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The aim of this paper is to present an application of techniques
for images analysis in order to assess quality of Emmental cheese.
The software ImageJ is used for processing the images of cheese
samples. A statistical analysis is performed in order to evaluate how
even is distribution of areas with gas holes on the cut surface of
Emmental cheese. The factor of even gas holes distribution is
defined. Experts’ estimation is used for comparison with results of
images analysis and the results are encouraging.



For the purpose of this research, four samples of Swiss-type of
cheese are bought from the marketplace. The cheese samples were
factory cut into several slices with an average thickness of about 2
to 4 millimeters and stored in a transparent commercial package.

A group of four cheese slices from each brand is selected and
each of the slices is captured at bought sides with a digital camera
Canon EOS 2000D. The raw images are saved in a Bitmap format
locally in a computer for further processing. It is used a tripod for
mounting the camera and holding it in a stable position. The images
are obtained in a laboratory environment with daylight condition.
An expert evaluation of the cheese samples is performed under the
same laboratory conditions and the gas holes are analyzed under
daylight lightening. The cheese slices are with close to rectangular
or square shape and a region of interest (ROI) is manually cut from
the bitmap images.



All the ROI images are thresholded with the Otsu thresholding
algorithm. In order to analyze the thresholded images and measure the
ratio between pixels representing gas holes, an open source software
ImageJ is used for digital image processing. A plugin for processing the
images and measuring the area of the gas holes is developed and
implemented in ImageJ. The plugin provides an ability for choosing
dimension of a grid by which the images will be cut and a stack of images
will be created. Two different sizes of the grid are tested: 2x2 and 4x4
(Fig. 1).

Figure 1: Used grid dimensions – 2x2 a) and 4x4 b)
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A plugin for processing the images of
cheese samples is developed using the
functionalities of the open-source software
ImageJ. Figure 2 shows the workflow of the
plugin. Figure 3 shows a simple GUI for
selecting an option for the grid – 2x2 or 4x4.

Figure 2: Workflow of the plugin

Figure 3: GUI for choosing the grid 
dimension

The obtained results for amount of white
pixels are used for calculation of the ratio (Cgh –
coefficient of gas holes area) between white
pixels and the area of whole slice of a stack.



An expert evaluation about the
distribution of the gas holes on the surface
of the cheese samples is made, by experts
in dairy products. Table 1 shows example
images (one for each brand) and comment
about the distribution of gas holes and their
shape. As a good example of even
distribution of gas holes can be considered
the image of the Brand 3, and as an
example for weak formation and
distribution can be considered the image of
the Brand 2. Disadvantages in structure of
samples Brand 1 and Brand 2 are related to
non-optimal parameters of fermentation
process. In this context, a computer based
approach for fast and accurate evaluation
of distribution of gas holes in Swiss-type of
cheese could be applied for optimization of
production process.

Table 1. Expert evaluation



After obtaining the results for Cgh by using the developed ImageJ plugin,
the data is summarized and processed in Excel. A statistical analysis is made in
order to evaluate the distribution of the gas holes on the cut surface of the
analyzed Swiss-cheese samples. The data for coefficient of gas holes areas
(Cgh) for all ROIs of every trademark are used for analysis of holes distribution
on the cut surface of the samples. Mathematical expectation of Cgh is defined as
average for all samples of examined trademark:
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where N is the number of the ROIs for every cheese sample and it is equal to 16
or 4 depends on grid size. The dispersion and the standard deviation σ are
determined by Eq. 2.
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For each trademark of analyzed Swiss- cheese, the upper LMAX and the
lower LMIN limits of Cgh are calculated by Eq. (3).
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where t is Student's t-distribution, φ – likelihood, α– level of confidence.
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It is calculated a factor of gas holes even distribution (Fdist) as a ratio of
Cgh values which fall in confidence interval (between LMIN and LMAX) to the
number of all Cgh values for every trademark.

𝐹𝐹𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 =
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where nCi is the number of Cgh values which are between LMIN and LMAX
limits and with N it is noted number of Cgh values.



An analysis of experimental data is performed and results are
summarized in tables 2 and 3. The lowest values of dispersion are 0,988
(using grid 2x2) and 3,128 (using grid 4x4) and they are calculated for
samples of Brand 2 that are evaluated as “Weak formation and distribution
of small gas holes on the cut surface.” For samples of all other brands it is
observed that dispersion has high values which could be explained with
moderate distribution of areas with gas holes on the cut surface.

Table 2

Table 3



Figure 4 presents factor of gas holes even distribution calculated using grid
2x2 and three different levels of confidence. It is observed that only for level of
confidence α=0,1 the factor of gas holes even distribution has lowest value for
samples of Brand 2 which corresponds with experts’ estimation.

Figure 5 presents factor of gas holes even distribution calculated using grid
4x4 and three different levels of confidence. It is observed that for all level of
confidence the factor of gas holes even distribution has lowest value for samples
of Brand 2 which corresponds with experts’ estimation. For level of confidence
α=0,05 and α=0,01 the factor of gas holes even distribution has highest values for
samples of Brand 3 and 4.

Figure 4 Figure 5:



Figure 6 presents one image of sample of Brand 2 and its binary image
divided into 16 ROIs. It is observed that small number of ROIs have areas with
gas holes.

Figure 7 presents one image of sample of Brand 2 and its binary image
divided into 16 ROIs. It is observed that almost all of ROIs have areas with gas
holes.

Figure 6
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Figures 8 and 9 presents graphics of Cgh values for samples which are
presented on figures 6 and 7 respectively. It is observed that Fdist has low value
(0,25) for sample of Brand 2 and high value for sample of Brand 3 (0,625).

Figure 8 Figure 9



A statistical analysis of data obtained by image processing of Swiss-
type cheese samples have been performed and the results could be
summarized as follow:
 distribution of gas holes on the cut surface of Swiss-type of cheese

could be analyzed trough images processing;
when the number of Cgh values which falls into the confidence

interval is high (Fdist has high value) then the gas holes have
moderate to uniform distribution on the examined cheese surface;

 usage of grid sized 4x4 leads to more precisely separation of cheese
samples according to gas holes distribution;

In the future the research could continue with an analysis of gas holes
according to their shape and distribution. The processing of every image
could be accelerated using parallel execution of threads for every slice in
stack.
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