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Dear readers, 
 
The public has almost become a kind of used to the expectation that 
Horizons scientific journal with its every new edition, to trace a new 
pathway towards its further establishment on the international 
educational and scientific-research areas. 
 
In its pronounced strive to achieve an increased level of quality, the 
Horizons that we know from before has been transformed and now it 
is coming out as two separate issues of the same brand name, but with 
an improved recognizability and an increased particularity in terms of 
the scientific-research contents it brings. 
 
It is important to stress that, Horizons will, for the coming period, just 
as it did previously, continue respecting the principles of scientific 
impartiality and editorial justness, and will be committed to 
stimulating the young researchers in particular, to select Horizons as a 
place to publish the results of their contemporary scientific and 
research work. Also there is an emphasized need for those who, by 
means of publishing This is also in line with the need to provide place 
incorporated within the publishing activity for all those who through 
publishing their papers in international scientific journals, such as the 
two new series of our University Horizons, view their future career 
development in the realm of professorship and scientific research 
profession. 
 
The internationalization of our Horizons journal is not to be taken as 
the further most accomplishment of our University publishing activity. 
Just as 
the scientific thought does not approve of limitations or exhaustive 
achievements, so is every newly registered success of the Horizons 
editions going to give rise to new “appetites” for further objectives to 
reach.  
 
Taken from the aspect of quality gradation, it is well justified if we 
announce the publishing of the international scientific journal 
Horizons with a significant quantifier – journal with impact factor. 
This initiative of “St. Kliment Ohridski” University – Bitola is given a 



substantial place in the future undertakings outlined in the plan for 
increasing the overall quality of organization and functioning of the 
University. 
 
Last, but not the least, as we have made public our future steps, we 
would 
like to express our sincere appreciation for the active part you all took 
in the process of designing, creating, final shaping and publishing the 
scientific journal. Finally, it is with your support that Horizons is on 
its way to attain its deserved, recognizable place where creative, 
innovative and intellectually autonomous scientific reflections and 
potentials will be granted affirmation, as well as an opportunity for a 
successful establishment in the global area of knowledge and science. 
 
 
Sincerely, 
The editing board 
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621.643.43: 536.2 

COMPARISON OF HEAT EXCHANGERS WITH 
EXTENDED SURFACE BY THE SHAPE OF THE 

RIBS1 
 

Prof. Kire Popovski, PhD 
Faculty of Technical Sciences, Bitola, Macedonija 

 kire.popovski@tfb.uklo.edu.mk  
 

Abstract 
 

 With the comparison of extended surface heat exchangers, exactly 
by determining which one has a better heat transfer, methods for calculating 
the coefficient of convective heat transfer from the ribs on the environment 
αr depending on the air velocity in the smallest flow section wa and 
calculation of the heat transfer factor ja depending on the Reynolds number, 
are used. 
 Extended surface heat exchangers are presented in this article. They 
are used for water and air as working medias, and can be differentiated by 
the shape of the ribs. The one has wave-like ribs, while the other has flat 
lamella ribs. 
 Better heat transfer can give the exchanger with higher values of 
coefficient αr and factor ja. 
Key words: heat exchanger, heat transfer.    
 
 
 

MATHEMATICAL MODEL 
 
 Temperature condition for the calculation of heat transfer through 
ribbed surface of tubes at lamella type heat exchangers, for working 
mediums water-air and where cooling of the air occurs is visible on Fig. 1. 
Here, we can see that heat from the fluid surrounding the pipe outside (air) is 
transferred on the fluid inside the pipe (water). 
 Heat transfer from the air onto the water is constant since there is 
neither heat source nor heat sink between both medias. 

1 original scientific paper 
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 Total transferred heat is a sum of heat transferred through the outer 
surface of the pipe [without ribs] Acn, and the heat transferred through ribs 
area, Ar. 

 

 ta 

 trn 

 trm 

 tcn 

   tcv 

 tw 

 dv   

    dn 

    δc 

 
Fig. 1. Temperature variations on ribbed pipe 

 
( ) ( )cnacncnrmarr ttAttAQ −⋅⋅+−⋅⋅= αα      W, (1) 

 
 αr and αcn are almost equal, 
 

( ) ( )[ ]cnacnrmarr ttAttAQ −⋅+−⋅⋅= α      W, (2) 
 
 Coefficient of convective heat transfer from the outer side is, 
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 The degree of usefulness is the ratio between heat transferring onto 
the ribs and heat that would be transferred on the ribs, when all of them 
would have temperature tcn. 
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coefficient of convective heat transfer of ribs. 
 Expressions for ηp and αr form system of two equations with two 
unknowns that is solved through iteration method. Approximately, for the 
first iteration ηp=0,8. 
 Air flows by the length of the rib and upright on the pipe. Cross-
section of the fluid between ribs is changed through the current flow. 
Because of that and sinuous form of lamellas, local coordinates depend on 
the direction and value of speed. 
 Most of authors, [1] and [2], in their calculations, use maximum 
velocity of the air in the minimum cross-section, 
 

inm
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axam A

m
w =

 
(7) 

 
 Hydraulic diameter is taken as a characteristic value when Reynolds' 
number is calculated [1], 
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where Reynolds' number, 
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 Heat transfer factor, ja,  is usually in non-dimensional form [3], 
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n
aa rPStj ⋅=  (10) 

 
 Stanton's-number, 
 

aa rPeR
NuSt

⋅
=

 
(11) 

 
 Solution of the previous two terms is, 
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 A number of authors, in the calculation of convective heat transfer, 
take the value of exponent of Prantdl's number to be n =0,667. Kotke and 
Blenke examined the influence of flow on this exponent. They suggest the 
following function in the expression of convective heat transfer, [4], 
 

( ) 8,08,1Pr 3,0 −⋅== aa
n
a rPfrP  (13) 

 
 Now, 
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= rP
cm
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j
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(14) 

 
 Factor ja can be found as a function of Reynolds' number, 
 

b
aa eRaj ⋅=  (15) 

 
 Constants a and b are coefficients of correlation of the values for ja 
and Reynolds' number. 
 

NUMERICAL EXAMPLE 
 
 Measurements are taken on two heat exchangers, and their 
dimensions are visible on Table 1. Heat exchanger number 1 has sinuous 
lamellas, while heat exchanger number 2 has flat lamellas, [5]. 
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Table 1. Measured dimensions  of heat exchangers  
Dimensions No. 1 No. 2 

Ht  [mm] 468 468 
Bt  [mm] 500 500 
Hr  [mm] 465 465 
δr  [mm] 0,15 0,15 
Br  [mm] 172,8 172,8 
Rr  [mm] 2,6 2,6 
nr  192 192 
Ch [mm] 33,3 33,3 
Cb [mm] 28,8 28,8 
dv  [mm] 11 11 
dn  [mm] 12,3 12,3 
nred 6 6 
nred1 14 14 
npc 16 16 
nc 84 84 
 
 Calculated surface areas of the heat exchangers are presented on 
Table 2. Calculations are made according to [6], while surface area is given 
in [2]. 
 
Table 2. Calculated dimensions of heat exchanger  

Dimensions No. 1 No. 2 
Frontal surface area of heat exchanger: ttf BHA ⋅=  0,234 0,234 
Minimum flow cross-section: 

( ) rrncrrinm RndnHA ⋅⋅⋅−=  0,146 0,146 

Ratio: 
f

nmi

A
A

=σ  0,625 0,625 

Surface area of non-ribbed pipes: 
crrncn nRndA ⋅⋅⋅π⋅=  1,620 1,620 

Surface area of ribs: 
( )

cr
nr

r nnddA ⋅⋅
π⋅−

=
2

22
 29,812 27,102 

Pipe surface area between ribs: 
( ) crnrrg nndRA ⋅⋅π⋅⋅δ−=  1,527 1,527 

Total area of heat transfer: grn AAA +=  31,339 28,629 
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Internal pipe area: rcrvv RnndA ⋅⋅⋅π⋅=  1,449 1,449 
 
Table 3. Measured and calculated values for heat exchanger number 1  

msa 
kg/s 

msw 
kg/s 

tav 
oC 

tai 
oC 

twv 
oC 

twi 
oC 

Qa 
W 

Qw 
W 

Qs 
W 

k 
W/m2K 

αw 
W/m2K 

wa 
m/s 

αr 
W/m2K 

Rea ja ηr ηp 

0,233 0,231 20,88 12,83 5,32 10,18 5029 4715 1965 17,20 513,19 1,309 27,86 2566 0,0143 0,89 0,88 
0,315 0,231 19,90 13,40 5,32 10,27 5059 4802 2138 17,68 513,16 1,768 34,38 3473 0,0130 0,86 0,86 
0,413 0,231 19,69 13,66 5,21 10,23 5126 4870 2586 17,81 512,80 2,318 43,97 4553 0,0127 0,83 0,83 
0,491 0,231 19,94 13,86 5,22 10,31 5235 4938 3087 17,96 512,83 2,758 55,51 5407 0,0135 0,80 0,79 
0,563 0,231 20,57 14,28 5,31 10,57 5341 5103 3652 17,65 513,12 3,168 61,04 6185 0,0129 0,79 0,78 
0,665 0,231 18,77 13,42 5,49 10,12 4716 4492 3652 17,94 513,65 3,725 78,11 7349 0,0140 0,74 0,73 
0,754 0,231 18,06 13,35 5,91 10,25 4335 4211 3638 17,88 514,95 4,218 84,45 8346 0,0134 0,73 0,72 
0,833 0,231 19,66 14,46 5,82 10,78 5040 4812 4436 18,18 514,69 4,682 99,82 9167 0,0143 0,70 0,68 
0,925 0,231 22,34 16,46 6,03 12,06 6100 5850 5568 18,61 515,39 5,241 121,37 10071 0,0156 0,66 0,64 
1,009 0,231 22,77 17,13 6,04 12,40 6302 6170 5823 18,23 515,44 5,728 108,04 10958 0,0128 0,68 0,67 
1,084 0,230 23,25 17,75 5,97 12,70 6395 6501 6097 18,64 514,11 6,165 133,03 11742 0,0146 0,64 0,62 
1,138 0,231 25,81 19,16 5,28 13,42 8376 7897 7750 18,91 513,10 6,516 143,12 12214 0,0150 0,63 0,61 

 
Table 4. Measured and calculated values for heat exchanger number 2  

msa 
kg/s 

msw 
kg/s 

tav 
oC 

tai 
oC 

twv 
oC 

twi 
oC 

Qa 
W 

Qw 
W 

Qs 
W 

k 
W/m2K 

αw 
W/m2K 

wa 
m/s 

αr 
W/m2K 

Rea ja ηr ηp 

0,235 0,225 24,45 15,42 6,16 12,64 6310 6124 2251 19,82 550,59 1,334 27,96 2552 0,0142 0,89 0,88 
0,324 0,225 22,90 15,85 5,91 12,31 6142 6048 2408 19,77 549,71 1,836 30,98 3528 0,0114 0,88 0,87 
0,415 0,225 22,25 15,97 5,95 12,11 5850 5821 2727 19,30 549,82 2,349 34,41 4525 0,0099 0,86 0,86 
0,477 0,226 21,80 15,67 5,87 11,72 5593 5553 3041 18,87 550,75 2,697 37,77 5209 0,0094 0,85 0,85 
0,542 0,226 21,54 15,45 5,74 11,41 5436 5382 3417 18,51 550,30 3,062 41,89 5926 0,0092 0,84 0,83 
0,595 0,228 21,61 15,40 5,72 11,31 5359 5353 3812 18,16 552,65 3,361 45,00 6505 0,0090 0,83 0,82 
0,717 0,217 20,67 14,88 5,59 11,04 5087 4967 4262 18,43 538,69 4,040 62,00 7865 0,0103 0,78 0,77 
0,827 0,218 21,52 15,52 5,04 11,20 5624 5640 5087 18,42 538,13 4,672 68,59 9041 0,0099 0,77 0,75 
0,923 0,219 22,83 16,28 3,84 11,07 6679 6650 6194 19,16 535,42 5,233 85,59 10042 0,0111 0,73 0,71 
1,025 0,223 18,30 14,27 5,91 10,69 4578 4477 4219 19,45 547,11 5,746 84,78 11318 0,0099 0,73 0,71 
1,104 0,226 18,39 14,51 5,84 10,74 4677 4651 4374 19,87 550,54 6,192 93,60 12182 0,0101 0,71 0,70 
1,177 0,227 18,88 14,93 5,46 10,76 5071 5053 4747 20,04 550,49 6,612 98,11 12961 0,0099 0,70 0,69 
1,200 0,227 20,80 16,37 5,57 11,63 5549 5778 5429 20,39 550,89 6,780 114,14 13115 0,0113 0,67 0,65 

 Measured values are taken according to [7]. 
 

CONCLUSIONS 
 

 Measured and calculated values for both heat exchangers are 
presented on Tables 3 and 4, respectively. Calculations are made for constant 
mass flow of water, with the aim of calculating heat transfer from the outer 
side of heat exchanger. Values for convective heat transfer of the ribs,  αr, 
and heat transfer factor, ja, are also shown. 
 The dependence of both factors [αr and ja] relative to wa and Re is 
shown on Fig. 2, and Fig. 3., respectively, while analytical dependence is 
given with the following expressions,  

- Heat exchanger number. 1,  
 

1119,5104,22 −⋅= ar wα   0531,0Re0086,0 aaj ⋅=  
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 - Heat exchanger number 2,   
 
 7355,0476,15 −⋅= ar wα   0912,0Re00233,0 −⋅= aaj  
 

0
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Fig. 2. Dependence of coefficient of convective heat transfer from the air 

onto pipe with ribs αr, from air velocity in the minimum flow cross-section 
wa 
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Fig. 3. Dependence of heat transfer coefficient, ja, from Reynolds' number 

 
 Heat exchangers with higher values of coefficient αr and factor  ja 
have better heat transfer. According to this, heat exchanger number 1, with 
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sinuous shaped lamellas has better heat transfer. This is expressed in larger 
values for wa, or when wa > 4 m/s and with greater Reynolds' number values, 
Re > 9000. 
 

NOMENCLATURE 
 

Br - lamella's width [mm] 
Bt - heat exchanger's width [mm] 
Cb - distance between pipes onto heat exchangers' width [mm] 
Ch - distance between pipes onto heat exchangers' height [mm] 
dn - external pipe diameter [mm] 
dv - internal pipe diameter [mm] 
Hr  - lamella's height [mm] 
Ht - heat exchanger's height [mm] 
ja - heat transfer factor [dimensionless] 
nc - number of pipes [dimensionless] 
nr - number of lamellas [dimensionless] 
Rr - spacing between lamellas [mm] 
ta - temperature of the air [°C] 
tcn - temperature on the pipe's external surface [°C] 
tcv - temperature on pipe's internal surface [°C] 
tm - mean temperature [°C] 
trm - mean temperature on the rib [°C] 
tw   - water temperature [°C] 
αcn - coefficient of convective heat transfer from the air onto pipe without 

ribs [W/m2K] 
αr     - coefficient of convective heat transfer from the air onto ribbed pipe 

[W/m2K] 
αw    - coefficient of convective heat transfer on the side of the water 

[W/m2K] 
δr - lamella's thickness [mm] 
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METHODOLOGY FOR DETERMINING 
OF THE TENSILE FORCE WITHIN THE STEEL 

ROPE OF CONVEYOR2 
 

Prof. Dr. Sc. Elizabeta HRISTOVSKA 
St. Ivo Lola Ribar b.b. Bitola, Faculty of Technical Sciences-Bitola,  

elizabeta.hristovska@uklo.edu.mk   
 

Abstract 
 

Тhis paper presents a methodology for determining of the tensile force 
within the steel rope of conveyor, specifically ropeway-chairlift with fixed-
grip. This methodology defines a model for tensile force calculation within 
the steel rope under all exploitation conditions, and based on this it defines a 
competent case for analyzing of the forces and intensity of stresses. This 
objective is significant due to the fact that the tensile force represents a 
factor needed for determining the size of driving mechanisms applied at the 
conveyors comprising a pulling element (rope). This model has been applied 
to calculate the above parameters on a specific ropeway-chairlift with 
buckets for two persons, located on “Begova-Kopanki” ski-lane on the 
mountain Baba, near Bitola, R. Macedonia. This paper relates the final 
results of this calculation. 

Keywords: conveyor with rope, ropeway-chairlift, steel rope, tensile 
force. 

        
  

INTRODUCTION 
 

To define the model for mathematical calculation of the tensile force 
within the steel rope of a conveyor (in this case, a ropeway-chairlift), it is 
necessary to determine some input data for this calculation, and these are the 
following:  

Zq - component of the force originating from the own weight of the steel 
rope, 
qj - weight of the steel rope per meter length, 
g - gravity acceleration, 
h - vertical difference between uppermost and nethermost level of the 
ropeway, 

2 review scientific paper 
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Wq - component of the force originating from the own weight of the 
buckets and from the useful load, 
W - own weight of the ropeway, 
Qt - useful load (load of passengers), 
w - distance between two chairs, 
Rv - friction resistance force which is created between the steel rope and 
the pulleys along which it moves, 
L - length of lane “Begova-Kopanki”, 
µtr - coefficient of friction between the rope and the pulleys, 
htr - vertical difference of friction, 
Gm - force of tension on the rope stemming from the balance weight, in 
kg, 
G - force of balance weight itself, 
Tv - tensile force within the steel rope at the entry to the driving pulley, 
Tv

’ - tensile force within the steel rope at the exit from the driving pulley, 
Qq - required tensile force within the steel rope, 
µ - coefficient of friction between the rubber layer and the steel rope, 
Θ - angle of contact on the steel rope and the driving pulley, 
Qu - force of inertia, 
LH - horizontal length of ski-lane “Begova-Kopanki”, 
a - acceleration of the steel rope, 
Qvk,v - required overall tensile force within the steel rope. 
 

 
METHODOLOGY FOR TENSILE FORCE DETERMINING 

 
For determining the tensile force within the steel rope, it is necessary to 

calculate previously the following magnitudes: 
 
1) The component of the force originating from the own weight of the 

steel rope, “Zq” 

[N]sin)(
0

hgqdLgqZ j

L

jq ⋅⋅=⋅⋅⋅= ∑ α  

 
2) The component of the force originating from the own weight 

of the buckets and from the useful load, “ Wq” 

[N]sin)(
0

hq
w

QWdLg
w

QWW t
L

t
q ⋅⋅

+
=⋅⋅⋅

+
= ∑ α  
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3) The friction resistance force which appears between the steel 
rope and the pulleys along which it moves, “Rv” 

  
 

 

[N])( gL
w

QWqR tr
t

jv ⋅⋅⋅
+

+= µ  

trtr Lh µ⋅=  

[N])( gh
w

QWqR tr
t

jv ⋅⋅
+

+=  

 
4) The force of tension on the rope stemming from the balance 

weight, “Gm” 

2
mG

 [kg] - force of tension from the balance weight, per side of the   

ropeway 
 
 
CHARACTERISTIC CASES  
I - CASE, FULL CHAIRS GOING UPHILL, EMPTY CHAIRS 
GOING DOWNHILL 

  
• Tensile force within the steel rope at the entry to the driving 

pulley: 

[N])22(
2

gh
w
Q

w
Wqh

w
QGT tr

t
j

tm
vI ⋅



 ⋅+++⋅+=

 
 

• Tensile force within the steel rope at the exit from the driving 
pulley: 

][
2

' NGTvI =  

 
• Required tensile force within the steel rope: 

][)22(

resistanceload

' N
w
Wq

w
Qghgh

w
QTTQ j

t
tr

t
vIIvIqI

  
++⋅⋅+⋅⋅=−=  

 
In this case for the uphill movement of the load, the required tensile force 

within the rope is “Qql”. 
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Figure 1   Simple scheme of ropeway-chairlift  

with the forces which react on the rope 
 
 

II - CASE, EMPTY CHAIRS GOING UPHILL, FULL CHAIRS 
GOING DOWNHILL 

 
• Tensile force within the steel rope at the entry to the driving 

pulley: 
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• Tensile force within the steel rope at the exit from the driving 

pulley: 

[N]
2

' GTvII =  

 
• Required tensile force within the steel rope: 
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In this case the load is bigger than resistance, and for that reason the 
required tensile force within the rope is “QqII” , and it is with minus 
character.  

 
 

III - CASE, FULL CHAIRS GOING UPHILL, FULL CHAIRS 
GOING DOWNHILL 
 

• Tensile force within the steel rope at the entry to the driving 
pulley: 

[N])222(
2

gh
w
Q

w
WqGT tr

t
j

m
vIII ⋅



 ⋅+++=  

 
• Tensile force within the steel rope at the exit from the driving 

pulley: 

[N]
2

' GTvIII =  

 
• Required tensile force within the steel rope: 

[N])(2

resistance

'

   w
Wq

w
QghTTQ j

t
trvIIIvIIIqIII ++⋅⋅=−=  

 
In this case the required tensile force within the rope is used merely for 

overcoming of the friction resistances between the steel rope and the pulley, 
the required tensile force within the rope is “QqIII”, and it is at its lowest. 

 
From all of these three quoted cases, it may be concluded that the 

required tensile force is biggest in I-case, and accordingly this case is the 
most proper for further calculation. It is particularly important in this case to 
check out the slipping between the steel rope and the rubber layer on driving 
pulley. That can be realized with the following equation:  

 
Θ⋅⋅≤ µeTT vIvI

'  , if this condition is met, there is no slipping of the rope, 
and in that case the calculation of the required overall tensile force within the 
rope can be carried on with. 
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To obtain the required overall tensile force it is necessary to calculate the 
forces of inertia which emerge when the ropeway is put into work, and these 
forces of inertia can be calculated with the equation:  

 

[N]
cos

)22( aL
w
Wq

w
QQ Ht

u ⋅⋅++=
α

 

 
The sum of the required tensile force and the forces of inertia is 

equivalent to the required overall tensile force within the rope, i.e. it is 
determined with the equation: 

 
uqIvvk QQQ +=,  

 
 

APPLICATION OF THE MODEL 
 

The presented methodology defines a model for determining of the tensile 
force within the steel rope of ropeway-chairlift when the driving-unit is at 
the lowest point (at the nethermost level of the ropeway). 

 
The model is applied for calculation on specific ropeway, located on 

“Begova-Kopanki'' ski-lane on mountain Baba, near Bitola.  
 
The results of the calculations are displayed on the charts-1.  
 
 

CONCLUSION 
 

The model for calculation of tensile force within the steel rope of 
ropeway-chairlift is a model which offers a simplified calculation, but with 
reliable results.  

 
The accuracy of the model has been verified on a specific object, 

whereby the calculated magnitudes are confirmed by the experimental 
measurements.  

 
The cited methodology can be used for determining of these parameters 

with other ropeways of this type as well.  
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Charts-1 Results of the calculations 

          
 
 
  

 

 

 

 

 

 

 

     

 
 
  

 

 

 
 
 

REFERENCES 
 
[1] Hristovska E., Defining calculation methodology for load forces and 
cable deformations between the support towers of cableway-chairlift, 
Proceeding, Faculty of technical sciences-Bitola, Bitola, 2012.   

qj [kg/m] 2,34 

g [m/s2] 9,81 
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Abstract 
 

Low vacuum evaporation method was used to prepare thin cuprous oxide, 
Cu2O, films. Solid copper was used as a starting material. The films were 
deposited on a fluorine doped tin oxide pre-coated glass substrates, prepared 
by spraying pyrolysis technique. The films were characterised by X-ray 
diffraction and spectrophotometry. The XRD study showed that films are of 
Cu2O phase when prepared at pressure of Pa67.0 . Optical transmittance 
spectrum in the prepared films was measured in the nm850330 −  
wavelength range. The data were used to calculate absorption coefficient 
spectrum and the optical band gap. Determined value eV97.2 , was found to 
be higher than the reported values.  
Key words: cuprous oxide, thin films, low vacuum evaporation, band gap 
 
 

 
INTRODUCTION 

 
A major motivator for solar cell research and development is a 

reduction in cost of the finished module. Presently about half the cost of a 
finished module is due to the material itself [1].  Cuprous oxide, which is a 
promising semiconductor material for fabrication of photovoltaic devices 
like solar cell, has advantages of material abundance, low-cost, non-toxicity 
and manufacturability. The potential for cost reduction when using materials 

3 original scientific paper 
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which do not require dicing is therefore substantial. That is why cuprous 
oxide cells are a promising candidate and are suitable for photovoltaic, 
photoelectrochemical, photothermal and gas sensor application. Recently, it 
was found that cuprous oxide thin films exhibit electrochromic properties [2-
7], coloring at negative potentials when are incorporated in electrochromic 
devices. 

Even though Cu2O is not a very attractive photovoltaic material 
owing to its not so narrow band gap, it is stable and abundant and there are 
inexpensive device fabrication techniques for it. 

Cu2O is generally prepared by high temperature oxidation of Cu [8], 
low temperature oxidation [9], electrochemical deposition [10], chemical 
deposition [11], sputtering [12], sol-gel-like dip techniques [13], anodic 
oxidation [14, 15], laser ablation [16], etc. 

Method of low vacuum evaporation of cuprous oxide thin films on 
conductive and transparent substrates is reported below, XRD analyses of 
deposited films and some of their optical properties.  

 

EXPERIMENTAL 
 

Microscopic glasses ( mm1x75x25 ) were used as substrates in this 
experiment. Prior to every deposition, the substrates were immersed in a 
mixture of chromic and sulphuric acid for 24 h. After that the glass 
substrates were rinsed with distilled water and wiped off. A conductive and 
transparent fluorine doped tin oxide electrode (FTO) was obtained onto the 
substrates, using the spray pyrolysis method. Spraying was performed with 
BOSH Type 0603 260 403 sprayer, spraying ml300 M05.0  of aqueous 
solution of SnCl2·2H2O. The fluorine doping was done by adding NH4F 
crystals, until neutrality was achieved. The spraying lasted about s1 , with 
pauses s65 −  between. The temperature of the glass substrates during 
deposition was maintained at C4000 . Such FTO films were about μm2  
thick, with a resistance of 2Ω/cm3818 −  and 80 % transparency for visible 
light. 

 Cuprous oxide film was deposited onto such prepared substrates 
employing low vacuum evaporation method. The melting temperatures of 
Cu, CuO and Cu2O are C10830 , C13260  and C12350  respectively. The 
temperature difference between elemental and oxides melting points makes 
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the evaporation technique attractive for depositing of copper oxide thin 
films. Stable copper oxides can be deposited over a source temperature 
region of C13501090 0− . In general, the oxidation rate and the evaporation 
rate of the source material define the deposition rate of the product grown on 
the substrate surface. Copper oxide thin films were deposited on glass 
substrates pre coated with FTO by the low vacuum evaporation technique, 
using granulated ( mm3.0 ) copper with 99.8 % purity as a starting material. 
Deposition was performed in a Balzers Automatic BA 510 apparatus. The 
distance between the source (copper) and the substrates was about cm50 . 
The evaporation pressure was Pa67.0 . During evaporation the transparency 
of the substrates changed by 50 %. The deposition lasted several minutes, 
until all of the starting material from the tungsten boat was evaporated. If the 
vacuum in the chamber is very high, pure copper will be deposited on the 
glass substrates. In our case the vacuum was not so high, so evaporated 
copper reacted with the gasses in the chamber. As a result of that reaction 
cuprous oxide thin films were obtained on the substrates. Some films were 
deposited onto conducting glasses and some were deposited onto glasses 
without conductive oxide film onto them.   
 The deposited films were yellowish in appearance. The film 
thickness, measured by weight different method was about nm130 .  
 The films deposited onto glass without a transparent conducting 
layer were characterized by Siemens D-500 X-ray diffractometer, with 

kV40=V , mA30=I , using Cu Kα radiation with a wavelength of 
nm154.0 , with a graphite monohromator and scintillation counter. The 

Bragg angle was varied in the interval from 020  to 040 .  
 The films composition was also studied with scanning electron 
microscope JEOL JSM 35 CF. 
 The visible transmission spectrum was recorded for deposited films, 
using Varian CARY 50 Scan UV-Visible spectrophotometer in the 
wavelength range from 330 to nm850 . Prior to the recording of the 
spectrum, transmission spectrum for glass/FTO substrate (blank probe) was 
recorded and it was normalized to 100 % transmission.  
 

RESULTS AND DISCUSSION 
 

 The X-ray diffraction analyses of the films confirm that they are 
cuprous oxide (Cu2O), without traces of CuO.     
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Fig.1. X-ray diffraction pattern for low vacuum evaporated Cu2O films. 

 
 

 
 
 
 

 
 
 
 

Table 1. Cu2O peaks identification and conversion from D spacing to 2Θ. 
 

The four detected XRD peaks at m10218.2 10−⋅ , m10121.2 10−⋅ , 
m10020.2 10−⋅  and m10455.1 10−⋅  correspond to the crystalline Cu2O [Fig. 

1]. Table 1 gives Cu2O peak identification and D values to 2Θ values 
conversion [17].   

 The transmission spectrum of films in as prepared state is given in 
Fig. 2. Minimal and maximal values of transmittance is given in Table 2. 
 
 

Peaks 
(JCPDS, 35-1091) 

 
D · 1010 (m) 

 
2Θ (°) 

1. 2.218 40.62 
2. 2.121 42.57 
3. 2.020 44.81 
4. 1.455 63.90 
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Fig. 2. Optical transmittance spectrum for a low vacuum evaporated Cu2O thin film. 
 
 

State of film Tmin  [%] Tmax [%] 

As prepared 16 79 

 
Table 2. Minimal and maximal values of transmittance for a Cu2O film in 

visible rang of spectrum. 
 
 

Incident, )(0 νhI  and transmitted, )( νhI  intensity of radiation 
through the film with thickness d are related with equation:  

 
dhehIhI )(

0 )()( νανν −= ,                                (1) 
 

where )( να h  is the absorption coefficient for a given film with thickness d. 
The coefficient )( να h  is related with the photon,s energy νh  and the 
optical band gap gE  [18]: 
 

)(A)( g
n/2 Ehh −= ννα ,                                       (2) 

      
where A is a constant, and n is a number which depends on the type of 
transition. The absorption coefficient was evaluated from: 
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(%)
100ln1

Td
=α ,    

 (3) 
 
T are transmittance data values. Calculated values of coefficient α  versus 
wavelength of incident radiation are presented on Figure 3.  
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Figure 3. Figure 4. 

Fig. 3. Absorption coefficient versus the wavelength of incident radiation 
for a nm130  thick Cu2O film. 

Fig. 4. 2)( ναh  versus photon energy.The interception of the strait dashed 
line with the νh - axsis coresponds to the direct energy band gap. 

 
The value of number n and the type of transition was estimated from the 
graphical presentation of n/2)( ναh  versus photon energy [Figure 4]. Linear 
dependence of n/2)( ναh  versus νh  is obtained for 1n = , which 
corresponds to direct band to band electron transition mechanism. The band 
gap energy was evaluated from the graph in Fig. 4, as interception of the 
linear part with the photon energy axis. The evaluated value for the prepared 
film by method of low vacuum evaporation was eV97.2 . The obtained 
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values are higher than reported values for films obtained with other methods 
of preparation [19, 20].     

 
CONCLUSION 

 

Cuprous oxide, Cu2O is a semiconductor which shows a varying 
optical behaviour because of stoichiometric deviations arising from its 
preparation methods and parameters. Pure Cu2O films with higher energy 
band gap than reported in literature are obtained with the proposed 
preparation method of low vacuum evaporation.  

Although that, cuprous oxide is attractive alternative for silicon and 
other semiconductors for application in solar cells devices.  
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ABSTRACT 
 

In this paper we defined some different notions for continuous 
function of topological spaces and we examined the connections about them.  

Keywords: cliquish map, quasi-continuity, semi-continuity, simple 
continuity, pseudo-continuity and almost continuity.  

 
 
 

1. INTRODUCTION 
 

The notion of continuity played a very important role in the 
development of mathematics, not only in mathematical analysis, but also 
outside of it. You can say that this notion became an inspiration for creating 
the topology. 

In the XXth century, it had many attempts for generalization of this 
notion. One of these attempts is the attempt of Polish mathematician Stefan 
Kempisty in 20th years of XXth century, who introduced the notion of quasi-
continuity. Then other mathematicians as A. Neubrunnova, W.W. Bledsoe, 
S. Marcus, N. Levine, H.P. Thielman, N. Biswas, T. Husain introduced the  
notions of cliquish function, semi-continuity, simple continuity, pseudo- 
continuity, almost continuity, etc. These notions are characterized by not 
giving any continuity defined by using some topology if they share many 
properties with topological continuity.  

The purpose of this paper is to review some of these continuity that 
have been studied in the works of A.. Neubrunnova ( [9],[10],[11]).  

In this paper the notion of function, we understand as mapping 
between topological spaces. 

4 review scientific paper 
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2. SEMI-CONTINUITY AND  QUASI-CONTINUITY 

 
The notion of quasi-continuity function was introduced by S. Kem-

pisty in [5]. Equivalent definition was given by W.W. Bledsoe in [2], where 
quasi-continuity functions are called functions with neighborhoods. This 
equivalence was proved by S. Marcus in [8]. One of these definitions is the 
following: 

 
Definition 2.1. Let X and Y be topological spaces. Function 

YXf →:  is called quasi-continuity in point Xx ∈  if for any open 
neighborhood V of the point x and for any open neighborhood G of the point 

( )xf  there is nonempty open set VU ⊂ such that ( ) GUf ⊂ . 
 
We will show that the notion of quasi-continuity function is 

equivalent to the notion of semi-continuity function defined by N. Levine in 
[7] by using the concept of semi-open set. 

 
Definition 2.2. The set XA ⊂  is called semi-open if there is an 

open set О such that OAO ⊂⊂ . 
 
Definition 2.3.  Function is called semi-continuity if for any open set 

YG ⊂ , the set ( )Gf 1−  is semi-open. 
 
Theorem 2.1.  Let YXf →: . The function   f   is semi-continuity if 

and only if  f  is quasi-continuity  (i.e. quasi-continuity at any point Xx ∈ ). 
Proof.  Let the function f  be semi-continuity. Let Xx ∈0  and       

let the open set G be such that ( ) Gxf ∈0 . Let V  be an open set which  

contains 0x . From the assumption follows that ( )Gf 1−
 is a semi-open set.           

Then ( ) ( )GfGIntf 11 −− ⊃ . Let U = ( )GIntfV 1−∩ . Since 

( ) ( )GIntfGfx 11
0

−− ⊂∈ , then there is point in V that belongs to 

( )GIntf 1− . Accordingly, U  is open set. Hence VU ⊂  and 
( )Uf = ( )( ) ( )( ) GGffGIntfVf ⊂⊂∩ −− 11 . 

It follows that f  is quasi-continuity at the point 0x . Because 0x  is arbitrarily 
chosen, it follows that the function  f   is quasi-continuity of  X.  
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 Conversely, let  f  be quasi-continuity of X. Let G be a nonempty 
open set. Let ( )Gfx 1

0
−∈  and let V  be an open set containing the point 0x . 

Quasi-continuity of  f  at 0x  implies that there is an open set ≠U ∅, VU ⊂  

such that ( ) GUf ⊂  i.e. ( )GfU 1−⊂ . It follows that ( )GIntfU 1−⊂ . 
Accordingly, 

∅ ( )GIntfVUVU 1−∩⊂∩=≠ . 
Hence, it follows that for the open set V, which contains 0x  we have 

( ) ≠∩ − GIntfV 1  ∅. Accordingly, ( )GIntfx 1
0

−∈ . Because the point 0x
 
is 

arbitrarily chosen, it follows that ( )Gf 1−  is semi-open. ♦ 
 
 The notion of semi-continuity can be defined for a point. 
 

Definition 2.4.  Function YXf →:  is called semi-continuity at a 
point Xx ∈  if for arbitrary open set YG ⊂  for which ( ) Gxf ∈  there is a 
semi-open set U such that Ux ∈  and ( ) GUf ⊂ . 

 
The question is raised, whether semi-continuity at point is equivalent 

to the quasi-continuity of the function at that point. 
That semi-continuity at a point x  entails quasi-continuity at a 

point x , we can show in the same way as in the first part of Theorem 2.1. 
The second part of Theorem 2.1 uses the quasi-continuity at each 
point Xx ∈ .  It follows that the proof in this side must be modified. 
 

Theorem 2.2. Function YXf →:  is quasi-continuity at a point 
Xx ∈0 , if and only if  f  is semi-continuity in 0x . 

 Proof.  From that, we showed above. It is sufficient to show that the 
quasi-continuity in 0x  entails semi-continuity in 0x . 

Let G  be an open set such that ( ) Gxf ∈0 . Let V  be an open set that 

contains the point 0x . There is an open set VU ⊂  such that ≠U  ∅ and 

( ) GUf ⊂ . Union by all such sets U , for all open sets V  containing 0x , is 

the open set W . Let { }0xWS ∪= . The set S  is semi-open. Accordingly, 
( ) GSf ⊂ . ♦ 

 
Theorem 2.3.  Function YXf →:  is semi-continuity of X  if and  
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only if  f  is semi-continuity at each point Xx ∈ . 
Proof.  Let   f be semi-continuity of X . By Theorem 2.1 the function 

f is quasi-continuity of X , i.e. quasi-continuity at each point Xx ∈ . Thus, f 
is semi-continuity at each point Xx ∈  (by Theorem 2.2).    

Conversely, let   f  be semi-continuity at each point Xx ∈ , then  f  is 
quasi-continuity at each  point Xx ∈  (by Theorem 2.2), i.e. quasi-continuity 
of X . Therefore,  f  is semi-continuity of X  (by Theorem 2.1). ♦ 
 

Next we will show that in the case of real functions the notion of 
semi-continuity is different from the notion of semi-continuity from below 
and above. 
 

Definition 2.5.  Real function RXf →:  is called semi-continuity 
from above (from below) at the point 0x  if for arbitrary а 〈 ( )0xf                    ( 

а 〉 ( )0xf ) there is an open set U such that Ux ∈0 , and for each Ux ∈ , 
( )xf 〉  а  ( ( )xf  〈 а ).  

 
Example 2.1.  Let [ ]1,0== YX . Defined YXf →:  as follows: 
 

( )







=

1

0
xf       

if

if
 

2
1

1,
2
1

2
1,0

=






∪





∈

x

x
. 

 

f  is not semi-continuity at the point 
2
1

, but it is semi-continuity above at 

arbitrary point [ ]1,0∈x . 
 

Example 2.2. Let [ ]1,0=X , ( )∞∞−= ,Y . We will consider the 
following sequence of intervals: 

  



= 1,
2
1

1I , 





=

2
1,

3
1

2I , 



=

3
1,

4
1

3I , 





=

4
1,

5
1

4I , 



=

5
1,

6
1

5I , ...  

Accordingly, ( ]
∞

=

=
1

1,0
i

nI . We define function  f  on [ ]1,0  as follows: 
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( )








−

=

1
2
1

1

xf      
if
if
if

  { }
23

3

13

0

−

−

∈
∪∈

∈

n

n

n

Ix
Ix
Ix

  . 

 

The function f is not semi-continuity nor below nor above at the point 0. But 
it is obviously quasi-continuity, and thus semi-continuity at each point 





∈

2
1,0x .  

 
 3. SIMPLE CONTINUITY AND CLIQUISH CONTINUITY 

 
The notion of cliquish function was introduced by W.W. Bledsoe in 

[2] as a notion of function with neighborhoods for real variable with values 
in metric spaces. It is a generalized notion of H.P. Thielman in [12] for a 
function defined on a topological space with values in a metric space. 

 
Definition 3.1. Function YXf →: , where X  is a topological 

space and  Y  is a metric space with metric ρ  is called cliquish at a point 
Xx ∈  if for any ε 〉 0 and any neighborhood U  of x  there is nonempty open 

set UG ⊂  such that for any Gxx ∈21 , , ( ) ( )[ ]21 , xfxfρ  〈 ε. 
 
Obviously, this notion is much more general than continuity or 

quasi-continuity of a function. Simple examples show that cliquish functions 
cannot be quasi-continuity. 
 

Example 3.1.  Let [ ]1,1−=X , ( )∞∞−= ,Y  be a metric space with 
ordinary  metric. We defined YXf →:  as follows:  

( )







−
=

2
1

2
1

xf       
if

if
 

[ ) ( ]

0

1,00,1

=

∪−∈

x

x
  . 

The function  f  is cliquish at the point 0, but it is not quasi-continuity at that 
point.  
 

The notion of a simple continuity function in terms of a simple open 
sets was introduced N. Biswas in [1]. 
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Definition 3.2. The set A  is called simple open if NOA ∪=  
where О  is an open set and N is a nowhere dense set. 

 
Definition 3.3.  Function YXf →:  where X ,Y  are topological 

spaces is called simply continuity if for any simple open set YG ⊂ , the set 
( )Gf 1−  is simply open. 

 
Because each semi-open set is simply open, hence it follows that 

each semi-continuity function is simply continuity. The opposite statement is 
not true. 

 
Example 3.2.  Let RYX == . We defined YXf →:  as follows: 

 

( )




=
1
0

xf      
if
if

 
0
0

=
≠

x
x

  . 
 

The function f is simply continuity, but is not semi-continuity. 
 

Theorem 3.1. Let X  be a topological space of second category at 
each point and let Y  be a metric space. Then each function YXf →:  
which is simply continuity is also cliquish. 

Proof. Let ε 〉 0, Xx ∈0  and let V  be open set which contains the 

point 0x . Let { }ny  be a countable dense set in Y . By 







2
, ε

nyK  we denote 

the open ball with center ny  and radius 
2
ε

. Since 
∞

=

=







1 2
,

n
n YyK ε

  then 
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n
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−
1

1
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. From the above assumptions 

nnn ZGyKf ∪=
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2
,1 ε

, where nG  is open set and nZ  is nowhere 

dense in X . Then  

VVZVG
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n
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∩

∞

=

∞

=


11

. 

Since  
∞

=

∩
1n

n VZ  is of  first category  in  V  and  V  is a second category,  then  
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∞

=

≠∩
1n

n VG ∅. Taking VGU n ∩=
0

 we get open set VU ⊂ such that for 

any Uxx ∈21 , , ( ) ( ) 





∈

2
,,

021
ε

nyKxfxf , i.e. ( ) ( )[ ]21 , xfxfρ  〈 ε. Thus, 

f  is cliquish at the point 0x .♦ 
 

The opposite statement does not necessarily apply. 
 

Example 3.3.  Let [ ]1,0== YX . Let  f  be a Riemann function 

( )






=
1

1
qxf      

if
if   

[ ]

[ ] Ixx

qqpNZD
q
px

∈∈

〉=∈=

,1,0

0,1),(,1,0
   ,  

 

where  I  is a set of irrational numbers. Then  f  is cliquish, but is not simply 
continuity because if ( ]1,0=G  and then ( )Gf 1−  is set of rational numbers 
which is not simple-open. 
 
 The proof of  Theorem 3.1 uses the fact that  X  is of second category 
in each of its points. It is interesting to show that this assumption is not 
necessary at least in the case when Y is a metric space. 
 

Theorem 3.2.  Let  X  be a metric space  and  let Y  be a completely 
bounded metric space. Then each function YXf →:  which is simply  
continuity on  X  is cliquish on  X .    

Proof.  Let ε 〉 0, Xx ∈  and let V be open neighborhood at a 
point x . Since Y  

is completely bounded, it follows that there is a finite 
number of open sets nGGG ,...,, 21  such that their diameters are smaller than 

ε  and 
n

i
iGY

1=

= . We have ( ) iii ZUGf ∪=−1 , where iU  is open and iZ  

is nowhere dense in X. It is enough to show that there is 0i  such that 
≠∩UU

i0
∅ . This is true because 
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The set 
n

i
i UZ

1=

∩  is nowhere dense in U . Then ≠∩
=


n

i
i UU

1

∅. 

Accordingly, ≠∩UU
i0

∅  for some 0i .♦ 

 
    4. PSEUDO-CONTINUITY AND OTHER TYPES OF 

CONTINUITY 
 

The notion of a simple continuity function can be generalized to the 
notion of pseudo-continuity function by pseudo-open sets. 
 

Definition 4.1.  The set A  in a topological space X is called pseudo-
open  if  NOA ∪=  where О  is open set and N  is of the first category. 

 
Definition 4.2. Function YXf →:  where X , Y are topological 

spaces is called pseudo-continuity of  X  if for any open set YG ⊂ ,  the set 
( )Gf 1−  is pseudo-open. 

 
Since simply open sets are pseudo-open, then it follows that each 

simply continuity function is pseudo-continuity. The opposite statement is 
not true. As an example it is sufficient to consider the function of Riemann. 

 
The following theorem is generalization of Theorem 3.1 and can be 

proved as that theorem. 
 

Theorem 4.1.  Let  X  be a topological space of the  second category 
at each of its points and let Y  

be a metric space . Let YXf →:  be pseudo-
continuity. Then f is cliquish. 

 
The opposite theorem of the above can be proved in a general form.  
 
Theorem 4.2.  Let  X  be a topological space and let Y  be a metric 

space. Let YXf →:  be cliquish. Then  f  is pseudo-continuity. 
Proof. It suffices to show that if  f  is cliquish then the set of points of 

noncontinuous is of first category in X.  
Let ( )fC  be a set of points of continuity of function f. Then 

( ) 
∞

=

=
1n

nGfC , where nG  are open ( ),...2,1=n  (by theorem: The set of 
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points of continuity of a function YXf →:  is of type δG ). Thus, the set 
of points of a noncontinuous has the form 

( ) XfD = \ ( ) XfC = \ ( 
∞

=

∞

=

=
1 1n n

n XG \ ) 
∞

=

=
1n

nn FG . 

If ( )fD  is of the second category then at least one of the sets, for example 

0nF , is of the second category, and this implies that the ≠
0nIntF ∅. Let 

0nIntFx ∈ . Since  f  is cliquish at the point x , it follows that there is an 

open set ≠U ∅, 
0nIntFU ⊂  such that the diameter ( )( )

02
1
n

Ufd ≤ . By 

the definition of the set 
0nF  it follows that if Ux ∈  then there is a point 

Ux ∈,
 such that ( ) ( )[ ]

0

,

2
1,
n

xfxf ≥ρ . This contradicts to the assumption 

that  f  is cliquish function, i.e. the set ( )fD  must be of the first category. 
Thus, f  is a pseudo-continuity.♦ 
 

Theorem 4.3.  Let  X  be a topological space of second category at 
each of its points and let Y  be a metric space. Function YXf →:  is 
pseudo-continuity if and only if  f  is cliquish. 
 Proof.  This is a consequence of theorems 4.1. and 4.2.♦ 
 
 The notion of almost continuity was introduced by T. Husain in [3]   
and [4]. 
 

Definition 4.3. Function YXf →: where X ,Y are topological 
spaces is called almost continuity at a point Xx ∈  if for any open set 

YG ⊂ such that ( ) Gxf ∈ , ( )GfIntx 1−∈ . 
 
 Almost continuity functions need not to be pseudo-continuity. 
 

Example 4.1.  Let [ ]1,0== YX . Let   

 

( )




=
1
0

xf      
if
if

 
Ix
Qx

∈
∈

  ,  

 

where Q  is a set of rational number, and I is a set of irrational number. 
Function  f   is a almost continuity, but it is not  pseudo-continuity because if 
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=

2
1,0G  then ( )Gf 1−  is a set of irrational number in [ ]1,0  which is not 

pseudo-open.  
 

To show that the other previously mentioned notions of continuity 
withdraw almost continuity, it is sufficient to show that the quasi-continuity 
does not entail almost continuity.  
 

Example 4.2.   Let [ ]1,0== YX . Let   

( )







=

1

0
xf      

if

if
 






∈





∈

1,
2
1

2
1,0

x

x
  .  

Function  f  is quasi-continuity at any point [ ]1,0∈x , but it is not almost 

continuity at the point 
2
1

=x . 
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ABSTRACT 

For a variety of HVAC calculations, data for monthly values of individual 
meteorological parameters are required. 

Given that for the locations in the Republic of Macedonia, there are no 
official publicly available data on meteorological parameters, in numerous 
cases, it is complicated to perform certain HVAC calculations. 

The paper is an attempt, on the basis of publicly available sources, to 
indicate monthly values for individual meteorological parameters for the 
location Skopje-Petrovec, with emphasis on the parameters of the solar 
radiation. Data for the so-called “solar geometry” are also considered, that 
are, in turn, closely related to the parameters characteristic for solar 
radiation. Given the above mentioned, for the location of Skopje, the paper 
examines the sunrise and sunset times, length of day and night, path of the 
sun during the day and other parameters in the area of so-called “solar 
geometry”. 

Location Skopje-Petrovec is taken into consideration because there are 
more publicly available sources of meteorological data, and it can be used 
for making comparisons and evaluation of data from different sources. 
 
Keywords: meteorological parameters, monthly values, publicaly available 
sources/data. 
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INTRODUCTION 
 

Nowadays, the topic of buildings energy efficiency is very 
attractive. This topic is closely related to monthly values of certain 
meteorological parameters, typical for the location of the object. 

Utilisation of renewable energy sources (in the context of above 
mentioned, and of solar energy) is also closely related to monthly 
values of certain meteorological parameters, typical for the location of 
the object. 

At the same time, also for many other HVAC calculations (heating, 
ventilation, air conditioning, drying, etc.) meteorological data are used 
as primary input data as bases for individual locations. For certain 
calculations and defining of certain indicators, individual monthly 
values of meteorological parameters specific to the location where the 
facility is located is of high importance. 

In this papre, for the location of Skopje – Petrovec, on the bases of 
publicly available sources, monthly values of certain meteorological 
parameters are considered. 

As a source of data, publicly available sources, i.e. internet 
websites, are used. 
 
 

MONTHLY METEOROLOGICAL DATA 
 
For the preparation of the article, the following data are used: 

• NASA’s website https://eosweb.larc.nasa.gov/sse/ ,  
• Website http://www.gaisma.com/en/location/skopje.html. 

Website https://eosweb.larc.nasa.gov/sse/ contains data on a number of 
grounds (according to NASA Surface meteorology and Solar Energy).  

The choice of locations is in terms of longitude and latitude, and an 
additional parameter is altitude. In addition, the reported data are for the 
period of observation from 1983 to 2005. 

Furthermore, the methodology used is listed in L.3, which occurs as a 
side material for the structure of data from specified website. 

From many features that are available on the website, the paper uses data 
for average monthly values of meteorological parameters for the individual 
location of Skopje - Petrovec. The data presented below, are systematized by 
groups such as: 

• Temperatures, 
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• Other (relative humidity, precipitation, etc.), 
• Wind, 
• Data for the so-called “solar geometry”, 
• Parameters for solar radiation, 
• Parameters for sizing and pointing of solar thermal panels, 
• Parameters for tilted solar panels, 
• Parameters for sizing battery or other energy - storage 

systems, 
• Parameters for sizing surplus-product energy systems. 

From the website http://www.gaisma.com/en/location/skopje.html, the 
diagrams presented in the article are taken over, which complete the picture 
for “solar geometry” typical for the location. 
 The structure on diagrams presented in the article, is explained by 
Labels with the description of numbers in each figure. 

On diagram (Fig. 1), for the location of Skopje, for the entire year, a 
visual representation of the sunrise, sunset, beginning of dawn and end of 
dusk, dawn and twilight and the duration of day/night is given.  

On diagram (Fig. 2), for the location of Skopje, daily path of the sun is 
visually presented, by which a daily path of the sun, for any day in the year, 
can be drawn. 

Due to limited space, some data given on the websites are omitted (data 
for clouds, part of the data in the field of "solar geometry", etc.). 

In order to avoid burdening of the article, the reviewed data for 
location of Skopje – Petrovec, arranged in tables, are given in Annex 

It must be noted that some of the data presented, specifically data on 
meteorology (temperature and other) do not coincide completely with the 
data from other publicly available sources. 

The differences in values and the reasons for these differences can be on 
several grounds (different periods of observation, different way of measuring 
- measurements in meteorological stations, satellite measurements, hybrid 
data base models, etc.). Furthermore, the identified differences and the 
reasons for them can be clarified with a deeper analysis of various data from 
different sources, which can be of interest for further work in this area. 

 
CONCLUSION 

 
In the paper, reviewed monthly average values for individual 

meteorological parameters taken from public data sources (internet sites) are 
used. This exceeds, sometimes existing problem on the availability of 
meteorological data for individual locations in the Republic of Macedonia. 
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Considered data is for the period 1983 – 2005, systematized in groups. 
In websites used, which is followed in the paper, emphasis is placed on 

data parameters from solar radiation. However, despite these data parameters 
from solar radiation, cited data refer to other meteorological parameters. 

Also, for the location considered (Skopje - Petrovec), data from the 
area of so-called “solar geometry” are also reviewed. Time of sunrise 
and sunset, appearance of dawn and dusk, duration of day and night, 
path of the sun during the day and other data are also considered. 

Monthly values of individual meteorological variables, data about 
the location of Skopje – Petrovec, are of interest to define the input for 
a number of HVAC calculations, especially when lack of access to 
publicly available official data exists. 

With these data we get a global picture of climate conditions and 
features of the location during the entire year. 
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APPENDIX 
 

NASA Surface meteorology and Solar Energy - Available Tables

Location Skopje-Petrovec
Latitude, o 
Longitude, o

Altitude, m

Geometry Information
Elevation: 741 meters taken from the NASA GEOS-4 model elevation

Northern boundary 42 Western boundary 21
Southern boundary 41 Eastern boundary 22

Center Latitude, о 41,5 Longitude, о 21,5

41,96
21,65
238

 
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year

Meteorology (Temperature): 
Monthly Averaged Air Temperature At 10 m Above The Surface Of The Earth (°C)

22-year Average -1,48 0,08 4,19 9,4 15,1 19,4 22,1 22 17,2 11,2 4,72 -0,46 10,3
Minimum -4,73 -3,49 0,28 4,4 9,3 13 15,9 16,4 12,2 7,04 1,32 -3,82 5,71
Maximum 1,27 3,47 8,34 14,4 20,6 25 27,6 27,3 22,5 15,9 8,03 2,25 14,8

Air Temperature At 10 m Above The Surface That Has Been Adjusted For A Site Elevation Of 238 m (°C)
22-year Average 0,85 2,41 6,52 11,7 17,4 21,7 24,4 24,3 19,6 13,6 7,05 1,87 12,7
Minimum -2,47 -1,23 2,53 6,65 11,5 15,3 18,1 18,6 14,5 9,29 3,57 -1,56 7,97
Maximum 3,39 5,59 10,4 16,5 22,7 27,1 29,7 29,4 24,6 18 10,1 4,37 16,9

Average Daily Temperature Range (°C) * Warmest month
22-year Average 6 6,95 8,05 10 11,3 11,9 11,7 * 10,9 10,2 8,92 6,72 6,07

Monthly Averaged Cooling Degree Days Above 18 °C
22-year Average 0 0 0 0 7 52 119 123 28 2 0 0 331

Monthly Averaged Heating Degree Days Below 18 °C
22-year Average 611 508 423 257 101 20 3 3 46 203 399 581 3155

Monthly Averaged Arctic Heating Degree Days Below 10 °C
22-year Average 363 282 181 50 2 0 0 0 0 35 167 333 1413

Monthly Averaged Arctic Heating Degree Days Below 0 °C
22-year Average 88 50 11 0 0 0 0 0 0 0 12 73 234

Monthly Averaged Earth Skin Temperature (°C)
22-year Average -1,11 0,67 5,36 10,8 17 22 24,9 24,6 19,4 12,5 5,19 -0,16 11,8

Average Minimum, Maximum and Amplitude Of The Daily Mean Earth Temperature (°C)
Minimum -5,01 -3,95 -0,41 3,35 8,22 12 14,8 15,4 11,5 6,58 1 -4,07
Maximum 3,93 6,68 13 19,7 27,1 32,8 36,2 36 30 21 10,7 4,59
Amplitude 4,47 5,31 6,75 8,19 9,45 10,3 10,6 10,3 9,28 7,23 4,89 4,33 20,6

Monthly Averaged Frost Days (days)
22-year Average 25 22 14 3 0 0 0 0 0 2 12 23 101

Dew/Frost Point Temperature At 10 m (°C)
Daily Average -3,91 -3,6 -1,45 1,55 5,01 7,36 8,23 8,44 6,43 4,42 1,35 -2,81

Meteorology (Other): 
Monthly Averaged Relative Humidity (%)

22-year Average 84,3 78,1 69,9 62 55,4 50 45,2 45,6 52,5 66 80,3 84,9 64,4
Monthly Averaged Humidity Ratio At 10 m Above The Surface Of The Earth (%)

22-year Average 0,003 0,004 0,004 0,005 0,006 0,007 0,008 0,008 0,007 0,006 0,005 0,004
Monthly Averaged Atmospheric Pressure (kPa)

22-year Average 93,3 93,1 93 92,8 93 93 93 93,1 93,2 93,4 93,3 93,3 93,1
Atmospheric Pressure That Has Been Adjusted For A Site Elevation Of 238 m (kPa)

22-year Average 99,3 99,1 98,9 98,5 98,6 98,6 98,5 98,5 98,8 99,1 99,1 99,2 98,9
Monthly Averaged Total Column Precipitable Water (cm)

22-year Average 0,84 0,8 0,92 1,14 1,55 1,85 1,99 2 1,73 1,5 1,19 0,95 1,37
Monthly Averaged Precipitation (mm/day)

22-year Average 2,02 2,17 1,81 2,18 1,91 1,65 1,37 1,18 1,72 1,97 2,85 2,57 1,94

Parameters / Month
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Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year

Meteorology (Wind): 
Monthly Averaged Wind Speed At 50 m Above The Surface Of The Earth (m/s)

10-year Average 4 4,16 3,92 3,68 3,28 3,19 3,36 3,41 3,36 3,69 3,92 4,17 3,67
Minimum And Maximum Difference From Monthly Averaged Wind Speed At 50 m (%)

Minimum -10 -9 -11 -8 -18 -12 -11 -10 -8 -8 -14 -11 -11
Maximum 13 10 12 7 14 13 11 16 6 13 8 12 11

It is recommended that users of these wind data review the SSE Methodology, 
The user may wish to correct for biases as well as local effects within the selected grid region,
All height measurements are from the soil, water, or ice/snow surface instead
of "effective" surface, which is usually taken to be near the tops of vegetated canopies,

Monthly Averaged Percent Of Time The Wind Speed At 50 m 
Above The Surface Of The Earth Is Within The Indicated Range (%)
0 - 2 m/s 20 17 20 25 32 33 32 33 34 25 22 19 26
3 - 6 m/s 74 76 76 74 67 67 67 67 66 74 74 72 71
7 - 10 m/s 6 7 4 1 1 0 1 1 0 1 5 8 3
11 - 14 m/s 0 0 0 0 0 0 0 0 0 0 0 0 0
15 - 18 m/s 0 0 0 0 0 0 0 0 0 0 0 0 0
19 - 25 m/s 0 0 0 0 0 0 0 0 0 0 0 0 0

Monthly Averaged Wind Speed At 50 m 
Above The Surface Of The Earth For Indicated GMT Times (m/s)
Average@0130 4,58 4,71 4,46 4,32 4,04 4,08 4,57 4,53 4,36 4,5 4,53 4,83 4,45
Average@0430 4,5 4,57 4,22 3,84 3,36 3,15 3,53 4,04 4,19 4,34 4,36 4,74 4,06
Average@0730 3,71 3,33 2,54 2,06 1,81 1,68 1,74 1,8 1,72 2,43 3,28 3,96 2,5
Average@1030 2,7 3,23 3,38 3,24 2,74 2,62 2,37 2,45 2,38 2,64 2,66 2,58 2,74
Average@1330 3,27 3,64 3,61 3,5 3,02 2,97 2,61 2,57 2,54 3,02 3,24 3,26 3,1
Average@1630 3,91 4,12 3,85 3,61 3,16 3,14 3,16 3,1 3,11 3,57 3,9 4,13 3,56
Average@1930 4,63 4,79 4,61 4,37 3,91 3,82 4,28 4,24 4,19 4,48 4,67 4,9 4,4
Average@2230 4,68 4,84 4,66 4,51 4,18 4,09 4,63 4,53 4,4 4,58 4,7 4,93 4,56

Monthly Averaged Wind Direction At 50 m Above The Surface Of The Earth (degrees)
10-year Average 263 281 30 250 248 250 257 268 268 273 277 280

Monthly Averaged Wind Direction At 50 m 
Above The Surface Of The Earth For Indicated GMT Times (degrees)
Average@0130 268 52 73 218 240 252 41 57 41 84 118 23
Average@0430 267 37 40 231 251 253 43 65 47 71 119 291
Average@0730 261 38 79 216 271 247 67 95 62 67 148 288
Average@1030 249 219 156 223 232 278 350 89 226 169 168 293
Average@1330 261 257 170 230 248 285 328 325 285 218 207 290
Average@1630 271 46 98 245 280 306 345 346 316 288 120 25
Average@1930 286 68 85 236 303 330 12 22 90 78 116 32
Average@2230 272 70 99 235 316 339 32 45 29 89 128 29

Monthly Averaged Wind Speed At 10 m Above The Surface Of The Earth For Terrain Similar To Airports (m/s)
10-year Average 3,16 3,29 3,1 2,91 2,59 2,52 2,65 2,69 2,65 2,92 3,1 3,29 2,9

It is recommended that users of these wind data review the SSE Methodology, 
The user may wish to correct for biases as well as local effects within the selected grid region,
All height measurements are from the soil, water, or ice/snow surface instead
of "effective" surface, which is usually taken to be near the tops of vegetated canopies,

Difference Between The Average Wind Speed At 10 m Above The Surface Of The Earth And 
The Average Wind speed At 50 m Above The Surface Of The Earth (%)
Vegetation type    "Airport": flat rough grass
10-year Average -20 -20 -21 -20 -21 -20 -21 -21 -21 -20 -21 -20 -21

Monthly Averaged Wind Speed Adjusted For Height And Vegetation Type (m/s)
Height  100 meters    Vegetation type  "Airport": flat rough grass
10-year Average 4,43 4,61 4,34 4,08 3,63 3,53 3,72 3,78 3,72 4,09 4,34 4,62 4,07

Parameters / Month
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Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year

Monthly Averaged Wind Speed At 50, 100, 150 and 300 m Above The Surface Of The Earth (m/s)
Vegetation type  "Airport": flat rough grass
50m 4 4,16 3,92 3,68 3,28 3,19 3,36 3,41 3,36 3,69 3,92 4,17 3,67
100m 4,43 4,61 4,34 4,08 3,63 3,53 3,72 3,78 3,72 4,09 4,34 4,62 4,07
150m 4,71 4,9 4,62 4,33 3,86 3,76 3,96 4,02 3,96 4,35 4,62 4,91 4,33
300m 5,23 5,44 5,12 4,81 4,29 4,17 4,39 4,46 4,39 4,82 5,12 5,45 4,8

Monthly Averaged Wind Speed For Several Vegetation And Surface Types (m/s)
Height  100 meters    
35-m broadleaf-everg    5,54 5,76 5,42 5,09 4,54 4,41 4,65 4,72 4,65 5,11 5,42 5,77 5,09
20-m broadleaf-decid    5,06 5,3 5,03 4,75 4,29 4,26 4,55 4,56 4,4 4,76 5,03 5,31 4,77
20-m broadleaf and n    5,69 5,76 5,28 4,88 4,29 4,15 4,37 4,53 4,52 5,07 5,46 5,89 4,99
17-m needleleaf-ever    5,38 5,45 5,03 4,65 4,18 4,09 4,34 4,4 4,34 4,8 5,13 5,54 4,77
14-m needleleaf-decid    5,31 5,45 5,06 4,69 4,18 4,03 4,25 4,43 4,49 5 5,31 5,61 4,81
Savanna:18-m broadl     5,31 5,52 5,2 4,88 4,35 4,23 4,46 4,53 4,46 4,9 5,2 5,54 4,88
0,6-m perennial groun  4,82 5,01 4,72 4,43 3,95 3,84 4,05 4,11 4,05 4,44 4,72 5,02 4,43
0,5-m broadleaf shrub     4,82 5,01 4,72 4,43 3,95 3,84 4,05 4,11 4,05 4,44 4,72 5,02 4,43
0,5-m broadleaf shrub     4,82 5,01 4,72 4,43 3,95 3,84 4,05 4,11 4,05 4,44 4,72 5,02 4,43
Tundra: 0,6-m trees/s     4,82 5,01 4,72 4,43 3,95 3,84 4,05 4,11 4,05 4,44 4,72 5,02 4,43
Rough bare soil 4,65 4,84 4,56 4,28 3,82 3,71 3,91 3,97 3,91 4,29 4,56 4,85 4,28
Crop: 20-m broadleaf     4,85 5,12 4,59 4,69 4,18 4,06 4,28 4,34 4,28 4,63 4,85 5,09 4,58
Rough glacial snow/ic 5,09 5,22 4,82 4,46 3,98 3,87 4,07 4,14 4,13 4,63 4,96 5,31 4,55
Smooth sea ice 4,53 4,61 4,26 3,91 3,49 3,39 3,57 3,7 3,72 4,2 4,47 4,75 4,05
Open water 4,28 4,45 4,2 3,94 3,51 3,41 3,6 3,65 3,6 3,95 4,2 4,46 3,93
"Airport": flat rough gr 4,43 4,61 4,34 4,08 3,63 3,53 3,72 3,78 3,72 4,09 4,34 4,62 4,07

Parameters / Month

 
 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year

Solar Geometry: 
Monthly Averaged Solar Noon (GMT time)

Average 1044 1048 1043 1034 1030 1033 1040 1038 1029 1020 1018 1027
Monthly Averaged Daylight Hours (hours)

Average 9,5 10,6 11,9 13,3 14,5 15,1 14,9 13,8 12,5 11,1 9,86 9,18
Monthly Averaged Daylight Average Of Hourly Cosine Solar Zenith Angles (dimensionless)

Average 0,3 0,35 0,45 0,5 0,58 0,58 0,56 0,54 0,5 0,4 0,31 0,27
Monthly Averaged Cosine Solar Zenith Angle At Mid-Time 

Between Sunrise And Solar Noon (dimensionless)
Average 0,32 0,41 0,5 0,58 0,62 0,63 0,63 0,6 0,54 0,45 0,35 0,3

Monthly Averaged Declination (degrees)
Average -21 -12 -1,8 9,71 18,8 23 21,2 13,7 3,08 -8,5 -18 -23

Monthly Averaged Sunset Hour Angle (degrees)
Average 70 78,6 88,3 98,8 107 112 110 102 92,7 82,3 72,8 67,6

Monthly Averaged Maximum Solar Angle Relative To The Horizon (degrees)

Parameters / Month

 
 

Table 1. Sunrise/sunset, duration of day/night for the location of 
Skopje – Petrovec (for the day 24.10.2013.) 
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Date Sunrise Sunset Length Change Dawn Dusk Length Change 
24.10.2013 06:57 17:39 10:42   06:28 18:07 11:39   

+1 day 06:58 17:38 10:40 00:02 shorter 06:30 18:06 11:36 00:03 shorter 

+1 week 06:05 16:29 10:24 00:18 shorter 05:37 16:58 11:21 00:18 shorter 

+2 weeks 06:14 16:21 10:07 00:35 shorter 05:45 16:50 11:05 00:34 shorter 

+1 month 06:34 16:07 09:33 01:09 shorter 06:03 16:38 10:35 01:04 shorter 

+2 months 07:00 16:07 09:07 01:35 shorter 06:28 16:39 10:11 01:28 shorter 

+3 months 06:56 16:36 09:40 01:02 shorter 06:25 17:06 10:41 00:58 shorter 

+6 months 05:40 19:25 13:45 03:03 longer 05:11 19:55 14:44 03:05 longer 
  

 
 
 

 
 

Figure 1. Sunrise/sunset, duration of day/night for the location of 
Skopje-Petrovec 

Labels: 1. Month, 2. Hour, 3. Current day considered, 4. Night, 
5. Dawn, 6. Day, 7. Dusk, 8. Possible beginning/ending of 
daylight saving time 
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Figure 2. Path of the sun for location Skopje - Petrovec 

Labels : 1. Angle of azimuth, 2. Elevation angle, 3. Considered 
path of the sun (to date), 4. Path of the Sun on June 21, 5. Path 
of the Sun on December 21, 6. Path of the sun during equinox, 
7. Sunrise, 8. Sunset, 9. Horizon 
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Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year

Parameters for Sizing Battery or other Energy-storage Systems: 

Minimum Available Insolation Over A Consecutive-day Period (%)
Min/1 day 13,6 8,98 16,3 18,2 13,1 13,3 13,3 11,5 13,9 4,13 4,39 4,86
Min/3 day 30,9 25,3 30,4 36,5 40,4 34,3 29,2 37,3 33,7 24,3 12,6 24,5
Min/7 day 48,9 44,6 48,9 55 55 49,4 50,1 57,1 44,2 32,3 23 39,5
Min/14 day 58,1 56,6 51,1 67 69,6 68,5 75,8 66,9 58,7 48,5 49 48,3
Min/21 day 62,9 64,8 58,2 69,2 76,4 72,7 82,1 72,4 70,2 64,5 58 57,9
Min/Month 71 81,2 72 72,9 80 82,5 90,3 84 74,5 80 70,8 66,6

Solar Radiation Deficits Below Expected Values Incident On A Horizontal Surface 
Over A Consecutive-day Period (kWh/m2)
1 day 1,58 2,33 2,96 3,45 4,49 5,47 5,57 4,98 3,69 2,78 1,74 1,37
3 day 3,79 5,73 7,39 8,03 9,24 12,4 13,6 10,5 8,52 6,58 4,76 3,26
7 day 6,54 9,92 12,6 13,2 16,2 22,3 22,4 16,8 16,7 13,7 9,8 6,09
14 day 10,7 15,5 24,2 19,4 21,9 27,7 21,7 26 24,8 20,9 12,9 10,4
21 day 14,2 18,8 31 27,2 25,5 36 24,1 32,5 26,7 21,6 16 12,7
Month 16,4 13,4 30,6 34,2 31,9 33 19,2 27,8 32,7 17,9 15,9 14,8

Equivalent Number Of NO-SUN Or BLACK Days (days)
1 day 0,86 0,91 0,83 0,81 0,86 0,86 0,86 0,88 0,86 0,95 0,95 0,95
3 day 2,07 2,23 2,08 1,9 1,78 1,96 2,12 1,88 1,98 2,26 2,62 2,26
7 day 3,57 3,87 3,57 3,14 3,14 3,53 3,48 2,99 3,9 4,73 5,38 4,22
14 day 5,85 6,06 6,83 4,6 4,25 4,39 3,38 4,62 5,78 7,2 7,13 7,23
21 day 7,78 7,37 8,75 6,44 4,93 5,71 3,75 5,78 6,24 7,45 8,8 8,84
Month 8,97 5,25 8,66 8,1 6,17 5,22 2,98 4,95 7,62 6,2 8,73 10,3

Parameters for Sizing Surplus-product Storage Systems: 
Available Surplus Insolation Over A Consecutive-day Period (%)

Max/1 day 188 188 183 186 167 147 137 146 158 181 207 192
Max/3 day 173 185 170 171 162 140 135 135 151 179 201 178
Max/7 day 162 165 157 153 144 131 128 130 140 164 188 165
Max/14 day 147 140 143 129 139 126 120 123 132 149 157 143
Max/21 day 141 126 139 118 130 121 117 117 126 143 135 135
Max/Month 125 117 127 112 116 111 115 111 120 127 121 125

Parameters / Month

 
 

Supporting Information: 

Monthly Averaged Top-of-atmosphere Insolation (kWh/m2/day)
22-year Average 4,01 5,52 7,58 9,59 11 11,6 11,2 10 8,24 6,16 4,4 3,58 7,76

Monthly Averaged Surface Albedo (0 to 1,0)
22-year Average 0,3 0,28 0,21 0,16 0,18 0,2 0,19 0,17 0,15 0,15 0,17 0,26 0,2  
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Abstract 

 
Software markets are the fastest growing markets globally. There are not 

relevant data concerning the situation of the Macedonian software market.  
In this research will be surveyed the largest software companies in the R. 

Macedonia, applying on-line questionnaire in order to obtain initial 
information about the characteristics of Macedonian software market. The 
software market in our country is still a relatively small market, but with the 
increasing globalization of world markets, there are great conditions for 
intense growth and development of the software market in the R. Macedonia. 

This research will give detailed answers about the trends in the 
Macedonian market for software , what is the size of that market , which are 
the participantes in that market, how much the world famous software 
manufacturers are present at the Macedonian market etc.   
 
Key words: software market, software solution, IT services.  
 
 

INTRODUCTION 
 

The subject of the research in this paper presents software market in 
Macedonia and actual movements in this market . The purpose of this study 
is to provide relevant information of the situation in the Macedonian 
software market. According the World Bank , IT spending per capita in 
Macedonia is $ 70 , which is the fourth highest consumption in the Balkans , 
although the differences are obvious. Slovenia leads with an average of 430 
dollars, Croatia has 235 dollars to spend on IT and Serbian citizen 95 dollars. 

6 original scientific paper 
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Macedonia 's 70 $ are just 8.1 % of the average consumption per capita in 
the European Union.7 

The methodology of this research is determined by the nature of the 
research. a structured questionnaire was applied  in this research. Also, the 
on-line questionnaire on zoomerang.com was used. This website offers some 
simple analysis of the answers. 

In this research will be implemented quantitative and qualitative analysis. 
Qualitative analysis enters into the heart of the subject, and because it 
explores the software market, such analysis will examine a number of factors 
that effects on that market. Studies of this type are performed by number of 
respondents that have features that are important for the purpose of research, 
because they are an important part of the basic set. In the qualitative analysis 
will be used inductive method or analysis will be developed on individual 
facts and data collected and analyzed in order to perform some general 
conclusions. It will be an analysis of certain issues at the end of all this 
analysis to separate some general conclusions.  

The results will be analyzed by different statistical methods, correlation 
and regression analysis, various statistical tests, the test for independence 
(chi square), ANOVA, etc. Processing the results will be done using modern 
software solutions, as well as in Microsoft Excel. 

First in order to perform a proper survey is necessary to formulate an 
appropriate sample. By default are taken 50  most successful companies in 
the software area in the R. Macedonia. The sample is determined by the 
Decision analyst STATS which defined 21 companies with  max error level 
of 6 % , the level of risk of 5 % , a level of reliability of  95 % , and the 
desired confidence level of  90 %. 

Companies covered in this sample are: Estek BSc, IT labs, Re - Active, 
Sigma WB, Neon Systems, Gord systems, BMG universe, Edusoft, bar 
ecem, Planet Interactive, Digit Computer Engineering, Pelings, Asseko, 
Integra Solution, Seavus, Anhoch, Point Plus, Entire logic, Facility X, SDC 
software, Inovation Academy . 
 
 
RESULTS OF THE RESEARCH FOR THE SOFTWARE MARKET 

IN MACEDONIA 
 

In this paper will be covered only those questions that are extremely 
important for this research, due to limitations on the size of the paper. 
 

7 www.worldbank.org 
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1.  Do you develop software by your own or you only sale it? 
  

 
 
 
 
 
 
 
 
 
 
 

Chart 1. 
From the results can be seen that most of the companies (57.14 %) are 

developing software solutions alone. That is very positive trend in the 
Macedonian software market. This is the reason why most of the 
Macedonian software companies become competitive in the global software 
market with their innovative solutions . This is also confirmed by research of 
IDC according to which already 4-5 Macedonian software companies are 
listed on the world software market with their innovative software solutions . 
On the other hand it is a small number of companies that perform only 
selling / trading software, which sell mostly is related to the Microsoft 
products.   
 

2. What software tools are offered by the companies?: 
 

Company Software tools 
Sigma SB MS SQL analytics, MS Dynamics, NAV Business Analytics 
 
Gord systems 

IBM/SPSS Predictive Analytics:PASW Statistics (SPSS 
Base), PASW Modeler Pro (Clementine), Jasper report 

Object X oXEnteprise Solution, Business Process modeler 
Digit computer 
engineering 

ERP software 

Acceco Microsoft, IBM, Oracle 
Seavus Most of the Microsoft products and open source solutions 
Entire logic MOSS, MS SQL, MS SQL AS 
Re-activ Microsoft products 
Neon systems POS software (their own solutions) 
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Pint plus ERP software, software for finance and sell (their own 
solutions) 

Edusoft Different software solutions by customer order 
BMG 
universum 

Different software solutions by customer order 

Table 1. 
 

From the Table 1 it can be noticed that most of the software tools that are 
offered on the Macedonian market are products of Microsoft. Also , most of 
the Macedonian software companies develop their own solutions that are 
adjusted to the needs of the Macedonian companies. Besides the innovative 
software solutions that Macedonian companies produce, they often 
complementary their offer with Microsoft products mostly as world's most 
widespread software in the Macedonian market. Quite characteristic is that 
the most of the software solutions developed by Macedonian software are 
developed by direct orders from the customers.  
 

3. Do you have partnership with some of the world's software 
developers? 
 

 
Chart 2. 

From the results can be noted that most of the Macedonian companies 
have not established any partnership with any of the world's software 
companies, while most of them who had some kind of partnership, they have 
with Microsoft. Even 55% of companies have a partnership with Microsoft 
and if we added those 35% who do not have a partnership with any of the 
world's software, then only 10 % of Macedonian software companies have 
partnership with the other producers of software. It would mean that from all 
world producers of software, Microsoft have monopoly on the Macedonian 
market. 

Do you have partnership with some of the world's software 
developers? 

 
0 0 0 0 0 

55% 35% 

5% 5% SAS 
Jaspersoft 
Panorama 
Qliktech 
SAP 
Microsoft 
No, we don’thave 
IBM, SPSS 
progeSOFT 
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4. What is the price of software that you have to offer? 

 
 
 
 
 
 
 
 
 
 
 
 

Chart 3. 
 

When we analyze the price of the software tools that are offered on the 
Macedonian market, it usually varies in the range of 1.000-10.000 €, 
although there are companies that offer software over 100.000 €. In the past 
only the large companies can afford the software tools because of the high 
price of the software, but today more and more software companies are 
working on developing software tools with an affordable price for small and 
medium-sized companies. That acceptable price ranges from 1.000-10.000 € 
even for small and medium-sized companies. 
 

HYPOTHESES TESTS AND REGRESSION MODEL 
 

In this paper will be tested several hypotheses that are of exceptional 
importance for research . 
 
Hypothesis 1 

Test the zero hypothesis that the number of software tools sold in one 
year does not depend of the price of tools . 

Below are the results obtained from hypothesis tests: 
 
Number of 
Columns 

Number 
of Rows 

Alpha 
Error 

Degrees of 
Freedom 

Critical 
chi-square 

Computed 
chi-square 

p value 

5 5 0.05 16 26.2962 6.7347 0.9780 
Conclusion: Do not Reject Hypothesis 

Table 2. 
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From the results can be seen that the set zero hypothesis is accepted. It  

means that the number of software tools sold in one year does not depend of 
the price of tools. In this case,  it doesn’t mean that the lower price of the 
tools will  increase the number of tools sold, but sales of software for 
business intelligence depends of a number of other factors that would be the 
subject of a separate study. To determine which other factors could affect the 
sales tools will be set multiple regression model in which one as dependent 
variable is the number of software tools sold in one year. To determine what 
other factors could affect the sales tools will be placed in multiple regression 
model which as dependent variable defines the number of software tools sold 
throughout the year. As independent variables are defined way of sales (X1), 
the type of software sell by the companies (X2), partner relationships 
established with a worldwide manufacturer (X3) and how much are 
companies informed about the software offer (X4). By applying correlation 
analysis, which was performed in Microsoft Excel determined that the 
independent variables are mutually independent, we can be seen from the 
value of the correlation coefficients are given in the following table: 
 

Correlation matrix (correl, r) 
 X1 X2 X3 X4 

X1 1 0,41 0,05 0,17 
X2 0,41 1 -0,36 0,42 
X3 0,05 -0,36 1 -0,48 
X4 0,17 0,42 -0,48 1 

Table 2. 
 
The equation of regression model is : 
Y = B0 + B1 * X1 + B2 * X2 + B3 * X3 + B4 * X4 + eij 
 
where : 
X1- a way of sale 
X2- type of software sell by the companies 
X3- partner relationships established with a worldwide manufacturer 
X4- how much are companies informed about the software offer 
eij-total error 
 

The correlation coefficient, based on the established model is 
approximately 0.7, which already shows some correlation. Coefficient B0 
shows  how much is the expected or theoretical value of the line of 

 

60 



regression coefficients if other variables show  how much the independent 
variable will change if any of the dependent variables change. Also, this 
regression model allows to perform certain predictions about future trends in 
the sales tools based on the obtained results.  
 
 
Hypothesis 2 
 

Analysis of variance was used to test zero hypothesis that there are no 
statistically significant differences in information of the companies for the 
offer in the Macedonian software market . 

The results are given in the following table : 
 

Source of 
variance 

Sum of 
squares 

Degrees of 
freedom 

Mean squared 

Columns 77.400 4 19.350 
Error 3.500 5 0.700 
Totals 80.900 9  
Computed F-Value: 27.643     
Critical F (Col): 5.19                  
Reject Null Hypothesis 

Table 3. 
 

We used ANOVA test and we can conclude that this hypothesis is 
rejected which means that there are statistically significant differences in 
awareness of companies for the Macedonian software market. In other words 
Macedonian companies that operating in business sector have different 
information about what is offered as software tools by Macedonian software 
companies. 
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CONCLUSION 
 

The results obtained of the survey suggest that most of the software that 
is offered on the Macedonian market is developed by software companies 
that sell it. On the other hand, very few number of the most prevalent 
worldwide producers of software are present in the Macedonian software 
market. This possibly brings that the sell of the software for business 
intelligence to does not depend on the price of the software. The movement 
of prices of software up and down does not affect on the number of software 
tools sold by companies. There are several other factors that are involved in 
the research , which affect the sales of software . Also, impact on the 
software sell has the small information that  companies have  about the 
software market in Republic of Macedonia. This will be a recommendation 
to the Macedonian software companies to better promote and advertise their 
products. 

However, despite this, there are positive trends in the Macedonian market 
for business intelligence software.  They are related to the companies that 
aim to develop their own software solutions. They are companies that can 
cope with modern global trends and can compete on the global software 
market. This can be seen of the type of software that companies sell, the 
number of software tools that are sold and their price. 
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ABSTRACT 
 
The development of the information and communication 

technology especially the internet has brought to the growth to 
businesses with the electronic commerce. Electronic commerce is 
taking a pitch when it comes to communication of the stake holders, 
although some still mistrust it. When it comes to electronic commerce, 
we are witnessing the wider usage of the internet as a paying medium. 
This means that there are users that need to be more familiar with the 
possibilities but also the risks and the threats. The subject of this paper 
is to look at the threats that may occur while the electronic 
transactions are made. With this paper the costumers and the 
businesses can get deeper knowledge about the threats that can 
jeopardize their working or their identity. This brings to more 
information that benefits the costumers and the businesses in the 
transformation of the traditional to the more contemporary methods of 
buying and selling. 

Keywords: electronic commerce, internet, threats, network 
 

 
 
 

8 original scientific paper 
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INTRODUCTION 
 

The growth of the World Wide Web allows an easier remote 
connection to other computers. The simplicity of using the internet 
helped to expand the commercial aspect such as the electronic 
commerce. E-commerce means using the information and 
communication technology (ICT) to run a business on the internet 
which includes not just selling and buying goods but also services and 
collaboration with other business partners (Manivannan,S;2009). The 
methods of electronic commerce help the companies to connect their 
inner and outer systems for data processing in a more efficient and 
flexible way, to work with their suppliers and partners and to satisfy 
the needs and expectations of their clients.  

But the rapid development of new software and communication 
systems often results with users that are not familiar enough with the 
software and the architecture of the system. This makes those users 
unaware about the flaws that may lead to serious security risks. 
Electronic commerce is surrounded by different threats that can slow 
down or even stop function. Also electronic commerce is becoming a 
field for computer criminal with the different thefts that occur around 
electronic transactions. 

  
 

THREATS TO THE NETWORK 
 

In the group of threats to the network we find the sniffing 
software that has the ability to listen and intercept the data that travels 
though the network. (Laudon, K.Laudon, J;2001). 
 The sniffer applications are software that monitors the data 
flowing over the computer network. The sniffer application is able to 
listen and copy the computer conversations. After all, this 
conversations are in binary form, so the network sniffers are known as 
“protocol analysis” which enables “decoding” of the computer traffic. 
Because of the fact that many networks use common mediums, the 
sniffer applications have the advantage compared to telephone 
bugging. 
The sniffer applications can be categorized in two forms. The legal or 
commercial sniffer packets are used to help maintain the computer 
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networks. This sniffer packets are commercial devices which are used 
to manage the networks and maintain the network security. They are 
also used as a diagnostics tool to back up the network systems and to 
examine a networking system that has impaired security. On the other 
site there are the illegal sniffer packets which are used by the hackers 
in order to gain unauthorized access to sensitive information and 
network data. The illegal sniffer packets are installed without the 
knowledge of the IT administrator and can be positioned in different 
areas of the network with the purpose of spying or stealing the 
information that flows though the network. 

Image 1. Attacker positioned between the client and the server 

 
Typical usage of this programs include: 
- Automatic obtaining of clear text usernames and passwords from 

the network which are used by hackers/crackers to break into 
systems; 

- Converting the data in a form that is human readable, so people 
can read from the traffic; 

- Fake analysis to discover the network problems, such as why a 
certain computer can not talk to another one; 

- Analysis of the performance, to discover network difficulties; 
- Imposing network detection to find out hackers/crackers; 
- Logging the network traffic, to create profiles that the hackers can 

not crack. 
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There are three types of sniffing packets: 
- ARP sniffing: ARP sniffing include information packets that are 
sent to the administrator via the ARP cache on the two computers. In 
this case the data instead of the two hosts in the network are sent 
directly to the administrator. 
- IP sniffing: IP sniffing works through the network card which is 
used to monitor all the information packets that respond to the set up 
filter on the IP address. This enables monitoring all the data for 
analysis and testing. 
- MAC sniffing : MAC sniffing like the IP sniffing works through the 
network card which enables the device to monitor all the information 
packets that match the filter, this time the MAC address. 
Sniffer components: 
- Hardware - most products work on the standard network adapters, 
although some require special hardware. The special hardware can be 
used to analyze hardware errors such as the CRC errors, voltage 
problems, cable problems, dribbles, oscillation and else.  
- Recording driver – this is the most important part, whose purpose is 
to record the network traffic over the wire, to filter the data that needs 
to be recorded and save the data in a temporary memory. 
- Temporary memory – after the data is recorded from the network, 
it is saved to a temporary memory. The frames that are captured from 
the network are stored in a tampon. There are a few ways of recording: 
recording until there is free memory or storing the new data means 
moving the old ones. 
- Decoding – the task of the decoding is to show the network data in a 
human readable form which helps to understand what is going on the 
network. 
- Editing/transmission – some products include features that enable 
them to edit the network packets and to send them over the network. 
 
 

REASONS THAT HOLD BACK THE INTERNET 
TRANSACTIONS 

 
The most common reason why the internet transactions are held 

back is the credit card fraud. Buyers are afraid of being tricked and 
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their credit card information stolen. But stealing the information from 
transactions is far less likely then system hacking and stealing 
corporative servers where the information related to the credit cards is 
stored. 
 The problem with the security of the credit card date occurs on the 
sellers side when he accepts to save the data. Most of the data that is 
stolen is in a group of thousands of entries saved on the sellers 
records. 
  This means that the right problem with the systems that 
include credit card transactions is not to create a security channel that 
lets the buyer and the seller communicate but the inability to identify 
the parties in those transactions, together with the security of the data 
that is stored on the sellers servers. The seller can not validate the 
identity of the person who enters the credit card data and whether that 
person is the owner of the credit card. This problem becomes much 
worse when there is an international order, because once it is made 
and then canceled, that order can not be proved together with the 
identity of the credit card owner. That is why the identity of the clients 
is the key importance for the businesses in order to reduce their 
potential losses.   

 
SURVEY IN THE REPUBLIC OF MACEDONIA 

 
       A pilot survey in the Republic of Macedonia was implemented in 
2012 using the method of examination and survey questionnaire as an 
instrument to commit the pilot study. The survey questionnaire 
contained mostly closed questions, which were previously structured. 
The answers gained from all the 31 subjects were individually 
processed in Microsoft Excel which resulted in a graphical 
representation. 

From the pilot survey conducted in Macedonia, 14 companies or 
45% answered that offer their products online, while 17 or 55% of the 
companies do not offer their products and stick to the traditional way 
of selling their goods.  
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 Graphic 1. How much the companies offer their products on 
Internet  

 
 
Some of the companies offer their products only for marceting 

purposes but not for sale. The data from this survay shows that 12 or 
37% of those companies had their security breached and the other 20 
or 63% had been secured. 

 
Graphic 2. Threat to the security of computer systems companies 

 
 An individual analysis of the answers showed that the security 

breach had ocured at the big and medium companies. Although the 
percentige of the companies that havent their security breched is larger 
then the secured ones, 24 of all the companies or 77% think that the 
electronic commerce and the electornic transactions are partaly save 
and the other 7 or 23% think that the electronic commerce and 
electronic trasnactions are completely save.  
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Graphic 3.  Security of electronic commerce and electronic 
payment 

 
Encouraging is the face that none of the business entities 

considers e-commerce unsecure which helps the e-commerce to 
expand. 
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CONCLUSION 

 
The continuous growth of the information and communication 

technology results in an overall increased usage and use cases of the 
internet. One of them is the electronic commerce which is proving to 
be more contemporary, simple and efficient. But this technology is 
prone hacking attempts which can result with inefficient store for the 
businesses or stolen identity for the costumers. One of the most 
common attacks on the network  are done with sniffers that can 
monitor, intercept or even edit the data that travels through the 
network and resend it to other computers. This type of attack can 
happen on three levels: ARP, IP or MAC. The reasons that hold back 
the internet transactions mainly consist of credit card frauds. When a 
survey was done in the Republic of Macedonia, with the main focus to 
discover how many of the businesses offer their goods or services 
online we found out that 45% do offer them online. Out of 31 
companies 37% have had their security breached and the other 63% 
have not. None of the companies believes that electronic transactions 
are unsecure, 77% that are partially secure and 23% that the electronic 
transactions are completely secure. Having non of the companies 
answer that they think the electronic commerce and transactions are 
unsecure is a good pointer that allows e-commerce growth. 
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Abstract 

 
Massively Open Online Courses (MOOC) is new trending model for 

delivering learning content online to any person with no limit on attendance 
for everyone that wishes to attend to a course. Following the MOOC trend 
there is an expectation that till 2015 there will be more than 6 million unique 
students worldwide. In order to provide appropriate quality learning user 
experience for the students we propose how to optimize the cloud computing 
resources, such as Virtual Machine (VM) distribution per contents to support 
the MOOC. For this purpose we have used a simulation tool, called 
CloudAnalyst, which supports visual modelling and simulation of large-scale 
applications that are deployed on cloud infrastructures. The results will 
provide information for the geographic distribution of traffic and location of 
data centres and number of resources for each data centre. 

Key words: Massively Open Online Courses, Coursera, Cloud 
Computing, CloudAnalyst. 

 
INTRODUCTION 

 
University study provides students with the opportunity to learn by 

working in groups during class time, presenting their work in class, and even 
collaborating together on a project, which as we all know is happening in 
real-time. Recently, there is a need to shift from a monolithic learning 
environment in which everything must be controlled and predictable to a 
more pluralistic learning ecology in which both prescriptive and emergent IT 
application domains and models of learning have their place [1]. Another 
research, had asked participants in online learning environment to describe 
their learning experience in the context of multiple communities and found 
that there’s an apparent importance of expressing new perspectives across 

9 original scientific paper 
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multiple communities that spring from online courses [2]. Using this 
approach, students are expanding the ability for creating, sharing and 
collaborating through emerging technologies such as blogs, wikis, podcasts, 
and social networks. In the same time professors and teaching assistants will 
spent less time on lecturing the students, and they can be more effective in 
scaffolding and tutoring the students to improve their skills. 

Recent research has proposed cloud computing (CC) to be used as 
approach for online user-assessment and classification of learning materials, 
in order to provide personalized resource recommendation [3]. The last two 
years there is a trend called massively open online course (MOOC), which 
have generated wide attention due to initiatives made by high-profile 
institutions such as Stanford and MIT, which have formed start-ups such as 
Coursera, Udacity, and edX [4]. Distance learning and the MOOC have a 
great potential for informal and lifelong learning. The MOOC presents 
important challenge related to student engagement and evaluation, in order 
to ensure an exceptional student experience and to avoid high dropout rates 
researchers are using pedagogic approach by experiential learning and 
collaborative learning theories [4]. The MOOC allows hosting university to 
open its curriculum to a wider audience. In order to be able to support 
simultaneously large number of users from all around the world there needs 
to be optimal distribution of CC resources. Considering that nowadays the 
trend of MOOC reputation is to be able to deliver real-time uninterrupted 
delivery of multimedia contents promptly to all students [5]. The main 
contribution in this paper is to provide appropriate optimal configuration of 
CC environment for the providers of MOOC to deliver high-quality learning 
material. To be able to provide finest configuration of CC environment we 
have used simulation tool, called CloudAnalyst, to plan the resources needed 
for MOOC to be accessible and reliable worldwide.  

This paper is organized as follows: Firstly we present the concept of 
the cloud-based massively open online courses. Next it is described the 
simulation of MOOC use case and comparison of two simulations with 
CloudAnalyst. At the end is provided discussion for the results and 
conclusion of the paper. 

 
 

CLOUD-BASED MASSIVELY OPEN ONLINE COURSES 
 
The MOOC networks can be used for creating, sharing, and refining 

the knowledge between the participants. Learners are encouraged to 
represent their knowledge or questions through diversity of platforms and to 
connect to each other around issues and topics of shared interest. That way, 
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MOOC builds a model of collaborative networks of unprecedented rapidly 
expanding educational resources. The MOOC environment is a self-guided 
course that could have thousands of participants. It requires that a participant 
is willing to engage, and has some confidence and comfort with the 
discourses of an autodidact and a self-starter [5]. MOOC offers opportunities 
for interaction of student with the material as well as student with their peers. 
The open online course can be used by potentially large number of students 
from all over the world. The real potential of MOOC is that CC based 
support for the emergence of learning networks among participants in a 
many-to-many relationship, rather than the traditional one-to-many model of 
interactions between a teacher and his or her students [6]. 

Common for all MOOC providers is that all of them have been 
established during 2012 by leading world universities and they all have large 
number of participants. Another common feature for MOOCs is that they are 
cloud-based learning platforms. The Google Engine platform is the base for 
Udacity and Khan Academy, whereas, the Amazon Web Service 
Infrastructure is support for Coursera, Instructure, LoudCloud Systems and 
Lore [7]. Considering the significant large number of students enrolled in 
Coursera we have decided to conduct further and deeper research for this 
MOOC. The popularity of Coursera in world scale, broken down by country 
[8], is given in Figure 1 (left). Another research made by Outsell [9] have 
estimated that by the end of 2012, about 3.17 million unique students 
worldwide were enrolled in courses from the major MOOC providers, see 
Figure 1 (right). Following the MOOC trend and popularity they are 
expecting that till 2015 there will be more than 3 million unique students 
only from North and South America, and the rest of 3 million unique 
students will be from other worldwide continents [9]. 

MOOCs allow learning to happen across space and time due to its 
mainly asynchronous and online architecture. The MOOC is a gathering of 
people with generally good internet connection, it has a unique social 
advantage that relates to a more open and connected way of thinking. 
Considering that nowadays the trend of MOOC reputation the providers 
should be able to deliver real-time uninterrupted delivery of multimedia 
contents promptly to all students. In order to provide appropriate and optimal 
configuration of CC environment for the MOOC providers we will use the 
CloudAnalyst simulator. 
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Figure 1. Country distribution [8] (left), Global MOOC audience [9] (right) 
 

In this research we have used CloudAnalyst [10] to model a 
simulated environment to study the behavior of a MOOC platform in CC 
environment. It provides graphical output in the form of tables and charts is 
highly desirable to summarize the potentially large amount of statistics that 
is collected during the simulation. The simulator is developed on Java 
platform, using Java SE 1.6, and the GUI component is built using Swing 
components [10]. CloudAnalyst, built on top of CloudSim, allows 
description of application workloads, including information of geographic 
location of users generating traffic and location of data centers, number of 
users and data centers, and number of resources in each data center [10]. A 
User Base models a group of users that is considered as a single unit in the 
simulation and its main responsibility is to generate traffic for the simulation. 
We have used Throttled Load Balancer [10] that ensures only a pre-defined 
number of Internet Cloudlets are allocated to a single VM at any given time. 
With this balancer if more request groups are present than the number of 
available VM’s at a data center, some of the requests will have to be queued 
until the next VM becomes available. Modeling bandwidth for a complex 
network like the MOOC is an extremely difficult task. In the current version 
of CloudAnalyst it is used a hypothetical parameter, available bandwidth, 
which is assumed to be the quota of Internet bandwidth available for the 
application being simulated, ignoring other external factors [10]. For that 
purpose we model the behavior of MOOC platform for the use case Coursera 
and using CloudAnalyst we will evaluate time response of data centers and 
performances related to use of CC to host MOOCs courses worldwide. 
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A CASE STUDY: SIMULATION OF A MOOC IN CLOUDANALYST 
 
Streaming video requires reasonable quality of bandwidth, and a 

reasonably new computer with good quality video/graphics card. Most of the 
MOOC participants from North America in rural and remote communities 
may face bandwidth challenges similar to their African peers, but even when 
they do not, challenges still arise with respect to such things as the 
possession and use of microphones, web cams, and headsets [5]. Also, time 
zones can also be concerns in MOOCs, especially if regular live sessions are 
planned. Therefore, the use of synchronous tools should be carefully planned 
in a MOOC, in order to overcome the issue with different time zones [6]. 
The CloudAnalyst allows clear overview of analysis for different time zone 
intervals in different regions of the World. The massive size of the 
participating group maximizes the possibility for participants to find peers 
who share complementary interests and skills, and with whom they can 
collaborate to achieve mutually defined goals. The CloudAnalyst simulator 
environment, identified by CloudAnalyst Region IDs, is divided into 6 
‘Regions’ that correspond with the 6 main continents in the World. 
Considering the Coursera students distribution by country, given in Figure 1, 
we have created the approximate percentage distribution of the Coursera user 
base across the world is given in Table 1. We have defined 6 user bases 
representing the above 6 regions corresponding to the CloudAnalyst Region 
IDs with the following parameters are also given in Table 1. 

 
TABLE I.  PERCENTAGE DISTRIBUTION AND USER BASES 

User 
base 

Region ID and 
continent 

Users 
in % 

Peak Hours 
(GMT) 

Simultaneous 
Online Users 
During Peak 

Hrs 

Simultaneous 
Online Users 
During Off-

peak Hrs 
UB1 0- North America 43,8 02:00-09:00 430,000 43,000 
UB2 1- South America 8,9 06:00-13:00 89,000 8,900 
UB3 2- Europe 32,9 10:00-17:00 329,000 32,900 
UB4 3- Asia 11,9 15:00-22:00 119,000 11,900 
UB5 4- Africa 0,9 11:00-18:00 9,000 900 

UB6 5- Australia & 
Oceania 1,6 20:00-03:00 16,000 1,600 

For the sake of simplicity in the simulation configuration each user 
base is contained within a single time zone and it is assumed that most users 
use the MOOC platform for about 7 hours, per day. Also, it is also assumed 
that only (1/10) one tenth of that number of users is on line during the off-
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peak hours. The cost for hosting Coursera platform in a Cloud is closely 
following this pricing plan: Cost per VM per hour $0.10; Cost per 1GB of 
data transfer (from/to Internet): $0.10 [17]. Size of virtual machines (VM) in 
data centers used to host Coursera in the experiment is 10,000MB. The 
virtual machines have 1GB of RAM memory and have 1000MB of available 
bandwidth. Simulated hosts have x86 architecture, virtual machine monitor 
Xen and Linux operating system. Data center nodes have six core L5640 
CPU processors 24GB of RAM and 60x600GB Dual channel SAS disks of 
storage. Each machine has 2 CPUs, and each CPU has a capacity power of 
37006 MIPS. A time-shared policy is used to schedule resources to VMs. 
Users are grouped by a factor of 1000, and requests are grouped by a factor 
of 100. Each user request requires 4096 instructions to be executed. 

 
a) Scenario 1 – Coursera hosted on a single data center 

 
Considering the centralized approach for Coursera we assume 

initially the platform is deployed in a single location, in Region 0 (North 
America). The simulated data center hosts 50 virtual machines dedicated to 
Coursera, each one with 1024MB of memory in each VM running on 
physical processors capable of speeds of 37006 MIPS. After running the 
simulation in CloudAnalyst for the first scenario with single data center we 
have received the following simulation output, see Table 2. The response 
times experienced by each user base for the first scenario are shown 
graphically in Figure 2. 

 
TABLE II.  SCENARIO 1: OVERALL RESPONSE AND PROCESSING TIME 

 Avg (ms) Min (ms) Max (ms) 
Overall response time: 1021 91 3018 
Data center processing time: 74 0.15 522 
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Figure 2. Scenario 1: Response time across regions with the single data 

center 
 
The spikes in response times can be seen clearly during the seven hour 

peak period, and it can be observed how the peak loads of one user base 
could affect other user bases as well. The UB1 has the peak between 02:00-
09:00 GMT, similar UB3 has significantly increased peak time between 
10:00-17:00 GMT and all other user bases have small spikes during this 
same period. Overall, during the 1 day simulation we can see different 
distribution depending of the user base region and different peak hours per 
regions. During the high load of the UB1 peak from Region 0 (North 
America) the time for processing has been highest compared to the 
processing times of the other regions.  

 
b) Scenario 2 – Coursera hosted on a two data centers 

 
When Coursera grow in popularity on the Internet the most common 

approach to improve service quality is to deploy the application in several 
locations around the globe. Consequently for the second scenario in 
CloudAnalyst, we kept the user bases the same and we add one more data 
center, in region 2 (Europe). In order to preserve the cost the same 50 virtual 
machines are spitted on half for each data center. After running the 
simulation from second scenario with two data centers we have received the 
following response time and request processing time, see Table 3. 
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TABLE III.  SCENARIO 2: OVERALL RESPONSE AND PROCESSING TIME 

 Avg 
(ms) 

Min 
(ms) 

Max 
(ms) 

Overall response time: 825 75 2535 
Data center processing 
time: 414 0.19 1618 

 
Overall, response time in second scenario is significantly lower than 

the corresponding response time in first scenario with single data center. 
Contrary, we have increased data center processing time in the second 
scenario with two data centers, this is because we are using half of the 
number of VMs in each data center compared to the first scenario. 
Substantial improvement in the second scenario is evident for the response 
time by region where the average response time has balanced distribution, 
see the second column Avg (ms) from Table 4. 

 

TABLE IV.  SCENARIO 2: RESPONSE TIME BY REGION 
User Base  Avg (ms) Min (ms) Max (ms) 

UB1 994,941 92,687 2.535,985 
UB2 545,046 189,154 1.738,521 
UB3 719,439 75,094 1.817,187 
UB4 749,981 280,650 1.335,600 
UB5 346,825 259,448 876,667 
UB6 208,679 166,418 370,501 

 
Significant difference is noticeable in the data center processing 

times and response times shown in Figure 3. The average processing time of 
both data centers is increased because of the decreased number of VMs. In 
the same time we can notice decreased loading traffic for the first data center 
(DC1), now the peak is 6M requests per hour. Reducing the number of 
virtual machines by half during each of these peak loads effectively 
lengthens the time taken to process by about two times in each data center. 
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Figure 3. Scenario 2: Data center processing and loading times 
 
Considering the MOOC trend there is an expectation that till 2015 

there will be more than 6 million unique students worldwide. In this research 
we were able to conduct excellent analysis using the simulator CloudAnalyst 
and we received substantial improvement for the response time in the 6 
regions and lowered loading traffic for the first data center (DC1). 

 
CONCLUSION 

 
We have researched the massive online teaching infrastructures on a 

worldwide scale because it offers remarkable collaborative and 
conversational opportunities for students to gather and discuss the course 
content. We demonstrated how CloudAnalyst can be used to model and 
evaluate a real world MOOC through a case study of a Coursera deployed on 
the cloud. We have illustrated how the simulator can be used to effectively 
identify overall usage patterns and how such usage patterns affect data 
centers hosting the application. This paper provides appropriate 
configuration for distribution of the resources by geographic location 
depending on the workload of CC environment for the providers of MOOC 
to deliver high-quality learning material. We have proposed to use 
environment with two data centers, one in North America and the other in 
Europe, in order to bringing the service closer to the users. This improves the 
response time in the 6 regions and has shown how to improve the Coursera 
load balancing at the application level across data centers. 
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Abstract 
 
Using e-learning systems without modules for giving suggestions 

and recommendation to the users, although they contains useful and practical 
learning materials, are not effective and useful for the users. Searching the 
most adequate learning content in the large dataset of learning materials, 
without some techniques for filtering, is not effective way of using e-
learning systems. That’s why, there is a practical need for modules in e-
learning systems that offer system personalization based on the user needs 
and goals, habits and learning style. Furthermore, users have different 
learning styles, different prior knowledge and goals. It means that the e-
learning systems need to integrate modules that provide system 
personalization. 
The main goal of this research is to propose a prototype of intelligent system 
for e-learning that will suggest the most useful learning materials and deliver 
the learning material based on the most adequate learning style to the users.  

 
 

Keywords: intelligent, recommendation, filtering, learning style, tags 
 
 
 

INTRODUCTION 
 

Today, the computer technology takes a great part of the learning 
process, beginning from the first computer-based system until to web based 
intelligent application, games, simulation and etc. Its known that the Internet 
is the large dataset of learning materials. It is the same for e-learning 
systems. They can contain a large data set of resources from different 
learning areas. On the other hand, users have very specific needs. So, the 
system need to offer some tools for filtering the learning materials and give 
recommendation to the users.  

10 original scientific paper 
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Intelligent e-learning systems can improve and update the computer learning 
process by filtering the most adequate learning materials based on users 
learning style, goals and requirements. Based on McCalla 2005, the 
intelligent e-learning systems need to motivate the users to archive the goals 
on effective and efficient way.  
To be more effective, intelligent learning systems are using a model of 
individual characteristics for the users (their goals, parameters, knowledge) 
in order to adapt their operations. The user’s model can be modeled based on 
user’s review via several tests, polls, using history and etc. 
The main goal of this research is to propose a prototype of intelligent system 
for e-learning that will suggest the most useful learning materials and deliver 
the learning material based on the most adequate learning style to the users. 
The proposed system includes user modeling, based on several tests for user 
knowledge level as well as the most adequate learning style. Additional, we 
are going to propose a combination of algorithms that should be used in this 
intelligent model. 
As a result of this research, we are going to answer to following questions: 
 - How we can determinate the most adequate user’s learning style  
 - How we can organize and group the users based on their knowledge level 
 - How we can develop the user model and what model contains 
 - What logic will be used in manner to get decision about the most adequate 
learning materials 

 
 

RELATED WORK 
 

There are a huge number of researchers (Brusilovsky, 1999; 
Brusilovsky, Eklund, & Schwarz, 1998; Brusilovsky & Maybury, 2002; Graf 
& Kinshuk, 2006; Sessink, Beeftink, Tramper, & Hartog, 2003) that are 
working in the e-learning section and using artificial intelligence in manner 
to make them more effective. Some of them are directed to adaptation of 
learning materials based on users knowledge level, some of them are using 
material adaptation based on the most adequate learning style. There, the 
most adequate learning style has been determinate by using several methods, 
like Peter Honey and Alan Mumford's, Anthony Gregorc's model, Sudbury 
model of democratic education, NASSP Learning Style Model, VARK and 
etc). In addition, there are papers that made research about collaborative 
filtering in order to suggest the most adequate materials to the users. 
The authors in [1] propose using a poll for determination the most adequate 
user learning style. The results of the poll are the criteria for delivering style 
of the learning materials. Similar idea proposes the authors in [2], but they 
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are separate the process in the two phases: first they made determination the 
algorithm for separate the materials and then made decision about delivering 
style. In [3], the authors propose a model for automatically user’s modeling 
in goal to determinate the most adequate learning style. The paper [4] 
includes analyzing on user answers on several quizzes and polls, in goal to 
determinate the user’s needs. In that content, the authors are especially focus 
on the answers with negative connotation and adverbs that are related with 
disagreement, in order for fix that suggestions and make system for efficient. 
In paper [5], the authors are working on the algorithm for data mining in 
order to analyze the user actions and user-system interaction. By using the 
algorithm, the system defines a template that helps in the process of 
suggestion the most adequate learning materials. The authors in [6] suggest 
using the ArioriAll, Apriorisome and DynamicSome algorithms for 
suggesting the most adequate learning materials. The paper [7] proposed a 
system prototype for automatically recommendations based on user profiles 
and their history. The same idea is the topic in the paper [8] where authors 
are using user’s history and searching keywords in order to select the 
learning materials. The paper [9] intend using Vector Space Model for 
giving recommendations to the users, by comparing the similarity of the 
materials that have been used from the users with other available materials in 
the system. The similar research is given in paper [10], where the authors are 
focused on determination the similarity between learning materials in the 
system and propose the most adequate content to the users.  
There are several papers that are focused on using tags in order to make the 
system more effective. In that manner, the authors in [11] propose a method 
that uses tags in combination with collaborative filtering with limitation of 
three-dimensional relation into two-dimensional and then using method for 
fusion in order to update the co-relation between the new relations. In the 
same papers, the authors gave an overview of all effects from using tags in 
combination with different algorithms for collaborative filtering. In paper 
[12], the authors are oriented to a model for giving recommendation based 
on the tags that are used from the users. In additional, they present results 
from their investigations about a positive effects from using the tags. In the 
focus of paper [13] is a system that uses an agent that follows the user 
navigation and behavior in the system and make decision which learning 
material should be recommend to that user. 

 
LEARNING STYLE DETERMINATION 

 
It is common question from a lot of authors if students learn on the right 

way. It means does the learning materials that are suggest to the students are 
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in the adequate style and format. It’s clear that every student has different 
learning style. Some students want only to read a lot of test, others love to 
watch video tutorials. Some of them prefer to using audio materials in 
contrast of some other students which practice to learn from practical 
examples and real situations. In that manner, the learning style can be define 
as a indication of how students learn and how they  want to learn (Gregorc & 
Ward, 1977; Keefe, 1987; Tseng, Chu, Hwang, & Tsai, 2008 ). There are a 
several models and algorithms for determination the most adequate learning 
style (Dunn, Dunn, & Price, 1984; Felder & Silverman, 1988; Keefe, 1987; 
Kolb, 1984, VARK). In the proposed system, we are going to use the VARK 
model. It uses questionnaire with 26 questions what gave answer for the 
most adequate user learning style and make user categorization in one of 
following four categories: 

- Visual – this kind of learners want to learn by watching some video 
tutorials, diagrams, images, presentations and etc 

- Aural – this type learners want to use audio materials 
- Reading and writing – reading learning materials are preferred 

learning style for this kind of learners 
- Kinesthetic – are focused on learning by using practical realization 

and using examples 
In the proposed system, the student will have to give answer to all 26 

questions, so the system will know the most adequate learning style for the 
users and make adaptation to the materials based on the learning style. 
Preferred learning style is only one part from the user model in the proposed 
system. The other important part in the user profile is determination of the 
user  knowledge level. That information will affect in grouping the students 
in virtual learning groups based on their knowledge level. 

 
USER MODEL 

 
From all available information collected from sign up process and 

from student activity, the system is going to define and update the student 
model. It’s very important aspect for the system operability because it 
contains important information that has impact to system decision for 
recommendation and materials suggestion.  
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Image 1: User model components 
 
In general, the student model will contain following sections: 
 - General information (Name, Surname, Learning field, file number, 
username, password) 
 - Adaptive information (learning style, keywords, phrases used while 
searching, knowledge level) 
 - Activity information (used learning materials, added tags, ratings and 
comments, used additional learning material and links) 

 
FILTERING LEARNING MATERIALS 

 
One of the most useful functionality of the proposed system is 

giving recommendation to user based on their needs. In the proposed paper, 
we are going to use a combination of several algorithms, like PageRank, 
Vector Space Model and Simple Collaborative Filtering. Pearson correlation 
coefficient will be used in order to detect the similarity between user 
profiles, based on their common characteristics, knowledge level, 
participation in learning group and etc.  
Second important aspect for filtering the most adequate learning materials 
are tags. The most used tags from the students are stored in student model. 
On the other site, each learning material has list of tags. By using Vector 
Space Model, we are going to compare both lists. The result of that function 
will generate the list with the most adequate learning materials that should be 
recommend to the user. 
As last, we are going to implement the PageRank algorithm in order to 
calculate the most popular learning materials, based on other user’s 
experience. By using the results from PageRank algorithm execution, the 
system is going to reorder the suggested learning materials find out after 
execution of the Simple Collaborative Filtering and the Vector Space Model 
algorithms. 
 

SYSTEM ARCHITECTURE 
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Proposed system will contain several modules: 

 - Module for generating user profile: the main goal of this module is to 
generate the user profile based on the information that students insert while 
sign up process; based on student activities and using the system and etc. 
The Image 1 presents the components of the student model 
 - Module for determination of student requirements: the goal of this module 
is to determinate the student knowledge level, the most adequate style and 
format for delivering the learning materials, to generate the list of keywords 
important for the student 
 - Recommendation module: this section aim to filter the most adequate 
learning content for the student, based on: 

- Tags posted from students and teachers for the learning contents 
- The rating posted from student 
- Search keywords 

Image 2 shows the architecture of the proposed system. 
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Image 2: System architecture 

 
CONCLUSION 

 
The efficient intelligent system for e-learning is the system that can 

filter and recommend the most adequate content, suggest it to the users and 
deliver it in the format and style that is the most adequate for the users. 
Tag using in the process of recommendation learning material in the e-
learning systems results with more effective e-learning process and gain to 
successful personalization of e-learning systems.  
Instead of the systems that already exist and were discuss in section related 
works, the proposed system has several advantages. Some of them didn’t 
make student separation based on their learning style, so they deliver 
learning content in the same format to each student, regardless the most 
adequate student learning style. Our proposed system is going to deliver 
learning materials in format based student learning style. Student knowledge 
level has impact in the content filtering in our system, which is not practice 
in the reviewed systems.  
The proposed system will have positive effect in the process of education 
because if will produce the learning process more efficient and will 
contribute in increasing the motivation of students. Delivering the most 
adequate learning materials in format based on student learning style will 
results will highest productivity in the educational process. 
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Abstract 
Recommendation systems are becoming more attractive today 

in electronic commerce, where algorithms are developed to determine  
with high precision the desires of customers. However, despite the 
rapid development of these systems and their use in the Internet 
environment, there is a small number of cases where these systems are 
adapted and used in the learning process. System recommendations 
complements the natural process of relying on friends, classmates, 
teachers and others who participated in the selection of learning 
materials. In this paper we review the aspects of creating a system for 
recommending documents, and one crucial question: how exactly to 
find learning materials that suit the needs of the student. 

Keywords: Learning, System recommendations, Utility matrix, 
Recommendation model; 
 

INTRODUCTION 

E-learning systems are becoming more popular in educational 
institutions. The rapid development of e-learning has changed the 
traditional approach to learning and created new challenges for 
educators and students. Educators have difficulty choosing the 
appropriate learning materials for the growing number of materials 
online. Students have a problem when they decide which material is 
adequate for them and their needs. Therefore, the educator need an 
automated way of getting feedback from students in order to better 

11 original scientific paper 
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guide their learning process. Students, on the other hand, would 
benefit when an electronic system could suggest activities, and in 
intelligent way to select and recommend materials and documents for 
learning, which would improve the knowledge of students. 

First attempts to develop recommendation system are made 
and applied in the field of e-commerce. The basic principle of the 
system is to use feasibility of creating a list of recommended items 
and to verify that the user likes the recommended items. This 
validation may arise directly by customers, or caused by the use of 
data that represent the previous activities of users. Such systems are 
called Recommendation System (Ricci, Rokach & Shapira, 2011). 
Recommendation systems are using many different techniques that 
will be discussed later, and depending on the techniques they use there 
are two types of Recommendation System: 
 - Collaborative filtering systems, which focus on the 
relationships between users and items. The similarity of two items is 
determined by the familiarity of ratings that were set by users and 
evaluated both items.  
 - Content-based systems, where first come the characteristics 
of items. The similarity of objects is determined by comparing their 
features. 
 - Hybrid systems, combination of both systems above. 
 

COLLABORATIVE FILTERING SYSTEMS 
 

The main goal of collaborative filtering is to predict or provide 
recommendation for products based on the activities of users who are 
like-minded. The assistance comes in the form of a top list where 
items are listed according to their importance for the buyer. Activities, 
opinions and ratings of the products in the system can be obtained 
solely by the users. Each user has a list of items where he has given 
his opinion. It is in form of rating, usually expressed on a numerical 
scale with values from 1 to 5, with 5 being the highest. For some items 
there may be no value. In this case the user is called active user and 
the system tends to set rating for that item in two ways: 
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- Forecast, a numerical value showing the forecast whether the 
active user would like the subject.  

- Recommendation, Top N list with items that would be favor 
of the active user. This list contains items that have not been reviewed 
and evaluated by the user and is called Top recommendation.  

The system consists of a crossed data for users and items 
represented in a matrix, called Utility matrix. Each data is in the form 
of rating, which represents the user's opinion on that subject. Some 
values can be 0 or blank, indicating the fact that the user is yet to rate 
that item. 

Collaborative filtering systems do not always succeed in 
connecting items to users. In case of introduction of new users or new 
items a problem may appear called Cold Start, because there will be 
no data the system can process and bring the correct decision. Another 
problem that arises in these systems is Data Sparsity. In practice, 
many commercial systems have large databases. As a result, the 
Utility matrix will be large and mostly empty, thus creating obstacle 
for proper recommendation. This is often related to the previous 
problem, because the system tends to make recommendations based 
on past actions of the user, so for new users the system can’t make a 
wish-list.  

CONTENT-BASED SYSTEMS 
 

First thing these systems do is to create a profile for each item 
that is offered. Profile is a record or set of records that represent main 
features of that item. Usually profile consists of features that are easily 
visible. For example, features of a textbook are authors, publishers, 
year of publication and classes where is used. 

These systems are of great importance to our paper, because 
they can discover features of documents or learning materials that 
should be recommended. 

There are items where features are not immediately visible. 
This is often the case with written documents, intended for students to 
read. Recommendation system can offer titles that we would have 
interest in, but how will find out which are the right ones. 
Unfortunately, when we have documents it is not easy to reveal their 
main features. As a substitute for the main features we identify words 
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that describe the topic of the document. For example, if an article is 
written about IT technology it will have words like computer, Internet, 
multimedia, data etc. Once a document is classified under the topic IT 
technology we will easily note that these terms, called keywords,  
appear frequently, but until the classification is done these words are 
not counted as keywords yet. 

Classification begins with reviewing the documents and 
finding keywords. At first glance it appears that the most words in the 
text are the keywords. But this assumption is wrong. Most of the 
repeating words are conjunctions and prepositions (and, or, if, that) or 
other words that help to build idea, but have no relevance to the topic. 
These words are called Stop words and are rejected during document 
classification. In fact, the keywords are relatively rare words. On the 
other hand, not all rare words may be keywords. There are certain 
words that rarely appear in the text, and again belong to the Stop 
group. The difference between the rare words that have significance 
and those who don’t is located in the concentration of useful words in 
only a few documents. 

The formal measure for determining the concentration of a 
given keyword in a relatively small number of documents is called 
TF.IDF, short from Term Frequency times Inverse Document 
Frequency. Basically, TF.IDF determines the relative frequency of a 
particular word in the document compared with inverse proportion of 
that word in a set of documents. This calculation determines how 
relevant a given word is in the specified document. Words that are 
common in a document or a small group of papers tend to have a 
higher TF.IDF value versus general words, such as conjunctions and 
prepositions. It is calculated as follows. We assume that we have a set 
D of documents. Choose a document d from the group and word Z to 
compare: 

 
where  represents the number of repetitions of the word Z in 
document d and  is the number of documents from the set where 
the word Z is repeating (Berger, 2000). Depending on the values of the 
variables we usually have two situations. 
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 If we assume that |D|~ , i.e. the number of documents is 
approximately equal to the repetition of the word Z over all documents 

in D. Then , Zd will have lesser value then   but 
still positive value. This indicates that the requested word, though 
often to be found in the documents, has significance. This would be 
the case when we search the set of documents associated with the 
topic education for the words "teacher" or "student." But these words 
are too common, unless the user specifies that the document should 
contain exactly those words. These common words lead to a low index 
of TF-IDF and the system might omit these words in the search. 
 On the other hand, we assume  is high and  is low. 

Then the value of  will be very high and so will the value of 
Zd. This is our case because word with high Zd points to the fact that 
this word is keyword in the stated document and not just a common 
word. This word has high discrimination power (Ramos, 2003). When 
searching with this word, the user would be satisfied with the results 
offered. 

Finally, when we leave out STOP words and perform 
classification with TF.IDF method, each document will get a set of 
keywords, by which will become recognizable and now 
Recommendation system can easily notice its main features and make 
an accurate recommendation. 

Here we see that TF.IDF a simple but effective algorithm for 
determining keywords of written documents. But despite this TF.IDF 
has its limits. His algorithm is not developed enough to resolve the 
grammar of the language. First example are synonyms, where words 
with same meaning are considered as different. Also, when words 
change their structure in plural are classified as different. This might 
be a problem if we have large database of documents. However 
TF.IDF remains as the basis for development other algorithms that 
surpass its disadvantages. 
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RECOMMENDATION SYSTEMS IN EDUCATION 

Recommendation systems allow users to share their opinions 
and therefore to use the gained experience. They can be defined as 
"systems that provide individual recommendations as a result or lead 
the participant through a series of interesting and useful items 
separated from a large group of possible options" (Burke, 2002). 
These systems are made up primarily to support web users as support 
in decision making in certain situations, in terms of preparing the 
information that would be useful in those situations where the user 
does not have enough experience or knowledge of the environment 
(Adomavicius & Tuzhilin, 2005). 

In the education process systems often recommend documents 
with specific content by keywords or according to the curriculum. 
Earlier we saw how a system can extract those keywords if they are 
not manually entered by the author. After efficient extraction of 
keywords, next step is to start the Recommendation system and offer 
Top-N list of documents that are in the interest of the student. This 
method compares the profile of the student with certain characteristics 
and predict ratings for papers that student hasn’t assessed. We will be 
presented hybrid system, because it can recommend documents that 
have not yet received a rating (disadvantage of collaborative filtering), 
while allowing the recommendation of documents with different 
content (enrichment of content- based systems). 

When a student selects a document to read, a group of related 
documents will be proposed. The user has the opportunity to evaluate 
the proffered documents by relevance or interest. On one hand the 
system for collaborative filtering examines the similarities between 
the students and their interests. On the other hand, the system for 
content-based filtering process similarities between the documents and 
the results are placed in the matrix. The system predicts ratings for all 
documents that are not rated by users and offers opportunity to be 
evaluated by the users. Results of the forecast are compared to actual 
ratings of the user that determines the accuracy of the assessment. 
  This system is a combination of several similar systems being 
used and still being updated. According to this model there are four 
basic matrices involved: User-User, Document–Document, User-
Document and Rating-Difference. User-User matrix contains 
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similarities between users, Document-Document matrix contains 
similarities between documents, User-Document contains actual or 
anticipated user ratings and last matrix has the differences between 
actual and predicted values of the ratings. 

Document-Document Matrix contains all the values of the 
similarity between documents and is filled after all documents are 
entered into the system. When a user give rating of a particular 
document, it will be saved in User-Document Matrix and at the same 
time the User-User Matrix will be updated. At that time predicted 
rating values will fill the User-Document Matrix. Once users give 
their rating to a document, it will replace the predicted rating. Then, 
the difference between actual and predicted ratings are stored in the 
Rating-Difference Matrix and the predicted values are analyzed again 
for the remaining documents. 
 

To determine similarities between users technique of 
collaborative filtering applies, which calculates the similarities of 
users according to their assessment of documents. All values entered 
by users are considered as a vector of dimension N, where N is the 
number of documents in the system. First the algorithm calculates the 
distance between two users using Taxi geometry (Candillier and 
others, 2007) and then normalizes distance values between 0 and 1, 
thus limiting similarity to values from 0 to 1. This way the User-User 
Matrix is filled with values shown as an example in Table 1: 

 User1 User2 User3 User4 User5 
User1  0,25 0,62 0,77 0,56 
User2   0,09 0,88 0,36 
User3    0,21 0,12 

Table 1. Similarity matrix for users 

The number of documents that are rated by many users have 
major impact on the accuracy of determining the similarity between 
users. The following equation calculates the similarity: 

 
[1] 
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where N is number of documents normally assessed, Rmax is the 
highest value (usually 5), ri(x) and rj(x) are values given for document 
x from users i and j. 

For calculating the similarity between documents is used a 
method that not only compares keywords as main features of the 
documents, it takes their authors name and titles (Sarwar and others, 
2001). It calculates the importance of keywords with TF/IDF and the 
similarity is determined by the equation: 

 
where N in number of attributes (three in this case – author, title, 
keywords), wх is significance of х, ах is number of common type of х 
attributes for documents i and j, bx is the lowest number of х attributes 
for documents i and j. By determining the values for each pair 
documents the Document-Document Matrix is filled with values. By 
adding a new document in the system, this method will compare it 
with all other documents and will re-enter the values in the Document-
Document Matrix.  

As previously said Recommendation system stores user ratings 
for documents in the User-Documents Matrix. This matrix has two 
types of ratings: real and predicted. The real rating is set by the user 
depending on how much he liked the document. The predicted rating 
is set by the system in places where the user has not yet assessed 
documentation, and it will automatically change if the user enter a 
rating at any time. The system tends not to leave empty fields in the 
matrix, because according to these ratings the system makes 
recommendation. To predict ratings for Useri for Documentj we follow 
these steps: 

1. Generate Top-N list of users similar to Useri who have set 
ratings for Documentj  

2. Generate Top-N list of documents similar to Documentj that 
have received a rating from Useri 

3. Determine prediction by the similarity of users (Equation 3)  
4. Determine prediction by the similarity of the content of the 

documents (Equation 4)  
5. We determine final rating prediction with combining values 

obtained in steps 3 and 4 (equation 5) 

[2] 
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When predicting user ratings, the value of similarity between 
users will be used as constant. The system uses collaborative filtering 
where Top-N similar neighbors to Useri will be selected from User-
User Matrix. The calculation of the predicted rating PR_user is 
calculated as follows: 

 

 
where Si,n is a similarity between Useri and Neigborn, Rj,n is the rating 
of Neigborn for Documentj. 

Next step is to select top-N similar documents from Document-
Document Matrix that are rated by users. The calculation is done as 
follows:  

 
 
where Si,n is similarity between Documenti and Neigborn of the 
Document, Rj,n is rating of Userj for the Neigborn. By this equation the 
system gives a prediction based on content-based filtering. To make 
correct prediction according to the content, user must have rated at 
least one similar document. The system will update the forecast every 
time the user gives new rating for the document. 

The last step is combination of results through ponder average. 
The number of neighbors is used as measurable factors. The equation 
for calculating prediction P is 

 
where N1 is number of selected neigbors of the user and N2 

number of selected neigbors of the document. This equation calculates 
the predicted rating for Useri and Documentj with combination of 
predicted values of ratings based on document contents and the 
similarity in the activities of users. All the ratings are stored in the 

PR_user  = 

[5] 

[3] 

PR_document  [4] 
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Rating – Difference matrix, as shown on table 2, so the system can use 
the values all over again. 

Real Rating Predicted Rating Difference User Document 
R1 P1 R1-P1 U1,4 D1,5 
R2 P2 R2-P2 U2,4 D2,5 
Table 2. Model of Rating – Difference matrix 

 

DOCUMENT RECOMMENDATION 
 

As mentioned before, the purpose of the system is, as the 
student reads a document, to recommend a series of similar 
documents. Recommendation should meet two conditions. First, the 
user must see the recommended document for the first time. Second, 
the recommended documents have to be related to the content of the 
students document. To enforce these conditions, the document is 
pulled from User- Document Matrix, according to the predicted values 
for rating, i.e. documents that have not received rating from the user, 
but are high on the Top-N list according to predicted rating. So, the 
recommendation of documents is done only by predicted rating. 
 

CONCLUSION 

In this article a model was presented of a hybrid system for 
recommending documents to read. The aim was to describe 
Recommendation system that can be used in the educational process, a 
system that recommends learning materials. Searching for appropriate 
learning materials can be hard and long, and often without success. 
The combination of collaborative and content- based filtering helps 
students to improve their learning process. This system can not only 
be an improvement of the institution itself, but can also be the basis to 
create a Learning Management System which nowadays are becoming 
increasingly popular in educational environments. 

These systems are further explored and are improved in order 
to increase their intelligence. And to achieve this they need to 
accurately identify students preferences, to follow their steps and fully 
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adapt to their needs. Therefore, this systems can use additional tools 
offered by the education itself. As educators use series of questions 
and tests to determine the level of knowledge of students, same way 
the system can obtain additional information that will help build a 
profile of each student. Next step would be connecting these systems 
with other similar systems on the Internet, making a global system 
with learning materials from many areas that would be easily 
available. 
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Abstract 

 
      As transport grows globally, cyclists and pedestrians also known 
as a “ vulnerable road users”, are becoming victims in traffic 
accidents, especially in countries where legal traffic measures are not 
respected. Many countries, however, develop and invest in innovative 
strategies in order to enable safe movement in the “urban jungle” for 
all road users. 
    The topic of this research is the municipality of Veles and 
pedestrian crashes occurred in the period of year 2010- May 2013. The 
number of accidents, and the critical months of the year are also 
analyzed, weather and visibility conditions, the accidents’ spatial, 
daily and hour distribution.In the end, adequate comments and 
countermeasures to improve the current situations are given. 
 
      Keywords: pedestrian safety, vulnerable road users, risk, safety 
countermeasures. 
 

INTRODUCTION 
     Pedestrians and bicyclists are often labeled as 'vulnerable road 
users'. This is because – once they are involved in a crash - they have 
two distinct disadvantages:  

12 professional paper 
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- they are totally exposed, having no shield at all to protect them 
in case of a collision (except for the bicycle helmet that 

             is worn by some cyclists), and 
-  the difference in mass between them and motorized vehicles 

             is very large. 
     These two factors make their likelihood of being seriously injured 
or killed in collisions much higher than that of vehicle occupants. 
 

SCOPE OF THE PROBLEM 
 
     As a category of road users, pedestrians are poorly discussed and 
analyzed in terms of their behavior, safety and treatment. Over 5.000 
pedestrians worldwide are victims of road traffic accidents. In 
Macedonia, 38 pedestrians lost their lives in 2012. Most of them are 
people over 65 years. These negative statistics define the problem that 
lacks good practices and sharing of experiences that would be 
applicable in Macedonia in terms of pedestrian safety treatment. 
According to international research, nearly 5.000 pedestrians weekly 
are victims of road accidents worldwide. In Macedonia in 2012, 38 
pedestrians lost their lives in traffic accidents, including a little child. 
The majority of them were individuals over age 65. (Source: Analysis 
department, DIA Veles, 2013) 
      Crossing the street involves a complex set of behavior that begin 
with the decision to cross the street. But despite the standard 
recommendations to ‘stop-look-cross’, adults often plan their 
‘crossing strategy’ the moment they cross the road. They choose the 
crossing location and speed on their own, so that they don’t have to 
stand and wait for a convenient time to cross. However, children are 
faced with major differences and contradictions between what they 
perceive and what they are taught of.  
 
 
 

DRIVER-PEDESTRIAN COMMUNICATIONS 
 

      To avoid a collision, pedestrians and drivers have to be aware of 
each other, i.e. that both are road users. Therefore, they have to 
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interact-at least partially. This interaction requires at least six 
consecutive precautions: 
1. Determine the route  
2.Visual environment estimation in terms of the presence of the other 
3. Detect and evaluate its location 
4. To predict the intention of the other 
5. On-time and appropriate decision 
6. Appropriate response in order to avoid collision. 
 
 

CAUSES FOR PEDESTRIAN CRASHES 
 

     Main causes for pedestrian crashes are: 
1. Wrong decisions  
2. Inappropriate pedestrian behavior 
3. Improper intersection crossing 
4. Jaywalking/darting out, etc. 

     The recklessness among drivers refers to the distraction during the 
process of managing the vehicle, using a cell phone and various 
communication devices. Other reasons that could lead to accident are: 

1. Driving under the influence of drugs  
2. Increased speed near intersections, school zones and pedestrian 

crossings. 
3. Illegal left turns 
4. Failure to obey stop signs. 
 

      The analysis showed that in 55 percent of the accidents, it was the 
pedestrian's action that was primarily responsible for the accident. The 
most common cause - characterizing 34 percent of all crashes - was 
the pedestrian's 'darting out' from a midblock location into the street; 
too late for the car to stop. The other main crash causes were 
'intersection dashes' (9%) that were the same as dart outs, except that 
they occurred at intersections; 'vehicle turn / merge with attention 
conflict' (7%) which was characterized by a collision in which the 
driver was making a turn and attending to traffic in one direction, 
while the pedestrian was in an unattended location; and 'multiple 
threats' (3%) which were situations in which the pedestrian was struck 
by a car after another car stopped to allow him or her to cross, and in 
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the process created a view obstruction for the car that eventually hit 
the pedestrian. 
 
The failure of precautions are shown in Table 1. 
 

 
Source: Shinar, D.,Traffic Safety and human behavior, pp 625 
 
The results of the studies are enabling us to determine and compare 
the accidents causes. Thereby, we can propose appropriate 
countermeasures to improve the pedestrian safety.  

 
PEDESTRIAN AGE 

 
     Pedestrian age is also considered one of the reasons for accident 
occurrence. New researches show that older pedestrians are facing 
with bigger accident risk, unlike other pedestrians. This is due to 
decreased vitality and mobility during the aging process.Although 
they constitute a small percentage, it is more likely that the injuries 
they are facing would be fatal for their health. Age groups who are 
facing with the highest risk are  pedestrians younger than 10 years of 
age and pedestrians over the age of 65. 
 
Table 2. The primary pedestrian crash causes for pedestrians at 
different ages (based on Hunter et al., 1995). 
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  Source: Shinar, D.,Traffic Safety and human behavior, pp 628 

DEFINING THE AREA OF RESEARCH 
(2010- May 2013) 

 
      For the city of Veles, statistics show that over a period of almost 4 
years 2010- May 2013) occurred 1223 traffic accidents, of which 110, 
or 9% involved pedestrians. Most of them occurred in May, October 
and December, the most abundant during the years analyzed (50%) 
1% of the accidents were fatal after the pedestrians’ life. 
On Diagram 1 is presented the number of occurred pedestrian 
accidents, seen annually. 

Diagra
m 1: Annual pedestrian crashes report (2010-May 2013) 
Source: From the authors 
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RESEARCH DATA ANALYSIS  
 

      Travelling at night withdraws higher accident risk,as a driver and a 
pedestrian. However, practice shows that the majority of the accidents 
occur in daily conditions,  good visibility and optimal road conditions, 
or in conditions where there is almost no risk at all. (T.3) 
            
             Table 3: Weather and visibility conditions 

Weather conditions  % 
Clear 73.7% 
Cloudy 11.8% 
Rain 12.7% 
Snow 1.8% 
Visibility % 

 Day 
Good visibility 73.4% 
Poor visibility 2.7% 

Night 
Good luminance 13.8% 
Poor luminance 8.3% 
No luminance 1.8% 

            Source: From the authors 
SPATIAL ACCIDENT DISTRIBUTION WITH PEDESTRIANS IN 

THE CITY OF VELES 
 

     As mentioned above, in the city of Veles in the past 4 years, 110 
accidents. In table 4 it is separately shown the number of accidents for 
each characteristic area of the ciy. 
T.4. Number of accidents according to zones  

Број на зона Назив на реон Број на 
незгоди 

1. Suburb Tunel-Blagoj Gjorev 46 
2. Roundabout-Bus station-city bazaar  33 
3. City pool,Bauman monument  22 
4. Surroundings: Gradsko, Cashka, 

Buzalkovo,Jabolchishte,Izvor  
9 

Вкупно 110 
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Source: From the authors  
      On the following map are displayed the locations where traffic 
accidents have occurred in in the past 4 years (where „  “ presents 
the accident location, distributed in the aforementioned areas) 

 
Picture 1: Area 1-SuburbTunel-Blagoj Gjorev  
Source: www.earth.google.com, authors 

PEDESTRIAN ACCIDENTS TIME DISTRIBUTION 
 

      Analyses show that most of the pedestrian accidents occur on days 
when there is increased mobility and transport of goods. 
On Diagram 2 are shown the accidents distributed in the days of the 
week 

 
Diagram 2: Day distribution of accidents occurred in the period of 
2010-May 2013 
Source: From the authors 
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     Statistics show that there is an increasing number of accidents on 
Tuesday and Friday. During this period are the market days and the 
migration of the population. 

 
Diagram 3: Hourly distribution of accidents for the period of 2010-
May 2013  
Source: Developed by authors 
 

MEASURES FOR IMPROVING THE PEDESTRIAN SAFETY 
 

Institutions and experts dealing with pedestrian safety issues over the 
past few years, seem to favor the engineering measures. However, the 
improvement of the pedestrian safety requires a balanced approach 
that includes both perspectives.  
Many of the pedestrian problems cannot  be solved only referring to 
one of the three E-factors ( Education,Enforcement,Engineering). 
Engineers, law enforcement, planners, educators and citizens need to 
identify and implement effective measures to improve the pedestrian 
safety.  
Below are listed the proposed measures : 

- Removing the illegally parked vehicles on sidewalks 
- Arranging the green areas and trees that are beside the 

sidewalks. 
- Regular horizontal and vertical signaling restoration, using 

higher quality materials with greater duration and 
reflectiveness. 

- Proper placement of billboards and signboards, because at 
night they create so called ”dark curtains“, and exists a danger 
that the pedestrian cannot be observed. 

- Proper placement of the equipment (vertical signaling and 
electric lighting poles) on and around the sidewalks. 
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- Introducing the school patrols and adequate person training 
who would assist to the youngest to properly cross the streets. 

- Running a campaign that would affect citizens’ awareness 
regarding the pedestrian safety in traffic.  

- Construction of pedestrian islands 
- Pavement dimensioning according to Rules of urban planning. 
- Special regime movement for heavy vehicles in certain days 

and periods of the day.  
- Proper pavements preparation and leveled areas providing on-

time drainage during rainy periods. 
- Building sidewalks from accumulating heat material (paving 

tiles are not suitable for construction of pedestrian paths, 
especially in winter. .  

- Bicycle paths and deposed pavement to ease the movement of 
persons with disabilities.  

- Street lighting recovery and maintenance, using an alternative 
source of energy.  

 
CONCLUSION 

 
      According to the analyzed data from the past four years, the 
number of traffic accidents where pedestrians have been killed or 
injured is increasing. This is due to many factors, including the 
increased speed of the vehicles,disregard of traffic regulations, 
improper signaling, lack of education and campaigns that would affect 
the citizens’ awareness, whether you are in the role of a driver or a 
pedestrian. 
      It’s time to see the things from another perspective. With 
commitment, intervention and investment, this security measures will 
effect on the pedestrian safety, and will be a positive example for 
other cities in Republic of Macedonia. 
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ABSTRACT 
 
The purpose of this study is to determine the impact of the stage and 

sequence of lactation on the number of somatic cells in goat milk. The 
research includes 75 goats which were cross-breeds of Alpine and Saanen 
race, of which 25 are in first, 25 are in second and 25 are in third lactation.  
From the analyses of the goat milk, it was determined that there are certain 
variations in the number of somatic cells, which depend on the stage and 
sequence of lactation. On the first control the number of somatic cells in the 
milk from the first lactation is 826.000/ml, 868.000/ml in milk from the 
second lactation, and 996.000/ml in milk from the third lactation. On the 
seventh control a highest number of somatic cells is determined and it equals 
to 1.550.000/ml in milk from the first lactation, 1.790.000/ml in milk from 
the second lactation, and 2.042.000/ml in milk from the third lactation. The 
determined difference of somatic cells on the first and seventh control of 
milk from the first, second, and third lactation is statistically significant 
(p<0,01). The average number of somatic cells in goat milk from the third 
lactation is statistically significantly (p<0,05) higher than the number of 
somatic cells in milk from the second lactation, and statistically significantly 
(p<0,01) higher than the number of somatic cells in milk from the first 
lactation. 
 
Key words: goat milk, stage and sequence of lactation, somatic cells  
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INTRODUCTION 
 
 

The basic pointer for the hygienic quality of milk is the number of 
somatic cells, which as biological structural elements of milk move during 
the normal secretory process. Determining the number of somatic cells in 
milk is important in confirming its hygienic and technological properties, as 
well as the health condition of the udder (Osteras, 1990). The number of 
somatic cells varies depending on infection on the milk gland, stage and 
sequence of lactation, the season, milking etc. (Аntunac et al. 1997). The 
number of somatic cells in 1ml cows’ milk is between 50.000 and 250.000 
(Kalit, 1999), while the number of somatic cells in goat milk from a 
clinically healthy udder is 800.000/ml (Pettersen, 1984). In goat milk the 
number of somatic cells is rarely under 1.000.000/ml, especially at fall when 
the goats are at the end of lactation (Antunac et al.1997). The increasing of 
the number of somatic cells with progression of the lactation is more 
apparent in goat milk compared to cow’s milk (Kosev et al.1996). A high 
number of somatic cells results in a decrease in milk quantity, as well as 
changing the physicochemical composition and technological properties of 
the milk (Antunac et al.1997). 

 
MATERIAL AND METHODS OF RESEARCH  

 
 The research included 75 goats, which were cross-breeds of Alpine 
and Saanen race, of which 25 are in first lactation, 25 are in second lactation 
and 25 are in third lactation. The goats were raised in a combined barn 
system with grazing on the goat farm of ZK Kicevo. 
 Control on the milk was done over the course of seven months, from 
weaning of the goat kids at the end of April, up until the end of lactation at 
the end of October. The samples for determining the number of somatic cells 
were taken from the collective milk from the first, second and third lactation 
in regular time intervals of 30 days. The number of somatic cells was 
measured with a fluoro-optical-electronic counter Fossomatic. 
 

RESULTS AND DISCUSSION 
 

According to the data in table 1 and chart 1, the lowest amount of 
somatic cells in the amount of 826.000/ml is found in the first control of the 
goat milk from the first lactation, 868.000/ml in milk from the second 
lactation, and 996.000/ml in milk from the third lactation. While analyzing 
the impact of the stage of lactation on the number of somatic cells in goat 
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milk, a tendency of constant increase of the number of somatic cells 
corresponding to the progress of lactation is noticed, whereupon in the 
seventh control the number of somatic cells in milk from the first lactation is 
1.550.000/ml, 1.790.000/ml in milk from the second lactation, and 
2.042.000/ml in milk from the third lactation. 

Beginning with the second and up until the seventh control, a 
statistically significant higher (p<0,05) number of somatic cells has been 
established in milk from the third lactation in comparison with milk from the 
second lactation, and a statistically significant higher (p<0,01) number of 
somatic cells in comparison with milk from the first lactation. 

 
 

Table 1. Number of somatic cells (SCC x1000) in goat milk, depending of 
the stage and sequence of lactation. 

Stage of 
lactation first lactation second 

lactation 
third 

lactation 
I 826.000 868.000 996.000 

II 879.000 965.000 1.220.000 

III 982.000 1.136.000 1.480.000 

IV 1.013.000 1.390.000 1.640.000 

V 1.286.000 1.540.000 1.790.000 

VI 1.420.000 1.680.000 1.990.000 

VII 1.550.000 1.790.000 2.042.000 

 
 

The results from this research match the ascertainment of Raynal-
Ljutovac et al. (2006) that the stage and sequence of lactation significantly 
impact the number of somatic cells in milk. Zeng et al. (1996) ascertained an 
increase in the number of somatic cells with progress of the lactation of 
goats. Almost identical are the results of Gajdusek and associates (1996) of 
831.000/ml for the number of somatic cells in the first control.While 
researching the impact of the stage of lactation on the number of somatic 
cells in goat milk, Pavliček et al. (2007) in the first control found the number 
of somatic cells to be 712.000/ml, and 2.180.000/ml somatic cells in the 
sixth control. The number of somatic cells determined by Anifantakis, 
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(1993) which were 900.000/ml at the start of the lactation, and 1.900.000/ml 
at the end of lactation correspond with the results from this research. 
Kosev et al. (1996) were researching the impact of the sequence of lactation 
on the number of somatic cells in goat milk and found the following results: 
the number of somatic cells in milk from the first lactation is 363.000/ml, 
460.000/ml in milk from the second lactation , and 618.000/ml in milk from 
the third lactation. These results do not correspond with the results from our 
research. 
 
 

 
 
Chart 1. Number of somatic cells in goat milk, depending of the stage and 
sequence of lactation (SCC/ml x1000) 
 

CONCLUSION  
 

Based on the results from this research, it can be concluded that the 
stage and sequence of lactation have a significant impact on the number of 
somatic cells in goat milk. The number of somatic cells in goat milk from the 
third lactation is statistically significantly (p<0,05) higher than the number of 
somatic cells in milk from the second lactation, and statistically significantly 
(p<0,01) higher than the number of somatic cells in milk from the first 
lactation. In milk from the first, second and third lactation, the number of 
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somatic cells is determined to be the lowest on the first control, and in the 
following controls a constant rise of the number of somatic cells can be 
observed, reaching the maximum amount on the seventh control. 
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Abstract 
 

By using individual milk control, it is examined the influence of 
individual milk control on milk quality. The examination took place at one 
little farms, which is located near Bitola. Milk examples were taken from 
each cow on the farm, and also one milk example from all of the cows on the 
farm (group milk example). We also wrote down the amount of day milk 
production and number of lactation for all cows. All examination process 
lasted three months. Each month were taken milk examples from the 
examined farms. The goal of this examination was to find out the cows 
(individuals) which milk has negative influence on the milk quality produced 
from all cows on the farm.  

 
Key words: individual control, somatic cells, quality, milk; 
 
 

Introduction 
 

      The aim of each farmer is to improve the milk quality (primarily to 
improve its chemical composition and to reduce the number of somatic cells 
and microorganisms found in milk). By improving the milk quality, it is also 
improved the financial profitability of milk production. Poor milk quality 
reduces the purchase price of milk, so producers have lower incomes, which 
do not satisfy them. Individual milk control represents a significant part in 
the process of production of high quality and hygienic correct milk. 

 
 

14 original scientific paper 
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Material and methods 

 
Milk examples were taken from each cow on the farm, and also one milk 

example from all of the cows on the farm (group milk example). We also 
wrote down the amount of day milk production and number of lactation for 
all cows. All examination process lasted three months. In this part  it is very 
important to properly perform the process of taking the milk examples. 
Taking milk examples incorrectly it affects the correctness of the results. The 
number of somatic cells were examined using microscopic referent method 
and fluoro-opto-electronic method ISO 13366-3:199 using the appliance 
SOMASCOPE, DeltaInstruments-Holland.  

Results and discussion 
 
The farm that was examined in this study had ten cows and each of them 

during the quarterly survey was in lactation. In the following table No.1 are 
the results from the first examination. 

 
Table No.1: Results of examined parameters on the farm (first examination) 
 

Cow (No.) Number of somatic cells                            
SCC/ml 

Number of 
lactation 

Amount of milk 
(daily) 

1 1 801 000 1 17.8 
2    601 000 2 12.3 
3    439 000 1 24.1 
4    374 000 3 10.6 
5    367 000 2 13.2 
6    352 000 3 19.3 
7    293 000 1 19.1 
8    282 000 2 22.4 
9    135 000 2 17 
10    114 000 1 19 

Total: 
10 cows 

Group milk example 
(SCC/ml): 

Average of 
lactation: 

Total amount of 
milk (daily): 

473 000 1.80 174.80 
  

 
 

From the Results of examined parameters on the farm in the first 
examination, we  can see that from ten cows, three of them (cow No.1, No.2 
and No.3) had higher number of somatic cells in ml than the limit of somatic 
cells of 400.000/ml. The group milk example from all cows had value of  
473 000 somatic cells/ml. By using individual milk control, all milk 
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producers can detect all individuals from the herd which cause an increase in 
the average number of somatic cells 

We’ve detected clinical mastitis (cow No.1). We’ve immediately began a 
process of healing with cow No.1. We’ve also detected subclinical mastitis 
(cow No.2 and cow No.3). We’ve also began process of healing with this 
two cows. 

In one week period, we took milk examples again from each cow, and 
we’ve got positive result from the treatments of mastitis (reduction in 
somatic cells, as shown in the following table No.2). 

After treating the three critical cows we had changes in the number of 
somatic cells  in the milk form all cows (from 473 000 SCC/ml, before 
treatment, 308 000 SCC/ml after treatment. 

 
Table No.2:  Hygienic condition of milk after treatment of critical cows 
 

Cow 
(No.1) 

Number of 
somatic cells 
SCC/ml 

 

Number of somatic cells 
after treatment of critical 
cows 

Average value of 
SCC after treatment of 
critical cows 

1 1 801 000 383 000  
 
 
Cows: 

No.1, No.2 and No.3  
are successfully cured 

2    601 000 415 000 
3    439 000 391 000 
4    374 000 365 000 
5    367 000 379 000 
6    352 000 353 000 
7    293 000 288 000 
8    282 000 271 000 
9    135 000 133 000 
10    114 000 111 000 

Total:           
10 cows 

Group  milk 
example (SCC/ml): 

 Group  milk example 
(SCC/ml): 

473 000                  308 000  
 

 
 

 
In the following table No.3 are written the results from the second 

examination that was made in the farm. 
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Table No.3: Results of examined parameters on the farm (second 
examination) 

 

Cow        
(No.) 

Number of 
somatic cells SCC/ml Number of lactation Amount of 

milk(daily) 

1 371 000 1 19.3 
2 427 000 2 13.8 
3 383 000 1 22.3 
4 368 000 3 13.5 
5 699 000 2 12.7 
6 795 000 3 18.2 
7 336 000 1 19.5 
8 321 000 2 21.3 
9 233 000 2 17.9 
10 215 000 1 19.8 

Total:  
10 cows          

Group milk example 
(SCC/ml): 

Average of 
lactation: 

Total amount of 
milk (daily): 

405000 1.80 178.30 
 

The results form the second examination showed that the treatment of 
cows No.1, No.2 and No.3 was successful. The number of somatic cells 
which they produced is within the permissible with the exception of cow 
No.2. During the second examination in this farm was noticed an increase of 
somatic cells – cow No.5 (699 000 SCC/ml) and cow No.6 (795 000 
SCC/ml). These cows haven’t got any signs of visible mastitis, except 
increased number of somatic cells. We assumed presence of subclinical 
mastitis at these cows (No.5 and No.6). The dairy producer had no idea that 
these two cows have mastitis and milk produced from them, they’ve mixed it 
with whole milk, thereby decreasing its quality, and increasing the average 
number of somatic cells in milk produced from all cows. We’ve began 
process of healing with this two cows (No.5 and No.6). In one week period, 
we took milk examples again from each cow, and we’ve got positive result 
from the treatments of mastitis (reduction in somatic cells, as shown in the 
following table No.4). 

After treating the three critical cows we had changes in the number of 
somatic cells  in the milk form all cows (from 405 000 SCC/ml, before 
treatment, 335 000 SCC/ml after treatment. 
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Table No.4:  Hygienic condition of milk after treatment of critical cows 
 

 
 

In the following table No.5 are written the results from the third 
examination that was made in the farm. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Cow 
(No.) 

Number of 
somatic cells 
SCC/ml 

 

Number of somatic 
cells after treatment of 
critical cows 

Average value of SCC 
after treatment of critical cows 

1 371 000 368 000  
Cows: 
No.5 and No.6                      

are successfully cured 

2 427 000 411 000 

3 383 000  
389 000 

4 368 000 359 000  
5 669 000 281 000  
6 795 000 385 000 
7 326 000 333 000 
8 282 000 290 000 
9 233 000 221 000 
10 215 000 212 000 

Total 
cows: 
10 (ten) 

Group milk 
example 

(SCC/ml): 

 Group milk example 
(SCC/ml): 

405 000 335 000 
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Table No.5: Results of examined parameters on the farm (third 
examination) 

 
 

Cow 
(No.) 

 
Number of somatic 

cells SCC/ml 
 

Number of lactation Amount of milk 
(daily) 

1 335 000 1 19.5 
2 378 000 2 14 
3 372 000 1 23 
4 283 000 3 14.7 
5 239 000 2 14.5 
6 391 000 3 19.3 
7 333 000 1 20 
8 299 000 2 22 
9 315 000 2 17.5 
10 311 000 1 20.3 

Total:  
10 cows 
  

Group milk example 
(SCC/ml): 

Average of 
lactation: 

Total amount of milk 
(daily): 

331 000 1.80 184.80 

 
The results form the third examination showed the health of the herd is 

significantly improved compared to the previous month. Cows No.5 and 
No.6 was successfully cured and that improve the quality of milk produced 
from all cows. The last month the number of somatic cells in group milk 
example was 335 000 SCC/ml, but after curing cows No.5 and No.6 the 
number of SCC/ml was reduced to 331 000/ml.  

The condition of all dairy cattle in this farm in the third month of this 
examination was stable and all cows were in good health. Milk that has been 
produced was with good quality and had levels of somatic cells under the 
limit of 400 000 SCC/ml. In this situation we didn’t took any measures, 
because we had no potential indication. In continuation hygiene in farm must 
to be maintained at high levels in order to produce milk with high quality. 
Hygiene is also important for the health condition of the herd.  

Тhe results are made according to the method that applied William L. 
Crist and his associates at the University of Kentucky, College of 
Agriculture. The results which they obtained in their investigation, 
corresponds with our results.  

 These presented data demonstrated the condition of the farm for a period 
of three months of research. We also found out the cows (individuals) which 
milk has negative influence on the milk quality produced from all cows on 
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the farm.  By improving milk quality all diary producers get more money per 
liter produced milk.  
 

Conclusion 
 

Using this individual milk control, in this examined farm we found out 
four cows with subclinical mastitis and one cow with clinical mastitis. We 
can see the positive site of using this individual milk control from the results 
which we’ve got during our process of examination:   

In this farm, at the beginning the number of the somatic cells in the milk 
group example was 473 000/ml, and after three months that number was 
reduced to 331 000 somatic cells/ml.  

By reducing the number of somatic cells in milk, respectively, is 
increased the amount of produced milk per cow. In the first month of the the 
examination, the daily amount of milk production was 174.8 liters, but after 
completion of  individual milk control program, in period of three months, 
the daily amount of milk production was increased for 10 liters. With these 
presented information we can see the correlation between somatic cells 
number and the amount of milk production.  

According to that individual milk control represents a significant part in 
the process of production of high quality and hygienic correct milk. 
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ABSTRACT 
 

In this paper, the physic–chemical and sensory characteristics of 
reduced–fat cooked sausage, made with addition of 10% and 15% cottage-
cheese, (sausages B and C) were examined and compared with those of 
conventionally cooked sausage (sausage A).  

With the addition of cottage-cheese noted increase in protein content 
after heat treatment in the production of sausages groups B and C                               
( 29.31 % : 34.02 % ) . 

The lowest score of all tested sensory properties of the sausages have 
control group A (3.17) produced by standard recipe. 

Based on this conducted research at “huntsman” sausage can be 
concluded that the addition of cottage-cheese in the production is justified, 
not only to improve the nutritional and biological value, but for the sensory 
quality that is an important factor to greater demand for these types of 
sausages. 
Key words:  cooked sausages, cottage-cheese, physic-chemical composition 
and sensory characteristics 
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INTRODUCTION 
 

Meat products play an important role in the modern diet. The 
production of cooked sausages comprises an important segment in the 
complex meat industry. Cooked sausages are manufactured from a mixture 
of chopped meat (pork or beef), pork fat, ice water, soy proteins, starch, salt, 
additives and spices (Official Gazette of the RM No.63/2013).  

Fat, as a food component, contributes to the taste, texture and 
appearance, increases the feeling of satiety during meals. From a 
physiological standpoint, fat is a source of energy and essential fatty acids. 
However, fat intake is associated with increased risk of obesity, some types 
of cancer, high blood cholesterol and coronary heart disease. For these 
reasons, several health-related organizations (American Heart Association, 
American Cancer Society and World Health Organization) have proposed to 
limit total fat intake to no more than 30% of total calories (4). 

In order to protect health of consumers and to improve sensory 
characteristics of sausages, fat tissue or meat is replaced by other 
supplements such as soy, cheese, cottage cheese, flour, dietary fibers such as 
inulin, carrot fiber, etc. Cottage cheese is a product obtained by boiling the 
whey, rich in albumin and globulin, proteins that are essential and easily 
digestible for the human organism. It is used as a fat substitute because of its 
contribution mouth feel and low caloric value (1kcal/g). 

 With these beneficial effects in mind, this study was designed with 
the aim to determine the effect of cottage cheese addition to the physic–
chemical and sensory properties of fat reduced cooked sausages by 
comparing these sausages with the product prepared with the standard fat 
levels used in the industrial production. 

 
 
 

MATERIAL AND METHODS 
 

The tests were performed in three groups of “huntsman” sausage, 
produced by a standard recipe at the meat industry ‘’Marfil’’- Prilep.  
Sausages from the production group A were made from 40% pork meat, 
20% beef meat, 30% pork fat, 5% ice water and 5% of a commercial mixture 
of spices and additives. In sausage B, the percentage of pork fat was reduced 
by approximately 40% compared to the control, and formulation was the 
following: 40% pork meat, 20% beef meat, 15% pork fat, 10% ice water, 5% 
of the commercial mixture of spices and additives, and 10% cottage cheese. 
Sausage from the production series C was added 15% cottage cheese. After 
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homogenization the mixture was stuffed into artificial casings (Ø22) and 
sausages were kept in the bath until the geometric center of each chub which 
corresponds to the thickest part of the product reached 72°C. Both groups of 
sausages were stored at 8 °C for 12 days until analyzed.  

Moisture content is investigated by the method of drying at 105 ° C 
for 24 hours to achieve both consequential measurements. The content of fat 
was examined by the method of Soxhlet. The total nitrogenous substances 
are tested by the method of Kjeldahl. The minerals contents (ash) was 
examined by a method of combustion of the sample at the temperature of 
550 ° C and measurement of the residual ash, expressed in percent. Nitrate 
and nitrite contents of samples were determined according to the methods of 
Nessler & Hehner. The overall sensory quality of sausages was evaluated 
according to method of scoring - pointing Radovanović-Rajlić & Popov, 
(2000/2001).  

All measurements were performed on seven sausages from each 
group. The results were evaluated statistically using the ANOVA test.  
 

RESULTS AND DISCUSSION 
 

The chemical composition of cottage cheese–added sausage (sausage 
B, C) and control (sausage A) before and after heat treatment are shown in 
Table 1. 

 
Table1 Chemical composition of control and cottage cheese-

added sausages 
 

 
 
 

 
 Groups of 
sausages 

Before heat treatment (%) 
moisture fat protein nitrate nitrite ash 

А 62,37 17,48 17,59 0,0065 0,020 2,60 
B 56,00 15,78 25,71 0,0105 0,032 2,51 
C 55,57 13,03 29,00 0,0132 0,042 2,53 

                                  After heat treatment (%) 
А 56,76 20,34 20,37 0,0061 0,019 2,67 
B 49,57 19,32 29,31 0,0100 0,030 2,53 
C 45,82 17,53 34,02 0,0129 0,038 2,51 
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From the performed tests can be seen that moisture content in the 
control group A (62.37% - 56.76%) before and after heat treatment was 
significantly higher (P < 0.01) compared to reduced–fat sausages from group 
B (56.00% - 49.57%) and C (55.57% - 45.82%). On the other hand, the fat 
content in sausage C (13.03%) was significantly (P < 0.01) lower compared 
to sausage A (17.48%) and B (15.78) before heat treatment. After heat 
treatment fat content reach values from 17.35 to 20.34%. These results are in 
agreement with results of (1), (2), (5), (6). 

Protein content in sausages with cottage cheese (25.71 %: 29.00 %) 
increased after heat treatment in both groups (29.31% : 34.02%) as a result 
of reduction of the moisture content and increase the dried matter. results are 
in agreement with results of (5),(9). Ash content in sausages of all groups 
during all manufacturing period did not differ significantly (p > 0.05). 
Nitrates and nitrites not show statistically significant differences (p> 0.05). 

The obtained values of chemical composition are typical for cooked 
sausages and are in agreement within the standard defined by Macedonian 
legislation. 

Sensory evaluation of cottage cheese–added sausage (sausage B, C) 
and control (sausage A) are shown in Table 2. 

 
Table 2 Sensory evaluation of “huntsman” sausages 

 
Selected sensory 
properties 

A B C 

External appearance 2.2 3.3 3.4 
Appearance of cut 
surface 

3.6 4.0 4.1 

Consistency 2.7 4.5 4.7 
Color 2.5 4.3 4.4 
Odor  3.8 4.3 4.3 
Taste 3.2 4.2 4.2 
Average rating  3.17 4.19 4.27  

 
Results of the sensory evaluation are presented in Table 2. External 

appearance did not differ significantly (P > 0.05) between B and C groups, 
while average score for the appearance of cut surface in sausage A was 
significantly lower (P < 0.05) compared to other two groups.  

Score of color for sausage A was significantly lower than reduced–
fat sausages (P < 0.05). Also, sausage A had significantly lower (P < 0.05) 
score for odor and taste than sausage B and C. This seems to indicate that fat 
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reduction and cottage -cheese addition had improved the odor and taste of 
the sausage. 

Based on the obtained results it can be seen that the lowest score of 
all tested sensory properties have control sausages A (3.17) manufactured by 
standard recipe. The highest scores for sensory characteristics of the 
sausages have reduced–fat sausages from group C (4.27) produced with 15 
% of cottage-cheese.  

From the evaluation and results of sausages, we think that the 
obtained average scores are very good, especially at the reduced–fat sausages 
with 10 and 15 % cottage -cheese. Similar results for this type of meat 
products were reported by several authors (7-9). 

 
CONCLUSION 

 
Results from the investigation show that the cooked sausages 

derived from pork and beef meat , fat tissues of pigs and addition of  10% 
and 15% cottage –cheese  have appropriate chemical composition which 
agreement within the standard defined by Macedonian legislation.  

Sensory quality of reduced–fat sausage with added cottage-cheese 
was significantly better than of control. Cottage-cheese in amount up to 15% 
improved the odor and taste of the sausage and does not affect negative to 
color.   

Favorable composition and the presence of cottage-cheese made this 
type of sausage quality foods with high biological values, with significant 
potential to positively impact on human health. 
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Abstract 
 

The aim of the paper was to evaluate the bovine colostrum quality and 
changes in composition during the first five days postpartum. Researches 
were carried out on a dairy farm with Holstein –Friesian heifer and 
multiparous cows. Samples of colostrum milk were collected at 1, 6, 12, 24, 
48, 72, 96 and 120 hours postpartum. Samples were analyzed for chemical 
composition using an infrared spectrometer (fat, protein, lactose and dry 
matter), and for somatic cell count using a fluoro-optic-electronic method. 

 
In the first colostrum the concentrations of milk fat, protein and dry 

matter were high (7.07%, 20.86% and 30.19% respectively) with significant 
reducing after 12 hours postpartum. Lactose concentration was low at the 
beginning (1.23%) and increased slowly until the fifth day postpartum to 
3.76%. Somatic cell count was high in the first milking (1,163,330 cells/ml) 
and decreased after that. 
 
Key words: colostrum, chemical composition, somatic cell count, Holstein 
– Friesian, cow 
 
 

Introduction 
 

Colostrum is the secretion of the mammary gland produced immediately 
after parturition and is vital food for the newborn of all mammals within the 

16 original scientific paper 
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first 5-7 days (Gerogiev P.I., 2008; Abd El –Fattah et al., 2012) or in a 
period of 6-10 days after parturition (Kochoski Lj., 2011). Colostrum differs 
greatly in composition of mature milk and meets the nutritional requirements 
of the newborn (Ontsouka et. al, 2003).  
 

Bovine colostrum contains higher amounts of fats, proteins and peptides, 
fat soluble vitamins, and various enzymes, hormones, growth factors, 
cytokines, minerals and nucleotides than mature milk, and except for lactose, 
the levels of these compounds rapidly decrease during the first three days of 
lactation to those typical to mature milk (Blum J.W, Hammon H., 2000). 
This is the first food for neonates after the parturition that provides them 
with all necessary nutrients (Gerogiev P.I., 2008). 
 

Breed, age, nutrition, and health status of the cow are well known to 
influence milk composition (Ontsouka et. al, 2003). Also, management 
practices could have an important influence on colostrum quality, and herd 
size influences the colostrum management and quality at the farm level 
(Kehoe et. al., 2007) 
 

Milk constituents change during milking of colostrum, which need to be 
considered if milk samples are taken for analysis and to evaluate the health 
of the udder (Ontsouka et. al, 2003). 

 
 

Material and methods 
 

The objectives of this study were to evaluate the colostrum quality and 
changes during the first five days of lactation in Holstein –Friesian cows. 
Researches were carried out on Holstein –Friesian multiparlous cows during 
the summer. Samples of colostrum milk were collected immediately after 
calving after 1, 6, 12, 24, 48, 72, 96 and 120 hours after parturition, by hand 
milking. Milk was placed in sterile pots and carried at the laboratory at 
refrigeration temperature. Samples were immediately analyzed for chemical 
composition and somatic cell count.  
 

The analysis of the chemical composition of the milk means determining 
milk fat content, proteins, lactose and dry matter using infrared analyzer 
Milkoscan in accordance with the IDF 141C:2000 standard.  
 

The cell count was determined with Fossomatic 5000 and milk-
enumeration of somatic cell was done according to ISO 13366/2:2006 
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standard. The working principle of Fossomatic 5000 consists of staining and 
electronic counting of somatic cells.  

 
 
 

Results and discussion 
 

The results in Table 1 show that the average milk fat is 6.04 (min. 4.66 up 
to max.7.07), proteins 10.24 (min.3.70 up to max.20.86), lactose 2.84 (min. 
1.23 up to max.3.95), total dry matter 19.99 (min. 13.12 up to max.30.19) 
and somatic cell count 767.90 (min. 299.50 up to max.1163.33). 

 
Table  1:  Composition of bovine colostrum during the first five days after 

calving  

  

Milk 
fat % 

Proteins 
 % 

Lactose  
% 

Dry 
matter 

  % 

SCC/ml 
x 1000 

after 
calving  7.07 20.86 1.23 30.19 1163.33 

1h 6.87 20.00 1.44 29.33 733.38 
6h 6.93 17.40 1.81 27.15 963.10 
12h 5.49 13.69 2.37 21.28 504.33 
24h 5.48 8.20 3.00 17.71 1054.92 
48h 5.73 5.08 3.65 15.44 511.18 
72h 5.52 4.07 3.66 14.25 1022.25 
96h 6.38 3.86 3.95 15.15 299.50 

120h 4.66 3.70 3.76 13.12 661.00 
x

 

 

6.04 10.24 2.84 19.99 767.90 
min 4.66 3.70 1.23 13.12 299.50 
max 7.07 20.86 3.95 30.19 1163.33 

 
The greatest percentage of milk fat, protein, total dry matter and somatic 

cells were detected immediately after partus (7.07%, 20.86%, 30.19% 
respectively), after that they fall significantly, while the lactose have 
opposite results it is lowest after partus (23.1%) and then gradually increased 
(3.76%). This is in accordance with (Abd El Fattah et al., 2012) where 
concentrations of total dry matter, protein and fat after partus was 24.19%, 
13.45% and 8.04% respectively, while the quantities of lactose was 1.89% 
with its increase until the fifth day after parturition. While the results from 
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Kehoе S.I., et al., (2007) indicate the following average concentrations of fat 
protein and lactose in colostrum 6.7%, 14.9% и 2.5% respectively. Low 
values of lactose match the physiology of the newborn calf, where lactose is 
found in low concentrations, and gradually increases (Kehoе S.I., et al., 
2007). The high lipid content of colostrums allows the newborn calf to 
rapidly gain strength (Fisher H., 2000). 
 

Protein and total dry matter are highly correlated (r=0,99) also positively 
correlated fat and proteins (r=0.75), and positively correlated fat and total 
dry matter (r=0.82).  Protein was highly correlated negatively with lactose 
(r=-0.99), and also highly negatively correlated fat and lactose (r=-0.72). 
Among other parameters correlative dependence is very small.  
 

Compared to milk, colostrum contains higher levels of proteins 
(Gerogiev, P.I., 2008), − lactalbumins, lactoglobulins and  especially 
immunoglobulins (Ig), peptides, hormones, growth factors, prostaglandins, 
enzymes, cytokines, acute-phase proteins, nucleotides, polyamines, minerals, 
vitamins etc., and therefore the greatest changes have been in proteins which 
are heights after parturation  (20.86%) and after the first day postpartum they 
starting decreased (8.20%), on the third day was  4.07%, while on the fifth 
day was 3.70%. The most consistent changes occur in milk protein content 
that is reduced more than twice by the 3rd post partum day compared to 
initial values  (Ontsouka et al., 2003). This is mostly due to the sharp 
decrease in Ig fractions, whose concentration, was the highest in the first 
colostrum portions 
 

Parity. stage of lactation and the month of calving were all associated 
with SCC. (O’Brien B., 2009). Mean percentage of somatic cell count after 
partus was 1163.33/ml x 1000, and decreased after that and on the fifth day 
after parturition the mean percentage was 661.00/ml х 1000. Elevated SCC 
may occur in milk in late gestation and for a few weeks following calving, 
regardless of infection status (Duane N.R, Bodman R.G., 1993). This SCC 
elevation appears to be part of a cow's natural immune system response in 
preparation for calving, to enhance the mammary gland defense mechanisms 
at this critical parturition time. Quarters with no infections generally have a 
rapid decline in SCC within a few weeks postpartum. Also the existence of 
intramammary infection (mastitis) is a real risk that colostrum may contain 
high amounts of somatic cells (Quigley J., 2010).  
 

The researchers Ferdowski Nia et al., (2009), assume that very high 
counts of SCC were indicative of mastitis in the cows even in colostrum. In 
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our research there was only one mastitis cow which was treated promptly 
with antibiotics. The high SCC could have been caused by a stress situation 
during cows’ birth, as a consequence of increased susceptibility to the udder 
infection, especially with the animals whose birth was difficult, even in 
situations with no particular risk (Sgoiforossi et al., 2009). Secretion of 
colostrum is responsible for very high levels of somatic cells and 
immunoglobulins in milk for only the first 5-7 days after calving. Beyond 
this point, high SCC is due to intramammary infections (Fisher H., 2000).  
 

The health of calves may be affected by the quality of colostrum. It’s 
possible that cows with mastitis may produce colostrum containing 
pathogens which may cause scours in newborn calves (Quigley J., 2010). 
Increased colostral SCC may affect the highly sensitive and neonate small 
intestine, by depressing nutrient assimilation and causing diarrhea (Ferdowsi 
N., et al 2009). 
 

 
 

Figure 1: Fat, protein, lactose and total dry matter content evolution 
during the first five days after calving 
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Figure 2: Somatic cell count (SCC/ml x 1000) evolution in milk during the 
first five days after calving 

 
 

Conclusion 
 

Results showed significant changes in colostrums composition from the 
first milking right after calving until fifth day postpartum. In the first 
colostrums the concentration of milk fat, protein and dry matter were high 
(7.07%, 20.86% and 30.19% respectively) and were almost half in the 
second milking, after hours. Lactose concentration was low at the beginning 
(1.23%) and increased slowly until the fifth day postpartum (3.76%). SCC 
were high in the first milking (1,163,330 cells/ml) and decreased after that. 
SCC continually oscillates due to the physiological condition of the cows. 
Protein and total dry matter are highly correlated (r=0,99) also positively 
correlated fat and proteins (r=0.75), and positively correlated fat and total 
dry matter (r=0.82).  Protein was highly correlated negatively with lactose 
(r=-0.99), and also highly negatively correlated fat and lactose (r=-0.72). 
Among other parameters correlative dependence is very small.  
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Abstract 

 
Wheat is one of the major cereals which are processed by milling into flour. 
The aim of this research is to examine the degree (percentage) of milling will 
affect the concentration of Fe and Zn in obtained flour of two soft wheat 
varieties (Triticum aestivum). Analyses were performed by flame atomic 
absorption spectroscopy. Ascertained higher concentrations of Fe and Zn 
were found in seeds of two wheat varieties "treska" Fe -44(mg / kg) and Zn-
29 (mg/kg) and "radica" Fe - 47 (mg/kg), Zn -19 (mg/kg) compared with 
concentrations in their flour, the "treska" Fe -10.5 (mg/kg) and  Zn-9.8 
(mg/kg) and "radica" Fe – 10.3 (mg/kg), Zn -9.2 (mg/kg).  
We can conclude  that the process of milling the wheat grain by reducing the 
percentage of milling leads to a loss of important micronutrients and acquire  
flour with lower nutritional value. 

 
Keywords: treska, radica, wheat, Fe,  Zn, milling 
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INTRODUCTION 
 
Although a small country, the Republic of Macedonia is in abundance of 

a great variety in relation to both the herbs (vegetation) kinds and the 
agricultural cultures. The climatic characteristics of the Republic of 
Macedonia range the wheat cultures as daily present in the people`  life and 
on their dining table in most heterogeneous products.The impact of this 
group of culture on the nutrition  is global one while the modernization of 
the nutrition-related way is imaginable without them. (1) 
Any type of a food, regardless of whether or not it is obtained from 
vegetative or animal sources, is rarely suitable for a direct consumption and 
therefore  an additional processing is needed. Throughout centuries, different 
methods for food processing were developed with a view to making the final 
product more attractive according to its taste, appearance, steadiness and 
longevity.  (2)  
The wheat like vegetation  as a basic food for the man is only little used as a 
grain but it is processed through milling into the mill products: flour, groats, 
snowflakes, junk foods / bran (trici) and so on.  While milling, different parts 
are separated from the grain while the final product - the flour, is the milted 
core of the grain with a smaller or bigger portion of the other structural parts 
of the very grain. Since the contents of the wheat grain is being changed in 
quantitative and quality senses moving  from the middle towards the 
periphery depending on the degree of the grain-related usage, flours of 
different chemical contents, bakery characteristics and different nutritious 
value may be obtained..(3),(4) 

To a certain degree, the wheat grain`s  basic ingredients also pass into the 
flour. The variations   in relation to the quantities of substances in the flour 
does not depend only on the milled wheat-related traits and composition but 
also on the very way of milling, that is the percentage of milling. By 
increasing of the wheat milling there is also an increase of the ashes-related 
contents, the proteins, the fats and the plant fibers, while the starch`s 
contents is being decreased.(3)  
The wheat` s form and texture (both depend on the type) as well as the 
milling-related technical conditions have also a great impact in determining 
the degree of loss of minerals. Nevertheless, even when these variables 
would be fixed ones, the distributions of minerals in different fractions of 
milling would depend ultimately on the uneven distribution within the 
grain`s core. There is a little data on the milling`s effect on the mineral 
contents in a soft wheat.  This information is needed for the purposes of 
assessing the impact of the loss of minerals in the people` nutrition as a 
consequence of the conventional methods of milling with a view to ensuring 
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basic data necessary for determining the need of fortification, bio-
fortification or any other method for completion, as well as at what level of 
the lost microelements in the flour.(5) This research was conducted with a 
view to determine the effect of conventional milling over the iron and zinc in 
two types of soft wheat. 

 
MATERIALS AND METHODS 

 
Two samples of soft wheat were used as material for examination (Triticum aestivum). The 
examinations were conducted on samples taken from a pre-basic seed from 
the breed “Treska” and С2 breed “Radika” produced во 2011/2012 in different parts 
of Macedonia.  
 

METHOD 
 

The examinations were conducted in the Laboratory of Chemistry Institute 
of the Natural-Mathematics Faculty within the University “St. Cyril and 
Methodious".  
The determination of zinc and iron in both the grain and the flour was 
conducted by means of blazing atomic absorbent spectrometer type Termo. 
The examined sample is prepared for an analysis with the moist 
mineralization. During this procedure a destruction and removal of organic 
substances from the food are being made, so that only the mineral substances 
remain in the mixture. 0,5g. homogenized sample of the wheat (flour) is 
being placed in teflon bowl  in which   7 ml. concentrated HNО3 and 2 ml.  
H2О2 is added; this is then being left one night following which it is warmed 
up. The warming up lasts several hours at a low temperature until the organic 
substances disappear completely and a clear mixture is obtained. It is then 
filtered and removed into a flask, in which a distilled water is added in 
volume up to 25 ml. The absorbency is being noted on the prepared mixture 
through the previously calibrated atomic absorbent spectrometer. 
The contents of proteins, ashes as well as the wheat milling are produced in 
the Laboratory of the Factory “Zito Luks” A.D. Skopje. 
The proteins were analyzed by means of the Kjedalh method. The quantity of 
ashes was determined through a gravimetric method. 
The wheat`s hectoliter mass was measured by a Shoper scale. 
The wheat milling was done by a laboratory mill from the company 
BRABENDER. 
The computer program Microsoft Excel 2007 was used for statistical analysis 
of the data.  
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RESULTS AND DISCUSSION 
 

The contents and distribution of biogenic elements in the wheat`s grain was a 
subject of examination by several authors, especially during the last 30 
years. Most data are found in relation to the  contents of inc, phosphor and 
potassium since these three elements most frequently limit есто го 
ограничуваат both the yield and the quality of grain. In more recent time, 
more attention is being paid on both the microelements and hard metals in 
the grain, taking into account the increasing actuality in relation to their 
harmful impact on the organisms   because of their anthropogenic 
accumulation in the biosphere.(6) 
 The conventional agricultural methods are more focused on the usage of 
chemical fertilizers with microelements while the importance of the zinc, 
iron, manganese and others is neglected. Consequently, there is decrease of 
the wheat`s quality and an occurrence of micro-nutritive lacks in the 
cultures.(7). The increase of the concentration  of Zn and Fe in the plants is 
resulting in improvement of the wheat`s quality  and thus also improvement 
of the people` health (8).  
Table 1 shows the results of our examinations. 
  
Table 1.Contents of zinc. iron, proteins ,ashes, hectoliter mass and the mass 
of  1000 grains in two breeds of wheat. 
 

 Wheat 
Radika 

White 
flour 

Radika 

Wheat 
Treska 

White flour Treska 

Fe (mg/kg) 47 10,3 44 10,5 
Zn (mg/kg) 19 9,2 29 9,8 

ash % 1,83 0,48 1,62 0,45 
protein 10,9  12,1  

mass of 1000 grains( g)  32,6  35,2  
hectoliters (kg/hL) 70,5  75,5  

 
The contents of iron in the dry substance with the plants ranges from 50 to 
1000 mg/kg (7) and it is mostly found in the leaf , then in the trunk and at 
least in the grain (the fruit). The lack of iron may appear at a high doze of 
phosphoric fertilizers. 
The concentration of iron with the wheat from the breed  "Radika" cultivated 
in Probishtip is 47 mg/kg,  while with the wheat from the breed "Treska" 
cultivated in Skopje is 44 mg/kg. 
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The contents of zinc in the dry substance of the plants most frequently varies 
from 20 to 100 mg/kg, and under that it is a critical value. (6) 
The quantity of zinc in our researches with the grain of "Radika" is 19 mg/kg  
while with the wheat of the breed  "Treska" it is 29 mg/kg. From the bellow 
results as presented in Table 1 and graphic 1 one may observe that there are 
not great variations in relation to the concentration of iron in the aforesaid 
two breeds of wheat. However, the difference in the contents of zinc is 
significant breed “Radika”  has 10 mg/kg less zinc as compared to the breed 
"Treska". This difference may be a result of a number factors such as 
weather conditions, the breed`s quality, the used agricultural measures, the 
soil type, etc. .  
From the consulted literature we found data provided by the Macedonian 
researchers who have determined the impact of a certain concentration 
macro (N,Р,К) and microelements (Сu and Co) in the fertilizer over the 
concentration of hard metals in the wheat`s grain, of the breed “Radika”, that 
is, that part which is used in the people`s nutrition. Their two years lasting 
research shown that the zinc`s contents in the grain of the breed “Radika” 
cultivated under conditions of “Ovche Pole” on the soil type poorly 
carbonate  varies within the limits from 22 to 38 mg/kg, while the 
concentration of iron is 50-98 mg/kg. All examined hard metals are placed 
within the limits of the normal values as mentioned in the literature on the 
wheat.(6) 
Although the values from our examinations on the zinc and iron are close to 
the ones established by the abovementioned Macedonian researchers , they 
are nevertheless under the limits of normal values as mentioned in the 
literature on the both breeds of wheat. 
The refining of wheat products leads to losing of important minerals and 
fibers and it may have significant consequences for the people` health, that 
is, it may generate a cancer of the colon, diabetes mellitus and heart 
difficulties. The lack of zinc is mentioned as one of the key risk factors for 
the people` health and as one of the reasons for the death at a global level. 
According the report of the World Health Organization – WHO (2002) 
related to factors responsible for developing diseases, the lack of Zn is 
ranged on the 11th place among the twenty most important factors in the 
world and on the 5th place from among the most important factors in the 
underdeveloped countries..  
Also, two billions people, that is more than 30% of the world population are 
anemic which is due to the lack of iron .(10) The biggest part of Zn in the 
wheat is located in the embryo and the aleura-related aleurone layer 150 
mg.kg⁻¹ while Zn`s concentration in the endosperm is much less, that is, 15 
mg/kg.(11). 
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Fig. 1. Effect of Milling on the level of Trace metals. 
 
The parts being rich with zinc are removed during the milling process, and it 
results in decreasing of its (Zn) in the flour. Also, if the wheat contains about 
33 mg/kg  iron before the milling process, this quantity is decreased to 11 
mg/kg after the very milling.  
From the results as shown in Table 1 and from the graphic overview, one 
may note that the milling process has significantly decreased the 
concentration of the examined elements, with losses ranging from  52,6 % 
for a zinc and 78,7 %  for an iron  with the wheat of “Радика” breed  and 
65,5 % for zinc and  77,3 %  iron with the wheat of “Treska” breed.   
From the reviewed literature we found data related to the effects  of both the 
milling process and the cooking of dough-products produced from a hard 
wheat over the levels of eight minerals, namely, Ca,Cu,Fe,Mg,P,K,Se and  
Zn. It is established that the milling leads to a change of the contents of six 
minerals which initially were present in the hard wheat`s grain.The Selenium 
had the highest degree of keeping the concentration in groats  equal to 77% -
85% from which was in the wheat  (dry mass), as accompanied by calcium 
(54% -60%), copper (49% -53%), potassium and phosphor  (42%-47%), iron  
(36%-38%), magnesium and zinc (32% -36%). 
Unlike the milling, the cooking process has  generated small insignificant 
loses of the examined elements, except for the calcium and the potassium.(2) 
The results from the research of Jawad I. at al. show that both processes of 
milling have significant effects over the concentration of the 
micronutrients.The milling process significantly decreases the level of 
metals in tracks depending on both the type and the form of the very 
processing. It is ascertained a significant increase of the level of Cu and Mn 
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while the bread production which may due to different sources of these 
metals such as water, soul and other additives which are usually added while 
the bread production. The increase of the level of Сu and Pb nay be due to 
both the equipment and the tools being used in the bakeries.(12)  
The study of Wo Ÿniak A. at.all. confirms that the fertilization with nitrogen 
has an impact over the concentration of Fe and Zn in the grain. Their 
research shown that the application of N with a doze of 90 kg/h significantly 
increases the contents of Ca,K, Fe and Zn in the wheat in comparison with a 
doze of 150 kg/h  N(13).  
 

 
 

Fig. 2. Protein and ash contents in two varieties of wheat 
 
The contents of mineral substances indirectly shows the relationship of 
anatomic parts of grain in the flour, they are mostly located in the aleurone 
layer, while little less in the endosperm, so that the flour which would 
contain more from of external parts of grain, will contain more ashes.  
The wheat flours from mineral substances contain mostly phosphor and 
calcium, then magnesium chlorine and potassium. The remaining elements 
are represented in micro-quantities (4). According to the rule book on 
quality, the wheat flour is characterized in 3 types: type  400, type 500 and 
type 850. According to the regulations in the Republic of Macedonia, the 
flour of type 400 should have a relative moistness up to 14%, ash from 0,50 
to 0,55%, proteins minimum 12,5% and moist gluten minimum 30%.(14) 
In the light of the results we obtained in our study in relation to the contents 
of ash in the flour (graphic 2) compared with the mentioned regulations, we 
may characterize the  produced flour as a type 500.It also contains periphery 
parts, which gives to it a little dark color, increased contents of mineral 
substances, proteins, fats and vitamins while decreasing the starch which 
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makes it nutritive-ly  more favorable from the flour type 400 with a degree 
of milling at the most to 40-45%. 
It may also note from the graphic 2 that the contents of ashes in grain from 
the breed “Radika” is higher for 10.4 % than the one from the breed 
“Treska”. Despite that, the concentration of zinc in the flour from “Radika” 
is less in comparison with “Treska”. 
According to Araus et al. the variation and the negative relationships of 
ashes with the yield and other parameters may be due to the fact that the ash 
is higher with those genotypes which are more affected by drought during 
the wheat ripening (15).  
One of the other important component for the wheat quality is the percentage 
of proteins. The contents of proteins as measured by the Kjeldahl-method 
has shown that there is a higher level of proteins in the breed “Treska” 
12,1% as compared with the breed “Radika” 10,9%. In general, the proteins 
which are contained in the wheat vary between 8% and 17%, depending on 
both the genetic characteristics and the external factors connected with the 
culture-related cultivation.  
The mass of 1.000 grains depends on the very grain`s size, its fulfillment and 
health situation. That`s why the mass of 1.000 grains constitutes an indicator 
of the seed`s size. The seed with bigger mass has usually a more developed  
“embryo” and provides better developed and more resistant plants in the 
early stages of the development.(16)  
The mass of 1.000 grains in our examinations is  32,6g  for the breed 
“Radika” and 35,24 g for the breed “Treska”.  
Hectoliter mass means a mass of one hectoliter of wheat as expressed in 
kilos. The high hectoliter mass indicates small and round grains with a soft 
surface, compact endosperm and small mass of moistness, while a low 
hectoliter mass are given by the big and long grains with uneven surface and 
bigger contents of moistness. According to the rule book.on the minimal 
conditions for quality, traits and classification of the wheat and the rice, the 
hectoliter mass of the wheat designed for production of flour should beat 
least  67 kg/hl.(17). Our results on the hectoliter mass of the both breeds of 
wheat (Table 1) are within the limits of the normal values as mentioned in 
the aforesaid rule book. 
 

CONCLUSION 
 

On the basis of the conducted examinations of the contents of zinc and iron 
in the grain and flour of the wheat type “Radika” and “Treska” , the 
following conclusions may be adopted: 
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- the milling process leads to a significant decrease of the concentration of 
the examined microelements which are of essential importance in the people` 
nutrition; 
-from among all of the examined parameters, it was established that the 
breed “Treska” is more qualitative in relation to the breed “Radika” since 
there is a bigger concentration of zinc and iron in the flour, a higher 
hectoliter mass and it contains more proteins; 
Because of the abovementioned, our future researches will be aimed at 
completing the micronutrients with bio-fortification of the same two breeds 
of wheat since, although the fortification is efficient approach for the many 
of the underdeveloped countries, it still seems that that it is expensive and 
(because of it) it is hardly accessible.   
As alternative economically justified solution is the agricultural bio-
fortification by means of which there will be an increase of the productivity 
and the concentration of micronutrients in the wheat, and this would 
contribute to improving the people` health.        
                                                                   

LITERATURE 
 

1. Zdrava hrana – moznosti za iskoristuvanje na potencijalot na paletata 
raznovidni kulturi vo R.Makedonija 
 http://agrojugozapadmak.com/files/zdrava 
2.Y.G.Deosthale The nutritive value of foods and the significance of 
some household processes  National Institute of Nutrition, Hyderabad, 
India  
3. Kalugerski G.,Kalugerski S.,Tosic (2006). Ptrehranbena tehnologija, 
Zavod za uzdbenike i nastavna sredstva,Beograd;  
4.Žeželj M. (2005). Tehnologija žita i brašna: prerada brašna, NIP Glas 
javnosti doo, Beograd 
5.Cubadda F., Aureli F., Raggi A., Carcea M.  (2009)  Еffect of milling, 
pasta making and cooking  on minerals in durum wheat   Journal   of Cereal 
Science 49 92–97  
6.Petkovski D.,Melovski L.,Petkovska R.,(1997)  Sodrzina na nekoj teski 
metali vo zrnoto na pcenica odgleduvana na Cernozem vo ovce pole    Ekol. 
Zašt. Život. Sred. Vol.5 No1. pp(35- 40).   
 7. Ryan E. Nuffield Scholar March (2010)  Nuffield Australia Project No 
0911 Trace Element Nutrition  Revitalising Health and Agriculture  
 8. Habib Maralian (2008)   Effect of foliar application of Zn and Fe on 
wheat yield and quality African Journal of Biotechnology Vol. 8 (24), pp. 
6795-6798  
9. Kastori, R. (1993). Fiziologija bilja, IV izdanje. IP "Nauka", Beogra 

 

149 

http://agrojugozapadmak.com/files/zdrava


10. World Health Organization (WHO) (2002). The World Health Report 
2002 Geneva: WHO 
11. Ozturk L, Yazici MA  at.al.( (2006) Concentration and localization of 
zinc during seed development and germination in wheat. Physiol Plant 
128:144–152 
12. Jawad I.and Sadia H.Allafaji (2012) The levels of Trace Metals 
Contaminants in Wheat Grains, Flours and Breads in Iraq  Australian 
Journal of Basic and Applied Sciences, 6(10): 88-92, 2012 ISSN 1991-8178  
13.  WoŸniak A, Makarski (2013) Сontent of minerals, total protein and wet 
gluten in grain of spring  wheat depending  on cropping systems B. J. Elem. 
s. 297–305 DOI: 10.5601/jelem  
14.Pravilnik za kvalitet na pcenicno brasno(2012)( Sl. Vesnik na R. 
Makedonija,br.175/11) 
15.Araus JL, Amaro T, Casadesus J, Asbati A, Nachit MN. (1998) 
Relationship between ash content, carbon isotope discrimination and yield in 
drain wheat. Aust J Agric Res.;25(6):835– 843 
16. Ilieva V.,Mitrev S.,Karov I.Markova N.,Todorovska (2011)  
Varijabilnost na nekoi kvalitetni svojstva na semeto kaj pcenicata Godisen 
zbornik UDK: 633.11-153.1.02  
17. Pravilnik za minimalnite uslovi za kvalitet,svojstva i klasiranje na zitata i 
orizot (2011) (Sl.Vesnik na R.M.,br.104 str.2 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

150 



582.998.16:547.458.88 

CHARACTERIZATION OF PECTINS ISOLATED 
FROM STEMS OF HELIANTHUS TUBEROSUS L.18 

 
V Stamatovska1, N. Delchev2, G. Nakov3 

Faculty of Technology and Technical Sciences 
Petre Prlickov 42, 1400 Veles, Republic of Macedonia 

“St. Kliment Ohridski” University, 7000 Bitola1 
Department of Analytical Chemistry, Technological Faculty, 

University of Food Technologies – Plovdiv, Bulgaria2 
Eng.Technologist, Veles, Macedonia3 

e-mail:vikistam2@gmail.com 
 

Abstract 
 

 The pectin content in the stems of Jerusalem artichoke 
(Helianthus Tuberosus L.) was studied. Extraction of the 
polysaccharide was carried out and their physico-chemical 
characteristics were determined (degree of esterification, acetyl 
content, molecular weight, viscosity, etc.). Тhe monosaccharide 
composition of the isolated pectins was analysed and the presence of 7 
neutral sugars (L-rhamnose, D-glucose, D-fructose, D-mannose, D-
galactose, D-xylose and L-arabinose) was confirmed. 
 
Keywords: Jerusalem artichoke, pectins, physico-chemical 
characteristics 
 
 
 
 

INTRODUCTION 
 

 Pectins are heteropolysaccharides which are widespread in 
nature. They can be found in the fruits- cell juice, roots and stems of 
many plants [1,2]. Main sources of pectin yield are some waste fruit 
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materials such as pressed apples, citrus fruit peels, sunflower head 
residues, sugarfree beet slices, etc. [3,4].  
 Pectin as a vital ingredient has been used in food industry for a 
long time due to its functional properties (gelling, thickening, 
emulsifying, foaming, etc.) [5,6]. 
 In recent years there has been a growing interest in the study of 
the polysaccharide composition of different unconventional plant 
sources [1,7]. Previously a characterization of the polyuronide content 
(PUC) of several types of Jerusalem artichoke growing in Bulgaria 
was carried out [8]. It was established that all parts of the plant 
(blossoms, leaves, stems, tubers) contain pectins but the greatest 
amount was found in the tubers (13.5 %) and the stems (12.4 %). 
 It was also noticed [9] hat flour made out of Jerusalem 
artichoke stems shows sorption properties toward some heavy metals 
which is probably due to the presence of pectin. 
 The main objective of this paper is to analyse in detail the 
pectins in stems of Jerusalem artichoke and to give their physical and 
chemical characterization. 
 

MATERIALS AND METHODS 
 

1. Raw materials 
 
Stems of Jerusalem artichoke were gathered for the purpose of this 
paper. The stems were picked up during the blossoming season (the 
beginning of October, 2012) from three different regions in Bulgaria – 
the Stara Zagora region, near the town of Stara Zagora (sample 1), the 
Plovdiv region, near the town of Parvomai (sample 2) and the Vidin 
region, near the town of Vidin (sample 3).  
 All reagents used for the analyses are classified p.a. (lat. Pro 
Analysi р.а.). 
 
 
2. Pectins characterization 
 
 The polyuronide content was determined by the method 
proposed by Mc Cready [8] as follows: 
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 The raw material was ground in advance. Then 100 mL 5 % 
solution of HCl in ethanol (70 %) was added to 10 g of the ground 
material and the mixture was stirred for 1 hour with an 
electromagnetic stirrer. Next the mixture was filtered through a 
Büchner funnel and washed in turns with ethanol (70 % - to a neutral 
reaction) and ethanol (96 %). Finally it was dried at 50 °C. 
 
2.2. Determination of the polyuronide content (PUC) 
 2 g NaCl and 150 mL distilled water were added to 2 g of the 
washed material. The mixture was stirred for 2 hours with an 
electromagnetic stirrer and then 50 mL distilled water was added to it. 
Two check samples were also prepared. 4-5 drops of Hinton reagent 
were added to each of the samples and they were titrated with 0.1 M 
NaOH. Then 40 mL 0.1 M NaOH were added to the samples and they 
were left undisturbed for 2 hours. Finally 50 mL 0.05 M H2SO4 were 
added to the samples. The rest of the acid was titrated with 0.1 M 
NaOH.  
The PUC (%) of the washed material is calculated with the following 
formula: 
 

PUC =  (V1· F· 0.01761) + (V2· F· 0.01901) . 100% 
m  
 

where 
V1 – the NaOH volume used in the first titration, (mL); 
V2 – the NaOH volume used in the second titration, (mL); 
F – factor of NaOH; 
0.01761 - the amount of the non-esterified galacturonic acid residue 
which corresponds to 1 mL 0.1 M NaOH (g); 
0.01901 – the amount of the esterified galacturonic acid residue which 
corresponds to 1 mL 0.1 M NaOH (g); 
m- sample weight, (g). 
The following formula was used to determine the degree of 
esterification (DE, %): 
 

DE =  _       V2· F __  _    · 100% 
V1·F + V2 ·F      
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3. Pectins extraction 
 
 The extraction is made with ammonium oxalate, because 
previous findings related to the isolation of pectinс from stems of 
Jerusalem artichoke using different solvents (hydrochloric acid, nitric 
acid, oxalic acid, ammonium oxalate) determined that the greatest 
yields are obtained within ammonium oxalate extraction [10]. 
 100 g of the washed material was covered with 2000 cm3 of 
distilled water (85-90 °C) containing 18.8 g (0.075 mol/L) ammonium 
oxalate. The mixture was extracted by being periodically stirred for 45 
min. at 85 °C. It was filtered while hot, the volume of the extracted 
filtrate was measured and it was cooled at room temperature. Then 20 
mL  concentrated HCl and 20 mL ethanol (90 %) were added to the 
filtrate. It was stirred well and left undisturbed for 2 hours. The 
obtained coagulating agent was filtered, repeatedly washed with 
ethanol (70 %) to the lack of chloride ions, then washed twice with 
ethanol (96 %) and dried at 40 °C to a constant weight. 
 The degree of extraction (R) of the polysaccharide (%) was 
determined by the formula: 

N
AR 100⋅

=
 

 
 where A - the amount of the extracted pectin (%)  
N - the initial content of the polysaccharide in the raw material (%). 
 
4. Determination of the degree of esterification and purity of 
pectin isolated from stems of Helianthus tuberosus L.  
 
 0.5 g of the material was placed in an erlenmeyer flask and 
was splashed with 3 mL ethanol. 100 mL distilled water was added 
and the material was energetically stirred until it dissolved completely. 
The solution was titrated with 0.1 M NaOH using phenolphthalein as 
indicator for 20 s until the initial colouring was retained and the 
released carboxyl groups were determined. 40 mL 0.1 M NaOH were 
added to the sample for saponification of the ester groups. After 2 
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hours 50 mL 0.05 M H2SO4 were added to the sample, it was stirred 
and the rest of the acid was titrated again with 0.1 M NaOH. A check 
sample was also prepared. 
 The degree of esterification (DE, %) and purity (P, %) of 
pectin were calculated by the following formula: 

 
DE =            b – d             ·100% 

 
(a + c) – (b + d) 

   

%100

100
100

01901,0)(01761,0)(
⋅

−
⋅

⋅⋅−+⋅⋅−
=

Wm

FdbFcaP  

 
where 
a – the volume of 0.1 M NaOH used in the first titration of the sample, 
(mL); 
b - the volume of 0.1 M NaOH used in the second titration of the 
sample, (mL); 
c - the volume of 0,1 M NaOH used in the first titration of the check 
sample, (mL); 
d - the volume of 0.1 M NaOH used in the second titration of the 
check sample, (mL);  
F – factor of 0.1 M NaOH; 
W – water content of pectin, (%).  
 
5. Physical - chemical characterization of pectins 
 
 The methods described in reference [11] were used to 
determine the main physical - chemical characteristics of the isolated 
pectins preparations – moisture and ash (quantitatively), reducing 
substances (the method proposed by Schoorl was used), degree of 
esterification, acetyl content (determined by the acetic acid liberated 
from the saponified acetyl groups), molecular weight (determined by 
the method proposed by Anger) and gelling ability (according to the 
method proposed by Tarr–Baker). 
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 The water-insoluble substances were determined as follows: 1-
5 g pectin were dissolved and diluted with water to 0.5 % 
concentration. The solution was filtered through a thick filter which 
was weighed in advance. The precipitation on the filter was washed 
with warm water and dried at 80-85 °C to constant weight. 
 The pectin preparations were dissolved in a 0.1 M phosphate 
buffer with pH 6 in order to determine the intrinsic viscosity [η]. The 
relative viscosities were determined with a glass Ubbelohde viscosity 
meter at 25±0.1 °C. The time of draining of the solvent (t0) is 81.8 s. 
At least six different concentrations of pectin solutions were used and 
their time of draining (ts) had to satisfy the condition 1,2 t0  < ts < 2t0. 
 
The intrinsic viscosity [η] was calculated with Huggins equation: 
 

    ηdp /С= [η] + Kn·[η]2·C, 
 

where  ηdp= (ts - t0)/ t0. 
 The monosaccharide composition was determined by gas 
chromatography after a complete acidic hydrolysis and silanization 
with hexamethyldisilazane in the presence of pyridine and 
trifluoracetic acid [11]. 
 
 

RESULTS AND DISCUSSION 
 

 The results concerning the polyuronide content (PUC) and the 
degree of esterification (DE) of pectins in the stems of Helianthus 
tuberosus L. are presented in table 1. 
 
Table 1. Polyuronide content and degree of esterification of pectins in 
stems of Helianthus tuberosus L. 
 
 
 
 
 

 
                *a.d.m. – absolutely dry matter 

Number of sample PUC, % a.d.m.* DE, % 
№1 11.6 54.1 
№2 9.8 53.7 
№3 10.3 56.4 
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 The table shows that the stems of Jerusalem artichoke have a 
relatively high content of pectins (№1 – 11.6 % a.d.s.) In comparison, 
in apples (the main raw material for extraction of pectin) the pectin 
content is approximately 2 % (‘raw’ pectin) and 18 % (‘dry’ pectin) 
[3]. The determination of the polyuronide content with the methods 
used in part 2 of Methods and materials makes it possible to determine 
the degree of esterification without isolating the pectins. Thus the 
degree of esterification of pectins in the stems of Jerusalem artichoke 
can be determined as average [6]. 
 
 
 Table 2 shows the results from the extraction of pectins. 
 
 
Table 2. Extraction of pectin from stems of Jerusalem artichoke 

№ Yield*, % Purity of 
pectins, % 

Pectins 
content in 

the isolated 
product,% 

Degree of 
extraction 

(R), % 

Sample #1 10.9 86.3 9.4 81.0 
Sample #2 10.1 85.7 8.7 88.8 
Sample #3 11.2 82.4 9.2 89.3 
*Pectins yield from the raw material 
 
 The results in table 2 show that the extracted pectin 
preparations have relatively high purity (over 82 %). The existing 
impurities are probably due to the milder conditions of the extraction 
process. As far as the degree of extraction (R) is concerned, sample 3 
has the highest value (89.3 %). 
 The initial analyses concerning the physical and chemical 
characterization of pectin established some general characteristics 
which give additional information about the purity of the obtained 
pectin preparations (Table 3). 
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Table 3. Contents of moisture, ash, insoluble and reducing substances 
in pectin from stems of Jerusalem artichoke 
 

Pectins 
isolated from 
Jerusalem 
artichoke 

Moisture, 
% 

Ash, % 
a.d.m. 

Water –
insoluble 
substances, % 
a.d.m. 

Reducing 
substances, 
% 

Sample #1 3.4 0.8 0.8 - 
Sample #2 2.8 1.1 0.7 0.9 
Sample #3 4.6 0.6 1.0 0.6 
 
 Table 4 shows the results for the degree of esterification, 
molecular weight, acetyl content, viscosity and gel strength. It is 
evident that the extracted pectins in the three samples have very close 
characteristics.  
 
Table 4. Physical-chemical characterization of pectins from stems of 
Jerusalem artichoke 
 

 Sample #1 Sample #2 Sample #3 
DE, % 52.8 51.4 53.9 
Acetyl content, % 1.4 0.8 1.2 
Molecular weight, Da 328 000 386 000 354 000 
Intrinsic viscosity [η], 
dl/g 

6.12 7.14 7.08 

Gel strength, ° TB 230 240 230 
 
 The acetyl content gives information about the percent of 
galacturonic residues esterified with acetic acid in the presence of OH-
groups connected with C-2 or C-3. Usually the acetyl groups are of 
small quantities 0.3 – 0.8 % [11]. The pectin preparations obtained 
from beet, tomatoes and sunflower heads have higher acetyl content 
[13]. Regarding the values of acetyl content it can be concluded to be 
within the range of 0.8 % to 1.4 % 
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 The molecular weight of pectins is an important 
characterization of their functional properties. Literary sources show 
that it varies widely [12]. The difference in the molecular weight of 
various biopolymers is due to the used method of analysis and also to 
the heterogeneousness and aggregation of some of them in water. 
Table 4 shows that the molecular weight of pectins obtained from 
stems of Jerusalem artichoke varies between 328 000 and 386 000 Da. 
 Table 5 shows information about the monosaccharide 
composition of pectins isolated from the stems of Jerusalem artichoke. 
As expected D-galacturonic acid has the highest content (~ 80.4 %) 
[4,6]. 
Table 5. Monosaccharide composition of pectins isolated from stems 
of Jerusalem artichoke 
Monosaccharide, 
% 

Sample #1 Sample #2 Smple #3 

D-galacturonic 
acid 

79.4 81.4 80.3 

L- rhamnose 3.5 3.9 2.8 
D-glucose 3.1 2.3 1.8 
D-fructose 4.6 3.8 4.1 
D-mannose 1.8 2.0 1.3 
D-galactose 1.9 1.6 2.0 
D-xylose 2.7 2.4 3.1 
L-arabinose 1.8 1.1 2.2 
 
 Seven neutral sugars were determined in the three samples – 
L-rhamnose, D-glucose, D- fructose, D-mannose, D-galactose, D-
xylose and L-arabinose. In previous papers on the monosaccharide 
composition of pectinс extracted from the tubers of Jerusalem 
artichoke the presence of L-fructose was determined [8], but this 
monosaccharide was not identified in the present study. 

 
CONCLUSION 

 
 The stems of Jerusalem artichoke are characterized by high 
polyuronide content (~10,6 % a.d.m.). The dergree of esterification of 
pectin is between 50 % and 60 % which is average. The obtained 
pectin substances are characterized by relatively high purity (over 82 
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%). The main physico-chemical characteristics of pectins preparations 
isolated from the stems were determined. The values that were 
obtained for extracted pectins from the three samples of stems from 
Jerusalem artichoke are partially identical, considering that stems from 
Jerusalem artichoke were collected from three different areas. The 
analysis of the monosaccharide composition of pectins shows the 
presence of the following neutral sugars – L-rhamnose, D-glucose, D-
fructose, D-mannose, D-galactose, D-xylose and L-arabionose. 
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Abstract 
 

 Considering the global interest for the natural sources of antioxidants, 
macrofungi have become attractive for research activities. The aim of this 
study was to investigate the antioxidant properties of three Boletus species: 
B. appendiculatus, B. satanas and B. lupinus. Specimens were collected 
from Macedonian oak forest on Galichica Mountain in autumn 2011. 
Antioxidant properties of the selected fungi were assayed using 2,2-
diphenyl-1-picrylhydrazyl (DPPH) radical scavenging capacity method in 
the methanolic extracts. The contents of phenolic compounds and flavonoids 
present in the mature fruiting bodies were also analyzed. A highly significant 
correlation between antioxidant capacity and phenolic content was found, 
indicating that phenolic compounds are a major contributor to antioxidant 
activity in the mushroom fruiting bodies. The highest antioxidant capacity 
and the lowest effective concentrations of the samples at which DPPH 
radicals were scavenged by 50% (EC50 values) were confirmed in B. 
appendiculatus extracts. 
Keywords: Boletus, antioxidant activity, total phenolics, total flavonoids 
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INTRODUCTION 
 

 Antioxidants are molecules that may reverse, prevent or slow oxidative 
damage, occurring both in the human body and food. With consumers 
growing awareness and concerns regarding chemically synthesized 
antioxidant, novel and safe natural antioxidant with no adverse effects have 
attracted much more attention (Chang, 1999; Saito et al., 2003). 
 Mushrooms have long been valued as nutritional food by different 
cultures worldwide due to their high fibre, minerals and protein content, as 
well as low fat content (Leоn-Guzmаn et al., 1997). On the other hand, 
extracts of medicinal mushrooms have been an important part of the 
traditional medicine. In the recent years, the antioxidant properties of the 
fungi have been extensively studied, and many antioxidant compounds 
extracted from these sources have been identified.  
 The antioxidant properties of fungi refer to different antioxidant 
compounds. Fungi contain a variety of secondary metabolites which have 
been shown to act as excellent antioxidants. Phenolic compounds are widely 
distributed secondary metabolites in mushrooms. A correlation between the 
mushroom antioxidant activity and their phenolic content has been well 
established (Mau et al., 2002, 2004; Cheung et al., 2003; Barros et al., 
2007a). Flavonoids are a group of naturally-occurring mushroom phenolic 
compounds that in food systems can act as free radical scavengers and 
terminate the radical chain reactions that occur during the oxidation of 
triglycerides (Madhavi et al., 1996). In addition, different wild mushrooms 
species have been reported to have antioxidant activity related to terpenes, 
pigments, amino acid ergothioneine, tocopherols, ascorbic acid, etc. 
(Akanmu et al., 1991; Dubost et al., 2007; Kasuga et al., 1995; Mau et al., 
2002; Barros et al., 2007b). The antioxidant properties of mushrooms are 
also derived from the essential trace elements: selenium and zinc (Falandysz 
et al., 2008; Bauer-Petrovska et al., 2008) that have a key role in some 
biological processes involved in antioxidant defence (Brenneisen et al., 
2005). 
 According to Ferreira et al. (2009) there are some advantages of using 
mushrooms over plants as commercial sources of antioxidant compounds: 
the fruiting body can be produced in much less time, the mycelium may also 
be rapidly produced in liquid culture and the culture medium can be 
manipulated to produce optimal quantities of active products. Hence, 
purification of the mushroom extracts may lead to increased activity of the 
antioxidant compounds and to the possibility of developing natural 
antioxidant material for the food and cosmetic industry with safer and better 
antioxidants.  
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 In this perspective, the aim of our study was to investigate the antioxidant 
properties of 3 Boletus species: edible B. appendiculatus, poisonous B. 
satanas and B. lupinus, a new species for mycobiota of Macedonia, collected 
on Macedonian oak forest on Galichica Mountain in autumn 2011. Results 
from this study are comprehensive part of the systematic research for 
antioxidant characterization of Macedonian fungi. 
 

MATERIAL AND METHODS 
 

 Fruiting body selection. Wild fruiting bodies of the genus Boletus (B. 
appendiculatus, B. satanas and B. lupinus) were collected on Macedonian 
oak forest on Galichica Mountain, in autumn 2011. Taxonomic identification 
was made in the Mycological Laboratory at the Institute of Biology, Faculty 
of Natural Sciences and Mathematics in Skopje, by implementing standard 
methods of macroscopis, microscopic and chemical techniques (coloring of 
fruit bodies and spores), as well appropriate literature. The representative 
voucher specimens were deposited at the Macedonian Collection of Fungi 
(MCF) at the Institute of Biology.  
 Preparation of methanolic extracts of mushrooms. The fruiting bodies 
were cleaned to remove any residual compost/soil and subsequently air-dried 
in the oven at 40O C. A mushroom powder sample (50 mg) was extracted by 
stirring with 2 mL of 80% (v/v) methanol in ultrasonic bath for 30 min at 4 
ºC, and centrifuged at 12000 rpm for 15 min. Supernatants were used for 
quantification of total antioxidant capacity and total phenolic and flavonoid 
content. 
 Determination of total phenolics. Total phenolic content in the 
methanolic extract was determined by Folin-Ciocalteu’s colorimetric method 
(Singleton and Rossi, 1965). In 20 µL diluted methanolic extract, 100 µL 
Folin-Ciocalteu’s reagent were added and allowed to stand for reaction. The 
mixture was neutralized by adding 80 µL of 0.7 M sodium carbonate and 
kept in dark at room temperature. The absorbance was measured at 750 nm 
using UV-VIS spectrophotometer (SpectraMAX 190). Quantification was 
done on the basis of standard curve of gallic acid and the results were 
expressed as milligrams gallic acid equivalent (GAE) per gram dry weight 
(DW) of the mushroom material. 
 Determination of total flavonoids. Flavonoid content in the methanolic 
extract of mushrooms was determined by using aluminium chloride 
colorimetric method (Chang et al., 2002). To an aliquot (80µL) of diluted 
mushrooms extract, 5 µL of 10% (w/v) aluminium chloride, 5 µL of 1 M 
sodium acetate and 110 µL of distilled water were added. The mixture was 
allowed to stand at room temperature for 30 min and the absorbance of the 
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developed color was recorded at 415 nm using an UV-VIS 
spectrophotometer (SpectraMAX 190). Quercetin was used as standard for 
the calibration curve. Flavonoid contents were expressed as milligrams 
quercetin equivalent (QE) per gram dry weight.  
 Radical Scavenging Activity (RSA). The effect of mushroom 
methanolic extracts on DPPH radical scavenging was estimated according to 
the method of Brand–Williams et al. (1995), with some modifications. 
Various concentrations of mushroom extracts (0.01 mL) were mixed with 
0.19 mL of methanolic solution containing DPPH radicals (0.127 mM). The 
mixture was shaken and left to stand for 30 min at room temperature in the 
dark. The absorbance of the resulting solution was measured 
spectrophotometrically at 517 nm. The capability of the mushroom extracts 
to scavenge the DPPH radicals was calculated using the following equation: 
%RSA = [(ADPPH - AS) / ADPPH] · 100, where AS is the absorbance of the 
solution when the sample extract has been added at a particular level, and 
ADPPH is the absorbance of the DPPH solution. 
 An antioxidant value of 100% indicates the strongest antioxidant activity. 
The EC50 value represents the effective concentration of the sample 
(milligrams per milliliter) at which DPPH radicals were scavenged by 50%. 
A lower EC50 value corresponds to a higher antiradical activity of mushroom 
extract. 
 Statistical analysis. The experiments were independently repeated twice 
under the same conditions and all analyses were performed n triplicate. The 
statistical analyses were performed with SPSS statistical software program 
(SPSS version 11.0.1 PC, USA, IL). All statistical tests were considered 
significant at p ≤ 0.05.  
 

RESULTS AND DISCUSSION 
 

Total phenolic and flavonoid content 
 The total phenolic content, expressed as mg of GAE per gram of dry 
mushroom,  is shown in Figure 1. The highest content of total phenolic 
compounds was found in Boletus appendiculatus (21.24±0.69 mg GAE/g 
DW), followed by B. lupinus and B. satanas (17.63±0.36 and 16.25±1.10 mg 
GAE/g DW, respectively). 
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Figure 1 Total phenolic (mg GAE/g) and flavonoid (mg QE/g) contents of 
methanolic extracts from selected Boletus mushrooms. 
 
 The amount of total flavonoid compounds in the methanol extracts, 
expressed as mg of QE per gram of dry mushroom, is also shown in Figure 
1. The total flavonoid contents of selected species were ranged from 
2.15±0.06 to 2.81±0.15 mg QE/ g DW. It is evident that extracts with a 
higher phenolic content did not always have higher flavonoid content. 
Results showed that B. lupinus had a higher total flavonoid contents 
(2.81±0.15 mg QE/g) compared to those of B. appendiculatus (2.47±0.03 mg 
QE/g). On the other side, total phenolic contents in B. lupinus were lower 
(17.63±0.36 GAE/g) compared to those of B. appendiculatus (21.24±0.69 
mg GAE/g). These results suggested that different mushrooms extracts 
contained different levels of total flavonoids as a proportion of the total 
phenolic compounds. 
 Also, it is obvious that the extracts contained much lower total flavonoid 
contents than the total phenolic contents. The results suggest that other 
compounds besides flavonoids are the major phenolic substances present in 
the tested mushrooms.  
  
Scavenging effect on DPPH radical 
 
 In this study, the DPPH scavenging activity was selected to evaluate the 
antioxidant activity of mushrooms extracts because it is one of the most 
effective method for estimation the concentration of radical-scavenging 
materials active by a chain-breaking mechanism (Niki, 1987).Results for 
DPPH activity in the mushrooms extracts are presented in Figure 2. The 
scavenging effect of all tested Boletus species increased depending of the 
extract concentrations. This implied that the DPPH radical scavenging of the 
mushroom extracts was dose-dependent.   
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Figure 2 Antioxidant activity of selected Boletus mushrooms: Scavenging 
effect on DPPH radicals (%).  
 
 Results from our study showed that B. appendiculatus extract (1.5 
mg/mL) had the highest scavenging effect (84.65%) compared to B. lupinus 
and B. satanas (64.30 and 50.56%, respectively). EC50 value was defined as 
the concentration of antioxidants required for 50% scavenging of DPPH 
radicals in specified time period. This parameter is widely used to measure 
antioxidant activity and smaller EC50 value corresponds to higher antioxidant 
activity of the mushrooms extract. EC50 values of DPPH radical scavenging 
in B. appendiculatus, B. lupinus and B. satanas extracts were 0.72, 1.12 and 
1.49 mg/mL, respectively. Among the tested extracts, B. appendiculatus 
fruiting body was the strongest DPPH scavenger with the lowest EC50 value, 
followed by the extracts of B. lupinus and B. satanas. 
 
Correlation between total phenolic content, total flavonoid content and 
antioxidant capacity 
 In order to understand the antioxidant activity of the selected mushroom 
species in terms of their total phenolic content, a regression analysis was 
performed by Pearson correlation coefficient (R). As shown in Figure 3, 
significant correlation was found between the antioxidant capacity expressed 
as EC50 and total phenolic content (R= -0,924, p<0.001). A significant 
correlation obtained between antioxidant activity and phenolic content 
indicate that phenolic compounds contribute significantly to antioxidant 
activity of the investigated mushrooms. These negative linear correlations 
proved that B. appendiculatus showed the highest phenolic antioxidants 
which is correlated with the lowest EC50 value. On the other side, B. satanas 
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contained the lowest amounts of phenolic antioxidants correlated with the 
highest EC50 values. 

 
Figure 3 Correlation between total phenolics and scavenging effect on 
DPPH radicals (EC50). 
 
 Correlation coefficients between total phenolic compounds (TFC), total 
flavonoid content (TFC) and DPPH antioxidant activity determination assay 
(EC50) are shown in Table 1. There was no correlation between total 
flavonoids and antioxidant activity (Table 1). This lack of relationship 
indicates that flavonoids are not main contributors to antioxidant activity of 
tested mushrooms. In addition, a non-significant correlation coefficient was 
found between flavonoid content and total phenolic content indicating that 
flavonoids are no dominant group of the phenolic compounds in tested 
mushrooms.  
 
Table 1 Correlation coefficients between total phenolic compounds (TFC), 
total flavonoid content (TFC) and DPPH antioxidant activity determination 
assay (EC50). 

 TPC TFC 
TFC 0.209 (0.044) ns - 
EC50 - 0.924 (0.853)* - 0.412 (0.170) ns 

 R – correlation coefficient; the values in parentheses represent the R2 values. 
 n= 9; ns – non significant ; * significance level at  p ≤ 0.001. 
 
 The results presented in our study are in agreement with those in the 
literature which showed that the total phenolics are the major contributors to 
the antioxidant activity of macrofungi (Mau et al., 2002, 2004; Cheung et al., 
2003; Barros et al., 2007a, Sarikurkcu et al., 2008). Puttaraju et al. (2006) 
also found a direct correlation between mushrooms antioxidant activity and 
total phenolic content and reported correlation coefficient (R) of about 0.95 
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between total phenolics and antioxidant capacity assay for the extracts of 23 
species of wild mushrooms.  
 The present study suggests that selected bolets are a potential source of 
natural antioxidant and that phenolics are major naturally occurring 
antioxidant compounds found in their methanolic extracts.  
 

SUMMARY 
 
 The current study was undertaken to measure the antioxidant potential of 
methanolic extracts from fruiting bodies of three Boletus species naturally 
grown on Galichica Mountain. Results from this study showed that analyzed 
mushroom extracts are rich in phenolic compounds and exhibit strong 
antioxidant capacities. A highly significant correlation between antioxidant 
capacity and phenolic content was found, indicating that phenolic 
compounds are the major contributor to antioxidant activity in the mushroom 
fruiting bodies. So, it is evident that the selected bolets have potential to be 
used as natural antioxidants. Regarding the development of natural 
antioxidants from macrofungal origin, further research could be focused on 
the identification and quantification of  individual antioxidant compounds in 
selected mushroom extracts.  
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Abstract 

 
Different alternatives for the rapid and sensitive determination of some 

psychostimulative drugs (MDA, MDMA, MDEA, MBDB), by High-
performance liquid chromatography (HPLC) have been evaluated. The 
method involved derivatization with 3,5-dinitrobenzoylchloride at ambient 
temperature and separation of the derivatives formed on a Lichrospher® 60 
RP-select B, 5 μm, 250 x 4,6 mm id column protected by appropriate guard 
column. Conditions for the derivatization have been investigated, including 
the pH, the reaction time and the derivatization reagent concentration. After 
optimisation, the best results obtained using buffer with pH 10.0, reaction 
time 5 min and concentration of derivatization reagent 5 mmol/L.  
 
Key words: determination, psychostimulative drugs, derivatization, High-
performance liquid chromatography   
 

INTRODUCTION 
 

Amphetamine derivatives have become trendy drugs of abuse because they 
are powerful stimulants of the central nervous system. In particular, a 
dramatic increase in the abuse and recreational use of psychostimulative 
drugs, detected in many countries, especially among young people, for 
example, group of methylenedioxylated amphetamine derivatives [1]. The 
most representative substances in this group are 3,4-

20 original sctientific paper 
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methylenedioxyamphetamine (MDA),           3,4-
methylenedioxymethamphetamine (MDMA), 3,4-methylenedioxyethamphe-
tamine (MDEA), and N-methyl-1-1-(1,3-benzdioxol-5-yl)-2-butanamine 
(MBDB), which are classified as illicit substances in most countries.  
Many analytical methodologies used in toxicological studies and forensic 
science have been described and the great number of publications on 
psychostimulative drugs analysis published in the last 15 years indicates that 
it was necessary to improve the methods of analysis [2-6].  
Several methods have been described for the determination of amphetamine 
derivatives using High performance liquid chromatography (HPLC) but 
procedures without derivatization reactions have not been widely applied to 
the analysis of drugs because they show low UV absorbance and very little 
natural fluorescence [7-9]. In addition, primary and secondary amines often 
show poor chromatographic performance which could be improved by 
derivatization. To improve both chromatographic behavior and detectability 
of the psychostimulative drugs, a great number of procedures involving 
precolumn or postcolumn derivatization using different reagents have been 
developed [10-14]. 
In this paper, we evaluated different alternatives to develop the procedure for 
rapid and sensitive determination of some psychostimulative drugs (MDA, 
MDMA, MDAE and MBDB), using 3,5-dinitrobenzoylchloride (DNB) such 
as derivatization reagent (Fig. 1). The developed derivatization procedure 
followed by HPLC analysis of DNB-derivatives formed was used for 
determination of examined psychostimulative drugs on paper and textile 
inflicted.  

C

NO2O2N

ClO

 
Fig. 1. Chemical structure of 3,5-dinitrobenzoylchloride. 

 
EXPERIMENTAL 

 
The chromatographic system consisted of a ternary pump (Model 9012, 
Varian) a valve Rheodyne Model 7125 with a sample loop injector of 20 µL 
and a UV-Diode Array detector (Model 9065, Varian) monitored in the 
whole UV range. The detector linked to a data system (Varian Star 4.50) for 
data acquisition and storage. All the assays carried out ambient temperature. 
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The reagents used were of highest purity (> 99.95 % purity), methanol and 
acetonitrile HPLC grade (Merck, Darmstadt, Germany), ortho-phosphoric 
acid (Alkaloid, Skopje, R. Macedonia). Authentic samples of MDA, 
MDMA, MDEA, and MBDB were supplied from the United Nations Drug 
Control Program (Vienna, Austria).  
3,5-dinitrobenzoylchloride (DNB) was obtained from Aldrich (Steinheim, 
Germany). Stock standard solutions of MDA, MDMA, MDEA, MBDB (1 
mg/mL) were prepared in methanol. Working standard solutions of 
psychostimulative drugs were prepared by dilution of the stock standard 
solutions with methanol. All solutions were stored in the dark at 4 oC.  DNB 
solutions were prepared daily by dissolving the pure compound in 
acetonitrile. A 0.01 mol/L borax buffer was prepared by dissolving the 
appropriate amount of borax in water and adjusting the pH to the required 
value with 0.1 mol/L sodium hydroxide solution. 
 
Table I. Conditions used for derivatization and HPLC separation of MDA, MDMA, 
MDEA and MBDB 
 

Step Conditons 

 
Derivatization  
procedure 

100 μL of the samples + 100 μL of buffer (0.01 mol/L borax  
at pH 10.0) + 50 μL of DNB (5 mmol/L) 
 
Time of reaction: 5 min 
Temperature: ambient 

 
Chromatographic 
separation 

 
Isocratic elution:  
13 % acetonitrile : 87 % acidified water with H3PO4 (pH = 
2.1) 
 
Flow rate: 1.5 mL/min 
UV detection: 200 nm  

 
A LiChrospher® 60 RP-select B, 5 μm, 250 x 4,6 mm id column (Merck, 
Darmstadt, Germany) protected by a guard column of the same packing, 5 
µm, 4 x 4.6 mm id column, (Merck, Darmstadt, Germany) was used for 
separation of the derivatives formed. The mobile phase was 
acetonitrile/acidified water with H3PO4 (pH = 2.1). The chromatographic 
conditions used summarized in Table I. 
Derivatization with DNB were carried out as follows (see Table I): 100 μL 
of the samples and 100 μL of the borax buffer were placed in 2 mL glass 
vials, then 50 μL of the reagent was added and the resulting mixture was left 
to react for a defined period of time. Finally, aliquots of 20 µL of the 
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reaction solution into the chromatographic system injected. Derivatizations 
performed at ambient temperature and each sample assayed in triplicate. 
 

RESULTS AND DISCUSSION 
 
Optimisation of the derivatization procedure of MDA, MDMA, MDEA 

and MBDB with 3,5-dinitrobenzoylchloride 
 
The effect of the experimental conditions affecting the derivatization with              
3,5-dinitrobenzoylchloride (DNB) was investigated using methanol solutions 
of MDA, MDMA, MDEA and MBDB at a concentration of 25.0 µg/mL. 
The main parameters affecting the reaction yields being the concentration of 
reagent and the time of reaction, and the other experimental parameter such 
as, pH in the reaction medium optimized.  
First, the effect of the pH of the buffer in the reaction medium was examined 
by allowing the derivatization to proceed for pH ranging from 9.2 to 11.0 
(for reaction time of 10 min and concentration of DNB 10.0 mmol/L). As 
shown in Fig. 2, that give the dependence of pH of buffer on peak area of 
MDA (25.0 µg/mL), the best results were at pH 10.0, where is the maximum 
of the curve obtained. Higher pHs, resulted in a decrease in the reaction 
yield. Moreover, and the other drugs showed similar behaviour. Therefore, 
the pH value of 10.0 was selected for optimal and used for optimisation of 
other parameters in next experiments.  

 

9 9 10 10 11 11
 

 

 Fig. 2. The dependence of pH of buffer on peak area of MDA (25.0 µg/mL), 
reaction time 10 min and concentration of DNB 10.0 mmol/L. 
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Fig. 3. The effect of reaction time on peak area of MDA (25.0 µg/mL), pH of buffer 
10.0 and concentration of DNB 10.0 mmol/L. 

For times ranging from 1 to 20 minute, the effect of the reaction time on the 
sensitivity of the derivatization procedure was tested. In this research, the 
concentration of reagent was 10.0 mmol/L and the pH of the buffer was 10.0. 
The results obtained about the effect of reaction time on peak area of MDA, 
аre presented in Fig. 3. As can be observed, the analytical signals (peak 
areas) increased as the time of reaction increased within the tested interval.  
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Fig. 4. Chromatograms obtained with derivatization by 3,5-dinitrobenzoylchloride 

on solution of (1) MDA, (2) MDMA, (3) MDEA and (4) MBDB under reaction time 
of: a) 0 min; b) 5 min. 

 
Similar behaviour showed and MDMA, MDEA and MBDB (Fig. 4). As a 
compromise between sensitivity and time of analysis, a time of reaction of 5 
min selected for further experiments. 
Another parameter affecting the derivatization, is the concentration of                     
3,5-dinitrobenzoylchloride (DNB). For this reason, the influence of the 
concentration of DNB are investigated within the range from 1.0 to 15.0 
mmol/L, (for reaction time of  5 min and pH of the buffer 10.0). As shown in 
Fig. 5, the analytical responses increased with increasing DNB concentration 
up to 5.0 mol/L. A further increment did not significantly improve the 
analytical signal. Analogous performance showed and MDMA, MDEA and 
MBDB. Consequently, 5.0 mol/L was the concentration selected as optimal. 
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Fig. 5. The effect of concentration of DNB on peak area of MDA (25.0 µg/mL), 
reaction time of 5 min and pH of buffer 10.0. 

 
Determination of DNB-derivatives of MDA, MDMA, MDEA and MBDB 
 
Based on the above results, the conditions finally selected for the 
determination of MDA, MDMA, MDEA and MBDB derivatives were those 
summarized in Table I. Under optimal derivatization conditions, the DNB-
derivatives formed have been analyzed using High-performance liquid 
chromatography (HPLC) method. After chromatographic separation, the 
obtained retention times (tR) for DNB-designer drugs were: 3.8 min (MDA), 
4.5 min (MDMA), 5.7 min (MDEA), and 6.8 min (MBDB). The 
chromatogram obtained using this method was shown in Fig. 6. 
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Fig. 6. Chromatogram obtained for standards of: (1) MDA, (2) MDMA, (3) MDEA, 

(4) MBDB. The concentration of each compound was 100 µg/mL. 
 

The identity of derivatives of MDA, MDMA, MDEA, and MBDB was 
established by comparing the retention times and UV spectra on peak of 
interest, with those obtained for standards. The calibration curves for all 
analytes in the concentration range of 1.0 µg/mL - 100.0 µg/mL, were 
constructed for quantitative analysis. 
The least-squares regression equation obtained of the calibration curves, that 
give the dependence of peak area (A) and mass concentration (γ) for four 
drugs were: 
MDA   A = 6,0231.103.γ +4,052.103; (n = 6)      R2 = 
0,9986 
MDMA                 A = 5,8112.103.γ +2,770.103; (n = 6)       R2 = 
0,9975 
MDEA   A = 5,4572.103.γ +3,069.103; (n = 6)       R2 = 
0,9981 
MBDB   A = 5,1432.103.γ +3,354.103; (n = 6)       R2 = 
0,9983 
The values of the coefficient of correlation were satisfactory (R2 > 0.99). 
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The limit of detection was calculated as three times the ratio between the SD 
and the slope of the low concentration curve in the concentration range from 
0.1 to 5 μg/mL (LOD = 3.SD/slope) and the limit of quantification as ten 
times this ratio (LOQ = 10.SD/slope) [15]. Using the suitable equations, the 
calculated limits of detection (LOD) for analyzed psychostimulative drugs 
were: MDA (0.018 µg/mL), MDMA (0.032 µg/mL), MDEA (0.008 
µg/mL) and MBDB (0.032 µg/mL), whereas, limits of quantification 
(LOQ) were: MDA (0.054 µg/mL), MDMA (0.096 µg/mL), MDEA 
(0.024 µg/mL) and MBDB (0.096 µg/mL). 
 

CONCLUSIONS 
 
A HPLC method for determination of some psychostimulative drugs 
(MDA, MDMA, MDEA, and MBDB) derivatives, using UV detection at 
200 nm has been described. The derivatization procedure with 3,5-
dinitrobenzoylchloride have been done. After optimisation, the best results 
obtained using pH value of the buffer 10.0, a reaction time of 5 min and a 
concentration of derivatization reagent of 5.0 mmol/L. Derivatizations 
performed at ambient temperature. The proposed derivatization procedure 
accompanying with HPLC/DAD method is fast, shows good linearity, could 
be successful used for determination of examined compounds in textile or 
partially used for paper samples.     
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