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INTRODUCTION 

The quality of products is determined by a certain set of indicators. One of the 

most significant sensory properties is the color of the product. The color of the plant 

raw material is determined by the content of pigments in it. When creating new 

products based on fruits and vegetables, it is necessary to take into account the 

regularities of color formation during their processing for their stabilization. This will 

significantly improve organoleptic properties of a wide range of food products, as 

well as preserve functional metabolites of natural origin (flavonoids, carotenoids, 

chlorophylls) that have antioxidant, antimutagenic and antimicrobial properties. The 

interest to these compounds can be explained by the fact that they provide the 

necessary activity of the antioxidant system – a universal regulatory body of a human 

body, which controls the level of free radical oxidation reactions and prevents 

accumulation of toxic products. This, in its turn, will contribute to the receipt of high-

quality, healthy food. 

Solution of the problem of high-quality nutrition is possible due to the 

fortification of target micronutrients in products, and at the expense of providing diets 

with high-nutritious varieties of agricultural crops, in other words, bio-fortified 

vegetable raw materials. In achieving the goal on this issue, the main role belongs to 

the expansion and rationalization of using plant resources. However, plant material is 

not only a source of useful biologically active substances (BAS), it also accumulates 

a large number of harmful substances from the environment, the content of which 

often exceeds the critical level. This leads to a decrease in the nutritional value of 

plant products and their dangers. In this regard, it is necessary both to monitor 

ecotoxicological properties of plant material and to identify the most "pure" varieties 

for use. In addition, it is the development of the ways for the reductionof the content 

of contaminants in vegetables and fruits. 

Analysis of the existing food production technologies has shown that a large 

number of methods have been developed to prevent the destruction of plant pigments 

and to stabilize the color of the product. However, it should be noted that the above 

methods do not have a universal character and, as a rule, do not take into account the 

peculiarities of technological processing of raw materials. 

Therefore, the study of processes leading to changes in coloring matters during 

technological processing, as well as the determination of methods for color 

stabilization and reduction of the content of contaminants in plant material are topical 

issues, as these transformations influence the formation of quality and product safety. 
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SECTION 1 

BASES OF FORMING THE COLOR OF FRUITS AND VEGETABLES 

 

1.1. General characteristics of natural coloring agents from plant raw material 

Natural coloring agents – chlorophylls, carotenoids and phenolic substances, 

predetermine the color of plant raw material. Chlorophylls and carotenoids rank 

among lipoids, as they are water-dissoluble. They can dissolve only in fats and 

organic dissolvents. Phenolic substances are water-soluble pigments. Such 

classification is based on the properties of these compounds and is widely spread. In 

its turn, V. Dudkin, A. Shchelkunov take the classification by the construction and 

functional properties the most reasonable [1]. 

The color of chlorophyll-containing plant raw material is formed due to quality 

and quantity composition of pigment complex. Totally, chlorophyll in plants amounts 

0,008...0,8 % per raw mass. Sunflower leaves accumulate up to 0,16 %, oak – 0,25 %, 

maple – 0,45 %. The pigment in leaf vegetables amounts 7...15 mg %. It is found that 

parsley leaves contain 4,5…6,0 mg % of chlorophyll, dill – 7,1…8,5 mg %. In salad-

lettuce chlorophyll (а+b) amounts 3,4…4,5 mg %, in green sweet pepper – 

17,85...23,11 mg % of chlorophyll а and 2,73...3,95 mg % of chlorophyll b  [2; 3-6].  

Green pigment of higher plants consists of two compounds – chlorophyll a and 

b. Molecules of chlorophylls have joint construction – hydrophilic porphyrin ring 

with ion Mg
2+

 in the center that is coordinately linked with atoms of nitrogen, and 

lipophilic remainder of high-molecular unsaturated alcohol phytol. Functional 

analysis revealed the presence of methyl group in chlorophyll a, and aldehyde one in 

chlorophyll b. Therefore, chlorophyll molecule is linked with lipid layer of 

chloroplasts of membranes with phytol end – "tail", while porphyrin ring – "head" – 

turns to organella [8-10]. 

Coloring of chlorophyll-containing plants is connected with the presence of 

joined system of double bonds in porphyrin ring that allows absorb light. Green color 

is stipulated by the fact that chlorophyll absorbs red color (absorption maximum at 

655 Nm) and blue color (absorption maximum at 430 Nm) and reflects green light 

[11, 12]. 

Chlorophyll a is well dissolved in ether, ethanol, acetone, benzene, 

chlorophorm.  It is slightly soluble in petroleum-ether; insoluble in water (it forms 

colloid solutions). Alcohol solutions are blue-and-green and dark-red fluorescence. 

Chlorophyll b demonstrates similar features [8].  

Numerous investigations established that chlorophylls a and b damage under 

the influence of light, aerial oxygen, heat, acids and alkali. In the solution, even at 

room temperature, chlorophylls isomerize to close by the structure compounds, which 

are the epimere of the chlorophylls [13-15]. Under the influence of mineral acids, 

even weak ones Mg
2
 split off chlorophylls a and b, and corresponding derivatives – 

pheophytins a and b. Strong mineral acids promote formation of pheophorbides a and 

b, which are characterized by the absence of high-molecular alcohol phyton  

[8; 9; 16-18]. 
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All accumulated data show that chlorophyll both affects nutritional properties 

of food through its color, and increases nutritional value, contributes to such 

characteristics as physiological value, therapeutic and prophylactic properties of the 

product, since it has biologically active effect. According to the results of the 

experiments, some authors point to the possible involvement of chlorophyll in the 

formation of hemoglobin, erythrocytes and leukocytes in humans and animals  

[19-21]. There are data on the regenerative and antiseptic effect of chlorophyll 

preparations, especially in the treatment of burns of the 2nd and 3rd stages, infected 

sprains of the leg of various origins – varicose veins, thrombophlebitis, malignant 

neoplasms. Good results are obtained with the use of chlorophyll in the treatment of 

eczema, light dermatoses, contact and toxic dermatitis, dermatophytosis, psoriasis 

[19; 20; 22; 23]. 

The use of chlorophyll preparations (for example, Cu-chlorophyllinum) in 

dentistry for the treatment of stomatitis, pyorrhea, periodontal disease, gingivitis, 

gum bleeding, as well as in the production of toothpastes, is associated not only with 

high bactericidal properties but also with the presence of deodorant action based on 

chemical bonding and oxidation of substances [24]. 

Many authors point out the promising use of biologically active chlorophyll 

preparations for the reduction of the body reaction in healing of alien tissues, for the 

treatment of gastrointestinal diseases, neuritis and neuralgia triple nerve, etc. Such 

preparations do not cause allergic reactions, therefore they can be used for long-term 

treatment [25-28]. 

Improving the methods of complex processing of plant raw materials for the 

production of green pigment and its derivatives will promote their wider application 

not only in pharmaceutical and perfumery industries, but also in food industry. 

However, it is important to maintain natural green color during processing, which 

means to prevent chlorophyll conversion. 

Carotenoids are found in all green plant tissues. The ratio of chlorophylls and 

carotenoids in chloroplasts is on average 3:1. However, under the influence of 

various factors chloroplasts turn into chromoplasts, the color of which varies from 

yellow to red depending on the composition of substances [7; 28-30]. 

A large group of pigments belongs to carotenoids. Till this very date, about  

70 types of carotenoids have been identified, about 500 structures of these 

compounds have been specified, but the formulas and properties are described to only 

58 of them [8; 31]. 

From the chemical point of view, almost all carotenoids refer to terpenoids – 

tetrapetines, compounds, the carbon backbone of which consists of eight C5-isoprene 

fragments. Basic structure of the molecule is symmetric and is constructed from two 

identical halves. Each half consists of four isoprene residues, connected by the "head" 

to the "tail". Due to this structure, carotenoids absorb part of the white light spectrum, 

and color fruits from yellow to orange and red. 

The most common yellow pigment is carotene. Green leaves of plants contain 

200...300 mg % carotene per kilogram of raw material. In large quantities, it is 

educed with leaves and roots of carrot, alfalfa (Medicago L.), nettle (Urtica), spinach 
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(Spinacia Z), with the skins of red pepper with Fruits (Armeniac S.), mountain ash 

(Sorbus Z), sea buckthorn (Hippophae L), tomatoes, banana (Musca P.), melon (Melo 

SS M.Roem). Carotene is also found in daffodil flowers, dandelion (Taraxa W.), 

bukovytsi (Betoni L.) [24; 29; 32-37]. Carotene in plant material exists as isomers, 

the most common of these is the α-, β-, γ-carotene. They are not the same 

arrangement of double bonds and chemical properties. The leaves of plants contain 

200...700 mg of β-carotene per gram of dry mass [38-41]. 

α-carotene is relatively rare. In 68% of plants, such as spinach, nettle, 

artichoke, barley its content ranges from 0,2% to 35% of the total carotene fraction 

[19; 24; 42; 43]. Other isomers of carotene ((γ-, δ-, ξ-, χ-) are found in various 

compounds within pigments of certain plants [36; 44-48]. 

Another carotenoid, which is the main component of the pigment complex 

along with carotene, and has the same total formula and isoprene skeleton, is 

lycopene. Unlike carotene, the lycopene molecule has a linear structure, symmetric 

arrangement, and 13 conjugated bonds. This is the main coloring agent of red 

tomatoes, which also occurs in hips, watermelons, apricots, and cranberries [29; 49-52]. 

Oxygen-containing carotenoids include xanthophytes. They differ from 

carotene in their molecule, which, instead of one or more methylene groups contains 

a hydroxy group or carbonyl. In plant tissues of xanthophylls, lutein dominates, 

which is very close to α-carotene in structure, but unlike it, a hydroxy group replaces 

the hydrogen atom [8; 31]. 

Lutein is the most common pigment in chloroplasts along with β-carotene. It is 

educed from leaves of horse chestnut, nettle of burning, spinach, from clover red 

flowers, and sunflower. On average, its content in the leaf constitutes 60...65 mg % 

[29; 33; 35; 53-55]. 

Oxidation of oxygen-containing derivatives of carotenes leads to the formation 

of epoxy carotenoids. This process is important in tissues where photosynthesis takes 

place, because formed epoxy forms protect chlorophyll from photo oxidation. Epoxy 

forms include violaxanthin, identified in the pigment complex and which is 

responsible for the color of the petals of yellow mother-and-stepmother, bright 

yellow oranges, tangerines [24; 56]. 

Cryptoxanthin is an oxygen-containing derivative of β-carotene and has the 

properties of pro-vitamin A. It is present in small amounts in the leaves of plants, in 

the skin of tangerines, in maize, red pepper. Its content is approximately 30% of all 

carotenoids in the berries of cape gooseberry, from which it was first educed  

[29; 57-61]. 

Zeaxanthin is the main coloring agent of corn grains, sea buckthorn fruits. It 

was educed from Japanese persimmon fruit (Diospyros K). In peaches, its content 

equals 3,8 %, in apricots it is rather small – on average 0,7 % [29; 31]. 

Other xanthophytes are largely specific for certain plants. Therefore, 

rhodoxanthin is the main xanthophyll of a yew fruit. In the fruits of some species of 

hips, rubyxanthin is identified. Capsorubine and capoxanthine are educed from red 

pepper [54; 60; 61]. 
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Thus, carotenoid complex of each plant species is a mixture of the main 

carotenoids including isomers and their derivatives in various ratios. In apricots, the 

main carotenoid is β-carotene (50...80 % of the total). The content of γ-carotene is 

3,9; ξ-carotene – 0,6; α-carotene – 0.2; lycopene – 1,0. From xanthophiles there are: 

lutein – 2,1, cryptoxanthin – 3,1, zeaxanthin – 0,7 % of the total [29]. During the 

research of the pigment complex of carrots, two isomers of carotene: α-carotene and 

β-carotene were found. In this case, according to some data, the content of α-carotene 

constitutes 5 to 10 % of all carotenes of carrots. According to other data it constitutes 

19,5...42,2 %. Besides α-, β-isomers, carrots also contain γ-carotene (0,1 % of total 

carotenoids); δ-carotene, ξ-carotene and lycopene with a total amount of 0,1 %. The 

content of xanthophiles is 5 % of total amount. Pumpkin contains α-, β-, γ-carotene, 

violaxanthin, flavoxanthin. Total amount ranges from 9 mg % to 50 mg % in terms of 

dry matter [33; 45; 62]. 

Using plants containing carotenoid complex of pigments as food, a human 

increases protective function of the body against unfavorable environmental impact. 

Biological significance of carotenoids for a living body was initially considered with 

the account of their A-vitamin activity. Today it is known that not only β-carotene, 

but also other carotenes have anticarcinogenic activity, possess radio protective and 

immunostimulative properties [26; 63; 64]. Carotenoids are used for the treatment of 

Parkinson's disease, atherosclerosis, diabetes, bronchial asthma, and various forms of 

dermatitis. The interest to carotenoids as anti-cancer substances has increased greatly 

[65]. They can act as oxygenates, suppressing the effect of toxins of many organisms [9]. 

Consequently, carotenoids play an important role in a human body and are an 

important component for a human diet. 

Along with chlorophylls and carotenoids, polyphenols naturally occur in 

nature. This is a large group of organic compounds differing in chemical structure but 

with some common characteristics. Characteristic features of phenolic compounds are 

light oxidation with the formation of high-reactive intermediate products of 

semiconium radicals or ortho-quinones type, the ability to interact with proteins by 

forming hydrogen bonds, as well as the propensity to complex formation with metal 

ions. 

Taking into account the main carbohydrate skeleton, phenolic compounds can 

be divided into the following groups [9]: 

– the simplest phenolic compounds (compounds of C6-series); 

– compounds of C6-C1-series (oxybenzoic acids and their derivatives), 

– compounds of C6-C3-series (phenylpropanoids – oxychric acids and their 

derivatives, oxycumarines), 

– flavonoids (compounds of C6-C3-C6-series). 
P-vitamin activity is inherent to many flavonoids. That is why the term 

"bioflavonoids" often appears in literature. Representatives of the most of the restored 
classes of flavonoids, namely catechins and flavan-3, 4-diols, are maximally active, 
although in practice flavonols, especially rutin, are used more often due to their 
availability and stability for therapeutic and prophylactic purposes. However, 
catechins, except P-vitamin activity, possess hepatoprotective properties, the use of 
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which is widely used in the pharmaceutical industry around the world: Switzerland, 
France and other countries [26]. 

A variety of natural flavonoids is achieved due to the presence of asymmetric 
carbon atoms in the heterocycle (in catechins, flavanones, flavanons, 
leucoanthocyanidins) due to hydroxylation reactions, methylation, and acylation of 
aromatic nuclei. Besides the variety of aglycones, a great variety of sugar residues 
explains a large number of compounds. For example, more than 20 different 
glucosidic derivatives are known only for pelargonidine alone [66-68]. 

Anthocyanins can be broken down into 21 subclass depending on the nature of 
sugar residue. The most wide spread among the monocytes of anthocyanin nature are 
glucosides, galactosides; rhamnosides and arabinosides occur less frequently [69]. 

Anthocyanins, unlike chlorophyll, are unplasticized pigments. In the cell, they 
obviously exist in the form of salts with organic acids. At neutral pH values, 
anthocyanins form unstable colorless pseudo basics, in alkaline environment; they 
have rather unstable quinoidal structures. 

Anthocyanins are the derivatives of flavilia cation – 2-phenylbenzopyrilium. 
Pure anthocyanins educed from plants are usually red or purple-red. Japanese 
scientists studied the relationship between the composition of anthocyanins and the 
color of a grape skin in 30 varieties of grapes. According to the composition of 
anthocyanins, grape varieties can be divided into 5 types: varieties containing mainly 
cyanidine; varieties containing more than 50 % of neonidine; varieties containing 
more than 60 % of delphinidin; varieties containing mainly enidine; varieties 
containing mainly malvidin [70-71]. 

Anthocyanins are found in plants exclusively in the form of glycosides, in 
which the remnants of sugars are bound to a colored aglycones. Often the glycosides 
of cyanidine, delphinine, pelargonidine are found in nature. At the same time, 
cyanidine glycosides are found in 69% of fruits and 50% of flowers containing 
anthocyanins [72-74]. 

With the increase in the number of phenolic hydroxyl groups, the color of the 
fruits varies from pink, from orange to red to blue, as is evident in a number of 
cyanidine → malvidin → delphinine. Methylation of the hydroxyl group changes 
color in this series in the opposite direction. Besides the number of hydroxyl groups, 
the position of these groups in the molecule influence the color [8; 75]. 

Canadian scientists found that the pulp of apples with dark red skins and red 
pulp contains cyanidin-3-galactoside, cyanidin-3-glucoside, cyanidin-3-arabinozide, 
catechyn, flavan-3-arabinoside, and others. In general, the content of anthocyanins in 
apples varies within 90...100 mg/kg [76-77]. 

The berries of red and black currants contain on average 100 mg% and  
1500 mg % of anthocyanins respectively, the content of which varies in a wide range 
in different varieties. It was studied that in the varieties of red currants Lonkheer, 
Vantet's and Latran the content of anthocyanins is more than 400 mg/kg; in the 
Deutuan variety – 284 mg/kg. Black currant Otdo contains up to 2500 mg/kg of 
anthocyanins, the variety В0539 contains more than 4000 mg/kg. Aglycon cyanidin is 
responsible for the coloring of red currant berries; cyanidine and delphinidine – for 
black currant berries [78]. 
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The coloring of many varieties of cherry is predetermined by the presence of 

anthocyanin – keracyanin, in which one molecule of glucose and one molecule of 

rhamnose are associated with aglycone cyanidine. Different groups represent 

phenolic compounds of plums: oligomeric forms of catechins (132…156 mg % in the 

skin and 163…220 mg % in the pulp) predominate in the varieties of Ugorka and 

Renklod; forms of catechins – 39 and 19 mg % respectively, leucoanthocyanines – 

206…356 mg%. Prunitsianin – glucoraminoside cyanidine is a coloring agent for 

plum. It also contains a small amount of quercetin (less than 15% of the total) [78]. 

Literary data analysis allows us make the conclusion about the diversity of 

natural coloring agents, which, being in different proportions, form the color of the 

plant material and the products of its processing. Mostly, these are unstable 

compounds, which are easily changed under the influence of many factors, which 

leads to the loss of the natural color in fruits and vegetables. This is why the analysis 

of literature data on the existing methods of color stabilization in plant raw material 

during its processing is quite relevant. 

 

1.2. The ways for color stabilization in vegetable raw materials 

There are various ways to prevent chlorophyll transformation, which are based 

on the application of special regimes of treatment, i.e. temperature, duration of its 

action, addition of stabilizers, antioxidants, as well as combined methods. 

When freezing some fruits and vegetables, preliminary blanching is 

recommended, as the activity of oxidation-reducing enzymes may be partially 

maintained under these conditions, which leads to unpleasant smell and taste during 

defrosting and subsequent application [2; 6; 79]. 

The author J. W. Heaton proposed a method of processing green vegetables in 

order to preserve green color, which is achieved by using only one-time heating. 

Blanching is recommended at high temperatures (120...185 °C) for the time necessary 

for the destruction of microorganisms and enzymes inactivation [80]. 

In the work of J.A. Steet optimal modes of blending green peas are specified. 

This allowed maintaining the texture, color, vitamin C maximally. The destruction of 

chlorophyll constituted 20...35 % [81]. 

Positive influence on the preservation of low temperature pigments was 

established. Chlorophyll practically does not break for 9 months in deciduous celery 

when stored in the conditions of minus 28 °C, and storage of leafy vegetables at 

temperature of plus 1 °C leads to a minimal destruction of ascorbic acid and 

chlorophyll. Negative influence of temperature fluctuations on chlorophyll stability 

during storage is noted [22]. 

Studies on the content of chlorophyll in frozen green beans were conducted by 

Brazilian scientists. It was found that when stored at minus 18 °С, minus 22 °С, 

minus 24 °С for 30 months, the content of chlorophyll in the beans did not change [82]. 

J.W. Heaton studied the influence of various technological factors on the 

content of chlorophylls a and b and their derivatives in Brussels sprouts. The cavities 

20-30 mm in diameter were blanched at +100 °C for 4,5 minutes and cooled quickly. 

The samples were frozen in liquid nitrogen and liquid carbon dioxide to -20 °C for 2 
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hours. All samples were stored at -20 °C for 58 weeks. In fresh samples of the 

cabbage of the Zanebot variety, the amount of chlorophyll a was 4,36 mg %, 

chlorophyll b – 2, and 41 mg %; chlorophyll a – 0,67 mg % and chlorophyll b –  

0,43 mg %. After blanching, chlorophyll a – 4,16 mg %, chlorophyll b – 2,14 mg %; 

chlorophyllide a – 0,76 mg %, chlorophyllide b – 0,43 mg % were found in the 

samples of cabbage. In the process of frozen samples storage, the content of pigments 

decreased. Pigments are best preserved in specimens frozen in carbon dioxide: after 

58 weeks of storage, chlorophyll a constituted 3,56 mg %, chlorophyll b – 0,210 mg %; 

chlorophyllide a – 0,71 mg %, chlorophyllide b – 0,41 mg % [83]. 

M. Cano analyzed the content of chlorophylls and phaeophytins in kiwifruit 

after processing and storage by AOAS and Vernon methods. When using the Vernon 

method, the acidity of the fruit mass of the samples before pigment extraction was 

adjusted to pH 7,5 and boiled for 5 minutes. Fruit puree was kept at a temperature of 

minus 18 °C for 1...68 days. Significant content of chlorophyll in puree was observed 

after 36 days of storage [48]. 

The literature presents a method for making paste from fresh nettle by the 

method of mechanochemical activation, which allows to increase the content of 

chlorophyll in comparison with the method of maceration in alcoholic paste by 11 %, 

oil – by 31 %, alcohol-oil – by 14 %. The resulting product – a homogeneous, fine-

grained bright green mass with a characteristic taste and a scent of nettles. The use of 

these pastes as natural dietary supplements and colorant in other products positively 

affects their nutritional value and gives the products a uniform color, sufficiently 

stable at tempering [53]. 

The method of producing canned green peas using NaCl, CaCl2 or other water-

soluble organic calcium nutrient as additives is proposed. This contributes to a darker 

peanut color and prevents the loss of biologically active substances [84]. 

Japanese and American scientists found that the processing of zucchini with 

0,5 % aqueous solution of calcium chloride prevents darkening of tissues when stored 

at 0 °C [85]. 

To increase the stability of chlorophyll, replace ion Mg2
+
 with Cu

2+
. Thus, a 

water-soluble Cu-complex of chlorophylline, which is a product of incomplete 

hydrolysis of chlorophyll, is obtained. The obtained structure has a stable bright 

green color with high biological activity. It is noted that preparations containing Cu-

complex of chlorophyll are not only non-toxic but also in some cases reduce the 

effect of toxins and allergens. It has been determined that Cu derivatives of 

chlorophyll are used in the food industry of Japan and the USA. The method for 

obtaining a stable green colorant based on derivatives of chlorophyll – sodium 

chlorophyll is also well known [19]. 

Chlorophyll stability in alkaline media is based on the method of obtaining a 

dye from spinach. The authors of the method convert albumin, globulins, prolamins, 

glutinins, chlorophyll a and b and carotenoids in a soluble state by adding NaOH 

solution with the concentration of 2 g/L to the crushed plant material. The resulting 

colorant contains 25 % of dry matter and has a pH of 3,7, which is regulated by the 

addition of vinegar [86]. 
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N.V. Katsernikova recommends the method of removing chlorophyll from 

plant material by extracting hydrocarbons with the addition of alcohol or acetone to 

obtain a green colorant [25]. 

The method that prevents changes in the color of cabbage due to the 

introduction of rice oil and tocopherols is proposed. This method increases stability 

of chlorophylls at different pH, light and temperature influence [83]. 

Analysis of L.M. Pylypenko researches showed that the stabilizing effect on 

chlorophyll is inherent in polysaccharides (starch), salts, organic acids, fat soluble 

substances (carotenoids, tocopherols). With the increase of chlorophyll destruction in 

the presence of mineral acids at 9,1...10,8 % there is stabilization in the presence of 

salts of organic acids – citrate by 5,3 and 5,9 %, ascorbate – by 10,9 and 11,8 % for 

the extract and native chlorophylls, respectively. Positive influence of cations on 

tread protection has been experimentally proved: Na
+
 contributes to preservation of 

chlorophyll up to 2,9 and 4,8 %, Mg
2+

 – 7,4 and 9,0 % for the extract and product, 

respectively. Results of the investigations allowed to develop methods for preventing 

the destruction of leafy vegetable pigments during the production with the addition of 

MgCl2 (0,1...0,5 %), ascorbic acid (0,05…0,15 %), vegetable oil (0,01...0,3 %), as 

well as grinding products in NaCl isotonic solution [19]. 

Scientific literature in detail describes the methods of preventing the 

destruction of the carotinoid complex of fruit and vegetable raw materials. It is 

known that carotenoids in their free state, that is, not bound to complexes with 

proteins or lipids, are rather labile. Hydroquinone, pyrogalol, suntonin and its water-

soluble salts, dildin and others possess protective properties in relation to the 

oxidation of these substances, as indicates T. Kudrytska [29]. 

In addition to the above-mentioned methods, to protect β-carotene from 

destruction, Brazilian scientists offer to use citrates, tartrates, phosphates and calcium 

as they slow down the destruction of β-carotene in dark green leafy vegetables [36]. 

Scientists suggested the method to get a natural colorant from carrot juice. 

Apple pectin is introduced for the stabilization of the color of juice. The resulting 

carrot-pectin powder exhibits the stability of coloring when heated to the temperature 

of + 85 ºC in the range of pH 2...10. For the production of carrot juice preserving its 

original color and aroma of carrots, it is proposed to sprinkle with aqueous solution of 

citric acid or lemon juice in the amount of 0,05...0,5 % of the weight of carrots, and 

heating up to 85 °C to inactivate the enzymes, during carrots crushing. The method 

provides effective protection of the pigments in the finished juice [34]. 

The literature describes the way to stabilize carotene colorant by processing 

raw materials (carrots, pumpkins, peaches, apricots) with NaCl, sugar syrup, acetic, 

citric, ascorbic, milk, sorbic acids, benzoates, or their compositions. The obtained 

results showed high efficiency of processing and the possibility of increasing the 

shelf life of semi-finished vegetable products [87]. 

Analysis of the methods for stabilizing phenolic compounds and preventing 

darkening of food products made it possible to determine that the main ones are the 

regulation of technological parameters of processing, the use of antioxidants of 

flavonoids oxidation and inhibitors of enzymatic activity. In addition, one of the ways 
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of stabilization is the use of natural pigments removed from plant material and 

products of microorganisms. The use of natural colorants makes it possible both to 

obtain a given color range of products, and to enrich them with the nutrients – 

vitamins, glycosides, organic acids, and trace elements [24; 25; 88]. 

For the prevention of the darkening and loss of anthocyanins by the berries of 

aronia, the authors proposed a steam blanching method. The steam temperature does 

not exceed 90...95 
оС, the processing time is 5 minutes. According to the authors, this 

leads to the maximum conservation of flavonoids and berries, but specific data have 

not been presented [89]. 

Traditional methods of preliminary processing (crushing) of apples cause 

darkening and turbidity of juice in 5...10 minutes, therefore, an effective solution of 

this problem is the processing of whole fruits or crushed mass by means of 

microwave energy, for example, with a frequency of 1900-2900 MHz for  

2,0...3,5 min. The resulting juice is light, transparent, without brilliant shade. The 

determined optical density is 0,3...0,35 (0,8...0,9 in juice obtained after crushing) [90]. 

The study of the influence of high temperatures on the quality of juice from 

Grenney Smith apple allowed the authors to develop a technology that combines 

shredding and steam treatment of fruit at a temperature of 65…70 
o
C for 15...20 sec 

into one stage. In addition to oxidative enzymes, such treatment inactivates pectinase, 

which regulates the process of colloids agglomeration in juice [91]. 

Investigation of canned food sterilization conducted by B. Flaumenbaum and 

S. Tanchev, revealed a mathematical model for evaluating its impact on anthocyanins 

of fruits and berries and get table-analytical method of calculating the effect of 

anthocyanins sterilization and degradation [92]. 

Yu.G. Skorikova set out common ways preventing oxidation of flavonoids and 

preserving natural color of fruits and berries: 

– the use of species and varieties of fruits, high in anthocyanins, flavonols and 

low maintenance of flavones, with the account of the ratio of different forms of 

flavonoids; 

– inactivation of enzymes during the destruction of plant tissue during fruit 

processing; 

– dissociation of the components of the oxidation reaction (mainly by the 

processes of fruit treatment in the conditions preventing the presence of oxygen in  

the air); 

– use of stabilizers; 

– addition of natural anthocyanin colorants or synthetic anthocyanins similar to 

natural ones. 

Cysteine, polyphosphates in combination with sulfites and citric acid, amino 

acids, as well as riboflavin, rutin, thiourea, propyl ghlat are offered as a stabilizers of 

natural color. Adding cysteine to apple juice in the amount of 4...24% contributed to 

the prevention of the process of darkening. The effectiveness of using this drug to 

stabilize the color caused by anthocyanins was fairly low [93]. 

Japanese scientists suggest adding routine and/or quercetin, as well as phyton 

and/or phytic acid [30], to prevent color changes in the red cabbage pigment. 



 

14 

It is known that the most universal inhibitor of enzymatic and non-enzymatic 

darkening of plant material during its processing is SO2. The features of this reagent, 

in comparison with others, are its high restorative property, which prevents oxidative 

changes in plant products, such as the destruction of ascorbic acid and enzymatic 

darkening of phenolic compounds. At the same time, it destroys vitamin B1 [53]. 

Sulfidation is used in the production of many foods and fruit semi-finished 

products – puree, pulp, juice, fruit, filled with juice or water. Apricots, pears, 

gooseberries, grapes, currants, apples are filled with a working solution at a 

concentration of 1,5 %. Add 0,1...0,18 % SO2 to apple and plum puree (in % to the 

weight of the product), to berry puree – 0,1…0,15 %; for the processing of fresh 

cherries, black currant add 0,20 %; plums – 0,15 %. The concentration of sulfic acid, 

which is sufficient for the prevention of the juices darkening, is within the range of 

0,05...0,15 % depending on the species and chemical composition of the juice. A 

mixture of Na2SO3 (10...90 %) and NH4Cl is also used for this purpose [90; 94]. 

However, sulfitation of plant products negatively affects both the taste, and the 

human body, and can be used only after desulfitation. 

Ascorbic acid is another reagent with a similar effect. It has been found that 

synthetic acid introduced into the product is partially fractured and forms dark-

colored compounds. The degree of destruction depends on the conditions of the 

oxidation processes and the presence of dissolved oxygen. To preserve natural color 

of juices with the pulp from apples, peaches, yellow plums, it is recommended to add 

this acid within 0,03...0,05 %. At the same time, it is known that the use of ascorbic 

acid for color stabilization of canned strawberries or other fruits and berries with an 

intense anthocyanin coloring is impossible [78; 95]. 

Stabilization of oxidative processes in obtaining natural colorants from 

vegetable raw materials or from wastes of other industries is of special importance. 

For this purpose, ascorbic, citric or tartaric acid are used. The dye from grape vines of 

the Saperavi variety is extracted with the acids indicated in the form of 1 % alcohol 

solution. The content of dry substances in the concentrated dye is 30...40 %. It gives a 

steady coloration of food products in the range of pH 2,8...4,5 [53]. 

In order to obtain high quality products, the technology of making jam with the 

pre-freezing of raw materials has been developed. To prevent darkening of the fruits 

before freezing, the raw materials were kept in different solutions: for 1 hour in 2 % 

solution of NaCl and citric acid mixtures; for 40 minutes – in 5 % NaCl solution; for 

30 min – in a solution containing 7 % ascorbic acid and 0,1 % NaCl. At a temperature 

of 70 °C, a short-term retention (for 5 min) in a solution containing 0,2 % citric acid 

and food glycerin at a pressure of 66,6 kPa was carried out. The best results of 

preventing darkening of fruits during thawing were obtained during the processing of 

apples in a solution containing 0,2 % citric acid and glycerol, for apricots it was a 

solution containing 7 % ascorbic acid and 0,1 % NaCl for 1 hour [96]. 

The literature presents the results of the investigations concerning the influence 

of apricots darkening on technological processes such as grinding fruits in a vacuum 

or in frozen condition, adding sipplements to purees (1 % citric acid, 0,1 % quercetin 

and ascorbic acid, 10 %, 20 % and 50 % sucrose), blending with other types of raw 
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materials containing natural stabilizers and antioxidants. Analysis of the results 

shows that the use of vacuuming or freezing minimally affects the color change of the 

product – by 20,0 % and 21,4 % respectively; ascorbic acid addition – by 31 %, the 

addition of quercetin – by 32,2 %, citric acid – by 33,3 % to the original value. 

Maximum darkening was observed in the samples with the addition of sucrose – 

57...71 % [97]. 

The investigations conducted by the scientists of Kharkiv State University of 

Food Technology and Trade for the determinationof the impact of various factors on 

the dynamics of the destruction of flavonoids, allowed to determine rational regimes 

of processing various types of fruit and berry raw materials, as well as the 

effectiveness of the use of additives for pigments stabilization. It has been established 

that NaCl effectively protects leucoanthocyanins in plums – after treatment their 

content equalled 293 mg % (without treatment it was 165 mg %), the content of 

catechins increased from 40 to 58 %, anthocyanins – from 64,5 to 70,5 %. Even more 

impressive was the use of water extracts of coriander and red pepper: this 

composition stabilizes all fractions of polyphenolic substances to 67,7 % [98]. 

Rational methods of processing raw materials for maximum conservation of 

flavonoids were determined. Apples were treated with a solution containing 4...6 % 

citric acid, 0,5...1,0 % NaCl for 20 minutes at +10 
o
C. Plum and cherry were dried 

with NaCl for 20 minutes at +20 
o
C. Apricots were treated with 3...5 % NaCl solution 

for 10...15 min. The research results allowed to develop technologies for obtaining 

fruit stuffings – products with high consumer properties [99]. 

The results of the work on preservation and restoration of red pigments of beet 

juice with the help of antioxidants demonstrated that ascorbic acid and isoascorbic 

acid are pigment protectors at pH 3,8. At pH 6,2, metaphosphoric and gluconic acids 

appeared to be more effective [53]. 

V.M. Bolotov and other authors carried out experiments on chemical 

modification of the structure of natural anthocyanine colorants. According to the 

results of the research, a method for obtaining a stable anthocyanin coloring agent 

from fruits of aronia, characterized by red color in water-alcohol solutions with pH 

7,6 and heat resistance 2,2 times more than a natural colorant [100] was developed. 

Citric acid was used as an antioxidant for powdered food colorant from the 

squash of black currant, as a result of which the dye had a dark red color, remained 

stable for 3...4 months of storage at a temperature not exceeding 20 
o
C [100]. 

G.K. Gafizov and others proposed the method for increasing the stability of the 

original color of pomegranate juice during storage, which means that natural light or 

unlit pomegranate juice is treated with a mixture of glucose and citric acid in the ratio 

of components 1 : 0.020 : 0.003. The juice retains natural color for the time specified 

in the normative documentation. The color of the resulting juice is D525 = 0,175 

[101]. 

A known method for preventing darkening of potatoes after its roasting 

involves the treatment of blanched washed potatoes with a substance containing 

calcium ions – to form complex compounds with chlorogenic acid on the surface of 

the potato (1 % solution of calcium chloride). The second component prevents the 
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oxidation of iron, which is present on the surface of the potato (for example,  

0,15...1 % solution of calcium acetate). The time for such processing varies from 30 

to 60 seconds. Another method for treating potatoes in the solution containing 0,05 % 

sulfating agent (NaNSO3) and 0,45 % L-cysteine for 10 minutes is also proposed. 

Thus, the pieces of potatoes are stored for 7 days at a temperature of 4,4 
o
C, they have 

the color of fresh potatoes, in contrast to the samples treated with the solution of only 

one component [102]. 

In the work of Artes and Kastanera the opportunity of inhibiting the process of 

lettuce browning was studied [3]. The process of browning was studied on the 

samples of the heads of lettuce, which were washed and soaked in the solutions of 

inhibitors: ascorbic acid, cysteine, citric acid, gluconic acid resorcinol, rutin, catechol, 

hydroquinone, lemon juice and vinegar. Then the samples were stored at +2 °C for  

7 days, followed by a change in temperature control plus 13 ºC for 3 days with daily 

measurements of the samples coloring. According to our data the authors concluded 

that cysteine (0,1 g / l) resorcinol (0,1 g / l), ethylenediaminetetraacetic (5 g / l) and 

citric (100 g / l) acids, various concentrations of acetic acid (10, 50, 100 g / l) and 

vinegar effectively prevent browning. The authors consider acetic acid and vinegar 

the most suitable to use. 

S. Guyot, N. Marnet et al. used reaction mixture consisting of ascorbic acid 

(decomposers), citric acid (acidulent) and sodium chloride to inactivate apples 

enzymes during the treatment of apples. In this case, the effect of inhibition was 

90...100 %. At the same time, processing of apples with the solution containing 

ascorbic and citric acid and calcium chloride was ineffective [77]. 

Inhibiting enzymatic browning of plant foods and beverages with such reagents 

as ascorbic acid (1 %) and calcium chloride (0,1 %) allows inactivate polyphenol 

oxidase and retain color and microbiological parameters in refrigerated foods 

(temperature less than +4 °C). Also, these products use chelating compounds, 

acidifiers, complexing agents – maltodextrins, cyclodextrins. The use of resorcinol 

derivatives, such as 4-hexyl resorcinol preventing enzymatic browning of fruit and 

vegetable raw materials, was investigated. Use of this reagent in combination with 

ascorbic acid (0,02 and 0,5 %, respectively) prevents microbiological spoilage, 

destruction of plant tissues, mass darkening [102]. 

The literature shows that the combination of high pressure (50…500 MPa) 

with heat treatment +20...60 °C during processing of mature tomato fruits on tomato 

puree can reduce the activity of such enzymes as polyphenol oxidase, peroxidase and 

pectin methyl esterase. At pressure of 150 MPa and a temperature of +30 °C, the 

activity of pectin methyl esterase decreases by 32,5 %; at pressure of 350 MPa and 

temperature of +20 °C, the activity of peroxidase decreases by 25 %; at pressure of 

200 MPa and temperature of +20 °C, the activity of polyphenol oxidase reduces by 

10% [103]. 

However, researchers V.R.A. Gomes, D.A. Ledward note that polyphenol 

oxidase, educed from fruits or vegetables, reacts differently to high pressure 

treatment: complete inactivation of the enzyme educed from fungi occurred during 

treatment for 5 minutes at 800 MPa. At the same time, under these conditions, the 
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enzyme educed from the samples of potatoes, sweet potatoes, apples, maintains on 

average 10...20 % of its initial activity [104]. 

Literature analysis allows us to make the conclusion that the main ways for the 

prevention of the destruction of plant pigments, and, accordingly, the color of the 

finished product are: 

– improvement of technological regimes of plant raw materials processing 

(temperature, pressure, processing time); 

– use of additives of both plant origin, and synthetic substances that prevent 

non-fermentative processes of pigments oxidation; 

– use of inhibitors of pigments enzymatic oxidation in plant material; 

– color improvement by adjusting the pH of the product with the help of acids, 

suspending agents. 

However, the use of many substances is very dangerous to human health, some 

methods are technically complicated and require the re-equipment of production, 

effectiveness of many ways is questionable. Taking into account the above, it is very 

relevant to search for new methods of stabilizing vegetable pigments during the 

processing of fruits and vegetables, which would be more effective and safe. 
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SECTION 2 

PIGMENT COMPOSITION OF CAROTENE-CONTAINING VEGETABLES  

AND IMPLEMENTATION OF COLOR STABILIZATION METHODS  

DURING THEIR PROCESSING 

 

The presence of a complex biochemical system in fruit and vegetable raw 

materials leads to the necessity to study, firstly, qualitative and quantitative 

composition of carotenoid complex of raw materials, and secondly, its transformation 

under the influence of various factors, and the influence of these transformations on the 

color of the products. 

 

2.1. Determination of regularities of varietal influence on qualitative  

and quantitative composition of carotenoids of pumpkin, carrots and tomatoes 

Among the selected objects of the research, we use carotene-containing 

vegetables, which include pumpkin, carrot and tomato. Chromatographic analysis of 

the selected research objects allowed to study the varietal features of carotenoid 

content in these vegetables. 

Qualitative and quantitative composition of carotenoids of various varieties of 

pumpkin and carrots is given in table 2.1. 

Table 2.1 

Characteristics of qualitative and quantitative composition of carotenoids of 

pumpkin and carrots of different varieties (n = 5, P≥0,95) 

Kind of the 

culture and 

name of the 

botanical 

variety 

Carotenoid content 

General, 

10
-3 

% 

α-carotene β-carotene Xanthophiles 

10
-3 

% % of 

total 

10
-3 

% % of 

total 

10
-3 

% % of 

total 

1 2 3 4 5 6 7 8 

Carrots         

Olenka   12,6 1,2 8,9 9,2 72,7 2,2 17,4 

Yaskrava   18,6 2,4 12,9 13,7 73,4 2,5 13,7 

Shantane  

Skwirska 
17,5 1,5 8,4 12,8 72,9 3,3 18,7 

Veresneva  20,6 2,7 13,2 14,7 71,5 3,2 15,3 

Nantska  

Kharkivska  
16,5 2,4 14,3 11,7 70,8 2,5 14,9 

Olimpus   10,0 1,3 12,8 7,1 71,3 1,6 15,9 

Darunok F1 17,7 1,4 8,0 13,1 74,2 3,2 17,8 

Krymchanka   18,6 2,6 14,0 13,8 73,9 2,3 12,1 

Chumak F1 18,0 2,6 14,2 12,9 71,6 2,6 14,2 

Ranok F1 17,5 2,5 14,2 12,7 72,3 2,4 13,5 

Pumpkin         

Slavuta  9,0 6,9 76,1 1,0 10,9 1,2 13,0 

Zhdana  15,8 11,8 74,7 1,5 9,4 2,5 15,9 
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Continued table 2.1  

1 2 3 4 5 6 7 8 

Chudoviy  2,3 1,8 78,1 0,3 11,1 2,5 10,8 

Stoloviy 
zymoviy  

5,0 3,8 76,9 0,5 10,8 0,6 12,3 

Marmuroviy  6,6 5,0 75,1 0,9 14,1 0,7 10,8 

Ukarinsky 
bagatoplidniy 

2,7 2,1 77,3 0,3 11,3 0,3 11,4 

Khersonskiy  6,6 4,9 74,8 0,9 13,4 0,8 11,8 

Khutoryanka  9,6 7,6 79,2 1,0 10,3 1,0 10,5 

Arabatskiy   9,8 7,3 74,6 0,9 8,7 1,6 16,7 
 

Analysis of the data in the table indicates that the total content of carotenoids in 
pumpkin varieties is within the limits (2,3...15,8) × 10

-3 
%, in carrots varieties – within 

(10,0...20,6) × 10
-3 

%. Chromatographic investigations allowed to establish that the 
samples of pumpkin contain a significant amount of α-carotene – 74,6...79,2 % of the 
total content of carotenoids (2,1...11,8) × 10

-3 
%. The amount of α-carotene 7,0...9,0 

times exceeds the amount of β-carotene – (0,3...1,5) × 10
-3 

%. The total content of 
xanthophylls in pumpkin is (0,3...2,5) × 10

-3 
% (10,5…16,7 % of the total carotenoid 

content). 
Carrots contain high levels of β-carotene in the range of 70,8...74,2 % of the 

total carotenoids (7,1...14,7)×10
-3 

%; much less α-carotene – 8,0...14,3 %  
((1,2...2,7) × 10

-3 
%) and xanthophylls – 12,1...18,7 % ((1,6...3,3) × 10

-3 
%). 

Thus, according to the results of the research, it was found that the main 
carotenoid in pumpkin is α-carotene, in carrots – β-carotene, xanthophylls in these 
vegetables contain approximately the same amount. 

Carotenoids and chlorophylls (table 2.2) represent pigment complex of 
tomatoes. The content of chlorophylls ranges from 1,2 × 10

-3 
% to 20,6 × 10

-3 
%. The 

smallest content of chlorophylls a and b is observed in Irishka variety. It contains 
traces, and the highest content is in the Klondike variety (chlorophylls a – 6,8 × 10

-3 
%, 

chlorophylls b – 13,8 × 10
-3 

%). At the same time b-chlorophyll is 2,5...3,0 times 
more than a-chlorophyll. 

The colorants of ripe tomatoes belong to the group of carotenoids. Red color of 
tomatoes is a cover color and is predetermined by the presence of lycopene, along 
with which carotene is present. 

Analysis of table 2.2 shows that the content of β-carotene in experimental 
samples ranges from 1,3 × 10

-3 
% (Maestro) to 11,3 × 10

-3 
% (Raspberry Vikant). The 

amount of lycopene in the investigated samples ranges from 1,3 × 10
-3 

% in Glow 
variety to 7,2 × 10

-3 
% in Master. In this case, in some varieties, β-carotene prevails, 

in some, it is lycopene, and in some of them, the content is the same. 
A profound analysis of both domestic and foreign literary sources shows 

unique properties of such substances as carotenoids. However, carotenoids have a 
significant disadvantage – they are unstable and subjected to decomposition under the 
influence of many factors, the main among which is the air of oxygen, which 
constantly contacts raw material during its processing. Therefore, the search for 
methods that would allow maximum maintenance of carotenoid content in the 
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finished product is extremely necessary. In this direction, it is promising to use 
antioxidant substances that block free radicals formed during the reaction of oxygen 
with labile double bonds of carotenoid molecules. 

 

Table 2.2 
Characteristics of qualitative and quantitative composition of pigment complex 

of tomatoes of different varieties, (n = 5, P≥0,95) 

Botanical 
variety 

Carote
noid 

content 

Chlorophyll content 

General, 
10

-3
% 

Lycopene β-carotene Gene-
ral, 

10
-3 

% 

a-chlorophyll b-
chlorophyll 

10
-3
% % of 

total 
10

-3
% % of 

total 
10

-3 
% % of 

total 
10

-3 
% % of 

total 

Amiko  8,1 3,3 40,4 4,7 58,0 4,0 1,2 30,0 2,8 70,0 

Atlasniy  8,3 3,5 42,7 4,7 56,6 3,4 1,0 29,4 2,4 70,6 

Boyan  9,7 2,3 23,8 7,3 75,3 9,1 2,9 31,9 6,2 68,1 

Gospodar 
(Master) 12,9 7,2 55,8 5,6 43,4 4,7 1,5 31,9 3,2 68,1 

Irishka  6,2 3,2 50,8 2,9 46,8 – – – – – 

Karas  6,9 4,2 60,9 2,6 37,7 7,1 2,8 39,4 4,3 60,6 

Kremchhuts
kiy  7,4 4,4 58,8 2,9 39,2 11,6 4,1 35,3 7,5 64,7 

Lagidniy  8,4 4,3 50,7 4,0 47,6 18,2 6,5 35,7 11,7 64,3 

Lagorange  5,4 1,7 30,6 3,6 66,7 6,0 2,0 33,3 4,0 66,7 

Lyubimiy  6,2 2,4 38,2 3,7 59,7 8,2 2,7 32,9 5,5 67,1 

Glow 6,1 1,3 20,7 4,7 77,0 4,3 1,6 37,2 2,7 62,8 

Zoreslav   4,8 2,2 46,7 2,5 52,1 1,2 0,3 25,0 0,9 75,0 

Flora  7,7 3,8 49,7 3,8 49,4 17,4 6,1 35,1 11,3 64,9 

Chaika   9,3 4,7 50,5 4,5 48,4 2,9 1,0 34,5 1,9 65,5 

Iskorka  10,1 2,6 25,8 7,4 73,3 5,3 1,7 32,1 3,6 67,9 

F4 
(Hercules*
Dark Green) 9,8 4,6 46,9 5,1 52,0 7,0 2,4 34,3 4,6 65,7 

RI 74-43 9,2 4,4 47,3 4,7 51,1 4,4 1,5 34,1 2,9 65,9 

Marioka 20 10,5 4,5 42,3 5,9 56,2 1,4 0,6 42,9 0,8 57,1 

Long-
Keeper 6,4 4,2 64,8 2,1 32,8 3,8 1,2 31,6 2,6 68,4 

CLN 
2116B 8,8 2,1 24,1 6,6 75,0 9,5 3,1 32,6 6,4 67,4 

Maestro   4,5 3,1 68,7 1,3 28,9 2,9 1,0 34,5 1,9 65,5 

Raspberry 
Vikant 13,8 2,4 17,4 11,3 81,9 19,8 6,6 33,3 13,2 66,7 

Klondike  5,6 2,2 38,6 3,3 58,9 20,6 6,8 33,0 13,8 70,0 

Myt’  10,8 6,0 55,6 4,7 43,5 6,0 2,0 33,3 4,0 66,7 
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2.2. Investigation of the antioxidant complex of medicinal  

and technical raw materials 

The most promising components that increase the resistance of carotenoids to 

oxidation are active antioxidants from plant material. These natural antioxidants are 

not harmful to humans, and when they enter the body with food, they contribute to 

the increase of the resistance of its protective systems against harmful environmental 

factors. The assortment of plants with high antioxidant activity is quite large. Among 

them there is elderberry, hypericum, dandelion, mother-and-stepmother, tea, tickseed, 

thyme, mint, hipster, balm and some others [105-110]. 

Despite the fact that many representatives of plant material were inspected 

regarding their antioxidant effect, there are quite promising plants, whose leaves have 

not been studied at all from this point of view, like cherries and black currant for 

example. We decided to stop at the study of the antioxidant complex of the leaves of 

these plants, and the leaves of mint and balm. This choice was dictated by the fact 

that such leaves as peppermint and balm, cherry and blackcurrant, have a pleasant 

aroma, which is very important for organoleptic characteristics of future products. 

Of paramount importance among the substances that form physiological 

antioxidant system are phenolic compounds. The most important property of many 

phenolic compounds is their ability to reverse oxidation, that is, before they transit 

from hydroxy to oxy-form. Due to this transition, almost all phenolic compounds 

have strongly marked antioxidant activity. The presence of phenolic compounds of 

various nature is explained by the well-known antioxidant properties of spices  

[112-114]. 

Taking into account high antioxidant activity of phenolic compounds, we 

carried out an analysis of leaves of the selected plants for the total content of 

polyphenolic substances in them by volumetric method. This method is based on the 

principle of phenols oxidation with potassium permanganate in the presence of indigo 

carmine. It was enough for our research to find the content of the total number of 

these compounds, all of which have antioxidant properties [115]. 

It should be noted that antioxidant properties of plants are not limited by only 

polyphenolic compounds, which are the part of their composition. Many substances 

also have similar qualities and can contribute to the antioxidant defense system. Thiol 

compounds containing sulfhydryl grouping of SH in their structure can be considered 

very close to phenols, the main characteristic of which is the presence of the OH-

group in their structure, which is capable of cleaving the hydrogen atom easily. The 

hydrogen atom of this group is also easily cleaved, i.e. it possesses properties similar 

to the hydroxyl group. An important representative of this group of compounds is 

glutathione-tripeptide, which is formed by amino acids: cysteine, glutamic acid and 

glycine. Glutathione is very easily converted into its oxidized form, in which two 

sulfhydryl groups-SH form a disulfide bridge -SS-, but in living organisms, the 

oxidized form of glutathione is contained in a concentration that does not exceed  

1...3 % of its total amount [116; 117] . 

Data of the analysis of leaves of the plants on the content of substances of 

phenol and thiol nature are presented in table 2.3. 
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Table 2.3 

The content of antioxidant substances in the plant leaf, (n = 5, P≥0,95) 
 

Name of the plant The content of antioxidant substances 

phenols, % Thiol compounds, 

mg/100g 

glutathione, 

mg/100g 

Cherry 10,2 210 62 

Black currant 14,1 216 75 

Mint  12,1 205 58 

Balm  12,5 197 55 
Note: the content of phenolic compounds in a mint leaf is presented according to Danilova 

 

As the data from the table 2.3 demonstrate, all samples of plants selected for 

the experiment have a fairly large concentration of the total amount of phenolic 

compounds that are the source of antioxidant properties due to the presence of a labile 

OH group in their structure, capable of blocking free radicals formed during the 

oxidation [118-120]. Since both flavonoids and tannins, as well as other 

representatives of phenolic compounds, exhibit antioxidant properties, we have 

decided not to divide them into separate individual structures, but to use as a complex 

of inhibitors of radical processes in the substrate during the oxidation. According to 

the literature sources [121], it is considered that the substance is recovering when it 

contains 100...600 mg per 100 g of thiol compounds and 50...300 mg per 100 g of 

glutathione. 

The presence of substances of the phenolic nature of the leaves of the 

investigated plants is also confirmed by the method of IR spectroscopy. 

Characteristic absorption bands with maximum at 3480...3490 cm
-1

, corresponding to 

valence fluctuations of one or more hydroxyl groups in IR-spectra (fig. 2.1) of dried 

and crushed leaves of cherry, black currant, peppermint and balm, are observed. Of 

course, a free hydroxyl group absorbs light in a zone of 3630 cm
-1

 [122], but these 

groups easily form hydrogen bonds, which greatly changes the nature of the 

spectrum. If a hydroxyl group participates in the formation of a hydrogen bond, then 

the frequency of its valence oscillations sometimes reduces by almost 170 cm
-1

, and 

the absorption band spreads and becomes more intense. We observe the same thing in 

IR-spectra: intermolecular hydrogen bonds dominate, which promote this kind of IR 

spectrum. Along with the absorption band, attributed to the hydroxyl group bound by 

hydrogen bonds, at 2850...2950 cm
-1

, two distinct, unbroken bands with somewhat 

less intensity are observed. They can be attributed to CH stretching vibration bands 

associated with both aromatic nuclei of polyphenolic compounds, namely, 

flavonoids, and from aliphatic fragments of their molecules – with less frequency 

bands belong to CH-bonds of aromatic rings, and bigger frequency – to CH-

fragments of aliphatic parts of the molecule. In the area of 1720...1730 cm
-1

, in the 

spectrum distinct bands of extreme intensity are available, which fully comply with 

stretching vibrations of carbonyl groups (>C=0) of flavonoid ring. Along with them, 

one can observe typical absorption of double bonds of molecules with a maximum at 

1585...1625 cm
-1

. 
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а)                                                                                                        b)  

 

 

 

 

 

 

 

c)                                                                                                     d) 
Fig. 2.1. Infrared spectra of leaves of cherry (a), black currant (b), mint (c) and melissa (d)
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In general, IR-spectra confirm the data of functional analysis regarding the 

presence of phenolic compounds in the investigated leaf of plants. 

UV-spectra of diluted alcohol extracts of leaves selected for plant experiments 

also confirm the presence of polyphenolic nature structures in them. They contain 

many characteristic bands due to the complex structure of various compounds, which 

are part of their composition. In fig. 2.2 UV spectra of alcohol extracts of cherry 

leaves and black currant are presented. They are characterized by the presence of the 

entire group of characteristic bands in the range of wavelengths 180...700 nm. The 

first absorption band with a maximum at 197...207 nm has a high intensity and 

corresponds to the excitation of the undivided electron pairs of oxygen atom of a 

carbonyl group which is not connected with aromatic nucleus (n → σ * transition) 

and is most likely not related to the compounds of phenolic nature. Also a weakly 

very blurred band in the zone 280...293 nm, which corresponds to n → π * transition 

of electrons of carbonyl oxygen also belongs to it. Very intensive absorption bands in 

the 240...270 nm zone and less intensive at 340...360 nm can be explained by the 

excitation of the same electron pairs of the oxygen atom of the carbonyl group, but 

bound by a powerful chromophore with an aromatic ring, which is characteristic for 

the molecules of flavonoids. Intensive absorption bands in the visible zone at 

400…500 nm and 600...700 nm should be taken as absorption of stained flavonoids 

and carotenoids of leaves, as well as to chlorophylls whose green color causes 

absorption at large wavelengths. UV-spectra of alcoholic extracts of mint and balm 

(fig. 2.3) have almost the same absorption bands as the spectra discussed above, 

differing from them only by the lower intensity of the bands responsible for the 

absorption of carotenoids and chlorophylls, which are less in the leaf of these plants. 

In general, all spectral data allows us to expect antioxidant properties from the leaves 

of the investigated plants, which should be further enhanced by chlorophylls, which, 

according to some data [123; 124], also possess a remarkable stabilizing oxidation 

activity. 

Results of the evaluation of the antioxidant activity of extracts of plants’ leaves 

are given in table 2.4. 

Experimental data listed in table. 2.4 suggest that alcohol extracts of leaves of cherry, 

black currant, peppermint and balm have a high antioxidant activity, and all their 

species practically similarly inhibit radical processes arising during thermal oxidation 

of sunflower oil, which is consistent with almost the same content of polyphenolic 

and thiol compounds in the substrate. Such activity makes these plants promising for 

use as stabilizers of carotenoids oxidation. 
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Fig. 2.2. UV-spectra of alcohol extracts of the leaves: 1 – cherry; 2 – black currant 

 

 

 

 

 

 

 

 

 

 

 

 

 Fig. 2.3. UV spectra of alcoholic extract of leaves: 1 – mint; 2 – balm
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Table 2.4 

Results of antioxidant activity of the leaves of plants obtained by the express method 

(sunflower oil oxidation time – 5 hours, oxidation temperature – 150 °C, PN of 

unoxidized oil – 0,440), (n = 5, P≥0,95) 
 

Name of the plant Additive 

concentration, 

% 

Peroxide 

number (PN), 

mmol ½ О/kg 

PN growth in 

a unit of time, 

mmol ½ О/kg 

Coefficient of 

antioxidant 

action, D, % 

No additive (control) – 3,320 0,072 – 

Cherry  0,1 0,816 0,009 87,5 

Cherry  0,05 0,784 0,009 87,5 

Black currant 0,1 0,841 0,010 86,1 

Black currant 0,05 0,784 0,009 87,5 

Mint  0,1 0,896 0,011 84,7 

Mint  0,05 0,920 0,012 83,3 

Balm  0,1 0,842 0,010 86,1 

Balm  0,05 0,841 0,010 86,1 

 

 

2.3. Determination of the regularities and mechanism of antioxidant action of 

medicinal and technical raw materials on the carotenoid complex of vegetables 

 

As discussed in the review of literary data, carotenoids exhibit instability to the 

oxidation of air by oxygen, their destruction is accelerated under the influence of 

acids, UV rays and high temperatures. These are the factors that affect the raw 

material while its processing. Natural antioxidants we found can be promising in 

inhibiting this negative process during the treatment of carotene-containing raw 

materials, as previous experiments and examples of the use of plants as antioxidants, 

which in recent years appear in the literature increasingly [125-126], inform. 

However, before using the leaves of cherry, currant, peppermint and balm to stabilize 

carotenoids in fruits and vegetables, it is necessary to study their influence on pure 

carotenoids educed from plant material, where no external factors can affect the 

experiment. 

Carotenoids from pumpkin pulp were released by the extraction of non-polar 

organic solvent (hexane) with previous saponification of raw material by alcoholic 

solution of alkali. It is most convenient to carry out model oxidation of carotenoids 

directly in a solution and to control the process by means of a spectrophotometric 

method. To control the process, one must know the wavelength at which the 

absorption peak is observed in the spectrum of the mixture. That is why we took off 

the UV-spectrum of the solution given in fig. 2.4. In the UV-area of the spectrum 

carotenoids of pumpkin there are two typical absorption maximums belonging to n → 

σ * and n → π * transitions of lone electron pair of carbonyl oxygen, as it was 

observed earlier, in the spectra of alcoholic extracts of leaves of plants at 231 nm and 

278 Nm respectively. But two intense absorption bands at 455 nm and 481 nm, 

belonging to π → π * transitions of electrons of carotenoid chromophore, which 
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consists of a long chain of single and double bonds and alternating bright color 

causing compounds caused the greatest curiosity. The biggest specific intensive is 

maximum at 455 nm and this particular wavelength with the lowest error should be 

used to study carotenoid oxidation process because it is known that carotenoids fade 

during oxidation [127]. 

The resulting carotenoid extract had a concentration of 534 mg/l, which was 

determined by spectrophotometric method. This solution was diluted with hexane to a 

concentration of 500 mg/l for the convenience of further calculations. It was decided 

to carry out oxidation in two ways: bubbling through hexane solution of air and 

irradiation with UV light for 2 hours. UV-radiation was carried out directly in a 

cuvette for a spectrophotometer with a layer thickness of 3 cm, and air bubbling 

through the solution of carotenoids was carried out in a Wurtz flask by means of a 

water-pressure pump. Looking at the data in table 2.4, it is possible to make the 

conclusion that antioxidant activity of plant extracts is almost identical for 

concentrations of 0,1 % and 0,05 %, which can often be found in the research of 

various antioxidants [128]. Taking this into account, for the experiments we have 

chosen the concentration of antioxidants of 0,05 %. Such concentration should not 

contribute to optical density of the solution at 455 nm, because bright green 

chlorophylls absorb in a much longer wavelength zone (see UV-spectra of leaves,  

fig. 2.2, 2.3). Leaf carotenoids that absorb in the same zone will be in the reaction 

mixture at a very low concentration to appear at the increase of optical density in the 

area where the experiment is conducted. Data from the experiment on the oxidation 

of carotenoids without the addition of antioxidants are shown in fig. 2.4. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2.4. UV-spectrum of pumpkin carotenoid hexane extract 
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Analyzing the data presented in fig. 2.4, we can conclude that the oxidation of 

carotenoids in the solution passes more intensively when irradiated with UV-light. 70 

minutes later the process is so slowed down that for 30...40 minutes the changes in 

the color of the solution are almost unnoticeable. In the second experiment, the 

process of optical density decrease still goes at a rather high speed. That is why the 

effect of antioxidants on the oxidation process of pumpkin carotinoids was decided to 

study with irradiating the solutions containing antioxidants with UV light. In this 

case, the test period can be shortened for almost an hour. As was predicted, the 

supplements of 0,25 ml of plant alcohol extracts per 10 ml volume of the cuvette of 

the spectrophotometer, which is exactly the concentration of antioxidant in relation to 

the carotinoids of the solution in 0,05 %, did not contribute to the increase in optical 

density at a wavelength of 455 nm, on which the measurements were made. The 

results of the experiments concerning the fall of optical density of hexane solution of 

pumpkin carotenoids in the presence of alcohol extracts of leaves of cherry, black 

currant, peppermint and balm are given in fig. 2.5. 

From the experiment data, which illustrates fig. 2.5, it is evident that the leaves 

of all plants have a very high antioxidant effect, with the antioxidant properties of the 

leaves of all selected for the experiment of plants to stabilize carotenoids of the 

pumpkin are almost identical. 

The largest, albeit slightly, activity possess black currant leaves, the smallest – 

the leaves of cherry, and balm afterwards. The activity of the antioxidant complex of 

mint leaves is the least. The data of this experiment correlate with the previous study 

of the antioxidant complex of plant leaves by express method, and content of basic 

antioxidants in the substrate. 

 

 

 

 

 

 

 

 

 

 

Fig. 2.5. Dependence of optical density of hexane solution of pumpkin carotenoids  

on the duration of oxidation in the presence of plant leaves alcoholic extracts: 

1 – control; 2 – cherries; 3 – black currant; 4 – balm; 5 – mint;  

6 – when irradiated with UV-light; 7 – when air bubbled 
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These experiments add up to a fairly complete information about the increased 

resistance to oxidation of pumpkin carotenoids in a mixture of antioxidants in plant 

leaves, but they do not answer the questions concerning the changes in their 

molecules. It is known [129] that during the oxidation of isomeric carotenes 

depending on the reaction conditions, various consequences are possible – the 

formation of unstable peroxides, oxides and furanoxydes full schedule of molecules 

to produce β-yononu with the scent of violets, destruction with the formation of 

retinol, retinal and retinoic acid, but there is very little detailed information about 

this, especially as regards spectroscopic characteristics. 

With UV spectroscopy, we carried out research on the processes that occur when 

oxidizing carotenoid molecules. In fig. 2.6 changes in the UV spectrum of pumpkin 

carotenoids occurring during irradiation of their hexane solution with UV light for  

70 minutes are presented.  

UV spectrum was photographed in the visible zone, where the absorption bands 

characteristic for carotenoid molecules (350-550 nm) are found These UV-spectra 

show that during the oxidation process, the main band π → π * of electron transitions 

of the polynomial chromophore undergoes a bathochromine displacement, while 

reducing its intensity. Such behavior of the characteristic band can be explained only 

by the simultaneous occurrence of two parallel processes – an increase in the length 

of polyene chromophore and complete destruction of the molecule. Destruction of the 

molecule is evidently carried out in a known way – formation of epicose by attacking 

the double-bonded oxygen by atom within chromophore, followed by the breakdown 

of the molecule into two parts, and subsequent degradation, which is accompanied by 

the loss of vitamin activity [129]. Batochromic displacement of the main absorption 

band is difficult to explain from the positions known in the literature. Of course, any 

displacement of the main absorption bands in the zone of longer waves indicates an 

increase in the system of conjugation [122]. 

 

 

 

 

 

 

 

 

  

  

 

Fig. 2.6. Absorption spectra of pumpkin carotenoids in the process of oxidation through, min:  

1 – 10; 2 – 20; 3 – 30; 4 to 40; 5 to 50; 6 – 60; 7 – 70 
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In our case, it is possible only when the attack on the oxygen atom is directed 

to both cyclohexene rings of carotenoid molecules, in particular, β-carotene. As a 

result, they are converted to cyclohexadenine, which automatically extend the system 

of conjugation in the final case into four fragments, for example: 

 

 

 

 

(2.1) 

 

 
Certainly, such transformation of cyclohexene rings in the composition of 

carotenoid molecules is detrimental to their vitamin activity. It should be noted that 
such transformations, in which the number of double bonds in a molecule increases 
without its subsequent destruction, have recently been found in lipid molecules when 
they are oxidized with air oxygen [125]. In order to investigate the influence of 
antioxidants of plant leaves on these complex processes of oxidation of carotenoid 
molecules, we removed the UV spectrum of carotenoid solution, which was added to 
the antioxidant – extract of black currant leaves, as the most active among the total 
amount of investigated objects in the same concentration as in the previous cases, i.e. 
0,05 %. The UV spectrum of thesolution of carotenoids in a mixture with an 
antioxidant was removed in the process of oxidation during irradiation with UV light. 
The UV spectrum of the reaction mixture is shown in fig. 2.7. 

Analyzing the data shown in fig. 2.7, it should be noted that in the presence of 
antioxidant, changes in carotenoid molecules take place in a completely different way 
– no bathochromic displacement is observed, and the decrease in the intensity of the 
main band π → π * of electronic transitions of polynomial chromophore is quite 
small. The absence of shifting the band into a higher frequency zone indicates that the 
oxidation process does not capture cyclohexene rings of compounds, but is limited 
only by the attack of dual link of chromophore with subsequent degradation, and this 
process is also strongly inhibited. The conducted UV spectroscopic investigations 
suggest that the addition to pumpkin carotenoid concentrates from leaves of plants 
(cherries, black currant, peppermint and balm), which contain a powerful complex of 
antioxidants, contributes to the preservation of its vitamin activity. 

Investigations of the behavior of pumpkin carotenoids released from plant 
material in the process of oxidation with air oxygen suggest that there are ways to 
increase the stability of their molecules against the loss of vitamin activity, in 
particular the addition of a small concentration of natural antioxidants – extracts from 
plant leaves. But in the pulp of pumpkin, carotenoids are surrounded by a variety of 
physiologically active substances that can form unstable complexes with them due to 
weak interactions [130; 131], and their transformation during the action of the 
oxidizing agents may be different than in the individual state. Therefore, our next step 
was to study oxidative transformations of pumpkin carotenoids in vegetable raw 
materials, both without antioxidant additives, and in their presence. 
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It is uncomfortable to oxidate carotenoids in raw materials with UV irradiation, 

because the reaction mixture is opaque and it is very difficult, even impossible to 

achieve uniform penetration of UV rays into the entire mass of the substrate. Therefore, 

oxidation of carotenoids was carried out by heating the crushed pulp of the pumpkin, 

located in a thin layer, in order to maximize the flow of oxygen to the entire mass, at a 

temperature of 80 °C, followed by the extraction of samples from the mixture with 

hexane. The control of the oxidation process was also carried out by spectrophotometric 

method, measuring optical density of hexane extracts at 455 nm, as was done in the 

previous cases. During the extraction, to ensure continuity of the experimental 

conditions, the same volumes of hexane samples and the same mass of drying agent, 

anhydrous sodium sulfate, were used. Oxidation, as in the previous cases, lasted for 70 

minutes. Antioxidant supplements are used in the form of alcohol extracts to make it 

possible not to change many of the experimental parameters except the substrate affected 

by the action. The obtained data concerning the changes in optical density of extracts 

from pulp of pumpkin in the process of its oxidation are shown in fig. 2.8. Data in fig. 

2.8 clearly show that the picture of carotenoids oxidation in raw material has the same 

pattern as in the case of carotenoids oxidation in the isolated state – when in the reaction 

mixture there are no additives from alcohol extracts containing a complex of 

antioxidants. Oxidation is rapid and optical density of hexane extracts from the reaction 

mixture has a smaller value time after time. Additives as small quantities of alcoholic 

extracts – in this case, the concentration of 0,1% was chosen for a mass of crushed pulp 

of pumpkin – abruptly change the process. Ooptical density of hexane extracts from the 

samples of the reaction mixture over the time is very variable, which indicates that 

antioxidants of the leaves of plants do not lose their activity when they enter the complex 

reaction mixture, which is a raw material. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 2.7. Absorption spectra of pumpkin carotenoids with the addition of alcoholic extract  

of black currant leaves in the process of oxidation through, min: 1 – 10; 2 – 20; 3 – 30; 4 to 40;  

5 to 50; 6 – 60; 7 – 70 
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Fig. 2.8. Dependence of optical density of pumpkin pulp extracts on the duration  

of oxidation in the presence of plant extract alcoholic extracts: 1 – control; 

2 – black currant; 3 – cherries; 4 – balm; 5 – mint  

 

It is clear that the whole complex of physiologically active compounds of 

pumpkin does not negatively influence carotenoid reactions in its composition with 

air oxygen and antioxidants of leaves. 

The whole complex of conducted researches testify about high antioxidant 

property of sum of physiologically active substances of leaves of cherry, black 

currant, peppermint and balm which gets to alcohol extract. This alcoholic extract can 

be a concentrate of antioxidants that can be stored for long periods of time and used 

in various industries as needed. In this case it is advisable to manufacture such extract 

centrally and continue to use at the enterprises as a ready product. But this is not 

always convenient – sometimes there may be shortage of the drug in a particular 

region, or in small enterprises there is no necessity to store some amount of extract, 

etc., though the need in antioxidant supplements can occur at any time. The leaves of 

the investigated plants can be easily found in any region of Ukraine, so if it is 

necessary to preserve pumpkin carotenoids, it is possible to use these plants 

successfully. However, the manufacture of alcoholic extracts of the desired 

concentration is not easy to carry out on a regular food company. It would be much 

more convenient to use the leaves adding them to the formulation in the process. 

Nevertheless, first, it would be necessary to ensure that the leaves of plants do not 

lose their antioxidant activity without the prior release of antioxidant complex by an 

active solvent. Some considerations suggest positive effect – most of the phenolic and 

thiol compounds are soluble in water, and they are the main substances through 

which antioxidant action of the leaves is carried out. Chlorophyll of the leaves, which 

do not pass into aqueous phase, according to many claims, is a very weak antioxidant 

[132; 133] and its loss should not cause negative consequences. 
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We have taken UV-spectra of water lifts from the leaves of plants, which are 

shown in fig. 2.9. Water extracts were prepared to reach the concentration of 0,1%, 

which is in the range of concentrations most commonly used during the research of 

antioxidants. According to previous investigations, this concentration, in addition to 

the concentration of 0,05 %, is optimal in experiments. The advantage of 

concentration of 0,1 % is given by us for the reasons that less active components of 

leaves than alcohol pass to aqueous solution. For more complete extraction of 

flavonoids from the extraction leaves, the reaction mixture was brought to a boiling 

point. In the spectrum of water extractions, leaves of cherry, black currant, 

peppermint and balm in the zone of wavelengths of the visible absorption range are 

not observed, which is explained by the insolubility of chlorophyll leaves and 

carotenoids in water. In the range of 200...300 nm, as in alcohol solutions of these 

substrates, two main absorption maxima are observed: one with a rather high 

intensity, and which consists of several small bands, in the zone 220...240 nm. It 

belongs to n → σ * transitions of electrons of unshared electron pairs of oxygen 

atoms of carbonyl groups of various nature contained in water-soluble molecules of 

flavonoids. The second, rather weak, in the zone 260...280 nm, belongs to n → π * 

transitions of electrons of the same carbonyl groups. 

The investigated UV-spectra of water extracts of leaves show that most of the 

flavonoids of leaves extracted with alcohol also pass into aqueous solutions. 

Moreover, if there is much less chlorophyll and carotenoids in the leaves of mint and 

balm, as it comes from their UV-spectra in alcoholic solutions (see fig. 2.3), 

compared to the leaves of cherry and blackcurrant, then water-soluble flavonoids in 

these plants contain almost the same amount. The predominant contribution to the 

antioxidant complex of leaves of flavonoids is due to approximately the same 

antioxidant effect of all types of leaves. 

Investigation of antioxidant activity of water extracts of hips and leaves of 

medicinal plant raw material was also performed by spectrophotometric method by 

measuring optical density of hexane extracts from the reaction mixture, as it was 

done in previous experiments, with the exception that the pulp of the pumpkin was 

ground and mixed with water extracts of antioxidants in an amount of approximately 

70...80 % to the total weight of the reaction mixture, in the case of a control 

experiment, the pumpkin pulp was ground and mixed with distilled water in the same 

ratio. The reaction mixture was maintained in an aqueous thermostat at 80 °C. 

Changes in optical density of hexane extracts from the reaction mixture in time are 

shown in fig. 2.10. The picture of optical density fall of hexane extracts has the same 

appearance as in the previous case, except that in the control experiment, oxidation 

goes deeper. 

This is due to a greater availability of oxygen carotenoids attack by air oxygen 

in water suspension of pumpkin than in a denser mass of crushed pumpkin with a 

small addition of alcohol extract of leaves in the previous experiment. Antioxidant 

effect of the leaves extract is quite large and is practically the same for all types of 

leaves, which only confirms the data of UV-spectra, which indicate the same content 

of flavonoids in these extracts. 
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Fig. 2.9. Absorption spectra of water extractions from leaves of plants:  

1 – black currant; 2 – cherries; 3 – mint; 4 – balm 

 
Fig. 2.10. Dependence of the intensity of light absorption of carotenoids hexane extract  

from pumpkin pulp on the duration of oxidation in the presence of aquatic extracts  

of leaves of plants: 1 – control; 2 – black currant; 3 – cherries; 4 – balm; 5 – mint;  

6 – black currant; 7 – citric acid and hips 

 

During the study of the action of inhibitors of radical processes during the 

oxidation of various substrates, well-known is the phenomenon when the mixtures of 

two additives give a sharp increase in inhibitory effect, which becomes much higher 

than simple arithmetic sum of the effects of each individual supplement [134-136]. 

This phenomenon is called synergistic effect. Typically, one of the substances in this 

mixture is a real antioxidant, that is, a compound with an active hydrogen atom that 

0

0,1

0,2

0,3

0,4

0,5

0 10 20 30 40 50 60 70

τ ·60-1 , с

D

1

2
3

4 5

6

7 

D, b.  

1 

4 

2 

3 

D, b.  

λ, nm 

0 250 

0,1

0,2

0,3

0,4

0,5

0,6

0,7

0,8

0,9

 

1,1

1,0

300 50 150 200 100 400 450 350 



 

 

35 

can be easily eliminated, and the other substance is a synergist. Generally, synergists 

with antioxidant effect do not differ on their own or exhibit it to a very small extent. 

These include mainly inactivators of variable valence metals, which provoke the 

appearance of free radicals in substrate molecules, as well as some membrane lipids, 

such as lecithin and cephalin. In the presence of synergists, the oxidation of 

substrates, even at very high temperatures, is significantly delayed. The role of such 

synergists usually play some organic and sometimes inorganic acids such as ascorbic, 

citric, tartaric, phosphoric, which form stable complexes with metals of variable 

valence and block their ability to act as catalysts for the emergence of free radicals in 

the substrate [137]. The fact that membrane lipids – lecithin and cephalins – 

demonstrate synergistic effect due to the presence of not fully esterified phosphoric 

acid residue in their structure – a well-known inactivator of metals of variable 

valence, which connects them into stable complexes with sufficiently detected acidity 

of the object [138; 139]. High synergistic effects of certain organic acids have given 

us an idea that they, for example, citric acid, which is common in the production of 

many foods, can be successfully used to enhance antioxidant action of flavonoids of 

the investigated leaves of plants. That is why we have conducted experiments 

described above in this section, in which the suspension of pumpkin pulp in aqueous 

extracts from leaves of plants added 0,1% of citric acid. The process was controlled  

by measuring the changes in optical density of hexane extracts from the reaction 

mixture during the experiment. We have chosen this small additive of citric acid as a 

synergist because carotenoids are very unstable in acidic environment, and such a 

small concentration of weak citric acid is sufficient to reveal its synergistic effect, but 

it is not sufficient enough to significantly reduce pH of the medium – pH remained 

within 5,0...5,5, as in previous cases. All other parameters of the experiment 

remained the same. Results of the experiment are shown in fig. 2.10. From the 

experimental data it is seen that addition of citric acid, as it should be expected, to 

some extent increased antioxidant effect of aqueous extracts of leaves and may be 

recommended for enhancing the stabilizing effect of natural antioxidants. 

Consequently, the carried out experiments allow to predict protective effect of 

a wild rose, cherry leaves, black currant, peppermint and balm during the processing 

of pumpkin and other carotene-containing raw materials. In this case, they can be 

used in various variants, starting with alcoholic extracts and finishing with its 

aqueous broths, sometimes with impurities of citric acid as a synergistic additive. 

 
2.4. Influence of the parameters of carotene-containing vegetables processing 

on the formation of their color 

Analysis of the treatment processes that vegetables are subjected to in the 

production of such products as mashed potatoes, pastes, sauces, allowed to establish 

that it is mainly mechanical operations (cleaning, grinding, wiping) and heat 

treatment (cooking and blanching in water or with the addition of various prescription 

components). 

The results of the study of heat treatment influence and the degree of grinding 

on the content of carotenoids in pumpkin, carrots and tomatoes are shown in  
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table 2.5. For the experiment, the selected varieties of vegetables with high levels of 

contaminants should be subjected to further processing. 

The degree of the product shredding on the basis of the results of the research 

influences the changes in the content of carotenoids. It was established that shredding 

on cubes with a face size of 10 mm retains more carotenoids than in the samples, 

chipped into cubes with a face size of 20 mm, since the duration of heat treatment 

until reaching culinary readiness samples increased from 20×60 s to 35×60 s. 
 

Table  2.5 

Total content of carotenoids in Khutoryanka pumpkin variety and Nantes Kharkiv carrot 

variety, subjected to various types of grinding and heat treatment (n=5, P≥0,95) 
 

Type of treatment 

Khutoryanka pumpkin Nantes Kharkiv carrot Master tomato 

Content of 
carotenoids, 

10
-3
 % 

Decrease , 
in % from 
the control 

Content of 
carotenoids, 

10
-3
 % 

Decrease , 
in % from 
the control 

Content of 
carotenoids, 

10
-3
 % 

Decrease , 
in % from 
the control 

Raw (control) 9,89 – 16,45 – 12,9 – 

Cooking 
cubes (10 mm) 

8,00 19,1 14,44 12,2 – – 

Boiling cubes  
(20 mm) 

7,42 25,0 13,61 17,3 – – 

Boiling  
slices (10 mm) 

7,68 22,4 13,21 19,7 – – 

Boiling bars   
(10 мм) 

7,61 23,1 12,95 21,3 – – 

Poaching cubes 
(10 mm) 

7,11 28,1 13,16 20,0 – – 

Blanching cubes 
(10 mm) 

8,41 15,0 14,95 9,1 11,8 8,8 

 

Losses of carotenoids for Nantskaya Kharkiv variety of carrots and pumpkin of 
Khutoryanka variety are 12,2  and 19,1 %, respectively, in the samples, chopped into 
cubes with a face size of 10 mm, and crushed into cubes with a face size of  
20 mm – 17,3 and 25 % respectively. All other types of grinding also lead to 
carotenoid content decrease in vegetables. This effect of shredding can be explained 
by different duration of thermal action on the samples when they are brought to the 
state of culinary readiness. Poaching influences the loss of 20,0 % of carotenoids in 
Nantskaya Kharkiv carrots, reduces carotenoid content in Khutoryanka pumpkin 
variety by 28,1 %. During blending, 9,1% of carotenoids in carrots, 15,0 % in 
pumpkin and 8,8 % in Gospodar tomatoes are lost. 

In addition, the obtained results indicate that carotenoids of pumpkin are more 
likely to be destroyed compared to carotene of carrots. This can be explained by the 
presence of tocopherols in carrots, which are known to be natural antioxidants, with 
an average of 2,4 mg % [140]. In experimental varieties of pumpkin they are absent. 

Thus, the degree of grinding affects the content of carotenoids in carrots, 
pumpkin and tomatoes during processing. These conclusions coincide with the results 
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of other authors’ researches. The best kind of heat treatment for carrots and pumpkins 
is the cooking of chopped cubes of vegetables with a face size of 10 mm, and for 
tomatoes it is blanching. 

In Section 2.3 we obtained the results concerning protective effect of leaves of 
cherry, black currant, peppermint, balm during the processing of carotene-containing 
raw materials. Antioxidant properties of hips are also known [107]. Also, Section 2.3 
suggests to use citric acid as a synergist to the antioxidants of leaves. Based on the 
previous investigations, they conducted multifactorial experiments concerning the 
influence of vegetable processing parameters on their colorimetric characteristics. 

The spectra of reflection of processed experimental samples of pumpkin, 
carrots and tomato, were experimentally obtained. The specified color characteristics 
(table 2.6–2.8) make it possible to determine what happens during the processing of 
raw materials. 

Firstly, during cooking, the dominant wavelength moves toward the yellow 
spectrum area – from 585 nm to 579 nm for the samples of carrots, from 586 nm to 
580 nm for the samples of pumpkin and from 612 nm to 585 nm for the samples of 
tomatoes depending on the type of treatment. 

There is a gradual change in the color of raw material: from orange to red in 
carrots, from bright orange to orange in the samples of pumpkin and from bright red 
to light red in tomato samples. 

The color purity and brightness with the increase of heat treatment duration in 
all samples are reduced. In this case, the samples get dark shades. 

The size of pumpkins and carrots grinding practically do not affect the change 
of color characteristics during their heat treatment. 

The following may explain the revealed patterns of the influence of the raw 
material processing on their color. In the first stage, when the temperature rises to  
40 °C, the amount of carotenoids reduces, but further heating significantly inhibits 
oxidation processes in the substrate. This can be explained by the inactivation of the 
enzyme complex of raw material, in particular, the lipoxygenase, which catalyzes the 
processes of oxidation of carotenoids. Boiling of pumpkin and carrot over 20×60 s 
and tomatoes blanching for more than 20×60 s leads to the acceleration of the 
oxidation process of carotenoids, as we anticipate, with the weakening of the action 
of the antioxidant complex of leaves at high temperatures. Analysis of the experiment 
data allows choosing the method of cooking for pumpkin and carrot for 20×60 s, and 
blanching for tomatoes at t = 95 °C for 20…60 s as an optimal treatment color 
preservation of the raw material. 

Another important factor influencing the run of vegetable processing is the 

effect of antioxidants of medicinal and technical raw materials. 

It is necessary to pay attention to the fact that during the reduction of medicinal 

and technical raw materials concentration in the aqueous solution, the brightness of 

the colors changes – they become less bright, the purity also decreases, that is, the 

degree of approaching the color to pure spectral color. At the same time, increase of 

the mass fraction of medicinal and technical raw materials in the decoction leads to 

the raise of carotenoids stability. But with the increasing concentration in the 

decoction of the leaves of mint, balm, cherry and blackcurrant above 1 % and rose 
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hips above 4 %, the samples darken after treatment. Rational concentration of leaves 

in the decoction is 1...2 %, and that of rose hips are 3...4 %.  

With increasing concentration of citric acid in a solution (above 0,5 %) the 

destruction of carotenoids should be taken into account, the color of raw materials 

varies from orange to yellow. 

In a strongly acidic environment, at a concentration of citric acid more than  

0,5 %, raw material  acquires acidity. Consequently, rational concentration of citric 

acid is 0,1...0,3 %. 

Thus, on the basis of the carried out research aimed at the stabilization of 

carotene-containing complex and the color of pumpkin and carrots, we chose the 

following method of their treatment after washing and cleaning: cooking for 20×60 of 

vegetables, crushed into cubes with a face size of 10 mm in a 1,0 % decoction of 

medicinal and technical raw materials with the addition of 0,1 % citric acid. And for 

processing of tomatoes rational is blanching at t = 95 °C in a decoction of 4 % 

concentration of hips for 20×60 s. 

According to the obtained data, color characteristics of carrots, pumpkin, 

tomatoes processed by the proposed methods are at the level of color control 

characteristics and differ from unprocessed samples, which testifies the effectiveness 

of the developed methods. 

The results shown in fig. 2.11, also confirm this conclusion. The content of 

carotenoids in control №1 is 9,8×10
-3 

%, in boiled in water pumpkin – decreases to 

8,0×10
-3

%, and in pumpkin boiled by the proposed method – 9,7×10
-3 

%. The same 

are the results for carrots and tomatoes. Stabilization of carotenoids in pumpkin is  

98 %, carrots – 95 %, tomatoes – 91 %. 
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Fig. 2.11. The content of carotenoids in experimental samples of carotene-containing raw 

materials: 1 – raw pumpkin (control No. 1); 2 – boiled pumpkin (control No. 2); 3 – pumpkin, 

processed according to the proposed method; 4 – raw carrot (control No. 1); 5 – boiled carrot 

(control No. 2); 6 – carrots, processed according to the proposed method; 7 – raw tomato 

(control No. 1); 8 – blanched tomato (control No. 2); 9 – tomato, processed according to the 

proposed method 
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Table 2.6 

Influence of the paraeters of carrot treatment on its color-parametrical characteristics 

Samples 

Treatment parametrs:  

Color-parametrical characteristics: 

Visual assessment of 

color 

X1 X2 X3 X4 Y1 Y2 Y3 
concentration 
of medicinal-
tecgnical raw 

material in 
the 

decoction, % 

citric 

acid 

concentr

ation, % 

duration 

of 

boiling 

τ,·60 s 

size of 

cubes 

face, 

mm 

 

dominating 

wavelength,  

λ nm 

color purity, P, 

% 

brightness, 

T, % 

 

1 2 3 4 5 6 7 8 9 

Raw carrot  

(control) 

 
– – – – 585 57,8 39,5 orange-red 

Carrot after 

hydro-

thermal 

treatment 

1 0,1 20 10 586 70,6 45,7 orange-red 

 

1 0,3 20 10 580 54,7 44,6   orange 

1 0,5 20 10 579 65,7 46,0 yellow-orange 

1 0,1 20 10 586 70,6 45,7 orange-red 

 

 

 

 

 

3
9
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Continued table 2.6 

1 2 3 4 5 6 7 8 9 

 2 0,1 20 10 589 58,4 42,5 orange-red 

3 0,1 20 10 612 51,5 30,5 
dark, orange-red, with 

brown shade 

1 0,1 20 10 586 70,6 45,7 orange-red 

1 0,1 30 10 584 52,0 39,3 dark, orange-red 

1 0,1 40 10 580 45,0 38,9 dark-orange 

1 0,1 20 10 586 70,6 45,7 orange-red 

1 0,1 20 20 584 70,3 41,3   orange 

1 0,1 20 30 586 57,2 39,1   orange 

 

 

 

 

 

 

4
0
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Table 2.7 

Influence of the paraeters of pumpkin treatment on its color-parametrical characteristics 

Samples 

Treatment parametrs: Color-parametrical characteristics: 

Visual assessment 

of color 

X1 X2 X3 X4 Y1 Y2 Y3 

concentration 

of medicinal-

tecgnical raw 

material in 

the 

decoction, % 

citric acid 

concentration, 

% 

duration 

of 

boiling 

τ,·60 s 

size of 

cubes 

face, 

mm 

 

dominating 

wavelength,  

λ nm 

color purity, 

P, % 

brightness, 

T, % 

Raw pumpkin

(control) – – – 10 586 63,0 40,1 orange, saturated 

Pumpkin 

after hydro-

thermal 

treatment 

1 0,1 20 10 584 63,5 43,0 orange, saturated 

1 0,3 20 10 565 58,2 45,9 orange 

1 0,5 20 10 561 47,5 48,6 light orange 

1 0,1 20 10 582 63,5 43,0 orange, saturated 

2 0,1 20 10 585 59,7 43,5 dark, orange 

3 0,1 20 10 584 63,5 35,5 
dark, orange, with 

brown shadow  

1 0,1 20 10 583 66,0 43,0 orange, saturated 

1 0,1 30 10   41,1 dark, orange 

1 0,1 40 10 580 41,0 45,4 yellow-orange 

1 0,1 20 10 584 63,5 43,0 orange, saturated 

1 0,1 20 20 582 63,5 44,6 orange 

1 0,1 20 30 583 61,5 40,2 yellow-orange 

 

 

 

. 

4
1
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Table  2.8 

Influence of the paraeters of tomato treatment on its color-parametrical characte 

Samples 

Treatment parametrs: Color-parametrical characteristics: 

Visual 

assessment 

of color 

X1 X2 X3 Y1 Y2 Y3 

concentration 

of rose hips in 

decoction, % 

duration of 

blanching,  

τ, ·60 s 

temperature of 

blanching, t, °С 

dominating 

wavelength,  

λ nm 

color 

purity, P, 

% 

brightness, T, % 

Raw 

tomatoes 

(control) 

– – – 612 45,2 32,9 bright red 

Processed 

tomatoes 

(blanched)

4 20 95 599 43,2 34,5 bright red 

3 20 95 601 37,4 33,9   red 

2 20 95 589 36,1 36,1  light-red 

1 20 95 601 32,7 34,1   red 

0,5 20 95 585 26,8 35,5  light-red 

4 5 95 590 35,1 35,4 light-red 

4 10 95 598 31,1 34,8 red 

4 15 95 594 39,9 33,8 red 

4 20 95 599 43,2 34,5 bright red 

4 25 95 587 38,3 36,5 light-red 

4 20 80 592 33,7 36,1 red 

4 20 85 599 34,1 35,1 red 

4 20 90 593 39,1 35,2 red 

4 20 95 599 43,2 34,5 red 

4 20 100 588 33,7 35,7 light-red 

4
2
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Fig. 2.12. Correlation field for dimensionless 

colorimetric characteristics of processed 

tomatoes: 

3 – purity of color Y*2 g = 0,83; 

1 – brightness Y 3 g = 0,754; 

2 – dominant wavelength Y*1 g = 0,644 

 

 

 

 

 

 

 

 

 

Fig. 2.13. Correlation field for dimensionless 

colorimetric characteristics of the processed 

pumpkin: 

2 – dominant wavelength 

Y*1 g = 0,945; 

3 – purity of color Y*2 g = 0,885; 

1 – brightness Y*3 g = 0,867 

 

 

 

 

 

 

Fig. 2.14. Correlation field for dimensionless 

colorimetric characteristics of processed 

carrots: 

2 – dominant wavelength 

Y*1 g = 0,949; 

1 – brightness Y*3 g = 0,946; 

3 – purity of the color Y*2 g = 0,888 
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In order to establish a statistically adequate mathematical model of the 

influence of various factors on the color (color parameter characteristics) of pumpkin, 

carrots and tomatoes, a regression analysis of the data obtained in the above 

experiments was carried out (tables 2.6–2.8). 

Above (fig. 2.12–2.14) the correlation field of mathematical models and the 

value of multiplier correlation coefficient r are presented, and the correlation 

coefficient is given in the decreasing order. 

Analysis of the data presented in these figures allows us to conclude that color-

parametric characteristics with the highest value of the correlation coefficient for 

different vegetables and type of processing are different. So, for pumpkin and carrots, 

the most sensitive indicator to the influence of processing factors is the dominant 

wavelength (multiplication correlation coefficient is the largest), and for tomatoes, 

the purity of color has the highest correlation coefficient. At the same time, the 

selected representative color-parametric characteristics have a high correlation 

coefficient (r = 0,83...0,95) and statistical significance that exceeds critical r-

distribution with a reliability of 0,95. 

On the basis of the conducted regression analysis, the form of mathematical 

models describing changes in color-parametric characteristics during processing was 

determined: 

Pumpkin 

2

1
0,04

0,4

0,1
0,0510,005

584,5

584,5 211 −
−

−
+−=

− XXY
;                            (2.2) 

Carrot  

2

1
109,713

0,4

0,1
0,042107,454

584,5

584,5 23-14-1 −
⋅−

−
+⋅−=

− XXY
;                 (2.3) 

Tomatoes  

2

3312

20

80
0,513

20

80
0,588

3,5

0,5
0,2010,491

45,152

45,152







 −
−

−
+

−
+−=

− XXXY
.     (2.4) 

The dimension of color-parametric characteristics is set in accordance with 

tables 2.6–2.8. 
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SECTION 3 

DETECTION OF REGULATORY CHANGES OF COLOR  

IN CHLOROPHYLL-CONTAINING RAW MATERIAL UNDER  

THE INFLUENCE OF DIFFERENT FACTORS 

 

3.1. Characteristics of colorants from rhubarb and gooseberry of various varieties 

Literature analysis concerning chemical composition of botanical varieties of 

rhubarb and gooseberry demonstrated the lack of data on their pigment complex, 

especially by their varietal differences. Therefore, the purpose of our research was to 

determine the varietal influence on the content of coloring agents in rhubarb and 

gooseberry. We obtained extracts containing colorants from rhubarb stalks of 

Krupnochereshkovy, Linnaeus, Monarch, Ogry and gooseberry of the varieties Green 

bottle, Malachite, Pavlovsky green, Green fertile. Absorption spectra were removed 

(fig. 3.1-3.5). 

 

 

Fig. 3.1. Absorption spectra of alcohol extracts of pigment complex of the rhubarb varieties:  

1 – Monarch, 2 – Linnaeus, 3 – Ogry, 4 – Krupnochereshkovy 

 

The obtained absorption spectra of extracts of pigment complex of various 

varieties of rhubarb have common characteristics: the presence of the absorption 

maximum at large wavelengths (600...700 nm), intensive light absorption at the 

boundary of UV- and visible area (400...500 nm), minimum light absorption in the 

range of 500...600 nm. This minimum indicates the absence of colorants of 

polyphenol complex in extracts – anthocyanins, which absorb light in this part of the 

spectrum. 

The presence of two intensive absorption bands noted above, allows us to 

determine the presence of chlorophylls colored in green and other derivatives. The 

first band of light absorption in the range of 650...700 nm for all extracts is 

practically the same; the difference is only in the intensity at λmax. 
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However, the character of the other, more intense, light absorption band in a 

short-wave area of the spectrum is different for the specified extracts. The obtained 

spectra of extracts differ in sharp or blurred peaks, have a wide absorption band  

(~ 100 nm) and shoulder in the direction of wavelengths increase that gives reason to 

assume the presence of substances absorbing light in this range in the extract. 

The use of chromatographic separation allowed to determine the main 

compounds responsible for the color of the rhubarb qualitatively and quantitatively. 

Eluates obtained after the separation of pigments were studied on a 

spectrophotometer. The identification of the substances was carried out by comparing 

spectral characteristics obtained with the literature data [141]. Since green and 

yellow-green elutes obtained from the extracts of the above-mentioned rhubarb 

varieties were almost identical, we will consider the peculiarities of the available 

absorption bands on the example of Krupnochereshkovy variety (fig. 3.2, 3.3). 

The color of eluates is predetermined by the presence of a system of conjugate 

double bonds, which explains the absorption in a two-wavelength range of the spectrum. 

According to our data, the intensity of light absorption is observed in this area of the 

spectrum at λmax= 662,6 nm and 644,5 nm, which, according to the literature data, is 

characteristic to chlorophyll a and b molecules (662 nm and 644 nm respectively). 
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Fig. 3.2. Spectral characteristics of elates obtained from the samples of Krupnochereshkovy 

rhubarb variety: 1 – green-colored elute; 2 – green-yellow colored eluate 
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Fig. 3.3. Spectral characteristics of eluates obtained from Krupnochereshkovy rhubarb 

variety: 1 – eluate containing carotene; 2 – eluate containing xanthophylls 
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Hypsochromic shift of chlorophyll b in relation to chlorophyll a is due to the 

fact that there is methyl group -CH3 in a chlorophyll cycle, in chlorophyll b there is 

another substitute in this position: aldehyde group -CHO, which influences the effect 

of conjugation. In the green area of the spectrum (500...600 nm), light absorption of 

chlorophyll a is minimal, chlorophyll b is slightly absorbed at λmax= 547,3 nm. This 

explains green color of chlorophyll a solution of and yellow-green color of 

chlorophyll b solution. 

Thus, green color of eluates, predetermined by the peculiarities of the structure 

of chlorophyll a and chlorophyll b molecules, greatly affects the color of the plant 

material. 

Investigation of yellow-colored eluates allows us to fully speak of the presence 

of other components of the rhubarb pigment complex – carotenoids masked with 

chlorophylls in the extracts. The obtained curve of the solution absorption spectrum 

(fig. 3.3) containing non-adsorbed substances has a characteristic maximum in a blue 

area with two peaks at 453 nm and 480 nm, and a small maximum – the shoulder in 

the direction of short waves at 430 nm. This corresponds to the content of unsaturated 

oxygen-free carbohydrates – carotenes, which include α-, β-, and γ-carotene isomers. 

The main component is β-carotene. 

Eluate obtained after the "manifestation" of the chromatogram and the release 

of yellow pigments contains xanthophylls: the characteristics of the removed 

absorption spectrum curve (425 nm, 445 nm, 473 nm) indicate the content of the 

overwhelming majority of oxygen carotenoid compounds. Chemical test confirmed 

their presence: acidification of the eluate with a 0.1 M HCl solution gives a 

hyposhromic shift at 20 nm of the main maxima (405 nm, 425 nm, 453 nm), 

indicating the presence of oxygenate carotenoids in which there is an epoxy group. 

Hypsochromic shift can be explained as the influence of the formed furan ring on π-

system of the carotenoid molecule. 

Thus, according to the spectrophotometric characteristics of the pigment 

complex of the rhubarb, we can conclude that the main substances that determine the 

color of the product are chlorophyll a and chlorophyll b. The pigment complex of 

carotenoids is mainly presented by carotene (in violation of absorption maxima), and 

a group of oxygen-containing carotenoids, which include epoxy compounds 

(chemical test on the epoxy group). 

As it has been determined, the main coloring agents – anthocyanins, do not 

represent the pigment complex of flavonoids, however, catechins and 

leucoanthocyanins have been identified in the rhubarb samples – colorless flavonols, 

which belong to the restored forms of flavonoid compounds. The main substances of 

the pigment complex of the studied rhubarb varieties are presented in table. 3.1. 

Analysis of the results demonstrates that the main pigments that determine 

green color of the rhubarb samples are chlorophylls. Their total content is within 

(3,7…4,5) × 10
-3 

%, while blue-green chlorophyll a is observed more in the stems of 

the Monarch Rhubarb – 3,3×10
-3 

%, which differ in dark green coloring, and less of 

all this pigment in the rhubarb of the Ogryan variety – 2,7×10
-3 

%. The content of all 

forms of carotenoids varies depending on the variety from 0,092×10
-3 

% (Ogryan 

variety) to 0,140×10
-3 

% (Monarch). 
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Flavonoids are represented by catechins and leucoanthocyanins: their maximum 

content is observed in Ogryan variety – 45,0×10
-3 

% and 74,0×10
-3 

% respectively, 

minimum – in Monarch variety – 23,0×10
-3 

% and 39,0×10
-3 

% respectively. 

 

Table 3.1 

Main components of the rhubarb pigment complex, (n=5, P≥0,95) 
The content of substances in 

a pigment complex, 10
-3 

% 

The rhubarb botanical variety 

Largepetiole Linney  Monarch  Ogryan 

Chlorophylls: 3,8±0,3 4,1±0,3 4,5±0,4 3,7±0,3 

– chlorophyll a 2,7±0,2 2,9±0,2 3,3±0,3 2,7±0,2 

– chlorophyll b 1,08±0,09 1,17±0,09 1,3±0,1 1,08±0,9 

Carotenoids: 0,11±0,01 0,107±0,009 0,14±0,01 0,092±0,007 

– carotene 0,041±0,003 0,043±0,003 0,060±0,005 0,040±0,003 

– xanthophylls 0,068±0,005 0,064±0,005 0,082±0,007 0,052±0,004 

Catechins  38,0±3,0 29,0±2,0 23,0±2,0 45,0±4,0 

Leucoanthocyanins  50,0±4,0 44,0±4,0 39,0±3,0 74,0±6,0 

 

Consequently, the color of the investigated samples is determined, mainly, by 

the presence of such coloring agents as chlorophyll a and chlorophyll b, which are in 

the ratio of about 2,6:1. Other ingredients do not significantly influence the coloration 

of the petioles, because their content is lower, compared to the amount of 

chlorophyll. 

Comparative studies of the obtained extracts of the pigment complex of 

gooseberry varieties showed that there are some convergences between them  

(fig. 3.4). The presence of chlorophylls indicates a characteristic peak in a long-

wavelength area. The bandwidth and the presence of the shoulder in the direction of 

increasing the wavelength indicates the presence of the carotenoid complex of the 

substances presented in fig. 3.5. 

 

 
Fig. 3.4. Light absorption of alcohol extracts of the pigment complex of gooseberry 

varieties: 1 – Pavlovsky green, 2 – Green bottle, 3 – Malachite, 4 – Green fertile 
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Fig. 3.5. Spectral characteristics of eluates from gooseberry specimens  

of Green-Bottles variety: 1 – eluate containing xanthophylls;  

2 – eluate containing carotene 

 

The minimum absorption in the range of 500...600 nm indicates that there is no 

significant amount of coloring matters of the polyphenol complex – anthocyanins, 

which absorb light in this area of the spectrum. Chromatographic separation with 

subsequent identification of the components allowed identify the main substances 

affecting the coloring of fresh gooseberries. These are chlorophylls – chlorophyll a 

and chlorophyll b; carotenoids-oxygen-free carbohydrate carotenoids (carotene) and 

oxygen-containing carbohydrate carotenoids (xanthophylls). 

Analysis of the alcohol extract obtained from the samples of gooseberry also 

allowed to determine the substances of the polyphenol complex. As evidenced by the 

data obtained (table 3.2), the main components of the chlorophyll complex of 

gooseberry varieties are chlorophylls a and b: their content in different varieties of 

gooseberry ranges from (3,5…4,3) × 10
-3 

%. These pigments mainly determine the 

green color of gooseberries. 

Table 3.2 

Comparative characteristics of the pigment complex of gooseberry 

pomological varieties, 10
-3

%, (n=5, P≥0,95) 
 

The content of substances in 

a pigment complex, 10
-3

% 

Gooseberry pomological varieties 

Bottle-green Green fertile Pavlovsky 
green 

Malachite 

Chlorophylls: 4,3±0,3 3,5±0,3 3,6±0,3 3,9±0,3 

– chlorophyll a 3,1±0,3 2,5±0,2 2,6±0,2 2,8±0,2 

– chlorophyll b 1,2±0,1 1,04±0,08 1,05±0,08 1,11±0,09 

Carotenoids: 0,42±0,03 0,34±0,03 0,36±0,02 0,38±0,03 

– carotene 0,105±0,008 0,077±0,006 0,083±0,007 0,092±0,007 

– xanthophylls 0,31±0,03 0,27±0,02 0,28±0,02 0,29±0,02 

Catechins  95,4±8,0 85,4±7,0 80,8±6,5 105,7±8,5 

Leucoanthocyanins 111,7±9,0 134,6±10,9 155,2±12,5 120,8±9,7 

Flavonols (in terms of 

quercetin) 

11,3±0,9 _ 12,0±1,0 _ 
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The carotenoid complex includes unsaturated hydrocarbons (mainly β-

carotene) and oxidized forms of carotenes, including those containing an epoxy group 

(with a hypochromic shift in the presence of 0,1 M HCl). The total content of 

carotenoids in gourds is much higher than that of rhubarb – (0,34...0,417) × 10
-3 

%. 

The colorants of the polyphenol complex of gooseberry are represented by 

flavonols (in terms of quercetin), which are defined in the varieties of Bottle Green and 

Pavlovsky green in the amount of 11,3×10
-3 

% and 12,0×10
-3

%, respectively. 

Gooseberries of the varieties under research do not contain anthocyanins, but catechins 

and leucoanthocyanins are present in a greater amounts than in rhubarb: the total content 

of the flavonol compounds reaches 236,0 × 10
-3

% in Pavlovsky green variety. 

Thus, according to the results of the conducted researches, qualitative and 

quantitative composition of the pigment complex of gooseberries and petioles of the 

rhubarb has been established, the analysis of which shows that the main components 

determining the color of these products are chlorophylls, the total content of which 

for different varieties of rhubarb is (3,7...4,5)×10
-3 

%, for gooseberries –  

(3,5...4,7) ×10
-3 

%. Derivatives of chlorophylls in the analysis of pigment extracts in 

the measured quantities have not been detected. 

The colorants of the carotenoid complex of rhubarb and gooseberry are mostly 

masked with a higher chlorophyll content and therefore cannot significantly affect the 

color of the starting material. Colorless substances represent the polyphenol complex. 

The obtained results of the content of pigments in rhubarb and gooseberry allow 

to evaluate their biological significance, as well as to find necessary operations for 

maximum storage of BAR and natural color. 

 

3.2. Influence of the parameters of rhubarb and gooseberry processing  

on their color formation 

The technologies of processing rhubarb and gooseberry involve the use of the 

following technological operations: clearing, crushing, pressing, heat treatment, 

wiping. Cooking, blanching, steam treatment, boiling (long cooking) are the methods 

of heat treatment. We investigated the influence of these processing methods on the 

conversion of chlorophylls and the color of rhubarb and gooseberry. According to our 

data (table 3.3), during rinsing 85,8±4,2 % chlorophyll is destroyed in rhubarb, and 

82,0±4,1 % in gooseberry. Blanching in water results in the loss of 76,2±3,8 % and 

66,1±3,1 % chlorophyll in rhubarb and goose respectively. 

After steaming (cooking with a steam-air mixture at a temperature of  

80...90 °C) 72,4...78,0 % of chlorophyll from the original content in rhubarb and 

gooseberries is destroyed. Visual observation determined that the color of rhubarb 

and gooseberries vary depending on the degree of chlorophyll destruction: from green 

to yellow with a dark shade. Welding used to make products with a high content of 

dry matter (paste, jam, etc.), leads to almost complete destruction of chlorophyll both 

in rhubarb and in gooseberries. 

According to the results of the research, it is possible to conclude that the use 

of blanching leads to a minimum degree of chlorophyll and color destruction in 

rhubarb and gooseberries compared to other types of heat treatment. 
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Table 3.3 
Influence of heat treatment on chlorophyll content in rhubarb variety Monarch 

(pH=2,14) and gooseberries Malachite (pH=2,35), and their color (n=5, P≥0,95) 
 

Type and 
temperature 
mode of heat 

treatment 

Rhubarb  Gooseberries  

Content of 
chlorophyll, 

10
-3 

% 

Destruction, 
in % of the 

original 
value 

Visual 
assessment 

of color 

Content of 
chlorophyll, 

10
-3 

% 

Destruction, 
in % of the 

original 
value 

Visual 
assessment of 

color 

Raw material 
(before 

treatment) 
4,51 – Green  3,89 – Green  

Blanching, 
80…85 °С 

1,07 76,0 
Yellow with 
a greenish 

tinge 
1,32 66,0 

Yellow with 
a greenish 

tinge 

Steaming, 
80…90 °С 

1,01 78,0 Light yellow 1,07 72,0 Yellow  

Boiling, 

10×60 s, 
0,64 86,0 Yellow  0,70 82,0 Yellow  

Boiling, 

30×60 s 
0,12 98,0 

Yellow-
brown 

0,10 97,0 
Dark yellow, 

brown 

 

The action of light, contact with metals and other mechanical processes 
significantly reduce the content of chlorophyll in the raw material. Regardless of the 
type of raw material, the degree of chlorophyll destruction in the samples is 95...96 % 
[142]. 

Grinding of chlorophyll-containing raw materials into puree leads to the 
breakdown of cell walls of plant material, destruction of bonds in pigment-protein-
lipid complexes, the removal of free chlorophyll, which is rapidly destroyed by the 
processes of phaeophytinization, which negatively influence the coloration of food 
products [295; 309-311; 313; 342; 566]. 

Chopping (fig. 3.6) into pieces of different sizes (15, 20, 25, 30 mm) of 
rhubarb peas and purée-like shredding of gooseberries reduces the content of 
chlorophyll. The content of chlorophyll in gooseberries before heat treatment 
(control) was 3,11×10

-3 
%, after blanching – 0,1×10

-3 
%, in the rhubarb it decreased 

from 3,85×10
-3 

% (control) to 0,55...1,16×10
-3 

% depending on the degree of shredding. 
The most rational size of rhubarb pieces is 20...25 mm, which reduces the 

destruction of chlorophyll 1,5...2 times compared to other samples. 
From the literary review, it was found that for the prevention of chlorophyll 

destruction and stabilization the color of chlorophyll-containing raw material, various 
methods are used, including the use of additives: mineral compounds (salts), organic 
acids, alkalinizing agents; such familiar antioxidants as carotenoids, tocopherols [142]. 

In order to determine the stabilizing effect of various salts on chlorophyll and the 
color of rhubarb and gooseberries, 1% solutions of salts of MgSO4, MgCl2, CaCl2, KCl 
were used. The rhubarb and gooseberries were ground into puree, salt was added in the 
ratio of 1:1, the mixture was kept at room temperature for 30…60 seconds and 
blended. After blanching, the content of chlorophyll a and b was determined, as well as 
the degree of pigments destruction in relation to the initial value. 
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As the obtained data evidence (fig. 3.7, 3.8), 78,2...87,5 % of chlorophyll a and 

63...65 % of chlorophyll b are destroyed in the control samples of rhubarb and 

gooseberries. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

  

Fig. 3.6. Content of chlorophyll depending on the degree of samples shredding (after heat 

treatment): Rhubarb: 1 – raw material, 2 – puree grinding, 3 – 15 mm, 4 – 20 mm, 5 – 25 mm,  

6 – 30 mm; Gooseberries: 1 – raw material, 2 – puree grinding, 3 – whole berries 

 

 

 

 

 

 

 

 

 

 
 

Fig. 3.7. Influence of additives on the destruction of chlorophyll in the rhubarb K – control 

(without additives), 1 – chlorophyll a, 2 – chlorophyll b 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3.8. Influence of additives on the destruction of chlorophyll in the lobster:  

K – control (without additives), 1 – chlorophyll a, 2 – chlorophyll b 

    K                     MgCl2              MgSO4                  KCl                   CaCl2 

    K                 MgCl2             MgSO4              KCl                 CaCl2 

Gooseberries       Rhubarb 
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Addition of MgCl2 salt has the greatest effect on the stabilization of 

chlorophyll. If we compare the stabilizing effect of MgCl2 and MgSO4 salts, it is 

almost the same for rhubarb and gooseberries samples. Calcium and potassium 

chloride salts were found to have minimal stabilizing effect. 

It is also found that the nature of anion does not significantly affect the 

chlorophyll content in the samples with the same cation (MgSO4, MgCl2). 

Thus, MgCl2 salt demonstrates the most stabilizing chlorophyll effect, but the 

combined use of MgCl2 and KCl salts in the solution enhances it. The mechanism of 

this process is as follows. It is known that the acidic medium (active acidity in 

rhubarb and gooseberries is 2.1-2.4) negatively influences chlorophyll. Initially, Mg
2+

 

ion is cleaved with the formation of pheophytin, and then phytol alcohol is also 

cleaved with the formation of phaeophorbides. Chlorides of magnesium and 

potassium easily interact with acids, significantly lowering pH. In addition, they 

contribute to the inhibition of the process of pheophytination by increasing the 

concentration of magnesium within the system. The protective effect of salts-

protectors is: chlorophyll a – 56...67 %, chlorophyll b – 63...77 %. 

According to the results of the research, potassium chloride and magnesium 

chloride were selected as the substances with the same anion for chlorophylls 

stabilization in the rhubarb and gooseberries to avoid the substitution reaction 

between the salts. 

Taking into account the results of the conducted research, in order to determine 

the optimal conditions for the processing of plant material, a multivariate experiment 

was conducted, in which the variables were the concentration of MgCl2 and KCl 

salts, the degree of grinding (for rhubarb), duration and temperature of processing. 

Color specimen characteristics were selected as the criteria for processing efficiency. 

The calculated color characteristics, presented in tables 3.4 and 3.5, allow to 

state the following. The duration of treatment does not significantly affect the color 

characteristics of the rhubarb and gooseberries. Thus, the wavelength varies in the 

range of 571...575 nm, color purity is 56,1...63,9 % (rhubarb), 41...53 % 

(gooseberries), brightness is 41,7...43,2 % (rhubarb) and 40,7...43,0 (gooseberries). 

Visually, all samples are green. 

Concentration of potassium chloride does not significantly affect the change in 

colorimetric characteristics. However, the co-use in the solution of MgCl2 and KCl 

salts gives the synergy effect. The existing effect is observed, first of all, in the 

samples of rhubarb. In our opinion, this happens due to the macrostructure of the 

petioles, fibrous texture of which increases the specific surface for intermembrane 

osmotic diffusion to the cells of MgCl2 and KC1 salts, as well as a greater 

permeability of K
+
 and Cl

-
 ions. 

Thick shell of gooseberries prevents active flow of these processes, so the 

effectiveness of the protective action of these additives is lower not only in relation to 

the chlorophylls of gooseberries, but to its color in general. 

The temperature is an important factor in the processing of both rhubarb and 

gooseberries. The temperatures t<20 °С reduce the efficiency of processing, since the 

speed of the diffusion processes reduces. Increasing the temperature of the solution 

above +30 °С leads to the changes in color characteristics. 
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Thus, according to the results of the experiments, the parameters of rhubarb 

and gooseberries are determined for further preservation of chlorophyll content 

(a+b): for the petioles of rhubarb with a size of 20 mm and whole gooseberries. The 

optimum parameters are holding in a stabilizing mixture consisting of 0,25 % 

solution of magnesium chloride and 2% potassium chloride, for 30×60 s at 20 °C. 

Regression analysis of the data obtained in the above experiments was carried 

out in order to specify a statistically adequate mathematical model of the influence of 

various factors on color (color-parameter characteristics) of rhubarb and gooseberries 

(Tables 3.4, 3.5). 

Correlation field for dimensionless color-parametric characteristics of the 

processed rhubarb was designed with the account of the following parameters: the 

dominant wavelength Y*1 r=0,988; color purity Y*2 r=0,944; brightness  

Y*3 r=0,858. 

Correlation field for dimensionless color-parametric characteristics of the 

processed gooseberries was designed with the account of the following parameters: 

the dominant wavelength Y*1 r=0,862; brightness Y*3 r =0,804; The purity of the 

color Y*2 r=0,687. 

Analysis of the correlation fields’ data suggests that for rhubarb and 

gooseberries the most sensitive index to the effect of processing is the dominant 

wavelength (multiplicity correlation coefficient r=0,826...0,988, statistical 

significance exceeding critical r-distribution with a reliability of 0,95). 

Based on the conducted regression analysis, the form of mathematical models 

describing changes in color-parametric characteristics during processing is 

determined: 

rhubarb 
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Table 3.4 

Impact of the rhubarb treatment parameters on its color-parametric characteristics 

Samples Parameters of the treatment: Color-parametric characteristics: Visual assessment of 
color Х1 Х2 Х3 Х4 Х5 Y1 Y2 Y3 

СMgCl2 

in a 
solution,

%  

СКС1 in a 
solution,

% 

Size of the 
pieces, mm 

Duration of 
treatment,  
τ, ·60 s 

Temperature 
of treatment,  

t, °С 

Dominating 
wavelength, λnm 

Color 
purity Р, % 

Brightness 
Т, % 

Control (raw 
rhubarb) 

– – – – – 574 58,5 42,3 
Green  

Processed 
rhubarb (held 

out in a 
stabilizing 
mixture) 

0,25 2 20×20 10 20 575 56,8 41,7 Green  

0,25 2 20×20 20 20 574 59,9 42,6 Green  

0,25 2 20×20 30 20 575 63,9 3,2 Green 

0,25 2 20×20 40 20 574 56,1 41,7 Green 

0,05 2 20×20 30 20 574 59,8 42,5 Green 

0,15 2 20×20 30 20 576 58,8 41,9 Green 

0,25 2 20×20 30 20 575 63,9 43,2 Green 

0,35 2 20×20 30 20 578 57,7 41,1 Green-yellowish 

0,25 0,5 20×20 30 20 578 47,8 39,4 Green-yellowish 

0,25 1 20×20 30 20 577 56,9 41,3 Green 

0,25 2 20×20 30 20 575 63,9 43,2 Green 

0,25 3 20×20 30 20 578 59,1 41,4 Green-yellowish 

0,25 2 10×10 30 20 578 53,2 40,5 Green 

0,25 2 20×20 30 20 575 63,9 43,2 Green 

0,25 2 30×30 30 20 576 60,2 42,1 Green 

0,25 2 40×40 30 20 575 58,3 41,9 Green 

0,25 2 20×20 30 20 575 63,9 43,2 Green 

0,25 2 20×20 30 40 585 40,5 45,8 
Yellow with a green 

shade 

0,25 2 20×20 30 60 588 41,9 84,6 Yellow  

0,25 2 20×20 30 90 613 34,1 56,5 Yellow-brownish 

 

5
5
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Table 3.5 

Influence of gooseberry processing parameters of on its color-parametric characteristics 

Samples Processing parameters: 
: 

Color-parametric characteristics 

Visual color 
assessment 

Х1 Х2 Х3 Х4 Y1 Y2 Y3 
СMgCl2 

 in a 
solution,%  

СКС1 in a solution,% duration of processing,  
τ, ·60 с 

temperature 
of 

processing,  
t, °С 

dominating 
wavelength, λnm 

color 
purity 
Р, % 

brightness  
Т, % 

Control (raw 
gooseberry) 

– – – – 575 42 41,0 green 

Processed 
gooseberry 

(sustained in a 
stabilizing 
mixture) 

0,25 2 10 20 574 53 43,0 light- green 

0,25 2 20 20 574 53 43,0 light- green 

0,25 2 30 20 575 41 40,7 Green 

0,25 2 40 20 571   46 42,1 green 

0,05 2 30 20 578 45 40,7 green-yellow 

0,15 2 30 20 575   46 42,1 Green 

0,25 2 30 20 575 41 40,7 Green 

0,35 2 30 20 571 32 40,7 green 

0,25 0,5 30 20 583 41 39,5 green-yellow 

0,25 1 30 20 576 40 40,2 Green 

0,25 2 30 20 575 41 42,1 green 

0,25 3 30 20 574 57 43,0 light- green 

0,25 2 30 40 583 43 56,5 
Yellow with 

green shadow 

0,25 2 30 60 585 42 73,5 yellow 

0,25 2 30 90 620 28 62,0 yellow-brown 

 

 

 

 

5
6
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SECTION 4 

STUDY OF THE LAWS OF CHANGES IN THE COLOR OF VEGETABLE RAW 

MATERIALS, WHICH CONTAIN PHENOLIC SUBSTANCES 

 

To carry out the following research, beet, apples, cherries and plums are 

selected as objects. These plants are in high demand among the consumers both fresh 

and processed. 

 

4.1. Characteristics of beet pigment complex and the regularities of changes  

in its color 

The bright violet-red color of beetroot and its products are due to the presence 

of colorants-betalaini pigments [143-146], which belong to polyphenols from the 

group of anthocyanins. 

The results of identifying qualitative and quantitative composition of phenolic 

compounds in local beetroot varieties are presented in table. 4.1. 

Analysis of the results presented in table. 4.1. It confirms the literature data on 

the presence of the following phenolic compounds in beetroot: high molecular 

substances – tannins and low molecular weight compounds such as anthocyanins, 

catechins, flavone glycosides and oxyricic acids [143; 147-152]. In this case, 

anthocyanins are represented by two groups, namely betaine and betanin. 

Quantitative analysis of the content of certain phenolic compounds indicates a 

variety effect. Therefore, anthocyanins, depending on the variety, are from  

218,4×10
-3 

% (Single-parent) to 607,8×10
-3 

% (Crimson). In this case, the content of 

betaine ranges from 19,7 % (Delicatessen) to 42,9 % (Bordeaux-Kharkov) to the total 

content of anthocyanins, while betanin ranges from 57,1 % (Bordeaux-Kharkiv) to 

80,3% (Delicatessen). Therefore, betanin is the dominant dye pigment of beetroot 

that correlates with literary data. Its content in different varieties of beet varies from  

136×10
-3 

% (single-parent) to 356×10
-3 

% (Crimson). 

In addition, according to the results of the research (table 4.1), low molecular 

weight phenolic compounds such as catechins (17,4...31,1%), flavone glycosides 

(66,3...84,7 %) were found in table beet. and in some grades – oxyricic acids 

(3,3...13,0 %). Significant varietal influence on the content of these substances in 

table beets. Thus, catechins, depending on the variety, contain from 42×10
-3 

%  

(Detroit-2-Nero RS, Local 26-5) to 99×10
-3 

% (Bordeaux, Crimson), flavonol 

glycosides – from 200×10
-3 

% (Detroit-2-Nero RS, Delicatessen) to 243×10
-3 

% 

(Change). Oxycoric acids are found only in varieties of Action, Bordeaux Kharkiv, 

Crimson, Change and their content is insignificant – from 11×10
-3 

% to 39×10
-3 

%. 

Beetroot, besides valuable biologically active substances listed above, contains 

high-molecular tannins. Depending on the variety, their number ranges from  

346×10
-3

% (Single-parent) to 769×10
-3 

% (Crimson). 

 



 

 

58 

Table 4.1 

Characteristics of qualitative and quantitative composition of phenolic compounds of beets of different varieties, (n=5, P≥0,95) 

 
Botanical sort of 

beetroot 

Anthocyanins  Low-molecular phenolic compounds Tannins, 

10
-3

%  General,   

10
-3

% 

Betaine  Betanin  General,   

10
-3

% 

Catechins  Flavonol glycosides Oxycinnamic acids 

10
-3

% % of the 

total 

10
-3

% % of the 

total 

10
-3

% % of the 

total 

10
-3

% % of the 

total 

10
-3
% % of the 

total 

Diy 269,8 57,8 21,2 212 78,8 300 53 17,7 208 69,3 39 13,0 451 

Bordeaux 

Kharkiv 569,4 244,4 42,9 325 57,1 329 99 30,1 219 66,6 11 3,3 769 

Crimson 607,8 251,8 41,4 356 58,6 341 99 29,0 226 66,3 16 4,5 392 

Skwirsky dar 527,0 218,0 41,4 309 58,6 265 53 20,0 213 80,4 – – 548 

Bordeaux 237 572,6 236,6 41,3 336 58,7 320 83 25,9 237 74,1 – – 423 

Single-parent 218,4 82,4 37,6 136 62,4 299 73 24,4 226 75,6 – – 346 

Egavo 431,6 178,6 41,3 253 58,7 298 71 24,6 218 75,4 – – 615 

Libero 294,6 122,6 41,5 172 58,5 302 94 31,1 208 68,9 – – 498 

Detroit-2-Nero 

RS 234,2 66,2 28,2 168 71,8 274 42 15,3 232 84,7 – – 524 

Local 26-5 241,6 100,1 41,5 141 58,5 242 42 17,4 200 82,6 – – 633 

Zmina 509,7 215,7 42,2 294 57,8 334 69 20,7 243 72,6 2,2 6,6 378 

Delicatessen 346,1 68,0 19,7 278 80,3 261 58 22,2 203 77,8 – – 356 

 

 

5
8
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Thus, beetroot is an important raw material for the production of many canned 

vegetables, including dietary, therapeutic, and prophylactic foods. However, the main 

problem with its processing remains the conservation of natural color. This happens 

due to the fact that anthocyanin pigments of beetroot are extremely sensitive 

compounds [153-156]. Therefore, almost all methods for preserving and stabilizing 

the color of the products received after the beetroot processing are aimed at 

maintaining the required pH level, reducing heat treatment time, and limiting the time 

of a product interaction with air [157]. 

Taking into account the foregoing with the fact that during the processing of 

beetroot such process of cooking as boiling is mainly used, we have chosen milk 

serum, citric acid, and balm pigment as stabilizers. Acids bind free oxygen, thus 

excluding the possibility of penetration of oxidative processes; delay enzymatic 

processes that cause darkening of the color. The use of acids in the composition 

enhances color stabilization effect due to synergistic action. 

Addition of acids is a positive factor, because pH of beet juice is 5,6...6,2; the 

total acidity is 0,3%, and citric acid index is 23, indicating that the taste is not 

harmonious. At the same time, the addition to the acid bath improves both stability of 

betanin and organoleptic parameters. Besides, in maintaining beet in acidic medium, 

the hydrolysis of glycoside bonds in macromolecular protopectins takes place, which 

significantly reduces the length of time the beet is brought to readiness during its 

cooking (up to 25 minutes). 

The scientists recommended to add ascorbic, sorbic, citric, acetic, lactic acid to 

pH 3...5 [158; 159] to increase the stability of beetroot pigments and preserve its 

color. 

We have chosen balm because of its high content of tannins, phenolic 

substances, as well as ascorbic acid [160]. 

The color storage based on the antioxidant action of phenolic substances is well 

known. This happens due to mobile hydrogen atom of hydroxyl group. Phenolic 

compounds are free radical acceptors formed during oxidation, which causes their 

antioxidant action. Due to mobile hydrogen atoms phenolic hydroxyls, phenolic 

compounds are able to bind heavy metal ions into stable complexes, thereby reducing 

their catalytic action in many oxidative processes [143]. This explains their inhibitory 

action on the enzymes of beet juice and interaction of polyphenols and betacyans, 

which leads to the formation of stable complex compounds. Due to the presence of a 

large number of hydroxyl groups, polyphenols can irreversibly bind to proteins, 

forming insoluble conglomerates. Since the enzymes of beet juice possess protein 

nature, the tannins of balm contribute to the formation of insoluble complexes with 

them, which finally leads to their inactivation. 

Numerous investigations are devoted to the role of ascorbic acid as a stabilizer 

of betalain pigments [143; 152; 155]. Moreover, balm leaves contain essential oils 

with a strong lemon flavor, which greatly improves the smell of beetroot. 

To reduce the time of cooking beet it was ground into cubes. 

Thus, the following were the parameters of processing in the experiment: 

active acidity of the mixture of milk whey and citric acid, balm concentration, the 
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size of the faces of raw cubes and the duration of heat treatment. As a research object, 

the beet of Crimson variety was selected. It has the highest content of pigments – 

608×10
-3

%, and the highest content of nitrates – 2700 mg / kg (at MPC of 1400 mg / kg). 

To use this variety in nutrition, it should undergo additional treatment, which will 

reduce the content of contaminants and preserve pigments of beet substance. 

Multifactorial experiment was conducted, the results of which are shown in table 4.2. 

Color-parametric characteristics were selected as the parameters for the optimization. 

Analysis of the data in table 4.2 demonstrated that when the pH increases, the 

color becomes bright, redness degree increases significantly, the degree of 

yellowness, on the contrary, decreases. The dominant wavelength varies from 623 nm 

to 698 nm. Purity of the color is registered within the range of 23...32 %, brightness – 

11,8...20 %. 

Acidification of the medium to pH of 4,3...5,7 manifests itself mainly in 

reducing solubility of the structural elements of proto-pectin in cellular walls of the 

beet as a result of the reduction of the dissociation of ionized residues of galacturonic 

acid in the macromolecules of rhamnogalacturon [151]. This leads to strengthening of 

the frame of pectic jelly, reducing products solubility, destroying pectin substances 

and increasing the duration of cooking beet. 

With further acidification of the medium due to significant hydrolysis of 

glycosidic bonds in the macromolecules of rhamnogalacturonan, the structure of 

proto-pectin, despite the reduction of the dissociation of ionized residues of 

galacturonic acid, significantly weakens, and the time of bringing the product to 

readiness decreases. However, it is necessary to choose optimal pH value, at which 

the processing time would reduce, the color of the product would remain bright and 

saturated, and the taste would be pleasant. Therefore, for the treatment of beet, based 

on the results of investigations (table 4.2), the most optimal pH value is 3,6. 

The optimum content of balm in the product is its mass fraction of 1 %, which can 

be determined from the color characteristics given in the table 4.2. With an increase of 

balm concentration by more than 1%, an increase in the contribution of yellow 

wavelengths (λ decreases from 633 nm to 613 nm), which gives a "dirty" shade of a 

product (color purity rises from 31 % to 34 %), although the brightness continues to 

increase. In addition, with a balm concentration for 1% (in the total composition of the 

solution), pleasant taste and aroma are felt. At its concentration of 0,5%, taste and aroma 

are very weak, although the color characteristics at these concentrations remain almost 

the same. 

Analyzing the color characteristics presented in the Table, we see that for the 

beet processing it is more appropriate to shred the product to the size of the faces of 

the pieces of 15 mm, 20 mm or 25 mm. At these values, brightness and the 

contribution of red are almost unchanged, while yellow color intensity decreases. 

However, to accelerate the degree of readiness and substantial removal of toxicants, it 

is more convenient to shred the product as much as possible. Therefore, it is more 

appropriate to chop beet to pieces with a face size of 15 mm. 
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Table 4.2 

Influence of beet processing parameters on its color-parametric characteristics 

Samples  
Processing parameters: 

Color-parametric 
characteristics: 

Visual color assessment 
Х1 Х2 Х3 Х4 Y1 Y2 Y3 

Duration of 
processing,  
τ, ·60 s 

рН  
of the 

solution 

Balm 
concentrati
on in the 

solution, % 

Size of 
the cube 

faces, 
mm 

Dominating 
wavelength, 

λnm 

Color 
purity 
Р, % 

Bright 
ness  
Т, % 

Raw beetroot – – 611 14 18,7 Dark-red, saturated, with a violet shade 

Beetroot 
after hydro-

thermal 
processing  

20 4,4 1,0 15 623 32 11,8 Dark-red, with a brown shade 
20 4,0 1,0 15 648 28 12,3 Dark-red 
20 3,6 1,0 15 635 31 13,1 Dark-red, saturated 
20 3,2 1,0 15 690 23 20,0 Dark-red, saturated 
20 2,8 1,0 15 698 23 23,4 Dark-red 
20 3,6 0,5 15 647 27 13,2 Dark-red 
20 3,6 1,0 15 635 31 13,1 Dark-red, saturated 
20 3,6 0,5 15 629 35 14,6 Dark-red, saturated 
20 3,6 2,0 15 632 36 18,2 Dark-red, saturated 
20 3,6 2,5 15 613 34 21,0 Dark-red, saturated 
20 3,6 1,0 5 700 26 12,5 Dark-red, with a brown shade 
20 3,6 1,0 10 672 27 13,0 Dark-red 
20 3,6 1,0 15 635 31 13,1 Dark-red, saturated 
20 3,6 1,0 20 698 29 15,1 Dark-red, saturated 
20 3,6 1,0 25 641 27 15,6 Dark-red 
10 3,6 1,0 15 636 22 14,2 Dark-red 
15 3,6 1,0 15 652 28 13,4 Dark-red, saturated 
20 3,6 1,0 15 635 31 13,1 Dark-red, saturated 
25 3,6 1,0 15 600 20 11,5 Dark-red, with a brown shade 

 

6
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Thus, we have chosen the following parameters for the processing of beet: the 
type of heat treatment is cooking, its duration s 20×60 s; pH of the environment is 
3,6; balm concentration in the solution is 1%; size of the faces of beet pieces is 15 
mm. The mechanism for stabilizing the color of beet is determined by the protective 
effect of polyphenols and inhibition of enzymes by acids. 

This allows preserving pigment complex of beets for 91...95 %, and colorimetric 
characteristics of the treated sample coincide with the control characteristics. 

Regression analysis of the data presented in table 4.2 is carried out. Correlation 
field for the dimensionless colorimetric characteristics of processed beet was 
constructed with the account of the following parameters: brightness Y

*
3 r=0,978; 

color purity Y
*
2 r=0,927; the dominant wavelength Y

*
1 r= 0,841. 

Analysis of these data allows us to conclude that, during the beet processing, 
the most sensitive color-parametric characteristic is brightness. In this case, the 
coefficient of multiple correlation is 0,978, with the reliability of 0,95. Based on the 
conducted regression analysis, the form of mathematical model, which describes the 
change of color-parametric characteristics in the processing of beet, was determined: 
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4.2. Transformation of the color of apples, cherries and plums  

and determination of the ways for its stabilization 
The apples of the Antonivka variety, the Lyubskaya cherry variety and the 

Ugorka variety are the most common varieties in the eastern regions of Ukraine, 
which are used for the production of the assortment of products (mashed potatoes, 
pastes, jams, etc.). To determine the substances of pigment complex from the selected 
samples, aqueous-alcoholic extracts and absorption spectra were removed in the UV- 
and visible sectors, since the polyphenol complex also contained colorless substances 
absorbing light only in the UV range. The resulting spectra are presented in fig. 4.1, 4.2.  
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Fig. 4.1. Light absorption of water-alcohol extracts of polyphenol complex from fruits:  

apples (1), cherries (2), plums (3) 
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Fig. 4.2. Light absorption of hexane extracts of chlorophylls from fruits: plums (1), apples (2) 

 

Experimental samples of apples do not have red hues of coloring; therefore, 

there are no suitable absorption bands in a visible sector of the spectrum. At the same 

time, intensive absorption in the UV range indicates the presence of colorless 

compounds – catechins and leucoanthocyanins (280 nm) and flavonols (330 nm). 

Unlike apples, cherries and plums are colored. These anthocyanins give the fruits 

various tints of red color. Appearance of the spectrum of the absorption band 

500…550 nm in the visible sector confirms the fact. 

Absorption at 280 nm makes it possible to speak about the presence of 

catechins and leucoanthocyanins, both in cherries and plums. According to the 

absorption spectra, it is possible to make the conclusion that the content of flavonols 

in cherries is much smaller than in apples and plums (330 nm). 

Analysis of water-alcohol and hexane extracts from fruit made it possible to 

determine quantitative composition of their pigments. The results of the investigation 

are presented in Table 4.3. 

Table 4.3 

Components of pigment complex of plant raw material, (n=5, P≥0,95) 

Content of substances of pigment complex, 10
-3 

% 
Antonivka 

variety apples 

Lyubska 

variety cherries 

Ugorka 

variety 

plums 

Anthocyanins  – 1183,5 1214,0 

Leucoanthocyanins 255,2 437,9 521,5 

Catechins  168,1 84,6 152,1 

Flavonols (in terms of quercetin) 9,4 29,7 62,6 

Chlorophylls  0,551 – 1,54 

 

 

1 

2 

λ, nm 

 Abs, relative units 
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Thus, leucoanthocyanins, catechins and flavonols are found in the obtained 

water-alcohol extracts from apples of the Antonivka variety. The content of 

chlorophylls found in hexane extracts from apples is insignificant in comparison with 

other substances. Basic components of the pigment complex of cherries of the 

Lyubskaya variety are identified: anthocyanins, catechins, flavonols, 

leucoanthocyanins. Chlorophylls are absent. Anthocyanins responsible for the color, 

leucoanthocyanins, catechins, and flavonols are identified in the obtained extracts 

from plums of the Ugorka variety. The total content of chlorophylls was 1,54×10
-3 

%. 

Analysis of processing technologies for apples, cherries and plums 

demonstrated that the main operations, forming the color of products after their 

processing, are crushing or pulling out of freestones, heat treatment, wiping (for 

purees, pastes, jams). 

All these operations destroy the polyphenol complex of fruits due to enzymatic 

and non-fermentative processes. To prevent the flow of the above processes, 

stabilizers of different nature are used. The methods of processing apples, cherries 

and plums, proposed by L.P. Malyuk can be the closest analogues in the objects of 

the research [161]. 

The monograph [161] presents the method for stabilizing polyphenolic 

complex of apples. It means maintaining fruits at the temperature of 10 °C in a 

solution containing 4...6 % citric acid and 0,5...1,0 % sodium chloride, within 20×60 s. 

Use of sodium chloride also negatively affects organoleptic characteristics of the 

finished product. Moreover, the temperature of 10 °C complicates manufacturing 

process, since additional equipment is required to support it. Use of citric acid at the 

concentration of 4...6 % is effective, though, firstly, not efficiently from the economic 

point of view, and secondly, so high concentrations affect organoleptic properties of 

the final product, and, thirdly, greatly reduces the content of flavonols (up to 70 %). 

In this regard, the task of our study is to improve the analogous method and, as a 

result, to create new, more advanced and universal way of stabilizing P-active 

complex of raw fruits. To exclude these problems, we chose potassium chloride. 

Potassium chloride in the solution is completely dissociated. Ions K
+
 and Сl¯ to 

the maximum permeate through plant membranes. Therefore, KCl closely approaches 

the location of the oxidized pigments and enzymes. Therefore, KCl should be an 

effective inhibitor of flavonoids oxidation. Addition of dry potassium chloride 

weakly stabilizes the content of flavonoids in the crushed raw material and its color 

in general, since dry powder is slowly dissolved and spread throughout the mass. 

Therefore, solutions of potassium chloride of different concentrations were selected 

for the maintenance of crushed samples of apples. 

A multivariate experiment was carried out to perform experimental research  

(table 4.4). The criterion for the efficient processing is the content of polyphenolic 

compounds in the samples. According to the data, potassium chloride significantly 

influences the preservation of leucoanthocyanins (up to 80 % of the original value), 

catechins (up to 86 % of the original value) and flavonols (up to 95 % of the original value). 

The concentration of KCl above 1,5 % in the solution is not feasible in terms of 

reagent outgoings. High concentration of citric acid leads to the oxidation of 
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leucoanthocyanins to anthocyanins with gradual formation of pink coloration of the 

samples, especially with an increase in temperature to 80 °C. Therefore, its optimal 

concentration in the solution should be within the range of 2,0...3,0 %. 

Long-term processing of apple samples (up to (30...40) × 60 s) by a stabilizing 

solution leads to the loss of substances of polyphenol complex, because they are well 

soluble in water. The loss is up to 50 % for leucoanthocyanins and flavonols, 35 % 

for catechins. As the temperature of the stabilizing solution increases, the proportion 

of all polyphenolic compounds in the samples reduces proportionally. Therefore, 

optimum temperature is 20 °C. 

To evaluate the influence of the processing method on preserving original color 

of the apple samples, measurements of color-parametric characteristics were 

performed (table 4.5). 

Analysis of the data in table 4.4 indicates correlation with the indicators of 

phenolic substances presented in the table. It is clear that destruction of phenolic 

substances changes the color of the samples and their color-parametric 

characteristics. 

 

Table 4.4 

Matrix of the experiment on identifying parameters of apples processing, (n=5, P≥0,95) 
 

Sample 

Factors of the parameters of processing Concentration 

Content 

of КСl 

Content of 

citric acid 
Temperature 

Duration 

of 

processing 

Leucoanthocya

nins 
Catechins  Flavonols 

% % ° С τ, ·60 s mg % mg % mg % 

1 0,5 3,0 20 20 240,2 145,7 9,40 

1,0 3,0 20 20 249,8 165,9 9,67 

1,5 3,0 20 20 232,5 160,2 9,22 

2,0 3,0 20 20 221,8 156,4 9,02 

2 1,0 1,0 20 20 144,1 180,5 6,15 

1,0 2,0 20 20 192,1 209,1 6,88 

1,0 3,0 20 20 249,8 165,9 9,67 

1,0 4,0 20 20 183,7 159,6 7,65 

3 1,0 3,0 20 20 249,8 165,9 9,67 

1,0 3,0 40 20 155,7 99,2 7,97 

1,0 3,0 60 20 161,2 125,9 7,34 

1,0 3,0 80 20 155,2 121,5 7,23 

4 1,0 3,0 20 10 172,9 142,5 7,61 

1,0 3,0 20 20 249,8 165,9 9,67 

1,0 3,0 20 30 156,4 147,8 7,79 

1,0 3,0 20 40 122,3 111,1 4,25 

Maintenance of apples in a stabilizing solution of potassium chloride and citric 

acid of a certain concentration leads to significantly lower losses, and color indicators 

are under control. 

The obtained data allowed to determine optimum parameters of processing of 

crushed apples by a stabilizing solution: potassium chloride concentration l,0 %, 

citric acid concentration – 2,0%, temperature of processing – 20 °C, time of 

processing – 20×60 s. 
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Table 4.5 

Influence of the parameters of apples processing on their color-parametric characteristics 

Samples 

Parameters of processing: Color-parametric characteristics:  

Visual color assessment 
Х1 Х2 Х3 Х4 Y1 Y2 Y3 

Citric acid 
concentration, 

% 

СКС1 in a 
solution, % 

Temperature of 
processing, t,°С 

Duration of 
processing,  
τ, ·60 s 

Dominating 
wavelength, 

λnm 

Color 
purity, Р, 

% 

Brightness, Т, 
% 

Raw apples (control) – – – – 515,0 17,3 36,6 White with cream tint 
 
 
 
 
 
 
 

Processed apples 
(sustained in a 

stabilizing mixture) 
 
 
 
 
 
 
 
 

2,0 1,0 20 10 555,0 29,8 37,4 Yellowish-green 
2,0 1,0 20 20 521,0 12,6 34,3 White with greenish tint 
2,0 1,0 20 30 518,0 24,3 46,9 White with greenish tint 
2,0 1,0 20 40 529,0 28,8 47,6 White with a tint 
1,0 1,0 20 20 563,0 19,7 37,2 Yellow-green 
2,0 1,0 20 20 521,0 12,6 34,3 White with greenish tint 
3,0 1,0 20 20 555,0 12,3 46,4 Greenish-yellow 
4,0 1,0 20 20 517,0 47,0 47,1 White with greenish tint 
2,0 0,5 20 20 574,0 53,5 35,8 Greenish-yellow 
2,0 1,0 20 20 521,0 12,6 34,3 White with greenish tint 
2,0 1,5 20 20 558,0 23,0 37,2 Yellowish-green 
2,0 2,0 20 20 572,0 69,4 46,4 Greenish-yellow 
2,0 1,0 10 20 574,0 28,9 47,6 Greenish-yellow 
2,0 1,0 15 20 570,0 23,2 36,5 Greenish-yellow 
2,0 1,0 20 20 521,0 12,6 34,3 White with greenish tint 

2,0 1,0 25 20 571,0 19,1 36,5 Greenish-yellow 
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To compare processing efficiency of apples with the analogue method and the 
proposed method, the following experiment was conducted. The crushed apples were 
kept for 20×60 seconds in these solutions. Then the solutions were poured out and raw 
material was kept in the air for three hours. After that, the content of polyphenolic 
substances in the apples was determined. The results are presented in table 4.6. 

The results of the research indicate that the proposed method is practically 
twice as effective as stabilizing leucoanthocyanins and catechins, and is 10 times 
more effective than stabilization of flavonols. 

To stabilize cherries and plums, potassium chloride was used in various 
proportions to the mass of fruits. The choice of dry КС1 was used because KCl salt 
belongs to neutral salts, well soluble in water and cellular fluid. When dissolved, this 
salt completely dissociates on K

+
 and Сl

-
, possesses high mobility and penetrating 

ability, which allows it to accumulate in plant material and prevent oxidation of 
flavonoids by oxidation-reducing enzymes. 

Influence of the concentration, temperature and duration of processing on the 
stabilization of the components of polyphenol complex of cherries and plums was 
determined. The criterion of processing efficiency is the content of flavonoids in the 
samples. The results of the processes research are presented in table 4.7, figures 4.3 
and 4.4. The experiments demonstrated that addition of potassium chloride salt 
positively affects the storage of the main substances of polyphenolic complex of 
cherries and plums. The best result was observed when KCl was added to a fruit 
weight of 1,5  and 2 %. Use of small concentrations of KCl in the dry state (less than 
1,5 % by weight of the product) does not allow the powder evenly distribute in the 
volume of plant material, which leads to low efficiency of such processing. Higher 
concentrations of KCl (more than 3 %) negatively influence the content of 
leucoanthocyanins and taste properties of the finished product. Exposure (20...30)×60 s 
at 20 °C allows to stabilize the process at the expense of better penetration of ions 
into plant material. The increase in temperature leads to high activity of oxidation-
reducing enzymes, since their greatest activity is in the temperature range of 35...50 °С. 

It is undesirable to withstand raw material for more than 30×60 s because it leads 
to the intensified juice separation, which is not always convenient (for further use). 
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Fig. 4.3. Influence of temperature treatment on the content of anthocyanins (a), 

leucoanthocyanins (b), catechins (c) in plums at potassium chloride concentration of 1,5 %, 

processing time – 30×60 s 
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Fig. 4.4. Dependence of the content of anthocyanins (a), leukoanthocyanins (b), catechins (c) 

in plums on potassium chloride concentration at 20 °C, processing time – 20×60 s 

 

Table 4.7 

Content of flavonoids in cherry samples, depending on the concentration of 

potassium chloride and temperature, (n=5, P≥0,95) 

КСl 

concentration 

Temperature 

of processing, 

°С 

Content of flavonoids in cherry samples, mg % 

Anthocyanins  Leucoanthocyanins Catechins Flavonols  

Control 20 1183,5 437,9 84,6 29,7 

1,5 % 20 1084,1 348,2 59,7 26,0 

2,0 % 20 1174,4 412,8 75,5 28,6 

Control  80 717,9 75,4 21,5 21,0 

1,5 % 80 714,4 78,9 17,9 23,1 

2,0 % 80 922,6 226,2 57,4 26,5 

 

To evaluate the impact of the method of processing on the conservation of the 

original color of the samples of cherries and plums, spectral reflection coefficients were 

measured and color characteristics were determined (tables 4.8, 4.9). Analysis of the 

data in the tables indicates that the color of the samples corresponds to the color tone of 

radiation exactly of the part of spectrum where the object mostly reflects light 

(wavelength 580...690 nm). Spectral characteristics of the stabilized mix of the samples 

of cherry and plum slightly differ from the control. Dominant wavelength rises by 20 nm 

compared to control. The cleanliness of the tone in cherries is 56,29 % (control –  

60,45 %), in plums – 86,2 % (control – 85,1 %). The brightness of cherries and plums is 

slightly lower than that of control (approximately 3...6 %). At the same time, brightness 

of unprocessed samples is 19 % lower than control, and purity of the tone reduces by 

15...20 %. 

Thus, the obtained data allowed to establish rational parameters for processing of 

cherries and plums: 2,0 % KCl to fruit weight, processing temperature – 20 °С, 

processing time – 20×60 s. 

Regression analysis of the data presented in tables 4.5, 4.8 and 4.9 is carried out. 

Correlation field for dimensionless colorimetric characteristics of the processed 

apples was constructed with the account of the following parameters: purity of color 

Y*2 r = 0,954; brightness Y*3 r = 0,879; the dominant wavelength Y*1 r = 0,784. 
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Correlation field for dimensionless colorimetric characteristics of the processed 

cherries was constructed with the account of the following parameters: the dominant 

wavelength Y*1 r = 0,99; color purity Y*2 r = 0,714; brightness Y*3 r = 0,451. 

Correlation field for dimensionless colorimetric characteristics of the processed 

plums was constructed with the account of the following parameters: the dominant 

wavelength Y*1 r = 0,998; purity of color Y*2 r = 0,932; brightness Y*3 r = 0,931. 

Analysis of correlation fields’ data allows us make a conclusion that the most 

sensitive indicator to the influence of processing factors for apples is the purity of 

color (correlation coefficient r = 0,954); and for cherries and plums it is the dominant 

wavelength (r = 0,99). Statistical significance exceeds critical r-distribution with a 

reliability of 0,95. 

Based on the performed regression analysis, the form of mathematical models 

describing changes in color-parametric characteristics during processing was 

determined: 

apples 
2

4

2

2

2

142

15

10
3,22

3

1
,2083

30

10
1,617

15

10
3,014-0,055

17,29

17,29







 −
+







 −
+







 −
+

−
=

− XXXXY ;         (4.2) 

cherry 
2

3

2

2311

30

10
0,224

30

10
0,201

30

10
0,153

2

1
0,0530,004

581

581







 −
+







 −
+

−
−

−
+−=

− XXXXY ;         (4.3) 

plum 
2

2

2

13211

30

10
0,084

2

1
0,032

30

10
0,022

30

10
0,203

2

1
0,0320,04

596,3

596,3







 −
−







 −
−

−
+

−
+

−
+−=

− XXXXXY . (4.4) 

 

In these formulas the dimensions of color-parametric characteristics are as 

shown in tables 4.5, 4.8 and 4.9. 
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Table 4.8 

Influence of the parameters of cherry processing on its color-parametric characteristics 

Samples  

Parameters of processing: Color-parametric characteristics: 

Visual color assessment 

Х1 Х2 Х3 Y1 Y2 Y3 

СКС1 to the 
mass of 
fruits, % 

Temperature of 
processing,  

t, °С 

Duration of 
processing,  
τ, ·60 s 

Dominating 
wavelength, λnm 

Color purity,  
Р, % 

Brightness,  
Т, % 

Raw cherry 
(control) 

– – – 581,0 60,5 44,9 Saturated, bright-red 

Processed cherry 
(sustained in a 

stabilizing 
mixture) 

 

1,0 20 20 561,0 24,5 44,6 Dark red 

1,5 20 20 594,0 9,4 28,0 Dark red 
2,0 20 20 596,0 86,3 39,0 Saturated, red 
3,0 20 20 596,0 65,7 39,5 Saturated, red 

2,0 10 20 592,0 58,2 47,4 Red  
2,0 20 20 596,0 86,3 39,0 Saturated, red 

2,0 30 20 624,0 35,2 45,1 Red with brown tint 
2,0 40 20 700,0 23,3 31,2 Dark brown 
2,0 20 10 605,0 20,0 39,5 Red with brown tint 

2,0 20 20 596,0 86,3 39,0 Saturated, red 
2,0 20 30 599,0 39,5 77,5 Red with brown tint 

2,0 20 40 650,0 56,3 29,5 
Dark brown, with brown 

tint 

7
0
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Table 4.9 

Influence of the parameters of plum processing on its color-parametric characteristics 

Samples  

Parameters of processing: Color-parametric characteristics: 

Visual color assessment 
Х1 Х2 Х3 Y1 Y2 Y3 

СКС1 to the 
mass of 
fruits, % 

Temperature of 
processing,  

t, °С 

Duration of 
processing,  
τ, ·60 s 

Dominating 
wavelength, λnm 

Color purity,  
Р, % 

Brightness,  
Т, % 

Raw plums 
(control) 

– – – 596 85,1 37,8 Saturated, red-violet 

Processed 
plums 

(sustained in a 
stabilizing 
mixture) 

 

1,0 20 20 611 54,6 35,7 Dark red 

1,5 20 20 617 79,9 34,5 Dark red 

2,0 20 20 616 86,2 34,8 Saturated, dark red 

3,0 20 20 612 66,9 35,1 Saturated, dark red 

2,0 10 20 583 63,5 41,6 Red  

2,0 20 20 616 86,2 34,8 Saturated, dark red 

2,0 30 20 642 58,2 29,7 Dark red 

2,0 40 20 652 30,9 35,3 Dark red with brown tint 

2,0 20 10 611 70,0 35,1 Dark red 

2,0 20 20 616 86,2 34,8 Saturated, dark red 

2,0 20 30 620 66,2 30,2 Saturated, dark red 

2,0 20 40 625 64,0 32,7 Saturated, dark red 

 

7
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SECTION 5 

EFFICIENCY OF THE DEVELOPED METHODS  

OF RAW MATERIALS PROCESSING 

 

Analysis of the literature concerning the processing of plant raw materials 

[162-167] showed that the authors aim, mainly, to obtain new products for the 

expansion of the assortment, but no source touches on the important issue – the 

removal of contaminants. In this regard, the search for affordable and cost-effective 

ways for contaminants removal from raw materials is an important hygienic task. 

The methods developed for the stabilization of vegetable pigments are likely to 

reduce the content of contaminants in it. To confirm this assumption, we conducted 

the following investigations. Raw materials used in experiments, namely carrot 

"Nantskaya Kharkiv" variety, pumpkin "Khutoryanka", Crimson beet, Tomato 

"Master", "Petiole" Rhubarb, Malachite gooseberry were selected as the objects of 

the research. All these varieties are accumulators of contaminants. In the following 

experiments, two controls were selected: the first – unprocessed raw material, the 

second – boiled, blanched or sustained in water. The third sample is vegetables 

processed by the suggested methods. The results of the research are shown in the 

table 5.1. 

Analysis of the results of the research suggests that the proposed methods of 

processing raw materials reduce the level of contaminants in it more efficiently than 

the traditional methods used in modern technologies of processing fruits and 

vegetables. Therefore, if during traditional processing the content of nitrates in 

vegetables reduces by 14,3...43,7 %, processing by the proposed methods – by 

34,0...75,5%. Dynamics of the content decrease in other contaminants are the same: 

zinc – 32,3% (in the traditional way) versus 80 % (in the proposed method), copper – 

28,6 % vs. 66,7%, cadmium – 40 % vs. 67,9 %, lead – 20 % vs. 40 %, strontium –  

29 % vs. 54,4 %, cesium – 41,5 % versus 66 %. The proposed methods of raw 

materials processing allow to reduce the content of contaminants in it 2...3 times 

more efficiently than traditional, and which is most important – they can bring their 

level to the values significantly lower than the maximum permissible concentrations. 

The following can be the explanation. 

In fact, boiling (or blanching) is a hot extraction of various substances from the 

cell. At the same time, both water as a strong solvent, and increased temperatures 

lead to the destruction of intermolecular bonds, cell micro fibrils, cellular structure of 

the middle plate, membranes, and thermoplastic vacuoles, releasing structures firmly 

bound in the structures of the substance. 

Addition of citric and lactic acids causes a decrease in the extractant pH, which 

increases the degree of extraction. Increased acidity contributes to maceration, 

increases solubility of the number of substances. In addition, acids can form 

complexonates (chelates) with a number of ions (including toxic ones) thus binding 

them from cellular structures in the form of salts [168]. 
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Table 5.1 

 Degree of contaminants removal from plant raw materials under the influence of traditional and proposed methods, (n=5, P≥0,95) 

Sample  

Nitrates Salts of heavy metals Radionuclides  

mg/kg 
% 

losses 

Zink  Copper  Cadmium  Lead  
90

Sr 
137

Cs 

mg/kg 
% 

losses 
mg/kg 

% 

losses 
mg/kg 

% 

losses 
mg/kg 

% 

losses 
Bk/kg 

% 
losses  

Бк/kg 
% 

losses 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

Carrot "Nantskaya 
Kharkiv" variety 
Kharkivska, maximum 
permissible concentrations 250 –         20 – 40 – 

Raw material 292  4,08  0,41  0,075 – 0,042 – 15 – 19,1 – 

Traditionally boiled 250,2 14,3 2,76 32,3 0,37 7,7 0,05 33,3 0,034 20 14,6 2,7 17,2 9,1 

New method of boiling 122,9 57,9 1,38 66,1 0,24 41,1 0,028 63,3 0,025 40 8,4 43,8 11,1 41,7 

pumpkin "Khutoryanka" 

maximum permissible 

concentrations 200 – 10,0 – 5,0 – 0,03 – 0,5 – 20,0 – 40 – 

Raw material 387 – 4,6 – 1,68 – 0,014 – 0,37 – 6,8 – 17,5 – 

Traditionally boiled 237,6 29,3 3,5 23,2 1,56 2,3 0,008 40,0 0,34 8,3 5,7 15,5 14,5 17,4 

New method of boiling 134,7 65,2 1,8 59,9 0,97 39,1 0,004 67,9 0,26 29,2 3,1 54,4 8,5 51,2 

Crimson beet, maximum 

permissible concentrations 1400 – 10,0 – 5,0 – 0,03 – 0,5 – 20,0 – 40,0 – 

Raw material 2701,0 – 1,5 – 4,2 – 0,071 – 0,37 – 3,1 – 5,3 – 

Traditionally boiled 1522 43,7 1,3 13,3 3,0 28,6 0,063 11,3 0,33 10,8 2,2 29,0 3,1 41,5 

New method of boiling 662,0 75,5 0,3 80,0 1,4 66,7 0,025 64,8 0,23 37,8 1,7 45,2 1,8 66,0 

Tomato "Master" maximum 

permissible concentrations 150 – 10,0 – 5,0 – 0,030 – 0,50 – 20,0 – 40,0 – 

Raw material 18,1 – 0,6 – 0,8 – 0,040 – 0,08 – 2,8 – 3,2 – 

Traditional blanching 14,4 20,6 0,5 22,0 0,78 1,9 0,030 30,6 0,07 6,6 2,7 2,0 2,9 9,6 
New method of blanching 10,9 40,0 0,3 45,0 0,59 26,6 0,016 60,3 0,06 25,8 1,4 50,5 1,6 49,7 

 

7
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 Continued table 5.1 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

"Petiole" Rhubarb, maximum 

permissible concentrations 2000,0 
– 

10,0 
– 

5,0 
– 

0,03 
– 

0,50 
– 

20,0 
– 

40,0 
– 

 raw material 1359,0 – 5,4 – 5,1 – 0,077 – 0,63 – 8,7 – 16,2 – 

Sustained in water 1060,0 22 4,5 16,7 5,0 2,0 0,060 22,1 0,55 12,7 7,4 14,5 14,0 13,0 

Sustained in the solution of 

salts 
898,0 34 3,2 40,7 4,5 11,8 0,030 61,0 0,44 30,2 6,9 21,0 10,0 38,0 

"Malachite" gooseberry, 

maximum permissible 

concentrations 

– – 10 – 5,0 – 0,030 – 0,50 – 10,0 – 70 – 

Raw material – – 3,3 – 0,34 – 0,038 – 0,22 – 9,0 – 16,8 – 

Sustained in water – – 3,0 9,0 0,31 8,8 0,035 7,9 0,20 9,0 8,2 8,9 15,6 7,1 

Sustained in the solution of salt – – 2,3 30,3 0,25 26,5 0,030 21,1 0,19 13,6 6,1 32,2 12,1 28,0 

 

7
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Addition of antioxidants to the solutions also contributes to the reduction of 

contaminants by blocking oxidation processes. 

One of the major factors in reducing the content of contaminants is crushing. 

The smaller is the stack of vegetables, the greater is the degree of the extractant 

reach to the substances accumulated in the intermolecular and interfibrillary space of 

the cell wall, as well as in the membranes and vacuoles. Maceration (that is, 

destruction of medial plates) can occur in the process of cooking during more 

complete crushing, in the result of which the particles of the tissue can be dissected 

even on separate cells. This ensures the maximum possible removal of substances 

from the cell. Different salts also influence the degree of contaminants extraction 

from plant material. According to our research, the best effect is with magnesium 

chloride and potassium. This is probably due to the fact that under the action of salts 

cellular balance can contravene (an increase in salt concentration leads to the increase 

in osmotic pressure in epidermis) and epidermis loses its supportive capacity for 

contaminants to a greater extent than parenchyma. 

Thus, the developed methods of processing plant raw materials due to 

scientifically chosen factors allow reducing the level of contaminants in the 

experimental raw materials up to 80 %. This is especially valuable because these 

methods allow simultaneously stabilize the pigment complex of vegetables and their 

color. In addition, due to the processing by the proposed methods, vegetables are 

enriched with natural antioxidants from medical and technical raw materials, which in 

the future, in the production of mashed potatoes, pastes and other products will 

provide them with therapeutic and prophylactic properties. 

In the process of data comparison, when the same method is used for 

processing different cultures, we have established the specificity of the contaminants 

erosion. Therefore, nitrates, strontium and cesium are easily removed from carrots, 

and from the pumpkin copper and lead are removed faster. 

Probably, the withdrawal of contaminants in a greater degree will pass in 

carrots from the crust, than from the central cylinder, and the pumpkin - with 

mesocarpia than with ezocarpia. Carrot root skin, as well as mesocarpus of pumpkin, 

are stocking tissues, cell membranes of which contain less cellulose microfiber. They 

are stiff to a lesser extent. Therefore, they with less strength hold accumulated 

contaminants and the penetration of extra granular into them is higher. 

Copper and lead are washed away from the rhubarb faster than from 

gooseberry. Zinc, strontium and cesium are more easily removed from gooseberry. 

This is closely connected to the peculiarities of the cuticle structure of gooseberry 

skin, which, in addition to cutins and hemicelluloses, includes wax forming wax 

plaque that well holds radioactive particles from the air. In this way, radionuclides, 

mostly found on the surface of fruits, are easily washed off when sustained in the 

solution of salts. 

Based on the data analysis (table 5.1), it is possible to make the conclusion that 

the strength of metals junction to the cell surface is not equivalent for various ions. 

So, 30,3...80 % of zinc can be washed from vegetables, copper – 11,8...66,7 %, 

cadmium – 21,1...67,9 %, lead – 13,6...40 %, strontium – 21,0...54,4 %, cesium – 

28,0...66 %. In the binding of ions to the cell wall, the following strength range can 
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be noticed: lead>strontium>cesium>copper>cadmium>zinc. The strength of metal 

bonding with the cellular shell obviously depends on the type of bond. Metals can 

bind to the cell wall due to covalent bonds of free carboxylic and amino groups. In 

addition, they can interact with ionic bonds with carboxyl and sulfhydryl groups of 

proteins, which are part of the cell membrane. 

It is worth noting that nitrates are the most washed out contaminants. At the 

same time, their reduction in vegetables associates not only with washing, but also 

with the inactivation of enzymes that contribute to their restoration in nitrites. 

Moreover, the presence of antioxidants in solutions delays oxidation of nitrates in 

nitrosamines. 

In addition to the experiments listed above, we have also carried out research 

that allows us to assess the impact of the proposed methods of vegetables processing 

on the reduction of content of such hazardous substances as pesticides in them. 

It is known that cover tissues of fruits and vegetables are certain barriers to the 

penetration of pesticides inside the fruit. Their structure and composition provide 

natural protection of the inner part, the pulp of fruits and vegetables. Laid on the 

surface, pesticides more effectively perform protective function in relation to various 

diseases of plants and at the same time, they are exposed to more intensive influence 

of light, moisture, air oxygen, microorganisms – factors that accelerate 

decomposition of active substances. 

The residues of pesticides contained in vegetables are subjected to constant 

oxidation, hydrolysis and catalytic action of plant enzymes, resulting in their natural 

decomposition. Yet, despite the existing natural factors, vegetable crops can contain 

pesticide residues. It should be noted that the impact of various types of food 

processing on pesticides has not yet been sufficiently studied. 

Determination of residual quantities of pesticides was carried out in the 

samples of fresh carrots and pumpkin and after processing (washing, cleaning, 

grinding, cooking in broth of medicinal and technical raw materials with the addition 

of citric acid). 

Table 5.2 presents the obtained experimental values of the content of the 

specified pesticides. 

Chromatograms of experimental samples are shown in fig. 5.1–5.2. 
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Table 5.2 

Content of residual quantities of pesticides, (n=5, P≥0,95) 
Names of pesticides Content of pesticides in carrot, mg/kg Content of pesticides in pumpkin, 

mg/kg 

maximum 
permissible 

concentrations 

Fresh 
carrot 

After 
processing 

maximum 
permissible 

concentrations 

Fresh 
pumpkin 

After 
processing 

Hexachlorocyclohexane 
HCCH (a mixture of 

stereoisomers) 0,5 0,002 0,0002 0,5 0,0001 <0,0001 

α – HCCH  <0,0005 0,0001  – – 
β – HCCH  0,001 0,0001  0,0001 – 
γ – HCCH  0,001 –  – – 

DDT (amount of 
metabolites) 0,1 0,004 – 0,1 0,0003 – 

DDD  0,002 –  – – 

DDE  0,001 –  0,0003 – 
DDT  0,001 –  – – 

Prometrin no studies 
were 

conducted – – no studies were conducted 

Decis  no studies were conducted 0,1 – – 

 

Analysis of the results of the research shows that carrot is more polluted with 

pesticides, but their number corresponds to the maximum allowable level, which is 

officially established as safe [169; 170]. 

The content of HCCH in the processed carrots and pumpkin decreased by an 

order of magnitude, DDT after treatment was not detected. 

Thus, the performed research demonstrated that it is possible to reduce the 

content of contaminants in fruits and vegetables using the following: 

– purification, because a significant amount of contaminants is concentrated in 

the covering tissues of vegetables; according to our research, when peeling 

vegetables, cadmium content decreased by 10...15 %, lead by 15...25 %, copper by 

10...20 %, zinc by 10...15 %, nitrates by 5...15 %, radioactive cesium and strontium – 

10...15 %; 

– processing by the types of plant raw materials by the proposed methods 

reduces the content of nitrates and salts of zinc in vegetables by 80 %, copper and 

cadmium salts – by 70 %, lead salts – by 40 %, radioactive strontium and cesium – by 

54 % and 66 %, respectively . 

Such treatment will allow the level of contaminants in fruits and vegetables to 

be brought to the values significantly lower than the maximum permissible 

concentrations. This is extremely important for vegetable varieties – accumulators of 

contaminants. 
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а) 
 

а) 

Fig. 5.1. Chromatograms of pesticides, eliminated from fresh (a) and processed carrot (b) Fig. 5.2. Chromatograms of pesticides, eliminated from fresh (a) and 

processed pumpkin (b) 

b) b) 
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CONCLUSIONS 

The analysis of literary sources made it possible to establish that the color of 

the fruit and vegetable raw material is due to the substances of the pigment complex, 

which includes plastidic pigments (chlorophyll and carotenoids) and nonplastic 

polyphenols, which during transformation are transformed under the influence of 

light, pH of the medium, high temperatures, and oxygen. It is shown that the 

development of new methods for preventing destruction of the natural color of plant 

material is an urgent problem. 

Chromatographic and spectrophotometric investigations helped us determine 

the qualitative and quantitative composition of pigment complex of carrots, pumpkins 

and tomatoes of botanical varieties that are common in Ukraine. It is found that the 

total content of carotenoids in pumpkin varieties is (2,3...158) × 10
-3 

%, in carrot 

varieties – (10,0...20,6) × 10
-3 

%, in tomato varieties – (4,5...13,8) × 10
-3 

%. It is 

shown that pumpkin contains a significant amount of α-carotene (74,6...79,2 % of the 

total carotenoid content), carbohydrates contain high levels of β-carotene  

(70,8...74,2 %), and lycopene in tomatoes (20,7...68,7 %) and β-carotene  

(28,9...81,9 %). The pigment complex of pumpkin and carrots is also represented by 

xanthophylls (0,3...3,3 × 10
-3 

%), and tomatoes are chlorophylls (1,2...20,6 × 10
-3

 %). 

The logical influence of the species of culture and botanical variety on qualitative and 

quantitative composition of the pigment complex of vegetables is determined. 

Specification of the antioxidant complex of the leaves of cherry and black 

currant is experimentally obtained. It is determined that their antioxidant activity is 

86,1...87,5 %, which is equal to the activity of standard antioxidants. The mechanism 

of antioxidant action of medicinal and technical raw materials on carotenoid complex 

of vegetables is identified. It means that cyclohexene carotenoid rings do not 

participate in the oxidation process in the presence of antioxidants, the bathochromic 

displacement of the main absorption band does not occur. The process of oxidation is 

limited only by the attack of chromophore dual connection, as evidenced by the 

decrease in the intensity of the main absorption band. However, in the presence of 

antioxidants this process is strongly inhibited. It is also shown that citric acid 

enhances antioxidant effect of plants and can be recommended for the increase of 

stabilizing effect of natural antioxidants. 

The parameters for processing pumpkin, carrots and tomatoes in order to 

stabilize the pigment complex of vegetables and their colors are experimentally 

selected. The following method for stabilizing carrots and pumpkin is offered: 

cooking vegetables, crushed with cubes with a face size of 10 mm, 1,0 % decoction 

of leaves of blackcurrant, cherries or peppermint, or balm with the addition of 0,1 % 

citric acid. The following method was chosen for tomatoes: blanching at a 

temperature of 95 °C in a briar decoction of 4 % concentration for 20×60 s. It is 

established that the proposed methods preserve the pigment complex of vegetables by 

90...95 %, and their color characteristics are at the level of color characteristics of 

raw materials. 

The characteristic of pigment complex of rhubarb and gooseberry of various 

varieties common in Ukraine is given. It is established that the main components that 
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determine the color of these products are chlorophylls, the total content of which for 

different varieties of rhubarb is (3,7-4,5) × 10
-3 

%, for gooseberries (3,5-4,3) × 10
-3 

%. 

Derivatives of chlorophylls in the analysis of pigment extracts in measured quantities 

have not been detected. The colorants of carotenoid (carotene and xanthophylls) and 

polyphenol complex (catechins, leucoanthocyanins, flavonols) of rhubarb and 

gooseberry are masked with higher chlorophyll content and therefore cannot 

significantly affect the color of the raw material. The results of the research indicate 

the genetic specificity of the content of pigments in rhubarb and gooseberry and make 

it possible to assess their biological value. 

Comprehensive spectroscopic studies of light absorption and diffuse reflection 

of rhubarb and gooseberry extracts allowed to determine optimal parameters of their 

processing for the stabilization of pigment complex and the color of raw material. It 

is shown that the processing of gooseberries and rhubarb starches by stabilizing 

solution of salts of MgCI2 and KCI with a mass fraction of 0,25 % and 2 %, 

respectively, for 30 minutes at a temperature of 20 °C, positively affects the content 

of pigments and stability of the color of raw material after heat treatment. 

Varietal specificity of the content of phenolic compounds in beets is 

determined. It is determined that phenolic compounds of beet are represented by 

anthocyanins ((218,4...607,8) × 10
-3 

%), catechins ((42...99) × 10
-3 

%), flavonol 

glycosides ((200...243)
-3 

%), oxyric acids ((11...39) × 10
-3 

%) and tannins  

((346...769) × 10
-3 

%). 

The parameters of beet processing are obtained for its color stabilization. It is 

proved that the best color indexes are samples of beet cooked in finely divided form 

(15 × 10
-3

 m faces) in a mixture of milk whey and citric acid (pH 3,6) containing 1 % 

of balm for 20 minutes. This treatment allows you to save betanin by 91...95 %, and 

color characteristics are stabilized at the level of color characteristics of raw beetroot. 

Transformation of the phenolic complex and the color of apples, cherries and 

plums under the influence of the following factors are highlighted: temperature, 

processing time, tread content (citric acid or potassium chloride, or mixtures thereof 

in the solution). Optimum parameters of the processing of crushed apples are 

determined by stabilizing solution: concentration of potassium chloride 1 %, citric 

acid – 2 %, temperature of the solution – 20 °С, processing time – 20 minutes. The 

parameters of cherry and plum processing are also obtained: 2 % of potassium 

chloride to fruit weight, processing temperature – 20 °С, duration – 20 × 60 s. 

Technological processing clearly affects the color characteristics of fruits and 

vegetables, deviations of the values of the dominant wavelength, purity of color and 

brightness from their value for unprocessed fruits. The coefficient of the multiple 

correlation of the influence of three – five technological factors is r = 0,826...0,998. 

It is shown that for various fruits and vegetables and the type of technological 

treatment, various color parameter parameters should be used as indicators of quality: 

for rhubarb, pumpkin, carrots, gooseberries, cherries, plums the most sensitive 

indicator to the influence of technological factors is the dominant wavelength; for 

apples and tomatoes, the purity of color, for beetroot – brightness. 
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The form of mathematical quality models of describing changes in color 

parameters of fruit processing: rhubarb, pumpkin, carrots, gooseberries, tomatoes, 

beetroot, cherries, plums, apples, by which one can notice changes in color at certain 

changes in the technological process. With the use of these models, automation of 

control of the technological process is possible. In this case, the color-parameter 

characteristics are critical points for controlling the quality of the product. 

The efficiency of the proposed methods of processing plant raw materials for 

reducing the content of contaminants in it is proved. It is shown that using these 

methods, the content of zinc nitrates and salts in vegetables is reduced by 80%, 

copper and cadmium salts – by 70 %, lead salts – by 40 %, radioactive strontium and 

cesium – by 54 % and 66 %, respectively. The content of HCCH in carrots and 

pumpkins processed under the specified methods is reduced by the order of 

magnitude, and DDT was not detected. This treatment allows us to bring the content 

of contaminants in fruits and vegetables to values that are significantly lower than the 

permissible concentrations, and to maintain the content of colorants and color at 

90...95 %. 
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