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Abstract—This paper presents a research of one traditional for Balkan Peninsula food – white brined 

cheese. This product is very important part of human’s menu in this region. By Bulgarian standard [1] 

white brined cheese has three type parameters: physicochemical, organoleptic and microbiological. The 

physicochemical and microbiological parameters are examined with standard objective methods but only 

organoleptic parameters are examined by subjective way (expert’s evaluation). Our purpose is to propose 

one fast and objective approach for evaluation of one of organoleptic parameters – structure of cut 

surface. For this purpose was developed computer program which process microscopic images of cheese’s 

cut surface. The program use heuristic approach for thresholding and calculate coefficient of diversity 

(Kdiv) which is objective parameter for structure of cheese’s cut surface. Experimental results shows that 

proposed approach is appropriate for examination of white brined cheeses obtained by UF or standard 

technologies. 
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Abbreviations 

UF: ultrafiltration; TA: titratable acidity; SEM: scanning electron microscopy; MC: moisture content; 

Kdiv: coefficient of diversity. 

I. NTRODUCTION  

The thresholding is procedure which produces binary image using color or gray-level image. Thresholding 
could be global or local. By global thresholding one threshold value is used to binarize all pixels in image 

[2, 3, 4, 5]
. 

When thresholding is local every pixel is binarized with own threshold or different thresholds are used for 
different image areas 

[6, 7, 8, 9]
. Produced with thresholding binary image is segmented image in which could be 

found objects. Segmentation is important step of image analysis and prepares image for next processing to solve 
problems in field of Computer vison and artificial intelligent. Segmentation (and thresholding like operation in 
this category) has many applications in food analysis 

[10, 11, 12, 13, 14]
 some of which are: detection of fat and veins in 

the beef and determine their areas; evaluating the quality of lamb; detection of pores in cooked meats; detection 
of defects in apples and citrus fruits; determining the quality of table olives; qualification of potatoes, determining 
meltability by heating of cheeses of type "Cheddar" and "Mozzarella"; food detection and recognition by image 
analysis for dietary assessment system. 

The white brined cheeses are typical food in Bulgaria and Balkan Peninsula. These products are prepared 
from milk of cows, sheep, buffalos and goat. They are different techniques for white brined cheese production – 
by ultrafiltration of milk, by high temperature treatment of milk (over 85 °C), be classical technology and etc. 

By Bulgarian national standard 
[1]

 white brined cheese has three types of parameters: organoleptic, 
physicochemical and microbiological. Physicochemical parameters (dry matter content, fat, protein content, pH, 
density, salt content and etc.) and microbiological (absence of specific micro-organisms) are controlled by 
scientifically validated methods. In contrast with physicochemical and microbiological organoleptic indicators 
(related to taste, cut surface, color, smell and etc.) are examined by experts in the field. 

The aim of our research is to apply global thresholding in the field of white brined cheese quality evaluation. 
By this way the influence of subjective factors (expert evaluation) will decrease. They are made additional 
examinations for physicochemical composition, organoleptic indices and microstructure characteristics which 
approve differences in cheese composition and structure. These results correspond with results of computer 
processing of microscopic images. 
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void BlueToBinaryImage(int h, int w, BMPPIXEL *inarr, BMPPIXEL *outarr, int C) { 
int i,j, thresholdBlue, thresholdGreen; 

  BMPPIXEL **arr; 
  if ((arr = (BMPPIXEL**) malloc(h*sizeof(BMPPIXEL*))) == NULL)   exit(0); 

  for (i=0;i<h;i++){  arr[i] = inarr+w*i;  }  // convert one-dimensional to two-dimensional pixel array 

 
  int maxB=arr[0][0].Blue;  int minB=arr[0][0].Blue;  // initialize maximum and minimum Blue values 

  int maxG=arr[0][0].Green;int minG=arr[0][0].Green;// initialize maximum and minimum Green values 

   
  for(i=0; i<h; i++)  // iterate throw array to find maximum and minimum Blue and Green values 

   for(j=0; j<w; j++) { 

  if(arr[i][j].Blue > maxB)  maxB = arr[i][j].Blue; 
  if(arr[i][j].Green > maxG)  maxG = arr[i][j].Green; 

  if(arr[i][j].Blue < minB)  minB = arr[i][j].Blue; 

  if(arr[i][j].Green < maxG)  minG = arr[i][j].Green; 
 } 

  thresholdBlue = maxB - C;  // calculate Blue component of threshold 

  thresholdGreen = maxG - C;  // calculate Green component of threshold 
 

  for(i=0; i<h; i++) {  // binarize image 

 for(j=0; j<w; j++) { 
  if( arr[i][j].Blue < thresholdBlue || arr[i][j].Green < thresholdGreen || arr[i][j].Red==0) 

   outarr[j+i*w].Red = outarr[j+i*w].Green = outarr[j+i*w].Blue = 0; 

  else 
   outarr[j+i*w].Red = outarr[j+i*w].Green = outarr[j+i*w].Blue = 255; 

 
 } 

  } 

II. MATERIALS AND METHODS 

A. White brined cheese 
Four white brined cheese samples purchased from commercial chain have been studied. The cheese samples 

differ in composition and manufacturing technology. The chosen cheeses has significant difference in structure 
of cut surface. The cut surface and microstructure of white brined cheese obtained by ultrafiltered cow’s milk 
(Sample 1), imitation cheese of UF white brined cheese with vegetables fats (Sample 2), white brined cheese 
produced by traditionally technology (Sample 3) and imitation cheese of classical white bried cheese with 
substitution of animal fats by vegetable fats (Sample 4) were examined.  

B. Physico-chemical analysis 

Titratable acidity (TA) of cheese samples was determined by the Thorner’s method. The pH of cheese 
samples was measured using a pH meter (model MS 2000, Mycrosist, Plovdiv, Bulgaria) with a glass electrode 
(Sensorex, Garden Grove, USA) standardized at 20 ⁰C over the range 7.01 - 4.01. The fat content of cheese 

samples was determined by the Gerber’s method. The sodium chloride (NaCl) content was determined using 
Mohr’s method. The moisture content (MC) of cheese samples was analyzed by moisture analyzer (XM50, Kern, 
Germany) with a halogen heater. 3 g of the sample was weighed with precision of 0.001 g and placed in 
aluminum dishes in the moisture analyzer. The temperature of heating was   4  C. The weight of the sample 
cheese was measured every 20 min until it has reached constant weight (g) after two consecutive measurements. 
The result is represented in % of moisture content. All measurements were carried out at least in triplicate. 

C. Microscopic images 

Cut surface of the cheese samples was taken with stereo microscope (S-30-2Led, Optika, Italy) with built-in 
camera (Opticam B5 - CMOS sensor, 5.0 MP). Microscopic images were recorded at 10x magnification levels. 
Using a cutting module equipped with a cutting tool - taut wire of stainless steel, cheese blocks were cut in 6 cm x 
2 cm rectangular pieces, and the piece’s cut surfaces were stained with methylene blue, diluted 1:10. Colored cut 
surface of each cheese sample was taken in a series of 30 images in bitmap (BMP) format. 

These images are processed with computer program. The program is written in C++ and works with 24bits 
BMP files. Program arguments are: name of input file, name of output file and correction constant (C – see 
formulaes 1). Resulting output file is binary representation of input image. Binarization is done with threshold 
calculated using heuristic approach. The program prints Kdiv for received binary image. The coefficient Kdiv is 
calculated like number of white pixels divide to number of all image pixels 

[11]
. On Fig. 1 is presented the 

function for thresholding. The threshold value has Blue and Green components calculated by formulae: 

thresholdBlue = maxBlue – C  thresholdGreen = maxGreen – C (1) 

In formulas (1) C is constant which value depends of applied coloring of cheese samples. The specific coloring 
(with methylene blue) leads to specific color in microscopic images of cheese. Therefore the global threshold 
depends of Blue and Green components of color. The Red component of threshold has significant zero value. 
Therefore the condition for binarization is:  

if( pixel.Blue < thresholdBlue || pixel.Green < thresholdGreen || pixel.Red==0) 
 
 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Function BlueToBinaryImage. 
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D. Organoleptic evaluation 

Organoleptic evaluation of cheese samples was carried out according to Bulgarian standard 
[15]

. The cheese 

samples were evaluated for consistency (20 points) and cut surface (15 points).  

E. Microstructure 

Preparation of the cheese samples was carried out following the method of Karami et al., 2008 
[16]

. To avoid 
possible changes in the fat structure or the loss of fat from the cheese matrix cheese samples were frozen in 
liquid nitrogen at -196 °C and fractured to approximately 1 mm pieces, and these pieces were mounted on 
aluminum stubs by silver paint, and coated with gold and palladium for 100 s in a sputter-coater (Polaron 
SC7640 Thermo VG scientific). Microstructure was examined by scanning electron microscope (Cambridge 
Stereoscan S240), operating at 20 kV. Photomicrographs of each cheese sample were recorded at 400x and 800x 
magnification. 

 

III. RESULTS AND DISCUSSIONS 

A. Microscopic images 

In Table I are shown images of four white brined cheeses before and after binarization (thresholding with 
function BlueToBinaryImage – Fig. 1). The cheese samples 1 and 2 are binarized using value 180 of constant C 
(formulae 1). The samples of 3 and 4 are binarized using value 120 of constant C (formulae 1).  

TABLE I.  IMAGES OF FOUR WHITE BRINED CHEESES BEFORE AND AFTER BINARIZATION. 

Sample BEFORE AFTER 

 
 

White brined cheese 

from 
ultrafiltered cow’s 

milk (Sample 1) 

  
 

 

Imitation cheese of 
UF white brined 

cheese with 

vegetables fats 
(Sample 2) 

  
 
 
White brined cheese 

produced by 

traditionally 

technology  

(Sample 3) 

  
 

 

White brined cheese 
with substitution of 

animal fats by 

vegetable fats 

(Sample 4) 
 

  
 

In Table II are presented coefficient of diversity (Kdiv) for 30 images for every four cheeses. The Fig. 2 
presents average Kdiv for four cheeses. 

For cheese “Sample  ” variance between minimal and maximal values of Kdiv is only 0,3. The small variance 
shows that structure of surface is homogeneous. For cheese “Sample 2” variance between minimal and maximal 
values of Kdiv is 87,73 which corresponds with differences in coloring on some areas of sample (Fig. 3). For 
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cheese “Sample 3” variance between minimal and maximal values of Kdiv is 38,78 which corresponds with 
differences in surface areas- some areas has small technical holes but other are with homogenous structure (Fig. 
4). For cheese “Sample 4” variance between minimal and maximal values of Kdiv is 65,53 which corresponds 
differences in surface areas - some areas has big technical holes (Fig. 5). 

Results of thresholding by proposed heuristic approach shows that Kdiv for cheeses with homogenous 
structure of cut surface (“Sample  ” and “Sample 2”) is higher compared with cheeses with non-homogenous 
structure (“Sample 3” and “Sample 4”). The lowest value of Kdiv is for cheese with bad quality (by cut surface – 
“Sample 4”) and the highest - for cheese with good quality (by cut surface – “Sample  ”). It is obviously that 
high value of Kdiv correlates with homogenous structure of cut surface and low value correlates with non-
homogenous structure.  

TABLE I.  COEFFICIENT OF DIVERSITY (KDIV) FOR 30 IMAGES FOR EVERY FOUR CHEESES. 

 Sample 1 Sample 2 Sample 3 Sample 4 

 99,85 12,16 86,07 44,63 

 99,78 31,54 90,19 20,50 

 99,78 75,67 65,00 43,27 

 99,82 32,80 83,90 33,94 

 99,73 67,93 94,65 59,47 

 99,83 92,37 94,38 25,05 

 99,91 93,20 96,91 60,42 

 99,88 99,03 89,83 34,57 

 99,78 99,55 90,12 49,27 

 99,85 98,62 96,15 25,93 

 99,81 99,77 89,14 58,17 

 99,88 99,72 92,41 3,95 

 99,90 99,72 95,59 46,84 

 99,91 99,26 58,13 17,25 

 99,89 99,67 87,51 53,02 

 99,87 99,70 82,57 19,09 

 99,88 99,77 93,10 10,11 

 99,87 99,72 75,56 41,94 

 99,87 99,82 90,36 30,74 

 99,91 98,44 96,02 11,33 

 99,90 99,87 95,08 69,48 

 99,90 99,85 76,87 51,10 

 99,88 99,72 87,46 25,24 

 99,87 99,86 88,66 23,25 

 99,89 99,86 82,98 64,96 

 99,90 99,61 91,96 17,82 

 99,88 99,81 83,01 63,04 

 99,80 99,74 78,25 23,12 

 99,61 99,87 75,66 54,61 

 99,85 99,89 89,14 14,40 

 99,85 98,62 86,07 25,93 

 99,78 12,16 90,19 44,63 

 99,78 31,54 65,00 20,50 

 99,82 75,67 83,90 43,27 

 99,73 32,80 94,65 33,94 

 99,83 67,93 94,38 59,47 

 99,91 92,37 96,91 25,05 

 99,85 93,20 89,83 60,42 

 99,78 99,03 90,12 34,57 

 99,88 99,55 96,15 49,27 

Average 99,85 92,56 86,47 36,27 
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Figure 2. Average Kdiv of white brined cheese samples. 

 

 

 

 

 

Figure 3. Microscopic image of “Sample 2”. 

 

 

 

 

Figure 4. Microscopic image of “Sample 3”. 

 

 

 

 

Figure 5. Microscopic image of “Sample 4”. 

B. Organoleptic evaluation 

The results from organoleptic evaluation of cheese samples are presented in Fig. 6. The visual evaluation of 
the cut surface and porcelain fracture of the cheese samples is demonstrated in Fig. 7. The samples 1 and 2 are 
characterized by a homogeneous cut surface. In terms of consistency the both samples are characterized by soft 
consistency (typical for this type of brined cheeses obtained with UF milk) more clearly pronounced in the 
sample 2. The results reported in physicochemical analysis indicate insignificant differences in MC: 62,39% ± 
0,19 for sample1 and 62,38% ± 0,11- sample 2 respectively (Table II). The greater fat content determined for 
sample 2 (21,5% ± 0,70) would explain the softer consistency, estimated in organoleptic evaluation. The 
combination of high water and fat content contributes to the availability of soft consistency. Fat and moisture act 
as the filler in the casein matrix of cheese texture 

[17]
 and give it lubricity and softness. 
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Figure 6. Organoleptic evaluation of cheese samples by indices of cut surface and consistency. 

For samples 3 it is observed a homogeneous cut surface and pronounced porcelain fracture, which explains 

the maximum number of points that they have received by indices cut surface and porcelain fracture (Fig.6). 

Sample № 4, characterized by a significant fat content (Table II) was evaluated with the lowest number of points 

by texture and cut surface as compared with the other samples. The presence of nonhomogeneous structure is 

due to the high fat content witch prevent the formation of structural links in the curd. 

 

 

  

  

Figure 7.Visual evaluation of the cut surface and porcelain fracture of the cheese samples. 

TABLE II.  PHYSICAL-CHEMICALS INDICES OF CHEESE SAMPLES. 

Sample, № 
Physical-chemicals indices 

AT, °Т рН Fat, % MC, % NaCl, % 

1 215±1,41 4,8±0,06 20±0,71 62,39±0,19 1,9±0,01 

2 157±1,41 4,06±0,06 21,5±0,70 62,38±0,11 2,1±0,01 

3 357±1,41 4,87±0,01 22,5±0,71 51,01±0,15 2,5±0,08 

4 113±1,41 5,73±0,01 29,5±0,71 52,98±0,33 2,7±0,01 

Sample 1 Sample 2 

Sample 3 Sample 4 
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C. Microstructure 

SEM images of cheese samples 1 and 2 are presented in Fig. 8 - A (Sample 1) and Fig. 8 – B (Sample 2) 
respectively The photomicrographs of sample 1, obtained at magnification of 400x, shows a homogeneous 
protein structure permeated by finely dispersed fat globules as most of them have a spherical shape. The 
presence of a continuous casein network is confirmed and the next magnification of 800x. The fat globules have 
the typical size of fat globules in milk and most appear spherical. The fat in the cheese microstructure does not 
prevail which is supported by the results of physicochemical analysis (Table II). 

Differences in microstructure of sample 2 are observed although no essential differences in reported fat 
content (20 ± 1,41% at sample 1 and 21,5 ± 0,70% sample 2 respectively). SEM images of sample № 2 shows a 
discontinued casein network with single fat globules and predominant coalesced fat globules. 

The typical structure of white brined cheese is shown at 400 x and 800x (Fig. 8 – C). It is observed a 
partially granulate protein structure in witch individual fat globules does not identify. 

The microstructural observation of samples 4 (Fig. 8 - D) shows a significant coalescence of fat globules 

(partial fat globules), although the conducted process of homogenization due to the use of fats of vegetable 

origin. The prevailing amount of fat is in conformity with the reported in physicochemical analysis high fat 

content (29,5 ± 0,71%). At magnification of 400x it is established a filamentary structures having a lipid 

character. Probably the presence of filamentary structures is due to the fats of vegetable origin. 
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Figure 8. SEM images of Sample 1 (A), Sample 2 (B), Sample (C) and Sample at 400x and 800x magnification. 
FG – Fat globules; P – Protein; CFG - coalesced fat globules 

 

D. Conclusion and future trends 

This paper presents results of examination of four white brined cheeses. It was made physicochemical 
analysis, organoleptic analysis, microstructural study (SEM) and computer processing of stereo-microscopic 
images. The results shows that: 

- cheeses obtained by UF are with more homogenous cut surface structure compared with imitation UF 
cheeses; 

- cheeses obtained by classical technology are with more homogenous cut surface structure compared 
with classical technology cheeses using vegetables fat (imitation cheeses); 

- Kdiv confirmed differences in structure of cut surface. Kdiv for cheeses with homogenous structure of cut 
surface (“Sample  ” and “Sample 2”) is higher compared with cheeses with non-homogenous structure 
(“Sample 3” and “Sample 4”). 

Our further work will continue with examination of other white brined cheeses obtained by different 
technological parameters compared with presented in this research. 
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