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Summary of PhD dissertation in Polish: Soki owocowe charakteryzują się dużą zawartością 

składników mineralnych, błonnika pokarmowego, witamin, czy związków bioaktywnych. Są 

one więc postrzegane jako żywność funkcjonalna, której spożycie może mieć pozytywny 

wpływ na organizm człowieka. Ze względu na duży wzrost zapotrzebowania na soki owocowe, 

przemysł sokowniczy stoi przed licznymi wyzwaniami związanymi z oceną jakości produktów 

na poziomie przemysłowym i detalicznym. Przedmiotem badań było opracowanie nowych 

rozwiązań metodycznych do kontroli jakości soków owocowych, z głównym naciskiem 

na rozwiązania mogące znaleźć zastosowanie w przetwórstwie spożywczym. Badania 

prowadzone były dwutorowo. Z jednej strony przeprowadzono charakterystykę profili frakcji 

lotnej soków owocowych przy wykorzystaniu nowoczesnej techniki analitycznej, takiej jak 

dwuwymiarowa chromatografia gazowa (GC×GC). Przeprowadzenie takich analiz umożliwiło 

wytypowanie wyróżników soków owocowych, a także potencjalnych substancji bioaktywnych 

charakterystycznych dla danego rodzaju soku. Z drugiej strony, opracowano metodyki 

analityczne użyteczne do szybkiej kontroli jakości i wykrywania zafałszowań soków 

przy użyciu jednowymiarowej chromatografii gazowej (GC). Opracowane metodyki dotyczyły 

oznaczania zawartości amin biogennych przy użyciu mikroekstrakcji ciecz-ciecz wspomaganej 

wysalaniem sprzężonej z GC-MS (SALLME-GC-MS) oraz zawartości furanu i alkilofuranów 

przy użyciu ultraszybkiej chromatografii gazowej z detektorem płomieniowo-jonizacyjnym 

(UFGC-FID). Dodatkowo, opracowano rozwiązanie wykorzystujące elektroniczny nos 

umożliwiające wykrycie zafałszowanych próbek soków. Badania były prowadzone zgodnie 

z zasadami Zielonej Chemii Analitycznej, a opracowane rozwiązania oceniono pod względem 

ich zieloności przy użyciu dwóch narzędzi analitycznych: AGREE oraz GAPI. 

Summary of PhD dissertation in English: Fruit juices are characterized by a high content 

of minerals, dietary fiber, vitamins and bioactive compounds. Therefore, they are perceived 

as functional foods, the consumption of which can have a positive effect on the human body. 

Due to a large increase in the demand for fruit juices, the juice industry faces numerous 

challenges related to quality assessment at the industrial and retail levels. The subject 

of the research was the development of new methodological solutions for fruit juice quality 

control, with the main emphasis on solutions that can be used in food processing. The research 

was conducted in two ways. On the one hand, the volatile fraction profiles of fruit juices were 

characterized using a modern analytical technique, such as two-dimensional gas 

chromatography (GC×GC). Conducting such analyzes made it possible to select 

the distinguishing features of fruit juices, as well as potential bioactive substances 

characteristic of a given type of juice. On the other hand, analytical methodologies useful 

for rapid quality control and adulteration detection of juices using one-dimensional gas 

chromatography (GC) have been developed. The developed methodologies concerned 

the determination of the content of the biogenic amines using salting-out assisted liquid-liquid 

microextraction coupled with GC-MS (SALLME-GC-MS) and the furan and alkylfurans content 

using ultrafast gas chromatography with a flame ionization detector (UFGC-FID). In addition, 

an electronic nose solution was developed to detect adulterated juice samples. The research 

was conducted in accordance with the principles of Green Analytical Chemistry, 

and the developed solutions were assessed in terms of their greenness using two analytical 

tools: AGREE and GAPI. 
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1. Introduction 

 

 

One of the very important branches of the food industry is the juice industry [1]. 

Because the fruit spoils and rots, and their availability is seasonal, the production 

of juices from fresh fruits allows their consumption throughout the year. Fruit juices 

and fruit concentrates have become valuable products and semi-finished products 

[2]. Many types of fruit are used for the production of fruit juices, including apples, 

grapes and peaches, but oranges are the most frequently used raw material [3]. 

In recent years, however, it can be noted, the increase in the popularity of juices 

produced from berries, such as bilberries, raspberries, blueberries, blackberries 

and chokeberries [4]. This may be due to a significant increase in interest in a healthy 

daily diet. Consumers are increasingly checking the labels of food products 

containing lists of nutrients and additives contained in them. This allows them 

to make informed decisions when making food choices. Juices are characterized 

by a low content of carbohydrates and calories, as well as a high content of fiber, 

vitamins, minerals and antioxidants [5]. For this reason, juices do not have to be 

an addition to meals but can be treated as functional food, the consumption of which 

can have a positive effect on the human body. In particular, this applies to fruit 

juices, from which natural antioxidants: polyphenols and carotenoids, can 

be obtained [6]. 

Food authenticity assessment is of increasing importance in the food industry, 

where producers and suppliers can increase their profits by substituting or adding 

cheaper ingredients to their products [7]. The most common type of adulteration 

of juices is dilution with water, the addition of sugar syrup, which reduces the total 

amino acid value, the addition of ingredients that are not naturally present 

in the juice, e.g. dyes, and the addition of cheaper juices from other types of fruit [8]. 

Orange juices are most often adulterated by the addition of tangerine [3], [9], 

grapefruit [9] or lemon [10] juice. In the case of berry juices, the most common type 

of adulteration is the addition of dyes [11] and other berry juices [12], [13]. There are 

many physical, chemical or microbiological methods used to assess the quality 

of juices. During the tests, the content of naturally occurring substances in raw 

materials is determined and the presence of other decomposition products 

or impurities is detected [14]. The most effective methods consist in analyzing 

the profile of carbohydrates, phenols, carotenoids, amino acids or other organic acids 

using various chromatographic techniques [15], [16]. However, the use of these 

procedures is labour-intensive and time-consuming. For this reason, new solutions 

are sought for fast, simple and effective detection of adulteration of fruit juices. 

In addition, there are many risks associated with improper handling of fruit juices, 

which is associated with the possibility of their contamination [17]. Among the 

contamination of fruit juices, microbiological and chemical contamination can be 

distinguished. However, modern analytical methodologies are still being sought 
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to enable the determination of analytes, the presence of which may be dangerous 

to the health of consumers. These methods should be characterized by good 

greenness assessment, speed, reliability and sensitivity, enabling the determination 

of analytes at a trace level. Fulfilment of these assumptions enables 

the use of chromatographic techniques with a properly selected stage of sample 

preparation [15], [16]. 
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2. Fruit juices 

2.1. Fruit juices as functional beverages 

The fruit juice market is one of the main markets in the food industry [1]. Due 

to the growing awareness of consumers, their preferences focus on increasingly 

healthy food products, which, in addition to good taste and smell, can additionally 

provide health benefits. For this reason, functional beverages have gained more 

and more popularity in recent years [2]. These include juices containing additional 

phytochemicals or bioactive compounds. Very often, these drinks are made 

from different types of fruit and then combined with dairy or soy-derived products 

[2]. Fruit juices can also be medium for probiotic strains, as they have the proper 

nutritional composition [18]. Citrus juices are also classified as functional juices [19]. 

Superfruits, such as berries and products made from them, are characterized 

by a high content of polyphenols, therefore these juices can also be classified 

as functional drinks [1]. 

2.2. Fruit juices – health benefits  

Consuming fruit juices can provide several health benefits, as shown 

in Figure 1. Fruit juices contain large amounts of macro- and microelements, such 

as K, Mg, Na, P, or Ca and Fe [20]. These macro- and micronutrients play 

an important role in the transmission of nerve impulses, the control and equalization 

of blood pressure, and the regulation of osmotic homeostasis [21]. One glass of fruit 

juice can provide your daily dose of nutrients such as Co, Cr, Cu, Fe, Mn, Ni, Zn, 

and Se [20]. Fruit juices are also rich in B vitamins or vitamins A, C and E, 

so consuming them may contribute to reducing inflammation by stimulating 

the immune system [22]. Fruit juices, apart from the minerals and vitamins they 

contain, are also a source of bioactive substances, such as phenolic acids 

or anthocyanins. Bioactive substances contained in juices may have a beneficial 

effect on the human body through anti-inflammatory, cardioprotective, 

neuroprotective and antioxidant effects [23]. Consumption of fruit juices, and above 

all superfruit juices, such as berries, can improve blood pressure, glycemic and lipid 

profile [24]. 
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Figure 1 Health benefits related to the consumption of berry juices. 

 

2.3. Fruit juices – risks 

Including fruit juices into the daily diet can have a positive impact 

on the health of consumers. However, it is important to remember that there are 

many risks associated with consuming juices (Figure 2). These risks may be caused 

by contamination, such as microbiological or chemical contaminations. 

Microbiological contamination includes the presence of pathogenic microorganisms 

such as fungi, viruses and bacteria [25]. The cause of microbiological contamination 

is usually the lack of compliance with the sanitary regime during the production, 

transport and storage of juices [26]. Chemical contaminants of juices include metals, 

bisphenols, polycyclic aromatic hydrocarbons, pesticides, biogenic amines, furans 

and adulterants. Chemical contaminants in fruit juices typically come from the fruit 

and the processes they undergo, during cultivation as well as after harvesting. These 

processes cause the transfer of chemical pollutants such as pesticides, metals 

and biogenic amines [25]. Another factor causing the formation of impurities 

such as furans may be processes that extend the shelf life of juices, such as 

sterilization or pasteurization [27], [28]. In addition, the packaging in which the 

finished product is stored may also be a source of chemical contamination [25]. 

It should be emphasized that quality control of fruit juices is extremely important 

to ensure consumer safety. 
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Figure 2 Risk related to the consumption of berry juices. 

 

2.4. Analytical techniques used for fruit juices analysis 

Fruit juice analysis is an extremely important issue. It makes it possible 

to assess the nutritional value of products, and thus determine the potential impact 

of juices on the human body. In addition, based on the analysis of juice samples, it is 

possible to control their quality, as well as detect the additives used and monitor 

any adulteration [16]. 

Due to the very complex composition of the matrix of juice samples, 

the analysis of bioactive substances as well as microbiological and chemical 

contaminations is a challenge for analytical chemists. Chromatographic techniques 

are the most commonly used instruments. However, due to the complex matrix, 

direct analysis of juice samples is often impossible. It is therefore necessary 

to properly prepare the juice samples [29]. This stage allows the removal of interfering 

substances, as well as the dilution or concentration of substances, or the separation 

of analytes. Table 1 lists examples of analytical methods for the determination 

of bioactive substances and contaminations of fruit juices [15]. 
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Table 1 Characterization of analytical methods applied to determine the bioactive 

substances and contaminations in different fruit juices. 

Chemical 
group 

Pro-/Anti- 
health 

properties 
Juice type 

Number 
of 

analytes 

Sample 
preparation 

step 

Analytical 
technique 

Targeted/ 
Untargeted 

analysis 
Ref. 

anthocyanins pro- blackcurrant 4 LLE UHPLC targeted [30] 

anthocyanins pro- blueberry 6 LLE UPLC targeted [31] 

anthocyanins pro- grape 1 - spectrophotometry targeted [32] 

folates pro- 

blackberry 
blueberry 
strawberry 

raspberry 

11 SPE UHPLC-MS/MS targeted [33] 

organic acids pro- blueberry 13 SPE IC-CD targeted [34] 

phenols pro- 
blueberry 
cranberry 

grape 
43 

centrifugation, 
filtration 

LC-MS/MS targeted [35] 

phenols pro- mixed berry  1 - fluorometry targeted [36] 

phenols pro- blackberry 2 SPE HPLC targeted [37] 
phenols pro- chokeberry - LLE spectrophotometry targeted [38] 

sugars pro- blueberry 3 filtration HPAEC-PAD targeted [39] 

mycotoxins anti- pomegranate 3 QuEChERS HPLC-DAD targeted [40] 

metals anti- grape 7 digestion AAS targeted [41] 
metals anti- pomegranate 2 HLLME GFAAS targeted [42] 

metals anti- 
cherry 
grape 

pomegranate 
21 digestion ICP-OES targeted [43] 

metals anti- grape 2 DLLME FAAS targeted [44] 

PAHs anti- grape 12 VA-d-μ-SPE GC-FID targeted [45] 
PAHs anti- grape 11 QuEChERS GC-MS/MS targeted [46] 

PCBs anti- grape 7 
DLLME-D-µ-

SPE 
GC-MS/MS targeted [47] 

pesticides anti- 
cherry 
grape 

11 SALLE GC-MS targeted [48] 

pesticides anti- raspberry 4 SULLE GC-FID targeted [49] 
pesticides anti- grape 5 CSDF-ME GC-MS targeted [50] 

pesticides anti- 

blackcurrant 
raspberry 
redcurrant 
strawberry 

160 MSPD GC-ECD/NPD targeted [51] 

pesticides anti- grape 7 ILSFOD-LLME HPLC-UV targeted [52] 

pesticides anti- grape 10 m-PFC GC-Orbitrap targeted [53] 

furans anti- pomegranate 7 SPME GC-MS untargeted [54] 

furans anti- blackcurrant 3 filtration GC-MS untargeted [55] 

biogenic amines anti- bog bilberry 7 LLE HPLC-UV targeted [56] 

biogenic amines anti- grape 31 
centrifugation, 
derivatization 

GC-MS targeted [57] 

biogenic amines anti- blackcurrant 5 derivatization HPLC-UV targeted [58] 

biogenic amines anti- 
blackcurrant 
redcurrant 

5 
centrifugation, 

filtration 
IC-CMD targeted [59] 
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Spectroscopic techniques are most often used for the determination 

of bioactive substances. These techniques are primarily used as screening tests, 

to determine the summary parameters, such as total phenolic content (TPC), total 

flavonoid content (TFC), or total anthocyanin content (TAC). Spectroscopic techniques 

are characterized by the simplicity and speed of measurements, and their use can 

even be mobile. Methods for the determination of summary parameters, however, 

have limitations, because reactions between analytes and reagents (e.g. Folin-

Ciocalteu reagent) may not be specific, therefore the obtained results may 

be overestimated [16].  

To obtain more reliable results, chromatographic techniques, mainly liquid 

chromatography (LC), are mainly used. Determination of bioactive substances using 

LC often precedes the liquid-liquid extraction (LLE) step, examples of used solvents 

are methanol with water and trifluoroacetic acid (TFA) [31], or methanol acidified 

with 1% acetic acid [30]. Another commonly used technique for the extraction 

of phenols or organic acids is the solid-phase extraction (SPE) technique [34], [37]. 

Both LLE and SPE are labour-intensive and high solvent usage techniques. 

For this reason, new analytical solutions for more ecological methods of both 

preparation and determination of bioactive substances are still being sought.  

Among the chemical substances that may have a negative impact on human 

health, we can distinguish, for example, metals, PAHs, PCBs, pesticides, furans 

or biogenic amines. 

The content of metals in fruit juices is mainly determined using spectroscopic 

techniques. Among them, we can distinguish various types of atomic absorption 

spectrometry (AAS) [41], [42], [44] and inductively coupled plasma optical emission 

spectroscopy (ICP-EOS) [43]. Typically, the preparation of juice samples before metal 

determination involves digesting with strong solvents such as nitric acid or perchloric 

acid. In order to search for greener methods of sample preparation, e.g. homogeneous 

liquid-liquid microextraction (HLLME)  [42] or dispersive liquid-liquid microextraction 

(DLLME) [44] were used for metal extraction. 

For the determination of other contaminants in fruit juices (e.g. mycotoxins, 

biphenyls, polycyclic aromatic hydrocarbons, biogenic amines or pesticides), 

chromatographic techniques, both gas chromatography (GC) and liquid 

chromatography (LC), are most often used. Juices can contain pesticide residues 

in low concentrations, therefore selective and sensitive analytical methods 

are required to detect these contaminants. GC with various types of detectors 

and various methods of analyte extraction is most often used for the determination 

of pesticides in fruit juices. The combination of the matrix solid-phase dispersion 

(MSPD) method with gas chromatography coupled with electron capture detection 

and nitrogen-phosphorus detection (GC-ECD/NPD) enabled the determination 

of 160 analytes in blueberry juices [51]. One of the solvents required 

for the extraction of pesticides was hexane, which was a major disadvantage 

of the proposed approach. A greener analytical solution was the use of continuous 

sample drop flow microextraction with gas chromatography coupled with mass 
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spectrometry (CSDF-ME-GC-MS) [50]. The advantages of this methodology include 

high sensitivity, short analysis time and low solvent consumption. Liquid 

chromatography with UV detection was also used to determine pesticides in juices. 

During the sample preparation stage, ionic liquid-assisted liquid-liquid 

microextraction based on the solidification of floating organic droplets was used 

for analysis (ILSFOD-LLME) [52]. This methodology effectively concentrated 

the tested ingredients, and the solvent consumption was small, which significantly 

improved the assessment of the greenness of the methodology compared 

to conventional LLE techniques. 

It should be emphasized that finding reliable, sensitive and fast methods 

for the detection of microbiological and chemical contaminations in fruit juices 

is of great importance for the assessment of food safety and quality. Information 

on the health benefits, as well as the risks associated with the consumption of berry 

juices, and analytical methodologies used to determine bioactive compounds 

and fruit juice contaminations, are described in a review publication, published 

in the journal Food Chemistry [60]. The work addresses the limitations of current 

analytical approaches as well as future trends, with a focus on green analytical 

chemistry.  
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3. The aim of the doctoral dissertation 

The subject of research carried out as part of the doctoral thesis was 

the development of new methodological solutions for the characterization and quality 

control of fruit juices. The research was conducted in two ways. On the one hand, 

efforts were made to characterize the profile of the volatile fraction of fruit juices using 

modern analytical techniques. On the other hand, the focus was on the development 

of simple and fast analytical methodologies with the main emphasis on solutions that 

can be used in food processing. 

New types of functional foods are still being sought. Fruit juices can fall 

into this category if their consumption will have beneficial health effects. For this 

reason, it is very important to know the exact composition of fruit juices. 

Characterization of the volatile fraction profiles of juice samples was carried out using 

the technique of two-dimensional gas chromatography with mass spectrometry 

in order to select markers of limes juices. In addition, the profile of volatile bioactive 

compounds that may have a positive effect on the human body was determined. 

Another aim of the research was to check the interaction between selected bioactive 

compounds characteristic of Key and Kaffir limes and human serum albumin. In both 

cases, it was decided to use the HS-SPME-GC×GC-TOFMS methodology due to its 

resolution capabilities and low analyte detection limits. 

The scope of the research on juice quality assessment included the assessment 

of authenticity and detection of adulteration of fruit juice samples, as well as 

the determination of chemical compounds contained in them that may pose a threat 

to consumer health. The most common types of fruit juices adulteration are water 

dilution, the addition of sugar syrup which reduces the total amino acid value, 

the addition of ingredients that are not naturally present in the juice, such as dyes, 

and the addition of cheaper juices from other types of fruit. There are many chemical, 

physical and microbiological reference methods used to assess the quality of juices. 

However, the use of these procedures in the juice industry is laborious and time-

consuming. For this reason, new solutions are being searched for, allowing for a fast 

assessment of the quality of fruit juices. The first objective was to develop 

an approach to detect adulteration of orange juice by adding less expensive juice to 

it using a commercially available electronic nose device. The non-targeted approach 

based on volatile fraction fingerprinting followed by the use of chemometric methods 

to compare them is an efficient and economical tool for assessing food quality. 

The use of devices such as an electronic nose would make it possible to monitor 

the quality of juices directly during the production process. Then, the focus was 

on chemical compounds, the consumption of which in excessive amounts may have 

negative effects on the health and life of consumers, namely biogenic amines, furan 

and alkylfurans. In order to determine biogenic amines, a methodology was developed 

that combines salting-out assisted liquid-liquid microextraction (SALLME) 

with a simultaneous derivatization process, followed by the determination of analytes 

using GC-MS. In the case of furans, an ultrafast gas chromatograph with a FID 
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detector was used. Both methodologies were validated and evaluated in accordance 

with the principles of Green Analytical Chemistry. 

Diagram of the concept of research carried out during the doctoral thesis 

is shows in Figure 3. 

 

Figure 3 Diagram of the concept of research. 
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4. Experimental part 

4.1. Characterization of fruit juice samples 

4.1.1. Development of a methodology enabling the analysis of the volatile fraction 

of lime juices using the two-dimensional gas chromatography technique 

and the determination of the antioxidant properties of these juices 

Hypothese 

• The use of a two-dimensional gas chromatograph made it possible 

to characterize the volatile fraction of juice samples with a very complex matrix 

• The terpene profile is characteristic of different types of lime juices and allows 

samples to be distinguished 

Questions 

• Which one from the two types of lime juices have better antioxidant properties? 

• Can the content of antioxidant substances be used to distinguish lime juice 

samples? 

The food industry is still looking for new types of fruit juices that can be classified 

as functional drinks, i.e. those that provide health benefits [2]. An example 

of functional drinks due to the high content of vitamin C are citrus juices [18], [19]. 

Before producers introduce new types of juices for sale, it is necessary to accurately 

characterize the ingredients of these juices in order to know their properties 

and potential pro-health abilities. 

Kaffir lime juice was selected as a new type of juice for the study. This fruit is very 

popular in Southeast Asia, and its peel and leaves are used for culinary purposes. 

However, the juice of this fruit is not eaten [61]. Key lime juice, the most common 

type of lime in Europe, was used for comparison. In the case of functional drinks, 

it is very important to characterize juices in terms of their antioxidant status.  

In the case of the volatile fraction, terpenes are the main group of chemicals that 

contribute to the antioxidant properties of food [62]. Gas chromatography is the most 

often used to analyze the volatile fraction of food samples. The aroma of fruits and 

citrus juices is a very complex mixture. For this reason, the use of ultrafast GC 

and conventional GC does not always allow the separation of all analytes contained 

in the sample. The solution to this problem may be the use of two-dimensional gas 

chromatography technique characterized by a higher separation potential, higher 

sensitivity and resolution [63]. 

In this study, a methodology was developed for the semi-quantitative 

characterization of the volatile fraction of juices from two species of limes, as well as 

the quantitative determination of terpenes. During the study, solid phase 

microextraction (HS-SPME) was used for the isolation and enrichment 

of the analytes, and the extraction was performed using 

divinylbenzene/carboxy/polydimethylsiloxane (DVB/CAR/PDMS) fibers. 
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A two dimensional gas chromatograph coupled with a time-of-flight analyzer 

and mass spectrometer (GC×GC-TOF-MS) was used to separate and identify 

the analytes. Data on the chromatographic columns used in the research (Table 2) 

and the temperature programs used during the chromatographic separation 

of the analytes (Figure 4) are presented below. The proposed methodology enabled 

accurate and precise determination of selected terpenes, which is a contribution 

to the development of science, because so far in the literature, the content of terpenes 

in lime juice samples was given only as a percentage. 

Non-volatile bioactive compounds in the juices of both lime varieties were 

determined using antioxidant tests and 1H NMR spectroscopy. Finally, Kaffir and Key 

limes juices were compared based on the collected data in order to distinguish 

between them.  

The research results were published in the journal Food Control [64]. 

 

Table 2 Parameters of the two chromatographic column used during the research. 

Parameters I dimension column II dimension column 

Type: capillary capillary 

Lenght: 30 m 1.6 m 

Internal Diameter: 250 µm 100 µm  

Maximum temperature: 325°C 280°C 

Trade name of stationary phase: Equity 1 SGWAX 
The film thickness of the stationary 

phase 
0.25 µm 0.10 µm 

 

 

 

Figure 4 GC×GC-TOFMS - chromatographic temperature program applied during 

research. 
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To sum up, in this work an analytical method was developed 

for the determination of volatile substances in citrus juice samples using  

the HS-SPME-GC×GC-TOFMS technique. Comparing the composition of the volatile 

fractions of both juices, it was observed that the most numerous group of chemical 

compounds were terpenes. The proposed methodology was useful 

for the quantification of terpenes. Kaffir lime juice contained more terpenes compared 

to Key lime juice. This fruit juice is therefore characterized by a higher content 

of bioactive substances in the volatile fraction. Comparing the terpene profile of both 

types of juice allowed them to be distinguished in terms of botanical origin. 

In addition, by comparing the 1H NMR spectra, small differences were estimated that 

may allow differentiation between the samples of both juices. Determination 

of the polyphenols content in the water extracts of the tested juices also confirmed 

that the Kaffir lime juice is characterized by a higher content of bioactive compounds, 

and thus better antioxidant properties. 
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4.1.2. Investigation of interactions between bioactive substances from lime juices 

and human serum protein 

Hypothese 

• The use of two-dimensional gas chromatography with mass spectrometry 

as a tool to determine the terpene profile of food samples 

• Monoterpenes as bioactive substances show good binding properties to human 

serum albumin 

Questions 

• Do studies of the antioxidant properties of selected juice markers reflect 

the properties of juices? 

Determining the pro-health properties of food is mainly based on the identification 

of bioactive compounds and using of conventional spectrophotometric tests 

for determination of the antioxidant capacity of given samples. In the case of Key 

lime, there are scientific reports on the determination of the antioxidant properties 

of these fruits, the determination of the content of polyphenols, as well as 

the identification of secondary metabolites that contribute to their medicinal 

properties [65], [66], [67]. However, there is still a lack of studies focusing 

on the interactions of bioactive substances with serum proteins. Determining what 

bioactive substances are contained in a given food sample, and then determining 

the affinity of this chemical compound for human protein albumin, can help 

understand the therapeutic use of phenols contained in food. 

Key lime and Kaffir lime juices were used in the research. The first objective 

of the work was to determine the content of terpenes in these juices, as well as 

to identify substances characteristic of a given juice. Terpenes determination 

was performed using HS-SPME-GC×GC-TOF-MS. The binding properties of selected 

monoterpenes were then determined using 2D and 3D fluorescence and molecular 

docking. The research results were published in the Journal of Luminescence [68]. 

Based on the analysis of the terpene profile, it was shown that the greatest differences 

in the content of terpenes in the tested lime juices concerned limonene, citral 

and terpinen-4-ol. Markers of Kaffir and Key lime juices were selected  

as terpinen-4-ol and citral, respectively. The results of the antioxidant properties 

of lime juices showed that Kaffir lime juice had higher bioactive properties compared 

to Key lime. Results for terpinen-4-ol and citral were not proportional to Kaffir 

and Key lime juice data. This is because food is a complex mixture where there are 

synergistic antioxidant effects. Molecular docking studies have shown that HSA has 

active sites responsible for interactions with monoterpenes. After analyzing 

the results of 2D and 3D fluorescence, it was found that Kaffir lime juice showed 

higher binding properties to human serum albumin. Kaffir lime juice may have an 

important role in the development of healthy food in the future.  



 
 

 
FACULTY OF CHEMISTRY 

 

 

 

59 
 

  



 
 

 
FACULTY OF CHEMISTRY 

 

 

 

60 
 

  



 
 

 
FACULTY OF CHEMISTRY 

 

 

 

61 
 

  



 
 

 
FACULTY OF CHEMISTRY 

 

 

 

62 
 

  



 
 

 
FACULTY OF CHEMISTRY 

 

 

 

63 
 

  



 
 

 
FACULTY OF CHEMISTRY 

 

 

 

64 
 

  



 
 

 
FACULTY OF CHEMISTRY 

 

 

 

65 
 

 



 
 

 
FACULTY OF CHEMISTRY 

 

 

 

66 
 

  



 
 

 
FACULTY OF CHEMISTRY 

 

 

 

67 
 

4.2. Quality control of fruit juice samples 

4.2.1. Development of an analytical method for authenticity assessment of fruit 

juice samples 

Hypothese 

• Electronic nose as an effective instrument for quality control of fruit juices 

• Volatile fingerprints combined with chemometric methods as solution for juices 

adulteration detection  

Questions 

• Which chemometric methods (unsupervised or supervised) will be more reliable? 

The authenticity of fruit juice is the preservation of its basic chemical, physical, 

organoleptic and nutritional properties of the fruit from which it comes [69]. Food 

authenticity verification is important for both food quality and safety and has become 

even more important due to globalization [69], [70]. In the process of food quality 

control, large groups of samples from several dozen to even several hundred are 

analyzed [69]. Therefore, methods much less time-consuming than classical 

analytical methods are sought. 

The lack of cheap, easy, low-cost and non-destructive procedures to control 

the quality of fruit juices is one of the main challenges of the juice industry [71]. 

The solution may be the use of an electronic nose, which can be used to control 

the quality of food from farm to table by analyzing the fingerprints of food properties. 

The combination of analyses using the electronic nose with advanced chemometric 

methods can bring positive results. The use of e-noses is economical,  

high-performance and low labour compared to long and complicated conventional 

methods [70]. 

The aim of the work [72] was to combine rapid chromatographic analysis to obtain 

a chromatographic fingerprint with statistical analysis methods to distinguish 

between food products. The use of the same method for the analysis of various food 

products, adulterated and non-adulterated, or unprocessed and processed, enables 

an objective assessment of the effectiveness of the developed method, as well as 

determining the possibility of its practical application. The technique of ultrafast gas 

chromatography was used to obtain the chromatographic fingerprint. It is very 

important that the method of extraction of the volatile compounds does not change 

their profile. The solution is to obtain a profile of volatile compounds using 

the headspace technique, in which volatile substances migrate from the liquid 

or solid phase to the gaseous phase, reaching an equilibrium between the phases. 

During the study, an optimized HS method was used to extract volatile compounds 

without modifying the food matrix. The effectiveness of the applied method was 

assessed using chemometric methods. Similarities and differences between 
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the analyzed samples were assessed based on the distance between the samples 

in the experimental space. 

In the mentioned article [72], samples of NFC (Not From Concentrate) juices, 

i.e. orange juice, apple juice and mixtures of orange-apple juice, were tested. 

The obtained results were published in the journal Monatshefte für Chemie - Chemical 

Monthly [72]. 

A simplified diagram of the developed procedure is shown in Figure 5. 

 

 

Figure 5 A simplified diagram of the methodology for assessing the authenticity 

of fruit juices. 

The use of electronic nose along with advanced chemometric methods is 

an effective tool for detecting adulteration of fruit juices. Such a tool can also 

be useful in assessing other parameters of fruit juices or quality control of other food 

products. The electronic nose based on ultra-fast gas chromatography technology 

allow to skip the sample preparation step, and the analysis time is reduced to two 

minutes. This technique is characterized by a high simplicity, speed, and reliability. 

In conclusion, the use of the electronic nose in combination 

with the unsupervised - Hierarchical Cluster Analysis (HCA) method was not able 

to distinguish pure orange juice samples from orange juice samples adulterated 

with 1% addition of apple juice. The use of the Random Forest (RF) classification 

algorithm ensured 100% success in classifying the samples, so all adulterated 

samples were detected. It can be concluded that supervised chemometric methods 

were more reliable for detecting adulteration of juice samples. 
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4.2.2. Development of an analytical methodology for determination of biogenic 

amines in fruit juice samples 

Hypothese 

• Salting-out assisted liquid-liquid extraction (SALLME) with in-situ derivatization 

as an effective procedure of microextraction of biogenic amines from food 

samples 

• Box-Behnken Design (BBD) as a useful tool to optimize the BAs microextraction 

from food samples 

• SALLME-GC-MS as an effective methodology for the biogenic amines 

determination in fruit juice samples 

Questions 

• Determination of biogenic amines (BAs) in juice samples - will SALLME-GC-MS 

be a useful tool in routine analysis and quality control? 

• Can the developed methodology be applied to other food products? 

Biogenic amines (BAs) can be present in fresh fruit and vegetables 

and in unfermented beverages such as juices, as polyamines are ubiquitous 

compounds in plants, and their content increases during fruit ripening [73]. A low 

concentration of BAs in consumed fruit juices is not dangerous for human health. 

However, the high content of BAs in consumed products can cause toxic effects 

such as vomiting, nausea, headache, diarrhoea, palpitations or respiratory failure 

[74]. The high content of BAs in fruit drinks may be caused by the undesirable activity 

of microorganisms [75]. For this reason, determination of BAs content can be a tool 

to determine food quality and safety [76]. However, the number of scientific reports 

on determining BAs in fruit juices is still limited. For this reason, it is important 

to search for new methodologies for determining these analytes, especially those 

that will be characterized by high throughput, easy sample preparation step 

and the green nature of the method. 

Prior to the development of the methodology for the determination of BAs in fruit 

juices, a review of the literature was carried out. In this way, information was 

collected on the analytical methodologies used for the determination of BAs in fruit 

juices, and more specifically on the preparation of samples, the method 

of derivatization and extraction of analytes, and the techniques used for their 

detection, as well as the validation parameters of the developed solutions. 

The information collected are summarized in Table 3. 

The detection and determination of BAs in fruit juice samples can be problematic 

due to the complex composition of the sample matrix, the presence of other 

interfering substances, the low concentration of analytes, and the polar nature 

of BAs. It has been observed that in over 80% of cases, the determination of BAs 

in fruit juices uses the liquid chromatography technique, which is characterized 

by a time-consuming extraction process, a long separation time, and a large 

amount of generated liquid waste (Table 3). It is very important to choose the optimal 
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procedure for the derivatization and extraction of analytes that will meet 

the principles of green analytical chemistry. During the research, it was decided 

to use alkyl chloroformates, because the process with their use is cheap and less 

time-consuming compared to other derivatizing reagents. Alkyl chloroformates are 

also reactive in the aqueous environment, which facilitates their use in the analysis 

of beverage samples.  
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Table 3 Information on analytical methodologies developed for biogenic amines determination in fruit juice samples. 

Juice type 
Number 

of BAs 

Sample 

preparation 

Extraction 

type 

Extracting 

agent 

Derivatizing 

agent 

Determination 

technique 

LODs 

[µg/L] 

LOQs 

[µg/L] 

Recovery 

[%] 
Ref. 

apple 8 
protein 

precipitation, 

centrifugation 

LLE PCA DNS-Cl HPLC-UV 50 - 100 150 - 310 
92.35 - 

107.01 
[77] 

apple, black currant, 
cherry, grapefruit, 

pineapple, plum 

5 
centrifugation, 

filtration 
- - - IC-CMD 

56 - 

1630 
190 - 3270 98 - 100 [59] 

apple, black currant, 

lychee, mango, 

orange, pineapple 

5 dilution LLE HCl DNS-Cl HPLC-UV 
4.43 - 

7.34 

14.76 - 

24.45 

93.4 - 

105.4 
[58] 

apple, grape, lychee, 

mango, orange, 

pineapple 

7 

protein 

precipitation, 

centrifugation, 

filtration 

SALLE NaHCO₃ ANIT HPLC-UV 
0.06 - 

5.71 

0.21 - 

16.95 

95.2 - 

105.2 
[78] 

apple, orange, peach, 

pear, pineapple 
9 

centrifugation, 

filtration 
LLE AOT DNS-Cl HPLC-FLD 

1.00 - 

28.86 

3.33 - 

76.23 

41.0 - 

106.4 
[79] 

apricot, peach, pear 11 
centrifugation, 

filtration 
LLE HClO4 DNS-Cl HPLC-FLD 2 - 112 6 - 373 

96.3 - 

104.2 
[80] 

grape 8 

protein 

precipitation, 

centrifugation 

LLE Toluene DNS-Cl HPLC-UV n.d. n.d. n.d. [81] 

grape 7 
dilution, 

filtration 
- - OPA-NAC HPLC-FLD n.d. 250 

78.3 - 

104.0 
[82] 

grape 22 centrifugation DLLME Toluene IBCF GC-MS 1  10 92 - 112 [57] 

grape 8 centrifugation LLE DCM HFBA GC-MS 10  n.d. 74 - 120 [83] 

orange 6 - µSPE ACN DNS-Cl HPLC-UV 
3.82 - 

31.30 

12.70 - 

104.00 
71.5 - 95.0 [84] 

orange 7 
centrifugation, 

filtration 
µSPE HCl DNS-Cl HPLC-UV 

0.02 - 
0.06 

0.07 - 0.19 63.2 - 99.4 [85] 
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The optimum pH for acylation reaction and carbamates formation is pH>10. 

Fruit juices are acidic, so sodium hydroxide solution was added during 

the sample preparation process to increase the pH to basic. After adjusting 

the pH, a derivatizing reagent, and triethylamine (TEA) were added 

to the sample. TEA was added in case to remove the by-product, i.e. hydrogen 

chloride, from the reaction mixture. The scheme of the acylation reaction 

is shown in Figure 6. 

 

Fig. 6 Scheme of amine acylation reaction using ethyl chloroformate. 

The aim of the research was to develop a simple, fast (salting-out assisted 

liquid-liquid microextraction) SALLME  procedure for the extraction of BAs 

that would comply with the principles of green analytical chemistry. Another 

goal was to create an analytical method using GC-MS to identify and quantify 

the extracted analytes. Optimization of the extraction procedure was performed 

using the Design of Experiment (DoE) using the Box-Behnken Design plan. 

The influence of three independent variables was examined, namely the volume 

of the sample, the volume of the NaOH solution and the volume 

of the derivatizing agent, i.e. ethyl chloroformate (ECF). Validation parameters 

of the GC-MS method were also defined namely LOD, LOQ, recovery, 

repeatability, and matrix effect. The greenness of the proposed methodology was 

also assessed using two analytical tools developed by employees of the Gdańsk 

University of Technology: GAPI [86] and AGREE [87]. The methodology prepared 

in this way was used to test various fruit juices purchased from local grocery 

stores. To our knowledge, this was the first study to focus on the use of SALLME 

with in-situ derivatization followed by the determination of biogenic amines in 

juice samples using GC-MS. The obtained results were published in Food 

Chemistry [88].  

A simplified diagram of the developed methodology is shown in Figure 7. 



 
FACULTY OF CHEMISTRY 

 

 

 

80 

 

Fig. 7 Scheme of the SALLME-GC-MS procedure for the determination of biogenic amines 
in fruit juice samples. 

 

In presented article [88], a new analytical method for the determination 

of biogenic amines in fruit juices was developed. Using the Box-Behnken Design 

allows us to determine the optimal conditions for microextraction of biogenic 

amines in the liquid-liquid system assisted by salting-out (SALLME). It has been 

shown that the developed method offers the potential for the determination of 

a large number of biogenic amines, combining selectivity, high resolution 

and fast analysis time with good validation parameters. SALLME has also been 

proven to be a simple technique in which small amounts of reagents 

and solvents are used in the extraction, which reduces the negative 

environmental impact of this analytical step. The obtained results confirmed 

the usefulness of the SALLME-GC-MS method for the determination of biogenic 

amines in trace amounts in fruit juice samples. The total content of BAs in all 

juice samples was relatively low (<1 mg/L), which indicated their good quality. 

Therefore, it has been proven that the proposed methodology can be a useful 

tool for juice quality control. The proposed solution was then used to analyze 

biogenic amines in wine samples [89], which confirms the possibility of using 

the developed methodology to assess the quality of other food products. 
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4.2.3. Development of an ultrafast analytical method for determination 

of furans in fruit juice samples 

Hypothese 

• Ultrafast gas chromatograph as an effective tool for determination 

of furans in food samples 

Questions 

• Determination of furans in juice samples - whether there were differences 

in the concentration of furans in home-made and store-bought juices? 

Furan and alkylfurans are oxidized, lipophilic heterocyclic compounds 

characterized by high volatility. They are present in many food products that 

are subjected to heat treatment, mainly in coffee, fried and baked products, 

cereal products, or in jars and canned products [27], [90].  

Furan in food products is of concern as it is classified as a human pathogen 

by the National Toxicology Program [28] and also classified as "possibly 

carcinogenic to humans" by International Agency for Research on Cancer (IARC) 

[90]. Due to the toxicity of furan and alkylfurans, the European Food Safety 

Authority (EFSA), recommended collecting data on the occurrence 

and determination of furan and alkylfurans in food [91]. The main focus should 

be on the development of new methodologies for the determination 

and quantification of furan, 2-methylfuran, 3-methylfuran, 2,5-dimethylfuran, 

2-ethylfuran and 2-pentyfuran in various food matrices. It is particularly 

important that the developed methodologies could be useful in the industry and 

food quality control, so they must be characterized by high throughput, 

simplicity and short analysis time. 

Table 4 summarizes information on analytical methodologies 

for the determination of furans in fruit juices, presented in the literature. 

The information collected in Table 4 concerned the type of samples, the number 

of analyzed analytes, the technique used for determination and its parameters 

(LOD, LOQ, or analysis time). 
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Table 4 Information on analytical methodologies developed for furans 

determination in fruit juice samples. 

Juice type  
Number of 

furans 
Sampling 

Determination 
technique 

Time of 
analysis 

[min] 

LODs 
[ng/mL] 

LOQs 
[ng/mL] 

Recovery 
[%] 

Ref. 

apple 3 SHS GC-MS 21 1 n.d. 99 - 102 [92] 

apple grape 

raspberry,  

orange 

7 
HS-

SPME 
GC-MS 33 n.d 5.0 

90.0 - 

106.3 
[93] 

apple, 

grape, 

orange 

1 SHS GC-MS 25 0.2 0.6 n.d. [94] 

apple,  

orange 
3 

HS-

SPME 
GC-FID 22 

0.042 - 

0.230 

0.14 - 

0.76 

90.2 - 

110.1 
[95] 

black 

currant 
3 DHS  GC-MS 69 n.d n.d n.d [55] 

blueberry, 

grape 
7 SHS GC-MS 43 <0.5 <1 

80.3 - 

107.2 
[96] 

pineapple, 

watermelon 

1 SHS GC-MS 30 0.37 1 n.d [97] 

grape 13 
HS-

SPME 
GC×GC-

HRTOF-MS 
105 n.d n.d n.d [98] 

mango, 

orange 
3 

HS-

SPME 
GC-MS 24 n.d n.d n.d. [99] 

orange, 

tomato 
10 

HS-

SPME 
GC-MS/MS 16 

0.002 - 

1.071 

0.006 - 

3.571 

84.94 – 

117.24 
[100] 

orange 1 
HS-

SPME 
GC-MS 15 0.079 0.26 104.79 [101] 

pomegranate 7 SHS GC-MS 48 n.d n.d n.d [54] 

n.d. – no data 

 

 Determination of furan and its derivatives in food is a challenge due 

to the high volatility and low concentration of analytes in a complex matrix. 

The most commonly used technique for the detection and determination 

of furans is gas chromatography (both one-dimensional and two-dimensional) 

coupled with mass spectrometry. However, different ways of furans sampling 

can be distinguished: dynamic headspace (DHS) or static headspace (SHS). 

More often the SHS technique is used, where the analytes are taken directly 

from the headspace or when the analytes are extracted using solid-phase 

microextraction fibres (HS-SPME). For both techniques, special attention should 

be paid to optimizing the process of extracting analytes from the samples. Very 

important parameters are sample type, sample volume and headspace volume, 

sample equilibration time and temperature, or salt addition. SPME is 

characterized by good selectivity, high simplicity and speed of the extraction 

step, and no need to use solvents. Unfortunately, the use of SPME is also 
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associated with low reproducibility or extraction efficiency [95]. For this reason, 

in this research, the focus was on the development of a methodology that would 

enable direct headspace sampling without the isolation and enrichment 

of analytes. 

 The aim of the work was to develop a simple, fast, high-throughput 

and ecological methodology useful for the detection and determination of furan 

and alkylfurans in food samples. An ultrafast gas chromatograph with a flame 

ionization detector was used during the research. The developed method was 

validated and its greenness and blueness were assessed using two tools: AGREE 

[87] and BAGI [102] respectively. Homemade berry juices and berry juices 

purchased from grocery stores were analyzed. The following work is a response 

to the EFSA recommendation on obtaining data on the content of alkylfurans 

in food samples. The obtained results are described in the preprint submitted 

for evaluation.  

A simplified scheme of the developed methodology is shown in Figure 8. 

 

 

 

Fig. 8 Scheme of the HS-GC-FID procedure for the determination of furans in fruit juice 
samples. 
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In described research, a new analytical method for the determination 

of furans in fruit juices was developed. The extraction step of analytes 

from headspace was optimised using the one-factor-at-a-time method. It has 

been proven that the developed method offers the potential for the determination 

of furan and five alkylfurans, combining simplicity with very fast analysis time 

with good validation parameters. The proposed method was characterized 

by good greenness assessment. The obtained results confirmed the usefulness 

of the HS-GC-FID method for the determination of furans in trace amounts 

in fruit juice samples. In the most of samples, furans were not detectable, 

which indicated their good quality. The concentration of furans in home-made 

juices was higher than in the bought-juices, which can indicate that canning 

jars with juices at home generate more furans than industrial low-temperature 

pasteurization. Ultrafast gas chromatograph can be a useful tool for furans 

determination in food quality control. 
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5. Conclusions 

This doctoral dissertation focused on the development of new analytical 

methodologies for characterizing and the quality assessment of fruit juices. 

These methodologies were used to determine terpenes in lime juice samples, 

as well as to determine biogenic amines, furan and alkylfurans in berry juices 

samples. 

The main achievements and novelty aspects of the dissertation include: 

• development of a methodology for the determination of monoterpenes 

in  the volatile fraction of juice samples using two-dimensional gas 

chromatography; 

• development of an analytical approach for detecting adulteration of juices 

using an e-nose; 

• development of salting-out assisted liquid-liquid microextraction coupled 

with gas chromatography and mass spectrometry for quantitative 

analysis of biogenic amines in fruit juice samples; 

• development of a methodology for the determination of furan 

and alkylfurans in the volatile fraction of juice samples as a response 

to the EFSA recommendation regarding the collection of data 

on the content of furans in food products; 

• new analytical methods have been developed in accordance 

with the requirements of Green Analytical Chemistry. 

The above aspects show a broad approach to the selected topic. In addition, 

the research results have been published in journals devoted to analytical 

chemistry (Monatshefte fur Chemie), food science (Food Control, Food Chemistry), 

or chemistry (Journal of Luminescence). This demonstrates the wide thematic 

scope of research that had to be carried out in order to achieve the research 

goals. 

The combination of high chromatographic resolution and analyte separation 

efficiency using GC×GC together with high acquisition frequencies obtained 

by TOFMS enabled the accurate characterization of the volatile fraction of lime 

juices. Determination of terpenes allowed to select markers of the tested juices. 

These markers were then characterized for their bioactive properties. Kaffir lime 

juice showed a strong binding to human serum albumin. Due to its woody 

aroma and taste derived from terpinen-4-ol, consuming this juice can be 

problematic. However, it can be used as an addition to other types of beverages 

to increase their health-promoting properties. 

An electronic nose was used to detect adulterations of orange juice. 

This methodology is characterized by the lack of sample preparation step, 

is very fast (measurement takes less than 2 minutes) and simple. 

The combination of ultrafast gas chromatography with chemometric methods 

made it possible to detect all samples adulterated by the addition of other fruit 
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juice. The proposed approach may be used in the future to detect other 

adulterations of fruit juices. 

The methodology for the determination of biogenic amines (SALLME-GC-MS) 

and the methodology for the determination of furan and alkylfurans  

(HS-UFGC-FID) were characterized by good validation parameters (LOD, LOQ, 

linearity, recovery). These methodologies were fast, simple and characterized 

by a good greenness assessment, which encourages their use in industry.  

The research results supplemented the knowledge about fruit juices, 

in particular the content of terpenes, biogenic amines and furans in these 

matrices. This topic is significant for the quality control of juices, as well as 

extremely important for the health and safety of consumers. The proposed 

quality control methodologies can be implemented in the food industry 

to replace conventional time- and labour-intensive procedures. 
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[7] P. Michalczuk, J. Myszka, M. Lubinska-Szczygeł, A. Różańska, 

J. Namieśnik, Fast GC as a useful tool for authenticity assessment of kiwifruit, 

World Scientific News 75 (2017) 6. 

[8] A. Różańska, J. Gromadzka, T. Dymerski, J. Namieśnik, Ocena wpływu 

dodatku oliwy z oliwek na degradację termiczną rafinowanego oleju 

rzepakowego, Analityka: Nauka i Praktyka 2 (2017) 8. 

[9] H. Jakóbczyk, A. Różańska, T. Dymerski, J. Namieśnik, Characteristics 

of Cucumis metuliferus, Actinidia deliciosa and Musa paradisica fragrance 

profiles using a comprehensive two-dimensional gas chromatography with time-

of-flight mass spectrometric detection (GC×GC-TOF MS), Proceedings 

of the 13th International Students Conferennce Modern Analytical Chemistry 

(2017) 195. 
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[10] A. Różańska, T. Dymerski, J. Namieśnik, Detection of apple in orange juice 

using ultra-fast gas chromatography, Proceedings of the 13th International 

Students Conference Modern Analytical Chemistry (2017) 239. 

[11] D. Sieńska, M. Lubinska-Szczygeł, A. Różańska, T. Dymerski, 

J. Namieśnik, Analysis of volatile fraction of hybrid fruit pulp using Proton 

Transfer Reaction - Time-Of-Flight Mass Spectrometry, Proceedings of the 13th 

International Students Conference Modern Analytical Chemistry (2017) 244. 

[12] T. Majchrzak, A. Różańska, W.  Wojnowski, T.  Dymerski, J.  Namieśnik, 

The impact of addition of olive oil on thermal degradation of refined rapeseed 

oil, Proceedings of the 12th International Students Conference Modern Analytical 

Chemistry (2016) 113. 

 

7.3. Scientific conferences 

Conference presentations:  

• 10 authored,  

• 16 co-authored. 

 

7.4. Academic internships 

• September 2019 – March 2020: Food Science Laboratory, Department 

of Chemical, Biological, Pharmaceutical and Environmental Sciences, 

University of Messina, Supervisor: prof. Luigi Mondello; 

• July 2019: School of Pharmacy, Hebrew University of Jerusalem, 

Supervisor: prof. Shela Gorinstein; 

• April 2019: School of Pharmacy, Hebrew University of Jerusalem, 

Supervisor: prof. Shela Gorinstein. 
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7.5. Grants participation 

• 2021: NCN OPUS 19, 2020/37/B/ST4/02886, 2021-2025, Disposable 

baby diapers: monitoring selected toxic compounds through the use 

of new analytical methods; 

• 2019-2021: NCN PRELUDIUM 16, 2018/31/N/NZ9/03255, 2019-2021, 

Determination of the methabolic pathway of selected terpenes in citrus 

fruits using the PTR-TOFMS technique; 

• 2019-2021: NCN PRELUDIUM 16, 2018/31/N/NZ9/02404, 2019-2021, 

The novel solution for real-time monitoring of secondary products 

of vegetable oil oxidation emitted during deep frying; 

• 2019-2020: AGER, AGER2-Rif 2016-0169, 2016-2020, Valorizzazione dei 

prodotti italiani derivanti dall’oliva attraverso tecniche analitiche 

innovative; 

• 2016-2020: NCN MAESTRO 6, 2014/14/ST4/00640, 2015-2021, 

“Antioxidant Power Series as a tool rational design and assessment 

of health promoting properties of functional food based on antioxidant 

phytochemicals. 

7.6. Scholarships 

• 2017-2022: The National Centre for Research and Development 

Scholarship for Interdisciplinary, International PhD Studies  

(the PO WER 3.2 program); 

• 2017-2020: Ministry of Science and Higher Education Scholarship 

for best PhD Students; 

• 2016-2020: Gdańsk University of Technology Rector’s Scholarship 

for best PhD Students. 

7.7. Certificates 

• Certificate - Bioacademy I module: Introduction to industrial 

Biotechnology; 

• Certificate - Bioacademy II module: USP bioprocess – introduction 

to biopharmaceutical industrial; 

• Certificate - Bioacademy II module: DSP bioprocess – introduction 

to biopharmaceutical industrial; 

• Certificates of Internal Auditor: 

• Environmental Management System ISO 14001:2015; 

• Quality Management System ISO 9001:2015; 

• Health and Safety Management System OHSAS 18001:2007; 

• Laboratory Management System ISO 17025:2005. 

 


