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The food industry plays a key role in the national economy and in meeting the basic 

needs of society. Due to the dynamic development of many sectors of the food industry, the 

importance of food additives is increasing. The food additives sector, including dyes, will 

continue to grow and evolve. It is related, inter alia, to the emergence of new directions in 

food consumption, such as an increase in the demand for convenient and functional food. 

Food dyes are one of the basic groups of additives used in the food industry, and their 

market shows an intense and constant increase in production, which in 2010-2015 

amounted to over 40%. The main factor determining the growth recorded in the market of 

natural dyes is increasing consumer awareness of the negative effects of excessive use of 

synthetic food additives. Dyes can be problematic components of wastewater coming from 

food industry. The presence of dyes in water disqualifies it as useful for domestic and 

industrial purposes, and has a negative impact on the ecosystem. Sewage from the food 

industry, including sewage containing residues of food additives, both after technological 

processes of their production and from the production of food products, can be treated by 

physical, chemical and biological processes. Traditional methods of wastewater treatment 

often do not give satisfactory results. Their use has certain disadvantages, such as: transfer 

of pollutants from one phase to another, low reaction rates, the need for continuous pH and 

temperature control. Many wastewater from the food industry with a high content of 

organic substances is not biodegradable and can be highly toxic. Their purification cannot be 

limited to the use of traditional physical, chemical and biological methods and should be 

more complex. Advanced oxidation processes are an attractive alternative or supplement to 

traditional wastewater treatment methods, which provide non-selective degradation of 

organic substances and some inorganic compounds with the use of hydroxyl radicals 

generated in various ways. Many scientific reports indicate the possibility of effective 



degradation of pollutants, including those generated by the food industry with the use of 

photocatalysis on irradiated titanium dioxide. The doctoral dissertation is experimental. The 

essence of the undertaken and conducted research was the main research hypothesis as 

follows: the degradation of natural pigments on irradiated TiO2 and the increasing 

biodegradability of the resulting intermediate products make it possible to use the 

photocatalysis process with the use of titanium dioxide in the treatment of wastewater 

containing natural dyes from both the food industry and generated in the processes of their 

production. In order to verify the main research hypothesis, five specific research goals were 

formulated and adopted for implementation, for which the following detailed research 

hypotheses were adopted: 

1. Natural dyes undergo the process of photocatalytic decolorization and 

photodegradation on irradiated titanium dioxide. 

2. Natural dyes undergo the process of photodecolorization and photodegradation in 

the process of direct photolysis. 

3. The rate of photocatalytic decolorization of natural dyes in a given concentration 

range increases with their concentration according to the Langmuir-Hinshelwood 

equation, generally accepted for the description of such processes. 

4. Intermediate products of the process of photocatalytic degradation of natural 

pigments are characterized by lower antimicrobial properties against selected gram-

positive and gram-negative bacteria than the starting solutions containing the tested 

substrates. 

5. Photocatalytic and photolytic processes contribute to increasing the susceptibility of 

model natural dye solutions to their subsequent biodegradation. 

During the research, the degree of photodecolorization and photodegradation of selected 

natural pigments (E 120, E 160b and E 141 (ii)) was determined on the exposed titanium 

dioxide and during direct photolysis. In most of the studied photocatalytic processes, the 

dependence of the efficiency of the photodecolorization reaction on the concentration of 

the initial dye in the solution is rectilinear, which allows for the conclusion that in the studied 

concentration ranges the photodecolorization process follows the Langmuir-Hinshelwood 

kinetic model. It was found that the aqueous solutions of the dyes E 120 and E 141(ii) and 

the products of their photooxidation did not have antimicrobial properties against selected 

Gram-positive and Gram-negative bacteria. In the case of norbixin solutions with the initial 



concentrations of 0.01, 0.04 and 0.12 g·dm-3, inhibition of the growth of Gram-positive 

microorganisms was observed. In all cases, the photocatalytic and photolytic processes 

contributed to the reduction of the inhibitory effect of samples containing E 160b against 

the test microorganisms. The use of photocatalytic and photolytic processes in most cases 

also contributed to the improvement of biodegradability of model dye solutions. Due to the 

reduction of the BOD5 and COD values of model solutions of natural food dyes observed 

during photocatalytic and photolytic reactions, these processes can be implemented to treat 

low-loaded wastewater, thus providing an attractive alternative to traditional methods of 

treating wastewater from the food industry that contain dyes. 

The theoretical part of the work focuses on the characteristics of natural dyes and the 

problems related to the treatment of wastewater coming from the food industry. Chapters 4 

and 5 are devoted to the advanced oxidation processes, heterogeneous photocatalysis on 

irradiated titanium dioxide and its applicability to the degradation of industrial dyes. In 

subsection 5.6. the mechanism of photocatalytic degradation of dyes on irradiated TiO2 is 

discussed in detail.  

The research part of the dissertation presents the results of research on photolytic and 

photocatalytic degradation of E 120, E 141 (ii) and E 160b as well as the kinetics of 

photocatalytic decolorization of dyes under study. The susceptibility of natural food dyes 

and their oxidation products to biodegradation was also determined and the antimicrobial 

properties of selected natural food dyes and their photooxidation products against selected 

Gram-positive and Gram-negative bacteria were assessed. 

Positive verification of hypotheses 1, 2, 4 and 5, claiming that the dyes are natural process of 

photocatalytic decolorization and photodegradation on irradiated titanium dioxide and in 

the process of direct photolysis, intermediate products of the photacatalytic degradation of 

natural dyes are characterized by lower antimicrobial properties in relation to selected 

Gram-positive and Gram-negative bacteria than the initial solutions containing the tested 

substrates, as well as photocatalytic and photolytic processes contribute to increasing the 

susceptibility of model solutions of natural dyes to their subsequent biodegradation leads to 

a positive confirmation of the assumed main hypothesis. 
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