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CONDITION ANALYSIS OF STONE FRUIT CROPS DURING THEIR
PROCESSING ON PERFORATED SURFACE UNDER CENTRIFUGAL FORCES
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Annotation. In this article there is analysis of condition of stone fruit crops in fresh during their rotative movement on
immobile perforated surface of cylindrical coating under field of centrifugal forces aimed at division onto semi-product (flesh)
and waste (stones). Division is being performed via separation of flesh fragments from stones by hole edges. Separation inten-
siveness (productivity of the process) depends on structural-mechanical properties of fruit fleshes and their rotative speed.

On the example of separate fruit it has been experimentally proved that besides rotative movement on inner surface of
the coating there is rotative movement of a fruit around its own axle what promotes even separation of flesh. Such a rotation is
typical for fruits with maturity stage even throughout the volume, otherwise breach of skin with following flesh separation oc-
curs locally.

Experimental researches carried out with apricot fruits and cornel have shown that productivity of the process of fruit
separation depends of strength features of tissues and rotative speed of blades. Offered way of processing is carried out in non-
stop mode and may be realized for all types of stone fruit crops independently on association between flesh and stone.
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AHAJII3 CTAHY IVIOAIB KICTOYKOBHX KYJIbTYP IIPH IX MEPEPOBIII
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AHoTamisi. ¥ cTaTTi BUKOHAHO aHai3 CTaHy IUIOJIB KiCTOYKOBHX KYyJIBTYpP y CBIKOMY BHUIUISII IPH IXHBOMY 00OepTalb-
HOMY pYyci 10 HepyxoMiii nepdopoBaHoOi TOBEPXHi LMIIHIPUIHOT 0O0JIOHKH B YMOBAX BiZLIEHTPOBOTO IOJISI 3 METOKO IOJLTY
Ha HamiBpabpukar (M’sk0Th) 1 Bigxoau (kictoukn). [Toain BUKOHY€ETbCs crocoOoM BimokpemiieHHsT parMeHTiB M’SIKOTi Bij
KiCTOYOK KpaiikaMd OTBOpiB. |HTEHCHBHICTH BifOKpeMIICHHs (IPOAYKTHBHICTh MpOLECy) 3aleKHUTh BiJl CTPYKTYpHO-
MEXaHIYHHUX BIIaCTUBOCTEH TKaHUH IIOAIB 1 iXHBOT KOJIOBOI IIBHAKOCTI.

Ha npuknazai oTMHAYHOTO IUIOAY €KCIICPUMEHTAIBHO TOBEICHO, IO KPiM 00epTaIbHOTO PyXy IO BHYTPIIIHIH MOBEPX-
Hi 00OJIOHKH TaKOX BiIOYBA€THCSI 00EpTaIbHUN PyX IUIOLY HABKOJIO BJIACHOI OCI, IO CIpHsE PIBHOMIPHOMY BiJJOKPEMIICHHIO
M’sikoTi. Takuil 00epTanbHUil pyX XapaKTepHHUI Ul IUIOMIB 3 OJJHAKOBOKO CTYIICHIO CTUIVIOCTI 10 BCbOMY 00’€MY, B iHIIOMY
BUIA/JKY PYHHYBaHHS OKPHUBHOT TKAHKHHM 3 MOAAJIBIINM BiJIIICHHSM M SIKOTI BiZI0yBa€EThCS JIOKAIBHO.

ExcriepuMeHTaNbHI JOCHIKEHHSI, BAKOHAHI 3 II0JiaMi a0pHKOCY Ta KH3UITY, TOKa3alH, [0 HPOAYKTHBHICTh IPOLECY
MOALTY IJIOAIB 3aJIKHUTh BiJl MII{HOCTI BIACTHBOCTEW TKaHHH 1 KOJIOBOT MIBUAKOCTI Jionareii. [IponmonoBauuii criocié nepepo6-
K{ BUKOHYETBHCSI B PeKHMIi Oe3mepepBHOro Aii i Moxke OyTH peasi3oBaHUii Ul BCiX BUIIB KiCTOYKOBUX KYJBTYD, HE3aJICHKHO
BiJ] 3B’I3KY MK M SIKOTTIO 1 KiCTOYKaMH.
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Introduction be used fresh, and after processing at food industry fac-
' ' tories the one gets preserved food.
To build up food security of the country, the As a result of fast transformation of planned

principal importance gain branches of agricultural pro-  djstribution system into the market one and flawed
duction which satisfy needs of population in food-stuff.  mechanism of privatization of perennial plantings, ap-
The important place in agriculture of Ukraine is taken parently expressed negative tendencies have formed in
by gardening. Fruits and berries are one of the main  the industrial gardening of the country: production of
sources of provision of substances necessary for human  fryits and berries decreases, planting areas decrease
organism. sharply, their renewal tempos have fallen critically.
Fruits of stone fruit crops are the element of Current state of capacities of fruit-processing
horticultural vegetal resources. This group embraces  industry of Ukraine and does not currently foster mod-
fresh as well as processed fruits and vegetables. The o processing of fruits and berries grown in the coun-

topicality of this group is, that after minimal processing try. As a result, losses in many farmsteads make 25 —
(inspection, washing) some fruits and vegetables may

Xap4oBa HayKa 1 TEXHOJIOTIs 67 Volume 10 Issue 2 /2016



Mpoyecu, 0671a0HAHHA, aeMomamu3ayis, ynpasaiHHA ma eKOHOMIKa

30 % and more, what in general decreases economic
indexes of gardening branch; besides, in modern condi-
tions of market relations, renewal and further devel-
opment of fruit-processing branch in Ukraine must be
directed onto production of only economic profitable
competitive products that must satisfy needs of a con-
sumer in quality and composition

One of rational directions is introduction of
wasteless technologies. From this point of view, stone
fruit crops are one of the most demanded kinds of
stock. Thus, there is a production of oil and almond
paste started out of stone cores of stones of stone fruit
crops, whereas activated carbon, special glue filler,
polishing material for metal-cast production and so on
are being produced out of stone shells.

Currently, there is a task of maximal preserva-
tion of initial (biological) properties of stock in the
ready product during processing of vegetal stock. For
this reason, there is a tendency in a world practice on
stock processing in initial condition, or in fresh. Such
approach allows to decrease the number of fulfilled
operations without loss of quality of the final product,
to simplify the technological line, to receive stones
without loss of initial properties.

Topicality of the problem

During processing of vegetal stock depending
on requirements to the final product, the important role
is alloted to analysis of composition of its separate
kinds. Afterward, properties of separate contents and
their interconnection are learned. Such an approach al-
lows to set up optimal modes of stock processing, to
create effective technological schemes of its pro-
cessing, to design new equipment.

The formation of a fruit is typical for all kinds
and sorts of stone fruit crops and consists of three main
components which in their formation and structural-
mechanical properties reasonably differ from each oth-
er: by exocarp (exodermis or peel), mesocarp (paren-
chyma tissue or flesh) and endocarp (lignified shells, in
the middle of which is the core). At the same time,
properties of exodermis differ from those ones of flesh,
properties of stones are typical for solid objects [1-3].

So, complexness of processing of fruits of stone
fruit crops in fresh is in research of such modes, under
which process of division onto components can be re-
alized without breach of integrity of stones during
maximal disintegration from flesh.

Literature overview

The processing of vegetal stock aimed at receiv-
ing the final product is being conditionally divided into
three stages: preparatory, primary and final. The main
goal of the preparatory stage — separation of non-edible
or inferior components of fruits in the sense of food re-
lations. Depending on the type of stock and its features,
this task is being solved according to different techno-
logical schemes, but the defining one should be the
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scheme which maximally preserves natural properties
of the initial stock. Selection of the scheme depends on
the type of stock, its composition and requirements to
the final product.

During processing of pomaceous stock for re-
ceiving clarified juice with flesh, mash, fruit butter, jel-
ly and other homogeneous and non-homogeneous
products, fruits are being pulped after washing and in-
spection. During this, mills are being used; they differ
by constructive and mode features: roller, knife, ham-
mer, turbo mills and others [4,5]. After pulping, the
mixture is being heated up to certain temperatures and
is being separated onto semi-product (cell sap, peel
fragments, cellular walls) and waste (peduncles, seeds,
seed cases, sepals, strengthening tissues). Selection of
the equipment depends on pulping grade and require-
ments to the final product. presses, filters, separators,
centrifugals, decanters. During processing stone fruit
crops such a scheme cannot be realized because a stone
is a solid object possessing fragile properties. In case
of destruction their fragments get into semi-product,
what makes following operations difficult.

Currently, division of stone fruit crops at pro-
cessing plants is being carried out by either removal of
stones from fruits, or separation of flesh from stones.
In the first turn, stones are being removed either via
stone-knock-out machinery, or the one pressing stones
from fruits out. The disadvantage of the means is the
fact that only such fruits may be processed, where
stones are being easily separated from flesh, and there
is a necessity of resetting machinery after changing a
kind or a sort of fruits.

Separation via division of flesh from stones is
being carried out via use of perforated surfaces with
different grade of perforation. As a rule, these are wip-
ing machines which may be appertained to the group of
rotor machinery [4,5]. But use of such machinery is
possible only after preliminary heat processing of fruits
which is aimed at destruction of connections between
cells of tissues of a fruit, and between flesh and stones
as well if such a connection exists at all.

Among disadvantages of the method are: de-
crease in quality of final product as a result of heat
processing, additional expense of heat energy, compli-
cation of processing lines due to presence of equipment
for heat processing of stock.

In the work [6] the method of processing of
stone stock is offered, using machinery, devices and
working principle of which is equal to wiping machin-
ery, modes of which during processing of pulped and
heated up vegetal dispersion are researched in the
work [7].

Wiping machinery appertains to the group of ro-
tary machinery which has working organ as a perforat-
ed shell and a blade rotor, a number of blades makes
four pieces.

A perforated shell is a thin-walled casing; wall
thickness makes (0.4 — 1.5)mm. Holes are generally pro-
duced via punching. Depending on the state of utilities,
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properties of metal, performed functions and other factors,
hole edges at the entrance and at the exit of a utility as a rule
have different state — from rounded ones at the entrance and
sharp ones, often with burrs, at the exit. Diameters of holes
alter in range of (0.4 — 5.0) mm depending on requirements
to the final product.

It is known [8] that a a result of rotation of blades the
shell is being exposed to fluctuating loads, what negatively
influences strength of the shell itself as well as the quality of
performed functions. For extension of service time they be-
ing mantled either into hard perforated frames, or strength-
ened by special elements: rim-like rings, spiral winding of
steel tapes, other variants are applied too, their choice de-
pends on loads upon the shell.

Objects of processing in working areas of wip-
ing machinery are pulped and heated-up vegetal sus-
pensions of pomaceous fruits or sodden fruits of stone
fruit crops stock.

Thus, the following may be concluded from the
mentioned above: without prior pulping and heat pro-
cessing of stock, operation of wiping machinery with
indicated parameters is impossible, this determines im-
possibility of processing stock in fresh, in particular,
fruits of stone fruit crops.

The Primary part

Behavior of a fruit during moving on immobile per-
forated surface as a result of rotary movement of blades un-
der conditions of centrifugal field has a rather complicated
character. Such a movement is equal to movement of a ball
or a cylinder on horizontal surface under influence of exter-
nal force [9]. Beside progressive advance an object also ro-
tates around its own axle. The same happens during move-
ment of an object on the surface of immobile hollow cylin-
der with flat surface. In case of presence of holes, wards and
other constructive elements, behavior of a body changes in
dependence on geometric, kinematic and other parameters.

Fruits of stone fruit crops appertain to real ob-
jects of biological origin which possess properties of
elasticity, plasticity and viscosity [10]. Indicated prop-
erties constantly alter from the moment of insemination
up to condition of certain maturity grade: physiologi-
cal, technical or consumptive one. As a rule, pro-
cessing of stone vegetal stock is being realized on the
stage of technical maturity.

During rotation of blades, the fruit is being in-
fluenced by centrifugal force pushing it to the inner
surface of the shell and to working surface of a blade.
This time a fruit takes stable position depending on its
shape. By shape of a fruit close to spheric one (cher-
ries, sweet cherries, peaches) its orientation in front of
a blade is casual, by shape other from the spheric one
(ellipsoid, egg-shaped, flattened along biological axle,
pear-shaped and other), fruits take position, by which
biological axle is parallel to the surface of a blade due
to full fruit symmetry as well as due non-parallel one,
for example in case of pear-shaped shape.
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Fig. 1,2 and 3 shows state of a fruit at typical
moments of time. Fig. 2 and 3 shapes of fruit and stone
are taken conditionally as spheric.

Fig. 1. Position of a fruit of plum, sort "Hungarian
italian", during its relative motion along immobile
perforated surface under influence of rotary
movement of blades: / — perforated surface; 2 — fruit;
3 —blade; 4 — blade movement direction

BN W o

Fig. 2. Position of fruit in regard to perforation
holes (transverse section): / — perforated surface; 2 —
peel; 3 — flesh; 4 — stone; 5 — blade; 6 — conditional line

of separating flesh from the stone

4 3 2 1

Fig. 3. Position of fruit in regard to its movement
under influence of rotating blade regarding an in-
dividual hole (top view): / — blade; 2 — peel;

3 —flesh; 4 — stone; 5 — holee; 6 — working edge of a
hole: d,, d,, d, — corresponding diameters of a hole, a
stone and a fruit
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Availability of perforation holes leads to cyclic
impacts of edges of holes onto defined areas of fruit
surface. Herewith, similarly to operation of machinery
and mechanisms during wiping of boiled fruits and
vegetables [11], length of the active (working) pat of
an edge cannot exceed the value

£ < (md,)/2 6]

where £ — length of contact line of fruit surface
with hole edge; d, — hole diameter.

As it has been indicated, except rotative move-
ment on inner surface of the shell, the fruit performs
rotary movement around its own axle. But, in differ-
ence to solid objects, fruit tissues, and firstly tegments
(peel), cyclically deform by working edges of holes.

Herewith, deformation grade (in our case — up to com-
plete destruction) according to experimental observa-
tions depends firstly on grade of maturity in general
(physiological, technical or consumptive) as well as on
grade of maturity due to volume of a separate fruit in
regard to its orientation "south-north" during growth in
application to separate kinds and sorts of fruits.

Also grade of destruction (grade of separation
of flesh from stones) is influenced by strength of fruits'
flesh, geometric parameters of holes (diameters) and
rotary speed of blades.

Table 1 gives results of pierce test of strength of
peel of certain fruits by cone penetrometer with
cylindric tip with area of 1 mm? in transversal section

Table 1 — strength of cover tissues of fruits and flesh of technical maturity according to pierce test

The strength of coating fabrics and pulp, o, g/mm °
Minimum and maximum values ] Attitude
Fruit strength covering tissues of fruits Averages covering | The average values of
tissue strength, the pulp strength, oav
O.min gmax o v S
N N S m 0.7%17
Apricot
«HomeNe 14 36 22,5 8 2,8
Alic
«Small-fruited» 30 73 48,5 6 8,1
Cherries
«Shpanka early» 14 27 19,7 7 2,8
Dogwood
«Vladimirovskayay 20 46 30,9 20 1,5
Plum «Hungarian 20 70 43,4 12 3.6
Italiany
Cherries
«Melitopol» 23 48 34,8 16 2,2

For confirmation of hypothesis on rotation of fruits in indicated conditions, special tests with verdant fruits
of damson, sort «Fortunay, and plums, sort «Green gage» in the stage of technical maturity, have been conducted,

see Fig. 4 a, b.

006000

Fig. 4. State of fruits surface according to results of tests:
a — damson, sort «Fortuna»; b — plum, sort «Hungarian Italian»

Presence of meridional rings on fruits of dam-
son, formed as a result of traumatizing cells on edges
of holes during movement on inner surface of a shell
indicates that fruits are in rotary movement around
their axle.

Destruction of cover tissues in circumferential
direction of fruits of plums on their widest transversal
section indicates the fact of rotary movement around
their axle.

It can be supposed that local separation of flesh
on the first and fourth samples of plum indicates on
various strength grade of fruits on their volume, and
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destruction occurs on areas of surface where strength
of tissues is less.

For the purpose of analysis of impact of rotary
speed of blades onto time of destruction of fruit tissues
and intensity of separation of flesh from stones; results
are given on the Fig. 5 and 6 accordingly. During this,
fruits of apricot, sort «Domashniy», and cornel, sort
«Vladimirovskiy», were used. At each level, tests have
been repeated eight times. For better studying of the
process of destruction of fruit tissues with following
separation of flesh, tests were conducted with separate
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fruits. For visual observation and analysis of fruits' be-
havior, strobe light effect has been used.

Tests have been conducted with use of perfo-
rated shell, diameter 125 mm, hole diameter 6mm and
free area ratio of 40 %. Rotary speed of blades has
been varied on levels of 4, 6, 8, 10 and 12 m/sec.

Complete description of test equipment and
testing methods are given in work [6].
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Circumferential speed of blades, m / s

Fig. 5. Influence of rotary speed of blades onto time
of fruit tissue destruction: of apricot, sort
«Domashniy», and cornel, sort «Vladimirovskiy»

According to Fig. 2, destruction of peel occurs on
the line of contact of hole edge with fruit surface in zone A.
In this location, a certain part of fruit is situated below esti-
mated line 6, along which flesh fragment separates. Here-
with, the quantity of separated flesh is being influenced by
following parameters: ratio of diameters of fruit and hole,
value of centrifugal force and structural-mechanical proper-
ties of peel and flesh. Value of centrifugal force in its turn
depends on mass of fruit, rotary speed of blades and radius
of perforated shell.

If presumed that maturity grade of fruit on its
volume is even, during further movement regarding to
holes, the fruit will perform even movement around its
axle, what in its turn leads to even and complete sepa-
ration of flesh from stone.

14 | | J
12 y = 1,405x- 4,1437 7
R? =0,9678
10 Apricots
<
o™
g B
H Vd
-1 /
£ s
S y = 0,0006x%1447
& 4 R2=0,9788 |
/Dogwood
2 { /
0 ——"]
0 2 a 6 8 10 12 14

Circumferential speed of blades, m/s

Fig. 6. Influence of rotary speed of blades onto in-
tensity of separation of flesh from stones: of apricot,
sort «Domashniy», and cornel, sort
«Vladimirovskiy»

Xap4oBa HayKa 1 TEXHOJIOTIs 71

According to Fig. 3, destruction of stone is pos-
sible when ration of hole diameter and equivalent di-
ameter of a stone are subject to conditions

do/dc — 1 (@)

where d, is diameter of a hole; d, is diameter of
a stone.

Results of tests presented on Fig. 5 indicate the
fact that time of destruction of tissues of fruits with fol-
lowing separation of flesh, depends on strength charac-
teristics of fruit tissues and rotary speed of blades.
Such an approach allows to determine modes when de-
struction of fruit tissues dies not depend on their
strength characteristics, see Fig. 5, range of rotary
speeds (10 — 12) m/sec

Sharp differences in productivity of processing,
Fig. 6, may be explained by elastic-plastic properties of
fruit tissues, and, in first turn, cover tissues under simi-
lar conditions of experiment: diameter of holes (6 mm)
and similar rotary speeds of blades. Thus, during pro-
cessing of fruits with easy-destructible tissues on the
level of minimal speeds, the process of flesh separation
has linear character (e. g., apricots.) During processing
of fruits with a firmer tissue structure, the process is
subject to power parameter. This may be explained by
lesser grade of tissue deforming in the hole zone.

Conclusions

1. Processing of fruits of stone fruit crops in
fresh on perforated surface under centrifugal field for
purpose of division onto semi-product (flesh) and
waste (stones) is being realized in two stages. At the
first stage, as a result of cyclic influence of hole edges,
there is a destruction of cover tissues (peel), at the se-
cond one there is a separation of flesh from stones.

2. The main resistance to breach of fruits by hole
edges is being done by cover tissues. This is connected to
their formation features. Cells of there tissues are intercon-
nected rather firm, without airspaces; cell membranes are
being exposed to various chemical conversions which help
saturation with suberins, cutins and other substances increas-
ing their mechanical properties.

3. The diagram on Fig. 5 shows that breach time
of fruits depends on rotary speed of blades; with its in-
crease the difference decreases taking into account
practically similar definitions. In this case, the decisive
condition of acceptance of speed value is the condition
of non-destruction of stones.

4. Intensity of flesh separation from stones
(process productivity) during processing of fruits of
different kinds depends on mechanical connections be-
tween tissue cells. Such a connection explains capabil-
ity of tissues to deform around a hole. This explains
linear dependence of separation of flesh from stones
during processing of apricots, whereas during pro-
cessing of cornel the process is subject to the power
law, Fig. 6.
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AHAJIN3 COCTOAHUA IIJIOAOB KOCTOYKOBBIX KYJIBTYP IIPU UX
HNEPEPABOTKE HA IEP®OPUPOBAHHOM IMOBEPXHOCTM B I10OJIE
HEHTPOBEKHBIX CHUJI

H.U. KenwuH, kKaHOUIAT TEXHUYESCKAX HAYK, TOUEHT, £-mail: kepinni@ukr.net*
kadezapa mpoieccos, 000pyI0BaHHS U SHEPTETHUCCKOT0 MEHEDKMEHTA
Opecckasi HAMOHAJIbHAS aKaJeMHUsl ITUIIEBbIX TeXHOJIOTUH, yii. Kanatnas, 112, m. Onecca, Ykpauna, 65039

AHHOTauMs. B cTaThe BHINOIHEH aHAIM3 COCTOSHUS IUIO0B KOCTOYKOBBIX KYJIBTYP B CBEXKEM BHJIC IIPH HX BpallaTe-
JIBHOM JIBH)KEHHH T10 HEIOJBIKHOM 1ep(hOpHUPOBAHHON MOBEPXHOCTH LMIMHIPHYECCKOH 000JI0UKH B YCIOBUIX LIEHTPOOCIKHO-
TO IOJIS C LENbI0 pa3feneHus Ha norydadpukar (MSIKOTh) U OTXOIBI (KOCTOUKY). Pa3yienenue BBITOIHSIETCS CIIOCOOOM OT/He-
neHust ppParMeHTOB MAKOTH OT KOCTOUEK KPOMKaMHU OTBEPCTHH. VIHTEHCHBHOCTB OTHENCHNS (IIPOM3BOAUTENHEHOCTE IIPOIIECCa)
3aBUCHT OT CTPYKTYPHO-MEXaHWYECKHX CBOMCTB TKaHEH IIOZ0B U X OKPY>KHOH CKOPOCTH.

Ha npumepe eanHUYHOTO 11012 SKCIIEPUMEHTAIBHO I0Ka3aHO, YTO KPOME BPaIaTeIbHOTO JBHIKEHHUS 110 BHYTPEHHEH
MIOBEPXHOCTH 000JIOUKH TAKKE MPOUCXOJUT BpallaTeIbHOE ABHKEHUE IUI0/1a BOKPYT COOCTBEHHON OCH, 4TO CIIOCOOCTBYET pa-
BHOMEPHOMY OTZAEJICHHIO MAKOTH. Takoe BpallleHHe XapaKTePHO VIS IUIOI0B C OJJMHAKOBOI CTEIEHbIO 3PEIOCTH 10 BceMy 00-
‘bEMY, B IPOTHBHOM CJIy4ae pa3pyLICHHE KOXKHUIIBI C TIOCIEAYIONINM OTACICHUEM MSIKOTH HPOUCXOAUT JIOKAJIBHO.

DKcrepuMeHTalbHbIe MCCIICI0BaHNs, BBIIIOJHCHHBIC C IUIOJaMH a0pUKOCa M KHM3HMJIA, OKa3aJlH, YTO IPOU3BOAUTEIIb-
HOCTB IIpoLiecca pa3/esICHUs IJIOA0B 3aBUCHT OT IPOYHOCTHBIX CBOHCTB TKaHEH M OKpYXKHOH ckopocTH jomnacteil. [Ipemnara-
eMBI c110co0 repepaboTKH BEIIONHSAECTCS B PEXKUME HETIPEPBIBHOTO JEHCTBUS M MOXKET OBITH peaM30BaH JUIs BCEX BUIOB KO-
CTOYKOBBIX KYJIBTYP HE3aBUCHUMO OT CBSI3U MEXIY MSKOTBIO M KOCTOYKaMHU.

KiroueBble c10Ba: KOCTOUKOBBIE II10/1bL, epdopupoBanHas obeuaiika, nepepaborka, noiydadprkaT, OTXOIBL.
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