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1. INTRODUCTION

Th ermophilic Campylobacter spp. are one of the most frequent bacterial 

cause of acute gastroenteritis, called campylobacteriosis, in humans in 

many countries (Rautelin and Hänninen, 2000; Skirrow and Blaser, 

2000; EFSA, 2006). It is estimated that campylobacteriosis is a growing 

concern worldwide. Approximately 180,000 cases occur annually 

in the European Union (EU) (EFSA, 2009). Human infections are 

most commonly associated with C. jejuni, followed by C. coli and 

C. lari. It is well established that broiler chicken meat is frequently 

contaminated with C. jejuni, and is considered to be a major source of 

human campylobacteriosis (Hänninen et al., 2000; Wingstrand et al., 

2006). Th erefore, the major public health strategy in the EU for the 

prevention of campylobacteriosis has been considered to be the control 

of the occurrence of Campylobacter in poultry meat (EFSA, 2008). Th e 

frequent contamination of broiler chicken meat with Campylobacter 
is associated with the fact that Campylobacter exists widely in nature, 

and therefore the alimentary tracts of broiler chickens are the principal 

reservoirs at farm level. In addition, the broiler carcass contamination 

can easily occur and spread at slaughterhouse level because of many 

possibilities of cross-contamination from fecal material of a contaminated 

fl ock in prossessing procedures, or from equipments. At consumer 

level, the consumption of undercooked chicken meat or other foods 

cross-contaminated during food preparation are the risk factors for 

campylobacteriosis. 

Nowadays, an increasing number of human infections caused by C. jejuni 
have been shown to be caused by organisms resistant to antimicrobials 

(Engberg et al., 2001; Belanger and Shryock 2007). Numerous studies 

have reported a connection between the use of fl uoroquinolones, 

tetracycline, ampicillin, gentamicin, or erythromycin in chickens and 

development of antibiotic resistance in C. jejuni (Heuer et al., 2001; 

McDermott et al., 2002; Ledergerber et al., 2003; Desmonts et al., 2004; 
Griggs et al, 2005). Campylobacteriosis caused by antibiotic-resistant 

C. jejuni may have increased the risk to humans for possible treatment 

failure and prolonged illness (Travers and Barza, 2002). 

In terms of food safety and human health, lactic acid bacteria (LAB) can 

be used as an alternative measure to control antibiotic-resistant as well 
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as susceptible food-borne pathogens (Brashears et al., 1998; Carson and 

Riley, 2003). LAB such as Lactobacillus spp. and Bifi dobacterium spp. 

of human intestinal origin, also known as probiotics, are often used for 

probiotic food production in dairy and meat industry because of health-

promoting eff ects (Collins and Gibson, 1999; Sanders, 2000). Probiotic 

bacteria ingested with food may have the capability to inhibit the growth 

of enteropathogens in the human intestinal microbiota, to restore the 

balance of microbiota in the digestive tract, and to prevent food-borne 

diseases (Collins and Gibson, 1999; Sanders, 2000). In in vitro studies, 

the antimicrobial eff ect of probiotics has appeared against various 

food-borne pathogenic bacteria such as Escherichia coli, Staphylococcus, 
Salmonella, Listeria, and Campylobacter (Annuk et al., 2003; Fernández 

et al., 2003; Hütt et al., 2006). Th e antimicrobial activity of probiotic 

bacteria against food-borne pathogens is explained in terms of their ability 

to produce diff erent antimicrobials such as organic acids, bacteriocins, 

hydrogen peroxide, etc. (Fooks and Gibson, 2003). Furthermore, the 

probiotic bacteria combined with suitable prebiotic ingredients have 

a synergistic co-eff ect, creating a competitive advantage in front of 

pathogenic bacteria, making it possible to produce in large amounts the 

antimicrobial substances by probiotic bacteria that can directly inhibit 

pathogenic bacteria (Callaway et al. 2002; Bosscher et al., 2006). 

Prebiotics such as inulin or oligofructose are non-digestible compounds 

in the human gastrointestinal tract, being a suitable nutritional substrate 

and growth stimulator to probiotic bacteria in food as well as in human 

large intestines (Niness, 1999). Th erefore, from the public health point 

of view, co-application of pro- and prebiotics creates a possibility to 

minimize hazards associated with campylobacters. 

Th e present study involves the investigations of the occurrence of 

Campylobacter spp. in the Estonian broiler chicken production chain 

(study I) and the prevalence of antimicrobial resistance of 

Campylobacter spp. (study II) in Estonia, looking at the possibility to 

control and inactivate the susceptible, resistant as well as multiresistant 

Campylobacter strains, originating from broiler chicken meat and 

from human feces, by using selected pro- and prebiotics in vitro 
(studies III and IV). 
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2. REVIEW OF THE LITERATURE

2.1. General description of Campylobacter spp.

Th e genus Campylobacter belongs to the family Campylobacteraceae. 

Campylobacter species are Gram-negative, oxidase-positive, and 

catalase-positive bacteria, which require microaerophilic conditions for 

growth (Vandamme, 2000). Th ey do not form spores, and neither ferment 

nor oxidize carbohydrates, whereas energy is derived from amino acids 

or tricarboxylic acid cycle intermediates (Rowe and Madden, 2000). 

Th ey have diff erent shapes, for example a curved shape, an s-shape, or 

a spiral rod shape (Nachamkin, 1997; Teufel, 2002). With the aging 

of the bacterial cultures, the curved or spiral forms can be replaced by 

coccoid forms. Campylobacter spp. is usually 0.2-0.5 μm wide and 0.5-

5 μm long. Th ey are motile, rotating rapidly in corkscrew-like manner. 

Campylobacter spp. is able to grow at temperatures ranging from 37 to 

42 ºC, and at pH ranging from 6.5 to 7.5. C. jejuni are sensitive to 

heating, freezing, drying, and disinfectants. Th ey can survive 2-4 weeks 

in a humid environment at 4 °C as well as 2-4 months at -20°C, while 

only a few days at room temperatures (Blaser et al., 1980).

Th e genus Campylobacter spp. consists of many diff erent species. C. jejuni, 
C. coli, and C. lari are the most important from the food safety point 

of view. Compared with the other species, C. jejuni is one of the most 

common causes of human gastroenteritis in many countries (WHO/

FAO, 2001; Fallon et al., 2003; Hänninen et al., 2003), followed by 

C. coli, and rarely C. lari. Approximately 80-90% and 5-10% of cases 

of campylobacteriosis are caused by C. jejuni and C. coli, respectively 

(Vandamme, 2000). 

2.2. Campylobacteriosis

Detection and identifi cation of campylobacters became possible in 1970, 

when necessary selective culture media and specifi c microaerophilic 

conditions for their growth in laboratory were worked out (Skirrow, 

1977; Pacheco et al., 1999). Th ese fi ndings made it possible to detect 

C. jejuni and C. coli as a cause of gastrointestinal infections (Skirrow, 

1977). Campylobacteriosis is an infectious disease caused by thermophilic 
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bacteria of the genus Campylobacter. Food-borne infection can be 

defi ned as a disease, which emerged as a result of consumption of food 

contaminated with viable pathogenic bacteria. After the consumption of 

contaminated food, the virulent pathogenic bacteria can survive in the 

gastric acid environment and reach the small intestine, where they can 

multiply and cause disease. Th e infective dose of C. jejuni is considered 

to be approximately 500 cells to 106 cells (Kothary and Babu, 2001). 

Th e infectious dose depends on the Campylobacter strain as well as 

the age and physical condition of the individuals (Kothary and Babu, 

2001). Children, pregnant women, older people, and HIV-carriers, 

whose immunity is diminished, are the most jeopardised. In general, 

Campylobacter infections are sporadic. However, outbreaks associated 

with contaminated chicken meat consumption have been documented 

in several countries, including Denmark (Mazick et al., 2006) and Spain 

(Jiménez et al., 2005). Th e main symptoms of campylobacteriosis are 

diarrhea, cramping, abdominal pain, and fever. Th e diarrhea may be 

bloody. Th e illness usually lasts for a few days up to one week. Most cases 

of human Campylobacter-related enteritis recover spontaneously and do 

not require antimicrobial treatment, which is appropriate for systemic 

Campylobacter infections in which erythromycin or fl uoroquinolones are 

often recommended (Piddock et al., 2000; Engberg et al., 2001). 

Notwithstanding the above, more serious disease cases and complications 

may also occasionally appear e.g. meningitis, endocarditis, infl ammation 

of ureter, Guillain-Barré syndrome, reactive arthritis, etc. have been 

reported (Blaser, 1995; Nachamkin, 1997; Hannu et al., 2004). 

2.3. Campylobacter spp. as a food-borne pathogen

Campylobacter spp. is a classical food-borne pathogen occurring all over 

the world (Nielsen et al., 2000; Nachamkin et al., 2002; Miller et al., 

2005; Unicomb et al., 2006). Campylobacter infections are associated with 

consumption of contaminated broiler chicken meat (Steinhauserova and 

Fojtikova, 1999; Pacheco et al., 1999; EFSA 2008), cross-contaminated 

meat (Pacheco et al., 1999), insuffi  ciently processed broiler chicken 

meat products (Berrang et al., 2000; Evans and Sayers, 2000; Yildirim 
et al., 2005), drinking water (Steinhauserova and Fojtikova, 1999), 

and raw milk (Teufel, 2002). Chicken meat is often contaminated 
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with Campylobacter spp. at retail level and may be one of the most 

important potential sources of campylobacteriosis (Humphrey et al., 

1993; Hänninen et al., 2000; Saleha, 2002; Perko-Mäkelä et al., 2002; 

Wingstrand et al., 2006). Consequently, campylobacter is frequently 

transferred from farm to slaughterhouse and from slaughterhouse 

to retail level. Figure 1 gives an overview of the broiler chicken meat 

production chain “from farm to fork”. Production of broiler chicken 

meat includes the farm level, transportation of the broiler chickens from 

farm to slaughter, the slaughterhouse level, which comprises scalding, 

defeathering, evisceration, washing, and chilling, as well as the retail 

level, with fi nal preparation of the broiler chicken meat at kitchen level.

Figure 1. Broiler chicken meat production chain

2.3.1. Prevalence of Campylobacter spp. at farm level

Th e most important primary contamination site of Campylobacter 

is at farm level, because campylobacters exist widely in the outside 

environment (Jacobs-Reitsma, 2000). However, campylobacters do not 

grow outside the host gut (Jacobs-Reitsma, 2000). Th erefore, the normal 

living habitats of campylobacters are intestinal tract, primarily in the 

Processing:
scalding, defeathering, evisceration, washing, chilling

Cutting:
breast fillets, legs, drumstics, slices etc.

Retail

Consumer

Transportation

Farm
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ceca and small intestine, or reproductive organs (spleen and liver) of 

warm-blooded animals (Rowe and Madden, 2000; Newell and Fearnley, 

2003). 

Broiler chicken is an asymptomatic Campylobacter carrier. In Estonia 

as well as in other European countries, broilers are raised on farm for 

approximately 40 days before they are transported to slaughterhouse 

(Van der Wielen et al., 2002). Hatched chickens are usually free of 

campylobacters, but due to the presence of campylobacters on the farm 

the contamination spreads easily within a fl ock. Stern et al. (2005) 

also found that younger chicks are less frequently colonized with 

campylobacters than chickens at slaughter age. Van de Giessen et al. 

(1998) indicated that Campylobacter colonisation came into the broiler 

fl ocks from environmental sources. As a result of one chicken being 

infected, most of the chickens on a farm are fast contaminated with 

campylobacters (Lindblom et al., 1986; Genigeorgis et al., 1986) and 

fi nally, the isolation rate of campylobacters may be 100% per fl ock at 

farm or at slaughterhouse level (Genigeorgis et al., 1986). Colonization 

of Campylobacter in broiler chicken fl ocks spreads most commonly by 

horizontal transmission, e.g. by human activities, feed, drinking water, 

litter, insects, rodents, wild birds, etc. (Newell and Fearnley, 2003; 

Saleha, 2004), but rarely by vertical transmission, e.g. by contaminated 

eggs (Shane et al., 1986; Shanker et al., 1990). It has been found that 

Campylobacter contamination from bird to bird in a positive fl ock takes 

place within a few days (Shreeve et al., 2000). In such a way, C. jejuni 
nests on the broiler chicken’s cecum in large amounts, ranging from 106 

to 108 CFU/g (Saleha, 2002).

Th e reported prevalence of Campylobacter spp. in broiler fl ocks of 

diff erent countries is shown in Table 1. A low prevalence of Campylobacter 
spp. in broiler fl ocks was detected in Estonia (Meremäe et al., 2010a), 

Finland (Perko-Mäkelä et al., 2002), Sweden (EFSA, 2006), and 

Norway (Hofshagen and Kruse, 2005), where 2.9-10.6% of fl ocks were 

contaminated. In Lithuania, 18.4% of broiler fl ocks were contaminated 

with campylobacters (Pieskus et al., 2008). Higher contamination rates 

were found in other countries, e.g. 27.4 to 45% of broiler fl ocks in Iceland 

(Guerin et al., 2007), Netherlands (Bouwknegt et al., 2004), Germany 

(Atanassova and Ring, 1999), France (Refrégier-Petton et al., 2001), 

and Austria (Hein et al., 2003) were positive for Campylobacter spp. 
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A recent study on the prevalence of Campylobacter spp. in broiler fl ocks 

in Germany showed 44% Campylobacter-positive samples (Näther et al., 

2009). According to Saleha (2002), the prevalence of Campylobacter spp. 

in broiler fl ocks in Malaysia was on average 72.6%, ranging from 46.3 

to 93.3%. Rasschaert et al. (2007) reported that 73% of broiler fl ocks in 

Belgium were contaminated with campylobacters. High campylobacter 

contamination rates were observed also in England and in Southern 

European countries such as Italy (Pearson et al., 2003; EFSA, 2006). Th us, 

compared with Northern European countries, higher contamination 

rates of Campylobacter spp. were found in Southern European countries 

(Newell and Fearnley, 2003).

Table 1. Prevalence of Campylobacter spp. in the broiler chicken fl ocks

Country
Positive fl ocks (%) 

of investigated fl ocks
Reference

Finland 2.9 Perko-Mäkelä et al., 2002
Norway 4.8 Hofshagen and Kruse, 2005
Estonia 6.3 Meremäe et al., 2010a
Sweden 10.6 EFSA, 2006
Lithuania 18.4 Pieskus et al., 2008
Iceland 27.4 Guerin et al., 2007
Th e Netherlands 30.0 Bouwknegt et al., 2004
Germany 44.0 Näther et al., 2009
France 42.7 Refrégier-Petton et al., 2001
Austria 45.0 Hein et al., 2003
Malaysia 72.6 Saleha, 2002
Belgium 73.0 Rasschaert et al., 2007

Generally, increase in Campylobacter spp. colonization at farm level may 

be conditioned by the season (Hansson et al., 2007b; Pieskus et al., 

2008), the number of broiler chicken houses on the farm (Bouwknegt 

et al., 2004), and the absence or insuffi  ciency of hygiene barriers (Van 

de Giessen et al., 1998; Evans and Sayers, 2000; Huneau-Salaün et al., 

2007). For example, a large number of broiler houses on a farm may 

increase contamination by Campylobacter spp. in the fl ocks because 

it may be diffi  cult to maintain strict hygiene or biosecurity practices 

(Guerin et al., 2007). Th e study of Hansson et al. (2007b) showed the 

importance of physical barriers between the outside and the inside of 

the broiler houses on a farm in order to eff ectively prevent the spread of 
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Campylobacter spp. from the environment into the house. In addition, 

Kapperud et al. (1993) and Guerin et al. (2007) suggested that water with 

drinking water quality or disinfected drinking water should be used at 

farm level as Campylobacter spp. may be transmitted by water. Cardinale 

et al. (2004) reported that the elevated Campylobacter-infection risk might 

occur when the staff  does not wear specifi c clothes while working in 

broiler chicken houses. In such a way, Campylobacter spp. may be carried 

from the environment into the house by boots or other tools. Litter may 

also play a role in the increase of contamination by Campylobacter spp. in 

the fl ocks. Campylobacter spp. can survive in the litter when conditions, 

e.g., high temperature, humidity, etc., are favourable for their viability. 

Campylobacters may be transmitted from one fl ock to the other via litter 

if proper hygienic regulations with litter removal between fl ocks are not 

followed (Cardinale et al., 2004). Contrary to the above-mentioned 

studies, Näther et al. (2009) found no evidence of the infl uence of 

diff erent factors such as slaughter age, hygiene measures, the number of 

broiler houses on a farm, the source of water supply, and the number of 

farm employees on the Campylobacter infection rate. Furthermore, feed 

has been found to be free of Campylobacter contamination. It is associated 

with the fact that water activity of the broiler chicken feed
 
is usually low, 

which is inappropriate for survival of C. jejuni and C. coli (Humphrey 

et al., 1993). However, Hazard Analysis and Critical Control Points 

(HACCP) system accompanied with strict Good Hygienic Practices 

(GHP) like thorough cleaning, eff ective disinfection, and strict hygienic 

routines for workers at farm level is required and implemented in order 

to control Campylobacter contamination at farm level. Bull et al. (2008) 

showed that the improved health and welfare of broilers might also 

reduce the contamination rates of campylobacters.
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2.3.2. Prevalence of Campylobacter spp. at slaughterhouse level

Campylobacter-negative broiler chicken fl ocks at farm level are also 

Campylobacter-free after slaughter (Aho and Him, 1988). However, 

Stern et al. (1995) found that Campylobacter-free broilers may be 

contaminated with campylobacters via contaminated skin and feathers 

of other chickens during transporting from farm to slaughterhouse. 

Generally, poorly cleaned and disinfected transport crates may also be 

the source of contamination. Hansson et al. (2005) reported that despite 

cleaning and disinfection, transport crates may still be contaminated 

with Campylobacter, thus infecting broiler chickens during transport. 

Studies carried out in slaughterhouses have shown that the major source 

of Campylobacter contamination in poultry carcasses is their intestinal 

contents (Stern and Robach, 2003; Miwa et al., 2003; EC, 2004). 

Reich et al. (2008) showed that the Colony Forming Unit (CFU) of 

campylobacters on poultry carcasses was dependent on the CFU of 

Campylobacter spp. in the caeca. Th e intestinal contents of broilers 

may transfer campylobacters from carcass to carcass, from carcasses 

to equipments, etc. Th erefore, the carcasses of the C. jejuni-free fl ocks 

may be rapidly contaminated with campylobacters originating from 

the intestines of the previously processed C. jejuni-positive fl ock (Miwa 

et al., 2003). 

Th e contamination load of campylobacters on broiler carcasses may 

change during processing. Processing of broiler chicken carcasses 

includes scalding, defeathering, evisceration, washing, and chilling at 

slaughterhouse level. Th e cross-contamination of broiler chicken carcasses 

may occur at scalding, evisceration, and water chilling stages (Jacobs-

Reitsma, 2000). Manually performed processes may be the sources of 

cross-contamination via chickens, equipments, and processing-line 

workers. Th erefore, the slaughtering process should be automated as much 

as possible in order to minimize the Campylobacter contamination. 

Th e contamination rates of Campylobacter spp. on carcasses were higher 

after scalding and defeathering, but the number of campylobacters 

decreased after chilling (Reich et al., 2008). Contrarily, Son et al. (2007) 

noticed that scalding at temperatures from 50 to 53 °C can decrease the 

contamination of Campylobacter spp.; however, recontamination may 
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still occur during defeathering of broiler chickens. Son et al. (2007) also 

observed that 92% of pre-scald, 100% of pre-chill, and 52% of post-

chill carcasses were contaminated with Campylobacter spp. Wysok and 

Uradziński (2009) and Figueroa et al. (2009) showed that the highest 

contamination of Campylobacter spp. on carcasses was determined 

after evisceration, while Campylobacter numbers signifi cantly decreased 

as a result of washing and chilling of carcasses. It is possible to apply 

two diff erent ways of chilling the carcasses: air chilling and water 

chilling. However, air chilling has been suggested to be more eff ective 

compared with water chilling, conditioned by the greater eff ect on the 

campylobacters due to drying eff ects (Sánchez et al., 2002). However, 

Stoyanchev et al. (2007) observed that 46.6% of the samples taken after 

air chilling were still contaminated with campylobacters. It shows that 

though Campylobacter spp. is sensitive to drying, the chicken skin may 

still be a protection to the campylobacters, providing an appropriate 

environment for them. 

Table 2 shows the prevalence of Campylobacter spp. at slaughterhouse 

level. A total of 12.7-70.0% of tested cecal samples and 8.0-78.5% 

of broiler chicken carcasses were positive for Campylobacter spp. at 

slaughterhouse level in diff erent countries. 

Table 2. Prevalence of Campylobacter spp. at slaughterhouse level

Country

Positive 
samples (%) 

of tested 
cecal samples

Positive 
samples (%) 

of tested 
carcasses

Reference

Iceland 12.7-17.6 ND Stern et al., 2005
Denmark 27.0 8.0 Rosenquist et al., 2009
Great Britain 35.0 ND Bull et al., 2008
Germany 70.0 ND Reich et al., 2008
Vietnam ND 31.0 Huong et al., 2006
Italy ND 37.1 Pepe et al., 2009
Chile ND 54.0 Figueroa et al., 2009
USA ND 78.5 Son et al., 2007
ND – not determined

According to the data of an EU baseline study in 2007 (EFSA, 2009), 

Campylobacter contamination rates in fresh broiler meat at slaughterhouse 
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level varied widely in diff erent countries: 2.2% in Estonia, 8.2% in 

Denmark, 22.6% in Belgium, 31.9% in Hungary, 55.8% in Spain, and 

86.5% in France.

2.3.3. Prevalence of Campylobacter spp. at retail level

Several studies have been conducted to investigate the prevalence of 

Campylobacter in poultry meat (Perko-Mäkelä et al., 2002; Roasto 

et al., 2005; Hofshagen and Kruse, 2005; Meldrum et al., 2005). 

Investigations have shown that fresh, chilled, and frozen broiler chicken 

meat is contaminated with Campylobacter spp. to a varying degree. 

For example, Cardinale et al. (2003) reported that 76% of fresh, 53% 

of chilled, and 28% of frozen chicken meat was contaminated with 

campylobacters. Th erefore, Campylobacter CFUs can be reduced by 

means of quick freezing of the broiler chicken meat originating from 

Campylobacter-positive fl ocks (Georgsson et al., 2006). Stoyanchev 

et al. (2007) showed that only 35.2% of the frozen poultry carcasses 

were contaminated with campylobacters, compared with the chilled 

poultry, of which 91.1% of the wing and 88.9% of the thigh cuts 

were contaminated with campylobacters. Consequently, the prevalence 

of Campylobacter spp. may vary in diff erent parts of carcasses. Roasto 

et al. (2005) also reported that the chicken carcasses and wings were 

signifi cantly more often contaminated with campylobacters compared 

to breast, thighs, and legs. 

Table 3 shows the prevalence of Campylobacter spp. in retail chicken 

meat. Th e proportion of Campylobacter-positive broiler chicken meat 

samples was low in Latvia (EFSA, 2009) and in Estonia (Meremäe et al., 

2010a), varying from 4.3 to 12.3%, and high in Spain (Domínguez et 

al., 2002), Nothern Ireland (Flynn et al., 1994), Germany (Reich et al., 

2008), and Slovenia (Kurinčič et al., 2005), ranging between 50% and 

90%. 
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 Table 3. Prevalence of Campylobacter spp. in broiler chicken meat at 

retail level

Country

Positive samples 
(%) of 

investigated 
samples

Reference

Latvia 4.3 EFSA, 2009
Estonia 12.3 Meremäe et al., 2010a
Finland 33.0 Hänninen et al., 2000
Th e Netherlands 37.0 de Boer et al., 1997
Denmark 37.6 EFSA, 2009
Ireland 49.9 Whyte et al., 2004
Spain 50.0 Domínguez et al., 2002
Nothern Ireland 65.0 Flynn et al., 1994
Th e Greater Washington, 

D.C.
70.7 Zhao et al., 2001

Germany 73.6 Reich et al., 2008
Slovenia 90.0 Kurinčič et al., 2005

C. jejuni is usually the Campylobacter species most frequently isolated 

from broiler chicken meat (Perko-Mäkelä et al., 2002; Saleha, 2002). 

In contrast, a recent study performed by Kurinčič et al. (2005) reported 

that 53% of isolates from poultry meat were identifi ed as C. coli. 

2.3.4. Seasonality in rates of Campylobacter contamination

Th e prevalence of Campylobacter spp. in broiler chicken and the 

contamination extent at slaughterhouse and retail level depend on the 

season. In several studies performed in the Nordic countries such as 

Sweden, Finland, Denmark, and Norway a seasonal peak in Campylobacter 

contamination in broiler chicken production has been observed mainly 

in summer months, i.e. in July and August (Kapperud, 1994; Hänninen 

et al., 2000; Stern et al., 2005; Wingstrand et al., 2006). In addition, 

Hansson et al. (2007b) noticed that Campylobacter spp. contamination 

was associated with the weather: the contamination of broiler fl ocks 

occurs more frequently on rainy rather than on sunny days. Willis and 

Murray (1997), Huneau-Salaün et al. (2007), and Näther et al. (2009) 

observed that the risk of higher prevalence of Campylobacter increased 

in spring, summer and autumn. Reich et al. (2008) found that higher 

prevalence of campylobacters was found in summer and autumn, 
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compared with other seasons. Furthermore, 34% of the same sero- and 

genotypes of Campylobacter spp., found in broiler chicken fl ocks at 

slaughter during the seasonal peak in Finland, caused also the sporadic 

C. jejuni infections in humans during the seasonal peak. Diff erently from 

other studies, Kapperud et al., (1993) and Pieskus et al. (2008) found 

that the proportion of Campylobacter-positive samples was higher only 

in autumn and in spring, respectively. Th e reason for seasonal variations 

in Campylobacter contamination is still unknown; it may depend on 

the high contamination rates of the environment (Newell and Fearnley, 

2003; Huneau-Salaün et al., 2007). For example, broiler chicken houses 

are given more ventilation in the summer months, i.e. during the seasonal 

peak of campylobacters in the environment. 

2.3.5. Prevention and control of Campylobacter contamination

Even the most extensive and detailed contamination prevention program 

cannot guarantee the complete elimination of Campylobacter from broiler 

chicken meat production chain because of Campylobacter existence 

widely in outside environment of the farms (Hansson et al., 2007a). 

However, prevention of food-borne diseases is a very important task of 

farmers, food handlers, veterinaries, and governmental institutions. To 

reduce the prevalence of Campylobacter contamination at slaughterhouse 

or retail levels, its prevalence in broilers at farm level must be reduced 

(Rosenquist et al., 2003; Hariharan et al., 2004). 

Control of Campylobacter spp. is achievable by the prevention of 

Campylobacter spp. colonization in broiler chickens through the 

implemention of GHP, Good Manufacturing Practices (GMP), 

and biosecurity measures, which are incorporated in HACCP. Th e 

implementation of HACCP makes it possible to identify hazards and to 

perform control over the Critical Control Points (CCP). Application of 

high level biosecurity measures at farm level, avoiding cross-contamination 

and improving hygienic practices at any broiler chicken meat production 

level are the most important measures to achieve lower contamination 

rates in broiler chicken production. 

Recent studies carried out in Denmark, Sweden, and Norway showed 

that the improvement of biosecurity in and around broiler houses reduced 

the prevalence of Campylobacter (Hofshagen and Kruse, 2005; Hansson 
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et al., 2007a; Rosenquist et al., 2009). For example, the percentages of 

Campylobacter-positive broiler fl ocks were diminishing from 43% in 

2002 to 27% in 2007 in Denmark  (Rosenquist et al., 2009), from 20% 

in 2002 to 13% in 2005 in Sweden (Hansson et al., 2007a), and from 

28.4% in 2002 to 17.8% in 2004 in Norway (Hofshagen and Kruse, 

2005). Consequently, the eff ective control strategies and HACCP 

principles at any level of broiler chicken production make it possible to 

control the prevalence of Campylobacter spp. 

One of the strategies for the reduction of Campylobacter spp. is also to 

apply commercial antimicrobial treatments during the processing of 

broiler chicken carcasses at slaughterhouse level. Th e washing of carcasses 

with chlorinated water or using acidifi ed sodium chlorite or sodium 

hypochlorite in the immersion of the carcasses may reduce Campylobacter 
contamination (Oyarzabal, 2005).

2.3.6. Isolation and detection of Campylobacter spp.

In order to detect thermophilic Campylobacter spp. in fecal/cecal samples 

and in food, NMKL Method, vol. 119 and ISO Method 10272:1:2006 

(E) are most frequently used (EFSA, 2006). Th e fresh fecal droppings 

or cloacal swabs are taken from broiler chickens for Campylobacter spp. 

isolation at farm level. Th e caeca or carcass samples of broiler chicken 

are used for the detection of Campylobacter spp. at slaughterhouse level. 

Cecal samples are taken at the time of evisceration. Carcass samples of 

broiler chicken are collected after chilling at slaughterhouse level. Broiler 

chicken meat samples are taken at retail level. 

In laboratories the liquid media is used in the case of the low presumable 

number of campylobacters. In addition to Preston broth, Bolton broth 

or Park and Sanders broth are also widely used for the enrichment of 

Campylobacter spp. in selective liquid medium. Campylobacters grow 

better on the surface of solid media if it is not too dry (Corry et al., 

2000). Several selective solid media are also used in addition to mCCDA 

agar: Karmali agar, Butzler agar, Skirrow agar, and Preston agar for the 

isolation and selection of typical colonies of Campylobacter spp. Antibiotic 

supplements such as cefoperazone and amphotericin B are also used in 

the selective media to inhibit competitive microbiota.
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Campylobacters grow in the broth or on the selective agar in the 

microaerobic atmospheres of 5-10% oxygen and 5-10% carbon dioxide. 

Th ey can grow at 37-42 °C, but 42 °C is preferable to minimize the 

growth of contaminants and to promote C. jejuni and C. coli growth. 

Campylobacters grow within 24-48 h at 42 °C. On the Butzler and 

Skirrow or other blood-containing agars, the characteristic Campylobacter 

colonies are slightly pink, round, convex, smooth, and shiny. On the 

Karmali and mCCDA agars, the colonies are greyish, fl at, moistened, 

with a tendency to spread, and may have a metal sheen. Th e isolation 

of the pure culture is required for confi rmation. Table 4 shows the 

diff erential characteristics of campylobacters for confi rmation. Among 

the Campylobacter spp., the main isolated species are C. jejuni, C. coli, 
and C. lari.

Table 4. Characteristics of Campylobacter spp. (adapted with Vandamme, 

2000)

Species Oxidase Catalase
Indoxyl 
acetate 

hydrolysis

Hippurate 
hydrolysis

H
2
S 

production
Growth 
at 25 °C

C. jejuni + + - + - -
C. coli + + + - (+) -
C. lari + + - - - -
+ positive, - negative, (+) slightly positive

Confi rmation tests include the subculturing of campylobacters on a 

non-selective agar (Mueller-Hinton agar, Brucella blood agar, Columbia 

blood agar, etc.) at 42 °C for 24 h to 48 h, the examining of morphology 

and motility of campylobacters by microscope, Gram staining, and 

performing the biochemical tests (oxidase test, catalase test, hydrolysis 

of hippurate test, and hydrolysis of indoxylactate test). Hydrolysis of 

hippurate and hydrolysis of indoxylactate tests make it possible to 

diff erentiate the species of thermophilic Campylobacter. Diff erentiation 

of C. jejuni and C. coli is based on hippurate hydrolysis. Th e positive 

reaction of hippurate hydrolysis is given only by C. jejuni. Th e positive 

reaction of indoxyl acetate hydrolysis is given only by C. coli. However, 

only a limited number of biochemical tests can be used and these may 

give variable results on the determination of diff erent Campylobacter 

strains because of the low biochemical activity of the Campylobacter 
species (Steinhauserova et al., 2001). Slater and Owen (1997) found 
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that the detection of C. jejuni with PCR was more reliable compared to 

hippurate hydrolysis test. Th e PCR-method allows both detection and 

diff erentiation of Campylobacter spp. Th e presence of specifi c genes on 

Campylobacter species makes it possible to detect them by PCR. Th e 

species identifi cation has been performed in Campylobacter spp. using 

genes such as 23S rRNA, 16S rRNA, and cadF as targets. C. jejuni has 

hipO, ceuE and mapA, and C. coli ceuE genes as targets for the species 

level confi rmation by PCR. 

2.4. Antimicrobial resistance in Campylobacter spp.

Antimicrobial resistance as well as multidrug resistance of Campylobacter 
isolates is hazardous from the public health point of view. Nowadays, the 

resistance of Campylobacter spp. to various antimicrobials is widespread 

because of the improper use of practices in the veterinary as well as in 

human medicine (Khachatourians, 1998). Enrofl oxacin, fl umequine, 

tetracycline, doxycycline, and amoxicillin are accepted therapeutic 

treatments for broiler chickens in Estonia (Anonymous, 2005a). Th e 

antimicrobial resistance of Campylobacter strains is principally a result 

of the wide use of antibiotics, mainly fl uoroquinolones, macrolides, and 

tetracyclines, in broiler chickens at farm level in feed or drinking water 

for the growth-promoting or treatment of chickens or as prophylactic 

agents for the prevention of infections (Khachatourians, 1998; Saleha, 

2002; Belanger and Shryock, 2007). Resistance to antimicrobials 

may increase when using antimicrobials at farm level for a long time 

at low concentrations (Kilonzo-Nthenge et al., 2008). According to 

the Regulation No 1831/2003 of the European Parliament and of the 

Council of 22 September 2003, antimicrobials, other than coccidiostats 

or histomomostats, shall not be authorized as feed additives in poultry. 

Antimicrobial resistance percentages in C. jejuni isolates from broiler 

chickens and meat vary to a great extent as shown in Tables 5 and 6 

(Fallon et al., 2003; Norström et al., 2007; EFSA, 2007a; Roasto et al., 

2007). Th e highest rates of resistant C. jejuni isolates in broilers were 

found for fl uoroquinolones and tetracycline, being at the highest level 

in Estonia, Italy, France, the Netherlands, and Germany. Erythromycin 

resistance in C. jejuni isolates in chickens was the highest in Estonia 

(19.8%), in Italy (11.1%) and in Ireland (10.2%). Gentamicin resistance 



27

of C. jejuni isolates from broiler chickens was very low or non-existent, 

except for Estonia. Norström et al. (2007) and Oza et al. (2003) showed 

that compared with other countries, C. jejuni isolated from broilers had 

a very low antimicrobial resistance in Norway and in Northern Ireland, 

respectively. 

Table 5. Occurrence of antimicrobial resistance in C. jejuni isolated from 

broiler chickens in Europe (Fallon et al., 2003; Norström et al., 2007; 

EFSA, 2007a; Roasto et al., 2007; Andersen et al., 2006)

Country
C. jejuni isolates’ resistance to the antimicrobial agents (%)

fl uoroquino-
lones

erythromycin gentamicin tetracycline

Ireland 17.9 10.2 ND 20.5
Norway 0 ND ND 1.3
Denmark 6.7 0 0 6.7
Czech 48.0 4.0 2.0 12.0
Switzerland 11.7 1.3 ND 18.2
Netherlands 56.2 0 0 25.0
Germany 52.6 2.1 0 43.2
Italy 57.4 11.1 ND 55.6
France 14.3 0 0 57.1
Estonia 73.3 19.8 19.1 32.1
ND – not determined

Findings in Spain showed that Campylobacter isolates’ resistance to the 

fl uoroquinolones was 88% (Gallardo et al., 1998). Praakle-Amin et al. 

(2007) detected that resistance to ciprofl oxacin as well as nalidixdic acid 

was 66% among Campylobacter isolates. McDermott et al. (2002) and 

Griggs et al. (2005) indicated that resistance to fl uoroquinolones has 

been shown to develop quickly and exist in C. jejuni-infected chickens 

treated with fl uoroquinolones. Nachamkin et al. (2000) also reported a 

high resistance to one or more fl uoroquinolones among Campylobacter 

strains. A high ciprofl oxacin resistance in C. jejuni isolates in travellers 

has been also detected in Finland (Hakanen et al., 2003a). Another study 

of Hakanen et al. (2003b) also showed high resistance to ciprofl oxacin, 

tetracycline and ampicillin in C. jejuni strains from Finnish patients. 

Additionally, the increasing number of strains resistant to the 

fl uoroquinolones has been isolated in those patients who did not receive 

any antimicrobial agent during infection, which suggests that the isolated 
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strains were resistant before the infection occurred (Chatzipanagiotou 

et al., 1993; Piddock, 1995; Gaunt and Piddock, 1996). Denmark, 

where the use of enrofl oxacin in poultry has been prohibited since the 

year 2000, a decline in the percentage of fl uoroquinolone-resistant 

Campylobacter spp. isolates has been found (Anonymous, 2005b; Skjøt-

Rasmussen et al., 2009). Unicomb et al. (2006) reported that due to the 

success of Australia’s policy restricting the use of fl uoroquinolones in 

food animals, the ciprofl oxacin resistance of C. jejuni isolates was very 

low (2% of tested isolates).

Several studies have described tetracycline resistance to be common among 

poultry isolates (Ledergerber et al., 2003; Ge et al., 2003). Ampicillin 

resistance among chicken C. jejuni isolates was generally below 10% 

(Aarestrup et al., 1997; Heuer et al., 2001), but up to approximately 

30% in some countries as, for example, in France (Avrain et al., 2003; 

Desmonts et al., 2004), Belgium (Van Looveren et al., 2001), and Ireland 

(Oza et al., 2003). No gentamicin resistance of Campylobacter strains 

has been found in various studies (Avrain et al., 2003; Bywater et al., 

2004; Desmonts et al., 2004). Diff erently from gentamicin resistance, 

erythromycin resistance among Campylobacter spp. has been detected 

in many countries, for example in Belgium (Van Looveren et al., 2001), 

Ireland (Fallon et al., 2003), and Switzerland (Ledergerber et al., 2003). 

Skjøt-Rasmussen et al. (2009) found that Campylobacter resistance to 

erythromycin was very low in studied samples in Denmark. Erythromycin 

is considered as a fi rst-line choice of treatment for human C. jejuni 
infections. Th erefore, erythromycin resistance among Campylobacter 
isolates is a hazard sign from the public health point of view. 

Table 6 shows that the highest rates of resistant C. jejuni isolates in 

broiler chicken meat were also found for ciprofl oxacin, tetracycline, and 

erythromycin in Belgium, Germany, Hungary, and the United Kingdom 

(EFSA, 2007a). Th e prevalence of gentamicin resistance in C. jejuni 
isolates has not been found in the above countries. 
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Table 6. Occurrence of antimicrobial resistance in C. jejuni isolated from 

broiler chicken meat (EFSA, 2007a)  

Country
C. jejuni isolates’ resistance to the antimicrobial agents (%)

ciprofl oxacin erythromycin gentamicin tetracycline

Belgium 41.8 3.3 0 57.1
Germany 35.3 11.8 0 35.3
Hungary 57.1 2.0 0 24.5
United 
Kingdom

25.4 8.3 0 43.5

In Ireland, 30.7% of C. jejuni strains were resistant to two or more 

antimicrobials (Fallon et al., 2003). Praakle-Amin et al. (2007) showed 

that resistance to two or three antimicrobial agents occurred in 60% 

of Campylobacter isolates. Multidrug resistance of Campylobacter spp. 

can be defi ned as resistance to three or more unrelated antimicrobials. 

In Estonia, 27.5% of C. jejuni isolates were resistant to three or more 

antimicrobials in 2005 and 2006 (Roasto et al., 2007). In Finland, 

22% of C. jejuni strains collected from Finnish patients were resistant 

to three or more antimicrobials (Hakanen et al., 2003b). A total of 

25% of ciprofl oxacin-resistant and 13% of ciprofl oxacin-susceptible 

Campylobacter spp. isolates were resistant to three or more antimicrobials 

in the United Kingdom (Griggs et al., 2005). In France, 4.5% and 1.8% 

of C. jejuni isolates were resistant to three antimicrobials in 1992-1996 

and 2001-2002, respectively (Desmonts et al., 2004). 

2.5. Antimicrobial susceptibility testing methods 
for C. jejuni and C. coli

Until 2004, there were no nationally or internationally standardized 

methods of determining antimicrobial susceptibility of C. jejuni and 
C. coli. Th e fi rst approved agar dilution method protocol as a valid 

method was reported by McDermott et al. (2004). Since 2007, in 

accordance with Commission Decision (2007/516/EC) antimicrobial 

resistance tests in campylobacters shall be performed according to the 

Clinical and Laboratory Standards Insitute (CLSI) guidelines M31-A3. 

CLSI documents are currently the only international standards giving 

recommended antimicrobial agent disk and agar dilution susceptibility 

test methods for Cambylobacter as well as interpretation criteria for 

assessment of the results (EFSA, 2007b).
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Several testing methods, such as the disc-diff usion test and methods of 

determining the minimal inhibitory concentrations (MIC) such as E-test 

(AB Biodisk, Solna, Sweden), agar and broth microdilution test (CLSI, 

VetMic Camp test) have been applied in vitro for the determination 

of the antimicrobial susceptibility of Campylobacter strains (Ge et al., 

2002; Fallon et al., 2003; Senok et al., 2007). E-test is a quantitative 

method for determining the antimicrobial susceptibility of C. jejuni and 

C. coli, which is based on the determining of MIC (μg/ml) of diff erent 

antimicrobials against tested microorganism on agar media. MIC shows 

the minimal inhibitory concentration of an antimicrobial, which will 

inhibit the growth of bacteria. E-test strip is placed on agar plate, where 

a certain CFU of bacteria is spread, then incubated, and the inhibition 

zone of growth is read. Th e MIC is read according to the manufacturer’s 

instructions from strip, where the elliptical zone of inhibition is formed 

(Senok et al., 2007). VetMIC™ CAMP (National Veterinary Institute, 

Uppsala, Sweden) is an MIC-based broth microdilution method for 

susceptibility testing of C. jejuni and C. coli on microtitre plates (Norström 

et al., 2007). Th is method was developed by the Veterinary Antimicrobial 

Resistance Monitoring programme at the National Veterinary Institute 

in Sweden. Th e method is based on reading of MICs from the microtitre 

plates. Disc-diff usion test is based on discs with certain concentrations 

of antimicrobials (Fallon et al., 2003; Senok et al., 2007). However, 

disc-diff usion is not recommended because diff erent methodologies are 

used with diff erent criteria and, therefore, only quantitative data on MIC 

are accepted in EU (EFSA, 2007a).

2.6. Legislation associated with Campylobacter spp.

It is always expected that food is safe for consumption. However, food-

borne diseases are still widespread. Th erefore, adequate food control as 

well as the requirements of legislation should be eff ectively implemented 

at food industry level and controlled at governmental level. HACCP 

principles should be successfully applied for enhancing food safety at 

company level. Th ese include identifi cation and control of CCPs at 

all stages where potential hazards may occur. Th at makes it possible to 

control campylobacters at the level of primary production as well as at 

other stages of the food production chain. At governmental level the 

legislation is directly or indirectly associated with Campylobacter spp. as 

follows:
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EU Directive 2003/99/EC of 17 November 2003 on the monitoring • 

of zoonoses and zoonotic agents. Th e zoonoses data from the Member 

States are collected and published as annual Community summary 

reports by EFSA. Th e monitoring of zoonoses and zoonotic agents 

includes the following points:

Annex I says that “campylobacteriosis and agents thereof are to  �
be included in monitoring in addition to other zoonoses”,

Annex II gives requirements for monitoring of antimicrobial  �
resistance,

Annex III coordinates monitoring programmes, �
Annex IV establishes the requirements for the reports.  �

Regulation (EC) No 882/2004 of the European Parliament and the • 

Council of 29 April 2004 on offi  cial controls performed to ensure 

the verifi cation of compliance with feed and food law, animal health 

and welfare rules. Th e present regulation comprises the requirements 

for offi  cial control laboratories, designation and duties of reference 

laboratories, and sampling and analysis, which is associated with 

the monitoring of zoonoses and zoonotic agents.

Commission Decision (2007/516/EC) of 19 July 2007 concerning • 

a fi nancial contribution from the Community towards a survey on 

the prevalence and antimicrobial resistance of Campylobacter spp. 

in broiler fl ocks and on the prevalence of Campylobacter spp. and 

Salmonella spp. in broiler carcasses to be carried out in the Member 

States. Commission Decision includes the following points:

Article 1 says that “a survey is to be carried out in the Member  �
States on the prevalence of Campylobacter spp. in broiler fl ocks 

and their antimicrobial resistance, and Campylobacter spp. in 

broiler carcasses”,

Article 3 says that “samples taken in slaughterhouses are selected  �
at random…”,

Annex I, part A determines the sampling frame, part B, sample  �
size, part C, sampling and analyses in broiler fl ocks, part D, 

sampling and analyses in broiler carcasses,

Isolation and confi rmation of  � Campylobacter spp. is performed 

by using ISO 10272:1:2006(E),

Th e quantitative detection of  � Campylobacter spp. is carried out 

according to ISO 10272:2:2006,



32

For determination of antimicrobial resistance in  � C. jejuni and 

C. coli, dilution methods shall be performed as described in 

CLSI guidelines M31-A3.

In addition, microbiological criteria for foodstuff s have been established 

in the EU; however, Regulation (EC) No. 1441/2007 on microbiological 

criteria for foodstuff s comprises criteria for Salmonella in broiler chicken 

meat, but not those for Campylobacter.

2.7. Characterization and properties of pro- and prebiotics

2.7.1. General characteristics of probiotics

Th e concept “probiotic” was originally taken into use in 1965 by Lilley 

and Stillwell and it was meant for bacterial growth promoting substances. 

After that, Fuller (1989) defi ned probiotic bacteria as “live microbial 

feed supplements which benefi cially aff ect the host animal by improving 

its intestinal microbial balance”. Some years later, this defi nition was 

redefi ned by Havenaar and Huis in’t Veld (1992) to a “mono- or mixed 

cultures of live microorganisms which, when applied to man or animal, 

aff ect benefi cially the host by improving the properties of the indigenous 

microfl ora”. Nowadays, as defi ned by Rowland (1999), probiotics 

are known as non-pathogenic probiotic bacteria strains that originate 

from human host and contribute to equilibrate gastrointestinal tract 

microfl ora, inhibiting the vital activity of pathogenic bacteria. 

Th e development of foods containing viable probiotic bacteria has been 

the key focus of the functional foods market in Europe. It is associated 

with the fact that consumers are very interested in their health and expect 

the food they eat to be healthy or capable of preventing illness (Mattila-

Sandholm et al., 2002). 

Th erefore, functional food can be defi ned as food that actually promotes 

health as evidenced by clinical trials (Roberfroid, 2000). Microorganisms, 

which are found to be applied as probiotics in humans because of their 

clinically proved properties, are shown in Table 7. Safety issues related 

to new probiotics should be assessed according to the EU novel food 

regulations (for example, Regulation (EC) No 258/97; Commission 

Recommendation 97/618/EC) and general food law.
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Th e most widely known probiotic bacteria are Lactobacillus spp., 

Bifi dobacterium spp., Enterococcus spp., Pediococcus spp., and 

Propionibacterium spp. Th ese probiotic bacteria may be applied in 

diff erent forms (Holzapfel, 2006): 

Food products – probiotic dairy products, probiotic mildly • 

fermented sausages, probiotic fruit juices, cereal-based foods, etc.

Pharmaceuticals – as capsules, tablets, and powders.• 

Table 7. Probiotic bacteria for human consumption (Klaenhammer and 

Kullen, 1999; Gomes and Malcata, 1999; Holzapfel, 2006).

Lactobacillus 
spp.

Bifi dobacterium 
spp.

Other LAB Non-LAB

L. fermentum B. longum Enterococcus faecium
Saccharomyces 
cerevisiae

L. acidophilus B. animalis Streptococcus spp.
L. casei B. bifi dum Pediococcus spp.
L. rhamnosus B. infantis Propionibacterium spp.
L. johnsonii B. breve
L. paracasei B. adolescentis
L. plantarum
L. reuteri

Table 8 shows that researchers from several countries have isolated their 

country-specifi c probiotic strains, which have clinically proven positive 

eff ects on humans, and are therefore being applied in food technologies 

by the local food industry (e.g. L. fermentum ME-3 and L. plantarum 

TENSIA™ in Estonia, L. rhamnosus GG in Finland, and L. plantarum 

299v in Sweden). 

Table 8. Commercially used probiotic bacteria (Sanders and Veld, 1999; 

Holzapfel, 2006; Mikelsaar and Zilmer, 2009; Hütt et al., 2009)

Country Company Strain

Estonia Tere
E-Piim

L. fermentum ME-3 
L. plantarum TENSIA™

Finland Valio OY L. rhamnosus GG

Sweden Arla
Probi

L. acidophilus
L. plantarum 299v, L. rhamnosus 271

Denmark Söbbecke L. acidophilus, L. paracasei

Switzerland Toni Lait
Nestle

L. acidophilus, L. paracasei, L. reuteri
L. johnsonii La1

Th e Netherlands Campina L. crispatus, L. paracasei ssp. paracasei
France Danone L. paracasei
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2.7.1.1. Lactobacillus spp.

Th e genus Lactobacillus comprises over 125 species. Th e main species 

that have been used as probiotics are L. acidophilus, L. fermentum, 

L. casei, L. plantarum, L. reuteri, L. helveticus, L. johnsoni, and L. reuteri 

(Conway, 1996). Th ey are an integral part of the natural microbiota 

in the gastrointestinal tract of humans and animals. Lactobacillus spp. 

is usually 0.6-0.9 μm wide and 1.5-6.0 μm long. Th e optimal pH for 

growth is 5.5-6.5; however, they grow well also below pH 5.0. Th e 

optimal growth temperature is 37-41 ºC, the maximum being 43-45 ºC 

and minimum 25-28 ºC. Lactobacillus spp. is Gram-positive facultative 

anaerobic or microaerophilic rod-shaped bacteria, which are divided 

into three groups: obligately homofermentative lactobacilli (OHOL), 

facultatively heterofermentative lactobacilli (FHEL), and obligately 

heterofermentative lactobacilli (OHEL) according to their fermentation 

characteristics (Table 9). 

Table 9. Dividing the species of the genus Lactobacillus into groups 

(Axelsson, 2004)

Characteristic OHOL FHEL OHEL
Pentose fermentation - + -
CO

2
 from glucose - - +

CO
2
 from gluconate - + +

Fructose-1.6-diphosphate 
aldolase present

+ + -

Phosphoketolase present - + +
L. acidophilus L. casei L. fermentum 
L. delbrückii L. curvatus L. buchneri
L. helveticus L. plantarum L. brevis
L. salivarius L. sakei L. reuteri

Lactobacillus spp. has two major pathways for hexose (for example, 

glucose) fermentation: homolactic and heterolactic fermentation 

(Axelsson, 2004). Classically, the group of OHOL can ferment the sugars 

only by glycolysis. Th e groups of FHEL and OHEL can ferment the 

sugars by the pentose phosphoketolase pathway. Glucose fermentation 

via Embden-Meyerhof-Parnas pathway appears in the groups of OHOL 

and FHEL, using the enzyme of fructose-1.6-diphosphate. Glucose 

fermentation via the pentose phosphoketolase pathway appears in the 
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group of OHEL, using the enzyme of 6-phosphogluconate. Th e end 

products of homolactic and heterolactic fermentation are lactic acid or 

lactic acid, ethanol, and carbon dioxide (CO
2
), respectively. However, 

glycolysis may be replaced with the heterolactic fermentation depending 

on the strain, substrates, the metabolic capacity of strains, and other 

conditions (Huebner et al., 2007; Axelsson, 2004). Th erefore, other end 

products (e.g. other organic acids, amino acids, and sugar residues) of 

fermentation may occur in certain conditions (for example, in the use of 

complex media). Th e specifi c hydrolases are used by lactobacilli to split 

the disaccharides into the monosaccharides, and then monosaccharides 

enter the major pathways (Axelsson, 2004). Diff erent species of 

Lactobacillus spp. may produce, in the fermentation of sugars, either 

L-lactic acid or D-lactic acid or both (Bernardeau et al., 2001). Usually, 

L-lactic acid is produced in the early bacterial growth phase and D-lactic 

acid in the late to stationary phase (Axelsson, 2004). 

2.7.1.2. Bifi dobacterium spp.

Bifi dobacterium spp. is an integral part of the natural microbiota in the 

gastrointestinal tract of humans. It is supposed that the human intestinal 

tract contains approximately 1012 to 1014 organisms, of which 10% can 

be classifi ed as the genus of Bifi dobacterium (Marks, 2004). Th is number 

depends on many factors such as age, diet, and lifestyle. Nowadays, 

bifi dobacteria belong to the Actinomycetaceae family including 24 species. 

Th e following species are best known as probiotics: B. bifi dum, B. longum, 
B. infantis, B. animalis, B. adolescentis, and B. breve (Chandan, 1999). 

Th e species of the genus Bifi dobacterium are Gram-positive, nonmotile, 

nonsporulating rods, which have V, Y, or X-shaped forms. Th ese bacteria 

are strictly anaerobic microorganisms; however, their oxygen tolerance 

depends on strains and culture media (Marks, 2004). Th e optimal 

growth temperature is 36-38 ºC, while the bacteria are not growing at 

temperatures below 20 ºC and above 46 ºC. Th e optimal pH for is 6.5-

7.0, the bacteria are not growing at pH below 5.0 and above 8.0. 

Th e species of Bifi dobacterium possessing certain characteristics typical 

for lactobacilli are included in the LAB group, although phylogenetically 

bifi dobacteria are not the same as lactobacilli due to their unique 

carbohydrate fermentation pattern. Bifi dobacteria can mainly produce 

lactic and acetic acid from glucose. In the formation of three molecules of 
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acetate and two molecules of lactate an important role can be attributed 

to an enzyme called fructose-6-phosphate phosphoketolase, which can 

be used as one of the defi ning taxonomic properties of bifi dobacteria 

(Marks, 2004). Some bifi dobacteria strains can also produce formic 

acid and ethanol. Besides glucose, also lactose, galactose, fructose, 

and complex carbohydrates can be fermented and metabolized by 

bifi dobacteria. In contrast, Van der Meulen et al. (2004) showed that 

the monosaccharides (e.g. glucose, fructose, and galactose) were poorly 

metabolized by B. animalis strain.

2.7.1.3. Eff ect of probiotic bacteria on human health

Th e benefi cial properties of probiotic bacteria on the host have been 

clinically proven: they are able to inhibit enteropathogens in intestine 

microfl ora, restore the microfl ora balance in the digestive tract, increase 

resistance to infections, and prevent diarrhoea (Collins and Gibson, 

1999; Sanders, 2000). Furthermore, there is evidence that probiotics also 

have an eff ect on the immune function, cancer, serum cholesterol level, 

calcium absorption, etc. (Roberfroid, 2000). However, not all bacteria 

show similar eff ects (Table 10); the latter depend on the species and 

strains of probiotic bacteria (Sanders, 2000). For example, L. acidophilus 
NFCM treats lactose intolerance most eff ectively (Fonden et al., 2000), 

while L. johnsonii LA1 balances intestinal microbiota (McFarland, 

2000). Sellars (1991) noticed that the eff ect of probiotic species on the 

health of an individual within a specifi c probiotic species appeared to be 

strain- or host-dependent. Th erefore, the strain of L. acidophilus isolated 

in America may be genetically diff erent from the strain of L. acidophilus 
isolated in Europe, and the eff ect of L. acidophilus on humans may also 

be diff erent.
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Table 10. Some probiotic bacteria and their reported eff ect on the health 

of a host

Strain Reported eff ects References

L. fermentum ME-3
antimicrobial and 
antioxidative properties

Mikelsaar and 
Zilmer, 2009

L. plantarum TENSIA™ hypotensive eff ect Hütt et al., 2009

L. reuteri
shortens the duration of 
rotavirus diarrhoea

Fonden et al., 2000

L. acidophilus NFCM treats lactose intolerance Fonden et al., 2000

L. rhamnosus GR-1 
prevents the urogenital 
infections in women

Gardiner et al., 2002

L. fermentum RC-14
treats the urogenital 
infections in women

Gardiner et al., 2002

L. johnsonii LA1
balances intestinal 
microfl ola

McFarland, 2000

2.7.2. General characteristics of prebiotics

In all EU countries, prebiotics are legally classifi ed as food ingredients 

(Franck, 2002). Prebiotics can be defi ned as “non-digestible food 

ingredients that benefi cially aff ect the host by selectively stimulating 

the growth and/or activity of one or a limited number of bacterial 

species already resident in the colon, and thus attempt to improve host 

health” (Gibson and Roberfroid, 1995). Th e most often used prebiotic 

ingredients are fructooligosaccharides (FOS), galactooligosaccharides 

(GOS), maltooligosaccharides (MOS), xylooligosaccharides (XOS), and 

lactulose (Douglas and Sanders, 2008). 

However, the inulin-type fructans such as inulin and oligofructose as 

dietary fi bres are the most common ingredients used in food technology. 

Inulin and oligofructose are used as plant storage carbohydrates in a 

large number of vegetables and plants, and are industrially produced 

from sucrose or chicory roots (Niness, 1999). Inulin is a polydisperse 

ß(2-1) fructan, the chain length of which may vary from 2 to 60 units. 

Oligofructose contains 2 to 10 monosaccharide residues (fructose 

molecules) composing shorter-chain oligomers. Th e diff erent functional 

attributes occur in inulin and oligofructose due to the diff erences in their 

chain lengths (Franck, 2002; Niness, 1999). For example, inulin’s longer 

chain length makes it less soluble than oligofructose. 
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Th e best-known eff ect of inulin and oligofructose is their ability to 

stimulate selected probiotic bacterial growth (Conway 2001; Corcoran 

et al., 2004). Inulin and oligofructose can also be used to replace sugar 

and fat, and give foam stability and improve mouthfeel, improve texture, 

obtain a low caloric value in dairy products, baked goods and breads, 

meat products, frozen desserts as well as fruit preparations (Franck, 

2002). Furthermore, it has been shown that prebiotic ingredients may 

have the ability to prevent intestinal diseases, cancer and osteoporosis, 

increase calcium absorption in bones, etc. (Roberfroid, 2000; Niness, 

1999).  

2.8. Pro- and prebiotics in food technology

Pro- and prebiotics are widely used in functional foods. Several 

specifi cations have been established for the selection of probiotic bacteria 

for use in food. Th ese requirements include the following (Klaenhammer 

and Kullen, 1999; Collins and Gibson, 1999; Saarela et al., 2000):

the strains of human origin being persistent in the human • 

gastrointestinal tract are used;

probiotic bacteria  are isolated from healthy human;• 

non-pathogenic, non-toxic, acid-tolerant, antimutagenic, and • 

anticarcinogenic strains are used;

selected probiotic bacteria have at least one or more clinically • 

documented health benefi ts;

selected probiotic bacteria have antimicrobial properties and • 

produce antimicrobial substances against pathogenic bacteria such 

as Helicobacter pylori, Salmonella spp., Listeria monocytogenes, and 

Clostridium diffi  cile;
selected probiotic bacteria are genetically stable at mass production, • 

having adequate growth in the production;

probiotics have good organoleptic properties and high viability in • 

end-products.

As probiotic bacteria may have an impact on the microbiota of the 

gastrointestinal tract of the human, probiotic products for human 

consumption should contain at least 109-1010 viable bacterial cells (Sanders 

and Veld, 1999). Th is means that the suggested minimum numbers of 

probiotic bacteria, at the time of consumption of a probiotic product, 

should be around 106 per g or ml (Shah, 2000; Mattila-Sandholm et al., 
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2002). It is important that probiotic bacteria maintain their viability 

both during the processing as well as throughout the shelf-life of products 

(Shah, 2000). 

Several studies have revealed relatively low viability of probiotic bacteria 

in dairy products, because dairy products provide an environment not 

suitable for their growth (Sanders and Veld, 1999). Viability of probiotic 

bacteria in diff erent food products depends on several factors such as 

pH, oxygen content, presence of antimicrobials, temperature of storage, 

etc. (Sanders and Veld, 1999; Kailasapathy and Chin, 2000). 

Several studies have proven the eff ect of prebiotic ingredients on the 

viability and growth of probiotic bacteria, being suitable nutrients for 

lactobacilli and bifi dobacteria in the products (Shin et al., 2000; Kaplan 

and Hutkins, 2000; Conway, 2001; Corcoran et al., 2004). Su et al. 

(2007) reported that several carbohydrates such as SOS, inulin, and FOS 

enhanced the growth of the tested probiotic strains in vitro. However, 

Barrangou et al. (2003) and Van der Meulen et al. (2004) noted that the 

split of prebiotics by probiotic bacteria is derived from specifi c hydrolysis 

and the presence of appropriate enzymes such as ß-fructofuranosidase, 

which break down prebiotic substrates. 

Th e typical content of prebiotic ingredients in food products is between 

0.5 and 2% (Dubey and Mistry, 1996; Buldo et al., 2001; Akalin et al., 

2004). Buldo et al. (2001) investigated yoghurts based on goat milk 

containing probiotic bacteria in combination with 1% or 3% FOS. All 

yoghurts comprised probiotic bacteria at least 7.0 log CFU/g by the 

end of the product’s shelf-life. Contrarily, Kiebling et al. (2002) showed 

that in the presence of 1% oligofructose, the total count of B. longum 

decreased up to 3.0 log CFU/g. However, Rao (1999), Crittenden et al. 

(2001), Akalin et al. (2004), and Juhkam et al. (2007) confi rmed that 

prebiotic ingredients could increase the viability of probiotic bacteria in 

dairy products up to 6.0-8.0 log CFU/g. Shin et al. (2000) investigated 

the impact of 0-5% oligofructose, inulin, and GOS on the bifi dobacterial 

strains. Th ey found that in the presence of a prebiotic the activity of 

bifi dobacteria increased and the eff ect of a prebiotic ingredient to the 

bifi dobacteria increased with increasing of the prebiotic concentration. 

Th ey also discovered that the viability of bifi dobacteria was most aff ected 

by oligofructose, followed by GOS and inulin. Similarly, Wyers (2004) 
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and Juhkam et al. (2007) found that oligofructose is more quickly 

metabolised by probiotic bacteria than inulin and associated this with 

diff erences in the chemical composition of prebiotics. Utilization of 

prebiotics also depends on the strain of probiotic bacteria, which was 

confi rmed by Huebner et al. (2007). For example, Huebner et al. (2007) 

showed that L. paracasei 1195 with inulin and B. bifi dum NCL with 

GOS obtained the highest and the lowest score, respectively. 

2.9. Antimicrobial activity of probiotic bacteria against pathogens

It has been shown in several studies that probiotic bacterial cultures 

can be used for prophylactic measures, as well as for co-treatment or 

postoperative treatment of the bacterial infections caused by food-borne 

pathogens (Rolfe, 2000; Carson and Riley, 2003; Chen and Walker, 

2005). Th e ability of probiotic bacteria to produce antimicrobial 

substances which inhibit and kill food-spoilage, food-poisoning, food-

borne organisms and human pathogens in mixed culture has been known 

for a long time. Th e fi rst man to notice that certain non-pathogenic 

bacteria have a positive role in the suppressing of harmful bacteria in the 

gut fl ora was Eli Metchnikoff  in the early 20th century (Shortt, 1999). 

Nowadays, numerous in vitro experiments (Annuk et al., 2003; Fernández 

et al., 2003; Hütt et al., 2006) and in vivo experiments (Jacobsen et 

al., 1999) have been performed to examine the antagonistic activity of 

probiotic bacteria in relation to the activity of various pathogenic bacteria. 

Antimicrobial activity of probiotic bacteria are assayed against a range of 

enteric pathogenic bacteria, including strains of Escherichia coli, C. jejuni, 
Salmonella enteritidis, S. typhimurium, S. typhi, Yersinia enterocolitica, 
Listeria monocytogenes, etc. Nevertheless, the precise mechanisms of the 

antagonistic activity of probiotic bacteria are still unclear (Fooks and 

Gibson, 2003; Pan et al., 2008). Some of the explanations for antagonism 

are as follows: competition for nutrients and attachment or adhesion 

sites, benefi cial changes in growth environment, or combinations of these 

processes. However, the antagonistic activity of probiotic bacteria against 

pathogens is mainly explicable by their ability to produce organic acids, 

such as lactic and acetic acid in the fermentation of a mixture of sugars, 

resulting in the decrease of the growth media pH (Fooks and Gibson, 

2003). Additionally, the probiotic bacteria can produce hydrogen peroxide 



41

and specifi c inhibitory components, such as bacteriocins, and to limit 

dramatically the availability of the necessary nutrients for pathogens in 

their living environment (Ouwehand and Vesterlund, 2004). 

Th e ability of probiotic bacteria to inhibit the vital activity of pathogens 

depends on their species. For example, Gibson and Wang (1994) reported 

that B. infantis and B. longum were eff ective to inhibit E. coli. In another 

study, E. coli was highly suppressed by B. lactis Bb12, B. longum 46, 

and L. rhamnosus GG, whereas the antagonistic activity of other tested 

species of Lactobacillus was lower (Hütt et al., 2006). In spite of the 

above-mentioned fact, the antimicrobial activity of L. paracasei 8700:2, 

L. plantarum 299v, and L. fermentum ME-3 had a signifi cant eff ect against 

S. enterica spp. enterica in microaerobic conditions (Hütt et al., 2006). 

Contrarily, Clostridium diffi  cile have not been suppressed by any tested 

probiotics (Hütt et al., 2006). Meremäe et al. (2010b) also observed that 

the growth of C. jejuni have not been suppressed by any tested probiotics 

without prebiotic ingredients. 

Bielecka et al. (1998) observed that only the strains 30, 31, and 32 

of B. animalis from 15 Bifi dobacterium strains inhibited the total 

viable counts of Salmonella. Yusof et al. (2000) found that the tested 

Bifi dobacterium strains inhibited E. coli better than S. typhimurium. 

El-Naggar (2004) reported that S. typhimurium was inhibited more than 

E. coli by the tested lactobacilli. Furthermore, the antagonistic activity 

of L. acidophilus against B. subtilis and E. coli O157:H7 was signifi cantly 

higher compared with other lactobacilli (El-Naggar, 2004). L. plantarum 

strain 2.9 completely inhibited Bacillus cereus, E. coli O157:H7, and 

S. enterica in MRS broth (Valenzuela et al., 2008). Sreekumar and 

Hosono (2000) reported that only a threefold concentrated cell-free 

extract of L. acidophilus SBT2074 of three strains of L. acidophilus 
showed inhibitory activity against most of the tested Gram-positive and 

Gram-negative bacteria. Drago et al. (1997) showed that all the tested 

human Lactobacillus strains suppress the growth of entheropathogens 

such as E. coli and S. enteritidis. Th e fi ndings of Fernández et al. (2003) 

indicated that L. acidophilus UO 001 and L. gasseri UO 002 were able to 

inhibit Salmonella, Listeria, and Campylobacter. 

Additionally, the antagonistic activity of probiotic bacteria depends on 

the conditions of their growth environment (Annuk et al., 2003); for 
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example, the antimicrobial activity of L. plantarum 299v was higher in 

microaerobic rather than in anaerobic conditions (Hütt et al., 2006).

Many in vitro investigations on the inhibitory activity of probiotic 

Lactobacillus strains isolated from animal feces against pathogenic bacteria 

are also available (Kizerwetter-Świda and Binek, 2005; Chaveerach et 

al., 2004; Gusils et al., 1998). Th e study conducted by Chaveerach 

et al. (2004) demonstrated that only Lactobacillus P93 isolated from 

chicken gut could inhibit the growth of all the tested campylobacters 

originated from the same chicken gut environment. Kizerwetter-Świda 

and Binek (2005) observed that L. acidophilus strain 3D isolated from 

poultry had strong antagonistic activity against C. perfringens and low 

antimicrobial activity against both E. coli and S. enteritidis. Th ese results 

suggest that it is important to isolate potential probiotic bacteria from 

natural gut microbiota of poultry in order to ensure the total suppression 

of pathogenic bacteria of poultry. However, not all isolated strains can 

totally inhibit pathogenic bacteria. It is necessary to fi nd suitable strains 

for the elimination of pathogenic bacteria.

Antagonistic action of Lactobacillus against pathogenic and spoilage 

bacteria on foods has also been studied (Brashears et al., 1998; Senne 

and Gilliland, 2003 Reddy et al., 2006). Senne and Gilliland (2003) 

demonstrated that L. delbrueckii subsp. lactis RM2-5 directly applied 

on the surfaces of beefsteaks decreased the growth of psychrotrophs, 

coliforms, and E. coli. Brashears et al. (1998) showed that E. coli O157:H7 

strain 43894 on raw chicken breast meat was inhibited by L. lactis. Reddy 

et al. (2006) investigated the activity of various cultures of L. acidophilus 
against E. coli, S. typhi, Y. enterocolitica, and S. dysenteriae, and showed 

that L. acidophilus NCDC 14 and LA-H might be used in the fermented 

milk products to suppress pathogens. 

Probiotic bacteria in combination with prebiotics, named as synbiotics, 

have synergistic eff ects on the pathogens via stimulating the growth 

and viability of probiotic bacteria (Kosin and Rakshit, 2006; Bosscher 

et al., 2006). Compared with the numerous studies of the antagonistic 

activity of probiotics, only a few in vitro studies have been published 

aimed at analyzing the combined infl uence of probiotics and prebiotics 

on the pathogenic bacteria, however, some investigations of this kind 

still exist (Fooks and Gibson 2002, 2003; Klewicki and Klewicka, 2004; 



43

Huebner et al., 2007; Meremäe et al., 2010b). For example, it has been 

shown that L. plantarum and B. bifi dum can inhibit E. coli, C. jejuni, 

and S. enteritidis, whereas the antagonistic properties of probiotics were 

aff ected by the carbohydrate used (Fooks and Gibson, 2002). In a later 

study, Fooks and Gibson (2003) demonstrated that both E. coli and 

C. jejuni were suppressed using synbiotics in batch fermenters, while in 

continuous culture E. coli was not inhibited by the synbiotic. 

Th e above results suggest that tested strains of Lactobacillus and 

bifi dobacteria can be used in food technology to control food-borne 

pathogens. Furthermore, many studies have confi rmed that pathogenic 

bacteria have no inhibitory eff ect on the total viable counts of probiotic 

bacteria (Drago et al., 1997; Coconnier et al., 1997; Bielecka et al., 1998; 

Chaveerach et al., 2004; Meremäe et al., 2010b).

2.10. Antimicrobial compounds of probiotic bacteria

Antimicrobial activity of probiotic bacteria against pathogens is 

explicable by their ability to produce organic acids, hydrogen peroxide, 

carbon dioxide, diacetyl, and bacteriocins (Ouwehand and Vesterlund, 

2004). Schillinger and Lücke (1989) and Annuk et al. (2003) reported 

that bacteriocins produced by probiotics have specifi c inhibition 

activity against Gram-positive bacteria, while Gram-negative pathogens, 

including Campylobacter spp., are more sensitive to organic acids. 

Organic acids as antimicrobial agents. Lactic and acetic acids are the 

major metabolic end products of lactobacilli and bifi dobacteria in the 

fermentation of saccharides (Axelsson, 2004). Th e production of organic 

acids depends on the source of carbon metabolised and the individual 

abilities of LAB (Klewicka and Klewicki, 2009). For example, production 

of organic acids by probiotic bacteria increased in the presence of prebiotic 

compounds (Patterson and Burkholder, 2003; Meremäe et al., 2010b). 

Bosscher et al. (2006) also confi rmed that the end products of inulin and 

oligofructose fermentation are the produced organic acids. Coconnier et 

al. (1997), Fernández et al. (2003) and Annuk et al. (2003) indicated 

a strong connection between the production of organic acids and the 

inhibitory eff ect of selected lactobacilli for pathogens. 
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Higher concentrations of organic acids produced by lactobacilli increase 

their antagonistic activity against pathogens (Hütt et al., 2006). Th e 

antimicrobial activity of probiotic bacteria is more powerful at low pH 

than at neutral pH (Fooks and Gibson, 2002). Yusof et al. (2000) and Hütt 

et al. (2006) showed that the production of the lactate and acetate by the 

probiotics is associated with the decrease of pH in the growth media and 

plays an important role in the antagonistic activity of probiotic bacteria 

against pathogens. Chaveerach et al. (2002) reported that organic acids 

such as formic, acetic, and propionic acid had a strong bactericidal eff ect 

on campylobacters at pH 4.5. Death of target bacteria is caused by the 

changes in internal pH and in the gene expression, resulting in the stop 

of protein synthesis and other living processes (Olson, 1993). Contrarily, 

Fooks and Gibson (2003) indicated that E. coli and C. jejuni were 

inhibited by synbiotic, even when the culture media pH was maintained 

neutral. Gusils et al. (2002) and Draksler et al. (2004) did not observe 

a total inhibition of the multiplicity of pathogens after neutralization of 

the media, aimed at excluding the impact of acids.

Hydrogen peroxide as antimicrobial agent. In the presence of oxygen, 

several lactobacilli strains are able to produce hydrogen peroxide that 

accumulates in the growth media. Th e bactericidal eff ect of hydrogen 

peroxide against pathogens is associated with its strong oxidizing eff ect on 

the bacterial cell and production of toxic oxygen metabolites (Ouwehand 

and Vesterlund, 2004). For example, L. plantarum 2142 produced 

enough hydrogen peroxide to inhibit the growth of L. monocytogenes and 

B. cereus in MRS broth (Zalán et al., 2005). Ito et al. (2003) showed that 

hydrogen peroxide was highly eff ective in reducing the counts of food-

borne pathogens due to its accumulation in cell suspension. Similarly, 

Brashears et al. (1998) indicated that hydrogen peroxide was the main 

reason for suppression of total viable cell counts of E. coli. In contrast 

to the previous study, Annuk et al. (2003) did not fi nd any correlation 

between the production of hydrogen peroxide and antagonistic activity 

of the tested lactobacilli.

Carbon dioxide as antimicrobial agent. Carbon dioxide is one of 

the several metabolic end products of heterofermentative fermentation 

process of hexoses. Accumulation of carbon dioxide in the growth media 

creates anaerobic environment and thereby the vital activity of aerobic 

pathogenic bacteria may be inhibited and inactivated. Nowadays, carbon 
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dioxide is used in the modifi ed atmosphere for the packaging of meat 

products in order to inhibit the growth of aerobic bacteria (Strotmann 

et al., 2008).

Diacetyl as antimicrobial agent. Diacetyl is formed by lactobacilli as 

an end product of metabolism of hexoses. Diacetyl as an antimicrobial 

compound is more eff ective against Gram-negative bacteria and their 

inhibitory eff ect on pathogenic bacteria is explicable by blocking of 

arginine metabolism (Ouwehand and Vesterlund, 2004).

Bacteriocins as antimicrobial agents. Bacteriocins are antimicrobial 

polypeptides produced by bacteria that have inhibitory activity aginst the 

growth of closely related bacteria (Kim and Rajagopal, 2001). Because of 

their ability to kill bacteria, bacteriocins can be described as antibiotics, 

but when compared with antibiotics; their mode of action is diff erent 

(Cleveland et al., 2001). It is explained by their narrow killing spectrum, 

which is the reason why bacteriocins are able to kill only closely related 

bacteria. Bacteriocin concentrations produced by probiotic bacteria, 

which can inhibit bacteriocin-sensitive organisms, are eff ective when the 

number of probiotic bacteria is at least 8.0 log CFU/ml (Schillinger and 

Lücke, 1989). 

2.11. Pro- and prebiotics in broiler chicken production

Application of probiotics of animal origin in combination with prebiotics 

in broiler chicken production is possible due to their antagonistic activity 

against pathogens. Nurmi (2001) found that competitive exclusion 

can prevent colonization of chicken intestines by enteropathogens, 

especially Salmonella.  A dramatic increase is currently taking place in the 

occurrence of antimicrobial-resistant pathogens in the food production 

chain. Th erefore, in the future, it may become diffi  cult to fi nd eff ective 

antimicrobials for the therapy of food-borne bacterial infections due to 

the development of bacterial resistance to antimicrobials. Rolfe (2000) 

found application of probiotic bacteria in the treatment of bacterial 

infections to be an alternative method to avoid the use of antibiotics. 

Th erefore, there is an increased interest in fi nding alternatives to 

antimicrobials in broiler chicken production (Patterson and Burkholder, 

2003). Application of antimicrobials in feeds to prevent Campylobacter 
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colonization in broiler chickens has been prohibited. Hereby, probiotics 

as well as prebiotics deserve attention and should be developed in order 

to control and reduce the prevalence of campylobacters in broiler fl ocks. 

Various bacteria have been used as probiotics in broiler chickens, e.g. 

the species of Enterococcus, Bacillus, E. coli, Lactobacillus, Lactococcus, 

undefi ned mixed cultures, etc. (Patterson and Burkholder, 2003). Chang 

and Chen (2000) reported that L. acidophilus, L. fermentum, L. crispatus, 

and L. brevis in mixed cultures have antagonistic activity against C. jejuni 
in a simulated chicken digestive tract. FOS, oligofructose, and inulin as 

prebiotics are also suitable for enriching certain bacterial populations 

(Patterson and Burkholder, 2003). Pro- and prebiotics can be added to 

the feed or drinking water at farm level.

2.12. Enumeration and antimicrobial activity testing methods for 
probiotic bacteria 

In order to determine the total viable counts of Lactobacillus spp. or 

Bifi dobacteria spp., media such as MRS (de Man, Rogosa, Sharp) 

agar are most widely used. Th e preparation of the test samples, which 

are associated with the initial suspensions and decimal dilutions for 

microbiological examination of milk and milk products, is regulated by 

ISO 8261:2002. ISO 29981:2010 and ISO 7889:2003 standards can 

be used to enumerate the presumptive bifi dobacteria and characteristic 

microorganisms in milk products, respectively. In order to monitor the 

total counts of viable bacteria in products, which contain several strains 

of probiotic bacteria, it is essential to enumerate Lactobacillus spp. or 

Bifi dobacteria spp. diff erentially. Dave and Shah (1996) reported that 

MRS-salicin agar, MRS-maltose, and MRS-sorbitol agar could be 

used for the enumeration of L. acidophilus, and MRS-nalidixic acid, 

neomycin sulfate, lithium chloride, paromomycin sulfate (NNLP) agar 

could be used for the enumeration of bifi dobacteria at 37-42 ºC for 

24-72 h. Organic acids produced by lactobacilli or bifi dobacteria can 

be determined with high performance liquid chromatography (HPLC) 

(Akalin et al., 2004; Ruas-Madiedo et al., 2005).

Various methods are used to assess the inhibition of growth of pathogens 

by probiotic bacteria: the disc diff usion method (Fooks and Gibson, 

2002), the agar-well diff usion assay (Draksler et al., 2004; Pan et al., 
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2008), the agar spot test (Ēadirci and Ēitak, 2005), the streak line 

method (Hütt et al., 2006), and the co-culture experiments (Drago et al. 

1997; Bielecka et al., 1998; Sreekumar and Husono, 2000; Chaveerach 

et al., 2004; Valenzuela et al., 2008; Lavermicocca et al., 2008; Meremäe 

et al., 2010b). 

In the co-culture experiments, co-cultivation of probiotic bacteria and 

pathogens is performed in liquid media. Th e advantage of using liquid 

growth media lies in the fact that the probiotic bacteria are directly in 

touch with target bacteria, which makes it possible to track the dynamics 

of their mutual relations and interactions. In case of other methods using 

an agar culture medium, e.g. disc diff usion method, etc., the antagonistic 

eff ect of probiotic bacteria is based only on their metabolic compounds, 

absorbed into the agar medium. For example, the antagonistic eff ect of 

bacteriocin excreted into solid media can be measured by the formation 

of a growth inbibition zone around the well. 
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3. AIMS OF THE STUDY

Th e extensive occurrence and antimicrobial resistance of Campylobacter 

spp. in the broiler chicken meat production chain may pose a serious 

health risk to the consumer. Th ermophilic Campylobacter spp., especially 

C. jejuni followed by C. coli and C. lari are food-borne pathogens 

causing enteric infection called campylobacteriosis in humans. 

Campylobacteriosis is one of the most frequently reported zoonotic 

disease in humans in EU. Th erefore, investigations on the occurrence 

and antibiotic-resistance of Campylobacter spp. in Estonia, as well as the 

antimicrobial eff ect of probiotics in combination with prebiotics on the 

thermophilic campylobacters, are of great importance from the point of 

view of public health.

Th e aims of this study were as follows:

To investigate the occurrence of 1. Campylobacter spp. in broiler 
chicken meat production chain in Estonia in 2002-2007 (I). 

To determine the prevalence of antimicrobial susceptibility of 2. 
Campylobacter strains in order to ascertain their level of resistance 
in Estonia (II).

To investigate the eff ect of selected probiotic bacteria in combina-3. 
tion with and without prebiotic ingredients on the C. jejuni strains 
originating from broiler chicken meat and from human feces 
in vitro in order to assess the antagonistic activity of probiotics to 
the antibiotic-susceptible as well as antibiotic-resistant C. jejuni 
strains (III, IV).

To determine the concentrations of organic acids, such as lactic 4. 
and acetic acid, produced by probiotic bacteria in combination 
with and without prebiotics in growth media to assess the pos-
sible relationship between the concentrations of organic acids and 
the changes in pH as well as the total viable counts of C. jejuni 
(III).

To study the impact of prebiotic ingredients on the viability and 5. 
activity of probiotic bacteria in order to evaluate the co-eff ect of 
probiotic bacteria and prebiotics (III, IV).
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4. MATERIALS AND METHODS

4.1. Sample collection and Campylobacter spp. isolation (I-III)

A total of 1,254 fresh fecal material from an Estonian broiler chicken 

farm were collected from September 2005 to June 2006. Fresh fecal 

sample collection included 60 unconnected broiler chicken fl ocks in 

separate housings, each with 20,000 birds. Sampling was performed on 

a monthly basis. Forty fresh fecal samples were collected from a fl ock and 

pooled into 4 subsamples. Each subsample was analysed as a separate 

sample. At slaughterhouse level, a total of 1,819 cecal samples from 240 

slaughter batches, each representing diff erent fl ocks, were collected from 

July 2005 to December 2007. All slaughterhouse samples contained 10 to 

12 subsamples per batch. Samples were collected once a week and at least 

two slaughter batches per sampling day were included. A total of 1,320 

broiler chicken meat samples were collected on a weekly basis between 

January 2002 and December 2007. Broiler chicken meat samples were 

collected both at slaughterhouse and retail level. Th e retail level included 

the biggest food retail outlets (n=6) in Southern Estonia. 

Th e detection method of Campylobacter spp. from fecal material or cecal 

contents described by the Estonian Veterinary and Food Laboratory 

(2005) was used. Briefl y, 10 μl of fecal or cecal material was transferred 

into 10 ml of Preston enrichment broth (Oxoid; Basingstoke, Hampshire, 

UK). Before cultivation the samples were stored at 4 ˚C and transported 

within two to four hours to the laboratory, where the analyses were 

performed on the same day. 

For the isolation of Campylobacter spp. from chicken meat samples the 

method of the Nordic Committee on Food Analysis (NMKL Method, 

1990) was used. A 25 g sample of chicken meat with skin was transferred 

to the sterile plastic bag and 250 ml of Preston enrichment broth was 

added. Th e samples were stomached for 60 s. 

In all types of samples, after 24 h of incubation in Preston enrichment 

broth at 42 ºC in microaerobic conditions, 10 μl of the enrichment broth 

was plated on the modifi ed charcoal cefoperazone deoxycholate agar 

(mCCDA) (Oxoid) and incubated for 48 h at 42 ºC under microaerobic 
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conditions. Th e typical Campylobacter colonies from the mCCDA 

plates were streaked on Brucella blood agar (Oxoid) plates, which were 

incubated for 24 h at 42 ºC under microaerobic conditions. Isolation 

of Campylobacter spp. from fecal, cecal and chicken meat samples were 

carried out at the Estonian Veterinary and Food Laboratory (Tartu, 

Estonia) and at the laboratory of the Department of Food Hygiene 

(Tartu, Estonia). At least one colony from each sample was stored in 

glycerol broth (15% [vol/vol] glycerol in 1% [wt/vol] proteose peptone) 

at -70°C. 

4.2. Identifi cation of Campylobacter species (I-III)

Gram staining, motility analysis, oxidase and catalase tests were 

performed as the identifi cation tests of Campylobacter spp. Furthermore, 

hippurate and indoxyl acetate hydrolysis tests were performed to identify 

the Campylobacter species according to ISO 10272-1:2006 (2006). Th e 

hippurate positive isolates were identifi ed as C. jejuni and hippurate 

negative isolates as C. coli. Additionally, an indoxyl acetate hydrolysis 

test was performed for hippurate negative isolates and indoxyl acetate 

positive isolates were regarded as C. lari. 

A total of 131 Campylobacter isolates were investigated by PCR for 

species identifi cation. Th e method of Slater and Owen (1997) was used 

for identifi cation of C. jejuni. Briefl y, the following primers (Inbio, 

Estonia) were applied: 5’-GTACTGCAAAATTAGTGGCG-3’ (Hip1) 

and 5’-GAGCTTTTAGCAAACCTTCC-3’ (Hip2), producing a PCR 

amplicon of 1150 bp for identifi cation of C. jejuni. Th e amplifi cation 

conditions used in the Mastercycler Gradient were 94 °C for 2 minutes, 

and 30 cycles of 94 °C for 1 minute, 54 °C for 2 minutes and 72 °C 

for 1 minute. Negative (distilled water) and positive control (C. jejuni 
ATCC 33291) was always used. 

4.3. Selection of C. jejuni strains and cultivation conditions (II-III)

To investigate the bacterial interactions, C. jejuni L30.1, C. jejuni L23.1 

and C. jejuni L06.06 isolated from Estonian broiler chicken meat in 

2006 were used. Th e strains of C. jejuni C135 and C. jejuni C1055, 
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isolated from two hospitalized patients with campylobacteriosis in 2007, 

were obtained from the Laboratory of Microbiology of the Rakvere 

Hospital (Rakvere, Lääne-Virumaa, Estonia). Th e reference strain of 

C. jejuni ATCC 33291 of human origin was also used in this study. Th e 

selection of C. jejuni isolates for further investigation was based on their 

antibiotic susceptibility data. 

Each of C. jejuni strains was streaked onto mCCDA agar, which was 

incubated at 42 °C under microaerobic conditions for 48 h. Next, 1 μl 

of typical C. jejuni growth was transferred into 5 ml of Mueller-Hinton 

(MH) (Oxoid) broth and incubated at 42 °C under microaerobic 

conditions for 48 h. After that, C. jejuni cells were centrifuged for 10 min 

at 15 000 rpm and the diff erent strains were individually added into 10 

ml of MH broth (approximately 108 CFU/ml of each C. jejuni strain). 

Th ese C. jejuni cultures were used in the co-culture experiments.

4.4. Antimicrobial susceptibility testing (II)

C. jejuni isolates were tested for MIC by the broth microdilution method 

(VetMIC™ CAMP test, National Veterinary Institute, Uppsala, Sweden) 

against ampicillin, enrofl oxacin, erythromycin, gentamicin, nalidixic 

acid and oxytetracycline. Campylobacter isolates were fi rst cultivated on 

Brucella blood agar and incubated at 37 °C for 48 h. A loopful (1μl) of 

bacterial growth was transferred into 10 ml of cation-adjusted Mueller-

Hinton (CAMHB) broth (Oxoid) and incubated at 37 °C for 24 hours 

to achieve a level of around 108 CFU/ml. Th e bacterial suspension 

was diluted to 106 CFU/ml. One hundred microliters (μl) of bacterial 

suspension was inoculated into each well of microtitre plates. Th e plates 

were incubated at 37 °C for 40 h under microaerobic conditions. Th e 

MIC was read as the lowest concentration completely inhibiting visible 

growth of campylobacters in accordance with the instructions given by 

the test manufacturer. Th e following MIC breakpoints for resistance were 

applied: ampicillin 32 μg/ml, enrofl oxacin 1 μg/ml, erythromycin 16 μg/

ml, gentamicin 8 μg/ml, nalidixic acid 32 μg/ml and oxytetracycline 

4 μg/ml (Anonymous, 2004).  
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 4.5. Probiotic bacteria strains and cultivation conditions (III-IV)

To investigate the viability and activity of L. acidophilus in yoghurts 

the commercial yoghurt starter culture YO-MIX™ 215 (Danisco AS, 

Denmark) was used. Probiotic bacteria such as L. acidophilus ATCC 

4356, L. fermentum ATCC 14931, B. bifi dum Bb12 and B. longum B46 

were obtained from the collection of the Institute of Microbiology, the 

University of Tartu. 

Th e modifi ed MRS agar with 20% maltose was used for the enumeration 

of L. acidophilus in yoghurts (Dave and Shah, 1996). L. acidophilus was 

incubated at 37 °C for 72 h under microaerobic conditions. Pure cultures 

of L. acidophilus ATCC 4356, L. fermentum ATCC 14931, B. bifi dum 

Bb12 and B. longum B46 were streaked onto MRS agar (Oxoid, 

Basingstoke, UK) and incubated at 37 °C under anaerobic conditions 

for 48 h, except for L. acidophilus ATCC 4356, which was grown under 

microaerobic conditions. Further on, 1 μl of each probiotic culture was 

transferred into 5 ml of MRS broth (Oxoid) and incubated at 37 °C 

for 24 h under the conditions mentioned above. As the next step, the 

probiotic cells were centrifuged for 10 min at 15 000 rpm and added 

separately into the 10 ml MRS broth tubes containing approximately 

108 CFU/ml of each probiotic bacteria. Th ese probiotic cultures were 

used in the co-culture experiments.

4.6. Prebiotic ingredients (III-IV)

Th e 1% (w/v) inulin (RAFTILINE®HP) and 1% (w/v) oligofructose 

(RAFTILOSE®P95), used in our experiments, were provided by ORAFTI 

Active Food Ingredients (Tienen, Belgium).

4.7. Preparation of yoghurt (IV)

In laboratory conditions, 65 diff erent yoghurts were prepared. Milk was 

heated at 93 °C for 5 min, and 0.5, 1, 1.5, 2, 3 or 5% (w/v) inulin 

or oligofructose was added simultaneously. Th e milk mix was cooled to 

43 °C and inoculated with the starter cultures. Th e starter YO-MIX™ 

215 was used according to the manufacturer’s instructions. Th e samples 
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were incubated at 43 °C until pH 4.6 was reached, rapidly cooled after 

completion of the fermentation process, and stored at 4 °C. Th e number 

of viable cells of L. acidophilus was determined in all yoghurt samples 

on days 0, 10 and 20 of storage. Th e 0-day period represents analyses 

after overnight storage of yoghurt samples. Enumeration was carried out 

using the pour plate technique. All experiments were repeated at least 

twice.

4.8. Determination of interactions in co-cultures (III)

Interactions between probiotic bacteria and C. jejuni strains were 

determined using the co-culture experiments, as described by Chaveerach 

et al. (2004). In the present co-culture experiments, 100 μl of each active 

Lactobacillus or Bifi dobacteria strain from the previously incubated MRS 

broth and 100 μl of each C. jejuni strain from the prior cultivated MH 

broth were both inoculated into 10 ml of fresh MH broth. Simultaneously, 

all bacterial strains as mono-cultures were transferred into the control 

MH broths. In all cases, the bacterial suspension solution, containing 

approximately 106 CFU of each bacterium strain per ml at 0 h, was 

achieved. Additionally, the pH of MH broths was adjusted to 6.8 with 

0.1 N NaOH in all samples at 0 h. All strains in either mono-culture or 

co-culture in MH broths were incubated at 37 °C under microaerobic 

conditions for 48 h. Co-culture experiments with 1% inulin or 

1% oligofructose in MH broths were carried out in the same way as 

described above. 

One milliliter sample was aseptically taken to enumerate CFUs of all 

tested bacteria from all investigated MH broths at 0 h, 24 h and 48 

h. Physiological salt solution (0.9% NaCl) was used to make ten-fold 

dilutions. Dilutions were spread onto mCCDA agar plates for selective 

counting of CFUs of the C. jejuni and on the MRS agar plates for 

counting Lactobacillus and Bifi dobacterium using the spread technique. 

All bacteria were incubated under the same conditions as described 

above. Th e colonies were counted and results were expressed as log
10 

CFU/ml. Additionally, pH was measured in all of the MH broths at 24 h 

and 48 h using a pH meter Consort C833. All experiments were carried 

out in triplicate.



54

4.9. Analysis of organic acids (III)

Organic acids, such as lactate and acetate, were determined at 24 h and 

48 h in the MH broths with and without 1% inulin or 1% oligofructose, 

which were separately inoculated with L. acidophilus ATCC 4356, 

L. fermentum ATCC 14931, B. bifi dum Bb12 and B. longum B46. Th ese 

experiments were carried out as described by Akalin et al. (2004) with 

some modifi cations. Briefl y, HPLC analyses were performed using a 

liquid chromatograph Agilent 1100 (Agilent 1100 Series, Waldbronn, 

Germany). A two-milliliter sample was taken from the MH broth and 

centrifuged for 10 min at 4000 rpm. Th e sample was fi ltrated through 

a 0.20 μm fi lter, and 10 μl of supernatant was used for the HPLC 

analyses. Th e wavelength of detection was optimized at 210 nm for the 

determination of acids. Phenomenex Synergi 4 μ Hydro-TP 80A (250 

x 4.6 mm) a reversed-phase column was used at ambient temperature. 

Th e mobile phase at 1 ml/min and 5 mM H
2
SO

4 
was used. Th e standard 

solutions of lactic and acetic acid (Sigma, USA) were dissolved in destilled 

water. Calibration curves and elution times were achieved, which were 

used as the basis for calculating the acid contents. All experiments were 

performed in duplicate.

4.10. Statistical analysis (I-IV)

All data on antibiotic-resistant and antibiotic-susceptible C. jejuni 
were recorded using MS Excel 2003 software (Microsoft Corporation; 

Redmond, WA, USA), and the statistical analysis was performed with 

the Statistical Package for Social Sciences 13.0 for Windows (SPSS 

Inc.; Chicago, IL, USA). Non-parametric Spearman’s rank order 

correlation coeffi  cients with two-tailed p-values and odds ratios (ORs) 

were calculated for bivariate cross-correlations between resistances 

to the six antimicrobials analysed as well as between antimicrobials 

and multiresistance, which was defi ned as resistance to three or more 

unrelated antimicrobials simultaneously. Furthermore, a non-parametric 

Mann-Whitney independent samples test was conducted to compare 

the level of antimicrobial resistance between multiresistant and non-

multiresistant strains. Th e chi-square test was used for statistical analyses 

for the Campylobacter spp. occurrence data. Total counts of probiotic 

bacteria and total counts of C. jejuni in co-culture experiments were 
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statistically analysed using Student’s t-test to estimate the signifi cance 

of changes (P < 0.05) in bacterial numbers. Data on the total counts 

of probiotic bacteria either with or without prebiotic in yoghurts were 

analysed using the Student’s t-test.
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5. RESULTS

5.1. Occurrence of Campylobacter spp. in Estonian broiler chicken 
production (I)

Th e occurrence of Campylobacter spp. in Estonian broiler chicken 

production in 2002-2007 is presented in Tables 11 and 12. Th e 

investigations at farm level showed that all 1,254 fresh fecal samples 

taken from 60 unconnected broiler chicken fl ocks of 20,000 birds in 

separate housings were negative between September 2005 and June 2006. 

Campylobacter spp. was isolated in 115 (6.3%) of 1,819 cecal samples at 

slaughterhouse level in 2005-2007 and in 163 (12.3%) of 1,320 broiler 

chicken meat samples at retail level in 2002-2007. 

Table 11 shows the occurrence of Campylobacter spp. at slaughterhouse 

level in 2005-2007. Th e highest occurrence of Campylobacter 
contamination was found in 2005, when a total of 57% of the 

investigated cecal samples were positive at slaughterhouse level. During 

the following years, only 2.6% in 2006 and 0% in 2007 were positive 

for Campylobacter. Th e seasonal peak of Campylobacter contamination in 

Estonia occurred from July to September, when 100% in 2005 and 5.5% 

in 2006 of the studied cecal samples were positive for Campylobacter 
at slaughterhouse level. No positive samples were found during other 

months from October to June in 2005-2007.

Table 11. Occurrence of Campylobacter spp. in cecal samples at 

slaughterhouse level

Years
No. of positive samples/

total No. of samples (positive %) per months
Jan – March April – June July – Sept Oct – Dec Total

2005 NS NS 73/73a (100.0) 0/55 (0) 73/128 (57.0)

2006 0/151 (0) 0/669 (0) 42/765 (5.5) 0/59 (0) 42/1644 (2.6)

2007 0/9 (0) 0/13 (0) 0/13 (0) 0/12 (0) 0/47 (0)

Total 0/160 (0) 0/682 (0) 115/851 (13.5) 0/126 (0) 115/1819 (6.3)

aall samples were taken in July and August

NS, no samples available
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Table 12 shows the occurrence of Campylobacter at retail level in 

2002-2007. During the study period from 2002 to 2004, the numbers 

of Campylobacter -positive broiler chicken meat samples increased 

signifi cantly from 7.0% to 29.8%. During the following years, 5.9% in 

2005, 7.3% in 2006, and 2.2% in 2007 of the investigated samples were 

Campylobacter-positive. 

At retail level, the seasonal peak of Campylobacter contamination 

occurred between July and September, when 9.3-54.6% of samples were 

positive for Campylobacter in 2002-2006. It is notable that the highest 

contamination rates between July and September were detected mainly 

in 2003 and in 2004, when 52.6% and 54.6% of the tested samples 

contained Campylobacter spp., respectively. However, since 2005 lower 

proportions of Campylobacter-positive samples were observed during the 

seasonal peak in Estonia. From July to September, a total of 9.3% in 

2005, 12.1% in 2006, and 0% in 2007 of broiler chicken meat samples 

were positive for Campylobacter spp. at retail level. 

Th e occurrence of Campylobacter contamination was also observed from 

January to June and from October to December. However, compared 

with the seasonal peak, the rates of Campylobacter contamination were 

signifi cantly (P < 0.001) lower during other months. For example, only 

2.4% in 2005 and 1.6% in 2006 of the tested samples were positive to 

Campylobacter spp. from January to March. 

Th e proportions of Campylobacter spp. positive samples varied ranging 

from 0 to 15.8% from April to June in 2002-2007, being the highest 

in 2003 and the lowest in 2004 and 2005. High Campylobacter 

contamination was also detected from October to December, when 

45.5% of the investigated samples in 2003, 9.5% in 2004, and 9.0% in 

2005 were positive, remaining 0% in 2002 and in 2006-2007.
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Table 12. Occurrence of Campylobacter spp. in broiler chicken meat at 

retail level

Years
No. of positive samples/

total No. of samples (positive %)
Jan – March April – June July – Sept Oct – Dec Total

2002 0/47 (0) 2/23 (8.7) 12/59 (20.3) 0/70 (0) 14/199 (7.0)

2003 0/25 (0) 3/19 (15.8) 10/19 (52.6) 5/11 (45.5) 18/74 (25.0)

2004 0/2 (0) 0/6 (0) 71/130 (54.6) 14/147 (9.5) 85/285 (29.8)

2005 2/85 (2.4) 0/121 (0) 13/140 (9.3) 16/177 (9.0) 31/523 (5.9)

2006 1/62 (1.6) 5/62 (8.1) 8/66 (12.1) 0/3 (0) 14/193 (7.3)

2007 0/8 (0) 1/13 (7.7) 0/13 (0) 0/12 (0) 1/46 (2.2)

Total 3/229 (1.3) 11/244 (4.5) 114/427 (26.7) 35/420 (8.3) 163/1320 (12.3)

Table 13 shows the distribution of Campylobacter spp. species isolated 

from broiler chicken meat production in Estonia. A total of 278 isolates 

of Campylobacter spp. were isolated and identifi ed from cecal contents 

as well as broiler chicken meat during 2002-2007. Identifi cation of 

Campylobacter spp. at the species level by the hippurate hydrolysis 

test and PCR showed that C. jejuni (98.2%) was the most common 

Campylobacter species, followed by C. coli (1.4%) and C. lari (0.4%) in 

cecal and broiler chicken meat samples.

 

Table 13. Isolated Campylobacter spp. species in 2002-2007

Sample material Th e number (%) of isolated strains
C. jejuni C. coli C. lari Total

Cecal contents 115 0 0 115
Broiler chicken meat 158 4 1 163

Total 273 (98.2) 4 (1.4) 1 (0.4) 278 (100)

Based on hippurate hydrolysis and PCR, a total of 131 isolates, which 

were investigated in the laboratory of the Department of Food Hygiene 

(Eesti Maaülikool), were all identifi ed as C. jejuni. In the case of the other 

147 strains, which were investigated in the Estonian Veterinary and Food 

Laboratory, hippurate hydrolysis and indoxyl acetate hydrolysis tests 

were used for identifi cation of C. jejuni (142 isolates), C. coli (4 isolates), 

and C. lari (1 isolate).
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5.2. Antimicrobial resistance of Campylobacter strains (II)

Antimicrobial susceptibility test was performed on 131 C. jejuni strains, 

including 105 cecal strains and 26 broiler chicken meat strains. Th e 

fi ndings showed that a total of 27 isolates (20.6%) of 131 were susceptible 

to all the tested antimicrobials. However, a total of 104 isolates (79.4%) 

of the investigated 131 C. jejuni strains were resistant to one or more 

antimicrobials. Table 14 shows the numbers of C. jejuni strains resistant 

to diff erent antimicrobials. Th e majority of the tested C. jejuni strains 

were resistant to nalidixic acid (99 strains, 75.6%) and enrofl oxacin 

(96 strains, 73.3%), followed by resistance to oxytetracycline (42 strains, 

32.1%) and erythromycin (26 strains, 19.8%). A total of 25 strains 

(19.1%) and 10 strains (7.6%) of the 131 isolates were resistant to 

gentamicin and ampicillin, respectively. 

Table 14. Resistance of C. jejuni strains to six diff erent antimicrobials

Antimicrobials
No. of resistant strains/
total No. of C. jejuni 

strains

Resistant strains 
percentage (%) of all tested 

C. jejuni strains

Nalidixic acid 99/131 75.6
Enrofl oxacin 96/131 73.3
Oxytetracycline 42/131 32.1
Erythromycin 26/131 19.8
Gentamicin 25/131 19.1
Ampicillin 10/131 7.60

Multiresistance, i.e. resistance to three or more unrelated antimicrobials, 

was found in 36 isolates (27.5%), all of which were resistant to 

enrofl oxacin. It is notable that 20 isolates (15.3%) of the investigated 

131 C. jejuni strains were resistant to three unrelated antimicrobials, 

13 isolates (10%) to four unrelated antimicrobials, and three isolates 

(2.3%) to all the tested antimicrobials. Multidrug resistance was 

signifi cantly (P < 0.01) associated with enrofl oxacin and nalidixic acid 

resistance. 

Th e prevalence of antimicrobial resistance of Campylobacter strains is 

given in Table 15. Th e highest proportion (41.2%) of C. jejuni strains 

originating from cecal as well as meat samples were resistant to both 

enrofl oxacin and nalidixic acid, which belong to the same group of 

fl uoroquinolones.
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A total of 8.4% of isolates were resistant to four unrelated antimicrobials 

containing a combination of enrofl oxacin/nalidixic acid, erythromycin, 

gentamicin, and oxytetracycline. Resistance to three unrelated 

antimicrobials comprising enrofl oxacin/nalidixic acid, erythromycin, 

and oxytetracycline was found in a total of 7.6% of isolates. A total of 

4.6% of isolates were resistant to enrofl oxacin/nalidixic acid, gentamicin, 

and oxytetracycline. Th e combination of enrofl oxacin/nalidixic acid 

and oxytetratcyclin appeared in 3.8% of isolates. Th ree isolates (2.3%) 

were resistant only to nalidixic acid. Resistance to other antibiotic 

combinations in the tested C. jejuni strains remained below 2%.

C. jejuni strains selected for further co-culture experiments were based 

on their antibiotic susceptibility data. C. jejuni ATCC 33291 and L30.1 

were both susceptible to all the tested antimicrobials. C. jejuni C135 

was resistant to erythromycin (MIC = 16 μg/ml). C. jejuni C1055 

was resistant to erythromycin (MIC = 16 μg/ml) and enrofl oxacin 

(MIC = 4 μg/ml). C. jejuni L23.1 was resistant to enrofl oxacin (MIC = 4 

μg/ml) and nalidixic acid (MIC = 64 μg/ml). C. jejuni L06.06 was 

resistant to enrofl oxacin (MIC = 4 μg/ml), erythromycin (MIC = 16 μg/

ml), nalidixic acid (MIC = 128 μg/ml), and oxytetracycline (MIC = 32 

μg/ml). 
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 Table 15. Antimicrobial resistance phenotypes among C. jejuni isolated 

from cecal and broiler chicken meat samples in Estonia in 2005-2006

Antimicrobial 
resistance phenotypea

No. (%) of C. jejuni 
strains

isolated from
No. of 

resistant 
strainsb

(n=131)

Proportion
(%)

cecal 
samples 

broiler 
chicken 

meat

Amp/Enx/Ery/Gen/Nal/Tet 3 (2.6) 3 2.3
Amp/Enx/Ery/Nal/Tet 1 (1.0) 1 0.8
Amp/Enx/Ery/Gen /Nal 1 (1.0) 1 0.8
Enx/Ery/Gen /Nal/Tet 11 (10.4) 11 8.4
Enx/Ery/Nal/Tet 4 (3.8) 6 (23.1) 10 7.6
Enx/Gen/Nal/Tet 6 (5.7) 6 4.6
Amp/Enx/Gen/Nal 2 (1.9) 2 1.5
Amp/Enx/Nal/Tet 1 (1.0) 1 0.8
Enx/Nal/Tet 3 (2.9) 2 (7.7) 5 3.8
Amp/Enx/Nal 1 (1.0) 1 0.8
Enx/Gen/Tet 1 (1.0) 1 0.8
Enx/Nal 41 (38.9) 13 (50.0) 54 41.2
Gen/Tet 1 (1.0) 1 0.8
Nal/Tet 1 (1.0) 1 0.8
Amp 1 (1.0) 1 0.8
Nal 3 (2.9) 3 2.3
Tet 2 (1.9) 2 1.5
Resistant to one or more 
antimicrobials

83 (79.0) 21 (80.8) 104 79.4

Sensitive to all antimicrobials 22 (21.0) 5 (19.2) 27 20.6
Total 105 (100) 26 (100) 131 100
aAntimicrobial agents: Amp, Ampicillin; Enx, Enrofl oxacin; 

Ery, Erythromycin; Gen, Gentamicin; Nal, Nalidixic acid; Tet, 

Oxytetracycline.
bTh e number of resistant strains was 104. Th e proportion of antimicrobial 

resistance phenotypes is calculated on the basis of 131 isolates.
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5.3. Co-eff ect of pro- and prebiotics on C. jejuni in vitro (III-IV)

Th e eff ect of L. acidophilus ATCC 4356, L. fermentum ATCC 14931, 

B. bifi dum Bb12 or B. longum B46, in combination with and without 

prebiotic ingredients, on the survival and growth of C. jejuni in vitro is 

shown in Tables 16-19. No statistical diff erence (P > 0.05) in the impact of 

the selected probiotic bacteria on the CFUs of C. jejuni strains originating 

from broiler chicken meat in comparison to C. jejuni isolates originating 

from human feces was observed. Moreover, the eff ect of probiotic bacteria 

on the antibiotic-susceptible as well as antibiotic-resistant C. jejuni 
isolates was also similar. However, diff erences in the eff ects of diff erent 

probiotic bacteria were observed against the tested C. jejuni strains in 

co-culture experiments. 

Table 16 shows that the presence of L. acidophilus ATCC 4356 in 

combination with 1% oligofructose in MH growth media decreased the 

CFUs of C. jejuni strains on average from 6.00 log CFU/ml at 0 h to 

1.46 log CFU/ml in 24 h. None of the studied C. jejuni strains were 

detectable in 48 h (P < 0.001). Similarly, L. acidophilus ATCC 4356 in 

co-eff ect with 1% inulin inhibited the CFUs of all the C. jejuni isolates 

on average from 6.03 log CFU/ml at 0 h to 3.36 log CFU/ml at 24 h up 

to below detection limit (< 1.0 CFU/ml) at 48 h. 

However, there was no inhibition (P > 0.05) of total viable counts of 

all the tested C. jejuni strains by L. acidophilus ATCC 4356 in MH 

broths without prebiotic ingredients. Furthermore, in their co-culture 

experiments, the total viable counts of C. jejuni were on average 

7.00 log CFU/ml in 48 h in MH broths. Th e total viable counts of 

L. acidophilus ATCC 4356 in combination with 1% oligofructose, 1% 

inulin, and without prebiotics in co-cultures with campylobacters were 

7.31 log CFU/ml, 7.23 log CFU/ml, and 6.87 log CFU/ml in 48 h, 

respectively.
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Table 16. Antimicrobial eff ect of L. acidophilus ATCC 4356 against 

C. jejuni in co-cultures

Broth
Ti-
me 
(h)

Log 
CFU/ml
of ATCC 

4356

Log CFU/ml of C. jejuni strains

L30.1 L23.1 L06.06
ATCC 
33291

C135 C1055 Mean

MH + 
1% oli-
gofr.

0 6.03 6.00 6.17 5.90 5.87 6.07 6.03 6.00
24 6.78 0.43 1.67 1.06 1.53 1.20 2.87 1.46
48 7.31 UD UD UD UD UD UD UD

MH + 
1% inu-
lin

0 6.01 6.06 5.97 6.00 6.04 6.13 6.00 6.03
24 6.69 2.33 3.40 3.07 4.87 3.14 3.33 3.36
48 7.23 UD UD UD UD UD UD UD

MH
0 6.03 6.00 5.94 6.04 6.02 6.05 5.99 6.00
24 6.53 6.84 6.66 6.63 6.73 6.17 6.63 6.61
48 6.87 7.00 7.08 6.99 6.90 6.89 7.20 7.00

UD – under detection limit (< 1 CFU/ml)

Table 17 shows that L. fermentum ATCC 14931 with 1% oligofructose 

as well as 1% inulin could not totally kill any of the six C. jejuni strains. 

Th e total counts of C. jejuni decreased on average from 6.09 log CFU/ml 

in 0 h to 4.02 log CFU/ml in 48 h in MH broth with 1% oligofructose. 

In addition, decrease of the CFUs of C. jejuni strains in co-cultures 

was also observed on average up to 5.80 log CFU/ml in 48 h in MH 

broths with 1% inulin. No signifi cant inhibition (P > 0.05) of the tested 

C. jejuni strains was detected by L. fermentum ATCC 14931 in MH 

broth without prebiotic ingredient. Th e total viable counts of C. jejuni 
remained on average 6.90 log CFU/ml in 48 h in MH broth. During the 

48 h incubation, the CFUs of L. fermentum ATCC 14931 in co-cultures 

in combination with 1% oligofructose, 1% inulin, and without prebiotic 

increased on average up to 6.88 log CFU/ml, 6.51 log CFU/ml, and 

6.35 log CFU/ml in 48 h, respectively.
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Table 17. Antimicrobial eff ect of L. fermentum ATCC 14931 against 

C. jejuni in co-cultures

Broth
Ti-
me 
(h)

Log 
CFU/ml
of ATCC 

4356

Log CFU/ml of C. jejuni strains

L30.1 L23.1 L06.06
ATCC 
33291

C135 C1055 Mean

MH + 
1% oli-
gofr.

0 6.01 6.02 6.12 6.13 6.09 6.10 6.07 6.09
24 6.38 5.27 5.17 5.07 5.22 4.53 4.70 4.99
48 6.88 4.27 4.07 2.90 5.00 3.87 4.00 4.02

MH 
+ 1% 
inulin

0 6.10 6.03 6.07 6.00 6.02 6.13 6.02 6.05
24 6.40 6.56 6.27 5.89 5.56 6.03 6.23 6.09
48 6.51 5.22 6.13 5.67 5.07 6.23 6.53 5.80

MH
0 6.09 6.00 6.05 6.03 6.10 6.08 6.01 6.12
24 6.20 6.43 6.73 6.16 7.10 6.63 6.40 6.58
48 6.35 6.53 6.97 6.39 7.13 7.57 6.67 6.90

Unlike the above-mentioned results, in the presence of B. bifi dum Bb12 

in combination with 1% oligofructose in growth media the CFUs of 

C. jejuni strains decreased on average from 6.00 log CFU/ml to 1.01 log 

CFU/ml in 24 h (Table 18). None of the tested C. jejuni strains were 

detectable in 48 h (P < 0.001). However, the CFUs of C. jejuni strains 

in co-cultures were 6.46 log CFU/ml and 6.51 log CFU/ml in MH 

broth with 1% inulin and in MH broth without any prebiotic in 48 h, 

respectively. Th e total viable counts of B. bifi dum Bb12 in co-cultures 

combined with 1% oligofructose, 1% inulin, and without prebiotic 

increased on average up to 7.29 log CFU/ml, 6.73 log CFU/ml, and 

6.40 log CFU/ml in 48 h, respectively. 
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Table 18. Antimicrobial eff ect of B. bifi dum Bb12 against C. jejuni in 

co-cultures

Broth
Ti-
me 
(h)

Log 
CFU/ml
of ATCC 

4356

Log CFU/ml of C. jejuni strains

L30.1 L23.1 L06.06
ATCC 
33291

C135 C1055 Mean

MH + 
1% oli-
gofr.

0 6.03 5.93 6.00 5.90 6.03 6.03 5.90 6.00
24 6.78 0.97 1.13 0.71 1.08 1.20 0.97 1.01
48 7.29 UD UD UD UD UD UD UD

MH + 
1% inu-
lin

0 6.10 5.87 5.98 6.02 6.12 6.01 6.12 6.02
24 6.40 6.24 6.02 6.27 6.17 6.30 6.48 6.25
48 6.73 6.71 6.33 6.47 6.43 6.28 6.52 6.46

MH
0 6.08 6.00 6.03 6.09 6.00 6.10 5.90 6.02
24 6.23 6.20 7.17 5.53 6.17 6.20 6.13 6.23
48 6.40 6.60 7.37 5.77 6.63 6.40 6.27 6.51

UD – under detection limit (< 1 CFU/ml)

Table 19 shows that in the presence of B. longum B46 combined with 

1% oligofructose in growth media the total count of C. jejuni strains 

decreased on average from 6.00 log CFU/ml to 0.81 log CFU/ml in 

24 h. None of the studied C. jejuni strains were detectable after 48 h 

(P < 0.001). Th e total viable counts of C. jejuni in co-cultures were 

5.94 log CFU/ml and 6.57 log CFU/ml in 48 h in MH broth with 

1% inulin and without prebiotic ingredients, respectively. Th e total 

viable counts of B. longum B46 in co-cultures with 1% oligofructose, 

1% inulin, and without prebiotic increased on average up to 7.33 log 

CFU/ml, 6.58 log CFU/ml and 6.52 log CFU/ml in 48 h, respectively.
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Table 19. Antimicrobial eff ect of B. longum B46 against C. jejuni in 

co-cultures

Broth
Ti-
me 
(h)

Log 
CFU/ml
of ATCC 

4356

Log CFU/ml of C. jejuni strains

L30.1 L23.1 L06.06
ATCC 
33291

C135 C1055 Mean

MH + 
1% oli-
gofr.

0 6.09 6.13 6.17 5.93 5.83 5.90 6.03 6.00
24 6.77 0.70 0.87 0.74 1.63 0.37 0.53 0.81
48 7.33 UD UD UD UD UD UD UD

MH + 
1% inu-
lin

0 6.10 5.87 6.03 6.07 6.11 6.03 6.13 6.04
24 6.28 6.67 6.20 5.83 6.34 5.93 6.43 6.23
48 6.58 6.89 5.60 5.52 6.13 5.30 6.17 5.94

MH
0 6.02 6.08 6.00 6.02 6.05 6.02 6.01 6.03
24 6.23 6.17 6.80 6.33 6.53 6.20 6.23 6.38
48 6.52 6.23 6.83 6.47 6.77 6.83 6.30 6.57

UD – under detection limit (< 1 CFU/ml)

For comparison, the CFUs of mono-cultures of the studied Campylobacter 
strains in control samples steadily increased approximately from 6.00 

log CFU/ml to 7.00 log CFU/ml during 48 h in all MH broths with 

1% oligofructose, 1% inulin as well as without any prebiotic. Furthermore, 

no signifi cant diff erences (P > 0.05) in the CFUs of campylobacters were 

observed between diff erent studied C. jejuni strains as mono-cultures. 

Th e total viable counts of selected probiotic bacteria in combination with 

1% oligofructose, 1% inulin, and without prebiotic in mono-cultures 

are shown in Table 22. However, no signifi cant diff erences (P > 0.05) 

in the CFUs of the tested probiotic bacteria were observed between 

mono-cultures and co-cultures with campylobacters during 48 h of 

incubation.

5.4. Concentrations of organic acids and pH in growth media (III)

Th e concentrations of organic acids such as lactic and acetic acid produced 

by L. acidophilus ATCC 4356, L. fermentum ATCC 14931, B. bifi dum 

Bb12, and B. longum B46 and dynamics of pH in the media were 

analysed in MH broths with and without 1% inulin or 1% oligofructose 

(Table 20). No statistical diff erences (P > 0.05) in pH dynamics were 

found in MH broths containing the mono-cultures of probiotic bacteria 
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or the co-cultures of probiotic bacteria with C. jejuni. Th e fi ndings 

showed that higher concentrations of organic acids, especially lactic acid, 

in the MH broths in 24 h and 48 h induced a greater decrease in growth 

media pH during 48 h of incubation.

Table 20 shows that the concentrations of lactic and acetic acid produced 

by L. acidophilus ATCC 4356 in MH broths with 1% oligofructose were 

88.6 mmol/l and 42.4 mmol/l in 48 h at pH 4.28, respectively. Similarly, 

MH broths combined with 1% inulin contained 81.5 mmol/l lactic acid 

and 41.6 mmol/l acetic acid produced by L. acidophilus ATCC 4356 

in 48 h at pH 4.69. Furthermore, B. bifi dum Bb12 and B. longum B46 

in combination with 1% oligofructose also produced 73.6 mmol/l to 

88.7 mmol/l lactic acids and 34.4 mmol/l to 36.3 mmol/l acetic acids 

at pH 4.52 to 4.57. However, at pH 5.03 to 6.10 in other MH broths 

with or without prebiotic ingredients, the concentrations of lactic and 

acetic acids produced by probiotic bacteria remained 37.9 mmol/l to 

55.8 mmol/l and 26.7 mmol/l to 36.3 mmol/l, respectively.

Table 20. Production of lactic and acetic acid by probiotic bacteria in 

mono-cultures with or without 1% oligofructose or 1% inulin and the 

pH values in diff erent MH broths

Probiotic 
bacteria

Broths
Lactic acid 
(mmol/l)

Acetic acid 
(mmol/l)

pH

24 h 48 h 24 h 48 h 24 h 48 h
L. acidophilus MH + 1% ol. 81.6 88.6 31.8 42.4 4.29 4.28
ATCC 4356 MH + 1% in. 71.6 81.5 37.2 41.6 4.61 4.69

MH 45.5 54.9 30.9 36.3 5.40 5.50

L. fermentum MH + 1% ol. 36.4 52.1 28.0 33.0 5.09 5.03
ATCC 14931 MH + 1% in. 31.5 38.6 26.0 26.7 5.82 5.41

MH 30.5 37.9 23.9 26.7 6.10 6.10

B. longum MH + 1% ol. 58.3 73.6 33.6 36.3 4.63 4.57
Bb12 MH + 1% in. 37.0 38.8 26.7 28.7 5.63 5.68

MH 38.6 41.9 20.9 28.0 5.75 5.81

B. bifi dum MH + 1% ol. 74.7 88.7 33.4 34.4 4.58 4.52
B46 MH + 1% in. 48.5 50.7 30.4 34.4 5.72 5.64

MH 42.7 55.8 31.9 36.3 5.70 5.71
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5.5. Eff ect of prebiotics on the probiotic bacteria (III-IV)

Th e eff ect of prebiotics such as oligofructose and inulin on the total 

viable counts of L. acidophilus in yoghurts during refrigerated storage is 

presented in Table 21. Th e most important results of the present study 

indicated that oligofructose and inulin have a statistically signifi cant 

(P < 0.001) eff ect on the CFUs of L. acidophilus. Th e eff ectiveness of 

the prebiotic depended on its concentration in the yoghurt. Th e eff ect 

of oligofructose and inulin in relation to the probiotic bacteria increased 

with the increase of prebiotic concentration. 

Table 21 shows that with the increase in the concentrations of prebiotics 

in the milk fermentation process, the tested L. acidophilus counts also 

increased on average from 7.08 log CFU/g to 8.09 log CFU/g for 0 day, 

which represents the analyses after overnight storage of yoghurt samples. 

During the storage period of yoghurts, the viability of L. acidophilus was 

lower in the control yoghurt (0% prebiotic) compared to yoghurts that 

contained prebiotic ingredients. However, the CFUs of L. acidophilus 
were not signifi cantly (P > 0.05) aff ected by the presence of 0.5% inulin 

or 0.5% oligofructose in yoghurt, remaining at the level of 6.20 log 

CFU/g to 6.40 log CFU/g for 20 days, respectively. 

Th e higher CFUs of L. acidophilus between approximately 7.0 log 

CFU/g and 8.0 log CFU/g were determined in yoghurts containing 2 

to 5% inulin and 1 to 5% oligofructose, as observed on days 0 to 20 of 

the experiment. However, suffi  cient eff ect of 1% oligofructose as well as 

1% inulin on the viability and activity of probiotic bacteria was observed, 

which was associated with the smaller decrease in the total viable counts 

of L. acidophilus. Furthermore, 1% concentration of prebiotic ingredient 

was taken into account, when the co-culture experiments with C. jejuni 
were performed (Tables 16-19). 
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Table 21. Changes in total viable counts of L. acidophilusa in yoghurts 

without and with oligofructose or inulin

Concentration 
of prebiotic in 
yoghurts (%)

Viable counts 
(log CFU/g) of 
L. acidophilusa 

with oligofructose 

Viable counts 
(log CFU/g) of 
L. acidophilusa 

with inulin

Day 0 Day 10 Day 20 Day 0 Day 10 Day 20
0 7.08 6.30 6.10 7.08 6.30 6.10

0.5 7.08 6.80 6.40 7.09 6.70 6.20
1.0 7.21 7.18 7.10 7.13 6.80 6.50
1.5 7.25 7.20 7.12 7.15 7.03 6.90
2.0 7.52 7.34 7.25 7.33 7.23 7.13
3.0 8.00 7.88 7.65 7.58 7.32 7.28
5.0 8.09 8.00 7.91 7.82 7.66 7.50

astarter YO-MIX™ 215

During storage, all yoghurt samples showed a stable decrease in the 

CFUs of L. acidophilus. For example, compared with yoghurts, which 

contained prebiotic ingredients, the CFUs of L. acidophilus decreased 

on average by 1 log units in the control yoghurt. In the presence of 

oligofructose or inulin, the average decrease in the CFUs of probiotic 

lactobacilli was 0.3 log units and 0.4 log units, respectively. 

Th e results also showed signifi cantly (P < 0.05) better growth of 

L. acidophilus on oligofructose compared to inulin. Th e addition of 0.5% 

to 5% oligofructose or inulin to the milk in the yoghurt technology 

resulted in a 4% to 23% and 3% to 18% of higher numbers of probiotic 

lactobacilli in yoghurt compared to the control yoghurt, respectively. 

Table 22 shows the dynamics of the CFUs of selected probiotic bacteria 

as mono-cultures in MH broths in combination with 1% oligofructose or 

1% inulin and without any prebiotics. Th e presence of 1% oligofructose 

and 1% inulin in the growth media signifi cantly increased the CFUs 

of L. acidophilus ATCC 4356 on average from 6.02 log CFU/ml to 

7.33 log CFU/ml and 7.18 log CFU/ml during 48 h of incubation, 

respectively. Similarly, the CFUs of B. bifi dum Bb12 and B. longum B46 

in combination with 1% oligofructose increased on average up to 7.20 

log CFU/ml and 7.30 log CFU/ml for 48 h in MH broths, respectively. 
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MH broths with 1% inulin contained B. bifi dum Bb12 and B. longum 

B46 6.69 log CFU/ml and 6.55 log CFU/ml, respectively. Th e total 

counts of L. acidophilus ATCC 4356, B. bifi dum Bb12, and B. longum 

B46 were from 6.34 log CFU/ml to 6.80 log CFU/ml in 48 h in 

MH broths without prebiotic. Unlike other probiotics, the CFUs of 

L. fermentum ATCC 14931 were only 6.80 log CFU/ml, 6.43 log CFU/

ml, and 6.35 log CFU/ml in MH broths with 1% oligofructose, 1% 

inulin, and without prebiotic ingredient, respectively. 

Table 22. CFUs of selected probiotic bacteria as mono-cultures in MH 

broths

Probiotic 
bacteria

Time
(h)

Total count of bacteria (log CFU/ml) 
in MH broth with

1% oligofructose 1% inulin 0% prebiotic 
L. acidophilus 0 6.03 6.00 6.03
ATCC 4356 24 6.52 6.77 6.29

48 7.33 7.18 6.80

L. fermentum 0 6.01 6.12 6.10
ATCC 14931 24 6.17 6.27 6.18

48 6.80 6.43 6.35

B. bifi dum 0 5.99 6.07 6.04
Bb12 24 6.57 6.16 6.23

48 7.20 6.69 6.34

B. longum 0 6.09 6.08 6.00
B46 24 6.52 6.35 6.38

48 7.30 6.55 6.51

Th e fi ndings also confi rmed signifi cantly (P < 0.05) better growth of 

L. acidophilus ATCC 4356, B. bifi dum Bb12, and B. longum B46 on 

oligofructose compared to inulin. Th e CFUs of selected probiotic bacteria 

without the presence of prebiotic ingredient in MH broths remained 

lower compared to the CFUs of probiotic bacteria with 1% oligofructose 

followed by 1% inulin.
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6. DISCUSSION

6.1. Occurrence of Campylobacter spp. in Estonian broiler chicken 
production (I)

Th e occurrence of Campylobacter spp. in Estonian broiler chicken 

production including a farm in 2005-2006, a slaughterhouse in 2005-

2007, and retail level in 2002-2007 was investigated in present study. 

Th e data on the occurrence of Campylobacter represents the self-control 

studies of the large-scale Estonian broiler chicken meat company and 

state monitoring samples collected within Estonian governmental 

Campylobacter monitoring program. In Estonia, self-control studies for 

Campylobacter on broiler chicken meat samples at industry level started 

in June 2004 and governmental monitoring for Campylobacter spp. on 

slaughter batches at the slaughterhouse level started in February 2006. 

In addition, supplementary Campylobacter occurrence studies were 

carried out within research projects performed in the Department of 

Food Hygiene in Eesti Maaülikool. Our study is the fi rst long-term 

investigation, which includes all available Campylobacter occurrence data 

in Estonia during a six-year study period from 2002 to 2007.

Th e self-control studies of the Estonian broiler chicken meat company 

and the studies in Estonian governmental Campylobacter monitoring 

program do not include the Campylobacter investigations at farm level. 

Th e present study at farm level in 2005-2006 showed that all the 1,254 

fecal samples from broiler chickens were negative for Campylobacter spp. 

Th is is probably associated with the fact that we were not able to 

collect samples at farm level in July and August in 2005-2006, when 

sampling was performed only at slaughterhouse and retail levels. During 

these summer months strict biosecurity measures were applied at farm 

level, mainly because of the recent high Salmonella and Campylobacter 

contamination rates in broiler chickens in 2005 in Estonia. Th e higher 

biosecurity measures comprised the additional training of workers, the 

implementation of an eff ective rodent and insect prevention programs, 

the strict control of all feeds as well as drinking water, thorough cleaning 

and disinfections of the farm including all equipment, roofs, walls, 

fl oors, regular changing of the litter after the sending of broiler chickens 

to the slaughterhouse, and the limitation of the access of unconnected 
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persons to the farm etc. A signifi cant decrease in Campylobacter-positive 

fl ocks within the years following these extra measures was observed and 

reported in our study. Similarly to the results obtained in our study, 

the improvements to biosecurity measures in broiler houses reduced the 

presence of Campylobacter in broiler chicken fl ocks also in Denmark, 

Sweden, and Norway (Hofshagen and Kruse, 2005; Hansson et al., 

2007a; Rosenquist et al., 2009).

Compared with the countries such as Belgium, England, and Italy, the 

lower contamination rates of Campylobacter spp. were primarily found 

in Northern European countries (Pearson et al., 2003; EFSA, 2006; 

Rasschaert et al., 2007). In accordance with our study, a low prevalence 

of Campylobacter spp. in broiler fl ocks was also detected in Finland 

and Sweden (EFSA, 2006 and 2009) as well as Norway (Hofshagen & 

Kruse, 2005), where 2.9-10.6% of fl ocks were contaminated. Th e broiler 

chicken meat production conditions in Estonia resemble those in the 

Nordic countries, especially in Finland, and are seen as low prevalences 

of Campylobacter in broiler fl ocks (Perko-Mäkelä et al., 2002; Hofshagen 

and Kruse, 2005; EFSA, 2006).

At slaughterhouse level, 115 (6.3%) from total of 1,819 of cecal content 

samples were positive for Campylobacter in Estonia in 2005-2007. Th is 

fi nding showed that the contamination of Campylobacter spp. was still 

apparent in broiler fl ocks at farm level, especially in the samples taken 

from July to September in 2005, when 100% of cecal samples were 

Campylobacter-positive at slaughterhouse level. 

In several countries the proportion of Campylobacter-positive cecal 

samples at slaughterhouse level has been higher than in those investigated 

in Estonia, e.g 12.7% to 17.6% in Iceland, 35% in the U.K. and 70% 

in Germany (Stern et al., 2005; Bull et al., 2008; Reich et al., 2008). 

Th e major source of Campylobacter contamination in broiler chicken 

carcasses in slaughterhouse is the intestinal contents of chickens (Stern 

and Robach, 2003; Miwa et al., 2003). During processing, the intestinal 

contents of broiler chickens may contaminate equipments as well as 

other broiler carcasses via cross-contamination, which can be followed 

by the transmission of Campylobacter contamination to the retail level 

(Jacobs-Reitsma, 2000; Stern and Robach, 2003). 
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Th e decreases in Campylobacter-positive samples at slaughterhouse level 

were observed from 57% in 2005 to 0% in 2007 in our study. No 

Campylobacter-positive samples were detected in 2007, which obviously 

can be explained with the fact that only a total of 47 cecal samples were 

studied this year. During years 2004 and 2005, the Estonian broiler 

chicken meat industry made large investments to improve hygiene 

at farm level and to modernize slaughter-line processing conditions. 

For example, water chilling was replaced by air chilling systems at 

slaughterhouse level. Sánchez et al. (2002) also found that compared to 

immersion chilling, air chilling is more eff ective due to drying eff ects. 

Furthermore, the improvement and application of enforced GHP, GMP 

and strictly following all the HACCP principles within the HACCP 

system of the company was also implemented. Investments at farm as 

well as at slaughterhouse level were possible at the same time because both 

the farm and the slaughterhouse belong to the same Estonian large-scale 

broiler chicken meat industry. Th e above-mentioned improvements 

have obviously lead to the decrease in Campylobacter contamination at 

slaughterhouse level. Th e investments made will hopefully have a long-

lasting impact, keeping the levels of Campylobacter contamination low. 

At retail level, 163 (12.3%) of the total of 1,320 broiler chicken meat 

samples were positive for Campylobacter spp. in Estonia in 2002-2007. 

Th e proportion of Campylobacter-positive samples was as follows: 7.0% 

in 2002, 25% in 2003, 29.8% in 2004, 5.9% in 2005, 7.3% in 2006, 

and 2.2% in 2007. Low Campylobacter contamination in 2002 can be 

explained by the geographical origin of samples. In 2002, sampling was 

performed only in Tartu, which means that the obtained data do not 

refl ect the situation in the country as a whole. Th e broiler chicken meat 

samples taken during 2003 and 2004 from Estonian retail outlets show 

high Campylobacter contamination rates as 25% in 2003 and 29.8% in 

2004. In 2005, when a large number of cecal samples at slaughterhouse 

level were positive, only a total of 5.9% of broiler chicken meat samples 

were contaminated with Campylobacter spp. Th e reason is not known. 

However, the high Campylobacter contamination rates in 2003-2004 

forced the implementation of several actions to improve the HACCP 

system, as described above. Th erefore, similarly to the slaughterhouse 

level in 2006 and 2007, the Campylobacter contamination rates also 

decreased at retail level from 5.9% in 2005 to 2.2% in 2007. 
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Considerably higher proportions of Campylobacter-positive broiler 

chicken meat samples were found in the Netherlands (de Boer et al., 

1997), in Nothern Ireland (Flynn et al., 1994), in Germany (Reich 

et al., 2008), and in Slovenia (Kurinčič et al., 2005), ranging from 

37% to 90%. In general, Campylobacter contamination at retail level 

is associated with the widespread Campylobacter contamination at 

slaughterhouse level. However, the cross-contamination of broiler 

chicken meat at the retail level may also occur, since fresh chicken meat 

products are often sold unprepacked in Estonia. Additionally, adequate 

hand washing and thorough cleaning of surfaces and facilities in order 

to prevent the spread of Campylobacter spp. at home conditions are very 

important. Broiler chicken meat is considered to be the food with the 

most frequent contamination of thermophilic Campylobacter spp. and 

therefore, is supposed as one of the most important source of food-borne 

campylobacteriosis in humans (Hänninen et al., 2000; Wingstrand et al., 

2006). Th e reports of the Estonian Health Board on Estonian human 

campylobacteriosis in Estonia from 2002 to 2007 have shown that 98 to 

124 humans were hospitalized with campylobacteriosis per year (Estonian 

Health Protection Inspectorate, 2007). However, much higher numbers 

of Campylobacter incidences cannot be excluded depending on priorities 

in laboratory diagnostics of human enteric diseases.

Our results showed a distinct seasonal variation in the occurrence 

of Campylobacter contamination in broiler chicken production in 

Estonia. Th e seasonal peak of Campylobacter contamination occurred 

from July to September. During these months, a higher proportion of 

Campylobacter-positive samples was detected in both cecal and broiler 

chicken meat samples. It is probably associated with the warm and rainy 

weather, and temperatures ranging from +15 to +25 ºC in summer in 

Estonia. Summer months creates advanced possibilities for colonization 

of Campylobacter spp. at farm via diff erent contamination vehicles. 

However, for example chicken meat can also be contaminated by 

Campylobacter in months outside of the summer season as found in our 

study. It can be explained by the fact that imported raw chicken meat 

is available at retail level throughout the year in Estonia, whereas cross-

contamination may occur at diff erent stages of the food chain, which 

needs further investigations. 



75

However, the exact reasons for seasonal variations in Campylobacter 

contamination are still unknown (Newell and Fearnley, 2003; Huneau-

Salaün et al., 2007). Similarly to our results, several studies in the Nordic 

countries such as Sweden, Finland, Denmark, and Norway have also 

observed a seasonal peak in Campylobacter contamination in broiler 

chicken production mainly in summer months (Kapperud, 1994; 

Hänninen et al., 2000; Stern et al., 2005; Wingstrand et al., 2006). 

Diff erently, Kapperud et al. (1993) and Pieskus et al. (2008) found that 

the proportion of Campylobacter-positive samples was higher only in 

autumn and in spring, respectively. 

Our results showed that C. jejuni (98.2%) was the most common 

Campylobacter species, followed by C. coli (1.4%) and C. lari (0.4%). 

Similarly, Saleha (2002) and Perko-Mäkela et al. (2002) found that 

C. jejuni was most frequently isolated from broiler chicken production. 

Vandamme (2000) indicated that approximately 80-90% and 5-10% 

of cases of campylobacteriosis are caused by C. jejuni and C. coli, 
respectively. Th erefore, C. jejuni is one of the most common causes of 

human gastroenteritis in many countries (Fallon et al., 2003; Hänninen 

et al., 2003). 

Sero- and genotyping of Campylobacter spp. isolates were not included in 

the present study. All the isolated Campylobacter spp. strains originated 

from the same farm and thus the wide diversity of Estonian strains 

probably does not occur.

6.2. Antimicrobial resistance of Campylobacter strains (II)

Th e most important fi nding of our study showed a high proportion of 

resistant C. jejuni strains among the isolated Campylobacter strains. A 

total of 104 isolates (79.4%) of the tested 131 C. jejuni strains were 

resistant to one or more antimicrobials in our study in 2005-2006. 

A total of 36 isolates (27.5%) of the tested 131 C. jejuni strains were 

multidrug resistant to three or more antimicrobials. Th erefore, our 

results showed that in 2005-2006 the resistance of C. jejuni strains 

was high in Estonia. Furthermore, it shows that multidrug resistance 

in Campylobacter strains in Estonia was one of the highest among the 

results reported in other studies of broiler chicken Campylobacter isolates 
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(Oza et al., 2003; Norström et al., 2007). Food-borne infections caused 

by antibiotic-resistant bacteria such as Campylobacter spp. represent a 

risk to human health for possible treatment failure and prolonged illness 

(Travers and Barza, 2002).

C. jejuni was highly resistant to enrofl oxacin (in 73.3% of the tested 

strains) and nalidixic acid (in 75.6% of strains). Nalidixic acid is a 

quinolone, which shows cross-resistance with fl uoroquinolones such as 

enrofl oxacin. Furthermore, multidrug resistance was also signifi cantly 

(P < 0.01) related to enrofl oxacin and nalidixic acid resistance. Our 

fi ndings suggest that the application of fl uoroquinolones at farm level 

could be selected for multiresistant Campylobacter strains, because 

resistance to erythromycin, gentamycin, or oxytetracycline was exceptional 

without simultaneous resistance to fl uoroquinolones. Kilonzo-

Nthenge et al. (2008) reported that the resistance of Campylobacter 
to antimicrobials could widely emerge when using antibiotics at farm 

level for a long time at low concentrations. Th erefore, a high number 

of multiresistant Campylobacter strains in our study could be associated 

with the application of antimicrobials at farm level. Enrofl oxacin as well 

as fl umequine are accepted for broiler chicken treatment in Estonia 

(Anonymous, 2005a). High fl uoroquinolones resistance among C. jejuni 
isolates is probably associated with the widespread use of enrofl oxacin in 

the treatment of broiler chickens at farm level in Estonia. Several studies 

have also reported a relation between the use of fl uoroquinolones in 

chickens and the development of fl uoroquinolone resistance in C. jejuni 
(Engberg et al., 2001; McDermott et al., 2002; Griggs et al, 2005) and 

a high resistance to antimicrobials among isolates may occur (Bywater 

et al., 2004). Furthermore, the formation of cross-resistance between 

enrofl oxacin and other quinolones such as nalidixic acid as a result of the 

enrofl oxacin treatment of Campylobacter-positive broiler fl ocks has also 

been previously proven (Jacobs-Reitsma et al., 1994; Griggs et al, 2005). 

However, we do not have data about the application of antimicrobials in 

broiler chickens in Estonia.

A total of 32.1% of the C. jejuni strains were resistant to oxytetracycline 

in our study. Several studies have described tetracycline resistance to be 

common among poultry isolates (Ledergerber et al., 2003; Ge et al., 

2003). Tetracycline, including doxycycline, is also accepted for treatment 

of broiler chickens in Estonia (Anonymous, 2005a). 
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Th e resistance to erythromycin and gentamicin was detected 

approximately in a total of 19% of isolates in our study. Unlike our 

fi ndings, no gentamicin resistance of Campylobacter strains has been 

found in other similar studies (Avrain et al., 2003; Bywater et al., 2004; 

Desmonts et al., 2004). 

However, in accordance with our results, erythromycin resistance among 

Campylobacter spp. has also been found in many other countries, for 

example, in Belgium (Van Looveren et al., 2001), Ireland (Fallon et al., 
2003), and Switzerland (Ledergerber et al., 2003). Kilonzo-Nthenge et al. 

(2008) reported that a common antibiotic, which is used for control and 

treatment of bacterial diseases in poultry, is erythromycin. Belanger and 

Shryock (2007) observed that the use of macrolide antibiotics in food 

animals causes the rise of macrolide-resistant strains in food animals as 

well as in humans. In human medicine, erythromycin is considered a 

fi rst-line choice of treatment, followed by fl uoroquinolones for human 

C. jejuni infections (Wagenaar et al., 2006). Th erefore, the prevalence of 

erythromycin as well as fl uoroquinolones resistance among Campylobacter 
isolates is a hazard sign from the public health point of view. 

Compared to other antimicrobials, C. jejuni isolates showed lower 

resistance against ampicillin (7.6%) in our study. Ampicillin is probably 

not extensively used in Estonia, though amoxicillin is accepted 

for treatment of broiler chickens in Estonia (Anonymous, 2005a). 

Ampicillin resistance among chicken C. jejuni isolates in other countries 

was generally below 10% (Aarestrup et al., 1997; Heuer et al., 2001), 

but up to approximately 30% in such countries as France (Avrain et al., 

2003; Desmonts et al., 2004), Belgium (Van Looveren et al., 2001), and 

Ireland (Oza et al., 2003). 

6.3. Co-eff ect of pro- and prebiotics on C. jejuni in vitro (III-IV)

Th e antimicrobial activity of probiotic bacteria against food-borne 

pathogens, such as C. jejuni, has a great importance in public health. 

Scientifi cally proved antagonistic properties of probiotic bacteria of 

human origin can be used in the prevention or co-treatment of food-

borne enteric infections in humans (Rolfe, 2000; Chen and Walker, 

2005). In addition, for example, probiotic bacteria of animal origin can 
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be applied in the treatment of broiler chickens without antimicrobials 

(Patterson and Burkholder, 2003) and as feed supplement because of 

the considerably useful eff ects of the probiotics on chicks at farm level 

(Chauceyras-Durand and Durand, 2010). However, the investigations 

of probiotic bacteria of animal origin were not included in the present 

study.

As far as we know, the present study is the fi rst among similar investigations 

with the aim to assess the antimicrobial eff ect of selected probiotic bacteria 

on the antibiotic-susceptible as well as antibiotic-resistant C. jejuni 
isolated from broiler chicken meat as well as human feces in Estonia. 

Our study showed that not all the tested probiotic bacteria a display 

similar antimicrobial eff ect against selected C. jejuni under the same 

conditions. Similarly, Hütt et al. (2006), Yusof et al. (2000), and Gibson 

and Wang (1994) reported that the suppression of the tested target 

bacteria by probiotic bacteria depends on the species or strains of the 

probiotic bacteria. Th e inhibition of C. jejuni growth by tested probiotic 

bacteria without prebiotics was not observed in our study. Th erefore, 

the most important fi nding of our studies with co-cultures showed that 

the co-application of only the certain selected probiotic bacteria strain 

and a suitable prebiotic compound had the ability to inhibit the survival 

and growth of all the tested C. jejuni strains. In accordance with our 

study, Fooks and Gibson (2002) also observed that the studied probiotic 

bacteria such as L. plantarum and B. bifi dum can inhibit pathogenic 

bacteria such as E. coli, C. jejuni as well as S. enteritidis only in case a 

carbohydrate was added. 

Similarly, Bosscher et al. (2006) and Niness (1999) found that the eff ect 

of probiotic bacteria against food-borne pathogens can be increased 

by adding a prebiotic ingredient such as inulin or oligofructose. 

Prebiotic ingredients can be used in combination with probiotics, as 

campylobacters do not metabolize carbohydrates as a source of energy 

(Rowe and Madden, 2000). In addition, we also found that C. jejuni 
had no inhibitory eff ect on the probiotic bacteria, which was similarly 

confi rmed by Drago et al. (1997).

Th e effi  ciency of the co-eff ect of pro- and prebiotics on campylobacters 

depended on their suitable combination in our study. We found that 

L. acidophilus ATCC 4356 in combination with 1% oligofructose or 
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1% inulin, and B. bifi dum Bb12 or B. longum B46 combined with 

1% oligofructose had strong antimicrobial properties, and therefore none 

of the tested C. jejuni strains were detectable in 48 h of co-incubations 

in vitro. Similarly, Fooks and Gibson (2002) found that C. jejuni was 

totally inhibited by B. bifi dum Bb12 combined with oligofructose and 

XOS in vitro. 

Th e importance of determination of the eff ective combinations of pro- 

and prebiotics can be explained by the fact that not all probiotic bacteria 

can successfully break down and utilize all prebiotics for propagation 

(Huebner et al., 2007). In our study, the combinations of bifi dobacteria 

and 1% inulin as well as L. fermentum ATCC 14931 and both 1% inulin 

and 1% oligofructose did not eff ectively inhibit the viability and activity 

of the tested C. jejuni strains. It can be explained by fact that tested 

bifi dobacteria and L. fermentum ATCC 14931 were not able to ferment 

inulin and inulin as well as oligofructose in our study, respectively. 

Similarly, Asahara et al. (2001) indicated that L. fermentum ATCC 

14931 had no signifi cant antagonistic activity against E. coli in a urinary 

tract infection. In accordance with our results, Vernazza et al. (2006) 

also showed that bifi dobacteria such as B. longum B46 and B. lactis Bb12 

could not utilize inulin contrary to oligofructose. Huebner et al. (2007) 

showed that L. paracasei 1195 with inulin and B. bifi dum NCL with 

GOS obtained the highest and the lowest score, respectively. 

Th e split of prebiotics by probiotic bacteria suppose the presence of 

appropriate enzymes such as ß-fructofuranosidase and specifi c hydrolysis 

of the probiotic bacteria for the occurring of the needful metabolic systems 

(Barrangou et al., 2003; Van der Meulen et al., 2004). Consequently, 

as shown in our study, the total viable counts of probiotic bacteria 

and concentrations of their metabolites increased more in the samples 

containing appropriate prebiotic compared with the others samples 

without prebiotics or with 1% inulin during incubation, which indicates 

that the prebiotic ingredient was metabolized by probiotic bacteria. 

6.4. Concentrations of organic acids and pH in growth media (III)

In our study, the decreasing of the total viable counts of C. jejuni under 

detection limit can be explained by the application of 1% prebiotic by 

selected probiotic bacteria, whereby pH decreased below 4.69 and the 
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concentrations of lactic as well as acetic acids increased in growth media 

more than 73.6 mmol/l and 34.4 mmol/l during 48 h of incubations, 

respectively. Both L. acidophilus ATCC 4356 in co-eff ect with 1% 

oligofructose or 1% inulin, and B. bifi dum Bb12 and B. longum B46 

with 1% oligofructose, produced more organic acids than any other 

combination tested for 48 h in MH broths. Similarly, Coconnier et 

al. (1997) reported that the antimicrobial activity of probiotic bacteria 

was independent of lactic acid production. It shows that probiotic 

bacteria in combination with suitable prebiotics achieved a competitive 

advantage over campylobacteria in co-culture experiments, which made 

it possible to produce organic acids in amounts suffi  cient to suppress the 

vital activity of C. jejuni via decreasing the pH of the growth medium. 

Chaveerach et al. (2002) also confi rmed that organic acids and low pH 

have a strong bactericidal eff ect on Campylobacter spp. Similarly, Hütt 

et al. (2006), Fooks and Gibson (2003) and Yusof et al. (2000) indicated 

that the production of lactic and acetic acid by probiotics is connected 

with the decrease in pH and the increase in the antagonistic activity of 

probiotic bacteria in growth media.

Our study demonstrated that no diff erences in the dynamics of total 

viable counts of C. jejuni during co-incubation with probiotic bacteria 

were observed between broiler chicken meat isolates and isolates of 

human origin, and the antibiotic-susceptible and antibiotic-resistant 

isolates. Th is is probably associated with the fact that all the tested 

campylobacteria were susceptible to low acidity in growth media, and 

therefore no diff erences between C. jejuni strains occured. Contrarily, 

Chaveerach et al. (2004) showed that unlike other bacteria, only 

Lactobacillus P93 isolated from chicken gut could inhibit all the tested 

campylobacters also originating from chicken intestines. In addition, in 

contrast to our results, Drago et al. (1997) demonstrated the suppression 

of the activity of pathogenic bacteria without any decrease in pH of the 

growth medium.

However, the decreasing of total viable counts of C. jejuni in liquid media 

at low pH in our study can be explained by the fact that the organic acids 

are in the undissociated form at low pH inducing the changes in internal 

pH and in gene expression of campylobacteria cells, resulting in the stop 

of living processes, which leads to the death of bacteria (Olson, 1993; 

Chaveerach et al., 2004). 
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In addition to the eff ects of organic acids and pH on the survival and 

viability of Campylobacter spp., as demonstrated in our study, unidentifi ed 

antimicrobial eff ects may also occur. For example, investigations of 

bacteriocins and other metabolic end products produced by probiotic 

bacteria were not involved in the present study. One reason for this is 

explained by the fi ndings of Schillinger and Lücke (1989) and Annuk et 

al. (2003), which reported that bacteriocins produced by probiotics have 

a specifi c inhibitory eff ect against Gram-positive bacteria, while Gram-

negative pathogens (including C. jejuni) are more sensitive to organic 

acids. Another reason is associated with the result of our study, which 

showed that the antagonistic activity of probiotic bacteria was non-

existent without the presence of prebiotic compound and decrease of 

pH. It indicates that probably the metabolic end products (bacteriocins, 

hydrogen peroxide, etc.) produced by lactobacilli and bifi dobacteria 

were neither in adequate quantities nor suffi  ciently specifi c to the tested 

C. jejuni strains. 

6.5. Eff ect of prebiotics on the probiotic bacteria (III-IV)

In order to assess the antimicrobial eff ect of probiotic bacteria against 

C. jejuni strains, the suitable pro- and prebiotic combinations should be 

worked out. As shown in our previous study, there is no inhibition of 

C. jejuni growth by probiotics without the presence of suitable prebiotic 

ingredient in growth media. 

In addition, several studies have also described low or poor viability of 

probiotic bacteria without the presence of prebiotic ingredients in dairy 

products (Shah et al., 1995; Lamoureux et al., 2002; Gueimonde et al., 

2004). Our fi ndings showed that L. acidophilus was growing well in 

the fermentation process of milk without prebiotics, remaining at the 

level of 7.08 log CFU/g at 0 day. However, the decrease in total viable 

counts of L. acidophilus without any prebiotics was up to 1 log unit, 

i.e. higher than reported by Gardini and Lanciotti (1999), but lower 

than detected by Shah et al. (1995) and Gueimonde et al. (2004). Th e 

viability and activity of probiotic bacteria in dairy products during their 

shelf-life depends on several factors, including the storage temperature 

of products (Sanders and Veld, 1999), pH of the end product (Vinderola 

et al., 2000), oxygen content in the product (Talwalkar et al., 2004), etc. 
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Th erefore, the suggested minimum number of probiotic bacteria should 

be at least 5.0 to 6.0 log CFU per gram to be sure that a food product has 

a therapeutical eff ect on human health, and that it inhibits pathogenic 

bacteria in the gastrointestinal tract of humans (Lee and Salminen, 

1995). Consequently, prebiotic ingredients that support the growth of 

lactobacilli and bifi dobacteria should be used to enhance the viability 

and activity of probiotics (Conway 2001; Corcoran et al., 2004) (Shin 

et al., 2000; Kaplan and Hutkins, 2000).

Th e ability of probiotic bacteria to ferment the prebiotics depends on the 

chemical composition of prebiotics. For example, in our studies III and 

IV, oligofructose more clearly aff ected the viability, activity and growth of 

probiotic bacteria compared with inulin. Similarly to our fi ndings, Wyers 

(2004) also found that oligofructose was metabolised more quickly than 

inulin by probiotic bacteria because of the diff erences in the chemical 

composition of prebiotics. Th e diff erent functional properties of inulin 

and oligofructose are due to the diff erence in their chain lengths (Kaur 

and Gupta, 2002). Compared with inulin, oligofructose is composed of 

shorter-chain oligomer and is therefore more fastly and easily metabolized 

by probiotics (Niness, 1999; Van der Meulen et al., 2004). 

Th e present study showed that the eff ectiveness of prebiotic ingredients 

on the viability and activity of probiotic bacteria in the growth media 

depends on the quantity of prebiotics added. Similarly to our results, 

Shin et al. (2000) also found that the eff ect of FOS on probiotic bacteria 

increased with the increase in carbohydrate concentration. However, it 

is important to know an optimal quantity of prebiotic. Th e application 

of higher than optimal concentrations of prebiotic compounds results in 

the increase in production costs in food industries. Our study found that 

optimal quantity of added prebiotic ingredient was 1%, which ensured 

suffi  cient numbers of L. acidophilus in yoghurts up to the end of the 

shelf-life of the yoghurt. Similarly, the co-eff ect of probiotic and 1% 

prebiotic can be used to suppress the viability and growth of the tested 

campylobacters in growth media in vitro. 
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7. CONCLUSIONS

Campylobacter 1. spp. was isolated in 163 (12.3%) of 1,320 broiler chicken 

meat samples at retail level in 2002-2007 and in 115 (6.3%) of 1,819 

cecal samples at slaughterhouse level in 2005-2007. All the 1,254 fresh 

fecal samples taken from September 2005 to June 2006 from 60 un-

connected broiler chicken fl ocks in separate housings with 20,000 birds 

per each fl ock at farm level were negative in 2005-2006. Consequently, 

Campylobacter contamination at all levels of broiler chicken meat produc-

tion in Estonia was low compared to the results of similar studies in the 

EU. However, self-control studies as well as governmental monitoring of 

Campylobacter spp. at slaughterhouse level should be continued. In addi-

tion, systematic investigations on the occurrence of Campylobacter spp. 

in broiler chicken fl ocks at farm level should be performed. It makes 

possible to detect Campylobacter spp. in fl ocks before slaughter in order 

to prevent the cross-contamination of Campylobacter-negative slaughter 

batches and broiler chicken meat with campylobacters at slaughterhouse 

and retail levels, respectively.

A distinct seasonal peak in the occurrence of 2. Campylobacter spp. at broiler 

chicken meat production from July to September was appeared. Th erefore, 

strict hygienic conditions, HACCP principles, and Good Hygiene Prac-

tices as well as biosecurity measures should be adequately implemented 

and followed to keep the prevalence of Campylobacter spp. in Estonia as 

low as possible.

Th e identifi cation of 3. Campylobacter spp. at the species level showed that 

C. jejuni (98.2%) was the most common Campylobacter species, followed 

by C. coli (1.4%) and C. lari (0.4%) in broiler chicken meat production 

in Estonia.

A total of 104 (79.4%) from the total of 131 isolated 4. C. jejuni strains 

were resistant to one or more antimicrobials in 2005-2006. Consequently, 

the antimicrobial susceptibility testing of Campylobacter spp. needs to be 

continued and preventive measures must be applied to minimize or avoid 

distribution of the antibiotic-resistant Campylobacter strains in the broiler 

chicken production chain. In addition, further research on the resistance 

mechanisms of Campylobacter strains should be performed.
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Multiresistance was in 36 isolates (27.5%) of the tested 131 5. C. jejuni 
strains, all of which were resistant to enrofl oxacin. Th ese results showed 

that multiresistance among broiler chicken Campylobacter spp. isolates was 

one of the highest compared to the results of similar studies in the EU. 

Th erefore, more prudent application of antimicrobials, especially fl uoro-

quinolones, by veterinarians should be implemented in broiler chicken 

production in Estonia. Multidrug resistance of Campylobacter spp. is a 

public health concern in Estonia.

In vitro6.  co-culture experiments showed that L. acidophilus ATCC 4356 

combined with 1% inulin or 1% oligofructose, as well as B. bifi dum Bb12 

and B. longum B46 combined with 1% oligofructose, totally suppressed 

the viable counts of all the tested C. jejuni strains. Consequently, in order 

to reduce and inhibit C. jejuni, eff ective combinations of pro- and prebi-

otic were developed in vitro. However, further in vitro as well as in vivo 

experiments are needed to investigate the antagonistic activity of probiotic 

bacteria of animal origin in combination with prebiotic according to 

C. jejuni strains of animal origin in order to control campylobacters with 

competition microfl ora in broiler chickens at farm level in Estonia.

Th ere are no statistical diff erences (P > 0.05) in the impact of the se-7. 

lected probiotic bacteria on the CFUs of C. jejuni strains originating 

from broiler chicken meat in comparison to C. jejuni isolates originating 

from human feces. In addition, the eff ect of probiotic bacteria on the 

susceptible as well as antibiotic-resistant C. jejuni isolates was also similar. 

Consequently, the antimicrobial eff ect of probiotic bacteria against all 

the tested campylobacters depended on the probiotic strain and on the 

presence of prebiotic ingredient, but was found to be not dependent on 

the C. jejuni strains. 

Th e results of the 8. in vitro study revealed that the antagonistic activity 

of selected probiotic bacteria against C. jejuni was mostly related to the 

reduction in pH via the production of organic acids in liquid media. 

Higher concentrations of organic acids at pH 4.28 to 4.69 probably 

lead to the strengthening of the antibacterial eff ect of selected probiotics 

in combination with 1% prebiotic ingredient against C. jejuni. Further 

experiments are needed to study the various antimicrobial mechanisms 

of probiotic bacteria against campylobacters.
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Th e eff ectiveness of the prebiotic ingredients on the viability and activ-9. 

ity of probiotic bacteria depended on the concentration of prebiotics in 

the growth media; however, addition of 1% (w/v) was proven to be the 

optimal.

Prebiotic ingredients, especially oligofructose, followed by inulin, 10. 

enhanced the activity of selected probiotic bacteria via increasing the 

total viable counts as well as maintaining the viability of probiotics.
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SUMMARY IN ESTONIAN

CAMPYLOBACTER SPP. 
EESTI BROILERILIHA TOOTMISE AHELAS 

NING PRO JA PREBIOOTIKUMIDE KOOSMÕJU 
CAMPYLOBACTER SPP. TÜVEDELE IN VITRO

Termofi ilsed kampülobakterid on sagedased akuutse gastroenteriidi 

tekitajad inimestel. Kampülobakterenteriiti haigestumise peamisteks 

põhjusteks on ebapiisavalt kuumtöödeldud või kuumtöötluse järgselt 

kampülobakteritega saastunud broileriliha tarbimine. Seepärast 

võib Campylobacter spp. laialdane levik broileriliha tootmise ahelas 

kujutada tõsist ohtu tarbija tervisele. Viimastel aastatel on esile tõusnud 

ka Campylobacter spp. antibiootikumidele resistentsuse probleem, 

kuna on avastatud kampülobakterite multiresistentseid tüvesid nii 

veterinaarmeditsiinis kui humaanmeditsiinis isoleeritud tüvede seas. 

Arvestada tuleb sellega, et antibiootikumidele resistentsete tüvede 

poolt põhjustatud kampülobakterenteriit ei pruugi alluda tõsisemate 

vaevuste korral vajalikuks osutunud antibiootikumravile. Seepärast on 

oluline kõigepealt teaduslike baasuuringute raames välja selgitada pro- ja 

prebiootikumide võimalused pärssimaks antibiootikumidele tundlikke ja 

resistentsete Campylobacter spp. isolaatide elutegevust in vitro, et tulevikus 

saaks jätkata rakenduslike uuringutega. Probiootikumideks nimetatakse 

inimese soolestikust isoleeritud eluvõimelisi mittepatogeenseid baktereid, 

mis omavad kliiniliselt tõestatud kasulikku toimet peremeesorganismile. 

Prebiootikumidena tuntakse lisandeid, mida ei lagundata maos ja 

peensooles, kuid on sobivaks toitaineks probiootilistele bakteritele nii 

organismi jämesooles kui ka probiootikume sisaldavates toiduainetes.

Käesolevas töös uuriti aastatel 2002-2007 Campylobacter spp. 

levikut farmi, tapamaja ja jaemüügi tasandil, et saada ülevaade 

Campylobacter spp. kontaminatsiooni ulatusest Eestis (I). Töö raames 

määrati aastatel 2005-2006 isoleeritud Campylobacter spp. tüvede 

resistentsus antibiootikumide suhtes, et hinnata probleemi tõsidust Eestis 

(II). Töös uuriti ka probiootiliste bakterite testtüvede (kombinatsioonis 

1% oligofruktoosi või 1% inuliiniga ja prebiootikumideta) mõju 

antibiootikumidele tundlike ja resistentsete C. jejuni isolaatidele in vitro, 

et hinnata probiootikumide antimikroobseid omadusi nii broileriliha 

kui ka inimese väljaheite proovidest isoleeritud kampülobakterite suhtes 
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(III, IV). Mueller Hintoni (MH) puljongites määrati probiootikumide 

poolt produtseeritud orgaaniliste hapete kontsentratsioon ning 

kasvukeskkonna pH, et välja selgitada orgaaniliste hapete sisalduse, pH 

muutuse ja C. jejuni arvukuse vahelised seosed. Töö käigus uuriti ka 

prebiootikumide mõju probiootikumide eluvõimelisusele ja aktiivsusele, 

et hinnata nende koosmõju erinevates kasvukeskkondades, ning välja 

töötada sobivad kombinatsioonid C. jejuni valitud tüvede elutegevuse 

pärssimiseks in vitro (III, IV).

Uuringute teostamiseks farmi tasandil koguti ja analüüsiti aastatel 2005-

2006 kokku 1254 värsket roojaproovi. Vaatluse all oli 60 broilerikarja. 

Igast uuritud karjast võeti kord kuus neli koondproovi, milles üks 

koondproov sisaldas kümmet osaproovi. Tapamaja tasandil võeti aastatel 

2005-2007 kord nädalas kokku 1819 umbsoolesisaldise proovi, mis 

pärinesid 240 broilerikarja tapapartiist. Jaemüügi tasandil uuriti aastatel 

2002-2007 kokku 1320 Eesti päritolu broileriliha proovi, mis võeti kord 

nädalas. Analüüsid teostati Eesti Maaülikooli (EMÜ) veterinaarmeditsiini 

ja loomakasvatuse instituudi toiduhügieeni osakonnas ning Tartu 

Veterinaar- ja Toidulaboratooriumis.

Campylobacter spp. isoleerimine ning identifi tseerimine rooja- 

ja umbsoolesisaldise poovidest toimus Tartu Veterinaar- ja 

Toidulaboratooriumi tööjuhendi (Tööjuhend nr. 2, 4DB-TJ-9) järgi. 

Campylobacter spp. määramiseks broileriliha proovidest kasutati NMKL 

meetodit (NMKL Method, vol. 119). 

Kõiki proove inkubeeriti Prestoni puljongis 24 tundi temperatuuril 42 °C. 

Seejärel külvati 10 μl inkubeeritud puljongit mCCDA (modifi tseeritud 

puusüsi-tsefaperasoon-deoksükolaat agar) selektiivagarile, mida 

inkubeeriti 48 tundi 42 °C juures. Puhaskultuuride väljaselekteerimiseks 

tehti külvid Campylobacter spp. tüüpilistest kolooniatest mitteselekteerivale 

Brucella veriagarile, mida inkubeeriti 24 tundi temperatuuril 42 °C. 

Kõiki eelmainitud proove inkubeeriti mikroaeroobsetes tingimustes. 

Isoleeritud Campylobacter spp. tüvedega teostati tõestuskatsed standardi 

ISO 10272-1:2006(E) järgi: liikuvuse hindamine, Grami järgi 

värvustumine, oksüdaas- ja katalaastest, hipuraat-test ja nalidiksiinhappe 

tundlikkuse test. Täiendavalt biokeemilistele testidele kasutati C. jejuni 

131 isolaadi liigiliseks identifi tseerimiseks ka polümeraasi ahelreaktsiooni 

(PCR) meetodit. 



110

Kampülobakterite antibiootikumide suhtes tundlikkuse väljaselgita-

miseks kasutati minimaalse inhibeeriva kontsentratsiooni määramise 

testi (VetMICTM CAMP test, National Veterinary Institute; Uppsala, 

Sweden). Määrati tundlikkus enrofl oksatsiini, nalidiksiinhappe, 

erütromütsiini, gentamütsiini ja oksütetratsükliini suhtes. C. jejuni 

puhaskultuurid inkubeeriti Brucella veriagaril 37 °C juures 48 tundi. 

Seejärel viidi 1 μl aasaga C. jejuni baktermassi 10 ml Ca++ ja Mg++ 

katioonidega Mueller Hintoni (CAMHB) puljongisse, mida inkubeeriti 

temperatuuril 37 °C 24 tundi. Pärast inkubeerimist kanti lahjendatud 

baktersuspensioon VetMIC™ CAMP mikroplaadi aukudesse. 

Mikroplaadid inkubeeriti temperatuuril 37 °C 40 tundi ning seejärel 

loeti tulemused. Kõik proovid inkubeeriti mikroaeroobses keskkonnas. 

Antibiootikumidele tundlikkuse või resistentsuse alusel valiti välja 

edasisteks bakterite interaktsioonide uuringuteks kuus C. jejuni isolaati. 

Valitud probiootiliste bakterite (L. acidophilus ATCC 4356, L. fermentum 
ATCC 14931, B. bifi dum Bb12, B. longum B46) ja C. jejuni isolaatide 

(C. jejuni L30.1, C. jejuni L23.1, C. jejuni L06.06, C. jejuni C135, C. jejuni 
C1055, C. jejuni ATCC 33291) vaheliste interaktsioonide uuringuteks 

kasutati segatud bakterkultuuride katseid. Selleks viidi 100 μl eelnevalt 

inkubeeritud probiootilist bakterkultuuri ja C. jejuni bakterkultuuri 

koos MH puljongisse (keskmiselt 106 bakterit/ml), mida inkubeeriti 

temperatuuril 37 °C 48 tundi mikroaeroobses keskkonnas. Vastavalt 

planeeritud katseseeriatele, lisati MH puljongisse ka 1% oligofruktoosi 

või 1% inuliini. Katses viidi probiootilised bakterkultuurid ja C. jejuni 
isolaadid parallelselt ka kontrollproovidesse, sisaldades vaid ühte 

probiootilist bakterkultuuri või C. jejuni tüve, mida inkubeeriti eeltoodud 

tingimustes. Probiootiliste bakterite ja C. jejuni arvu selektiivseks 

loendamiseks nii kontrollproovides kui ka segatud bakterkultuuridega 

MH puljongites tehti probiootikumide külvid MRS (de Man, Rogosa, 

Sharp) agarile, mida inkubeeriti temperatuuril 37 °C, ning C. jejuni külvid 

mCCDA agarile, mida inkubeeriti temperatuuril 42 °C. Väljakülvid 

MH puljongist ja pH mõõtmine teostati 0., 24. ja 48. katsetunnil. 

Probiootikume inkubeeriti anaeroobsetes tingimustes, välja arvatud 

L. acidophilus ATCC 4356, mida sarnaselt C. jejuni tüvedega inkubeeriti 

mikroaeroobses keskkonnas. Probiootikumide poolt kasvukeskkonda 

produtseeritud orgaaniliste hapete sisalduse määramine toimus 24. 

ja 48. katsetunnil kõrgefektiivse vedelikkromatograafi a (HPLC) abil. 

Pro- ja prebiootikumide vaheliste koosmõjude hindamiseks määrati 
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probiootiliste bakterite arvukus nii jogurtiproovides kui ka MH puljongi 

kontrollproovides vastavalt eeltoodud metoodikale.

Uurimistöös jõuti järgmiste tulemuste ja järeldusteni. Campylobacter 

spp. isoleeriti 163 (12.3%) Eesti päritolu broileriliha proovist jaemüügi 

tasandil ja 115 (6.3%) umbsoolesisuproovist tapamaja tasandil. Farmi 

tasandil osutusid kõik 1254 värsket roojaproovi Campylobacter spp. suhtes 

negatiivseks. Järelikult oli Campylobacter spp. kontaminatsioon Eestis 

kõikidel broileriliha tootmise tasanditel madal võrreldes samalaadsete 

uuringute tulemustega Euroopa Liidus. Vaatamata sellele tuleb 

seniseid ettevõtte enesekontrolli alaseid ja riiklikke uuringud jätkata. 

Täiendavalt tuleks teostada süstemaatilisi uuringuid Campylobacter spp. 

esinemissageduse kohta broilerikarjades farmi tasandil. See loob võimaluse 

avastada Campylobacter spp. suhtes positiivsed karjad enne tapamajja 

jõudmist, mis omakorda võimaldab vältida Campylobacter-negatiivse 

tapapartii ja broileriliha saastumist vastavalt kas tapamaja või jaemüügi 

tasandil.

Uurimistulemused näitasid, et Eesti broileriliha tootmise ahelas 

esineb Campylobacter spp. levikus kõrghooaeg juulist septembrini. 

Seepärast tuleb tagada hügieeninõuete järjepidev täitmine läbi HACCP 

printsiipide, Heade Hügieeni Tavade ja bioohutuse meetmete, et hoida 

Campylobacter spp. esinemissagedus ja levik Eesti broileriliha tootmise 

ahelas nii madalal kui võimalik.

Campylobacter spp. liigiline identifi tseerimine näitas, et C. jejuni (98.2%) 

oli Eesti broileriliha tootmise ahelas kõige enam isoleeritud liik, millele 

järgnesid C. coli (1.4%) ja C. lari (0.4%).

Uurimistulemustest selgus, et aastatel 2005-2006 osutusid 104 (79.4%) 

C. jejuni isolaati resistentseks ühe või enama testitud antibiootikumi 

suhtes. Järelikult tuleks jätkata isoleeritud Campylobacter spp. tüvede 

tundlikkuse määramist antibiootikumidele ning võtta kasutusele 

täiendavad meetmed, et minimeerida või vältida veel ulatuslikumat 

antibiootikumidele resistentsete C. jejuni isolaatide teket ja 

levikut. Täiendavalt tuleks teostada uuringuid Campylobacter spp. 

antibiootikumidele resistentsuse tekkemehhanismide väljaselgitamiseks.
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Saadud tulemused näitasid, et 27.5% isoleeritud C. jejuni tüvedest 

olid multiresistentsed, kusjuures kõik isolaadid olid resistentsed 

enrofl oksatsiinile. Antud tulemus on murettekitav, sest multiresistentsuse 

kõrge näitaja Campylobacter spp. isolaatide seas oli antud uuringute põhjal 

üks kõrgemaid võrreldes samalaadsete uuringute tulemustega Euroopa 

Liidus. Seepärast tuleks farmi tasandil teostada põhjalikumat seiret ja 

järelevalvet antibiootikumide, eelkõige fl uorokinoloonide, kasutamine 

üle Eestis. Campylobacter spp. välja kujunenud multiresistentsus 

antibiootikumidele kujutab tõsist ohtu rahva tervisele.

In vitro segatud bakterkultuuride katsed näitasid, et L. acidophilus 
ATCC 4356 kombinatsioonis 1% inuliini või 1% oligofruktoosiga ning 

B. bifi dum Bb12 ja B. longum B46 kombinatsioonis 1% oligofruktoosiga 

inhibeerisid täielikult kõikide testitud C. jejuni isolaatide elutegevuse. 

Järelikult said selleks, et vähendada C. jejuni arvu ja pärssida tema 

elutegevust, välja töötatud efektiivsed pro- ja prebiootikumide 

kombinatsioonid in vitro. Siiski tuleks täiendavalt teostada nii in vitro 

kui ka in vivo uuringud, et isoleerida ja identifi tseerida broileritelt pärit 

tõhusad probiootilised bakterid ja kombinatsioonis prebiootikumiga 

välja selgitada nende võime pärssida kampülobakterite elutegevust 

broilerite seedetraktis konkurentsmikrofl oora abil. 

Uurimistulemused näitasid, et probiootikumide toime oli samalaadne 

(P > 0.05) nii neile testitud C. jejuni tüvedele, mis isoleeriti kas 

broilerilihalt või inimese väljaheitest, kui ka neile, mis olid tundlikud või 

resistentsed uuritud antibiootikumidele. Järelikult probiootiliste bakterite 

antimikroobne aktiivsus C. jejuni suhtes sõltus eelkõige probiootikumi 

liigist ja lisatud prebiootikumist, mitte aga C. jejuni tüvest. 

Saadud in vitro tulemused annavad alust arvata, et valitud probiootikumide 

antimikroobne aktiivsus kombinatsioonis sobiva 1% prebiootikumiga 

kõikide testitud C. jejuni suhtes on põhjendatav probiootikumide 

poolt intensiivse orgaaniliste hapete produtseerimisega, mille 

tagajärjel kasvukeskkonna pH vähenes kampülobakterite elutegevust 

pärssivale tasemele, vahemikuni 4.28-4.69. Täiendavalt tuleks uurida 

kampülobakterite elutegevust mõjutavaid probiootikumide poolt esile 

kutsutud antimikroobseid mehhanisme.
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Uurimistulemustest selgus, et prebiootikumide tõhusus probiootikumide 

eluvõime ja aktiivsuse mõjutamisel sõltus kõige enam selle 

kontsentratsioonist kasvukeskkonnas. Majanduslikel kaalutlustel ja 

prebiootiliste lisandite efektiivsuse olemasolu tõttu osutus optimaalseks 

koguseks 1% (kg/l). Prebiootikumidest suurendasid probiootikumide 

aktiivsust ning arvukust eelkõige oligofruktoos ja seejärel inuliin. Järelikult 

antud prebiootikumid koostoimes valitud probiootikumidega osutusid 

sobilikuks inhibeerimaks C. jejuni arvukust ja elutegevust in vitro.
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products and related risks to consumers’ health. 
Supervisors: Alida Kiis, Kadrin Meremäe.
Kristiina Kuik-Tõnissoo. Determination of 
susceptibility of Campylobacter spp. isolated from 
Estonia. Supervisors: Mati Roasto, Kadrin Meremäe.
Marko Breivel. Evaluation of production hygiene 
in meat industry. Supervisors: Mati Roasto, Kadrin 
Meremäe.

Training activities:
VL.0649 Microbiology of foodstuff s (9 ECTS)
VL.0169 Hygiene of milk and dairy products (6 ECTS)
VL.0516 Technology of dairy products (6 ECTS)



160

In-service 
training:
2009, 04.–06.05

2008, 16.–19.06

2007, 10.–12.12

2007, 22.–23.10

2007, 22.–23.01

2007, 09.02

2007, 25.01–02.02

2006, 16.08–30.09

2005, 01.05–01.06

2003/2004, 
01.12.–31.01.
2003, 20.–29.04

SAFOODNET 3th seminar: „Risk management by 
hygienic design and effi  cient sanitation programs“, 
Estonia, Tallinn.
Clostridium botulinum – epidemiology, diagnosis, 
genetics, control and prevention, Th e University of 
Helsinki, Finland.
SAFOODNET 1st workshop „Detection and 
identifi cation of harmful microbes”, Veterinary 
Research Institute Brno, Chech Republic.
SAFOODNET 2nd seminar: „Risk assessment of 
microbial problems and preventive actions in food 
industry”, Istanbul, Turkey.
SAFOODNET 1st seminar: „Microbial contaminants 
and contamination routes in food industry”, Espoo, 
Finland.
Retraining program „Composeing distance learning 
couse by WebCT instruments“, 1.5 ECTS, Estonia, 
Tartu.
Retraining program „Using the statistical package 
STATISTICA 7.0“, Tartu University, Estonia, Tartu.
Teaching at university, 3.5 ACTS, Tartu University, 
Estonia, Tartu.
Teaching at university, 3.5 ACTS, Estonian 
Agricultural University, Estonia, Tartu.
Teaching at university, 1.5 ECTS, Tartu University, 
Estonia, Tartu.
Animal Welfare and Measuring Methods of Welfare, 
3.5 ECTS, Th e University of Helsinki, Finland.

Awards:
2009
2009
2009
2008
2007
2006
2005
2003

Scholarship from Estonian World Council
Scholarship from Estonian Students’ Fund 
Scholarship of the Raefond of Eesti Maaülikool
Scholarship of the Raefond of Eesti Maaülikool
Scholarship of the Raefond of Eesti Maaülikool
Laureate of DeLaval scholarship, III level
Laureate of DeLaval scholarship, I level
Laureate of state contest for students degree works of 
Estonian Ministry of Education and Research, II level
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CURRICULUM VITAE

Eesnimi: Kadrin
Perekonnanimi: Meremäe
Sünniaeg: 19.05.1980

Töökoht: Eesti Maaülikool, 
Veterinaarmeditsiini ja loomakasvatuse 
instituut, 
Toiduhügieeni osakond, 
Kreutzwaldi 58A, 51014, Tartu, Eesti
Tel: +372 731 3431 
E-mail: kadrin.meremae@emu.ee 

Ametikoht: Lektor
Haridus:
2005–2010

2003–2005

1999–2003

1995–1998

Eesti Maaülikool, doktoriõpe, 
Veterinaarmeditsiini ja toiduteaduse eriala 
Eesti Põllumajandusülikool, 
Veterinaarmeditsiini ja loomakasvatuse 
instituut, piimatehnoloogia magistriõpe 
Eesti Põllumajandusülikool, 
Loomaarstiteaduskond, piimatehnoloogia 
bakalaureuseõpe
Tartu Kommertsgümnaasium

Teaduskraad: MSc. piimatehnoloogias
Keelteoskus: Inglise keel
Teenistuskäik:
Alates 2005

2004–2005

Eesti Maaülikool, Veterinaarmeditsiini ja 
loomakasvatuse instituut, Toiduhügieeni 
osakond, lektor;
Eesti Põllumajandusülikool, 
Veterinaarmeditsiini ja loomakasvatuse 
instituut, Toiduhügieeni ja –kontrolli osakond, 
assistent.
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Teadustöö põhisuunad:

Toiduhügieen ja –ohutus, toiduainete 
mikrobioloogia

Osalemine uurimisprojektides:
2005–2008 Eesti Maaülikooli baasfi nantseerimise projekt: 

„Bioloogilised ja keemilised ohud toidu tootmise 
ahelas ja nende minimeerimise võimalused“, 
põhitäitja.

Teadusorganisatsiooniline ja -administratiivne tegevus:
Alates 2008
Alates 2006

Eesti Mikrobioloogide Ühenduse liige
Ameerika Mikrobioloogia Ühingu liige

Juhendamisel kaitstud magistritööd:
2009

2009

2008

2006

2006

Merle Orav. Määrete ja kohukeste rasvhappeline 
koostis. Juhendajad: Kadrin Meremäe, Merike 
Henno, Sirje Kuusik.
Maila Kuus. Siidri mikrobioloogiliste ja 
keemiliste näitajate hindamine joogitööstuse 
näitel. Juhendajad: Kadrin Meremäe, Mati 
Roasto.
Erki Kippasto. Hüdrogeenitud taimerasvade 
kasutamine piimatoodetes ning ohud tarbija 
tervisele. Juhendajad: Alida Kiis, Kadrin 
Meremäe.
Kristiina Kuik-Tõnissoo. Eestis isoleeritud 
Campylobacter spp. antibiootikumitundlikkus. 
Juhendajad: Mati Roasto, Kadrin Meremäe.
Marko Breivel. Tootmishügieeni hindamine 
lihatööstusettevõttes. Juhendajad:  Mati Roasto, 
Kadrin Meremäe.

Ülikoolis läbi viidav õppetöö:

VL.0649 Toiduainete mikrobioloogia (6 EAP)
VL.0169 Piim ja piimasaaduste hügieen (4 EAP)
VL.0516 Piimatoodete tehnoloogia (4 EAP)
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Erialane enesetäiendus:
2009, 04.–06.05

2008, 16.–19.06

2007, 10.–12.12

2007, 22.–23.10

2007, 22.–23.01

2007, 09.02

2007, 25.01–02.02

2006, 16.08–30.09

2005, 01.05–01.06

2003/2004, 
01.12.–31.01.
2003, 20.–29.04

SAFOODNET 3th seminar: „Risk management 
by hygienic design and effi  cient sanitation 
programs“, Eesti, Tallinn.
Clostridium botulinum – epidemiology, 
diagnosis, genetics, control and prevention, Th e 
University of Helsinki, Soome.
SAFOODNET 1st workshop „Detection and 
identifi cation of harmful microbes”, T ehhi, 
Brno.
SAFOODNET 2nd seminar: „Risk assessment 
of microbial problems and preventive actions in 
food industry”, Istanbul, Türgi.
SAFOODNET 1st seminar: „Microbial 
contaminants and contamination routes in food 
industry”, Espoo, Soome.
Kaugkoolituskursuse loomine WebCT 
vahenditega, Eesti Maaülikool, 1.5 EAP, Eesti, 
Tartu.
Statistiline andmeanalüüs programmiga 
STATISTICA 7.0, Tartu Ülikool, Eesti, Tartu.
Õpetamine kõrgkoolis (maht 2 AP), Tartu 
Ülikool, Eesti, Tartu.
Õpetamine kõrgkoolis (maht 2 AP), Eesti 
Põllumajandusülikool, Eesti, Tartu.
Õpetamine ülikoolis, 1.5 EAP, Tartu Ülikool, 
Eesti, Tartu.
Animal Welfare and Measuring Methods of 
Welfare, 3.5 EAP, Helsingi Ülikool, Soome.

Tunnustused:
2009
2009
2009
2008
2007
2006
2005
2003

Ülemaailmse Eesti Kesknõukogu stipendium
Eesti Üliõpilaste Toetusfondi stipendium
Eesti Maaülikooli Raefondi stipendium
Eesti Maaülikooli Raefondi stipendium
Eesti Maaülikooli Raefondi stipendium
DeLaval’i nimelise stipendiumi laureaat, III tase
DeLaval’i nimelise stipendiumi laureaat, I tase 
Eesti Haridus- ja Teadusministeeriumi 
üliõpilaste teadustööde riiklik konkurss, 
II preemia
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LIST OF PUBLICATIONS

1.1. Scientifi c articles indexed by Th omson Reuters Web of Science

Meremäe, K., Roasto, M., Tamme, T., Ivanova, M., Hänninen, M.-

L., Elias, P. 2010. In vitro study of the antimicrobial eff ect of selected 

probiotics combined with prebiotics on Campylobacter jejuni. Archiv für 

Lebensmittelhygiene. In Press.

Tamme, T., Reinik, M., Püssa, T., Roasto, M., Meremäe, K., Kiis, 

A. 2010. Dynamics of nitrate and nitrite content during storage of 

homemade and small-scale industrially produced raw vegetable juices 

and their dietary intake. Food Additives and Contaminants. In Press.

Tamme, T., Reinik, M., Püssa, T., Roasto, M., Meremäe, K., Kiis, 

A. 2010. Nitrate in leafy vegetables, culinary herbs and cucumber 

grown under cover in Estonia: content and intake. Food Additives and 

Contaminants. In Press.

Meremäe, K., Elias, P., Tamme, T., Kramarenko, T., Lillenberg, M., 

Karus, A., Hänninen, M.-L., Roasto, M. 2010. Th e occurrence of 

Campylobacter spp. in Estonian broiler chicken production in 2002-

2007. Food Control, 21(3), 272-275.

Tamme, T., Reinik, M., Roasto, M., Meremäe, K., Kiis, A. 2009. Impact 

of food processing and storage conditions on nitrate content in canned 

vegetable-based infant foods. Journal of Food Protection, 72(8), 1764-

1768.

Roasto, M., Praakle-Amin, K., Meremäe, K., Tamme, T., Hörman, A., 

Lillenberg, M., Hänninen, M.-L. 2009. Food control and research on 

Campylobacter spp. in Estonia. Archiv für Lebensmittelhygiene, 60, 109-

115.

Roasto, M., Juhkam, K., Tamme, T., Hörman, A., Häkkinen, L., Reinik, 

M., Karus, A., Hänninen, M.-L. 2007. High level of antimicrobial 

resistance in Campylobacter jejuni isolated from broiler chickens in 

Estonia in 2005 and 2006. Journal of Food Protection, 70(8), 1940-

1944.
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Juhkam, K., Elias, P., Roasto, M., Tamme, T.  2007. Viability of 

Lactobacillus acidophilus in yoghurt containing inulin or oligofructose 

during refrigerated storage. Milchwissenschaft/Milk Science International, 

62(1), 52-54.

Reinik, M., Tamme, T., Roasto, M., Juhkam, K., Tenno, T., Kiis, A. 

2007. Polycyclic aromatic hydrocarbons (PAHs) in meat and estimated 

PAH intake by children and general population in Estonia. Food 

Additives and Contaminants, 24(4), 429-437.

Tamme, T., Reinik, M., Roasto, M., Juhkam, K., Tenńo, T., Kiis, A. 

2006. Nitrates and nitrites in vegetables and vegetable-based products 

and their intakes by the Estonian population. Food Additives and 

Contaminants, 23(4), 355-361.

Reinik, M., Tamme T., Roasto, M., Juhkam, K., Jurtšenko, S., Tenńo, 

T., Kiis A. 2005. Nitrites, nitrates and N-nitrosoamines in Estonian 

cured meat products: Intake by Estonian children and adolescents. Food 

Additives and Contaminants, 22(11), 1098-1105.

1.2. Peer-reviewed articles in other international research journals 
with an ISSN code:

Roasto, M., Kovalenko, K., Praakle-Amin, K., Meremäe, K., Tamme, 

T., Kramarenko, T. 2010. Review of the contamination and health 

risks related with Campylobacter spp. and Listeria monocytogenes in food 

supply with special reference to Estonia and Latvia, Agronomy Research. 

In Press.

1.3. Papers in Estonia and in other peer-reviewed research journals 
with a local editorial board:

Juhkam, K., Elias, P., Laikoja, K. 2003. Probiootikumide sisaldus Eesti 

piimatoodetes. Agraarteadus XIV, 4, 209-213.
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3.4. Papers published in the proceedings of international 
conferences:

Gennaris, S., Roasto, M., Rychlik, I., Eyigör, A., Možina, S.S., Vučak, 

C., Özer, N.P., Juhkam, K. et al. 2008. Microbial detection with special 

reference to current issues and future considerations in the food industry. 

In: G. Wirtanen and S. Salo (Eds.) Risk Assessment of Microbial Problems 

and Preventive Actions in Food Industry, VTT Technical Research 

Centre of Finland, Edita Prima Oy, Finland, pp. 111-121. ISBN: 978-

951-38-6325-8; ISBN: 0357-9387. 

Roasto, M., Praakle-Amin, K., Juhkam, K., Tamme, T., Hörman, A., 

Hänninen, M-L. 2008. Food Control and research on Campylobacter spp. 

in Estonia. Th e First International Meeting on Food Control Research, 

University of Helsinki, Finland, October 15-17, 2008. University of 

Helsinki, Finland: University of Helsinki Press, 2008, 28-29.

Roasto, M., Juhkam, K., Tamme, T., Praakle, K., Hörman, A., Hänninen, 

M.-L. 2007. Antimicrobial resistance in Campylobacter jejuni isolated 

from broiler chickens in Estonia during periods 2002-2003 and 2005-

2006. XIII International Congress in Animal Hygiene ISAH-2007, 

Proceedings, Volume 2, 785-789.

Roasto, M., Reinmüller, B., Vokk, R., Baysal, A.H.D., Polanc, J., 

Veskus, T., Juhkam, K. et al. 2007. Bacterial foodborne pathogens of 

concern, In: G. Wirtanen and S. Salo (Eds.) Microbial Contaminants 

& Contamination Routes in Food Industry, VTT Technical Research 

Centre of Finland, Edita Prima Oy, Finland, pp. 116-128. ISBN: 978-

951-38-6320-3; ISBN: 1455-0873. 

3.5. Papers published in the proceedings of Estonian conferences:

Roasto, M., Praakle-Amin, K., Juhkam, K., Tamme, T., Hänninen, 

M-L. 2008. Termofi ilsed kampülobakterid toidupatogeenidena, 

kontaminatsioon ja tüvede tundlikkus antibiootikumidele. In: 

Veterinaarmeditsiin 2008: Veterinaarmeditsiin 2008, 31. oktoober - 
1. november, Tartu. Tartu: Eesti Loomaarstide Ühing, 24-25.
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Juhkam, K. 2008. Prebiootikumide mõju Bifi dobacterium spp. arvukusele 

ja säilivusvõimele biojogurtites. In: Talveakadeemia 2008, 29. veebruar – 

2. märts, Pärnumaa, 1-6.

Juhkam, K., Elias, P., Laikoja, K. Lactobacillus  acidophilus ja 

Bifi dobacterium spp. hapupiimatoodetes. In: Veterinaarmeditsiin 2003: 

Veterinaarmeditsiin 2003, 20. – 22. november, Eesti Loomaarstide Ühing, 

Tartu, 21-24.

Tamme, T., Reinik, M., Kiis, A., Juhkam, K., Roasto, M. 2003. Nitraadid 

ja nitritid köögiviljades ja toormahlades. In: Veterinaarmeditsiin 2003: 
Veterinaarmeditsiin 2003, 20. – 22. november, Eesti Loomaarstide Ühing, 

Tartu, 25-27.

5.2. Th esis published in the proceedings of international 
conferences:

Praakle-Amin, K., Roasto, M., Juhkam, K., Tamme, T., Korkeala, H., 

Hänninen, M.-L. 2008. Prevalence and antimicrobial susceptibility of 

Campylobacter isolated from retail poultry meat and broiler chickens 

in Estonia. Food Micro, Evolving microbial food quality and safety. 

Conference Proceedings (337-338). Aberdeen, Scotland: University of 

Aberdeen.

6.2. Study books and chapters in study books

Roasto, M., Juhkam, K., Tamme, T. „Valdkondi toiduteaduses“ 

(Essentials of Food Science). Tartu: Eesti Maaülikool, Halo Kirjastus, 

2006. 190 lk. ISBN-10: 9985-9724-0-6; ISBN-13: 978-9985-9724-0-

3, in estonian language; 

Roasto, M., Tamme, T., Juhkam K. „Toiduhügieen ja ohutus“ (Food 

Hygiene and Safety – second, improved version). Teine, parandatud ja 

täiendatud trükk. Tartu: Eesti Maaülikool, 2006. 151 lk. ISBN 9985-

9582-0-9, in estonian language; 

Roasto, M., Tamme, T., Juhkam K. „Toiduhügieen ja ohutus“ (Food 

Hygiene and Safety). Tartu: Eesti Põllumajandusülikool, Halo Kirjastus, 

2004. 237 lk. ISBN 9985-9582-0-9, in estonian language.






