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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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Бұл зерттеу жұмысы жемістерді конвективті кептірудің қыздыру температурасының дайын 

өнімнің ылғалының массалық үлесіне әсерін зерттеуге бағытталған. Конвективті кептіру - бұл тағамды 

сақтаудың перспективалы әдісі. Жыл бойы адам ағзасын пайдалы компоненттермен қамтамасыз ете 

алатын кептірілген жемістерді алуға мүмкіндік береді. Сондықтан осы мақалада келтірілген 

тәжірибелер жемістерді кептірудің оңтайлы режимдерін орнатуға бағытталған. Эксперименттерді 

талдау үшін Қазақстан аумағында қолданылатын нормативтік құжаттарға сәйкес стандартты 

әдістер қолданылды. Жемістерді конвективті кептіру кестелері берілген. Жемістерді кептірудің қыздыру 

температурасының дайын өнімнің сапасына әсері дәлелденді. Құрғақ жемістерді органолептикалық 

бағалау әдісі ұсынылған. Берілген қыздыру температурасының жоғарылауымен өнімнің салыстырмалы 

массасының өзгеру жылдамдығына сәйкес келетін уақыт азаятыны анықталды. Сонымен қатар, ылғалды 

кетірудің ең жоғары жылдамдығына температура ғана емес, сонымен қатар жемістердің құрылымы мен 

мөлшері де әсер ететіні анықталды. Құрғақ жемістерге органолептикалық бағалау жүргізілді (дәмі, түсі, 

иісі, консистенциясы). Ең жақсы органолептикалық көрсеткіштер қыздыру температурасы 50....65 °С 

кезінде анықталды. Зерттеулер негізінде конвективті кептіру температурасы ұсынылады: алма үшін 50-
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55 °С, өрік үшін 55-65 °С, қара өрік үшін 60-65°С.Сынақ нәтижелерін инженерлік тәжірибеде жеміс-

көкөніс өнімдерін өңдеу технологиясында қолдануға болады. 

 

Негізгі сөздер: конвективті кептіру, температура, жемістер, ылғалдың массалық үлесі, 

органолептикалық бағалау, талдау. 
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Данное исследование направлено на изучение влияния температуры нагрева конвективной сушки 

плодов на массовую долю влаги готового продукта. Конвективная сушка является перспективным 

способом консервирования продуктов. Позволяет получить сушеные плоды, которые круглогодично могут 

обеспечивать человеческий организм полезными компонентами. Поэтому эксперименты, приведенные в 

данной статье, направлены на установление оптимальных режимов сушки плодов. Для анализа 

экспериментов применяли стандартные методы согласно нормативным документам, действующим на 

территории Казахстана. Авторами предлагаются диаграммы конвективной сушки исследуемых фруктов 

юга Казахстана. По построенным схемам прослеживается, что температура нагрева в процессе 

высушивания воздействует на конечный продукт. В результате анализа диаграмм можно утверждать 

следующее. Если поднимается температура нагрева, то как следствие, время на сушку фруктов 

убавляется. При отмеченном времени обнаруживается наибольшая скорость преобразования 

относительной массы высушенного изделия. Также в процессе опытов было получено: на период 

максимальной скорости улетучивания влаги воздействуют температура, размер и структура свежего 

сырья. Авторами проведено сенсорное определение основных показателей качества: вкус, цвет, запах, 

консистенция. Были определены оптимальные свойства показателей. Их получили при температуре 

нагрева 50...65 °С. Многочисленные опыты показали целесообразность предлагать такие параметры 

конвективной сушки. Температура конвективной сушки: для яблок 50-55 °С, абрикоса 55- 65 °С, 

чернослива 60-65°С. Результаты исследования могут быть использованы в технологии переработки 

плодоовощной продукции. 
 

Ключевые слова: конвективная сушка, температура, плоды, массовая доля влаги, 

органолептическая оценка, анализ. 
 

Introduction 

Convective drying is an advanced method 

of food preservation [1]. The best possible results 

of the drying stage are achieved by carrying out 

numerous experiments. Therefore, it is necessary 

to select the preferred characteristics of drying 

regimes on a scientific basis. The result will be 

high-quality finished products. It is important to 

demonstrate the sensory and physicochemical 

properties of the dried product [2]. 

Through the method of convective drying, a 

diverse range of fruit raw materials can be 

preserved. Since fruits are seasonal products, 

producing dried fruits ensures their availability to 

the population year-round, thereby enhancing the 

nutritional structure of diets. Dried fruits can be 

sold as standalone products or used as food 

additives in various products to enrich them with 

vitamins and trace elements. 

The purpose of the study: selection of 

temperature regimes of convective drying of fruits. 

Objects of research. The objects of the study 

were fruits such as apricots, prune plums, apples. 

Materials and research methods 

Experimental studies were carried out in the 

testing regional laboratory of engineering profile 

"Structural and biochemical materials" of the M. 

Auezov South Kazakhstan University (Shymkent, 

Tauke Khan str. 5), InnovTechProduct LLP, 

Shymkent. The experiments were conducted 

during the spring and summer months. 

Generally accepted standard methods of 

raw material research were used to implement the 

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 

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). 

 

 
 

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 

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). 

 

 
 

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 

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. 

 
Table 1. Results of convective drying of apples 

 

Mode Thickness of the semi-

finished product 

1 mm 

Thickness of the semi-

finished product 

4 mm 

Thickness of the semi-

finished product 

5 mm 

Thickness of the semi-

finished product 

6 mm 

Product 

Readiness 

Mois-ture, 

% 

Product 

Readiness 

Mois-

ture, 

% 

Product 

Readiness 

Mois-

ture, 

% 

Product 

Readiness 

Moisture, 

% 

1 Ready 20 Ready 20 Not ready, 

drying 

30 Not ready, 

drying 

35 

2 Ready 20 Ready 20 Not ready, 

drying 

30 Not ready, 

drying 

35 

 

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).  

 

 
 

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, °С 

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 1,5 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 

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, °С 

40 45 50 55 60 65 70 75 80 

Apricot  Taste 4 4 45 5 5 5 2 2 0 

Color 4 4 4 5 5 5 2 2 1 

Smell 4 4 4 5 5 5 3 3 0 

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 3 2 2 1 

Color 4 4 5 5 3 3 1 1 1 

Smell 4 4 5 5 3 2 2 2 0 

Consistency 4 4 5 5 3 2 4 2 2 

Total 16 16 20 20 15 10 9 7 4 

Apple Taste 3 3 4 4 5 5 3 2 8 

Color 3 4 4 5 5 5 3 3 2 

Smell 4 4 4 4 5 5 3 1 0 

Consistency 3 3 3 4 5 5 3 1 2 

Total 13 14 15 17 20 20 12 7 4 

 

The optimal technological characteristics of 

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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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. 
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Халық тұтынуы үшін тауар өндіретін салаларды қамтитын тамақ өнеркәсібі азық-түлік 

қауіпсіздігін қамтамасыз етудің орталық буыны болып табылады.Осыған байланысты медициналық 

нормаларды ескере отырып, сапалы, теңдестірілген және қауіпсіз тамақтану өте маңызды.  Осыған 

байланысты пектинді заттарды табиғи детоксикация ретінде және тұтас ұнтақталған ұнды 

галеталар өндірісінде пайдалану, халықтың тағамдық және биологиялық құндылығы жоғары қауіпсіз 

тағамға деген қажеттіліктерін қанағаттандыру мәселесін шешуге мүмкіндік береді. Жұмыстың 

мақсаты пектин концентратын және дәнді дақылдардан алынған тұтас ұнтақталған ұнды  қолдану 

арқылы тағамдық құндылығы жоғары галеталар өндіру болып табылды.  Мақалада қант қызылшасынан 
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