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ABSTRACT 
Paper dealt with the evaluation of microstructure of the apple tissue. Apple cultivars Spartan, Jonathan, Ontario, Jonagored and 

Golden Delicious were studied. The samples of the apple tissues were cut of the thickness of 0.1 mm and the surface of the samples 
were scanned by means of the microscope with CCD chip and with 200 times magnification. The computer image processing was ap-
plied on the surface images of the tissue and the perimeter, area and circularity  were determined. Analysis of variance was applied 
to evaluate significant variations of the average size of the cells perimeter, cells areas and cells circularities influenced by the apple 
variety. The apple cultivars had the significant influence on the size of the cell perimeter and the size of the cell area and had not sig-
nificant influence on the cell circularity. The average shape of the cells creating the microstructure of the apple tissue of the all varie-
ties was very similar. The average sizes of the cell perimeters and cell areas were different between cultivars Golden Delicious and 
Jonagored, Golden Delicious and Ontario, Jonathan and Jonagored and between Jonathan and Ontario. Cultivars Jonathan and 
Golden Delicious belong to one group and Jonagored and Ontario belong to different group with the similar sizes of the perimeters 
and areas of the cells. Cultivar Spartan belongs to the both mentioned groups and has similar sizes of the perimeters and areas of the 
cells. 
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REZIME 
Rad se bavi procenom mikrostrukture tkiva jabuke. Jabuka sorte spartanac, jonatan, ontario, jonagored i zlatni delišes su 

ispitivane. Uzorci tkiva jabuke isečeni na debljinu od 0,1 mm, a površina uzoraka je skenirana pomoću mikroskopa sa CCD čipom i 
200 puta uvećana. Računarska obrada slike je primenjena slikama tkiva i prečnik, površina i zaobljenost su određeni. Analiza 
varijanse primenjena je za procenu značajne varijacije prosečne obim ćelije, površinu i zaobljenost u zavisnosti od sorte jabuke. 
Sorte su imale značajan uticaj na obim ćelije i površinu ćelije, a nije bilo značajnog uticaja na zaobljenost ćelije. Prosečan oblik 
ćelije koji ima mikrostruktura tkiva od svih sorti je bila veoma slična. Prosečan obim ćelije i površine ćelije razlikovao se između 
sorti zlatni delišes i jonagored, zlatni delišes i ontario, jonatan i jonagored i između jonatana i ontaria. Sorte jonathan i zlatni delišes 
pripadaju jednoj grupi a jonagored i ontario pripadaju drugoj grupi sa sličnim obimima i površinama ćelija. Sorta spartanac 
pripada pod obe pomenute grupe i ima slične veličine obima i površine ćelija. 

Key words: jabuke, obrada slike, geometrijska struktura. 
 
INTRODUCTION 
Fornal and Blaszczak (2003) used the microscope methods 

LM, TEM and SEM to study the microstructure of plant materi-
als, the relation to physical properties and the changes of their 
quality.  

Korniak et al. (2002) describe scanning microscopic analysis 
cell structure of eight apple cultivars. For each variety, skin and 
flesh, cut and broken preparation was made to research micro-
structure of apple tissue. The results revealed differences in 
shape, cell size, thickness of cellular wall, distribution and size 
intracellular spaces and other fruit texture features of apple va-
rieties tissue. In microscopic picture some varieties of apple 
were found. Some dependence between structure of apple tissue 
and sensory assessment of fruit was found too. The continually 
perfected methods of microscopy permit the observation of 
structure under magnification and digital techniques of image 
recording allow the analysis of information contained in the im-
ages obtained. The microscope methods with abundance of ac-
cessories and software enable obtaining of good results on plant 
tissues (Konstankiewicz and Zdunek, 2005). Puchalski et all 
(2003) interested in the study of two apple cultivars Gloster and 
Idared. They recorded friction test parameters, impact test pa-
rameters and penetrometer firmness parameters using friction 
and impact sensors. Kubík (2009) interested in the study of mi-
crostructural properties of potatoes. Measurement and statistic 
processing of the geometric properties of the potatoe tissue was 
realized. Babić et all (2009) interested in the realization of two 

mathematical models for apricot halves surface predicting, based 
upon fruit dimensions estimation. The ellipsoid was adopted as 
shape resemble to apricot fruit shape. The new rearranged ellip-
soid model was assembled. The apricot halves surface area vari-
ety Novosadska rodna was predicted by measure only one fruit’s 
dimension, the height. This method is usuful for development of 
the common model and image analysis methods for evaluation 
of the fruit surfaces.  

The goal of study was evaluation of the apple microstructure 
by means of geometric properties of the cells. 

MATERIAL AND METHOD 
Measurement and image analysis of the area, perimeter and 

circularity of the cells by software ImageJ ver. 1.45e (Rasband, 
1997 – 2012) were studied. The statistic analysis of variance was 
realized by software Statgraphics Plus ver. 5.1 in order to the 
determination of the statistically significant differences of the 
average values of  perimeter, area and circularity of the cells for 
determination of the influence of the apple cultivars on the size 
of the perimeter, area and circularity of the cells. Differenciation 
of the microstructure of the apples was allowed statistically sig-
nificantly on the base of the geometric properties of the cells.  

Image analysis 
Image analysis interesting in an acquisition of real objects by 

means of digital equipment as a digital camera or scanner. The 
digital images are obtained in original form in color or gray 
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scale. The processing and analysis of grayscale image follows 
next steps (Aguilera and Stanley, 1999). The color image is 
transformed to the binary image. Than follows binary image ed-
iting, segmentation, object selection, measure analysis and statis-
tical analysis. The image can be additionally processed by 
thresholding to create a binary image that can be further proc-
essed by binary image editing. Segmentation divides the image 
into regions of structures intended for analysis. Object selection 
is followed by measurement and analysis and the collection of 
quantitative or qualitative data. The data are finally subjected to 
statistical analysis.  

Definitions of measured objects 
Area of cross section of cells was measured in square pixels. 

Area was in calibrated units, such as square mikrometers. 
Perimeter of cross section of cells was defined as length of 

the outside boundary of the selection. 
Circularity of cross section of cells was defined by the equa-

tion: 

( )2
4

perimeter
areayCircularit π

=  (1)  

A value of 1.0 indicates a perfect circle. As the value ap-
proaches 0.0, it indicates an increasingly elongated shape (Ras-
band, 1997 – 2012).  

Samples 
Perimeter, area and circularity of the cells characterize real 

properties of the tissue and describe the geometrical structure of 
the flesh. The structures of the apple cultivars Spartan, Jonathan, 
Ontario, Jonagored and Golden Delicious were studied. The 
samples were strored at the temperature 4 – 8 °C and moisture of 
90%.  

RESULTS AND DISCUSSION 
Experimental measurement 
Apples cultivars were cut on two half parts and the cylindri-

cal samples of the height of 30 mm and diameter of 5 mm were 
taken from the internal parenchyma (Fig 1). Than the samples of 
diameter of 5 mm and depth of 0.1 mm were prepared by means 
of the razor blade. Digital imaged of the sections were scanned 
by video microscope combined with colour digital CCD camera 
GKB CS-8606S with the array of size 768x576 pixels and 
trinocular microscope MI XSZ 107E.  

Image Processing 
The samples were digitized and the preprocessing and analy-

sis were realized by means software ImageJ 1.45e. The images 
were scaned by the frame grabber KAPA PLUS collaborating 
with the computer. The control software IMPOR‘99 was used 
for a camera to provide a preprocessing of the snapshots. 

 
Fig. 1. Preparations of samples 

The software ImageJ ver. 1.45e was used for processing of 
images and the analysis. The digitized samples were adjusted on 
the size 768x576 pixels with the resolution 2.84 pixels/mm. The 
200 times magnification was obtained. The real area of scanned 
surface had size 1.36x1.02 mm for each digital image. Original 
digital image of section of the cultivar Jonathan is presented in 
the Fig. 2. 
 

 
Fig. 2. Original digital image of section of the cultivar Jonathan 

Preprocessing of images 
The snapshots of the sections of studied apple cultivars are 

presented in the Table 1. 
The equalization of histogram was realized by means of the 

software ImageJ 1.45e on the original image of cultivar Jona-
than. The results o the operation is presented in the Fig. 3. 
 

 
Fig. 3. Digital image of section of the cultivar after applying of 

the equalization of histogram 
 

 
Fig. 4. Digital image of section of cultivar Jonathan after appli-

cation FFT bandpass filter    
 

Than the bandpass filter was aplicated. This operation was 
realized on the base of Fast Fourier Transformation (FFT). The 
result is presented in the Fig. 4. The grey scale of the snapshot of 
the cultivars was a great problem because the same shades of the 
grey caused the problem with the identification of the cells. 
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Therefore we had to realize the tracing of the cells by means of 
the drawing tool as we can see in the Table 2. Than the identifi-
cation of the borders of the cells were possible and the segmen-
tation and the analysis of the image were realized.  

Segmentation of images 
Segmentation is a method of separation of image on the 

segments, e. g. cells of the apple cultivars. We applied the 
method of tresholding. Because the borders of the cells were 
identified subjectively by means of drawing tool, the segmenta-
tion was realized by means of the method of tresholding in the 
ImageJ ver. 1.45e. 

 

Table 1. The snapshots of the sections of studied apple culti-
vars 

Jonathan 

 

Jonagored 

 

Ontário 

 

Spartan 

 

Golden Delicius 

 
Analysis of variance 

Effects of the sort of the apple cultivar on the 
area of cells 
Dependence of means and 95 % Scheffe’s intervals of area 

of the cells on the sort of the apple cultivars is presented in the 
Figure 6. The area of cells is indicating in μm2. The number of 
the cells in the images and the means of the area of the cells of 
the apple cultivars are presented in Table 3. Analysis of variance 
of area of the cells is realized in the Table 4. Since probability P-
value in the Table 4 is less than 0.05, the factor apple cultivar 
has a statistically significant effect on the area of cells at the 
95.0% confidence level. 

 

Table 2. The snapshots of the sections of studied apple culti-
vars Jonagold, Jonagored, Ontário, Spartan and Golden 
Delicius respectively after identification o the borders of the 
cells and the analysis of the segments. 
 

After identification After analysis 

 

  

 

 

  
 
 

 
Fig. 6. Dependence of means and 95 % Scheffe’s intervals of 

area of the cells on the sort of the apple cultivars,GD – Golden 
Delicius, JO2 – Jonathan, JOR4 – Jonagored, O3 – Ontário, 

SP1 – Spartan  
 

Than we found out effects, which sort of cultivares is statis-
tically significant and which sort no. We applied multiple range 
tests with 95 % Scheffe method (Table 5). This table applies a 
multiple comparison procedure to determine which means are 
significantly different from others.   
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Table 3. The count of the cells in the images and the means 
of the area of the cells of the apple cultivars, GD – Golden 
Delicius, JO2 – Jonathan, JOR4 – Jonagored, O3 – Ontário, 
SP1 – Spartan  

 

Level Count Mean (μm2) 
Standard 
deviation 

(μm2) 
Grand mean 183 19.258  
Apple cultivars    
GD 56 14.110 1.462 
JO2 41 13.876 1.709 
JOR4 31 22.357 1.965 
O3 23 24.733 2.282 
SP1 32 21.216 1.934 

 

Table 4. Analysis of variance of the area of the cells (μm2) 
 

Source Sum of 
Squares Df Mean 

Squar F- ratio P - 
value 

Main effect 
A: Cultivar 3506.98 4 876.75 7.32 0.0000 

Residual 
 21313.10 178 119.74   

Total 24.820.00 182    
 

The bottom half of the output shows the estimated difference 
between each pair of means.  An asterisk has been placed next to 
4 pairs, indicating that these pairs show statistically significant 
differences at the 95.0% confidence level. At the right side of the 
table, two homogenous groups are identified using columns of 
X's. Within each column, the levels containing X's form a group 
of means within which there are no statistically significant dif-
ferences. The factor apple cultivar induces with the 95 % prob-
ability the difference in the area of cells of four pairs. 

Effects of the sort of the apple cultivar on the 
perimeter of cells 
Dependence of means and 95 % Scheffe’s intervals of the 

perimeter of cells on the sort of the apple cultivar is presented in 
the Figure 7. The perimeter of cells is indicating in μm.  
 

Table 5. Multiple Range Tests for the area of the cells (μm2), 
GD – Golden Delicius, JO2 – Jonathan, JOR4 – Jonagored, O3 
– Ontário, SP1 – Spartan  

 

Method:95,0 percent Scheffe 
Apple culti-

var 
Coun

t Mean Standard 
deviation 

Homogene-
ous Groups 

JO2 41 13.876 1.709 X 
GD 56 14.110 1.462 X 
SP1 32 21.216 1.934 X       X 
JOR4 31 22.357 1.965 X 
O3 23 24.733 2.282 X 
Contrast Diffrence +/- Limits  
GD – JO2 0.234 7.001  
GD – JOR4 *  -8.247 7.625  
GD – O3 * -10.624 8.436  
GD – SP1 -7.107 7.548  
JO2 – JOR4 *  -8.481 8.107  
JO2 – O3 *  -10.858 8.874  
JO2 – SP1 -7.340 8.035  
JOR4 – O3 -2.377 9.374  
JOR4 – SP1      1.141 8.854  
O3 – SP1       3.517 9.311  
* denotes a statistically significant difference 

 

 
Fig. 7 Dependence of means and 95 % Scheffe’s intervals of pe-
rimeter of the cells on the apple cultivar, GD – Golden Delicius, 
JO2 – Jonathan, JOR4 – Jonagored, O3 – Ontário, SP1 – Spar-

tan  
 

The number of the cells in the images and the means of the 
perimeters of the cells of the apple cultivars are presented in Ta-
ble 6. From analysis of variance of the perimeter of the cells in-
fluenced similarly as for the area of the cells that probability P-
value is 0.0002 and it is less than 0.05. Factor apple cultivar has 
a statistically significant effect on the perimeter of cells at the 
95.0% confidence level. We applied multiple range tests with 95 
% Scheffe method (Table 7). The bottom half of the output 
shows the estimated difference between each pair of means.  An 
asterisk has been placed also next to four pairs, indicating that 
these pairs show statistically significant differences at the 95.0% 
confidence level. 
 

Table 6. The count of the cells in the images and the means 
of the perimeter of the cells of the  apple cultivars, GD – Golden 
Delicius, JO2 – Jonathan, JOR4 – Jonagored, O3 – Ontário, 
SP1 – Spartan  

Level Count Mean (μm) Standard deviation (μm)
Grand mean 183 540.564  
Apple cultivars    
GD 56 462.312 24.550 
JO2 41 460.593 28.692 
JOR4 31 597.892 32.997 
O3 23 622.270 38.308 
SP1 32 559.753 32.477 

 

Table 7. Multiple Range Tests for the perimeter of cells 
(μm), GD – Golden Delicius, JO2 – Jonathan, JOR4 – Jona-
gored, O3 – Ontário, SP1 – Spartan  

Method:95,0 percent Scheffe 

Apple cultivar Coun
t Mean Standard 

deviation 
Homogene-
ous Groups 

JO2 41 460.593 28.692 X 
GD 56 462.312 24.550 X 
SP1 32 559.753 32.477 X       X 
JOR4 31 597.892 32.997 X 
O3 23 622.270 38.308 X 
Contrast Diffrence +/- Limits  
GD – JO2 1.720 117.545  
GD – JOR4 *-535.759 128.024  
GD – O3                *-159.957 141.632  
GD – SP1 -97.441 126.730  
JO2 – JOR4 *-137.299 136.113  
JO2 – O3 *-161.677 148.984  
JO2 – SP1 -99.161 134.896  
JOR4 – O3 -24.378 157.383  
JOR4 – SP1 38.139 144.119  
O3 – SP1  62.516 156.332  
* denotes a statistically significant difference 
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At the right side of the table, also two homogenous groups 
are identified using columns of X's. Within each column, the 
levels containing X's form a group of means within which there 
are no statistically significant differences. The factor apple culti-
var induces with the 95 % probability difference in the perimeter 
of cells. 

Effects of the sort of the apple cultivar on the 
circularity of cells 
Dependence of means and 95 % Scheffe’s interval of circu-

larity of the cells on the sort of the apple cultivar is presented in 
the Fig. 8. The circularity of cells is indicating non-dimensional. 
The number of the cells in the images and the means of the cir-
cularity of the cells of the apple cultivars are presented in Table 
8.  

 
 

Fig. 8 Dependence of means and 95 % Scheffe’s interval of cir-
cularity of the cells on the apple cultivar, GD – Golden Delicius, 
JO2 – Jonathan, JOR4 – Jonagored, O3 – Ontário, SP1 – Spar-

tan 
 

Table 8. The count of the cells in the images and the means 
of the circularity of the cells on the apple cultivar, GD – Golden 
Delicius, JO2 – Jonathan, JOR4 – Jonagored, O3 – Ontário, 
SP1 – Spartan 

 

Level Count Mean ( - ) Standard  
deviation ( - ) 

Grand mean 183 0.755  
Apple cultivars    
GD 56 0.728 0.013 
JO2 41 0.748 0.016 
JOR4 31 0.752 0.018 
O3 23 0.780 0.021 
SP1 32 0.763 0.018 

 
 
 

From the analysis of variance of the circularity of the cells 
influenced that probability P-value is 0.2614 and it is not less 
than 0.05. Factor apple cultivar has not a statistically significant 
effect on the circularity of the cells at the 95.0% confidence 
level. 

CONCLUSION 
Perimeter, area and circularity of the cells characterize real 

properties of the tissue and describe the geometrical structure of 
the flesh.  

The structures of the apple cultivars Golden Delicius, Jona-
than, Jonagored, Ontário and Spartan were taken by means of the 
microscope with CCD camera from the surface of 0.1 mm. thin 
samples with 200 times magnification. Computer image process-
ing was applied on the cell structure of the tissues and perimeter, 
area, circularity and distribution of cells in the samples were de-
termined. The statistic analysis of variance was realized in order 
to the determination of the statistically significant differences of 
the average values of  perimeter, area and circularity of the cells 
for determination of the influence of the sort of the apple culti-
vars on the size of the perimeter, area and circularity of the cells. 
There was found out that the sort of the apple cultivar have the 
statistically significant influence on the size of the perimeter and 
area of the cells but have not a statistically significant influence 
on the size of the circularity of the cells. The average shape of 
the cells creating the microstructure of the apple tissue of the all 
varieties was very similar. The average sizes of the cell perime-
ters and cell areas were different between cultivars Golden Deli-
cious and Jonagored, Golden Delicious and Ontario, Jonathan 
and Jonagored and between Jonathan and Ontario. Cultivars 
Jonathan and Golden Delicious belong to one group and Jona-
gored and Ontario belong to different group with the similar 
sizes of the perimeters and areas of the cells. Cultivar Spartan 
belongs to the both mentioned groups and has similar sizes of 
the perimeters and areas of the cells.  

REFERENCES 
Aguiera, M.J., Stanley, D.W. (1999). Microstructural principles 

of food processing end engineering. Aspen Publishers, Inc., 
Gaithersburg, Maryland, 2nd edition, 423  

Babić, L., Matić-Kekić, S., Babić, M., Pavkov,I., Radojčin, M. 
(2009). Estimation of an apricot (Prunus armeniaca) halves 
surface area. PTEP, (13) 1, 19 – 22. 

Fornal, J., Blaszczak, W. (2003). Micro-structure and quality of 
raw materials and food products. Acta Agrophysica, 2, (1), 39 
– 50. 

Konstankiewiz, K., Zdunek., A. (2005). Micro-structure analysis 
of plant tissues. Institute of Agrophysics PAS, Lublin, Poland, 
ALF-Graf Lublin, 166 p., ISBN 83-89969-25-4. 

Kubík, Ľ. (2009). Microstructural properties of potatoes. PTEP, 
(13), 1, 23 – 26. 

Pierzynowska-Korniak, G., Zadernowski, R. Fornal, J., 
Nesterowicz, J. (2002). The Microstructure of Selected Apple 
Varieties. Electronic Journal of Polish Agricultural 
Universities, Food Science and Technology, 5, (2), 1 – 5 . 

Puchalski, C., Sosnowski, S., Brusewitz, G. H. (2003). Non – 
destructive mesurements of apple firmness using friction and 
impact sensors. Acta Agrophysica, (2), 1, 161 – 167.  

Rasband, W.S. (1997 – 2012). ImageJ, U.S. national Institutes of 
Health, Bethesda, Maryland, USA, Accesible: 
http://www.rsb.info.nih.gov/ij/. 

 
Received: 11.03.2013. Accepted: 28.03.2013. 


