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Force and work of cutting of sponge-fatty cake with oat flakes content
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Summary. The processes of food processing are an important 
research instrument. The paper presents the results of study of 
force and work of cutting of sponge-fatty cake with the addition 
of oatmeal. The variable parameters in the experiment were the 

angle (2.5°, 7.5°, 12.5° and 17.5°). Additionally, sensory assess-
ment was performed for the purpose of selection of the desired 

the amount of the additive and knife wedge angle. The cutting 

geometry. The most preferred energy and quality is achieved at 
the knife angle 2.5° and 7.5°, and the most unsuitable angle is 
12.5° and 17.5°. The greatest force and the work occurred during 
the cutting of sponge-fatty cake with the addition of oatmeal in 

in an amount not exceeding 10% of the knife with an angle of 
2.5° and exacerbation of 7.5°.
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INTRODUCTION

Agrifood industry, which includes the production of 
bakery and confectionery as well biscuit making is a very
important branch of the Polish industry, as food items and 
beverages account for about 17% of the Polish industrial 
production. One of the fastest growing sectors of the food 
industry’s current production of confectionery [17]. 

When reaching for a cake we pay attention mainly to 

the ingredients that are included in the recipe. Currently, 
there is a tendency for consumers to search for products con-
taining (in addition to basic, traditional use) additives gen-

creation of products with new properties [7, 14]. Such cri-

teria are met by oatmeal. Oats has as well-balanced amount 

both healthy people and diabetics [5, 12]. 

production of ready-mix cakes, but also cake manufacturers, 
who in addition to the quality of the product (the desired 
hardness or brittleness) can reduce the unhealthy factors, 
reducing the amount of sugar or fatty products [1, 16].

In order to determine the quality of the baked matter, 
sensory evaluation is usually performed. It consists in de-
termining the batch uniformity, appearance, taste and smell, 
as well as the structure of the cake [9].

Currently, instrumental texture evaluation methods of 
the tested products are popular, including mechanical meth-
ods. They allow determination of mechanical parameters of 

development of new products and evaluation of the quality 

Fast development of production techniques in the con-
fectionery industry allowed for the mechanization of vir-
tually all the stages of production, including the cutting of 
cakes. The research on work of cutting boils down largely 
to the optimization of blade design features and parameters 
of the grinding process [3]. Cutting is the direct impact of 
the active material of the cutting tool on the cut material. 
The movement of the knife may be perpendicular or parallel 

shredding the products. The most common are three types 
-

a scoop-shaped blade. The highest prevalence was found 

The cutting tests on confectionery products aimed at 

process while maintaining a good quality of cakes. However, 
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by the geometric features of cutting elements, but also the 
structure of the material to be shredded, which results in the 
quality of the portion dough [8].

OBJECTIVE AND SCOPE OF RESEARCH

The scope of the study comprised the development of 
the recipes and the baking of pastries, determination of the 
effect of the knife wedge angle on the force and work of 
the process of cutting cakes, and sensory assessment of the 
products, which allowed the selection of cakes of the highest 
quality and best cutting performance.

METHODS

The experimental material was four kinds of sponge-fat-

with 0, 5, 10 and 15% by the addition of instant oatmeal 

Other dough ingredients were: 250 g of eggs, 350 g of sug-

of baking powder. The samples included cake with zero 
oatmeal. Baking pans were lined with the prepared cakes. 
The thickness of the dough was 50 ± 2 mm. Cakes were 
baked for 60 minutes at 160°C. Five cakes were made of 
each sample with oat addition. When the pastries cooled 
down, they were sealed in polyethylene bags and kept in 
a refrigerator at temperature of 6°C.

The cutting process was performed, which was conduct-

computer. In the study knives were used with the shapes of 

the angle between a plane perpendicular to the direction of 

movement and the cutting edge of the knife was 0°. Speed 
-1. Laboratory 

tests were carried out in thirty repetitions on slices of cakes 
length 50 mm, width 40 mm and thickness of 20 mm (for 
each knife and for all types of cakes). The results of the 
measurement were in the form of graphs representing the 
relation between the cutting force and knife displacement, 
from which the values of the cutting force and work were 
determined (Fig. 1).

In the area A-B force increases from zero to a value that 
causes the compression of the material by the knife. In this 
area, the material is compacted at the threshold of the cut-
ting process. At point C, there is a maximum cutting force, 
which gradually decreases to 0 (point D), which completes 
the process.

The cakes sensory assessment was conducted by the 
trained team of 10 people in accordance with the Polish 
Standard PN-A-74252 [15].

RESULTS

In order to investigate the effect of oatmeal addition on 
the process of cutting the sponge-fatty cake and its suitability 
for consumption, the force and cutting work for knives of 
various shapes were tested.

The results of measurements are presented in Fig. 2 and 3.
It was found out that the dough prepared with the ad-

dition of oatmeal was characterized by higher values of 
maximum force and work cutting than the dough without 
oats. The values of maximum force and work in case of the 

0.063 J (for knife wedge angle of 17.5°). And the lowest 
cutting force and work were recorded for the control, for the 

The resulting standard deviations from the mean values 
of mechanical parameters (Fig. 2 and 3) indicate substantial 

Fig. 1. Example of force-displacement relationship obtained during the cake cutting
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heterogeneity of the tested products. They probably arise 
from their heterogeneous internal structure and surface after 
adding unminced oatmeal.

The relations presented in Figures 2 and 3 are described 
by equations (1) and (2):

dkF z 0766,00919,03057,2 �� , (1)

R2

209,10291,0 dW (2)

R2

where:
F

W

zk

d

The results were subjected to two-way analysis of vari-

of knife angle and the addition of oatmeal. Between research 
results there is a correlation between the independent vari-
ables at a high level. And the work of cutting is considerably 
affected by tightening the knife angle. The values of cor-

analysis are shown in Table 1

Parameter
Addition of the oat 

Force [N] 0,916 0,885

Work [J] 0,772 -

During the testing of the impact of knife wedge angle 
and percentage content of oatmeal on the mechanical prop-
erties, attention should be paid to the behavior of crumb cake 
during the cutting process. For each type of knife and for 
different content of oatmeal the graph of force-displacement 
proceeds quite differently. The changes in graph’s outline 
are shown in Figs. 4 and 5.

Observations carried out during the analysis of graphs 
can be summarized as follows: for all the studied pastry, the 
most appropriate wedge angle is that of 2.5° and 7.5°. For 
other knives with larger wedge angles the forces increase 
negatively.

During the cutting of crumb cake without the addition 

the knife wedge going into the product, which causes a large 

get rough dough pieces with low quality.
For the added amount of 15%, the knife encounters 

the resistance of the material, which is due to an excessive 
amount of oatmeal. Cakes are damaged and mostly disrupt-
ed. The resulting pieces are baked at the intersection of the 
irregular structure and uneven thickness of the cut, causing 
losses in the material and reduced taste.
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Fig. 2. Relation of cutting force of sponge-fatty cake with different addition of oatmeal to knife wedge angle
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Fig. 3. Relation of cutting work of sponge-fatty cake with different addition of oatmeal to knife wedge angle
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Fig. 4. Graphs proceedings of the force-displacement during the cutting of sponge-fatty cake with 0% addition of oatmeal for knives 
with wedge angle: a) 2.5°, b) 7.5°, c) 12.5°, d) 17.5°
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Fig. 5. Graphs proceedings of the force-displacement during cutting of sponge-fatty cake with 15% addition of oatmeal for knives 
with wedge angle: a) 2.5°, b) 7.5°, c) 12.5°, d) 17.5°

Depending on the course of the force for the addition of 
oatmeal at 5 and 10%, the displacement is steady and stable 
throughout the entire process of material distribution. Cakes 
are cut once and the area of intersection is fairly uniform. 
In this case, the dough pieces are precisely structured, have 
regular shape and the desired form stays without damage, 
as evidenced by organoleptic tests.

The results of sensory assessment of sponge-fatty cake 
carried out in accordance with PN-A-74252: 1998 indicate 

effect on the results of organoleptic assessment of cakes 

(but they had slightly worse color of cover even with the 
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best taste and smell). However, the 15% share of oatmeal 
caused the baking quality deterioration (variations in shape, 
differences among the individual items).

CONCLUSIONS

1. With the increase in the knife wedge angle and addition of 

2. The best quality of baked pieces is obtained using the 

angle of 2.5° and 7.5°.
3. The scoring shows that the best overall quality of the 

amount of 5 and 10%. It obtained 20 points out of the 
-

in accordance with the requirements.
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