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ABSTRACT 
Cryogenic freezing is a mild freezing technology due to the formation of small ice crystals. This preservation 
technology is well applicable for increasing the shelf life of bakery products. In our experiment, we made 
donut samples of matured dough, traditional dough with pork fat, and dough with increased fibre content 
made by adding flaxseed flour. They were fried in palm oil and also in high oleic sunflower oil. Donuts were 
frozen in liquid nitrogen for 60 seconds and they underwent a storage of 7 days at -18°C. Thawing at room 
temperature and thawing in oven were tested. We investigated how freezing, frozen storage and different 
thawing processes affect sample texture by penetration. The effect of freezing on water activity and sensory 
properties were also investigated. In our experiment we found that cryogenic freezing influenced the texture 
of prepared donuts, but sensory evaluation have shown that this does not lead to a decrease in popularity. In 
addition, a slight decrease in water activity was observed after freezing and thawing. Heating in oven proved 
to be the better method for the thawing process of donuts based on sensory properties of products. In 
addition, consumers preferred the increased fibre content of doughs.  
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INTRODUCTION 
 
Baking is an ancient, traditional process. Bakery products are the simplest plain pastries, 
which contain just few ingredients, but they are cakes of numerous components, as well. 
The term baking is applied for the production of bread, but also for all food products in 
which the basic material is flour. These products are radiated by heat from the walls and/or 
top and bottom of a heating equipment (HUI ET AL., 2006). However, donuts are actually 
fried products, but they inner core is more alike baked products. They absorb substantial 
amounts of oil during frying (SHIH ET AL., 2001). 
Flaxseed nutrition research has increased the potential to be considered as a new ingredient 
in bakery products (CHETANA ET AL., 2010). Interest in flaxseed consumption is associated 
with high levels of α-linolenic acid, dietary fibre mucilage, lignans and phenolic 
compounds, all of which are likely to be useful in reducing coronary artery disease, and 
risk factors for cancer (HOLMAN ET AL., 1982; CUNNANE ET AL., 1993). CHETANA ET AL. 
(2010) made muffins containing different amounts of flaxseed flour. They concluded that 
flaxseed increased the water absorption of the flour, like other fibre sources. SHIH and 
DAIGLE (1999) reported that long-grain rice flour absorpted less oil than wheat flour during 
frying. 
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Nowadays, food preservation technologies are very important to increase shelf life and 
maintain the nutritional value, texture and flavour of food products (KAALE ET AL., 2011). 
At temperatures of frozen storage (-18°C to -40°C) microbiological activity is reduced 
(GALLART-JORNET ET AL., 2007). 
The term cryogenic is applied generally below the temperature of -150°C. In contrast, 
liquid nitrogen (-196°C) or carbon dioxide (-78°C as a solid) are applied directly to food 
products as freezing medium. Shorter freezing times can be achieved with this process. 
There is a big temperature difference between the cryogen and the product surface. The 
high rate of surface heat transfer resulting from the boiling of the cryogen (ZHOU ET AL., 
2010).  
The goal of our experiment is to investigate the impact of cryogenic freezing on texture, 
water activity, and sensory properties of donuts made of different doughs, and fried in 
different media. 
 
 

MATERIAL AND METHOD 
 
Donut samples 
In our experiments we made donuts based on different recipes and frying methods. A total 
of 6 products have been tested. These are shown in Table 1. 
 

Table 1. Tested donut samples 
Dough Frying medium Sample code 

Matured dough 
palm oil K12 

high oleic sunflower oil (HOSO) K12-HN 

Traditional dough with pork fat 
palm oil W7 

high oleic sunflower oil (HOSO) W7-HN 

Dough with increased fibre content 
(by 10% flaxseed) 

palm oil K-A 

high oleic sunflower oil (HOSO) K-A-HN 

 
Freezing and frozen storage of samples 
After cooling, donuts were frozen by immersion in liquid nitrogen. 15-15 donuts from each 
types mentioned before were immersed in liquid nitrogen (Messer Hungarogáz Ltd., 
Hungary). Liquid nitrogen began to boil with a temperature of -195,8°C due to the high 
temperature difference between the liquid nitrogen and the products. Samples were 
removed after 60 seconds from the liquid nitrogen by using a stainless strainer. They were 
then packed into polyethylene bags, sealed with a foil welder and stored in a freezer 
(Zanussi ZFC26400WA, Italy) at -18°C. Samples were tested 24 hours (day 1) and one 
week (day 7) after freezing. 
 
Thawing process 
Two different thawing methods were tested in this experiment. The first method was 
letting unpacked donuts thaw at room temperature (20°C). Our second method was to heat 
donuts in a preheated oven by convection at 200 °C for 7 minutes. 
 
Measuring of water activity 
The right amount of free water in the food is essential for the microorganisms, so it is 
essential to study the water activity in the preservation processes. Water activity was 
measured by Labmaster-aw (Novasina, Switzerland) before freezing and one day after 
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freezing. Measurements were made at 25 °C with three replicates, maintaining the ratio of 
dough to filling. 
 
Texture analysis 
 
Texture properties of different donuts were determined by TA-XT Plus (Stable Micro 
Systems, UK) by penetration. A penetration cylindrical probe (P/5) with a length of 5 cm, a 
diameter of 5 mm was used. Measuring cylinder was adjusted to the surface of the 
samples. The measuring program included a motion of 40 mm downwards by a speed of 2 
mm/s. Measurements were performed on fresh donuts, on day 1 with both of the thawing 
types and on day 7 in the oven heated samples. In each case, 5 to 5 measurements were 
taken on each sample and two samples were analysed, so 10 replicates were performed. 
 
Sensory evaluation 
Consumer sensory tests were performed with 12 consumers, where samples were given 
three-digit numbers. The following aspects had to be evaluated on a scale of 1 to 10 (1 
disliked, 10 favoured): dough colour, odour, taste, texture, greasiness, properness of 
baking, freshness and overall impression. 
 
Statistical analysis 
Data were analysed by IBM Statistics 24 software. Univariate ANOVA was used to decide 
whether data are different or not. We checked homogeneity of variances by Levene’s test 
(Fmax (F(23;216) = 1.046; p=0.410), Wpen (F(23;216) = 1.213; p=0.236), Aw (F(11;24) = 
2.499; p=0.29) and normality of data by Kormogorov-Smirnov and Shapiro-Wilk tests 
(Fmax (k(240)=0.049; p=0.2), Wpen (k(240)=0.055; p=0.078), Aw (k(36)=0.948; p=0.088)). 
We used Tukey tests if variances were equal and Games-Howell test if they were not equal 
to get differing groups. 
 
 

RESULTS 
 

In our experiment we found, that the samples thawed at room temperature had 
unfavourable sensory properties. In addition, their handling is difficult, and due to the long 
and unregulated thawing process, it is also disadvantageous from an industrial point of 
view. Therefore, only samples thawed in the oven were examined in the measurement of 
the water activity. Texture analysis was performed on the samples thawed at room 
temperature only on day 1.  
 
Changing of water activity 
Figure 1 shows the water activity of examined donut samples before and after cryogenic 
freezing. We performed univariate ANOVA based on 3 factors. These factors are the 
following: frying medium, dough material and freezing. The effect of frying medium was 
not significant (Aw, oil (F(11;24)=0.284; p=0.599)), but the effect of freezing and dough 
material was significant (Aw, dough (F(11;24)=10.236; p<0.001), Aw, time (F(11;24)=11.899; 
p<0.01). Freezing and thawing decreased water activity. This may indicate that during the 
thawing (baking in oven for 7 minutes at 200°C) a certain amount of water has been lost 
(evaporated). In addition, dough material had a significant effect on water activity, as well. 
Water activity of matured dough was significantly higher, than the other samples doughs 
water activity. 
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Figure 1. Water activity of donut samples before and after cryogenic freezing 

 
Results of texture analysis 
 
The results of the maximum penetration force describe the force required to penetrate the 
probe to draw conclusions on the hardness of the product. Figure 2 shows the maximum 
force required to penetrate each sample. It can be seen that the standard deviation values 
are relatively large. The reason for this is primarily due to the structure of the dough. Air 
bubbles of very different sizes and distributions are present in each sample. In addition, the 
surface of the donuts is relatively uneven. Different freezing times and different ways of 
thawing had different effects on different samples, but the statistical analysis revealed that 
the maximum force required to penetrate the samples tested before freezing was 
significantly different from the samples tested after freezing (Fmax, time (F(23;216)=15.317; 
p<0.0001). In addition, the baking medium and the material of the dough also had a 
significant effect on the maximum force (Fmax, oil (F(23;216)=14.656; p<0.0001), Fmax, dough 

(F(23;216)=31.714; p<0.0001)). 
 

 
Figure 2. Maximal force of penetration of donuts before freezing, one day after 

cryogenic freezing thawed in oven for 7 minutes at 200°C (day 1 (oven)), and thawed 
at room temperature (day 1 (room temp.)) and after 7 days of storage at -18°C (day 7) 
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The value of penetration work (Figure 3) expresses all the work required to penetrate the 
probe in donut samples. There is no clear trend in the development of penetration work, 
but it can be said that there is a significant difference (Wpen,, time (F(23;216)=10.532; 
p<0.0001)) between the data measured before freezing and the measured data after 
freezing. In addition, the penetration work done in the traditional dough differs from the 
other two and the baking medium had also significant effect on the penetration work (Wpen, 

oil (F(23;216)=113.794; p<0.0001), Wpen, dough (F(23;216)=24.605; p<0.0001))..  
 

 
Figure 4. Penetration work of donut samples before freezing, one day after cryogenic 
freezing thawed in oven for 7 minutes at 200°C (day 1 (oven)), and thawed at room 

temperature (day 1 (room temp.)) and after 7 days of storage at -18°C (day 7) 
 

Results of sensory evaluation 

 
Figure 5. Results of sensory evaluation before freezing and after cryogenic freezing 

and thawing in oven after 1 day 
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Results of the sensory analysis performed with consumers can be seen in figure 5. Sample 
W7-HN received the lowest score for all aspects before freezing. In contrast, the K12-HN 
and K-A samples showed good organoleptic properties. In contrast, on the first day after 
freezing, samples received much better score values. The reason for this is probably due to 
the fact that the donuts were released in a hot oven at 200 °C for 7 minutes before the 
judgment. Thawing in oven influenced positively the surface structure of the product, the 
samples received a fresh, crunchy texture, and a relatively large amount of fat and oil was 
poured out of the donut pastries, so the fatty feeling decreased for the donuts. 

 
 

CONCLUSIONS 
 

We found that freezing in liquid nitrogen changed the texture properties of donut samples. 
However, it did not cause the decrease of popularity of products based on the consumer 
sensory evaluation. The results show that freezing decreased water activity of products. 
Further microbiological and sensory tests are needed to determine the shelf life of there 
products. 
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