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A STUDY OF KNITTED FABRICS PROPERTIES ABOUT THEIR 
INFLUENCE IN PATTERN MAKING OF LADIES’ DRESSES 

 

Tanya Peneva  
Faculty of Technics and Technologies, Trakia University, Bulgaria 

Graf Ignatiev 38, 8600 Yambol, Bulgaria 
mobile: +359878278067, e-mail: tannna58971701@abv.bg  

 
 
Abstract: The article presents a study and analysis of properties of knitted fabrics about their 
influence in the process of pattern making of ladies dresses in different ‘types of silhouettes. The 
presented study uses the Standard NEXT TM 21a (knit) method for testing the stretchability and return 
of a cross-knit knitted fabric. This method is used in the accredited laboratory of one of Europe's 
largest fabrics manufacturers - E. Miroglio Ltd, which is made by clothing manufacturers and retailers. 
On the base of the obtained values, correction coefficients are determined which will be applied in 
pattern making of ladies' dresses in different types of silhouettes. 
Keywords: knitted fabric, knitted fabrics properties, ladies’ dresses, pattern making. 
 
 

1. INTRODUCTION 
  
In recent years, the fashion realizes the greatest impact on clothing production. Despite the 
fact that the fashion of knitted garments is considerably more constant, the development of 
new knitting techniques and technologies allows fabrication of knitted fabrics with a variety of 
fiber composition and combined loop structures with new consumer qualities. All this is a 
prerequisite for the production of a large assortment of knitted garments. The specific 
physical properties of knitted fabrics make them a preferred material, but also determine a 
number of features that need to be taken into consideration when making the fabrics. This 
puts the manufacturers in front of the difficult task of rapidly and qualitatively developing and 
introducing new and varied patterns in production, taking into account the fashion trends and 
material properties.  
The subject of this study is the influence of knitted fabric properties on the pattern making of 
ladies’ dresses in different silhouettes. To achieve the goal, a knitted cloth with composition 
was studied: 65% viscose, 30% polyester, 5% elastane with area weight - 240 g/ m2, width – 
140 cm, with a combined, and double-sided loop structure – Punto di Roma (Punto di Roma). 
 
2. EXPOSE 
 
According to their mobile loop structure, knitted fabrics have high consumer qualities that 
make them preferred for the modern lifestyle of the modern man. The specific properties of 
the knitwear need to be taken into account in the clothing design process. The process 
linking construction and the model is modeling. According to Gindev and Petrov "Pattern 
making of clothing belongs to the decorative-applied arts whose task is artistic designing and 
shaping various shapes and patterns of clothing." [2] Other authors [6, 11] define modeling of 
clothing as a means of obtaining the details of the product of a particular model based on the 
basic structure, by a number of transformations. It can be summed up that clothing modeling 
is a complicated process linking the model, basic construction, material and technology to 
the fabrication of the article. At this stage is work out the work patterns of the product details, 
which in turn determines all subsequent processes. 
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It has been found that the properties of knitted fabrics have an impact on the geometrical 
parameters of the basic construction of the articles. [4, 5] Because the base structure is the 
base on which the model is implemented it follows that the properties of knitted fabrics also 
affect the pattern making process.  
The properties that have the greatest impact in the process of constructing garments are 
stretchiness, elasticity and so-called conditional-residual deformation. Various methodologies 
have been developed for designing garments made of knitted fabric [3, 5, 7, 8, 9, 10] which 
reflect differently conditionally – the residual deformation of the materials. These 
methodologies report the deformation properties of the fabric as early as the manufacturing 
stage the basic structure. The cross-sectional dimensions of articles with the corresponding 
negative freedom supplements are most often corrected [2]. These methods give positive 
results, but to a certain extent limit the silhouette variety of products. This necessitates a new 
approach in the basic design and clothing modeling. 
The choice of construction methodology is based on the silhouette and the need to take into 
account the properties of the material. Deformation properties are reported using correction 
factors. 
 

3. METHODS 
 

Nowadays, different countries have their own standards and different methods for testing the 
properties of the materials. The [5] is described method for determining conditional-residual 
deflection by experimental samples prepared as an endless band, according to BDS 
methodology [1]. Other authors [9, 10, 11] determine the stretchiness of the knitted fabrics by 
loading samples with the same dynamic load with force F =600g and group the knitted 
fabrics according to their stretching in three main groups. There are five other popular 
methods for measuring and analyzing stretching, which are described in detail in [12, 13]. An 
interesting method is proposed in [14]. On the other hand, major apparel manufacturers and 
retail chains such as Marks & Spencer, British Home Stores, Du Pont Ltd, NEXT Ltd and 
others. They use their own criteria, standards and test methods independent of the 
conventional ones. The studied methods of determining the material stretching are 
characterized by a wide variety in the sizes of the tested samples and the applied load. 
According to [14], the lack of precise standards for determining the dimensions of the 
samples tested and the test strength, on the one hand, gives the manufacturers the freedom 
to freely determine the test criteria, but also complicates further the design of garments made 
of knitted fabrics and fabrics with elastomeric threads. 
The presented study uses the Standard NEXT TM 21a (knit) method for testing the 
stretchability and return of a cross-knit knitted fabric. This method is used in the accredited 
laboratory of one of Europe's largest fabrics manufacturers – E. Miroglio Ltd, which is made 
by clothing manufacturers and retailers. 
 

3.1. Next test method 21a (Standard NEXT TM 21a (knit))  
 

This test method is used to determine the stretchability and restoration of elastic fabrics, 
knitted and knitted fabrics containing 10% or less of elastic fibers. 
 

3.1.1. Apparatus  
 

The equipment used must meet the following requirements:  

 Permanent dynamometer speed, which can run from zero stretching to a predetermined 
force;  

 Dynamometer with a capacity of 50 kg; 
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 Continuous stretching speed of 500 mm/ min for testing knit fabrics; 

 Pneumatically operating linear contact terminals consisting of two jaws, one of which is a 
flat steel plate and the other has a bulging 3 mm radius. The jaw contact line must be at 
right angles to the draw line and their gripping faces in the same plane. The jaws are 
capable of holding the test sample without allowing it to slip, designed so as not to cut or 
otherwise weaken the sample being studied, be no narrower than it;  

 Computer-driven machines, NEXT approved software, or self-writing graphics device. 
 

3.1.2. Test specimen requirements 
 

 Test three samples in each direction; 

 The samples tested do not contain the same set of loop rows (course) and loop pairs 
(wale); 

 The samples tested are 50 mm wide. And a length of 150 mm; 

 Three samples are measured along the length parallel to the loops and three samples 
along the length parallel to the loops and three samples parallel to the loop pillars; 

 Before testing, the samples are conditioned for a minimum of 4 hours in a conditioned 
atmosphere of 20 ± 2° C and a relative humidity of 65 ± 4% RH. 

 

3.1.3. Test procedure 
 

Position the sample between the jaws of the dynamometer without strain. The limiting length 
between jaws is 100 mm. The machine moves the sample twice in cycles between zero 
stretching and the specified cyclic load. The cyclic load for knitted fabrics is 2 kg, the test 
speed is 500 mm/ min. At the second cyclic load, the sample is held at maximum load for 10 
sec. The jaw return velocity to 0 is 7.5 ± 2.5 sec. Once the relaxation time of 60 sec is 
complete, we measure the sample and enter the data. Upon completion of the study, the 
schedule provides information on the percentage stretching of the specimen at the specified 
cyclic loading and recovery. The recovery is calculated using the formula (1): 

 
100−∆L mm

100
. 100 = RECOVERY%                                               (1) 

 

where ΔL is the increase of the sample in mm. 
 

  
 

Figure 1. Apparatus for carrying out the study 
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4. RESEARCH AND RESULTS  
  
We studied knitwear fabric article CLIFFTIHIT with composition: 65% viscose, 30% 
polyester, 5% elastane with an area of 240g/ m2, width – 140 cm, with two-sided combined 
structure - Punto di Roma. Three samples were tested in the direction of course and wale 
according to the requirements for the implementation of Standard NEXT TM 21a (knit). The 
study was conducted on a machine – Titan – Universal Strength Tester by James H. Heal & 
Co. Ltd, presented in Figure 1. 
In view of the fact that smooth curves are used in the shaping of the neckline, arm and 
shoulder curve, and very often, for different models, the details are made at an angle of 45˚, 
especially in different type of silhouettes. The dimensions of the samples and the applied 
load are analogous to the previous standards (Standard NEXT TM 21a (knit)). The difference 
is that the samples are taken at an angle of 45˚.  
The obtained results are presented with their values, which is suitable for presented study, 
and in graphical way. For example the graphic in Figure 2 shows the extension on wale. 
Similar diagrams are received for extension on course and extension on diagonal direction of 
an angle of 45˚. 
 

 
 

Figure.2.  
Extension on wale 

 
The results of the study are presented in Tables 1, 2 and 3. Based on the results obtained, 
the conditional residual deformation of the fabric and the correction coefficients required for 
modeling the products were calculated. 
Tables 1, 2 and 3 shows that the stretchedness of the knitted fabric has the highest value in 
the investigated patterns by course – average value of 126,83% by wale – 75,67%, and in 
direction of 45° – 74.77%. Restoration of the samples after 60 seconds of relaxation is 
respectively highest in the samples by wale – 93%, at direction of 45° – 89,67% and by 
course – 88%.  
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Table 1. Test results on by course 

No Extension 
% 

Recovery 
% 

L0  

mm 
L1 

mm 
Ԑ𝑐.𝑟.𝑑= =

𝐿1−𝐿0

𝐿0
.100% 𝐶𝑐.𝑟.𝑑. =

Ԑ𝑐.𝑟.𝑑.

100
 

1 122,20 88 100 112 12 0,12 

2 130,49 88 100 112 12 0,12 

3 127,80 88 100 112 12 0,12 

AVR 126,83 88 100 112 12 0,12 

 
Table 2. Test results on by wale 

No Extension 
% 

Recovery 
% 

L0  

mm 
L1 

mm 
Ԑ𝑐.𝑟.𝑑= =

𝐿1−𝐿0

𝐿0
.100% 𝐶𝑐.𝑟.𝑑. =

Ԑ𝑐.𝑟.𝑑.

100
 

1 74,06 94 100 106 6 0,06 

2 76,41 92 100 108 8 0,08 

3 76,55 93 100 107 7 0,07 

AVR 75,67 93 100 107 7 0,07 

 
Table 3. Plate Study Results at 45°  

No Extension 
% 

Recovery 
% 

L0  

mm 
L1 

mm 
Ԑ𝑐.𝑟.𝑑= =

𝐿1−𝐿0

𝐿0
.100% 𝐶𝑐.𝑟.𝑑. =

Ԑ𝑐.𝑟.𝑑.

100
 

1 75,57 89,00 100 111 11 0,11 

2 73,95 89,00 100 111 11 0,11 

3 74,78 91,00 100 109 9 0,09 

AVR 74,77 89,67 100 110,33 10,33 0,10 

 
The resulting coefficient of residual deflection Cs.r.d. is used to determine the new detail 
deformations with regarding to the deformation of the fabric which are calculated by formula 
(2) for transverse dimensions, formula (3) for the longitudinal, and formula (4) for 45° 
direction: 
 
 𝑥𝑛 =  𝑥𝑖(1 −  𝐶𝑐.𝑟.𝑑.) = 𝑥𝑖. (1 − 0,12) = 𝑥𝑖. 0,88 

 

(2) 
 

 𝑦𝑛 =  𝑦𝑖(1 −  𝐶𝑐.𝑟.𝑑.) = 𝑦𝑖 . (1 − 0,07) = 𝑦𝑖0,93            
                    

(3) 

 𝑧𝑛 =  𝑧𝑖(1 − 𝐶𝑐.𝑟.𝑑.) = 𝑧𝑖 . (1 − 0,1) = 𝑧𝑖0,90     
       

(4) 

where Cs.r.d. is the resulting coefficient of residual deflection; xi, yi and zi – the coordinates of 
the i-point of the contour of the detail without regarding the deformation properties of the 
fabric. 
   

5. CONCLUSION 
 
The tested knitted fabric is with the highest stretch by curse but also the lowest recovery, 
which also determines its highest conditional-residual deformation. The examined samples 
by wale have an average stretch value but with the highest recovery, and therefore the 
lowest conditionally-residual deflection. Samples taken at an angle of 45 ° are with the lowest 
tensile strength but an average recovery value and an average value of the conditional 
deformation. 
The presented way of investigation can be used for other different types of knitted fabrics. 
On the base of the obtained values, correction coefficients are determined, which will be 
applied in pattern making of ladies' dresses in different types of silhouettes. 
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ACCELERATION MEASUREMENT OF ROAD VEHICLES  
BY MOBILE PHONE 

 

Atanas Ivanov 
Faculty of Engineering and Pedagogics of Sliven,  

Technical University of Sofia, Bulgaria 
59, Burgas Road str., 8800, Sliven, Bulgaria 

e-mail: yovchev.ood@abv.bg  
 
 
Abstract: The paper reviews existing solutions for the application of an acceleration sensor built into a 
mobile phone. A drawback of the results published in the available literature is that the experimental 
studies are performed in laboratory conditions and that high-complexity procedures and algorithms are 
used. It is necessary to perform field surveys, taking into account the factors influencing the 
measurement of the acceleration with a mobile phone. The studies and results obtained are 
complementary to those available from the literature in that the measurements are made "on the 
road". Factors that influence measurement accuracy in real-life conditions are defined. The results 
obtained show that mobile phones, regardless of brand and model, should be used to make such 
measurements and comparisons before being used for such purposes in order to make objective 
results and conclusions in scientific developments. 
Keywords: Acceleration measurement, mobile phone, road vehicle.  
 
 
1. INTRODUCTION 
 
One of the main issues in each scientific study is the type and characteristics of the 
measuring equipment used. Depending on these characteristics, the degree of reliability of 
the results is subsequently determined. In recent years, with the development of technology, 
many of the quantities whose measurement previously required complex, bulky and 
expensive apparatuses can now be counted with mobile-integrated sensors [2,3,4,6]. 
Bruwer et al. [1] offer a solution to the problem of using a mobile phone accelerometer by 
compensating for its deviations by adding a Kalman filter. Small acceleration values can be 
measured through this solution.  
Monteiro et al. [5] offer the use of additional sensors - a gyroscope and an angular variance 
measuring device to measure small accelerations and compensate for the measurement 
error with an accelerometer from a mobile phone. 
A drawback of the results published in the available literature is that the experimental studies 
are performed in laboratory conditions and that high-complexity procedures and algorithms 
are used. It is necessary to perform "on the road" surveys, taking into account the factors 
influencing the measurement of the acceleration with a mobile phone. 
The aim of the report is to analyze the possibility of using a mobile phone acceleration 
sensor in a vehicle in real operating conditions. 
 
2. MATERIAL AND METHODS 
 
The materials and methods used include a description of the software and equipment, the 
location and the measurement conditions, the stages of planning and realization of the 
experiment; tasks of the team. 
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2.1. Software and hardware tools used in the study 
 

 Iveco brand bus, model "Poker" produced by FIAT Spa; 

 Mobile phone brand "HUAWEI" model "Y5i" production of "HUAWEI" China; 

 Application software Sensor kinetics Pro, Version 3.1.2. Inovations, Inc .; 

 Radar brand "Bushnell", producer "Bushnell" Inc. 9200 Cody Overland Park, KS. 
 
2.2. Place, conditions and technical tools 
 
Experimental Verification of acceleration measurement results with mobile phone HUAWEI 
Model Y5i, operating with Android operating system for research use: For the purposes of 
the present study, such an application for a mobile telephone "HUAWEI" is used. However, 
when looking at the first results of the acceleration measurement with the HUAWEI model 
Y5i, we noticed that the relative values of the measured results are very high and are in the 
range of 2,5 to 4,5 m/s2. 
The analyzed studies are by bus and the characteristics of these types of motor vehicles do 
not imply such high values. Additionally, counter-checks through experimentally recorded 
data such as time and speed showed a drastic discrepancy between actual and reported 
accelerations.  
For this reason, other experimental measurements are made that we compared with the 
phone readings to make sure our future developments based on the use of this type of 
application with this brand of phones. Such an inspection would provide security and 
confidence in the results obtained in the future and the research and development related to 
acceleration reporting. For this purpose, we set out to determine under what conditions and 
parameters measurements with this type of meter are real or closest to those obtained from 
a standard instrument. 
 
2.3. Design of experiments 
 
Measurement of the acceleration motion from V0=0 to a certain speed, for example V=30 
km/h, while measuring the time to reach that speed and also the time passed for cross-check 
of the result. From the formula a = dV/dt the average acceleration can be determined. The 
experimental results are tabulated and the results of the phone that were in the CSV file 
format were imported into MS Excel. 
 
2.4. Experiment realization 
 
On a low-loaded, dry flat asphalt road, are plotted a section of 70m in 5m. Length 
measurements are made with a device used to measure distances when analyzing road 
traffic accidents. The initial (starting line) from which the car leaves with V0=0 km/h was 
noted. For the purposes of the experiment, a Bushnell radar brand was used, which is tared 
by the Road Traffic Control (Traffic Police) radar every year. The stopwatch that was used is 
electronic by a cell phone. The experiment involves 4 persons, two of them are in a car and 
two on a pitch of about 80-90m from the starting line. 
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2.5. Tasks of the driver 
 
One of the people in the car is a driver, his tasks by alerting the persons on the ground that 
the team in the car is ready to start the measurement. Measurement includes the following 
elements:  

 Driving a vehicle with an acceleration of 0 to 30, 40 and 50 km/h; 

 Measurement of the acceleration by a phone in the car. 
 

2.6. Tasks of the second member of the team in the car 
 

 Start measurement of the phone's accelerations when triggering a beep; 

 Stop the measurement of the phone when an experiment is terminated; 

 Record the distance traveled by an end-of-experiment signal by visualizing the length of 
the path. 

 
2.7. The team on terrain 
 
The team on terrain, consisting of two people has the following tasks: 

 One of the persons measures radar speed, signals a start by dropping from the vertical to 
horizontal position of the radar, and gives an end-of-experiment signal when it reaches 
the specified speed by lowering the radar vertically downwards; 

 The second member of the team starts and stops the stopwatch of the alerts so 
described, and also records the results of the experiment.  

 
2.8. Order of performance measurements 
 
The vehicle is positioned in the starting position. Upon receiving a signal from the driver, the 
measuring speed rises vertically up the radar. When moving forward to a horizontal position, 
the following actions occur: 

 The stopwatch on terrain is turned on; 

 The accelerometer inside the vehicle is turned on; 

 The car accelerates and retains its own movement until the end of the experiment. 
Upon reaching the pre-planned speed (for example, 40 km/h), the hand of the person holding 
the radar drops down sharply, indicating the end of the experiment. At this point, the 
following actions take place: 

 Turn off the stopwatch; 

 Turn off the accelerometer; 

 The length of the time traveled for the time of the experiment is visually measured. 
The vehicle stops at the field team and the results are recorded in a table (the time elapsed, 
the time and speed remaining on the radar display), and the accelerometer results are 
imported into an email with the corresponding experiment number. 
 
3. RESULTS AND DISCUSSION 
 
Initially, nine measurements were made with three reps at speeds of 30, 40 and 50 km/ h. 
The results of the experiment are presented in Table 1. 
Figure 1 shows the acceleration chart of a vehicle in the first measurement. It appears that 
the acceleration gradually increases at the beginning of the measurement. Then gear and 
stop switching is counted from the mobile phone's accelerometer.  
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Table 1. Results of first measurement 
Speed, 
km/h 

Time, s Distance, m 
Mean reference 

acceleration, m/s
2
 

Mean acceleration from 
mobile phone, m/s

2
 

0-30 3,81 45 2,18 Unsuccessful 

0-30 2,95 35 2,82 7,25 

0-30 3,39 35 2,45 6,33 

0-40 5,97 45 1,86 6,14 

0-40 4,47 45 2,48 6,12 

0-40 4,18 40 2,65 5,97 

0-50 5,05 50 2,85 5,85 

0-50 5,39 60 2,67 Unsuccessful 

0-50 5.21 Unsuccessful 2,77 Unsuccessful 

 

 
 

Figure 1. Car acceleration chart for first measurement 
 
Using the acceleration formula a=V/t, first the velocity is converted to km/h. In m/s with the 
formula 1km/h=1000m/3600s. With 8,3 km/h at 40 km/h; 11,1 m/s, and at 50 km/h 
respectively 14,44 m/s. Thereafter, the velocity and time of each test were calculated and the 
average acceleration for each test was obtained. Every sampling attempt corresponds with 
the sensor measurement of the mobile phone, which is processed with an averaging function 
in MS Excel. 
Due to a discrepancy between the experimental and the phone's sensor results, the 
experiment was repeated as some of the parameters and performance conditions were 
refined. After analyzing the overall performance of the experiment, we came to the 
conclusion that the position of the phone needs to be fine-tuned. The sensor axes in the 
phone must match the axes of gravity and the direction of movement of the vehicle. The 
position of the phone was judged so that at zero acceleration the two graphs on X and Y 
would be on the abscissa axis. to report 0, and Z to report exactly 9,8 m/s2. 
The speedometer (radar) readings are recorded and the actual speed is recorded until the 
end. For example, the speed is measured up to 50 km/h, but the radar has a sealed speed of 
52 km/h. Calculations were made at 52 km/h instead of 50 km/h in the initial measurements. 
The driver also visually monitors the distance traveled, and in case of hesitation between him 
and the person working with the phone, he averaged the result indicated by them. The new 9 
measurements are recorded in Table 2. 
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Table 2. Results of first measurement 

Speed, km/h Time, s Distance, m 
Mean reference 

acceleration, m/s2 

Mean 
acceleration 
from mobile 
phone, m/s2 

0-30 4,25 30 1,96 2,15 

0-30 4,26 20 1,95 1,69 

0-30 4,31 25 1,93 2,17 

0-40 5,89 40 1,88 2,13 

0-40 5,95 45 1,86 2,09 

0-40 6,22 45 1,78 2,15 

0-52 5,29 47,5 2,73 2,91 

0-52 6,01 55 2,40 2,23 

0-54 5,03 45 2,98 3,37 

 
Figure 2 shows the acceleration chart of a vehicle in a second measurement. There are four 
types of suspected comfort disturbances such as rapid braking, lateral acceleration, pumping 
and thrust. 
 

 
 

Figure 2.  
Car acceleration chart for second measurement 

 
The results of the second measurements after the refinements in the measurement 
conditions give grounds to assert that the results obtained are reliable. The differences with 
the results of the experiments are negligible. In our opinion, they are due to inaccuracies in 
natural measurements and not to errors in the sensor on the phone. 
Some preliminary deficiencies can be identified from the preliminary studies that have been 
carried out, without neglecting the fact that some of the reasons are due to the need for the 
driver to comply with the driving situation. 
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4. CONCLUSION 
 
As a result of the experimental measurements, it has been found that the use of mobile 
sensors in the field of acceleration measurement research is possible and justified. In 
practical use of the acceleration sensor, the phone should be positioned correctly, at least in 
the initial position when the measurements begin, for the measurement to be credible. 
It will be good, before using for such purposes, mobile phones, regardless of brand and 
model, to make such measurements and comparisons to make objective results and 
conclusions in scientific developments. 
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Abstract: One of the factors that influence the working time structure in sowing crops with different 
aggregates is the utilization of working time. The study dealt with two seed drills for precise and two 
seed drills for fused sowing. The shift time utilization coefficient in the types of seed drills was 
determined, which is within the admissible limit: the SZU-3,6 τ=0.86; for the Horsch Pronto 6 DC 
τ=0.88 for Gaspardo SP-8 τ=0.92 and for the Kurt PM-8 seed driller τ=0.85. It has been established 
that the field length, its shape and the method of loading the seed drills have an impact on the working 
time structure when sowing crops with different aggregates. It has been established that in order to 
exploit the technical capabilities of the sowing aggregate and to achieve higher productivity and good 
economic performance of the sowing technological operation, the field length of the cultivated area 
under 600 m is economically inexpedient. 
Key words: sеed drills, performance, shift time utilization coefficient, field length, modes of 
movement. 

 

 

1. INTRODUCTION 
 
Sowing is one of the most important technological processes in growing crops. It is also a 
prerequisite for efficient agricultural production [1]. Depending on the timing and the quality of 
its performance, crop yields are largely determined [2, 3]. According to Vasilev, negative 
impact on yield is exerted by both the very early and the late sowing [4]. Also, sowing is a 
technological operation with increased complexity, because in the process of execution 
aggregates need adequate technological servicing. Due mainly to the relatively short 
deadlines for the completion of the operation, conditions are created for using the tractor's 
nominal drawing power only around 0,85 – 0,90 [5]. 
According to Levi, the range within which the total coefficient for utilizing the shift time has to 
be is 0.75-0.80 [5]. In order to reach this range, it is necessary, along with the proper 
assembly of the unit, to take a number of organizational measures, which will reduce idle 
time to the minimum possible. These measures mainly concern the concentration of 
aggregates and their regular supply with seeds and mineral fertilizers. As early as the 
construction of combined seed drills, the volumes of seed and mineral fertilizer hoppers are 
coordinated in such a way that their loading has still to take place at the same place in the 
field [5]. According to other authors, sowing aggregates working in the field must be provided 
with the necessary number of loading vehicles so that their work is not interrupted [6]. 
The non-working moves of agricultural aggregates include the turns performed by the 
aggregates in the field, the moves to the machine service areas and the transitions between 
the fields. The time for making turns is the basis for defining the field machine index and 
fierld efficiency [7]. Reducing it will have a positive effect on the performance of aggregates. 
In the course of sowing, the work move has to be selected along the longer side of the field 
and if possible transversely to the last pre-sowing cultivation. When selecting the direction of 
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the working move, it is planned the seeds in the seedbox of the seed drill to be sufficient for 
one working move minimum [2]. 
The most suitable are fields ranging in size from 800 to 1000 m [2]. With these dimensions, 
the work move utilization rate almost reaches its maximum value and then increases 
minimally as field length changes. This also applies to the unit performance. 
In order to achieve high productivity in larger farms, it is necessary to build appropriate 
aggregate groups of grain loaders and seed drills. With this full use of the performance of 
aggregates has to be achieved. There may be a certain reduction in the productivity of grain 
loaders, but under no circumstances in that of seed drills. On small agricultural farms higher 
productivity can be achieved if several farmers co-operate temporarily during sowing to help 
each other with the available agricultural machinery [2]. 
The objective of this study is to study the work time structure during sowing with various 
aggregates and at different field lengths. 

 
2. MATERIAL AND METHODS 
 
The survey was conducted in 2018 on the fields during the sowing of three crops: wheat, 
corn and sunflower. The type of soil is a typical vertisol. Two seed drills for precise sowing 
and two seed drills for fused sowinf were included in the study. In the table. 1 shows some 
basic technical characteristics of the seed drills used in the study, and in fig. 1 units in which 
the study was conducted. Only when sowing the wheat was the field divided into two for the 
two seeders. 
 
Table 1. Data and basic technical characteristics of seed drills 

No Types of seed drills Make and model Crop 
Working 
width,  

m 

Aggregation 
method 

1 
 

Seed drills for 
precise sowing 

Gaspardo SP-8 Corn 5,6 Mounted 

Kurt PM-8 Sunflower 5,6 Mounted 

2 
Seed drills for fused 
sowing 

SZU-3,6 
Wheat 

3,6 Trailed 

Horsch Pronto 6 DC 6,0 Trailed 

             
One of the parameters affecting the performance of seed drills is the shift time utilization 
coefficient – τ. Through it the efficiency of seed drill utilization can be recorded within the day. 
By time measurement the duration of the following times was recorded: 
Т1 – time for seed drill operation, min;  
T2 – time for idle moves, min; 
T3 – time for loading the seed drill with seeds, min; 
T4 – time for idle time due to technical and technological breakdowns, min;  
Т5 – preparation time, min;  
Т6 – concluding time, min.  
The shift time utilization coefficient within the days was determined by the formula: 
 

654321

11

TTTTTT

T

T

T

O 
      (1) 

 

where 1T  is the actual time when the seed drill is sowing, min; To total working time, min. 
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For both types of seed drills – for fused and precise sowing, the impact of the field length on 
the shift time utilization coefficient at 200, 400, 600, 800 and 1000 m working area lengths 
has been determined by time measurement. The influence of field lengths on wheat sowing 
was carried out at the "Arpa Dere" block, which is shown in Figure 1a, in the sowing of the 
maize grasshopper maize (Figure 1b) and in the sowing of the sunflower was carried out on 
the Ghedeyri block (Figure 1c). The work areas were separated by 200 m, and the time for 
each of the work areas was measured by chronometry and the coefficient of use of the shift 
time of the seed drills was determined. The dimensions of the Arpa Dere unit were 1200 m 
long and 1420 m of the Elbe Deer block and 1150 m of the Ghederry block. 

 

     
            

а)                                         b)                                               c) 
 

Figure 1. Blocks map: 
a) sowing of wheat, b) sowing of corn, c) sowing of sunflower 

 
The mode of movement of the sowing aggregates was a shuttle way with mushroom turns, 
and the coupling unit was a shuttle with pear-shaped turns. Тhe mode of seed drill loading 
was at the end of the headland. 
 
3. RESULTS AND DISCUSSIONS 

 
Table. 2 shows the results of the duration of the individual times of the coefficient of use of 
the seed drilling time. The last column of the table determines the coefficient of use of the 
shift time τ of the seed drills. The results show that the shift time utilization ratio is within the 
permissible: for the seed drill, the SZU-3,6 τ = 0.86; for the Horsch Pronto 6 DC τ = 0.88 for 
Gaspardo SP-8 τ = 0.92 and for the Kurt PM-8 seed driller τ = 0.85. Even it can be 
considered very good because it does not include the time for moving the sowing aggregate 
to the field and returning it back to the farm. 
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Table 2. Duration of the shift time utilization coefficient τ of the seed drills in minutes 

No Types of seed 
drills 

Crop 
Duration, min 

Shift time 
utilization 
coefficient 

 T1 T2 T3 T4 T5 T6 τ 

1 SZU-3,6 
Wheat 

1333.33 133.34 32.22 21.33 24.16 15.35 0.86 

2 Horsch Pronto 6 
DC 

1455.19 125.16 29.14 18.23 18.20 14.22 
0.88 

3 Gaspardo SP-8 Corn 1129.87 112.98 23.45 17.14 32.22 22.25 0.92 

4 Kurt PM-8 Sunflower 1546.20 154.62 20.50 15.33 35.4 29.17 0.85 

 
Taking into account the technical possibilities of the sowing aggregate and the agrotechnical 
requirements for the sowing technology operation, the influence of the field length on the shift 
time utilization coefficient τ for the two types of seed drills was determined - for fusion and for 
precise sowing. This was done at different work area lengths of 200, 400, 600, 800 and 1000 
m. 
Table 3 summarizes the results of the values of the shift time utilization coefficient in sowing 
crops with fused surface (wheat) and the hoeing crops (corn and sunflower). 
 

  Table 3. Shift time utilization coefficient τ in seed drills for precise and fused sowing 

Types of seed drills 

 
Working 
width, 
В, m 

Field length, 
  L,  m 

 
 

Make and model 
 

200 400  600 800 1000 

Seed drills for precise 
sowing 

Gaspardo SP-8 5,6 0,33 0,52 0,63 0,70 0,74 

Kurt PM-8 5,6 0,51 0,69 0,77 0,82 0,85 

Seed drills for fused 
sowing 

SZU-3,6 3,6 0,19 0,36 0,47 0,55 0,61 

Horsch Pronto  
6 DC 

6,0 0,43 0,62 0,71 0,77 0,81 

 
In Figure 2 the relationship between the shift time utilization coefficient and the field length 
when sowing spring crops τ = f (L) has been constructed. It shows that the shift time 
utilization coefficient for the Gaspardo SP-8 seed drill is lower than that of the Kurt PM-8 
seed drill. Since both seed drills had the same working width (B = 5.6 m), the cause for this 
was that the shape of the field at the Gaspardo SP-8 seed drill was irregular. This, in turn, 
has led to a different number of seedbox seedlings because we have different crops (corn 
and sunflower) and different sowing norms. Also, the shape of the field did not change the 
number of turns, but their length. For that reason, the speed of the headland, its type and its 
length was influenced by its influence. 
Figure 3 outlines the dependency between the shift time utilization coefficient and the field 
length when sowing autumn crops (wheat) τ = f (L). Figure 3 shows that there is huge 
difference between both seed drills, i.e. in the Horsch Pronto 6 DC seed drill it is higher that 
the SZU-3,6 drill. This was due to three reasons. The first reason is the work width of the 
seed drills (6,0 m vs. 3,60 m). The second reason was the fact that the SZU-3,6 had smaller 
seed hopper and was loaded more frequently, while the third one was the shape of the fields. 
Also, sowing aggregates have a different kinematic length, which affects the length of the 
curve. 
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Figure 2.  
Effect of the field length when sowing spring crops  

on the shift time utilization coefficient 
 

 
 

Figure 3.  
Effect of the field length when sowing autumn crops 

 on the shift time utilization coefficient 
 

4. CONCLUSIONS 
 
The shift time utilization coefficient in sowing is within the permissible: for the seed drill, the 
SZU-3,6 τ = 0.86; for the Horsch Pronto 6 DC τ = 0.88 for Gaspardo SP-8 τ = 0.92 and for 
the Kurt PM-8 seed driller τ = 0.85 since it does not include the time for moving the sowing 
aggregate to the field and returning it back to the farm. 
It has been established that the field length, its shape and the mode of loading the seed drills 
have an impact on the working time structure when sowing crops with different aggregates. 
In order to exploit the technical capabilities of the sowing aggregate and to achieve higher 
productivity and good economic parameters of the sowing technological operation, field 
length of the cultivated area below 600 m is economically inexpedient. 
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Abstract: This article analyzes the process of changing the concentration of enrofloxacin in blood 
plasma in dogs after a single intravenous injection of the substance. Three mathematical models are 
proposed - algebraic and two models, based on a differential equation of first and second order. 
Identification of their parameters has been performed. Based on Akaike information criterion corrected 
as the best model was chosen the represented by a second-order differential equation. Three 
equations are identified and the exact numerical values of their parameters are obtained. For the 
evaluation and comparison of the three models, Akaike information criterion was used. The best 
results showed the second-order differential model. It will be used in future developments. 
Keywords: mathematical model, pharmacokinetics, enrofloxacin, Akaike information criterion, Korelia.  

 
 
That which is static and repetitive is boring. That which is dynamic and random is confusing.  
In between lies art. John A. Locke (1632–1704), British philosopher and medical researcher 

 
1. INTRODUCTION 

 
Enrofloxacin is an antibacterial drug from the group of fluoroquinolones for use in veterinary 
medicine [2,4]. In [1], the change in its blood plasma concentration in dogs was studied in 
three ways of drug treatment - intravenous and subcutaneous injection and internal 
administration. Algebraic equations of these changes were compiled and their dynamic 
parameters compared. When describing dynamic processes, it is natural to use models 
based on differential equations. The established monotonic concentration change process is 
appropriate to be described with a first or second order differential equation. Of the three 
candidates for a mathematical model, it must be indicated that one meets a pre-selected 
criterion. 
The purpose of this article is to select a mathematical model and assessment criterion that 
best approximates the change in enfufloxacin concentration in blood plasma in dogs after a 
single intravenous injection of the substance. 

 
2. MATERIAL AND METHODS 

 
The methodology for conducting the experiment and reporting the results are outlined in [2]. 
The data is represented by their mean value and standard deviation.  
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2.1. Software used 
 
The data processing and analysis was carried out with specialized software from the 
KORELIA family. The User-Oriented Interface [12] and the Exploration Process Recognition 
module [8,11] facilitate data entry and support the choice of a mathematical model. The 
identified equations [7] can be analyzed and compared by a number of parameters [9] and 
thus find the most appropriate for the particular set [10].  
The minimization of the square error was used as the optimization criterion. A qualitative 
criterion for assessing the proximity of identified parameters to the experimental data of a 
particular model is the coefficient of determination R2.  
Since three models are described with different equations, it is not permissible that their 
proximity to the data be assessed by the determinant factor. Appropriate for this case is 
Akaike information criterion, AIC [3,6]. 

 

When the number of information points N is small compared to K ( 
 

 
     , it is necessary to 

use the corrected version of the Akaike information criterion (AICc) [5, 6].  
 

                  
         

   
  (2) 

 
If N → ∞ the values of the two criteria are approaching. 
In cases where the results of the AICc are very close, it is necessary to use additional criteria 
to assess the models. From AICc, the model's reliability can be calculated (Probability of the 
model -     ). 

 

     
 

          
 

  
(3) 

 
where: 

 
                 

 ,   – numbers of the models compared.  
 
When comparing, the Evidence Ratio (ERI,J) can also be used, representing the relationship 
of the reliability of two compared models: 
 

           
    

    
           (4) 

 
2.2. Mathematical models 
 
Three mathematical models have been identified.  
 

                                                              (
     

 
)          (1) 

 

where: N – number of information points; 
D (Q)2 –  sum of the squares of the verticals 
deviations from each data point to the "optimal" 
approaching curve 
K –  number of identification parameters 
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2.2.1. Algebraic model (Model 1) 
 
In [1], the algebraic model used, which is a solution of the first order differential equation. 
 

 

  
(5) 

 
where: U(t) - a dose of enrofloxacin;  

C0 – initial value. 

 
Identification parameters are: 

 
r – the rate constant of the process; 
K – coefficient of sensitivity. 

 
2.2.2. Differential first-order model (Model 2) 
 

     

  
               

y(0) = C0  - initial condition 
     (6) 

 
where: U(t) - a dose of enrofloxacin 

 
Identification parameters are: 

 
r – the rate constant of the process; 
K – coefficient of sensitivity. 

 
 

2.2.3. Second-order Differential Model (Model 3) 
 
It is presented by the equation: 
 

       

   
       

     

  
                         (7) 

         
 

 
 y(0) = C0   
                            initial conditions 

 
     

  
   

 

  
 

  where: U(t) - a dose of enrofloxacin. 
 
Identification parameters are: 

 
  – damping ratio; 

  – natural frequency; 
K – coefficient of sensitivity. 
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3. RESULTS AND DISCUSSION 
 
KORELIA-Ident software was used to calculate the identification parameters for each of the 
three models. The results are shown in Table 1. 

 
Table 1. Values of the identified parameters of the three models 

 r k     

Model 1 0,2630 0,0042 - - 

Model 2 -0,2360 0,0001 - - 

Model 3 - -0,0880 6,0000 3,4000 

 
Model equations are: 

Model 1                                    (8) 

Model 2 
     

  
                              (9) 

Model 3 
      

   
     

     

  
                            (10) 

The graphs of the models are in Figure 1. 
 

 
 

Figure 1. Changes in enrofloxacin concentration in the three models 
 
Table 2 presents the parameters that are used to compare the three mathematical models. 
The values for R2, quadratic error, AIC and AICc were obtained using the identification 
software. The credibility of the model and the proof coefficient are calculated by formulas (3) 
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and (4). To choose a model, the corrected version of AIC is used, as the N and K research 
processes are relatively close.  
 
Table 2. Comparative parameters of the identified models 

Model R2 
Quadratic 

error 
AIC AICc ΔAICc            

Model 3 0,990 0,027 -2421 -2413    

Model 2 0,986 0,038 -2330 -2326 87,127 1,2037Е-19 830775Е+18 

Model 1 0,996 0,011 -52 -43 2370 0 ∞ 

 
For the „optimal“ model according to the AICc criterion, the one with the smallest value is 
selected. The implementation of this condition is the second-order differential model - 
Model3. The values of PI,J and ERI,J show that the three models differ from one another. 
 
4. CONCLUSION 

 
Based on the experiment, three mathematical models - algebraic, first order differential, and 
second order differential - have been developed describing the change in the concentration 
of enrofloxacin in blood plasma in dogs after intravenous treatment. Three equations are 
identified and the exact numerical values of their parameters are obtained. For the evaluation 
and comparison of the three models, Akaike information criterion was used. The best results 
showed the second-order differential model. It will be used in future developments. 
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Abstract: In the present work an analysis of the separability of hen egg yolks from different 
manufacturers is made using image and spectral processing and analysis techniques. Apparent 
properties of three types of egg yolks were determined and a comparative analysis of these properties 
was made. Discriminant and SVM (Support vector machines) classifiers were used for classification. A 
general classification error with lower values is obtained with the b (Lab) color component. In the 
studies of the spectral characteristics of egg yolks from different manufacturers, the highest accuracy 
of separation of the target areas is obtained with the kernel SVM classifier combined with the kernel 
variant of the principal components. When using this classifier, general classification errors of up to 
1% were obtained. The results confirm the hitherto known research in this area because the major part 
of the chicken egg yolk properties studied are visible properties that can be analyzed in the visible 
spectrum of the reflected light. 
Keywords: color components, spectral characteristics, egg yolks, classifiers. 
 
 
1. INTRODUCTION 
 
In recent years, due to the increasing competition in the egg market, attention has been paid 
to certain qualitative indicators to increasingly satisfy end-user preferences. In particular, 
commercially available eggs are eaten with a certain color of yolk. According to surveys 
made in European Union countries (France, Germany, Italy, Great Britain, Spain, Poland and 
Greece), consumers have marked the color of yolk as one of the main parameters for 
assessing egg quality [4, 8, 13]. 
The results of the research are varied and give specific guidelines and recommendations to 
bird poultry feeders to achieve the desired egg yolk color and maintain it for a long time to 
meet the ultimate goal of meeting the requirements of end users. 
In order to accomplish this task, preliminary analyzes of the separability of eggs by the 
different producers are required by color characteristics and spectral characteristics. The 
absence of such an analysis would lead to an increase in measurement errors in the 
application of these methods for rapid and non-destructive assessment of the quality of eggs. 
Taking this into account, the main objective of this article is to evaluate the possibility of 
using color and spectral characteristics of egg yolks to distinguish hen eggs using statistical 
methods by analyzing existing relationships between statistical assessments of different 
color and spectral characteristics of eggs from different manufacturers. 
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2. RELATED WORKS 
 
When samples of egg yolks corresponding to 8, 10, 12 and 14 of the DSMYFF Vessel 
Venture (DSMYCF) 8, 10, most of the surveyed users in European studies express a 
preference for the darkest colors. They also believe it is important that all eggs in one 
package have the same or similar yolk color, given that the homogeneity of the eggs is an 
indicator of consistently good quality [20,21,22]. DSM Yolk Color Vetch (DSMYCF) is widely 
used by egg producers as a standard for measuring yolk color as a routine and reliable tool. 
Each part of the fan has a color that is objectively measured and can be reproduced. By 
using the fan to determine the desired yolk color and the corresponding feeding of the hens, 
the color of yolk can not only be achieved but can also be reproduced again [6]. As with all 
other birds and laying hens, the color of yolk is predominantly determined by the content and 
profile of pigmentation carotenoids present in the diet. Thus, once the yolk color or DSMYCF 
is determined, it is a relatively easy process to control by specifying / formulating the food 
and the carotenoid content of the feed required to achieve this goal [27,30]. 
Carotenoids can be included in nutrition using certain raw materials, such as corn or grass 
meal, or the inclusion of specific feed additives. Thus, the nutritionist can determine, on the 
basis of the local costs and availability of the raw material and the desired yolk color, a cost-
effective approach to producing the eggs of the color needed to meet the quality criteria 
demanded by consumers. There are three major yellow carotenoids (lutein, zeaxanthin and 
apoester) and three major red carotenoids (canthaxanthin, citranxanthin and capsantin / 
capsorubin) used for egg yolk pigmentation, each of which has unique properties (eg color 
shades and deposition efficiency - proportion of food intake that is absorbed and deposited in 
egg yolk), which determines the effectiveness of its pigmentation [13]. The primary criterion 
for yellow carotenoids is to provide a strong yellow base that is important for developing a 
good end color. The most important characteristic of the yellow carotenoids during the 
saturation phase is their deposition efficiency, which is approximately three times greater 
than that of lutein or zeaxanthin (about 10-20% ). Thus, three times more lutein / zeaxanthin 
than apoester is added to the feed to ensure the same degree of yellow pigmentation in the 
egg yolk [10]. 
Red carotenoids are the main reason for the development of a golden yellow color in yolk, 
both the depositional efficacy and the color properties of individual carotenoids are important. 
The effectiveness of canthaxanthin deposition is significantly higher than that of citranxanthin 
or capsantin/ capsorubin. Different studies investigate the effect on egg yolks of the following 
plant foods: dried grain distilleries [28]; marigold [15]; alfalfa, marigold and tomato [16]; sweet 
green pepper [28]. It seeks a certain effect on the color of yolk when adding to the normal 
diet a certain percentage of crops and other additives. Research varies from country to 
country by seeking lower costs, using certain plant species and other additives. 
Effects on the yolk color of various dietary supplements such as lutein, spray-dried chlorella 
and synthetic carotenoids are also studied [12]; heterotrophic chlorella [19]; low DDGS dried 
beans [10]; vegetable oils rich in polyunsaturated fatty acids [13]. Studies related to changes 
in quality and yolk color are also directed to: irradiation [24]; rheological measurements [20]; 
enrichment with omega-3 and carotene [3]; the influence of egg shell color on the level of 
antibodies in egg yolk [5]. 
In addition to DSM Yolk Color method (DSMYCF), which is recommended for handling, 
comparing and presenting information related to egg yolk color, other used technical means 
are: colorimetric, chromometer, spectrophotometer, micrometre, chromatograph. Information 
is usually processed by: texture profiling and sensory analysis, chemical analysis, liquid and 
gas chromatography, differential scanning colorimetry. 
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The method for determining the protein content of eggs in a spectrophotometric manner [1,3] 
is suitable for egg yolks and for proteins. Remove egg yolk or egg whites and stir until 
homogeneous. Figure 1 shows a graph for determining the protein content of eggs in their 
absorption at three wavelengths of 540, 595 and 750nm. 
 

 
 

Figure 1. Graphical Determination of Protein Content in Eggs 
 
The three wavelength absorption transformation models are: 
 

     
           

      
         

           

      
         

           

      
 (1) 

 
where with Axxx is the absorption at a given wavelength. 
A method for determining carotenoid content in eggs is known. With this method, the egg 
yolks are separated and mixed until homogeneous. Take 1 cm3 of the liquid, transfer to a 50 
cm3 volumetric flask and make up to the mark with ethyl alcohol. The resulting solution was 
stirred and filtered. The filtrate is used to determine the optical density (absorption) of a 
spectrophotometer at a wavelength of 450nm. As a control sample to reset the 
spectrophotometer, ethyl alcohol is used. 
The content of carotenoids is calculated by the formula: 
 

                     
  

   
 (2) 

    
where D is the optical density of the solution; 0.00208 - the amount of carotene in mg 
corresponding to the coloring of the standard sample; a - dilution of the solution, cm3 (a = 
50). 
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From the review of literary sources, it has been found that there is a need to carry out a more 
in-depth analysis of the known methods and approaches that have been applied so as to 
improve and facilitate the classification process for introduction into automated systems.  

 
3. MATERIAL AND METHODS 
 
Eggs from laying hens from three Bulgarian manufacturers were analyzed. Eggs are 
purchased commercially. Measurements of 30 eggs from each manufacturer were made, 
totaling 90 eggs. 
Color digital images with a Prestigio MultiPad Wize 3407 (PRESTIGIO.COM) tablet video 
camera are captured, with a resolution of 640x480 pixels and a 24-bit color depth. 
Colorimetric measurements were made using a Lenovo A2010 (Lenovo Group Ltd.) mobile 
phone and an Android application, ColorMeter Free - color picker (VisTech.Projects Inc.). 
The egg is placed on a background that is in contrast to the yolk color. 
Examples of color digital images of the three manufacturers egg yolks of the present work, 
conventionally designated as P1, P2 and P3, are shown in Figure 2. 
 
 

   
 

a) P1 
 

b) P2 
 

c) P3 
 

Figure 2. Egg yolks from different manufacturers 
 
Three color models are used RGB, Lab, LCH [17,18,25]. 
Distance functions between color components are used: Mahalanobis, Euclidean distance, 
Cityblock distance, Chebychev distance and Fisher discriminant ratio: 

 
Mahalanobis (Mah) 
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Chebychev (Cheb) 
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Fisher discriminant ratio (FDR) 
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where C is a covariance matrix; x and y are the compared vectors; max - maximum; SD - 
standard deviation. 
The obtaining of spectral characteristics of egg yolks was done by converting LMS model 
values into reflectance spectra in the VIS range, in the range 390-730nm, by mathematical 
dependencies where conversion is possible in both directions of equality [14]. 
Mathematical dependencies for conversion from RGB to spectra in the visible spectral range 
(SVIS) are: 

             
 

(8) 
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(13) 

where M is a matrix for transformation under the specified observer and illumination 
conditions. XYZ conversion functions are used to the LMS color model [9]. A(λ) is a matrix for 
color transformation to reflectance spectra in the VIS range, according to observer used and 
illumination. These matrices are available in [23] for the VIS range. 
The transmission T% is the percentage of emitted light that passed through the sample and 
has fallen on the detector. T%=log (1/R), where R is the reflection. 
Absorption of light Abs, AU (optical density) is the light dimming in passage and through 
substance due to absorption and consumption of part of the light energy A=2-log(T%). 
Reverse conversion to transmission is T%=100.(10^-A). 
The conversion functions applied are 10° observer (Stiles and Burch 10o, RGB (1959)) and 
illumination D65 (average daylight with UV component (6500K)). 
The methods used for spectral characteristics data reduction are: area under curve, major 
components, latent variables and kernel variant of major components. 
An "area under curve" (AUC) coefficient [34] was used to describe the spectral 
characteristics of the object areas. AUC criterion is used to identify processes to compare 
them. It is defined in the interval [a,b] as: 
 

    ∫  ( )  
 

 

 (14) 

 
Latent variables (LV) obtained by partial least squares regression (PLS) [25]. PLS (Partial 
least-squares) regression is a technique used for data that contains correlated predictive 
variables. This technique constructs new predictive variables known as components as a 
linear combination of the original predictive values. PLS constructs these components by 
assuming the observed values, resulting in a more accurate model with better forecasting. 
In the principal components analysis (PCA) [25,26,31], the extraction of characteristic 
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properties is a transformation of the original data with all of its variables into a sample of 
reduced ones. All measurements or variables that are designed in a small size area are 
used. The reasons for the extraction of characteristic properties are as follows: 

 Decrease the bandwidth of input data; 

 Provide fewer features of accelerating classification; 

 To obtain a smaller amount of data (ideally two dimensions) with minimal loss of 
information, and thus the data is better visualized. 

The principal component analysis (PCA) creates an orthogonal coordinate system where the 
axes are arranged according to the dispersion in the original data to which the corresponding 
major component and the dispersions and the principal values are related. In the covariate 
data matrix: 

    (   ̅) (   ̅)  (15) 
 
The covariance matrix sums the dispersions in the data, its own vectors show the main 
directions of the dispersion, and the associated eigenvalues give the amplitude of the 
dispersion around these axes. The proprietary vectors of the covariate matrix K bind as the 
main axis or principal components of the data dispersion. The analysis of the principal 
components uses an analysis of K's eigenvectors to find a reduced amount of space. 
One of the widely used pattern-based learning methods (manifolds) is the kernel variant of 
PCA (kPCA). It is an expansion of the PCA using kernel techniques. Using a single kernel, 
the original kPCA transformation takes place in a new space of high dimension (reproduction 
kernel Hilbert space) with non-linear mapping of the input data. 
The PCA starts with the calculation of the matrix C of the matrix X of the input data mxn: 
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The data is then projected onto the first k own vectors of the matrix. kPCA begins with the 
calculation of the data matrix C matrix once they have been transformed into a high-
dimensional space Φ(x): 
 

  
 

 
∑ (  ) (  )

 

 

   

 (17) 

 
Thereafter, the transformed data is projected on the first matrix k eigenvectors, similar to the 
PCA. The Kernel trick method is used to decompose part of the calculations so that the 
whole process can be realized without actually calculating Φ(x). Φ should be chosen as a 
known kernel. 
Naive Bayes classifier [2,32]. One of the classical algorithms in machine learning is the Naive 
Bayse Classifier, which is based on the Bayes theorem for determining the apisterior 
probability of an event occurring. Assuming the "naive" assumption of conditional 
independence between each pair of features, the Naive Bayes' Theorem: 
 

 (   | )  
 ( |   ) (   )

 ( )
 (18) 

 
where P(y=c|x) is the probability that the object belongs to class c (aposthorial probability of 
the class); P (x|y=c) - the probability that the object x encounters in the middle of the object 
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of the class with; P(y=c) - unconditional probability of encountering object y in class with (a 
priori class probability); P(x) - unconditional probability of the object x. 
The purpose of the classification is to determine the class to which the object x belongs. 
Therefore, it is necessary to find a probabilistic class of object x, ie. it is necessary for all 
classes to choose the one that gives the maximum probability Р(у=c|x). 
 

     
      
   

  ( |   ) (   ) (19) 

 
The discriminant function analysis used is a multidimensional data analysis that is applied 
when there is a need to "predict" the values of a clustering variable. This is also called 
classification or image recognition. Linear discriminant analysis constructs linear 
discriminative functions from predictors. The goal is to obtain a rule for assigning a new 
observation to a class. Assigning or "allocating" to a certain class of characteristics is also 
necessary for the present development. The following separation functions are used in the 
discriminative analysis: 

 Quadratic - a quadratic discriminant function (second degree), distributes multivariate 
normal density data by calculation of covariance and collects them in a group; 

 Diagquadratic - similar to the quadratic separating function, but uses the calculation of a 
covariance matrix diagonal (diagonal non-linear separating function); 

 Mahalanobis - divides the data into groups by distance from Mahalonobis defining 
covariance in the data. 

The other classifier used is the support vector machines (SVM) method [11,33], which is a 
model with teacher training and related algorithms for data analysis used for classification. In 
a learner, each element is associated with one of two categories, and the trainer algorithm 
builds a model in which the data is transformed into a new space. The created model 
represents the data in the new space so that there is separation between them. 
The SVM analysis method uses the following separation functions: 

 Quadratic - a quadratic separating function (second degree), distributes multivariate 
normal density data by calculation of covariance and collects them in a group; 

 Polinomial - polynomial separating function; 

 RBF - a separation function defined by radial basis elements. 
The evaluation of the performance of the classifiers used is based on a general classification 
error, which is described by the formula: 
 

  
∑ (∑        

 
   ) 

   

∑ ∑    
 
   

 
   

       (20) 

 
where yik is the number of class i samples classified by classifier in class k; yii - number of 
correctly recognized samples; k = 1... n - number incorrectly assigned to a class i relative to 
the total number of samples; n - number of classes. 
Verification of normal data distribution was performed according to [7]. All calculations are 
made at a level of significance α = 0,05. 
 
4. RESULTS AND DISCUSSION 
 
An analysis of the color and spectral characteristics of egg yolks from different manufacturers 
was made. Color components are used. Spectral data is reduced by area under curve, latent 
variables and principal components. A naive Bayes, discriminant and SVM classifiers were 
used to analyze the reduced spectral data, depending on the egg manufacturer. 
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Figure 3 show the color components of the RGB, Lab and LCH color models of egg yolks 
from three manufacturers obtained with a video camera. An overlap of color component data 
is observed. Lab and LCH color models can be distinguished by manufacturer data 1. 

 

 
 

Figure 3a.  
Color components obtained with a video camera. RGB model 

 

 
 

Figure 3b.  
Color components obtained with a video camera. Lab model 
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Figure 3c.  
Color components obtained with a video camera. LCH model 

 
Similar results are obtained with the colorimeter measurements. Figure 4 shows the color 
components of RGB, Lab, and LCH color models of egg yolks from three manufacturers. As 
with video camera data, the Lab and LCH color models show a separability for 
manufacturer's egg yolks 1 and a strong overlap for manufacturers 2 and 3. 

 

 
 

Figure 4a.  
Color components obtained with a colorimeter. RGB model 
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Figure 4b. Color components obtained with a colorimeter. Lab model 
 

 
 

Figure 4c. Color components obtained with a colorimeter. LCH model 
 
Table 1 gives a mean and standard deviation (SD) of color components of egg yolks of 
different manufacturers (P1, P2 and P3). The table shows that the color components 
measured with the video camera and the colorimeter are close. Large coefficients of variation 
(CV=SD/mean), with over 30%, are mainly obtained with the RGB color model. This color 
model is not recommended for analysis because it is hardware dependent [18]. Lab and LCH 
color models are suitable because L (Lightness) does not affect color [9]. 
A study has been made on the distinction between egg yolks from three manufacturers by 
their color components. Table 2 lists the results of distance functions based on data obtained 
with the video camera. Between manufacturer 1 and 3, the distance values, regardless of the 
function used, are the largest. The distances between the color components for 
manufacturers 2 and 3 are significantly lesser. There are also lesser ones between 
manufacturers 1 and 2. 
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Table 1. Data of the color components used 
  Manufacturer 

Color  
component  

P1,  
mean±SD 

P2,  
mean±SD 

P3,  
mean±SD 

VC C VC C VC C 

RGB 

R 234,37±15,47 238,32±15,16 233,65±16,62 240,08±16,47 238,90±12,03 244,53±9,14 

G 140,29±37,13 139,83±25,50 145,34±14,51 146,95±24,54 146,03±13,08 158,90±16,47 

B 98,22±32,45 86,53±31,58 60,33±16,73 69,13±20,63 18,65±22,61 40,08±30,50 

Lab 

L 67,78±10,21 66,35±5,75 68,21±4,34 67,71±5,17 68,78±3,88 70,16±3,97 

a 31,97±13,36 28,47±9,56 26,70±8,26 24,91±8,18 27,43±6,26 20,88±5,25 

b 37,94±7,92 36,75±9,17 56,69±7,23 46,23±5,82 69,73±7,37 55,25±7,31 

LCH 

L 67,78±10,21 66,35±5,75 68,21±4,34 67,71±5,17 68,78±3,88 70,16±3,97 

C 51,14±9,36 47,65±8,04 63,04±8,51 52,98±7,15 75,23±6,96 59,42±6,19 

H 51,36±15,32 52,18±0,12 65,38±7,05 62,21±0,07 68,41±5,24 68,94±0,06 

VC-video camera; C-colorimeter; mean-arithmetic mean; SD-standard deviation 

 
Table 2. Distances obtained from video camera data 

Manufacturer 
Color model RGB Lab LCH 

Distance function R G B L a b L C H 

P1-P2 

Mah 1,74 1,76 1,75 1,77 1,66 1,65 1,77 1,69 1,63 

Eu 27,81 47,34 44,01 13,36 18,01 12,39 13,36 14,82 18,20 

Cb 34,79 57,23 54,72 16,16 22,80 15,16 16,16 18,79 22,38 

Mink 27,81 47,34 44,01 13,36 18,01 12,39 13,36 14,82 18,20 

Cheb 25,41 44,51 40,46 12,52 16,26 11,52 12,52 13,36 16,93 

FDR 0,00 0,02 1,08 0,00 0,11 3,05 0,00 0,88 0,69 

P1-P3 

Mah 1,76 1,76 1,74 1,76 1,73 1,65 1,76 1,76 1,71 

Eu 24,23 46,38 48,79 13,00 17,35 12,59 13,00 14,51 17,72 

Cb 30,35 55,47 58,85 15,67 21,02 15,29 15,67 17,88 20,79 

Mink 24,23 46,38 48,79 13,00 17,35 12,59 13,00 14,51 17,72 

Cheb 22,09 43,87 45,20 12,24 16,31 11,77 12,24 13,32 17,01 

FDR 0,05 0,02 4,04 0,01 0,09 8,62 0,01 4,26 1,11 

P2-P3 

Mah 1,75 1,77 1,71 1,77 1,69 1,69 1,77 1,67 1,71 

Eu 25,03 24,39 33,45 7,28 12,26 12,33 7,28 12,79 10,46 

Cb 31,33 31,02 40,60 9,20 15,51 15,27 9,20 15,67 13,29 

Mink 25,03 24,39 33,45 7,28 12,26 12,33 7,28 12,79 10,46 

Cheb 22,89 21,98 31,24 6,60 11,11 11,36 6,60 11,85 9,42 

FDR 0,07 0,00 2,19 0,01 0,01 1,59 0,01 1,23 0,12 

Mah-Mahalanobis distance; Eu-Euclidean distance; Cb-cityblock distance; Mink-Minkouski Distance; Cheb-Chebichev distance; 
FDR-Fisher discriminant ratio 

 
Table 3. Distances obtained by colorimeter data 

  RGB Lab LCH 

 
  R G B L a b L C H 

P1-P2 

Mah 1,74 1,76 1,75 1,77 1,66 1,65 1,77 1,69 1,63 

Eu 27,81 47,34 44,01 13,36 18,01 12,39 13,36 14,82 18,20 

Cb 34,79 57,23 54,72 16,16 22,80 15,16 16,16 18,79 22,38 

Mink 27,81 47,34 44,01 13,36 18,01 12,39 13,36 14,82 18,20 

Cheb 25,41 44,51 40,46 12,52 16,26 11,52 12,52 13,36 16,93 

FDR 0,00 0,02 1,08 0,00 0,11 3,05 0,00 0,88 0,69 

P1-P3 

Mah 1,76 1,76 1,74 1,76 1,73 1,65 1,76 1,76 1,71 

Eu 24,23 46,38 48,79 13,00 17,35 12,59 13,00 14,51 17,72 

Cb 30,35 55,47 58,85 15,67 21,02 15,29 15,67 17,88 20,79 

Mink 24,23 46,38 48,79 13,00 17,35 12,59 13,00 14,51 17,72 

Cheb 22,09 43,87 45,20 12,24 16,31 11,77 12,24 13,32 17,01 

FDR 0,05 0,02 4,04 0,01 0,09 8,62 0,01 4,26 1,11 

P2-P3 

Mah 1,75 1,77 1,71 1,77 1,69 1,69 1,77 1,67 1,71 

Eu 25,03 24,39 33,45 7,28 12,26 12,33 7,28 12,79 10,46 

Cb 31,33 31,02 40,60 9,20 15,51 15,27 9,20 15,67 13,29 

Mink 25,03 24,39 33,45 7,28 12,26 12,33 7,28 12,79 10,46 

Cheb 22,89 21,98 31,24 6,60 11,11 11,36 6,60 11,85 9,42 

FDR 0,07 0,00 2,19 0,01 0,01 1,59 0,01 1,23 0,12 

Mah-Mahalanobis distance; Eu-Euclidean distance; Cb-cityblock distance; Mink-Minkouski Distance; Cheb-Chebichev distance; 
FDR-Fisher discriminant ratio 
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Table 3 lists the results of distance functions based on data obtained with a colorimeter. The 
results match those obtained from video camera data. With the largest distance values, the b 
(Lab) and C (LCH) color components are distinguished. These components will be used to 
assess the separation between the yolk color of different manufacturers. 
Figure 5 shows classification results with a naive Bayesian color classification of egg yolks 
for manufacturers 2 and 3. For these two manufacturers, as shown in the previous analyzes, 
data overlap is greatest. Significant overlap is observed with the selected C (LCH) color 
component, whereas for b (Lab) it is less. An analysis needs to be made by assessing 
classification errors to determine the possibility of data separability from the three 
manufacturers on color components describing the yolks of the eggs produced by them. 

 

  

a) b (Lab) b) C (LCH) 
 

Figure 5. Results of a naive Bayesian classifier by color components 

 
Tables 4, 5 and 6 show general classification errors with Naive Bayes classifier, Discriminant 
Analysis, and SVM by color components. The two selected color components b (Lab) and C 
(LCH) were used to represent the data. The error resulting from the separability of egg yolks 
in 1 and 2 manufacturers is up to 16%, while in the 3rd, the inaccuracy observed in the 
classification is more than 20%. It can be seen that there is a strong differentiation between 
the two classes, mainly for the first and third manufacturers. Similar results were obtained 
using discriminant and SVM classifiers. The separability between yolks of different 
manufacturers in the selected color components has a general classification error of 5-16% 
with discriminant analysis and 2-14% using SVM. 
 
Table 4. General classification error with naive Bayesian classifier by color components 

Manufacturer 
Color component 

P1-P2 
e, % 

P1-P3 
e, % 

P2-P3 
e, % 

b (Lab) 16% 1% 14% 

C (LCH) 18% 2% 21% 

P1, P2, P3-manufacturers 
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Table 5. General classification error with a discriminant classifier by color components 
Color component b (Lab) C (LCH) 

Manufacturer 
Discriminant  
function 

P1-P2 
e, % 

P1-P3 
e, % 

P2-P3 
e, % 

P1-P2 
e, % 

P1-P3 
e, % 

P2-P3 
e, % 

Q 16% 5% 14% 16% 8% 14% 

DQ 15% 5% 14% 16% 8% 14% 

M 16% 5% 14% 16% 8% 14% 

Q-quadratic; DQ-diagonal-quadratic; M-Mahalanobis; P1, P2, P3-manufacturers 

 
Table 6. General classification error with SVM classifier by color components 
Color component b (Lab) C (LCH) 

 Manufacturer 
 

Function 

P1-P2 
e, % 

P1-P3 
e, % 

P2-P3 
e, % 

P1-P2 
e, % 

P1-P3 
e, % 

P2-P3 
e, % 

Q 13% 2% 11% 14% 6% 12% 

Poly 12% 2% 11% 14% 6% 12% 

RBF 13% 2% 11% 14% 6% 12% 

P1, P2, P3-manufacturers; Q-quadratic; Poly-polynomial; RBF-radial basis function 

 
Verification has been made of the separability between egg yolks from three manufacturers 
on their spectral characteristics. Figure 6 shows spectral characteristics of yolks from three 
manufacturers. The spectral characteristics of reflection, transmission and absorption for 
individual manufacturers overlap. For this reason, the averaged spectra are displayed. 

 

 
 

Figure 6a.  
Spectral characteristics of egg yolks from different manufacturers.  

Reflection  
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Figure 6b.  
Spectral characteristics of egg yolks from different manufacturers.  

Transmission  

 

 
 

Figure 6c.  
Spectral characteristics of egg yolks from different manufacturers.  

Absorption 
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Functions are provided to reduce the spectral characteristics data. Figure 7 shows results of 
methods for reducing the spectral characteristics data. When using area under curve (AUC), 
linear principal components and latent variables, there was a greater overlap of the 
experimental data compared to those obtained with the kernel variant of principal 
components. The main reason for this is that in the first three methods, the obtained reduced 
data are close to the real spectral characteristics [25]. 
 

  
 

a) AUC 
 

 

b) LV 
 

 
  

c) PC d) kPC 
 

Figure 7. Spectral Data Reduction. 
AUC-area under curve; LV-latent variables; PC-principal components; kPC-kernel PCA 

 
As can be seen from the results presented, a large overlap is observed between the data for 
manufacturers 2 and 3. For this reason, a preview of the Bayes classifier's work with this 
data is presented here. Figure 8 shows the results of a naive Bayes classifier. The figure 
shows that the separation between the two manufacturers was observed using a kernel 
variant of principal components. In all other cases, the most overlapping of the experimental 
data is obtained. 
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a) AUC 
 

b) LV 
 

  

c) PC d) kPC 
 

Figure 8.  
Results of a naive Bayesian classifier on reduced spectral data. 

AUC-area under curve; LV-latent variables;  
PC-principal components; kPC-kernel PCA 

 
Tables 7, 8 and 9 represent the results of classification with naive Bayes classifier, 
discriminant analysis and SVM. The use of a Bayesian classifier shows low values of the 
general classification error with the kernel PCA data representation method between the 
three manufacturers. Good results are obtained by separability performed with nonlinear 
discriminant analysis and SVM kernel variant combined with the kernel variant of the 
principal components. With the other three data visualization models, the base classifier 
shows an inaccuracy of class attrition significantly exceeding 20%. 
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Table 7. General error on naive Bayesian classifier by reduced spectral data 

 Data reduction method 
 

Manufacturers  

AUC 
e, % 

LV 
e, % 

PC 
e, % 

kPC 
e, % 

P1-P2 37% 8% 41% 0% 

P1-P3 34% 10% 30% 0% 

P2-P3 32% 35% 55% 1% 

P1, P2, P3-manufacturers; AUC-area under curve; LV-latent variables; PC-principal components; 
kPC-kernel variant of PC 

 
Table 8. General Classification error on Discriminant Classifier by reduced spectral data 
Data reduction method LV kPC 

Manufacturer 
 

Discriminant function 
P1-P2 P1-P3 P2-P3 P1-P2 P1-P3 P2-P3 

Q 25% 25% 33% 2% 2% 2% 

DQ 25% 23% 32% 0% 0% 0% 

M 48% 23% 47% 0% 0% 0% 

P1, P2, P3-manufacturers; LV-latent variables; kPC-kernel variant of principal compoents; Q-
quadratic; DQ-diagonal-quadratic; M-mahalanobis 

 
Table 9. General Classification error on SVM Classifier by reduced spectral data 
Data reduction method LV kPC 

Manufacturer 
 

Function 
P1-P2 P1-P3 P2-P3 P1-P2 P1-P3 P2-P3 

Q 15% 6% 25% 1% 1% 1% 

Poly 0% 1% 3% 0% 0% 0% 

RBF 0% 1% 1% 0% 0% 0% 

P1, P2, P3-manufacturers; LV-latent variables; kPC-kernel variant of principal compoents; Q-
quadratic; Poly-polynomial; RBF-radial basis function 

 
5. CONCLUSION 
 
Image-processing and image analysis techniques have revealed for visible properties of 
three types of egg yolks and a comparative analysis of these properties has been made. A 
similarity of the color characteristics of products from different manufacturers has been 
established. 
Using a naive Bayes classifier with the two selected color components to represent the data, 
a general error of classification with lower values was obtained with b (Lab) and C (LCH) 
color components in separability of egg yolks from different manufacturers. It is from 1% to 
21% with these two color components. 
Using discriminant and kernel variants of SVM classifiers for data analysis, they show good 
data separation with a general error of up to 12% using non-linear separating functions. It is 
inefficient to use a quadratic separating function in data separation by the three 
manufacturers, with an inaccuracy of up to 14% regardless of the color component used to 
represent the data. 
In the studies of the spectral characteristics of egg yolks from different manufacturers, the 
highest accuracy of separation of the target areas is obtained with the kernel SVM classifier 
combined with the kernel variant of the principal components. When using this classifier, 
general classification errors of up to 1% were obtained. When using a kernel variant of 
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principal components, the two groups of points corresponding to the spectral characteristics 
of egg yolks from different manufacturers are sufficiently compact and spaced apart, which 
explains the results obtained for separating these areas using the classifiers used. 
The results of the data separability study within a particular class indicate that better results 
are obtained in the studies based on spectral data in the visible range. The results confirm 
the hitherto known research in this area because the major part of the chicken egg yolks 
properties studied are visible properties that can be analyzed in the visible spectrum of the 
reflected light. 
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Abstract: In the article an analysis of yoghurt with the addition of the bio-active substances bee honey 
and bee pollen was made. The possibilities for predicting the active acidity of the dairy product by 
amplitude of ultrasonic signal during storage have been explored. An experimental setup consisting of 
an ultrasound system, an oscilloscope and a personal computer with ultrasound processing software 
has been used. The results obtained show that ultrasound characteristics are a suitable tool for 
yoghurt storage analysis. They implement HACCP recommendations for the use of non-contact 
measurement methods because they meet the requirement of hygienic measurement standards as 
they do not affect the structure and composition of yogurt when measured. 
Keywords: yogurt, storage, bee honey, bee pollen, ultrasonic characteristics. 
 
 
1. INTRODUCTION 
 
The assessment of the quality of dairy products by traditional methods includes expert 
assessment, chemical and microbiological analyzes. These laboratory methods require 
appropriate measurement conditions, specialized equipment and qualified personnel [8]. 
The hygienic measurement of dairy products is one of the important issues set in the Hazard 
Analysis and Critical Control Point (HACCP) system. Contactless methods are a suitable 
alternative to traditional methods for measuring milk product parameters at different stages of 
production. In addition, most of the methods for assessing the quality and condition of dairy 
products include laboratory tests requiring breakage of the measured material and/or time-
consuming and labor-intensive requiring highly qualified staff [10]. 
The development of computer equipment and mathematical modeling allows for the 
development of effective data processing and analysis methods for dairy products obtained 
with non-contact measuring devices [9, 15]. 
Gan et al. [5] offer a contactless ultrasonic system to monitor the coagulation of fresh milk 
and a dairy drink with strawberries. A drawback in this study is that the reference measure of 
active acidity is made with litmus paper. It is necessary to make a precise measurement to 
establish the relationship between the pH and the parameters of the ultrasound signal. 
Alouache et al. [1] offer an ultrasound system for monitoring coagulation of yogurt. The 
authors point out that the ultrasound signal speed is an inappropriate parameter for tracing 
the fermentation process, because in the search for a link between it and the active acidity 
there is a great uncertainty in the measurements. The disadvantage of the system proposed 
by these authors is that it uses a contacting method of measurement. 
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From a review of available literature, it has been found that the ultrasonic noncontact 
measurement method is suitable for analyzing dairy products at various stages of their 
production. By this method the recommendations for hygienic production can be fulfilled. The 
parameters of the ultrasound signal correlate to a great extent with the physico-chemical and 
organoleptic characteristics of the dairy products. On the other hand, few published results 
are related to the use of non-contact ultrasonic sensors to track the change in the quality 
indicators of dairy products during storage. On the state of the art of technics technology 
there is a publicity activity related to the use of bio-active substances in dairy products in 
order to increase their positive effect on human health. The use of ultrasound techniques to 
analyze these products during storage is poorly affected. The measurement method has the 
potential because it is a suitable tool in the development of dairy production technologies 
with a potential positive effect on human health. 
The aim of the present work is to analyze the possibility of applying an ultrasonic contactless 
sensor when assessing the quality of dairy products with added bio-active substances during 
their storage. 
 
2. MATERIAL AND METHODS 
 
The studied dairy products with the addition of bio-active substances are yogurt with added 
bee products. They are derived from the classical Bulgarian yoghurt technology (BNS 
12:2010). For their preparation, lyophilized yeast (Lactina Ltd., Bulgaria) containing local 
strains of lactic acid microorganisms from the group of Streptococcus thermophilus and 
Lactobacillus delbrueckii ssp. Bulgaricus. Bee products purchased commercially - honey 
(complying with EU Council Directive 2001/110/EC) and bee pollen (according to Ordinance 
No.9, 2005) were used. 
Prior to incorporation into yoghurt, bee pollen is treated with UV light in laminar box Nuve MN 
090 (Nuve Sanayi Malzemeleri Imalat, Turkey). 
The yogurt with addition of bee products have an active acid pH-potentiometrically 
determined by a pH meter (Model MS 2011, Microsyst, Plovdiv, Bulgaria) equipped with an 
electrode (pH electrode Sensorex, Garden Grove, CA, USA). 
To obtain the ultrasound characteristics a laboratory system was developed, developed in 
the Department of Electrical Engineering, Electronics and Automation of the Faculty of 
Technology and Technologies of Yambol, Bulgaria [18]. It consists of an ultrasonic system 
based on the HC-SR04 sensor (Changzhou Manorshi Electronics Co., Ltd.) and Itead 
Leonardo single board computer (ITEAD Intelligent Systems Co.Ltd), a UNI-T UTD2025CL 
oscilloscope (TIPA, Ltd.) and a personal computer with software for processing ultrasound 
features. The distance to receive the features is 35cm from the sensor to the subject. 
Measurements were made with three replications. All data obtained were processed at a 
level of significance α=0,05. 
Residuals analysis was performed. In this analysis, the difference between the real data and 
the linear model is determined. The resulting differences are then plotted along the vertical 
axis, and the horizontal values of the independent variable pH. If the resulting graph has a 
normal distribution around the zero horizontal axis, a first-order model may be used to 
describe the measured data. In the other case, if the resulting residue graph is nonlinear, it is 
expedient to describe the experimental data by a second and a higher order model. The sum 
of all residues is zero [11]. 
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Models for describing the experimental data are used, which in the available literature [2, 5, 
16, 17] are recommended and used to predict physico-chemical parameters of dairy products 
by ultrasonic signal parameters. These models are described in Table 1. Three polynomial 
and two-exponential first and second order models are applied.  

 
Table 1. Models used to describe experimental data 

Model Abbreviation Formula 

Linear Poly1        

Polynomial second order Poly2            
Polynomial third order Poly3                

Exponential first order Exp1        
Exponential second order Exp2             

 
Table 2 describes the errors used for model analysis. In addition to these errors, the 
regression coefficient R2, the sum of squares error (SSE), root mean squares error (RMSE), 
are used in the analysis. Degrees of freedom DF are defined. 

 
Table 2. Errors for model evaluation for experimental data 

Error  Formula  Description  

Mean squired 
error (MSE) 

    
‖        ‖

 

  
 

Ns – number of 
samples; || - normed 
vector 

Normed square 
root of mean 
squared error 

(NRMSE) 

     

   
‖      (   )   (   )‖

‖      (   )      (      (   ))‖
 
 

i=1…n – number of 
measurements; 
NRMSE is change 
from inf – model do 
not describe data; 1 – 
the model describes 
the data with sufficient 
precision 

Normed mean 
squared error 

(NMSE) 

    

   
‖      (   )   (   )‖

 

‖      (   )      (      (   ))‖
 
 

NMSE is change from 
inf – model do not 
describe data; 1 – the 
model describes the 
data with sufficient 
precision 

 
3. RESULTS AND DISCUSSION 
 
Data on the change in the amplitude of the ultrasound signal and the active acidity of yoghurt 
with additives of bee products during the storage period are presented. Models are selected 
that describe the relationship between these two parameters of yogurt. 
Figure 1 shows the amplitude of the ultrasonic signal and the active acidity of yogurt with 
addition of honey during storage. A decrease in the active acidity values is observed. The 
same trend shows the amplitude of the ultrasound signal. 
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Figure 1. Amplitude of ultrasonic signal and active acidity of yoghurt 
with addition of honey during storage 

 
Figure 2 shows the amplitude of the ultrasonic signal and the active acidity of yoghurt with 
addition of bee pollen during storage. As with the previous characteristics, there is a 
tendency to reduce the active acidity during the storage period of the yoghurt with the 
addition of bee pollen. The same trend shows the amplitude of the ultrasound signal. 

 

 
 

Figure 2. Amplitude of ultrasonic signal and active acidity of yogurt 
with bee pollen during storage 

 
Figure 3 shows results of a residuals analysis for active acidity and its relationship to the 
amplitude of the ultrasound signal. According to the above criteria, yoghurt with added honey 
and the change of the two parameters can be described by a linear model. Various results 
have been obtained for yoghurt with the addition of bee pollen. It is clear that suitable for 
describing the relationship between its characteristics are non-linear models of the second 
and higher order. 
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a) Yogurt with honey b) Yogurt with bee pollen 
 

Figure 3. Residuals analysis of models 
 
From the residuals analysis it was found that for the description of the experimental data on 
yoghurt with honey, models of the first order are suitable. From chosen models, a first-order 
polynomial and a first-order exponential are appropriate. Table 3 provides an analysis of both 
models. It is seen that they offer 7 degrees of freedom (DF), low error rates SSE and RMSE, 
up to 0,01, and regression coefficient R2=0,94. The disadvantage of the exponential model is 
that it is sensitive to variations in the measured data [4]. The data used in the present work 
are of such character and for this reason a first order polynomial model has been chosen for 
their description, which has an advantage over exponential for the data used. 
 
Table 3. Evaluation of Models for Yoghurt with Honey 

Model 
 

Parameter 
Poly1 Exp1 

a 0,28   2,70 

b 2,52  0,08   

DF 7 7 

SSE 0,01 0,01 

R2 0,94 0,94 

RMSE 0,01 0,01 

 
Experimental data on yoghurt with bee pollen may be described by non-linear models, as 
determined by the residue analysis. A comparison of the three selected non-linear models - 
second and third order polynomials and second-order exponential is made. As can be seen 
from the results presented in Table 4, the three models show a regression coefficient R2 
above 0,8 and low error rates. The degrees of freedom DF are 5 to 6. Further analysis is 
needed to select a model describing with sufficient accuracy the experimental data and 
enabling the accuracy to predict the active acidity by the amplitude of the ultrasound signal. 
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Table 4. Evaluation of models for yoghurt with bee pollen 

Model 
 

Parameter 
Poly2 Poly3 Exp2 

a 1,83   14,45   5,16  

b -16,14   -192,60 -0,07   

c 39,35   855,3   1,64.10-16   

d NaN -1262   7,489   

DF 6 5 5 

SSE 0,01 0,01 0,01 

R2 0,80 0,84 0,82 

RMSE 0,02 0,02 0,02 

 
An assessment of the mean squared errors of the three selected non-linear models has been 
made. The results of this assessment are shown in Table 5. The second-order exponential 
model shows a slightly larger error rate compared to the other two polynomial models. 
Normalized error values are close to 1, but are lower than those of polynomial non-linear 
models. Besides the lower indicators of these errors, for the reasons described above, it is 
not appropriate to use an exponential model to describe experimental data. The two non-
linear polynomial models of the second and third order show very close mean squared errors 
and the values of the normalized ones are close to 1. On the other hand, the third order 
model shows a non-smooth characteristic, which is a prerequisite for the define of a 
derivative in a certain region of the this characteristic, which is a premise for the model not to 
be suitable for use in further studies [6, 7, 12, 13, 14]. The shortcomings of the second-order 
exponential model and the polynomial model from the third order are missing from the 
second-order polynomial model. According to the above criteria, a second-order polynomial 
model is selected to describe the experimental data and predict the active acidity by the 
amplitude of the ultrasonic characteristics of yoghurt with bee pollen added. 
 
Table 5. Error Values for Model Assessment for Experimental Data 

Model 
  

Error  
Poly2 Poly3 Exp2 

MSE 0,002 0,002 0,004 

NRMSE 0,557 0,560 0,254 

NMSE 0,804 0,806 0,443 

 
Table 6 describes the models obtained and their solution, which can predict the active acidity 
of the amplitude of the ultrasound signal Asig measured in V. Equations to predict the 
amplitude of the ultrasonic signal are output through the online Equation Calculator [3]. 
 
Table 6. Solution of models for prediction of active acidity by the amplitude of the ultrasonic 
signal 

Model Equation Solution 

Poly1                          
          

 
 

Poly2                                   
     √                
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4. CONCLUSION 
 
Analytical models were developed to indirectly determine the change in basic properties of 
yogurt with added bee products, depending on the storage time, which can be used to 
predict a change in properties of these products depending on the storage time. 
Because of the nature of the change in residuals, it is not appropriate to use a linear model to 
predict the change in active acidity of yoghurt with bee pollen. For yoghurt with added honey, 
it is suitably used on a linear model to predict the change in active acidity by the amplitude of 
the ultrasound signal. 
From the analyzes made, it is found that the first order polynomial model is suitable for 
predicting the change in the active acidity of yoghurt with honey. To predict this property in 
yoghurt with bee pollen, a second-order polynomial model is suitable. 
Suggested models can be used to develop yoghurt technology with the addition of bee 
products. They will implement HACCP recommendations for the use of non-contact 
measurement methods in dairy production. 
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Abstract: A yoghurt was obtained with the addition of goji berry (Lycium barbarum L.) fruits. The 
sequence of technological operations has been established. The active acidity of the yoghurt samples 
was determined during coagulation and in the storage period for 20 days (1, 10 and 20 days). During 
storage, pH and syneresis decreases. As a result of organoleptic assessments, yogurt with a 4% 
addition of goji berry fruits is preferred after a control sample. The study shows that goji berries can be 
used in the production of yoghurt as a functional nutritional ingredient. 
Кeywords: fruit yogurt, goji berry, fermentation.  
 
 
1. INTRODUCTION 

 
Fermented dairy products such as yoghurt are important for people's health, because the 
probiotics necessary for the human organism are being obtained. The most well-known 
probiotics are lactic acid bacteria and bifidobacteria used in the production of yoghurt and 
other dairy products [9, 14, 16]. 
The production of yoghurt with various nutritional supplements (nuts, hazelnuts, sesame and 
flaxseed extract, blueberries and aronia juice, etc.) increases its biological completeness. 
Recent studies have shown interest in fermented dairy products further enriched with 
bioactive compounds [2, 15].  
The rich chemical composition of Lycium barbarum L. allows them to be used as an additive 
in the production of yoghurt. Fruit berries are rich in: protein – 55,4 g/kg; fat – 10,4 g/kg; 
carbohydrates – 267,6 g/kg fiber – 37,4 g/kg; mineral substances – 13,8 g/kg [11].  
Rotar A. et al. [13] have proven that adding berries to fermented milk increases the viability of 
probiotic bacteria during storage.  
The purpose of this study is to track the changes in active acidity during coagulation and 
storage as well as the process of yoghurt syneresis with the addition of goji berries.  
 
2. MATERIAL AND METHODS 
  
For the purposes of the experiment, yogurt is obtained from raw cow's milk obtained from the 
region of Yambol, Bulgaria with a fat content of 3,4%; protein content – 3,2%; dry non-fat 
residue - 9,1%; density – 1,029 g/cm3. 
The lyophilized starter culture (Lactobacillus delbreukii ssp bulgaricus and Streptococcus 
thermophilus) for direct inoculation of Lactina Ltd., Bulgaria with lactic acid bacteria of more 
than 9,5.109 CFU.g-1 was used for the starter culture. 
Dry goji berries commercially available were used.  
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After grading, receiving and filtering the raw milk, it is pasteurized at a temperature of 
92÷95 °C for 20 minutes. The pasteurized milk is cooled to a temperature of 45 °C and 
decanted with a lyophilized starter culture (Lactobacillus delbreukii ssp bulgaricus, 
Streptococcus thermophilus). The inoculated milk is thermostated at a temperature of 
42÷45 °C for 3÷3,5 h. At pH 4,8÷4,9, the coagulated milk is homogenized (stirring), quickly 
cooled to 18÷20 °C and to it is added dry fruits of gherkins in quantities 2% (S1), 4% (S2) 
and 6% (S3), based on the weight of the milk. Before the addition, the fruits are pre-washed 
and dried and ground to size 4÷6 mm. The resulting yoghurt is stored at 0÷4 °C. for further 
analysis. The same technology was obtained yoghurt without the addition of fruit sample 
(S0). 

 
2.1. Physical analyses  

 
The active acidity (pH) of the samples was measured using a pH meter (Model MS 2011, 
Microsyst, Plovdiv, Bulgaria) equipped with an electrode (pH electrode Sensorex, Garden 
Grove, CA, USA); The titratable acidity (oT) of the samples was determined by the Thorner 
method BNS 1111-80 [3].  
For the determination of the syneresis, the method indicated by Todorov et al. [7]. 

 
2.2. Microbiological analyses  

 
The total amount of lactic acid bacteria (Lactobacillus bulgaricus and Streptococcus 
thermophiles): Sample preparation was performed according to IDF standard 122C: 1996. 
The appropriate dilutions were inoculated into selective M17 and MRS agar as described in 
IDF Standard 117B: 1997 [8]. 

 
2.3. Organoleptic evaluation of fermented milk 

 
The criteria for organoleptic evaluation measure the following: taste and smell - 40 points, 
texture - 20 points, appearance - 20 points, color - 20 points (maximum total score - 100 
points) according to BNS 15612-83 [4]. 
The attempts are made with three reps. All data obtained were processed at a level of 
significance α=0,05. 

 
3. RESULTS AND DISCUSSION  

 
Figure 1 shows the change in titratable acidity values up to 72 hours from coagulation of 
yogurt. The data are compared with those obtained for yoghurt without fruit supplementation 
(control). 
It can be seen that as the coagulation process progresses, the titratable acidity of both the 
control and the work samples increases gradually. In the fourth hour of coagulation the 
highest value of the titratable acidity was observed. S3 sample was 86 oT. At the control (S0) 
the titratable acidity for the same time was 82 oT, the difference being negligible. These 
results correlate with the results of Balabanova T., et al. [1] and Bueno L., et al. [5].  
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Figure 1.  
Change of titratable acidity 

                                
Figure 2 shows the active acidity of the yoghurt obtained during the storage period up to 20 
days. 
During storage there is a constant tendency towards a gradual increase in acidity. Active 
acidity ranges from 4.8 on the first day to 4.1 on the 20th day of storage. 
 

 
 

Figure 2.  
Change of active acidity 
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The slight change in the active acidity is explained by the buffer capacity of the milk. 
From the titratable and active acidity data of the tested milk, it can be concluded that the 
addition of 2, 4 and 6% of berries does not affect the dynamics of acidification and the proper 
flow of lactic acid fermentation. 
The amount of milk produced is determined by the amount of serum, which is released in five 
hours. Separated whale is one of the yogurt quality criteria, and the lower it is, the better. The 
results for the quantity of beads are presented in Table 1. 

 
Table 1. Yogurt syneresis with added berry berries 

№ 
Duration, 

min 

Control S1 S2 S3 

serum, cm
3
 serum, cm

3
 Serum, cm

3
 serum, cm

3
 

1 5 10,0±1,3 5,0±0,8 3,0±0,4 1,0±0,1 

2 10 15,0±2,2 6,0±0,7 3,5±0,9 1,2±0,1 

3 15 19,0±4,2 8,0±1,1 4,0±0,5 1,5±0,1 

4 30 22,0±3,2 9,0±3,2 4,5±0,2 1,8±0,1 

5 60 24,0±5,1 10,0±3,1 5,0±1,1 2,0±0,2 

6 120 35,0±6,2 11,0±4,7 5,2±1,1 2,2±0,1 

7 180 42,0±4,2 12,0±1,1 5,5±2,4 2,5±0,7 

8 240 45,0±5,3 12,0±2,4 6,0±1,7 2,8±0,2 

9 300 47,0±7,7 13,0±1,8 6,5±1,3 3,5±0,5 

 
It is evident that in the control, the syneresis is the highest (47 cm3), whereas in the samples 
with the addition of goji berries it decreases. For yogurt supplemented with 6% fruit of goji 
berry (sample S3) for five hours, the amount of whey is 3,5 cm3. It is obvious that the fruit 
absorbs part of the water and thus reduces the water phase in the milk, improving its 
consistency. 
The total number of lactic acid bacteria in the yoghurt obtained was monitored as shown in 
Table 2. 
                                            
Table 2. Number of lactic acid bacteria in yoghurt during the storage period 

Duration of 
storage, day 

Bacteria 
CFU. g

-1.
 

Control S1 S2 S3 

Day 1 
 

S. termophillus 1,4.10
7
 1,6.10

7
 1,5.10

7
 1,5.10

7
 

Lactobacillus 1,6.10
7
 1,9.10

7
 1,8.10

7
 1,6.10

7
 

Day 10 
 

S. termophillus 1,6.10
7
 1,9.10

7
 1,8.10

7
 1,7.10

7
 

Lactobacillus 2,3.10
8
 2,6.10

8
 2,5.10

8
 2,2.10

8
 

Day 20 
 

S. termophillus 1,5. 10
6
 1,8. 10

6
 1,7. 10

5
 1,6. 10

5
 

Lactobacillus 1,3.10
6
 1,7.10

7
 1,6.10

6
 1,5.10

6
 

   
The addition of goji berries in samples S2 and S3 during their storage leads to a reduction of 
S. Termophillus due to its sensitivity to lactic acid. One of the most important properties of 
lactic acid bacteria is their ability to degrade lactose. Exhaustion of the quantity during the 
storage period also reduces their number in the obtained milk. On the 20th day of storage, it 
was 1,3.106 at the control and 1,7.107 at S1. The production of lactic acid from Lactobacillus 
is influenced by the pH of the medium. Chookietwattana [6] reports that at pH 6,5, lactic acid 
production is high while at pH 5,0÷5,5 it decreases 
Similar results for lactic acid bacteria reported by Michael et al. [10]. Rotar et al. [12] report a 
significant reduction in viable lactic acid bacteria to 103 CFU/g at the end of the storage 
period in yogurt without additives.  
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Organoleptic evaluation was performed on days 1 and 20 of storage of the resulting yoghurt 
at 1±4 °C (Figures 3 and 4). 
Deviations are observed in the organoleptic characteristics - appearance and taste of all 
samples, being the largest in the sample with 6% added goji berries (S3). The assessors do 
not approve of the coloration of yogurt with more goji berries. Better evaluations were 
obtained by the control and sample S2 supplemented with 4% goji berries.  

 

 
 

Figure 3. Organoleptic evaluation of samples on day 1 of storage 
 

 
 

Figure 4. Organoleptic evaluation of samples on day 20 of storage 
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4. CONCLUSION 

 
The addition of goji berry fruits up to 4% improves the organoleptic characteristics of yogurt. 
During storage, good quality parameters of the resulting yoghurt are maintained. The 
addition of goji berry fruits improves the viability of lactic acid bacteria and maintains the 
prebiotic value of yogurt during storage. The results obtained in this study indicate that goji 
berries can be used as an enhancer of probiotic levels in yogurt. 
Adding goji berries to yogurt gives the opportunity to expand the assortment of lactic acid 
products with prophylactic and medicinal properties on the human body. 
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Abstract: Functional foods are foods enriched with nutritional supplements that have a positive effect 
on the physiological state of the human body. Cookies belong to the group of confectionery products 
and are more precisely dried confectionery products, characterized by an appealing appearance, 
pleasant aroma and taste. Barley (Hordeum vulgare) is an important cereal grain. Barley flour has a 
moderate flavour, light walnut taste and contains a large amount of thiamine (vitamin B1) and 
phosphorus. The aim of this study is to investigate physical properties of cookies with different 
amounts of barley flour (30, 50, 70 and 100%). The results showed, that by increasing the amount of 
added barley flour to the recipe content, baking loss, width and thickness of cookies increase as well. 
Keywords: cookies, barley, functional foods.  

 
 
1. INTRODUCITON 
 
Cereals are main human food and they are a vital source of energy [3, 5, 6]. The modern 
eating habits, the real trend in the production and consumption of cereals, have a healthy, 
ecological and social influence. The European Union fights various diseases, typical for the 
modern world – obesity, osteoporosis, cancer, diabetes, allergies and dental problems. The 
developing countries also face difficulties in dealing with aging of the population, high energy 
food consumption and unbalanced diets [2]. Although wheat is considered a good source of 
energy and other nutrients, it has a low nutritional value. Proteins in cereals are deficient in 
the essential amino acids lysine and threonine. Because of that, the exchange (completely or 
partially) of wheat with healthier cereal grains helps improve the nutritional value of wheat 
products [8]. 
Barley gains belong to the Poaceae family, Triticeae and Hordeum genus. Globally, 
Hordeum vulgare is grown. Barley is a cereal grain, which has been used for bread 
production since the Neolithic [10]. Barley flour is often used as a partial substitute of wheat 
flour in the production of cereal-based products due to high levels of β-glucans, lignans, 
phenolic compounds and many essential vitamins and minerals [4]. 
Cookie production is considered quite substantial part of food industry, due to the fact that 
cookies have high nutritional value, especially when their ingredients are rich in fats and 
proteins [7,9]. 
The aim of this article is to investigate the quality of the cookies produced with partial or total 
exchange of wheat flour with barley flour. 
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2. MATERIAL AND METHODS 
 
2.1. Material 
 
Wheat plain white flour (Mill Popovo, Bulgaria) and barley flour (Ekosem Bulgaria OOD) were 
used in this research. The rest of the raw materials: sucrose (Agrana Bulgaria); glucose 
solution - D(+)- glucose monohidrat (Himiteks OOD Dimitrovgrad, Bulgaria); butter (Verea, 
Bulgaria); sodium bicarbonate (NaHCO3, Radikom, Bulgaria); sodium chloride (NaCl, Global 
Food) were obtained from local shops in Razgrad. 
 
2.2. Methods 

 
2.2.1. Production of cookies 
 
Cookies were produced according to AACC Approved Method 10-50D [1] prepared in a 
laboratory at the University of Ruse “Angel Kanchev” – branch Razgrad (Bulgaria). from 
composite flours containing plain white flour and barley flour in ratios 100:0, 70:30, 50:50, 
30:70 and 0:100 respectively. 
 
2.2.2. Physical characteristics of cookies 
 
Cookie volume and baking quality of cookie composite flour was determined according to 
AACC Approved Method 10-50D [1]. Six biscuits were laid edge to edge, and the total width 
was measured. Then, the biscuits were rearranged by rotating them 90°, the width was 
measured again, and the average width was calculated. To get an average thickness, six 
cookies were stacked on top of one another and measured, as well as after restacking them 
in a different order. The width and thickness of six cookies were divided by six to obtain W 
(cm) and T (cm). Spread factor was calculated as W/T multiplied by 10. This test was 
repeated for each of the three different batches. 
Colour was estimated with the use of chromameter Konica Minolta CR-400 and expressed 
as CIE L*a*b* coordinates (L* is the luminance or lightness component, which ranges from 
black (L=0) to white (L=100), and parameters a* (from green to red) and b* (from blue to 
yellow) are the two chromatic components, which range from - 128 to 127 and the total 
colour difference (ΔE) was calculated according to CIE76 colour difference equation (1): 

 

2

0

2

0

2

0 )()()( aabbLLE                                    (1) 

 
where L0*, a0* and b0* correspond to dough of samples, and L*, a* and b* to produced 
samples. All data were presented as mean values of at least three replicates from each 
batch. 
 

2.2.3. Statistical analysis  
 
Analysis of variance (ANOVA) and Fisher`s Least Significant Difference test (LSD) at p<0.05 
were performed with the software XLSTAT 2017 and Microsoft Office Excel 2013. 
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3. RESULTS AND DISCUSSION 
 
In the last 10 years, the innovations in cookie production have been oriented towards 
obtaining cookies with low content of sugars, substitution of sugars with other sweeteners, 
use of fats with various characteristics, as well as enrichment of cookies with supplements 
possessing functional qualities [7]. In Figure 1 is shown the cooking loss after baking the 
cookies. 
 

 
 

Figure 1. Cooking loss in cookies*/** 
*WF –White Flour; BF – Barley Flour. **Values are means ± SD (n ≥ 3); Values with different 

superscripts (a-c) are significantly different (p<0.05) 
 

The lowest rate of cooking loss has been determined in the sample cookies (6.99±2.33%), 
and the highest - in the cookies containing 100% barley flour (12.96±0.55%). The statistics 
states that when in the content of the cookies 70% and more of barley flour is included, the 
baking loss is statistically significant. Table 1 shows the phisical properties of the cookies 
(volume, width, thickness and spread factor). 
 
Table 1. Physical properties of cookies* 

Type of cookies Volume (cm3) Width (cm) Thickness (cm) 
Spread 

factor (W/T x 
10) 

100%WF 7.89±1.54 5.33±0.41 1.05±0.05 50.76 

70%WF+30%BF 24.89±0.77 5.61±0.22 1.92±0.27 29.21 

50%WF+50%BF 24.22±1.02 5.67±0.20 2.35±0.20 24.13 

30%WF+70%BF 21.56±0.19 5.87±0.14 3.10±0.29 18.94 

100%BF 20.67±2.67 5.38±0.15 3.24±0.28 16.60 

*Values are means ± SD (n ≥ 5) 
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From table 1 it becomes clear that the volume of the cookies significantly rises by adding 
barley flour to the recipe content. The cookies containing 100% wheat flour have got the 
least volume (7.89±1.54 cm3), and the cookies containing 70% wheat flour and 30% barley 
flour have got the most volume (24.89±0.77 cm3). These values show that when in the 
content of the cookies both wheat and barley flours are present, their volume decreases with 
the increase of barley flour. Cookies width proportionally increases with increasingly adding 
barley flour (except for cookies 100% BF), from 5.33±0.41 cm for control sample to 
5.87±0.14 cm for cookies with 70% barley flour. Cookies thickness (height) decreased with 
the addition of barley flour (except for cookies 50%WF+50%BF). Spread factor for the 
cookies is from 16.60, for cookies 100%BF, to 50.76 for cookies 100%WF. 
Table 2 shows data about colour determination of the cookies via CIE L*a*b system. 
 
Table 2. Results of colour determination* 

Type of cookies L a b ∆E 

100%WF 68.32±3.66 -2.65±0.58 18.94±0.67 18.94±0.67 

70%WF+30%BF 51.70±2.78 7.78±1.12 26.61±1.30 27.82±1.75 

50%WF+50%BF 50.68±2.35 6.05±0.80 24.83±0.77 26.61±1.30 

30%WF+70%BF 47.61±2.02 4.09±1,02 27.82±1.75 24.83±0.77 

100%BF 45.70±2.06 3.04±0.50 24.65±0.88 24.65±0.88 

*Values are means ± SD (n ≥ 5) 
 
L* – the values show the brightness of the colour. The more the values tend towards 0, the 
blacker the colour of the studied object is. If the values for this parameter are closer to 100, 
then the studied object’s colour is white. From the research done we concluded that the 
lowest value for L* parameter have the cookies produced from 100 % barley flour 
(45.70±2.06). The highest value have got the cookies produced from 100 % wheat flour 
(68.32±3.66). It is clear that by decreasing the quantity of barley flour, the values for this 
parameter increase. By the values of a* parameter in the CIE L*a*b* system, the colour of 
the studied object can be determined as either red or green. If the values for this parameter 
are positive, it means that the colour of the studied object is green. When the values for this 
parameter are negative, the cookies are red in colour. From the table, we can see that the 
sample cookies produced from 100% wheat flour have got negative value (-2.65±0.58). The 
cookies containing 70% wheat flour and 30% barley flour, have got the highest value 
(7.78±1.12). When wheat and barley flour both take part in the content, decrease in the 
values of а* parameter is observed by increasing the quantity of barley flour. b* values show 
if a certain object of study is  blue or yellow in colour. If the values are negative then we say 
the studied object is blue. If the values are positive it has yellow colour. From the table we 
can see that the sample cookies have got the lowest values for that parameter (18.94±0.67) 
and the cookies produced from 30% wheat flour and 70% barley flour have got the highest 
values – (27.82±1.75). ∆Е parameter shows the connection between human perception of 
the cookie colour and the total change in colour. From the data shown it is clear that all types 
of cookies fall into the category of cookies with big differences in visibility (>6), i.e. the 
differences in the colour of the dough and the colour of the ready cookies can be detected by 
the human eye. Figure 2 presents top and bottom surfaces of the five cookie types with 
different proportion of white and barley flour. 
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Figure 2. Top and bottom surfaces of the five cookie types with different proportion of white 
and barley flour
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4. CONCLUSION 
 
From the analysis done we found that there is a real opportunity for cookie production with 
increased content of barley flour. These products can be defined as being functional. With 
increasing the quantity of barley flour into the content of the cookies, the baking loss increase 
as well as their width and thickness. The colour of the cookies becomes darker compared to 
the sample cookies. The difference between the colour of the dough and the ready product is 
perceptible for the human eye (∆Е>6). 
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Abstract: The aim of this monitoring is to evaluate the nitrate content in vegetables and fruits from the 
commercial chain in Bulgaria. The vegetables were purchased from the food chains in June and July. 
The measurements of NO3

-
 ions were carried out with a Greentest appliance, Model ECO 5. Four 

samples from the conducted monitoring were with higher NO3
-
 amount that is allowed for trade and 

accepted as healthy (potato, radish, and strawberries). The content of NO3
-
 in fresh potato were 645 

mg/kg at the accepted safety level 250 mg/kg. The level of nitrates also was higher in the both 
samples of radish 3700 mg/kg and 2934 mg/kg at accepted level as safety for consumption 1500 
mg/kg. This small survey suggests that on the market in the country are still in the trade food products 
with not enough good quality.   
Keywords: nitrates, food safety, vegetables, fruits. 

 
 
1. INTRODUCTION 
 
Nitrates as most of the other inorganic substances are relatively toxic and the health effect 
depended mostly of the amount that is digested. The content of NO3

- is an important quality 
characteristic of vegetables, because they constitute the major source that formed daily 
dietary intake from 300 to 940 mg/g [1], more than 80% of dietary nitrates consumption [2], 
[3], and [4].  
Nonetheless, of restrictions and regulations accepted to control and minimize nitrate intake 
from human food, there are still vegetables on the EU market with exceeded levels. The 
assessment of human population nitrate exposure in Italy confirm that the acceptable daily 
intake was higher than the settled limits of 3.7 mg/ kg bw per day and that the ingestion of 
nitrates from vegetables mainly generate the highest exposure to people of all ages [5].  
The current study aims to evaluate the nitrate content in the vegetables and fruits from the 
commercial chain in BG during summer season. 
 

2. METHODS 
 
The vegetables were purchased from the food chains in June and July. The measurements 
of NO3

- ions were carried out with a Greentest appliance, Model ECO 5, for measuring the 
level of nitrates in fresh fruits and vegetables, as well as harmful substances contained in 
meat and fish. The appliance is certified and calibrated based on more than 1,000 studies of 
leading labs using spectrometric equipment. It has certificates: SGS, CCIC-SET, EMC, LVD, 
and SQC. Min/max amount of measured nitrate concentration: 0-9999 mg/ kg, with 
permissible error: <10%. 
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3.  EXPERIMENTAL 
 
All samples were vegetables and fruits bought from the food chain supermarkets in BG, but 
not all of them were with clarified origin, nevertheless all of them had permission to be sell in 
EU market. The strawberries (2) sample was from Bulgaria, Plovdiv. The radish (1) sample 
was from Italy.  
All measurements were repeated ten times per sample, processed with Excel using ANOVA 
– one tail, and standard descriptive analysis. The averaged values with variables, minimum 
and maximum in a single sample are represented in the results. 
 
4. RESULTS AND DISCUSSION   
 
The investigation is part of the research project with the goal to evaluate and screen the 
quality of the food from BG market. In order to assess the nitrate content of vegetables in the 
BG market, the random monitoring was conducted several times in different seasons. The 
results from the assay conducted June and July are represented in the Table 1. 
 
Table 1. Nitrates content in vegetables (Measurements June & July, 2019) 

Nutritional 
product 

Acceptable 
level for 

consumption 
[mg/kg] 

Average 
measured 
amount 
[mg/kg] 

Min 
value 

[mg/kg] 

Max 
value 

[mg/kg] 

Standard 
Deviation 
[mg/kg] 

 

Coefficient 
of variation 

% 

Fresh potatoes 250 645* 390 900 160.78 24 % 

Carrots 400 <30 <30 50 N/A N/A 

Radish (1)  1500 3700* 2100 7900 1675 45 % 

Radish (2) 1500 2934* 840 5300 1214 41 % 

Tomatoes  300 48 < 30 90 32.12 33 % 

Strawberries (1) 100 148* 40 300 102.72 69 % 

Strawberries (2) 100 58.33 40 90 19.40 33 % 

Banana 200 95 < 30 200 52.75 56 % 

Cucumber 400 38 < 30 60 11.35 30 % 

Onion 80 32.5 < 30 45 5.40 17 % 

Cherry  50 <30 N/A N/A N/A N/A 

Apricot 60 <30 N/A N/A N/A N/A 

 *- exceed it the acceptable value; 
 
According to the nitrate content, the vegetables are classified in 5 groups:  

 Very low (<200 mg/kg) – Pea, Swiss chard, Pepper, Potato, Summer squash, Sweet 
potato, Tomato, Watermelon, Mushroom, Melon, Green bean, Onion,  Garlic, Brussels 
sprouts Eggplant, Broad bean, Asparagus, Artichoke; 

 Low (200-500 mg/kg) – Broccoli, Carrot, Cauliflower, Cucumber, Pumpkin,  ‘Puntarelle’ 
chicory; 

 Middle (500–1000 mg/kg) – Cabbage, Savoy cabbage, Turnip, Dill (Anethum 
graveolens); 

 High (1000–2500 mg/kg) – Parsley, Leek, Leaf chicory, Kohlrabi (Brassica oleracea var. 
gongylodes), Fennel (Foeniculum vulgare), Escarola, Endive (Cichorium endivia),  
Chinese cabbage, Celeriac; 

 Very high (>2500 mg/kg) – Rocket, Spinach, Swiss chard, Red beetroot, Radish, 
Lettuce (Lactuca sativa), Lamb’s lettuce, Cress (Lepidium sativum), Chervil (Anthriscus 
cerefolium), Celery (Apium graveolens).  
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Vegetables with high contend of nitrates belong to families that accumulate nitrates as 
Brassicaceae (rocket, radish, mustard), Chenopodiaceae (beetroot, Swiss chard, spinach) 
and Amarantaceae; and also Asteraceae (lettuce) and Apiaceae (celery, parsley) known as 
species with high nitrate contents [1]. 
For the assessment were chosen vegetables from different classes according to the nitrate 
content and groups that are listed above. Four samples from the conducted monitoring were 
with higher NO3

- amount that is recommended (Table 1, Figures 1 and 2). 
 

 
 

Figure 1. Content of Nitrates in vegetables from  
commercial chains in BG – listed as vegetables with middle nitrate content 

 
Table 2. Maximum levels for NO3

- [mg /kg] in some vegetables 

  Maximum levels NO3
- [mg /kg] 

1.1 Fresh spinach (Spinacia oleracea)  3 500 

1.2  
 

Preserved, deep-frozen or frozen spinach  2 000 

1.3 Fresh Lettuce (Lactuca sativa L.) 
(protected and open-grown lettuce) 
excluding lettuce listed in point 1.4 
 

Harvested 1 October to 31 March: 
lettuce grown under cover  
lettuce grown in the open air  
 
Harvested 1 April to 30 September: 
lettuce grown under cover  
lettuce grown in the open air  
 

 
5 000 
4 000 

 
4 000 
3 000 

1.4 ‘Iceberg’ type lettuce Lettuce grown under cover  
Lettuce grown in the open air  
 

2 500 
2 000 

1.5 Rucola (Eruca sativa, Diplotaxis sp., 
Brassica tenuifolia, Sisymbrium 
tenuifolium) 
 

Harvested 1 October to 31 March:  
Harvested 1 April to 30 September:  
 

7 000 
6 000 

1.6 Processed cereal-based foods and baby 
foods for infants and young children 

 200 
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Commission Regulation (EU) No 563/2002 sets limits for nitrates only for leafy vegetables, 
which was amended two times in 2006 (EC Regulation No 1882/2006) and in 2011 with 
Commission Regulation (EU) No 1258/2011 (Table 2).   
In some countries are set limits to maximum levels of nitrate for trade of some vegetables 
(beetroot, cabbage, carrot, celery, endive, Lamb’s lettuce, potato, radish and rocket) which 
form the main source of total dietary exposure of nitrate [1]. For example, for potato in 
Germany the content should be less than 200 mg/kg fresh matter (fm), while in Poland there 
is a maximum limit of 183 mg/kg fm. In that study the content of NO3

- in fresh potato were 
645 mg/kg at the accepted safety level 250 mg/kg (Figure1). 
The level of nitrate in radish was higher in the both samples (Table 1), 3700 mg/kg and 2934 
mg/kg at accepted as safety level for consumption 1500 mg/kg (Figure 2). 

 

 
 

Figure 2. Content of Nitrates in vegetables from commercial chains  
in BG – listed as vegetables with high content of nitrates 

 
The reduction of nitrates in the radish sample was insignificant about 153 mg/kg, after 
holding in water and splashed few times for 24 hours. The reduction of dietary nitrate 
consumption is a desirable preventive measure of potential long-term human health risks, 
and that will rise the benefit of fruit and vegetable digestion [1]. Hence, with applying good 
practices for agriculture cultivation and with the increasing of the control and monitoring 
programmes that can be handle and done in the future.  

5.  CONCLUSIONS 
 
The obtained results undoubtedly confirm that on the food chain market in BG are still in the 
trade food products with not enough good quality, besides of the monitoring inspections and 
the tidy control that exist.  
The Greentest appliance, Model ECO 5 give possibility to check the nitrate content in very 
easy and quickly manner that allow to screen and obtain reliable big data for short time. 
The programmes for monitoring and control should be inevitable part of that contest for better 
and healthy food, as well as spreading the results from effective good agriculture practices.   
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Abstract: The content published on faculty web pages is an important source of information about the 
work of the faculty, which affects the performance of all student activities. It is therefore important to 
know what information is relevant to the student, as well as to what extent the content is published on 
the web site of the faculty in accordance with the needs of the student. Starting from the above, the 
subject of research of this paper is the content of the web sites of faculties of the University of Novi 
Sad. The main aim of the research is to determine whether there is and to what extent a certain 
content is present on the faculty web pages, as well as on the basis of the conducted research to 
provide suggestions for the improvement of web information in higher education.  
Keywords: content analysis, faculty, information, students, web sites. 

 
 
1. INTRODUCTION 
 
In a world dominated by the Internet, communication is reduced to short messages, and 
people's immediate contact is replaced with messages on the screen. Sociologists believe 
that any communication is better than any. The higher education area also uses the Internet. 
It is necessary to provide fast and reliable information exchange as well as unlimited contact 
between teachers, current and future students [1].  
The potential of the Internet is used successfully by companies engaged in the placement of 
products and services, but their use is also desirable for the promotion of higher education 
institutions [2,3]. The Internet allows data transfer at a high speed and thus creates a bridge 
between the sender and the recipient. In this way, the largest number of higher education 
institutions opens up the possibility for advertising through web sites [1, 4]. 
The Internet is an important source of information for any sphere of creativity. Information 
related to faculties is one of the most popular content areas on the Internet [5,6]. Of great 
importance is the knowledge of the students' interest because it offers a clear view of the 
faculty web site. It is necessary to know how and where students look for information, how 
much information from certain sources is important to them, and on the basis of which factors 
they make decision on enrollment, choice of literature and way of learning. It's not easy at all, 
because student behavior is complex. 
Regardless of all the problems, the application of the Internet for information has become an 
imperative in higher education [7, 8]. The advantages of the Internet, such as availability, 
convenience, interactive communication and time limitations have affected the Internet today 
to become an irreplaceable tool for informing a modern student who is rich in time, but poor 
in knowledge. In doing so, web sites, which form the basis of information via the Internet, 
must be created in a way that will facilitate the search and indicate the user for longer 
retention [9]. 
The Internet provides online information retrieval, characterized by a relatively low price, 
customized information, ease of comparing information, interactivity, virtual community 
formation and 24-hour accessibility [10]. In order for online search of information to be 



ARTTE 
 

 

Applied Researches in Technics, Technologies and Education 
Journal of the Faculty of Technics and Technologies, Trakia University 
https://sites.google.com/a/trakia-uni.bg/artte/ 

 

ARTTE Vol. 7, No. 2, 2019 ISSN 1314-8788 (print), ISSN 1314-8796 (online), doi: 10.15547/artte.2019.02.010   

150 
 

 

successful, three conditions must be met: ease of access to information, ease of use and 
reliability [11]. Web sites should be intuitive, interactive, and compatible with other search 
engines, and in line with user needs to enable them to find what they are searching for [12]. 
Students expect faculty web sites to be informative, interactive and attractive. They must be 
designed to respond to all the needs of students [13-15]. Students are most in need of 
information about exams, lectures and exercises, then enrolment, directions and graders. 
 
2. METHODOLOGY 

 

The subject of the research is the content of faculties of the faculty, which belong to the 
University of Novi Sad. The University of Novi Sad has a total of 14 faculties: Faculty of 
Philosophy, Faculty of Agriculture, Faculty of Law, Faculty of Law, Faculty of Economics, 
Faculty of Technical Sciences, Faculty of Medicine, Faculty of Science, Academy of Arts, 
Faculty of Civil Engineering, Mihajlo Pupin Technical Faculty, Faculty sport and physical 
education, the Faculty of Education and the Faculty of Teacher Education in the Hungarian 
language. 
The method of content analysis was applied in the research. According to Hsieh and 
Shannon content analysis is defined as a method of research intended for subjective 
interpretation of the content of textual data through the systemic classification of coding 
processes and the identification of items or samples. 19 According to Kolbe and Burnet, 
content analysis is a technique for an objective, quantitative and generalized description of 
the obvious content of symbolic communication. 
All information within the content of the web pages is divided into eight categories, and then 
these categories are divided into elements. Each element was evaluated individually by 
marks from 1 to 5. For each web site of the faculty, the average grade for a particular 
category was calculated. In the end, the overall average rating of all facets of the faculty is 
calculated. The categories and elements of the faculty web site are: 
1. Homepage: Logo of faculty, Full name of faculty, Main menu, Search, Language 

selection, Faculty images, Current news, Auxiliary menu, Faculty address, Page title; 
2. General information about faculty: History, Study programs, Teaching timetable, 

Academic calendar, Legal acts, Price list, Admission, Information on activities, 
Accreditation, Departments; 

3. Employees: Teachers, Teaching assistants, Non-teaching staff, Workplace description, 
Biographies, Images, Choice in academic title; 

4. Contact: Address, Telephone, Fax, E-mail, Location, Bank account, Contact form; 
5. Social Networks: Facebook, Twitter, YouTube, Instagram, Content sharing, Cooperation 

with networks, User suggestions; 
6. Multimedia: Colors, Images Animations, Gallery, Pop-up windows, Banners,Customizable 

appearance; 
7. Faculty services: Students services, Library, Passed exams, Online exam registration, 

News archive, Scholarships, Publications, Useful hyperlinks, Faculty structure, Student 
parliament, Teaching materials, International cooperation; 

8. Functionality: Multilingualism, Quick search, Site map, Correct hyperlinks, Page loading 
speed, Functional menu, Download, Update date, Mobile view, Print, Adequate age title, 
Home page button. 

 
 
 
 
 



ARTTE 
 

 

Applied Researches in Technics, Technologies and Education 
Journal of the Faculty of Technics and Technologies, Trakia University 
https://sites.google.com/a/trakia-uni.bg/artte/ 

 

ARTTE Vol. 7, No. 2, 2019 ISSN 1314-8788 (print), ISSN 1314-8796 (online), doi: 10.15547/artte.2019.02.010   

151 
 

 

 
3. RESULTS AND DISCUSSION 
 
The evaluation of web site elements is done by the categories listed in the previous section. 
Each of the elements of the category received a score of 1 to 5 and calculated the average 
score by elements and categories. 
Table 1 shows that the average score for the Home page is 4.24. Faculty logo (5), Faculty 
full name of faculty (5) and Main menu (5) are represented on all faculties of the faculty. At 
least there is Faculty address (3.07), Faculty images (3.71) and Assistant menu (3.79).  
Based on Table 1, it can be concluded that the average score for the category General 
Information about faculty is noted to be 4.19. A smaller number of faculties provided 
information about History (3) and Price List (3.21) on their web sites. Information on Legal 
Acts (4.86), Study Programs (4.79) and Teaching timetable (4.64) can be found most. 
 
Table 1. Home page faculty and general information about faculty 

Homo page Average score General information about faculty Average score 

Faculty logo 5,00 History 3,00 

Faculty full name 5,00 Study programs 4,79 

Main menu 5,00 Teaching timetable 4,64 

Search 4,14 Academic calendar 4,14 

Language selection 4,00 Legal acts 4,86 

Faculty images 3,71 Price list 3,21 

Current news 4,14 Addmisssion  4,29 

 Assistant menu 3,79 Information on activities 4,21 

Faculty address 3,07 Acreditation 4,36 

Page title 4,50 Departments 4,36 

∑ 4,24 ∑ 4,19 

 . 
The average score for the category Employees is 3.74 according to Table 2. The most 
information can be found in the form of the list of Teachers (4.64) and Teaching Assistants 
(4.64), as well as the necessary information for Choice in academic title (4.43). The least 
information on the faculty website can be obtained about Non-teaching staff (2.36). 
 
Table 2. Employees and contact 

Employees Average score Contact Average score 

Teachers 4,64 Address 4,79 

Teaching assistants 4,64 Telephone 5,00 

Non-teaching staff 
 

2,36 Fax 5,00 

Workplace description  3,14 E-mail 5,00 

Biographies 3.50 Location 4,50 

Images 3,50 Bank account 3.79 

Choice in academic title 4,43 Contact form 3,15 

∑ 3,64 ∑ 4,64 
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The category Contact is well represented on all web pages, which is also indicated by the 
average score of 4.64 in Table 2. It is possible to find information about Telephone (5,00), 
Fax (5,00) and E-mail (5,00) on all web pages, but it is surprising that not all pages 
represented Address (4.79). However, it was most difficult to find information about Bank 
account (3.79). 
The smallest content, which is located on all faculty websites, is related to the category 
Social Networks (2.48). From Table 3, it is noticed that the average score is 2.48. Most 
faculty websites have a link to their Facebook page (4.57). The least represented content is a 
part that allows users to suggest Suggestions for page improvement (1.29), then a link to 
Instagram (1.57) and Twiter (2.14) page.  
As for the category Multimedia, the average score is 3.48, based on Table 3. On most web 
sites, there is the option of Customizable appearance (3.93). The same average grade is for 
Images (3,93), which shows that all faculties web sites do not use their own images of the 
buildings or students themselves. The faculties web sites have the smallest dynamics, ie 
Animations (2,93) and Pop-up windows (3,14). 
 
Table 3. Social networks and multimedia 

Social networks Average score Multimedia Average score 

Facebook 4,57 Colors 3,43 

Twitter 2,14 Images 3,93 

YouTube 2,64 Animations 2,93 

Instagram 1,57 Gallery 3,43 

Content sharing 2,64 Pop-up windows 3,14 

Cooperation with networks 2,50 Banners 3.57 

User suggestions 1,29 Customizable appearance  3,93 

∑ 2,48 ∑ 3.48 

 
Based on Table 4, for the category Faculty Services, it is noted that the average score is 
3.64. It is possible to find information about Passed exams (5.00) on all faculties web pages, 
but we can also conclude that not all web sites have the possibility of On-line exam 
registration (4.43) and Publications (4.29), issued by faculty. In this category, Teaching 
materials (2.86) are the least available, which can be downloaded from the web site to help 
students learn, as well as the News archive (2.86) and information on Scholarships (2.93). 
The category Functionality has average score 3.87, which can be seen from Table 4. On all 
faculties of the website, Download (5.00) functioned well and there was no delay or inability 
to download certain content. In addition, most web sites have Correct hyperlinks (4.79), and 
Page loading speed (4.71) is satisfactory. The least represented functionality is Site Map 
(1.79) and besides Print web site (2.14). 
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Table 4. Faculty services and functionality 

Faculty services Average score Functionality Average score 

Students services 3,07 Multilingualism 3,36 

Library 3,79 Quick search 3,86 

Passed exams 5,00 Site map 1,89 

On-line exam registration 4,43 Correct hyperlinks 4,79 

News aechive 2,86 Page loading speed 4,71 

Scholarships 2,93 Functional menu 4,14 

Publications 4,29 Download 5,00 

Useful hyperlinks 4,00 Update date 3,36 

Faculty structure 3,14 Mobile view 4,36 

Students parliament 3,07 Print 2,14 

Teaching materials 2,86 Adequate page title 4,43 

International cooperation 4,29 Home page button 4,50 

∑ 3,64 ∑ 3,87 

 
After analyzing the obtained results, it is concluded that the category Contact (4,64) has the 
highest average score and the category Social Media (2,48) the smallest average score. The 
average score of the total content of faculties web pages is 3.87. It shows that the total 
content of the web pages of most faculties is very good, but also that it can still be improved 
and improved. 
Based on the average score by categories, as well as the total content score, it is noted that 
there are some disadvantages or insufficient representation of certain content on the faculty 
web pages. These disadvantages can be eliminated by improving the content with the 
following suggestions: 
1. In the category Home page, it is necessary to add information about the faculty's 

Address, as well as the faculty Images. Adding Language selectiom and Search to some 
web sites. 

2. In the category General information about faculty it is necessary to add more quality 
information about History and easy to find the Price list. The general complaint is that on 
most websites, general data is more difficult to find, so it is necessary to correct this. 

3. The category Employees has least informations about Non-teaching staff, so it is 
necessary to add this information in order to get a better picture of the faculty's work. It is 
also necessary to add information on which subjects a particular teacher is teaching, 
which can help new students better choose the faculty. 

4. The most content is in the category Contact, the only disadvantage being that the Bank 
account  should be easily accesible how to found it quickly. 

5. The smallest content is in the category Social Networks, so it's necessary to add links to 
social networks, such as Twitter, Instagram and YouTube. In addition, all web sites do 
not have the ability to show users their Suggestions, which is a big disadvantage. 

6. In the category Multimedia, you need to add Animations and Pop-up windows to improve 
the display dynamics and to make the content on the web pages "live". Websites should 
have as good a gallery as possible in order to better reflect the work of faculties for future 
students. 

7. In the category Faculty services, it is advisable to add as many Teaching materials as 
possible so that students can easily learning. Student-related information, such as 
Scholarships and Student parliament, are not found on most websites, which is a major 
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disadvantage because students, those who access this information, are the ones who are 
in the mood. 

8. For  the category Functionality, you need to add the Site Map to a large number of 
websites to facilitate the movement through the entire website. In addition, it is necessary 
to highlight Update TIme of  web pages so that users can see how much information is 
new. Another major flaw is Multilingualism. Most faculty websites have a choice between 
Serbian or English, and this choice does not display all the content in another language. 
It is necessary to correct this option, as well as to add the possibility of choosing Latin or 
Cyrillic, because of students from abroad, who would like to study at just one of the 
faculties in their own country. 

Taking into account all categories, it can be suggested in general that faculties work on 
better design, appearance, colors and display of information on web pages, in order to leave 
as many positive impressions as possible to the users, whether teachers or current or future 
students. 
Finally, in the end, a comparative analysis of the content published on the web pages was 
carried out according to the scientific field of work of the faculty. The faculties of the 
University of Novi Sad are grouped in the following way: 
1. Social-Humanities (DH): Faculty of Philosophy, Faculty of Law, Faculty of Economics, 

Academy of Arts, Faculty of Education and Teacher Training College in Hungarian 
language. 

2. Science and mathematics (PM): Faculty of Agriculture, Faculty of Science and Faculty of 
Sport and Physical Education. 

3. Technical-technological sciences (TT): Faculty of Technology, Faculty of Technical 
Sciences, Faculty of Civil Engineering and Technical Faculty "Mihajlo Pupin". 

4. Medical Sciences (M): Faculty of Medicine. 
Table 5 shows average grades for content categories on faculty web pages, grouped 
according to the scientific mood of work. It is noted that the content from the category 
Contact is the most represented on the faculty web site with an average score of 4.59, 
followed by the Home page (4.21) and the category General information about the faculty 
(4.04). The lowest content is represented in the category Social Networks with the lowest 
average score of 2.26.  
If we compare the content of the web site according to the field of work of the faculty, it can 
be seen from Table 5 that their average grades are about the same, which leads to the 
conclusion that the content on different websites is roughly equal. A slightly higher average 
grade of 3.86, from other faculties, received web pages belonging to technical and 
technological sciences, which implies that these web sites possess more information. 
 
Table 5. Comparative analysis of the contents of web pages according to the scientific field 
of work of the faculty 

Category 
Scientific field of work 

Sum 
DH PM TT M 

Home page 4,25 4,30 4,30 4,00 4,21 

General information about faculty 4,15 3,78 3,95 4,27 4,04 

Employees 3,59 3,90 4,00 3,14 3,66 

Contact 4,50 4,60 4,85 4,40 4,59 

Social networks 2,54 2,33 2,75 1,42 2,26 

Multimedia 3,4 3,42 3,64 3,85 3,58 

Faculty services 3,75 3,64 3,51 3,50 3,60 

Functionality 3,8 3,86 3,89 4,17 3,93 

Total 3,75 3,73 3,86 3,59 3,73 
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4. CONCLUSION 
 
The Internet is developing and progressing at a high speed, so today it is possible to find 
millions of websites. Some of them are dynamic, some static, some are customized to all 
users, and some are trying to attract a certain group of people. What is common to all 
websites is content, which provides an overview of a wide variety of information. Web sites 
as Internet information providers must satisfy users' expectations in order to attract their 
attention right now and encourage further search. The existence of quality content, that is, 
current and reliable information, is a prerequisite for successful information. 
The research has shown that various information is available on the Faculty's website. Most 
contact information is represented, and the smallest information is related to social networks. 
It should be emphasized that all faculties regardless of the field of work have the content of a 
similar web site and that almost the same information is published on them. Based on the 
research done on the current state of the faculty web site, recommendations for improving 
information in higher education can be given. 
Content on faculty web pages should be well organized and logically organized, easily 
accessible and quality. Special attention should be given to future students, because their 
information can be useful for enrolling the desired faculty. Likewise, a quality website will 
make it easier for current students, as well as faculty members, to find the necessary 
information. Website faculties can be an ideal resource for teachers, current and future 
students. 
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