://www.arduino.cc/en/Guide/HomePage 

The applied fuctions and orders can be lear from here: https://www.arduino.cc/reference/en/ 

The most important and common functions are: 

Digital I/O 

digitalRead()  
digitalWrite()  
pinMode()  

Analog I/O 

analogRead()  
analogReference()  
analogWrite()  

Time 

delay()  
delayMicroseconds()  
micros()  
millis()  

Math 

abs()  
constrain()  
map()  
max()  
min()  
pow()  
sq()  
sqrt()  

Trigonometry 

cos()  
sin()  
tan()  

Random Numbers 
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random()  
randomSeed()  

External Interrupts 

attachInterrupt()  
detachInterrupt()  

Interrupts 

interrupts()  
noInterrupts()  

Communication 

Serial  
Stream  
 

Sketch 

loop()  
setup()  

Control Structure 

break  
continue  
do...while  
else  
for  
goto  
if  
return  
switch...case  
while  

Further Syntax 

#define (define)  
#include (include)  
/* */ (block comment)  
// (single line comment)  
; (semicolon)  
{} (curly braces)  

Arithmetic Operators 

% (remainder)  
* (multiplication)  
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+ (addition)  
- (subtraction)  
/ (division)  
= (assignment operator)  

Comparison Operators 

!= (not equal to)  
< (less than)  
<= (less than or equal to)  
== (equal to)  
> (greater than)  
>= (greater than or equal to)  

Boolean Operators 

! (logical not)  
&& (logical and)  
|| (logical or)  
 

Task 

Write a program for the Arduino for switching a LED on and off with a switch. The construction 

look like this (or you can make a different one). 

 

The proposed program: 

int i; 
int b=0; 
int j; 
 
void setup() { 
  // put your setup code here, to run once: 
Serial.begin(9600); 
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pinMode(3,OUTPUT); 
pinMode(2,INPUT); 
 
digitalWrite(3,HIGH); 
delay(1000); 
digitalWrite(3,LOW); 
} 
 
void loop() { 
  // put your main code here, to run repeatedly: 
i=digitalRead(4); 
Serial.print(i);Serial.print("    ");Serial.println(b);  
if (i>0){if(b>0){ b=0;digitalWrite(3,LOW);} else {digitalWrite(3, HIGH); b=1; delay(1000);} } 
delay(100); 
} 

 

Try to understand the program, test it and make a better solution for the problem! 

 

Exercise 8. (Dr. Prokisch József) Measurement of color and building of a colorimeter 
 

Purpose of the exercise:  

Making a simple colorimeter and testing theirs analytical performance. Compare the measurement 

results with a commercially available colorimeter like CR-410 Chroma Meter (Konica Minolta). 

Required knowledge:  

A knowledge and understanding of color measurement is essential for the making of this exercise. 

The calculation and application of LAB and RGB , CMYK, XYZ, HEX  color systems is available 

on the net:  http://colormine.org/convert/rgb-to-lab 

For the exercise you can use a TCS230/TCS3200 

 

Task 

Testing and evaluation of RGB color sensor:  

https://howtomechatronics.com/tutorials/arduino/arduino-color-sensing-tutorial-tcs230-tcs3200-

color-sensor/ 

The sensor programming and description available here:  

https://randomnerdtutorials.com/arduino-color-sensor-tcs230-tcs3200/ 

The program what you can use could be this: 

#define S0 4 
#define S1 5 
#define S2 6 
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#define S3 7 
#define sensorOut 8 
int frequency = 0; 
void setup() { 
  pinMode(S0, OUTPUT); 
  pinMode(S1, OUTPUT); 
  pinMode(S2, OUTPUT); 
  pinMode(S3, OUTPUT); 
  pinMode(sensorOut, INPUT); 
 
   
  digitalWrite(S0,HIGH); 
  digitalWrite(S1,LOW); 
  Serial.begin(9600); 
} 
void loop() { 
  
  digitalWrite(S2,LOW); 
  digitalWrite(S3,LOW); 
  frequency = pulseIn(sensorOut, LOW); 
  frequency = map(-frequency, 25,72,255,0); 
   
  Serial.print("R= "); 
  Serial.print(frequency); 
  Serial.print("  "); 
  delay(1); 
   
  digitalWrite(S2,HIGH); 
  digitalWrite(S3,HIGH); 
  frequency = pulseIn(sensorOut, LOW); 
  frequency = map(-frequency, 25,72,255,0); 
 
  Serial.print("G= "); 
  Serial.print(frequency); 
  Serial.print("  "); 
  delay(1); 
   
  digitalWrite(S2,LOW); 
  digitalWrite(S3,HIGH); 
  frequency = pulseIn(sensorOut, LOW); 
  frequency = map(-frequency, 25,72,255,0); 
 
  Serial.print("B= "); 
  Serial.print(frequency); 
  delay(1); 
 
  digitalWrite(S2,HIGH); 
  digitalWrite(S3,LOW); 
  frequency = pulseIn(sensorOut, LOW); 
  frequency = map(-frequency, 25,72,255,0); 
 
  Serial.print("   Light = "); 
  Serial.print(frequency); 
  Serial.println("  "); 
  delay(1); 
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} 

Use standard color cards for the calibration and evaluation of color measurement. Compare the 

results with a colorimeter program for mobile phones. More different colorimeter apps are available 

for android and IoS as well. e.g.: 

 https://play.google.com/store/apps/details?id=com.colorimeter&hl=en_US 

The Pantone Color Cards can be used as standards for the color comparison. Measure the color of 

some cards and evaluate the results! Compare the results with the results of the CR-410 Chroma 

Meter! 

 

Exercise 9. (Dr. Prokisch József) Measurement of water activity and temperature 
 

Purpose of the exercise:  

To build a water activity measuring equipment with a DHT22 sensor.  

Required knowledge:  

Understanding the water activity is essential. The water activity is a very useful parameter for 

estimation of shelf-life of foods and predicting the behaviour of bacteria and mould in food products. 

The water activity (aw) can be calculated from the relative humidity (RH%) in a closed jar which 

contains the investigated food sample.  

𝑎 =
𝑅𝐻%

100
 

The water activity in solutions according to the classical thermodynamics is equal the molar fraction 

(�̅�) value of the water in the solution.  

𝑎 =  �̅� =
𝑃

𝑃
 

where P is the partial pressure of water in the gas phase above the solution, P0 is the partial pressure 

of water above the pure water at the given temperature (p2). P0 can be calculated with the Clausius-

Clapeiron equation: 

ln
𝑝

𝑝
=  −

∆𝐻

𝑅
 

1

𝑇
−

1

𝑇
 

where ΔH is the evaporation heat (enthalpy of vaporization) of water (40 660 ), R is the universal 

gas costant (8.31 ), p1 is the water partial pressure at T1 temperature (e.g. at the triple point of 

water: T1=273.16 K, p1=612 Pa.  
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Classically the water activity is measured on the basis of measurement of dew-point. The dew point 

is the condensational temperature of water from the air. When air cools to its dew point through 

contact with a surface that is colder than the air, water will condense on the surface. If we know the 

dew point and the actual temperature of air above the food sample we can calculate the water 

activity. 

The water activity lately measured with sensors which are based on the changing of resistance 

because of humidity.  

The different types of water activity methods and sensors are the following: 

 

1. Coulometric. An electrolyte is formed by absorption of water and the current level obtained 

is proportional to the moisture content. 

2. Gravimetric. A volume of moist air is exposed to a drying agent and subsequently weighed. 

The weight corresponds to the moisture. 

3. Microwave/Infrared: Attenuation of the transmitted signal varies as the amount of water 

content increases is an indication of the moisture content in the medium. 

4. Dry-and Wet bulb temperature. Psychrometer gives relative humidity estimates based on 

Dry-and Wet bulb temperature measurement what is the base of dew point hygrometers. 

They measure the dew-point temperature by detecting dew formation on a cooler base.  

5. Capacitance RH sensors 

6. Resistance RH sensors 

The DHT22 is a resistance type of sensor with a thermometer.  

Task 

The DHT22 sensor must be wired according to this figure: 
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The suggested program is the following: 

#include <DHT.h>; 
DHT dht(2, DHT22);  
 
float hum;  //Stores humidity value 
float temp; //Stores temperature value 
 
void setup() 
{ 
  Serial.begin(9600); 
  dht.begin(); 
pinMode(3, OUTPUT); 
} 
 
void loop() 
{ 
    hum = dht.readHumidity(); 
    temp= dht.readTemperature(); 
    //Print temp and humidity values to serial monitor 
    Serial.print("Humidity: "); 
    Serial.print(hum); 
    Serial.print(" %, Temp: "); 
    Serial.print(temp); 
    Serial.println(" Celsius"); 
    delay(2000); //Delay 2 sec. 
    if (hum>70) {digitalWrite(3, HIGH);} 
    if (hum<60) {digitalWrite(3, LOW);} 
     
} 
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After testing the equipment let’s measure the water activity of some food (biscuits, chips, bread). 

According to the measurement results try to estimate the shelf life of the products. Use the Dew 

point calculator program (http://www.dpcalc.org/) and calculate the Dew point in excel according 

to the earlier thermodynamics course. 

 

Exercise 10. (Dr. Prokisch József) Measurement of gases (CO2 and ethanol) with sensors 
 

Purpose of the exercise:  

Its purpose is to develop a CO2 or an ethanol gas measurement tool. Working in two groups, one 

group make a CO2 the other makes the ethanol measuring tool. 

Required knowledge:  

Understanding the importance of gas measurement and knowing the field of applications. 

Task 

Build a gas detector using a K30 CO2  Carbon Dioxide Gas Sensor for CO2 measurement or build 

an MQ-3 Alcohol Ethanol Sensor.  

CO2 detection: 

Develop a CO2 measuring tool with a CO2 sensor. For the development use the available internet 

sources (e.g.: https://create.arduino.cc/projecthub/alfred333/co2-monitoring-with-k30-sensor-

86f6d9 for the CO2 measurement.) Evaluate and test the developed equipment! 

Ethanol detection: 

In the other project, we have to build an alcohol sensor with an arduino. 

The MQ-3 alcohol sensor we will be used. This type of sensor circuit can be used as a breathalyzer 

to check a person's blood alcohol level. The amount of alcohol exhaled into the air is proportional 

to the amount of alcohol which will be found in a person's blood. Alcometers use a built-in formula 

to estimate blood alcohol content from exhaled air alcohol content. 

The alcohol sensor circuit with an MQ-3 sensor integrated with an Arduino is shown below. The 

LED is for the indication of the low or high ethanol level. 
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To connect the sensor, you will need 4 wire. 2 of them are for power. The +5V terminal of the sensor 

connects into the 5V terminal of the Arduino board. The GND terminal of the sensor connects into 

the GND terminal of the Arduino. This is the power supply for the sensor. The other 2 connections 

are the analog and digital output of the sensor. These connect to analog pin A0 and digital pin D8, 

respectively.   

The code which we need to upload to the Arduino so that it can measure alcohol levels is shown 

below. 

/* MQ-3 Alcohol Sensor Circuit with Arduino */ 
 
const int AOUTpin=0;//the AOUT pin of the alcohol sensor goes into analog pin A0 of the 
arduino 
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int limit; 
int value; 
void setup() { 
Serial.begin(9600); 
pinMode(8, INPUT);  
pinMode(13, OUTPUT);  
} 
 
void loop() 
{ 
value= analogRead(A0);  
limit= digitalRead(8);  
Serial.print("Alcohol value: "); Serial.print(value);  
Serial.print("                   Limit: "); Serial.println(limit);  
delay(100); 
if (limit = = HIGH){ 
digitalWrite(13, HIGH);  
} 
else{ 
digitalWrite(13, LOW);  
} 
} 

Understand and explain the rows of the program. Test it with the measurement of gas above a vine. 

 

Exercise 11. (Dr. Prokisch József) Comparison the nephelometry and turbidimetry 
 

Purpose of the exercise:  

To develop a equipment for measuring light scattering and absorbance in the same time for 

comparison the detection limits and calibration curves of nephelometry and turbidimetry. 

Required knowledge:  

Nephelometry is a method for measuring the scattered light in a water sample by passing light 

through the sample. In nephelometry the measurement is made by measuring the light passed 

through a sample at an angle preferably 90 degree. Because of the low signal of the blank sample, 

the measurement is very sensitive.  

Task 

Use a blue LED or red laser as a light source. Connect this to a digital pin of the Arduino for 

controlling the switching on and off . Test the measurement with the blinking light source. Measure 

the signal, when the light source is on and off and calculate the difference.  
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The optical schema is the following: 

 

The two detectors resistance related to the light intensity. Detector 1 is for the turbidimetric and the 

Detector 2 is for the nephelometric signal. The cuvette contain the sample. For the blank you can 

use distilled water.  

Create an Arduino based equipment and a program for the measurement. You will need 2 resistors 

for the measurement of analog signal of photo-resistors!  

Test the created instrument with a diluted milk samples. Determine the concentration-signal curves 

both the turbudimetric and nephelometric signal!  


