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Dimitrov 
 
Abstract: The aim of this study was to investigate the levels of antioxidant trace elements (zinc, 

copper, selenium) and the activity of related metalloenzymes (superoxide dismutase: SOD and glutathione 
peroxidase, GPx) in the blood of rabbits experimentally infected with Eimeria stiedae. The results showed 
that blood Se and serum Zn concentrations, the GPx activity were significantly decreased, serum Cu 
concentration and blood Cu/ZnSOD activity were increased. As shown in our data the levels of trace 
elements Zn, Cu and Se and the activity of metallo-enzymes CuZnSOD and GPx were significantly changed. 
Antioxidant trace elements and related metalloenzymes play a vital role in maintaining the antioxidant 
defense system during eimeriosis.  

The importance of the distribution of trace elements used for antioxidant enzyme synthesis should be 
taken in account in the therapeutic support of the parasitized animals, to adjust the nutritional 
supplementation to their specific needs and to propose nutritional support recommendation.   
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INTRODUCTION 
Coccidioses caused by protozoans of Eimeria genus (Apicomplexa: Eimeriidae) is a 

serious problem for the health of rabbits and their production. Of special importance is the 
hepatic coccidia Eimeria stiedae. Hepatic coccidiosis in rabbits is a highly contagious 
parasitic infection. It infects the bile ducts, leading to severe liver disease and death. 
Clinical symptoms are characterized by reduced food consumption, diarrhea or 
constipation, enlargement of liver, ascites, icterus, and finally death [2]. Several 
investigations have revealed that some parasitic infections cause changes in trace 
elements levels and metalloenzymes [6, 11]. There are studies that show that the 
antioxidant protection in liver and lung is severely impaired by a zinc deficiency [13]. Trace 
elements and related metalloenzymes play an important role in a number of essential 
metabolic processes [4]. There are no data concerning blood antioxidant trace element 
levels and an activity of enzymes related with them during the eimeriosis in rabbits. 

The aim of this study was to investigate the levels of antioxidant trace elements (zinc, 
copper, selenium) and the activity of related metalloenzymes (SOD and GPx) in the blood 
of rabbits experimentally infected with Eimeria stiedae. 

 
MATERIAL AND METHODS 
16 healthy New Zealand rabbits, aged 6-7 weeks with a weight 1-1, 5 kg were used. 

During the experiment the rabbits were individually housed in metal cages. They were fed 
with commercial pellet food. Food and water were supplied ad libitum. The absence of 
eimeriae oocysts prior to the experiment was confirmed by fecal examination in rabbits. 

The rabbits were divided into two groups each of 8 rabbits- control, healthy and a 
group infected with sporulated E. stiedae oocysts. The inoculum was prepared according 
to [9] as each ml containing 10000 sporulated E. stiedae. At the day 15 post infection 
blood samples were collected from each rabbit. The level of zinc and copper were 
determined in the serum using flame atomic absorption spectrophotometry using Varian 
Techtran, Model AA 220. Se in the whole blood was performed by the fluorometric method 
of [14]. The blood GPx activity was measured by the method of [1]. Serum CuZnSOD 
activity was determined according to [12]. 
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RESULTS AND DISCUSSION 
Blood Se was significantly decreased at the day 15 p.i. (Fig. 1). Serum Cu 

concentration was significantly increased but Zn concentration was significantly decreased 
(Fig.2).  

  
The activity of the studied enzymes were changed too. Blood GPx activity was 

decreased and serum CuZnSOD activity was increased at the day 15 p.i. (Fig. 3, 4).  

  
 
Our data confirmed that parasitoses could cause deviations in the trace element 

status in the hosts. Parasitic infections induced by Fasciola hepatica [6] and Dicrocoelium 
dendriticum [12] cause trace elements imbalance in the infected hosts as well as lipid 
peroxidation. 

Decreased Se level and GPx activity were well expressed in this experiment. Among 
antioxidant trace elements Se acts in the immune system, antioxidants mechanisms and 
tissue repair [14]. Se is especially involved in antioxidant enzymatic defenses regarding its 
structural function in the act site of selenoenzymes and plays a direct role in the regulation 
in the inflammatory processes by inhibiting transcription factors of several proinflammatory 
mediators. Se intake may be essential in protection against oxidative damage [4]. We 
observed a blood GPx activity depletion as Se used to maintain GPx synthesis. GPx 
activity reduction reflects the blood Se decreased. The decreased GPx activity might be 
associated with excessive free radicals occurring during the infection or a decrease in their 
production as a result of liver damage [3].  Zn modification could be related to the 
generalization of the parasites induced inflammatory response [6].  Zn level is associated 
with impaired endothelial cell barrier function and thus reducing the possibility of entry of 
ceruloplasmin and consequently decreasing the risk of oxidizing low density lipoprotein 
(LDL). Zn status may affect LDL oxidisability or SOD activity [4]. Zn is an essential 
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compound of proteins, biomembranes and various enzymes, maintain their normal 
structure and/or functions. It possess important antioxidant properties that have been 
linked partially to its role as an integral part of CuZnSOD, as a stabilizer of cell membranes 
and as a protective factor of the sulfhydryl groups against oxidation of proteins [4]. 

Cu level was observed to increase in the infected rabbits. In the inflammatory 
processes a rice of Cu level is observed in our study. It can be postulated that the elevated 
Cu level is actually inflammatory markers. Increased serum Cu level which might be 
related to the enhancement of the inflammatory processes. Inflammatory cytokines 
stimulate hepatic synthesis of ceruloplasmin among other reactants. The increase of 
ceruloplasmin which is the major transport protein of Cu may explain the enhancement of 
blood level of Cu [8]. When oxidative stress elevated Zn and Cu mobilization in liver 
contributes to the expansion of antioxidant organism defense. As Cu/ZnSOD and GPx are 
joined in cellular defense against oxidants [8]. Decreased GPx activity together with 
increased Cu/ZnSOD activity revealed unbalanced antioxidant defense capacity. The 
increased MDA level in serum of rabbits infected with E. stiedae and changes in the 
activity of SOD, CAT and GPx showed a development of oxidative stress during the 
infection with E. stiedae [3]. 

Copper and zinc are components of numerous enzymes responsible for 
detoxification and homeostasis protection [8]. Among the major enzymes containing Cu 
and Zn as cofactors CuZnSOD plays a key role to counteract the oxidative stress induced 
by eimeriosis in rabbits. The increase of SOD activity are known to limit the diffusion of 
reactive oxygen species released by injured tissues and therefore to avoid the extension of 
the oxidative burst. SOD activation should interfere in vivo to limit the inflammatory 
process [5]. 

Antioxidant trace elements and related metalloenzymes play a vital role in 
maintaining the antioxidant defense system during eimeriosis. As shown in our data the 
level of trace elements Zn, Cu and Se and the activity of metallo-enzymes Cu/ZnSOD and 
GPx significantly changed. Decreased blood GPx activity and Se level have suggested 
that Se deficiency may have a more prominent effect in hepatic coccidiosis in rabbits. 

The study demonstrates that eimeriosis induced alterations, mobilization and 
localization of antioxidant trace elements. It can be postulated that these alterations reflect 
an adaptive mechanism to counteract the deleterious effect of metabolic disorders and the 
oxidative stress associated with the parasitosis. The interest of combined antioxidant 
supplement to restore a balanced antioxidant status is therefore to be considered in the 
eimeriosis.  

The importance of the distribution of trace elements used for antioxidant enzyme 
synthesis should be taken in account as soon as possible in the therapeutic support of the 
parasitized animals, to adjust the nutritional supplementation to their specific needs and to 
propose nutritional support recommendation.  
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OXIDATIVE STRESS AND HISTOPATHOLOGICAL STUDIES AFTER 

IMPLANTATION OF MODIFIED CALCIUM PHOSPHATE CEMENTS IN 
RAT CALVARIA 

 
P. Dimitrov, M. Gabrashanska, V. Nanev, I. Vladov, N. Tsocheva-Gaytandzhieva, M. 

Alexandrov, D. Rabadjieva 
 
Abstract: The present study was carried out on the biochemical indices (oxidant/ antioxidant status) 

and histological response after implantation of modified cements based on DCPA and TTCP as solid phase 
and tartaric or ascorbic acids as liquid phase in rat calvarial defects. Three groups of rats were used in the 
experiment: 1st gr. - control (received a critical size skull defect, CSD, without any implants, 2nd gr. – with 
CSD and implanted material 1 and 3rd gr. – with CSD and implanted material 2. Biochemical and histological 
studies were done after 2 months of implantation. Serum was analyzed for free radical index contents MDA, 
SOD, GPx and GSH. Quantitative tissue response towards the implants was histologically investigated. MDA 
level was higher in the control group compared to the rest groups. No changes in the enzyme activities and 
GSH content were observed among the groups. No signs of inflammation were noted independently from the 
scaffolds 2 months after implantation. Evidence is provided in our study for good biocompatibility of newly 
biomaterials. Moreover, the suitability of them for other kinds of bone defects has to be proven in further 
experimental studies. 

Key words: bone implants, MDA, SOD, GPx, GSH 
 
INTRODUCTION 
During the last decades a variety of biomaterials have been used for the fabrication 

of orthopedic and dental implants. They serve as matrices for tissue formation and thus 
should fill multiple roles including mechanical strength, biodegradability and 
biocompatibility. Several attempts have been aimed to modify implant composition and 
morphology to optimize implant-to-bone contact and improve integration [5].  

Calcium phosphate cements (CPC) are considered as a second generation of 
bioactive materials for bone regeneration. Their main advantages include the ability for in 
vivo self-setting, good osteoconductive and partly osteoinductive properties, good 
processing, low price, etc. Their drawbacks include low mechanical strength, not well-
defined micro- and macroporosity that are necessary for the formation of interconnected 
pores [4]. 

The aim of the present study was to carry out a comprehensive safety evaluation of a 
newly developed modified cements based on dicalcium phosphate anhydrous (DCPA) and  
tetracalcium phosphate (TTCP)  as a solid phase and tartaric or ascorbic acids as a liquid 
phase. For this reason serum oxidative/ antioxidant status (malondialdehyde, MDA, 
superoxide dismutase, SOD, glutathione peroxidase (GPx) and glutathione (GSH) as well 
as histological studies were done in rats with calvarial defects. MDA is the biomarker of 
lipid peroxidation and the enzymes SOD and GPx are the primary step of the defense 
mechanism in the antioxidant system against oxidative stress [2]. The second line of 
defense includes the non-enzymatic radical scavenger GSH, which scavenges residual 
free radicals resulting from oxidative metabolism and escaping decomposition by the 
antioxidant enzymes [3]. 

 
MATERIAL AND METHODS 
Modified cements preparation  
 Solid phases: Dicalcium phosphate dehydrate (DCPD) and CaCO3 (Sigma Aldrich, 

for analysis) were used as raw materials. Firstly DCPD was thermal dehydrated at 200oC 
and powder DCPA was obtained. The last one was used not only as a solid phase for the 
cement preparation but also as a raw material for TTCP preparation. For this an equimolar 
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mixture of DCPA and CaCO3 (Sigma Aldrich, for analysis) was prepared and sintered at 
1500oC for 5 h.  

 An equimolar powder mixture of the both solid phases DCPA and TTCP was 
prepared and ball milled for 5 h in order to activate the particles surface. The solid mixture 
was fractioned and powder size < 28 µm was used in the experiments.  

 Liquid phases: Tartaric or ascorbic acids (Merck, analytical grade quality) (18% 
solutions) were used as a liquid phase for the cements preparation.  

 Modifiers: Xanthan gum (2% solution) and glycerin (5% solution) were used as 
medium and manipulation modifiers. 

 The solid/liquid ratio was 2.6 g/ml. 
 The cement prepared with tartaric acid is further denoted as CPCt, while this one 

with ascorbic acid – CPCa. 
The resulting samples were characterized by initial and final setting time (Vicat 

needle method [1] and XRD analysis (Bruker D8 advance XRD apparatus). 
Animal models. Eight-week old male rats weighed approximately 350 g were used 

in the experiments. The rats were allocated to three experimental groups. Animals in the 
control group received a critical size skull defect (CSD) with no scaffold implantation. The 
rest two groups received implants as follows CPCt /group 1/ and CPCa /group 2/.  

General anesthesia was given. To create a CSD in the skull the head was shaved 
and cleaned with antiseptic. A lateral longitudinal incision over the head was made under 
aseptic conditions. The skull cortex was drilled and a calvarial bone defect 1, 8 mm wide 
and 6 mm long was created. The biomaterials were implanted into the defect zone and 
their position was checked. The wound was then closed with continuous subcutaneous 
stiches. Animals had free access to food and water and were monitored daily in the 
postoperative period for any complications or abnormal behavior. 

After 2 months the animals were sacrificed with over dose of pentobarbital. Blood 
was collected from the abdominal aorta in collection tubes for serum. 

Histology. Immediately after death, the head was cut off at the atlanto-occipital joint, 
and immersed in 10% neutral buffered formalin for a week. Then the mandible and all 
surrounding soft tissue were removed and the remaining cranium was cut at two 
transversal segments 3-4 mm wide at the calvarias implant levels using a stomatological 
Axis Diamond Disc (Fig. 1). The obtained transversal segments were immersed in 10% 
formic acid for demineralization which lasted at least three weeks at 37°C. The acid 

solution was changed every 24 hours. The 
demineralization process was monitored daily, 
testing the specimens with a needle. Finally the 
specimens were each submitted to a 
neutralization process with PBS pH 7, 2 (3 
changes in 24 hour intervals) and dehydrated in 
ethanol. Than the materials were processed in 
chloroform (3 changes in 24 hour intervals until 
the implants were totally dissolve), embedded in 
paraffin, cut at 6-8 m s e ctio     
hematoxylin-eosin according to the standard 
histological technique. The histological 
evaluation of tissue response against the 
implants was carried out of Leica DM 5000B 
microscope. 

Fig.1. Schematic rat head with a calvaria 
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defect covered with implant. The image shows the implant levels where two transversal 
segments 3-4 mm wide were obtained for histology. 

Serum biochemistry. Serum concentration of malondialdehyde (MDA), glutathione 
(GSH), superoxide dismutase (SOD) and glutathione peroxidase peroxidase (GPx) activity 
were measured by colorimetric assay kits (Cayman Biomol GmbH, Hamburg, Germany).  

 
RESULTS AND DISCUSSION 
Characterization of cements 
Two types calcium phosphate cements derived from DCPA and TTCP and differing in 

the liquid phase were used in this study. The liquid phases were solutions of tartaric acid 
and of ascorbic acids, both of them biocompatible. In addition, xanthan gum and glycerin 
were used in order to improve the manipulation characteristics of the cement samples  

It was found the additives xanthan gum and glycerin lengthened the manipulation 
time [7] due to their hydrophobicity. Further, we expect additional positive influence of 
xanthan gum during the cements contact with the body fluids. Xanthan gum is a natural 
bioresorbable polysaccharide and during its slow dissolution will ensure the necessary 
porosity of the cements that cannot be formed previously. 

The X-ray analysis of cement samples did not reveal the presence of a phase other 
than the starting TTCP and DCPA because of their very small amount. The only 
differences were the decrease in peaks intensity and the appearance of a weak 
amorphous halo that could be related to the surface dissolution of the starting materials 
and the precipitation of an amorphous phase.  

Animals 
Mortality and clinical signs. No behavior changes or visible signs of physical 

impairment were observed during 2 months postoperative period. Macroscopic analysis of 
the implant sites demonstrated comparable scar formation and subsequent healing 
processes in all three groups.  

Histology 
By means of histology it was shown that all kind of implants were totally dissolved 

following continuous processing in chloroform and their place in transversal sections 
appeared as empty zones surrounding by a thin fibrous capsule which covered the 
calvaria defects. Foreign body reaction around the implant was no visible anywhere (Fig. 
2). 

 
Fig. 2. Cross section through the head of a rat with an implant covering calvaria 

defect (Cd) on the right parietal bone. Well-formed thin fibrous capsule (Fc) around the 
implant. A paraffin section stained with hematoxylin - eosin. 
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Serum biochemistry 
Biochemical indices MDA, SOD, GPx and GSH were measured as indicators of free 

radical burden (Table 1). No significant differences between the treatment group and the 
group with empty defect were observed for glutathione, SOD and GPx. MDA was 
significantly increased in the control group compared to the rest groups. These differences 
may be related to chemical structure of the two implants.  

 
Table 1. Oxidant/ antioxidant parameters 

 MDA µmol/l GSH µmol/l SOD U/mg protein GPx U/mg protein 
Control group 30,24± 2,15 6,6± 0,9 0,25± 0,06 10,1± 0,2 
Group 1 21,5± 3,18 5,2± 0,4 0,19± 0,04 9,6± 1,5 
Group 2 25,6± 1,94 5,9± 0,7 0,2± 0,03 10,4± 1,7 

This study was performed to evaluate the tissue reaction to newly synthetized 
implants. The new biomaterials were well tolerated by the host organisms. They did not 
evoke adverse reactions such as long-term reactions. Histological examination 
demonstrated that the new materials support bone formation. The lack of visible 
inflammatory complication at the implantation site, body temperature and a histological 
examination provided no signs of a systemic inflammatory reaction. These findings were 
supported by Indicators for free radicals (GSH, SOD, GPx) which were associated with 
inflammation were not increased, compared to the control group. The shown data revealed 
an increase in MDA, the biomarker of lipid peroxidation that is the additional indicator of 
oxidative injury. In conclusion the MDA levels were increased after 2 months, but did not 
accompany with changes of SOD, GPx activity and GST level. The difference between 
antioxidants and MDA level suggested that cellular repair system of oxidative damage was 
able to reduce ROS rapidly, but could not decrease MDA level significantly after 
implantation. Oxidative stress plays a very important role in the complications of ceramic 
implants. This is in line with available reports in this field [6, 8].These results indicate that 
the new materials have less effect on the redox stat of rats with empty calvarial defect. 
There were differences between the effects of both materials on histological and 
biochemical responses in the host- rats.  

 
CONCLUSION AND FUTURE WORK 
The biological efficacy of the newly implants is well expressed in a calvarial defect rat 

model. Our study gave essential information for the design of novel bioceramics. 
The histological examinations performed clearly indicate that implants used in the 

present study successfully could be applied for covering of small skullcap defects. 
Indicative for that were the lack of foreign body reaction and inflammation around the 
implants, as well as, the good integration of implants with the surrounding tissues. 

No signs of inflammation were noted independently from the scaffolds 2 months after 
implantation. Evidence is provided in our study for good biocompatibility of newly 
biomaterials. Moreover, the suitability of them for other kinds of bone defects has to be 
proven in further experimental studies.  
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EVALUATION OF RAW MILK LEVEL OF CONTAMINATION BY 
ALTERNATIVE METHODS 

 
Claudia Sala, Adriana Morar, Ileana Nichita, K. Imre 

 
Abstract: In the present there are a lot of microbiological methods actually used as alternative 

methods for counting viable cells from milk and ather products in order to provide alternative solutions fast, 
simple, inexpensive and comparable to standard methods. In the present study we tried to evaluate the 
effectiveness of a system for determining the number of microorganisms in raw milk (Microfoss 32) 
compared to the usual media plating (PCA) or other simplified method (Petrifilm).A  total of 100 samples of 
raw milk were analized for total number of germs by three methods: agar plating method PCA incubation at 
30 ° C (SR 4833/2003), plating on PetrifilmTM  and  inoculation tubes with  MicroFoss. The correlation 
coefficient between the two tests Petrifilm and PCA was 0.9, which indicates a strong correlation, which is 
statistically significant(p <0.05). The correlation coefficient obtained for Microfoss method was 0.45, which 
indicates a very low correlation with the standard method. Petrifilm method can be used as an alternative 
standardized method for determining the level of contamination of raw milk. MicroFoss method variability in 
samples containing a small number of microorganisms, low coefficient of correlation limited use only this 
method to routine analysis of raw milk reception processing unit. 

Keywords: milk contamination, alternative methods 
 

INTRODUCTION 
Reference methods are used by more than 100 years in applied microbiology. The 

methods involve the preparation of dilution seeding in a non-selective agar, incubation and 
counting the colonies developed. This method, although simple, is time consuming, 
especially with regard to operation and data collection. In addition, it requires the use of a 
large number of dilution tubes, pipettes Petri dishes, sterilization of the space, the 
materials necessary for washing the glassware etc  (4). Along with quantitative analysis 
methods of analysis set out in product standards, there are numerous qualitative and 
semi-quantitative methods simplified, allowing to obtain a result similar to that obtained by 
the classical method, but with the extra speed and ease of execution ( 3,5,6 ) 

In the last 20 years many techniques have been developed, tested and actually used 
as alternative methods for counting viable cells from milk and ather products in order to 
provide alternative solutions fast, simple, inexpensive and comparable to standard 
methods. 

In the present study we tried to evaluate the effectiveness of a system for determining 
the number of microorganisms in raw milk (Microfoss 32) compared to the usual media 
plating (PCA) or other simplified method (Petrifilm). 

 
MATERIAL AND METHOD 
The research was conducted on a total of 100 samples of raw milk entirely from self 

evaluation program, implemented in various units of milk processing. 
The collection and transport of samples to the laboratory was performed in 

disposable containers, refrigerated and after prior identification accurate. 
Inoculation of samples was done up to four hours of arrival at the laboratory. From 

the same sample total number of germs (TNG) by three methods: agar plating method 
PCA(Plate Count Agar), incubation at 30 ° C (SR 4833/2003), plating on Petrifilm  
Blackburn) and  inoculation tubes with 32 MicroFoss device was done. The technique of 
determining the microorganism by MicroFoss system , is to monitor chemical changes that 
occur in a specific liquid culture medium. It's actually changing color environment (in which 
is an indicator), due to changes in pH (indicator bromcresol purple). Plating is done by 
adding to the vial (containing 8 ml of nutrient medium and bromocresol red) of 2 ml of the 



RESEARCH PEOPLE AND ACTUAL TASKS ON MULTIDISCIPLINARY SCIENCES 
24 – 28 JUNE 2015, LOZENEC, BULGARIA 

 
 

 11 

sample (after it has been homogenised), the samples were placed in the incubator 
MicroFoss which is set in advance appropriate temperature (in the range 15-50 ° C) for 
growth and multiplication of specific microorganisms. 

Changing in the color, due to the growth of microorganisms in the sample is 
determined using photometric optical sensors. The device monitors sample every six 
minutes. The light emitted by a diode (LED) passes through the agar, and a photodiode 
(which is in the opposite direction of the diode) detects changes in color resulting from the 
growth of microorganisms. The time to detect changes in color is inversely related to the 
number of microorganisms in the sample. The conversion of the optical information 
generation number of microorganisms and the growth curve is performed by the software 
unit (7). The data were statistically interpreted by applying Pearson correlation. 

 
RESULTS AND DISCUSSION 
The results obtained are shown in the figures 1,2,3,4. The microbial level of milk 

contamination proved to be within the limits set by the laws of 100,000 fcu/cm3 (11). 
Comparing the results obtained by standard method and the results obtained by the 
simplified some differences were found. The Petrifilm plates, was revealed on average a 
number of germs of about 1.4 times lower than that determined on nutrient agar (139 fcu / 
cm3 to 245 fcu / cm3). The correlation coefficient between the two tests Petrifilm and PCA 
was 0.9, which indicates a strong correlation, which is statistically significant(p <0.05). 

 
 

 
 

Figure 1 The correlation between TNG highlight by the reference and Petrifilm 
method 

With regard to assessing the level of contamination of raw whole milk samples by 
both methods (method standardized and Petrifilm method), the results are surprising. In 
previous experiments conducted by the team of the department of Food Hygiene animal 
has shown a greater number of bacteria in milk samples analyzed by Petrifilm than the 
standard method. The correlation coefficient obtained, however, had a value similar to that 
obtained in the present study (0.83) (9 ). 

Other authors in similar experiments carried out on samples of raw milk entirely 
obtained Petrifilm method a good correlation (0.87) with the standard method (1,2). 

 
 



RESEARCH PEOPLE AND ACTUAL TASKS ON MULTIDISCIPLINARY SCIENCES 
24 – 28 JUNE 2015, LOZENEC, BULGARIA 

 

            
 12 

 
 

Figure 2 The correlation between TNG highlight by the reference and MicroFoss 
methods 

However, that is an explanations of some differences existence, between the two 
methods of determination lies in the fact that milk contains a small number of predominate  
germs belonging to Micrococaceae (staphylococci and streptococci) family , which are part 
of the normal flora of milk and usually originate in the skin of the udder. If the milk has a 
higher microbial load, dominant microbial flora is represented by microorganisms that can 
withstand high temperatures (generally Gram-positive bacteria). Byrne, cited by Russel (8) 
in a research conducted in order to determine the possibility of using Petrifilm method for 
assessing microbial load of milk, they found that it has a reduced ability to highlight the 
germs of the genus Micrococcus, even if they are found in to a small portion of milk. 

 
Figure 3. The correlation between TNG highlight by Petirfilm  and MicroFoss methods 
 
In some samples of raw milk analyzed the number of germs evidenced by  MicroFoss 

method was greater than the number of germs highlight the reference method (PCA 
plating and incubating the medium at 30 ° C 72 hours). The differences were greater with 
1-2 logarithms. The correlation coefficient obtained was 0.45, which indicates a very low 
correlation with the standard method. 

The week correlation obtained  by MicroFoss method and standardized method is 
quite difficult to explain. One possible cause could be there, inside vials ready for sowing 
environment, the conditions are favourable (microaerofile) for the development of the 
genus Lactobacillus germs (adapted substrate and thrives in conditions microaerofile), in 
the detriment of other bacteria that make up the microflora milk. These bacteria acidify in a 
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relatively short time environment on account of lactose fermentation, causing its color 
change and thus generating an optical signal which is recorded diode. 

Of the total milk samples analyzed by MicroFoss, 14 of them detected no microbial 
growth. In the same test, after the plating on nutrient medium according to standard 
method, a number of micro-organisms ranged from 2-165 fcu/cm3 was obtained. Also 
other authors have found that MicroFoss has some detection limit. 

  Thus, Mellado et al. (7) in an experiment conducted to determine the effectiveness 
of MicroFoss method in order to determine the level of contamination of water samples, 
they found that when the number of microorganisms in the samples was reduced 
variability MicroFoss method was increased. 

Detection time (the change in pH - and thus the color change of the environment) 
ranged from 2.3 h (to a sample with a microbial load of 3.6 x 106 fcu / cm3) to 11.3 hours 
(at a sample with a microbial load of 780 fcu / cm3). 

And other researchers have tested the possibility of using MicroFoss as a way to 
highlight the level of contamination of raw milk (7). The results were quite different from 
ours, which makes us say that it is appropriate to extend the research. 

Thus, FIRSTENBERG et al. (7) found a correlation coefficient of 0.93 with the 
standard method, for raw whole milk samples and 0.92 for samples of consuming milk. 
The time of detection of microbial growth was 7 hours samples of raw milk integrally with a 
microbial load of 300000 fcu/cm3 and 7.5 hours for the consumer milk samples showed a 
loading of less than 1000 fcu/cm3. 

Most authors recommend using this method as an alternative to standardized 
method for analyzing samples of milk or water, without any reservation. 

 
CONCLUSION 
Petrifilm method can be used as an alternative standardized method for determining 

the level of contamination of raw milk; 
MicroFoss method variability in samples containing a small number of 

microorganisms, low coefficient of correlation and high costs, limited use only this method 
to routine analysis of raw milk reception processing unit; 

The results on the level of contamination of samples of raw milk from our point of 
view are less conclusive and therefore research should be extended to a larger number of 
samples. 
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THE FORMULATION, PEPARATION AND EVALUATION OF 
MUCOADHESIVE SYSTEMS WITH PROPRANOLOL HYDROCHLORIDE 

 
M. Hîrjău, D. Lupuleasa, C.E. Dinu-Pîrvu, V. Hîrjău, A.A. Stănescu 

 
Abstract: The aim of this study was to formulate and manufacture by several bi-layered laminated 

mucoadhesive systems with a unidirectional drug release. The systems consisted of an ethylcellulose-based 
impermeable layer, while for the bioadhesive layer, several formulations were attempted: Carbopol 971, 
hydroxymethyl propyl cellulose E-15 and a mixture of the two polymeric materials. The experimental 
mucoadhesive systems were subjected to investigations of some physical properties, such as: thickness 
uniformity, weight uniformity, surface pH, swelling index and patient acceptability. The optimal formula, with 
adequate mucoadhesive layer and cohesion of the two layers, was selected. 

Key words: Mucoadhesive systems, bilayer, propranolol hydrochloride. 
 

INTRODUCTION 
Mucoadhesive dosage forms offer several advantages that have been already 

studied. This dosage form may be employed for the systemic delivery of drugs that usually 
undergo a high first pass effect, thereby offering a greater bioavailability [1, 2, 3]. This 
allows a decrease of the dose to be administered, compared to conventional oral dosage 
forms, such as tablets or capsules. In turn, any dose-related side effects will be reduced. 

The adhesive characteristics of this dosage form allow a close contact of the 
preparation with the mucosa of the oral cavity, thus yielding an improved absorption of the 
drug and an improved bioavailability. 

Also, drugs that are known to be unstable in the gastric or intestinal environment can 
be administered by this route [1, 2]. Finally, the systems have a potential in achieving a 
prolonged drug release [5]. 

The aim of this study was to formulate and manufacture by several bi-layered 
laminated mucoadhesive systems with a unidirectional drug release, containing 
propranolol hydrochloride as an active ingredient. 

Normally, the selected drug is subjected to a high first-pass effect, which leads to a 
variable bioavailability following the oral administration of a conventional dosage form, 
such as tablets [4, 5]. 

Propranolol hydrochloride is a beta-adrenolytic drug with lipophilic characteristics and 
a quinidinic effect of medium intensity (local anaesthetic). Its half-time of about 4 hours (3 
to 5 hours) is considered short, but the effect duration is longer. It is transformed massively 
by liver, with a high first-pass effect, but also has great variability on the proportion of 
biotransformation and serum (x20). It is used in treatment of hypertension (high blood 
pressure), angina, tachyarrhythmias [6]. 

Usual propranolol hydrochloride formulations include compressed tablets, oral 
solutions, injectable solutions and modified-release capsules. 

 
MATERIALS AND METHODS 
Form the variety of potential bioadhesive buccal forms - ointments, gels, sprays, 

patches, films, tablets, we focused on the formulation and preparation mucoadhesive 
laminate systems. In order to achieve a uni-directional drug release, it was intended to 
develop a double-layered laminar system, similar to buccal patches, comprised of an an 
inert backing layer, impermeable to the oral biological medium (saliva) and a layer 
adhesive to the biological substrate, consisting of a gum layer containing the active 
substance. 
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The mucoadhesive systems consisted of an impermeable layer made of ethyl 
cellulose (Ethocel® Std. Premium FP, Dow Chemical Company, USA), while for the 
bioadhesive layer, several formulations were attempted: Carbopol® 971P NF (Lubrizol 
Advanced Materials Inc., USA), hydroxyl methyl propyl cellulose E-15 (Oxford Lab CHem, 
India) and a mixture of the two polymeric materials. 

The formulation of the experimental preparations has taken into account the following 
considerations: the systems should be applied conveniently and unobstructive; they should 
have a pleasant taste; they should present a smooth surface; the experimental 
preparations should remain cohesive against salivary and mechanical erosion, inherent 
during administration; preferably, they should manifest a unidirectional drug release; all 
excipients in their composition (fillers and mucoadhesive agents) should be non-irritant, 
non-destructive towards the mucosa and non-toxic. 

For the production of the bioadhesive patches, the solvent casting technique was 
employed. 

A pharmaco-technical evaluation of the resulting formulations was conducted, 
investigating some physical properties, such as: thickness uniformity, weight uniformity, 
surface pH, swelling index and patient acceptability. 

 
1. The formulation of the propranolol hydrochloride mucoadhesive systems 

The experimental formulations for the bioadhesive patches are presented in the 
following tables (Table I and II): 

 
Table I. The formulation of the dispersion for the impermeable layer of the 

experimental propranolol hydrochloride bioadhesive patches 
Components of 

the dispersion 
Amount (g%) Role in 

formulation I1 I2 
Impermeable layer  

Ethyl cellulose 25.00 20.00 Impermeable 
polymer  

Glycerine 30.00 30.00 Plasticizer of the 
impermeable layer 

Ethanol* 45.00 50.00 
Solvent for the 
impermeable 
polymer 

Total 
impermeable layer 100.00 100,00  

* Solvent for ethyl cellulose, removed during the preparation (it is not found in the 
final composition of the impermeable layer) 

 
Table II. The formulation of the dispersion for the bioadhesive layer of the 

experimental propranolol hydrochloride bioadhesive patches 
Components of the 

dispersion 
Amount (g/dosage unit) Role in 

formulation A1 A2 A3 
Bioadhesive layer 

   
Propranolol 
hydrochloride 0.40 0.40  0.40 Drug 

Carbopol 971 1,5  –  0.60 Mucoadhesive 
polymer 

HPMC-E15 – 1.20 0.8 Mucoadhesive 
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polymer 
Propylene glycol 3.0 3.0 3.0 Plasticizer 
Water 11.0 10.4 10.5 Solvent 
Total mucoadhesive 

layer 15.0 15.0 15.0  

 
2. The production of propranolol hydrochloride mucoadhesive systems 
The preparation of the patches was performed in a laboratory environment, using 

the solvent casting technique, by pouring a polymeric solution on a solid, inert substrate, in 
two stages: 

a. the initial preparation of the impermeable ethyl cellulose layer, 
b. the preparation of the bioadhesive layer. 
In order to obtain the waterproof layer, a concentrated alcohol solution (50%) of 

ethylcellulose was prepared by mechanical dispersion (Variomag magnetic stirrer, Thermo 
Fisher Scientific Inc., USA, set at a speed of 800 rpm) of the polymer in the solvent, 
followed by the addition of the amount of glycerol provided in the formulation (used as a 
plasticizer for the film resulting after the evaporation of the solvent), continuing stirring until 
homogeneity was achieved. 

A fixed volume (3 mL) of the resulting dispersion was taken with a syringe, and was 
poured into the wells of a blister. The blisters containing the dispersion were brought in an 
oven and maintained at 40° C for 24 hours, until the evaporation of the solvent. 

The bioadhesive layer was prepared by dissolving the bioadhesive polymer in 
distilled water (Carbopol 971 and, respectively, hydroxyl propyl methyl cellulose) and 
finally incorporating the aqueous solution of the active substance. 

Fixed amounts (0.4 mL) of bioadhesive polymer solution kept at 40° C were poured 
over each variant of the the ethyl cellulose layer, resulting six experimental formulations of 
the bioadhesive patches). The bioadhesive polymer dispersions were pored using a 
graduated syringe and the blisters containing the two layers were again kept in the oven 
(40° C, for 24 hours). 

 
 
3. Pharmaco-technical evaluation of the paracetamol orodispersible tablets 

The experimental mucoadhesive systems were subjected to investigations of some 
physical properties, such as appearance, color (determined visually), taste, odor, thickness 
uniformity (using a calliper), weight uniformity (using a Sartorius pharmaceutical scale), 
surface pH (using a Hanna pH-meter), swelling index (by determining the weight gain of 
the experimental patches after 30 minutes of exposure to distilled water) and patient 
acceptability. The optimal formula, with adequate mucoadhesive layer and cohesion of the 
two layers, was selected. 

 
RESULTS AND DISCUSSIONS 

Organoleptic characteristics 
For all six formulas, we have obtained disc-shaped, convex, double-layered patches, 

white on one side (corresponding to the impermeable layer), translucent on the other side 
(the bioadhesive layer). However, the cohesion of the two composing layers was found to 
be variable, the best combination consisting of the I2-A3 formula. 

Thickness uniformity 
The thickness and diameter of the patches showed small variations between 

individual units of each formulation, indicating that the curing process had been adequately 
conducted. 
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Figure 1. Thickness (average value for 6 dosage units) of each of the six formulas 
 
Weight uniformity 
The results of this test are shown in the table below. 
 

Table III. pH values of the resulting experimental bioadhesive formulations 
Parameter Formula 

I1-A1 I1-A2 I1-A3 I2-A1 I2-A2 I2-A3 

Individual values 

1.01 1.00 1.00 1.00 1.03 1.02 
1.03 1.04 1.01 0.98 1.04 1.01 
1.00 0.99 1.00 0.97 1.09 1.00 
1.02 0.97 1.02 1.00 1.09 1.01 
0.98 0.99 1.01 1.03 1.01 1.00 

Average value for 6 units 1.008 0.998 1.008 0.996 1.052 1.008 
 

The results show that the experimental formulations show small that the weight of of 
individual units presents small variations form the average value for each formulation. Still, 
this parameter is an indicator of the robustness of the dispersion pouring process 
performed in the preparation of each formulation. 

 
Swelling Index 
 

 
Figure 2. Swelling index recorded for the six formulas 

 



RESEARCH PEOPLE AND ACTUAL TASKS ON MULTIDISCIPLINARY SCIENCES 
24 – 28 JUNE 2015, LOZENEC, BULGARIA 

 
 

 19 

The recorded swelling index was highest for formula I2-A2 (86%), compared to 77% 
for formula I2-A2, respectively 78% for formula I2-A3. 

The results also show the correlation between the concentrations in ethyl cellulose of 
the impermeable layer, and in polymer of the mucoadhesive layer and the swelling 
characteristics of each formulation. 

 
pH testing 

The pH values were determined on the solution resulting after 15 minutes of 
exposure of the patches to 10mL of distilled water. The recorded pH values are compatible 
with the oral mucosa, indicating the absence of a potential for irritation. 

 
Table IV. pH values of the resulting experimental bioadhesive formulations 

Parameter Formula 

pH value I1-A1 I1-A2 I1-A3 I2-A1 I2-A2 I2-A3 
5.7 5.6 5.8 5.8 5.6 5.6 

 
 
CONCLUSIONS 
Six variants of bioadhesive systems containing propranolol hydrochloride were 

prepared. All formulas have shown appropriate characteristics in terms of pH value, weight 
uniformity and thickness uniformity. However, after drying the systems prepared by the 
solvent casting technique, it was found that the two layers (the waterproof and 
bioadhesive, respectively) were joined, but their cohesion could be improved. This 
disadvantage can be attributed to loose, inconsistent structure of the ethyl cellulose layer. 
The best cohesion was manifested by the I2-A3 combination of the two layers. 
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MIXER IN FEED PRODUCTION AND HOMOGENITY OF 

FEEDS AT DIFERENT MIXING TIME 
 

Bojana Milenković, Saša Barić, Aleksandar Vuković 
 

Abstract: Mixing is one of most critical steps in feed manufacturing operation. Equipment 
manufactures have made great steps, but many times mixers and mixing operation are taken for granted or 
ignored. The objective in mixing is to create a complety homogenous blend. The aim of this was to examine 
the possibilty of achieving feed homogenity in diferent time of mixing. The standard formula for testing mixer 
consist of mixture 98% ground shelld corn less thab 14% moisture, and 2% sodium chloride NaCl. The 
obtained results show that mixing time is a critical point and when passed the recommended time usually 
can not products homogenity blend and causses segregation (separation) of the blend.  

Key words: mixing, mixing time, homogeneity 
 
INTRODUCTION 
In practice, the quality of mixing is influenced by many factors, that is why it is 

necessary that for every kind of mixer a certain number of parameters is set, as well as 
working conditions, which,depending on the type and kind of a mixer, will produce the 
optimal results. 

Animal race improvement  asked for a larger demand of  nutritivly balanced and 
optimally processed food .  Uniformed mixture will supply animals with the balanced kind 
of food and it will provide the appropriate components which will affect the increase of 
performances. One of the factors which affect the uniformity  is the time of mixing. 

If the adequate time of mixing is provided than the uniformed kind of food can be 
produced.the adequate time of mixing can be determined only through tests 4. Some 
variations between  samples  should be expected, but an ideal mixture would be one with 
minimal variation in consumption 7. To determine the optimum mixing time, it is necessary 
to measure the mixing efficency  as a function of mixing time 7. Mixing efficency is 
determined by a sufficient number of sample analyses after certain mixing time 1. 
Homogenious mixture variations  are usually shown by the variation coefficient CV.  

The numbers are shown in table 1. 

     
CV is the unit of homogenity and it is determined based on standard deviation and 

the average value of measuring the content of a certain component in the series of at least 
ten samples  4. One of the methods of determining  animal mixture homogenity  is to use 
markers instead of actual  additives. Markers are used to reduce the costs and the time of 
analyses. It is important for markers to have specific characteristics which make them 
different from the other components, to be added in small quantities and to be cheap. 

Interpetation of mixer tests 

Coefficient of Variation Rating Corrective Action 

<10% Excellent None 

10-15% Good Inspection of mixer 

10-20% Fair Increase mixing time look for worn 

equipment,overfilling,or sequence of ingredientaddition 

>20% Poor Possible combination of all the above and consuit 

feed equipment manufacturer 
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A suitable indicator is NaCl – sodium chloride, and also methilen-blue producer 
Merck and „ Microtracer“ coloured particles of iron. 

 
MATERIALS  AND  METHODS 
Exploring the possibility of making a homogenious mixture in different mixing time 

has been conducted in the section  of „Eko-farm“ in Kaonik, by using the horizontal mixer 
manufactured  by „Pomak“ from Kraljevo, with the capacity of working volume of 500kg. 
The coefficient of fulfillment was 0,70. Monitoring the process of reaching the mixture 
homogenity  with the above mentioned mixer was being done by adding 98% corn ground 
by 3mm opened sieve hammer mill and the corn humidity of 14%. The monitoring indicator 
of reaching the mixture homogenity was 2% concetrated  NaCl. Standard test procedure ( 
ASAE  S  380-2001)  was used for testing  the horizontal mixer. Determing the homogenity 
of the mixture was being done during three time intervals: 120 seconds, 300 seconds and 
600 seconds and ten samples for analyses  were taken  for each time interval. The amount 
of each sample  was 0,5kg.  Data analyses was done by statistical analyses of CV. 

 
RESULTS  AND  DISCUSSION 

Table 2 shows the results of the samples taken during the involvement in horizontal 
feed mixer for the period of 120 seconds. 

REPLICA

TE 

NaCl (%) (x-m)2 

1 1,8 0,0961 

2 1,9 0,1681 

3 1,2 0,0841 

4 1,4 0,0081 

5 1,7 0,0441 

6 1,5 0,0001 

7 1,6 0,0121 

8 1,4 0,0081 

9 1,2 0,056 

10 1,3 0,0361 

TOTAL 14,9 0,9379 
 
Tab.2 the results of the involvement in horizontal feed mixer during 120 second- 

mixing time. 
Standard deviation s=0,2250 
Coefficient of variation cv=21,66% 
 
According to the table 2 it can be concluded that the homogenity achieved, based on 

the CV= 13,87, was rather bad and if it is compared to the results in table 1 it  shows that 
the period of 120 seconds is not enough  to achieve a satisfactory degree of homogenity 
with the tested mixer.  

 
 
 



RESEARCH PEOPLE AND ACTUAL TASKS ON MULTIDISCIPLINARY SCIENCES 
24 – 28 JUNE 2015, LOZENEC, BULGARIA 

 
 

 23 

 
Table 3 shows the results of the samples taken during the involvement in horizontal 

feed mixer for the period of 300 seconds. 
REPLICA
TE 

NaCl (%) (x-m)2 

1 1,9 0,004 
2 1,8 0,0064 
3 1,8 0,0064 
4 1,8 0,0064 
5 1,9 0,004 
6 1,9 0,004 
7 1,9 0,004 
8 2 0,0144 
9 1,9 0,004 
10 1,9 0,004 

TOTAL 18,8 0,0576 
 
Tab. 3  The results of the involvement in a horizontal feed mixer during 350 second 

mixing time. 
Standard deviation s=0,08 
Coefficien of variability cv=4,26 cv<10% 
According to the table 3 it can be concluded that CV lower than 10% is achieved 

based on the standard deviation and coefficient variation, which means that a good 
homogenity of the tested mixture is obtained. 

Table 4 shows the obtained results based on the samples  analysed during the 
mixing time of 600 seconds. 

REPLICA

TE 

NaCl (%) (x-m)2 

1 1,7 0,0081 

2 1,6 0,001 

3 1,5 0,0121 

4 1,5 0,0121 

5 1,7 0,081 

6 1,6 0,0001 

7 1,6 0,0001 

8 1,6 0,0001 

9 1,5 0,0121 

10 1,8 0,0361 

TOTAL 16,1 0,0926 

 
Tab.4 the results of the involvement in a horizontal feed mixer during 600 second 

mixing time. 
Standard deviation s=0,10143 
Coefficien of variation cv=6,3% cv<10% 
The obtained results show that the CV is higher compared to the mixing time of 300 

seconds. Although the mixing time of 600 seconds shows CV < 10%, this mixing time is 
not suitable because it requires more power, energy and at the same time it reduces the 
mixer capacity, as well as producing CV that is higher than during the mixing time of 300 
seconds, which makes the homogenity of the tested mixture lower. 
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Table 5 shows the comparative results of the tested horizontal mixer and the affect of 
the mixing time on the mixture homogenity . 

MIXING 

SEC. 

CV 

COEFICIEN OF VARIATION 

 

 

 

 

120 13,87 

 

 

CV>10% 

300 

600 

4,26 

 

6,3 

 

CV<10% 

 

Tab.5 Overall results for the mixing time of 120s, 300s and 600 seconds. 
Comparative analysis of the obtained results in the mixing process shows that the 

variation coefficient is the lowest with the mixing time of 300 seconds, while with the 
mixing time of 120 seconds it shows CV > 10%. The highest mixture homogenity is 
obtained with the mixing time of 300 seconds and the lowest with the mixing time of 120 
seconds. 

 
CONCLUSION 
Based on everything mentioned above it can be concluded that one of the important 

factors which affect  the mixture homogenity is the mixing time of the tested mixture. 
The best mixture has been obtained with the mixing time of 300 seconds which is  a 

good homogenity especially for animals that consume a small amount of food. Although it 
is CV<10% with the mixing time of 600 seconds, this period is not recommended because 
the prolonged mixing time leads to increased production costs as well as the reduced 
productive mixer capacity. Each mixer needs to be tested in order to determine the most 
appropriate time necessary for obtaining the given mixture. 

The obtainet result indicate the uniformity of given mixture becouse level macro 
components is not problem, whitch is not the case with macro component that are added 
to quantity 0,05 – 100 mg/kg it is therefore nesessary testing in relation 1:10000 for 
mixture and 1:100000 for premix with CV<10% . 

The obtain result in this study represent a framework for futher investigations of 
mixing time required for a uniform mixture. 
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VIRTUAL SCREENING OF NEW ANTIPROLIFERATIVE PYRAZOLE 
DERIVATIVES 

 
G. M. Nitulescu, G. Nedelcu, O. T. Olaru, and B. S. Velescu 

 
Abstract: In order to find new potential anticancer substances with a better selectivity and efficiency 

we designed a fragment based library of novel molecular structures using the structural pattern of our 
previous synthesized pyrazole derivatives. The drug design strategy was reinforced by the use of modern 
computerized prediction methods. The molecular library was screened using PASS Online to render each 
virtual structure’s biopharmaceutical profile. The anti-proliferative potential was estimated both on tumour 
types and molecular targets. The analysis of structure and anticancer profile relationship revealed the 
pharmacophore elements based on which several optimized leads were designed. Acknowledgements: This 
work received financial support through the project entitled "CERO – Career profile: Romanian Researcher", 
grant number POSDRU/159/1.5/S/135760, cofinanced by the European Social Fund for Sectoral Operational 
Programme Human Resources Development 2007-2013. 

 
Key words: Prediction Methods, Molecular Library, PASS Online, Protein Kinases. 
 
INTRODUCTION 
The rational drug design represents the complex process of finding new chemical 

entities to be used in the therapeutic benefit of the patient, based on a molecular biological 
process. The ligand-based drug design process relies on knowledge of other molecules 
that interact with the biological function of interest. Based on these molecules, several 
pharmacophore models can emerged as structural building blocks for new molecules 
designed to bind to the same target [1]. The protein kinases are biological molecules with 
a very important role in the cancer pathology and in the last decades proved to be the best 
targets for new antitumor candidate drugs [2].  

Computer-aided drug design methods play a major role in the development of 
therapeutically molecules with a high impact on reducing the workload and corresponding 
cost [3]. Most computer-aided drug-discovery methods are used to study a single, or only 
a few activities of a compound class. The freely accessible web resource PASS Online is 
presented is designed to predict simultaneously pharmacological effects, mechanisms, 
and specific toxicities of organic compounds based on their structural formulas [4]. 

The objective of this study was to improve the anti-proliferative efficiency of our 
previous synthesized pyrazole derivatives using modern computerized prediction methods 
in order to target the future synthesis efforts towards the structures with the best 
therapeutic potential.   

 
MATERIAL AND METHODS 
A small chemical library was created using as template one of our previous 

synthesized thiourea pyrazolyl derivatives, which demonstrated anti-proliferative effects on 
various types of human cancer cells [5]. 

The structural design was performed based on Lipinski’s rules concerning the 
molecular weight, the number of hydrogen bond donors and acceptors and rotatable 
bonds and with the view of the best structural diversity, varying a wide type of scaffold 
elements, both hydrophilic and lipophilic. All the virtual structures are new and not yet 
synthesized. 

The chemical structures are identified by a two-letter and one number code, and are 
presented in figure 1. 
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Figure 1. The chemical structures of the BXn library compounds 

 
RESULTS AND DISCUSSION 
A chemical library of 64 pyrazole derivatives was created based on a fragment based 

strategy and screened using the PASS application to render each virtual structure’s 
biopharmaceutical profile and to evaluate the anti-proliferative potential on various tumour 
types and protein kinases. PASS estimates the probable biological activity profiles based 
on the structural formulae presented in MOL file and uses the structure-activity 
relationships for more than 300,000 compounds with known biological activities. Average 
accuracy of prediction estimated in leave-one-out cross-validation procedure for the whole 
PASS training set is about 95%. 

For each structure tested PASS returns a list of biological activities with the 
corresponding probability to be achieved or not. The analysis of the results considered 
only the compounds for which the probability to be active was higher than that to be 
inactive. All the BXn compounds presented good probability to interact with at least one 
protein kinase involved in the cancer pathology. In the table 1 are described the most 
important biological molecules predicted to be targeted by the designed compounds, the 
smallest and the highest probability recorded in the BXn chemical library and the code for 
the structure with the best activity potential. 
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Table I. Predicted anticancer targets and theirs activity probabilities 

Target Pmin Pmax Smax 
Cyclin-dependent kinase 2 0.22 0.59 BB10 
Cyclin-dependent kinase 9 0.18 0.46 BB15 
Platelet-derived growth factor receptor tyrosine kinase  0.12 0.57 BF05 
Epidermal growth factor receptor kinase 0.11 0.37 BB14 
Endothelial growth factor  0.08 0.35 BB14 
Signal transduction pathways 0.28 0.68 BB13 
Antineoplastic (brain cancer) 0.16 0.59 BF03 
Antineoplastic (colorectal cancer) 0.20 0.41 BF03 

 
All the BXn compounds have a significant probability to inhibit the cellular signal 

transduction pathways, the defects in these pathways being the most important cause of 
uncontrolled cell growth and cancer. The structure BB13 has the best potential to inhibit 
the cellular signal transduction, followed by the compound BB10, both structures sharing 
the bromine atom. The analysis of each compound pharmacological profile revealed the 
protein kinases as the most probable targets for the cellular signal transduction inhibitions. 
The best protein kinases inhibition potential was recorded for the cyclin-dependent kinase 
2 and platelet-derived growth factor receptor tyrosine kinase. Cyclin-dependent kinase 2 
and the platelet-derived growth factor receptor tyrosine kinase are both crucial regulator of 
the cell cycle and attractive targets for oncology [6].  

 The anti-proliferative effect was estimated also on tumour types demonstrating the 
best potential on brain cancer, and to a lesser extent on colorectal tumours. The 
compound BF03 has the higher antineoplastic probability. 

To better understand the quantitative contribution of each X group to the probability of 
interaction with each target, we computed the average probability for each subseries 
containing the same X group. In the following table are presented the calculated average 
odds for a compound to interact with a target.   

 
Table II. Average probabilities depending on X group 

Target Br Cl F CH3 
Cyclin-dependent kinase 2 0.54 0.27 0.31 0.37 
Cyclin-dependent kinase 9 0.49 0.28 0.27 0.34 
Platelet-derived growth factor receptor tyrosine kinase  0.19 0.19 0.38 0.26 
Epidermal growth factor receptor kinase 0.30 0.14 0.15 0.17 
Endothelial growth factor  0.33 0.12 0.16 0.26 
Signal transduction pathways 0.47 0.50 0.48 0.49 
Antineoplastic (brain cancer) 0.21 0.18 0.40 0.24 
Antineoplastic (colorectal cancer) 0.18 0.15 0.34 0.18 

 
The results presented in table II indicated that the nature of the X group has a 

different effect on each target. In the case of cyclin-dependent kinases inhibitors, the 
substitution with a bromine atom is more appropriate than that with fluorine or chlorine. 
The same effect can be observed in the case of the epidermal growth factor receptor 
kinase and endothelial growth factor antagonists. The substitution with fluorine is the best 
choice for the platelet-derived growth factor receptor tyrosine kinase inhibitors and for the 
overall anticancer effect on brain tumours. 
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The nature of the X substituent does not appear to have a significant importance on 
the capacity of the designed structures to block the cellular signal transduction pathways. 
This depends more on the structure of the R scaffold.  

 
CONCLUSIONS AND FUTURE WORK 
We designed a small chemical library of pyrazole derivatives and screened it using 

the PASS application to render each virtual structure’s biopharmaceutical profile and 
evaluated the anti-proliferative potential on various tumour types and protein kinases 
targets. 

All the created structures present a good potential to have anti-proliferative effects on 
various tumour types, by inhibiting various protein kinases. The best results were recorded 
on cyclin-dependent kinase 2 and the substitution with a bromine atom is superior. 

The designed library of compounds will be used to synthesize new pyrazole 
derivatives based on the 4-bromophenyl substitution targeted to inhibit the cyclin-
dependent kinase 2, in order to develop new therapies for brain tumours.  
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DIVERSIFICATION OF ANTIOXIDANT CAPACITY OF JAMS ON THE 
ROSEHIP AND CRANBERRY PULP BASIS BY THE ADDITION OF 

AROMATIC SPICES 
 

Anamaria Nitu 1, Andreea Belciu1, Liana Alda1, Despina Bordean1, Ioan Gogoasa1, 
Iosif Gergen1* 

1-Banat’s University of Agricultural Science and Veterinary Medicine” King Mihai I of 
Romania”, Timisoara 

Abstract: Because natural antioxidants are beneficial to human health, more current research is 
directed toward obtaining food combinations to present higher antioxidant activity. Rosehip, cranberries and 
aromatic spices are promising candidates to obtain such food. In our work 18 different jams were prepared 
on the basis of rosehip and cranberry pulp with additions of various small quantities (0.1 – 0.5%) of aromatic 
spices (Cloves, Cinnamon, Chili, Cury, Basil and Peppermint oil). All of these products were investigated for 
carotenoid content (expressed as mg β carotene/100 g jam), total polyphenol content (expressed as mg 
gallic acid/100g jam) by Folin-Ciocalteu method and antioxidant capacity (expressed as μM Fe + 2/100 g 
jam) by FRAP method. In Rosehip basis jam  carotenoids (lipophilic anioxidants) are dominant antioxidant 
compounds but is poor in hydrophilic antioxidants.  On the contrary, cranberry jam is rich in polyphenols but 
low in carotenoids. The addition of aromatic spices and/or cranberries can supply this deficiency and 
increase  polyphenol content with 30-700%  and antioxidant activity with 11-275%, depending on the dose. 
The Cloves and Cinnamon are the rich spices in polyphenols and can contribute most to increasing the 
antioxidant capacity and also improve the taste of the jams. 

 
Key words: carotenoids,  polyphenols, antioxidants, rosehip,  cranberry, spices 
 
INTRODUCTION 
Natural antioxidants are beneficial to human health; more current research is directed 

toward obtaining food combinations to present higher antioxidant activity. Rosehip, 
cranberries and aromatic spices are promising candidates to obtain such food. 

Phenolics, carotenoids and flavonoids compounds are principal component present 
in majority of spices and that give them not only aromatic and dyes but also antioxidant 
properties. They are secondary plant metabolites naturally present in almost all vegetable 
materials and of particular interest when they are edible part. These compounds can be an 
integral part of both human and animal diets for a contribution to health. [Harmanescu et 
al., 2008; Stef et al., 2010]. 

They can enhance the oxidation stability of fat [Psomiadou and Tsimidou, 2002]. Also 
it has been reported that these compounds have antioxidant [Rao et al., 2007], 
antimutagenic and anticarcinogenic [Kampa et al.., 2004; Yoo et al., 2008], 
cardioprotective [Caccetta et al.. 2000], and antimicrobial properties [Friedman and 
Jurgens, 2000; Wen et al.,2003]. 
 

MATERIAL AND METHODS  
Jams preparation 
Jams was obtained by mixing 700 g of cranberry / rosehip crushed with a mixer and 

300 g sugar, followed by boiling in water bath and mixing for 30 minutes. After formation, 
the pasta  was cooled and partitioned to obtain jam mixtures with spice, according to Table 
1. For best natural flavored 100 g hot rosehip/cranberry jams were mixed with amount of 
spice mentioned in Table 1, followed by a boiling short (15 min) and proper mixing.  

18 different jams types were prepared on the basis of rosehip and/or cranberry pulp 
with additions of various small quantities (0.1 – 0.5%) of aromatic spices (Cloves, 
Cinnamon, Chili, Cury, Basil and Peppermint oil) whith can see in Table 1. 

Table 1. The composition of natural flavored jams 



RESEARCH PEOPLE AND ACTUAL TASKS ON MULTIDISCIPLINARY SCIENCES 
24 – 28 JUNE 2015, LOZENEC, BULGARIA 

 
 

 31 

Nr Jam type spices 
% 

1 Rosehip/cranberry pasta + cloves Clove 0.5 
2 Rosehip/cranberry pasta + cinnamon cinnamon 0.5 
3 Rosehip/cranberry pasta+ chili Chili 0.2 
4 Rosehip/cranberry + cury Cury 0.3 
5 Rosehip/cranberry pasta + peppermint oil peppermint oil 0,1 
6 Rosehip/cranberry pasta + dried basil dried basil 0,5 
7 Mixture pasta 1:1mixture with rosehip cranberry 

pasta 
- 

8 Rosehip pasta without the addition of spices Blank 0 
9 Cranberry pasta without the addition of spices Blank 0 

 
All of these products were investigated for carotenoid content (expressed as mg β 

carotene/100 g jam), total polyphenol content (expressed as mg gallic acid/100g jam) by 
Folin-Ciocalteu method and antioxidant capacity (expressed as μM Fe + 2/100 g jam) by 
FRAP method. For all spectrophotometric analysis, UV-VIS spectrophotometer Spekord 
205, Carl Zeiss Jena was used. All reagents were analytical grade purity, spices were 
purchased from grocery and rosehip and cranberry from free farmers market of Timisoara. 
 

Carotene analysis 
Carotenes of jams are extracted in the hydrophobic solvent (hexane / methanol / 

acetone 2: 1: 1), to which was added BHT (butylated hydroxy-toluene) 2.5% as antioxidant 
and spectrophotometrically determined at 470 nm to the blank (extraction solvent). The 
concentration of carotene can be calculated using the extinction coefficient (E%) to the 
value of 2200 or more precisely by using a calibration curve obtained by determining the 
absorbance of the solutions with different concentrations of β-carotene. Final results were 
expressed in mg / 100g fresh matter and dry respectively. If too concentrated carotenoid 
solutions and cannot spectrophotometrically, they are diluted to a concentration 
appropriate, and the amount of dilution used to determine the total volume of the solution 
[Gergen, 2004]. 
 

Polyphenols analysis 
Polyphenols are chemical compounds with more than one aromatic hydroxyl group 

per aromatic ring inserted. Due to this structure, they have redox properties and can be 
oxidized by the Folin Ciocalteau reagent to form a blue coloration with maximum 
absorption at 750 nm. Polyphenols jam samples were extracted with 50% alcohol solution 
(v / v), in which, after decantation and clarification were extracted for the determination of 
50 ml. [Gergen, 2004]. 

Antioxidant cpacity analysis  
Antioxidant capacity determined by the method of FRAP is directly proportional to the 
amount of ferrous ion form, which is determined on the basis of calibration curves using 
the standards of known concentrations of ferrous ion. This method was originally 
developed for the determination of plasma antioxidant capacity (Ferric reducing Ability of 
plasma) and plasma was based on the ability to reduce ferric ions to ferrous ions at acidic 
pH which formed a colorful complex tripyridyl triazine (TPTZ) with maximum the absorption 
at 593 nm. 
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RESULTS AND DISCUSSION 
Spices influences and composition of pasta over the content of carotene, polyphenols 

and antioxidant capacity are presented in Figure 1 and 2. 
 From these data are observed reduced influence of the addition of spices on β-

carotene content of Rosehip basis pasta (Figure 1). This is explained by the reduced 
amount of added spice, that amount cannot significantly influence the content of 
carotenoids, although some spices (chili, cury) have high concentrations of carotenoids. 

 

 
 
Figure1. Percentage change compared to the control (untreated) content in 

carotenoids, polyphenols and antioxidant capacity by FRAP of the mixed jams on the basis 
of rosehip pasta.  

At this jam, the biggest influence is seen in polyphenol content and antioxidant 
capacity, when added cranberries pasta. But its addition significantly reduce carotene 
content. Also it can see a great influence of cloves and cinnamon on polyphenol contents. 

 
 
Figure 2. Percentage change compared to the control content in polyphenols and 

antioxidant capacity by FRAP of the mixed jams on the basis of cranberry pasta. 
Hydrophilic antioxidant capacity has considerable values in most analyzed cranberry 



RESEARCH PEOPLE AND ACTUAL TASKS ON MULTIDISCIPLINARY SCIENCES 
24 – 28 JUNE 2015, LOZENEC, BULGARIA 

 
 

 33 

basis jams due to its high polyphenols contents, which have a high antioxidant capacity 
[Harmanescu et al., 2008]. In this case, the variation of the hydrophilic antioxidant capacity 
with addition of spices is reduced (1-10%), due to both the relatively low amount of added 
spices and the high intake of antioxidants in cranberries, the basic component of the jam. 
The decrease in antioxidant capacity and polyphenols in mixed cranberries-rosehip jam 
(Figure 2) in this case is pronounced due to the minor contribution of Rosehip pasta in 
these compounds. And in this case cloves and cinnamon spices have the greatest effect 
on the polyphenols content and antioxidant capacity. It was also significantly improved 
taste. 

CONCLUSIONS AND FUTURE WORK 
The Cloves and Cinnamon are the rich spices in polyphenols and can contribute most 

to increasing the antioxidant capacity and also improve the taste of the jams obtained from 
rosehip and/or cranberry pasta basis. Future research will focus on determining the 
optimal composition between rosehip, cranberry and tastiest spices for getting a jam how 
much more appealing to the consumer and how healthier. 
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HEAVY METAL DISTRIBUTION IN DIFFERENT TYPE OF CARDBOARD 
PACKAGING 
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Romania”, Timisoara 
 

Abstract The aims of this study is to quantify the contaminants found in  cardboards used in producing 
the packages. These contaminants are the heavy metals (Pb, Cd, Cr, Co, Ni) and the transition metals 
respectively (Cu, Zn,  Fe, Mn).  

The measurements have been carried out on a varied range of cardboards, having various gram 
weights, diverse fibrous compositions and containing various additive categories that are frequently used in 
current production.  

The measurement of potentially toxic organic elements in stationery products designed for alimentary 
packages has been carried out through flame atomic absorption spectrometry.  

In analysing the obtained results, the differences in metal ions contained by the evaluated stationery 
products could be easily highlighted.  

The Pb and Cr contents surpass the maximal acceptable concentration, depending on the 
manufacturing process, on the provider and on package processing conditions.  

Key words: heavy metals, cardboard packaging, additives, FAAS 
 
 
INTRODUCTION 
Paper is a natural raw material from renewable wood, plants and sustainable 

recycling paper from waste paper and cardboard. Packaging materials mostly contain 
paper and cardboard as virgin or recycle.  

The materials should maintain without disrupting the structure of the food or 
preventing migration of food. There are numerous causes metallic migration from food 
packaging and food containers for food. Therefore it should be controlled to prevent 
sources of exposure to heavy metals for human health. 

The requirements for the paper and cardboard used for food package are specified in 
the EU legislation, It is specified very clearly that the migration process from cardboard 
boxes and food products doesn’t have to allow the transfer of dangerous products which 
can affect the health of the consumers. Also, there are very strict limits for the heavy 
metals compounds (2)..  

The maximum limits admitted according CE norms (SR EN 12498 and SR EN 12497, 
respectively SR EN 645 in cold watery extract and SR EN 647 in watery warm extract), 
being the following Cd<0,5mg/Kg  Pb<3,0 mg/Kg, Cr<0,05 mg/Kg, Hg<0,3 mg/Kg. 

A few study investigated on the heavy metals migration from packaging paper boards 
to food performed by Marcelo Enrique Conti.  

Performed migration in the 3% acetic acid extraction for Pb and Cd detection of pizza 
packaging from 100 % virgine cellulose fibres are values 1.22-6.63 μg/dm2(0.41-2.37μg/g 
), 0.1-0.08 μg/g respectively and are higher than 0.01 μg/g Pb, 0.005 μg/g Cd guideline 
level by European Council 1993 (4). 

Also, CastleL. et al. have found mean value of Pb is 2,6 mg/kg for test liner paper and 
fluting paper is among 2,1-3,5 mg/kg . Cd has an average value of 0,094 mg/kg for test 
liner and for fluting papers (0,040;0,060 and 0,129 mg/kg) are lower than Kraft paper used 
for paper bags, value of 0,3 mg/kg .(1) 
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MATERIAL AND METHODS  
Sample for analysis 
 
The assay was done on various cardboard types of different weight and fibrous 

composition, all of which had a base of natural kraft paper of 80g/m2, corrugated board of 
400-455g/m2 made from Schrenz paper, testliner and Kraft paper. 

Five samples were taken for analysis : Kraft paper plain cardboard 127-439g/m2(P1), 
corrugated board processed with polyvinylidene chloride (P2), board covered in PE 
layer(P3),corrugated board for boxes 195-586g/m2(P4), waxed board (P5). 

 
Pre-treatment of samples 
 
Five grame of sample kept in a crucible and carbonized in muffle furnace at 500C for 

3hr. The residue was dissolved in 5 ml of nitric acid 0,5N an then dried. The sample was 
dissolved to a final volume of 25 ml in nitric acid (1N) and filtered.  

 
Measurement 
 
 The metals were determined by flame atomic absorption spectrometry (FAAS) with 

high resolution continuum source (Model ContrAA 300, Analytik Jena, Germany) according 
to the methodology description by Bordean et al., 2011. 

 
RESULTS AND DISCUSSION 
The distribution of microelements in sample analysed is shown in figure 1,2,3. 
 

 

 
Figure 1. Iron distribution in cardboard samples 
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Figure 2. Potential toxic metals Mn, Zn and Cu distribution in cardboard samples 
 
 
 
 

 
Figure 3. Toxic metals, Pb, Ni and Cr distribution in cardboard samples 

 
 
 

Among the elements we analysed, Fe has the largest concentration between 344,2 
and 108,15 mg/kg, followed by Mn, Zn, Cu. 

Mn and Zn are in almost equal concentration, between 4,77-17,265 mg/kg and 8,48-
17,7mg/kg. Cu was detected between 8,47 and 11,35 mg/kg. Ni was identified in very 
small concentration, between 0,39-0,00 mg/kg.  

We did not identify and detectable amounts of toxic element such as Cd and Co.  
Traces of Cr and Pb were detected in different quantities depending on the additives  

used in the fabrication process. 
The level of Pb was detected between 4,20 and 0,00 mg/kg, level of Pb that 

overtakes the maximum limit admitted by the legislative direction, regarding the content of 
heavy metal toxic. 

The level of Cr was detected between 1,51 and 0,00 mg/kg, level of Cr that overtakes 
by far the maximum limit admitted of UE, regarding the content of heavy metal toxic. 

The colored papers and cardboards (printed in colors) especially show a high 
contebnt of Cr and Pb. 

The greateds quantity Pb and Cr was found in the cardboard processed with 
polyvinylidene chloride (printed in colour) probably originating either in the catalysers used  
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in the fabrication process, or in pigments or dyes. Most pigments and dyes have as 
raw material metallic ion salts. 

The level of concentrations of heavy metals in cardboard shows the following 
decreasing order: Fe, Mn, Zn,Cu,Pb,Cr,Ni. 

 
CONCLUSIONS AND FUTURE WORK 
In the studied stationer products different contents of metallic ions could be observed, 

depending on the fabriaction process, supplier, and conditions for processing cellulose 
wrapper.  

The contained Pb and Cr is above maximum permitted concentration, depending on 
the cardboard composition and used additives. The contained Cd, Co, Ni, in cardboard 
has shown values inferior to those maximum permitted.  

The accomplished analysis shows that the cardboard used in manufacturing 
packages is source of contamination with anorganic  toxic elements such as Pb,Cr,Ni, and 
potentially toxic elements such as Fe,Zn,Cu,Mn. 
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OCCURENCE AND CHARACTERISTICS OF EXTENDED SPECTRUM 
BETA-LACTAMASE (ESBL) PRODUCING PROTEUS SP. AND 

PROVIDENCIA SP. ISOLATED FROM URINE 
 

S. Ćirić, D. Stanišić, B. Milošević, Z. Spasić 
 

Abstract: A study was conducted to detect the presence of ESBLs in isolates of Proteus mirabilis, P. 
vulgaris, Providencia rettgeri and P. stuartii from urine of hospitalized patients. ESBLs production among the 
tested isolates of Proteus mirabilis, Providencia rettgeri and P. stuartii was very similar (56.0%, 60.0% and 
54.0%, respectively). Only the strains of Proteus vulgaris showed a hundred percent production of ESBLs, 
but this result must be accepted conditionally due to the very small number of isolates. None of the tested 
isolates showed resistance to imipenem. Only isolates of Proteus mirabilis showed significant susceptibility 
to other tested antibiotics, to ciprofloxacin (13.1% of resistant isolates) and amikacin (24.0% of resistant 
isolates). 

Key words: Extended spectrum beta-lactamases, Proteus sp., Providencia sp., Urinary isolates. 
 
INTRODUCTION 
Enterobacteriaceae have become one of the most important causes of nosocomial 

and community acquired infections. Beta-lactams (mainly broad spectrum  cephalosporins 
and carbapenems) and fluoroquinolones constitute the main therapeutic choices to treat 
infections caused by these microorganisms [3]. The production of extended spectrum 
beta-lactamases (ESBLs) by enterobacteria is the most common resistant mechanism 
against beta-lactams. These enzymes spread rapidly throughout the world and become 
the prevalent resistance mechanism once established in a region [11]. 

Proteus species are part of the Enterobacteriaceae family of gram-negative bacilli. 
Proteus organisms are implicated as serious causes of infections in humans. The 
occurence of the extended spectrum beta-lactamase-producing Proteus strains has been 
noted [6] [13]. Several studies have shown that ESBL-producing Proteus mirabilis isolates 
could lead to clonal spread and then cause intrahospital, regional and continent-wide 
outbreaks [4] [10]. Treatment failure and clinical mortality are also more likely to occur in 
patients infected with ESBL-producing P. mirabilis [5], which has been attributed to 
inadequate therapy. 

The genus Providencia includes urease-producing gram-negative bacilli that are 
responsible for a wide range of human infections, primarily urinary tract infections [1]. They 
represent an emerging problem because of the increasing prevalence of antibiotic 
resistance due to the production of ESBLs. The most common species of this genus that 
cause urinary tract infections are P. rettgeri and P. stuartii. 

The aim of the present study was to identify the frequency of ESBL-producing 
Proteus mirabilis, Proteus vulgaris, Providencia rettgeri and Providencia stuartii in urinary 
isolates with their antibiogram. 

 
MATERIAL AND METHODS 
This was prospective study carried out during five-month investigation. A hundred  

fifty-eight isolates of Proteus mirabilis, P. vulgaris, Providencia rettgeri and P. stuartii were 
recovered and identified from urine of patients at Military Medical Academy, Belgrade, 
Serbia. 

Specimens of urine were received into sterile plastic containers and they were 
processed immediately for detection of above mentioned pathogenic enterobacteria. 

All samples were inoculated on Blood agar and McConkey agar and incubated 
aerobically at 37 °C for 24 hours. Further identification of the isolates were carried out by 
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standard procedures [7] and confirmed by API 20E identification system (bioMerieux 
l'Etoile, France). 

Susceptibility to antibiotics was performed on Mueller-Hinton agar plates (Oxoid, 
England) by the Kirby-Bauer disk diffusion method according to the CLSI guideline [2]. The 
antibiotic disks included ampicillin (10 µg), cefalexin (30 µg), ceftriaxone (30 µg), 
ceftazidime (30 µg), imipenem (10 µg), gentamicin (10 µg), amikacin (30 µg), ciprofloxacin 
(5 µg), nitrofurantoin (50 µg) and trimethoprim-sulfamethoxazole (25 µg) (Oxoid, England).  
Escherichia coli ATCC 25922 and Pseudomonas aeruginosa ATCC 27853 were used as 
quality controls for antimicrobial susceptibility. 

The isolates with diameter zones of 10-18 mm for ceftazidime were further screened 
for ESBLs production. Detection of ESBLs isolates was performed by the double-disk 
synergy test - DDST and confirmed by double-disk diffusion test - DDDT [2]. 

The results were analyzed using Chi-square test. P values < 0.05 were considered to 
be statistically significant. Statistical analysis were done using software STATISTICA 
v.10.0, StatSoft, Inc. 

 
RESULTS AND DISCUSSION 
A total of 158 isolates of Proteus sp. and Providencia sp. were recovered and 

identified from urine of hospitalized patients. Detection of ESBL producing strains and 
antimicrobial susceptibility pattern of isolates were also conducted. 

The most commonly isolated pathogen was Proteus mirabilis (62.7% of isolates). 
Three species of genera Proteus and Providencia were isolated in a significantly lower 
percentage: Proteus vulgaris (2.5% of isolates), Providencia rettgeri (26.6% of isolates) 
and Providencia stuartii (8.2%). 

Tables 1 and 2 show the number of tested isolates of two Proteus species and two 
Providencia species, as well as the number and percentage contribution of isolates which 
were resistant to the selected antibiotics. 

None of the tested isolates showed resistance to carbapenem imipenem. 
After imipenem, isolates expressed significant sensitivity to amikacin, while P. 

mirabilis showed the best susceptibility to ciprofloxacin and amikacin (Table 1). 
Of penicillins, the sensitivity of the strains to ampicillin was tested. The greatest 

sensitivity to this drug was showed by the isolates of P. mirabilis (69.4% of resistant 
isolates). This is logical, if one takes into account the inherent sensitivity of this species to 
ampicillin [9]. The isolates of other species are almost always resistant to this antibiotic 
(Tables 1 and 2). Because of such high incidence of resistance, penicillins can not be used 
for the treatment the urinary tract infections caused by examined bacterial species. 

Of the first-generation cephalosporins, the sensitivity of the strains to cephalexin was 
tested. In this case, as in the previous, P. mirabilis expressed the greatest susceptibility 
(75.5% of resistant isolates), while other species were resistant to this drug in a large 
percentage. 

The species which produce ESBLs are resistant to third-generation cephalosporins. 
Resistance to the tested third-generation cephalosporins (ceftriaxone and ceftazidime) 
was the lowest in P. mirabilis and P. stuartii, and resistance to ceftazidime was considered 
to be an indicator of the frequency of ESBLs production. Thus, the frequency of ESBLs 
production was the lowest in P. stuartii (54%). Similarly was observed in P. mirabilis (56%) 
and P. rettgeri (60%), while in P. vulgaris all of the isolates produced ESBLs, but it must be 
taken conditionally due to the small number of isolates. This is consistent with data from 
literature which states that in one study 52% of P. stuartii isolates were found to be 
positive for ESBLs in a hospital population [12]. 
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Table 1. Antibiotic resistance of the hospital strains of Proteus mirabilis and Proteus vulgaris 
isolated from urine 

Antibiotic 
Proteus mirabilis Proteus vulgaris 

No. of 
tested 

isolates 

No. (%) of 
resistant 
isolates 

No. of 
tested 

isolates 

No. (%) of 
resistant 
isolates 

Ampicillin 98 68 (69.4) 4 4 (100) 
Cefalexin 98 74 (75.5) 4 4 (100) 
Ceftriaxone 98 53 (54.1) 4 4 (100) 
Ceftazidime 95 53 (56.0) 4 4 (100) 
Imipenem 96 0 (0.0) 4 0 (0.0) 
Gentamicin 98 52 (53.1) 4 3 (75.0) 
Amikacin 96 23 (24.0) 4 2 (50.0) 
Ciprofloxacin 99 13 (13.1) 4 3 (75.0) 
Nitrofurantoin 99 96 (97.0) 4 4 (100) 
Trimethoprim- 
sulfamethoxazole 99 58 (59.0) 4 2 (50.0) 

 
Table 2. Antibiotic resistance of the hospital strains of Providencia rettgeri and Providencia 

stuartii  isolated from urine 

Antibiotic 
Providencia rettgeri Providencia stuartii 

No. of 
tested 

isolates 

No. (%) of 
resistant 
isolates 

No. of 
tested 

isolates 

No. (%) of 
resistant 
isolates 

Ampicillin 42 40 (95.2) 13 13 (100) 
Cefalexin 42 37 (88.1) 13 11 (85.0) 
Ceftriaxone 42 25 (60.0) 13 6 (46.1) 
Ceftazidime 42 25 (60.0) 13 7 (54.0) 
Imipenem 41 0 (0.0) 13 0 (0.0) 
Gentamicin 42 38 (91.0) 12 10 (83.3) 
Amikacin 41 17 (41.5) 13 7 (54.0) 
Ciprofloxacin 42 37 (88.1) 12 10 (83.3) 
Nitrofurantoin 42 42 (100) 12 11 (92.0) 
Trimethoprim- 
sulfamethoxazole 42 34 (81.0) 12 10 (83.3) 

 
Of aminoglycosides, the susceptibility of the isolates to gentamicin and amikacin was 

observed. Susceptible to gentamicin were Proteus species, especially P. mirabilis (53.1% 
of resistant isolates) (Table 1), while in Providencia species resistance to this drug was 
higher than 80% (Table 2). The susceptibility to amikacin in all isolates was significantly 
higher compared to gentamicin. Among other enterobacteria it has been also reported that 
amikacin has been still effective in many strains which have been resistant to gentamicin 
[9]. 

Significantly, the best sensitivity to ciprofloxacin was showed by the P. mirabilis 
isolates (13.1% of resistant isolates), while all other species showed very high resistance 
to this drug.  

The resistance to trimethoprim-sulfamethoxazole was significantly lower in Proteus 
species (59% and 50% of the drug-resistant strains), compared to Providencia species 
(81% and 83.3% of resistant strains). 

P. stuartii is tipically the most resistant of all Providencia species. A 2006 Italian study 
found that ESBL-positive P. stuartii made up 10% of all ESBL species and had marked 
resistance to amoxicillin-clavulanate (81.8%), ampicillin-sulbactam (40.1%), gentamicin 
(79.5%), and ciprofloxacin (84.1%) [8]. 
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Isolates of all four studied species of enterobacteria were in almost 100% of cases 
resistant to nitrofurantoin, which is in line with their innate resistance [9]. 

Tables 3 and 4 show antibiotic resistance of P. mirabilis and P. rettgeri isolates which 
were resistant/susceptible to ceftazidime, i.e. isolates which were/were not produced 
ESBLs. Numbers of isolates of P. vulgaris and P. stuartii were too small to bring relevant 
conclusions. 

 
Table 3. Antibiotic resistance of Proteus mirabilis isolates which were resistant/susceptible to 

ceftazidime 

Antibiotic 

Isolates resistant to 
ceftazidime 

Isolates susceptible to 
ceftazidime 

No. of 
tested 

isolates 

No. (%) of 
resistant 
isolates 

No. of 
tested 

isolates 

No. (%) of 
resistant 
isolates 

Gentamicin 53 40 (75.5) 40 7 (17.5) 
Amikacin 53 20 (38.0) 41 2 (4.9) 
Ciprofloxacin 54 9 (17.0) 41 7 (17.1) 
Nitrofurantoin 54 54 (100) 40 37 (92.5) 
Trimethoprim- 
sulfamethoxazole 53 40 (75.5) 40 15 (37.5) 

 
Table 4. Antibiotic resistance of Providencia rettgeri isolates which were resistant/susceptible 

to ceftazidime 

Antibiotic 

Isolates resistant to 
ceftazidime 

Isolates susceptible to 
ceftazidime 

No. of 
tested 

isolates 

No. (%) of 
resistant 
isolates 

No. of 
tested 

isolates 

No. (%) of 
resistant 
isolates 

Gentamicin 25 20 (80.0) 16 10 (62.5) 
Amikacin 25 14 (56.0) 16 3 (19.0) 
Ciprofloxacin 25 25 (100) 16 13 (81.3) 
Nitrofurantoin 25 25 (100) 16 16 (100) 
Trimethoprim- 
sulfamethoxazole 25 23 (92.0) 16 12 (75.0) 

 
In P. mirabilis isolates, statistically significantly higher resistance (p<0.05) of ESBL 

producing strains to gentamicin, amikacin and trimethoprim-sulfamethoxazole was noted 
(Table 3). In the case of resistance to ciprofloxacin, it was very low and almost equal in 
ESBL producing strains and non-producers. It was the same in the case of nitrofurantoin, 
where the non-producers showed a very high resistance, too. 

Resistance of P. rettgeri to other classis of antibiotics was more frequent in strains 
that have produced ESBLs, except nitrofurantoin, to which these bacteria are innately 
resistant. For gentamicin, amikacin and trimethoprim-sulfamethoxazole there was 
statistically significant difference in the percentage of resistance between ESBL producers 
and non-producing strains (Table 4). 

 
CONCLUSIONS AND FUTURE WORK  
ESBLs production among the tested isolates of Proteus mirabilis, Providencia rettgeri 

and P. stuartii was very similar (56.0%, 60.0% and 54.0%, respectively). Only the strains 
of Proteus vulgaris showed a hundred percent production of ESBLs. None of the tested 
isolates showed resistance to imipenem. Only isolates of Proteus mirabilis showed 
significant susceptibility to other tested antibiotics, to ciprofloxacin (13.1% of resistant 
isolates) and amikacin (24.0% of resistant isolates). 
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FREQUENCY OF EXTENDED SPECTRUM BETA-LACTAMASE (ESBL) 
PRODUCING ENTEROBACTER SPP., CITROBACTER SPP. AND 

SERRATIA SPP. ISOLATED FROM URINE 
 

S. Ćirić, D. Stanišić, B. Milošević, Z. Spasić 
 

Abstract: This study was carried out to detect ESBLs production among clinical isolates of 
Enterobacter spp., Citrobacter spp. and Serratia spp. isolated from urine of intrahospital patients. The 
highest production of ESBLs was among the isolates of Enterobacter spp. (84.0%), followed by Serratia spp. 
(79.0%) and Citrobacter spp. (63.5%). None of the tested isolates showed resistance to imipenem. Following 
imipenem, our isolates showed the best sensitivity to amikacin, especially Serratia spp. (14.3% of resistant 
isolates) and Enterobacter spp. (27.5% of resistant isolates). ESBL producers among all of the tested 
isolates showed significantly higher resistance (p<0.05) to non-beta-lactam antibiotics, as compared to the 
non-producing isolates. 

Key words: Extended spectrum beta-lactamases, Enterobacter spp., Citrobacter spp., Serratia spp., 
Urinary tract infections. 

 
INTRODUCTION 
Extended spectrum beta-lactamases (ESBLs) are enzymes produced by many 

Gram-negative bacteria which have ability to change susceptibility of different antimicrobial 
agents [4]. The ESBLs are plasmid-mediated enzymes capable of hydrolyze and inactivate 
broad spectrum of beta-lactam antibiotics, including third-generation cephalosporins, 
penicillins and aztreonam, but are inhibited by clavulanic acid [9]. ESBL producing 
microorganisms are often also able to reduce susceptibility to other non-beta-lactam 
antibiotics, such as aminoglycosides, fluoroquinolones, trimethoprim-sulfamethoxazole, 
tetracyclines and nitrofurantoin leaving limited range of therapeutic agents [14]. The 
increase frequent of ESBL producing bacteria in clinical settings is resulting in treatment 
failure and greater hospital costs due to infections caused by these bacteria [12]. 

Urinary tract infection (UTI) is a common cause of morbidity in otherwise healthy 
persons as well as in patients with various diseases that predispose to these infections [5]. 
Following Escherichia coli and Klebsiella sp., common causes of UTI are species from the 
genera of Enterobacter, Citrobacter and Serratia [1]. It is very important to diagnose UTI, 
as soon as possible, and start the appropriate therapy. Delay in treatment, as well as 
untreated UTIs can lead to scarring of the renal parenchyma and even to the development 
of renal insufficiency [13]. Therapy of UTI begins empirically, before identifying the cause 
of infection and susceptibility testing. The choice of antibiotics for the treatment depends 
on the pathogen and its sensitivity to certain antibiotic. In each geographic region, it is 
necessary to evaluate the resistance of pathogens to antimicrobial drugs periodically, 
because it was found that the resistance of bacteria that cause infections changes (usually 
upward) [6]. 

This study was conducted to determine the prevalence of ESBLs producers in urinary 
isolates of Enterobacter spp., Citrobacter spp. and Serratia spp. recovered from patients at 
the Military Medical Academy (MMA) in Belgrade, Serbia. Also, the aim of the present 
study was to assess antimicrobial susceptibility pattern of isolates (both, ESBL producers 
and non-producers) to other clinically relevant antimicrobials. 

   
MATERIAL AND METHODS 
This was prospective study carried out during five-month investigation. A hundred  

thirty-nine isolates of Enterobacter spp., Citrobacter spp. and Serratia spp. were recovered 
and identified from urine of patients at Military Medical Academy, Belgrade, Serbia. 

Specimens of urine were received into sterile plastic containers and they were 
processed immediately for detection of above mentioned pathogenic enterobacteria. 
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All samples were inoculated on Blood agar and McConkey agar and incubated 
aerobically at 37 °C for 24 hours. Further identification of the isolates were carried out by 
standard procedures [7] and confirmed by API 20E identification system (bioMerieux 
l'Etoile, France). 

Susceptibility to antibiotics was performed on Mueller-Hinton agar plates (Oxoid, 
England) by the Kirby-Bauer disk diffusion method according to the CLSI guideline [2]. The 
antibiotic disks included ampicillin (10 µg), cefalexin (30 µg), ceftriaxone (30 µg), 
ceftazidime (30 µg), imipenem (10 µg), gentamicin (10 µg), amikacin (30 µg), ciprofloxacin 
(5 µg), nitrofurantoin (50 µg) and trimethoprim-sulfamethoxazole (25 µg) (Oxoid, England). 
Escherichia coli ATCC 25922 and Pseudomonas aeruginosa ATCC 27853 were used as 
quality controls for antimicrobial susceptibility. 

The isolates with diameter zones of 10-18 mm for ceftazidime were further screened 
for ESBLs production. Detection of ESBLs isolates was performed by the double-disk 
synergy test - DDST (Fig. 1) and confirmed by double-disk diffusion test - DDDT (Fig. 2) 
[2]. 

The results were analyzed using Chi-square test. P values < 0.05 were considered to 
be statistically significant. Statistical analysis were done using software STATISTICA 
v.10.0, StatSoft, Inc. 

 
RESULTS AND DISCUSSION 
During the five-month investigation a total of 139 isolates of Enterobacter spp., 

Citrobacter spp. and Serratia spp. were recovered and identified from urine of intrahospital 
patients. Antimicrobial susceptibility testing and detection of ESBL producing isolates were 
conducted. 

 
Figure 1 shows a positive 

result of the double-disk synergy 
test (DDST), on the basis of 
which it can be assumed 
production of ESBLs in 
inoculated strain. Figure 2 
shows the result of a double-
disk diffusion test (DDDT) which 
confirms the assumption of 
DDST test. These tests are very 
reliable for the detection of 
ESBLs production. 

                                                Figure 1. Double-disk synergy  Figure 2. Double-disk diffusion 
                                                                test (DDST)                               test (DDDT) 
 
The most commonly isolated pathogens were Enterobacter spp. (50.4% of isolates), 

followed by Citrobacter spp. (38.1% of isolates) and Serratia spp. (11.5% of isolates). 
Table 1 shows the number of tested isolates from all three bacterial genera, as well 

as the number and percentage contribution of isolates which were resistant to the selected 
antibiotics. 

None of the tested bacterial genera strain showed resistance to imipenem, what 
ranked this drug among most efficient in the treatment of urinary tract infections. 
Significant sensitivity strains expressed to amikacin, except Citrobacter spp., where 40.4% 
of isolates were resistant to this drug. Nevertheless, it was still relatively good sensitivity. 
Mohan et al. [8] have recorded significantly higher resistance of Citrobacter spp. to 
amikacin (62.3%). 



RESEARCH PEOPLE AND ACTUAL TASKS ON MULTIDISCIPLINARY SCIENCES 
24 – 28 JUNE 2015, LOZENEC, BULGARIA 

 
 

 47 

 
Table 1. Resistance of the hospital strains of Enterobacter spp., Citrobacter spp. and Serratia 

spp. isolated from urine to antibiotics 

Antibiotic 
Enterobacter spp. Citrobacter spp. Serratia spp. 
No. of 
tested 

isolates 

No. (%) of 
resistant 
isolates 

No. of 
tested 

isolates 

No. (%) of 
resistant 
isolates 

No. of 
tested 

isolates 

No. (%) of 
resistant 
isolates 

Ampicillin 70 68 (97.1) 52 50 (96.2) 16 15 (97.0) 
Cefalexin 70 64 (91.4) 53 44 (83.0) 16 12 (75.0) 
Ceftriaxone 69 58 (84.0) 52 32 (61.5) 16 12 (75.0) 
Ceftazidime 68 57 (84.0) 52 33 (63.5) 14 11 (79.0) 
Imipenem 69 0 (0.0) 50 0 (0.0) 14 0 (0.0) 
Gentamicin 70 53 (76.0) 53 33 (62.3) 16 9 (56.2) 
Amikacin 69 19 (27.5) 52 21 (40.4) 14 2 (14.3) 
Ciprofloxacin 69 47 (68.1) 53 30 (57.0) 16 8 (50.0) 
Nitrofurantoin 69 62 (90.0) 53 32 (60.4) 16 13 (81.3) 
Trimethoprim- 
sulfamethoxazole 70 59 (84.3) 53 38 (72.0) 16 12 (75.0) 

 
The most important aminopenicillins are ampicillin and amoxicillin. Beta-lactamases 

degrade both of these antibiotics, so they do not act on the enterobacteria which produce 
beta-lactamases of class C, such as Enterobacter spp. As expected, the ampicillin 
resistance was most common in Enterobacter spp. (97.1%), but it was also very high in 
other tested strains (Table 1). Given such a high incidence of resistance, aminopenicillins 
can not be considered for the treatment of urinary infections in the study hospital. 

Enterobacter spp. and Serratia spp. are considered to be resistant to first-generation 
cephalosporins. Thus, in our isolates of Enterobacter spp. prevalence of resistance to 
cephalexin was 91.4%, and in Serratia spp. 75.0% (Table 1). Very high resistance to 
cephalexin was also showed by the strains of Citrobacter spp. (83.0%). 

When it comes to third-generation cephalosporins (ceftriaxone, cefotaxime, 
ceftazidime), enterobacteria without acquired resistance mechanisms are, as a rule, 
sensitive. The most important mechanism of acquired resistance of Enterobacteriaceae to 
third-generation cephalosporins is the production of various extended spectrum beta-
lactamases (ESBLs). 

The highest incidence of ESBLs production was found in isolates of Enterobacter 
spp. (84.0%) (Table 1). Also, a very high incidence of ESBLs production was showed by 
the isolates of Serratia spp. (79.0%). It was similar to the findings in other countries of this 
part of Europe (Poland, 70.8% of ESBL producing Serratia spp.) [3]. Significantly lower 
production of ESBLs, in relation to the members of the two previous bacterial genera, was 
showed by the strains of Citrobacter spp. (63.5%). This is similar with the finding of Rizvi et 
al. [10] (62%), but much lower than that reported by some other studies [11]. 

The best sensitivity to aminoglycosides was showed by the strains of Serratia spp.; 
56.2% of the strains were resistant to gentamicin, while only 14.3% of the strains showed 
resistance to amikacin. The other tested species also showed a significantly higher 
sensitivity to amikacin compared to the gentamicin. This was consistent with data from the 
literature, which stated that amikacin has been still effective in many strains which have 
been resistant to gentamicin. 

The best susceptibility to ciprofloxacin was showed by the isolates of Serratia spp. 
(50.0% of resistant isolates). 

The minimum frequency of resistance to trimethoprim-sulfamethoxazole was found in 
Citrobacter spp. (72.0% of resistant isolates), and highest in Enterobacter spp. (84.3% of 
resistant isolates). 
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Significant susceptibility to nitrofurantoin was showed by the strains of Citrobacter 
spp. (60.4% of resistant isolates). Having in mind the inherent sensitivity, it only makes 
sense to apply this drug at isolates of Citrobacter spp. from the urine. Other enterobacteria 
are almost always resistant. 

The frequencies of resistance of the tested isolates which produced ESBLs compared 
to the isolates which did not produce them, to the non-beta-lactam antibiotics, are shown 
in tables 2 and 3. 

 
Table 2. Resistance to antibiotics of Enterobacter spp., Citrobacter spp. and Serratia spp. 

isolates which were resistant to ceftazidime 

Antibiotic 
Enterobacter spp. Citrobacter spp. Serratia spp. 

No. of 
tested 

isolates 

No. (%) of 
resistant 
isolates 

No. of 
tested 

isolates 

No. (%) of 
resistant 
isolates 

No. of 
tested 

isolates 

No. (%) of 
resistant 
isolates 

Gentamicin 65 55 (85.0) 33 29 (88.0) 11 8 (73.0) 
Amikacin 65 19 (29.2) 32 17 (53.2) 11 2 (18.2) 
Ciprofloxacin 64 49 (77.0) 33 26 (79.0) 11 6 (54.5) 
Nitrofurantoin 65 6 (9.2) 33 24 (73.0) 11 9 (82.0) 
Trimethoprim- 
sulfamethoxazole 65 60 (92.3) 33 30 (91.0) 11 9 (82.0) 

 
Table 3. Resistance to antibiotics of Enterobacter spp., Citrobacter spp. and Serratia spp. 

isolates which were susceptible to ceftazidime 

Antibiotic 
Enterobacter spp. Citrobacter spp. Serratia spp. 

No. of 
tested 

isolates 

No. (%) of 
resistant 
isolates 

No. of 
tested 

isolates 

No. (%) of 
resistant 
isolates 

No. of 
tested 

isolates 

No. (%) of 
resistant 
isolates 

Gentamicin 9 2 (22.2) 18 5 (28.0) 3 1 (33.3) 
Amikacin 9 1 (11.1) 18 4 (22.2) 3 0 (0.0) 
Ciprofloxacin 9 2 (22.2) 18 4 (22.2) 3 2 (67.0) 
Nitrofurantoin 8 8 (100) 18 8 (44.4) 3 3 (100) 
Trimethoprim- 
sulfamethoxazole 9 3 (33.3) 18 8 (44.4) 3 2 (67.0) 

 
There was significantly higher incidence (p<0.05) of resistance to gentamicin, 

amikacin, trimethoprim-sulfamethoxazole and ciprofloxacin (except in Serratia spp.) of 
strains which have produced ESBLs in relation to the non-producers. In the case of 
nitrofurantoin, only the isolates of Citrobacter spp. which have produced ESBLs showed 
statistically significantly higher resistance than non-producing isolates.  

 

CONCLUSIONS AND FUTURE WORK 
Extended spectrum beta-lactamases (ESBLs) were found in all three genera of 

Enterobacteriaceae isolated from urine. The highest incidence of ESBLs production was 
found in isolates of Enterobacter spp. (84.0%), followed by the isolates of Serratia spp. 
(79.0%). Significantly lower production of ESBLs was showed by the strains of Citrobacter 
spp. (63.5%). 

None of the tested strains showed resistance to imipenem. After imipenem, 
significant sensitivity strains expressed to amikacin. 

These results indicate need for clinical microbiology laboratories to establish a proper 
treatment procedure, improving treatment strategies and expanding therapeutic options. 
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IDENTIFICATION OF SOME COMPONENTS DETERMINED BY HPLC IN 
PROPOLIS ETHANOLIC EXTRACT (EEP) FROM CARAS – SEVERIN 

COUNTY, ROMANIA 
 

G. Heghedűş-Mîndru, Ramona Cristina Heghedűş-Mîndru*  
 

Abstract: In this paper were evaluated qualitatively and quantitatively the major constituents of 
propolis depending on the area. ). Propolis samples was collected from Caras-Severin county, Doclin and 
tirol locality.The concentration of quercetin for propolis ethanolic extract (EEP) samples from localities Doclin 
and Tirol have values ranging from 0.87 to 1.04 mg/mL, and the rutin have values between 0.0094 - 
0.0127mg/mL. Quercetin extraction yields may range from 0.35 to 0.38% for ethanolic extract of propolis. 
Rutin extraction yields may range from 0.002 to 0.005 % for ethanolic extract of propolis.  

 
Key words: Doclin locality, Propolis, Propolis Ethanolic Extract (EEP), Tirol locality, 
 
INTRODUCTION 
Propolis is a natural substance produced by honeybees from resinous products 

collected from plants. It has been shown to have a very complex chemical composition. At 
least 300 different compounds have been identified in propolis Propolis has been used 
since the ancient time in folk medicine. Its utilization in the treatment and prevention of 
numerous diseases has been documented [5] 

Propolis chemical composition is thus dependent on the vegetation around the 
beehives. In Europe and other temperate zones, the main constituents of propolis are 
flavonoids and phenolic acid esters (e.g. caffeic acid phenethyl ester (CAPE), derived from 
apices of poplar plants (Populus nigra). [6] 

Several authors have indicated that bees and their products may be used as 
biological indicators of the environmental pollution which are present in the area where 
they fly. Since they harvest from different plants which are growing in different agro-
climatic conditions, significant differences can be expected in the mineral composition. 

Most of the propolis is based on ethanol/propylene glycol extracts, indicating that it 
has antiseptic, antifungal, antibacterial, antiviral, antinflammatory, and antioxidant 
properties. [2] 

Propolis has been used as a popular remedy for several centuries, mainly due to its 
antimicrobial properties, present in propolis from different origins, but it is also taken orally 
and applied externally for a series of diseases, ranging from tumors to parasites. [4] 

Limited scientific literature about the mineral composition of propolis indicates a lack 
of knowledge about the possible presence of toxic minerals in this bee product, which can 
significantly affect its nutritional properties. [3] 
 

MATERIAL AND METHODS 
Doclin village located at the intersection lat. 45° 19' meridian long. 21° 37' at 4 km 

from the village Tirol is characterized as a hilly area with wide valleys, steppe and forest 
steppe zone. Forest area is divided from the sky, flasks, lime, downy oak, locust. [1] 

The propolis was collected from Doclin and Tirol locality, Caras – Severin county. 
For identification the rutin and quercetin from propolis ethanolic extract, we used the 

apparatus HPLC Hewlett Packard Agilent apparatus 1100 type with UV detection. The 
analysis conditions was: Eluent: acetonytrile:water = 1:1; Eluent flow: 1 mL/min; Wave 
lenght: 365 nm; Temperature: 30°C; Inject volume: 20 μL Nucleosil C18; stationary phase 
particles dimension 5 μm; column dimensions 150 x 4.6 mm x mm. [1] 

 
RESULTS AND DISCUSSION 



RESEARCH PEOPLE AND ACTUAL TASKS ON MULTIDISCIPLINARY SCIENCES 
24 – 28 JUNE 2015, LOZENEC, BULGARIA 

 

            
 52 

The major components from EEP samples (Doclin and Tirol) were identified by RP-
HPLC analysis [1] 

The rutin and quercetin concentrations, determined in propolis and extracts can be 
seen in table 1 and table 2.   

 
Table 1. Rutin concentrations determined in extracts and propolis [1] 

Code 
 

Propolis 
quantity 
(g) 

 

Extract 
volume 

(mL) 
 

Rutin in 
extract 

concentrated 
c (mg/mL) 

 

Rutin in 
extract 

quantity 
m (mg) 

 

Rutin 
extraction 

yield 
(%) 

D* – EEP* 3 12.5 0.0094 0.15 0.005 
T* - EEP* 3 11.7 0.0127 0.05 0.002 

*D – Doclin locality 
*T – Tirol locality 
* EEP – propolis ethanolic extract 

 
Table 2. Quercetin concentrations determined in propolis and extracts [1] 

Code 
 

 

Propolis 
quantity (g) 

 

Extract 
volume (mL) 

Quercetin in 
extract 

concentrated c 
(mg/mL) 

Quercetin in 
extract 

quantity m 
(mg) 

Quercetin 
extraction 
yield (%) 

D* – EEP* 3 10.8 1.04 11.28 0.38 
T* - EEP* 3 11.9 0.87 10.40 0.35 

*D – Doclin locality 
*T – Tirol locality 
* EEP – propolis ethanolic extract 
 

In EEP Tirol (Figure 1, Table 3 and Figure 2) 38 compounds were identified [rutin 
(0.26%), caffeic acid (0.45%), p-cumaric acid (2.78%), quercetin (cetonic form) (3.62%), 
quercetin (enolic form) (13.41%), apygenine (6.74%), kaempferol (2.55%), phenethyl 
caffeate  (9.52%) and cynamil (17.78%)].  
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Figure 1. HPLC cromatogram for EEP Tirol [1] 
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Table 3.  Retention times for main compounds of ethanol propolis extract (Tirol) [1] 
Nr. 

peak 
Retention time 

(min) 
Area 

(mAu) 
Area  
(%) 

Compound 

1 1.129 91.18844 0.01 Unidentified 
2 2.067 2138.486 0.26 Rutin 
3 2.255 3718.565 0.45 Caffeic Acid 
4 2.828 2.28E+04 2.78 p-cumaric Acid 
5 3.272 2.97E+04 3.62 Quercetin (ketonic shape) 
6 3.557 6.36E+04 7.74 Quercetin (enolic shape 1) 
7 3.968 4.66E+04 5.67 Quercetin (enolic shape 2) 
8 4.223 5.53E+04 6.74 Apigenine 
9 4.654 2.10E+04 2.55 Kaempferol 

10 5.081 2.11E+04 2.57 Unidentified 
11 5.678 3.99E+04 4.86 Unidentified 
12 6.378 3.44E+04 4.20 Unidentified 
13 7.011 1.47E+04 1.79 Unidentified 
14 7.514 4.94E+04 6.02 Unidentified 
15 7.854 1.50E+04 1.82 Unidentified 
16 8.269 7.82E+04 9.52 Phenethyl Coffee 
17 9.206 1.46E+05 17.78 Cinnamyl Coffee 
18 10.38 9762.148 1.19 Unidentified 
19 10.821 2.12E+04 2.58 Unidentified 
20 11.484 1488.449 0.18 Unidentified 
21 12.013 1.78E+04 2.16 Unidentified 
22 13.512 2.53E+04 3.08 Unidentified 
23 14.383 1.74E+04 2.12 Unidentified 
24 15.723 3535.344 0.43 Unidentified 
25 16.849 1.34E+04 1.63 Unidentified 
26 18.072 7792.176 0.95 Unidentified 
27 19.352 4563.365 0.56 Unidentified 
28 20.837 4058.225 0.49 Unidentified 
29 21.645 1904.999 0.23 Unidentified 
30 22.661 1.20E+04 1.46 Unidentified 
31 26.883 1.50E+04 1.82 Unidentified 
32 29.73 1.23E+04 1.49 Unidentified 
33 31.444 3818.405 0.47 Unidentified 
34 35.781 1808.135 0.22 Unidentified 
35 37.133 2461.4 0.30 Unidentified 
36 41.69 1203.649 0.15 Unidentified 
37 43.471 349.8469 0.04 Unidentified 
38 46.387 302.5363 0.04 Unidentified 

 
In EEP) Doclin (Figure 2) 36 compounds were identified [rutin (0.31%), caffeic acid 

(0.56%), p-cumaric acid (3.71%), quercetin (cetonic form) (3.45%), quercetin (enolic form) 
(7.98%), apygenine (4.05%), kaempferol (2.69%), phenethyl caffeate  (8.40%) and cynamil 
(16.87%)]. 

 



RESEARCH PEOPLE AND ACTUAL TASKS ON MULTIDISCIPLINARY SCIENCES 
24 – 28 JUNE 2015, LOZENEC, BULGARIA 

 

            
 54 

 
 

Figure 2. Identification of some components determined in propolis ethanolic  
extract samples from Doclin and Tirol  

 
CONCLUSIONS AND FUTURE WORK 
The rutin HPLC analysis indicated the appearance of two important components 

exactly during the analysis. They were due to partial hydrolysis of the derhamnosylrutin 
and quercetin, rutin, rhamnose and glucose, respectively. 

The quercetin HPLC analysis indicated the occurrence of two more important 
components, most probably due to 3-enolic and 3-cetonic structures, respectively, that are 
found in equilibrium in the quercetine ethanolic solution. 

For propolis ethanolic extracts (EEP) from two localities Tirol and Doclin (Caras – 
Severin) 38 compounds were identified for Tirol and for Doclin 36 compounds. 
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IDENTIFICATION OF SOME COMPONENTS DETERMINED BY HPLC IN 
PROPOLIS ETHANOLIC EXTRACT (EEP) FROM MARGINA LOCALITY, 

ROMANIA 
 

Ramona Cristina Heghedűş-Mîndru, G. Heghedűş-Mîndru* 
 

Abstract: The objectives of this paper are supported by the fact that until now have not been 
developed systematic research on the chemical composition of propolis ethanolic extract (EEP),depending 
on geographical origin. In this paper we studied two main compounds from  the chemical composition of 
propolis, namely quercitin and rutin.These compounds were identified by high performance liquid 
chromatography (HPLC). Propolis samples was collected from three points from Margina locality, Timis 
county, Romania. 

 
Key words: Margina locality, Propolis, Quercetin, Rutin, HPLC - high performance liquid 

chromatography 
 
INTRODUCTION 
The propolis is a natural substance collected by bees from certain plants buds and 

flowers, being used a protector barrier against enemy’s in the beehive. Propolis was used 
in traditional (folk) medicine in many regions of the world and there reported different 
biological activities forit, as antibacterial, anti-inflammatory and anticancerous. That is way, 
the propolis is intensively used in food and beverage industry, for improving this naturist 
qualities and for preventing certain diseases, like inflammations, cardio-vascular diseases, 
diabetes and cancer. [2, 5, 6] 

Natural or as carefully processed extracts, propolis represents an interesting, natural 
source of products with complex biological action, with a special wide range of medical, 
therapeutic and pharmacological actions. 

The performed studies have confirmed the product efficiency in prophylaxis and 
treatment of some affections (diseases) (heartburns, ulcer, chromic eczemas, lupus etc). 

World wide, the propolis is associated in supplements or food additivation system and 
beverages. 

The propolis and it’s extract, along with flavonoides solutions, have proved to be 
efficient means in obstruction of HbsAg Virala hepatitis pathogen agent replication. [2, 7, 8]  

A major effect of the propolis is due to protecting action against radiations (gamma, 
UV), [2, 3, 6] 

 In the natural distribution ranges of Apis mellifera, a multitude of traditional uses are 
known for this versatile substance. The Greeks and Romans already knew that propolis 
would heal skin abscesses and through the centuries its use in medicine has received 
varying attention. The ancient Egyptians knew about the benefits of propolis and in Africa it 
is still used today, as a medicine, an adhesive for tuning drums, sealing cracked water 
containers or canoes and dozens of other uses. [1] 

Propolis is constituted by a wide variety of substances such as polyphenols, 
quinones, coumarins, steroids, aminoacids and inorganic compounds. Most propolis 
components are of phenolic nature, mainly flavonoids. It is known that simple phenols, 
phenolic acids and polyphenols are active antimicrobial agents [9]  

Propolis chemical composition is complex and varies according to its botanical and 
phyto geographical origin, but in general, propolis in nature is composed of 30% wax, 50% 
resin and vegetable balsam, 10% essential and aromatic oils, 5% pollens and 5% various 
other substances, including organic debris.[4]  
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MATERIAL AND METHODS 
Samples were collected as follows: Margina 1 to 2.7 km north-east of the Margina 

locality,  Margina 2  to 3.2 km south-west and Margina 3 at 2.4 km north. [2] 
The reagents used: Ethanol, CAS 109-95-5, 96%, Crevenka Odgovara po JUS E.M. 

3. 020, Iugoslavia, Quercetin CAS 6151-25-3, 99%, Merck&Co., Inc, New Jersey, Rutin, 
CAS 153-18-99%, Merck&Co., Inc, New Jersey, 4 

The apparatus used: HPLC Hewlett Packard Agilent 1100 type with UV detection. 
The EEP samples from Margina were dissolved in ethanol (5 mg/mL), filtrated with 

0,45 μm filter previously injecting a 20 μL in a HPLC system. [2] 
 
RESULTS AND DISCUSSION 
The quercetin and rutin concentrations, determined in propolis and extracts can be 

seen in table 1 and table 2. 
 
Table 1. Quercetin concentrations determined in propolis and extracts [2] 

Code 
 

 

Propolis 
quantity 

(g) 
 

Extract 
volume 

(mL) 

Quercetin in 
extract 

concentrated c 
(mg/mL) 

Quercetin in 
extract 

quantity m 
(mg) 

Quercetin 
extraction 
yield (%) 

M1*- EEP* 3 12.5 1.20 14.99 0.50 
M2* -EEP* 3 11.7 1.04 12.22 0.41 
M3* -EEP* 3 11.3 1.13 12.76 0.43 

*M1 – Margina locality 
*M2 – Margina locality 
*M3 – Margina locality 
*EEP – propolis ethanolic extract 
 
In EEP quercetin has values between 1.04 and 1.20 mg/mL., and the extraction 

yields are between 0.41 - 0.50% (table 1) 
Quantification of rutin based on the calibration curve obtained from pure rutin analysis 

of samples in the same working conditions led to a concentration of rutin in extracts with 
values between 0.0049 and 0.0127 mg/mL., and the extraction yields between 0.001 and 
0.005 % (table 2) 

 
Table 2. Rutin concentrations determined in extracts and propolis [2] 

Code 
 

Propolis 
quantity 
(g) 

 

Extract 
volume 

(mL) 
 

Rutin in 
extract 

concentrated 
c (mg/mL) 

 

Rutin in 
extract 

quantity 
m (mg) 

 

Rutin 
extraction 

yield 
(%) 

M1*- EEP* 3 12.5 0.0094 0.15 0.005 
M2* -EEP* 3 11.7 0.0127 0.05 0.002 
M3* -EEP* 3 11.3 0.0049 0.02 0.001 

*M1 – Margina locality 
*M2 – Margina locality 
*M3 – Margina locality 
*EEP – propolis ethanolic extract 

 
In EEP Margina 1 (Figure 1) 35 compounds were identified [rutin (0.34%), caffeic acid 

(0.33%), p-cumaric acid (1.05%), quercetin (cetonic form) (2.91%), quercetin (enolic form) 
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(15.68%), apygenine (9.87%), kaempferol (2.37%), phenethyl caffeate  (11.25%) and 
cynamil (21.24%)]. 

In EEP Margina 2 (Figure 1) 35 compounds were identified [rutin (0.40%), caffeic acid 
(0.42%), p-cumaric acid (2.44%), quercetin (cetonic form) (3.01%), quercetin (enolic form) 
(8.05%), apygenine (6.75%), kaempferol (2.60%), phenethyl caffeate  (11.39%) and 
cynamil (22.01%)]. 

In EEP Margina 3 (Figure 1) 34 compounds were identified [rutin (0.59%), caffeic acid 
(0.62%), p-cumaric acid (2.62%), quercetin (cetonic form) (2.22%), quercetin (enolic form) 
(8.13%), apygenine (7.29%), kaempferol (2.55%), phenethyl caffeate  (11.62%) and 
cynamil (22.41%)]. 

 

 
Figure 1. Identification of some components determined in propolis ethanolic 

extract samples from Margina1, Margina 2 and Margina 3 
 

In figure 2 the comparative evaluation of HPLC chromatograms for EEP (3 Margina 
samples), are presented, for extraction conditions checking and for an accurate 
quantification of the results. Practically, a perfect identity is remarked. 

 
Figure 2. Comparative assessment of HPLC chromatograms for ethanol 

propolis extracts Margina (M1, M2 and M3) (3 determinations) [2] 
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CONCLUSIONS AND FUTURE WORK 
After quantification of quercetin were assessed values between 1.04 to 1.20 mg/mL, 

and the extraction yields are between 0.41 - 0.50 %. 
Quantification of rutin based on the calibration curve obtained from pure rutin analysis 

of samples in the same working conditions led to a concentration of rutin in extracts with 
values between 0.0049 and 0.0127 mg/mL, and the extraction yields between 0.001 and 
0.005 %. 

The obtained results relating to quercetin and rutin, were compared to those obtained 
for similar products in literature (Hungary, China, Czechia e.t.c.,). 
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MEDICINAL PLANTS OF WEED-RUDERAL FLORA OF KOSOVSKA 

MITROVICA AND ITS SURROUNDINGS 
 

D. Prodanović, Z.  Krivošej, M. Biberdžić and Z. Krstić 
 

Abstract: Flora of each specific area is abundant in species that are characterized by certain 
medicinal properties. In  this sense, urban areas that are inhabited by weed-ruderal flora, are characterized 
by certain medicinal potential, though at first glance it seems that this potential is not present, as ruderal 
habitats, on which we have constant anthropogenic activity (often negatively taken), are characterized as 
ecologically unfavorable. It was found about 400 taxa of vascular plants while exploring the weed-ruderal 
area of Kosovska Mitrovica and the surrounding places. Out of the mentioned number of species, we can 
identify 76 species as medical or curative. Taxonomic, ecological and phytogeographical analysis were 
performed and medicinal flora was ascertained within the weed-ruderal flora. A special emphasis is placed 
on the analysis of the basic environmental index of the plants as indicators of a habitat that could serve to 
make a conclusion on the species which could be used, primarily because of the quality of raw materials. A 
comparative analysis of medicinal plants of ruderal flora of Kosovska Mitrovica and Vranje towns is shown in 
the work. 

Key words: Medicinal Plants, Ruderal flora, Kosovska Mitrovica, Ecological Analysis 
 
INTRODUCTION 
Flora is the basic component of each ecosystem. There is practically no sphere of 

human life without plants, and they form a significant natural resource. The flora of each 
particular system abounds in species with certain medicinal properties. Urban areas, 
therefore, spontaneously inhabited by developed flora covering, have certain medicinal 
potential although it, at first sight, seems to be absent. Urban or ruderal habitats generally 
seem to be environmentally unfavorable, with constant  anthropogenic impact, often 
negatively directed. The plants growing in such areas are most frequently defined as 
“useless and harmful`” weed but with a huge protective potential. They are capable of 
accumulating, or even “recycling” contaminated material (CO2, SO2, heavy metals, 
phosphates, soot, dust, etc.) producing at the same time a whole array of useful matter 
and compounds, such as oxygen, phytoncides, and biomasses [5]. 

According to the data of the World Health Organization, about 80% of the mankind is 
treated with medicinal herbs. Chinese traditional medicine, used in treating 40% of urban 
and 90% of rural population of China, is based on the use of about 5000 herbs or plants 
[2]. The presence of 3662 taxa, both species and subspecies, were found on the territory 
of Serbia and they constitute the vascular flora of Serbia [13]. There are over 700 species 
with medicinal properties. Approximately 420 species of medicinal herbs have been 
studied and registered, and about 250 medicinal and aromatic plants are on the market [3]. 
In nature, some of them are in their ruderal habitats, and they, therefore, grow mostly in 
human settlements and other areas formed by anthropogenic impact. 

The studied area of Kosovska Mitrovica with its surroundings is located at 42˚53̍ north 
latitude and 20˚52̍ east longitude, at  508-510m altitude, in alluvial area and the terraces of 
the Ibar and Sitnica rivers. The town is dominated by the volcano cone of Zvečan. The 
relief may be considered as a hilly-mountainous range and the climate is moderate 
continental. 
 

MATERIAL AND METHODS 
The weed and ruderal flora of Kosovska Mitrovica and its suroundings was 

researched in different urban and suburban areas in the range of 15 kilometers. The 
survey was conducted in 25 randomly chosen probing areas (trodden and nitrified ruderal 
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places, nitrified ruderal non-trodden habitats, hygrophilic ruderal habitats, covered disposal 
areas).Floristic and phytocenicological recordings were intensively performed from early 
spring to late autumn of 2013, but had also been included in field researches a few years 
before. The collected plants (around 400 taxa) were determined on the basis of modern 
floristic literature: The Flora of Serbia [4] and The Flora of Europe [14]. The life forms of 
plants were determined applying Ellenberg&Muller-Dambois method (1967), with 
Stevanovic`s supplements [11] and elaborations based on the conditions in Serbia. 
Stevanovic`s [12] phyto-geographical classification was the starting point for determination 
and phyto analysis of floral elements. The basic ecological factors provided by Kojic et 
al.[7] were the references for ecological (biologica) indices for each plant species. 
Sorensen similarity index [9] was used to perform a comparative analysis of medicinal flora 
within the weed and ruderal flora of Kosovska Mitrovica and Vranje. 
 

RESULTS AND DISCUSSION 
Floristic researches in the city proper of Kosovska Mitrovica and its surroundings, in 

the range of 15 kilometers, found around 400 plant species. About 76 of them are with 
considerable medicinal properties and make 19% of ruderal flora; accordingly, their 
presence hugely contributes to the biodiversity of the mentioned area. Their representation 
and distribution are in direct correlation with the state of the ecosystem, i.e. they are a 
significant biological indicator of the environmental quality. Some identified medicinal 
herbs have very strong effects of the active substances (Datura stramonium, Papaver 
rhoeas, Hyosciamus niger), whereas some have a general pesticide effect (Thymus sp., 
Sedum acre, Chelidonium majus, Plantago lanceolata) [10].  In this sense they represent a 
valuable natural resource and may be used as raw material in chemical and 
pharmaceutical industry for producing certain chemical preparations and mixtures. 
Likewise, one cannot ignore numerous positive (phytosanitational) effects of this specific 
floral type in the conditions of urban biotops 

The list of identified medicinal plants, with family affiliation, in the studied area is 
given below: 

APIACEAE: Aegopodium podagraria L., Daucus carota L., Eryngium campestre L., 
Heracleum sphondylium L., ARISTOLOCHIACEAE: Aristolochia clematitis L., 
ASTERACEAE: Achillea millefolium L.,  Arctium lappa L., Artemisia absinthium L., 
Artemisia vulgaris L., Bellis perennis L., Centaurea cyanus L., Chamomilla recutita (L.) 
Raucher, Cichorium intybus L., Conyza canadensis (L.) Cronq., Eupatorium cannabinum 
L., Petasites hybridus (L.) G.M.Sch, Tanacetum vulgare L., Taraxacum officinale Weber,  
Tussilago farfara L., BORAGINACEAE: Anchusa officinalis L.,  BRASSICACEAE: Alliaria 
officinalis Andrz., Capsella bursa pastoris (L.) Med., Sinapis arvensis L., CANNABACEAE: 
Humulus lupulus L., CARYOPHYLLACEAE: Herniaria glabra L.,  Saponaria officinalis L., 
CONVOLVULACEAE: Calystegia sepium (L.) R.Br., CRASSULACEAE: Sedum acre L., 
EQUISETACEAE: Equisetum arvense L., EUPHORBIACEAE: Euphorbia cyparissias L., 
FABACEAE: Galega officinalis L., Medicago lupulina L., Melilotus officinalis (L.) Pallas, 
Ononis spinosa L., FUMARIACEAE: Fumaria officinalis L., GERANIACEAE: Erodium 
cicutarium (L.) L'Herit, HYPERICACEAE: Hypericum perforatum L., LAMIACEAE: Ajuga 
reptans L., Ballota nigra L., Glechoma hederacea L., Marrubium vulgare L., Mentha 
aquatica L., Mentha longifolia L., Thymus moesiacus Vel., LYTHRACEAE: Lythrum 
salicaria L., MALVACEAE: Malva sylvestris L., PAPAVERACEAE: Chelidonium majus L., 
Papaver rhoeas L., PLANTAGINACEAE: Plantago lanceolata L., Plantago major L., 
Plantago media L., POACEAE: Agropyron repens (L.) Beauv., POLYGONACEAE: 
Polygonum aviculare L., PRIMULACEAE: Anagalis arvensis L., RANUNCULACEAE: 
Clematis vitalba L., Consolida regalis S.F.Grey, Ranunculus ficaria L., Ranunculus repens 
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L., ROSACEAE: Agrimonia eupatoria L., Filipendula hexapetala Gilib., Fragaria vesca L., 
Geum urbanum L., Potentilla reptans L., Rosa canina L., Rubus caesius L., RUBIACEAE: 
Galium verum L., SAMBUCACEAE: Sambucus ebulus L., Sambucus nigra L., 
SCROPHULARIACEAE: Linaria vulgaris Mill., Verbascum phlomoides L., SOLANACEAE: 
Datura stramonium L., Hyosciamus niger L., Solanum nigrum L., URTICACEAE: Urtica 
dioica L., VERBENACEAE: Verbena officinalis L., VIOLACEAE: Viola tricolor L. 

Biological spectrum provides the best illustration of the living conditions governing in 
certain area, especially when climate conditions are concerned [1]. The anthropogenic 
influence, particularly if it is long and intensive, can have a big effect on the life form 
spectrum and can cause changes in it. The analysis of some present life forms in weed 
and ruderal flora of Kosovska Mitrovica and its surroundings, i.e. the analysis of plants with 
certain medicinal properties, found the dominance of the hemicryptophytes life-form with 
its 42 representatives (55,26%). 16 plants (21,05%) from total of 76 medicinal plants in 
weed and ruderal flora of the studied area, belong to hardy herbaceous annuals 
(therophytes). A high percentage of therophytes in the life form spectrum indicates strong 
anthropogenic influences. Geophytes, with 8 representatives, are at the third place. Other 
life forms,such as chamaephytes (Ch-5,26%), scendentophytes (S-3,94%) and 
phanerophyres (P-3,94%) are considerably less present, which can be explained with the 
fact that they inhabit ecologically more stable habitats with reduced anthropogenic impact.  

Ecological indices play a big role in the more elaborate study of the relationships in 
the habitat. Considering the water regime, the found medicinal herbs belong to a group of 
plants growing in dry or moderately dry habitats. If the chemical reaction of the ground- 
acidity – is considered, the largest number of species index is K3 (56 representatives or 
73,68%), i.e. they appear in soils with neutrophile or weak acid reaction. The data analysis 
of the relationship between the reported plant species and the nitrogen quantity in the 
ground, found that the majority of species grow in the habitats that are moderately rich in 
minerals (36 plants or 47,36%).  The other, also a big group, consists of the plants that 
belong to a transit group of both mesotrophic and eutrophic classes (32,89%). The 
collected medicinal herbs of the weed and ruderal flora of Kosovska Mitrovica and its 
surroundings behave differently in the presence of light as an ecological factor. The largest 
group of plants can vegetate in the semi-shadow or in the conditions of full daily light 
(46,68%). A great number of plants (34 representatives or 44,73%) grow in the conditions 
of moderate – intensity light. The first impression obtained by the analysis of the ecological 
index for temperature is that the identified plants have more or less thermophilic 
characteristics. In other words, 52 species belong to mesothermic plants followed by the 
plants of the transit group of mesothermic and thermophilic classes (26,31%). If all these 
parameters are considered, without any substantial analysis of the contents of certain 
elements in floral species, then the species indifferent to basic ecological parameters can 
be recommended for use [8]. 

Speaking in terms of phytography, the reported medicinal plants in weed and ruderal 
flora are classified into 6 basic areal types. The Holarctic species are absolutely dominant 
in the chorological spectrum (48 representatives or 63,15%). Considering the number, the 
area type of Cosmopolitan species occupies the second place with 17 representatives. 
From this number, the cosmopolitan species of Euro-Asian origin are slightly more 
dominant than the cosmopolitan plants of Mediterranean origin; they are followed by the 
cosmopolitan species of circum-Holarctic origin (3) and 1 representative of pantropic and 
sub-tropic origin. The following species have fewer representatives: mid-European and 
Mediterranean area type (5), Mediterranean and continental type (3), mid-European (2) 
and Adventive area type (1). 

The comparative analysis of medicinal plants in weed and ruderal flora of the cities of 
Vranje [6] and Kosovska Mitrovica, found the similarity index up to 63,56%. Namely, whilst 
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in Vranje 53 plants from the total of 242 determined ruderal species were classified as 
medicinal herbs, in Kosovska Mitrovica that number rose to 76 potentially medicinal plants, 
which makes about 19% of the determined flora. Up to 41 species may be found on both 
localities. There is an assumption that such a high similarity index is related to the 
characteristics of the arranged areas (similar altitudes, relief features, climate, etc.) and 
probably on the more or less pronounced influence of anthropogenic effects on both 
arranged localities. 

 
CONCLUSIONS AND FUTURE WORK 
Out of 400 weed and ruderal species found in the city proper of Kosovska Mitrovica 

and its surroundings, 76 plants have certain medicinal properties. Their number represents 
an important indicator  of the environmental quality. The analysis of life form numbers 
reported the dominance of hemicryptophytes with 42 representatives (55,26%) followed by 
therophytes, which indicates the pronounced anthropogenic influences. The Holarctic 
species are absolutely dominant in the whole chorologic spectrum (48 representatives). 
According to basic ecological bio indices, submesophytes dominate in medicinal plant 
group, they grow in habitats with neutrophilic and weak acid reaction, moderately rich in 
minerals; they are mesothermic and can vegetate in a semi- shadow or in conditions of full 
daily light. The comparative analysis of medicinal flora of the cities of Vranje and Kosovska 
Mitrovica, showed similarities up to 63,56%, which may be most probably related to the 
similar geographical and climatic characteristics, and the intensity of anthropogenic 
influence in both areas. 

In further studies the researches should be directed towards an ecological analysis 
that would entice the analysis of soil or ground where the plants were collected and the 
plant analysis, which could further yield the data about the species that might be primarily 
used due to the quality of raw materials. 
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Abstract: The aim of this paper was to evaluate the ice cream quality using organoleptical and 
chemical properties. The study was carried for five kinds of ice cream which were bought from Timisoara 
local marquet. The samples were noticed by A, B, C, D and E. Every sample was evaluated for 
organoleptical properties, acidity (ºThorner), dry matter and fat contents. From organeleptical point of view 
the best sample was B (ice-cream with yoghurt and forest fruits), which registered the highest accounts for 
consistency and structure (9.40 point out 11), colour (9.70 point out 11) and taste (9.70 point out 11). It 
followed sample D (ice-cream with whipped cream) which achieved the best account for odour (9.70 point 
out 11). Last position was occupied by sample E with smaller accounts for almost all sensorial properties 
(except colour). All analysed samples were accomplished the minimal STAS requirements (min 33%) for dry 
matter. The fat contents ranged between 7.02 – 7.54%. 

 
Keywords: sensorial, non sensorial, food quality  
 
INTRODUCTION 
Ice cream is one of the most consumed dairy products in the world [1,2]. Ice cream 

can be considered as an aerated suspension of crystallized fat and water in a highly 
concentrated sugar solution containing hydrocolloids, casein micells and proteins [3].  

Ice cream is a highly complex food matrix, containing proteins, fat, sugars, air, 
minerals, etc. and countless interfaces between the different constituents. During 
consumption it undergoes phase changes from solid to liquid. Ice creams are generally 
made with added flavour compounds, either naturally occurring in one of the ingredients 
(e.g. strawberry), or added as flavour mixtures or extracts. [4].  

The awareness of consumers for healthier and functional food has led to the 
introduction in ice cream manufacture of certain materials with documented nutritional and 
physiological properties such as natural antioxidants [5], lactic acid bacteria [6], dietary 
fibers [7], probiotics [8], alternative sweeteners [9], and low glycemic index sweeteners 
[10].  

These new attributes of the ice cream suppose changing of ingredients  and chemical 
composition. Furthermore, sensorial properties are related to chemical composition. That 
means the new food will have new sensorial features. The demands of consumers  are 
very important for food industry. Therefore it is important to find the best methods for 
sensorial evaluation. Thus, the goal of this work was to evaluate the  ice cream quality 
using organoleptical and chemical properties, but also  to compare two methods of 
sensorial evaluation. 

 
MATERIAL AND METHODS 
Five different types of ice cream were used to achieve this study. Three samples for 

each kind of ice cream were acquired from local market. 
The evaluation and measurement of quality were done in two stages. The first stage 

was the evaluation of the sensory characteristics. Secondly, the dry matter, the fat and the 
acidity of ice-cream samples were measured. 

http://www.sciencedirect.com/science/article/pii/S002364381000160X%23bib21
http://www.sciencedirect.com/science/article/pii/S002364381000160X%23bib19
http://www.sciencedirect.com/science/article/pii/S002364381000160X%23bib30
http://www.sciencedirect.com/science/article/pii/S002364381000160X%23bib2
http://www.sciencedirect.com/science/article/pii/S002364381000160X%23bib33
http://www.sciencedirect.com/science/article/pii/S002364381000160X%23bib37
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The concept of sensorial quality is essentially defined by the consumer and is not 
easy to measure [11]. Furthermore, the samples were evaluated by ordinary customers. 
That is why  two methods with varying degrees of complexity were used for sensorial 
evaluation. 

In the first case sensory features were appreciated through qualificatives: very good, 
good, satisfactory, unsatisfactory, improper and tainted (STAS12656-88). Secondly, ten-
point scale was used for organoleptic assessment.  

 
RESULTS AND DISCUSSION 
The results of tasting ice cream by the first method (FM) are shown in Table 1. Each 

sample was assessed by eleven consumers (non experts in the field).  
 

                                Table 1. The results of sensory evaluation of ice cream (FM) 
 

Specification Sample A Sample B Sample C Sample 
D 

Sample E 

Structure and 
consistency 

5 VG,    5 G, 
1 S 9 VG, 2 G 8 VG , 3 G 7 VG, 4 G 5 VG, 5 G, 1 S 

Color 7 VG, 4 G 10 VG, 1 G 10 VG, 1 G 8 VG, 3 G 9 VG, 2 G 
Odor 8 VG, 3 G 9 VG, 2 G 6 VG, 5 G 10 VG, 1 G 4 VG, 5 G, 2 S 
Taste 5 VG, 6 G 10 VG, 1 G 6 VG, 4 G, 1S 8 VG, 3 G 5 VG, 4 G, 2 S 

VG: Very Good; .G: Good; S: satisfactory. 
 
Then for each grade (VG, G and S) was given a score using the scoring scale 0 to 1. 

The next values were used: 1.0 for VG, 0.67 for G, 0.33 for S and 0.1 for US 
(unsatisfactory). It was calculated the average score for each sensory characteristic (table 
2). 

Table 2. The average scores of sensory characteristics 
 

Specification A B C D E 

Structure and  
consistency 0.789 0.940 0.910 0.880 0.789 

Color 0.880 0.970 0.970 0.910 0.940 
Odor 0.910 0.940 0.850 0.970 0.730 
Taste 0.802 0.970 0.820 0.910 0.750 

      * (5 x 1.0 + 5 x 0.67 + 1 x 0.33) / 11 
 

According this method,  the best  sample was B  which achieved the best scores for 
four of the five sensory characteristics assessed (structure, consistency, color and taste). 
This is followed by sample D, which meets the best score for smell. The last position is 
occupied by the sample E, which exeptând color - scoring 9.40, has the lowest scores. 

Table 3 contains the mean results of sensory assessment for the second method 
(SM). 

 

Table 3. The mean results of sensory assessment for the second method 
 

Specification A B C D E 

Structure and 
consistency 9.09 9.54 9.18 9.45 9.54 
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Color 9.09 9.72 9.54 9.54 9.54 
Odor 9.18 9.81 9.54 9.54 9.36 
Taste 8.63 9.63 9.09 9.45 8.90 

 
As evaluated by this method sample B had the best appreciation of all sensory 

characteristics assessed (structure, consistency, color, smell and taste). Also, as with the 
first method, the sample D was located in the second position. Differences occurred in the 
following positions, namely: sample C was very close (0.36 points) to sample D; sample E 
switched positions with sample A. which passed in last position. 

 
The same things result from figures 1a and 1B. 
 

0
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10

12

FM SM FM SM FM SM FM SM FM SM

A B C D E

Structure Color Odor Taste

 
Figure 1a Differences between two methods 

 

 
Figure 1b Differences between two methods 

 

To compare the results obtained by the two methods of assessment,  the mean results 
in the first method were multiplied by 10.0. 

The results of laboratory measurements are presented in table 4 and in Figure 2. 
 

                                     Table 4. The results for dry matter and acidity 
 

Specification     Fat 
[%] 

Dry matter 
[%] 

Acidity 
[°T] 

STAS 5 min. 33 max. 24 
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Ice cream vanilla (A) 7.00 33.58  16.99 
Ice cream with yoghurt  and berries (B) 7.50 33.57  37.17 

Ice cream Sandwich with waffle and vanilla (C) 7.00 34.49  17.19 
Ice cream with whipped cream (D) 7.00 33.04  16.51 

Ice cream  with berries and glaze with 
strawberry flavor (E) 7.00 35.83  23.43 

 
According with these data it can say that the dry matter ranged between 33.04% and 

35.83%. The lowest value (33.04%) was registered by the sample whith whipped cream. 
All analyzed samples were within the limits imposed by the product standard, which is min. 
33%. 

The best for acidity was ice cream with whipped cream which registered 16.51°T. 
This shows that in the process of getting ice cream were used fresh ingredients. It can be 
explained by the use of fresh milk as raw materials. The second place was occupied by 
sample Ice cream vanilla (16.99°T). The ice cream with yoghurt  and berries  had a high 
acidity, exceeding with 13.17 percentage points the maximum limit imposed by standard. 
The high acidity  could be caused by the berries which were used in recipe for this kind of 
ice cream. 

The fat percentage varied between 7 and 7,5%.  
The differences in chemical composition of the samples could be due to the different 

ingredients that were used in the production of ice cream. 
 

CONCLUSIONS AND FUTURE WORK 
The use of different methods of sensory evaluation of food could lead to different 

results, even if the tasters are the same. Just two samples (first and second positions) 
from five kept the same position, the other three have changed hierarchy. 

The laboratory measurements have shown that producers are interested to offer 
consumers a broad range of ice cream, which comply with legal requirements. Only one 
kind of ice cream out of five had higher acidity then the legal requirement. 

Using chemical composition of ice cream, producers could process new kinds of ice 
creams targeted on groups of consumers (children, adults, older; healthy people/people 
with health problems, etc). 
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Abstract: The goal of this paper was to assess the Victoria salami quality based on sensorial and 

physico-chemical properties. Five kinds of salami Victoria (which were denoted by A, B, C, D and E) from 
different manufacturers were purchased. Three samples from each kind of salami were assessed for 
sensorial properties according with Romanian standard (STAS 12656-88). According to this standard were 
given points (p) for: shape and appearance (0-4p), look in section (0-3p), consistency (0-3p), smell (0-4 p) 
and taste (0-6 p). Also, water content, fat, protein, easily hydrolysable nitrogen and the sodium chloride were 
determined. The water contents of analysed samples ranged between 64.67 and 68.10 %. Only one sample 
exceeds the water content from Romanian standards. The averages for protein content vary between 11-
34% and 11.63%, indicating a easy positioning of producers above the minimum requirement. Lowest easily 
hydrolysable nitrogen content (41.87 mg NH3 / 100 g) was obtained for sample D and highest content (44.23 
mg NH3 / 100 g) for sample E. All samples examined were within max limit. 45 mg NH3 / 100 g standard 
required.  

  
Keywords: meat, nutritive quality, fat, proteins 
 
INTRODUCTION 
Product quality has become a main topic of discussion nowaday. Quality serves as 

an important criterion for consumers when purchasing food products and it builds 
customer value and satisfaction [1,2].  

Consumers’ quality judgements of food depend on the perceptions, needs and goals 
they have [3]. The concept of quality is essentially defined by the consumer and is not 
easy to measure [4]. 

There is a long tradition of research into consumers’ food choice and quality 
perception. Sensory quality of products is one of the most important factors that attract 
consumers. It results from a number of aspects such as flavor (taste and aroma), texture, 
and color [5].  

In the food industry, sensory analysis is extremely important to evaluate marketing 
acceptance and quality of a product. The companies are making adjustments in product 
designs, manufacturing processes, and marketing strategies to improve product quality [6]  

Intensity scaling is frequently used in evaluation of sensory properties. Many experts 
in sensory evaluation use nine-point scale [7].  

Even if it is less clear for consumers, also nutritive value is very important factor of 
meat products quality.  

Therefore, the overall objective of this work was to assess  the Victoria salamy quality 
based on sensorial and physico-chemical properties. 

  
MATERIAL AND METHODS 
To carry out this study were bought five different kinds of salami Victoria from the 

local market. For each type of salami were purchased three samples. The samples were 
chosen from five major manufacturers of meat products in Romania. 
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The sensorial evaluation was done  according with Romanian standard STAS 12656-
88. For every evaluate sensory feature were granted points (p), as follows: shape and 
appearance (0-4p), look in section (0-3p), consistency (0-3p), smell (0-4 p) and taste (0-6 
p).  

The water content, fat content, protein content, easily hydrolyzable nitrogen and 
sodium chloride were determined in the laboratory using standard methods specific for 
each determination.  

 
RESULTS AND DISCUSSION 
The results of sensory evaluation for the five kinds of salami  are shown in Table 1. 

Each sample was assessed by seven consumers (non experts in the field). In this table are 
pooled primary data recorded on every individual sheet of appreciation. 

 
Table 1 The results of sensory evaluation of salami Victoria 

Specification A B C D E 
points X points X points X points X points X 

Shape and 
appearance 

4,3,3, 
4,3,4, 

4 
3.57 

4,4,3, 
4,3,4, 

4 
3.71 

4,3,3, 
3,3,4, 

4 
3.42 

3,3,3, 
4,3,4, 

3 
3.28 

3,3,2, 
3,2,4, 

3 
2.85 

Look in section 
3,2,2, 
2,2,2, 

3 
2.28 

3,2,3, 
3,3,3, 

3 
2.85 

2,2,2, 
2,2,3, 

2 
2.14 

2,2,2, 
2,3,1, 

2 
2.0 

3,3,3, 
3,2,3 

3 
2.85 

Consistency 
3,3,2, 
2,2,3, 

3 
2.57 

3,3,3, 
3,3,3, 

3 
3.0 

2,3,2, 
2,2,3, 

3 
2.42 

2,2,1, 
2,2,2, 

3 
2.0 

3,3,3, 
3,3,3 

3 
3.0 

Smell 
4,3,3, 
4,4,2, 

3 
3.28 

4,4,3, 
4,4,3, 

4 
3.71 

4,3,3, 
4,4,3, 
   4 

3.57 
3,3,3, 
4,4,2, 

3 
3.14 

4,4,3, 
4,4,4, 

4 
3.85 

Taste 
6,5,5, 
5,4,5, 

5 
5.0 

6,6,5, 
6,5,6, 

5 
5.57 

5,4,4, 
5,4,6 

5 
4.71 

4,3,3, 
3,4,5, 

5 
3.85 

6,6,6, 
6,6,6, 

6 
6.0 

 
If the reading is done strictly on the total score obtained, then the best is sample B 

(18.84 points), followed by sample E (18.55 points); the weakest in terms of sensory 
quality is sample D with 14.27 points. 

Sample E was unsatisfactory for the appearance and form, but it recorded the 
maximum value for the taste (6.0 points), it was the best for smell (3.85 points out of 4.0) 
and ranks first, along with sample B, for consistency (3.0 points out of 3) and look in 
section. 

Sample B was the best for appearance and form (3.71 points out of 4.0), followed by 
sample A (3.57 points).  

For an easier interpretation of the data these are plotted in Figure 1. 
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Figure 1 The mean results of sensory assessment of salami Victoria 

 

The results of laboratory measurements are presented in table 2. in this table were 
presented the averages and standard deviations of values obtained in the laboratory.  

 
Table 2 The laboratory analysis results for the five types of salami Victoria 

 

Specification STAS A B C D E 

Water content [%] X max. 68 64,67 66,50 65,46 67,87 68,10 
±St dev - 1,17 0,82 0,75 1,07 0,36 

Fat content [%] X 24-38 27,66 27,83 25,33 28,37 29,25 
±St dev - 1,10 0,95 0,84 1,51 0,46 

NaCl [%] X max. 3 2,86 2,91 2,84 2,94 2,96 
±St dev - 0,25 0,05 0,18 0,04 0,02 

Easily hydrolyzable 
nitrogen 

 [mg NH3/100 g]  

X max. 45 43,77 43,73 44,03 41,87 44,23 

±St dev - 0,74 1,00 0,61 0,60 0,40 

Protein content [%] X min. 11 11,44 11,34 11,37 11,35 11,63 
±St dev  0,53 0,27 0,38 0,29 0,38 

 

The water content and the easily hydrolysable nitrogen content of the analyzed 
samples are shown in Figure 2.  

68 64
,6

7

66
,5

65
,4

6

67
,8

7

68
,1

45 43
,7

7

43
,7

3

44
,0

3

41
,8

7

44
,2

3

0
10
20
30
40
50
60
70
80

STAS A B C D E

Water content [%] Easily hydrolyzable nitrogen  [mg NH3/100 g]

 
Figure 2 The water content and the easily hydrolysable nitrogen content of salami 



RESEARCH PEOPLE AND ACTUAL TASKS ON MULTIDISCIPLINARY SCIENCES 
24 – 28 JUNE 2015, LOZENEC, BULGARIA 

 
 

 73 

 
 
According with these data, it can say that the water content ranged between 64.67% 

and 68.10%. Only one sample (from the company E) out of fifteen did not comply minimum 
requirement for this feature and it exceeded with 0, 5%.  

The difference between the lowest water content (63.8% - company A) and highest 
(68.5% - company E) is 4.7 percentage points; it may mean a lower nutritional value for 
the firm E. 

 The lowest easily hydrolysable nitrogen content (NH3 41.87 mg / 100 g) was 
obtained for products of D company and the highest content (44.23 mg NH3 / 100 g) was 
registered for the firm E. All examined samples were congruent with standard requirement 
(max. 45 mg NH3/100 g). 

The contents of samples for protein, fat and NaCl are presented in figure 3.   
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Figure 3 The contents for protein, fat and NaCl 

 
According with these data it can say that all  analyzed samples were assorted with 

the requirements for fat content. Although the upper limit is quite high (38%) there was a 
tendency of processors towards a low fat content. The products of companies A, B, D and 
E showed relatively similar values of fat contents, with mean values ranging between 
27.66% and 29.25%. The smallest fat content (25.33%) was noticed for sample E. 

The averages recorded for protein content vary between 11.34% and 11.63%, 
indicating a very easy positioning of producers above the minimum. Unfortunately we did 
not obtain data on protein quality of products. Also, the salt content from analyzed samples 
did not exceed the requirements. The differences between the samples, expressed in 
percentage points are very small. 

                                              
CONCLUSIONS AND FUTURE WORK 
It is found that we can find very attractive products for their appearance and shape, 

but these could be deficient in other sensory properties. The sample E was on the last 
position for its appearance and form, but was the best to the all other sensory properties. 

The laboratory determinations have indicated that the producers are preoccupied to 
be within STAS for physico-chemical indicators. Except a single sample (from the three 
taken for that kind of salami), which had the water content with 0.5% higher than the limit 
imposed by STAS, all other were within the limits of the product standard. 
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For a better evaluation of meat products is necessary to introduce, for routine checks, 
indicators that could estimate the biological value of proteins and lipids from these 
products. 
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Plenary report  
 

IMPLEMENTATION AND PRINCIPLES OF THE HACCP SYSTEM  
 

Larisa Jovanović and Zoran Čajка 
 

Abstract: The present article deals with HACCP as a management system in which food safety is 
addressed through the analysis and control of various hazards from raw material production to the 
consumption of the finished product. The seven principles of HACCP have been analyzed in this article. The 
principles have been accepted by government institutions, trade organizations and and the food processsing 
industry in many countries of the world. A firm commitment to HACCP by top management should be a top 
priority in its business plans. Food safety systems based on the HACCP principles have been applied in 
many industries with success, such as food processing factories, retail food stores, and food service 
operations. Many companies in Serbia are on the way to implement the HACCP methodology in their 
business operations or to introduce ISO 22000 to supplement the ISO 9001 standard. These are mainly 
companies that are ready to export high quality food to the European Union.  

Key words: HACCP, hazards, food safety, Critical Control Points, monitoring, corrective actions, 
verification procedures, top management 

 
INTRODUCTION 
In todayˈs world, high criteria and requirements for quality and safety of food products 

for human consumption and animal feed are set. Food processing companies that want to 
keep their place in the market and increase their competitiveness must take into account 
the hazards associated with the safety of food products. Hazards conditioned by the 
composition of raw materials and technological processes in the production of food, and 
the contamination of agricultural and food products due to environmental pollution may 
occur at any stage of the production chain [1]. 

Control of safety and quality of raw material components and control of all production 
and transport processes during food distribution are essential links in the modern food industry 
within the framework of the measures to be undertaken with a view to correcting and 
preventing defects in production. The HACCP concept is a reliable method to prevent these 
hazards. The introduction of limit values for all control points and appropriate documentation 
facilitates the implementation of ISO series standards. This documentation provides 
information on the food safety control in points that can be critical. In September 2005, the 
HACCP concept was incorporated in the series of standards ISO 22000: 2005. In Serbia, 
the introduction of mandatory food safety standards was announced in June 2011 [2]. 

 
1. PRINCIPLES OF THE HACCP METHODOLOGY 
HACCP is a system of safe food based on seven principles which effectively ensures 

complete health safety of food products in all segments of production and processing, 
according to the principle "from farm to fork." In contrast to the views of finished products 
at the end of the production process, HACCP represents a preventive system to ensure 
food safety at each step of the production process. The seven principles of identifying 
specific hazard and implementing preventive measures of strategic control are as follows: 

• Hazard analysis, which is defined as "the process of collecting and evaluating 
information on the hazards and conditions leading to their presence in order to decide 
which are significant for food safety and to make a choice of preventive measures" [3]. 

• Identification of critical control points (CCP), or "the level at which control can be 
applied and further determining the steps, points, procedures, and operations that can be 
controlled in order to eliminate the possibility of influencing the hazard or reducing it to an 
acceptable level." Often, there are several critical points so that the hierarchy should be 
applied to determine critical decision points [4]. 
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• Establishment of critical limits or criteria which separate the acceptable from the 
unacceptable. It is necessary to establish target limits and tolerances to ensure control of 
critical points. 

• Establishing monitoring procedures in order to control the critical points of planning, 
testing and observation. For each planned measuring or monitoring analysis at critical 
points, there is a procedure in order to detect loss of control in relation to the previously 
established critical limits. The frequency of analysis shall be adequately evaluated in order 
to guarantee the control of all critical points. Documentation regarding the critical points is 
signed by the person who is directly responsible for the implementation of HACCP and 
another official of the company. 

• Establishment of corrective and remedial actions. For each critical point, specific 
corrective measures are introduced in case of occurrence of any deviations. 

• The decisions of the highest levels of management are essential for the 
implementation and effectiveness of the HACCP system. Various checks and changes in 
the application of HACCP are also necessary, especially during some modifications of the 
product, production processes, stages of production or simple operations. 

• Documenting the processes of implementation of HACCP system must be effected 
in an efficient and accurate manner. The success of the follow-up of corrective measures 
depends on the correct documentation. For each critical point, specific corrective 
measures are introduced in case of occurrence of any discrepancies. The establishment of 
procedures for verification includes additional tests to confirm that HACCP is playing its 
role effectively. For verification purposes, various methods, procedures and lab test 
checks are used. 

 
2. APPLICATION OF THE HACCP METHODOLOGY 
Initially, the HACCP concept was developed for the control of microorganisms 

harmful to human health, by which the contamination of food with pathogenic 
microorganisms is being prevented, and also by chemical agents (toxins, enzymes, 
pesticides, fungicides, herbicides, additives, and heavy metals). The strategy of this 
method is based on directing controls onto those stages of the production process in which 
the hazard is identified. Hazard control is conducted by using well defined procedures. 
This type of control takes into account not only the main product but also the inspection of 
raw materials and production process [5]. 

The HACCP system is applicable in every segment of the food and its preparation. 
HACCP is complementary with other quality systems such as Quality/Environmental 
Management System. This quality management system is used in the production of food 
and beverages in the food industry. The HACCP system can be harmonized with other 
quality systems (ISO 9000 standards series and ISO 14000 series of environmental 
management standards). 

The ISO 22000 series global standards for safe food supply chain operate as a 
combination of ISO 9001: 2000 with HACCP. In the HACCP system, the emphasis is on 
preventive measures that differ from corrective measures. It is clear that by application of 
HACCP methodology we can achieve savings through assurance of food safety and the 
prevention of diseases transmitted by contaminated foodstuffs. 

The two primary components of HACCP are: hazard analysis and identification of 
hazard at every stage of food production and critical control points in which the hazard to 
the safety of food can be prevented or eliminated and control be exercised (CCP). 

The emergence of new pathogens in foodstuffs and their correlation with disease 
epidemics is the reason for the accelerated development of the HACCP system. Food 
companies have realized the necessity of implementing this system in the production lines 
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of food and beverages. The main goal is the elimination of potential hazards for food 
safety or their reduction to an acceptable level for the prevention of spoilage of foodstuffs. 
In this way,the production of safe food products without risks to the health of consumers is 
allowed. Figure 1 shows the logic sequence for application of HACCP. 

 

 
Fig. 1 A Flow Diagram of the Logic Sequence for Application of HACCP 

 
An efficient and precise record keeping is quintessential to the application of a 

HACCP system. HACCP procedures should be documented in an orderly mannner. 
Documentation contains data on hazard analysis and critical points. Keeping records 
include measures for monitoring critical points, deviations, and further corrective measures 
as well as the modification of the HACCP system. The documentation is kept in a 
database so that the integrity of the storage of information about the hazard is secured. 
The interaction of all phases and feedback are characteristic of the HACCP system. 
Strategic control is applied at the stage of hazard analysis, and later as a preventative 
control at all stages of the production process in the food industry [6,7]. 

Implementation of HACCP system after the introduction of ISO 9001: 2008 is 
associated with the following steps: 

• Approval by the owner. 
• Acceptance of the obligations of implementing HACCP by top management. 
• The training of all personnel during training course. 
• Multidisciplinary activities of HACCP team that develop in the course of 

implementing the HACCP plan and documentation. 
• Self-evaluation of internal listeners to identify potential diviations. Implementation of 

corrective measures for recorded diviations in order to improve the effectiveness of the system. 
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Documents are prepared in accordance with the principles of HACCP to ensure 
control of hazards to food safety in the chain of production, transportation and distribution. 

 
3. BENEFITS FROM THE IMPLEMENTATION OF THE HACCP METHODOLOGY 
There are many benefits from the implementation of HACCP systems in all sectors of 

agricultural production, the food industry and food trade. We can point out the following 
advantages brought about by such implementation: 

• Reducing the risk of diseases that occur by eating contaminated food; 
• Improving public health; 
• Improving the quality of life in the area of health and socio-economic aspects; 
• Reducing the cost to the public health of the population; 
• Much more effective and targeted control of foodstuffs; 
• Strengthening of management accountability in relation to food safety; 
• Reduction of production costs; 
• The decline of business risk; 
• Increased confidence in food suppliers; 
• Reducing the cost of private insurance; 
• Increased market and greater security of trade; 
There are variations in the implementation of HACCP systems from country to country 

and from sector to sector. The barriers that may hinder the implementation of HACCP 
should be identified and validated as an initial step in developing a HACCP strategy.The 
main reasons for the emergence of barriers are: 

• Lack of support from government authorities; 
• Rejection of the commitments made by the management; 
• The absence of legislation; 
• Lack of funds; 
• Lack of experience and/or technical support; 
• Absence of teamwork and communication among personnel.  
A good solution for harmonization of food safety standards encourages the 

international standard ISO 22000: 2005, which comprises all the elements of the HACCP 
and codes of good hygienic practices and products, elements of the system of quality 
standards (ISO - 9001), as well as traceability and labeling of foodstuffs [8,9]. The 
standard ISO 22000 series was adopted in 2005 at the international level in order to 
provide opportunities for all stakeholders in the food industry to simultaneously harmonize 
the quality of business processes (ISO 9001: 2000) and health food safety (HACCP). 

Many companies in Serbia are on the way to implement the HACCP methodology or 
to introduce ISO 22000 to supplement the ISO 9001 standard. These are mainly 
companies that are ready to export food to the European Union [10]. The positive 
experience with the implementation of quality standards and food safety have the oil 
factories Diamond and Banat, the Meat Industry from Backa Topola, the Confectionery 
Industry Bambi from Pozarevac, and also the companies for the production and 
distribution of honey (Medomix, Apicase honey and Mel Mel Biomed). 

 
CONCLUSIONS 
In the era of globalization, food manufacturers are responsible for the health of their 

consumers and their duty is to eliminate all types of risks from farm to fork (exposure to 
raw materials, agricultural products and animal biology, microbiology, physical and 
chemical risk). Apart from legal obligations, big food distributors (supermarkets, 
megamarkets and international restaurant chains) require suppliers that participate in the 
process of quality assurance and food safety which includes obtaining specifications about 
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the origin, quality and food safety issues.Ensuring food safety from the risks of carrying 
biological, microbiological, chemical and physical agents requires continuous monitoring of 
all critical points during production process and transport in the the food chain. The 
presence of hazards has to be emphasized in all stages of the manufacturing and 
distribution of food, and consumers must be alert to the potential presence of residual 
contaminants . 

Serbia has a great development potential in the field of tourism, catering, food 
industry and agriculture. All these sectors are connected, and also they represent the 
priorities of economic development of Serbia. In order to achieve prosperity of the Serbian 
economy, training in the safe food production is required for agricultural producers, 
agronomists, veterinarians and technologists, as well as for all other participants in the 
food production . 

It is necessary to educate personnel in various fields, as well as broader layers of the 
population on food safety issues through the media and a larger number of publications on 
international standards of quality and health safety of food products.Requirements of 
quality standards series and the system of food safety should be continually introduced 
into the work of food producers in all areas and all sectors of production and distribution of 
food products.Provision of healthy food products requires good communication between 
the institutions that perform the hazard assessment, the legislature and food safety 
agencies. The problem of food safety should be a multidisciplinary approach, with the 
cooperation of all relevant stakeholders: 

• primary producers, 
• industry and handicraft sector, 
• inspection services, 
• transport and trade sectors, 
• consumers. 
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ABOUT AIR POLLUTION (SO2 AND SOOT  
CONCENTRATIONS IN THE AIR) IN VRANJE 

 
Marica Jovanović 

 
Abstract: Pollution is the quantitative and the qualitative alteration of physical, chemical and biological 

characteristics in the basic components in the living environment (air, water, soil, food, etc.). 
SO2 itself is not a highly toxicating agent but the products (H2SO4) of its interactions and 

transformations in the atmosphere are. Soot in all its forms is an agglomerate of unburnt coal particles and 
poarticles originating from other types of fuels of a highly adsorbent power. 

Key words: Air pollution, SO2, Soot 
 
INTRODUCTION 
Pollution is the quantitative and the qualitative alteration of physical, chemical and 

biological characteristics of the basic components in the living environment (air, water, soil, 
food, etc.). 

The effects of pollution are of global importance (climatic changes) and of a particular 
importance which is reflected in the biological effects on man, animals and plants. 

The process of urbanisation, especially the process of industrialisation of the living 
environment has brought about the pollution of the living environment of global 
consequences reflected especially in the form of air pollution, water pollution, the pollution 
of soil and food. 

The urban environment along with its contemporary way of life and industrial 
activities is characterised by a specific type of urban pollution. 

The phenomenon of atmosphere pollution consists of three components: sources, 
atmosphere and receptors.  

The traffic contributes to the pollution of air. 
In a more restricted sense, air is considered polluted if containing substances 

otherwise not being part of the natural content of air. Generally, air is considered polluted if 
containing substances the concentration of which causes harmful consequences to the 
health of people and the living environment and cause damage to the human economy. (9) 

The results of a negative influence of the anthropogenic factor are especially evident 
in smaller urban envirionments. 

Vranje is the regional centre of the Pcinja District. (10) Vranje is situated in the 
southwestern part of the Vranje valley. (1) 

The oldest written document mentioning the wider territory of Vranje is from V ct. B.C. 
(10)  

The bio-geographical complex of the urban territory of Vranje has been transformed 
considerably and some urban territories have been degraded substantially. (3) 

A general pollution of the territory may be identified including the components of the 
pollution of soil, water, air, food. 

As the dimensions of the polluting components are increasing on a daily basis, a 
process of degradability may be identified in the flora, fauna, inhabitants, ontogenetic 
development of individuals, cultural and historical monuments, etc. (5) 

 
MATERIAL AND METHODS 
The data from the Air Quality Control Report for the period from 2003 to 2014 issued 

by The Institute of Public Health in Vranje have been used for this paper. A supplementary 
source is the various data on the ruderal flora in Vranje published so far. (3) 

Analyses of pollutants (SO2 and soot) were carried out according to standard 
methods in accredited laboratory and the requirements of ISO / IEC 17025 standard. 
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The sampling of gaseous pollutants was conducted by air sampler PRO - EKOS AT - 
801x2 (a two-sample device operating as a 4 day sampler - using 8 Drechsel bottles in the 
Institute of Public Health in Vranje) and by AT - 401 (4 Drechsel bottles in elementary 
school "Svetozar Markovic" in Vranje) by absorption of contaminants from a known volume 
of air in the proper absorption solution.  

The samples of soot are obtained by filtering a known volume of air through a filter 
paper. 

The method of the sample analysis of SO2 is based on the spectrophotometric 
determination with tetrachlormercurate and pararosaniline. The tetrachlormercurate 
solution absorbs sulfur dioxide from the air samples forming the dichloro-sulfito-mercurate 
complex. Formaldehyde and acid solution of pararosaniline are added to form purple-red 
pararosaniline methyl sulfonic acid. The amount of color is proportional to the 
concentration of SO2. The absorbance of the sample solution was determined at 560 nm 
using a spectrophotometer (Method ZZ 271). 

The principle of the method for determining the concentration of soot in the 
atmosphere consists of changing the reduction of reflection of the filter paper Whatman 
No. 1, because of the deposited soot from the air sample and reading of the appropriate 
mass concentration [mg/m3] from the corresponding table. The reflectometer probe is used 
to measure optical density on the basis of which the mass concentration of smoke is 
calculated (Method ZZ 250) (13). 

The values are in accordance with legal regulations published in the Official Gazette 
of the Republic of Serbia No. 36/09, 11/10, 75/2010, 63/2013. (13, 11, 12) 

The determination of SO2 and soot concentrations as well as their measurement is 
performed in the Institute of Public Health in Vranje. (7). 

 
RESULTS AND DISCUSSION 
The results (Table 1) expressing mean annual concentrations of SO2 and soot in 

Vranje during the period 2003 - 2014 point to increased pollution in the winter period. This 
confirms that the gases emitted from the individual heating facilities and boiler rooms, and 
the exhaust gases from cars are the main sources of air pollution in Vranje. 

The concentractions of these pollutants are consistent with applicable laws and 
regulations. (11,12,13). 

The period 2010 - 2014 is characterized by the decrease in the value of the mean 
annual concentrations of SO2 and soot in Vranje. This indicates that further application of 
statutory protection measures can contribute to better air quality in Vranje and thus to a 
cleaner and healthier environment. (13). 

 
Table 1 - Average annual concentrations of SO2 and soot in Vranje 

Year 

Average annual  
concentrations of SO2  

[mg/m3] 

Average annual concentrations of 
Soot 

[mg/m3] 
Inst. of Pub. 

Health 
Elem. Sch.  
"Sv. Mark." 

Inst. of Pub. 
Health 

Elem. Sch.  
"Sv. Mark." 

2003 6,93 6,90 6,00 8,14 
2004 12,87 12,77 8,00 8,00 
2005 26,34 26,04 21,29 10,24 
2006 60,30 46,02 37,37 20,45 
2007 42,10 35,00 20,40 9,90 
2008 29,20 22,60 22,10 12,10 
2009 26,40 20,60 24,10 13,70 



RESEARCH PEOPLE AND ACTUAL TASKS ON MULTIDISCIPLINARY SCIENCES 
24 – 28 JUNE 2015, LOZENEC, BULGARIA 

 
 

 83 

2010 6,20 3,80 11,40 8,30 
2011 6,10 3,00 22,60 13,70 
2012 4,87 3,15 19,85 13,72 
2013 5,61 3,99 20,35 15,30 
2014 5,18 3,70 15,96 13,63 
 
CONCLUSION 
Air pollution contributes to the general pollution of the living environment and it can 

have a fatal effect on living beings. 
An increased SO2 concentration causes ‘acid rains’. 
A decrese of the air pollution effect would bring about a better quality of the living 

environment.  
The most efficient way of air clearing is to create more green areas (areas with active 

cleaners, that is plants). 
Representatives of the ruderal flora and vegetation also contribute to the clearing of 

the air in urban environments and in general. 
 
REFERENCES 

[1]. Izbor radova I (1993) – Vranje kroz vekove, Vranje 
[2]. Jablanović M., Jakšić P., Kosanović K. (2003) – Uvod u ekotoksikologiju, Univerzitet 

u Prištini, Prirodno-matematički fakultet, Kosovska Mitrovica 
[3]. Jovanović M. (2001) – Ekološko fitogeografske karakteristike ruderalne flore Vranja, 

magistarski rad, Biološki fakultet Univerziteta u Beogradu, Beograd 
[4]. Jovanović M. (2003) – Lekovite biljke ruderalne flore Vranja, str. 59-67, lekovite 

sirovine br.23, Institut za proučavanje lekovitog bilja „Dr. Josif Pančić“, Beograd 
[5]. Jovanović M. (2004) – Uticaj zagađenosti vazduha na stanje zalenih površina na 

području Vranja, originalni naučni rad, ECOLOGICA, No 42, godina XI, str.13-17, 
Beograd 

[6]. Jovanović M. (2006) – O kvalitetu vazduha u Vranju, Prva naučno-stručna 
konferencija sa međunarodnim učešćem „Zaštita vazduha i zdravlja“, Zbornik radova, 
Institut zaštite, ekologije i informatike, Banja Luka 

[7]. Jovanović M. (2007) – Air Pollution in Vranje (19 – 25), Research people and actual 
tacks on multidisciplinary sciences, volume 3, Lozanec, Bulgaria 

[8]. Jovanović S. (1997) – Ekološka studija ruderalne flore i vegetacije beograda, Biloški 
fakultet Univerziteta u Beogradu, Beograd 

[9]. Rožaja D., Jablanović M. – Zagađivanje i zaštita životne sredine, Univerzitet Kosova 
PMF, Zavod za udžbenike i nastavna sredstva SAP Kosova, Priština 

[10]. Stamenković S. (1995) – Vranje – Geneza i naseobinska evolucija, Geografski 
fakultet Univerziteta u Beogradu, Beograd 

[11]. Uredba o uslovima za monitoring i zahtevima kvaliteta vazduha, "Službeni Glasnik 
RS" br. 11/10 

[12]. Uredba o izmenama i dopunama Uredba o uslovima za monitoring i zahtevima 
kvaliteta vazduha, "Službeni Glasnik RS" br. 75/2010, 63/2013 

[13]. Zakon o zaštiti vazduha, "Službeni Glasnik RS" br. 36/09 
 
ABOUT THE AUTHORS 
Marica Jovanović, independent expert, Municipality Vranjska Banja of the City of 

Vranje, Kralja Petra I Oslobodioca 121/1, 17542 City  Vranjska Banja, Serbia,Tel.: 
+381613094683, E-mail: marica_jovanovic@yahoo. 

 



RESEARCH PEOPLE AND ACTUAL TASKS ON MULTIDISCIPLINARY SCIENCES 
24 – 28 JUNE 2015, LOZENEC, BULGARIA 

 

            
 84 

 
THE FLORISTIC ABUNDANCE OF THE VRANJE REGION 

 
Marica Jovanović 

 
Apstract: The plant world of Vranje and its sorroundings has always been the research subject for 

many florists and it will be in the future.Josif Pancic was one of the many florists, both Serbian and foreign 
ones, who studied the flora of this area.Djordje Nicic transformed Vranje into a floristic centre in Serbia by 
means of his scientific research and by building a botanical garden.The sorrounding area of Vranje is the 
habitat of the lost taxon Althaea vranjensis (Diklic & Nikolic). 

Key words: Vranje, flora, Althaea vranjensis (Diklic & Nikolic) 
 
 INTRODUCTION 
The oldest written mentioning of Vranje was in V ct. B.C. (Herodot, 484-425 B.C., in 

‘Istorija’). A Greek woman of nobility, Ana Komnina, in a written document mentioned 
Vranje for the first time in XI ct., 1093, when the head of the Raska state Vukan conquered 
this place and took it over from the Bysantines (6, 11) 

The central position on the Balkan penninsula has been an important precondition for 
the development of Vranje and its surrounding area for centuries. 

Vranje is situated in the northwestern part of the Vranje valley below the mountains 
Pljackovica (1231 m), Przar (731 m), Krstilovica (1154 m) and Borino brdo (690 m). (10) 

The history of Vranje is abundant in floristic research conducted by important florists 
who lived and worked in Vranje. 

The results of their work help both us and the future generations understand the 
wealthy floristic inheritance of the Vranje area. (7, 11) 

 
MATERIAL AND METHODS 
A large bibliography on the results of floristic research conducted on the territory of 

Vranje has been used for this paper. 
 
RESULTS AND DISCUSSION 
The Vranje area is like a special ‘muse’ to florists. The greatest among the greatest 

have not been able to resist her charms. 
Josif Pancic spent some time in Vranje and its surroundings in 1869 and he added 

numerous plants (59 species) to his herbarium. One of the additions was Arabis alpina, L. 
(14, 15, 5) 

From 1892 to 1896, Adamovic spent in Vranje and its surrounding area some time 
and made some phenological observations. (1, 2). In 1908 he discovered the plant 
Phlomis pungens, Wild. (7) 

From 1892 to 1896, Davidovic examined the Vranje and the Vlasina flora. (3, 5) 
From 1895 – 1898, Simic examined cryptogram plants in the surrounding area of 

Vranje. (16, 5) 
In 1904, Ilic collected herbarium material in Vranje and its surrounding area. (4, 5) 
In the period from 1908 to 1926, Kosanin analysed the flora of South Serbia 

thoroughly. (12, 5) 
A remarkable contribution to the examination of the Vranje flora was given by Djordje 

Nicic who lived and worked in Vranje from 1881 – 1888. In Vranje and its surrounding 
area, he discovered 1261 species of plants. Many of those plants had been unknown up to 
then both among scientists and the public in Serbia and in Europe. He cooperated with 
Josif Pancic and Sava Petrovic. (13, 7) 
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After May 27, 1986, Pancic sent a letter to Nicic from Belgrade with the following 
content: “It is my pleasure to see that you examine the Vranje area flora because that area 
is worth examining as there are plants specific only to that area which you can see from 
the appendix to my flora which I will sent to you before I set out on a trip.” Nicic found the 
new plant Hieracium on Pljackovica. (17) 

In 1896, Nicic published the book “The structure of the Vranje area flora” in Belgrade. 
(13, 17, 5) 

Nicic said about Vranje: “Those who have lived in Vranje or been to this town, and 
have not been to Pljackovica, they have not had the sweetest pleasure, nor the privilege to 
enjoy the beauty offered by the Vranje area and a botanist who has not visited the Vranje 
area does not know the most wonderful charms offered by the plant world in the Kingdom 
of Serbia.” (13, 17) 

From 1898 – 1900, a botanical garden existed in the school yard of the Vranje 
Gimnazija, a secondary general education school, with 203 species of plants. (19) 

The presence of these plants (203 species) in the botanical garden in Vranje (1898 – 
1900) causes admiration especially since the Ramonda Serbica also belonged to this 
priceless treasure, Panc., endemic species of the Serbian flora. (7) 

Herbal plants made about 20% of the total number of plants in the botanical garden 
in Vranje in 1898. 

The most prominent position which was assigned to a plant in the floristic 
examination of the Vranje Flora belonged to the lost taxon Althea vranjensis, Diklic & 
Nikolic (Vranje mallow). (18) 

The reason why this plant disappeared is attributed to the activity of anthropogenic 
origin. The possibility of reproduction does not exist becaue the taxon has forever 
disappeared from the world gene collection. The plant was not examined 
pharamcollogically. Research should be continued because the taxon Althea vranjensis 
(Diklic & Nikolic) made the Vrranje area much wealthier and without it the world is poorer. 

Many other botanists contributed to the determination of the Vranje flora with their 
work and among them Gajic should be mentioned. In 1992 he discovered the plant 
Consolica uechtritzian (Pancic ex Huth) Soo. (Ihtric’s larkspur) in the Vranje area. (18) 

Intensive research conducted on the Vranje flora has helped the determination of the 
presence of 242 subspecies or varieties of vascular plants which may be classified into 
172 genera and 55 families. (6, 11) 

Herbal plants make 21.9% of the determined ruderal flora of Vranje. 
Herbal plants are used in traditional (folk) medicine and contemporary medical 

treatment and directly as a source of important pharmaceutical material in the 
pharmaceutical, cosmetic, chemical and food industry.  

The application and usage of herbal plants still is the oldest, most trusted and most 
accessible method of treatment for most people. Beside that these plants are mostly edible 
so that their medical features are used in food as well. (9) 

The analysis of the ruderal flora of Vranje (6) and the reports from 1898 about the 
botanical garden in Vranje (19) have helped the determination of the presence of 9.09%, 
that is 22 common species. This fact indicates the adaptive ability of ruderal flora. 
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Fig. 1 - The list of plants from the botanical garden in Vranje in 1898 

 
CONCLUSION 
Floristic examination in the Vranje area is an evidence of an enormous plant treasure 

and thus a treasure of biodiversity. 
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ENVIRONMENTAL FRIENDLY METHODS WITH FAVORABLE 
IMPACT ON THE CHEMICAL COMPOSITION OF MEDICINAL AND 

AROMATIC PLANTS  IN CULTURE 
 

A. Bîra3, G. Vlăsceanu1, Şt. Manea1, Z. Marosy2 

 
Abstract: The must of herbs cultivation it is necessary because naturally these are growing in hard-to-

reach places, on large fields, which makes identification, collection and transport to be difficult. Into culture 
have been recorded the results for 5 different types of medicinal plants, namely: thyme (Thymus vulgaris), 
echinacea (Echinacea purpurea), lucerne/alfalfa (Medicago sativa), thistle (Sylibum marianum) and mint 
(Mentha piperita), using biocompost from vegetale wastes and  diamagnetic water. These have been used in 
a wide variety of quantitative combinations, depending on the nutrients balance for each plant and the 
environmental requirements of soil. 

Key words:  environmental friendly methods, medicinal plants, culture 
 
INTRODUCTION 
To cover requirements of the market it is necessary a production of ever-increasing 

vegetal material, that's why S.C. Hofigal Import Export S.A. its proposed by this study to 
find new environmentally friendly methods for improvement of the quality and quantity 
contents in active substances on medicinal plants in culture. The experiment was carried 
out on its own land and greenhouses, and laboratory analyzes have been realised in the 
framework of the investigating Laboratory for Physico-Chemical and Microbiological 
Control. 

 
MATERIAL AND METHODS 
The study aimed to enhancing the chemical composition of plants by using of 

biocompost from vegetal wastes for soil and periodical magnetic structured water 
application. Soil analysis after applying the biocompost has been carried out only for the 
content in major macronutrients: nitrogen (N), phosphorus (P), potassium (K) and pH.  

For mineral nitrogen has been used method for the reduction of NO3 in the presence 
of sulfanilic acid and naphthylamine and confirmation is being highlighted by the color 
analysis – pink color by different intensity. 

For inorganic phosphorus has been used method of reduction of phosfomolibdenic 
acid with SnCl2, with the appearance of a dark blue color of different intensities.  

The potassium analysis was based on the reaction of the sample with dipicrilaminat 
of magnesium in an acid medium (HCl), when can be observed a red-orange-yellow color. 

Determination of pH has been carried out by comparison of colors. 
Analytical values for soil after application of biocompost have been obtained into the 

experimental laboratory of the Ecologycal University from Bucharest and have been 
interpreted in agreement with the limits levels of nutrients in soil as determined on the 
basis of legislation and standards in force. Evaluation og the major macronutrients content 
was done based on G.O.MAPPM No 756/1997 concerning specific environmental pollution 
evaluation for soils with use less sensitive.[1] 

Magnetic structured water that has been applied in soil is obtained by processing a 
quantity of 500 mL of spring water, for 3 days, in a device with variable magnetic fields in 
which the induction coils are arranged in a three-dimensional layout. 

 
Water structured as follows (M3D) has been delivered into glass container and was 

ferrite of light or intense electromagnetic radiation beads, accompanied by a written 



RESEARCH PEOPLE AND ACTUAL TASKS ON MULTIDISCIPLINARY SCIENCES 
24 – 28 JUNE 2015, LOZENEC, BULGARIA 

 
 

 89 

material for advice on how to use and storage of water. For the study has used a dilution 
of water of 1/2000.[2] 

The chemical composition analysis of selected medicinal and aromatic plants in 
culture have been carried out in the Physico-Chemical and Microbiological testing 
laboratory of Hofigal S.A. [3] 

 
RESULTS AND DISCUSSION 
Research with M3D water are advanced, being initiated as early as 1999. Because 

are a theoretical basis and procedures for wetting has been necessary to adapt its to the 
conditions required by the soil and the special notes what could be found in ecologycal 
conditions of Hofigal. In the case of medicinal plants in culture, which can be found in the 
glasshouses area, it has to be noted a fast growth and development. Because its 
ccelerated growth the plant need an increased contribution in light and nutrients.  

Experiments in the past few years have shown that combined use of diamagnetic 
structured water (M3D) with the addition of biocompost in soil can create multiple beneficial 
effects, orienting the plant development toward a favorable outcome. Results are evident 
in the case of all 5 types of medicinal plants regarding the chemical composition. 

 
Peaking through the images: 

Thyme – Thimus vulgaris, Fig. 1;  
Echinacea – Echinacea purpurea – Fig.2; 
Mint – Mentha piperita – Fig. 3. 
a) plants developed without application of biocompost and M3D water in soil 
b) plants developed with application of biocompost and M3D water in soil 
 

   
(a)                         (b) 

Fig. 1. Thyme – Thimus vulgaris 
 

   
(a)                         (b) 

Fig. 2.  Echinacea – Echinacea purpurea 
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(a)                         (b) 

Fig. 3.  Mint – Mentha piperita 
 

Combining properties of M3D magnetic structured water with those of biocompost 
from soil assure an harmonious development of plants 

 
The results analysis for the physico-chemical composition of planta made in the 

Physico-Chemical and Microbiological testing Laboratory of Hofigal S.A. have been 
conclusive; as follows: 

 
Tablel no.1. Thyme (Thymus vulgaris) – fresh air parts 

 
No. Analyzed 

features 
Tolerance 

limits 
Results / 
Control 

Results / sample  
(with biocompost and M3D water) 

1.  
Water, ml/kg,  max. 

 
900,0 

 
821,2 

 
780,0 

2.  
Total Ash, %, max. 

 
8,0 

 
3,4 

 
3,5 

3. Content in : 
 
- Volatile oil, ml/kg, min. 
 
- Total polyphenols 

expressed in cafeic 
acid, %, min. 

 
 

4,0 
 

1,0 

 
 

7,0 
 

1,1 

 
 

8,9 
 

1,3 

Table no. 2. Echinacea (Echinacea purpurea) – fresh flowers 
 

No Analyzed 
features 

Tolerance 
limits 

Results / 
Control 

Results / sample  
(with biocompost and M3D water) 

1. Total Ash, %, max. 2,0 1,8 1,7 

2. Loss on drying, %, max. 80,0 79,0 72,2 

3. Content in total 
polyphenols exprissed in 
clorogenic acid, %, min. 

 
0,5 

 
1,21 

 
1,3 
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Table no. 3. Lucerne (Medicago sativa) – fresh air parts 

 
No. Analyzed 

features 
Tolerance 

limits 
Results / 
Control 

Results / sample  
(with biocompost and M3D water) 

1. Total Ash, %, max. 2,0 1,8 1,7 

2. Loss on drying, %, 
max. 

80,0 79,0 72,2 

3. Content in  Proteins, %, 
min. 

0,5 1,21 1,3 

 
Table no. 4. Thistle  (Sylibum marianum) – seeds  

 
No. Analyzed 

features 
Tolerance 

limits 
Results / 
Control 

Results / sample  
(with biocompost and M3D water) 

1. Total Ash, %, max. 8,0 4,4 5,5 

2. Loss on drying, %, 
max. 

10,0 3,4 3,6 

3. Content in  fats, %, 
min. 

- 23,71 
 

24,25 

 
Table no. 5. Mint (Mentha piperita) – fresh air parts 

 
Nr. 
crt 

Caracteristici 
analizate 

Limite de 
admisibilitate 

Rezultate / 
proba Martor 

Rezultate / unitate de proba 
(cu biocompost si apa M3D) 

1. Cenusa totala, %,  
max. 

10,0 3,06 2,6 

2. Pierdere prin uscare, 
%, max. 

80,0 62,8 74,5 

3. Continut in Ulei volatil, 
mL/kg, min. 

1,5 
 
 

5,5 6,0 
 
 

 
CONCLUSIONS AND FUTURE WORK 

1. Combining properties of M3D magnetic structured water with those of biocompost 
from soil assure an harmonious development of plants 

2. Have been obtained higher values as regards the content in : 
► volatile oil (at thyme and mint),  
► protein (lucerne),  
► fat content (at thistle) 
► total polyphenols express in cafeic acid (thyme), respectively in clorogenic acid 

(echinacea). 
3. Could be notice lower values as regards: 

► water content (thyme),  
► total ash (to echinacea, alfalfa and mint),  
► losses by drying (at echinacea and lucerne). 
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4. All tested samples shall COMPLY with the requirements of Technical Specifications. 
5. The study revealed the favorable impact of the ecological methods applied on the 

phyto-chemical properties of the medicinal and aromatic plants in culture. 
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RESEARCH OF ECOLOGICAL FACTORS (RELATIVE HUMIDITY AND 
TEMPERATURE) IN DEBRIS WITH CRYSTALLINE EPIMETAMORPHIC 

SHISTS IN THE LEAOTA MASSIVE (ROMANIA) 
 

M. L. Dorobăţ 
 

Abstract: This paper presents partial results of monitoring activities for the ecological parameters, like 
temperature, relative humidity and dew point recorded in different areas with scree from crystalline 
epimetamorphic shists in the Leaota Mountain. The measurements were taken continuously during October-
November 2014, for each ecological station, on the soil level (0m) and two other different depths, 0,5m and 
1m. The registrations have gathered the data at every two hours, with abiotic parameters’ collecting 
equipment, installed in boreholes at 0,5, and 1meter depths. This data would be correlated with elements of 
fauna collected periodically from the ground and underground locations where the devices were installed, as 
well as with same type registrations, from other shale and sandstones areas of the massive.  

 This research is part of a wider program whose final aim is to investigate how the different types of 
geological substrate influence the distribution and dynamics of biocenotic components, especially 
invertebrates. This type of research through continuous monitoring of environmental parameters at different 
scree depths is a first for Romania.  

 Keywords: scree, crystalline schists, abiotic parameters, data-logger. 
 
INTRODUCTION 
From the geological perspective, Leaota Massive, though having a relatively small 

surface of 336 km2 [1], displays a high geological diversity, including magmatic, 
metamorphic and sedimentary rocks. A benchmark of the outcrop areas in the massive are 
the metamorphic and sedimentary rocks. Within each genetic group of rock, various 
subtypes can be distinguished, which were generated not only by the specific conditions of 
their forming, but also by the interaction between the preexisting rocks and the exogenous 
agents. They all lead to a variety of the geologic layer, which, in turn contributes to the 
variation of the abiotic parameters and hence, in an indirect manner, influences the 
distribution of some invertebrate species and their dynamics. 

Studies in the area are reduced and none of them had a systemic approach, 
specifically based on the connections between the substrate and the wildlife or plants. The 
most recent and complex studies from the geomorphological perspective belong to G. 
Murătoreanu (2006, 2007, 2008) [2]. A study which was to approach the way the geologic 
substrate influences the distribution of the wildlife and flora elements has never been 
made in the Leaota area and not even on national scale, with a low number of this kind of 
study. 

 
MATERIAL AND METHODS 
Researches in the Leaota Mountains are made in different stationaries, of which two 

are in the epimetamorphic crystalline schists scree area. These stations are locatet on the 
Popii Brook, 300 meters away from its confluence with the Ghimbav River, on the right 
slope. This surface is located in a area with forest vegetation at an altitude of 1060 meters. 
Two surveys were made in this stations: one located at a depth of 0.5 meters in fixed 
schist scree, and the second one has the 1 m depth, located in a nude, not fixed, deposit 
scree.  

This area has a surface of nearly 40 square meters, being surrounded by forests from 
three sides and bounded by the brook shore. Survey 1 is located at a depth of 0,5 m, in 
mobile, nude scree. Survey 2 is at a depth of 1 meter, still located on nude scree. Both 
surveys used Barber traps and a data logger each, suspended over the trap. 
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Figure 1. Litological map of Leaota mountains [3, p.97] with the location 

of the ecologic stations 
 

 
Figure 2. Nude crystalline schist scree;  2. Semi-grassed crystalline schist scree 

(L. Dorobăţ) 
In order to collect the temperature data (TºC), relative humidity (Hr%) and Dew Point 

(DºC) I use thermohygrometers with continous data collecting from 2 to 2 hours. Two of 
them are place in surveys and one is on the soil (level 0). 

In the areas with epimetamorphic crystalline schist scree, we used 0,5 m and 1 m 
tubes, due to the fact that this type of rock is rapidly changind and starting from more than 
0,5 m depth there is low porosity, mostly with residual clay which cover the holes in the 
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tubes. 
The 1 m tube was placed deeper in the nude schist scree, due to the fact that the 

alteration processes are less advanced.  
Data loggers in the surveys were suspended, each in a tube, until the top of the 

Barber trap, using a nylon wire, with its upper end tied to the lid of the polyvinyl chloride 
tube [4]. On the soil, the datalogger was camouflaged to avoid the theft and it was 
protected to avoid being destroyed by floods. 

 
RESULTS AND DISCUSSION 
The results recorded at ground level (Fig.3.a, b, c) during October 5 to November 26, 

2014 show that there are large amplitudes of all three abiotic parameters. The maximum 
temperature recorded was 28.6 °C on 10th November 2014 at 12.46 o’clock which is 
explained by exposure to the south of the slope, by the falling leaves of trees, allowing the 
sun to shine directly rock and the existence of a period a little warmer, somewhat atypical 
for early November. The minimum temperature recorded was 5.2 °C on 6 October 2014 at 
6, 46 o’clock. Maximum temperatures were recorded between 12 and 14 o’clock while the 
minimum temperature was between 4 and 7 o’clock.  The diurnal thermal amplitudes are 
large, the largest being registered on the 10th of November 2014, with the value of 19 
Celsius degrees (9, 6°C minimum, in the morning, at 4, 46 o’clock. 

The maximum value of relative humidity was 91,3%, on 19th  October, at 14,46 
o’clock, and the minimum was 35,5%, on 9th   of October 2014, at 14,46 o’clock. 

The largest diurnal amplitude of relative humidity was recorded on 7 November 2014, 
between 36.6% up to 80.5%, means 43.9 percentage points. Curve of dew point was 
always under the curve of temperature, with minimum 2°C, on 27 th   of November 2014, 
and with maximum 15, 6 °C on 10th of November 2014. 

In the 0,5 m depth probe, the average value of the relative humidity was 97,9%, 
during the same above mentioned period. The maximum daily values of the temperature 
were recorded between 17-19 p.m. and the lowest ones between 8-11 a.m (Fig.4.a, b, c). 
in the probe at station 6, at 1 m depth, the average value of the relative humidity was 
95,2%, as for the temperature, maximum values were registered between 21.00-02.00 
o’clock, and the minimun ones between 06.00 and 12.00 o’clock, during the same time 
period as in the two previous cases (Fig. 5.a, b, c). 

We faced problems, in terms of the fact that during the dew point created in the tubes 
that hosted the devices, error values were recorded, the devices registering this fact. To 
avoid the recurrence of the phenomenon, using some devices, we placed the data-loggers 
in the center, distanced from the margins of the tubes, but flooding danger couldn’t be 
totally excluded in case of significant precipitations. 

 

 
Figure 3. T (a), H (b) parameters recording at the surface of the soil (level 0) 
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Figure 3. D (c) parameters recording at the surface of the soil (level 0) 

 

 
 

 
Figure 4. T (a), H (b), D (c) parameters registration at 0,5 m depth 
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Figure 5. T (a), H (b), D (c) parameters registration at 1m depth 

 
 
CONCLUSIONS AND FUTURE WORK 
On the soil surface are large diurnal variations of the three abiotic parameters, 

particularly temperature and relative humidity.  
With the increasing depth surveys, the amplitudes of this three environmental 

parameters greatly decrease, diurnal variations are much attenuated. 
Relative humidity is high, between 85% and 100% at both depths. Often there were 

values of relative humidity of 100%, which can be explained by condensation of the water 
vapors, which sometimes affected the moisture sensor of dataloggers. 
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RESEARCHES REGARDING THE EXPANSION OF METCALFA 
PRUINOSA (SAY) IN ROMANIA 

 
M. Vlad, I. Grozea 

 
Abstract: Metcalfa pruinosa (Say) is an invasive species accidentally introduces to Europe. It was also 

observed in Romania since 2009. The objective of our study is to reveal with are the areas infected with this 
cicada in Romania. Parks and green areas from Western part of Romania were assessed for the presence of 
Metcalfa pruinosa (Say) and the altitude of each observation point was recorded. Results show that 45% of 
observed areas were infested with this species. The most infested points were the green areas near roads 
and the entry points of the cities, which indicates that the spread of Metcalfa is facilitated by vehicles. 
Metcalfa infestation was discovered only at altitudes below 200 m. Hilly areas and highlands were not 
favorable for the proliferation of this cicada probably due to lower temperatures and higher levels of 
precipitation. The fast spread of Metcalfa in Romania indicates the need for future monitoring to assess the 
pest risk and to control its attack. 

Key words: metcalfa pruinosa, cicada, monitoring, altitude. 
 
INTRODUCTION 
Metcalfa pruinosa (Say) has its origins in Nearctic regions of North America, 

especifically eastern part of the continent, from Quebec to Florida, and from Mexico to 
Cuba [13]. In Europe it was accidentally introduced for the first time to Italy in 1979 [1, 5, 
11, 17, 18] The countries from Europe where this cicada has spread are presented in Fig. 
1. 

 

 
 

Fig.1 European countries where Metcalfa pruinosa was discovered 
 

In Romania it was observed since 2009, during a monitoring project in port Constanţa 
[16]. In year 2010 it was also discovered in the western part of our country, with a hot spot 
in Timisoara [6]. A year later it was discovered in Bucharest too [2]. 

Propagation of this cicada and the invasion in new areas are realized through the 
eggs, through flight of adults on very short distances and through export of infected plants 
[7, 10]. For example, in Czech Republic it was introduced through egg-infected plants 
imported from Italy [9]. In Italy it was observed that the transport of insects was facilitated 
by the cars parked under infected trees, thus the vehicles acting as vectors for the 
spreading of the species [14]. 

M. pruinosa has one generation per year and is wintering through eggs in the cracks 
of tree barks [4, 3, 8 ,9 ,12, 18]. Cicada has five larval stages of different dimensions [16], 
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the larval development stage lasting around 42 days. The first three stages are called larva 
and the last stages – nymph.  

It is very complicated to monitor M. pruinosa on large areas, therefore it is necessary 
to identify the regions with high potential to offer proper conditions for the adaptation of this 
species and to establish the short, medium and long term spreading of this invasive 
species, Metcalfa pruinosa. 

The scope of our researches was to identify the habitats of Metcalfa pruinosa in 
Romania. 
 

MATERIAL AND METHODS 
Observations took place during year 2014, between May-September, in order to 

identify the cicada in its active period. Researches were performed on a large area, in 
counties: Timis; Arad; Bihor; Hunedoara; Sibiu; Mures; Alba; Cluj; Mehedinti; Dolj; Salaj; 
Ilfov and Arges (fig. 2). These areas were chosen to cover more varied regions (plain, hill, 
plateau). 

 
 

 
Fig.2  Observation areas 

 
In each county we chose several observation points, in public parks, green areas 

between flats and alleys, entrances to cities and also vineyards and orchards. There were 
totally 71 observation points, where the presence or the absence of the cicada was 
assessed. In each point, the GPS coordination and the altitude were recorded.  

 
RESULTS AND DISCUSSION 
The areas assessed during our study presented altitudes between 59 m (in Mehedinti 

county) and 437 m (in Sibiu county). Regarding the altitude of observation points from 
each county, there were the following averages recorded: Timis 105.6 m; Arad 113.6 m; 
Bihor 143.7 m; Hunedoare 197.6 m; Sibiu 420 m; Mures 376 m; Alba 247.7 m; Cluj 371.2 
m; Mehedinti 78.6 m; Dolj 118.8 m; Salaj 235.5 m; Ilfov 119m and Arges 234.5 m. 
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Fig.3  The influence of altitude on the presence of Metcalfa pruinosa 

 
The distribution of Metcalfa pruinosa had a strong correlation with the altitude, the 

species being present only up to 202 m altitude. The absence of the cicada at altitudes 
above 203 m is mainly due to improper climatic conditions for the development of this 
species (fig. 3). 

Of the 13 counties of our study with a total number of 71 observations point, the 
cicada was found in 8 counties and 32 observation points respectively. The absence of 
Metcalfa pruinosa was recorded in 5 counties (Alba, Cluj, Mures, Salaj and Sibiu), in totally 
39 observation points (fig. 4). 

Regarding the distribution of Metcalfa pruinosa in each county, we observed the 
following:  
-In Timis county the cicada was found in all cities taken into observation and in 86.67% of 
the observation points. Thus this county can be considered on the most infested areas by 
this invasive cicada. Our observations conduct to the conclusion that Metcalfa pruinosa is 
present in all parks and green areas of Timisoara, but also in other cities of the county. 
 

 
Fig.4  Counties where Metcalfa pruinosa is present in Romania 

 
-another strongly infested county was Ilfov, where the species was found in 100% of 
observation points. There was a stronger infection at the vegetation bordering the main 
roads. As Bozsik showed [1], the spontaneous vegetation near the roads is the main 
spreading way for Metcalfa pruinosa, which needs bands of continuous vegetation for 
travelling, the flight being used only for short distances.  
-in Arad Metcalfa pruinosa was found in 67% of the observation points, being present in 
parks and green areas of Arad city.  
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-in Bihor county, the invasive species was found in cities Salonta and Oradea, with a 
strong invasion in Episcopia park (Oradea), being present in 67% of the observation 
points. 
-in Dolj county the cicada was found in 40% of observation points with a strong infection in 
Nicolae Romanescu park from Craiova city. 
-in Arges county the species was observed in Slatina city. Of all the observation point from 
this county, the cicada was present in 50% of the cases. 
-in Hunedoara county the cicada was found only in Deva city, in green areas bordering the 
main roads. The fact that the cicada was observed at the main entrances to the cities 
confirm the observations of Pantaleoni [15], which discovered that the vehicles act as 
vector for the spreading of this species. 
-in Mehedinti county, from all observation points, the cicada was found only in Drobeta 
Turnu Severin city. 
-the cities where the cicada was not found at all were: Mures, Cluj, Sibiu, Alba, Salaj. The 
reason why the cicada was not spread in these areas can be due to higher altitudes than 
at the other observation points. In these areas there were predominantly plateaus and 
hills. 

 
CONCLUSIONS AND FUTURE WORK 
Of all the observation points, the cicada was found in 45% of cases. The most 

infested areas are plains, especially from the western part of Romania but also from Ilfov 
county.  

Distribution of Metcalfa pruinosa is strongly correlated with the altitude, being present 
only until 202 m altitude. The absence of the cicada at higher altitudes is due to the 
unfavorable climatic conditions for the development of this species.  

Monitoring shows that Metcalfa pruinosa or “the hitchhiker of Europe” is present 
mostly near the main transport roads and railways from the entrances and exits of the 
cities, in the main truck parking places, which suggests that the cicada travels on the 
plants imported from other European countries and also on vehicles.  

In the future we aim to monitor the presence of Metcalfa pruinosa in other parts of 
Romania too, establishing the precise parameters which limit the biological cycle of the 
species in order to assess the adaptation potential to ecological conditions of our country. 
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RESEARCH ON THE SYNTHESIS AND CHARACTERIZATION OF 
NEW COMPOUNDS FROM 1,3,4-OXADIAZOLES CLASS 

 
L. I. Socea, B. Socea, C. Draghici, G. Saramet, S. F, Barbuceanu 

 
Abstract: Series of 2-amino-1,3,4-oxadiazoles 4a-c with 5H-dibenzo[a,d][7]annulene moiety were 

synthesized by cyclization of 2-acylhydrazinecarbothioamides 3a-c in the presence of mercury oxide. 2-
Acylhidrazinecarbothioamides 3a-c were synthesized by nucleophilic addition of 2-(5H-
dibenzo[a,d][7]annulen-5-yl)acetohydrazide to different arylisothiocyanates. All the newly synthesized 
compounds were characterized by their spectral data  IR-, UV-, 1H-NMR and 13C-NMR spectroscopy and 
elemental analysis. 

Keywords: 5H-dibenzo[a,d][7]annulene, 2-amino-1,3,4-oxadiazole, hydrazinecarbothioamide 
 
INTRODUCTION 
The 1,3,4-oxadiazole derivatives have been found to exhibit diverse biological 

activities such as antimicrobial, antiviral, anti-tubercular, anti-malarial, anti-inflammatory, 
anticonvulsant, antitumor, antioxidant, anti HIV, muscle relaxant, antimitotic, diuretic, 
hypnotic, sedative, etc [1-9].  

Furthermore, the 5H-dibenzo[a,d][7]annulene ring is present in the structure of many 
compounds used in therapeutics as antibacterial agents, anticonvulsive agents, 
anticholinergic agents, miorelaxant agents, antihistaminic agents, antifungal agents, 
carbonic anhydrase inhibitors, but mostly they are used as antidepressant drugs [2,10-15].  

These observations and our interest in the chemistry of heterocyclic compounds 
prompted us to synthesize a series of 2-amino-1,3,4-oxadiazoles which contain 
dibenzo[a,d][7]annulene ring.  

Newly compounds were prepared by cyclization of acylhydrazinecarbothioamides in 
the presence of mercury oxide. 2-Acylhydrazinecarbothioamides previously described 
were prepared from corresponding acylhydrazides by treating with different isothiocianates 
[16].  

 
MATERIAL AND METHODS 
All reagents were purchased from the Merck, Sigma-Aldrich and Fluka Companies. 

Melting points were determined on a Böetius apparatus and were uncorrected. The IR 
spectra were recorded in KBr discs on a Vertex 70 Bruker spectrometer. The 1H- and 13C-
NMR spectra were recorded on a Varian Gemini 300BB spectrometer (300 MHz for H and 
75 MHz for C), using CDCl3 as solvent and tetramethylsilane (TMS) as internal standard. 
The 1H-NMR and 13C-NMR spectral data are shown in Tables 1 and 2. The content of C, 
H, and N was assayed using an ECS-40-10-Costeh microdosimeter. 

 
Synthesis of compounds  
The starting compound, 2-(5H-dibenzo[a,d][7]annulen-5-yl)acetohydrazide 1, was 

synthesized according to the previously reported procedure [19].  2-(5H-dibenzo[a,d][7] 
annulen-5-ylacetyl)-N-arylhydrazinecarbothioamides  3a-c were obtained by nucleophilic 
addition of  2-(5H-dibenzo[a,d][7]annulen-5-yl)acetohydrazide 1 to different 
isothiocyanates 2a-c, according to the literature method [10,16,19]. 

The synthesis of 1,3,4-oxadiazoles 4a-c was realized by cyclization of 2-
acylhydrazinecarbothioamides 3a-c in the presence of mercury oxide in methanol. 
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Scheme 1. Synthesis of the new compounds 
 

CH2-CO-NH-NH2

R-NCS

CH2-CO-NH-NH-CS-NH-R

HgO

CH2
O

NN
NH-R

-Br-C6H4-

-CH2-CH2

-CH2-CH2 N O

(2a-c)

(1)

+

(3a-c

(4a-c

a: R= 4

b: R= 

c: R= 

 
 

a) Synthesis of 5-[5H-dibenzo[a,d][7]annulen-5-ylmethyl]-N-(R)-1,3,4-oxadiazol-2 
amines 4a-c 

To a solution of 2-acylhydrazinecarbothioamide 3 (1 mmol) in ethanol yellow 
mercuric oxide (2 mmol) was added.  The mixture was refluxed for 5-8 h. The resulted 
product was filtered of in order to remove the HgS, and after cooling the solution, the 
corresponding 2-arylamino-1,3,4-oxadiazoles precipitate was obtained. 

5-[5H-dibenzo[a,d][7]annulen-5-ylmethyl]-N-(4-bromophenyl)-1,3,4-oxadiazol-2-
amines 4a m.p. 237-239oC; yield: 54.5%; elemental analysis: anal. calcd. for C24H18BrN3O 
(444.32  g/mol): C, 64.88; H, 4.08; N, 9.46; found: C, 64.88; H, 4.09; N, 9.44; IR (KBr, cm-

1): 3328 (N–H stretching), 3046, 3023 (C–H stretching of aromatic ring), 2918 (CH2 
stretching), 1623, 1596, 1568, 1534,(C=C stretching, C=N stretching) 614 (C-Br);  

5-[5H-dibenzo[a,d][7]annulen-5-ylmethyl]-N-(phenylethyl)-1,3,4-oxadiazol-2-amines 
4b m.p. 163-165oC; yield: 42.5%; elemental analysis: anal. calcd. for C26H23N3O (393.48  
g/mol): C, 79.36; H, 5.89; N, 10.68; found: 79.35; H, 5.88; N, 10.69;   IR (KBr, cm-1): 3334 
(N–H stretching), 3058, 3027 (C–H stretching of aromatic ring), 2962, 2926, 2865 (CH2 
stretching), 1632, 1580, 1515 (C=C stretching, C=N stretching);  

5-[5H-dibenzo[a,d][7]annulen-5-ylmethyl]-N-(morpholinethyl)-1,3,4-oxadiazol-2-
amines 4c  m.p. 146-148oC; yield: 67.2%; elemental analysis: anal. calcd. for C24H26N4O2 
(402.48  g/mol): C, 71.62; H, 6.51; N, 13.92; found: C, 71.60; H, 6.52; N, 13.91;   IR (KBr, 
cm-1): 3395 (N–H stretching), 3067, 3016 (C–H stretching of aromatic ring), 2959, 2854, 
2815 (CH2 stretching), 1630, 1598, 1513 (C=C stretching, C=N stretching); 1141, 1116 (C-
O-C stretching);  
 

RESULTS AND DISCUSSION 
2-Acylhydrazinecarbothioamides 3a-c were synthesized by refluxing of an 

equimolecular mixture formed by the 2-(5H-dibenzo[a,d][7]annulen-5-yl)acetohydrazide 1 
and different isothiocyanate, in anhydrous ethanol. 

Obtaining of 1,3,4-oxadiazoles 4a-c by cyclodesulfurization of 
hydrazinecarbothioamides with mercury oxide took place with low yields. 2-Amino-1,3,4- 
oxadiazoles are obtained in the form of a single isomer, axially isomer, opposed to the 2-
acylhydrazinecarbothioamides which are obtained in the form of two isomers 5’-axial and 
5’-equatorial in about 3:1 ratio [16,19]. 

The stretching band due to NH group from 2-amino-1,3,4-oxadiazoles 4 was present 
at 3253-3337 cm-1. The appearance of a new band generated by the stretching vibration of 
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a C=N group (1624-1631cm-1) and the absence of carbonyl absorption in the IR spectra of 
the 1,3,4-oxadiazole indicated that cyclization reaction occurred. 

In the 1H-NMR spectrum of the 1,3,4-oxadiazoles, the 5-H-dibenzo[a,d][7]annulene 
system is identified through a singlet at 6.93-7.06 ppm for H10' and H11' protons. The 
signals of the H1'-4' and H6'-9' protons appear as a multiplet between 7.10-7.45 ppm. The 
signal of the H5' proton appears as a triplet at 4.49-4.59 ppm, and the signal of the 
methylene protons (H12') appears as a doublet at 3.02-3.26 ppm. The 2-amino-1,3,4-
oxadiazoles 4a-c structure is confirmed by the presence in the 1H-NMR spectrum of one 
singlet for the NH group at 4.20-8.90 ppm: 4.20 pm for 1,3,4-oxadiazoles 4b, 4.43 ppm for 
4c  and between 8.15 ppm for 1,3,4-oxadiazoles 4a. 

In the 13C-NMR spectrum of the new compounds, the 5-H-dibenzo[a,d][7]annulene 
system is easy to recognize, the carbon signals being present at the corresponding 
chemical shift [19].  

Cyclization of these 2-acylthiosemicarbazides 3a-c to 2-amino-1,3,4-oxadiazoles 4a-
c was proved in the 13C-NMR spectra by the presence of two new signals characteristic to 
C-2 1,3,4-oxadiazolic carbon (154.61-161.90 ppm) and to C-5 heterocyclic carbon 
(152.66-159.90 ppm). 
 

CONCLUSIONS AND FUTURE WORK 
This study reports the synthesis, characterization of new compounds from 1,3,4-

oxadiazoles class. The chemical structure was determined by elemental analysis and 
spectral methods.  
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OBSERVATIONS ON SOME PHYSIOLOGICAL PARAMETERS IN 
SPECIMENS OF CARASSIUS AURATUS GIBELIO BLOCH UNDER THE 

ACTION OF THE INSECTICIDE CONFIDOR OIL SC 004 
 

Baciu Claudiu Alexandru, Draghici Octavian, Marinescu Alexandru Gabriel 
 
 Abstract: The main objective of this study is to see how influence insecticide Confidor oil SC 004 

energy metabolism, breathing frequency and number of erythrocytes in specimens of carp. The experimental 
fish was exposed to sublethal concentrations of 1, 1.50 and 2 ml / l Confidor oil in the range 24-336 hours. 
The most affected physiological index was oxygen consumption which recorded the lowest value of 64.346 
ml/oxygen/kg/hour with 49.94 % lower than the control value (128.532 ml/oxygen/kg/hour) to 336 hours. 
Significant changes in physiological parameters investigated in specimens of carp are considered the 
answers to stress caused by insecticide Confidor oil SC 004. 

Key words: Sublethal concentrations, Physiological parameters, Insecticide, Poikilothermic.  
 
INTRODUCTION  
The most dangerous way of polluting the environment component is the dispersed 

pollution, which is made in smaller concentrations, but more extensive areas with 
pollutants resulting from combustion processes of agro-industrial residues, pesticide 
administration, soil erosion associated with leaching of pesticides and wind erosion 
associated with insecticides and other xenobiotic substances deposited on soil and foliar 
system of plants.  

Through atmospheric precipitation, these substances return to the surface of soil and 
waters by co-distillation with water vapor, again contaminating the environments from 
which they originated.  

In this way, both groundwater, and rivers, lakes, seas and oceans are polluted 
through dissolution of xenobiotic chemicals in the runoff waters [Zarnea, 1994].  

Some xenobiotics can be degraded in the natural environment due to the activity of 
chemoautotrophic microorganisms, while others are resistant to degradation, an thus they 
can sometimes persist for a very long time. Some of the most important xenobiotic 
substances are the pesticides used increasingly more in agriculture.  

Using increasingly higher amounts of pesticides in recent decades were due to 
agricultural losses caused worldwide by various pests, which amounted to 35% of the 
crops per year, corresponding to 100 billion dollars. Of these losses, 13.8% come to 
insects, 11.6% to fungi, 9.5% to weeds and 0.1% to other bodies.  

These losses vary in different regions of the world depending on the climatic 
conditions and numerous other ecological factors [Jäntschi, 2003].   

In the near future aquatic organisms will most suffer from this contamination of water 
by various toxic substances used in agriculture to combat various pests of plants. Since 
such situations exist, I further proposed to see how toxic substances affect fish, namely to 
study the influence of Confidor oil insecticide on some physiological parameters in 
Carassius auratus gibelio specimens.  

 
MATERIALS AND METHODS 
Specimens from Carassius auratus gibelio Bloch species that came from the lakes 

Oesti, Cerbureni, Budeasa and Cateasca weighing between 3 – 20 g were used in these 
investigations.                

The preparation of experimental animals was done so that an “acclimation” [FRY, 
1967] of each batch to the respective temperature was carried out prior to the experiment 
(for 1 week) (AT=ET).  
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The temperature during the experiments was of 18-20oC, and the lighting was of 8-12 
hours.  

Thus, in all cases, influences of factors that were not part of the purpose of that 
experiment have been avoided. I avoided especially the “negative” influence (in the sense 
of a “hypometabolic” effect) of low concentrations of oxygen diluted in water, and the 
consumption of oxygen was forecasted (in preliminary “optimization” determinations) not to 
exceed 25-30% of total quantity existing at the beginning of the experiment.  

The specimens used in various experimental alternatives were selected and sorted 
by weight categories, in order to avoid or emphasize the effect of the individual factor of 
body weight. The selection of specimens and the formation of experimental batches were 
carried out very carefully, using only healthy fish and with corresponding aspect. 

The specimens were divided in the following batches: 
[1]. The control batch consisting of 10 specimens  
[2]. Batch 1 consisting of 10 specimens treated with Confidor oil SC 004 

insecticide with a concentration of 1 ml/l; 
[3]. Batch 2 consisting of 10 specimens treated with Confidor oil SC 004 

insecticide with a concentration of 1.50 ml/l; 
[4]. Batch 3 consisting of 10 specimens treated with Confidor oil SC 004 

insecticide with a concentration of 2 ml/l; 
For each specimen of the 4 batches, the oxygen consumption and respiratory 

frequency were determined at 24, 48, 72, 96, 168 and 336 hours, and the erythrocytes 
were counted thereafter.    

The determination of oxygen consumption was carried out through Winkler classical 
method or the method of confined space [PICOS & NĂSTĂSESCU, 1988]. 

The measurement of respiratory rate was carried out according to a procedure 
indicated by [E.A. PORA & NITU, 1952] during the movement restriction of fish in order to 
perform the Winkler method [PICOS & NĂSTĂSESCU, 1988]; successive determination of 
this index were carried out (with a chronometer), until 3 close values were obtained (their 
arithmetic mean representing the respiratory rate at that moment). 

The determination of the number of erythrocytes was carried out with Thoma 
counting camera through the method described by [PICOS & NĂSTĂSESCU, 1988], from 
the blood sampled from caudal artery. 

 RESULTS AND DISCUSSIONS 

   
 

Figure 1- Influence of Confidor oil 004 insecticide over oxygen consumption 
in Carassius auratus gibelio 

Oxygen 
 

Control 
 

Number of 
 

               24 hours     48 hours          72 hours       96 hours 168 
hours       336 hours 
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By analyzing carefully Figure 1, we can see that Confidor oil 004 insecticide changes 
more or less the oxygen consumption in the range 24-336 hours in all concentrations.  

It can be seen that at lower concentrations, for example 1.5 ml/l the oxygen 
consumption tends to increase at 48 hours, and then to decline more and more in the 
range 72-336 hours, and at higher concentrations, for example 2 ml/l the oxygen 
consumption increases during the first 96 hours and then decreases significantly at 168 
and 336 hours.  

The highest oxygen consumption value in the first 96 hours is 140 ml of oxygen/kg/h, 
with about 15.70% higher compared to the control value of oxygen consumption of 121 ml 
oxygen/kg/h, recorded at 48 hours.  

After 96 hours the oxygen consumption significantly decreased at all concentrations, 
where the lowest value recorded was 64,346 ml of oxygen/kg/h, at the concentration of 1 
ml/l of Confidor oil SC 004, after 336 hours by approximately 49.94% lower than the 
control value of 128 532 ml/oxygen/kg/h.  

In the literature it was emphasized that Reldan 40 EC insecticide has a significant 
stimulating effect (for the significance threshold p<0.05) on energetic metabolism of gold 
fish at a concentration of 0.001 ml/l and 0.002 ml/l in the first stage (48, respectively 24 
hours – by 7.98 %, respectively by 19.51 % higher, compared to the values determined at 
the control batch), followed by the progressive reduction of this physiologic parameter 
[Ponepal et al, 2009].  

Following the results recorded for another index, namely the respiratory rate, we find 
that it oscillates under the action of Confidor oil insecticide at all concentrations of 
pesticide investigated compared to the control batch [figure.2]. 

   
Thus, at concentrations of 2 and 1.5 ml/l the respiratory rate decreases between the 

range of 48-96 hours compared to the control batch, but its declines are very small and 
insignificant (Fig. 2). The lowest value of respiratory rate is recorded at the concentration 
of 2 ml/l, where the value recorded in 72 hours is 57 breaths/minute by approximately 
10.94% lower than the control value (64 breaths/minute).  

Higher values of respiratory rate at all concentrations were recorded at 24, 168 and 
336 hours (Fig. 2). The highest respiratory rate was recorded for the concentration of 1 

Figure 2- Influence of Confidor oil 004 insecticide over the respiratory rate in 
Carassius auratus gibelio 
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ml/l, with the value of 76 breaths/minute by approximately 24.59% higher than the control 
batch (61 breaths/minute). 

In the literature [David et al., 2002] have ascertained the increase of the frequency of 
operculum movements in the beginning to support physiological activities in the polluted 
environment, which was followed by the decrease of respiratory rate as a result of the 
accumulation of mucus at branchia level. 

In Figure 3 we can see the variation of the number of erythrocytes of gold fish 
specimens subjected to the 3 concentrations of 1, 1.5 and 2 ml/l of Confidor compared to 
control batch. 

  
At all concentrations the number of erythrocytes decreased, but the highest decrease 

occurred at the concentration of 2 ml/l of Confidor where a value of 98000 erythrocytes/ml 
of blood was recorded compared to the control value of 108000 erythrocytes/ml of blood, 
being by 9.26 % lower. 

The decrease of the number of erythrocytes can be the result of an imbalance 
between the hemato-forming processes and hematolysis processes, due to toxic action, 
being expressed by a decrease of erythrocytes synthesis, or by an intensification of 
hematolysis [Gabriel et al., 2009]. 

 
CONCLUSIONS  AND FUTURE WORK 
Depending on the percentage variations the most affected physiological parameter of 

the two studied was oxygen consumption, which recorded the lowest value of 64,346 ml of 
oxygen/kg/hour by approximately 49.94% lower than the control value of 128,532 ml of 
oxygen/kg/hour at 336 hours.  

The decrease of oxygen consumption sometimes caused the increase of respiratory 
rate, which recorded the highest value of 76 breaths/minute, by approximately 24.59 % 
higher than the control value of 61 breaths/minute at a concentration of 1 ml/l of Confidor 
oil 004.  

The least affected physiological parameter was the number of erythrocytes, which 
recorded the value of 98000 erythrocytes/ml of blood compared to the control value of 
108000 erythrocytes/ml of blood, being by 9.26 % lower at the concentration of 2 ml/l of 
Confidor.  
The significant changes in oxygen consumption, respiratory rate and number of 
erythrocytes of Carassius auratus gibelio specimens under the action of Confidor oil 

Figure 3- Influence of Confidor oil 004 insecticide on the number of 
erythrocytes in Carassius auratus gibelio 
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insecticide indicate a direct action of this noxious agent on the nervous centers and are 
considered answers to the stress caused by the insecticide. 
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RESEARCHES IN 1,2,4-TRIAZOLES CLASS. SYNTHESIS AND 
SPECTRAL CHARACTERIZATION 

 
S.-F. Barbuceanu, L.-I. Socea, C. Draghici, G. Saramet and F. Barbuceanu 

 
 
 

Abstract: Considering the interesting chemical and biological properties of heterocyclic compounds 
with 1,2,4-triazole nucleus, the objective of this study was to synthesize some new derivatives from this 
class. The 1,2,4-triazoles derivatives were synthesized by alkylation of the corresponding 1,2,4-triazole-3-
thiones containing an arylsulfonylphenyl moiety with ethyl halogenoacetate. The structures of the 
synthesized compounds were confirmed on the basis of the spectral techniques and elemental analysis. 

Key words: 1,2,4-Triazole, Alkylation, ester derivatives. 
 
INTRODUCTION 
The chemistry of heterocyclic compounds is the branch of chemistry dealing with the 

synthesis, properties and applications of heterocycles [1]. 
1,2,4-Triazoles are five-membered heterocyclic compounds widely used in medicinal 

chemistry, this nucleus being present in the composition of various drugs [2]. From this 
class, 1,2,4-triazole-thiones have received considerable attention due to their synthetic 
and effective biological importance. 1,2,4-Triazole-3-thiones 4,5-disubstituted and their 
derivatives have gained a lot of interest due to their biological, agricultural and industrial 
importance [3]. Thus, numerous compounds exhibit antibacterial, antifungal, anti-
tubercular, analgesic, anti-inflammatory, antitumoral, diuretic, hypoglycemic, antioxidant 
etc. properties [3-11]. Taking into account the potential biological importance of these 
compounds we proposed to synthesize new 1,2,4-triazole derivatives in order to obtain 
new potential biological agents. 

 
MATERIAL AND METHODS 
All chemicals were of reagent grade and were obtained from Sigma-Aldrich and 

Merck. Melting points were determined with a Böetius apparatus and are uncorrected.  
The Infrared (IR) spectra were recorded on a Vertex 70 Bruker spectrometer using KBr 
pellet.  The proton nuclear magnetic resonance (1H-NMR) and carbon nuclear resonance 
(13C-NMR) spectra were recorded on a Varian Gemini 300BB spectrometer at 300 MHz for 
1H-NMR and at 75 MHz for 13C-NMR using CDCl3 as solvent; the chemical shifts are 
reported in parts per million (ppm) relative to tetramethylsilane (TMS) as an internal 
standard and coupling constants J are in Hertz (Hz). The UV spectra were recorded on a 
SPECORD 40 Analytik Jena apparatus, at 200-600 nm, using methanolic solutions 
(2.5.10-5 M). The content of C, H, and N was assayed using a ECS-40-10-Costeh 
microdosimeter.  

 
RESULTS AND DISCUSSION 
The key intermediates 1,2,4-triazole-3-thiones 1a-c [1] (in equilibrum with the thiole 

form), used for the production of the target compounds 2a-c, were obtained by 
heterocyclization of the corresponding acylthiosemicarbazides in basic media [1]. 
Esterification of 1,2,4-triazole-3-thiones intermediates 1a-c with ethyl bromoacetate, in 
sodium ethoxide media, afforded the target derivatives type of 2-(4-(4-chlorophenyl)-5-(4-
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(4-X-phenylsulfonyl)phenyl)-4H-1,2,4-triazol-3-ylthio)acetates 2a-c (Scheme 1). The 
structures of the esters derivatives were confirmed by spectral data and elemental 
analysis.  

 
 
 
 
 
 
 
 

Scheme 1 
 

In the IR spectra of compounds 2a-c a new band appeared at 1731-1747cm-1, 
characteristic to C=O from ester group. The C=S and NH groups band, which in 1,2,4-
triazole-3-thiones appeared at ~ 1240 cm-1 and ~ 3420 cm-1 [12] respectively, disappeared 
in the IR spectra of the compounds 2a-c, proving the alkylation reaction.  

In the 1H-NMR spectra of these compounds are present new signals characteristic to 
protons from C2H5 and S-CH2 group: ~ 1.18 ppm (triplet; CH3), ~ 4.10 ppm (quartet, CH2) 
and ~ 4.12 ppm (singlet, S-CH2).  

The 13C-NMR spectra of the same compounds 2a-c showed the signals characteristic 
to CO2C2H5 as follows: 167.98-168.01 ppm for carbon from carbonyl group, 61.39-61.42 
ppm for CH2 and ~14 ppm for CH3, respectively. Also, the signal for S-CH2 group 
appeared at chemical shift ~ 34.10 ppm. Other important signals in the 13C-NMR spectra 
of these compounds are those characteristic to 1,2,4-triazole ring which appeared in the 
region 152.90-152.96 ppm for C-3 carbon and in the region 152.19-152.54 ppm for C-5 
carbon. Unlike these compounds, the C-3 signal from 1,2,4-triazole-3-thione1a-c , the raw 
material from which were obtained these alkylated 1,2,4-triazole derivatives, appeared at ~ 
169 ppm [12], being much more deshielded than that from the compounds 2a-c. This fact 
indicated that alkylation took place at sulfur atom and not at heterocyclic nitrogen atom 
[13]. 

 
General procedure for the synthesis of esters 7a-b 

To a solution of 1,2,4-triazole 5 (1.5 mmol) in sodium ethoxide (34.5 g of sodium 
dissolved in 15 mL ethanol), ethyl bromoacetate (1.5 mmol) was added. The reaction 
mixture was stirred at room temperature for 12h and then poured into ice water. The 
precipitate obtained was filtered off, washed with water, dried and recrystallized from 
ethanol.  

 
ethyl 2-(4-(4-chlorophenyl)-5-(4-(phenylsulfonyl)phenyl)-4H-1,2,4-triazol-3-ylthio)acetate 
2a  
yield 84%; m.p. 145 °C; IR (KBr), ν, cm-1: 3094, 3062 (aromatic C-H), 2985, 2934, 2902, 
2871 (CH2, CH3), 1732 (C=O), 1599 (C=N), 1583, 1494 (C=C), 1321, 1289, 1158 (SO2), 
768 (C-Cl); 1H-NMR (DMSO-d6), δ, ppm: 7.98 (d, 2H, J = 8.5 Hz, aromatic protons); 7.96 
(dd, 2H, J = 7.5;1.6 Hz; aromatic protons); 7.70 (tt, 1H, J = 7.5;1.6 Hz, aromatic proton); 
7.64 (d, 2H, J = 7.5 Hz, aromatic protons); 7.61 (d, 2H, J = 8.5 Hz, aromatic protons); 7.59 
(d, 2H, J = 8.5 Hz; aromatic protons); 7.51 (d, 2H, J = 8.5 Hz, aromatic protons); 4.11 (s, 
2H, S-CH2); 4.10 (q, 2H, J = 7.1 Hz, O-CH2); 1.17 (t, J = 7.1 Hz, 3H, CH3); 13C-NMR 
(DMSO-d6), δ, ppm: 167.98 (C=O), 152.90 (C-3 triazole), 152.19 (C-5 triazole), 142.04, 
140.51, 135.18, 134.07, 132.07, 131.07, 130.35, 128.96, 128.90, 129.51, 127.84, 127.59 
(aromatic ring carbons), 61.39 (OCH2), 34.11 (S-CH2), 14.00 (CH3); UV-VIS (CH3OH, 
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λmax, nm, logε): 222 (4.26), 244 (4.19), 279 (4.05); Anal. for C24H20ClN3O4S2 (514.02) 
Calcd. (%): C, 56.08; H, 3.92; N, 8.17. Found, (%): C, 56.15; H, 3.89; N, 8.11.  

ethyl 2-(4-(4-chlorophenyl)-5-(4-(4-chlorophenylsulfonyl)phenyl)-4H-1,2,4-triazol-3-
ylthio)acetate 2b 
yield 85%; m.p. 177-178 °C; IR (KBr), ν, cm-1: 3090, 3072 (aromatic C-H), 2981, 2934, 
2903, 2870 (CH2, CH3), 1731 (C=O), 1598 (C=N), 1581, 1494 (C=C), 1323, 1287, 1159 
(SO2), 768, 718 (C-Cl); 1H-NMR (DMSO-d6), δ, ppm: 7.99 (d, 2H, J = 8.5 Hz; aromatic 
protons); 7.96 (d, 2H, J = 8.3 Hz, aromatic protons); 7.69 (d, 2H, J = 8.5 Hz, aromatic 
protons); 7.66 (d, 2H, J = 8.8 Hz, aromatic protons); 7.59 (d, 2H, J = 8.3 Hz; aromatic 
protons); 7.52 (d, 2H, J = 8.5 Hz, aromatic protons); 4.11 (s, 2H, S-CH2); 4.10 (q, 2H, J = 
7.1 Hz, O-CH2); 1.18 (t, 3H, J = 7.1 Hz, CH3); ); 13C-NMR (DMSO-d6), δ, ppm: 168.00 
(C=O), 152.95 (C-3 triazole), 152.54 (C-5 triazole), 141.51, 139.71, 139.30, 133.49, 
132.22, 131.27, 130.37, 130.00, 129.60, 129.50, 129.01, 127.93, (aromatic ring carbons), 
61.41 (OCH2), 34.09 (S-CH2), 14.01 (CH3); UV-VIS (CH3OH, λmax, nm, logε): 223 (4.39), 
245 (4.20), 282 (4.19); Anal. for C24H19Cl2N3O4S2 (548.46) Calcd. (%): C, 52.56; H, 3.49; 
N, 7.66. Found (%): C, 56.51; H, 3.53; N, 7.63.  

 
ethyl 2-(5-(4-(4-bromophenylsulfonyl)phenyl)-4-(4-chlorophenyl)-4H-1,2,4-triazol-3-

ylthio)acetate 2c 
yield 63%; m.p. 185-186 °C; IR (KBr), ν, cm-1: 3088, 3070 (aromatic C-H), 2987, 2935, 
2903, 2871 (CH2, CH3), 1747 (C=O), 1599 (C=N), 1573, 1493 (C=C), 1324, 1286, 1162 
(SO2), 764 (C-Cl), 575 (C-Br); 1H-NMR (DMSO-d6), δ, ppm: 7.98 (d, 2H, J = 8.2 Hz; 
aromatic protons); 7.90 (d, 2H, J = 8.8 Hz, aromatic protons);7.88 (d, 2H, J = 8.8 Hz; 
aromatic protons); 7.66 (d, 2H, J = 8.5 Hz, aromatic protons); 7.60 (d, 2H, J = 8.2 Hz, 
aromatic protons); 7.51 (d, 2H, J = 8.8 Hz, aromatic protons); 4.12 (s, 2H, S-CH2); 4.10 (q, 
2H, J = 7.0 Hz, O-CH2); 1.18 (t, 3H, J = 7.0 Hz, CH3); 13C-NMR (DMSO-d6), δ, ppm: 
168.01 (C=O), 152.96 (C-3 triazole), 152.27 (C-5 triazole), 141.51, 139.71, 135.20, 
133.02, 132.21, 131.27, 130.37, 129.62, 129.50, 129.01, 128.37, 127.93, (aromatic ring 
carbons), 61.42 (O-CH2), 34.09 (S-CH2), 14.01 (O-CH2-CH3); UV-VIS (CH3OH, λmax, nm, 
logε): 224 (4.35), 249 (4.19), 280 (4.16); Anal. for C24H19BrClN3O4S2 (592.91) Calcd. (%): 
C, 48.62; H, 3.23; N, 7.09. Found (%): C, 48.58; H, 3.18; N, 7.04.  

 
CONCLUSIONS AND FUTURE WORK 
A series of three S-alkylated 1,2,4-triazoles have been synthesized by treating of the 

corresponding 1,2,4-triazol-3-thiones with ethyl bromoacetate, in basic media. The 
structures of the synthesized compounds were confirmed by spectral data and elemental 
analysis. The spectral data indicated that alkylation took place at sulfur atom and not at 
nitrogen atom from triazole nucleus. The compounds synthesized will be used as 
precursors for the synthesis of other derivatives and will be tested for their biological 
activity.  
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ON THE NUMERICAL MODELING OF POLLUTION IN AIR, WATER AND 
SOIL 

 
T. Chernogorova, L. Vulkov 

 
Abstract: Model pollution in air, water and soil are generally described by a system of PDEs on 

unbounded domain. Transformation of the independent variable is used to convert the problem for nonlinear 
air pollutionon to finite computational domain. Then we construct a fitted finite volume difference scheme. 
Some results from computations are presented. 

Key words: Nonlinear air, water and soil pollution, Chemical reaction, Infinite domain, Log-
transformation, Degeneracy, Non-negativity preservation, Finite volume method. 

 
INTRODUCTION 
Environmental problems are becoming more and more important for our world and 

their importance will even increase in the future. High pollution of air, water and soil may 
cause damage of plants, animals and humans. 

An air (or water, or soil) pollution model is generally described by a system of PDE-s 
for calculating the concentrations of a number of chemical species (pollutants and 
components of the air, water and soil that interact with the pollutant) in a large 3-D domain 
(part of the atmosphere above the studied geographical region, rivers, channels etc.) [4], 
[6], [7] 

( ) ( ) ( )

1 2 1, 2,( , , , ) ( ) , 1,2, , ,

x y zs s ss s s s
s s s s

s S s s s

uc vc wcc c c cK K K F
t x y z x x y y z z
R c c c k k c s S

∂ ∂ ∂  ∂ ∂ ∂ ∂ ∂ ∂ ∂   = − − − + + + +    ∂ ∂ ∂ ∂ ∂ ∂ ∂ ∂ ∂ ∂    
+ − + = 

 

where sc are the concentrations of the chemical species; u , v  and w  are wind velocities, 
x
sK , y

sK  and z
sK  are the diffusion components; sF  are the emissions; 1,sk , 2,sk  are dry/wet 

deposition coefficients and 1 2( , , , )s SR c c c  are non-linear functions describing the chemical 
reactions between the species under consideration  [4], [6], [7]. Typical is the case 

1 2 , , ,
1 1, 1

( , , , ) ,
S S

s S s i i s i j i j
i i j

R c c c c c cγ β
= = =

= +∑ ∑  1,2, , ,s S=   where ,s iγ and , ,s i jβ are constants. 

 For such complex models operator splitting is very often applied in order to achieve 
sufficient accuracy as well as efficiency of the numerical solution. Although the splitting is a 
crucial step in efficient numerical treatment of the model, after discretization of the large 
computational domain each sub-problem becomes itself a huge computational task. Here 
we will concentrate on a non-stationary sub-model of a horizontal advection-diffusion with 
chemistry, emissions and deposition, see [4], [5], [7]: 

( )*
1 2( ) ( , , , ) ( ) , (0, ), (0, ],s s s

s s S s s
c c cK z w R c c c Q t z z z t T
t z z z

δ∂ ∂ ∂ ∂ − + − = − ∈ ∞ ∈ ∂ ∂ ∂ ∂ 
            (1) 

( ,0) ( ,0), 0,s
s s s

c t c t const
z

δ δ∂
= = ≥

∂
 lim ( , ) 0, [0, ],sz

c t z t T
→∞

= ∈              (2) 

,0(0, ) , [0, ), 1,2, ,s sc z c z s S= ∈ ∞ =  .                 (3) 
 The rest of the paper is organized as follows. In Section 2 we introduce the 
transformed differential problem and derive the fitted finite volume discretization. In 
Section 3 we present some results from computational experiments. At the end we 
formulate some conclusions. 
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THE TRANSFORMED PROBLEM AND NUMERICAL METHOD 
In the numerical scheme it is not convenient to corporate the boundary condition at 

infinity. For the simplest case of (1) (one linear advection-diffusion equation) discrete 
transparent boundary conditions are constructed and analyzed in [3] while in [2] the 
transformation 

2

2
1 1 1ln , (0,1) , (0, )

2 1 1

az

az
ez z

a e
ξ ξ ξ
ξ

 + −
= ∈Ω = ⇔ = ∈ ∞ − + 

,              (4) 

is used. Here a  is a stretching factor. Using transformation [4], the system (1) and the 
respective boundary and initial conditions (2)–(3) in the computational domain become 
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 ( ,0) ( ,0),s
s s

Ca t C tδ
ξ

∂
=

∂
 ( ,1) 0, [0, ],sC t t T= ∈               (6) 

 ,0(0, ) , [0,1], 1,2, ,s sC z C s Sξ= ∈ =  .                (7) 
We have used the notations 1 2 1 2( , , , ) ( ( , ( )), ( , ( )), , ( , ( )))s S s Sr C C C R c t z c t z c t zξ ξ ξ≡  , 

( , )sC t ξ ≡ ( , ( )),sc t z ξ  ( ) ( ( ))s sk K zξ ξ= .  
 We rewrite the system (5) in divergent form: 

( )1 2( ) ( ) ( , , , , ) ( , ), , (0, ] (0,1),s s
s s s s S s
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ξ

∂
= − + − +

∂
, 

where ( , )sf t ξ is a regularization of the Dirac delta-function, 1,2, ,s S=  . 
 Considering the process of pollutant transport and diffusion in the atmosphere (and 
in the water and the soil) the concentrations 1 2, , , SC C C  of pollutants can not be negative 
if they are non-negative in the initial state 0t =  for all (0,1)ξ ∈ . This property is called 
non-negativity preservation and it is well studied for single heat-diffusion equation. 
 Let the interval [ ]0,1  be subdivided into N  intervals 1[ , ],i i iI ξ ξ +=  1,2, ,i N=   with 

1 2 10 1Nξ ξ ξ += < < < =  and 1i i ih ξ ξ+= − . We set ( )1/2 10.5i i iξ ξ ξ− −= + , ( )1/2 10.5i i iξ ξ ξ+ += + , 

1/2 1/2i i iξ ξ+ −= −  for 2,3, ,i N=  . 
 A. Internal nodes. We integrate equation (8) on the cell 1/2 1/2[ , ]i iξ ξ− +  and applying the 
mid-point quadrature rule to all the integrals with exception to the second one we obtain 
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         (9) 

Further at the derivation of the discrete equations we follow the methodology in [1], [2]. Let 
us rewrite equation (9) in the form 

 ( ), 2 2
1/2 , 1/2 1/2 , 1/2 , ,(1 ) (1 ) ,s i

i i s i i s i i s i s i
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B f
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 ( ) ( )2 2 2(1 ) ( ) 2 ( )s
s s s s s s
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ξ

∂
≡ = − + −

∂
.            (11) 

We need to derive an approximation of the continuous flux sρ  in the point 1/2 ,iξ +  
2,3, , 1i N= − . To do this, we consider the two-point BVP 

( )2
, 1/2 , 1/2(1 ) 0,s i s s i s il V M V Iξ ξ+ +

′′− + = ∈ , , 1 , 1( ) , ( )s i s i s i s iV C V Cξ ξ + += =          (12) 

where 2( ) ( )s sl a kξ ξ= , 2( ) 2 ( )s sm a k awξ ξ ξ= − , , 1/2 1/2( )s i s il c ξ+ += , , 1/2 1/2( )s i s im b ξ+ += . Integrating 
equation from (12) yields the first-order linear equation. Solving this equation and using the 
boundary conditions gives 
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In a similar way we approximate , 1/2s iρ −  for 2,3, , .i N=   For approximation of , 1/2s Nρ +  we 
solve the BVP 

( ), 1/2 , 1/2 2 , 1(1 ) , ( ) , ( ) 0s N s s N s s N s N s Nl V m V M V C Vξ ξ ξ+ + +
′′− + = = = , 

where 2( ) (1 ) ( )s sl a kξ ξ ξ= + . After some calculation for the flux , 1/2s Nρ +  we get 

 ( ) ( ), 1/2 , 1 , 1/2 , 1/2 , , 1/2 , 1/20.5s N s N s N s N s N s N s NC l m C l mρ + + + + + + = + − −  . 
 B. Boundary nodes. To approximate the boundary condition on the left vertical 
boundary 0ξ =  we proceed as for the internal grid nodes, but integrating equation (8) on 
the interval (i. e. in the semi-interval by ξ ) to get 
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From (13) for 1i =  we get the approximation for ,3/2sρ . For 2
1 ,1(1 ) sξ ρ− , where 1 0ξ = , using 

the expression for sρ  (11) and the boundary condition (6) we find 
( )2

1 ,1 ,1(1 ) (0) .s s s sa k w Cξ ρ δ− = −  On the right vertical boundary 1 1ξ =  we have , 1 0s NC + = . 
 Finally, for the space approximation we obtain the ODE non-linear system of 
equations for , ( )s iC t , 1,2, ,s S=  , 1,2, , 1:i N= +  
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In order to discretize the problem with respect to t  we introduce the mesh 1 20 t t= <  

1 1,M j j jt T t t t+ +< < = ∆ = − . Then, the fully implicit scheme can be written in the form 
1

,1 ,1 1 1 1 1 1 11 1
,1,1 ,1 ,1,2 ,2 1 1,1 2,1 ,1 ,1( , , , , ) ,

2 2

j j
s s j j j j j j

s s s s s S s
j

C C h he C e C B C C C f
t

ξ
+

+ + + + + +−
 = − + + + ∆

           (14) 

1
, , 1 1 1 1 1 1

, , 1 , 1 , , , , , 1 , 1 1, , ,( , , , ) , 2,3, , ,
j j

s i s i j j j j j j
i s i i s i s i i s i s i i s i i s i i S i s i

j

C C
e C e C e C B C C f i N

t
ξ

+
+ + + + + +

− − + +

−
 = − + + + = ∆

    (15) 

1
, 1 0j

s NC +
+ = , 1,2, ,s S=  ,                 (16) 

where , ( , )j
s i s j iC C t ξ= . To solve the non-linear system (14)–(16) we have used Newton's 

method, which leads to a linear system of equations. 
 
RESULTS AND DISCUSSION 
The components of the system are the nitric oxide ( )NO , nitrogen dioxide 2( )NO  

and ozone 3( )O , denoted by 1u , 2u  and 3u  respectively. We assume that the nitrogen 
dioxide is released at source locations and concentrations of nitric oxide are measured. A 
simplified model of chemical reactions in the system is 

1
3 2

kNO O NO→ → , 2
2 3

kNO NO O→ + , with rates 1 1000k = , 2 2000k = . 
 To show the efficiency and usefulness of the discretization method, various test 
problems with different choices of parameters were solved. In the numerical experiment 
we approximate the Dirac-delta function by the function 

 
*

* *
2

2
( ) , 2 , 2

4h

h
h h

h
ξ ξ

δ ξ ξ ξ ξ
− −

 = ∈ − +   and * *0, 2 , 2h hξ ξ ξ ∉ − +  . 

For the numerical results presented here, we have used the following functions and values 
of the coefficients in the problem under consideration: 3S = , 1( ) 1K z = , 2 3( ) ( ) 5K z K z= = , 

1w = , 1( )Q t , 2 ( ) 1Q t t= − , 3( ) 0Q t = , *
1 20z = , *

2 85z = , 1 2 3 0δ δ δ= = = , 1T = , 

1,0 2,0 0c c= = , 3,0 2c = , 0.005a = , ,2 2 ,1,3 1 3,s s sR c c cγ β= +  1,2,3s = , where 1,2 2,2 3,2γ γ γ= − = =  
2000 , 1,1,3 2,1,3 3,1,3 1000β β β= − = = − . A part of these data are taken from [5]. Fig. 1, 2 and 3 
show the numerical computed concentrations 1( , )c t z , 2 ( , )c t z  and 3( , )c t z . 
 We have used the Runge method for practical estimation of the rate of convergence 
of the scheme with respect to the space variable at fixed value of 1t T= = . We have used 
three inserted grids with 100, 200 and 400 subintervals respectively by ξ  and 

0.001jt t∆ = ∆ = . A part of the results from the calculations for the rate of convergence are 
presented in the Table. 
 

CONCLUSIONS AND FUTURE WORK 
In this work we have considered a one-dimensional nonlinear problem of pollution in 

air, water and soil. We have used a log-transformation that makes the original problem, 
defined on a semi-infinite interval, to another one on the interval (0,1) . We have derived a 
fitted volume difference scheme that preserves the non-negativity property of the 
differential problem solution as numerical experiments show. Detail experimental and 
theoretical analysis will be very interesting. 
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ξ  0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.10 0.11 0.12 0.13 

1n  
11.04 9.27 7.63 6.16 4.89 3.84 3.04 2.49 2.26 3.08 0.08 1.40 2.12 2.27 

2n  
11.04 9.28 7.63 6.16 4.89 3.84 3.04 2.46 2.07 1.40 1.25 0.54 1.57 2.13 

3n  
1.74 1.07 2.17 -1.67 5.15 3.84 3.04 2.46 2.07 1.40 1.25 0.54 1.57 2.13 

ξ  0.26 0.27 0.28 0.29 0.30 0.35 0.36 0.37 0.38 0.39 0.40 0.41 0.42 0.43 

1n  
23.97 19.62  17.23 14.96 12.79 4.00 2.90 2.15 1.89 1.99 1.67 1.19 1.59 1.69 

2n  
23.98 19.63 17.24 14.97 12.80 4.01 2.93 2.24 1.97 2.03 1.79 1.40 1.68 1.79 

3n  
2.01 2.00 1.94 0.44 5.25 2.57 2.06 1.79 1.82 1.48 2.79 2.17 -1.96 1.64 

 

 
 Fig. 1. 1( , )c t z .          Fig. 2. 2 ( , )c t z .          Fig. 3. 3( , )c t z . 
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PHARMACOKINETIC PROFILE EVALUATION  OF NOVEL 
RUTHENIUM(III)-NORFLOXACIN COMPLEX WITH ANTICANCER 

PROPERTIES 
 

Velescu Bruno-Stefan, Anuta Valentina, George Mihai Nitulescu, Uivarosi Valentina  
 
Abstract: The design of transitional metal complexes with biological activity (eg. anticancer, 

antibiotics, antidiabetic, etc) is an increasing field of research motivated mainly by the success of cisplatin in 
chemotherapy. Ruthenium based complexes represent a viable alternative to platinum complexes due to 
their low toxicity and the competition a Phase I clinical trial (e.g. imidazolium trans-imidazoledimethyl 
sulfoxide-tetrachlororuthenat).In this paper the pharmacokinetic profile of novel ruthenium(III)-norfloxacin 
complex, with anticancer properties, was investigated, after a single dose administration to Wistar rats. The 
results indicated that the complex pharmacokinetics id described by a bicompartmental model.. 

Key words: Ru-nf, HPLC, pharmacokinetics, bicompartmental model 
 
INTRODUCTION 
Metal based anticancer agents development is motivated by the benefits brought by 

Platinum derivatives used in therapy[3-6]. Ruthenium(III) complexes with cytotoxic 
properties are promising agents in cancer therapy[7-8]. The investigation of the 
pharmacokinetic profile of a novel Ruthenium(III)-norfloxacin complex with cytotoxic 
properties5 might prove a new approach for understanding it’s anticancer activity. 

The aim of this study is to evaluate the pharmacokinetic (PK) profile of a Ru-nf 
complex in an animal experimental model, following a single dose of 100 mg/kg b.w., 
intraperitoneal administered. 

The obtained results are indicating a bicompartmental distribution model, with a rapid 
elimination from the central compartment, and a low accumulation trend for the complex. 

 
MATERIAL AND METHODS 

1.1. Materials 

Ruthenium-norfloxacin complex (Ru-nf) was synthesized and physico-chemical 
characterized according to a method described in a previous paper [1,8]. All reagents used 
were analytical grade were purchased from Sigma-Aldrich. Ultrapure water was obtained 
with a TKA-Genpure UV system 

 
1.2. Experimental animals 
Female Wistar rats weighing (125 ± 13 g) from the Cantacuzino Institute, Bucharest 

were used. The rats were housed in plastic cages in an air-conditioned animal room and 
fed on granulated food with free access to water. 

The temperature and relative humidity were continuously monitored using a 
thermohygrometer. The temperature was between 20ºC and 22ºC and the relative 
humidity was generally maintained at 35-45%. 

All procedures were carried out in accordance with the Directive 2010/63/EU, 
governing animal research in Europe (revising Directive 86/609/EEC), on the protection of 
animals used for experimental and other scientific purposes. 

1.3. Pharmacokinetics 
1.3.1. Study design: 
28 female Wistar rats were randomly distributed in 5 groups of 5 animals and 3 

animals were used as blank. 
The animals were administered a dose of 100 mg/b.w. of VOH complex, by 

intraperitoneal injection. The administered dose represented 1/20 from maxim 
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administered dose that proved no lethal effect. Following the administration, the animal 
groups were sacrificed at 30 min, 1h, 2h, 6h and 24h respectively. The blood was collected 
on Na2EDTA and was centrifuged; plasma samples were stored at -20ºC for HPLC 
analyses. 

Pharmacokinetic analysis was performed with Kinetica 2000 software. 
1.4. HPLC assay 
1.4.1. HPLC conditions 
The analyses were carried out using a Waters Liquid Chromatography. The UV 

detector was set at 282 nm.The chromatographic separation was achieved on a Hypersil 
Gold, 5-μm 150 x 4 mm column using as mobile phase an isocratic mixture of 0.1% 
trifluoroacetic acid:acetonitrile (80:20 v/v), delivered at 1.0 mL/min flow rate. 

1.4.2. Sample preparation 
To 0,5 mL of plasma sample, 250 µl of methanol were added. The samples were 

vortex-mixed for homogenization, and 50 µl of sulphuric acid 2M was added. The samples 
were vortex-mixed and centrifuged for 15 minutes at 6000rpm. The supernatant was 
collected and aliquotes of 100 µl into the HPLC system. 

1.4.3. Pharmacokinetic analysis 
PK analysis was carried out by using non-compartmental (NC) and compartmental 

(C) methods. 
NC analysis was used for the estimation of half time (t½), mean residence time 

(MRT), total clearance (ClT), volume of distribution (Vd), area under the time-concentration 
curve (AUC0-24). 

C analysis was used for the estimation of the proper compartmental model followed 
by the complex and macro and micro constants associated to the identified model. 

The compartmental model was estimated by using the Marquardt curve fitting 
algorithm. The Akaike information criterion and Schwarz criterion were used for identifying 
the optimum PK model. 

 
RESULTS AND DISCUSSION 

1.5. Analytical method validation 
The HPLC method was fully validated in accordance with international regulations [2]. 

The method proved to be selective towards separation of Ru-nf. 
The calibration curves (Figure 1) of the compounds in plasma were generated by 

using eight concentration levels, in the range of 0.05-25 µg/mL for both Ru-nf. Three 
replicates for each concentration were used 
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Figure 1: Calibration curve for Ru-nf 

 
1.6. Samples analysis 
Mean plasma concentration of Ru-nf after ip administration of 100 mg Ru-nf complex/kg 

b.w. in rats The mean plasma concentrations of Ru-nf according to the sampling moments, 
are represented in figure 2: 
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Figure 2. Plasma concentration time profile for Ru-nf  
 

1.7. Pharmacokinetic analysis  
1.7.1. Ru-nf  NC analysis  
The pharmacokinetic parameters estimated by the NC methods are presented in 

table 1. 
Table1  

Pharmacokinetic parameters calculated by the NC methods 
Parameter Value 

t½  (h) 0.5 
MRT (h) 0.6 

ClT (ml\min) 1.28 
Vd (L) 0.8 

AUC0-24 (ng/mL*h) 8300 
 

1.7.2. Vanadium C analysis 
Data fitting was performed for the monocompartmental, bicompartmental models with 

immediate or delayed absorption. In figure 3 are presented the fitting results of the 
experimental data among each model statistics. 
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IC -0.027 -113.032 

C -1.589 -115.375 

 
Figure 3. Fitting results of the experimental data 

Statistic methods AIC and SC (with minimum values) pointed out the 
bicompartmental model with immediate absorption for vanadium administer as Ru-nf 
complex as an optimum PK model. 

 
The pharmacokinetic parameters estimated by the C methods are presented in table 
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Table 2  
Pharmacokinetic parameters calculated by the C methods 

Parameter  Value 
Cmax (ng/ml)  16500 

Tmax (h)  0.5 
Macroconstants (h-1) ka 4 

 ke 7 
Microconstants (h-1) k12 0.05 

 k21 8.33E-4 
 
 
CONCLUSIONS AND FUTURE WORK 
A HPLC method for the quantification of vanadium from rat plasma samples was 

developed, validated and applied in a single dose PK study. 
The Ru-nf pharmacokinetics following the intraperitoneal administration is described 

by a bicompartmental model with a rapid elimination from the central compartment, and a 
low accumulation trend for the complex.  
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STUDY OF THE SOCIAL IMPACT OF THE OFF-LABEL USE OF 
MEDICAL PRODUCTS 

 
A.A. Stănescu 

 
Abstract: This paper addresses one of the hot topics in healthcare at international level, the use of 

medicinal products outside the terms originally included in their market authorization, the so call off-label use 
of drugs. This represents a reality of the clinical practice, more frequent in the special population (such as 
children, elderly, pregnant women), rare or critical stage deseases etc., and rises a particular concern in 
terms of potential risks. In the same time, the practice of prescription for off-label use indicates an 
unaddressed need of healthcare, either due to lack of adequate knowledge for developing the necessary 
therapeutic tool or to the low economic potential for the drug industry.  

Frequently, the off-label use of drugs is determined by the lack of alternatives. In the life-threatening 
pathological conditions any measure that potentially may lead to improvements is justified.  

Also in most of the cases, the undocumented use is stimulated by the drug industry because the 
clinical trials are time and funds consuming.That is the case of the rare deseases, where the commercial 
interest of the producers to invest in clinical trials is low, due to the reduced number of individuals that will be 
treated with the resulting new product. 

Key words: off-label prescriptions, orphan drugs, social impact, economical impact, connection to 
social and economic European/International requirements, interdisciplinary centralized system. 

 
INTRODUCTION 
The off-label use of drugs is currently defined as the administration of drug products 

in instances outside the regulatory approved license and the correlated summary of 
product characteristics. Most frequently the route of administration, the dose or the dosing 
regimen, as well as the physiological profile of patient is not in compliance with the 
labeling. Major concerns are associated with off-label prescribing practice, since no 
adequate information is available on their safety and efficacy profiles. The arguments 
behind this practice are the lack of adequate, age and size fitted formulations, the lack of 
adequate alternatives in terms of pharmacological agent or even shortenings in supply of 
some drugs. 

Special populations, including the extreme age patients and subjects with particular 
physiological conditions, are at specific risk of receiving undocumented drug prescription: 
off-label, extemporaneously prepared drugs (EPD) or unapproved drugs [6]. The result 
could vary, either the outcome is the desired one, or the conditions worsen, due to the lack 
of therapeutic efficacy or to manifestation of adverse drug reaction, sometimes sever or life 
threatening [8].  

Frequently, the off-label use of drugs is determined by the lack of alternatives (as in 
the life-threatening pathological conditions)[7]. In other cases is determined by the low 
commercial interest of the producers, due to the reduced number of individuals that will be 
treated with the resulting new product (as in the case of orphan drugs). But in several 
instances the undocumented use is even stimulated by the drug industry. Their products 
are already on the market, but special indications are missing from the available 
authorization. Amendments to the labeled indications, which are intrinsic part of the 
approved drugs, need further clinical experimentation and are time and funds consuming. 
The special populations are particularly difficult to enroll, due to ethical and methodological 
barriers. Therefore, the prices of the in-vivo research are considerably increased and 
some companies prefer to stimulate the off-label use, based on insufficient proofs on the 
potential benefits. 

The safety issues are in fact the biggest concern related to the off-label use of both 
regulatory and governmental institutions, throughout the world [2], [4], [9], [12].  

In case of frequent beneficial outcome, the undocumented drug use is of high interest 
and the logical approach is to initiate a clinical study, whose report should adequately 
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document the dose, dosing regimen and use, in order to assure the wide access to the 
potential benefits [1], [9].  

The importance of the topic is underlined also by the extent of the off-label use [3]. 
For example, Kimland E et al (2013) reported that approximately 70% of drugs used in 
hospitalized neonates were off-label. The studies performed in the United States reported 
a proportion of 20% of all prescriptions as being off-label (i.e. 150 millions/year;[10]). The 
existence of several sub-groups is of special concern, since the available reports indicate 
that young children admitted in the emergency unit are at risk to receive at least one off-
label prescription, whereas for neonates almost all drugs are potentially used off-label [5]. 
Moreover, this status is reported not only in hospitals, but also during the outpatient care. 

. The importance of the topic for the social quality is demonstrated by the associated 
risks. Since no systematic evaluation on the safety and efficacy are available for the off-
label used drugs, there is a potential high risk of lack of efficacy and / or  development of 
adverse drug reactions, with worsening of the initial conditions and, in some cases, even 
life threatening. The governmental institution, such as Food and Drug Administration, 
European Medicine Agency and World Health Organization are perfectly aware of the 
importance of adequate quantitative estimation of this practice, of its continuous 
monitoring and of their mission in assuring the quality of life, by enforcing appropriate 
guidance documentation. 

Management guidelines and centralize survey systems are the key elements 
currently missing. So this study is trying to suggest, a a solution for this problem at least at 
a national scale, by proposing a novel platform for extensive collection of accurate data on 
off-label use, designed and implemented as an add-on to the current electronic prescribing 
system, initially on a pilot scale, involving both hospital and community pharmacies. The 
implementation and use of this electronic platform will be facilitated  by the future use of 
the patient electronic card, which will consolidate the critical link between two main 
categories of health-care professionals, doctors and pharmacists. 

This paper is not claiming to provide answers to such a complex questions as the off-
label use of drugs, but rather  tries to present more information about this matter in order 
to create the oportunity to find efficient, safe and rational solutions in the future. It also 
wants to generate a greater awareness of the problem, given that it is estimated that an  
important percentage of drugs are the subject of off-label use. 

The innovative aspects of the platform proposed by this article rely on the fact that it 
it is ment to facilitate the collection of accurate, unbiased data, preferably in real time, 
based on entry fields optimized during the initial implementation phase of the project. 

The platform will finally indicate the real needs of drugs and drug products at a 
national level, it should serve as a scientific tool for adequate guiding the regulatory act 
and it will indicate to local and European drug manufacturers the topics on which the future 
clinical research should focus. 

 
MATERIAL AND METHODS 
Several bottlenecks have been identified in the international literature about collecing 

of accurate data about the off-label use of drugs and should be addressed by the current 
study, based on the new proposed data collection and analysis platform: 
1) The current reported data worldwide are not systematic. As previously mentioned, 
different level of details and completeness was reported until now (for example the 
proportion of the off-label used solutions for intravenous administration applied orally was 
never reported so is yet unknown, [5]. This also potentially applies to numerous other 
dosage forms, routes of administration, indications etc. 
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2) There are various categories of off-label use, which need to be addressed separately, 
considering the notable differences between them: age, weight, absence of pediatric 
information, lack of pediatric clinical data, contraindication, indication, route of 
administration.  
3) The hospital and outpatient care issues differ in frequency and pattern, therefore should 
be assessed separately. The incidence of hospital, especially emergency care off-label 
use seems to be higher than in outpatient context. Moreover, the nature of therapeutic 
agents is different.  
4) Heterogeneity of data (as reported by EMA), based on the variability of sources and 
collection system, is a critical issue. The confounding factors, especially in the outpatient 
care, are represented by erroneous prescription. Also, any analysis of data should be 
preceded by an evaluation of data quality. The standardization of data could be 
accomplished by in-depth assessment of real practice data, use of on-line, easily 
accessible and easily to use centralized platforms, and consequent formatting procedures 
conducted on data entry fields.  
5) The need for potentially signaling at an early stage safety and efficacy shortcomings or 
dangers is not addressed in the present, since there are no systematic, continuously 
surveys conducted, nor platforms for official announcements. If a particular drug, used in 
an undocumented clinical instance, proved to either lack the intended efficacy or to 
threaten the life of a particular population, this doesn’t lead to withdrawal of the market 
authorization or to public information on this matter.  
7) The current status does not permit the assessment on the particularities of evolution in 
off-label use. For example, it is not clear, due to the lack of continuous evaluation, to what 
extent and in which instances the off-label prescribing becomes a widely accepted practice 
or even a standard of care [11]. On the other hand, no extensive information is available 
on when and why a specific practice disappears.  
8) Distinction between off-label and orphan prescribing should be considered, in order to 
adequately evaluate the needs of drugs for special population.  
9) Due to the currently underestimated extent of the off-label practice, it can be assumed 
that drug manufacturers are frequently not aware of significant commercial opportunity. 
10) The reporting phase should be not be subject to financial support of the industry, 
preferably should be done in real time and with high accuracy, according to a common 
framework. Nevertheless, they should receive feedbacks. Periodic reports to both involved 
healthcare professionals and regulatory authorities are to be considered mandatory. 

The end-product of this study is ment to be a platform specifically designed for 
continuous collection and analysis of national off-label use of drugs. The platform should  
be generated using software development tools based on open-source technologies and 
open standards, in order to minimize the costs associated with the development and 
licensing, assuring in the same time an increased portability of the developed solution for 
the various hardware platforms, as well as the possibility to reuse existing software 
components offering basic functionalities, therefore orientating toward development of 
modules bringing added value. 

The informatics system should be design using current web-based technologies 
(HTML5/CSS3) with a three level architecture (database, processing logic and user-
interface) and should be accessible, using a secured connection (HTTPS/SSL), for the 
universitys research centers, specialists from industry, professional organizations, and 
regulatory authorities. 

To serve the ment purpose of multidisciplinary collaborative project, the platform 
should have the following functional modules: 
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1) Data collection module that will allow the continuous uptake of date entries from the 
pharmacies and extraction of the relevant ones for the purpose of the platform, based on 
specific selection criteria. 
2) Data analysis module that will allow the user to run various types of predefined analysis 
on collected data. This module could also include user defined mathematical and 
prediction modules and will allow the selection of entry data.  
3) Results visualization module: that will be accesed by healthcare professionals through a 
secured connection to a special module for interim statistical evaluation of reported data 
on off-label use (dose, dosing frequency, patient characteristics, outcome etc.). 

 
RESULTS AND DISCUSSION 
The following barriers shoul be lifted by the development and final implementation of 

this platform: 
1)Systematic and continuous collection of data on the off-label use of drugs will be easily 
performed at national level, in an increased number of pharmacies, according to the same 
format. 
2) Data collection will be located not at the level of prescribing medical doctor, but at the 
level of pharmacies. Therefore, the analysis will provide more reliable information on the 
release and possibly administered drug products, not only on prescribing practice; 
3) The data entry format, as well as a number of particular reporting options will potentially 
address all categories of off-label use, considering the particularities. 
4) The platform will commonly address the specific off-label prescribing practice in hospital 
and community pharmacies. For hospital pharmacies, a stand-alone module, whit the 
same capabilities will be developed and installed. 
5) Heterogeneity of data will be avoided by the pilot-stage implementation and consecutive 
adoption of the optimal format for data entry, accommodating all the foreseen cases.  
6) The adequate collection, analysis and reports on the off-label use of drugs, induced by 
adequate implementation of the prospected platform, will serve as a trustful guide for local 
prioritization of clinical research. The need for supplementary proofs on safety and efficacy 
profile will be adequately identified. 
7) The continuous collection of extensive data will allow the detection of possible trends, 
indicating whether a specific prescription practice is increasing, based on possible positive 
outcomes, or it is discontinuing, based on probable shortcomings in terms of safety or lack 
of efficacy. 
8) The latter aspects, i.e. the possible increased incidence of adverse drug reaction, some 
potentially life threatening, could be confirmed by the same data. It is probable that the 
current platform provided this type of signals at early stage, with tremendous benefits.  
9) The platform will allow to clearly distinguishing between off-label use and orphan 
indications, based on the collected information, a new initiative at the national level. 
10) The needs of developing new drugs and drug products will be clearly outlined, serving 
as indicator of opportunities for the industry. 

 
CONCLUSIONS AND FUTURE WORK 
The original aspects of the project is that it will provide the framework for continuous 

collaboration between the key factors involved in the drug manufacturing, use and control.  
Overall, the objectives of the project are located in a frontier topic, between medicine, 
pharmacy, healthcare management, electronic systems, socio-economic evaluations. 

The successful implementation of the platform should mean that systematic and 
continuous assessment of the off-label use of drugs will be initiated and also, on long term 
it could mean that: 
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-it will generate an original and viable technology, serving a need currently unaddressed; 
-it will generate an increase of social quality, contributing to a hot topic of particular social 
and economic relevance; 
-it will allow a better connection to social and economic European / International 
requirements in the field; 
- it will facilitate adequate prioritization of public and private investments in clinical research. 
Since the platform will indicate the extent and its trends, it will probably signal the instances 
where the research should be conducted, eliminating an increased risk for the public health or 
bringing new evidence for the most promising outcomes, with potential wide benefits. 
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EVALUATION OF PHYSICOCHEMICAL CHARACTERISTICS OF 
SOME COMMERCIALLY AVAILABLE FRUIT COMPOTE 

 
Cretescu Iuliana, Petcu Mihaela, Cozma Antoanela, Velicevici Giancarla 

 

Abstract. Fruit is consumed fresh or processed into juice, jam, syrup and compote. The best of 
preserves are fruit compotes because the addition of sugar syrup determines a significantly improved 
alkalinity of product and also allows consumption of the product ready. In winter there are less fruits and 
vegetables, that are very necessary for health, and that should occupy an important place in our food. To 
assess the surface tension (σ), pH, viscosity (ɳ), electrical conductivity (G), density (dr) and the total soluble 
solids content (TSS) of commercially available fruit compotes in the city of Timisoara (Romania). The data 
were statistically processed to XLSTAT 2015.1 and student test were run to demonstrate statistically 
significant differences between different fruit compotes, p< 0.05 was considered significant. The effect of 
type of fruit compote on physicochemical characteristics of compote is very significant (pH – p-value (two-
tailed) =0.001, density – p-value (two-tailed) <0.0001, conductivity - p-value (two-tailed) =0.027, TSSC - p-
value (two-tailed) =0.001, surface tension - p-value (two-tailed) =0.001 and is not significant for viscosity p-
value (two-tailed) =0.176). The highest positively significant correlation has been observed in the case of 
surface tension with viscosity (r= 0.984). 

Key Words: physicochemical characteristics, fruit compote 
 
INTRODUCTION 
The fruits are consumed both fresh and processed into different types of products 

(compotes, juices, syrups, jams, etc). The compote is probably the most popular food, 
being found in the kitchen of many nations, and is considered one of the healthiest. The 
main component of the compote is the fruit. The compote is not only tasty but also very 
healthy. The compote can add to the diet the missing vitamins and other healing properties 
from the cold season  

The apricot and peach compote is useful for the improvement of the digestion and of 
the immunity system. After the fruit of seabuckthorn, the apricot contains the highest 
quantity of vitamin A (actually provitamin A which is transformed by the organism into 
vitamin A through the digestion process). A single apricot supplies almost 20% of the daily 
requirement of vitamin A of an adult, vitamin needed to maintain in good condition the 
immunity and nervous system, but also of the endocrine balance. Due to the high content 
of iron, the apricot is recommended in the iron deficiency anemia.  

It is known that the fruits of sweet cherry and cherry have diuretic, laxative, 
detoxifying, depurative, anti-anemia, hemostatic, sedative, anti-migraine, diaphthoric, anti-
influenza, anti-rheumatism, hypotensive, re-mineralizing, physical and psychic energizing, 
tonic, re-comforting  and refreshing effects. Due to the high content of potassium, but also 
because the cherries contribute to the decrease of the blood pressure and of the bad 
cholesterol and triglycerides, these fruits are very important for a strong and healthy heart. 
The cherries purify the blood, stabilize the heart rhythm and contain a high quantity of 
anthocyans which prevents the formation of blood clots. The cherries have a high content 
of vitamin E and C and are recommended mainly for the diabetic persons, contributing to 
the cleansing of the kidneys and preventing the diseases of the urinary system, favoring 
the elimination of the uric acid. Currently, the compote is probably the most favored 
preserve, mainly because it allows keeping fruits which can’t be frozen and it is the fastest 
way of preservation. These fruits can be procured also from the market but can contain 
glucose syrup or fructose, colorants, additives, etc.  

 
MATERIAL AND METHODS 
Samples of fruit compote were purchased from a local market in February - March 

2015. Four groups according to the type of fruit from composition (sweet cherries, cherries, 
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apricots and peaches) were selected in triplicate and the average of these three 
evaluations was considered for statistical analysis. Data were statistically processed to 
XLSTAT 2015.1 and t-tests were used to demonstrate statistically significant differences 
between different fruit compotes, p< 0.05 was considered significant.  

pH is a measure of the acidity or basicity of a solution. It is defined as the co 
logarithm of the activity of dissolved hydrogen ions (H+). The pH of the juices was 
evaluated using a digital pH meter OP-211. Total soluble solids (TSS) and the refractive 
index were assayed using the refractometry method, with an Abbe refractometer and 
corrected to the equivalent reading at 200C (AOAC, 1995). 

Density was determined using the picnometry method, as described by Solange 
Vandresen et al., 2009, the juice was placed into a calibrated picnometer and the density 
was calculated by dividing the measured mass by the known volume [1, 2, 3]. 

To assess the surface tension (σ), pH, viscosity(ɳ), electrical conductivity (G), density 
(dr) and the total soluble solids content (TSS) of commercially available fruits compote in 
the city of Timisoara (Romania).  

 
RESULTS AND DISCUSSIONS 
In figure 1 we can notice the effect of the type of compote on the analyzed 

physicochemical characteristics. 
 

 
 

Figure 1. The effect of the type of compote on the analyzed physicochemical 
characteristics  

 
From figure 1 we can notice that the lowest values of pH were obtained for the cherry 

compote (2.66±0.07) and peach compote (2.81±0.05). For conductivity the lowest values 
were obtained in the peach compote (2.05±0.16) followed by the sweet cherry compote 
(2.58±0.32), while for the apricot compote we obtained the highest electric conductivity 
(3.61±0.50). 

For the cherry compote we obtained the highest value of TSSC (22.18±2.82) and for 
the peach compote the lowest value (19.11±3.77). The highest conductivity was obtained 
for the apricot compote (4.16±0.50) and the lowest value was obtained for the peach 
compote (2.32±0.28). 

Pearson correlation tests (p ≤ 0.05) were used to ascertain the existence of linear 
relationships between variables pH, electrical conductivity, viscosity, surface tension and 
total soluble solid content. In table 1 is presented the Pearson parameters’ matrix for the 
correlation of the 6 physical dimensions we analyzed for the compote.  
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Table1. Pearson correlation of physicochemical parameters of fruit compote samples 
Correlation matrix (Pearson (n)): 

Varia
bles 

p
H G η dr 

T
SS σ 

pH 1 -0.217 -0.196 -0.397 -0.322 -0.048 
G -0.217 1 -0.511 0.950 0.878 -0.633 
η -0.196 -0.511 1 -0.620 -0.774 0.984 
dr -0.397 0.950 -0.620 1 0.973 -0.748 
TSS -0.322 0.878 -0.774 0.973 1 -0.875 
σ -0.048 -0.633 0.984 -0.748 -0.875 1 
Values in bold are different from 0 with a significance level 

alpha=0.05 
 
The highest positively significant correlation has been observed in the case of the 

surface tension with viscosity (r= 0.984) and TSS with density (r= 0.973). Positive 
correlations were noticed also in the case of TSS with conductivity (r= 0.878) and between 
density and conductivity (r=0.950). The highest negative correlation has been observed in 
the case of the TSS with viscosity(r=-0.774) and conductivity with viscosity (r=- 0.511). 
The correlations between the analyzed biophysical dimensions for the four compote types 
can be clearly noticed in figure 2 and tables 2 and 3 where it is highlighted that 2 
parameters are very important to characterize these correlations.  
 

     
 
 

Figure 2.PCA analysis of the physicochemical parameters of compote samples 
 

In figure 2 is presented the PCA analysis of the physicochemical parameters of juice 
samples. The criterion of eigenvalues higher than 1 indicate that we may have two 
components. This criterion tends to overestimate the number of main components required 
to replicate the data. In figure 2 are presented the parameters loadings; it can be observed 
that the major influence on the descriptive view is represented by TSS, density (dr) and  
conductivity (G), while, pH does not influence in the same amount like the former ones.[2] 
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A PCA was conducted to evaluate the global effect of physicochemical properties on 
the compote types, from a descriptive point of view. The table of values (eigenvalues) 
contains, beside the effective value, the necessary calculation to identify the variances 
explained for the respective components. We can notice that on the last row we can read 
directly who much of the total variance is explained by the retention of a number of 
components. It was found, that two main components (PCs) explained 92.58% of the 
variations in the data set. 

 
Table 2. The contribution of the variables and of the observations to the parameters 

 
 
 

Factor loadings: 
  F1 F2 

pH -0.212 0.910 
G 0.876 -0.205 
η -0.826 -0.505 
dr 0.954 -0.267 

TSS 0.993 -0.110 
σ -0.912 -0.349 

 
 

Contribution of the variables (%): 
  F1 F2 

pH 1.064 62.274 
G 18.169 3.147 
η 16.156 19.161 
dr 21.558 5.342 

TSS 23.364 0.905 
σ 19.688 9.171 

 
Contribution of the observations (%): 
  F1 F2 
Obs1-cherries 33.905 11.995 
Obs2-sweet cherries 0.079 73.543 
Obs3-apricot 5.115 2.962 
Obs4-peaches 60.901 11.500 

 
Overall for the 6 analyzed physical dimensions of the four compote types we can 

notice that they significantly correlates (table 2) even if the effect of the type of compote (of 
the fruit from the compote) on the analyzed biophysical characteristics was significant for 

all 6 biophysical dimensions except viscosity (p-value (two-tailed) =0.176)). 
 

Table3. Pearson correlation of fruit compote samples for all biophysics characteristics 
investigated 

Eigenvalues: 
  F1 F2 F3 

Eigenvalue 4.224 1.331 0.445 
Variability (%) 70.393 22.183 7.423 
Cumulative % 70.393 92.577 100.000 
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Correlation matrix (Pearson (n)): 
Variables cherries sweet cherries apricot peaches 
cherries 1 0.999 0.994 0.967 

sweet cherries 0.999 1 0.995 0.971 
apricot 0.994 0.995 1 0.990 

peaches 0.967 0.971 0.990 1 
Values in bold are different from 0 with a significance level 

alpha=0.05 
 

CONCLUSIONS 
The effect of type of fruit compote on physicochemical characteristics of compote is 

very significant (pH – p-value (two-tailed) =0.001, density – p-value (two-tailed) <0.0001, 
conductivity - p-value (two-tailed) =0.027, TSSC - p-value (two-tailed) =0.001, surface 
tension - p-value (two-tailed) =0.001 and is not significant for viscosity p-value (two-tailed) 
=0.176). The highest positively significant correlation has been observed in the case of 
surface tension with viscosity (r= 0.984). 
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TOXICITY ASSESSMENT OF SOME PLANTS CONTAINING 
RANUNCULOSIDES   
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“Carol Davila” University of Medicine and Pharmacy, Bucharest, Romania 
 

Abstract: The aim of the present study was to evaluate the phytotoxic effect of some extracts 
obtained from two spontaneous widespread species: A. nemorosa and A. ranunculoides. Triticum aestivum 
bioassay was used to test aqueous and hydroalcoholic dry extracts from rhizomes and aerial parts from the 
two species of Anemone. All extracts exhibited phytotoxicity on root elongation at high concentrations. 
Among all the extracts, the aqueous extracts obtained from the rhizomes have induced the highest toxicity. 
The growth inhibitory effects of the tested extracts from the two species of Anemone could be related to the 
presence of ranunculosides, such as protoanemonine and anemonine. The phytotoxic evaluation is an 
important step for further research on toxic potential of A. nemorosa and A. ranuculoides. 

Key words: Anemone species, Triticum bioassay, protoanemonine. 
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INTRODUCTION 
Anemone genus has over 120 species widespread over the temperate regions. 

Throughout the Carpathians region, two species are commonly spread mainly in the hill 
and mountain areas: A. nemorosa and A. ranunculoides [1,2]. The main constituents of 
these species are ranunculosides or ranunculins, volatile lactones responsible of poisoning 
of livestock and even humans. The glucoside ranunculin is found in all plant parts and by 
enzymatic hydrolysis leads to protoanemonin which presents high toxicity if ingested or in 
contact with skin [3]. In humans, protoanemonin causes irritation in contact with skin and 
mild to severe gastroenteritis at the ingestion [4,5,6,7].  Protoanemonin is also found in 
other species of Ranunculaceae family such as:  Ranunculus rivularis, R. lappaceus, R. 
hirtus, R. arvensis and Ceratocephalus falcatus [4,6]. Protoanemonin leads by 
dimerisation to anemonin or anemonic acid, derivatives which are non-toxic compounds 
[8].   

 

O OO
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OH
OH
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ranunculin protoanemonin anemonin 
   

Fig. 1. Chemical structures of ranunculosides 
 
In the present paper we evaluate the toxicity induced by extracts obtained from two 

native species: A. nemorosa and A. ranunculoides using Triticum bioassay method [9]. 
The use of this method in order to evaluate the toxicity of the extracts is highly justified by 
the inhibitory effect induced by purified protoanemonin at low concentrations on the 
germination process and root elongation observed by Thimann and Bonner (1945) [10]. 
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Triticum bioassay is performed as a screening test mainly because its advantages to 
present good reproducibility and repeatability, rapid and low costs method [11]. 

 
 
MATERIAL AND METHODS 
The plant material consist of underground and aerial parts from A. nemorosa and A. 

ranunculoides. The plants were harvested from Ilfov and Neamt (Romania) in march-april, 
2014. The extracts were obtained by maceration with water and ethanol 50% (v/v) under 
the reflux. The extractive solutions were concentrated and liophylized at -55°C. The 
extracts were codified as following: the species - A. nemorosa (AN) and A. ranunculoides 
(AR), followed by the part of the plant - rhizome (R) or aerial part (A) and the solvent of 
extraction -  aqueous (W) and ethanol 50% (HA) (table I).  

Triticum bioassay was was performed according to the method described in literature 
[12]. All extracts were dissolved in DMSO and diluted with distilled water to obtain 
solutions with concentration in range of 0.10 to 1.50 mg/mL (0.10, 0.50, 1.00 and 1.50 
mg/mL). Wheat caryopses (Triticum aestivum, Boema cultivar, supplied by SC Adaflor 
SRL, Tulcea, Romania), were maintain submerged in distilled water for 24 h. 10 caryopses 
were equally distributed on filter paper disks in Petri dishes of 90 mm diameter and treated 
with 5 mL of each test solution. The samples were maintained in a climatic growth 
chamber (Sanyo MLR-351 H, USA) at 25 ± 1 ˚C, 75% relative humidity and in the dark. 
The control sample (M) was prepared with distilled water and DMSO. After 24 h, the 
germinated caryopses were photographed and the radicle length was measured with the 
software Image J version 1.46 r (Wayne Rasband National Institutes of Health, USA). The 
values of root elongation were expressed in mm.  

Average, standard error and the inhibitory effect in comparison with the control (Efi%)  
were calculated for each sample. The parameters were calculated with Microsoft Office 
Excel 2003 (Microsoft Corp., USA).   

The Efi% values were plotted against the concentrations and the concentration-
inhibitory effect curves were constructed usning least square method. The concentration 
that inhibit with 50% the root elongation by comparing with the control (IC50) was 
calculated by interpolating on the concentration-inhibitory effect curves and expressed in 
mg/mL. 95% confidence interval (CI) of IC50 (α=0.05) and goodness of fit (r2) were also 
calculated on the base of the concentration-inhibitory effect curves. The parameters were 
performed using the GraphPad Prism v.5.0 software (GraphPad Software, USA). 

 
RESULTS AND DISCUSSION 
A bioassay using wheat caryopses was performed on eight extracts obtained from A. 

nemorosa and A. ranunculoides. The average and standard error of root elongation values 
registered after 24 h of exposure are presented in fig. 1. All extracts inhibited root 
elongation at all concentrations. The highest ihibition was induced by the aqueous extracts 
from rhizomes, followed by the hydroethanolic extracts from the same plant parts. The 
lowest inhibition was induced by aerial plant extracts from both species.  
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Fig. 1. Root elongation values obtained following the treatment with A. nemorosa and A. 

ranunculoides extracts; columns represents the average value and error bars the standard 
error.   

 
The IC50 values were calculated and are presented along with their 95%CI and the 

correlation coefficients of the concentration - inhibitory effect curves in table I and fig. 2.  
Due to the high inhibitory effect induced by the aqueous extracts, 95%CI and r2 could 

not be calculated. With the exception of aqueous extracts, for all others determinations 
were obtained good correlation coefficients between the concentration and the inhibitory 
effect.  
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The ascending order of the IC50 values is:  ANRW, ANAHA, ANAW and ANRHA (for A. 
nemorosa extracts) and ARRW, ARRHA, ARAW and ARAHA (for A. ranunculoides).  The 
order is corresponding with the descending order of toxicity, the lower being the IC50 
value, the higher toxicity is exhibited by the extract. 

The results obtained showed that the water extraction lead to a higher yield of 
compounds with toxic activity. The compounds responsible of the phytotoxicity are found 
mainly in the rhizomes.   

 
 

Table I. The assessment of inhibitory effect 
Nr. 
crt. 

Sample IC50  
(µg/mL) 

95% CI of IC50 
(µg/mL) 

Goodness of fit 
(r2) 

1. A. nemorosa; aerial part, hydroethanolic 
(ANAHA) 0.11 0.09 - 0.14 0.9984 

2. A. nemorosa; aerial part, water 
(ANAW) 0.17 0.04 - 0.68 0.8916 

3. A. nemorosa; rhizome, hydroethanolic 
(ANRHA) 0.56 -* 0.7344 

4. A. nemorosa; rhizome, water 
(ANRW) 0.01 -* -* 

5. A. ranunculoides; aerial part, hydroethanolic 
(ARAHA) 0.54 0.19 - 1.58 0.9208 

6. A. nemorosa; aerial part, water 
(ARAW) 0.32 0.14 - 0.72 0.9639 

7. A. nemorosa; rhizome, hydroethanolic 
(ARRHA) 0.24 0.19 - 0.30 0.9971 

8. A. nemorosa; rhizome, water 
(ARRW) 0.01 -* -* 

* - CI95% and r2 could not be determined 
 

  
Fig. 2. The concentration - inhibitory effect curves  

 
 
CONCLUSIONS AND FUTURE WORK 
In the present work we obtained and evaluate the toxicity of some extracts from A. 

nemorosa and A. ranunculoides (Ranunculaceae) using a simple and reliable bioassay - 
Triticum test. The tests demonstrated important biological effects for all the extracts, 
proving the existence of a specific interaction between the extracts and the biological 
targets. 

Future analysis are planned to better understand the mechanism of root growth 
inhibition by the extracts, in order to use them as models for new therapeutically agents. 
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PHARMACOKINETIC PROFILE EVALUATION VANADIUM 
ADMINISTER AS BIS(HESPERINATO)OXOVANADIUM(IV) COMPLEX 

 

Bruno Stefan VELESCU, Valentina ANUTA, Ecaterina IONESCU, Anca BUZESCU, Anca 
NICOARA  

 
Abstract: The present study was designed to evaluate the pharmacokinetic (PK) properties vanadium 

administer as bis(hesperinatooxovanadium(IV)) (VOH) complex, with hypoglycemic and hypolipidemic 
properties, in rats after a single i.p. dose of 100 mg/kg b.w. The vanadium pharmacokinetics is described by 
a bicompartmental model and the plasma concentration decrease is described by two phases that might be 
correlated to the distribution and elimination processes. The obtained results suggest a PK profile of the 
vanadium suitable for a profound distribution and accumulation in the animal organism with possibility of 
interaction with the cytosolic enzymes.. 

Key words: VOH, AAS, pharmacokinetics, bicompartmental model 
 
INTRODUCTION 
Vanadium is the 23 element of the periodic table. The main research in the vanadium 

biological effects is related to its metabolic effects, focused on the antidiabetic properties. 
This direction is sustained by the multitude of synthesized and pharmacological 
characterized compounds like bis(maltolato)oxovanadium(IV), bis(ethylmaltolato) 
oxovanadium(IV) [1,2], oxobis(picolinato)vanadium(IV), bis(methylpicolinato) oxovanadium 
(IV) [3] that exerted antidiabetic action and the introduction of 
bis(ethylmaltolato)oxovanadium(IV) in a phase I clinical trial. 

The development of vanadium complexes is motivated by the low toxicity of these 
compounds when compared to inorganic salts of vanadium like vanadate or vanadyl [5]. 
Such pharmacological active compounds are representatives of flavonoid class [4]. The 
synthesized vanadyl-flavonoid complexes have the general formula [VOL2] and where 
chemically and biologically characterized [5]. In the present study it is evaluated the 
pharmacokinetic profile of vanadium, after a single dose intraperitoneally administration of 
bis(hesperinato)oxovanadium(IV) (VOH) complex (Figure 1), at 28 female Wistar rats. 
Vandium plasma concentrations were measured by using a validated atomic absorption 
spectrophotometry method. The results suggest a cumulative trend for vanadium, possibly 
in the intracellular compartment, with the probability of interaction with the cytosolic 
enzymes involved in glucose metabolism [4]. 

 
MATERIAL AND METHODS 

1.8. Materials 
VOH complex was synthesized and physico-chemical characterized according to a 

method described in a previous paper [8]. All reagents used were analytical grade were 
purchased from Sigma-Aldrich. Vanadium standard solution was purchased from 
Scimadzu.  

1.9. Experimental animals 
Female Wistar rats weighing (160 ± 22 g) from the Cantacuzino Institute, Bucharest 

were used. The rats were housed in plastic cages in an air-conditioned animal room and 
fed on granulated food with free access to water.. All procedures were carried out in 
accordance with the Directive 2010/63/EU, governing animal research in Europe (revising 
Directive 86/609/EEC). 

1.10. Pharmacokinetics 
1.10.1. Study design: 
28 female Wistar rats were randomly distributed in 5 groups of 5 animals and 3 

animals were used as blank. The animals were administered a dose of 100 mg/b.w. of 
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VOH complex, by intraperitoneal injection. The administered dose represented 1/20 from 
maxim administered dose that proved no lethal effect. Following the administration, the 
animal groups were sacrificed at 30 min, 1h, 2h, 5h and 24h respectively. The blood was 
collected on Na2EDTA and was centrifuged; plasma samples were stored at -20ºC for 
AAS (Atomic Absorption Spectrometry) analyses. Pharmacokinetic analysis was 
performed with Kinetica 2000 software. 

1.11. AAS assay 
1.11.1. AAS conditions 
The analyses were carried out using a Schimadzu atomic absorption 

spectrophotometer, model AA6300 coupled with ASC6100 autosampler and a graphite 
furnace, model GFA-EX7i. The detection is at 2600ºC, at 318 nm wavelength, with 
deuterium correction lamp. The run was 53 seconds, and for each samples were realized 
3 measurements. The vanadium containing samples are injected in the graphite furnace, 
where it undergoes a multistage thermal decomposition process for the vanadium 
atomization and quantification. The temperature evolution process is presented in figure 2. 
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Figure1. Structure of complex    Fig. 2 Temperature for vanadium analysis 

 
1.11.2. Sample preparation 
To 0,5 mL of plasma sample, 200 µl of methanol  were added. The samples were 

vortex-mixed for homogenization, and 50 µl of sulphuric acid 2M was added. The samples 
were vortex-mixed and centrifuged for 10 minutes at 3000rpm. The supernatant was 
collected and aliquotes of 20 µl into the AAS system. 

1.11.3. Pharmacokinetic analysis 
PK analysis was carried out by using non-compartmental (NC) and compartmental 

(C) methods. NC analysis was used for the estimation of half time (t½), mean residence 
time (MRT), total clearance (ClT), volume of distribution (Vd), area under the time-
concentration curve (AUC0-24).  

C analysis was used for the estimation of the proper compartmental model followed 
by the complex and macro and micro constants associated to the identified model. The 
compartmental model was estimated by using the Marquardt curve fitting algorithm. The 
Akaike information criterion and Schwarz criterion were used for identifying the optimum 
PK model. 

 
RESULTS AND DISCUSSION 

1.12. Analytical method validation 
The AAS method for the quantification of VOH complex from plasma samples was 

validated in accordance with international regulations [6].  
The calibration curve (Figure 3) for VOH complex in plasma was generated by using 

six concentration levels, in the range 10 – 100 ng/ml. Three replicates for each 
concentration were used. The calibration curve was linear (r>0,9999) with a lower limit of 
quantification (LLOQ) of 10 ng/ml. For LLOQ concentration, the precision  was 2,52%, and 
accuracy was -2,37%. The intra-assay precision and accuracy was estimated by analyzing 
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the quality control samples (low, medium and high concentration) five times in the same 
analytical run. Both intra-assay accuracy and precision were within the accepted limits 
(Table 1). The precision was better than 3% and the bias did not exceed 5% at all 
concentration levels tested. The recovery from plasma was influenced by the protein 
plasma binding of VOH (86 % mean recovery); nevertheless the value of the recovery is 
appropriate for the determination of plasma level concentrations of the analyte. 

Table 1 Intra-assay accuracy and precision of the method 
Concentration (ng/mL)    

Added Measured Accuracy (%) RSD (%) 
70 71,33 2,32 1,02 
40 43,84 0,01 1,09 
7,5 7,45 -0,26 0,99 

1.13. Samples analysis 
The AAS method was applied in an experimental PK study for the estimation of 

vanadium, administered as VOH complex, PK parameters, following a single dose 
administration. The mean plasma concentrations of vanadium according to the sampling 
moments, are represented in figure 4: 

 

 
0 5 10 15 20 25

0

200

400

600

800
V AAS

Timp (ore)

Con
cen

trat
ie (n

g/m
l)

  
Figure 3. Calibration plot of the method 

 
Figure 4. Plasma concentration time profile for Vanadium administered as VOH 

complex 
 
 

1.14. Pharmacokinetic analysis  
1.14.1. Vanadium  NC analysis  
The pharmacokinetic parameters estimated by the NC methods are presented in 

table 2. 
1.14.2. Vanadium C analysis 
Data fitting was performed for the monocompartmental, bicompartmental and 

tricompartmental models with immediate or delayed absorption. In figure 5 are presented 
the fitting results of the experimental data among each model statistics. 

Statistic methods AIC and SC (with minimum values) pointed out the 
bicompartmental model with immediate absorption for vanadium administer as VOH 
complex as an optimum PK model. The proposed bicompartmental model that describes 
the vanadium pharmacokinetics after a single dose with intraperitoneal administration is 
described in figure 6. The pharmacokinetic parameters estimated by the C methods are 
presented in table 3. 
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Figure 6.Proposed pharmacokinetic model for Vanadium 
 

 
 

Figure 7. Biphasic decrease of Vandium plasma concentration 
 
 
 

 
 

Figure 5. Fitting results of the experimental data 
 
 
 

Table 2 Pharmacokinetic parameters calculated by NC methods 
 

Parameter Value 
t½  (h) 9 

MRT (h) 11 
ClT (ml\min) 0,31 

Vd (L) 3,90 
AUC0-24 (ng/mL*h) 5340 
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Table 3 Pharmacokinetic parameters calculated by C methods 

 
Parameter  Value 

Cmax (ng/ml)  589 
Tmax (h)  0.15 

Macroconstants (h-1) ka 6,22 
 ke 2,03 

Microconstants (h-1) k12 5,29 
 k21 0,26 

 
2. Discussions 
The data fitting for the bicomparmental model with immediate absorption suggest that 

vanadium, administered as VOH complex, concentrations at the administration moment 
are zero in the body compartments and at the administration site. The complex appears to 
be immediately absorbed from the administration site (process characterized by the 
estimated apparent absorption constant ka and by the half time of absorption calculated as 
t1/2abs= ln2/Ka of 0.11 h). The distribution process from the central compartment in the 
profound compartment (process characterized by the global apparent transfer rate 
constant K calculated as K=k12/k/21, of 20.34) shows a cumulative trend for vanadium in 
the profound compartment. The elimination from the central compartment is the main 
process that contributes to the decrease of plasma concentration probably with the 
dissociation of the complex. We can assume that vanadium plasma concentrations result 
from an equilibrium process between absorption, distribution and elimination. Elimination 
appears to be the main process that contributes to the concentration decrease of complex 
in the organism. In this context vanadium concentration from the central compartment 
decreases by 2 exponential processes, represented in figure 7. The first one may be 
correlated with the distribution in the deep compartment in the first 5 hours after the 
administration. The second process may be correlated to elimination from, the central 
compartment. 

 
CONCLUSIONS AND FUTURE WORK 
A AAS method for the quantification of vanadium from rat plasma samples was 

developed, validated and applied in a single dose PK study. 
The vanadium pharmacokinetics following the intraperitoneal administration is 

described by a bicompartmental model and the plasma concentration decrease is 
described by two phases that might be correlated to the distribution and elimination 
processes. The distribution profile of the complex points out a cumulative effect described 
by the global transfer constant between the central and the deep compartment >20.  
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STUDY OF CLOPIDOGREL RELEASE KINETICS FROM IMMEDIATE 
RELEASE FORMULATIONS USING DIFFERENT BIORELEVANT TEST 

SETUPS 
 

V. Anuta, E. Ionescu and B. S. Velescu 
 

Abstract: Present study evaluates the release kinetics of the thienopyridine-class antiplatelet agent 
clopidogrel (CLO) from different commercial immediate release (IR) formulations, using two different 
approaches: a “classical” approach, using the USP compendial media simulating the gastric and intestinal 
environment, and a “biorelevant” one, simulating gastric and intestinal conditions of the fasted and fed state 
with media containing physiological surface active agents (such as sodium taurocholate, lecithin, bile 
extracts) in order to obtain better prediction of the in vivo drug release. In order to better reflect the 
physicochemical and hydrodynamic conditions that are likely to prevail during the in-vivo dissolution-
absorption process, a biphasic dissolution test using FaSSIF and n-octanol was also developed. Quantitative 
analysis of Clopidogrel was performed using a validated HPLC method, with UV detection at 220 nm. The 
resulting dissolution profiles were compared by model-independent, model-dependent and ANOVA-based 
statistical methods. The obtained results indicated a highly pH-dependent solubility profile of clopidogrel, with 
very rapid and complete dissolution in gastric medium, and slow and incomplete dissolution in the intestinal 
environment. Significant differences appeared between the rate and extent of clopidogrel release from the 
selected multisource immediate release products, with only two of them being similar to the reference 
product. 

Key words: Clopidogrel, biorelevant release kinetics, biphasic dissolution 
 
INTRODUCTION 
In recent decades, evaluation of in vitro release kinetics has attracted more interest 

for its application to the study of solid and semisolid drug products. The rate at which the 
poorly soluble active ingredients are dissolved in the gastrointestinal tract from the dosage 
form is directly correlated with the rate of systemic absorption [1-4]. As a consequence, the 
in vitro dissolution test has become the most suitable tool to predict the in vivo behavior of 
a drug product [5,6].  

Present study evaluates the release kinetics of the thienopyridine-class antiplatelet 
agent clopidogrel (CLO) from different immediate release (IR) drug products containing 75 
mg active substance, using two different approaches: a “classical” approach, using the 
USP compandial media simulating the gastric and intestinal environment, and a 
“biorelevant” one, simulating gastric and intestinal conditions of the fasted and fed state 
with media containing physiological surface active agents (such as sodium taurocholate, 
lecithin, bile extracts) enzymes and lipid digestion products, in order to obtain better 
rediction of in vivo dissolution.  

In order to better reflect the physicochemical and hydrodynamic conditions that are 
likely to prevail during the in-vivo dissolution-absorption process, a bipfasic dissolution test 
[7.8] using FaSSIF and n-octanol to simulate the release and absorption process was also 
developed. 

 
MATERIAL AND METHODS 

Chemicals 
Clopidogrel bisulfate standard was obtained from LGC Promochem GmbH 

(Germany). HPLC grade acetonitrile was purchased from Merck KGaA (Darmstadt, 
Germany).  

Soy phosphatidylcholine was a kind gift from Lipoid (Ludwigshafen, Germany). 
Trifluoroacetic acid for HPLC was purchased from Sigma-Aldrich (St Louis, MO, SUA). All 
other reagents were of analytical grade, purchased from different commercial suppliers 
and used without further purification. 
Media Preparation 
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The compendial Dissolution Media used for clopidogrel release kinetics evaluation 
consisted in the followings [9]. Simulated Gastric Fluid (SGF) and Simulated Intestinal 
Fluid pH 6.8 (SIF). A set of four biorelevant media was used, presented in recently 
published articles and proved to be representative for the fasted stomach (FaSSGF), the 
postprandial stomach (FeSSGF), fasting state conditions in the small intestine (FaSSIF) 
and simulated postprandial conditions in the small intestine, (FeSSIF) [10-12]. For the 
biphasic in vitro test method, the dissolution system consisted of an aqueous phase 
(FaSSIF, 500 mL) and octanol (250 mL). 
Dissolution Studies 

Drug release experiments were performed with USP Apparatus 2 (Paddle), DT 800H, 
Erweka, Germany. Each vessel was filled with 500 mL/1000 mL of media, and an agitation 
speed of 50 rpm was used for all dissolution studies. Experiments were run in triplicate. 
Samples of 2.5 mL were removed after 5, 10, 15, 20, 25, 30, 45, 60, 90, 105 and 120 min 
using a glass syringe, then filtered through a 0.45-μm’Teflon® filter and immediately 
diluted with methanol. Quantification of Clopidogrel was achieved by using a validated 
HPLC method. 
Dissolution profile comparison 

The resulting dissolution profiles were compared by model-independent, model-
dependent and ANOVA-based statistical methods. The similarity factor (f2) [4] was used 
for the comparison of dissolution rate, whereas the Area Under Curve (AUC) and 
Dissolution Efficiency (DE %) were used as measure of dissolution extent . 
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The similarity factor f2 (Eq. 1) was calculated for all possible pairs of the considered 
products; Rt and Tt  in the equation represents the average percentages dissolved at time 
t of the reference and test products. The profiles were considered similar if f2 was greater 
than 50. 

The dissolution efficiency (DE%) was calculated according to Eq. 2, where %Dt is the 
percent of drug dissolved at time t, %Dmax is the maximum dissolved at the final time , 
and AUC0-T is the area under dissolution-time curve up to the final time T. 
HPLC Analysis 

Quantitative analysis of clopidogrel in the dissolution samples was performed by 
using a Waters 600E Multisolvent Delivery System, a Waters 717 Autosampler and a 
Waters 486 Tunable Absorbance Detector (Waters, Milford, MA, USA). The detector was 
set at 220 nm. The chromatographic separation was achieved on a Hypersil Gold, 5-μm 
150 x 4 mm, (Thermo Scientific) column having an isocratic mixture of 0.1% trifluoroacetic 
acid: acetonitrile (85:15 v/v) delivered at 1.0 mL/min flow rate. 5 microliters of each sample 
was injected onto the chromatographic column. 

The HPLC method was subjected to validation in accordance with the International 
Conference on Harmonization (ICH) regulations Q2(R1) [13] in terms of specificity, 
linearity, precision (repeatability and intermediate precision) and accuracy. The linearity 
assessment was performed by using nine CLO concentration levels, in the range 0.25-200 
µg/mL. 

 
RESULTS AND DISCUSSION 
Results indicated a highly pH-dependent solubility profile, with very rapid and 

complete dissolution in gastric medium (the dissolution profiles in compendial and 
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biorelevant simulated gastric media were practically superposable), followed by a 
significant tendency to precipitate towards the higher pH of the intestinal media. 
Dissolution in intestinal media was incomplete both in fed and fasting conditions. Although 
bile salts were expected to increase solubility by the intermediate of micelles, this result 
appeared to be significant only under fed state simulated conditions (80% drug released 
within two hours versus 60% under fasting conditions) (Figures 1 and 2). 

 

 
Figure 1. Clopidogrel release in simulated intestinal media 

 
Figure 2. Clopidogrel release in simulated gastric media 

 
Significant differences between the products occurred: the comparison between the 

two extreme profiles led to a f2 value of 26,1 and AUC ratio of 2.56. Since clopidogrel is 
almost exclusively absorbed in the intestinal environment, the differences in intestinal 
release will most likely impact on drug in vivo absorption. 

 
Figure 3. Comparative release of clopidogrel from five moultisource immediate release 

products, using FaSSIF as dissolution medium 
It is also to note that for the exterme dissolution profiles (Products III and V), 

dissolution variability is significant (>15% for all sampling times). The ANOVA-based 
profile comparison also concluded in significant differences between the dissolution 



RESEARCH PEOPLE AND ACTUAL TASKS ON MULTIDISCIPLINARY SCIENCES 
24 – 28 JUNE 2015, LOZENEC, BULGARIA 

 
 

 151 

profiles of the selected products, with only P II ans P IV being similar to the reference 
product (P I).  

Two of the products found to present similar dissolution behaviour in FaSSIF (P I and 
P II) were further tested using a biphasic FaSSIF-octanol dissolution test setup. Altrough 
the overall dissolution-absorption profile (Figure 4, b) were similar (f2=56.4), the absorption 
profiles (determined by means of the clopidogrel amount detected in the octanol layer) 
were significantely different, with P I having a superior absorption rate (Figure 4, a). 

 

 
Figure 4. Simulated absorption profile (based on the clopidogrel concentration in the 

octanol layer) and combined dissolution-absorption profiles for two clopidogrel 
formulations in the biphasic experiment 

 
CONCLUSIONS AND FUTURE WORK 

The obtained results indicated a highly pH-dependent solubility profile of clopidogrel, 
with very rapid and complete dissolution in gastric medium, and slow and incomplete 
dissolution in the intestinal environment. Significant differences appeared between the rate 
and extent of clopidogrel release from the five multisource immediate release products, 
only two of them being similar to the reference product. The “plateau” obtained in FaSSIF 
after about 45 minutes suggested saturation of the dissolution medium, leading to the 
necessity of using a biphasic dissolution setup in order to increase the biorelevance of the 
in vitro study. 
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PHYSICAL AND CHEMICAL CHARACTERIZATION OF THE 

LAVENDER WATER RESULTED AS WASTE AT THE OBTAINING OF THE 
LAVENDER VOLATILE OIL, BY DRIVING WITH WATER VAPOR (PART I) 

 
Popescu C.1,2), Voicea I.3), Vlăduţ V.3), Cujbescu D.3), Bungescu S.4) 

 
1)S.C. Hofigal Export Import SA, Bucharest; 2)West University "Vasile Goldis" Arad;  

3)INMA Bucharest; 4)USAMVB Timisoara 
 

Abstract: Within the paper was performed the study on physicochemical characterization of lavender 
water resulting from the process of obtaining the volatile oil of lavender. Distillation used for producing 
volatile oil of lavender has used the classic method represented by water vapor antrenariiea natural vegetal 
material dry. Water physical-chemical analysis was performed lavender according to the monograph 
"Lavandulae aetheroleum" European Pharmacopoeia Edition 8.0 has. The results of the study in this waste 
or byproduct - lavender water are considerable in terms of the content in active principles and therefore 
possibilities of its use in cosmetics, detergents and perfumes. 

 
Key words: water lavender, Lavandula angustifolia, driving with water vapors, cosmetics, detergents 
 
INTRODUCTION 
Medicinal and aromatic plants from Romania represents an important natural 

resource. They are an important factor that can contribute to the restructuring of rural 
areas by creating employment opportunities for rural inhabitants in the new non-
agricultural rural economy and increase the competitiveness of this sector. Harnessing of 
this natural resource assumes the setting up of companies from the category of small and 
medium enterprises. 

A higher recovery of medicinal and aromatic plants with high added value is the 
extraction of volatile oils. These domestic and international demand due to the multiple 
uses sales prices are attractive, and so extracting volatile oils can be a profitable activity. 
Large quantities of plant material required for obtaining volatile oils can help to make the 
work of the agricultural land areas which are currently uncultivated. 

The data of literature indicate the presence of volatile oils in a wide variety of plant 
species in amounts between 1-15% . What is known as an "volatile oil" or "volatile oil" is oil 
that was extracted from the plant. It is "volatile" in that it carries a distinctive scent, or 
essence plant, [4] . 

The volatile oils are liquid smelling subtle, aromatic and are extracted from natural 
raw materials of vegetable, distillation processes using water or steam, dry distillation or 
mechanical processing. 

Almost every volatile oil contains natural chemicals that act as antimicrobial agents 
protecting their home plants and at the same time have as key active ingredients in 
cosmetic medicine and human for thousands of years.  

The volatile oils are distilled essences of plants or pressed stems, leaves, fruits and 
flowers and are rich in chemical substances such as phenols,monoterpenes and ketones - 
the same chemical molecules that have been isolated or synthesized by the 
pharmaceutical industry to make drugs.  

The phenols present in the volatile oils are very potent active ingredients against 
viruses and bacteria, which made the Origano, lavender, eucalyptus, basil, cinnamon, 
cloves, thyme and others to be famous for their fight against microorganisms and 
supporting of the immune system.  
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The slight variation in the chemical composition of volatile oil original series to the 
next is all it takes to prevent the development of resistance in fungi, yeasts, bacteria and 
viruses from these natural herbal remedies.  

The volatile oils are widely used in food and perfume industry and in smaller amounts 
in some cosmetics and health-related fields such as pharmaceuticals, in phytotherapy and 
aromatherapy, [1].  

The food industry consumes around 60% of volatile oils, while the rest is used in 
perfumery. Approximately 300 oils are commonly used in the perfume industry. 

By ensuring product quality and safety and the use of standardized oils boost trade 
between their main user industries namely food, pharmaceutical, perfumery and 
cosmetics. Standards are becoming more important and more demanding, mainly due to 
the introduction of new manufacturing technologies and market globalization.  

As a result of these issues are being improved, updating and analysis methodologies 
requirement increase the quality and safety of volatile oils to obtain more precise results 
and at the same time to keep the problem under control and product authenticity and 
prevent counterfeiting. 

The volatile oils are complex mixtures of constituents, about 5000-7000, of which 
identify monoterpenes (hydrocarbons, alcohols, aldehydes, ketones, ethers), 
sesquiterpenes (hydrocarbons, alcohols, aldehydes), phenolic compounds, compounds of 
diverse origin. 

The analysis of data from the literature shows the correlation between the chemical 
structure and the specific activity (antimicrobial, antispasmodic) of the constituents of 
volatile oils, such as: - the phenols (carvacrol, thymol, eugenol) and the methyl ethers of 
them, have the greatest antiseptic potential, followed by cinnamic aldehyde, alcohols 
monoterpenes (geraniol, linalool, thujanol-4, mircenol, terpineol, menthol, piperitol) 
monoterpene aldehydes (neral, Geranios, citronellal, cumin), monoterpene ketones 
(verbenona, thujone, camphor, pinocamfona, krypton, fenchona, menthone, piperitona, 
carvone), ethers (estragole, anethole) and monoterpenes oxides (1.8-cineol). 

 
Table 1 

Examples of substances with antimicrobial properties existing in the composition of 
volatile oils 

 

Name of the class of 
compounds 

Compound 
name 

IUPAC* 
name Formula 

Phenols and their methyl 
ethers 

Carvacrol 
5-isopropyl-2-methylphenol, 2-

methyl- 
5- (1-methylethyl) -phenol  

Thymol 2-isopropyl-5-methyl-phenol 
 

Eugenol 4-allyl-2-methoxyphenol 
 

Aldehydes Cinnamic 
aldehyde (2E) -3-phenylprop-2-enal 

 

Alcohols monoterpenes 

Geraniol 3,7-dimethyl 
2,6-octadiene-1-ol  

Linalol 3,7-dimetilocta- 
1,6-dien-3-ol  

Mircenol 2-methyl-6-methylene 
-2,7-Octadiene-1-ol  

http://en.wikipedia.org/wiki/File:Geraniol_structure.png
http://en.wikipedia.org/wiki/File:Myrcenol.svg
http://en.wikipedia.org/wiki/File:Geraniol_structure.png�
http://en.wikipedia.org/wiki/File:Myrcenol.svg�
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Terpineol 2 - (4-methyl-1-cyclohex-3-
enyl) -propan-2-ol 

 

Menthol (1R, 2S, 5R) -2-isopropyl-5-
methyl-cyclohexanol; 

 

Piperitol 6-isopropyl-3-methyl-2-
cyclohexen-1-ol  

Monoterpene aldehydes 

Geranial 
(citral a) 

3,7-dimethylocta-2,6-diene 
E isomer  

Neral 
(citral b) 

3,7-dimethylocta-2,6-diene 
Z-isomer  

Citronellal 3,7-dimethyloct-6-en-1-ol 
 

Cuminal 4 - (1-methylethyl) 
benzaldehyde  

Ketones monoterpene 

Verbenone 
(1R) -cis-4,6,6-rimetilbiciclo 

[3.1.1]  
hept-3-en-2-one  

Thujone 
(1S, 4R, 5R) -4-methyl-1- 

(propane-2-yl) bicyclo [3.1.0] 
hexan-3-one  

Camphora 1,7,7-trimethylbicyclo [2.2.1] 
heptane-2-one  

Ethers 

Pinocam-
fona 

2,6,6-trimethylbicyclo [3.1.1] 
heptan-3-one  

Krypton 4-propane-2-yl-cyclohex-2-en-1-
one 

 

Fenchon 1,3,3-trimethyl 
[2.2.1] heptane-2-one  

Mentone (2S, 5R) -2–isopropyl-5-
methylcyclohexanone 

 

Piperiton 6-isopropyl-3-methyl-1-
cyclohex-2-enone  

Carvone 2-methyl-5- (1-methylethenyl) 
-2-cyclohexenone 

 

Estragol 1-allyl-4-methoxybenzene 
 

Anethol (E) -1-methoxy-4- (1-propenyl) 
benzene  

Oxides monoterpenes 1,8-cineol 1,3,3-trimethyl-2-oxa-bicyclo 
[2.2.2] octane 

 
*IUPAC (= International Union of Pure and Applied Chemistry) 

http://en.wikipedia.org/wiki/File:Geranial_svg.svg
http://en.wikipedia.org/wiki/File:Neral_svg.svg
http://en.wikipedia.org/wiki/File:Verbenone_structure.png
http://en.wikipedia.org/wiki/File:(-)-alpha-Thujon.svg
http://en.wikipedia.org/wiki/File:Camphor_structure.png
http://img.guidechem.com/casimg/30469-22-8.jpg
http://en.wikipedia.org/wiki/File:Fenchone.png
http://en.wikipedia.org/wiki/File:Menthone.png
http://commons.wikimedia.org/wiki/File:Piperitone.png
http://en.wikipedia.org/wiki/File:Estragole_acsv.svg
http://upload.wikimedia.org/wikipedia/commons/6/6e/1,8-Cineol.svg
http://en.wikipedia.org/wiki/File:Geranial_svg.svg�
http://en.wikipedia.org/wiki/File:Neral_svg.svg�
http://en.wikipedia.org/wiki/File:Verbenone_structure.png�
http://en.wikipedia.org/wiki/File:(-)-alpha-Thujon.svg�
http://en.wikipedia.org/wiki/File:Camphor_structure.png�
http://img.guidechem.com/casimg/30469-22-8.jpg�
http://en.wikipedia.org/wiki/File:Fenchone.png�
http://en.wikipedia.org/wiki/File:Menthone.png�
http://commons.wikimedia.org/wiki/File:Piperitone.png�
http://en.wikipedia.org/wiki/File:Estragole_acsv.svg�
http://upload.wikimedia.org/wikipedia/commons/6/6e/1,8-Cineol.svg�
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MATERIAL AND METHODS 
Lavender (Lavandula angustifolia, Mill.) initiates the process of cellular regeneration and 
prevents the phenomenon of apoptosis, improves the the mechanisms of healing burns 
and wounds, having antiseptic and antibacterial qualities. 

The volatile oil of lavender is more gentle in its action than most other oils and can be 
applied safely to the skin as an antiseptic to help heal wounds, burns. A volatile oil of 
lavender flowers is strongly antiseptic, antispasmodic, aromatic, carminative, cholagogue, 
diuretic, recommended to relieve nerve sedative, stimulant and tonic aperitif. This is not 
often used internally, although it is a useful tool for calming nerves and carminative, [2]. 

Its strong antiseptic properties have bactericidal action on many common bacteria 
such as typhoid, diphtheria, streptococcus and the volatile oil major pneumococ. The main 
components are from the volatile oil are: linanil acetate, butyrate linanil, geraniol, linalool in 
the free state, linalyl valerianate, borneol, coumarin, cineol, neroli, furfural, alpha pinene, 
caryophyllene, bitter substances. 

From a commercial perspective, the plant is grown mainly for the production of 
lavender volatile oil with antiseptic and anti-inflammatory properties. 

Lavender can be very effective on wounds. However, the lavender honey (created by 
the bees which feed on lavender plants), in place of volatile oil of lavender, has the best 
effect on non-infected wounds. The main components of the volatile oil of lavender are 
linalool (51%) and linalyl acetate (35%). Other components include α-pinene, limonene, 
1,8-cineole, cis-and trans-ocimenele, 3-octanone, camphor, caryophyllene, terpinen-4-ol 
and ethyl lavandulil, [3]. 

 

    
 

 
Fig. 1 - Lavandula angustifolia, Mill. Ecological own culture of 

SC Hofigal Export Import SA, Bucharest 
 

RESULTS AND DISCUSSIONS 
The antimicrobial components include phenolic compounds, terpenes, alcohols, 

aldehydes, ketones and izoflavonoide, but there are four individual compounds which, 
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following the hundreds of studies performed, occur most frequently and in the highest 
concentration and are responsible for its antimicrobial properties. These compounds are 
carvacrol, citral, eugenol and thymol. There are also and other compounds were also 
identified as important, such as borneol, cinnamaldehyde and thujone.  

Thymol and carvacrol are natural plant chemicals with properties mainly in 
antimicrobiene.Se are especially volatile oils and thyme and are mainly responsible for the 
antimicrobial action. 

Thymol and carvacrol are members of a class of chemical compounds, active 
ingredients from plants, known as phenols monoterpenici. They have natural antimicrobial 
properties and are major components of volatile oils of thyme and oregano and not only. 

Thymol and carvacrol phenols monoterpenes are two different molecules with similar 
properties and are isomeric. 

This means that they have the same chemical formula (C 10 H 14 °), but different 
structures. 

Thymol (IUPAC name: 2-isopropyl-5-methylphenol) is part of a class of natural 
compounds known as biocides, with strong antimicrobial attributes when used alone or in 
combination with other biocides such as carvacrol.  

 

 
Fig. 2 - The thymol formula 

 
Further, such agents having biocidal properties can decrease bacterial resistance the 

common drugs such as penicillin. Numerous studies demonstrates the antimicrobial 
effects of the thymol, demonstrating that having from qualities of inducing of the antibiotic 
susceptibility at the drug resistance of the pathogens, up to of having strong antioxidant 
properties.  

The thymol has antimicrobial activity because the phenolic structure and has shown 
activity against bacterial strains including Staphylococcus aureus and Aeromoans 
hydrophila. This antimicrobial activity is manifested by the inhibition of the growth of micro-
organisms by the production of lactate and by the decrease of the cellular glucose 
absorption, [5]. 

Activitatea antifungică a timolului este cauzată de capacitatea sa de a altera 
morfologia hyphal and causes the hyphal aggregation which leads to the reduction of the 
hyphal diameters and the damage of the hyphal wall. Moreover, the thymol is lipophilic and 
this enables it to interact with the cell membrane of fungal cells, altering the cell membrane 
permeability, thus allowing the loss of macromolecules. 

The thymol and carvacrol reduce the bacterial resistance to antibiotics by a 
synergistic effect and the thymol proved to be an effective fungicide, especially against the 
strains resistant to Fluconazole.  

This is especially important given that Candida fungal infections can cause severe 
systemic infections in immunocompromised patients, current treatments are highly toxic 
and especially often lead to drug resistance and their low efficiency.  

The carvacrol [IUPAC name: 5-isopropyl-2-methylphenol or 2-methyl-5- (1-
methylethyl) -phenol] is a chemical compound identified in the volatile oils of marjoram, 
oregano, thyme and other plants. The carvacrol is used as a food preservative, in cosmetic 
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products, disinfectants and in the complementary medicine or integrationist, due to its 
antibacterial, antifungal and antioxidant activity. 

The carvacrol inhibits the growth of several strains of bacteria, such as Escherichia 
coli and Bacillus cereus. It acts as an antimicrobial by destroying the bacterial membrane. 
Unlike other terpenes, on the microorganism Pseudomonas aeruginosa act to inhibit the 
proliferation of this one by mechanisms of destructive action at the cellular membrane 
level. The cause of the antimicrobial characteristics is considered to be the disruption of 
the integrity and implicitly the functionality of the bacterial membrane.  

Its low toxicity and a pleasant smell and taste have suggested its use as a 
preservative to prevent bacterial contamination in food, medicines, food supplements and 
cosmetics.  

 

 
Fig. 3 - The carvacrol formula 

 
The volatile oils containing carvacrol and a thymol in the contemporary aromatherapy 

are known as natural antibacterial and antifungal.  
Therefore, the volatile oils containing a mixture of compounds such as terpenes, 

alcohols, phenols and esters are used as flavoring (correction of taste and smell), but also 
as functional ingredients. In addition, many of these have significant antimicrobial 
activities.  

The antimicrobial and antiviral properties were presented in a vast number of 
different applications such as on raw materials, processed foods, pharmaceutical products 
and those coming from complementary and integrationist medicine. 

In addition, the major constituents such as the terpenes namely the α-pinene, 1, 8-
cineole and the Linalool were also identified as important antifungal agents. The 
antimicrobial effect offers a protection against the microorganisms from the genus 
Salmonella, Escherichia coli, Staphylococcus aureus and Klebsiella pneumoniae.[4] 

The industrial extraction of the volatile oils from various aromatic plants runs after 
different methods depending on their specific characteristics. The extraction methods of 
the volatile oils from aromatic and medicinal plants are chosen according to: 
- species and physico-chemical characteristics of the plant; 
- volatile oil content and stability of their chemical components; 
- part of the plant from which oil is extracted volatile: buds, flowers, leaves, stems, roots, 

seeds, bark or whole fruit; 
- the experience of volatile oil manufacturer or supplier of extraction installations, which 

must choose the method the most suitable for a particular plant or a certain volatile oil; 
- economic considerations: it must be intended as pure volatile oils, cost-effectively and 

with focus on local or international market requirements. 
The main methods of obtaining the volatile oils are: 

 Distillation (Drive) with water vapor. 
 Volatile oil extraction with organic solvents. 
 Extraction with animal fats: enfleurage and maceration. 
 Extraction with liquefied gases (supercritical CO2). 

http://en.wikipedia.org/wiki/File:Carvracol.png
http://en.wikipedia.org/wiki/File:Carvracol.png�
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 Extraction by pressing. 
 The adsorption on an adsorbent material. 

Driving with water vapor is a method commonly used in the extraction of volatile oils 
from most herbs; It is commonly used for extraction on an industrial scale but also has 
widespread use in the laboratory. 

Although it is a very efficient process, application of heat, water acidity or traces of 
heavy metals in the sample or device can cause saponification, isomerization, or other 
unwanted reactions that can affect the balance between smell and taste of original volatile 
oil [1]. By this method, water vapor entering the vegetative mass, subjected to distillation, 
destroy the glands coating Oleifici, volatilized oil and then mixed with it. The mixture of 
water vapor and oil vapor passes into the condenser (condensing vessel), which turns into 
a liquid that is simply mixture of water and volatile oil. This mixture reaches the Florentine 
vessel (separation vessel) which is separated namely, volatile oil being lighter it will be 
deposited in a layer over the water [6]. 

 
CONCLUSIONS  

The heat of the steam causes small the opening intercellular pockets containing 
volatile oil. The volatile oil is released from the pockets of the intracellular plant material is 
evaporated and entrained molecules from the steam is conducted to a water-cooled 
condenser. The mixture of volatile oil and water is collected in a vessel where they are 
separated due to the different densities of the two liquids that are not miscible with oil more 
easily rising above the water and is discharged. Excess water may still contain aromatic 
compounds and is typically called cologne, hydrosol or herbal distillate, and in some 
cases, following the analysis of the physico-chemical composition, may be marketed as 
such. 

Driving with water vapour (the distillation) has the following advantages: 
 the parameters of the steam used for heating (flow rate, temperature) can be 

controlled and there is not the risk of overheating of the vegetal material to over 100 ° C 
and its degradation; 

 it has a high productivity under the conditions of some low manufacturing costs; 
 do not remain foreign odors into oils and therefore is used for obtaining of 

volatile oils for perfumes. 
Hence, a by-product resulting from the process of distillation of the lavender (plant 

used in experimentation) is represented by the eau de cologne. 
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PHYSICAL-CHEMICAL CHARACTERIZATION OF LAVENDER 

WATER RESULTED AS WASTE WHEN OBTAINING VOLATILE OIL 
FROM LAVENDER, BY ENGAGING WITH WATER VAPORS (PART II)  
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Abstract: Within the paper was conducted a study on the physical-chemical characterization of 
lavender water resulted from the process of obtaining lavender essential oil. The distillation equipment used 
for obtaining the lavender essential oil operates with the classic method of entraining the dry natural plant 
material with water vapors. The physical-chemical analyses of lavender water were conducted according to 
the provisions of the „Lavandulae aetheroleum” monograph from the 8.0th edition of the European 
Pharmacopoeia. The results obtained from the study conducted on this waste of secondary product – 
lavender water are considerable from the point of view of the content of active principles and therefore of the 
possibilities of using it in the cosmetics, detergents and perfume industries. 

 
Key words: lavender water, Lavandula angustifolia, entraining with water vapors, cosmetics, detergents 
 

INTRODUCERE 
The EUV 500 installation for obtaining volatile oils by distillation is destined for the 

extraction of different volatile oils from the majority of aromatic plants by the method of 
distillation with water steam. These oils are called volatile because they usually evaporate 
at low temperatures, the majority at room temperature, and release a pleasant smell. In 
the specialty literature, volatile oils are also called ethereal oils or essential oils. The main 
parts comprising the installation for obtaining volatile oils by distillation – EUV 500 (fig.1) 
are: 

• Water vapors generator; 
• Distillation container; 
• Condenser (cooler); 
• Volatile oil separator. 

 

 
Fig. 1 – Technological scheme of the installation for obtaining volatile oils by entrainment 

(distillation) with water vapors 
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For testing the installation of entrainment with water vapors was used as raw material 
Lavandula angustifolia (lavender). Lavandula angustifolia is an aromatic plant known and 
used since antiquity. Lavender crop is relatively recent in Romania. Volatile oil, obtained 
by distillating fresh inflorescences of lavander and lavandin, is the main product of this 
plant and has large uses in the industry of perfumes and cosmetic products. [1], [2] 

Lavender is a species that is little pretentious. It is an allogamous, entomophilous 
plant that by generative replication produces numerous individuals with chemical 
morphogenetic variability and with differentiated economic efficiency. [5] 

Thus, by using the distillation installation and a quantity of 100 kg of lavender that is 
in a dry state have resulted 37 ml of lavender volatile oil and approximately 19 l of 
lavender water. The high quantity o lavender water resulted, a product characterized by a 
pronounced odor specific to lavender that is usually treated as a secondary product or as 
waste, has determined the achievement of physical-chemical on its composition to decide 
if it can be valorized in the cosmetic, perfume or detergents industry.  

Lavender water that resulted was deposited and kept in adequate hygienic-sanitary 
conditions. The product was analyzed from the physical-chemical point of view within the 
Quality Control Department of SC HOFIGAL EXPORT IMPORT SA, Bucharest, a 
company certified with GMP European(=Good Manufacturing Practice). 

Physical-chemical characterization for the lavender water was conducted through 
methods indicated in the 8.0th Edition of the European Pharmacopeia, the monograph 
“Volatile oils” and namely Lavender Volatile Oil. [3]  

The method used is the following one: verifying the quality of the product Lavender 
water, a waste left from obtaining the main product Lavender Volatile Oil (Lavandulae 
aetheroleum) is applied complying with the 8.0th Edition of the European Pharmacopeia, 
the monograph “LAVANDULAE AETHEROLEUM„. 

Thus, the relative density, d2020 is determined in compliance with the European 
Pharmacopoeia, the edition in force, chapter 2.2.5. [3]  

The working technique: the determination is made using the pycnometer, at 20o C. 
The result is calculated by making the ratio between the mass of a volume of sample to be 
analyzed and the mass of an equal volume of water. The result is expressed using three 
decimals.  

Calculation formula: 
d2020 = 

1m
m  

where:  
d2020 = relative density 
m = mass of the sample to be analyzed, in grams  
m1 = mass of the volume of water, in grams. 
The determination of pH is made complying with the European Pharmacopoeia. 8th 

edition, chapter 2.2 ,,PHYSICAL AND PHYSICOCHEMICAL METHODS”, subchapter 
2.2.3 ”DETERMINATION OF pH”. 
 

DESCRIBING THE TEST METHOD 
Equipment: pH meter. 
Reagents: 
- sample to be analyzed: the product as such; 
- water R; 
- water extract for powders, creams, lotions and gels. In a laboratory glass is weighed 1 
gram (or the quantity of sample mentioned in the ST) of sample to be analyzed, 99 ml of 
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water R are added, the mixture is boiled for 5 minutes and the solution is filtered through 
high density filter paper. 
 
Working technique: 
The determination of pH is done on the aqueous extract with the pH-meter, at 20°C- 25°C 
after 1 minute from the introduction of the electrode in the solution.   
In the case of samples for analyzing that are already in a liquid state, the pH is determined 
directly by introducing the electrode in the sample.  
 
Determining The dry residue of extracts (residue by evaporation), is performed 
complying with the European Pharmacopoeia, 8th the edition, chapter 2.8 “Methods in 
Pharmacognosy’’, subchapter 2.8.16. “Dry residue of extracts’’ [3]. 
 
DESCRIBING THE METHOD OF ANALYSIS 
Equipment:  

- Water bath; 
- Analytic scales. 

Reagents:  
- Phosphorus pentoxide R or anhydrous R silica. 

Working technique: 
In a container with a diameter of approximately 50 mm and a height of approximately 30 
mm are rapidly introduced 2.00 g or 2.00 ml of the extract that will be analyzed. It is dry 
evaporated on the water bath and dried in the stove at 100-105oC for 3 hours.  
It is dried in a desiccator on phosphorus pentoxide R or anhydrous R silica and is weighed. 
The result is calculated in percentages or in grams/liter.  
Calculation: 
a) Dry residue = [%]100m 01 x

m
m

p

−  

where: 
m1 = mass of the container with the sample after drying, in grams; 
m0 = mass of the container, empty, in grams;  
mp = mass of the sample analysed, in grams; 
100 = correlation factor. 

b) Dry residue = ]/[1000m 01 Lgx
m

m

p

−  

where: 
m1 = mass of the container with the sample after drying, in grams; 
m0 = mass of the container, empty, in grams;  
mp = mass of the sample analysed, in  ml ; 
1000 = correlation factor. 

 
Chromatographic profile [3] 
 The product Lavender water was analyzed by gas-chromatography combine with 
mass spectrometry (fig. 2) for obtaining the chromatographic profile and the 
chromatogram, with the Thermo Focus gas Chromatograph equipped with MS (GC/MS 
THERMO FOCUS DSQ II) detector: 
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Fig. 2 - Gas-chromatograph combined with THERMO FOCUS DSQ II mass spectrometer 
 

The chromatographic profile is determined complying with the European 
Pharmacopoeia, the edition in force, monograph LAVANDULAE AETHEROLEUM, chapter 
2.2.28, by gas chromatography.  
Reagents: 
- limonene  R;  
- cineole R; 
- 3-octanona R;  
- camphor R;  
- linalol R; 
- lynalil acetate R; 
- terpinen-4-ol R; 
-  lavandulyl acetate R; 
- lavandulol R; 
- α - terpineol R; 
- hexane R;    
Testing solution: sample for analysis 
Reference solution a: 0.1g limonene R, 0.2 g cineole R , 0.2 g 3-octanona R, 0.05 g 
camphor R , 0.4 g linalol R, 0.6 g lynalil acetate R, 0.2 g terpinen-4-ol R, 0.1 g lavandulyl 
acetate R, 0.2 g lavandulol R and 0.2 g α - terpineol R is dissolved in 5 ml hexane R ; 
Reference solution b: 5 mg 3-octanona R are dissolved in hexane R and are diluted at 10 
ml with the same solvent.  
a) Gas chromatograph equipped with:  
- MS detector (mass spectrometer); 
- split injector; 
- automated system for injecting the sample for analysis; 
- automated system for integrating the areas of the drops from the chromatograms obtained; 
b) column: 
   - material: fused silica 
                  l = 30; Ø= 0.25mm; 
- stationary phase macrogol 20 000 R (film thickness 0.25 μm); 
Working conditions: 

- Carrying gas - helium for chromatography R, with speed of 1.0 ml/min; 
- Splitting ratio of 1/100; 
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- temperature: 
Table 2 

Working conditions: temperature when determining the chromatographic profile 
 

 Time (minutes) Temperature (oC) 

Column 
0 - 10 

10 – 45 
10 

40 
40  -  220 

220 
Injector  220 
Detector  235 

 
- injected volume: 3 μl; 

Oder of eluting: is the order indicated in the reference solution (a). The retentions times of 
there substances are recorded. 
System suitability: reference solution (a); 

- resolution: minimum 1.4 between the drops determined bu terpineol-4-ol and 
lavandulyl acetate. 

Working technique: 
The test solution and the reference solutions are injected. The retention times are recorded.  
The content is not valid until the number of theoretical plates calculated for the droplet due to the 
limonene at 110oC is smaller than 30000o. 0.2 μl of test solution is injected. Using the retention 
times determined from the chromatogram obtained with reference solution, the components of 
reference solution are localized in the chromatogram obtained with the test solution.  
The percentage content of these components is determined through the normalizing procedure. 
The limits are comprised in the following domain: 
- limonene: max. 1.0 % 
- cineole: max. 2.5 % 
- 3-octanona : 0.1-2.5 %  
- camphor: max.1.2 %   
- linalol: 20.0-45.0 % 
- lynalil acetatel: 25.0 -  46.0 
- terpinen-4-ol: 0.1 % - 6.0 % 
- lavandulyl acetate: min.0.2 % 
- lavandulol: min.0.1% 
-α - terpineol: max. 2.0 % 
Disgrace limit: the area of the droplet from the chromatogram obtained with the reference 
solution (b) (0.05%).  
 
 

RESULTS AND DISCUSSION 
 After the physical-chemical analysis of the product lavender water were obtained 
the following results presented in table 3, 4 and figure 6. 
 

Table 3 
Physical-chemical characterization of lavender water 

 

Nb Characteristics Lavender water 

1 Relative density, d20
20 0.991 

2 pH 3.5 

3 Residue by evaporation, % 0.08 
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Table 4 
Physical-chemical characterization of lavender water – chromatographic profile 

 

 
 

 
Fig. 6 - Chomatogram – physical-chemical characterization of lavander water 

 
CONCLUSIONS AND FUTURE WORK 
After the physical-chemical analysis of the lavender water resulted as waste from the 

process of obtaining lavender volatile oil by entrainment with water vapors, the following 
conclusions can be drawn: 
• Lavender water waste still contains important quantities of the compounds that have 

special antimicrobial properties and with scientific support resulted from researches, the 
Pharmacopoeia – legislation in force and specialty literature, thus: 

- Linalol- β: 25.22% 
- Borneol  : 22.35% 
- Linalool oxide: 10.35% 
- Terpine- 4-ol: 6.88% 
- Cineol: 6.59% 
- Crypton: 5.63% 
- Cymenol: 3.04% 
- Camphor: 2.45% 
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- Thymol: 2.02% 
- Carvacrol: 1.12% 
- Coumaric aldehide: 1.46%. 

Phenols, present in lavender water are active ingredients particularly powerful against 
viruses and bacteria.  

The analysis of the data from literature shows a correlation between the chemical 
structure and the specific activity (antimicrobial, antispasmodic) of the constituents, thus: - 
phenols (carvacrol, thymol) and their methyl-esters have the highest antiseptic potential, 
followed by coumaric aldehyde, monoterpene alcohols (linalool, terpineol), monoterpene 
ketones (camphor, crypton, carvone) and monoterpene oxides (1, 8-cineol) [4], [6], [7]. 

Lavender volatile oil is much smoother in its action than the majority of other volatile 
oils and therefore lavender water can be applied in safety conditions directly on the skin as 
antiseptic to help healing burn wounds.  

Its antiseptic powerful antiseptic properties have bactericidal action on many of the 
common bacteria.  

Thymol and carcacrol are natural chemical substances in plants, with antimicrobial 
properties and are the primarily responsible for the antimicrobial action.  

Thymol and carcacrol are two different monoterpene phenols, with similar properties 
and are isomeric molecules. This means that they have the same chemical formula (C10 
H14 O), but different structures.  

Thymol (IUPAC name: 2-isopropyl-5-methylphenol) is part of a naturally occurring 
class of compounds known as biocides, with strong antimicrobial attributes when used 
alone or with other biocides such as carvacrol. In addition, these biocidal agents can have 
strong antioxidant properties.  

Thymol has antimicrobial activity because it has a phenolic structure and has 
presented activity against bacterial strains including Aeromoans hydrophila and 
Staphylococcus aureus.  

Thymol and carvacol reduce bacterial resistance to antibiotics by a synergic effect 
and thymol has proven to be an efficient fungicide, especially against fluconazole resistant 
strains. This is especially relevant given that opportunistic Candida fungal infections can 
cause severe systemic infections in immunocompromised patients. 

Carvacrol [IUPAC name: 5-isopropyl-2-methylphenol or 2-Methyl-5-(1-methylethyl)-
phenol] is used as food preservative, in cosmetic products, in disinfectants and in 
complementary or integrative medicine, due to its antibacterial and antifungal properties 
and its antioxidant activity. It inhibits the growth of many bacteria strains, for example 
Escherichia coli and Bacillus cereus.  

Its low toxicity together with its pleasant taste and smell suggests its use as a 
preservative to prevent bacterial contaminationin food products, food supplements, 
detergents and cosmetics. 
• The bio-chemical composition of lavender water resulted is appropriate for suggesting its 

use in obtaining a range of products in the category of detergents, but a complex 
microbiological study must be performed in order to decide on scientific basis its further 
final uses. 

• The percentage of Limonene, Linalol β, linalyl acetate, Terpinen-4-oL, α –Terpineol are 
comprised in the limits of admissibility according to the E.F (European Pharmacopoeia) 8.0. 

• The content in cineole, 3-octanona, camphor is slightly increased compared to the limit 
of admissibility from the monograph in the pharmacopoeia, which allows, after finalizing 
the microbiological study, to approach the conclusions both from the point of view of 
effectiveness and efficiency. 
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PARAMETERS OF WINTER ACONITE (ERANTHIS HYEMALIS (L.) 

Salisb.) HABITAT IN THE PERIOD FROM 2005 TO 2015 IN THE 
PRANDAU-MAILATH PARK OF DONJI MIHOLJAC 

 
 

Alka Turalija, Anica Perković, Dražen Horvat, Vladimir Jukić, Jasna Avdić 
 
 

Abstract: During the period (2005-2015) the beginning and end of the winter aconite flowering was 
monitored (Eranthis hyemalis L.) within the Prandau-Mailath Park in Donji Miholjac. Through the 
environmental parameters such as the averages air temperature, the percentages of insolation habitat areas 
and the averages annual amount of precipitation- the dynamics of flowering and spreading winter aconite 
(Eranthis hyemalis L.) was observed by biometric evaluation. Guidelines of the observed phenomenon were 
estimated by means of the linear trend method. The winter aconite (Eranthis hyemalis L.) flowering period 
was the longest with the insolation habitat of 50% of canopy cover opening with the average annual rainfall 
from 608.2 to 1117.6 ml including the average air temperature (2009 - 2010).   

    
Key words: flowering variability, park, winter aconite 
              

INTRODUCTION 
Winter aconite (Eranthis hyemalis L .; syn. Helleborus hyemalis (L.) Salisb.) belongs 

to the Ranunculaceae family and is one of the tertiary relict of Croatia. It occurs most often 
in the Pannonian and Peripanonian area. Its habitat is getting shrunk every day. That's 
why it belongs to the Near Threatened (NT) plant species [4] and is law protected [3]. It 
flowers from January to April, depending on the habitat location [1] . We can assume that 
the habitat of the planted species will be preserved within artificially designed area such as 
a park or a forest park. However, due to the long-time negligence relative to the law- 
protected park units in Croatia, many gardens have become woods and lost their shape. 

The park is located in the northern part of the Republic of Croatia along the Drava 
River (Figure 1) characterized by the following climatic traits: moderate continental climate, 
moderately warm and rainy climate with frequent changes. Five or four months of the year 
are known by the mean temperatures exceeding 10 ° C whereas the coldest month ranges 
from -3 to 18 ° C and the warmest do not exceed 22 ° C. Thus, Donji Miholjac appertains 
to the temperature ranging neutral area (Figure 2). The average precipitation is between 
700 and 800 mm / year. The most frequent winds are weak and quiet of changeable 
directions [2]. 

 
Figure 1. Climatic region with Donji Miholjac and Prandau-Mailath park (marked by a 

red circle) 
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Source: CSWB (Croatian State Weather Bureau) 

 
 

Figure 2. The temperature ranging which shows that Donji Miholjac has normal 
annual temperature trends (Donji Miholjac position is marked by a red circle on the map) 

Source: CSWB (Croatian State Weather Bureau) 
 
The plant material age within the park unit of the manorial Prandau -Mailath family in 

Donji Miholjac is related to the year of the old castle construction in the Baroque style in 
1818 . However, 1834 is known for the park and park-wood appearance when Baron 
Gustav von Hilleprand Prandau bought a part of the estate from the Culek family  in Donji 
Miholjac and raised the  park. 

Baron Gustav had plants ordered to fill the grass parterres starting to disappear from 
his nearby forests being valuable and useful as medicinal plants [5]. In 1877, Baron 
Gustav Prandau , according to Adolf Danhelovskog, planted winter aconite (Eranthis 
hyemalis (L.) Salisb.) in Donji Miholjac park as a part of the grass parterres. It had been 
ordered to transplant from nearby Valpovo forest. However, the same winter aconite 
(Eranthis hyemalis (L.) Salisb.) was also located within the estate zoological gardens of 
Valpovo manor [6]. Today the park occupies 16 ha area with two main buildings - the 
castles that are still used (Figure 3). 
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Figure 3. Donji Miholjac Park- new and old castle (Tudor and Baroque style) with the 
park 

Source: Tourist Board of Donji Miholjac City, 2013 
Due  to the thick forest canopy and large overshadow as well as climate change 

(precipitations and heat) areal of the winter aconite (Eranthis hyemalis (L.) Salisb.) has 
been for years decreasing inside the park. If we monitor parameters of flowering and 
habitats expansion, we can create the conditions for its rapid growth and more abundant 
blooming as well as its extinction prevention. 
 

MATERIAL AND METHODS 
The appearance and periodicity of winter aconite flowering (Eranthis hyemalis (L.) 

Salisb.) has been monitored within the Prand- Mailath park in Donji Miholjac depending on 
the several variable parameters: the impact of air temperature, precipitation levels and the 
sunlit area opening. Winter aconite (Eranthis hyemalis (L.) Salisb.) spreading area 
measuring was conducted by graphic and analytic method of calculating from the 
coordinates (the polygon grip by breakable points) using classic speed-metric tools 
(theodolite, a prism) on the habitat area of 600 m2. Official data of SWB (State Weather 
Bureau) have been used for information on the average annual precipitations including 
mean air temperatures. 

Descriptive statistics methods such as the cardinal values (minimum and maximum), 
width variation, mean values estimate (arithmetic mean) and variation measures (standard 
deviation and coefficient of variation) have been used in the paper. Also, the method of 
parameters estimation by using multiple regressions and linear trend method (data 
extrapolation) were applied. Data were statistically processed by the computer program 
Statistica for Windows. Years (frequency) with minimum and maximum recorded values in 
the period from 2003 to 2012 have been graphically presented. Meteorological parameters 
for the aforesaid period (the average annual air temperatures and mean annual 
precipitations) have been  presented by the combined diagram. Descriptive statistics was 
applied in the flowering variability analysis from the flowering beginning to its end. It is 
expressed by the dates and days count (flowering interval) in the period from 2005 to 
2015. 

 
RESULTS AND DISCUSSIONS 

            

The appearance of winter aconite (Eranthis hyemalis (L.) Salisb.) flowering and  
spreading  in Donji Miholjac Prandau-Mailath Park were recorded from 2003 to 2015. 
Habitat and the appearance of flowering are shown in Figures 4 and 5.  The collected data 
were processed by the descriptive statistics method, multiple regression analysis method 
and the trend linearity analysis. The data nature and guidelines of the tested phenomena 
have been graphically shown and interpreted. 
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Figure 4. Winter aconite (Eranthis hyemalis (L.) 
Salisb.) - flower 

Source: A.Turalija, 2015. 

Figure 5. Winter aconite (Eranthis hyemalis (L.) 
Salisb.), habitat in the  Prandau-Mailath Park in Donji 
Miholjac; flowering beginning  

Source: A.Turalija, 2015. 
 

The period from 2003 to 2012 has been statistically processed. Minimum and 
maximum values of the measured parameters as well as arithmetic mean are shown in 
Table 1. The standard deviation (STDEV) was calculated and variability coefficient (CV) 
was expressed. 

The average air temperature and mean annual precipitation levels are the official 
data of the SWB (State Weather Bureau) from Zagreb - private document at the Alka 
Turalija request [5].    

         

Table 1. Source data and descriptive statistics for the flowering parameters  
 

Year Air 
temp. (0C) 

Precipi
tations (mm) 

Winter 
aconite habitat 
(m2) 

Cano
py covered 
lawn (%) 

2003. 11,6 312,4 118,0 80 

2004. 11,1 480,6 122,8 80 

2005. 10,4 528,9 129,0 80 

2006. 11,5 707,3 135,4 75 

2007. 12,4 776,2 288,7 63 

2008. 12,3 601,7 330,9 63 

2009. 12,2 608,2 340,4 50 

2010. 11,1 1117,6 360,7 50 

2011. 11,8 432,7 490,2 40 

2012. 12,4 586,9 538,2 40 
Mi

n 10,4 312,4 118 40 

Ma
x 12,4 1117,6 538,2 80 
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Interval 2,0 805,2 420,2 40,0 

Average 11,7 615,3 285,4 62,1 

STDEV 0,7 220,7 155,7 16,3 

CV % 5,7 35,9 54,5 26,3 

     
Using multiple regression and based upon the results of the original data statistical 

analysis, the impact of three independent changeable variables (X1 - average annual air 
temperature (0C); X2 - annual precipitation (mm) and X3 – canopy covered lawn (%))  was 
monitored compared to the area (m2) or winter aconite habitat (Eranthis hyemalis (L.) 
Salisb.) -  dependant changeable magnitude Y. Statistically significant effect of the tested 
parameters (R = 0,96 **, F (3,6)** = 46,32; P = 0,00015) with a standard error of 
regression estimate of 38,78) was noted. Partial regression coefficients (β1 = 16,57; β2 = -
0,04 and β3 = -9,10) indicates a certain seasonal dynamic of winter aconite (Eranthis 
hyemalis (L.) Salisb.)  habitat changes compared  to the parameters of the average annual 
air temperatures, total annual precipitations and canopy covered lawn. 

The regression equation (Y = 684,55 + 16,57 X1 – 0,04 X2 – 9,10 X3) shows visible 
change of the estimated initial value (α) of the parameter of the tested area under winter 
aconite (Eranthis hyemalis (L.) Salisb.). It is the increase by 16,57 m2 for every increase 
degree of the average annual air temperature. Furthermore, the  area decreases by 0,04 
m2 for each additional mm of precipitations and 9,10 m2 for each additional % of the 
canopy covered lawn. 

 
Cardinal parameters values by the research years are shown in Table 2 and 

diagrams 1, 2, 3 and 4 are their graphic presentation. 
Table 2. Cardinal values of the tested parameters by the research years 

 Temperatures Precipitations Habitat Cover 
MIN 2005 2003 2003 2011, 2012 
MAX 2007, 2012 2010 2012 2003, 2004, 2005 

 
Diagrams 1 and  2 

The average air temperature (0C) 

 

              Total annual precipitations (mm) 

 
 

 
Diagrams 3 and 4 
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Winter aconite habitat (m2) 

 

The Floor cover by Crowns (%) 

       

 
Distribution of the average air temperatures and annual precipitations for the tested 

period from 2003 to 2012 are shown in Table 3 and Diagram 5. 
 

 
Table 3. Average annual air temperatures and the total amounts of precipitations 

   
Years 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 
Temperatures 11,6 11,1 10,4 11,5 12,4 12,3 12,2 11,1 11,8 12,4 
Rainfalls 312,4 480,6 528,9 707,3 776,2 601,7 608,2 1117,6 432,7 586,9 

Diagram 5 

 
 

 

The appearance of the first flowering and its end by the dates and years monitored is 
shown in Table 4, as well as the total number of flowering days. The minima and maxima 
length of flowering, time interval as well as the average number of flowering days have 
been determined. The standard deviation (STDEV) was calculated and variation coefficient  
(CV) has been expressed.  
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Table 4.  Monitoring of the flowering beginning and end including flowering period 
length  

 
 
 
 

 
 

 
A statistical 

method of a linear trend 
estimate was used in 
analyzing habitat area 
parameters. Based upon 
the trend linear 
equations (Yt = 13.12 + 
49,51ti) it is possible to 
conclude that the habitat of 
the white aconite (m2), 
in the period from 2003 to 
2012, grew on the 
average by 49.51 m2 per 
year. Trend of the tested phenomena is shown in the diagram 6. 

Diagram 6. The trend for winter aconite (Eranthis hyemalis (L.) Salisb.)  habitat for the 
period from 2003 to 2012 with error bars and 5% confidence level. 

 
 
It is possible to evaluate winter aconite area for the forthcoming year in a row (2013) 

by the trend value extrapolation.  It would be (Y2013 = 13,120 + 49,511 * 11 = 557,74 m2 
with Cv = 15,4%. 

The application of the linear trend statistical methods for the particular flowering 
growing season (January-February) indicates guidelines shown in the diagram 7. 

Diagram 7. Winter aconite (Eranthis hyemalis (L.) Salisb.) flowering  trend for the 
period from 2003 to 2015 

Years  Flowering 
beginning 

Flower
ing end 

Day
s count 

2005 20.01. 22.02. 33 
2006 26.01. 26.02. 31 
2007 03.01. 23.02. 51 
2008 11.01. 03.02. 23 
2009 10.01. 13.02. 34 
2010 06.02. 27.02. 21 
2011 20.01. 28.02. 39 
2012 02.02. 28.02. 26 
2013 16.01. 27.02. 42 
2014 18.01. 24.02. 37 
2015 16.01. 24.02. 39 

Minimum days    21 
Maximum days   51 
Time interval   30 
Average days count   34,18 

STDEV   8,40 
CV %   24,57 
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The regression equation (Yt = 31,731 + 0,313ti) and the pertaining diagram 7 show 

that there is hardly a trend. Slight flowering length increase is less than a day, or, it is 
0,313 days i.e. 7,5 hours per year. 

The relationship of the flowering day and the average air temperature for the 
flowering period (January - February) shows a medium strong and statistically non-
significant correlation (r = 0,55; P <0,07) with a regression coefficient b = 2,06. This 
indicates the extension of the flowering by one day for every increase of the flowering 
mean air temperature in the given period by 200C. 

Furthermore, it was noticed that the coverage increase by 1% reduces the number of 
flowering days. It is statistically insignificant (r = 0,08; P <0,80) with Std.Error of estimate 
being 9,03) or estimated for b = -0,04 days i.e. 57 minutes. 
 

CONCLUSIONS AND FUTURE WORK 
After the field surveys and statistical analysis of the collected data have been done 

it was concluded as follows: 

• The trend of average annual air temperatures shows a positive effect on winter 
aconite (Eranthis hyemalis (L.) Salisb.)  habitat increase by 16,57 m2 per each 
degree of Celsius. 

• The habitat almost insignificant reduces by 0,04 m² with each additional mm of 
precipitations. 

• Habitat is reduced on the  average by 9,10 m² with every percent increase of areas 
shadow (canopy cover). 

• The effect of the mean monthly air temperatures in the flowering period on flowering 
days number (flowering length) indicates the statistical medium strong (r = 0,55) 
and insignificant correlation P<0,07. 

• Reduction of canopy cover up to 40% compared to the number of flowering days is  
statistically not significant, P <0,80. 
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OBTAINING AND ANALYSIS OF A GINGIVAL GEL BASED ON 

VEGETAL EXTRACTS 
 

L.E. Dutu, C.E. Gird, L.M. Popescu, I. Nencu, G.V. Manea, T.D. Balaci 
 

Abstract: Taking into account the high incidence of oral cavity diseases in the world, and that there 
are not many phytomedicines in this pharmacological domain, we propose a new herbal formulation, based 
on Menthae folium (peppermint), Matricaria flos (chamomile) and Caryophylli flos (clove). The identity and 
the quality of these raw materials were verified using specific pharmacognostic tests. Then, a selective dry 
extract and volatile oils were obtained and physico-chemical characterized. Finally, the extract and volatile 
oils were included in gel base. Thus, the manufactured gel was described from a physical and rheological 
point of view.  

Key words:Menthae folium, Matricaria flos, Caryophylli flos, dry extract, gingival gel. 
 
INTRODUCTION 
Current statistics suggest that oral cavity diseases (including gingival and paradonthal 

diseases) have a high incidence in the word. The main causes that lead to these diseases 
are: incorrect nutrition (fast food, sweets), smoking, incorrect brushing teeth, vitamin 
deficiency, other diseases (diabetes, cardiovascular and hormonal disease etc.). 

Today, in Romanian pharmaceutical market there are not many drugs for to treat 
these diseases. 

Accordingly to these, the current research covers the development of a new herbal 
formulation (a gingival gel) in this pharmacological domain, based on Menthae folium 
(peppermint), Matricaria flos (chamomile) and Caryophylli flos (clove). 

The selection of these raw materials was done according to scientific data. Mucilages 
(from chamomile) have muco-protective properties. Flavonoids are antioxidants. 
Suplementary, apigenine-7-glucoside from chamomile has anti-inflammatory effect, and 
quercetin-glycosides from peppermint have healing effect. Tannins from peppermint have 
astringent activity, and they are also antiviral, antibacterial, antifungal and anti-
hemorrhagic agents. Saponins from chamomile increase the colagen synthesis and so 
they are cytotrophic and healing agents. Menthol from peppermint volatile oil has 
antiseptic and local anesthetic effects, eugenol from clove volatile oil is an antibacterial, 
antiviral and analgesic agent [1, 10]. 

 
MATERIAL AND METHODS 
Vegetal raw materials (Menthae folium, Matricaria flos and Caryophylli flos) were 

bought from the Romanian pharmaceutical market.  
The identity and the quality of these raw materials were established using 

pharmacognostic analysis. The following tests were done: a macroscopic exam (visual 
examination in view to verify the morphologic characters); a microscopic exam (to verify 
anatomic characters on powder – preparations using a 800 g/L solution of chloral hydrate 
as a mounting agent); qualitative chemical exam (to identify the main active principles 
using commune or specific  reactions); quantitative chemical exam (the assay of 
flavonoids by chelating reaction with aluminium chloride solution; the assay of 
polyphenolcarboxylic acids by forming of oxime derivatives with Arnow reagent; the assay 
of total polyphenols by reducing Folin-Ciocâlteu reagent; the assay of volatile oil by 
hydrodistillation) [1, 3, 4, 9]. Volatile oils which were separated by hydrodistillation were 
kept to be embedded in final preparation [1, 4, 9]. For these volatile oils a thin layer 
chromatography (TLC) evaluation was done, too. Thin layer chromatography (TLC) for 
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volatile oils was performed using silica gel G plates and toluen:ethyl acetate = 93:7 (v/v) as 
eluent system. Menthol, eugenol and chamazulene were used as references. After the 
plate was developmented over a  path of 15 cm, it was examined in day-light, then it was 
sprayed with vanillin reagent andfinally it was re-examined in day-light [4]. 

Based on results from quantitative tests, it was established the mixing ratio of vegetal 
raw materials, for to obtain a dry extract. This was: Menthae folium :Matricaria flos : 
Caryophylli flos= 20 : 20 : 10 (m/m/m). The solvents were purified water and a 50 per cent 
v/v solution of ethanol. The first extraction was performed by infusion the herbal mixture 
with purified water, for 30 minutes. The second extraction was done by heat under a reflux 
condenser, for 20 minutes, using alcohol 50 per cent v/v as solvent. Aquous and 
hydroalcoholic solutions were separated by filtration and then were combined. The 
extractive solution was concentrated in a rotary evaporator (Rotavapor R-215, Buchi) and 
then was evaporated to dryness in a lyophilizer(Christ Alpha 1-2, B. Braun Biotech 
International). A dry extract was obtained.  

This dry extract was characterized by the following parameters: loss on drying, the 
contents of flavones, of polyphenolcarboxylic acids and of total polyphenols. Foregoing 
methods were applied.  

Finally, the dry extract, together with peppermint volatile oil and clove volatile oil were 
included in a gel base. The organoleptic properties, the pH (by potentiometry) and some 
rheologic properties of the gel, such as spreadability (by the extensiometric method Ojeda 
- Arbussa) and viscosity were determined [5, 6, 7, 8, 9]. 

 
RESULTS AND DISCUSSION 
The macroscopic and microscopic exam confirmed the identity of the raw materials. 

The characters observed on our raw materials are the same with the ones that are mentioned 
in scientific data for these vegetal drugs. 

Menthaefolium: oval lamina, with characteristic and penetrating odour (menthol); 
diacytic stomata, glandular thichomes composed of 8 radiating cells, covering trichomes 
composed of 3-5 cells with striated cuticle(fig. 1,2,3). 

Caryophylli flos: reddish-brown flower buds with characteristic, aromatic odour; 
fragments of epidermis and underlying parenchyma containing large oil glands(fig. 4). 

 

  
Fig. 1. Glandular thichomes 

(pepermint) 
Fig. 2. Covering trichomes 

(pepermint) 
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Fig. 3. Diacitic stomata 

(pepermint) 
Fig. 4. Secretory gland 

(clove) 
Matricaria flower: capitula with characteristic odour, conical hollowed receptacle, 12-

20 marginal ligulate florets with a white ligule, and several dozen yellow central tubular 
florets; biseriate glandular trichomes, elongate and rounded papillae, spherical pollen 
grains with 3 pores and a spiny exine, fragments of endothecium (fig. 5, 6). 

 

  
Fig. 5 . Endothecium 

(chamomile) 
Fig. 6. Papillae and pollen grains 

(chamomile) 
 

Reducing compounds, polyphenolcarboxilic acids, flavones and catechic tannins 
were identified in all vegetal samples. Mucilages were identified only in chamomile, 
saponins only in peppermint and chamomile, respectively. 

The results for quantitative analysis of vegetal raw materials are enclosed in Table I. 
   

Table I. 
Results for quantitative analysis of vegetal raw materials 

Test Raw material 
Menthae folium Matricariaflos Caryophylli flos 

Loss on drying 6.80 9.27 10.90 
Volatile oil (mL%) 0.82 0.62 2.93 

Flavones (g rutoside %) 0.35 0.33 0.10 
Polyphenolcarboxylic acids 

(g caffeic acid %) 
6.50 2.45 2.79 

Total polyphenols 
(g acid tannic%) 

2.45 2.55 12.26 
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CSS has confirmed the presence of chamazulene in chamomile oil (Rf about 0.91, 
blue zone before the plate was sprayed with vanillin reagent), menthol in peppermint oil 
(Rf about 0.50, violet zone after the plate was sprayed with vanillin reagent) and eugenol 
in clove oil (Rf about 0.56, pink zone after the plate was sprayed with vanillin reagent), 
respectively. 

The selective dry extract is a pale brown, hygroscopic powder, with a characteristic 
odour. It contains mucilages, polyphenolcarboxilic acids, flavones, tannins and saponins. 
The results for loss on drying are in limits that are mentioned in European Pharmacopoeia  
(not less than 5%). All the results for quantitative analysis are enclosed in table II. 
 

Table II:  
Dry extract - quantitative analysis   

Parameter Method Result 
Loss on drying (%) Eu. Ph., general method (105 0C) 2.12 

Flavones 
(g rutoside%) 

spectrophotometric method 0.53 

Polyphenolcarboxilic acids 
(g caffeic acid %) 

spectrophotometric method 8.26 

Total polyphenols  
(g acid tannic %) 

spectrophotometric method 10.66 

 
The calitative and cantitative composition of the gingival gel is showed in table III. 
 

Table III 
The formulation of the gingival gel 

Components Quantity (g) 
Vegetal extract 2.00 
Polyacrilic acid (Carbopol 940) 1.00 
Glycerin 15.00 
Ethylic alcohol 5.00 
Triethanolamine 0.65 
Purified water  to 100.00 
Pepermint volatile oil 0.30 
Clove volatile oil  0.50 

 
The gingival gel is a homogeneous semisolid mass, having a pale brown colour and 

a pleasant odour, characteristic to the volatile oils that were included in formula. 
The value of the gingival gel pH is within the approved limits, having the value of 

6.5. This value is compatible with the mucosa and do not lead to irritation after application. 
The appearance of the extensiometric curves show the spreadability of the gingival 

gel compared with the carbopol gel. The spreadability increases with the applied weight. 
There are small differences between the products. The results that were obtained are 
showed in the figure 7, and they suggestan optimum spreadabitlityof the gelat the level of 
the gingival mucosa.  

The rheograms (fig.8) show that each gel  manifests a pseudoplastic flow, typical 
for such systems; by incorporating the vegetal extract and the volatile oils in the polyvinilic 
alcohol gel, their rheologic properties are slightly modified. 
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Fig. 7. The plasticity of the gel base and the gingival gel 
 
 

 
 

Fig 8.The viscosity of the gel base and the gingival gel 
 

CONCLUSIONS AND FUTURE WORK 
A dry selective extract was obtained by using Menthae folium (peppermint), 

Matricaria flos (chamomile) and Caryophylli flos (clove) as vegetal raw materials, purified 
water and a 50 per cent v/v solution of ethanol as solvents, respectivelly. This extract was 
physico-chemical characterized (aspect, loss on drying, contents of active principles). 

Volatile oils (corresponding to the aforementioned raw materials) were separated by 
hydrodistillation and physico-chemical characterized (aspect, TLC fingerprint), too. 

Finally the selective dry extract, clove volatile oil and pepermint oil were included in a 
gel base, and the formulation was characterised using physical, chemical and rheological 
tests (aspect; pH; viscosity; plasticity).   

We consider that this gingival gel can be used in therapy, but only after prior 
preclinical and clinical trials. 
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PRELIMINARY RESEARCHES ON A PHYTO-FORMULATION THAT 

MIGHT BE USED AS ADJUVANT FOR  
HYPERCOLESTEROLEMIA TREATMENT 

 
C.E. Gîrd, T.D. Balaci, T. Costea, L.E. Duţu, A. Stoica, B. Velescu 

 
Abstract: Hypercholesterolemia is a public health problem in Romania, over a third of the country 

population is suffering from this medical condition. Allophatic medication is the most adequate for 
hypercholesterolemia treatment, however the variability of clinical response and the occurence of numerous 
side effects, have conducted many patients to seek for phytotherapic alternative treatment.The aim of our 
study was the formulation, manufacture and quality assesment of a solid dosage form, containing selective 
herbal extracts obtained from Cynarae folium (artichoke leaf), Cichorii herba (common cichory), Taraxaci 
herba (dandelion) and Foeniculi fructus (fennel), that might be used as an adjuvant for hypercholesterolemia 
treatment. The herbal products quality was determined by means of specific analytical methods (qualitative 
and quantitative chemical analysis of active substances). The extracts were obtained using freeze-drying, 
which is an excellent drying method for heat sensitive compounds. The solid dosage form consisted of equal 
amounts of each dry extract (0.1 g) and auxiliary substances (Avicel PH 101, talc, magnesium stearat, 
sodium starch glycolate). For quality assessment several procedures regarding uniformity of mass, 
disintegration etc. were performed. 

Key words: Hypercholesterolemia, Medicinal plants, Vegetal extracts  
 

INTRODUCTION   
Hypercholesterolemia is the main cause of atherosclerosis, that leads to stroke and 

acute coronary syndrome, which represent a common cause of death.  
Several factors such as: diet (products with high fat content - pork and veal meat, 

milk, eggs, butter, cheese and fast-food), excessive weight (a risk factor for high levels of 
triglycerides, LDL and low seric level of HDL), sedentary life, age, sex (cholesterol level 
increases constantly for men under 50 years old; for women menopause is a common 
cause of hypercholesterolemia), diabetes mellitus, hypothyroidism, family history of 
dyslipidaemia and smoking are responsible for hypercholesterolemia. This represents a 
medical condition, that usually have no symptoms and is discovered occasionally at a 
routine testing or diagnosed as the leading cause of stroke, acute coronary syndrome, 
peripheral artery disease or pancreatitis. 

Hypercholesterolemia is a wide spread disease, that requires medication. However 
allophatic drugs (statins) are responsible for serious side effects and response variability 
among patients. In consideration of these aspects, the aim of our research was the design 
of several pharmaceutical formulations (medicinal tea and tablets) based on herbal drugs, 
that contain artichoke leaves  (Cynara scolymus), aerial parts of common cichory 
(Cichorium intybus), aerial parts of dandelion (Taraxacum officinale) and fennel fruits 
(Foeniculum vulgare). 

These herbal products were selected based on their chemical composition and the 
synergic effects that might appear due to their association. Thus, artichoke leaves are a 
rich source of phenolcarboxylic acids (chlorogenic acid, caffeic acid, cinarin) and 
flavonoids (cinaroside = luteolin-7-O-glucoside) which are HMGCoA-reductase (3-hydroxy-
3-methylglutaryl-coenzyme A – the key enzyme in cholesterol biosynthesis) inhibitors, 
promote glucose and cholesterol metabolism, increase and mediate bile flow fluidization 
and support water and blood urea nitrogen elimination [3, 8]. Aerial parts of dandelion and 
common cichory have a high content of oligosaccharides (inulin), that increase cholesterol 
metabolism  and polyphenols that have antioxidant, hypoglycaemic, depurative and 
cholecistokinetic properties [4]. Active substances from fennel fruits have shown a 
beneficial role in hypercholesterolemia [1]. 
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MATERIALS  AND METHODS  
The raw material consisted of artichoke leaves (Cynarae folium), aerial parts of 

common cichory (Cichorii herba), aerial parts of dandelion (Taraxacii herba) and fennel 
fruits (Foeniculi fructus). The herbal products were acquired as medicinal tea from 
Romanian pharmaceutical units. We have also used dry extracts (obtained through freeze-
drying) from each herbal product. For manufacture of solid dosage forms (tablets) we have 
used several auxiliary substances (microcrystalline cellulose – Avicel PH101, talc, 
magnesium stearate, sodium starch glycolate, aerosil). We have composed several 
pharmaceutical formulations (six), that contain different amounts of dry extracts. We have 
also proposed three formulations for obtaining a medicinal tea, that contain all analysed 
herbal products in different ratios. 

Pharmacognostical analysis [2] was used for quality assessment of herbal products 
and for quantification of active substances from both herbal products and dry extracts. For 
manufacture of solid dosage forms (tablets) we have used direct compression and 
compression after wet granulation [5,7,9,10].  

Our research was spread out in different stages as follows: 
Stage I. Quality assessment of herbal products through macroscopic examination 

(that pointed out specific morphological and organoleptic properties), microscopic 
examination (that emphasised specific anatomic elements, observed on powdered drugs 
mounted in 800 g/L chloralhydrat solution and coloured with 1% fluoroglucine chlorhydrate 
solution), qualitative chemical analysis (specific chemical reactions for active substances) 
and quantitative analysis (flavonoid and phenolcarboxylic acids contents expressed as 
rutin and chlorogenic acid equivalents were estimated based on the chelating reaction with 
aluminum chloride and formation of oxymes with Arnow reagent, respectively) [2]. 

 Stage II. Obtaining the dry extracts from each analysed herbal product - each herbal 
product was heated with 40% ethanol on a reflux condenser for 30 min; the filtrates were 
concentrated using a rotary evaporator (Buchi R 210-215) to remove the solvent, and then 
freeze-dried (using a Christ Alpha 1-2/B Braun, Biotech-International lyophylizator). The 
dry extracts were characterised by means of qualitative and quantitative analysis. In this 
stage we have also obtained three pharmaceutical formulations (for medicinal tea) and we 
also determined their quality.  

Stage III. Obtaining solid dosage forms (tablets), using different formulations and 
methods (direct compression and compression after wet granulation) [6,9,10]. The 
qualitative and quantitative composition of different formulations used for tablets 
manufacture are presented in table 1.  

Table 1. Experimental formulations for obtaining solid dosage forms (tablets) 
Dry extract/auxiliary 

substances 
F 1 

g/tablet 

F 2 

g/tablet 

F 3 

g/tablet 

F 4 

g/tablet 

F 5 

g/tablet 

F 6 

g/tablet 

Role in 
formulation 

Cynarae folium dry 
extract 

0.20 0.20 0.10 0.10 0.10 0.10 active 
substance 

Cichorii herba dry 
extract 

0.10 0.10 0.10 0.10 0.20 0.20 active 
substance 

Taraxacii herba dry 
extracts 

0.10 0.10 0.20 0.20 0.10 0.10 active 
substance 

Foeniculi fructus dry 
extract 

0.10 0.10 0.10 0.10 0.10 0.10 active 
substance 
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Avicel PH 101 0.05  0.05  0.05  diluent 

Magnesium stearate 0.004 0.004 0.004 0.004 0.004 0.004 lubricant 

Talc 0.004 0.006 0.004 0.006 0.004 0.006 lubricant 

Microcellac  0.20  0.20  0.20 diluent-dry 
binder 

Polyvinylpyrrolidone 0.004  0.004  0.004  dry binder 

Ac-Di-Sol 0.025 0.025 0.025 0.025 0.025 0.025 desintegrant 

Total 0.587 0.735 0.587 0.735 0.587 0.735  

The experimental pharmaceutical formulations used for obtaining solid dosage forms 
(tablets) contain both dry extracts and auxiliary substances such as Avicel PH101, 
magnesium stearate, talc, Ac-Di-Sol, Microcellac, that can be used for both direct 
compression and compression after wet granulation.  Taking into consideration the high 
dosage of herbal dry extracts and the need of obtaining tablets, that can be easily 
swallowed, we have choosen the mentioned auxiliary substances, since they exert their 
tehnological and biopharmaceutical effects at low concentrations. We have determined 
physical characteristics of mixtures such as: pharmaceutical powder flow, volumetric mass 
before and after setlling, compressibility (Carr index and Hausner ratio). These parameters 
represent an indicator of solid dosage forms compressibility and are a powerful tool in 
pharmaceutical tehnology. For quality assessment of tablets several procedures regarding 
uniformity of mass, disintegration, resistance and friability were performed. These 
procedures were performed using different apparatus: Erweka type TBT (for resistance 
assessment), Vankel (for friability determination) and Sotax DT3 (for desintegration 
assessment) [10]. 
 

RESULTS AND DISCUSSIONS  
The macroscopic and microscopic examinations were in accordance with data from 

scientific literature. Regarding the macroscopic examination, artichoke leaves were very 
much chopped , so we were not able to identify all morphological and organoleptic 
characteristics, except for the bitter taste and hairy aspect. For common cichory we 
observed fragments of fibrous stems and a median resorbed parenchyma; we could not 
see flower fragments and leaves form was not distinguished. Aerial parts of dandelion 
were characterized by fragments of lignified stems, leaves; we could not see flower 
fragments. Fennel fuits were characterized by ovoidal diachenes, with a particular odour. 
The microscopic examination revealed the presence of common anatomic elements 
(chlorenchyma for leaves and aerial parts; palisade parenchyma and spongy parenchyma 
for leaves; phloem fibres for aerial parts, leaves and fruits; parenchyma of the endosperm 
with fatty oil for fruits) and specific anatomic elements (multicellular covering trichomes in 
falted masses for artichoke leaf; polen grains with pitted exines and lignified covering 
trichomes gathered in bouquet for common cichory; polen grains with smooth exines and 
1-2 germinative pores, elongated multicellular covering trichomes with constrictions for 
dandelion).The qualitative chemical analysis revealed the presence of phenolic derivates 
(flavonoids, phenolcarboxylic acids = PCA), which are soluble in 40% alcohol and water. 
According to the quantitative analysis the highest content of flavonoids and 
phenolcarboxylic acids was seen in artichoke leaves and dandelion aerial parts 
respectively (table 2). 
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The different formulations for obtaining a medicinal tea (table 2) contain all analysed 
herbal drugs, that were mixed in different ratios according to results of quantitative 
analysis of herbal drugs. Quality assessment of all proposed formulations was performed 
using qualitative and quantitative methods (table 2). According to our results, the 2nd  
formula (artichoke leaves : aerial parts of common cichory : aerial parts of dandelion : 
fennel fruits = 2:1:2:1) has the highest content of active substances. The macroscopic 
exam of all proposed formulas showed that mixtures were homogenous, however one can 
see agglomeration of artichoke leaves, due to their hairy aspect. 

Table 2. Quantitative analysis of analysed herbal products and medicinal teas 
Herbal 

product 
Flavonoid

s g% rutin 
PCA g% 

caffeic acid 
1st 

formulation 
2nd 

formulation 
3rd 

formulation 

Cynarae 
folium 

0.109 0.8852 10g 5g 5g 

Cichorii 
herba 

0.064 0.554 5g 5g 10g 

Taraxaci
i herba 

0.0517 2.9876 10g 10g 5g 

Foenicul
i fructus 

0.0798 1.1708 5g 5g 5g 

Herbal product ratios 2:1:2:1 1:1:2:1 1:2:1:1 

Flavonoids g% rutin 0.098 0.0789 0.058 

PCA g% caffeic acid 2.635 0.857 1.208 

The dry extracts show the characteristics of the herbal product they proceed from as 
follows: the dry extract obtained artichoke leaves (Cynarae extractum) is brown greenish 
coloured and has a bitter taste due to cynaropicrin content, the one from aerial parts of 
common cichory (Cichorii extractum) is brown-greenish coloured and has a bitter taste, 
whilst the dry extract from aerial parts of dandelion (Taraxacii extractum) is yellow-brown 
coloured and has a bitter taste and fennel fruits dry extract (Foeniculi extractum) is yellow-
brown coloured and has a fragrant odour. All dry extracts showed a good stability, since 
the quantitative analysis showed no significant differences three months after obtaining the 
extracts. All dry extracts contain flavonoids and phenolcarboxylic acids and they have a 
higher amount of active substances compared to herbal products (table 3). 

Table 3. Quantitative analysis of dry extracts 
 

Dry extract 

Flavonoids g% rutin PCA g% caffeic acid 

At the 
beginning 

After three 
months 

At the 
beginning 

After three 
months 

Cynarae 
extractum 

1.245 1.240 3.452 3.432 

Cichorii 
extractum 

0.781 0.778 1.091 1.088 

Taraxacii 
extractum 

0.583 0.580 7.544 7.531 

Foeniculi 
extractum 

0.817 0.809 4.681 4.679 
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All proposed pharmaceutical formulations for obtaining solid dosage forms allowed 
both direct compression and compression after wet granulation. Tablets have straight, 
circular shapes, intact edges, smooth surface, a bitter taste, the smell and colour are 
similar to the extracts they resulted from. The tablets height varies between 3.7-3.9 mm, 
the diameter is 12 mm, the weight is 0.587 g (for formulations F1, F3 and F5) and 0.735 g 
(for formulations F2, F4 and F6). The disintegration time is less than 3 min., the resistance 
(figure 1) and friability (figure 2) are within the accepted limits. 

 

Figure 1. Resistance of solid dosage forms (tablets) 

 
Figure 2. Friability of solid dosage forms (tablets) 

 
CONCLUSIONS AND FUTURE WORK  
We have proposed three types of pharmaceutical formulations for obtaining a 

medicinal tea used as an adjuvant for hypercholesterolemia treatment. The formulation 
with the highest content of active substances is artichoke leaves: commom cichory aerial 
parts : dandelion aerial parts : fennel fruits = 2 : 1 : 2 : 1. We suggest that the tea should 
be prepared by 15 min. infusion of the mixture. The solid dosage forms (tablets) fulfill 
quality standards and future pharmacological research is needed in order to determine the 
exact mechanism of action and the optimum therapeutic dose.  

 

0 2 4 6 8 10 12 14 16 18 20 
F1 

F2 

F3 

F4 

F5 

F6 

 17.3 14.3 16.3 13.2 16.7 13.6 
F1 F2 F3 F4 F5 F6 

0 0.2% 0.4% 0.6% 0.8% 1% 

F1 

F2 
F3 

F4 

F5 
F6 

 

Friability 
.46 

0.87 0.29 0.86 0.4 0.91 
F1 F2 F3 F4 F5 F6 



RESEARCH PEOPLE AND ACTUAL TASKS ON MULTIDISCIPLINARY SCIENCES 
24 – 28 JUNE 2015, LOZENEC, BULGARIA 

 
 

 189 

 
REFERENCES 

[1]. Abdelaaty A., et al. 2012. Regulation of obesity and lipid disorders by Foeniculum 
vulgare extracts and plantago ovate in high/fat diet-induced obese rats, American Journal 
of Food Tehnology, 10, 622/632 
[2]. Gird C.E., et al. 2010. Bazele teoretice si practice ale analizei farmacognostice, 2th 
edition, volume I , Bucharest: Curtea Veche, pp. 81, 93, 139, 145, 238-241, 270, 342, 371, 
477, 521-524. 
[3]. Istudor V., 1998. Farmacognozie, Fitochimie, Fitoterapie, volume I, Bucharest: Editura 
Medicală, pp. 84, 106, 164, 200, 314. 
[4]. Istudor V., 2001. Farmacognozie, Fitochimie, Fitoterapie, volume II, Bucharest: Editura 
Medicală, pp. 197, 289, 301. 
[5]. Leucuta S., 2001. Tehnologie Farmaceutica Industriala, Ed. Dacia, Cluj  
[6]. Popovici Adriana, 1985. Reologia formelor farmaceutice, Editura Medicală, Bucureşti 
[7]. Popovici Iuliana, Lupuleasa D., 2009. Tehnologie farmaceutica, vol III, Ed. Polirom, 
Iasi, pp. 511-532 
[8]. Saenz R., et al. 2002. Choleretic activity and biliary elimination of lipids and bile acids 
induced by an artichoke leaf extract in rats, Phytomedicine, 9, 687-693. 
[9]. xxx – Farmacopeea Română ed a X-a, 1993. Ed. Medicala, Bucuresti. 
[10]. xxx –European Pharmacopoeia 8th. 2015. Edition, Strasbourg. 

 
ABOUT THE AUTHORS 
C.E. Gird, University of Medicine and Pharmacy ,,Carol Davila“, Faculty of Pharmacy, 

Departament of Pharmacognosy Phytochemistry Phytotherapy, 6 Traian Vuia Street, 2nd 
District, Bucharest, Romania, E-mail: cerasela.gird@yahoo.com 

T.D. Balaci, University of Medicine and Pharmacy ,,Carol Davila“, Faculty of 
Pharmacy, Departament of Pharmaceutical Technology, 6 Traian Vuia Street, 2nd District, 
Bucharest, Romania, E-mail: teodora_balaci@yahoo.com 

T.Costea, University of Medicine and Pharmacy ,,Carol Davila“, Faculty of Pharmacy, 
Departament of Pharmacognosy Phytochemistry Phytotherapy, 6 Traian Vuia Street, 2nd 
District, Bucharest, Romania, E-mail: teodoracostea85@yahoo.com 

L.E. Dutu, University of Medicine and Pharmacy ,,Carol Davila“, Faculty of Pharmacy, 
Departament of Pharmacognosy Phytochemistry Phytotherapy, 6 Traian Vuia Street, 2nd 
District, Bucharest, Romania, E-mail: ligia.dutu@yahoo.com 

A. Stoica, University of Medicine and Pharmacy ,,Carol Davila“, Faculty of Pharmacy, 
Departament of Pharmacognosy Phytochemistry Phytotherapy, 6 Traian Vuia Street, 2nd 
District, Bucharest, Romania, E-mail: alexandra.stoica2406@yahoo.com 

B. Velescu, University of Medicine and Pharmacy ,,Carol Davila“, Faculty of 
Pharmacy, Departament of Pharmacology, 6 Traian Vuia Street, 2nd District, Bucharest, 
Romania, E-mail: bruno_velescu@yahoo.com 

 
 
 
 
 
 
 
 
 
 

mailto:cerasela.gird@yahoo.com
mailto:teodora_balaci@yahoo.com
mailto:teodoracostea85@yahoo.com
mailto:ligia.dutu@yahoo.com
mailto:alexandra.stoica2406@yahoo.com
mailto:bruno_velescu@yahoo.com


RESEARCH PEOPLE AND ACTUAL TASKS ON MULTIDISCIPLINARY SCIENCES 
24 – 28 JUNE 2015, LOZENEC, BULGARIA 

 

            
 190 

 
SPECTRAL CHARACTERIZATION OF SOME BENZIMIDAZOLE 

PHOTOPROTECTIVE COMPOUNDS AND THEIR COSMETIC 
APPLICATION AS SUNSCREEN PRODUCTS 

 
IG Mănescu, T Balaci, I Tarcomnicu, M Iovu, AC Nicoara 

 
Abstract: The numerous warnings regarding the danger of excessive sun exposure, causing  

premature skin aging and, most important, a large number of skin cancers, has led to the necessity of 
researching for more effective photoprotective substances. 

The aim of the study was the spectral characterization of some new benzimidazole photoprotective 
compounds by determining mass and UV-VIS absorption spectra. Also, in order to investigate the dermato-
cosmetic applicability, the benzimidazole compounds were formulated as sunscreen emulsions. 

The photoprotective products obtained were then subjected to a series of quality control tests, such 
as: sun protection factor determination, skin hydration determination by corneometer measurements, 
potentiometric determination of pH, spreadability tests, viscosity test and sensory evaluation.  

Key words: Mass spectra, UV-VIS Absorption Spectra, Benzimidazolic Compounds, 
Photoprotective Emulsions. 
 

INTRODUCTION  
The pharmaceutical industry uses a series of organic photoprotective compounds 

such as: salicylic acid derivatives, benzoic acid derivatives, camphor derivatives [2], 
cinnamic acid derivatives [3], but also inorganic compounds acting as filters, such as zinc 
oxide and titanium dioxide.  

An ideal photoprotective compound must be chemically inert, safe to use, having a 
broad spectrum UVB and UVA protection, affordable and cosmetically acceptable [4]. 

Benzimidazoles are organic compounds with numerous applications in medicine and 
pharmacy due to their antihyperthensive [5], anticancer [6] and antifungal roles [7]. So far, 
only one benzimidazole, 2-phenyl benzimidazole 5-sulphonic acid and its salts are used as 
photoprotective in sunscreen products. 

We believe that more benzimidazole derivatives may be used as photoprotection due 
to the fact that the benzimidazole structure contains aromatic ring conjugations, which 
induce a strong absorption in the UV range. Therefore, the present paper presents a 
series of newly synthesized photoprotective benzimidazole derivatives having an extended 
conjugation throughout the molecule and auxiliary groups which induce a bathochromic 
effect, absorbing UVB and UVA radiation. These compounds are non toxic [8]. As a 
practical application, the benzimidazole compounds studied were then formulated in 
suitable cosmetic photoprotective products, emulsion-type, which were subjected to a 
series of quality control determinations. 
 

 MATERIALS  AND METHODS  
Synthesis of benzimidazole compounds:  
The benzimidazole derivatives synthesized are as follows: (S1) 1-benzyl-2-phenyl-1H 

-1,3-benzimidazole; (S2) 1-(4-methylbenzyl)-2-(4-methylphenyl)-H-1,3 benzimidazole; (S3) 
1-(4-carboxy)phenyl-2-(4-methoxyphenyl)-H-1,3 benzimidazole; (S4) 1-(4-dimethylamino) 
benzyl-2-(4-dimethylaminophenyl)-H-1,3 benzimidazole. 

The syntheses were performed using commercial reagents (Fluka, Merck and Sigma 
Aldrich). The progress of the reactions was monitored by HPLC. 

Compound S1 and S2 were obtained by condensing phenylenediamine with 
benzaldehyde, respectively toluene aldehyde. Synthesis of 1,2 disubstituted 
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benzimidazoles followed two steps: obtaining 2-substituted benzimidazoles, followed by 
obtaining Mannich bases at the nitrogen atom in the 1- position. 

Mass spectrometry analysis (MS) of benzimidazole compounds: 
Mass spectra were obtained using an AB Sciex4000QTRAP(LC/MS/MS) quadrupole-

linear ion trap mass spectrometer, equipped with an electrospray ionization interface 
operated in positive ion mode. The working parameters were: turboionspray voltage - 5000 
V; nebulizer gas pressure - 25psi; carrier gas flow - 15L/min; fragmentation potential 
(declustering) - 50V; collision energy: 5 - 25V; collision cell exit potential - 12V; CAD - inert 
gas. The compounds analyzed were dissolved in spectrometric grade methanol (1mg/1 
ml), then dilutions of 1µg/mL were made using a water:methanol mixture 1/1 (v/v). 
Samples were injected with a 10µL Harvard syringe pump. 

Spectrophotometric UV-VIS analysis of benzimidazole compounds: 
UV-VIS analysis of the benzimidazole compounds was carried out in a Jasco V-530 

spectrophotometer, using methanol as solvent. 
Formulation, preparation and characterization of sunscreen emulsions: 
Four dermato-cosmetic formulations were prepared using: S1-S4, zinc oxide, titanium 

dioxide, aloe extract, allantoin, collagen, vitamin A, vitamin E, shea butter, sesame oil, 
lanolin, wax, cholesterol, spermaceti, cetyl alcohol, sodium bicarbonate, butylated 
hydroxyanisole, phenoxyethanol, perfuming composition, distilled water. All ingredients 
used were of pharmaceutical grade. 

Zinc oxide was dispersed in the fatty base heated at a temperature of 60-70°C. The 
aqueous phase, in which titanium dioxide was dispersed, was heated separately to a 
temperature slightly higher and then slowly added under continuous stirring over the fatty 
phase. The organic compound, fine pulverized, was added, stirring vigorously for 15 
minutes to homogenization. The obtained emulsion was cooled to a temperature of 30°C, 
allowing the incorporation of allantoin, collagen, aloe extract, vitamins and perfume.  

 
RESULTS AND DISCUSSIONS  
MS allowed the structure elucidation of compounds by determining the molecular 

weight, based on the molecular ion peak and on judgments regarding possible structures 
for ion fragments. 
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Figure 1. S1 mass spectrum 

Analysis of the S1 mass spectrum showed a molecular ion peak corresponding to a 
mass-to-charge ratio (m/z) of 285, which has transformed into the following fragments 
having m/z: 195, 89, 167, 149.3 and 117.2. 

 

 
Figure 2. S2 mass spectrum   

 
Analysis of the S2 mass spectrum showed a molecular ion peak corresponding to an 

m/z of 312.41, which has transformed into the following fragments having m/z: 209.2 and 
105.2. 
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Figure 3. S3 mass spectrum 

 
 
Analysis of the S3 mass spectrum showed a molecular ion peak corresponding to 

an m/z of 358.39, which has transformed into the following fragments with m/z: 225.6, 
210.2, 182.8 and 149.3. 

 

  
Figure 4. S4 mass spectrum 
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Analysis of the S4 mass spectrum showed a molecular ion peak corresponding to an 
m/z of 371.4, which has transformed into the following fragments with m/z: 238, 222.2 and 
134. 

 
Table 1. m/z values of the identified molecular ions [MH]+ and of the ionic 

fragments obtained by LC-MS analysis 
Compo

und 
m/z 

value 
m/z value of 

the identified 
molecular ion 

m/z values of the ionic 
fragments 

S1 284.36 285.3 195.2; 89.5; 167.2; 149.3; 
117.2 

S2 312.41 313.1 209.2; 105.2 
S3 358.39 359.6 225.6; 210.2; 182.8; 149.3 
S4 370.49 371.4 238.0;  222.2; 134.0 
*electrospray voltage was selected at 5000V, molecular ions resulted by 

collision 
S1 absorbs in the UV range at 286nm. The addition of two methyl radicals to the 

benzene rings has a bathochromic effect, λmax  being 291.6nm at the beginning of the UVB 
range. 

     

 
 

Figure 5. S1 mass spectrum Figure 6. S2 mass spectrum 

  
Figure 7. S3 mass spectrum Figure 8. S4 mass spectrum 

 
By adding two methyl radicals to the benzene rings was obtained a bathochromic 

effect with λmax = 291.6 nm at the beginning of the UVB range. -COOH, -OCH3 groups and 
the benzene rings induce a bathochromic effect. S3 compound absorbs at 289nm.  

Substitution with two dimethylamino groups induces a bathochromic effect with λmax 

= 377nm in the UVA range. 
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Quality control of the photoprotective preparations: 
The experimentally obtained sunscreen emulsions have a homogeneous 

appearance, ivory colour and a pleasant odour, characteristic to the components, all these 
properties making them attractive and pleasant to applying on the skin. These features 
remain unchanged during storage. The pH varies between 5.2 to 5.7 immediately after 
preparation and between 5.4 to 5.9 after 30 days. Therefore, the pH is situated within the 
limits of the Romanian Pharmacopoeia Xth ed. (FRX) these values are compatible with the 
skin and do not cause irritation after application. The spreadability increases along with 
increasing weights applied on the surface. The larger the surfaces, the greater the 
spreadability the preparations have. It appears that incorporating the photoprotective 
substances has a small influence on the consistency of the preparations, slightly raising it. 
It is noted that the incorporation of compounds S1-S4 resulted in a slight increase in the 
viscosity of the preparations in comparison with the control emulsion. The degree of 
hydration increased in all 5 cases (control emulsion without the active compounds and the 
4 samples) from 55% (control skin - no product applied) to 74-80%. There were no 
significant differences between samples in respect of hydration capacity. 

 
CONCLUSIONS AND FUTURE WORK  
Four sunscreen preparations were formulated and prepared using benzimidazole 

derivatives as solar filter agents, associated with sesame oil and other components with 
emollient, soothing and moisturizing effect. The photoprotective capacity of the 
benzimidazole derivatives has been demonstrated by analyzing their structure by mass 
spectrometry, which showed the presence of the benzene nuclei having bathochromic 
groups. Moreover, the UV-VIS spectra show that the four benzimidazole derivatives 
absorb radiation in the UVA and UVB range, exhibiting photoprotective affect. 

Preparations have optimal cosmetic properties and appropriate physicochemical and 
pharmacotechnical characteristics. The study will continue in order to obtain sunscreen 
preparations more efficient and competitive. 
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ENGLISH ABBREVIATIONS IN CROATIAN AGRICULTURE 

LANGUAGE 
 

Anica Perković, Alka Turalija, Dražen Horvat and Vlado Jukić 
 

Summary: We are witnesses that scientific and popular written and spoken materials are abundant in 
abbreviations. The purpose of this phenomenon is to say more in less written or spoken text. It is known as 
language economy and occurs in almost all language styles such as conversation, jargon, standard and 
especially in a language for specific purposes (ESP). Abbreviation usage causes some problems such as 
redundant constructions, congruity, polysemy etc. This paper aims to point out the aforesaid problems facing 
the English abbreviations in Croatian agriculture language. The materials for the paper were used from the 
students’ textbooks, scientific journals and dictionaries.  
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INTRODUCTION 
Abbreviations are used both in general and special purposes languages. Although 

the English languge has been characterized by many abbreviations most of them entere 
din the middle of 20th century. Namely new technologies brought about new terms and 
their pertaining abbreviations in almost all fields of interest. Such situation is with 
agriculture where new ways of soil cultivation such as sustainable one using modern 
machines resulted in abundant of abbreviations most of which have been borrowed mainly 
from the English. Abbreviations aim to economise time and space. However, authors 
Perković &Rata (2013) provided examples showing misunderstanding in using 
abbreviations with agro/i. For example , AAA 'abbr. Agricultural Adjustment Administration' 
, agri. 'abbr.1. Agricultural. 2. Agriculture', AMS 'abbr. 1. Agricultural Marketing Service', 
M.A.B.E. 'abbr. Master of Agricultural Business and Economics' etc. 

Many Croatian linguists (Gjuran-Coha, Bosnar-Valković 1; Ivo Fabijanić, Frane 
Malenica 2) have written about the English abbreviations and their adaptation into 
Croatian. 

mailto:irinelc30@yahoo.com
mailto:irinelc30@yahoo.com
mailto:iovum@yahoo.com
mailto:iovum@yahoo.com
mailto:iovum@yahoo.com


RESEARCH PEOPLE AND ACTUAL TASKS ON MULTIDISCIPLINARY SCIENCES 
24 – 28 JUNE 2015, LOZENEC, BULGARIA 

 
 

 197 

 
MATERIAL AND METHODS 
Abbreviations from the Corpus were collected from different sources. The materials 

used for the aforesaid purpose were taken from students’ textbooks, scientific agriculture 
journal Poljoprivreda and dictionaries (all quoted in the References).The abbreviations 
were collected, classified and compared in both English and Croatian languages.  

One way of word abbreviation mentioned by the English literature is clipping i.e. 
cutting at the beginning, end and from both sides of a word.  

 
RESULTS AND DISCUSSION 
3.1. Formation of the abbreviations in the English language 
The most frequent are initialisms meaning that they occur using initial letters of the 

English words. Examples from our corpus are as follows: 
CSB cloned based markers 
NPN nonprotein nitrogen 
CVS computer vision system 
QTL quantitative trait loci 
LD linkage disequilibrium 
CRC calcium release chanell 
IGF insulin growth factor 
H-FABP heart fatty acid binding protein 
CT computer tomography 
G.S.B. general stud book 
LAI leaf area index 
LAD leaf area density 
TRV three row volume 
DNA deoxyribonucleic acid 
DON deoksinivalenol 

 
They are adapted into Croatian language based upon: 

- Pronunciation of the English word by the English alphabet such as : 
CSB (si, es, bi) ,  

- Reading as the whole words: 
FAO-Food Agriculture Organisation) (fao) 
CAST lokus (kast) 
LAI (Leaf Area Index) 
LAD(Leaf Area Density) 
FAOSTAT podaci (FAO Statistical) 
If the Croatian language doesn’t have the same phonems they are replaced by 
the closest ones. 
For example in the abbreviation BLAST æ is pronounced as e. 
 
3.1.2. Abbreviations  derived from initial letters of the words: 
GMO Genetski modificirani organizam 
NMR Nuklearna magnetna rezonancija 
DNK (eng.DNA) Deoksiribonukleinska kiselina 
FSH Folikostimulirajući hormoni 
LH Luteinizirajući hormon 
GM biljke  Genetski modificirane biljke 
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Here we have English initialisms translated in Croatian (second column above) 
and one case with a combination of English and Croatian orthography. Thus,in 
English we have the abbreviation DNA standing for Deoxyribonucleic acid  and in 
Croatian DNK which stands for  Deoksiribonukleinska kiselina. 
There are many cases of using English DNA with Croatian text. Examples are as 
follows: 
…u molekulama DNA, pronađena povezanost između DNA…,,to su segmenti 
DNA koji kodiraju izražene..,pregled najvažnijih DNA. They should be replaced by 
the Croatian DNK. 
3.1.3. Abbreviations derived from initial syllables 
  

ANOVA  Analysis of Variance 
 

ECOTilling 
 

ecological tilling 

GnRH Gonadotropni releasing hormon 
 
RADAR 

Radio Detection and Ranging 

 
Such abbreviations are called blends since they are formed by gluing syllables 

They are neither phonologically nor orthographically integrated into the Croatian 
language.  

3.1.4. Written ways of abbreviations 
 
While declining, some abbreviations are written with hyphen and small letters at the 

end such as: MLD-a (Najduži mišić je musculus longissimus dorsi ili dugi leđni mišić) 
 SNP-ovi (Single Nucleotide Polymorphism), QTL-ova (quantitative trait loci )(Kralik   

), GMO-e (http://hrcak.srce.hr/index.php?show=clanak&id_clanak_jezik=91137) 
However, we have come across not-hyphenated examples: “…da je jedna od 

najznačajnijih prednosti CT I MRT mogućnost mjerenja…It should have been CT-a I MRT-
a..(Kralik, 2007:289)  

 
There are some abbreviations in semi-compounds functioning as adjectives. In this case 
they should be written with hyphens such as: 

 
CT-vrijednost 
DNA-čipovi 
ASAE-standard 
NPK-gnojiva  
 However, the best way of the above abbreviation adaptations into Croatian language 

would be the N+N genitive pattern such as: vrijednost CT-a, čipovi DNA, standard ASAE 
etc. 

If abbreviated word is written only with initial capital letter there is no hyphen between 
stem and ending such as:  

Lasera, Unicefa etc. 
If unknown, the abbreviation should be followed by the bracketing explanation such 

as:  
MAI (marker asistirana introgresija) 
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However, we have come acrossed explanation followed by bracketing abbreviation 
such as: 

-Marker asistirana selekcija (MAS)  
-kompjutorska tomografija (CT) 
The students’ textbook (4) is abundant in Croatian explanation followed by 

abbreviation and bracketing English explanation like: 
- …lokusi ekonomskih svojstava ili ETL (od engl. Economic trait loci) 
 
3.1.5. How to pronounce abbreviations? 
 Two abbreviation types in terms of pronounciation are as follows: 

-pronounced as the whole words (LASER - Light Amplification by 
StimulatedEmission of Radiation, TILLING–Targeting Induced Local Lesions in 
Genomes, FAO-Food and Agriculture Organization, ROPS- Roll Over Protection Structure, 
ASAE standard, acetil CoA, LAI označava indeks,  

 
- by the Croatian alphabetical letters they are composed of DNK (de en ka), CT(ce,te),IGF 
(I,ge,ef), pH(pe,ha) 

Sometimes Croatian abbreviations are read by English alphabetic letters like in GPS 
which is read as đi, pi, es instead of ge pe es . The English abbreviation is PTSD, thus, 
there is no sense to read it in English 

Other problems we can face with are congruity with abbreviation and its sex 
determined by its end. If an abbreviation ends in vowels e i o u or stressed a (h and k) it is 
of male sex. If it ends in unstressed a it belongs to female sex. 

Example from our corpus relative to congruity are as follows: 
 
-…iz neke određene DNA instead of ..iz nekog određenog  DNK  
  
 The case of redundancy occurs when domestic word is put by the English 

abbreviation aiming to provide additional explanation   
 

Croatian abbreviation  English term 
DGPS sustav Differential Global 

Positioning System 
zaštitna konstrukcija 
ROPS 

Roll Over Protection 
Structure 

TIFF format Tag-based Image File 
Format 

In the example above the abbreviation word DGPS (Differential Global Positioning 
System) involves system, thus there is no need to write it again. Possible expression 
should be DGP sustav .  

In “zaštitna konstrukcija ROPS ( Roll Over Protection Structure) letter S already 
designates “konstrukcija”-structure. So, it might be written zaštitna konstrukcija ROP.  

 
3.1.6. Polysemy in abbreviations 
 

Abbreviation Meaning Croatian expression 
Bot. 1.Botany,botanical,botanist 

2.bought 
3.bottle 

1.botanika,botanički,botaničar 
2.kupio, kupljeno 
3.boca 

M.A. 1. Master of Arts 1. Magistar struke 
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2. Ministry of Agriculture 
3. Military Academy 

2. Ministar poljoprivrede 
3. Vojna akademija 

  
A good way of avoiding polysemy is to write abbreviations in different ways. 
Some examples from the dictionary (Filipović 1996) can show us: 
Rep.-Republic, Republican 
rep. –report, reporter 
r.e.p.-roentgen equivalent, physical 
cm-1 .centimeter 
c.m.1.centre of mass… 

3.2. Alphabetisms with ellipted elements  
   

FAO Food and Agriculture Organization 
ISO International Organization ofStandardization 
USA United States of America 
VNTR Viable number of tandem repeats 

Conjunction and is omitted in FAO. There is no preposition of in ISO, USA and 
VNTR. 

 
3.1. Classification of abbreviations 

According to some Croatian experts (1)  there are 2 main types of abbreviations in 
some grammars i.e. simple (abbreviations) and complex (acronyms).  

 
CONCLUSIONS AND FUTURE WORK 
From the aforesaid and presented examples of the English abbreviations the 

following conclusions can be drawn: 
- Many English abbreviations can be found in the agriculture terminology in spite of 

the fact that there already are Croatian equivalent. For example Croatian 
equivalent for the English DNA (deoxyribonucleic acid) is DNK 
(deoksiribonukleinska kiselina). Thus, Croatian one should be preferred. 

- It is important to standardize abbreviation use in the agriculture terminology. This 
can be done by introducing Croatian term and its abbreviation at the same time. 

- Polisemy of abbreviations should be avoided so that each term is allocated by only 
one abbreviation. 
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Abstract: In this paper we determined: the pH value, the degree of color for tomatoes, tomato paste 

consistency, the total amount of dry matter, fragments of molds. The differences between maturities of 
tomatoes from each field of culture separately, expressed as pH, total titratable acidity and Brix degree, were 
not significant. The large number of mold fragments from the juice obtained from degraded tomatoes, which 
originally had a small number of molds, showed that, in an environment which fosters the growth of molds, 
degradation done before storage, may cause a large increase in microbial infection.  

Keywords: tomato concentrate, pH, total titratable acidity, degradation consistency, colour tomato 
paste. 

 
INTRODUCTION 
Mechanical harvesting and in bulk handling of tomatoes have been studied from the 

points of view of hygiene, harvest, finite product quality and microbiology [1-3]. Tomato 
product consistency has also been subjected to numerous researches [4, 6, 7]. However, 
there has been no comparison, so far, of tomato concentrate consistency from tomatoes 
harvested manually and tomatoes harvested mechanically. Because it is extremely difficult 
to sample tomatoes harvested manually and tomatoes harvested mechanically, we 
harvested our tomatoes manually, selectively, and we the degraded them artificially [5]. 
This is how it was possible to produce the raw matter that is relatively comparable to find 
out how tomato degradation affects tomato concentrate consistency and other quality 
factors [8]. 

 
METHODS AND MATERIALS 
Raw Matter 
We cultivated tomatoes of the UN-VF 145 cultivar under commercial conditions. This 

cultivar was selected to be harvested mechanically; it has small, round fruits with no hard 
or fibrous parts around the core. We harvested manually tomatoes from 36 small boxed 
choosing the “well coloured” and the “enough well coloured” of the five culture fields in two 
consecutive days. The tomatoes harvested in the first day were predominantly “enough 
well coloured” and were labelled M1; the tomatoes harvested in the second day were “well 
coloured” and were labelled M2. We chose randomly 120 tomatoes from each lot for 
physical and chemical analyses. The tomatoes had a pH between 4.25 and 4.35, a total 
acidity expressed as anhydric citric acid of 0.289...0.393% and total dry matter between 
3.62 and 4.26%. 

Controlled degradation 
Half of the number of tomatoes in each lot was degraded with a functional device 

under standardised conditions. Degradation consisted in moving the tomatoes on a slope 
plane closed with Plexiglas. When the slope plane was made to vibrate vertically at 110 
shocks/minute, the tomatoes glided up and down kicking alternatively the Plexiglas cover 
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and the bottom of the plane. The speed of the kicks was kept constant during the entire 
research. The tomatoes were scratched and split. There was no seed loss. After this 
treatment, the tomatoes were weighed and stored. The damaged tomatoes as described 
above were preserved as tomato paste, tomato pulp and whole peeled tomatoes using the 
methods described below. 

Tomato Paste 
What was left from each tomato lot was washed in an industrial washer with a strong 

water jet and then the tomatoes were grouped into compact tomatoes, cracked tomatoes, 
soft tomatoes and decayed tomatoes to determine the percentage of each category. 
Mouldy tomatoes were removed. After weighing, the tomatoes in each group were mixed 
to be processed. Tomatoes were crushed and then heated up to 2140F in a heater shifter 
with stirrer that keeps cleaning the heating surface (built by Creamery Package), extracted 
in a passer (Langsekamp Micro-Vac with adjustable sieve of 0.027) and cooled down to 
900F with a heat shifter cooled down with water. Concentration down to 25% dry matter 
was done in void (29 in mercury column) with a concentrator with a single concentration 
body (Kreuz). The paste was then heated to 2040F in a heat shifter with stirrer that cleans 
continuously the heating surface for 30 s and the put into cans of 5 ounces. The cans were 
then put upside down, kept like that for 5 minutes to sterilise the cap, then cooled by 
immersion into water at 1100F, and stored at room temperature until examined. 

Tomato Pulp 
After finishing, we prepared five cans of tomato pulp from each lot to determine 

microscopically mould fragments. 
Whole Peeled Tomatoes 
Te tomatoes weighed were pealed with an industrial peeler (FMC, model 300) 

containing a solution of 14% NaOH at 2170F. The peeler operated with 44 rpm exposing 
the tomatoes to the attack by caustic soda solution for about 23 s. Tomatoes kept their 
seeds. We filled at random 15 cans with 21-22 ounces of tomatoes. We added tomato 
sauce to reach the net weight of 28 ounces. We also added a tablet of kitchen salt (30 
grain) and a tablet of natrium chloride (20%) and calcium chloride (80%) (45 grain) in each 
can. The cans were voided, then treated thermally for 32 minutes at 2100F in a rotary 
atmospheric cooler (Anderson-Barngrover), then cooled down to 1100F in a rotary cooler 
and finally stored at room temperature until examination. 

Analysis Procedures 
The value of pH was determined with a Leids pH-meter and Northrup with glass 

electrode model 7664. Total acidity was measured on sampled of 5 g in tomato samples 
diluted 1: 40 with distilled water. The mixture was titred with a solution of 0.1 N Natrium 
hydroxide until pH=8 in an automated titrimeter. Results were expressed in percentage 
(weight of weight) of anhydric citric acid. The colour of the tomatoes was evaluated with a 
colorimeter that measures inner colour as reflected on the surface of the tomato cut in two. 
According to standards, the values of tomato colour are “well coloured” (0-46), “enough 
well coloured” (47-67), and “no colour” (68→). The colour of the preserved tomato paste 
was evaluated with a colorimeter and results are expressed as a share of reflection from 
green to red x 48. Drained weight was determined for each colour of preserved tomatoes. 

The consistency of tomato paste at 770F was measured with a Bostwick 
consistometer. Results are expressed in cm of distance crossed in 30 seconds. Total 
amount of dry matter was measured with a void drying closet method and Celite no. 503 
was replaced with pure Celite for analysis. To determine insoluble dry matter (solid 
substances) we used the method described for vegetal products. Samples were dried until 
apparent sicity on a steam bath then dried for 2 hours at 1580F and at a pressure of 50 
mm Hg in a void drying closet.  
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Table 1. 
Analysis of tomato cultivar after harvesting and treatment 

Culture 
field Sample Mean value 

Agtron E 

Kramer 
pressure 
area per 

square inch 

Well 
coloured 

tomatoes (%) 

Good tomatoes (%) 

control lot degraded lot 

A M1 53 2,0 37 95,2 50,5 
M2 44 1,51 73 93,5 22,1*) 

B M1 67 1,99 6 97,7 65,3 
M2 54 1,37 14 92,0 30,3 

C M1 48 1,33 47 80,4 32,0 
M2 47 1,24 57 80,2 32,6 

D M1 55 1,81 20 86,7 49,0 
M2 42 1,72 77 79,6 47,6 

E M1 56 1,60 3 69,6 35,5 
 *This lot was used to regulate the damaging device for the desired damage. 

 
Table 2. 

Loss upon pealing and percentage of retention in whole tomatoes 
Culture 

field Sample 
Tomatoes to be pealed  

(%) 
Loss upon pealing (% 

of weight) 
Retention 

(%*) 
control degraded control degraded control degraded 

A M1 29,0 28,2 18,8 10,0 91,7 84,7 
M2 30,5 24,7 17,5 18,3 90,9 91,5 

B M1 40,1 34,1 14,5 11,5 92,7 92,7 
M2 51,7 31,8 17,6 17,6 92,2 91,9 

C M1 40,2 28,2 11,8 11,3 90,9 90,8 
M2 51,4 32,5 16,5 13,9 93,0 91,0 

D M1 70,7 43,2 18,6 17,7 91,3 92,0 
M2 62,7 51,8 20,0 16,5 91,3 91,9 

E M1 58,9 37,1 13,8 17,4 91,3 91,9 
*Percentage of retention=drained weight/full weight x 100 
 
Fragments of mould were counted with a microscope before damaging, after storage 

and in the preserved tomato pulp. The texture of the raw tomatoes was evaluated with a 
press. Each tomato was cut in four to separate the flower ends and the pedicel. Equal 
portions of flower ends and pedicel ends were set in a box of stainless steel and pressed 
with a flat piston as described by Hartman et al. (1992). We used a ring of 1,500 kg to 
regulate the run of 150 kg; the complete run of the piston was set to 60+5 seconds. A 
mean of six measurements is the area in square inches below the curve. 

 
RESULTS AND DISCUSSION 
The differences between the maturities of M1 and M2 from each culture field 

expressed separately as pH, total acidity and Erix grades are not significant. Maturities M1 
and M2 differed only from the point of view of their colour and tomato texture as shown in 
Table 1. Samples varied appreciably from the point of view of the percentage of “well 
coloured” tomatoes and of compactness, as measured with the scissor shaped press. 
Colour and compactness indicate the differences in consistency of the concentrated pulp.  

The percentage of tomatoes that are fit for preservation as whole peeled tomatoes, 
loss upon pealing and percentage of retention are shown in Table 2. Weight loss upon 
peeling and retention percentage were sensibly the same in bot control tomatoes and 
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damaged tomatoes. The share of tomatoes that fit preservation as whole tomatoes was 
inversely proportional with the amount of degradation before storing (Table 2). The small 
percentage of tomatoes fit for preservation in both the control lot and the damaged lot 
results mainly from the presence of a large share of tomatoes not enough ripe. 

 
Table 3. 

Physical and chemical characterisation of tomato concentrates after storage for 60 
days at room temperature 

Culture 
field 

Sample 
maturity 

Insoluble solid substances (%) 
Bostwick  

(cm at 250C) Control Degraded 

control degraded 
insoluble 

solid 
substances 

based on 
fresh 

tomatoes 

insoluble 
solid 

substances 

based on 
processed 
tomatoes 

A M1 2,2 2,0 2,23 9,19 2,45 9,97 
M2 1,2 1,0 2,45 10,12 2,56 10,62 

B M1 1,7 1,7 2,53 10,30 2,42 10,22 
M2 1,4 1,6 2,50 10,12 2,51 10,05 

C M1 1,6 1,8 2,47 10,12 2,83 9,90 
M2 0,8 0,8 2,81 10,59 2,80 11,65 

D M1 1,7 1,5 2,41 9,90 2,45 10,04 
M2 1,4 1,0 2,55 10,62 2,64 10,57 

E M1 1,0 0,8 2,67 10,88 2,81 11,34 
 

Bostwick measurements in different concentrates produced inconclusive results when 
comparing the values of the degraded lot with the values of the lot not degraded (Table 3). 
This can be explained if we take into account the effects of physical damage of the 
structure on the handling features of the tomatoes during the entire process. These 
damage effects are reflected in the difference between the values of the solid substance in 
the degraded lot compared to those of the non-degraded lot. In all cases where damage 
was enough to cause an increase of the solid substance in the tomato concentrate, 
Bostwick measurements were a little smaller in the degraded lot than in the non-degraded 
lot pointing to the fact that the degraded lot will produce a somehow higher consistency. 
This was also seen in the lots with larger shares of “well coloured” tomatoes. Damage 
softens tissues up to a point where passing tomatoes produces more solid substance than 
otherwise. Where damaging treatment softens tomato flesh enough to cause an increase 
of the dry substance, Bostwick values keep low or even lower in the control lot.  

The lots with larger shares of mature tomatoes seem to have higher consistency. The 
difference between consistency in M1 and consistency in M2 varied between different 
culture fields and was low in the field B, where the lots M1 and M2 had the largest share of 
immature tomatoes. The same arguments can be used to explain these results depending 
on the relationship between insoluble solid substances and consistency. 

This link between insoluble solid substances and Bostwick measurements is shown in 
the figure 1 above. Correlation coefficient is -0.89 for 16 measurements. The number of 
mould fragments was considerably higher in the juice from tomatoes stored for 24 h after 
degradation than in the control samples of the same samples of tomatoes (Table 4). Due 
to the fact that the initial number of moulds was the same in each sample and the samples 
were handled identically, the unique variable that can explain the increase of mould 
fragments is degradation. The relatively quick increase of the fungal population in some 
control lots and in degraded lots can be explained by some environmental factors such as 
temperature and relative air moisture. In addition, the large number of mould fragments in 
the finite juice from degraded tomatoes with an initial small number of moulds show that, 
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under conditions that favour the multiplication of moulds, degradation before storage can 
cause an important increase of microbial infection. 

 
Table 4.  

Effect of damage on the number of mould spores in tomatoes after a 24-h storage 

Culture 
field 

Maturity 
sample* 

Initial 
mould 
spore 
(N)** 

Control Degraded tomatoes 

Good 
tomatoes 

(%) 

Mould spores** Good 
tomatoes 

(%) 
 

Mould spores** 

24 h bottled 
juice 24 h bottled 

juice 

A M1 1,2 95 4,9 2,2 50 13,2 7,2 
M2 2,0 94 4,7 2,8 22 39,0 21,5 

B M1 1,0 98 5,3 2,8 65 14,6 7,4 
M2 3,0 92 11,2 6,4 30 31,8 17,3 

C M1 2,3 80 12,5 5,2 32 43,7 21,0 
M2 2,0 80 13,8 7,2 33 43,2 22,0 

D M1 3,5 87 14,0 6,6 49 26,0 14,4 
M2 4,2 80 20,4 9,5 48 31,2 15,7 

E M1 2,0 70 13,0 6,4 36 20,5 11,0 
*Table 1 for “Well coloured” tomato percentages in each sample 
**Percentage of positive fields determined under the microscope 

 

 
Figure 1. The relationship between consistency and insoluble content of tomato 

concentrate (data from Table 3) 
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Abstract In this paper we determined the effect of storage temperature on the physical and chemical 

properties of pear puree, pH, texture and color. An attempt was made to measure water-soluble pigments 
from the pear puree, using pectinol rinsing methods. Aseptic preservation method can produce a better 
product due to the reduction of unwanted thermal degradation during manufacture. However, it does not 
prevent formation of hydroxymethyl-furfurol, caused by high temperature storage. 

Keywords: mashed pear, essential oils, aseptic preservation, tissue hardness, ph, total acidity, 
alcohol soluble pigments, chromatographic analysis. 

 
INTRODUCTION 
Aseptic preservation of foods as mashes covers: 

− sterilisation processes at high temperature with short sterilisation period followed 
by cooling in a heat shifter; 

− vapour sterilisation of recipients and caps; 
− aseptic filling of sterilised recipients with sterilised, cold product; 
− closing recipients in vapour-saturated or super-saturated atmosphere. 

These four operations are carried out in a continuum. 
Aseptic preserved products are usually better from the point of view of colour, aroma 

and taste; they have a higher content of vitamins than products sterilised traditionally. The 
aseptic procedure was used successfully in such foods as concentrated milk, pea soup 
and tomato paste [6-7]. Martin (1991), described aseptic preservation of foods with high-
temperature and short-period sterilisation procedure [11]. Epstein and Ball (1990), 
described a continuous laboratory procedure of quick sterilisation of foods in recipients [2]. 
Livingstone et al. (1997), communicated results related to the preservation of children 
food quality with quick sterilisation methods at high temperature and short sterilisation 
duration [8]. 

Leonard et al. (1994), compared procedure of preparation and manufacture for 
conventional and aseptic preservation of tomato concentrates, of Lima beans and of meat 
[7]. Everson et al. (1994), communicated that aseptic preservation in which sterilisation 
was done with quick sterilisation at high temperatures allowing quality improvement [3]. 

In this paper, we preserved mashed pears in cans of 5 ounces each with aseptic. We 
evaluated stability and shelf life of the preserved product under the impact of storage 
temperature, using different chemical and physical methods. 

Materials and Methods 
Aseptic preservation. We colected pears of the Barlett stored and consumed in 

Rumania, choosing pears through pressure tests 16...19 lb, with a Magness-Taylor device 
for the testing of fruit through pressure (piston of 5/16 inches), stored for 6 weeks at 340F 
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and the matured for 4...5 days at 680F and air relative moisture of 85% until the 
experimental pressure of 1.8 lb. 

The pears were then washed, sorted and introduced into a Rietz heating apparatus 
with a flow of 20 lb/minute. They were kept at 2120F for 20 seconds. Volatile components 
were condensed in three serial vertical condensers at 208, 170 and 520F and recovered as 
aqueous essences.  

Pear pulp was passed through a Langsenkamp passer with a sieve of 0,06 inches, 
and then through a finishing passer with a sieve of 0.027 inches. The blades were 
operating at 375 rpm and were ¼ inch from the sieve at the discharge end. 

The pear mash was collected in a collecting tank with void (20 inch Hg) and the 
cooled down to 700F, using a heat shifter by Creamery Package. The essence collected 
before was added to the mash in a rate of 5 lb to 100 lb of mash. The product was mixed, 
heated to 2300F, and kept at this temperature for 20 seconds, cooled down to 1020F using 
a second heat shifter and then put into aseptic cans 202 x 214 from electrolytic tin 1.00 x 
0.25 with a carbon steel sheet. 

The cans were stored at 32, 68 and 980F and analysed at different time intervals. For 
analysis, we used four cans each time. 

Tissue hardness. Pressure checking was done with Magness-Taylor. Readings were 
done on both pear sides. 

Soluble dry matter. Soluble dry matter content was determined using a Zeiss-Opton 
refractometer. Results were recorded as Eric grades at 200C. 

pH determined with a Leeds and Northrup pH-meter with glass electrolyte. 
Total acidity. Results were expressed in percentage of citric acid. 
Consistency. We used a Bostwick consistometer to determine the consistency of pear 

mash at 200C. 
Colour difference reading with a Gardner device. 
Alcohol soluble pigments. We measured the absorption of the filtrate using a Klett-

Summerson photoelectric colorimeter with a blue filter no. 42. The blank sample was made 
up of 40 mL of water and enough ethylic alcohol up to 100 mL. 

Content of hydroximethylfurfural. We used the colorimetric method with resorcinol 
described by Luh et al. We traced a standard curve with concentrations of HMF varying 
from 0 to 180 μg/mL of sample. 

Brass layer corrosion determined using the electrolytic method of removing brass 
(Kunze and Willey). 

Chromatographic analysis in the gas phase of gases inside the can. Gases inside the 
cans of mashed pears were analysed with gas chromatography (Luh and Chaudhry, 1991; 
Vosti et al., 1991) [9]. 

 
RESULTS AND DISCUSSION 
The effect of storage temperature on the physical and chemical features of the 

preserved pear mash is shown in Table 1. 
The pH of the pear mash decreased a little from 4.15 to 4.10 when stored at 680F for 

371 days and to 4.00 when stored at 980F. it is clear that higher storage temperature 
caused a lower pH. This can be attributed to the slow chemical changes in the pear 
mashed that were accelerated at higher storage temperatures. 

The decrease of the mash pH was accompanied by an increase of acidity. Higher 
storage temperatures contributed to higher acidity and this was more obvious in the 
samples stored at 86 and 980F. in the latter case, there was an increase from 0.301 to 
0.350% during the storage period of 371 days. The changes in consistency of the pear 
mash were measured with a Bostwick consistometer. Table 1 shows there were no 
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changes of the consistency of the stored product at 320F and a lower consistency in the 
samples stored at 68 and 980F. 

Colour. Colour is one of the most important criteria in the evaluation of manufactured 
foods. Pear mashes are exposed to enzymatic browning if the polyphenoloxidase in the 
tissues is not inactivated properly during scalding. Decolouring through browning of pear 
mash also occurs during storage (Tate et al., 1994) [12]. It also occurs because of slow 
chemical, enzymatic reactions. The Gardner colorimeter was used to determine the 
changes in colour in pear mash. Table 2 shows the Rd value (brightness) a – (reddening-
greening) and b – (yellowing-bluing) in the samples stored for 371 days. Browning 
manifested through a decrease of the values of Rd and an increase of the values a. There 
was no change in the samples stored for 371 days at 32 and 680F. At 86 and 980F, the 
samples browned quickly after 180 days. 

 
Table 1. 

Effect of storage temperature on the physical and chemical features of the 
aseptically preserved pear mash 

Storage 
temperature 

(oF) 

Duration 
(days) 

Soluble dry 
substance 

(0Brix at 200C) 
pH 

Acidity 
expressed 

as citric 
acid %) 

Bostwick 
readings at 20oC 

(cm/30 s) 

32 0 17,1 
,15 

0,301 3,8 

32 371 17,3 
,09 

0,301 3,8 

68 371 17,3 
,10 

0,305 4,1 

86 371 17,4 
,05 

0,320 4,0 

98 371 17,4 
,00 

0,350 4,1 

 
Alcohol soluble pigments. Figure 1 shows a much quicker decrease of the absorption 

of alcohol extract at higher storage temperatures, pointing to a decrease of the solubility of 
some components in the alcohol. The method is useful in evaluating changes during 
storage in pear mash. 

We tried to measure pigments soluble in water in mashed pears using the clearing 
method with Pectinol. The method did not supply satisfactory results because of a blurred 
colloidal solution that persisted even after the treatment with Pectinol. 

Furfurol hydroximethyl. When the mashed pears were stored at higher temperatures, 
HMF from hexoses formed because of an acid catalysis and of the browning reaction. The 
effect of storage temperature on HMF in the mashed pears is shown in Figure 2. At 
temperatures of 86 and 980F, the content of HMF increased with the storage time. In 
exchange, there was no increase in the samples stored at 32 and 680F. It is obvious that 
HMF formation from hexoses needs an outer source of energy. In order to avoid HMF 
formation, we need to store the product at 680F or below. The concentration of HMF in the 
pear mash could be used as an objective criterion for qualitative evaluation. The aseptic 
preservation method can produce better products if we reduce thermal degradation during 
the manufacturing. It does not however prevent HMF formation caused by the high storage 
temperature. 

Can corrosion. The storage duration of preserved foods depends on the resistance to 
corrosion of the brass layer. Stability can vary depending on the assortment of food, on the 
quality of the tin, on the processing conditions, on the amount of oxygen in the cans and 
on the storage temperature. The effects of storage temperature on the corrosivity of the 
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cans of aseptic preserved pear mash determined through brass retention are shown in 
Figure 3 and in Table 3. Brass degradation occurred more slowly when stored at 320F and 
much slower than when stored at 86 and 980F. Higher storage temperatures contributed to 
the corrosion of the brass layer: the higher the temperature, the quicker the corrosion was. 

Gas chromatographic analysis of the gases in the cans. Figure 4 shows changes of 
the concentration of hydrogen in the cans when stored at 32, 68 and 980F. The 
concentration of gaseous hydrogen in the cans increased from 1.8...60% when the product 
was stored for 240 days at 980F. we saw that hydrogen formation depended on 
temperature and storage duration. Even when the pear mash was stored at 320F, 
hydrogen kept forming but at a lower speed. The factors that determine hydrogen 
formation are the presence of oxygen in the can, the cooling speed, the amount of brass 
tin, the storage temperature and the assortment of food. 

 
Table 2. 

Effect of storage temperature on the readings with the Gardner colorimeter in the 
aseptically preserved pear mash 

Storage 
duration 
(days) 

32 oF 68 oF 86 oF 98 oF 

Rd*) a**) b***) Rd*) a**) b***) Rd*) a**) b***) Rd*) a**) b***) 

0 30,2 -1,1 +21,8 30,2 -1,1 +21,8 30,2 -1,1 +21,8 30,2 -1,1 +1,8 
38 31,4 -0,1 +22,8 31,7 -0,5 +22,7 32,2 -0,9 +22,5 31,2 -1,2 +21,8 
88 31,1 -1,2 +21,7 32,4 -0,5 +23,1 32,0 0 +23,0 31,2 0 +23,0 
180 32,6 -1,2 +22,6 31,2 -0,6 +23,4 32,1 0 +23,5 31,0 +0,8 +23,6 
242 30,0 -1,2 +21,6 30,8 -0,7 +22,6 29,4 +1,6 +22,8 27,3 +2,7 +22,4 
295 29,6 -1,8 +22,4 30,3 -0,8 +23,3 28,8 +1,2 +22,7 25,9 +3,1 +23,2 
371 30,2 -1,6 +21,4 30,6 -0,6 +22,2 28,4 +1,0 +21,8 24,3 +3,5 +20,6 

As reference, we used a light-yellow porcelain plaque (LYI) (Rd - 50,7; a = -2,1 şi b = +22,3); *)radiance; 
**)reddening-greening; ***) yellowing – bluing. 

 
Table 3. 

Effect of storage temperature on can corrosion with aseptic preserved pear mash 
stored for 371 days 

Storage 
temperature 

(oF) 

Free 
brass 

(pounds/can) 

Alloy 
brass 

(pounds/can) 

Total 
brass 

(pounds/can) 

Brass 
retention 

32 0,425x2 0,058x2 0,956 86 
68 0,412x2  0,053x2 0,930 84 
86 0,380x2 0,058x2 0,876 79 
98 0,312x2 0,065x2 0,754 68 

martor*) 0,528x2 0,024x2 1,104 100 
 
Frankenthal et al. (1993) [4], studied the mechanism of corrosion of brass tin in 

different foods. They found out that in grapefruit and tomato juice the hydrogen forms with 
the decaying brass while in plums there is no hydrogen unless the steel sheet corrodes. 
They assumed that in plums there is a cathodic depolariser that is missing in grapefruit. A 
depolariser is a substance capable of oxidising brass easier than hydrogen ions. Pear 
mash contains little or no caramelisation products, while dehydrated plums contain more 
and the latter accelerate can corrosion.  
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Figure 1. Effect of storage on alcohol-

soluble pigments in aseptic canned pear mash 
 

Figure 2. Effect of storage on 
hydroxymethylfurfural content of aseptic 

canned pear mash 
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Figure 3. Effect of storage temperature on 

can corrosion with aseptic preserved pear mash 
stored for 371 days 

 
Figure 4. Efectul stocării asupra 

formării de hidrogem gazos în spaţiul 
liber din capul superior al cutiei pentru 

piureul de pere conservat aseptic 
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Abstract: The aim of the present study was to evaluate the content of phenolic acids and flavonoids in 

Anthriscus sylvestris and Anthriscus cerefolium (Umbelliferae family) and to investigate their botanical 
characters. Botanical investigation was performed by macroscopic and microscopic examination on cross-
sections, surface preparations of stems and leaves, and on powder obtained from the fruits. Qualitative and 
quantitative evaluation of the phenolic compounds was performed by thin layer chromatography (TLC) 
analysis and UV/VIS spectrometry. The species presents the main microscopic characters: anomocytic and 
anisocytic stomata, short trichomes and sessile pluricellular glandular trichomes.  Chlorogenic and caffeic 
acids, myricetin, luteolin and quercetin were the main phenolic compounds found in both species. Following 
the results obtained in this study, we conclude that both species of Anthriscus represents important sources 
of antioxidant  compounds.  

 
Key words: Anthriscus species, flavonoids, thin layer chromatography, UV/VIS spectrometry 
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INTRODUCTION 
Anthriscus is a  known genus from Umbelliferae (syn. Apiaceae) family. The genus 

contain few species, the most common species being chervil (Anthriscus cerefolium (L.) 
Hoffm.) and wild chervil or cow parsley (A. sylvestris Hoffm.) [1]. From both species, the 
leaves are used as food, mainly in salads, because their content in phenolic compounds 
which presents antioxidant properties. Luteolin, apigenin and kaempferol are the most 
common aglycones found in the two species and cynaroside is the predominant glycoside 
[2,3,4].  
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Fig. 1. The main flanonoids from Anthriscus sp. 
 
The roots of the two species also contain lignans with good antitumor activity such 

as: deoxypodophyllotoxin, anthriscusin, A-peltatin, (-) yatein  and hinokinin [5,6,7]. 
Although the compounds are found in small quantities in the aerial parts, the plant can be 
used as source for obtaining cynaroside and luteolin [8].   
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deoxypodophyllotoxin anthriscusin 

Fig. 2. Lignans from Anthriscus sp. 
 
In the present paper we analyze both species from the botanical and phytochemical 

points of view in order to establish the main differentiation anatomic characters and if the 
species are appropriate to be used as raw material in the obtaining of dry extracts with 
potential therapeutic effect. 

 
MATERIAL AND METHODS 
The microscopic examination was performed on cross sections of the root, petiole 

and leaf and on surface preparations from leaves. The cross-sections were clarified with 
Javel water and double stained with iodine green and alum-carmine. The surface 
preparations were clarified with a 10% NaOH solution, follow by staining [9]. The 
preparations were mounted  and analyzed using a Labophot 2-Nikon microscope (ocular 
10×, ob. 4×, 10×, 40×) coupled with a Nikon 70D digital camera. 

Thin layer chromatography (TLC) analysis and phytochemical screening was 
performed on samples obtained from plant material extracted with the following solvents 
with different polarity index: hexane, ethyl ether, methanol and water. The TLC protocol 
was performed according to Olaru et al. (2013) and Waksmundzka-Hajnos et al. (2008) 
[10,11]. Proanthocyanidins were identified by comparison the UV spectra with cyanidine 
chloride after  the conversion in anthocynanidins under acidic hydrolysis. Briefly, the 
chromatographyc conditions were the following:  

– stationary phase: silica gel 60 F254 on an Al support (Merck); 
– mobile phase: ethyl acetate – formic acid – water, 1:1:8 (v/v) for glycosides and  

toluene – ethyl acetate – formic acid, 5:3:1 (v/v), for flavonoid aglycones; 
– standards: glucosides/ phenolic acids: chlorogenic acid, ferulic acid (Sigma); rutin, 

hyperoside, isoquercitrin (Carl Roth); flavonic aglycones/ phenolic acids: luteolin, 
quercetin, caffeic acid, myricetin, kaempferol (Sigma); umbelliferone,  apigenin (Carl Roth).  

 – reagents: Natural Reagent Product (diphenylboric acid aminoethyl ester) = 
PEG (Neu/Peg. No. 28) (Carl Roth, Germany). 
The plant extracts were obtained under the reflux using water, hydroethanol 50% and 

ethanol 96% (plant material:solvent 1:10). After concentration using a rotary evaporator 
(RVO 004, Czech Rep.), the extractive solutions were lyophilized at -55°C (ScanVac 
CoolSafe 55). 

The total amount of phenolic compounds (TPC), and was determined by Folin 
Ciocalteu spectrophotometric method according to González et al. (2003) protocol, using a 
DB Dynamica Precisa UV-VIS spectrophotometer (Germany) [12]. The results were 
expressed as gallic acid equivalents (mg/g) using a calibration curve constructed with 
known quantites of standard (gallic acid, Scharlau, Spain).  
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Average, standard deviation and 95% confidence interval (CI) of the average  
(α=0.05) were calculated using Microsoft Office Excel 2003 (Microsoft Corp., USA) and 
GraphPad Prism v.5.0 software (GraphPad Software, USA).   

 
RESULTS AND DISCUSSION 

 The microscopic examination of the two species of Anthriscus revealed secondary 
structure with characteristic medullary rays and secretory ducts (fig. 3: A - C); petiole with 
7 (A. sylvestris) and 3 (A. cerefolium) obvious ridges, angular collenchyma (developed 
especially under the ridges) and several collateral vascular bundles with colenchyma 
sheath (fig. 3: D - G); leaves with rare short trichoma, numerous anomocytic stomata and 
rare anisocityc stomata (fig. 3: H - L).  
 The identified microscopic characters are in accordance with the ones mentioned in 
literature for the two species [13,14]. 

   
A. Root cross-section (40x) B. Root cross-section (100x) C. Root cross-section (40x) 

   
D. Petiole cross-section (40x) E. Petiole cross-section (100x) F. Petiole cross-section (40x) 

   

G. Petiole cross-section (100x) H. Leaf surface preparation 
(100x) 

I. Leaf surface preparation 
(100x) 

   
J. Leaf surface preparation 

(400x) 
K. Leaf surface preparation 

(400x) 
L. Leaf surface preparation 

(400x) 
Fig. 3. Microscopic characterization of A. sylvestris and A. cerefolium:  

A. sylvestris:  A, B, D, E, H, I; A. cerefolium:  C, F, G, J,  K, L . 
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In the samples examined by TLC were identified the following flavonoids and phenolic 
acids: isoquercitrin, caffeic acid, chlorogenic acid, luteolin (traces), quercetin, myricetin, 
apigenin in A. sylvestris; chlorogenic acid, luteolin, myricetin and quercetin, apigenin (all 
three in traces) in A. cerefolium. Ferulic acid, kaempferol, umbelliferone, rutin and 
hyperoside has not been identified in any of the solutions analyzed. However many 
fluorescent spots corresponding to phenolic acids and coumarins were found in both 
plants studied.  

  
A B 

Fig. 4. Polyphenols assay of A. sylvestris and A. cerefolium: A - UV spectra of 
Anthriscus extracts-Folin Ciocalteu reagent complex; B- Total phenolic content 
(TPC) of Anthriscus extracts;  

 
Total phenolic content  (TPC) are presented in table I. Among the two species, A. 

sylvestris has the higher TPC content. Hydroalcoholic 50% solvent has showed the best 
results regarding the extraction of the polyphenolic compounds. The results are also 
graphical represented in fig. 4. 

 
Table I. Total phenolic content (TPC) of Anthriscus extracts. 

No. Extract TPC 
(mg GAE equiv./g TE) 

95%CI of TPC 
(mg GAE equiv./g TE) 

1. A. sylvestris - aqueous (ASw) 68.65 ± 7.6440 49.66 - 87.64 

2. A. sylvestris hydroethanolic 
50% (ASE50) 71.67 ± 2.7190 64.91 - 78.42 

3. A. cerefolium aqueous (ACw) 11.24 ± 0.1168 10.95 - 11.53 

4.  A. cerefolium - hydroethanolic 
50% (ACE50) 20.76 ± 1.1200 17.98 - 23.55 

 
CONCLUSIONS AND FUTURE WORK 
The species presents the main microscopic characters: anomocytic and anisocytic 

stomata, short trichomes and sessile pluricellular glandular trichomes.  Chlorogenic and 
caffeic acids, myricetin, luteolin and quercetin were the main phenolic compounds found in 
both species. Following the results obtained in this study, we conclude that both species of 
Anthriscus represents important sources of antioxidant  compounds.  
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INTELLIGENT DEVELOPMENT OF TERRITORIAL CULTURAL CAPITAL 

 
Alexandru Calcatinge 

 
Abstract: This paper aims to develop an theoretical and conceptual work of how the cultural capital 

could and should be intelligently developed at territorial and regional levels. This is a presentation of an 
newly developed lecture as part of an interdisciplinary master programme in Intelligent Territorial 
Development. Therefore, the paper will take into discussion the core concept of Pierre Bourdieu's cultural 
capital, related to other concepts as cultural turn, traditions, nature, consumption, space and place, identity, 
heritage, symbolic economies, that are greatly used in urban planning theory and cultural geography. The 
structure will closely follow the initial structure of the lecture, exploring issues like cultural capital and values, 
society and territory, urban cultures, cultural destinations, ending with quick prospects of creative regions, 
cultural territorial systems, cultural programming and planning, cultural management and policies. Thus, the 
theoretical spectrum generated by this research is thought to be a cornerstone in urban cultural studies in 
Romania. 

 
Key words: Cultural capital, Intelligent development, cultural turn, values, cultural programming and 

planning 
 
INTRODUCTION 
The cultural capital is a strong and meaningful concept, that influenced the evolution 

of social sciences for the past decades. Thus, the idea of dealing with the concept of a 
territorial cultural capital seemed vivid and fresh at the same time. The concept of cultural 
capital was first introduced by Pierre Bourdieu and was influenced by “the national 
intellectual milieu” [1] that was defining the French social living with divergent issues 
between phenomenologists and structuralists. Bourdieu's concept was defined by the 
“stronger linkage of theoretical and empirical knowledge” [2]. He turned away from 
philosophy towards anthropology and sociology, thus being able to argue some important 
theoretical aspects of last century's social existence. He introduced the concepts of 
cultural, social, symbolic and political capital, thus enabling through the “capital” concepts 
our ability to model the “society's class structure” [3]. Through the concept of cultural 
capital, Pierre Bourdieu included the capital presented by the objects and also the cultural 
knowledge and capacities. Thirdly, he also included the titles one could achieve during his 
life, titles that could have demonstrate the acquisition of cultural knowledge.  

 But how do you efficiently capitalize the cultural capital at a territorial level, as the 
basic meaning of the cultural capital developed by Bourdieu was only applied to the 
society's structure? Transferring the use of the concept at a territorial level gave us a 
strong tool for dealing with the cultural imprints of our territories. This would include all the 
material and immaterial cultural products. Thought initially as a basic cultural landscape 
studies agenda, it was furthermore developed as being a paradigm changer in territorial 
development studies. As it will be shown in the forthcoming paragraphs, a cultural capital 
development at a territorial level will include studying aspects of cultural values, urban 
cultures, traditions, nature/culture relations, cultural destinations, cultural territorial 
systems, cultural management and cultural programming and planning.  

What makes it intelligent, as this is one major aspect as the title implies? Is there a 
non intelligent development of the territorial cultural capital? We believe that what makes 
the process intelligent is its structure, as it is based on knowledge development that makes 
use of all the concepts and ideas that we described in the earlier paragraph.  

This new discipline is part of a new interdisciplinary master programme that is a 
partnership between the University of Bucharest, Faculty of Geography and the “Ion 
Mincu” University of Architecture and Urbanism, Faculty of Urbanism and is financed by 
the European Union. As it is developed, the master programme is the first of its kind in 
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Romania, thus a cornerstone in future regional development studies. Providing the best 
knowledge from both domains of geography and urbanism, this will secure the success for 
future professionals in regional studies. 

 
MATERIAL AND METHODS 
Constructing on an intelligent structure that would help on developing the territorial 

cultural capital is a new and somehow interesting path that an urban researcher could go 
by. In this quest, the future discipline is considered to be able to offer the student an 
holistic vision over the types of cultural capital and the relations that they are generating at 
a territorial level. Thus, three main principles of an integral education are being 
considered: the use of multiple exploring perspectives, connection of complex concepts 
and the inclusion of complex methodologies.  

The main objective of the discipline would be the achievement of a complex set of 
tools and values for a holistic interpretation of development and evolution processes of the 
territorial settlements system, and this could be determined by knowledge of cultural 
capital development specific processes and cultural evolution of human settlements. Thus, 
the discipline is paving a strong knowledge foundation based on the implementation of 
cultural programs and policies as a base of intelligent development, generating added 
value to local urban and regional cultures, by sustaining the evolution of creative cities and 
regions. 

As argued in the first paragraphs of the introductory chapter, the cultural capital firstly 
introduced by Pierre Bourdieu will be analyzed by two of its categories, the concrete, 
integral one, and the objectified/material one. The first category is the one that gives the 
measure of what we generic know as culture – the personification and humanization of the 
environment, and the second one will regard the cultural capital as a cultural product of art, 
architecture, cultural traits, beliefs and so on. 

Therefore, the intelligent structure for cultural capital development would be based 
on: values, society and territoriality, urban cultures, cultural destinations, creative cities 
and regions, cultural territorial systems and cultural management, programming and 
planning. This would evolve, as we mentioned already, on the ideas of traditions, cultural 
turn, nature/culture, consumption, space and place, identity, heritage and symbolic 
economies among others. 

 
RESULTS AND DISCUSSION 
Based on the structure described in the above paragraph, an intelligent development 

of territorial cultural capital would be set up on three distinct layers. One layer would be 
based on culture and space (values, society, territoriality), a second layer based on urban 
cultures (creative cities, cultural destinations, creative regions) and a third layer based on 
cultural management (cultural territorial systems, cultural planning and programming, 
cultural management policies).  

 
Layer One 
In the last few decades, culture has found it's place among planning in three distinct 

ways [4]. One is related to the civic activity of arts and social events as planning of culture, 
the second is related to the ways of doing planning as the culture of planning and the third 
one is related to ethnicity and social (in)(ex)clusion as cultures in planning. Adding on 
those three characteristics is a fourth one, which relates culture as a meaningful concept 
that is led by social traits and political and economical implications. This “kind” of culture is 
the one that is defining our cities and regions. This culture is the metaphor of development 
and the base of we see as being cultural capital.  
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 The culture and space layer is based on values, which are the defining elements of 
what is considered to be important inside a community or society. The values are the 
norms of culture that are regarded as guiding rules for what is considered to be important, 
good or bad, respectful or supportive. Clifford Geertz argued that “culture is public 
because meaning is” [5] thus stating that what we count as capital is only relevant through 
the meaning it wears, a metaphor of our existence. Culture as found in the cultural capital 
concept is also seen as a category of social life [6] that has different conceptualizations: 
culture as learned behavior, culture as an institutional sphere devoted to the making of 
meaning, culture as creativity or agency, culture as a system of symbols and meanings, 
culture as practice. The last two ways of conceptualized culture are the ones that Sewell is 
analyzing because “system and practice are complementary concepts: each presupposes 
the other” [7] thus the territorial cultural capital would take advantage of both concepts at 
once.  

 
Layer two 
Culture includes everyday practices that make use of objects that are embedded with 

values that are given by society's actions, relations and processes. Therefore, as Malcolm 
Miles stated “culture, then, is a work of renewal in specific conditions. Those conditions are 
reproduced in cultural forms but may also be shown in new ways which eventually modify 
their reproduction” [8]. Thus, culture is a part of what constitutes a city, is actually the heart 
of cities becoming, alongside it's political, economical and social characteristics. The cities 
are the active actors of cultural production and cultural consumption. Those are the two 
elements of it's reproduction of space, as “the prominence of cities as cultural hubs follows 
patterns of cultural consumption in cultural tourism, and attraction of aspirant arts 
professionals as producers and consumers of a city's image” [9]. More, Malcolm Miles 
states that, “to gain a place on the list of world-class cities requires both symbolic capital 
and money capital. Symbolic capital accrues to blue-chip art institutions, signature 
architecture, loft living spaces, fashionable shops and restaurants and designer bars” [10].  
those are part of what is called symbolic economies, which are made of two distinct 
production systems – production of space and production of symbols (or meaning). This 
[the symbolic economy] becomes important “as traditional economic sectors based in 
material production decline and cultural industries dealing in immaterial production (…) 
grow” [11].  

In this respect, with regard to our cultural capital research, the issue of cities capitals 
of cultures are arising. Those are cities that have become centers of art production and 
consumption and culture.  

 
Layer three 
The third layer is based on the planning of culture and it's influence in the life of cities 

and it's citizens, because it “naturally follows an incremental and evolutionary path, 
including the transfer and transmission of artistic products, styles and experience within 
and across communities and societies” [12]. Cultural planning is a place-based approach 
to planning and city or regional development and by this process the cultural resources are 
identified and properly used. In this respect, a good management of those resources is 
necessarily to be performed as all of those should be completely integrated in all the 
aspects of local and regional planning and decision making process. The cultural planning 
is driven by economic and political interests and should place their grounds on economic 
prosperity, social equity, environmental responsibility and cultural vitality. This is the very 
scope of the master's programme, to prepare the young students for being able to deliver 
the best planning practices and policies. 
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CONCLUSIONS AND FUTURE WORK 
Based on the three layers described above, the future discipline of Intelligent 

development of territorial cultural capital should be an interesting and viable approach to 
the contemporary cultural management processes, planning and policy making. All this, 
based on relevant theoretical and practical inquires that are developed from the most 
viable scientific production. Perhaps that the following year all the lectures on intelligent 
cultural capital development will be published for an international auditorium. 
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EVALUATION OF ERYTHROCYTES AGGREGATION AND 

SEDIMENTATION USING DIGITAL PARTICLE IMAGE VELOCIMETRY 
 

I Sarbu, M Erand,  S Borisova, A Piperea-Sianu 
 

Abstract: This paper proposes the application of digital particle image velocimetry and mathematical  
algorithms for the  evaluation of  erythrocytes aggregation and sedimentation.Sedimentation of erythrocytes 
was followed at microscope IOR ML-4M using 4 and 10 objectives and images recorded using a 16 Mp 
camera sensors . Movie was performed at 30 fps and stored on a computer.Ulterior data was analyzed as a 
single or sequences of images..It was observed that great size aggregates had a descendent movement. 
Single erythrocytes and small aggregates appeared to move up as a counter stream.Cross-correlation 
function was evaluated in the frequency domain using Discrete Fourier Transform by  a  dedicated software 
– PIVlab and the distribution of population of velocities components were graphically represented. After 
smoothing and filtration of images, it was observed that both velocity populations were Gaussian distributed. 
Dispersion of velocities was much greater in case of ascending  moving aggregates that in case of 
descending ones.Aggregates are shared into two populations characterized by the sign of their velocities. 
Descending aggregates have a narrow distribution of velocities, suggesting  approximately the same 
hydrodynamic radius and size. 

 
Key words: RBC aggregation, particle image velocimetry. 
 
INTRODUCTION 
 
Tests of erythrocyte sedimentation provide a measure of the acute phase response to 

inflammatory diseases, most infections, in cancer, cardiovascular and many other 
diseases. The term erythrocyte sedimentation rate (ESR) is retained because of traditional 
usage, although a single measurement after 60 minutes is not a rate, Sedimentation of 
erythrocytes was followed at microscope IOR ML-4M using 4 and 10 objectives and 
images recorded using a 16 Mp camera sensors for a better view of the entire process 

 
MATERIAL AND METHODS 
1.1 Sample preparation 
Blood samples obtained from volunteers until 4 hours from harvesting were 

centrifuged at 100G in plastic tubes. Red blood cells and plasma were separated and were 
kept in plastic caped test tubes. Plasma that is poor in red blood cells was then added over 
the high red blood cells test tubes to get different dilutions of red blood cells in plasma. 
The samples obtained were placed in vats, and the aggregation process was analyzed 
with a microscope. Pictures have been taken from lower layer separation area of the 
probes with objectives 4 x and 10 x. 

1.2 Video image processing 
The film captured the process of erythrocytes aggregation by observing with the help 

of the microscope objective 4 x, taken from the layer below the demarcation line of the 
sedimentation process. The whole process had duration of 120 seconds. 
The film was dissembled in individual pictures with a distance of a second (1 frame of 30) 
from each other.A succession of 5 film images (ex.: seconds 101; 102; 108; 104; 105 ) 
were analyzed with the PIV LAB Program from MatLab. 
The images were submitted to a video process in order to increase the contrast and in 
order to remove the aberrations. In PIV technology, it is generally desirable to reduce the 
amount of erroneous velocity estimation by ensuring the highest measurement quality 
possible. One common approach is the enhancement of images before the actual image 
correlation takes place [4]. 
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RESULTS AND DISCUSSION 
The most sensitive part of the PIV analysis is the cross-correlation. This part also 

significantly impacts the accuracy of PIV. Small sub images (interrogation areas) of an 
image pair are cross-correlated to derive the most probable particle displacement in the 
interrogation areas. In essence, the cross-correlation is a statistical pattern matching the 
technique that tries to find the particle pattern from interrogation area A back in 
interrogation area B. This statistical technique is implemented with the discrete cross-
correlation function. After tracing the lines of movement we have added STREAM lines for 
each vectors associated to RBC`s movement. As seen in the figure below from the images 
captured occurs two kinds of "tubes (fascicles) of current" 

-Some with downward motion that could be attributed to large diameter RBC`s 
assemblies  

-Some with an upward movement non-attributable to large diameter RBC`s 
assemblies that could attributed to small diameter RBC`s assemblies or single RBC`s  

 

 
Fig. 1 Histogram scale speeds and frequency of their capture 

 

 
Fig. 2 Histogram of scalar velocities and their frequency in capture 

 

 
Fig. 3 Scatter plot velocity of the entire RBC`s movement 
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It has been observed that large diameter RBC`s assemblies have a downward motion 
with a speed X and small aggregates, or single RBC`s have a traveling upward motion 
with a speed Y. We have considered that sedimentation rate X is positive, and so Y is 
negative. We have selected in the set of speed vectors generated by the analysis particles 
software, two spatially distributed populations: 

In this study analysis we have considered the set of downward vectors with the speed 
values in the range [0; + 10] as representing the population of large diameter RBC`s 
assemblies and the multitude of vectors in the range [0-10] corresponding to the behavior 
of small aggregates, or single RBC`s (fig. 1). 

In this way we have filtered through vectors by validation rules comprised in the two 
frames from the previous figure and "rejected" the rest of the vectors, considered in the 
analysis as "outliers". 

RBC`s aggregates behavior: We've just validated motions embraced in two-
dimensional interval [0; 2] × [0, + 10] (fig. 2), while the remaining ones were excluded from 
the analysis. Velocities distribution appears as normal, with a much higher probability 
density around the mean values (fig 3). It appears that the number of particles that "climb" 
is much higher than the number of aggregates, descending (Figure 1) 

RBC`s small aggregates and single RBC`s: we have introduced towards validation 
only vectors in the border [0; 2]/[0,-9] (Figure 4), the rest of the vectors being excluded 
from the analysis. We see a large cluster with a spread distribution (fig 5) 

 

 
 

Fig. 4 Scatter plot velocity of the entire RBC`s movement. Filtering the results 
 

 
Fig. 5 Scatter plot velocity ot the RBC`s assemblies that have a downward motion 
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Figure 6 Histograms velocity ot the RBC`s assemblies that have a downward motion 
 

  
Fig.7 Scatter plot velocity of the RBC`s assemblies that have a upward motion 

 
 

 
Fig. 8 Scatter plot velocity of the RBC`s assemblies that have a upward motion 

 
 

CONCLUSIONS AND FUTURE WORK 
Aggregates are shared into two populations characterized by the sign of their 

velocities. Descending aggregates have a narrow distribution of velocities, suggesting  
approximately the same hydrodynamic radius and size. 

In the future we will continue developing the method by using pulsed laser light 
sources and high frequency cameras. 
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This technique of analyzing erythrocyte aggregation can be successfully used in 
experiments to determine the effect of drug substances on aggregation and erythrocyte 
sedimentation. 
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WEATHER SOIL EROSION DUE TO WATER USING COMPUTATIONAL 

MODELS AND FREE SOFTWARE 
 

Petru Cardei , Vergil Muraru ,Cornelia Muraru-Ionel Petru Cardei, Vergil Muraru, 
Cornelia Muraru-Ionel, Atanas Atanasov, Chavdar Vezirov, Petar Dimitrov 

 
 
INTRODUCTION 
Pluvial erosion of soils is a phenomenon that takes place on land located in slopes 

due to water and gravity. Besides these two factors, the intensity of soil erosion and 
farming practices that help may be more or less aggressive or protective. The importance 
of being treated this phenomenon, mainly because of adverse consequences, it follows 
from the existence of major laboratories and departments specifically dedicated to wind 
and rain erosion. Examples are in Europe, [1], [2], [3], [4], and finally [5] which includes 
many maps online themes including soil erosion. In the United States, USDA provides free 
programs: WEPP, RUSLE2, WEPS and other programs on several websites, including [6]. 
Variants of the above programs, adapted to the forest environment can be found on the 
web page [7]. NASA itself treats with extreme seriousness among other environmental 
issues and the soil erosion [8]. Obviously the US Environmental Agency, USEPA, could 
not ignore the problem of soil erosion.  

 
MATHEMATICAL MODELING OF SOIL PLUVIAL EROSION 
The fundamental model from which began estimating and forecasting study of soil 

loss through pluvial erosion is the well known model called Universal equatin of soil loss 
(Universal Soil Loss Equation, USLE), developed in the mid twentieth century Wischmeier 
W. H. and D. D. Smith [9], [10]. Equation form of soil loss due to pluvial erosion describing 
USLE model is one as simple as possible. This gives the soil loss through pluvial erosion 
as a product of factors characterizing the rain intensity, soil physical properties, soil 
geometry influence crop management and influence planning.The equation that describes 
the phenomenon is as follows: 

 
RKLSCPA = ,          (1) 

 
in which the occuring variables have the following meanings [11]: 
 

Variable Notation Phisical size 
Average annual soil 

loss  
A ML-2T-1 (ML-2) * 

Rain erosion R MLT-4 (MLT-3) * 
Soil erosion  K L-3T3 
Topographical  factor  L M0 L0 T0 
Topographical  factor S M0 L0 T0 
Crop management 

factor  
C M0 L0 T0 

Soil conservation 
practices factor 

P M0 L0 T0 

*Different authors use different definitions for A and R. 



RESEARCH PEOPLE AND ACTUAL TASKS ON MULTIDISCIPLINARY SCIENCES 
24 – 28 JUNE 2015, LOZENEC, BULGARIA 

 
 

 229 

 
The sources where you can find values for model factors (1) are multiple, but we 

must be very carefully to units of measurement used and their processing [11]. Among 
these sources are recommended: [9], [10], [13], [14], [15].  

 An interactive USLE model can be used on [12] web page. A computer program in 
imperial units of measurement, based on the model [9] is found in [16].  A program with a 
database adapted to the European continent and expressed in IS units of measurement, is 
provided by INMA through this course in a course attachment to the project website. 

 Some interesting remarks on measuring units of the first three sizes of equation (1) 
are made in [17], namely that A (average annual soil loss is measured in mass / (area ∙ 
year), R (factor of rain erosion) is measured in units of erosion / (area ∙ year) and K (soil 
erodibility factor) is measured in mass / unit. The other factors within right member of 
equation (1) are dimensionless.  

 
 2.6.2 MODERN PROGRAMS DEVOTED TO THE ANALYSIS OF SOIL LOSS 

THROUGH EROSION 
 The original model of soil loss caused by adverse pluvial waters formula (1), is the 

calculation basis for many computer programs to estimate soil loss caused by storm 
events. Programs that use only (1) formula and tables or elementary formulas for its 
factors, are part of basic computer programs in this area. Immediately above programs are 
using the same (1) formula but use the database for at least one of the factors involved in 
the formula (1). An example of such a program is that we provide in this project, derived 
from a similar program that is in endowment of environmental MIGAN methodology.  

Programs for calculating soil loss through erosion have been gradually developed 
using more and more databases on the properties of rains or storms environments in 
different areas of the planet, on soil properties, agricultural crops or agricultural 
technologies and effects their conservative. 

From the viewpoint of calculation, some high-level programs have kept the basic 
formula (1), others went, according to the preferences of the authors, to application for 
both hydraulic fluid transportation and sediment transport. These programs use a large 
number of formulas more or less accurate, depending on the availability of data accuracy, 
and the geographic area in which they apply.  

 The main computer programs used in the estimation of soil losses due to storm 
events are given in Table 1.  

The main computer programs used in the estimation of soil losses due to storm 
events are given in table 1.  

 
Tabel 1 Programs for calculating soil loss through erosion 

 
Name Download address 
WEPP topsoil.nserl.purdue.edu/nserlweb/weppmain/  

RUSLE2 fargo.nserl.purdue.edu/rusle2_dataweb/RUSLE2_Index.htm?action
=Go+to+the+official+NRCS+RUSLE2+website  

USLE INMA provided by the updated version of the software the comes 
with the MIGAN methodology  

ECMDS 4.3 www.nagreen.com/software/ecmds_register.html 
WEPS Wind erosion, http://www.weru.ksu.edu/weps/wepshome.html  

http://www.nrcs.usda.gov/wps/portal/nrcs/main/national/technical/to
ols/weps/  

SWEEP Wind erosion, http://www.weru.ksu.edu/weps/wepshome.html  
A number of alternative models are presented in [3], for example PESERA and 

MESALES models. Accessing collection of maps [5] allow erosion risk awareness on the 

http://www.weru.ksu.edu/weps/wepshome.html
http://www.nrcs.usda.gov/wps/portal/nrcs/main/national/technical/tools/weps/
http://www.nrcs.usda.gov/wps/portal/nrcs/main/national/technical/tools/weps/
http://www.weru.ksu.edu/weps/wepshome.html
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European continent and, relative to the project area show that the Bulgarian is affected 
area up to 20.0 t / ha / year, and the Romanian under 5.0 t / ha / year (values and new 
applications found).  Web page [5] is particularly useful not only for risk of erosion 
awareness but other soil problems: organic carbon content, salinity, texture, water 
management, primary properties and chemical properties of soil, etc. The results for 
Romanian-Bulgarian border area in Giurgiu County and district Razgrad fits well in classes 
of erosion indicated by the European Environment Agency [18].  

 
 
WEPP PROGRAMME 
The program for calculating rain erosion prediction (hydric) soil model is based on 

WEPP (Water Erosion Prediction Project) and can be run on PCs with Windows 95/98 / 
NT / 2000 / XP / Vista / Windows 7. WEPP is a model with distributed parameters. This 
means that space is infinite dimensional set of states, and therefore called infinite 
dimensional systems. Typical examples of such systems are characterized by systems of 
partial differential equations or differential equations with delayed argument [19]. New 
version of this program is that in August 2012 we and worked for the example below. The 
program can be loaded for free from the website of the USDA, [20]. The documentation is 
accessed from the same website.  

 
EXAMPLE OF APPLICATION FOR WEPP PROGRAM  
 Suspicion (not certainty) of erodibility is because identification was made on the 

basis of satellite images (archives Google Earth - fig. 1) and not on the spot - the only 
expertise that could eliminate suspicion.  

 
PROBLEM DATA 

In fig. 1 is given the location on a slope aerial photography which is predicting rain 
erosion. Note the framing up the slope in the interest of project development. The relief 
area as a file extracted DEM (digital) with AutoCAD Civil 3D. The map of contour lines is 
shown in figure 2 and 3. After obtaining geometric shapes of digital surface topography in 
the estimation of erosion, creates a profile for a desired direction (most often in the 
directions indicated by hydrologists or hydraulic facilities experience of AutoCAD Civil 3D) 
and the right segment figure 4. We then get a profile using the same program that 
coordinates read the main points of the profile - Table 2.  

 
Tabel 2. Coordinates of reference slope 

  
x, m y, m 

0 322 
85 321 

248 316.435 
258.11 313.349 

302 312 
311.43 310.28 
365.25 290.87 
405.72 271.23 
527.92 224.592 

670 199 
The data in the table 2 is transformed into data that can be inserted to describe the 

WEPP program geoometria slope. Calculate the length of the points in table 2 slopes and 
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average gradient between two consecutive points. Thus, can be obtained the data from 
the table 3, which are inserted into the WEPP program, fig. 5. 

 

  
Fig. 1 Satellite images of the site, coordinates: 43 ° 33 '34.66' ', 26 ° 12' 57.71 '', altitude 256 m, 

corresponding to a picture altitudes of 750 m. 
 
 

 

 
 

 
Fig. 2 The relief zone erosion 

estimate given by lines of equal 
elevation results obtained from DEM 
file with AutoCAD Civil 3D satellite 

imagery archive using Google Earth 

Fig. 3 DEM surface area resulting from 
import relief with AutoCAD Civil 3D aerial images 

from the archives of Google Earth 

 
 

 
Fig. 4 Making a profile along a straight surface DEM imported, with which coordinates are read main 

slope data in table 1 
 

Tabelul 3 Coordinates of reference in terms of slope WEPP program (slope portion length, average 
slope) 



RESEARCH PEOPLE AND ACTUAL TASKS ON MULTIDISCIPLINARY SCIENCES 
24 – 28 JUNE 2015, LOZENEC, BULGARIA 

 

            
 232 

 

 
 

 
 

 
Fig. 5 Description of slope registered in the database of the program 

 
 
To determine the average loss of soil per hectare in simulation period (calendar year), 

it is necessary to insert the climate regime, which contains data on rainfall, storm events 
special period of frost and snow soil and other data. Since these data we had for the area 
marked in Bulgaria, we assimilated entirely with that the climate of an area located in the 
US state of Minnesota situated on approximately the same parallel with our area of interest 
– figure 6. These features are selected from the database of the WEPP program (figure 7). 
Soil characteristics correspond recently submitted a land of fire, making it more vulnerable 
to storm erosion. 
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Fig. 6 The climate over after a US 

settlement, located approximately on the same 
parallel 

Fig. 7 Soil type - GeoWEPP 
archive, 

 soil less affected by the fires  
 
The land is covered with plants chosen with the help of the database and appears in 

figure 8. 
 

  
 

Fig. 8 Vegetable coverage with grass 
plant 

 
Fig. 9 The first graphical results  

 

RESULTS 
Main results of the calculations are given in Figs program 9-17. Thus, to simulate a 

year of climatic conditions under selected climate database software (average annual 
precipitation: 790.00 mm, average annual runoff, 84.80 mm), are obtained: average annual 
soil loss, 0.029 kg/ m2 and average annual sediment yield, 0.294 t/ha (see figure 9). 

The variation of the detachment on the slope is shown in  the figure 10. In the figure 11 
is shown the variation of the biomass on the soil slope during a year (simulation period). 
The variation in time of  the rainfall and the maximum slope detachments during the 
simulation period are given in the figure 12. 
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Fig. 10 Variation of soil detachment 
slope.  

 
Fig. 11 Variation of biomass to the 

soil surface during a year 

 
 

The variation in rainfall and in available sediment leaving the slope during simulation 
is shown in the figure 13.  

 

CONCLUSION 
One of the major problems of the environment - rain erosion - receives two free 

solutions, prognosis and free and warning, exposed in this article proposes. 
One of the solutions is simple, elementary, based on the initial model of rain erosion, 

USLE model. To give it a source download and free use of a simple program to use 
(www.envirobg.eu). 

. On the same web page is found the program to estimate losses it by storm erosion 
in English, Romanian and Bulgarian elementary program based on USLE model. The 
program can be free downloaded from the project website: www.envirobg.eu. The 
extensive exposure in connection with the problem of erosion, but also with a number of 
other environmental problems can be downloaded for free on the same web page as the 
courses and exposure. 
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Fig. 12 Variation in rainfall (green) and 

detachment during simulation environments 
(calendar year) 

Fig. 13  Variation in rainfall (green) 
and in the available sediment leaving the 
slope on the during simulation (calendar 

year) 

http://www.envirobg.eu/
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