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The study examines the influence of heating temperature during the convective drying of fruits on the mass
fraction of moisture in the finished product. Convective drying is a promising method for preserving products,
allowing the production of dried fruits that can provide essential nutrients year-round. The experiments detailed in
this article aim to establish optimal fruit drying modes. Standard methods were used to analyze the experiments
according to regulatory documents in force in Kazakhstan. The authors proposed diagrams of convective drying of
the fruits in the south of Kazakhstan. According to the constructed schemes, it can be seen that the heating
temperature during the drying process affects the final product. According to the analysis, an increase in heating
temperature results in a decreased drying time. At the specified time, the highest conversion rate of the relative mass
of the dried product is detected. Additionally, it was obtained that the temperature, size, and structure of fresh raw
materials affect the period of maximum moisture volatilization rate. The authors carried out a sensory evaluation of
the main quality indicators: taste, color, odor and consistency. The optimal characteristics of the indicators were
determined. They were extracted at a heating temperature of 50 ....65 °C. Numerous experiments have shown that it
is necessary to offer such convective drying parameters. Convective drying temperature for apples is 50-55 °C, for
apricots - 55-65 °C, for prune plums - 60-65 °C. Such results will be useful in the technology of fruit and vegetable
processing.

Keywords: convective drying, temperature, fruits, mass fraction of moisture, organoleptic
evaluation, analysis.
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byn 3epmmey scymoicol sncemicmepoi KoHeeKmuemi Kenmipyoin Kbl30blpy mMeMREPAmypacbiHbly OailblH
OHIMHIN bLNRATILIHBIY MACCANBIK yaeciHe acepin 3epmmeyze dazeimmanzan. Koneekmuemi kenmipy - oyn mazamont
cakmayowly, nepcnekmueanst a0ici. Kvin 60itbl adam azzaceln naidanvl KOMHOHEHMMEPMEH KAMMAMACHI3 eme
anameln  Kenmipinzen cemicmepoi anyea MyMKIiHOIK Oepedi. ConoviKkman ocvl Mmakanada Keamipinzen
maocipubenep ncemicmepoi Kenmipyoin, OHmMAUAbl pedcUMOEPIH opHamyeza oOazvlmmangan. IKcnepumenmmepoi
manday ywin Kazakcman aymazelnoa KOJAOGHLLIAMBIH HOPMAMUEGMIK KY)CAmmapza caikec Cmanoapmnivl
a0icmep Koa0anvlnovl. Kemicmepoi koneekmuemi Kenmipy Kecmenepi depinzen. Kemicmepoi kenmipyoin Kvl30b1py
memnepamypacsluvly OaiiblH OHIMHIN canacvlna acepi Oanendendi. Kypezar scemicmepoi opeanoienmuxanvlk
bazanay aodici ycvinvinzan. bepinzen Kpl30vipy memnepamypacoiHbly, HCOAPLIAAYbIMEH OHIMHIN CAIbICHbIPMATbL
MACCACHIHBIY 032€PY HCbIIOAMOBIZbIHA CIVIKEC Kelemin YaKslm a3aamuiusl anbikmanovl. Convimen Kamap, vliz2anosl
KemipyoOil, eH H#co2apbl Heol10AMObIZLIHA MEMREPAMYPA 2aHA eMeC, COHbIMER Kamap xcemicmepoit, Kypolivlmbl MeH
Monuepi 0e acep ememini anvikmanovl. Kypzax scemicmepze opzanonienmuxanslk 6azanay y;eypeizinoi (0ami, myci,
uici, koncucmenyusacot). EHq dcarxcol opzanonenmukanvlx Kopcemkiwimep Kvizovlpy memnepamypacot 50....65 °C
Ke3inoe aHblKmanovl. 3epmmeynep He2i3in0e KOHEEKMUGMI KENNIPYy meMnepamypacsl YyColHbliaobl: aima yuiin 50-
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55 °C, epixk ywin 55-65 °C, Kapa epix ywin 60-65°C.Coinax namusicenepin umnicenepnik madxjcipubeoe icemic-
KOKOHIC OHIMOEpiH OHOEY MmeXHO102UACHIHOA KOJ10aHy2a 601adbl.

Heri3sri ce3iep: KOHBEeKTHBTI KeNTipy, TeMmepaTypa, :KeMmicTep, BUIFANIBIH MaccalbIK YJieci,
OPraHoOJIENTHKAJIBIK 0aFajay, Tajaaay.

AHAJIA3 BJIMSTHASA TEMIIEPATYPbI HATPEBA HA
NPOLHECC KOHBEKTUBHOU CYIIKHA
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Jlannoe uccnedosanue Hanpasneno Ha usyueHue GAUAHUI MEMNEPAMYPbl HAZPEEA KOHEEKMUBHOU CYUWIKU
N0008 HA MACCOEYI0 007110 61a2u 20m06020 npodykma. Koneekmuenas cywika seisemcs NepCREKMUGHBIM
cnocooom Koncepsuposanus npodykmos. Ilozeonsem noayuums cyuienvle ni00bl, KOMOpble KPy2io200UudHO MO2ym
obecneuusams uenoseuecKuil OpPeaHu3M noae3nbimMu Komnonenmamu. Ilosmomy Ikcnepumenmol, npugedenHsle 6
O0aHHOIl cmamve, HANPAGIEHbBI HA YCHMAHOGIEHUE ONMUMANBHBIX PENCUMOE CYWIKU ha00os. /[lna aunanusa
IKCREPUMEHMO6 NPUMEHAIU CIAHOAPMHbBLE MEMOObl COZNACHO HOPMAMUGHBIM OOKYMEHMAM, OeiicCmeylouum na
meppumopuu Kazaxcmana. Asmopamu npeonazaromcs ouazpammvl KOHEEKMUGHOU CYUIKU UCCTIEOYEMbIX (PPYKMOG
10za Kazaxcmana. Ilo nocmpoenmnvim cxemam RpoCaedcusaemcs, 4mo memnepamypa Hazpesa 6 npouyecce
BLICYIUGAHUA 6030€liCEyem Ha KOHeYHblil npodykm. B pesynomame ananuza ouazpamm MoxicHo ymeepicoams
cnedyiowee. Ecnu noonumaemcss memnepamypa Hazpeea, mo Kak cile0cmeue, 6pems HA CYWIKYy (OpyKmos
yoasnsemca. Ilpu ommeuennom epemenu o0OHapysCuUsaemcs HAUGONLWAS CKOPOCHIL  RPEOOpPA308aAHU
OMHOCUMENbHOU MACCbl 8bICYUWIeHN020 u3denus. Takice 6 npouecce oOnvimos 0bL10 NOAYUEHO: HA NEPUOD
MAKCUMATILHOU CKOPOCHU YIEMYUUGAHUS 61A2U 6030€HCMEYIOM MeEMREpamypd, paimep u CHPYKmypa ceexicezo
colpbs. Asmopamu npoeedeno ceHcopHoe onpedesieHue OCHOBHBIX NOKA3AMENel KAYecmed: 6KyC, Ueem, 3andx,
Koncucmenyus. Bviiu onpedenenvt onmumanvhole ceolicmea nokazameneii. Hx nonyuunu npu memnepamype
Hazpesa 50...65 °C. Muozouucnennvle Onvlmsl NOKA3AAU UENECO0OPAZHOCMb NPeONAzamy makue NaApamempol
KoHeekmuenou cywiku. Temnepamypa Koneekmugnoul cywiku: 0aa a0a0k 50-55 °C, aopuxoca 55- 65 °C,
yepnocausea 60-65°C. Pezynvmamul UCCIE008AHUA MOZYM OblMb UCHOIb306AHbI 6 MEXHONOZUU Nepepadomku
nJ1000060UHOTL RPOOYKUUU.

KiroueBble c/i0Ba: KOHBEKTHBHAS Cyuika, TeMmiiepartrypa, IJIoAbl, MaccoBast 10Js BJIaru,
opraHoJenTuIeCKasi OueHKa, aHaJIu3.

Introduction additives in various products to enrich them with

Convective drying is an advanced method vitamins and trace elements.
of food preservation [1]. The best possible results The purpose of the study: selection of
of the drying stage are achieved by carrying out temperature regimes of convective drying of fruits.
numerous experiments. Therefore, it is necessary Obijects of research. The objects of the study
to select the preferred characteristics of drying were fruits such as apricots, prune plums, apples.
regimes on a scientific basis. The result will be Materials and research methods
high-quality finished products. It is important to Experimental studies were carried out in the
demonstrate the sensory and physicochemical testing regional laboratory of engineering profile
properties of the dried product [2]. "Structural and biochemical materials" of the M.

Through the method of convective drying, a Auezov South Kazakhstan University (Shymkent,
diverse range of fruit raw materials can be Tauke Khan str. 5), InnovTechProduct LLP,
preserved. Since fruits are seasonal products, Shymkent. The experiments were conducted
producing dried fruits ensures their availability to during the spring and summer months.
the population year-round, thereby enhancing the Generally accepted standard methods of
nutritional structure of diets. Dried fruits can be raw material research were used to implement the
sold as standalone products or used as food tasks. The raw materials were sourced from the

southern region of Kazakhstan.
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The range of analyzed convective drying
modes was selected in such a way as to ensure the
preservation of useful elements in fruits [5]. The
experiments were carried out on a laboratory
convective drying unit at heating temperatures
from 40 to 80°C in increments of 5 degrees. The
fruits were dried on pallets in one layer. The
control parameters of drying were the drying
heating temperature (0 °C), the mass fraction of
the moisture of the fruit (%) [6]. Regulatory
documents were used for comparative
characteristics of the products obtained.

Results and discussion

For the experiments in question, we
selected apricots. The apricots were dried in one

Mass fraction of
moisture,%

layer, previously divided into two halves. At the
stage of apricot cleaning, the seeds were removed.
The halves of apricots were laid out on sheets of
convective drying with the pulp facing up. The
apricot fruits did not touch each other. The
specimens were subjected to convective drying
using a blowing fan. The set drying time at a
temperature of 50 degrees is 18-24 hours. At a
temperature of 65 degrees, the drying time was 18
hours. Apricot drying was stopped when the mass
fraction of dried fruit moisture reached 10-20%.

Below we present a graph of the decrease in
the mass fraction of apricot moisture during
convective drying (Fig.1).

Influence of heating temperature

45 50 55

60

65 70 75 80

Heating temperature, 0 °C

Figure 1. Influence of heating temperature during convective drying of apricot on its mass fraction of moisture

The graph shows that the dynamics of the
decrease in the mass fraction of apricot moisture
iS an uneven process. The value decreased at a
drying temperature of 40 °C from 28% to 10% at
a drying heating temperature of up to 80 °C. The
optimal results were obtained with the values of
the mass fraction of dried apricot moisture of 18-
20% at a drying heating temperature of 55-65 °C.

Next, we aimed to establish the influence of
the heating temperature during the drying of
plums on the reduction of their mass fraction of
moisture. Drying of the prunes was stopped when
the mass fraction of moisture in the dried fruit
reached 20-25%. The plums were dried in a single

Mass fraction of
moisture,%

layer, having been previously divided into two
halves. At the stage of plum cleaning, the seeds
were removed. The plum halves were laid out on
sheets of convective drying with the pulp facing
up. The plum fruits did not touch each other. They
were thoroughly blown by a convective drying
fan. The set drying time at a temperature from 45-
50 °C to 70 °C for the finished product is 16
hours.

We will present a graph illustrating the
decrease in the mass fraction of moisture in
prunes during convective drying, depending on
the drying heating temperature (Fig. 2).

Influence of heating temperature

45 50 55
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65 70 75 80

Heating temperature, 0 °C

Figure 2. The influence of the heating temperature during convective drying of the plum on its mass fraction of

moisture
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The research diagram demonstrates the
following effective characteristics. The normative
values of the mass fraction of moisture of prunes
at the drying stage in the region of 20-25% were
noted at a heating temperature of 65-70 °C [5].

The  subsequent  experiments  were
conducted on apples. The initial study examined
the heating periods and their impact on the
mechanical properties of apple slices. The
findings of the study indicate a need for energy-
saving measures to facilitate rapid drying. The

Table 1. Results of convective drying of apples

product obtained exhibited preserved properties of
high quality in comparison with conventional
drying [6].

The next object of the experiments was also
apples [7]. We made semi-finished products from
apples with a thickness of 1 mm, 4 mm, 5 mm,
and 6 mm. The prepared semi-finished products of
fresh apples were placed on a convective drying
mesh pallet in one layer. At the end of convective
drying, the following results were observed,
which are shown in Table 1.

Mode Thickness of the semi- Thickness of the semi- | Thickness of the semi- Thickness of the semi-
finished product finished product finished product finished product
1 mm 4 mm 5mm 6 mm
Product Mois-ture, Product Mois- Product Mois- Product Moisture,
Readiness % Readiness ture, Readiness ture, Readiness %
% %

1 Ready 20 Ready 20 Not ready, 30 Not ready, 35
drying drying

2 Ready 20 Ready 20 Not ready, 30 Not ready, 35
drying drying

As indicated in the table, the thickness of
the semi-finished product significantly influences
the degree of drying of the finished product [8].
When the thickness of fresh apples is 1 mm, apple
chips with a visually appealing appearance and
pleasant taste are obtained, and the moisture
content of the finished product conforms to
standard values. We observed that with
thicknesses ranging from 1 mm to 4 mm and
under modes 1 and 2, we consistently produce
dried fruits with physical-chemical properties

meeting standard specifications. However, when
the thickness of the semi-finished product
increases to 5 or 6 mm, inadequate drying of the
finished product occurs, resulting in an excess of
moisture content above normative levels. Both
drying time and temperature significantly
influence the production outcomes.

We will consider a graph illustrating the
decrease in the mass fraction of moisture in apples
during convective drying, depending on the
drying heating temperature (Fig. 3).

Influence of heating temperature

Influence of heating
temperature,%

40 45 50 55

60

65 70 75 80

Heating temperature, 0 °C

Figure 3. The influence of the heating temperature during convective drying of apples on its mass fraction of moisture

Based on the conducted experiments, the
duration of drying and the yield of finished fruit

products during convective drying were

established (Table 2).

Table 2. Duration of drying and yield of finished fruit products during convective drying

Name dried fruits Drying time in hours | Output of finished products
Dried apricots 18-24 13-18
Prunes 16-18 19-20
Apples 2 18-20
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The chemical composition of dried fruits
post-convective drying is detailed in Table 3
[9,10]. The work investigated the effect of con-
vective drying of feijoa on the physicochemical
characteristics, as well as drying parameters
(energy consumption and drying speed). Feijoa
fruit pieces were dried at temperatures of 50, 60,
and 70°C, air speed of 0.5 and 1 m/s, and

thickness of 0.003 m and 0.005 m. Optimal
conditions were a temperature of 50.83 °C, air
speed of 1 m/s, and thickness of 0.003 m. The
results show that convective drying is a suitable
and cost-effective method for obtaining functional
ingredients while maintaining biocompounds and
biological activity [11].

Table 3. Chemical composition of dried fruits during convective drying

Name of indicators | Meaning
Dried apricots
Moisture, % 13-18
Proteins, g 4,0-4,8
Fats, g 0,085-0,1
Carbohydrates, g 44-48
Prunes
Moisture, % 20-25
Proteins, g 0,96
Fats, g 0,16
Carbohydrates, g 28,08
Apples
Moisture, % 20
Proteins, g 2,3
Fats, g 0,1
Carbohydrates, g 83

Practical research yielded the duration of
convective drying for all objects at temperatures

ranging from 40°C to 80°C, with increments of 5
degrees (Table 4).

Table 4. Duration of convective drying of fruits at temperature selection, h

Type of fruit Drying temperature, °C
40 45 50 55 60 65 70 75 80
Apricot 36 32 24 22 20 18 16 14 12
Plum 26 24 22 20 18 16 14 12 10
Apple 3,5 3,0 2,5 2,0 15 1,0 0,5 0,2 0,1

The whole process of convective drying can
be represented in three stages. During the first
stage, the temperature of the product decreases by
several degrees, and the relative mass decreases
by 2-5%. At this phase, the moisture of the macro
capillaries of the product is removed. After 10
minutes, when the temperature in the chamber
reaches the required level, the temperature and the
rate of dehydration of the product begin to
increase, and the second stage of dehydration
begins [12].

Convective drying is characterized by the
presence of a second stage of drying. During this
period, there is an increase in the drying rate.
With numerous fruit varieties globally, each fruit
possesses unique characteristics. After conducting
multiple experiments, it was observed that an
increase in heating temperature correlates with the
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highest rate of variation in the relative mass of the
final object [13].

The obtained research results are as
follows. The time of the highest rate of moisture
removal is influenced not only by temperature but
also by the structure and size of the fruits
themselves. During the experiments, large
parameters and the thickness of the fruit
influenced a decrease in the intensity of moisture
evaporation from the center of the product to its
outer layers. Therefore, there is an increase in
time, which is so important to establish the
highest rate of moisture removal.

During the second stage, microcapillary
moisture and osmotic moisture evaporate during
drying [14].

During the third stage, there is a specific
reduction in the drying rate, during which mono-
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and polymolecular adsorption moisture is
removed from the material. This period is
characterized by the highest binding energy. To
evaluate sensory properties, an approach based on
indicators such as color, taste, smell, and

consistency was employed. The proposed
indicators were rated on a scale of 5 points [15].
Thus, the total points ranged around 20 points.
Table 6 presents the results of the sensory
analysis.

Table 5. Results of organoleptic evaluation of dry fruits when selecting the temperature of convective drying

Type of fruit Indicator Drying temperature, °C

40 45 50 55 | 60 | 65|70 | 75|80
Apricot Taste 4 4 45 5 515121210
Color 4 4 4 5 5 (5]2]2]1
Smell 4 4 4 5 5513|310
Consistency 2 2 3 5 5 |5]2]2]|1
Total 14 14 16 20 | 20 |20 9 ]9 |2
Plum Taste 4 4 5 5 4 13121211
Color 4 4 5 5 3 [3]1]1]1
Smell 4 4 5 5 3 |2]12]12]0
Consistency 4 4 5 5 3 2 1412 |2
Total 16 16 20 20 |15 |10 9 |7 | 4
Apple Taste 3 3 4 4 5 51328
Color 3 4 4 5 5 (5]3]3]2
Smell 4 4 4 4 553|110
Consistency 3 3 3 4 5 51312
Total 13 14 15 17 |20 |20]12| 7 | 4

The optimal technological characteristics of REFERENCES

sensory properties in apricots (from 16 to 20 points)
were achieved under the following conditions: the
heating temperature range of 55-65 ° C. When the
temperature rises to 80 °C the scores of organoleptic
properties are reduced to 2 points.

The maximum scores of sensory charac-
teristics were obtained at the heating temperature
of 50-55 °C for drying apples (Table 5). Indicators
corresponding to the standard for prunes were
observed at a temperature of 60-65 °C.

Conclusion

The proposed method was used to study the
effect of heating temperature on the efficiency of
the fruit drying process during convection. Taking
into account the optimal ratio between the
dehydration time and the degree of preservation of
important fruit components, the following values
of the heating temperature during drying should
be recommended for the production of fruit
processing: for apples - 50-55 ° C, apricots - 55-
65 °C, prunes 60-65 ° C.
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DEVELOPMENT OF GALETTE TECHNOLOGY USING PECTIN CONCENTRATE
AND WHOLE-GROUND FLOUR FROM CEREALS

iD]
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M.P. BAIYSBAYEVA ' | N.B. BATYRBAYEVA &

(Almaty Technological University, Kazakhstan, 050012, Almaty, Tole bi str., 100)
Corresponding author e-mail: Zh_zhuldiz@mail.ru*

The food industry, covering industries that produce goods for consumption by the population, is a central link
in ensuring food security. In this regard, high-quality, medically balanced and safe nutrition is of utmost
importance. In this regard, the use of pectin substances as natural detoxifiers and whole-ground flour in the
production of galets will solve the problem of meeting the needs of the population in safe food products with high
nutritional and biological value. The aim of the work was to develop galettes of increased nutritional value using
pectin concentrate and whole-ground flour from cereals. The article examines the effect of beetroot pectin
concentrate on the quality of galettes made from a mixture of wheat and whole-ground corn, buckwheat flour. The
optimal dosage of whole-ground corn flour of 15%, buckweat flour - 20.0% in the production of galets from wheat
flour of the first grade, in which the quality of finished products is similar to control samples, is justified and
determined. It was found that the nutritional and biological value of the developed galettes is higher than in the
control samples, the products obtained meet the safety requirements of TR CU 021/2011.

Keywords: pectin concentrate, whole-ground corn flour, whole-ground buckwheat flour,
galettes, quality, safety.

MEKTUH KOHIEHTPATBI MEH JOHII JAKBLIJIAPJIAH AJIBIHFAH TYTAC
YHTAKTAJIFAH YH/IbI TAVJAJIAHBIN FAJIETAJIAP TEXHOJIOTUSICBIH O3IPJIEY

K.O. KAPBIVIKACHPIHOBA*, I'K. HCKAKOBA,
M.I1. BAMBICBAEBA, H.b. BATbIPEAEBA

(AnMaThI TeXHOTOTHAIBIK yHUBepcuTeTi, Kazaxcran, 050012, Anmarsi, TeJie 6u kem.,100)
ABTOP-KOPPECTIOHAEHTTIH MIEKTPOHABIK motrackl: Zh_zhuldiz@mail.ru*

Xanvlk mymuiHyst ywin mayap oHOipemin cananapovl KAMMUMbBIH MAMAK OHEPKICIOI a3vlK-mynik
Kayincizoizin Kammamacslz emyoiy; opmanvlK OyviHbl 00abIN MaAdBLLIAOLL. Ocblzan 0aIAHBICMBL MEOUUUHANDIK,
HOpMAanapovl ecKepe Ombulpovln, CARAIbl, MEHOECMIPIIcen JHcaHe Kayinciz mamaxmany ome mampizovl. Ocvizan
Oainanvicmel nekmunoi 3ammapovt maduu O0emOKCUKAUUA PpemiHde MHcoHe mymac YHMAKmauigan YHObl
2anemanap OHOIpiciHOe RANOANAHY, XATbIKMbIY MAAMOBIK HCIHE OUONOUANBIK KYHOBLIbIZbL Hco2apbl Kayinciz
mazamea Oezen Kadicemminikmepin KaHA2AMMAHOBIPY MIcenecin uieutyze MyMKiHOIK Oepedi. Kymvicmuiy
MaKcamvl NeKMUH KOHUEHMPAMBIH JHCIHEe 0IHOI 0aKblIOAPOAH ANLIHEAH MYMAC YHMAKMAA2AH YHObl KOJ0aHy
apKbLIbL MARAMOBIK, KYHOBLIbIZbL JHCO2APbL 2a71emanap eHoipy 00nvin maowviiovl. Makanada KaHm Kbi3blAUIACLIHAN
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