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ABSTRACT

The tick-borne encephalitis virus (TBEV) and West 
Nile virus (WNV) are arboviruses of the genus Flavivi-
rus in the family Flaviviridae. Their hosts are vertebrate-
sof which rodents are the reservoirs of TBEV and birds 
are the reservoirs of WNV. Both viruses are transmitted 
from reservoirs to mammals by vectors. TBEV is trans-
mitted by ticks (mostly Ixodes spp.) and WNV by mos-
quitoes (mostly Culex spp.). Both viruses are capable of 
infecting mammals, including man. TBEV and WNV 
are neurotropic, however infection is, in most cases, sub-
clinical or accompanied by only moderate general signs. 
However, in some cases they can cause serious distur-
bances of the CNS. Our study focused on the detection 
of the genomes of TBEV and WNV in vectors by means 
of the reverse-transcription polymerase chain reaction 
(RT-PCR). The flavivirus genome was detected by means 
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of oligonucleotides delineating the sequence in NS5 gene 
that encodes viral RNA-dependent RNA-polymerase. 
For the detection of TBEV, we used the oligonucleotide 
pair detecting the structural envelope protein. The posi-
tive samples were subjected to the sequence and phyloge-
netic analysis. The WNV was not detected in any of the 
pooled samples prepared from 616 mosquitoes captured 
in the vicinity of the village Drienovec, district Košice-
surroundings. The investigation of 676 ticks demon-
strated the presence of one strain of TBEV. One blood-
fed I. ricinus female was obtained from a goat grazing in 
a pasture in the Dúbrava area close to Prešov. The genetic 
analysis revealed the presence of a strain close to the en-
demic strainsof TBEV Hypr and Neudörfl. The results of 
our study can become a motivation for additional stud-
ies in model locations oriented on ecology and circula-
tion of these important zoonotic flaviviruses. 

Key words: arbovirus;tick-borne encephalitis virus 
TBEV; West Nile virus WNV

*both authors contributed equally
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INTRODUCTION

The family Flaviviridae includes pathogenic viruses of 
humans and other animals. It comprises the genera Flavivi-
rus, Pestivirus, Hepacivirus and Pegivirus. Many represen-
tatives of the genus Flavivirus are arboviruses transmitted 
by vectors — ticks or mosquitoes [8]. The WNV was first 
described in Uganda in 1937 in a woman with signs of CNS 
disorders and later it was also demonstrated in mosquitoes, 
birds and horses. Although it was originally described in 
the tropics, it was later detected in other regions where it 
became endemic. The first information about the occur-
rence in Slovakia dates back to the 1960’s, when antibod-
ies to the virus were found in human serum. In the peri-
od of 1960—1978, WNV was isolated from Aedescantans 
mosquitoes and neutralization antibodies were detected 
in 5.4 % of the birds, 5.3 % of the small mammals, 1 % of 
the hares and 4.4 % of free living ungulates [5]. During the 
years 2008 and 2011,neutralization antibodies were detect-
ed in 8.3 % of non-vaccinated horses [7]. Currently, we lack 
sufficient information on the prevalence and transmission 
of WNV in Slovakia. The presence of WNV was confirmed 
in oral and cloacal swabs and in samples from the brain of 
birds [3]. Although no case of West Nile fever has been re-
corded in the Slovak territory, the latest research confirmed 
the transmission of the WNV among birds and indicated 
the risk of potential transfer of infection to horses and hu-
mans [3]. 

The tick-borne encephalitis virus (TBEV) is one of the 
most important tick transmitted arboviruses in Europe. In 
addition to direct tick transmission, it can spread also by 
the consumption of non-pasteurised milk products. The 
first mention of TBEV in Slovakia dates back to 1951, when 
an extensive outbreak occurred in the district of Rožňava 
associated with the consumption of raw goat milk [12]. 
Since then,the cases of tick-borne encephalitis have been 
reported every year. While in 2013 there were reported 
163 cases of tick-borne encephalitis in humans, in 2014 the 
number of cases decreased to 117 and in 2015 to 88 (a de-
crease of 28 % in comparison to the 5-year average). 

Tick-borne encephalitis occurs in all age categories, 
from infants up to old people. The course of the disease 
differs, from oligosymptomatic up to life threatening en-
cephalomyelitis or encephalomyeloradiculitis[11]. 

Currently, flaviviruses have become a relevant topic, not 
only due to progressing global warming and climate chang-
es, but also because of the new emerging diseases caused 
by these agents. Because of the increasing importance of 
diseases caused by flaviviruses in Slovakia, we devoted our 
study to the occurrence of these viruses in their vertebrate 
vectors. 

MATERIALS AND METHODS

Ticks and mosquitoes
For the determination of the prevalence of TBEV, we 

used 676 adults, larvae and nymphs of various species of 
ticks (Table 1) collected in the Slovak districts of: Žilina, 
Prešov, Bardejov, Košice-surroundings, Ružomberok, Stará 
Ľubovňa and Námestovo. They were collected by flagging, 
or directly from animals, including people. 

For the examination of the prevalence of WNV,we ob-
tained 616 mosquitoes (Table 2) from Drienovec within 
the district of Košice. They were captured in May and July 
2016 by means of CDC light traps developed by Centres 
for Disease Control (CDC) using dry ice as an attractant. 
Individual pools comprised no more than 25 mosquitoes 
of the same species. 

Table 1. Division of the examined ticks 
according to species and gender

Species Gender and 
developmental stage

Total 
number

Ixodes ricinus F 202

M 105

N 272

L 80

Dermacentor 
marginatus F 5

M 7

D. reticulatus F 3

M 1

 Haemaphysalis F 1

 Total 676

F — adult female; M — adult male; N — nymph; L — larva
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Isolation of nucleic acids from ticks and mosquitoes
The vectors were washed in 400 μl 70 % ethanol for 

10 min. Then the ethanol was removed and the vectors were 
washed twice in water free of nucleases. After mechanical 
homogenization employing either an apparatus Precel-
lys (Bertin, France) or Tissue Lyser (Qiagen, Germany), 
the total DNA or RNA was extracted using a commercial 
QIAamp cador Pathogen Mini Kit (Qiagen, Germany), ac-
cording to manufacturer’s instructions.

Reverse-transcription polymerase chain 
reaction (RT-PCR)

Complementary DNA was prepared by means of re-
verse transcriptase (Revert Aid H Minus Reverse Tran-
scriptase, Thermo Scientific, Germany) using random 
hexamers (Thermo Scientific). For PCR (PCR Dream Taq 
Green PCR Master Mix, Thermo Scientific) we used prim-
ers (Table 3) delineating sequences in TBEV envelope pro-
tein and RNA-dependent RNA-polymerase of flaviviruses 

under the following thermal conditions: initial denatur-
ation 95 °C/1 min; 30 cycles 95 °C/30 sec; 50 °C/30 sec; and 
72 °C/40 sec. The final extension took place at 72 °C and 
lasted 5 min.

Sequence analysis
After agarose electrophoresis, DNA fragments of pre-

sumed length were excised and used for sequence analysis 
using software Geneious (Biomatters, New Zealand). The 
partial sequences were compared with the world database 
by means of BLAST (Basic Local Alignment Search Tool) 
analysis. Subsequently,the genetic similarity with the TBEV 
nucleotide sequence was determined using an algorithm 
Clusta lW, and a phylogenetic tree was produced. 

RESULTS

The WNV was not recorded in any mosquito sample. 
Of the total number of 675 tick samples, a DNA fragment 
of length of approximately 350 bp was recorded in several 
cases, however, subsequent re-amplification confirmed the 
positivity in only one case (Fig. 1). It concerned a blood-
fed female of the species I. ricinus, collected from a goat in 
April 2016 in Prešov-Dúbrava. BLAST analysis confirmed 
the TBEV. This fragment was named TBEV E prot 389C 
Dúbrava/PO/2016. The sequence of nucleotides agreed to 
the highest percentage with European subtypes of TBEV 
(Table 4). The highest agreement was observed with strains 
Hypr (99 %) and Neudörfl (98 %) and then with strains K23 
and Salem (97 %), which was also reflected in the phyloge-
netic tree (Fig. 2). 

     

Table 2. Division of the investigated mosquitoes 
according to species

Species Number

Aedes cinereus 57

Ae. rossicus 2

Ae. vexans 166

Anopheles claviger 14

Culex pipiens 70

Culiseta annulata 1

Ochlerotatus 
cantans/annulipes 75

Oc. caspius 8

Oc. cataphylla 6

Oc. geniculatus 1

Oc. leucomelus 14

Oc. punctor 155

Oc. sticticus 47

Total 616

Table 3. Oligonucleotides used for detection of TBEV on the basis 
of RNA-polymerase and envelope protein

Primer Sequence 
[5´→3´]

PCR product 
[bp]

TBEV-Eprot-F GTTCCTGTGGCRCAYATTG 326

TBEV-Eprot-R CCTGGRGGYARCTGCATYTCTATG

PanFlavi-NS5-F WTRGCMATGACWGAYACHAC 599

cFD2* GTGTCCCAGCCGGCGGTGTCATCAGC

Source:  S c a r a m o z z i n o  et al. [13]



8

Similarity of nucleotide sequence of the TBEV strains determined by an algorithm ClustalW. Values in boxes are expressed in per cent: 
(EU) — European subtype; (SIB) — Siberian subtype; (FES) — Far East subtype; OHFV — Omsk haemorrhagic fever virus

Table 4. Percentage expression of nucleotide sequence similarity for the partial sequence 
of envelope protein of the TBEV strains

Fig. 1. Result of PCR for identification of TBEV in ticks

Line 1 — 100 bp DNA standard; lines 2—7 — tick samples; line 8 — posi-
tive isolation control; line 9 — negative isolation control. Sample in line 4 
is unambiguously positive for the presence of TBEV fragment. Samples in 

lines 2, 3, 5 and 7 were negative after re-amplification

Similarity of nucleotide sequence of the TBEV strains 
determined by an algorithm Clusta lW. Values in boxes are 
expressed in per cent: (EU) — European subtype; (SIB) 
— Siberian subtype; (FES) — Far East subtype; OHFV — 
Omsk haemorrhagic fever virus.

This phylogenetic tree was produced on the basis of 
Neighbor-Joining method and the Tamura-Niei model; 
bootstrap of 1000 replicates; illustrated are only credibility 
values above 75 %.

DISCUSSION

Tick-borne encephalitis is a  viral zoonotic disease 
caused by the tick-borne encephalitis virus (TBEV). It is 
the most important human pathogenicity virus in Eurasia. 
In the years 1964—1999,the research that was conduct-
ed in Slovakia focused on the genus proportion of ticks 
found in Slovakia. The relevant samples were examined 
also for the presence of TBEV. This research showed that 
of 77 000 ticks, 90 % were I. ricinus. The TBEV virus was 
detected only in 0.14 % of the vector [4]. The prevalence 
of TBEV in ticks in Slovakia has been rarely investigated. 
The present study examined ticks by the molecular meth-
ods. We examined ticks from various regions of Slovakia. 
No information was available whether the virus was found 
in these areas in the past. TBEV was detected in one en-
gorged I. ricinus female, which is the typical vector. The 
observed prevalence of TBEV (0.14 %) was similar as that 
in the study by  G r e š í k o v á  and  N o s e k  [4]. In another 
study conducted in the Tribeč mountains in the spring of 
1964, TBEV was detected in 0.2 % of the 2153 ticks exam-

ined. In the primary foci in Topoľčianky and Jelenec, the 
prevalence was 0.5 % and 0.9 %, respectively [4]. In arecent 
study conducted in Poland, there were examined 471 adult 
ticks D. reticulatus collected in the national park Biebrza, 
Bialowiezsky forest and Masurian region in North-West 
Poland. The RT-PCR revealed the prevalence of the virus 
ranging from 0.99 % to 12.5 % depending on the location 
and the mean prevalence reached 2.1 % [2]. In another sur-
vey investigators examined 87 I. ricinus ticks and 148 D. re-
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Fig. 2. Phylogenetic tree of the strain TBEV produced on the basis of partial sequence of the envelope protein

ticulatus ticks collected in the period from April to Septem-
ber 2008 and 2009 in the district of Lublin in East Poland. 
By means of RT- PCR,the virus was detected in 1.6 % of the 
I. ricinus and in 10.8 % of the D. reticulatus. The prevalence 
was lower in males and nymphs than in females. In some 
locations the virus was not detected[14]. 

The prevalence of a disease is related to the prevalence 
of the vector. The spread of D. reticulatus can be divided 
into two areas, western and eastern Europe. Western Eu-
rope covers the territory from France up to eastern Germa-
ny and eastern Europe spreads from east Poland to Siberia. 
Since the 1990’s, these ticks have been found in areas that 
were previously free from them[9]. The vector occurred 
also along the Danube and Morava rivers and in eastern 

Slovakia, close to Latorica, Bodrog and Tisa rivers. In the 
recent period, it expanded to the north and occurred along 
the Laborec river up to the Vihorlat mountains, but also in 
lower regions of the Váh, Hron and Ipeľ rivers. 

I. ricinus occurs throughout Europe, from Ireland to the 
Urals and from northern Sweden down to northern Africa. 
In Slovakia, it is spread in the whole territory up to 600—
800 m above sea level. Due to global warming, the upper 
boundary of its occurrence has been shifting gradually to 
more than 1000 m above sea level [10].

In the recent years, we recorded the continuous spread-
ing of ticks to new areas, particularly into north-east Eu-
rope [2]. The positive detection of TBEV RNA in a I. ricinus 
female in Dúbrava in the Prešov district indicates the pres-
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ence of a natural focus. In order to confirm its presence, it is 
necessary to examine also its reservoir, namely small mam-
mals. A positive tick was collected from a grazing goat. Its 
owner reported the production of cheese from the goat 
milk. Because information about the occurrence of TBEV 
in reservoirs in Dúbrava and its potential spreading via ali-
mentary path is absent, additional studies appear desirable. 

West Nile fever is a viral zoonotic disease transmitted 
by mosquitoes. West Nile virus was isolated from 43 mos-
quito species, particularly of the genus Culex. The principal 
vectors in Europe are Cx. pipiens, Cx. modestus and Coquil-
lettidia richiardii. Virus isolates from haematophagous ar-
thropods have been occasionally reported. West Nile fever 
has been known in Europe for several decades. Cases were 
reported mostly in the Mediterrean region and south-east 
Europe, but also in Italy, Romania, France, Hungary and 
Austria [7, 15].

In 2008—2009 research was carried out in Hungary and 
Austria on 19 pools from Hungary, each consisting of 2–25 
mosquitoes, and 4983 mosquitoes from Austria, of the spe-
cies Cx. pipiens. The investigated mosquitoes were collected 
in south-east Hungary and from the vicinity of Vienna, 
upper and lower Austria, Burgenland and Steiermark in 
September and October of 2008. The WNV genome was 
detected in 7 pools by the RT-CPR method. All positive 
mosquitoes were Cx. pipiens females collected in lower 
Austria, close to the location associated with the mortality 
of birds caused by WNV. Data from the preliminary sur-
veillance of mosquitoes indicated a  similar degree of in-
fection in mosquitoes involving lineage 2 (approx. 5 %) in 
comparison with lineage 1 in the endemic regions. Because 
this research focused mainly on mosquitoes Cx. pipiens and 
only a few other mosquito species were captured, we lack 
information on the role of other mosquito species in the 
transmission of lineage 2 WNV [1].

Our study was a  follow up of the previous study that 
took place in the Drienov wetland and recorded WNV ge-
nome in oral and cloacal swabs of free living birds [3].The 
results of our study were likely affected by a low number of 
examined vectors, so the presence of WNV in the respec-
tive locations cannot be excluded. Due to global warming, 
one can assume that an increase in the temperature and 
humidity will support the spreading of the vector. This in-
dicates the need for surveillance of West Nile fever in the 
sensitive regions. 

CONCLUSIONS

The positive finding of TBEV in the Dúbrava region in-
dicates the occurrence of a natural focus. However, further 
studies in this location involving vectors and reservoirs are 
needed to confirm this hypothesis. The negative finding of 
WNV in the investigated area could be affected by several 
factors. The important ones include the influence of the cli-
mate on the population of mosquitoes in the relevant sea-
son and low number of examined vectors. Thus, one cannot 
guarantee the absence of this agent in the locations investi-
gated, which opens a space for further investigation of the 
occurrence of WNV in mosquitoes in Slovakia.
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ABSTRACT

Foot and mouth disease (FMD) poses a  major con-
straint to international trade in animals and animal 
products in sub-Saharan Africa. A  retrospective and 
serological survey was conducted in two major Border 
States of Sokoto and Kebbi in north-western Nigeria. 
This study was aimed at determining the sero-prevalence 
of FMD virus (FMDV) antibodies in cattle at interna-
tional animal control posts and to examine cattle popu-
lation movement across the border area for a period of 
one year (January to December 2014) from the available 
records. Eight hundred and eighty (880) sera samples 
were collected and screened for the presence of antibod-
ies to FMDV using the competitive enzyme linked im-
munosorbent assay (ELISA) technique. The data were 
subjected to chi-square and relative risk to check for in-
dependence and association. An overall seropositive rate 
was found to be 55.2 % (486/880). A  79.9 % (359/450) 

sero-positive rate was obtained from the Kamba bor-
der, while 29.5 % (127/430) was found at the Illela bor-
der. Kamba showed a  statistically significant (P < 0.05) 
higher sero-prevalence when compared with cattle that 
are crossing the Illela border (Relative Risk 2.70; 95 % 
Confidence Interval 2.317—3.149). Retrospective data 
from the control posts revealed that an average number 
of 2019 and 2747 of cattle, respectively, crossed the Kam-
ba and Illela international borders monthly. The highest 
influx of animals from the Niger Republic through the 
Illela international border was encountered between the 
month of March and April 2014. The magnitude of the 
presence of FMDV Non-structural protein (NSP) anti-
bodies in the study areas is an indication of the infection 
and the presence of the virus in the study areas and the 
neighbouring countries.

Key words: border; foot and mouth disease virus; 
Nigeria; retrospective survey; sero-prevalence
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INTRODUCTION

Foot and mouth disease (FMD), is a highly contagious 
viral disease of both domestic and cloven hoofed animals 
characterized by high morbidity and decreased livestock 
productivity, with affected countries being excluded from in-
ternational animal trade [3]. FMD is caused by a virus of the 
genus Aphthovirus, family Picornaviridae. There are seven 
serotypes of the virus namely: A, O, C, SAT-1, SAT-2, SAT-3 
and Asia 1. Infection with one serotype does not confer im-
mune protection against another. Within serotypes many 
subtypes can be identified by biochemical and immunolog-
ical tests [10]. Also, there are topotypic differences between 
one location and another. Within serotypes, many subtypes 
can be identified by biochemical and immunological tests 
[11].

FMD is endemic to most of sub-Saharan Africa, except 
in a  few countries in Southern Africa, where the disease 
is controlled by the separation of infected wildlife from 
susceptible livestock as well as by vaccination [6]. In most 
parts of Africa, FMD outbreaks are often under reported 
either because of its endemicity as well as the fact that it 
is not associated with high mortalities in adult suscep-
tible animals, as such it is not perceived as an important 
livestock disease among herdsmen [7]. Studies conducted 
by  L a z a r u s  et  al. [7] in some selected states in Nigeria 
showed high level of antibodies to the virus in cattle (Yobe 
State; 82 %, Plateau; 80 %, Ogun; 77.77 %, Taraba; 73.50 %, 
Adamawa; 68 %; Borno; 67 %).

It is an important constraint to international trade in 
animal and animal products. It especially restricts world 
trade in the South-North direction. The endemically or 
sporadically infected countries, generally face total em-
bargoes on the export of their live animals and fresh meat 
to many other countries of the world [4]. FMD is a trans-
boundary animal disease and the consequences of FMD 
outbreaks include death, economic losses in terms of inter-
national trade, cost of control measures and other indirect 
losses. 

This study determined the seroprevalence of FMD vi-
rus antibodies in cattle at animal control posts in Illela and 
Kamba International border of Kebbi and Sokoto States of 
Nigeria. It also examined retrospectively the cattle popula-
tion movement across the border area for a period of one 
year (January to December 2014). The information ob-
tained on the presence and current status of FMDV infec-

tion in cattle in the study area shall serve as baseline infor-
mation for further epidemiological studies and control of 
FMD in livestock in Sokoto and Kebbi States. 

MATERIALS AND METHODS

Study area
This study was conducted in two border towns of Illela in 

Sokoto State and Kamba in Kebbi State, Northwest Nigeria. 
Illela shares a border with Birnin Konni of Niger Republic 
to the North. It is located on latitude 13° 43' N and longitude 
5° 18' E; it has an area of about 1,246 km2 and a population of 
150,489 as of the 2006 population census. Kamba is located 
in North-Western part of Kebbi State. It shares a border with 
the Republic of Benin and Niger republic to the West, and 
lies on latitude 12° 41' N and Longitude 8° 40' E. It has a total 
land mass of 2,003 km2 and a population of 144, 273 as of the 
2006 population census [8]. 

The Nigeria international livestock control posts are 
located within these border towns that serve the purpose 
of quarantine services. The major occupational activities of 
the people in these areas include mixed farming, livestock 
rearing, mining and trading. These borders serve as major 
route for pastoralist herds that transverse countries mainly 
within the African sub region including Niger and Benin 
Republic.

Ethical clearance
Ethical clearance was obtained from the Ministry of 

Animal Health and Fisheries Development of Sokoto and 
Kebbi State.

Study design
The two Border States were conveniently selected from 

the six north-western states of Nigeria. The study area was 
selected based on their geographical location, ruminant 
population density, movement pattern, as well as cattle 
trek route and international boundaries. A pilot study was 
conducted to determine the average number of cattle that 
passed through the border on a monthly bases. The study 
was a cross-sectional serological survey to detect antibod-
ies to FMD virus in cattle using the competitive ELISA 
technique.

The available records of the number of cattle that 
crossed through the borders on a monthly basis between 
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January and December 2014 were obtained from the office 
of the international livestock control posts at both loca-
tions.

Sampling method
A  systematic sampling approach was adopted after 

seeking the consent of the cattle owners for the collection 
of blood sample from representative animals as they moved 
through a chute across the border. The systematic sampling 
involved selection of units at equal intervals, the first ani-
mal being selected randomly. This sampling technique did 
not require knowledge of the total size of the study popula-
tion and samples collected by this technique tends to be 
evenly spread in the population [14]. A total of 880 blood 
samples were collected from the two border towns for a pe-
riod of 5 months (June to November, 2015).

Sample collection
Cattle congregated at the Niger Republic side of the 

border at Illela and Kamba. They were allowed to cross over 
to Nigeria through a chute. The chute is a fenced structure 
constructed of metal bars with a wide area at the entrance 
and a narrow area in front to allow passage of a single ani-
mal at a time. Within the chute, the age was determined by 
teeth eruptions [2], the sex by external genitalia and breed 
types by body type and head characteristics. Five millilitres 
of blood each was collected, from the jugular vein using 
a  10 ml syringe, into sterile vacutainer tubes. The blood 
sample was then allowed to clot and later centrifuged at 
10,000 rpm for 15 minutes at the General Hospital Kamba 
and a primary health care facility at Illela to obtain the sera. 
The sera were then transported in ice pack to the Central 
Research Laboratory of the Faculty of Veterinary Medicine 
Usmanu Danfodiyo University Sokoto and stored at –20 °C 
until further processing.

Serological analysis
Serum samples were processed using ID Screen® 

FMD NSP (Foot and mouth disease non-structural pro-
tein) Competitive ELISA (Innovative Diagnostic, IDVet® 
France). The test is a competitive ELISA for the detection 
of anti-FMDV non-structural protein (NSP) antibodies in 
serum and plasma of bovine, ovine, caprine and porcine. 

The principle of this technique is based on the forma-
tion of a colourless reaction following interaction of a posi-
tive test serum in a well, coated with FMDV NSP antigen 

after addition of a chromogenic substrate. Optical density 
was read using an ELISA reader (Optic System IVYMEN® 
210 °C, USA) at 450 nm.

Data analysis
The data obtained were analysed using SPSS® package 

version 16, categorical variables (location, age, breed and 
sex) were evaluated using chi-square to check for associa-
tions, relative risk at 95 % confidence interval was used to 
measure strength of association between variables and 
sero-prevalence of FMD virus. Values of P < 0.05 were con-
sidered significant.

RESULTS

Retrospective data from the two control posts showed 
that an average number of 2019 and 2747 of cattle (respec-
tively) crossed the Kamba and Illela international border 
monthly from January to December 2014 (Figure 1). From 
the available records, there are inadequate field officers to 
monitor; trade animal movement, disease outbreaks and 
vaccination status at the international livestock control 
posts. More so, no report on FMD or other transboundary 
animal diseases were recorded within the stipulated period. 

From this study, an overall prevalence of 55.2 % 
(486/880) of antibodies to FMD NSP was obtained from 
cattle crossing the two major borders in the north-western 
Nigeria. However, Kamba shows a statistically higher prev-
alence (79. 9 %: 359/450) of FMD NSP antibodies as com-
pared to Illela (29.5 %: 127/430), as indicated in Table  1. 
Based on sex specific prevalence, cows showed a  higher 
statistically significance prevalence (60.5 %, P < 0.05) of 
FMD virus as compared to bulls crossing Kamba and Illela 
borders as showed in Table 2. Red Bororo breed of cattle 
showed a  higher prevalence (65.6 %) of the virus when 
compared to Sokoto Gudali and White Fulani (Table 3). 
Young cattle less than two years of age showed a  statisti-
cally higher level of circulating antibodies to FMD virus 
than older cattle crossing the two borders (Table 4).

DISCUSSION

From the retrospective records, no outbreaks of FMD 
or other diseases were reported from January to December, 
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Fig. 1. Retrospective data on number of cattle that crossed Kamba and Illela borders in north-western, 
Nigeria between January and December 2014

Source: Federal Ministry of Livestock and Pest Control, Kebbi and Sokoto State

Table 1. Sero-prevalence of antibodies to FMDV at Kamba and Illela border towns
in north-western Nigeria between January and December 2015

Location Number of 
sample

Number of 
positive

Prevalence 
[%] Relative risk 95 % CI

Kamba 450 359 79.9 2.70 2.317—3.149

Illela 430 127 29.5 1.00

Total 880 486 55.2

P < 0.005; CI − confidence interval; χ2 = 222.45

Table 2. Sex specific sero-prevalence of antibodies to FMDV 
at Kamba and Illela border towns in north-western Nigeria

Sex

Number of 
sample

Number of 
positive sample

Prevalence 
[%] Total

Kamba Illela Kamba Illela Kamba Illela Sample Positive Prevalence 
[%]

Male 171 197 126 50 73.7 25.4 368 176 47.8

Female 279 233 233 77 83.5 33.0 512 310 60.5

Total 450 430 359 127 79.9 29.5 880 486 55.2

P = 0.0002; χ2 = 13.502
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2014. This might be due to inadequate field officers, lack of 
diagnostic facilities and virtually non-existing quarantine 
station at the border posts. Highest influx of animals from 
Niger Republic through the Illela international border was 
encountered between the month of March and April 2014. 
These months coincided with the peak of the hot dry sea-
son. Animals therefore move southward en-mass for pas-
ture/feed, and may lead to increase in the off-take to reduce 
the cost of feeding and general maintenance of the herds 
[9]. 

The present serological study revealed the presence of 
circulating antibodies to FMDV at the two international 
control posts. An overall prevalence of 55.2 % is an indica-
tion of a moderately high presence of the virus in the study 
population. Similar studies conducted by  L a z a r u s  et al. 
[7] in some selected states (Yobe State; 82 %, Plateau; 80 %, 
Ogun; 77.77 %, Taraba; 73.50 %, Adamawa; 68 %, and Bor-

no; 67 %) in Nigeria has shown consistency in high level of 
antibodies to the virus in cattle. This poses a threat to inter-
national animal trade between Nigeria and neighbouring 
countries. The high prevalence obtained in this study may 
be associated with an extensive movement of livestock, high 
rate of contact between animals at markets while on transit, 
common grazing places, as well as watering points along 
cattle routes [1], especially as these study areas are common 
points of entry for animals coming from Niger, and Benin 
Republic before onward distribution to other parts of Nige-
ria. The Kamba border shows a higher prevalence (79.9 %; 
359/450) of FMDV as compared with the Illela border 
(29.5 % 127/430). This partly may be due to sampling ratio 
and largely due to the fact that the Kamba border serve as 
the first portal of entry for trade cattle from Niger, Benin 
Republic, Burkina Fasso and Mali into Nigeria.

Sex specific prevalence indicated that the seropositiv-

Table 3. Breed specific sero-prevalence of antibodies to FMD virus 
at Kamba and Illela border towns in north-western Nigeria

Breed

Number of sample Number of positive 
sample

Prevalence 
[%] Total

Kamba Illela Kamba Illela Kamba Illela Sample Positive Prevalence 
[%]

Red Bororo 263 138 225 38 85.5 27.5 401 263 65.6

Sokoto gudali 85 138 59 40 69.4 30.0 223 99 44.4

White fulani 102 154 75 49 73.5 31.8 256 124 48.4

Total 450 430 359 127 79.9 29.5 880 486 55.2

P < 0.05; χ2 = 32.758

Table 4. Age specific sero-prevalence of antibodies to FMDV 
at Kamba and Illela border towns in north-western Nigeria

Age

Number 
of sample

Number
of positive sample

Prevalence 
[%] Total

Kamba Illela Kamba Illela Kamba Illela Sample Positive Prevalence 
[%]

 ≤ 2 years 296 197 264 67 89.1 22.6 493 331 67.1

>2 years 154 233 95 60 61.7 25.8 387 155 40.1

Total 450 430 359 127 79.9 29.5 880 486 55.2

P < 0.05; χ2= 63.248
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ity was higher amongst female 60.5 % (310/512) than male 
47.8 % (176/368). There was a  significant association be-
tween FMDV antibodies and sex. This is in agreement with 
O l a b o d e  et  al. [13] who also recorded a  higher preva-
lence of FMDV antibodies in females than in males. This 
may be attributed to the fact that older females are more 
likely to have been infected through longer association with 
other animals [12] as they are kept for longer for breeding 
purposes. It may also be attributed to immunosuppression 
associated with pregnancy which may predispose to infec-
tions. 

The distribution of seropositive FMD carriers accord-
ing to breed in this study showed that 65.6 % of the Red 
bororo were positive which indicated the highest occur-
rence compared to the other breeds of cattle such as White 
fulani (48.4 %) and Sokoto Gudali (44.4 %). This finding 
could be associated with the predominance of Red bororo 
breeds over the other breeds in the study area at the time 
of sampling. 

Sero-positivity of FMD according to age showed that 
young cattle at the age below 2 years had the higher occur-
rence (67.1 %) compared to the adult group of more than 
2  years (40.1 %) with a  significant association. This is in 
agreement with [5] and [12] who asserted that young cattle 
were more poised for trade as their heavy availability in the 
market could be associated with affordability by prospec-
tive buyers. This affordability and high turnover may also 
fast track migration and contact with other FMD exposed 
cattle that suffered infection from multiple serotypes thus 
producing antibodies against all serotypes of FMD. Low 
immunity in young animals can equally increase suscepti-
bility to infectious agent such as the FMD virus [5]

CONCLUSIONS

The magnitude of the presence of FMDV NSP antibod-
ies in the study area is an indication of infection and the 
presence of the virus in the study area and neighbouring 
countries. Sex, age and breed are factors associated with 
FMD infection. Adequate standard laboratories, clinics and 
quarantine units should be provided in the border posts 
to enable screening for FMDV infection and other trans-
boundary animal diseases. 
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ABSTRACT

The aim of this study was to examine the relationship 
between body condition and claw diseases in dairy cows. 
The data used in this study were obtained during two ses-
sions of routine orthopaedic treatment and hoof trim-
ming on a dairy farm in Eastern Slovakia. In the spring 
and autumn terms, 482 dairy cows were examined for 
claw diseases and their body conditions were recorded. 
Out of the 482 dairy cows, 56 % were affected by one or 
more claw diseases in one or more legs. Digital dermati-
tis and sole ulcers were the most often detected claw dis-
eases found in this study. The dairy cows with a low body 
condition score (BCS < 3) showed a higher prevalence of 
claw diseases (P < 0.05) than the cows with a body condi-
tion score greater than 3. However, this difference could 
not be found when infectious diseases of the claws (digi-
tal dermatitis, foot rot, and interdigital dermatitis) were 
analysed. The results of this study allowed us to conclude 
that the dairy cows with a lower grade of body condition 
suffered more from non-infectious claw diseases (sole ul-
cer, white line diseases). 

PREVALENCE OF CLAW DISEASES IN DAIRY COWS 
WITH DIFFERENT BODY CONDITION

Mudroň, P., Höskuldsson, T., Mihajlovičová, X.
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INTRODUCTION

In the recent decades, animal welfare has been receiv-
ing more and more attention in Europe as well as in other 
parts of the world. Lameness is one of the most important 
welfare issues occurring in the intensive dairy industry, and 
is also a source of substantial economic losses in the dairy 
industry [16]. Lameness is also considered one of the great-
est sources of economic loss in the intensive dairy indus-
try, in Western Europe and North America, second only to 
infertility and mastitis. While in the developing countries 
lameness is less important than infectious diseases and 
malnutrition [3]. The diseases of the claws account for up 
to 90 % of all bovine lameness cases [8].

When evaluating the cost of each case of lameness, 
many factors have to be considered, which can be divided 
into direct and indirect costs. Indirect losses are related to: 
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prolonged calving interval, culling losses, reduced milk 
yield, weight loss and replacement costs. The direct losses 
are considered to be the veterinary expenses and drugs. 
A quarter of all losses of lameness, are due to the reduced 
milk yield and the discarded antibiotic-treated milk dur-
ing the therapy periods. Cows with a higher yield have an 
increased risk of lameness, and problems with lameness 
occur primarily in the early lactation period; one to three 
months postpartum. The fertility problems caused by lame-
ness are the result of: 

1. Failure of oestrus detection, because the cows are of-
ten unwilling/unable to mount other cows; 

2.  Anoestrus; 
3.  Poor body condition at the time of insemination and 

negative energy balance; and 
4.  Low grade metritis [15]. 
In the recent years, more focus has been directed into 

what role the body condition of cows and lipid mobilisation 
plays in the development of claw diseases. Research has in-
dicated that body condition scores correlate positively with 
the thickness of the digital cushion, and that the digital 
cushion thickness correlates negatively with claw capsule 
lesions [1]. 

A fundamental part of controlling bovine claw diseases, 
as with any other disease, is a comprehensive understand-
ing of the aetiology, risk factors, and pathophysiology of the 
development of the diseases. The purpose of this study was 
to examine the relationship between body condition score 
and claw diseases in dairy cows in order to form a better 
understanding of the development of claw diseases.

MATERIALS AND METHODS

The data used in this study were obtained during two 
sessions of routine orthopaedic and claw trimming visits 
(spring and autumn) to a dairy farm in Eastern Slovakia. In 
total, 482 dairy cows were included in the study. The cows 
at the farm were regularly trimmed twice a year and all of 
them were trimmed and examined at each of the two ses-
sions from which the data were obtained. All of the cows 
were pure Holstein Friesian breed that were kept on ma-
nure solid bedding and fed a total mixed rations (TMR).

The Body condition score (BCS) and the following claw 
diseases were recorded during the examination: digital der-
matitis, interdigital hyperplasia, sole ulcer, toe ulcer, acute/

chronic/sub-clinical laminitis, foot rot, double sole, and 
white line disease [6].

The body condition of the cows was scored on a scale 
of 1—5 in 0.25 increments [5]. It was based on the exami-
nation of the transverse processes of the lumbar vertebrae, 
the ribs, ischial tuberosity, ligaments of the pelvis and sur-
rounding fat.

The difference in the occurrence of claw diseases in 
groups with different BCS (3 groups: < 3; 3—4; > 4) was 
evaluated by the Chi-Square test for all main non-infectious 
(sole ulcer and white line diseases), and infectious diseases 
(digital dermatitis, interdigital dermatitis, and foot rot).

RESULTS

Out of the 482 dairy cows examined during spring and 
autumn terms, 270 (56 %) were affected by one or more 
claw diseases in one or more legs. The diseases were most 
predominately seen in the hind legs. The most commonly 
diagnosed diseases were digital dermatitis (36 %) and sole 
ulcers (13 %). Only one case of interdigital dermatitis was 
recorded and no cases of acute laminitis or foot rot were 
diagnosed.

The group of cows with BCS below 3 had a consider-
ably higher prevalence (P < 0.05) of cows affected by claw 
diseases (66 %). The highest difference (P < 0.01) in the 
prevalence of claw diseases within the BCS groups could be 

Table 1. Prevalence of claw diseases in cows with different BCS

Variable BCS < 3 BCS 3—4 BCS > 4 X2 test

Number of dairy cows 125 
(100 %)

314 
(100 %)

43 
(100 %)

All claw diseases 83 
(66 %)a

165 
(53 %)b

22 
(51 %)b P < 0.05

Non-infectious 
claw diseases

28 
(22 %))a

37 
(12 %)b

1 
(2 %)c P < 0.01

Infectious claw diseases 51 
(41 %)

112 
(36 %)

15 (
35 %)

Other claw diseases 4 
(3 %)

16 
(5 %)

6 
(14 %)

a, b, c — values with the different superscripts differ at P < 0.05; Non-in-
fectious claw diseases: sole ulcer and white line diseases; Infectious claw 
diseases: digital dermatitis, interdigital dermatitis, and foot rot
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seen for sole ulcer and white line disease (WLD) with the 
highest prevalence in the lowest BCS group. In contrast, no 
significant difference could be found in the prevalence of 
the infectious claw diseases (Table 1).

DISCUSSION AND CONCLUSIONS

Sole ulcers were a lot more frequent and were the sec-
ond most commonly diagnosed disease in this study after 
digital dermatitis. Sole ulcers are one of the most common 
causes of lameness in dairy cows and the most important 
one [14]. Over the last few years, an extensive change has 
been in the supposed role of nutritional management in the 
control of lameness. In the past, the control of subacute ru-
minal acidosis (SARA) was believed to be a major factor in 
limiting claw horn lesions because of SARA’s suggested role 
in the development of laminitis [4]. The control of SARA 
is still believed to be important for maintaining the health 
and production but it has now been proven to be of low pri-
ority in the control of lameness. If the results of recent stud-
ies prove to be correct, more focus should be put into mini-
mizing condition loss during early lactation. Cows with low 
BCS in the periparturient period and early lactation were 
3 to 9 times more likely to suffer from lameness than cows 
with higher BCS [7]. The prevalence of sole ulcers has been 
significantly associated with digital cushion thickness and 
BCS is positively correlated with the digital cushion thick-
ness [1]. During early lactation, adipose tissue is mobilized 
and partitioned toward the mammary gland to support 
milk production [11]. Research suggests that adipose tissue 
is not only being mobilized from other parts of the body, 
such as intra-abdominal fat, subcutaneous fat, and muscle, 
but also from the digital cushion [1]. Moreover, older cows 
tend to have lower BCS, lower digital cushion thickness 
and increased levels of hoof damage [10]. Recently, the as-
sociation between sole soft tissue thickness and claw lesion 
incidence was investigated in dairy cows. It could be found 
that cows which developed sole ulcers had a thinner digital 
cushion before the lesion occurrence [9]. However, they did 
not demonstrate a direct link between the decrease in the 
thickness of back fat and digital cushion after calving. This 
could possibly be due to a different rate of fat mobilization 
in the back area and in the claw. A thin digital cushion is 

believed to have a decreased ability to dampen compression 
of the corium by the third phalanx. Therefore, a reduction 
of the number of cows with low BCS at calving and decreas-
ing condition loss in early lactation should most likely be 
a part of controlling claw horn lesions. The results of this 
study support these theories. 

There was a significant difference in the prevalence of 
sole ulcers between the three groups of BCS. Only 2 % of 
the cows with BCS over 4 suffered from this disease, while 
22 % of the cows with BCS lower than 3 were affected. As 
mentioned before, due to the limitation of the data used in 
this study, it is not possible to know for sure if cows with 
poor condition are more likely to develop white line disease 
and sole ulcer, or if cows with these diseases lose their con-
dition as a consequence. To be able to differentiate between 
cause and effect the cows would have to be examined for 
these diseases and BCS evaluated on, for example, a weekly 
or monthly basis. However, some studies have demonstrat-
ed no dramatic drop in milk production in cows suffering 
from light grades of lameness [13]. Therefore, no signifi-
cant increase in energy need should be expected in no se-
vere forms of sole ulcer. 

Digital dermatitis (DD) is an infectious disease and the 
most commonly found microbe is the bacteria Trepone-
ma spp. [2]. This infectious disease of cattle claws belongs 
to the most frequent causes of bovina lameness. Recently, 
a  prevalence of 40 % for digital dermatitis was reported 
from dairy herds [12] which was similar to the observation 
in the present study. Known risk factors for cows to develop 
DD are increased amounts of moisture, urine and faeces 
in the pathways where the cows walk. A  low BCS is not 
a known risk factor for digital dermatitis and there was no 
significant difference between the three BCS groups.

In conclusion, the results of this study indicated that 
there was an association between body condition score and 
the prevalence of non-infectious claw diseases. The cows 
with low body condition score are at risk of a higher preva-
lence of non-infectious claw diseases.
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ABSTRACT

FISH (fluorescence in situ hybridization) analysis 
of  the intestinal tract of conventional mice, following 
14-day supplementation of feed with host non-specific 
(porcine) strain L. reuteri L2/6, showed in the presence of 
complex microbiota, a significant increase in the counts 
of representatives of the genera Lactobacillus and Bifido-
bacterium, and a significant decrease in the representa-
tives of the genera Clostridium, Bacteroides and Entero-
bacteriaceae. At the same time, the supplemented strain 
stimulated the population of caecal lactobacilli of the 
species L. reuteri. These results demonstrated that the 
L. reuteri L2/6 colonised the jejunum, ileum and caecum 
and modulated the investigated intestinal microbiota. 

Key words: FISH analysis; intestinal microbiota; Lac-
tobacillus reuteri; probiotics 
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INTRODUCTION

Harmonisation of autochthonous microbiota in the 
critical stages of life of the host is very important for intes-
tinal health and reduction of the risk of infectious diseases. 
Stimulation of beneficial autochthonous microbiota of the 
gastrointestinal tract (GIT) by administration of prepara-
tions of biotechnological and natural character [3] appears 
to be one of the ways how to affect microbiocenosis of the 
intestinal tract and thus increase the resistance of an organ-
ism. 

The preventive use of probiotics, products of biotech-
nological origin, has become a part of everyday life due to 
their generally positive effects on health. On the basis of the 
results of clinical studies, probiotics have been gradually in-
corporated also into treatment protocols [6]. Within the re-
search of probiotics, considerable attention has been paid to 
representatives of the genus Lactobacillus which naturally 
occur in the GIT and are known for their beneficial effects 
on health. The assumed probiotic mechanism includes the 
influence of probiotic micro-organisms on composition, 
diversity and function of intestinal microbiota by means of 
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competition for nutrients, production of growth substrates 
and the modulation of intestinal immunity [24, 29]. It has 
been shown that diversity within a microbial population is 
related to its increased ecological stability [9]. 

The aim of this study was to investigate the influence 
of supplementation of the strain Lactobacillus reuteri on 
counts of selected microbiota in the jejunum, ileum, cae-
cum and faeces of conventional mice.

MATERIALS AND METHODS 

Bacterial strain 
Our study was carried out using strain Lactobacillus re-

uteri L2/6 BIOCENOL CCM 8617 isolated from the GIT 
of pigs. A spontaneous rifampicin-resistant mutant of this 
strain was isolated by inoculation of a night culture of the 
strain onto MRS agar (BBL) containing 30 µg.ml–1 rifampi-
cin — 10 serial passages (Sigma Chemical Co., Poole, Dor-
set, United Kingdom). 

Experimental animals and administration of additives
The experiment was approved by the State Veterinary 

and Food Administration of SR under No. 1177/14-221. It 
was carried out on 40 clinically healthy, 28-day old, BALB/c 
line mice with a  mean weight of 14.86 ± 0.13 grams, ob-
tained from CRL (Charles River Laboratory, Germany). 
They were kept in an accredited facility with controlled 
microclimate of the Laboratory of gnotobiology of the Uni-
versity of Veterinary Medicine and Pharmacy in Košice. 
The animals were divided into four cages (10 mice per 
cage) that were placed in individual boxes to prevent cross-
contamination. 

The animals were fed ad libitum complex mixed feed for 
mice in barrier breeding systems Altromin 1311 (Altromin 
International, Germany) and had unlimited access to water 
kept in glass bottles. Cheddar cheese was used as a vehicle 
for the strain Lactobacillus reuteri L2/6 RIF. The strain was 
added to the milk during typical Cheddar cheese produc-
tion. The cheese that was used as a  control was a  similar 
Cheddar cheese but without the Lactobacillus reuteri L2/6 
RIF. The experiment consisted of two subsequent stages: 
stage of adaptation (4 days) and stage of administration 
of additives in the feed (14 days). During the administra-
tion period, 0.1 g per animal per day of 1-month-ripened 
Cheddar cheese containing Lactobacillus reuteri L2/6 RIF 

(1.2 × 109 CFU/g of cheese) was provided to the experi-
mental group LR (20 mice). In addition, mice of the con-
trol group (20 mice) received 0.1 g per animal per day of 
the control cheese without Lactobacillus reuteri L2/6 RIF. 
The probiotic and control cheese were supplied to the mice 
once a day (in the morning) in the form of a grated cheese 
deposited on the surface of their feed. The animals ate the 
cheese immediately. Before administration of the first dose 
of cheese, no bacteria resistant to rifampicin were detected 
in the faeces of the mice.

Sampling and analysis of biological material
Samples of faeces were collected individually from each 

animal on days 1, 7 and 14 of the supplementation of the 
additives. After homogenisation of the samples (Stom-
acher Lab Blender 80), we prepared decimal dilutions in 
saline and 0.1ml of dilutions 10–1 to 10–9 were inoculated 
onto MRS agar containing  30 µg.ml–1 of rifampicin. The 
plates were incubated anaerobically (Gas Pak Plus, BBL) at 
37 °C for 72 hours and the counts of Lactobacillus reuteri 
L2/6 RIF were determined (log CFU.g–1 faeces). Samples of 
faeces collected on days 1, 7 and 14 of supplementation of 
the additives were also processed for determination of the 
total lactobacilli using the fluorescence in situ hybridization 
(FISH) method [7]. After 14 days of supplementation of 
the additives, the mice were sacrificed by cervical disloca-
tion after previous administration of sodium pentobarbital 
(Sigma-Aldrich, 86 mg.kg–1). Immediately after killing, the 
GIT was removed from their abdominal cavities and 0.5 g 
samples of the content of each, jejunum, ileum, caecum, 
and faeces were collected and diluted with  500 µl of PBS 
solution. After dilution, cold 96 % ethanol was added (1 : 1) 
and all samples were stored at –20 °C. Counts of selected 
groups of bacteria were determined by the FISH method. 
Recalculation of bacterial counts was carried out as follows: 

H = F × E/G, 
where H = bacterial count in one gram of faeces; F = mean 
bacterial count in one viewing field; E = number of viewing 
fields per total area of a filter; G = dilution factor.

FISH method 
The basic FISH protocol designed by  C z e r w i ń s k y  

et  al. [7] was adjusted to our needs. The first step consist-
ed of the fixation of the samples using 96 % ethanol (1:1). 
After fixation, decimal dilutions were prepared to obtain 
a concentration of 10–2. In order to improve the adherence 
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of the bacteria to a polycarbonate filter, we applied 1 ml of 
50 % Poly-L-lysine to the filter, allowed it to adhere for 3—5 
min, and then remove it by a  vacuum. From the diluted 
sample, a 100 µl aliquot was applied to the filter by means 
of a vacuum and the filter with the adhered bacteria was 
allowed to air dry. The filter was then dehydrated through 
ascending ethanol in steps of 50 %, 80 % and 90 %; each 
step lasting 3 min. After dehydration, the filter was allowed 
again to air dry for 3—5 min. The filter was then exposed 
to a fresh enzymatic solution (25 mM Tris pH 7.5; 10 mM 
EDTA pH 7.5; 585 mM saccharose; 5 mM CaCl2; 2 mg.ml–1 
lysozyme; 0.3 mg.ml–1 Na-taurocholate; 0.1 mg.ml–1 lipase) 
in a thermostat at 37 °C for 30 min to increase the perme-
ability of the cellular wall. After the action of the enzymatic 
solution, the filter was again washed in a PBS solution and 
dehydrated with 50 %—80 %—96 % ethanol solutions for 
3 min. Subsequently, the hybridization of the sample was 
performed overnight on a wells-containing slide in a ther-
mostat: to one well we added 50 µl WB1 — hybridization 
buffer/washing solution (5 M NaCl; 1 M Tris pH 7.0; 10 % 
SDS) and relevant fluorescence-labeled probe (Sigma Al-
drich) in a  concentration of 100 mM and a  volume of 
2 µl. Hybridization temperatures were as follows: 50 °C 
for probes Lab 158 and  Bif 164; 52 °C for probes Entbac 
and Bac 303; 54 °C for probes Chis 150 and Lbre. Charac-
teristics of the probes used in the study are presented in 
Table 1.

After hybridization, the filters were washed in PBS so-
lution to remove unbound probe remnants. The samples 
were then washed in WB1 (washing solution) at 50 °C for 
20 min and in PBS solution at 22 °C for 30 seconds, and in-
cubated with 50 µl DAPI (6.3 µl.ml–1) at 22 °C for 10 min 
to improve visualization and resolution of total bacteria. 
The filters were then washed in PBS solution and subse-
quently in 50 µl WB2 (washing solution) (5 M NaCl, 1 M 
Tris, H2O), and incubated at 50 °C for 20 min, washed in 
PBS and allowed to dry at 22 °C for 10 min. Three drops of 
Vectashield solution (Vector Laboratories) were applied to 
a slide, covered by the filter and a cover slide was placed on 
the top. The bubbles were expelled and the slide was sealed 
and labelled. 

Microscopic slides were evaluated at various spectres 
using a fluorescence microscope Carl Zeiss Axio Observ-
er Z1 and software Axio Vision. Rel 4.8. A filter 38H with 
excitation 470 nm and emission of 525—550 nm (green 
colouring) was used for the slides labelled with 6-FAM 
(6-Carboxyfluorescein), while for the slides labelled with 
fluorochrome, Texas red (sulphorodamine 101 acid chlo-
ride) a  filter 64HE with  excitation 587 nm and emission 
647—670 nm (red colouring) was used. The detection of 
the total bacteria was accomplished by means of DAPI 
(4’,6-diamidino-2-phenylindole), using filter 49 with exci-
tation 365 nm and emission 445–450 nm (blue colouring). 

Statistical evaluation
The results are presented as means ± SD. The data were 

evaluated by GraphPad Prism 3.00 software using the un-
paired t-test.

RESULTS

By day 14, a significant increase in counts of Lactobacil-
lus Lab 158 (P < 0.001) and a significant decrease in counts 
of Enterobacteriaceae Entbac (P < 0.001; P < 0.01) were ob-
served in the, jejunum, ileum, and faeces of mice from LR 
group in comparison with the control group (Figs. 1—3). 

Similarly, in the caecum (Fig. 4) of the mice from the LR 
group, we observed a significant increase in Lactobacillus 
Lab 158 (P < 0.01) and a significant decrease in Enterobac-
teriaceae Entbac (P < 0.001) in comparison with the control 
mice. Moreover, in the caecum we could detect changes 
also in other investigated groups of bacteria in compari-

Table 1. Characteristics of the probes used in the study

Probe Sequence (5′→3′) Microorganism/
Reference

Chis 150 TTATGCGGTATTAATCTYCCTTT

Clostridium sp., 
C. cluster, 
C.tyrobutyricum, 
C.histolyticum
F r a n k s   et al. [10]

Lab 158 GGTATTAGCAYCTGTTTCCA
Lactobacillus sp./
Enterococcus sp.
H a r m s e n  et al. [15]

Bif 164 CATCCGGCATTACCACCC Bifidobacterium sp.
L a n g e d i j k  et al. [19]

Bac 303 CCAATGTGGGGGACCTT Bacteroides, Prevotella 
A p o s t o l o u  et al. [1]

Entbac CATGAATCACAAAGTGGTAAGCGC Enterobacteriaceae
J a n s e n  et al. [18]

Lbre ATCCATCGTCAATCAGG Lactobacillus reuteri
Q u e v e d o  et al. [25]
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Fig. 3. Microbiological analysis of faeces of mice after 14-day supplementation of feed with L. reuteri L2/6 RIF
** P < 0.01; *** P < 0.001

Fig. 1. Microbiological analysis of the jejunum of mice after 14-day supplementation of feed with L. reuteri L2/6 RIF
** P < 0.01; *** P < 0.001

Fig. 2. Microbiological analysis of the ileum of mice after 14-day supplementation of feed with L. reuteri L2/6 RIF
** P < 0.01; *** P < 0.001
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Fig. 4. Microbiological analysis of the caecum of mice after 14-day supplementation of L. reuteri L2/6 RIF
** P < 0.01; *** P < 0.001

Fig. 5. Counts of Lactobacillus reuteri L2/6 RIF (log CFU.g–1) in faeces of mice from the LR group during supplementation 
of feed, determined by the cultivation method in comparison with counts of the total lactobacilli (FISH, log cells. g–1)

son with the controls. In the caecum of the LR group, the 
counts of Bifidobacterium Bif 164 were significantly in-
creased (P < 0.001) and the counts of Clostridium Chis 
150 and Bacteroides Bac 303 were significantly decreased 
(P < 0.001) in comparison with the controls. The counts 
of the species L. reuteri Lbre were also positively affected 
(P < 0.001) in the group supplemented with Lactobacillus 
reuteri L2/6. The influence on the total bacterial count was 
more pronounced in the first two segments of the small in-
testine, the jejunum and ileum (P < 0.01; P < 0.01), in the LR 
group in comparison with the controls.

The counts of Lactobacillus reuteri L2/6 RIF in the fae-
ces of the LR group during supplementation, determined 
by the cultivation method, showed an increasing tendency 

(Fig. 5). The counts of Lactobacillus reuteri L2/6 RIF, deter-
mined by the cultivation method in individual segments of 
the GIT of the LR group after 14-day supplementation of the 
strain were as follows: jejunum 6.55 ± 0.23 log CFU.g–1; ile-
um 7.02 ± 0.25 log CFU.g–1; caecum 7.20 ± 0.26 log CFU.g–1; 
faeces 7.26 ± 0.38 log CFU.g–1.

DISCUSSION AND CONCLUSIONS

Autochthonous physiological microbial flora of the GIT 
is considered one of the natural protective mechanisms of 
a macro-organisms. From the point of view of colonisation 
resistance, it helps for the host to resist the colonisation of 
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the GIT by pathogenic bacteria. Disturbance of its function 
results in insufficient protection against infectious agents 
[16]. One of the mechanisms by which probiotic bacteria 
may support colonisation resistance of natural microbiota 
is the production of antibacterial substances and an in-
crease in the density and diversity of the beneficial compo-
nents of the intestinal microbiota [2]. 

Supplementation of the porcine strains L. reuteri 
BSA131 and L. fermentum I5007, reduced the counts of po-
tentially pathogenic E. coli and clostridia in the intestine 
of newborn piglets [4, 21]. Similarly, it was observed that 
a  mixture of lactobacilli isolated from the GIT of piglets 
(Lactobacillus gasseri, L. reuteri, L. acidophilus, L. fermen-
tum, L. johnsonii and L. mucosae) increased the counts 
of  lactobacilli and bifidobacteria and reduced the counts 
of E. coli and anaerobic bacteria in the jejunum, ileum, cae-
cum and colon of weaned piglets [5, 17]. It is well known 
that lactobacilli exhibit inhibitory activity against E. coli 
and enterobacteria-mediated production of organic acids, 
with a subsequent decrease in the pH and the production of 
H2O2 and lactoferin [20]. Increased concentrations of lac-
tic and acetic acids and a related decrease in the pH in the 
ileum and colon following the administration of lactic bac-
teria were also confirmed in in vivo experiments on weaned 
piglets [14, 30].  F u e n t e s  et al. [13] conducted a study that 
focused on the influence of the composition of microbiota 
in mice and observed that the administration of L. casei 
and L. plantarum, originating from milk products, resulted 
in changes in the proportions of lactobacilli (L. helveticus, 
L. johnsonii and L. reuteri predominated) in the faeces and 
individual segments of the intestine; however, the structure 
and counts of other representatives of microbiota were not 
affected, which indicated a different effectiveness of indi-
vidual strains or species of lactobacilli.  P r e i d i s  et al. [23] 
experimentally confirmed the transient increase in the 
phylogenetic diversity of representatives of the faecal mi-
crobiome of mice 24 hours after a single administration of 
L. reuteri. The above mentioned studies indicated that the 
administration of various species of lactobacilli may mod-
ulate intestinal microbiota profile and thus affect produc-
tion of microbial metabolites that may improve intestinal 
health. 

Our study investigated the influence of host non-spe-
cific strain Lactobacillus reuteri L2/6 isolated from the GIT 
of pigs. In previous in vitro studies, this strain demonstrat-
ed inhibitory activity against potential bacterial pathogens, 

and produced reuterin and lactic and acetic acids. It was 
capable of forming biofilms on abiotic surfaces. It also pro-
duced capsular exopolysaccharides and exhibited higher 
tolerance to both gastric and intestinal juices [26]. In our 
previous experiment [27] we observed the presence of 
a biofilm in the stomach, duodenum and caecum of  germ-
free mice following exogenous administration of this strain. 
The hybridization with a  specific probe (Lab158) showed 
that the strain L. reuteri L2/6 formed a  solid biofilm on 
a stratified squamous epithelium of the mice forestomach. 
In the duodenum and caecum, this strain occurred in the 
form of cells interspersed in mucus covering the mucous 
membrane, or in the form of small micro-colonies. The 
strain was capable of colonizing in high numbers individu-
al parts of the intestinal lumen of germ-free mice.

Our microbiological analysis of the intestinal tract 
of  mice after the 14-day supplementation of host non-
specific strain L. reuteri L2/6 in the presence of complex 
microbiota, revealed that this strain was able of colonising 
the intestinal lumen and affect the counts of selected intes-
tinal bacteria in the GIT of conventional mice. The FISH 
analysis of the caecal samples showed a significant increase 
in the counts of the genera Lactobacillus and Bifidobacte-
rium and a significant reduction in the counts of the genera 
Clostridium, Bacteroides, and representatives of the family 
Entero bacteriaceae. At the same time, we were able to ob-
serve a positive effect on bacteria of L. reuteri species.

L. reuteri is an intestinal symbiont colonizing stratified 
squamous epithelium in the frontal part of the animal in-
testinal tract and is a  stable part of the microbiota of the 
large intestine in humans [31]. L. reuteri is also a  stable 
representative of sourdough used for making sourdough 
pastries [8]. Comparative genomics have revealed that the 
evolution of L. reuteri resulted in the development of host 
limited phylogenetic lines specialising in specific hosts 
[22]. The analyses indicated principally a different genomic 
evolution of the rat isolate L. reuteri 100-23 and human iso-
lated L. reuteri F275 [11]. 

An extensive study conducted by  F r e s e  et al. [12] in-
vestigated the mechanisms implicated in the colonisation 
and formation of biofilms in specific strains of intestinal 
representatives of L. reuteri. Confocal microscopy showed 
adherence and formation of biofilms by rat strains on the 
forestomach epithelium of Lactobacillus-free mice, which 
was not observed in case of L. reuteri strains originating 
from other hosts, such as poultry, pigs or man. Contrary to 
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previous observations, strains originating from other hosts, 
except for rats, were capable of colonising the intestinal lu-
men of germ-free mice in high numbers in the absence 
of competitive microbiota [11]. Despite this colonisation, 
these strains were unable to adhere to forestomach epithe-
lium and form biofilms.  F r e s e  et al. [12] reported that in 
a rat strain L. reuteri 100-23, a surface adhesin Lr70902, the 
so-called Fap1-like protein, played a principal role in the 
primary adhesion to the forestomach epithelium and thus 
was implicated in host specificity. Homologues of protein 
Lr70902 were found in L. reuteri isolated from rats and pigs 
and could play a  key role in the exclusive binding to the 
epithelium of the relevant hosts. The authors theorized that 
a weak similarity of sequences of rat and pig strain’s pro-
teins can explain the observed host specificity. 

S u  et al. [28] reported that L. reuteri isolated from sour-
dough originated from the same phylogenetic line as the 
rat strains. Previous investigations showed that rat isolates 
of L. reuteri were able to persist for long periods of time 
in fermented food and L. reuteri LTH5448, isolated from 
sourdough, colonised the GIT of Lactobacillus-free mice 
and produced populations comparable with that produced 
by the rat strain L. reuteri 100-23 [32]. Genome hybrid-
ization showed that the genome composition of L. reuteri 
LTH5448 isolated from sourdough was very similar to the 
rat isolate L. reuteri 100-23. As Lactobacillus-free mice were 
effectively colonised only by L. reuteri strains originating 
from rats, the above observations provide obvious proof of 
intestinal (rat) origin of this isolate from sourdough. Tran-
scription of proteins that ensure the competitiveness of 
L. reuteri in cereal fermentations occurred with high inten-
sity also in biofilms, which supports the suggested model of 
a common intestinal origin of these isolates. With regard 
to the similarity of these two biotopes (i. e. availability of 
carbon source), L. reuteri may be capable of colonising two 
environmental niche — frontal segment of the intestine of 
cereals-consuming mammals and sourdough [28]. These 
observations stress the importance of bacterial adaptation 
to life in a  certain type of habitat (biotope), for example 
when selecting beneficial strains for probiotic purposes. 

The FISH analysis of the GIT of conventional mice 
showed that strain L. reuteri 2/6 was able to colonise their 
intestine in the presence of competitive microbiota. The 
supplemented strain stimulated the population of caecal 
lactobacilli of L. reuteri species and modulated the inves-
tigated intestinal microbiota. The above mentioned liter-

ary data allowed us to hypothesise that the tested porcine 
strain L. reuteri L2/6 can originate from cereals and shows 
characteristic features of the rat strain. However, additional 
genomic research of host specificity of this strain is needed 
to confirm this hypothesis. 
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ABSTRACT

Food dyes are largely used in the process of manufac-
turing pharmaceutical products. The aim of such a pro-
cedure is not only to increase the attractiveness of prod-
ucts, but also to help patients distinguish between phar-
maceuticals. Various dyes, especially organic colouring 
agents, may in some cases have a negative impact on the 
human body. They are incorporated into pharmaceuti-
cal products including tablets, hard gelatine capsules or 
soft gelatine capsules, lozenges, syrups, etc. This article 
provides an overview of the most widely used colouring 
agents in pharmaceuticals, their characteristics and the 
EU legislation which regulates their use. 

Key words: analysis; food dye; legislation; pharma-
ceutical product; potential health risk
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INTRODUCTION

In addition to the active ingredients, various additives 
are used in the manufacture of pharmaceuticals. This group 
of compounds includes dyes. A colour additive is any dye, 
pigment, or other substance that imparts colour to food, 
drink or any non-food applications including pharma-
ceuticals. Moreover, a colour additive is also any chemical 
compound that reacts with another substance and causes 
the formation of a colour [22, 56]. The pharmaceutical in-
dustry employs various inorganic and, especially, organic 
dyes for this purpose. These colour additives are pigments 
of natural origin or synthetic chemical compounds. How-
ever, most of the dyes obtained from natural sources are 
unstable and can easily undergo degradation during the 
processing of pharmaceutical products. Therefore, dyes of 
synthetic origin are widely used, not only because of their 
stability, but also given the low cost of production when 
compared to natural dyes [66].

The priority of the dye is to increase the aesthetic ap-
pearance of the pharmaceutical products. It can be said that 
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the dyes are the cosmetics for the pharmaceutical prod-
ucts [2]. Dyes are added to nutritional supplements and 
pharmaceutical products for commercial, psychological 
and practical purposes. A variety of coloured tablets, cap-
sules (hard gelatin, soft gelatin), syrups and multivitamin 
supplements are attracted by children precisely because of 
their appearance. Colouring of pharmaceuticals improves 
their easy identification already at the first sight. Various 
colours of drugs also help distinguish different strengths of 
the same drug, which can eliminate faults of an over dose 
or under dose. Synthetic dyes are organic substances that 
may interact with the human body. These interactions are 
a potential health risk, especially when they are consumed 
excessively [51]. There have been various studies focused 
on neurotoxicity [54], genotoxicity [53] and carcinoge-
nicity [41] of synthetic dyes. The relationship between 
dyes and the children´s attention deficit disorder (ADD), 
attention-deficit hyperactivity disorder (ADHD), immune 
system problems, and certain allergic reactions have also 
been examined. Due to the fact that the results of various 
researches have been ambiguous, nowadays, a great deal of 
attention is paid to study the effects of artificial dyes on hu-
man health. 

EUROPEAN UNION LEGISLATION ON DYES 

Dyes belong to one of the most important classes of 
pharmaceutical excipients that can affect the health of cer-
tain population groups. Therefore, the basic purpose of 
any laws related to drugs and substances must be the safety 
of public health. To ensure this task various measures are 
taken. They protect the health without hindering the de-
velopment of the pharmaceutical industry and trade with 
pharmaceuticals. Practical experience so far has shown that 
in terms of health, there is no reason to disallow the use of 
foodstuff dyes also in pharmaceutical products.

For this reason, the basic legislation determining the 
use of dyes in food have in the past, but also currently, over-
lapped with the legislation on pharmaceutical products and 
medicines. The first collection of international food stan-
dards and guidelines called Codex Alimentarius (CA) was 
issued in 1962 by the Food and Agriculture Organisation 
(FAO) and the World Health Organization (WHO) [11]. 
The Codex Committee on Food Additives and Contami-
nants (CCFAC) operates as part of the CA [35]. The Com-

mittee focuses on food additives and contaminants, and 
implements recommendations for the maximum permit-
ted limits for the use of individual food additives. Codex 
Alimentarius and WHO/FAO have produced a database in 
which evidence of the biological activity of food additives 
are collected, the so called General Standards for Food Ad-
ditives (GSFA).

Dyes are included as a specific part in the group of ad-
ditives, because as early as in the Council Directive of 23 
October 1962 [17], a list was established of colouring ma-
terials authorized for use in foodstuffs intended for human 
consumption. The basic rule focused on the approximation 
of the laws of the Member States relating to the colouring 
materials which may be added to medicinal products under 
Council Directive 78/25/EEC of 12 December 1977 [18]. 
In Article 1 of this Directive, it is stated that Member States 
shall not authorize, for the colouring of medicinal products 
for human and veterinary use, any colouring materials than 
those covered by Annex I, Sections I and II, to the Directive 
of 1962, as subsequently amended. The Directive joined the 
applicable requirements to food dyes with the requirements 
applicable to pharmaceutical products. The document, 
however, did not contain any specific references to earlier 
legislation that was subsequently cancelled. On the 30th of 
June 1994, the European Parliament and Council Directive 
94/36/EC adopted the use of dyes in food [19], outlining 
a single list of colouring agents to be used in foodstuffs. The 
specific purity criteria concerning dyes for the use in food-
stuffs were laid down in the Directive 95/45/EC of 26 July 
1995 [13]. It can be said that this document essentially re-
placed the provisions of the Directive of 1962. Directive 
2009/35/EC of the European Parliament and of the Council 
of 23 April 2009 on the colouring materials which may be 
added to medicinal products [20]. It states that the primary 
purpose of any laws concerning medicinal products must 
be to safeguard the public health. In the introduction of the 
Directive, in point No. 5, it is mentioned that experience 
has shown that there is no reason, on health grounds, why 
the colouring materials authorised for use in foodstuffs 
should not also be authorised for use in medicinal prod-
ucts. Therefore, Annex I to Directive 94/36/EC, as well as 
the Annex to Commission Directive 95/45/EC of 26  July 
1995, should also apply to medicinal products. In Article 1 
of that document, it states that Member States shall not au-
thorize, for the colouring of medicinal products for human 
and veterinary use, any colouring materials, those covered 
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by Annex I to the Directive 94/36/EC. Legislation relating 
to the dyes change over time, evolves and adapts. 

Based on new research and studies, the appropriateness 
of the use of certain dyes in pharmaceutical products and 
their maximum levels are always reviewed. For example, 
the Scientific Committee on Medicinal Products and Medi-
cal Devices adopted an opinion on the suitability and safety 
of Amaranth, Erythrosine, Canthaxanthin, aluminum and 
silver as the dyes for medicinal products [61]. Regulation 
(EC) No 178/2002 of the European Parliament and of the 
Council of 28 January 2002 [21] laid down the general prin-
ciples and requirements of food law, established the Euro-
pean Food Safety Authority and laid down procedures in 
matters of food safety. In compliance with this Regulation, 
additives used in the EU must be first reviewed by the Euro-
pean Food Safety Authority (EFSA), in accordance with the 
European Commission. EFSA conclusions are based on the 
recommendations of the Codex Committee on Food Ad-
ditives and Contaminants (CCFAC). The EFSA publishes, 
what is officially known as “Scientific Opinion” in the EFSA 
Journal, on request from the European Commission. The 
content of the EFSA Scientific Opinion comprises these 
subject-matters: technical and chemical characteristics of 
the dye; description of the manufacturing process; analyti-
cal methods used for the determination; chemical reactiv-
ity with food; summary of the current authorization for 
use; dose range, toxicokinetic information; toxicological 
data; carcinogenicity, genotoxicity, developmental and re-
productive toxicity; and hypersensitivity to the substance. 
Approval of the use of these additives depends on the level 
of scientific knowledge at the time. Therefore, it is neces-
sary to carry out regular reviews and revisions of legislation 
with respect to new scientific information in evaluating the 
conditions of a particular use of additives. In 2008, the Eu-
ropean Parliament and Council published Regulation (EC) 
No 1333/2008 on food additives [14]. In this document, it 
states that food additives which were permitted before 20 
January 2009 shall be subject to a new risk assessment car-
ried out by the EFSA. The commission Regulation (EU) No 
257/2010 of 25 March 2010 [15] set up a programme for 
the re-evaluation of approved food additives in accordance 
with Regulation (EC) No 1333/2008 of the European Par-
liament and of the Council on food additives. Considering 
the above, we can conclude that in practice it is very impor-
tant to monitor the development of legislation particularly 
in the field of using the synthetic organic dyes. These rules 

reflect the new findings on the impact of additive substanc-
es on the human body and so help to protect human health.

Given the fact that the European Parliament is well-
aware and informed of possible children's health issues 
linked to the consumption of synthetic dyes, it compiled 
a bordereau of food dyes allowed to be used in processed 
food, yet requiring a  warning indication in the form of 
a  label on food packaging. Despite this scientific advice, 
since July 2010, the Annex V of the Regulation (EC) No. 
1333/2008 of the European Parliament and of the Coun-
cil of 16 December 2008 on food additives, provides a list 
of food dyes (E110, E104, E122, E129, E102, E124) which 
must provide labels with the following information for tar-
get users: may have an adverse effect on activity and atten-
tion in children [32]. 

The toxicological effects of synthetic dyes are concen-
tration-dependent [44]. Given their toxicity, mostly when 
consumed in excess, synthetic dyes are strictly governed 
by applicable legislation, regulations and acceptable daily 
intake (ADI) values for pharmaceuticals safety. The ADI 
values and eventual health effects on humans for the most 
commonly used pharmaceutical dyes are listed in Table 1 
[16]. The ADI values are listed in units of mg per kg of body 
weight.

THE DYES MOST FREQUENTLY USED 
IN PHARMACEUTICAL INDUSTRY 

Every product intended for a  medical purpose is an 
elaborate system of active substances and excipients. In re-
cent time, by virtue of the accelerated growth of the eager-
ness to make commercially attractive products in the phar-
maceutical industry, the human body assembles more and 
more synthetic molecules. In the composition of medicines 
to the organisms, arrive excipients such as dyes, among 
which synthetic dyes are prevalent nowadays. Aspects that 
affect colour stability include: light, oxidising and reducing 
agents, heat, pH, microbial contamination, and solubility 
limits. The synthetic dyes have important technological su-
periority when being compared to most natural dyes given 
the fact that: they give vivid colours, they are resistant to 
light, oxidants and reducing agents impact, to pH changes 
and they are also less susceptible to various types of im-
pacts that a material is subject to during the technological 
process. 
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Table 1. Acceptable daily intake values and potential health effects 
on humans for the most commonly used pharmaceutical dyes

Pharmaceutical 
dyes

ADI
[mg.kg bw–1 day–1]

Potential health effects 
on humans

E102, 
Tartrazine

7.5

Tartrazine appears to cause the highest percentage of allergic and intolerance reactions of all the azo 
dyes, particularly among asthmatics and those with an aspirin intolerance. The use of Tartrazine in sus-
ceptible patients has been reported to lead to allergic or adverse reactions, such as urticaria, eczema, 
asthma and hyperactive behaviour. Reported cases of hypersensitivity, and hyperkinetic activity in 
children [23, 34, 60].

E104, 
Quinoline Yellow

0.5

A Quinoline Yellow allergy is an adverse reaction by the body's immune system to a yellow food colour-
ing called Quinoline Yellow which is used in a number of pharmaceuticals. The specific symptoms can 
vary considerably amongst patients and may range from mild to severe. For this dye, there was some 
evidence of carcinogenic activity and genotoxicity. E104 causes allergy symptoms in people who are 
allergic to aspirin. Its consumption after taking aspirin can cause hives, wheezing, sneezing or itching. 
E104 may result in increased hyperactivity in children [26, 48, 55]. 

E110, 
Sunset Yellow

1.0

Gastrointestinal intolerance, with abdominal pain, vomiting, and indigestion, has been associated with 
sunset yellow. In one case, eosinophilia and hives were present as well. Sunset Yellow may cause aller-
gic or intolerance reactions in certain people. E110 causes side effects such as a hives, allergies, kidney 
tumours, chromosomal damage, hyperactivity, abdominal pain, nausea and vomiting. E110 may have 
an adverse effect on activity and attention in children [4, 27].

E120, 
Cochineal, carminic acid, 
Carmines

5.0
The natural colourings used, carmine or cochineal extract, can cause allergic reactions. It has been 
known to cause severe allergic reactions and anaphylactic shock in some people. The hyperactive 
Children´s Support Group recommends that the dye be eliminated from children´s diets [6, 65]. 

E122, 
Azorubine, Carmoisine

4.0
Azorubine has shown no evidence of mutagenic or carcinogenic properties. E122 may have an adverse 
effect on the activity and attention in children. It may rarely cause skin and respiratory reactions in 
susceptible individuals, even at the approved dose [28]. 

E123, 
Amaranth

0.15

Because Amaranth is an azo dye, it has been proven to provoke asthma, urticaria, rhinitis, eczema and 
hyperactivity as well as allergic reactions, similar to nettle rash, among asthmatics and individuals who 
are sensitive to aspirin. Amaranth is considered very dangerous as it increases hyperactivity in affected 
children [29].

E124, Ponceau 4R 0.7
May increase hyperactivity in affected children. Can adversely affect those that are sensitive to aspirin 
[38, 50]. 

E127, 
Erythrosine

0.1

This substance has been found to have tumorigenic effects in experimental animals, as well as muta-
genic effects in both experimental animals and humans. Furthermore, risks include: irritation of eyes, 
skin, digestive tract, and respiratory tract in its undiluted form. There is a potential risk of negative 
influences on the thyroid gland due to the fact that E129 has four iodine atoms [3].

E129, 
Allura Red

7.0
Allura Red may cause allergic reactions (e.g. urticaria, asthma), especially when administered in mixes 
with other synthetic colour additives [67].

E131, 
Patent Blue

5.0
Several reports of serious allergic or anaphylactic reaction to Patent Blue have been published [71].

E132,
Indigo Carmine

5.0
Indigo Carmine is harmful to the respiratory tract if swallowed. It is also an irritant to the skin and eyes 
[42].

E133,
Brilliant Blue

6.0
It has the capacity for inducing an allergic reaction in individuals with pre-existing moderate asthma 
[30]. 

E151, 
Brilliant Black BN

5.0
It is one of the colourants that the Hyperactive Children's Support Group recommends be eliminated 
from the diet of children. It appears to cause allergic or intolerance reactions, particularly amongst 
those with aspirin intolerance. It is a histamine liberator, and may worsen the symptoms of asthma [48]. 
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The European Union has authorised 43 dyes as food ad-
ditives out of which each one was assigned an E-number. 
Out of these, 17 are synthetic dyes and 26 are either natu-
rally derived, synthesized to match the naturally occurring 
counterparts, or are inorganic pigments occurring freely in 
nature in respective amounts [24]. 

As a  category of the additives in the pharmaceutical 
industry, dyes are commonly classified as either natural or 
synthetic. For the most part, synthetic dyes have a higher 
tinctorial strength than natural dyes. Furthermore, syn-
thetic dyes are predominantly water-soluble, relatively 
stable and not easily destroyed during the drug process-
ing. These aspects, together with their advantageous price, 
render synthetic dyes more widely used worldwide these 
days. However, taking toxicological studies into account, 
the eventual risks of numerous synthetic azo dyes to hu-
man health have been found and are of concern. Scientists 
interested in this particular field of study have discovered 
that Amaranth starting at a certain concentration can in-
duce dose-related DNA damage in the mouse colon after 
oral administration. In addition to the genotoxicity, a part 
of synthetic dyes can also cause allergic or asthmatic reac-
tions for sensitive people, as well as frequent headaches and 
children's hyperactivity. To prevent the abuse of synthetic 
dyes, the permissible type and usage of synthetic dyes are 
strictly regulated in many countries [51].

There are many different classifications of pharmaceuti-
cal coloring agents. One of the most useful ways is to sim-
ply divide the colours into water-soluble (dyes) and water-
insoluble (pigments) [61]. 

According to another method of separation, the phar-
maceutical colourants are divided into [2]:

1. Organic dyes and their lakes 
2. Inorganic or mineral colours
3. Natural colours or vegetable and animal colours

Organic dyes and their lakes 
Organic dyes are synthetic chemical compounds that 

show intense colouring. They have a wide range of shades 
of greater colour intensity than natural dyes. They are easier 
to access and cheaper than natural dyes. 

In 1984, FAO/WHO classified synthetic dyes into five 
major chemical groups: the azo compounds, quinophthal-
one, triarylmethane group, indigo dyes, and xanthenes. The 
synthetic dyes are used primarily in their water-soluble form, 
which is as their sodium, calcium, potassium or ammonium 

salts. Occasionally, they are used in the form of insoluble 
lakes, which are produced by precipitating the water-soluble 
forms onto an alumina or titanium dioxide base. Azo dyes 
are depicted as having an azo linkage, i.e. a  nitrogen-to-
nitrogen double bond (–N=N–). Chemically, in their mol-
ecules, one may discover benzene and naphthalene rings 
joined by azo linkages and containing sulfonic acid groups. 
Dyes in this group are the azo dyes Azorubine, Amaranth, 
Sunset Yellow, Tartrazine, Ponceau 4R and Allura red. The 
members of triarylmethane dyes are based on a central tri-
phenylmethane structure and are substituted amine deriva-
tives, with or without sulphuric acid groups. The dyes in 
this class pharmaceutically used are Brilliant Blue and Pat-
ent Blue. The members of xanthene dyes are based chemi-
cally on a xanthenes nucleus, for instance Erythrosine. Qui-
nophathalone dyes are based on the naphthalene-quinone 
structure. From the pharmaceutical perspective, Quinoline 
Yellow is the constituent of this group. Quinoline Yellow is 
a  mixture of salts, principally the mono- and disulfonate. 
The group of indigoid dyes stems from indigo which has 
two isatin molecules joined by a  double bond. From the 
pharmaceutical perspective, the most commonly used dye 
in this class is Indigo Carmine [31, 59]. 

Generally, the colouring agents used in commerce have 
trivial denominations and there are often several synonyms 
for each substance. The colourants that we mainly resort to 
for colouring tablets, capsules and lozenges are synthetic 
water-soluble dyes, pigments (especially the pacifying 
agent titanium dioxide) and certain dyes of natural origin 
(cochineal). These dyes are often used as a dye in the manu-
facturing of pharmaceuticals: E102 Tartrazine, E104 Quin-
oline Yellow, E110 Sunset Yellow FCF, E120 − Cochineal, 
carminic acid, Carmines, E122 Azorubine (Carmoisine), 
E123 Amaranth, E124 Ponceau 4R (Cochineal Red A), 
E127 Erythrosine, E129 Allura Red, E131 Patent Blue, E132 
Indigo Carmine (Indigotine), E133 Brilliant Blue, and E151 
Brilliant Black BN. The dyes that can be contained in phar-
maceuticals are detailed in a corresponding directive and 
are listed in Table 2. 

Lakes have been defined by the FDA as the "Aluminum 
salts of FD&C water soluble dyes extended on a substratum 
of alumina". Lakes, unlike dyes, are insoluble and colour 
by dispersion. Their colour ability depends on particle size. 
Smaller particles have greater dyeing ability. They are pre-
pared by reacting synthetic dyes with alumina in an aque-
ous medium [14].
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Table 2. European Union list of the most commonly 
used pharmaceutical synthetic dyes

Commercial name/
synonym name E-number Chemical structure

IUPAC name
Chemical formula

M.W.

Tartrazine E102

Trisodium1-(4-sulfonatophenyl)-4-(4-sulfo-natophenylazo)- 
-5-pyrazolone-3-carboxylate

C16H9N4Na3O9S2
534.37

Quinoline Yellow E104

Disodium 2-(1,3-dioxoindan-2-yl)quinoline disulfonate

C18H9NNa2O8S2
477.38

Sunset Yellow FCF E110

Disodium 6-hydroxy-5-[(4-sulfophenyl)azo]-2-naphthalene-sulfonate

C16H10N2Na2O7S2
452.27

Azorubine/ E122

Disodium4-hydroxy-2-[(E)-(4-sulfonato-1-naphthyl)diazenyl]
naphthalene-1-sulfonate

C20H12N2Na2O7S2
502.44

Amaranth E123

Trisodium (4E)-3-oxo-4-[(4-sulfonato-1-naphthyl) hydrazono] 
naphthalene-2,7-disulfonate

C20H11N2Na3O10S3
604.48

Ponceau 4R/
Cochineal Red A E124

Trisodium (8Z)-7-oxo-8-[(4-sulfonatonaphthalen-1-yl) hydrazinylidene] 
naphthalene-1,3-disulfonate

C20H11N2Na3O10S3
604.48
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Commercial name/
synonym name E-number Chemical structure

IUPAC name
Chemical formula

M.W.

Erythrosine E127

2-(6-Hydroxy-2,4,5,7-tetraiodo-3-oxo-xanthen-9-yl) benzoic acid

C20H6I4Na2O5
879.87

Allura Red E129

Disodium 6-hydroxy-5-[(2-methoxy-5-methyl-4-sulfophenyl)azo]-
-2-naphthalenesulfonate

C18H14N2Na2O8S2
496.42

Patent Blue E131

2-[(4-diethylaminophenyl)(4-diethylimino-2,5-cyclohexadien-1-ylidene) methyl]-
-4-hydroxy-1,5-benzene-disulfonate

C27H3N2O7S2
579.71

Indigo Carmine/
Indigotine E132

Disodium salt 3,3'-dioxo-2,2'-bis-indolyden-5,5'-disulfonic acid

C16H8N2Na2O8S2
466.36

Brilliant Blue FCF E133

Ethyl-[4-[[4-[ethyl-[(3-sulfophenyl)methyl]amino]phenyl]-(2 - sulfophenyl)
methylidene]-1-cyclohexa-2,5- dienylidene]-[(3-sulfophenyl)methyl]azanium

C37H34N2Na2O9S3
792.84

Brilliant Black BN E151

Tetrasodium (6Z)-4-acetamido-5-oxo-6-[[7-sulfonato-4-(4-sulfonatophenyl)azo-
-1-naphthyl]hydrazono]naphthalene-1,7-disulfonate

C28H17N5Na4O14S4
867.68
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in sensitive individuals. Increased hyperactivity has been 
reported in a  few cases. The Hyperactive Children’s Sup-
port Group recommends that the dye be eliminated from 
children’s diets. As the colourant is of animal origin, it is 
not acceptable for use in foods or medicinal products for 
vegans [73]. 

Inorganic or mineral colours
Inorganic colours, metal oxides, hydroxides or sul-

phides are used in particular. These substances are char-
acterized by their stability to light and some are opaque 
materials. The range of colours we can achieve with these 
substances is less than that of organic colourings. Today, 
mainly yellow and red iron oxides (E172) are used to dye 
medicines. Titanium dioxide (E170) is used to colour and 
opacify hard gelatin capsules. 

Natural colours or vegetable and animal colours
Among natural dyes we include substances with differ-

ent chemical structures and various physicochemical prop-
erties. They are obtained by extraction from different parts 
of plants, trees or animal products. Some of these colours 
are the products of chemical synthesis rather than extrac-
tion from a natural source, for example, β‐carotene of com-
merce is regularly synthetic in origin. The term “synthetic in 
origin” frequently applied to such materials is “nature iden-
tical”, which in many ways is more descriptive. 

In general, natural dyes are less stable to light, heat and 
certain pH values than other dye groups. The ability to co-
lour natural products is easier and more readily available 
than synthetic dyes. They do, however, have an advantage 
in that they have a wide acceptability [2]. The most com-
monly used colours in pharmaceutical products are from 
this group of colours: caramel, cochineal, riboflavin, an-
thocynins, annato and curcumin. In terms of possible ad-
verse effects on humans, the cohineal is the one that gets 
the most attention. 

Cochineal dye is obtained from the dried bodies of 
female Dactylopius coccus Costa insects (Cochineal) by 
extraction with water, alcohol or aqueous alcoholic solu-
tion. The main component of cochineals is anionic anthra-
quinone glycoside, carmine acid (7-α-D-glycopyranosyl-
9,0-dihydro-3,5,6,8-tetrahydroxy-1-methyl-9,10-dioxo-
2-anthracene-carboxylic acid). The molecular structure 
(Figure 1a) consists of an anthraquinone chromophore, 
a sugar residue, and a carboxyl group. Carmine is the fin-
ished aluminium/calcium lake of carminic acid, and is the 
commercial dye (E120) used to produce colour to food or 
pharmaceuticals. The possible structural formula for the 
aluminium complex of carminic acid is shown in Figure 1b. 
Both carminic acid and carmine are reasonably stable 
against light, heat and oxidation. Carminic acid is orange at 
a pH lower than 5 and bluish-red over 8. A variety of shades 
from yellow-red to near blue are possible. The solubility of 
carmine preparations varies depending on the nature of the 
cations present. Products where the major cation is ammo-
nium (ammonium carminate) are freely soluble in water at 
pH 3.0 and pH 8.5. Products where the major cation is cal-
cium (calcium carminate) are only slightly soluble in water 
at pH 3.0, but freely soluble at pH 8.5.

Carmine is used to colour different types of food, bev-
erages, drugs and cosmetics. Increased amounts can cause 
allergic reactions, childhood hyperactivity and skin tumors 

Fig. 1. a) Carminic acid; b) Carmine − possible structural formula 
for the aluminium complex of carminic acid

a) 

b) 
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POTENTIAL HEALTH EFFECTS OF SYNTHETIC 
DYES ON HUMANS

 
An extensive amount of dyes are employed in the area 

of pharmaceutical manufacturing. The official concession 
to make use of the synthetic dyes in the pharmaceutical 
industry is subjected to a  wide spectrum of toxicity tests 
and extremely stringent legislative provisions in all devel-
oped states. The crucial chemical structure of artificial dyes 
consists of azo group and aromatic rings which may be of 
toxic effects to human health, mainly in cases when they 
have been over consumed by patients and by pharmaceuti-
cal clients in general on a daily basis. In the light of these 
facts, the producers are obliged to enumerate such ingredi-
ents on medicinal packaging to help people avoid potential 
adverse effects. Most synthetic coloured additives are carci-
nogenic, teratogenic and are the cause of allergic reactions. 
Toxicology studies are routinely conducted on an ongoing 
basis by official institutions — responsible authorities such 
as the World Health Organisation (WHO), the Food and 
Drug Administration (FDA), and the European Commis-
sion (EC). The outcome of this continuous review is that 
the various regulatory bodies around the world have com-
piled lists of permitted colours that are generally viewed as 
being free from serious adverse, undesired toxicological ef-
fects [51].

Some of the groups of dyes have been associated with 
suspected adverse effects. In 2007, a study scrutinising the 
use of six dyes (Tartrazine, Quinoline Yellow, Sunset Yel-
low, Azorubin, Ponceau 4R and Allura Red) was published. 
The study results connected these dyes to behaviour issues 
in children. Nonetheless, after reviewing the outcomes of 
the study, the European Food Standards Agency came to 
the conclusion that no legislative change or amendment 
was in fact required [61].

A study by the Food Standards Agency (FSA) in 2007 
demonstrated that the consumption of food in which cer-
tain dyes were present could potentially negatively influ-
ence hyperactive behaviour in children in that they would 
cause responses that can involve many aspects ranging 
from excessive movement, to speech and attentiveness. The 
study focused on three-year-old and eight to nine-year-old 
children who were given three different types of beverages 
to drink. Consequently, their behaviour was evaluated by 
the teachers and their parents. This study, published in 
2007 in The Lancet, indicated that the commonly used ar-

tificial food colourings may in fact exacerbate hyperactive 
behaviour in young individuals. On the basis of such inves-
tigations, the involved researchers recognised that hyper-
active behaviour in children increased with products con-
taining artificial colouring additives. They concluded that 
the results demonstrated an adverse effect on the behaviour 
in the sample of individuals after consumption of the food 
dyes. Recently, it has also been reported that artificial dyes 
may result in negative impacts on the children’s: attention 
deficit disorder (ADD), immune system problems and cer-
tain allergic reactions. Attention Deficit Hyperactivity Dis-
order (ADHD), represented, for example, by low tolerance 
to frustration, impulsivity, and inattention, is one of the 
most widespread behavioral disorders in children. These 
disorders have symptoms that may begin in childhood and 
continue into adulthood. ADHD symptoms may be a rea-
son of or directly launch problems at home, school, work 
and in relationships. Asthmatic symptoms, which include 
coughing, wheezing and chest tightness, are commonly 
seen in an asthma attack. Thanks to appropriate treatments 
for symptoms of asthma, both children and adults are given 
an opportunity to live a  standard, quality of life. Among 
common causes of allergic symptoms caused by the use of 
pharmaceuticals, we may enumerate, among others, aller-
gies due to the incorporated dyes [38, 50]. 

DETERMINATION OF DYES 
IN PHARMACEUTICALS

Sample preparation constitutes a  very important step 
in order to achieve reliable pharmaceutical analysis, but in 
general, it is not given sufficient attention. The main phar-
maceuticals that are dyed are [61]:

Tablets: either the core itself or the coating.
Hard or soft gelatine capsules: the capsule shell or 
coated beads.
Oral liquids.
Topical creams and ointments. 
For this reason, conventional sample processing tech-

niques are directed to these different dosage forms. Sample 
preparation can involve a number of steps including: dis-
persion, particle size reduction (e. g. milling, grinding and 
homogenization), solubilisation of the target to be anal-
ysed, derivatization, sample clean-up (e. g. removing the 
undesirable interferences), and clarification (e. g. remov-
ing insoluble materials). The necessary sample preparation 
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steps are selected with regard to the particular dosage form 
and analysis techniques used [10, 58]. The most developed 
technique is the process usually used for the preparation 
of solid dosage forms (tablets, capsules). It consists of four 
basic steps: 

1. Grinding
2. Extraction
3. Dilution and 
4. Filtration. 

When the filtration is non-effective due to the very fine 
particles of the tablets, centrifugation is recommended. It is 
a simple procedure for dosage forms that are immediately 
released. Additional clean-up of a  sample is typically not 
needed which is advantageous in terms of the time of sam-
ple preparation [10]. The commercial market offers a large 
number of automated systems for implementation of vari-
ous sample preparation actions. Those systems are usually 
designed in such a way to minimize the possibility of con-
tamination or loss of sample during the preparation steps 
[52]. The specific procedure for processing the sample of 
a drug in determining dyes depends on: its form, the num-
ber of dyes to be determined, and the analytical method to 
be used for the determination.

Up to now, a variety of methods for separation, iden-
tification and determination of dyes have been suggested. 
For the purpose of quantification of the dye content in 
the pharmaceutical products and food, modern analytical 
methods and techniques are currently used, such as fol-
lows: high performance liquid chromatography (HPLC) 
[39, 40, 43, 46, 47, 51, 64, 70, 74], ion-pair liquid chro-
matography (IP-LC) [9, 36], thin-layer chromatography 
(TLC) [5, 49, 63], spectrometry, derivative spectrometry, 
and spectrophotometric methods [7, 57, 62, 68]. Electro-
analytical methods also find its application in this field; 
mainly adsorptive voltammetry [1] and differential pulse 
polarography [8, 12]. 

The behavior of the Carmine (E120) was studied by 
square-wave adsorptive stripping voltammetry (SW-AdSV) 
at the hanging mercury drop electrode. It was observed that 
Carmine gave a  sensitive stripping voltammetric peak at 
–350 mV in pH 3 acetate buffer. The SW-AdSV peak cur-
rents depended linearly on the concentration of Carmine 
from 5 × 10–8 to 1.25 × 10–7 mol.dm–3 (r = 0.99). A detection 
limit of 1.43 × 10–9 mol.dm–3 with RSD of 2.2 % and a mean 
recovery of 97.9 % were obtained.

The differential pulse polarography method was applied 
for the determination of Carmoisine (E122), Ponceau 4R 
(E124) and Allura Red (E129) in soft drinks and sweets. 
They can be easily distinguished from natural dyes, which 
are not electroactive, using differential pulse polarography. 
The recovery was in the 

96—105 % range and the relative standard deviation 
was close to 1 % for the three dyes. The limits of quantifica-
tion in the polarographic cell, estimated from the polaro-
graphic data, were 42, 43 and 34 μg.dm–3 for Carmoisine, 
Allura red and Ponceau 4R, respectively [8].

J a w o r s k a   et al. [37] reported a  comprehensive re-
search in which the detection and separation conditions for 
the analysis of 15 synthetic dyes (E102, E104, E110, E120, 
E122, E123, E124, E127, E128, E129, E131, E132, E133, 
E142 and E151) by micellar electrokinetic capillary chro-
matography were examined. A  large amount of commer-
cially available pharmaceuticals of different dosage forms 
(coated tablet, film-coated tablet, hard/soft capsule, syrup 
etc.) were tested during this study. Coated and film-coated 
tablets were prepared for analysis by elution of a colour layer 
with 50 % (v/v) methanol (3—5 ml). The obtained solutions 
were filtered through GD/X Cellulose 0.2 m filters. Gela-
tin capsules were at first dissolved in 50 % (v/v) methanol 
(the same volume). The gelatin was then precipitated with 
acetonitrile (2—4 ml). To prevent the passage of significant 
amount of gelatin to a solution, it was necessary to make 
elution of the dyes with 50 % (v/v) methanol. The content 
of the dyes in the samples prepared by this way was often at 
the Limit of Detection (LOD) level. For preconcentration 
of dyes and their separation from the residual matrix, dyes 
were isolated from eluates by using acidic aluminium ox-
ide. Samples of the liquid pharmaceutical products (syrups, 
liquids) were analysed without another preparation step, or 
with only double dilution with water.

Using photoacoustic spectroscopy in the visible range 
of wavelengths to directly determine Sunset Yellow (E110) 
content in effervescent multivitamin tablets, the tablets 
were manually crushed into a fine powder form. Analysis 
was performed without further filtering or the use of an 
ultrasonic bath. To determine the dye content by conven-
tional spectrophotometry, a mass of each powdered tablet 
was weighed and dissolved in 30 ml of deionized water and 
then diluted to 50 ml. After filtration, the cuvette with fil-
trate had to be held in an ultrasonic bath for 1 min to elimi-
nate the presence of CO2 bubbles [25].
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In one paper [7] authors have described a method for 
the quantitative determination of Tartrazine in dimetcarb 
tablets containing a  yellow parent compound (dimeth-
pramide). The sample was prepared by adding 25 ml of wa-
ter to 10 tablets in a 50 ml measuring flask and the mixture 
was stirred until the disintegration of the tablets. Then, wa-
ter was added to the mark and the solution was thoroughly 
stirred and filtered. To 5 ml of the filtrate was added 5 ml of 
concentrated HCl and the mixture was stirred and charac-
terized by the optical density at 435 nm relative to a refer-
ence solution (in 10 mm optical cells).

Derivative spectrophotometric methods were devel-
oped for determining Ponceau 4R and Tartrazine in order 
to resolve their binary mixtures. The method permits the 
simultaneous determinations of these dyes in various sam-
ples [62].

Eight synthetic dyes (Amaranth, Brilliant Blue, Indigo 
Carmine, New Red, Ponceau 4R, Sunset Yellow, Tartrazine, 
Allura Red) were determined by high-performance ion 
chromatography (HPIC) on an anion-exchange analytical 
column with very low hydrophobicity and visible absor-
bance detection. Gradient elution with hydrochloric acid–
acetonitrile effected both the chromatographic separation 
of these dyes and the on-line clean-up of the analytical 
column, which was very advantageous for routine analysis. 
High-performance ion chromatography may be a solution 
to the chromatographic analysis for some water-soluble, 
organic analytes with strong hydrophobicity. The method 
has been applied to the determination of dyes in drinks and 
in instant drink powder [9].

From the possibilities of determinations mentioned 
above, HPLC is one of the most widely used methods now-
adays. Generally, HPLC provides a separation of mixtures 
to component substances whereas a  properly chosen de-
tector allows for their identification and for determination 
of their content. The basis of separation is represented by 
differences in the affinity of the constituents to two phases 
(stationary and mobile). Dyes exhibit different adsorption 
affinity to the stationary phase due to differences in their 
mass, structural space, and presence of functional groups 
in a molecule [45].

The most commonly utilized mode in liquid chroma-
tography is represented by reverse phase, where the station-
ary phase has moderate or no polarity and the mobile phase 
is strongly polar (e. g. tetrahydrofuran, acetonitrile, metha-
nol, water, etc.) [72]. Liquid chromatography-based tech-

niques are usually coupled with UV-VIS, mass spectrom-
etry (MS) or photodiode array (PAD) detectors. Due to the 
high polarity of dyes, their elution times are very short. In 
such cases, the use of C18 ether columns usually increases 
the retention times, especially of the azo dyes group [33]. 

Further ion-pair high performance liquid chromatogra-
phy (IP-HPLC) can also be carried out by means of using 
ion-pairing (hydrophobic ionic) compounds such as ammo-
nium acetate buffer, 1-hexadecyl trimethylammonium bro-
mide etc., to the mobile phase to improve the separation and 
elution of the ionic target to be analysed [72]. The used con-
tents of added solutions are usually above 0.1 mol.dm–3 [51]. 
The most significant facts that must be taken into account 
during the choice of analytic conditions are the hydropho-
bic properties of dyes and the presence of acidic groups 
in their structures. As a result of the reaction between the 
sample and eluent, neutral ionic pairs are formed and are 
separated chromatographically in the reversed phase sys-
tem. Another way is the preparation of samples which en-
ables it to conduct the analysis on ionic exchanger or the 
modification of mobile phase to obtain an ion-exchanger. 
When the ionic compound is not present, elution times of 
some dyes (e. g. Tartrazine, Ponceau 4R, Indigo Carmine) 
are very short. The addition of an ionic agent results in 
increasing retention time of compounds with acidic func-
tional groups in their structures. It is important for making 
the separation of dyes simultaneously. The pH value takes 
a  considerable fundamental role in the quantification of 
dyes using the aforementioned method. In the case of us-
ing a column with silica gel, the pH value should be within 
the range 4—6 because of low hydrolytic gel stability [45]. 

In most of liquid chromatography methods, various 
organic solvents are used. Their negative influence on the 
environment and human health provides a  basis for us-
ing “green methods” which are in full compliance with the 
principles of “Green chemistry”. One of them is using a sur-
factant solution Triton X-100 (4-(1,1,3,3-tetramethylbutyl)-
phenyl-polyethylene glycol) as a mobile phase. This com-
pound changes the polarity of water and disposition of the 
C18 column, which becomes more polar, whereas charges 
of dyes molecules are steadied. Brilliant Blue, Sunset Yel-
low and Tartrazine had been analysed by applying the 
above described method. The optimal concentration of 
Triton X-100 should be in the range of 0.25—1 %. On the 
one hand, too low a concentration of surfactant results in 
incorrect preparation of a column; on the other hand, too 
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high of a  concentration causes imprecise separation and 
quantitative determination of mixture compounds. The pH 
value should be equal to 7. Below this value, some peaks 
disappeared. The addition of the phosphate buffer was nec-
essary for a reliable analysis. The charges of buffer constitu-
ents balance the charges of dyes molecules. Applying this 
method, the analysis is completed in 8 min using 15 mg 
surfactant and 38.8 mg phosphate buffer [69]. 

High performance ion chromatography (HPIC) can 
also be used for dye analysis. It involves the use of specific 
columns filled in resins with functional groups which have 
constant charge bounded ions. In theory, HPIC is not suit-
able for organic, multivalent and hydrophobic ions because 
of strong bonding with the stationary phase. Due to this 
fact, their elution takes a  long time. The use of an anion 
exchange column that has mild hydrophobicity and acidic 
eluent is required for this purpose [9, 45].

CONCLUSIONS

In the production of pharmaceuticals different additives 
that contribute to the formation of the actual drug form or 
its appearance are used. Various natural or synthetic dyes 
are used primarily to ensure the appearance and the ability 
to distinguish the individual drugs. These compounds have 
different chemical compositions and may interact in differ-
ent ways with the human body. The safety of dyes used in 
foodstuffs and pharmaceutical products are assessed by the 
European Food Safety Authority (EFSA). Most recently in 
2008, the safe use of synthetic dyes and ADI values were re-
vised. Based on the available clinical studies and literature, 
EFSA stated that it is unlikely that these compounds have 
significant adverse impacts on human health during nor-
mal consumption. However, it is known that most studies 
are focused on the effect of only one dye and the possible 
combined impact of several dyes from different sources 
has not been examined. Some investigations point to the 
increasing consumption of products containing colouring 
agents. It is particularly evident especially among children. 
Recently, it has been found that certain dyes have the ability 
to bind to human serum albumin. This fact has the potential 
of leading towards the possibility of adverse toxic impacts. 
The problem is the fact that globally there is no uniformity 
in the rules relating to the use of dyes in the pharmaceuti-
cal field and also in foodstuffs. It often happens that in one 

country the dye is forbidden and in another it is permitted. 
Considering this, it is necessary to pay very close attention 
to the issue of the use of dyes in pharmaceutical products 
and medicines, and it is necessary to take into account the 
results of studies focused on pharmacological, neurological 
and other effects that dyes or their mixtures may have. An 
essential task is the need for the unification of legislation 
related to this issue on a global basis.
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ABSTRACT

The detection of chromosomal damage serves as 
a  tool for the verification of the genotoxic effects of 
chemical substances in vitro. We used conventional cy-
togenetic analysis in order to test for the potential geno-
toxic action of the insecticide thiacloprid (the active in-
gredient in commercial preparation CALYPSO 480 SC). 
The test cultures of bovine lymphocytes obtained from 
the peripheral blood were incubated with the insecti-
cide in concentrations of: 30, 120, 240 and 480 µg.ml–1 
for 24  and 48 hours. After 24 hours of incubation, we 
observed that the increasing concentrations resulted in 
a significant (P < 0.05; P < 0.01) increase in the frequen-
cy of DNA damage. Our experiments showed the pres-
ence of aberrations of a non-stable type (chromatid and 
chromosome breakage). The conventional chromosome 
analysis was supplemented with fluorescence in situ hy-
bridization for the detection of numeric and stable struc-
tural aberrations. Whole chromosome probes for bovine 
chromosomes 1, 5 and 7 (BTA 1, BTA 5 and BTA 7) were 
used in the experiments.

TESTING THE POTENTIAL CLASTOGENIC/ 
CYTOTOXIC EFFECTS OF PESTICIDE CALYPSO 480 SC

Ficová, I., Galdíková, M.

Institute of genetics, University of Veterinary Medicine and Pharmacy
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Slovakia 
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INTRODUCTION

Pesticides are a heterogeneous group of chemical sub-
stances designed specifically for the protection against 
pests. The intensive application of these substances in agri-
culture results in heavy contamination and degradation of 
the environment, which is reflected in the health of humans 
and other animals, and the presence of various residues in 
the food of animal origin [14].

Genotoxicity and its impact on the body are considered 
the most serious side effects of agricultural chemicals [2]. 
Their negative influence is amplified by other factors, such 
as environmental pollution, presence of heavy metals, ni-
trates and many other contaminants in our food and water.

There is available, a range of methods and models that 
can be used in a multistage system of evaluation of genetic 
risk related to the action of mutagens. One of the most im-
portant biological parameters reflecting exposure to geno-
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toxic substances are chromosomal aberrations (CA) detect-
ed in lymphocytes of the peripheral blood [12]. They in-
clude changes in the structure or number of chromosomes 
in the cell genome that considerably contribute to the de-
velopment of tumorous diseases, reproduction disorders 
(reduced fertility, increased embryonal mortality, abor-
tions, perinatal mortality) and inherent malformations. In 
addition to the evaluation of chromosomal aberrations, the 
genotoxic effects of chemicals can be confirmed by other 
cytogenetic markers, such as sister chromatid exchanges 
(SCE) and micronucleus frequences (MN).

Neonicotinoids are one of the most important groups 
of insecticides used in agriculture. Due to their high selec-
tivity, they are suitable also for controlling skin parasites 
in dogs and cats [15]. They are broad-spectrum systemic 
insecticides acting as stomach and contact poisons. They 
persist little in the outer environment and do not accumu-
late in the tissue of mammals, so their toxicity to mammals 
is lower than that of the older classes of insecticides [3].

Their mechanism of action consists in blockage of the 
post-synaptic nicotinic acetylcholine receptors, which re-
sults in the disturbance of the transfer of impulses and sub-
sequent paralysis and death. In insects, these receptors are 
localised exclusively in the CNS and thus they are much 
more sensitive to these insecticides than mammals [11].

The aim of our study was to test the potential clasto-
genic/cytotoxic effects of commercial insecticide CALYPSO 
480 SC, with the effective ingredient of thiacloprid, in bo-
vine lymphocytes. Fluorescence in situ hybridization was 
used for the detection of stable and numeric aberrations.

MATERIALS AND METHODS

The experiments were carried out using the peripheral 
blood from two clinically healthy young bulls of the Slo-
vak spotted breed. Mitomycin C (MMC, Sigma, St. Lou-
is, MO, USA, 0.4 μg.ml–1) and ethylmethane sulphonate 
(EMS, Sigma, St. Louis, MO, USA, 250 μg.ml–1) served as 
a  positive control. Thiacloprid (CALYPSO 480 SC; thia-
cloprid 480 g.l–1) was dissolved in water (negative control) 
and added before the final 24 and 48 hours of cultivation at 
concentrations of: 30, 120, 240 and 480 μg.ml–1. Colchicine 
(Merck, Darmstadt, Germany) with a  final concentration 
of 5 μg.ml–1 was added 90 min before the termination of the 
cultivation.

The preparations with chromosomes in metaphase were 
prepared by a standard cytogenetic method. Structural ab-
errations were evaluated in 100 metaphases for each donor 
and concentration. The value of the mitotic index was deter-
mined by the calculation from the number of metapahases 
per total number of 1000 cells. The statistical significance 
of the effects of the insecticide tested on the induction of 
chromosomal aberrations and reduction of mitotic index 
in lymphocytes of bovine peripheral blood was determined 
by parametric χ2 test. The standard deviations (SD) were 
calculated using variation analysis.

The preparations intended for fluorescence in situ hy-
bridization were subjected to the process following a 3-day 
storage. Whole chromosome fluorescence-labelled probes 
BTA 1, BTA 5 and BTA7 were used in the experiments. The 
probes were applied to lymphocyte cultures after a 48-hour 
exposure to the pesticide in a concentration of 30 μg.ml–1. 
The results of hybridization were evaluated and recorded 
under a fluorescence microscope Nikon (Labophot 2A/2) 
by means of dual filters.

RESULTS

The hybridization experiments failed to detect chromo-
somal aberrations of a  stable type. Of the numeric aber-
rations of the type of aneuploidia and polyploidia, we ob-
served one polyploidy (Fig. 1).

The frequency of the induced chromosomal aberra-
tions following the exposure to thiacloprid for the last 24 
and 48 h is presented in Figures 2 a) b). A significant in-
crease in aberrations was detected after the exposure to the 
two highest concentrations of 240 and 480 μg.ml–1 (P < 0.05 
and P < 0.01). In both donors, we detected a moderate re-
duction in the mitotic index (MI) which was insignificant 
with the exception of the concentration of 480 μg.ml–1 in 
Donor 1 (P < 0.05) (Fig. 3a). Chromatid and chromosomal 
breakages were the most frequently detected types of chro-
mosomal aberrations in both donors. We also evaluated 
gaps (achromatic lesions) which were not subjected to sta-
tistical analysis. After the prolonged action of the insecti-
cide (48 h), we observed a moderate insignificant increase 
in the frequency of breakages in comparison with the con-
trol cultures. The decrease in the mitotic activity was dose-
dependent and the changes were significant after exposure 
to the highest concentration of 480 μg.ml–1 (P < 0.001) in 
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Fig. 1. Metaphase HD, 60 (XY), BTA 1 and BTA7-red, BTA5-green

Fig. 2. Frequency of chromosomal aberrations after 24h (a) and 48 h(b) exposure to thiacloprid

a) b)

Fig. 3: Reduction in mitotic index after 24 h (a) and 48 h (b) exposure to thiacloprid

a) b)
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Donor 1 and to the two highest concentrations (P < 0.05 
and P < 0.001) in Donor 2 (Fig. 3b).

DISCUSSION

The progressive development of industry and agricul-
ture results in the increasing introduction of complex chem-
ical substances of varying character and origin into the en-
vironment, such as agrochemicals, heavy metals, medicines 
and many various industrial wastes. We refer to them by 
the common name of xenobiotics. One of the most serious 
classes of xenobiotics are pesticides that are intensively ap-
plied in the agroindustry sector to control pests and weeds 
in order to ensure adequate protection of crop and increase 
agricultural yields. Pesticides belong among the most used 
chemicals around the world [4] and their negative impact 
on the environment is increasingly noticeable.

Farm animals exposed to the influence of pesticides 
may present risk to human health as they are an important 
part of the human food chain. Genotoxicity and its impact 
on the health of individuals is considered the most serious 
side-effect of pesticides [2]. Studies were conducted report-
ing the effects of the commercial fungicide Raxil with the 
active ingredient of tebuconasole [6], tolylfluanid [10], her-
bicide bifenox [14], insecticide bendiocarb [8] and others.

By the Decision of the European Comission from 2013, 
the use of three types of neonicotinic insecticides (imidaclo-
prid, thiamethoxam and clothianidin) is currently limited 
due to their negative effect on honey bees. The fact that bees 
favour crops containing these substances raises a suspicion 
that they act as drugs and can gradually induce addiction in 
bees. At the same time, neonicotinic pesticides disturb their 
immune system, making them more susceptible to viral in-
fections to which they are normally resistant [5].

The basis of confirmation of the genotoxic effects of 
a chemical in vitro is the detection of chromosomal damage 
linearly dependent on concentrations of the active ingredi-
ent, while the lowest dose should not cause any significant 
changes. The highest frequency of the induced chromo-
somal aberrations is observed during the first cellular cycle 
and is decreased to about half in subsequent divisions [1].

In our experiments, after a 24 h exposure, we observed 
a  significant increase in aberrations after the application 
of the two highest concentrations of 240 and 480 μg.ml–1 
(P < 0.05 and P < 0.01). After a  longer exposure to the in-

secticides (48 h), no clastogenic effect of thiacloprid was 
observed.

Chromosomal aberrations are recognised as a valuable 
biological marker of genotoxic effects and probably the 
only internationally standardized and validated cytogenet-
ic biomarker [1]. Despite extensive use of thiacloprid there 
have not been published many studies involved in testing 
of its genotoxic effect. In V79 cells of Chinese hamsters no 
statistically or biologically important increase in chromo-
somal aberrations (96.8—97.2 %) was observed after their 
exposure to pure thiacloprid [13].  K o c a m a n  et al. [9] de-
scribed, in their study, genotoxic and cytotoxic/cytostatic 
effects of thiacloprid in vitro in human lymphocytes, where 
they had observed an increased frequency of chromosome 
aberrations, sister chromatid exchanges and micronucleus 
after application of all tested concentrations.  G a l d í k o v á  
et al. [7] carried out complex evaluations of potential geno-
toxic effects of commercial preparation based on thiaclo-
prid (CALYPSO 480 SC) in vitro in lymphocytes of the 
peripheral blood of cattle. In agreement with our results, 
they observed a  significant increase in breakages starting 
from concentration of 120 μg.ml–1, after 24 h of exposure to 
thiacloprid.

In the hybridization experiment we failed to record 
stable aberrations and observed one polyploidy included 
among numeric aberrations. The inability to detect any 
translocations in our experiments can be ascribed to the 
fact that we had at our disposal only three whole-chromo-
some probes and thus could investigate only a small per-
centage of the genome.

CONCLUSION

Our results obtained by conventional cytogenetic anal-
ysis allowed us to report the genotoxic effects of the insec-
ticide thiacloprid on bovine peripheral blood lymphocyte 
chromosomes.
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ABSTRACT

This study compared the effect of dietary supplemen-
tation with an inorganic or organic zinc source on the 
gut morphology in the jejunum of broilers. One-day-old 
chickens were fed a  basal diet (Control group: BD  — 
32 mg Zn.kg–1 DM), or the same BD supplemented with 
30 mg or 70 mg of Zn per kg of DM in the form of ZnSO4.
H2O (Group 1: 30 mg ZnSO4; Group 2: 70 mg ZnSO4), 
and 30 mg or 70 mg of Zn per kg of DM in the form of 
zinc chelate of glycine hydrate (Group 3: 30 mg Zn-Gly; 
Group 4: 70 mg Zn-Gly) for 40 days. The villus height was 
increased in the groups which received 30 mg ZnSO4 and 
70 mg ZnSO4 and or 70 mg ZnSO4, as compared to the 
BD and 30 mg Zn-Gly. The villus surface was higher in 
all groups receiving the Zn supplements in comparison 
to the BD.

Key words: chickens; intestine; morphometry; zinc
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INTRODUCTION

The nutritional importance of zinc has been known for 
a long time, but in the past decades its importance in im-
mune modulation has gained increased recognition. Zn can 
come from organic or inorganic sources. The organic forms 
of zinc include: amino acid chelates, bioplexes, proteins, as 
well as lactates and acetates. Zinc from amino acid com-
plexes has been reported to be more bioavailable than Zn 
from the inorganic sources [1, 15]. Zinc-glycin (Zn-Gly) 
complex has a slightly higher stability constant for Zn than 
methionine which could be important for better availability 
for absorption. Zn-Gly can directly or indirectly influence 
the function of intestinal mucosa and improve the utiliza-
tion of dietary energy. The immune response of chickens 
may be modified by the level of zinc in the diet. Supplemen-
tation of Zn in diets also improves intestinal morphology 
by increasing the villus height and reducing the crypt depth 
in animals [4, 10].

The National Research Council [9] recommended 40 
ppm for broiler chickens, which appeared to be based on 
the results that considered growth performance as the only 
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criterion [5, 12]. However, there are several reports that 
demonstrate that higher Zn levels [60—180 ppm] produce 
better immune growth performance and intestinal func-
tion of broiler chickens [13, 14].

These discrepancies prompted us to evaluate the mor-
phology in the caudal part of jejunum after feed supple-
mentation with different levels of organic and inorganic 
zinc.

MATERIALS AND METHODS

Animals
A total of 210 one-day-old ROSS 308 hybrid broilers 

(MACH Hydina Budmerice Ltd., Slovakia) of both sexes 
were randomly assigned into 5 treatment groups consisting 
of 6 replicate pens with 7 chickens in each pen. Dietary treat-
ments included the unsupplemented basal diet (BD, Con-
trol) and the same BD supplemented with 30 or 70 mg.kg–1  
added Zn from ZnSO4.H2O (Sigma-Aldrich, USA) or zinc 
chelate of glycine hydrate (Glycinoplex-Zn 26, Phytobiot-
ics, Germany). Commercial broiler starter (1—19  days) 
and grower (20—39 days) diets were formulated as a basal 
diet (BD) with no supplemental zinc for the control treat-
ment (Table 1). The mean analysed values of the Zn con-
tent in the starter and grower basal diets were 31.6 and 
31.9 mg.kg–1, respectively. During the 40-day feeding trial, 
all birds were offered the BD supplemented with two lev-
els of the inorganic Zn source (ZnSO4 30 mg.kg–1, ZnSO4 
70 mg.kg–1) or organic Zn chelate (Gly-Zn 30 mg.kg–1,  
Gly-Zn 70 mg.kg–1). 

The birds were housed in large pens on wood shavings. 
The environmental temperature was kept at about 35 °C 
during the first week and then was gradually reduced to 
reach a final temperature of about 24 °C. The broilers were 
exposed to 23 h constant light/1 h darkness light schedule 
and had free access to experimental diets and tap water 
throughout the experiment.

All procedures were in accordance with European 
Community guidelines (Directive 2010/63/EU) for animal 
experiments and the experimental protocol was approved 
by the Ethics Committee of the Institute of Animal Physi-
ology of the Slovak Academy of Sciences and by the State 
Veterinary and Food Administration (Ro-4160/13-221). 

Table 1. Composition of the basal diets (BD)

Ingredient 
[%]

Starter diet
(Days 1 to 19)

Grower diet
(Days 20 to 39)

Wheat, ground 30.96 26.56

Maize, ground 35.00 45.00

Soybean meal, 
extracted 28.20 25.00

Fish meal 2.50 –

Monocalcium 
phosphate 0.90 0.95

Limestone 1.70 1.70

Feed salt 0.35 0.36

Coccidiostat 0.05 0.05

Lysine 0.10 0.10

Methionine 0.16 0.20

Vitamin premix a 0.04 0.04

Mineral premix b 0.04 0.04

Nutrient composition

Dry matter 
[g.kg–1] 883.02 881.55

Crude protein 
[g.kg–1] 210.75 182.19

Crude fat 
[g.kg–1] 28.27 27.44

Crude fibre 
[g.kg–1] 30.85 29.97

Lysine 
[g.kg–1] 12.10 9.90

Methionine 
[g.kg–1] 5.09 4.89

Zinc 
[mg.kg–1] 31.64 31.86

Manganese 
[mg.kg–1] 90.99 88.48

Copper 
[mg.kg–1] 14.23 13.58

ME 
[MJ.kg–1] 12.08 12.24

aThe vitamin premix provided per kg of diet: vitamin A 12.000 IU; vitamin 
D3 4000.0 IU; vitamin K 3.0 mg; vitamin E 45.5 mg; vitamin B1 2.0 mg; vi-
tamin B2 6.0 mg; vitamin B6 4.0 mg; vitamin B12 0.02 mg; niacin 40.0 mg; 
pantothenic acid 12.0 mg; biotin 0.2 mg; folic acid 1.5 mg. 
bThe mineral premix provided per kg of diet: I 0.64 mg; Mn 64.0 mg; Cu 
6.4 mg; Se 0.1 mg; Fe 48.0 mg. 
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Sample collection
After the 40-day feeding period, two birds from each 

replicate (12 birds/group) were slaughtered for sample col-
lection. Tissue samples from the terminal section of the je-
junum were collected for the determination of villus height 
and surface area.

Intestinal histomorphology
Jejunum samples were fixed in 10 % neutral buffered for-

malin and prepared using paraffin embedding techniques. 
Three consecutive sections (5 µm) from each jejunum 
were stained using haematoxylin and eosin and observed 
for histomorphology. The villus height and its area (from 
the tip of the villus to the crypt opening) were measured 
from 70 to 100 randomly selected villi with one section per 
chicken at 100× magnification (Fig. 1). The morphometry 
was evaluated using the NIS-Elements Advanced Research 
3.0 Programme (commercial purchased programme). 

Statistical analysis
Statistical analysis of the data was done by one-way 

analysis of variance (ANOVA) with the post hoc Tukey 
multiple comparison test using GraphPad Software (USA). 
The differences between the mean values for the different 
treatment groups were considered statistically significant at 
P < 0.05, P < 0.01 and P < 0.001. The values are expressed as 
means ± standard deviation (SD).

RESULTS

Intestinal morphometry
The dietary Zn supplementation increased the villus 

height of the jejunum in both groups fed the diets enriched 
with inorganic Zn source (ZnSO4 30 mg, ZnSO4 70 mg.kg–1)  
and also in Gly-Zn 70 mg.kg–1 group (ab P < 0.001) com-
pared to the BD and Gly-Zn 30 mg.kg–1 groups (Table 2). 

Fig. 1. Histological sections of the jejunum of broilers supplemented with different amount and Zn source
(A) — BD; (B) — ZnSO4 30 mg.kg–1; (C) — Gly-Zn 70 mg.kg–1

Table 2. Effect of Zn supplementation on the histomorphology of the jejunum in broilers

Group BD ZnSO4.30 mg–1 ZnSO4.70 mg–1 Gly-Zn.30mg–1 Gly-Zn.70 mg–1

Villus height 
[μm] 1284 ± 180bd 1462 ± 360a 1492 ± 330a 1204 ± 240b 1376 ± 310c

Villus surface
[μm2] 1523 ± 680f 1923 ± 1370ae 1843 ± 910a 1603 ± 580bd 1843 ± 640c

All values are expressed as means ± SD. Means with different superscripts within a row differ significantly 
(ab — P < 0.001; cd — P < 0.01; ef — P < 0.05)
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The villus height was higher in the group Gly-Zn 70 mg.kg–1  
(cd P < 0.01) compared to the jejunal villi of broilers fed the 
BD only. 

Low-dose supplementation with inorganic Zn source 
(ZnSO4 30 mg.kg–1) led to the increase of the villus surface 
area in compare to the BD (ef P < 0.05) and Gly-Zn 70 mg.kg–1  
groups (ab P < 0.001). Similarly, the higher villus surface 
area was measured in the ZnSO4 70 mg.kg–1 group (ab 
P < 0.001) compared to the Gly-Zn 30 mg.kg–1 as well as 
in the group Gly-Zn 70 mg.kg–1 (cd P < 0.01) compared to 
Gly-Zn 30 mg.kg–1.

DISCUSSION AND CONCLUSIONS

Zinc is known to influence the intestinal morphology 
and improve absorptive capacity, and enhance growth per-
formance [5, 6]. Moreover, zinc is essential for cell pro-
liferation and differentiation, especially for the regulation 
of DNA synthesis and mitosis [2).  S o u t h o n  et al. [11] 
demonstrated that Zn deficiency in rats is accompanied 
with a reduction of the jejunal villus height, while a short 
period of zinc supplementation returned the morphology 
into its normal condition in experimental animals. On the 
other hand, 42-day-old chickens fed the diet supplement-
ed with 90 mg.kg–1 Zn-Gly increased the villus height and 
decreased the crypt depth of the jejunum [5]. In our ex-
periments, the intake of both diets supplemented with the 
inorganic Zn source and also with the higher-dose organic 
chelate of zinc (Gly-Zn 70 mg.kg–1) increased the height 
of the jejunal villi. Similarly, the surface villus area fol-
lowed the same pattern as the height of the villi. It should 
be stressed that the villus height and surface villus area of 
broilers fed the diet with the addition of 70 mg.kg–1 of Zn 
chelate reached the similar value of both morphometric 
parameters as the broilers supplemented with the low-
dose inorganic source of zinc. 

The height of villi and their area can influence the 
source of supplemented zinc in diets [8]. It is known, that 
organic zinc chelate used in our trial improves zinc absorp-
tion comparing to the inorganic form of zinc. The absorp-
tion difference of zinc between the organic and inorganic 
forms can influence the growth of the intestinal villi. Our 
results suggest that organic zinc chelate after part absorp-
tion, supported better growth of the villi after supplemen-
tation of the diet with higher doses of organic zinc chelate. 

On the other hand, recently published immunological pa-
rameters from that experiment [3, 7] as quantification of 
the expression of MUC-2, IgA gene, and evaluation of se-
cretory IgA in the lumen of the intestine, resulted in better 
affects found in birds fed diet supplemented with low doses 
of organic source of zinc.

In conclusion, our results demonstrated that an inor-
ganic zinc source increased the height of villi and surface 
area of villi already after supplementation of feed with 
a  low dose of zinc. On the other hand, the positive effect 
on the growth of villi was seen only after administration of 
a high dose of organic zinc in the feed. The villus surface 
was higher in all groups receiving the Zn supplements in 
comparison to just the basal diet.
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ABSTRACT

Undesirable substances enter the organism of ani-
mals mostly via feed, water or veterinary medicines and 
their residues pass subsequently into the products of ani-
mal origin. In dairy cows, sheep and goats these residues 
are eliminated particularly in milk. Milk intended for 
human consumption must comply with safety criteria 
also with respect to residues of antibiotics. The aim of 
this study was to determine the presence or absence of 
antibiotic residues in the milk using the tests Milchtest 
and Premi®Test. While the Milchtest was developed for 
the determination of antibiotic residues in cow, sheep 
and goat milk, the Premi®Test is intended for the deter-
mination of antibiotic residues in meat juice, liver, kid-
neys, fish, eggs and in the urine of animals treated with 
antibiotics. As examined matrices, we used 45 samples 
of raw cow’s milk collected at 3 agricultural farms and 
10 samples of milk offered to consumers at grocery 
stores. When using the Milchtest, 8 samples tested posi-
tive and 10 provided dubious results while testing with 
the Premi®Test showed that only 6 samples were posi-
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tive for antibiotics. Comparison of the results confirmed 
a  higher detection sensitivity of Milchtest reflected in 
higher numbers of positive samples and the detection of 
dubious results in samples of raw cow’s milk. However, it 
should be noted that even the Premi®Test, although not 
intended preferably for the determination of antibiot-
ics in milk, can be used, if needed, for the preliminary 
screening of antibiotic residues in such a matrix. 

Key words: antibiotics; milk; residues; screening

INTRODUCTION

Milk is considered one of the most valuable foods and 
plays an important role in the life of animals and especial-
ly in humans. It is the first source of nutrition for infant 
mammals before they are able to digest other types of food. 
Therefore it is important to ensure the highest possible nu-
tritional and hygiene standard of milk [5]. 

Milk is a valuable source of important substances such 
as milk fat, proteins, lactose (milk sugar), vitamins and 
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minerals. These substances are unique for the human body 
providing a considerable proportion of energy and nutri-
ents. Milk fat is easily absorbable and digestible. Milk pro-
teins are a source of a number of essential amino acids es-
sential for the organisms. Lactose is a valuable and easily 
digestible source of energy, which also supports the regula-
tion of gut function. 

According to the Regulation (EC) No. 853/2004 of the 
European Parliament and the Council [8], laying down spe-
cific hygiene rules for food of animal origin, raw milk must 
originate from animals that show no signs of infectious dis-
eases transmissible to humans via milk. The animals must 
be in good health, show no clinical signs of diseases that 
may contaminate milk, they should not suffer from de-
tectable udder inflammation, nor udder trauma that can 
affect the milk. The animals should not be administered 
any unpermitted substances or medications and if they 
were administered permitted substances or medications, 
the withdrawal periods prescribed for these substances or 
medicines must be observed [8].

The use of antibiotics for the treatment of animals kept 
for the production of food of animal origin can result in the 
presence of residues of these substances in the products, 
including the milk, pass through the food chain directly to 
the consumer and seriously affect human health. In the in-
terest of protecting consumer’s health and ensuring food 
safety, European legislation specifies a  maximum residue 
limits (MRL) for all pharmacologically effective substances 
administered to animals kept for the production of food of 
animal origin. MRL is defined as the maximum concentra-
tion of residue of pharmacologically active substance ac-
cepted in a food product as a guarantee of its safety [1, 9].

Antibiotics belong among pharmacologically active 
substances with potent health risks. As their finding in 
food of animal origin is not rare, the development of reli-
able screening methods that can detect their presence in 
food appears essential. Currently, there are available many 
screening methods differing in: the type of the test strain 
used; susceptibility of test strains to individual types or 
groups of antibiotics; and the determination procedures 
and temporal or financial demands [7].

Milchtest (Packhaus Rockmann, Germany) is one of 
the most recent microbial inhibitory tests developed for 
the determination of antibiotic residues in raw, thermally 
treated and dried cow, sheep and goat milk. It is simple, 

provides accurate results and exhibits adequate sensitivity 
in the determination of residues of: beta-lactams, tetracy-
clines, macrolides, aminoglycosides, sulphonamides and 
trimetoprim at the level of MRL. Version Milchtest MT 25 
FARM is recommended for small milk producers for the 
purpose of self-control and Milchtest MT 50 was devel-
oped for large producers and industrial milk-processing 
units. Flexible microplates MT 96 FP and MT 288 FP are 
recommended for the examination of a greater number of 
milk samples and official controls. Just as the Premi®Test, 
the Milchtest also combines the principle of agar diffusion 
tests with indicator colour changes due to the active me-
tabolism of the test strain Bacillus stearothremophillus var. 
calidolactis at inhibitor absence. The blue-violet colour of 
the agar nutrient medium indicates the presence of inhibi-
tory substances (antibiotics) in the tested sample [3].

The Premi®Test (R-Biopharm AG, Germany) is a broad-
spectrum microbiological screening test intended for the 
determination of antibiotic residues in food and raw ma-
terials of animal origin. It is usable also for the determina-
tion of antibiotic residues in feed and body fluids (urine). 
The Premi®test allows one to determine the presence of the 
most important groups of antibiotics (β-lactams, cephalo-
sporins, macrolides, tetracyclines, aminoglycosides) at or 
below their MRL. Premi®Test also combines the principle 
of agar diffusion tests with changes in an indicator colour 
due to the active metabolism of the test strain in the ab-
sence of an inhibitor. The tested sample is dosed to vials 
containing the test strain Bacillus stearothremophillus var. 
calidolactis. Normal growth of the test strain during incu-
bation results in a  colour change of a  pH indicator from 
blue-violet to yellow. If the sample contains substances 
inhibiting the growth of the test strain (antibiotics), the 
blue-violet colour of the indicator remains unchanged. The 
Premi®Test is available in two versions, Premi®Test 25 and 
Premi®Test 4x25 [4, 10]. 

With regard to the fact that both tests are based on the 
inhibition of growth of the test strain Bacillus stearothre-
mophillus var. calidolactis and are performed using the 
same principle, conditions of application and incubation 
of samples, and evaluation of results with the exception of 
the tested food matrices, we decided to use these two mi-
crobial inhibitory tests for determination of the presence 
or absence of antibiotics in milk intended for human con-
sumption and compare their performances.
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MATERIALS AND METHODS

During 2016 and 2017, we tested 45 samples of raw cow’s 
milk collected at 3 agricultural farms registered in Slovakia 
and 10 samples of milk produced in Slovakia and Czechia 
and offered to consumers at grocery stores. The samples were 
stored in a  freezer at 1—8 °C. Immediately before analysis, 
the samples were defrosted and mixed thoroughly. They were 
examined for the presence of residues using the procedures 
specified by the manufacturers of Premi®test and Milchtest.

Milchtest: Using disposable tips, 50 µl aliquots of the 
samples were transferred to vials supplied with the test 
kit. The vials were marked, sealed with foils supplied by 
the manufacturer as a part of the test kit and transferred 
to a  thermoblock (Dry Bath EMK 20, Euroclone S. p. A, 
Pero, Italy) where they were incubated for about 3 hours at 
a temperature of 65 ± 0.5 °C. The test was terminated when 
the colouring of the agar medium of the negative control 
changed from violet to yellow. The results were evaluated 
using a colour scale supplied by the manufacturer. Yellow 
colour indicated the absence of antibiotics in the sample, 
while violet colour indicated the presence of antibiotic resi-
dues. Yellow-green or yellow-violet colouring of the agar 
medium indicated the presence of antibiotics at a  level 
equal to the test detectability level. 

Premi®Test: By means of a micropipette with a defined 
volume, 100 µl aliquots of a milk sample were transferred 
into the provided vials. The vials were marked, sealed 
with foils supplied by the manufacturer and transferred to 
a  thermoblock (Acublock Digital Dry Bath D 1200, Lab-
net, Edison, USA) where they were incubated for approxi-
mately 3.5 hours at a  temperature of 64 ± 0.5 °C. The test 
was terminated when the colouring of the agar medium of 
the negative control changed from violet to yellow. After 
incubation, we examined the vials for a positive or negative 
reaction. A yellow colour indicated the absence of antibiot-
ics in the sample, while a violet colour indicated the pres-
ence of antibiotic residues. Yellow-violet colouring of the 
agar medium indicated the presence of antibiotics at a level 
equal to the test detectability level. 

RESULTS AND DISCUSSION

Samples of raw cow’s milk and milk obtained from gro-
cery stores were tested for the presence of antibiotic resi-

dues. Also, the suitability of both methods for the rapid 
screening of antibiotic residues in milk were compared. 

When using the Milchtest, a  positive result was ob-
tained in 8 samples of milk, while using the Premi®Test 
only 6 samples were positive. The positive reaction indi-
cating the presence of residues exceeding the level of test 
detectability was manifested by the violet colour of the agar 
medium, as the colour of the Ph indicator remained un-
changed due to the inhibition of growth of the test strain 
(Bacillus stearothermophilus var. calidolactis) by the pres-
ence of the antibiotics. 

Negative results were indicated by the yellow colour of 
the agar medium resulting from the metabolic activity of 
the test strain and relevant change in the indicator colour-
ing from blue-violet to yellow. When using the Milchtest, 
37 samples were negative, while the Premi®Test indicated 
negativity in 49 of the samples. 

Other colour shades from yellow, yellow-green to yel-
low-violet, which did not allow us to decide unambiguous-
ly whether the samples were positive or negative, resulted 
from the inhibition of the growth of the test strain by the 
presence of antibiotic at the level of test detectability or im-
mediately below it. Such samples were considered dubious 
and must be subjected to confirmation analysis for confir-
mation or negation of the positive result. When using the 
Milchtest, we obtained 10 dubious results, while there were 
no dubious results with the Premi®Test. 

The results obtained in this study are presented in Ta-
bles 1—4 and Figures 1—8. 

The basic aim of food legislation is to prevent any 
health risks associated with food. The Regulation (EC) 
No. 853/2004 sets safety criteria for raw milk. These criteria 
involve the so-called trigger values — if any of them is ex-
ceeded, the operators of the food processing establishments 
are obliged to take corrective measures and report this to 
the relevant authority. Animals treated with antibiotics that 
could result in excretion of their residues in milk must be 
identified so that the milk produced by them before the end 
of withdrawal period is not used for human consumption. 
This means that raw milk containing residues of antibiotics 
in amounts exceeding MRL permitted according to Com-
mission Regulation (EU) No. 37/2010 or milk containing 
combination of residues exceeding in total any maximum 
acceptable value must not be placed on the market [1, 8].

In our study we used two microbial inhibitory tests 
to determine presence/absence of antibiotics in raw cow’s 
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Table 1. Results of the examination of raw cow’s milk for the presence/absence 
of antibiotic residues using the Milchtest and Premi®Test — Farm 1

Test
Sample

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

Milchtest + + – + ± – – – – – + – – – –

Premi®Test – – – – – – – – – – + – – – –

+ — positive; ± — dubious; – — negative

Table 2. Results of the examination of raw cow‘s milk for the presence/absence 
of antibiotic residues using the Milchtest and Premi®Test — Farm 2

Test
Sample

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

Milchtest ± – ± – – – – ± – + – + – – ±

Premi®Test – – – – – – – – – + – + – – –

+ — positive; ± — dubious; – — negative

Table 3. Results of the examination of raw cow’s milk for the presence/absence 
of antibiotic residues using the Milchtest and Premi®Test — Farm 3

Test
Sample

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

Milchtest ± – – – – ± – – – ± + + – + ±

Premi®Test – – – – – – – – – + – + – + –

+ — positive; ± — dubious; – — negative

Table 4. Results of the examination of cow’s milk for the presence/absence 
of antibiotic residues using the Milchtest and Premi®Test — grocery store

Test
Sample

1 2 3 4 5 6 7 8 9 10

Milchtest – – – – – – – – – –

Premi®Test – – – – – – – – – –

– — negative
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Fig. 1. Examination of raw cow’s milk for the presence/absence of antibiotic residues using the Milchtest — Farm 1

Fig. 2. Examination of raw cow milk for the presence/absence of antibiotic residues using the Premi®Test — Farm 1

Fig. 3. Examination of raw cow’s milk for the presence/absence of antibiotic residues using the Milchtest — Farm 2
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Fig. 4. Examination of raw cow’s milk for the presence/absence of antibiotic residues using the Premi®Test — Farm 2

Fig. 5. Examination of raw cow’s milk for the presence/absence of antibiotic residues using the Milchtest — Farm 3

Fig. 6. Examination of raw cow’s milk for the presence/absence of antibiotic residues using the Premi®Test — Farm 3
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Fig. 8. Examination of cow’s milk for the presence/absence of antibiotic residues using the Premi®Test — grocery store

Fig. 7. Examination of cow’s milk for the presence/absence of antibiotic residues using the Milchtest — grocery store

milk and milk offered for sale. The test strain, Bacillus stea-
rothermophilus var. calidolactis, used in these tests is gen-
erally considered the most susceptible microbial strain for 
broad-spectrum analysis of antibiotic residues. It showed 
the highest susceptibility particularly to those groups of an-
tibiotics, for example beta-lactam antibiotics, that are most 
frequently used in veterinary practice to treat animals pro-
ducing milk for human consumption [2, 6].

The rapid microbial inhibitory tests are a practical and 
valuable tool for the primary screening of antibiotic resi-
dues in milk, not only from the point of view of eliminat-
ing potential health risk, but also prevention of economic 
losses. They allow one within a short time to obtain results 

confirming or negating the presence of residue/residues of 
antibiotics in the milk samples. Although manufacturers 
of these rapid screening tests supply with them a relevant 
colour change scales declaring positive, dubious and nega-
tive results that support the objectivity of evaluation and 
the drawing of relevant conclusion, each positive or dubi-
ous result must be validated by confirmation analysis and 
result in adequate correction measures. 

CONCLUSIONS

Our study compared the results of two commercial mi-
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crobial inhibitory tests, the Milchtest and Premi®Test, used 
for the detection of presence/absence of antibiotic residues 
in raw cow’s milk and milk placed on the market. Both tests 
showed the presence of residues only in raw cow’s milk 
obtained directly from agricultural farms. With regard to 
the higher number of positive and dubious results obtained 
with the Milchtest, this tests appeared more sensitive, how-
ever, if immediate screening and preliminary conclusions 
are needed, it is possible to use also the Premi®Test for the 
detection of the presence of antibiotics in milk intended for 
human consumption. 

ACKNOWLEDGEMENT

The study was supported by the projects VEGA MŠVVaŠ 
SR and SAV No. 1/0576/17. 

REFERENCES

1. Commission Regulation (EU) No.   37/2010 of 22 Decem-

ber 2009, on pharmacologically active substances and their 

classification regarding maximum residue limits in foodstuffs 

of animal origin. Official Journal of the European Union, L15, 

2010, 1—72.

2. Gaudin, V., Maris, P., Fuselier, R., Ribouchon, J. L., Cadieu, 

N., Rault, A., 2004: Validation of microbiological method: 

the STAR protocol, a five-plate test, for the screening of an-

tibiotic residues in milk. Food Addit. Contam., 21, 422—433.

3. http://www.milchtest.de/product/.

4. http://www.r-biopharm.com/products/food-feed-analysis/

residues/antibiotics/premitest/item/premitest-25.

5. Kardošová, A., 2010: Inspection of farm milk production 

hygiene (In Slovak). In Proceedings of lectures and posters of 

the international scientific conference Hygiena Alimentorum 

XXXI, May 25−27, University of Veterinary Medicine and 

Pharmacy, Košice, Slovakia, 275—277.

6. Pikkemaat, M. G., 2009: Microbial screening methods for 

detection of antibiotic residues in slaughter animals. Anal. 

Bioanal. Chem., 395, 893—905.

7. Poláková, Z., Kožárová, I., 2014: History of the develop-

ment of screening methods (In Slovak). In Proceedings of 

lectures and posters of the XLIVth conference on food hygiene 

and technology “Lenfeldovy a Höklovy dny”, October 15—16. 

Veterinary and Pharmaceutical University in Brno, Czechia, 

150—154. 

8. Regulation (EC) No. 853/2004 of the European Parliament 

and of the Council of 29 April 2004 laying down specific hy-

giene rules for food of animal origin. Official Journal of the 

European Union, L139, 2004, 14—74.

9. Regulation (EC) No. 470/2009 of the European Parlia-

ment and of the Council of 6 May 2009 laying down Com-

munity procedures for the establishment of residue limits of 

pharmacologically active substances in foodstuffs of animal 

origin, repealing Council Regulation (EEC) No. 2377/90 and 

amending Directive 2001/82/EC of the European Parliament 

and of the Council and Regulation (EC) No. 726/2004 of the 

European Parliament and of the Council. Official Journal of 

the European Union, L152, 2009, 1—12.

10. R-26: Determination of residues of inhibitory substances in 

meat by Premi®Test method (In Slovak). http://www.svssr.

sk/dokumenty/zakladne_info/Diagnostika/R%2026%20

PREMi%20test.pdf.

Received May 22, 2017

Accepted August 19, 2017



6565

DOI: 10.1515/fv-2017-0029

FOLIA VETERINARIA, 61, 3: 65—70, 2017

ABSTRACT

Hepatitis E virus (HEV) is the causative agent of 
hepatitis E — an emerging zoonotic disease distributed 
worldwide. The aim of this study was to determine the 
prevalence of HEV in Slovakian domestic pigs, as this 
has not been studied yet. Clinical samples (n = 269) from 
fourteen randomly selected domestic pig farms for three 
different age categories of pigs were analysed and the 
subsequently detected isolates were genetically charac-
terized. The reverse transcriptase polymerase chain re-
action (RT-PCR) analysis revealed that 32 pigs (11.9 %) 
of all age categories were HEV RNA positive. The highest 
occurrence was detected in fattening pigs (14.8 %) and 
the lowest in weaning pigs (12.5 %). The HEV RNA was 
not observed at all in the youngest category (the suckling 
piglets). The phylogenetic analysis revealed that all Slo-
vak HEV isolates clustered into two genetic groups of the 
genotype HEV-3.

Key words: domestic pig; hepatitis E virus (HEV); 
rectal swab

THE INCIDENCE OF HEPATITIS E VIRUS IN DOMESTIC PIGS 
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INTRODUCTION 

Hepatitis E virus (HEV), the causative agent of hepatitis 
E, is a small non-enveloped virus with a virion size of ap-
proximately 27—34 nm in diameter containing a positive-
sense single-stranded RNA with a length of 6.6—7.3 kb. 
The genome is organized into three open reading frames 
(ORF1-3). ORF1 and 3 encoded non-structural proteins 
and ORF2 encodes the viral capsid protein [13]. HEV be-
longs to the Hepeviridae family, which has recently been 
split into two genera, Orthohepevirus and Piscihepevirus. 
Genus Orthohepevirus is classified into four species desig-
nated Orthohepeviruses A–D. Orthohepevirus A is formed 
by seven genotypes, that infect humans (HEV-1, -2, -3, -4 
and -7), pigs (HEV-3 and -4), rabbit (HEV-3), wild boar 
(HEV-3, -4, -5 and -6), mongoose (HEV-3), deer (HEV-3), 
yak (HEV-4) and camel (HEV-7) [23]. 

After the first characterization of HEV in domestic pigs 
by  M e n g  et al. [13] in the USA, the virus has been de-
tected in the same animal species in many other countries 
including Canada [18], Netherlands [25], United Kingdom 
[1], Italy [3], France [21] and Spain [11]. At the same time 
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swine HEV has been detected and characterized in such 
neighbouring countries as Hungary and Czechia [8, 4].

Domestic pigs are believed to be an important source 
of zoonotic transmission of HEV-3 and HEV-4 and they 
are responsible for sporadic human hepatitis E cases world-
wide [17]. It is critical to know the prevalence of HEV in 
domestic pig farms so as to be able to assess the health situ-
ation of the pig population and thus estimate the risk to 
public health.

The objective of this study was: to observe HEV in do-
mestic pigs in Slovakia, which has not been determined as 
yet: to characterize the genetically detected isolates; and to 
gain an insight into the incidence of HEV in the Slovak do-
mestic pig population.

MATERIALS AND METHODS

Samples 
Clinical samples (rectal swabs, n = 269) were obtained 

from the pigs of fourteen randomly selected Slovakian 
domestic pig farms. Three different age categories were 
distinguished: suckling piglets (< 28 days, n = 35), wean-
ers (28—70 days, n = 112), and fattening pigs (> 70 days, 
n = 122). No clinical sign of any disease was observed. The 
health status of each pig was evaluated by a qualified vet-
erinarian on each farm. 

Isolation of RNA and synthesis of cDNA
The rectal swabs were processed in the laboratory by 

elution into 1 ml of 0.01 mol.l–1 PBS (Merck Millipore 
Corp., USA) for 30 min. The eluted solution was vortexed at 
2000 rev. min–1 for 3 min and then centrifuged at 17 500 × g 
for 5 min. The total RNA was isolated using TRIzol Reagent 
(Life Technologies, USA) from 200 µl of a sample according 
to the manufacturer’s instructions and dissolved in 20 µl of 
molecular biology grade water (Merck, GmbH, Germany). 
Samples with aliquots of the isolated RNA were stored 
at –80 °C. The cDNA was synthesized in a 20 µl reaction 
mixture comprising 5 µl of isolated RNA, 5 µM of random 
hexamers (Invitrogen, USA), 50 µl dNTPs (Thermo Fisher 
Scientific, Inc., USA), 200 U RevertAid Premium reverse 
transcriptase with 1xRT buffer (Thermo Fisher Scientific, 
Inc., USA), 20 U RNase inhibitor (Takara Bio, Inc., Japan), 
and molecular biology grade water (Merck, GmbH, Ger-
many). The mixture was incubated at 65 °C for 5 min and 

then chilled on ice to destroy the RNA secondary struc-
ture. Subsequently, the mixture was incubated at 25 °C for 
10 min, then at 50 °C for 30 min to synthesise cDNA, and at 
85 °C for 5 min to terminate the reaction.

Detection of HEV by nested reverse transcriptase 
polymerase chain reaction (RT-PCR) 

The detection of the partial HEV genome was based on 
the amplification of a 242 bp fragment of ORF1 gene using 
outer and inner primers published by  E r k e r  et al. [5]. The 
PCR reaction mixture (25 µl) was composed of 1x Ther-
moPol reaction buffer (New England Biolabs, Inc., USA), 
200 µM dNTPs (Thermo Fisher Scientific, Inc., USA), 
0.3 µM of outer primers, 0.5 U Taq DNA polymerase (New 
England Biolabs, Inc., USA), 2 µl cDNA, and molecular 
grade water (Merck, GmbH, Germany). The first PCR was 
run with the following thermal profile: 1 cycle at 95 °C for 
1 min, and 35 cycles with denaturation at 95 °C for 30 s, an-
nealing at 55 °C for 1 min, and extension at 68 °C for 1 min, 
and a final extension at 68 °C for 5 min. In the second PCR 
inner primers, a similar thermal profile was used. The size 
of the PCR products was checked by electrophoresis in 2 % 
agarose gel after staining with GelRedTM (Biotium, Inc., 
USA) and visualization by Gel Doc EZ imager (Bio-Rad 
Laboratories, Inc., USA).

Sequencing of DNA and phylogenetic analysis of HEV
Purified PCR products were sequenced using an auto-

matic sequencer ABI PRISM (Microsynth Austria, GmbH, 
Austria). The sequences from both strands of the PCR 
products were determined with the same primers as those 
used for the nested PCR amplification. Partial ORF1 se-
quences (242 nt) were edited and aligned by the computer 
programme SeqMan, EditSeq and MegAlign (Lasergene, 
DNASTAR, Inc. USA). The phylogenetic tree was con-
structed by the neighbour-joining method using MEGA 
4.0 [24].

RESULTS

The results of the prevalence of hepatitis E virus in the 
domestic pigs are summarized in Table 1. The RT-PCR anal-
ysis of 269 enteric samples revealed that 32 pigs (11.9 %) of 
all age categories were HEV RNA positive. When looking 
across age categories, HEV RNA was most often detected 
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 HEVsw2005-1043 NL (EF372552)

 005-10 SRB (HM483380)

 V069076 DE (EU879099)

 HUN-034 HU (EU718648)

 swR437 DE (FR846453)

 Arkell Canada (AY115488)

 HE-JA4 JPN (AB082549)*

 V1007999hu DE (FN995000)*

 swR269 DE (FR846455)

 HEVsw2005-1055 NL (EF372556)

 ZHa18 SK

 2W SK

 1W SK

 1Z4 SK

 4Z2 SK

 6W SK

 1RV SK

 8W SK

 CZswHEV21 CZ (EU117413)

 CZswHEV10 CZ (EU117411)

 CZswHEV14 CZ (EU117412)

 SWswHEV SW (EU117407)

 HUN-072 HU (EU718650)

 swJ12-4 JPN (AB248522)

 Sp1 VH1 ESP (AF195064)*

 Sp3 VH3 ESP (AY570904)*

 Sp2 VH2 ESP (AF195065)*

 NLSW28 NL (AF336003)

 NLSW82 NL (AF336009)

HEV -3

HEV -4 swJ13-1 JPN (AB097811)

HEV -2 Mexico (M74506)*

 Burma (M73218)*

 JMM-Sai JPN (AB074919)*
HEV -1

100

98

98

61

100

73

57

85

35

34

89

20

26

46

36

18

13

48

28

77

42

51

49

88

100

0.05

Fig. 1. The phylogenetic tree based on the partial ORF1 region of HEV-1, -2, -3, -4 genotypes
All HEV isolates from GenBank — in parentheses with GenBank Acc. No.

Human HEV isolates from GenBank — in parentheses with GenBank Acc. No., in addition labelled *
Slovak swine HEV isolates without GenBank Acc. No. in parentheses
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in fattening pigs (14.8 %), while a lower prevalence was de-
tected in weaned piglets (12.5 %). HEV RNA was not ob-
served in suckling piglets. Positive HEV RNA samples were 
detected only on two pig farms from all of the 14 analysed 
farms.

Phylogenetic analysis revealed that Slovak HEV iso-
lates clustered into two genetic groups (Fig. 1). All Slovak 
HEV isolates were typed as HEV-3. The comparison of 
nucleotide sequences of Slovak HEV isolates to each other 
showed 81.0—100 % identity. The identity of the nucleo-
tide sequences of Slovak HEV isolates with HEV isolates 
from neighbouring countries, Czechia and Hungary, was 
observed 81.8—86.8 % and 80.686.8 %, respectively. 

DISCUSSION 

After the first characterization of swine HEV in USA by 
M e n g  et al. [13], the virus has been detected in the same 
species in many countries including Spain, Netherlands, 
Canada, United Kingdom [19, 25, 18, 1] and recently has 
been described in Africa [16]. 

Our study investigated the occurrence of HEV in clini-
cally healthy pigs on Slovak domestic pig farms indicating 
a relatively high presence of HEV (11.9 %). Very low occur-
rence of RNA HEV (3 %) was observed in faeces samples 
collected in a Czech slaughterhouse, similarly to clinically 
healthy pigs [4]. Besides Czechia, swine HEV was detected 
and characterized in neighbouring Hungary. HEV infec-
tion among domestic swine appears to be at quite a high 
level (39 %) on the Hungarian swine farms [20].

This study detected HEV in clinically healthy pigs. Most 
of the published studies are based on the detection in natu-
rally or experimentally infected pigs [2, 9, 19]. 

Up to now only a few studies have been aimed at HEV 
detection in relation to the age of pigs. Although two pub-
lished studies pointed out that 2—4 months old pigs usu-
ally showed HEV infection [13, 14], our study demon-
strated that the virus can be detected in pigs younger than 
2 months. In our study, we have observed the occurrence 
of HEV in 12.5 % of weaned piglets (28—70 days old). The 
highest percentage of HEV (14.8 %) was observed in the 
fattening category (> 70 days old). Similarly, the highest 
percentage of pigs with RNA HEV (36 %) was observed 
by F o r g á c h  et al. [8] in a comparable age group (11—
16  weeks old) of pigs. 

Contrary to the results indicating a low HEV prevalence 
(9 %) in 1—4 week old piglets detected by  F o r g á c h  et al. 
[8], we failed to detect HEV in the youngest age category, 
the suckling piglets (< 28 days old). The protective role of 
passive immunity is probably the reason for the absence of 
HEV in suckling piglets in our study. We assume that the 
influence of maternal antibodies in this age category of pigs 
has a high protective effect.

By RT-PCR detection in the Netherlands, 22 % and 
55 % of the pig farms were found HEV-positive in 1999 and 
2005, respectively [22]. In the USA, 54 % and 40 % of the 
pig farms were found HEV-positive in 2002 and 2005, re-
spectively [10, 12]. Surprisingly, HEV RNA was detected 
in 100 % of the 6 pig farms located in northern Italy [3], 
in 73 % of the pig farms investigated in Shanghai [15]. In 
Spain the prevalence of HEV among pig farms increased 
from 38 % in 2006 to 76 % in 2007 [6, 7]. 

The nucleotide sequences of ten HEV isolates from Slo-
vakia were aligned and compared to each other and to the 
selected strains deposited in GenBank. The comparison of 
the nucleotide sequences identity of Slovak HEV isolates to 
each other showed high identity in nearly 100 %. By com-
parison of nucleotide sequences from neighbouring coun-
tries, Czechia and Hungary, an identity within 80.6—86.8 % 
was observed. By phylogenetic analysis of partial ORF1, we 
found that Slovak isolates clustered into two genetic groups 
(Fig. 1). All Slovak HEV isolates were typed as genotype 
HEV-3, which is a common genotype of animal, including 
human isolates. This is considered an important character-
istic of the potential source of human infections.

Table 1. The incidence of HEV in different age 
categories of domestic pigs

Age category
[days]

Number 
of samples

[n]

Number
of HEV RNA 

positive
[n]

Percentage
of HEV RNA 

positive
[%]

Suckling piglets
< 28 days 35 0 0

Weaners
28–70 days 112 14 12.5

Fattening
> 70 days 122 18 14.8

Total 269 32 11.9
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CONCLUSIONS

In our study we investigated the prevalence of HEV 
on domestic pig farms in Slovakia which has not been ad-
dressed before. The analysis of three different age catego-
ries of domestic pigs showed some differences. The high-
est occurrence was observed in the fattening category and 
lowest in weaned piglets. HEV RNA was not observed in 
the youngest category (the suckling piglets). The phyloge-
netic analysis revealed that the Slovak HEV isolates clus-
tered into two genetic groups. All Slovak HEV isolates were 
typed as HEV-3, which are capable of infecting humans.

In the near future, we would like to extend our investi-
gations to other domestic pig farms in Slovakia and to char-
acterize more HEV isolates.
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ABSTRACT

Plant extracts and essential oils (EOs) are character-
ized by their antibacterial properties against various bac-
terial pathogens, including staphylococci. Some strains 
of these bacteria are resistant against the adverse effects 
of the environment including antibiotics, e. g. methicil-
lin-resistant Staphylococcus aureus (MRSA). EOs alone 
cannot substitute for antibiotics but their treatment 
may be useful to intensify and strengthen the effects of 
antibiotics on pathogenic staphylococci. In this work, 
we tested the antibacterial effects of the essential oils of 
Mentha species with menthol as one of the effective sub-
stances against different strains of S. aureus. Two in vitro 
methods were used, the qualitative disc diffusion assay 
and the quantitative minimal inhibitory concentration 
(MIC) of selected essential oils. Peppermint oil from 
Mentha piperita, spearmint oil from Mentha spicata 
var. crispa and cornmint oil from Mentha arvensis were 
tested in this study against the various strains of Staphy-
lococcus aureus, including methicillin resistant Staphylo-
coccus aureus (MRSA). The oils were dissolved in DMSO 
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(dimethyl sulfoxide) and diluted at the following ratios: 
1 : 1, 1 : 2, 1 : 5, and 1 : 10. Based on the results determined 
by the agar disc diffusion test, the highest antibacterial 
properties were observed in spearmint oil against S. au-
reus CCM 4223 at 1 : 2 ratio where the inhibition zone 
varied at a range of 35.67 ± 6.81 mm. We determined also 
the MIC of all the oils where concentrations of the oils 
were as follows: 1 %; 0.5 %; 0.25 %; 0.125 % and 0.0625 %. 
The lowest concentrations of essential oils that possessed 
inhibitory effects on the growth of S. aureus varied be-
tween 0.125 % and 0.25 %.

Key words: antibacterial activity; essential oils; in vitro 
methods; Staphylococcus aureus

INTRODUCTION

The essential oils (EOs) are a group of various natural 
chemicals which are characterized by their volatility and 
aroma. The term “essential oil” comes from the times of 
the Middle Ages. At this time, alchemists considered every 
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liquid floating on the water as an oil. After the invention of 
the distillation procedure, they thought that EOs are “the 
essence of life”.

The plants produce EOs for their protection against 
herbivores. EOs can concentrate in a specific plant organ 
or they pervade the whole plant (conifers). Naturally they 
are colourless. At room temperature the majority of EOs 
occurs in liquid form; some are solids (camphora). Mostly 
they have lower density than water, with the except of cin-
namon and clove oils. They dissolve in alcohol and fats. The 
main chemical compounds in EOs are terpenes-monoter-
penes (ocimene, limonene, linalool, α-pinene) and sesqui-
terpenes (β-caryophyllene). More complex terpenes have 
higher molecular weights and because of that, they cannot 
be distilled. Other chemical groups are alcohols (geraniol, 
menthol), aldehydes (cinnamaldehyde, vanillin), ketones 
(carvone), and phenols (eugenol, thymol, carvacrol) [12].

EOs have a wide range of applications. They can be used 
as antiflogistics, stomachics, carminatives, diuretics, seda-
tives, antimycotics, antivirotics, disinfectants, etc. One of 
the main benefit is also their antibacterial effects. EOs act 
by various mechanism on different bacterial structures. The 
structure of gram-positive bacteria facilitates the penetra-
tion of hydrophobic molecules into the cell and act on the 
bacterial wall, cytoplasmic membrane or cytoplasm. At low 
concentrations, they can react with enzymes responsible 
for producing energy, at higher concentration they can de-
naturate proteins. Because of the reduced proton gradient 
by influencing the transfer of H+, essential oils reduce the 
synthesis of adenosine triphosphate (ATP) and thus the in-
tracellular store of ATP. They can cause the degradation of 
bacterial cell walls, damage of cytoplasmic membranes and 
coagulation of the cytoplasm. By damaging the membrane 
proteins, they increase the permeability of the membrane 
and cause leakage of the cell contents [4]. In general, gram-
negative (G–) bacteria are more resistant against EOs in 
comparison to gram-positive (G+) because of the different 
composition of the bacterial cell walls [15]. G– bacteria have 
a thin layer of peptidoglycan and lipopolysaccharide layer 
(LPS) on their outer membrane that is lacking in gram-
positive bacteria. Small hydrophilic molecules can pen-
etrate through the porin proteins of G– bacteria. The porins 
are relatively resistant to hydrophobic molecules, but not 
completely. Some EOs, e. g. from basil, sage or oregano, act 
on E. coli, S. aureus, B. cereus and Salmonella spp. However, 
they are less effective against Pseudomonas spp. because it 

increases its resistency by producing exopolysaccharides 
and by creating biofilms [7]. 

Bacteria of the species Staphylococcus aureus are Gram-
positive, facultative anaerobic and non-motile cocci. They 
cause many diseases in humans and animals that can be 
local or even systemic. Staphylococci can be found on the 
skin, skin wounds or abrasions. The infection can be spread 
by hands or by secretion from the nose or mouth. Some 
S. aureus strains produce at least 11 enterotoxins designated 
SEA to SEJ. Toxin types A and D are most frequently impli-
cated in the outbreaks of food poisoning. These toxins are 
resistant to a temperature of 100 °C within 20 minutes. Bac-
teria are cold resistant, while heating over 60 °C will killing 
them [1]. An intoxication called staphyloccocal enterotoxi-
cosis results from contaminated food where the bacteria are 
spreading and producing the toxins. Pathogenic staphylo-
coccal strains can cause also pneumonia, post-operative in-
fections and nosocomial bacteremia [13]. Methicillin resis-
tant Staphylococcus aureus (MRSA) strains are dangerous, 
because infections caused by these strains cannot be treated 
with many antibiotics (ATB), as they are multiresistant. The 
resistance against ATB is caused by the overuse of ATB or 
inappropriate dosage. Furthermore, many MRSA strains 
produce biofilms. The biofilm is a product of the microbial 
population attached on the substrate or on to another. It is 
a polymeric substance that arises due to a changed bacterial 
fenotype related to its growth, gene expression and synthe-
sis of proteins. The production of biofilm is strictly regulat-
ed by genetic factors. Immune response against the biofilm 
infections is uneffective and leads to chronic diseases [2].

Some of the more popular methods used for testing 
antimicrobial activity of EOs is the disc diffusion method, 
the determination of minimum inhibitory concentration 
(MIC) and the vapour phase method. Additional methods 
are bioautography TLC method for testing the antimicro-
bial activity of individual components of EOs [3].

The purpose of this study was to investigate the antibac-
terial properties of three various species of the mint essen-
tial oils and menthol against Staphylococcus aureus strains 
using two in vitro methods.

MATERIALS AND METHODS

Bacterial strains
All together 4 strains of Staphylococcus aureus were 
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used in this study: S. aureus (clinical isolate from a dog 
wound), S. aureus CCM 4750 (MRSA) and 2 strains of 
S. aureus with the ability to produce biofilms (CCM 3953 
and CCM 4223). The strains with CCM numbers were ob-
tained from the Czech Collection of Microorganisms in 
Brno (Czechia).

Essential oils
Three different species of the mint essential oils and 

menthol were tested in this study. Mentha x piperita L. — 
peppermint oil (Calendula a.s., Nová Ľubovňa) with its 
mayor components L-menthol (40.7 %) and menthone 
(23.4 %). Mentha spicata L. var. crispa — spearmint oil (Ha-
nus s. r. o., Nitra) with its mayor components L-carvone 
(70 %) and limonene (10 %). Mentha arvensis L. — corn-
mint (Hanus s. r. o., Nitra) with its mayor components L-
menthol (28.8—34.7 %), menthone (16.3—1.1 %) and iso-
menthone (6.8—12.1 %). And finally, we used also a pure 
component, L-menthol (Galvex, s. r. o.). 

Growth conditions
Growth media: PYG broth (Pepton Yeast Extract Glu-

cose Broth) was used for overnight cultivation of the bacte-
rial strains. MHA (Mueller Hinton Agar, HiMedia, India) 
was used for the disc diffusion method and also for the 
MIC determinations.

The preparation of the overnight culture: 3 ml of PYG 
broth was inoculated with the various staphylococcal 
strains and incubated on a shaker at 37 °C for 18 h.

Determination of CFU (colony forming units): After 
incubation, the counts of bacteria in overnight culture were 
determined. The results for each strain are shown in Table 1. 

Disc diffusion method

Table 1. Number of CFU.ml–1 after 18 h incubation at 37 °C

Bacterial strain CFU.ml-1

Staphylococcus aureus — clinical dog isolate 3.32 × 1011

Staphylococcus aureus (MRSA) CCM 4750 3.16 × 1012

Staphylococcus aureus CCM 3953 3.31 × 1012

Staphylococcus aureus CCM 4223 9.4 × 1010

This method was used as qualitative method to deter-
mine the antimicrobial activity of selected essential oils. 
0.1 ml of overnight culture was spread onto the surface 

of MHA using a sterile bacteriological spreader. After the 
absorption of inoculum, we transferred the paper discs 
(6 mm, Becton, Dickinson and Company, USA) with ster-
ile needles onto the surface of the inoculated MHA agar 
and applied with a micropipette 10 μl of each EO in sev-
eral dillutions (1 : 1, 1 : 2, 1 : 5, 1 : 10) onto the paper discs. 
Pure concentrated DMSO (dimethyl sulfoxide) was used 
as a negative control and specific ATBs (oxacillin 5 μg/disc 
and  methicillin 5 μg/disc) were used as positive controls. 
The Petri dishes were incubated for 24 h at 37 °C. After 
the incubation time, the diameter of the inhibition zones 
(in mm) around the paper discs were measured. This in vi-
tro test was repeated in triplicate to get an average number 
with the standard deviation as a result.

Determination of MIC 
(Minimal Inhibitory Concentration)

Two-fold dilutions of EOs with concentrations of 1 %, 
0.5 %, 0.25 %, 0.125 % and 0.0625 % in MHA with 0.5 % 
Tween 20 (Sigma Aldrich, Germany) were prepared before 
starting the test. Two μl of overnight culture were inocu-
lated with a micropipette drop by drop onto the surface of 
MHA [11]. Medium without EOs was used as a negative 
control. The Petri dishes were incubated for 24 h at 37 °C. 
The experiments were carried out in triplicate. We deter-
mined the MIC as a minimal concentration of the EOs that 
suppressed the growth of bacteria on the agar dishes.

Statistics
The results obtained by the disc diffusion method are 

reported as an arithmetical average ± standard deviation 
in mm. We considered d > 6 mm as a positive result. The 
statistic software GraphPad Prism version 3 was used and 
the results were evaluated by one-way ANOVA and Tukey‘s 
test with ***P < 0.001 as a  significance level. The results 
obtained by the MIC method were evaluated only as pres-
ence/absence of growth of bacteria on the surface of the 
agar plate.

RESULTS AND DISCUSSION

Disc diffusion method
The evaluation of antibacterial activity of mint essential 

oils showed that they effectively inhibited the staphylococ-
cal strains, hovewer, with different sensitivities.
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Table 2. Clinical isolate Staphylococcus aureus, disc diffusion method (n = 3),
inhibition zones [mm]

Dilution M. piperita M. arvensis M. spicata L-menthol Oxacillin 
5 µg/disc

1 : 10 2.33 ± 4.04 7 ± 0 0 ± 0*** 7.5 ± 0 22

1 : 5 9 ± 0*** 9.33 ± 0.58*** 9.33 ± 0.58*** 15.67 ± 4.04 24

1 : 2 18.17 ± 1.26 15.33 ± 2.52 22.33 ± 2.31 20.5 ± 0.87 23

1 : 1 15.5 ± 0.87 16.67 ± 1.16 15 ± 2 15.17 ± 0.29 21

*** — significantly different from Oxacillin (P < 0.001)

Table 3. Methicillin resistant S. aureus (MRSA) CCM 4750, disc diffusion method (n = 3), 
inhibition zones [mm]

Dilution M. piperita M. arvensis M. spicata L-menthol Oxacillin
5 µg/disc

1 : 10 0 ± 0 0 ± 0 0 ± 0 0 ± 0 22

1 : 5 5 ± 4.33 4.67 ± 4.04 0 ± 0 8 ± 0 24

1 : 2 10.67 ± 1.53 10.67 ± 2.02 11.33 ± 9.87 12 ± 1 23

1 : 1 11.5 ± 0.5 13.83 ± 3.62 9.33 ± 0.29 10.67 ± 0.29 21

Table 4. Staphylococcus aureus CCM 3953, disc diffusion method (n = 3), 
inhibition zones [mm]

Dilution M. piperita M. arvensis M. spicata L-menthol Oxacillin 
5 µg/disc

1 : 10 0 ± 0*** 0 ± 0*** 0 ± 0*** 2.5 ± 4.33*** 15

1 : 5 7.67 ± 0.29*** 7.5 ± 0.5*** 6.5 ± 0*** 9.5 ± 1.32*** 18

1 : 2 17 ± 1 15.83 ± 2.02 15.33 ± 0.58 14.67 ± 1.61 19

1 : 1 12.33 ± 1.53 12.33 ± 1.44 10.83 ± 0.76 12.5 ± 0.5 14

*** — significantly different from Oxacillin (P < 0.001)

Table 5. Staphylococcus aureus CCM 4223, disc diffusion method (n = 3), 
inhibition zones [mm]

Dilution M. piperita M. arvensis M. spicata L-menthol Methicillin 
5 µg/disc

1 : 10 0 ± 0 a, b 0 ± 0 a, b 0 ± 0 a, b 7.83 ± 0.29 b 20

1 : 5 18 ± 2 10.67 ± 1.26 12.67 ± 1.53 14.33 ± 2.08 15

1 : 2 22.83 ± 0.76 17.67 ± 0.58 c 35.67 ± 6.81 a, b 18 ± 1 18

1 : 1 14.17 ± 0.76 15.5 ± 0.5 a 16.33 ± 0.58 a 12.33 ± 0.29 14

 a — significantly different from L-menthol; b — significantly different from Methicillin
c — significantly different from Mentha spicata (P < 0.001)
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The results of individual dilutions 1 : 1, 1 : 2, 1 : 5, 1 : 10 
are shown in Tables 2—5. The strongest effect was obtained 
with Mentha spicata var. crispa and the highest resistance 
was shown by the MRSA strain. It was interesting that al-
most in every experiment the concentration 1 : 1 exhibited 
lower efficiency in comparison to the concentration of 1 : 2. 
We used L-menthol which exhibited the major efficiency. 
L-menthol was used at the same volume as EOs. The best 
reflection of the effects of L-menthol would be the same 
volume as in the essential oils. But in some EOs, menthol 
did not represent the major part.

Significant differences were detected between Mentha 
spicata var. crispa and menthol and the positive control 
(***P < 0.001).

Determination of MIC
The concentrations which inhibited the growth of staph-

ylococci varied between 0.125 % and 0.25 %. The strongest 
effects against the MRSA was observed for M. spicata at the 
concentration of 0.125 %. M. arvensis was effective at the 
same concentration against both biofilm producing staphy-
lococcal strains (CCM 3953 and CCM 4223) (Table 6).

Table 6. Minimal inhibitory concentration (MIC) [mm]

S. aureus MRSA
CCM 4750

S. aureus
CCM 3953

S. aureus
CCM 4223

M. piperita 0.25 % 0.25 % 0.25 % 0.25 %

M. arvensis 0.25 % 0.25 % 0.125 % 0.125 %

M. spicata 0.25 % 0.125 % 0.25 % 0.25 %

*** — P < 0.001

The antibacterial activity of the essential oils is a topic 
for many investigations. We observed antibacterial activity 
of EOs for 3 different species of Mentha sp. gender and L-
menthol against 4 different strains of Staphylococcus aureus.

Using the disc diffusion method, we observed that the 
highest antibacterial effect was achieved mostly at the con-
centration of 1 : 2, not 1 : 1 as expected. EO from Mentha 
spicata var. crispa showed the strongest activity against the 
clinical isolate of S. aureus at a concentration of 1 : 2. On the 
other hand, the concentration of 1 : 1 was the strongest in 
the case of EO from M. arvensis. The biggest diameter of in-
hibition zones against MRSA were measured with EO from 
M. spicata at the concentration of 1 : 2 and at the concentra-
tion of 1 : 1 with EO from M. arvensis. We tested also 2 spe-

cies of staphylococcal strains producing biofilms. S. aureus 
CCM 3953 was inhibited by EO from M. piperita at the di-
lution of 1 : 2, S. aureus CCM 4223 by EO from M. spicata 
var. crispa at the same dilution. 

For MIC determination we exposed all 4 strains of 
S. aureus to 5 different concentrations of EOs: 1 %, 0.5 %, 
0.25 %, 0.125 % and 0.0625 %. The difference in the sensi-
tivity within staphylococci strains was not so noticeable in 
comparison to the disc diffusion method. The results varied 
between 0.125 % and 0.25 %. The biofilm producing staphy-
lococci CCM 3953 and CCM 4223 were the most sensitive 
to EO from Mentha arvensis. These results were affected 
by the emulgation of the EOs in agar. For better EOs ho-
mogenization, Tween 20 at 0.5 % concentration was used. 
It appears desirable to use different concentrations of an 
emulgator and to compare the results.

In another study it was found that EO from M. spicata 
var. crispa also affected S. aureus. The sizes of the inhibition 
zones in the disc diffusion method were 10 mm at S. aureus 
ATCC 6538 and 8 mm at S. aureus ATCC 25923 despite the 
application of double dose (20 μl) of 100 % EO in compari-
son to a dose 10 μl used in this study [10]. The reason for 
the different results may be caused by the different compo-
sition of EOs. S. aureus ATCC 6538 was inhibited at 0.1 % 
concentration compared to our 0.25 %. In another study, it 
was observed that Mentha piperita also had inhibitory ef-
fects on S. aureus (the strain was not specified) [9]. Using 
the disc diffusion method, the measured inhibition zone 
was 7.6 ± 0.57 mm at 1 : 10 concentration. No inhibition 
zone was observed in our study.

I m a i  et al. [6] confirmed the effectivity of all three spe-
cies of mint against a MRSA strain.

The results of the antimicrobial activity of essential oils 
can be influenced also by various extraction methods and ex-
tracts used for the determination.  P a r a  et al. [8] confirmed 
that among ethanol, methanol, ethyl acetate, chloroform, 
hexane and petroleum ether, the ethyl acetate leaf extract 
of Mentha piperita caused more pronounced inhibition of 
Staphylococcus aureus, Bacillus subtilis and Proteus vulgaris 
than chloroform, petroleum ether or hexane extracts.

The antibacterial activity of M. spicata was confirmed 
also in the study by  G o l e s t a n  et al. [5]. They observed 
that M. spicata EO had the highest inhibition activity 
against S. aureus and Clostridium perfringens.

Z a i d i  and  D a h i y a  [14] used the agar well difusion 
method for the determination of the antimicrobial activity 
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of EOs from Mentha spicata and Mentha piperita against 
11  bacterial and 4 fungal clinical isolates. They reported 
that both of the EOs showed the maximum activity against 
S. aureus, producing a maximum zone of inhibition of 
21 ± 0.09 mm with Mentha spicata and 19.2 ± 0.07 mm with 
Mentha piperita.

CONCLUSIONS 

This study tested the antibacterial activity of EOs from 
Mentha sp. and L-menthol by means of the disc diffusion 
method and the determination of MIC. All three EOs had 
various contents of menthol and exhibited different effects. 
In spearmint oil, the main ingredient was L-carvone and 
not menthol.

The disc diffusion method revealed the strongest effect 
of EO from Mentha spicata var. crispa and the highest re-
sistance of the MRSA strain. The EO from M. spicata var. 
crispa had the strongest effect against S. aureus CCM 4223. 
We noticed that almost in every experiment the 1 : 1 dilu-
tion exhibited lower efficiency than the 1 : 2 dilution. At the 
1 : 2 dilution, EO from Mentha spicata var. crispa exhibited 
stronger or similar effect as the oxacillin/methicillin that 
were used as positive controls. The effect of EO from Men-
tha piperita was stronger against S. aureus CCM 3953.

The values of MIC varied between 0.125 % and 0.25 %. 
The strongest effect against MRSA showed EO from M. spi-
cata var. crispa that inhibited the growth of bacteria even at 
0.125 % concentration. M. arvensis had the strongest effect 
on the biofilm forming staphylococci also at this low con-
centration (0.125 %).

The results from our study indicated that the mint es-
sential oils can be used as a potential source of natural an-
timicrobial compounds against staphylococcal infections.
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