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Abstract
The aim of research is to develop a new method for the production of protein plant nanoadditives from dry chickpea in the 

form of nanopowders and nanopastes using the processes of steam thermo-mechanical destruction, leading to a high degree of 
mechanical destruction of biopolymers in separate constituent monomers, without destroying the latter. The new method is based 
on the use as an innovation of a complex effect on raw materials of steam-thermal treatment in modern steam-thermal devices (at a 
temperature of +70 °C) and non-enzymatic catalysis, which occurs when using fine grinding.

The proposed method makes it possible to more fully reveal the biological potential of plant raw materials and transform 
hardly soluble, indigestible by the human body components of raw materials (in particular, cellulose, pectin substances, proteins and 
their nanocomplex and nanoassociates) into components that are easily absorbed by the body.

The method makes it possible to more completely remove from the raw materials inactive bound forms of individual mono-
mers of biopolymers, to reduce the molecular weight of biopolymers. At the same time, the efficiency of the resulting product in-
creases significantly when consumed by the human body.

New additives from chickpea are fundamentally different from traditional ones in properties and physicochemical state. 
The developed additives act simultaneously five in one: a source of essential amino acids and other biologically active substances, 
structure formers, gelling agents, thickeners and yellow dyes.

The obtained protein supplements from chickpeas in combination with herbal Nanoadditives (from pumpkin, carrots, lem-
ons, garlic, celery roots, ginger) were used as recipe components in the development of a new generation of confectionery products. 
The resulting confectionery products differ from the traditional ones in their low sugar and fat content (up to 5 %), high content of 
complete protein (from 13 to 20 %). In addition, 100 g of new products are able to satisfy the daily requirement for biologically active 
substances (β-carotene, phenolic compounds) and 0.5 daily requirement for vitamin C. The resulting products are natural, do not 
contain harmful impurities and exceed the quality of world analogues.

Keywords: chickpea processing, protein herbal supplements, health products, nanoadditives in powder form, cryopowders, 
confectionery.
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1. Introduction
Unbalanced nutrition and a deficiency in the diet of protein, vitamins, minerals and other 

biologically active substances have led to a decrease in the immunity of the population [1–3]. The 
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situation is aggravated by the general deterioration of the ecological state, as well as the use in the 
manufacture of products of a wide range of food additives and synthetic components that negatively 
affect health and lead to a decrease in immunity [4, 5].

A promising type of products that are popular with adults and children are different types of 
confectionery, especially waffles, cereals, biscuits. The traditional disadvantage of confectionery 
products is a high content of sugar (from 40 to 65 %), fat (from 25 to 35 %), the absence of BAS, 
and the presence of a significant amount of food additives in the composition.

It is possible to increase the immunity of the human body by using health-improving products 
with a high content of complete protein and plant biologically active substances (BAS) [4, 6, 7]. Among 
the BASs that help strengthen the immune system include: antioxidant vitamins (C, E), β-carotene [5], 
chlorophyll [7], low molecular weight phenolic compounds and polyphenols [6, 8], as well as essen-
tial oils, prebiotic substances, etc. [4, 7, 9]. These substances are found in large quantities in fruits and 
vegetables. Proteins occupy a special place in human nutrition, the role of which in human life is well 
known [1, 10]. Proteins cannot be eliminated or replaced with other components, since they perform a 
variety of functions [11–13].

The main source of complete protein in the manufacture of confectionery products are milk 
concentrates: skimmed milk powder (SMP), whey powder (WP), nuts (peanuts, walnuts, hazelnuts, 
hazelnuts, etc.), legumes (soybeans, peas, chickpeas, lentils). However, besides soybeans, other types 
of legumes have not yet found wide application as a source of protein in the confectionery and food 
concentrate industries [14–16].

Analysis of literature sources indicates that in international practice, chickpea flour is used to en-
rich various food products with protein [17, 18]. It is used to make gluten-free bread and spaghetti, infant 
formula for babies [18, 19], and functional health-improving meat and vegetable pates [20]. The advan-
tage of using chickpea flour as a source of protein compared to wheat and rice flour in food production 
is a low glycemic index [17]. In addition, chickpea flour has water and oil content, emulsifying and 
foaming properties that improve the texture of gluten-free bread and spaghetti [21, 22]. It has been estab-
lished that chickpea flour is not only a source of vegetable protein with a high content of lysine, leucine, 
arginine, as well as tannins and phenolic compounds. Chickpea flour exhibits high hydrocoloidal prop-
erties when forming the texture of various types of food products with high moisture content [21–23].  
For the manufacture of wafer confectionery, breakfast cereals, biscuits, etc., the mass fraction of mois-
ture of which is 1.5 %, chickpea flour with a traditional particle size (from 20 to 80 microns) is not 
used. The use is hindered by the absence in international practice of fundamentally new approaches, 
ideas, innovations, technological methods that allow obtaining high-quality finely dispersed additives 
from chickpeas with a high content of soluble biopolymers. The difficulties of using chickpea flour in 
the manufacture of fillings for wafer confectionery and dry breakfasts are associated with a significant 
content of hardly soluble components in the flour – biopolymers that do not dissolve in the fatty base 
of the filling. To increase the solubility of chickpea flour, the authors propose to use the method of 
deep processing of dried chickpea. The method is based on the complex effect on the raw material of 
steam-thermal treatment and fine grinding, leading to the mechanical destruction of a significant part of 
chickpea biopolymers into individual monomers, which are in nanosized form. The use of the proposed 
method of deep processing made it possible to obtain powders from chickpea with a particle size ten 
times smaller than that of traditional chickpea flour.

The obtained vegetable protein nanoadditives from chickpea together with additives in nanosized 
form from fruit and vegetable raw materials were used as recipe components in the development of a new 
generation of confectionery products. At the same time, additives from plant materials act as a source of 
protein, BAS fortifiers, structure-formers, and dyes. As recipe components were used: protein supple-
ment from chickpeas, multi-carotene supplement (from carrots, pumpkin), supplements from spicy veg-
etables (garlic, celery roots and ginger) and fruits (apples, lemons with zest). The use of additives from 
plant raw materials has made it possible to obtain a new generation of confectionery products that do not 
contain sugar (or contain an insignificant amount), are characterized by a low fat content, a high content 
of vegetable protein and essential amino acids. The resulting confectionery products in 100 g of the 
product contain a daily requirement for biologically active substances (β-carotene, phenolic compounds) 
and 0.5 daily requirements for ascorbic acid and do not contain any food additives harmful to health.
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The analysis of the literature data indicates that today the question remains unresolved why 
the use of powdered additives from legumes, in particular chickpeas, as prescription components of 
confectionery products leads to the production of products containing legume particles, which are felt 
by the consumer and have low marketable properties. In addition, there remains the issue of reducing 
the content of sugar and fats in confectionery wafer products due to the use of herbal additives. The 
method and technology for producing fine protein additives from chickpea have not been developed, 
and confectionery wafer products with a low sugar and fat content have not been developed.

The aim of the work is to develop a new method for the production of protein plant nanoaddi-
tives from chickpeas in the form of nanopowders and nanopastes with a high degree of mechanical 
destruction of biopolymers in their individual constituent monomers and, on their basis, to obtain 
confectionery health-improving wafer products. The new method is based on the use as an innova-
tion of a complex effect on chickpeas of steam-thermal treatment in modern steam-thermal devices 
at a temperature of 70 °C and non-enzymatic catalysis, which takes place during fine grinding, 
which makes it possible to obtain additives in nanosized form.

2. Materials and Methods
Scientific research was carried out at the Kharkiv State University of Food Technology and 

Trade (KSUFTT, Ukraine) at the Department of Food Technologies of Products from Fruit, Vege-
tables and Milk and Innovations in Health Nutrition. Experimental studies were carried out on the 
basis of the research laboratory “Innovative cryo and nanotechnologies of herbal supplements and 
health products” of the specified department.

The scientific research presented in the work is a continuation of the work “Creation and imple-
mentation of advanced technologies and effective equipment for obtaining new functional food prod-
ucts”, which in 2006 was awarded the State Prize of Ukraine in the field of science and technology.

Samples of dried chickpeas of varieties “Slobozhany”, “Urozhainy”, “Desi” and protein veg-
etable supplements obtained from them in the form of finely dispersed frozen pastes and powders 
were selected as raw materials for the development of a new method for the production of protein 
nanoadditives from dried chickpea. Let’s also use finely dispersed vegetable additives (from car-
rots, pumpkin, apples, lemons with zest, garlic, celery roots and ginger), obtained with the use of 
additives from chickpeas and herbal supplements, protein natural products (health confectionery, 
snacks like “Humus”, “Falafel”, Soups-puree, etc.) (Fig. 1).

– protein (by the content of total nitrogen in the test samples) – by the Kjeldahl

           a            b              c

– protein (by the content of total nitrogen in the test samples) – by the Kjeldahl

           d            e               f 

– protein (by the content of total nitrogen in the test samples) – by the Kjeldahl

           g            h              i 

Fig. 1. Protein natural products using nanoadditives from chickpeas and other natural plant impurities: 
a – fresh chickpeas; b – puree from chickpeas; c – nanopowder from chickpeas; d – puree soup from 
chickpeas; e – protein paste “Hummus”; f – falafel; g – waffles with salted filling using chickpeas;  

h – cereal concentrate; i – wafer rolls stuffed with chickpea
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Steam-thermal processing of dried chickpeas was carried out using modern Italian-made 
equipment – a UNOX combi oven of the XVC series. For fine grinding, a homogenizer-grinder 
made in France “Robot Coupe” was used, as well as an innovative food processor “ThermoMix” 
(France) [6].

The developed vegetable protein supplements and natural protein products obtained with 
their use to strengthen the immune system are recommended for implementation at large and small 
food industry enterprises, in restaurant business establishments.

3. Experiment procedures
In dried, steam-processed chickpeas, finely dispersed paste and nanopowder from it, the 

protein content, the content of amino acids in free and bound form, the content of fat, starch, dry 
matter, pectin, organic acids, and minerals were determined, in particular:

– protein (by the content of total nitrogen in the test samples) – by the Kjeldahl method;
– free and bound amino acids, chromatographic method followed by calculation of the peak 

area of each amino acid by the method of an external standard;
– starch, by the titrimetric method, which is based on the dissolution of starch in a solution 

of calcium chloride during heating, precipitation, oxidation with potassium dichromate and subse-
quent titrimetric determination;

– organic acids, by the titrimetric method, which is based on the neutralization of the acids 
contained in the product with a NaOH solution in the presence of phenolphthalein;

– dry substances, by drying the sample to constant weight.
In herbal supplements in the form of cryopowders (from carrots, pumpkin, garlic, celery and 

ginger roots, apples, lemons with zest), the quality was determined by the content of biologically 
active substances and prebiotic substances, in particular:

– β-carotene, by the Mouret colorimetric method after extracting carotene from the product 
with an organic solvent and purifying carotene from accompanying colored substances using col-
umn chromatography;

– L-ascorbic acid, by the method of visual and potentiometric titration with a solution of 
2,6-dichlorophenolindophenate Na;

– low molecular weight phenolic compounds (for rutin and chlorogenic acids separately), 
using the Folin-Denis colorimetric method in terms of rutin and separately for chlorogenic acid;

– polyphenolic compounds (by tannin), by a titrometric method based on the properties of 
polyphenolic compounds to oxidize in the presence of the indicator indigo carmine, the calculation 
of tannins was carried out in terms of tannin;

In the initial raw materials, the developed additives from vegetable raw materials and in the 
obtained protein products with their use, the selection of average samples, the content of dry matter, 
total sugar and pectin was determined in accordance with the current GOST.

When performing the work, the generally accepted standard and special research methods 
were used: physicochemical and biochemical. The processing of the results of experimental studies 
was carried out using the methods of mathematical processing using the computer programs Math-
Cad and Microsoft Excel.

4. Results
A new method for the production of protein health-improving plant nanoadditives from dry 

chickpea in the form of nanopowders and nanopastes with a high degree of parathermal mechanical 
destruction of biopolymers in their individual constituent monomers without destruction of the lat-
ter has been developed. The new method is based on the use of a complex effect on raw materials of 
steam-thermal processing of raw materials and non-enzymatic catalysis when using fine grinding. 
The proposed method makes it possible to more fully reveal the biological potential of raw mate-
rials and transform sparingly soluble (which are practically not assimilated by the human body) or 
generally non-pectoral components of raw materials (in particular, cellulose, pectin substances, 
protein and their nanocomplex and nanoassociates) into low-molecular components that are easily 
absorbed by the human body.
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It is shown that in the experimental samples of raw materials – dried chickpea, the protein 
content is 21.56 %. The mass fraction of amino acids that are bound in a protein molecule is about 
90 %, in a free state, respectively, about 10 %.

It has been established that the complex application of steam-thermal treatment and fine 
grinding in the processing of dried chickpea into fine puree and powder leads to the processes 
of steam-thermal destruction and mechanocracking (destruction) of protein molecules. There is a 
transformation of the amino acids of the chickpea protein from the bound form into a free easily 
digestible form. So in the resulting finely dispersed nanopowder and nanoparticle from chickpea, 
30...40 % of amino acids remained in a bound state, and 60...70 % in free form.

It is known that the size of amino acids ranges from 0.5 nm to 1.5 nm. That is, for the first 
time the effect of thermo-mechanical destruction and mechanolysis of chickpea protein molecules 
was discovered by 60 ... 70 % to individual monomers – free amino acids when obtaining finely 
dispersed puree and nanopowder.

It was also shown that in parallel there is a significant mechanical destruction and transfor-
mation of biopolymers of pectin, cellulose and starch into individual monomers (Table 1).

Table 1
The content of biopolymers in the protein plant nanoadditive from chickpea in comparison with the initial 
raw material and analogue

Indicator name Dried chickpeas (raw 
material)

Protein vegetable supplement with chick-
pea in the form of nanopowder

Chickpea powder 
(analog)

Protein, % 21.6…25.0 22.1…25.5 20.6…21.6
Associated amino acids, % 19.4…20.0 9.6…10.0 16.4…17.4

Free amino acids, % 2.1…2.5 12.0…12.5 3.6…4.2
Total pectin, % 2.7…3.5 2.8…3.5 2.9…3.3
Protopectin, % 1.9…2.5 0.5…0.8 0.7…0.9

Soluble pectin, % 0.8…1.0 2.3…2.7 2.2…2.4
Starch, % 41.8…43.2 25.1…26.1 35.2…36.1

Cellulose, % 2.8…3.0 1.4…1.5 8.2…9.0
Glucose, % 2.0…2.2 11.5…15.4 2.0…2.2

Total sugar, % 4.5…4.8 17.0…17.3 8.2…10.0
Dry matter, % 85.7…86.2 86.5…87.2 84.5…85.8

The study of the quality of finely dispersed puree and nanopowders from chickpea showed 
that biopolymers of protein, pectin and cellulose are 50...70 % in an easily soluble form – in the 
form of monomers of these biopolymers (Table 1).

Additives from chickpea in terms of dispersion and technological characteristics exceed the 
known analogues.

The obtained results of experimental studies became the basis for the development of a new 
method for obtaining protein plant nanoadditives from chickpea in the form of finely dispersed 
puree and nanopowder.

A new method of protein additives from dried chickpeas has been developed from tradi-
tional methods of obtaining powders and purees by using the complex action of steam thermal 
treatment and fine grinding. This makes it possible to obtain protein supplements from heat-treat-
ed chickpeas in nanoscale form with a particle size ten times smaller than traditional purees and 
powders. Rational parameters of a new method of deep processing of chickpea into finely dispersed 
purees and nanopowders from chickpea have been experimentally determined and scientifically 
substantiated, technological schemes have been developed, equipment has been selected for both 
large food production and restaurant business. When obtaining nanopowders, convection or freeze 
drying of chickpea puree was carried out to a moisture content of no more than 8 %. The new tech-
nology has been tested in production conditions by «KhPK» Ltd and «Lisova kazka» Ltd.

The obtained protein supplements from chickpeas in combination with herbal nanoadditives 
(from pumpkin, carrots, lemons with zest, garlic, celery roots, ginger) were used as recipe com-
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ponents in the development of a new generation of confectionery products, cereals, which help to 
strengthen the immune system. Protein confectionery health-improving products differ from the 
traditional ones in the absence or insignificant amount of sugar, low fat content (up to 5 %), high 
content of complete protein (from 13 to 20 %). In addition, 100 g of new products are able to satisfy 
the daily requirement for biologically active substances (β-carotene, phenolic compounds) and 0.5 
of the daily requirement for vitamin C. The resulting products are natural, do not contain harmful 
impurities and are superior in quality to world analogues. New types of confectionery products are 
unique in their chemical composition, natural products that are recommended for immunoprophy-
laxis of all segments of the population. The obtained additives are recommended for use as natural 
protein additives in the manufacture of a wide range of products for a healthy diet (various protein 
products: snacks such as “Humus”, “Falafel”, mashed soups, etc.).

Health-improving confectionery products have been tested in production conditions at the 
enterprises of Kharkov, in particular in «Lisova kazka» Ltd, «KhPK» Ltd, “Combine for baby 
food” UC, received a positive assessment and are waiting for their consumer and investor.

4. Conclusions
A new method for the production of health-improving plant nanoadditives from dried chick-

peas with a high degree of mechanodestruction of biopolymers (proteins, cellulose, pectin, starch) 
(by 60...70 %) in individual monomers in an easily digestible form has been proposed and devel-
oped. The new method includes the use as an innovation of the complex effect of the processes of 
steam thermal treatment on raw materials and fine grinding.

It has been established that the complex application of the processes of steam-thermal treat-
ment and fine grinding in the processing of dried chickpeas into finely dispersed puree and powder 
leads to mechanocracking of protein molecules and the transformation of amino acids from bound 
to a free easily digestible form.

It has also been shown that significant mechanical destruction and transformation of 
biopolymers of pectin, cellulose and starch into individual monomers occurs in parallel. A 
nanotechnology has been developed for obtaining protein vegetable supplements from chick-
peas in the form of finely dispersed puree and nanopowder. The latter differs from the tradi-
tional ones by the use of the complex action of steam-thermal treatment and fine grinding of 
chickpeas into nanosized forms (up to a particle size dozens of times smaller than in traditional 
purees and powders).

Formulations and technologies of a new generation of confectionery products (wafer con-
fectionery, biscuits, breakfast cereals) have been developed to strengthen the immunity of the 
population using protein supplements from chickpeas in nanosized form. At the same time, the 
obtained protein supplements act not only as carriers of high-grade protein in an easily digestible 
form, but also as substitutes for sugar, fat and play the role of structure and gelling agents for the 
texture of new types of confectionery. In addition to protein additives from chickpeas, additives 
from other types of plant raw materials have been introduced into the formulations of new types 
of confectionery products as prescription components. The additives were used as fortifiers with 
vitamin phytocomponents, such as: β-carotene, vitamin C, phenolic compounds, tannins, aromatic 
substances, and the like. It has been shown that new types of confectionery products are superior 
in protein content to known analogues, and in terms of β-carotene content of vitamin C, phenolic 
compounds have no analogues. There are no harmful food additives in the composition of new 
confectionery products.
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