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ช่ือวทิยานิพนธ์  ความสามารถในการเกาะกลุ่มและประจุพื้นผวิของเช้ือแลคโตบาซิลลสั
จากช่องปาก 

ช่ือผู้เขียน  นางสาวกมลชนก  พงษพ์านิช 
สาขาวชิา วทิยาศาสตร์สุขภาพช่องปาก 
ปีการศึกษา 2556 
 

บทคัดย่อ 
 

  การวิจยัน้ีเป็นการศึกษาความสามารถในการเกาะกลุ่มและประจุพื้นผิวของแลคโต
บาซิลลัส (Lactobacillus (L)) ในช่องปาก 10 ชนิด คือ L. fermentum, L. salivarius, L. gasseri, L. 
plantarum, L. rhamnosus, L. mucosae, L. casei, L. oris, L. paracasei และ L. vaginalis และศึกษา
ความสัมพนัธ์ระหวา่งความสามารถดงักล่าวกบัสภาวะสุขภาพช่องปาก  

วิธีการศึกษา คือ น าเช้ือแลคโตบาซิลลสัท่ีแยกได้จากช่องปากจ านวน 198 strains 
คือ L. fermentum (62), L. salivarius (29), L. gasseri (17),  L. plantarum (12),  L. rhamnosus  (17),  
L. mucosae (12), L. casei (11), L. oris (8), L. paracasei (22) และ L. vaginalis (8) มาศึกษาประจุ
พื้นผิวโดยวิธี MATH และ ความสามารถในการเกาะกลุ่มทั้งกบัตวัเช้ือแลคโตบาซิลลสัเอง และกบั
เช้ือก่อโรคฟันผใุนช่องปาก คือ  Streptococcus mutans  

ผลการศึกษาพบวา่ เช้ือแลคโตบาซิลลสัท่ีแยกไดจ้ากช่องปากทุกสายพนัธ์จากกลุ่ม
ตวัอยา่งมีค่าประจุพื้นผิวแบบให้อิเลกตรอนในระดบัสูง ค่าประจุพื้นผิวแบบรับอิเลคตรอนในระดบั
นอ้ยถึงปานกลาง และค่า hydrophobicity ในระดบัปานกลาง ยกเวน้ L. gasseri มีค่า hydrophobicity 
ต ่า เช้ือแลคโตบาซิลสัในกลุ่มตวัอยา่งท่ีมีฟันผสูุงจะมีค่า hydrophobicity สูงกวา่กลุ่มตวัอยา่งท่ีมีฟัน
ผุต ่าอยา่งมีนยัส าคญัทางสถิติ (p < 0.05) นอกจากน้ียงัพบวา่ ความสามารถในการเกาะกลุ่มของเช้ือ
แลคโตบาซิลลสัสัมพนัธ์กบัระยะเวลา กล่าวคือ เม่ือเวลานานข้ึนความสามารถในการเกาะกลุ่มของ
เช้ือก็มากข้ึน นอกจากน้ียงัพบวา่ ความสามารถในการเกาะกลุ่มของเช้ือแลคโตบาซิลลสัในกลุ่มฟันผุ
สูงและต ่าไม่แตกต่างกนัอยา่งมีนยัส าคญัทางสถิติ  

กล่าวโดยสรุปไดว้า่ เช้ือแลคโตบาซิลลสัท่ีแยกไดจ้ากช่องปากส่วนใหญ่แสดงให้
เห็นวา่มีคุณสมบติัในการเกาะกลุ่มและมีค่าประจุพื้นผิวแบบให้อิเลกตรอนสูง มีค่าประจุพื้นผิวแบบ
รับอิเลกตรอนน้อยถึงปานกลาง  และค่า hydrophobicity ปานกลาง นอกจากน้ี มี เฉพาะค่ า  
hydrophobicity เท่านั้นท่ีมีความต่างอยา่งนยัส าคญัทางสถิติ (p < 0.05) เม่ือเปรียบเทียบระหวา่งกลุ่ม
ฟันผสูุงและต ่า  
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ABSTRACT 
 

Objective: The aims of the study were to compare aggregation ability and surface 
charges of oral Lactobacillus (L) 10 species namely L. fermentum, L. salivarius, L. gasseri, L. 
plantarum, L. rhamnosus, L. mucosae, L. casei, L. oris, L. paracasei and L. vaginalis. The relation 
between such ability with oral health status (dt).  

Methods: Total 198 strains of L. fermentum (62), L. salivarius (29), L. gasseri 
(17), L. plantarum (12), L. rhamnosus (17), L. mucosae (12), L. casei (11), L. oris (8), L. 
paracasei (22) and L. vaginalis (8) were investigated for their cell surface properties (The 
microbial adhesion to hydrocarbon test) and measured their autoaggregation and pathogenic 
coaggregation properties with Streptococcus mutans. 

Results: Most species showed high basic surface (electron donor) charges, low to 
moderate acid surface charges (electron acceptor) and moderate to high hydrophobicity. L. gasseri 
was low hydrophobicity. Lactobacillus from high caries showed a greater ability to adhere to 
hydrophobic substances compare to Lactobacillus that obtained from low caries. The aggregation 
abilities (autoaggregation and coaggregation with S.mutans) were depended on incubation, Time 
variation. L. gasseri was the highest aggregation ability.  However, there were no significant in 
aggregation ability between Lactobacillus obtained from high and low caries subject.  

Conclusion: Most of oral Lactobacillus species showed adhesion relate properties 
included high electron donor, low to moderate electron acceptor and moderate hydrophobicity. 
However, only hydrophobicity was statistically significant difference (p <0.05) between the 
groups of high and low caries subject. 
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CHAPTER 1 
  

Introduction 
 

Lactobacilli are gram-positive, non spore forming, rods or coccobacilli 
microorganisms. In environments where carbohydrates are available  such as food (dairy products, 
fermented meat, vegetables, fruits, beverages), gastrointestinal, respiratory  and genital tracts of 
humans and animals, and in sewage and plant material  usaually found them1. 

Lactobacilli normally comprise less than 1% of the total cultivable microbiota in 
the oral cavity. Commonly isolated species include L. paracasei, L. plantarum, L. rhamnosus and 
L. salivarius2.  Lactobacilli are considered as part of the normal oral microbiota. They are the most 
acidogenic among the lactic acid bacteria and are associated with the progression of dental caries.  
Sometimes, the number of lactobacilli in saliva has been suggested to use as a part of caries risk 
estimation3. The species associated with caries are still ambiguous, however the differences 
between Lactobacillus species from caries-active and from healthy subjects have been reported4. 
Piwat et al.5  isolated salivary lactobacilli from 59 children. They found that L. fermentum and L. 
salivarius were the predominant species, but in the moderate to high caries group L. salivarius 
found L. salivarius significantly higher numbers. In some cases, lactobacilli could also play a 
useful role by inhibiting the growth of some cariogenic bacteria. Michalek et al.6 found that the 
presence of L. casei in plaque may reduce cariogenic pathogen (S. mutans) in gnotobiotic rats. 
Some Lactobacillus species such as L. paracasei L. rhamnosus L. plantarum and L. salivarius 
which isolated from the oral cavities of sound subjects have capability of having an antimicrobial 
activity against streptococci7–9. However, some Lactobacillus species have been proposed as 
probiotics in the prevention of dental caries, mainly because of their inhibitory activities against 
cariogenic Streptococcus spp. and contributing to the balance of microflora in the oral cavity4.  

Aggregation has been related with adhesion, which is a prerequisite for 
colonization and infection by pathogens. Autoaggregation is defined as the adherence of bacteria 
themselves. The bacteria that can autoaggregate conveys a selective advantage over non-
autoaggregation species by enhancing attachment within a developing biofilm10. Bacterial 
coaggregation is a result of two or more different species of bacteria interacting to form a stable 
composite aggregation11. Coaggregation was first presented to the bacteria isolated from human 
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dental plaque, which are found living together of many bacterial species. Several studies 
demonstrated that coaggregation was a common phenomenon between broad ranges of genera 
from dental plaque. These investigations showed that coaggregation between pairs of bacteria was 
highly specific12,13. Coaggregation is a process by which genetically distinct bacteria become 
attached to one another via specific molecules. Cumulative evidence suggests that such adhesion 
influences the development of complex multi-species biofilms. When considering the benefits 
coaggregation confers on bacterial partnerships, it is probable that the strength and specificity of 
the interactions will be subject to natural selection13.  The ability to penetrate dense pathogen 
biofilms could also be supported by biosurfactant production if adhesion forces of lactobacilli with 
pathogens are more than those other binding the pathogens14, but thereafter lactobacilli integration 
into the multilayered structure and formation of coaggregates with the pathogens would allow their 
antimicrobial molecules to disturb the biofilms and reduce pathogen viability15–17. 

Surface charge is the study of the acid - base on the surface of bacteria using 
chloroform (polar acidic solvent) as the electron donor and ethyl acetate (polar basic solvent) 
as electron acceptor. Surface charge can affect the ability of aggregations and hydrophobicity 
of bacterial cells18. Hydrophobicity of bacterial cell surface is one of important factor that 
control bacterial adhesion to various surfaces such as air/water interface, oil/water interface, 
biomaterial, teeth, animal cell, activate sludge and different solid surfaces 19. Hydrophobic 
interactions define the strong attraction between hydrophobic molecules and surfaces in water. 
In biological systems hydrophobic interactions are the strongest long -range non-covalent 
interactions and are considered a determining factor in microbial adhesion to surfaces 20,21.   

Aggregation abilities test together with cell surface abilities could be used for 
preliminary screening in identifying potentially adhered to each bacteria2. The aims of this study 
are to define aggregation abilities and surface characteristics; cell charge and hydrophobicity of 
oral Lactobacillus and to relate them with oral health status (dt). 
 
Review of Literature 
 
Lactobacilli  

Lactobacilli are gram-positive, non spore forming, rods or coccobacilli 
microorganisms. They are fermentative, facultative anaerobe or microaerophylic and chemo-
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organotrophic. They are catalase negative, even if pseudocatalase activity can sometimes be 
present in some strains. They are found in environments where carbohydrates are available, such as 
food (dairy products, fermented meat, sour doughs, vegetables, fruits, beverages), respiratory, 
gastrointestinal and genital tracts of humans and animals, and in sewage and plant material1.  
 
Lactobacillus in oral cavity 

 Lactobacilli usually comprise less than 1% of the total cultivable microbiota in the 
oral cavity. Commonly isolated species include L. paracasei, L. plantarum, L. rhamnosus and L. 
salivarius2.  Lactobacilli are considered as part of the normal oral microbiota. They are the most 
bacteria that produce lactic acid and are associated with the progression of dental caries.  
Sometimes, the number of lactobacilli in saliva has been suggested to  used as a part of caries risk 
estimation3. The species associated with caries are still ambiguous, however the differences 
between Lactobacillus species from caries-active and from healthy subjects have been reported4. 
Piwat et al.5  isolated salivary lactobacilli from 59 children. They found that lactobacilli levels in 
children’s saliva with low caries prevalence were significantly lower than lactobacilli levels in 
children’s saliva with moderate to high caries prevalence. L. fermentum and L. salivarius were the 
predominant species but L. salivarius was found significantly in the moderate to high caries group 
found. Nonetheless, some Lactobacillus species have been proposed as probiotics in caries 
prevention, mainly because of their inhibitory activities against cariogenic Streptococcus spp. and 
contributing to the balance of microflora in the oral cavity4.  
 

 
Probiotic 

Not all bacteria are harmful to the human body, some types of microorganisms 
that can provide a beneficial health effect on the host. Such that the live microorganisms called 
probiotics. “Probiotic” term, as opposed to “antibiotic”, was initially proposed by Lilley and 
Stillwell in 1965. According to a WHO/FAO report (2002), probiotics are “Live micro-organisms 
which, when administered in adequate amounts, confer a health benefit on the host”22. Metchnikoff 
was the first to state a health benefit of probiotics, and proposed that Bulgarian people had a longer 
longevity because of viable bacteria in fermented milk. L. acidophilus was First probiotic species 
introduced in research by Hull et al. in 1984; followed by B. bifidum by Holcombh et al in 199123. 
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Probiotics can improve the condition of patients in medical disorders such as 
diarrhea, gastroenteritis, short-bowel syndrome, inflammatory intestinal diseases (Crohn’s disease 
and ulcerative colitis), cancer, immunodepressive states, inadequate lactase digestion, pediatric 
allergies, growth retardation, hyperlipidemia and liver diseases, etc.; improved results in medical 
disorders after using probiotics have been supported by several researchs 23,24. 

 In oral cavity, probiotics can create a biofilm that role as a protective coating for 
oral tissues against oral diseases. like a biofilm protect oral tissues from bacterial pathogens and 
competing with cariogenic bacteria and periodontal pathogens growth23–25. 

 Bussher et al.26 reported that “L. acidophilus and L. casei presented in yoghurts 
can colonize the oral cavity because their ability to adhere to enamel”. A one week consumption of 
this yoghurt caused a removal of other lactobacilli in dental plaque and in saliva. Näse et al.27 
showed that “long-term consumption of milk containing L. rhamnosus GG caused a significant 
lowering in caries risk in day care children”.  

 Petti et al.28 also found that “the regular consumption of L. rhamnosus GG 
yoghurt could decrease the salivary lactobacilli and S. mutans count, while L. bulgaricus contained 
in that product did not colonize the oral cavity. However effect of L. rhamnosus GG disappeared 
when its intake has been ended. A short-term consumption of cheese contained L. rhamnosus GG 
and L. rhamnosus LC 705 has been conducted whether this could diminished caries-associated 
salivary microbial counts in young adults”. This cheese seemed to reduce counts of S. mutans and 
yeasts loading to reduce the carious risk7,23,29. 
 
Aggregation 

 Aggregation has been correlated with adhesion, which is known to be a 
prerequisite for colonization and infection by pathogens. Autoaggregation is defined as the 
adherence of bacteria themselves. The bacteria that can autoaggregate conveys a selective 
advantage over non-autoaggregation species by enhancing attachment within a developing 
biofilm10. 

Bacterial coaggregation is a result of interaction between two or more different species of 
bacteria to form a stable composite aggregation (Fig. 1)11,13. Coaggregation was first recognized 
among bacteria isolated from human dental plaque and the residue is defined as the process of 
bacterial adhesion between pairs of genetic difference. Several papers published in the 1970s 
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indicated that coaggregation was a common spectacle between broad ranges of genera from dental 
plaque.  These early investigations showed that coaggregation between pairs of bacteria was highly 
specific and was typically mediated by a protein ‘adhesin’ on one cell type and a complementary 
saccharide ‘receptor’ on the other12,13. 

Fig. 1  According to Rickard et al.13 “Diagram illustrating the possible roles of 
coaggregation in the development of multi-species biofilms. (a) Primary 
colonization of a substratum covered in a ‘conditioning film’ composed of 
polysaccharides and proteins; (b) cell growth, division and production of 
extracellular polysaccharide (EPS) leading to the development of 
microcolonies; (c) coadhesion of single cells, coaggregated cells and 
groups of identical cells into the young multi-species biofilm; and (d) 
maturation and the formation of clonal mosaics within the multi-species 
biofilm”. 

 
Collado et al.30 have studied adhesion and aggregation of commercial probiotic 

strains compare with enteric pathogens, the pathogen strains showed lower autoaggregation 
abilities than probiotic strains. Highest autoaggregation are L. fermentum ME-3 at 20 and 37 °C. 
Coaggregation abilities of probiotic strains and pathogen strains were demonstrated to be strain-
specific and dependent on time and incubation conditions. The highest coaggregation was obtained 
between B. vulgatus with L. rhamnosus LC-705 and with L. fermentum ME-3, respectively. The 
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strains with less coaggregation ability with B. vulgatus were B. lactis 420, B. longum 46 and P. 
freudenreichii JS.  

 Kos et al.31 has investigated aggregation and adhesiveness of L. acidophilus M92, 
they found the relationship between autoaggregation and adhesiveness ability of L. acidophilus 
M92 which mediated by proteinaceous components on the cell surface.  
Physiochemical characteristic of cell surface properties  
Surface charge effect 

 Surface charge is the study of the acid - base on the surface of bacteria using 
chloroform (polar acidic solvent) as the electron donor and ethyl acetate (polar basic solvent) 
as electron acceptor. Surface charge can effect the ability of aggreg ations and hydrophobicity 
of bacterial cells. 

Rijinaarts et al.32 insisted that “long-range forces, mainly electrostatic 
interactions due to the overlapping of diffuse layers and van der Waals forces, i.e. DLVO 
forces, are a very important factor of adhesion onto substratum surfaces at relatively lower 
ionic concentrations”. Bos et al.33 revealed that “substratum hydrophobicity is a major 
determinant of bacterial cell retention although it hardly in fluences bacterial adhesion”. 

According to van Oss34, “Hydrophobic interactions in biological systems are 
commonly the strongest of all long-range non-covalent interactions, can be designated as the 
attraction between apolar or slightly polar molecules, particles or cells immersed in water. The 
main driving force is the hydrogen bonding (AB forces or Lewis Acid-Base) energy of 
cohesion between the surrounding water molecules. This means that the AB forces, if strongly 
asymmetrical or monopolar, are responsible for the orientation of water molecules adsorbed on 
the surfaces”. As a result of orientation of water molecules on the one particle’s surface will 
repel orientation of water molecules in the same manner on the surface of an adjacent 
particle35. If the orientation of the water molecules is sufficiently strong, the two particles will 
not approach each other. If on the other hand the surface is more weakly apolar, its capacity 
for orientation of the most closely adsorbed water molecules is less pronounced and the 
particles will approach each other under the influence of their net Lifshitz -van der Waals (LW) 
attraction. "Hydrophobic" compounds or surfaces do not repel water rather they attract water 
with a substantial binding energy, although not quite strongly as very hydrophilic compounds 
or surfaces 36. It should be emphasized that hydrophobic attractions can prevail between one 
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hydrophobic and one hydrophilic site immersed in water, as well as between two hydrophobic 
entities. 

 Colloca et al.37 has researched surface properties of lactobacilli that isolated and 
identified from teeth, tongue, saliva and gum of healthy patients, it was found that strains from 
saliva and tongue had high electron donor. And lactobacilli that isolates from the tongue showed 
low solvents affinity that concurs with low hydrophobicity results. They summarized that the 
bacterial cell surface charge of lactic acid bacteria were different. And that could be involved in 
their adhesion to hard or soft tissues of the mouth, or in attachment to other bacteria. 

L. casei, L. paracasei, and L. rhamnosus showed strong electron donor. In contrast 
they were low electron acceptor, as confirmed by their hydrophilic cell surface properties38. 

 On the other hand, previous investigations on the physicochemistry of microbial 
cell surfaces have shown correlations between hydrophobicity, surface charges and elemental 
surface compositions of the cells39. They indicate that higher hydrophobicity result from the 
presence of (glyco-) proteinaceous material at the cell surface39, whereas a hydrophilic surface was 
associated with the presence of  polysaccharides.  Lipoteichoic acids and other outer cell wall 
substances might have an effect on hydrophobicity as well, but it is still unclear. 
 
DLVO theory 

 According to Hermansson40 “The DLVO theory has been used to describe the net 
interaction between a cell and a flat surface (substratum) as a balance between two additive factors,  
van der Waals (vdW) interactions (generally attractive) and repulsive interactions (VR) from the 
overlap between the electrical double layer of the cell and the substratum (generally repulsive, due 
to the negative charge of cells and substrata) (Fig. 2)”.  

“The vdW interaction is a material property that describes the strength of the 
interaction between a surfaces and the medium, as well as between two interacting bodies in a 
medium. It spends on the dielectric properties of the medium, the substratum and the cell. The only 
significant attractive force known to be present is van der Waals force which is due to an 
interaction between oscillating dipoles on the surface molecules. This force is unaffected by ionic 
strength. Van der Waals attractive force is a very powerful force but it only operates over a small 
distance. Significantly, van der Waals attractive force reveal force less than the repulsive force due 
to overlapping electric double layers. It is, however, very strong and if the cell can get close 
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enough to the surface, the van der Waals force will hold it very tightly. It is showed that, when the 
cell gets very close to the surface the van der Waals force starts to get very big indeed. In fact, at 
very small distances the van der Waals attractive force is enormously bigger than the electrostatic 
repulsion”40. 

 
 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
Fig. 2 The graphs describing the potential energy of the interaction between two 

particles.  
 

“The double layer interaction (VR) originates from the Coulomb interaction 
between charged, molecules, and its strength and range. It is strongly affected by the presence of 
surrounding ions. Independent of charging mechanism of any surface, the surface charge is 
balanced (electroneutrality) by an equal but oppositely charged region of counterions”40. 
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The theory states that the stability of colloidal is determined by the potential 
energy of the particles (VT) outlining two potential energy of the interaction of interest due to van 
der Waals force VA and potential energy of the repulsive electrostatic interaction VR:  

VT = VA + VR 

“The minimum of the potential energy determines the distance between two 
particles corresponding to their stable equilibrium. The two particles form a loose aggregate, which 
can be easily re-dispersed. The strong aggregate may be formed at a shorter distance corresponding 
to the primary minimum of the potential energy (not shown in the picture). In order to approach to 
the distance of the primary minimum the particle should overcome the potential barrier”40. 

 
Hypothesis of the study 

1. Aggregation abilities and surface charge of oral Lactobacillus are interrelated. 
a. Autoaggregation and hydrophobicity of oral Lactobacillus are interrelated. 

2. Aggregation ability of oral Lactobacillus is related caries status. 
a. Aggregation abilities of oral Lactobacillus is related to high caries. 

 
Objective of the study 

1. To study the autoaggregation abilities of oral Lactobacillus. 
2. To study the coaggregation abilities between oral Lactobacillus species and S. mutans. 
3. To study the surface charge of oral Lactobacillus. 
4. To study relationship between aggregation abilities and surface charge of oral    

Lactobacillus. 
5. To study relationship between aggregation abilities/surface charge and caries status. 
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CHAPTER 2 
 

Materials and Methods 

 
Bacteria strains 

One hundred and ninety-eight strains of oral Lactobacillus obtained from the 
culture collection of Department of Stomatology, Faculty of Dentistry, Prince of Songkla 
University were studied including 62 L. fermentum strains, 29 L. salivarius strains, 17 L. gasseri 
strains, 12 L. plantarum strains, 17 L. rhamnosus strains, 12 L. mucosae strains, 11 L. casei strains, 
8 L. oris strains, 22 L. paracasei strains, 8 L. vaginalis strains and 10 Lactobacillus reference 
strains were included. The tested reference strains were L. fermentum ATCC 14931T, L. salivarius 
ATCC 11741T, L. gasseri ATCC 33323T, L. plantarum ATCC 14917T, L. rhamnosus ATCC 7469T, 
L. mucosae CCUG 43179T, L casei ATCC 393T, L .oris CCUG 37396T, L. paracasei CCUG 
32212T and L. vaginalis CCUG 31452T. These clinical strains were isolated from saliva sample of 
59 two-year-old children. Each tested strains were selected from different child and different 
genotype within the same species of Lactobacillus.  The study design, selection of patients, 
isolation and identification procedures have been described in the study of Teanpaisan et al.41. The 
oral pathogen used for coaggregation test in this study was Streptococcus mutans ATCC 25175™. 
The bacterial strains were kept in a freezer at -80°C until required.  
 
Bacterial cultivation 

Before the experiment, the Lactobacillus strains were cultivated in Man Rogosa 
Sharpe (MRS) broth (LAB scan, India) in an anaerobic condition (80% N2, 10% H2 and 10% CO2) 
at 37oC for 24 hrs. The streptococcus strains were grown in Brain Heart Infusion (BHI) broth 
(Difco, France) under conditions of low-oxygen (5% CO2) at 37oC for 24 hrs. After incubation, the 
bacteria were harvested by centrifugation at 10,000 rpm for 15 min at 4ºC. Cells were washed 
twice in phosphate buffered saline (PBS). 
 
Aggregation of Lactobacillus 

Autoaggregation: Autoaggregation assays were performed according to Del Re et 
al.42. The cell density was monitored by measuring the optical density at 600 nm (OD600) using a 
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spectrophotometer (Multiskan GO, Thermo Scientific, USA) throughout the study. The bacterial 
cells were suspended in PBS buffer to give an OD600 of 0.5 (approximately 108 CFU ml-1 cells 
density). Cell suspensions (6 ml.) were mixed by vortexing for 10 sec and left undisturbed at room 
temperature. One milliliter of upper layer of each tube was carefully removed after 1, 4 and 24 hrs. 
Absorbance of the supernatant was measured at 600 nm. The autoaggregation percentage was 
calculated by the formula:  

% Autoaggregation = (OD0-ODt)/OD0  100 
Where ODt   represents the absorbance at time t = 1, 4 or 24 hrs. and OD0 

represents the absorbance at t = 0. 
Coaggregation:  Coaggregation assays between Lactobacillus and S. mutans 

ATCC 25175™ were also performed according to Del Re et al.42. The bacterial cells were 
suspended in PBS buffer to OD600 of 0.5 (approximately 108 CFU ml-1 cells for Lactobacillus and 
108 CFU ml-1 cells for S. mutans). Equal volumes (3 ml. each) of the Lactobacillus and S. mutans 
suspensions were mixed together by vortexing for 10 sec. Control tubes were set up at the same 
time, containing 6 ml. of each bacterial suspension on its own. The preincubation OD value of 
control and mixed suspension was measured. After incubation at room temperature without 
agitation for 1, 4 and 24 hrs. to allow coaggregation occurred, 1 ml. of upper layer of the 
supernatant was carefully removed. Absorbance was measured. The percentage of coaggregation 
was calculated using the equation43: 

% Coaggregation = {[(ODx + ODy)/2 – OD(x + y)] / (ODx + ODy)/2} × 100 
Where ODx and ODy represent preincubation OD value of each of the two strains 

in the control tubes, and OD(x + y) represents OD value of the mixture at time 1, 4 or 24 hrs.  
 
Surface charge of Lactobacillus 

The microbial adhesion to hydrocarbon test (MATH)44 was determined following 
the modified method described by Geertsema et al.45. The adhesion of bacteria to the different 
hydrocarbon solution, including xylene (nonpolar), chloroform (monopolar and electron-acceptor) 
and ethyl acetate (monopolar and electron-donor) were measured. The bacterial cells suspended in 
PBS solution were adjusted to OD600 of 0.2 (approximately 106 CFU ml-1 cell density). After 
homogenization, 3 ml. of the suspension were pipetted into a test tube. Subsequently, 1 ml. of 
hydrocarbon solution was added and then the mixture was vortexed at maximum speed for 60 sec. 
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The OD of both the initial and the extracted solution was determined at 600 nm. using a 
spectrophotometer (Multiskan GO, Thermo Scientific, USA) and disposable polystyrene cuvettes 
with an effective volume of 1 ml. A blank value was determined using the PBS buffer without 
added bacteria. After a waiting period of 15 min. employed to achieve complete phase separation 
between the sample and hydrocarbon phases (Fig. 3), the aqueous phase was carefully collected 
and its optical density at 600 nm. was measured. The percentage of bacterial adhesion to solvent 
was calculated as: 

% Microbial adhesion to hydrocarbon (MATH) = (ODbefore-ODafter)/ODbefore  100 
Lactobacillus strains were classified in three groups depending on their % MATH: 

those with low (0–35%), moderate (36–70%), and high of charge surface (71–100%)37. 
 

 
 
 
 
 
 

Fig. 3 The phase separation between the sample and hydrocarbon 
 
Statistical analysis 

Each experiment was carried out in duplicate using independently fermented 
cultures. The data were descriptive by mean value and standard deviation. Spearman rank 
correlation coefficient and relative R2 was calculated between aggregation ability and 
physicochemical properties. The Mann-Whitney U test was determined for the comparison 
between the data from low caries and high caries group. The analyses were performed with the 
SPSS statistical program (SSPS Inc., Chicago, IL). The differences were considered significant 
when p < 0.05. 
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CHAPTER 3 
 

Result 
 

Bacteria strains 
A total of 198 strains of oral Lactobacillus and their oral health status were shown 

in Table 1. The strains were divided into two groups according to the caries status of the children: 
low caries (the numbers of decayed teeth (dt) ≤5), high caries (dt >5)5. 

 
Table 1   Oral Lactobacillus with their oral health status 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Aggregation of oral Lactobacillus 
The autoaggregation of oral Lactobacillus (Fig. 4A) and coaggregation with S. 

mutans (Fig. 4B) are shown. Autoaggregation and coaggregation ability of Lactobacillus strains 
depended on time of incubation and varied among the species. The highest autoaggregation and 
coaggregation values were presented at 24 hrs. L. gasseri showed the highest autoaggregation and 
coaggregation abilities while L. oris and L. mucosae showed the lowest ability compared with 

 No. of strains 
Species(n) Low caries (dt≤5) High caries (dt>5) 
L. casei (11) 
L. fermentum (62) 
L. gasseri (17) 
L. mucosae (12) 
L. oris (8) 
L. paracasei (22) 
L. plantarum (12) 
L. rhamnosus (17) 
L. salivarius (29) 
L. vaginalis (8) 

6 
28 
13 
0 
5 
9 
1 

10 
3 
8 

5 
34 
4 

12 
3 

13 
11 
7 

26 
0 

Total (198) 75 123 
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other strains. The correlation between autoaggregation and coaggregation of all species was found 
at a significant of p< 0.05 as shown in Fig. 5 and Fig. 6. 
        
 
 
 

 
 

 
 

 
 

Fig. 4   Autoaggregation of oral Lactobacillus (A) and their coaggregation 
abilities with S.mutans (B) at 1, 4 and 24 hrs. 

 
      

 
 
 

 
 
 
 
 

A 

B A 
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Fig. 5  Scatter graph of Spearman’s correlations and relative R2 values between 
autoaggregation and coaggregation properties of oral Lactobacillus at 1, 4 
and 24 hrs. 

 
 
 
 
 
 
 
 

 
Fig. 6  Scatter graph of Spearman’s correlations and relative R2 values between 

autoaggregation and coaggregation properties of L. fermentum (A) and L. 
paracasei (B) at 24 hrs. 

 

R2 = 0.309 
Spearman’s coefficient = 0.603 

 
 
 

R2 = 0.812 
Spearman’s coefficient = 0.881 

 
 
 

R2 = 0.607 
Spearman’s coefficient = 0.763 

 
 
 

B 

R2 = 0.881 
Spearman’s coefficient = 0.929 

A 

R2 = 0.968 
Spearman’s coefficient = 0.967 
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Surface charge of oral Lactobacillus 
The adhesive characteristics of oral Lactobacillus to xylene, chloroform and ethyl 

acetate are shown in Fig. 7. Most Lactobacillus strains showed high affinity (> 85%) with 
chloroform (electron donor). All strains show moderate to high affinity with xylene 
(hydrophobicity) except L. gasseri and L. vaginalis showed statistically significant low 
hydrophobicity (< 35%) at p < 0.05. The bacterial cell adhesion to ethyl acetate, a strain basic 
solvent and electron donor, was moderate except L. gasseri has statistically significant the lowest 
value (10.9%).  

Fig. 7 Cell surface hydrophobicity, surface charge characteristic of oral 
Lactobacillus 

 
Aggregation ability and surface charges 

The correlation between autoaggregation/coaggregation of oral Lactobacillus and 
surface charge (hydrophobicity, electron donor, electron acceptor) are significantly correlated (p < 
0.05) (Fig. 8).  
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Fig. 8 Scatter graph of Spearman’s correlations and relative R2 values between 
autoaggregation/coaggregation at 24 hrs. and hydrophobicity (A), electron 
donor (B) and electron acceptor (C) characteristics of cell surface  

  

R2 = 0.004, Spearman’s coefficient = 0.237 R2 = 0.007, Spearman’s coefficient = 0.232 

R2 = 0.065, Spearman’s coefficient = 0.317 R2 = 0.08, Spearman’s coefficient = 0.348 

A 

C 

B 
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Aggregation ability and surface charges with oral health status (dt) 
No correlation was found between autoaggregation/coaggregation and oral health 

status and between surface charge and oral health status (Fig. 9A and 9B). The surface 
hydrophobicity was significantly lower in the strains from low caries group, compared with the 
strains from high caries group (p<0.05) (Fig. 10). 
 

Fig. 5   

 

 

 

 

Fig. 9 Bar graph of autoaggregation/coaggregation at 24 hrs. enhanced by low 
caries and high caries.        

 

 

 

 
 

 

 

Fig. 10 Bar graph of surface charge at 24 hrs. enhanced by low caries and high 
caries. Asterisk indicates significant difference between cell surface 
hydrophobicity of the strains from low caries and from high caries. 
                                                                               

A B 
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CHAPTER 4 
 

Discussion 
  

Cell adhesion is a complex process involving contact between the bacterial cell 
membrane and interacting surfaces. The ability to adhere to epithelial cells and mucosal surfaces 
has been suggested to be an important property of many bacterial strains in several ecological 
niches30,46  especially in the oral cavity. This specific interaction selectively integrates bacteria of 
different species into a biofilm. Autoaggregation ability is one of the key factors that determine the 
ability of bacterial strains to adhere, which is known to be a prerequisite for colonization not only 
for the pathogens but also for the probiotics strains.   

The microbial adhesion to hydrocarbon test has been extensively used for 
measuring cell surface characteristics in lactic acid bacteria. Xylene, chloroform and ethyl acetate 
were used to assess the hydrophobic/hydrophilic, electron donor (basic) and electron acceptor 
(acidic) characteristics of bacterial surface. Many authors have reported that hydrophobicity and 
surface charge of bacterial are related to cell adherence properties47,48. 

Our results demonstrated that most oral lactobacilli strains tested showed 
relatively high autoaggregation at 24 hrs. Bacterial aggregation has been observed widely among 
oral bacteria. The non-aggregating bacteria cannot be incorporated in the multi-generic aggregates 
formed in cell suspensions and are eventually washed out along with swollen saliva13. In this study, 
the bacterial affinities to ethyl acetate were relatively low when compared to chloroform, 
indicating oral Lactobacillus have the strong electron donor and poor electron acceptor property. 
Hydrophobic cell surface is demonstrated by high affinity to xylene, an apolar solvent. A high 
percentage adhered to xylene was found in this study, demonstrated that most of oral Lactobacillus 
had high hydrophobicity except L. gasseri and L. vaginalis. Cuperus et al.39 studied the 
physicochemical surface characteristics of Lactobacillus and reported that the presence of (glycol-) 
proteinaceous material at the cell surface results in higher hydrophobicity, whereas hydrophilic 
surfaces are associated with the presence of polysaccharides. Pan et al.47 reported the relationship 
between the higher hydrophobic strains and the stronger adhesive capability which is a major role 
in initial interaction with host tissue.  Microbial with high aggregation ability and hydrophobic cell 
surface could have more chance for adhesion and colonization49.  
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L. fermentum, L. salivarius, L. casei, L. plantarum and L. paracasei were 
demonstrated high autoaggregate and hydrophobic cell surface in our study. Several studies 
reported high prevalence of these species in the oral cavity5,50. Our previous study found the 
relation between the presence of L. salivarius and high caries while L. fermentum was found in 
both low and high caries status5. In this study, autoaggregation/coaggregation and basic/acid 
surface characteristic were no correlation with dental health status. However, the correlation 
between dental health status and hydrophobicity was statistically significant. The strains from high 
caries group were high hydrophobicity. These results do not coincide with the study of Colloca et 
al.37 and Ahumanda et al.50. They reported that Lactobacillus species isolated from healthy mouth 
have high hydrophobicity, while the strains from caries active mouths, showed lower ability.  

In probiosis for oral health, coaggregation ability of Lactobacillus strains with 
cariogenic pathogens are of importance for prevent colonization by pathogens51. The current study 
found that the coaggregation ability with S. mutans of oral Lactobacillus was varies among the 
species. For probiotic candidate, not only the coaggregation ability but also the other properties 
such as inhibitory effect against pathogens, acidogenicity and aciduricity should be considered. 
Our previous studies reported the higher inhibitory effect against S. mutans of L. paracasei, L. 
plantarum, L. rhamnosus52 and the lowest acid production of the L. paracasei strains53. Although L. 
gasseri showed highest pathogenic coaggregation abilities and the greatest autoaggregation, they 
had low hydrophobicity and low affinity to ethyl acetate. Piwat et al.5 and Ko ̃ll-Klais et al.9 found 
that L. gasseri had really low antimicrobial activity against S. mutans, and the presence of this 
species was quite low in the oral cavity. Adhesion is a complex process involving non-specific 
(hydrophobicity and hydrophilic) and specific ligand-receptor mechanisms. The information in the 
present study can be used as the preliminary data for select the strains that suit for use as oral 
probiotics. 
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CHAPTER 5 

 
Conclusion 

 
 In conclusion, most oral lactobacilli strains showed adhesion related properties 

included high electron donor, low to moderate electron acceptor and moderate hydrophobicity. 
However, only hydrophobicity was statistically significant difference (p <0.05) between the groups 
of high and low caries subject. Bacterial binding capabilities (autoaggregation and coaggregation) 
and surface characteristics (adhesion to hydrocarbons) is preliminary screening in order to identify 
potentially bacteria adhesion. Further studies are needed to understand mechanism of surface 
charge characteristic and correlation between aggregation ability/surface charges with the other 
microorganisms. 
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Fig. 11 Scatter graph of Spearman’s correlations and relative R2 values between 
autoaggregation and coaggregation properties of L. casei  (A), L. 
rhamnosus (B), L. gasseri (C) and L. mucosae (D) at 24 hrs. Asterisk 
indicates correlated significant at p < 0.05.  
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Fig. 12 Scatter graph of Spearman’s correlations and relative R2 values between 
autoaggregation and coaggregation properties of L. oris (E), L. plantarum 
(F), L. salivarius (G) and L. vaginalis (H) at 24 hrs. Asterisk indicates 
correlated significant at p < 0.05. 
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