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DEVELOPMENT OF NATURAL NANOPRODUCTS FROM BEAN
AND SPICY VEGETABLES FOR RESTAURANT BUSINESS
ENTERPRISES FORHEALTHY FOOD

R. Pavlyuk, V. Pogarskaya, T. Kotuyk, E. Dudnyk,
A. Pogarskyi, S. Loseva

The work is dewted to the study of the influence of processes of steam-
thermal treatment, fine-dispersid grinding. They are accompanied by processes of
mechanodestruction, mechanoactivation, with the use of modern equipment for the
preserration of bean protein molecules, their destruction, activation and
transformation of bound amino acids into the free form and the development of a
new generation of healthful nanoproducts on their basis, for enterprises of the
restaurant business (soups- puree, sandwich spreads, snacks, protein pastes, fillings,
sauces-dip, etc.) enriched with cryoadditives, firom spicv vegetables.
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PO3POBKA HATYPAJIbHUX HAHOITPOAYKTIB 13 KBACOJII
TA ITPSITHUX OBOYIB JJIA MIAITPHEMCTB PECTOPAHHOTI'O
BIBHECY AJIs1 31O0POBOI'O XAPYYBAHHS

P.1O. IIasmok, B.B. Ilorapceka, T.B. Kotiox, KB. lynnuk,
O.C. Ilorap cokmuii, C.M. JloceBa

Bugueno enmus mpoyecie napomepmiunoi 0b6pobru, OpibHOOUnEP cHO2O
NOOpIOHEHHS, WO  CYNPOBOOJICYIOMbCA — Npoyecamu  Mexano-0eCmpyKyii,
MexaHoarnugayii, i3 3aanocyBaAHHAM CYYaCHO20 OO0 AOHAHHA HA 30epediceHHs
MoneKyn OinKa Keacoui, ix deanpykyito, akmugayiro i mpaHcoopm ayito 36 513aHUX
aminoruciom y GinbHy opmy ma po3podneHo Ha iX OCHO8I HOBe NOKONIHHA
0300p08UUX HAHONPOOYKMIig, 30a2aueHux Kpio0obasKamMu 3 NPAHUX 0804i6 Ol
nionpuemans peanopanno2o 6iswecy (cynigHope, OymepOPOOHUX HAM A30K,
3aKYCOK, OL1KOGUX NACM, HAWHOK, COYCI8 -Ounie ma ix.).

Knrwwuod cnosa: napomepmiuna obpodra, OpidHooucnepche noopioneHus,
M EeXAHO O eCmPYRYisi, M eXAHO AKIMUE ayisi, 0eCMpYKYis, akmueayis, mpancopmayis,
0300p08 Ui Hanonpo OYKmu, Kpio 00 0a6 Ku, NPsui 060Yi.
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PA3PABOTKA HATYPAJILHUX HAHOITPOJIYKTOB

W3 ®ACOJIM U MPSIHBIX OBOILIEMN JIUISI TPEAIPUSITHI

PECTOPAHHOT'O BU3HECA JIJI51 O3JOPOBUTEJILHOTO
MATAHUS

P.1O. IIasmok, B.B. Ilorapckas, T.B. Kotiok, E.B. Ilymuk,
A.C. ITorapckuii, C.M. JloceBa

H3yueno GIUAHUE — NPOYeccos napomepMu1ecKoi obpabomxu,
MEIKOOUCNEICHO20 UM ELbUEHUA,  KOMOpble — CONPOBOHCOAINMCA  NpoYeccamu
MEXAHOOeCmpyRjul, — MeXaHOaKmus ayuu, ¢  NPUMEHeHUeM  COBDEM eHHO20
000pydosaHUs HA COXPAHHOCMb MOLeKVI Oerky aconu, ux Oecmpykyuro,
aKmusayuio U MpaHcopMayuio aMuUHOKUCIOM U3 (BA3AHHO2O COCMOAHUA 6
c60000HYI0  popMy u  paspabomaHo Ha UX OCHOBE HOBOE NOKJILEHUe
0300pOBUMETBHBIX HAHONPOOYKIMOE, 0002AUeHHBIX KPUOOODABKAMU U3 HPAHBIX
ogowel 01 npeonpuAmull pecmopanHoeo ousneca (cynos-nigpe, 6ymepopooHvix
HAMA30K, 3aKyCOK, De1KO0B bIX Nacm, HAYUHOK, COYCOB-OUNO8 U Op.).

Knrwoueevie cnosa: napomepmuueckas o6pabomxa, MeiKooumepcoe
U3M €1 byeHIue, MexXaHo0eCmpyKYus, M eXaHOAKMUBAyUs, 0ecmpyrjus, axKmueayus,
mpancgopm ayusi, 0300PO8 UM ELbHbIE HAHONPOOYKNbL, KPUOOOOABKU, NpsHbIE
ogowu.

Statement of the problem. Today, the global problem in
international practice is the deficiency of protein in diets of the population.
In the Ukraine according to statistics the need for proteins is satisfied by
50% [1; 21. In this connection it is actual to search the promising sources of
protein (including the protein of plant origin) and to widen the range of
dishes and products of health ful effect on the basis.

It was suggested to use bean, as a promising source of protein of
plant origin. It is a source of valuable protein that is biologically close to the
animal protein. But at the present time the beans have not been properly
used in the ©od industry of Ukraine [1; 3]. The analysis ofliterary sources
has shown that the assortment ofcanned bean products is limited to several
types of products manufactured in Ukraine: “Canned Beans”, “Beans in
tomato”, “Beans with Meat”. The range of the products ffom beans at the
enterprises of restaurant business usually includes 2 to 3 dishes with whole
beans (not milled beans). What about the protein additives from beans at the
enterprises of the processing industry and in restaurant enterprises
practically are not produced [4; 5]. The difficulties in processing and using
beans are connected the fact that with protein consists of high-protein
protein-cellulosic-mineral complexes (associatives). Their presence in
processing complicates the process ofobtaining homogeneous mass [3—6].
In the addition, beans have a dense shell that is difficult to break and grind



[3—8]. It should be noted that bean-based products contain protein-cellulose-
mineral complexes that are difficult to digest by the human body [3-9]. The
coagulation factor ofbean protein is 50-60% [3; 4; 10; 11]. In this regard, it
is relevant to search the new technological techniques and new types of
modem equipment, which will allow destroying the protein complexes of
the beans, transformation ofthe proteins into a more easily digestible form
and obtaining of homogeneous puree, protein additives and protein-rich
oods and health-improving fods [3-8; 12].

Review of the latest research and publications. One of the
perspective directions of the development of science, technique and
technologes in international practice is the application of promising
methods of grinding. These methods lead to the processes of
mechanod estruction, mechanoactivation. They are especially mani fested in
increasing the degree of dispersion of shredded materials. The result ofthe
above product acquires new properties and is in a nanosized light-digestible
form. [3-8; 13; 14]. At present, fine-dispersed grinding particles with a few
micrometers are widely used in chemical, textile, metallurgical, aviation,
construction and other industries.

At present, the fine-dispersed grinding milling particles with a few
micrometers are widely used in chemical, textile, metallurgical, aviation,
construction and other industries [3-8; 15; 16]. in the food industry, these
processes are practically not studied [3-8; 17; 18]. The exception is the
research work carried out the within scientific schools prof R. Pavlyuk and
prof V. Pogarskaya at the department oftechnology ofprocessing of fruits,
vegetables and milk at the Kharkiv State University ofNutrition and Trade,
[3-8]. It is offered to use as an innovation in the processing of various types
of raw materials fine dispersed grinding in a complex with freezing or
steam-thermal treatment [3—-8]. When receiving puree, including frozen
ones, the complex action of steam-thermal treatment and fine-dispersed
grinding. This allows to almost completely preserve the quality of the raw
material by the content of carotenoids, ascorbic acid, phenolic compounds
[3-8; 19]. The quality of the obtained mashed potatoes fiom carotene-
containing vegetables, chlorophyll-containing vegetables, mushrooms, peas
exceeds the quality of the analogues. Which are made using traditional
equipment [3—8; 20]. In the scientific literature, the processing of beans
using these methods is practically absent [3—8; 21].

In this regard, it is important to apply the complex action of
processes of steam-thermal treatment and fine-dispersed grinding in the
processing ofbeans to obtain protein additives in the form puree. Which are
used in the manufacture ofhealth nanoproducts for enterprises ofrestaurant
business.



The objective of the research is study ofthe influence of processes
steam-thermal treatment, fine-dispersed grinding with the use of modern
equipment. Which are accompanied by processes of mechanodestruction,
mechanoactivation to preserve the bean protein molecules. Their
destruction, activation and transformation of bound amino acids into the
free form. Developing on the basis of them and using cryoadditives from
spiced vegetables a new generation of health-improving nanoproducts for
restaurant business enterprises (soups-puree, sandwich spreads, snacks,
protein pastes, fillings, sauces-dip, etc.).

To achieve the goal, it was necessary to solve the following tasks:

— to study the chemical composition and quality of beans as raw
materials in the development of protein additives in the nanostructured form
and to study the amino acidic skore of beans' proteins and the influence on it
of processes ofsteam-thermal treatment and fine-dispersed grinding;

— to study the complex influence of the processes of steam-thermal
treatment and fine-dispersed grinding on the content of amino acids of
beans protein; which are in bound and in fiee form;

— to study the quality of additives in the form of flozen
nanostructured puree from natural spices (garlic and roots of celery and
ginger) on the content of BAS (L-ascorbic acid, aromatic substances,
tannins);

— on the basis of fine-dispersed protein beans with the use of
nanostructured frozen spices additives to develop a wide range of new
generation of health-improving nanoproducts and dishes for restaurant
business.

Presentation of the research material. The research was conducted
at the Kharkiv State University of Nutrition and Trade (Ukraine, Kharkiv) at
the department of technology for the processing of fruits, vegetables and
milk at the laboratory “The innovative cryo- and nanotechnologies ofplant
additives and health products” in cooperation with specialists of the Kharkiv
Trade and Economic College of Kyiv National Trade and Economics
University.

A steam convection UNOX SPA XVC series (Italy) oven was used
for the experimental part of the work and for obtaining a new product. It
includes 70 programs that differ in the modes of processing (temperature,
intensity and amount of steam supply, the presence of circulation or
airflow). It includes 70 programs that differ in the modes of processing
(temperature, intensity and amount of steam supply, the presence of
circulation or blowing air) and allows you to save the useful substances of
the product. The activator-shredder-ruber (France) used for fine-dispersed
grinding. It allows you to get a product with lobes a dozen times smaller
compared to traditional shredding.
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The objects of the study were dried beans, steam-thermal treatedand
beans fine-dispersed puree from it. Besides it, the also used cryopuree from
spicy vegetables (celery root, ginger root, garlic).

In the beans, dried, steam-thermal treatment and fine-dispersed puree
from it were studied and determined the protein content (total nitrogen) and
the amino acids in free and bound form, the fat content, dry matter, and
pectin. In the cryopuree from spicy vegetables determined the quality and
controlled the aromatic substances (by the number of fragrances), tannins
(for tannin), vitamin C. With the methods for determining the indices of the
studied samples can be found in detail in the works [3-8].

The main thing in developing the technology of fine-dispersed
grinding steam-treated beans additives using the processes of mechanical
degradation was to maximally destroy the associates or complexes of
“protein-cellulose-mineral substances” biopolymers of raw materials, carry
out mechanical degradation of proteins and transform them into easily
digestible form (break down into individual amino acids or simple
peptides), keep as much as possible the biologically active substances
(BAS) ofthe raw material, obtain protein additives of a stable structure in
the form of puree, do not exclude The admissibility of the use ofsynthetic
components that possess the properties of structure-forming and thickeners.

The main thing in the development of technology of fine-dispersed
grinding steam-thermal treatment beans from the use of the processes of
mechano-destruction was to maximally destroy the associatives or
complexes of “protein-cellulose-mineral substances” biopolymers of raw
materials; the carry out mechanical degradation of proteins and trans form
them into an easily digestible form (to break down into individual amino
acids or simple peptides); the maximally save biologically active substances
(BAS) ofraw material; get protein additives of a stable structure in the form
of puree; the eliminate the need for the use of synthetic components with
the properties ofstructure-forming and thickeners.

The final result ofthe work is the development of a new generation
of health-improving nano-products from beans and spicy vegetables for
restaurant business enterprises (soups-puree, sandwich spreads, snacks,
protein paste, sauces-dip, etc.) with using such prescription components as
nanostructured beans in the form of fine-dispersed grinding puree. It is
obtained using innovative technology, which is based on the integrated
application of steam-thermal treatment and fine-dispersed grinding.

The task was to study the chemical composition and quality of beans
as raw materials in the development of protein additives in the
nanostructured form. It was found that beans are high in total protein
(23.8-25.0%), it contains all the essential amino acids.
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It was shown that beans dry matter consists predominantly ofstarch
(44.8-46.5%), hard-soluble heteropolysaccharides ofcellulose (8.9—10.1%),
pectin (3.2-3.8%). The mass fraction of total sugar is 3.0-3.5% and is
represented by monosaccharides — fructose (1.2-1.3%) and glucose
(1.0-1.4%). It is shown that the mass fraction of ash in dried beans is
2.8-3.0% and is represented by a wide spectrum of trace elements (K, Ca,
Mg, P, Na), contains silicon. The vitamins of the beans are represented by
vitamin E (9.1-11.2 mg per 100 g), riboflavin (0.15-0.30 mg per 100 g),
choline (200-210 mg per 100 g), thiamine (0.8—1.2 mg per 100 g) (table 1).

Table 1

The chemical composition of dried beans — raw material for fine-
dispersed protein additives in the form of nanostructured puree

Lo Bean samples

Name o findicators 1 ) 3
Protein, % 24.5 25.0 23.8
Fat, % 1.5 2,0 1.8
Starch, % 46.5 45.0 448
Total sugar, % 3.0 35 32
Pectin, % 3.5 3.2 3.8
Cellulose, % 10.1 8.9 92
Glucose, % 1.0 1.2 14
Fructose, % 1.21 1.30 1.25
Ash, % 2.8 3.0 2.9
Mineral substances, mg in 100 g: K 890 910 873
Na 35 40 12
Ca 118 125 130
P 330 350 365
Mg 108 115 125
Silicon 83 95 101
Vitamins, mg in 100 g: E 9.1 10.5 11.2
Riboflavin 0,15 0,30 0.25
T hiamin 0,80 1,0 1,2
Choline 165 200 210
Moisture, % 14 13 14.5

The task of the research was to study the amino acidic skore of
beans' proteins and the effects of steam-thermal treatment and fine-
dispersed grinding on it. It is found that the protein ofthe dry bean is high-
grade. The amino acid skore for all essential amino acids is 103.0-175.7%.
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It was determined that the use of processes of steam-thermal
treatment and fine-dispersed grinding results to increase of amino acid skore
in comparison with dry beans. It includes all the essential amino acids from
120.3 to 236.0. The protein of the obtained fine-dispersed additives exceeds
1.2-2.4 times the "ideal", one according to the FAO/WHO scale from beans
(table 2).

Table 2
The content of essential amino acids and the amount of amino acid
score in the dried beans and fine-dispersed grinded puree
from steam-thermal treatment beans

5| wE
s |3 =2 |,
< | &2 s & |83
o 0 % 0 8 3= ;
©0 g 2 o) g ‘a o
Amino acid \g j?;) 8°\°h i'% 8§£
° o O T » — A =R 3
Lo ° = 5 g © 8 |85 2
SE |=35| S8 |28 8
‘s |E2| g5 |E2€|zes=
2 g =3 = B e 3 g | & %5
2 |85 | B |EE8|52%
Protein content, % | 24.32
Essential amino acids
Tryptophan 10 15.5 155.0 23.6 236.0
Lizin 55 73.8 134.2 79.1 143.8
Throne 40 41.2 103.0 57.2 143.0
Valine 50 77.1 154.2 77.0 154.0
Methionine 35 60.5 172.9 65.2 186.3
Isoleucine 40 48.7 121.8 58.1 145.3
Leicine 70 71.8 102.6 84.2 120.3
Phenylalanine + 60 | 1054 1757 | 1284 | 2140
tyrosine
Total: 1119.4 1342.7

In the parallel, the complex influence of the processes of steam-
thermal treatment and fine-dispersed grinding on the content of amino acids
of the protein beans, which are in the bound and in free form, has been
studied. It is shown that the complex application ofthese processes leads to
the destruction of protein molecules and the transfer of amino acids from
the protein bound molecules into the free ©orms. In fine-dispersed grinding
from beans 54-57% remains in the bound state and 43-46 of the protein
passes into the free orm (table 3)

13



Table 3
The effect of heat treatment and fine-dispersed grinding in obtaining
protein nano-structured bean additives on the weight fraction of amino
acids in free and bound form

Mass fraction ofamino acids

in a bound state condition in a free condition

X X -
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Alanin 1.17 1 092 | 786 | 1.1 | 030 | 0.65 ] 216.0 | 2.2
Arginine 070 |1 057 1 81.4] 12 | 030 ] 045 | 1500 | 1.5
Asparticacid | 233 [ 159 1682 | 1.5 ] 0.15| 1,02 ] 680.0 | 6.8
Valin 1441 113|785 12 | 044 | 0.75 | 170.5 1.7
Histidine 0331 0.13]1394) 25 ] 015|045 | 300.0 | 3.0
Glycine 1291102791 1.3 | 030 | 0.60 | 200.0 | 0.2
Glutamic acid | 1.86 | 1.18 [ 634 | 1.6 | 036 ]| 086 | 2389 | 24
Isoleucine 1041 082|788 1.0 | 0.15 | 0.60 [ 400.0 | 4.0
Leicine 1441 128 | 889 | 1.1 | 030 | 0.78 | 260.0 | 2.6
Lizin 1361 0951699 14 | 044 | 098 | 2227 | 2.2
Methionine 1.17 1 1.00 | 85.5 ] 1.1 | 0.30 | 0.60 [ 200.0 | 2.0
Proline 0951040 ]421) 24 1 020] 030 | 1500 | 1.5
Serin 070 | 0551786 13 | 030] 0.75 | 250.0 | 2.5
Tyrosine 0.88 ] 0.81 1925 1.1 | 051 | 0.63 | 123.5 1.2
Threonine 070 1 050 | 71.4 ) 14 | 030 | 090 | 300.0 | 3.0
Tryptophan 0311 019]61L3]1.6 007 [ 039 | 557.1 | 5.6
Phenylalanine | 1.19 [ 0.62 | 52.1 | 1.9 0.19 | 1.07 | 563.2 | 5.6
Cystin 0321 020]625] 1.6 006 | 0.14 ] 233.3 | 2.3
> 2040 13121 6431 | 16 | 392 | 928 | 2367 | 24
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It was found that in case of steam-thermal treatment and fine-
dispersed grinding, disaggregation, destruction and protein mechanolysis to
separate amino acids occur (43—46%). In addition, it has been shown that
the amount of ffee amino acids increases in 1.4-6.7 times compared with
the raw material (Fig.). This is due to the transformation of bound amino
acids into free, which are in a more easily absorbed form of living
organisms. That is, the effect of mechanical degradation, activation and
mechanolysis of bean protein biopolymers in fiee amino acids was first
detected.

2500

2000
1500
1000

500

Fig. Effect of steam-thermal treatment and fine-dispersed grinding on
the transformation of amino acids from the bound state to free during the
preparation of fine-dispersed additives with beans: a — mass fraction of amino
acids in the free state, mg in 100 g; b — mass fraction of amino acids in the
bound state,mg in 100 g; when 1, 2, 3 — dried beans (1), after heat treatment
and rough dispersed grinding (2), puree with the steam-thermal treatment and
fine-dispersed grinding beans (3)
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The obtained results of experimental studies became the basis for the
development of non-waste technology of fine-dispersed protein additives
from beans. From the traditional technologies of receiving mashed form
additives, the new technology differs fiom the use of puree-shaped semi-
finished beans. It was obtained using a complex action of steam-thermal
treatment and fine-dispersed grinding (together with a shell, without waste)
to particle size. These particles are several times smaller in comparison with
traditional additives and are in an easily digestible nanoscale form.

On the basis of fine-dispersed protein additives in the form of beet
pulp, a wide range ofnew generation of health-improving nanoproducts for
restaurant business has been developed. For the enrichment of new bean
products, additives in the form of frozen nanostructured garlic and celery
root and ginger with a high content of BAS (L-ascorbic acid, aromatic
substances, tannins) were used. Their quality exceeds the fresh raw material
(table 4).

Table 4

Comparative characteristics of BAS content in fresh spiced vegetables
(garlic, roots of celery and ginger) and in frozen nanostructured puree
on their basis

Mass fraction
aromatic
L-ascorbic acid substances tannins
(by the number (for tannins)
of flavors)
= = =
Product 5 5 5
IS b= =
0 B g o E
s |E| ¢ |l s | E
— © A~ ° < 5
5 = $'S = 5 <
5 2| 27 | 8 " IS
£ 2 S22 | = £ <
1 2 3 4 5 6 7
Ginger root
fresh 11940.5 | 100 | 853£1.5 | 100 | 191.242.5| 100
nanostructure
d puree 148+0.5 | 124 | 167.142.5| 196 | 246.842.5| 129
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Continue of'table 4

1 2 3 4 5 6 7

The root of
celery is fresh 7.740.5 100 | 529415 | 100 | 212.244 100

nanostructure
d puree 13.940.5 181 | 118 1+1.5] 223 286.2+4 135

Garlic is fresh 9.9404 [ 100 | 142.242.3 | 100 | 201.9+4.5] 100

nanostructure
d puree 159+0.4 | 161 183244 | 129 | 312.1+5 155

Nanostructured flozen garlic, celery root and ginger additives have
fundamentally new consumer properties. Due to rapid freezing and low-
temperature grinding, processes of cryodestruction and mechanoactivation
are taking place and a more complete removal of BAS from a state bound to
biopolymers into free (L-ascorbic acid, aromatics, tannins) occurs. The
increase, depending on the type of BAS, ranges from 1.3 to 2.2 times
relative to the original fresh raw material. Thus, the mass fraction of
L-ascorbic acid increases from 124-181%, aromatic substances from
129-223%, tannins by 129—155%.

On the basis of fine-dispersed beet protein additives with the use of
nanostructured frozen spices vegetable additives, a wide range of new
generation of health nannoproducts and dishes for restaurant business
enterprises has been developed: soup-puree, sandwich spreads, sauce-dipes,
snacks, fillings, protein paste and others.

The rational technological parameters of the technology have been
experimentally determined and substantiated, and testing has been carried
out in production conditions.

Conclusion. The chemical composition and quality of beans are
studied. It was established that beans, as a raw material in the development
of protein additives in nanostructured form, are characterized by a high
content of complete protein (from 23.8 to 25.0%)., which includes all
essential amino acids. It was also found that the application of'the processes
of steam-thermal treatment and fine-dispersed grinding in comparison with
dry beans leads to an increase in amino acid scor, which by all
indispensable amino acids is from 120.3 to 236.0. The protein in the
obtained fine-dispersed additives from beans is 1.2-2.4 times the «perfect» .
It was also found that the beans contain high content of starch —
44.8-46.5%, difficult soluble heteropolysaccharides, cellulose (8.9—10.1%),
pectin (3.2-3.8%). It has been established that in case of steam-thermal
treatment and fine-dispersed grinding, there is disaggregation, destruction
and protein mechanolysis to individual amino acids (43—46%). In addition,
it has been shown that the amount of free amino acids increases in 1.4—6.7
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times compared with the raw material. This is due to the trans formation of
bound amino acids into free, which are in a more easily absorbed form of
living organisms. That is, the effect of mechanical degradation, activation
and mechanolysis ofbean protein biopolymers in free amino acids was first
detected.

The quality of nanostructured flozen additives fiom spiced
vegetables (garlic, roots ofcelery and ginger) was studied. It is shown that
additives have fundamentally new consumer properties. Due to the rapid
freezing and low-temperature grinding ofspicy vegetables accompanied by
processes of cryodestruction and mechanoactivation, the complete removal
of BAS from a state bound to biopolymers occurs in free (L-ascorbic acid,
aromatic substances, tannins) (1.3—2.2 times) relative to the source of fresh
raw materials.

On the basis of fine-dispersed beet protein additives with the use of
nanostructured frozen spices vegetable additives, a wide range of new
generation of health nanoproducts and dishes for restaurant business
enterprises has been developed: soup-puree, sandwich spreads, sauce-dipes,
snacks, fillings, protein paste and others. The experimental defined and
substantiated rational technological parameters of the technology, tested in
production conditions.
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