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Abstract. The paper presents the results of the impact 

of kohlrabi parenchyma sampling site on textural 

properties. Selected texture parameters, i.e. hardness, 

springinees, cohesiveness and chewiness were determined 

by the double compression test TPA. The study was 

conducted on samples taken from well-defined kohlrabi 

layers (upper layer, middle layer, lower layer) and zones 

(A, B, C), because the vegetable's structure is 

heterogeneous. The samples were compressed at the 

longitudinal and transverse orientation of the fibers 

relative to the movement of the working tool. The results 

were statistically analyzed using the program Statistica 

8.0. The research has shown that the place of sampling 

and orientation of the fibers have a significant impact on 

the value of all the kohlrabi texture parameters.  

Key words: kohlrabi, mechanical properties, place of 

sampling 

 

INTRODUCTION 

 

The most important economic sector of food for our 

country is fruit and vegetable processing. Poland 

producing annually about 5-5.5 million tons of vegetables 

is one of the leading producers in the European Union. 

This sector is quite innovative for the products (more and 

more attention is paid to new, tasty varieties or health 

aspects of vegetables). Quality values of the raw materials 

supplies are important for the processing enterprises, 

because they translate directly to the wares quality [4, 17]. 

However, in order to properly process the raw 

material it is necessary to precisely determine its 

mechanical properties. For the determination of 

mechanical properties of materials using the strength 

tests, the compression test is commonly used, because it is 

the closest simulation of biting and chewing. Among the 

many configurations of trials used in compression tests, 

the most frequently-mentioned is the compression 

between parallel plates, i.e. the texture profile analysis 

test TPA (Texture Profile Analysis). The current methods 

of textural analysis, based on fairly advanced technical 

research instruments, allow for an objective assessment of 

the properties of the tested materials [1, 5, 16, 18, 19, 21]. 

Information about the physical properties of raw 

materials, despite extensive research in this area, is still of 

limited value due to the heterogeneity of materials of 

plant origin. Therefore, the characteristics of the raw 

material should take into account the geometrical 

characteristics, surface conditions, moisture, fiber 

orientation and the procedure of sampling, as well as a 

precise description of the process parameters. Moreover, a 

description of the material should contain comprehensive 

data on the growing conditions, varieties, humidity, state 

of maturity and pre-treatment [2, 10, 12]. 

In the publications and studies describing the work of  

vegetable scientists,  only the mechanical properties of 

potato tubers, roots of sugar beet and carrots have been 

subjected to extensive studies and investigations [3, 7, 9]. 

The reports of research on brassica vegetables have 

occurred sporadically. 

Kohlrabi (Brassica oleracea var. gongylodes L.) is a 

variety of cabbage. The edible part is the bulky and thick 

stalk. Kohlrabi is a very valuable vegetable, with high 

nutritional value and taste. It is a source of vitamins B, C, 

K, beta-carotene and minerals (calcium, magnesium, iron 

and phosphorus). In addition, it contains lutein necessary 

for the proper functioning of eyes [8, 15]. A separate 

valuable class of compounds contained in healthy 

kohlrabi are glucosinolates, whose main role is 

detoxification [6, 13, 14]. Kohlrabi as a vegetable belongs 

to the group rarely causing allergies, and so is suitable for 

administration to children from six months of age. 

Kohlrabi is especially recommended for diabetics, 

patients with hypoglycemia and atherosclerosis, due to the 

slow process of raising blood sugar levels, while having 

low calorific value [11, 20]. 

The studies of kohlrabi, in addition to the high 

cognitive value, are also significant for practical 

applications.  

The aim of the study was to determine the 

mechanical properties of the kohlrabi parenchyma 

samples taken from particular places with clearly different 

structure and compressed along the longitudinal and 

transverse orientation of the fibers. 
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MATERIALS AND METHODS 

 

The raw material used for the study was kohlrabi of 

Kossak variety. The research material was taken from the 

second day after the date set for the seventh day. The 

vegetables were stored in a ventilated place at the 

temperature of 4°C and  relative humidity of 95%. The 

shape of the stalk was similar to round of an average size 

of 9 ± 0.5 cm. 

Due to the different and heterogeneous structure of 

kohlrabi, the cutting of samples for testing was performed 

in a specific way. 

Figure 1 shows the appearance of the structure of 

vegetables after cutting a) along the length and b) across 

the fibers and the place of samples' cutting. 

 

 

a) 

 

b) 

                                             

Fig. 1. Structure of kohlrabi tissue after cutting: a) along the length, b) across the fibers 

 

It was assumed that kohlrabi stem is symmetric along 

the y-axis. The figure above shows that the structure of 

the raw material is heterogeneous. The vegetable has 

coriaceous fiber layers which are separated by a soft 
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parenchyma. In the illustrated kohlrabi longitudinal 

section (Fig. 1a) the high density of fibers in the lower 

layer and the cross-section is evident, which is illustrated 

by the radial fiber distribution (Fig. 1b) in the middle of 

the vegetables and the rind. 

The samples were prepared in the following way: 

each vegetable was partitioned into three layers (upper, 

middle and lower) with the thickness of 15 mm. Then, 

from each layer  cuboids were cut out with the dimensions 

of 45x15x15 mm, which were partitioned into three zones 

A, B and C (15 mm wide). This resulted in the  cubes of 

15 mm sides. To ensure the accuracy of cutting, the 

samples were prepared by means of a metal plate with 

four parallel-spaced knives with 15 mm spaced blades. In 

order to be able to carry out mathematical statistical 

analyses, the location of the centers of respective samples 

was located. The coordinate system x-y was assumed, 

which crossed at the point 0. The y-axis coincided with 

the vertical axis of the zone A, the x-axis with the 

horizontal axis of the middle layer. Vertical axis tests were 

located in the zone B and C of y-axis, spaced respectively 

15 and 30 mm, and the horizontal axes samples from 

upper and lower layers were spaced  15 -15 mm from the 

axis x. Coordinates x and y were related to the middle of 

cubes. 

The double compression test TPA was conducted in 

the texturometer TA.XT plus Stable Micro Systems, 

cooperating with a computer having the Texture Exponent 

32 software, using the nine samples in the form of cubes 

with the side length 15 mm of the ten roots at the 

longitudinal (sample a) and the transverse (sample b) fiber 

arrangement (Fig. 2). 

Each tested specimen was compressed by a 25 mm 

cylindrical tester up to 50% of its initial height. The test 

speed was 0,83 mm s
-1

. 

 
Fig. 2. The layout scheme of  TPA testing 

 

The analysis of the measurements in the form of 

texturograms in two coordinate force deformations 

allowed to determine the parameters of texture (Fig. 3). 

Following the example of part of the research work 

[9, 12, 18, 21] and the popularity of units used in the 

processing industry, the following determinants of 

textures and units were determined: 

- hardness H (N): first compression 

maximum force, 

- springiness (-): expressed as the 

material's ability to regain its initial dimensions, which is 

described as second-to-first deformation ratio 

(Spr=L2/L1), 

- cohesiveness (–): characteristics of 

product integrity expressed by internal cohesive forces, 

which is described as deformation work at second-to-first 

cycle ratio (Coh=W2/W1). 

- chewiness Ch (N): expressed as the force 

needed to chew a piece of particular food structure to the 

form which is ready to swallow, which is described as 

multiplication of hardness, cohesiveness and springiness. 

The graphic presentation of double compression test is 

shown in Fig. 3. 

 

 

Fig. 3. Example of a graph obtained in the double compression test (TPA)
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The results were statistically analyzed using the 

statistical package Statistica 8.0. In order to investigate 

the significance of differences between the site and 

download the various determinants of texture, the 

multivariate ANOVA test was conducted. Inference was 

made with the significance level of 0.05. A detailed 

analysis of medium confidence intervals was made using 

Tukey's test. Using the regression analysis, equations 

were derived that describe the texture parameters 

depending on the place of sampling and arrangement of 

fibers. 

RESULTS AND DISCUSSION 

 

The results of measuring the impact of the kohlrabi 

parenchyma sampling obtainment place on the 

determinants of texture are shown in Figures 4 - 7. 

Various letters included in the average values in the 

graphs indicate the occurrence of significant differences 

between them. 

a) b) 
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Fig. 4. Dependence of kohlrabi parenchyma hardness on the place of sampling at: a) the longitudinal  

b) transverse fibers orientation 

 

One of the parameters determined by the 

compression tests was the kohlrabi parenchyma hardness 

(Fig. 4). The conducted statistical analysis showed a 

significant effect of obtainment sites on the hardness of 

the samples arranged along and across the fibers. The 

highest hardness was observed in samples taken from the 

lower layer of parenchyma in the zone A, the maximum 

value of the determinant was 215.61 N. The hardness of 

the samples  from the upper layer of the zone B was about 

68% lower. It was also significantly influenced by the 

direction of the fibers in the kohlrabi parenchyma (Fig. 5). 

At the same measurement sites but for the raw material 

arranged across the fibers it was observed that the 

differences in the values were much smaller. The largest 

and lowest values amounted to 155.77 N and 115.66 N. 

This is due most likely to a different arrangement and the 

course of the fibers in the kohlrabi parenchyma. The 

obtained results clearly show that in each case the raw 

material had the highest hardness in the zone A, which is 

located in the vegetables core. 
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Fig. 5. The Tukey significance of differences between the hardness of the kohlrabi parenchyma samples taken from 

specific places along the longitudinal and transverse direction of the fibers 
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a) b) 

 
 

Fig. 6. Dependence of kohlrabi parenchyma springiness on the place of sampling at: a) the longitudinal b) transverse 

fibers orientation 

 

Another characteristic determined during 

compression testing was springiness of the material (Fig. 

6). The highest value of the parameter was observed in 

the samples placed along the fibers in the upper kohlrabi 

layer. The measurement results were as follows: for the 

samples taken from the core (zone A) the value of 

springiness amounted to 0.55, zone B - 0.6 and for the 

material placed the closest to the kohlrabi peel (zone C) - 

0.54. Arrangement of parenchyma samples across the 

fibers caused a reversal of the trend in changes in the 

springiness of  kohlrabi tissue. The values of this 

parameter for the samples located in the upper layer 

ranged from 0.57 - 0.58. The highest springiness was 

observed in transversely arranged samples, obtained from 

lower layer parenchyma of the vegetables. The values 

determined for zones A, B and C were, respectively, 0.59, 

0.65 and 0.64. Figure 7 shows the average values of 

springiness of the fibers according to the indication of 

homogeneous groups (p ≤ 0.05). The results of 

calculations indicate that, in most cases, the parameter 

values do not differ significantly. 
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Fig. 7. The Tukey significance of differences between the springiness of the kohlrabi parenchyma samples taken from 

specific places along the longitudinal and transverse direction of the fibers 
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a) b) 

  
Fig. 8. Dependence of kohlrabi parenchyma cohesiveness on the site of sampling at: a) a longitudinal  

b) transverse fibers orientation 

 

It was observed that the cohesiveness (Fig. 8) 

kohlrabi parenchyma was highest for samples coming 

from the lower layer of the zone A. The value of the 

determinant of the longitudinal orientation of fibers 

kohlrabi was 0.16, and the transverse was 11% lower. The 

lowest value of the properties observed during 

compression of the parenchyma arranged across the fibers 

of the upper layer zone B. Cohesiveness of the 

parenchyma samples taken from this location amounted 

0.08. The results shown in Figure 9, which shows the 

mean values cohesiveness with their associated 

homogeneous groups (p ≤ 0.05) indicates that the 

orientation significantly influence its cohesiveness. The 

greatest difference in the values observed for the raw 

tissue taken from upper layer of the zone A. The 

cohesiveness average value of the parenchyma samples 

arranged in the longitudinal direction was 0.16 and 0.11 in 

the transverse direction. 
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Fig. 9. The Tukey significance of differences between the cohesiveness of the parenchyma kohlrabi samples taken 

from specific places along the longitudinal and transverse direction of the fibers 
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a) b) 

  

 

Fig. 10. Dependence of kohlrabi parenchyma chewiness on the place of sampling on: a) the longitudinal  

b) transverse fibers orientation 

 

The chewiness of kohlrabi parenchyma (Fig. 10) 

located along fibers showed the highest values for the 

lower layer in zone A - 19.82 N, and the lowest in the 

upper layer of the zone B, where the value was 75%. In 

all the cases, the lowest chewiness was observed for zone 

B. The lowest value (4.9 N) of the determinant was 

observed in the upper layer, at the longitudinal orientation 

of fibers. Using the significance of differences Tukey test 

the values were calculated for most of the resulting 

statistically significant differences between  kohlrabi 

tissues arrangement in the longitudinal and transverse 

orientation (Fig. 11). For the samples of material taken 

from zone A of the upper layer (sample compression 

along the fibers) the determinant value was12.88 N, 11.82 

N for the middle layer and for the samples from the 

lowest layer kohlrabi - 19.82 N. At the transverse 

orientation of the fibers the parameter's values were lower 

by, respectively, 33%, 12% and 35%. 
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Fig. 11. The Tukey significance of differences between the chewiness of the parenchyma kohlrabi samples taken from 

specific places at the longitudinal and transverse direction of the fibers 
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Table 1 shows the regression equation describing the 

effect of the measurement place on the various texture 

determinants of kohlrabi parenchyma.  

The distance from the x and y had a significant 

impact on the value of individual texture determinants. 

 

Table 1. The regression equations and coefficients of determination R
2
 describing texture determinants of kohlrabi 

parenchyma of the longitudinal and transverse fibers orientation depending on the place of sampling 

Texture 

parameters 

Fiber 

laying 
Regression equation 

Coefficients of 

determination R
2 

Hardness  

[-] 

longitudina

ll 
H= 0,21 x

2
+0,098 y

2
− 6,918x−2,553 y+158,632  

❑❑2,553 y+173,425  

0,868 

transverse H= 0,073 x
2
− 2,5 x− 0,754 y+147,778  0,592 

Springiness 

[-] 

longitudina

l 
Spr=−0,000183 y

2
+0,606  0,725 

transverse Spr=−0,003 y+0,573  

 

0,742 

Cohesiveness 

[-] 

longitudina

l 
Coh= 0,000067 x

2
+0,0001 y

2
−0,0027 x− 0,00038 y+0,132

 

 

0,699 

transverse Coh= 0,000079 x
2
− 0,003x− 0,001 y+0,124  

 

0,79 

Chewiness  

[N] 

longitudina

l 
Ch= 0,02 x

2
+0,013 y

2
−0,707 x− 0,249 y+12,929  

 

 

0,872 

transverse Ch= 0,01 x
2
− 0,319x− 0,173 y+10,648  

 

0,772 

where: x - distance measuring point from axis of ordinates [mm], and y - distance measuring point from abscissa [mm]. 

 

The equations are valid for the values of x (in the 

range of 0 ‚ 30 mm) and y (in the range of -15 to 15 mm) 

and are designated at the level of significance of 

differences α≤ 0.05. 

 

CONCLUSIONS 

 

1. Place of the sampling and orientation of the 

kohlrabi parenchyma fibers had a significant impact on 

the value of texture determinants. 

2. Hardness and chewiness of kohlrabi parenchyma 

were the highest in the lower layer and the lowest in the 

upper layer. In the case of samples compression, higher 

values of hardness and chewiness were observed at the 

transversal than the longitudinal fiber section. 

3. Kohlrabi cohesiveness showed the lowest value 

in the zone B and they were higher during the 

compression od fibers placed in the longitudinal direction 

than of the transverse ones. 

4. Morphological heterogeneity of kohlrabi cause 

variation of mechanical properties during the compression 

test. 
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