
Online Version ISSN: 1314-412X
olume , Number 

September 2012
V 4 3

2012



Scope and policy of the journal
Agricultural Science and Technology /AST/ 
– an International Scientific Journal of 
Agricultural and Technology Sciences is 
published in English in one volume of 4 
issues per year, as a printed journal and in 
electronic form. The policy of the journal is 
to publish original papers, reviews and 
short communications covering the 
aspects of agriculture related with life 
sciences and modern technologies. It will 
offer opportunities to address the global 
needs relating to food and environment, 
health, exploit the technology to provide 
innovative products and sustainable 
development. Papers will be considered in 
aspects of both fundamental and applied 
science in the areas of Genetics and 
Breeding, Nutrition and Physiology, 
Production Systems, Agriculture and 
Environment and Product Quality and 
Safety. Other categories closely related to 
the above topics could be considered by 
the editors. The detailed information of the 
journal is available at the website. 
Proceedings of scientific meetings and 
conference reports will be considered for 
special issues.

Submission of Manuscripts

All manuscript written in English should be 
submitted as MS-Word file attachments via 
e-mail to ascitech@uni-sz.bg. Manuscripts 
must be prepared strictly in accordance 
with the detailed instructions for authors at 
the website 
http://www.uni-sz.bg/ascitech/index.html 
and the instructions on the last page of the 
journal. For each manuscript the 
signatures of all authors are needed 
confirming their consent to publish it and to 
nominate on author for correspondence.
They have to be presented by a 
submission letter signed by all authors. 
The form of the submission letter is 
available upon from request from the 
Technical Assistance or could be 
downloaded from the website of the 
journal. All manuscripts are subject to 
editorial review and the editors reserve the 
right to improve style and return the paper 
for rewriting to the authors, if necessary. 
The editorial board reserves rights to reject 
manuscripts based on priorities and space 
availability in the journal.

Internet Access
This journal is included in the Trakia 
University Journals online Service which 
can be found at www.uni-sz.bg.

Address of Editorial office:
Agricultural Science and Technology 
Faculty of Agriculture, Trakia University 
Student's campus, 6000 Stara Zagora 
Bulgaria
Telephone.:   +359 42 699330
                      +359 42 699446
http://www.uni-sz.bg/ascitech/index.html

Technical Assistance:
Nely Tsvetanova
Telephone.: +359 42 699446
E-mail: ascitech@uni-sz.bg

 

Editor-inChief

Tsanko Yablanski
Faculty of Agriculture
Trakia University, Stara Zagora
Bulgaria

Co-Editor-in- Chief

Radoslav Slavov
Faculty of Agriculture
Trakia University, Stara Zagora
Bulgaria

Editors and Sections

Genetics and Breading

Atanas Atanasov (Bulgaria)
Ihsan Soysal (Turkey)
Max Rothschild (USA)
Stoicho Metodiev (Bulgaria)

Nutrition and Physiology

Nikolai Todorov (Bulgaria)
Peter Surai (UK)
Zervas Georgios (Greece)
Ivan Varlyakov (Bulgaria)

Production Systems

Dimitar Pavlov (Bulgaria)
Dimitar Panaiotov (Bulgaria)
Banko Banev (Bulgaria)
Georgy Zhelyazkov (Bulgaria)

Agriculture and Environment

Georgi Petkov (Bulgaria)
Ramesh Kanwar (USA)

Product Quality and Safety

Marin Kabakchiev (Bulgaria)
Stefan Denev (Bulgaria)
Vasil Atanasov (Bulgaria)

English Editor

Yanka Ivanova (Bulgaria)



2012

Volume 4, Number 3
September 2012

Online Version ISSN: 1314-412X





Microscopic method for qualification of the cut surface of white brined cheese 

1 1 2 2P. Boyanova *, P. Panayotov , V. Ganchovska , A. Bosakova – Ardenska

1 Department of milk and milk products, Technological Faculty, University of Food Technologies, 26 Maritza, 4002 Plovdiv, Bulgaria
2 Department of Computer Systems and Technologies, Technical Faculty, University of Food Technologies, 26 Maritza, 4002 Plovdiv, Bulgaria

Abstract. There has been made a research of the cut surface of cheese which is one of the defining indicators for its organoleptic characteristics. This research 
uses hardware and software tools to automate and objectify the process of quality evaluation of cheese. Seven white brined cheeses purchased from the 
commercial chain have been studied. Cut surfaces were taken with a microscopic camera and acquired images were processed for the detection of defects by 
calculating the so called coefficient of diversity (K ). Computing shows clear differences between cheeses with diverse structure of the cut surface - their div

coefficients of diversity differ significantly. The results show that it is possible to achieve better characterization of the cut surface using a computer system.

Keywords: cheese, microscopic images, cut surface
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Introduction Material and methods

In recent years the consumer's requirements for the quality of Seven white brined cheeses purchased from the commercial 
commercially available dairy products has increased. A dairy chain have been studied. 
product can be characterized with quality when its physical, 
chemical, microbiological and organoleptic indices comply with the Physico-chemical analysis
established standards specific to each country. The quality Titratable acidity is measured by the Torner's procedure 
assessment is often subjective with attributes such as appearance, according to BDS 1110-80. Active acidity (pH) is measured using a 
smell, texture, and flavour, frequently examined by human pH meter (MS2000, Microsyst, Plovdiv, Bulgaria) with a glass 
inspectors. Consequently Francis (1980) found that human electrode (Sensorex, Garden Grove, USA) standardized at 20 °C 
perception could be easily fooled. over the range 6.81 to 4.01. Fat content is determined by the method 

The use of automatic systems for the assessment of of Van Gulik according to ISO 3433. Moisture content of cheese 
organoleptic characteristics provides reliable and objective samples is determined by using a moisture analyzer (XM50, Kern, 
performance in monitoring the quality of products from different Germany) with a halogen heater. 3 g of the sample are weighed with 
sectors of food industry (Sun, 2000; Wang et al., 2001). These precision of 0.001 g and placed in aluminum dishes in the moisture 
systems are known as ''computer vision'' as it is based mainly on the analyzer. The temperature of heating is 104 °C. The weight of the 
use of camera and computer technology. The replacement of human sample cheese is measured every 20 min until it has reached 
vision with computer processing has the following advantages: constant weight (g) after two consecutive measurements. The result 
objectivity, reproducibility, fast processing and cost effectiveness. In is represented in % of moisture content. 
the dairy industry this type of automatic systems have found 
industrial applications in monitoring of cheese curd syneresis Organoleptic evaluation
(Еverard et al., 2007), in establishing the presence of defects such Each cheese sample is evaluated according to BDS 15612-83 
as calcium lactate crystals on the surface of Cheddar cheese for white brined cheese of the following organoleptic parameters: 
(Rajbhandari et al., 2005), technical and microbial holes (Caccamo flavor and odor, consistency, cut surface and color. Grading and 
et al., 2004). reduction of points deviating from the characteristics of these indices 

Main indicators evaluated in the organoleptic characteristics of is shown in Table 1.
white brined cheese are taste and smell, texture, appearance of the 
pieces, cut surface, structure and color, brine, packaging and Microscopic images
marking. The characteristics of interest for computer applications Magnification optical observations with 10x and 20x are made 
are mainly physical. The estimation of the cut surface of white brined with stereo microscope (S-30-2Led, Optika, Italy) on seven samples 
cheese is one of the basic physical indices in their qualification. of white brined cheese. Microscopic images of the cut surface of all 

The aim of this research is to establish a method to objectify samples are taken with built-in camera (Opticam B5 - CMOS sensor, 
qualification of cut surface of brined cheese by computer processing 5.0 MP) to the microscope. From each sample a rectangular piece 
of microscopic images. measuring 6 cm x 2 cm is cut using a cutting module equipped with a 
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cutting tool - taut wire of stainless steel. indicators: flavor, texture and cut surface (Figure 1). Samples № 5, 
In order to increase contrast the surface of the resulting sample № 6 and № 7 are characterized by the highest fat content (41.5%, 

is stained with methylene blue, diluted 1:10 and applied using a 34.7% and 42%) and are assessed with the lowest number of points 
pipette. Colored cut surface of each cheese sample is taken in a on the indicators – consistency (14 points, 11 points and 9 points) of 
series of 30 images in bitmap (BMP) format. Each photo is binarized maximum of 20 points and cut surface (7 points, 5 points and 5 
with Threshold function of Adobe Photoshop (Version CE 7.0). The points) of a maximum of 15 points. The high fat content prevents the 
threshold that is chosen is the same for all images of the particular formation of structural links in the curd which contributes to the 
sample. formation of a brittle, crumbly texture and non-homogeneous cut 

After obtaining the binary images, each one is treated with a surface. The combination of high water and fat content is a factor in 
program that calculates the so-called coefficient of diversity (K ). the formation of creamy consistency which is easy to spread.div

Visual assessment is made based on microscopic images of This ratio is calculated as follows:
the cut surface of white brined cheese. All seven samples 
demonstrated correlation between physical-chemical properties 
and state of the cut surface. Visual evaluation (Figure 2) shows that 
the most homogenous cut surface of sample 1, unlike in sample 7 is where K  is coefficient of diversity (%), С  is number of the div black

characterized by a non-homogeneous cut surface and pronounced black pixels, С is general number of pixels.
with grain structure the presence of large amounts of technical 
holes.

The coefficient of diversity (Tables 3 and 4) confirms the visual 
Results and discussion assessment is a significant difference in the structure of internal 

surfaces of samples № 1 and № 7. The increase in the rate of 
Physical-chemical indices (Table 2) of the seven samples of diversity means atypical structure of the cut surface because its 

cheese influence the organoleptic evaluation of the following value indicates the amount towards of irregularities to tested 

Table 1. Grading of the main organoleptic indices according to Bulgarian national standard for white brined cheese.

Indices

Flavor and odor

Consistency

Cut surface, color

particular, pronounced flavor of ripened cheese

particular, pronounced flavor and odor, pleasant without atypical nuances

particular, less pronounced flavor and odor

particular, less pronounced flavor and unexpressed odor

acid flavor

slightly sweet

atypical flavor and aroma without the cheese to be unpleasant

slightly spicy, slightly bitter, slightly rancid

moderately hard

hard

granular

very hard

soft

relented, easy to spread

dry, brittle, crumbly

from 5 to 10 bacterial holes of the cut surface,
barely separation of cheese cubes

more than 10 bacterial holes without spongy structure

inhomogeneous , sneaking porcelain fracture,
slightly shearing the layered

strongly cutting up of the layers

smooth, porcelain fracture, without or with individual bacterial holes up to 5 of
cut surface without mechanical impurities, without identifying individual layers

individual pale yellow or pale red spots

45

44-43

42-40

39-38

37-36

35

34-33

30

45

45

45

45

45

45

45

45

20

20

20

20

20

20

20

15 15

13-11

10-5

10-7

7-5

6-2

15

15

15

15

15

20

18-16

17-15

15-10

19-17

16-8

12-8

Remarks Perfect score Score allowed

K  =               100div

Cblack

C
.
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Table 2. Physical – chemical analysis of the samples of brine cheese expressed as the mean of five experiments with
standard deviation.

Sample, №

1

2

3

4

5

6

7

3.82 ± 0.02

4.76 ± 0.07

4.45 ± 0.03

4.30 ± 0.02

4.46 ± 0.06

3.72 ± 0.03

4.23 ± 0.04

205 ± 0.56

240 ± 0.80

307 ± 1.02

245 ± 1.10

221 ± 0.96

145 ± 0.84

110 ± 1.76

20.8 ± 0.49

15.6 ± 0.40

22.5 ± 0.71

17.0 ± 0.86

41.5 ± 0.92

34.7 ± 0.60

42.0 ± 0.85

65.64 ± 0.01

65.03 ± 0.02

55.29 ± 0.11

62.61 ± 0.01

44.60 ± 0.08

55.60 ± 0.02

51.25 ± 0.06

pH Titratable acidity, °T Fat, % Moisture content, %

Figure 1. Organoleptic evaluation of seven white brined cheese samples.
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Consistency

Cut surface,
structure and colour

Sample, №
Microscopic images of the cut surface 

at the 10x magnification

1

2

3

Smooth cut surface with homogeneous consistency without the 
presence of bacterial holes and technical holes.

Visible roughness in the cut  
shall not be established.

surface, which with'' naked'' eye

Homogeneous structure of the cut surface with small technical 
holes and the number.

Visual evaluation of the cut surface
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13

14

15

16

17

18

19

20

21

22

23

24

0.1894

0.1975

0.1970

0.1929

0.1955

0.1877

0.1929

0.1840

0.1971

0.1862

0.1823

0.1895

0.1823

0.1998

0.2010

0.2029

0.2045

0.2015

0.2185

0.2066

0.2002

0.2035

0.2000

0.2071

0.2064

0.2053

0.7689

0.6120

7.2959

0.5451

0.2058

0.1993

0.2056

0.2753

0.2002

0.3056

0.3629

0.2027

0.1994

0.2063

0.1800

0.1800

0.1804

0.1802

0.1801

0.1804

1.0177

0.9679

0.1802

0.1814

0.1811

0.1803

8.7115

0.4817

1.4611

0.2229

1.3015

29.471

1.7195

0.6005

1.0536

0.7218

0.2990

0.6455

2.6233

2.2061

2.9998

3.5319

0.9827

0.9753

0.9979

6.1947

3.3459

21.309

1.6329

8.2633

1.5500

5.9102

35.7789

8.9068

16.7535

12.6061

21.2332

7.4581

38.4505

10.6248

17.2676

8.5699

17.3636

2.9440

13.3444

Table 3. Values of coefficient of diversity (Kdiv) calculated for each binary image.

Picture, №

1

2

3

4

5

6

7

8

9

10

11

0.2357

0.2222

0.2007

0.2928

0.1985

0.1980

0.1980

0.1992

0.1976

0.1980

0.1908

0.2131

0.3498

0.2790

0.3575

0.2415

0.2020

0.2065

0.2106

0.2028

0.2079

0.2031

3.1499

0.7223

2.9662

1.7055

0.2000

0.1992

0.2016

0.1989

0.2004

0.3667

2.9020

5.2745

4.6775

0.1873

0.1983

0.1823

0.1845

0.1827

0.1817

14.955

2.6474

0.4123

3.4643

6.2693

2.1076

3.0791

1.1758

2.9814

2.3004

1.1788

1.2692

1.6686

0.6074

3.5294

4.5998

2.2950

13.112

9.7000

6.0197

6.0606

0.4247

1.3695

3.9315

1.4439

38.3275

27.8216

15.8751

37.4746

28.7314

39.7773

23.5489

20.8823

17.8797

9.5908

8.7723

Sample №

1 2 3 4 5 6 7

309

Figure 2. Visual evaluation of the cut surface of the cheese samples.
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Inhomogeneous structure with presence of rough bordering on 
the grain.

Inhomogeneous, pronounced granular structure with the 
presence of technical holes.

Inhomogeneous structure of coarse granular cut surface.

Inhomogeneous, coarse structure with the presence of large in 
size technical holes.



25

26

27

28

29

30

Average value of

the coefficient of

divercity

0.1884

0.1893

0.1854

0.1890

0.1842

0.1854

0.1975 0.2275 0.9266 1.1718 3.2314 4.2660 22.3902

0.2010

0.2033

0.2114

0.2065

0.4352

0.2356

0.4016

0.2001

0.2011

0.5219

1.3541

0.1987

0.1807

0.1803

0.1815

0.1800

0.1801

0.1823

1.3834

3.5620

0.3642

11.862

3.4277

2.6432

0.8342

0.5609

6.4663

2.2189

1.2463

4.1630

28.3366

42.0860

24.1534

53.3943

15.4197

10.6743
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surface. Expert evaluation of Table 3 shows that the highest quality Licitra G, 2004. Measuremen of gas holes and mechanical 
of cut surface is of sample 1, and the worst of this is sample 7. The openness in cheese by image analysis. Journal of Dairy  Science, 
coefficient of diversity (Tables 1 and 2) also confirms a significant 87, 739–745.
difference in the structure of internal surfaces of sample 1 and Еverard C, O'Callaghan D, Fagan C, O'Donnell C, Castillo M and 
sample 7. The coefficient of diversity of sample 7 is approximately Payne F, 2007. Computer vision and color measurement 
113 times larger than the coefficient of diversity of sample 1. techniques for inline monitoring of cheese curd syneresis. Journal of 

Dairy Science, 90, 3162 – 3170.
Rajbhandari P, Kindstedt PS, 2005. Development and application Conclusion 
of image analysis to quantify calcium lactate crystals on the surface 
of smoked Cheddar cheese. Journal of Dairy Science, 88, 12, The proposed coefficient of diversity clearly shows differences 
4157–4164.in the structure of cut surface of brined cheese with varying quality. 
Shewfelt R and Bruckner B, 2000. Fruit and vegetable quality: an This coefficient can be used with biochemical characteristics of the 
integrated view. Lancaster, Pennsylvania: Technomic Publishing.cheese for automated determination of its quality.
Sun DW, 2000. Inspecting pizza topping percentage and distribution In the future, the proposed methodology must be fully 
by a computer vision method. Journal of Food Engineering, 44, automated by developing a program that does all the processing and 
245–249.displays the coefficient of diversity as an end result.
Wang HH and Sun DW, 2001. Evaluation of the functional 
properties of cheddar cheese using a computer vision method. 

References Journal of Food Engineering, 49, 1, 47–51.
Francis FJ, 1980. Colour quality evaluation of horticultural crops. 

Caccamo M, Melilli C, Barbano DM, Portelli G, Marino G and HortScience, 15, 1, 14–15.
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