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1 INTRODUCTION 
 

Generally low temperature storage (at 4-6°C) is the main method of preserving raw milk in 

farms and processing plants. However, this kind of storage practice is not enough to 

control the growth of psychrotrophic bacteria which are able to grow well below 7°C. It is 

well recognized that the growth of many Gram-negative psychrotrophic bacteria (such as 

Pseudomonas, Acinetobacter or Aeromonas) cause considerable defects in the product 

quality such as flavor defects, emulsion degradation and gelation in the products by their 

heat resistant extracellular enzymes lipases and/or proteases (Zall 1990; Barbano et al. 

2006; Hantsis-Zacharov and Halpern 2007).  In addition, a few studies reported that a 

significant proportion of these problematic psychrotrophic bacteria showed extensive 

resistance to many functional classes of antibiotics and the level of multiple antibiotic 

resistant traits increased along the cold chain of raw milk storage and transportation 

(Straley et al. 2006; Munsch-Alatossava and Alatossava 2007).  

 

Since last few decades, antibiotic resistance in bacteria has been increasingly recognized as 

a worldwide clinical and public health problem (Levy 2002). The increased use of 

antibiotics, both in human or animal medicine, is considered as a prime factor in spreading 

the antibiotic resistance problem (Aarestrup 1999; Hawkey and Jones 2009). However, the 

contribution of agricultural use of antibiotics on the emergence of antibiotic-resistant 

bacteria cannot be underestimated; especially the increased antibiotic resistance in enteric 

bacteria is concerned (Levy and Marshall 2004). Silbergeld et al. (2008) in a review 

claimed that the use of antimicrobial drugs in agriculture is the major driving force in 

spreading the antimicrobial resistance worldwide citing four evidences: the agriculture is 

the largest user of antimicrobials worldwide, the antimicrobial drugs in agriculture are used 

mostly in subtherapeutic levels, every clinical class of drugs has been employed in 

agriculture, and the antimicrobial-resistant pathogens are exposed to human via animal 

food products and are also disseminated to the environment. 

 

In the growing concern of antibiotic resistance in food-related bacteria, many studies were 

undertaken in recent years to assess the antibiotic resistance of bacteria in agricultural 

products such as raw milk (Citak et al. 2005; Straley et al. 2006; Munsch-Alatossava and 

Alatossava 2007), cheese (Valenzuela et al. 2009), raw vegetables (Boehme et al. 2004), 

ground meat products (White et al. 2001), poultry and their products (Sackey et al. 2001; 

Ahmed et al. 2009) and so on. These studies reported that a significant proportion of 
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isolates recovered from the food products demonstrated extensive resistance to antibiotics. 

The resistant bacteria through food products can transfer the resistance genes to the 

intestinal flora of humans and the commensal flora can be a reservoir of resistance genes 

for pathogenic bacteria (van den Bogaard 2000; Aarestrup et al. 2008). The antibiotic 

resistance in raw milk associated bacteria is of significant importance as raw milk is still 

consumed directly in many farm families, their employees and nearby families in many 

parts of the world, including the United States (Shiferaw et al. 2000; Oliver et al. 2009). 

Although pasteurization of raw milk is enough to kill the pathogens and many 

contaminants, however, the risk from the recontamination of pasteurized milk by 

contaminating bacteria (including the psychrotrophic bacteria) cannot be ignored (Eneroth 

et al. 1998).  

 

This study aimed to assess the significance of cold storage of raw milk on the antibiotic-

resistant bacterial population, analyse the antibiotic resistance of resistant psychrotrophic 

Gram-negative isolates recovered from the cold-stored raw milk samples and identify these 

isolates by the phenotypic API 20 NE system and a few isolates by the genetic 16S rDNA 

gene sequencing. 

 

In the first part of the thesis, the scientific literature on raw milk psychrotrophic bacteria 

and the antibiotic resistance in food-associated bacteria, particularly milk-associated 

bacteria, is reviewed. In the second part of the thesis, the methods of determining 

antibiotic-resistant bacteria in raw milk during the cold storage period and analysing the 

antibiotic resistance of isolates recovered from the milk samples are explained. In the final 

sections,  the  results  of  the  effect  of  cold  storage  of  raw  milk  on  the  antibiotic-resistant  

bacterial population are discussed, including the antibiotic resistance analysis by the ATB 

PSE 5 system. 
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2 LITERATURE REVIEW 
 

2.1 Bacteria in raw milk 

 

Cow milk is an excellent growth medium for microorganisms since it contains most of the 

nutrients such as carbohydrates, proteins, fats, vitamins and minerals required for the 

growth of microorganisms, combined with higher water activity. Microorganisms enter the 

raw milk in a variety of ways such as from the environment (water, soil, vegetation, 

bedding materials), the udder and the milking and storage environments. Thus the initial 

microbial population in raw milk is highly variable and largely influenced by the type and 

level of contamination during milking. For example, bedding material, untreated water, 

soil  and  vegetation  have  been  reported  as  the  major  sources  of  psychrotrophs;  soil  for  

Coliforms and the bedding material for spore formers. Similarly, mastitis pathogens like 

Staphylococcus spp., E. coli contaminate the milk within the udder due to its infection by 

these pathogens. In addition, milking system, including milking machines, pipelines, bulk 

tanks and bulk tankers could be potential sources of contamination of the milk (Bramley 

and McKinnon 1990; Hayes and Boor 2001).  

 

A diverse group of bacteria can be found in raw milk, both Gram-positives and Gram-

negatives. Gram-positive genera that reported occurring in raw milk include Micrococcus, 

Staphylococcus, Streptococcus, Enterococcus, Lactococcus, Bacillus, Clostridium, 

Lactobacillus, Listeria, Corynebacterium, Arthrobacter or Brevibacterium. Similarly, 

Gram-negative genera that can be detected in raw milk are Campylobacter, Pseudomonas, 

Stenotrophomonas, Acinetobacter, Alteromonas, Flavobacterium, Alcaligenes, Brucella, 

Escherichia, Citrobacter, Salmonella, Enterobacter, Yersinia or Aeromonas (Gilmour and 

Rowe 1990). Raw milk could be a potential source of human pathogens such as 

Campylobacter jejuni, Shiga-toxin-producing Escherichia coli, Listeria monocytogenes, 

Salmonella spp., enterotoxigenic Staphylococcus aureus, Yersinia enterocolitica, 

Mycobacterium bovis, Brucella spp.  or  Coxiella burnetti (Jayarao and Henning 2001; 

Oliver et al. 2009).   
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2.2 Psychrotrophic bacteria during raw milk storage and transportation 

 

The cooling preservation of raw milk has enabled large scale collection, storage and 

processing of raw milk days after milking. Despite the variable initial bacterial population 

in  raw milk,  the  refrigerated  storage  of  milk  after  milking  has  a  significant  effect  on  the  

type and number of bacteria in the cold-stored raw milk. Although refrigeration can largely 

reduce the growth of mesophilic bacteria, however, it has consistently shown that the cold 

storage supports the growth of psychrotrophic bacteria, a group of bacteria that can grow at 

7°C or less and become the main cause of spoilage of raw milk at low temperature storage 

(Bramley and McKinnon 1990; Hayes and Boor 2001; Kumaresan et al. 2007).  

 

Particularly, the temperature of refrigerated storage has a significant effect in the storage 

quality of raw milk as is the initial amount of psychrotrophic bacteria: microbiologically 

good quality milk can be stored for 48 h at 4°C avoiding any significant change in its 

quality (Guinot-Thomas et al. 1995). Lafarge et al. (2004) reported that the increase in 

psychrotrophic bacteria occurred within 24 hours of cold storage and noted a significant 

variation in bacterial population among raw milk samples. Rasolofo et al. (2010) found 

that the psychrotrophic count remained stable up to 3 days storage at 4°C while it increased 

considerably when continued to store up to 7 days. However, these researchers observed 

that the psychrotrophic bacteria rose to a significant level when the milk was stored at 8°C 

within 3 days. In another study in India, Kumaresan et al. (2007) reported that reducing the 

storage temperature from 7°C to 2°C decreased the growth of psychrotrophic bacteria 

significantly and recommended to store the raw milk at 2°C before the milk is processed. 

 

Psychrotrophs, both Gram-positives and Gram-negatives, have been reported in the 

refrigerated milk; the majority of them belong to the genera Pseudomonas, Aeromonas, 

Acinetobacter, Alcaligenes, Achromobacter, Enterobacter, Flavobacterium, Klebsiella, 

Bacillus, Clostridium, Microbacterium, Micrococcus and Corynebacterium, including 

coliforms such as Escherichia, Enterobacter, Citrobacter and Klebsiella (Zall 1990; Hayes 

and Boor 2001). However, Gram-negative Pseudomonas is the predominant 

psychrotrophic bacteria identified in raw milk (Bramley and McKinnon 1990; Uraz and 

Çitak 1998; Munsch-Alatossava and Alatossava 2006; Hantsis-Zacharov and Halpern 

2007; Ercolini et al. 2009; Rasolofo et al. 2010). 
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2.3 Characteristics of raw milk psychrotrophs 

 

Many Gram-negative psychrotrophs in raw milk stored at refrigerated temperature have 

shown to produce extracellular heat-stable proteolytic and lipolytic enzymes. Although the 

Gram-negative psychrotrophs are killed during pasteurization, these heat-resistant enzymes 

are not inactivated at normal pasteurization and ultra-high temperature treatment (UHT) of 

raw milk and these enzymes after the heat treatment degrade the milk and milk products 

(Bramley and McKinnon 1990; Hayes and Boor 2001). 

 

Psychrotrophs expressing both proteolytic and lipolytic characteristics are Pseudomonas 

spp., Achromobacter spp., Acinetobacter spp., Serratia marscescens while some are only 

proteolytic, for example, Flavobacterium spp. (Jayarao and Wang 1999; Hayes and Boor 

2001; Hantsis-Zacharov and Halpern 2007). However, Pseudomonas spp. account about a 

half of the total flora among the Gram-negative psychrotrophic bacteria in raw milk 

(Bramley and McKinnon 1990; Hayes and Boor 2001; Johnson 2001).  

 

Proteases cause bitterness through protein hydrolysis and lipases impart rancid flavor due 

to milk fat hydrolysis. The psychrotrophs and their proteolytic and lipolytic enzymes in 

raw milk are considered primarily responsible for the spoilage of refrigerated milk and 

milk products (Zall 1990; Barbano et al. 2006; Hantsis-Zacharov and Halpern 2007). 

Particularly, Wang and Jayarao (2001) observed that proteinases rather than lipases were 

primarily responsible for the spoilage of raw milk by Pseudomonas fluorescens at the 

refrigerated temperatures. Wiedmann et al. (2000) reported that 58% of 66 Pseudomonas 

isolates tested demonstrated protease and lipase activity. 

 

2.4 Antibiotic resistance in bacteria 

 

2.4.1 Antibiotics 
 

Antibiotics are defined as a group of natural microbial products or synthetic chemical 

compounds that inhibit the growth of and even kill bacteria. Natural antibiotics are 

produced by both bacteria or fungi and act by blocking some essential cell processes in 

other bacteria. Man-made antibiotics also target some of the vital cell mechanisms in 
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bacteria. In addition, another category of antibiotics, i.e. semi-synthetic antibiotics, are the 

chemically modified form of the natural antibiotics to enhance the effectiveness of natural 

antibiotics. The first natural antibiotic isolated in pure form was penicillin and it came into 

clinical practice in the 1940s. Antibiotics are grouped into different classes (Table 1) based 

on their chemical structures: such as -lactams, aminoglycosides, macrolides, ketolides, 

tetracyclines, glycopeptides and others, and based on their mode of actions: such as 

inhibitors of bacterial cell wall synthesis, inhibitors of protein synthesis, disruptors of cell 

membranes and inhibitors of nucleic acid synthesis (Walsh 2003).  

 
Table 1. Major antibiotics grouped according to their mechanisms of action and their chemical structures 
(Levy and Marshall 2004). 

Mechanism of action Antibiotic families 

 
Inhibition of cell wall synthesis Penicillins; cephalosporins; carbapenems; daptomycin; 

monobactams; glycopeptides 
 

Inhibition of protein synthesis Tetracyclines; aminoglyocides; oxazolidonones; 
streptogramins; ketolides; macrolides; lincosamides 

 Inhibition of DNA synthesis Fluoroquinolones 

 Competitive inhibition of folic 
acid synthesis Sulfonamides; trimethoprim 

 Inhibition of RNA synthesis Rifampin/ansamycins 
 Other Metronidazole 
  

Beta-lactams (penicillins, cephalosporins, cephamycins, monobactams, and carbapenems), 

glycopeptides and other antibiotics inhibit the biosynthesis of peptidoglycan, a rigid 

polymer in cell wall that resists a high osmotic pressure inside the cell. In contrast, 

aminoglycosides and tetracyclines complexes with the conserved sequences of the 16S 

rRNA of the 30S ribosomal subunit while macrolides, ketolides, lincosamides and 

chloramphenicol bind to the sequences of the 23S rRNA of the 50S ribosomal unit thus 

affecting the protein biosynthesis (Mascaretti 2003). Antibiotics like fluroquinolones act 

on deoxyribonucleic acid (DNA) gyrase and topoisomerase IV and prevent synthesis of 

DNA and ribonucleic acid (RNA). On the other hand, sulfonamides (for example 

sulfamethoxazole) and trimethoprim interferes in the folic acid metabolism in bacteria that 

indirectly affects the nucleic acid synthesis. Sulfamethoxazole blocks the enzyme 

dihydropteroate synthase in folic acid synthesis while trimethoprim inhibits the enzyme 

dihydrofolate reductase that supplies the pyridime thymidylate for the DNA biosynthesis 

(Walsh 2003).  
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2.4.2 Antibiotic resistance 

 

When antibiotics were first introduced in clinical practices in the 1940s, they were virtually 

effective against pathogenic bacteria. However, the effectiveness of the antibiotics was 

greatly reduced due to the emergence of the antibiotic-resistant bacteria sooner or later 

after their introduction (Walsh 2003; Aminov 2009). Several new antibiotics, targeting 

essential physiological or metabolic functions of the bacterial cell, were introduced in the 

last several decades but bacteria responded each time by evolving themselves as resistant 

strains (Barbosa and Levy 2000; Levy and Marshall 2004).  

 

Several factors have been implicated for the emergence of the antibiotic-resistant bacteria 

and their spreading in the environment. In general, there is a consensus that the increased 

use of antibiotics is the prime factor for the increased resistance in pathogenic bacteria 

(Levy and Marshall 2004). Not only the antibiotic use in human medicine has been linked 

to the elevated antibiotic resistance in bacteria, the use of antibiotics in veterinary 

medicine, agriculture, aquaculture, horticulture and other human activities have been 

identified as the other driving forces in escalating the problem (Aarestrup 1999; Barbosa 

and Levy 2000; Aminov 2009). 

 

The antibiotics are used for food animal production in one of the following situations: 

treatment of infectious diseases, metaphylactics, prophylactis, and growth promotion 

(Aarestrup 2005). Quantity as much as half of the total antibiotics produced worldwide is 

used for food animal production, primarily as growth promoter and prophylactic agents 

(Aarestrup 1999). Although the use of antibiotics as growth promotion has been banned in 

the European Union (EU), however, it is being continuously used in other parts of the 

world (Levy and Marshall 2004).  This selective pressure on the environment is not 

insignificant for the development of antibiotic resistance in enteric bacteria in animals, 

considering the fact that animals frequently harbor human pathogens in their intestinal tract 

such as Salmonella, Campylobacter, Yersinia, Listeria and enterohaemorrhagic E. coli 

(Aarestrup 1999; Levy and Marshall 2004).  

 

Silbergeld et al. (2008) in a review claimed that the antimicrobial drugs use in agriculture 

is the major driving force in increasing the antimicrobial resistance in bacteria worldwide 

citing four evidences: the agriculture is the largest user of antimicrobials worldwide, the 

antimicrobial drugs in agriculture are used mostly in subtherapeutic levels, every clinical 
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class of drugs has been employed in agriculture, and the antimicrobial-resistant pathogens 

are exposed to human via animal food products and are also disseminated to the 

environment. An intervention on antibiotics use in agriculture brought a major reduction in 

the antibiotic resistance in food isolates. For example, the ban of antibiotics use for growth 

promotion in most countries during the 1990s resulted in a significant reduction in the 

antibiotic resistance in food animals and animal food products (Aarestrup et al. 2008). 

 

A  bacterial  strain  is  defined  as  resistant  strain  to  an  antibiotic  when  the  strain  is  able  to  

grow  at  the  lowest  concentration  of  the  antibiotic  that  usually  inhibits  the  growth  of  the  

wild strain belonging to the same species. This lowest concentration of the antibiotic that 

effectively prevents the growth of a particular strain is called minimum inhibitory 

concentration (MIC). The antibiotic resistance may be either intrinsic or acquired 

resistance. The intrinsic resistance is caused by structural or functional characteristics 

inherited to a bacterial group (that includes species, genus or even to a higher level) such 

as the low affinity of the antibiotics to the target, the inability of the antibiotics to enter the 

bacterial cell, removal of the antibiotics from the cell by chromosomally encoded active 

exporters, inactivation of antibiotics by innate enzymes and other mechanisms 

(Guardabassi and Courvalin 2006).  

 

Unlike intrinsic resistance, the acquired resistance is inherited to only some strains of a 

particular genus or species. However, the acquired resistance possesses a serious problem 

as it causes the emergence and spread of resistance to the usually susceptible bacteria. This 

mobile nature of acquired resistance can easily disseminate among bacteria of 

morphologically and ecologically distinct groups (horizontal transfer) through mobile 

genetic elements such as bacteriophages, plasmids, naked DNA or transposons. In 

addition, mutation on genetic elements can also enable bacteria to acquire the resistance to 

a particular antibiotic (Levy and Marshall 2004). The process of acquisition of resistance 

genes can be through transduction in which bacteriophages mediates the transfer of DNA 

having resistant determinants into the host cell or the transformation which involves the 

uptake of plasmids or naked DNA from the environment. Another important process of 

acquiring resistance is the conjugation that is the transfer of plasmids or chromosomal 

DNA by cell-to-cell contact. The conjugation has been regarded as by far the most 

important mechanism in spreading the antibiotic resistance, even between distinct 

taxonomic and ecological groups of bacteria (Barbosa and Levy 2000). The horizontally 

transferable plasmids that contain some specific genetic structures such as complex 
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transposons or integrons enhance the distribution of resistance genes between bacteria 

(Walsh and Fanning 2008).  

 

2.4.3 Mechanisms of bacterial antibiotic resistance 

 
Several mechanisms have been proposed by which bacteria evolved to overcome the 

detrimental effects of antibiotics in the surrounding environment. The bacteria may restrict 

the entry of antibiotics by modifying the cell membrane composition, by reducing the 

uptake or exporting the antibiotics from the cell by active-efflux. In addition, alteration of 

the antibiotics by cellular enzymes may be another way of getting resistance to antibiotics. 

The bacterial cell may also respond by altering the affinity of the antibiotics to the target or 

by overexpression of the target (Mascaretti 2003). 

 

 Inactivation of antibiotics by enzymes is the main mechanism of resistance to -lactams, 

aminoglycosides, and phenicols. -lactamases are the most important drug-inactivating 

enzymes that hydrolyze the -lactam ring of penicillins, cephalosporins and carbapenems. 

On the other hand, the aminoglycoside-altering enzymes interfere catalyze the transfer 

reaction  that  restricts  the  binding  of  the  antibiotic  to  ribosomes.  However,  enzymatic  

destruction of antibiotics has not been observed in the synthetic class of antibiotics: the 

sulfamethoxazole-trimethoprim, the fluroquinolones or the oxazolidines (Walsh 2003).  

 

Specific-drug-resistance (SDR) efflux pumps are the primary mechanism of resistance 

against tetracyclines, other multiple-drug-resistance (MDR) pumps play important roles for 

the multiple resistance against antimicrobials such as -lactams, macrolides and 

fluoroquinolones (Walsh 2003; Guardabassi and Courvalin 2006). Multidrug resistance can 

be acquired by bacteria through accumulation of genes in R plasmids or transposons that 

encode resistance to specific antibiotics and/or by the MDR pumps that can export more 

than single drug type (Nikaido 2009).  This R plasmid with multidrug resistance genes may 

be transferred to another bacterial species quickly either by conjugation, transformation or 

transduction and hence the new species can be resistant to several antibiotics. In this way, 

the pathogenic bacteria can become multidrug resistance (Mascaretti 2003). 
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2.4.4 Antibiotic resistance in food-related bacteria 

 

The role of the food chain as a source of antimicrobial-resistant pathogens, including 

Salmonella and Campylobacter, is of significant consequences to the public health 

(Mølbak 2004). The use of antibiotics in food animals production, such as for growth 

promotion and prophylactic reason, is of significant importance for the increased resistance 

in zoonotic bacteria such as Salmonella, Campylobacter, Listeria, enterohaemorrhagic E. 

coli (Aarestrup 1999; Sørum and L’Abée-Lund 2002; Levy and Marshall 2004). The 

antibiotics  used  in  animal  husbandry  are  also  of  great  significance  as  many  of  these  

antibiotics are used in the human medicine and the resultant antibiotic-resistant bacteria 

can spread the resistance phenomenon worldwide through the global trade of animal foods 

(Aarestrup et al. 2008). Similarly, commensal bacteria, that interact with zoonotic bacteria 

through the food chain, are also of increased concern as these bacteria might act as 

reservoirs of antibiotic resistance genes that can be transferrable to pathogenic bacteria of 

humans (van den Bogaard et al. 2000; Wang et al. 2006; Hawkey and Jones 2009). The 

agricultural practices provide a significant impact on the dissemination of antibiotic 

resistance elements in the environment, including the use of antibiotics in the fruits and 

vegetables production. The application of antibiotics in animal husbandry and the 

subsequent isolation of the antibiotic-resistant bacteria in the production chain suggests, in 

many cases, a direct relationship while it may not be the case when the reduced use of 

antibiotics in organic farming brings the reduction of the antibiotic resistance on the 

pathogenic bacteria (Wright 2010). 

 

In the growing concern of antibiotic resistance in food-related bacteria, more and more 

studies were undertaken in recent years to assess the antibiotic resistance of bacteria 

isolated from food products such as raw milk (Citak et al. 2005; Straley et al. 2006; 

Munsch-Alatossava and Alatossava 2007), cheese (Valenzuela et al. 2009), raw vegetables 

(Boehme et al. 2004), ground meat products (White et al. 2001) and poultry (Sackey et al. 

2001). The majority of these studies were focused on assessing the prevalence of antibiotic 

resistance in enteric bacteria; however few of them also considered non-enteric bacteria.  

 

In a study on the prevalence of antibiotic-resistant bacteria in vegetables and seed sprouts, 

Boehme et al. (2004) reported that the antibiotic-resistant bacteria as high as 108 CFU/g 

were observed in seed sprouts and many of these isolates were multidrug-resistant. 

Compared with seed sprouts the common vegetables were less contaminated with 
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antibiotic-resistant bacteria. Like Sackey et al. (2001) reporting on the prevalence of 

multiresistant enteropathogenic bacteria in poultry in Ghana, a widespread multidrug 

resistance has been reported in E. coli and Salmonella isolated from retail raw chicken 

products in Japan; 40.6% of 69 E. coli isolates and all 10 Salmonella isolates studied were 

multidrug-resistant (Ahmed et al. 2009). These isolates showed multidrug resistance 

against antibiotics such as ampicillin, streptomycin, spectinomycin, kanamycin, 

tetracycline, trimethoprim-sulfamethoxazole, nalidixic acid, cefoperazone, cephalothin, 

cefoxitin, and ciprofloxacin. The authors concluded that the retail chicken meat could be of 

significant importance in spreading the multidrug-resistant bacteria.  

 

2.4.5 Antibiotic resistance of raw milk-associated bacteria  

 
The raw milk-associated bacteria have shown various levels of resistance against many 

antibiotics of clinical significance. Although many studies focused on pathogens in raw 

milk of public health significance, however, few studies also considered antibiotic 

resistance  on  raw  milk  associated  other  bacteria.  Bulk  tank  milk  (BTM)  was  used  to  

monitor the antimicrobial resistance in dairy farms and suggested that the monitoring of 

the antimicrobial resistance of E. coli in bulk milk can reasonably provide the overview of 

antimicrobials use in the farm (Berge et al. 2007). The prevalence of multidrug resistant E. 

coli and Salmonella in BTM was reported being 23%; the frequency of isolating E. coli 

was more frequent than Salmonella.  Citak et al. (2005) studied the antibiotic resistance of 

enterococci isolated from raw milk and reported that the predominant enterococci were E. 

faecalis (54.2%) and E. faecium (29.0%). These isolates demonstrated extensive resistance 

to antibiotics such as ampicillin, ciprofloxacin, erythromycin, gentamicin, imipenem, 

streptomycin, tetracycline and vancomycin. Similarly, enterococci isolated from the raw 

cow’s milk and cheeses derived from such milk showed resistance against many antibiotics 

such as ciprofloxacin, levofloxacin, erythromycin, tetracycline but all were sensitive to 

ampicillin, chloramphenicol and gentamicin (Valenzuela et al. 2009). 

 

The prevalence of Gram-negative bacteria in bulk tank milk was studied by Straley et al. 

(2006). Among 54 bulk tank milk samples (obtained from six farms for a period of nine 

months) analysed, 46 (85%) of the samples were positive for Gram-negative bacteria. The 

amount of these bacteria in bulk tank milk varied widely among farms (12-1310 CFU/mL) 

and Pseudomonas spp. were the dominant non-coliform Gram-negative bacteria that 
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showed extensive resistance to antibiotics considered in the study. The antibiotic-resistant 

Pseudomonas spp.  are  of  significant  importance  in  dairy  industries  because  they  grow at  

low temperature and have the potential of forming biofilms in the bulk tank. In addition, 

other Gram-negative bacteria detected in this study were belonging to the genera 

Acinetobacter, Citrobacter, Enterobacter, and to E. coli. These bacteria were resistant to 

first, second and third generation of cephalosporins but were susceptible to fourth 

generation of cephalosporins, fluoroquinolones (enroflaxacin) and aminoglycosides 

(gentamicin). This study suggested that bulk tank milk could be a major source of 

antimicrobial-resistant Gram-negative bacteria (Straley et al. 2006).  

 

A more detailed study of the antibiotic resistance of psychrotrophic bacteria during cold 

storage and transportation of raw milk was carried out by Munsch-Alatossava and 

Alatossava (2007). The study reported that a significant proportion of psychrotrophic 

bacteria spoiling raw milk in Finland exhibited multidrug resistance and the multiresistant 

traits increased along the cold chain of raw milk. Among the 60 isolates (recovered from 

farms, trucks or silos) analysed by an in vitro antibiotic resistance/susceptibility testing 

system (the ATB® PSE strips), the proportion of resistant isolates to at least five antibiotics 

were half and 60% of the isolates were multiresistant (resistant to more than two classes of 

antibiotics). The frequency of multidrug-resistant psychrotrophic bacteria was rising along 

the cold chain of raw milk storage and transportation (i.e. from farms to trucks and from 

trucks to silos). The isolates were mostly resistant to -lactams but the majority was 

susceptibile  to  non- -lactams  such  as  aminoglycosides.  The  most  of  the  isolates  showed  

resistance to ticarcillin and ticarcillin-clavulonic acid while the proportion of isolates 

resistant to aztreonam of the -lactams was rising from farm to truck and from truck to silo 

raw milk samples. Higher percentages of isolates were susceptible to piperacillin, 

piperacillin-tazobactam and ceftazidime. On the other hand, the proportion of colistin- and 

cotrimoxazol-resistant isolates was increased along the cold chain of raw milk; from 53.8% 

to 70.6% (colistin) and from 42.3% to 82.3% (cotrimoxazol) respectively for the farm 

isolates and the silo isolates.  

 

Many of these isolates were assigned to be Pseudomonas fluorescens, P. aeruginosa, 

Stenotrophomonas maltophilia, Acinetobacter spp., and Burkholderia spp.  Most  of  the  

isolates identified as P. fluorescens showed resistance to the majority of the -lactams and 

to the folate pathway inhibitor antibiotics (cotrimoxazole); however, they were mostly 

susceptible to aminoglycosides.  The P. aeruginosa isolates were susceptible to all of the 
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antibiotics of the ATB® PSE strip except cotrimoxazole. On the other hand, S. maltophilia 

exhibited extensive resistance whereas Burkholderia spp. were mostly susceptible to 

aminoglycosides and ciprofloxacin (Munsch-Alatossava and Alatossava 2007). 

 

2.5 Identification of bacteria from raw milk 

 
Both phenotypic and genotypic methods have been employed in the identification of 

microbial communities in raw milk. The morphological, physiological and biochemical 

features of a bacterial cell are utilized to identify a bacterial isolate in the phenotypic 

system, such as API and BIOLOG (Vandamme et al. 1996). API 20 NE system was used 

in some studies to monitor the non-fermenting Gram-negative rods in raw milk (Holm et 

al. 2004; Munsch-Alatossava and Alatossava 2006). Despite limitations, direct sequencing 

of entire or parts of the bacterial 16S rRNA has become a powerful molecular phylogenic 

technique that can be applied to identify a strain to the species level using the polymerase 

chain reaction (PCR) and a set of appropriate primers (Vandamme et al. 1996). This 

technique is of particular importance as it allows the identification of both culturable and 

unculturable bacteria (Hanage et al. 2006).  

 

Among genetic methods, both culture-dependent and –independent techniques are utilized 

in the identification of bacterial communities in raw milk and milk products such as in 

cheese (Delbès et al. 2007). The traditional culture-dependent methods are usually time 

consuming and provide an incomplete picture of the bacterial composition. Culture-

independent methods such as denaturing gradient gel electrophoresis (DGGE), temporal 

temperature gradient electrophoresis (TTGE), single strand conformation polymorphism 

(SSCP) that utilize molecular fingerprinting techniques have been employed to study the 

bacterial diversity in raw milk (Ogier et al. 2002; Lafarge et al. 2004; Verdier-Metz et al. 

2009).  

 

In recent years, the 16S rRNA gene sequencing has been increasingly applied at 

identifying both mesophilic and psychrotrophic bacteria in raw milk (Delbès et al. 2007; 

Ercolini et al. 2009). In addition, a few studies combined the culture-dependent method 

and the 16S rRNA sequencing to assess the microbial dynamics in raw milk (Hantsis-

Zacharov and Halpern 2007; Rasolofo et al. 2010). Similarly, other genotypic methods 

such as ribotyping (Wiedmann et al. 2000) and DNA-microarray (Giannino et al. 2009) 
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have been employed for the characterisation of Pseudomonas spp. and other microbial 

communities in raw milk. 

 

Wiedmann (2000) reported a good identification of Pseudomonas isolates to the species 

level by API 20 NE system and noted that BIOLOG system did not provide reliable 

identification to the species level. Wang and Jayarao (2001) characterised Pseudomonas 

fluorescens isolated from bulk tank milk both by phenotypic (API 20 NE) and genotypic 

(16S-23S PCR ribotyping) methods and reported that API 20 NE system can satisfactorily 

differentiate different strains. In another study by Munsch-Alatossava and Alatossava 

(2006), both API 20 NE and BIOLOG systems enabled only partial identification of the 

psychrotrophic bacteria spoiling the raw milk in Finland and suggested to complement 

these identification systems with genotypic techniques.  

 

2.6 Analysis of antibiotic resistance 

 

The susceptibility of bacteria to antibiotics can be analysed by phenotypic and genotypic 

techniques. The phenotypic methods are based on the ability of an antibiotic to inhibit the 

growth of bacteria under specified growth conditions. Some of the phenotypic methods of 

antimicrobial susceptibility testing are agar dilution, broth dilution and disk diffusion and 

E-test (Schwarz et al. 2010). Genotypic methods such as PCR based detection of resistance 

genes and restriction fragment length polymorphism analysis is increasingly used for 

evaluating the antibiotic resistance in bacteria (Walsh 2003).  

 

Broth dilution is one of the earliest antimicrobial susceptibility testing methods that 

involve testing of an antibiotic at different concentrations in tubes with a standardised 

bacterial suspension (1-5×105 CFU/mL) after overnight incubation. The lowest 

concentration of an antibiotic that prevents the growth of the bacterial strain is the 

minimum inhibitory concentration (MIC). Although this method provides the MIC value, 

the method is tedious and is of manual nature so that there is possibility of errors. 

However, a modification of the tube method is achieved like in the broth microdilution 

method that uses disposable trays that contain varying concentration of antibiotics to be 

tested in the wells of the trays (Jorgensen and Ferraro 2009).  
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On the other hand, the antimicrobial diffusion methods based on discs containing 

antibiotics or plastic strips impregnated with antibiotics (E-test) are widely used in vitro 

antibiotic susceptibility testing. The size of the diameter of the zone of inhibition when an 

antibiotic disc is placed on the surface of inoculated (test organism) Mueller-Hinton agar 

plate and incubated at optimum temperature for 16-24 h classifies the test bacterium as 

susceptible, intermediate or resistant based on the criteria set by the Clinical and 

Laboratory Standards Institute or CLSI (Jorgensen and Ferraro 2009). The E-test strips 

contain antibiotics in a continuous gradient, which when placed on the culture smeared 

surface of a Mueller-Hinton agar plate and incubated gives the MIC value of the antibiotic 

for the test culture. The MIC value is the corresponding concentration in the strip at the 

intersection  point  of  the  lowest  part  of  the  elliptical  zone  of  inhibition  and  the  test  strip.  

The E-test provides the susceptibility in terms of MIC value rather than the category results 

and has been reported as more reliable as other antimicrobial susceptibility testing methods 

(Baker et al. 1991). A similar method to E-test based on the gradient diffusion principle, 

the HiComb MIC test, is available for the determination of MIC value for microorganisms 

against a particular antibiotic and has been used for the antibiotic susceptibility testing of 

clinical isolates based on MICs criteria (Menezes et al. 2008). 

 

Broth microdilution method was used on the study of antimicrobial susceptibility of 

clinical non-enteric Gram-negative bacilli collected worldwide during 1997 to 2003 using 

the breakpoints established by CLSI (Sader and Jones 2005).  Similarly, the microdilution 

based method was employed for the analysis of antimicrobial resistance of the Gram-

negative bacteria in raw milk (Straley et al. 2006) and enterobacteria in agricultural food 

products (Boehme et al. 2004). On the other hand, agar diffusion method using discs 

containing antibiotics were extensively used to determine the antimicrobial resistance of 

the bacteria isolated from different food products, including raw milk (Citak et al. 2005; 

Ahmed et al. 2009; Koluman et al. 2009; Nam et al. 2010). A semi-automatic method ATB 

PSE 5 has been used for the in vitro antimicrobial susceptibility testing of psychrotrophic 

bacteria isolated from raw milk samples (Munsch-Alatossava and Alatossava 2007).  This 

phenotypic method categorizes an isolate into susceptible, intermediate or resistant to 

antibiotics under consideration.  
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3 EXPERIMENTAL RESEARCH 

 

3.1 Aims of the study 

 
Apart from the widely recognized spoilage potential of raw milk during cold storage by 

psychrotrophic Gram-negative bacteria, few studies reported that these problematic 

bacteria are also resistant to antibiotics of many classes and the antibiotic resistance traits 

on these bacteria increased along the cold storage and transportation. The main objectives 

of this study were to assess the significance of the cold chain of raw milk storage on the 

antibiotic  resistant  bacterial  population  and  analyse  the  antibiotic  resistance  of  resistant  

Gram-negative psychrotrophic bacteria by phenotypic ATB PSE 5 system. The study also 

aimed to identify these antibiotic-resistant bacterial isolates by phenotypic system (API 20 

NE) and a few isolates by 16S rDNA gene sequencing.  

 

3.2 Materials and methods 

 

3.2.1 Raw milk samples collection and storage 

 

Altogether 24 raw milk samples were analysed in this study. The milk samples were 

received from milk tankers that collected milk from Finnish farms during the period of 

May to August and in November 2009. Six milk samples were studied at a time, thus the 

analysis was performed in four separate experiments.  After aseptically collecting the milk 

in sterile sample bottles, the raw milk samples were brought to the laboratory in an 

insulated box. Immediately after receiving the first set of milk samples were stored at 6°C 

for 3 days, the second set at 6°C for 4 days and at 4°C for 4 days each for the third and the 

fourth experiments. The storage temperature and the time period were selected such that 

the normal storage condition of the raw milk storage (4-6°C) can be represented in this 

study. In each experiment, the total counts and the amount of antibiotic resistant bacteria, 

both mesophilic and psychrotrophic, were determined at the beginning and at the end of 

respective storage periods. In addition, an intermediate analysis was conducted in the 

fourth experiment-samples stored at 4°C for 4 days- after two days of storage. 
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3.2.2 Determination of antibiotic-resistant bacteria in milk 

 

The antibiotic-resistant bacteria present in the raw milk samples were analysed according 

to the dilution method recommended by the European Committee for Antimicrobial 

Susceptibility Testing of the European Society of Clinical Microbiology and Infectious 

Diseases (EUCAST 2000). Antibiotics representing four classes were considered; 

gentamicin (G) of aminoglycosides, ceftazidime (C) of -lactams, levofloxacin (L) of 

quinolones and trimethoprim-sulfamethoxazole (TS) of folate synthesis inhibitors, to 

determine the antibiotic-resistant bacterial population in raw milk based on their ability to 

develop into visible colonies after incubation.  

 

Two  concentrations  of  antibiotics  were  evaluated  for  each  sample  of  milk:  the  higher  at  

four times the minimum inhibitory concentration (MIC) for gentamicin and ceftazidime 

and two times the MIC for levofloxacin and TS, and the lower concentration was the MIC 

for the respective antibiotics. The MICs ( g/mL) for G, C, L and TS were 4, 8, 2 and 4 (T) 

& 76 (S) respectively (EUCAST 2000) for the bacterial genera of concern. Antibiotics 

were  added  to  the  sterile  Mueller-Hinton  (MH)  media  after  cooling  to  about  50°C  in  a  

water-bath. The media containing antibiotics was then poured into pre-labeled sterile petri 

dishes on a level surface and allowed to set and dry at the room temperature until the agar 

surface was dry. In addition, the MH agar plates without antibiotics were also prepared to 

determine the total bacterial population. 

 

A 50 µL of the milk sample (after adequate dilution) was spread on the surface of the MH 

agar media plates containing antibiotics, including on the surface the plates without 

antibiotics by spread plating technique to determine the total and antibiotic-resistant 

counts. The first six milk samples were analysed in duplicates while the rest of the analysis 

was performed in quadruplicates for each milk sample. For each milk sample, one set of 

plates was incubated at 30°C for 2-3 d while the other set was incubated at 7°C for 10 d to 

determine the mesophilic and psychrotrophic population respectively. After respective 

incubation period, the total and antibiotic-resistant visible colonies were counted and 

reported as CFU/mL.  
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3.2.3 Selection and purification of isolates 

 

Some distinct colonies on the antibiotic containing plates stored at 7°C for 10 day, i.e. the 

antibiotic-resistant psychrotrophs, were carefully isolated and were purified on plate count 

agar (PCA) plate by the streaking method. It was aimed to represent the isolates from all 

four types of antibiotic plates, considering the colony characteristics such as shape, size or 

colour. Several successive purifications were performed until a pure isolate was obtained. 

The pure isolates were subcultured in agar slant and also stored at -20°C in Luria-Bertani 

(LB) + 30% glycerol medium. Only Gram-negative isolates were considered for 

identification and antibiotic resistance study. 

 

3.2.4 Identification of isolates 

 

 API 20 NE 
 

The Gram-negative isolates were characterised by API 20 NE system (BioMérieux, Marcy-

l’Etoile, France), according to the manufacturer’s instructions. The fresh purified culture 

(18-24 h old) was transferred with a loop into a 5 ml of 0.85% saline solution and the 

suspension was adjusted to 0.5 McFarland. 200 µL of the suspension was added to the API 

AUX Medium and was homogenized with a pipette, preventing the bubbles generation. 

The saline suspension was distributed into the tubes of tests NO3 to PNPG, avoiding 

bubble formation. On the other hand, tubes and cupules of the assimilation tests GLU to 

PAC were filled with the API AUX Medium suspension till flat or slightly convex 

meniscus. The cupules of the tests GLU, ADH and URE were filled with mineral oil until a 

concave meniscus was formed. The boxes were closed and incubated at 30°C for 24 h, 

after which the results were noted as per the instructions on specific tests with the help of 

the Reading Table provided with the kit. A further 24 hours of incubation was continued 

for all tests except the first three and the results were recorded in the result sheet. The 

profiles were analysed with the apiwebTM database V7.0 (BioMérieux). 

 
16S rDNA gene sequencing 
 

The genomic DNA of the six Gram-negative isolates considered in this identification by 

16S rDNA gene sequencing was isolated according to manufacturer’s instructions 
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(Promega, Madison, WI, USA). A 700-bp fragment of the 16S rDNA gene including the 

V3 region was amplified according to the procedure described by Ogier et al. (2002) using 

primers W01 (5´-AGA GTT TGA TC[AC] TGG CTC-3´) and W012 (5´-TAC GCA TTT 

CAC  C[GT]C  TAC  A-3´).  The  PCR  products  were  analysed  by  1%  agarose  gel  

electrophoresis to confirm their purity and the lengths comparing with a standard having 

DNA of defined fragments (Fermentas, Helsinki, Finland). The PCR products were 

sequenced at the Biocenter (University of Helsinki) and the sequences were submitted to 

GenBank for the identification. 

 

 

3.2.5 Antibiotic resistance analysis 

 

ATB PSE 5 Strips 
 

The  ATB  PSE  5  strips  (BioMérieux,  Marcy-l’Etoile,  France)  were  used  to  evaluate  the  

antibiotic resistance/susceptibility of the isolates as per the manufacturer’s instructions. 

The strip contained 15 antibiotics in cupules at a single or two concentrations and two pairs 

of cupules for control. The antibiotics were representative of five classes; -lactams 

includes penicillins (ampicillin-sulbactam (FAM), ticarcillin (TIC), ticarcillin-clavulonic 

acid (TCC), piperacillin (PIC), piperacillin-tazobactam (TZP)), cephems (cefepime (FEP), 

ceftazidime (CAZ)), and carbapenems (imipenem (IMI), meropenem (MERO)). Similarly, 

the aminoglycosides comprise amikacin (AKN), gentamicin (GEN) and tobramycin (TOB) 

while ciprofloxacin (CIP) represents the quinolones class. Colistin (COL) is a polycationic 

peptide and the cotrimoxazol (TSU) is a folate pathway inhibitor. The concentrations of the 

antibiotics in the ATB PSE 5 strips ( g/mL) were: FAM, 8/4 to 16/8; TIC, 16 to 64; TCC, 

16/2 to 64/2; PIC, 16 to 64; TZP, 16/4 to 64/4; FEP, 8 to 16; IMI, 4 to 8; MERO, 4 to 8; 

CAZ, 8 to 16; AKN, 16 to 32; GEN, 4 to 8; TOB, 4 to 8; CIP, 1 to 2; COL, 2 and TSU, 

2/38. 

 

In case of two concentrations, the isolates were considered susceptible (S) (no growth or 

turbidity at either concentrations), intermediate (growth and turbidity only in lower 

concentration) and resistant (growth and turbidity at both concentrations). On the other 

hand, the isolates were categorized as sensitive or resistant in case of single antibiotic 

concentration. An isolate resistant to more than two classes of antibiotics was categorized 

as a multiresistant. 
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The same bacterial suspension prepared in API 20 NE (0.5 McFarland) was used for ATB 

PSE 5 antibiotic resistance study. The suspension (10 L) was transferred into an ampule 

of ATB medium and homogenized, avoiding the formation of bubbles. 135 l of this 

medium was inoculated into each cupules, the strip was covered with the lid and finally 

incubated at 30°C for 18-24 h in aerobic conditions. 

 
HiComb MIC test 
 

Since ATB PSE 5 system provides the MICs of the isolates in range, the specific MIC for a 

particular antibiotic was determined by HiComb MIC test system (HiMedia, Mumbai, 

India) following manufacturer’s instructions. A liquid culture of the test isolate was 

prepared by inoculating the isolate in Tryptone Soy Broth (5 mL) and incubating at 25-

30°C for 6 h till a light to moderate turbidity was developed. A sterile cotton swab was 

soaked into the inoculum and the excess liquid was drained by pressing against the upper 

inside wall of the inoculum tube. Then the isolate laden swab was streaked uniformly on 

the agar surface of the Muller-Hinton plate, by turning the plate at 60 degree angle for 

three  times.  The  antibiotic  laden  strip  was  placed  on  the  surface  of  the  agar  plate  after  

slightly drying the plate for 5-15 minutes, facing the higher concentration towards the side 

of the plate. The plates were then incubated at 25-30°C depending on the optimum growth 

temperature  of  the  isolate  for  24-48  h.  After  incubation,  the  intersection  of  the  elliptical  

zone  of  inhibition  and  the  comb-like  projection  of  the  strip  was  the  corresponding  MIC  

value of the isolate for that particular antibiotic. 

 
3.2.6 Statistical analysis 

 
The change in average (total and antibiotic-resistant) mesophilic and psychrotrophic 

bacterial population during the cold storage of raw milk samples was statistically evaluated 

by one-way analysis of variance (ANOVA) and the comparison of the respective 

mesophilic and psychrotrophic counts was performed with an independent-samples T-test 

using SPSS Statistics 17.0 (SPSS Inc., Chicago, Illinois, USA). P-values less than 0.05 

were considered statistically different. 
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3.3 Results 

 

3.3.1 Effect of cold storage of raw milk on bacterial population 

 

The change on mesophilic and psychrotrophic bacterial population during the cold storage 

of raw milk is shown in Figure 1. The average mesophilic counts (log CFU/mL) of 24 raw 

milk samples considered in this study on day 0 were 4.01±0.46 while psychrotrophic 

counts were 3.49±0.59. There was a significant (P < 0.05) difference among the 24 milk 

samples in both the initial mesophilic and psychrotrophic population and also the 

mesophilic population was significantly (P < 0.05) higher than the psychrotrophs.  

 

 

 
Figure 1. Shift of mesophilic and psychrotrophs population (log CFU/mL) at different storage temperatures 
(4 or 6°C) and time (0 to 4 days) of raw milk. The corresponding figures were an average of 24 raw milk 
samples for day 0 and were of 6 milk samples for other days, analysed between May to November 2009. 
 
 

An increase of the mesophilic and psychrotrophic population (log CFU/mL) to 4.33±0.61 

and to 4.51±0.50 respectively was observed when the milk samples were stored at 4°C for 

2 days. Upon continue storage up to 4 days at 4°C the mesophilic count reached to 

6.40±0.69 whereas the psychrotrophic count increased to 6.20±0.73. This increase in both 

the mesophilic and psychrotrophic population after 4 days storage at 4°C was significantly 

(P < 0.05) higher than the respective initial population. Only insignificant difference (P = 

0.115) was found on the mesophilic counts between day 0 and day 2, the rests were 

statistically significant (P < 0.05) between each storage period.  
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On the other hand, both the mesophilic and psychrotrophic counts (log CFU/mL) exceeded 

the bacterial  population of 4°C/4 days storage within 3 days when the milk was stored at  

6°C. The population further increased to 7.73±0.16 (mesophilic) and 7.81±0.16 

(psychrotrophic) when the milk samples were stored for 4 days. Both the mesophilic and 

psychrotrophic populations were significantly (P < 0.05) different on day 0, day 3 and day 

4 storage at 6°C. No significant difference (independent samples t-test; P = 0.08) was 

found between the mesophilic and psychrotrophic counts after day 4 storage of milk 

samples at 6°C. 

 

3.3.2 Effect of cold storage of raw milk on antibiotic-resistant bacterial population 

 

The raw milk samples were analysed to determine the resistant bacterial population, both 

mesophilic and psychrotrophic, against antibiotics gentamicin (G), levofloxacin (L), 

ceftazidime (C), and trimethoprim-sulfamethoxazole (TS) after their respective storage 

period. The average antibiotic-resistant counts (log CFU/mL) during the cold storage of 

raw milk against these four antibiotics (belonged to four antibiotic classes) are shown in 

Figure 2 (Figures 2a for G, 2b for L, 2c for C and 2d for TS), and the range of resistant 

counts during the storage period along with statistical results are presented in Table 2. An 

increased antibiotic-resistant population, both mesophilic and psychrotrophic, was found 

during the storage of raw milk; however, the extent of rise in numbers was antibiotics 

dependent: bacteria resistant to gentamicin and levofloxacin increased moderately 

compared to the considerable rise in ceftazidime and trimethoprim-sulfamethoxazole-

resistant bacteria at the end of storage periods.  
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Figure 2. Shift of antibiotic-resistant mesophilic and psychrotrophic bacteria (log CFU/mL) in raw milk 
during the cold storage (at 4 and 6°C). G, gentamicin (2a); L, levofloxacin (2b); C, ceftazidime (2c); and TS, 
trimethoprim-sulfamethoxazole (2d). I and II account for the higher and lower antibiotics concentrations: I, 
four times the MIC for G & C and two times the MIC for L & TS ; II, the MIC (4, 8, 2 & 4/76 g/mL for G, 
C, L & TS, respectively). 
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Table 2. Antibiotic-resistant (G, gentamicin; L, levofloxacin; C, ceftazidime; TS, trimethoprim-
sulfamethoxazole) bacterial population* during the cold storage of raw milk. 

 
 

The increase of gentamicin-resistant mesophilic bacteria (log CFU/mL) from 1.33 to 1.96   

at higher concentration (GI, 16 g/mL) was insignificant (P > 0.05) after four days of 

storage at 4°C. The resistant counts were 1.87 log CFU/mL on day 3 when stored at 6°C 

and rose to 2.65 log CFU/ml after 4 days which were significantly higher (P < 0.05) than 

the initial gentamicin-resistant mesophilic bacteria. On the other hand, the corresponding 

gentamicin-resistant psychrotrophic bacteria (log CFU/mL) were only 0.54 at the 

beginning, increased to 2.13 after 4 days storage at 4°C while they became 3.66 during the 

storage of the raw milk samples at 6°C. This rise of gentamicin-resistant psychrotrophs 

was statistically significant (P < 0.05) in 4 days storage of raw milk at 4°C with initial 

count and storage at 6°C for 4 days increased the gentamicin-resistant psychrotrophs 

significantly higher than the average counts at 4°C. However, the average resistant 

mesophiles  at  lower  concentration  (log  CFU/mL)  of  gentamicin  (GII,  8  g/mL)  rose  

significantly (P < 0.05) from 2.22 to 3.09  within 4 days of storage at 4°C but this 

mesophilic population did not differ significantly (P < 0.05)  when stored at 6°C for 4 days 

(3.45 log CFU/mL). Likewise, the numbers of gentamicin-resistant psychrotrophic bacteria 

at lower concentration of gentamicin significantly increased (P < 0.05) from 1.23 to 3.17 

Average Range Average Range Average Range Average Range Average Range

Mesophiles 1.33a 0.00-4.36 1.36a 0.57-2.02 1.96a 0.57-3.98 1.87a 0.00-3.75 2.65b 0.00-3.54

Psychrotrophs 0.54a 0.00-2.41 0.40a 0.00-0.69 2.13b 0.00-5.07 2.11b 0.00-4.09 3.66c 0.69-5.86

Mesophiles 2.22a 0.00-4.48 2.23a 1.15-3.29 3.09b 1.98-4.02 3.22b 1.50-4.08 3.45b 2.80-4.07

Psychrotrophs 1.23a 0.00-4.50 1.49a 0.00-2.85 3.17b 1.15-6.00 2.16a 0.00-3.66 4.05b 0.57-5.84

Mesophiles 0.73a 0.00-3.44 1.17a 0.00-2.11 1.37a 0.00-3.67 2.32b 0.00-3.88 1.94b 0.73-3.46

Psychrotrophs 0.40a 0.00-2.72 0.61a 0.00-1.34 1.18ab 0.00-5.21 1.96bc 0.00-4.28 2.62c 0.00-3.65

Mesophiles 1.22a 0.00-3.66 1.28a 0.57-2.10 2.23b 0.65-4.63 2.93b 2.45-3.58 3.84c 3.25-4.50

Psychrotrophs 0.49a 0.00-3.44 0.52a 0.00-1.72 1.32ab 0.00-5.26 2.19bc 0.00-3.87 2.47c 0.00-4.43

Mesophiles 3.02a 1.15-4.31 3.66b 3.21-4.11 4.17c 3.34-5.70 4.35c 3.26-5.25 4.56c 3.33-5.20

Psychrotrophs 2.04a 0.00-4.09 2.99b 1.22-4.20 3.62b 1.15-5.42 3.92b 0.00-5.78 5.30c 4.83-5.91

Mesophiles 3.32a 1.15-4.50 3.54a 2.62-4.31 4.47b 3.60-6.60 4.53bc 3.76-5.22 4.95c 4.48-5.26

Psychrotrophs 2.30a 0.00-4.47 3.17b 1.70-4.30 4.27c 2.80-6.01 3.95bc 0.00-5.78 5.40d 5.15-5.92

Mesophiles 1.06a 0.00-3.68 2.32b 1.27-4.50 4.14c 3.01-5.14 4.17c 2.60-5.52 5.30d 5.02-5.70

Psychrotrophs 0.84a 0.00-3.61 2.65b 1.95-3.82 4.94c 3.60-6.23 4.62c 3.73-5.72 5.70d 5.50-5.86

Mesophiles 1.45a 0.00-4.39 4.01b 2.51-5.00 5.47c 4.57-6.44 5.24c 4.26-5.82 5.56c 5.43-5.87

Psychrotrophs 1.13a 0.00-4.88 3.76b 2.79-4.74 5.47c 4.64-6.41 5.05c 4.03-5.91 5.75c 5.52-5.98

* Average of quadruplicates except duplicates in case of 3 d/6°C. 

CII-resistant

TSI-resistant

TSII-resistant

4 d/6°C

GI-resistant

GII-resistant

LI-resistant

LII-resistant

Antibiotic-resistant/storage 
condition 0 d/4°C 2 d/4°C 4 d/4°C 3 d/6°C

a,b,c,dDissimilar superscripts along the row shows the average respective antibiotic-resistant log CFU/ml counts were 
significantly higher (P< 0.05) during the storage of the raw milk samples. 

CI-resistant
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log CFU/mL while no significant difference was found between the 4°C storage  and at 

6°C storage in 4 days (4.05 log CFU/mL). 

 

Levofloxacin-resistant mesophilic and psychrotrophic population (log CFU/mL) at higher 

concentration of levofloxacin (LI, 4 µg/mL) were 1.37 and 1.18 at 4°C and were 1.94 and 

2.62 at 6°C respectively after the 4 days storage of the raw milk samples from the initial 

counts of 0.73 and 0.40. Statistically the increase in number of levofloxacin-resistant 

mesophiles from the counts of day 0 was insignificant (P > 0.05) on day 4 at 4°C but the 

counts were significantly higher (P < 0.05) when the milk samples were stored at 6°C. The 

levofloxacin-resistant  psychrotrophs  were  significantly  higher  on  day  4  than  on  day  3  at  

6°C while the corresponding mesophiles were insignificant (P > 0.05). However, the 

average counts of levofloxacin-resistant mesophilic bacteria at lower concentration (LII, 2 

µg/mL) on day 4 was significantly higher (P < 0.05) than on day 3 at 6°C. 

 

The initial average ceftazidime-resistant mesophilic bacterial counts (log CFU/mL) at 

higher concentration of ceftazidime (CI, 32 µg/mL) were 3.02, rose significantly (P < 0.05) 

to 4.17 on day 4 at 4°C but were statistically similar (P > 0.05) with the counts on day 4 at 

6°C.  However, ceftazidime-resistant psychrotrophs counts were much higher (5.30 log 

CFU/ml) at 6°C than at 4°C on 4th day storage of raw milk samples. At lower concentration 

of ceftazidime (CII, 8 µg/mL), resistant mesophilic bacteria increased significantly (P < 

0.05) from 3.32 to 4.47 on day 4 at 4°C but were significantly lower than the respective 

counts at 6°C (4.95 log CFU/mL). Similarly, ceftazidime-resistant psychrotrophic counts at 

6°C were significantly higher than those counts in the milk samples stored at 4°C on day 4. 

 

In case of higher concentration of (8/152 µg/mL) trimethoprim-sulfamethoxazole (TSI), 

the average TS-resistant mesophilic bacteria (log CFU/mL) rose significantly (P < 0.05) 

within 2 days storage at 4°C and become 4.14 on day 4. The corresponding counts at 6°C 

were considerably higher than the counts of 4°C during the same storage period of 4 days. 

The trend was similar with the TS-resistant psychrotrophs; however, the counts on day 4 at 

6°C were at 5.70 compared with 5.30 of TS-resistant mesophiles. In contrast, the average 

mesophilic and psychrotrophic bacteria at lower concentration (TSII, 4/76 µg/mL) at 4°C 

on day 4 were statistically similar (P > 0.05) with the counts of day 4 at 6°C storage. 
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3.3.3 Identification of the isolates 

 

Of the 67 antibiotic-resistant isolates considered for identification, including nine isolates 

from organic milk samples from a previous study conducted at the Dairy Technology 

division of the University of Helsinki,  about 18% (12) were Gram-positive.  The result  of 

the identification of the remaining 82% (55) Gram-negative isolates by API 20 NE system 

and 16S rDNA gene sequencing is presented in Table 3, together with their source of 

origin, colony characteristics and the best growth temperature.  

 

Identification by API 20 NE  
 
Among the 55 Gram-negative antibiotic-resistant isolates analysed by API 20 NE, 25 

(45.5%) isolates were identified either to an acceptable, good or very good identification 

level: eight isolates identified as Sphingomonas paucimobilis, five as Pseudomonas putida,  

three as Sphingobacterium spiritivorum,  two as  Acinetobacter lwoffii (7AB3, 7AB4) and 

one each as Acinetobacter baumannii/calcoaceticus (9AB4), Acinetobacter junii/johnsonii 

(2AB5) Chryseobacterium indologenes (5AB1), Chryseobacterium meningosepticum 

(3AB5), Pseudomonas fluorescens (2AB1), Stenotrophomonas maltophilia (3AB3), 

Weeksella virosa/Empedobacter brevis (O4h). In addition, three isolates could be identified 

to the genus level; two to genus Pseudomonas (4Ab4, 3AB1), and one to genus 

Acinetobacter (6AB2). The identification remained doubtful, low discriminated or 

unacceptable for the remaining 27 isolates: some of these isolates were proposed to be 

Sphingobacterium spiritivorum, Sphingomonas paucimobilis, Stenotrophomonas 

maltophilia, Pasteurella pneumotropica or Pseudomonas spp. 

 

Identification by 16S rDNA gene sequencing 

 

The result of the six Gram-negative isolates studied by 16S rDNA gene sequencing to 

supplement the identification by API 20 NE is presented in Table 3. Three isolates (2Ab6, 

2AB1, 5AB3) were identified as Pseudomonas spp., two isolates (7AB3, 9AB4) as 

Acinetobacter and one isolate (9AB2) was suggested to be Sporocytophaga or 

Flavobacterium. 
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Table 3. Identification of the antibiotic-resistant psychrotrophic isolates by API 20 NE (phenotypic) and 16S rDNA gene sequencing (genotypic).  

Isolate Isolate 
source 

Colony 
characteristics 

Best growth at API 20 NE  16S rDNA gene sequencing 

25°C 30°C 
API 20 NE 
Numerical 

profiles 
ID%  Result  

Closest relative in 
GenBank database 

2Ab2 LI CW/regular 
 

+ 0056110 
  

Unac. profile 
  

2Ab5 TSI CW/regular 
 

+ 0014404 
  

Doub. profile 
  

2Ab6 TSI CW/regular 
 

+ 0346412 
  

Unac. profile 
 

Pseudomonas 

2Ab7 TSII CW/regular 
 

+ 0346410 
  

Unac. profile 
  

4Ab1 GII CW/regular 
 

+ 0420000 64.5 
 

Brevundimonas vesicularis low disc. 
  

4Ab4 TSI CW/regular 
 

+ 0347454 
  

Genus Pseudomonas 
  

5Ab1 GI CW/irregular 
 

+ 0466304 97.5 
 

Sphingobacterium spiritivorum G 
  

1AB1 LI Yellow + 
 

0466300 84.3 
 

Sphingobacterium spiritivorum low disc. 
  

1AB2 CII Yellow + 
 

0462304 98.7 
 

Sphingobacterium spiritivorum G 
  

1AB3 GII Yellow 
 

+ 1230000 84.0 
 

Pasteurella pneumotropica doubtful 
  

1AB4 GI CW/regular + 
 

0462300 89.7 
 

Sphingobacterium spiritivorum low disc. 
  

1AB5 LI Yellow + 
 

0466300 84.3 
 

Sphingobacterium spiritivorum low disc. 
  

1AB6 CI Yellow + 
 

0466300 84.3 
 

Sphingobacterium spiritivorum low disc. 
  

2AB1 TSI CW/regular 
 

+ 0146414 82.0 
 

Pseudomonas fluorescens Acc. 
 

Pseudomonas spp. 

2AB2 LII CW/regular + 
 

0447300 99.8 
 

Sphingomonas paucimobilis VG 
  

2AB4 GI CW/regular 
 

+ 0466700 98.5 
 

Sphingomonas paucimobilis G 
  

2AB5 CI CW/regular + 
 

0000011 91.3 
 

Acinetobacter  junii/johnsonii G 
  

3AB1 TSI CW/regular 
 

+ 0146456 74.3 
 

Genus Pseudomonas 
  

3AB2 CI CW/regular 
 

+ 0224462 
  

Unac. profile 
  

3AB3 CI CW/irregular + 
 

0456141 96.6 
 

Stenotrophomonas maltophilia G 
  

3AB4 LII CW/regular + 
 

1660000 
  

Not valid 
  

3AB5 GI Pink + 
 

0456200 93.7 
 

Chryseobacterium meningosepticum G 
  

4AB2 GII Yellow 
 

+ 2410000 93.1 
 

Chryseobacterium indologenes low disc. 
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4AB3 CII Yellow + 

 
0462400 98.9 

 
Sphingomonas paucimobilis G 

  
4AB4 TSII CW/regular 

 
+ 0341451 97.7 

 
Pseudomonas putida G 

  
5AB1 GII Yellow 

 
+ 2610000 99.7 

 
Chryseobacterium indologenes VG 

  
5AB3 TSII CW/irregular + 

 
0141415 99.1 

 
Pseudomonas putida VG 

 
Pseudomonas spp. 

5AB4 TSI CW/regular + 
 

0141455 99.1 
 

Pseudomonas putida VG 
  

6AB1 TSI CW/regular 
 

+ 0346416 
  

Unac. profile 
  

6AB2 CI CW/regular + 
 

0000001 
  

Genus Acinetobacter  
  

6AB3 CII CW/regular 
 

+ 1476000 
  

Unac. profile 
  

6AB5 LI CW/irregular 
 

+ 0452101 88.0 
 

Stenotrophomonas maltophilia low disc. 
  

7AB3 CI CW/regular + 
 

0000010 91.8 
 

Acinetobacter lwoffii G 
 

Acinetobacter 

7AB4 CI CW/regular + 
 

0000010 91.8 
 

Acinetobacter lwoffii G 
  

8AB1 LII Yellow + 
 

0462300 89.7 
 

Sphingobacterium spiritivorum low disc. 
  

8AB2 LI CW/regular + 
 

0456011 
  

Unac. profile 
  

8AB3 TSI CW/regular 
 

+ 0140457 99.6 
 

Pseudomonas putida VG 
  

8AB4 TSI CW/regular 
 

+ 0140457 99.6 
 

Pseudomonas putida VG 
  

9AB1 GI Yellow + 
 

1463753 85.3 
 

Pseudomonas luteola low disc. 
  

9AB2 GI Yellow + 
 

1463335 99.9 
 

Sphingomonas paucimobilis VG 
 

Sporocytophaga/ 

Flavobacterium 

9AB3 CI Yellowish white + 
 

0043331 
  

Unac. profile 
  

9AB4 CI CW/regular 
 

+ 0040453 90.5 
 

Acinetobacter baumannii/calcoaceticus G 
 

Acinetobacter 

10AB1 GI Yellow/irregular + 
 

0442300 55.0 
 

Sphingomonas paucimobilis doubtful 
  

10AB2 GII Yellow/regular + 
 

1463300 99.8 
 

Sphingomonas paucimobilis VG 
  

10AB4 LI CW/regular + 
 

0456150 
  

Unac. profile 
  

11AB2 GII Yellow + 
 

1463726 99.9 
 

Sphingomonas paucimobilis VG 
  

11AB4 CII CW/regular + 
 

0446700 98.0 
 

Sphingomonas paucimobilis G 
  

12AB1 GI Golden yellow + 
 

1467720 92.1 
 

Sphingomonas paucimobilis low disc. 
  

12AB2 GI Golden yellow + 
 

1463304 97.6 
 

Sphingomonas paucimobilis G 
  

Table 3. Continued 
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O1g CII White + 

 
0466300 97.5 

 
Sphingobacterium spiritivorum G 

  
O1k LII Orange + 

 
1467340 69.5 

 
Rhizobium radiobacter low disc. 

  
O2a LII CW + 

 
0446100 56.4 

 
Sphingomonas paucimobilis low disc. 

  
O2g LII CW 

 
+ 0466300 84.3 

 
Sphingobacterium spiritivorum low disc. 

  
O3e LI CW 

 
+ 0446300 64.0 

 
Sphingomonas paucimobilis doubtful 

  

O4h LII CW + 
 

0050400 81.3 
 

Weeksella virosa/Empedobacter brevis  

Acc.   
           G= gentamicin, C= ceftazidime, L= levofloxacin, TS= trimethoprim-sulfamethoxazole. I represents higher concentration (4 times MIC for G & C; 2 times MIC for L & TS) and II represents 

lower  concentration  of  antibiotics  at  MICs  ( g/mL)   [G= 4;  C=  8;  L=  2;  TS=  4/76].  CW= creamy white.  In  API  20  NE:   VG,  very  good;  G,  good;  Acc.,  acceptable;  low disc.  =  low 
discriminated; unac. profile = unacceptable profile; doub. profile = doubtful profile. Bold text indicates the isolates were identified at least to genus level. 

Table 3. Continued 
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3.3.4 Antibiotic resistance analysis (ATB PSE 5 strip) 

 

The detailed profile of the in vitro antibiotic resistance of 49 Gram-negative isolates (Table 

3) by ATB PSE 5 system is shown in Table 4 and the percentage of susceptible, 

intermediate and resistant isolates against each antibiotic is presented in Figure 3. Among 

the beta-lactams, the isolates showed highest resistance (71.4%) with ceftazidime (CAZ), 

followed by ampicillin (FAM) and cefepime (FEP) which were both at 51.0%, ticarcillin 

(TIC) at 44.9%, ticarcillin-clavulanic acid (TCC) at 34.7%, piperacillin (PIC) at 30.6%, 

piperacillin-tazobactam (TZP) and imipenem (IMI) both at 28.6% whereas only 26.5% of 

the isolates were resistant to meropenem (MERO). About half of the isolates evaluated 

showed resistance against the aminoglycosides class of the antibiotics: 46.9% were 

resistant to amikacin and gentamicin, and 57.1% against tobramycin. On the other hand, a 

majority of the isolates (69.4%) were found to be resistant with poly-peptide antibiotic 

colistin, however, only 44.9% isolates were resistant to folate pathway inhibitor antibiotics 

cotrimoxazol (trimethoprim-sulfamethoxazole). In addition, a significant number of 

isolates demonstrated resistance to the lower concentration of TIC (26.5%), TCC (16.3%), 

PIC (20.4%) and FEP (14.3%) of the ATB PSE 5 strip. 

 

 

 
Figure 3. Percentage of isolates susceptible, intermediate and resistant to 15 antibiotics, representing five 
classes of antibiotics, of the ATB PSE 5 system. FAM, ampicillin-sulbactam; TIC, ticarcillin; TCC, 
ticarcillin-clavulonic acid; PIC, piperacillin; TZP, piperacillin-tazobactam; FEP, cefepime; CAZ, 
ceftazidime; IMI, imipenem; MERO, meropenem; AKN, amikacin; GEN, gentamicin; TOB, tobramycin; 
CIP, ciprofloxacin; COL, colistin; TSU; trimethoprim-sulfamethoxazole. 
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When  the  resistance  of  the  isolates  against  the  15  antibiotics  of  the  ATB  PSE  5  system  

were compared (Figure 4), 25.5 % isolates were found to be resistant to all of the 15 

antibiotics, 15% isolates to 7 antibiotics and all together 59.6% isolates were resistant to 

more than 4 antibiotics. Two of the 49 isolates studied were sensitive to all the antibiotics 

of  the  ATB  PSE  5  strip.  The  number  of  isolates  resistant  to  three  or  more  classes  of  

antibiotics (i.e. multiresistant) was observed to be 28 (59.7%) [Figure 5a]: 12 were resistant 

to 5 classes, 8 isolates each to 3 and 4 antibiotic classes. 

 

 
Figure 4. Percentages of isolates that demonstrated resistance against the number of antibiotics (ranging from 
1 to 15), as obtained by the ATB PSE 5 system.  
 
  

The number of multiresistant isolates according to ATB PSE 5 system when compared 

with their source of isolation (whether gentamicin-, ceftazidime-, levofloxacin- or 

trimethoprim-sulfamethoxazole-resistant) is shown in Figure 5b. Among the 28 

multiresistant isolates, 12 out of 14 (85.7%) were levofloxacin-resistant isolates, 11 out of 

12 (91.6%) were gentamicin-resistant isolates, and 5 out of 12 (41.6%) were ceftazidime-

resistant isolates. However, none of the 11 trimethoprim-sulfamethoxazole-resistant 

isolates were multiresistant. Two (O1k, O4h) of the non-multiresistant levofloxacin-

resistant isolates were retrieved from organic milk samples (from a previous study 

performed  at  Dairy  Technology  division,  University  of  Helsinki);  both  of  them  were  

resistant to two classes of antibiotics. 
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Table 4. Results of the antibiotic susceptibility testing of the isolates by ATB PSE 5 system, the isolates were retrieved from agar plates containing antibiotics derived from raw 
milk samples. 

Classes -lactams   Amino-glycosides   Quinolone   Polypeptide   
Folate 
pathway 
inhibitor 

Antibiotic/isolates FAM TIC TCC PIC TZP FEP IMI MERO CAZ   AKN GEN TOB   CIP   COL   TSU 

Sphingomonas paucimobilis                                   
2AB2 R R R R R R R R R   R R R   R   R   R 
2AB4 R R R R R R R R R   R R R   R   R   R 
4AB3 S I S R I S S S R   S S I   R   R   S 
9AB2 S I S S S I S S R   S S R   S   R   S 
10AB2 S R S S S I S S R   R R R   I   R   S 
11AB2 I R S I I R S S R   R R R   S   R   S 
11AB4 S S S S S R S S R   S S S   S   S   S 
12AB2 S R S S S R S S R   S I R   S   R   S 
Pseudomonas putida                                     
4AB4 R I I S S S S S S   S S S   S   S   R 
5AB3 R I I S S I S S S   S S S   S   S   R 
5AB4 R I I S S S S S S   S S S   S   S   R 
8AB3 R R R S S S S S S   S S S   S   S   R 
8AB4 R R R S S I S S S   S S S   S   S   R 
Pseudomonas spp.                                     
3AB1 R R R R R R R R R   R R R   R   R   R 
Pseudomonas fluorescens                                   
2AB1 R I I S S S S S S   S S S   S   S   S 
Sphingobacterium spiritivorum                                   
5Ab1 R R R R R R R R R   R R R   R   R   R 
1AB2 S I S I S R S S R   R R R   R   R   S 
8AB1 S S S I S R S S R   R R R   R   R   S 
Acinetobacter lwoffii 

                 7AB3 S S S I S S S S R   S S S   S   S   S 
7AB4 S S S S S S S S R   S S S   S   S   S 
Acinetobacter baumannii/calcoaceticus                                 
9AB4 R R R S S S S S S   S S S   S   S   R 
Chryseobacterium meningosepticum                                 
3AB5 R R R R R R R R R   R R R   R   R   R 
Weeksella virosa/Empedobacter brevis                                 
O4h S S S S S R S S R   S S S   I   R   S 
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Stenotrophomonas maltophilia                                   
3AB3 R R R R R R R R R   R R R   R   R   R 
Unidentified                                       
2Ab2 R R R R R R R R R   R R R   R   R   R 
2Ab5 R I I S S S S S S   S S S   S   S   S 
2Ab6 R I I S S S S S S   S S S   S   S   R 
2Ab7 R I I S S S S S S   S S S   S   S   S 
1AB1 S S S I S R S S R   R R R   R   R   S 
1AB3 S S S S S S S S S   S S S   S   R   S 
1AB4 S I S I S R S S R   R R R   R   R   S 
1AB5 S S S I S R S S R   R R R   R   R   S 
1AB6 S S S I I R S S R   R R R   R   R   S 
3AB2 S S S S S S S S R   S S S   S   R   S 
3AB4 S S S S S R S S R   S S R   R   R   S 
6AB1 R I I S S S S S S   S S S   S   S   R 
6AB3 S S S S S S S S S   S S S   S   R   S 
6AB5 R R R R R R R R R   R R R   R   R   R 
8AB2 R R R R R R R R R   R R R   R   R   R 
9AB1 S R S S S I S S R   S I R   S   R   S 
9AB3 S S S I S S S S S   S S S   S   S   S 
10AB1 I R S I I I S S R   R R R   I   R   S 
10AB4 R R R R R R R R R   R R R   R   R   R 
12AB1 S I S S S I S S R   S S R   S   R   S 
O1g R R R R R R R R R   R R R   R   R   R 
O1k S S S S S S S S R   S S S   I   R   S 
O2a R R R R R R R R R   R R R   R   R   R 
O2g R R R R R R R R R   R R R   R   R   R 
O3e R R R R R R R R R   R R R   R   R   R 
                                        

FAM, ampicillin-sulbactam; TIC, ticarcillin; TCC, ticarcillin-clavulonic acid; PIC, piperacillin; TZP, piperacillin-tazobactam; FEP, cefepime; CAZ, ceftazidime; IMI, 
imipenem; MERO, meropenem; AKN, amikacin; GEN, gentamicin; TOB, tobramycin; CIP, ciprofloxacin; COL, colistin; TSU; trimethoprim-sulfamethoxazole. S, 
susceptible; I, intermediate; R, resistant.

Table 4. Continued 
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Figure 5. a) Distribution of isolates resistant against number of antibiotic classes (ranging from 1 to 5); b) 
number of multiresistant isolates considering their origin (resistant either against gentamicin, ceftazidime, 
levofloxacin or trimethoprim-sulfamethoxazole (TS), as obtained by ATB PSE 5 system. 

 

Table 4 also lists the antibiotic resistance profile of the 27 isolates identified by API 20 NE 

and 16S rDNA gene sequencing as obtained from ATB PSE 5 system. Among eight 

isolates identified by API 20 NE as Sphingomonas paucimobilis, two (2AB2, 2AB4) 

isolates were resistant to all the 15 antibiotics of the ATB PSE 5 strip while the remaining 

six isolates showed varying levels of susceptibility: all were resistant to ceftazidime but 

were sensitive to imipenem, meropenem and trimethoprim-sulfamethoxazole while five 

were resistant to colistin. On the other hand, five isolates identified as Pseudomonas putida 
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Pseudomonas fluorescens was susceptible to aminoglycosides, quinolone, poly-peptide and 

folate pathway inhibitor antibiotics and was only resistant to ampicillin-sulbactam and to 

the lower concentration of TIC and TCC of -lactams. 

 

Similarly, one (5Ab1) of the three isolates identified as Sphingobacterium spiritivorum was 

resistant to all the antibiotics of the ATB PSE 5 strip whereas the other two isolates (1AB2, 

8AB1) were susceptible to -lactams (except cefepime and ceftazidime) and trimethoprim-

sulfamethoxazole, but were resistant to amikacin, gentamicin, tobramycin, colistin and 

ciprofloxacin. Isolate 9AB4 found to be Acinetobacter baumannii/calcoaceticus by API 20 

NE showed resistance only to ampicillin, ticarcillin and ticarcillin-clavulonic acid of -

lactams and trimethoprim-sulfamethoxazole of the folate synthesis inhibitor. However, 

isolates 3AB3 and 3AB5 identified as Stenotrophomonas maltophilia and 

Chryseobacterium meningosepticum respectively were resistant to all 15 antibiotics of the 

ATB PSE 5 system. 

 

3.3.5 MIC determination by HiComb system 

 

The MIC values for the 11 isolates determined by HiComb system for antibiotics 

gentamicin, ceftazidime, levofloxacin and trimethoprim-sulfamethoxazole (TS) is shown in 

Table  5.  All  of  the  isolates  had  MIC  values  of  0.25  g/mL  or  less  for  the  antibiotic  

levofloxacin, while the MICs for other antibiotics varied considerably depending on the 

isolates origin. TS-resistant isolates (2Ab6, 2AB1, 5AB3, 8AB3) had MIC value for 

antibiotic TS higher than 240 g/mL, while MICs for gentamicin varied between 0.128 to 

0.256, and for ceftazidime between 1.024 to 2.048 (5AB3) g/mL. On the other hand, the 

MIC for ceftazidime-resistant isolates (4AB3, 7AB3, 9AB4, 11AB4) varied widely for the 

same antibiotic: the MIC values for ceftazidime were 0.256 (7AB3), 1.024 (AB3, 9AB4), 

and more than 256 g/mL (11AB4); the MIC values were below 0.256 g/mL for 

gentamicin while it was above 240 (4AB3) and others had less than 0.5 g/mL for 

trimethoprim-sulfamethoxazole. However, the gentamicin-resistant isolates had MIC 

values that ranged from 2.048 (10AB2) to 4.096 g/mL (9AB2, 11AB2) for gentamicin; all 

isolates had MIC values higher than 256 g/mL for ceftazidime whereas the MIC values 

ranged between 30 to 240 g/mL (9AB2, 60; 10AB2, 30 and 11AB2 >240) for 

trimethoprim-sulfamethoxazole. 
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Table 5. Minimum inhibitory concentration (MIC) against antibiotics gentamicin (G), ceftazidime (C), 
levofloxacin (L) and trimethoprim-sulfamethoxazole (TS) of 11 isolates as obtained by HiComb system. 

Isolate Source of 
isolatea 

MIC ( g/mL) 

Gentamicin Ceftazidimee Levofloxacin Trimethoprim-
sulfamethoxazole 

2Ab6 TSI 0.128 1.024 0.25 >240 
2AB1 TSI 0.128 1.024 0.25 >240 
4AB3 CII 0.256 1.024 0.25 >240 
5AB3 TSII 0.128 2.048 0.25 >240 
7AB3 CI <0.064 0.256 <0.005 0.5 
8AB3 TSI 0.256 1.024 0.25 >240 
9AB2 GI 4.096 256 0.25 60 
9AB4 CI 0.064 1.024 0.25 <0.001 
10AB2 GII 2.048 >256 0.25 30 
11AB2 GII 4.096 >256 0.25 >240 
11AB4 CII <0.064 >256 0.25 <0.001 
a Isolates resistant to respective antibiotics at I= higher (G=16; C=32; TS=8/152) and at II= lower (MICs; G= 
4; C= 8; TS= 4/76) concentrations ( g/mL). 
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3.4 Discussion 

 

3.4.1 Effect of cold storage of raw milk on bacterial population 

 
The average mesophilic bacterial population of 23 raw milk samples was below 105 

CFU/mL, suggesting that the milk samples were of good quality (EC 2004). However, one 

sample had the initial mesophilic counts of 5.13 log CFU/mL. The milk samples 

considered in this study were received from milk lorries that collected milk from bulk tank 

in the farms, the time the milk samples remained at cold temperature before the sampling 

period was unknown. A wide variation of the initial mesophilic population among 24 raw 

milk samples that ranged from 3.17 to 5.13 log CFU/mL may indicate varying levels of 

farm hygiene, milking and storage practices (Bramley and McKinnon 1990). Of the many 

factors affecting the initial bacterial population in raw milk, the cold storage of raw milk 

after milking might have a significant role for the initial higher bacterial counts in some of 

the milk samples (Hayes and Boor 2001).  

 
Both the average mesophilic and psychrotrophic bacteria remained below 105 CFU/mL 

during two days storage at 4°C but increased considerably within four days of storage. 

However, the significant rise of psychrotrophic bacteria within two days suggests that the 

cold chain favors the growth of psychrotrophs. Lafarge et al. (2004) using temporal 

temperature gel electrophoresis (TTGE) and denaturing gradient gel electrophoresis 

(DGGE) investigated the bacterial dynamics during refrigerated storage of raw milk and 

reported that the rise of psychrotrophic population observed within 24 h of raw milk 

storage at 4°C. According to Rasolofo et al. (2010), the rise of psychrotrophic bacteria was 

noticed  soon  after  three  days  storage  of  untreated  raw  milk  at  4°C.  This  is  in  good  

agreement with our observation that storing the raw milk beyond 3 days at 4°C could result 

in a significant rise of psychrotrophic bacteria. When the raw milk was stored at 6°C, the 

psychrotrophic counts already reached the level of 4°C on day 4 within 3 days and 

increased further afterwards. The initial mesophilic population was significantly higher 

than the psychrotrophic population but no significant difference was observed in four days 

storage at 6°C. This was in agreement with previous reporting that the psychrotrophic 

bacteria dominate the bacterial population during refrigerated storage of raw milk (Cousin 

1981; Eneroth et al. 1998; Hayes and Boor 2001; Holm et al. 2004; Munsch-Alatossava 

and Alatossava 2006). 
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3.4.2 Effect of cold storage of raw milk on antibiotic-resistant bacterial population 

 

Many studies had been undertaken to study the bacterial population in raw milk or bulk 

tank milk (Guinot-Thomas et al. 1995; Jayarao and Wang 1999; Jayarao and Henning 

2001; Lafarge et al. 2004; Hantsis-Zacharov and Halpern 2007; Ercolini et al. 2009). 

However, few studies focused the analysis of antibiotic-resistant bacterial counts in raw 

milk (Straley et al. 2006) and the evaluation of antibiotic resistance of raw milk associated 

bacteria during cold storage and transportation (Munsch-Alatossava and Alatossava 2007). 

This study investigated the significance of cold storage on the antibiotic-resistant bacterial 

population in raw milk.  

 

A significant rise of resistant bacterial population (Figure 2; Table 2) against all four 

antibiotics tested (gentamicin, levofloxacin, ceftazidime and trimethoprim-

sulfamethoxazole, TS), that represented four major classes of antibiotics (aminoglycosides, 

quinolones, -lactams and folate pathway inhibitors, respectively), was observed during the 

cold storage of raw milk samples at 4°C and at 6°C. A wide variation on the resistant 

counts was observed among raw milk samples before or after the storage period. 

Gentamicin- and levofloxacin-resistant bacterial counts, both mesophilic and 

psychrotrophic, increased moderately (average counts, 1.94 to 4.05 CFU/mL) compared to 

a considerable rise of ceftazidime- and trimethoprim-sulfamethoxazole-resistant population 

(average counts, 4.95 to 5.75 log CFU/mL) during the storage period.  

 

At both concentrations of gentamicin (Figure 2a), the average resistant psychrotrophic 

population increased significantly (P <0.05) only after day 4 storage at 4°C which were 

statistically  insignificant  with  the  resistant  counts  of  day  3  when  the  milk  samples  were  

stored  at  6°C but  the  counts  on  day  3  were  significantly  lower  than  of  the  day  4  at  6°C.  

Similarly, no significant rise of levofloxacin-resistant psychrotrophic counts (Figure 2b) 

was found on day 4 storage of raw milk at 4°C. However, the levofloxacin-resistant 

psychrotrophs counts (average 2.47-2.62 CFU/mL) were below the gentamicin-resistant 

counts (3.66-4.05 CFU/mL) on day 4 of the milk samples stored at 6°C.  

 

On the other hand, both ceftazidime- and TS-resistant psychrotrophic populations (Figure 

2c, 2d) were significantly higher from the initial resistant counts within 2 days storage of 

raw milk samples at 4°C. The counts of day 4 at 4°C did not differ significantly with the 

counts of day 3 at 6°C and were significantly lower than the respective population of day 4 
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at  6°C.  Interestingly,  the  TS-resistant  mesophilic  and  psychrotrophic  counts  on  day  4  at  

4°C and on day 4 at 6°C were statistically similar, suggesting that the majority of the TS-

resistant mesophilic bacteria in raw milk during this storage period were TS-resistant 

psychrotrophs since most of the psychrotrophic bacteria in raw milk can grow at up to 

32°C (Hantsis-Zacharov and Halpern 2007). 

 

 Straley et al. (2006) reported that bulk tank milk could be a significant source of 

antimicrobial-resistant Gram-negative bacteria and observed a considerable variation 

between farms and within milk samples from the same farms. However, they considered 

only three antibiotics (tetracycline from the inhibitor of protein synthesis, and ampicillin 

and ceftiofur from inhibitor of cell wall synthesis) to determine the antibiotic-resistant 

population. The average ampicillin-resistant Gram-negative counts (ranged between 0 -

17,000 CFU/mL) were higher than tetracycline- resistant counts (ranged between 0 to 1265 

CFU/mL) while average ceftiofur-resistant counts were in between (ranged 0-14,000 

CFU/mL) and the authors noted that these antibiotics were commonly used for treating 

dairy cattle. Our result (that included both the Gram-positive and Gram-negative bacteria) 

of the initial mesophilic ceftazidime-resistant counts in raw milk (ranged between 1.15-

4.50  log  CFU/mL)  were  in  the  range  as  that  of  ampicillin-resistant  counts,  however,  

resistant counts against gentamicin (from the same protein synthesis inhibitor class as that 

of tetracycline) in our study were higher than that reported by the Straley et al. (2006) 

study.  

 

3.4.3 Identification of the antibiotic-resistant isolates 

 

The antibiotic-resistant isolates were recovered from agar plates containing antibiotics used 

for determining resistant psychrotrophic bacteria from the cold-stored raw milk samples at 

4°C/4 d and at 6°C/3-4 d. Phenotypic identification of these resistant isolates by API 20 

NE system enabled the identification to only 45.5% (25 isolates) to the species level; 

however, three isolates were identified to the genus level in addition. Other 27 isolates 

remained doubtful, low discriminated or unacceptable; many were proposed to be similar 

to the identified groups of isolates. Despite limited numbers of isolates considered for 

identification in this study, the API 20 NE system, designed to identify Gram-negative 

rods, did not reliably identified the isolates.  
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Munsch-Alatossava and Alatossava (2006) were able to identify only 49.2% of the raw 

milk-associated psychrotrophic bacteria by API 20 NE system. These isolates were 

evaluated for their antibiotic resistance by ATB® PSE system and reported that significant 

proportion of these isolates were multidrug resistant (Munsch-Alatossva and Alatossava 

2007). The authors pointed out that the low level of identification by API 20 NE might be 

due to its absolute reliance on the phenotypic features, the Gram-reaction based approach, 

the  limited  number  of  tests  in  the  strip  and  the  limited  databases.  In  a  study  of  the  non-

fermenting Gram-negative clinical isolates, Bosshard et al. (2006) also reported that the 

level of identification to species level by API 20 NE was limited to 54% and suggested that 

16S rRNA gene sequencing could be a better choice if proper identification to species level 

is required.  

 

Of the 6 isolates considered for 16S rDNA gene sequencing, 4 were identified similar to 

that by API 20 NE, one unacceptable profiled by API 20 NE was identified as 

Pseudomonas and another proposed as Sphingomonas paucimobilis by API 20 NE system 

was suggested to be Sporocytophaga or Flavobacterium. Although only a few isolates 

were analysed by 16S rDNA gene sequencing, it can be of significance as the gene 

sequencing can complement the API 20 NE for the identification of the Gram-negative 

psychrotrophic bacteria in raw milk (Munsch-Alatossava and Alatossava 2006). 

 

Eight isolates were assigned to Sphinogomonas paucimobilis by API 20 NE and all of these 

isolates were grown in agar plates that contained gentamicin, levofloxacin and ceftazidime 

demonstrating the resistance against these antibiotics. This bacterial species have been 

reported as an opportunistic pathogen and the infection may lead to bacteremia/septicaemia 

(Ryan and Adley 2010). Sphingomonas spp., including Sphingomonas paucimobilis, was 

recovered from the drinking water system in Finland and Sweden and majority of the 

isolates studied were able to grow at 5°C and were capable of forming biofilm in water 

pipelines (Koskinen et al. 2000). The water used in the dairy farms could be a potential 

source of this bacterial species in raw milk. Pseudomonas putida was the second largest 

species identified in this study (5 isolates out of 25) and interestingly, all were resistant to 

trimethoprim-sulfamethoxazole. This species accounted for about 12% of the total Gram-

negative bacteria in bulk tank milk samples in a study by Jayarao and Wang (1999).  

 

On the other hand, Pseudomonas fluorescens has been identified as the dominant spoilage 

species in refrigerated raw milk (Jayarao and Wang 1999; Holm et al. 2004; Munsch-
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Alatossava and Alatossava 2006). However, only one P. fluorescens isolate that was 

resistant to trimethoprim-sulfamethoxazole was accurately identified in this study, 

suggesting that this primary spoilage bacterium of raw milk was sensitive to other three 

antibiotics (gentamicin, levofloxacin, and ceftazidime) tested. Three of the isolates 

identified as Sphingobacterium spiritivorum, including one isolate (01g) resistant to 

ceftazidime from an organic milk sample considered in a previous study at the Dairy 

Technology division of the University of Helsinki. Hantsis-Zacharov and Halpern (2007) 

reported that this species and other species from the class Sphingobacteria were detected in 

all seasons of the milking but were in low numbers.  

 

Both Acinetobacter lwoffii (2 isolates; 7AB3, 7AB4) and Stenotrophomonas maltophilia (1 

isolate, 3AB3) species identified in this study were also reported in bulk tank milk samples 

by Jayarao and Wang (1999). In addition, Munsch-Alatossva and Alatossava (2006) also 

detected 3 out of 67 isolates from raw milk samples using API 20 NE and BIOLOG as S. 

maltophilia. This species from genus Stenotrophomonas has been reported as an 

opportunistic nosocomial pathogen (Berg et al. 1999). One isolate identified as 

Acinetobacter baumannii/calcoaceticus in the present study was also identified in 17 out of 

225 isolates recovered from mastitic raw milk samples in the Republic of Korea and many 

of them were multidrug resistant (Nam et al. 2010).  

.   

3.4.4 Antibiotic resistance of the isolates 

 

Among 55 Gram-negative isolates considered in this study, 49 were analysed for their 

antibiotic resistance with an in vitro ATB PSE 5 system. Since the ATB PSE 5 system does 

not provide the MIC values for antibiotics, consequently 11 isolates were also analysed by 

HiComb system to determine the specific MIC value for the antibiotics used in this study. 

Due to the limited number of isolates analysed for their antibiotic resistance in this study, it 

might be difficult to compare with other findings and a majority of these studies concerned 

the clinical isolates and only a few of them evaluated the antibiotic resistance in raw milk-

associated psychrotrophic bacteria.  

 

The proportion of isolates demonstrated resistant ranged from 26.5% against meropenem to 

as high as 71.4% to ceftazidime (Figure 3) of the ATB PSE 5 strips. 59.7% isolates were 

resistant to three or more classes of antibiotics (Figure 5a), thus they were categorized as 
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multiresistant isolates. Since several antibiotics of -lactams class were included in the 

semi-automated ATB PSE 5 strips, the isolates also showed considerable variation from 

26.5% to 71.4% while isolates demonstrating resistant against aminoglycosides ranged 

narrowly from 46.9 % to 57.1%. The number of resistant isolates to poly-peptide antibiotic 

colistin was higher than the folate pathway inhibitor trimethoprim-sulfamethoxazol.  

 

The isolates identified as S. paucimobilis showed a considerable variation of the 

susceptibility  against  antibiotics  of  the  ATB  PSE  5  strips.  However,  all  of  these  isolates  

were resistant to ceftazidime, 7 out of 8 isolates to colistin and 3 out of 8 were resistant to 

ciprofloxacin. However, only 25%, 7.1%, and 10.7% of the clinical isolates of S. 

paucimobilis collected worldwide (1997-2003) were resistant to ceftazidime, ciprofloxacin 

and trimethoprim-sulfamethoxazole (Sader and Jones 2005). On the other hand, P. putida 

isolates were all sensitive to ceftazidime and colistin but were resistant against 

trimethoprim-sulfamethoxazole. Interestingly, the only isolate identified as P. fluorescens 

(2AB1) was sensitive to all antibiotics of the ATB PSE strip except it was resistant to 

ampicillin and intermediate resistant to ticarcillin. However, Munsch-Alatossava and 

Alatossava (2007) reported that only one of the 27 isolates of P. fluorescens was sensitive 

to trimethoprim-sulfamethoxazole and all were sensitive to aminoglycosides. Pseudomonas 

spp. were shown extensive resistance against several antibiotics and were of concern as this 

group of bacteria can grow at the low temperatures and can form biofilms in the bulk milk 

tank (Straley et al. 2006). 

 

Three isolates identified as Sphingobacterium spiritivorum were resistant to all 

aminoglycosides, ciprofloxacin, colistin and trimethoprim-sulfamethoxazole of the ATB 

PSE 5 strips whereas the isolate (3AB5) Chryseobacterium meningosepticum was entirely 

resistant to all antibiotics of the strip and it was the same case with only isolate identified 

as Stenotrophomonas maltophilia (3AB3). Higgins et al. (2001) in clinical isolates and 

Munsch-Alatossava and Alatossava (2007) in raw milk isolates of S. maltophilia reported 

an extensive resistance to many of the -lactam antibiotics but all were sensitive to 

trimethoprim-sulfamethoxazole. The clinical isolates of S. maltophilia in Nicodemo et al. 

(2004) study also exhibited susceptibility to the trimethoprim-sulfamethoxazole but 40% of 

the 70 isolates considered were resistant to ticarcillin, a -lactam. 

 

On the other hand, Acinetobacter baumannii/calcoaceticus (one  isolate,  9AB4)  was  

sensitive  to  aminoglycosides,  quinolone,  polypeptide  and  many of  the  -lactams but  was  
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resistant to trimethoprim-sulfamethoxazole. Nam et al. (2010) also reported that about 90% 

of the 17 A. baumanni isolates from mastitic raw milk samples were sensitive to 

gentamicin and amikacin. Straley et al. (2006) also found that the Acinetobacter spp. were 

sensitive to amikacin of the aminoglycosides class. On the contrary, these isolates were 

sensitive to ticarcillin but the isolate (9AB4) in the present study was resistant to ticarcillin. 

However, two isolates (7AB3, 7AB4) identified as Acinetobacter lwoffii were sensitive to 

all antibiotics except ceftazidime, which is in agreement (except against ceftazidime) with 

the susceptibility profile of a clinical isolate of Acinetobacter lwoffii against -lactams, 

gentamicin, trovafloxacin, tetracycline, chloramphenicol, and trimethoprim-

sulfamethoxazole as reported by Higgins et al. (2001). 

 

Interestingly, most of the gentamicin- and levofloxacin-resistant isolates demonstrated 

multiresistance according to the ATB PSE 5 analysis. However, the antibiotic resistance of 

trimethoprim-sulfamethoxazole-resistant isolates was limited to one or two classes of 

antibiotics and none were multiresistant. This might indicate that isolates resistant to 

gentamicin and levofloxacin carry multidrug-resistant genes which are usually lacking or 

less diverse resistance genes in case of trimethoprim-sulfamethoxazole- and ceftazidime-

resistant isolates. Most of the isolates recovered from the antibiotic containing plates 

showed resistance to the particular antibiotic from where it was isolated, also in the ATB 

PSE 5 strip. However, ciprofloxacin was the quinolones class of antibiotics in the strip 

rather than the levofloxacin used for the isolation in this study. Despite few contradictory 

results, the MIC values determined with HiComb system (Table 5) also showed 

comparable resistance of the isolates similar to the EUCAST and the ATB PSE 5 system. 

Gentamicin-resistant isolate (9AB2, 11AB2) showed resistance to gentamicin, ceftazidime 

and trimethoprim-sulfamethoxazole whereas the MIC values for TS-resistant isolates 

showed that they were also resistant according to HiComb system. However, the isolates-

resistant to ceftazidime (4AB3, 7AB3, 9AB4) gave the MIC value quite lower than those 

actually used in the isolation (8-32 g/mL).  

 

The wide prevalence of antibiotic resistance of the isolates in our study could be the results 

of the wide use of broad-spectrum antibiotics and combination of antibiotics such as 

penicillin, ampicillin-cloxacillin, pencicillin-streptomycin for the treatment of mastitis in 

lactating cows in Finland. In addition, trimethoprim-sulfonamides, oxytertracycline, 

penispiramycin and enrofloxacin are also the available options for parenteral treatment 

(Pitkälä et al. 2004). 
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4 CONCLUSIONS 
 

The  aims  of  this  study  were  to  investigate  the  effect  of  cold  storage  of  raw  milk  on  the  

antibiotic-resistant bacterial population and evaluate the antibiotic resistance of the 

resistant isolates recovered from the cold-stored raw milk samples. 

 

The cold storage of raw milk considerably increased the bacterial population, there was no 

significant difference between the mesophilic and psychrotrophic bacterial population after 

four days storage at 6°C, suggesting that the population was mostly of psychrotrophic 

nature. The average mesophilic counts were below 105 CFU/mL during two days storage at 

4°C: reaffirms that the raw milk can be stored safely for 48 h at 4°C; however, a significant 

variations of the bacterial population observed among milk samples. 

 

Although antibiotics dependent, the antibiotic-resistant bacterial population increased 

significantly during the cold storage of raw milk; gentamicin- and levofloxacin-resistant 

bacteria increased moderately whereas ceftazidime- and trimethoprim-sulfamethoxazole-

resistant bacteria rose considerably. An equivalent amount of resistant bacteria were found 

within 3 days when the raw milk samples were stored at 6°C compared with the counts in 

the milk samples stored at 4°C for 4 days. 

 

Only 50.9% of the antibiotic-resistant isolates (total 55 isolates) considered for 

identification were identified to very good, good and acceptable level by phenotypic API 

20 NE system, including three isolates identified to genus levels. The most frequently 

identified were Sphingomonas paucimobilis (8), Pseudomonas putida (5), 

Sphingobacterium spiritivorum (3) and Acinetobacter lwoffii (2). The 16S rDNA gene 

sequencing identified four isolates (total six isolates) the same as by the API 20 NE system. 

 

Of the 49 isolates considered in the antibiotic resistance study by ATB PSE 5 system, a 

level of resistance as high as 71.4%, 57.1%, 69.4% and 44.9% were observed for -

lactams, aminoglycosides, poly-peptide and folate pathway inhibitor class of antibiotics 

respectively. Among them, 59.7% were multiresistant; the levofloxacin-resistant and 

gentamicin-resistant isolates showed highest multidrug resistance of 85.7 and 91.6% 

respectively whereas none of the trimethoprim-sulfamethoxazole-resistant isolates showed 
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multiple resistance. On the other hand, 41.6% of the ceftazidime-resistant isolates 

demonstrated multidrug resistance. 

 

This study showed that the dairy environment harbours multidrug-resistant Gram-negative 

psychrotrophic bacteria and the cold chain of raw milk storage amplifies the antibiotic-

resistant psychrotrophic population. Although the identification remained controversial or 

unidentifiable for many resistant isolates considered in this study by API 20 NE system, 

the significant isolates identified to species level were Sphingomonas paucimobilis, 

Pseudomonas putida, Sphingobacterium spiritivorum and Acinetobacter lwoffii. A better 

identification by 16S rDNA gene sequencing for few isolates considered in this study 

suggests that it could be used to supplement the identification of the antibiotic-resistant 

Gram-negative bacteria in raw milk by API 20 NE system. Further studies are required to 

get a clear picture of the antibiotic resistance in milk associated bacteria in the farm and the 

processing plant environment.  
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