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The solution of the problem of waste-free production is one
of the key tasks in the processing industry and it requires clear
corrective actions. The use of waste generated by the production
of potato starch in the technology of potato snacks will reduce
the amount of such waste, as well as will ensure the production
of snacks with pleasant taste and high consumer value.

The article presents the results of and the use of technological
measures for the production of potato snacks based on pulp and
green buckwheat flour. The influence of green buckwheat flour
dispersion on structural and mechanical properties of dough and
finished products was analyzed. It was found that to ensure the
highest elasticity and softness of the dough, it is advisable to use
flour with size of particles — 850 microns due to the large
amount of fiber in the pulp and the passage of deeper colloidal
processes due to free molecules of protein and starch in green
buckwheat flour. However, taking into account the effect of flour
dispersion on the strength of finished snacks, it is advisable to
use flour with particle size — 670 pm, because increasing par-
ticle size of flour to 850 um does not significantly increase the
strength of finished products (only by 2.7%), bur significantly
reduces the plasticity of the dough — by 26.1%, which begins to
complicate the process of kneading dough and its formation.
Waffle irons were used for heat treatment of the developed
snacks, so the fat content in this product was only 2.2 g/100 g,
and the washed starch from the pulp reduced the carbohydrate
content to 45.21 g/100 g. The successful combination of raw ma-
terials and the choice of technology for the production of potato
snacks allowed to develop a product which has an energy value
of only 522.5 keal per 100 g, and its glycemic index is 15.62
units. Thus, the possibility of consuming such a product by peo-
ple who monitor their weight was proved. Their compliance with
regulatory documentation was proved by sensorial and physico-
chemical analysis.
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3ACTOCYBAHHA KAPTOMJIAHOI ME3Irv Y TEXHORNOrIi
CHEKIB

K. B. Py6anka, O. 10. IlleBueHKO
Hayionanvnuii ynieepcumem xapuogux mexHonoziti

Ipobrema 6e36i0x00H020 BUPOOHUYMBA € OOHIEIO 3 KIIOYOBUX Y NEPePOOHIll 2ay3i
i sUMa2ac YimKux KopueyeanvHux Oil 0ns ii eupiwenns. Bukopucmanns 6ioxodis, wo
VMBOPIOIOMbCA Y pe3yibmami UpoOHUYMEA KaAPMONJIAHO20 KPOXMAI0, 8 MEXHOL02I]
KApMONISHUX CHEKI8 0ACmb 3M02Y 3HUSUMU KITbKICIb MAaKux 6i0X00is, a maxolc 3a-
be3neyums GUPOOHUYMBO CHEKIB 3 BUCOKUMU CMAKOBUMU 8IACTUBOCMAMU MA CNO-
JHCUBYOIO YIHHICMIO.

Y cmammi npedcmasneni pezynrbmamu 3acmocy8antsa MexXHON02IHHUX 3aX00i8 Npu
BUPOOHUYMBI KAPMONTIAHUX CHEKI8 HA OCHOB8I Me32u ma OOPOuHA i3 3e1eHOi epeuKu.
Ipoananizosano éniue oucnepcHocmi OGOPOWHA i3 3e/1eHOl epeuKy Ha CIMPYKIYpPHO-
Mexaniymi enacmusocmi micma il 20mo8oi npodykyii. Bcmarnoeneno, wo 07 3abe3ne-
YeHHSL HAUBUWOT NPYHCHOCHE MA M SIKOCTI MICMA OOYIIbHO BUKOPUCTIO8Y8amuU OOPOUL-
HO 3 Kpynnicmio 850 MKM, W0 NOACHIOEMbCS BENUKOIO KIILKICINIO KNIMKOSUHU ) Me331
ma nepebicom Oibut 2MUOOKUX KOJIOIOHUX NPOYECI8 34 PAXYHOK GLIbHUX MOAEKVI OLIKA
ma Kpoxmaaio 8 bopouwtni 3enenoi epeuxu. IIpome, 36axcarouu Ha 8nau8 OUCNEPHOCHI
OOpowHa HA MIYHICMb 20MOBUX CHEKI8, OOYIIbHO 3ACMOCO8Y8amuU OOPOUIHO PO3-
Mipom yacmunox 670 MKM, OCKiNbKU RIOBUWEHHS PO3MIDY YACMUHOK ODOPOUIHA 00
850 mrm He 3HAUHO NIdsUUYE MIYHICTb 20MOosUX 6upobdi6 (6cboco Ha 2,7%), ane cym-
MEBO 3HUNICYE naacmuyHicmby micma — Ha 26, 1%, wo nouunac yckiaouoseamu npoyec
samicy micma ma 1io2o Gopmyeants. [l mepmiunoi 06pobKU po3poOIeHUx CHeKig
BUKOPUCTHOBYBAU BAPDETLHUYL, MOMY BMICHL JHCUPY 8 MAKOMY NPOOYKMI CKAAOAE TuLe
2,2 &/1002, a sumumuii Kpoxmaib 3 Me32u 3HUNCYE emicm gyenesodie 0o 45, 21 2/100e.
Boane noeonanns cuposunu ma eubip mexHonozii 6UpoOHUYMBEA KAPMONISHUX CHEKIG
0ano 3moey po3pobumu npooyKm, SAKULL MA€ eHepeemuyry yinnicmo auwe 522,5 kkan 3
pospaxyuky na 100 2 2omoeozo npodykmy, tioeo anikemiunuil inoexc — 15,62 00. [oge-
OEHO MOJNCTUBICINb CRONCUBAHHS MAKO20 NPOOYKMY TH00bMU, U0 CINENCATNb 3d CEOEH)
8a2010. 3 Op2aHOAENMUUH020 MA QI3UKO-XIMIUHO20 AHAI3Y 008e0eHA iX 8i0ONOBIOHICMb
HOpMamueHill OOKyMeHmayii.

Knrouoei cnosa: xapmonnana mezea, OOpowHo i3 3ejleHoi epeuKl, CHeKuU, 6e38i0-
XOOHI MExXHON02Il, CNONCUBYI 8IIACIMUBOCHII.

Formulation of the problem. During processing potatoes into starch, a mixture
of by-products is obtained, which includes pulp and juice water. It was showed (Wu,
2016) that if no effective measures are taken to continue using this waste, negative
economic and environmental outcomes may weaken the benefits of starch recycling,
but this waste-free technology industry faces major challenges. Firstly, due to the
large amount of water present in fresh waste, almost 80 percent, they are not suitable
for concentration and long-term transportation, and therefore they are taken to the
fields without any disposal. Due to the deterioration of organic materials and the
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development of bacteria, the environment can be littered with horrible odors (Levin
etal.,2007). Secondly, burying the pulp leads to contamination of soil and groundwater.
On the other hand, if these residues of potato waste are dried and turned into dry fodder,
the cost of such waste increases significantly due to the low utilization rate (Wu, 2016).

Therefore, complex processing of potatoes with minimization of waste remains
an important stage in the development of the processing industry.

Analysis of recent research and publications. Based on the data of various sci-
entists, directions in the field of possible use of potato pulp were identified, namely:

- enrichment of pulp, which containing potato protein, is other nitrogen-containing
component in the production of feed for cattle (Li et al., 2019; Yuan et al., 2004);

- preparation of pectin — starch mixtures for feed and other technical purposes (Gu
etal., 2013; Yang, 2018);

- production of dietary fiber (Li et al., 2017; Wu, 2016);

- bioconversion into sugar in bioethanol production and extraction of syrup for so-
aking potato snacks and french fries (Gao, 2012; Ginkel et al., 2005; Wang et al., 2016;
Wu, 2016);

- nutrient medium for growing yeast in the production of vitamin B12 (Mayer,
1998);

- nutrient component of the substrate in biogas production (Mayer, 1998; Wang
etal., 2016);

- use in the food industry as a prescription ingredient (Bastos et al., 2016; Bengtsson
etal., 2011; Cao et al., 2019; Dias et al., 2014).

The possibility and effectiveness of using potato waste as raw ingredient on an
industrial scale was proved. It was proposed to use potato pulp as a source of dietary
fiber in low-fat sausage technology, thereby strengthening the structure of ready-made
low-fat sausages and increasing their yield (Bengtsson, Montelius & Tornberg, 2011).
Replacing wheat flour with dried or extruded pulp allows to make pasta for patients
with celiac disease (Bastos, Junior & Caliari de Araujo Pereira, 2016) and in the tech-
nology of custard, a similar substitution helps to reduce the amount of digestible starch
and glycemic index of the finished product (Cao, Zhang, Guo, Dong & Li, 2019).
Partial replacement of wheat flour with potato pulp helps to reduce the lipid content in
finished products by 24% in the technology of deep-fried snacks (Dias, Oliveira,
Campos & Manoel, 2014), however, such snacks are not balanced in their chemical
composition, and the fat content remains quite high.

Snack products are one of the most common among children, young people and
middle-aged people, due to their nutritional value and easy consumption, especially in
urban conditions. Particular attention is paid to potato snacks due to their taste and low
price. However, due to the above disadvantages of this product (high fat content and
low content of biologically active substances), their consumption is limited. In order to
increase the nutritional value of pulp-based snacks, it is advisable to add raw materials
rich in biologically active substances, for example green buckwheat. Chemical compo-
sition of green buckwheat and potato pulp is presented in table 1 (Gu et al., 2013; Mazza
et al., 2003; Yuan et al., 2004; Zhu et al., 2008).
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Table 1. Chemical composition of green buckwheat and potato pulp

Indicator Green buckwheat Potato pulp
Water, % 9.7— 18.0—31.0
Protein, % 13.0—15.0 39114
Fat, % 34 3.7
Carbohydrates, % 71.5 53.7
Alimentary fiber, % 5.0—11.0 68.6
Vitamins:
A, ug 6.0 not found
B1, mg 0.4 -k
B2, mg 0.2 ¥
B6, mg 0.4 ¥
B9, ug 31.8 160.0
EE, mg 6.7 not found
PP, mg 4.2 -
Minerals, % 1.2 1.6—8.9
Macronutrients:
Ca, mg 20.7 255—657
Mg, mg 200.0 337—363
Na, mg 3.0 194
K, mg 380.0 8478—8892
Trace elements:
Fe, mg 6.7 n/a
Zn, mg 2.0 n/a
I ug 33 n/a
Cu, pug 640 n/a
Mn, mg 1.56 n/a
Cr, ug 4.0 n/a
F, ug 23.0 n/a
Mo, ng 34.4 n/a
Si, mg 81.0 n/a
Co, ug 3.1 n/a

Remark: -* — traces of the compound were detected.

The protein content in green buckwheat is in the range of 13.0—15.0%, and its value
is due to the presence of up to 18.2% albumin, 43.3% of globulin, 0.8% of prolamin,
22.7% of glutelin and 5.0% of other amino acids. Green buckwheat is a source of amino
acids, which have good solubility and high digestibility. As for the pulp, the amount of
protein in it reaches in average 6%, which is twice less than in green buckwheat. The
value of this protein is provided by the presence of 8 essential amino acids, among
which are asparagine — 8.6%, glutamine — 7.1%, alanine — 7.5%, prolamine —
43.6% and valine — 10.5%.

The main fiber components (the amount of fiber is 11%) of green buckwheat are
cellulose, non-starch polysaccharides and lignin, for pulp they are pectin, cellulose and
hemicellulose, the content of which is 6 times higher than in green buckwheat.

The amount of fat in both raw ingredients is at the same level, while the ash in potato
pulp is 7 times higher than in green buckwheat, which explains the higher number
of micro- and macronutrients in the pulp. As for vitamins, there is a reverse trend, as
their number is much higher in green buckwheat and is represented by vitamins B1, B2,
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B6, B9, PP, the highest amount takes vitamins EE and A — 6.7 and 6.0 mg, respec-
tively.

Green buckwheat is a source of antioxidants which protect the product from acidi-
fication compared to other cereals, which in turn increases the resistance of this ingre-
dient to rancidity during storage and prevents mold in case of high humidity (Hetman,
Mykhonik, Kuzmin & Shevchenko, 2021; Wu, 2016).

The complete replacement of wheat flour and dry potato pulp on green buckwheat
flour and potato pulp, respectively, will create a ready-to-eat product, balanced in its
chemical composition and low in fat. The valuable chemical composition of these raw
materials will give healthy properties to products with their content (ILleBuenko, Cima-
xina & llleBuenko, 2020).

The purpose of the research was to study the influence of green buckwheat flour
on the structural and mechanical properties of dough and on the quality of finished pro-
ducts.

Materials and methods. The influence of dispersion of green buckwheat flour
(TM “Skvyryanka” (Ukraine)) on structural and mechanical parameters of dough,
sensorial, physicochemical and structural and mechanical indicators of quality of
ready-to-eat snacks made on the basis of potato pulp (TM “Vimal” (Ukraine)). In ad-
dition, the chemical composition of green buckwheat flour, pulp and ready-made snacks
was analyzed.

The green buckwheat was crushed into flour using a laboratory mill ML-2, and then
it was sifted on sites of various sizes, which are 8.7; 11; 20; 23; 41/43. As aresult, flour
with dispersion 200 pm, 310 um, 390 pm, 670 pm, 850 pm was obtained.

The mixing of the dough was carried out using a mixing machine (Esperanza
EKMO024 (Poland)), which added not only flour and pulp but egg mélange and salt. The
recipe of potato snacks is presented in table. 2. The dough was kneaded with a mass
fraction of dry matter of 25.0%. Heat treatment was performed using a household waffle
iron (MAGIO MG-397, (China).

Table 2. Recipe for potato snacks

Ingredient Quantity, g
Potato pulp 71.6
Salt: 1.1
Green buckwheat flour 24.5
Egg 2.2
Oil 0.5
Total: 100

In order to establish the influence of different types of starch on the structural and
mechanical properties of the dough, general deformation, relatively elastic deformation,
softness, reproducibility and plasticity of dough pieces were investigated using a
structrometer STS-1 (Moscow) with sphere nozzle.

Heat treatment of dough blanks was performed at a temperature of 140°C for 2—
3 min. As a control sample the classic technology of snacks from potato was used
(1.5 mm thick potato slices were fried in a deep-fried fryer at a temperature of 150—
160°C for 3 minutes).
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Sampling for the analysis of the finished product was carried out and sensorial
indicators of finished snacks were determined according to methodology, protein con-
tent — by Keldal’s method, fat — by refractometric method, and carbohydrates —
by Schorl’s micromethod.

Analysis of the energy value of snacks was determined by the Pokrovsky method
per 100 g of finished product. During the calculations, they used the “Norms of
physiological needs of the population of Ukraine in basic nutrients and energy”
approved by the Ministry of Health of Ukraine for women aged 18—29 years, 1st labor
intensity group. The glycemic index of snacks was calculated according to the method
developed in the National University of Food Technologies (Patent 40623 UA), which
means calculation of the sum of the products of each glycemic index of carbohydrate
per 100 g of food product. Statistical processing of the obtained experimental data was
performed for three measurements of all studied properties. In the tables there is
indicated the number of repetitions and the maximum error in the form of M £ m; n =
3, where M is the error, n is the number of repetitions.

Results and discussion. The degree of dispersion of flour in different ways affects
the process of snack production, because it has different chemical composition ([{po-
6ot, llleBuenko & JlitBuuuyk, 2021). Firstly, its size affects the quality of the dough
(kneading process, dough formation and heat treatment) and finished product. That is
why it was considered appropriate to analyze the effect of green buckwheat flour of
different fractions on the structural and mechanical properties of dough. The results of
studies of general deformation, relatively elastic deformation, softness, reproducibility
and plasticity of test blanks are presented in table. 3.

Table 3. Structural and mechanical quality indicators of dough based on pulp and
green buckwheat flour

M+0.05;n=3
Indicator The size of the flour particles of green buckwheat, microns
200 310 390 670 850
General deformation, Pa 0.55 0.67 0.70 1.84 1.89
Relatively elastic deformation, Pa 0.48 0.61 0.66 1.18 1.38
Softness, Pa 37.93 48.29 54.04 69.11 80.00
Reproducibility, Pa 48.17 53.33 65.67 68.33 72.83
Plasticity, Pa 22.43 15.73 6.47 6.37 4.71

It was found that the structural and mechanical properties (general deformation,
relatively elastic deformation, softness and reproducibility) of the dough from green
buckwheat flour with a dispersion of 200 um to 850 pum increased with increasing
dispersion, while the plasticity, on the contrary, decreased. This pattern is explained by
the decrease in the number of destroyed and broken grains of starch and protein in flour
with bigger size. The more free grains of starch in the dough, the lower its elasticity, the
higher the plasticity, because in such systems there are deeper colloidal processes,
namely the swelling of starch grains (Drobot & Shevchenko, 2021). Potato pulp has no
less significant influence on the structural and mechanical properties of the dough than
buckwheat flour, namely because of the presence of approximately 65.0 g/100 g of die-
tary fiber. These compounds help to increase the stability of the system, and therefore
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increase the elasticity, softness and reproducibility, due to their high moisture absorp-
tion and moisture retention capacity. Potato fiber has capillary structure, that is why
water retention occurs not only on the surface of the fiber, but also inside the capillary
channels, thereby improving the structure of the finished product (Rubanka, Terletska,
Pysarev & Abramova, 2021).

If the dispersion of flour increases from 200 pm to 390 um, its general deformation
and relatively elastic deformation increases by 27% and 37%, respectively. Further in-
crease in dispersion of flour to 850% increases these indicators by 243% and 187%,
respectively. Similar results were obtained for such indicators as softness and recove-
rability, which increased with increasing dispersion of flour, but the increase in the
softness of the dough was twice higher than for reproducibility.

As for plasticity, with increasing size of the flour particles from 200 um to 850 pm,
it decreases by 79%.

Therefore, to obtain dough in the production of potato snacks based on potato pulp
with the best structural and mechanical properties, it is advisable to use flour with di-
spersion of 850 microns, which facilitates the formation of kneading process. However,
it is necessary to take into account the way in which the size of the flour will affect the
strength, and therefore the crunchiness of the finished snacks.

The effect of flour grinding size with particles from 250 to 850 microns on the brit-
tleness of finished snacks was investigated. The results of the influence of the dispersion
of green buckwheat flour on the strength of the finished snacks are presented in fig.
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Fig. Influence of dispersion of green buckwheat flour
on the strength of ready-made potato snacks, M + 0.05; n =3

It was established that the strength of finished products increased with increasing
size of flour particles, which may be explained by the presence of a smaller amount of
free fractions of protein and starch, which gives a paste.

The strength of finished products increased by 73% when doubling the dispersion,
namely from 200 microns to 390 microns. Increasing the dispersion of flour by 3.3 ti-
mes (from 200 microns to 670 microns) increased the strength of snacks by 247%, while
4.3 times increasing (from 200 microns to 850 microns) — only by 257%.
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Therefore, taking into account the plasticity, softness, elasticity of the dough and the
strength of the finished products, It is recommended to use flour with size of particles —
670 microns, which will allow to get dough with good structural and mechanical pro-
perties and ready-made snacks with high strength (crunchiness).

As a result of research, it is proposed the development of potato snacks based on
potato pulp and green buckwheat flour with dispersion of 670 microns. However, the
quality of finished products remains unclear. Therefore, the sensorial, physicochemical
and consumer properties of potato snacks were studied.

The results of studies of sensorial indicators of potato snacks proposed for the de-
velopment are presented in table. 4.

Table 4. Sensorial indicators of potato snacks

Indicator Characteristics
The shape is round, the plates are thin with a pattern on the
surface that repeats the look of a waffle iron
Color Yellow, have a slight darkening at the edges
Well expressed, peculiar to potatoes, there is a light taste of
buckwheat, without extraneous taste and smell

Appearance

Taste and smell

Physicochemical parameters (mass fraction of moisture, ash, mass fraction of chlo-
rides, impurities and the presence of broken slices) are presented in table. 5.

Table 5. Physicochemical indicators of potato snacks

Potato snacks
Indicator of quality Control sample based on potato
pulp and green
buckwheat flour
Mass fraction of moisture, % no more than 5.0 4.2
Mass fraction of chlorides, % no more than 3.0 1.7
Presence of impurities not allowed not found
The presence of broken slices, plates (passage
through a sieve with a hole size of 20 mm, %) no more than 10.0 not found

Developed snacks have a pleasant, distinct taste and aroma of potatoes. The products
have a round shape, the color is similar to the control sample (light yellow without burnt
edges).

According to the results of research of physicochemical parameters, it was deter-
mined that the developed snacks have mass fraction of moisture 4.2%, mass fraction of
chlorides — 1.7%, the presence of impurities and slices was not found.

Nutritional, energy value and consumer properties are also important characteristics
of snacks, which, like sensorial characteristics, influence consumer choice. Therefore,
the nutritional, energy value and glycemic index of snacks made from potato pulp and
green buckwheat flour were determined.

In the developed snacks based on potato pulp and green buckwheat flour, the content
of basic nutrients was determined, according to which the nutritional and energy value
and glycemic index was calculated (table 6).
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Table 6. Energy value and glycemic index of potato snacks

Indicator Dallyglq(l)lér;ment, Content, g/100 g Integral score, %
Proteins 55 14.31 26.01
Fats 56 2.20 3.93
Carbohydrates 320 45.21 14.06
Energy value, kcal 2450 255.24
Glycemic index, units 15.63

According to calculations, it was determined that the developed potato snacks cover
more than 25% of the daily protein requirement in case of consumption of 100 g of
product. But the content of carbohydrates and fat is low, for which the integrated rate is
only 14.06% and 3.93%, respectively. The energy value for snacks is 522.5 kcal, which
provides the fifth part of the daily energy needs.

No less important consumer characteristic of the developed snacks is their glycemic
index. It was found that snacks offered for processing belong to products with low gly-
cemic index, as its value is only 15.63 units and does not exceed the permissible level
of 40.0 units for products with low glycemic index. Such results are due to the low
glycemic index of the raw materials which were used. Firstly, the pulp is free from a
large amount of starch, while fiber, although in large quantities, has a low value of this
indicator, only 0.1 units.

Conclusions

Production of potato snacks based on potato pulp and green buckwheat flour solves
the global problem of waste-free processing of raw vegetables. The use of buckwheat
flour with a dispersion — 670 microns, provides the production of finished snacks with
high structural and mechanical properties. The energy value of such snacks is much
lower compared to potatoes and is only 255.24 kcal, which is 2 times less than chips
fried in oil, because in their production deep fryers aren’t used, and therefore the amount
of fat is much lower, in addition, the use of pulp, from which starch is washed, also
reduces energy value. According to the glycemic index, such snacks belong to the group
of products which have a low rate as it does not exceed 40 units and is only 15.63 units.
Therefore, they can be consumed by people who control weight and who have diabetes.
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