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Review

Dipyridamole as an Interferon Inducer
Angel S. Galabov
The Stephan Angeloff Institute of Microbiology, Bulgarian Academy of Sciences, Sofia

Abstract
We described the pyrimidine derivative dipyridamole (DP) as an interferon (IFN) inducer in culti-

vated in vitro lymphoid cells, administrated orally in mice and in humans attaining high IFN titres within 
24 hours. Gut-associated lymphoid tissue was identified as the inducer target. IFN-antagonistic period was 
established. Three double-blind placebo trials (more than 6000 participants proved that DP acts as a prophy-
lactic for influenza and viral acute respiratory diseases. Experimental evidence proved that the IFN-induc-
ing activity of DP is due to its capacity to inhibit cAMP phosphodiesterase. Additionally, DP demonstrates 
a marked inhibitory effect on the replication of a broad spectrum of viruses. Iт was established that DP-in-
duced IFN production in humans is strongly dependent of compound pharmacokinetics.

DP activities were followed and described in lupus erythematosus, chronic pulmonary diseases, liver 
diseases, in ophthalmology, dermatology (herpesvirus and papillomavirus infections) and AIDS. Special 
attention was given to a possible DP’s effect in COVID-19 patients.
Keywords: dipyridamole, interferon, double-blind trials, acute respiratory infections

Резюме
В серия публикации описахме пиримидиновото производно дипиридамол (DP) като индуктор 

на интерферон (IFN) в култивирани ин витро лимфоидни клетки, при перорално прилагане на 
мишки и у хора, достигайки високи титри IFN в течение на 24 часа. Чревната лимфоидна тъкан бе 
посочена като мишена на този ефект на DP. Регистриран бе период на антагонизъм към индуктора. 
Проведените три изпитания по схемата double-blind placebo-controlled trials (върху над 6000 души) 
доказаха, че DP може да се прилага за профилактика на епидемичния грип и на вирусните остри 
респираторни инфекции. Експерименатално бе установено, че IFN-индуциращата активност на DP 
се дължи на способността му да инхибира фосфодиестеразата на cAMP. Освен това, DP показва 
отчетлив инхибиращ ефект върху репликацията на широк спектър вируси, принадлежащи към раз-
лични таксономични групи. Доказано бе, че DP-индуцираната продукция на IFN у хора е строго 
зависима от фармакокинетиката на съединението. Активност на DP е описана и проследена при 
lupus erythematosus, хронични заболявания на белите дробове, чернодробни заболявания, при очни 
заболявания, в дерматологията (херпесни и папиломавирусни инфекции) и при СПИН. Специално 
внимание е отделено на възможния ефект на DP при пациенти с COVID-19.
Interferon-inducing activity of dipyridamole 

In 1982 we described and characterized 2,6-bis(diethylamine)-4,8-dipiperidino-pyrimido-[5,4-d]-
pyrimidine (dipyridamole, DP, Persantin©, Curantyl©, Antistenocardin©), a compound extensively used as an 
antiaggregant and vasodilator, as an IFN inducer (Galabov and Mastikova, 1982a). The ability to induce IFN 
was manifested both in vitro - in lymphoid cell cultures (exogenous IFN) – and in vivo - in experimental animals 
(mice, turkeys, hens) (endogenous IFN) (Galabov and Mastikova, 1983; Protasova, 1996). DP-induced IFN 
was established in explanted in vitro mouse peritoneal leucocytes and in Namalva lymphoblastoid cells 
(Galabov and Mastikova, 1982a), cultured human leucocytes (Grigorian et al., 1989), tonsil lymphoid cells 
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and blood leucocytes and mouse bone marrow cells. 
Oral administration in mice resulted in substantially 
high levels of IFN both in sera and organs (4100–
8200 IU/mL in sera), which persisted until Day 7 
(Galabov and Mastikova, 1983; Protassova, 1996). 
A single oral administration of DP at an optimal 
IFN-inducing dose demonstrated a marked antiviral 
effect in mice infected with influenza viruses A 
(H1N1) and B, Semliki Forest virus and herpes 
simplex virus type 1 (Mastikova, 1985; Mastikova 
et al., 2019). Experimental evidence showed that in 
vivo (in mice), DP induces IFN in gout-associated 
lymphoid tissue. DP induction of IFN was also 
established in hens (Manafova et al., 1985). Some 
IFN-inducing capacity was also recorded in non-
lymphoid cell cultures.

Oral administration of DP (25 mg/kg) in mice 
manifested high IFN titres in spleen at 12-24 h (≥ 
2048 IU/mL) and in liver at 24 h (256 IU/mL). 
Increased levels were also established in kidneys 
(128 IU/mL), lungs (256 IU/mL) and brain (64 
IU/mL). Using the test of neutralization of IFN 
activity via mouse anti-IFN serum showed that the 
DP-induced substance is an IFN of the first type; 
it is relatively labile (partially inactivated at 56ºC 
within 60 min and at 65ºC for 30 min) and is stable 
within 30 min at 56ºC (Mastikova, 1985). DP, as an 
IFN inducer, also demonstrated immunomodulatory 
properties (Koychev et al., 1985; Michaylova et al., 
1985).

Because the pharmacological and toxicologi-
cal properties of DP were well studied in thorough 
trials, especially clinical trials, it was possible to 
move on to investigating DP’s IFN-inducing prop-
erties in humans. It was established that a single 
oral intake of 100 mg (1.0-1.5 mg/kg) DP induced 
a marked increase of IFN in 90% of the adult vol-
unteers tested at 24-48 h, with an individual varia-
tion from 32 to 8200 IU/mL (average 958 IU/mL). 
In addition, 87.5% of the serum IFN produced was 
HuIFN-ɑ (Galabov and Mastikova, 1984a, b). In 
both mice and humans with an IFN response to DP, 
the phenomenon of hyporeactiveness to a consecu-
tive IFN induction was explored. It was found that 

the period of hyporeactiveness lasted from Day 4 to 
Day 6 in humans (Galabov and Mastikova, 1984a, 
b). These data laid the groundwork for developing 
an application scheme for this IFN inducer as a 
means of prophylaxis and treatment of viral infec-
tions. In fact, DP was the first IFN inducer whose 
pharmacological and toxicological characteristics 
permitted an epidemiological trial.

Thus, three double blind trials were organized 
and carried out in Bulgaria to demonstrate the 
efficacy of DP as a means for prophylaxis of 
influenza and viral acute respiratory diseases 
(Kuzmov et al., 1985; Kozhukharova et al., 
1987). These trials took place during the seasonal 
epidemic wave of influenza, in administrative and 
industrial enterprises in Sofia (in the first trimester 
of 1983) and in Dobrich (1985) and involved adult 
participants (over 19 years old). The number of 
individuals necessary for the trials was determined 
according to Bessmertnij and Heyfets (1963). Drug 
(DP) and placebo groups were formed according to 
requirements for identical working conditions and 
for achieving maximal density and involvement for 
both groups. In total, 8 249 people were included 
in the trials: 4 343 on DP and 3 906 on placebo. 
DP - a product of the Chemio-Pharmaceutical Work 
of Sofia (Pharmachim©) - was provided as dragees 
of 25 mg, along with identically looking placebo 
dragees. They were administered according to the 
following schedule: 100 mg (4 dragees taken in pairs 
at 2-h intervals) once each 7 days throughout the 
entire epidemic period (January-March). Evaluation 
of DP’s prophylactic efficacy was carried out by 
comparing the wholesale incidence of influenza and 
acute respiratory diseases in DP and placebo groups. 
Data were taken from the official registrations of the 
diseases. People who had received less than two-
thirds of the drug or placebo applications planned 
were excluded from the analysis. Evaluation had to 
meet the following criteria: (1) the significance level 
of the difference in morbidity in drug and control 
groups - p (chi2), (2) the index of epidemiological 
effectiveness (IE), its scope of confidence, (3) 
the subsequent protection index (PI). In addition, 
the following tests were included in the trials: (а) 
retention of haemagglutination reaction (RHR) for 
influenza and parainfluenza viruses, (b) complement 
fixing reaction for adenoviruses, respiratory 
syncytial viruses and mycoplasma pneumoniae with 
a wide range of antigens on paired serum samples 
obtained before onset and after closure of the trial 
period, (c) determination of the IFN titres. Results 
of the trials are shown in Tables 1 and 2.
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Analysis of the results of all three trials 
showed a markedly decreased incidence of influen-
za and viral acute respiratory diseases in the groups 
on DP. The statistically significant differences be-
tween DP and placebo groups support the thesis 
of a protective effect of DP (Kuzmov et al., 1985; 
Kozhukharova et al., 1987). Subsequent investiga-
tions carried out in industrial enterprises in Russia 
(in Moscow) during flu epidemics and seasonal 
waves of other acute respiratory viral infections 
demonstrated the marked preventive effect of DP. 
In sum 4 559 persons were embraced in these stud-
ies (2 234 receiving DP and the rest - placebo con-
trol group). The disease incidence was decreased 
by 2.66 times, in the risk groups - by approximately 
5 times (effectivity index of 4.81) (Slepushkin and 
Fedorova, 2000; Kareva, 2015).

Data in the literature concerning the bio-
chemical properties of a number of low-molecu-
lar-weight IFN inducers, to which DP should be 
added, shows that some of these IFN inducers are 
also inhibitors of the phosphodiesterase (PDE) of 
cAMP. These include tilorone hydrochloride and 
other fluorenone derivatives, acridine derivatives 
(10-carboxymethyl-9-acridanone (CMA) being 
especially potent), aryl pyrimidinones, and so on. 
Hait and Weiss (1979), working on splenocyte ho-
mogenates, proved that DP is a cAMP PDE inhib-
itor. We confirmed these data and determined the 
quantitative parameters of the process of cAMP 
PDE inhibition by DP. We carried out a kinetical 

analysis of DP inhibitory action on cAMP PDE 
from mouse peritoneal leukocytes (MPL) and from 
mouse NIH 3T3 cells, which are known as a stand-
ard source of this enzyme. We used Lineweaver and 
Burk’s (1934) method to prove that DP is a compet-
itive inhibitor of cAMP PDE. In addition, we used 
Dixon’s (1953) method for determining the value 
of the inhibitor constant (Kimed) of DP: 4.6 x 10-5 M 
(Galabov et al., 1985).
Mechanism of IFN induction by dipyridamole

A series of publications demonstrated both 
the IFN-inducing and regulatory functions of 
DP, discussed by Surkina (2000). Hait and Weiss 
(1979) initially demonstrated, via experiments in 
mouse splenocyte homogenates, that DP is an in-
hibitor of cAMP. This was confirmed in our inves-
tigations using homogenates of other cell species 
- mouse peritoneal leucocytes and NIH 3T3 cells. 
In addition, a series of data presented the quantita-
tive characteristics of DP-inactivated cAMP PDE. 
It was found that DP is a competitive inhibitor of 
this enzyme, and the inhibition constant value (Ki) 
was determined. It was established that DP’s Ki 
is 10-fold higher than that of the standard cAMP 
PDE inhibitor theophylline (Itkes and Kochetkova, 
1981). As the NIH 3T3 cell lysate contains a single 
kinetic form of this enzyme, the results character-
ized the interaction of DP with that individual en-
zyme and not with an isoenzyme mixture (Galabov 
et al., 1984).

Table 2. DP effects on seropositivity and IFN production in people included in Trial 1

Group
Seropositive vs VARD

p
IFN blood level 4-fold increase

p
N/total % N/total %

DP 18/40 45.0±15.4 0.05 10/33 30.3 (16.1÷46.7) 0.05
Placebo 28/41 68.3±14.2 0.05 1/35 2.8 (0.01÷10.8) 0.05

Table 1. Epidemiological efficiency of DP applied for prophylaxis of influenza and other viral acute 
respiratory diseases (VARD)

Group Number of people  
under  survey

Diseased (VARD)
Epidemiological efficiency index

Number %
Trial 1
DP 749 72 9.6

1.7÷2.1÷3.1
Placebo 501 104 20.7
Trial 2
DP 328 64 19.5

1.3÷1.9÷2.7
Placebo 303 113 37.2
Trial 3
DP 2725 178 6.5

1.2÷1.6÷2.1
Placebo 2664 283 10.6
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The influence of DP on cAMP synthesis in 
mouse peritoneal cells was studied following Itkes 
et al. (1982). Two peaks of increased cAMP levels 
were observed, the first at 2 h (6.4 x 104 IU/mL) and 
the second within the 8-22 h period. The first peak 
was DP dependent, and the second was IFN de-
pendent. The DP-dependent increase of cAMP lev-
els preceded the production phase - for example, it 
coincided with the induction phase (Galabov et al., 
1985). These data are consistent with the hypothesis 
of the direct participation of cAMP in DP-induced 
IFN production. This concept is consistent with data 
in the literature showing that among low-molecu-
lar weight IFN inducers, the strongest are without 
exception cAMP PDE inhibitors. Analysis of all 
data on the effects of tilorone and other fluorenone 
derivatives, acridine derivatives (including 10-car-
boxymethyl-9-acridinone), aryl pyrimidinones and 
others shows that all these substances are inhibitors 
of cAMP PDE.
Dipyridamole’s effect and neoplasms

In connection with Inglot and colleague’s 
publications (Havlin et al., 1988; Groehlich et al., 
1988), investigations into the IFN response in ani-
mals with virus-induced neoplasms has to be men-
tioned. In mice with markedly developed lymphoma, 
a very low IFN level (16 IU/mL at maximum) was 
established in sera after oral administration of DP, in 
contrast to the very high titres in healthy animals (> 
2000 IU/mL). DP applied orally at a dose of 25 mg/
kg and 100 mg/kg did not induce IFN production in 
female mice (20 g body weight) with Rauscher lym-
phoma (Yakimov et al., unpublished data, 1984). In 
these experiments, the serum IFN was assayed in 
vitro in cultivated mouse peritoneal cells.

DP also does not induce marked IFN levels 
in chickens (average 40 g) or turkeys inoculated 
with E-26 erythroblastosis virus (T. L. Galabova et 
al., unpublished data, 1984). These data partially 
explain Havlin et al.’s (1988) finding of the lack 
of IFN production by DP in 43 humans, following 
oral administration of 150 mg in a single intake or 
887 mg intravenously. The great majority of peo-
ple included in this study, organized by the Polish 
researcher Anna Inglot (Wroclaw), were patients 
with neoplasms at different stages of cancer devel-
opment. It was found that DP enhances the antipro-
liferative effect of IFN in various human tumour 
cells (Suzuki et al., 2008).
Pharmacokinetics-dependence of dipyridamole-
induced IFN synthesis in humans

In parallel with the Havlin et al. (1988) study, 
the Polish co-authors in that study (Groehlich et al., 

1988) published their own results showing that DP 
did not induce IFN in 34 healthy adult volunteers, 
22 of whom received the compound orally at a sin-
gle dose of 150 mg, while the rest received it in-
travenously (10 mg). The IFN assay was done on 
the human lung carcinoma cell line A549. There 
is reason to consider the dose dependence of the 
DP-induced IFN production (Gurevich and Surki-
na, 2001): double administration of the drug in a to-
tal dose of 100 mg shows the IFN-induction effect 
(Galabov and Mastikova, 1984; Slepushkin and 
Fedorova, 2000), whereas no such action was ob-
served when DP was taken in a single dose of 100 
or 150 mg (Havlin et al., 1988; Tonew et al., 1990).

Establishing a pharmacokinetic model of the 
antiviral action of DP administered orally in hu-
mans resolved the contradiction. A twofold 50-mg 
dosage ensures the optimum IFN biosynthesis by 
providing for a nearly maximum cAMP accumu-
lation while being nontoxic; any further increase 
in the dosage may result in toxicity development 
(Gurevich and Surkina, 2001). A single administra-
tion of DP in a dose of 200-250 mg was reported 
to affect platelet aggregation and blood coagula-
tion behaviour (Lukyanov and Belousov, 1998). 
The studied pharmacokinetic model describing the 
dose-effect relationship for the antiviral activity of 
DP explained the features of the DP-induced IFN 
synthesis observed with the twofold (2 x 50 mg) 
peroral administration of the drug and the absence 
of such features in the case of a single-dose (100 
mg) administration of the same drug. Single admin-
istration of higher doses (as was done by Havlin et 
al., 1988) showed a markedly stronger effect - sup-
pression of IFN synthesis.

In addition to the in vitro IFN assay used in 
these studies - the protocol of IFN titre determina-
tion and the cell culture used could be of critical 
importance and would help explain the contradic-
tion in determining IFN productions. The method-
ology of IFN assay in our laboratory was described 
in Galabov and Mastikova (1982b).
Dipyridamole effect in lupus erythematosus

IFN levels were measured in serum samples 
from 22 patients with systemic lupus erythematosus 
(SLE) and 12 patients with discoid lupus erythema-
tosus (DLE) before and 24 h after DP administra-
tion. Initial serum concentrations of ɑ-IFN in SLE 
patients were markedly elevated. The percentage of 
DLE positive responders to DP induction was about 
twice as high as that found for SLE. IFN titres ob-
tained on human diploid lung fibroblasts were al-
most identical to those on primary calf kidney cells, 
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which were used in a parallel IFN assay (Konstan-
tinov et al., 1989). DP has been used as adjunctive 
therapy for DLE (Marcus et al., 2019).
Dipyridamole in common cold and chronic 
pulmonary diseases

After the initial data on DP’s inhibitory ef-
fect on rhino virus replication in vitro (Tonew et al., 
1978, Oehring and Schmidt, 1978), it was found 
that DP demonstrated a marked protective efficacy 
against natural colds, attaining 49-62% (Jefferson 
et al., 2004). Investigations were carried out on 35 
patients, aged 50-70 years, with chronic brochettes 
with pneumosclerosis, pleuritides, cor pulmonale, 
silicosis, and the like. Only 60% reacted with in-
creased IFN levels (vs. 80-90% of healthy volun-
teers). Mean geometrical titres showed only a 30-
fold increase of IFN levels in positively reacting 
patients (vs. a 130-to 200-fold increase in healthy 
volunteers) (Galabov et al., 1984b, 1987).
Dipyridamole in hepatology 

It was found that DP applied orally in 42 pa-
tients with chronic hepatitis B infection did not re-
sult in IFN production; in contrast, a lack of IFN 
response was found in only 10% of the 40 healthy 
participants. The IFN response was related to the 
extent of liver lesions in the group of HbsAg car-
riers. The number of patients with positive IFN 
response was significantly smaller in the group of 
active hepatitis and cirrhotic patients compared 
with the group of healthy HbsAg carriers (Maleev 
et al., 1985). It was established that DP suppresses 
hepatoma 3924A cells (Zhen et al., 1983).
Dipyridamole in ophthalmology

DP was used orally in the treatment of patients 
with epidemic keratoconjunctivitis. The treatment 
course on 102 patients (out of 120 in total) was 
based on data in the literature for markedly elevat-
ed blood levels of produced IFN and for the hypo-
reactivity period in DP-induced IFN synthesis (4–6 
days in humans). DP was applied at a dose of 100 
mg, divided into two intakes within two hours on 
two consecutive days and then one dose per week. 
The widely accepted symptomatic means were add-
ed in the treatment course (sulphamide drops local-
ly, resorcinоl compress, vitamin C and sandocten 
calcium). In all patients (except 5 in which the start 
of DP treatment was delayed by a week), a marked 
improvement was observed. In the keratitis stage, 
only a diffuse keratitis without subepithelial infil-
trates was seen. Moreover, no iridocyclitis was reg-
istered at all (Vassileva and Galabov, 1985).

Dipyridamole effects in dermatology
As mentioned above, a therapeutic effect 

of DP in patients with herpes simplex was found 
(Günther et al., 1977). The compound blocked the 
reactivation of thymidine kinase negative HSV 
(Tenser et al., 2001). In addition, DP potentiated the 
activity of various acyclic nucleoside phosphonates 
(antiviral agents with a broad spectrum of activity 
against retroviruses and DNA viruses) against her-
pes simplex virus, varicella-zoster virus and human 
cytomegalovirus (Snoeck et al., 1994). DP used in 
IFN-inducing doses in trials versus placebo pre-
vented the recurrences of condylomata acuminata 
after diathermocoagulation (Mancuso et al., 1995).
Dipyridamole in AIDS 

DP and 3’-azido-3’-deoxythymidine and oth-
er dideoxynucleosides act as synergists in AIDS 
therapy (Szebeni et al., 1989; Weinstein et al., 
1990, Arts and Hazuda, 2012).
Dipyridamole in COVID-19

DP is an appropriate antiplatelet drug. It has 
been found that a series of compounds are inhibi-
tors of the platelet cAMP PDE (Meanwell and Seil-
er, 1990). DP is one of the strong inhibitors (Paolo 
et al., 2011). DP possesses selective anti-inflamma-
tory properties, thus contributing to the secondary 
prevention of stroke. It inhibits inflammatory gene 
expression in platelet-monocyte aggregates (Wey-
rich et al., 2005).

This effect of DP is the main reason for this 
drug to be included in the combination therapy of 
the SARS-CoV-2 infection (COVID-19) (Liu et 
al., 2020; Rogosnitzky et al., 2020). Other effects, 
such as antiviral, anti-inflammatory and antioxi-
dant effects, have also been taken into account in 
the anti-COVID-19 field. DP’s antiviral effect in 
that connection was especially highlighted. Clini-
cal data has underlined that DP may substantially 
improve the clinical outcomes of COVID-19 treat-
ment. The pharmacokinetics profile of the drug is 
well established, which makes it easier to consider 
it an appropriate therapeutic course. DP is known 
as being generally safe, affordable and available 
worldwide. Despite the existing evidence showing 
its substantial promise in treating critically ill COV-
ID-19 patients, however, larger randomized and 
controlled trials (double-blind trials) are needed to 
confirm its potential (Aliter and Al-Horani, 2020). 
In fact, DP (oral dose of 100 mg tablet four times a 
day) is currently in phase 2 of a double-blind trial 
on 80 volunteers, sponsored by the University of 
Michigan (Knight, 2020). The results obtained per-
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mit to take in mind the possible effects of DP, not 
anti-aggregant only, in the treatment of COVID-19 
patients. 
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Abstract 

The study aimed to investigate the extent to which food handlers´ perceptions of food safety culture 
differs based on their demographic characteristics. A cross-sectional paper-based survey was conducted 
among food handlers in catering establishments in Slovenia. Data were collected using validated ques-
tion¬naires. Statistical analysis was performed using SPSS software. The factors of food safety culture 
with the highest assessed level of agreement were self-satisfaction and environment support, whereas work 
pressure and risk judgment exhibited the lowest level of agreement. There were statistically significant dif-
ferences between food handlers’ participation in food safety training courses entitled “Hygiene minimum” 
and food safety culture factors: management, communication and work pressure. An important statistically 
significant difference was observed between the number of years spent at the current workplace and the 
environ¬ment support. Those who attended the course entitled “Hygiene minimum“ show a higher level 
of agreement for the management factor (M = 5.79, SD = 0.81) compared with those who did not attend 
this kind of training (M = 5.41, SD = 0.72). The study highlighted the weaknesses of food safety culture 
in catering establishments and propose improvements in order to enhance food safe¬ty culture. We estab-
lished how demographic characteristics of the respondents affect the shaping of food safety culture. The 
questionnaire proved to be an effective tool in the assessment of food safety culture among food handlers 
in catering establishments in Slovenia. Our findings could assist food business operators in their efforts to 
develop strategies that will more effectively contribute to food safety culture.
Keywords: Food safety, Food safety culture, Food handler, Catering
Резюме
Целта на настоящата работа е да се установи до каква степен се различава формирането на култу-
рата за спазване на безопасност при храните на служителите, работещи в заведения за обществено 
хранене в Словения, въз основа на техните демографски характеристики. Проучването е проведено 
с валидирани въпросници. Статистическият анализ е извършен със софтуера SPSS. Факторите с 
най-висока оценка и съгласие за влиянието върху поведението на служителите/респондентите и фор-
мирането на тяхната култура за спазване на безопасност при храните са личните работни качества и 
добрата работна среда, работният натиск и оценката за риска показват най-ниско ниво на съгласие. 
Наблюдават се статистически значими разли¬ки между факторите при участие на служителите в 
курсове за обучение по безопасност на храните и факторите за формиране на култура за безопасност 
на храните при управление, комуникация и работен натиск. Наблюдава се статистически значима 
разлика в съотношението между броя години на настоящето работно място и добрата работна. По-
сетилите курса, показват по-високо ниво на съгласие за управленския фактор (M = 5.79, SD = 0.81) 
в сравнение с тези, които не са посещавали този вид обучение (M = 5.41, SD = 0.72). Изследването 
подчертава сла¬бостите на формиране на културата за безопас¬ност при храните в заведенията за 
обществено хранене, установява влиянието на демограф¬ските характеристики на служителите и 
предлага подобрения с цел нейното повишаване. Използваният въпросник е ефективен инструмент 
за оценка на степента на формиране на културата за безопасност на хра¬ните сред респон-дентите. 
Получените конста¬тации могат за разработване на стратегии, които по-ефективно да допринесат за 
формиране на култура за безопасност при храните.
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Introduction
Beyond traditional approaches based on 

training, food analysis and official inspections, 
there is a need to ensure a food safety culture (FSC) 
to improve food safety performance (Sarter and 
Sarter, 2012). As defined by Yiannas (2009), FSC 
is the way in which an organization or a group ap-
proaches food safety in thought and in behaviour. 
According to Powell et al. (2011), this means that 
operators: 1) know the risk associated with the food 
they produce; 2) know how it should be managed 
and effectively manage it; 3) promote a value sys-
tem that focuses on preventing illness. Griffith et 
al. (2010a; 2017) describe FSC as an emerging risk 
factor; it has been defined as “the aggregation of 
the prevailing relatively constant, learned, shared 
attitudes, values and beliefs contributing to the hy-
giene behaviours used within a particular food han-
dling environment”. As explained and summarized 
by De Boeck et al. (2017), the behaviour of all em-
ployees, regardless of their hierarchical position in 
the company, is believed to be influenced by the 
food safety climate prevailing in the company. 

However, recent studies have also highlighted 
the importance of food safety behaviour (e.g., deci-
sion making and execution of procedures) of em-
ployees working in food-processing companies. It 
is also important to distinguish between two related 
concepts: between food safety climate and FSC. De 
Boeck et al. (2015) presented a distinction between 
these two concepts. Food safety climate was con-
ceptualized as the perception of the individual em-
ployees regarding the food safety situation in their 
company, whereas FSC can be considered by all 
stakeholders in the business. FSC was then defined 
as the interplay of the food safety climate perceived 
by the employees and the managers of a company 
(so-called “human route”) and the context in which 
a company is operating, the currently implemented 
Food Safety Management System (FSMS), consist-
ing of control and assurance activities (so-called 
“techno-managerial route”). These two routes can 
be considered to be mechanisms driven by different 
variables, both believed to influence the (microbio-
logical) output (e.g., the safety and hygienic status 
of the final delivered or processed food products, 
production environment, and hands of the workers) 
(De Boeck et al., 2017). Griffith et al. (2017) ex-
plained that the type of FSC existing within a busi-
ness can explain why food handlers choose not to 
implement known food safety practices and why 
training, although important, may not change prac-
tices. Whilst studies on FSC remain in their relative 

infancy, attempts have been made to identify its un-
derlying structure (Griffith et al., 2010b). Yiannas 
(2009) states that if the food safety performance in 
the food supply chain is to be improved, the way 
people do things must be changed. Or, even sim-
pler, he states that food safety equals behaviour. 

However, recent interest has led to the devel-
opment of several tools (questionnaires, observa-
tional methods) to measure FSC in organizations 
(Griffith, 2006; Boeck et al., 2015). Some of them 
are developed from the perspective of regulators 
or through their own measurement systems in food 
companies (De Boeck et al., 2017), but commer-
cial measurement systems also exist (e.g., Camp-
den BRI/TSI). For example, Ungku Fatimah et al. 
(2014) present a model for determining the FSC 
with the help of a questionnaire, which includes 
nine areas: leadership, communication, self-com-
mitment, management system and style, environ-
ment support, teamwork, accountability, work pres-
sure, and risk perception. Nyarugwe et al. (2016) 
put forward a system-based model, in which the 
interdependence and relationships of all compo-
nents are studied, and hierarchies of subsystems 
are indicated. In line with De Boeck et al. (2015), 
Nyarugwe et al. (2016), stress the importance of 
measuring both FCS elements and actual food safe-
ty performance to obtain a picture of the FSC in the 
organization as a whole.

De Boeck et al. (2017) extended the exist-
ing FSC model, introducing new variables and re-
lationships which establish the individual human 
route. In their study, model safety behaviour is 
considered twofold: on the one hand “safety com-
pliance” is considered, being the execution of the 
obligated safety related activities (e.g., following 
procedures and the use of protective clothing), on 
the other hand “safety participation” is proposed, 
being the execution of voluntary safety related ac-
tivities (e.g., assisting colleagues to make sure they 
can work in a safe manner). In their research, Nay-
ak and Waterson (2017) established that stakehold-
ers valued the importance of FSC and were aware 
of the risks of degradation in FSC even in “ma-
ture” organizations. They understood the benefits 
of assessing FSC in food businesses and had vari-
ous thoughts on the type of the factors that were to 
be measured and how to measure them. Assessing 
FSC in one guise or another can be useful as it pro-
vides valuable insights when used appropriately. 

FSC is complex, with many interlinking fac-
tors at play. The analysis of FSC literature showed 
that FSC researchers emphasized the importance 
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of food handlers’ knowledge and behaviour at all 
levels in the food supply chain and management 
system. The knowledge, attitude, and behaviour 
of food handlers are recognized as especially im-
portant in the application of knowledge and can 
greatly influence individuals’ behaviour and prac-
tice (Griffith and Clayton, 2005). As reported by 
others, inappropriate handling practices can cause 
food contamination and foodborne diseases (FBD) 
consequently, impairing the health of consumers 
(Zanin et al., 2017). Pichler et al. (2014) demon-
strate a limited level of knowledge among food 
handlers in the catering industry concerning the 
optimal temperatures for cooking, holding, and 
storing foods. When performing catering activi-
ties, there is often a situation when people without 
proper education and training come into contact 
with food. In the past, Slovenia abandoned spe-
cial educational conditions valid for performing 
food hygiene education (“hygiene minimum”) for 
food handlers. The “hygiene minimum” education, 
which was mandatory for food handlers in Slove-
nia before their commencement of work and had 
to be renewed every five years for the workplaces 
where food handlers came into contact with food, 
was also abolished (Čebular et al., 2014). Europe-
an (EU) legislation in the field of food safety pro-
vides that the food business operator has to ensure 
food safety (Regulation (EC) No. 852/2004 and 
Regulation (EC) No. 178/2002). According to the 
requirements of the mentioned EU legislation, the 
food business operator or their responsible persons 
themselves should train their employees according 
to food hygiene principles. Čebular et al. (2014) 
found that fewer food business operators are con-
cerned about education and training continually, 
as their main goal is to reduce costs. The level of 
knowledge depends on the formal education of 
food handlers (Čebular et al., 2014), which was 
also confirmed by Ovca et al. (2018) and Jevšnik 
et al. (2008). In the last Slovenian research Jevšnik 
et al. (2018) estimated that 5.8% respondents who 
work in catering establishments have never attend-
ed food safety training courses. As established by 
Clayton et al. (2002) food handlers may attend 
food safety training, but knowledge does not nec-
essarily lead to changes in food handlers’ hygiene 
behaviour.

Nyarugwe et al. (2016) emphasize that ma-
jor elements to be considered in a FSC research 
include organizational and administrative charac-
teristics (i.e. food safety vision, communication, 
commitment, leadership, training), technical fa-

cilities/resources (i.e. food hygiene/safety tools, 
equipment, & facilities), employee characteristics 
(i.e. attitudes, knowledge, perceptions and risk 
awareness), group characteristics, crucial Food 
Safety Management System (FSMS) characteris-
tics, and actual food safety performance. Yiannas 
(2008) argues that there should be a move away 
from traditional food safety management systems 
with a focus on process, food science and a sim-
plistic view of food handler behaviour to the ones 
that incorporate people as well as processes, be-
havioural science and the belief that behavioural 
change is complex and not based on mere provi-
sion of factual information.

The current study used the Ungku Fatimah 
(2013) questionnaire, designed and validated 
specifically for on-site food services and captured 
the multidimensional aspect of FSC. The aim of 
the study was to determine the extent to which 
employees’ perceptions of FSC differed based 
on demographic variables. We estimate that food 
handlers’ gender, age and the number of years at the 
current workplace do not influence the way FSC is 
formed. We assume that food safety training called 
“Hygiene minimum”, experiences and education 
of respondents influence the FSC formation. 
Materials and Methods
Study design

The research study was conducted from No-
vember 2017 until June 2018. A cross-sectional 
study that was carried out included employees in 
catering establishments in Slovenian territory. To 
collect data, we used a translated validated sur-
vey questionnaire derived from the Ungku Fati-
mah (2013) study, with some updates. Results of 
this study provide additional piece of evidence for 
better understanding of the FSC elements related 
to demographical characteristic of food handlers in 
Slovenian catering facilities.
Study sample

The respondent sample was formed according 
to the Slovenian catering establishments database, 
held by the Tourism and Catering Section within the 
Chamber of Craft and Small Business of Slovenia. 
We personally distributed survey questionnaires to 
heads of catering establishments or sent them to ad-
dresses of their owners in Slovenia. In the cover 
letter and in an advance telephone call the heads 
were asked to distribute questionnaires among the 
employees who handle food in their establishments. 
They were also asked to collect completed ques-
tionnaires and return them to us via postal service, 
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therefore an envelope with our address and a stamp 
were attached to our cover letter. The cover letter 
presented the purpose and goals of the study and 
the ways it could benefit catering establishments. 
We handed out or sent 608 questionnaires in total. 
Out of 202 returned questionnaires, 158 were ful-
ly completed and thus included into statistical data 
processing.
Research instrument

A standardized survey questionnaire was 
used (Ungku Fatimah, 2013), somewhat expanded, 
translated from English into Slovenian language 
and adapted to our environment by the authors of 
this research. A few statements typical of our en-
vironment that did not appear in the original ques-
tionnaire were added to individual FSC factors. The 
questionnaire was tested among the employees in 
catering and among experts in food sector. It con-
sisted of 48 close-ended questions, distributed into 
six FSC factors, and of demographic questions. 
Respondents answered using a seven-point Likert 
scale (1: Strongly Disagree, 2: Disagree, 3: Some-
what Disagree, 4: Neither Agree nor Disagree, 5: 
Somewhat Agree, 6: Agree, 7: Strongly Agree).

The first part of the questionnaire included 
questions regarding an employee’s perception of 
FSC elements (management and coworker support, 
communication, self-commitment, environment 
support, work pressure, risk judgment) in the cater-
ing establishment where they work. Its second part 
included demographic data of respondents (gender, 
age group, years of food-service experience, time 
worked at current operation and, participation in 
food safety training - Hygiene minimum), with the 
intention to determine their influence on FSC for-
mation. 
Data analysis

The data was evaluated and analysed us-
ing the Statistic Program for the Social Sciences 
(SPSS, Version 22.0, Chicago, IL, 2006). Descrip-
tive statistics including mean, standard deviation, 
frequency, and percentage were used to summarize 
the data. Mean comparison analysis (i.e., independ-
ent t-tests and one-way ANOVA) were conducted 
to examine significant differences in perceptions of 
FSC based on respondents’ demographic.
Results and Discussion
Respondents’ demographic characteristics

A total of 158 (3.84% response rate) complet-
ed questionnaires were returned from respondents 
in catering establishments (Table 1). Profiles of re-
spondents are presented in Table 2. 

The majority (68%) of the respondents were 
female. Most respondents’ maternal language 
(89.2%) was Slovenian. More than half (53.2%) 
of respondents were between 30 and 49 years old, 
whereas less than 18.3% were between 18 and 29 
years old. Respondents were considered experi-
enced employees with 32.9% of them reporting 
having worked at least 10 years in the catering es-
tablishment and 64.5% indicating they had stayed 
at least 10 years in the current operation. Most re-
spondents had received “Hygiene minimum” food 
hygiene training, which was obligatory in Slovenia 
until 2004. 44.9% of respondents had finished a sec-
ondary professional school, cook or waiter course, 
others a secondary or grammar school. A smaller 
share (26.6%) of respondents finished either prima-
ry school or university.
Influence of food safety culture factors among food 
handlers 

Forty-eight items related to determining FSC 
were grouped into 6 factors: management and cow-
orker support (18 items), communication (8 items), 
self-commitment (5 items), environment support 
(4 items), work pressure (5 items), risk judgment 
(8 items). Respondents answered using the sev-
en-point Likert scale. 

Factor management and coworker support 
refer to the impact of behaviour/attitude of man-
agement toward their employees, compliance with 
work rules and food safety procedures, the impact 
of trainings on employees, worker cooperation and 
the general impact of the management style on 
proper food handling in the establishment. It was 
established that on average respondents answered 
questions of the first set with scores between 5 and 
6 (Table 1). In their view, participation in educa-
tion courses, adherence to work rules and work pro-
cesses are useful in food handling. Their managers 
act in accordance with rules, manage and lead to-
wards food safety assurance. Respondents some-
what agree that workers cooperate and support 
each other, which ensures a higher FSC level. Most 
respondents were neutral regarding the statement: 
“My performance of food safety requirements is 
included in my annual assessment”. In compari-
son to other results based on answered questions, 
the same question has a higher standard deviation, 
which indicates greater differences in respondents’ 
answers. If an employee’s better annual assessment 
is a precondition for a higher salary or some oth-
ers benefits, managers could include the perceived 
proper food handling in the annual assessment. Em-
ployees would be motivated and consequently the 
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Table 1. Mean agreement scores for food safety culture factors as perceived by food handlers in catering 
establishments (n = 158)

Factor and items M SD Variance
Factor 1: Management and coworker support (18)

Employees remind each other about following food safety practices. 6.04 1.01 1.02
Education courses on food safety organized by our management, are useful for our 
work. 5.97 1.11 1.24

When lots of work needs to be done quickly, employees work together as a team to 
get the tasks completed safely. 5.90 1.19 1.42

My manager acts in compliance with food safety rules. 5.91 1.19 1.42

My manager always watches to see if employees are practising safe food handling. 5.72 1.28 1.63

My performance of food safety requirements is included in my annual assessment. 4.85 1.71 2.92

My manager kindly warns me against improper food handling. 5.61 1.32 1.76
New employees and experienced employees work together to ensure food safety 
practices are in place. 5.84 1.15 1.32

There is good cooperation among departments to ensure that customers receive 
safely prepared food. 5.77 1.08 1.17

My coworkers are always supportive of each other regarding food safety. 5.77 1.03 1.06
Managers’ measures show that providing safe food to consumers is the main priori-
ty. 5.66 1.17 1.36

Management enforces food safety rules consistently with all employees. 5.85 1.09 1.20
Management inspires me to follow safe food handling practices. 5.59 1.22 1.50
Management applies all food safety rules. 5.88 1.11 1.24
Management provides adequate trainings to strengthen best practices regarding 
food safety. 5.65 1.27 1.60

Employees remind each other about following food safety practices. 5.87 1.03 1.06

Employees are disciplined or reprimanded when they fail to follow food safety practices. 5.72 1.09 1.18
Employees are rewarded if food safety best practices are followed. 4.35 1.74 3.05

Factor 2: Communication (8)
When my coworkers remind me of a fault I have done at my work, I thank them. 5.85 1.07 1.14

I can freely speak up if I see something that may affect food safety. 6.22 0.95 0.91

My manager generally gives appropriate instructions on safe food handling. 5.71 1.22 1.49

I am encouraged to provide suggestions for improving food safety practices. 5.69 1.28 1.63

Management provides adequate and timely information about current food safety rules and 
regulation.

5.68 1.32 1.74

All of the necessary information for handling food safety is readily available to my area. 5.64 1.16 1.35
All managers give consistent information about food safety. 5.64 1.33 1.77
Customers expect employees to handle food in compliance with food safety best practices. 5.99 1.06 1.13

Factor 3: Self-commitment (5)

I keep my work area clean because I do not like clutter. 6.40 0.91 0.83
I follow food safety rules because it is my responsibility to do so. 6.27 1.01 1.02
I follow food safety rules because I think they are important. 6.23 1.02 1.04
I am committed to following all food safety rules. 6.17 0.97 0.94
Food safety is a hight priority to me. 6.05 1.14 1.31
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level of food safety would be higher. Differences 
also appear in the reward system for respondents 
who follow good food safety practices. On average, 
respondents’ view is neutral and standard deviation 
is higher. This means that only certain catering es-
tablishments in Slovenia have established a reward 
system for cases of adequate performance of food 
handling procedures to ensure food safety. 

With communication factor we wanted to 
find out the extent and the way the communication 
takes place among workers, and its impact on ade-
quate food safety. On average, as evident in Table 
1, respondents somewhat agreed with statements, 
since average scores referred to communication in 
a catering facility were between 5 and 6 (average  
SD = 1.5). Minimum standard deviation and the 
highest agreement of respondents is shown in the 
statement: “I can freely speak up if I see something 
that may affect food safety”. Considering the an-
alysed results among workers in catering estab-
lishments, the communication between workers 
and the management is successful, thus ensuring a  

higher FSC level. 
Self-commitment is the factor, used to estab-

lish the impact of a worker on food safety in catering, 
based on the diligence and the application of food 
safety rules. It was established that respondents in 
their own view follow food safety rules, since they 
believe in their significance and are aware of the 
consequences if they are not respected. According 
to respondents, food safety is the main priority in 
a catering establishment. Self-satisfaction had the 
highest level of agreement (M > 6, SD < 1) if com-
pared to other FSC factors.

Environment support is the factor for us to 
establish the correlation between the work environ-
ment where a food handler works and food safety. 
Factor environment support includes the provision 
of proper work equipment in a catering establish-
ment and its calibration and maintenance. Survey 
results show little deviation in respondents’ an-
swers. In their opinion they mostly dispose with 
proper work equipment which is regularly main-
tained and calibrated.

Factor and items M SD Variance
Factor 4: Environment support (4)

Equipment items needed to prepare food safely are readily available and accessible. 6.02 0.99 0.97
Adequate supplies are readily available to perform safe food handling practices. 6.14 0.98 0.96
Facilities are of adequate quality to follow safe food handling practices. 6.10 1.09 1.20
I am provided with quality supplies that make it easy for me to follow safe food handling 
practices.

5.97 1.05 1.09

Factor 5: Work pressure (5)
I can leave my workplace when necessary, without being punished for that. 4.65 1.74 3.02

My work load does not interfere with my ability to follow safe food handling practices. 5.02 1.46 2.15

Breaks and my bodily needs are normally taken care of during working hours. 5.37 1.53 2.35
The number of stuff scheduled at each shift is adequate for me to get my work done and 
handle food safely. 4.84 1.67 2.77

I always have enough time to follow safe food handling procedures, even during rush hours. 5.11 1.54 2.36
Factor 6: Risk judgment (8)

Inspections help manage the food safety system. 5.49 1.53 2.34

When there is a pressure to finish food production, managers sometimes tell us to work 
faster by taking shortcuts with food safety.

3.44 1.91 3.66

I believe that written food safety policies and procedures are nothing more than a cover-up 
in case there is a lawsuit. 3.56 2.07 4.27

I warn my manager of mistakes made by my coworker, for which I am rewarded. 3.85 1.93 3.72
Safety measures are carried out without compromises when they apply to safe food handling. 5.61 1.25 1.56
I am sometimes asked to cut corners with food safety so we can save costs when preparing 
food. 2.92 1.73 3.00

Management has a clear picture of risks connected to inadequate food handling. 5.68 1.18 1.39

Management refuses to accept the smallest risk regarding food safety. 5.32 1.67 2.78

Legend: M-mean; SD-standard deviation
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Bigger differences among answers appeared 
in work pressure factor, where the mean values 
turn around 5. On average the respondents’ opin-
ion is neutral regarding instances of leaving their 
workplace when necessary, without being punished 
(M = 4.65, SD = 1.74). Our findings point at dif-
ferences in the opinions of participants regarding 
penalties for justified abandoning the workplace 
among some catering establishments. Respondents 
were neutral regarding the statement: “The number 
of stuff scheduled at each shift is adequate for me 
to get my work done and handle food safety” (M 
= 4.84, SD = 1.66), which means that respondents 
probably not always dispose with everything nec-
essary for work. The FSC factors with the highest 
scored level of agreement were self-commitment 
and environment support, and the lowest levels of 
agreement were work pressure and risk judgment. 

The largest deviations among respondents 
are observed in questions describing risk judgment 
factor. The largest dispersion in answers appeared 
at the statement: “I believe that written food safe-
ty policies and procedures are nothing more than a 
cover-up in case there is a lawsuit.” (M = 3.56, SD 
= 2.07). On average, respondents disagree with the 
statement, however, SD indicates a higher disper-
sion among answers. The statement: “I am some-
times asked to cut corners with food safety so we 
can save costs when preparing food.” (M = 2.92, 
SD = 1.7) reveals that employees may face this type 
of decisions which is not indicative of a high level 
of FSC.
The influence of demographic characteristic on 
perceptions of food safety culture

Table 2 exhibits results according to FSC 
factors in comparison to demographic character-
istics of respondents (gender, age group, years of 
food-service experience, time worked at current 
operation, and participation in food safety train-
ing “Hygiene minimum”). Result analysis showed 
statistically significant differences between partici-
pation in “Hygiene minimum” training on the one 
hand, and management, communication and work 
pressure FSC factors on the other. Important statis-
tically significant difference showed in the correla-
tion between time worked at the current workplace 
and FSC factor environment support. Participants in 
“Hygiene minimum” training have a higher level of 
agreement in FSC factor – management (M = 5.79, 
SD = 0.81) in comparison with nonparticipants in 
these trainings (M = 5.41, SD = 0.72). This finding 
supports the importance of food safety training as 
promoting a higher FSC level. Respondents who 

participated in “Hygiene minimum” training, show 
higher agreement regarding the communication 
in a catering establishment factor (M = 5.86, SD 
= 0.89), compared with nonparticipants in such a 
training (M = 5.57, SD = 0.82). 

Management is a FSC factor, including an 
employee’s personal perception of the relevance 
of training, control and commitment to the work 
of their managers (Singla et al., 2006). Results in-
dicate that workers in catering establishments find 
food safety important; they wish to and must re-
spect the rules and procedures they have shaped 
to prevent risks. Respondents’ opinion is that their 
managers operate in compliance with food safety 
rules and carry out control over other workers. In 
their opinion, the managers consistently introduce 
new rules for proper work procedures which ensure 
food safety and inspire their employees to adopt 
them. In case of increased workload, workers sup-
port each other and cooperate, which indicates that 
a positive FSC is forming. 

Relationships and beliefs within FSC depend 
above all on leadership and motivation, the way of 
communicating on food safety and on the building 
of trust towards the management staff (Neal et al., 
2012). Workers are often reminded in case they ne-
glect good food safety practices; however, they are 
not always rewarded when they follow them. This 
can present a risk to safe food handling, since the 
employees’ motivation to carry out good hygiene 
practice (GHP) diminishes. Thus it can be recom-
mended that catering establishments introduce a re-
ward system for exemplary following GHP by an 
individual who would then be more motivated and 
ready to follow the rules of the managers. The re-
ward system would also improve relationships and 
communication between employees and manage-
ment. Unkgu Zainal Abidin et al. (2014) discovered 
employees’ belief that their managers regularly in-
troduce new rules and procedures aiming to im-
prove food safety. Moreover, their results show that 
employees listen to each other, communicate and 
cooperate to ensure safe food for consumers.

Even bigger differences in the level of agree-
ment appeared in work pressure factor in corre-
lation with participation in “Hygiene minimum” 
training. A higher level of agreement was evident 
in those who attended “Hygiene minimum” (M = 
5.17, SD = 1.16), if compared to those who did not 
attend it (M = 4.64, SD = 1.13). Differences also 
appeared between the environment support factor 
and the demographic variable the number of years 
at the current workplace. It was established that re-
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spondents who agree the most in environment sup-
port factor, have worked from 6 to 10 years at the 
current workplace (M = 6.18, SD = 0.83), while the 
least agreement is in those who have worked from 
10 to 20 years at the current workplace (M = 5.93, 
SD = 0.83). 

Referring to result analysis, it was established 
that demographic variables competence in food 
safety and the number of years at the current work-
place or time worked in current operation showed 
significant differences in the agreement level in re-
lation to FSC elements (management and coworker 
support, communication, work pressure and envi-
ronment support). Food safety training and time 
worked or respondents’ experiences are the demo-
graphic characteristics that impact food safety. In 
our study, demographic variables gender and age 
have no impact on FSC formation.
Discussion

Management and coworker support, commu-
nication, self- commitment, environment support, 
work pressure and risk judgment are six factors 
used to describe FSC in the catering establishments 
that were ready to participate in the first research 
of this type in Slovenia. Data analysis indicated 
that communication, environment support, man-
agement and coworker support, and self-commit-
ment have a significant role in forming FSC (Table 
2) in the analysed establishments. Management is 
a FSC element, involving an employee’s personal 
perception of the relevance of training, control and 
commitment to the work of their managers (Singla 
et al., 2006). Results indicate that workers in cater-
ing establishments find food safety important; they 
wish to and must respect the rules and procedures 
they have shaped to prevent risks. Respondents’ 
opinion is that their managers operate in compli-
ance with food safety rules and carry out control 
over other workers. In their opinion, the managers 
consistently introduce new rules for proper work 
procedures which ensure food safety and inspire 
their employees to adopt them. In case of increased 
workload, workers support each other and cooper-
ate, which indicates that a positive FSC is forming. 
Workers are often reminded in case they neglect 
good food safety practices; however, they are not 
always rewarded when they follow them. This can 
present a risk to safe food handling, since the mo-
tivation to carry out proper food safety procedures 
among employees diminishes. We recommend that 
catering establishments establish a reward system 
for their employees in case of exemplary respect 
of these rules, since this would motivate food han-

dlers to comply with the rules of their managers. 
A reward system would improve relationships and 
communication between employees and the man-
agement. The study by Ungku Fatimah et al. (2014) 
reveals employees’ opinions that managers consist-
ently implement new rules and procedures aiming 
to improve food safety. Moreover, they established 
that employees listen to each other, communicate 
and cooperate to ensure safe food for consumers 
(Ungku Fatimah et al., 2014). Relationships and 
beliefs within FSC depend above all on leadership 
and motivation, the way of communicating on the 
issue of food safety and on the building of trust to-
wards the management staff (Neal et al., 2012). 

A lower level of agreement in comparison to 
other measured levels of agreement was established 
for the statement defining the management factor, 
namely the statement: “My performance of food 
safety requirements is a part of my annual assess-
ment”. If an employee’s improved annual assess-
ment in a catering establishment is a precondition 
for a higher salary or some other benefit, the man-
agers could include the perceived proper food han-
dling into their annual work assessment. Employ-
ees would be motivated and consequently the level 
of food safety would be higher. Recognition of the 
work well done satisfaction at work and remunera-
tion are the best incentives for improving work per-
formance (Denny, 1993).

FSC factors with the highest rated level of 
agreement were self-satisfaction and environment, 
while work and risks were the lowest in agreement. 
In the research by Ungku Fatimah (2013), it became 
evident that self-satisfaction and environment were 
also the elements with the highest level of agree-
ment, while risk judgment and management, and 
coworker support scored the lowest.

In the study, it was discovered that sub-groups 
formed within FSC, as established also by Ungku 
Fatimah et al. (2014). In our case this signifies re-
vealed differences in respondents’ answers in ref-
erence to completed food safety training “Hygiene 
minimum” and the number of years at the current 
working place or the time worked in operation (Ta-
ble 2). Results show that workers who attended 
“Hygiene minimum” training show a higher rate of 
agreement in management element in comparison 
to those who did not attend it. In Slovenia, “Hygiene 
minimum” training was mandatory until 2004; it 
consisted of food hygiene contents and ended with 
an exam in front of an expert commission (Čebular 
et al., 2014). This training and employees’ knowl-
edge on food safety proved to be highly successful 
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(Jevšnik et al., 2018). The same was confirmed in 
elements communication and work pressure, where 
a higher agreement rate was expressed by respond-
ents with completed “Hygiene minimum” training. 
In daily practice, most of the critical points depend 
on a particular person at a particular place. If we 
do not perform adequate training and appropriate 
education within human resources, we cannot ex-
pect to have professionals with highly developed 
skills or high knowledge; this makes the control 
and documentation of food handlers by human re-
source management relevant (Jevšnik et al., 2006; 
Jevšnik et al., 2008c; Ovca et al., 2018). The effec-
tiveness of training depends on the food handlers’ 
tasks. Food handlers might be too busy or might 
not have the opportunity to wash their hands effec-
tively enough. The current study results illustrate 
that knowledge alone is not sufficient to affect hand 
washing behaviour, and that food handlers need 
behaviour-based motivation (Yu et al., 2017). The 
food establishments should consider alternative 
methods for increasing hygiene compliance, based 
on habitual motivation rather than traditional meth-
ods (Pellegrino et al., 2015).

Those who have worked at the current work-
place up to 5 years and from 6 to 10 years more of-
ten agree with statements forming the element En-
vironment support than the older respondent groups 
(from 10 to 20 years, above 20 years). In terms of 
demographic characteristics of employees, the Un-
gku Fatimah (2013) research revealed differences 
in variables: participation in trainings, number of 
years at the current workplace, gender and age. 
Comparing the results of our and Ungku Fatimah 
(2013) studies, some common characteristics were 
discovered. In both researches the workers with 
trainings in food safety, scored the factors, such as 
management, communication and work pressure at 
a higher agreement level than those without such 
trainings. Both studies thus confirm the existence 
of subgroups within FSC based on the demographic 
characteristics of employees. Referring to the infor-
mation obtained about FSC subgroups, the manage-
ment can improve food safety in the catering estab-
lishment. In this way, a manager can for example 
recognize subgroups and adapt training methods 
to employees’ age, gender, language, literacy lev-
el, and consequently reduces the risk of foodborne 
infection outbreaks/poisonings (Ellis et al., 2010).
Conclusion

Our research highlighted elements indicative 
of positive FSC (self-commitment and environment 
support), and elements that present a food safety 

risk (work pressure and risk judgment). The data 
analysis highlighted the existence of subgroups 
(respondents with completed “Hygiene minimum” 
training and respondents as to the number of years 
worked in a catering establishment in Slovenia), 
that had formed within FSC. Based on these sub-
groups, managers (heads of establishments) could 
carry out measures necessary to improve food 
safety and thus prevent potential risks. We estab-
lished that food safety training and time worked or 
respondents’ experiences are demographic charac-
teristics with an impact on food safety. In our study 
however, the demographic variables of gender and 
age had no impact on FSC formation.

Food safety training and individual aware-
ness are the most important tools for food safety 
assurance; therefore, every food handler requires a 
complex and individual management. The human 
factor must be discussed equally amongst all the 
other risk factors. For food safety, it is essential that 
every person in the food supply chain understands 
and fulfils their responsibilities and relies upon the 
previous and the next step in the chain. 

Heads of food handling facilities have to 
decide whether they wish to establish strong food 
safety culture. With this aim, they have to use vari-
ous tools to increase competence, motivation, sense 
of belonging and awareness on the importance of 
food safety for the final consumer. It is important 
for the management to see food safety as a value, 
then it will become a value to all the other employ-
ees as well.
Research limitation

We distributed 608 survey questionnaires 
across 12 statistical regions in Slovenia. Only 158 
survey questionnaires from seven statistical re-
gions could be used in the research. Others gave 
no response to our invitation to participate in the 
research. Our view is that Slovenian Chamber of 
Craft, Tourism and Catering Section should devel-
op better approaches for both trainings and educa-
tion of food handlers and for motivation of people 
employed in catering in order to respond when in-
vited to participate in various studies that have a 
broader public health significance. 

Even with anonymity assured, in a research 
with a survey there is a possibility that respondents’ 
answers are not totally realistic because of their 
fear of degradation or losing their workplace, since 
they know that in the end questionnaires are col-
lected and forwarded by their managers. In spite of 
highlighted limitations of the research, our use of 
validated survey questionnaire authored by Ungku 
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Fatimah (2013) gave us an insight into the FSC that 
has formed within catering establishments in Slo-
venia.
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Introduction
Lactic acid bacteria (LAB) are among the 

most important microorganisms that play a major 
role in many food and feed fermentations. They are 
widespread in nature and occur naturally as indig-
enous microflora in raw milk (Singh and Sharma, 
2009; Othman et al., 2017). Their biodiversity is 
considered a fundamental factor for the features and 
quality of dairy products. Traditional products fer-
mented under domestic conditions, prepared from 

cow, sheep, goat and buffalo milk, such as cheese, 
curd, katyk, and yellow cheese are still a very im-
portant part of the daily diet in Bulgaria (Tserovs-
ka et al., 2002; Nemska et al., 2016). These prod-
ucts have more intense flavour than those made 
from pasteurised milk, mainly due to the presence 
of non-starter lactic acid bacteria (NSLAB) origi-
nating from raw milk (Franciosi et al., 2009). The 
use of industrial starters improves the technologi-
cal quality of dairy products, but at the same time 
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Abstract

Lactic acid bacteria are widespread in nature and occur naturally as indigenous microflora in raw 
milk. Considering that buffalo milk is an excellent medium for the growth of a large variety of lactic acid 
bacteria, the aim of this study was the isolation of Lactobacillus spp. strains from raw buffalo milk orig-
inating from different areas and their species identification, using Amplified Ribosomal DNA Restriction 
Analysis (ARDRA) and a set of five reference strains of the most frequently isolated Lactobacillus species. 
From the analysis of the patterns generated after treatment with HaeIII it was found that 24 (88.8%) of the 
isolates had profiles that matched the reference 16S rDNA of Lactobacillus casei. The restriction profiles of 
the remaining three isolates (12.2%) did not match any of the reference strains and they were identified by 
API 50 CHL as Lactobacillus fermentum. This indicates that L. casei is highly adaptive and dominates in 
raw buffalo milk regardless of the climatic conditions and the method of raising animals.
Keywords: Lactobacillus casei, Lactobacillus fermentum, identification, ARDRA, API.
Резюме

Млечнокиселите бактерии са широко разпространени в природата и се срещат естествено като 
автохтонна микрофлора в суровото мляко. Като се има предвид, че биволското мляко е отлична среда 
за растежа на голямо разнообразие от млечнокисели бактерии, целта на това проучване е изолирането 
на щамове от род Lactobacillus от сурово биволско мляко, произхождщо от различни райони и 
тяхната видова идентификация, с помощта на амплифициращ рибозомна ДНК рестрикционен 
анализ (ARDRA) и набор от пет референтни щама на най-често изолираните видове Lactobacillus 
spp. От анализа на моделите, генерирани след третиране с Hae III, беше установено, че 24 (88.8%) 
от изолатите са с профили, които съответстват на референтната 16S рДНК на Lactobacillus casei. 
Рестрикционните профили на останалите три изолата (12.2%) не съответстват на нито един от 
референтните щамове и те бяха идентифицирани чрез API 50 CHL като Lactobacillus fermentum. 
Получените резултати разкриват, че L. casei е силно адаптивен и доминира в суровото биволско 
мляко, независимо от климатичните условия и метода на отглеждане на животни.
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limits their biodiversity as well as the organoleptic 
variation of the end products (Zamfir et al., 2006; 
Zhong et al., 2016). For these reasons, a cognitive 
survey on biodiversity of raw milk LAB, which 
could include interesting LAB with specific func-
tional properties, deserves deeper attention. In this 
respect, buffalo milk has become a research sub-
ject throughout the world due to its richer nutrient 
content compared to other milk (Naydenova and 
Dimitrov, 2003; Gürler et al., 2013). 

Buffalo milk is an excellent medium for the 
growth of a large variety of bacteria, including 
LAB, which makes it especially interesting in the 
search for potential starter microorganisms from 
the pool of wild LAB strains recoverable from raw 
milk (Boycheva et al., 2002; Wouters et al., 2002; 
Melia et al., 2018). During the last decade, the use 
of PCR-based molecular markers revealing biodi-
versity at the DNA level has been playing an in-
creasing part in genetics analysis (Hristova et al., 
2012; Hristova, 2015). However, there is a lack of 
data on LAB biodiversity in raw buffalo milk pro-
duced in Bulgaria, especially lactobacilli. With this 
in mind, the aim of this study was the isolation of 
Lactobacillus spp. strains from raw buffalo milk 
originating from different areas and their species 
identification, using Amplified Ribosomal DNA 
Restriction Analysis (ARDRA) and a set of five 
reference strains of the most frequently isolated 
Lactobacillus species.
Materials and Methods
Samples

In this study, eight raw buffalo milk sam-
ples from small farms located in different villages 
in Trakia valley region of Bulgaria (Кovachevo, 
Тopoliane, Pshenichevo, Mladovo, Sadievo, 
Lozen, Voden and one sample from the town of Ka-
zanlak) were analysed. The samples were collected 
according to EN ISO 707:2008 from milk batches 
during the milking period October-November.
Reference strains

The following reference strains were includ-
ed in this study: Lactobacillus helveticus DSM 
20075; L. plantarum DSM 20174; L. casei DSM 
20011; L. delbrueckii ssp. bulgaricus DSM 20081 
and L. delbrueckii ssp. lactis DSM 20072.
Isolation and identification of Lactobacillus spp. 
strains

One milliliter of each sample was homoge-
nized in 9 ml of sterile saline (0.85% NaCl, w/v), 
supplemented with peptone (0.1%, w/v; Oxoid®, 
UK) and then serial dilutions from homogenates 
were prepared. One ml aliquot of the 10-4, 10-5, 10-6,  

and 10-7 dilutions were pour-plated in MRS agar 
(Oxoid®, UK) for isolation of Lactobacillus strains 
(each sample was plated in duplicate). After in-
cubation at 37°C for 48 h, the morphology of the 
cells was observed by light microscopy after Gram 
staining. The strains were tested for the absence 
of catalase by direct application of 3% H2O2 to the 
colonies. The Gram-positive and catalase-negative 
rods were streaked three times on MRS agar (Ox-
oid®, UK) in order to obtain pure cultures. The bac-
terial isolates that were judged to be Lacobacillus 
spp. on the basis of the test results were further 
classified by using ARDRA technique.
DNA extraction

For DNA studies, the Lactobacillus isolates 
were grown in MRS broth for 18 h at 370 C, and the 
genomic DNA was isolated using Genomic DNA 
Purification Kit (Fermentas), following the manu-
facturer’s instructions.
Genotypic identification

DNA from the reference strains and isolates 
was used as a template for PCR amplification us-
ing universal primers corresponding to the 5’-end 
fD1 (5’-AGAGTTTGATCCTGGCTCAG-3’) and 
3’-end rD1 (5’-TAAGGAGGTGATCCAGGC-3’) 
of the 16S rRNA gene (Weisburg et al., 1991). The 
PCR product from 16S rDNA amplification was 
digested with endonucleases EcoRІ and HaeIII 
(NZYTech, Portugal). The restriction fragments 
were separated electrophoretically in 2% agarose 
gel (Cleaver Scientific Ltd, Hungary) and visual-
ized by staining with ethidium bromide. Restric-
tion patterns identical to the references led to the 
identification of the corresponding species
Phenotypic identification

Phenotype identification of three isolates 
with different restriction profiles was carried out 
according to the instructions for use of API 50 
CHL (API 50CH Strip and API 50 CHL Medium, 
bioMerieux). APIwebTM identification software 
was used.
Results and Discussion

Twenty seven pure cultures of rod-shaped 
bacteria were isolated from the collected samples 
of raw buffalo milk (Table 1). The PCR amplified 
products of the 16S rDNA region of all studied 
bacteria showed the same size as the reference 
strains (Fig. 1). The PCR products contained ap-
proximately 1500 bp and corresponded to the ex-
pected size of the 16S rRNA genes for lactic acid 
bacteria (Weisburg et al., 1991). 
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Table 1: List of Lactobacilus spp. isolates from raw 
buffalo milk

Isolate Location Source Type of milk
Kc7 Kovachevo milk batches Buffalo
Kc7.1 Kovachevo milk batches Buffalo
Kv3.2 Kovachevo milk batches Buffalo
Kv3.2.3 Kovachevo milk batches Buffalo
KK1.1 Kazanlak milk batches Buffalo
KK1.5 Kazanlak milk batches Buffalo
L1.1 Lozen milk batches Buffalo
L1.2.1 Lozen milk batches Buffalo
L1.2.2 Lozen milk batches Buffalo
L2.1 Lozen milk batches Buffalo
L3.1 Lozen milk batches Buffalo
L3.2 Lozen milk batches Buffalo
M3.3 Mladovo milk batches Buffalo
M2.3 Mladovo milk batches Buffalo
P3.1 Pshenichevo milk batches Buffalo
P3.1.1.2 Pshenichevo milk batches Buffalo
P4.3 Pshenichevo milk batches Buffalo
S1.3 Sadievo milk batches Buffalo
S1.4 Sadievo milk batches Buffalo
S3.1 Sadievo milk batches Buffalo
S3.1.1 Sadievo milk batches Buffalo
T3 Topoliane milk batches Buffalo
T3.1 Topoliane milk batches Buffalo
T3.1.1.2 Topoliane milk batches Buffalo
V2.1 Voden milk batches Buffalo
V2.3 Voden milk batches Buffalo
V2.3.3.1 Voden milk batches Buffalo

According to Giraffa et al. (1998) and Miteva 
et al. (2001), the amplification product of L. del-
brueckii ssp. bulgaricus and L. helveticus was cut 
into two fragments by EcoRI endonuclease, which 
was confirmed by the reference strains used (Fig. 
2). The amplified 16S rDNA from all milk isolates, 
however, could not be digested with this enzyme 
and therefore their affiliation to one of these two 
species was excluded. 

Fig. 1. PCR product from 16S rDNA amplifica-
tion: А – Lactobacillus spp. isolates; В – reference 
strains

Fig. 2. Restriction patterns derived from digestion 
of 16S rDNA amplification roducts with EcoRI:  
А – Lactobacillus spp. isolates; В – reference 
strains (1. L. casei; 2. L. delbr. ssp. bulgaricus;  
3. L. helveticus; 4. L. delbr. ssp. lactis,  
5. L. plantarum)

The analysis of the patterns generated after 
treatment with HaeIII found that the profiles of 24 
(88.8%) of the isolates matched the reference 16S 
rDNA of L. casei (Fig. 3).

Fig. 3: Restriction patterns derived from digestion 
of 16S rDNA amplification products with HaeIII:  
А – Lactobacillus spp. isolates; В – reference 
strains (1. L. casei; 2. L. delbr. ssp. bulgaricus;  
3. L. helveticus; 4. L. delbr. ssp. lactis,  
5. L. plantarum)

The restriction profiles of the remaining three 
isolates (12.2%) – two from Topolyane region (T3 
and T3.1.) and one form Kovachevo village (Kc 
7.1), did not match any of the reference strains (Fig. 
4) and were identified by API 50 CHL (bioMerieux) 
as L. fermentum. 

Fig. 4. Restriction patterns of isolates derived from 
digestion of 16S rDNA amplification products with 
HaeIII (the differences in restriction profiles of iso-
lates in lanes 2, 3 and 8 are clearly shown)
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A number of authors have reported that L. 
casei is frequently isolated from raw milk in Ro-
mania (Zamfir et al., 2005), sheep milk in Pakistan 
(Aziz et al., 2009), cow milk in Italy (Franciosi et 
al., 2009), but we could not find in the accessible 
literature scientific evidence of the dominance of 
this bacterial species in raw buffalo milk. For ex-
ample, Rizqiati et al. (2016) did not find any L. 
casei isolates from raw buffalo milk samples from 
Indonesia, whereas L. fermentum is frequently iso-
lated from both raw and pasteurized milk in Latvia 
(Bluma and Ciprovica, 2015). In another study, L. 
fermentum was found more often in raw milk sam-
ples than L. casei (Samuel et al., 2016).

L. casei is widely applied in the food indus-
try as a starter culture for cheese, different yogurt 
types, green olives, etc. as well as in many probiot-
ic products (Wouters et al., 2002; Bernardeau et al., 
2006; Ehsani et al., 2018). Many L. casei strains 
have enhanced the probiotic activity, which makes 
this species an interesting object for study and se-
lection of strains for production of functional foods 
(Cai et al., 2009; Hill et al., 2018). On the other 
hand, L. fermentum is commonly found in different 
fermented foods and is considered to be harmless. 
Some L. fermentum strains have beneficial probiot-
ic properties, particularly in relation to gastrointes-
tinal health (Kaewnopparat et al., 2013). 
Conclusion

As a result of this study, 27 pure cultures of 
rod-shaped lactic acid bacteria were isolated. Based 
on ARDRA analysis, L. casei was found to be the-
dominant rod-shaped lactic acid bacteria isolated 
from raw batch buffalo milk from different regions 
of Bulgaria. This also indicates that this species is 
highly adaptive and dominates in raw buffalo milk 
regardless of the climatic conditions and the meth-
od of raising animals.
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Abstract

Molecular identification via Internal Transcribed Spacer region (nrDNA-ITS) sequencing of Fusari-
um spp. isolates from wheat grain originated from Stara Zagora region was performed for the first time in 
Bulgaria. А total of 60 wheat grain samples (Triticum aestivum) were preliminarily morphologically iden-
tified at the genus level as Fusarium spp. The rDNA-ITS region of all isolates was successfully amplified 
and the PCR products obtained were directly sequenced. After a comparison of detected sequences with the 
NCBI database, members of three different fungal genera (Fusarium, Chaetomium, and Alternaria) were 
identified. Among the Fusarium isolates, F. tricinctum was prevailing, followed by F. poae. A total of three 
isolates, F. proliferatum, F. graminearum and F. equiseti, were presented with a single probe. The shortest 
genetic distance (0.004) was detected between F. tricinctum isolates. On the basis of genetic distances, fun-
gal isolates were grouped into two main clusters – one comprising F. tricinctum isolates and F. proliferatum, 
and the second including F. equiseti, F. graminearum and F. poae. It could be concluded that the rDNA-ITS 
genome region of the genus Fusarium may be used as a suitable marker for early detection, accurate and 
reliable identification of Fusarium spp. contamination of wheat. The timely and accurate information would 
assist in the selection of appropriate approaches for control of fusarium infections and possible mycotoxin 
contamination of agricultural products. 
Keywords: Fusarium spp., Triticum aestivum, Internal Transcribed Spacer region (rDNA-ITS), DNA se-
quencing
Резюме

За първи път в България е извършена молекулярна идентификация на изолати Fusarium spp. от 
пшеница, произхождаща от региона на Стара Загора, чрез секвениране на ДНК-рибозомен вътрешен 
транскрибирщ спейсър регион (nrDNA-ITS). Направена е предварителна морфологична идентифи-
кация на гъбни изолати от общо 60 проби пшенични зърна (Triticum aestivum), до ниво род. Ус-
пешно е амплифициран ITS-региона на всички изолати морфологично определени като принадле-
жащи към род Fusarium и получените PCR продукти бяха подложени на директно секвениране. 
След сравняване на установените нуклеотидни последователности с  база дзанни на NCBI, бяха 
идентифицирани щамове на три различни рода (Fusarium, Chaetomium и Alternaria). Между изслед-
ваните изолати на род Fusarium преобладава F. tricinctum, последван от F. poae. Три от видовете - F. 
proliferatum, F. graminearum и F. equiseti са представени с по един изолат. Най-ниски стойности 
на генетични дистанции (0.004) има установени между изолатите на F. tricinctum. Въз основа на 
генетичните дистанции, изолатите се групират в два основни клъстера – единият, включващ F. 
tricinctum и F. proliferatum, и втори, включващ F. equiseti,  F. graminearum и F. poae. В заключение, 
може да се отбележи, че изследваният rDNA-ITS геномен регион от род Fusarium би могъл да се 
използва в качеството на подходящ маркер за ранно откриване, точна и надеждна идентификация 
на контаминирана с Fusarium spp. пшеница Навременната и точна информация би спомогнала при 
избора на подходящи подходи за контрол на фузариумните инфекции и възможно замърсяване с 
микотоксини на селскостопанската продукция.
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Introduction
Microscopic fungi from the genus Fusari-

um are an integral element of soil microflora but 
are also encountered in the underground and aerial 
parts of plants, plant debris and other organic sub-
strates (Marasas et al., 1984; Burgess and Sum-
merell, 1992). They induce numerous economi-
cally important diseases in crops, e.g. head blight 
in cereals, Fusarium root rot, corn cob fusariosis, 
etc., substantially reducing cereal crop yields and 
the quality of produce (Parry et al., 1995; Dragano-
va et al., 2010; Beev et al., 2013). The combined 
effect of several Fusarium species, simultaneously 
infecting more than one crop and producing one or 
more mycotoxins, is an interesting example of bi-
odiversity. During vegetation and storage, cereals 
could be attacked by multiple fungal species form-
ing epiphytic microflora. Fusarium species, caus-
ing infections of cereal crops (corn, wheat, barley, 
oat, etc.), have a dominant position (Glen, 2007). 

A plant may become infected with Fusarium 
spp. at any stage of its development, depending on 
both the plant species and the infecting species. 
Therefore, having in mind that most Fusarium 
species possess specific mycotoxigenic profiles, 
the early and accurate identification of Fusarium 
spp. is essential for predicting the potential risk of 
infection and prevention of mycotoxin occurrence 
along the food chain. The unambiguous identifica-
tion of mycotoxigenic Fusarium species is still an 
exceptionally critical problem because the number 
of species in the genus is constantly changing ac-
cording to various taxonomic systems. A consider-
able number of Fusarium spp. classifications have 
demonstrated a lack of uniform criteria for identi-
fying species affiliation. Thus, various names are 
used for the same species, or different species are 
grouped under the same name. The issue is fur-
ther complicated by the fact that Fusarium spe-
cies are exceptionally variable and often mutate. 
Also, many toxigenic strains degenerate and lose 
toxin-producing ability when stored on artificial 
nutrient media in laboratory conditions. The infor-
mation from species recognition criteria used so far 
– morphological, biological, and phylogenetic spe-
cies recognition specific for a given region, rarely 
matches (Edel et al., 2001; Desjardins, 2006; Raja 
et al., 2017). The main approach to classification of 
Fusarium spp., which is still independently used, 
is the morphological approach although, in many 
instances, the information it provides could be 
misleading. The reason is the occurrence of some 
processes in fungi, such as hybridization, cryptic 

speciation and convergent evolution (Brun and Si-
lar, 2010; Hughes et al., 2013). The independent 
application of the morphological recognition of 
microfungi is often limited to a number of mor-
phological features. For example, cultures of some 
endosymbiotic fungi that routinely produce sec-
ondary metabolites do not exhibit spores. In oth-
er spore-forming species, a considerable variation 
in the shape and size of some asexual structures 
(conidia, spores) exists within the same strain (Ko 
et al., 2011). In these cases, the exact identifica-
tion of species affiliation of the respective strain 
is very challenging. To avoid such limitations, it 
is advised to combine the morphological approach 
for identification of microscopic fungi with other 
contemporary methods of analysis, which would 
deliver accurate and consistent results. To this end, 
a number of mycologists recommend using meth-
ods based on DNA sequencing for identification of 
fungi with high genetic diversity level (Hibbett et 
al., 2011; Taylor and Hibbett, 2013). 

The application of molecular techniques 
for species recognition of mold fungi dates back 
to more than two decades with nuclear ribosomal 
operon primers described by White et al. (1990) 
including three nuclear ribosomal genes encoding 
a large ribosomal unit (nrLSU-26S or 28S), a small 
subunit (nrSSU-18S) and an internal transcribed 
region functioning as a spacer (ITS1, 5.8, ITS2). 
The identification of molds on the basis of sequenc-
ing, also known as DNA barcoding, is based on the 
utilization of the nrDNA-ITS region. The meeting 
of the international consortium of mycologists held 
in 2011 in Amsterdam proposed 6 DNA regions 
from the fungal genome and one of them, namely 
the ITS region, was officially approved for a DNA 
barcoding marker (Schoch et al., 2012). Additional 
fungal studies have provided support for the ITS 
region as a suitable fungal barcode (Seena et al., 
2010; Kelly et al., 2011). Moreover, most metagen-
omic studies of fungi use the ITS region in their 
studies to identify fungi using modern sequencing 
technology which can aid in the rapid identification 
of fungi (Nilsson et al., 2011; Wang et al., 2011; 
Ihrmark et al., 2012). This method for molecular 
genetic identification requires comparing the stud-
ied sequence to the respective reference sequence 
from a database, e.g. GenBank at the National 
Center for Biotechnology Information, the Europe-
an Nucleotide Sequence Archive of the European 
Molecular Biology Laboratory, etc. (Cardinali et 
al., 2016; Yahr et al., 2016). 

The ribosomal spacer has a number of advan-
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tages which make it a convenient target region for 
molecular genetic identification of fungi, namely: 
1) easy amplification with universal primers, com-
plementary to gene sequences encoding ribosomal 
DNA molecules; 2) the ITS region is represented as 
multiple copies (over 200) in the genome as a mo-
saic of permanent (conserved) and diverse nucleo-
tide sequences allowing for easy amplification even 
from small amounts of diluted DNA or degraded 
samples; 3) numerous studies demonstrated that the 
ITS region had a high degree of fungal interspe-
cies variability (Nilsson et al., 2009; Blaalid et al., 
2013). A report in the Journal of Natural Products, 
containing summarized data for the use of differ-
ent methods for fungal analysis and the distribution 
of published research in 2010-2016 showed an in-
creasing tendency for utilization of nrDNA-ITS as 
a marker of early fungal species recognition (42%), 
as compared to independently applied morphologi-
cal (8%) and other methods (Raja et al., 2017).

The aim of the present study was to perform 
molecular identification of Fusarium spp. strains 
isolated from wheat grain originated from Stara 
Zagora region, Bulgaria, by mycological examina-
tion and sequencing of the nrDNA-ITS region.
Materials and Methods 
Material for analysis

A total of 60 wheat grain samples were col-
lected from 21 different locations in Stara Zagora 
region (lands of villages: Zagore, Badeshte, Pas-
tren, Mogila, Sarnevo, Hrishteni, Dalboki, Ori-
acohvitca, Sabrano, Khan Asparuch, Malka Vereia, 
Rakitnica, Yavorovo, Vinarovo, Svoboda, Zetyovo, 
Spasovo, Sredetc, Znamenosetc, Merichlery, Gal-
abovo) in the period from July to August 2018 at 
harvest-time, from storage facilities according to 
ISO 24333:2009. Briefly, 1 kg of incremental grain 
samples without any visible disease symptoms was 
taken with bulk profile sampler from 10 positions 
throughout the bulk consignment (amount of con-
signments varied from 5 to 500 tonnes). They were 
collected in a mixing vessel and after they had been 
thoroughly mixed a 10 kg bulk sample was formed. 
The amount of the final sample was 0.5 kg.
Isolation and identification of fungi by cultural 
methods

One hundred whole grains were collected 
from each sample after being superficially steril-
ized with 70% ethanol for 5 min, followed by three 
rinses with distilled water to eliminate surface mi-
croflora. Grains were placed in 4 Petri dishes (d=15 
cm) (25 grains in each) on Czapek Dox medium 

(MERCK®). Inoculated plates were incubated at 
22-25°С for 7 days (BDS 11374/86). After incuba-
tion, the number of grown colonies belonging to the 
genus Fusarium was calculated. 

The affiliation of colonies to the genus lev-
el was done according to Pitt & Hocking (2009). 
All suspected Fusarium spp. colonies were subcul-
tured, using the single spore technique (Pitt & Hock-
ing,2009). A suspension of spores was prepared in a 
10 ml sterile water blank so that it contained 1–10 
spores per low-power (10X) microscope. The water 
agar medium plates were inoculated with 0.1 ml of 
suspension and incubated for 18-20 h at 25°С. For 
further molecular identification, the resulting sin-
gle spore cultures were transferred onto a selective 
medium (SNA) (Nirenberg, 1976) and incubated at 
25°С for 7 days.
Molecular methods

DNA isolation. Genomic DNA from Fusari-
um spp. strains was isolated from ingrown on SNA 
plates mycelium with diameter 1±2 cm, initially 
ground with quartz sand to degrade the polysac-
charide cellular wall. For isolation of DNA from 
samples, the Plant DNA Preparation Kit (Jena Bio-
science, Germany) was used according to manufac-
turer’s instructions. The concentration of isolated 
genomic DNA in each sample was measured on a 
NanoView Plus (GE Healthcare) spectrophotome-
ter at a wavelength of 260-280 nm. 

For PCR amplification of the nrDNA-ITS re-
gion, the primer pair (Bioneer, Кorea) proposed by 
White et al. (1990) was used. PCR reactions were 
run with genomic DNA amount of 200 ng. To this 
end, 1.5mM Red Taq Master mix reaction mixture 
(VWR, Denmark) with a total volume of 50 μl was 
prepared. Amplification was performed on a ther-
mocycler VWR Doppio (General Electric, UK). 
The optimum annealing temperature of primers 
(52.5°С) was preliminarily determined by repeated 
PCR amplification of the same sample within the 
temperature range 49.3-60.7°C. 

The PCR products obtained were identified 
by horizontal electrophoresis on 2% agarose gel 
diluted in 1×TBE buffer, at 80V/60 min. and were 
observed on МiniBis photo documentation system 
under UV light with GelCapture image acquisition 
software. The measurement of fragment length was 
verified with DNA marker (GeneRuler™, 50 bp., 
Fermentas). 

Direct sequencing. A total of 12 samples 
(PCR products) were sequenced for the studied 
nrDNA-ITS region in the Bioneer research lab, 
South Korea. Sequences for each of the samples 
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provided by Bioneer were used for subsequent soft-
ware processing. We also used Bioneer’s oligo syn-
thesis supports for the ITS custom primer.

Bioinformatic analysis. Identification of iso-
lates was performed by comparing each sequence 
to a respective reference sequence in the NCBI da-
tabase using Nucleotide Blast (https://blast.ncbi.
nlm.nih.gov/Blast.cgi). DNA Sequence Assembler 
v4. (2013) was used for conversion of sequences 
from TXT to FASTA format. Sequences were ed-
ited, assembled and aligned by the CLUSTALW 
tool, using the MEGA7 v.0.26. software. The same 
software was used to determine genetic distances 
between the studied fungal isolates, and a phyloge-
netic tree was reconstructed by the Neighbour-join-
ing method (Saitou and Nei, 1984; Tamura et al., 
2004).
Results
Mycological examination analysis

Mycological examinations of 60 wheat grain 
samples harvested in 2018 yielded 12 strains be-
longing to Fusarium spp. The main mycoflora of 
wheat samples determined by morphological ex-
amination of the fungal isolates comprised 9 genera 
of microscopic fungi: Fusarium spp., Aspergillus 
spp., Penicillium spp., Alternaria spp., Mucor spp., 
Rhizopus spp., Cladosporium spp., Rhizoctonia 
spp. and Nigrospora spp. The contamination rate 
of individual samples with Fusarium spp. ranged 
from 0 to 4%, and rates for other genera (Alternaria 
and Mucor) varied within broader ranges. For the 
rest of genera, contamination rates varied insig-
nificantly. It should be noted that in 2017-2018, a 
period characterized by low soil and air humidity 
during the vegetation of wheat, contamination with 
different members of the genus Fusarium was ex-
pectedly low. Out of the 60 studied wheat samples, 
12 (20%) were positive for Fusarium spp., whereas 
the other 48 (80%) were negative. This was proba-
bly due to the agricultural activities performed dur-
ing wheat vegetation, and host resistance to fungal 
diseases.
Data analysis from PCR amplification of fungal 
isolates

The rDNA-ITS region of 12 fungal strains 
isolated from wheat was successfully amplified 
by gradient PCR and fragments with the expected 
length were obtained (Fig. 1). The amplicon lengths 
for Fusarium isolates varied from 515 tо 557 bp. 
The highest amplified product length was that of 
Alternaria infectoria – 578 bp, while that the length 
of Chaetomium spp. was 551 bp.

Fig. 1. M – Marker (DNA Ladder, 50 bp), Lanes 
2-8 – PCR samples of nrDNA-ITS region in stud-
ied fungal isolates obtained at different annealing 
temperatures.

Data analysis from nrDNA-ITS region sequencing 
in Fusarium spp. samples 

The analysis comprised 12 nucleotide se-
quences. The sequence alignment was done ac-
cording to the CLUSTALW аlgorithm allowing for 
the elimination of all missing nucleotides (gaps). 
The fragment with a total of 12 aligned sequences 
(Fig. 2) clearly shows the nucleotide identity of 10 
of the studied fungal isolates (samples 1, 2, 4, 5, 
6, 7, 9, 10, 11 and 12) and nucleotide variation for 
samples 3 and 8. The nucleotide sequences were 
submitted in the GenBank under the following ac-
cession numbers: MN982764 for Fusarium spp., 
MN982876 for Chaetomium spp. and MN982879 
for A. infectoria.

Fig. 2. Fragment with rDNA-ITS region sequences 
from 12 Fusarium spp. isolates in MEGA 7, aligned 
by CLUSTALW; *A, G, C, T – nucleotides. 

Data analysis from the identification of fungal 
isolates 

The identification of fungal isolates was per-
formed by Nucleotide Blast in NCBI by comparing 
the studied sequences against reference sequences 
in the database. The species affiliation of the fungal 
isolates is presented in Table 1. 

Fusarium spp. ranged from 0 to 4%, and rates for other genera (Alternaria and Mucor) varied 

within broader ranges. For the rest of genera, contamination rates varied insignificantly. It should 

be noted that in 2017-2018, a period characterized by low soil and air humidity during the 

vegetation of wheat, contamination with different members of the genus Fusarium was 

expectedly low. Out of the 60 studied wheat samples, 12 (20%) were positive for Fusarium spp., 

whereas the other 48 (80%) were negative. This was probably due to the agricultural activities 

performed during wheat vegetation, and host resistance to fungal diseases.

Data analysis from PCR amplification of fungal isolates 

The rDNA-ITS region of 12 fungal strains isolated from wheat was successfully amplified 

by gradient PCR and fragments with the expected length were obtained (Fig. 1). The amplicon 

lengths for Fusarium isolates varied from 515 tо 557 bp. The highest amplified product length 

was that of Alternaria infectoria – 578 bp, while that the length of Chaetomium spp. was 551 bp. 

Fig. 1. M – Marker (DNA Ladder, 50 bp), Lanes 2-8 – PCR samples of nrDNA-ITS region in 

studied fungal isolates obtained at different annealing temperatures.

Data analysis from nrDNA-ITS region sequencing in Fusarium spp. samples  

The analysis comprised 12 nucleotide sequences. The sequence alignment was done 

according to the CLUSTALW аlgorithm allowing for the elimination of all missing nucleotides 

(gaps). The fragment with a total of 12 aligned sequences (Fig. 2) clearly shows the nucleotide 

identity of 10 of the studied fungal isolates (samples 1, 2, 4, 5, 6, 7, 9, 10, 11 and 12) and 

nucleotide variation for samples 3 and 8. The nucleotide sequences were submitted in the 

GenBank under the following accession numbers: MN982764 for Fusarium spp., MN982876 for 

Chaetomium spp. and MN982879 for A. infectoria.
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Fig. 2. Fragment with rDNA-ITS region sequences from 12 Fusarium spp. isolates in 

MEGA 7, aligned by CLUSTALW; *A, G, C, T – nucleotides.  

Data analysis from the identification of fungal isolates  

The identification of fungal isolates was performed by Nucleotide Blast in NCBI by 

comparing the studied sequences against reference sequences in the database. The species 

affiliation of the fungal isolates is presented in Table 1.  

Table 1. Affiliation of fungal isolates on the basis of nrDNA-ITS region sequencing 

Sample

No
Species affiliation

Strain /

isolate

Fragment size, 

bp

ID number in

GenBank,

NCBI

1 F. tricinctum WS11790 535 JX406512.1

2 F. poae 5331 515 MG736211.1

3 Chaetomium sp. C7-3 551 MG818934.1

4 F. poae 5331 515 MG736211.1

5 F. tricinctum GMG105 534 KJ598871.1

6 F. tricinctum WS11791 538 JX406511.1

7 F. proliferatum JUF0013 557 MH368119.1

8 A. infectoria A-1-6 578 KT223326.1

9 F. graminearum FSHG 552 KU939070.1

10 F. tricinctum WS11791 538 JX406511.1

11 F. tricinctum WBS019 533 KU350729.1

12 F. equiseti s079 523 HQ649909.1
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Table 1. Affiliation of fungal isolates on the basis 
of nrDNA-ITS region sequencing
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1 F. tricinctum WS11790 535 JX406512.1
2 F. poae 5331 515 MG736211.1
3 Chaetomium sp. C7-3 551 MG818934.1
4 F. poae 5331 515 MG736211.1
5 F. tricinctum GMG105 534 KJ598871.1
6 F. tricinctum WS11791 538 JX406511.1
7 F. proliferatum JUF0013 557 MH368119.1
8 A. infectoria A-1-6 578 KT223326.1
9 F. graminearum FSHG 552 KU939070.1

10 F. tricinctum WS11791 538 JX406511.1
11 F. tricinctum WBS019 533 KU350729.1
12 F. equiseti s079 523 HQ649909.1

Among the Fusarium spp. isolates, F. tricinc-
tum was the prevailing species (n=5), followed by F. 
poae (n=2). F. proliferatum, F. graminearum and F. 
equiseti were represented by a single isolate, which 
agrees with previous information provided by Beev 
et al. (2011) about the presence of F. equiseti in 
Bulgarian wheat. Isolate No 3 was recognized as 
Chaetomium sp., and isolate No 8 – as A. infectoria. 
The identity achieved by the analysis is 99%, indi-
cating high reliability of the applied method.
Comparative analysis of Fusarium isolates from 
wheat grain samples against their reference 
sequences obtained from NCBI

Genetic distances among studied fungal iso-
lates were calculated by MEGA7 v.0.26 software on 
the basis of the number of nucleotide substitutions 
in the analyzed sequences. The shortest genetic  

distance (0.004) was demonstrated between the F. 
tricinctum isolates, followed by that between the 
F. poae isolates (0.007). The F. proliferatum strain, 
which was differentiated as an independent branch 
of the phylogenetic tree, was more genetically simi-
lar to F. tricinctum than to F. poae, while F. equiseti 
and F. graminearum exhibited higher genetic iden-
tity with F. poae. The cited values are depicted in 
Fig. 3. On the basis of genetic distance values, the 
dendrogram (Fig. 3) was reconstructed using the 
Neighbour-joining method. 

The length of dendrogram branches is given 
with a figure corresponding to the genetic distanc-
es between the studied strains. Neighbour-joining 
– dendrogram was built on the basis of sequences 
of the rDNA-ITS region obtained for 10 Fusari-
um isolates from wheat samples against their ref-
erence sequences in the NCBI database. The den-
drogram (Fig. 3) showed that fungal isolates were 
grouped into two main clusters – one comprising 5 
F. tricinctum isolates and F. proliferatum, and the 
other including 3 isolates of F. equiseti, F. gramine-
arum and F. poae strains. 
Discussion

Different Fusarium species causing wilt dis-
eases in plants have been also characterized by 
comparing the ITS region of nonpathogenic and 
pathogenic species via RFLP assay. For example, 
the ITS region of 12 Fusarium isolates belonging 
to the section Elegans, Laseola, Mortiella, Dis-
color, Gibbosum, Lateritium and Sporotrichiella 
have been amplified by Data et al. (2011) based 
on universal ITS primers (ITS-1 and ITS-4). The 
amplified products (ranging from 522 to 565 bp) 
were digested with seven restriction enzymes. A 
dendrogram derived from PCR-RFLP analysis of 
the rDNA region divided the Fusarium isolates 
into three major groups. In conclusion, the authors 

Among the Fusarium spp. isolates, F. tricinctum was the prevailing species (n=5), followed 

by F. poae (n=2). F. proliferatum, F. graminearum and F. equiseti were represented by a single 

isolate, which agrees with previous information provided by Beev et al. (2011) about the 

presence of F. equiseti in Bulgarian wheat. Isolate No 3 was recognized as Chaetomium sp., and 

isolate No 8 – as A. infectoria. The identity achieved by the analysis is 99%, indicating high 

reliability of the applied method.

Comparative analysis of Fusarium isolates from wheat grain samples against their reference 

sequences obtained from NCBI 

Genetic distances among studied fungal isolates were calculated by MEGA7 v.0.26 software

on the basis of the number of nucleotide substitutions in the analyzed sequences. The shortest 

genetic distance (0.004) was demonstrated between the F. tricinctum isolates, followed by that 

between the F. poae isolates (0.007). The F. proliferatum strain, which was differentiated as an 

independent branch of the phylogenetic tree, was more genetically similar to F. tricinctum than 

to F. poae, while F. equiseti and F. graminearum exhibited higher genetic identity with F. poae.

The cited values are depicted in Fig. 3. On the basis of genetic distance values, the dendrogram 

(Fig. 3) was reconstructed using the Neighbour-joining method.  

Fig. 3. Neighbour-joining – dendrogram built on the basis of sequences of the rDNA-ITS 

region of 10 Fusarium isolates from wheat samples compared against their reference 

sequences obtained from NCBI. 

The length of dendrogram branches is given with a figure corresponding to the genetic 

distances between the studied strains. Neighbour-joining – dendrogram was built on the basis of 
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Fig. 3. Neighbour-joining – dendrogram built on the basis of sequences of the rDNA-ITS region of 10 
Fusarium isolates from wheat samples compared against their reference sequences obtained from NCBI.



32

pointed out that the assessment of molecular vari-
ability based on rDNA RFLP clearly indicated that 
Fusarium species are heterogeneous and most of 
the formae speciales have close evolutionary rela-
tionships. In order to use the ITS molecular data 
to identify plant pathogenic form among Fusarium 
spp, several restriction enzymes specific for each 
special form were selected by Suda et al. (2000) 
from the mapping data. Schoch et al. (2012) point-
ed out that among the regions of the ribosomal cis-
tron, the ITS region has the highest probability of 
successful identification for the broadest range of 
fungi, with the most clearly defined barcode gap 
between inter- and intra-specific variation.
Conclusions

The results obtained in the present study af-
firm that the primary microflora of the examined 
samples comprise a total of 9 genera of microscopic 
fungi: Fusarium spp., Aspergillus spp., Penicillium 
spp., Alternaria spp., Mucor spp., Rhizopus spp., 
Cladosporium spp., Rhizoctonia spp. and Nigrospo-
ra spp. Among the Fusarium isolates, F. tricinctum 
was prevailing (n=5), followed by F. poae (n=2). F. 
proliferatum, F. graminearum and F. equiseti were 
represented by a single isolate. The trend for the 
occurrence of F. equiseti in wheat was confirmed. 
The shortest genetic distance (0.004) was detected 
between the F. tricinctum isolates. The F. prolifera-
tum strain was separated as an independent branch 
of the phylogenetic tree, showing higher genetic 
similarity to F. tricinctum than to F. poae. The se-
quencing analysis allowed determination of phylo-
genetic relationships between the studied isolates, 
which formed 2 clearly distinct phylogenetic tree 
branches. The results clearly indicate that using the 
genomic rDNA-ITS region was suitable for early 
detection of wheat seedling contamination with a 
view to making future decisions and taking the ap-
propriate action needed to prevent Fusarium infec-
tions.
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Abstract

The study was aimed at investigating the phytochemical, antioxidant, antimicrobial potential and 
GC-MS analysis of crude and different fractions of Nigella sativa seed extract. Crude methanol extract of 
N. sativa seed was obtained, the phytochemical components, antioxidant and antimicrobial potential of the 
seed were evaluated and the crude extract was partitioned using different solvents. Antimicrobial activity 
was determined and GC-MS analysis of the fractions was conducted. Saponins, flavonoids, alkanoids (19.8, 
41.6 and 82%), tannins, anthraquinones, terpenoids, steroids were present while cardiac glycosides were 
not detected. The hexane and chloroform fraction yielded 60.17 and 0.42% from the partitioned crude ex-
tract. DPPH (2, 2-dipheniyl-1-picrylhydrazyl), total phenolic content and ferric reducing antioxidant power 
(40.37, 20.1 and 48.4 %) increased in a dose-dependent manner. N. sativa fractions had varied antibacterial 
activity against the test bacteria and fungi. Staphylococcus aureusATCC29213 and methicillin-resistant S. 
epidermidis3 were highly susceptible (60.0mm and 56.0mm) to chloroform fractions while Trichophyton 
sp. and Candida tropicalis had the highest susceptibility (50 mm) to the hexane fraction. A total of 24 dis-
tinct phyto-components were identified, and 9, 8, 7, 3 and 4 compounds were found in the hexane, meth-
anol, ethyl acetate, chloroform fractions and the crude extract. The compounds were 2-Chloroethyl vinyl 
sulfide, 11-Octadecenoic acid, methyl ester, Cyclononene, 3,8-Dioxatricyclo[5.1.0.0(2,4)] octane, 4-ethe-
nyl-, 7-Hydroxy-3-(1,1-dimethylprop-2-enyl)coumarin, Trimethylsilyl-di(timethylsiloxy)-silane among 
others. The crude, hexane and chloroform (%) fractions contained 99.3, 96.42 and 97.90% of Trimethylsi-
lyl-di(timethylsiloxy)-silane. In conclusion, the N. sativa seed extract contains good phytochemicals, anti-
oxidant and varied antimicrobial activities against the test pathogens.
Keywords: Nigella sativa seed extract, hexane fraction, phytochemical, antioxidant, Trimethylsilyl-di(-
timethylsiloxy)-silane; S. aureus ATCC29213
Резюме

Целта на настоящата работа е проучване на фитохимичния, антиоксидантния, антимикробния 
потенциал, както и GC - MS анализ на суров/нативен екстракт от семена на Nigella sativa и различни 
негови фракции. Получен е изходен метанолов екстракт от семена на N. sativa, на който са определени 
фитохимичните компоненти и е оценен антиоксидантният и антимикробният потенциал. Суровият 
екстракт е фракциониран при използване на различни разтворители. Направен е антибактериален и 
GC-MS анализ на получените фракции.

Установено е наличие на сапонини, флавоноиди, алканоиди (съответно 19,8%, 41,6% и 
82%), танини, антрахинони, терпеноиди, стероиди. Сърдечни гликозиди не са открити. Добивът 
на хексановата и хлороформната фракции е съответно 60.17% и 0.42% от изходния екстракт. 
Наблюдаваното увеличение на DPPH (2, 2-дифенил-1-пикрилхидразил), общото фенолно съдържание 
и FRAP (съответно 40.37%, 20.1% и 48.4%) е дозо-зависимо. Фракциите от екстракта на N. sativa 
показват различна антибактериална активност срещу тестваните бактерии и фунги. Staphylococcus 
aureus ATCC29213 и резистентният към метицилин S. epidermidis 3 са силно чувствителни (60.0 
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mm и 56.0 mm) към хлороформните фракции, 
докато Trichophyton sp. и Candida tropicalis 
имат най-висока чувствителност (50 mm) към 
хексановата фракция. Идентифицирани са 
общо 24 различни фитокомпоненти, като 9, 8, 
7, 3 и 4 съединения са открити в хексановата, 
метаноловата, етилацетатната, хлороформната 
фракции и суровия екстракт. Съединенията 
са 2-хлоретил винил сулфид, 11-октадеценова 
киселина, метилов естер, циклононен, 
3,8-диоксатрицикло [5.1.0.0 (2, 4)] октан,4–
етенил-7-хидрокси-3-(1, 1-диметилпроп-2-енил) 
кумарин, триметилсилил- ди (тиметилсилокси)-
силан и др. Суровата, хексановата и 
хлороформната фракции съдържат съответно 
99.3%, 96.42% и 97.90% триметилсилил-ди-
(тиметилсилокси)-силан.

В заключение, може да се каже, че 
екстрактът от семена на N. sativa съдържа добри 
фитохимикали с антиоксидантен потенциал и 
разнообразна антибактериална активност срещу 
тестираните патогени.
Introduction

The advent of antibiotic resistance amongst 
microorganisms coupled with their rapid spread 
has led to the birth of innumerable research papers 
on potential alternatives, which are not only sus-
tainable and cost-effective but also eco-friendly 
and with the potential of large-scale production. 
In view of this current trend of development and 
spread of antibiotic resistance, traditional medi-
cine (TM) may offer ample interesting prospects to 
combat drug resistance. In recent times, vast num-
bers of medicinal plants of ancient origin have been 
researched and found to possess immense potential 
to treat illnesses caused by bacterial species (Ab-
durohaman, 2015). The traditional systems of med-
icine, which include Ayurveda, traditional Chinese 
medicine (TCM), Kampo, Unani, and Siddha, have 
so far been unable to enter the mainstream medi-
cine due to various reasons (Gupta et al., 2014). As 
a result of their efficacy, attempts to develop strong 
evidence-based standardization of these traditional 
systems of medicine have been made so that they 
can satisfy the criteria to fit into the modern medic-
inal framework. 

Nigella sativa is an ancient plant commonly 
referred to as black seed, also known in English 
as black cumin, in Arabic and Hindi as Habbatul 
Barakah; Sonez, Habbatus Sauda, Kamun Aswad 
and Kalonji. Sanskrit: Krishna Jiraka, Persian: Siya 
Danah, (Chevallier, 1996; Ahmad et al., 2003). It 
has been used extensively in Iranian traditional 

medicine as a spice for cooking and preservative in 
many Asian countries including India (Anahita et 
al., 2016). N. sativa seeds are very rich and diverse 
in chemical composition. They contain amino ac-
ids, proteins, carbohydrates, fixed and volatile oils 
(Ozel et al., 2009). Most of the pharmacological 
activities are due to the quinone constituents pres-
ent in the seed. Chopra et al. (1956) reported thy-
moquinone (TQ) as the main active constituent of 
the volatile oil of black seed. Aboutabl et al. (1986) 
reported the fixed oil and volatile oil of N. sativa. 

The antimicrobial, antiviral, anti-parasitic 
and anthelmintic potential of N. sativa has been re-
ported (El-Fatatry, 1975). The inhibitory potential 
of the seed extracts of N. sativa against some path-
ogenic bacterial and yeast has been reported (Topo-
zada et al., 1965; Saxena and Vyas, 1986; Hanafy 
and Hatem, 1991).

In this study, the phytochemical composi-
tion, antioxidant and antimicrobial potential of 
crude N. sativa seed extract and different fractions 
(hexane, chloroform, ethyl acetate and methanol) 
against standard bacteria strains, methicillin-resist-
ant Staphylococci and some test fungi was evaluat-
ed and the chemical composition of the crude and 
different fractions was determined using GC-MS 
analysis.
Materials and Methods
Collection of samples and cultures

Dried seeds of N. sativa (black seed) were ob-
tained from Kano, northern Nigeria, and were au-
thenticated at the Department of Botany Herbarium, 
University of Ibadan, Nigeria. Test bacteria: Pseu-
domonas aerogenosa ATCC 27853, Staphylococ-
cus aureus ATCC 29213, Bacillus sp, Escherichia 
coli ATCC 11775, E. coli ATCC 35218, methicil-
lin-resistant Staphylococci (S. epidermidis 1, 2 and 
3, S. saprophyticus 1 and 2), and fungi (Candida 
albicans, C. krusei, C. tropicalis, Trichophyton sp., 
Aspergillus niger, Penicillium sp.) were obtained 
from the Department of Microbiology, University 
of Ibadan, Ibadan Oyo state. 
Preparation of extracts

The seeds were dried, milled, and a 2500 g 
milled sample was weighed into a macerating jar, 
then methanol was added and the mixture was 
stirred manually using a sterile glass rod and the 
stirring was repeated 8 hourly for 72 hrs of mac-
eration. After maceration, the extract was decanted 
and filtered using Whatman’s filter paper (No. 1). 
The filtrate was concentrated using a rotary evapo-
rator under reduced pressure and low temperature. 
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After concentration in vacuum at 50oC, the percent-
age yield was calculated as follows:

                     weight of extract
%Yeild = ______________________ ×100
                  weight of plant material

Qualitative and quantitative determination of 
phytochemicals in the crude extract of N. sativa 
seed

Qualitative and quantitative phytochemical 
screening was carried out on the crude plant extract. 
Standard qualitative methods were used to test for 
alkanoids, flavonoids, saponins, tanins, anthraqui-
nones, cardiac glycosides, terpenoids and steroids.
Test for alkaloids, flavonoids, saponins, tannins, 
anthraquinones, cardiac glycosides, terpenoids 
and steroids

The alkaloid, flavonoid and saponin content 
of the N. sativa crude extract was determined us-
ing standard methods (Raffauf, 1962; Harborne, 
1989; Meda et al., 2005). Formation of precipitate 
indicated the presence of alkaloids while a yel-
lowish white precipitate indicated the presence of 
alkaloids after two drops of Mayer’s reagent had 
been added (Raffauf, 1962). A yellow coloration 
indicated the presence of flavonoids (Meda et al., 
2005). Emulsion formation in frothing olive oil 
drop mixture after shaking indicated saponins for-
mation (Harborne, 1989). A brownish green or blue 
black coloration indicated the presence of tannins 
(Trease and Evans, 1983). Formations of pink, red 
or violet coloration indicated the presence of an-
thraquinones (AOAC 2010). Formation of a violet 
ring below the brown ring in the acetic layer and a 
greenish ring formation throughout the thin layer 
indicated the presence of cardiac glycosides (Har-
borne, 1989).  Formation of grey color indicated the 
presence of terpenoids. A brown-red ring at the in-
terface between the two liquids was an indication of 
the presence of steroids (AOAC, 2010).
Determination of total phenols, total alkaloids, 
flavonoids and saponins

The total phenolic content of the samples 
was determined using the method of Singleton 
et al. (1999). The quantity of alkaloid was deter-
mined using the method of Harborne (1989). The 
total flavonoid content in N. sativa seed extract was 
determined according to the modified method of 
Uruquiaga and Leighton (2000). The total sapon-
ins content in N. sativa seed crude methanol extract 
was determined using the method of Obadoni and 
Ochuko (2001).

Determination of antioxidant potential of the N. 
sativa seed extracts 

DPPH radicals scavenging activity. DPPH 
radicals scavenging of N. sativa seed crude metha-
nol extract was determined according to the meth-
od of Irshad et al. (2012). Three milliliters DPPH 
solution in methanol (0.1mM) was mixed with 100 
μL of different concentrations of the extracts (mg/
mL). One hundred microliters methanol (without 
extracts) mixed with DPPH solution served as con-
trol. The absorbance of the mixture after incubation 
for 20 min at 37oC was taken at 515 nm. Ascorbic 
acid was used as positive reference. The experiment 
was carried out in triplicate. DPPH radical scaveng-
ing activity was calculated by using the following 
formula:

% inhibition = [(AC−AE) AB⁄] ×100

where AC = absorbance of the control and  
AE = absorbance of tested samples.
Determination of total antioxidant capacity of N. 
sativa seed extract

The total antioxidant activity of the methanol 
extract of N. sativa was determined (Mitsuda et al., 
1996) using sulphuric acid, sodium sulfate, ammo-
nium molybdate and distilled water. The mixture 
was labeled as total antioxidant capacity (TAC). 
The extract was added to TAC and the absorbance 
was read at 695 nm after 15 minutes and ascorbic 
acid was used as standard, this was done according 
to the method of Mitsuda et al. (1996).
Ferric reducing antioxidant potential (FRAP) 
assay of N. sativa seed extract

The ferric reducing power of N. sativa crude 
methanol extract was determined according to the 
method of Irshad et al. (2012). For FRAP reagent 
preparation, 10 mLs of 300 mM acetate buffer 
(pH 3.6), 1 mL of 10 mM TPTZ (2,4,6-tri(2-pyr-
idyl)-striazine) in 40 mM HCl and 1 mL of 20 mM 
ferric chloride were mixed. One hundred microli-
ters of different sample concentrations (100 - 1000 
mg/mL) were added to 3 mL of prepared FRAP re-
agent. The absorbance of the reaction mixture af-
ter incubation for 30 min at 37oC was taken at 593 
nm wavelength. The difference between the absor-
bance of the reaction mixture and the absorbance 
of the blank was used to calculate the FRAP value. 
Ascorbic acid was used as standard. FRAP value 
was expressed in terms of ascorbic acid equivalents 
(AAE) (Gupta and Kaur, 2015). The assay was 
done in triplicate. 
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Partitioning of crude extract of N. sativa
About 220 g of the crude extract of the seeds 

was weighed and transferred into a sterile beaker 
and subjected to bio-guided fractionation by solu-
bilization in 100 mL of methanol. The sample was 
stirred to allow the extract to dissolve and 100 mL 
of water was added to dilute the concentration. 
This solution was transferred into a separating fun-
nel fixed to a retort stand and defatted sequentially 
using hexane (5 x 200 mL) to obtain the hexane 
fraction. Subsequently, the solution was partitioned 
sequentially with ethyl acetate (5 x 200 mL) to ob-
tain the equivalent fraction and with chloroform 
(5 x 200 mL) and then finally with methanol (5 x 
200 mL) to obtain the chloroform and methanol 
fractions, respectively. Each fraction with the relic 
from the final hydro-methanol fraction was separat-
ed into separate jars and concentrated using a rotary 
evaporator and desiccated to obtain semi-liquid to 
dry fractions from each solvent. The fractions were 
stored in airtight containers in a refrigerator for lat-
er use (Jamil et al., 2012).
Antimicrobial potential of the crude and 
partitioned fractions of N. sativa seed extracts

The antimicrobial potential of the crude ex-
tract as well as its fractions was tested using agar 
well diffusion method against the test bacteria, 
methicillin-resistant Staphylococcus strains and 
the test fungi. The suspension of the tested mi-
croorganism and spore suspension was seeded on 
Mueller - Hinton agar (Lab M Ltd., UK) plates. A 
sterile cork borer was used to cut uniform wells on 
the agar plate and the wells were filled with 10 μL 
of the extracts and fractions. The inoculated plates 
were incubated at 37°C for 24 hrs for bacteria and 
at 25oC for the fungi. After incubation, clear zones 
of inhibition around the wells were measured and 
recorded in diameters (mm).
GC-MS analysis of the chemical composition of N. 
sativa seed extract and the fractions

The crude and partitioned fractions of meth-
anol seed extract of N. sativa were dissolved in pe-
troleum ether. The soluble compound obtained from 
the organic fraction was re-dissolved in diethyl ether 
and subjected to GC/MS analysis. Gas chromatog-
raphy-mass spectrometer (model: GCMS-Qp2010 
Plus Shimadzu, Japan) made up of an auto sampler 
(AOC-20i) and a gas chromatograph interfaced to 
a mass spectrometer was used. Mass spectrum GC-
MS interpretation for compound identification was 
done by comparing the spectrum of the unknown 
component in the extracted samples with the spec-
trum of the known components in the National 

Institute Standard and Technology (NIST) library. 
The name, molecular weight and structure of the 
components of the crude and partitioned fractions 
of N. sativa were ascertained.
Results 

The crude extract of N. sativa seeds was ob-
tained through the solvent extraction method using 
methanol as solvent. Two thousand five hundred 
grams of the dried seeds yielded 247.553 g of the 
crude methanol extract as shown in Table 1 after 
double extraction. 
Table 1: The total yield of N. sativa seeds crude 
methanolic extracts
Plant sample Yield (g) Yield (%)
N. sativa seeds 2500.00 -
Plant extract 247.533 9.90

Table 2 shows the qualitative phytochemical 
composition of the N. sativa seeds. N. sativa seed 
crude methanol extract contains some bioactive 
components, such as saponins, flavonoids, tannins, 
alkanoids, anthraquinones, terpenoids and steroids, 
however, cardiac glycosides were not detected. The 
quantitative analysis of the N. sativa seeds crude 
methanol extract is shown in Table 3. Flavonoids 
were found to be the most predominant phytochem-
ical, accounting for 41.6%, saponins and alkaloids 
were the other bioactive compounds with a yield of 
19.8% and 8.2%, respectively. All the other uniden-
tified phytochemicals accounted for the outstand-
ing 30.1%.
Table 2: Qualitative and Quantitative phytochemi-
cal composition of Nigella sativa seeds
Phytochemical 
Parameters

Qualitative 
Test 

Quantitative 
Test

Alkanoids + 8.2
Flavonoids ++ 41.6
Saponins  +++ 19.8
Tanins ++ -
Anthraquinones ++ -
Cardiac glycosides - -
Terpenoids + -
Steroids + - 

Key: (-) = Not detected; (+) = Trace;  
(++) = Present; (+++) = Prominent
Antioxidant potential of the crude methanol 
extract of N. sativa

The DPPH scavenging potential of the crude 
methanol extract of N. sativa is shown in Fig. 1a. 
The free radical scavenging activity of the extract 
increased significantly in a dose-dependent man-
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ner with an increase in the concentration of the ex-
tract (100 – 1000 µg/mL). The DPPH scavenging 
activity ranged from 21.32 to 40.37%, the highest 
activity was observed at the 1000 µg/mL. Ascor-
bic acid exhibited higher activity compared to the 
extract within the concentration range used in this 
research. 

The TPC of N. sativa seed crude methanol 
extract is shown in Fig. 1b. The TPC of the extract 
increased in a dose-dependent manner (100 – 1000 
µg/mL). TPC ranged from 1.1 to 20.1% with the 
highest activity recorded at 1000 µg/mL. TPC of 
the extract was less than that of the standard. Gal-
lic acid for all the concentrations was used in this 
research.

Figure 1c shows the FRAP of N. sativa seed 
crude methanol extract using ascorbic acid as the 
standard. The extract did not exhibit FRAP activ-
ity at 2.5 – 5µg/mL. FRAP activity increased in a 
dose-dependent manner from 10 – 100 µg/mL. The 
activity ranged from 6.6 to 48.4%. The reducing 
power of the extract was however lower than that 
of the standard for all concentrations used.

Partitioning of the crude methanol extract of N. 
sativa seed

The crude methanol extract of N. sativa seed 
was partitioned into fractions using different sol-
vents: hexane, ethyl acetate, methanol and chloro-
form. The percentage yield of each N. sativa seed 
extract partitioned fraction (HEXFNs, CHLFNs, 
ETACFNs and METHFNs) is shown in Table 
3. HEXFNs had the highest yield (60.17%) and 
CHLFNs had the least yield (0.42%).

Figure 2 shows the thin layer chromatograph 
of the fractions from the partitioned N. sativa seed 
extract using a polar solvent as the mobile phase. 
It was observed that the hexane fraction traveled 
the fastest and showed distinct bands indicating the 
presence of other compounds within that fraction. 

The hexane fraction was followed by the ethyl ace-
tate fraction, which also showed distinct bands.

Fig. 2. Thin layer chromatograph of the fractions 
from the partitioned N. sativa seed extract. 1: chlo-
roform fraction; 2: hexane fraction; 3: ethyl acetate 
fraction; 4: methanol fraction.
Antimicrobial activity of crude and partitioned 
fractions of N. sativa seed extracts

The antibacterial activity of the crude and 
fractions of N. sativa seed against the test bacteria is 
shown in Fig. 3a. The antimicrobial activity of the 
CMENs against the test bacteria ranged from 2.0 
to 18.0 mm. S. aureus ATCC29213 had the highest  

susceptibility while E. coli ATTC22775 had the 
lowest. P. aeruginosa ATCC27853 was resistant to 
the extract. Antibacterial activity of HEXFNs and 
CHFLNs against the test bacteria ranged from 8.0 
to 14.0 mm and 2.0 – 56.0 mm. B. sp. had the high-
est susceptibility to HEXFNs. E. coli ATCC35218 
and E. coli ATCC11775 were not susceptible to 
HEXFNs. S. aureus ATCC29213 had the highest 
susceptibility to CHFLNs. All the test bacterial 
pathogens were susceptible to CHFLNs.  

The antibacterial activity of ETACFNs and 
METFNs against the test bacteria ranged from 
4.0 to 8.0 mm and from 0.0 to 2.0mm. E. coli 
ATCC11775 and P. aeruoginosa ATCC27853 were 
not susceptible to ETACFNs. METHFNs did not 
exhibit antagonistic activity against most of the test 
bacteria. Only S. aureus ATCC 29213 was suscep-

Fig. 1. Antioxidant potential of crude methanol extract of N. sativa: (a) DPPH activity; (b) Total phenolic 
content; (c) FRAP (%)

that fraction. The hexane fraction was followed by the ethyl acetate fraction, which also showed 

distinct bands.

Fig. 2. Thin layer chromatograph of the fractions from the partitioned N. sativa seed extract. 1: 

chloroform fraction; 2: hexane fraction; 3: ethyl acetate fraction; 4: methanol fraction.

Antimicrobial activity of crude and partitioned fractions of N. sativa seed extracts

The antibacterial activity of the crude and fractions of N. sativa seed against the test bacteria 

is shown in Fig. 3a. The antimicrobial activity of the CMENs against the test bacteria ranged from 

2.0 to 18.0 mm. S. aureus ATCC29213 had the highest susceptibility while E. coli ATTC22775 had 

the lowest. P. aeruginosa ATCC27853 was resistant to the extract. Antibacterial activity of 

HEXFNs and CHFLNs against the test bacteria ranged from 8.0 to 14.0 mm and 2.0 – 56.0 mm. B.

sp. had the highest susceptibility to HEXFNs. E. coli ATCC35218 and E. coli ATCC11775 were 

not susceptible to HEXFNs. S. aureus ATCC29213 had the highest susceptibility to CHFLNs. All 

the test bacterial pathogens were susceptible to CHFLNs. 

Fig. 3. Antimicrobial activities of crude and partitioned fractions of N. sativa seeds against (a) test 
bacteria; (b) methicillin-resistant Staphylococcus strains; (c) test fungi

The antibacterial activity of ETACFNs and METFNs against the test bacteria ranged from 4.0

to 8.0 mm and from 0.0 to 2.0mm. E. coli ATCC11775 and P. aeruoginosa ATCC27853 were not 

susceptible to ETACFNs. METHFNs did not exhibit antagonistic activity against most of the test 
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tible to METFNs. The antibacterial activity of the 
CMENs against the test methicillin-resistant Staph. 
strains ranged from 6.0 to 20.0mm (Fig. 3b). S. sap-
rophyticus 2 and S. epidermidis 2 had the highest 
susceptibility (20.0 mm) while S. epidermidis 3 had 
the least susceptibility. The antibacterial activity of 
HEXFNs and CHLFNs against the methicillin-re-
sistant Staph. strains ranged from 18.0 to 40.0mm 
and 46.0 – 60.0mm, respectively. S. epidermidis 
1and 2 had the highest susceptibility to HEXTNs. 
All test methicillin-resistant Staphylococcus strains 
were highly susceptible to CHLFNs, and S. epider-
midis 3 had the highest susceptibility.

The antibacterial activity of ETACFNs and 
METHFNs against the methicillin-resistant strains 
ranged from 8 to 16.0 mm and from 4.0 to 16.0mm. 
S. epidermidis 1, S. saprophyticus 2 and S. epider-
midis 2 had the highest susceptibility while S. ep-
idermidis 3 was not susceptible to ETACFNs and 
METHFNS. 

The crude extract and different fractions of 
N. sativa seed had varied antagonistic effect against 
most of the test bacteria and methicillin-resistant 
Staphylococcus strains. CHLFNs exhibited the 
highest antibacterial activity against nearly all of 
the test bacteria. P. aeruginosa ATCC27853 was not 
susceptible to CMENs, ETACFNs and METHFNs.

The antifungal activity of the crude and par-
titioned fractions of N. sativa seed extract against 
the test fungi is shown in Fig. 3c. All the test fun-
gi showed varied susceptibility to the fractions of 
N. sativa. CMENs had antifungal activity against 
66.67% of the test fungi while 33.3% were resist-
ant. C. tropicalis had the highest susceptibility 
(18.0 mm) while Penicillium sp. had the lowest. 
HEXFNs exhibited antifungal activity against all 
the test fungi and the antifungal activity was in the 
range from 2.0 to 50.0 mm, with Trichophyton sp. 
having the highest susceptibility. CHLFNs had an-
tifungal activity against 33.3% of the test fungi, of 

which C. tropicalis had the highest susceptibility 
(10.0 mm). C. krusei, Penicillium sp. and A. niger 
were not susceptible to CHLFNs. The antifungal 
activity of ETACFNs ranged from 2.0 to 12.0 mm, 
where C. albican had the highest susceptibility. 
METHFNs had antifugal activity against all the test 
fungi, of which Trichophyton sp. had the highest 
susceptibility (14.0 mm). Trichophyton sp. was sus-
ceptible to all the fractions except CMENs while C. 
albican and C. tropicalis were susceptible to all the 
fractions. A. niger was not susceptible to CMENs, 
CHLFNs, ETACFNs and METHFNs.
GC-MS analysis of the crude and partitioned 
fractions of N. sativa seed extract 

The GC-MS analysis of crude and partitioned 
fractions of N. sativa seed extracts is shown in Ta-
ble 3 a-e. Thirty-one peaks indicating the presence 
of 24 compounds were detected. The peak, reten-
tion time (mins), compound name, chemical for-
mula, chemical structure, molar mass (g/mol) and 
peak area (%) of the chemical compounds identi-
fied from the crude and partitioned fractions of N. 
sativa seed extracts are shown in Table 4 a-e.  4, 
8, 7, 9 and 3 different chemical compounds were 
identified from CMENs, METHFNs, ETACFNs, 
HEXFNs and CHLFNs, respectively. Among the 24 
compounds identified, the HEXFNs had the highest 
number of compounds (9 compounds) identified. 
The CHLFNs had the least number of compounds 
with a total of 3 compounds identified.

The GC-MS analysis revealed the presence 
of 4 compounds: 9-Octadecenal (0.30%), 3-Oc-
tyne, 6-methyl- (0.21%), 9, 12-Octadecadienal (li-
nolein aldehyde) (0.18%) and Trimethylsilyl-di(-
timethylsiloxy)-silane (99.30%) in the crude meth-
anol extracts of N. sativa seed extracts (CMENs). 
7-Hydroxy-3-(1,1-dimethylprop-2-enyl)coumarin 
(0.11%), 2,6-Pyridinediamine  (1.66%), 1-Nonyl-
cycloheptane (0.25%), Cyclopentaneundecanoic 
acid (0.10%), 7,11-Hexadecadienal (0.12%), Oleic 

Fig. 3. Antimicrobial activities of crude and partitioned fractions of N. sativa seeds against (a) test bacteria; 
(b) methicillin-resistant Staphylococcus strains; (c) test fungi
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retention time (mins), compound name, chemical formula, chemical structure, molar mass (g/mol) 

and peak area (%) of the chemical compounds identified from the crude and partitioned fractions of 

N. sativa seed extracts are shown in Table 4 a-e.  4, 8, 7, 9 and 3 different chemical compounds 

were identified from CMENs, METHFNs, ETACFNs, HEXFNs and CHLFNs, respectively.

Among the 24 compounds identified, the HEXFNs had the highest number of compounds (9 

compounds) identified. The CHLFNs had the least number of compounds with a total of 3 

compounds identified.

The GC-MS analysis revealed the presence of 4 compounds: 9-Octadecenal (0.30%), 3-

Octyne, 6-methyl- (0.21%), 9, 12-Octadecadienal (linolein aldehyde) (0.18%) and Trimethylsilyl-

di(timethylsiloxy)-silane (99.30%) in the crude methanol extracts of N. sativa seed extracts 

(CMENs). 7-Hydroxy-3-(1,1-dimethylprop-2-enyl)coumarin (0.11%), 2,6-Pyridinediamine  

(1.66%), 1-Nonylcycloheptane (0.25%), Cyclopentaneundecanoic acid (0.10%), 7,11-

Hexadecadienal (0.12%), Oleic Acid(0.68%), cis-13-Octadecenoic acid (0.48%), 9-Octadecenal 

(0.18%) and Trimethylsilyl-di(timethylsiloxy)-silane (96.425) were present in the hexane fraction 

of N. sativa seed extracts (HEXFNs).9,12-Octadecadienoyl chloride, (Z,Z)- (linoleic acid) (1.86%), 

9,12-Octadecadienal (linolein aldehyde) (0.24%) and Trimethylsilyl-di(timethylsiloxy)-silane 

(97.90%) were identified in the chloroform fraction of N. sativa seed extracts (CHLFNs).

Propanamide (0.20%), 1-Oxaspiro[2.5]octane, 2,4,4-trimethyl-8-methylene- (0.16%), Octan-2-one 

(0.19%), 9-Octadecenal (0.23%), 9-Oxabicyclo[6.1.0]nonane(0.18%), Cyclopentaneundecanoic 

acid(0.50%) and 4-Decyne (98.51%) were identified  in  the ethyl acetate fraction of N. sativa seed 

extracts (ETACFNs). 2-Chloroethyl vinyl sulfide (0.58%), 11-Octadecenoic acid, methyl ester 

(0.10%), Cyclononene (0.19%), Undec-10-ynoic acid, undecyl ester (0.27%), Undec-10-ynoic acid, 

dodecyl ester (0.32%), 9,12-Octadecadienal (0.17%), 3,8-Dioxatricyclo[5.1.0.0(2,4)]octane, 4-

ethenyl- (0.47%), n-Propyl 9,12-octadecadienoate (96.90%) were detected in the methanol fraction 

of  N.  sativa seed extracts (METHFNs).

Table 3a: GC-MC of the Methanol fraction of N. sativa seed extracts (METHFNs)

№ Retention 
time 

[mins]
Compound name Chemical 

formula Chemical structure
Molar 
mass 

[g/mol]

Peak 
Area 
[%]

1. 34.103 2-Chloroethyl vinyl 
sulfide

C4H7ClS 122.616 0.58
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2. 55.974 11-Octadecenoic acid, 
methyl ester

C19H36O2 296.4879 0.10

3. 59.820 Cyclononene C9H16 124.227 0.19

4. 61.835 Undec-10-ynoic acid, 
undecyl ester

C22H40O2 336.55 0.27

5. 62.385 Undec-10-ynoic acid, 
dodecyl ester

C23H42O2 350.5784 0.32

6. 67.037 9,12-Octadecadienal  C18H32O 264.453 0.17

67.404 3,8-
Dioxatricyclo[5.1.0.0(2,4)]
octane, 4-ethenyl-

C8H10O2 138.166 0.47

96.602 n-Propyl 9,12-
octadecadienoate

C21H38O2 322.533 96.90

Total - - - 99.00

Table 3b: GC-MC of the Ethyl Acetate fraction of N. sativa seed extract (ETACFNs)

Peaks
Retenti
on time 
[mins]

Compound name Chemica
l formula Chemical Structure

Molar 
mass 

[g/mol]

Peak 
Area 
(%)

1. 12.305 Propanamide C3H7NO 73.095 0.20

2. 38.169 1-Oxaspiro[2.5]octane, 
2,4,4-trimethyl-8-
methylene-

C11H18O 166.264 0.16

3. 59.014 Octan-2-one C8H16O 128.215 0.19

4. 61.872 9-Octadecenal C18H34O 266.469 0.23

5. 67.037 9-Oxabicyclo
[6.1.0]nonane

C8H14O 126.199 0.18

6. 67.404 Cyclopentaneundecanoic 
acid 

C16H30O2 254.414 0.50

7. 98.067 4-Decyne C10H18 138.2499
2

98.51

Total - - - 99.97

Table 3c: GC-MC of the Hexane fraction of N. sativa seed extract (HEXFNs)
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7. 98.067 4-Decyne C10H18 138.2499
2

98.51

Total - - - 99.97

Table 3c: GC-MC of the Hexane fraction of N. sativa seed extract (HEXFNs)
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Acid(0.68%), cis-13-Octadecenoic acid (0.48%), 
9-Octadecenal (0.18%) and Trimethylsilyl-di(-
timethylsiloxy)-silane (96.425) were present in the 
hexane fraction of N. sativa seed extracts (HEX-
FNs).9,12-Octadecadienoyl chloride, (Z,Z)- (li-
noleic acid) (1.86%), 9,12-Octadecadienal (lin-
olein aldehyde) (0.24%) and Trimethylsilyl-di(-

timethylsiloxy)-silane (97.90%) were identified in 
the chloroform fraction of N. sativa seed extracts 
(CHLFNs). Propanamide (0.20%), 1-Oxaspiro[2.5]
octane, 2,4,4-trimethyl-8-methylene- (0.16%), Oc-
tan-2-one (0.19%), 9-Octadecenal (0.23%), 9-Ox-
abicyclo[6.1.0]nonane(0.18%), Cyclopentaneunde-
canoic acid(0.50%) and 4-Decyne (98.51%) were 

Peaks
Retention 

time 
[mins]

Compound name Chemical 
formula Chemical structure

Molar 
mass 

[g/mol]

Peak 
Area 
[%]

1 59.49 7-Hydroxy-3-(1,1-
dimethylprop-2-
enyl)coumarin

C14H14O3 230.26 0.11

2 60.22 2,6-Pyridinediamine C5H7N3 109.13 1.66

3 62.97 1-Nonylcycloheptane C16H32 224.43 0.25

4 63.70 Cyclopentaneundeca
noic acid

C16H30O2 254.41 0.10

5 65.02 7,11-Hexadecadienal C16H28O 236.39 0.12

6 67.00 Oleic Acid C18H34O2 282.47 0.68

7 71.87 cis-13-Octadecenoic 
acid

C18H34O2 282.47 0.48

8 72.24 9-Octadecenal C18H34O 266.47 0.18

9 94.07 Trimethylsilyl-
di(timethylsiloxy)-
silane

C9H27O2Si4 279.65 96.42

Total - - - 100

Table 3d: GC-MC of the Chloroform fraction of Nigella sativa seed extract (CHLFNs)

Peaks Retention 
time [mins] Compound name Chemical 

formula
Chemical 
Structure

Molar 
mass 

[g/mol[

Peak 
Area 
[%]

1. 60.736 9,12-Octadecadienoyl 
chloride, (Z,Z)- (linoleic 
acid)

C18H31ClO  298.895 1.86

2. 66.964 9,12-Octadecadienal 
(linolein aldehyde)

C18H32O 264.453 0.24

3. 94.07 Trimethylsilyl-
di(timethylsiloxy)-silane

C9H27O2Si4 279.65 97.90

Total - - 100
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Table 3e: GC-MC of the Crude Methanolic extract of N. sativa seed extracts (CMENs)

Peaks Retention 
time 
[mins]

Compound name Chemical 
formula

Chemical structure Molar 
mass 
[g/mol]

Peak 
Area 
[%]

1. 61.542 9-Octadecenal C18H34O 266.47 0.30

2. 67.038 3-Octyne, 6-methyl- C8H14 110.2 0.21

3. 67.367 9,12-Octadecadienal 
(linolein aldehyde)

C18H32O 264.453 0.18

4. 91.290 Trimethylsilyl-
di(timethylsiloxy)-
silane

C9H27O2Si
4

279.65 99.30

Total - - - 99.99

Comparatively, Table 4 shows the compounds identified from the crude and partitioned 

fractions of N. sativa seed extract. Trimethylsilyl-di(timethylsiloxy)-silane had the highest 

percentage of all the identified chemical compounds present in the CMENs (99.3%), HEXFNs 

(96.42%) and CHLFNs (97.90%) fractions, respectively. 4-Decyne (98.51%) has the highest 

percentage among the chemical compounds identified in ETACFNs. n-Propyl 9, 12-

octadecadienoate (96.90%) has the highest percentage among the chemical compounds identified in 

METHFNs. Octadecadienal was identified from CMENs, METHFNs and CHLFNs fractions of N. 

sativa seed extract. 9-Octadecenal was identified from CMENs and ETACFNs fractions while 

cyclopentaneundecanoic acid was identified from ETACFNs and HEXFNs fractions of N. sativa

seed extract.

Table 4: Comparative evaluation of chemical compounds present in the crude and partitioned 
fractions of N. sativa seed extract 

No. Compound name Crude and partitioned fractions of N. sativa seed extract
CMENs METHFNs ETACFNs HEXFNs CHLFNs

1. 2-Chloroethyl vinyl sulfide - + - - -
2. 11-Octadecenoic acid, methyl ester - + - - -
3. Cyclononene - + - - -
4. Undec-10-ynoic acid, undecyl ester - + - - -
5. Undec-10-ynoic acid, dodecyl ester - + - - -
6. 9,12-Octadecadienal + + - - +
7. 3,8-Dioxatricyclo[5.1.0.0(2,4)]

octane, 4-ethenyl-
- + - - -

8. n-Propyl 9,12-octadecadienoate - + - - -
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No. Compound name
Crude and partitioned fractions of N. sativa seed extract
CMENs METHFNs ETACFNs HEXFNs CHLFNs
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6. 9,12-Octadecadienal + + - - +
7. 3,8-Dioxatricyclo[5.1.0.0(2,4)]

octane, 4-ethenyl-
- + - - -

8. n-Propyl 9,12-octadecadienoate - + - - -
9. Propanamide - - + - -

10. 1-Oxaspiro[2.5]octane, 2,4,4-trimetyl- 
8-methylene- - - + - -

11. Octan-2-one - - + - -
12. 9-Octadecenal + - + - -
13. 9-Oxabicyclo[6.1.0]nonane - - + - -
14. Cyclopentaneundecanoic acid - - + + -
15. 4-Decyne - - + - -
16. 7-Hydroxy-3-(1,1-dimethylprop-2-enyl)

coumarin
- - - + -

17. 2,6-Pyridinediamine - - - + -
18. 1-Nonylcycloheptane - - - + -
19. 7,11-Hexadecadienal - - - + -
20. Oleic Acid - - - + -
21. cis-13-Octadecenoic acid - - - + -
22. 9,12-Octadecadienoyl chloride, (Z,Z)-  

(linoleic acid) 
- - - - +

23. Trimethylsilyl-di(timethylsiloxy)-silane - - - - +
24. 3-Octyne, 6-methyl- + - - - -

Total 3 8 7 7 3

Table 4: Comparative evaluation of chemical compounds present in the crude and partitioned fractions of 
N. sativa seed extract 
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identified  in  the ethyl acetate fraction of N. sati-
va seed extracts (ETACFNs). 2-Chloroethyl vinyl 
sulfide (0.58%), 11-Octadecenoic acid, methyl es-
ter (0.10%), Cyclononene (0.19%), Undec-10-yno-
ic acid, undecyl ester (0.27%), Undec-10-ynoic 
acid, dodecyl ester (0.32%), 9,12-Octadecadienal 
(0.17%), 3,8-Dioxatricyclo[5.1.0.0(2,4)]octane, 
4-ethenyl- (0.47%), n-Propyl 9,12-octadecadi-
enoate (96.90%) were detected in the methanol 
fraction of  N.  sativa seed extracts (METHFNs).

Comparatively, Table 4 shows the compounds 
identified from the crude and partitioned frac-
tions of N. sativa seed extract. Trimethylsilyl-di(-
timethylsiloxy)-silane had the highest percentage 
of all the identified chemical compounds present 
in the CMENs (99.3%), HEXFNs (96.42%) and 
CHLFNs (97.90%) fractions, respectively. 4-De-
cyne (98.51%) has the highest percentage among 
the chemical compounds identified in ETACFNs. 
n-Propyl 9, 12-octadecadienoate (96.90%) has the 
highest percentage among the chemical compounds 
identified in METHFNs. Octadecadienal was iden-
tified from CMENs, METHFNs and CHLFNs frac-
tions of N. sativa seed extract. 9-Octadecenal was 
identified from CMENs and ETACFNs fractions 
while cyclopentaneundecanoic acid was identified 
from ETACFNs and HEXFNs fractions of N. sativa 
seed extract.
Discussion

N. sativa is a useful medicinal plant with 
various applications and has been extensively re-
searched (Khan et al., 2011; Hussain and Hussain, 
2016). In developing countries such as Nigeria 
people still depend heavily on traditional reme-
dies as antidote against infectious diseases. The 
relatively low yield of the methanol extract of N. 
sativa obtained during this study may be attribut-
ed to the intrinsic characteristics of the particular 
seed purchased, the harvesting and processing con-
ditions, and the extraction techniques (Abduroha-
man, 2015). Nameer et al. (2016) and Anela et al. 
(2017) reported lower yield from solvent extraction 
when compared with other extraction techniques. 
The presence of different bioactive compound in 
the methanol seed extract of the N. sativa agreed 
with the report of Alaghemand et al. (2018) on leaf 
extracts of N. sativa. These bioactive compounds 
have been detected in many seeds with medicinal 
properties, such as sesame, dill, kalonji, flaxseed, 
chia, watermelon, pomegranate and pumpkin seeds 
as well as numerous other medicinal plants (Ma-
jorie, 1999; Gupta and Kaur, 2015). 

The antioxidant, anticancer, analgesic, inter-
calating agents, flavoring and antimicrobial func-
tions of the phytochemicals (saponins, tannins, 
alkaloids, terpenoids) have been reported (Ma-
jorie, 1999; Peng et al., 2015). Also, their biolog-
ical properties, such as anti-apoptosis, anti-aging, 
anti-inflammatory, cardiovascular protection and 
improvement of the endothelial function have been 
reported (Majorie, 1999; Abdurohaman, 2015). 
The abundance of flavonoids reported in this study 
agreed with the report of Ishtiaq et al. (2013) on 
N. sativa methanol extracts. The methanol seed ex-
tract of N. sativa has antioxidant activity in varied 
concentrations. The high DPPH activity recorded 
in ascorbic acid compared to the methanol extract 
is similar to the report of Peschel et al. (2007) and 
Saleh et al. (2018). Several authors have reported 
similar observations using crude methanol extracts 
from different plants and plant products (Bourgou 
et al., 2008; Rajha et al., 2014).

The high antiradical activity of the crude 
methanol extract may be attributed to the presence 
of high phenolic content that perhaps functions as a 
free radical scavenger (Bourgou et al., 2008; Mou-
sa-Ayoub et al., 2011).

The ferric ion scavenging activity (FRAP) of 
the extracts was dose-dependent. A similar direct 
dose-concentration relationship was reported by 
Chaudry et al. (2007) when pectin, and manganese 
were used as elicitors to determine the FRAP scav-
enging activity of N. sativa seed extracts. The sus-
ceptibility of the test pathogens to the crude metha-
nol extract of N. sativa may be due to the presence of 
phytochemicals with antagonistic activity. This was 
in accordance with the findings of some researchers 
on the bioactivity of N. sativa seed extract against 
some pathogenic bacteria (Ishtiaq et al., 2013; Ane-
la et al., 2017; Saleh et al., 2018). Enomoto et al. 
(2001) attributed the antimicrobial activity of the 
crude methanol extract of this seed to the presence 
of phenolic compounds responsible for phenolic 
toxicity against microbes, including enzyme inhibi-
tion by the oxidized compounds, probably via non-
specific interactions with the proteins. 

The high antimicrobial activity of the fractions 
against the test pathogen was similar to the findings 
of Gowhar et al. (2009), who reported the potency 
of the chloroform fraction of N. sativa seed in apop-
tosis in HeLa cells. The susceptibility of S. aureus 
ATCC29213 and resistance of E. coli ATCC 35218 
to the fractions agrees with the findings of Alam et 
al. (2010), who reported susceptibility of S. aureus 
ATCC 103207 and resistance of E. coli ATCC12079 



44

to chloroform fraction of N. sativa extract. Moreo-
ver, Hosseinzadeh et al. (2007) reported that there 
was no significant difference in the antibacterial ac-
tivity of either chloroform or methanol fraction of 
N. sativa extract against some S. aureus and E. coli. 

The susceptibility of the methicillin-resistant 
Staphylococci to the crude methanol extract of the 
seeds agrees with the findings of Erdogrul et al. 
(2008) and Saleh et al. (2018). High susceptibility 
of C. albicans and resistance of Trichophyton sp. to 
the extracts contrast with the report of Mohamed 
(2016). Detection of different chemical compounds 
in the samples by GCMS analysis is in line with the 
work of Nazeer and George (2017), who reported 
on compounds such as the chemical components of 
n-hexane extracts of N. sativa seeds. Trimethylsi-
lyl-di(timethylsiloxy)-silane has been reported to 
have antimicrobial properties (Nagati et al., 2012). 
Conclusion

The crude methanol seed extract of N. sativa 
contains important bioactive compounds with an-
tioxidant properties. The crude and the partitioned 
fractions exhibited varied and broad spectrum of 
antibacterial activity against some of the test stand-
ard bacteria strain, methicillin-resistant Staphylo-
coccus spp. and some test fungi. The crude extract 
and the fractions of N. sativa seed extracts contain 
some important compounds. 
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Abstract

The aim of this study was to investigate the antiviral activity of hemocyanin isolated from natural 
marine snail Rapana thomasiana (RtH) and its structural subunit RtH-1 against Bovine rotavirus (BRV). R. 
thomasiana is widespread in the Black Sea, Mediterranean Sea and Marmara Sea, and hemocyanins have 
received extensive research in recent years due to their antitumor, antibacterial, antiviral and antifungal 
activities. 

We examined RtH from R. thomasiana and its subunit (RtH-1) for its effect on the replication of 
Bovine rotavirus (BRV), Negovan strain, in Madin-Darby bovine kidney (MDBK) cells. The experiments 
were performed at non-toxic concentrations of both products - lower than the maximum tolerable concen-
tration (MTC) (10 mg/mL). The anti-BRV activity of RtH and RtH-1 was determined in two time intervals 
- at 48 hours and 120 hours of exposure. At 48 hours, the activity of both products was significant, showing 
dependence on the concentration of the applied substance. In RtH-1 the most noticeable decrease in viral 
titer with Δlg = 2.25 was observed at concentrations higher than 1 mg/mL, and in RtH the same effect was 
observed at a concentration of 3.2 mg/mL. In the second time interval (120 hours), the activity of both 
products decreased significantly. 

It could be concluded that conformational changes in proteins are the most likely reason for the clear 
antiviral activity at 48 hours, followed by a decrease in activity as time progresses to 120 hours. On the 
other hand, virus molecules can also undergo conformational changes over time.
Keywords: bovine rotavirus, viral replication, hemocyanins, Rapana thomasiana, antiviral activity, anti-
viral therapy
Резюме

Целта на това проучване е да се изследва антивирусната активност на хемоцианина, изолиран 
от морския охлюв Rapana thomasiana (RtH) и неговата структурна субединица RtH-1 срещу говеждия 
ротавирус (BRV). R. thomasiana е широко разпространен в Черно, Средиземно и Мраморно море, 
а хемоцианините се изследват интензивно през последните години поради техните активности -  
антибактериална, антитуморна, антивирусна, антигъбична и пр. 

Ние изследвахме ефекта на хемоцианина от R. thomasiana (RtH) и неговата субединица (RtH-1) 
върху репликацията на говеждия ротавирус (BRV), щам Negovan в клетки Madin-Darby bovine kidney 
(MDBK). Експериментите бяха проведени при нетоксични концентрации и за двата тестирани про-
дукта, а именно по-ниски от максимално допустимата концентрация (MTC) (10 mg/mL). Анти- BRV 
активността на RtH и RtH-1 беше определена в два времеви интервала - на 48-ия час и 120-ия час от 
въздействието. След 48-ия час активността на двата продукта е отчетлива, като показва зависимост 
от концентрацията на прилаганото вещество. При RtH-1 най-забележимо намаляване на вирусния 
титър с Δlg = 2.25 се наблюдава при концентрации по-високи от 1 mg/mL, а при RtH същият ефект 
се наблюдава при концентрация от 3.2 mg/mL. На втория изследван времеви интервал (120-ия час) 
активността и на двата продукта значително намалява. 

В заключение, най-вероятно причина за отчетливата антивирусна активност на 48-ия час, 
последвано от намаляване на активността с напредването на времето до 120 часа са конформационни 
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промени в протеините. От друга страна, 
вирусните молекули също могат да претърпят 
конформационни промени с течение на времето.
Introduction

Bovine rotavirus (BRV) belongs to the Re-
oviridae family, genus Rotavirus (Swiatek et 
al., 2010). BRV is the causative agent of severe 
gastroenteritis in newborn calves. The infection 
mainly affects calves aged between 15 and 45 
days and has been associated with high mortality 
rates, stunted growth and increased susceptibility 
to other infections (Makwana et al., 2020). The 
development of potential rotavirus inhibitors is 
of prime interest, especially given that the effi-
cacy and safety of available live, lyophilized and 
liquid vaccines are currently questioned (Anil 
et al., 2018). Several in vitro and in vivo stud-
ies have been carried out in order to investigate 
the anti-BRV activity of different compounds. A 
number of N-acetylneuraminic acid-based com-
pounds studied as potential inhibitors of rotavirus 
(Kiefel et al., 1996) and a number of nucleoside 
and nucleoside triphosphate analogues (Pizarro et 
al., 1991) are among the compounds with proven 
activity against BRV in vitro. A synthetic peptide 
corresponding to bovine rotavirus C486 (BRV) 
VP4 amino acid sequence 232-255 (VP4-peptide) 
protects subjects in vivo from infection with viru-
lent rotavirus (Ijaz et al., 1998).

Hemocyanins (Hcs) are large multisubunit 
copper proteins composed of different subunit types 
and found freely dissolved in the haemolymph of 
arthropods and molluscs (van Holde et al., 1995). 
Their primary biological function is the transport 
of oxygen. Inaddition, there are data on their anti-
microbial (Qin et al., 2018; Yang et al., 2018) and 
antifungal activity (Destoumieux-Garzón et al., 
2001). The antitumor effect of Hcs isolated from 
the sea snail R. venosa (RvH) and garden snails 
Helix lucorum (HlH) and Helix aspersa (HaH) as-
sociated with the induction of apoptosis in tumor 
cells has also been demonstrated (Gesheva et al., 
2017; Georgieva et al., 2020). The antiviral activ-
ities of insect haemolymph (Chernysh, 2002) have 
been described. Several physicochemical proper-
ties of Hcs are very similar to those of phenolox-
idases. The plasma phenoloxidase of the tobacco 
budworm Heliothis virescens exibits antiviral ac-
tivity against several vertebrate viruses (Ourth et 
al., 1993). Zhang et al. (2004) have investigated 
the antiviral properties of Hc isolated from the 
shrimp Penaeus monodon by using fish virus cell 
culture systems. Study on the cytotoxicity and the 

antiviral activity of native Hc isolated from the 
marine mollusc Rapana thomasiana (RtH) and 
its structural subunit RtH-2 has shown that both 
compounds are active against herpes simplex vi-
rus type 1 (HSV-1) and 2 (HSV-2) (Genova-Ka-
lou et al., 2008). Dolashka et al. (2010) have also 
reported on the antiviral activity of the structur-
al subunit RvH-2 of the RtH against HSV-1 and 
respiratory syncytial virus (RSV). The activity 
of Hcs isolated from different biological species 
influencing different stages of viral replication of 
the herpes simplex viruses, Epstein-Barr virus, re-
spiratory syncytial virus, human adenovirus, sim-
ian rotavirus and others is also described (Dang et 
al., 2015). The application and mechanism of ac-
tion of various types of molluscan Hcs as antiviral 
agents have been recently discussed in a review by 
Zanjani et al. (2018).

The aim of the present work was to inves-
tigate the activity of native Hc isolated from ma-
rine snails R. thomasiana and its structural subunit 
RtH-1 against the BRV infection in vitro.
Material and Methods
Cells

Madin-Darby bovine kidney (MDBK) cells 
were obtained from the National Bank for Industrial 
Microorganisms and Cell Cultures, Sofia. The cell 
lines were grown in Dulbecco’s Modified Eagle’s 
Medium (DMEM) containing 10% fetal bovine 
serum (FBS), supplemented with 10 mM HEPES 
buffer and antibiotics (penicillin 100 IU/mL, strep-
tomycin 100 µg/mL).
Virus

Bovine rotavirus, Negovan strain, was repli-
cated in monolayer MDBK cells in a maintenance 
solution DMEM plus 0.5% FBS and 5 µg/mL 
trypsin. The stock virus was titrated by the limited 
dilution method in 96-well plates.
Test substance

Hemocyanin (whole molecule - RtH and sub-
unit 1 - RtH-1). The native RtH was purified from 
the hemolymph collected from marine snails R. 
thomasiana, as previously described by Idakieva et 
al. (2009). The structural subunit RtH-1 was isolat-
ed by anion exchange chromatography of dissociat-
ed RtH (by dialysis against 50 mM glycine/NaOH 
buffer, pH 9.6) on DEAE-Sepharose CL-6B col-
umn (Pharmacia, Uppsala, Sweden), as described 
by Idakieva et al. (1993). Protein concentration 
was determined spectrophotometrically using the 
absorption coefficient A278

0.1% = 1.36 mL.mg-1.cm-1 
(Idakieva et al., 1993).
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Cytotoxicity assay
The in vitro cytotoxic effects of the RtH and 

RtH-l were examined using MDBK cells. Conflu-
ent monolayer in a 96-well plate was treated with 
culture medium modified with increased concentra-
tions ranging from 0.01 mg/mL to 10 mg/mL of the 
compounds. The cells were incubated at 37ºC and 
5% CO2. After microscopic evaluation the treated 
monolayers were compared to those of the controls -  
untreated cells cultured in equal experimental 
conditions. The мaximum tolerable concentration 
(MTC) of a substance in the highest concentration 
of the compound is that which does not cause death 
to treated cells.
Antiviral activity assay

Confluent cell monolayer in 96-well plates 
were infected with ten - fold dilutions of viral sus-
pension (0.1 mL per well). The compounds were 
applied in concentrations from 0.01 mg/mL to 3.2 
mg/mL. The infectious viral titre was determined at 
48 - 120 h.p.i. (hours post infection) and compared 
to that in the viral controls (with no compound in 
the medium). The antiviral activity was expressed 
as difference in the viral titre between experimental 
and control wells (Δlog).
Results and Discussion

Isolation and cultivation of rotaviruses were 
problematic until it was found that treatment with 
proteolytic enzymes enhances viral replication. Our 
experience showed that the maximal cytopathic ef-
fect (CPE) (++++) was achieved after five adaptive 
passages. The viral titre at 96-120 h.p.i. reached 
5.58 log10 CCID50 (cell culture infectious dose 
50%) /0.1 mL. RtH and RtH-1were not toxic for 
MDBK cells in the concentration range tested and 
the MTC was determined to be 10 mg/mL. 

The effect of RtH and RtH-1 on BRV repli-
cation was reported by determining the degree of 
viral titer reduction and calculating Δlg. The degree 
of anti-BRV activity was monitored for two time 
intervals - at 48 h.p.i. and at 120 h.p.i. The results 
presented in Fig. 1 show that at 48 h.p.i. both RtH 
and RtH-1 did not show significant activity at con-
centrations lower than 0.032 mg/mL. 

At a concentration of 0.1 mg/mL, RtH showed 
significant inhibition on BRV replication by Δlg = 
1.75, while RtH-1 at the same concentration had a 
weaker effect Δlg = 1.52. The activity of the two 
studied products showed a dose-dependent effect 
on the replication of BRV - with the increase in the 
concentration of the substance (in the non-toxic 
range) its antiviral effect increased. 

Fig. 1. Effect of RtH and RtH-1 on bovine rotavirus 
replication in vitro (at 48h)

For RtH-1, remarkable activity with Δlg = 
2.25 was observed at concentrations above 1 mg/
mL, and for RtH with a concentration of 3.2 mg/
mL.

In the second study interval of exposure (120 
h.p.i.), the activity of both test substances was sig-
nificantly reduced. RtH showed maximum activity 
at concentrations greater than 1 mg/mL, with the 
effect not exceeding Δlg = 1.33 (Fig. 2).

Fig. 2. Effect of RtH and RtH-1 on bovine rotavirus 
replication in vitro (at 120h)

Despite the numerous biological activities 
that Hcs possess and the wide application they re-
ceive in experimental virology, immunology and 
clinical medicine, there is little information on the 
stability of their molecules. However, the existing 
liquid forms of these giant copper-containing gly-
coproteins dispersed in the hemolymph of most 
molluscs and arthropods have been found to have a 
short availability life and activity of the molecules 
(Zanjani et al., 2014), which is a limiting factor in 
the characterization, development and use of these 
products.
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Despite the numerous biological activities that Hcs possess and the wide application 

they receive in experimental virology, immunology and clinical medicine, there is little 

information on the stability of their molecules. However, the existing liquid forms of these 

giant copper-containing glycoproteins dispersed in the hemolymph of most molluscs and 

arthropods have been found to have a short availability life and activity of the molecules

(Zanjani et al., 2014), which is a limiting factor in the characterization, development and 

use of these products. 

Various methods have been developed for the preparation of a dry solid form using 

lyophilization, which usually increases the shelf life of proteins (Wang, 2000; Han et al.,

2007), as well as the addition of various stabilizers to protect molecules from freezing and 

dehydration (Wang, 2000; Zanjani et al., 2014). 
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Various methods have been developed for the 
preparation of a dry solid form using lyophilization, 
which usually increases the shelf life of proteins 
(Wang, 2000; Han et al., 2007), as well as the addi-
tion of various stabilizers to protect molecules from 
freezing and dehydration (Wang, 2000; Zanjani et 
al., 2014).

The two products studied were isolated and 
applied in their natural form in buffer solution. 
From data described by other teams on the stability 
of Hc molecules, it could be concluded that con-
formational changes in proteins are the most likely 
reason for the clear antiviral activity at 48 h.p.i., fol-
lowed by a decrease in activity as time progresses 
to 120 h.p.i. On the other hand, virus molecules can 
also undergo conformational changes over time.

A marked decrease in viral titers up to the 
48th h of exposure indicates that the RtH and RtH-
1 inhibit one or more stages of viral reproduction. 
The anti-BRV activity of Hcs has not been well 
studied. There is evidence that these proteins may 
inhibit viral attachment of simian rotavirus to the 
cell surface (Dang et al., 2015). According to other 
authors, Hcs have the ability to affect the intracel-
lular replication cycle of viruses from other fami-
lies by inhibiting specific viral proteins required for 
viral replication or by inhibiting viral nucleic acid 
reproduction (Genova-Kalou et al., 2008; Dang et 
al., 2015). Probably RtH and RtH-1 have a similar 
inhibitory effect on BRV.
Conclusion

Hcs are natural copper - containing glycopro-
teins with a variety of biological activities includ-
ing antiviral. The anti-BRV activity of the Hc from 
R. thomasiana and its structural subunit RtH-1 is 
pronounced. This activity is dose - and time-de-
pendent, and with the increase in the exposure time 
it decreases. It could be concluded that conforma-
tional changes in proteins are the most likely reason 
for the clear antiviral activity for 48 h.p.i., followed 
by a decrease in activity as time progresses to 120 
h.p.i. On the other hand, virus molecules can also 
undergo conformational changes over time. The 
experiments conducted in this study revealed that 
Hcs can be used as promising antiviral drugs when 
administered in appropriate concentrations and 
well-designed application regimens to keep their 
bioavailability for a longer period of time.
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In memoriam

Prof. Dr. Dr. h. c. Wolfgang Voelter
(1936 - 2021)

On January 22, 2021, we lost Wolfgang 
Voelter, professor at the University of Tübingen, 
Germany. With deep reverence we bow our heads 
in the memory of the wonderful man and friend, 
erudite scholar and public figure! Gone is a person 
who was a model of innovation, reliability and 
goodwill.

Prof. Dr. Dr. h. c. Voelter was a world-
renowned scholar in the field of biochemistry of 
natural substances, internationally recognized with 
numerous awards for his contribution to science. 
His dedication, efficiency and principledness were 
exemplary, especially for young scientists. He was 
extremely modest and did his utmost best to the 
benefit of his colleagues and students, bringing 
academic spirit in scientific work, collegial 
relationships and public life!

Wolfgang Voelter (born in 1936 in 
Ludwigsburg) was professor of physics and 
biochemistry at the University of Tübingen. He 
specialized in a number of universities, such as 
Stanford University in California (USA) and the 
Kaiser Foundation Research Institute in San Francisco 
(USA). The positions he held were various: Director 
of the Central Institute of Chemistry and Deputy 
Dean of the Faculty of Chemistry and Pharmacy at 
the University of Tübingen, Head of the Board of 
the Institute for Scientific Cooperation, Tübingen, 
Permanent Member of the Board of Referees of the 
International Foundation for Science, Stockholm, 
Head of the Interdisciplinary Research Program of 
the Government of Baden-Württemberg “Isolation, 

Structure Elucidation and Synthesis of Biologically 
Relevant Peptides and Proteins”, Coordinator of 
the EC/Jordan Cooperation Project in Science and 
Technology, Medicinal Plants; Catalysts; Natural 
Products; Pollution Control, Member of about a 
dozen scientific organizations like the American 
Chemical Society, Royal Society of Chemistry, 
Gesellschaft Deutscher Chemiker, among others.

Prof. Voelter is the author of more than 
1100 scientific publications in the field of natural 
products. For decades, he worked on the extraction 
of natural substances and their incorporation in 
medicinal products. Prof. Wolfgang Voelter and the 
team of Prof. Dolashka from Bulgaria collaborated 
in dosage forms based on mollusc and arthropod 
hemocyanins for cancer therapeutic applications. 
He and his colleagues at the University of Jordan in 
Amman worked on an improved active ingredient 
of Viagra, and in Pakistan he promoted the effect 
of scorpion venom in neurological research. Prof. 
Voelter initiated the Hussein Ebrahim Jamal 
Research Institute of Chemistry at the University 
of Karachi, Pakistan. An exceptional merit of Prof. 
Voelter was his contributing to the academic growth 
of many Bulgarian scientists who specialized 
at the University of Tübingen for more than 25 
years. He was also instrumental in providing a 
number of devices and apparatuses for the research 
laboratories in Bulgaria.

Prof. Voelter was awarded a multitude of 
honorary titles: Fellow of the Chemical Society 
London; Elected Member of the Art Foundation 
Baden-Württemberg; Elected Member of 
Bergmann-Kreis, Kneipp Award (for structure 
elucidation of natural products); Foreign Member 
of the Pakistan Academy of Sciences, Erich Krieg 
Award (for studies on drug metabolism); Member 
of the Japan Society for the Promotion of Science 
Award; Special Award and Gold Medal of the 
President of Pakistan, Doctor of Science (Honoris 
Causa), University of Karachi; Sitara Award; Elected 
Member of the Third World Academy of Sciences, 
Trieste; Bundesverdienstkreuz of the President of 
the Federal Republic of Germany; Doctor of Science 
honoris causa of Hamdard University; Member of 
the Board of Prof. Dr. Harald Grübler Foundation; 
Member of the International Advisory Board of 

In memoriam  

Prof. Dr. Dr. h. c. Wolfgang Voelter

(1936 - 2021)

On January 22, 2021, we lost Wolfgang Voelter, professor at the University of Tübingen, 

Germany. With deep reverence we bow our heads in the memory of the wonderful man and friend, 

erudite scholar and public figure! Gone is a person who was a model of innovation, reliability and 

goodwill. 

Prof. Dr. Dr. h. c. Voelter was a world-renowned scholar in the field of biochemistry of natural 

substances, internationally recognized with numerous awards for his contribution to science. His 

dedication, efficiency and principledness were exemplary, especially for young scientists. He was 

extremely modest and did his utmost best to the benefit of his colleagues and students, bringing 

academic spirit in scientific work, collegial relationships and public life!

Wolfgang Voelter (born in 1936 in Ludwigsburg) was professor of physics and biochemistry at 

the University of Tübingen. He specialized in a number of universities, such as Stanford University 

in California (USA) and the Kaiser Foundation Research Institute in San Francisco (USA). The 

positions he held were various: Director of the Central Institute of Chemistry and Deputy Dean of the 

Faculty of Chemistry and Pharmacy at the University of Tübingen, Head of the Board of the Institute 

for Scientific Cooperation, Tübingen, Permanent Member of the Board of Referees of the

International Foundation for Science, Stockholm, Head of the Interdisciplinary Research Program of 

the Government of Baden-Württemberg “Isolation, Structure Elucidation and Synthesis of 

Biologically Relevant Peptides and Proteins”, Coordinator of the EC/Jordan Cooperation Project in 

Science and Technology, Medicinal Plants; Catalysts; Natural Products; Pollution Control, Member 

of about a dozen scientific organizations like the American Chemical Society, Royal Society of 

Chemistry, Gesellschaft Deutscher Chemiker, among others. 

Prof. Voelter is the author of more than 1100 scientific publications in the field of natural 

products. For decades, he worked on the extraction of natural substances and their incorporation in 
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Dr. Panjwani Center for Molecular Medicine and 
Drug Research, Karachi University; Gold Medal, 
University of Jordan (Amman); Honorary Badge of 
the Bulgarian Academy of Sciences, etc.

Prof. Voelter was founder and active member 
of various foundations. He and his wife, Dr. Heidi 
Voelter, set up their Voelter Foundation and went 
on to buy the oldest house in Metzingen, Zwiefalter 
Pfleghof, once owned by his ancestors, and donate 
it for public use. It houses a family center with a 
café and German language courses for immigrants.

We shall remember Prof. W. Voelter as a man 
of vast erudition, a most sought after interlocutor 
for his in-depth knowledge of literature, art and 
culture. He and his wife donated their private 

collection of prints to the Institute of Art History at 
the University of Tübingen.

We, his colleagues and students from 
the Bulgarian Academy of Sciences, had the 
exceptional opportunity privilege to work for years 
with this highly respected, universally recognized 
and prolific scientist, who was passionately devoted 
to science and its service to human health!

Goodbye, dear Prof. Voelter!
We shall remember your human kindness and 
wisdom!

Pavlina Dolashka 
Maria Angelova

Alexander Dolashki
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Prof. Wolfgang Voelter was the 
recipient of many awards 

Prof. Wolfgang Voelter visiting Rila Monastery

Prof. Wolfgang Voelter among colleagues and 
students of the University of Tübingen 

Prof. Wolfgang Voelter with his favourite 
Bulgarian students, Assoc. Prof. Alexander 
Dolashki (the professor’s PhD student) and 
Prof. Pavlina Dolashka, on one of their visits 
to Tübingen

  
Prof. Wolfgang Voelter with colleagues of the Institute of Organic Chemistry with Centre of 
Phytochemistry at Bulgarian Academy of Sciences 
 

  
Prof. Wolfgang Voelter with colleagues of the Institute of Microbiology at Bulgarian Academy of 
Sciences 
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Reference style
The references used are cited in the main text as follows:
 • In the case of single author - (Petrov, 2012);
 • In the case of two authors - (Petrov and Vassileva, 2013);
 • In the case of more than two authors - (Christova et al., 2014).
The references included in the section References of the manuscript should be arranged first 
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Follow the reference styles in the examples below:
 • Reference to a journal publication*:
Georgiev, P., V. Simeonov, T. Ivanov (2010). Production of thermostable enzymes. Biotechnol.  
Biotec. Eq. 27: 231-238.
*Note: Journal names should be abbreviated according to the List of Title World Abbreviations:
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‘Innovative approaches to the study of Echinacea’, Poltava, Ukraine, 25-25 June, pp. 36-45.
 • Reference to a dissertation:
Barišić, Z. (2011). Uropatogena Escherichia coli: povezanost otpornosti na kinolone s prisutnošću 
činitelja virulencije [dissertation]. Zagreb: Medicinski Fakultet Sveučilišta u Zagrebu.
 • For citing patents, reports, fact sheets, regulations or other official documents, please provide all 
available information like document official abbreviation or number, year, title, link (if available), etc. A 
possible example is:
CR 517 (2011). Commission Regulation (EU) No 517/2011 of 25 May 2011 on the reduction of the 
prevalence of certain salmonella serotypes in laying hens.
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