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Foaming and emulsifying properties of pectin isolated from different plant 

materials 

Nikoleta Yancheva, Daniela Markova, Dilyana Murdzheva, Ivelina Vasileva, Anton Slavov 

University of Food Technologies – Plovdiv, Department of Organic Chemistry, 26 Maritza Blvd. 

4002,  

e-mail: ivelinavas@abv.bg 

Abstract: The foaming and emulsifying properties of pectins obtained from waste rose petals, citrus 

pressings, grapefruit peels and celery were studied. It was found that the highest foaming capacity showed 

pectin derived from celery. The effect of pectin concentration on the foaming capacity of pectin solutions 

was investigated. For all the investigated pectins increasing the concentration led to increase of the 

foaming capacity. Emulsifying activity and emulsion stability of model emulsion systems (50 % oil phase) 

with 0.6 % pectic solutions were determined. The highest emulsifying activity and stability showed pectin 

isolated by dilute acid extraction from waste rose petals. 

Keywords: pectins, foaming capacity, emulsifying properties, foam and emulsion stability 

Introduction 

Pectin is a heteropolysaccharide build mainly by 1,4-linked α-D-galacturonic acid residues. It is 

commonly found in the cell walls and middle lamellae of higher plants [1]. Pectin is widely used in the food 

industry as a thickener, emulsifier, texturizer, and stabilizer and as gelling agent in preparation of jams and 

jellies [2]. Pectin is usually added in fruit juices, fruit drink concentrates, desserts, baking fruit preparations, 

and dairy products [3]. It was used as a fat substitute in spreads, ice-cream and salad dressings [1]. 

Pectin can be obtained from many sources with a variation in the percentage yield. Commercial pectins 

are primarily extracted from citrus peels and apple pomace by dilute acid extraction. Sugar beet and sunflower 

head residues consist of 10 to 20% pectin [4, 5]. Other pectin sources include cocoa husks, with about 9% 

pectin [6], beet and potato pulp and soy hull, with pectin contents about 26-28% [7]. In previous experiments 

Slavov, Kyiohara and Yamada [8] obtained water soluble pectins from waste rose petals and investigated 

their immunomodulating properties. 

Foams consist of a dispersion of a gaseous phase in a continuous aqueous or solid phase [9]. A pure 

liquid does not produce foam, but the decrease in surface tension by the addition of surfactants allows foam 

production. Foam is generally unstable both thermodynamically and kinetically, especially under formation 

condition. The two most important foaming properties of a liquid are how easily foam is formed (foamability) 

and how easily the foam collapses (stability) [10]. In most foamy foods pectins help in the formation and 

stabilization of the dispersed gaseous phase. 

Most emulsions are thermodynamically unstable systems from a physicochemical point of view, rapidly 

or slowly separating into two immiscible phases over a period of time [11]. To increase the stability, several 

strategies can be used – decreasing the droplet size to slow down the creaming process (gravitational 

separation), or increasing interfacial coverage (thickness) to prevent coalescence [12]. 
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The aim of the current research was to investigate and compare the foaming, emulsifying and 

stabilizing properties of pectins obtained from waste rose petals with pectic polysaccharides derived from 

well-known commercial (citrus peels) and non-commercial plant sources (celery tubers). 

 

Materials and methods 

The following pectins were used: from waste rose petals (W-water, C-chelate, A-acid extracted; 

prepared according to [13]), citrus pressings, grapefruit peels and celery tubers. All solutions were prepared 

with deionised water from Milli-Q system. Electrolyte 0.15 M NaCl (Merck) was added to each of the pectin 

solutions. 

1. Model foam systems 

1.1. Foam preparation  

Pectins were dissolved by stirring at 45 °С. The concentration of the pectin solutions was 0.2, 0.6 and 

1.0 wt%. Foam ability and stability of the solutions was studied by a stirring/shaking method, which was done 

by hand shaking of a closed cylinder containing the solution. The initial foam volume and the subsequent 

foam decrease during 60 min (3600 s) were monitored. The solution’s foam ability was characterized by the 

volume of trapped air. To evaluate the foamability of pectins, an aliquot of 20 ml pectin solution was whipped 

for 60 s in a graduated cylinder. 

The total volume of pectin solution before (V1) and after (V2) whipping, the volume of the formed 

foam (Vfoam0) and the volume of the liquid (Vliq0) were measured immediately after shaking (at t = 0). The 

foam stability was characterized by the volume of entrapped air, still remaining in the foam after a 

certain period of time, t > 0 (Vfoam) and of the entrapped liquid, Vliq, changed with the time t. All foam tests 

were performed at least twice. Reproducibility of the results was ± 5 %. 

1.2. Evaluation of foam capacity 

Foam capacity was determined as described by Ivanova et al. [14] and Diniz et al. [15] with some 

modification. Foam capacity (FC) was determined by volume increase (%) immediately after whipping and 

was calculated by the formula:  

                  ,    (1) 

where V2 is the volume of pectin solution after whipping and V1 is the volume of solution before 

whipping. 

1.3. Evaluation of foam stability 

Foam stability was determined as described by Marinova et al [16] with modification. Foam stability 

was given by the parameter percentage volumetric foam stability, FVS % and is defined as: 

                       ,    (2) 

where Vfoam0 is the volume of the formed foam; Vfoam is the volumes of the foam, change with the time t. 

Stability of the foams over time was visually assessed by measuring the foam volume at 1, 2, 3,4, 5, 6, 

7, 8, 9, 10, 15, 20, 25, 30 and 60 min after stirring. 

 

2. Model emulsion systems 

2.1. Emulsion preparation  

Pectins were dissolved by stirring at 45 °С. Twenty millilitres pectin solution (6 mg/ml) was 

homogenized with 20 ml sunflower oil for 5 min at 50 s
-1

 using homogenizer (Ultra Turrax IKA T18 Basic, 

Germany). The dispersity was determined according to the translucency index (T %) on a Camspec-M 107 

spectrophotometer at λ=540 nm. 

2.2. Evaluation of emulsifying activity 

Emulsifying activity and emulsion stability of the model systems of the studied pectins were determined 

as described in [17]. 

2.3. Evaluation of emulsion stability 

The emulsion stability was evaluated by centrifugation at 3000×g (Hettich EBA 20, Germany) for 20 

min. The height of the emulsified layer was recorded. The emulsifying activity was calculated as a ratio of the 

height of the emulsified layer and the height of the total content of the tube and multiplied by 100. 
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Results 

The foamability of the pectin solutions with concentration 0.2, 0.6 and 1.0 wt% (rose W, rose C, rose A, 

citrus, grapefruit and celery) was investigated. The results are presented in Figure 1. For all the investigated 

pectins increasing the concentration led to increase of the foaming capacity. The highest foamability capacity 

showed the celery pectin. The pectins obtained by waste rose petals showed relatively low foaming capacity. 

Of the three types of pectins (W, C, A) the best foaming capacity had acid-extracted pectin (25%), followed 

by chelate extracted pectin. 

 

 

Figure 1. Foam capacity as a function of the concentration 

In further experiments, the ability of the pectic polysaccharides to stabilize the obtained foams was 

investigated and the results are presented in Table. The foam stability was defined as ratio of the volume of 

the foam that remained after 30 and 60 min at 22 °C and the initial volume. 

The most stable foams showed pectin solutions of grapefruit (46,2%), followed by aqueous and acid 

extracted pectins from rose petals – 44.0%. 

Table 1. Stability of foams over time  

t, min 

Vfoam, cm
3 

1 2 3 4 5 6 

rose W rose C rose A citrus grapefruit celery 

0 2,5 1,5 5,0 7,0 13,0 20,0 

1 1,5 1,0 4,0 3,5 9,0 7,0 

2 1,5 0,8 3,2 3,0 10,0 6,8 

3 1,5 0,8 3,0 3,0 10,1 6,6 

4 1,5 0,8 2,8 3,0 9,9 6,4 

5 1,5 0,8 2,8 3,0 9,9 6,4 

6 1,5 0,7 2,8 3,0 9,7 6,3 

7 1,5 0,6 2,8 3,0 9,7 6,3 

8 1,5 0,6 2,8 3,0 9,6 6,3 

9 1,5 0,5 2,7 3,0 9,6 6,2 

10 1,4 0,5 2,7 2,6 8,0 6,2 

15 1,3 0,3 2,3 2,6 7,5 5,6 

20 1,3 0,2 2,3 2,5 7,0 5,6 

25 1,1 0,1 2,2 2,5 7,0 5,6 

30 1,1 0,1 2,2 2,5 6,0 5,2 

60 1,1 0,0 2,0 0,0 4,0 0,0 

 On the basis of the results obtained for the volume of the foams was calculated the percentage 

volumetric foam stability (FVS) and the results were presented in figure 2. The highest FVS has the 

water extracted pectin from waste rose petals. 
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Figure 2. Experimental data of Percentage volumetric foam stability  

To study the emulsion properties of pectic polysaccharides, emulsion systems type oil/water (O/W) 

were prepared. They comprised 50% oil phase and 50% pectin solution (0.6% aqueous solution). The quality 

of the resulting emulsion was examined by measuring the light transmittance (T,%) and on figure 3 are shown 

the results.  

 

Figure 3. Emulsifying activity of the model systems containing the studied pectin 

The highest quality emulsion was obtained from pectin rose A (5.8%), followed by pectin from celery 

(19.6%). With the highest light transmittance (76.8%), meaning a quickly disrupting emulsion is characterized 

citrus pectin. 

To determine the stability, as % saved emulsion of all the emulsions was carried a centrifuge test and 

the results are summarized in Figure 4. From the data it is clear that in all samples, there is a separation of the 

phase’s oil, water and emulsion. After centrifugation, with the greatest stability was characterized the 

emulsion obtained with rose pectin A (72,1%). 

 

 
 

Figure 4. Stability of the emulsions 
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 The results obtained for the foaming, emulsifying and stabilizing properties of the investigated 

pectins showed that the waste rose petals are promising source for obtaining of pectic 

polysaccharides with physic-chemical characteristics comparable to pectins obtained from citrus 

peels and celery. In the experiments for investigations of the emulsifying activity and the emulsion 

stability, the waste rose petals pectins were the most effective ones. 

 
 

References 

[1]. Slavov, A.; Crépeau, M.-J.; Durand, S.; Garnier, C.; Thibault, J.-F.; Bonnin, E., Behavior of 

pectin methylesterases in pectic gels. In: H.A. Schols, R.G.F. Visser and A.G.J. Voragen (eds.) 

Pectins and pectinases. Wageningen Academic Publishers, Wageningen, the Netherlands, 2009, 127-

135. 

[2]. Jindal, M.; Kumar, V.; Rana, V.; Tiwary, A.K., Aegle marmelos fruit pectin for food and 

pharmaceuticals: Physico-chemical, rheological and functional performance, Carbohydrate Polymers, 

2013, 93, 386-394. 

[3]. Koubala, B. B.; Mbome, L. I.; Kansci, G.; Mbiapo, F. T.; Crepeau, M. J.; Thibault, J. F., 

Physicochemical properties of pectins from ambarella peels (Spondias cytherea) obtained using 

different extraction conditions, Food Chemistry, 2008, 106(3), 1202-1207. 

[4]. Guo, X.; Han, D.; Xi, H.; Rao, L.; Liao, X.; Hu X.; Wu, J., Extraction of pectin from navel orange 

peel assisted by ultra-high pressure, microwave or traditional heating: A comparison, Carbohydrate 

Polymers, 2012, 88, 441– 448. 

[5]. Miyamoto, A.; Chang, K.C., Extraction and physicochemical characterization of pectins from 

sunflower head residue. Can. Inst. Food Technol, 1992, 57, 1439-1445. 

[6]. Mollea, C.; Chiampo, F.; Conti, R., Extraction and characterization of pectins from cocoa husks: 

A preliminary study, Food Chemistry, 2008, 107, 1353-1356. 

[7]. Kalapathy, U.; Proctor, A., Effect of acid extraction and alcohol precipitation conditions on the 

yield and purity of soy hull pectin, Food Chemistry, 2001, 73, 393-396. 

[8]. Slavov, A.; Kyiohara, H.; Yamada, H., Immunomodulating pectic polysaccharides from 

waste rose petals of Rosa Damascena Mill., International Journal of Biological 

Macromolecules, 2013, 59, 192-200. 
[9]. Sadahira, M. S.; Lopes, F. C. R.; Rodrigues, M. I.; Netto, F. M., Influence of protein–pectin 

electrostatic interaction on the foamstability mechanism, Carbohydrate Polymers, 2014, 103,  55-61. 

[10]. Amaral, M. H.; Neves, J.; Oliveira, A. Z.; Bahia, M. F., Foamability of Detergent Solutions 

Prepared with Different Types of Surfactants and Waters, J Surfact Deterg, 2008, 11, 275-278. 

[11]. Mc Clements, D.J., Food emulsions: Principles, practice and techniques, Boca Raton: CRC 

Press, 2005. 

[12]. Kaltsa, O.; Paximada, P.; Mandala I.; Scholten, E., Physical characteristics of submicron 

emulsions upon partial displacement of whey protein by a small molecular weight surfactant and 

pectin addition, Food Research International, 2014, 66, 401-408 

[13]. Slavov, A.; Vasileva, I.; Shikov, V.; Nikolova, M.; Murdjeva, D.; Dinchev, A.; 

Yancheva, N., Characteristics of polysaccharides obtained from distilled rose petals through 

sequential extraction, Sc.works of UFT-Plovdiv, 2014, LXI, 366-369. 
[14]. Ivanova, P.; Chalova, V.; Koleva, L., Functional Properties of Proteins Isolated From 

Industrially Produced Sunflower Meal, International Journal of Food Studies, 2014, 3, 203-212. 

[15]. Diniz, R. S.; Coimbra, J. S. R.; Teixeirac, A. V. N.  C.; Costa, A. R.; Santos, I. J. B.; Bressan, G. 

C.; Rodrigues, A M. C.; Silva L. H. M., Production, characterization and foamability of α-

lactalbumin/glycomacropeptide supramolecular structures, Food Research International, 2014, 64, 

157-165. 

[16]. Marinova, K. G.;  Basheva, E. S.; Nenova, B.; Temelska, M.; Mirarefi, A. Y.; Campbell, B.; 

Ivanov, I. B., Physico-chemical factors controlling the foamability and foam stability of milk proteins: 

Sodium caseinate and whey protein concentrates, Food Hydrocolloids, 2009, 23, 1864-1876. 

http://www.sciencedirect.com/science/journal/09639969
http://www.sciencedirect.com/science/journal/09639969/64/supp/C


12     Corresponding author: ivelinavas@abv.bg 

        DOI: 10.1515/asn-2016-0001                                   ©2016 “K.Preslavsky”University of Shumen. All rights reserved 

 

 

[17]. Kuncheva, M.; Panchev, I.; Pavlova, K.; Russinova-Videva, S.; Georgieva, K.; Dimitrova, S., 

Functional characteristics of an exopolysaccharide produced by Antarctic yeast strain Cryptococcus 

laurentii AL62, Biotechnology and Biotechnological Equipment, 2013, 27(5), 4098–4102. 
 



 

13   Corresponding author: denev57@abv.bg 

         DOI: 10.1515/asn-2016-0002                                  ©2016 “K.Preslavsky”University of Shumen. All rights reserved 

 

 

                                                 ASN, Vol 3, No 1, Pages 13-18, 2016 

 

Acta Scientifica Naturalis 

Former Annual of Konstantin Preslavsky University – Chemistry, Physics, Biology, Geography 

Journal homepage: http://www.shu.bg 

 

Received: 30.10.2015 

Accepted: 11.03.2016 

                                              

Chemical modification of alginic acid by ultrasonic irradiation 
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Abstract: Chemical modification of alginic acid has been done by ultrasonic irradiation to obtain its 

methylated, ethylated and isopropylated derivatives. The influence of ultrasonic frequency and power on 

esterification process of alginic acid has been investigated. Alginate derivatives have been characterized by 

degree of esterification (DE) and IR-FT spectroscopy. It has been found that 45 kHz ultrasonic frequency 

accelerated modification process as reduced the reaction time from 16 hours to 2 hours. The obtained 

results showed that ultrasound irradiation increased the reaction efficiency in methanol and depended on 

the ratio of the M/G. 

Keywords: ultrasound-assisted synthesis, alginic acid, methyl alginate, ethyl alginate, i-propyl alginate 

Introduction 

Alginic acid (ALG) is a major constituent of the cell wall of brown algae, which is obtained by alkaline 

extraction [1]. It is an anionic heteropolysaccharide consisted of β-D-mannuronic acid (M) in conformation 
1
С4 and its α-L-guluronic acid residues (G) in 

4
С1 conformation. Macromolecule of alginic acid is linear 

connected by 14 glycoside bonds. Three types of structure blocks can be distinguished in its main polymer 

chain: MMMM-block, only composed of mannuronic residues (mannuronate), the other homopolymeric block 

GGGG-units consisted of guluronic residues (guluronate) and the third mixed block (gulurono-mannuronate), 

formed by alternating sequence of guluronic and mannuronic residues - GMGM-block (Figure 1). Therefore, 

the structure of alginic acid can be presented in the following sequence:  

M-G-M-(M-M)n-M-G-(M-M)q-M-G-(G-G)p-G. 
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Figure 1. Chemical block structure of alginic acid 



 

14   Corresponding author: denev57@abv.bg 

         DOI: 10.1515/asn-2016-0002                                  ©2016 “K.Preslavsky”University of Shumen. All rights reserved 

 

 

It has been known that the properties of alginic acid depend on the ratio between these three structural 

blocks, as well as its degree of polymerization [2]. Each of these blocks has its own conformation and 

functional properties. 

Alginic acid is a food additive, registered under E 400. The free alginic acid and its calcium salt do 

not dissolve in water. Water-soluble are its ammonium, alkali metal and magnesium salts  

(E401 - E403) and its salts with organic bases [3]. 
It is well known that alginate salts are poor emulsifiers. They are mainly used as stabilizers because 

improve consistency and increase the viscosity of the product. Their use as a powerful thickening agent is 

explained by their ability to absorb water [3-5]. 

Alginic acid and its salts find application in food industry for production of various desserts, low-sugar 

marmalade, gel products and jams, ice cream and dairy products as well [3]. 

Due to the abundance of algae in water bodies, there is a large amount of alginate material presented in 

nature. The annual industrial alginate production is approximately 30.000 metric tons, and is estimated to 

comprise less than 10% of the biosynthesized alginate material. Therefore there is significant additional 

potential to design sustainable biomaterials based on alginates [6]. 

The combination of chemical and biochemical methods reveals new opportunities for design of 

modified derivatives of alginic acid by controlling the monomeric unit sequences, reacting the available 

functional group with variation of the position and number of substituents in alginate main backbone. 

Moreover, the incorporation of new functional group alter significantly the properties of obtained alginate 

derivatives such as solubility, hydrophobicity, specific affinity for proteins, and many others [7].  

Over the past two decades in organic synthesis began application of ultrasound and microwave-assisted 

irradiation as approach to green synthesis and as means to enhance the conversion process in chemical 

reactions. Ultrasonic irradiation accelerates the reactions in liquid media by cavitation [8]. This process is 

observed in liquids subjected to abrupt changes in hydraulic pressure. Under the influence of ultrasonic waves 

in a liquid acoustic environment zones of elevated values in pressure appear, which very quickly changes to a 

highly reduced pressure. Depending on the nature of the liquid, its elasticity, viscosity, temperature and other 

factors, the ultrasound generating gas microbubbles which produce very high pressures and temperatures. This 

unique energy provides potential applications - in metallurgy, mechanical engineering, chemistry, medicine, 

etc.  

Therefore, the aim of the current study was to investigate the esterification process of alginic acid by 

application of ultrasonic irradiation.  

Materials and methods 

In this study, two different type of sodium alginate were used as initial substance for esterification 

process: 

ALG-1 from brown algae (SIGMA-ALDRICH, 99 % puriss, France) with moisture content ≤ 10 %, ash 

content ≤ 3 % and pH = 2.5 – 3.2, ratio between β-D-mannuronic acid and α-L-guluronic acid residues: 1.55 ; 

and ALG-2 Manugel with M/G ratio 0.66 All others reagents and solvents (methanol, ethanol, i-propanol, 

H2SO4) were of analytical grade.  

 

Conventional esterification.  

Before esterification process, alginic acid was dried at 40 °С in vacuum oven for 12 h. The dried alginic 

acid were esterified by 2М H2SO4/anhydrous alcohol (in ratio 1:10) at 40 °С under periodically stirring.  

 

Ultrasound-assisted esterification process. 

 The esterification process was performed by above mention conditions but in the ultrasonic bath 

(VWR USC 100 TH, power 30 W) under constant ultrasonic frequency at 45 kHz and temperature set at 

40 °С. 

The new-synthesized methylated alginates obtained after the both esterification methods were washed 

three times with 70 % ethanol and then twice with 95 % ethanol until the neutral reaction. 

The degree of esterification (DE) was determined by titration [9], as correction in molecular weight for 

ethoxilated and propoxilated groups were done, respectively.  

IR-FT spectra of newly synthesized alginic acid esters were recorded on a Nicolet FT-IR Avatar 

Nicolet, (Termo Science, USA) spectrometer using KBr pellets and absorption was reported in wavenumbers 

(cm
-1

).  
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Results and discussion 

Alginic acid is hydrocolloids that find wide application in food technologies. In the recent year its use 

in molecular gastronomy constantly increases. As a drawback in its functional properties can be regarded the 

fact that alginic acid is water insoluble, but its alkali metal and ammonium salts were easy soluble. The reason 

for the insolubility of alginic acid can be explained with formation of intermolecular hydrogen bonds between 

the free carboxyl groups of uronic acids. The idea for esterification of alginic acid with methyl alcohol was 

connected with design of backbone to resemble the the main chain of pectin. In nature, macromolecules of 

pectin are with degree of esterification in range from 63 to 75 % that makes them easily soluble in water and 

can be used for the formation of gels with different texture and gel strength. 

In our previous studies we were obtained esters of alginic acid as the esterification reaction was 

conducted in heterogeneous media by Fisher`s method [1].  

In the current research, the modification was performed by application of new accelerated method – 

ultrasound-assited irradiation. Depending on the nature of the liquid, its elasticity, viscosity, temperature and 

other factors, the ultrasound generates gas micro bubbles which implosively disrupted. As a result, cavitation 

bubbles are appeared in extremely high pressures about hundreds of atmospheres and temperatures in the 

order of thousands of degrees Kelvin. Because of these processes, the acceleration of reaction was observed 

(Fig. 2). 
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Figure 2. Esterification of alginic acid (R = –CH3, –C2H5, –C3H7) 

 

The results from esterification of alginic acid (ALG-1) with different alcohols were presented in Table 1.  

Table 1. Esterification of alginic acid (AA-1) with different alcohols 

Time, min МАA
1
 EAA

2
 IPAK

3
 

DE,% 

Ultrasonic irradiation 

5 8.6 ±1.2 4.6 ±0.8 2.6 ±0.8 

15 21.4 ±2.1 8.6 ±1.3 5.6 ±1.1 

30 45.5 ±2.2 12.3 ±1.8 9.6 ±2.0 

60 55.3 ±3.5 14.2 ±3.1 10.5 ±3.0 

120 65.9 ±4.8 16.3 ±3.8 12.2 ±2.9 

Conventional extraction 

1200 63.0 ±3.6 15.1 ±3.6 11.3 ±3.1 
1
МАA – methylated alginic acid 
2
ЕАA – ethylated alginic acid 

3
IPАA – i-propylated alginic acid 

 

The results showed that the degree of esterification depended on the type of alcohols. The esterification 

reaction most readily takes place with methanol (MAA), and most slowly with i-propanol (IAA) Comparing 

these results with conventional esterification showed that sonication at 45 kHz decreased the reaction time 

almost ten times at equal other conditions (Table 1).  

Alginic acid is heteropolysacchride with complex structure. The arrangement of G and M blocks along 

the main chain determines the chemical and physical properties of alginic acid [10]. M/G ratio can be defined 

by complete hydrolysis and further separation [11], by IR-FT spectroscopy by relationship between the 

experimental absorbance A1320/A1290: for М-unit ν =1320 cm
-1 

and for G-unit ν=1290 cm
-1 

[12] or by 
1
H and 

13
C NMR spectroscopy [13].  

Some scientific publications suggested that acetylation of alginic acid is preferred in mannuronic 

residues to guluronic units [14]. To check this statement we chose to esterified two types of alginic acids 

ALG-1 with М/G ratio 1.55 and ALG-2 with М/G ratio 0.66, respectively. The content of guluronic and 

manuronic acid residues were defined from IR-FT spectra by method described from Filippov [12]. 
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Figure 3. Methylation of alginic acids with different molar ratio of structural units under ultrasound-assisted 

irradiation 

 

From the results obtained was found that the alginic acid containing more L-guluronic acid residues in 

its backbone was esterified rapidly (Fig. 3). This tendency was reported in our previous investigation on 

alginic acid esters, but without application of ultrasonic influence [15]. 

 

 

Figure 4. Model of mannuronic acid residues with intermolecular hydrogen bonds suggested by Smidsrod et 

al. [16] 

 

In the same study [17] it was presented that the hydrolysis of the alginates at pH > 2 was faster than that 

of the neutral polysaccharides under the same conditions. Thus it was shown that the reaction was catalyzed 

by undissociated carboxyl groups connected with intramolecular hydrogen bonds (Fig. 4). Obviously, this 

hypothesis requires the presence of carboxyl group next to the glycosidic linkage and the effect strictly 

depends on the sequence of monosaccharide units and the configuration of the C4 and C5. It was established 

that the hydrolysis rate degreased in the following order: MM > GM > MG > GG. 

Based on the model proposed by Smidsrod et al. (Fig. 4) the preferred esterification of guluronic acid 

residues in alginic acid can be explained (Fig. 2).  

Alginic acid and its esters were characterized by IR-FT spectroscopy. The data were presented in Table 

2 and the assignment of bands was compared with reported in literature values for polysaccharides and 

alginates [19-24]. IR-FT spectra showed some characteristic bands. The broad band in range between 3400 

сm
–1 

and 3490 сm
–1

 characteristic of the OH stretching vibration were shown.  

 

 

Table 2. Assignment of IR-FT spectra of alginic acid and its esters 

Wavenumbe

r, cm
-1 

 [citat-19 - 

24] 

Experimental IR band, cm
-1

 

Assignment 
ALG 

MA

A 
EAA 

IPA

A 

3200-3600 3446 3502 3446 3421 νО-Н (ОН); H-bonds 

2850-2904 - 2956 - - νC-H 
as

(CH3) 

2933-2981 2929 2929 2929 2929 νC-H 
s
(CH2) 

1720–1740 1740 1747 1740 1740 C=O stretch 

1634-1664 1635 1635 1635 1635 
Absorption of water, 

C=O 

1416-1430 1418 1444 1418 1418 δC-H 
s
(CH2), C=O, 

8,6 

21,4 

45,5 

55,3 

10,7 

33,8 

56,7 
62,1 
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1373 COO
-
 

1350- 1380 1356 1375 1373 δC-H (CH3) 

1000–1290 1244 1246 1244 1244 
ν

as
 (C-O- C) and C-

OH 

1015-1060 1032 1033 1032 1034 νC-O(C-O) 

 

925 - 930 

 

927 

 

925 

 

927 

 

927 

Stretching in 

pyranose ring,α-bond 

in polysaccharide 

chains 

808 or 822 808 816 809 809 

877 

M block 

787 or 887 879 875 877 G block 

 

Stretching vibrations characteristics for С-Н bond in methyl alginate were appeared at vas(СН3) = 2960 

сm
–1

 and vs(СН3) = 2870 сm
–1.

, while for i-propylated esters at 1365 сm
–1

 and 1375 сm
–1

. The observed in our 

study bands in IR-FT spectra (1361 сm
–1

) were consistent with previously reported data in the literature [18]. 

All new synthesized alginic acid esters were characterized with decreasing the brands at 3446 cm
–1

, due to the 

stretching vibrations of О–Н from carboxyl groups. Moreover, the increase in width of the brands at 2960 cm
–

1
 and 2930 cm

–1
 was assigned to C–H stretching and asymmetric deformations in CH2 and CH3 groups. The 

presence of new band at 1747 cm
–1

 due to the C=O stretching vibrations of carbonyl alkylated ester showed 

that the esterification process was completed successfully.  

Conclusion 

Ultrasonic influence accelerates esterification process, by increasing the degree of esterification of the 

alginic acid esters. It has been found that ultrasound-assisted synthesis performed at 45 kHz reduced reaction 

time from 20 hours to 2 hours, in contrast to the esterification carried out under conventional conditions of 

heating. 

The degree of esterification depends both on the type of alcohol and on the ratio of mannuronic and 

guluronic units in alginic acid backbone. FT-IR spectra showed that the carboxyl groups of alginic acid were 

esterified successfully. 
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Abstract: A chemometric approach using artificial neural network for clusterization of biodiesels 

was developed. It is based on artificial ART2 neural network.  Gas chromatography (GC) and Gas 

Chromatography – mass spectrometry (GC-MS) were used for quantitative and qualitative analysis of 

biodiesels, produced from different feedstocks, and FAME (fatty acid methyl esters) profiles were 

determined.  Totally 96 analytical results for 7 different classes of biofuel plants: sunflower, rapeseed, 

corn, soybean, palm, peanut, “unknown” were used as objects. The analysis of biodiesels showed the 

content of five major FAME (C16:0, C18:0, C18:1, C18:2, C18:3) and those components were used like 

inputs in the model. After training with 6 samples, for which the origin was known, ANN was verified 

and tested with ninety “unknown” samples. The present research demonstrated the successful 

application of neural network for recognition of biodiesels according to their feedstock which give 

information upon their properties and handling. 

Keywords: biodiesel fuel, fatty acid methyl esters, gas chromatography, vegetable oil, artificial neural 

networks. 

Introduction 

 

Artificial neural networks [1] are inspired by the biological neural network of humans and animals. 

They can be used for recognition and identifying the things in places where known methods are not 

capable of solving problems. During the years lots of neural networks [2-4] were developed and each one 

of them can be used to solve specific tasks. Each artificial neural network is composed of simple 

processing elements called neurons (Figure 1) [1, 5] connected with each other to arrange in a layer. 

Depending of the type of the neural network the neurons in a layer apply different calculations and there 

are two types of learning known as supervised and unsupervised. 

 In supervised learning [6] each input sample has target where target is the correct output of the 

network thus in the learning procedure each input is associated with the correct output. When the network 

is learned it is ready for test and the result of testing is according to the input – output pairs. 

In unsupervised learning [7] there are not targets and the network learns according to the input 

samples only. The goal is to group those samples that have common characteristics this grouping of 

samples is also known as clustering and it is achieved through the learning trial. Unsupervised networks 

are based on competition where one neuron wins and it will learn its weights in accordance to the vector. 
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Figure. 1. Artificial neuron 

During the years there were lots of papers devoted to the application of the neural networks to 

different problems [2, 3]. The meaning of recognition is important in many areas because of the fact that 

there might not be necessarily to perform some of the experiments, here is shown a method of 

clusterization of biodiesel fuels. 

The goal of this work was to group biodiesels from different feedstocks by a method based on 

neural network using their gas chromatographic FAME profiles. To the aim some available literature data 

on FAME profiles of biodiesels from several types of oils were used [8-11]. In the investigations also our 

data of FAME of Bulgarian biodiesels and samples produced in our laboratory by transesterification of 

plant oils were utilized. Only those samples meeting the requirement of EN 14214 [12] were included in 

our study. The analysis of the samples was performed using gas chromatography (GC) and mass 

spectrometry (MS). 

 

Experimental 

 

Samples 

Samples № 17, 28, 47, 53 and 60 to 83 (Table 1) were bought from the market. Three biodiesels 

(samples 8, 48 and 80) were laboratory synthesized by methanol transesterification of sunflower, rapeseed 

and palm oils respectively. 

Gas chromatography (GC)  

GC analyses were performed on a GC system Agilent Technologies 7890A equipped with FID [13].  

 

Artificial Neural Networks (ANN) 

In the first step the network has to be learned and after that we can use for the recognitions and for 

predictions of the properties of the materials. Figure 2 shows in abbreviated notation of ART2 [14] neural 

network. 
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Figure. 2. ART2 neural network 
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Table 1. FAME (percentage levels) of biodiesel samples 

Samp

le № 

Recognition 

Cluster 

C16:

0 
C18:0 C18:1 C18:2 C18:3 

Sampl

e № 

Recognit

ion 

Cluster 

C16:0 C18:0 C18:1 C18:2 C18:3 

1 1 6,3 3,9 20,8 67,8 0,2 46 2 4,1 1,6 55,7 17,8 7,6 

2 1 6,1 4,1 24 64,3 0,1 47 2 4,5 1,6 60,8 17,7 7,9 

3 1 7,2 4,5 25,6 61,1 0,2 48 2 4,6 1,8 55,9 17,7 5,3 

4 1 6,2 4,1 26,8 61,4 0,1 49 2 4,8 2.0 60,4 23,3 9,5 

5 1 6,1 4,0 25,2 63,2 0,1 50 2 4 2,5 61,2 20,6 11,7 

6 1 6,1 4,1 26,7 61,0 0,6 51 3 10,7 1,8 30,2 55,5 0,9 

7 1 6,2 4,0 25,8 62,2 0,4 52 3 10 2,3 36,9 47,1 2,2 

8 1 6,0 3,8 29,6 57,7 1,2 53 3 11,5 1,9 26,6 58,7 0,8 

9 1 6,5 2,8 23,2 66,1 0,1 54 3 10,1 1,6 26,9 59,9 0,7 

10 1 7,0 3,4 23,2 64,9 0,1 55 3 11,8 2,1 35,5 46,6 1,4 

11 1 6,0 4,0 28,3 60,1 0,1 56 3 12,3 1,7 25,3 60.0 0,7 

12 1 6,1 4,1 25,1 63,5 0,5 57 3 12,9 1,7 25,3 59,5 0,6 

13 1 6,3 4,1 27,4 61,4 0,7 58 4 11,4 4,1 23,5 53,5 6,6 

14 1 6,2 4,1 27,1 61,8 0,7 59 4 10,9 3,6 26.0 52,6 5,5 

15 1 6,2 4,2 27,0 60,9 0,5 60 4 10,5 4,2 25,5 52,0 7,8 

16 1 6,2 4,0 28,3 59,7 0,9 61 4 10 4,2 24,9 53,2 6,9 

17 1 5,6 4,2 25,7 58,9 1,7 62 4 10,4 4,2 25,9 50,8 7,5 

18 1 6,4 3,7 25,8 63,5 0,5 63 4 10,5 4,2 24,4 52,1 7,5 

19 1 6,8 4,3 26,4 60,5 1,3 64 4 10,5 4,3 24,6 53,1 7,6 

20 1 6,0 4,4 27,1 60,9 0,9 65 4 10,2 4,0 23,1 55,1 7,1 

21 1 6,4 4,8 25,3 61,8 1,0 66 4 10,9 3,8 27,2 49,5 6,4 

22 1 5,9 4,5 24,1 61,7 0,9 67 4 11,9 3,8 25,7 52,7 5,8 

23 1 6,6 4,1 29,9 57,8 1,3 68 4 9,7 3,9 25,1 54,2 5,9 

24 1 6,6 4,7 24,5 62,8 0,3 69 3 13,9 2,1 23,2 56,2 4,3 

25 1 6,4 4,4 24,4 63,7 0,4 70 4 10,0 4,0 23,0 51,0 7,0 

26 1 6,0 3,0 17,0 74,0 0 71 4 11,9 4,1 23,2 54,2 6,3 

27 1 6,4 2,9 17,7 72,9 0 72 4 11,7 3,8 22 52,6 7,7 

28 1 6,2 3,7 25,2 63,2 0,2 73 4 11,3 3,6 24,9 53 6,1 

29 1 6,1 3,1 30 57,9 0,5 74 4 11,6 3,9 23,7 53,8 5,9 

30 1 6,4 3,6 21,7 66,3 1,5 75 4 11,2 4 21,9 53,8 7,3 

31 1 6,2 3,7 25,2 63,1 0,2 76 5 42,4 4,2 40,9 10 0,3 

32 1 6,4 3,1 27,4 62,1 0,1 77 5 42,5 4,2 41,3 9,5 0,3 

33 2 4,1 1,6 62,2 20,6 8,7 78 5 36,7 6,6 46,1 8,6 0,3 

34 2 5,1 2,3 55,9 27,4 6,8 79 5 46,1 4,3 38,4 10,0 0,2 

35 2 4,8 1,8 62,6 20,0 9,5 80 5 45,0 5,0 40,0 10,0 0 

36 2 5,5 1,7 59 21,3 9,3 81 6 10,3 2,8 47,6 31,5 0,5 

37 2 5,1 1,9 59,2 22,3 9,3 82 6 8 1,8 53,3 28,4 0,3 

38 2 4,8 1,9 61,6 20,9 8,0 83 6 9,7 3,4 59,3 20,5 0,1 

39 2 5,4 2,0 53,2 28,9 7,3 84 6 10 3,3 60 21,3 0,2 

40 2 5,7 2,1 54,6 26,8 8,0 85 6 9,6 3,3 57,7 20,7 0,2 

41 2 6,2 2,2 52,2 29 8,0 86 2 5,1 2,1 46 34,5 4,9 

42 2 4,2 1,6 59,5 21,5 8,4 87 1 5,5 3,5 22,2 54,6 0,1 

43 2 3,5 0,9 64 22 8,1 88 0 5,7 2,9 38,4 45,9 2,5 

44 2 3,5 0,9 54,1 22,3 8,0 89 0 5,6 2,9 34,8 47,0 2,0 

45 2 4,1 1,8 58,6 22,2 13,3 90 1 8,5 3,4 31,1 48,1 0,1 
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ART2 is designed to perform operation over continuous valued input vectors or binary input vectors 

that have noise. Basically the network is consists of two layers composed of neurons that are fully connected 

with set of weights also known as bottom-up and top-down and one orienting sub system. First layer consists 

of three sub layers of neurons each sub layer supports combination of normalization of the vector and 

suppression of the noise. Second layer is competitive one and the neuron with maximum value will win 

therefore its weights will learn according to the vector. The orienting sub system takes design whether the 

neuron with maximum value responds to the criteria that we are inserted or not. The equations according to 

[15] describing this operation are: 

Step 1. Initialize parameters: 

 a, b, ϴ, c, d, e, α, ρ, n, m, bij, tji 

where: a, b – fixed weights in the F1 layer,.ϴ - noise suppression parameter,.c – fixed weight used in 

testing for reset,.d – activation of  winning F2 unit,.e – small parameter using preventing division by zero,.α – 

learning rate,.ρ – vigilance threshold,.n – number of input units (F1 layer), m – number of cluster units (F2 

layer), bij – initial bottom-up weights typical values 

Step 2. For each input vector “s “do steps 3-11. 

Step 3. Update F1 unit activation: 
0 ,  ,0 
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 Step 4. Compute the signals to F2 units:     
j

ijj p*by  

Step 5. While reset is true, do steps 6-7 

Step 6. Find F2 unit with largest signal. (Define J such that yJ ≥ yj for j=1, 2…m.) 

Step 7. Check for reset: 
Jiii

ii
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i
i dtup,
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cpu
r,

ve
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u 







       

If epr      then yJ=-1 (inhibit J) (Reset is true; repeat step 5 ) 

If epr      Reset is false; proceed to step 8 

Step 8 Update weights for winning unit J 

   JiiJi tdddut 11                 iJiiJ bdddub 11   

 

Results and Discussion 

 

The ANN model was built using the biodiesels for which the origin was known. After training with 6 

samples from each group (Table 2), the neural network was verified and tested with 90 samples. Samples from 

number 1 to 85 are regarded as unknown samples and information about them were used for verification of the 

network. In order to test the network samples from number 86 to 90 were used. Below the target and 

conditions of training and results obtained are given.  

The number of neurons (clusters) in the second layer is six, where each cluster represents the type of 

biofuel plant. In case that the network returns 0 output means that none of the clusters responds to the vector. 

In order to normalize the input data we multiplied columns C16:0 by 4, C18:0 by 10 and C18:3 by 10 

Table 2 Normalized Learning vectors 

class C16:0 C18:0 C18:1 C18:2 C18:3 

1 24,8 39 27,1 59,9 13 

2 18 17 64,9 18,6 83 

3 47,2 21 27,4 57,7 6 

4 38,4 35 30,3 49,2 59 

5 170 44 40,5 10,1 2 

6 45,6 24 48,3 32 9 

In Table 3 the parameters used for the training of Neural Network are shown. 
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Table 3. Parameters for the training of Neural Network 

a b ϴ c d e α ρ tji bij n m 

10 10 0,45 0,1 0,9 0,1 0,6 0,8157 0 4,4721 5 6 

           

Fig. 3. Representation of the clusters and test vectors according to C18:0 and C18:1 

For testing of ANN samples 86 to 90 were used (Table 1) with the same five inputs and the real outputs 

are given in Table 4. 

Table 4. Representation of the Euclidean distance between clusters and “unknown” samples 

Sample 

№ 

Cluster 

1 

Cluster 

2 

Cluster 

3 

Cluster 

4 

Cluster 

5 

Cluster 

6 

86 1.0402 0.3630 1.0402 0.7401 1.0402 0.7792 

87 0.3654 1.0468 0.6846 0.7595 1.0468 1.0468 

88 0.6820 0.8369 0.7154 0.7805 1.0374 0.7954 

89 0.6614 0.8542 0.6975 0.7672 1.0386 0.8165 

90 0.5135 1.0475 0.5149 0.8130 0.7847 0.8756 

 

The classes of the samples are marked with symbols: “+”; “x”; “”;””;”∆”;”*” in Figure 3 where each 

symbol represents different class. Since we use two columns C18:0 and C18:1 to draw the graphic some of the 

vectors seem that belongs to different clusters. In Table 4 the Euclidean distance between each unknown 

sample and clusters are shown.  

In previous paper [13] it was developed neural network of type multilayer perceptron for classification 

of biodiesels. The network was trained by 85 samples and tested with eight “unknown” samples the 

components (C16:0, C18:0, C18:1, C18:2, C18:3) were used like inputs in the model. In this paper ART2 

neural network was used for clustering the types of biodiesels. The network was trained by 6 samples, verified 

by 85 and tested by five unknown samples the same components (C16:0, C18:0, C18:1, C18:2, C18:3) were 

used like inputs in the model. It can be concluded that ART2 NN needs less training examples than multilayer 

perception (MLP) NN and if there is lack of data it can be used for better recognition than MLP. One of the 

advantages that ART2 NN also characterizes is that it shows the samples that does not hit any of the clusters. 

 

Conclusion 

 

The present research demonstrates the successful application of ART2 neural network for recognition of 

biodiesels according to their feedstock. The proposed model was created on the base of content of five major 

components:  esters of C16:0, C18:0, C18:1, C18:2, C18:3 acids in the FAME profiles of biodiesel from 

vegetable oils origin. Those components were used like inputs in the model. Totally 96 analytical results for 7 

different classes of biofuel plants: sunflower, rapeseed, corn, soybean, palm, peanut, “unknown” were used as 

objects.  The model was trained with 6 samples, for which the origin was known then it was verified with 85 



 

 

25 Corresponding author: todor_petkov@btu.bg 

         DOI: 10.1515/asn-2016-0003                            ©2016 “K.Preslavsky”University of Shumen. All rights reserved 

and tested with five “unknown” samples.  The obtained predictions correlate well with the available 

information of the samples. The quality of the prediction of mixed samples composition cannot be confirmed 

since there is no exact information from the producers about oils used. We anticipate further application of the 

model to recognize of biodiesels, produced from mixed oils. 

The overview of predicted results indicates that the proposed model is of significant value for the 

determination of unknown biodiesels and could be implemented as an efficient method that enables the 

prediction of the raw material. The latter provides information upon the properties and handling of biodiesel 

fuels. 
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Abstract: Pattern recognition method (PRM) was applied to gas chromatographic (GC) data for a fatty 

acid methyl esters (FAME) composition of commercial and laboratory synthesized biodiesel fuels from 

vegetable oils including sunflower, rapeseed, corn and palm oils. Two GC quantitative methods to 

calculate individual fames were compared: Area % and internal standard. The both methods were 

applied for analysis of two certified reference materials. The statistical processing of the obtained 

results demonstrates the accuracy and precision of the two methods and allows them to be compared. 

For further chemometric investigations of biodiesel fuels by their FAME-profiles any of those methods 

can be used. PRM results of FAME profiles of samples from different vegetable oils show a successful 

recognition of biodiesels according to the feedstock. The information obtained can be used for selection 

of feedstock to produce biodiesels with certain properties, for assessing their interchangeability, for fuel 

spillage and remedial actions in the environment. 

Keywords: biodiesel fuel, fatty acid methyl esters, gas chromatography, vegetable oil, animal fat. 

Introduction 

 

Biodiesel is a potentially renewable substitute for diesel oil. A “green” fuel, biodiesel is 

biodegradable, nontoxic and is essentially free of metals, sulfur, carcinogenic aromatics and generates less 

greenhouse effect than fossil fuels [1]. 

Several processes and feedstock have been reported for the production of biodiesel [2]. 

Transesterification of vegetable oils and animal fats with alcohol (in most cases methanol) is currently one 

of the most attractive and widely accepted methodologies in the world and in Bulgaria too. Thus, biodiesel 

is defined as monoalkyl (methyl) esters of long-chain fatty acids.  

At present, the dominant feedstocks (about 80 %) are vegetable oils, namely soybean oil in USA, 

rapeseed and sunflower oil in Europe and palm oil in Southeast Asia. Other feedstock having real or 

potential commercial interest are animal fats, non-edible and waste oils. Feedstock availability for 

mailto:rumjana_milina@abv.bg
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biodiesel production varies according to geography, climate and economic of the countries. Traditional for 

Bulgaria feedstock are sunflower and rapeseed oils. 

Since biodiesel is a mixture of fatty acid methyl esters (FAME), its properties depend on the 

chemical structure of the individual FAME and their contents (FAME profile). FAME profiles of biodiesel 

are influenced by the stocks and origin of the oils used [1, 3]. So, FAME profile may be used as an 

approach for selection of feedstock [3, 4], for investigations [5], for fuel spillage and remedial actions in 

the environment [6]. 

Biodiesel FAME profiles can be obtained by chromatographic methods, providing valuable multi-

component information. Gas chromatography-flame ionization detector (GC-FID), gas chromatography-

mass spectrometry (GC-MS) [7] and high performance liquid chromatography [8] have been frequently 

used of FAMEs analysis. However, visual evaluation of chromatograms is difficult and not reliable 

especially to compare a large number of specimens. The problem was overcome through the development 

of chemometric methods applying mathematical processing of analytical data. Chemometrics, including 

pattern recognition method (PRM) has been introduced for estimation of quality characters like aroma, 

taste adulteration etc., of essential oils [9, 10]. Little data are available on application of PRM for 

comparison of GC FAME profiles of biodiesel prepared from different feedstock, using neural networks in 

different models [11, 12] and including the amount of the most commonly esters presented in biodiesel 

esters. 

The targets of this work were to implement GC analysis of biodiesel fuels by using and evaluating 

various methods for quantification of the contents of individual esters thereof, to obtained FAME profiles 

by a method with proven precision features and to distinguish between biodiesels from different feedstock 

by an approach of PRM for comparing the chromatograms based on the retention times and peak areas. To 

the aim several types of oils, including used in Bulgaria sunflower and rapeseed oils, were utilized for 

production of biodiesel fuels by transesterification. Only those meeting the requirement of EN 14214 [13] 

were included in our study. 

 

Experimental 

 

1. Standards and reagents 

Certified reference materials: Fatty Acid Methyl Ester (B100), Methyl heptadecanoate (C17:0) were 

purchased from Spex CertiPrep; F.A.M.E. Mix Standard Rapeseed oil (cat № 07756 F.A.M.E. Mix C14 – 

C22 (cat № 18917) ) – from Supelco; Fatty acid methyl esters –(C14:0), (C16:0), (C16:1), (C18:0), 

(C18:1), (C18:2), (C18:3), (C20:0), (C20:1), (C22:0), (C22:1), (C24:0), (C24:1) – from Sigma-Aldrich. 

Reagents of recognized analytical grade were used. 

 

2. Samples 

2.1. Known origin 

Ten commercial biodiesel fuels, labeled as sample 1 to 10, produced from sunflower (sample (1 to 

5) and rapeseed oils (6 to 10); 4 biodiesels – laboratory synthesized by methanol transesterification [6] of 

commercial oils, namely sample 11 (sunflower), sample 12 (rapeseed oil), sample 13 (corn oil), sample 14 

(palm oil). 

 

2.2. Unknown origin  

Samples 15 to 18 were commercially available. For samples 15 and 16 we had the information from 

the producers that the feedstock are rapeseed and sunflower oils respectively, for samples 17 and 18 the 

raw materials were completely unknown. 

 

3. Gas chromatography 

All GC analyses were performed on a GC system Agilent Technologies 7890A equipped with FID, 

split/splitless injector and Agilent 7693A automated liquid sampler. The fussed silica capillary column 

HP-INNOWAX, 30m x 0.32mm ID and 0.25µm film thickness was used. Helium was used as a carrier 

gas, column flow was 1.5 ml/min. Hydrogen and air flows were set to 40 ml/min and 400 ml/min, 

respectively, makeup gas (nitrogen) 40 ml/min. The injection volume was 1 µl and split ratio was 1:80.  
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The temperatures of the injector and the detector were 250 ºC and 300 ºC, respectively. The temperature 

program of the oven was initial temperature 210 ºC for 9 minutes and then to 230 ºC at 20 ºC/min and hold 

there for 10 minutes. 

ChemStation for GC (Agilent Technologies) was used for instrumental control, data acquisition and 

data analysis. 

GC-MS analyses were carried out using GC system Agilent Technologies 7890A combined with 

MSD 5975C Inert XL EI/CI, electron impact ionization (70eV) mass range 30 – 500 m/z and the same 

chromatographic conditions. The components of biodiesels were identified by injection of standards (2.1) 

and by comparison of mass spectra with those of a NIST MS computer library. 

Sample 0.3 µl were injected with split ratio 1:100. 

 

4. Pattern Recognition Method   

PRM was performed according to the Package software program “Patreco”. The classification 

program was designed especially for comparing fingerprint chromatographic profiles using pattern 

recognition approach. It has given excellent results to discriminate tobacco samples in aroma and color by 

comparing essential oils and polyphenols profiles [14]. 

FAME profiles of biodiesels were processed using the retention times and area of FAME peaks in 

the chromatogram.  

PRM data were presented as indexes of similarity (Is, %). The limit of the Is (Iso) was calculated 

from the experimental data of five repeatable analysis of one sample and was > 96%.  Above this value the 

FAME profiles are undistinguishable. 

 

Results  

 

The chromatogram of FAME obtained from rapeseed oil is shown in Figure 1. Peaks in ascending 

retention time order are follows: C14:0, C16:0, C17:0 (IS), C18:0, cis9 C18:1, cis9cis12 C18:2, 

cis9cis12cis15 C18:3, C20:0, cis11 C20:1, C22:0, cis13 C22:1, C24:0, C24:1. 

Chromatographic peaks are well resolved, calibration curves of peak areas (relative or no to IS) 

against the methyl ester concentration are linear. For C18:1 the calibration curve drawing from 1,0 to 60 

% had r
2  

> 0,991. 
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Figure 1. GC chromatogram of rapeseed oil biodiesel 

The total ester content was calculated according to EN 14103 standard [15]. There is no standard 

method to determine the individual FAMEs in biodiesel. 

We compared two quantitative methods to calculate individual FAMEs in biodiesels: 

 Area % - reports the area of each FAME peak in the run as a percent of the total area of all peaks 

in the run. 

 Internal Standard Method (ISTD) – a known amount of internal standard C17:0 is added to the 

samples. 

The both quantitative methods were applied for determination of the content of the FAME in 

F.A.M.E. Mix C14–C22 and F.A.M.E. Mix Rapeseed oil reference materials (2.1). The results obtained 

are given in Tables 1 and 2. The values concentration are mean from 6 analyses of each material. For 

comparison data from the Certificate of analysis of the reference mixture are given. In order to estimate 

the results statistically, the homogeneity of variance was examined using Cochran's test (G-test). The 

results are shown in Table 3. 

Table 1. Results of analysis of F.A.M.E. Mix C14 – C22 
F 

A 

M 

E 

Concentration (w%) by method From Certificate of Analysis 

Area % SD RSD (%) ISTD SD RSD (%) Concentration  

(w%) 

SD RSD 

C14:0 4,2 0,02 0,57 3,9 0,02 0,50 4,1 0,06 1,46 

C16:0 10,4 0,05 0,47 9,7 0,02 0,17 10,0 0,01 0,10 

C18:0 6,3 0,10 1,51 6,1 0,01 0,20 6,0 0,10 1,67 

C18:1 34,5 0,47 1,37 34,7 0,34 0,98 35,1 0,45 1,28 

C18:2 35,2 0,52 1,48 35,0 0,35 1,01 35,9 0,68 1,89 

C18:3 4,2 0,04 0,87 4,8 0,04 0,75 5,0 0,09 1,80 

C20:0 2,1 0,02 1,17 1,9 0,02 0,95 2,0 0,03 1,50 

C22:0 2,2 0,03 1,19 1,9 0,02 0,95 2,1 0,03 1,43 
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Table 2. Results of analysis of F.A.M.E. Mix Rapeseed oil 
F 

A 

M 

E 

Concentration (w%) by method From Certificate of Analysis 

Area (%) SD RSD (%) ISTD SD RSD (%) Concentration  

(w%) 

SD RSD 

C14:0 0,9 0,05 0,50 1,0 0,01 0,49 1,0 0,01 1,00 

C16:0 3,9 0,02 0,45 3,9 0,01 0,20 4,0 0,03 0,75 

C18:0 2,9 0,05 1,61 2,8 0,02 0,71 3,0 0,02 0,67 

C18:1 60,3 0,66 1,10 60,4 0,40 0,66 60,0 0,45 0,75 

C18:2 11,9 0,06 0,52 12,0 0,10 0,83 12,0 0,09 0,75 

C18:3 4,9 0,04 0,88 4,9 0,03 0,61 5,0 0,04 0,80 

C20:0 2,9 0,03 1,10 3,1 0,03 0,98 3,0 0,03 1,00 

C20:1 1,0 0,01 0,55 1,0 0,01 0,50 1,0 0,01 1,00 

C22:0 3,1 0,03 0,85 2,9 0,02 0,69 3,0 0,02 0,67 

C22:1 4,9 0,03 0,61 5,0 0,03 0,60 5,0 0,03 0,60 

C24:0 2,9 0,02 0,69 3,1 0,03 0,97 3,0 0,02 0,67 

 

Table 3. G-test and F-test values to the results in Tables 1 and  
Results - Table 1 Results - Table 2  

Area % ISTD Area % ISTD  

G – ratio* G -crit 

0.218 0.217 0.309 0.182 0.445 

F – ratio** F – crit (f =5, p=0,05) 

1.57 1.03 5.05 

*G – ratio = RSDmax
2 / ∑RSDi

2                                **F ratio = RSD1
2/ RSD2

2,  RSD1 > RSD2 

The values concentration is mean from 6 analyses of each material. For comparison data from the 

Certificate of analysis of the reference mixture are given. In order to estimate the results statistically, the 

homogeneity of variance was examined using Cochran's test (G-test). The results are shown in Table 3. 

In the same table values from F-test are given. In Table 4 data for accuracy and precision of the 

methods are shown. Values are calculated from the data in Table 2. 

The samples used in this study were analyzed by GC under the conditions described and the content 

of each methyl ester was calculated by the method ISTD. The results are given in Table 5. 

Table 6 shows the similarity indices of 10 samples tested (sample designations are the same as in Table 5). 

Is > 96% was observed between samples 2 and 3, and between samples 7 and 8. Data shows that the 

samples of biodiesel from the same material do not differ in fatty acid composition. Similar values of a Is 

above 96% was observed between samples 15 and 7,  16 and 3,  and between samples 2 and 3, which 

classify the fatty acid composition of sample 15 similar to that of the rapeseed oil, sample 16 similar to 

that of the sunflower oil. This similarity is confirmed by producer information. Is > 96% was found 

between samples 17, 2, 3 and between 16 and 18, and between samples 7, 8 and 15
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Table  4. Accuracy and precision of the methods (*CV (%) – Coefficient of variation;  n = 6;    - average values of the results**CI – 

Confidence Interval;  t – Student′s test; f = n-1, p = 0,05) 
 

 

FAME 

 

Concentra

tion 

(%) 

 

Results 

(Area %) 

 

Recovery 

(%) 

 
*CV 

 (%) 

 
**CI 

 

Results 

(ISTD %) 

 

Recovery 

(%) 

 
*CV 

 (%) 

 
**CI 

 

      

 
      

  
      

 

 

 

 

  
   
       

 
  

  
 

C14:0 1,0 0,9 90,0 0,56 0,9 ± 0,005 1,0 100,0 0,50 1,0 ± 0,005 

C16:0 4,0 3,9 97,5 0,46 3,9 ± 0,018 3,9 97,5 0,26 3,9 ± 0,008 

C16:1 3,0 2,9 96,7 1,62 2,9 ± 0,049 2,8 93,3 0,71 2,8 ± 0,021 

C18:1 60,0 60,3 100,5 1,09 60,3 ± 0,692 60,4 100,7 0,66 60,4 ± 0,419 

C18:2 12,0 11,9 99,2 0,50 11,9 ± 0,063 12,0 100,0 0,83 12,0 ± 0,105 

C18:3 5,0 4,9 98,0 0,92 4,9 ± 0,042 4,9 98,0 0,61 4,9 ± 0,031 

C20:0 3,0 2,9 96,7 1,03 2,9 ± 0,031 3,1 103,3 0,97 3,1 ± 0,031 

C20:1 1,0 1,0 100,0 0,60 1,0 ± 0,006 1,0 100,0 0,60 1,0 ± 0,006 

C22:0 3,0 3,1 103,3 0,97 3,1 ± 0,031 2,9 96,7 0,69 2,9 ± 0,021 

C22:1 5,0 4,9 98,0 0,61 4,9 ± 0,031 5,0 100,0 0,60 5,0 ± 0,031 

C24:0 3,0 2,9 96,7 0,69 2,9 ± 0,021 3,1 103,3 0,97 3,1 ± 0,031 

                                                                  Table 5. FAME profiles of biodiesel from known and unknown origin 

FAME COMPOSITION %, Sample №    (known origin) unknown origin 

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

C14:0 0,08 0,15 0,05  0,05 0,20 0,06 0,05 0,05 0,06 0,06 0,05 0,05 0,06 1,25 0,06 0,06 0,18 0,06 

C16:0 6,40 7,76 5,57 5,04 7,36 5,13 4,53 5,48 5,71 5,20 5,51 4,60 10,9 41,72 5,62 5,64 8,53 6,38 

C16:1 0,13 0,15 0,10 0,15 0,23 0,18 0,24 0,51 0,15 0,28 0,08 0,22 0,20 0,23 0,32 0,14 0,22 0,22 

C18:0 3,08 3,18 3,74 4,47 3,97 2,06 1,64 2,54 2,94 2,20 3,48 1,78 2,41 5,31 1,55 2,85 3,42 3,05 

C18:1 27,3 26,23 30,3 26,5 27,96 56,00 60,8 55,41 50,9 56,12 22,24 55,9 32,4 39,85 55,29 35,80 31,09 52,22 

C18:2 62,1 58,26 54,5 61,1 57,20 25,50 18,7 26,29 29,4 23,23 64,60 24,7 48,0 9,50 23,45 48,00 51,08 28,10 

C18:3 0,09 1,72 1,30 1,52 0,10 4,87 7,92 5,62 7,50 7,80 0,05 5,25 1,20 0,28 7,62 1,96 0,10 6,71 

C20:0 0,22 0,18 0,27 0,17 0,30 0,42 0,50 0,48 0,35 0,50 0,22 0,57 0,50 0,30 0,60 0,30 0,25 0,30 

C20:1 0,24 0,09 0,89 0,36 0,24 1,14 1,58 0,98 0,80 1,22 0,15 1,27 0,30 0,28 1,50 0,50 0,30 0,75 

C22:0 0,37 0,20 0,69 0,17 0,66 0,48 0,29 0,58 0,43 0,38 0,60 0,40 0,11 0,31 0,30 0,52 0,77 0,38 

C22:1 0,08 0,09 0,20 0,26 0,23 0,94 0,38 0,71 0,30 0,45 0,10 0,58 0,10 0,10 0,36 0,31 0,23 0,40 

C24:0 0,22  0,05 0,29 0,09  0,05  0,05 0,11  0,05 0,25 0,19 0,30 0,25 2,05 0,10 0,11 0,19 0,27 0,21 

C24:1  0,05  0,05 0,05  0,05  0,05 0,15 0,18  0,05 0,08  0,05 0,08 0,45 0,11 0,29  0,05 0,07 0,13 0,08 
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It is seen that certainly can be said that the sample 17 is from sunflower oil and sample 18 is from 

rapeseed oil. 

Table  6. Similarity indices 

 2 3 7 8 13 14 15 16 17 18 

2  x  96.36  84.54  87.31  93.69  64.49  87.11  94.64  96.12  89.08  

3   x  88.36  90.79  92.55  63.33  90.54  97.69  96.05  91.72  

7    x  97.16  85.51  63.66  97.03  89.95  87.23  95.56  

8     x  87.90  63.99  97.55  92.45  89.95  97.77  

13      x  68.95  87.99  93.77  96.07  89.97  

14       x  64.87  64.31  67.18  65.04  

15        x  92.42  89.65  97.63  

16         x  97.22  93.65  

17          x  91.72  

18           x 

 

The palm samples show the lowest Is to all samples (Is differ between 63% and 68%). The data point to 

the most distinction of the fatty acid composition of biodiesel from palm oil from all investigated samples. 

In corn oil, a relatively greater similarity to the sunflower oil (Is = 92% -93%) was observed than 

compared to the rapeseed oil (Is = 85% -87%). 

 

Discussion 

 

It can be seen (Table 1and 2) that SD for low concentrations of esters are logically less than those for 

high ones, but RSD does not so greatly depends on the concentration. Data show comparability with the 

certified values. Table 3. show homogeneity of the data and we can calculate the mean values of RSD to use 

them for statistical comparison of the two methods by means of F- ratio. Since F-ratio for both methods are 

less than the critical F at 5 degrees of freedom and significance level 0.05, it follows that the results obtained 

by each of the two methods are statistically equal. This demonstrates the possibility for further chemometric 

investigations of biodiesel fuels by their FAME-profiles, obtained by any of those most commonly used 

methods. The results in Table 4 indicate that accuracy and precision of both methods are very close. The limit 

of quantification (MQL) was determined experimentally by six analysis of the mixture containing 1% C18:2. 

Calculated as 3 x SD, MQL is 0,05%. 

The PRM method used in this investigation can be very easily applied without using very sophisticated 

mathematical procedure. 

 

Conclusion 

 

Pattern recognition method is proposed for differentiating biodiesel oils from different feedstock, using 

their gas chromatograms, obtained by a GC method with established accuracy and precision. Such method 

allows statistical comparison of chromatograms. A differentiation criteria, index of similarity (Is, %) is 

applied. The value of Is enables biodiesel oils to be classified according to the feedstock. Also, PRM allows 

differentiation between similar in composition biodiesels like those from sunflower and corn. The information 

obtained can be used for selection of feedstock to produce biodiesels with certain properties, for assessing 

their interchangeability, for fuel spillage and remedial actions in the environment. 
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Abstract: Trans boundary and local pollution, global climate changes and cosmic rays are the main areas 

of research performed at the regional Global Atmospheric Watch (GAW) station Moussala BEO (2925 m 

a.s.l., 42
o
10’45’’ N, 23

o
35’07’’ E). Real time measurements and observations are performed in the field of 

atmospheric chemistry and physics. Complex information about the aerosol is obtained by using a three-

wavelength integrating Nephelometer for measuring the scattering and backscattering coefficients, a 

continuous light absorption photometer and a scanning mobile particle sizer. The system for measuring 

radioactivity and heavy metals in aerosols allows us to monitor a large scale radioactive aerosol transport. 

The measurements of the gamma background and the gamma-rays spectrum in the air near Moussala peak 

are carried out in real time. The HYSPLIT back trajectory model is used to determine the origin of the data 

registered. DREAM code calculations [2] are used to forecast the air mass trajectory. The information 

obtained combined with a full set of corresponding meteorological parameters is transmitted via a high 

frequency radio telecommunication system to the Internet. 

Keywords: atmospheric physics, aerosols, radioactive aerosols, gamma background 

Introduction 

A unique facility was established in 1999 and has been operated since then by the Institute for Nuclear 

Research and Nuclear Energy of the Bulgarian Academy of Sciences, namely, the Moussala Basic 

Environmental Observatory (BEO). The Observatory’s location was chosen after a careful consideration. 

Moussala Peak in Rila Mountain National Park, Bulgaria, being the highest peak in the Balkan Peninsula, is 

an important reference point for assessing the anthropogenic influence in the large South-East European 

region. BEO Moussala possesses modern infrastructure and equipment for scientific investigations. The 

station has a long tradition as a high-mountain scientific facility, as a cosmic rays observatory since the late 

1950s, and, later on, as a complex ecological observatory. The study of the high-mountain environmental 

mailto:hangelov@inrne.bas.bg
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parameters (meteorology, atmospheric physics and chemistry, background radiation, and cosmic rays), as 

measured at BEO Moussala, gives the possibility of a comprehensive evaluation of the anthropogenic and 

biogenic impacts on the climate. The meteorological conditions of BEO Moussala operation are extreme, as 

are the phenomena and processes studied, namely, extraordinarily quickly changing air, space and 

environmental parameters under high-mountain conditions. Being equipped with modern devices for 

following atmospheric processes, BEO Moussala fulfilled the technical requirements for a Regional Global 

Atmosphere Watch (GAW) Station and joined the World Meteorological Organization’s Program for Global 

Atmospheric Studies. The latter has established a global network of collaborating ecological observatories and 

facilitates the exchange of data, equipment and specialists between them. The data registered are uploaded to 

the BEO Moussala’s website (http://beo-db.inrne.bas.bg/moussala) and are being sent to worldwide data bases 

(WDCGG, Kyoto, Japan; NILU, Norway; NOAA, USA; JRC, Italy; RECETOX, Czech Republic). The 

gamma-probe data recorded are being sent automatically to the Bulgarian Nuclear Regulatory Agency. The 

information is transferred to the Internet via a high-frequency radio-telecommunication system (5 GHz, 100 

Mbit/sec) and is saved for analysis in the data bases of the international programs GAW, EURDEP, UNBSS 

and the projects ACTRIS and MONET. BEO Moussala’s team continued its research work in the framework 

of FP7 project ACTRIS (Aerosols, Clouds, Trace Gasses Infrastructure, 2011-2015). Data for aerosol 

measurements were regularly sent to the Norwegian Institute for Air Research (NILU), Norway, and The 

National Oceanic and Atmospheric Administration (NOAA), USA. Under a Letter of Intent with RECETOX, 

Masaryk University, Brno, Czech Republic, a set of filters for a five-year project for investigating POPs 

distribution over Europe were prepared at the BEO Moussala. Gamma background and meteorological data 

are being sent in real time to the European Commission through the Joint Research Center (JRC, Ispra), Italy. 

The automatic weather station “Vaisala” is equipped with sensors for air temperature, relative humidity, 

atmospheric pressure, wind speed, wind direction and precipitations. Greenhouse and trace gases 

measurements are performed by atmospheric gas analyzing system. HYSPLIT back trajectory model and 

forecast for air mass trajectory calculated by the DREAM code are used [1, 2]. Having been a Regional 

Station in the Global Atmosphere Watch (GAW) program since February 1, 2010, Moussala BEO sends data 

from gas analyzers as well meteorological data to WDCGG (http://gaw.kishou.go.jp/wdcgg/). In 2015, 

Moussala BEO was recertified by IQNET for compliance with the ISO 9001:2008 and ISO 14001:2004 

standards. 

High Mountain Air Monitoring at Moussala BEO  

Atmospheric aerosols are fine solid or liquid particles “floating” (suspended) in the atmosphere. Since 2006 

under the framework of the EU projects EUSAAR and ACTRIS, long-term measurements of aerosols have 

been carried out at many research centers, including at Moussala BEO, whose data are relevant in detecting 

possible anthropogenic influence and monitoring natural sources. 

Scanning Mobility Particle Sizer (SMPS) 

The measurements at the Moussala BEO station showed that the site lies above the Planetary Boundary Layer 

(PBL) for about a half of the year: from autumn to early spring (September to February). Changes in the 

situation occur in March, when the station is found to be below the PBL, and in August, when it is above it. 

The months from May to August are typical, as the daily variation are influenced by local convection 

processes of air masses with a high concentration of particles, especially in the period from noon until 

evening, with a maximum in July and August. During the spring and summer months, when a strong influence 

of convection processes is present, a time window exists from midnight to morning which enables one to 

perform measurements under the conditions of the lower free troposphere (Figure1. and 2). 
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Figure1. Monthly mean daily variation of particle number concentration in the size range from 11 nm to 

600 nm at Moussala site for the period July 2014 to June 2015, represented by a black-and-white code in the 

range from 0 to 2000 dN/dlogDpcm
-3

  

 

Figure 2. Monthly mean distribution of aerosols, dN/dlogDp (cm
-3

) 

These detailed data yields information about the aerosol dynamics and the related meteorological processes 

throughout the year. Similar results for ultrafine aerosol particles variations have been obtained at the high-

mountain station Zugspitze (2650 m a.s.l.), Germany [3]. 

Nephelometer  

Additional aerosol measurements at Moussala BEO are being performed using a TSI Integrating 

Nephelometer model 3563 and an SMPS particle sizer. Both of them have been performing continuous 

measurements since 2007 and 2008, respectively. The measurements of the aerosol properties during the 

whole period have shown permanent seasonal trends [4], [5], which have been confirmed by the data from the 

past two years, 2013 and 2014. In the latter period, the observations showed predominantly clean air from the 

troposphere at Moussala with periods of relatively polluted air masses, mainly during daytime in the summer 

[5], as it is clearly seen in the SMPS presented in Fig.1 and Fig. 2. These results are also confirmed by the 

scattering and absorption data obtained by the Nephelometer. The peak in the aerosol loading is clearly in the 

summer, in August for both years. BEO Moussala is located at such a distance from Sahara that arrival of 

Saharan dust takes place several times every year. 
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Continuous Light Absorption Photometer (CLAP) 

The Saharan dust events are natural phenomena estimated as “the world’s most powerful dust source’. Strong 

surface winds uplift dust to high altitudes and the convection transports it typically westwards but also to our 

latitudes. After such transports several times each winter, the snow surface becomes colored while the 

nephelometer registers increased scattering from the fraction closer to the coarse mode that makes it visible. 

The aerosol influences the radiation balance of the Earth through scattering and absorption of solar radiation. 

In June 2012, a continuous light absorption photometer (CLAP) for real-time measurements was installed at 

BEO Moussala. The CLAP is a filter-based instrument for photometric measurements, using the scattering and 

absorption coefficients measured for the 700 nm, 550 nm and 450 nm wavelengths. Figure 3 illustrates the 

correlation between the DREAM model forecast and the real measured data in the period when bigger 

particles were dominating in the atmosphere during one Saharan dust event. 

 

Figure3. Dust concentration (g/m
3
) forecast calculated by the DREAM model (left) and real data (right) on 30 

March 2013 at 18 UTC 

 

System for measurements of radioactivity in aerosols 

The importance of Moussala BEO location was demonstrated during the Fukushima accident. Monitoring the 

radioactive isotopes in air aerosols carried out at Moussala BEO using our system for measurements of 

radioactivity in aerosols [6] enabled us to observe the anthropogenic atmospheric radioactivity for the period 

March  April 2011. The data acquired during the Fukushima accident are shown in Figure 4. The low 

concentration of this trans-boundary radioactive pollution did not affect the gamma background near peak 

Moussala during the Fukushima accident (Figure 5.) 
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Figure 4. 
134

Cs, 
137

Cs and 
131

I measured at BEO Moussala after the Fukushima accident 2011, mBq/m
3
 

 

 

 

Figure 5. Gamma background near peak Moussala during Fukushima accident 

Na(I) spectrometer 

In addition to the gamma background measurements (the IGS 421 gamma probe and Ge-spectrometer), a 

Na(I) spectrometer was installed at BEO Moussala for on-line measurement of the gamma-rays spectrum in 

the air at the Moussala Peak. The energy interval of gamma-rays measurement is 100 – 6500 keV, where, one 

can observe the main isotopes of natural and anthropogenic radioactivity, including such from nuclear 

accidents and the cosmic gamma-rays background [7]. The unique BEO Moussala location permits us to 

obtain fast preliminary information on local or transboundary radioactive pollution [8].  

Using the gamma spectrometer, we are able to establish in real time which isotope is responsible for the 

increase of the gamma background. The variation in the gamma background intensity is in a good correlation 

with that of the natural radioactive isotope 
222

Rn. This could be due to the variation of the meteorological 

conditions, e.g. precipitation (Figure 6). 
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Figure 6. Intensity of gamma background and natural radioactive isotope 
222

Rn. Precipitation during this 

period is in dark. 

Conclusions 

The data from the analyses provide up-to-date reliable information on the presence of pollutants in the air near 

Moussala Peak, thus allowing one to determine the trends in the variations of the concentration of harmful 

substances released in the environment, the causes and possible impact of these variations, and the location of 

the pollution sources. The high-mountain monitoring allows one to follow the transboundary transport of 

polluted air masses and to model the trends related to the climate changes. Moreover, the ground 

measurements conducted at Moussala BEO can be used as reference data for calibrating satellite 

measurements, the latter being of importance due to the fact that they provide information on the atmospheric 

condition over large regions where no ground stations are located. The Moussala BEO location, namely, at a 

large distance away from any local pollution sources and at the boundary of free troposphere, favors the 

studies of the processes playing a key role in the climate formation. 
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Abstract: Corrosion is the cause of irretrievable loss of huge amounts of metals and alloys. 

The harmful effects of corrosion can be reduced significantly by applying appropriate methods 

of corrosion protection. One method to protect metals against corrosion is the formation of 

diffusion coatings on them. High corrosion resistance is typical for the boride diffusion layers. 

Aluminothermy is one of the main methods for diffusion saturation of the surface of metal 

products with various elements, including boron, and under certain conditions with aluminum, 

too. Samples of steel 45 were put to aluminothermic diffusion saturation with boron in a 

pressurized steel container at a temperature of 1100K, for 6 hours in powdered aluminothermic 

mixtures. The content of В2О3 in the starting mixtures decreased from the optimum - 20% to 

0%, and the content of Al and the activator - (NH4)2.4BF3 is constant, respectively 7% and 

0.5%. Al2O3 was used as filler. The borided samples were tested for corrosion resistance in 10% 

HCl for 72 hours. The results show that their corrosion resistance depends on the composition 

of the starting saturating mixture (mainly on the content of В2О3), and respectively on the 

composition, structure, thickness and degree of adhesion of the layer to the metal base.  

  Keywords:  boriding, diffusion saturation, corrosion, inhibitors  

 

Introduction 

Corrosion is the process of destruction of the materials because of the physico-chemical effects of the 

surrounding environment. It represents a willfully going chemical, electrochemical or biochemical process 

on the surface of metal products, leading to their destruction [3, 10]. Corrosion is the cause of irretrievable 

loss of huge amounts of metals and alloys. At the same time, the analyses made show that the harmful 

effects of corrosion can be reduced significantly through application of appropriate methods of corrosion 

protection. They are not universally applicable and their choice depends on both the characteristics of the 

material and the ambient conditions (i.e. the conditions of use of the facilities), and in many cases on 
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environmental and economic reasons as well. The methods for protection of metals against corrosion are 

[10]: 

 Alloying of metals; 

 Use of protective decorative coatings: metal (diffusion coatings, etc.); organic; inorganic; 

 Electrochemical protection: cathodic and tread protection; 

 Processing of the corrosion environment – it is performed by: reducing the content of the 

depolarizer; adding inhibitors - depending on the mechanism of action, inhibitors are: anode; 

cathode; mixed inhibitors.  

The chemical heat treatment of steel products is a method in which their surface is saturated with a 

specific element (C, N, B, etc.), and as a result a diffusion layer is formed enriched in the respective 

element and having specific properties. When steel products are borided, a two-phase or single-phase 

diffusion boride layer is formed, depending on the method and conditions, that has high corrosion 

resistance, microhardness and wear resistance [4-7, 11]. These are parameters that depend on the 

composition, structure, density and degree of adhesion of the layer to the metal base. 

Aluminothermy is one of the main methods for diffusion saturation of the surface of metal products with 

various elements, including boron, and under certain conditions with aluminum, too. The boriding aims at 

increasing the corrosion resistance, the hardness and the wear resistance of the processed products [1,2, 8]. 

In the aluminothermic boriding В2О3 is the major supplier of boron. The flowing of the process is 

guaranteed by the value of ΔG of the reaction of metalothermic reduction:  

         2/3В2О3+4/3Al=2/3Al2O3+4/3B;                                    ΔG=-1134kJ/mol. 

Depending on the content of the boron-containing substance (В2О3) and the reducer (Al), their ratio, and 

the type and amount of the activator in the starting aluminothermic mixture, during the saturation process 

there may go a boriding process alone or bicomponent saturation with boron and aluminum with the 

formation of boride and aluminide phases in different proportions and location in the diffusion layer [1,8].  

The purpose of this article is to summarize the results of our research on the corrosion resistance of steel 

samples processed in aluminothermic saturating mixtures with different content of boron-containing 

substance (В2О3).  

Methods and appliances 
Samples of steel 45 were put to aluminothermic diffusion saturation with boron after being ground, 

weighed and sized in advance. The saturation was conducted in a pressurized steel container at a 

temperature of 1100K, for 6 hours in powdered aluminothermic mixtures with a composition presented in 

Table 1. The content of В2О3 decreases from the optimum - 20% to 0% by a rate of 5%, and the content of 

Al and the activator - (NH4)2.4BF3 is constant, respectively 7% and 0.5% [4-6]. The boriding of the steel 

samples is performed by active atoms of B released in the reduction of B2O3 from Al directly in the 

reaction container.  

The borided samples were put to micro-structural and X-ray structural (PCA) analyses to determine the 

structure and composition of the formed diffusion layer. The microstructure analysis of black and white (in 

a 5% solution of HNO3 in ethyl alcohol) and color developed (in a 5% solution of picric acid) microgrinds 

and the measurement of the thickness (δ) of the diffusion layer were held with a Neophot - 2 microscope. 

The degree of adhesion (S) of the layer to the metal base is defined as the positive square root of the 

deviations of the measured values of the layer thickness from its average values [9]. In order for the 

corrosion resistance to be tracked, boron steel samples were used that were previously weighed on an 

analytical balance with an allowance of 0.0001 g and dimensioned with a micrometer. The samples were 

placed in a 10% solution of HCl at 18-20˚C for 72 h. 
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Table 1. Composition of aluminothermic mixtures for boriding 

№ B2O3, mass % B2O3/Al2O3 Content of Al2O3 

 

1 20 2,0:0,7 72,5 

2 15 2,0:0,93 77,5 

3 10 2,0:1,4 82,5 

4 5 2.0:2.8 87,5 

5 0,0 0,0 : 7,0 92,5 

                                         

A checking sample was placed as well. At the end of the experiment the samples were washed in running 

water, cleaned, dried and re-weighed on an analytical balance. Based on the data for the change in the 

mass of the samples due to corrosion (ΔG) and their full surface (F), the corrosion rate (K), the degree of 

protection (Z) and the coefficient of protection (γ) were calculated [10]. The speed of the corrosion 

process is determined by the loss in weight of the samples as a result of corrosion related to a unit area per 

unit time according to the formula: К = ΔG/ F.τ, g/cm
2
.h; where: K is the speed of corrosion; ΔG – the 

loss of mass due to corrosion, g; F- full surface of the sample, cm2; τ- duration of the corrosion, h. In 

order for the inhibitory properties of the tested diffusion layers to be tracked, the degree of protection (Z) 

and the coefficient of protection (γ) were calculated with the following formulas: Z = (K0 – K i) / K0 x 

100,%;  γ = K0/Ki; where: K0 is the corrosion rate of the control samples; Ki - the corrosion rate of the 

corresponding borided sample. All measurements were performed with three replications.  

Results and discussion 

The results of the tests on the samples put to chemical heat treatment were processed and presented in 

Table 2.  

The data in Tables 1 and 2 show that for high (20% and 15%) content of В2О3 the proportion В2О3 : Al is 

2.0 : 0.7 to 0.93, which according to [8] guarantees the formation of a diffusion layer consisting only of 

iron borides with prevalence of FeB. The layers have the typical prickly structure and high adhesion to the 

metal base, which is also a guarantee for high corrosion resistance (low value of K, and high values for Z 

and γ).  
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Table 2. Parameters of the formed diffusion layers 

№ Composition 

of layers 

structure δ, μm S, μm К, mg/cm².h Z, % γ 

1 FeB,Fe2B,α- 

solid solution 

Inglés 167±35 24,65 0,061 60,38 2,52 

2 FeB,Fe2B, α- 

solid solution 

Inglés 182±28 18,22 0,085 44,8 1,81 

3 FeB,Fe2B, α- 

solid solution 

Inglés 236±10 17,31 0,115 25,32 1,34 

4 Fe2Al5 + 

(FeAl+Fe3Al) 

+ α- phase 

homogeneo

us 

138±21 11,42 0,054 60,97 2,85 

5 aluminide 

phases 

homogeneo

us 

127±9 8,46 0,116 24,67 1,33 

con

trol 

- - - - 0,154 - - 

 

For a 10% content of B2O3 in the starting mixture the proportion B2O3 : Al is already 2 : 1.4, which 

according to [8] leads to the formation of a boron alitized diffusion layer with a predominance of boride 

phases (mainly Fe2B and α-solid solution of boron in the iron). The diffusion layer obtained in the 

saturation has the prickly structure typical for the borides, uniform front of growth, and maximum 

thickness. According to the classification given in [1], this layer may be referred to the first type of boron 

alitized layers, slightly differing from the boride layer. The minimum amounts of Al, dissolved in the 

borides, are a probable reason for the reduction of the degree of adhesion and the decrease in the corrosion 

resistance (K increases to relatively high values, and Z and γ are substantially reduced).  

For a 5% content of B2O3 in the aluminothermic mixture the proportion B2O3 : Al is 2.0 : 2.8, which 

according to [8] suggests the formation of a boron alitized layer dominated by the alitizing. The diffusion 

layer formed with this saturation has a significantly smaller thickness and is dense, homogeneous, with no 

prickly structure, with a white line on the part of the metal base. According to the classification given in 

[1], the main part of this layer consists of aluminide phases - Fe2Al5 + superstructures (FeAl+Fe3Al)+α-

phase. The white strip lying between the aluminide phases and the main metal is probably the boride phase 

represented by Fe2B, with Al dissolved in it. Despite the smaller thickness and degree of adhesion, this 

layer is characterized by the highest corrosion resistance (lowest value of K and respectively, highest of Z 

and γ), thanks to its very good density and dual structure.  

In the last case of diffusion saturation the mixture contains no В2О3, the saturation is with aluminum only, 

and the resulting layer is alitized layer. It is with the smallest thickness, smooth, lacking the prickly 

structure of the boride phases, and there is no white stripe to the metal base. The layer has a homogenous 

structure and uniform growth front, but also the smallest corrosion resistance. The reasons for this are 

probably the small thickness of the layer and the low degree of adhesion to the metal base.  
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The results of the tests for corrosion resistance of the treated samples in 10% HCl show that after a 72-

hour stay in the acid, the most resistant samples are those treated in mixtures №4 and №1, and the ones 

that corrode most quickly are those processed in mixtures №3 and № 5. Although the borided samples 

have high corrosion resistance, in case the samples remain in the corroding agent for a longer period of 

time the results are likely to be different. The reason is the different coefficient of expansion of the steel 

core and the boride layer. When cooled after the chemical heat treatment, the layer is put to tension, which 

may lead to its cracking. This layer is no longer a barrier to the corroding agent. The acid attacks the base 

metal rather than the boride layer. This is confirmed by the fact that the thickness of the boride layers 

separated from the main metal because of the corrosion, measured with a micrometer, is very close to the 

thickness of the layers determined by optical means on metallographic grinds of borided samples.  

 

Conclusions 
1.  An aluminothermic diffusion saturation of samples of steel 45 was implemented in powdered mixtures 

containing minor amounts (below 20%) of В2О3 and variable ratios of В2О3 : Al, and the corrosion 

resistance of the resulting diffusion layers was studied.  

2. It was found out that the best corrosion resistance in 10% HCl was shown by samples processed in a 

mixture with 20% of В2О3 (the layer is only composed of iron borides with prevailing FeB) and in a 

mixture with 5% of В2О3 (the layer consists of aluminide phases - Fe2Al5 + superstructures 

(FeAl+Fe3Al)+α-phase). 
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Abstract: The critical thickness (hcr) for foam films of n-dodecyl -D maltoside (C12G2) and of its mixed 

solutions with dodecanol (C12Е0), hexaethyleneglycol dodecyl ether (C12E6) and dodecyl 

trimethylammonium bromide (C12TAB) of different molar ratio (50:1; 1:1;1:50) at low and high ionic 

strength was measured interferometrically. It was found that the hcr increases with the increase of the 

film radius independently of solutions composition. At low ionic strength the type of surfactant affects 

the critical thickness and the equilibrium state of the film. hcr for the films of mixture with C12E0 

increases with the increase of the total surfactant concentration, while hcr  for the films of mixture with 

C12TAB decreases. For the values of the critical thicknesses for films from individual surfactant 

solutions the following sequence hcr (C12TAB) > hcr (C12E6) > hcr (C12G2) is found. At high ionic strength 

the quantity of nonionic additive does not substantially affect the value of hcr, while the quantity of 

ionic additive influences it by two different ways (i) in 50:1 mixture C12TAB supports C12G2 in the 

reducing of negative charge; (ii) in 1:1 mixture C12TAB recharges the film surfaces. 

Keywords: foam films; n-dodecyl -D maltoside (C12G2); mixed solutions of nonionic and ionic 

surfactants; molar ratios 50:1; 1:1;50:1; experimental critical thickness. 

 Introduction 

Surfactants are used in many chemical, biochemical, pharmacephtical industries because of their 

capability to modify the surfaces (hydrophylisation or hydrophobization), to defend the colloidal particles 

from aggregation and to organize themselves to micelles in the bulk (nanoparticles) in which some useful 

substances (proteins, enzymes, metals), or harmful (stable organic pollutions) are solubilized. There is no 

doubt about the usefulness of the surfactants but their toxicity is also proved.That is why their use in 

practice must be so realized that their usefulness to dominate many times their harmful action. In practice 

it is achieved by using mixtures of surfactants with proven positive synergism. In the studies of 

equilibrium properties [1-2] and the kinetic stability [3-5] of foam films (FF) during the last years are used 

mixtures of surfactants. A subject of the presented study are foam films obtained from mixtures of the 

surfactants: n-dodecyl -D maltoside (C12G2 or G2); hexaethyleneglycol dodecyl ether (C12Е6 or E6); 

dodecanol (C12E0 or E0); dodecyl trimethylammonium bromide (C12TAB or TAB) at wide varied 
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experimental conditions – low and high total surfactant concentration, low and high ionic strength and 

different molar ratios between the components in the mixed solutions. One of the parameters of 

importance fot the kinetic stability of foam film is its critical thickness (hcr). It is the averaged film 

thickness in its critical state which could be a thickness of rupture hbr or thickness of black spor formation 

in the film hbl. It can be measured interferometrically [2-5], or calculated on the bases of equations 

suggested in the literature [6-7]. A new procedure for determination of critical thickness by interferometric 

method from film evolution video has been suggested in [8-9]. Its advantages are that the film thickness 

can be determined in specially chosen places - the area of critical state generating and in some of the 

thinnest places in the film. Realizing of this procedure and its comparison with interferometric method 

with photomultiplier showed its advantage in getting of correct experimental data of hcr. Experimental data 

of hcr of films from mixed solutions can be used in two directions: (i) to check if the dependences of the hcr 

on the surface tension and film radius correspond to those suggested by theory; (ii) to check how the 

surfactant’s type and molar ratio of the components in the mixture at low and high ionic strength influence 

on the value of hcr. The above mention considerations determine the aim of the presented study wich is - to 

obtain systematic experimental data of critical thickness for films with varied radii obtained from mixed 

C12G2 solutions with C12E0, C12E6 and C12TAB of different concentration and molar ratios of the 

components in them at low and high ionic strength. 

Materials, methods and procedures 

The nonionic surfactants: C12G2 purchased from Glycon; C12E0 purchased from Merck; C12E6 

purchased from Fluka. The cationic C12TAB was supplied from Prof. C. Stubenrauch. NaCl and NaBr 

were obtained from Merck and Sigma, respectively.  

In order to be able for comparison the results for different mixtures, all concentrations are given in 

terms of the critical micelle concentrarion (CMC) which was chosen as a reference concentration. Total 

concentrations from 0.01 to 1.0 CMC were used for experiments with foam films at ionic strength 0.1, or 

0.001M. The equilibrium surface tension of mixed solutions from which the foam films were formed was 

measured by Wilhelmy plate method. All experiments were done at 25C  1C. 

  In this study the foam films stabilized by individual surfactants or mixtures of them were investigated 

by microscopic interferometric method with a procedure proposed in [8]. The new element in the 

procedure is the determination of the reflected light intensity from a video recording of the film 

evolution. 

 Results and Discussion  

In the present paper the critical thickness: (i) just before (0.2 s) appearance of the first black spot 

blh (for films which transform into common black film (CBF); (ii) just before (0.2 s) appearance of the 

Newtonian black spot blh (for films which spontaneously pass from common film (CF) to Newtonian 

black films (NBF)) was experimentally determined. 

Experimental data of the critical thickness for films obtained from solution with 0.001 M ionic strength. 

Data about the influence of surfactant’s type and concentration (from 0.1 tо 1.0 CMC) on the 

critical thickness at low ionic strength are presented in Fig. 1. The experimental data show that the value 

of hcr increases with increasing of the film radius, irrespectively of the solution composition – it is in line 

with theory. The close values of hcr for films from mixed solutions at the respective radii show that the 

type of nonionic additive (C12Е6, C12Е0 with short and long chain head) at CMC does not affect the value 

of hcr. Clearly, two opposed tendencies for the influence of the surfactant concentration on hcr can be seen 

from the figure: increasing in the hcr value with increasing of the total surfactant concentration of mixture 

with C12E0 and decreasing in the hcr value with increasing of the total surfactant concentration of mixture 

with C12TAB. It probably could be connected with the role of the ionic surfactant. From one hand it 

adsorbs and decreases the charge in the same direction as C12G2 does, and from the other hand, it acts as an 

organic electrolyte. We assume that up to concentration 0.5 CMC its effect as an electrolyte dominates and 

leads to a decrease in film thickness.  

A difference in the film equilibrium state is found too - the films are stable NBF when they are 

formed from mixed solution with C12E0, (as the films from C12G2 in one of their metastable states), while 



46 Corresponding author: D.Ivanova@shu-bg.net 

         DOI: 10.1515/asn-2016-0007                           ©2016 “K.Preslavsky”University of Shumen. All rights reserved 

they are CF when they are from the mixture with C12TAB (as the films from C12G2 in other of their 

metastable states). According to [9] for films from pure C12G2 (at 1СМС) solution a metastable state was 

observed - CF or NBF arise. 

 

 
Fig.1. Experimental data of critical thickness for foam films of different radii, obtained from individual 

solution of C12G2 and from its mixed solutions with C12Е6, C12Е0  or with C12TAB at molar ratio 50:1. 

Experimental data of the critical thickness for films obtained from solution with high ionic strength 0.1 M. 

 

Fig. 2. Critical thickness for foam films of different radii, obtained from individual surfactant solutions 

In Fig.2 the experimental data of critical thickness for films from solutions of individual surfactants 

– the nonionic C12G2, C12E6 and cationic С12TAB are juxtaposed. The total surfactant concentration is 1.0 

CMC and the ionic strength is 0.1 M in order the electrostatics in the film to be suppressed. One can see 

that the critical thickness for films formed from C12G2 solution are lowest, while those obtained from 

C12TAB solution are highest. Since the investigated systems are placed at the same conditions as it is to be 

expected, the observed differences in the values of critical thickness are not substantial. Regardless of the 

close values for the surface tension of C12G2 and С12TAB solutions the critical thickness for films of these 

solutions are different, which probably is due to their different hydrophilic parts- noncharged, or charged 

ones. At CMC the interfaces of films from С12TAB solution are positively charged. According to [2] the 

surface potential for films from С12TAB solution is an order higher than that for films from C12G2 
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solution. Definitely, the added electrolyte will screen the charges in the films of nonionic surfactant, but it 

is not sure that it would happen to films of ionic surfactant. If on their surfaces there is not a compensated 

charge the critical state will arise at bigger film thickness. In order to prove the assumed supposition films 

from С12TAB solution with 1.3510
-3

 M surfactant concentration and ionic strength 0.4 M were 

obtained.The films at these conditions were Newtonian ones. It means that indeed, at ionic strength 0.1 M 

on films surfaces there is some residual charge. The measured critical thickness at higher ionic strength 

(0.4 M) does not differ substantially from the measured one at lower ionic strength (0.1M). It manifests 

that actually the effect of ionic strength on the critical thickness is not so crucial as it is for the equilibrium 

state. 

hcr(rf) dependences for films formed from mixed solution of nonionic surfactants (C12G2 + C12E6), or 

of nonionic with cationic surfactants (C12G2 +С12TAB) with molar ratio 1:1 at high ionic strength are 

presented in Fig. 3.  

 

Fig.3. Experimental data of critical thickness for foam films of different radii, obtained from mixed 

solutions of C12G2 with nonionic C12Е6 or with cationic C12TAB of molar ratio 1:1. 

The addition of C12E6 does not decrease substantially the value of hcr in comparison with that for the 

films of individual C12G2 solution. It means that the mixed adsorption layer with dominating participation 

of C12Е6 molecules is formed but without expressed synergism. It is in a good correlation with data in [1], 

where the mixture of C12G2 + C12Е6 is considered as an ideal mixture. It presumes a weak interaction 

between C12E6 and C12G2 molecules in the adsorption layer. From the same figure one can see  that the hcr 

for films from mixture of C12G2 : С12TAB = 1:1 is higher again than that for films from C12G2, which 

proves the specific effect of С12TAB on the critical thickness. According to estimations for the 

composition of the adsorption layer from mixture of C12G2 : C12TAВ = 1:1 the contents of C12TAВ in it is 

16%. At this condition C12G2 molecules will have a dominating role in the adsorption layer, because of the 

lower surface activity and higher solubility of C12TAB. Although the content of C12TAB in the adsorption 

layer is relatively low, its presence there makes the layer non-homogeneous and reduces its coherence. 

The presence of domains of C12G2 and/or C12TAB modifies the adsorption layer corrugation capability and 

the probability for arising of black spots increases. 
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Fig.4. Comparison of the values of critical thickness for foam films of different radii, obtained from 

solution of C12G2, C12Е6 and their mixtures of molar ratio 1:1 и 50:1 at 0.1 CMC 

In Fig. 4 four hcr(rf) dependences are shown - for films stabilized by individual C12G2, or C12E6 and 

by their mixture, but at high ionic strength. One can see that hcr(rf) dependence for film from solution of 

pure C12E6 lies in a highest position. Although the value of surface tension of C12G2 solution is highest, the 

films produced from it have not the lowest values of the critical thickness. The difference between hcr(rf)  

dependences for films from mixtures C12G2 : C12E6 = 1:1 and 50:1 is not substantial but they are situated 

below the hcr(rf) dependence for films from solution of pure C12G2. The lower values of hcr for films from 

mixed solutions show that the covered mixed adsorption layers are more packed and thus the films drain 

uniformly to smaller thickness e.g. the probability for arising of the critical state diminishes. 

 

 

Fig.5. Experimental data of critical thickness for foam films of different radii, obtained from solution of 

C12G2, C12TAB and their mixtures of molar ratio 50:1; 1:1 and 1:50  

The measured critical thicknesses for films from individual solutions of the nonionic C12G2, or 

cationic C12TAВ as well as from their mixed solutions are compared in Fig.5. The total surfactant 

concentration of the solutions is 1.0 CMC and the ionic strength is equal to 0.1 M. From the figure it is 

clear that values of hcr for films from solution of single C12TAB and from its mixture with C12G2 (with 

molar ratios 1:1, 1:50) are the biggest, while those for films from the mixture C12G2 : C12TAB =50:1 are 
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the smallest ones. The hcr(rf) dependence for films from mixture of 1:1 molar ratio is situated close to that 

for films stabilized by pure C12TAВ, which is a proof for the determining role of C12TAВ for the charge of 

the mixed adsorption layer. Probably, its adsorption on the interface carries in a charge and film interfaces 

recharge. A proof for this is the type of the obtained films- they are CBF instead of NBF, as the films from 

C12G2 solution. The lower position of the hcr(rf) dependence for films from mixed solution of 50:1 molar 

ratio shows that the both substances affect the film kinetic behavior. The high contents of C12G2 in the 

mixture determines its dominating role and in the adsorption layer (0.992 molar parts). In this mixture 

C12TAВ has a role of additive and although its presence in the adsorption layer is only 0.008 moral parts, 

it leads to a full reduction of the charge. It follows that, in this case, the influence of the adsorption of both 

components on the charge is in the same direction, which leads to a transition to NBF.  

Conclusions 

The critical thickness for foam films (with radii from 0.05 to 0.15 mm) of C12G2 and its mixed solutions 

with C12Е0, C12E6 and C12TAB at low and high ionic strength are measured interferometrically. 

From the experimental data presented in Figs 1-5 the following conclusions have been drawn: 

1. The critical thickness increases with the increase of the film radius independently of solutions 

composition.  

2. For the values of the critical thicknesses for films from individual surfactant solutions the 

following sequence hcr (C12TAB) > hcr (C12E6) > hcr (C12G2) is found. 

3. The critical thicknesses for films from mixed solutions of C12G2 with C12E6 of different molar 

ratios are close, but they are lower than those for films of individual C12G2 solution. 

4. At low ionic strength the type of surfactant affects the critical thickness and the equilibrium state 

of the film. hcr for the films of mixture with C12E0 increases with the increase of the total surfactant 

concentration, while hcr for the films of mixture with C12TAB decreases. In both cases at 1.0 CMC the 

films are stable and their thicknesses tend to the metastable forms of C12G2 films. 

5. At high ionic strength the quantity of nonionic surfactant does not substantially affect the value of 

critical thickness, while the quantity of ionic surfactant influences it by two different ways, according to 

its molar ratio in the mixture:(i) in mixture of molar ratio 50:1 C12TAB acts as an additive and supports 

C12G2 in the reducing of negative charge; (ii) in mixture of molar ratio 1:1 C12TAB has a dominating role 

for the charge and it recharges the film surfaces. 
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Abstract: Bacterial EPSs (exopolysaccharides) are believed to play an important role in the 

environment by promoting survival strategies such as bacterial attachment to surfaces and nutrient 

trapping, which facilitate processes of biofilm formation and development. These microbial biofilms 

have been implicated in corrosion of metals, bacterial attachment to prosthetic devices, fouling of heat 

exchange surfaces, toxicant immobilization, and fouling of ship hulls. In this paper, data on EPS 

production and the effect of EPS on corrosion of steel produced by Lactobacillus sp. are presented and 

discussed. Lactobacillus delbrueckii K27, Lactobacillus delbrueckii B8, Lactobacillus delbrueckii KO43, 

Lactobacillus delbrueckii K3, Lactobacillus delbrueckii K15 and Lactobacillus delbrueckii K17 was 

obtained from Collection of Department of General and Applied Microbiology, Sofia University. It was 

tested for its ability to produce exopolysaccharides when cultivated in a media containing 10% sucrose, 

10% lacose and 10% maltose. The study of the corrosive stability of steel samples was conducted on the 

gravimetrique method. The rate of corrosion, the degree of protection, and coefficient of protection have 

been calculated. The structure of layer over steel plates was analysed by SEM (scanning electron 

microscopy) JSM 5510. It could be underlined that 10% sucrose, 10% lactose and 10% maltose in the 

media stimulated the process of protection of corrosion. 

Keywords: exopolisaccharides, corrosion, inhibitors  

Introduction 

Lactic acid bacteria (LAB) are one of the microorganism groups widely distributed in the 

biosphere. They belong to a group of Gram-positive, nonsporing cocci or rods, anaerobic bacteria that 

excrete lactic acid as their main fermentation product into the culture medium. In a variety of ecological 

niches, microorganisms compete with each other for survival and through evolution form unique flora. In 

some food ecosystems, LAB constitute the dominant microflora. These organisms are able to produce 

antimicrobial compounds against competing flora, including food-borne spoilage and pathogenic bacteria 

[7]. Under unfavorable environmental conditions many species of LAB also produce EPSs, which protect 

themselves against desiccation, bacteriophage and protozoan attack [40,48,49]. EPSs is a term first used by 

Sutherland [44] to describe high-molecular-weight carbohydrate polymers produced by marine bacteria. 

Based on their sugar compositions, the EPSs can be divided into homopolysaccharides (HoPS), composed 

of a single type of monosaccharide, and heteropolysaccharides (HePS), containing several types of 

monosaccharide [12]. LAB can produce a large structural variety of EPS and oligosaccharides from 

glucose that differing in size, molecular organization, chemical composition, structure, and genetic 
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determinants [34] through the activity of glycansucrase and glycosyltransferase (GTF) enzymes. The main 

genes involved in HoPS production are glucansucrase and levansucrase genes [18,27,45,46].  

HoPS are composed entirely of only one type of monosaccharide, i.e. D-glucose or D-fructose. As 

such, HoPS are α-glucans, β-glucans or fructans. HoPS synthesis is a relatively simple process and as there 

are no active transportation stages in the synthetic pathway, there is no energy expenditure, other than 

biosynthesis of the extracellular enzymes. These extracellular enzymes, collectively termed 

glycosyltransferases (or glycansucrases) include glucosyltransferase (GTF or glucansucrase) and 

fructosyltransferase (FTF or fructansucrase). These enzymes utilise glucose and fructose as the glycosyl 

donor during HoPS synthesis [32]. 

α-Glucans are found to be most common in LAB HoPS structure, with fewer β-glucans. There are 

four types of α-glucans – dextrans, mutans, reuterans and alternans – currently recognised. Dextrans are a 

large class of extracellularly formed glucans produced by the genus Lactobacillus, Leuconostoc, and 

Streptococcus, of which Leuc. mesenteroides and Leuc. dextranicum are the well-known dextran 

producers. Although each bacterial strain produces a unique glucan, a common structural feature of all 

dextrans is a high percentage (up to 95%) of α- 1,6 linkages with a smaller proportion of α-1,2, α-1,3, or α-

1,4 linkages resulting in a highly branched molecule [16]. Dextrans are synthesized outside the cell by 

dextransucrase, which catalyzes sucrose to produce D-fructose and D-glucose, and transfers the latter to an 

acceptor to form dextran. The reaction is as follows: 

sucrose + glucan acceptor dextran or mutans + D-fructose 

Dextran, synthesised by Ped. Pentosaceus CRAG3 Leuconostoc mesenteroides, Leuconostoc 

amelibiosum and Lb. curvatus, has an α-1,6-glucan repeating unit with occasional α-(1,3) branches [42]. 

Glucans with mainly α-(1,3) linkages are termed mutans and those with majority α-(1,4) linkages are 

reuterans. Glucans with alternating α-(1,3) and α-(1,6) linkages are referred to as alternans. Curdlan is an 

example of an insoluble, uncharged HoPS with a repeating unit of β-(1,3)-D-glucan [35]. This HoPS was 

first discovered to be produced by Alcaligenes faecalis var. Myxogenes 10C3, later renamed 

Agrobactelium biosp. 10C3 [31]. 10C3 is not a LAB, such a β-(1,3)-D-glucan is produced in high levels by 

Lactobacillus suebicus and at least three strains of Pediococcus parvulus, all originating from spoiled cider 

[9; 47]. In these strains, two distinct molecular species are found to be produced by each strain at different 

ratios; a β-(1,3)-D-glucan of molecular weight 10
4
 Da and one of 10

7
 Da.   

Mutans are synthesized in a similar way by S. mutans and S. sobrinus [33]. However, mutans differ 

from dextrans in containing a high percentage of β-1,3 linkages, which are attributed to the insoluble nature 

of this type of polymers [19]. Some S. salivarius strains are able to produce fructans of the levan type with 

2,6-linked β- fructofuranoside residues [3]. An extracellular enzyme levansucrase is involved in 

hydrolyzing sucrose and transferring D-fructose to growing fructan chains to form levans: 

sucrose + fructan acceptor levan + D-glucose 

Fructan HoPS are synthesized from sucrose by fructosyltransferase and can be divided into two 

groups, levan-type and inulin-type [32,36] Levan contains β-(2,6)-fructosyl linked units, with occasional β-

(2,1) branches. Conversely, inulin contains β-(2,1)-fructosyl linked units, with β-(2,6) branches and is 

composed of linear chains of varying lengths of D-fructopyranosyl residues with a terminal D-glucose 

residue [41]. Aside from levan and inulin, alternan is an example of an α-glucan polymer often found in the 

food industry, produced by the alternansucrase enzyme of Leuconostoc mesenteroides and comprised of 

alternating α-1,6 and α-1,3 glycosidic bonds [38].   

Another type of homopolysaccharide is the galactan produced by Lc. lactis ssp. Cremoris H414, 

which is composed of a branched pentasaccharide repeating unit as shown below [13].  

4)- β-D-Galp-(1,3)- β-D-Galp-(1,4)- α-D-Galp-(1  

3 

 
1 

β-D-Galp-(1,3)- β-D-Galp  
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A Pediococcus strain produced a β-D-glucan with a trisaccharide repeating unit [28]. Lactobacillus 

spp. G-77 has been shown to produce a 2-substituted- (1 3)- β-D-glucan, identical to the EPS produced by 

P. damnosus 2.6 [14]. Lactobacillus spp. G-77 also produced a α-D-glucan composed of a trisaccharide 

repeating unit [15]. Recently, van Geel-Schutten et al. [10] reported for the first time the production of a 

fructan by Lb. reuteri strain LB121 with raffinose as a sugar substrate; this strain also produced both a 

glucan and a fructan on sucrose. 

The majority of EPS produced by LAB are heteropolysaccharide, or HePS. The HePS synthesis 

mechanism is more intricate, with the precursor nucleotide units UDP-GalNac, GDP-fucose, dTDP-

rhamnose, UDP-galactose and UDP-glucose being synthesised intracellularly from glucose-1-phosphate 

and fructose-6-phosphate. These sugar nucleotides are attached by priming GTF to an isoprenoid alcohol 

glycosyl carrier lipid, C55-polyprenyl phosphate [26]. In comparison with the homopolysaccharides, the 

production of heteropolysaccharides by LAB is much lower (60 to 400 mg L
-1

) [43]. Generally, the 

heteropolysaccharides are synthesized intracellularly at the cytoplasmic membrane utilizing sugar 

nucleotides as precursors for the assembly of polysaccharide chains [4]. 

 Kefiran is an example of a heteropolysaccharide synthesised by Lactobacillus kefiri and 

Lactobacillus kefiranofaciens and is found in the fermented dairy beverage Kefir. Kefiran is a water-

soluble branched glucogalactan, composed of a hexasaccharide repeating structure with near equal 

quantities of glucose and galactose residues (1 : 1.05) [29]. The molecular weight of Kefiran is a matter of 

debate. A complex molecular organization is responsible for genes involved in HePS biosynthesis [8]. The 

structure, composition, and viscosity of EPS depend on several factors, such as the kind of strain, the 

composition of the culture medium, mineral salts, trace elements, and fermentation conditions (e.g., pH and 

temperature) [8]. A majority of exopolysaccharide backbones have repeating units composed of glucose, 

galactose, and rhamnose, which occur in different ratios and different anomeric configurations and are 

connected by different linkages. Occasionally, aminosugars such as N-acetyl-d-glucosamine and Nacetyl-d-

galactosamine as well as non-carbohydrate substituents (sn-glycerol-3-phosphate, phosphate, and acetyl 

groups may also be present in EPSs [39]. 

Considerable progress has been made in discovering and developing new microbial EPSs that 

possess novel industrial significance [37]. Bacterial EPS are believed to play an important role in the 

environment by promoting survival strategies such as bacterial attachment to surfaces and nutrient trapping, 

which facilitate processes of biofilm formation and development [5]. These microbial biofilms have been 

implicated in corrosion of metals [20-25], bacterial attachment to prosthetic devices, fouling of heat 

exchange surfaces, toxicant immobilization, and fouling of ship hulls [1,6].  

 In this paper, data on EPS production and the effect of EPS on corrosion of steel produced by different 

Lactobacillus sp. are presented and discussed. 

 

Materials and Methods 

 

Strains 

 

Lactobacillus delbrueckii K27, Lactobacillus delbrueckii B8, Lactobacillus delbrueckii KO43, 

Lactobacillus delbrueckii K3, Lactobacillus delbrueckii K15 and Lactobacillus delbrueckii K17 was 

obtained from Collection of Department of General and Applied Microbiology, Sofia University. 

 

Media 

 

The strain cultivated in media of MRS (de Mann Rogosa Sharpe, Biolife 272-20128, Milano, Italia) 

in composition, g/L: Tween 80—1; pepton from casein—10.0; meat extract—8.0; yeast extract—4.0; 

K2HPO4—2.0; sodium acetat—5.0; amonium citrate—2.0; MgSO4·7H2O—0.2 and MnSO4—0.05. The pH 

of media was adjusted to 6.5 with 1 M NaOH. The basic media was sterilized by autoclaving at 121 °C for 

20 min, and carbohydrates supplemented were sterilized using 0.22 μM filters (Manisart®). The basic MRS 

broth was supplemented with 10% sucrose; 10% lactose and 10% maltose to be tested. 

 

Study of the Corrosive Stability 
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  The study of the corrosive stability of steel samples was conducted with the gravimetrique method. 

Before use, steel panels ( 10 × 4 × 0.2 mM) were treated with 70% C2H5OH, washed with water and dried 

in an oven, cooled in a desiccator, weighed on a balance and kept in a desiccator unit used. The weight of 

the samples was measured using analytical balances. The dimensions of the samples were measured with 

micrometer. Three types of experimental series were performed: 

(a) cultivation of the studied strain in mMRS media with 10 % of sucrose; 

(b) in mMRS media with 10% lactose; 

(c) in mMRS media with 10% maltose. 

Initially the steel samples were added in two variants: deproteinised supernatant and free cell supernatant. 

Then the steel samples were added in HCl as control probe and a dilution (3: 100) of the cultural media of 

the studied strain was added as inhibitor of the corrosion. The duration of the procedure was 120 h at 18 °C. 

After the treatment the steel samples were washed with water and dried to constant weight. The structure of 

layer over steel plates was analised by SEM (scanning electron microscopy) JSM 5510. 

 

Parameters of Corrosion 

 

After retrieval, the corrosion products were removed when washed with water. They were dried in 

an oven. After the removal of corrosion, steel plates were cleaned and reweighed as above to estimate 

weight loss. The rate of corrosion, the degree of protection, and coefficient of protection were calculated. 

The corrosion rate K (g/cm2·h) was presented as follows:  

К = ΔG / S · τ (1)  

Where, Δ is the corrosion rate; ΔG—losses of mass consequence of corrosion, g; S—is the area of plates, 

m
2
; τ—is duration of the corrosion, h.  

In order to track out the inhibitor properties of EPS synthesized in media, the degree of protection (Z) and 

coefficient of protection (γ) have been calculated using the formulas:  

Z = (K0 – Ki) / K0 × 100, % (2) 

γ = K0 / Ki (3) 

Where, K0 is the corrosion rate in control media; 

Ki—the corrosion rate in test media 

 

Results and Discussion 

 

Corrosion of metals is a serious and challenging problem faced worldwide by industry. It has been 

estimated that the yearly corrosion damage costs are currently equivalent to 4.2% of the U.S. gross national 

product. These costs could be greatly reduced by better and wider use of corrosion protection techniques. 

Traditional methods of corrosion protection involve the use of organic coatings to protect metal surfaces 

through barrier and passivation mechanisms. Prevention of or reduction in the rate of corrosion may be 

accomplished by the useof a biological, environmentally friendly anti corrosive layer at the metal interface. 

The presence of EPS associated with bacterial cells can be recognized by the formation of colonies in 

mucous solid medium [11]. Therefore, the presence of a translucent or creamy material involving a mucoid 

colony is indicative of EPS production potential. When cultivated in a media with high content of 

saccharides such as 10% sucrose solutions, 10% lactose solutions, and 10% maltose solutions, strain L. 

bulgaricus K27 synthesizes exopolysaccharides (Fig. 1). 
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Figure 1. EPSs (exopolysaccharides) produced by L. bulgaricus K27 cultivated in a media containing 10% 

maltose, which are secreted in the culture medium. 

 

Similar experiments have also been demonstrated by other authors [17, 30]. Homopolysaccharides 

produced by GRAS (Generally Recognised as Safe) lactic acid bacteria are often synthesised by a single 

extra-cellular sucrase enzyme, using only sucrose as substrate [30]. They can be produced in largest 

quantities (bulk scale). Moreover, their structure can be modified allowing optimisation of their 

physicochemical properties. By means of cyclic voltammetry, impedance measurements and potential 

monitoring the electrochemical behaviour of a new type of anti-corrosive biopolymers has been studied, 

which can be deposited upon metal surfaces as layers.  

The six strains Lactobacillus sp. was cultivated in a media containing 10% sucrose, 10% lactose, and 10% 

maltose for 12 h. The steel samples were placed in HCl as control probe and a dilution (3: 100) of the 

cultural media of the studied strain was added as inhibitor of the corrosion. The received results are 

presented in Table 1. 

 

 

Table 1. Characterization of the protective properties in HCl with added supernatant. 

 

№ 

sample 
Media The quantity 

of the 
supernatant in 

seawater, % 

Кx10
-2

,g/m
2
h Z,% γ 

1 Control*  0.446 - - 

2 K27 sucrose 3 0,243 45,52 1,835 
3 B8 sucrose 3 0,275 38,34 1,622 
4 O43 sucrose 3 0287 35,65 1,554 
5 K3 sucrose 3 0,302 32,29 1,477 
6 K15 sucrose 3 0,350 21,52 1,274 
7 K17 sucrose 3 0,318 28,70 1,403 

8 K27 lactose 3 0,343 23,09 1,300 
9 B8 lactose 3 0,289 35,20 1,543 

10 O43 lactose 3 0,348 21,97 1,282 
11 K3 lactose 3 0,350 21,52 1,274 
12 K15 lactose 3 0,362 18,83 1,232 
13 K17 lactose 3 0,323 27,58 1,381 
14 K27 maltose* 3 0,227 49,10 1,965 
15 B8 maltose 3 0,298 33,18 1,497 
16 O43 maltose 3 0,197 55,83 2,264 
17 K3 maltose 3 0,273 38,79 1,634 
18 K15 maltose 3 0,285 36,10 1,565 
19 K17 maltose 3 0,245 45,07 1,820 

*The steel plates were photographed after washing; results are mean ± SEM of three separate trails. 
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From the presented data in Table 1 the protective effect in all studied cases was proved. The coeffi cient of 

the protection of corrosion varied between 2,264 and 1,232. From the obtained results is clear that the 

protection of corrosion was higher in the case when 10% maltose for strain L. delbrueckii K27 and a 10% 

sucrose for strain L. delbrueckii K27  were used. In our previous studies [20-25], it was shown that at the 

presence of high concentration of lactose (5% to 15%), high concentration of sucrose 4%, mixed sucrose 

4% and 2% maltose and mixed sucrose 5% and 5% maltose, mixed 5% sucrose and 5% fructose and mixed 

5% sucrose and 5% fructose, high concentration of lactose, sucrose and fructose (10%) the strains 

Lactobacillus delbrueckii B5, L. delbrueckii K27, L. delbrueckii B8, L. delbrueckii O43, L. delbrueckii K3, 

L. delbrueckii K17, and L. delbrueckii K15 and Lactobacillus fermentum Ts synthesized 

exopolysaccharides which have inhibitory properties. It is well known that some lactobacillus strains such 

as genus Leuconostoc secreted trans glucosidases after cultivation in the presence of sucrose. The structure 

of the layer over the steel plates was analyzed by Scanning electron microscopy. The results from this 

procedure are shown in Fig. 2. 

 

 
A                                                              B 

Figure 2.  Biofilm formed by L. delbrueckii K27 on the surface of mild steel, visualized using SEM. (A) 

Steel plates after corrosion in HCl with inhibitor supernatant obtained of 10% maltose; (B) control—steel 

plates after corrosion in HCl. 

  

The biofilm makes it not easily corrodible in seawater, supplemented with cultivated ambient from 

the same strain grown in a composite of 10% maltose (Fig. 2a). Fig. 2b shows a picture of a steel surface 

sample treated directly with HCl. The observed lamellaes are most probably FeCl2 crystals, product of the 

corrosion. Microscope techniques provide information about the morphology of microbial cells and 

colonies, their distribution on the surface, the presence of EPS (Fig. 2a) and the nature of corrosion 

products (crystalline or amorphous; Fig. 2b). They can also reveal the type of attack (e.g., pitting or 

uniform corrosion) by visualizing changes in microstructure and surface features after removal of the 

biofilm and corrosion products (Fig. 2b). Biofilm [11] of a polysaccharide producing culture Delta marina 

was found to act as a strong corrosion inhibitor with almost complete passivation of mild steel, reducing the 

corrosion rate by 95%. From this, it is evident that some microorganisms and/or their polysaccharides can 

act as a strong corrosion inhibitors. Some polysaccharides are reported to exhibit the strongest stability 

constant for Fe
3+

 ions [11]. Such a complex may serve as a corrosion inhibitor. The observed inverse 

relationship between EPS and the corrosion rate of mild steel suggests that such a metal-polysaccharide 

complex was probably involved in developing a protective film on the metal surface in natural sea water. 

The data suggest that biofilm EPS inhibits the corrosion of mild steel in HCl. 

 

Conclusions  
 

From the received results it was evident that a 10% sucrose, 10% lactose or 10% maltose 

stimulated the formation of microbial biofilm inhibiting the corrosion of steel. The present research 

confirms the result of the pilot project [2] that polysaccharides made by microorganisms show anti-

corrosive properties. Especially, homopolysaccharides showed interesting results for the protection of steel. 

Measurements indicate that it takes some time for layers of biopolymers on the metal to build a complete 

protective layer. The data showed that Lactobacillus sp. produce EPS, which serve as corrosion inhibitor 
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for mild steel. Further studies are needed to evaluate the potential of the biofilm exopolysaccharides as 

anticorrosive agents. 
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Abstract: Cultural heritage of the European civilization constitutes cultural and spiritual property of the 

ancestors, as well as current generations of the Varna city. It represents both material and non-material 

value, defines the European culture. It includes all the environmental consequences arising from the 

interaction between the man and the surroundings over the course of history. Assessment of tourist 

potential of Varna performed on 9-14th September, 2014, by the members of the “European Traveler” 

scientific circle, students of tourist and recreation, as well as heritage and culture tourism at Kazimierz 

Wielki University in Bydgoszcz, made it possible to identify the main points of tourist recognizability in 

relation to the city and region. The staid points are predominantly based on the unique cultural assets of 

the city and the region – in large measure related to the origins of the European civilization – as well as 

current cultural events organized in the city. 

Keywords: culture, history, tourist and EU countries. 

 
Introduction 

 

Well-preserved cultural heritage is fundamental for European cities in order to be transnational and 

well-recognizable among tourists. Each city founded in Europe has its own cultural heritage consisting in 

achievements in the fields of archaeology, architecture, art and technology, which was created in the course of 

historical development [3]. The community-like approach of the European Union to city cultural heritage is 

evident in the policy of many European institutions. The Council of Europe and the Committee on Culture and 

Education of the European Parliament in particular, are the originators of numerous initiatives for all the EU 

countries, for instance European Heritage Days, the Night of Museums, Europa Nostra Awards, and European 

Year of Intercultural Dialogue. European cities are encouraged to get involved in such events in order to 

enhance their recognizability. Apart from providing the opportunity to learn about cultural heritage, the 

projects teach respect for identity and cultural diversity [1]. Many cities and towns of the national or regional 

significance have a chance to develop their tourist potential through the promotion of the European common 

cultural heritage and related cultural diversity.  

Varna, which is the second largest populated city in Bulgaria, one of 28 member states of the European 

Union, stands out from other cities in the country in terms of cultural heritage. Polish- Hungarian king 

Wladyslaw III of Varna arrived there in 1444 at the head of Polish, Hungarian, Czech, Croatian and Italian 

troops. Varna was founded at the beginning of the 6th century BC, as one of the Greek colonies. The Greeks 

established the Odessos settlement at the site of the contemporary city of Varna and named it in honor of 
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Homer’s Odysseus. Soon after that, the settlement evolved into both a fortified stronghold and one of major 

urban centers. 

Single objects dating back the period in question have been preserved to the present day and can be 

seen at Varna Archaeological Museum. A unique collection of gold objects discovered in the graves of a 

prehistoric burial mound in Varna is one of the most precious exhibits from the Greek times. 

The Balkan Peninsula was conquered by the Romans in the 2nd century BC. The ruins of thermae 

constitute a remnant of the Roman times and a characteristic tourist attraction in the centre of the city [2]. 

 

1. Varna. History of the city and region. 

 

The history of the city of Varna is inextricably linked with the history of the Balkan Peninsula, and to 

be more precise, with the antiquity of the west coast of the Black Sea. According to historical sources, the area 

of present-day Bulgaria was originally inhabited by Thracians. However, at the Archaeological Museum we 

may learn that the first human traces in Varna date back to the Palaeolithic era, i.e. approx. 100 000 years BC 

[7]. 

In the 7th and 6th century BC the Balkan Peninsula became a colony of the Greeks. Later, the 

settlement which had been founded in the 6th century developed into a city-state. Odessos became an 

important centre on the Black Sea coast. The city had a right to mint its own coins and conducted commercial 

exchange with Athens, the Ionian Islands and Asia Minor, as well as with the Thracian tribes [2]. 

The area of the present-day Bulgaria fell under the domination of the Roman Empire in the 2nd century 

BC. Odessos lost the city-state status but still remained an important centre on the Black Sea coast. It headed 

the so-called Pontic Association of Towns, composed of 5 Greek colonies.  

Under the Roman rule, Odessos developed into an important trade centre. The Romans surrounded the 

city with fortifications and constructed numerous public buildings, including amphitheatre and gymnasium. 

There are numerous traces of the Roman civilization in Varna to date. There is a unique architectural 

monument in the heart of the city centre – the ruins of Roman thermae built in the 2nd century AD. The 

visitors of the Archeological Museum have an opportunity to see Roman jewelers, dishes, and coins dating 

back to the Roman and Byzantine Empire period. 

The present-day name was given to the city by the Slavs, who destroyed Odessos and founded a new 

city in the 6th/7th century. In the 7th century, Varna became the most important port in the first Bulgarian-

Slav country. The Byzantine Empire regained the city for a short period of time in the 10th century, yet lost it 

to the revived Bulgarian state at the turn of the 12th and 13th century. In the 14th century, the city was 

captured by the Ottoman Turks and was subdued by the Turks. In the 19th century, after nearly 500 years, the 

country regained its autonomy. The Bulgarians tried to win independence throughout the entire period. One of 

the most important battles that went down in history of both Bulgaria and Poland was the so-called Battle of 

Varna. Wladyslaw III, the Polish king, also known as Wladyslaw of Varna, led the combined forces of Poland, 

Hungary, Czech, Croatia and Italy to fight the Turkish army. Having far more numerous armies, the Turks 

were victorious. To this day there is a mausoleum of Wladyslaw III at the site of the great Battle of Varna. 

 Varna regained its independence in 1878, after the Russo-Turkish war. 

 

2. Architectural monuments as the subject of tourist recognisability of the city 

 

The tourist recognizability made both the city and the region of Varna popular not only in Bulgaria but 

also in Europe [4]. It engages the local authorities in the organization of cultural events and significantly 

increases the number of tourists and visitors. 

The architectural value, which generates the basic tourist flow, is the foundation of Varna’s tourist 

recognizability. The ancient, medieval and modern cultures that existed and interlaced throughout the history 

made Varna so unique in terms of architecture. 

 

2.1. The ruins of the Roman thermae 

 

The imposing ruins of the Roman baths, surrounded by modern buildings, are located in the heart of the 

Varna’s city center. These are the thermae – one of the most important architectural building and a must-see 

site in Varna. The baths were constructed in the 2nd century AD, during the reign of Emperor Antoninus Pius.  

Originally, the building was approx. 20 meters high and covered an area of nearly 10 000 m
2
. 

Nowadays, 5 rooms with bathing pools and the fragments of complex water supply system are all that remain 
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of the ancient thermae. In the Roman times, the interior of the bath was marbled, the floors were decorated 

with mosaics, and the stone statues added variety to the appearance of the rooms. There was also an 

independent heating system in the thermae. However, it was devastated by a powerful earthquake in the 5th 

century. 

The basic elements of tourism development were implemented in order to bolster tourist attractiveness 

of the thermae. The ruins were enclosed and the opening hours were set. 

Right at the entrance gate, there is a plaque depicting the thermae’s history. There are also bath 

architectural plans on the walls. In addition, each bathing chamber has its individual name written on a board.  

 
Photo 1. The ruins of the Roman thermae in Varna. Private source. 

 

2.2. Archaeological Museum 

 

 Varna Archaeological Museum is one of the largest and the richest in exhibits museums in Bulgaria. 

The imposing Renaissance building, which in the past served as a girls-only high school, was founded at the 

beginning of the 20th century. 

 The collections of the Archaeological Museum cover the period from the first traces of a man in the 

land of Varna, i.e. from the Palaeolithic era, to the Ottoman rule. The oldest exhibits are primitive stone tools, 

which were found during the construction of a power plant in the valley of the Devinia River, and also during 

archaeological works in Pobiti Kamani, i.e. the Stone Desert. An exhibition of gold ornaments found in 

prehistoric tombs is the largest in terms of the exhibits. Visitors can also find many everyday items belonging 

to the Thracian tribes who lived here in the Bronze Age. 

Around the 5th millennium BC, the local population entered a new period of development. A number of 

exhibits date back to this period, including tools made of bones, horns and stones, clay and objects of 

zoomorphic appearance. There are also original dishes of 4500 – 4000 BC. They resemble ornamented 

rectangular bowls with legs. Moreover, there was a breakthrough discovery of 3 graves dug out on the 

northern shore of Varna Lake. The find consisted of 1000 gold items, including 31 necklaces, and showed 

social diversity of prehistoric people living in these areas [7]. 

The so-called Varna Golden Treasure, discovered during archaeological works carried out in the 

prehistoric cemetery in Varna in the 1970s, constitute the most valuable exhibits in the museum. The 

discovery spanned 294 graves containing gold objects. It is worth noting that the archaeological excavations 

have not been completed yet. About 30% of the estimated necropolis are yet to be restored. 

The treasure exhibition is displayed in three separate rooms. The museum staff restored one of the 

richest graves. Studies have shown that a man was buried there, probably a leader or a priest – as the tomb 

contained nearly 1.5 kg of gold, copper items, ornaments and tools made of stone. 
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Photo 2. One of the graves restored in the Archaeological Museum. 

 Source: http://www.archaeo.museumvarna.com 

 

2.3. Council – the Theotokos Orthodox Church 

 

The Dormition of the Theotokos Church located in the city centre is one of the most recognizable 

architectural symbols of the city. The temple founded towards the end of the 19th century is a symbol of the 

Bulgarian people’s gratitude for liberation from Turkish servitude. 

The church impresses with both its architecture and interior. Inside the church, there are icons, 

iconostasis and frescoes dating back to the mid-twentieth century.  

 

 
 

Photo 3. The Dormition of the Theotokos Church. Private source. 

  

2.4. Mausoleum of Wladyslaw III of Varna 

 

The Museum of Wladyslaw of Varna is a unique building located in a park in the north-western part of 

Varna, at the site of a historical battle that took place on November 10th, 1444 [5]. During this battle, a young 

leader of the Polish, Hungarian, Czech, Croation and Italian army – Wladyslaw III Jagiellonczyk, later known 

as Warnenczyk, died at the hands of a Turkish warrior. The excavation was initiated by two Czech 

archaeologists. The festive opening of the museum took place in 1935 at the initiative of a Varna citizen – 

Petar Dimkov. 

Right next to the main alley, there is a mausoleum of the Polish and Hungarian king as well as symbolic 

monuments and sarcophaguses of those who took part in the battle and the later liberators of Bulgaria – 

Russians. The symbolic tomb of Wladyslaw of Varna is an accurate copy of the monument located at the 

Wawel Castle in Cracow. According to Kostecki, residents of Varna funded a granite tombstone in 1924. It 
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was placed on the other side of the burial mound where the Mausoleum of Wladyslaw III of Varna was built. 

The tombstone was brought there on shoulders, in a festive procession. The main alley leads to the museum 

pavilion, which stores pieces of exhibitions.  

 

 
 

Photo 4. The sarcophagus of Wladyslaw of Varna Mausoleum. Private source 

 

2.5. Seaside Garden 

 

The Seaside Garden in Varna is probably the largest park located in the Balkans. The origins of the park 

are connected with the Turkish mayor of Varna who set it up in 1862. The park had its heyday during the 

reign of His Majesty Franz Joseph, who put the park in the care of the conservator of Schönbrunn. Numerous 

valuable Black Sea and Mediterranean plants were introduced at that time, many fountains were built. Above 

all, however, the garden area was electrified. During this period, the park area was expanded to 90 000 m
2
. In 

the 1960s, Varna imported plants from the Netherlands, Germany, Czech Republic and France. Yuri Gagarin 

was the guest of honor at the opening ceremony. 

At the main entrance, visitors can find an interesting swan-shaped sundial. There are numerous 

captivating buildings thematically related to sea – Museum of the Navy, which extols the merits of the 

Bulgarian fleet, Aquarium of the Black Sea Museum, where tourists can see various specimens of the marine 

fauna. Furthermore, there is a Dolphinarium offering dolphin training shows. The park is not only thematically 

related to the sea but also to the outer space – there is the Planetarium and the Nicolaus Copernicus 

Astronomical Observatory. One of the most imposing attractions of the park is the Museum of the Navy, 

which features exhibits related to the history of the Bulgarian naval fleet.  

 

3. Cultural events 

 

Events organized in the city are certainly one of the elements that bolster tourist recognizability of 

Varna, i.e. increase tourist traffic. The city, when organizing such events, should encourage visitors to stay 

longer than one day, thus gaining the status of tourists. This can be achieved by offering appropriate 

accommodation and additional attractions. 

 Varna offers a rich selection of festivals, art previews and concerts. Events organized in the city are 

not only of local significance, but also national and international. The selection of events well satisfies both 

ordinary viewers and elite art connoisseurs. There is International Choir Competition organized by the end of 

May, International Theatre Festival in June held as part of the Varna Summer festival. Every second year in 

July the city organizes International Ballet Competition. Music lovers may take part in the annually-organized 

six-week-long Chamber Music Workshop – a folklore festival featuring artists and groups from Bulgaria and 

abroad – as well as International Jazz Festival. Cinema goers, on the other hand, can participate in the 

Romantic Film Festival held under the banner of “Love is Folly”, Golden Rose biennial and World Festival of 

Animated Film. 
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3.1. Varna as the European Capital of Culture 

 

The city selected to hold the privilege and title of the European Capital of Culture for one year becomes 

the cultural centre of Europe [9]. The programme provides an opportunity to the city, region and the entire 

country to present its cultural potential and heritage. For one year the designated city organises festivals, 

concerts, conferences etc., in hope to present itself to a broad audience. The concept of the European Capital 

of Culture arose, first and foremost, to support and strengthens European integration. Cities that seek to earn 

the title must prove their European character. The idea emerged in 1985 and currently constitutes one of the 

best-known concepts proposed by the European Commission. The initiative has positive influence on local 

communities of nominated cities because, according to studies conducted by the European Commission, it 

provides the citizens with the feeling of co-responsibility, pride and social energy. The celebrations of the 

European Capital of Culture were divided into two categories: “the European dimension” and “the city and 

citizens”. The first focuses on the cooperation between the people of culture and the cities of the member 

state, as well as other countries. The latter underlines the significance and value of the cultural diversity of 

Europe, and the fact that it should be honored and properly supported. The city that earns the title receives the 

prize of Melina Mercouri – the initiator of the event – in the amount of 1.5 million Euro. 

In accordance with the decision of the European Parliament and the Council of the European Union, the 

European Capital of Culture of 2019 will be selected in Bulgaria and Italy. Bulgarian cities that compete for 

the title include Burgas, Varna, Veliko Tarnovo, Gabrovo, Plovdiv, Ruse, Sofia and Shumen. The city of 

Varna claims that “the initiative invites [us] above all to recognize culture as a dynamic, as a way of thinking, 

as a creative attitude towards the world and the individual” and seeks to “build over the narrower 

understanding of culture as a collection of various arts, and present it as the driving force for community 

development and improvement of the urban and economic landscape.” Varna anticipates that, should it be 

granted the title of the European Capital of Europe, it will not only be an opportunity to foster cultural activity 

in the city, but will also render it more charming and homely for the citizens, more open to the disabled, and 

more attractive a tourist destination to the citizens of the world. Experience of the past 37 European Capitals 

of Culture proves that effective and reasonable money management stimulates the inflow of tourists, 

positively affects industry and the service sector, and increases the quality and qualification of the human 

resource. The citizens of the cultural capitals tend to improve their self-esteem and, moreover, grow to 

understand that they have a privilege to live in an attractive and unique place. 

 

3.2 World Festival of Animated Film in Varna  

 

The festival was established in 1979 at the initiative of the International Animated Film Association. 

Similar to other film festivals of that time, this too was organized every two years. It was to be held in October 

every odd year. The first six editions of the event conformed to the rule, the last one being in 1989. That year 

the World Festival of Animated Film was organized in Varna. In 2011 the initiative was reactivated and since 

then the event has been organized in Varna on the annual basis.  

 The tenth edition of the World Festival of Animated Film took place in Varna on September 10–14th, 

2014, offering a number of interesting screenings, lectures, presentations and workshops, as well as 

exhibitions, which flooded the city with the finest and newest pieces of animation art. The festival opened 

with two unique exhibitions – one devoted to the work of Jan Švankmajer, a celebrated Czech stop-motion 

animator and surrealist, and one exploring the concept of graphic novel entitled “Spiro – A 5-star hero”. The 

festival competition featured 86 films from 30 countries. “The Best of the World” category presented 26 films 

of 20 countries. The organizers, wishing to emphasize the connection of the event to its beginnings in the 70s 

and 80s, offer a screening entitled “Best Bulgarian animated films awarded during WFAF 1979-1989”.     

 

4. Tourist assets of the Varna region 

 

While exploring the Varna region, it is of importance to discuss the immediate vicinity of the city. Due 

to Varna’s geographical location, tourist attractions can be divided into natural and anthropogenic. While this 

chapter focuses mainly on architecture, Varna’s natural assets may not be overlooked [6] . 

Owing to favorable climate conditions on the Black Sea coast, Bulgarian resorts became well-known 

across the entire Europe. The Bulgarian Coast is 378 km long. The coastline and land relief is diverse, which 

further increases its tourist potential. The coast line to the north is low and composed of loess formations. The 

Dobruja Valley to the south-west descends steeply to the Black Sea. The coast here features high cliffs, the 
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tallest being in Kaliakra – an archaeological reserve. The place features numerous caves, rock niches and other 

beautiful formations. The term “Kaliakra” means “wonderful, beautiful”. The headland owes the name to its 

pink limestone. 

The seaside flora found in the vicinity of Varna represents characteristic vegetation of the Black Sea, 

consisting of deciduous forests with various species of vines and evergreen shrubs. To the south, flora 

becomes enriched with Greek juniper, rhododendron, holly and firethorn. As far as trees are concerned, one 

may note the prevalence of red oaks, sweet chestnuts, walnut trees and oriental beeches. The most valuable 

areas that feature the most interesting clusters of vegetation were included in a nature reserve known as 

Golden Sands Nature Park. 

In close proximity of Varna there is one of the largest resorts in Bulgaria called “Golden Sands”. The 

most famous anthropogenic attraction offered by the resort is the Aladzha Cave Monastry, owing its name to 

the color of karst cliff, in which it was carved. In the summer season one may experience a unique light and 

sound show that presents the impressive history of the monastery. 

Approximately 18 km away from Varna there is yet another archaeological reserve, the Stone Desert. It 

is a cluster of stone columns, which resemble dead tree trunks. The Stone Desert was formed as a result of 

long-term tectonic movements, which lifted the rocks to the surface. The stone trunks initially rested on the 

bottom of the ocean, which can be concluded from the presence of numerous marine fossils. 

When discussing tourist attractions of the Varna region, we must not forget about one of the most 

interesting archaeological monuments in Europe. The vicinity of the picturesque village of Madara offers a 

unique accumulation of the so-called cultural layers. Archaeological research indicated human presence in the 

area from the Stone Age to the beginning of the Middle Ages. A stone wall located approx. 1.5 km away from 

Madara indicated human traces dating back to the Neolithic period. Studies showed that one of the caves 

served as a temple of three nymphs – guardians of water, forests and soil – deities honored by the Thracian 

tribes. For its unique character, the highest value is attributed to a bas-relief depicting a knight triumphing 

over a lion, which likely dates to the 7th century. The item was inscribed on the UNESCO World Heritage list 

in 1979. 

 

Conclusions 

 

Cultural heritage of the European civilization constitutes cultural and spiritual property of the ancestors, 

as well as current generations of the Varna city. It represents both material and non-material value, defines the 

European culture. It includes all the environmental consequences arising from the interaction between the man 

and the surroundings over the course of history. Cultural value of heritage can be discussed in the local and 

regional context, but also in the context of the entire country, continent and even the globe [8]. Cultural 

heritage defines the origins of civilization, explains various processes and behaviors encountered in the 

contemporary world. 

Cultural heritage of Varna and archaeological findings in particular show distinct origins of the 

European civilizations. The world-famous exhibits collected at the Archaeological Museum tell us what the 

life of the prehistoric people was like. Excavations greatly improved our historical knowledge on how the 

society was divided against the background of wealth, sex etc. 

The city of Varna is located in the proximity of two most popular resorts of Bulgaria. The Golden 

Sands resort attracts tourists from all over Europe with its climatic conditions. It is of importance to promote 

tourist assets, and cultural heritage of Varna in particular, to be able to expand our knowledge and foster the 

awareness of the beginnings of the European civilization. Only then will it be possible to elevate most 

significant architecture monuments and Archaeological Museum exhibits to become the driving force of 

tourist traffic. The cultural heritage of Varna needs to become foundation of tourist recognizability, which will 

then evenly distribute tourist’s traffic that otherwise concentrates on the Black Sea coast. 

High level of tourist recognizability of Varna arises from its unique cultural heritage, as well as the 

efforts of the city authorities oriented towards promotion. An important element of tourist recognizability 

involves numerous international cultural events, such as the World Festival of Animate Film, which attracts 

tourists from over 30 countries. One may also not neglect the positive influence that comes from the 

participation in the European Capital of Culture programme, as it is a great opportunity for Varna to present 

its cultural potential. The city, if granted the title of the cultural centre of Europe, could demonstrate its unique 

cultural heritage to tourist from all over the world. It would gain, apart from the financial support in the 

amount of 1.5 million Euros, tremendous promotion in the scale of both Europe and the entire world, which in 

turn would result in a considerable increase in tourist traffic. 
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Assessment of tourist potential of Varna performed on 9-14th September, 2014, by the members of the 

“European Traveler” scientific circle, students of tourist and recreation, as well as heritage and culture tourism 

at Kazimierz Wielki University in Bydgoszcz, made it possible to identify the main points of tourist 

recognizability in relation to the city and region. The said points are predominantly based on the unique 

cultural assets of the city and the region – in large measure related to the origins of the European civilization – 

as well as current cultural events organized in the city. The initiatives to promote Varna beyond its borders, 

such as the World Festival of Animated Film, International Festival of Jazz and the attempt to gain the title of 

the European Capital of Culture 2019 deserve attention and applaud, as they increase the chance of Varna to 

become highly recognizable in Europe, thus stimulating the development of tourism. 
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Abstract: The effects of the carbon and nitrogen substrates on the growth of Bacillus sp. SG113 strain 

were studied.  The use of organic nitrogen sources (peptone, beef extract, yeast extract, casein) leads to 

rapid cellular growth and the best results for the Bacillus strain were obtained with casein hydrolysate. 

From the inorganic nitrogen sources studied, the (NH4) 2SO4 proved to be the best nitrogen source. Casein 

hydrolysate and (NH4) 2SO4 stimulated the invertase synthesis.  In the presence of Jerusalem artichoke, 

onion and garlic extracts as carbon sources the strain synthesized from 6 to 10 times more inulinase.  

Keywords: inulin, inulinase, Bacillus  

Introduction 

Inulin is found in many plants of Compositae and Gramineae. It is accumulated in the underground 

roots and tubers of several plants including chicory (Cichorium intybus, Cichorium endivia), Jerusalem 

artichoke (Helianthus tuberosus), dandelion (Taraxacum officinale), and dahlia (Dahlia pinnata) where it acts 

as storage polysaccharide [1]. About 15% of flowering plant species store fructans as a reserve in at least one 

of their organs during their life cycle [2]. Inulin type fructans are consisting of linear chains of β (2, 1)-linked 

fructose units attached to a terminal sucrose molecule [3]. 

Inulinase (2,1-β-D-fructanohydrolase EC 3.2.1.7) hydrolyses inulin into practically pure fructose, being 

an excellent alternative for the production of fructose syrup [3, 4]. Fructose formation from inulin offers 

advantage as it involves only a single enzymatic step yielding up to 95% fructose [3, 5, 6]. 

Inulinases can be found in higher plants [3, 7] and microorganisms as filamentous fungi, yeasts and 

bacteria [3, 8 - 11]. Microbial inulinases are important industrial enzymes, which are usually inducible and 

extracellular. The production of fructose syrup from inulin or inulin rich materials is a major area of 

applications of inulinases. The main sources of inulin and oligofructose that are used in the food industry are 

chicory and Jerusalem artichoke. Microbial inulinases play an important role in the hydrolysis of inulin for the 

production of fructose syrups [12] and fructo-oligosaccharides [13, 14]. 

Inulinases from various organisms have been reported [15 – 19]. The most common of inulinase 

producers are of the genera Aspergillus and Kluyveromyces together with those of the genera Pseudomonas, 

Xanthomonas, Penicillium, Chrysosporium and Bacillus [20 – 21]. 

 

Materials and Methods  

Bacterial strain isolation – The strain of Bacillus sp. SG113 was isolated from thermal water samples from 

the region of Rupite (Bulgaria) with temperature 68°C and pH 7.5. Five milliliters from samples were mixed 

with 5 ml isolation medium and incubated at 37°C and 50°C for 48 h for enrichment. After that suspensions 
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were heated at 80°C for 10 min because the methods for isolation of Bacillus strains are based on the 

resistance of their spores towards elevated temperatures. After chilling, 5 ml from these suspensions were 

mixed again with 5 ml isolation medium and cultivated 48 h at 37°C and 50°C. Then the samples were serially 

diluted prior to plating 30 μl on meat agar (1.5% (w/v), Oxoid) containing inulin for isolation of single 

colonies. Plates were incubated at 37°C and 50°C for 3 days. Pure colonies were obtained after repetitive 

dilutions in peptone-yeast extract medium with additional inulin (0.2%, w/v) as carbon source which helped in 

the selection of colonies having inulinase enzyme activity. The cultures were incubated at 37°C and 50°C for 

3 days. The active cultures were transferred several times on the same medium, and then individual colonies 

were isolated. Several strains of Bacillus were thus isolated and were screened for exo-inulinase production. 

The strain designated as Bacillus spp. SG113 achieved high enzyme activity, and it was selected for further 

studies and stored at 4°C. 

 

Fermentation medium – The mediun used for strain isolation, maintenance and enzyme production had the 

following composition (g/L): peptone (Oxoid, Basingstoke, UK) – 2.0; yeast extract (Oxoid) – 2.0; K2HPO4 – 

0.4; MgSO4 – 0.08 and inulin (from chicory, Orafti HP, Beneo GmbH, Mannheim, Germany) – 2.0. Inulin 

was sterilized separately for 20 min at 110°C and added to the medium before inoculation. Sterile sodium 

carbonate was used to adjust the medium to pH 7.5 after autoclaving. Erlenmeyer flasks (300-ml volume) 

were charged with 50 ml of medium, inoculated (2%) with a culture previously incubated for 18 h, and 

incubated at 55°C in water-bath (Julabo SW22) shaker, for 24 h, at 200 rpm. 

 

Effect of nitrogen sources – Effect of different nitrogen sources including peptone, beef extract, yeast extract, 

casein (organic N-sources) and NaNO3, KNO3, (NH4) 2SO4 and (NH4)H2PO4 (inorganic N-sources) was 

studied by incorporating 0.4% (w/v) of each N- source in fermentation medium. From each experimental 

design, 5 flasks were inoculated and the results submitted to variance analysis for verification of statistical 

significance (Tukey’s range test). 

 

Effect of carbon sources – For the experiments on the effect of the carbon sources, the media were 

formulated with 2.0% of inulin, garlic and onion extracts, extracts from topinambour (Jerusalem artichoke) 

flours from tubers, and 0.2% of peptone and yeast extract, as nitrogen sources. From each experimental 

design, 5 flasks were inoculated and the results, submitted to variance analysis for verification of statistical 

significance (Tukey’s range test).  

 

Inulinase assay – The culture medium was centrifuged at 4000 rpm for 15 min and the supernatant was used 

as the inulinase source. Inulinase activity was measured by determination of the reducing sugars released from 

substrate inulin by DNS-method [22]. The reaction mixture contained 100 μl substrate inulin (from chicory, 

Orafti HP; 20 g/l, phosphate buffer pH 7.0) and 100 μl enzyme solution. After incubation at 60°C for 20 

minutes the reaction was stopped by addition of 200 μl DNS-reagent. Reducing sugars were determined by 

calibration curve obtained using a standard solution of fructose (Scharlab S.L., Spain). One unit of inulinase 

activity was defined as the amount of enzyme that liberates one μmol of fructose per minute under the assay 

conditions.  

 

Invertase assay – Invertase activity was determined under the conditions described above with the difference 

that saccharose (sucrose) (Scharlab S.L., Spain; 20 g/l in phosphate buffer, pH 7.0) was used as a substrate. A 

calibration curve was obtained using an equimolar standard solution of glucose and fructose. One unit of 

invertase activity was defined as the amount of enzyme that hydrolyzes 1 μmol of saccharose per minute 

under the assay conditions. 

 

Determination of cell growth – The culture growth was determined by the absorbance at 650 nm 

 

Preparation of onion (Allium cepa), garlic (Allium sativum) and Jerusalem artichoke extracts  – Two 

kilograms of the bulbs, tubers or cloves were peeled and chopped, then heated up to 90°C with 2 liters of 

distilled water. The slurry obtained was allowed to cool down and to stand for sedimentation of particulate 

matter. Afterwards, it was filtered through muslin cloth and the filtrate was used in media formulation. 

 

Results and discussion 
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Effects of nitrogen sources 

The strain’s development was most effective when casein hydrolysate was used as organic nitrogen 

source. On the other hand, growth was minimal in the presence of peptone (Figure 1).   

Considering the inulinase activity (Figure 2), the best enzyme yield was observed when both peptone 

and casein hydrolysate were used. Inorganic nitrogen sources such as NaNO3 and KNO3 proved to inhibit the 

growth (Figure 3). The best growth was observed when ammonium sulfate and ammonium dihydrogen 

phosphate were applied as sources of mineral nitrogen. However, the lowest enzyme quantity was synthesized 

when ammonium dihydrogen phosphate was applied (Figure 4), thus making it not suitable for synthesis.  

 

 

 

Figure 1. Effect of organic nitrogen sources on the growth of the Bacillus strain. 

 

Active invertase in the presence of saccharose was not detected except for the cases when ammonium 

sulfate and casein hydrolysate (Figure 5) were applied, due to their ability to stimulate invertase production.  

Casein hudrolysate leads to up to 10 times more invertase activity in comparison with ammonium sulfate.  

 

 

Figure 2. Effect of organic nitrogen sources on the inulinase synthesis. 
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Figure 3. Effect of inorganic nitrogen sources on the growth of the Bacillus sp. SG113 strain. 

 

 

Figure 4. Effect of inorganic nitrogen sources on the inulinase synthesis. 

 

 

Figure 5. Effect of nitrogen sources on the invertase synthesis. 
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Effects of carbon sources 

 

Figure 6. Effect of carbon sources on the inulinase synthesis. 

 

Between 6 and 10 times less enzyme was synthesized in the presence of chicory innulin (Figure 6). The 

growth was also insignificant. Therefore, we can come to the conclusion that the onion, garlic and Jerusalem 

artichoke extracts contain oligofructoses and innulin with lower DP in comparison with chicory innulin Orafti 

HP with DP > 25 (up to 64) according to the information provided by the supplier and that these 

oligofructoses could stimulate both growth and inulinase synthesis. 
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