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Today, people should change their lifestyles and nutrition to prevent metabolic diseases characteristic of our century. Functional foods, rich in antioxidants, greatly help combat everyday stress and ensure optimal nutritional density. This study is part of an applied research and experimental development program for valuable functional foods that are promoted in the Romanian market. In this research—conducted from 2020 to the present at the INCESA Institute for Applied Science Research at the University of Craiova, Romania—the occurrence and optimization of redox processes and synergistic effects in organic carrot juices were tested. These effects arise from the interaction between certain antioxidants (beta-carotene, lycopene, vitamin A) in raw organic juice and the food additives used in manufacturing recipes. Optical analysis methods (UV–Vis molecular absorption spectroscopy and atomic absorption spectroscopy) were used to monitor the technological processes, while supercritical fluid extraction with activated bio-membranes and combined field induction technology (plasmatic, magnetic, gravitational) were used to optimize certain operations and activate valuable biocomponents. The study confirmed the research hypothesis that the proposed new activation technology optimized the reaction mechanisms and synergistic and antagonistic effects occurring in the processing of organic carrots. This resulted in new functional food variants that are much richer in valuable activated bio-compounds and compositionally stable during long-term storage. Furthermore, the application of new technologies and the optimization of synergistic effects led to the development of protective mechanisms against Escherichia coli-type microorganisms in the final juice products. The study provides novel and valuable insights into the design and development of organic juices with optimized nutritional density (functional foods). This is extremely important for consumers and the shelf life of the product.
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1 Introduction

The carrot belongs to the family Apiaceae (Umbelliferae), within the genus Daucus, and has the scientific name Daucus carota L. The carrot is a root vegetable with multiple uses in the food industry (juices, nectars, purees, and various traditional products). The main processing route, in this case, is the juice industry.

Carrots are vegetables rich in antioxidants, vitamins, and dietary fiber while containing very few calories (only 41 Kcal per 100 grams of carrots) and little vegetable fat (1–5). In fact, just 100 grams of carrots cover the recommended daily amount of vitamin A and β-carotenes, and carrots are also a good source of B vitamins, vitamin K, folic acid, and potassium (6–8). For example, 100 g of fresh carrot contains 8,285 μg of beta-carotene and 16,706 I. U. of vitamin A. Beta-carotene is one of the most powerful natural antioxidants, protecting the body against harmful free radicals (9–16). In the liver, carotenoids are transformed into vitamin A, which is essential for visual acuity, reproduction, maintenance of epithelial (skin) integrity, growth, and development (17–19). Fresh carrots are also rich in vitamin C (with 5.9 mg of vitamin C in 100 grams of carrots), representing almost 10% of the Recommended Dietary Allowance (RDA) (20–25). The role of vitamin C in the body is very well known (26–30). It acts as both an antioxidant and a protector for healthy connective tissue and in many metabolic processes (31). Fresh carrots contain significant amounts of B vitamins: folic acid, vitamin B6 (pyridoxine; 100 g represents 10% of the RDA), vitamin B1 (thiamine; 6% of the RDA), vitamin B5 (pantothenic acid; 5.5% of the RDA), vitamin B3 (niacin; 6% of the RDA), vitamin B2 (riboflavin; 4% of the RDA), and fiber (32–39). All of these are bioactive compounds that work as enzyme co-factors in catalyzing biochemical processes in the body (2). The relevant published literature indicates that flavonoids in carrots act as protective factors against oral cavity, lung, and skin cancers (40, 41). Vitamin K, which is involved in certain redox processes beneficial for the body, is also present in carrots, with 13.2 μg of vitamin K in 100 g of carrots (almost 11% of the RDA) (42–44). In addition to these vitamins, carrots also contain important amounts of minerals: potassium, manganese, phosphorus, calcium, and copper (45). One hundred grams of carrots contain 320 mg of potassium (6.5% of the RDA) (46, 47). This mineral is important for maintaining a good heart rate and blood pressure, as well as in minimizing the effects of sodium in food (48). Manganese is present in an amount of 0.143 mg/100 g of carrots (7.2% of the RDA) (49). This element acts as a co-factor for a very important redox enzyme (superoxide dismutase, SOD) (50).

The foods of the future will be based on organic raw materials and will be energized through activation, both during the production of agricultural raw materials and during processing (51–56). They will be characterized by medium and small volumes but high specific energy (due to their high nutrient density). In addition, all new technologies must be eco-friendly to ensure sustainable development (57). The use of mixed-field technologies (plasmatic, magnetic, and gravitational) will induce a high natural energy charge, suitable for long shelf-life due to certain bio-compounds with antioxidant value (58–60). These will oxidize first, thereby protecting the environment they come from (61–64). This can help maintain a long natural shelf life for products, simply by monitoring the activity of some NADH+H+- or FMNH+H+-dependent oxidoreductases (65–67).

In Romania, there are more than 1,500 different types of medicinal, aromatic, and spicy plants that can be used as sources of raw materials for the development of functional foods or valuable food supplements. Fruits from Romania (berries, fruits, and vegetables) have a high antioxidant potential, showing increased concentrations of anthocyanins, polyphenols, vitamins, and provitamins (68). This antioxidant potential and the “Oxygen Radical Absorbance Capacity (ORAC)” scale in fruit are the best measures in the fight against cancer and other diseases considered incurable. To avoid malignant risks, specialists have established that the optimum daily requirement of plant substances capable of absorbing free oxygen radicals should exceed 5,000 ORAC units (69).

One of the main specific disadvantages of these antioxidants is the decrease over time of this ORAC figure in recent years (70). Another problem is related to preserving the antioxidant character after the processing of the raw materials (this is why it is recommended to use mild food processing techniques such as supercritical fluid extraction, SFE) (59, 68). An important problem that needs to be resolved quickly is how these raw materials (rich in antioxidant compounds) should be preserved so that this antioxidant character can be maintained for a long time.

This article proposes improvements to working methods by developing a reagent-free method that minimizes disturbing factors, while maintaining low analysis costs and meeting all the requirements for precision, repeatability, reproducibility, and accuracy specific to top scientific research. The article also presents an analysis model for a type of vegetable (Romanian carrots) rich in provitamins A (alpha- and beta-carotenes, lycopene) and vitamin A, which have extremely useful antioxidant properties but are paradoxically underutilized.

To effectively use these plant resources in the design and construction of valuable food supplements (antioxidant-rich nutraceuticals), it is crucial that the raw materials used (fruits, leaves, flowers, herbs, roots) are clean. This means they must be free of growth or ripening hormones, residues from phytosanitary treatments, pesticides, and heavy metals. All of this is necessary because organic raw materials are prohibited for use according to the requirements of Reg. (EU) 848/2018 in its updated/consolidated form, and their antioxidant capacity must be monitored during processing and storage. Additionally, the raw materials used must be free from pathogenic flora or attacks by pathogenic microorganisms, which could cause DNA changes in the environment and health problems for consumers.

This work is part of a complex project in which the behavior of the main oxidoreductase enzymes (NAD- and FMN-dependent) acting in certain antioxidant-rich plants has been analyzed. Through multiple physical–chemical–microbiological tests and laboratory analyses, it has been demonstrated how the ratio of the concentrations of oxidized and reduced forms of these co-enzymes can serve as markers for analyzing antioxidant capacity—both at the liquid (solid)/air interface (where FAD- or FMN-dependent enzymes predominantly act) and within food supplements (where NAD-dependent enzymes predominantly act after activation). For the sake of simplicity, only the experimental aspect was selected, focusing on improving the extraction yield of certain bio-compounds with antioxidant potential from Romanian carrots (Bogdan Variety).

The antioxidants obtained by extraction from this type of carrot are based on type A provitamins (alpha- and beta-carotene, lycopene) and type A vitamins. In addition, the activity of some NADH+H+- or FMNH+H+-dependent oxidoreductases in carrots can be considerably enhanced in the processing environment. Driving redox processes controlled by these oxidoreductases to areas of low redox potential also creates a strong antimicrobial and anti-helminthic effect (against the carrot root nematode Meloidogyne hapla, pests of carrots grown in organic systems) (10, 59). The article also highlights the kinetics of the concentration ratios of oxidized and reduced forms (an important and variable part of the Nernst equation for oxidation–reduction potential). Thus, it is emphasized how the result of a complex field is manifested—in preserving the antioxidant capacity, restoring it, and increasing the duration of action of food supplements using this innovative technique.

In November 2024, the Federal Centers for Disease Control and Prevention in the USA announced that an outbreak of E. coli has infected dozens of people who ate bagged organic carrots, resulting in one death. Altogether, 39 people were infected, and 15 were hospitalized in 18 states after eating organic whole and baby carrots (71).

According to relevant EU regulations, the maximum standards for microorganisms in carrots are …. (54):

• Yeasts and molds, max, c.f.u./g: 500

• Escherichia coli, max, c.f.u./g: 10; Enterobacteriaceae, max, c.f.u./g: 10

• Coagulase-positive Staphylococcus, max, c.f.u./g: 10

• Salmonella, c.f.u./25 g: absent

When operations that enhance antimicrobial activity are integrated into processing technology, food safety and consumer health increase.



2 Materials and methods


2.1 Methods used in analysis of raw materials

The moisture—according to SR ISO 712: 2010; the acidity—according to SR 90: 2007 and SR ISO 750: 2008; total Soxhlet fats—according to EC Regulation 152/2009; the nitrogen content (proteins)—according to SR EN ISO 20483: 2014; total ash—according to SR ISO 2171: 2010; the fiber content—according to AOAC 991.43/1995; the nitrite content of water from hydroalcoholic extract—according to SR EN 26777: 2002/C91: 2006; the nitrate content of water from hydroalcoholic extract—according to APHA (American Public Health Association); water pH—according to SR EN ISO 10523: 2012; the mineral substances—using atomic absorption spectrometry (AAS); analysis of the total number of aerobic mesophilic germs (NTG)—according to SR EN ISO 4833-1: 2014 and SR EN ISO 4833-2: 2014; the number of mold cells—according to SR ISO 21527-1: 2009; identification of DNA changes due to the attack of pathogenic microorganisms—with the help of the mathematical coprocessor from the UV–Vis T92 plus Spectrometer; detection and counting of colony-forming microorganisms—according to SR EN ISO 4833-1: 2014; the mercury ion content—using cold vapor generating atomic absorption spectrometry (CVAAS)—according to SR EN 13805:2015; the lead and cadmium content—using flame atomic absorption spectrometry (SAAFL)—according to SR EN 13804: 2013; the total arsenic content—using hydrogen generator atomic absorption spectrometry (HGAAS) according to SR EN 13804: 2013 (72).



2.2 Use of the UV–Vis molecular spectroscopy in the management of food additives in carrot juice


2.2.1 Experimental variants preparation

For the main experimental variant, a Romanian type of carrot (the Bogdan variety) was used. The carrots were washed, peeled, cut into rounds, and pressed to obtain the basic juice. This primary carrot juice, without additives, is rich in vitamin A precursors (alpha and beta-carotenes, lycopene). This juice was enhanced with the extract obtained by Supercritical Fluid Extraction (SFE) (in a ratio of 1:20) and thus constituted the V0 Witness Variant.

By using permitted food additives, the experimental variants V1-V10 were realized: V0—variant of non-additive carrot juice (Witness Variant 1);

• V1—variant of carrot juice (V0) with preservative (acetic acid, 1%);

• V2—variant of carrot juice (V0) with preservative (salicylic acid, 1%);

• V3—variant of carrot juice (V0) with carmine dye (E120, 1%);

• V4—variant of carrot juice (V0) with β-carotene dye (E 160a, 1%);

• V5—variant of carrot juice (V0) with a natural sweetener (sugar 3 g/100 mL);

• V6—variant of carrot juice (V0) with a natural sweetener (stevioside 3 g/100 mL);

• V7—variant of carrot juice (V0) with a synthetic sweetener (fructose 4%);

• V8—variant of carrot juice (V0) with sugar (3 g/100 mL) and carmine dye (1%);

• V9—variant of carrot juice (V0) with carmine dye (1%) and stevioside (3 g/100 mL);

• V10—variant of carrot juice (V0) with additives, according to a commercial juice recipe.

From the carrot residues left after pressing, another juice is obtained through diffusion and filtration. This juice is then activated in the plasma field—with the help of special generators—as shown in the specific figure, becoming the activated V0 variant (V0A).

This juice contains the same lines of food additives as in the case of the V0 variant.

On the same principles, the following additive variants are obtained from the V0A variant (activated juice):

• V0A—variant of carrot juice without additives (Witness Variant 2);

• V1A—variant of juice (V0A) with preservative (acetic acid, 1%);

• V2A—variant of juice (V0A) with preservative (salicylic acid, 1%);

• V3A—variant of juice (V0A) with carmine dye (E120, 1%);

• V4A—variant of juice (V0A) with a β-carotene pigment (E 160a, 1%);

• V5A—variant of juice (V0A) with a natural sweetener (sugar 3 g/100 mL);

• V6A—variant of juice (V0A) with a natural sweetener (stevioside 3 g/100 mL);

• V7A—variant of juice (V0A) with a synthetic sweetener (fructose 4%);

• V8A—variant of juice (V0A) with sugar (3 g/100 mL) and carmine dye (1%);

• V9A—variant of juice (V0A) with carmine dye (1%) and stevioside (3 g/100 mL);

• V10A—variant of juice (V0A) with additives, according to a commercial juice recipe.

At this stage, the changes produced by certain food additives on bioactive compounds with antioxidant capacity— which are included in the composition of valuable food supplements—were also highlighted.

The analysis of these experimental variants allows the development of the best management of food additives in order to create the best food supplement recipes. In the final recipes, only the sensorily improved experimental variants will be included, provided that the antioxidant capacity is not affected.

Molecular absorption spectra curves were generated using a UV–Vis spectrophotometer type T92 Plus, manufactured by PG Instruments, U. K. The spectrophotometer was set to operate at a 1 cm bandwidth and to record nanometer-by-nanometer molecular absorption values in both the UV (190–400 nm) and visible (400–700 nm) ranges. Thus, the curves of molecular absorption spectra were obtained for each experimental variant (series V0-V10, and V0A-V10A) in the two wavelength ranges, UV and VIS.

The equipment automatically recorded the spectral curves while switching between deuterium and tungsten lamps at 362 nm via automatic programming. To verify the obtained values, at each measurement, the T92 Plus spectrophotometer was set to develop an automatic retracking.

To measure molecular absorption, special parallelepiped UV quartz cells with a square side in a section of 1 cm were used.



2.2.2 UV–Vis spectroscopy

It is an optical technique that utilizes calibration curves and the “Single Addition Method”—with pure analytical substances (from Merck GmbH) used in constructing concentration scales—in order to determine the peaks of the molecular absorption spectra of the main bio-compounds in solution. In addition, calibrations were conducted using reference media (RM) or certified reference media (CRM). All this was done to comply with the quality and traceability policies—rigorous requirements in the practice of physical, chemical, and microbiological testing laboratories certified to the EN ISO/IEC 17025:2018 Standard (File 1,” Preparing Samples for Analysis—Supplementary material 2, details”).

All samples were analyzed in duplicate; the quantification of the components of the expanded uncertainty was achieved by calculating the measurement uncertainty while considering the influence exerted by all the equipment involved in the determination.

The UV-WIN software runs on various Windows operating systems, providing full control over the instrument and accessories, as well as data collection and processing.

By determining the wavelength at which the molecular absorption maxima are recorded, it was possible to ascertain the concentrations of nicotinamide adenine (NAD, oxidized form), nicotinamide adenine dinucleotide (NADH+H+, reduced form), flavin mononucleotide (FMN, oxidized form), flavin mononucleotide (FMNH+H+, reduced form), and the kinetics of some valuable bio-compounds over time. The ratios of the concentrations of the reduced and oxidized forms of these important enzyme co-factors provided the best picture of the redox potential variation both within the solution and at the liquid/air interface. The redox potential is dependent on the logarithm of the concentrations of the oxidized and reduced forms of NAD or FMN (according to the Nernst equation—Supplementary Figure 1A). The analysis of the variation of these concentrations over time provided a clear image of the retention time of their antioxidant activity. All of this is extremely important for analyzing the antioxidant activity and antioxidant capacity of the vast majority of antioxidant agents in food.




2.3 Determination of DNA changes induced by the attack of pathogenic microorganisms

Very important is the use of healthy raw materials, free from heavy metals, pesticide traces, plant hormone traces, and signs of attack by pathogenic microorganisms. Measurement of DNA changes, long before the attack of pathogenic microorganisms under the microscope, was performed using the DNA/Proteid Detector v.5.0 with the DNA/Proteid Biology Chipset DP 200307, which allows for automatic measurement of the absorbance ratio A1 at 260 nm and A2 at 230 nm (presented in Supplementary Figure 6). The related equipment and software are attached to the T92 plus UV–Vis spectrometer, produced by PG Instruments, UK, which measures the absorbances of various bio-compounds in the UV range (190–400 nm) and visible range (400–700 nm). For accurate determination of concentrations (by analyzing the peaks of the molecular absorption spectra) of bio-compounds, the single addition method and calibration curves were used. This equipment uses an Optical System with a Czerny-Turner Monochromator featuring high-resolution grating, wavelength reproducibility of 0.1 nm, wavelength accuracy of ± 0.3 nm (automatic wavelength correction), photometric accuracy of ± 0.004 Abs (0.5–1.0 A), photometric reproducibility of 0.001Abs (0–0.5 A), baseline flatness of ± 0.001 Abs, baseline stability of 0.0004 Abs/Hr (500 nm, after preheating), and photometric noise of ± 0.001Abs (500 nm, 0 Abs, 2 nm spectral bandwidth). Using bio-membranes in the cold plasma field influences the attacked samples and can increase the precision of measurements in this case (Supplementary Figure 7) (59).



2.4 Atomic absorption spectroscopy (AAS)

In the first phase, sample preparation for atomic absorption spectrometry involved mineralization (microwave digestion). Microwave digestion is used to prepare samples of all types (plant, soil, food, pharmaceuticals) for elemental analysis by inductively coupled plasma (ICP), inductively coupled plasma mass spectrometry (ICP-MS), or atomic absorption (AA), which require the sample to be in solution form for introduction into the analyzer. Acid digestion is employed to break down the sample matrix, leaving the elements of interest in solution and ready for analysis. CEM microwave digestion systems rapidly break down a wide variety of sample matrices, leaving behind a clear solution containing the analytes of interest (26).

For this purpose, a CEM Mars system of microwave mineralization, 1,200 W, was used. The MARS system from CEM is a multi-mode platform equipped with a magnetic stirring plate and a rotor that allows for the parallel processing of several vessels per batch. We used the HP-500 (Teflon (TFA) insert) (vessel volume 80 mL, max pressure 350 psi, max temperature 210o C) and Greenchem (glass borosilicate insert) (vessel volume 80 mL, max pressure 200 psi, max temperature 200o C) vessel assemblies, both based on a 14-position rotor. The system delivers a continuous power output between 0 and 1,200 W. Temperature was controlled internally by a fiber optic probe in one control reference vessel.

Method: In summary, the substance was weighed to an analytical precision of 10.00 g of dry substance (d.s.). For the mineralization step, 10.00 g of the product (carrots in their raw state) were added to each digestion cartridge, along with 6 mL of concentrated nitric acid and 3 mL of 30% hydrogen peroxide. To create a blank, one digestion cartridge was used without the addition of the product, but with the reagents (59, 68). This method is outlined in Table 1.



TABLE 1 The microwave digestion steps (in the context of A. A. S. Procedure).
[image: Table1]

For the AAS method, a Varian SpectrAA 220Z Atomic Absorption Spectrometer Furnace System was used, along with a Varian SpectrAA 220Z Auto Sampler, Varian GTA 110Z Furnace, Varian UltrAA, and associated Windows interface software.



2.5 Use the plasmatic field in activated the bio-compounds from carrots

An innovative cold plasma technology was used (together with specific enzymatic activators) in the concentration separation of valuable bio-compounds from carrots. As activators, acetyl-CoA (an obligatory activator of NADH-reductase activity) was used, and the rate of activity was monitored by the ratio of NAD/NADH+H+. In conventional research, cold plasma results from the use of a Tesla coil string. Cold plasma is produced together with static electricity, which can also release hot plasma (which can negatively affect less thermally stable biological compounds). Therefore, a novel Tesla T-wire Tesla coil string system (“T-coil in T-coil”—the inner coil is directly powered, the outer coil has a reversed power circuit, and a nano-rated CO2 gas circulates between them) was used. This innovative system eliminates any static electricity and heating from the mixture, resulting in the separation and activation of biological compounds in a stable plasma field. This technology has been used both to activate bio-membranes (to maintain a product at a certain level of plasma induction) and to improve the yield of the supercritical extraction technique—in a Helix Natural Product Extractor (59, 68).

Before the SFE and after diffusion, certain interfering substances were separated, as these could be drawn into the solvent or the final (aqueous) extracts. To this end, a combination of calcification and carbonation (defecation and carbonation) purifying techniques was used, as well as filtration separation techniques including special membranes. Thus, a series of soluble pectin, lignin, celluloses, and hemicelluloses were separated. The natural protective membranes are obtained from vegetal cellulose, which were pressed and charged in ionic, magnetic, and gravitational fields. Thus, active nanostructures are produced, which directly influence the activity of the co-enzymes and greatly increase the efficiency of separating the active bio-compounds. Another very important aspect is the “cold” separation of certain valuable bio-compounds in carrots under the influence of cold, which a certain field (plasma, magnetic, and gravitational) resultant force has on the valuable compounds in the hydroalcoholic extracts made from carrot pomaces.

In these extractions, Helix Natural Product SFE equipment was used, delivered to the Research Infrastructure of the Bioengineering and Biotechnologies Laboratories, Research HUB INCESA, University of Craiova, Romania—by the world leader in this field, Applied Separations, USA (Supplementary Figure 2).

This system has been improved by the use of bio-membranes loaded in the plasma field and placed at specific locations in the supercritical extraction unit. This creates a plasma field generated by the difference between the field created by the CO2 used as the supercritical extraction agent (at a temperature of 31–32°C and a pressure of 150–650 bar, depending on the bio-compound we want to separate) and the shielding field maintained by the activated bio-membranes. The use of such a system increased the extraction yield (especially between 180–350 bar) by more than 20% (59, 68).

Different compounds were extracted at different pressures. To increase the extraction yield, bio-membranes pre-charged in a plasm-inductive carbon dioxide field, amplified by nano-coupled metal electrodes (Cu, Zn, and Fe), were applied inside the central unit. This altered the pressure range for some carotenoids (optimal separations being found between 300 and 450 bar at 31–32°C) and increased the extraction yield to 120% (compared to conventional methods). An important balance was thus achieved between the internal environment (constituted by the supercritical carbon dioxide agent) and the external environment (generated by bio-membranes charged with carbon dioxide in inductive, electromagnetic, and gravitational fields).

The extract was then added to the baseline carrot juice variant, resulting in the best non-additive baseline variant, Variant V0. The use of the SFE technique produced a carrot juice that is much more active and healthier for consumers. Even though it is a “Premium” food product, production costs are expected to decrease as it scales up to semi-industrial and industrial levels.

Inductive, magnetic, and gravitational plasma field generators were used to charge the bio-membranes positioned inside the SFE extraction unit and to increase the supercritical extraction yield (Supplementary Figure 2). For bio-membrane loading, special wands were employed that utilize direct and indirect Tesla coils, with the Tesla effect being enhanced by the Garnier effect (due to the four right angles of the nano-coated Cu cylinders containing the Tesla coils, as shown in Supplementary Figure 3).

The set of generators is constructed using special assemblies made of copper cylinders, within which Tesla coils—some with a direct effect and others with a reversed effect—serve as the electromagnetic core. These coils are energized by small spheres made of anisotropic materials impregnated with solutions of Fe, Cu, and Zn metals activated at the electrodes in specialized electrolytic systems. This amplifies the combined field effect and creates an environment that prevents cell oxidation. A model of such a generator (currently in an advanced stage of patenting) is shown in Supplementary Figure 5. The combined field loading (plasma-induced, magnetic, and gravitational) of the juices and the activation of these juices (for the best additive variants) are demonstrated using a FLIR E86 thermal imaging camera and a laboratory microscope.

The effect of these innovative generators is also evident in the reduced rate of transformation from the reduced forms to the oxidized forms of the oxidoreductases present and their protection (as shown in the videos and images). The specific frequencies at which they operate are protected by international copyright laws.

The generator variants have been submitted to the Romanian authorities for further verification and authorization (to identify any potential issues regarding the food safety of the products in which they are used—through non-invasive mild food processing techniques).



2.6 Use the plasmatic field to protect food against pathogenic microbial attack in carrots

The mixed field is generated directly by the combined field generators (plasma, magnetic, and gravitational). It starts from the first feed to a mini-electrolysis circuit that produces (depending on the electrolyte in the bath and the voltage at the electrode terminals) a nanostructured gas that liquefies at normal laboratory temperature. This fluid is placed at the end of the direct and indirect Tesla coils, in a nano-coupled copper tube that exhibits several right angles (to cumulatively utilize the Garnier Effect). The systems (presented in Supplementary Figures 3–5) generate and maintain a mixed field that greatly aids in the preservation of agricultural and food products without the use of preservatives.




3 Results and discussion


3.1 UV–Vis molecular spectroscopy

Using Certified Reference Materials or Reference Materials and the Single Addition Method, the construction of calibration curves is straightforward.

With the help of calibration curves (constructed before the laboratory tests), the concentrations of oxidized and reduced forms of the main antioxidants in the normal experimental variants (V1-V10) and activated (V0A-V10A) could be easily determined.

Thus, the results presented in Figures 1, 2 were obtained.

[image: Figure 1]

FIGURE 1
 Bio-compounds molecular absorbance units (units absorbance) for V0-V10 experimental variants (the selected bio-compounds were vitamins A and provitamins A in their reduced and oxidized forms) (Supplementary Figures 1–6).


[image: Figure 2]

FIGURE 2
 Bio-compounds molecular absorbance units (units absorbance) for V0A-V10A experimental variants (the selected bio-compounds were vitamins A and provitamins A in their reduced and oxidized forms).


Additionally, through this optical analysis method, the molecular absorption spectra curves were obtained, which showed different trend lines and varying R2 statistical determination coefficients.

The nutritional density of these functional foods (the final carrot juices) obtained in these innovative processing schemes is also determined by the concentrations of the active (reduced and oxidized) forms of vitamins A and provitamins A (alpha-carotenes, beta-carotenes, lycopene), as shown in the graphs in Figures 1, 2.

In carrot juice, the activity of some compounds involved in redox processes is very important (65). The main pairs of compounds that appear are:

• NAD and NADH2 (very important for anaerobic oxidoreductase enzymes in the medium of carrot juice);

• FMN and FMNH2 (specific to aerobic oxidoreductases that influence oxidation or reduction at the liquid-juice/air interface and the shelf life of products);

• Reduced and oxidized hemoproteins;

• Natural pigments—provitamin A (reduced and oxidized lycopene; oxidized and reduced alpha-carotene forms; oxidized and reduced beta-carotene forms);

• Vitamins of type A (retinol)—oxidized and reduced forms.

The concentration ratio of oxidized and reduced forms of these bio-compounds is extremely important for the health of consumers (Figure 3).

[image: Figure 3]

FIGURE 3
 Variation of the NAD/NADH+H+ and FMN/FMNH+H+ ratios for V0-V10 and V0A-V10A experimental variants (Supplementary Figures 1–6).


The variations in their concentrations following the addition of various food additives are presented in the graphs with UV–Vis spectra in Figure 4 (juices from V0 variants) and Figure 5 (juices made from V0A variants).

[image: Figure 4]

FIGURE 4
 Variation of molecular absorption spectra (units absorbance) for V0-V10 experimental variants in UV (190–400 nm) and Vis (400–700 nm) Ranges.


[image: Figure 5]

FIGURE 5
 Variation of molecular absorption spectra (units absorbance) for V0A-V10A experimental variants in UV (190–400 nm) and Vis (400–700 nm) ranges (Supplementary Figures 1–6).


The best juices with additives are considered to be those that induce the smallest changes in the curves of the molecular absorption spectra compared to the similar ones of the reference variants (no additives) from which they originate.

To precisely highlight these minimal differences between the spectral curves of the additive and non-additive variants, pairwise statistical tests were used, with the help of Origin Pro 2020 software. In this article, only radar charts were used for the coefficients of determination squared R (Figure 6).

[image: Figure 6]

FIGURE 6
 Variation of the squared-R at V0-V10 and V0A-V10A experimental variants (in UV–Vis ranges: 190–700 nm).


The best variants proposed for the next product series were obtained by comparing the spectral curves of Variants V1 through V10 with that of the witness variant V0, and V1A through V10A variants, respectively, with that of the V0A variant.

The concentrations of bioactive compounds in the experimental V0 (pressed carrot juice) are higher than in V0A. This is normal, as V0A was obtained from pressed carrot residues. These carrot residues were diffused into drinking water and activated in the plasma field.

From the analysis of the graphs presented in Figures 1–6, several aspects can be highlighted:

• Preservatives, colorants, and sweeteners significantly alter the concentrations of the oxidized and reduced active forms of the main compounds in carrots (from Figures 1, 2);

• Preservatives affect the color of carrot juices, and therefore it is necessary to add colorants (beta-carotene or carmine). Carmine has proven protective activity, increasing resistance against the attack of sugar on some valuable compounds in carrot juice (synergistic effect in this case);

• From the analysis of V0, V1, and V2 variants, preservatives are shown to retain higher concentrations of active forms of FMNH2 and FMN, exhibiting a synergistic effect when used;

• Sugar consumes a significant portion of the concentrations of the active forms of FMNH2 and FMN, a fact resulting from the comparative analysis of V0 with V5. Even the natural stevioside (a natural sweetener from Stevia rebaudiana) influences the concentrations of the active forms of FMNH2 and FMN;

• From the analysis of the fructose-sweetened variant (a synthetic sweetener used), it is observed that fructose (V7) greatly reduced the concentrations of active forms of bio-compounds involved in redox processes;

• Very important and interesting is the coloring effect and preservation of the active forms, even under the action of sweeteners, of the carmine dye (a finding resulting from the comparative analysis of pairs of data from V5 with V8 and V6 with V9).

• The combinations of additives in V9 are superior in their effects to those in V8, with stevioside consuming fewer active forms of redox agents than beet sugar;

• Concentrations of active forms of NAD and NADH2 are sustained by the activity of the red-carmine dye, which greatly influences the redox balances in the juice;

• In the case of variants obtained using the activation method (from V0A to V10A), carmine dye protects most concentrations of active principles involved in redox processes;

• Without the support of the polysaccharides in the juice (lignin, cellulose, and hemicellulose being removed during the processing method of activation), the concentrations of oxidized and reduced forms of NAD and NADH2 are significantly reduced under the action of acetic acid (V1A). After the countercurrent extraction of bioactive compounds from the pressed carrot residue, a primary carrot juice was obtained. This primary juice (which also contained soluble polysaccharides) was mixed with calcium hydroxide (lime) for 2 h. Then, carbon dioxide is bubbled through the mixture to neutralize the alkaline solution, forming calcium carbonate, and the mixture is filtered. This removes several polysaccharides that would have disturbed the final product design format of the carrot juice—functional food;

• Beet sugar reduces concentrations of active forms of bio-compounds (V5A);

• Even though it does not produce fermentation and is a hypocaloric sweetener, stevioside reduces the concentrations of active forms of vitamin A, whether reduced or oxidized (as seen in V6A).

The concentrations of reduced and oxidized forms of NAD and NADH2, respectively FMN and FMN H2 - as well as the ratio of these concentrations - are very important for the final redox potential (Figure 3).

• Product series 2 (carrot juice with additives) is superior to the series of products from which it derives (Series 1 from V0, juice without additives).

• To obtain superior quality and sensory products, it is necessary to add carrot juices obtained by pressing (variant V0) or through advanced processing (variant V0A).

• To obtain the best additive variants (those that least modify the chemical composition of the basic variants V0 and V0A), elements of mathematical statistics will be used.

From the statistical analysis, comparative—in pairs—of the variants of juices V1–V10, reported to V0 (Witness Variant), the best experimental variants were V1 (with few additives) and V10 (better sensorial but high additive—presented in File 2” Statistics, Supplementary materials 2, details”).

From the statistical analysis, comparative—in pairs—of the variants of juices V1A–V10A, reported to V0A (Witness Variant), the best experimental variants were V1A (with few additives) and V9A (better sensorial but high additive).

The Radar Plots (from Figure 6) show the differences between the R-squared statistical determination coefficients (determined as properties of the trend lines of the molecular absorption spectra curves specific to the experimental variants—shown in Figures 4, 5).



3.2 Determination of DNA changes induced by the attack of pathogenic microorganisms

Using the DNA changes recorded by the DNA/Proteid Biology Chipset DP200307, it was possible to determine, long before it was microscopically or visually detected, the specific white mold attack on carrot leaves and roots.

To calibrate the Proteid Biology Chipset: after subsequent microscopy, it was determined that the attack of the microorganism that led to the decrease in Total Phenolic Content was caused by the Alternaria Blight mold. This mold forms fluffy colonies with septate mycelium and large conidia with longitudinal and transverse septa (pore-spores). When it attacks, it consumes some of the polyphenols in the carrot leaves, and it is estimated that 10 min are enough for complete mitosis of the mold spores, with an interval of 20–40 min between mitosis and the appearance of septa. Only then does the mold attack become visible. Until then, the DNA changes recorded by the mathematical coprocessor of the UV–Vis spectrometer can be used at the two maxima of molecular absorption (at wavelengths of 230 and 260 nm) to record the decrease of antioxidant content (total polyphenols).

The raw materials (carrots) used have not been attacked by pathogenic/parasitic microorganisms, and, of course, no DNA alterations have been recorded in the mathematical coprocessor of the T92 + Spectrophotometer (picture with T92 plus coprocessor).



3.3 Atomic absorption spectroscopy

Using standardized and laboratory-developed methods (with their own Editing and Revision Procedures), the results are shown in Table 2 (which includes the main compositional and mineral characteristics of carrots, Daucus carota L.) and Table 3 (which includes data regarding the mineral characteristics of Romanian carrots, Daucus carota subsp. carota). These raw materials are particularly important, as the antioxidants in these plants are used (in the form of extracts) as food additives in the design and construction of the final food supplement.



TABLE 2 Atomic absorption spectroscopy for Daucus carota L. baseline.
[image: Table2]



TABLE 3 Indicators for carrots used in Romanian food supplements.
[image: Table3]

As can be seen from Tables 2, 3, no heavy metal pollution was recorded in the raw material samples used in the experiment.

Table 3 shows the main physical–chemical indicators of partially processed carrots, which enable the extraction of antioxidants used in the design of the food supplement. For valuable dietary supplements or functional foods, processed carrots should be high in potassium, calcium, and magnesium ions, have high turgidity (high water content), and be low in fiber and protein.

The minerals from the carrots (raw material) were analyzed using Atomic Absorption Spectrometry (see section 2.3). The mineral composition of the carrots is shown in Table 2.



3.4 Use of plasma field to improve supercritical fluid extraction technique

The extraction of carotenes with high antioxidant value was accelerated and enhanced by the combined field generated and maintained (throughout the extraction period) by the bio-membranes loaded in the field. For each product variant subjected to extraction (in this case, carrot pomace after pressing and juice removal), the determination of the optimal extraction pressure under supercritical and enhanced field conditions is performed by selection. Thus, the molecular absorption spectra recorded from the extract were compared with the molecular absorption spectra obtained at scales of known concentration of antioxidant provitamins in carrots (carotenes, lycopene). The pressure used in supercritical extraction was considered “optimal” when extracts with the highest carotenoid concentrations were obtained.

Using plant bio-membranes loaded in a modified carbon dioxide field produced a 20% increase in SFE yield when carbon dioxide at 31–32°C and 150–230 bar was used as a supercritical extraction agent (59, 68).

In order to achieve the objectives of the study (analysis of synergistic effects produced by certain antioxidants in specific functional foods), specialized supercritical extraction (SFE) techniques had to be employed, along with special techniques utilizing plasma-field activated membranes (to improve extraction yield, recovery, and utilization of valuable compounds from carrots) and methods for activating extracted compounds. This multifaceted approach has yielded several bioactive compounds with antioxidant properties, paving the way for their utilization in the production of competitive food supplements and functional foods (File 3 “Innovative Technology,” Supplementary materials 2, details”).



3.5 Use the plasmatic field to protect the food against pathogenic microbial attack in carrots

By using a simple microscopy technique, it was possible to photograph and film how the combined inductive field acts and how the antioxidant compounds in the natural juice (enriched with carotenoids in the activated extract) function. The photographs show the protective antioxidant effect of this juice at the cellular level. The inactivated carrot juice protected by this field also retains its bromatological properties unchanged for up to 48 h (without refrigeration under normal temperature and pressure conditions). It is noteworthy that when only pressed carrot juice was used, these protective and preservative activities against oxidation were not recorded. This demonstrates an increased antioxidant capacity of the bio-compounds in the juice selected for the analysis.

Furthermore, Supplementary Figure 4 presents images in which the combined field neutralizes and inactivates a microorganism introduced into the medium. It can be clearly distinguished how, as the field approaches, the microorganism activates its own defense system but is unable to resist the inductive effect of the field.

The use of equipment capable of producing a mixed field (cold plasma, magnetic, and gravitational) can protect food from contamination by microbial pathogens. An example of this is shown in Supplementary Figure 4, which illustrates a bactericidal effect of the field force line (the blue curved line in the images) on bacteria such as Escherichia coli. In less than 3 min, all the medium under test was free of pathogenic bacteria, as verified by repeatability and reproducibility.




4 Conclusion

• To obtain products with high antioxidant potential from carrots, it is necessary to use innovative technologies, especially for products derived from the waste resulting from the processing of carrots. The proposed innovative technologies led to an increased yield of extraction, recovery, and utilization of valuable antioxidants from carrots, as well as their stabilization in reaction kinetics (with food additives suggested for use to enhance the sensory properties of the final functional food). Synergistic effects are thus developed that improve the nutritional density of the final juices and their storage stability;

• Understanding the changes in the concentration ratios of active forms of NAD and NADH+H+ is very important for the study of the redox processes in carrot juices and their antioxidant capacity;

• Understanding the changes in the concentration ratios of active forms of FMN and FMNH+H+ is very important for the study of redox processes at the interface of carrot juices and air, and especially for improving the storage period (synergistic effect between V1 and V10);

• From this complex study of the variants of juices V1–V10, reported to V0 (Witness Variant), the best experimental variants were V1 (with few additives) and V10 (better sensory, but high additive).

• From this complex study of the variants of juices V1A–V10A, reported to V0A (Witness Variant), the best experimental variants were V1 (with few additives) and V9A (better sensory, but high additive).

• Using the techniques described in the article, a number of technological advantages can be achieved:

• Increased antioxidant capacity by promoting combined fields that produce preservation and conservation effects on the properties of antioxidant bio-compounds in food;

• The possibility of blocking the activity of potentially pathogenic, contaminating micro-organisms;

• Their use in the design and development of valuable food supplements from existing natural flora with raw materials of high antioxidant potential;

• Development of food additive management, taking into account the preservation of the antioxidant capacity of the final products and the synergism/antagonism of certain food additives;

• Promotion of manufacturing recipes that consider the preservation of the active antioxidant capacity of compounds and product bromatology;

• Realization of advanced product design and extended product shelf life (under normal conditions of temperature, humidity, and pressure);

• The use of devices such as combined field generators in holding/storage rooms can lead to significant cost savings by optimizing technological costs.



Data availability statement

The original contributions presented in the study are included in the article/Supplementary material, further inquiries can be directed to the corresponding authors.



Author contributions

PS: Conceptualization, Data curation, Formal analysis, Funding acquisition, Investigation, Methodology, Project administration, Resources, Software, Supervision, Validation, Visualization, Writing – original draft, Writing – review & editing. OT: Data curation, Methodology, Resources, Validation, Writing – original draft. MP: Conceptualization, Software, Validation, Writing – original draft. CN: Data curation, Resources, Software, Writing – original draft.



Funding

The author(s) declare that financial support was received for the research and/or publication of this article. This work was supported by a grant of the Romanian National Authority for Scientific Research and Innovation, CNCS/CCCDI -UEFISCDI, project number PN-III-P1-1.2-PCCDI-2017-0566 (contr. nr. 9 PCCDI/2018-2021/P4 -Complex system of full capitalization of some agricultural species with energy and food potential). “Valuing the Food Potential of Selected Agricultural Crops.” Responsible Project: Petre Savescu. Project Code: PN-III-P1-1.2-PCCDI-2017-0566.



Acknowledgments

The authors thank Hub Research Infrastructure in Applied Sciences INCESA, Craiova, Romania, for providing experimental material. Thanks to the Research Council of the University of Craiova, Romania, for the technical and financial support. The authors express special thanks to the managers of Pop Service Electronics and RURIS Co, Craiova, Romania, for providing experimental generators and technical support for research work.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Generative AI statement

The author(s) declare that no Gen AI was used in the creation of this manuscript.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fnut.2025.1558597/full#supplementary-material



References

 1. Belitz, HD, Grosch, W, and Schieberle, P. Food chemistry. 4th ed. Berlin Heidelberg: Springer-Verlag (2009).

 2. Sharma, K, Karki, S, Thakur, N, and Attri, S. Chemical composition, functional properties and processing of carrot- a review. J Food Sci Technol. (2012) 49:22–32. doi: 10.1007/s13197-011-0310-7 

 3. Iahnke, AOS, Costa, TMH, Rios, AO, and Flôres, SH. Residues of minimally processed carrot and gelatin capsules: potential materials for packaging films. Ind Crop Prod. (2015) 76:1071–8. doi: 10.1016/j.indcrop.2015.08.025

 4. EFH. Encyclopedia of food and health, vol. 2015 Elsevier Science (2015). 387 p.

 5. Dias, JS. Nutritional and health benefits of carrots and their seed extracts. Food Nutr Sci. (2014) 5:2147–56. doi: 10.4236/fns.2014.522227

 6. USDA National Nutrient Database for Standard Reference (2024) Available at: https://catalog.data.gov/dataset/usda-national-nutrient-database-for-standard-reference-legacy-release-d1570/resource/031a716e-55c8-41f7-8da7-5c20ec6ae3e0 (Accessed June 16, 2024).

 7. Clotault, J, Geoffriau, E, Lionneton, E, Briard, M, and Peltier, D. Carotenoid biosynthesis genes provide evidence of geographical subdivision and extensive linkage disequilibrium in the carrot. Theor Appl Genet. (2010) 121:659–72. doi: 10.1007/s00122-010-1338-1

 8. Chau, CF, Chen, CH, and Lee, MH. Comparison of the characteristics, functional properties, and in vitro hypoglycemic effects of various carrot insoluble fiber-rich fractions. LWT. (2004) 37:155–60. doi: 10.1016/j.lwt.2003.08.001

 9. Shabby, WN, El-Sibai, M, Smith, KB, Karam, MC, Mroueh, M, and Daher, CF. The antioxidant and anticancer effects of wild carrot oil extract. Phytother Res. (2012). doi: 10.1002/ptr.4776

 10. Haq, R-u, and Prasad, K. Nutritional and processing aspects of carrot (Daucus carota) - a review. South Asian J Food Technol Environ. (2015) 1:1–14. doi: 10.46370/sajfte.2015.v01i01.01

 11. Ranjithaa, K, Rao, DVS, Shivashankar, KS, Oberoi, HS, Roy, TK, and Bharathammaa, H. Shelf-life extension and quality retention in fresh-cut carrots coated with pectin. Innov Food Sci Emerg Technol. (2017) 42:91–100. doi: 10.1016/j.ifset.2017.05.013

 12. Baranski, RA, Maksylewicz-Kaul, T, Nothnagel, P, Cavagnaro, P, and Grzebelus, SD. Genetic diversity of carrot (Daucus carota L.) cultivars revealed by analysis of SSR loci. Genet Resour Crop Evol. (2012) 59:163–70. doi: 10.1007/s10722-011-9777-3

 13. Bradeen, J, Bach, IC, Briard, V, Clerc, D, Grzebelus, DA, Senalik, , et al. Molecular diversity analysis of cultivated carrot (Daucus carota L.) and wild Daucus populations reveals a genetically nonstructured composition. J Am Soc Hortic Sci. (2002) 127:383–91. doi: 10.21273/JASHS.127.3.383

 14. Rong, J, Janson, S, Umehara, M, Ono, M, and Vrieling, K. Historical and contemporary gene dispersal in wild carrot (Daucus carota ssp. carota) populations. Ann Bot. (2010) 106:285–96. doi: 10.1093/aob/mcq108

 15. Zhao, YH, Deng, YJ, Wang, YH, Lou, YR, He, LF, Liu, H , et al. Changes in carotenoid concentration and expression of carotenoid biosynthesis genes in Daucus carota taproots in response to increased salinity. Horticulturae. (2022) 8:650. doi: 10.3390/horticulturae8070650

 16. Dias, JS. Major classes of Phytonutriceuticals in vegetables and health benefits: a review. J Nutr Therap. (2012) 1:31–62. doi: 10.6000/1929-5634.2012.01.01.5 

 17. Mills, JP, Simon, PW, and Tanumihardjo, SA. Biofortified carrot intake enhances liver antioxidant capacity and vitamin a status in Mongolian gerbils. J Nutr. (2008) 138:1692–8. doi: 10.1093/jn/138.9.1692 

 18. Patil, MV, Kandhare, AD, and Bhise, SD. Pharmacological evaluation of Ethanolic extract of Daucus carota Linn root formulated cream on wound healing using excision and incision wound model. Asian Pac J Trop Biomed. (2012) 2:S646–55. doi: 10.1016/S2221-1691(12)60290-1

 19. Coyne, T, Ibiebele, TI, Baade, PD, Dobson, A, McClintock, C, Dunn, S , et al. Diabetes mellitus and serum carotenoids: findings of a population-based study in Queensland, Australia. Am J Clin Nutr. (2005) 82:685–93. doi: 10.1093/ajcn/82.3.685 

 20. USDA. (2015). Available online at: https://fdc.nal.usda.gov/fdc-app.html#/food-details/170394/nutrients (Accessed June 16, 2024)

 21. Dias, JS. Nutritional quality and health benefits of vegetables: a review. Food Nutr Sci. (2012) 3:1354–74. doi: 10.4236/fns.2012.310179

 22. Zhang, D, and Hamauzu, Y. Phenolic compounds and their antioxidant properties in different tissues of carrots (Daucus carota L.). J Food Agric Environ. (2004) 2:95–100.

 23. Ekam, VS, Udosen, EO, and Chighu, AE. Comparative effect of carotenoid complex from Goldenneo-life dynamite and carrot extracted carotenoids on immune parameters in albino Wistar rats. Niger J Physiol Sci. (2006) 21:1–4. doi: 10.4314/gjpas.v12i4.16648

 24. Xu, H, Jiang, H, Yang, W, Song, F, Yan, S, Wang, C , et al. 2019. Is carrot consumption associated with a decreased risk of lung cancer? A meta-analysis of observational studies. Br J Nutr. (2019) 122:488–98. doi: 10.1017/S0007114519001107 

 25. Nicolle, C, Cardinault, N, Aprikian, O, Busserolles, J, Grolier, P, Rock, E , et al. Effect of carrot intake on cholesterol metabolism and on antioxidant status in cholesterol-fed rat. Eur J Nutr. (2003) 42:254–61. doi: 10.1007/s00394-003-0419-1 

 26. Savescu, P. Natural compounds with antioxidant activity-used in the design of functional foods In: Functional foods-phytochemicals and health promoting potential. London: Intech Open (2021). doi: 10.5772/intechopen.97364

 27. Baranska, M, Schulz, H, and Baranski, R. In situ simultaneous analysis of polyacetylenes, carotenoids and polysaccharides in carrot roots. J Agric Food Chem. (2005) 53:6565–71. doi: 10.1021/jf0510440 

 28. Sun, T, Simon, PW, and Tamumuhardjo, SA. Antioxidant phytochemicals and antioxidant capacity of biofortified carrots (Daucus carota L.) of various colors. J Agric Food Chem. (2009) 57:4142–7. doi: 10.1021/jf9001044

 29. Zaini, R, Clench, MR, and Maitre, CL. Bioactive chemicals from carrot (Daucus carota) juice extracts for the treatment of leukemia. J Med Food. (2011) 14:1303–12. doi: 10.1089/jmf.2010.0284 

 30. Wu, K, Erdman, JW Jr, Schwartz, SJ, Platz, EA, Leitzmann, M, Clinton, SK , et al. Plasma and dietary carotenoids, and the risk of prostate cancer: a nested case-control study. Cancer Epidemiol Biomarkers Prev. (2004) 13:260–9. doi: 10.1158/1055-9965.EPI-03-0012 

 31. Tavares, JK, de Souza, AAU, de Oliveira, JV, Priamo, WL, and de Souza, SMAGU. Modeling of the controlled release of beta-carotene into anhydrous ethanol from microcapsules. OpenNano. (2016) 1:25–35. doi: 10.1016/j.onano.2016.05.001 

 32. Kartika, E , et al. Phytochemical and Pharmacological Review of Carrot (Daucus carota L.) Int J Pharm Sci Med. (2021) 6:75–82. doi: 10.47760/ijpsm.2021.v06i01.006

 33. Idrovo Encalada, AM, Basanta, MF, Fissore, EN, De’Nobili, MD, and Rojas, AM. Carrot fiber (CF) composite films for antioxidant preservation: particle size effect. Carbohydr Polym. (2016) 136:1041–51. doi: 10.1016/j.carbpol.2015.09.109

 34. Jafari, F, Khodaiyan, F, Kiani, H, and Hosseini, SS. Pectin from carrot pomace: optimization of extraction and physicochemical properties. Carbohydr Polym. (2017) 157:1315–22. doi: 10.1016/j.carbpol.2016.11.013 

 35. Kumari, S, and Grewal, RB. Nutritional evaluation and utilization of carrot pomace for preparation of high fiber biscuits. J Food Sci Technol. (2007) 44:56–8.

 36. Siqueira, G, Oksman, K, Tadokoro, SK, and Mathew, AP. Re-dispersible carrot nanofibers with high mechanical properties and reinforcing capacity for use in composite materials. Compos Sci Technol. (2016) 123:49–56. doi: 10.1016/j.compscitech.2015.12.001

 37. Kumar, N, Sarkar, BC, and Sharma, HK. Development and characterization of extruded product using carrot pomace and rice flour. Int J Food Eng. (2010) 6:1–24. doi: 10.2202/1556-3758.1824

 38. Saura-Calixto, F. Dietary fiber as a carrier of dietary antioxidants: an essential physiological function. J Agric Food Chem. (2011) 59:43–9. doi: 10.1021/jf1036596 

 39. Brazionis, L, Rowley, K, Itsiopoulos, C, and O’Dea, K. Plasma carotenoids and diabetic retinopathy. Br J Nutr. (2009) 101:270–7. doi: 10.1017/S0007114508006545

 40. Bystrica, J, Kavalcova, P, Musilova, J, Vollmannova, A, Tomas, TO, and Lenkova, M. Carrot (Daucus carota L. ssp. sativus (Hoffm.) Arcang.) as a source of antioxidants. Acta Agric Slov. (2015) 105:303–11. doi: 10.14720/aas.2015.105.2.13

 41. Dias, J. Nutritional quality and effect on disease prevention of vegetables. Food Nutr Sci. (2019) 10:369–402. doi: 10.4236/fns.2019.104029

 42. Shaposhnik, VA. History of the discovery of potassium and sodium (on the 200th anniversary of the discovery of potassium and sodium). J Anal Chem. (2007) 62:1100–2. doi: 10.1134/S1061934807110160

 43. Papargyropoulou, E, Lozano, R, Steinberger, JK, Wright, N, and Ujang, ZB. The food waste hierarchy as a framework for the management of food surplus and food waste. J Clean Prod. (2014) 76:106–15. doi: 10.1016/j.jclepro.2014.04.020

 44. Pushpendra, JK. Hepatoprotective effect of carrot (Daucus carota L.) on paracetamol intoxicated rats. Int J Pharmacol Pharm Technol. (2017) 1:4. doi: 10.47893/IJPPT.2017.1019

 45. Erikson, K. M., and Ascher, M. (2019). Chapter 10. Manganese: its role in disease and health. In Astrid Sigel, Eva Freisinger, Roland K. O. Sigel, and Peggy L. Carver (eds.). Essential metals in medicine: Therapeutic use and toxicity of metal ions in the clinic. Metal Ions in Life Sciences. 19. Berlin: de Gruyter GmbH. pp. 253–266.

 46. Vašák, M, and Schnabl, J. Chapter 8. Sodium and potassium ions in proteins and enzyme catalysis In: A Sigel, H Sigel, and RKO Sigel, editors. The alkali metal ions: their role in life. Metal Ions in Life Sciences, vol. 16. Switzerland: Springer International (2016). 259–90.

 47. Simon, PW, Freeman, RE, Vieira, JV, Boiteux, LS, Briard, M, Nothnagel, T , et al. Carrot In: Vegetables II. Handbook of plant breeding, vol. 2. New York, NY: Springer (2008). 327–57.

 48. Rice, DB, Massie, AA, and Jackson, TA. Manganese–oxygen intermediates in O–O bond activation and hydrogen-atom transfer reactions. Acc Chem Res. (2017) 50:2706–17. doi: 10.1021/acs.accounts.7b00343 

 49. Dismukes, GC, and Willigen, RT. Manganese: the oxygen-evolving complex & models In: Manganese: The oxygen-evolving complex & models based in part on the article manganese: Oxygen-evolving complex & models by Lars-Erik Andréasson & Tore Vänngård which appeared in the encyclopedia of inorganic chemistry. 1st ed: Encyclopedia of Inorganic Chemistry. England: John Wiley & Sons Ltd.’s (2006). doi: 10.1002/0470862106.ia128

 50. Philipp, WS. (2021). Carrot (Daucus carota L.) breeding. In: JM Al-Khayri, SM Jain, and DV Johnson. (eds.) Advances in Plant Breeding Strategies: Vegetable Crops. Springer, Cham., Switzerland. doi: 10.1007/978-3-030-66965-2_5

 51. Tita, O, Lengyel, E, Stegarus, DI, Savescu, P, Ciubara, AB, Constantinescu, MA , et al. Identification and quantification of valuable compounds in red grape seeds. Appl Sci. (2021) 11:5124. doi: 10.3390/app11115124 

 52. De Rosso, VV, Morán Vieyra, FE, and Mercadante, AZ. Singlet oxygen quenching by anthocyanin's flavylium cations. Free Radic Res. (2008) 42:885–91. doi: 10.1080/10715760802506349 

 53. Andersen, ØM. Anthocyanins: encyclopedia of life sciences John Wiley & Sons (2001). doi: 10.1038/npg.els.0001909

 54. EFSA. Scientific opinion on the re-evaluation of anthocyanins (E 163) as a food additive. Parma, Italy: EFSA Panel on Food Additives and Nutrient Sources added to Food (ANS), European Food Safety Authority, (2013) 11. doi: 10.2903/j.efsa.2013.3145

 55. Wu, X, Beecher, GR, and Holden, JM. Concentrations of anthocyanins in common foods in the United States and estimation of normal consumption. J Agric Food Chem. (2006) 54:4069–75. doi: 10.1021/jf060300l 

 56. Swamy, KR, Nath, P, and Ahuja, KG. Vegetables for human nutrition and health In: P Nath, editor. The basics of human civilization-food, agriculture and humanity, volume-II-food : Prem Nath Agricultural Science Foundation (PNASF), Bangalore & New India Publishing Agency (NIPA), New Delhi (2014). 145–98.

 57. Savescu, P, Popa, A, and Popa Daniela, CB. Environmental risk’s decreasing according to the European standard (QMS ISO 9000: 2000) applied to food factories. J Environ Protect Ecol. (2005) 6:447–53.

 58. Savescu, P., Badescu, G., Milut, M., Ciobanu, A., Apostol, L., and Vladut, V. (2019). Healthy food–through innovative technologies. Vol. ISB-INMA-Teh 2019 International Symposium Bucharest, 2048–2053.

 59. Savescu, P, Iacobescu, F, and Poenaru, MM. Study on the use of biomaterials as protective membranes for certain functional foods In: S Piotto, S Concilio, L Sessa, and F Rossi, editors. Advances in bionanomaterials II. BIONAM 2019 2019. Cham: Lecture Notes in Bioengineering, Springer (2020). 178–90.

 60. Tudoran, CD. High frequency portable plasma generator unit for surface treatment experiments. Roman J Phys. (2011) 56:103.

 61. Chen, ZG, Guo, XY, and Wu, T. A novel dehydration technique for carrot slices implementing ultrasound and vacuum drying methods. Ultrason Sonochem. (2016) 30:28–34. doi: 10.1016/j.ultsonch.2015.11.026 

 62. Nagarajaiah, SB, and Prakash, J. Nutritional composition, acceptability, and shelf stability of carrot pomace-incorporated cookies with special reference to total and β-carotene retention. Cogent Food Agric. (2015) 1:1039886. doi: 10.1080/23311932.2015.1039886

 63. Jiménez-Moreno, N, Esparza, I, Bimbela, F, Gandia, LM, and Ancín-Azpilicueta, C. Valorization of selected fruit and vegetable wastes as bioactive compounds: opportunities and challenges. Crit Rev Environ Sci Technol. (2019) 50:2061–108. doi: 10.1080/10643389.2019.1694819

 64. Hung, RJ, Zhang, ZF, Rao, JY, Pannack, A, Reuter, VE, Heber, D , et al. Protective effects of plasma carotenoids on the risk of bladder cancer. J Urol. (2006) 176:1192–7. doi: 10.1016/j.juro.2006.04.030

 65. Savescu, P. (2018) Habilitation thesis. The use of new innocuous resources, designing and development of new functional food by improving redox specific food industry, IRVA Doctoral School Publishing House, the University of Life Science “King Mihai I” of Timisoara, Romania. 

 66. Belenky, P, Bogan, KL, and Brenner, C. NAD+ metabolism in health and disease. Trends Biochem Sci. (2007) 32:12–9. doi: 10.1016/j.tibs.2006.11.006

 67. Lin, SJ, and Guarente, L. Nicotinamide adenine dinucleotide, a metabolic regulator of transcription, longevity and disease. Curr Opin Cell Biol. (2003) 15:241–6. doi: 10.1016/S0955-0674(03)00006-1 

 68. Savescu, P, Iacobescu, F, and Poenaru, MM. Patent OSIM, Cerere de BI (A00745 OSIM 2020, published by B.O.P.I. Nr 5, May 2022) In: Supliment alimentar din semințe degresate de cânepă și frunze de topinambur (Food supplement made from defatted hemp seeds and Jerusalem artichoke leaves) : O.S.I.M. Patent, Bucuresti, Romania (2020)

 69. Ninfali, P, Mea, G, Giorgini, S, Rocchi, M, and Bacchiocca, M. Antioxidant capacity of vegetables, spices and dressings relevant to nutrition. Br J Nutr. (2005) 93:257–66. doi: 10.1079/BJN20041327 

 70. Aimaretti, NR, Ybalo, CV, Rojas, ML, Plou, FJ, and Yori, JC. Production of bioethanol from carrot discards. Bioresour Technol. (2012) 123:727–32. doi: 10.1016/j.biortech.2012.08.035 

 71. Public Broadcasting Service. (2024). Available online at: https://www.pbs.org/newshour/health/one-person-dies-dozens-sickened-after-eating-carrots-contaminated-with-e-coli (Accessed December 10, 2024).

 72. RENAR. International methods and standards. Romania: EU (2024).


Copyright
 © 2025 Savescu, Tita, Poenaru and Nistor. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/xhtml/Nav.xhtml




Contents





		Cover



		Synergistic effects produced by certain antioxidants in valuable functional foods from the Romanian markets



		1 Introduction



		2 Materials and methods



		2.1 Methods used in analysis of raw materials



		2.2 Use of the UV–Vis molecular spectroscopy in the management of food additives in carrot juice



		2.2.1 Experimental variants preparation



		2.2.2 UV–Vis spectroscopy









		2.3 Determination of DNA changes induced by the attack of pathogenic microorganisms



		2.4 Atomic absorption spectroscopy (AAS)



		2.5 Use the plasmatic field in activated the bio-compounds from carrots



		2.6 Use the plasmatic field to protect food against pathogenic microbial attack in carrots









		3 Results and discussion



		3.1 UV–Vis molecular spectroscopy



		3.2 Determination of DNA changes induced by the attack of pathogenic microorganisms



		3.3 Atomic absorption spectroscopy



		3.4 Use of plasma field to improve supercritical fluid extraction technique



		3.5 Use the plasmatic field to protect the food against pathogenic microbial attack in carrots









		4 Conclusion



		Data availability statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Generative AI statement



		Publisher’s note



		Supplementary material



		References



















OPS/images/cover.jpg
’ frontiers | Frontiers in Nutrition

Synergistic effects produced by
certain antioxidants in valuable
functional foods from the
Romanian markets












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
¥ frontiers Frontiers in Nutrition






OPS/images/fnut-12-1558597-g005.jpg
Variation of Molecular

Absorption Spectra at

Experimental Variants
VOA-V10A (UV-Vis
Ranges 190-700nm)

9. VBA -Abs





OPS/images/fnut-12-1558597-g006.jpg
osons

(2 e

ion of the statistical factor of determination R-squared for the experimental variants V0-V10 and
VOA-V10A (UV-Vis Ranges 190-700nm))





OPS/images/fnut-12-1558597-g003.jpg
"NAD Ratio for VO-V1O ExperimentalVariants NAD Rato for Experimental Variants VOA-VI0A

1 NAD B o VO e Vs

FMN Ratio for VO-VIO Experimental Variants FMN Ratio for Experimentsl Variants VOA-VI0A
QTR ———— P

Variation of the NAD and FMN Ratio for the experimental variants
V0-V10 and VOA-V10A





OPS/images/fnut-12-1558597-g004.jpg
11, V10 - Abs

8.V7-Abs.

Variation of Molecular
Absorption Spectra at
Experimental Variants
V0-V10 (UV-Vis Ranges
190-700nm)





OPS/images/fnut-12-1558597-t003.jpg
Number  Indicators Unit of

measurement

1 Moisture 86412 )

2 Rawash 124008 (9% dry substance)
3 Crude protein 09£002 (% dry substance)
4 Crude fat 0322006 | (% dry substance)
5 Total sugar 724004 (9% dry substance)
6 Total fiber 1843024 (% dry substance)
7 Ca* 481422628 (mg/100g)

8 Mg 9640+364 | (mg/100g)

9 Na® 44.70 £ 6.42 (mg/100 g)

10 K 224000 £4624 | (mg/100g)

n cu 0424006 (mg/100g)

12 Zn* 3641048 (mg/100 g)

“Values are expressed as mean + SD of triplicate measurements.





OPS/images/fnut-12-1558597-t001.jpg
Power, W Comment
300 4 Yes “To protect the cartridges
0 2 No To assist in the sedimentation process in the cartridge
400 4 Yes
600 3 Yes
200 1 No
800 3 Yes
1,000 4 Yes

0 10 No Cooling to open the cartridges





OPS/images/fnut-12-1558597-t002.jpg
Indicator/ Carrots (Daucus carota L.
Constituent

Dry Matter Aqueous

ppm (mg/kg) * extract 1:10
ppm (mg/L)
average value

Na* 424403 44.68
K’ 2416+ 3.18 17240
Ca* 480+ 164 549
Mg 944065 229
Zn* 242004 007
Mn* 2164046 109
Fe™ 221084 0.261
ALY 7.020.06 0557
cu 020,001 0.009
Pb* 0,016+ 0.001 Not detected

“Values are expressed as mean + SD of triplicate measurements.





OPS/images/fnut-12-1558597-g001.jpg
i

i

2. VitAred

6. alpha-carotene red

. 3.Cys-Lycopene ox

10.NADH+H

7. beta-carotene ox

4, Cys-Lvconene red

ki

_ 8. beta-Carotenered

12. FMNH+H





OPS/images/fnut-12-1558597-g002.jpg
2. VitAred

PRTERT

6. alpha-carotene red

10.NADH+H TTTTIRMN 12. FMNH+H





