IIpedcmasneno pesyavmamu oocaiddcens
6nNUGY napamempie npouecy mepmiunoi
00pobKuU, mpusanocmi npouecy MexamitHo-
20 OUUWEHNA, XAPAKMEPUCMUK CUPOSUHU HA
NOKA3HUKU AKOCMI OuUueHHA GYbh moninam-
oypy. Ompumani mamemamuuni mooeni npo-
uecy mepmiunoi 00podxu oyab0 moninamoypy
napotro. 3anpononosano mamemamurii mooeJi
npouecy MexaniuHozo ouUueHHs moninamoypa
0N GU3HAUEHHA 6I0COMKA OUUWEHUX O0YIb0
moninamoypy ma 6i0comxa 6uxooy cuposuHu
3a macoro

Kniouosi cnosa: modemosanns npouecy,
mepmiuna o0pobxa, mexauiune 000UUWEHNS,
8i0comox empam cuposuHu, AKICNb OUUUEHHSL

IIpedcmasnenvt pesyavmamol ucciedosa-
HUU 6IUAHUSL NAPAMEMPOE NPOUECCA MmepMu-
yeckoil obOpabomxu, npoooarcumesbHOCMU
npoyecca Mexamuueckoi 0OUUCMKU, XAPAK-
mepucmux coipbs HA noKazameau Kawecmea
ouucmku xayonei monunamoypa. Ilonyuenvi
Mamemamuueckue MoO0enU Npouecca mepmu-
yeckou oOpabomxu wayomHel monunaméypa
napom. Ilpednodscenvt mamemamueckue mooe-
JU Mpouecca Mexamu4eckoll OWUCMKU MOnu-
naméypa 0ns onpedenenus npouewma ouu-
wennvix KayoHeli monunambypa u npoyenma
6b1X00a CbIPbL N0 MAcce

Kmoueevte crosa: modenuposarue npouec-
ca, mepmuveckas oépabomka, mexanuueckas
doouucmxa, npouewm nomepo Colpvs, Kaue-
cmeo ovucmxu

1. Introduction

One of the main processes, which are used at the en-
terprises of restaurant business, is the process of peeling
vegetable raw materials. Technological process of peeling
the tubers of Jerusalem artichoke deserves serious atten-
tion. Despite the fact that several types of equipment are
used at present to conduct the process of peeling Jerusalem
artichoke, there still remain many problematic questions.
The main problem is linked to the fact that during peeling a
substantial part of the raw material is lost due to imperfect
equipment, employed in the implementation of this process,
which requires considerable modernization [1].

An improvement in the quality of peeling is the promis-
ing trend of processing vegetables, as well as a reduction in
the losses of raw material during its processing. Peeling the
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tubers of Jerusalem artichoke is a rather labor-consuming
process. For its realization, it is necessary to create equip-
ment whose principle of work is based on the combined ac-
tion of thermal and mechanical processes on the product [2].
However, the absence of comprehensive experimental studies
into the application of the combined action of these processes
on the product, taking into account the characteristics of
product, substantially hampers development of new energy
efficient equipment. When examining the process of peeling,
attention should be paid to such indicators as the quality of
peeling and the amount of waste [3].

At present, most common methods of peeling vegeta-
bles are mechanical and steam [4]. These methods have
some advantages over other methods of peeling. In spite of
this, they are characterized by certain shortcomings. The
deficiencies in the existing equipment include material and




energy consumption, insufficient quality of peeling a prod-
uct, high percentage of waste, and the presence of auxiliary
equipment [5].

Special attention should be paid to the process of clean-
ing the tubers of Jerusalem artichoke from the outer cover.
Substantial part of this raw material is lost as a result of the
fact that the realization of peeling employs equipment, which
is obsolete. Under contemporary conditions of production,
there arises the need to create equipment, which matches
world requirements.

Very important for the healthy nourishment of humans
are the products, prepared from the vegetable raw materi-
als. Jerusalem artichoke contributes to the removal of toxic
and radioactive materials, phosphates, nitrates from the
organism. It is known that the tubers of Jerusalem artichoke
have considerable nutrient value. Their composition includes
vitamins, mineral substances, pectins, proteins, amino acids.
Tubers of Jerusalem artichoke are balanced in terms of the
macro- and microelement composition. By the content of
phosphorus, potassium, iron, silicon and zinc, Jerusalem
artichoke substantially exceeds such root crops as carrot,
beet and potatoes. Pre-treatment of the tubers of Jerusalem
artichoke before their use in the food industry has a complex
character. Tubers of Jerusalem artichoke have irregular
shape, there are many convexities and cavities. It is required,
accordingly, to make significant efforts to peel the tubers.
While conducting the process of peeling, the percentage of
waste can reach 40 %. At present, the process of peeling is
sufficiently labor consuming and requires the application
of manual labor. Furthermore, during peeling a substantial
part of the raw material is lost. This necessitates design of
the equipment, which would ensure high efficiency of the
process of peeling the tubers of Jerusalem artichoke.

2. Literature review and problem statement

Processing Jerusalem artichoke tubers is characterized
by the fact that much of the raw material is wasted, more to
the point: mostly during the peeling process. Given this, a
method of peeling the tubers plays a significant role in the
industrial processing of artichoke. One should also pay at-
tention to the equipment that is used in the peeling process.

At present, the process of peeling Jerusalem artichoke
and removing its various defects is one of the most com-
plicated operations in preparation of raw material for pro-
cessing. A peeling method is important for the economy of
production since, during processing, the raw material waste
can reach 50 %. Peeling of artichoke can be conducted by
thermal, chemical and mechanical techniques. However,
when using thermal and chemical methods, it is necessary to
additionally apply mechanical post-treatment for complete
removal of peel [6].

One of the most effective ways is considered to be peeling
off the surface layer of artichoke by steam with a subsequent
blow of jets of steam or water under pressure. To identify the
main benefits and shortcomings, characteristic for the exist-
ing methods of peeling tubers, we shall consider and analyze
them in more detail.

The most common and easy way of peeling the tubers of
Jerusalem artichoke is a mechanical technique that predeter-
mines a change only in the anatomical structure of a tuber
without significant changes in the chemical composition and

properties. A working surface of the peeling equipment can
be made of different materials and have different shape [7].

The essence of mechanical peeling technique is erasing
the external tissues by rough surfaces (mainly, abrasive) to
remove the peel and cells. Mechanical treatment of washed,
inspected and calibrated tubers is conducted in peeling ma-
chines under continuous feed of water for flushing and dis-
posal of waste. When this method of peeling is implemented,
the outer layers is removed by rough working surfaces. In
this case, a tuber should be pressed to a rough surface with
a certain effort so that parts of this surface deepen in the tu-
ber, and at subsequent movement of the surface, a micro cut
is to occur. Upon completion of the main process of peeling,
it is necessary to conduct post-peeling. Post-treatment of
tubers manually is an extremely labor consuming process
with a large percentage of losses of raw materials.

In addition to the mechanical peeling method, one of the
most common and effective ways to peel artichoke is a steam
technique. This method has significant advantages in com-
parison with other ways of peeling. When using this method,
the amount of waste reduces, eliminating the need for the
calibration of raw materials because tubers of all shapes and
size are well peeled. When a steam peeling method is used,
tubers in steam plants are exposed to intensive water vapor.
Treatment time is 1...2 min., at vapor pressure 0.4...1.1 MPa.
After treatment, the pressure is dropped to the atmospheric.
As aresult of a sharp pressure drop, moisture in a layer under
the peel boils and turns to steam, which helps peel off and
tear the peel of the tuber. Due to an increase in the tempera-
ture of steam, the surface layer of tubers is boiled. The tubers
peeled by a steam technique have crude (not blanched) flesh.
Peeling is carried out in the units of periodic and continuous
action. After a steam peeling unit, tubers arrive to a wash-
ing-peeling machine, where they are finally peeled off, the
peel is washed off, as well as a partially boiled layer [8].

Products from artichoke manufactured using a steam
method of peeling do not differ in quality from similar prod-
ucts, obtained by mechanical peeling treatment.

A steam technique provides high quality of peeling at
low waste of raw materials. Nevertheless, equipment for the
implementation of steam peeling method requires consider-
able production areas, has large dimensions, consumes large
amount of electricity. In addition, this type of equipment is
highly efficient as it is intended for large processing plants.
That is why the steam peeling method is hardly used at the
enterprises of restaurant business [9].

Widely applied at the enterprises in food industry is a
chemical peeling method. During chemical peeling, tubers of
Jerusalem artichoke are exposed to treatment with an alkali
solution with subsequent peeling by a mechanical technique
and neutralization of residual alkali by acid (vinegar or lem-
on). Alkaline peeling method implies treatment of Jerusalem
artichoke with hot alkali solutions. They use mostly sodium
hydroxide solutions, less often — caustic potassium. The raw
materials to be peeled are immersed in a boiling 25 % solu-
tion of alkali. The peel is easily separated within 15 minutes
and it is washed off with water in a washing machine. This
requires complete removal of chemical residues from the
tuber surface.

The disadvantages of this method include considerable
cost of chemical components for conducting the process, as
well as the need for special recycling of waste, as it may be
hazardous for the environment [10].



In some cases, chemical and steam methods can be com-
bined in an alkaline steam peeling method. When applying
this method, they use chemical and steam plants. At the first
stage, tubers are treated with a 12 % solution of caustic soda
at a temperature of 80 °C for 10 minutes. Next, the tubers are
exposed to sharp vapor at pressure 0.6 MPa for 1 min. Fol-
lowing the treatment of tubers of Jerusalem artichoke with
steam, their post-peeling is conducted manually.

Alkali-steam peeling method implies treatment of tubers
with alkaline solution and vapor in the plants under exces-
sive or atmospheric pressure; in this case, they use weak
(5 %) alkaline solutions. Given this, alkali consumption
is sharply reduced (by about 10 times), waste is reduced
compared to the alkaline technique. Waste of Jerusalem ar-
tichoke is not used when employing the method of alkaline
peeling.

Minimal waste and losses of raw material are observed
at alkaline (23.7 %) and alkaline-steam (28.1 %) peeling
techniques; maximal — at water vapor (36.7 %) and me-
chanical (31 %) methods.

The lowest labor costs in the process of peeling and
post-peeling are observed at alkaline peeling method, the
largest — at mechanical. Consumption of supporting ma-
terial at alkaline peeling method is significantly larger be-
cause their cost, in addition to water, steam and electricity,
includes alkali, which significantly increases the cost of the
peeled raw material [11].

When analyzing the existing methods and equipment
for the implementation of the process of peeling tubers, it
can be argued that, to date, the most common techniques to
peel are mechanical and steam. Advantage of the mechanical
method over other methods is the use of equipment that has
small dimensions, low material and energy consumption. As
compared to the mechanical, the steam mode is character-
ized by better quality of peeling, and there is also no need to
pre-calibrate the raw materials. However, equipment for the
steam peeling method is material- and energy-intensive and
requires additional production facilities for the implementa-
tion of this method.

Steam peeling method has been applied at large process-
ing enterprises and enterprises in the food industry. The
enterprises in restaurant business employ mainly mechanical
method to peel vegetables, this is due to the lack of equip-
ment with limited capacity and with a simple design for the
implementation of thermal and chemical peeling methods.
However, the optimal technique of peeling, from the view-
point of preserving nutrients at minimal waste, is considered
to be a steam method [12].

At present, there is a need for the development of
equipment to peel tubers rind. Equipment to be designed
should be of a relatively small size, be energy efficient and
ecologically friendly [13]. In order to intensify development
of the new equipment, it is required to undertake a number
of theoretical and experimental research. It is necessary to
determine the effect of varietal characteristics of Jerusalem
artichoke and peeling process parameters on the efficiency
of peeling a product.

Currently, one of the most promising directions to im-
prove quality of artichoke peeling and to reduce the losses
of raw material is to create equipment whose operation
principle is based on the combined effects of thermal and
mechanical processes on the product. However, a lack of
comprehensive experimental studies on the use of the com-
bined effect of these processes on the product significantly

impedes development of the new energy-efficient equipment.
Thus, improving the process of tuber peeling through a com-
bination of thermal and mechanical impact on the product
and development of appropriate hardware is a promising and
relevant scientific and technical task.

3. Research goal and objectives

The goal of present work is to study the process of
combined peeling of Jerusalem artichoke tubers, as well as
to determine rational parameters of conducting combined
peeling process.

To accomplish the set goal, the following tasks had to be
solved:

—to develop procedures and experimental installations
to examine the process of thermal treatment of Jerusalem
artichoke with steam;

— to investigate the effect of steam pressure and duration
of treating Jerusalem artichoke with steam on the surface
layer of tuber;

— to explore the impact of duration of the process of me-
chanical post-peeling of Jerusalem artichoke on the quality
of surface cleaning and losses of raw material;

— to receive mathematical models of the process of ther-
mal treatment of Jerusalem artichoke with steam to deter-
mine a depth of thermal treatment of the surface layer and
an effort to peel off the rind, as well as mathematical models
of the process of mechanical post-peeling of Jerusalem arti-
choke to determine the percentage of peeled tubers and the
percentage of the yield of peeled tubers by weight.

4. Materials and methods for examining the process of
combined peeling of Jerusalem artichoke tubers

The developed combined method of peeling consists of
the process of thermal treatment of Jerusalem artichoke tu-
bers with steam at excess pressure and mechanical post-peel-
ing. Priority task when conducting research into combined
peeling process of Jerusalem artichoke was determining
the rational modes of thermal treatment. These parameters
include duration of the thermal treatment of Jerusalem arti-
choke with steam and steam pressure. To study the influence
of thermal treatment on Jerusalem artichoke tubers, we de-
signed an experimental installation.

More details on the materials and methods that were em-
ployed to study the process of combined peeling of Jerusalem
artichoke tubers can be found in article [14].

5. Results of examining the process of combined peeling
of Jerusalem artichoke tubers and determining the
rational parameters for conducting the process

The main objective of study into the combined process
of Jerusalem artichoke peeling was to determine rational
modes of Jerusalem artichoke thermal treatment with steam.
Parameters of the process of Jerusalem artichoke thermal
treatment are steam pressure, temperature and duration of
treatment.

We propose a mathematical model of dependence of the
thermal treatment depth of the surface layer of Jerusalem
artichoke tuber on the steam pressure, duration of treat-



ment, the content of dry substance in the tubers of Jerusa-
lem artichoke and their storing period. Construction of the
mathematical model of the process of thermal treatment of
Jerusalem artichoke tubers implied the following. At the
first stage, we found a mathematical model for dependence
of boiling penetration depth on the duration of Jerusalem
artichoke thermal treatment in the form:

8(v)=f, (v +1,)". )

At the second stage, using a correlation analysis, we
determined that coefficients f, and f, depend on steam pres-
sure while coefficient f, on the content of dry substances
only. At the third stage, regression equations were found for
the dependence of functions f,, f,, f, on the process factors
in the form:

f1(p)= Zzspzi, (2)
f,(p)=z;p", (3)
f,(K)=z,+z,K. 4)

Resulting mathematical model of dependence of depth of
thermal treatment of the surface layer of Jerusalem artichoke
on the duration of thermal treatment process takes the fol-
lowing form:

+7,4+2, K\

8(t,..p.K)=2,p" [‘ At ] : 3)

60
where 8 is the depth of thermal treatment, mm; p is the
steam pressure, MPa; K is the content of dry substances, %;
T, . is the duration of treatment, s; z,, z,,..., z, are the empirical
coefficients.

Experimental data and their approximation with equa-
tion (5) are shown in Fig. 1.
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Fig. 1. Dependence of depth of Jerusalem artichoke thermal
treatment (the content of dry substances is 18 %) and
storage period to September 1 on the duration of treating
a tuber with steam: 1 — 0.3 MPa; 2 — 0.4 MPa; 3 — 0.5 MPa;
4—0.6 MPa; 5 — 0.7 MPa

Dependence presented in Fig. 1 indicates that with
increasing duration of the Jerusalem artichoke treatment,
depth of thermal treatment of Jerusalem artichoke surface
increases accordingly. Graphical dependence presented in
Fig. 1 indicates that steam pressure and duration of treat-
ment have an effect on the depth of thermal treatment of the

surface layer. Depth of thermal treatment increases with in-
creasing steam pressure and duration of thermal treatment.

Fig. 2 shows a correlation field between experimental data,
which are given in Fig. 1, and the mathematical model (5).
Relative error of the model is 4.5 %. Mathematical model holds
within the limits of change in the examined factors: steam pres-
sure is from 0.3 to 0.7 MPa, treatment duration is from 10 to
70 s, the content of dry substances is from 18 % to 26 %.
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Fig. 2. Correlation field between experimental data on depth
of the thermal treatment of Jerusalem artichoke surface layer
and the mathematical model (5): 1 — to September 1;

2 — from September 1 to December 31; 3 — from January 1

Estimated dependences and experimental study con-
firmed assumptions on that the depth of thermal treatment
of Jerusalem artichoke surface layer is affected by the tuber
storage duration. When implementing a combined vegetable
peeling process, it can be assumed that an increase in the
depth of thermal treatment of Jerusalem artichoke surface
layer will increase the percentage of losses of raw material
during mechanical post-peeling. That is why it becomes
necessary to reduce the depth of thermal treatment of Jeru-
salem artichoke layer by reducing the duration of thermal
treatment and the values of steam pressure. However, when
bringing down these indicators, separation of rind from the
tuber of Jerusalem artichoke may prove to be ineffective.

In order to assess the effect of thermal treatment on the
surface layer of raw material, it is necessary, in addition
to the depth of thermal treatment, to introduce additional
indicator. Efficiency of peeling off Jerusalem artichoke after
thermal treatment can be assessed by measuring the value of
effort required to separate the rind from the tuber of Jerusa-
lem artichoke.

Based on the type of data received, we proposed a math-
ematical model of dependence of the effort required to sepa-
rate the rind of Jerusalem artichoke on the duration of ther-
mal treatment and steam pressure for Jerusalem artichoke
tubers with different content of dry substances.

At the first stage, we proposed a mathematical model for
dependence of the depth of thermal treatment on the dura-
tion of thermal treatment of Jerusalem artichoke in the form:

1

F(1)=—F7——.
() Tt

©6)

At the first stage, coefficients f,, f,, f, were considered to
be constant dependence coefficients (6), which can be repre-
sented in the form of power dependence:



%=f1~rf2+f3. (7)

At the second stage, we found equations of mathematical
models for functions f,, f,, f,, in the form:

f,(K,p)= (61 +eQK)p(°z+cﬁ-K>, ®
fz(KvP):(es +eG~K)p(Cv+CS»K) , ©

f3(K,p):e9+(e10+eHK)p2. (10)

To this end, we employed a method of sequential regres-
sion analysis. Resulting mathematical model of dependence
of the effort required to separate the rind of Jerusalem ar-
tichoke on the duration of thermal treatment of Jerusalem
artichoke and steam pressure for Jerusalem artichoke takes
the following form:

F(Th.t. ’p’K):

- ! (1)
B ). (EsreK) (5 +e K)p 7780 o
(e,+¢,'K)-p (t,.0) +ey+(ey+e, K)p

.t

where F is the effort required to separate the rind of Jeru-
salem artichoke, N; p is the steam pressure, MPa; K is the
content of dry substances (in fractions of unity); t,, is the
duration of thermal treatment with steam, s; e,, e,, ..., €, are
the empirical coefficients.

Dependence of the effort required to separate the rind
of Jerusalem artichoke on the duration of thermal treatment
and steam pressure is shown in Fig. 3.
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Fig. 3. Dependence of the effort required to separate the rind
from a Jerusalem artichoke (the content of dry substances is
18 %) and storage period to September 1 on the duration of
thermal treatment: 1 — 0.3 MPa; 2 — 0.4 MPa; 3 — 0.5 MPa;

4—0.6 MPa; 5 — 0.7 MPa

Efforts required for separating the rind from Jerusalem
artichoke tubers range from 17.12 N to 1.142 N. Maximal
value of effort to separate the rind (17.12 N) is observed at
treatment duration 10 s and steam pressure 0.3 MPa. This
indicates that the bond between the cells of the surface layer
is not broken enough to separate the rind. Fig. 4 shows a
correlation field between experimental data on the effort
required to separate the rind of Jerusalem artichoke and
mathematical model (6).
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Fig. 4. Correlation field between experimental data on the
effort required to separate the rind of Jerusalem artichoke
and mathematical model (6): 1 — to September 1;

2 — from September 1 to December 31, 3 — from January 1

Increasing steam pressure leads to a decline in the effort
required to separate the rind. During treatment that lasts
40 s and at steam pressure 0.3 MPa, the rind is separated at
effort 9.991 N. At 0.7 MPa, the effort is 2.569 N. With an
increase in the treatment to 70 s, the effort for separating
the rind gradually decreases and reaches 1.559 N at a steam
pressure value of 0.3 MPa, and 1.142 N at steam pressure
0.7 MPa. In the case when the value of separation effort is
1.142 N, bond between the rind and the tuber of Jerusalem
artichoke is practically broken.

Mechanical peeling is the final stage in the combined
process of peeling the tubers of Jerusalem artichoke. In order
to improve peeling quality of Jerusalem artichoke tubers and
to minimize losses of raw material, it is necessary to identify
all of the factors that influence this process. Direct impact
on the process of mechanical post-peeling will be exerted by
such parameter as the duration of the process. In the case of
increasing duration of the process of mechanical post-peel-
ing, the durability of the action of working bodies of the
plant to the surface layer of tubers simultaneously increases,
which in turn may lead to increased losses of raw material. Nev-
ertheless, if we reduce duration of mechanical peeling, there is
a probability to compromise the quality of peeling. Duration of
the process of mechanical post-peeling of Jerusalem artichoke
tubers will be affected by tuber storage period, depth of ther-
mal treatment of the tuber surface layer and the effort required
to separate the rind. Conducted studies into the process of
mechanical post-peeling of Jerusalem artichoke tubers have
shown that the depth of tuber thermal treatment will directly
affect the percentage of losses of raw materials while the effort
required to separate the rind affects the percentage of peeled
tubers. Thus, there is a need for determining rational length of
the process of mechanical post-peeling depending on the effort
required to separate the rind of Jerusalem artichoke and depth
of thermal treatment. Based on the results of statistical process-
ing of data on dependence of the percentage of peeled tubers on
the effort required to separate the rind of Jerusalem artichoke,
we proposed a mathematical model in the form:

S(F)=f +f, F. (12)

At the first stage, functions f,, f, were considered to be
constant coefficients of linear dependence (12). At the sec-
ond stage, we derived equations of mathematical models for
functions f,, f, in the form:

fi(t)=a,+a,1, .

(13)



f,(t)=a,+a,1,,.

(14)

Resulting mathematical model of dependence of the per-
centage of peeled tubers on the effort required to separate
the rind of Jerusalem artichoke and duration of treatment
takes the form:

St . F)=(a,+a,7,, )-(as+a,1,, )-F, (15)
where S is the percentage of peeled tubers, %; F is the effort
required to separate the rind of Jerusalem artichoke, N;
T, 18 the duration of mechanical post-peeling, s; a,, a,,..., a
are the empirical coefficients.

Corresponding experimental data and their approxima-

tion with equation (15) are shown in Fig. 5.
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Fig. 5. Dependence of the percentage of peeled Jerusalem
artichoke tubers, storage period to September 1, on
the effort required to separate the rind and duration of
the process of mechanical post-peeling, s:
x—30;0—50;+—70;0—90; 0 — 110

The resulting dependence shows that the percentage of
peeled tubers is reduced when using Jerusalem artichoke
with a larger effort to separate the rind. During mechanical
post-peeling of tubers whose effort to separate the rind is
1.142 N, the percentage of fully peeled tubers is equal to
91 %, at process duration of mechanical post-peeling 30 s.
The percentage of peeled tubers of Jerusalem artichoke at ef-
fort to separate the rind of 7 N Peel will be 68 %. In the case
when the effort to separate the rind is 15 N, the percentage of
peeled tubers will amount to 47 %. Conducted experimental
studies have shown that using Jerusalem artichoke whose
depth of effort to separate the rind exceeds 15 N leads to
incomplete removal of the rind from tuber surface. The use
of such raw material is not appropriate, since, in this case, it
is not possible to attain the required tuber peeling quality.
Under condition of extension of the process of mechanical
post-peeling, there is a gradual increase in the percentage
of peeled Jerusalem artichoke tubers. At duration of the
process 70 s, the percentage of peeled tubers increases by
4...9 % compared to the duration of treatment of 30 s. In the
case when duration of mechanical post-peeling is 110 s, the
percentage of peeled tubers will increase by 4...15 % in com-
parison to the duration of 70 s.

Fig. 6 shows a correlation field between experimental
data and mathematical model (15). Relative error of the
mathematical model is 1.7 %. The model holds within the
limits of change in the examined factors: the effort to sepa-
rate the rind ranges from 1.0 to 15 N, duration of the process
of mechanical peeling ranges from 30 to 110 s.
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Fig. 6. Correlation field between experimental data on the
percentage of peeled tubers and mathematical model (4):
X — to September 1; o — from September 1 to December 31;
o — from January 1

As aresult of statistical processing of data on dependence
of the percentage of losses of raw material on the depth of
thermal treatment 3, we proposed a mathematical model in
the form of power dependence:

V(&) =f-&". (16)

At the first stage, functions f,, f, were considered to be
constant coefficients of power dependence (16). At the sec-
ond stage, we found equations of mathematical models for
functions f, f, in the form:

7)

(18)

f1(Tm.p_) =Y HY,Tt ’Ya’tzy
£ (T )= Vi HYSTHY,T

Resulting mathematical model of dependence of the
percentage of losses of raw material on the depth of ther-
mal treatment 8 and duration of the process of mechanical
post-peeling 1, of Jerusalem artichoke takes the form:

_ 2} QO+ Tmp 6Ty )
v(rlxl.p.’s)_(Y1+’Y2'Tm.p.+’Y3‘Im.p. )8 ! e ) (19)

where V is the percentage of losses of raw material, %; & is the
depth of thermal treatment of tuber, m; t is the duration
of mechanical post-peeling, s; v, Yy, ¥, are the empirical
coefficients.

Fig. 7 shows dependence of the percentage of losses of
raw material on the depth of thermal treatment and duration
of the process of mechanical post-peeling of Jerusalem arti-
choke whose storage period is to September 1.

The results obtained indicate that there is a substantial
increase in the percentage of losses of raw material depend-
ing on the duration of mechanical post-peeling and depth of
thermal treatment. The percentage of losses of raw material
ranges from 8 to 22 %. Duration of the process of mechanical
post-peeling in this case is 30 s. Depth of thermal treat-
ment of Jerusalem artichoke is 1...5-10° m. A growth in the
percentage of losses of raw material is due to the fact that
during mechanical post-peeling the surface layer of Jerusa-
lem artichoke, which was boiled during preliminary thermal
treatment, is gradually peeled off along with the rind. That is
why, when the value of depth of thermal treatment is 1-10- m,
duration of the process of mechanical peeling does not exert
any significant impact on the percentage of losses of raw ma-
terial. At duration of the process of mechanical peeling 30 s,
the percentage of losses of raw material is 8 %, and while



increasing duration of the process to 110 s, the percentage
of losses of raw material is changed to 1 %. However, when
using Jerusalem artichoke whose depth of thermal treatment
is 5103 m, range of changes in the percentage of losses of raw
material reaches 22...35 %. During the process of mechanical
post-peeling that lasts 110 s, the surface layer of Jerusalem
artichoke is almost completely peeled. At a consequent increase
in the duration of mechanical post-peeling, the percentage of
losses of raw material does not grow. Thus, there is a need to
determine the impact of storage period of Jerusalem artichoke
tubers on the percentage of losses of raw materials.

Fig. 8 shows a correlation field between experimental
data on the percentage of losses of raw material and mathe-
matical model (19).
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Fig. 7. Dependence of the percentage of losses of
raw material for Jerusalem artichoke tubers with storage
period to September 1 on the depth of thermal treatment of
the surface layer and duration of the process of mechanical
post-peeling, s: x — 30; o — 50; + — 70; 0 — 90; o — 110
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Fig. 8. Correlation field between experimental data on the
percentage of losses of raw material and mathematical
model (19), x — to September 1; o — from September 1 to
December 31; o — from January 1

We chose as a criterion of quality of the peeling process
maximal value of the percentage of peeled tubers at maximal
possible yield of the finished product by weight of tubers.
The maximal value of the percentage of peeled tubers can be
written as follows:

S(Th.t.’rm.p_’p7K) = (al + a'2 : Tm.p. ) - (3.3 + a4 ’ Tm.p. ) X
Z fo/ﬁ BZ
Ty, 2, +2, K) ’

X| B, +B,-exp| B, - (z;-p” - ( 60

Given the resulting dependence (15) for the losses of
raw material on duration of mechanical peeling and depth
of thermal treatment, we obtain equation for the indicator of
peeling quality; in particular, the maximally possible yield of
peeled tubers by weight

Q(Th.t.’rm.p,’p’K) = 100 _(Y1 + Y2 'Tnl.p. + YS : Tm.p.2)><

2
Va+Y5 T p. Y6 Tmp. )

(242, KT
X Zs'P"'( h.t. 610 2 J , (21)

where Q is the yield of peeled tubers by weight, %.

Fig. 9-11 show dependences of quality indicators of the
process of mechanical post-peeling of Jerusalem artichoke with
different storage period, depending on the depth of thermal
treatment and duration of the process of mechanical peeling.
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Fig. 9. Quality indicators of the process of mechanical
peeling of Jerusalem artichoke, with storage period to
September 1, depending on the depth of thermal treatment
and duration of the process of mechanical peeling:

m — rational mode of mechanical post-peeling
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Fig. 10. Quality indicators of the process of mechanical
peeling of Jerusalem artichoke, with storage period from
September 1 to December 31, depending on the depth of

thermal treatment and duration of the process of mechanical
peeling: m — rational mode of mechanical post-peeling

Chosen rational parameters of the process of mechanical
peeling (Table 1) for the designed plant provide maximally



possible quality indicator not less than 80 % by the percent-
age of peeled tubers and the yield of peeled tubers by weight.
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Fig. 11. Quality indicators of the process of mechanical
peeling of Jerusalem artichoke, with storage period from
January 1, depending on the depth of thermal treatment and
duration of the process of mechanical peeling:

m — rational mode of mechanical post-peeling

Table 1

Rational parameters of the process of mechanical
post-peeling of Jerusalem artichoke tubers

Required depth of
Duration of |thermal treatment
Storage period | post-peeling, | in the process of | S, % | V, %
Tps S thermal treatment,
3-10° m
to September 1 70 3.2 80 | 20
from September 1

to December 31 8 3.1 80 1 20
from January 1 105 2.8 80 | 20

The obtained model of the process of thermal treatment
for dependence of the depth of thermal treatment on factors
that characterize the process of thermal treatment makes it
possible to calculate the required process parameters that
provide maximal peeling quality indicators. Corresponding
parameters of the process of thermal treatment of Jerusalem
artichoke tubers are given in Table 2.

Table 2
Rational parameters of thermal treatment of
Jerusalem artichoke tubers
Content of dry Depth of ther-
Indicator substances, % | mal treatment,
18 | 22 [26| &10°m
Storage period to September 1
Steam pressure, M Pa 03] 03 1]03 39
Duration of post-peeling, t, ,s| 45 | 40 | 35 ’
Storage period from September 1 to December 31
Steam pressure, MPa 03] 03 (03 34
Duration of post-peeling, 7, ,s| 55 | 50 | 45 ’
Storage period from January 1
Steam pressure, M Pa 03] 03103 98
Duration of post-peeling, T, ,s| 60 | 55 | 50 )

Rational parameters of conducting a combined process
of peeling the tubers of Jerusalem artichoke can significantly
reduce losses of raw material and improve peeling quality of
the product.

6. Discussion of results of examining a combined process
of peeling Jerusalem artichoke

Result of the undertaken research is a developed combined
method for peeling the tubers of Jerusalem artichoke. The
method presented is based on the effect of thermal and mechan-
ical processes of peeling tubers. The first stage in the process of
combined peeling of Jerusalem artichoke tubers is their treat-
ment with steam at excess pressure; the second stage is the pro-
cess of mechanical post-peeling of Jerusalem artichoke tubers.

An increase in steam pressure and duration of the pro-
cess of thermal treatment increases the depth of thermal
treatment of the surface layer of Jerusalem artichoke and re-
duce the effort required to separate the rind from the tuber.
Jerusalem artichoke with high content of dry substances and
shorter storage period has a larger depth of thermal treat-
ment and lower effort to separate the rind.

An increase in the duration of the process of mechanical
post-peeling increases the percentage of peeled Jerusalem
artichoke tubers, but results in greater losses of raw material.
It was determined that reducing the effort to separate the
rind of artichoke during thermal treatment makes it possible
to reduce duration of the process of mechanical post-peeling.
It was established that an increase in the depth of thermal
treatment of Jerusalem artichoke surface layer leads to in-
creasing losses of raw material. It was proven that the tubers
of Jerusalem artichoke, which have a longer storage period,
require an increase in the duration of their mechanical peel-
ing in order to ensure the required quality of peeling.

We determined rational parameters for conducting the
process of combined peeling of Jerusalem artichoke tubers.
Steam pressure during thermal treatment should equal
0.3 MPa at duration 35...60 s. Duration of the process of me-
chanical post-peeling should be maintained within the range
of 70...105 s, depending on the storage period of the product
and the content of dry substances in tubers.

7. Conclusions

1. We designed an experimental installation, which al-
lows us to study the process of thermal treatment of Jerusa-
lem artichoke with steam at excess pressure. We established
effect of the process of thermal treatment on the surface
layer of Jerusalem artichoke. Results of the study indicate
that an increase in steam pressure and duration of treatment
increases depth of the thermal treatment of surface layer of
Jerusalem artichoke tubers.

2. We established effect of the thermal treatment of
surface layer of Jerusalem artichoke, storage period of tu-
bers and duration of the process of mechanical post-peeling
on the percentage of losses of raw materials. Losses of raw
material increase depending on duration of mechanical
post-peeling and depth of the thermal treatment. Increasing
percentage of losses of raw material is caused by the fact that
during mechanical post-peeling the surface layer of Jerusa-
lem artichoke, which was boiled during preliminary thermal
treatment, is gradually peeled off along with the rind.



3. A mathematical model is proposed of the process of
thermal treatment of Jerusalem artichoke with steam to de-
termine a depth of thermal treatment of the surface layer of
tubers. Mathematical model shows a change in the depth of
thermal treatment of the surface layer of Jerusalem artichoke
depending on the variety of Jerusalem artichoke, duration of
treatment process and steam pressure.

4. A mathematical model is proposed to determine depen-
dence of the effort to separate the rind of Jerusalem artichoke
on the depth of thermal treatment with steam that takes
into account a storage period of tuber. Mathematical model
allows us to calculate the effort required to separate the rind
of Jerusalem artichoke depending on the variety of Jerusalem
artichoke, duration of treatment process and steam pressure.

5. Mathematical models are proposed for the process of
mechanical post-peeling of Jerusalem artichoke to determine
the percentage of peeled tubers and the percentage of yield
of the peeled tubers by weight. Mathematical models make it

possible to calculate the percentage of peeled tubers and the
percentage of losses of raw material depending on the effort
to separate the rind of Jerusalem artichoke, depth of the
thermal treatment of tuber, duration of thermal treatment,
duration of mechanical post-peeling.

6. We established rational modes of conducting a com-
bined process of peeling the tubers of Jerusalem artichoke,
which make it possible to minimize losses of raw material
and to provide high peeling quality of the product. Steam
pressure during thermal treatment should equal 0.3 MPa
at duration 35...60 s. Duration of the process of mechani-
cal post-peeling should be maintained within the range of
70...105 s, depending on a storage period of the product and
the content of dry substances in tubers. Rational parameters
of the process of mechanical peeling for the designed appa-
ratus provide maximally possible quality indicator not less
than 80 % by the percentage of peeled tubers and the yield
of peeled tubers by weight.
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