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Introduction. The review considered the major trends in the
world development of new food processing technologies in 2021—
2030 that are as follows:

Material and method. Morphological analysis of clusters of
scientific knowledge about food science.

Result and discussion. Major trends in the world development
of new food processing technologies:

1. More strict regulations of food safety including QPCR and
DNA-sequencing detection of emerging food-borne pathogens,
comprehensive control of minor chemical pollutants of food;

2. Production of functional food including food for babies,
children, pregnant women, elderly, for sport activities, military
food, meals ready-to-eat, microelements-enriched food,
nutraceuticals, and clinical food;

3. Emerging environmentally-friendly and energy-saving food
processing including non-thermal physical methods such as cold
plasma processing, high pressure homogenization, pulsed electric
fields, ultrasound-assisted extraction, novel food-drying
technologies, novel ethanol production technologies, novel
extraction technologies, disinfection and sterilization of food and
equipment, novel food packaging technologies, food processing
intensification using biotechnological methods, involvement of
new food staff and materials for food production;

4. Biotechnological food processing using enzymes
proteinases, glutamine transferases, galactosidases, enzymes of
extremophilic and  psychrophilic  microorganisms, alive
microorganisms as probiotics or starter cultures, microbial
metabolites, and new sources of food such as insects and artificial
meat;

5. Personalization of food processing and distribution
including adaptation of the food processing to the nutritional needs
of the different medical, racial, religious, and regional customer
groups, computerization of the personal food production and
consumption, and a problem of consumer acceptance of a new
food, 3D printing of personal food. Commercial food became so
diverse that the specific nutritional computer programs with the
comprehensive information on this food as well as personal diet
requirements will be used for the optimization of the production
and delivery of the personal-specified food.

Conclusions. Review information can be valuable for
researchers and managers to prioritize the research and innovation
directions.
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Trend 1. Enhanced food safety
Food safety regulations

Development of new food technologies increases the risk of the foodborne diseases and
food contamination. For example, about 48 million people in U.S. get sick and 3,000 die each
year from foodborne diseases (CDC, 2018). In Europe, there are 23 million cases of
foodborne diseases causing 5,000 deaths every year by WHO estimation (Flynn et al., 2019).

Food is an essential source of human exposure to harmful for health chemicals. Food
contamination is also increasing, for example in U.S. more than half of the foods tested had
pesticide residues. Therefore, new and more strict regulations for the food manufacturers and
distributors were established there by the shifting of the focus from responding to prevention
of foodborne illness (Food Safety Modernization Act, 2020). The main idea of this legislation
is that prevention of foodborne illness and food contamination is both a significant public
health problem and a threat to the economic well-being of the food system. So, food industry
executives have to make sure their enterprises are complying with the latest regulations to
ensure food quality from farm to fork.

Current rules and related programs of Food Safety Modernization Act (FSMA) are as
follows:

1. Accredited third-party certification;
2. Current good manufacturing practice, hazard analysis, and risk-based preventive
controls for human food;
Current good manufacturing practice, hazard analysis, and risk-based preventive
controls for animal feed,;
Foreign supplier verification programs;
Laboratory accreditation;
Food traceability;
Mitigation strategies to protect food against intentional adulteration;
Sanitary transportation of human and animal food;
Standards for the growing, harvesting, packing, and holding of produce for human
consumption;
10. Voluntary qualified importer program (food safety modernization act, 2020).

w

©oOo~No A

Food industry needs more scrutiny and transparency because of the inherent risk
involved with allowing untested ingredients to enter the market.

Similar activities are performing currently in Europe to enhance transparency and
sustainability of the EU risk assessment in the food chain (EU risk assessment in the food
chain, 2019). The main points of this regulation are as follows:

1. Ensuring more transparency so that citizens will have automatic access to all studies
and information submitted by industry in the risk assessment process;

2. Increasing the independence of studies;

3. Strengthening the governance and the scientific cooperation in eu;

4. Developing comprehensive risk communication throughout the risk analysis
process, combined with open dialogue amongst all interested parties.

The National Center for Food Safety Risk Assessment was created in China. It is a key
contributor to the food safety standards using international best practices and CODEX
ALIMENTARIUS of FAO-WHO (Zhang et al., 2018; The Codex Alimentarius, 2020). The
center comprises four networks of food safety in China including the foodborne disease
surveillance network, the biological hazards (bacteria, viruses and parasites) monitoring in
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foods network (Pei et al., 2015), chemical hazards monitoring in foods network, and the
microbial DNA fingerprint profile network (Wu and Chen, 2018).
The Codex Alimentarius of FAO-WHO (The Codex Alimentarius, 2020) considers
such important standards of food safety as:
1. Quality of animal feed that plays a vital role in the production of safe and quality
products of animal origin;
2. Antimicrobial resistance, which is a global threat of increasing concern to human
and animal health and the economic wellbeing of farming households;
3. Biotechnology of food, mainly of genetically modified organisms (gmos) and other
potentially unsafe biotechnological methods and products;
4.  Chemical contaminants of food and feed, especially pesticides, that may pose a risk
to animal and human health;
5. Nutrition and labelling ensuring information for the choice of healthy and safe
foods.

The types of food safety events were distributed in 2017 as follows: biological
(microbiological) hazards — 64%, chemical hazards — 16%, physical hazards — 2%, allergens
— 7%, hazards of unknown origin — 11% (WHO/FAO, 2018).

Detection of emerging food-borne pathogens

Data on Salmonella isolates in food for 2012 -2016 showed that in 61% cases there were
contaminated chicken and chicken products, in 16% cases there were pork and pork products,
and only small quantity of beef and eggs, 1.5 and 1%, respectively, were contaminated with
Salmonella (Schlundt et al., 2020). Using novel methods there were discovered new 175
pathogenic microbiological species considered to be “emerging” (Schlundt et al., 2020) and
a lot of them could be the agents of foodborne diseases. Innovative approach in the evaluation
of bacteriological safety of food is detection of wide-spread antibiotic-resistant
microorganisms (ARM) in food. Resistance of pathogens to antibiotics considered as the
greatest and most urgent global risk (UN, 2016).

Analysis of ARM in food is developing in Nanyang Technological University, Food
Technology Centre, Singapore by the team of Prof. Jergen Schlundt (Schlundt et al., 2020).
For detection of foodborne pathogen and ARM in food there are used not only conventional
microbiological methods but mainly identification and subtyping of isolates of foodborne
bacterial pathogens by matrix-assisted laser desorption ionization-time of flight mass
spectrometry (Aung et al., 2020) and whole genome sequencing, which is delivering
sufficiently high resolution and epidemiological concordance (Schlundt et al., 2020). Whole
genome sequencing will be the most advanced method in the nearest future to study food
biosafety and foodborne diseases.

Another modern approach to study microbiological safety of food is pulsed-field gel
electrophoresis (PFGE), which is a DNA fingerprint for a bacterial isolate. PFGE could be
used effectively to investigate bacterial isolates from sick people, the contaminated food, and
the sites of food production (Pulsed-field Gel Electrophoresis, 2016).

Control of chemical pollutants of food
Major chemical pollutants of feed and food are as follows:

1. Myecotoxins such as aflatoxins, fumonisins, mycotoxins of Fusarium spp. Such as
trichothecenes T-2 toxin, HT-2 toxin, deoxynivalenol (DON), nivalenol, zearalenone,
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and some other toxins such as ochratoxins of Aspergillus ochraceus, A. Carbonarius,
A. Niger, Penicillium verrucosum; some substances, for example patulin produced in
the rotten apples and extracted to the apple juice, are rather carcinogenic than toxic
substances;

2. Polycyclic aromatic hydrocarbons (pahs) such as naphthalene, benzopyrene,
chrysene, benz(a)anthracene, and others;

3. Recalcitrant organic pollutants such as aldrin, dieldrin, heptachlor, endrin, DDT,
hexachlorocyclohexanes, polychlorinated biphenyls, dioxins, and others. Major part
of these pollutants entering human organism with food of animal origin, mainly from
beef and dairy food,;

4. Hormones in meat that was used as animal growth promoters: oestradiol, testosterone,
progesterone, zeranol, trenbolone acetate and melengestrol acetate, and substances
having a thyrostatic action and of beta-agonists (EUR-LEX EUROPA; Guide to cross
compliance in England, 2020);

5. Chemical food preservatives and other chemical food additives to control ph, foam,
oxidation, color, flavor, emulsification, thickening, food energy;

6. Some toxic or carcinogenic substances are producing during food processing, for
example, acrylamide that is produced from potato or cereals at temperature above 120
OC;

7. Indirect chemical food additives that are used in food production and packaging from
food contact materials (FCM): food containers, processing machinery, packaging
materials, kitchenware and tableware (WHO, 2019; EU food chemical safety, 2018).
For Ukraine, it is important a problem of high concentration of water-retention
substances, phosphates and salt in the meat and meat products, which are increasing
a risk of cardiovascular diseases and strokes of people with hypertension
(http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3278747).

The general trend in USA and in Europe that will be developed in 2021-2030 is strict
legislation on authorization, comprehensive testing of safety, and limited use of food
chemical additives. For all food contaminants must be established maximum levels to protect
public health (WHO, 2019; EU food chemical safety, 2018). The European Commission
publishes a factsheet on food contaminants (Managing food contaminants — European
Commission, 2007).

Ukrainian food manufacturers are introducing safety control procedures of the Hazard
Analysis and Critical Control Point (HACCP) system for correct organization of food
production, analysis of reasons for mistakes, and determining methods of fixing them (The
system of hazard analysis and critical control points, 2019).

Currently, HACCP systems in Ukraine were implemented only at large, export-oriented
enterprises (EU in Ukraine, 2019), so it is a need for wider comprehensive implementation
during 2021 — 2030.

Trend 2. Functional food and nutraceuticals
Functional food
Every kind of food has physiological and health effects. For example, consumption of

processed meat correlated with the risk of colorectal and stomach cancer, and it was
calculated that diminishing of the processing meet consumption in USA using 10% excise
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tax would prevent 77,000 colorectal and 12,400 stomach cancer cases and generate net
savings of about US$41 billion from healthcare and societal perspectives (Kim et al., 2019).
Modern trend in the food technology is production of the functional food that has
scientifically defined and described physiological benefits to consumers (Granato et al.,
2020). There are used functional food ingredients such as vitamins, proteins, microelements,
polyunsaturated fatty acids, antioxidants, polyphenols, probiotics and prebiotics, fructose,
and many others. Functional food is developing and marketed for different age groups,
patients with specific diseases, and groups with different nutritional requirements or customs
(Bogue et al., 2017).

Food for babies and children

Micro- and macronutrients in the food for babies and children is most important factor of
their growth and the development of cognitive and psychomotor skills (Gutierrez, 2020). As
shown in the cited book, food industry should develop different infant milk formulas, addition
of probiotics and prebiotics, specific baby food from cereals, optimization of micro- and
macronutrients for special diet regimes to prevent allergies of babies and children to gluten,
casein, phenylalanine, intolerance to lactose, to avoid children obesity, and many other specific
dietary requirements for babies and children.

So, differentiation and development of functional food for babies and children will remain
one of the major trends in the food technologies in 2021-2030.

Food for pregnant women

Food for the vulnerable population of pregnant women is not differentiated too much but
there are strict requirements for food safety (Flynn et al., 2019), food avoidances, food additions
like protein, iron, folate, and fiber (Siega-Riz et al., 2002), 50 types of food taboos for pregnant
women in some countries (Iradukunda, 2020).

So, there are a lot of opportunities for the development and commercialization of new
kinds of food for the pregnant women.

Food for elderly people

Food for elderly people should be personalized because their nutrition is age-specific, their
food choice is mediated by medicine and health-related pubic information (Herne, 1995), and
there are numerous factors important for health of elderly people (Rusu et al., 2020). This food
must be personalized by the content of macro- and micro-components that is adapted to
personal age-related diseases. The texture of food should be adapted to the chewing and
swallowing problems. The food taste should be personally adapted because it is changed with
ageing (Laureati et al., 2006). Even in developed countries, significant part of elderly long-
term-care home residents are malnourished (Nieuwenhuizen et al. 2010) due to physiological
and psychological problems with not personalized food (Rusu et al., 2020).

So, development of food for elderly people should be done as a personalized food or at
least as food for the groups of elderly people differentiated by the medical indications.

Food for sportsmen

It is well known that dietary supplements are very popular in sport diet and the doses of
these supplements are higher than in the normal diet (Burke and Read, 1993). Sport food
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provides enhanced consumption of special nutrients or just more convenient consumption of
nutrients for athletes. Very popular is also a sport drink, which is usually balanced by
carbohydrates and salts. For example, solution containing glucose, maltodextrins, and
electrolytes are suitable for sport activity sources of water, energy, and optimal dosage of
potassium and sodium ions to avoid dehydration and at the same time an intestinal absorption
of water (Burke and Read, 1993). Another type of a sport drink is a solution containing up to
25% of carbohydrates to support high carbohydrate intake by the athletes. There are used also
in sport diet the liquid meals with essential components, for example iron, vitamins, and easily
digested components for consumption at conditions when it is not suitable consume the solid
food. It is clear that the production and consumption of the food developed for specific sport
activity will be increased in 2021-2030.

Military food and ready-to-eat meals

The major trend in military food is production of diverse, specialized or the type of
military activity “Meals, Ready-to-Eat” (MREs) including not only food and drinks but also
flameless heater and accessories. A MRE contains usually one-third of the Military
Recommended Daily Allowance of proteins, carbohydrates, fat, vitamins, and minerals
containing 1,250 calories, 13% protein, 36% fat, and 51% carbohydrates (Scott and Albert,
2006). In USA, soldiers can choose from up to 24 entrees, and more than an additional 150
items in the MRE chain and a minimum shelf life at 27 °C is 3.5 years
(https://www.goarmy.com/soldier-life/fitness-and-nutrition/components-of-nutrition/meals-
ready-to-eat.html). MREs should be developed and produced also for civilians: refugees from
violence or military actions region, those who is suffering from poverty, population in the
area of natural disaster or great industrial accident, the travelers in air and on land, or just
those who prefer to it MRE. There is also known set “First Strike Ration” (FSR) that is used
for the whole day and twice easier MRE (https://www.gaydamak.com.ua/suhpaj-armii-ssha-
first-strike-ration-sus_24-ru).

Food for Ukrainian soldiers is cooked and supplied by catalogue. There is also used
“Daily set of food” or “Suhpay” (“Dry meals” in English) that means set of dry food”
(https://portion.com.ua/category/nabory; reibert.info/lots/sutochnyj-polevoj-nabor-
produktov-dpnp-p-1-s.309448). However, increase of the production and using of the MREs
in Ukraine could be useful not only for the military personnel, but also for civilians, for
example travelers. Just for Ukraine, abbreviation of this type of food must be not “MRE”
because it means in Ukrainian “Dying”, but may be better use something like REM, “Ready-
to-Eat Meals”.

It could be also commercially viable if the food industry will start production of the
diverse, tasty, low-calorie menu of MREs that will restrict intake to approximately 1,400
calories per day for men, and to 1,200 calories per day for women.

So, production of diverse MREs in Ukraine should be widely developed in food industry
during 2021-2030.

Microelements-enriched food

Proper nutrition includes recommended daily allowance of essential and probably
essential microelements (WHO, 1996) such as zinc, iron, manganese, copper, chromium,
iodine, fluorine, selenium, molybdenum, boron, chlorine, nickel, silicon, sodium, cobalt, and
strontium (Nieder et al., 2018; WHO, 1996; Mehri, 2020). For example, trivalent chromium
is essential for diabetic patients receiving parenteral nutrition; copper and especially zinc are
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included in the activity center of many enzymes; selenomethionine and selenocysteine from
food participate in the immune responses; thyroid functions, and reproduction; four human
enzymes requiring molybdenum as cofactor; iodine is an essential for the functioning of the
thyroid hormones; iron and manganese are the essential elements being a component of many
metalloenzymes; essential silicon is supplied mainly with the plant foods (Mehri, 2020).

Support of the microelements levels in an organism can be done using dietary
diversification, food fortification, and increasing content or availability of microelements in
food products. Current and developing trend in the production of the functional foods
enriched with microelements is an addition of fruits and vegetables, edible mushrooms,
biomass of seaweeds, cultivated microscopic algae, yeasts, or bacteria to conventional food
to optimize the content of microelements, as well as vitamins. The food additions and food
compositions must be specific for the regions and the customer groups. Usually, the dominant
elements to fortify food are iron, calcium, zinc and iodine (Gharibzahedi and Jafari, 2017).

Trace essential elements added to the food can be toxic elements depending on the
dosage. Therefore, the food fortification with microelements, vitamins, other food additives
must be under strict and obligatory regulations on their content and forms in food
(Konikowska and Mandecka, 2018; Poniedziatek et al., 2020).

So, production of microelements-enriched food and nutraceuticals with microelements
and vitamins in Ukraine should be widely developed in food industry during 2021-2030.

Selenium-enriched food

Selenium is an essential microelement being cofactor of many enzymes, which are
participating in antioxidant defense, immunomodulation, thyroid functioning, and sperm
motility (Kora, 2020). Meanwhile, diet in some regions is deficient in selenium. For example,
bread enriched with biomass of yeast or plant sprouts with increased content of organic forms
of selenium is recommended for the population of North Ukraine, Belorussia, and Poland
where acidic soil diminished the content of organic forms of selenium in cereals (Stabnikova
et al., 2005; 2008; 2019). Therefore, supplementation of the food with organic form of
selenium became a trend in food industry of many countries (Yang and Dong, 2017,
Kieliszek, 2019). However, because of the narrow gap between recommended consumption
dosage and toxic dosage of selenium and some other microelements it could be better to
produce and consume such microelements as nutraceuticals, see below.

Good source of organic forms of selenium as well as other macro- and microelements,
antioxidants, vitamins, dietary fibers, unsaturated fatty acids is the biomass of edible fungi
(Kora, 2000), biomass of yeasts (Stabnikova et al., 2005; 2008). biomass or extracts of edible
seaweeds, which are intensively studied as a functional food addition (Roohinejad et al.,
2017; Shennon and Abu-Ghannam, 2019; Corsetto et al., 2020). Kappa carrageenan, agar,
alginate and other gelling substances from seaweeds are also used in foods (Rhein-Knudsen
et al. 2015; Zollman 2019). It is expected that applications of seaweeds and their components
in food technologies will be increased especially in case if seaweed harvesting will be
increased on the Pacific seashores of Chili, Canada, and Russia.

Nutraceuticals
Nutraceuticals is a food with some physiological benefits and manufactured usually as

the pharmaceutical product, i.e. as the capsules, pills, or extracts with clearly defined dosage
of pure or at least determined biologically active substances. They are used as dietary
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supplements, dietary nutrition for chronic diseases (gastrointestinal, diabetes, cancer) and for
clinical nutrition.

Important direction in nutraceutics is production of nutraceutical lipids (Akoh et al.,
2017). Lipospheres are used in medicine for drug delivery (Bunjes, 2005). So, preparation of
the colloidal lipid nanostructures, usually from phospholipids forming bilayer structures, and
the preparation of the nanoparticles of encapsulated or solubilized hydrophobic bioactive
compounds (Akhavan et al., 2018; Babazadeh and Ghanbarzadeh, 2017; Huang et al., 2017;
Santos et al., 2019) could improve bioaccessibility of the lipids, protect them from oxidation,
and fortify the food, for example with lipophilic vitamins or with omega-3 fatty acids (Awad
et al., 2009; McClements, 2018). This is very popular direction in nutraceuticals. Lipid-
containing nutraceuticals are prepared very often with lycopene, other carotenoids, or
quercetin to increase shelf-life of the unsaturated fatty acids of lipids (Huang et al., 2017;
Zardini et al., 2018). Lipid-based nutraceuticals can be considered as food that is preventing
disease due to anti-inflammatory, wound healing, and other medicinal effects (Shin et al.,
2015).

The biomass of seaweeds or their extracts are widely used for production of
nutraceuticals. It is known that countries with regular consumption of seaweeds by
population have significantly lower than average frequency of dietary-related disease such as
type 2 diabetes and obesity as well as some types of cancer (Shannon and Abu-Ghannam,
2019). The seaweed extract increased the oxidative stability of fish oil-loaded capsules with
dextran as the main biopolymer wall material (Hermund et al., 2019).

Generally, nutraceuticals are a type of the functional food and should be developed and
manufactured on the modern food processing plants in 2021-2030.

Trend 3. Environmentally-friendly and energy-saving food processing
Emerging non-thermal and energy saving processing

There are intensively developing novel food processing technologies that are
environmentally-friendly and energy-saving ones. For example, developing of modern food
processing technologies limiting the thermal degradation of the biologically active
compounds and saving taste and aroma of food are based on cold plasma, pressurized fluids,
pulsed electric fields, ohmic heating, radiofrequency electric fields, ultrasonics and
megasonics, high hydrostatic pressure, high pressure homogenization, hyperbaric storage,
and negative pressure cavitation extraction (Misra et al., 2017). These processes can be not
only fast, environmentally-friendly and energy-saving but also can ensure food safety and
high nutritional value (Misra et al., 2017).

Cold plasma processing

Plasma is ionized gas containing electrons, ions, neutral molecules, and atoms. A high-
temperature plasma is a fully ionized one but in non-thermal, partially ionized temperature
plasma remains so low that can be used in biological applications (Sakudo et al., 2019; 2020).
Cold plasma is a useful method for inactivation of microorganisms of meats and vegetables,
microflora of milk and dairy products, browning enzymes polyphenoloxidase and
peroxidases, thus improving food preservation (Thirumdas, 2015; Misra et al., 2016;
Coutinho et al., 2018). Cold plasma inactivates the microbial contaminants on both animal
and plant food for 3 — 120 s by 10° magnitude. It is due to UV light and chemical products
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that are accompanying ionization (Niemira, 2012; Pankaj et al., 2018). It can be used also for
decontamination of food packaging materials (Pankaj et al., 2014). However, there are still
challenges in application of this technology in food industry such as regulatory approval,
design of the plasma source, and process control (Keener and Misra, 2016).

High pressure homogenization

Batch or continuous high pressure (HPH, 100-300 MPa) or ultra-high pressure (UHPH,
300-450 MPa) homogenization is performing due to flow of a pressurized fluid through a
system that produce strong turbulence, cavitation, and temperature increase. This treatment
repeated 5-10 times enhances emulsion stability, diminishes particle size, increases
availability of nutritional components, and inactivates microbes (Martinez-Monteagudo et
al., 2017; Sevenich and Mathys, 2018; Levy et al., 2020). It can be used also for extraction
of bioactive compounds from the foodstuff or food processing waste (Juric et al., 2019),
modification of rheological properties of biopolymers (Xie et al., 2018), and food sterilization
(Sevenich and Mathys, 2018). However, processing cost of HPH and UHPH is relatively
high, from 0.5 to 1.5 €/kg and processing ate is relatively low, approximately 264 kg/h for a
system with 55 L vessel (Sevenich and Mathys, 2018). Additionally, food processing
regulations in EU (EC N0.258/97) requires that each food treated with HPH or UHPH needs
to be tested is there equivalent to an existing food in the EU or not (Sevenich and Mathys,
2018).

Pulsed electric fields

Pulsed electric fields (PEF) is a new non-thermal food processing and preservation
technology that is acting on cells due to electroporation of cell membrane (Saulis, 2010). It
is a non-thermal method that does not deteriorate food quality (Mohamed and Eissa, 2012;
Barbosa-Canovas and Zhang, 2019). Pulsed electric field treatment has positive effect not
only for the food pasteurization but also for the extraction, for the drying through decreasing
drying temperature or decreasing freezing time (Barba et al., 2015; Sitzmann et al., 2016).
Useful food processing technology could be PEF-assisted cold pasteurization of liquid foods
(Sitzmann et al., 2016).

Novel extraction technologies

Ultrasound-assisted extraction (UAE) acting by production of the cavitation bubbles in
biomaterials is used for in food processing nutraceuticals, methane biogeneration and other
biorefinery processes from food and agricultural wastes (Chemat et al., 2017; Wen et al.,
2018; Martinez-Patifio et al., 2019). The benefits of UAE are fast extraction, low
consumption of energy, and improvement in bioavailability of food components. It is most
applicable in extraction of oil, proteins, polysaccharides, polyphenols, natural colorants such
as anthocyanin (Pinela et al., 2019), antioxidant phenolic compounds from different plant
materials (Chen et al., 2018; Gorgiic et al., 2019; Sharayei et al., 2019; del Mar Contreras et
al., 2020). UAE is used as a pre-treatment step in the processing of plant-based food, mainly
of high-cost raw materials (Vilkhu et al., 2008) and for the extraction of thermo-labile
compounds (Medina-Torres and Ayora-Talavera, 2017; Jalili et al., 2018).

There are known also other “green” extraction methods such as microwave-assisted
extraction, high-pressure assisted extraction, high voltage electric discharges assisted
extraction, pulsed electric fields assisted extraction, supercritical fluids extraction with low
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expenditure of energy and solvents (Putnik et al., 2018). These methods are useful for lower
cost, non-thermal extraction of biologically active compounds for example antioxidant
phenols, vitamins, carotenoids, essential oils, phytosterols, antimicrobial compounds from
fruits, berries, and vegetables in production of nutraceuticals and non-caloric sweetener from
Stevia rebaudiana (Putnik et al., 2018). Natural antioxidants like polyphenols are often
extracted from the berries wastes, grape pomaces, citrus and pomelo waste, and use of novel
extraction technologies can increase the yield of nutraceutical product by 50%, however
industrial innovative solutions for extraction of biologically active compounds are very
specific and were not sufficiently tested in food industry yet (Putnik et al., 2018). So,
industrialization of these novel extraction technologies is a current task of food sciences.

Novel food-drying technologies

Novel drying technologies such as infrared-assisted freeze drying (Hnin et al., 2019),
microwave-assisted convective drying (Kumar and Karim, 2019), and ultrasound-assisted
convective drying (Szadzinska et al., 2019) are more energy-saving than conventional freeze
drying or convective and often improving food quality. Infrared-assisted freeze drying at 45
— 55°C could save up to 14% of the drying time and up to 19% of the energy compared to
conventional freeze drying (Hnin et al., 2019). The drying time was shorter by up to 64% and
energy consumption is lower up to 23% for ultrasound-assisted convective drying as
compared to convective drying of raspberries (Szadzinska et al., 2019). Energy saving for
microwave-assisted convective drying were even higher, up to 54% as compared to
convective drying. Biomimetic technologies such as electronic nose and computer vision
altogether with artificial intelligence technologies can significantly improve different drying
technologies (Sun et al., 2019).

Membrane distillation of ethanol

The conventional distillation and rectification of ethanol produced by yeast
fermentation consume tremendous amounts of energy. Therefore, a lot of technologies have
been tested to replace conventional distillation and rectification of ethanol by membrane
distillation and rectification (Banat and Simandl, 1999; Curcio and Drioli, 2005). For
example, with the feed concentration of ethanol 10 % (w/w), at temperature range of 40—
70°C, ethanol selectivity was 2—3.5 for PVDF membrane used for water-ethanol separation
(Banat and Simandl, 1999). Economic consideration showed that integrating distillation with
membrane- based separation can really reduce the ethanol production cost (Gavahian et al.,
2019; Khalid et al., 2019). Ohmic-assisted volume heating and distillation of ethanol has such
benefits as saving time and energy (Gavahian et al., 2018; 2019). This technology can be
used also for essential oil extraction from plants. The ethanol fermentation can be integrated
with the membrane distillation of ethanol so that the productivity of fermentation in the
membrane bioreactor was 5.5 g of ethanol/L/h instead of 2.6 g of ethanol/L/h in the reactor
without membrane distillation (Gryta, 2001)

Disinfection of equipment

For the cleaning and disinfection of food processing equipment, it must be sequentially
cleaned, washed, disinfected and rinsed. Novel physical cleaning methods of equipment are
dry-ice cleaning, ice-pigging where ice-water mixture is used to remove and carry off
particles from equipment, and ultrasonic vibration to clean the membranes that are used for
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filtration (Otto et al., 2011). Hydrogen peroxide 5% solution (Moretro et al., 2019) or
electrolyzed water (Tango et al., 2019) are both effective in cleaning and disinfection of food-
processing equipment. The sterilization of equipment can be done also by heating, using
different liquids mainly phenolic or quaternary ammonium compounds, and using such
gaseous chemicals as ethylene oxide and hydrogen peroxide vapor (Chauhan and Jindal,
2020).

The cutting-edge advancements in sterilization of food industry equipment came from
the space research because spacecrafts must be not contaminated to avoid investigation
problems. Initial thermal treatment of the spacecraft equipment was replaced by carbon
dioxide snow cleaning, vapor hydrogen peroxide sterilization, and gamma irradiation
sterilization (Gradnini et al, 2019). Cold plasma technology can be used to inactivate
pathogens on the surface of food processing equipment (Sakudo et al., 2019; 2020;
Katsigiannis et al., 2021).

Food processing plants has to be also cleaned or even disinfected to prevent
biocontamination of food with the fungal spores, bacterial cells or spores, and viruses.
Equipment and technologies for air disinfection are common for all bioaerosols: aseptic
filtering through the fibers, hydrophobic membrane filtration, chemical fogging, ozonation,
and UV radiation (Masotti et al., 2019).

Decontamination of fresh vegetables, fruits, and berries

To diminish spoilage of the vegetables, fruits and berries and the risk of infectious
diseases and helminthosis this production is washed by solution of chlorine that is giving
toxic by-products. Now this practice is prohibited in EC and is replaced with decontamination
using hydrogen peroxide, ozone, organic acids, as well as irradiation and ultrasound
(Meireles et al., 2016; Deng et al., 2020). Biotechnological products such as polysaccharides,
biosurfactants, and probiotics can be used to diminish microbial contamination of fresh
vegetables and fruits and to increase significantly shelf-life of vegetables and fruits (Pirog et
al., 2019; Gregirchak et al., 2020). However, this direction is not developed yet.

The main point of the decontamination studies is to find optimum between maximum
of antimicrobial activity and minimum of produce deterioration (Deng et al., 2020).

Novel food packaging materials and technologies

Disinfection of the packed food and packaging materials, for example using cold plasma
or the dielectric barrier discharge plasma (Peng et al., 2020), are also important for extended
shelf life.

Nowadays the implementation of logistics packaging systems is an integral part of any
production of finished products. Packaging turns product into the commodity. To ensure a
synergistic connection of three systems — products, packaging materials, packaging machines
is the condition for high-quality packaging operations. Each of these systems develops
independently, but during packing features and stages of development of other systems are
considered (Dudeja et al., 2016).

A lot of innovative food packaging materials are developed using such conditions as to
be convenient for packing and distribution, with extended shelf life, maintained good quality
of the products (Majid et al., 2018). Absorption of oxygen in the pack is most important for
the long-term storage of the food products (Pasichnyi et al., 2018). Disinfection of the packed
food and packaging materials, for example using cold plasma or the dielectric barrier
discharge plasma (Peng et al., 2020), are also important for extended shelf life.
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Food products as objects of packaging must meet all the requirements of consumers and
have the properties necessary for the implementation of the certain technologies of
packaging, storage, transportation and sale. Different packaging technologies also give
different results in terms of product preservation and waste minimization. A packaged
product is a single system of interaction between packaging and product. Packaging creates
a separate medium which should be safe for storing products. Therefore, the processes of
interaction and the formation of barriers take place between the packaging, the product and
the medium (. Mannheim et al., 1990; Svensson, 2003). These processes include:

—  Biochemical processes in the product;

— Interaction between internal and external media;

— Interaction between the product and the internal medium;

—  Penetration of liquids, steam, gas, sunlight and more from the outside;
—  Loss of products or its components;

— Interaction between the external medium and the packaging material;
—  The influence of the external medium on the packaging material.

The study and research of these processes make it possible to minimize the waste of
packaged products.

The efficiency of logistics involves the performance of a significant number of
functions that rely on packaging (Aggarwal, 2020). Key features include:

— Operational feature provides protection of packaged products from mechanical and

physico-chemical damages;

—  Technological feature ensuresrational, with minimal losses production, storage and
transportation of packaged products;

—  Ecological feature provides the use of cheap, environmentally friendly, fast-
renewable and affordable packaging materials;

—  Special feature depends on the properties of the product, its physical condition, shelf
life, consumption conditions;

—  Sanitary and hygienic features provide neutrality and safety of packaging for the
products.

Along with these functions, today it is important to digitalize packaging, i.e. to create
intelligent packaging.

The implementation of the sustainable program involves the development of the
packaging industry in the direction of a closed cycle economy. Therefore, an important trend
in the development of packaging is environmental safety (Makolli, 2019). During the
implementation of the program to minimize the flow of packaging waste and their release
into the environment, development priorities should be structured according to the principles
of 6R (Szaky, 2019):

—  Reduce: reduction of used raw materials;

— Redesign: design and development (or redesign) of packaging for reuse or recycling;

—  Remove: exclusion of disposable packaging from the use, where it is possible;

—  Reuse: reuse or restoration / repair;

—  Recycle: closed cycle recycling, where waste is used in the production of the same
packaging;

—  Recover: removal of useful chemical components or use as a fuel during combustion
to generate heat.

The advanced packaging has to be made from the biodegradable materials, and indicate
freshness, retard oxidation, prevent microbial growth, use of ethylene and CO; scavengers,
time-temperature sensor, and release of antioxidants during storage (Majid et al., 2018).

18 —— Ukrainian Food Journal. 2021. Volume 10. Issue 1



Food Technology ——

New but with not clear future is the development of edible food packaging to reduce
pollution of environment with million tons of disposed macro-plastic and micro-plastic.

The formation of packaging systems with the packaging-product interaction is carried
out in packaging machines.

Modern models of packaging equipment are complex technical systems built on the
aggregate-modular principle. The trend of development of packaging machines provides that
the latest models of such equipment are integrated technical complexes created on the basis
of mechatronic functional modules (Kryvoplias-Volodina, 2018), each of which is both
functionally and structurally independent product with a large number of synergistically
interconnected characteristics and parameters. implementation of packaging technologies.

In recent years, general trends in the development of technology, which provide the
restructuring of all areas of human activity, include the packaging industry (Bigliardi, 2021).
These trends were called the "Fourth Industrial Revolution” (Chisenga et al, 2020).
Therefore, the current packaging industry is characterized by the active introduction of
automated packaging.

Creating a new generation of packaging equipment which has flexible structure and is
universal for different types of products and packaging materials is the main task today
(Smith et al, 1990). Its solution requires a systematic approach, starting with the development
of the concept of design of automated production lines of packaging and ending with the
design of the working bodies of machines. Such a concept can be the concept of functionally
oriented design using mechatronic modules, which allows to create clusters of functional
modules, combine them, create a wide range of parametric series of packaging equipment of
one functional purpose with a flexible structure of changes in processes at the automated
control system and take into account the features of all stages of the life cycle of machines
(Kryvoplias-Volodina. et al, 2019).

Logical design combines possible methodologies, techniques and methods of systems
for designing new packaging equipment, providing the growing demands of consumers for
its technical capabilities.

Trend 4. Biotechnological food processing
Use of enzymes for food processing

Microbial enzymes are used in the food processing more than 60 years but new
enzymatic applications for food processing have been found every year. So, this is a
developing area of food science and technology.

The hydrolases, first of all proteinases, are most applicable enzymes in food technology.
Proteinases from the calve stomach — chymaosin (rennin), pepsin, gastriscin — were used as
milk coagulant (“calf rennet”) in the cheeses production for centuries (Moschopoulo, 2016).
Proteinase from tropical fruit papaya is widely used for meat tenderization and production of
protein hydrolysate for a half century (Fernandez-Lucas and Castafieda, 2017). However,
proteinases from bacteria and fungi have different functions and low cost so they are most
widely used at present in food processing industry (Banerjee and Ray, 2017; Kamal et al.,
2017; Tavano et al. 2018). Big diversity of proteases is due to their dual participation in
metabolism: one part of proteinases control metabolism modifying specific proteins through
the hydrolysis of specific peptide bonds, and another part of proteinases degrade proteins for
turnover of aminoacids through the hydrolysis of all peptide bonds (Gotiesman and Maurizi,
1992). Specific proteinases can be used in food processing to improve texture of food, flavor

—— Ukrainian Food Journal. 2021. Volume 10. Issue 1 19



Food Technology ——

of Brie or Camembert cheeses, bitterness of food, gelation, digestibility of food, to decrease
food allergenicity, for example from soybean, pea, chickpea, lentil, or peanut allergens, and
to produce bioactive peptides and aminoacids for clinical or sport diet (Tavano et al. 2018).
Even milk proteins can produce allergic reactions for children so properly enzymatically
hydrolyzed milk protein could be used as a food supplement in these cases (Oshorn et al.,
2017). There are known also proteinases that are removing inflammation effect of gluten
from wheat, rice, and barley. Hydrolysis of gluten by a mixture of specific proteinases,
mainly prolyl endoproteases of some microorganisms, is only one way for gluten-free diet
that is preventing auto-immune disorder known as celiac disease (Tavano et al. 2018).

Digestion of food proteins by specific proteinases produces bioactive peptides that can
be marketed as nutraceuticals with beneficial actions on digestive, immune, or nervous
systems (Tavano et al. 2018). For example, hydrolysis of milk casein by specific proteinases
produces peptide with opiate-like effect (Silva and Malcata, 2005; Park and Nam, 2015; Chai
etal., 2020).

Functions of proteases in food processing can be extended if the enzymes of microbes-
extremophiles will be available. For example, the enzymes of thermophilic Bacillus
stearothermophilus and can be used at processing temperature 70-80 °C, (Kumar et al.,
2019), while enzymes of psychrophilic bacteria are active at 0—4 °C (Yadav et al., 2017; Kour
etal., 2019) and can be used to hydrolyze fish, pork, and shrimp meat at 0 °C.

There are many commercial proteases for food industry: Alcalase, a mixture of alkaline
proteases, Flavourzyme, containing a mixture of alkaline and neutral proteases, Thermolysin,
a thermostable proteinase, but their spectrum in not sufficient for diverse possible
applications in food processing industry (Tavano et al. 2018).

Transglutaminases are family of enzymes crosslinking glutamine of one protein
molecule and lysine of another protein molecule by the formation of amid (isopeptide) bond
and finally resulting in protein polymerization (Rachel and Pelletier, 2013). This ability of
transglutaminases for crosslinking of protein molecules, especially collagen that was
denaturated at a high temperature, is used in food industry for the meat hydrogels production
and to alter the texture of meat (Savoca et al., 2018; Duarte et al., 2020). There are producing
affordable microbial transglutaminase for the food industry (Wand et al., 2018).

Transglutaminases are used at present in the cheese manufacturing, meat processing, in
the production of edible films from milk protein, and there are wide opportunities to use these
enzymes to improve the firmness, viscosity, elasticity, and water-holding capacity of food
products. For example, transglutaminase improves the quality of flour and the texture of
bread or pasta, forms a texture of the minced meat, forms from gelatin low calorie food with
good texture and elasticity, increases hardness of fish paste (Kieliszek and Misiewicz, 2014;
Duarte et al., 2020). However, application of transglutaminase could be also a way to produce
a false food from the low-quality raw materials or even from the food-processing wastes.

Use of phytases for food processing is due to the role of phytate, a dihydrogenphosphate
ester of inositol, as a storage of phosphate in the major food staff such as cereals and legumes.
Phosphate of phytate in this food binds calcium, iron, zinc, and other essential dietary
minerals. Phytase removes phosphate from phytate thus preventing mineral starvation.
Therefore, it is used in human nutrition and food processing to increase bioavailability of
minerals (Herrmann et ., 2019; Handa et al., 2020). Industrially produced bacterial (Kumar
etal., 2017) or fungal (Jatuwong et al., 2020) phytases are essential feed and food additives.
It is especially important for vegetarian food because phytate phosphorus is not available for
human (Jatuwong et al., 2020). However, applications of phytase for the food enhancement
in Ukraine are still rare.
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Microbial B-galactosidase is used for hydrolysis of lactose in milk because of lactose
intolerance in the part of human population. This enzyme is also used for the production of
lactose-based sweeteners from the effluents of cheese production. There are known also
thermostable or psychrophilic B-galactosidase for the treatment of hot or cold milk (Xavier
et al., 2018). Enzyme a-galactosidase is used in food industry to hydrolyze
galactooligosaccharides such as raffinose, melibiose, stachyose, galactomannans and
galacto-glucomannans in soymilk and before sugar crystallization process (Bhatia et al.,
2020). Bacterial and fungal amylases are often used in food processing for hydrolysis of
starch in alcohol fermentation, juice production, bakery. Pectinases are used mainly in wine
and juice production to increase yield and quality of juices (Tapre and Jain, 2014; Habrylo et
., 2018; Sudeep et a., 2020).

The wide and increasing range of food processing applications of enzymes require the
search of new enzymes and their producents. So, the trend of enzymes application in food
processing will remain as actual one in 2021-2030.

Use of alive microorganisms for food processing

Food processing technologies with applications of alive microorganisms for the food
and beverages fermentation originated from about 14000 years ago (Marco et al., 2021). All
these fermentation technologies like beer, wine, cheese, pickled vegetables, fish and soybean
sources production are existing and used at present, but they are enhancing with application
of pure and starter cultures of microorganisms, probiotic strains and strains producing
antimicrobial metabolites and peptides (Camargo et al., 2018). Microorganisms make
different tastes during food fermentation (Tavano et al. 2018), form food preservatives, and
produce bioactive peptides with numerous health effects such as antihypertensive,
antioxidant, antimicrobial, opiate-like, anti-inflammatory, anticancer/antiproliferative,
antithrombotic, hypolipidemic, hypocholesterolemic, etc. properties that can be used in the
production of functional food and nutraceuticals (Chai et al., 2020).

Use of probiotics that are selected alive bacteria or yeasts that are used in food or as
medical composition (Arevalo-Villena and Briones-Perez, 2017; Marco et al., 2021)
originated about 30 years ago. The probiotics with immunomodulation properties,
modulating gut microbial community, with different positive health effects is a major trend
in the functional food with alive microorganisms (Jankovic et al., 2010; Bajaj et al., 2015;
Voitenko and Voitenko, 2021). Modern approaches to probiotic functional food are the
symbiotic combinations to stimulate the growth of probiotics (Terpou et al., 2019),
production of bioactive compounds by probiotics introduced in food products (Chugh and
Kamal-Eldin, 2020), addition to food both bacterial probiotics and their prebiotics such as
inulin, fructooligosaccharides, galactooligosaccharides to develop functional products with
improved texture (Guimaraes et al., 2020), using probiotics for mitigation of genotoxic and
carcinogenic acrylamide that is formed during heating of food (Khorshidian et al., 2020), the
production of postbiotics that are metabolites with beneficial functions in different human
organs, for example production by probiotic lactic acid bacteria of gamma-aminobutyric acid
that connected with the prevention of neural disease, diabetes, cancer, immunological
disorders, and asthma (Diez-Gutiérrez et al., 2020). New functions of probiotic and food
processing technologies including alive microorganisms will be developed in 2021 — 2030.
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Validation of food processing wastes

Food wastes were often used as a soil fertilizer (Stabnikova et al., 2009). However, the
modern trend a validation of green food processing including utilization of wastes for other
food, nutraceuticals, or the mushroom cultivation. For example, grape pomace can be used
for production of nutraceuticals containing antioxidants and the mushroom cultivation
(Sirohi et al, 2020). Whey proteins can be used for production of bioactive peptides with the
health benefits in the immune, cardiovascular, nervous and gastrointestinal systems (Dullius
et al., 2018). The industrial biowastes such as peels and seeds of vegetables can be used for
the production of carotenoids to enhance quality of macaroni (Martins and Ferreira, 2017).
Every on-farm plant processing releases enormous quantity of wastes. For example,
processing of cocoa beans from which confectionery for US$47 billion is producing, releases
80% of raw material as a waste which is disposed for soil fertilization giving putrid odors
and increasing plant diseases. Meanwhile, the cocoa by-products can be transformed to the
food, pharmaceuticals and cosmetics (Vasquez et al., 2019). Chicken feet can be used for
enzyme-mediated production of 180-380 kg of food gelatine from 1 ton of dry waste
(Mokrejs et al., 2019). Potato-processing wastes can be transformed using biotechnological
methods to proteins, lipids, food-processing enzymes, and food organic acids (Javed et al.,
2019; Kot et al., 2020).

Spent yeasts from beer production can be used for production of yeast extract containing
a lot of edible and biologically active components (Jacob et al., 2019). There are many other
examples of food waste validation (Stabnikova et al., 2010), so this trend will be just
increased in 2021-2030.

New food sources

Meat is not environmentally friendly food because of the energy and material losses
during the trophic chain from plants to animals and finally to human, and due to release of
greenhouse gas emissions to atmosphere from livestock and poultry. However, significant
part of population considers meat as the most delicious food. So, new type of food, plant-
based meat that is made from the plant protein, is produced at present and the scale will be
increased to satisfy the tastes and nutritional quality.

Another environmentally sustainable potential source of food is “single-cell food”, i.e.
proteins, lipids, carbohydrates, and vitamins of cultivated microscopic algae, yeasts, bacteria,
and even cells of plants or animals that can produce protein from carbohydrates by hundred
or thousand times faster than animals.

Micro and macroalgae are good sources of food and now biomass of Spirulina and
Chlorella from some producers have GRAS (“Generally Recognized As Safe””) designation.
This food industry requires extraction of the healthy bioavailable components of algal
biomass for the production of functional food or nutraceuticals (Wells et al., 2017; Caporgno
and Mathys, 2018; Junior et al., 2020; Kusmayadi et al., 2021). Many species, especially
among psychrophilic algae, contain lipids with polyunsaturated omega-3 fatty acids (Dhanya
et al., 2020; Stokes et al., 2020) that can be used in nutraceuticals. Commercial
biotechnological applications are known for such microalgae as biomass of Dunaliella salina
containing up to 3.5% of beta-carotene, Scenedesmus almeriensis containing 0.30% of
carotenoid lutein, Chlorella vulgaris containing 45% of protein, Nannocholoropsis sp.
producing carotenoid astaxanthin and omega-3 fatty acids, and representatives from the
genera Botryococcus, Chlamydomonas, and Arthrospira (marketed as Spirulina) (Caporgno
and Mathys, 2018; Molino et al. 2018; Junior et al., 2020). There are still many problems in
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“single-cell food”, for example excessive content of nucleic acids and low digestibility of
cell walls, but in every case this direction of new food production will be developed

Edible insects are another unusual source of food (de Carvalho et al., 2020; Van Huis,
2020). The market of the protein food from the edible insects will be increasing with forecast
up to US$4.6 billion in 2027, especially if The European Food Safety Authority will approve
the sale of insects: ground mealworms, lesser mealworms, locusts, crickets, and grasshoppers
for human consumption, as it is expected by business (Meticulous Research, 2020). However,
after admission of the edible insects to the market, there must be developed proper rules to
assure consumers of their benefits and safety (Belluco et al., 2017). Entomophagy is not
attractive for European and American cultures, so insect food can be consumed there as a
nutritional powder addition to the conventional food. For example, biomass of 2000 edible
species of insects can be used as a source of iron and zinc in human nutrition (Mwangi et al.,
2018).

Notwithstanding the negative public perception, the food from genetically modified
organisms (GMO) will be developed further because it can have higher levels of essential
and valuable nutrients, and better taste. Moreover, with the new CRISPR method of gene
editing it will be possible to create the genetic variants of plants and animals that will be the
revolutionary sources of conventional and functional food. However, there must be also
created and used the revolutionary methods of molecular-biological control for this new
GMO food.

Trend 5. Personalization of food processing and distribution
Nutritional needs of the medical, racial, religious, and regional customer groups

Types of food and dietary habits are tightly connected with culture. To increase
consumption of healthy food not only political or technological decisions have to be made
but also optimization of the diet and related food production for the specific age, ethnical,
medical, racial, religious, or regional group of the customers. Some of this topics are
discussed in the above section ”Trend 2. Functional food and nutraceuticals ““. These
differentiations will be more scientifically specified and their production and sales should be
increased in 2021 — 2030.

Computerization of the personalized food production and consumption

Nutrition-related mobile applications became of common tool of the human nutrition
(Flaherty et al., 2018; Ahmad et al., 2020). They are calculating right now mainly calories of
the food to avoid obesity. There were screened 628 dietary guidance in China, and 75% of
them were focused on energy intake and only 23% advised dietary structure. Many
applications were developed for health management and some of them have social
communication tools (Li et al., 2019). So, it is possible that very soon we will select the food
in the supermarket that were optimized for the personal diet using mobile tool or
computerized order of the food from home. Food production and retail will be totally changed
due to digital short-term and long-term personalization of the food consumption.
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Consumer acceptance of a new food

However, the problem of new food technologies is consumer acceptance of a new food
or computerized optimization of the diet (Priyadarshini et al., 2019). To ensure commercial
adoption of new food products (Santeramo et al., 2018), the consumer acceptance of new
food technology and food product is the most important factor (Priyadarshini et al., 2019;
Meijer et al., 2021). The consumers, usually, are hesitant to accept new food (“food
neophobia”) even the novel food technologies are important for the health diet, food safety
and sustainability (Siegrist and Hartmann, 2020). Consumers often rely in their evaluation
the naturalness of new food product of food technology due to lack of the food engineering
and technology knowledge (Siegrist and Hartmann, 2020). So, the trend is the development
of new food and new food technology accounting all aspects of consumer acceptance: from
agriculture and farming to processing, storage and distribution of a new food, its ecological
and environmental sustainability aspects, cultural and religious factors, functions in healthy
or medical diet, plus some personal attractions of new food.

3D printing of food

3D printing of food could be considered as one approach in the personalization of
nutrition, customized food designs, and simplification of food supply chains. It could be
more expensive than conventional food products but it will satisfy personal taste, aroma,
texture, diet components, a view of food, an artistic impression from the food, and a way of
personal food consumption (Nachal et al., 2019). So, it is used as military and space food,
and specific diet food (Liu et al., 2017).

Important and not solved yet technological points are the accuracy of printing of
colorful and multi-flavor food; development of printable food materials, post-processing of
food 3-D print such as cooking, drying, fast cooling technology (Liu et al., 2017; He et al.,
2020). Plant-based 3-D printed food can be made by the ink of cell suspension with alginate
that is cured with calcium ions after printing to form a rigid gel (Park et al., 2020). 3-D
printing food based on protein, starch and fiber-rich materials showing uniformity of
extrusion as well as the precision and stability of the printed pattern. The best printing
precision, shape stability after printing and after post-printing oven drying shown a semi-
skimmed milk powder-based paste (Lille et al., 2018). However, consumers attitude toward
3D-printed food is not clear because it is not clear yet safety and benefits of 3D-printed food
(Brunner et al., 2018). This direction of food technology is just starting.

Commercial food became so diverse in 2021-2030 that the specific nutritional computer
programs with the comprehensive information on this food as well as personal diet
requirements will be used for the optimization of the production and delivery of the personal-
specified food.
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Introduction. The aim of the research is to determine the
inhibitory activities of Caucasian Rhododendron (Rhododendron
caucasicum) and Rkatsiteli wines against pancreatic lipase.

Materials and methods. The leaves of Caucasian Rhododendron
were collected in the Upper Svaneti region. Wines were made of
Rkatsiteli grape variety. Titrimetric method was used to determine
lipase activity, total phenolic content (TPC), and Ferric reducing
ability of plasma (FRAP) were determined spectrophotometrically.

Results and discussion. We could demonstrate in this research
project a high correlation between TPC and antioxidant activity
(AOA) in all samples. Pearson's correlation coefficient (R?) for the
Caucasian Rhododendron samples and wine samples were 0.9758
and 0.9556, respectively. The average TPC in Caucasian
Rhododendron was found to vary from 13.0040.48 to 19.48+0.84 %
Gallic acid equivalent (GAE) based on dry matter content. The 3-rd
sample of Caucasian Rhododendron revealed the highest TPC,
19.48+0.84 % GAE, and possessed an AOA of 16.10+£0.32. No
significant difference was observed between the third and first sample
of 17.9740.42% GAE and 15.35+£0.74 AOA (p<0.05). Even though
the fourth sample showed the lowest TPC and AOA, its lipase
inhibitory activity closely resembled Orlistat. t seems that
polyphenol, which is most responsible for anti-lipase activity of
Caucasian Rhododendron is easily oxidised in the air. Consequently,
similar technology to green tea processing allows retaining most of
the polyphenol in the vine sample. In the rest of the samples, this
substance underwent oxidation by molecular oxygen. These results
indicated that the treatment of Rhododendron samples could
influence the composition of bioactive compounds. The results
obtained herein allow one to conclude that white wines made with
Kakhetian technology are rich with bioactive compounds and possess
higher antioxidant activity and Lipase inhibitory activity when
compared to wines made with European technology.

Conclusion. Extracts from Caucasian Rhododendron can act as
a promising natural inhibitor and reduce dietary cholesterol’
absorption. Based on a dry matter content, Caucasian Rhododendron
offered better inhibitory activity than white wine samples.
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Introduction

The link between obesity and the intake of a lipid-rich diet (Bray and Popkin, 1998;
Hariri and Thibault, 2010) raised attention towards inhibition of pancreatic lipase (P.L.)
(Tian-Tian et al., 2020) P.L. is an enzyme that plays a central role in lipid digestion, it breaks
down the food source's oil into fatty acids and glycerol that can be easily absorbed and
digested by intestines (Lowe, 1997). Using lipase inhibitors to reduce dietary fat absorption
and develop anti-obesity agent is an attractive approach, and currently, one of the main
strategies in the management and treatment of obesity (Apovian et al., 2015; McCafferty et
al., 2020). Lipase inhibitors have been proven to be relatively safe and have been identified
as a rational and valid target of the molecular level to control obesity (Kaumar and Chauhan,
2021). Despite this fact, currently, only Orlistat® (Xenical), a hydrogenated derivative of
Lipstatin, that inhibits lipase activity (Heck et al., 2000), has been approved in clinical use
for the management and treatment of obesity (Bogarin and Chanoine, 2009; McClendon et
al., 2009). Since the clinical utility of orlistat is limited (Cruz-Hernandez et al., 2010;
Filippatos et al., 2008) and obesity remains a global health issue (Rossner, 2002; WHO,
2020), the search for new natural substances that show potent inhibitory activity against P.L.
and have fewer side effects remains topical (Birari et al., 2007; De la Garza et al., 2011).

Large numbers of plants are being screened for potentially lipase inhibitory activity and
a variety of phytochemicals have been identified, such as polysaccharides, polyphenols,
terpene trilactones, alkaloids, saponins, and carotenoids (Bajes et al., 2020). A great deal of
research showed that the class of polyphenols represents one of the most important sources
of potential P.L. inhibitors (Buchholz and Melzig, 2015; Martinez-Gonzalez et al., 2017) P.L.
inhibition is being reported by numerous polyphenolic compound-rich foodstuffs, including
medicinal plants (Seyedan et al., 2015; Zheng et al., 2010), berries (McDougall et al., 2009,
Sosnowska et al., 2018), cocoa (Gu et al., 2011), tea (Glisan et al., 2017; Gondoin et al.,
2010), grape seeds ((Moreno et al., 2003, Tian et al., 2010), etc.

Additionally, Paraguariensis leaves, popularly known as Yerba Mate beverages, have
been reported to have biological activities and considered as a potent anti-obesity reagent
(probably, due to their high content of total phenolics) (Kim et al., 2015). Because the mate's
raw material is not growing in Georgia, several studies have been conducted to discover the
possibility of obtaining yerba mate from the plant Rhododendron caucasicum, or Caucasian
Rhododendron ) (Megrelidze et al., 2020; Melkadze and Kereselidze, 2010). These studies
have proved that Paraguariensis leaves can be replaced by Rhododendron caucasicum, since
they are similar in chemical composition and health effects (both positive and penalty ones).
However, there have been no data published regarding anti-lipase activity, total phenolic
content (TPC) and antioxidant activity (AOA) of Caucasian Rhododendron itself.

In this regard, the aim of the present study is to investigate a new agent (Caucasian
Rhododendron) for its ability to impair digestion and assimilation of dietary fat and to
determine TPC and AOA of it. According to the published data, Georgian wines have also
displayed a relationship between total phenolic content and their inhibitory activity against
P.L. (Gulua et al., 2018). Therefore, this research aims to compare the anti-lipase activity and
bioactive compound contents between Caucasian Rhododendron's extracts and white wines
made from RKatsiteli, which is the leading white grape variety in Georgia (Robinson et al.,
2012) and to assess their potential use in the management of obesity compared to Orlistat.
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Materials and methods
Chemicals

Ascorbic acid, Olive Oil, Sodium Hydroxide, Potassium dihydrogen Phosphate, Folin-
Ciocalteu reagent, Detergent Tween 80, Sodium carbonate, Ethyl acetate and methanol were
purchased from Sigma — Aldrich (Steinheim, Germany), TPTZ-2,4,6-Tris (2-pyridyl)-s-
triazine (Sigma — Aldrich, Switzerland), hydrochloric acid, formic acid and phosphoric acid
were provided by Merck (Darmstadt, Germany), Lipase concentrate — H.P. was purchased
for Integrative Therapeutics, LLC (USA). Orlistat® (trade name Xenical) by Roche (Italy)
was purchased at the local pharmacy. All other reagents were commercially available at the
local market and were of analytical grades.

Materials — Sample collection
Wine samples

Four commercially produced white dry wines (see table 1), made from autochthonous
and leading white grape variety (RKatsiteli) grown in the region of Kakheti, were chosen.
The wine samples for the experiment were chosen at random. The wines, packed in glass
bottles, were purchased from the local supermarket and stored at room temperature until
being analysed. We did that because it is as consumers would do, promising in vivo potent
lipase inhibitory activity can be the definite factor behind consumer decision making.

Table 1
Rkatsiteli Wine samples
Name of the bottle Vintage | Alcoholic Technological treatment
strength %
Vine Ponto — RKatsiteli white 2016 125 Qvevri and Oak Barrel
dry technology
Glekhuri — Rkatsiteli Qvevri; 2017 13 Qvevri technology
Vaziani, Rkatsiteli 2016 12.5 Classic and Oak Barrel
technology
Kindzmarauli Marani Rkatsiteli 2018 13 Classic technology

Caucasian Rhododendron samples

Caucasian Rhododendron (Rhododendron caucasicum) samples were collected in the
Upper Svaneti region, in the village of Ushguli (42.917797°N 43.015672°E), at an altitude
of 2100 m. The samples were picked during the harvest-time, June 10-20, 2020; mainly 3-
4th leaves were collected.

Caucasian Rhododendron sample preparation
The samples were treated with four different processing methods, as follows:

1. Sun-dried: samples were drying for 5 days and nights at the average daytime
temperature 27-28 °C;
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2. Shade-dried: drying lasted for 12 days and the average daily temperature was 16-17
OC;

3. The Classical technological scheme of black tea processing, including withering at
room temperature, rolling, fermentation and drying (Samarasingham, 2009).

4. The classical technical method of green tea processing, including fixation with roasting,
thermal treatment rolling and drying (Singh et al., 2014).

Preparation of Caucasian Rhododendron extracts

The Caucasian Rhododendron extracts were prepared by extracting 3 g of dried samples
in 300 mL of boiling deionised water and infusing for 15 min. Subsequently, the extract was
gently stirred, filtered under vacuum, cooled down to room temperature, and the final volume
was brought up to 500 mL with cooled deionised water. Extracts were stored at +4 °C for the
analyses.

Determination of moisture content (%o)

Moisture content in dried leaves of Caucasian Rhododendron was determined with a
drying subsample (2g) at 105°C to constant weight. SFY-20 infrared rapid moisture tester
(Hangzhou Hengging Technology Co., LTD, China) was used for quick and reliable
determination of the moisture content of samples.

Total dry matter

For measurement of non-volatile dry matter, a 50 mL sample of wine and tea extracts
were aliquoted into a porcelain dish. Extracts were filtered initially. The dish was then placed
onto a boiling water bath until the evaporation of water, alcohol (in case of wine), and other
volatile compounds had occurred. The residual moisture was then evaporated from the
samples by oven drying at 105°C for 16h. Total dry matter was determined gravimetrically
as the residue remaining after drying.

Determination of total phenolic content (TPC)

The total phenolic content (TPC) was determined spectrophotometrically (UV 1609,
A&E Lab Co LTD, U.K), using gallic acid (G.A.) as standard, according to the method
described by the International Organization for Standardization 1ISO 14502-1 (ISO, 2005).

Briefly, the diluted sample extract (1 mL) and diluted G.A. working standard solutions
(10-50 ug mL™) were pipetted into separate disposable test tubes. Additionally, 5 mL of
(1/10) diluted Folin-Ciocalteu phenol reagent in water was added into each tube. 8 min after,
7.5% (w/v) of Sodium Carbonate solution (4mL) was added into each test tube. The mixtures
were mixed well, and the tubes were allowed to stand for another 60 minutes at room
temperature. Then their optical densities against the water were measured at 765 nm, with a
10 mm path length cell.

The calibration curve of absorbance vs concentration of a standard solution (Pearson's
correlation coefficient: r2 = 0.9918) was used to quantify TPC content. Results were
expressed as gallic acid equivalents (GAE) in mg/L of wine and in g/100 g of the dried matter
of Caucasian Rhododendron.
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Ferric reducing ability of plasma (FRAP) assay for total antioxidant activity

Ferric reducing ability of plasma (FRAP) assay has been applied for the evaluation of the
total antioxidant activity (AOA), according to Benzie and Strain, 1996, with slight
modifications. The working FRAP reagent was prepared freshly by mixing acetate buffer
(300 mM, pH 3.6), 2,4,6- tripyridyl-s-triazine (TPTZ) solution (10 mM, dissolved in 40 mM
of HCI) and Ferric Chloride solution ( 20 mM) in the ratio 10:1:1. The FRAP reagent and
vitamin C (ImM) were separately incubated for 15 min at 37 °C. 3 mL of working reagent
was mixed with 100 microliters of the diluted sample. Ascorbic acid was used as a standard.
The reduction was monitored at 593 nm, and the absorbance was recorded after 4 min. FRAP
values of samples were compared to that of ascorbic acid and expressed as vitamin C
equivalents per 100 g of dry matter of Rhododendron and mg per 1 litre of wine.

Determination of Lipase inhibitory activity

Titrimetric assay method was used to determine lipase activity as reported by
Stoytcheva et al., 2012, with minor modifications.

Briefly, the initial reaction mixture consisted of 2.5 mL of deionised water, 1 mL 200
mM Tris HCI buffer (pH 7.2), 3 mL of olive oil, and 0.5 mL of detergent (Tween 80). To
obtain a good result, the solution was vigorously mixed on a magnetic stirrer for 15 min.
Subsequently, 110 mg of the lipase concentrate was then added to the emulsified mixture,
which was then incubated at 37 °C for exactly 30 min. At the end of the incubation, 3 mL of
95% ethanol was added, and the final reaction mixture was titrated with 50 mM NaOH until
the value of pH 9 at automatic titrator (ZDJ-4A, INESA Scientific Instrument Co., Ltd,
Anting Shanghai, China) was achieved. Blank titration was carried out as above, but without
lipase, in test samples potent inhibitors were involved. One unit of lipase activity is defined
as the amount of enzyme that hydrolyses 1.0 micro equivalent of fatty acid from a triglyceride
in one hour at pH 7.2 at 37 °C. Lipase activity was calculated using following equation:

(A - B) (1000) (2) (DF)
ey
where A = volume of 50 mM NaOH consumed by the test sample in mL;
B = volume of 50 mM NaOH consumed by the blank sample in mL;
1000 = conversion factor from milli equivalents to micro equivalents;
2 = time conversion factor from 30 min to 1 hour;
DF = dilution factor
1 = Volume (in millilitre) of enzyme used

The percentage of inhibition was calculated in the presence and absence of inhibitors.
Orlistat was used as a standard inhibitor. Lipase activity was measured in the presence of
Orlistat (10mg) and the percent of inhibition was calculated per 1 mg of Orlistat.

To measure the percentage of lipase inhibition 1 mL of potent inhibitors (Caucasian
Rhododendron extracts and Rkatsiteli wines) were added separately to the initial mixture and
the following procedures were identical to those described previously. The effect of
inhibition of the samples was calculated as the percent of Orlistat inhibition value.

Lipase Units =
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Statistical analysis

The data represents the mean of a minimum three replicates + standard deviation (S.D.).
Data were subjected to the one-way ANOVA and Tukey's HSD tests. One-way analysis of
variance (ANOVA) was done to analyse the significance in the variation of the means
between the experimental samples. Tukey's HSD test was used to differentiate between the
mean values. All calculations were performed with Microsoft Excel for Microsoft 365 MSO
with PHstat 2 version 3.11add-in assistance.

Results and discussion
Moisture content (%) of the Caucasian Rhododendron dried samples

The moisture content of the Rhododendron samples was varying from 7.82+0.52 up to
8.71£0.65 %. In particular, the moisture content of the sun-dried sample was equal to 7.82%
+0.52, shade-dried — 8.63% +0.18. The moisture content of the sample obtained by black tea
making technology was equal to 8.21% =+0.74, while that of the sample obtained by green tea
technology was 8.71% +0.65 (Table 2).

Table 2
Moisture content (%) of the Caucasian Rhododendron dried samples
Sample name Moisture content (%)
1. Sun-dried 7.82 £0.52
2. Shade-dried 8.63 +£0.18
3. Black tea like processing technology 8.21+0.74
4. Green tea like processing technology 8.71+0.65

Despite the different treatments, as shown in Table 2, there was no statistically
significant difference between the samples' moisture contents.

Total phenolic content

As shown in Figure 1, the average total phenolic content in Caucasian Rhododendron
was found to vary from 13.00+0.48 to 19.48+0.84 % GAE based on dry matter content. The
highest TPC 19.48+0.84 % GAE was found in Caucasian Rhododendron, which was
processed with the classical technological scheme of black tea. Rhododendron treated with
green tea like processing technology showed the lowest TPC 13.00+0.48 % GAE, Sun-dried
and shade-dried Rhododendron obtained 17.97+0.42 and 15.32+0.55 % GAES respectively.
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Figure 1. Total phenolic content of Rhododendron dried samples based on the dry matter content

The phenolics have been oxidised during the drying process. Although fewer phenolics
have been oxidised during sun drying than shade drying. This can be explained by the
difference in the drying time duration. The roasting process destroyed more phenolics than
by enzymatic oxidation in the black tea like processing. The results reported by Bastos et al.,
2007 and Prasanna et al., 2018 showed that the roasting process leads to a significant
alteration of major bioactive and antioxidant activities in all leafy vegetables and yerba mate
beverages tested.

Most phenolics were probably lost due to insufficient inactivation of the enzyme
phenolic oxidase (PPO) during the fixation process. Also, part of the phenolics was non-
enzymatically oxidised during the processing. The amount of phenolics oxidised by PPO in
black tea like processed leaves was lower than in green tea like processed Rhododendron
leaves. There was no significant difference between the 1st and 3rd samples (p < 0.05).

Total phenolic content in wine

As Figure 2 shows, phenolic content in wines was statistically significantly different.
The highest phenolic content was found in the Rkatsiteli sample from brand Qvevri,
2901.626+34.648 mg/L GAE. The phenolic content of brand Vine Ponto (2515.447 (%
137.972) was higher than that obtained from brands Vaziani and Qindzmarauli Marani,
489.577 (+ 36.112) and 190.243 (+11.498) mg/L GAE respectively.

As seen from the table 1, wines differed by processing technology, they were processed
by classic (European) technology and Kakhetian Qvevri technology. According to the
Kakhetian Qvevri technology, grapes along with other parts i.e., cluster (stem, skin, seeds)
are crushed in a juicer, then placed and sealed in a fermentation vessel called Qvevri, which
is dug in the ground (UNESCO, 2013).

During fermentation, phenolic compounds are extracted in large quantities from the
stem, peel and grapes, which explains the reason why wines of Kakhetian type showed the
highest phenolic content than those of European type. Similar results were reported by A.
Shalashvili et al., 2010.
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Ferric reducing ability of plasma FRAP

FRAP assay (Figure 3) showed that a 3-rd sample of Caucasian Rhododendron revealed
the highest AOA 16.10+0.32. However, no significant difference was observed between the
third and first sample of 15.35+0.74 (p < 0.05). These samples were followed by the 2nd
sample 11.03+0.53 and the 4th sample had the lowest antioxidant activity (AOA) 8.93+0.19.
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Figure 3. Antioxidant activity of Caucasian Rhododendron samples based on the dry matter
content (g/100 g)
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For the wines studied herein, Wines made with Kakhetian technology possess
noticeably higher antioxidant activity compared to those made with European technology
(Figure 4). The highest AOA was found in the Rkatsiteli sample from brand Vine Ponto,
2413.275+53.247 mg/L. The antioxidant activity of brand Qvevri (2177.584 (x130.730) was
higher than that obtained from brands Qindzmaraulis Marani and Vaziani, 199.825 (£53.247)
and 179.330 (£62.121) mg/L, respectively.

The wines fermented in gvevri and then moved to oak barrels showed the highest AOA,
compared to those that have been fermented and stored in Qvevri. These results are in good
agreement with results published by Shalasvili et al., 2010 and Tauchen et al., 2015. Tauchen
et al. compared the Antioxidant effect and phenolics content of different wines. According
to this research, among white wines, Georgian wines possessed significantly higher
antioxidant activity in comparison with white wines prepared by the standard European
method. This also can be explained by different processing technology.
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Figure 4. Antioxidant activity mg/L, by brand of Rkatsiteli
Anti-lipase activity of samples

The anti-lipase activities (effect of inhibition) of 1 mg dried samples of Caucasian
Rhododendron are shown in Table 3. The anti-lipase activities (effect of inhibition) were
calculated as the percent of 1mg Orlistat inhibition value. Orlistat® itself (10 mg) showed
75.84% inhibition of lipase activity.

Table 3
Effect of inhibition per 1 mg dry matter of Caucasian Rhododendron samples as the percent of
Orlistat inhibition value

Treating technology of Caucasian | Effect of inhibition as the percent of
Rhododendron samples Orlistat inhibition value

Sun-dried 69.9

Shade-dried 85.35

Black tea like processing technology 86.15

Green tea like processing technology 99.63
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As it can be seen from Table 2, green tea-like processing technology treated samples
showed the highest anti-lipase activity. Moreover, the effect of inhibition was almost equal
to the one of Orlistat. It seems that phenolic, which is most responsible for anti-lipase activity
of Caucasian Rhododendron, is easily oxidised in the air; therefore, most of this substance
was retained in the sample made by green tea like processing technology. Regarding the other
samples, this substance underwent oxidation by molecular oxygen.

The effects of inhibition of 1 mL wine samples depicted as the percent of 1 mg Orlistat
inhibition value are shown in Table 3.

Table 4*
Effect of inhibition of white wine samples as the percent of Orlistat inhibition value
Wine producer Effect of inhibition as the percent of Orlistat inhibition value*
Vine Ponto 26.75
Qvevri Glekhuri 20.5
Vaziani 4,91
Kindzmarauli Marani | 14.91

*- Inhibition by wines was calculated as per 1 mL, inhibition by Orlistat was calculated as per 1 mg.

As it is seen from Table 4, wines made with Kakhetian technology showed a higher
inhibition effect than those made with European technology. In overall, these values were
statistically significant (p> 0.05).

A high correlation was demonstrated in this work between the TPC and AOA in all
samples. Pearson's correlation coefficient (r2) for the Caucasian Rhododendron samples
(Figure 5) and white wine (Figure 6) samples was 0.9758 and 0.9556, respectively. Several
data have been published regarding the relationship between antioxidant capacity and total
phenolic content of different wines (Gulua et al., 2018), (Paixao et al., 2007).

18

16 y = 1,1839x - 6,6127
R? =0,9758
14

12

10

Total Polyphenol content (%GAE)

6

12 14 16 18 20
Antioxidant activity

Figure 5. Correlation between the total phenolic content and antioxidant activity of Caucasian
Rhododendron samples
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Figure 6. Correlation between the total phenolic content and antioxidant activity of Rkatsiteli
wine samples

Lipase inhibitory activity of Rkatsiteli samples displayed a higher correlation with AOA
(Pearson's correlation coefficient (r?) 0.88, than with total phenolic content (Pearson's
correlation coefficient (r?) 0.78).

Tested wine samples were differentiated according to production technology, vintage,
and alcohol content (see table 1). Probably due to these reasons, this experiment showed the
range of results in wine and furthermore in-depth investigations are needed.

Conclusion

1. Caucasian Rhododendron can be used as a potent lipase inhibitor; it showed better
inhibitory activity than white wine samples. Thus, Caucasian Rhododendron could be
a reasonable natural resource for the preparation of ingredients with lipase inhibitory
activity. However, there are further studies needed to obtain detailed information
regarding the influence of treatment methods on bioactive compounds and lipase
inhibitory activity.

2. Extracts from Caucasian Rhododendron can act as a promising natural inhibitor of
pancreatic lipase and reduce dietary cholesterol' absorption.

3. The treatment of Rhododendron samples could influence the composition of bioactive
compounds.

4. The Caucasian Rhododendron sample treated with the classical technical method of
green tea processing showed the showed the highest inhibitory activities against
pancreatic lipase. Moreover, the effect of inhibition was almost equal to the one of
Orlistat.

5. Winemaking technology effects on phenolic composition in Rkatsiteli wine samples.
White wines made with Kakhetian technology are rich with bioactive compounds and
possess higher antioxidant activity and Lipase inhibitory activity than wines made
with classical (European) technology.
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Introduction. The effect of sodium chloride replacement was
studied in industrial white slice diary bread, promoting a
technological approach to decrease the sodium content from bakery
products in order to respond to the World Health Organization’s
recommendation to reduce dietary salt intake.

Materials and methods. Granolife CV Sustisal 100
(GCVS100) was evaluated as sodium chloride substitute analyzing
the dough fermentative properties by Rheofermentometer, and the
dough behaviour properties on mixing-heating—cooling by
Mixolab. Additionally, loaf specific volume and texture profile
were considered as baking quality parameters.

Results and discussion. The addition of GCVS100 or NaCl to
wheat flour dough led to decrease gas production during
fermentation stage. However, they significantly increased the
coefficient of gas retention, promoting the improvement of the
gluten network and allowing to get a dough development curve
similar to dough flour. Additionally, both ingredients changed
several flour dough parameters in Mixolab. Water absorption was
decreased, dough stability was prolonged, gelatinization process
(C3-C2) was reduced, stability of the starch gel when heated (C4-
C3) was improved and retrogradation of the starch was increased.

GCVS100 assessed in WSDB formula showed similar effects
than NaCl. The addition of GCVS100 or NaCl to WSDB caused
reduction of gas production during fermentation. Meanwhile, the
coefficient of gas retention did not show significant differences
between the treatments, due to WSDB formulation include
compounds promoter of strengthening of the gluten structure of the
dough that masked NaCl and GCVS100 effect. In this way, NaCl
and GCVS100 led to decrease dough development according to less
gas production.

WSDB baking parameters revealed that bread loaf specific
volume was significantly higher for WSDB without NaCl or
GCVS100, in agreement with fermentation results. Texture profile
analysis of WSDB did not showed changes in crumb firmness and
springiness when NaCl or GCVS100 is added.

Conclusions. The addition of GCVS100 in WSDB caused a
similar effect to NaCl. The results of the present study suggest that
GCVS100 exhibits a potential use to obtain sodium-free WSDB.
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Introduction

According to the World Health Organization, it is recommended to consume 5 g of
sodium chloride (or 2 g of sodium) per day (WHO, 2012). Globally, average daily dietary salt
intake is much higher than this recommendation and the majority of salt intake comes from
commercially manufactured foods (Brown et al., 2009; Newson et al., 2013).

Salt reduction programs have been shown to be highly cost-effective (Cobiac, 2010),
hence the urgency to implement strategies and policies to address the issue of reducing salt
intake. To carry out this approach certain topics should be taken in account. First, salt as an
ingredient influences textural and stabilities properties of commercial food, hence salt
reduction requires advances in food technology (Doyle and Glass, 2010). Second, salt affects
food flavor, so it is important to work on consumer perception such as sensory reeducation,
unaccustomed the palate to excessive salty taste and re-feeling the original flavors of food,
likewise, modify behaviors in the domestic habit, method of shopping and food preparation
(Zandstra et al., 2016; Ding et al., 2020). The successful reduction of sodium chloride in food
is a long process that depends on solving technological issues in each of the food industries,
awakening the healthy conscience of consumers, and an adequate complement of the food
industry with government programs (FSA, 2012; FDA, 2016].

Bread is one of the major contributors to dietary sodium intake (Ni Mhurchu et al.,
2010). Sodium content of bread is relatively low, however people consume highly this group
of foods which contributes 35% to 50% of the sodium consumption (Beer-Borst et al., 2009;
Quilez and Salas-Salvado, 2012). As the consumption of bread is approximately 70 Kg / Hab
/ year, it provides 3.2 g of sodium chloride per day, around 40% of the total salt ingested
(Conde Molina et al., 2020). This estimation clearly demonstrates the relevance of reducing
sodium content in breads.

Sodium chloride replacement is not an easy task to do on bread. Since sodium chloride
contributes three main functions in the dough: enhance flavor, reduce gas production by
inhibiting yeast activity, strengthen gluten structures of dough producing larger protein
network (Miller & Hoseney, 2008; Silow et al., 2016). In many cases, taste is one of the most
important challenge associated with substitution. This aspect can be achieved with
combinations of: salts (KCI, calcium salts, magnesium salts), amino acids (lysine) and flavor
enhancers (monosodium glutamate, nucleotides, yeast extract) (Bassett et al., 2014; Rafo et
al., 2018). Moreover, sodium chloride has a significant impact on the bread making process.
In order to understand the impact of sodium chloride replacement on the bakery products’
technological process, its influence on dough processing has to be known.

Several studies have reported changes in dough rheology and bread quality properties
when sodium is substituted in breads (Nogueira et al., 2015; Pasqualone et al., 2019),
however such characteristics depend on bread recipe and process. Thus, the aim of this work
was to investigate the sodium substitution in white slice dairy bread (WSDB), which
represents to be the most important industrial bread consumed in Argentina. For this purpose,
Granolife CV Sustisal 100 substitute was assessed in order to evaluate the influence of
sodium chloride replacement on fermentative and rheological properties on flour and then on
WSDB formulation.
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Materials and methods
Materials

Granolife CV Sustisal 100 (GCVS100, blend of KCI and flavor enhancers) (Granotec
Argentina) was studied as NaCl substitute.

The Argentinian wheat flour analyzed presented the following values: humidity 14.20
% (1SO 712), ashes 0.64 % (AOAC 923.03), wet gluten 28 %, index gluten 99 %, dry gluten
10 % (AACC 38-12), falling number 410 s (AACC 56-81B), damaged starch 9 % (AACC
76-33). The alveograph parameters were tenacity/extensibility (P/L) 1.2 and deformation
work (W) 310 10 J (AACC 54-30A). Stability of dough was 13.5 min (modified method
AACC 54-60.01).

Rheological properties of wheat flour dough

The effect of NaCl replacement was studied in wheat flour dough. To do this, three
conditions were evaluated: flour (F) as control, flour + NaCl (2% flour weight basis)
(F+NaCl) as reference, flour + GCVS100 (2% flour weight basis) (F + GCVS100) as
substitution.

Doughs (55% hydration) were kneaded for 1 min at slow speed and 4 min at medium
speed in a bakery mixer (model A-120T, Hobart, USA). Then, 315 g of doughs were tested
in the Reofermentograph, applying 2 kg weights over dough, at 28 °C for 3 h. Fermentation
assays allowed to obtain gas evolution and dough development curves. Additionally, 75 g
dough was analyzed in Mixolab (Chopin, France) to determine instant dough consistency
(C1, Nm) at 100 rpm (Chopin, 2012).

The rheological characteristics of dough were measured using Mixolab according to
modified AACCI Approved Methods 54-60.01. Results were analyzed by Chopin Mixolab
software (Version 3.14, Chopin, France).

Rheological and baking properties of white slide diary bread

GCVS-100 was assessed in WSDB. Formulation for WSDB was: 1 kg flour, 12 g dry
yeast, 20 g NaCl, 75 g sugar, 30 g of vegetable oil, 20 g milk powder, 10 g wheat gluten, 3.5
g calcium propionate, 15 g Toler Miga Bollo Directo (blend of ascorbic acid and enzymes
(alpha-amylases, xylanases, lipases), Granotec Argentina), 650 ml water. Test conditions
were: WSDB without NaCl as control, WSDB with NaCl as reference, WSDB with GCVS-
100 as substitution. Doughs were prepared using a bakery mixer (model A-120T, Hobart,
USA). They were kneaded for 1 min at slow speed, 2 min at medium speed and 3 min at fast
speed.

In order to study fermentation stage, 100 g of doughs were analyzed in the
Reofermentograph, applying 2 kg weights over dough, at 28 °C for 3 h (Chopin, 1996).
Instant dough consistency was also determined in Mixolab (Chopin, France) as described
above for flour dough.

Otherwise, breads were prepared. Doughs obtained were divided into 500 g portions of
spherical shape and rest for 10 min. Then, doughs were passed through a dough pressing
machine (model 0203, Indupan, Argentina). Subsequently, pieces were rolled down like tube
shape and placed into pans (20 cm length, 10 cm width, 10 cm height). For each formulation,
two sequence of three pans were placed in the fermentation camera at 36 °C for 90 min, RH
= 80%. Three loaves of bread were baked in an oven (RPO4A10-2, Eurofours, France) at 150
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°C with lidded pans for 35 min and another three loaves of bread were baked without the lids
for 40 min. Breads with lid reached their baking time 5 min earlier because the lid accelerated
the baking time. Loaves baked without the lids were left to cool to determine specific volume.
Otherwise cool loaves baked with the lids were packed and stored at room temperature until
texture analysis.

Bread baking quality was evaluated by loaf specific volume, crumb firmness and
springiness textural parameters. Loaves volume was measured by rapeseed displacement
according to AACC 10-05 method, using bread loaf volumeter equipment (Chopin, France).
Specific volume of the loaves was calculated from the measured volume and weight, obtained
by direct measure. Texture profile analysis was analyzed in order to study the structure of the
crumb. It was carried out using QTS Farnel Texture Analyser (Brookfield). Crumb firmness
was determined according to the method AACC 74-09. Slices (25 mm-thickness) were
compressed with a 36 mm diameter cylindrical probe at a speed of 2 mm/s until a
deformation, to a total deformation of 10 mm and a trigger force of 4 g were the selected
settings. Springiness parameter was determined by texture profile analysis (TPA). Bread
slices (50 mm-thickness) were compressed twice using a 25.4 mm diameter cylindrical probe
(TA 11) and a test speed of 1.0 mm/s; to a total deformation of 15 mm and a trigger force of
4 g were the selected settings. Bread slices (50 mm-thickness) were compressed twice to give
a TPA from which springiness textural parameter was obtained (Bourne et al. 2002). Crumb
firmness and springiness textural parameters were obtained through Textute Pro v. 2.1
software. The test was carried out at different times of storage (5, 10 and 15 days) in order to
evaluate bread aging.

Statistical analysis

Data were expressed as means + standard deviations for triplicate determination.
Statistical analysis was performed using Microsoft Excel 2010. Significant differences were
determined at p < 0.05 by analysis of variance (ANOVA) and Tukey’s HSD test. The
analyses were carried out using the software Statgraphics Centurion XVII (Statpoint
Technologies, USA).

Results and discussion
Flour dough rheology evaluation

Initially, GCVS100 substitute was evaluated in an Argentinian wheat flour dough (F).
To point view, this type of flour presents some high quality parameters as wet gluten 28 %,
P/L 1.20, W 310 10+ J, stability of dough 13.5 min, being suitable to produce industrial
WSDB.

Dough rheological properties in F+NaCl and F+GCVS100 presented significantly
differences during fermentation in comparison to F (Table 1). The volume of gas produced
(V7) in both cases was inferior (p<0.05) than F, evidencing the reduction of yeast activity
caused by the presence of this type of salts. Chloride salt influences on yeast metabolism by
its osmotic pressure, inhibiting yeast growth and leading to lower CO, production (Jekle et
al., 2019). Furthermore, maximum height of gas production curve (H’y) significantly
decreased (p<0.05) in F+NaCl and F+GCVS100 in relation to F, as consequence of the fact
that the CO, produced by the yeast during fermentation was reduced. Similar influences on
H’n value by salt addition have also been previously reported (Miller and Jeong, 2014;
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McCann and Day, 2013). Although NaCl and GCVS100 led to reduce Vg and V+ values,
they significantly increased (p<0.05) the coefficient of gas retention (Vr/V7) value. This fact
indicated that an improvement of the gluten network occurs with the addition of NaCl or
GCVS100. NaCl produces a strengthening effect on the gluten network, which makes the
dough more capable of retaining the gas released by fermentation (Mohammed et al., 2012).

Table 1
Effect of NaCl (F+NaCl) and GCVS100 (F+GCVS100) on flour (F) dough rheological properties

during fermentation

Rheofermentograph | F | F+NaCl | F+GCVS100
Curve of gas

V7t (volume of gas produced, mL) (1604+8)* | (1204+12)° | (1227+13)°
VR (volume of gas retained, mL) (1256+10)* | (1058+8)° (1057+7)°
V( (volume of gas lost, mL) (348+9)? (146+8)? (170+9)°
Vr/V7 (coefficient of gas retention, %) (78£1)? (89+2)° (86+2)°
H’m (maximum height, mm) (54£1)? (40+2)° (42+2)°
Ty (time needed to start losing gas, min) (82+1)2 (82+2)° (84+£3)°
Curve of dough development

Hm (maximum dough height, mm) (33£1)? (30+2)? (29+2)?

H (dough height after 3 h, mm) (27+1)? (30+2)? (29+2)?
Dough consistency (Nm) (2.87+0.15)% | (2.84+0.09)* | (2.77+0.11)?

Means with different letters in each row are statistically different (P<0.05).

Maximum dough height of the dough development curve (Hm) were similar for all cases.
This suggests that the effect the salts to increase Vr/V compensate the low V+ value, thereby
leading to similar Hp.

Mixolab was used in order to analyze the replacement of NaCl on flour dough by
GCVS100 during mixing—heating—cooling. Therefore, changes associated with dough during
mixing due to ingredients hydration, heating due to protein weakening and starch
gelatinization, and cooling due to starch gelling, were registered by following dough
consistency (Figure 1, Table 2). Results showed that NaCl and GCVS100 significantly
decrease (p<0.05) water absorption (WA). In fact chloride salt, due to its ionic nature,
interacts with water and macromolecules from the dough complex reducing the WA of wheat
flour. As consequence of higher hydrophobic interactions, gluten proteins interact to a higher
extent leading to a reduced water uptake capacity (Voinea et al., 2020; Lopes et al., 2017).

Concerning dough stabilities, values significantly increased (p<0.05) with NaCl or
GCVS100 addition. Although F+NaCl showed higher stability than F+ GCVS100, 22 Vs. 18
min, they are both considered to be high stability parameter to WSDB making process. This
effect may be attributed to the fact that greater hydrophobic interactions between gluten
proteins leads to a closer molecular structure between these proteins. The strengthening effect
of wheat flour dough has been reported due to addition of chloride salts in dough
(Mohammed et al., 2012).

Protein weakening pattern (C2) showed no significant difference when NaCl or
GCVS100 was added to the flour dough, during heating. Meanwhile with the increase in
temperature, the incorporation of NaCl or GCVS100 to the dough exhibited lower values
(p<0.05) of the starch gelatinization range (C3—C2) compared to F. These data may be related
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that the presence of these types of salt may affect swelling starch, remaining intact the starch
granules for a long time before fragmentation (Nogueira et al., 2015). Furthermore, parameter
C4-C3 had higher values (p<0.05) for F+NaCl and F+ GCVS100 than F, indicating that the
addition of NaCl or GCVS100 in dough improved the stability of the starch gel when heated.

Significant differences (p<0.05) were observed in the dough consistency at cooling (C4-
C5) in the presence of NaCl or GCVS100. In these cases, retrogradation of the starch was
increased. It was reported (Krupa-Kozak et al., 2012) that retrogradation of the starch changes
when calcium salts were added to fortified formulas in Mixolab. This study suggests that
anions modified the starch chains’ recrystallisation. Other works reported that NaCl reduces
the retrogradation of starches during storage (Baker and Rayas-Duarte, 1998; Beck et al.,
2012), however retrogradation of the starch effect caused for NaCl in wheat flour dough was
not reported previously in Mixolab. In our case of study, the effect of increase of
retrogradation of the starch due to NaCl or GCVS100 addition may not be remarkable, as
WSDB formula contains Toler Migo Bollo Directo (which includes enzymes) that promotes
the mean anti-staling characteristic in the final product.
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Figure 1. Effect of NaCl (F+NaCl) and GCVS100 (F+GCVS100) on flour (F) dough consistency
determined by Mixolab:
1-F,2-F+NaCl, 3 -F+ GCVS100
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Table 2
Effect of NaCl (F+NaCl) and GCVS100 (F+GCVS100) on flour (F) dough rheological properties
during Mixolab analysis

Mixolab F F+NaCl F+GCVS100
WA (water absorption, %) (58.0+0.1)? (56.3+0.3)° (56.1x0.1)°

Stability (min) (13.540.7)? (22.3+0.5)° (18.2+0.4)°

C2 (protein weakening, Nm) (0.45+0.02)2 (0.41+0.02)? (0.44+0.02)2
C3 (starch gelatinization, Nm) (1.83+0.01)? (1.73£0.02)" (1.76+0.02)"
C3-C2 (starch gelatinization (1.38+0.02)2 (1.32+0.02)° (1.32+0.02)°
range, Nm)

C4 (hot gel stability, Nm) (1.76+0.04)? (1.89+0.02)" (1.86+0.04)"

C4-C3 (cooking stability
range, Nm)

(-0.07+0.04)"

(0.16+0.02)°

(0,10+0.04)°

C5 (starch retrogradation inthe |  (3.21+0.02)? (3.65+0.02)° (3.52+0.02)°
cooling phase, Nm)
C5-C4 (gelling, Nm) (1.45+0.02)° (1.76+0.02)° (1.66+0.03)°

Means with different letters in each row are statistically different (P<0.05).

WSDB dough rheology and bread evaluation

GCVS100 was assessed in WSDB formula in order to evaluate dough rheology and
bread quality. NaCl and GCVS100 caused changes in the fermentative properties of the
dough (Table 3). V1 parameter significantly decreased (p<0.05) when NaCl or GCVS100
was added to WSDB. It had already been observed and discussed in the wheat flour assays
that the presence of NaCl or GCVS100 changes the yeast growth environment to be less
favourable, thus reducing the amount of CO; produced. The influence of NaCl in WSDB was
even greater than that of GCVS100, being V+ of WSDB with NaCl lower than V of WSDB
with GCVS100.

H'm of gas production curves were significantly lower (p<0.05) for dough WSDB with
NaCl or GCVS100 comparing to WSDB without salt. These results correlated with less
quantity of gas produced. Hn of the dough development curve also decreased due to NaCl
and GCVS100 effect.

Additionally, Vr/Vt did not show significant differences between the treatments. This
may be to the fact that WSDB formulation has ingredients, such as gluten, oxidizing agents
and enzymes, which promote strengthening of the gluten structure of the dough (Aamodt et
al., 2003; Steffolani et al., 2010), leading to retain the gas released during fermentation. As
consequence, it was noticed that WSDB without NaCl presented significantly higher Hn
value (p<0.05) than in the case of WSDB with NaCl or GCVS100. Thus, WSDB ingredients
probably lead to strengthening of the dough mitigating the absence of NaCl and GCVS100
on the gas retention effect. On the other hand, the lack of this salts in WSDB produces higher
gas production, thereby increases development of the dough.
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Table 3

Effect of NaCl and GCVS100 on WSDB dough rheological properties during fermentation

Rheofermentograph WSDB WSDB with | WSDB with
without NaCl NaCl GCVS100

Curve of gas

V7t (volume of gas produced, mL) (1029+8)? (671£12)° (721+13)°

Vr (volume of gas retained, mL) (988+10)? (6658)° (715+7)°

V| (volume of gas lost, mL) (3129)? (6£8)° (6£9)°

3//0|;NT (coefficient of gas retention, 9721y (9922 (99+2)?

H’m (maximum height, mm) (55+1)? (41+2)° (40+2)°

'rIT']XI r(1t)|me needed to start losing gas, (13943) i i

Curve of dough development

Hm (maximum dough height, mm) (58+1)2 (38+2)° (35+2)°

H (dough height after 3 h, mm) (58x1)? (38£1)° (35+2)°

Dough consistency (Nm) (1.91+0.12)? (1.79+0.09)* | (1.85+0.07)?

Means with different letters in each row are statistically different (P<0.05).

The effect of NaCl and GCVS100 on bread quality indicators is shown in Table 4. When
substitute GCVS100 was evaluated in WSDB preparation, baking results showed that bread
loaf specific volume was significantly higher (p<0.05) for WSDB without NaCl than for
WSDB with each salt, in agreement with the data analyzed above concerning to the
fermentation parameters of the WSDB tests. This is agreeing to other works which reported
that bread with less salt has been found to have higher volume of dough (Lynch et al., 2009;

Beck et al. 2012).

Textural parameters were measured at 0, 5 and 15 days, in order to evaluate the

evolution of the crumb during 15 days, which is the normal shelf life and sale of WSDB. It
was noticed that significantly differences were not found in crumb firmness and springiness
between the three bread treatments. WSDB formulation includes enough ingredients that
contribute to stand suitable textural properties of bread, irrespective of presence or absence
of NaCl. Previous report (Lynch et al., 2009) noticed that NaCl helps to strengthen and
improve the gluten network of the dough, leading to produce uniform crumb structure. In our
study, this effect was not observed as consequence of the integral WSDB formulation.

Furthermore, crumb firmness was similar between treatments along 15 days, indicating
that NaCl and GCVS100 did not influence the retrogradation of the starch during WSDB
storage. It was reported (Baker and Rayas-Duarte, 1998) that NaCl reduced the retrogradation
of starches during bread storage, due to the fact that large ions, as Na*, are entrapped in the
molecules compared to the small H* ions. However, this research suggests that retrogradation
of starch caused by NaCl may be masked by others ingredients in the bread recipe. Therefore,
the effect of NaCl or some substitute on bread shelf life should be analyzed according each
bread formulation.
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Table 4
Effect of NaCl and GCVS100 on indicators of bread quality

Rheofermentograph WSDB without | WSDB with WSDB with

NaCl NaCl GCVS100
Bread weight (g) (429+1)? (428+2)? (431+2)?
Bread volume (mL) (2680+4)? (2500+7)° (2530+4)°
Bread loaf specific volume (6.25+0.03)? (5.84£0.02)° (5.87£0.02)"
(mL/g)
Crumb firmness (g)
5 (days) (475+9)2 (480+6)? (479+7)?
10 (days) (927£7)2 (832+6)? (828+4)?
15 (days) (1395+12)? (1401+11)? (1405+9)?
Springiness
5 (days) (0.93+0.01)? (0.93+0.01)? (0.93+0.01)?
10 (days) (0.92+0.01)? (0.93+0.01)2 (0.92+0.01)?
15 (days) (0.92+0.01)? (0.93+0.01)? (0.92+0.01)?

Means with different letters in each row are statistically different (P<0.05).

This work does not include sensory traits to study the influence of the substitute on the
taste of WSDB. Perhaps a dosage of 20 g of GCVS100 / 1 kg of flour (as indicated in the
recipe) will not be enough to affect the flavor of the bread. Moreover, GCVS100 includes
flavor enhancers that masked “metallic” and “bitter” after-taste imparted by potassium ions.
Further research will be necessary to evaluate sensory characteristics.

Conclusion

The current research has shown that GCVS100 fulfits its function as NaCl substitute
adequately for industrial WSDB production.

The addition of GCVS100 in WSDB caused a similar effect to NaCl. Both ingredients
lead to decrease gas production and dough development during fermentation stage.
Consequently, baking test showed that bread loaf specific volume decreased when NaCl or
GCVS100 is added.

Texture profile analysis of WSDB did not showed changes in crumb firmness and
springiness when NaCl or GCVS100 is added. WSDB contains several ingredients, as gluten,
oxidizing agents and enzymes, which confer a preponderant effect to textural characteristics.

The results of the present study suggest that GCVS100 exhibits a potential use to obtain
sodium-free WSDB.
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Introduction. Since the natural antioxidants do not cause any
undesirable side effects, they have more preferences in comparison
to those synthetic. The objectives of this article are to reveal the
plants to be determined as antioxidants’ concentrators among the
berries and herbs in order to highlight the ways of their practical
usage in food technologies.

Materials and methods. Four sorts of cultivated berries and
eight species of wild herbs were studied to define their general
antioxidant effectiveness. Ten specimens of herbs were examined
to reveal the amount and level of bioflavonoids in water-and-
alcohol extracts experimentally obtained. The amount of ascorbic
acid, bioflavonoids, and carotenoids was determined by traditional
methods.

Results and discussions. The maximal amount of ascorbic acid
(mg/100 g) was revealed in black currants — 234, cherries — 62.2,
chokeberries — 129, wild strawberries 104, blackberries 68.8. In
addition, all the berries listed differ with high amount of
bioflavonoids (mg/100 g) — correspondingly, 1858 in black
currants; 1340 in cherries; 2460 in chokeberries; 1978 in wild
strawberries; 2447 in blackberries. There was observed the natural
correlation between the amounts of these two groups of antioxidants
in the raw materials researched. This would allow proving the
expedience to use them in obtaining the foodstuffs with antioxidant
targeting. The ranking of berries alleged as the most utile to correct
the amount of ascorbic acid, bioflavonoids, and carotenoids in
accordance with recommended daily intakes, looks like this
(mg/100 g): chokeberries — 100, blackberries — 2514, bilberries —
2199 black currants 2096, wild strawberries — 2084, cherries —
1405.

Relatively high amount of bioflavonoids that act together and
henceforth serve as buffer antioxidant system was found in herbs
(mg/100 g): St. John’s wort — 3.89, oregano — 2.98, immortelle —
2.638, melissa — 1.685, and thyme — 1.470. Under previously
determined indices of the main extraction parameters, 85 percents
of bioflavonoids diffused into the extract from St. John’s wort; more
than 60 percents from black currants, melissa, thyme, salvia, and
immortelle; ca 40 percents from oregano; less than 30 percents from
nettle and birch. This can be explained by many factors such as
different amount of food cellulose, which, in general, affects the
bioflavonoid diffusion coefficient during extraction.

Conclusions. The plant raw materials which are endemic for
moderate climatic zone — cultivated and feral berries as well as
herbs — with high antioxidant content should become the integrate
part of foods and drinks elaborated to protect the human organism
from harmful free-radical impacts.
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Introduction

The low-quality foodstuffs eaten by humans, as well as the polluted environment,
essentially influence the apparition of free radicals and further proliferation of free-radical
processes.

The high reaction ability of free radicals can accelerate the oxidation processes in a live
organism and, consequently, lead to the collapse of cellular membranes and their molecular
base. This would finally result in numerous pathological states such as oncology diseases
(Menshieva et al., 1994), genetically conditioned diseases (Armstrong, 2002), second type
diabetes, atherosclerosis, cardiologic insufficiency (Miwa et al., 2008). Therefore, the
problem of free radicals and the reaction-capacious oxygen-containing substances is topical
for both academic institutions and the society as a whole.

Analysis of the recent scientific works

The antioxidant substances of various chemical natures (bioflavonoids, ascorbic acid,
carotenoids and so on) contained by foodstuffs in different concentrations (Toor et al., 2006;
Ishiguro et al., 2007) are believed to resist the expansion of free-radical processes. Whenever such
foodstuffs are consumed, the aforementioned substances help to avoid accumulating of free
radicals in cells (Backer et al., 2004). Unlike the synthetic pharmacological remedies, antioxidants
of biological origin are easily and organically involved into metabolic processes in the organism
and, in turn, do not cause undesirable side effects (Simakhina, 2011).

The results of the recent researches in the outlined trend evidence the perspectives of
selection of fruit and vegetable cultures or herbs as the sources of antioxidants, regarding the
proved ability of the latter to support the immune functions of human’s natural antioxidant system
(Saura-Calixto et al., 2006), to retard all the stages of free-radical reactions (Van der Sluis et al.,
2000), and to provide stabilization of lipids contained by cellular membranes (Samotyja et al.,
2007).

Up to nowadays, the majority of scientific works were dedicated to elucidation of
antioxidant activity of ascorbic acid, vitamins A and E, and carotenoids. For instance, there were
established the newest facts about the mechanism of biological influence by ascorbic acid
(Timirkhanova et al., 2007): particularly, it is the zero C-hypervitaminosis even after its excessive
intake in treatment and prevention of many diseases characterized by enhancement of free-radical
processes as a consequence of exhaustion of human’s natural antioxidant system.

Today, the scientists’ attention is more and more drawn to P-active substances of phenolic
origin (bioflavonoids, in other words): catechinins, anthocyanins, leucoanthocyanins, flavone
glycosides, chlorogenous acid and others. There are many evidences advocating this fact.

Firstly, this group of phenolic compounds is the most wide-spread and represented in
maximal concentrations in the certain species of plants. In particular, the authors (Sun et al., 2002)
determined high antioxidant activity of feral berries — bog whortleberries, wild strawberries, and
bilberries.

Secondly, it is bioflavonoids that are now being studied as the most essential plant-originated
biological regulators; in addition, there was proved that fruit or berry pulp, for instance, contains
more flavonoids than juices do (Kjersti, 2004).

Finally yet importantly, the key property of bioflavonoids is their ability to regulate the
peroxidation syndrome development that is, unfortunately, a universal factor of the pathogenesis
of practically all the diseases known and can be activated in any stress or intoxication (Menshieva
etal., 2004).
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As the bioflavonoids were predominantly researched in terms of their capability to
normalize the capillary penetrability in earlier works (Kjersti, 2004), nowadays, due to the
expansion and diversification of the studies, they are going under revelation of the great deal of
biological properties. Some of them, particularly, are the ability to regulate the oxidation and
restoration processes in the organism (Levitskyi, 2001), to stabilize the cellular membranes
(Gordiyenko, 2000), to conduct the preventive action since included into foodstuffs
(Voskresensky et al., 2002), to correct the cholesterol amount in the organism (Hassig et al, 1999),
and to boost the resistance of live organisms to the malignant environmental factors (Yordanov et
al, 2005).

There are many convincing proofs that all of the bioflavonoids’ effects listed above are the
consequence of their antioxidant activity (Nagendran et al., 2006; Kiahkonen et al., 1999), which,
in turn, can be determined by the specifications of their composition, precisely the presence of
two or more hydroxyl groups in the benzole nucleus of a molecule (Van Acker et al., 1998).

The unique fact is that a great deal of bioflavonoid substances to amplify the biological
antioxidant action of each other is contained in the tissues of fruit, berries, vegetables, and herbs
(Shkarina et al., 2010).

Antioxidant activity, which is one of the important characteristics of either natural or
synthetic compounds, reveals in interception and neutralization of free radicals that appear as a
result of physiological processes and hence become capable of attacking the vital targets (Alves
et al., 2013). The essential position among the natural sources of biologically active substances
belongs to raw fruit and berries (Shestopal, 2011; Simakhina et al., 2016) rich of antioxidant
compounds, primarily ascorbic acid and bioflavonoids. Crucially powerful antioxidants are
anthocyanins (Mazza et al., 1993; Harborne et al., 2001): upon interaction with the separate free
radicals, an anthocyanin imparts the latter a proton and therefore transforms them into a molecular
product; in turn, it becomes a weak radical unable to continue the chain reaction (Lashen et al.,
2007).

According to the data obtained by Vira Petrova (Petrova, 1986), it is the anthocyanins that
contribute to the polyphenolic compound of berries (feral especially), whose main representatives
are pelargonidin, cyanidin, and delphinidin. The authors (Stetsenko et al., 2016), having used the
HyperChem software (Solovyov et al., 2005) and acquired results of quant-chemical half-
empirical calculations (Butyrskaya, 2011), investigated the connections between the electronic
structure of anthocyanins and their ability to initiate the mono-electronic reactions with the free
radicals. As a result, there was shown that the pelargonidin molecule appears to be the most
probable to have a proton split from a hydroxyl group, which would provide the highest
antioxidant activity of the substance noticed.

Apart from fruit and berries, the prospective sources of natural antioxidant are herbs that
contain the significant amounts of biologically active substances (hereinafter named BAS)
capable of variously affecting all the human organs and systems. For instance, they can mobilize
the immune system to fight with many harmful factors such as the small radiation doses, stresses,
free-radical injuries (Gordon et al., 1994).

Due to the specific biochemical functions of one’s body, a human is unable to synthesize the
sufficient portions of these substances or at least possesses them in a limited amount. Thenceforth,
the main antioxidants (like ascorbic acid, bioflavonoids, carotenoids and so on) should be
consumed with food — raw fruit and berries or the final foodstuffs fortified with BAS complexes
extracted from herbs. The plant-originated ingredients are able to act in synergy, which fact proves
the expedience to extract not a single component, but a complex of BAS from herbs. The scientific
experience shows (Chekman, 2000) that it is more facile for the complexes, unlike for the simplex
substances, to harmonize the system of active and auxiliary substances to increase their

64 —— Ukrainian Food Journal. 2021. Volume 10. Issue 1



Food Technology ——

antioxidant activity and, correspondingly, to empower the functions of human natural antioxidant
system.

The topicality of the problem under discussion can be confirmed by the results of numerous
researches on elaboration of the methods to obtain the natural antioxidants, which may be
categorized into two large groups.

The first group scientists aim their work at the extraction of the certain single substances
(ascorbic acid, rutin, quercetin, dihydroquercetin, chlorogenous acid and others).

The second group scientists tend to obtain some other BAS in the complex with phenolic
substances (ascorbic acid, organic acids, carotenoids etc.)

The first trend can be epitomized by the method of rutine obtaining proposed by A. Kosyan
(2006, Ukrainian patent UA 12544). This method belongs to glycoside chemistry, particularly to
separation and purification of vitamin preparations from plant raw materials. What make it
attractive to the scientists are its ecological purity, safety, relative cheapness and technological
expedience.

Besides, there is also an interesting method to obtain the flavonoids from plant raw materials
proposed by A. Sampiyev et al. (Sampiyev et al., 1999). Itis intended to use the following species
of herbs: Herba polygoni, Herba leonuri, Sofora iaponica, Scutellaria baikalensis.

What appears to be quite expedient is the method by L. Igrunov (2005, Ukrainian patent UA
10365), elaborators of which propose to use oat straw or hull for the raw material to be further
extracted by water-and-alcohol solution during 1-3 hours with a temperature of 40-98 °C.

The usage of the complex extracts makes possible to intensify the process, to increase the
purity grade of the target products, and to raise the output of biologically active substances. For
instance, the method to obtain an antioxidant from bearberry leaves (N. Bila, 2006, Ukrainian
patent 16774) is based on the raw material extraction in the direct electric field by 1-percent water
solution of acetic acid with addition of Twin-80 surfactant.

N. Hrybova et al. (2008, Ukrainian patent 33578) proposed the method to obtain an
antioxidant from bearberry leaves by ultrasound extraction with a constant impact of ultrasonic
waves (frequency of 60 kHz) during 100 minutes in a room temperature. This method is believed
to increase the general flavonoid output and reduce the time of extraction process.

On the other hand, the usage of ultrasound may have some negative consequences due to
destruction of phenolic compounds, resulting from distribution of ultrasonic waves within a
system.

The method to obtain the biologically active extraction from plant raw material under low
temperatures (O. Osetsky et al., 2000, Ukrainian patent 32028) is considered interesting and
relevant in terms of theoretical substantiation.

There has been already noticed that the range of authors set the objectives to extract some
other substances together with phenolic complexes (for instance, vitamin C, organic acids, amino
acids etc.). This can be epitomized by the method to obtain the natural antioxidant from oak bark
(L. Danilova et al.) (Danylova et al., 2016). The authors of this work widened the array of plant
raw materials from which the antioxidant complexes may be attained, and their main conclusion
is that the target products (as mono compounds) are expedient to be used in pharmacy, and the
BAS complexes in food industry, regarding their synergistic action towards each other.

Despite the fact that the researches on the BAS of fruit, berries and herbs initiated in 1960-
1970s (Chekman, 2000; Petrova, 1986), the authoritative data about their antioxidant activity and
the amounts in various sorts of plants have not been systematized yet. This may limit the range of
their usage on food technologies and elaboration of the new food products with antioxidant trend.
Therefore, blocking of free radical processes, which are triggered with active oxygen forms, on
the starting stages would finally abate. Finally yet importantly, the effective methods to obtain the
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BAS complexes with antioxidant action, oriented at involvement of cheap raw materials and
accessible technological equipment, are still under design.

The objectives of this research are to reveal the concentrators of antioxidants (ascorbic acid,
bioflavonoids and carotenoids) among fruit, berries and herbs, to study the grade of bioflavinoid
transition from raw herbs into water-and-alcohol extract, and to determine the trends of their
practical usage in food technologies.

Materials and methods
Plant raw materials

Cultivated sorts: cherries, raspberries, black currants, red currants. Feral species:
chokeberries, bilberries, blackberries, guelder, cranberries, cornel, gooseberries, wild
strawberries.

Herbs: nettle (Urtica), oregano (Origanum vulgaris), melissa (Melissa officinalis),
thyme (Satureja hortensis), salvia (Salvia officinalis), blossoms of St. John’s wort
(Hypericum perforatum 1.), leaves of birch (Betula pubescens), blossoms of chamomile
(Chamomilla recutita), leaves of salvia (Salvia), dead nettle (Herba leonuri), blossoms of
immortelle (Helichrysum arenarium I. Moench.).

All the berries selected were assessed to define the amount of ascorbic acid,
bioflavonoids, carotenoids and, correspondingly, the general antioxidant activity of each of
the culture in terms of their further usage in antioxidant foodstuffs production. Owing to the
fact that cultivated berries and their feral analogues differ with the correlations of essential
biocomponents as a consequence of the conditions of their growth and far higher resistance
of feral plants to malignant environmental factors, the mentioned raw materials were studied
separately.

Obtaining the extractions

The dried raw materials (leaves and blossoms) with humidity of 10-12 percents were
used to obtain the herbal extractions (Sampiyev et al., 1999). The water-and-alcohol
extractions were obtained by counter-flow extracting until the amount of dry substances
reached 15-18 percents, depending on the sort of raw (Chuyeshov et al., 2002).To establish
the optimal indices of the main parameters of herb extraction process, the impact of the
factors like dispersion level, extraction duration, correlation between raw material and the
extracting substance, and alcohol concentration in the extracting substance on bioflavonoid
output was studied. Since the herbal raw material was represented only by leaves and
blossoms (solid parts like roots and stems were not taken into account), the selection of the
optimal extraction conditions was based on the analysis of St. John’s wort blossoms
(Sampiyev et al., 1999).

Vitamin C determination
Vitamin C is one of the main antioxidants in fruit and berries (Petrova, 1986). The

method of its extraction is traditional, based on the usage of sodium 2.6-
dichlorphenolindophenolate (Dadali et al., 2003)
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Bioflavonoids determination

The amount of bioflavonoids was determined by the general colorimetric method based
on formation of flavonoid-and-aluminum complex (Wang et al., 2007).

p-carotene determination

The amount of carotenoids was determined by the general method based on the
extraction of carotene with addition of organic solvents, and further measuring optical density
of the solution on the spectrophotometer (Juntachote et al., 2005).

General antioxidant effectiveness index

This index (hereinafter GAE) was determined regarding the general amount of ascorbic
acid, bioflavonoids and carotenoids (Santos et al., 2019).

Results and discussions

General antioxidant effectiveness of fresh berries

Fresh fruit and berries as well as the frozen half-products on their base are the main
source of essential BAS, first of all the vitamins — antioxidants, bioflavonoids and carotenoids
(Ukrayinets et al., 2019) The results of estimation of the raw materials in terms of antioxidant
amounts are presented in Tables 1.

Table 1
General antioxidant activity of cultivated berries, mg/100 g
Specimens Ascorbic acid Bioflavonoids Carotenoids

= S | e S = S cco:”

sl2|s|2|2|s5|2|2/5 3

] — 3] < — 3] < — 3] S

S|E|E|S|8| % | |8| % |y

° 5| 8 g |c g <

wn wn [%2]

Cherries 62.2 | 200 | 31.1 | 1340 | 500 | 268 | 2.4 | 6 | 40 | 1405
Raspberries 514|200 | 25.7 | 1285 | 500 | 257 | 1.2 | 6 | 20 | 1338
Black currants 234 | 200 | 117 | 1858 | 500 | 372 | 2.8 | 6 | 63.3 | 2096
Red currants 49.4 1200 | 24.7 | 1305 | 500 | 261 |1.15| 6 | 23 | 1356
Chokeberries 129 | 200 | 64.5 | 2466 | 500 | 493.2 | 49 | 6 | 81.6 | 2600
Bilberries 54.6 | 200 | 27.3 | 2143 | 500 | 428.6 | 1.4 | 6 | 23.3 | 2199
Blackberries 68.8 | 200 | 34.4 | 2447 | 500 | 489.4 | 1.57 | 6 | 26.4 | 2517
Guelder 39.4 | 200 | 19.7 | 1345 | 500 | 269.0 | 1.7 | 6 | 28.3 | 1386
Cranberries 36.6 | 200 | 18.3 | 1076 | 500 | 215.0 | 0.56 | 6 | 9.3 | 1113
Cornel 31.2 1200|156 | 373 | 500 | 746 | 1.1 | 6 | 18.4 | 405
Gooseberries 55.8 | 200 | 27.9 | 876 | 500 | 175.2 | 1.18 | 6 | 19.7 | 933
Wild strawberries | 104 | 200 | 52 | 1978 | 500 | 395.6 | 1.35 | 6 | 22.5 | 2084

Notes: RDI — recommended daily intake (MOZ, 2017); AE — antioxidant effectiveness.
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The researched cultivated sorts and wild species have quite high amount of ascorbic
acid and bioflavonoids. As it was expected (Petrova, 1986), the bioflavonoid content in feral
berries is far higher than in those cultivated. For instance, the grade of satisfaction the daily
need in bioflavonoids is from 257 xo 372 percents for cultivated plants (MOZ, 2017) whereas
in feral berries this index oscillates from 74.6% to 493.2 percents (MOZ, 2017). Therefore,
all of the cultures researches were taken into consideration as the raw materials rich in
bioflavonoids, meantime cornel and gooseberries were omitted from this list due to low
bioflavonoid content.

With a few exceptions, the correlation between the amount of ascorbic acid and
bioflavonoids is different for each sort of raw materials. As Vira Petrova asserted (Petrova,
1986) the dynamic balance in such a system may remain stable only under the certain
concentration correlations between flavonic compounds and ascorbic acid. Whenever the
concentration of any compound changes, it would cause the shift of the balance into one or
another side to weaken the stabilizing factor of both vitamins relatively to each other and, in
turn, to lower their antioxidant effect.

The third factor to evaluate the antioxidant activity of raw berries was the content of
carotenoids. Generally, berries cannot be related to plentiful carotenoid sources, except of
some sorts of eglantine, hawthorn, chokeberries, rowan and sea-buckthorn. The author of the
monograph (Petrova, 1986) indicate that the maximal amount of carotenes is contained in
ripen berries; what is more, this group of BAS is accumulating unevenly. This can be
explained by the fact that the berries have a certain concentration of BAS formed at the first
stage of growth; from thence, it slightly lowers and thereby sharply flashes up to the time of
full ripening.

According to data obtained in our researches, most of carotenoids is contained in
chokeberries (4.9 mg/100 g), black currant (3.8 mg/100 g), cherries (2.4 mg/100 g), guelder
and blackberries (1.7 mg/100 g and 1.57 mg/100 g correspondingly).

Regarding the tables 1 and 2, feral berries (apart from cranberries, cornel and
gooseberries) have their GAE higher than in cultivated sorts. Particularly, the maximal index
of activity is 2,096 mg/100 g of the final product for black currants, whereas for wild-grown
chokeberries it reaches 2,600 mg/100 g of the final product. This tendency allows confirming
the results obtained by other scientists (Petrova, 1986; Mazza et al., 1993). Overall, the
descending sequence of GAE in cultivated berries looks like this:

Black currant > Cherries > Red currants > Raspberries.
For feral berries, the sequence is the following:

Chokeberries > Blackberries > Bilberries > Wild strawberries > Guelder >
>Cranberries >Gooseberries >Cornel.

The recommended daily intakes of the antioxidants researched are 500 mg for
bioflavonoids (MOZ, 2017), 200 mg for ascorbic acid (MOZ, 2017), 6 mg of carotenoids
(MOZ, 2017); total amount is 706 mg (MOZ, 2017). Besides, all the substances should be
consumed altogether because only in combination can they make a positive effect (Spirichev
et al., 2003). Therefore, quite important is the early substantiated presence of the studied
antioxidants in the amounts manifold exceeding the RDI: namely, 100 g of chokeberries —in
3.68 times, 100 g of black currants —in 2.97 times.

Starting from the RDI of the studied antioxidants as well as the grade of their
accumulation in berries, it is decidedly expedient to relate some of them, which have their

68 —— Ukrainian Food Journal. 2021. Volume 10. Issue 1



Food Technology ——

GAE of 1400 mg/100 g of the final product and more (to twice exceed the RDI), to natural
antioxidant concentrators, and thereinafter to select the berries for obtaining the foodstuffs of
antioxidant destination in both the various branches of food industry and restaurant
households, according to the principles presented in Figure 1.

Cultivated and
feral berries,
herbal materials

Beverages

Confectionery
items

Sour milk
items

Soft drinks

Balsams

Pastila Caramel

Yoghurt

Jams Sweets

i

Starters

d
<4

Jelly

Pastes

Milk

shakes Coated

cheeses

Spreads

Bread and baked Meat products

Figure 1. Assortment of foods and drinks with antioxidant destination using the plant raw
materials

Carbonated
drinks
Still drinks

Curds
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Meat
loaves
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Certainly, the proposed trends of natural antioxidant usage cannot be limited by the
listed options. For instance, the optimal solution to the problem of exploiting the antioxidant
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properties of plant raw materials was implemented by the authors (Robert et al., 2010), which
is incapsulation of pomegranate juice alcohol extractions into malt-dextrin capsules with a
help of spray drying technology.

The authors (Rozek et al., 2010) proposed the method of adding the industrially
produced phenolic extraction from grapes, which were obtained by osmotic procession of
grape seeds and white grape mash, into different food bases.

Lipophilic bioflavonoid (rutine) derivatives, due to their capability of capturing the free
radicals and retard the lipid peroxide oxydation (in other words, revealing the antioxidant
properties) are also recommended to protect the foodstuffs from oxidation. Bioflavonoids
(namely quercetine) can be extracted from onion husk in the supercritical state (Ko Min-Jung
et al., 2011), on the basis of which the possibility to substitute the organic solvents by water
in food technologies is proved properly.

Henceforth, selection of the raw materials with high antioxidant activity, methods of
natural antioxidant obtaining and spheres to use them are being elaborated and improved,
regarding the constant threat of uncontrolled free-radical processes and the necessity to
neutralize them.

Process of bioflavonoid extraction from herbal raw materials

Herbs are used to treat the diseases in humans and animals either directly or as a raw
material for chemical and pharmaceutical industry (Chekman, 2000). Among 100,000
medicines well-known in the world, circa 30,000 are produced from plants (WHO, 1998).
According to the WHO, 10,000 species of herbs are exploited with medicinal purposes in 73
high economically developed countries (WHO 2004). Scientists are discovering the new
BAS, widening the nomenclature of their existing groups, searching the possibilities to
complexly use both the entire plant and its separate parts. The great deal of plant-originated
substances reveals their ability to synergistic action (Pezzani et al., 2019). Along with that,
the usage of herbs in production of foods for mass and special consumption is rapidly
proliferating (Dadali et al., 2003). For example, it has become a tradition to add the various
made of fruit, berry and herbal half products into confectionery items; on the other hand,
many recipes with additives of herbs — like ginseng, chamomile, marigolds etc. — in different
aggregate states (powders, water, alcohol, ether extractions, purees) for fortification of food
bases (Spirichev, 2003). Herbal BAS are confirmed to be congenial to human organism;
therefore, as a constituent of easily absorbed food complexes, they are the essential link of
the structure and effective functioning of human organism systems, including the one of
antioxidant protection (Levitskyi, 2011).

While fruit and berries may be consumed directly or as half products to enrich many
foodstuffs, herbal raw materials is being prepared in the form of water and water-and-alcohol
extractions, condensed and pastous concentrates etc. (Dekebo, 2021). However, the
antioxidant properties and antioxidant effectiveness of herbs is still studied sporadically
(Gromovaya et al., 2008). Hence, this part of the article is dedicated to researches on extraction
of herbal raw materials and elucidation of the conditions for maximal diffusion of
bioflavonoids into the extract as the factor to characterize the antioxidant effectiveness of the
latter (Shkarina et al., 2010). In studying the herbal materials, the main attention was paid to
phenolic substances regarding their curative effect, particularly because they can easily create
the complex compounds of flavonoids and metal ions (Simakhina, 2011).

Dispersion analysis showed the impact of the researched factors to define the
effectiveness of extraction on the bioflavonoid output (Table 2).

Table 2
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Influence of conditions to extraction of St. John’s wort blossoms on bioflavonoid amount in
the extract, mg/100 g

Ne Extraction Bioflavonoid
conditions amount, mg/100 g
1 Dispersion of the material,
mm
1 3.22
3 3.26
5 2.87
7 2.46
2 Alcohol percentage in a
water-and-alcohol solution
0 0.64
30 2.75
50 2.92
70 3.24
95 1.22
3 Proportion between raw
material and an extracting
substance
1:5 2.59
1:10 3.28
1:15 3.21
4 Extraction duration,
minutes
30 2.44
60 2.62
90 3.26
120 3.28

Since BAS of herbs mostly belong to thermo labile substances (Wills et al., 2000)
extraction was conducted with a temperature of 35-40 °C. There was confirmed that the
bioflavonoid amount in extractions from raw materials with particle dispersion of 1-3 mm is
practically identical, but in case of larger particle size it lowers by 12 percents. The optimal
concentration of alcohol in water-and-alcohol solution is averred 70 percents, on account of
the fact that in 30 percents and 50 percents the rate of extracted bioflavonoids is lower,
correspondingly, by 15 percents and 11 percents.

In water extraction, it was only 6 percents of bioflavonoids to diffuse into the extract.
The mitigation of bioflavonoid output after extraction by pure alcohol can be explained by
the fact that the significant amount of bioflavonoid substances transformed into constrained
state. The largest part of bioflavonoids was extracted in proportion between the raw material
and extracting substance of 1:10 and 90-minute duration of the process.

These results complement the information presented in (Inglett et al., 2011), which
affirmed that far higher output of bioflavonoid substances is provided after extraction of
plants by 70-percent water-and-alcohol solution than by water or absolute alcohol.
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Statistical procession of the attained results evidences that the average relative error
with probability of 95 percents is defined as 3.6 %. Therefore, the further researches were
accomplished with the following parameters: dispersion of herbal particles — 1-3 mm,
alcohol concentration in water-and-alcohol solution — 70 percents, Proportion between raw
material and an extracting substance — 1:10, duration of the process — 90 minutes, temperature
of the process — 35-40 °C.

The results of our researches are presented in Table 3 according to the descendant index
of bioflavonoid extraction from 10 kinds of herbs.

Table 3
Percentage of extraction of bioflavonoids from plant raw materials
Raw materials Optical Bioflavonoid Bioflavonoid

density, amount/100 g extraction

units In raw In potions percentage
1. St. John’s wort blossoms 0.38 3.890 3.286 84.48
2. Black currant leaves 1.68 1.281 0.885 69.06
3. Melissa leaves 0.49 1.685 1.159 68.81
4. Thyme leaves 1.53 1.470 0.996 67.74
5. Salvia leaves 1.42 0.634 0.409 64.62
6. Immortelle blossoms 1.88 2.638 1.702 64.52
7. Oregano blossoms 1.72 2.980 1.175 39.44
8. Chamomile blossoms 1.44 0.472 0.139 29.46
9. Dead nettle herb 1.44 0.462 0.132 28.63
10. Birch leaves 0.47 0.825 0.203 24.62

As a result of the researches, there were determined the amount of bioflavonoids in raw
herbs and the expedient concentrations of their extractions (potions). Additionally, it was
stated that in case of optimal conditions of the process, the bioflavonoids are believed to
diffuse completely into the extraction. For example, bioflavonoid extraction percentage is
84.46 for St. John’s wort blossoms, and about 69 for leaves of black currant, melissa, thyme,
salvia, and for immortelle blossoms. Talking about the other species of plants, the
bioflavonoid output lowers to 24 percents (birch leaves) Such a range of the absolute indices
of bioflavonoid amount in extractions may be explained to the certain extent by differences
in tissue structure and biocomponent composition of various plants, which fact can impact
the diffusion coefficient. All of the researched plants have different grade of antioxidant
effectiveness that can be conditioned by bioflavonoid amount. According to this index, we
composed a scale of their comparative assessment:

St. John’s wort > Oregano >Immortelle > Melissa > Thyme > Black currants >
> Birch > Salvia > Chamomile > Nettle

Thenceforth, the first five of this scale are alleged to be the most effective out of the
herbs researched, so they would be widely and successfully used in production of foods and
drinks with antioxidant action as the constituents of a diet minimizing toxic influence of free-
radical processes on human organism (Kihkoénen et al., 1999). Last but not least, these plants
are expected to occupy their place in medical practice, particularly in antioxidant therapy
(Menshieva et al., 1994).
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Conclusions

1. All the biologically active substances, which are necessary for normal vital activity of
a human, are consumed with food, drinks and herbal remedies and are further
biologically transformed, digested and absorbed. In transformations into structural and
functional cellular elements during metabolic processes, BAS provide the mental and
physical endurance of the organism; determine one’s state of health and workability.
The lack of certain biological components in a diet inevitably leads a human to
detrimental consequences.

2. Within the variety of biologically active substances, the significant group is comprised
by antioxidants such as ascorbic acid, bioflavonoids and carotenoids, which are able to
block the harmful free-radical processes in human organism. The latter are usually
triggered by the excessive amount of active oxygen forms damaging the molecules of
proteins, nucleic acids, cellular membranes etc. and therefore causing different
pathologies.

3. The raw berries and herbs are the plentiful natural source of antioxidants, which
statement may be proves by our results of researches on their biological composition.
In our insight into biological systems, human organism primarily, we can predict that
foods produced with the usage of berries and herbs (the natural antioxidant
concentrators) would demonstrate the proper antiradical activity by decreasing of the
level of hydroxyl radicals that are the most reactively capable intermediates of oxygen
restoration in the system; along with that, they would reveal the antioxidant properties
in blocking the peroxide oxidation processes. In a nutshell, quite a topical, prospective,
and precisely oriented at amelioration of human health is the problem of elucidating the
chemical composition of widespread and unknown kinds of domestic plants, inquiries
of the new sources of antioxidants with their further application to obtain the wide array
of antioxidant foodstuffs.
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Introduction. The aim of the study was to compare the effect
of sous-vide treatment, cooking in boiling water, and steaming on
changes in the colour, texture, and retention of selected bioactive
compounds in root vegetables.

Materials and methods. Carrots and parsley were subjected to
sous-vide thermal treatment (SV) at 80 °C (SV 80) and 90 °C (SV
90), cooking in boiling water (B), and steaming (S) for 10, 20, and
30 minutes. Instrumental texture properties were assessed by
texture profile analysis (TPA). The colour was measured with a
colorimeter, and the content of total phenolic compounds and
carotenoids was determined using the spectrophotometric method.

Results and discussion. The hardness, cohesiveness, and
chewiness of the analysed vegetables differed significantly
depending on the method and duration of culinary processing. The
highest hardness, cohesiveness, and chewiness values were
demonstrated for the SV 80 variants.

Most of the colour parameters of the vegetables differed
statistically significantly depending on the method and duration of
culinary processing. The lowest brightness (L*) was demonstrated
for parsley B (20-min treatment), and the highest value of the
parameter was noted for parsley samples SV 80 (10-min
treatment). The highest values of parameter a*, which is the
component of orange colour and determine the consumer
attractiveness of carrots, were recorded in samples SV 80 and SV
90. Statistically significant differences were found in the b* value
between the types of thermal treatment applied. The highest value
of yellowness was noted for samples R (raw), whereas samples B
(20-min treatment) had the lowest values of this parameter. In the
case of carrots, the highest values of parameter b* were recorded
in samples SV 90 (10-min treatment), and samples R exhibited the
lowest yellowness value.

The highest retention of phenolic compounds was detected in
parsley B (20-min treatment) and carrots SV 90 (20-min
treatment). The highest value of carotenoid retention was reported
for parsley SV 90 (10-min treatment) and carrot SV 80 (10-min
treatment).

Conclusions. Compared to the boiled and steamed samples,
sous-vide vegetables have higher hardness, cohesiveness,
chewiness, and consumer-attractive colour. Carrots processed
with this technigue exhibit higher retention of carotenoids.
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Introduction

Vegetables are a rich source of nutrients and bioactive compounds. They are often
subjected to heat treatment before consumption to increase their digestibility and improve
their flavour. These treatments are accompanied by physical and chemical processes that
result in changes in the texture and chemical composition (Saikai et al, 2013). The appearance
and texture of vegetables determine the perception of their freshness by consumers (Saba et
al., 2018) and influence the consumer willingness to eat this type of food (Torres de Castro
etal., 2020). An adequate choice and a proper course of the culinary processing method yield
products with high health-enhancing and sensory quality (Saikai et al, 2013).

The sous-vide technology is an increasingly popular method for thermal treatment. It is
based on the use of low process temperature (below 100 °C) and vacuum packing of raw
materials. Sealing raw foods in plastic bags prevents loss of nutrients, as is the case when
cooking in boiling water (Michalak-Majewska et al., 2018). VVegetables cooked with the sous-
vide technique are characterised by higher antioxidant potential than those subjected to other
culinary processing methods (Kosewski et al., 2018). The sous-vide cooking method
contributes to reduction of losses of chlorophyll, carotenoids, phenolic compounds (Guillén
etal., 2017), anthocyanins (Iborra-Bernad et al., 2014), and volatile aroma substances during
the thermal treatment of vegetables (Rinaldi et al., 2013). There are promising results of
research on the retention of minerals in raw materials of plant origin (Rondanelli et al., 2017).
Sous-vide products are perceived by consumers as the highest quality food with a number of
advantages. Nevertheless, a dose of scepticism is raised by the need to pack the raw material
in plastic bags and the fear of chemical compounds permeating from the packaging to the
raw material or reactions of food ingredients with the packaging (Roascio-Albistur et al.,
2018).

The aim of the study was to compare the effect of the sous-vide thermal treatment,
cooking in boiling water, and steaming on the colour, texture, and content of some bioactive
compounds in root vegetables.

Materials and methods
Vegetable materials and sample preparation

Fresh carrots (Daucus carota var. ‘Aneta F1°) and root parsley (Petroselinum crispum
ssp. Tuberosum var. ‘Sonata’) were obtained from crops grown on the Felin Experimental
Farm of the University of Life Sciences in Lublin (Poland; 51°22'N, 22°64'E). The vegetables
were harvested a week before the experiments and stored at 4 °C until use.

All vegetables were washed, cleaned, peeled, and sliced into 10 mm+1 mm thick
cylinders using a stainless steel knife. For the sous-vide treatment, the raw vegetables discs
were vacuum sealed in plastic cooking vacuum bags (Stalgast, Poland). Air was removed
from the bags, which were then sealed using a vacuum packaging machine (Lerica, model:
Levac 3, Italy). For boiling and steaming, the vegetables were placed in water without
vacuum packaging.

After cooking, all samples were immersed in an ice-water bath for rapid cooling. Boiled
and steamed vegetables were sealed (no vacuum was applied) in plastic bags to prevent
contact with water. The SV samples were cooled in the same bags.

The texture and colour measurements were performed after cooling the samples.
Vegetables intended for chemical analysis were cooled, frozen, and lyophilised in a
laboratory freeze drier (Alpha 1-2 LD plus; Martin Christ, Osterode am Harz, Germany). The
freeze-dried material was fragmented in a mill and subjected to a further procedure.
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Cooking conditions

Three cooking methods were applied: boiling, steaming, and sous-vide cooking.

Boiling (B) was carried out in a stainless steel pot and a cooking top (Stalgast IP 23,
Poland) for 10 min, 20 min, or 30 min. The raw vegetable discs were placed in the pot when
the water reached its boiling point (100 °C at atmospheric pressure) with a constant product
weight:water volume ratio of 1:4.

For the steaming treatment (S), the samples were placed in a single layer on a steamer
floor (Zelmer, model: 372010, Poland) with an appropriate distance, following the
instruction manual. The raw material was steamed for 10 min, 20 min, or 30 min.

Cooking with the sous-vide method (SV) was performed using a sous-vide water bath
(Hendi, model: 225448, Netherlands). The bags were immersed in hot water, and covered
with a special limiter to prevent floating. The SV cooking conditions were 80 °C (SV 80) for
10 min, 20 min, or 30 min and 90 °C (SV 90) for 10 min, 20 min, or 30 min.

Colour measurement

Colour was measured using a Minolta CR-310 colorimeter (Osaka, Japan). The
instrument was calibrated using standard white and black ceramic standards before use. The
results were given in the CIELab colour system for illuminant D65. Six replicates were
carried out for each vegetable and cooking condition. Parameters L* (brightness), a*
(greenness-redness), and b* (blueness-yellowness) were registered. These parameters were
used to calculate the total colour difference using the following equation:

AE =[(L"—L%)? + (@" —a"0)? + (b” — b"g)?]"?
where L, a", and b” are the colour values of SV (SV 80 and SV 90), B, and S samples.
L%, a"o, and b*o are the colour values of the raw vegetables (R).

Textural analysis

The Textural Profile Analysis (TPA) test was carried out using a TA-XTi texture
analyser (Stable Micro Systems, Surrey, UK) with the Texture Expert program (version
1.22). To obtain a sample with the same tissue orientation and dimension, a 40-mm-diameter
cylindrical sample was drilled out of the vegetable slices with a cork borer and compressed
to 30% of the original height with a 75-mm cylindrical aluminium probe. The compression
was carried out with 5 seconds waiting time between the first and the second compression.
The test speed was kept at 1 mm/s. Each group was analysed in six replications. The raw
vegetable discs (R) were not analysed due to their high hardness. The textural parameters,
i.e. hardness [N], springiness, cohesiveness, and chewiness, were determined from the curves
obtained from TPA. Six replicates were carried out for each vegetable and cooking condition.

Solvent extraction

For the preparation of ethanolic extracts, powdered samples of the vegetables (1 g) were
extracted for 0.5 h with 30 ml of 80% (v/v) ethanol and centrifuged (4500% g for 15 min).
The supernatants were used for further analysis. All extractions and chemical analyses were
conducted in triplicate.

Total phenolic content
Total polyphenol content (TPC) was determined according to the method proposed by

Singleton and Rossi (Singleton, 1965) with some changes (Radzki et al., 2014). The amount
of TPC was expressed as gallic acid equivalents (GAE) in mg per 100 g of dry matter (d.m.).
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Carotenoid determination

Carotenoids were determined according to the Polish standard (Przetworéw Owocowych
i Warzywnych, 1990) and expressed in mg per 100 g of d.m.

Statistical analysis
Statistical analysis was performed using Statistica 13.1 program (Statsoft, Cracow,

Poland), applying Tukey’s HSD test in the analysis of variance (ANOVA) to estimate the
significance of the differences between the mean values at p < 0.05.
Results and discussion

Colour

The results of the colour of parsley are presented in Table 1.

Table 1
CIELab coordinates in root parsley under different conditions
Cooking Cooking CIELab coordinates
conditions time L* a* b* AE
74.82 + 247+ 6.95 +
Raw (R) N-A. 0.94¢ 0.08" 0.66¢ N-A.
. 61.04 + 375+ 6.25+ 13.86 £
10'min 0.69f 0.20° 0.26¢ 0.692
Sous-vide 20 min 55.24 + -3.67 £ 4.03 + 19.84 +
80 °C (SV 80) 2.070de 0.382 0.18° 1.94bcd
30 min 5735+ -3.61+ 392+ 17.78 =
1.11°¢ 0.392 0.24° 1.092
10 min 55.88 £ -3.55+ 363+ 19.26 =
1.409%f 0.142 0.25° 1.430c
Sous-vide 20 min 5333+ -3.64 £ 2.64 + 21.95 +
90 °C (SV 90) 1.31¢de 0.222 0.22° 1.26bcd
30 min 52.87 £ -3.56+ 233+ 22.47 +
3.08¢de 0.382 0.31° 2.970bcd
10 min 50.99 + -3.54 + 1.84 + 2440 +
1.97bed 0.32 0.17° 1.97¢de
. . 49.85 + -3.56 £ 1.80 £ 25.52 +
Steaming (S) 20 min 0.34:¢ 0.372 0.17° 0.33¢%f
30 min 50.91 + -3.53+ 2.08 + 2442 +
2.1020cd 0.242 0.32b 2.09¢cde
10 min 50.76 + -3.37+ 433+ 2423 +
1.572bcd 0.462 0.33¢ 1.58¢de
. . 45.19 = -3.32+ 0.65+ 30.32 +
Boiling (B) 20 min 4.02° 0.25% 0.208 3.01f
30 min 45.59 + -3.40 + 4.07 + 29.39 +
1.66% 0.132 0.11° 1.66°f

N.A.: not available. * Values in the same column are significantly different (p < 0.05).

80 —— Ukrainian Food Journal. 2021. Volume 10. Issue 1



Food Technology ——

Parameter L* expressing the brightness of the samples ranged from 45.19 to 74.82. The
brightness of the thermally treated samples differed significantly from samples R. The lowest
value of the parameter was demonstrated for parsley samples B (20-min treatment), whereas
samples SV 80 (10-min treatment) were characterised by the highest brightness. Samples SV
exhibited higher brightness than samples B and S; hence, they can be more attractive to
consumers. The brightness of the colour of fresh-cut vegetables influences the perception of
their freshness by consumers (Barret et al., 2010). In the case of the carrots, samples SV 80
(10-min treatment) had the highest brightness, while the lowest value of the parameter was
shown for carrot samples B (10-min treatment). However, the value of brightness was not
statistically significantly different from most of the samples (Table 2).

Table 2
CIELab coordinates in carrot under different conditions
Cooking Cooking CIELab coordinates
conditions time L* a* b* AE
4342 + 4.76 14.68 +
Raw (R) N.A. 1.03% 0372 0512 N.A.
10 min 45.16 = 12.51 + 32.54 + 19.63 +
. 2.02° 0.56% 1.42f 1.33¢°
Sous-vide 20 min 4373 + 11.30 + 27.62+ 14.79 +
80°C (SV 80) 3.51% 0.23" 0.82% 0.74¢
30 min 43.65 + 11.76 + 27.40 + 14.58 +
1.44% 0.27bcd 1.05¢% 0.79<d
10 min 42.82 + 12.80 + 2748 + 1520+
_ 1.48% 1.10¢ 1.43¢% 1.56¢
Sous-vide 20 min 43.68 + 12.73 + 2732+ 15.02 +
b d d d
. 42.46 + 11.75 + 2523 + 12.73 +
30 min 1.072 1.08bcd 1.05b¢ 1.34bcd
. 41.76 = 10.58 2442 + 11.64 +
10 min 2.20% 0,60 1,075 0.69%¢
. . 41.64 + 10.36 2412 + 11.25+
Steaming (S) 20 min 1 56 1 360 0.9t 0,88
30 min 40.38 + 9.53 + 23.55+ 10.59 +
1.11% 0.59° 1.07° 0.78@
10 min 39.64 + 5.83 + 2239+ 8.78 £
2.048 1.082 1.29b 1.942
. . 41.40 + 9.75 + 29.11+ 15.44 +
Boiling (B) 20 min 1.11% 0.68° 1.00¢ 0.88¢
. 41.67 + 691 + 25.47 + 11.16
30 min 0.512 0.55 0.820cd 0.844

N.A.: not available. * Values in the same column are significantly different (p < 0.05).

As demonstrated by Mazzeo et al. (Mazzeo et al., 2011), steaming (S) significantly
reduced the brightness of carrots, whereas treatment B did not change this parameter
significantly. The authors emphasise, however, that the stability of the colour in their
experiment may have been influenced by the fact that the carrots were blanched prior to the
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treatment. It has also been reported that sous-vide (SV) cooking does not significantly alter
the brightness of thermally processed cruciferous vegetables, compared to thermally
unprocessed vegetables (Lafarga et al., 2018). The present study showed that parsley that was
in direct contact with water (B and S) was characterised by a greater total difference in the
colour and lower brightness than samples SV. Similar observations were reported by
Tomaszewska et al. (Tomaszewska et al., 2012), who showed that the direct contact of the
heating agent with the raw material (steaming or boiling in water) had a significant impact
on the differentiation of carrot brightness. In turn, Guillen et al. (Guillén et al., 2007)
observed no significant differences in the brightness of vegetables subjected to the sous-vide
treatment, cooked in boiling water, and cooked in water at <100 °C.

The values of parameter a* differed significantly between parsley samples R and the
thermally treated samples. There were no statistically significant differences in parameter a*
of the samples between the type of the thermal treatment. In the case of the carrot samples,
significant differences were found in the values of parameter a* depending on the thermal
treatment type. The significant differences in the values of this parameter may result from
the fact that carotenoids, responsible for the yellow and red colour, are present mainly in
chromoplasts surrounded by the cell wall and membrane (Zielinska et al., 2011). Thermal
treatment destroys the cell structure and promotes the penetration of crystalline chromoplasts
into the intercellular space (Marx et al., 2003). This is probably the reason why the untreated
carrots in the present study were significantly less yellow and red than the thermally treated
carrots. These results indicate that the SV 90 carrot samples (10-min treatment) had the
highest value of redness, while samples R were the least red. In the case of carrot samples
that were in direct contact with the thermal agent (B and S), the red colour was less saturated
than in samples R, SV 80, and SV 90. A decline in the intensity of the red colour of carrots
during boiling and steaming was reported by other authors as well (Mazzeo et al., 2011). It
can be observed that the intensity of the red colour decreased with the duration of the thermal
treatment in the case of all the methods employed, with the exception of sample B. Similar
observations were reported by Biller and Wierzbicka (Biller et al., 2015), where the mean
values of parameter a* declined successively after each heating stage.

The values of parameter b* differed significantly between the untreated and thermally
treated parsley samples. Similarly, statistically significant differences were found in the b*
value between the types of thermal treatment applied. The highest value of yellowness was
noted for samples R, whereas samples B (20-min treatment) had the lowest values of this
parameter. In the case of carrots, the highest values of parameter b* were recorded in samples
SV 90 (10-min treatment), and samples R exhibited the lowest yellowness value. It was
evident that the intensity of the yellow colour declined with the duration of the thermal
process in all processing methods except for samples B. Schifferstein et al. (Schifferstein et
al., 2019) have demonstrated that consumers most often choose orange carrots for
consumption. At low saturation of the orange colour, carrots are perceived as unattractive
and less fresh. Therefore, high values of parameters a* and b* (components of the orange
and yellow colour respectively) are particularly important in consumer assessment of the
attractiveness of these vegetables. High values were noted for samples SV 80 and SV 90,
which may suggest that sous-vide carrots will be particularly attractive to consumers.

Taking parsley R as the standard, the smallest total difference in the colour (AE) was
demonstrated for SV 80 (10-min treatment), while the highest value of the parameter was
recorded for parsley samples B (20-min treatment). As reported by Mari¢ et al. (2020), the
highest AE was noted in parsley subjected to convection drying at a temperature of 70 °C,
and the lowest value of the parameter was recorded in the same type of convection drying at
a temperature of 50 °C. In the present study, the high temperature of the thermal treatment
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(B) was associated with highest AE value, and the heat treatment at low temperature (SV 80)
induced the lowest values of the parameter. In the case of carrots, the lowest and the highest
values of the total colour difference (AE) were demonstrated for samples SV 80 (10-min
treatment) and samples B (20-min treatment), respectively. Torres de Castro et al. (Torres de
Castro et al., 2020) showed greater changes in the colour of carrots induced by treatment S
vs. B. The present study demonstrated larger colour differences between these two processing
methods only in the 20-min treatment variant.

Texture

The hardness of parsley ranged from 24.11 to 218.53 N, with significant differences
between the treatment methods and duration of processing (Table 3). The lowest hardness
was exhibited by parsley samples S (30-min treatment). In turn, parsley SV 80 was the
hardest (10-min treatment). A comparison of the samples revealed that the hardness
parameter in each time variant decreased in the following order: SV 80> SV 90> B> S. The
hardness of the carrots also differed significantly depending on the variant and duration of
the thermal treatment (Table 4). A comparison of the samples showed the following order of
the decline in the hardness parameter in each time variant (except the 10-min B and S
treatments): SV80> SV 90> S> B. The lowest value of hardness was recorded for samples B
and S (30-min treatment), whereas the highest values of this parameter were determined for
samples SV 80. In their investigations of the hardness of sous-vide cooked carrots, (Kog et
al., 2017) showed a decline in this parameter along the processing time and with a rise in the
process temperature. The hardness of carrots cooked in boiling water for 30 min was
comparable to that in samples subjected to sous-vide cooking at 75 °C for 120 min. Similar
results were obtained in the present study, i.e. the SV vegetables were even 3 times harder
than the B and S vegetables at the same duration of the treatments. The results reported by
Xu et al. (Xu et al., 2015) show that the hardness parameter in carrots is more potently
influenced by high temperature than by the duration of the thermal process. Similar
observations were reported by other authors as well (Vu et al., 2004). High temperatures
directly damage the cell walls, thereby changing the texture. The non-enzymatic degradation
of cell walls in food of plant origin occurs most effectively at a temperature > 80 °C and
contributes to depolymerisation of pectins (Sila et al., 2008). This is a probable explanation
of the higher hardness value in samples SV 80 than SV 90 in each time variant. The analysis
of the present results indicates that the significant differences in hardness may also be
associated with the absence of direct contact with the heating medium (hot water) in the case
of samples SV vs. samples B and S. This may contribute to inhibition of pectin dissolution.
The absence of direct contact with hot water in the case of SV reduces heat transfer to the
heated product, which may also influence texture changes. Similar observations of the impact
of the absence of direct contact of the heated product with water on the texture of vegetables
were reported by other authors as well (Xie,2000; Iborra-Bernad et al., 2015)

No statistically significant differences were found in the case of springiness of the
analysed vegetables (Tables 3 and 4).

Cohesiveness is described as a tendency of food to lose its structural form after the first
compression test in texture analysis. Potato chips and mashed potatoes are products with low
cohesiveness (Wee et al., 2018). The cohesiveness of the analysed vegetable samples differed
statistically significantly (Tables 3 and 4). The highest value of this parameter was recorded
for parsley samples B (20-min treatment) and carrots SV 80 (20-min treatment). The SV
technique yielded vegetables with the highest cohesiveness, compared with the other
methods. The lowest values of this parameter were found for parsley samples S (30-min
treatment) and carrot samples S (30-min treatment).
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Table 3
Results of the TPA measurement of root parsley
Texture diameter
Cooking Cooking
conditions time Hardness | Springiness | Cohesiveness Chewiness
(N)
10 min 218.53 + 0.78 £ 0.50 + 8638.01 +
Sous-vide 35.18 0.012 0.02¢ 1529.28¢
20 min 178.44 + 0.75 + 0.50 + 6825.53 +
80°C 50.36°f 0.022 0.02¢% 1587.74
(SV 80) 20 mi 170.13 + 0.78 + 0.47 + 6454.49 +
min 3.25¢ 0.022 0.0200 522.45¢
10 min 135.59 + 0.77 £ 0.49 + 3960.82 +
Sous-vide 20.77% 0.06° 0.04cde 2336.18"
. 20 min 104.81 + 0.78 + 0.38 + 3801.18 £
90°C 28.46% 0.082 0.02a0c 1565.85%¢
(SV 90) 30 mi 46.61 + 0.78 + 034+ 970.49 +
min 9.32%¢ 0.06° 0.06% 966.34%
10 min 63.22 + 0.82 + 0.36 + 1878.91 +
10.543¢ 0.052 0.05% 404,922
Steaming 20 min 38.95+ 0.82+ 035+ 1122.08 £
(S) 9.01% 0.012 0.05% 245.30%
30 min 2411+ 0.74 £ 0.28 + 509.08 +
4.208 0.022 0.022 118.042
10 min 91.77 + 0.87+ 045+ 4196.23 +
12.35b¢d 0.012 0.03bede 611.44°¢
Boiling 20 min 46.86 = 0.88 + 052+ 2210.79 +
(B) 20.11%b¢ 0.012 0.06° 1166.75%®
30 min 44 .83 + 0.80 + 0.40 + 1470.73 £
3.528c 0.112 0.03bcd 267.73%

afvValues in the same column are significantly different (p < 0.05).

The comparison of the processing methods demonstrated the following order of the
decline in the chewiness parameter in each time variant: SV 80> SV 90> B> S. Significant
differences were found between the treatment methods and time variants. The highest
chewiness parameter was recorded for root parsley samples SV 80 (10-min treatment) and
carrot SV 80 (20-min treatment). In turn, root parsley samples S (30-min treatment) and
carrot B (30-min treatment) exhibited the lowest chewiness.
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Table 4
The results of the TPA measurement of carrot
Cooking | Cooking Texture diameter
conditions time HaE’c\ilr;ess Springiness | Cohesiveness Chewiness
10 min 265.79 + 0.71 + 0.49 + 9344.98 +
Sous-vide 15.99¢ 0.03* 0.01° 613.74%
. 20 min 274.03 + 0.75 + 0.55 + 11579.84 £
80°C (SV 32.69¢ 0.06% 0.06° 3243.77°
80) 20 mi 265.51 = 0.74 + 0.48 + 9517.82 +
n 2.67¢ 0.01% 0.02¢ 479.64%
10 min 244.03 + 0.74 + 0.48 + 8726.07 =
Sous-vide 5.144 0.02%® 0.01° 329.30b
. 20 min 255.84 + 0.66 + 0.47 £ 8127.94 £
90°C (SV 19.84¢ 0.072 0.01° 1078.16°
90) 30 min 163.75 + 0.71 + 032+ 3781.48 +
6.89¢ 0.02¢ 0.01% 159.528
. 118.64 + 0.78 + 0.30 + 2998.06 +
10 min 19.02% 0.02 0.03® 689.80°
Steaming 20 min 145.60 = 0.73 + 031+ 3255.01 =
(S) 5.02% 0.07% 0.06% 270.222
30 min 103.61 + 0.75 + 0.26 + 2042.05 +
0.20% 0.02¢ 0.032 306.50?
10 min 136.05 + 0.79 + 0.37 £ 4088.03 +
36.46™ 0.01° 0.03 1309.73%
- . 112.35 + 0.68 + 0.37 £ 2871.98 +
Boiling (B) | 20 min 14,63 0.02% 0.04 94,642
i 60.41 = 0.76 £ 032+ 1483.86 +
30 min 17.29° 0.05% 0.02% 382,36

&d \Values in the same column are significantly different (p < 0.05).
Bioactive compounds content

The content of total phenolic compounds in the vegetables differed depending on the
method and duration of the thermal treatment (Tables 5 and 6). The lowest content of these
compounds was detected in parsley samples SV 90 (30-min treatment) and carrot samples R.
The highest phenolic compound levels were determined in samples parsley B (20-min
treatment) and carrot samples SV 90 (20-min treatment). The R samples of parsley cv. Sonata
analysed in the present study had lower content of phenolic compounds (181 mg/100 g d.m.)
than other cultivars available on the Polish market (303 mg/100 g d.m.) (Cieslik et al., 2006).
The content of phenolic compounds was significantly higher in the vacuum non-packed
samples (B and S) subjected to the higher temperature treatment than in samples SV 90.
However, some authors indicate that vacuum packing increases the content of phenolic acids
in vegetables (Ravichandran et al., 2012). The present study also demonstrated that the
content of phenolic compounds in samples R was lower than that in the thermally treated
samples. This may have been related to the more severe thermally induced damage to the cell
walls and thus more efficient release of phenolic compounds. Similar observations were
reported by other authors as well (Ismail et al., 2004; Chumyam et al., 2013; Juaniz et al.,
2016).
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Table 5

Carotenoids (mg/100 g dry matter) and total phenolics content (mg GAE/100 g dry matter) in

root parsley cooked under different conditions

Cooking conditions Cooking time Carotenoids Total phenolics
Raw (R) N.A. 0.135 + 0.009" 180.79 + 2.07%
Sous-vide 10 min 0.110 £ 0.00® 176.39 + 7.66°
20 min 0.127 + 0.00°f 190.43 + 2.13¢
80 °C (SV 80) 30 min 0.126 £ 0.00% 141.94 + 5.22%
Sous-vide 10 min 0.142 £ 0.00" 176.98 +2.51°
20 min 0.120 + 0.00% 154.04 +3.15°
90 °C (SV 90) 30 min 0.104 + 0.00? 136.39 + 5.86°
10 min 0.123 + 0.00% 189.61 + 6.88¢
Steaming (S) 20 min 0.127 + 0.00% 196.89 + 9.41%
30 min 0.134 + 0.00™ 185.96 + 4.54¢
10 min 0.137 + 0.009" 178.08 + 7.44°¢
Boiling (B) 20 min 0.123 + 0.00°% 203.51 +9.19°
30 min 0.117 + 0.00°° 185.44 + 3.68%

N.A.: not available. f Values in the same column are significantly different (p < 0.05).

Table 6

Carotenoids (mg/100 g dry matter) and total phenolics content (mg GAE/100 g dry matter) in

carrot cooked under different conditions

Cooking conditions Cooking time Carotenoids Total phenolics
Raw (R) N.A. 26.76 £ 0.51F 94.74 +2.372
Sous-vide 10 min 32.70 +0.339 113.69 + 3.44°%f
20 min 31.04 £0.369 119.44 + 3.84°f
80 °C (SV 80) 30 min 32.10 +0.099 113.92 + 5.45%%f
Sous-vide 10 min 26.25 + .84 121.92 + 3.79f
20 min 27.32+0.71F 123.54 +2.32f
90 °C (SV 90) 30 min 14.06 + 0.29° 104.16 + 2.68%¢
10 min 22.92 +0.99¢ 106.10 + 5.1120¢d
Steaming (S) 20 min 6.21 +0.102 110.26 + 1.35bcde
30 min 22.73 +0.78° 116.86 + 4.19%f
10 min 25.73 £ 0.47° 121.44 + 7.26°
Boiling (B) 20 min 19.68 + 0.80¢ 113.92 + 2.94cdef
30 min 11.75+0.32° 101.21 + 0.79%

N.A.: not available. > Values in the same column are significantly different (p < 0.05).

The content of carotenoids in the parsley was negligible (0.104-0.142 mg/100 g d.m.).
The level of these compounds in the carrots ranged from 6.21 mg/100 g d.m. in samples S
(20-min treatment) to 32.70 mg/100 g d.m. in samples SV 80 (10-min treatment). The content
of carotenoids may increase with the duration of thermal treatment of some vegetables. After
exceeding certain treatment duration, this value was found to decline again (Kao et al., 2014).
As suggested by Cuéllar-Villarreal et al. (Cuéllar-Villarreal et al., 2016), the degradation of
carotenoids in carrots is associated with the activity of oxidative enzymes, and their
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inactivation promotes the retention of these compounds. The present results confirm these
observations. The vacuum packing and simultaneous reduction of the oxygen content in the
package inhibited the activity of oxidative enzymes. This resulted in the highest content of
carotenoids in the analysed carrots in samples SV 80. Carrot samples SV 90 had a lower
carotenoid level than samples SV 80; therefore, temperature may be an additional
determinant of the retention of these compounds.

Conclusion

The present results indicate that the different heat treatment types have a variable impact
on the colour, texture, and retention of some bioactive compounds in root vegetables. In
comparison with boiled or steamed vegetables, sous-vide vegetables are characterised by
higher hardness, cohesiveness, chewiness, and a desirable colour as well as higher retention
of carotenoids (in the case of carrots). Thermally treated carrots have significantly higher
content of phenolic compounds than untreated carrots. The content of phenolic compounds
in boiled and steamed parsley is significantly higher than in samples of this vegetable
subjected to sous-vide treatments at 90 °C.
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Introduction. Starch has been modified to overcome
industrial limitations present in its native form. Heat-moisture
treatment (HMT) is essentially a physical and thermal method
applied to modify starch. It can be combined with some chemicals
to provide unique technological characteristics to these
biopolymers.

Materials and methods. In this study, the potato starch was
modified by conventional HMT using water and with 0.2 mol L™
solutions of the organic acids lactic and citric up to 22% ratio. The
influence on pasting and thermal properties of the potato starch
was investigated. With the action of HMT, with water and acid, it
was possible to observe structural changes in the starch.

Results and discussion. The commercial potato starch shown
BC pattern type (B type with characteristics of C type). The
treated starches have a C pattern type, with main diffraction peaks
20 at 5.6° 15.3° 17.3° and 23.5° respectively. A decrease in
intensity peaks at 5.6° according each treatment was observed.
The relative crystallinity (RC) of each starch was calculated being
27.2% from commercial potato starch which decrease to 19.9% to
the treated with citric acid. Through pasting properties analysis
(RVA) it was possible to observe that the viscosity peak presented
a notable reduction from 7,824.00 mPa/s (native), to 90.00 mPa/s
(HMT + citric acid). The Differential Scanning Calorimetry
(DSC) was used to determine the values of onset (T,), peak (Ty)
and endset (Tc) temperatures of gelatinization as well as the
enthalpy (AHger). The native (commercial) starch + HMT and the
one treated with 22% water + HMT shown enthalpy 14.5 and 9,9
J g%, respectively. The others, treated with 22% solution of lactic
acid + HMT and 22% solution of citric acid + HMT showed an
enlargement between T, and T with drastic reduction of viscosity.

Conclusions. The main application of this modified starch is
in foods that require low viscosity, such baby food, soups and as
an ingredient for baked products like cookies.
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Introduction

Starch is a biodegradable polysaccharide, from a renewable source. It is composed mainly
by amylose and amylopectin molecules. The amylose in which each unit of glucose is linked
by a- (1 — 4) glycosidic bonds, and the amylopectin, which molecule is highly branched by
glycosidic portions of both a- (1 — 4) and a- (1 — 6) glycosidic bond (Yassaroh et al., 2019).
This biopolymer is the main storage carbohydrate produced by plants. It is widely processed
and consumed by human as an energy source (Leonel et al., 2011). The source of starch can be
very broad. The most used sources for human consumption regards to starches from cereals and
tubers such as corn, wheat, potato and cassava starch (Zaman et al., 2016). The World Health
Organization (WHQ) recommends that more than 55% of the energy ingested by humans
should be from carbohydrates, which means that studies on starches and their health benefits
are highlighted (Pereira,2017). As ingredient starch is responsible for technological properties
that characterize most products, contributing with texture, thickeness, colloidal stabilization,
gelling, volume, adhesiveness, water retention, and many others (Jiranuntakul et al., 2011).

Potato (Solanum tuberosum L.) is the third most important food crop on the planet; it is
the first non-grain commodity (dos Santos et al., 2016). This tuber has a significant importance
when we talk about starch, because although most of its production is destined for fresh
consumption. Potato starch, has been gaining market with thermal and thickening application
in the food industry (Noda et al., 2006). Potato starch is composed of approximately 80%
amylopectin and 20% amylose. In comparison with cereal starches, potato starch, gel forms
with high viscosity, good consistency and clarity. Due to the presence of phosphate, gelatinized
material shows high transparency (Noda et al., 2006; Shin et al., 2007). All these characteristics
make it interesting to be used as thickeners for dehydrated soups and sauces, binding agents in
sausages, puddings and desserts (dos Santos et al., 2016).

Despite having value in the industry, use of native or untreated starch present several
problems such as handling, tendency to retrogradate, low freeze—thaw stability, and poor
tolerance to many technological processes such as poor thermal resistance and low shear
resistance (Barreti et al., 2020). To improve this limitation, starch granules can be modified by
several methods, such as chemical, physical, biological and even combined processes
(Schafranski et al., 2021). Among the most used starch modification methods in the industry, the
most well-known are heat-moisture, dry heat, annealing, pre-gelatinization, high pressure,
radiation, ultrasound, cross-linking, substitution, acid hydrolysis and oxidation treatments
(Nodaetal., 2006). The starch modification extent is affected by botanical source, composition,
proportion of amylose to amylopectin, as well as by the disposition of the chains within the
amorphous and crystalline regions of the starch granules (Schafranski et al., 2021).

HMT is essentially a physical modification comprises of heat-treating starch with low
moisture content (10-30%), and high temperatures above starch gelatinisation (90—-120 °C).
This type of method modifies the physicochemical properties of starch without destroying its
granular structure. The first research to use HMT to modify a cereal starch was reported in
1944, and since then several studies have been carried out to investigate the effects of this
method applied to different botanical sources. Besides other modification methods like
chemical and biological, HMT brings high effectiveness, simplicity, low costs and mainly the
non-generation of hazardous chemicals residues. Thus, HMT can be an attractive technique for
industrial food applications (Zavareze et al., 2011). Recently, some published studies have
shown that the addition of organic acids solutions instead or combined with water (moisture)
during HMT process is able to modify starch, due to partial hydrolysis and promoting structural
alterations. These researches have been carried out using lactic, citric, and acetic acids at lower
concentrations with the advantage of being food grade ingredients. Furthermore, they can be
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used without limitations when inorganic acids are added during food applications (Barreti et
al., 2020). Thus, the granules have been modified to be suitable for further applications.
Modified starch is responsible for the main technological properties that configure many
processed products.

Technological aspects and impacts provided by starch modifications can be observed by
several analytical methods such as differential scanning calorimetry (DSC), powder x-ray
diffractometry (PXRD), rapid visco analyser (RVA), among many others. DSC provides
information regarding starch gelatinization, which is a regular event during an industrial
process. DSC can provide the difference in enthalpy between a sample and a reference
(normally an empty pan) as a function of temperature or time under controlled heating and
cooling program. Furthermore, the equipment helps to obtain the event beginning or onset
temperatures (To), endothermic peak (Tp), conclusion temperature (Tc), and gelatinisation
enthalpy difference (A H) (Schafranski et al., 2021). RVA is a rotational viscometer that can
measure the shear resistance or pasting properties of a sample. In addition, the equipment can
reproduce thermal processing conditions when a sample is heated and cooled. During RVA
analysis it is possible to obtain some important information such as maximum viscosity reached
during the heating period and tendency to retrograde during cooling process (Barreti et al.,
2020). PRXD is a useful tool to evaluate the impacts on the characteristics of starch crystalline
structures. It is possible to observe the behaviour of peaks intensities, the pattern characteristic
and the relative crystallinity (Zavareze et al., 2011).

Potato starch has been modified to overcome industrial limitations present in its native
form, generating more suitable industrial products (Colussi et al., 2020). The modification
technique, such as HMT (Heat-moisture treatment) combined with the addition of others, can
bring more expressive and interesting results from the functional point of view, results that have
been proven in several studies (dos Santos et al., 2016; Hung et al., 2016). Thus the present
research aimed to investigate the impact of treatment by HMT using water (moisture) and
solutions of lactic acid and citric acid on the structure and the pasting and thermal properties of
the potato starch.

Materials and methods
Samples and reagents

The potato starch was purchased at a local supermarket in the city of Ponta Grossa (25°
05’427 S, 5° 09’ 43” W) Parand, Brazil. The reagents for carrying out the analysis were at least
analytical grade.

Methods

Heat-moisture-treatment (HMT) and Acid HMT

30 g of potato starch (dry base) was suspended in deionized water and in different
solutions of citric acid and lactic acid each at 0.2 mol L. Then, the samples treated in an acid
medium were neutralized with sodium hydroxide 0.1 mol L™ and then washed with deionized
water. After, the slurry was filtered and dried, obtaining the adjusted level of final humidity at
22% and placed in hermetically sealed bottles. The samples were so maintained for 24 h at
room temperature and then submitted to 110 °C in an oven (Tecnal, TE 394/1, Piracicaba, SP,
Brazil) for 8 h. Until the analyzes were carried out, the samples were stored in a desiccator with
anhydrous calcium chloride (Hung et al., 2016). The treated samples were identified as: native
(commercial sample), HMT H,O (heat-moisture treatment with 22% deionized water); HMT
LA (heat-moisture treatment with 22% lactic acid) and HMT CA (heat-moisture treatment with
22% citric acid).
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Powder X-Ray diffractometry (PXRD)

Diffractograms of samples were obtained using Ultima IV X-ray diffractometer
(Rigaku, Japan) under following conditions: CuKa radiation (A = 1.541 A), voltage of 40 kV
and current of 20 mA. The observed interval was from 3 to 40° to 2 (0), step of 0.02° with
scanning speed of 2° min* (Kubiaki, 2018). The main diffraction peaks were observed and
Equation (1) was used to calculate the relative crystallinity (Hung et al., 2016; Shaikh et al.,
2019):

Xe=Ap! (Ap + Ap) 100 (1)

where X. refers to relative crystallinity; Ay refers to the area of the X-ray diffractogram; and
Ay, refers to the amorphous area of the diffractogram.

Pasting properties (rapid visco analyser — RVA)

The pasting properties of the samples were determined with RVA-4 instrument
(Newport Scientific, Australia). A dispersion in water of 8% (m / m) of starch on a dry basis
in 28 g of total mass, was subjected to a cycle of heating and cooling under constant agitation,
where they were kept at 50 °C for 2 min, heated by 50 to 95 °C to 6 °C min™* and maintained
at 95 ° C for 5 min; cooled to 50 ° C to 6 °C min~ ! and held at 50 °C for 2 min (Maior at al.,
2020).

Differential Scanning Calorimetry (DSC)

The DSC curves were obtained in a DSC 60 equipment (Shimadzu, Japan). The mass
of the starch samples (2.5 mg) were weighed aluminum crucibles and it was added water up
to a ratio 1:4 starch water. The crucibles were sealed, maintained by 60 min and so performed
the DSC analysis. The DSC instrument conditions were: heating rate of 5 °C min, heating
from 30 to 100 °C under air atmosphere with flow of 50 mL min. The instrument was
calibrated according to the manufacturer's specifications and verified with a Indium standard
purity index of 99.999%, m.p. = 156.6 °C, AH =28.71 J g."* (Lacerda et al., 2014; Andrade
etal., 2014).

Statistical analysis

The results were expressed as mean + standard deviation and were analyzed using the
Action Stat 3.3 software (Estatcamp, Sdo Paulo, Brazil). To determine the behavior of the
samples, unilateral analysis of variance — ANOVA was used. To determine the differences
between the means, the Tukey test was used, with a 95% confidence level (p <0.05) (Barretti,
2020).

Results and discussion

Powder X-Ray diffractometry (PXRD)

Potato starch presented pattern characteristics of BC type (B with characteristics of C)
whereas the other three have a C pattern with 20 at approximately 5.6°, 15.3°%; 17.3° and
23.5°. Similar behavior were found in literature (Hung et al., 2016). It is possible to observe
the decrease in peaks at 5.6° according the HMT modified starches. In Figure 1, are depicted
the X-ray diffractograms. They were used to analyze the main peaks and calculate the relative
degree of crystallinity (%) of each sample.

Native starch showed the highest relative crystallinity (27.2%). Starch modified only
with HMT + H20 and starch modified with HMT + lactic acid shows similar crystallinity
(25.6%), the lowest relative crystallinity was observed for a sample modified with HMT +
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citric acid (19.9%). These decreases can be explained due to a lamellar destabilization
promoted by the treatment by HMT (Maior et al., 2020; Liu et al., 2019).

According to authors, the effect of heat treatment on starch crystallinity depends on the
source of starch used and the conditions of moisture and heating used in the treatment. The
decrease in crystallinity caused by the treatment of HMT combined with citric acid, which
was 19.9%, is much smaller when compared to the other values obtained, this can be
explained by a possible decomposition of the crystalline structure of starch by citric acid, this
phenomenon causes the substitution of citrate groups in the starch chains, forming a starch
with limited mobility (Barretti et al., 2020; Andrade et al., 2014). Xia et al. (2016) also raises
a reduction in relative crystallinity when studying sweet potato starches treated by HMT and
citric acid.

On the other hand, other sudies showed an increasing in relative cristallinity values. It
was observed that HMT, is able to transform the fraction of amorphous amylose to the
crystalline state. It is possible that during the treatment the double helical chains help to form
a crystalline matrix which presents a structure more ordered than an untreated starch
(Zavareze et al., 2011)
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Figure 1. Diffractograms and relative crystallinity (XC%) of native and modified potato
starches

Pasting properties (rapid viscoanalyser— RVA)

Data relating to viscoamylographic analyzes of native and treated potato starch are
provided in Table 1 and the viscosity profiles are illustrated in Figure 2.
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Table 1
Results obtained from the RVA curves of native and modified potato starches
Samples Treatments P \% B S Final
L mRa-s mhba-s mRa-s \%

S S e t mHa-s

Native P Native 65,50° 7824,002 5868,5° 847,00 | 2802,50°
+0,07 +1,41 +1,41 +2,12 +2,33

HMT P HMT H20 81,60? 1732,00° 1592,00% | 3329,00*
+H0 +0,57 +2.82 i +1,41 +1,41
HMT PHMT LA 94,50¢ 41,000 30,00° 77,00°
+LA - +1,41 +0,05 +1,41 42,12
HMT P HMT CA 90,004 45,00° 31,50° 76,50°
+ CA ) + 1,41 +0,02 +2,12 +0,71

mPa-s — millipascal-second, s — second.Values presented as mean values + standard deviation. Values
followed by the same letter in the same column are not significantly different by Tukey’s test (p < 0.05)
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Figure 2. Pasting properties (RVA) curves of native and
modified potato starches (mPa-s)

1 - P (Potato starch);

2 — HMT H20 (Heat-moisture treatment with deionized water);
3 — HMT LA(heat-moisture treatment with lactic acid);
4 — HMT CA (Heat-moisture treatment with citric acid).

5 — temperature.

With the results obtained, it is possible to observe that the temperature for mass
formation increases for H.O modified starch from 65.5 to 81 °C, in relation to native starch.
The transforms modified with the organic acids did not form masses, showing that the
treatment of the starch by HMT with a gel formation.
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It is also possible to notice an increase in the final viscosity for H,O modified starch,
which may be related to intra-granular curtains, making the starch more resistant to
deformation, in addition to the reorganization of the starch chains. For how modified with
citric and lactic acid, it hears a decrease in the final viscosity, suggesting the rupture of the
granular structure (Barreti et al., 2020; Maior et al., 2020; Shaikh et al., 2019).

Viscosity reduction can occur by altering the amorphous fraction of the starch. In acidic
conditions this amorphous fraction can be hydrolyzed and the starch starts to move more
freely which can result in the closure of its chain and consequently starts to absorb less water
which results in reduced viscosity (Maior et al., 2020).

In the sample of starch modified with citric and lactic acid, it is possible to observe that
lower as lower final viscosities and peak viscosity, reduced breakage and less tendency to
retrograde, this is due to the fact that they do not form paste. One of the major causes of
texture deterioration in bakery products is retrogradation. Pastes with low viscosity values
are desirable in these products since they have a lower tendency for this phenomenon to run
(Hornung et al., 2015; Bet et al., 2020).

Differential scanning calorimetry (DSC)

In the Figure 3 it is possible to observe the DSC curves and in the Table 2 are the
obtained values of To, Tp, Tc as well as the gelatinization enthalpy AHge for the samples
submitted to this analysis.

It can be observed that the gelatinization event occurred in native starch, with a single
well-defined peak in the endothermic profile, which is due to the fact that they have low
levels of lipids. In the other three samples, the absence or almost absence of the gelatinization
curve shows that the changes made to the starch showed the expected decrease in the
gelatinization characteristic. This is due to a rupture of the double helices or partial
gelatinization of the amylose and amylopectin content during heating. It may also be due to
the formation of new starch crystals that can present different thermal stability in the face of
physical modification, leading to a high energy need for the dissociation of the crystals to
occur and thus the gelatinization phenomenon to happen (Andrade et al., 2014).

Only two of the samples had the gelatinization event, being that of native starch and
starch modified with H,O. The native starch presented a higher AHge value when compared
to the H,O modified starch, showing that the H.O modification already reduces the
gelatinization power of the starch. This change in the thermal characteristic of starch can be
explained by the reduction of the destabilizing effect of the amorphous region in the fusion
of the lens and by the dissociation of the double helices present in this region (Hung et al.,
2017).

Regarding the values of To, Tp and T can see that they are similar between the two
samples. In studies already carried out, the AHge Values of native potato starch revolve around
similar values, as it is verified by (Andrade et al., 2014), where the value presented is AHgel
(14.72 J g1) being very close to the value AHge (14.5 J g1) found in the present study. The
starches modified with organic acids do not show gelatinization (It is observed an
enlargenment between T, and T with drastic reduction of viscosity and impossible to stablish
values). This behavior can be explained by the occurrence of an esterification reaction caused
by these acids (Barreti et al., 2020).
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Figure 3. DSC curves of native and modified potato starches
1 — P (Potato starch);
2 — HMT H20 (Heat-moisture treatment with deionized water);
3 — HMT LA(heat-moisture treatment with lactic acid);
4 — HMT CA (Heat-moisture treatment with citric acid).

Table 2. Results of DSC curves for native and modified potato starches

Samples To, Tp, Te, AHgel
oC oC oC J g-l
Native 59,8%+0,06 | 64,0°+0,01 | 70,6°+0,09 | 14,5*+0,08
HMT + Hy0 | 58,5°+0,16 | 64,9°:0,01 | 72,9°+0,14 | 9,9°+0,29
HMT + LA - - -
HMT + CA - - -

To — onset temperature, T, — peak temperature, T. — conclusion temperature,
AHgel —gelatinisation enthalpy. Values presented as mean values + standard
deviation. Values followed by the same letter in the same column are not
significantly different by Tukey’s test (p < 0.05)

According to (Maior et al., 2020) corn starch showed a higher AHgei When compared to
starches that underwent HMT modification, and that the modification combined with organic
acids promoted an even greater reduction in AHge. Regarding the values of To, Ty, T, the
work reports that after the modification the values obtained were higher, being in accordance
with the shown results. Other studies have also shown similarities in the behavior of starches
when subjected to HMT combined with organic acids (Barreti et al., 2020; Hung et al., 2016;
Hung et al., 2017; Xia et al., 2016).
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Conclusions

Starch modified by HMT presents with appropriate and different characteristics
comparing to the native form. It was possible to observe changes on gelatinization,
cristallinity, and pasting properties. The treatment of potato starch using HMT + H>0,
showed some properties alterations, however the modifications were more evident for the
treatments with HMT + organic acids, which presented important results and altered
technological properties such as the viscosity profile of the samples. The DSC and RVA
analysis showed that the characteristic thickener of the starch can be lost after the
modifications combined with the organic acids. PXRD analysis showed a decrease in the
relative crystallinity after the modifications. The heat-moisture treatment with lactic and
citric acids can be considered safe and ecologically correct treatments with organic acids of
food grade. Processed modified samples proved to be suitable for application in foods that
require low viscosity, such baby food and soups for example. On the other hand, treated
granular starch can be an interesting alternative to be used as ingredient for baked products
like cookies. It is possible that they have altered the digestibility of this polymer in the human
body.
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Introduction. Fructose and sucrose osmotic solutions, were
tested in order to evaluate their effects on the characteristics of
the osmosed quince. The effect of slice thickness, solution
concentration and immersion time on the color and chemical
characteristics of dehydrated quince (Cydonia oblonga) were
studied.

Materials and methods. Weight reduction (WR), CIE
color parameters, total phenolic (TPC) and ascorbic acid (AA)
content were investigated using fructose and sucrose osmotic
solutions for 3 hours immersion time. The content of the total
polyphenols (TPC) was determined by the Folin-Ciocalteu
reagent at 765 nm using spectrophotometer. Ascorbic acid (AA)
content was separated, identified and dosed in a HPLC
SHMADZU system coupled with UV-VIS detector (DAD).

Results and discussion. Weight reduction (WR, %) of
osmosed quince showed significant differences depending on
the type and concentration of the osmotic agent and process
time. Significantly higher moisture loss of fructose
(monosaccharides) as an osmotic agent is a considerable
advantage compared to sucrose (disaccharide). The higher
values of WR were obtained when quince samples were
dehydrated with fructose solution of 80% concentration. It was
observed that after 180 min of osmotic dehydration with fructose
solution 40%, thinner slices (10 mm) have a higher WR value
compared to thicker slices (20 mm). The total polyphenols
content increased during the osmotic dehydration treatments
with 80% osmotic solution. The ascorbic acid content increased
during the treatments with fructose solution from 18.66 mg/100
g (in fresh quince samples) to 30.9 mg/100 g (in quince samples
after osmotic dehydration with fructose solution 80%). The
samples treated with 80% fructose had a lower L” coordinate,
showing an enzymatic browning. The value of a* was minimal
in the case of samples treated with 80% fructose, indicating that
the hydrated quince showed a darker color compared to the fresh
samples.

Conclusions.Osmotic dehydration for quince with the two
osmotic solutions only slightly affected the compositional
properties, such as total polyphenols and ascorbic acid content,
and weight gain of osmotically dehydrated quince.
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Introduction

By air drying the fruits biological substances mainly vitamins, provitamins, polyphenols
and other bioactive compounds sensitive to heat, light and oxygen are degraded (Zielinska et
al., 2017). In order to reduce nutrient losses, pretreatment is often applied to improve the
quality of dry products (Turkiewicz et al., 2020). Osmotic dehydration leads to prolongation
of the shelf life, small loss of colour in apple samples osmosed with glucose or sucrose
solutions 30%, 45% (w/w) at different times, and in glucose osmosed samples a greater
texture hardening rate was observed (Mandala et al, 2005).This process consumes less energy
than the air drying or vacuum drying process, osmotic dehydration of apple cubes at room
temperature acts as a pre-treatment with a beneficial effect on the firmness of the rehydrated
samples that had been air-dried at 50°C (Prothon et al., 2001).

Osmotic dehydration (OD) is the process in which pieces of fruit or vegetables are
immersed for different periods of time in a hypertonic solution, so that some of the water and
natural sugar in the fruit are replaced with sugar from the syrup (Fernandes et al., 2009).The
cellular structure of food acts as a semi-permeable membrane, which is not completely
selective and which results in two counter-currents of mass transfer: the diffusion of water
from food into solution and the diffusion of osmotic solution into fruit (Yadav et al., 2014).
Osmotic dehydration with different osmosis solutions is used to preserve the fruit, because
the enzymatic browning (initiated by the enzyme polyphenol oxidase) is reduced, the
retention of volatile substances is increased, the color is saved and the sweet taste is preserved
(MckEvily et al., 1992). The selection of a particular osmotic agent depends on its cost, its
molecular weight, and the sensory characteristics of the product to be dehydrated (Ahmed et
al., 2016). The most common osmotic agents are (Ahmed et al., 2016): sucrose, corn syrup
solution, sodium chloride, maltose, honey, glucose, fructose, lactose, glycerol and ethanol.
In general, osmotic dehydration is considered as a pretreatment used in the conventional
drying of many agricultural products (da Silva et al., 2013).

Quinces (Cydonia oblonga Miller), are a species belonging to the Rosaceae family and
represents one of the most important sources of vitamins, calcareous salts, bioactive
components such as flavonoids and dietary fiber, compounds with health-promoting
properties (Dehghannya et al., 2018). Traditional Quince fruits uses are in the preparation of
jams, marmalades, purees and jellies, but can be added in ice cream, yogurt or confectionery
products (Turkiewicz et al., 2019).

Although, quince fruits are less suitable for direct consumption due to their astringent
and strong flesh, the most important advantage of quince over other fruits is its high content
of vitamin C. Thus, for example, in some varieties at the ripening stage of consumption, the
vitamin C content was over 70 mg/100 g fresh weight (FW) (Rop et al., 2011).

Quince is rich in polysaccharides, which is 11% (dry weight) in the flesh (Qin et al.,
2020), pectin (0.53 to 1.83 g pectin/ 100 g fresh quince) (Borazan et al., 2017), contain organic
acids such as oxalic, citric, ascorbic, malic, quinic, shikimic, and fumaric acid (Silva et al.,
2004) and phenolic compounds (16), which have health promotion roles and medicinal
properties (Wojdyto et al., 2014).

Although, osmotic dehydration of quince is little studied, there are some papers available
in the literature. For example, the effects of pretreatment on the osmotic dehydration of cubic
pieces of quince fruit with sucrose osmotic solution (control, 10, 30, 50, and 70% (w/w))
using intermittent microwave (IM) — dry hot air (HA) at a low temperature (40 °C) were
studied by Dehghannyaet et al. (2018). Thus, the increase in the concentration of the osmotic
solution, the power and the pulse ratio led to significant decreases in contraction
(Dehghannyaet et al., 2018). Recently, Turkiewicz et al. (2020) studied the effect of osmotic
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dehydration (DO) using fruit concentrates (apple, pear, pineapple, sour cherry, blackcurrant
and hot pepper), as well as the antioxidant, antidiabetic and anticholinergic activity of dried
Japanese quince before and after osmotic dehydration. After the completion of osmotic
dehydration (in water baths at 45 °C for 1.5 h), Japanese quince fruits had an increased sugar
content (up to 20 times more) and a significant reduction in organic acid content (even a 77%
reduction compared to non-OD fruits) (Turkiewicz et al., 2020)).

Therefore, the purpose of this article is to present the effect of osmotic dehydration
pretreatment (fructose and sucrose 40, 60 and 80%) on the mass transfer color and chemical
characteristics of quince fruits.

Materials and methods
Materials

Fresh Quinces (Cydonia oblonga Miller), were purchased from a local producerin
Falticeni (Romania). For each experiment, the healthy fruits were carefully sorted and
washed, cleaned by hand, and after removing the seeds were cut into 2 cm thick slice. All
chemicals used for total phenolic content analysis, Folin’s reagent and gallic acid, acid
ascorbic content, were procured from Sigma Aldrich, Germany. Deionizer water was used.

Osmotic pre-treatment

In this report, the influence of fructose and sucrose solutions concentration and
immersion time on mass transfer during osmotic dehydration was studied. Osmotic
dehydration was performed at room temperature and three concentrations of fructose and
sucrose solution (40%, 60% and 80%) were used. Osmotic solutions were prepared by
blending with distilled water on a weight-to-weight basis. The high concentration of osmotic
solution was based on a comparative study in the literature (ispir et al., 2018). A ratio of 2:1
(200 ml osmotic solution: 100 g quince) was chosen to monitor changes in hypertonic
solution concentration.

The fruits were placed in glasses and after the addition of the osmosis agent it was stirred
with an orbital stirrer. The mass transfer between the sample and the fructose solution during
osmotic dehydration was measured within 30, 60, 90, 120, 150 and 180 min, the two
dimensions of the cubes Quince and showed a different behavior during osmotic dehydration.
The samples were removed from the osmotic solution then wiped gently with filter paper to
remove adherent water and then weighed.

Each treatment was performed three times and each time with other fruits. Weight
reduction (WR) is used to characterize osmotic dehydration, and was calculated according to
the following equation (Leahu et al., 2020):

WR%:udOO
W.

where Wi is the initial weight of sample cubes (g) and W the weight of sample cubes after
osmotic dehydration for at each sampling times t (g).
Water activity

Water activity (aw) was measured using a water activity meter (AQUALAB).
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Total phenolic content (TPC)

The degree of the methanolic extract of fruits was expressed as equivalent gallic acid
(GA) (mg of gallic acid 100 g 'fw fresh weight) using a standard curve prepared at different
concentrations of GA, and were assayed using the Folin-Ciocalteau reagent (Stankov et al.,
2020). 1 ml of freshly prepared Folin-Ciocalteau’s reagent (1:10, v/v, with water) and 0.8 ml
sodium carbonate (7.5%) were added in 0.2 ml of aqueous extract to quince fruit sample.
Then, the mixture was incubated at room temperature for 2 hours, and spectrophotometric
absorbance was measured at 765 nm using a spectrophotometer T70 UV-VIS PG Instruments
Ltd.

Determination of the ascorbic acid

The ascorbic acid (AA — expressed in mg/100 g FW of fruits) content, was separated,
identified and dosed in a HPLC SHMADZU system coupled with UV-VIS detector (DAD),
A ZORBAX — C18 column (5um, 250x4.6) (Leahu, 2019).

Colour measurement

Colour was measured on the surface of the fruit in terms of ‘L’ (lightness), ‘a’ (+a is red,
-a is green) and ‘b’ (+b is yellow, -b is blue) values (Leahu et al., 2018). Variations in the
values of L"," a" and b* were measured due to different osmotic pretreatments using a Minolta
Chroma counter (Model CR 400/410) (Leahu et al., 2018).

Moisture content

The content of water from the quince fruits was determined after drying to constant
weight at the standard temperature of 105 = 2°C (Rop et al., 2011). The samples used in the
research constituted 5 g of the sample that has been dried in an oven at 103°Cat atmospheric
pressure until constant weight was obtained. Moisture (g water/100 g of sample) % was
calculated by using the following equation:

M%:M* 100

M i
where M; is the initial weight of sample cubes (g) and Ms is the mass of sample's dry solids
(9). The sample mass was determined using a digital balance.

Statistical analysis

Data were expressed as means + standard deviations for triplicate determination.
Statistical significance of differences between the individual treatments was evaluated by
using one-way ANOVA (Minitab 17 software). The null hypothesis was “All means are
equal”, while the alternative hypothesis was “At least one mean is different”. The significance
level considered was a = 0.05.
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Results and discussion
Physico-chemical parameters of fresh and osmotic dehydrated quince

Osmotic dehydration is a simple process that facilitates the processing of fruits and
vegetables, such as bananas, figs, pineapples, mangoes, apples, grapes, carrots, pumpkins,
etc. with preservation of the initial characteristics of the fruit. Quince samples were treated
with different osmotic solutions concentrations, 40, 60 and 80%, to evaluate the effect of
immersion time on moisture content and biochemical characteristics. Table 1 shows the
moisture content data during osmotic dehydration versus quince sampling immersion time.

Table 1
Physico-chemical parameters of fresh and osmotic dehydrated quince samples
Parameters M Dry matter aw AA? TP2
% % mg/100 g mg GAE/100g

Fresh quince | 83.8+0.554 | 16.36+0.554 | 0.63+0.11 | 18.66+0.425 80.3+0.929

FODgo 76.6+0.79 23.4+0.79 | 0.56+0.15 | 29.17+0.23 81.47+0.40

FODsgo 72.66+£0.44 | 27.09+0.44 | 0.54+0.14 | 29.36+0.49 91.13+0.85

FODgo 68.09+0.34 | 31.91+0.49 | 0.50+0.16 | 30.9+0.26 94.83+0.504

SODy 78.9+0.19 21.1£0.34 | 0.56+0.12 | 21.06+0.31 84.9+0.58

SODego 75.20+£0.21 | 25.79+0.48 | 0.56+0.13 | 21.43+0.27 91.13+0.85

SODg 71.92+0.38 | 31.40+0.75 | 0.52+0.11 | 22.06+0.24 97.06+0.81

aV/alues are referred to mg/100 g fresh weight vegetable;

Values (means = SE) (n = 3);

M=Moisture (g water/100 g of sample) %;

AA =Ascorbic acid mg/100 g;

TP = content of Total Phenols (mg GAE/100 g);

FOD= Osmotic dehydration with fructose solution 40%; 60% and 80%;
SOD= Osmotic dehydration with fructose solution 40%; 60% and 80%.

Time of osmotic dehydration had a significant effect on moisture content. Thus moisture
content of fresh quince samples ranged from 83.8% in fresh quince to 68.09% in sample
treated with 80% fructose solution. This decrease in moisture content is in agreement with
previous research (Derossi et al., 2008). As can be seen, the use of the osmotic dehydration
(OD) process resulted in an increase in the dry matter content.

Water is the environment for the development of chemical processes that take place in
food during processing, but water also participates as reactant in hydrolytic processes. Food
stability is a characteristic related to the variation of the water content in them. The value of
water activity for fresh quince is high, which may explain the higher L*. A high-water content
may cause an increase of the reflected light. The effect of osmotic dehydration on quince was
achieved by varying the concentration of the sucrose solution (40-60°Brix) and the
immersion time (60—-120 min). At a constant water activity, the decrease in the value for the
equilibrium moisture content with the increase of air temperature was observed for quince
(Noshad et al., 2012).

The total phenolic content recorded in fresh quince pulp was 80.3 mg GAE/100 g, it can
be seen that osmotic dehydration treatments with 80% osmotic solution increase the content
of total polyphenols (18.09% for fructose solution and 14.32% for sucrose solution).The
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results of the phenolic content obtained in this research are almost similar to the findings
published by Rasheed et al. (2018), they reported a total phenolic content in quince fruit pulp
from 65.73 mg GAE/100 g to 68.13 mg GAE/100 g.

During the osmotic dehydration of quince fruit, some differences can be observed in the
ascorbic acid content. The ascorbic acid content increased in a non-linear manner over time,
at all concentrations of fructose and sucrose during osmotic dehydration of quince. The
ascorbic acid values found in the present study agreed well with previously reported data.
Studying the chemical characteristics of 22 quince genotypes and cultivars (Cydonia oblonga
Mill.), the content of vitamin C was the highest in the Muskatova variety containing up to
79.31+£2.01 g/100 g FW (Rop et al., 2011).

Riva et al. (Riva et al., 2005) studied the relationship between shrinkage and colour
stability during osmodehydration and air dehydration, and chemical characteristics of apricot
cubes. The ascorbic acid content increased with the pre-treatment time and was similar in the
treatment with sorbitol, while the values were higher in the osmodehydration of sucrose (Riva
et al., 2005).

Effect of osmotic agent’s types and its concentration on weight loss

Results obtained by applying the statistical one-way analysis of variance (ANOVA)
method showed that the moisture of quince samples after osmotic dehydration with fructose
solution 80% had the lowest mean (Figure 1a), comparative with the fresh quince samples
which had obvious, the highest mean regarding the moisture content. As shown in Figure 1b,
the moisture of quince samples after osmotic dehydration, considering all three
concentrations (40, 60 and 80%) of fructose solution, cannot be grouped in the same category
and the means are significantly different. Based on the value obtained for R? (95.37%) it can
be said that the model fits well with our data and the factor explains 95.37% of the variation
of the response. It can be established that the differences between some of the means are
statistically significant due to the p-value obtained (0.000), in the case of quince samples
moisture when the osmotic dehydration is performed with fructose solution.

85
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Figure 1.

a — Interval plot for quince moisture (moisture of fresh quince samples — Mi, moisture after
osmotic dehydration with fructose solution — MFOD (40%, 60% and 80%c));
b — comparison of data by using Tukey method
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As well, in the case of quince samples moisture after osmotic dehydration with sucrose
solution, it was obtained p = 0.000. These means that the differences between some of the
means are statistically significant. Results illustrated in Figure 2a indicate that quince
samples after osmotic dehydration with sucrose solution 80% has lowest mean, similar to
osmotic dehydration with fructose solution. Moisture loss through dehydration of quince
samples is higher when osmotic dehydration is performed with fructose solution compared
to sucrose solution. In Figure 2b it can be observed that the means are significantly different,
since the intervals do not contain zero. The value obtained for R? was 96.36%, which means
that the factor explains 96.36% of the variation in the response.
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Figure 2.

a — Interval plot for quince moisture (moisture of fresh quince samples — Mi, moisture after
osmotic dehydration with fructose solution —- MFOD (40%, 60% and 80%0));
b — comparison of data by using Tukey method

Weight reduction (WR, %) of quince samples (10 mm), during the osmotic dehydration,
increased in time according to the results presented in Figure 3. It can be observed that the
higher values of WR were obtained when quince samples were dehydrated with fructose
solution of 80% concentration (Figure 3a), and with sucrose solution of 80% concentration
(Figure 3b). Results showed that weight reduction increases with increasing concentration of
solutions, and this was also stated by (Leahu et al., 2020; Kayak-Ertekin et al., 2000). The
WR values are also influenced by the quince slices size (Figure 4), it was determined that
thinner slices (10 mm) have a higher WR value compared to thicker slices (20 mm) after 180
min of osmotic dehydration with fructose solution (40%), otherwise WR had higher values
for 20 mm slices.

The results showed that the values of weight loss of quince slices of 10 mm, dehydrated
in 40% sucrose solution are higher after 30 min, 120 min, 150 min and 180 min of
dehydration, compared to the values obtained for 20 mm slices. Also, it can be seen that WR
values are higher when the fructose solution is used (Figure 4).
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Figure 3. Variation of weight reduction (WR, %) in time of quince samples (10 mm) during
osmotic dehydration with different concentration of a — fructose solution; b — sucrose solution:
Variable:
1-WR_FS 40%;

2 - WR_FS 60%;

2 — WR_FS 80%.

30 60 % 120 150 180
Time, min

Figure 4. Variation of WR (%0) in time of quince samples (10 and 20 mm) during osmotic
dehydration with sucrose solution (SS) and fructose solution (FS),
both with a concentration of 40%.
Variable:
1 - quince (20mm) in SS
2 —quince (10mm) in SS
3 —quince (20mm) in FS
4 — quince (10mm) in FS
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The p-values obtained were lower than a — value, for both types of solution used for
osmotic dehydration (p=0.002 in case of WR obtained for dehydration of quince slices with
fructose solution and p=0.000 when dehydration is done with sucrose solution) and these
mean that the differences between some of the means are statistically significant. From
Figures 5a and 5c it can be seen that the WR of quince samples after osmotic dehydration
with fructose solution 80% and sucrose solution 80% have the highest mean. The WR of
quince samples after osmotic dehydration with fructose solution (FS) 40% and 80% can be
grouped in the same category, as well as WR FS 60% and 80% (Figure 5b). In the case of
osmotic dehydration with sucrose solution (SS), the WR of quince samples can be grouped
in the same category only for WR SS 40% and 60% (Figure 5d). Their means are not
significantly different, when they can be grouped in the same category. The factor explains
37.25% of the variation in the response (R% = 37.25%) in the case of samples dehydrated with
fructose solution and 50.70% (R? = 50.70%) for samples dehydrated with sucrose solution,
respectively.
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Figure 5. Interval plot for WR of quince samples (10 mm) (WR (%)
after osmotic dehydration (OD) with:
a — fructose solution (FS) and ¢ — sucrose solution (SS);
WR comparison of data by using Tukey method
b — OD with FS and d — OD with SS
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CIE colour coordinates

CIE L%, a’, and b" values of quince slices after osmotic dehydration using different
osmotic solutions are presented in Table 2.

Table 2

Colour CIELAB parameters for samples during the osmotic dehydration
Samples L a* b* Hue angle | Chroma
Quince initial 41.8 1 3.33 66.43 3.73
Quince after treatment with 36.06 453 | -1.26 33.93 4,76
fructose 40 % solution
Quince after treatment with 33.73 -1.8 | 1.26 28.05 4,13
fructose 60 % solution
Quince after treatment with 29.25 -2.31 | 1.01 26.41 4.86
fructose 80 % solution
Quince after treatmentwith 35.73 41 | -1.76 33.06 4.53
sucrose 40 %solution
Quince after treatmentwith 32.06 -155 | 1.11 27.63 4.38
sucrose 60 %solution
Quince after treatmentwith 28.18 -2.12 | 0.90 25.73 4.95
sucrose 80 %solution

The use of different osmotic agents affected the L”, a*, and b*values of the final product
during the osmotic process. Thus, for fresh quince the values were L"=41.8, a"=1.00, b*=3.33,
and for OD fruits with fructose solution these values ranged as follows: L from 36.06 to
29.25, a" from 4.53 to -2.33, and b* from -1.26 to 1.01. It can be observed that coordinate L*
presents the lowest values 28.18 after treatment with sucrose 80 %solution indicating that
quince dehydrated presented a darker colour compared to the fresh samples. Chauhan et al.
(Chauhan et al., 2011) reported that the color changes of the fruits (darkening) due to the
enzymatic browning are correlated with the L™ and a* values. Changes in the * (green — red)
coordinate for dehydrated samples with sugar solution show a change in color from greenish
yellow to fresh samples (1) in reddish yellow (-2.12).

The results of the current study were quite in agreement with those of El-Aouar et al.
(El-Aoua et al., 2006); these authors reported that the concentration of the osmotic solution
was the most important effect on weight loss of osmatically dehydrated slices of papaya
(Carica papaya L.) with sucrose and corn syrup (El-Aoua et al., 2006).

Conclusion

1. Processing of quince by osmotic dehydration using three concentrations of fructose and
sucrose solution (40%, 60% and 80%) osmotic solutions significantly increased the total
phenolic and acid ascorbic content in comparison to control sample.

2. Weight reduction (WR) were higher for fructose osmosis samples compared to sucrose
osmosis samples at the same concentration of the solution. Both weight reduction (WR)
increased with increasing osmotic agent concentration. This can be attributed to the fact
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that fructose is a low molecular weight monosaccharide and therefore has a more
pronounced effect on water loss compared to sucrose which is a polysaccharide.

3. The studied factors of osmotic dehydration (process duration, type of agent and sugar
solution concentration) showed a significant influence on weight reduction.
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Introduction. The aim of this study is to estimate the
nutritional value of fish soup from cultured brook trout in
terms of a healthy diet for human consumption.

Materials and methods. Fish soup was prepared from
23.65% previously cooked trout mince and 18.76%
vegetables, and cooked for 35 mins. The final product was
analyzed for the proximate composition, fatty acids and,
mineral contents as well as carotenoids and vitamins B1, B2
and B6. Inductively coupled plasma Mass Spectrometer (ICP-
MS) was used for mineral content after decomposition of
lyophilized samples. Fatty acids methyl esters were separated
by gas chromatography by flame ionization detector (FID).
High performance liquid chromatography (HPLC) was used
for the estimation the contents of vitamins and carotenoids.

Results and discussion. The proximate contents of soup
were represented by 87.79% moisture, 8.18% protein, 2.89%
crude fat, 1.17% dietary fibre, 0.62% ash and 0.03%
carbohydrate. The energy value was calculated as 58.82
kcal/100g. The value of total polyunsaturated fatty acids
(3PUFA) was higher than the values of total monounsaturated
(3 MUFA) and saturated fatty acids (3.SFA) and accounted as
43.89, 34.93 and 19.83%, respectively. The main PUFA
corresponded to linoleic acid as 27.14% followed by
docosahexaenoic  acid (DHA) as 7.92%. Total
eicosapentaenoic acid+docosahexaenoic acid (3 EPA+DHA)
was observed as 9.21% which was accounted as 239.04
mg@/100g soup. The results of this study demonstrated that a
portion of trout soup (about 200g) would well cover daily
recommended n-3 PUFA intake while slightly higher amount
is required for daily EPA+DHA intake. Mineral contents were
varied in the range of 1.77-31.52 mg/g (dwb), while the results
obtained for vitamin B1, B2 and B6 and for carotenoids were
comparable with the data given for different types of soups in
literature.

Conclusion. This study indicates that a nutritious fish soup
can be produced from brook trout for human consumption
suitable for a healthy diet.
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Introduction

Brook trout (Salvelinus fontinalis, Mitchill, 1814) belongs to Salmonidae family and is
distributed to North America. It is native to most of eastern Canada from Newfoundland and
Labrador to western side of Hudson Bay; south in Atlantic, Great Lakes, and Mississippi
River basins to Minnesota and northern Georgia, USA. It is widely introduced in North
America and temperate regions of other continents of the world (FISHBASE, 2020). Brook
trout is not a native species of Turkey. It has been introduced from Europe for aquaculture
purposes. Today, the species is reared in some rainbow trout farms in eastern Black Sea
region (Atasaral Sahin et al., 2011). Although the world production, particularly
aquaculturing of brook trout has been increasing, the world production was reported lower
than Rainbow trout as 1546.5 tonnes in 2018 (FAO, 2020). However, most countries
include this species within the other trout species in their statistical reports, such as Turkey.
Therefore, the actual production value is unclear.

Soup is defined as a liquid food usually made by stewing ingredients such as meat,
vegetables, and fish often in a stock and with seasoning or a chemical mixture (Kiin-Kabari
et al., 2017). Due to health benefits of seafood, proximate composition and nutritional
properties of trout have been investigated in the past research (Guillou et al., 1995; Atasaral
Sahin et al., 2011; Oz and Dikel, 2015). Therefore, consumption of fish soup has also been
advised by some authorities (CFS, 2020).

Despite nutrient database reports of various organisations provide information on
nutritional values of various foods including few fish soup products, the actual processing
and ingredients of the reported processed foods are not clear. Although limited studies
reported the proximate composition and nutritional value of edible muscle for brook trout
(Atasaral Sahin et al., 2011), no study exists on the fish soup originated from trout including
brook trout.

Therefore, our aim of this study is to estimate proximate composition and nutritional
value of fish soup prepared from brook trout in terms of a healthy diet for human
consumption.

Materials and methods
Production of fish soup

The type and amount of ingredients used in fish soup were given in Table 1. The weight
and the sizes of fish were 17.5-32.7 cm and 162.7-410.5 g, respectively. In total around 17
kg brook trout was used. The other ingredients used were obtained daily from a supermarket
situated in central Trabzon, Turkey. They were transferred to the laboratory within an hour
and kept in cool conditions until use.

Preparations of ingredients

All fish were first measured and weighed before using. After prewashing, they were cut
into 2-4 pieces depending on the sizes and then placed into chilled water containing 5% salt
for 30 mins. Then, they were washed again and transferred in a sieve (stainless Steel 18/8,
Large Colander: 250 x 90 mm) and enclosed to keep ingredients.

The vegetables were cleaned from their skins and other unwanted parts (e.g. stem/stalk
of green pepper and parsley, and spoiled parts), then washed and drained. They were chopped
and weighed before using. The lemons were freshly squeezed to obtain fresh juices just
before cooking. The wheat flour was kept in oven at 200-250 °C until it started browning.
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Preparation of fish soups

The ingredients were separated into two groups, namely fish (containing fish heads,
skins, flesh and bones) and vegetables (garlics, onions, fresh carrots, fresh tomatoes and fresh
green peppers) are placed in enclosed stainless-steel sieves separately (Table 1). Then, they
were transferred into a boiler (Stainless Steel 18/10, 28x18 ¢cm) containing tap water. Then,
the boiler containing fish and vegetables were placed on an industrial type heater
(340x550x740 mm, LPG, 3.8Kw). Bay leaves and lemon pieces were added into water to
provide some aroma into the soup and they were taken out after the first cooking step.

Table 1
Ingredients used in the preparation of fish soup from of brook trout

Ingredients %

Fish mince (Boiled and separated from 23.65
bones and skin)

Carrot 591
Tomatoes 3.65
Onion 3.68
Green Pepper 3.50
Parsley 0.71
Garlic 0.71
White flour (roasted) 0.60
Salt 0.69
Lemon juice 1.18
Water 55.72
TOTAL ~100 (Water loss due to evaporation was not

taken into account)

Bay leaves and lemon pieces separated into two or three pieces were added to the product during the
first cooking phase and then discarded.
The ratio of these amounts is not considered.

The cooking was carried out in three different steps. First cooking was completed in 20
mins at about 93+3 °C and stopped. The fish was taken out onto a container (Stainless Steel
18/10, 80x40cm) which was previously cleaned and sterilized in an oven at 250 °C for 1
hour. The flesh of fish was separated from the bones and skin in hygienic conditions, then
weighed into an aluminium foil before adding back to the boiler. The bay leaves and lemon
pieces were removed from the boiler while the vegetables were freed into the water in boiler.
The cooking was continued further for about 5 mins and stopped. All the vegetables were
blended into small pieces using a blender (Argelik K8525, Turkey) to get an even mixture.
The fish mince obtained from previously cooked fish was added into the broth of
homogenized vegetables. Later, chopped fresh parsley, lemon juice and salt were added into
the mixture. The roasted wheat flour was dissolved in cold water was also fortified into the
soup mixture. The second cooking step took place for 10 mins at 9343 °C. All the ingredients
in the soup was homogenized using the same blender for 1-3 mins.
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Analytical methods
Proximate composition and energy value

The AOAC method numbers of 985 (AOAC, 1995a), 7.009 and 2.507 (AOAC, 1980)
were used to analyse moisture, ash and protein contents, respectively. The dietary fibre of the
fish soup was analysed using AOAC Official Method 991.43 (AOAC, 1995b). Crude fat
content was analysed by using solvent extractor Velp SER 148/6 with petroleum ether
(130°C) (Tufan et al., 2016). The Atwater method was applied to calculate total energy value
of the soup (Merrill and Watt, 1973).

Metal (Mineral) analysis

The samples were transferred to the laboratory in frozen form. The fish soup samples
were lyophilized using a lyophilizer (ALPHA 1-4, CHRIST, Germany). Then, the samples
were decomposed by microwave method and analysed for metals using inductively coupled
plasma Mass Spectrometer (ICP-MS). About 0.5 g of lyophilized sample was weighed into
a TFM vessel (Microwave oven ETHIOS E — touch control) and treated with 6vmL of HNO;
(65% Fluka-Sigma, Germany) and 2mL of hydrogen peroxide (30%, Belinka) was added.
The vessels were closed and transferred into the microwave oven. The microwave digestion
program was carried out under two steps as 1% step included 10 mins ramp time at 180°C
with 1000-Watt microwave power, then 2" step with 10 mins hold time at 180°C with 1000-
Watt microwave power. Then the vessels were cooled, the digested solutions were transferred
into the 25 mL volumetric flasks and made up to volume with MQ water (for
chromatography, > 18,2 MQ/cm, Aldrich, Germany). Dilution according to the desired
concentration range was made before measurements. Multi element standard solution (Merck
KGaA, Germany) for calibration was used in metal analysis. A blank digest is carried out in
the same way. All minerals were determined using an ICP-MS (Agilent Technologies, Model
7900) against aqueous standards. The mineral concentration is expressed as mg mineral/kg
fish dry weight.

Analysis of fatty acids

A modified method of Park and Goins (1994) was used to analyse fatty acids of fish
soup. Before esterifying of fatty acids and analysis by GC-FID, the soup samples were
lyophilized to remove the water. Esterification of fatty acids was performed according to the
procedure developed by Park and Goins (1994). The method consists of in situ
transesterification without prior extraction of fat from the sample. About 0.2 g of each
anhydrous sample was weighed into a test tube with a stopper and added 300 pL
dichloromethane (CH.Cl,) and 3 mL of freshly prepared 0.5 M sodium hydroxide (NaOH)
in methanol. Tubes were purged with nitrogen to prevent the oxidation from the air and closed
by stoppers. Well mixed content was heated for 10 mins at 90°C in a thermal block. In that
time the hydrolysis of fats expired. After heating, tubes were rapidly cooled under running
water. Then, 3 mL of 12 % boron trifluoride-methanol solution (BFs;.CH3zOH) was added to
each tube, re-purged with nitrogen, and heated for 10 mins in thermal block at the temperature
0of 90°C. In that time the transesterification expired. Then, 3 mL of deionized water and 1.5
mL of hexane were added in cooled tubes. Methyl esters were extracted in a non-polar solvent
by shaking for 1 min. The reaction mixture was centrifuged for 10 mins at 2000 rpm.
The hexane layer was separated from the aqueous phase and was transferred to the bottle
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with a Pasteur pipette, which was further purged with nitrogen. Until analysis it was stored
at -20°C.

Methyl esters of fatty acids were separated by gas chromatograph Agilent 6890 and
detected by flame ionization detector (FID). Capillary chromatographic column Omegawax
320 was used. The column was silica with stationary phase of polyethylene glycol (30 m x
0.32 mm x 0.25 pL). Injection volume was 10 pL. Split injection mode with ratio 30:1 was
used. For instrument calibration mix standard NuCheck 85 was used. Argon was used as a
carrier gas with flow rate 1.5 mL/min. Flow rate of make-up gas (nitrogen) and fuel gas
(hydrogen) was 30 mL/min. The injector temperature was 250°C and the detector
temperature was 290°C. Temperature program of separation had set up the initial temperature
of the column at 170°C, which was heated with a rate of 1°C/min till 215°C. After 9 min at
the maximum temperature there was cooling with a rate of 5°C/min till 170°C.

The amount of mg fatty acid in edible portion of trout soup was calculated by Greenfield
and Southgate (2003) using the following formulae:

FA content (mg FA per 100g edible portion of fish soup) = [FAME% x FACF x lipid
content% (g lipid / 100g food)]/100;

Where FAME is fatty acid methyl esters, FACF: the lipid conversion factor (fatty acid
conversion factor, g FA g-! lipid). FACF is reported as 0:933 for fish finfish (Weihrauch et
al., 1977).

Vitamin Analysis

For vitamin B; and B,, the samples were extracted according to the method used by
Esteve et al. (2001), for vitamin Bs, the method used according to Kall (2003). About 5-30 g
samples were transferred into an Erlenmeyer with the size of 100 mL. Then, 60 mL of 0.1N
hydrochloric acid (HCI) was added. The mixture was autoclaved at 121 °C for 30 min. Then
it was cooled at room temperature before adjusting the pH at 4.5 using 2.5 M sodium acetate
solution. After addition of 100 mg taka-diastase and 5 mg acid phosphatase enzyme onto
samples, they were incubated at a shaking water bath at 45°C’de 3 hours for the extraction
of vitamin B; and B, and for 18 hours for the extraction of vitamin Be. Then, the samples
were cooled down to room temperature. The extract was made up to 100 ml using 0.1N HCI
and filtered using a qualitative filter paper. The solution was derivatised for the analysis of
vitamin B1. Twenty-five ml of filtered extract was transferred into polyethylene tubes and
then 1.5 mL potassium ferricyanide solution was added. The pH was adjusted to 7.0-7.1 using
Orto-phosphoric acid, then the solution was filtered through 0.45 pum filtrate before injection
to HPLC.

Fluorescent detector was used for the analysis. HPLC conditions used for vitamin B
was as follows; Wavelength: Excitation: 366 nm and Emission: 445 nm, injection volume:
20-50 pl, the flow rate: ImL/mins and the total analysis time was 25 mins. HPLC conditions
used for the analysis of vitamin B, was as follow; mobile phase: water: methanol (75:25 v:v),
wavelength: Excitation: 445 nm and Emission: 525 nm, injection volume: 20-50 uL, flow
rate:1 mL/mins, total analysis time was 20 mins. The HPLC conditions of the vitamin Bs was
as follows; Wavelength: Excitation: 290 nm and Emission: 395 nm, extraction volume: 50
pL, flow rate: 1 mL/mins, column temperature: 25°C, and total analytical time was 40 mins.

Analysis of Carotenoids

The method of Konings and Roomans (1997) was used to analyze carotenoids. Five
gram of homogenized fish soup was taken into a mortar and crushed (mushed). Then 50 ml
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of extraction solution (methanol/tetrahydrofuran (1:1) was added and mixed. The solution
was transferred into 100 ml volumetric measuring flask, then the rest of the sample in the
mortar was cleaned with the extraction solution and added to previous solution. Later, it was
adjusted to 100 ml with the extracted solution. The sample was filtered using a standard filter
paper, the filtrate was then filtered again using 0.45 um filter prior to injection to HPLC. The
HPLC conditions were as follows; Mobile Phase: Methanol: Tetrahydrofuran (95:5),
Detector: UV, Wavelength: 450 nm, Injection volume: 20 pl, flow rate: 0.8 ml/min,
Analytical time: 20 mins.

Results and discussion

Table 2 shows the results for proximate composition and energy value of fish soup
prepared from cultured brook trout.

Table 2
Proximate composition and energy value of trout soup

Analytical parameters | Value (Wet weight bases)

Moisture (%) 87.79+0.81

Protein (%) 8.18+0.31

Crude Fat (%) 2.894+0.18

Carbohydrate (%) 0.03£0.88

Dietary Fibre (%) 1.17£0.00

Ash (%) 0.62+0.13

Energy (kcal/100g) 58.82+0.88
Values (Dry Weight bases)

Dry Matter (%) 12.21+0.81

Protein (%) 65.96+0.69

Crude fat (%) 22.24+1.34

+SD

Past studies demonstrated that the moisture contents of soups highly depend on their
consistency and affect the ratios of other components such as protein and ash contents (Chan
etal., 1994; Obiakor-Okeke et al., 2014; Zhang et al., 2018; USDA, 2020). Moisture contents
of dried soups were reported as below 10% (Venugopalan and James, 1969; Rahman et al.,
2012; Priscilla and Vigasini, 2017) although the values were over 90% after their dilution
prior to use. Moisture contents of ready to eat soups were usually between 80 and 89%, while
lower values were reported for condensed soups (Obiakor-Okeke et al., 2014). The moisture
content obtained in this study was within the values obtained in the literature indicating the
thickness of it was similar to commercial soup products. Although Tolasa et al. (2012)
reported similar amount of moisture content for fish soup prepared from smoked Rainbow
trout trimmings, they obtained higher protein content and lower lipid value in comparison to
the current study. Lower moisture contents were reported by different studies for different
types of fish soups (Lied and Julshamn, 1986; Chan et al., 1994). Zhang et al. (2018) reported
very high levels (around 98%) for the fish soups prepared from Crucian carp and snakehead
fish. USDA food database (2020) reported two different home-prepared/made fish soups
contained 84.0 and 96.6% water.
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Chan et al (1994) reported higher protein content as 10.4% protein for bouillabaisse
soup. However, lower values were obtained by different studies (Lied and Julshamn, 1986).
USDA food database (2020) reported as 2.26 and 7.4% protein content for two different
home-prepared/made fish soups. Timerkan (2015) incorporated fish into dried soups and
showed that addition of fish meat can increase protein contents of the soups.

The fat content of fish soups not only depend on the fish species used in the soup, the
ingredients, particularly the addition of oil or butter during cooking can also change the fat
composition of final product. The fat content of brook trout soup was obtained in the current
work was higher than the values reported by USDA food database (2020) for two different
home-prepared/made fish soups. Lied and Julshamn (1986) found higher values of fat and
carbohydrate contents responding to higher energy values as 143.5 kcal/100g for fish soup
sold in Norwegian markets. Proximate composition of traditional fish soups served in Nigeria
were reported higher than this study since the soup was a condensed soup with a moisture
content lower than 60% (Obiakor-Okeke et al., 2014). Similarly, much higher proximate
composition can also be expected to find for dried/soup powders (Venugopalan and James,
1969; Jeyakumari et al., 2016; Fasogbon et. al., 2017; Kiin-Kabari and Akusu, 2017). Our
results also proved high values of protein and fat contents when calculated as dry weight
bases (dwb). Health benefits of fatty acids in fish soup are mostly related to its contents of
highly unsaturated fatty acids, particularly, omega-3 fatty acids. The fatty acid values were
presented in Table 3 as FAME% and mg/100 g in trout soup.

The results showed that trout soup has good nutritional value in terms of fatty acids
since it contains higher amount of total polyunsaturated fatty acids (3;PUFA) in comparison
to total saturated fatty acids (ZSFA). The highest value was represented by oleic acid
followed by linoleic acid. Various health benefits of omega-3 fatty acids, particularly,
eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) have been reported (Gogus
and Smith, 2010).

Total EPA+DHA values were calculated as 9.21% which corresponds to
239.04mg/100g of edible portion of trout soup. Previous studies indicated that fatty acid
values of farmed trout are highly affected by its diet (Trbovi¢ et al. 2012), and it contains
higher n-6 fatty acids compared to n-3 PUFA, particularly linoleic acid (Atasaral Sahin et al.,
2011; Yesilayer and Geng, 2013). Therefore, high levels of omega 6 were also expected in
trout soup used in this study as its being farmed origin. The ratios of n3/n6 and n-6/n-3 have
been suggested as a useful indicator for comparing relative nutritional values of oils. Varying
levels were suggested for n-3/n-6 as low as 0.2 and up to 1, while the UK Department of
Health recommends an ideal ratio of n6/n3 of 4.0 at maximum (HMSO, 1994; Gogus and
Smith, 2010). Both values were found within the suggested levels indicating the benefits of
trout soup for healthy diet. Different health institutions have recommended daily intake of n-
3 PUFA and EPA+DHA in varying rates within the range of 0.2-0.45g and 0.5-1.0g,
respectively (Gogus and Smith, 2010). The results of this study demonstrated that a portion
of trout soup (about 200g) would well cover daily recommended n-3 PUFA intake while
slightly higher amount is required for daily EPA+DHA intake. Chan et al (1994) and USDA
(2020) reported percentages of PUFA levels were lower than SFA and MUFA values in
different fish soups.
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Table 3

Fatty Acids FAME (%) | mg/100g of soup
C14:0 (Myristic acid) 1.59+0.02 41.2543.14
C15:0 (Pentadecanoic acid) 1.5940.02 5.724+0.35
C16:0 (Palmitic acid) 13.39+0.04 347.84+20.75
C17:0 Heptadecanoic acid) 0.21+0.00 5.46+0.34
C18:0 (Stearic acid) 4.22+0.04 109.68+5.80
C20:0 (Eicosanoic acid) 0.2040.00 5.20+0.32
> SFA (Saturated Fatty Acids) 19.83+0.05 515.13+£30.71
C14:1 (Myristoleic acid) 0.20+0.01 5.21+0.56
C16:1 (Palmitoleic acid) 2.82+0.04 73.39+5.50
C18:1n-9 (Oleic acid) 31.54+0.17 819.59+55.02
C22:1n-11 (Cetoleic acid) 0.37+0.00 9.61+0.60
> MUFA (Monounsaturated Fatty Acids) | 34.93+0.21 907.80+61.67
C18:2n-6 cis (Linoleic acid) 27.14£0.14 705.16+47.18
C18:3n-6 (Gama-linoleic acid) 0.66:+0.01 17.07+1.20
C18:3n-3 (Linolenic acid) 1.92+0.01 49.7943.02
C18:4n-3 (Stearidonic acid) 0.45+0.01 11.61+0.87
C20:2n-6 (Eicosadienoic acid) 1.29+0.01 33.59+1.94
C20:3n-6 (Homo- vy -Linolenic acid) 0.92+0.01 23.80+1.19
C20:3n-3 (Eicosatrienoic acid) 0.76+0.23 19.74+5.89
C20:4n-6 (Arachidonic acid) 0.76+0.03 19.72+0.58
C20:4n-3 (Eicosatetraenoic acid) 0.28+0.00 7.27+0.45
C20:5n-3 (Eicosapentaenoic acid) 1.30+0.02 33.67+1.58
C22:5n-3 (Clupanodonic acid) 0.51£0.01 13.15+0.53
C22:6n-3 (Docosahexaenoic acid) 7.92+0.28 205.37+5.74
> PUFA (Polyunsaturated Fatty Acids) 43.89+0.39 1139.94+63.61
>EPA+DHA 9.214+0.30 239.04+7.32
>'n-3 (Omega-3) 13.13+0.47 340.60+12.97
Y 'n-6 (Omega-6) 30.110.09 782.27+50.88
>1n3/>n6 (Omega-3/0Omega-6) 0.44+0.02
>'n6/>'n3 (Omega-6/0Omega-3) 2.30+0.09
Unidentified 1.35

+SD

Jeyakumari et al. (2016) reported that the highest fatty acid profile of carrageenan and

fish soup were corresponded to SFA followed by MUFA. The results of Zhang et al. (2018)
also showed similar trend by obtaining high values of ) SFA and > MUFA in comparison to
low values of Y PUFA in two different fish soups. Udari et al. (2015) obtained slightly higher
EPA and lower DHA values for fish soup powder from Sardinella longiceps.

Table 4 shows mineral contents of the fish soup prepared from cultured brook trout.
Minerals are reported to play a key role in biological processes and metabolism. Therefore,
they are considered as nutrient minerals related to specific health benefits (Zhang et al.,
2018).
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Table 4
Mineral contents of trout soup (dry weight bases)

Minerals Values

Sodium (Na) (mg/qg) 31.5242.45
Potassium (K) (mg/g) 11.93+0.85
Magnesium (Mg) (mg/g) | 0.91+0.014

Calcium (Ca) (mg/g) 1.38+0.147
Iron (Fe) (ug/q) 12.12+1.13
Copper (Cu) (ng/g9) 1.77+0.16
Zinc (Zn) (ng/9) 15.30+0.43
Barium (Ba) (19/9) 3.774+2.09

n=3, SD: standard deviation.

The values of minerals named Li, Be, B, Al, V, Mn, Cr, Co,
Ni, Cu, Ga, Rb, Sr, Mo, Ag, Cd, Te, Tl and U are reported to
be below the detection limit (1ng/g(ppb).

In this study, the highest value was obtained for sodium (Na) followed by potassium
(K), calcium (Ca) and magnesium (Mg). Trace amounts were found for copper (Cu), Zn, Fe
and barium (Ba). High amount of Na level was related to the addition of salt to the trout soup
during cooking. Food Standards Agency (2002) has reported twice higher amounts of Na
level in instant soup powder. High Na intake is not recommended for health risk arise from
high salt intake. Therefore, 1500 mg Na intake was advised by the health authorities for adults
and lower amounts were suggested for children (National Academy of Sciences, 2019). The
Na content obtained in this study was well below the upper limit given by this mineral since
the values in the current study represents dry weight bases. Mineral contents obtained in this
study were higher than several types of fish soups obtained by different researchers with
some exceptions (Chan et al., 1994; Obiakor-Okeke et al., 2014; Zhang et al., 2018; USDA,
2020) while higher Ca, Fe and Mg contents were reported for some dried soup containing
fish (Fasogbon et al., 2017; Priscilla and Vigasini, 2017).

Table 5 represents the values of carotenoids and vitamins of trout soup.

Table 5
Values of carotenoids and vitamins of trout soup
Vitamins Values (mg/100g) | Carotenoids | Values (ug/100g)
B1 (Thiamine) | 0.0175+0.001 Lutein 109.5+ 4.9
B2 (Riboflavin) | 0.0245+0.001 Beta carotene | 342.5+27.6
B6 0.074540.002 Lycopene 82.5+4.9
+SD

Vitamins are also important nutrient elements in foods relating to different health
functions (Lee et al., 2000; National Institute of Health, 2017). Thiamine and riboflavin are
important for the growth, development, and function of the cells in the body while vitamin
Bs is need for more enzyme reactions involved in metabolism. Vitamin Bs is also involved
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in brain development during pregnancy and infancy as well as immune function. Average
daily recommended amounts were reported as in the range of 0.2—-1.4 mg thiamine, 0.3-1.6
mg for riboflavin, and 0.1-2.0 mg for vitamin Bs depending on the age of humans (National
Institute of Health, 2020). Although the amounts for the relating vitamins were determined
the below the recommended values, the results obtained for thiamine and riboflavin in this
study closely supported the values obtained for various types of soups including chicken, fish
and different vegetables soups as reported by Venugopalan and James (1969), Chan et al.
(1994) and USDA (2020). Food Standards Agency (2002) reported higher value for Vitamin
Bs and beta carotene with some exceptions. Therefore, this study suggests that trout soup has
good contribution for the mentioned vitamins to the human diet. Lied and Julshamn (1986)
determined higher riboflavin and thiamine contents in fish soup sold in Norwegian fish
market.

Carotenoids are compounds of great dietary importance not only as precursors of
Vitamin A, but also as molecules that take part in cell protection and consumer attraction due
to the visual colour they provide to food. Epidemiological studies that strongly suggest that
consumption of carotenoid-rich foods reduces the incidence of cancers, cardiovascular
diseases, age-related macular degeneration, cataracts, diseases related to low immune
function and other degenerative diseases (Perera and Yen, 2007; Pal and Bhattacharjee,
2019). National Institute of Health (2020) recommended 700 pg of retinol activity
equivalents (RAE) for adult woman and 900 pug of RAE for adult man. Perera and Yen (2007)
pointed out that the retinol equivalency for B-carotene and other provitamin A carotenoids
differ much and they reported 12 pg of dietary beta-carotene is equivalent to 1 ug of retinol
(12:1 RAE). Therefore, our results suggest high contribution to the daily amount of RAE for
human consumption.

USDA (2020) has not observed any beta carotene, lycopene and lutein values in various
fish soups, they found higher lycopene values in Mexican style fish and vegetable soup, and
found lower values of beta carotene and lutein in comparison to the present study. Higher
carotene values were also found compared to the data reported by different food database
(Chan et al., 1994; Food Standards Agency, 2002). However, National Institute of Health
(2020) reported higher contents of beta carotene in various vegetable soups containing,
particularly carrot. Therefore, higher values are likely to arise from high percentages of
vegetable ingredients in the relating soup products.

Conclusion

The values obtained in this study indicate that soup prepared from cultured brook trout
has good nutritional value and therefore, it is suggested for a healthy diet for human
consumption.
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Introduction. Purpose of the work — to identify suitable
conditions for the extraction of pectin from stem pith of banana and
to investigate how it affects rheological and textural properties of fruit
jams.

Materials and methods. Stem pith of local banana cultivar.
Pectin extracted using hot water acidified with sulfuric acid. Yield
was studied and expressed as percentage of dried raw material used.
Degree of methylation was studied using titration method,
monomeric composition was studied using high performance anion
exchange chromatography with pulsed amperometric detector. Effect
of banana pectin upon flow behavior and texture profile of the
pineapple jam prepared with it was studied using rheometer. The
pectin was graded using modified line spread method.

Results and discussion. 27.91% of yield was obtained. All
independent variables were found to affect the yield to varying
degrees. Temperature and pH were found to be the most important
conditions affecting yield, while time of heating and SLR (time of
heating and solid to liquid ratio) were also found to be affecting the
yield, but to a lesser extent. The highest of the yield was at a SLR of
50, pH of 1.5, temperature of 82°C and a time of heating of 52.5
minutes.

Degree of methoxylation was found to be 62% with a
composition similar to that of pectin from other sources reported by
other workers.

Banana pectin was found to be affecting the rheological and
textural properties of pineapple jam. Yield stress of pineapple
prepared using banana pectin was found to be 113 Pa, compared with
96 Pa for control. At the same time highest shear modulus for the test
was 94 Pa, against a value of 60 Pa for the control. While banana
pectin was found to be affecting the strength of pineapple jam, more
of it was required to achieve it compared with citrus pectin. More
force was required to make the jam flow, indicating a higher yield
stress compared with citrus pectin.

Textural properties of the jam were affected by the addition of
banana pectin. Hardness was reduced from 6.18 for the control to 2.3
for the test while cohesiveness was reduced from 5.3 for control to
1.96 for test. At the time springiness was increased from 6.24 to 7.52.
Grade banana pectin was found to be 90.9.

Conclusions. Stem pith of banana is a potential alternate raw
material for the extraction of pectin and the pectin so extracted is
suitable to use as a gelling agent in food materials.
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Introduction

Pectin is used as a thickening and gelling agent in food and other industries for a long
period of time. Traditionally, it is obtained as a value-added product from agro-waste
materials. As new pectin-containing food (and non-food) products are developed
continuously, the demand for pectin increases throughout the world, making it necessary to
identify new sources for its feasible large-scale extraction. (Arachchige et al., 2020),
(Dimopoulou et al., 2019). The newly identified sources should be abundant and locally
available at low-cost, should yield pectin with minimum or no damage to the environment,
should give a reasonable yield per unit weight of the raw material and the extracted pectin
should contribute significantly towards the flow behaviour and textural properties of food
materials. The conditions affecting the yield need to be identified, in order to device a
financially viable strategy for its large-scale extraction. Moreover, source — structure-
usability relationship need to be established (Ciriminna et al., 2019). This is especially
important because the structure, and therefore the applications, of pectin greatly depend upon
the sources from which it is extracted.

Banana is the most abundantly cultivated fruit in the world. After using the fruits of
banana, most of the remaining parts of the cultivated plant are thrown away as waste. Natural
calamities and pest infestation also lead to the loss of a large quantity of banana plants before
harvesting. These wasted components in banana cultivation have been explored as a source
of pectin recently. The authors of this article have shown that peel (N. S. Rajendran and B.S.
Harikumaran Thampi, 2019) and underground stem (Rajendran and Harikumaran Thampi,
2021) of banana can be used as a viable source of pectin.

Stem pith of banana — the white part, enclosed by leaf sheaths, rising above the soil,
terminating with flower and fruit bunch- has rarely been explored as a source of pectin, and
there is no publication in this regard.

Therefore, in this work, we aim to substantiate the feasibility of using stem pith of
banana as a source of pectin, and also to study the usefulness of the extracted pectin as a
gelling agent in food industries.

Materials and methods

Studied products

Stem pith of Poovan (AAB) cultivar (local name) was collected from a local farm in
Palakkad district, Kerala state of India. The plant used as raw material in this study is being
described in “Cytotaxonomical Studies on Banana Cultivars”, by P.K. Valsalakumari
(Valsalakumari, 1984), Kerala Agricultural University, Kerala, India in 1984, as picture plate
no. 16, page no. 87-88).

Extraction of pectin

Fresh stem pith was washed with tap water, cut and pulverized, dried under sun to
constant weight, powdered and packed until use. Measured quantities were transferred to
particular volume of sulfuric acid-water mixture (Bouhennil et al., 2019) of particular pH,
heated at pre-defined temperature for definite time period, cooled to room temperature, dust
removed by centrifugation, pH raised to 6 using barium carbonate, pectin precipitated with
double volume of isopropyl alcohol, vacuum dried and powdered.

Estimation of Degree of methyl esterification — The method provided in Food
Chemicals Codex was used (Birch, 2003).
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Analysis of monomeric composition

Powdered pectin was hydrolysed with trifluoroacetic acid at 105°C for 5 hours, acid
removed by evaporation, 10 pg was injected in to high performance anion exchange
chromatography (HPAEC) CarboPacPA-1 column (4mm x 250mm) with 100 mM sodium
hydroxide and sodium acetate gradient, equipped with pulsed amperometric detector (PAD).
Dionex 1CS-3000 was used for monomer analysis.

Rheological analysis

Preparation of pineapple jam: Ripe pineapple was purchased from local market, washed,
chopped in to small pieces, pulverised and filtered through a 2mm mesh to get the juice. 529
of this juice was measured in to a vessel, 25g sucrose was added, boiled to a certain extent,
powdered mixture of 1g sucrose and 0.25g of pectin was added, boiled again until a brix of
60 % was reached, citric acid was added to bring the pH to 3.6 cooled to room temperature
and packed (Hlaing, 2019).

Estimation of Yield stress of pineapple jam: Amplitude sweep curves of the above jams
were obtained at 25°C, 11Hz frequency, shear strain range 0.1 to 100, with a Rheometer
(Aanton Paar) model MCR 52, plate-plate method, with a 1mm thickness of sample in
between.

Texture profile analysis

The above pineapple jam was placed on the lower plate of Universal Testing Machine,
Lloyd, LR-5K model, cylindrical probe — 80mm, load cell of 50N, speed of 50mm/min, at
25°C and the values were processed with NEXYGENPIus data Analysis Software provided
by the manufacturer. Gumminess was calculated as the product of cohesiveness and hardness
while chewiness was calculated as the product of springiness and gumminess (Hussain et al.,
2020).

Grading

The consistency of a gel prepared using pectin, sucrose and water was measured and
compared with that of a gel made using 150 grade, standard citrus pectin. pH of the gel was
adjusted using citric acid and sodium citrate. The process was repeated by adjusting the
concentration of pectin, until a gel with consistency matching with that of gel made with
citrus pectin was obtained. The ratio of grams of sucrose to that of banana pectin used for
making this gel was expressed as the grade of pectin.

Preparation of gel: Measured amounts of sucrose and water were boiled, pectin was
powdered with sucrose and added, 1ml 25% citric acid and 2ml 12.5% sodium citrate were
added with continuous boiling, removed from flame, 4 ml of 25% citric acid and 1 ml of
12.5% sodium citrate were added, cooled to room temperature overnight, then consistency
was compared with a gel made in the same manner using standard citrus pectin (Ranganna
S., 1986).

Measurement of consistency of pectin-sucrose gel using modified Line-Spread method:
3.0 ml of the gel was poured in to a horizontal glass plate at room temperature, and allowed
to spread, length of the gel was measured at the widest part using a scale after three minutes
(Kim et al., 2018). This process was repeated until similar values were obtained for gels
prepared with banana pectin and standard pectin. Grade of banana pectin is determined using
its concentration in this gel.
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Data were analysed using t-test, two sample, assuming unequal variance, (MS Excel
2017), p<0.05. Results were used to assess the impact of changing conditions of extraction
upon vyield of pectin. The same test was used to analyse the effect of banana pectin upon
rheological and textural properties of the pineapple jam.

Results and discussion

Yield

The highest yield was 27.9 %. Temperature and pH were found to be the most important
conditions affecting yield while time of heating and SLR were also found to be affecting the
yield, but to a lesser extent. These findings are in agreement with data published by other
workers (Wang et al., 2016).

Effect of temperature on yield

Table 1 shows the effect of increase in temperature upon yield.

Table 1

Effect of temperature of extraction upon yield of pectin from stem pith of Poovan cultivar of

banana
. Time, | Temperature, Yield,
Pairs | SET | SLR | pH minutes oC (%)
Pair 1 A 30 15 52.5 54 1.29+0.24
B 30 15 52.5 82 14.20+1.16"
Pair 2 A 30 15 97.5 54 4.554+0.64
B 30 15 97.5 82 26.35+2.50%
Pair 3 A 30 2.5 52.5 54 2.51+0.13
B 30 2.5 52.5 82 3.98+0.524
Pair 4 A 30 2.5 97.5 54 1.93+0.23
B 30 | 25 97.5 82 2.784+0.34
Pair 5 A 40 2.0 75.0 68 8.34+0.73
B 40 | 2.0 75.0 96 18.02+1.874
Pair 6 A 50 15 52.5 54 2.44+0.49
B 50 15 52.5 82 27.91+£3.224
Pair 7 A 50 15 97.5 54 15.174£2.06
B 50 15 97.5 82 26.52+2.884
Pair 8 A 50 2.5 97.5 54 1.42+0.23
B 50 2.5 97.5 82 5.54+0.844
Pair 9 A 50 2.5 52.5 54 1.81+0.18
B 50 2.5 52.5 82 3.95+0.384

*Values of yield are average of six independent analyses £SEM.
Set A in each pair is at a lower temperature, while set B is at a higher temperature.
Superscript A against the value of yield indicates that the particular value of yield

is significantly different from that of set A of the same pair.
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Temperature was found to be an important factor in deciding yield (Chen et al., 2021).
It is found that in most of the cases, yield significantly increased upon increase in
temperature, probably due to the increased penetration of the cell wall material by the
extractant liquid at the higher temperature (Wang et al., 2016).

Effect of pH upon yield

Table 2 shows the effect of increasing pH upon yield of pectin. It is evident that, in most
of the cases, increase in pH resulted in decreased yield. Thus, it may be concluded that, as a
general rule, increased concentration of acid favors penetration of the extractant mineral acid
solution in to the cell wall matrix of the raw material, releasing more pectin (Hlaing, 2019).

Table 2
Effect of pH of extraction upon yield of pectin from stem pith of Poovan cultivar of banana

Pairs | SET | SLR Time, Temperature, Yield,
minutes °C pH (%)
Pair 1 A 30 52.5 54 15 1.29+0.24
B 30 52.5 54 2.5 | 2.51+0.13A
Pair 2 A 30 52.5 82 1.5 | 14.20+1.16
B 30 52.5 82 2.5 | 3.98+0.52A
Pair 3 A 30 97.5 54 1.5 | 4.55+0.64
B 30 97.5 54 2.5 | 1.93+0.23A
Pair 4 A 30 97.5 82 1.5 | 26.35+£2.50
B 30 97.5 82 2.5 | 2.78+0.34A~
. A 40 75.0 68 2 8.34+0.73
Pair 5
B 40 75.0 68 3 3.35+0.47A
. A 50 52.5 54 1.5 | 2.44+0.49
Pair 6
B 50 52.5 54 2.5 1.81+0.18
Pair 7 A 50 52.5 82 1.5 | 2791+3.22
B 50 52.5 82 2.5 | 3.95+0.38A
Pair 8 A 50 97.5 54 1.5 | 15.17£2.06
B 50 97.5 54 2.5 | 1.42+0.23A
Pair 9 A 50 97.5 82 1.5 | 26.52+2.88
B 50 97.5 82 2.5 | 5.54+0.847

* Values of yield are average of six independent analyses £SEM.

Set A in each pair is at a lower pH, while set B is at a higher pH.

Superscript A against the value of yield indicates that the particular value of yield
is significantly different from that of set A of the same pair.

Effect of time period of heating upon yield
A quick look at the Table 3 indicates that more pectin was released from the raw

material when it was heated for longer duration as was demonstrated by other workers
(Fakayode and Abobi, 2018). This might be due to the more effective penetration of the
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extractant solution in to the deeper layers of the cell wall, leading to breakdown of chemical
bonds both within pectin and also between pectin and other molecules in it (Li et al., 2019).
Generally, in most of the cases, change in yield upon increased time of heating was
statistically not significant, under the experimental conditions used for this study.

Table 3
Effect of time of heating upon yield of pectin from stem pith of Poovan cultivar of banana

. Time, | Temperature, Yield,
Pairs | SET | SLR | pH minutes oC (%)
A 30 |15 54 52.5 1.29+0.24
Pairl | B 30 |15 54 97.5 4.55+0.644
A 30 |15 82 52.5 14.20+1.16
Pair2 | B 30 |15 82 97.5 26.35+£2.50°
A 30 | 25 54 52.5 2.51+0.13
Pair3| B 30 | 25 54 97.5 1.93+0.23
A 30 | 25 82 52.5 3.98+0.52
Pair4 | B 30 | 25 82 97.5 2.78+0.34
A 40 | 2.0 68 75 8.34+0.73
Pair5| B 40 | 2.0 68 120 8.61+0.64
A 50 | 15 54 52.5 2.44+0.49
Pair6 | B 50 | 15 54 97.5 15.17+£2.06"
A 50 | 15 82 52.5 27.91+3.22
Pair7 | B 50 | 15 82 97.5 26.52+2.88
A 50 | 25 54 52.5 1.81+0.18
Pair8 | B 50 | 25 54 97.5 1.42+0.23
A 50 | 25 82 52.5 3.95+0.38
Pair9 | B 50 | 25 82 97.5 5.54+0.84

*Values of yield are average of six independent analyses =SEM.

Set A in each pair is at a lower time period, compared with set B.

Superscript A against the value of yield indicates that the particular value of yield is
significantly different from that of set A of the same pair.

Effect of solid to liquid ratio (SLR) upon yield of pectin

Results are given in Table 4. It is evident that in half of the experiments increase in SLR
resulted in a statistically significant change in yield. In many of the cases, increased SLR
resulted in increased yield, because:

a. Increased dilution of the solution stabilised the released pectin, thereby helping
releasing of more bound pectin from cell wall materials;

b. Of the increased penetration of extractant liquid in to the biomass to release more
pectin.
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. Time, | Temperature, Yield,
Pairs | SET pH | minutes oC SLR (%)
A 15| 525 54 30 1.29+0.24
Pairl | B 15| 525 54 50 2.44+0.49
A 15| 525 82 30 | 14.20+1.16
Pair2 | B 15| 525 82 50 | 27.91£3.22%
A 15| 975 54 30 4.55+0.64
Pair3 | B 15| 975 54 50 | 15.17£2.06*
A 15| 975 82 30 | 26.35£2.50
Pair4 | B 1.5 97.5 82 50 26.52+2.88
A 2 75.0 68 40 8.34+0.73
Pair5 | B 2 75.0 68 60 3.87+0.56"
A 2.5 52.5 54 30 2.51+0.13
Pair6 | B 2.5 52.5 54 50 1.81+0.18%
A 2.5 52.5 82 30 3.98+0.52
Pair7 | B 2.5 52.5 82 50 3.95+0.38
A 2.5 97.5 54 30 1.93+0.23
Pair8 | B 2.5 97.5 54 50 1.42+0.23
A 2.5 97.5 82 30 2.78+0.34
Pair9 | B 25| 975 82 50 | 5.5440.847

*Values of yield are average of six independent analyses =SEM.
Set A in each pair is at a lower SLR, compared with set B.

Superscript A against the value of yield indicates that the particular value of yield

is significantly different from that of set A of the same pair

Degree of esterification (D.E.)

Table 4

The D.E. was found to be 62%, indicating that banana pectin was a high methyl pectin.

This is comparable with pectin from other sources (Li et al., 2019).

Monomeric composition

The following monomers (Table 5) were identified from the pectin extracted from stem
pith of Poovan cultivar. It is similar to the results published by other workers from other raw
materials (Sabater et al., 2020).

130 —— Ukrainian Food Journal. 2021. Volume 10. Issue 1




Food Technology ——

Table 5
Types and quantity of monosaccharides present in 10 pg of hydrolysed pectin obtained from
stem pith of Poovan cultivar of banana

Sl. No. Name of monomer Quantity (ng)
1 Fucose 0.024
2 Rhamnose 0.136
3 Arabinose 0.128
4 Glucosamine 0.004
5 Galactose 0.266
6 Glucose 0.428
7 Mannose 0.23
8 Xylose 0.056
9 Galacturonic acid 0.075
10 Glucuronic acid 0.064

Rheological analysis

Comparison of gelling ability of different types of pectin is shown in Table 6. The pectin
samples extracted were non-Newtonian and exhibited shear thinning behavior and is
consistent with data from other workers (Li et al., 2019). Shear modulus, a measure of the
strength of the material, was found to be increased upon addition of pectin and is comparable
with pectin from other sources (Koubala et al., 2009). However, more of the banana pectin
was required to bring up the shear modulus up to that of citrus pectin. At the same time, yield
stress, the stress beyond which the material begins to flow, was much more for banana pectin
than for citrus pectin. Thus more force need to applied to induce flow, under the given set of
conditions (Dinkgreve et al., 2016). These findings indicate that flow behavior of food gels
may be modified by careful use of banana pectin, as was reported earlier by workers using
pectin from other sources (Norziah et al., 2000).

Table 6
Comparison effect of pectin from different sources upon flow behaviour of pineapple jam

Experiment Yield stress Highest shear modulus
Average Average

A — Control 96.48+2.29 60.31+1.43

B — Std. 63.62+1.51 81.91+1.94

C — Test 113.21+2.688 93.97+2.23A8

*The values are averages of six independent analyses + SEM. p<0.05.

Superscripts A and B against the values of test indicate that the values are statistically
significant compared with control (A) and Std (B).

Control contained no pectin, Std. contained 0.25 g of citrus pectin while Test contained
0.25 g of banana pectin.

—— Ukrainian Food Journal. 2021. Volume 10. Issue 1 131



Food Technology ——
Texture profile analysis

Textural properties of the pineapple jam prepared using pectin from stem pith of Poovan
cultivar of banana are shown and compared with standard citrus pectin in Table 7.

Table 7
Texture profile analysis of pineapple jam prepared using pectin

A —Control | 6.18 x101+1.21x107
Hardness1 (N) B - Std 11.71+2.23x10!

C —Test 2.3+4.46x102A B

A — Control | 5.31x10+1.03x102
Hardness2 (N) B - Std 9.2+1.78x101

C - Test 1.96+3.8x102A B

A — Control | 7.68x10+1.49x102
Cohesiveness B — Std 5.0x10%+£9.7x10°3

C — Test 7.23x101+1.4x10%8
A — Control | 6.24+1.22x10!
Springiness (mm) B - Std 7.25+1.42x101

C —Test 7.52+1.45x10A

A — Control | 4.84x10%+9.42x10*
Gumminess (kgf) B - Std 5.97x101+1.15x1072
C - Test 1.7x10"%+3.27x103%A B
A — Control | 3.02x10+5.77x10°3
Chewiness (kgf.mm) B - Std 4.33+8.39x1072

C - Test 1.28+2.49x102A B

A —Control | 2.4x10°%+4.61x10®
Adhesiveness (kgf.mm) | B — Std 6.31x1072+1.22x10°3
C — Test 1.41x107%+2.76x10A B

Values are averages of six independent analyses £SEM. p<0.05.

Superscripts A and B against the value of test indicate that the particular value
is statistically significant compared with control and standard respectively.
“Control” contains no added pectin, ‘Std’ contains standard citrus pectin while
“Test” contains pectin extracted from stem pith of Poovan cultivar of banana.

Analysis of the textural profile indicates that all textural properties were influenced by
banana pectin. Therefore, a different set of textural properties may be achieved for the food
material, by replacing citrus pectin with banana pectin (Cruz et al., 2019). Hardness is the
most important textural property of food materials, having a direct role in consumer
satisfaction and marketability (Monalisa et al., 2020). Hardness of jam increased upon the
addition of banana pectin, but the magnitude of increase was less than that of citrus pectin. It
indicates that more force is required to compress the jam containing banana pectin compared
with the control, but less force compared with standard (Di Monaco et al., 2008). This is an
important finding as it helps to prepare food for people with difficulty in mastication and
deglutition (Nishinari et al., 2019). By adjusting the concentration of banana pectin, food
materials of required hardness and other textural properties may be prepared (Anuar and
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Salleh, 2019). Cohesiveness, a measure of the strength of chemical bonds in the jam under
study, was brought down upon the addition of banana pectin but not as much as citrus pectin.
This means that the energy required for successive rounds of chewing decreases more than
that for the control and this concept is helpful while formulating food for the elderly
(Nishinari et al., 2016). A chewiness — product of springiness, cohesiveness and hardness —
more than control, indicates that more energy is required to chew the jam prepared with
banana pectin, until it can be swallowed.

Grading

The grade of banana pectin was found to be 90.9, while many authors have reported
150 grade pectin from other sources (Maskey et al., 2018). This means that more of the
banana pectin is required to bring about the same consistency of the gel, compared with citrus
pectin. However, this cannot be observed as a demerit of banana pectin, because more of it
can be obtained from the waste produced from one banana plant and also because, of the
huge quantity of banana plants being cultivated globally (FAO, 2019).

Conclusion

1. Pectin obtained from stem pith of Poovan cultivar of banana is an effective
alternative plant-derived gelling agent useful in food industries.

2. Temperature and pH of extraction were found to determine the yield predominantly,
even though time of heating and SLR also were important parameters.

3. Banana pectin has a monomeric composition similar to that of pectin from other
sources.

4. lIts rheological and textural properties also were suitable to enable its use for
preparation of fruit jams.

5. Grade of the pectin was found to be less than that of citrus pectin.
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Introduction. The aim of this study was determination of the
stability of selenium and iodine in the functional meat products
prepared with seaweeds under different cooking procedures.

Materials and methods. Three edible seaweeds Fucus,
Cystoseira, and Laminaria were used in the study. Different meat
products with addition of seaweeds were prepared. Selenium
concentration was measured using diaminonaphtalene method.
Content of iodine was determined by inverse voltammetry.

Results and discussion. Meat-based food products prepared
with seaweeds to enrich them with iodine and selenium were
proposed. Seaweed Laminaria had too high iodine and selenium
contents to be used for preparation of dietary products. Cystoseira
was the better source of iodine than Fucus. All ready-to-eat
products with Cystoseira had higher iodine content than ones with
Fucus. lodine losses were lower and the contents of iodine in
ready-to-eat products were higher in the products prepared at
lower temperature 100-110 °C (steamed cutlets) in comparison
with 170 °C (fried cutlets). Altogether, method used for product
preparation had a great influence on iodine losses during cooking.
The biggest losses were observed for products prepared in liquid:
50% iodine losses in meat balls braised in sauce and 61% in
quenelles cooked in soup. Loss of iodine in dumpling was lower,
38%, maybe due to protection of meat with the dough cover. The
lowest loss of iodine, around 17%, was in grilled sausages due to
relatively low temperature of cooking and absence of liquid
environment.

Cystoseira was a lit bit better source of selenium than Fucus.
All ready-to-eat products with Cystoseira had slightly higher
selenium content than ones with Fucus. Influence of temperature
and method for food preparation was not so evident, selenium
losses varied from 19 to 27% for steam cutlets, meat balls and
even for quenelles and dumpling prepared with Laminaria. The
lowest loss of selenium, around 7%, was in the grilled sausages.

Conclusion. Fried and steamed minced-meat cutlets, meat
balls, and grilled sausages prepared with addition of 2% (w/w) of
seaweeds Cystoseira or Fucus can be recommended to be used as
the functional food supplying needed daily quantity of iodine and
selenium.
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Introduction

Meat products are essential part of a daily ration supplying human with valuable
nutrients. To improve meat products quality these products can be designed as the functional
food by direct incorporation of different ingredients during meat processing (Bhat and Bhat,
2011; Zhang et al., 2010). Among ingredients used for the preparation of functional food,
edible seaweeds are considered as a good source of antioxidants, dietary fibers, essential
amino acids, vitamins, unsaturated fatty acids, carotenoids and abundant minerals that can be
incorporated in meat, fish, bakery and others products (Bocanegra et al., 2009; Circuncisao
etal., 2018).

It was shown that the addition of seaweeds or seaweeds extracts can improve the health
value, shelf-life and quality of food (Roohinejad et al., 2017). There are some attempts to
use seaweeds in the preparation of meat-based functional food products. Seaweeds, for
example ‘“wakame” (Undaria pinnatifida), “nori” (Porphyra umbilicalis), and “sea
spaghetti” (Himanthalia elongata) were used as the sources of bioactive substances to
improve fatty acid content of some modified meat products such as frankfurters, patties and
restructured steaks (Cofrades et al., 2017). There were also attempts to prepare bread using
seaweeds Lemna minor or Ulva rigida to extend its shelf-life (Kilinc et al., 2013).

Edible seaweed (macroalgae) is a rich source of essential minerals and trace elements
needed for human nutrition, particular selenium (Se) and iodine (1) (Circuncisao et al., 2018;
Cherry et al., 2019), adequate intakes of which are required for optimal thyroid function
(Schomburg and Kohrle, 2008).

The aim of this study was determination of the stability of selenium and iodine in the
functional meat products prepared with seaweeds under different cooking procedures (Figure
1).
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Figure 1. Research scheme
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Materials and methods

Seaweeds

Three edible seaweeds from the brown algae family were chosen for this study: (1)
Fucus, “sea oak”, which has high contents of iodine, calcium, magnesium, iron and other
minerals (Pereira, 2011); (2) Black sea brown alga Cystoseira, which is a source of iodine
and selenium and is used as a food additive (Pereira, 2016), and Laminaria, which
traditionally has been used as a food additive being a source of biological active substances
including iodine in natural form and it is considered that it may be useful for preventing
lifestyle-related diseases (Kilinc, 2013; Shirosaki and Koyama, 2011). Seaweeds have been
dried in the conventional oven at 100 °C for 2—3 hours for the moisture content 12-13 %, and
then milled to a fine powder. The fine powder of seaweeds before addition to the minced
meat was mixed with water with temperature 20°C in the following ratio: mass of Cystoseira
to water 1:3, mass of Fucus or Laminaria to water 1:4, and exposed for hydration or 6-12
hours. Moisture content of seaweeds was determined after drying at 105°C to a constant
weight.

Trace elements determination

Selenium concentration was measured by minifluorometer (mode TD-360, Turner
Design, Sunnyvale, CA, USA) using diaminonaphtalene method (Watkinson, 1966). The
samples of biomass were preliminary digested using HNOs;, HCIO, and HCI. The
determination of selenium was made in quartz cuvette 3 ml. The excitation wavelength was
369 nm, the fluorescence emission wavelength was 525 nm.

Content of iodine was determined by inverse voltammetry using voltametric analyser
ABAZ2 (Scientific Industrial Enterprise, Saint Petersburg, Russia) (Korzun and Palamarek,
2014).

Thermal treatment of meat products

Meat products were treated at different temperatures: meat-ball were cooked by braising
in sauce at 100 °C, quenelle (meat ball cooked in broth) were cooked at 100 °C, boiling of
dumplings was done at 100°C, preparation of steamed minced cutlets was done at 100-110°C,
frying of minced cutlets was done at 150-170°C, and cooking of sausages on the grill was
done at 110°C.

Technological operations

Fried and steamed minced-meat cutlets. Ingredients for cutlets included chicken
meat, beef, semi-fat pork, minced fish, soya mince, and also barley, potato, eggs, onion,
carrot, sweet butter, bread, salt and spices. Barley was hydrated with water in ratio 1:2 for 30
minutes. Hydrated seaweeds Fucus or Cystoseira were added in quantity 2% (by dry weight)
to raw stuff and mixed for 7 minutes to obtain indiscrete mass. Eight different recipes were
used for cutlets preparation: chicken meat, minced fish, barley with biomass of Cystoseira
(1) or Fucus (2); chicken meat, semi-fat pork, barley with biomass of Cystoseira (3) or Fucus
(4), minced fish, soya mince, with biomass of Cystoseira (5) or Fucus (6); beef, semi-fat
pork, raw potato and biomass of Cystoseira (7) or Fucus (8). Content of iodine was
determined in raw, fried and steamed minced-meat cutlets. Fried minced cutlets were stored
at temperature -10 °C for 14 days (freezing) and then content of iodine was checked again.
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Meat-ball. Ingredients for meat balls included chicken meat, semi-fat pork, minced
fish, taking in different proportions, and also barley, eggs, sweet butter, bread, salt and black
pepper. Hydrated seaweeds Cystoseira or Fucus were added in quantity 2% (by dry weight)
to raw stuff and mixed for 7 minutes to obtain indiscrete mass. Meat balls (with weight of 70
g each) were prepared by braising in sauce at temperature 100°C. Four different recipes were
used for meat ball preparation: semi-fat pork, chicken meat, rice grits, barley flour, seaweed
Cystoseira (1) or Fucus (2); minced fish, wheat bread, milk, barley flour, seaweed Cystoseira
(3) or Fucus (4).

Quenelles. Quenelles (small meat balls with weight 15 g each) were cooked in a broth
at 100°C. Hydrated seaweed Laminaria was added in quantity 2% (by dry weight) to raw
stuff and mixed for 7 minutes to obtain indiscrete mass. Two different recipes were used for
quenelles preparation: semi-fat pork, chicken meat, barley flour, egg, carrot, onion, salt, black
pepper and seaweed Laminaria (1); minced fish hake, white bread, sweet butter, barley flour,
egg, carrot, onion, salt, black pepper and seaweed Laminaria (2).

Dumplings. Ingredients for dumplings included minced pork, minced beef, fat pork
(recipe 1) and fish pike perch (recipe 2), and also onion, chicken eggs, and spices. Hydrated
seaweed Laminaria was added in quantity 2% (by dry weight).

Grilled sausages. Sausages on the grill were prepared at 110 °C for 60 min. Ingredients
for sausage included chicken meat, semi-fat pork, lard, bean, onion, and species. Hydrated
seaweeds Fucus (recipes 1 and 3) or Cystoseira (recipes 2 and 4) were added in quantity 2%
(by dry weight).

Results and discussion

Fried minced-meat cutlets. lodine losses in minced-meat cutlets after frying at 150—
170 °C varied from 20 to 37% in products with Cystoseira (recipes 1, 3, 5, and 7) and from
20 to 23% in products with Fucus (recipes (2, 4, 6, and 8) ( Figure 2).
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Figure 2. lodine losses in fried minced-meat cutlets prepared by different recipes
1 —fried; 2 — fried after freezing
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Content of iodine in fried minced-meat cutlets with mass 50 g varied from 276 to 315
mcg: 189 mcg (recipe 1); 215 mcg (recipe 2); 276 mcg (recipe 3); 188 mcg (recipe 4); 315
mcg (recipe 5); 216 mcg (recipe 6); 188 mcg (recipe 7); 186 mcg (recipe 8). It was shown
that the losses of iodine depend on recipe notwithstanding what kind of seaweeds was used.
During preparation of fried cutlets, the higher losses were observed for recipes 3 and 4, which
differed only by seaweed added (3 with Cystoseira) and (4 with Fucus), and the content of
iodine in 50 g of fried minced-meat cutlets were 276 and 188 mcg, respectively. Meanwhile,
the lowest losses of iodine were observed for recipes 5 and 6, which also differed only by
seaweed added (5 with Cystoseira) and (6 with Fucus), and the content of iodine in 50 g of
fried minced-meat cutlets were 315 and 216 mcg, respectively.

Fried minced-meat cutlets were stored at — 10 °C for 14 days. Losses of iodine during
storage under freezing were negligeable, around 2%, and consisted from 23 to 39% in
products with Cystoseira (recipes 1, 3, 5, and 7) and from 22 to 30% in products with Fucus
(Figure 2).

Steamed minced-meat cutlets. Losses of iodine in steamed minced-meat cutlets
prepared at temperature 100-110°C were lower than in fried ones and were around 22% in
products with Cystoseira (recipes 1 and 3) and were around 15% in products with Fucus
(recipes 2 and 4) (Figure 3).
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Figure 3. lodine and selenium losses in steamed minced-meat
cutlets prepared by different recipes:
1 —iodine; 2 — selemim

Content of iodine in steamed minced-meat cutlets with mass 50 g varied from 202 to
342 mcg: 342 m cg (recipe 1); 214 mcg (recipe 2); 321 mcg (recipe 3); 202 mcg (recipe 4).
Content of iodine in fried minced-meat cutlets prepared without seaweeds (control) with mass
50 g varied from 0.32 mcg to 1.06 mcg.

Losses of selenium in steamed minced-meat cutlets were almost the same for all recipes:
around 27% in products with Cystoseira (recipes 1 and 3) and around 26% in products with
Fucus (recipes 2 and 4) (Figure 2). Content of selenium in steamed minced-meat cutlets with
mass 50 g were: 40 mcg (recipe 1); 35 mcg (recipe 2); 33 mcg (recipe 3); 30 mcg (recipe 4).
Content of selenium in steamed minced-meat cutlets prepared without seaweeds (control)
with mass 50 g varied from 20 mcg to 28 mcg.
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Meat-balls. Meat-balls and fish-balls were cooked by braising in sauce at 100 °C.
lodine loss in both types of balls with Cystoseira (recipes 1 and 3) Fucus (recipes 2 and 4)
was similar 50.1+1.6%. Contents of iodine in 50 g of balls with Cystoseira were 186.2 mcg
(recipe 1) and 181.1 mcg (recipe 3); with Fucus; 134.9 mcg (recipe 2); 146.3 mcg (recipe 4).
Content of iodine in meat balls prepared without seaweeds (control) with mass 50 g varied
from 0.01 mcg to 0.04 mcg.

Selenium loss in both types of balls with Cystoseira (recipes 1 and 3) or Fucus (recipes
2 and 4) was similar 20.1+1.2%. Content of selenium in meat balls with mass 50 g were: 38.9
mcg (recipe 1); 34.1 mcg (recipe 2); 19.2 mcg (recipe 3); 21.6 mcg (recipe 4). Content of
selenium in meat balls with mass 50 g prepared without seaweeds (control 1) was 3.6 mcg
(control 1 for recipes 1 and 3) and to 6.2 mcg (control 2 for recipes 2 and 4).

Quenelles. Meat quenelles (recipe 1) and fish quenelles (recipe 2) with Laminaria with
weight 15 g each cooked in the soup at 100°C. lodine loss was 60.9% for meat quenelles and
56.1% for fish quenelles. Content of iodine in 50 g of quenelles was 574 mcg (recipe 1) and
693 mcg (recipe 2). Selenium loss was 15.9% for meat quenelles and 20.3% for fish
quenelles. Content of selenium in 50 g of quenelles was 136 mcg (recipe 1) and 125 mcg
(recipe 2).

Dumplings. Meat dumplings (recipe 1) and fish dumplings (recipe 2) with Laminaria
were boiled at 100 °C. lodine loss was 38.2% for meat quenelles and 40.6% for fish quenelles.
Content of iodine in 50 g of dumplings was 373 mcg (recipe 1) and 339.0 mcg (recipe 2).
Selenium loss was 20.1% for meat dumpling and 21.2% for fish quenelles. Contents of
selenium in 50 g of dumplings were 82 mcg (recipe 1) and 80 mcg (recipe 2).

Griddle sausages. Sausages on the grill were prepared at 110 °C for 60 min. Hydrated
seaweeds Cystoseira (recipes 1 and 3) or Fucus (recipes 2 and 4) were added in quantity 2%
(by dry weight). Losses of iodine and selenium were 15.4 and 7.2% (recipe 1), 16.0 and 6.1
% (recipe 2), 15.0 and 8.2% (recipe 3), 20.5 and 7.7 % (recipe 4), respectively. Content of
iodine and selenium, mcg/50g, were 270 and 45.4 (recipe 1), 243 and 39.1 (recipe 2), 306
and 40.2 (recipe 3), 218 and 36.0 (recipe 4), respectively.

Compatible analysis of seaweeds application as a source of selenium and iodine to
enhance meat products

Average data of all meat products without taking into account influence of recipes are
shown in Table 1.

Cystoseira was the better source of iodine than Fucus. All ready-to-eat products with
Cystoseira had higher iodine content than ones with Fucus. Influence of temperature is
evident, especially due to comparison of iodine content in fried and steamed minced-meat
cutlets: iodine losses were lower and the contents of iodine in ready-to-eat products were
higher when in the products prepared at lower temperature 100-110 °C (steamed cutlets) in
comparison with 170 °C (fried cutlets). Altogether, method used for product preparation had
a great influence on iodine losses during cooking. The biggest losses were observed for
products prepared in liquid: 50% iodine losses in meat balls braised in sauce and 61% in
quenelles cooked in soup. Loss of iodine in dumpling was lower, 38%, maybe due to
protection of meat with the dough cover. The lowest loss of iodine, around 17%, was in
grilled sausages due to relatively low temperature of cooking and absence of liquid
environment.
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Table 1
Losses of iodine and selenium in meat products enriched with seaweeds prepared by different
cooking methods

Meat Temperature, Seaweed lodine Selenium
products °C loss, mcg/50g loss, mcg/50g
% %
Fried 150-170 Cystoseira 27 242 N/d N/d
cutlets Fucus 22 201 N/d N/d
Steamed 100-110 Cystoseira 22 332 27 37
cutlets Fucus 15 208 26 32
Meat 100 Cystoseira 50 186 21 39
ball Fucus 50 135 19 34
Quenelles 100 Laminaria 61 574 16 136
Dumpling 100 Laminaria 38 373 51 82
Grilled 110 Cystoseira 16 305 8 43
sausages Fucus 18 200 7 38

Recommended Dietary Allowances (RDAs) for iodine is 150 mcg per day for most
adults (Trumbo et al., 2001) and 250 mcg per day for pregnant women (WHO, 2007). It looks
that Laminaria has too high iodine content, so, it is not reasonable to use it for preparation of
functional meat product to prevent over dosage of iodine daily intake. However, Cystoseira
and Fucus can be recommended to be used in quantity 2% for preparation of functional meat
product to enrich diet with iodine.

Fried and steamed minced-meat cutlets, meat balls, and grilled sausages prepared with
addition of seaweeds Cystoseira or Fucus can be recommended to be used as functional food
supplying needed daily quantity of iodine.

Cystoseira was a lit bit better source of selenium than Fucus. All ready-to-eat products
with Cystoseira had slightly higher selenium content than ones with Fucus. Influence of
temperature and method for food preparation was not so evident, selenium losses varied from
19 to 27 % for steam cutlets, meat balls and even for quenelles and dumpling prepared with
Laminaria. The lowest loss of selenium, around 7%, was in the grilled sausages.

According to World Health Organization, the recommended daily intake of selenium is
from 30 to 40 pg/day (Kieliszek and Blazejak, 2016). Daily consumption of selenium by
population in different countries varies from 28 to 150 ug Se per day. Daily recommended
allowances of selenium in Ukraine are 70 pg for men and 55 pg for women (Stabnikova et
al., 2019). However, a large part of the Ukrainian population has a shortage of selenium in
their rations. For example, daily consumption of selenium by people living in town Slavutich,
near Chernobyl nuclear power plant accident site, consists only 26% of recommended daily
allowance (Spirichev et al., 2006). It looks that Laminaria has too high content of selenium
to be used for preparation of dietary products as a source of selenium. However, minced meat
cutlets, meat balls and grilled sausages prepared with seaweeds Cystoseira and Fucus can
serve as the sources not only iodine but selenium also.

The quality of meat products with seaweeds were estimated by organoleptic properties
such as product appearance, view of the cross-section, consistency, color, taste and smell.
The volunteers from the National University of Life and Environmental Sciences and the
National University of Food Technologies made conclusion that there was no significant
difference between meat products prepared with seaweeds and control ones.
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Conclusions

Fried and steamed minced-meat cutlets, meat balls, and grilled sausages prepared with
addition of seaweeds Cystoseira or Fucus can be recommended to be used as functional food
supplying needed daily quantity of iodine and selenium.

Losses of iodine in meat products prepared with seaweeds depended on recipe,
notwithstanding what kind of seaweeds was used. Meanwhile, losses of iodine during storage
at — 10°C for 14 days were negligeable, around 2 %. The method that was used for product
cooking as well as temperature of cooking had also a great influence on iodine and selenium
losses during food preparation. Lowest losses of both elements were observed for grilled
sausage.

Seaweed Laminaria has too high iodine and selenium contents to be used for
preparation of functional meat products. However, minced meat cutlets, meat balls and
grilled sausages prepared with seaweeds Cystoseira or Fucus can serve as the sources for
iodine and selenium in preparation of functional meat products for consumption by Ukrainian
population.
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Introduction. The purpose of the present study is to
investigate the effect of some edible algae — Spirulina
platensis and Kelp on the content of thiamine and riboflavin
in wheat bread.

Materials and methods. Bread is obtained from wheat
flour with the addition of Kelp and Spirulina platensis
(powder) in the amount of 2 or 4% by the weight of flour.
The vitamin content was evaluated by liquid
chromatography with mass spectrometry (LC-MS) method.

Results and discussion. It was found that enrichment
with Kelp and Spirulina platensis (in the amount of 2% and
4% by the weight of flour) leads to an increase in the
content of thiamine and riboflavin in wheat bread. The two
types of algae have different effects. The use of 2% Kelp
leads to an increase of 7.35%, and of 4% — by 28.27% of
the amount compared to that in the control sample. The
most significant increase being observed with the addition
of 4% Spirulina platensis. The amount of thiamine is
1533.75 pg/kg of bread, which is almost twice as high as in
the control sample.

The content of vitamin By in the control bread sample
is 310.5 pg/kg. When Kelp in the amount of 2% is added,
the increase is by 81.7 ug/kg, and at the higher dosage (4%)
the increase is by 120 pg/kg compared to the control sample
and by 38.3 pg/kg compared to the bread with 2% algae.
The highest value was reported for bread enriched with 4%
Spirulina platensis. The riboflavin content is almost 3 times
higher than in the control sample; 2.37 times higher than in
the 2% Kelp sample and 2.16 times higher than in the 4%
Kelp sample.

Conclusions. Fortification of wheat bread with some
edible algae — Kelp and Spirulina platensis (especially in
the amount of 4% by the weight of the flour) is an effective
approach for increasing the content of thiamine and
riboflavin. The effect of Spirulina platensis on the vitamin
content is more pronounced.
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Introduction

The importance of vitamins for good health has long been known. Often, to ensure an
adequate intake of vitamins, people (especially those on special diets for health reasons,
vegetarians and vegans) consume foods fortified with vitamins derived from natural sources.
Seaweed can be successfully used for this purpose. Honya et al. (1994) point out that fresh
or dried seaweed is a traditional food of the diet in many coastal areas, especially on the
Pacific coasts of Asia and South America. On the other hand, Boukid and Castellari (2021)
outline a new trend — the use of algae in food formulation is positioning firmly in the food
market in Europe. The number of food products containing algae has significantly increased
during the period 2015-2019 (13,090 new food products containing algae were globally
launched, of which 5720 — in Europe). However, most of the specific nutritional information
on edible seaweeds concerns their protein content and favorable amino acid composition, but
there are less researches on the vitamin content in micro- and macroalgae.

Fabregas and Herrero (1990) published results on vitamin content of various microalgal
species. They noted that microalgae contained high concentration of provitamin A, vitamin
E, vitamin B; and folic acid, compared to conventional food sources. They point out that
Dunaliella tertiolecta is able to synthesize vitamin B12 (cobalamin), vitamin B; (riboflavin),
vitamin E (tocopherol) and provitamin A (B-carotene). Pawlak et al. (2014) point out that
seaweed containing vitamin B12 may be beneficial for people who follow a vegan diet who
are at risk of vitamin Bi2 deficiency (as it is found mainly in foods from animal origin).
Because certain seaweeds are a valuable source of both fat- and water-soluble vitamins
(Norziah and Ching, 2000) their use by the food industry and consumption by the general
public is increasing. According to Kennedy (2016) seaweed is a good source of a number of
water-soluble vitamins (B1, B2, Bi2 etc.). Based on this, algae are of particular interest as food
fortifiers due to the high content of biologically active ingredients (including vitamins).
According to Kadam and Prabhasankar (2010), bakery products, which are the most widely
consumed foods in the world, are best suited to include functional ingredients in the recipe
to achieve good health, optimal duration and quality of human life. From this point of view,
algae are a promising raw material for the bakery industry. Many authors study the influence
of algae on the protein content (Achour et al., 2014), dietary fiber (Raman et al., 2019) and
mineral content of wheat bread (Ak et al., 2016). Others pay attention to the effect of algae
on the rheological properties of dough and bread (Rosell et al., 2001; Mamat et al., 2014),
sensory properties and consumer acceptance of bread (Saharan and Jood, 2017), antioxidant
activity (Rozyto et al., 2017) and iodine content (Tsyganova et al., 2014). The effect of algae
on the vitamin content of bread has been less studied.

Dulinski et al. (2018) conduct a study to design a functional rye bread enriched with
algae extracts (Ascophyllum nodosum, Arthrospira platensis) and to analyze the content of
its selected bioactive ingredients: phenolic acids and vitamins B; and B,. As part of the
research, an attempt was also made to estimate the absorbable pool of these compounds by
using an in vitro procedure simulating digestion in the human digestive tract. It was found
that the addition of algae at the stage of mixing the rye dough significantly contributed to the
increase of the available pool of B vitamins in bread, especially riboflavin. The analysis
shows that the tendency to increase the vitamin content applies to bread samples enriched
with Arthrospira platensis. Relatively high in vitro bioavailability of vitamin B in bread was
found (45-62%). The authors attribute this to the beneficial effect of hydrocolloids present in
its biomass on the absorption of bioactive ingredients. In the case of thiamine, such large
increases in the content of this vitamin with the addition of the algae component were not
observed, nevertheless the trends noted in the case of riboflavin were confirmed.
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There are relatively limited publications on the effects of different types of algae on the
content of thiamine and riboflavin in bakery products. Both vitamins are sensitive to the
influence of temperature, light and other factors which the cereal grains are subjected to.
Technological processes in breadmaking can partially degrade these biocomponents in the
range from 25% (thiamine) to even 50% (riboflavin) of their initial level in the raw material
(Mihhalevski et al., 2013; Wolak et al., 2017). For this reason, many industrially produced
grain products are fortified with B vitamins to restore their original levels. There is a
significant gap in our knowledge about the effect of different types of seaweed on thiamine
and riboflavin content of wheat bread.

Therefore, the purpose of the present study is to investigate the effect of Spirulina
platensis and Kelp (in the amount of 2 % and 4 % by the weight of flour) on the content of
thiamine and riboflavin in wheat bread.

Materials and methods

Materials

For the preparation of the bread samples, the following materials were used:

— Commercial wheat flour type 500 with the following properties: moisture content — 12.8
%; gluten content — 27.07 %; release of gluten — 6 mm; titratable acidity — 2 °H;

— Water — according to 1SO 6107-1:2004;

— Commercial yeast (Lesafmaya);

— Salt — according to Codex Standard for Food Grade Salt CX STAN 150-1985;

— Spirulina platensis powder (average chemical composition: protein 64 g/100 g; fat 8.2
9/100 g of which saturated 3.42 g; carbohydrates 16.1 g/100 g, of which sugars 0.52 g,
fiber 7 g/100 g).

— Kelp powder (average chemical composition: protein 5.3 g/100 g; fat 4.2 g/100 g of which
saturated 0.9 g; carbohydrates 12.0 g/100 g, of which sugars 0.5 g, fiber 1.25 g/100 g).

Methods
Dough and bread composition

The composition of the bread samples is presented in Table 1.

Table 1
Bread samples composition

Bread samples
Sample S2 - Sample S4 -
h . Sample K2 — | Sample K4 —
Ingredients Control with 2 % with 4 % with 2 % with 4 %
sample Spirulina Spirulina
. . Kelp Kelp
platensis platensis
Wheat flour , g 250 245 240 245 240
Water, cm?® 140 145 155 145 155
Yeast, g 3.37 3.37 3.37 3.37 3.37
Salt, g 3.25 3.25 3.25 3.25 3.25
S. platensis, g — 5 10 — —
Kelp, g — — — 5 10
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Bread preparation

Bread is obtained from type 500 wheat flour by a two-phase method. Initially, knead the
yeast, flour and water dough in a 1:1 ratio in kneading machine (Labomix 1000, Hungary).
Pre-mixed Spirulina platensis and Kelp algae (powder) in the amount of 2 % or 4 % by the
weight of flour are added to the mixing water (combinations K2 and K4, for the breads
prepared with Kelp and combinations S2 and S4, for the breads prepared with Spirulina
platensis, respectively). The control sample was prepared only with wheat flour. The dough
thus prepared matures for 4 hours at 33°C and then mix the dough to obtain a homogeneous
mass by adding the remainder of the flour according to the formulation and salt (1.3 kg/100
kg flour). The bread dough divides (440 g) and forms, matures for 55 minutes at 38°C
(Tecnopast CRN 45-12, Novacel ROVIMPEX Novaledo, Italy). After the final fermentation,
the pieces of dough were put into an electric oven (Salva E-25, Spain) pre-heated to 200—
220°C. The baking time is 24 min, until the temperature in the center of the bread crumb
reach 96-98°C. After baking, the bread is allowed to cool down for 3 h at room temperature.

Determination of vitamin B1 and vitamin B2 content

]

Sample extraction. 5 g of each sample of bread were weighted into a 50 ml centrifuge
tube using an analytical balance. 25 ml of doubly distilled water were added and the samples
are dispersed with a Polytron apparatus for 10 minutes. The resulting suspensions were
centrifuged at 4000 rpm for 15 minutes. The upper layer was decanted into a centrifuge tube.
The precipitate was dispersed twice more with 10 ml of doubly distilled water. After each
dispersion, the suspensions were centrifuged and the lower layers were combined, then
filtered through a quantitative filter (syringe filter with a pore size of 0.45 um). About 1 ml
was taken from the filtrate and stored at up to 4°C for chromatographic analysis.

Analytical methods. In the samples thus prepared, the content of water-soluble
vitamins B; (thiamine) and B. (riboflavin) was examined on a liquid chromatograph with a
high-resolution mass-selective detector (LC-MS). The chromatographic system was
equipped with M510 and M45 pumps (Waters Associates), Rheodyne M-7125 injector and
scanning fluorescent detector. The mobile phase was methanol/water/acetic acid
(31/68.5/0.5) containing 5 mM sodium hexasulfonate. The determination of the
chromatographic peaks was carried out by comparing the retention times of the pure
substances for chemical analysis (certified reference material for vitamin B and vitamin B>)
with that of the tested samples. The qualitative identification of the analytes was based not
only on the retention times of each component, but also on the secondary mass spectrum of
the characteristic result ions of the studied vitamins.

Data on the amount of vitamins tested in bread samples were processed by the integrated
software of the liquid chromatograph with mass detector used.

Results and discussion

Effect of Spirulina platensis and Kelp on the content of vitamin B1in wheat bread

The human body needs a minimum of 0.33 mg of thiamine for every 1000 kcal it
consumes (Osiezagha et al., 2013). According to Harper (2006), many population groups
worldwide suffer from vitamin B; (thiamine) deficiency and are at risk of severe neurological
diseases. Vitamin fortification of daily consumed foods (such as bread) is an effective and
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easily achievable measure to improve public health, thanks to which it can overcome their
deficiency in all groups of the population.

Some authors (Batifoulier et al., 2006), aim to study by means of HPLC the content of
vitamin B; in nine varieties of wheat, as well as in the flour and bread obtained from them. It
has been found that vitamin B; content ranging from 2.60 to 6.13 pg/g dry matter in the
different wheat varieties. This reveals that the vitamin content is genetically determined and
should be an important factor to consider when selecting different varieties of wheat. After
grinding, only 43% of thiamine present into low-ash flour (compared to 80% for wholemeal
flour). After baking, the amount of thiamine decreases by 37% in white bread and by 31%
into wholemeal bread.

It’s well known that bread made from flours, which contain less particles from the
peripheral layers of the grain, has a lower vitamin content. This is due to the fact that thiamine
is unevenly distributed in the anatomical parts of the wheat grain — the aleurone layer and the
germ are much richer in this vitamin than the endosperm. In addition, the high temperature
effect during baking leads to the thermal destruction of a significant part of the vitamins. That
is why wheat bread from flour type 500 is not a good source of vitamins for the human body.
The effect of algae Spirulina platensis and Kelp on the content of vitamin B in wheat bread
is presented in Figure 1.

1800
1600
1400
1200
1000 —
800
600
400
200
0

Content of vitamin B1, pg/kg

Control Sample K2 Sample K4 Sample S2 Sample S4

sample
Bread samples

Figure 1. Effect of Kelp and Spirulina platensis algae on vitamin B1 content in wheat bread.

The content of vitamin B; in wheat bread from flour type 500 is 773.75 pug/kg. Our data
on thiamine content are almost identical to those published by Tiong et al. (2015), which
found an amount of 1.0 + 0.028 mg/100 g of product, but expressed the dry matter result (and
the data presented by us are of fresh product). Other authors (Umelo et al., 2014) found lower
amounts of vitamin B, in wheat bread — ranging from 0.034 mg/100 g to 0.044 mg/100 g. In
this case, both the genetic and varietal characteristics of the wheat and the specific
technological parameters of bread preparation (such as the type and quantity of yeast, the
duration of fermentation process) have an influence.
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From the data presented in Figure 1, it is clear that the addition of algae in the recipe of
wheat bread leads to an increase in the content of vitamin Bi. Both types of aquacultures
affect the amount of thiamine to varying degrees. Kelp cause an increase in its content to a
lesser extent. The use of 2% biomass from algae leads to an increase of 7.35%, and of 4% —
by 28.27% of the amount compared to that in the control sample. These results are expected,
considering that brown algae contain relatively high amounts of thiamine. According to
Sanchez-Machado et al. (2004) vitamin B, content vary from 0,14 + 0,02 to 0,40 = 0,13 g /g
dry matter. Therefore, the replacement of a relatively small portion of wheat flour (2% and
4%) with these brown algae reflects this way on the content of vitamin B in bread.

When Spirulina platensis is added to the recipe of wheat bread, the effect on the amount
of thiamine is much more pronounced. The addition of 2% caused an increase in the amount
of vitamin B1 1.65 times compared to the control sample. The reported result is 1277.5 ug/kg
of bread. This amount is 1.54 times higher than in the sample enriched with 2% Kelp algae.
When using 4% Spirulina platensis, the thiamine content is 256.25 pg/kg higher. The value
obtained of 1533.75 pg/kg of bread is almost twice as high as for the control sample; 1.85
times higher than for the 2% Kelp sample and 1.55 times higher than for the 4% Kelp sample.
The high efficiency of enrichment with these algae stems from the fact that they have a very
high content of thiamine, which, however, shows strong seasonal variations. Babadzhanov et
al. (2004) published the following data on thiamine content in Spirulina platensis: 11.6% of
dry matter in biomass collected in winter; 15.4% in biomass collected in the spring; 0.8% in
biomass collected during the autumn and summer seasons. According to these data the
biomass grown in spring-summer had a high vitamin content. This shows a clear seasonal
fluctuation in the vitamin content of algae. In order to increase the vitamin content of wheat
bread, the biomass of Spirulina platensis, intended for enrichment, should be harvested
during the spring-summer season. In addition, the amounts to enrich the bread and achieve
adequate intake must be calculated according to the amount of thiamine in the biomass.

According to Yusuf et al. (2016) the thiamine content of Spirulina platensis ranges from
34 to 50 mg/kg. There is a significant difference between the results published by the two
authors. This is due to the fact that the composition of algae is not constant and varies
depending on their species, geographical regions and harvesting season (Wells et al., 2017).

To get a better idea of the enrichment effect, a comparison was made between the
recommended daily intake of thiamine and the extent to which the bread samples tested
satisfies it.

The need to determine adequate vitamin B; intake arose decades ago. As early as 1967,
the World Health Organization set a recommended intake of thiamine 0.4 mg/1000 kcal.
Therefore, an adult male consuming 3200-3300 kcal per day needs a daily intake of 1.3 mg
of thiamine, while a woman consuming an average of 2300 kcal needs to take 0.9 mg of
thiamine per day. In 1989, the National Council for Research in the United States
recommended a daily intake of 0.5 mg/1000 kcal for adults, and the total daily intake not less
than 1.0 mg even for those consuming less than 2000 kcal daily (World Health Organization,
1999).

In Bulgaria, Ordinance Ne1/2018 of the Ministry of Health differentiates the
recommended thiamine intake depending on gender and age of the population. For men in
the age range of 19 to 60 years, the recommended daily intake of thiamine is 1.2 mg, while
for women of the same age — 1.0 mg. The degree to which the daily amount of bread
consumed from the tested samples satisfies the recommended daily intake is presented in
Figure 2.
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Figure 2. Effect of Kelp and Spirulina platensis on the degree of satisfaction of the recommended
daily intake of vitamin B1 in men and women aged 19 — 60 years

As can be seen from the figure, the average daily amount of wheat bread consumed in
Bulgaria provides less than 15% of the adequate intake of thiamine for men and 17.40% of
the adequate intake for women in the specified age range. We must take into account the fact
that thiamine may not be properly absorbed by people who have liver problems; there are
also some components in food that impair the absorption of thiamine (eg tannins in coffee
and tea).

Enriching wheat bread with seaweed leads to a higher degree of satisfaction with
adequate thiamine intake. The impact of both the type and the amount of aquaculture input
is clear. Kelp algae have a less pronounced effect. When 4% of them are added to bread, its
daily consumption provides 18.6% of the adequate intake of vitamin B, for men and 22.3%
of the adequate intake for women.

The impact of the other type of algae is more pronounced. Consumption of bread with
2% Spirulina platensis covers almost 24% of the recommended intake for men and almost
29% for women. If the amount of aquaculture is 4%, the highest degree of satisfaction of the
needed intake of vitamin B1 is achieved. Consumption of the usual daily amount of bread
provides 28.8% of the required amount for men and over a third (34.5%) of the required
amount for women aged 19 to 60 years. Replacing only 4% of wheat flour with Spirulina
platensis makes bread twice as effective a source of thiamine for the human body (compared
to the control sample).

For pregnant women and nursing mothers, a slightly higher adequate daily intake of
thiamine was determined — 1.3 mg. Consumption of wheat bread provides 13.38% of this
amount, and consumption of bread enriched with 4% Spirulina platensis — 26.5%.
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Effect of algae Spirulina platensis and Kelp on the content of vitamin B2 in wheat
bread

Riboflavin deficiency can cause vision problems, particularly cataracts. This disease is
the result of abnormal aggregation of proteins in the lens, which causes it to become cloudy.
In the elderly, the risk of cataract is increased due to riboflavin deficiency (Skalka and Prchal,
1981). Vitamin B, deficiency is found in about 80% of cataract patients. Riboflavin intake of
400 mg/day has a preventive effect against the development of age-related cataracts (Buehler,
2011). People who adhere to a special diet due to health problems (diabetes, peptic ulcer
disease, weight loss), as well as smokers, alcoholics and women using certain types of birth
control (Skrovankova and Sikorova, 2010) are at increased risk of riboflavin deficiency.

Thus presented literature data show that insufficient intake of vitamin B, can affect
health status in many different ways. The human body cannot synthesize this vitamin and
therefore it must be absorbed through food through absorption in the small intestine. The
results on the effect of Spirulina platensis and Kelp on the content of vitamin B in wheat
bread are presented in Figure 3.

As can be seen from the figure, the content of vitamin B- in the control bread sample
(from wheat flour type 500) is low — 310.5 pg/kg. Similar results were published by Martinez-
Villaluenga et al. (2009). According to them the amount of vitamin B in wheat bread is 45.48
+ 0.22 ng/100g dry matter. If this value is recalculated for fresh product, it would mean
272.88 pg/100g. Regarding the content of vitamin B, in bread, decisive factors are: its
quantitative content in the flour, the duration of fermentation, pH, high temperature exposure,
exposure to ultraviolet radiation and others (Ahmad et al., 2004). Whole meal bread is a better
source of this vitamin, as it is concentrated mainly in the germ and aleurone layer. The
inclusion of Kelp seaweed in the bread recipe leads to an increase in the amount of riboflavin,
but not very significantly. When the aquaculture is in the amount of 2%, the increase is by
81.7 ng/kg, and at the higher dosage (4%) the increase is by 120 pg/kg compared to the
control sample and by 38.3 pg/kg compared to the bread with 2% seaweed.
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Figure 3. Effect of Kelp and Spirulina platensis algae on vitamin B2z content in wheat
bread
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When Spirulina platensis is added to wheat bread, the effect on the amount of riboflavin
is much more pronounced. In the sample with the addition of 2% of the algae content was
reported 2.44 times higher than in the control sample and 1.93 times higher than in the bread
with the same amount of Kelp. The highest value was reported for bread enriched with 4%
Spirulina platensis. The riboflavin content is almost 3 times higher than in the control sample;
2.37 times higher than in the 2% Kelp sample; 2.16 times higher than in the 4% Kelp sample.
If we compare the result with that for bread containing 2% Spirulina platensis — the increase
is almost 23%. This proves that enriching wheat bread with Spirulina platensis is effective
and leads to a significant increase in vitamin B, content.

Initially, the high protein content and favorable amino acid composition of algae
aroused interest among researchers. Subsequently, it was found that they are a good source
of other biologically active substances, including — vitamins (Wells et al., 2017). In fact, the
literature on analytical methods and the content of riboflavin in biomass (fresh or dried) from
Spirulina is contradictory. It has been reported that the content of riboflavin in Spirulina
platensis varies from 37 to 45 pg/g dry matter (Andrade, 2018; Bishop and Zubeck, 2012).
Edelmann et al. (2019) examined four varieties (different brands with different countries of
origin) of Spirulina algae and found results ranging from 33.6 to 40.9 pg/g in the different
samples. In the same publication, a comparison was made between the amount of riboflavin
in the algae Spirulina platensis, Chlorella and N. gaditana powder. The author points out
that of all the aquaculture studied, the best source of riboflavin is the algae Spirulina. This
reveals the good potential for the use of Spirulina platensis as a supplement to increase the
content of vitamin B, in wheat bread. A much lower content of riboflavin (2-9 pg/g) in
Spirulina platensis has been reported by Babazhanov et al. (2004). Probably this is due to the
variation in the amount of vitamins depending on the region and the water basin of
aquaculture development, the season of their harvest and others.

Skrovankova and Sikorova (2010) point out that the recommended daily intake of
riboflavin depends on protein and energy intake and varies from 1.2 to 1.7 mg per day.
According to Ordinance Nel/2018 of the Ministry of Health in Bulgaria, the recommended
intake of riboflavin for men in the age range from 19 to 60 years is 1.3 mg, while for women
of the same age is 1.1 mg. The degree to which the daily amount of bread consumed from
the various tested samples satisfies the recommended daily intake is presented in Figure 4.

As can be seen from the figure, the average daily amount of bread from the control
sample provides a very small portion of the recommended intake — only 5.38% for men and
6.35% for women. If the diet includes other foods rich in riboflavin, this would compensate
for its low content in bread. But for people for whom wheat bread has been a staple food for
a long time, there is a risk of hypovitaminosis.

When Kelp is included in the bread recipe, the average daily amount of bread consumed
covers the recommended intake to a higher degree. The impact of aquaculture is stronger
when the amount is 4% by the weight of flour (respectively 7.45% of adequate intake for
men and 8.80% of adequate intake for women).

The effect of algae Spirulina platensis is much more pronounced. If used in an amount
of 2%, the daily amount of bread consumed covers 13.10% of the adequate intake of
riboflavin in men and 15.50% in women. These values are almost 2.5 times higher than those
found in the control sample. To the greatest extent, the amount of thiamine obtained from
bread is close to the recommended intake when 4% Spirulina platensis is included in the
recipe. The daily intake of bread provides 16.1% of the required amount of riboflavin in men
and almost one-fifth of the required amount in women. Thus enriched bread is three times
more effective than the control sample and 2.16 times more effective than bread containing
4% Kelp in terms of meeting the recommended intake of vitamin B..
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Figure 4. Effect of Kelp and Spirulina platensis on the degree of satisfaction of the recommended
daily intake of vitamin B2 in men and women aged 19 — 60 years

For pregnant women, the recommended daily intake of this vitamin is 1.4 mg. The
control sample of bread yields only 5% of this amount, and the bread with 4% Spirulina
platensis — 14.9%. The highest norms for daily requirement of vitamin B are set for women
who are breastfeeding — 1.6 mg. In this case, wheat bread provides only 4.4% of the required
amount of riboflavin, while fortified bread — 6% when using Kelp and 13% when using
Spirulina platensis (in the amount of 4%).

Conclusion

1. From the results obtained in the present study, it was found that the fortification of
wheat bread with Kelp and Spirulina platensis algae (in the amount of 2% and 4% by
the weight of flour) is a good opportunity to increase the content of thiamine and
riboflavin.

2. The effect of Spirulina platensis is more pronounced, as the highest values for both
vitamins were found when adding 4% of the algae to the raw materials for bread making.

3. By including biomass of algae Kelp and Spirulina platensis in the bread recipe, a
significantly higher degree of satisfaction of the recommended daily intake of thiamine
and riboflavin is achieved. This approach would allow prevention of deficiency of these
vitamins in some groups of the population and improvement of the health status.

These data show that enriching wheat bread with Kelp and Spirulina platensis is a
successful approach to increasing the content of thiamine (vitamin Bj) and riboflavin
(vitamin By) in bread. This way a large part of the population could achieve an intake of these
vitamins, much closer to the adequate.
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Introduction. Some elements of a honey are added by bees;
others occur after the maturation of honey. The physicochemical
parameters, pollen content, sugars content and organic acids content
were determined for Romanian acacia honey.

Materials and methods. 27 samples of acacia honey from
2020 were examined to determine the physicochemical parameters
(moisture, electrical conductivity, pH, free acidity, color, HMF
content) and sugars content using the methods proposed by the
International Honey Commission. Organic acids composition was
determined using the method proposed by Ozcelik.

Results and discussion. The botanical origin of all samples
was confirmed by melissopalinological analysis, each sample
containing more than 45% Robinia pseudocacia pollen granules.
According to Codex Alimentarius, moisture content should be
lower than 20%, and for the analyzed samples the moisture content
ranged from 16,66-20,74%. The pH of the acacia honey samples
ranged from 3.61 to 5.33. The free acidity of acacia honey analyzed
in this study ranged from 0.32 to 4.14 meqg/kg. None of the analyzed
samples exceeded the limit imposed by legislation. All honey
samples showed similar lightness values (29.62-46.57). The
maximum content of HMF in the samples was 23.20 mg/kg thus
falling within quality requirements. A value of less than 500 uS/cm
indicates a pure floral honey, and in this study the samples of acacia
honey had electrical conductivity values between 94.8—405 uS/cm.
In the acacia honey samples was identified a percentage of 68.35%
monosaccharides, and a small percentage of sucrose (maximum
2.093%). The F/G ratio varied between 1.02 and 1.65 for the studied
acacia samples and some samples can crystallize quickly because
have high glucose content and the F/G ratio is about 1. In the
samples with F/G values above 1.3 the tendency of crystallization
is slower. Gluconic acid was the main organic acid in all samples
(1.916-2.666 g/kg) followed by propionic and acetic acids.
Succinic acid has the lowest concentration in the studied acacia
honey samples.

Conclusions. All the investigated honey samples (27 samples)
met the quality criteria examined (moisture, pH, free acidity, HMF
content, color and electrical conductivity) and the high percentage
of pollen grains of Robinia pseudoacacia confirmed that the
samples analyzed were monofloral acacia honey.
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Introduction

Honey is the natural sweet substance produced by bees (Codex Alimentarius, 2001) and
most of its elements are derived from plants; while some are added by bees and others occur
after the maturation of honey (Teklit and Frehiwot, 2016). The main parameters of honey
quality, which also influences its price, derive from its botanical origin (Seisonen et al.,
2015). Monofloral honey is a high quality product, which has a unique aroma and taste, but
is often adulterated by incorrect labeling and mixing with inferior honey (Trifkovi¢ et al.,
2017; White, J. W., 2000). Monofloral honey is known to have specific therapeutic properties
and organoleptic attributes, and for this reason is one of the foods preferred by consumers.

Physicochemical parameters and especially the color influence the price of honey but
also the preferences of consumers (Visquert et al., 2014). Specific rules and standards are
needed to guarantee the identity and quality of honey so that people can consume honey
safely and pay the right price (Danezis et al., 2016). Obtaining data on the physicochemical
parameters of honey is important both for its characterization and for ensuring the quality of
products on the market.

The identification of the botanical and geographical origins of honey are indicators of
its authenticity (Jandri¢ et al., 2017; Karabagias et al., 2018). Ensuring the authenticity and
quality of honey is of real interest in the international honey market for both regulators,
consumers, traders and beekeepers (Sobrino-Gregorio et al., 2017). It should be noted that
each honey has unique organoleptic characteristics, which are closely related to its source:
botanical and geographical (Bogdanov et al., 2008).

The quality criteria for honey are set out in the EU Regulation and they include
organoleptic characteristics (appearance, color, taste, consistency, aroma and taste) and
physicochemical characteristics (moisture, carbohydrate content, pH, acidity, minerals,
electrical conductivity, vitamins, organic acids, hydroxymethylfurfural (HMF) content,
proteins) (Council, E. U., 2002). These parameters are influenced by the type of nectar,
climate, soil but also by handling practices after harvesting honey (Belay et al., 2013). When
we refer to the floral origin of honey, we implicitly refer to the geographical area, but also to
the flora of that area during the collection period (Kaskoniené and Veskutonis, 2010). The
chemical composition of honey even if it has the same floral source can be quite different,
due to different climatic conditions, soil characteristics and the presence of different minerals
from the soil (Persano Oddo and Piro, 2004). Honey is a complex product, whose
composition varies depending on the species of bees, the type of nectar, geographical area,
season and storage conditions and requires a characterization that targets various analytes:
volatile compounds, phenolic acids, flavonoids, carbohydrates, amino acids and organic
acids. The labeling of honey with a certain botanical or geographical origin cannot be carried
out taking into account only one type of chemical markers, but rather through a combination
of several.

The most known and appreciated assortment of monofloral honey produced in Central
Europe is acacia honey (Robinia pseudocacia) (Oroian et al., 2015). Acacia honey is
available on the European market, being one of the most appreciated assortments for its
appearance, light yellow color, delicate fragrance and floral aroma (Schievano et al., 2019).

In order to be able to classify a sample of honey as authentic acacia honey, it must
contain at least 45% granules of acacia pollen, as specified in the regulations on the quality
of honey (Soares et al., 2017). Analysis of pollen grains in honey sediments is used as a
benchmark to identify the botanical origin of honey (Pires et al., 2009). The main components
of honey are sugars and their use as floral or geographical markers of honey is not common
due to the difficulties of specifying one or more carbohydrates present in honey that can serve
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this purpose (Kaskoniené et al., 2010). However, some authors have suggested the use of the
amount and ratio of specific carbohydrates (fructose and glucose), as well as
oligosaccharides, as useful indicators for the recognition of monofloral honey (Cotte et al.,
2004). Organic acids are present in small quantities in honey but are important in establishing
the freshness and authenticity of honey (Pauliuc and Oroian, 2020).

The purpose of this work was to determine for acacia honey the physicochemical
parameters (melissopalynological analysis, moisture, color, pH, free acidity, electrical
conductivity), hydroxymethylfurfural content, sugars content and organic acids content.

This is the first study aimed at analyzing the organic acids found in acacia honey in the
N-E area of Romania.

Materials and methods
Samples

The acacia honey samples (27 samples) were purchased from the N-E part of Romania
and come from the production of 2020. The samples were purchased directly from beekeepers
and were liquefied at 50 ° C to be prepared for analysis.

Melissopalynological analysis

To identify the type of pollen that predominates in the honey sample, the pollen granules
on a sediment spread were counted at x40 magnification using an light microscope (Motic).
Sediment spread was obtained by dissolving 10 g of honey in 40 mL of distilled water,
followed by centrifugation at 4500 rpm for 15 minutes. The centrifugation process was
repeated for another 15 minutes after the supernatant was removed and water was added (Von
Der Ohe et al., 2004).

Physicochemical analysis

In order to determine the physicochemical parameters of acacia honey, the methods
proposed by the International Honey Commission (Harmonised Methods Of The
International Honey Commission, 2008) were used. With the help of these methods the
following parameters were determined: moisture content (using Abbe refractometer, Leica
Mark Il Plus), electrical conductivity (using portable conductometer HQ14d, HACH, USA),
pH (using pH meter Mettler Toledo FiveGo, Mettler Toledo, USA), free acidity (using
TITROLINE easy, Schott Instruments, Germany) and color (using portable chromameter
CR-400, Konica Minolta, Japan). The hydroxymethylfurfural (HMF) content was determined
using a UV-VIS-NIR spectrophotometer SCHIMADZU UV-3600 (Schimadzu Corporation,
Japan), according to the method proposed by White (White, 1979).

Determination of sugars composition

The sugars content was determined with a HPLC instrument (Schimadzu, Kyoto,
Japan). Before being injected into the HPLC instrument the samples were prepared as
follows: 5 g of each acacia honey sample were dissolved in 40 mL distilled water, mixed
with 25 mL of methanol (in a 100 mL volumetric flask) and then brought to volume with
distilled water (Harmonised Methods Of The International Honey Commission, 2008). The
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HPLC instrument was equipped with a LC-20 AD liquid chromatograph, SIL-20A auto
sampler, CTO-20AC column oven, and RID-10A refractive index detector. The separation
was performed on a Phenomenex Luna® Omega 3 um SUGAR 100 A HPLC Column 150 x
4.6 mm. The samples were filtered through 0.45 um PTFE membrane filters and then injected
in the HPLC instrument. The sample volume injection was 10 pL. The flow rate was 1.3
mL/min and the mobile phase was acetonitrile: water (80:20, v/v); the temperature of the
column and detector was 30 °C.

Determination of organic acids

Organic acids were determined using the same instrument as in the case of the sugar
content. The method of analysis was described previously by Ozcelik et al., (2016). 0.5 g of
acacia honey were mixed with 2.5 mL of 4% metaphosphoric acid (w/v), then the samples
were vortexed. Then, the samples were centrifuged for 5 min at 3500 rpm using a Z216-MK
refrigerated centrifuge (Hermle Labortechnik, Wemingen, Germany) The sample was
injected in the HPLC instrument (Schimadzu, Kyoto, Japan) with a diode array detector.

Results and discussion
Melissopalynological analysis

Since the last century, the analysis of honey pollen has been used as a method of
authentication, but the methodology has improved and harmonized several times over the
years (Ruoff et al., 2006).

The botanical origin of all samples was confirmed using melissopalinological analysis,
each sample containing more than 45% Robinia pseudocacia pollen granules. The percentage
of 45% pollen grains is the indicator by which honey can be classified as monofloral
(Consonni and Cagliani, 2015). Ma et al., (2019) detected a content of 80% pollen granules
of Robinia pseudoacacia in honey samples from China. Dobre et al., (2013) reported a
percentage of 58% Robinia pseudoacacia pollen in acacia honey samples from Romania.

Pollen analysis is not suitable for cases where the honey has been incorrectly filtered
or has been adulterated by the addition of pollen. Therefore, melisopalinology should usually
be supplemented by physicochemical and organoleptic analyzes. Thus, in order to classify
honey according to its botanical origin, a global interpretation of all results is needed
(Bogdanov et al., 2008).

Moisture content

The moisture of honey depends on several factors, namely: environmental factors, the
moisture of the plant visited by the bees, the degree of maturity of the honey reached in the
hive and the handling of beekeepers during honey harvest (Flores et al., 2015). According to
Codex Alimentarius (Codex Alimentarius, 2001) moisture content should be lower than 20%.
Exceeding the maximum allowed value leads to a deterioration by fermentation, due to the
presence of yeasts and bacteria in honey (Sakac et al., 2019). The fermentation process results
in alcohol, which in the presence of oxygen will decompose into acetic acid and water, honey
thus having a sour taste (Prica et al., 2014). This parameter is important in determining quality
and stability by limiting degradation during the fermentation process (El Sohaimy et al.,
2015). It is considered that a moisture content lower than 18% prevents the fermentation
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process. However, this possibility cannot be ruled out even when honey has a moisture
content of less than 17.1%, because there are certain predisposing factors such as: yeast
content, honey temperature but also the availability and distribution of water after
crystallization (Prica et al., 2014). For the analyzed samples the moisture content ranged from
16.66-20.74% (table 1). The moisture content of samples of acacia honey studied by Ahamed
etal., (2017) ranged between 8.8-13.85, values which were also in accordance with the Codex
Alimentarius standard. In another study, Liberato et al., (2013) examined 22 samples of
honey of different botanical origins from Nothern Brazil and found that the moisture
percentage range was 13.63-20.4%. Juan-Borras et al., (2014) studied acacia honey from 3
different countries and reported a moisture content of 16.9% for Romanian acacia honey,
15.9% for Spanish honey and 17% for Czech honey.

pH

The pH of honey is an important parameter because an acidic pH inhibits both the
presence and growth of microorganisms and can also influence the texture of honey, its
stability and shelf life (Karabagias et al., 2014). Organic acids are the compounds responsible
for protecting against microbial attacks, the pH of honey beeing normally between 3.5 and
5.5. Besides the fact that pH is an indicator of a possible microbial growth (Da Silva et al.,
2016) it also has a role in identifying the botanical origin of honey (Sanz et al., 2005). The
geographical and floral origin influences the pH values. The acidic pH of honey depends
largely on the amount of gluconic acid resulting from the oxidation of glucose under the
action of glucose oxidase. In addition, different aromatic and non-aromatic acids can affect
the pH of honey (Khalafi et al., 2016). The pH of acacia honey samples ranged from 3.61 to
5.33 (table 1). The values were similar to those reported by Karabagias et al., (2018) for
eucalyptus, chestnut and heather honey (pH 3.62 to 4.42). Cimpoiu et al., (2013) reported
that the average pH value is 4.23 for acacia honey and 4.36 for polyfloral honey.

Table 1
Physical-chemical parameters, sugars content and organic acids content of acacia honey
Variable Minimum | Maximum | Mean | Std. deviation
pH 3.610 5.330 3.980 0.365
Acidity (meq / kg) 0.320 4.140 2.377 0.828
Conductivity uS/cm 94.800 405.000 | 212.322 84.159
Moisture (%) 16.660 20.740 18.093 1.126
HMF (mg / kg) 0.150 23.204 4.136 5.012
Fructose 31.986 39.818 37.062 2.148
Glucose 20.662 33.684 25.796 2.621
Sucrose 0.000 2.093 0.450 0.555
F+G 53.084 68.352 62.858 3.510
FIG 1.021 1.655 1.449 0.150
Gluconic acid (g/kg) 1.916 2.666 2.206 0.202
Formic acid (g/kg) 0.030 0.175 0.119 0.032
Acetic acid (g/kg) 0.038 0.180 0.096 0.035
Propionic acid (g/kg) 0.004 0.196 0.032 0.036
Lactic acid (g/kg) 0.000 0.041 0.002 0.008
Butiric acid (g/kg) 0.000 0.045 0.012 0.014
Succinic acid (k/kg) 0.000 0.027 0.002 0.006
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Free acidity

Free acidity is given by the presence of organic acids and is the parameter that indicates
the beginning of the honey fermentation process, therefore the maximum allowed value for
free acidity is 50 meq acid/kg (Oroian et al., 2017; Da Silva et al., 2016). The acidity of honey
is caused, in addition to the presence of organic acids (tartaric, citric, oxalic, acetic, etc.), by
nectar or by secretions from bees (Yadata, 2014). The natural acidity of honey increases
during the storage and maturation of honey, as well as during the fermentation of honey. The
value of acidity, which is related to organic acids naturally present in honey, varies depending
on the floral source and the bee species (de Sousa et al., 2016). Free acidity is also used to
differentiate nectar honey from honeydew (Sanz et al., 2005). High values of free acidity
indicate the sugar fermentation with the formation of acetic acid by hydrolysis of alcohol
(Geana et al., 2020).

The free acidity of acacia honey analyzed in this study ranged from 0.32 to 4.14 meq/kg.
(table 1) None of the analyzed samples exceeded the limit imposed by legislation. Fuentes
Molina et al., (2020) reported values for free acidity of 9.5-46 meqg/kg when studying
polyfloral honey from Chile. Balos et al., (2018) reported values for free acidity of 5.44
meqg/kg (acacia honey) — 19.33 meq/kg (forest honey).

Color

Honey color analysis is a valuable method of classifying honey as monofloral. The
color varies from light yellow to dark brown with reddish hue or greenish hue, this color
variation being influenced by the source of honey (Marghitas, 2005) The values of color
parameters are presented in Figure 1.
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Figure 1. Color parameters (L*, hap and cab) for acacia honeys

Depending on the floral source, honey has a specific color; for example, acacia and
citrus flowers produce straw-colored honey, while tilia flower produces a darker honey with
a reddish hue (Siddiqui et al., 2017). The carotenoid, flavonoid and xanthophyll pigments
come from nectar and pollen. The color of the pollen can vary from shades of pale yellow to
dark brown, depending on the botanical species, this significantly influencing the color of
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honey (dos Santos Scholz et al., 2020). Besides its botanical origin, the color of honey can
also be influenced by the mineral content, the climate but also by the storage conditions
(Sakac et al., 2019). The price of honey depends largely on its color, acacia honey and citrus
honey obtaining the highest prices (Bogdanov et al., 2004). All honey samples showed
similar lightness values (29.62-46.57). Madas et al., (2019) reported values for L* of 50.19-
64 for Robinia pseudoacacia honey from Romania. Dos Santos Scholz et al., (2020) reported
that the mean values of L* in Ortigueira honey was 52.65.

HMF content

The hydroxymethylfurfural (HMF) content is a parameter that indicates the degree of
freshness of the honey and consequently its degree of deterioration (Onur et al., 2018). Cyclic
aldehyde HMF is absent in fresh and untreated foods. HMF content is formed by
caramelization and Maillard reactions or by the dehydration reaction of hexose in acidic
medium (Bouhlali et al., 2019). The main causes that can lead to increased HMF in food are
aging, the amount of water, free acidity, botanical origin, and stress during storage (Apriceno
et al., 2018). Therefore, HMF is a compound that occurs in large quantities in damaged
honey, in improperly stored honey and also in honey that has undergone a strong or prolonged
heat treatment (Oniir et al., 2018). The maximum limit allowed by law is 40 mg/kg (Council,
E. U., 2002). The maximum limit of HMF in the samples analyzed in this study was 23.20
mg/kg thus falling within quality requirements (table 1). Juan Borras et al., (2014) identified
a maximum value of 7.1 mg/kg of HMF content in tilia honey from Romania.

Electrical conductivity

Electrical conductivity is a parameter used to control the quality of honey and to
differentiate honeydew from floral honey. It can be used in determining the botanical origin
by correlating with the pollen content of honey (the mineral content being brought into honey
along with the pollen) (Kaskoniene et al., 2010). The analysis of this parameter is very often
used, being considered a good criterion to be able to identify the botanical origin and
implicitly the purity of honey (Balos et al., 2018). Components of honey such as organic and
mineral acids have the ability to dissociate into ions when they are in an aqueous solution or
conduct electricity. Light honey usually indicates a lower conductivity value than darker
honey (Kropf et al., 2008). The maximum allowed value for floral honey is 800 puS/cm and
values higher than 800 uS/cm are specific to honeydew (Karabagias et al., 2018). The
electrical conductivity increases with the amount of ash and acid in the honey (EI Sohaimy
et al., 2015). A value of less than 500 pS/cm indicates a pure floral honey, with exceptions
(Saxena et al., 2010). In this study the samples of acacia honey had values between 94.8 and
405 pS/cm and this value confirm that the analyzed samples are pure floral honey (table 1).
Vrani¢ et al., (2017) reported values of electrical conductivity between 160 uS/cm and 450
uS/cm for acacia and blossom honey samples. Marghitas et al., (2010) reported an average
value of 150 pS/cm for ten samples of Robinia pseudoacacia honey.

Sugars

The sugar content of honey depends on the type of flowers visited by bees and thus
varies with the botanical and geographical origin of honey and climatic conditions,
processing and storage (Kaskoniené et al., 2010). The sugar content of honey and even the
ratios between sugars are important indicators for classifying honey according to its botanical
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origin (Nozal et al., 2005). The predominant profile of sugars such as glucose, fructose,
sucrose and maltose have been associated with a wide variety of properties of honey, such as
viscosity, hygroscopy, granulation and energy value (Ouchemouk et al., 2009). As shown in
Table 1, in the studied acacia honey a percentage of 68.35% monosaccharides was identified,
with fructose reaching a maximum of 39.81% and glucose a maximum of 33.68%. All the
analyzed samples showed a higher fructose content. The high proportion of d-fructose than
d-glucose is related to the nectar source and suggests the possible existence of a low glycemic
index (Bouhlali et al., 2019). Kamboj et al., (2020) analyzed cotton honey and reported a
fructose content of 36.98% and a glucose content of 33.91%. The analyzed acacia honey
samples contain a small percentage of sucrose (maximum 2.093%) which is below the 5%
limit specified by Codex Alimentarius (Codex Alimentarius, 2001). A high sucrose content
indicates a premature harvest of honey, which means that sucrose has not been completely
transformed by the action of the enzyme invertase into glucose and fructose (do Nascimento
et al., 2015). The concentration of sucrose varies with the degree of maturity and the source
of nectar (Kamboj et al., 2013). Marghitas et al., (2010) reported for Romanian acacia honey
a concentration of fructose between 41.12-44.52% and for glucose 26-31.41%.

The ratio of fructose to glucose (F/G) is used to discriminate honeydew and floral honey
(Dobre et al., 2012) and to predict the crystallization potential of honey (Laos et al., 2011).
All types of honey that crystallize quickly have high glucose content and the F/G ratio is
about 1 (Rajs et al., 2017) but the tendency of crystallization is slower with F/G values above
1.3 (Dobre et al., 2012). As shown in Table 1, the F/G ratio varied between 1.02 and 1.65 for
the studied acacia samples. Juan Boras et al., (2014) reported an F/G ratio of 1.6 for acacia
honey and lower values of this ratio for lime honey (1.3) and sunflower (1.06), which shows
that acacia honey crystallizes more slowly.

Organic acids content

Organic acids represent a small percentage of the total components of honey (<0.5%)
but define the aroma, color, pH and acidity and also play an important role in the
antimicrobial and antioxidant activities of honey (Da Silva et al., 2016). The origin of
aliphatic organic acids in honey is partially known, although many of them can be natural
intermediates through the metabolic pathways of microorganisms, the Krebs cycle (acids:
citric, succinic, glutaric, fumaric and oxaloacetic) or enzymatic reactions. The acids can also
be synthesized from glucose, fructose and sucrose in the nectar, by the enzymatic action of
bees or can come directly from the secretion of plants and also from the excretion of insects
that reach the plants (Mato et al., 2003; Brugnerotto et al., 2019).

Determining the composition of organic acids in honey can be an important parameter
used to discriminate the botanical origin of honey (Daniele et al., 2012). The acidity of honey
is given by the more than 30 organic acids that are obtained directly from nectar or are formed
when nectar is transformed into honey (Da Silva et al., 2016; Mato et al., 2003). Fermentation
and aging processes that can occur during storage lead to an increase of total acid content
(Mato et al., 2006). The citric acid content is an essential parameter in differentiating floral
honey from honeydew (Suarez-Luque et al., 2012).

The non-aromatic organic acid that is predominant in the composition of honey is
gluconic acid and is formed by the activity of glucose oxidase during maturation or by the
metabolic activity of certain Gluconobacter spp. (Mato et al., 2003). Gluconic acid is also
the main organic acid in the case of the samples analyzed in this study (1.916-2.666 g/kg),
followed by propionic and acetic acids. Suto et al., (2020) studied acacia honey and reported
a content of 1.575 g/kg gluconic acid. In a previous study, a higher amount of gluconic acid
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(5.62 g/kg) was identified on sunflower honey (Pauliuc and Oroian, 2020), and the same was
observed for chestnut honey (8.90 g/kg) (Sahin and Erim, 2011). In conclusion, acacia honey
has a lower content of gluconic acid. As shown in Table 1, succinic acid has the lowest
concentration in the studied acacia honey samples. Suto et al., (2020) reported that succinic
acid was detected in 16 of 25 samples (average succinic acid concentration of 0.028 g/kg).

Conclusion

The content of pollen, the physicochemical parameters, the organic acids content and
the sugar composition of Romanian acacia honey were analyzed in this study in order to
classify this type of honey as monofloral honey.

All the investigated honey samples (27 samples) met the examined quality criteria
(moisture, pH, free acidity, HMF content, color and electrical conductivity) and the high
percentage of pollen grains of Robinia pseudoacacia confirmed that the analyzed honey
samples were samples of monofloral acacia honey.
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Introduction. Improving the efficiency of pretreatment of
lignocellulosic raw materials is the use of physical effects that
occur during the movement of viscous fluid in rotary pulsation
apparatus. The aim of the research is the degree of
delignification of lignocellulosic raw materials and the
theoretical substantiation of its temperature increase by
processing in a rotor-pulsation apparatus.

Materials and methods. The raw material for the research
was wheat straw. The amount of lignin isolated was
determined by the weight method. Simulation of fluid flow and
heat transfer in the rotor-pulsation apparatus was performed by
numerical method.

Results and discussion. It was determined that the
treatment of the aqueous dispersion of straw in a ratio of 1:10
due to energy dissipation for 70 minutes leads to the release of
42% lignin. Changing the water/solid ratio from 1:10 to 1:5
leads to an increase in the percentage yield of lignin to 58%.

The results of experimental and numerical studies have
shown that when processing an aqueous dispersion of straw in
a rotary pulsation apparatus, this raw material for a certain
period of time is heated to a temperature at which the intensive
release of lignin. The changes in time of the temperature of the
aqueous dispersion of straw during its processing in the rotary
pulsation apparatus indicate the possibility of using rotary
pulsation apparatus for heating the raw material intended for
hydrolysis, instead of using external energy sources.

The results of computational studies of the dynamics of
changes in the temperature of the aqueous dispersion of straw
during its processing in a rotor-pulsation apparatus were
compared with the results of experimental studies. Satisfactory
agreement of experimental and calculated results is obtained.

Conclusions. According to the results of numerical
studies of hydrodynamics and heat transfer in the rotor-
pulsation apparatus, the possibility of raising the temperature
of the raw material intended for hydrolysis to the required level
after its processing in this apparatus has been established. It is
determined that the change of the hydraulic module leads to an
increase in lignin yield.
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Introduction

The production of bioethanol from lignocellulosic raw materials has both a number of
advantages and disadvantages compared to traditional raw materials containing starch.

Cellulosic feedstocks offer several advantages over starch- and sugar-based feedstocks.
They are either waste products or purposefully grown energy crops harvested from marginal
lands not suitable for other crops. Less fossil fuel energy is required to grow, collect, and
convert them to ethanol, and they are not used for human food [1].

The cell wall of the plant is composed of a network of cellulose microfibrils and cross-
linking glycans embedded in a highly cross-linked matrix of pectin polysaccharides. The
most common additional polymer in secondary walls is lignin, a complex network of phenolic
compounds [2].

Due to the complex structure and recalcitrant nature of lignocellulosic biomass, an
indispensable step of its processing is pretreatment for hydrolysis [3].

As a result, of the pretreatment, complex lignocellulosic structures are converted to
simple components (cellulose, hemicelluloses, and lignin) which is generally reflected by the
removal of lignin, preservation of hemicelluloses, reduction of cellulose crystallinity and an
increase of the material porosity [4]. The presence of lignin and hemicellulose prevents the
access of hydrolytic enzymes to the surface of cellulose fibers in the technology of enzymatic
hydrolysis [5]. The goal of the pretreatment process is to remove lignin and hemicellulose,
reduce the crystallinity of cellulose, and increase the porosity of the lignocellulosic materials
[6].

Among the many methods of influencing lignocellulosic raw materials during the
preliminary preparation, several are currently commercially implemented, namely steam
explosion, one- and two-stage treatment with dilute acids and ammonia treatment in
combination with steam treatment [7]. The process of alkaline pre-treatment of raw materials
in the pulp and paper industry is a classic [8].

The main factors that determine the effectiveness of the pre-treatment process are
mechanical impact, temperature, pressure, hydraulic module, process duration, the
concentration of the chemical agent. Machining increases the surface area available for
cellulolytic enzymes. It is proved that fine grinding of raw materials allows increasing the
yield of reducing substances during its hydrolysis [9-11].

Mechanical pretreatment leads to an increase in the surface available for cellulolytic
enzymes. It is proved that the fine milling of straw allows increasing the yield of reducing
substances in its hydrolysis [12].

Another factor is the temperature of the pretreatment process. Increasing the
temperature from 120 to 270°C led to greater solubilization of hemicellulose in the
technology of steam explosion [13], increasing the temperature from 120 to 180 °C led to an
increase in glucose in the prehydrolyzate regardless of the concentration of sulfuric acid in
preparation for hydrolysis with dilute acids [14]. A series of studies on the preliminary
preparation of wheat straw is presented in [15].

It is determined that increasing the temperature of the pretreatment process with a
solution of sulfuric acid, sodium hydroxide solution or hot water pretreatment leads to an
increase in the degree of conversion of cellulose. The dependence of lignin yield on the
temperature and processing time of wheat straw in an autoclave in 2.5% sodium hydroxide
solution was studied by Asghar U, Irfan M, Iram M, et al. [16]. The results showed that the
residence time for 90 min at 121 °C strongly affects the substrate, reaching a maximum
cellulose content of 83%, delignification of 81%, and hemicellulose content of 10.5%.
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All the above-mentioned methods of pretreatment of lignocellulosic raw materials
before hydrolysis were performed with an external heat supply.

One of the ways to increase the efficiency of pre-treatment of lignocellulosic raw
materials is the use of thermophysical effects that occur during the movement of a viscous
fluid in rotor-pulsation apparatus [17].

Studies of the effect of temperature on the viscosity of the water-grain mixture were
studied in [18]. Thermal and hydraulic characteristics of the fluid in the rotor-pulsation
apparatus were given in [19]. Technical water and vegetable oil were used as model media.
Experimental studies were performed on the setup, the working body of which was a rotor-
pulsation unit, in the range of engine speed 0-4500 rpm. However, the physicochemical
properties of the model media differed from the physicochemical properties of the aqueous
dispersion of plant biomass.

The aim of the study is the degree of delignification of lignocellulosic raw materials
and the theoretical substantiation of its temperature increase by processing in a rotor-
pulsation apparatus.

To achieve this goal, it was necessary to perform the following tasks

— Todetermine the effect of the solid/water ratio of the aqueous suspension of wheat straw
on the degree of delignification of lignocellulosic raw materials during its processing in
the rotor-pulsation apparatus using alkali as a reagent;

— Determine the effect of temperature of the obtained suspension and its effect on the
degree of lignin release;

— Theoretically substantiate the increase in temperature of the aqueous suspension of
wheat straw during its processing in the rotor-pulsation apparatus.

Materials and methods

The raw material for the study was wheat straw with an average particle size of 100
microns.

Rotor-pulsation apparatus

The study was carried out on an experimental setup, the description and principle of
operation of which are given in [20].

Order of study

A portion of straw in the amount determined by the experimental conditions was soaked
in two liters of tap water. The remaining water was mixed with sodium hydroxide in an
amount of 1 wt.%. The receiving solution and the rotary pulsation apparatus were filled with
the obtained solution. The required rotor speed was set. The rest of the water was added.
Turned on the engine. During a certain processing time, the obtained aqueous suspension of
straw circulated in a closed circuit — receiving tank — rotor-pulsation apparatus. Samples were
taken at regular intervals. The solids and the filtrate were separated by filtration.

Determination of lignin content

Sulfuric acid was added to the filtrate with stirring until a pH = 2 was reached to separate
the lignin from the solution, after which the suspension was filtered through a pre-weighed
paper filter. The dried filter with the remaining lignin was weighed on a scale with an
accuracy of 0.001 g [21].
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Modeling methods

Numerical simulation of fluid flow and heat transfer in a rotor-pulsation apparatus is
performed according to the method described in [22, 23]. The flow of a viscous fluid and heat
transfer in the volume of a rotor-pulsation apparatus is described by a system of Navier-Stokes
differential equations together with the equation of energy conservation for fluid flow. The
problem of flow and heat transfer is considered in a two-dimensional setting in a section
perpendicular to the common axis of the rotor and stator. This system of equations, which
describes the dynamics of fluid and energy transfer, is represented in cylindrical coordinates and
has the form:

— continuity equation
L), 2y, @
ar 20
— momentum transfer equation
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T, ¢ — time; r, m —radial coordinate; 6 — angular coordinate; v,, m/s — radial velocity; ve, m/s
— tangential velocity; p, Pa— pressure; t, °C — temperature; C,, J/(kg-K) — heat capacity of the
liquid; pi, kg/mé — density of liquid; A, W/(m'K) — thermal conductivity of the liquid; p, Pa‘s
— dynamic viscosity coefficient.

The last term in the right part of energy equation (4) characterizes the volumetric source
of heat release in a liquid medium due to the viscous dissipation of mechanical energy.

The system of equations (1) — (5) is solved numerically in the calculation domain rmin<
7 < Fmax; 00 <0 <00 + AO; I'min = Tin rot— Ar; Fmax = Fex st = Ar, Where rin, rot is inner radius of the
rotor; rexst is outer radius of the stator; Ar — width of the additional section in front of the
rotor and behind the stator; A6 — geometric period of working bodies of the rotor-pulsating
apparatus.

174 —— Ukrainian Food Journal. 2021. Volume 10. Issue 1



Processes and Equipment:

The system of equations (1) — (5) is given boundary conditions: r = rmin: t = tin; p = Pin;

d ot
% =0; = Imax P 0; p = pin— Ap; v4=0. On the stator surfaces v, = 0 and vy=0. On the
r r

\ . . .
rotor surfaces vr =0, -~ = w,, where wois the angular velocity of the rotor rotation.
r

Heat transfer through the working elements of the apparatus is described by the
equations:
— for the stator:

ot 1 o ot) 190 ot
Cpy—=——| 4 — |+=—| 4r—1|, (6)
ot r° o6 00 r or or
— for the rotor:
at ot 1 90 ot 190 ot
Cop | —+o,— |=>—| 4 — [+ =—| 2,r— |, @)
ot a0 r’ 00 00 ) ror or

where Cs, J/(kg-K) — heat capacity of the material of the working elements; ps, kg/m® — density
of this material; As, W/(m'K) — thermal conductivity of the material.

Boundary conditions of the fourth kind are set on the surfaces of working elements,
which establish the equality of temperatures of the liquid and solid body, as well as the
equality of heat flux densities transferred from the liquid to working elements.

Modeling of fluid flow and heat transfer is performed by numerical solution of the
system of equations (1) — (7) and analysis of the obtained results on the distribution of
velocity, pressure, and temperature in the fluid flow processed in the rotor-pulsation
apparatus.

The system of equations (1) — (7) with the corresponding boundary conditions is solved
by a numerical method. To do this, this system of equations is written in the finite-difference
form. Thus, the system of differential equations is replaced by a system of algebraic
equations, which is solved by known methods. In this case, the matrix run method, which is
described in detail in [24], is used to solve the system of finite-difference equations. To
implement this method, a computational algorithm in the DELPHI programming language
has been developed. This algorithm allows determining the cross-sectional distributions of
the calculated area of discrete values of fluid velocity, pressure, and temperature. It also
provides the ability to graphically display velocity vectors and temperature isolines in the
working area of the device. The application of the specified calculation algorithm can be
carried out on a personal computer of medium power.

In order for the liquid to reach a temperature sufficient to carry out the necessary
chemical transformations, the liquid must be repeatedly processed in a rotor-pulsation
apparatus. The liquid after processing in the device enters the receiving tank through a system
of pipelines. In pipelines and in the receiving tank, the liquid is partially cooled due to heat
loss from the surfaces of the equipment. Heat loss also occurs directly from the surface of the
device. To determine the nature of the change in time of the temperature of liquids that
continuously enters the rotor- pulsation apparatus and is removed from it, the differential
equation of heat balance is used which is given in [23] and has the form:

(CipV, +C.m, +ceqmeq)§—i: Q-a,F(t-t ), (8)
where V), is the volume of treated fluid; ms — mass of the rotor-pulsation apparatus; Ceg, Meq
— specific heat of the material of the equipment connected to the rotor-pulsation apparatus,
and its total mass; F is the total area of the outer surface of the rotor-pulsation apparatus and
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equipment from which heat losses to the environment occur; aer — effective heat transfer
coefficient from the surfaces of the equipment; t .- outside air temperature; Q is the power
of the heat source in the rotor-pulsation apparatus due to the dissipation of mechanical
energy. This equation of heat balance is made under the condition that the temperature of the
outer surfaces is insignificantly different from the temperature of the treated liquid.

Heat transfer from the surfaces of the equipment is carried out by natural convection
and radiation. Therefore, the effective heat transfer coefficient oer is defined as the sum of
convection o¢ and radiation a, heat transfer coefficients. The coefficient for natural
convection in turbulent flow near vertical surfaces is calculated by the formula given in [25]:

(gﬂ(t—ty‘) \1/3

o, = O,ISAaL—Z’Pra | . )

Va

where g, m/s? — acceleration of gravity; f, 1/K —temperature coefficient of air expansion; 1,
_ coefficient of thermal conductivity of air; va - kinematic coefficient of air viscosity; Pra-
Prandtl number for air. The radiation heat transfer coefficient is determined from the

expression
[t + 273,15)4 [tw + 273,15}"
0 = 100 100 ] (10)
t-t,
which follows from the law of Stefan — Boltzmann, where ¢co = 5.7 W/(m?K*) — the coefficient
of radiation of an absolutely black body; ¢ — the degree of blackness of radiation heat transfer
surfaces is given.
The power of the heat source Q in the working volume of the apparatus can be

determined both by the results of the numerical solution of the system of equations (1) — (7)
and by the approximate formula:

Q =z (rsu.cr + rxo&por ) : h TH (0)0 raos.por )2 / 5 1 (11)

where 0 = rinst— I exrot— the magnitude of the gap between the rotor and stator; h is the width
of the working elements of the device. The approximate formula (11) is made under the
condition that the dissipation of mechanical energy occurs only in the gap between the rotor
and the stator. The solution of the nonlinear equation (8) is performed by the numerical
method.

Results and discussion

Figure 1 shows the dynamics of changes in temperature of water and mixture over time
in the setup with a speed of 47.75 rpm at different solid/water ratios.

Under these processing conditions, samples were taken every 10 minutes Data on the
amount of lignin extracted are given in Table 1.

Based on the data in table 1, it can be concluded that the treatment of an aqueous
suspension of straw in a rotary pulsation apparatus allows you to remove up to 42% of lignin
within 70 minutes under atmospheric pressure without an external supply of thermal energy.

Changing the solid/water ratio of the aqueous suspension of straw from 1:10 to 1: 5
leads to an increase in the amount of lignin released, as the temperature of the mixture
increases more intensely.
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Figure 1. Dynamics of temperature change of aqueous suspension of straw in time at a solid /
water ratio:

m—1:10; A —1:5; ¢ —water.

Table 1

Dependence of the amount of lignin on the duration of processing at a speed of 47.75 rpm

Solid/Water ratio 1:10

Sample 1 2 3 4 5 6 7
Processing duration, min 10 20 30 40 50 60 70
% of the total lignin content 10 18 25 32 38 41 42

Solid/Water ratio 1:5

% of the total lignincontent | 18 | 29 |

36

45 | 50 | 55 | 58

A further increase in the straw content in the mixture leads to significant energy
consumption and unstable operation for the selected design of the rotor-pulsation apparatus.
Rotor speed wo= 2m-47.75 s*. The pressure difference Ap between the inlet and outlet
cross sections of the calculated area is 5000 Pa. The picture of fluid flow and distribution of
excess temperature At =t — tiy in the investigated element of the working area is shown in

Figure 2.
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The increase in temperature of the medium treated in the rotor-pulsation apparatus is
due to the dissipation of mechanical energy in the working volume of the apparatus. As noted
in [22, 23], the most intense dissipation occurs in the gap between the rotor and the stator,
where the most significant deformation of the velocity. To find out in detail the mechanism
of heating the aqueous suspension of straw in the rotor-pulsation apparatus, numerical
simulation of the flow and heat transfer in this apparatus is performed. By the method of
numerical solution of the system of equations (1) — (7) described above, calculations of
velocity fields in temperature in the working zone of the rotor pulsation apparatus are
performed for two values p = 0.09 Pa's and p = 0.107 Pa-s, which is approximately
correspond to the viscosity of the aqueous dispersion of straw at a solid/water ratio of 1:10
and 1:5, respectively.

rotor

l

S
(=

Figure 2. Velocity field and distribution of excess temperature At in the working zone of the
rotor-pulsating apparatus during the processing of aqueous suspension of straw:
a-pnu=0.09Pa s;b-—p=0.107 Pa‘s

As can be seen from Figure 2, the most significant overheating of the fluid occurs in the
gap between the rotor and the stator near the inner surface of the stator, where the most
intense heat dissipation occurs due to the dissipation of mechanical energy. From the results
of numerical simulation, it follows that the maximum overheating of the liquid in the gap for
one period of rotor rotation is Atmax = 1.9°C at p = 0.09 Pas and Atpax = 2.2 °C at u = 0.107
Pa-s. The average excess temperature of the treated liquid in the rotor-pulsation apparatus
outlet is At =0.44 oC at p = 0.09 Pa-s and At = 0.53°C at u=0.107 Pa-s.

According to the results of solving equation (8), the change in time of the temperature
of the aqueous suspension of straw having a volume of 10 | is determined during its
processing in the rotor-pulsation apparatus. The total heat transfer surface is F = 2.8 m2.
Rotor-pulsation apparatus and additional equipment made of stainless steel.

The solution of equation (8) is performed provided that the air temperature t,, and the
initial temperature of the liquid are equal to 20 °C.

In fig. Figure 3 shows the dependences of the temperature of the aqueous suspension of
straw on the processing duration obtained by solving the results of equation (8) using
expression (11). The results were obtained for p = 0.09 Pa-s, which corresponds to a solid /
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water ratio of 1:10, and for p = 0.107 Pa-s, which corresponds to a 1:5 ratio. The solid lines
reflect the results of the numerical solution of equation (8), and the points — the results of
experimental studies shown in Figure 2.

The figure shows that when processed for 60 min. the aqueous suspension of straw with
a solid / water ratio of 1:10, its temperature rises from 20 °C to 87.5 °C. If the specified ratio
is 1.5, then during the same time the aqueous suspension is heated to 97.7 °C. This indicates
the possibility and feasibility of using for heating raw materials intended for hydrolysis, rotor-
pulsation apparatus.

Figure 3 also shows the comparison of the calculated results with the experimental data.
As can be seen from the figure, the agreement between the calculated and experimental
results is quite satisfactory.

110

100 ‘
90 ‘

80
70

60

50

Temperature,°C

40 |——

30

20
10

0 10 20 30 40 50 60 70

Processing duration. min

Figure 3. Changes in time of temperature of aqueous dispersion of straw during its processing
in rotor-pulsation apparatus at ratios solid/water 1:10 (1) and 1:5 (2).
Solid lines — the results of calculations; points — the results of experiments.

Conclusion

According to the results of computational and experimental studies, it is established that
to heat the aqueous dispersion of straw to a temperature at which lignin is intensively
released, it is possible to use rotary pulsation devices without external heat supply. It is
determined that the change of the hydraulic module leads to an increase in lignin yield.
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Introduction. The dependence of the lateral pressure coefficient and
the reduced friction coefficient of granular polyvinyl chloride was
determined for the production of packaging material from the design and
technological parameters of the feeding process.

Materials and methods. Experiments has been carried out on the stand
which simulating the movement of polymer granules in the working
channel of a single-screw extruder for such parameters: the polymer being
researched — polyvinyl chloride (PVC); the axial pressure — 0.044—
0.475 MPa; the temperature of the steel limiting surface — 20-80 °C; the
speed of the steel limiting surface — 0.176-0.471 m/s; the height of the
granular polymer layer — 0.015-0.025 m.

Results and discussion. The value of the lateral pressure coefficient
increases under the following conditions: temperature increase; reduction
of axial pressure; speed reduction; the lateral pressure coefficient does not
depend on the height of the granules layer. Provided simultaneous
changes in temperature and pressure to a level of approximately 0.32 MPa
increase in temperature leads to increased values of lateral pressure, after
it — on the contrary, to reduce. In case of speed change after point 0.15
MPa dependence also reversed.

Most on the growth of the lateral pressure coefficient of the studied
polymer affects the simultaneous action of the temperature and the speed
of the steel limiting surface. The central role in changing the lateral
pressure coefficient is having by speed, and in changing the friction
coefficient have by temperature.

In the case of simultaneous temperature rise with the speed and the
layer of granules height there is a transition through the point at the level
of approximately 0.32 MPa. To this point, an increase in temperature
leads to an increasing in the corresponding values of the lateral pressure
coefficient. After this point on the contrary — to decreasing in the
corresponding values of the lateral pressure coefficient. The same in case
of speed change, after the point 0.15 MPa the dependence is reversed.

In the case of simultaneous rise the speed and the temperature from 20
to 80 °C the larger values of speed correspond to the smaller values of
lateral pressure coefficients. The increase in temperature leads to an
increase in the lateral pressure coefficients from 0.33-0.34 to 0.42-0.46.

In the case of simultaneous rise the speed and the pressure the lower
pressure values do not affect the dependence of the values of the lateral
pressure coefficient on the speed. An increase in pressure from 0.044 to
0.476 MPa leads to corresponding change to increasing dependence from
0.22-0.27 to 0.34-0.46.

Subject to change in temperature, speed and granule layer height an
increase in temperature leads to a corresponding increase values of the
friction coefficient at the same pressure from 0.48-0.5 to 0.52-0.57 as well
as increasing speed.

Conclusions. The obtained results make it possible to take into account
the mutual influence of the friction and the lateral pressure coefficients of
the granular polymers and the design and technological parameters of the
extruder or screw feeder.
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Introduction

One of the most versatile and productive methods of processing polymers into a variety
of products is extrusion [1-4]. In particular, packaging materials such as polymer films and
sheets are obtained by extrusion [5-8]. Polymeric raw materials intended for further
processing are obtained, stored and supplied to the consumer in the form of granules of
various shapes (cylindrical, cubic, spherical, elliptical, etc.) with an equivalent diameter
mostly within 3-6 mm [9].

The process of screw extruder feeding with granular polymer raw material materials
determines the course of all processes occurring in the following functional zones of the
extruder [2]. It is in the supply zone that the pressure required for further movement of the
polymer through other zones of the extruder and the extrusion head is generated. In turn, this
affects the quality of the products, in particular on the stability of the thickness of the polymer
films, which are widely used for packaging food, chemical and other products.

Effective treatment of granular polymers presupposes the availability of information on
its physical and mechanical properties, including the friction coefficients on different
surfaces, as well as the lateral pressure coefficient [10].

Extensive research carried out for thermal properties (including true density) the most
common heavy-duty polymers and plastics, as well as their friction coefficient on the steel
surface [11-13].

The study of external friction coefficients for polymeric materials with characteristic of
modern brands specification was also carried out. However, these studies were conducted
mainly for monolithic material which does not allow to use the obtained data to analyze the
behavior of polymer granules [14-15]. Also conducted studies of tribological properties of
granular polymers [16-17], however, they all relate to the determination of the reduced
friction coefficient of the polymer granules on the limiting surface.

As you can see, if for granular polymers were studied certain physical and mechanical
properties, but the data relative to the coefficient of lateral pressure, which significantly
affects the accuracy of equipment design [18], almost completely absent even for the most
common polymers.

The coefficient of lateral pressure Kp takes into account the anisotropy of the pressure
and is numerically equal to the ratio of the pressure on the side surfaces to the axial pressure.
It is traditionally assumed that in static conditions the value of Kp is of the order of 0.3-0.4,
and in dynamic conditions (when the screw rotates) the value of Kip increases to unity [19—
24]. However, the operation of industrial equipment indicates [23] that the value of Kp for
different materials can differ essentially and depend on design and technological parameters
of the equipment for treatment or processing of granules.

In view of the above, the task of a comprehensive study of the dependence of the friction
coefficient and of the lateral pressure coefficient of the most commonly used granular
polymers on the design and technological parameters of the equipment.

The objective of the work is establishing the dependence of such tribotechnical
characteristics of granular polyvinyl chloride (PVC), as the lateral pressure coefficient and
the reduced friction coefficient from design and technological parameters the process of
feeding granular material, in particular the axial pressure, temperature and speed of the steel
limiting surface, as well as the height of the layer of granules.
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Materials and methods
Materials

Polyvinyl chloride granules (PVC) SorVyl G 2171/9005 11/01 [25] were selected for
research. Polyvinyl chloride has been selected for research due to its widespread use in the
packaging industry, in particular in the manufacture of packaging films and bottles of
household chemicals.

Experimental installation

The designed experimental installation [26] makes it possible to researched the values
of the external friction coefficient and the lateral pressure coefficient of granular materials
on different surfaces, including depending on temperature, load, speed of a rotor rotation and
a layer of granules height in a wide range of values.

Installation (Figure 1) consists of rotor 3, heaters 2 and vertical box 4, which is made
hollow and mounted above the rotor. In the box placed pusher 5, which receiving the load
through the regulator of the vertical force 6. Also in the box placed sensors of horizontal
forces 11 and 13.
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Figure 1. Scheme of an experimental installation:
Q - load on the rod;
1 —installation; 2 — heaters; 3 — rotor; 4 — box; 5 — pusher; 6 — regulator of the vertical force;
7 —riser; 8 — lever; 9 — stock; 10 — counterweight; 11 — horizontal force sensor;
12 — the axis of the rotor; 13 — horizontal force sensor

<

The principle of operation of the installation is as follows: the granules are filled into a
vertical box and pressed by the rod to the rotor, which is given the rotation of the motor. The
sensor installed in the course of rotation of the rotor makes it possible to obtain the value of
the friction coefficient, and the second sensor installed perpendicular to the first makes it
possible to obtain the value of the lateral pressure coefficient.

184 —— Ukrainian Food Journal. 2021. Volume 10. Issue 1



Processes and Equipment:

By changing the speed of the rotor rotation, the temperature of the heaters or the load
on the rod Q — you can get the above dependences for the desired coefficients.

Research methods

The planning of experimental researches was based on the method of a complete
factorial experiment [27], which is based on a method of constructing the dependence of the
determining factors influence on the optimization parameter in the form of a segment of the
Taylor power series.

The optimization parameter Kip (lateral pressure) will be affected by the following
factors:

1. Linear speed of the rotor rotation (v);

2. Rotor temperature (t);

3. Pressure on the material (p);

4.  Working channel height (h).

Given the design and technological parameters of the extrusion process for these factors,
the following ranges of their change were selected:

1. Linear speed of the rotor rotation v = 0,176 —-0,471 m/s;

2. Rotor temperature t = 20 — 80 °c;

3. Pressure on the material p = 0,044 — 0,476 mpa;

4. Working channel height h = 15 — 25 mm.

The results are processed according to a known algorithm [27].

The error in obtaining experimental values does not exceed 10.5% according to Fisher's
criterion.

Results and discussion
Features of polymeric materials processing in single-screw extruders

As the material moves along the screw channel of a single-screw extruder, it
successively changes several states: from solid at the inlet to the channel to viscous at the
outlet. This channel is traditionally divided into three functional zones: feeding, melting and
homogenization (Figure 2). The efficiency of screw machines is primarily determined by the
processes that take place in the first two zones, as the share of power consumed here reaches
80% of the power consumed by the extruder. The productivity of the feeding zone determines
the productivity of the process as a whole.

/44,4444 4/4/4/0
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Figure 2. Scheme of one-screw extruder:
1 —feeding zone, 2 — melting zone, 3 — homogenization zone
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The curves of the dependence of the specific productivity G, on the ratio of the
coefficients of friction of the polymer granules on the surfaces of the cylinder and the worm

F = f,/f, are shown in Figure 3. The specific productivity significantly depends on this ratio

at its small values, and in the case of increasing the value of F, this dependence decreases
and asymptotically goes to a certain value [28].

G/n
kg/(hour-min)
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1. =
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Rl
0.2

Figure 3. Curves of dependence of specific productivity on the ratio of friction coefficients:
1- D=45mm; H=4 mm;
2-D=63mm; H=5mm

The productivity of the feeding zone is [28]

EH tgo t
G=p,{—[D*~(D-2H)]-—— 7Dn—209¢
4 tge tgo +tge

The increase in pressure from P to P, in the selected element of the length of the feeding
zone is determined by dependence

7Df K AL

P, = P, exp(
Lot bH

A)

where

. f. (D-2H)
A=cos(o+¢)- f sm(m+(p)—f—T.

s

186 —— Ukrainian Food Journal. 2021. Volume 10. Issue 1



Processes and Equipment:

In the above dependencies p, — polymer bulk density, kg/m?; D — screw diameter, m;
H — channel depth (thread), m; E — ridge width, m; n — frequency, s*;» and ¢ — angles
determined by the direction of the speed vector of the polymer; f;, fs—the friction coefficient
of the polymer against the ~cylinder and the screw, respectively;
b=(S-E)cose — screw channel width, m; K p — lateral pressure coefficient.

Therefore, taking into account the peculiarities of the mutual influence of structural and
technological parameters of the equipment, coefficients of friction and of lateral pressure
allows to clarify the results of worm extruders and screw feeders calculations.

Itis established that the central role in changing the lateral pressure coefficient plays by
speed, and in changing the friction coefficient plays by temperature. The mutual influence of
the third order parameters is insignificant and these components can be neglected.

Using the above regression equations, graphical dependences of the coefficients of
friction and of lateral pressure of the considered material on the variable parameters were
obtained.

Research of the lateral pressure coefficient

For each polymer, the parameters not listed below the graphs are equal to the smallest
value in the range of the complete factorial experiment for the corresponding material.

From those shown in Figure 4-5 dependences of the lateral pressure coefficient on the
pressure when the temperature, speed and height of the granules layer change, the general
decreasing character of these dependences is noticeable. In the case of simultaneous
temperature rise with the speed and the layer of granules height (see Figure 5) there is a
transition through the point at the level of approximately 0.32 MPa. To this point, an increase
in temperature leads to an increasing in the corresponding values of the lateral pressure
coefficient. After this point on the contrary — to decreasing in the corresponding values of the
lateral pressure coefficient. The same in case of speed change, after the point 0.15 MPa the
dependence is reversed, that is, to a certain value of pressure, a simultaneous increase in
speed leads to a decrease in the corresponding values of the lateral pressure coefficient, and
after reaching this value — on the contrary, to increasing.

050 Kre 3 4
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o5y b, P2
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Figure 4. Dependence of the PVVC lateral pressure coefficient on the pressure at different
temperatures,
°C:1-20;2-40;3-60;4-80
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Figure 5. Dependence of the PVC lateral pressure coefficient on the pressure at different speeds,
m/s:
1-0.176; 2-0.244; 3-0.346; 4 - 0.448

Such changes, in our opinion, can be explained by the beginning of the angular
deformation of the granules during movement while softening the material.

In Figure 6—7 shown dependences of the lateral pressure coefficient on the speed when
the temperature, pressure and height of the granules layer change. Thus, while increasing the
temperature and speed (see Figure 6) larger values of speed correspond to smaller values of
lateral pressure coefficient and the temperature rise (see. Figure 7) increases the lateral
pressure coefficients. At simultaneous action of speed and pressure, smaller values of
pressure do not influence dependence of values lateral pressure coefficient on speed, but
pressure increase leads to the corresponding change to the increasing dependence.

These results can be explained by the compaction of the granule layer after compression
and its transformation from bulk to a solid medium.

Kp 1 2 3 4
0.47

0.42

0.37

—- —i —a—a——35
0.32 V, m/s

0.15 0.20 0.25 0.30 0.35 0.40 0.45

Figure 6. Dependence of the PVC lateral pressure coefficient on the speed at different
temperatures, °C:
1-20;2-40;3-60;4-80
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Figure 7. Dependence of the PVC lateral pressure coefficient on the speed at different pressure,
MPa:
1-0.044;2-0.152; 3-0.314; 4 -0.476

In Figure 8-9 show the change of the lateral pressure coefficient from the temperature
when the speed, pressure and height of the granules layer change. At the same time the
general growing character of these dependences is appreciable. With at additional increase
in speed (see Figure 8) there is a slight decrease in the corresponding lateral pressure
coefficient, just like that with increasing pressure (see Figure 9), and the change in the height
of the granules layer does not affect the dependence of the lateral pressure coefficient on the
pressure.

These results can be explained by the softening of the layer of granules from
temperatures and stresses that go beyond the region of elasticity of the material.

The dependences of the lateral pressure coefficient on the height of the granules layer
when the speed, temperature and pressure change were also researched [18]. It is established
that the increase in pressure leads to a decrease in the corresponding values of the lateral
pressure coefficient as well as increasing the speed. At the same increase in temperature leads
to an increase in the corresponding values of the lateral pressure coefficient.

ods K 1 2 3 4
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Figure 8. Dependence of the PVC lateral pressure coefficient on the temperature at different
speeds, m/s:
1-0.176; 2-0.244; 3-0.346; 4 - 0.448
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Figure 9. Dependence of the PVC lateral pressure coefficient on the temperature at
different pressure, MPa:
1-0.044;2-0.152; 3-0.314; 4 - 0.476

Research of the friction coefficient

In Figure 10-17 show the graphical dependences of the values of the reduced PVC
friction coefficient on the steel surface from the structural and technological parameters of
the extrusion process.

Parameters not listed below the graphs are the lowest values in the full factorial
experiment range.

From shown in Figure 10-12 dependences, a slight decrease in the reduced coefficient
of friction from pressure is noticeable subject to change in temperature, speed and height of
the granules layer. The increase in temperature (see Figure 10) leads to a corresponding
increase in the values of the friction coefficient at the same pressure, as well as an increase
in speed (see Figure 11), and the height of the granules layer (see Figure 12) has almost no
effect on the corresponding change in the coefficient of friction, except for high values of
pressure.

The latter can be explained by the fact that with a larger layer of granules, the increase
in pressure leads to their compaction and movement as a solid body, when the effect of rolling
the granules one by one disappears, that is reducing the effect of rolling friction.
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Figure 10. Dependence of the PVC friction coefficient on the pressure at different temperatures,
°C:
1-20;2-40;3-60;4-80
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Figure 11. Dependence of the PVC friction coefficient on the pressure at different speeds, m/s:
1-0,176; 2-0,244; 3 -0,346; 4 — 0,448
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Figure 12. Dependence of the PVC friction coefficient on the pressure at different heights of the
granules layer, m:
1-0,015; 2-0,019;
3-0,022; 4-0,025

From dependencies shown in Figure 13-14 a slight increase in the reduced friction
coefficient from the speed of the limiting surface is noticeable under the condition of change
the temperature, pressure and height of the granules layer. An increase in temperature (see
Figure 13) leads to an increase in the corresponding values of the friction coefficient and
increase in pressure (see Figure 14) on the contrary, leads to a decrease in the corresponding
values of the friction coefficient.
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Figure 13. Dependence of the PVC friction coefficient on the speed at different temperatures,
°C:
1-20;2-40;3-60;4-80
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Figure 14. Dependence of the PVC friction coefficient on the speed at different pressure, MPa:
1-0,044;2-0,152; 3-0,314; 4- 0,476

These dependences can be explained by the fact that increasing the temperature
increases the forces of interaction of the polymer with the surface, and increasing the pressure
leads to smoothing of the surfaces of the granules.

From dependencies shown in Figure 15-16, a slight increase in the reduced coefficient
of friction with temperature is noticeable under the condition of change of speed of a limiting
surface, pressure and height of the granules layer. In general, the reduced friction coefficient
increases with increasing temperature. In this case, increasing the speed of the limiting
surface (see Figure 15) leads to an increase in the values of the friction coefficient and
increasing in pressure (see Figure 16) on the contrary, leads to a decrease in the values of the
friction coefficient.
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Figure 15. Dependence of the PVC friction coefficient on the temperature at different speeds,
m/s: 1-0,176; 2-0,244; 3-0,346; 4 — 0,448
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Figure 16. Dependence of the PVC friction coefficient on the temperature at different pressure,
MPa: 1-0,044; 2 -0,152; 3-0,314; 4 - 0,476

These dependences can be explained by the fact that increasing the temperature
increases the forces of interaction of the polymer with the surface, and increasing the speed
and pressure leads to the compaction of the surface layer of the polymer.

In Figure 17 shows the dependence of the value of the reduced friction coefficient on
the height of the granules layer under the condition of pressure change. The influence of the
speed of the limiting surface and temperature the reduced coefficient of friction is almost
absent and the increase in pressure (see Figure 17) leads to a slight decrease in the reduced
coefficient of friction.
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Figure 17. Dependence of the PVC friction coefficient on the height of the granules layer at
different pressure, MPa: 1 -0,044; 2 -0,152; 3-0,314; 4 - 0,476

These dependences, in our opinion, can be explained by the fact that increasing the
height of the granules layer of reduces the pressure transfer to the friction surface.

To verify the obtained experimental data, calculations of the process of feeding the
screw extruder with polymer raw materials were performed with the initial data of the
available experimental research of the authors [29] and compared the results, obtained taking
into account the researched dependences of the friction coefficient and lateral pressure
coefficient with their constant values (Figure 18).
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Figure 18. Pressure distribution along the extruder length:
1 — experimental data; 2 — calculation taking into account the researched dependencies;
3 — calculation at constant values of coefficients

From Figure 18 it is seen that the calculation taking into account the change of the
coefficients gives the pressure values along the length of the extruder closer to the
experimental values than the base, almost the entire length. In this case, in comparison with
the experimental data, the maximum discrepancy of the values obtained in the basic
calculation is 32% and in the proposed method is 18% (on the length interval L =1 m).

194 —— Ukrainian Food Journal. 2021. Volume 10. Issue 1



Processes and Equipment:

The obtained results make it possible to take into account the mutual influence of the
friction coefficient and of the lateral pressure coefficient (together with other physical and
mechanical properties of the processed polymeric material) and design and technological
parameters of the equipment (including the seeding zone of the screw extruder and the
working channel of the screw feeder), and therefore in the case of development and
modernization of technological and ancillary equipment for processing and treatment of
granular polymers make it possible to determine the rational values of design and
technological parameters of the appropriate equipment.

Conclusion

The following conclusions can be drawn, based on the obtained results:

1.

The dependence of the reduced friction coefficient of granular polyvinyl chloride on
the steel surface on the pressure (load) acting on the layer of granular polymer is
determined. The decrease in the friction coefficient from the load at different values
of other parameters (temperature, speed and height of the granules layer) is shown.
An increase in the friction coefficient from temperature and speed, as well as a
decrease from the height of the layer of granules under a certain load is proved.
The dependence of the reduced friction coefficient of granular polyvinyl chloride on
the steel surface on the speed of the limiting steel surface is determined. The increase
of the friction coefficient from speed at different values of other parameters
(temperature, pressure and height of the granules layer) is shown. An increase in the
friction coefficient from temperature and a decrease from pressure, as well as the
absence of dependence on the height of the granules layer at a certain speed are
proved.

The dependence of the reduced friction coefficient of granular polyvinyl chloride on
the steel surface on the temperature of the limiting steel surface is determined. The
increase of the friction coefficient from temperature at different values of other
parameters (pressure, speed and height of the granules layer) is shown. An increase
in the friction coefficient from speed and decrease from pressure, as well as the
absence of dependence on the height of the layer of granules at a certain temperature
are proved.

The dependence of the reduced friction coefficient of granular polyvinyl chloride on
the steel surface on the height of the granules layer at different values of other
parameters (pressure, speed and temperature) is determined. The practical absence
of dependence of the friction coefficient on speed and on temperature, as well as a
slight decrease on pressure is shown. An increase in the friction coefficient from
speed and temperature, as well as a decrease from pressure at a certain height of the
granules layer is proved.

It is established that the value of the lateral pressure coefficient increases under the
following conditions: temperature increase; reduction of axial pressure; reducing the
speed of the steel limiting surface; the lateral pressure coefficient does not depend
on the height of the granule layer.

The growth of the lateral pressure coefficient is most affected by the simultaneous
action of temperature and speed of the steel limiting surface (linear speed of the
rotating working body of the equipment).
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The obtained results make it possible to take into account the mutual influence of the
friction coefficient and of the lateral pressure coefficient (together with other physical and
mechanical properties of the processed polymeric material) and design and technological
parameters of the equipment (including the seeding zone of the screw extruder and the
working channel of the screw feeder), and therefore in the case of development and
modernization of technological and ancillary equipment for processing and treatment of
granular polymers make it possible to determine the rational values of design and
technological parameters of the appropriate equipment.
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Introduction. It is studied the activity of NADP*-dependent
glutamate dehydrogenase in the presence of mono- and divalent cations
(potential activators of this key enzyme of surface-active aminolipids
biosynthesis) in A. calcoaceticus IMV B-7241, R. erythropolis IMV
Ac-5017 and N. vaccinii IMV B-7405 during cultivation on waste of
biodiesel production and sunflower oil waste.

Materials and methods. Cultivation of strains was performed in
liquid mineral media using as substrates: refined and waste (after frying
potato) sunflower oil, refined glycerol and waste of biodiesel
production. NADP*-dependent (EC 1.4.1.4) glutamate dehydrogenase
activity in cell-free extracts was analyzed for glutamate formation
during oxidation of NADPH at 340 nm. Monovalent (Na*, K*) and
divalent (Mg?*, Ca?*, Zn?*) cations in the form of salts of NaCl, KClI,
MgSO4 x 7H20, CaClz and ZnSO4 x 7H20 were added to the reaction
mixture, as well as into the medium for strains cultivation.

Results and discussion. Calcium cations were found to be
activators of NADP*-dependent glutamate dehydrogenase activity in R.
erythropolis IMV Ac-5017 and N. vaccinii IMV B-7405 grown on
refined and waste sunflower oil: in the presence of 1-5 mmol Ca?* in
the mixture, the activity of the enzyme increased 1.3-2 times compared
with that without these cations. The increase in the concentration of
CaClz to 0.2—0.4 g/l in oil-containing medium of strains IMV Ac-5017
and IMV B-7405 cultivation was accompanied by an increase in
NADP*-dependent glutamate dehydrogenase activity by 1.3—-1.5 times
compared with that on basic medium. When additional quantity of
CaCl2 (0.1-0.2 g/l) was introduced into the medium with purified
glycerol for the cultivation of A. calcoaceticus IMV B-7241, an
increase in NADP*-dependent glutamate dehydrogenase activity was
observed by almost 2.5—-3 times compared with those for strain IMV B-
7241 on the basic medium. There was no impact of activating cations
magnesium, zinc, potassium and sodium on NADP*-dependent
glutamate dehydrogenase activity of all strains grown on oil-containing
substrates and glycerol of different degrees of purification.

Conclusion. The results demonstrate the possibility to increase
activity of key enzymes of the biosynthesis of the desired product: the
composition of the medium should be modified by changing the content
of enzymes’ activators.
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Introduction

Microbial surfactants are products of multifunctional purpose because they not only
reduce the surface tension at the interface and emulsify different substrates, but also exhibit
antimicrobial and antiadhesive activity (e.g. ability to destruct biofilms) [1-4]. However,
under different conditions of producers cultivation, the composition of surfactants and their
properties may change. This is due to the fact that microbial surfactants are secondary
metabolites that are synthesized as a complex of similar compounds, the composition and
ratio of which may vary depending on the growing conditions of the producer [5], which in
turn will change the properties of the final product.

Earlier [5] we showed that the detection of potential activators and / or inhibitors of key
enzymes (defining biosynthesis of components of the microbial surfactant complex
responsible for certain properties) allows to regulate the composition and therefore the
properties of the final product. This could be achieved by following modification of the
nutrient composition.

A key enzyme of biosynthesis of surface-active aminolipid, responsible for the
antimicrobial activity in Acinetobacter calcoaceticus IMV B-7241, Nocardia vaccinii IMV
B-7405 and Rhodococcus erythropolis IMV Ac-5017 is NADP*-dependent glutamate
dehydrogenase. Its activators in IMV B-7241 strain are cations of calcium, magnesium and
zinc, in IMV Ac-5017 — calcium, in IMV B-7405 — calcium, sodium and potassium [6].
Further increase of the content of enzyme’s activators in the medium cultivation was
accompanied by an increase of NADP* dependent glutamate dehydrogenase by 1.5-3 times
compared to a basic medium.

Further experiments showed that the additional introduction of CaCl; (0.1 g/l) into the
cultivation medium of R. erythropolis IMV Ac-5017, increasing the concentration of this salt
to 0.4 g/l in the medium for growing N. vaccinii IMV -7405, as well as the adding of CaCl,
(0.1 g/1), increasing the content of MgSO4-7H0 to 0.2 g/l or the adding of Zn?* (38 pm) in
the medium of A. calcoaceticus IMV B-7241 cultivation was accompanied by the synthesis
of surfactants, which minimal inhibitory concentrations (MICs)relative to bacterial and yeast
test cultures were 1.2-13 times lower, their adhesion on abiotic surfaces treated with the
surfactants was on average 10-40% lower, and the degree of biofilm destruction was 7 —20%
higher compared to the indicators for surfactants obtained on the base medium [6].

In publication [6] A. calcoaceticus IMV B-7241 and R. erythropolis IMV Ac-5017 were
grown on ethanol, while N. vaccinii IMV B-7405 — on purified glycerol. One of the
approaches to reducing the cost of the final product is the use of industrial waste as substrates
for their production. In our previous studies [7], we have established the possibility of
surfactant synthesis under cultivation of strains IMV B-7241, IMV Ac-5017 and IMV B-
7405 on waste oil and waste of biodiesel production. However, the antimicrobial activity of
surfactants synthesized by N. vaccinii IMV B-7405 on the oil-based substrates depended on
the quality of waste oil [8]. The biological activity of surfactants synthesized by
A. calcoaceticus IMV B-7241 on waste of biodiesel production was lower than the
surfactants obtained on purified glycerol [9].

We assumed that antimicrobial and antiadhesive activity of surfactants synthesized on
industrial waste can be increased by adding of activators of NADP*-dependent glutamate
dehydrogenase into the medium cultivation. However, the presence of toxic substances in
such substrates [7-9] may cause inhibition of the activity of this key enzyme.

The aim of this work was to determine activity of NADP*-dependent glutamate
dehydrogenase in the presence of mono- and divalent cations (potential activators of this key
enzyme of surface-active aminolipids biosynthesis) in A. calcoaceticus IMV B-7241,
R. erythropolis IMV Ac-5017 and N. vaccinii IMV B-7405 during cultivation on waste of
biodiesel production and sunflower oil waste.
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Materials and methods
Obiject of research

The objects of research were strains of oil-oxidizing bacteria, identified as Nocardia
vaccinii K-8, Acinetobacter calcoaceticus K-4 and Rhodococcus erythropolis EK-1. Strains
K-8, K-4 and EK-1 are registered in the Depository of Microorganisms of D.K. Zabolotnyi
Institute of Microbiology and Virology of the National Academy of Sciences of Ukraine with
the numbers IMV B-7405, IMV B-7241 and IMV Ac-5017, respectively.

Medium composition and conditions of

A liquid medium of the following composition (g/l) was used for the cultivation of N.
vaccinii IMV B-7405: NaNOs; — 0.5; MgSQO4 x 7H,O — 0.1; CaCl, — 0.1; KH;PO4 — 0.1;
FeSO. x 7H,0 — 0.01; yeast autolysate — 0.5% (v/v).

Modifications of basic medium:

1 —increasing the content of CaCl, to 0.2 g/l;

2 — increasing the content of CaCl,to 0.4 g/I;

3 —adding NaCl (0.5 g/L);

4 —adding KCI (0.5 g/l);

5 —adding NaCl (0.5 g/l) and KCI (0.5 g/l).

A. calcoaceticus IMV B-7241 strain was cultivated in the following medium (g/l):
(NH).CO — 0.35; MgSO4 x 7H,0 — 0.1; NaCl — 1.0; Na;HPO, — 0.6; KH,PO4 — 0.14; pH
6.8-7.0. Yeast autolysate — 0.5% (v/v) and a solution of microelements — 0.1% (v/v) were
additionally included into the medium. The solution of microelements contained (g/100 ml):
ZnS04 x 7TH20 — 1,1; MnSO4 % H20 — 0.6; FeSO4 x 7H,0 — 0.1; CuSO4 x SH,0 — 0.004;
CoSO0. x TH,0 - 0.03; H3BOs; — 0.006; KI — 0.0001; EDTA (Trilon B) — 0.5.

Modifications of the basic medium: 1) adding CaCl; (0.1 g/l), 2) adding CaCl, (0.2
g/l), 3) adding Zn?* (38 umol), 4) adding CaCl, (0.1 g/l) and Zn?* (38 pmol), 5) CaCl, (0.2
g/l) and Zn?* (38 umol).

R. erythropolis IMV Ac-5017 strain was grown in the following medium (g/l): NaNOs
—1,3; NaCl - 1.0; NazHPO4 x 12H,0 - 0,6; KH2PO4 — 0.14; MgSO4 x 7TH,0 — 0.1; FeSO4 x
7H,0 - 0.001.

Modifications of the basic medium: 1) adding CaCl, (0.1 g/l).

Refined and waste sunflower oil (after frying potato at McDonald's restaurant chain,
Kyiv, Ukraine), purified glycerol and waste of biodiesel production (biofuel plant, Poltava
region, Ukraine) were used as carbon sources. The concentration of substrates was 1% (v/v).

Cultures in the exponential growth phase, grown in media of the above mentioned
composition, containing 0.5% (v/v) of the corresponding substrate were used as the
inoculum. The amount of inoculum (10-*-10® cells/ml) was 5-10% from the volume of the
nutrient medium. Cultivation of bacteria was carried out in 750 ml flasks with the volume of
medium equal to 100 ml on a shaker (220 rpm) at 28-30° C until mid exponential growth
phase (24-48 hours).

Enzymatic analyses

Preparation of cell-free extracts. To obtain cell-free extracts, the culture liquid was
centrifuged (5000 g, 20 min, 4° C). The resulting cell precipitate was washed twice from
medium residues with 0.05 mol of K*-phosphate buffer (pH 7.0), centrifuged (4000 g, 15
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min, 4° C). The washed cells were resuspended in 0.05 mol of K*-phosphate buffer (pH 7.0)
and destroyed by ultrasound (22 kHz) 3 times for 20 s at 4° C on an UZDN-1 device. The
resulting disintegrate was centrifuged (12000 g, 30 min, 4° C), the precipitate was separated,
and the supernatant was used for further studies as a cell-free extract.

Analysis of NADP*-dependent glutamate dehydrogenase activity. NAD*-dependent
(EC 1.4.1.2), NAD (P)*-dependent (EC 1.4.1.3) and NADP*-dependent (EC 1.4.1.4)
glutamate dehydrogenase activity was analyzed by glutamate formation during oxidation of
NAD and NADPH at 340 nm [10]. During the study of the effect of cations on the activity
of glutamate dehydrogenase 0.001 and 0.005 mmol Zn?*, 1-10 mmol Ca?*, 5 and 10 mmol
Mg?*, 25-100 mmol Na*, K* in the form of solutions of salts of ZnSO4 x 7H,0, CaCl,,
MgSOs x 7 H,0O, NaCl and KClI, respectively, were added to the reaction mixture.

Activity of the enzyme was expressed in nmol of the product obtained per minute of the
reaction calculated per 1 mg of a protein. The protein content in the cell-free extracts was
determined by Bradford [11]. Glutamate dehydrogenase activity was assayed at 28-30° C —
a temperature optimal for the growth of R. erythropolis IMV Ac-5017, A. calcoaceticus IMV
B-7241 and N. vaccinii IMV B-7405.

Statistical analysis

All experiments were performed in 3 replicates, the number of parallel determination in
the experiments was 3-5. Statistical processing of experimental data was carried out as
described in previous papers [6, 7]. The differences in averages were considered reliable at
the significance level p <0.05.

Results and discussion

Glutamate dehydrogenase is responsible for reductive amination of 2-oxoglutarate with
the formation of glutamate (donor of amino groups in the subsequent biosynthesis of amino
lipids) [10]. Therefore, the higher the activity of this enzyme in the cells producing
surfactants, the higher the content in the surfactant complex of amino lipids responsible for
the antimicrobial activity of the target product.

Activity of NADP *-glutamate dehydrogenase depending on the concentration of
cations in the reaction mixture.

Table 1 presents the data on NADP*-dependent glutamate dehydrogenase activity in the
presence of different concentrations of monovalent cations in the reaction mixture in
A. calcoaceticus IMV B-7241, R. erythropolis IMV Ac-5017 and N. vaccinii IMV B-7405
grown on refined and waste sunflower oil.

As shown in Table 1 calcium cations at a concentration of 1-5 mmol triggered NADP*-
dependent glutamate dehydrogenase activity in R. erythropolis IMV Ac-5017 and N. vaccinii
IMV B-7405 cells grown on both oil containing substrates. Other divalent cations
(magnesium and zinc) either inhibited the activity of this enzyme in both strains, or did not
influence the activity of glutamate dehydrogenase in the mixture (e.g. the same as in the
control without cations). At the same time, all studied divalent cations did not have any effect
on the NADP*-dependent glutamate dehydrogenase activity in A. calcoaceticus IMVB-7241.
Such trends were observed during the cultivation of the strain on both refined and spent
sunflower oil.
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Table 1
Effect of cations on NADP*-dependent glutamate dehydrogenase activity in cell-free extracts A.
calcoaceticus IMV B-7241, R. erythropolis IMV Ac-5017 and N. vaccinii IMV B-7405

Cation Concentration in NADP*-glutamate dehydrogenase activity
the reaction (nmol-min* 'mgof protein) in cells of strains
mixture, mmol IMV B-7241 | IMV B-7405 [ IMV Ac-5017
Substrate — refined sunflower oil
No cations 0 48624 573+29 30815
Ca? 1 48624 N.d. 615+30
5 486+24 769+38 259+13
10 340417 385+19 259+13
Mg?* 5 48624 145+7 154+8
10 486+24 148+7 15448
Zn? 0.001 470+23 192+9 259+13
0.005 470+£23 192+9 259+13
Na* 25 486+24 473423 15448
50 486+24 473423 15448
100 486+24 473423 15448
K* 25 486+24 473423 15448
50 486124 473423 15448
100 486+24 473423 15448
Substrate — fried sunflower oil
No cations 0 579+29 377+19 555+28
Ca? 1 579+29 N.d. 76338
5 579+29 756+37 555428
10 579429 377+18 555428
Mg ¥ 5 579+29 23011 37018
10 579429 23011 370+18
Zn?* 0.001 579429 377+18 370+18
0.005 579+29 377+18 370+18
Na* 25 380+19 377+18 74137
50 260+13 377+18 741+37
100 198+10 189+9 74137
K* 25 N.d. 377+18 74137
50 275+14 189+9 741+37
100 180+9 189+9 555428

Note: N.d. — not determined

Monovalent cations did not affect the activity of NADP*-dependent glutamate
dehydrogenase during of A. calcoaceticus IMV B-7241 cultivation on refined oil and
inhibited the activity when culturing the strain in waste oil. In the presence of potassium and
sodium cations, a decrease in the activity of this enzyme was observed in R. erythropolis
IMV Ac-5017 and N. vaccinii IMV-7405 cells grown on refined oil. However, underg the
cultivation on waste oil monovalent cations activated NADP*-dependent glutamate
dehydrogenase in R. erythropolis IMV Ac-5017 (see Table 1).
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NADP*-glutamate dehydrogenase activity depending on the concentration of
cations in the culture medium of the strains.

At the next step, the activity of NADP*-dependent glutamate dehydrogenase was
determined during cultivation of A. calcoaceticus IMV B-7241, R. erythropolis IMV Ac-
5017 and N. vaccinii IMV B-7405 cells in basic and modified oil containing media. Mono-
and divalent cations — potential enzyme activators (Table 2) — were added to the media. The
choice of cations for the modification of the cultivation media of the studied strains was based
on their effect on the activity of the enzyme according to the table. 1. Also the results of
previous studies [6] were considered: triggers of NADP*-dependent glutamate
dehydrogenase were identified during cultivation of A. calcoaceticus IMV B-7241 and
R. erythropolis IMV Ac-5017 on ethanol, N. vaccinii IMV B-7405 — on purified glycerol.

The research results given in the Table 2, confirmed the data in Table 1: there are no
positive effects of calcium and zinc cations on the enzyme activity of strain A. calcoaceticus
IMV B-7241; calcium cations triggered NADP*-dependent glutamate dehydrogenase activity
in R. erythropolis IMV Ac-5017 and N. vaccinii IMV-7405 cells grown on both refined and
waste oil.

At the same time adding of potassium chloride and sodium to the oil containing medium
of R.erythropolis IMV Ac-5017 did not increase NADP*-dependent glutamate
dehydrogenase activity (see the Table 2). The lack of correlation between the monovalent
cations’ effect on the activity of the enzyme in the reaction mixture (see the Table 1) and in
the culture medium (see the Table 2) can be explained as follows. Actual content of cations
in bacterial cells and culture medium differs. Values of enzymatic activity in cell-free extracts
do not always correspond to the speed of real process in intact cells. This speed depends not
only on the content of the enzyme but also on the pool of substrates, enzyme regulations and
other factors.

Previously, [6] we showed that cations of calcium and zinc were activators of NADP-
dependent glutamate dehydrogenase when A. calcoaceticus IMV B-7241 cultivated on
ethanol. While sodium and potassium cations were activators when N. vaccinii IMV-7405
cultivated on purified glycerol

There were no activating effects observed if oil-containing media used (see Tablel and
2). We can assume that A. calcoaceticus IMV B-7241 and N. vaccinii IMV B-7405 have
several glutamate dehydrogenases, which operate during cultivation on various substrates.

For example, two NAD*-dependent glutamate dehydrogenases were found in the
extremely halophilic strain Salinibacter ruber M31 (DSM 13855T) [12]. The activity of one
of the enzymes increased 1.4 and 67 times in the presence of 3 M sodium chloride and 3 M
potassium chloride, respectively, and the activity of the other, under similar conditions,
decreased 8.8 and 4 times, respectively.

It is known from the literature that monovalent and divalent cations can be both
inhibitors and activators of glutamate dehydrogenase in microorganisms [13—24].

The activity of this enzyme in the archaea Thermococcussp. increased by 135, 104 and
250% in the presence of 5 mmol CaCl,, MgCl;and MnCly, respectively [15]. Later [18] it was
found that calcium and magnesium cations are also activators of NADP*-dependent glutamate
dehydrogenase in archaea Thermococcus waiotapuensis: the presence of 10 mmol CaCl, and
10 mmol MgSQ, increased an activity by 1.3 times compared to the control (without cations of
metals). Divalent iron cations at a concentration of 1 mmol increased the activity of NADP*-
glutamate dehydrogenase in Klebsiella pneumoniae F-5-2 by 10% [19]. It was found in [19]
that silver cations were potent inhibitors of this enzyme in the K. pneumoniae F-5-2 strain.
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Table 2
Influence of cations in media for cultivation of A. calcoaceticus IMV B-7241, R. erythropolis
IMV AC-5017 and N. vaccinii IMV B-7405 on NADP*-dependent glutamate dehydrogenase

activity
- N NADP*-glutamate-
Strain Type Of oil in Cultlv_atlon dehydroge%ase activity
medium medium I ;
(nmol-min?*-mg™protein)

N. vaccinii Refined Basic 515425
IMV B-7405 +0.2 g/l CaCl, 690+34
+ 0.4 g/l CaCl, 538426
Fried (waste) Basic 329+16
+ 0.2 g/l CaCl, 425+21
+ 0.4 g/l CaCl, 488+24
R. erythropolis Refined Basic 308+15
IMV Ac-5017 +0.1 g/l CaCl, 618+30
+0.5 g/l KCI 308+15
+ 0.5 g/l NaCl 308+15

+ (0.5 g/l KCI +0.5
g/I(NaC@:) 30815
Fried (waste) Basic 555+28
+ 0.1 g/l CaCl, 74137
+0.5 g/l KCI 555428
+ 0.5 g/l NaCl 555428

+ (0.5 g/l KCI +0.5
g/I(NanI) 55528
A. calcoaceticus Refined Basic 459+23
IMV B-7241 + 0.1 g/l CaCl, 464+23
+ 0.2 g/l CaCl; 464+23
+ 38 umol Zn?* 464123
; rI(l(c)).llzgjllzl+)(:acI2+38 475424
; rI(l(c)).lzzgjllzl+)(:acI2+38 471224
Fried (waste) Basic 538+27
+ 0.1 g/l CaCl; 533427
+ 0.2 g/l CaCl; 538427
+ 38 umol Zn?* 469+23
; rI(](()).llzgl,]qlzt)CaCIz+38 494275
; rI(](()).lzzgl,]qlzt)CaCIz+38 400220
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The activity of NAD*-dependent glutamate dehydrogenase in Laccaria bicolor fungi
increased by 50% in the presence of 1 mM calcium sulfate and magnesium chloride, but
decreased by 60-70% when 0.1 mmol Cu?*was added to the reaction mixture [16].

Cations of potassium and sodium at the concentration 50-200 mM are enzyme
activators in aerobic hyperthermophile archaea Aeropyrum pernix K1 [17]. At the same time,
the activity of purified NADP*-dependent glutamate dehydrogenase Pyrobaculum
calidifontis was inhibited by 50% in the presence of 100-200 mmol of potassium chloride
and 100-300 mmol of sodium chloride [22].

Alba-Lois et al. [20] found that the additional of 1 M NaCl into the culture medium of
halotolerant yeast Debaryomyces hansenii was accompanied by a fivefold increase in the
activity of NADP*-dependent glutamate dehydrogenase compared to the activity of the
enzyme when grown on a medium without sodium chloride. At the same time, the activity
of the purified enzyme did not increase in the presence of this salt. The researchers explained
such unexpected results by the fact that the increased activity of NADP*-dependent glutamate
dehydrogenase in D. hansenii is a kind of defence mechanism against the inhibitory effect of
high ionic strength.

It was shown in [16] that the stability of Escherichia coli glutamate dehydrogenase
increased in the presence of lithium cations at a concentration of 1 to 10 mM, 1 M sodium
phosphate, or 1 M ammonium sulfate.

Data on the effect of zinc cations on the activity of NADP*-dependent glutamate
dehydrogenase inmicroorganisms appeared in 1980 [13], but so far there are only a few such
publications. In [13] it is reported that depending on the concentration of Zn?* can be either
an activator or inhibitor of this enzyme: at a concentration of less than 0.1 mmol activity of
glutamate dehydrogenase of Mycobacterium smegmatis raised, while at concentrations above
0.1 mmol an inhibition of enzyme activity was observed. It was observed that the activity of
NADP*-dependent glutamate dehydrogenase E. coli in the presence of 1 mM Zn?* decreased
by 40% [14]; at a concentration of 5 mmol ZnCl; — the activity of this enzyme reduced in
Aspergillus terreus [21].

Geotrichum sandidum S12 glutamate dehydrogenase is unique because it has substrate
specificity towards glutamate, 2-oxoglutarate, hexanol and isoamyl alcohol [23]. In the
presence of ADP, Fe?*, K* and Zn?* an increase in enzymatic activity towards hexanol was
observed; and in the presence of EDTA, Mn?* and ATF — its inhibition.

Influence of divalent cations in the culture medium of A. calcoaceticus IMV B-7241
with glycerol of different purification degree on the activity of NADP*- glutamate
dehydrogenase.

At the next step it was analyzed how activators impact NADP*-dependent glutamate
dehydrogenase during the cultivation of A. calcoaceticus IMV B-7241 on purified glycerol
and waste of biodiesel production. Data in Table 3 show that after adding calcium cations
into the medium with refined glycerol for A. calcoaceticus IMV B-7241 cultivation activity
of NADP*-glutamate dehydrogenase increased almost 2.5-3 times comparing to the basic
medium.

However, after adding CaCl; into the media with waste of biodiesel production NADP*-
dependent glutamate dehydrogenase activity remained almost the same as in the basic
medium. Also under cultivating A. calcoaceticus IMV B-7241 on oil containing substrates
adding zinc cations into glycerol media did not increase activity of the enzyme (see Table 2
and 3).
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Table 3
NADP*-dependent glutamate dehydrogenase activity during cultivation
of A. calcoaceticus IMV B-7241 on glycerol of various purity

Growth Cultivation media NADP*-glutamate-dehydrogenase

substrate activity
(nmol - min! - mgtprotein)

Purified glycerol | Basic 159+8
+ 0.1 g/l CaCl, 401+20
+ 0.2 g/l CaCl, 476124
+ 38 umol Zn?* 160+8
+ (0.1 g/l CaCl+38 umol Zn?) 239+12
+ (0.2 g/l CaClx+38 umol Zn?) 15448
Wastes of Basic 526426
biodiesel + 0.1 g/l CaCl, 541+27
production +0.2 g/l CaCl, 541427
+ 38 pmol Zn** 532426
+ (0.1 g/l CaCl,+38 pumol Zn®*) 532426
+ (0.2 g/l CaCl,+38 pumol Zn®*) 532426

In our opinion, one of the reasons why Zn?* activates NADP*-dependent glutamate
dehydrogenase [6] on ethanol media but does not on oil and glycerol may be the presence of
several glutamate dehydrogenases in a strain IMV B-7241. However, in the next studies we
could not identify NAD*- or NAD(P)*-dependent glutamate dehydrogenase activity in cells
A. calcoaceticus IMV B-7241 grown on oil-containing substrates, purified glycerol and waste
of biodiesel production. Probably, the strain IMV B-7241 has several NADP*-dependent
enzymes that function when grown on different substrates. However, the final conclusion in
favor of such an assumption can be made only after the isolation of the relevant enzymes and
the study of their physicochemical properties.

In addition, it is possible that in the A. calcoaceticus IMV B-7241 strain during
cultivation on oil and glycerol, glutamate formation is not involved in glutamate
dehydrogenase, but glutamine synthetase and glutamate synthase [24]. These enzymes carry
out (like glutamate dehydrogenase) reductive amination of 2-oxoglutarate with the formation
of glutamate as a result of two successive reactions that occur with the participation of ATP.
van Heeswijk et al. [24] note that in E. coli and Salmonella typhimurium cells, glutamate
dehydrogenase was characterized by high activity during exponential bacterial growth,
however, as the sources of carbon and nitrogen nutrition in the culture medium were
exhausted, it was decomposed by ATP-dependent proteases.

It was found in [19] that during the cultivation of K. pneumoniae F-5-2 under aerobic
conditions, both glutamate dehydrogenase and glutamine synthetase functioned
simultaneously in bacterial cells. NADP*-dependent glutamate dehydrogenase catalyzed the
not only amination of 2-oxoglutarate, but also 2-oxovalerate and 2-oxobutyrate and was
stable in the pH range 5.5-11.5. The optimum pH of glutamine synthetase was 8.0, this
enzyme was stable at pH 6.0-7.0. Unlike glutamate dehydrogenase, the activity of glutamine
synthetase was strongly suppressed by ferrous iron cations. In addition to iron cations,
mercury and cuprum cations were found to be inhibitors of this enzyme in K. pneumoniae F-
5-2.
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Note that the final conclusion about the functioning of or several NADP + dependent
glutamate dehydrogenase, or glutamate dehydrogenase, glutamine synthetase and glutamate
synthase in the A. calcoaceticus IMV B-7241 strain grown on oil and glycerol can be done
only after the isolation of the corresponding enzymes and the study of their physicochemical
properties.

Conclusion

The results of this study confirm the earlier data on possibility to regulate the activity
of key enzymes of the biosynthesis of the final product. This can be achieved by modifying
the composition of the medium, e.g. by changing a content of activators (inhibitors) of these
enzymes.

The obtained data suggest that adding CaCl, to the oil-containing media of R.
erythropolis IMV Ac-5017 and N. vaccinii IMV B-7405, as well as to the medium with
purified glycerol for growing A. calcoaceticus IMV B-7241 will result in synthesis of
surfactants with increased antimicrobial and antiadhesive activity.
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AHoTauii
XapuoBi TexHonorii

Tpenau i ouikyBaHi mepeBaru nepegoBHX Xap4oBUX TexHoJoriii y 2021-2030pp.

Bonoaumup IBanos, Onexcannp Illeuenko, Auapiit MapuHiH,
Bikrop Crabuukos, Onekciii ['yoens, Onena CtaGHikoBa,
Amnacracis IlleBuenko, Onekcanap "'aBa, Anatosmiii Camox
Hayionanvnuii ynisepcumem xapuosux mexwonoeii, Kuis, Yxpaina

Beryn. Po3riisiHyTO OCHOBHI TEHCHIIIT CBITOBOTO PO3BUTKY IHHOBALIHHUX TEXHOJIOT1H
XapuoBuX poaykTiB y 2021-2030 pp.

Marepiann i meroanm. Mopdoioriunuii aHami3 KiacTepiB HayKOBUX 3HaHb IO
XapyoBy HayKy.

Pe3yabsTtaT i 00roBopennsi. OCHOBHI TEHJAEHIII CBITOBOTO PO3BHUTKY TEXHOJOTIH
XapyOBUX IPOIYKTIB:

1. Bimpm cyBopi mpaBmiia Oe3MeKd XapYoBUX MPOTYKTiB, BKIIOUAIOYH TOJIIMEpasHy
JIAHIIOTOBY Peakliifo 1 BuABIeHHS HOBUX naroreHiB JIHK, mo nepenarorscs yepe3 xap4uoBsi
MIPOYKTH, KOMIUIEKCHHH KOHTPOJIb 3a XIMIYHAM 3a0pyJHEHHSIM Xap9OBHX MPOIYKTIB.

2. BupoOHUITBO (yHKIIIOHATBHUX XapUOBUX MPOAYKTIB, BKIIIOUAIOUN XapuyBaHHS JUIs
HEMOBIIST, IITeH, BariTHUX JKiHOK, JIFOJIEH IIOXUIIOTO BIKY, JJIsl 3aHATH CIIOPTOM, XapyyBaHHs
BiIHCHKOBOCITY>KOOBIIIB, CTpaBH, FOTOBI 0 BXKHMBaHHA, 30aradeHy MIKpOeJIeMEHTaMU DKy,
HYTPHULEBTUKH Ta AI€THYHI MPOJYKTH.

3. ExoyoriyHo 4HCTI Ta €HEeprooliajaHi CIocoOu NepepoOKH XapuoBHX MPOAYKTIB,
BKJIIOUAIOYM HETEeIUIOBI (I3W4HI METOomu, Taki SK XOJOAHE OOpOOJICHHS ILIa3MOIO,
TOMOTEHI3allisl IIiJi BHCOKHM THCKOM, IMITYJIbCHI €JCKTPUYHI TIONS, EKCTpakIis 3a
JIOTIOMOTOI0  YJIBTPa3BYKy, IHHOBAIIiWHI TEXHOJOTil CYIIIHHS TPOIYKTIB, BUPOOHHUIITBA
€TaHOIy, eKCTPaKIiWHI TEeXHOJOTIl, Me3iH(EKIisa 1 cTepuIizamis IPOAYKTIB XapuyBaHHS U
00NaHAHHS, IHHOBAIIIMHI TEXHOJOTi] MAKyBaHHS XapUOBHX IPOIYKTIB, IHTEHCHU]IKAIliL
MepepoONICHAS Xap4OBUX MPOAYKTIB 3 BHKOPHCTAHHSIM OIOTEXHOJOTIYHUX METO/IB,
3ay4eHHs HeTpaJWLIiHOI CHPOBHHY JUI BUPOOHUIITBA Xap4YOBHX IIPOIYKTIB.

4. BiotexHojyoriyHa oOpoOka XapuoBHX IPOAYKTIB 3 BUKOPHUCTAHHIM (epMeHTIB
mpoTeiHas, MIyTaMiHOBHX TpaHcdepas, ragakTo3uaas, (PEpMEHTIB EeKCTPeMO(iIbHUX i
NcUXpodiTBHUX MIKPOOPraHi3MiB, JKUBHX MIKPOOPraHi3MiB siK MPOOIOTHKIB a00 3aKBaCOK,
MIKpOOHHMX METa0OJITIB 1 HOBUX JKepe iXkKi, TAKHUX K KOMaxXH Ta IITy4yHe M’5ICO.

5. Tlepconamizaiisi nepepoOJieHHsT 1 PO3MOJTY Xap4YOBUX IMPOAYKTIB, BKIIOYAIOYH
aJlanTalio Xap4yoBOoi IMPOMHCIOBOCTI JI0 XapuOBHX IMOTPed pI3HMX MEIWYHHX, PACOBHX,
peNiriiHuX 1 perioHaIbHUX IPYII CIOXKUBaUiB, KOMIT I0T€pH3allisi 0cCOOMCTOr0 BUPOOHUIITBA
Ta CIIOKUBAHHS TKi, TpobIeMa CIPUHHSTTS CIIO’KUBaYaMn HOBUX NPOIYKTIB, 3D-apyk Tki.
Komepuiline xapuyBaHHS CTajlo pi3HOMaHITHMM, a JUId ONTHMi3auii BHPOOHMITBA Ta
JOCTaBKM DKI  BUKOPHCTOBYBaTUMEThCS  creuugiuHe KOMI'IOTEpHE  IIpOrpamMHe
3a0e3neueH s 3 BHYEPITHOIO 1H(POPMAIIIEI0 PO Xap4OBHH MPOJIYKT Ta OCOOUCTI BUMOTH JI0
patioHy xapuyBaHHS.

BucHoBku. [Hpopmanis, HaBeneHa B OIVIAII, MOXKe OyTH IIIHHOIO JJIsI HAYKOBIIB Ta
YOPaBIIiHIIB TPH BHU3HAYECHHI TNPIOPUTETHUX HANPSAMIB JOCII/KEHb Ta iHHOBAIifHOT
ISITBHOCTI.

KuouoBi ciaoBa: xapuysaumns, Oesnexa, ob6pobOnenHsi, OIOMeEXHONO02IA, NAKYBAHMHS,
yHKyionanbHicmob, nepcoHanizayis.
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@yHKIiOHAIbHA e()eKTHBHICTD iN Vitro eKCTPaKTiB KaABKa3bKOr0 POIOAEHAPOHA
(Rhododendron caucasicum) i Bun RKkatsiteli sik inriéiTopis mankpeaTuunoi Jginasu

Kyxa Xauanypinze®, [isi Tyrynamsini?, Biraniit [axunsni?,
Amenika Ilnsorep®, Jlesan I'ynya!, Tamap Typmaninze!
1 — Aepapnuii ynieepcumem I pysii, Toinici, I py3ia
2 — I'pysunceruti mexniunuil ynisepcumem, Toinici, I py3sis
3 — Vuieepcumem Kaccens, Kaccenv, Himeuuuna

Beryn. MeToto nocnikeHHs! € BH3HA4€HHs 1HriOyBaJbHO! aKTHMBHOCTI KaBKa3bKUX
ponoxnennponis (Rhododendron caucasicum) i PxanuTeni npoTn naHkpeaTudHoO1 JlinasHu.

Marepiaan i meroau. JIucTs KaBKa3bKOTO POAOACHIPOHA, 310paHi B perioHi Bepxnoi
Cpanerii. Bura BUroTOBISINMM 13 cOpTy BUHOTpaay Pxarureni. TutpumerpuuHuii Meton
BHKOPHCTOBYBAIIM JUI BH3HAYCHHS aKTHBHOCTI JIiMa3y, 3arajgbHOro BMIcTY henomy (TPC).
3nmaTHiCT TIa3MU 110 3HIKEHHS 3ami3a (FRAP) Bu3Hawamm crieKTpopoTOMETPUIHO.

PesyastaTn i odrosopenns. [IpomeMoHcTpoBaHO BHCOKY Kopemsinito Mixk TPC i
AHTHOKCHIIAHTHOIO akTUBHICTIO (AOA) y Beix 3paszkax. KoeirmienT kopemsmii [Tipcona (R2)
JUI1 3pa3KiB KaBKa3bKOTO PONONEHApOHa i1 3paskiB BuHA crtanoBuB 0,9758 Tta 0,9556
BinnoBigHO. Beranosieno, mo cepenniii mokasHuk TPC y KaBKa3pbKOMY POIOACHIPOHI
konuBaeThes Bim 13,00+£0,48 mo 19,48+0,84% ecxBiBanenra ramoBoi kuciotu (GAE) Ha
OCHOBI BMICTY CyXxoi pe4oBHHH. TpeTiii 3pa3oK KaBKa3bKOrO POJOJCHIPOHA BHSBHB
HaitBunuii nokasuuk TPC, GAE — 19,48+0,84%, AOA — 16,10+0,32. CyTTeBOi pi3HHUII MiXkK
TperiM 1 nepmmM 3paskamu (17,97+0,42% GAE Tta 15,35+£0,74 AOA (p <0,05)) He
crocrepiranocs. He3pakatoun Ha Te, IO YETBEPTHH 3pa30K AeMOHCTpyBaB HaitHmk4di TPC
ta AOA, fioro iHriOyBaslbHa aKTHBHICTH JIiMA3W TyXKe HaragyBaia opiictar. IMOBipHO, IO
noieHou, KUl 3abe3nedye aHTWIIINAa3Hy aKTHBHICTh KaBKa3bKOTO POIOJICHIPOHA, JIETKO
OKHUCITIOETBCS B TOBITpi. OTKe, TEXHOIOTiA 00poOIIeHHS TOI0HA 10 TEXHOJOTI] «3eIeHOro
4aroy, TO3BOJSIE YTPUMYBATH OUTBIY YaCTHHY MOJI(QEHOIY B 3pa3Ky. Y pemTi 3pa3KiB I
pEUOBHHA OKHCIIOBAJIACS MOJIEKYJISIPHUM KHCHEM. Pe3ynbraTu JOCIiKEHHS i ITBEPIUIIH,
10 06poOKa 3pa3KiB POJOJICHAPOHA MOKE BILTMHYTH Ha CKJIaJ 610aKTUBHUX crionykK. OTxke,
0i1i BMHA, BUTOTOBJICH] 32 KAXETCHKOI TEXHOJIOTIE0, OaraTi 6i0aKTHBHUMHM CHOJyKaMHU Ta
MaloTh BHIY AHTHOKCHJAHTHY aKTHMBHICTh Ta IHriOyBajJbHY [0 JIiNa3d IOPIBHSIHO 3
BHHAMH, BUTOTOBJICHUMH 32 €BPOIEHCHKOIO TEXHOJIOTIETO.

BucHoBok. EkcTpakT KaBKa3bKOro pOJOACHIPOHA € MEPCIEKTHBHUM IMPUPOIHUM
1Hri0ITOPOM, a/)Ke 3MEHIIYIOTh BCMOKTYBAHHSI XOJIECTEPHHY 3 TKero. 3Bakaroun Ha BMICT
CyXo0l pe4YOBMHH, KaBKa3bKHH POJIOAECHIPOH Ma€ Kpally iHriOyBajbHy aKTHBHICTb.

KarouoBi ciaoBa: suwo, Kagxkaszvkuii pododenopow, Pxayumeni, opaicmam,
AHMUOKCUOAHM.

3amiHa XJI0puAy HATPII0 B IPOMHCI0BOMY TOCTOBOMY XJ1i0i
JHe6opa Konne Monina, Kapna Keseno!, Banepis Apkepoc?
1- Hayionanvuuii mexnonoeiynui ynigepcumem, Kamnana, Apeenmuna
2 — Granotec Argentina, I'apin, Apecenmuna

Beryn. Edexr 3aminmieHHst XJIOpHUAy HATPil0 BUBYAIHM y HMPOMHCIOBOMY TOCTOBOMY
Hapi3aHOMY MIIEHNYHOMY XJi0i, OOTPYHTOBYIOUM TEXHOJOTIYHMH MiAXiA 10 3MEHIICHHS
BMICTY HaTpio B XJIiIOHHX BUpOOax.
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Marepianu i MmeToau. fx 3aminaux xmopuay Hatpito BuB4asm Granolife CV Sustisal
100 (GCVS100). depmeHTaTHBHI BIACTUBOCTI TICTa BH3HAYANUCS 3a JOIOMOTOIO
peodepmMeHTOMETpa, BIACTUBOCTI TOBEIIHKH TiCTa MiA dYac 3MilTyBaHHSI-HarpiBaHH:-
OXOJIO[DKEHHS — 3a momomoroto Mixolab. Kpim toro, mutomuit 06’em xmiba i mpo¢iisb
TEKCTYPH PO3TIJAINCH K MAPAMETPH SKOCTI BUITIKAHHS.

PesyabsTaTn i 06rosopenns. logasanas GCVS100 a6o NaCl go ticta 3 MIIEHUIHOTO
OopolIHa MPHU3BEJIO JI0 3MEHIIEHHS I'a30yTBOPEHHs Ha eTarni Opo/inHsa. OfHaK BOHM 3HAYHO
30UTBIIMIIN KOS(II[IEHT 3aTPUMKH Ta3y, CIPHUSUIA BIOCKOHAJICHHIO KIICHKOBHHHU Ta JAJIA
3MOT'Y OTPHMATH KPHBY PO3BHUTKY TiCTa, MOJAIOHY 10 OOpoIIHsHOTO TicTa. KpiM Toro, obuasa
IHTpEIEHTH 3MIHWJIM KiJIbKa MmapameTpiB 6opomHsHoro Ticta B Mixolab. Bogonornunanss
3MEHIIMIOCS, CTaOUIBHICTh TicTa 1 KpOXMajbpHOro remo mnpu HarpiBanui (C4-C3)
mokparuiacs, nporec xenarunizanii (C3-C2) yHoBiIBHUBCS, a PETPOrpaallis KPOXMaro
MM ABUIIAJIACS.

GCVS100, omineHmit y ¢opMmyni TocToBOro ximiba, IOKa3aB MOAiIOHI €QEeKTH.
Honasarus GCVS100 abo NaCl mo TocToBoro ximifa mpu3BeNo 10 3MEHIICHHS BUPOOICHHS
ra3y mix gac Opoxinasa. KoedimieHT 3aTpUMKH Ta3y HE MOKa3aB CYTTEBUX BIAMIHHOCTEH Mixk
00poOKaMu, OCKUTBKH A0 CKJIAny XJi0a BXOISATH CIIONYKH, SKi CTUMYJIOIOTH 3MiITHCHHS
KJICHKOBHHHOI CTPYKTYpH TicTa, mo Mackye edexr NaCl i GCVS100. Orxe, BiAIOBIAHO 10
MeHIoi razoyTBoproBaibHOI 3maTHOCTI, NaCl i GCVS100 npu3BOAsITh 1O 3MEHIICHHS
00’eMy TicTa.

[TapameTpu BHIIKaHHS TOCTOBOTO XJi0a MOKa3ayd, IO NUTOMHUI 00'em xniba OyB
snayao BumuM 0e3 NaCl abo GCVS100. Anainiz npodinar TEKCTyp TOCTOBOrO Xiiba He
MOKa3aB 3MiH B IOPUCTOCTI M’sKyma i mpyxHocti npu gonaBanHi NaCl abo GCVS100.

BucnoBkn. [logasaras GCVS100 B xmi6 cupuuunse edpekt, monioauit no aii NaCl.
Pesymbratt 11pOTO JOCHIMKEHHS MAaloTh 3Mory mnpumyctutd, mo GCVS100 moxHa
BHKOPUCTOBYBATH JJISI OTPUMAaHHS TOCTOBOTO XJIiba 0e3 HaTpiro.

KuarouoBi citoBa: xui6, xnopucmuii Hampiil, peonoeis, MiKcoaab, mexcmypa.

AHTHOKCHIAHTHA e()eKTUBHICTh POCTUHHUX KYJIBTYP

I'anuna Cimaxina, Hatanis Haymenko
Hayionanvuuii ynieepcumem xapuosux mexuonoeiu, Kuis, Yxpaina

Beryn. IlpuponHi aHTHOKCHAAHTH MalOTh IepeBard Iepe] CHUHTETUYHHMH, He
BHUKIIMKAIOUd HeOakaHUX edekTiB. MeTa NOCHiKEeHHS — BHSBHTH Cepel STITHUX Ta
JIKapChbKUX POCIMH KOHIEHTPATOPW AHTHOKCHIAHTIB 1 BHU3HAYMTH iX MpPaKTHYHE
BUKOPHCTAHHS Yy XapuOBHX TEXHOJIOTISX.

Marepiann i meroau. [lociipkeHo 4 COpTH KyIbTHBOBAHUX AT Ta 8§ BUAIB JUKOPOCIB
Ha 3arajbHy aHTHOKCHAAHTHY e(eKTHBHicTh; 10 3pa3KiB JIKapchbKHX TpaB — HA BMICT i
CTYIiHb BIJIyYeHHs 0i0()IaBOHOIIB y BOAHO-CIIMPTOBI €KCTPAKTH; BMICT acKOpOiHOBOI
KHCJIOTH, 610()1aBOHOIIB, KAPOTHHOIAIB BU3HAYAIIH 34 3araJIbHOBITOMAMH METOIUKAMHU.

Pe3yabTaTH i 06ropopennsi. MakcuMaibHHUN BMICT aCKOPOiHOBOT KUCIIOTH BUSBICHO
B Airogax 4yopHoi cMopoanau (234,0 mr/100 r), BumHi (62,2 mr/100 1), apoHii YopHOIIIi IHOT
(129,0 mr/100 1), cymmmi (104,0 mr/100 r), oxurm (68,8 mr/100 ). Ili x sroam
BiJI3HAYAIOTHCSI BUCOKUM BMicTOM OiodaBoHOiAiB, BiamoBigHO, 1858 Mr/100 1; 1340 Mr/100
r; 2460 Mr/100 r; 1978 mMr/100 1; 2447 Mr/100 r. CriocTepiraethcst IpUPOAHA KOPEIISLIS MK
BMICTOM ILIMX JIBOX TPy aHTHOKCHAAHTIB y JOCHIPKeHHX MaTepianax. Lle oOrpyHTOBye
JOLIIBHICTh iX BHUKOPHUCTAHHS JJIsI OTPUMAaHHS XapyoBOi MPOJYKLIl aHTHMOKCHAAHTHOTO
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CIIpSIMYBaHHS. PEWTHHTOBWIA CIHCOK ATITHUX KYJIbTYp, HAWOIMBII TNPUAATHHX IS
KOperyBaHHs BMiCTy aCKOpOiHOBOI KHUCIIOTH, 0i0(p1aBOHOINIB, KAPOTHHOIMIB BiMIOBITHO O
PEKOMEHAOBAaHUX IOOOBHX TOTped CIOXKHMBAaHHS, CKJIajae: apoHis dopHomutigHa (2600
Mmr/100 1), oxuna (2514 mr/100 r), gopraums (2199 mr/100 r), cmopoauHa dopHa (2096
mr/100 1), cyrur (2084 mr/100 ), umras (1405 mr/100 1).

JlocuTh BHCOKHH 3araJbHUM BMiICT O0i0(IaBOHOIMIB, SKi MiIOTh SK OXHE Miie i
BIZIIrpatoTh posb Oy(epHOT aHTHOKCHIAHTHOT CHCTEMH, BUSBJICHO Y JIIKAPCHKUX POCIHMHAX:
3Bipo6ii (3,89 mr/100 r), marepunka (2,98 mr/100 r), umus (2,638 mr/100 r), memica (1,685
Mmr/100 1), gedpenp (1,470 mr/100 r). 3a BU3HAYECHUX ONTUMAIBHUX 3HAYCHH OCHOBHHUX
rapaMeTpiB €KCTparyBaHHS B EKCTPaKT IepeBeneHo 85% OiodaBoHOiniB 31 3Bip0oOOIO;
monaa 60% 3i CMOPOJIMHU, MeTicH, YeOpelto, maeiii, iMuny; 10 40% 11 — i3 MaTepUHKHY;
MeHI HiX 30% — i3 kpornuBH Ta Gepesu. Lle MosICHIOETHCS TEBHUMH BiIMIHHOCTSAMHU Y iXHIN
OymoBi, pi3HIM BMICTOM XapuoBOi KJIITKOBHHH, [0 3arajoM BIUIMBAE Ha KoedimieHT qudy3ii
610()1aBOHOIIB TIPH eKCTParyBaHHi.

BucHoBku. PocniHHa cHpoBUHA, XapaKTepHa Ul IOMIPHOTO KJIIMAaTHYHOTO MOSICY —
KyJIbTUBOBAaHI Ta JUKOPOCTI SATOAHM, JIKApChKi POCIMHH — 3 BHCOKHM BMICTOM
AHTHOKCHJIAHTIB, Ma€ CTaTH HEOAMIHHOIO CKJIAZOBOIO XapyOBHMX IPOIYKTIB i HAIOIB I
3axHCTy OPTaHI3MY BiJl BUIbHOPaAUKAJIHHHUX BILTUBIB.

KutiouoBi ciioBa: anmuoxcuoanm, oKuciens, 200U, mpasu, excmpazy8anHs.

Bnuiue TepMiuHOl 00pO0KH THCKOM, KUII’ITIHHSA i IPONApIOBaHHA HA KOJip, TEKCTYpPY
i BMicT 0i0AKTHBHMX CHOJIYK Y KOPEeHem104ax

[Isotp CranikoBchkuii, MoHika Mixanak-MaeBchKa,
Ega f1610HCEKA-Prch, Bamsnemap ['ycras, Pobept ['pymenpkuii
VYuisepcumem nayx npo scumms 6 Jlroo6nini, Honvwa

Beryn. Meroro nocmimpkeHHs Oyio HOpiBHSIHHS €eKTy 0OpOoOKH THCKOM, BapiHHS Y
BOJIi Ta Ha Mapi Ha 3MiHU KOJIbOPY, TEKCTYPHU i yTpHUMaHHsI BUOPaHUX 0I0aKTUBHHX CIOJYK
y KOpEHEeIUI01ax.

Marepianu i MeToau. MopkBa Ta nerpyiika Oyiu miagaHi TepMidniin 06pooit (SV)
npu 80 °C (SV 80) 1 90 ° C (SV 90), Bapinni B kumisyiit Boxai (B) ta BapinHi Ha mapi (S)
npotsirom 10, 20 i 30 xBuiaMH. BrnacTHBOCTI IHCTPYMEHTAJIBHOT TEKCTYpH OLIIHIOBAJIM 32
JoroMoroto aHanisy Tekcryproro npogimo (TPA). Kouip BumiproBanu KoJopuMeTpoM, a
BMICT 3arajJbHUX (EHONBHUX CHOJYK 1 KAapOTHHOIJIB BHU3HAYAIM 3a JIOIOMOTOIO
CHEKTPOPOTOMETPUIHOTO METOTY.

Pe3yabraTn i 06roBopennsi. TBepaicTh, IIIIBHICTD 1 TEKCTYpa aHAIi30BaHUX OBOYIB
CYTTEBO BIIPI3HSIIMCH 3JI€KHO Bij criocoOy ¥ TpuBaiocTi KyniHapHOT 00poOku. HarBui
3HAYEHHS TBEPAOCTI, HIILHOCTI Ta *YBaJIBHOCTI OYJIM IIPOJIEMOHCTPOBAaHI 1715 BapiaHTiB SV
80.

BinpIicTh KOMIPHUX MapaMeTpiB OBOYIB CTATHCTUYHO CYTTEBO BiAPI3HSINCH, 3aJIC)KHO
BiI cmocoby Ta TpuWBaJOCTi KymiHapHOi 00poOku. Haiamxua sckpasicte (L*)
MPOJIEMOHCTpOBaHa misi neTpymkun B (20-xBwimHHa 00poOKa), a HalBHINE 3HAYCHHS
napameTrpa BizHadeHo s 3paskiB metpymku SV 80 (10-xBunuHHA 00poOka). Haiisumi
3HAueHHsl Tapamerpa a*, sKWUil € KOMIIOHEHTOM IIOMapaH4eBOro KOJbOpPY Ta BH3HAYa€e
CHOXXMBYY IpUBaOIMBICTH MOpPKBH, Oynm 3adikcoBani y 3paskax SV 80 ta SV 90.
CraTtucTHYHO 3HAaYyIli BiIMIHHOCTI OynM BHSIBJIEHI y 3HaueHHI b* MiX BHAaMu TepMiuHOT
00po0Oku. HaiiBuie 3HaueHHs KOBTU3HH Bi3HAYCHO [UIA 3pa3kiB R (HeoOpoOieHnx), Tomi
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sk 3paskn B (20-xBwimHHa 00poOKa) Malld HAWHMOKYI 3HAYCHHS [HOTO Tapamerpa. Y
BHITIA/IKY 3 MOPKBOIO HaWBHIII 3Ha4CHHs mapamerpa b* Oynu 3adikcoBani y 3paskax SV 90
(10-xBumuHHA 06pOOKa), a 3paskyu R Maik HAWHWKIE 3HAUCHHS KOBTH3HH.

HaiiBumuit BMicT (EeHONBPHHX CHONYK BHSBIEHO y meTpymku B (20-xBuimHHA
00pobka) ta mopkBu SV 90 (20-xBmimHHa 00poOka). HafiBuime 3HA4YCHHS 3aTPUMKHU
KapoOTHHOIAIB 3apeecTpoBaHo s nerpymku SV 90 (10-xBunmaHEA 00poOKa) Ta MOpKBU SV
80 (10-xBununHa 06pPOOKa).

BucnoBku. IlopiBHAHO 3 BifBapeHHMMH Ta INPONAPEHHMH 3pa3KaMH, OBOYI IiCIIs
TEepMi4HOi OOpPOOKM THCKOM MAlOTh BHILY TBEPAICTh, LIUIBHICTh, JKyBaJbHICTH 1
NIpUBaOIMBUIA JUIs CTIOXKMBava Koip. Mopksa, 00po0IieHa UM METOI0M, AEMOHCTPYE O1IbII
BUCOKE YTPHUMaHHS KapOTHHOI/IB.

Kunrouosi ciioBa: mennosa obpobka, Kuninms, nponaprosants.

TexHO/I0TiYHI BJACTHBOCTI KAPTOIISIHOT0 KPOXMAJIIO MicCJIfl TiApoTepMiyHOro
00po0/1eHHA 3 10JABAHHAM OPraHiYHUX KHUCJIOT

Ilxeccika Isacenko xakomonuuil, Bap6apa Pyiso Bamio Bapperri?,
Banecca Conrec ne AnsMeiinal, Kamina Jeninceki bet?,
Mapxko Aypeiio aa Cinbea Kapsanbo ®@inxo®4, Jlyic I'ycraso Jlacepnal,
Iso Morrin Jlemiar?, Eron Hluimep?
1 — Jleporcasnuii ynisepcumem Ilonma-I poccu, bpazunis
2 — @eoepanvhuii ynisepcumem Iapanu, bpaszunis
3 — Hancekuii kamonuywvkuil yuigepcumem y Iapani, bpasunis
4 — Vuieepcumem I[locusimo, bpasunis

Beryn. Kpoxmans OyB MonudikoBaHWil Ul MOJOIAHHS IPOMHCIOBHX OOMEXKEHb,
HasBHUX Y Horo npupomHoMmy BUrmini. ['inporepmiune oopodnenns (HMT) € dizuunmm i
TEPMiYHAM METOJOM, IO 3aCTOCOBYEThCS M Momudikamii kpoxmamo. Moro mosxua
MOEJIHYBATH 3 JICSKUMU XIMIYHMMHU PEYOBMHAMH, 1100 HaJaTH MNOJIMEpaM YHIKaIbHHX
TEXHOJIOTIYHUX XapaKTePUCTHK.

Marepiaan i meroan. Kapromnsuauii kpoxmans Moaudikysaiu 3a gonomororo HMT
i3 BUKopHrcTaHHAM BojH Ta 0,2 MOJILHUX Po3unHiB L™ opraniuHuX MOJOYHOT Ta IMMOHHOT
KUCJIOTH 70 chiBBinHOmEHHs 22%. JlochmifikeHO CKICIOBaJbHI W TEpMidHI BIACTHBOCTI
KapTOIUIIHOTO KPOXMallio. 3a JONoMOrow AudepeHLialibHOT CKaHyBaJIbHOT KalOpUMeTpil
(DSC) Buznaueno 3HaueHHs moudaTkoBuX (To), mikoBux (Tp) i kiHneBux temmeparyp (Tc)
JKeNaTHHI3aIi, a Takoxk eHranbIii (Hgel).

PesyabTaTn i 06roBopenns. Kapromnsuuii kpoxmans nokasas tun Tekctypu BC (Tun
B 3 xapakrepuctuxamu Tuny C). O6po06iieHi KpoxMaii MatoTh THUI TeKCTYpH C, 3 OCHOBHUMH
mikamu audpakiii 20 opu 5,6 °, 15,3 °, 17,3 © ta 23,5 ° Bignosigno. Crocrepiraioch
3MEHIIECHHS MiKiB IHTEHCUBHOCTI Ha 5,6 ° BIANOBIIHO 1O KOXHOI 00poOku. Po3zpaxyHkoBa
BigHOCHA KpucTanivHicTh (RC) koxHOTO Kpoxmamto craHoBmia 27,2% Bill KOMEPIHHOTO
KapTOIUITHOTO KPOXMallto. 3a JOMOMOTOI0 aHali3y CKJICIOBAIbHUX BiacTuBocTed (RVA)
BUSBJIEHO, 1[0 ITIK B'I3KOCTI MaB momiTHe 3HmkeHHS 3 7824,00 mIla/c mo 90,00 mIla/c
(HMT-+numonHa kuciota). Kpoxmans + HMT Tta 06pobnenwnii 22% Bomoro + HMT mnokazas
entaibmio 14,5 ta 9,9 Jx gt signosiguo. Thmi kpoxmaii, o6po6neni 22% po3uMHOM
MosouHoi kucnot + HMT 1 22% pozumHoM numonHOI kucnotn + HMT, mokazamm
PO3IIUPEHHS MiX MOYaTKOBUMH 1 KiHIIEBUMH TeMIIEpaTypaMH >XeJaTHHi3alli, 3 Pi3KuM
3MEHILIECHHM B'SI3KOCTI.

—— Ukrainian Food Journal. 2021. Volume 10. Issue 1 213



——Abstracts

BucnoBkn. OCHOBHE 3aCTOCYBaHHS IIbOTO MOJU(IKOBAHOTO KPOXMAIO0 — Y
MIPOAYKTAaX, [0 BUMAraloTh HU3bKO1 B’SI3KOCTI (OUTSTYE XapuyBaHHs, CYIIH) Ta K iHTpeIieHTa
LS BUIIKaHHS [ICYHBA.

KuarouoBi cnoBa: kpoxmane, moougixayis, ciopomepmiynuii, MOIOYHA KUCIOMA,
JUMOHHA KUcioma.

MacooOMiH mig 4ac ocMOTHYHOI Aerigparanii aiiBH 3 BHKOPHCTAHHAM Pi3HHX BHAIB
ocMocy

Ana Jleaxy, Kpicrina I'ines, Copina Ponuyk
Yuisepcumem [lImegana wen Mape Cyuasu, Pymynis

Beryn. OcmoTHuHI po3unHN (DPYKTO3M Ta caxapo3d TECTYBAJIM 3 METOIO OLIHKH iX
BIUIMBY Ha XapaKTEPHCTHKH OCMOJOBaHOI aiiBM. BHWBUYCHO BINIMB TOBIIMHHU 3Pi3iB,
KOHIICHTpAIil PO3YUHY 1 9acy 3aHypeHHS Ha KOJip i XiMI4HI XapaKTepUCTHKH 3HECBOJHEHOT
aiteu (Cydonia oblonga).

Martepianu i meToan. 3amxerns Baru (WR), konmpoposi napamerpu (CIE), 3arampauii
BMmicT ¢enonbHol (TPC) i ackopbiHOBOi kuciotu (AA) mocmiJpKyBalnu 3a JIONOMOTOIO
OCMOTHYHHX PO3YHHIB ()PYKTO3H Ta CaXxapo3u MPOTAroM 3 TO1 3aHypeHHsI. BMICT 3aranbHuX
nosideromnis (TPC) BusHauanu 3a qonomoror peareury ®onina-HiokanbTey mpu 765 HM 3a
JIOIIOMOT 010  criekTpodoTomMerpa. BMicT ackopOiHOBOI KHcIOTH (AA) BiIOKpEeMIIOBAJIH,
inenTudikysaiu ta n1o3ysaiu B cucteMi HPLC SHMADZU y noennanui 3 nerekropom UV—
VIS (DAD).

Pe3yabraTu i odropopenns. 3uwkenHs Barkn (WR,%) ocMozmoBaHoi aiiBH moka3zaiio
3HAYHi BIIMIHHOCTI 3aJIeKHO BiJl THUITY i KOHIIEHTPAI[il OCMOTHYHOTO areHTa i 9acy mporecy.
3HayHO Oinpma BTpaTa BOJOTH (HPYKTO3M (MOHOCAXapHIiB) SIK OCMOTHYHOTO arcHTa €
CYTTEBOIO MEPEBATOI0 TOPIBHSHO 13 caxapo3oro (aucaxapuaom). Bumi 3Hagenns WR Oymu
OTpHMaHi, KOJIM 3pa3KH aiiBU 3HEBOJHIOBAIN PO3YMHOM (pyKkTO3u KOoHUEHTparieno 80%.
Byno nomiveHo, 1o micist 180 xB ocMoTnyHOi geriaparanii 40% po3unHOM (PYKTO3U TOHKI
3pizu (10 MM) maroTe Buily BenmuuuHy WR mopiBHsHO 3 ToBcTHMHU 3pizamu (20 MMm).
3aranpHuil BMICT mosieHONIB 30UIbIIyBaBCcs Mmij Yac ocMoTHuyHol nerimparanii 80%
OCMOTHYHHMM pO3YMHOM. BMICT ackopOiHOBOI KHCIOTH 30UIBIIMBCA IIiJ 4ac 0OpoOKH
po3uuHoM ¢GpykTo3u 3 18,66 mr/100 1 (y 3pa3kax cBixoi aiigu) 10 30,9 mr/100 r (y 3paskax
aiiBM micyist ocMOTUYHOT AeriapaTaii po3unnoM ¢pykrosu 80%). 3pasku, 00pobieni 80%
(pyKTO3010, MaX HWKYY KOOpAMHATY L, neMoHcTpyroun (epMeHTaTnBHE 3a0apBiICHHS.
3HaveHHs Oy0 MiHIMAJILHUM Ul 3pa3KiB, 00podsiernx 80% ¢pykrosoro. e Bkazye Ha Te,
10 Ti/paTOBaHa aiBa Ma€ TEMHIIINI KOJIIP HOPIBHSIHO 31 CBIKUMHU 3pa3KaMHu.

BucnoBkn. OcmoTH4HA jerifpartaiiiss aiiBM JBOMa OCMOTHYHHMH PO3YMHAMHU
HE3HAYHO BIUIMHYJIA Ha KOMITO3ULIHHI BIACTUBOCTI, TaKi SIK BMICT 3arajbHUX MOTi(heHOiB
Ta aCKOpPOIHOBOI KMCIIOTH, a TAaKOX 301JIbIICHHS Bar OCMOTHYHO 3HEBOIHEHOI aiiBU.

KuouoBi ciioBa: atisa, xonip, nonighenonu, ackopdinosa xucioma.
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XapuoBa WiHHICTH PUOHOTO CyMy 3 KyJIbTHUBOBaHOI (opeti
(Salvelinus fontinalis, Mitchill, 1814)

Cesim Koce?, Mates3s TTomne?, Bekip Tygan®, Map'sun Bebep?,
Iparo Kouap?, €pa ITeTkoBIeK?
1 — Texniunuii ynigepcumem Kapaoenis, Tpabson, Typeuuuna
2 — Vuisepcumem Jlobusinu, Jlioonsna, Cnogenis

Beryn. Metoro JOCHIDKEHHS € OIlIHKA XapyoBOi I[IHHOCTI pPUOHOTO cymy 3
KYJIbTHBOBaHOI (hOpeJIi 3 TOUKH 30pY 3/10pPOBOT0 Xap4yyBaHHSI.

Marepiaan i meroan. PudHuii cyn rorysanu 3 23,65% mnonepeaHso MpUTroTOBICHOTO
¢apury 3 popeni ta 18,76% oBouis npotsarom 35 xBunuH. KiHIeBuil NpoayKT aHaji3yBanu
Ha Oe3mocepefHid CKJIAA, >KHPHI KHUCIOTH Ta BMICT MiHEpaJbHHX PEUOBHH, a TaKOX
KapoTuHOiaM Ta Bitaminm Bl, B2, B6. MacoBuii CeKTpoMeTp 3 iHAYKTHBHO 3B'S3aHOIO
mwrazmoro  (ICP-MS) BukopucTOBYBaNM s BH3HAYCHHA BMICTY MiHEpaNiB MiCHA
po3KiIamaHHs NiodisizoBaHUX 3pa3kiB. MeTIoBi edipl KUPHUX KHCIOT BiIOKPEMITFOBAIH
3a JOIIOMOTOI0 T'a30BOi Xpomarorpadii 3a Z0moMOroro NoIyM'ssHO-10HI3aiHHOTO IETEKTOpa
(FID). lnst OIiHKY BMICTY BiTaMiHiB i KApOTHHOI/IB BUKOPHUCTOBYBAJHN BUCOKOC(HECKTHBHY
pimuuuy xpomatorpadiro (HPLC).

Pe3yabTaTi i odorosopenns. Cxian cymy: 87,7°9% Bonoru, 8,18% Oinka, 2,89%
cuporo xupy, 1,17% xapuoBux BojokoH Ta 0,03% ByrieBoniB. EHepreTHuHy IiHHICTH
po3paxoByBanu sk 58,82 kkan/100r. 3Ha4yeHHs 3arajbHUX MOJIHCHACHUCHUX >KUPHHUX
kuciot (D) PUFA) Oyno BumuM 3a 3HaueHHs 3araibHuX MoHOHeHacmueHuX (Y MUFA) i
HACHYCHHUX JKUPHUX KUCIOT i cTaHoBmio 43,89, 3493 ta 19,83% siamoBimHo. OcHOBHA
PUFA sigmoBimana miHomeBit kucmoti — 27,14%, HacTymHOIO Oyna JOKO3areKcacHOBa
kuciora DHA —7,92%. 3aranbHuii BMICT €MKO3alleHTa€HOBO] 1 JOKO3areKCacHOBOI KMCIIOTH
(O EPA + DHA) — 9,21%, mo cranosmio 239,04 mr/100 r cymy. ITopuis dopeneBoro cymy
(6mm3pK0 200 T) 3a10BONBHSUTA O MOJCHHNH PEKOMEHIOBaHUH PAIlioH, aje Ui MI0JACHHOTO
CIIOXKHMBAHHA NOTPiOHa femo Ourbia KimbKicTh EPA + DHA . BmicT MiHepansHUX pedOBHH
BapitoBaBcs B Jiana3oHi 1,77-31,52 Mr/r, Toni sik pe3yJbTaTH, OTPUMaHi ajist BitaminiB B1,
B2 ta B6 Ta ans kapoTHHOIAIB, OyiM MOPIBHAHHUMH 3 JAHUMH JJIS PI3HUX THIIB CYIIB Y
JiTepaTypi.

BucnoBok. [ToxxuBHuit puOHMii cyn Mmoxe OyTH BUTOTOBJIEHHH 13 openi Ta BIAMOBIAaE
BCIM MapameTpam 3J0pOBOT0 XapuyBaHHS.

KuirouoBi ciioBa: gpopens, puba, cyn, JcupHi KUCIOmMuU, MiHEpau, Xapuosd YiHHICMb.

Buiyuyenns, peoJioridyHuii i TEKCTYpHHII aHATI3 IEKTHHY i3 cTOBOYPOBOI KicTOYKH
O0aHaHa

Pamxennpan Hepasaty CiBan, banakpimnan Capacsati Xapikymapan Tamri
Yuieepcumem Kanixyma, Kepana, Inois

Beryn. Meta gociipkeHHS — BUSBUTH BiATIOBiAHI YMOBH JJIsl BUIYYEHHS MEKTHHY 13
cTOBOYpOBOi KiCTOUKH OaHaHa Ta BU3HAYHUTH, SIK BiH BIUIMBAE HA PEOJIOTIYHI W TEKCTYpHI
BJIACTHUBOCTI PPYKTOBUX PKEMIB.

Marepiann i meroam. IlltamGoBa kicTouka MicueBoro copry Oanana. IlekTun
eKCTparyBajy 3a JIOIIOMOTOI0 Iapsiuoi BOJIM, MiAKHCIEHOIO CIpYaHOIO KHCIIOTOM. Buxin
BUBYAJIN 1 BUPAXKaJIX SIK BiJICOTOK BUKOPHCTaHO] cymeHoi cupoBHHU. CTYIIiHb METHITIOBAHHS
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BUBYAIM METOJOM THTPYBaHHA, MOHOMEPHMH CKJaJ BHBYAIM 32 JOIIOMOTOIO
BHCOKOE(EKTHBHOI aHIOHOOOMIiHHOiI Xpomarorpadii 3 IMIyJIECHHAM aMIIepOMETPHIHIM
JIeTeKTOpoM. BB 0aHAaHOBOTO MEKTHHY Ha PENOTiYHI XapaKTePUCTHUKH 1 Mpodiib
TEKCTypH AaHAaHACOBOTO [DKEMY, BHTOTOBJICHOTO 3 JOAABaHHAM IIEKTHHY, BHBYAIN
peoMeTpuaHAM MeTonoM. [lekTnH KiacuikyBamum METOIOM MOIU(IKOBAHOTO PO3IOILTY
TiHIH.

Pesyabratn i obroBopennsi. Orpumano Buxing 27,91%. Bcranosneno, mo Bci
HE3aJIeXKHI 3MiHHI BIUIMBAIOTh HA BUXiJ MO-pizHOMY. BeTaHoBneHo, mo Temmneparypa ta pH
€ HallBAXXJIMBIIIUMHM yMOBAaMH, IO BIUIMBAIOTh HAa BUXIiJ, TOMI SK 4ac HarpiBaHHs i SLR
(BiTHOIIEHHSI TBEpAOI PEYOBHHU JIO PIAWHM), TAKOXX BIUIMBAIOTH HA BHXIJ, aJieé MEHIIOIO
Mmiporo. Haiiummii Buxin 6yB npu SLR 50, pH 1,5, Temneparypi 82 °C i yaci HarpiBaHHA
52,5 xB.

CtyniHp METOKCHIIIOBAaHHS CTAaHOBHUTH 62% 13 CKI1a0M, MOAIOHUM 10 CKJIaRy NEKTHHY
3 IHIIKX HKEPEdI, PO SIKUH MOBITOMIISIOTH 1HIIII JOCITI THUKH.

banaHOBHII NEKTHH BIUIMBA€ HA PEOJIOTIYHI M TEKCTYpHI BIACTHBOCTI aHAHACOBOTO
mxeMy. HampykeHHs 3CyBy Uil JUKeMy, IPHUTOTOBAaHOTO 3 BHKOPHCTaHHSIM OaHaHOBOTO
meKTHHY, ctaHoBuTh 113 Ila, mopiBHsSHO 3 96 Ila 11t KOHTpoOMO. Y TOM Ke Yac HaBHIIIIA
MOJyJb 3CyBY cTaHOBUB 94 Ila, mpoTtu 3HadueHHs 60 Ila s KOHTpONBHOrO 3paska. Xoda
OyJI0 BCTaHOBJICHO, 1[0 OAaHAHOBUI MEKTUH BIUIMBAE Ha TBEPAICTh aHAHACOBOTO JKEMY, JJIS
1 MOCATHEHHs MOTPiOHO OibIlle OAaHAHOBOTO MEKTUHY MOPIBHAHO 3 HUTPYcOBUM. [ToTpiOHE
Oinplie 3ycWwulsl Uil Tedii JpKeMmy, IO CBIAYMTH MPO OiIbLI BHUCOKUI PIBEHb BHUXOIY
MOPIBHSHO 3 IUTPYCOBUM MEKTHHOM.

Ha TekcTypHi BIacTHBOCTI JKEMy BIUIMHYJIO JOJaBaHHs OaHAHOBOIO IIEKTHHY.
Teepmicte 3MenmieHo i3 6,18 mis xoHTpomo mo 2,30 ams TecTy, TOHAI K KOTE3iHHICTH
3MeHIIeHo 3 5,30 mist koHTpoio 10 1,96 mis tecty. [IpyxkHicTth Oyna 36impmieHa 3 6,24 mo
7,52. Kitac 6aHaHOBOTO IEKTHHY CTaHOBUTH 90,9.

BucnoBku. IllTam60Ba KicTouka OaHaHa € MOTEHIIITHOIO aJIbTEPHATUBHOIO CHPOBHHOIO
JUISL BHJIYYEHHS TIEKTHHY, SIKHH SK areHT NpHIATHUHA JJIs1 BUKOPHUCTaHHSA B Xap4yOBUX
MPOJyKTax.

Ku1i04uoBi ciioBa: oanan, nekmun, 8UIYHeHHsl, Peoa02is, meKcmypa.

30epiranus cejieny Ta iiony y pyHKuioHAJIbLHUX M’SICHUX MPOAYKTAaX 3 I0IaBAHHAM
BOIOpOCTEH

IOnis Kpmxosa, Mapis Aatonrok, Bikrtop CradnikoB, Onena Cra0HiKOBa
Hayionanvnuii ynieepcumem xapuosux mexnonoeii, Kuis, Yxpaina

Beryn. Metoro jgocmikeHHsT OyJ0 BHUBYEHHS 30epiraHHs CeleHy Ta Homay B
(YHKIIOHATFHUX M SICHUX MPOAYKTaX, BUTOTOBICHHX 3 [OJABaHHAM BOJOPOCTEH INpHU
PI3HMX TEeMIIEpaTypHHUX PEKHMax.

Marepiann i meronu. Y pociiukeHHI OyJI0 BUKOPHUCTaHO TpW  iCTIBHI MOPCBKIi
Bogopocti Fucus, Cystoseira ta Laminaria. Burotosisiu pi3Hi M’CHI TPOAYKTH 3
JOJJABaHHAM IIUX BojiopocTeil. BMicT ceneHy BUMiproBaiy JiaMiHOHA(TAaTIHOBUM METOJIOM.
Bwmict #oxy BH3HaYaI METOIOM 1HBEPCIHHOI BOJITAMIIEPOMETPIi.

PesynabTaTn i o00ropopeHHsi. MOpChKi BOAOPOCTI BHUKOPHCTOBYBAIHM IIPH
MPUTOTYBaHHI M’SICHUX TPOMYKTIB Juls 30aradeHHs ix #omom i cemenom. Laminaria mama
3aHAATO BUCOKMH BMICT HOIy Ta CeJeHy Ui BHIOTOBJICHHA MI€THYHHUX IPOIYKTIB.
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Cystoseira Oyna kpamum pKepestoM Hoay, Hisk Fucus. Vei rorosi npoxykru 3 Cystoseira
Maly BUIOIWH BMICT WOmy, HDK Ti X cami mpoayktu 3 Fucus. BwmicT #iogy B roroBmx
mpoxykrax OyB BummM mpu Temmeparypi mpurotyBanHs 100-110 °C (mapoBi kotiern)
mopiBHAHO 31 170 °C (cmaxeHi kotaetn). Criocid mpuUroTyBaHHS TAKOXK MaB 3HAYHUH BILTHB
Ha BTpatd Hoxy. HaiOinbmmi BTpaTu BiAMiYeHO [UII IPOAYKTIB, SKi TOTyBaiH B pinuHi: 50%
Homy BTpadanocs TpW TPHTOTYBaHHI TIOPTENBbOK, TYIIKOBaHWX Yy coyci, Ta 61% B
bpukagenpkax, ski Bapwid y cymi. Brpatu Hoxy B menbMmeHsx Oymau Hmkdumu (38%),
IMOBIPHO 3aBIKU (hapIny, sIKUi 3HAXOIUTHCS B 000JIOHII 13 Ticta. HaltHrk4i BTpatu iony,
6mm3pko 17%, Oyno BigMideHO Juisi KOBOACOK, IO TOTYBAJIM Ha TP, 3aBASKH BiJIHOCHO
HU3BKIH TeMIiepaTypi IPUroTYBaHHS Ta BiJICYTHOCTI PIAKOTO CEPEIOBHIIA.

Cystoseira Gya gero KpaiumM HKepesioM celieny, Hixk Fucus. Yci rotosi npoaykTa 3
Cystoseira Manmu He3HAYHO BHILHIA BMICT CelleHy, HiXk Ti 5k cami mpoaykTu 3 Fucus. Bmus
TeMIepaTypyu Ta METOJ NPHUTOTYBAHHS MPOAYKTIB OyB HE HACTIIBKH OYCBHIHHHA 1 BTpaTH
ceneny craHoBwiH Bix 19 mo 27 % mis mapoBHX KOTIET, TIOQTENBOK, (PPHUKAICIBOK 1
nenbMeHiB 3 Laminaria. Haiinmwkui BTpatu ceneHy, 6nu3bko 7%, Oyio BiamiueHO st
KOBOACOK, III0 TOTYBAJIX Ha TPHUITI.

BucnoBkn. CMakeHi Ta IPUTOTOBJICHI HA Mapi KOTJICTH, TFOPTEIHKH Ta KOBOACKHU LIS
TpUIIIO, B perenTypy skux Bxoawno 2% (Bar/Bar) mopchkux Bojopocteit Cystoseira a6o
Fucus, pekomenoBani sk GpyHKIIOHANBHI MPOAYKTH, IO MICTATH 1000BY noTpedy B ol Ta
CeleHi.

KurouoBi ciioBa: @yukyionanvruil, npooykm, 6000poCcmi, ceieH, 1oo.

Bnuus Bogopocreii Spirulina platensis i 1aminapii Ha BMicT Tiaminy Ta pudoduasiny
B IILIEHUYHOMY XJIi0i
Pocen Youkos?, Jlenka 3naresa?, [Jana CrehanoBa?
1 — Vuisepcumem xapuosux mexnonoezii, Ilnosous, boneapis
2 — Exonomiunuii ynigepcumem, Bapua, boneapis

Beryn. Merta crarti — IOCTIIWTH BIUIMB JCAKHAX ICTIBHUX BOJOPOCTEH, 30Kpema
Spirulina platensis ta raminapii, Ha BMicT TiamiHy i pu6o(dIaBiHy B MIIEHUYHOMY XJTi0i.

Marepiaan i Meroau. X0 BUrOTOBIISUIM 3 MIIEHMYHOTO OOpPOINHA 3 JOJABAHHIM
naminapii ta Spirulina platensis (mopomiok) y xinskocrti 2 a6o 4% Big macu GopoiHa. Bmict
Biaminy B2 oriHIOBanu piaMHHOIO XpomMaTorpadi€ro 3 BHKOPHCTaHHSIM METONY Mac-
cnekrpometpii (LC-MS).

Pe3yabraTu i oGroBopennsi. 30araueHHs BojopocTsIMH Jaminapii Ta Spirulina
platensis y kinekocTi 2 1 4% Big Macu OOpOIIHA MPU3BOAUTE 0 30IBIICHHS BMICTY TiaMiHy
1 pubodnaBiHy B mnmeHHn4HOMy ximi0i. [lBa Tunm BomopocTel MalTh pi3HY JilO.
Bukopucranns 2% namiHapii npu3BoAnTb 10 30ibmIeHHS Ha 7,35%, a 4% — Ha 28,27% ix
KiJIbKOCTI TIOPIBHSIHO 3 KOHTPOJILHUM 3pa3KoM. 301IbIIEHHS CIIOCTEPIraeThesl 3 10JaBaHHIM
4% Spirulina platensis. Kinpkicts Tiaminy cranomia 1533,75 mkr/kr ximiba, mo Maiixe
BJIBii OiNbIIIe, HIXK Y KOHTPOJIBHIN TPOOi.

Bwicr Bitaminy B2 y koHTposbHi npo06i xmi6a cranoBuTs 310,5 MKI/KT. 3 1o1aBaHHIM
nmamiHapii y KinbkocTi 2% npupict Bitaminy B2 cranoBuB 81,7 MKr/KT, a 3a Bumoi go3u (4%)
30UTBIICHHS CTaHOBHIO 120 MKI/KT MOPIBHSHO 3 KOHTPOJBHOIO MpoOoio Ta 38,3 MKI/KT
nopiBHAHO 3 2% Bomopoctel. HailiBumie 3HaueHHst Oyno 3apeecTpoBaHO Uit XJji0a,
36araueHoro 4% Spirulina platensis. Bmict pubodnasiny 6y Maiike B BTpUUi BUILIUM, HIX
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y KOHTpONBHIN 1po0i; y 2,37 pasa BUIINM, HIX Yy 3pa3ky 3 2% maminapii, Ta B 2,16 paza
BUIIUM, HIX y 3pa3Ky Jaminapii i3 4%.

BucHoBkn. 30araueHHS NIICHWYHOTO XJi0a NEIKAMH ICTIBHUMH BOJOPOCTSIMH
(ocobmuBo B kinmpKkocTi 4% Bix Macu OOpoIIHA) € eEKTHBHAM ITiAXOIOM ISl TIiIBUIICHHS
BMicTy TiamiHy Ta pubo¢masiny. B Spirulina platensis ma Bmict BiTaminiB GinbIn
BHUPaXCHUH.

Kuarouosi ciioBa: xui6, Spirulina platensis, naminapis, miamin, pubognasin.

BMmicT opraniyHux KucJI0T, HyKpiB i ¢iznko-xiMiuHi MOKa3HUKH Mey PyMYHChKOI
aKanii

Haniena [Taymrok, Mipua Oposms, [Tayna Ciypca
VYuisepcumem “Llmegan uen Mape”, Cyuasa, PymyHis

Beryn. [lesiki eneMeHTH MeIy BHOCSTBCS OIKONAaMU, iHII BHHUKAIOTH ICIS HOTO
no3piBaHHs. BuzHaueHO (hi3MKO-XIMiYHI MOKAa3HHUKH, BMICT MHIIKY, BMICT IYKpPiB i BMICT
OpTaHIYHHUX KHUCIIOT Ut MEAY PyMYHCHKOT aKartii.

Marepianu i Mmeroau. 27 3pa3kiB akaiieBoro meay 2020 poky AOCTIIKYBaIH s
BU3HAYCHHS (i3MKO-XIMIYHHMX IOKAa3HUKIB: BOJIOTOCTI, €JIeKTponpoBiaHocTi, pH, BinbHOT
KHCJIOTHOCTi, KOJbOpy, BMicTy rigpokcumerundypdypony (HMF) 1 Bmicty mykpis,
BHKOPHCTOBYIOUM MeToad MixHapoaHoi kowmicii 3 wmemy (the International Honey
Commission).

Pe3yabsTaTn i 00roBopenHsi. MeiconaniHOJIOTIYHIA aHANI3 MiATBEPIUB OOTaHIUHE
MOXO/DKEHHSI BCiX 3pa3kiB Melny: KokeH MicTuB moHan 45% mnwikoBux rpanyn Robinia
pseudocacia. 3rigao 3 Codex Alimentarius, BMicT Bosioru noBuHeH Oyt Hinkunm 20%, a
JUTS aHAJTI30BaHMX 3pa3KiB BMICT BOJIOTH KoyBaBcs Bif 16,66—20,74%. KucnoTHicTh 3pa3kiB
akarfieBoro Meny xKonuBanacs Bif 3,61 10 5,33. AnanizoBaHa BUThbHa KUCIIOTHICTh aKaIi€BOTo
Meny konmBaiack Bin 0,32 mo 4,14 mexs/kr. JKonHa 3 aHaIi30BaHUX MPOO HE MEPEBUIIMIA
BCTAHOBJIEHY MEXYy. YCi 3pa3Ku Meay MaJii OJHAKOBI 3Ha4eHHs sickpaBocTi (29,62—46,57).
Makcumanbuuit BMict HMF y 3paskax cranouB 23,20 Mr/kr, mio BiANOBiZae BUMOTram
sikocTi. 3HadeHHs merme 500 MkCM/CM BKa3ye Ha YHUCTHH KBITKOBHU MeI, i B LbOMY
JOCIIKEHH]I 3pa3KH akKallieBOro MeIy Malld 3HAueHHsS eJeKkTporposigHocti 94,8—405
MkCwm/cM. Y 3pa3kax akaiieBoro mMeay 0yio BusBiieHO 68,35% MoHOCaxapu/IiB i HE3HAYHUIT
BiZIcoTOK caxaposu (Makcumym 2,093%). Cnieignomenns F/G xonusanocs Bij 1,02 1o 1,65
JUIL  JTOCTIDKYBaHMX 3pa3KiB akamieBoro Mexy. Jleski 3pa3kd MOXKYTh IIBHIKO
KpPHUCTai3yBaTUCSI, OCKUIBKH MAalOTh BHCOKHHA BMICT TIIFOKO3W, a cmiBBimHOmeHHA F/G
CTaHOBUTH NMpHOIH3HO 1. Y 3paskax i3 3HaueHHsaMu F/G Bumie 1,3 TeHIeHIIIsT KpUCTaTi3amii
Oyna HI>K4OM0. [ IIIOKOHOBA KHCIIOTa OyJla OCHOBHOIO OpPraHiqHOI0 KUCIIOTOIO Y BCIX 3pa3Kax
(1,916-2,666 r/kr), MeHIIUM OYB BMICT MPOIIOHOBOT Ta OLITOBOI KUCIIOT. SIHTapHA KHCIOTa
Ma€ HalfHIKYY KOHIIEHTPAIIIO Y JOCII/DKEHUX 3pa3kax Meqy.

BucHoBku. [locmipkeHi 3pa3ku MeIy BiNOBiJaIN JOCTIIKYBAHUM KPUTEPisM SKOCTI
(Bomoricts, pH, BinbHA KuCIOTHICTB, BMicT HMF, Kodip 1 €1eKTpOIpOBiAHICTE), @ BUCOKHH
BiZicOTOK MUIKOBUX 3epeH Robinia pseudoacacia minrsepaus, mo aHami3oBaHi 3pasku €
MOHOQIOPHUM aKaIlieBHH MEIOM.

KuouoBi ciioBa: meo, nunox, axayis, Robinia pseudoacacia.
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Mpouecu i o6bnagHaHHA

BB KOHCTPYKTHBHO-TEXHOJIOTIYHHMX NapaMeTpiB 00J1aJHAHHA Ha KoedilieHT OiuHOro
THCKY Ta NpHBeIeHOro KoedilicHTa TepTsA rPaHy/IL0BAHOT0 NOJIBIHLIXIOpUAY
Biktop Butsuipkuit’, Irop MiKyJ'ILOHOK Onexkcanp Cokonbehkuitl,
Onekcangp [° aBBa?, Jlrogmma KpI/IBOI'IJ'DIC-BOJ'IO,HlHa
1 — Hayionanonui mexuniynuil ynigepcumem Ykpainu «Kuzeczmuu NONIMEXHIYHUU THCIUMYm
imeni leops Cikopcvkoeoy, Kuis, Ykpaina
2 — Hayionanvruil yHigepcumem xapuoeux mexnonoeiil, Kuis, Ykpaina

Beryn. BusHadeHo 3aiexHICTh KoedilieHTa OiYHOTO THCKY i IPHBEICHOTO KoedirieHTa
TEPTsI TPaHyJIbOBAHOTO MOJIBIHIIXIOPHAY Ul BUPOOHMITBA NAKyBalbHOTO MaTepiaiy Bix
KOHCprKTPIBHO-TeXHOJ‘IOI‘IKIHI/IX MapaMeTpiB MPOLECY KUBJICHHSI.

Marepiaan i Meronu. ExcriepuMeHTabHi }IOCJ'IUI)KGHH}I MPOBE/ICHI Ha CTEH I, 110 IMITye
PYX HOJIIMEPHUX TpaHysl Yy poOOYOMY KaHaji OJHOYEpPB’SYHOTO eKCTpynepa abo LIHEKOBOTO
KUBWIbHMKA 33 TaKMX IapaMeTpiB: AOCHKyBaHMH moiimep — modjiBiHumximopuxa (I1BX);
OCBOBHI THCK y Imapi rpaHyibpoBaHoro mnoiimepy — 0,044-0,475 MIla; temrieparypa cTaixeBoi
obmexyBanbHOI moBepxHi — 20-80 °C; mBHAKICTE cTaneBoi 0OMeXyBaibHOI oBepxHi — 0,176—
0,471 m/c; Bucota mapy rpanyisoBanoro noiimepy — 0,015-0,025 m.

Pe3ysabTaTn i 06roBopeHHs. 3HaueHHs KoedirieHTa O19HOTO THCKY 30UIBITYETHCS 32 YMOB
I IBMILCHHS TeMIepaTypy, 3MEHIIICHHsI OChOBOTO THCKY, 3MEHIICHHS IBHAKOCTI. KoedirieHT
OIYHOTO THCKY BiJl BHCOTH IIapy TPaHyJl HE 3aJICKHTh. 32 YMOBH OJHOYACHOTO 3MiHCHHS
TeMIIepaTypy Ta TUCKY 10 piBHs npudimu3Ho 0,32 MIla, 301TbIICHHS TEMIIEPATyPH MPU3BOINUTH
JI0 30UTBIIICHHS 3HaUYCHb KoeillieHTa 61YHOTO TUCKY, MICIISl HhOTO — HABMAKH, JI0 3MCHIIICHHS. B
pas3i 3MiHHU MBUAKOCTI micis Touku 0,15 MITa 3a1exHICTh TAK0XK 3MIHIOETHCS HA TIPOTHIICHKHY.

Hait6inpmre Ha 3pocTtaHHs KoedilieHTa OI9HOTO THCKY JOCIHIKEHHIX MONIMEpPIB BILIHBAE
OIHOYACHA [ TeMIepaTypH Ta IIBHIKOCTI CTalieBoi OOMEXYBaJbHOI TOBEPXHI (JiHIHHOT
IIBAAKOCTI 00EpTOBOro poOodoro opraHy oOnamHaHHs). ['0JIOBHY posib y 3MiHI KoedimieHTa
OIYHOTO THCKY BiJirpae MBHAKICTB, & Y 3MiHI Koe(illieHTa TepTs — TeMIIeparypa.

VY pasi 0HOYaCHOTO 31 MBHUKICTIO Ta BUCOTOIO IIAPY TpaHy’l 30UIbIICHHS TeMIIepaTypu
BiIOyBA€THCS Mepexis 4yepe3 TOYKy Ha piBui npubmmsno 0,32 MIla, no sikoi 301JIbIICHHS
TeMIepaTypy MPU3BOUTE 10 3OUIBILICHHS BIATOBIIHMX 3HAYCHb Koe(illieHTa GIYHOro THCKY,
micns SIKOT — HaBMaKH, 1O 3MEHIIEeHHs. Tak camMo B pa3i 3MiHM LIBUJIKOCTI — ITCJSl TOYKH
0,15 MIla 3anexHICTP 3MIHIOETBCS Ha NPOTWIEXkKHY. Ilpy oxHOYacHOMY 31 HIBHIIKICTIO
30uTpIIeHHI TeMepaTypH Bi 20 1o 80 °C OLIbIIM 3HaYSHHSM IIBUAKOCTI BiIIOBIAl0Th MEHIITI
3HaYCHHS KOe(DIIli€HTIB OIYHOTO THCKY, a 30LUTBIIICHHS TEMITEpaTypH MPU3BOAUTH 10 30UTHIICHHS
koegitienTiB 6igHOTO THCKY Bin 0,33-0,34 mo 0,42-0,46.

[Tpu onHOYACHIH 31 MIBUIKICTIO il TUCKY MEHII 3HAueHHsS THCKY HE BIUIMBAIOTH 32
3aJICKHICTh 3HAYCHb KOe(ilieHTa OIYHOTO THCKY BiJl IIBUAKOCTI, a 30i1bIIeHHs TUCKY Bix 0,044
10 0,476 MIla npu3BOAXTE JI0 BIATIOBIAHOT 3MiHI Ha 3pocTarody 3aiexHicTs — Bif 0,22-0,27 mo
0,34-0,46.

3a yMOBHM 3MIHM TeMIEpaTypH, WIBHAKOCTI Ta BHCOTH MIApy TpaHyd 30UIbIIEHHS
TEeMITepaTypyd TPH3BOIUTH JIO BIANOBIAHOTO 3OUTBIICHHS 3HAYeHb KoedillieHTa TepTs 3a
omHakoBoro TucKy Big 0,48-0,5 mo 0,52-0,57, Tak camo, K i 30UTBIICHHS IIBUAKOCTI, @ BUCOTA
mapy rpaHysl Maike He BIUIMBAE Ha BIATIOBIJHY 3MiHY KOE(illi€eHTa TEpTs, OKPIM BHCOKHX
3Ha4eHb THCKYy. OCTaHHE MOXKHA TOSCHUTH THM, HIO MiJBUIIEHHS TUCKY HPHBOIMUTH 0
VIITbHEHHS TPaHyJ Ta iX PyXy SK CYLUTBHOTO Tijia, KOJM 3HWKYETHCS BIUIMB BHYTPIIITHHOTO
TepTsL.

BucHoBku. OTprMaHi pe3yIbTaTé Jaf0Th 3MOTY BPaxyBaTH B3a€MHHH BIUTHB Koe(illieHTiB
TepTs i1 GIYHOTO THCKY IPaHyJIbOBaHHX MOJIIMEPIB 1 KOHCTPYKTHBHO-TEXHOJIOTIYHMX TTapaMeTpiB
eKCTpyJiepa abo ITHEKOBOTO KMBUJIbHHKA.

KurouoBi citoBa: nonivep, epanyna, cunxuil, OiuHutl muck, mepmsi.
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bioTrexHonoris, Mikpobiononisn

BruiuB katioHiB Ha akTuBHicTh HAJI® -3a/1€5KHO1 riIyTamMaT/aeriaporeHasny
Acinetobacter calcoaceticus IMB B-7241, Rhodococcus erythropolis IMB Ac-5017 i
Nocardia vaccinii IMB B-7405, BupoieHsX Ha IPOMHUCJIOBHX BiIX01axX

Tersna IMupor?, Onecs Haniituyk?, dap’s Jyuaitl,
Jinis Kmouxa?, Tersna [leBuyk?
1 — HayionansHuii yHisepcumem xapuosux mexronoziu, Kuis, Ykpaina
2 — Incmumym mixpobionozii ma gipyconoeii Hayionanenoi akademii nayk Yxpainu,
Kuis, Yxpaina

Beryn.  Jlocmimpkeno axktuBHiCTs  HAJID*-3amexHOi  riiyTamaTaerigporeHasusa
HAsBHOCTI OJTHO- 1 JBOBAJCHTHHX KAaTIOHIB (MMOTCHI[IMHUX aKTHBATOPIB I[LOI'0 KIOYOBOTO
(depMenTy GiocHHTE3y MOBEPXHEBO-aKTHBHUX amiHojimiaiB) y Acinetobacter calcoaceticus
IMB B-7241, Rhodococcus erythropolis IMB Ac-5017 i Nocardia vaccinii IMB B-7405 min
Yac KyJbTHBYBaHHS Ha BiIX0JaX BUPOOHHUIITBA O10/IM3€ITI0 1 BiATIPaIlbOBaHi COHSAIIHUKOBIH
outii.

Martepiann i MmeTonu. KynbTHBYBaHHA IITaMIB 3IIHCHIOBAIN Y PIIKHX MiHEpAIbHUX
CepeloBUIIaX 3 BHKOPHCTAaHHAM SK CyOCTpaTiB pagiHOBaHOi Ta BiAMPAIbOBAHOI MMiCIS
CMa)kKeHHS KapTOILIi COHSAIIHUKOBOI OJii, OYHIIIEHOTO TIIIEePHHY Ta BiAXOIIB BUPOOHUIITBA
6iomuzento. HAJI® -3anexny (K® 1.4.1.4) rimyraMaTaeriaporeHasHy akTUBHICTh Y
OE3KIIITUHHUX EKCTpPaKTaX aHalli3yBalll 3a YTBOPEHHSAM [IJIyTaMmaTy il 4ac OKHCHEHHS
HAJI®H npu 340 M. Onnosanentni (Na*, K*) ta ggosanentni (Mg?*, Ca?*, Zn?*) kationu
y Burmsai coneir NaCl, KCI, MgSQO4-7H20, CaClyiZnSO4 7H2O BHOCHIN y peakiiiiiHy
CyMIlll, & TAKOXK Y CEPEAOBHIIE JJIsl KYJIbTHBYBAHHS LITAMIB.

Pe3ysibTaT i 00roBOpeHHs. BCTaHOBICHO, IO KATiOHH KaJbI[I0 € aKTHBATOPAMH
HAJ1®*-3anexnoi rmyramaraeriaporenastoi aktusaocti y R. erythropolis IMB Ac-5017 i
N. vaccinii IMB B-7405, Bupoienux Ha padiHOBaHiii i BipaiboBaHiii COHSIIIHUKOBIN OJIil:
3a HasBHOCTI 1—5 MM Ca?* B peakuiliHiii cymilli akTUBHICTb (DepPMEHTY HiJBMILyBaacs B
1,3—2 pa3u mopiBHSIHO 3 Takoio Oe3 mux karioHiB. [ligBumennas koHueHTparii CaCly no
0,2—0,4 /71 B OJI€BMICHUX CepeloBHINAaX KyIbTHBYBaHHs mramiB IMB Ac-5017 i IMB B-
7405 cympoBomKyBanocs 30inbineHHsM HAJ[D*-3amexHOi riiyTamaTaeriporeHasHol
aktuBHOCTI B 1,3—1,5 pa3sa mOpIBHSHO 3 Takow Ha 0a30BOMYy cepemoBuilmi. Y pasi
nonatkoBoro BHeceHus CaCly (0,1-0,2 r/m) y cepeloBuille 3 OYHIIEHUM TJHIIEPUHOM IS
kyneTHBYBanHs A. calcoaceticus IMB B-7241 cniocrepiranu miasuiienss HAJID*-3anexnol
rJIyTaMaTIeriAporeHa3sHol akTHBHOCTI Maiixke B 2,5—3 pa3u OPIBHIHO 3 aKTUBHICTIO ITiJ| 4ac
BupornyBaHHsa mTtamy IMB B-7241 Ha 6a3oBomy cepenoBuii. He BUsBIIEHO aKTHBYIOUOTO
BIUIMBY  KATiOHIB MarHifo, IMHKY, Kamiro 1 Harpito Ha HAJ[D*-3anexny
TIIyTaMaT/IeTiAporeHasHy akTHBHICTD YCiX IITaMiB, BUPOIIEHHX Ha OJi€BMICHUX cyOcTparax
1 TIIILEpHUHI PI3HOTO CTYNEHs OYHMIICHHS.

BucHoBok. Pe3ynbTaTé IOCHIDKCHHS TMIITBECHPIWIN MOXJIHMBICTh 30UThIICHHS
aKTHBHOCTI KIJIIOYOBHX (EpMEHTIB OiOCHHTE3y IJIbOBOTO IPOAYKTY B pE3yJIbTaTi
Mo udikarii ckiiay NoXUBHOTO CEPEIOBUINA IUIIXOM 3MiHH B HBOMY BMICTY aKTHBAaTOPiB
nux (PepMEHTIB.

Kuarouosi ciioBa: enymamamoeziopocenasa, axmueamop, 6ioxoou, I1AP.
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IIManoBHi kogern!

Pepaxmiiina kouterist HaykoBoro nepiommanoro Bumanus «UKrainian Food Journaly
3amporrye Bac o myOmikamii pe3ypTaTiB HAyKOBHUX JTOCTIiIKECHb.

Bumorn 10 ogopmiaeHHs crareii

Mosga crareii — aHrIIiHChKA.

Minimansauii obcsr cratti — 10 cropinok dopmaty A4 (6e3 BpaxyBaHHS aHOTAIH 1
CIHCKY JITepaTypH).

Jlnst BCix ememenTiB cTatti mpudt — Times New Roman, kerns — 14, intepsan — 1.

Bci momnst cropiaku — 1mo 2 cM.

CTpyKTypa crarri:

YIK.
. Ha3Ba crarri.
. ABtopu ctarTi (iM’s Ta mpi3BuIIe NOBHICTIO, Npukian: Jenuc O3epsHKo).
. Yemanosa, 6 sxiti gukonana poboma.
. AHotaitis. O00B’I3KOBa CTPYKTYpa aHOTAIIIi:

— Beryn (2-3 psnkn).

— Marepianu ta MeTou (10 5 psIKiB)

— Pe3ynpraTé Ta 0OTOBOPEHHS (IMiB CTOPIHKH).

— BucHoBkH (2-3 psaakm).
6. Kirrouosi ciioBa (3—5 ciiB, ajie He CIOBOCIIONYYECHb).

IIyHkTH 2—6 BUKOHATH AHIJIIICHKOIO | YKPaiHCHKOI0 MOBAMM.

7. OCcHOBHHI TEKCT CTATTi. Mae BKIIIOUaTH Taki 000B’I3KOBI PO3IiNK:
— Bceryn
— Marepianu Ta MeTOAU
— PesynpTaT Ta 06TOBOPEHHS
— BucHoBKH
— Jlitepatypa.
3a HeoOXiTHOCTI MOKHA JTOJJaBaTH 1HIII PO3ALTH Ta pO30MBATH TX HA MiAPO3IIIH.

8. ABropchka gosinka ([Ipi3ume, iM’s Ta o OATHKOBI, BUCHHUI CTYIIIHb Ta 3BaHH:I, MicIle
poOoTH, eIeKTpoHHa ajpeca abo TenedoH).
9. KoHTakTHI ZaHi aBTOpA, JI0 SKOTO 32 HEOOXITHOCTI Oy/ie 3BepTaTHCh PelaKIis XKypHaIy.

Pucynkn BUKOHyIOTBCS sikicHO. CKaHOBaHI PHCYHKH He IpuiiMaroThcsa. Po3Mip TekcTy Ha
pucyHKax nmoBuHeH OyTH cmiBpo3mipauM (!) Texcty crarti. @oTorpadii MolkHa BHKOPHCTOBYBATH
Juie 3a X 3Ha4YHOI HayKOBOY LiHHOCTI.

®on rpadikis, xiarpam — uire 6inuil. Komip eaeMenTiB pucyHKy (JIiHii, CiTKa, TEKCT) — YOPHHI
(ue cipwmif).

Pucynxku ta rpadixu EXCEL 3 rpadikamMu 1o1aTKOBO MOJAIOThCS B OKpEMUX (aiinax.

CkopodeHi Ha3BH ()i3UYHHX BEIMYMH B TEKCTI Ta Ha rpadikax MO3HAYAIOTHCS JATHHCHKIMHI
niTepaMu BinoBigHO 10 cuctemu CL.

VY crucKy JliTeparypy MOBHHHI ITEPEBAKATH aHTJIIOMOBHI CTAaTTI Ta MOHOTpadii, siki omy0miKoBaHi
micist 2010 poky.
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IIpaBuaa opopmieHHs CIMCKY JiTepaTypu

B Ukrainian Food Journalessito 3a OCHOBY 3araibHONpPHIHSATE B CBITI CIIPOIICHE
oopMIIEHHST CITUCKY JiTeparypu 3rigHo cTammaprTy Garvard. Bei eneMeHTH MOCHIaHHS
PO3AIIAIOTHCS JIHIIE KOMAMH.
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ABTopu A.A. (pik Buaanus), Haszsa crarri, Ha3Ba sxypHaay (xypcuom), Tom
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Bci enemenTy nocuiiaHHs pO3):[iJ'I$IIOTLCH KOMaMu.
1. Tlpuxmax:
Popovici C., Gitin L., Alexe P. (2013), Characterization of walnut (Juglans regia L.)
green husk extract obtained by supercritical carbon dioxide fluid extraction, Journal of
Food and Packaging Science, Technique and Technologies, 2(2), pp. 104-108.

2. ITocnjiaHHS HA KHUTY:
ABTopH (pik), HazBa kauru (kypcusom), Bunasunurso, Micro.
[HimiaMM TUITYTHCS MiCTs MPi3BHUINA.
Bci eneMeHTH nocunaHHs poO3AUIAIOTHCS KOMaMH.
ITpuknan:
2. Wen-Ching Yang (2003), Handbook of fluidization and fluid-particle systems, Marcel
Dekker, New York.

IHocunaHHs Ha eJJeKTPOHHMII pecypc:

BukoHyeThCS aHATOTIYHO IMOCHIAHHIO Ha KHHUTY a00 cTaTTro. [1icis opopMIIeHHS TaHIX
npo my6ikaito nuiryThes cinosa Available at: ta Bkasyerscs enekTponHa agpeca.
ITpuknanu:
1. (2013), Svitovi naukovometrychni bazy, Available at:
http://www1.nas.gov.ua/publications/q_a /Pages/scopus.aspx
2. Cheung T. (2011), World's 50 most delicious drinks [Text], Available at:
http://travel.cnn.com/explorations/drink/worlds—50-most-delicious-drinks—883542

Cnmcoxk niTepatypu 0(OpMITIOETHCS JINIIE JTaTHHUIIEI0. EleMeHTH crincKy yKpaiHCHKOO
Ta POCIHCHKOI0O MOBOKO TOTPIOHO TpaHCIHiTepyBatd. J{ns TpaHcmiTepalii 3 yKpaiHCBKOIO
MOBH BUKOPHCTOBY€ETBCS ACIIOPTHUH CTAHIAPT.

3py4yHUiA caifT A TpaHCciTepamnii 3 yKpaiHChKOI MOBH:

http://translit.kh.ua/#lat/passport

JonaTkoBa indopmanisi Ta npuKJIax 0pOpMIIEHHS CTATTi — HA caliTi

http://ufj.ho.ua

CTaTTd HAACHJIAETHCA 3a eJIeKTpoHHoIo aapecoro: Ufj_nuft@meta.ua
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YK 663/664
Ukrainian Food Journal nyGrikye opurinansai HayKoBi CTaTTi, KOPOTKi
MOB1TOMJICHHS, OTJIAZIOBI CTATTi, HOBUHU Ta OTJISAIH JITEpaTypH.

TemaTtuka my6uikaniii B Ukrainian Food Journal:

XapuoBa imKeHepis [ponecu Ta 001aTHAHHS

XapuoBa XiMis Hanorexnomnorii

Mixkpobionoris ExoHOMiKa Ta yripaBIiHHS

@Di3udHI BIACTHBOCTI XapIOBUX ABTOMaTH3AIIiSI TPOIIECIB
TIPOAYKTIB YnakoBKa JUIs XapuOBHX IPOIYKTiB

SxicTh Ta Oe3reka XapuoBHUX MPOIYKTIB

IepiognunicTh BUX0QY *KypHAJy 4 HOMEpU HA PIK.

PesynbraTi [oCHiIKeHb, IPEACTaBIICH] B )KypHaIli, HOBUHHI OYTH HOBUMH, MaTH YiTKHHA
3B'A30K 3 Xap4OBOIO HAYKOIO 1 TPEJCTaBISATH IHTEpeC /Il MIKXHApOIHOTO HayKOBOTO
CHIBTOBAPHCTBA.

Ukrainian Food Journal inaekcyerbcs HAyKOMETpUIHUMHE Oa3aMHu:
Index Copernicus (2012)
EBSCO (2013)
Google Scholar (2013)
UlrichswWeb (2013)
Global Impact Factor (2014)
Online Library of University of Southern Denmark (2014)
CABI full text (2014)
Directory of Research Journals Indexing (DRJI) (2014)
Universal Impact Factor (2014)
Directory of Open Access scholarly Resources (ROAD) (2014)
European Reference Index for the Humanities and the Social Sciences (ERIH PLUS) (2014)
Directory of Open Access Journals (DOAJ) (2015)
InfoBase Index (2015)
Chemical Abstracts Service Source Index (CASSI) (2016)
Emerging Sourses Citaton Index (2018)

Penensisi pykonucy cratrti. Marepiamu, npencrasieni s myonikyBanas B «UKrainian
Food Journal», npoxoasrs «IlozagiiiHe ciine pelieH3yBaHHSD» JBOMAa BYCHHMH, NPU3HAYCHUMHU
penaKmiifHOO KOJIETI€I0: OJIMH € WICHOM PEAKOJIETil i OIUH He3aJICKHUH YICHUH.

ABTOpChKe MPaBo. ABTOPH CTaTel rapaHTyIOTh, 0 POOOTa HE € MOPYLICHHSIM OYAb-SIKHX
aBTOPCHKHMX IIPaB, Ta BIIIKOJOBYIOTH BHAABIIO MOpYIICHHS maHOi rapaHTii. Omy0iikoBaHi
Marepianu € npaBoBoro BiaacHicTio Buaasus «UKrainian Food Journaly, sikimo He y3romkeHo
iHIIIE.

IMositnka akagemiunoi ermku. Penakiis «Ukrainian Food Journaly kopuctyerscs
npaBWiIaMH aKaJeMiuHOl eTHKH, BHKIaieHHX B pobori Miguel Roig (2003, 2006) "Avoiding
plagiarism, self-plagiarism, and other questionable writing practices. A guide to ethical writing”.
Penaxuist mponoHye aBTOpaM cTaTeil i pelieH3eHTaM IpsMO CIIilyBaTH I[bOMY KEpPiBHULTBY, 00
YHUKHYTH IOMHJIOK Y HAYKOBIH JIiTEpaTypi.

IHCTpyKUii ANa aBTOPIB Ta iHIIa KOpUCHA iH(pOpMaIlis po3MIIIeHi Ha caiiTi

http://ufj.ho.ua
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