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ABSTRACT: The protonation process of citraconic and glutaconic acid in perchloric acid media was followed using the method of UV spectroscopy. The observed changes in the UV spectra of investigated acids confirmed that
the protonation process in perchloric acid with concentration from 5 to 10 mol/dm3 occurred. Glutaconic acid behaved as weak organic base in perchloric acid media and existed in its monoprotonated form. On the other hand,
citraconic acid existed in its protonated form and as protonated anhydride at higher perchloric acid concentration. Using the absorbance data the thermodynamic dissociation constants were calculated applying the methods
of Yates and McClelland, Bunnett and Olsen, and the “excess acidity” function method. The solvatation parameters m, m* and φ were evaluated, as well. In order to correct the medium effect the method of characteristic vector
analysis was applied. The possible site where the protonation may take place was discussed using the partial
atomic charge values determined according to AM1 and PM3 semiempirical methods.
KEYWORDS: citraconic acid, glutaconic acid, UV spectroscopy, thermodynamic dissociation constants, AM1
and PM3 semiempirical methods

INTRODUCTION
The structural formulas of citraconic (cis-2methyl-1,2-ethylenedicarboxylic acid) and glutaconic
(pent-2-enedioic acid) acid are shown in Scheme 1.

a

b

c

Scheme 1. Structural formulas of trans-glutaconic (a),
cis-glutaconic (b) and citraconic acid (c)

Glutaconic acid exists in two forms: cisglutaconic and trans-glutaconic acid. In the aqueous
solutions cis-glutaconic acid undergoes izomerization
and it is transformed into the trans-form which is
more stable [1]. Glutaconic acid is important industrial substance because of their wide practical application. For instance, this acid can be used as monomer for production of biodegradable polyesters in
chemical industry. Furthermore, glutaconic acid by
condensation with suitable α,ω-diaminoalkanes participate in formation of polyamides [2]. Citraconic
acid is used in the production of synthetic resins and
polymers [1]. When the anhydride of citraconic acid
reacts with primary amines an amide bond with a
terminal carboxyl group can be formed. This reaction
can be reversed in acidic condition i.e. pH from 3 to
ISSN 1840-0426 (P); ISSN 2232-7588 (E)

4. It suggests that this anhydride can be used to block
primary amine groups in alkaline conditions when
pH value is between 7 and 9 [3].
The unsaturated dicarboxylic acids were studied
by many authors, and some of them investigated the
acid-base behavior of citraconic and glutaconic acid
[4]-[7]. The protonation process of citraconic and
glutaconic acid in sulfuric acid media was studied by
several authors and the dissociation constants values
(pKBH+) of protonated acids were determined, as well
[5]-[8]. Knowing the pKBH+ values of carboxylic acids is important in order to understand the mechanisms of the reactions in which they take part [9].
However, there is no literature data about thermodynamic dissociation constants values of citraconic and
glutaconic acid determined in perchloric acid media.
In order to investigate the influence of the strength of
the acid and its anion on the protonation process it is
important to use different mineral acids for protonation.
Taking into consideration that thermodynamic
pKBH+ values are important parameters for weak organic acids the purpose of this work was to follow
the protonation process of citraconic and glutaconic
acid in perchloric acid media by means of UV spectroscopy. The changes in the spectra can be used for
determination of thermodynamic dissociation constant values of protonated acids. At the same time,
using the semiempirical AM1 and PM3 quantum
http://tf.untz.ba/technologica-acta
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chemical methods the possible protonation site in the
molecules of the investigated acids can be predicted
[10], [11].

EXPERIMENTAL
Chemicals and equipment: The stock solutions
were prepared by dissolving a known amount of the
investigated acids in redistilled water. The concentration of citraconic acid in the stock solutions was 9.8
10-5 mol/dm3, while that of glutaconic acid was 8.3
10-5 mol/dm3. Two series of test solutions with constant concentration of investigated organic acids were
prepared. The concentration of perchloric acid in the
test solutions was varied between 1 mol/dm3 and 11
mol/dm3. The UV spectra of the two series of solutions were recorded at room temperature in the wavelength region from 190 nm to 290 nm with 1 nm resolution, 24 hours after preparation of the test solutions. The absorbance data at the following wavelengths: 198, 206, 214 and 220 nm were used for calculation of the pKBH+ values of glutaconic acid. The
wavelengths were selected around the maximum of
the absorption band. The molar absorption coefficient
values of the unprotonated form of glutaconic acid
were determined at perchloric acid concentration of 1
mol/dm3 from the absorbance data at the same wavelengths. It was considered that at this mineral acid
concentration glutaconic acid existed in its unprotonated form. The molar absorption coefficient values
of protonated form of glutaconic acid were determined when the perchloric acid concentration was 11
mol/dm3, because the protonation process of glutaconic acid at this concentration was completed. All
used substances were of analytical grade p.a (Alkaloid and Merck). The concentration of perchloric acid
was determined by titration with a standard solution
of sodium hydroxide. The UV spectra were recorded
on a Varian Cary spectrophotometer using quartz cell
with 1 cm length, at room temperature. All calculations were performed by Microsoft Excel computer
program.
Calculation of the pKBH+ values: It is well
known that the investigated carboxylic acids in water
behave as proton donors, while in strong mineral acid
media as proton acceptors. The protonation equilibria
of these substances can be presented with the equation (1).
B + H3O+ → BH+ + H2O....................................(1)
The pKBH+ values in highly acidic media can be
evaluated by Hammett [12] equation (2) in the following form:
ISSN 1840-0426 (P); ISSN 2232-7588 (E)

pKBH+ = H0 + logI .....................................................(2)
where, pKBH+ is the dissociation constant of protonated form of the acid, H0 is Hammett acidity function, I
is a ratio between the concentration of the protonated
and unprotonated form of the acid (ionization ratio).
When the absorbance values of protonated and
unprotonated forms are measurable the ionization
ratio can be calculated as logI = c(BH+)/c(B). B is the
set of primary nitroanilines that serve as reference
bases which can be protonated in strongly mineral
acid media. The Hammett acidity function (H0) was
no valid for all types of weak bases and it was upgraded by several authors. Bunnett and Olsen [13]
calculated the thermodynamic dissociation constants
according to the equation (3).
logI + H0 = φ[H0 +logc(H+)] + pKBH+ ......................(3)
where, φ is a parameter which characterizes the
changing activity coefficient behavior of bases with
changing acidity.
Using the equation (3) necessity of different acidity functions to characterize the protonation process
of different bases was reduced to one acidity function, i.e., Hammett acidity function. The method of
Yates and McClelland also can be used to determine
the thermodynamic pKBH+ values [14]. In this case,
the calculations can be made by the equation (4).
logI = -mH0 + pKBH+ ................................................(4)
A plot of logI vs. –H0 gives a straight line with
slope m, whose value is about 1. Actually, the pKBH+
values should be calculated using the acidity functions which make possible the best slope of the dependence of logI vs. H0, i.e., slope closest to unity.
This suggest that the protonation process is favored
compared to the solvatation process and the pKBH+
values calculated by this method would be more accurate. Furthermore, the method of Cox and Yates
[15], also known as the “excess acidity” function
method (Eq. 5), was applied to determine the thermodynamic pKBH+ values and the values of the solvatation parameter m*.
logI – logcH+ = m*X + pKBH+ ...................................(5)
where, m* expresses the hydrogen-bonding solvatation of the protonated base. X is excess acidity function which represents the difference between the observed acidity and that which the system would have
if it was ideal.
http://tf.untz.ba/technologica-acta
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The excess acidity function X is defined using the
obtained data of the ionization ratio of 76 weak bases
in 0-78% aqueous perchloric acid solutions [16].
These bases included compounds where the protonation centre is the atoms of N, C, O and S. Hence, using the acidity function X the values of the dissociation constants for different bases could be determined
in aqueous perchloric acid solutions. The “excess
acidity” function method is mostly used for determination of pKBH+ values of organic bases in strong
mineral acid media [16].

RESULTS AND DISCUSSION
UV spectra of citraconic and glutaconic acid:
The UV spectra of citraconic and glutaconic acid
were recorded at the wavelength region from 190 to
280 nm, as it is shown in the Figs. 1 and 2, respectively.

10-5

Fig. 1. Experimental UV spectra of citraconic acid(c = 9.8
mol/dm3) in perchloric acid media (c(HClO4) = 1 mol/dm3
(spectrum 1), c(HClO4) = 11 mol/dm3 (spectrum 11))

At lower perchloric acid concentration (below 5
mol/dm3) in the spectrum of citraconic acid a single
band at 212 nm (marked with 1, in the Fig. 1) appeared (See Fig. 1). When the concentration of perchloric acid increased this band shifted monotonic to
204 nm (marked with 11 in the Fig. 1) and its intensity increased. At higher perchloric acid concentration
a new band at 246 nm appeared. These two absorption bands are due to the π→π* electron transitions.
In accordance with the previous investigations [5]-[8]
it was expected that the citraconic acid exists in the
protonated form and protonated anhydride, as a result
of partial dehydratation of the formed protonated acid
[17].
ISSN 1840-0426 (P); ISSN 2232-7588 (E)
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It suggested that the reaction of protonation and
dehydratation took place at the same time. Hence, the
absorption band which appeared at 246 nm (See Fig.
1) was due to existence of the anhydride in the solution. The existence of two bands in the spectrum of
citraconic acid was in agreement with the literature
data which confirmed that for some organic acid at
higher mineral acid concentration anhydrides are
formed [17], [18]. In the spectrum of glutaconic acid
a single absorption band around 214 nm (marked
with 1 in the Fig. 2) appeared. When the perchloric
acid concentration increased the hypsochromic effect
was observed, similarly as it was case with the
changes in the position of the spectral band of citraconic acid, and the intensity of this band insignificantly increased. When the concentration of perchloric acid was 11 mol/dm3 the band was placed at 204
nm (marked with 11 in the Fig. 2).

Fig. 2. Experimental UV spectra of glutaconic acid (c = 8.3 10-5
mol/dm3) in perchloric acid media (c(HClO4) = 1 mol/dm3
(spectrum 1), c(HClO4) = 11 mol/dm3 (spectrum 11))

On the basis of these results and previous studies
[4]-[8], the existence of one isosbestic point in the
UV spectra of citraconic and glutaconic acid was expected. However, its position could not be established clearly, because of the influence of the solvent.
In order to determine the precise position of the isosbestic points, and to separate the influence of the solvent the experimental spectra were reconstructed using the method of characteristic vector analysis
(CVA) [19]. The obtained reconstructed spectra of
citraconic and glutaconic acid are shown in the Figs.
3 and 4, respectively.

http://tf.untz.ba/technologica-acta
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and protonated form of glutaconic acid. This result
was in agreement with the investigations made for
similar systems [4-8]. Furthermore, the one step of
protonation of glutaconic acid was confirmed with
the dependence of the absorbance at 220 nm on perchloric acid concentration. This dependence had a
sigmoidal shape, i.e., sigmoidal curve, S (See Fig. 5).

Fig. 3. Reconstructed UV spectra of citraconic acid (c = 9.8 10-5
mol/dm3) in perchloric acid media

Fig. 5. The dependence of the absorbance (λ = 220 nm) of
glutaconic acid (c = 8.3 10-5 mol/dm3)
on perchloric acid concentration

From the Fig. 5 it could be seen that the S curve
had only one step. It confirmed that only one carboxylic group was protonated. When the concentration of
perchloric acid was below 6 mol/dm3 (H0 = -2.10) the
glutaconic acid existed in its unprotonated form,
while at perchloric acid concentration up to 10
mol/dm3 (H0 = -5.23) the protonated form of the acid
was formed. In agreement with previous investigations of similar organic acids obtained in mineral acid
media and on the base of the results presented in this
investigation, it was clear that in perchloric acid media the protonation process of citraconic and glutaconic acid took place [4]-[8].

Fig. 4. Reconstructed UV spectra of glutaconic acid (c = 8.3 10-5
mol/dm3) in perchloric acid media

As it can be seen from the Fig. 3, two isosbestic
points existed in the spectrum of citraconic acid, the
first one at 210 nm and the second one at 234 nm. It
means that there were three forms able to absorb UV
radiation in the system: the acid in its unprotonated
form, the protonated form of the acid and the protonated anhydride. Because of that, it was complicated
to determine the pKBH+ values of citraconic acid.
Hence, the protonation process of citraconic acid was
characterized only qualitatively. The existence of one
isosbestic point at 212 nm in the spectrum of glutaconic acid (See Fig. 4) suggested that in the reaction
system two forms were present, i.e., the unprotonated
ISSN 1840-0426 (P); ISSN 2232-7588 (E)

Partial atomic charges: The exact place of protonation of the investigated organic acid is an important question. In order to establish the site of protonation of some organic acids (fumaric, maleic, aconitic, glutaconic, citraconic and mezaconic acid)
many authors used different methods such as: ultraviolet, infrared, Raman, mass and NMR spectroscopy
[20]-[23]. Most of them suggested that the protonation takes place on the oxygen of the carbonyl group
[18], [24]-[26]. The possible protonation reaction of
glutaconic and citraconic acid in perchloric acid media can be predicted according to the literature data
and the calculated values of the partial charges using
semiempirical methods [27]. In this work AM1 (Austin Model 1) and PM3 (Parametric Method 3) semiempirical methods were used for optimization of the
geometry of investigated acids [10], [11]. For that
http://tf.untz.ba/technologica-acta
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purpose HyperChem computer program was used
[28]. The partial atomic charges of atoms which are
possible protonation centers in the molecule of the
investigated acids were determined by AM1 (Austin
Model 1) and PM3 (Parameterized Model 3) methods
(Tables 1-3).
Table 1. Atomic charges of cis-glutaconic acid calculated by AM1
and PM3 semiempirical methods
protonation
site
1 O
2 C
3 C
4 C
5 C
6 C
7 O
8 O
9 O

AM1

PM3

-0.3114
0.3089
-0.1560
-0.0625
-0.2031
0.3359
-0.3081
-0.3640
-0.3768

-0.3045
0.3815
-0.0869
-0.0353
-0.1940
0.4187
-0.3011
-0.3971
-0.4098

Table 2. Atomic charges of trans-glutaconic acid calculated by
AM1 and PM3 semiempirical methods
protonation
site
1 O
2 C
3 C
4 C
5 C
6 C
7 O
8 O
9 O

AM1

PM3

-0.3178
0.3064
-0.1455
-0.0730
-0.1972
0.3383
-0.3145
-0.3475
-0.3577

-0.3110
0.3783
-0.0769
-0.0480
-0.1909
0.4159
-0.3052
-0.3826
-0.3945

Table 3. Atomic charges of citraconic acid calculated by AM1
and PM3 semiempirical methods
protonation
site
1 O
2 C
3 C
4 C
5 C
6 O
7 O
8 O
9 C

AM1

PM3

-0.3060
0.3342
-0.1400
-0.0269
0.3290
-0.3036
-0.3489
-0.3549
-0.2030

-0.3003
0.4117
-0.1287
-0.0372
0.4045
-0.2953
-0.3895
-0.3917
-0.0918

According to the values of partial atomic charge
(Tables 1 and 2) the protonation process of glutaconic acid occurred on the oxygen of the carbonyl group
ISSN 1840-0426 (P); ISSN 2232-7588 (E)
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which is closer to the double bond (marked with 9)
probably as a result of higher electronic density on
that place in the molecule. The citraconic acid was
protonated on the carbonyl oxygen of the carboxylic
group marked with 8 (Table 3). The similar atomic
charge values were obtained for the oxygen atom of
the carbonyl group which is closer to the methyl
group (marked with 7) probably because of its positive inductive effect.
Determination of the pKBH+ values: The protonation process of glutaconic acid was quantitatively
characterized with the pKBH+ values calculated using
the following methods: Bunnett and Olsen [13],
Yates and McClelland [14], and Cox and Yates [15]
(equations (3-5)). The pKBH+ values could be calculated using the data of the acidity functions H0 and X
which are known from the literature [12], [15], [29][31] and the ionization ratio between the concentration of protonated and unprotonated form of the acid,
I. This ratio was determined from the absorbance data according to Beer's law [32], [33]. Actually, the
concentrations of protonated and unprotonated form
of the acids were determined from absorbance data
(experimental and reconstructed) using an overdetermined system of four equations (absorbance values) with two unknown parameters (concentration of
unprotonated and protonated form). The molar absorption coefficient values (needful for calculation of
the ionization ratio) were obtained by measuring the
absorbance values at the concentration of perchloric
acid when glutaconic acid existed in its protonated
and unprotonated form. The molar absorption coefficients, absorbance data, and the ionization ratio values at the selected wavelengths of glutaconic acid are
given in Table 1.
There is no acidity functions determined when
carboxylic acids were used as indicators. Thus, the
pKBH+ values could be determined using the acidity
functions obtained with compounds which are protonated at the same protonation center as the investigated acids [34]. When the method of Yates and
McClelland [14] was used the calculations were
made with the amide acidity function (HA) instead of
H0. The pKBH+ obtained in this way was close to
those calculated according to the “excess acidity”
function method [15]. Because of that, the HA acidity
function was considered as more appropriate for calculation of the pKBH+ values. In this case it was expected that the slope parameter would have the value
equal to unity.
The pKBH+ values of glutaconic acid also were
determined graphically using the method of Davis
and Geissman [35]. Namely, when logI = 0, it is ashttp://tf.untz.ba/technologica-acta
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the method of calculation, and with an intercept equal
to the graphic value of the thermodynamic dissociation constant. In the “excess acidity” function method
the dependence of logI – logcH+ vs. X was linear. The
dependence of logI on HA (Yates and McClelland
method) and logI – logcH+ on X (Cox and Yates
method) for glutaconic acid in perchloric acid media
is shown in the Figs. 6 and 7, respectively.

sumed that the acid is half protonated, then H0 =
(H0)1/2. These values multiplied with the slope parameter m gave the graphically value of the pKBH+, i.e
pKBH+ = m⋅(HA)1/2. The values of the solvatation parameters m, m* and φ, the correlation coefficients, the
standard deviation (SD) and relative standard deviation (RSD) were calculated, as well. The dependence
of logI on H0 is linear with slope which depend on

Table 4. The spectrophotometric data of glutaconic acid (c = 8.3 10-5 mol/dm3) in perchloric acid media,
and values of logI (reconstructed spectra)
c(HClO4)
[mol/dm3]
1
2
3
4
5
6
7
8
9
10
11

logI

A198

A214

A220

0.5018
0.7418
0.8683
0.7924
0.8815
0.9953
0.8174
0.5423
0.7547
0.9731
0.8013
0.5747
0.7832
0.9942
0.8212
0.5320
-1.185
0.8363
1.0108
0.8573
0.4580
-0.731
0.7207
0.9598
0.8542
0.5325
-0.219
0.6871
0.8931
0.8263
0.6259
0.284
0.5589
0.8871
0.8488
0.6827
0.791
0.5280
0.8409
0.8935
0.7599
1.602
0.5140
0.7534
0.8672
0.7913
0.5087
0.7218
0.8354
0.8047
*
95635
104791
89528
60968
εB
60234
90933
104653
95509
εBH+
*
The molar absorption coefficient values (ε [dm3 mol-1 cm-1]) of unprotonated and protonated form of glutaconic acid

Fig. 6. The dependence of logI on HA for glutaconic acid

Fig. 7. The dependence of logI-logcH+ on X for glutaconic acid
ISSN 1840-0426 (P); ISSN 2232-7588 (E)
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As it was mentioned before HA is the most adequate one for determination of the pKBH+ values for
dicarboxylic acids, i.e., using this function the slope
value closest to unity was obtained (See Fig. 6). The
values of the numerically and graphically obtained
thermodynamic dissociation constants (pKBH+) with
their confidence interval at 95% confidence levels,
the slope parameters (m, m* and φ) and statistical
data are presented in Table 2.
The thermodynamic dissociation constants
(pKBH+) determined according to Bunnett and Olsen
had more negative values compared to those calculated by other methods (see Table 5). As a result of
different grade of solvatation of the used bases the
slope parameter φ was not equal to unity. This parameter had positive value which means that the
solvatation of glutaconic acid was more pronounced
than that of Hamett’s indicators used to set up the H0
scale [12]. The values of the solvatation parameter m*
(“excess acidity” function method) for glutaconic
acid were similar to those obtained for amides (m* =
0.51 ± 0.07) which additionally confirmed that the
amide acidity function was the most suitable one for
calculation of the pKBH+ for this acid [13]. Therefore,
http://tf.untz.ba/technologica-acta
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in Yates and McClelland’s equation (Eq. 3) HA instead of H0 was used [12]. As a result of that the values of the slope parameter m were close to unity, and
the pKBH+ values can be considered as thermodynamic dissociation constants. The pKBH+ values calculated
with this method were similar to those calculated according to the “excess acidity” function method [13].
It suggested that the method of Yates and McClelland
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was more reliable for determination of pKBH+ values
than the method of Bunnett and Olsen. The pKBH+
values of glutaconic acid determined in perchloric
acid media were more positive compared to pKBH+
values which we had reported in sulfuric acid media
[8]. It was expected because perchloric acid is
stronger than sulfuric acid as a result of the influence
of the anion.

Table 5. Thermodynamic pKBH+ values of glutaconic acid
(experimental and reconstructed spectra)
experimental spectra
reconstructed spectra
“excess acidity” function method
pKBH+
pKBH+
pKBH+
pKBH+
m*
(numerically)
(graphically)
(numerically)
(graphically)
-2.61±0.027
-2.66±0.017
SD = 0.034
-2.62
0.70
s = 0.022
-2.67
RSD = 1.31
V = 0.81
Bunnett and Olsen
pKBH+
pKBH+
pKBH+
pKBH+
φ
(numerically)
(graphically)
(numerically)
(graphically)
-3.81±0.035
-3.92±0.031
s = 0.039
-3.80
0.57
s = 0.044
-3.81
V = 1.03
V = 1.12
Yates and McClelland
pKBH+
pKBH+
pKBH+
pKBH+
m
(numerically)
(graphically)
(numerically)
(graphically)
-2.83±0.043
-2.75±0.032
s = 0.02
-2.80
1.09
s = 0.060
-2.73
V = 1.22
V = 1.11

CONCLUSION
The protonation reaction of glutaconic acid took
place in perchloric acid media, i.e., this acid existed
in its protonated form at perchloric acid concentration up to 10 mol/dm3. On the other side, citraconic
acid at higher perchloric acid concentration existed in
its protonated form and as a protonated anhydride, as
well. Thus, the thermodynamic dissociation constants
were determined for glutaconic acid, while the protonation process of citraconic acid was characterized
only qualitatively. There was no significant difference between the numerically and graphically calculated pKBH+ values which was statistically confirmed.
The differences between the thermodynamic dissociation constants obtained from the experimental and
the reconstructed spectra were also insignificant. It
indicated that there was a little influence of the solvent on the appearance of the spectra compared to the
effect of the protonation reaction. The correlation
coefficient values of the dependence of logI on HA
(amide acidity function) or X (“excess acidity” function method) used acidity function were between
0.995 and 0.998. This suggested a good correlation
ISSN 1840-0426 (P); ISSN 2232-7588 (E)

m*
0.67

φ
0.51

m
1.04

between the values used for calculation of the pKBH+
and the slope parameter values obtained using the
different acidity functions.
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ABSTRACT: The aim of the present study was to analyse the methanol extracts from the aerial and the underground parts of Telekia speciosa (Schreb.) Baumg by HPLC and determine their antioxidant capacity. In addition, volatiles from both parts of the plant were analysed. The chlorogenic acid (CGA) and caffeic acid derivatives
were present in the extracts. The CGA content was 977.8±85 mg per 100 g extract for underground and 272.0±18
mg per100 g extract for aerial parts of T. speciosa. The antioxidant capacity, determined by DPPH and FRAP
method, was on average three and a half times higher for the extract of the underground parts in comparison
with the extract of the aerial plant parts. The volatile constituents determined by GC-FID/MS were characterized
by the presence of a high concentration of oxygenated sesquiterpenes. The obtained results contribute to better
knowledge of phytochemical properties of T. speciosa, which is traditionally used in bronchial asthma therapy.
KEYWORDS: Telekia speciosa, chlorogenic acid (CGA), antioxidant capacity, volatiles

INTRODUCTION
The only representative of the genus Telekia in
the flora of Bosnia and Herzegovina (BiH) is Telekia
speciosa (Schreb.) Baumg. It inhabits wet and shady
positions in mountain woodlands. It is a perennial
herbaceous plant with alternating, wide, whole leaves
and large heterogeneous heads which can be individual or in cluster blooms. It is widespread in Eastern
and Central Europe and the Balkan Peninsula [1].
The root of T. speciosa is traditionally used as a remedy for bronchial asthma in Balkan countries. In BiH,
root smoke of this plant is used in inhalations for
bronchial asthma [2].
The root of T. speciosa contains essential oil, bitter compounds and inulin [3]. Phytochemical investigations have revealed T. speciosa as a rich source of
sesquiterpene lactones, especially in its underground
parts [4]. Isoalantolactone is almost exclusively contained in the essential oil of T. speciosa roots. It is a
sesquiterpene lactone – an eudesmanolide with an
antiproliferative and anti-inflammatory activity [5].
Sesquiterpene lactones have been found to be active
bactericidal principles, as well [6].
The aerial part extracts have been found to contain fatty acids, namely palmitic, linoleic, oleic and
caproic acids [7]. Reports concerning the sterols of T.
speciosa extracts can also be found in the literature
[8]. Pseudoguaianolide - 2,3-dihydroaromaticin and
ISSN 1840-0426 (P); ISSN 2232-7588 (E)

three thymol derivatives have been isolated as major
secondary metabolites from the aerial parts of methanol extract of T. speciosa.
Phenol acids derivatives in earlier investigations
were isolated from an extract of T. speciosa flowers.
Those compounds were: one derivative of ferulic acid [(E)-ferulic acid 4-O-β-(6-O-2-hydroxy isovaleryl)-glucopyranoside] and five caffeic acid derivatives
[(E)-caffeic
acid
4-O-β-(6-O-2hydroxyisovaleryl)-glucopyranoside, (E)-caffeic acid
4-O-β-(6-O-3-hydroxy-2-methylpropanoyl)glucopyranoside,
6-O-(E)-caffeoyl-glucopyranose,
(E)-caffeic acid 4-O-β-glucopyranoside] and 5caffeoylquinic acid (chlorogenic acid) [9].
The aim of the present study was to identify and
quantify phenol acids in the methanol extracts of T.
speciosa aerial and underground parts and determine
the antioxidant capacity of the extracts. To the best of
our knowledge, the chemical composition of the extracts of underground parts as well as the antioxidant
capacity of the plant extracts had never been studied
before. In addition, we analyzed the volatiles of both,
aerial and underground parts.

MATERIAL AND METHODS
PLANT MATERIAL
Aerial and underground parts of T. speciosa were
collected at their specific location of Zlača, Banovići
http://tf.untz.ba/technologica-acta
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municipality (BiH) during the flowering period in
August 2015. Geographical coordinates of the location were N44°20'22.3" E18°33'39.6". The plant material was identified according to Flora Croatia by
authors [10] and voucher specimen was deposited at
the Department of Pharmacognosy, Faculty of Pharmacy, the University of Tuzla. The plant material
was cleaned, cut, and dried.

was 10 µL; the flow rate was 0.8 mL/min. The detection wavelength was 325 nm, and the column thermostat was set at 30 °C [11]. Component identification was performed comparing their retention times
and UV spectra with those obtained from standards.
The calibration curve for chlorogenic acid was obtained by the external standard method in the concentration range of 15.6-500 µg/mL (y=28.93x-220.2,
R2=0.9996).

REAGENTS AND CHEMICALS
All the reagents used were of analytical grade.
Folin-Ciocalteu´s phenol reagent, sodium carbonate,
sodium acetate anhydrous, and ferric (III) chloride
were obtained from Merck (Germany). HPLC-grade
acetonitrile and formic acid were purchased from
Merck. Water for HPLC was prepared by Milli-Q
Water Purification System. Methanol, 2,2-diphenyl1-picrylhydrazyl (DPPH) radical, 2,4,6-tris(2pyridyl)-s-triazine (TPTZ), ferrous (II) sulfate heptahydrate, hydrochloric acid, glacial acetic acid,
HPLC-grade chlorogenic acid, caffeic acid, ellagic
acid, gallic acid, and o-coumaric acid were purchased
from Sigma-Aldrich (USA). Rutin and ferulic acid
were obtained from Carl Roth (Germany).

PLANT EXTRACTS
The dried plant material was crushed in a grinder
until powder formation. The samples were extracted
with 98% methanol on a magnetic stirrer under reflux
at 50 °C for 1 hour. The mixtures were filtered
through a filter paper (Whatman No. 1). The methanol was removed by evaporation. The dried extracts
were stored in the fridge at 4 °C, in glass bottles for
further investigations.

HPLC ANALYSES
HPLC analyses of extracts (3 mg/mL in methanol) were carried out using an Agilent 1260 Infinity
(Agilent Technologies, USA) system equipped with a
Agilent 1260 Infinity Quaternary Pump, Agilent
1260 Infinity Standard Autosampler, Agilent 1260
Infinity Diode Array Detector, and Agilent 1260 Infinity Thermostatted Column Compartment. The separations were performed on a Merck LiChroC18
RP
analytical
column
CARTR250-4
(250x4.6mm i.d., 5µm). The mobile phase consisted
of 0.1% formic acid in water (solvent A) and acetonitrile (solvent B). The following gradient was applied:
0-15 min, linear gradient from 10% to 20% B; 15-30
min, linear gradient from 20% to 30% B; 30-35 min,
linear gradient from 30% to 40% B; 35-40 min, linear
gradient from 40% to 90% B; 40-45 min, then returned to the initial conditions. The injection volume
ISSN 1840-0426 (P); ISSN 2232-7588 (E)

TOTAL PHENOL CONTENT AND ANTIOXIDANT CAPACITY
The total phenol content was determined by the
Folin Ciocalteu spectrophotometric method [12]. The
in vitro antioxidant capacity was evaluated by the
2,2-diphenyl-1-picrylhydrazyl (DPPH) radical assays
[13] and the ferric reducing antioxidant potential
(FRAP) [14].

ISOLATION AND GC-FID/MS ANALYSES OF ESSENTIAL
OILS

The dried aerial and underground parts of T. speciosa were subjected to hydrodistillation for 3 h using
a Clevenger-type apparatus, according to the European Pharmacopoeia. The obtained oils were separated,
dried over anhydrous sodium sulfate, and stored at 20º C until the analysis.
The volatile constituents were determined by the
GC-FID/MS analyses using an Agilent 6890N GC
system coupled with an Agilent 5975 MSD, FID, and
equipped with a HP-5 MS capillary column (30 m x
0.25 mm, film thickness 0.25 µm). The oven temperature was programmed linearly rising from 60 to 280
ºC at 3 º min-1 and then isothermal at 280 ºC for 5
min; injector 200 ºC; FID 300 ºC; transfer-line 250
ºC; carrier gas He (1.0 mL min-1, constant flow
mode); injection volume 1 µL of essential oil dissolved in ethanol; split ratio 10:1. EI Mass spectra
(70 eV) were acquired over the m/z range of 35-550.
The identification of the individual compounds
was based on the comparison of their retention times
(tR), retention indices (RIs), and mass spectra with
those obtained from authentic samples and/or listed
in the NIST, Wiley mass spectral libraries, and the
literature [15]. For the quantification, the relative area percentages obtained by FID were used.

RESULTS AND DISCUSSION
The yields of the methanol extracts of T. speciosa
were 4.31% and 11.52% for the aerial and underground parts, respectively.
The qualitative and quantitative analysis of the
extracts was performed by the RP-HPLC method.
The chlorogenic acid (CGA) and caffeic acid derivahttp://tf.untz.ba/technologica-acta
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tives (CA derivatives) were present in the extracts. In
the aerial parts of T. speciosa except CGA, two CA
derivatives (Rt - 22.464 min and Rt - 35.631min)
were detected. In the underground parts, except
CGA, four CA derivatives (Rt - 22.464 min, Rt 25.433 min, Rt - 35.627 min and Rt - 37.694 min)
were also present. Caffeic acid and other reference
substances used in the analyses (gallic acid, ocoumaric acid, ferulic acid, ellagic acid and rutin)
were not detected.
The content of chlorogenic acid was determined
in the extracts (Table 1). In the extracts from the underground parts of T. speciosa the CGA content was
on average three and a half times higher than the
CGA content in the extracts from the aerial parts of
T. speciosa.
Table 1. Chlorogenic acid content in the methanol extracts of T.
speciosa aerial and underground parts
Extract

Chlorogenic acid
(mg per 100 g extract)a

T. speciosa aerial parts
summer Zlača
T. speciosa underground
parts summer Zlača
a

272.0±18
977.8±85

mean ± SD (n=3)

There were no available literature data about
phenol acids in T. speciosa underground and aerial
parts except some derivatives of phenol acids from a
fraction of extract from T. speciosa flowers. Research
studies have shown that chlorogenic acid demonstrates a wide range of pharmacological activities
including antioxidant, antiobesity, anti-edematogenic
and antinociceptive activities [16], [17].
Phenol compounds contribute to the overall antioxidant capacity of plants, which is why the extracts
of T. speciosa were analyzed for their total phenol
content by the Folin Ciocalteu method. DPPH and
FRAP assays were used to evaluate the antioxidant
capacity of those extracts (Table 2).
Table 2. Total phenol content, IC50 and FRAP values of T. speciosa methanol extracts
Sample

TSH
TSR

Total phenol
content
(mg GAE g-1
extract)a
63.02±1.17
162.84±7.48

IC50
(µg mL-1)a

FRAP
µmol Fe2+ g-1
extracta

497.79±31.86
129.57±3.93

384.32±9.54
1337.48±48.03

a
mean ± SD (n=3)
TSH = T. speciosa extract of the aerial parts
TSR = T. speciosa extract of the underground parts
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To the best of our knowledge, the data about the
antioxidant capacity of this plant have not been found
by now. The extract of the underground parts of T.
speciosa had on average three and a half times higher
antioxidant capacity in comparison with the extract
of the plant aerial parts. IC50 for rutin used as standard was 12.42 µg mL-1. The content of chlorogenic
acid indicates positive correlation existence between
its content and antioxidant capacity in analysed extracts. The obtained results also confirm the wellknown positive correlation between the total phenol
content and antioxidant capacity.
The aerial parts of T. speciosa contained 0.04%
(v/w) of yellow, liquid fragrant essential oil. The
identified 69 constituents from the aerial parts of T.
speciosa accounting for 87.9% of the oil are presented in Table 3. The oil of T. speciosa was characterized by the presence of a high concentration of oxygenated sesquiterpenes (51.8%). The major components were (E)-nerolidol (10.3%), caryophyllene oxide (8.2%), (Z,E)-farnesol (7.7%) and prenopsan-8-ol
(4.9%). Sesquiterpene hydrocarbons constituted
(5.8%) of the oil. Thymol derivative 10isobutyryloxy-8,9-epoxythymyl isobutyrate (3.4%)
was the major representative of oxygenated monoterpenes (12.0%). Non-terpene compounds presented an
appreciable amount of essential oil (18.3%) with
dominant (E)-phytol (4.9%) and hexadecanoic acid
(3.3%).
Table 3. Chemical composition of essential oils from T. speciosa
aerial and underground parts
No.

Compound

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22

linalool
nerol oxide
α-terpineol
n-decanal
nerol
geraniol
dihydroedulan I
silphiperfol-5-ene
7-epi-silphiperfol-5-ene
decanoic acid
silphiperfol-6-ene
modheph-2-ene
α-isocomene
β-elemene
β-ionol
β-isocomene
(E)-β-caryophyllene
epi-β-santalene
geranyl acetone
α-humulene
4,5-di-epi-aristolochene
β-chamigrene

RIEa

1101.4
1155.3
1192.5
1206.2
1229.5
1255.1
1294.1
1326.2
1345.0
1371.9
1377.3
1381.0
1387.8
1394.0
1406.2
1407.2
1421.4
1448.2
1453.5
1455.7
1472.9
1477.6

Aerial
parts
(%)
1.4
0.4
0.3
0.6
0.7
0.3
1.3
0.2
0.3
0.3
0.7
1.3
0.6
0.2
0.2
0.3

Undergr.
parts
(%)
0.2
0.3
0.4
0.2
0.2
0.2
0.2
0.2
0.5
0.2
0.1
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No.

Compound

23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42

thymol isobutyrate
(E)-β-ionone
neryl isobutanoate
α-selinene
β-bisabolene
cameroonan-7α-ol
modhephen-8β-ol
(E)-dihydro-apofarnesal
δ-cadinene
cis-calamenene
α-calacorene
isocaryophyllene oxide
epi-longipinanol
(E)-nerolidol
neryl (S)-2-methylbutyrate
prenopsan-8-ol
caryophyllene oxide
humulene epoxide II
cis-isolongifolanone
muurola-4,10(14)dien-1β-ol
α-acorenol
caryophylla-4(12),8(13)dien-5- α-ol
caryophylla-4(12),8(13)dien-5- β-ol
β-eudesmol
α-eudesmol
atractylone
selin-11-en-4α-ol
14-hydroxy-(Z)caryophyllene
trans-calamenen-10-ol
14-hydroxy-9-epi-(E)caryophyllene
cadalene
epi-α-bisabolol
6-methoxythymyl
isobutirate
n-heptadecane
δ-dodecalactone
(E,Z)-farnesal
3-methoxy-cuminyl
isobutyrate
6-isopropenyl-4,8adimethyl-1,2,3,5,6,
7,8,8a-octahydronaphtalen-2-ol
(Z,E)-farnesol
(E,E)-farnesal
fukinone
cyclocolorenone
tetradecanoic acid
α-costol
n-octadecane
hexahydrofarnesyl
acetone
benzyl salicylate
alantolactone

43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

61
62
63
64
65
66
67
68
69
70
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RIEa

1485.6
1487.8
1491.4
1498.3
1509.3
1512.1
1515.5
1521.0
1525.8
1536.7
1545.6
1556.5
1562.1
1567.8
1576.3
1577.7
1587.6
1612.4
1614.3

Aerial
parts
(%)
0.3
0.7
1.7
0.7
0.7
0.3
0.3
1.1
0.1
0.6
1.5
0.2
10.3
4.9
8.2
0.9
0.5

Undergr.
parts
(%)
0.3
1.3
0.2
0.2
0.4
0.5
1.3
0.2
-

1631.6
1634.3

0.4
-

0.1

1636.6

1.1

0.1

1640.6
1645.8
1653.1
1656.3
1657.7

2.6
2.8
0.3
0.8

1.6
0.4
0.4

1667.9
1670.2

0.7
0.3

0.2
-

1674.5
1677.7
1685.2

2.0
0.6
0.5

0.7
-

1687.5
1698.4
1707.8
1716.3

0.6
0.7
0.5
0.7

0.4
0.2
0.7
-

1719.7

-

0.3

1723.0
1725.0
1743.8
1749.1
1753.8
1765.0
1775.4
1798.4

7.7
1.1
0.4
0.4
1.1
0.6
0.3

0.3
-

1845.3
1870.1
1902.1

1.9
0.4
-

2.4

No.

Compound

71

10-isobutyryloxythymyl
isobutyrate
10-isobutyryloxy-8,9dehydrothymyl
isobutyrate
isoalantolacton
hexadecanoic acid
10-isobutyryloxy-8,9epoxythymyl
isobutyrate
(E)-phytol
10-isovaleryloxy-8,9epoxythymyl
isobutyrate
pentacosane
heptacosane
nonacosane

72

73
74
75

76
77

78
79
80
Total
Oxygenated monoterpenes
Sesquiterpene hydrocarbons
Oxygenated sesquiterpenes
Others

RIEa

Aerial
parts
(%)

Undergr.
parts
(%)

1917.2

1.5

0.5

1921.5
1945.9
1969.5

0.7
1.9
3.3

0.4
77.2
-

2034.6
2114.8

3.4
4.9

3.7
-

2119.1
2498.1
2698.0
2899.9

0.6
0.5
0.3
0.2
87.9
12.0
5.8
51.8
18.3

0.2
96.9
8.1
3.2
85.6
0.0

RIEa – experimental retention indices
n/a – not available
„-„ - not detected

In the previous investigations, aerial parts collected during the flowering time of T. speciosa from
Serbia contained 0.06% (v/w) of essential oil. Dominant compounds were sesquiterpenes, non-terpene
components and oxigenated monoterpenes [4]. Furthermore, leaf, stem, flower and root essential oils
were also studied. The qualitative composition of the
essential oils from the examined plant material was
similar, whereas the quantities of individual components of the oils varied widely depending on the kind
of the plant material [18]. The results of essential oils
components obtained from the literature were similar
to our results.
The amount of the essential oil found in the underground parts of T. speciosa (0.29% (v/w)) was
higher than in the aboveground parts. The oil was
yellowish with needle crystals, and of aromatic odor.
The identified 35 constituents from the underground
parts of T. speciosa accounting for 96.9% of the oil
are presented in Table 3. The oil was characterized
by the presence of high concentration of oxygenated
sesquiterpenes (85.6%) with isoalantolactone being
the major component (77.2%). β-Eudesmol (1.6%)
and caryophyllene oxide (1.3%) were also the representatives of oxygenated sesquiterpenes in the oil of
the underground parts. Sesquiterpene hydrocarbons
constituted only (3.2%) of the oil. Thymol derivatives [10-isobutyryloxy-8,9-epoxythymyl isobutyrate
(3.7%), 9-isobutyryloxythymol isobutyrate (2.4%)]
and neryl isobutanoate (1.3%) were the oxygenated
http://tf.untz.ba/technologica-acta
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monoterpenes found in appreciable amounts. They
constituted (8.1%) of the oil.
In the previous investigations, the underground
parts collected during the flowering time of T. speciosa from Poland and Montenegro contained 0.4% 1.7% of essential oils. The dominant compound of
those oils was also isoalantolactone (62.3% - 95%)
[1], [18].

CONCLUSION
To the best of our knowledge, the extracts from
the aerial and underground parts of Telekia speciosa
(Schreb.) Baumg were analysed on the presence of
phenol acids by HPLC for the first time. The chlorogenic acid and caffeic acid derivatives were detected
in the extract from the aerial and underground parts,
with a higher amount of caffeic acid derivatives and
three and a half times higher amount of the chlorogenic acid in the underground parts.
The presence of phenol compounds contributes to
the antioxidant capacity, which was also evaluated in
the extracts for the first time, as we know. On average the three and half times higher antioxidant capacity was determined for the underground parts than for
the aerial parts of T. speciosa extracts. The results for
the chemical composition of the essential oils of T.
speciosa were similar to the previously published
data.
The obtained results contribute to better
knowledge of phytochemical properties of T. speciosa, which is traditionally used in bronchial asthma
therapy. The recommendation for further investigations refers to the isolation of caffeic acid derivatives
using the column chromatography and the determination of their structures as known or new compounds
by comparison of their spectral data (1H NMR, UV)
with those found in the literature.
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ABSTRACT: The low degradability of waste materials containing lignocellulosic material is one of the factors
that hinder the production of biogas. The increased need for advanced techniques in the anaerobic digestion process has led to the use of different pretreatment raw materials prior to the anaerobic digestion process in order to
increase the yield of biogas. In order to maximize the yield of biogas from cattle manure in a mixture with waste
sludge, the anaerobic digestion process was performed at mesophilic conditions for 54 days. As pretreatment, the
thermal treatment of cattle manure at temperatures of 55 and 70 °C was applied. The highest biogas production
was obtained in the sample of cattle manure, previously treated at 70 °C (M70), while the lowest was recorded in
the control sample M. The specific biogas production in relation to the input quantity of volatile organic matter
had the highest value in sample M70 and the lowest in the control sample. Overall results have shown that the
thermal treatment of cattle manure before the anaerobic digestion process can increase both yield and biogas
quality.
KEYWORDS: Anaerobic digestion, biogas, thermal pretreatment, cattle manure, waste sludge.

INTRODUCTION
One of the oldest and best researched processes
by which the energy can be obtained from biomass is
anaerobic digestion. Anaerobic digestion is a biological process of converting complex substrates of biogas and digestate by the action of various types of
microorganisms without the presence of oxygen
through four major steps: hydrolysis, acidogenesis,
acetogenesis and methanogenesis [1].
Today, biogas is commonly produced from raw
materials that are easily degradable. Although there is
a great potential for biogas production in organic raw
materials, especially waste from agriculture, crop
residues, animal waste, communal waste, food remains, these raw materials are characterized by a low
degree of degradation and as such require longer retention time in the anaerobic digester [2].
Recently, the amount of manure produced on cattle farms has increased, most of which has been disposed in landfills or on agricultural land as a fertilizer
without previous treatment. On the other hand, with
application of the Nitrates Directive (91/676/EEC),
the application of cattle manure for fertilization of
agricultural land is limited[3]. In fact, anaerobic digestion provides an alternative solution for treatment,
as well as for the recovery of energy from this type of
waste [4].
In order to overcome the problem of slow degradation to ensure a shorter time of retention, with inISSN 1840-0426 (P); ISSN 2232-7588 (E)

creased production of biogas and reduction of waste
material that is being disposed, it is advisable to use
certain methods for pretreatment of input raw material [5].
The optimal pretreatment method for use in the process of decomposing these raw materials should be
economical, should increase the availability of raw
materials to microorganisms, should not use or produce substances that inhibit biogas production,
should not require high energy consumption and no
environmentally harmful byproducts should be created.

MATERIAL AND METHODS
Fresh samples of cattle manure from the dairy
farm "Spreča", which were thermally treated at temperatures of 55°C and 70°C and waste sludge from
the municipal waste water treatment plant in
Živinice, were used as substrates.
A laboratory reactor system for anaerobic digestion, consisting of six glass bottles of 500 ml volume,
combined with eudiometric tubes which help to read
the biogas production volume, was used for experimental studies. The constant temperature of 35°C
was obtained by heating the water in the water bath
(Figure 1). The pressure and the temperature of the
ambient air were measured with the barothermohygrometer and the readings were used to convert the
volume of obtained biogas into normal conditions.
http://tf.untz.ba/technologica-acta
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Mixing of the substrate was performed mechanically
using a magnetic stirrer.

Figure 1. Laboratory reactor system for anaerobic digestion

An incubator with a thermo regulator for thermal
pretreatment of cattle manurewas used (Figure 2).
The samples were tempered for two hours in the incubator, with certain amounts of manure being subjected to temperatures of 55°C and 70°C.

testing (ISO and Standard Methods for Examination
of Water and Wastewater (APHA)).
The pH value was measured by a digital measuring device with direct immersion of the electrodes in
samples, using pH meter Mettler Toledo FE20/EL20.
Prior to each measurement, the control of the measuring device was performed using standard buffer pH
4.01, 7.01, 10.01.
Determination of dry and volatile organic matter
was carried out according to the standard Method
Method 2540-Solid B i 2540-Solid E. Standard Methods for the Examination of Water and Wastewater
21st edition APHA, Washington, DC (2005) [6].
For the determination of the content of total
Kjeldahl nitrogen, Method 4500-Norg B. Standard
Methods for the Examination of Water and
Wastewater 20nd edition APHA, Washington was
used. The method consists of three parts: digestion at
a temperature of 340 °C in the presence of concentrated sulfuric acid and Kjeldahl catalyst, distillation
in the presence of NaOH where the distillate is absorbed into a 2% boric acid solution and titration
with 0.1 M HCl in the presence of indicator bromocresol green [7].
Chemical oxygen demand was determined according to the modified standard method BAS ISO
6060:2000 [8].
The duration of the experiment was 54 days. The
amount of biogas produced was read on a daily basis
and the gas composition was determined on the gas
chromatograph "PERKIN ELMER", equipped with
the software package "Arnel".

RESULTS AND DISCUSSION

Figure 2. Incubator with thermo regulator

The characterization of both raw materials, cattle
manure and waste sludge, especially in the mixture,
was performed before and after the anaerobic digestion by measuring the pH value and determining total
dry matter (TS), volatile organic matter (VS), total
Kjeldahl nitrogen (TKN) and chemical oxygen demand (COD). The methods used in the analysis of
physico-chemical characteristics are standard methods and modified standard methods for wastewater
ISSN 1840-0426 (P); ISSN 2232-7588 (E)

The experiment of anaerobic digestion of cattle
manure and waste sludge mixtures was conducted at
mesophilic conditions (35 ± 2 °C). Prior to the experiment, physico-chemical analysis of substrate, cattle
manure (CM) and waste sludge (WS) was performed
and the formed mixture was used as control sample
(M). After the thermal processing of cattle manure at
temperatures of 55 °C and 70 °C, two more mixtures
(M55 and M70) were formed, which were subjected
to the process of anaerobic digestion together with
the control mixture.
In order to ensure the optimal value of dry matter
content (about 8% mass) for the anaerobic digestion
process, with respect to the results of the physicochemical analysis, mixtures with equal ratio (by
mass) of untreated or treated cattle manure and waste
sludge (1:1) were formed. The physico-chemical
characteristics of cattle manure and sludge, and the
mixture of untreated and thermally treated cattle manure and sludge are shown in Table 1.
http://tf.untz.ba/technologica-acta
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Table 1. Physico-chemical characteristics of cattle manure, sludge and mixture of CM:WS
parameter
pH
TS
VS
VS/TS
TKN
COD

Unit
%
%
g/kg
g/kg

CM
7.7
14.99
13.50
0.9
3.68
178.90

WS
6.87
3.82
2.31
0.6
2.85
46.39

M
6.61
9.47
7.93
0.83
3.20
70.98

M55
6.97
10.09
8.52
0.84
3.07
89.06

M70
6.87
9.56
7.92
0.82
3.26
93.97

TS-total solids VS-volatile solids; TKN-total Kjeldahl nitrogen; COD- chemical oxygen demand

The pH value measured in all three formed mixtures ranged from 6.61 to 6.97, while according to
literature, the optimum pH value for an undisturbed
process of anaerobic digestion ranged from 6.5 to 7.6
[9]. The content of dry matter in the control sample
was slightly higher than the recommended value. The
VS/TS ratio was approximately 0.8 in all formed
mixtures, so the requirement for a sufficient amount
of organic matter in reactors was satisfied [10].
The ratio of available organic matter and nitrogen, expressed through COD:N, ranged from 22:1 in
control sample, 29:1 in sample M55, and 29:1 in
sample M70, while the optimal value of this ratio was
30:1.
The differences in regard of pH value, dry matter
content, VS/TS and COD:N ratios between M, M55
and M70 samples are mainly caused by the thermal
treatment of the part of the M55 and M70 samples,
although the inability to fully homogenize such mixtures should be considered, because it certainly has
an influence on the parameters of the samples, but
significantly lower than the influence of thermal
treatment has.

Diagram 1. Quantity of biogas obtained from untreated and
thermally treated cattle manure and sludge in a period of 54 days

Diagram 1 shows the total amount of biogas produced during the time of substrate retention in reactors for 54 days. During the study, the amount of biogas produced in the reactor with a thermally treated
cattle manure at 70°C (M70) was 6254 ml, a slightly
smaller amount of biogas was recorded at 55°C
ISSN 1840-0426 (P); ISSN 2232-7588 (E)

(M55) (5615 ml), while the smallest biogas production in the amount of 1743 ml was recorded in the
control sample (M). Also, the specific production of
biogas based on the input VS expressed in [ml/g VSi]
had the highest value for sample M70 (263.22),
slightly smaller for sample M55 (219.68), while the
lowest (73.27)for control sample (M) (Diagram 2).

Diagram 2. Specific biogas production per g VSi

Table 2 shows the characteristics of the digestate
remaining after the anaerobic degradation process,
the amount of produced biogas, the specific biogas
production in relation to the input volume of VSi, and
the proportion of methane in the biogas. It is apparent
that the values for certain parameters in the digestate
were significantly lower than those prior to the digestion process, except for the pH value in samples M
(7.03) and M70 (7.53), where the value was increased while slight reduction occurred in sample
M55 (6.92), indicating that during the process there
was no inhibition of the process with volatile fatty
acids that represent an anaerobic degradation intermediate and the values remained within the range
optimal for anaerobic digestion.
Reduction of dry and volatile organic matter suggests that part of organic matter was transformed into
gas products. Also, significantly lower values of
COD in the digestate (reduced by about 80%) were
observed, in relation to the sample values prior to the
start of the process. The TKN content in the samples
prior to the start of the process was significantly
http://tf.untz.ba/technologica-acta
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higher than the TKN values in the digestate, due to
the fact that nitrogen is a macronutrient necessary for
anaerobic microorganisms for growth and development during degradation of organic matter.

The highest value for the proportion of methane
in biogas was in sample M70 (49.44%), while the
lowest was in control sample (M) in the amount of
45.14%, and in sample M55 was 45.16%.

Table 2. Physico-chemical characteristics of cattle manure/waste sludge mixture after the experiment
Parameter
pH
TS
VS
TKN
COD
V biogas

unit
%
%
g/kg
g/kg
ml

M
7.03
8.15
5.50
2.27
13.48
1743

M55
6.92
6.61
4.95
2.84
13.35
5615

M70
7.53
6.83
4.81
2.95
10.88
6254

W methane

%

45.14

45.16

49.44

ml

768.79

2535.73

3091.97

ml/g Vsi

73.27

219.68

263.22

V methane
Specific production of biogas

TS-total solids VS-volatile solids; TKN-total Kjeldahl nitrogen; COD- chemical oxygen demand;
V biogas – volume of biogas; W methane – share of methane in biogas; V methane – volume of methane;

CONCLUSION
Comparing the values obtained by physicochemical analysis of the formed mixtures before and
after the anaerobic digestion process, it could be concluded as follows:
• The pH value slightly increased in M and M70
samples.
• The reduction of volatile organic matter by 42%
in sample M55 and 39.3% in M70 and about
30% for control sample (M), leads to the conclusion that a certain amount of organic matter was
translated into gas products.
• The largest biogas production was recorded in
sample M70 (6254 ml), while the smallest was
obtained in the control sample M (1743 ml); in
the M55 sample, 5615 ml of biogas was produced.
• The largest proportion of methane in biogas was
in M70 (49.44%), while the values of this parameter for M and M55 samples were close to 45%.
• The specific production of biogas in relation to
the input volume of volatile organic matter had
the highest value for sample M70 (263.22 ml/g
VSi), while for control sample (M) was the lowest and was 73.27 ml/g VSi.
This experiment has shown that the thermal
treatment of cattle manure at temperatures of 55°C
and 70°C in a mixture with waste sludge, increases
biogas production by 3.22 and 3.59 times (respectively) compared to the control sample with untreated
cattle manure. The increase in methane share in proISSN 1840-0426 (P); ISSN 2232-7588 (E)

duced biogas of almost 9% compared to samples M
and M55 was obtained in sample M70.
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ABSTRACT: Probiotics, because of their beneficial effects on human health, are used in the treatment of
digestive disorders, the prevention of colon cancer, restoration of the intestinal microflora balance and stimulate
the immune system. New discoveries of soy enter the list of functional foods, i.e. found between food and
medicine. The aim of the work was to examine the effect of soy drink, thermalization (60°C/3 min), combinations
of microbial starter cultures and addition of prebiotics on sensory properties, and acceptability of probiotic fresh
cheese. Fresh cheese samples were produced from skimmed milk (0.9% milk fat) and combination of cow’s milk
and soy drink. Milk fermentation was carried out at 25ºC and 40ºC, with addition of Lyofast EF1 and
combination of microbial starter cultures Lyofast MWO 030 and Lyofast EF1 in a ratio of 1:1. Half of the
obtained fresh cheese was subjected to a thermalisation process (60ºC/3 min). All the samples produced had a
creamy consistency. The sensory properties of probiotic fresh cheese were evaluated by a group of 15 assessors.
The acceptability of probiotic fresh cheese was evaluated by a group of 40 consumers. The samples were
evaluated after 1, 7 and 14 days of storage. The addition of soy drink and the combination of microbial starter
cultures had an influence on the improvement of the sensory properties of probiotic fresh cheese, which was
confirmed by statistical analysis of the results.
KEYWORDS: probiotic fresh cheese, Lyofast EF1, Lyofast MWO 030, soy drink, thermalization, sensory
properties, acceptability

INTRODUCTION
The development of cheese production through
history is the result of the importance and role that
milk and dairy products have taken in the nutrition of
population, as well as the aspiration of people to
ensure adequate storage of the most important foods
for them. Fresh cheeses are usually not, or are
minimally aged, have high moisture content, do not
have rind, and got very mild flavor and a soft and
smooth texture. In this category, milk coagulation is
due to rennet and/or acid produced from a bacterial
culture or other sources such as lemon juice.
When bacteria are involved in their manufacture,
they also contribute to the development of typical
flavors, quality improvement, and/or promote health
benefits if they display probiotic properties [1]. The
use of soy as a food ingredient is gaining importance
in the food industry and for consumers due to its role
as functional food [2].
Soymilk is an inexpensive, nutritive dairy
substitute that is used to make cheese and cheese
analogs by people worldwide [3]. Soy prebiotics such
as oligofructose and inulin have a great application
potential in the food industry due to their functional
properties. The use of alternative ingredients such as
ISSN 1840-0426 (P); ISSN 2232-7588 (E)

soy drink reduces lactose content in yogurt [4].
According to a study carried out by Martinez –
Villaluenga et al. [5], it is possible to use
Enterococcus faecium, isolated from raw soy drink,
in production of fermented soy drink, which could be
a promising strategy in the preventative therapy
against cardiovascular diseases. Because of their role
in mating and the development of cheese flavor,
enterococci have been proposed to be used as a
starter culture in the production of European cheeses
due to the preferred technological and metabolic
properties [6,7,8,9].
Bedani et al. [10] examined the effect of inulin
and okara flour on textural and sensory properties of
probiotic soy yoghurt (SY) throughout 28 days of
storage at 4 °C. According to them, inulin has
influnce on higher scores for sensory acceptability.
Bibiana et al. [11] compared reduced-fat fresh cow's
milk cheese with inulin (3%) with both full-fat and
reduced-fat cheeses without prebiotic. The results
showed that the reduced-fat cheese with inulin was
more acceptable than its counterpart without inulin.
Kinik et al. [12] investigate the effects of probiotics,
and inulin on aromatic compounds, and on the
textural and sensory properties of symbiotic goat
http://tf.untz.ba/technologica-acta
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As a prebiotic supplement, Orafti®Synergy1,
powder of inulin, was used.
The parameters of the production of fresh
probiotic cheese were as follows:

•
•
•
•

Thermalization: 60°C/3 min
2 volumes of the soy drink content: 10% and
15% in relation to the total amount of milk
2 different starter cultures: Lyofast EF1 and
Lyofast MWO 030
Orafti®Synergy1 supplement: 2.5g/ 100g
cheese.

The milk was thermally processed at inoculation
temperature (25°C and 40°C) and primed with the
microbial starter cultures. The fermentation lasted
between 19 and 20 hours (samples A and B) and
between 10 and 11 hours (samples C and D) until a
pH value of 4.6 was reached. Subsequently, curd was
cut (samples A1-3, B1-3, C1-3 and D1-3 were
thermalized and then cooled at temperature 37°C),
squeezed through cotton fabrics for about 6 to 11
hours at 20°C. In samples B1-6 and D1-6, a prebiotic
supplement was added. 24 samples were produced.
The obtained products were stored in a refrigerator in
a plastic container for 14 days at + 4°C. The sample
markings are shown in Table 1. The sensory
properties of probiotic fresh cheese samples were
evaluated by a group of 15 assessors using a scoring
method, after 1, 7 and 14 days of storage [13], and
they are trained. The acceptance of the samples of
produced fresh cheese was tested by 40 consumers
using the hedonic scale according to Peryam. They
ISSN 1840-0426 (P); ISSN 2232-7588 (E)

+
+
+
+
+
+
+
+
+
+
+
+

10 %
15 %
10 %
15 %
10 %
15 %
10 %
15 %
10 %
15 %
10 %
15 %
10 %
15 %
10 %
15 %

Orafti®
Synergy1

A1
A2
A3
A4
A5
A6
B1
B2
B3
B4
B5
B6
C1
C2
C3
C4
C5
C6
D1
D2
D3
D4
D5
D6

Lyofast EF1

% soy
Drink

Production prototypes of milk based products
with fresh cheese and fruits were conducted in the
laboratory of Food Technology, the Faculty of
Technology, University of Tuzla. For the production
of fresh cheese, commercial UHT cow milk (Meggle)
with 0.9% milk fat and commercial soy drink (Alpro)
were used. For direct inoculation of milk, FD-DVS
cultures were used:
1. Lyofast EF1 (Enterococcus faecium)
2. Lyofast MWO 030 : Lyofast EF1 in a ratio
of 1:1
Lyofast MWO 030 (Lactococcus lactis ssp.
lactis, Lactococcus lactis ssp. cremoris)

Thermalization
60°C/3 min

MATERIALS

Samples

MATERIAL AND METHODS

Starter
culture

expressed their general impression by rating the
tested products on a scale of 1 to 9 [14]. The sample
markings are shown in Table 1.

Lyofast MWO 030:Lyofast EF1
=1:1

cheese during its ripening period. They study showed
that the most favoured cheeses were found to contain
E. faecium and oligofructose.

+
+
+
+
+
+
+
+
+
+
+
+

STATISTICAL ANALYSIS
Analysis of variance (ANOVA) was carried out
using SPSS software (version 22). Duncan test was
used to determinate which samples were statistically
different by all the sensory properties and acceptance
of product (P<0.05).

RESULTS AND DISCUSSION
The average values of sensory properties of
fresh probiotic cheese are shown in Tables 2, 3
and 4.
During storage, the samples had a relatively
good external appearance. The addition of soy
drink had a positive effect on the appearance and
consistency of fresh cheese samples. The
combination of Lyofast MWO 030 starter
http://tf.untz.ba/technologica-acta
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culture: Lyofast EF1 = 1:1 influenced better
sample consistency (Tables 2, 3 and 4). Observing the sensory sensitivity of the fragrance, it is
evident that the addition of Lyofast MWO 030
and soy drink contributed to better grades, which
was also reflected in the taste of the product (Tables 2, 3 and 4). The cheese samples produced by

21

inoculation of milk with Lyofast EF1 only had
slightly bitter but still pleasing taste. The addition of the soy drink neutralized bitter taste, giving the sweet taste and smell of probiotic cheese,
a better feeling in the mouth when consumed,
and the creamy consistency.

Table 2. Average values of sensory properties of probiotic fresh cheese after 1 day of storage
Sample
A1
A2
A3
B1
B2
B3
C1
C2
C3
D1
D2
D3
A4
A5
A6
B4
B5
B6
C4
C5
C6
D4
D5
D6
1,2,3,4,5,6

External
appearance
(2,0)
1.73(±0.45)1
1.94(±0.17)2,3
2.00(±0.00)3
1.94(±0.17)2,3
1.96(±0.07)2
1.86(±0.09)1,2,3
2.00(±0.00)3
2.00(±0.00)3
2.00(±0.00)3
2.00(±0.00)3
2.00(±0.00)3
2.00(±0.00)3
1.79(±0.36)1,2
1.94(±0.17)2,3
1.94(±0.17)2,3
1.98(±0.07)3
2.00(±0.00)3
2.00(±0.00)3
1.94(±0.17)2,3
2.00(±0.00)3
2.00(±0.00)3
2.00(±0.00)3
2.00(±0.00)3
2.00(±0.00)3

Consistency
(4,0)

Smell
(3,0)

Taste
(9,0)

Color
(2,0)

Σ
(20,0)

3.25(±0.84)1
3.88(±0.35)3
3.88(±0.35)3
3.41(±0.71)1,2
3.61(±0.43)1,2,3
3.80(±0.36)2,3
3.99(±0.03)3
4.00(±0.00)3
4.00(±0.00)3
3.88(±0.35)3
3.88(±0.35)3
4.00(±0.00)3
3.56(±0.72)1,2,3
3.94(±0.17)3
3.88(±0.35)3
3.88(±0.23)3
3.81(±0.37)2,3
3.81(±0.37)2,3
4.00(±0.00)3
3.98(±0.07)3
3.98(±0.07)3
4.00(±0.00)3
3.75(±0.46)2,3
3.88(±0.35)3

2.38(±0.87)1
3.00(±0.00)3
2.91(±0.18)3
2.68(±0.50)3
2.88(±0.35)3
2.98(±0.07)3
2.95(±0.09)3
3.00(±0.00)3
3.00(±0.00)3
3.00(±0.00)3
2.98(±0.07)3
2.94(±0.17)3
2.53(±0.71)1,2
2.93(±0.21)3
3.00(±0.00)3
2.85(±0.22)3
3.00(±0.00)3
2.75(±0.46)2,3
2.81(±0.37)2,3
3.00(±0.00)3
3.00(±0.00)3
3.00(±0.00)3
2.94(±0.17)3
3.00(±0.00)3

7.69(±1.09)1
8.31(±0.79)1,2,3,4,5
8.16(±0.90)1,2,3,4,5
8.08(±0.91)1,2,3,4
8.81(±0.37)4,5
8.73(±0.45)3.4.5
8.56(±0.49)2,3,4,5
8.88(±0.35)5
8.75(±0.46)3,4,5
7.88(±0.58)1,2
8.25(±0.65)1,2,3,4,5
8.56(±0.03)2,3,4,5
8.01(±1.05)1,2,3
8.75(±0.46)3,4,5
8.56(±0.82)2,3,4,5
8.59(±0.41)2,3,4,5
8.88(±0.23)5
8.19(±0.88)1,2,3,4,5
8.44(±0.56)1,2,3,4,5
8.75(±0.46)3,4,5
8.81(±0.37)4,5
8.44(±0.53)1,2,3,4,5
8.75(±0.46)3,4,5
8.31(±0.53)1,2,3,4,5

1.98(±0,07)
2.00(±0.00)
2.00(±0.00)
2.00(±0.00)
2.00(±0.00)
2.00(±0.00)
1.98(±0.07)
2.00(±0.00)
2.00(±0.00)
2.00(±0.00)
2.00(±0.00)
2.00(±0.00)
1.97(±0.737)
2.00(±0.00)
1.97(±0.70)
1.93(±0.17)
2.00(±0.00)
2.00(±0.00)
1.93(±0.17)
2.00(±0.00)
2.00(±0.00)
2.00(±0.00)
2.00(±0.00)
2.00(±0.00)

17.01
19.13
18.95
18.10
19.26
19.36
19.48
19.88
19.75
18.75
19.10
19.50
17.99
19.55
19.35
19.23
19.69
18.75
19.13
19.73
19.79
19.44
19.44
19.19

- Mean values in the same column, with different superscript are significantly different (P<0.05)

Table 3. Average values of sensory properties of probiotic fresh cheese after 7 days of storage
Sample
A1
A2
A3
B1
B2
B3
C1
C2
C3
D1
D2
D3
A4

External
appearance
(2,0)
1.63(±0.58)1
1.79(±0.36)1,2
1.85(±0.35)1,2
1.81(±0.37)1,2
1.85(±0.22)1,2
1.71(±0.18)1,2
1.88(±0.23)1,2
1.95(±0.10)1,2
1.90(±0.19)1,2
1.81(±0.25)1,2
1.94(±0.17)1,2
2.00(±0.00)2
1.79(±0.36)1,2

ISSN 1840-0426 (P); ISSN 2232-7588 (E)

Consistency
(4,0)

Smell
(3,0)

Taste
(9,0)

Color
(2,0)

Σ
(20,0)

2.71(±1.00)1
3.59(±0.49)2,3,4,5
3.29(±0.92) 2,3
3.01(±0.87) 1,2
3.35(±0.55)2,3,4
3.44(±0.41)2,3,4,5
3.94(±0.17)4,5
4.00(±0.00)5
3.81(±0.37)3,4,5
3.38(±0.44)2,3,4,5
3.63(±0.44)3,4,5
4.00(±0.00)5
3.31(±1.16)2,3,4

2.50(±0.92)1,2,3,4
2.86(±0.35)3,4
2.60(±0.68) 2,3,4
1.94(±0.62) 1
2.33(±0.70)1,2,3
2.29(±0.56)1,2,3
2.60(±0.50)2,3,4
2.81(±0.37)2,3,4
2.75(±0.46)2,3,4
2.69(±0.44)2,3,4
2.81(±0.25)2,3,4
3.00(±0.00)4
2.19(±0.63)1,2

6.38(±1.59)1
7.50(±1.06)1,2,3,4,5
7.50(±1.30)1,2,3,4,5
6.63(±1.30)1,2
7.56(±0.82)1,2,3,4,5
7.73(±1.55)1,2,3,4,5
6.81(±1,06)1,2
7.63(±1.48)1,2,3,4,5
7.38(±0.80)1,2,3,4
7.44(±0.51)1,2,3,4
7.88(±0.64)2,3,4,5
8.44(±0.41)4,5
6.88(±1.55)1,2,3

1.98(±0.07)
1.98(±0.07)
1.91(±0.18)
1.88(±0.35)
2.00(±0.00)
1.88(±0.35)
1.98(±0.07)
2.00(±0.00)
2.00(±0.00)
2.00(±0.00)
2.00(±0.00)
2.00(±0.00)
1.87(±0.23)

15.19
17.71
17.15
15.26
17.09
17.04
17.20
18.39
18.46
17.31
18.25
19.44
16.04
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Sample
A5
A6
B4
B5
B6
C4
C5
C6
D4
D5
D6
1,2,3,4,5,6

External
appearance
(2,0)
1.63(±0.44) 1
1.80(±0.22)1,2
1.79(±0.36)1,2
1.85(±0.22)1,2
2(±0.00)2
1.88(±0.23)1,2
1.94(±0.17)1,2
1.88(±0.23)1,2
2.00(±0.00)2
2.00(±0.00)2
2.00(±0.00)2

Consistency
(4,0)

Smell
(3,0)

Taste
(9,0)

Color
(2,0)

Σ
(20,0)

3.75(±0.37)3,4,5
3.80(±0.35)3,4,5
3.50(±0.70)2,3,4,5
3.87(±0.41)3,4,5
3.78(±0.23)3,4,5
3.88(±0.23)3,4,5
3.79(±0.24)3,4,5
3.76(±0.253)3,4,5
4.00(±0.00)5
3.88(±0.35)3,4,5
4.00(±0.00)5

2.4(±0.60)1,2,3,4
2.63(±0.51)2,3,4
2.44(±0.49)1,2,3,4
2.50(±0.44)1,2,3,4
2.91(±0.22)3,4
2.50(±0.92)1,2,3,4
2.91(±0.18)3,4
2.66(±0.35)2,3,4
3.00(±0.00)4
3.00(±0.00)4
2.88(±0.35)3,4

7.25(±0.92) 1,2,3,4
7.81(±0.70)2,3,4,5
7.31(±1.38)1,2,3,4
7.56(±0.45)1,2,3,4,5
8.31(±0.83)4,5
7.56(±1.14)1,2,3,4,5
8.31(±0.88)4,5
7.73(±1.33)1,2,3,4,5
8.44(±0.53)4,5
8.88(±0.35)5
8.25(±0.37)3,4,5

1.75(±0.46)
1.85(±0.22)
1.81(±0.37)
1.93(±0.23)
2.00(±0.00)
1.94(±0.17)
1.88(±0.35)
1.99(±0.03)
2.00(±0.00)
2.00(±0.00)
2.00(±0.00)

16.79
17.89
16.85
18.64
18.56
17.75
18.83
18.01
19.44
19.75
19.13

- Mean values in the same column, with different superscript are significantly different (P<0.05)

Table 4. Average values of sensory properties of probiotic fresh cheese after 14 days of storage
Sample
A1
A2
A3
B1
B2
B3
C1
C2
C3
D1
D2
D3
A4
A5
A6
B4
B5
B6
C4
C5
C6
D4
D5
D6
1,2,3,4,5,6

External
appearance
(2,0)
1.75(±0.35)1,2,3
1.86(±0.22)2,3
1.81(±0.37)2,3
1.44(±0.49)1
1.85(±0.22)2,3
1.76(±0.23)1,2,3
1.75(±0.21)1,2,3
1.88(±0.23)2,3
1.88(±0.23)2,3
1.76(±0.33)1,2,3
1.89(±0.18)2,3
2.00(±0.00)3
1.56(±0.49)1,2
1.66(±0.44)1,2,3
1.81(±0.25)2,3
1.81(±0.37)2,3
1.91(±0.18)2,3
2.00(±0.00)3
1.75(±0.37)1,2,3
1.85(±0.22)2,3
1.75(±0.26)1,2,3
2.00(±0.00)3
2.00(±0.00)3
2.00(±0.00)3

Consistency
(4,0)

Smell
(3,0)

Taste
(9,0)

Color
(2,0)

Σ
(20,0)

2.81(±0.56)1
3.49(±0.44)2
3.38(±0.87)2
2.31(±0.45)2
3.56(±0.56)2
3.44(±0.41)2
3.44(±0.49)2
3.81(±0.37)2
3.88(±0.23)2
3.63(±0.44)2
3.88(±0.35)2
4.00(±0.00)2
2.75(±1.25)1
3.50(±0.70)2
3.68(±0.69)2
3.44(±0.72)2
3.63(±0.44)2
3.69(±0.37)2
3.63(±0.74)2
3.73(±0.36)2
3.75(±0.37)2
4.00(±0.00)2
3.88(±0.35)2
4.00(±0.00)2

2.08(±0.61)3,4
2.41(±0.60)3,4,5,6
2.19(±0.84)3,4,5
1.25(±0.37)1
2.25(±0.65)3,4,5
2.25(±0.26)3,4,5
2.26(±0.54)3,4,5
2.31(±0.59)3,4,5
2.19(±0.75)3,4,5
2.13(±0.64)3,4,5
2.33(±0.70)3,4,5
3.00(±0.00)6
1.44(±0.67)1,2
1.89(±0.62)2,3
2.35(±0.40)3,4,5,6
2.56(±0.49)3,4,5,6
2.69(±0.45)4,5,6
2.81(±0.25)5,6
2.19(±1.06)3,4,5
2.73(±0.45)4,5,6
2.54(±0.39)3,4,5,6
3.00(±0.00)6
2.19(±0.37)3,4,5
2.50(±0.53)3,4,5,6

4.85(±1.47)1
5.88(±1.80)1,2,3,4
6.44(±2.19)1,2,3,4,5
5.50(±0.75)1,2,3
7.25(±1.03)4,5,6
7.50(±1.36)4,5,6
5.94(±1.01)1,2,3,4
6.38(±1.30)1,2,3,4,5
7.31(±1.33)4,5,6
5.25(±1.90)1,2
5.50(±2.20)1,2,3
8.50(±0.46)6
4.88(±2.41)1
6.56(±0.11)2,3,4,5
6.94(±0.77)3,4,5,6
7.00(±1.07)3,4,5,6
7.88(±0.64)5,6
7.31(±0.75)5,4,6
6.38(±1.99)1,2,3,4,5
7.35(±1.58)4,5,6
7.06(±1.08)3,4,5,6
8.50(±0.65)6
7.75(±0.46)5,6
7.00(±0.00)3,4,5,6

1.98(±0.07)2,3
1.98(±0.07)2,3
1.85(±0.35)2,3
1.88(±0.35)2,3
2.00(±0.00)3
1.88(±0.35)2,3
1.98(±0.07)2,3
2.00(±0.00)3
2.00(±0.00)3
2.00(±0.00)3
2.00(±0.00)3
2.00(±0.00)3
1.88(±0.22)2,3
1.63(±0.51)1
1.73(±0.36)1,2
1.81(±0.37)1,2
1.94(±0.17)2,3
1.94(±0.17)2,3
1.94(±0.17)2,3
2.00(±0.00)3
2.00(±0.00)3
2.00(±0.00)3
2.00(±0.00)3
2.00(±0.00)3

13.40
15.61
15.66
12.38
16.91
16.83
15.36
16.38
17.25
14.76
15.59
19.50
12.50
15.24
16.50
16.63
18.04
17.75
15.88
17.65
17.10
19.50
17.81
17.50

- Mean values in the same column, with different superscript are significantly different (P<0.05)

The combination of starter cultures Lyofast
MWO 030 with Lyofast EF1 in the ratio of 1:1
improved the taste of cheese, which is also evident from the ratings given by the sensory assessors, and which was shown by statistical analysis
(Tables 2, 3 and 4). In the research carried out by
Rasouli Pirouzian et al. [15], samples of Iranian
white UF cheeses containing Enterococcus faecium showed lower scores of cheeses that were
ISSN 1840-0426 (P); ISSN 2232-7588 (E)

diluted with milking with a combination of mesophilic (Lactococcus cremoris and L. lactic) and
thermophilic (Streptococcus thermophilus and
Lactobacillus delbrueckii subsp. bulgaricus) cultures. The panelists commented that the cheeses
produced with E. faecium lacked a good taste
and had a less pronounced aroma after two
months of storage. Some bacteria produce additional cellular proteolytic and lipolytic enzymes
http://tf.untz.ba/technologica-acta
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that can cause unwanted texture and flaws [16].
There are contradictory statements about the influence of enterococci on the sensory characteristics of cheese. High concentrations of enterococci are considered to cause deterioration in
organoleptic properties in parmesan [17, 18]. In
contrast, many authors claim that enterococci
can play a positive role in the cheese production
process [19]-[22]. The color, as sensory property, of all samples was the most stabile during
storage. The consistency of thermalized samples
was enhanced during storage, indicating that
thermalisation had a positive impact on consistency.
Table 5. Average values of acceptance of non thermalized probiotic fresh cheese after 14 days of storage
Sample
A1
A2
A3
B1
B2
B3
C1
C2
C3
D1
D2
D3

X
5.188(±1.06)1,2,3
6.438(±1.267)1,2,3,4
6.588(±2.01)2,3,4
5.750(±0.70)1,2,3
7.125(±0.83)3,4
7.250(±1.16)3,4,5
6.225(±1.12)1,2,3,4
6.750(±1.38)2,3,4
7.438(±1.23)4,5
5.000(±1.30)1
5.500(±1.92)1,2
8.625(±0.35)5

D (%)
87.50
87.50
75.00
100.00
100.00
100.00
100.00
100.00
100.00
75.00
75.00
100.00

ND (%)
12.50
12.50
25.00
0
0
0
0
0
0
25.00
25.00
0

x- Average values; D – desirability; ND – non desirability
1,2,3,4,5
- Mean values in the same column, with different superscript are significantly different (P<0.05)

Table 6. Average values of acceptance of thermalized probiotic
fresh cheese after 7 days of storage
Sample
A4
A5
A6
B4
B5
B6
C4
C5
C6
D4
D5
D6

X
6.938(±1.26)1
7.93(±0.41)2,3
8.125(±1.64)3
7.063(±1.65)1,2
8.313(±0.37)3
8.000(±0.91)2,3
8.000(±0.92)2,3
8.438(±0.72)3
8.000(±1.02)2,3
8.500(±0.41)3
8.875(±0.35)3
8.475(±0.35)3

D (%)
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00

ND (%)
0
0
0
0
0
0
0
0
0
0
0
0

x- Average values; D – desirability; ND – non desirability
1,2,3
- Mean values in the same column, with different superscript
are significantly different (P<0.05)
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Table 7. Average values of acceptance of thermalized probiotic
fresh cheese after 14 days of storage
Sample
A4
A5
A6
B4
B5
B6
C4
C5
C6
D4
D5
D6

X
5.188(±2.06)1
7.313(±0.94)2
7.313(±1.16)2,3
6.875(±1.45)2
7.938(±0.41)2,3
7.375(±0.69)2,3
6.938(±1.74)2
7.375(±1.57)2,3
7.313(±1.03)2,3
8.563(±0.49)3
7.875(±0.35)2,3
7.375(±0.51)2,3

D (%)
62.50
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00

ND (%)
37.50
0
0
12.50
0
0
0
0
0
0
0
0

x- Average values; D – desirability; ND – non desirability
1,2,3
- Mean values in the same column, with different superscript
are significantly different (P<0.05)

The analysis of the variance (Table 5, 6 and
7) showed that there was a statistically significant difference (p <0.05) between the sensory
properties of the samples of probiotic fresh
cheese during storage, for appearance, consistency, smell and taste for all days of storage. According to the results (Table 4), the color, as a
sensory property, was statistically significant (P
<0.05) only after 14 days of storage. Considering
the statistically significant difference (P<0.05),
the Duncan test was conducted by which it was
determined which samples were the best by certain sensory properties also during the storage.
The samples which were produced with the
combination of starter cultures and addition of
soy drink had a better external appearance, consistency and smell than other samples. Also, addition of inulin had a positive influence on consistency and smell. The samples with soy drink
C2 and B5 had the best taste. The worst smell
and taste had the sample without soy milk and
inulin A1. There was a change of sensory properties during storage. Based on the statistical
analysis of the results, it is evident that most D
group samples were the most stable during storage. The results of the consumer acceptance for
the produced fresh cream cheese samples are
shown in Tables 5, 6 and 7. The preferred product is considered to be the one whose average
grade (x) is at least 7.5 when applying a scale
with nine possible grades [14]. This criterion
was satisfied by all samples of probiotic fresh
cheese after 1 day of storage. All samples were
http://tf.untz.ba/technologica-acta

24 E. Cilović, A. Brantner, H.T. Tran, J. Arsenijević, Z. Maksimović, “Methanol Extracts and Volatiles of Telekia speciosa...”, Technologica Acta, vol. 12, no. 1, pp. 9–13, 2019.

100% preferred, indicating that no assessor rated
the fresh cheese samples with a grade lower than
5. Soy drink influenced the stable acceptability
during the first 7 days of storage. After 14 days
of storage, only the samples with added soy
drink and inulin D3, B5, D4 and D5 might be
considered desirable. Considering the statistically significant difference (P<0.05), the Duncan
test was conducted.

[6]

[7]

[8]

CONCLUSION
Sensory properties of probiotic fresh cheese were
variable during storage for 14 days. During storage,
the samples had a relatively good outer appearance.
Soy drink and the combination of microbial starter cultures had a positive influence on the external
appearance, consistency, smell and taste of the samples.
Observing the results for the color of the probiotic fresh cheese, this sensory characteristic was
found to be the most stable during storage. The thermalisation of the curd affected a slightly firmer consistency of the product, and during storage, the surface of the product did not extract whey.
The samples inoculated with the combination of
microorganisms Lyofast MWO 030 and Lyofast EF1
with inulin addition were the most stable during storage for all sensory properties. All the investigated
samples showed a high percentage of 100% preference for the first day of storage. During storage, the
percentage of desirability decreased in each sample
(up to 62.50%).

[9]

[10]

[11]

[12]

[13]

[14]
[15]
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ABSTRACT: pABA (p-aminobenzoic acid or 4-aminobenzoic acid) is a chemical component of the folate molecule produced by plants and bacteria, and found in many foods. It is best known as a UV-blocking sunscreen applied to the skin, and is sometimes taken orally for certain medical conditions. Today it is known that many organic molecules in the human body can react with biometals such as copper, cobalt, manganese, iron and others.
This study was performed to investigate the interaction of Cu(II) ions with p-aminobenzoic acid. Spectroscopic
methods (FTIR and UV/Vis spectroscopy) were used to characterize the product obtained. The antimicrobial activity of the synthesized complex was tested by diffusion techniques. The results of spectroscopic analysis indicate
the interaction of Cu(II) ions with pABA. Interaction is realized through oxygen donor atom of ligand. It was
found that the Cu(II) complex has significant antimicrobial activity compared to the pABA ligand.
KEYWORDS: p-aminobenzoic acid, copper, FTIR, UV/Vis, antimicrobial analysis

INTRODUCTION
Para-aminobenzoic acid (pABA), (Figure 1), is a
precursor for the synthesis of folic acid (also known
as vitamin B9 or folacin). Folic acid is an enzyme
cofactor, and it is involved in some basic biological
reactions, as nucleotide biosynthesis, DNA repair and
DNA methylation [1].
O
C
OH
H2 N

Figure 1. Structure of pABA

pABA is a chemical compound which has been
of medical interest during the past decade because of
its effects on bacterial metabolism and pigment metabolism [2]. It is also used as a protective drug
against solar insolation and in diagnostic tests for the
state of the gastrointestinal tract in medicine [3]. In
normal man, pABA is rapidly absorbed and excreted,
in small amount as free pABA or as acetylated
pABA. Most of this drug is excreted either as a conjugation product with glycine (p-aminohippuric acid)
or as the glucuronate [4]. pABA have shown a
ISSN 1840-0426 (P); ISSN 2232-7588 (E)

stronger antimicrobial activity at lower pH values. It
is supposed that this acid reacts in at least two mechanisms of antibacterial activity: one mechanism in
common with other organic acids and the other
mechanism by interfering with the synthesis of the
peptidoglycan layer by an action on the dihydrofolate
reductase enzyme [5].
Complexing of biologically important molecules
as well as molecules introduced into the body by
drugs and supplements can significantly influence
their biological activity [6,7]. The analysis of the interaction of biogenic metal M(II) cations with O, N,
S-donor atoms of ligands often used in the treatment
of a wide spectrum of diseases is important for monitoring of distribution, pharmacokinetics, excretion,
drug efficacy and adverse effects [8].

MATERIAL AND METHODS
CHEMICALS
All reagents used were p.a. purity and were purchased from Sinex (Bosnia and Herzegovina), EuroLab (Bosnia and Herzegovina), Sigma Aldrich (United States) and Fisher Scientific (United States).

SYNTHESIS OF CU(II)-PABA COMPLEX
The complex synthesis was performed according
to a previously published procedure [6, 8]. A mixture
http://tf.untz.ba/technologica-acta
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ANTIMICROBIAL ACTIVITY IN VITRO

of ethanol and water in a volume ratio 1:1 was used
as a solvent for metal salt and pABA. For the synthesis of complex, solutions of CuCl2 x 2H2O (0.005
mol L-1) and pABA (0.01 mol L-1) were prepared.
The solutions were mixed in an equimolar volume
ratio and mixed on a magnetic stirrer for 30 minutes
at room temperature, with an adjustment of pH value
at 5.6. After stirring, the solution was left in dark
space for three days to separate the solid complex.
The resulting dark green product was filtered, washed
with ethanol and water and then dried in a drying
oven at 50 °C. The dry product is stored in a dessicator until analysis.

Antimicrobial activities were investigated by diffusion method on reference bacterial strains Escherichia coli, Enterococcus faecalis, Staphylococcus
aureus, Bacillus subtilis, Listeria monocytogenes and
Pseudomonas aeruginosa. Antifungal activity of the
complex was tested on Candida albicans. From the
microorganisms strains of overnight cultures, suspensions of 0.5 McFarland turbidity were prepared (density 107-108 CFU/mL, depending on soy).
The strains were then placed on the surface of the
nutrient substrate-Mueller-Hinton agar (MH), dispersed in sterile Petri dishes. Substrate thickness was
4 mm. In the agar sterile drill-shaped holes were
made ("wells"), into which 80 µL of pABA and
Cu(II) complex solutions in concentration of 5 mg
mL-1 were added. After the plates were left at room
temperature for 15 minutes, the substance was diffused into agar, incubated at 37⁰C/24 h. After the
incubation period, the size of the inhibitory zone was
measured and the sensitivity of the microorganisms
was expressed as follows: if the inhibitory zone of
the microorganism growth was greater than 20 mm, it
was marked with three pluses (+++), which is the
highest sensitivity of microorganisms. If the inhibitory zone was in the range of 16-20 mm it was marked
with two pluses (++). Very low sensitivity is indicated with one plus (+), if the inhibitory zone is 10-15
mm in diameter. The minus (-) mark is used for an
inhibitory zone of less than 10 mm or if it’s absolutely absent [9].

FTIR CHARACTERIZATION
In order to determine structure of the complex, samples were recorded on Nicolet iS10 FTIR spectrophotometer - Thermo Fisher Scientific. The ATR technique was used for sample
analysis. Samples were recorded in the range of
4000-650 cm-1.
UV CHARACTERIZATION
The aqueous solutions of pABA (0.12 x 10-3 mol
L ) and Cu(II) salt (0.06 x 10-3 mol L-1) were used
for recording the UV spectra. The solutions were
mixed in equimolar volume ratio, stirred for 2 hours
at 300 rpm, and then the UV spectra were recorded.
Absorption spectra were recorded on a UV/Vis spectrophotometer Perkin Elmer λ25, in the range of
wavelengths of 200-400 nm. Based on the position of
the absorption maximum (λmax) in the tested model
system, the value of the energy splitting of the central
ion was calculated.
-1

RESULTS AND DISCUSSION
STRUCTURE OF THE COMPLEX
Figure 2 shows the reaction scheme and the proposed structure of the Cu(II)-pABA complex. Metal
and ligand react in a 1:2 molar ratio (M:L). The oxygen atom from the carboxyl group is involved in the
formation of a bond with metal. The assumption is
that the metal ion can bind two molecules of water
(from the metal salt).

MORPHOLOGICAL CHARACTERIZATION
Before morphological characterization, solid
complexes were treated with DMSO. The color, size
and shape of Cu(II) crystal complex were determined
by microscopic analysis. Shots were performed on
the binocular microscope, the Leica DM 2500P mark.

H 2O
O O

O
C
2
H 2N

OH

Cu(II)
pH = 5.6
30 minutes

H 2N

C Cu
O

C

NH 2

O
OH2

Figure 2. Reaction scheme and proposed structure of the complex
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SPECTRAL CHARACTERIZATION
On the FTIR spectrum of the ligand, a strip characteristic of the O-H stretch vibration is seen at 3458
cm-1, which is not visible in the spectrum of the complex. This indicates the interaction of copper(II) ions
with the ligand over the oxygen atom of the carboxyl
group. C=O stretch vibration is recorded as a high
intensity strip at 1657 cm-1. For the carboxylate ion in
the spectrum of the complex the characteristic band is
1554 cm-1 (νas) (slight shift to smaller wave numbers
compared to the ligand spectrum) and 1380 cm-1 (νs).
The tape characteristic of the N-H stretch vibration
was recorded at 3360 cm-1 in the ligand spectrum, or
3248 cm-1 at the complex spectrum. Insights into the
electronic spectra of the ligand, peaks at 279, 217 and
202 nm were determined. In the spectrum of the
complex, two absorption peaks were recorded, with
hypochromic shifts. The difference in these two spectra is that the absorbance peak at 202 nm visible in
the pABA spectrum is not visible in the spectrum of
complex. Based on the absorption peak for the
Cu(II)-pABA model system, splitting energy of dorbitales was determined and it was 592 kJ mol-1.
Spectral data for pABA and Cu(pABA)2(H2O)2 are
shown in Table 1.
Table 1. Spectral data for pABA and Cu(pABA)2(H2O)2
Infra-red spectral bands (cm−1)
Functional group
Sample
N-H
O-H
C=O
pABA
3360
3458
1657
Cu(pABA)2(H2O)2
3248
1554
Electronic spectral bands (nm)
pABA
279, 217, 202
Cu(pABA)2(H2O)2
277, 217

MORPHOLOGICAL CHARACTERIZATION
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Severe interference colors are present due to the
sample thickness. The size (diameter) is up to 0.25
mm.

ANTIMICROBIAL ACTIVITY IN VITRO
Table 2 shows the results of antimicrobial testing
of pABA and Cu(II) complex. Antimicrobial screening revealed the effect of Cu(II) complexes on all
tested gram positive bacteria. The largest inhibition
zone was recorded with Enterococcus faecalis (16
mm) and the smallest in Staphylococcus aureus (11
mm). The synthesized complex does not act against
gram negative bacteria and Candida albicans. In the
parent ligand, antimicrobial activity is completely
lacking in all bacterial strains and Candida albicans
at a concentration of 5 mg mL-1. In comparison with
the control antibiotic Ciprofloxacin (conc. 1 mg
mL-1), significantly less antimicrobial activity of
Cu(pABA)2(H2O)2 is observed.
Table 2. Antimicrobial activities of pABA and Cu(pABA)2(H2O)2
Microorganism
E. coli
E. faecalis
S. aureus
B. subtilis
L. monocytogenes
P. aeruginosa
C. albicans

Inhibition Zone [mm]
1
2
16 (++)
11 (+)
13 (+)
13 (+)
-

*Legend: (1) - pABA; (2) - Cu(pABA)2(H2O)2

CONCLUSION
Cu(pABA)2(H2O)2 complex is formed by interaction of Cu(II) ion with pABA in 1:2 (M:L) molar ratio. In the formation of the bond, oxygen atom of the
carboxyl group are involved. There is a difference in
the spectral and morphological properties of the
complex and the ligand. Complexation of pABA with
Cu(II) ion forms a compound that has significant antimicrobial activity on gram positive bacteria as opposed to pABA.
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Dear Colleagues,
It is our great honour to invite you to participate in the
VI
International
Scientific-Professional
Symposium
„Environmental resources, sustainable development, and food
production - OPORPH 2019“, to be held in Tuzla on 14 - 15
November 2019, organized by the Faculty of Technology of the
University of Tuzla and the Association of Chemists of Tuzla
Canton. The holding of the symposium "OPORPH" becomes a
tradition of the Faculty of Technology of the University of Tuzla,
and this year our Faculty is proud to celebrate 60 years of
successful work, therefore, as part of the conference, a formal
academy will be held.
As in previous years, our goal is to promote and
popularize excellence in scientific and professional research of
scientists and experts in the fields of chemistry, chemical
engineering and technology, food technology, biotechnology,
environmental protection and agronomy, and this year under the
common motto "Sustainable development today is a change you
want to see tomorrow."
SYMPOSIUM VENUE
Amphitheater 1 of the Faculty of Technology, University of
Tuzla, Univerzitetska 8, 75000 Tuzla.
OFFICIAL LANGUAGES OF THE SYMPOSIUM
Bosnian/Croatian/Serbian and English.
SECTIONS
Chemical analysis, control and monitoring
Chemical and biochemical engineering
Chemical and environmentally sustainable technologies
Food technology and biotechnology
Environmental potentials and waste management
Agronomy
FORMS OF PARTICIPATION
Plenary presentations (at the invitation of the
organizer)
Oral presentations
Poster presentations
Students section (authors i co-authors of papers are
exclusively students)
ABSTRACT AND PAPER SUBMISSIONS
*Abstract (up to 250 words in an officially available template) is
to be sent in English and in one of the official languages of BiH
to the e-mail address: sabina.begic@untz.ba
*Paper (up to 7 pages in an officially available template)
exclusively in English, should be sent to the email address:
sabina.begic@untz.ba.
Papers that pass the review process will be published in one of
the upcoming issues of Technologica Acta.
*NOTE: The Scientific Committee reserves the right to decide
on the acceptance and the manner of presentation of the
submitted paper (oral or poster presentation).
PARTICIPATION APPLICATION
The completed application form is to be send to the e-mail
address: sabina.begic@untz.ba

ISSN 1840-0426 (P); ISSN 2232-7588 (E)

IMPORTANT DATES
31 July 2019 - deadline for participation application and abstract
submission
15 August 2019 - deadline for notification of abstract acceptance
01 October 2019 - deadline for paper submission
SYMPOSIUM FEE
Category
Faculty teachers
Associates/Assistants
Students

KM
100
50
0

EUR
50
25
0

The Symposium fee includes: access to the Symposium, working
material, certificate of participation, gala dinner.
The scanned confirmation of the paid fee is to be sent to the
following address: sabina.begic@untz.ba
Instructions for payment from Bosnia and Herzegovina:
NLB Tuzlanska banka dd Tuzla, Budžet TK
Deposit account: 1321000256000080
Budget organization: 2404008
Type of income: 722614; Municipality: 094; Reference
number:7013000000
Instructions for payment from abroad:
F57: Account with Institution: ACC 100867249 EUR
NLB BANKA DD TUZLA, MARŠALA TITA 31
BIC: TBTUBA22
F59: Beneficiary Customer: IBAN: BA 3913210100 867 24943
TUZLANSKI KANTON – DEP.RN.
TURALIBEGOVA 40, TUZLA
ZA UNIVERZITET U TUZLI- TEHNOLOŠKI FAKULTET
ORGANIZING COMMITTEE
Sead Ćatić (president), Sabina Begić, Indira Šestan, Muhamed
Bijedić, Meho Bašić, Ivan Petric, Gordan Avdić, Dijana
Miličević, Abdel Đozić, Milena Ivanović, Vedran Stuhli, Jasmin
Suljagić, Zvonko Antunović, Aldina Kesić, Stela Jokić, Mirna
Habuda-Stanić, Maša Islamčević Razboršek, Milica HadnađevKostić, Brankica Svitlica.
SCIENTIFIC COMMITTEE
Amra Odobašić, Midhat Jašić, Elvis Ahmetović, Vahida
Selimbašić, Mirsad Salkić, Zahida Ademović, Zlatko Čmelik,
Vlado Guberac, Jurislav Babić, Krunoslav Zmaić, Jasna Šoštarić,
Zdenko Lončarić, Matija Domaćinović, Borislav Malinović,
Mitja Kolar, Bruno Zelić, Jaroslava Budinski-Simendić, Tatjana
Vulić, Fehim Korać, Elma Temim, Jasmina Ibrahimpašić, Nadira
Ibrišimović-Mehmedinović, Radovan Omorjan, Borislav
Miličević, Besim Salkić, Emir Imširović.
CONTACT
Sabina Begić
Faculty of Technology Tuzla
Univerzitetska 8, 75000 Tuzla, Bosniaa and Herzegovina
Phone: 00387 35 320 740; Fax: 00387 35 320 741
e-mail: sabina.begic@untz.ba
PLEASE FORWARD THIS LETTER TO ALL
INTERESTED PARTIES FOR PARTICIPATION IN VI
INTERNATIONAL
SCIENTIFIC-PROFESSIONAL
SYMPOSIUM „OPORPH 2019“
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INSTRUCTION FOR AUTHORS
GENERAL INFORMATION
Technologica Acta is an open access, doubleblind peer-reviewed, semiannual international journal
devoted to fundamental and applied chemistry, as
well as materials chemistry and technology, chemical
engineering and technology, environmental protection engineering and food technology research, published by the Faculty of Technology Tuzla, University in Tuzla (Bosnia and Herzegovina), since 2004.
Technologica Acta is an APC-free (there is not an
article processing charge or some hidden costs), open
access journal.
The Journal is indexed by CAB Abstracts,
EBSCO, Index Copernicus Journal Master List,
HRČAK, ROAD, COBISS, The Quality Factor and
many others.

CATEGORIES OF CONTRIBUTIONS
Original scientific paper reports original research, previously unpublished – except in a preliminary form. It must contain significant and original
observations to be critically evaluated. Experimental
data should be presented in a way that enables reproduction and verification of analyses and deductions
on which the conclusions are based.
Preliminary communication includes short information on the results of scientific research which
require and merrit immediate publication.
Scientific note includes report on short but completed original research or describe original laboratory techniques (methods, apparatus etc.).
Scientific review paper is original, critical and
up-to-date survey of an specific research area. Generally, these are prepared by the invitation of the Editor.
Professional paper reports on applications of an
already described innovation, known methods and
facts.
Conference paper presents lecture given (or poster presented) at a conference, workshop or similar
event.

REVIEWING THE MANUSCRIPT
All contributors are evaluated according to the
criteria of originality and quality of their scientific
content, and only those deemed worthy will be accepted for publication. To facilitate the reviewing
process, authors are encouraged to suggest two to
three persons competent to review their manuscript.
ISSN 1840-0426 (P); ISSN 2232-7588 (E)

Such suggestions will be taken into consideration but
not always accepted.
The Editor-In-Chief and Editors have the right to
decline formal review of a manuscript when it is
deemed that the manuscript is:
− on a topic outside the scope of the Journal;
− lacking technical merit;
− of insufficient novelty for a wide international
readership;
− fragmentary and providing marginally incremental results; or
− is poorly written.

PROOFS
When a manuscript is ready for printing, the corresponding author will receive a PDF-formatted
manuscript for proof reading, which should be returned to the journal within one week. Failure to do
so will be taken as the authors are in agreement with
any alteration which may have occurred during the
preparation of the manuscript.

COPYRIGHT
LICENSE AGREEMENT
“I, as a corresponding author, in submitting an article
to Technologica Acta certify that:
− I am authorized by my co-authors to enter into
these arrangements.
− I warrant, on behalf of myself and my co-authors,
that:
− the article is original, has not been formally
published in any other peer-reviewed journal,
is not under consideration by any other journal and does not infringe any existing copyright or any other third party rights;
− I am/we are the sole author(s) of the article
and have full authority to enter into this
agreement and in granting rights to Technoploica Actar are not in breach of any other
obligation;
− the article contains nothing that is unlawful,
libellous, or which would, if published, constitute a breach of contract or of confidence
or of commitment given to secrecy;
− I/we have taken due care to ensure the integrity of the article. To my/our – and currently
accepted scientific – knowledge all statements contained in it purporting to be facts
are true and any formula or instruction conhttp://tf.untz.ba/technologica-acta
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tained in the article will not, if followed acaccurately, cause any injury, illness or
damage to the user.
I, and all co-authors, agree that the article, if
editorially accepted for publication, shall be licensed
under the Creative Commons Attribution License CC
BY 4.0.”

PROFESSIONAL ETHICS AND PUBLICATION
POLICY
The journal expects the Editors, Referees and
Authors to adhere to the well-known standards of
professional ethics. Authors are responsible for the
factual accuracy of their contributions. Submission of
the paper commits the author not to submit the same
material elsewhere. Referees should act promptly. If
certain circumstances preclude prompt attention to
the manuscript at the time it is received, the nonreceived manuscript should be returned immediately
to the Editor or the Referee should contact the Editor
for possible delay of the report submission date. The
Editor accepts full responsibility for his decisions on
the manuscripts.

MANUSCRIPT PREPARATION
Manuscript should be written with the assumption
that readers know the discussed subject. Thus in (a
short) introduction should briefly be stated only what
is necessary for understanding of the text.
Manuscripts with grammar or vocabulary
deficiencies are disadvantaged during the scientific
review process and, even if accepted, may be returned
to the author to be rewritten in regular English, either
standard British or American English, but consistent
throughout. The authors are requested to seek the
assistance of competent English language expert, if
necessary, to ensure their English is of a reasonable
standard. This journal maintains its policy and takes
the liberty of correcting the English of manuscripts
scientifically accepted for publication.
The submitted articles must be prepared solely
with Microsoft Word; with single spacing (12 points
Times New Roman; Greek letters in the character font
Symbol) in A4 format leaving 2.5 cm for margins.
The size of the article (text, along with abstract,
figures, tables and list of literature references should
be limited to 7-10 pages. An exception can be
negotiated with the editorial board, and to receive a
larger volume of work if the content and quality
justifies it.
IUPAC and International Union of Biochemistry
and Molecular Biology recommendations for the
naming of compounds should be followed.
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Symbols of physical values should be in cursive
(italic), and unit of measure in regular font, eg. V, m,
p, t, T, but: m3, kg, Pa, °C, K.
SI units, or other permissible units, should be
employed. The designation of physical quantities
should be in Times New Roman font. In text, graphs,
and tables, brackets should be used to separate the
designation of a physical quantity from the unit.
Please do not use the axes of graphs for
additional explanations; these should be mentioned in
the figure captions and/or the manuscript (example:
“pressure at the inlet of the system, kPa” should be
avoided).
Percents and per mills, although not being units
in the same sense as the units of dimensioned
quantities, can be treated as such. Unit symbols
should never be modified (for instance: w/w%,
vol.%, mol.%) but the quantity measured has to be
named, e.g. mass fraction, w=95%; amount (mole)
fraction, x=20%.
Latin words, as well as the names of species,
should be in italic, as for example: i.e., e.g., in vivo,
ibid, Artemisia annua L., etc. The branching of
organic compound should also be indicated in italic,
for example, n-butanol, tert-butanol, etc.
Decimal numbers must have decimal points and
not commas in the text, tables and axis labels in
graphical presentations of results. Thousands are
separated, if at all, by a comma and not a point.
Tables are part of the text together with their
captions. They should be made so that they are
understandable without reading the text, font Times
New Roman 10 pt. in table. Table caption have to be
positioned above the table. The tables should be
numbered consequently in Latin numbers. Quantities
should be separated from units by brackets. Footnotes
to tables, in size 9 font, are to be indicated
consequently (line-by-line) in superscript letters.
Tables should be prepared solely using the Word
table function, without vertical lines. Table columns
must not be formatted using multiple spaces. Table
rows must not be formatted using Carriage returns
(enter key). Tables should not be incorporated as
graphical objects.
Figures and diagrams are also part of the text
together with their captions. They should be drawn
and described so that they are understandable without
reading the text. The same data should not be placed
at the tables and diagrams, except in exceptional
cases. The author will then give its reasons, and its
validity is subject to final assessment of Editorial
board and its reviewers. Figure caption have to be
positioned below the table. Every figure and/or
diagram should be prepared according to the artwork
http://tf.untz.ba/technologica-acta
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instructions and, even embedded in text, submitted
also as a separate file. All these files should be
archived in the *.zip or *rar archive and named as
follows: TA_last name of first author_first word of
title_figures.extension. The extension must match the
format of archive (zip or rar).
Mathematical and chemical equations should be
numbered by Arabic numbers, consecutively in
parenthesis at the end of the line. All equations
should be embedded in the text except when they
contain graphical elements (tables, figures, schemes
and formulae). Complex equations (fractions,
inegrals, matrix…) should be prepared using the
Word MS Equation Editor or MathType.
The main file, containing the text of the
manuscript with all elements embedded, should be
named as follows: TA_last name of first author_first
word of title.doc
Artwork
Instructions.
High
resolution
illustrations in TIF, JPG, PNG or GIF format are
acceptable and must be uploaded as a separate
archived (.zip or .rar) file. MS files (Word,
PowerPoint, Excel, Visio) are NOT acceptable.
Generally, scanned instrument data sheets should be
avoided. Authors are responsible for the quality of
their submitted artwork.
Image quality: keep figures as simple as possible
for clarity - avoid unnecessary complexity, colouring
and excessive detail. Images should be of sufficient
quality for the printed version, i.e. 300 dpi minimum.
Image size: illustrations should be submitted at its
final size (8 cm for single column width or 17 cm for
double column width) so that neither reduction nor
enlargement is required. Please, keep in mind that
colour photographs rarely reproduce satisfactorily in
black and white.

STRUCTURE OF THE MANUSCRIPT
The manuscript must contain the title of the
manuscript, full name(s) of the author(s) without
abbreviation, abstract, the list of key words, the main
text with all the tables and figures embedded and list
of
references.
Can
contain
also
the
“Acknowledgement” section.
Title should be specific and informative, in order
to exactly determine the content of the paper. It is
desirable to be as short as possible
Authors are listed with full first name(s) and
family name(s), without abbreviation. The
corresponding author should be marked with the
asterix (*) at the end of his family name.
A one-paragraph Abstract written of 150–200
words in an impersonal form indicating the aims of
the work, the main results and conclusions should be
ISSN 1840-0426 (P); ISSN 2232-7588 (E)

given and clearly set off from the text. It must finish
with the list of keywords (up to 6, separated by “;”)
Main text should have the following form
(though this proposed form is not fixed):
Introduction should include the aim of the
research and a concise description of background
information and related studies directly connected to
the paper.
Experimental section should give the purity and
source of all employed materials, as well as details of
the instruments used. The employed methods should
be described in sufficient detail to enable experienced
persons to repeat them. Standard procedures should
be referenced and only modifications described in
detail.
Results and Discussion should include concisely
presented results and their significance discussed and
compared to relevant literature data. The results and
discussion may be combined or kept separate.
The inclusion of a Conclusion section, which
briefly summarizes the principal conclusions, is
highly recommended.
Acknowledgement section is optional.
Reference List should be selective rather than
extensive. Generally, no more than 30 references
should be cited in your manuscript. except when it
comes to review article. Please ensure that every
reference cited in the text is also present in the
Reference List (and vice versa).
If the original literature was not available to the
authors, they should cite by the source from which
the quotation was taken. Abbreviations for magazines
must be in strict accordance with the abbreviations
that are alleged by the Chemical Abstract.
Unpublished
results
and
personal
communications are not recommended in the
reference list, but may be mentioned in the text.
From this issue of Technologica Acta (vol. 10,
no. 2) forward, the Journal will strictly follow the
IEEE citation style. The brief explanation of IEEE
citation style is given below.
IEEE citation style includes in-text citations,
numbered in square brackets, which refer to the full
citation listed in the reference list at the end of the
paper. The reference list is organized numerically,
not alphabetically.

THE BASICS OF IEEE CITATION STYLE:
IN-TEXT CITING
Refer to the source with a number in a square
bracket, e.g. [1], that will then correspond to the full
citation in your reference list.
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− Place bracketed citations within the line of text,
before any punctuation, with a space before the
first bracket.
− Number your sources as you cite them in the
paper. Once you have referred to a source and
given it a number, continue to use that number as
you cite that source throughout the paper.
− When citing multiple sources at once, the preferred method is to list each number separately, in

its own brackets, using a comma or dash between
numbers, as such: [1], [3], [5] or [1]-[5].

EXAMPLES OF IN-TEXT CITATIONS:
"...end of the line for my research [13]."
"This theory was first put forward in 1987 [1]."
"Scholtz [2] has argued that..."
"Several recent studies [3], [4], [15], [16] have
suggested that...."
"For example, see [7]."

EXAMPLES OF CITATIONS FOR DIFFERENT MATERIALS:
Material Type
Book in print
Chapter in book
eBook
Journal article
eJournal (from
database)
eJournal (from
internet)
Conference paper

Conference
proceedings
Newspaper article
(from database)
Technical report

Patent
Standard
Thesis/Dissertation
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