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INTRODUCTION
In recent years, interest in clean-label health foods has 

increased and consumers are becoming more aware of the 
consequences of product choices and their impact on diet and 
positive health effects. The healthy eating and physical activity 
pyramid in the second place describes vegetables and fruit as 
essential and essential in our daily diet. Fruits and vegetables 
are rich in nutrients and are a natural source of antioxidants 
that help in the prevention of diet-related diseases such as 
diabetes, cardiovascular diseases and atherosclerosis.

Food producers must follow the changing trends in which 
the consumer needs not only healthy food with a variety of 
nutrients, but also ready for immediate consumption. Food 
technologists are constantly developing new technologies of 
healthy snacks for children and adults to replace the habits of 

*Dr hab. inż. Monika JANOWICZ, prof. SGGW
*Dr inż. Sabina GALUS

*Dr hab. inż. Agnieszka CIURZYŃSKA
**Dr Mia KUREK

*Mgr inż. Marlena MICHALSKA
*Department of Food Engineering and Process Management, Institute of Food Sciences, Warsaw University of Life science 

(SGGW-WULS) Warsaw, Poland
*Katedra Inżynierii Żywności i Organizacji Produkcji, Instytut Nauk o Żywności

Szkoła Główna Gospodarstwa Wiejskiego w Warszawie, Polska
**Faculty of Food Technology and Biotechnology, University of Zagreb, Pierottijeva 6, 10000 Zagreb, Croatia

Evaluation of selected properties of products 
(leather fruits) based on fruit puree®

Ocena wybranych właściwości produktów (leather fruits) otrzymanych  
na bazie puree owocowych®

The aim of the study was to evaluate the properties of leat-
her fruit based on puree from own and industrial production. 
The scope of work included: developing the composition and 
method of obtained fruit structures with the use of puree: 
blackcurrant, plum, apple and apple with skin; developing  
a method of pouring properly prepared puree so as to obtain 
structures after drying.
Summarizing the results obtained, it was concluded that all pre-
sented types of puree can be used to develop healthy snacks. The 
research should be continued by modifying the parameters of 
the drying process and the constant dry matter content per cm2 
of the resulting surface, as well as the use of other types of pu-
ree in order to obtain more favorable results of the properties 
of snacks.
Key words: leather fruit, puree, snacks, mechanical proper-
ties.

Celem pracy była ocena właściwości skórki owocowej na 
bazie przecieru z produkcji własnej i przemysłowej. Zakres 
prac obejmował: opracowanie składu i metody otrzymywania 
struktur owocowych z wykorzystaniem przecierów: z czarnej 
porzeczki, śliwki, jabłka i jabłka ze skórką; opracowanie me-
tody nalewania odpowiednio przygotowanego przecieru tak, 
aby po wysuszeniu uzyskać odpowiednie struktury. Podsu-
mowując uzyskane wyniki, stwierdzono, że wszystkie przed-
stawione rodzaje przecierów można wykorzystać do opra-
cowania zdrowych przekąsek. Badania należy kontynuować 
poprzez modyfikację parametrów procesu suszenia oraz stałą 
zawartość suchej masy na cm2 uzyskanej powierzchni, a także 
stosowanie innych rodzajów przecieru w celu uzyskania ko-
rzystniejszych wyników właściwości przekąsek.
Słowa kluczowe: leather fruit, puree, przekąski owocowe, 
właściwości mechaniczne.
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snacking between meals of high-calorie snacks such as crisps, 
sweets or other fast-food meals. Healthy snacks include: 
freeze-dried fruit jellies, fruit chips, edible films and coatings 
as well as fruit leather (or pestil). According to well-known 
farm definitions and messages, it is an age-old natural sweet 
delicacy, to which you do not need to add anything else to 
make it delicious, perfectly smooth and visually attractive. 
Fruit leather is a flexible structure that results from hot air 
drying of fruit puree or juice concentrates with or without 
the addition of other ingredients. A lot of research has been 
carried out on the method of production, parameters and 
properties of this type of product made of various types of 
fruit. However, technologists are constantly looking for new 
solutions to improve the functionality and properties of fruit 
leather, as well as the fillers and preservatives used, improving 
the structure and colour, in order to fit into the strategy of 
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sustainable development and developing technologies for the 
production of innovative products with “clean label”.

THE ROLE OF FRUIT IN HUMAN DIET
Nowadays, we are dealing with a global nutritional 

crisis, where society is experiencing a continuous increase 
in civilization diseases, which are influenced by diet and 
improperly selected diet. Global Burden of Disease research 
reports have identified unhealthy diets as one of the major 
factors contributing to the development of disease and death 
worldwide. This arouses more and more interest in the diet 
based on the principles of dietetics. Consumers introducing  
a diet into their lives must therefore pay attention to ensuring 
the appropriate quantity, quality and variety of products 
supplied to their bodies [18, 31].

Fruit-varied diets are rich in bioactive ingredients, 
minerals, vitamins, polyphenols, carotenoids and dietary fiber. 
A properly planned diet protects against deficiency and excess 
of basic food ingredients such as water, sugars, fats, proteins, 
vitamins, and mineral salts. In 2016, the Food and Nutrition 
Institute in Poland under the supervision of prof. dr hab.  
n. med. Mirosława Jarosza published dietary recommendations 
and a pyramid of healthy eating and physical activity, the 
second recommendation of which is: eat vegetables and fruit 
as often and as much as possible, at least half of what you 
eat. The World Health Organization (WHO) recommends 
consuming at least 400g of vegetables and fruit every day. 
Adults and children should provide the body with 5–7 
servings a day of fruit and vegetables, keeping in mind the 
variety. One serving is defined as a medium apple or pear. You 
can replace one serving with a glass of 100% juice, which 
contains only naturally occurring sugar. Due to the potential 
health benefits, in many countries more and more people are 
choosing vegetarian and vegan diets rich in fruit, vegetables, 
legumes or soy products [17].

The fruit are used to obtain many products, like i.e. juices, 
jams, purees, canned food, but also as additives to cocktails, 
yoghurts, juices, ice cream, bakery products, confectionery 
and snacks. In the last few years, increased consumption 
of snacks, i.e. low-nutritional products, which were eaten 
between meals, has been noticed. The main snacks consumed 
by children and adults are desserts, sweetened drinks, crisps 
and salty snacks [16, 20, 25].

Producers respond to consumer interests in healthy and 
natural food and try to replace high-fat snacks with high-
nutritional products such as: dried and freeze-dried fruit, fruit 
chips, fruit bars, “frushi” – sushi-like, fruit skins and fruit 
films [4, 19]. Kowalska et al. [15] developed a technology 
of apple chips without chemical preservation using osmotic 
dehydration in cherry concentrates or apple juices. The 
research showed that the apple chips were accepted in terms 
of taste and crispness, while the apple-cherry chips were 
distinguished by an attractive red colour, crispness, high 
acidity and polyphenol content. Fruit chips are snacks that 
combine modern trends: food with valuable nutritional value 
and processed, convenient ready-to-eat food. Fruit expeller, 
i.e. post-production waste from fruit juice processing, enrich 
bakery and confectionery products with dietary fiber, vitamins 
and phenolic compounds. Tańska et al. [26] investigated the 

effect of adding fruit pomace from rosehip, rowan, blackcurrant 
and elderberry on the properties of shortbread cookies. The 
cookies with the addition of bagasse were distinguished by  
a darker colour, greater hardness, more palpable flavor, aroma, 
and greater fiber content and antioxidant properties.

Fresh fruit are ideal full-value snacks, however, their 
seasonality determines fruit processing to develop new 
products and expand its range. The addition of processed 
fruit or post-production waste increases the nutritional and 
functional value of products and allows technologists to meet 
consumer expectations by preparing a rich offer of healthy 
snacks [19].

FRUIT SNACKS BASED ON PUREE  
– LEATHER FRUIT

Leather fruit (or pestil) is made from a wide variety of 
fruits such as apricot, banana, blackcurrant, cherry, peach, 
pear, pineapple, fig, apple, mango, strawberry, papaya and 
grapes. They are also produced from various combinations 
of fruit, e.g. rhubarb works very well in combination with 
strawberries, pears with apricots and bananas with strawberries 
[12, 30]. Fruit must be ripe without any blemishes, cores and 
seeds. Washed and peeled and cut into pieces that can be easily 
shredded. Mixing of the fruit should take place immediately 
after peeling to avoid excessive browning [22].

The preparation of the puree is a very important element 
for obtaining high-quality fruit leather. The method of puree 
has an impact on the nutritional value and physical properties 
of fruit skins (leather fruit) [3]. We can prepare fruit puree 
using the heat treatment method or the cold method without 
heat treatment. The cooked method is intended for hard fruit 
that need to be softened. The fruit can be rubbed hot by boiling 
it for 15 minutes and then blending it in a blender using the 
appropriate speed and blade. You can also first grind the fruit 
in a blender or grinder and then cook the puree for 10 minutes. 
Heat treatment causes enzyme inactivation, colour change 
and loss of nutrients. The cold method involves grinding the 
raw fruit in a blender using the correct speed and blade. The 
advantage of this method is the speed of execution and the 
higher content of bioactive compounds [22, 24]. Tontul and 
Topuz [27] compared pomegranate fruit leather made of heat-
treated puree and cold-prepared puree without heat treatment. 
The authors showed that the skins without prior heat treatment 
of the purée were characterized by a higher content of bioactive 
compounds, less enzymatic browning and better textural 
properties. Chan and Marynenko [3] showed that modern 
hydrothermal treatment (HTD) resulted in inactivation of 
enzymes without high losses of bioactive compounds and 
anthocyanins. The purpose of the hydrothermal method is to 
perform blending, homogenization and heating in a closed 
system at the same time. This technique produces fruit purees 
with minimal deterioration in quality.

The aim of the study was to evaluate the properties 
of leather fruit based on puree from own and industrial 
production. The scope of work included: developing the 
composition and method of obtained fruit structures with the 
use of puree: blackcurrant, plum, apple and apple with skin; 
developing a method of pouring properly prepared puree so 
as to obtain structures after drying, the dry substance content 
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will be between 0.04 and 0.05 gd.m./cm2 of the surface obtained 
by Fruit leather after the drying process; selected properties 
of leather fruit with particular emphasis on: dry substance 
content, solubility, opacity, testing mechanical properties are 
investigated.

MATERIALS AND METHOD

Technological methods
The research used: apple puree, apple puree with peel, 

blackcurrant puree, plum puree. Plum and blackcurrant puree 
were obtained from Doehler Sp. z o.o. Purees was produced 
in 2017 and stored in a freezer at -18oC, according to the 
manufacturer’s instructions. Fresh apples of the Champion 
variety were stored in a temperature of +5 – + 8oC at an air 
humidity of 80-90%, before puree preparation.

Preparation of apple puree
The Champion variety apples were washed, peeled, 

removed the core and cut into pieces and puree in  
a Thermomixe multifunctional robot (TM6 from Vorwerk, 
Poland). Apple puree with the peel was prepared in the same 
way without removing the peel from the fruit. Pasteurized all 
kinds of puree were stored in jars.

Pouring the puree into the form with a non-stick 
coating

The puree was poured on sheets with a non-stick coating. 
The surface areas of the sheets, which are 455, 577 and 452 
cm2. Each type of puree was poured in two variants in such 
amounts that the dry matter content in the obtained product 
was constant and amounted to 0.04 and 0.05 g/cm2 poured 
onto the surface of the fruit puree. Figure 1 shows a selected 
leather fruit obtained on the basis of blackcurrant puree.
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Fig. 1. Leather fruit with black currant puree containing 0.05 gd.m./cm2 of dry matter formed on the 
surface of the structure. 

Rys. 1. Leather fruit otrzymane z puree z czarnej porzeczki o zawartości suchej masy 0.05 gs.s/cm2 na 
powierzchni struktury. 

Source: Own study 
Źródło: Badania własne 
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Fig. 1.	 Leather fruit with black currant puree containing 
0.05 gd.m./cm2 of dry matter formed on the surfa-
ce of the structure.

Rys. 1.	 Leather fruit otrzymane z puree z czarnej po-
rzeczki o zawartości suchej masy 0.05 gs.s/cm2 na 
powierzchni struktury.

Source:	 Own study
Źródło:	 Badania własne

The water content in the analyzed material was 
determined by the drying method under reduced pressure at 
the temperature of 70±1°C for 24h. The test was carried out 
in triplicate, in samples before and after the drying process.

Water solubility was determined and calculated using the 
method given by Basiak et al. [2]. Squares measuring 20 x  
20 mm were cut from the prepared dried fruit leather. The 
squares were placed in glass dishes and weighed on an 
analytical balance with an accuracy of ± 0.0001 g and then 
dried in a drying chamber at 105°C for 24 hours. The samples 
were placed in a silica gel desiccator and then weighed to 
determine the initial dry weight (mo). The dried squares were 
immersed in a flask containing 25 ml of distilled water and 
left at 25°C for 24 hours. The excess water was filtered off on 
filter paper and dried again at 105°C for 24 hours and then the 
samples were weighed to determine (m24).

The solubility was calculated from the formula:

m0 – m24                   WS = ———— • 100%                    (1)m0

where:	 WS –	solubility [%], 
			   mo –	 initial mass before drying [g], 
			   m24 –	mass of the sample after drying [g].

The opacity of fruit leather was measured according to the 
method described by Adilah et al. [1]. Rectangles measuring 1 
x 4 cm were cut from the material. The opacity was measured 
with a UV/VIS spectrophotometer (Helios Gamma, Thermo 
Electron Corporation, Waltham, USA). Absorbance was 
measured at a visible light length of 600 nm. Measurements 
were made in 10 replications.

The opacity was calculated using the Hana and Flors 
formula [5]:

A600O = ———                                    (2)
l

where:	 O –	 opacity [A/mm],
			   A600–	absorbance at a wavelength of 600 [nm],
			   l –		 thickness [mm].

The mechanical properties of fruit leather were tested 
with a texturometer (TA – XT2i from Stable Micro Systems, 
UK). The Texture  Expert program was used to process the 
results. Fruit leather tensile test was performed. Fruit leather 
strips 100 mm long and 25 mm wide were used for the 
measurement. Thickness was determined using a Pro  Gage 
thickness gauge (Thwing  –  Albert  Instrument  Company). 
The structures were placed 25 mm apart between the two 
measuring jaws, stretching at a speed of 1 mm/s. Measurement 
of the examined structures was performed in 10 replications. 
The tensile strength was calculated from the diagram (max 
tensile force/initial cross-sectional area).

RESULTS AND DISCUSSION
Dry matter and water content complement each other. 

The water content determines the quality, nutritional value 
and storage suitability of food products. With an increase 
in the percentage of water [%], the amount of proteins, 
fats, and carbohydrates important for the body, nutrients is 
reduced and the likelihood of microbial growth increases. As 
a consequence, the shelf life of products is reduced without 
appropriate thermal treatment [7]. 
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Table 4 shows the average values ​​of the dry substance 
content in the puree and in the produced fruit skins. The 
dry matter content of the puree was respectively: plum 
puree (12.94%) blackcurrant puree (14.07%), apple puree 
(17.30%) and apple puree with skin (18.60%). The dry matter 
content of apple puree with peel was within the range given 
by Kiczorowska et al. [13], who examined the chemical 
composition of peel and pulp of Jonica and Champion apples. 
They reported that the dry matter content in the flesh is much 
lower than in the peel of apples and is within in the range 
of 16.84-23.78%. The dry matter content in apple puree was 
similar to the results obtained by Wojdyło et al. [32], in which 
the dry matter content in the organic variety of apples of the 
Champion i variety was 17.40%. The dry matter content of 
plum puree significantly differs from the dry matter content 
of plum puree of 17.48% reported in the work of Ravanic 
et al. [23]. The dry matter content of black currant puree 
(14.07%) is similar to the dry matter content of black currant 
(15.03%) given by Jurgiel-Małęcka and Buchwal [10]. Skins 
made of apple puree were distinguished by the highest dry 
matter content of 90.77% and the lowest water content of 
9.23%. It can be considered that apple skins will be the safest 
microbiologically and will have a longer shelf life than other 
fruit skins. Quintero Ruiz et al. [21] assessed the quality of 
apple skin during storage. The fruit skins were dried at 600oC 
by hot air drying to a water activity of 0.7. The moisture 
content of the apple skin after dehydration was 25%, (0.333 
kgwater/kgdry mater). Apple skins remained stable for 7 months 
at 20°C. According to the research by Kay and Maskan [11], 
the dry weight of plum skin was 80.5%, which is 9.5% lower 
than that of plum skin, 0.05 gd.m./cm2 from this study. Drying 
techniques can reduce the water content. Hedayatizadech and 
Chaji [9] found that the use of pre-treatments before plum 
drying shortens the drying time and maintains high quality 
using less energy.

Table 1.	 Dry substance content in puree and obtained le-
ather fruits having 0.04 g and 0.05 g d.m./cm2 of 
the resulting leather fruits surface 

Tabela 1.	 Zawartość suchej masy w puree i otrzymanych 
leather fruits o zawartości suchej substancji 0,04 
i 0,05 gs.s./cm2 na powierzchni tworzonej struk-
tury

Fruit Puree Leather fruits 
0.05gd.m./cm2

Leather fruits 
0,04gd.m./cm2

Plum 12.94 89.46 89.99

Black currant 14.07 89.00 88.97

Apple 17.30 89.23 90.77

Apple with skin 18.60 89.90 89.37

Source:	 Own study
Źródło:	 Badania własne

Based on the results of statistical analysis, it was found 
that there were significant differences between blackcurrant 
skins and apple skins with peel compared to fruit puree, but 
significant differences were found in the aspect of different 
dry matter content per cm2 surface. However, in the case of 
plum and apple skins, the statistical analysis shows significant 
differences for all of them. The analysis of the effect of 

the type of fruit puree used to produce fruit skins showed  
a significant statistical dependence of the type of fruit on the 
dry substance content of the examined structures, regardless 
of the dry substance content per cm2 surface in the materials.

Solubility is the percentage of the dry weight of the film 
dissolved after 24 hours of immersion in distilled water. 
Water solubility is an important parameter for biodegradable 
packaging made of water-sensitive biopolymers. The potential 
use of the packaging is aimed at insolubility of edible 
films, however, solubility is indicated in the case of food 
encapsulation, food additives, or when food is eaten together 
with a film or fruit skin that needs to be dissolved quickly  
[2, 5].

The highest solubility of all the leathers was characterized 
by blackcurrant puree (Fig. 3). This may indicate the high 
content of pectin, which is a highly soluble compound in water 
and significantly contributes to the solubility [29]. The obtained 
results could result from different amounts of hydrophilic 
(such as polyphenols) and hydrophobic compounds present in 
fruit puree, in which the dominant compounds influenced the 
solubility of the membranes [8].

The statistical analysis of the solubility of the tested 
leather fruit did not show any significant differences between 
the tested materials in terms of the different content of dry 
substance remaining in their structure per cm2 of surface 
area. However, for leather fruit obtained from apple and plum 
puree with a dry substance content of 0.04 gd.m./cm2, lower 
solubility values ​​were observed compared to the other leather 
fruits tested (Fig. 2). The study of the effect of the type of 
fruit puree used to produce leather fruit showed a significant 
statistical dependence of the type of fruit on the solubility 
of the examined structures, regardless of the dry substance 
content in the materials.
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Fig. 2. Effect of the type of fruit puree and the dry substance content on the solubility of leather fruit. 
Rys. 2 Wpływ rodzaju przecieru owocowego i zawartości suchej masy na rozpuszczalność leather fruit. 

Source: Own study 
Źródło: Badania własne 
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Fig. 2.	 Effect of the type of fruit puree and the dry sub-
stance content on the solubility of leather fruit.

Rys. 2.	 Wpływ rodzaju przecieru owocowego i zawartości 
suchej masy na rozpuszczalność leather fruit.

Source:	 Own study
Źródło:	 Badania własne
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Edible films as food packaging materials are transparent 
and colour less, however the colour of the edible film 
prevents exposure to ultraviolet radiation and visible light, 
which deteriorate the quality of food products. Opacity is 
influenced by the density and thickness of leather fruit [1]. 
Leather fruit opacity values ​​ranged from 2.12–6.17. Younis 
and Zhao [34] investigated the physicochemical properties 
of edible membranes from mixtures of high-methoxyl apple 
pectin and chitosan. The opacity of these films ranged from 
1.76 to 10.82. Leather fruit gd.m./cm2 had lower opacity in the 
case of plum, apple and apple skins with skin. However, in the 
case of black currant skins, 0.05 gd.m./cm2 had higher opacity 
values ​​compared to black currant skins 0.04 gd.m./cm2 (Fig. 3). 
Leather fruit obtained from blackcurrant pruee 0.05 gd.m./cm2, 
while the smallest was leather fruit with plum puree 0.04 gd.m./
cm2 (Fig. 3).
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Fig. 3. Effect of the type of fruit puree and the dry substance content on the opacity of leather fruit. 
Rys. 3. Wpływ rodzaju przecieru owocowego i zawartości suchej masy na nieprzeźroczystość leather fruit. 
Source: Own study 
Źródło: Badania własne 
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Fig. 3.	 Effect of the type of fruit puree and the dry sub-
stance content on the opacity of leather fruit.

Rys. 3.	 Wpływ rodzaju przecieru owocowego i zawartości 
suchej masy na nieprzeźroczystość leather fruit.

Source:	 Own study
Źródło:	 Badania własne

It can be assumed that the dry substance content has a 
direct impact on the opacity of leather fruit obtained from 
fruit puree, which can be assessed visually in figure 4. the dry 
matter content per cm2 of the resulting structure area obtained 
from the puree. However, no significant differences were 
observed in blackcurrant skins and plum skins, regardless of 
the dry substance content. However, the static analysis did not 
confirm the thesis about the transparency dependence on the 
dry substance content in leather fruit obtained on the basis 
of the puree used. The research on the effect of the type of 
fruit puree used to produce leather fruit showed a statistically 
significant dependence of the effect of the type of fruit on the 
opacity of leather fruit, regardless of the dry substance content 
in the fruit skins.
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Fig. 3. Effect of the type of fruit puree and the dry substance content on the opacity of leather fruit. 
Rys. 3. Wpływ rodzaju przecieru owocowego i zawartości suchej masy na nieprzeźroczystość leather fruit. 
Source: Own study 
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Fig. 4.	 Leather fruit with different dry matter content 
per cm2 of the resulting structure area:

	 A - plum 0.05 gd.m./cm
2; B - plum - 0.04 gd.m./cm

2; 
C – apple - 0.05 gd.m./cm

2; D - apple -0.04 gd.m./cm
2.

Rys. 4.	 Leather fruit o różnej zawartości suchej masy 
na cm2 powstałej powierzchni struktury: 
A - śliwka 0.05 gs.s./cm

2; B - śliwka - 0.04 gs.s./cm
2; 

C – jabłko- 0.05 gs.s./cm
2; D - jabłko -0.04 gs.s./cm

2.
Source:	 Own study
Źródło:	 Badania własne

Tensile strength is the maximum force needed to break 
a structure. Figure 5 shows the tensile strength results of 
leather fruit obtained on the basis of the tested puree. The 
values ​​of the index ranged from 0.3-2.38 MPa. Leather 
fruit with blackcurrant puree (0.04 gd.m./cm2 of the resulting 
structure surface) was characterized by the highest tensile 
strength, while apple leather fruit was characterized by the 
lowest (0.04 gd.m./cm2 of the resulting structure surface). These 
values ​were similar to those obtained by Galus et al. [6] in 
a study on the effect of the incorporation of modified starch 
or matlodextrin on the barrier and mechanical properties, 
moisture sensitivity and the appearance of edible membranes 
based on soy protein isolate. The tensile strength for the edible 
film based on soy protein isolate and acetate was 1.96 MPa. 
The results of this study significantly differed from those 
obtained by Wognphan et al. [33] who in their work presented 
the characteristics of edible membranes made of mixtures of 
starch, agar and matlodextrin, in which the tensile strength 
ranged from 2 to 20 MPa. They showed that stiffer polymer 
networks reduced flexibility and increased stiffness, and the 
use of the additive in this case 30% agar increased the tensile 
strength by 5 times. The addition of low molecular weight 
maltodextrin lowered the strength of the polymer networks 
and contributed to a reduction in mechanical properties. The 
increase in mechanical strength may result from the formation 
of intermolecular hydrogen bonds and compacts of the 
structure in blackcurrant leather fruit.

Statistical analysis showed a significant difference between 
leather fruit obtained from blackcurrant puree and apple 
puree due to the variable dry matter content per cm2 of the 
resulting structure surface. On the other hand, no statistically 
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significant differences were found in plum and apple skins 
with skin. The analysis of the effect of the type of fruit puree 
used to produce leather fruit showed a significant statistical 
relationship between the types of fruit on the strength of 
the tested structures with different dry matter content in the 
materials. Analysis of mechanical properties is a fundamental 
pre-market research in food technology due to the wide 
variety of food products. Research into mechanical properties 
allows us to better understand the structure changes occurring 
during the drying process. Texture is a very good indicator of 
food quality and sometimes even decisive in consuming food 
choices. Mechanical properties make it possible to determine, 
inter alia, the strength and durability of fruit skins when used 
as coatings for edible films [14]. Leather fruit are products 
with low humidity and low durability. The composition of 
Leather fruit depends on the type of puree and the additives 
used. A common feature of all Leather fruits are large amounts 
of carbohydrates, which largely affect the texture properties 
[28]. The analysis of mechanical properties consists mainly of 
testing the tensile strength, sample elongation and the Young’s 
Model.
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Fig. 5. Effect of the type of fruit puree and the dry substance content on the tensile strength of leather 
fruit. 

Rys. 5. Wpływ rodzaju przecieru owocowego i zawartości suchej masy na wytrzymałość na rozciąganie 
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Fig. 5.	 Effect of the type of fruit puree and the dry sub-
stance content on the tensile strength of leather 
fruit.

Rys. 5.	 Wpływ rodzaju przecieru owocowego i zawartości 
suchej masy na wytrzymałość na rozciąganie leat-
her fruit.

Source:	 Own study
Źródło:	 Badania własne

Figure 6 shows the values ​​of the Young’s Model for 
the tested leather fruit obtained on the basis of puree. 
Leather fruit obtained on the basis of blackcurrant puree  
0.04 gd.m./cm2 showed the highest values, while leather fruit 
obtained on the basis of apple puree 0.04 gd.m./cm2 showed 
the lowest. The results of leather fruit obtained on the basis 
of puree black currant gd.m./cm2 (43 MPa) were the closest to 
those obtained by Wongphan et al. [33] in edible films with  
a mixture of matlodextrin (20%) where Young’s Modulus was 
also about (45 MPa). Probably the high adsorption of water 
caused an increase in plasticization in hydrophilic matrices 

and contributed to the reduction of the Young’s Model in apple 
skins, which showed values ​​of 2.58 and 8.37 MPa. On the 
basis of the statistical results of the Young Model, significant 
differences were observed in the leather fruit obtained on the 
basis of blackcurrant puree and in leather fruit obtained on the 
basis of apple puree without the peel of the fruit due to different 
dry matter contents per cm2 in the materials. No significant 
differences were observed in leather fruit obtained on the 
basis of plum puree and apple puree with peel. Considering 
the aspect of the different types of fruit puree used to make 
the puree-based leather fruit, the type of fruit had a significant 
effect on the Young Model regardless of the dry matter content 
per cm2 in the materials.
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Fig. 6.	 Effect of the type of fruit puree and the dry sub-
stance content on the Young’s Model of leather 
fruit.

Rys. 6.	 Wpływ rodzaju przecieru owocowego i zawartości 
suchej masy na Moduł Younga leather fruit.

Source:	 Own study
Źródło:	 Badania własne

SUMMARY AND CONCLUSION
Leather fruit obtained from blackcurrant puree was 

characterized by the lowest opacity, the highest tensile strength 
and the value of Young’s Modulus, which may be an attractive 
feature for snack products commonly known as “chews” or 
“soluble gums.”

Summarizing the results obtained, it was concluded that 
all presented types of puree can be used to develop healthy 
snacks. In summary, the research should be continued by 
modifying the parameters of the drying process and the 
constant dry matter content per cm2 of the resulting surface, as 
well as the use of other types of puree in order to obtain more 
favourable properties of snacks.

Leather fruit obtained from apple puree were characterized 
by the highest dry matter content, which results in the lowest 
water content, which can significantly extend the shelf life 
compared to leather fruit obtained from other types of puree 
used. Leather fruit obtained from blackcurrant fruit puree was 
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characterized by the highest solubility, and different values of 
this parameter for leather fruit obtained from all puree may 
result from different amounts of hydrophilic and hydrophobic 
compounds present in the fruit puree, which is determined by 
the type and composition of the fruit. Leather fruit obtained 
from blackcurrant puree was characterized by the highest 
tensile strength, while the lowest was for apple puree. Leather 
fruit obtained from slug puree was characterized by the highest 
values of elongation at break, and the lowest values for apple 
puree. Mechanical parameters such as tensile strength and 
elongation may characterize the structure of the obtained 
leather fruit similar to the soluble fruit gum, which increases 
the attractiveness of the product in terms of consumption as 
a snack with specific features that can be shaped towards  
health-promoting foods with “clean label”.

PODSUMOWANIE I WNIOSKI
Leather fruit otrzymane z puree z czarnej porzeczki cha-

rakteryzowały się najmniejszą nieprzezroczystością, najwyż-
szą wytrzymałością na rozciąganie oraz wartością modułu 
Younga, co może być atrakcyjną cechą wyrobów przekąsko-
wych zwanych potocznie „żelkami” lub „gumami rozpusz-
czalnymi”.

Stwierdzono, że wszystkie przedstawione rodzaje pu-
ree można wykorzystać do opracowania zdrowych przeką-
sek. Podsumowując, badania należy kontynuować poprzez  

modyfikację parametrów procesu suszenia oraz stałą zawar-
tość suchej masy na cm2 uzyskanej powierzchni, a także sto-
sowanie innych rodzajów przecieru w celu uzyskania korzyst-
niejszych właściwości przekąsek.

Leather fruit otrzymane z przecieru jabłkowego charakte-
ryzowały się najwyższą zawartością suchej masy, co skutkuje 
najniższą zawartością wody i może znacznie wydłużyć ter-
min przydatności do spożycia w porównaniu z leather fruit 
uzyskanymi z innych zastosowanych przecierów. Leather 
fruit otrzymane z puree z czarnej porzeczki charakteryzowały 
się najwyższą rozpuszczalnością, a różne wartości tego para-
metru dla produktów uzyskanych z innych badanych puree 
mogą wynikać z różnej zawartości związków hydrofilowych 
i hydrofobowych w puree owocowym, co determinowane jest 
rodzajem i składem surowca owocowego. Największą wy-
trzymałością na rozciąganie charakteryzowały się leather fruit 
otrzymane z przecieru z czarnej porzeczki, a najmniejszą z pu-
ree jabłkowych. Leather fruit otrzymane z puree śliwkowego 
charakteryzowały się największymi wartościami wydłużenia 
na rozciąganie, a najmniejszymi dla produktów uzyskanych 
na bazie puree jabłkowego. Parametry mechaniczne, takie jak 
wytrzymałość na rozciąganie i wydłużenie, mogą charakte-
ryzować strukturę otrzymanego produktu owocowego w po-
staci leather fruit strukturą zbliżoną do rozpuszczalnej gumy 
owocowej, co podnosi atrakcyjność produktu pod względem 
spożycia jako przekąski o określonych cechach, które moż-
na kształtować w stronę żywności o cechach prozdrowotnych  
z „czystą etykietą”.
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