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 The aim of the experiment was to determine the impact of UV-C stim-

ulation of tubers, immersion of potato sticks in water, and a frying fat 

type on the content of fat in dry mass of French fries. Tests were carried 
out on Innovator tubers which is one of the most often used cultivator 

in production of French fries by the European and Polish companies. 

Radiation of potato tubers with ultraviolet in band C were performed 
with the use of the original stand for stimulation of biological material 

with electro-magnetic radiation. A statistical analysis of the obtained 

results of tests indicates that stimulation of tubers and a type of frying 
fat had a statistically significant impact on the fat content in dry mass 

of French fries. 
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Introduction 

Frying is one of the most popular thermal processes in preparation of food. The effect of 

this process: a superficial dehydration of the product, formation of smell compounds, change 

in colour and absorption of fat that occur in a short time. The process is very often used in 

obtaining food products mainly due to a short time of preparation as well as sensory values -

taste, smell, consistency. Products that are the most often obtained with this method are po-

tato products, French fries, and crisps. The absorbed fat for fried potato products has a sig-

nificant pro-health and sensory meaning. Due to health issues, a too high content of fat in 

products and its irrelevant quality is not recommended since it may lead to many metabolic 

diseases (Billek, 2000; Dobarganes et al., 2000; Saguy and Dana, 2003). Sensory aspects 

indicate, on the other hand, that a too high and too low-fat content is incorrect. The increased 

fat concentration in French fries and crisps causes that the products are rather not crisp but 

greasy. While, a too low-fat concentration causes that the external part or the whole product 
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increases its hardness and there is a feeling of its rawness while eating. An organoleptic feel-

ing is such as if a product was not fully fried (Lisińska, 1994; Lisińska, 2006; Pedreschi and 

Moyano, 2005).  

Fat migration to a product while frying, according to many authors, takes place mainly 

with two mechanisms. The first one is related to a continuous absorption of fat resulting from 

replacement of water mass contained in an intermediate with fat where treatment takes place. 

It consists in formation of small channels in the cell structure of an intermediate as a result 

of sudden water vaporization, to which fat gets shortly after removal of water. The second 

mechanism takes place shortly after completion of a thermal treatment and consists in ab-

sorption of fat which is on the surface of the product to capillary spaces as a result of negative 

pressure during the stage of cooling (Lisińka, 1994; Aguilera and Gloria-Hernandez, 2000; 

Bouchon and Aguilera, 2001; Bouchon et al., 2001; Pedreshi et al., 2008). However, Dana 

and Saguy (2003) indicate that a condition of a raw material or intermediate is a significant 

parameter that decides on the total fat content in a product, namely the content of surfactants 

that absorb fat. Thus, the content of fat in French fries and crisps is affected by various factors 

that include properties of a raw material, the process of preparation of an intermediate, as 

well as the process of thermal treatment of products (Lisińska, 1994; Pedreschi et al., 2008; 

Krokida et al., 2000; Mellema, 2003; Zgórska and Smuga-Kogut, 2014). The most important 

are: the content of dry substance in raw material - density of raw material, often need to wash 

out reducing sugars from the surface of intermediate products through blanching, immersion 

of intermediate products in a water bath, washing out. The factors that influence the content 

of fat in fried products that result from the thermal processing are: a temperature and treat-

ment time and a type of the used fat and its conditional quality that depends on the time of 

use. A shape of the intermediate product which influences the relation of the mass exchange 

(in the process of preparation for frying and frying) to the product volume (Zgórska and 

Smuga-Kogut, 2014; Friedman, 2000; Krokida et al., 2000; Moyano et al., 2006; Rimac-

Brncic et al., 2004). 

Physical methods are known based on the activity of electromagnetic wave whose activity 

causes a plant reaction. With reference to potato plants (Solanum tuberosum L.) an electro-

magnetic wave (Marks, 2005), microwave radiation (Jakubowski, 2015; Jakubowski, 2016) 

and irradiation with the ultraviolet light was applied (Jakubowski and Pytlowski, 2013).  

A reaction of the potato plant to a physical stimulus in the form of a variable magnetic field 

consisted in reduction of storage losses, the microwave radiation modified the germination 

process and short radiation of seed potatoes speeded up the germinations. In the aspect of 

storage processes and the yield quality in the period after its storage, the effect of ultraviolet 

operation in C band on limitation of infection of tubers with Rhizoctoniasolani Kühn may be 

significant (Jakubowski and Pytlowski, 2015). 

The aim of the experiment was to analyse the impact of the UV-C stimulation of tubers, 

immersion of potato sticks in water and a frying fat type on the content of fat in dry mass of 

French fries. 
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Material and methods 

The experiment was carried out within 2017-2018. Potato tubers of Innovator cultivar 

were used as material for research. Innovator cultivar is one of the most eagerly used in pro-

duction of French fries by the European companies as well as the Polish ones (Lisińska and 

Leszczyński, 1989). It is an early cultivar, culinary type B with tubers of a regular shape, 

round, and oval, of the average content of starch 14.6%. This cultivar is very resistant to 

darkening of the pulp of raw material and after cooking it is suitable for storing. Intermediates 

for French fries were potato sticks with a cross- section of 10x10 mm and length of 60 mm. 

Sticks were cut off along the longest axis of tubers, determined between the top and umbilical 

part. The process of immersion of intermediate products in water, related to extraction of 

reducing sugars was carried out in the investigated objects in the following combinations: (1) 

- 20°C within 15 min (2) - 40°C within 20 min. The tests include a combination with blanch-

ing of potato sticks (3) - 90°C and 2 min and control sample (0) - without immersion. The 

objects of tests after completion of immersion in water were dried immediately (in two 

stages) using each time a paper absorptive material (Sobol, 2006a; Sobol, 2006b; Sobol, 

2007; Sobol, 2016). A stand for irradiation of a biological material with ultraviolet in C band 

had a form of a prismatic chamber with a cubic capacity of 0.63 m3 (0.55x0.95x1,2), the 

internal walls of which were made of aluminium (with a high coefficient of reflection). The 

chamber was equipped with a radiator type TUV UV-C NBV 15 W (intensity of irradiation 

of line 253.7 nm in the distance of 1 m from the lamp = 0.42 W.m-2, the total energy stream 

of a line 253.7 nm = 4.0 W). The radiator had a reflector made of a high-grade aluminium 

with a high coefficient of reflection (characteristics similar to a mirror). A structure of the 

radiator enabled smooth regulation of the height over the bottom of the chamber within  

0.4 and 1.0 and was equipped with a precise time switch (model AURATON 100). Endurance 

of the UV-C radiator which means an invariability of parameters of its operation, was 8000 

hours. Potato tubers during radiation were located on the flat, metal bottom with the surface 

area of 0.52 m2. (0.55x0.95). A precise characteristic of a test stand and methodology of UV-

C radiation is described in papers by Jakubowski and Wrona (2012) and Jakubowski and 

Pytlowski (2013, 2015). In order to irradiate potato tubers the following parameters of the 

UV-C simulation were applied: (1-3) − radiation 30 minutes on one side of the tuber (2) - 

radiation 15 minutes from two opposite sides of the tuber, 0 - control sample (without radia-

tion). Stimulation was carried out two days before formation of intermediates and their im-

mersion in water. French fries were fried in two types of frying fat: (1) 0 coconut oil, (2) 

refined rapeseed oil. Temperature of frying was 170°C and frying time was 15 minutes. Fries 

were fried at one stage to the moment of achieving proper sensory parameters for the ready 

product. The relation of the mass of a batch (intermediate product) to the mass of frying fat 

was 1:15. The frying time was set in a separate initial experiment with an analysis of sensory 

reactions of a group of experienced persons who assessed them. Fried French fries were dried 

of excess of oil in two stages: 1 - on a mesh shaked substrate, 2 - on a paper absorptive 

material. The fat content was measured with Soxhlet method (Sobol et al., 2018). The results 

were analysed in STATISTICA 13.1 on the set significance level of α = 0.05. 
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Results and discussion 

The analysis of variance in the triple classification shows that stimulation of tubers {1}, 

type of frying fat {3}, have a statistically significant impact on the fat content in dry mass of 

French fries (Table 1). All interactions between the accepted factors were statistically signif-

icant. 

Table 1.  

Impact of tubers stimulation manner, conditions of immersion of intermediate products and 

a type of frying fat on the fat content in dry mass of French fries (analysis of variance in a 

triple classification) 

Quality predictor 
Sum  

of squares 

Degrees  

of freedom 

Mean  

square 

FSndecor  

test 
P test 

Free expression 55737.37 1 55737.37 555.526 0.000 

{1} Stimulation manner 745.96 2 372.98 3.717 0.039 

{2} Conditions of immersion 174.76 3 58.25 0.581 0.633 

{3} type of frying pan 1536.94 1 1536.94 15.318 0.001 

1*2 1168.74 6 194.79 1.941 0.115 

1*3 62.62 2 31.31 0.312 0.735 

2*3 562.49 3 187.50 1.869 0.162 

1*2*3 491.29 6 81.88 0.816 0.568 

Error 2407.98 24 100.33   

 

In the experiment that was carried out, a higher fat content was reported (Fig. 1) in a dry 

mass of French fries (average 36.65%) from potato bulbs irradiated with UV-C referred to 

the control sample (28.92%) (but French fries from tubers irradiated for 30 minutes on one 

side of a tuber had a higher fat content (38.49%) in comparison to French fries from tubers 

irradiated after 15 minutes on two sides (34.71%). Multiple comparison of average couples 

(Duncan test) proved a statistically significant difference in the fat content in French fries 

from the control sample and from tubers irradiated with UV-C for 30 minutes on one side. 

Existence of two homogeneous groups of variables were showed (Table 2). A sample that 

consisted of French fries from tubers irradiated after 15 minutes on two opposite sides was 

qualified to both uniform groups (the so-called overlapping of groups) which makes it im-

possible to clearly interpret the obtained result. The above system of the obtained results may 

show that longer irradiation of potato tubers influences the increase of fat absorption of the 

fried product (French fries). 

According to Zagórska and Smuga-Kogut (2014), a very important property from the 

nutritive point of view is a fat content in the product that is ready for consumption. In case 

of an intermediate for French fries, it depends on the dry mass and a starch content in raw 

material (potato tubers). A higher content of these components means less fat in a ready 

product (Lipska and Leszczyński, 1989). Additionally, the content of fat absorbed by French 

fries influences: a type of the used oil, thickness of sticks, blanching parameters, temperature, 

and drying time (Lipska and Leszczyński,1989). 
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As Zgórska and Smuga-Kogut (2014) indicate, as a result of thermal processing of an 

intermediate into fried products, starch gelatinization that forms a coat-forming material takes 

place, which as a result causes formation on the surface, of a layer which prevents from fat 

absorption of fat to its inside. Acc. to Adamczyk et al. (2013) gelatinization is a process that 

is related to starch seed expansion under the influence of water in a raised temperature. In 

this process, inter and intra -particle hydrogen bonding of starch components crack. Water 

washes out amylose from a seed which forms a colloid in combination with water. Disinte-

grating bondings are hydrogen bondings and a newly formed are bondings, also hydrogen 

ones, between a polymer and water (hydration). A possible cause of the increased fat absorp-

tion by French fries from a raw material irradiated with ultraviolet are damages of α-glyco-

side bondings (combining glucose particles) resulting from the UV- C activity. Damages will 

cause weakening of the starch seeds expansion process which will translate into a germina-

tion ability and as a result into an increased fat absorption. 

 

 

Figure 1. Impact of potato tubers stimulation method on the fat content in dry mass of French 

fries 

Table 2.  

Duncan test results – Uniform groups of fat content in dry mass of French fries for the method 

of stimulation 

Stimulation method 

Fat content in dry mass of French fries  

(%) 

Average 
Homogeneous groups 

1 2 

0 28,92 ****  

2 34,81 **** **** 

1 38,49  **** 
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The applied conditions of immersion of intermediates in water have no statistically sig-

nificant impact on the fat content in dry mass of French fries (Table 1, Fig. 2). The fat content 

was from ca. 31% in samples where before frying intermediates were subjected to the blanch-

ing process to ca. 35% in the remaining conditions of immersion and in the zero sample. In 

fact, the applied conditions of immersion caused a change in the density of intermediate prod-

ucts to the maximum level of |-0.009| (g∙cm-3) (Sobol et al., 2018). This did not significantly 

affect the mass of the absorbed fat in the frying process. A small change in the density of 

intermediates as a result of immersion in a water bath (conditions from 1 to 3) resulted most 

probably from an insignificant change (increase) of the osmotic pressure in cells. A non-

significant change of the osmotic pressure in cells caused by transpiration of tubers was re-

lated most probably to a short (several days) period between harvesting and processing. 
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Figure 2. Impact of conditions of immersion of intermediates in water on fat content in dry 

mass of French fries 

A content of fat, fat acids in French fries, crisps and other snacks is very varied and de-

pends on the type of the applied frying medium (Balas, 2004; Kita, 2006; Kita et al., 2003). 

Balas (2004) and Kita et al., (2003) claim that the fat content in crisps is varied and within 

26.3 to 39.0% and depends on the used frying oil. Kita (2006) concludes that products fried 

in rapeseed oil absorb less fat than those fried in palm oil and in the mixture of palm and 

rapeseed oil. 

The experiment that was carried out shows that there is a statistically significant differ-

ence in the total fat content in dry mass of French fries depending on the applied frying me-

dium (Table 1, Fig. 3). A higher content of fat in dry mass had French fries fried in the refined 

rapeseed oil (ca. 40%) and less those fried in coconut oil (ca. 28%) (Fig. 3). 
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Figure 3. Impact of frying fat type on fat content in dry mass of French fries 

Conclusions 

1. The fat content in dry mass of French fries statistically significantly depends on the UV-

C stimulation of tubers and the type of the used frying fat. 

2. The UV-C stimulation of tubers increases the fat content in dry mass of French fries 

(36.65%) in comparison to the zero sample (without stimulation) (28.92%). 

3. The use of refined rapeseed oil for frying causes the increase of the fat content in dry 

mass of French fries (ca. 40%) in comparison to coconut oil (ca. 28%). 
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WPŁYW STYMULACJI UV-C BULW, ZANURZENIA SŁUPKÓW 

ZIEMNIACZANYCH W WODZIE ORAZ RODZAJU FRYTURY  

NA ZAWARTOŚĆ TŁUSZCZU W SUCHEJ MASIE FRYTEK 

 

Streszczenie. Celem przeprowadzonego eksperymentu było określenie wpływu stymulacji UV-C 

bulw, zanurzenia słupków ziemniaczanych w wodzie oraz rodzaju frytury na zawartość tłuszczu  

w suchej masie frytek. Badania przeprowadzono na bulwach odmiany Innovator, która jest jedną  

z najchętniej stosowanych w produkcji frytek przez firmy europejskie jak również polskie. 

Naświetlanie bulw ziemniaka ultrafioletem w paśmie C wykonano z zastosowaniem autorskiego stan-

owiska do stymulacji materiału biologicznego promieniowaniem elektromagnetycznym. Analiza stat-

ystyczna otrzymanych wyników badań wskazuje, że stymulacja bulw i rodzaj frytury, miały statystycz-

nie istotny wpływ na zawartość tłuszczu w suchej masie frytek. 

Słowa kluczowe: stymulacja UV-C, bulwy ziemniaka, półprodukty, tłuszcz, zanurzenie w wodzie 

 

 

 

 

 


