331
Journal of Chemistry and Technologies, 2021, 29(2), 331-341

JOURNAL O}
ECHNOLOK

Journal of Chemistry and Technologies

é pISSN 2663-2934 (Print), ISSN 2663-2942 (Online).

journal homepage: http://chemistry.dnu.dp.ua

UDC 663 : 634.51
A PROSPECTIVE METHOD TO USE WASTE OF WALNUTS

Inna S. Tiurikoval, Vitalii L. Prybylskyi?, Valentyna L. Ishchenko?, Alla P. Kainash3, Nina V. Budnyk3

1Higher Educational Institution of Ukoopspilka «Poltava University of Economics and Trade», 3 Kovalya str., Poltava, 36014,
Ukraine
2 National University of Food Technology, Volodymyrska str., 68, Kyiv, 01601, Ukraine
3Poltava state agrarian Academy, Skovorody str., 1/3, Poltava, 36003, Ukraine

Received 20 October 2020; accepted 8 July 2021; available online 26 July 2021

Abstract

One of the ways to solve ecological problems is rational use of natural resources and their complex processing.
Involving the plant waste as a secondary raw material allows it to be converted into a valuable product with
subsequent widespread use. The given scientific work is devoted to the way of processing of organic waste of a
walnut, namely pericarp. The results of studies of ripe nuts pericarp in terms of harvesting are presented. It has been
proven that pericarp has the highest content of biologically active substances (L-antiscorbutin, pectin substances,
polyphenols), when it is not yet separated from its maternal base. It has been proven that pericarp is a biologically
valuable raw material that is not used in food production. The method of its processing into an extract has been
developed and analyzed. The dynamics of extraction of extractive substances of pericarp depending on the type of
extractant are presented. Therefore, 70 % aqueous-alcoholic and 50 % aqueous-sugar solutions for both fresh raw
material and after storage at low temperatures were selected as extractants for biologically valuable substances with
high extractive ability and microbiological stability. The technology of aqueous-alcoholic and aqueous-sugar extracts
and its description are presented. It has been proven that the developed technology will minimize organic waste,
maximize the use of the nut raw materials, improve food technology, while increasing their biological value.
Keywords: organic waste; recyclables; walnuts; pericarp; technology; extract.

MEPCIEKTUBHUM CIIOCIE BUKOPUCTAHHA BIIXO/IB BOJIOCbKOI'0 FOPIXA
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AHoTaliga

OaHMM i3 IJIAXIB A0 BUPilIeHHA eKOJIOTiYHUX Npo6JjeM € panioHa/bHe BUKOPHUCTaHHS MPUPOJHUX pecypciB Ta ix
KOMILJIEKCHE Nepepo6/ieHHA. 3aJ1y4YeHHs POCJIUHHMX BiAX0/iB AK BTOPUHHOI CHPOBUHH A03BOJISI€ N€PEeTBOPIOBATH iX
y LiHHMH NOPOAYKT 3 HACTYyIHMM IIMPOKMM BHKOPHMCTAaHHAM. /laHa HaykoBa po6OTa NpHCBAYEHA CHOCOOY
nepepo6/ieHHs OpraHidYHMX BiJX0/iB BOJIOCBKOrO ropixa, a caMe nepukapmiio. HaBegeHo pe3ybTaTH AOC/TiKeHb
NepUuKapmilo CTUIJIOro ropixa 3a TepMmiHamMu 36upaHHs. /loBeJeHO, 0 MepuUKapmiid Mae HaWGiibmUil BMicT
610/10TiYHO-aKTUBHUX pe4oBHMH (L-ackop6GiHOBa KHCJIOTA, NEKTUHOBI pe4yoBUHH, peHO/M) TOAi, KOJIM BiH IIe He
BiAgJisieHnil Bij MaTepuHCbKOI OCHOBHU. /loBeeHO, 110 NMepUKapniid € GioJIOriyHoO IiHHOI CHPOBUHOIO, SIKa He
BUKOPHUCTOBYETHCSA B XapyOBOMY BUPOGHUITBI. P03po6ieHO Ta mpoaHasi3oBaHO cnoci6 ioro mepepoG/ieHHs y
eKcTpakT. HaBeaeHo AMHAMIKy BUJIyYeHHsS] eKCTPAaKTUBHMX PeYOBHMH NepUKapIilo 3a/1e’KHO BiJi TUIly eKCcTpareHTa.
OTKe, B AKOCTi eKCTpareHTiB AJis 610/10riYHO-I[IHHUX PEeYOBUH ropixa, AKi MalOTh BUCOKY eKCTparyw4y 3J4aTHICT5b i
MiKpO0G6io/I0TiYHy C€Ta6i/bHICTh, 06paHo 70 %-Bui BOAHO-cIUPTOBHUM i 50 %-BUil BOJHO-IYKPOBUH PO3YUHHU AJIA
CHMPOBMHHU fIK CBDKOI, TaK i mic/is 36epiraHHs 3a HU3BKUX TeMmmnepatyp. [IpeacTaB/ieHO TEXHOJIOTiI0 eKCTPAKTYy Ha
BOJHO-CIMPTOBiNl i BOAHO-IYKpOBi ocHOBax Ta ii omuc. /loBeJeHO, 10 pPO3poG/ieHAa TEXHOJIOTiA J03BOJIUTH
MiHiMi3yBaTH oOpraHiyHi BiJX0Au, MaKCUMa/IbHO BUKOPUCTAaTH rOpPiXOBY CHPOBHMHY, BJAOCKOHAJUTH TEXHOJIOTIi
Xap4yOoBHUX NPOAYKTIB, NiABUIYI0YM iX 6i0/10TIYHY IiHHICTB.

Karouosi cnoea: opraHiyuHi BiiIxou; BTOpUHHA CUPOBHUHA; BOJIOCHKUM ropix; mepuKapmiii; TeEXHOJIOTisl; eKCTPaKT.
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AHHOTaL U

OJHUMM U3 NyTeil pelleHUs] 3KOJIOTUYECKHX MNpo6JieM SIBJASEeTCA palUOHA/bHOE HCHOJIb30BaHHE MPUPOAHBIX
PecypcoB M UX KOMILIEKCHasI nepepa6oTKa. [I[puB/iedeHUe pacTUTE/bHBIX OTX0A0B B KA4€CTBE€ BTOPHUYHOIO ChIPbSI
NM03BOJISET NMpPEeBpallaTh UX B LEHHBIA NPOJAYKT C MOC/JAEJYIOIIUM IIUPOKUM HCHOJIb30BaHMEM. /laHHas Hay4YHas
paGoTa mocBsleHa BOMPOCaM HMCHOJIb30BaHUs OPraHMYeCKUX OTXOJO0B IPElKOro opexa, a UMEHHO NmepuKapnus.
IlpuBeeHbl pe3yJIbTaThl HCC/AEeLOBaHUI NepUKapnus CHeJOro opexa MO CPOKaM YO6OpKU. /loka3aHo, 4TO
nepuKapnuii UMeeT HauGoJibliee CoAep)KaHHe OGHUOJIOTHYECKU-aKTUBHBIX BemecTB (L-ackopGuHOBasi KHCJIOTA,
NMEeKTUHOBbIe BellecTBa, ¢peHoJIbl) TOrAa, KOrja OH elle He OT/JeJleH OT MaTePUHCKOH OCHOBBbI /loKa3aHo, 4YTO
nepUKapnuil ABJSAETCA GHOJIOTMYECKH LEHHBIM ChIPhEM, KOTOPOE HE HCIO0JIb3yeTCA B NMHUIIEBOM NPOU3BOJCTEE.
Pazpa6oTaH M NpOaHAJIM3UPOBAH CINOCO6 €ro mnepepaéoTKd B IKCTPakT. I[IpuBeseHa JUHAMHKA H3BJIeYEHHS
3KCTPAKTHUBHBIX BEUIECTB NEepHKapnus B 3aBMCHMOCTH OT THNAa 3KCTpareHTa. B KayecTBe 3KCTPareHTOB AJIs
GHOJIOTUYECKU-IIEHHbIX BEILIECTB Opexa, KOTOpble 06/IaaldT BbICOKOH EKCTParMpymwoileid CrnocOGHOCTBIO H
MHUKPOGHO0JI0rU4€eCKOM CTaGMJIBHOCTBIO, U36paH 70 %-ii BOAHO-cIUPTOBOIi U 50 %-i1 BOJHO-caxapHbIil pacTBOPLI AJIA
CBIPbSI KaK CBEXXEro, TaK M Mocjie XpaHeHs MPU HU3KUX TeMnepartypax. [IpeicraBjieHa TeXHOJIOTHs 3KCTPAaKTa Ha
BO/HO-CIIMPTOBO# U BOJAHO-CaXapHO OCHOBAX U ee onucaHue. /Ioka3aHo, YTO pa3paGoTaHHAsA TEXHOJIOTUSA MO3BOJIUT
MHHHMH3UPOBATh OPraHMYecKHe OTXO0JAbl, MAKCUMAJIbHO HCII0JIb30BaTh OPEXOBOE€ ChIPbE, YCOBEPIIEHCTBOBATH
TEeXHOJIOTHUH MHUIIEBBIX NPOAYKTOB, NOBBIIIAA UX GMOJIOTUYECKYI0 IIeHHOCTb.

Katouesvle cs108a; opraHuveCcKUe 0TXO0/bl; BTOPUYHOE ChIpbe; TPELKUI OpeX; MePUKaPIIUi; TEXHOJIOTHS; IKCTPAKT.

Introduction

Complex utilization of waste of food industry at
all stages of the food chain from production to
consumption is a progressive direction of
ensuring resource conservation in the national
economy. The market transformations that have
taken place in the agricultural sector of Ukraine
have contributed to the introduction into the
process of manufacturing of the major
achievements of scientific and technological
progress and world experience on waste reuse [1].

The scientific and practical results of the
research on the complex use of food industry
waste allow to obtain significant savings of
material and energy resources, provide an
increase in the level of closed production and
resource cycles in the industry, which contributes
to the increase of economic efficiency of
production, increase of its volumes and
assortment. At the same time, the process of
environmental pollution with production waste is
minimized [2; 3].

The problem of rational use of raw materials is
multifaceted and largely due to the specifics of the
processing industry [4-6]. The use of agricultural
and growing wild raw materials in the
technological processes of the food industry does
not reach 100%. In most cases, in the
manufacturing process of the main products raw
materials are used by only 15-30 %. Virtually all
waste is a secondary raw material that contains

valuable substances - vitamins, minerals, phenolic
and pectin compounds, etc. [7].

The introduction of eco-innovation in food
industry is a priority, since its implementation
depends on the competitiveness of domestic food
products in the world and national food markets.
Eco-innovations from food waste are new or
improved technologies and new foods derived
from them, which significantly improve the
structure and quality of food and do not harm the
environment and have a positive effect on the
health of consumers [8]. Therefore, the
development and implementation of an
organizational and economic mechanism for the
use of food waste will help to: their minimization,
integrated use of raw materials and the creation of
biologically valuable food products.

Walnut production in Ukraine is now a
profitable type of business activity at the farm
level, which in recent years has become a
systematic type of business nationwide [9; 10].
Walnut is a unique plant, all parts of which have
high biological value. Since ancient times, the
leaves, amniotic fluid, green and ripe nuts have
been used as medicinal raw materials. All parts of
the plant contain a large number of biologically
active substances (BAS): bark - triterpenoids,
steroids, alkaloids, vitamin C, tannins, quinones
(vuglons, etc.); leaves - aldehydes, essential oils,
alkaloids, vitamins G PP, carotene,
phenolcarboxylic acids, tannins, coumarins,
flavonoids, anthocyanins, quinones and high
aromatic hydrocarbons; amniotic fluid - organic
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acids, vitamin C, carotene, phenolcarboxylic acids,
tannins, coumarins and quinones [11].

Leaves, green fruits and the pericarp differ in
the record, compared to other plants,
concentration of vitamin C, P-active polyphenols
and iodine. However, leaves and green fruits are
widely used in folk medicine and pharmacology,
green fruits are used in the food industry for the
production of jam, tinctures, and pericarp of ripe
nuts is considered a waste due to the lack of
substantiation of its technological characteristics.

It is well known that pericarp of walnut is a
valuable raw material containing: organic acids -
malic, citric; vitamins - C, Bi, P and carotene;
phenolcarboxylic acids - gallic; tannins -
derivatives of pyrocatechin and pyrogalol;
coumarins - ellagic acid; quinones - yuglon, a-
hydroglone, -hydroglone, 5-glucoside
hydroglone [12-14].

The unique chemical composition and the
presence of biologically active substances in it
explains its wide use for medicinal purposes.
Pericarp has antioxidant, antibacterial,
antiparasitic and antitumor properties [13].
However, despite its widespread use in pharmacy
and light industry, the nutritional properties of
walnuts have not been sufficiently studied
compared to Manchurian walnuts [15;16].
Therefore, the search for optimal ways to use the
chemically valuable pericarp of ripe walnut in
food production is an urgent task.

Materials and methods

The fruits of the walnut of the variety “Ideal”,
which is widely spread in central Ukraine, were
used for the research. Waste of a ripe walnut,
namely, pericarp, and extracts based on it were
used as research materials.

Technical stage of ripeness

. 27%

= pericarp shell = kernel

During the studies standardized methods were
used. In raw materials, semi-finished products,
extracts the key physical and chemical properties
were defined.

Sampling and preparation of samples were
carried out according to DSTU 7661:2014 [17]. In
determining the parameters, the following
documents were used:

- content of dry substances in the raw material
- DSTU 7804:2015 [18];

- mass fraction of soluble solids -
refractometric method of DSTU ISO 7661:2014
[19];

- active acidity (pH) - potentiometric method of
DSTU EN 1132:2005 [20];

- mass fraction of titrated acids (in terms of
malic acid) - volumetric titration method of DSTU
4957:2008 [21];

- the total content of phenolic compounds - by
Folin-Chokalteu in terms of gallic acid per DSTU
3845-99 [22];

- vitamin C content - by iodometric method
according to DSTU ISO 6557-1:2015 [23];

- content of pectin - titrimetric method
according to DSTU 8069:2015 [24].

All determinations were carried out in two or
three replications and for getting the final result
arithmetic average was calculated. To obtain
comparative data, analyses were carried out in all
the same conditions.

Results and discussion

The formed ripe fruits of a walnut collected in
August (technical stage) and October (consumer
stage) were investigated. The ratio of the
anatomical parts of the nut fruit to the stage of its
ripeness has been experimentally established (Fig.
1).

Consumer stage of ripeness

_

35%

® pericarp shell = kernel

Fig. 1. The ratio of the anatomical parts of the nut fruit to the stage of its ripeness

Ithas been determined that at the technical and
consumer stages of ripeness the share of pericarp
is 29 and 18 %, respectively (Fig. 1). The shell and

kernel of the nut at the technical stage of ripeness
is 71%, in the consumer - 82 %. Pericarp
according to the stage of ripeness differed in
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consistency and color: at a technical it was juicy,
hard, deep green, at a consumer stage it was dry,
softer, green with dark spots.

One of the methods of extracting and
preserving BAS of pericarp is to get extracts, which
are convenient for enriching foods. For processing
of pericarp into extracts the rational time of its
preparation was investigated in Poltava region
[25]. Pericarp harvesting was performed at the
first signs of ripening of the nuts - a slight cracking
of its surface, and continued until the nuts from
the tree without pericarp fell. The harvesting

period was from September 13 to October 3. Raw
material research was conducted every four days
and discontinued due to changing weather
conditions. After a downpour (rain), the pericarp
massively cracked, separated from the fruit and
fell to the ground, which led to its massive decay
and the impossibility of using it as prototypes.

In the samples suitable for testing, the main
physicochemical parameters were determined
according to generally accepted standardized
methods (table 1).

Table 1

Physical and chemical indicators of pericarp of walnut

Mass content, % Content by weight, mg/100 g
Sample .

number dry titrated pectin monosaccharides L-

: and polyphenols . .
substances acids substances . . antiscorbutic
disaccharides

1 7.1+0.2 0.2+0.01 0.4+0.01 1.75+0.05 45004150 249.2+4.0
2 8,0+0.2 0.3+0.01 - 1.23+0.05 4 275+150 242.5+4.0
3 8.0+0.2 0.5+0.01 0.5£0.01 0.85%0.05 4200+150 204.2+4.0
4 11.0£0.2 0.4+0.01 - 0.82+0.05 4 114+150 197.1+4.0
5 11.1+0.2 0.4+0.01 0.8+0.01 0.37+0.05 3073£150 112.6+4.0
6 11.620.2 0.4+0.01 - 0.25+0.05 2 649+150 91.52+4.0

It has been confirmed that pericarp has
biologically valuable components: sugars, pectic
substances, organic acids, vitamin C, phenolic
substances (Table 1). The analysis of samples by
the timing of raw material collection showed a
sharp decrease in the sugar content (4.7 times),
which indicates active metabolic processes in this
raw material, even separated from the fruit and
the maternal plant. The increase in solids content
is explained solely by the evaporation of water
from pericarp. It exfoliates from the wooden
surface of the fruit. Pericarp dries up, especially
when separated from the nut.

Fig. 2-3 presents changes in the concentration
of ascorbic acid and polyphenols in pericarp,

depending on the harvest period (13 September -
3 October) and the condition of the pericarp.

It has been proven that the content of vitamin
C in pericarp decreases as the nut ripens,
especially after its separation from the maternal
base - almost 2.2 times. It is possible that the
cracking of the fruit leads to the release of
ascorbatoxidase, which in tandem with
chlorophyll accelerates the oxidation of the
vitamin [26]. But it should be noted that the final
content of vitamin C is greater than its presence in
most fruits and berries, including citrus (70-90

mg / 100 g) (Fig. 2) [27].

T

unbroken

cracked

Separated from

= the fruit

Content by weight
L-antiscorbutin, mg/l M) g
bl

AN NN

4 5 6
Sample number
Fig. 2. Vitamin C concentration in pericarp of walnut since harvest time (mid-September to early October)
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Fig. 3. Concentration of polyphenolic substances in pericarp of walnut since harvest time (mid-September to early
October)

The presence of a significant content of
polyphenols in pericarp after nuts fall was
determined (Fig. 3). Itis probable that the decay of
polyphenolic substances occurred under the
action of oxygen due to the action of
polyphenoloxidase [28].

Thus, it has been proven that pericarp of ripe
walnut has the highest content of BAS when it is
not yet separated from its maternal base -
September. The timing of pericarp harvesting
depends on the natural climatic conditions. The
longer the warm weather with slight precipitation
persists, the longer is pericarp harvesting period.
Nuts ripen not at the same time, so they can be
harvested in several stages, or you can wait for the
pericarp to crack in the vast majority of nuts.

Each type of plant raw material, which is
characterized by rational parameters, regimes,
conditions of extraction of biologically valuable
substances have been established experimentally
[29]. The target substances for extraction have
been flavonoids and ascorbic acid, which are rich
in walnut. Belonging of the selected target
substances to hydrophilic compounds explains
their high extractability with water, but short-
term preservation of extracts. The effect of the
concentration of aqueous-alcoholic mixture on the
extraction of BAS from fresh pericarp has been
studied [11]. The dependence of BAS extraction on
the hydromodule and the duration of extraction
for L-ascorbic acid and phenolic substances has
been established [11]. The optimal technological
parameters and modes of preparation of dietary
supplements from walnut pericarp have been
determined: hydromodule - 1: 1 for 70%
aqueous-alcoholic solution and 0.75: 1 for 50 %
aqueous-sugar solution; the particle size of the

raw material is 10...25 mm, the extraction time is
20 days; re-extraction of the nut residue with
50 % aqueous-alcoholic solution - 7-10 days at
ambient temperature of 18 ... 20 °C [30; 31].

To prolong the period of use of pericarp, it was
stored at low temperatures. Raw materials
collected at the end of September were frozen at a
temperature of minus 18 °C and stored in a freezer
for 6 months. Of course, the process of freezing
and thawing of plant raw materials leads to
mechanical damage to cells. It was assumed that
this factor will improve the quality of extraction of
valuable substances. As extractants for the
removal of hydrophilic BAS we used water, 70 %
aqueous-alcoholic solution (AAS) and 50 %
aqueous-sugar solution (ASS), which were
selected rationally according to previous studies
[30; 31]. The raw material was thawed at room
temperature 18...20 ° C. Adding of the components
was performed in a ratio of 1:10
(pericarp:extractant).

It has been established that the degree of
extraction of biologically valuable substances of
pericarp is significantly dependent on the type of
extractants. The dynamics of extraction of
extractives depending on the type of extractant is
shown in Fig. 4-5.

It was determined that extracts reached the
maximum concentration of BAR during the fourth
day, after which their gradual decrease was
observed (Fig. 4-5).

It has been noted that the concentration of
ascorbic acid in aqueous extract on the 10th day
decreased by 10.3 % in comparison with the
highest indicator, which proves its high extracting
ability (Fig. 4).
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Fig. 5. Dynamics of extraction of phenolic substances from the duration of extraction

We can assume that degradation of ascorbic
acid and polyphenols occurs under the action of
oxygen due to the action of the enzymes -
ascorbatoxidase and polyphenoloxidase, which
are released from the destroyed pericarp cells.
Therefore, 70 % AAS and 50 % ASS were selected
as extractants for BAS of the nut, which have high
extractive capacity and microbiological stability.

The influence of the heat pre-treatment of
pericarp on the extraction process has been
determined. Extracts from blanched pericarp of

ripe nuts contained a higher concentration of
phenolic substances by 5-15 %, soluble solids by
2-3 %, and titrated acids by 35-85 %, ascorbic
acid decreased by 3-5 % (Fig. 6). In pericarp, the
insoluble protopectin fraction, which strengthens
the cell surfaces, prevails. This factor explains the
need for temperature treatment of pericarp to
hydrolyze pectic insoluble substances. Therefore,
heat treatment for the pericarp att=80 °C, t= 600
s has been selected.
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Fig. 6. Influence of heat treatment of pericarp on the content of biologically valuable substances in the extracts:
a - phenolic substances, b - L-ascorbic acid, c - titrated acids, d - soluble solids

On the basis of the conducted research, the
technological scheme of production of walnut
pericarp extracts has been developed (Fig. 7).

The received raw materials are washed with
clean running water, and the rotting places are cut
out. Pericarp is monitored by the main indicators,
after which the fruits are cut by machines for
cutting fruits and vegetables with a particle size of
10-25 mm. Prepared raw materials are blanched
with hot steam at 80 °C for 600 s.

Extraction conditions: 70 % AAS or 50 % ASS in
a ratio (raw material: extractant) of 1: 1 and 1:

0.75, respectively, in a container of non-corrosive
material with stirrer, without access of light and
air at ambient temperature 18... 20 °C, duration -
up to 5 days.

The resulting extract was decanted from the
precipitate and filtered through a tissue filter. The
extracts are collected in special tanks of non-
corrosive material, and then packed in a glass
container made of dark glass, sealed and sent for
storage in a dark place.
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Fig. 7. Principal technological scheme of extracts production out of walnut pericarp
Sugar extract is pasteurized by the regime, 35 . 5 . 5 . 5 o5
which indicates the duration and temperature of 60°C 55°C 45°C 20°C (111-82-1000)

processing in the sections of the device:
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Shelf life of the finished product is not more

Physical

and chemical analysis of fresh

than 1 year at temperatures of 16... 18 2C and pericarp of walnut and its extracts are given in
Table. 2.

relative humidity of 70-75 %. Technology has
been protected by a patent of Ukraine [32].

Table 2
Physical and chemical parameters of pericarp and extracts on its basis
Mass content, % Content by weight, mg/100 g
Name dry titrated pectin olvohenols L- pH
substances acids substances polyp antiscorbutin
Pericarp 21.0 0.50 2870 140.0 4.2
+0.3 +£0.02 0-50+0.02 +250 +10 0.2
Aqueous-alcoholic 11.0 0.60 1680 72.0 4.6
extract 0.3 +£0.02 0.1520.01 25 0.3 £0.2
Aqueous-sugar 37.0 0.30 1630 91.0 4.1
extract £2.0 +£0.01 0.18+0.01 25 0.3 0.2

The presented basic physical and chemical
indicators of the samples (Table 2), confirm their
nutritional and biological value. The developed
parameters of the BAS extraction process for
walnut waste - pericarp allows to extract a high
content of antioxidants (up to 60% of phenolic
substances and ascorbic acid, pectin compounds).
The extracts have a distinctive taste, aroma and
color inherent in the raw material.

Conclusion

The obtained experimental results prove the
expediency of using walnut waste (pericarp) for
the production of extracts by the developed
technology, which allows to obtain high-quality
extracts on water-alcohol and water-sugar bases
with a high content of BAS. Extracts can be used
for food purposes: as a basis and natural
biologically valuable additives for a wide range of
functional products (drinks, smoothies, jellies,
mousses, puree soups, etc.) [33; 34].

Thus, the processing of pericarp is a promising
area of use of walnut residues, which solves the
problem of waste-free processing and rational
use. The development of new food technologies
with the integrated use of green walnuts will
contribute to the health effects on the human
body, prevention of food-dependent diseases,
correction of the body's defense system and
restoration of impaired functions of organs and
systems.
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