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DEVELOPMENT OF THE COMBINED MACHINE
FOR APPLE PUREE PREPARATION

G. Deinychenko, D. Dmytrevskyi, V. Perekrest, R. Lazurenko

In the article the existing technologies for making apple puree were
analyzed. The necessity of improving the process of production applesauce and
equipment for its implementation is proved. The relevance of experimental research
to determine the rational parameters of the stage of heat treatment is substantiated.
It was found that increasing steam pressure and the duration of the heat treatment
process increase the depth of heat treatment of apples and reduce the penetration
force of the product. The rational parameters of the process of heat treatment of
fruit raw materials are determined. The design of a combined apparatus for
producing applesauce has been developed, the main modes of its operation have
been determined. This combined machine allows to reduce material costs due to the
elimination of auxiliary operations.

Keywords: apple puree, heat treatment, wiping, cutting force, grinding.

PO3POBKA KOMBIHOBAHOI'O AITAPATA
JJISI TIPUTOTYBAHHSA SIBJIYYHOI'O ITIOPE

I'.B. Meiinnuenxo, /I.B. /ImurpeBcekuii, B.B. [lepexpecr,
P.C. Jla3zypenko

Yoockonanenns npoyecy nepepobku nio0o80i CupoSuHU € AKMYATbHON
Haykogo-mexniuHoo 3adauero. OOHUM i3 HaAUOINbW NEPCHEeKMUSHUX HANPAMIE
inmencugixayii npoyecy 8ucomosnents a01yUH020 Npe € 3aCMOCYE8AHHA Anapamie
Kombinoganoi Oii. ¥ cmammi npoananizogano icHyloui mexronozii npucomyeamms
A6nyunozo niope. [{oeedeHo HeoOXiOHicmb YOOCKOHANIEHHS. NPOYECy BUSOMOBNIEeHHs
abnyunozo nwope ma 00naoHamHsa O tioeo  peanizayii.  OOIpyHmMOGaHO
aKmyanvHiCms NpPoBeOeHHs eKCNePUMEHMANbHUX O00CNiONCeHb Ol GU3HAYEHHS
payionanvHux napamempie cmadii mepmiuHoi 00poOKu. Ycmanosnemo, wo
NIOBUWEHHA MUCKY Napu md HNOOO0BHCEHHS MPUBANOCHi mepMiuHoi 0OpoOKu
30iMbWYIOMb  2IUOUHY — MEPMIUYHOI  06pOOKU  AONYK | 3MEHUWLYIOmMb  3YCULIA
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npoHuKHeHHs npooykmy. Busnaueno, wo nicia mepmiunoi obpobku s01yk eenuuna
cunu pizants nio muckom 06yoe pizHow. Buseneno, wjo Ha cumy pizauHs 6nau8aioms
MUCK napu, mpusanicms mepmiunoi 00pooKu, mepmin 36epicanns i copm a0ayk. 3i
30iMbUeHHAM MepMiny 30epicantsi A0IVK 3POCMAE 3HAYEHHs HAPI3aHHS NICIs
mepmiuHoi 0OpooKu.

Excnepumenmansrno 0osedeno, wjo 3a 0OHAKOBUX NAPAMEmpi8 MepMiuHOi
00pobKru enubuna maxoi 06podKku 6yde 00HaAK06010 01 AONYK, KL GIOPIZHAIOMbCS
2eoMempudHUMU PO3MIpamu. Ycemarnoeneno, wo enubuna mepmiunoi 06pooku a061yK
CYmMmeso He 6I0PI3HAEMbCSL 3ANIEHCHO 610 2e0MEeMPUUHUX PO3MIDIE ma Gopmu nI00q.
Li Oani exazyromv na me, wo pisHuys y 6nauGi mepmiyHoi 06pobKu naporo
HAOMUUIKOBO20 MUCKY HA AONYKA, WO GIOPIZHAIOMbC 2COMEMPUUHUMU PO3MIPAMU,
He € ICmOomHOW i 00380758€ Nposooumu KomOiHoeanuti npoyec nepepooku. Ille
3HAYHO 3MEHWYE CKIAOHICMb [ eHepeOCNONCUBAHHS MEXHONOSIYHO20 NpoYecy.
Busnaueno payionaneni napamempu mepmiunoi 06pobku @dpykmogoi cuposuHi.
Po3spobneno ma 00IpyHmosano KOHCMPYKYiio KOMOIHOBAHO20 anapama, U3HAYEHO
OCHOGHI pedicumu 11020 pobomu. Anapam 00360714€ 3MEHWUMU MAMeEPianbhi
BUMPAMU  BHACAIOOK YCYHEHHsI OONOMIJICHUX [ NEPeBaHmadiCys8aibHux onepayit,
nioguwumu nPOOYKMUBHICMb 34 PAXYHOK Nepexo0y Ha 0Oe3nepepsHull pelcum
pobomu.  Ycmanoeneno, w0  GUKOPUCMAHHS  3ANPONOHOBAHO2O — NPUCHPOIO,
NPU3HAYeHo2o O XAp4Y08Oi NPOMUCIOBOCMI Ul PECMOPAHHO20 20CNO0apCmed,
noxinuums SIKICms nepepoOKu CUpOSUHU Ni0 4ac UPOOHUYMEA NIope, 3a0uaoums
mamepianvii pecypcu ma 3MEeHuUmy CNONCUBAHHS eHeP2ii.

Knrouosi cnosa: sbnyune niope, mepmiuna o6pobxa, npomupanms, 3yCuiis
pi3anist, NOOPIOHEHHS.

PABPABOTKA KOMBUHHUPOBAHHOI'O AIIITAPATA
JJIS1 TPUT'OTOBJIEHUSA AABJIOYHOI'O ITIOPE

I'.B. Meiinnyenko, JI.B. /ImutpeBckuii, B.B. Ilepexpecr,
P.C. Jlazypenko

Tpoananusuposanvl cyujecmeyiowgue mexHoI0SUU U320MOBAeHUsA AONOYHO0
niope. [lokazana HeobX00UMOCMb YCOBEPUIEHCMBOBAHUS NPOYeccd NPOoU3B00Cmed
201041020 niope u 0bopyoosanus ona e2o peanusayuu. OOOCHOBAHA AKMYATILHOCHY
npogedenus: IKCHEPUMEHMATIbHBIX UCCIE008AHUNL NO ONPEOENeHUI0 PAYUOHATLHBIX
napamempos mepmuieckoii 0opabomku. Beiagieno, umo ysenuuerue 0agieHus napa
U NPOOOIICUMENLHOCU — MEPMUYECKOU  06pabomKu  Y8eniuyugaiom  2nyouny
mepmuieckoli 06pabomkuy A0I0K U YMEHbUAIOm Ycuiue neHempayuu npooykma.
Onpedenenvl payuoHaivHble NAPAMEMPbl MEPMUUECKOU 00pabomKu nio008020
cbipbs. Paspabomana koncmpykyus KoMOUHUPOBAHHO20 annapama O NOLYYeHUs.
A0104HO20 niope, ONpedelieHbl OCHOBHblE pexcuMbl €20 pabomvl. Annapam
N036075€M  YMEHbUWUMb MAMePUAIbHble 3ampamvl  6C1e0Cmeue  YCHpPAHeHUs.
6CNOMOLAMENbHBIX ONEPAYULI.

Knrwuesvie cnosa: abrounoe nwope, mepmuueckas — 06pabomka,
NPOMUPanUsL, yCunue pe3anus, usmMeibyeHue.
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Statement of the problem. Fruit and vegetable industry is an
important sector of the agro-industrial complex of Ukraine. Today, special
attention is paid to improving production technology, introducing more
productive equipment, expanding the range of processed products. The
production of various high-quality baby and diet food products, food
concentrates, fresh-frozen fruits and vegetables, semi-finished products,
canned food of high readiness is developing rapidly.

The production of food for children of different ages, as well as
functional products is a separate sub-sector that differs from the production
of conventional products with specific requirements for raw materials,
technology, equipment, sanitary and anti-epidemic regime, environmental
and chemical control. In recent years, in the field of hygiene and physiology
of baby food created multicomponent formulations of products, balanced in
chemical composition. Semi-finished products made from fresh fruits and
berries used in the confectionery industry as raw materials. These semi-
finished products are produced by confectionery or canning industries. The
main fruit and berry semi-finished products include: fillings from various
fruits, fruit and berry puree, etc. [1].

Fruit and berry puree is a grated fruit pulp. One of the most common
in the confectionery industry is apple puree, which in most fruit and berry
products is the main raw material, and purees of other types are introduced,
as a rule, as flavorings [2].

Fruit processing is a rather laborious process, which requires storage
and processing, the presence of special shops and staff. In order to preserve
the vitamin composition and produce a quality product, there is a need to
develop and improve equipment for processing fruit raw materials, which
will be energy efficient and environmentally friendly. In order to intensify
the development of new equipment and improve existing it is necessary to
carry out a number of theoretical and experimental studies, which will
determine the impact of varietal characteristics of apples and parameters of
the blanching process on the efficiency of product processing.

Fruit and vegetable products are perishable goods, and therefore,
their consumption in fresh form for a long time, as well as its delivery to the
point of sale is a rather difficult problem. Therefore, fast and high-quality
processing of fruits and vegetables is needed.

Review of the latest research and publications. During the production
of food from apples, much of the raw material that is processed goes to waste
and mostly during the wiping process. Based on this, the method of wiping
plays a significant role in the economy of industrial production of apple food, as
the cost of raw materials is 75% of the cost of products produced. You should
also pay attention to the equipment used for the wiping process. Many fruits and
vegetables are pre-cooked before canning [3].
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To date, the effect of temperature and duration of heat treatment on
the structuring ability of apple puree has been studied. It is established that
the change of heat treatment modes leads to a significant change in its
structuring ability. Prolonged exposure to temperature reduces the ability of
apple puree to structure due to partial degradation of pectin
macromolecules. Depending on the type of fruit and the degree of their
maturity, the duration and temperature of heat treatment are selected
individually so that the flesh of the fruit softens along the entire depth.
Insufficient heat treatment generates significant waste during wiping [4].

At excessive heat treatment fruits strongly boil, there is a deep
disintegration of pectin substances. As a result, the puree is liquid, its
gelling properties are reduced. Inactivation of enzymes during heat
treatment prevents the oxidation of tannins by air oxygen. Therefore,
insufficient heat treatment can cause darkening of the puree during wiping.
In addition, during the heat treatment of fruits and berries are the removal of
air from the tissues and partial caramelization of sugars, which leads to a
yellowish color in fruits with light flesh [5].

The developed combined method of processing consists of the process
of thermal treatment of the fruit with steam and their mechanical grinding.

The primary task in conducting studies of the combined process of fruit
processing was to determine the rational duration of heat treatment. Heat
treatment of apples is one of the main stages in the process of obtaining apple
puree. Raw materials are subjected to heat treatment, which is carried out in
water vapor, in hot water, aqueous solutions of acid, alkali, salt, hot animal or
vegetable fats, and by contact with the surface of heating, before cutting,
grinding and wiping. To ensure the desired depth of heat treatment, it is
necessary to set a rational duration for the treatment of apples with steam or
water. During the research, the dependence of the depth of heat treatment of
apples on the duration of treatment with water, steam, pressure was established.
Apples blanching was carried out in boiling water for 70-90 min at atmospheric
pressure and hot steam at 115...125 °C for 30 min. Thus, there is a need to
create equipment that minimizes the loss of raw materials and will improve the
quality of finished product.

The objective of the research is to develop a device for
implementing the combined process of obtaining applesauce, as well as
substantiating the advantages of its use.

Presentation of the research material. The main task during the
research of the combined process of making apple puree was to determine
the rational duration of heat treatment, as heat treatment of apples is one of
the main stages in the process of obtaining apple puree.
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Based on literature data and patent research, it is established that the
most promising area of production of apple puree is the use of a combined
effect of the processes of pre-treatment with steam and mechanical wiping of
the product. The presented combination of processes can be implemented using
the proposed design of the apparatus for making apple puree. The developed
combined method of making apple puree consists of the process of heat
treatment of fruits with steam and their subsequent mechanical grinding.

The technical task of development is to improve the quality of the
finished puree through the consistent use of combined mechanisms for
grinding, rubbing, boiling, mixing, introduction of the necessary additional
components and more uniform processing due to the use of rational designs
of knives and perforated turns of the screw for fruit processing, reduction of
material and energy resources, increase of productivity due to transition to a
continuous mode of work. To implement the proposed method, a combined
machine for the production of puree has been developed (Fig. 1).

Fig. 1. The scheme of the combined machine for production of puree:
1 — the valve; 2 — the loading bunker; 3 — the screw; 4 — the case cylindrical;
5 — hollow shaft; 6 — the hatch for unloading; 7 — the screw for giving of raw
materials; 8 — pulleys; 9 — shovels; 10 — perforated drum; 11 — reducer;
12 — belts; 13 — electric motor; 14 — feed auger; 15 — juice collector; 16 — hatch
for waste; 17 — knives; 18 — grinding grate; 19 — auger with variable pitch;
20 — steam line; 21 — condensate pipe; 22 — extruder; 23 — hatch; 24 — friction
transmission; 25 — rotating shaft; 26 — barometer; 27 — cover; 28 — working
chamber; 29 — nozzle for supplying steam, 30 — steam bath; 31 — anchor stirrer;
32 — condensate receiver; 33 — gateway shutter; 34 — support rack
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The combined device of continuous action for the production of
puree includes a loading hopper 2 with placed in it the conveying auger 3,
the housing 4, the valves 1, the hollow shaft 5.

The device contains four chambers, two of them are located in
parallel and two chambers are located in series.

In the third chamber on the high-speed shaft is a coil of the auger 14
and vertically arranged knives 17. The knives 17 have a rotation angle that
facilitates the movement of the product along the first chamber 26. The
lower part of the third chamber is perforated and connected to the juice
collector 15 of puree and includes an extruder 22 and a connected boiler 23.
The extruder 22 consists of a loading hopper 2, three working cylinders
with placed inside the motor 13 and a reducer 11, as well as four chambers:
blanched wiping, squeezing the juice, boiling and squeezing.

The juice extraction chamber has the shape of a truncated cone, the
body of this chamber is made perforated and equipped with an additional
wall 25 to form a space for collecting juice and a nozzle 15 for draining
juice. On the outer shaft 6 in this chamber are installed continuous turns 17
of the auger. At the end of the juice extraction chamber on the shaft is a
knife and a second grinding grid 18 with holes of medium diameter.

In the fourth compression chamber on the inner shaft with a
gradually increasing diameter made turns 19 of the auger with a decreasing
step to exit the chamber. At the end of the chamber there is a third grinding
grid with holes of smaller diameter. The forming head 22 of the extruder
has a nozzle. A cooking boiler is attached to the forming head 22 of the
extruder, inside which an anchor stirrer 30 with a drive is installed.

On the top cover of the boiler 27 there is also a pipe for the
introduction of the necessary additional components (sugar syrup, flavors,
structurants, stabilizers, etc.).

The vertical cylindrical and lower spherical parts of the boiler body
are equipped on the outside with a housing, inside which steam is supplied
through the pipe 29, and condensate is removed through the pipe 32.

In the lower part of the boiler 33 is a vacuum sluice gate to remove
the finished puree.

The boiler is connected to an exhaust fan to support the discharge
and ensure the removal of water vapor formed during the blasting of the
extruded product at the outlet of the nozzle.

The combined device works as follows: pre-washed fruit is loaded
through the hopper 2. On the surface of the apples act simultaneously
working bodies, which is an auger 3 which is on a hollow shaft 5, which
gets steam through the valve 1, also through this valve steam enters the
working cylinder. The auger 3 is driven by a V-belt transmission, which
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consists of a pulley 8 and a belt 12. The raw material moves along the
cylinder while the sharp steam coats the entire surface of the apples, which
leads to complete blanching of the apples. The apples are sent to the hatch
for unloading 6. Then the apples fall into the wiping chamber. From the
unloading hatch 6 apples enter the working cylinder, where there is a screw
for feeding raw materials 7, this screw is needed to feed the raw materials to
the perforated drum 10. When the raw material enters the perforated drum
10, the raw material is wiped. Inside the perforated drum 10 is a shaft on
which are placed three blades 3 during the rotation of the blades, the raw
material is captured by the blades and presses the raw material to the
perforated drum, as a result of which the raw material is rubbed through a
sieve. The perforated drum sieve can have different diameters, this is
required for different types of raw materials (stone fruit). Waste, bones are
sent along the drum to the hatch 16. The finished puree flows from the
perforated drum to the next working cylinder.

Grated puree is fed into the receiving hopper of the loading hopper.
The drive of the screw located in the loading bunker is included. The source
product through the loading hopper enters the housing of the device. The
puree is moved to vertically rotating knives with an auger 17.

In the squeezing chamber there is a separation of part of the juice
contained in the product, due to the continuous turns 17 of the auger, made
in the form of a cone with a decreasing pitch of the turns, and its discharge
through the perforated housing. The juice formed during the crushing of the
fruit, through the perforated body and the pipe 15 flows into the juice
collector and is removed from it for further processing. The squeezed mass
of the product is sent to the second grinding grid 18 with holes of medium
diameter, where it is finally crushed with a knife.

Next, the crushed and squeezed mass is sent to the boiling chamber,
where it is subjected to intense heating. At the same time through the
nozzles 20 inside the body of the boiling chamber steam is supplied, which
conductively heats the crushed fruit particles, making them more convenient
for further processing. The steam condenses and is removed through the
nozzles below the chamber.

In the compression chamber, the shaft 19 is made with a reduced
pitch. Due to the fact that the speed of rotation of the low-speed shaft in the
compression chamber is lower than the speed of rotation of the shaft 6 in the
three previous chambers, it helps to provide the required pressure.

In the chamber there is an increase in the pressure of the puree-like
mass of the product due to a sharp decrease in the size of the screw channel.
The pressure of the puree in the compression chamber reaches the desired
value, thus forming a puree, homogeneous in structure and temperature.

104



This allows you to have a given, uniform in cross section, the temperature
of the product. After passing through the nozzle 22, the puree under excess
pressure is discharged into the boiler equipped with an anchor stirrer 31.
Simultaneously include the drive of the anchor stirrer 31 and the exhaust fan
10 to maintain discharge and ensure removal of water vapor formed during
blasting the extrudate at the nozzle. After the compressed puree mass leaves
the nozzle as a result of a sharp pressure drop, the moisture evaporates
instantly. The water vapor formed during the heating of the puree-like mass
is removed by means of an exhaust fan. Then through a branch pipe located
on the top cover of a cooking copper, a mix of additional components which
not only increase nutritional value of the crushed particles of fruits, but also
promote essential change of their structure moves. Condensate is removed
from the housing through the pipe. If the puree has a high humidity, it is
subjected to additional evaporation. To do this, the puree-like mass is
captured by the anchor stirrer 31 and pressed against the inner surface of the
boiler. At the same time through the pipe in the body structure is supplied
with steam, which further heats the puree and helps to complete the
physico-chemical transformations required to obtain the finished puree.

Due to conductive heating, the temperature of the puree mass
increases and due to the maintenance of the set value of the discharge in the
cooking boiler, further evaporation of the formed water vapor occurs, which
is removed by the fan. If the puree-like mass has a given final humidity,
then the need for its heating is eliminated and steam is not supplied to the
housing. The finished puree-like product is removed from the boiler 12 by
means of a vacuum sluice gate, which is also rotated.

The use of the proposed design of the device intended for food and
restaurant industry will improve the quality of raw materials processing for
the production of puree, intensify technological processes, save material
resources during the manufacture of the device, reduce its energy
consumption and improve working conditions.

Conclusion. Thus, the use of the proposed combined device of
continuous action for the production of puree allows to obtain puree-like
concentrates of a given composition with the introduction of the necessary
additional components for their further use in the production of
confectionery and bakery products. The device also reduces the specific
energy consumption for the production of puree concentrates through the
consistent use of mechanisms for grinding, wiping, boiling, mixing, the
introduction of the necessary additional components and more uniform
processing due to the use of rational designs of knives and perforated turns
of the auger.
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