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Abstract: Computer image and 
spectral processing systems are widely 
used in the analysis of bread and bakery 
products. They achieve good accuracy 
in external or internal classifications, and 
the cost of the technical implementation 
of the systems operating with them is 
significantly lower than the hyperspectral 
images. In the present work methods for 
reducing the amount of data of the 
spectral characteristics of bread and 
mold object areas, as well as classifiers 
with non-linear separating functions, 
were used, where the general 
classification error between these areas 
was reduced to e=1-7%. Spectral 
methods used show higher accuracy in 
recognition of object areas than using 
color features. 
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1. Introduction 
An important element determining 

the quality of bread is its freshness. 
The change in freshness is due to a 
number of physico-chemical, 
colloidal and structural changes in 
the bread crumb. 
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In the aging process, the moisture 
and the amount of water-soluble 
substances decrease and the 
hardness increases [6]. 

When preserving the bread in the 
bread-bins of the production plants, 
at the commercial premises or at 
home, a number of processes occur 
which affect its quality [4]. This 
necessitates the search for new 
ways to improve the microbiological 
quality of these foods. Moreover, 
with the deterioration of the 
ecological situation, the insemination 
level of the typical products for the 
production of bread and bakery 
products [3]. 

Bread is considered to be a 
rapidly perishable food, with the most 
frequent microbial spoilage. The 
growth of mold fungi results in 
enormous economic losses and 
reduces the safety of bread due to 
the production of mycotoxins. 

The fungal spoilage of the wheat 
bread is mainly due to the fungus of 
the genus Penicillium (about 90%). 
Other molds that often cause 
spoilage belong to Aspergillus, 
Monilia, Mucor, Endomyces, 
Cladosporium, Fusarium or Rhizopus 
[2,5]. 

Grading of food products, 
determining their freshness and 
condition during their storage is 
important both for their good taste 
and for avoiding the development of 
harmful microorganisms and 
bacteria. Nowadays the use of 
automated systems is a necessity. 
They have enormous potential, 
relatively low cost, no complexity of 
management, speed, high 
productivity and wide field of 
application. 
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2. Exposure 
Bread is prone to rapid 

microbiological deterioration due to 
mold growth due to contamination 
after baking during chilling, cutting 
and packaging which significantly 
limits its shelf life. 

Grading the bread, determining its 
condition during storage is important 
both for its good taste and for 
avoiding the development of harmful 
microorganisms and bacteria. 

The comparative analysis of the 
known methods and technical means 
for assessing changes in bread 
quality indicators shows that 
computer digital image processing 
systems and spectral processing 
systems are widely used in the area 
under study. They achieve good 
accuracy in external or internal 
classifications, and the cost of the 
technical implementation of the 
systems operating with them is 
significantly lower than the 
hyperspectral images. 

Methods related to spectral 
analysis of the samples tested are 
preferable to methods based on 
digital imaging as they can obtain 
information on both the surface 
texture and the internal structure of 
the products at a very early stage of 
the development of harmful for the 
human organism microflora [1,2,4,6]. 

In the Spectral Analysis method 
one of the main advantages is that it 
is easy to use and is suitable for 
detecting internal defects in food 
products. The disadvantage is its 
limited sensitivity to small changes in 
the properties of the object. 

Image acquisition, processing, 
and analysis systems have become 
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a means of complying with these 
requirements in the automated 
assessment of the quality of food 
products and in particular bread. 

 
3. Analysis of object areas with 

bread and mold by color 
characteristics 

The resulting color digital images 
are in a RGB color model. They are 
converted to HSV, Lab, LCH and 
CMYK models. A normal distribution 
check has been made from which 
these color components have been 
selected. The selected color 
components have been checked for 
informability - whether they are 
suitable for separating object areas 
with bread and mold by distance 
functions. From these color 
components are selected informative 
color features, whose informati-
veness is checked by classifiers. 

The choice of color features is 
done by checking for normal 
distribution. Table 1 presents the 
results of this verification through a 
Shapiro-Wilk test. The results show 
that four color components G (RGB), 
S (HSV) L (Lab) and L (LCH) have a 
normal distribution for both object 
areas and they are used in the 
present work. The remaining color 
components, despite hypothesis 
testing, show a distribution different 
from normal, the resulting p-Level is 
close to the set alpha=0,05, 
indicating that they have a near-
normal distribution. 

For the resulting color 
components with a normal 
distribution, their mean value, 
standard deviation and coefficient of 
variation are determined. 
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Table 1. 
Shapiro-Wilk test results for 
normal distribution of color 

components 
 

Object area 

 
Color component 

 
Bread 

 
Mold 

  H p-Level H p-Level 
Rrgb 0 0,00 1 0,00 
Grgb 0 0,00 0 0,00 
Brgb 0 0,00 1 0,00 
Hhsv 1 0,00 1 0,00 
Shsv 0 0,00 0 0,00 
Vhsv 0 0,00 1 0,00 
Llab 0 0,00 0 0,00 
alab 1 0,00 1 0,00 
blab 1 0,00 1 0,00 
Llch 0 0,00 0 0,00 
Clch 0 0,00 1 0,00 
Hlch 1 0,00 1 0,00 

Ccmyk 0 0,00 1 0 
Mcmyk 0 0,00 1 0 
Ycmyk 0 0,00 1 0 
Kcmyk 0 0,00 1 0 

 

(HSV) 

-  
 

 

Table 2 lists the results of this 
analysis. For most color components, 
the coefficient of variation is less than 
30%, whereas for the S (HSV) color 
component has a coefficient of 
variation greater than 30% for object 
areas. 

Table 2. 
Descriptive statistics of color 

components with normal 
distribution 

 
Object area 

 
Color component 

 
Bread 

 
Mold 

  Mean SD CV Mean SD CV 
Grgb 106,61 24,62 0,23 150,99 10,81 0,07 
Shsv 0,19 0,07 0,35 0,31 0,21 0,68 
Llab 115,81 24,70 0,21 161,32 11,81 0,07 
Llch 45,41 9,68 0,21 63,26 4,63 0,07 

Mean-mean value; SD-standard deviation; CV-coefficient of variation 
 

Verification of the information of 
the color features through distance 
functions has been made. Table 3 
gives the results of this analysis. 
The rows are assigned the distance 
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functions, and in the columns the 
color components. 

Table 3. 
Results of the verification for 

distance functions 

 
Color component 

 
Distance function  

Grgb Shsv Llab Llch 

Mahalanobis 1,75 1,77 1,76 1,76 
Euclidian 32,44 0,26 33,14 12,99 
Cityblock 39,68 0,30 40,83 16,01 
Minkowski 32,44 0,26 33,14 12,99 
Chebychev 30,26 0,25 30,72 12,05 

FDR 2,72 0,29 2,76 2,76 
 

-

-

 

 

 
 

 
 

Larger distances are obtained for the 
three color components G (RGB), L 
(Lab) and L (LCH). In the S (HSV) color 
component, a larger distance between 
the bread and mold object areas is 
obtained only by a Mahalanobis 
function. 

The color components selected are 
indicative color features that are 
suitable for classification. 

A comparison between linear 
discriminant analysis and the support 
vector machines was made. The 
classification results are given in Table 
4. In the rows are the classifiers used 
with a linear separating function, and 
on the columns the color components. 

Classification results indicate that a 
general classification error of up to 5% 
is obtained using a linear discriminant 
analysis. By using a support vector 
machines method, the general 
classification error decreases to twice 
and reaches a maximum of 2%. 

The following color features S 
(HSV), G (RGB), L (Lab) were selected 
from this analysis. These color features 
are suitable for separating and 
classifying the subject areas with bread 
and mold. 
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Table 4. 
Results of classification of bread 
and mold by color components 

 
Color component 

 
Classifier 

Grgb Shsv Llab Llch 

LDA 4% 1% 5% 5% 
LSVM 1% 0% 1% 2% 

 

-
7%. 

 

4. 

 

The results obtained correspond to 
those presented by other authors. 
Kutovancheva [3] develops an 
additional optical device to an 
interactive presentation system. To 
test the device with real data in the 
author's work, results are presented 
for the separation of object areas with 
bread and mold according to their 
color features. As informative, it 
indicates S (HSV) and V (HSV), by 
which it receives a general 
classification error of 0-7%. The 
results obtained in the present work 
confirm those presented in the 
available literature, with a general 
error of classification of up to 5% 
determined by the selected color 
features. 

4. Analysis of object areas with 
bread and mold by spectral 
characteristics 

Figure 1 shows the obtained bread 
and mold spectral characteristics and 
their principal components and latent 
variables. Separation of molded areas 
from bread is observed. Horizontal 
axes represent the first principal 
component and the first and second 
latent variables, and the vertical 
second principal component and the 
third latent variable, respectively. 
When latent variables are used, a 
clear differentiability is observed, 
while using the principal components 
of bread their values are close but 
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again identifiable. 
The type of separability will be 

proven through classification in the 
next stages of the work. 

   
 

  

 

 
 

 

Fig.1. Spectral characteristics, latent 
variables and principal components 

of bread and mold object areas 

An analysis was made of the 
separability of bread and mold object 
areas in storage period by means of 
a discriminant classifier and a method 
of support vector machines using 
non-linear separating functions. 

The required number of latent 
variables and principal components 
are defined to describe the object 
data presented by their spectral 
characteristics. It has been found that 
the obtained spectral characteristics 
can be reduced to two latent 
variables and two principal 
components. 

Table 5 lists the results obtained in 
classification.  

Table 5. 
General classification error e,% 

depending on data reduction 
method used and classifier 

 
Classifier 

 
Function 

 
Discriminant analysis  

Classifier 
 

Function 

 
Support vector machines 

LV PC LV PC 

Quadratic 6% 1% Quadratic 2% 1% 
DiagQuadratic 6% 1% Polynomial 1% 1% 
Mahalanobis 7% 1% RBF 1% 1% 

 

-

It can be seen that using latent 
variables generates a general 
classification error of 1-6% depending 
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-7%. 

 

 

on the classifier used and the 
separation function. When using 
principal components, the general 
classification error is 1% in all cases. 

The results obtained are compared 
with those presented by other 
authors. 

Kutovancheva [3] develops an 
additional optical interactive device to 
an interactive presentation system. To 
test the device with real data in the 
author's work, results are presented 
for the separation of bread and mold 
object areas by spectral characte-
ristics. The author uses directly 
obtained spectral characteristics for 
classification through linear 
classifications - discriminant analysis 
(LDA), k-nearest neighborhoods 
(kNN) and support vector machines 
(LSVM) method. The general error in 
its case is e=32-46%, indicating that 
the use of linear separating functions 
in classifying complex bread and mold 
areas is inappropriate. 

In the present work methods for 
reducing the amount of data of the 
spectral characteristics of bread and 
mold object areas, as well as 
classifiers with non-linear separating 
functions, were used, where the 
general classification error between 
these areas was reduced to e=1-7%. 

5. Conclusion 
Image and spectral characteristics 

processing and analysis systems are 
used in the non-contact assessment 
of bread quality. They achieve good 
accuracy in classification by external 
or internal characteristics. 

In the present work methods for 
reducing the amount of data of the 
spectral characteristics of bread and 
mold object areas, as well as 
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6.  

classifiers with non-linear separating 
functions, were used, where the 
general classification error between 
these areas was reduced to e = 1-7%. 

Spectral methods used show 
higher accuracy in recognition of 
object areas than using color 
components. 
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