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1. ช่ือชุดโครงการวิจัย 

การคดัเลือกสายพนัธุ์ Lactobacillus ในช่องปากเพื่อใชเ้ป็นโพรไบโอติกในช่องปาก 

Selection of oral Lactobacillus for use as probiotic in the oral cavity  

 

2. ช่ือโครงการย่อย 

    โครงการย่อยที่ 1 

(ภาษาไทย)  คุณลกัษณะทางโมเลกุลของสารโปรตีนตา้นจุลชีพของเช้ือสายพนัธ์ุ Lactobacillus 

paracasei    L. casei   L. rhamnosus   และ L. salivarius  จากช่องปาก...... 

 (ภาษาองักฤษ) Molecular characterization of antimicrobial protein of oral Lactobacillus paracasei,  

L. casei,   L. rhamnosus   and  L. salivarius   

โครงการย่อยที่ 2 

(ภาษาไทย) ...คุณลกัษณะทางโมเลกุลของสารโปรตีนตา้นจุลชีพของเช้ือสายพนัธ์ุ Lactobacillus 

fermentum, L.mucosae  และ L. plantarum จากช่องปาก...... 

(ภาษาองักฤษ) ..Molecular characterization of antimicrobial protein of oral  Lactobacillus fermentum                                           

L. mucosae and  L. plantarum  

โครงการย่อยที่ 3 

(ภาษาไทย) ...ความสามารถในการเกาะติดเยื่อบุช่องปากของเช้ือแลกโตแบซิลลสัจากช่องปาก.. 

(ภาษาองักฤษ) ..Adhesion ability of oral Lactobacillus on oral epithelial cells..... 

โครงการย่อยที่ 4 

(ภาษาไทย) ความสามารถในการกาํจัดอนุมูลอิสระของเช้ือแลกโตแบซิลลสัจากช่องปาก 

(ภาษาองักฤษ)  Antioxidative ability of oral Lactobacillus  
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4. บทสรุปผู้บริหาร (Executive Summary) ประกอบดว้ย 

4.1 บทนํา 

โพรไบโอติก คือ กลุ่มจุลินทรียท่ี์มีชีวิต เม่ือบริโภคในจาํนวนท่ีมากพอ จะทาํหนา้ท่ีในการรักษาสมดุล

ให้กบัโฮสตท่ี์อาศยัอยูจึ่งมีประโยชน์ต่อสุขภาพของโฮสตน์ั้น ๆ โพรไบโอติกมีการนาํมาใชม้านาน 

โดยเฉพาะในผลิตภณัฑอ์าหารหมกั นกัวทิยาศาสตร์คนแรกท่ีศึกษาเก่ียวกบัโพรไบโอติก คือ Metchnikof ใน

ปี ค.ศ. 1907 โดยพบว่าชาวบลักาเรียนมีอายยุนืเน่ืองจากการบริโภคนมหมกัท่ีมีเช้ือแลกติก  (lactic acid 

bacteria, LAB) สายพนัธ์ุ Lactobacillus bulgaricus  จึงมีขอ้สรุปว่าสุขภาพดีมีความสัมพนัธ์กบัจุลินทรียท่ี์มี

ชีวิตท่ีรับประทานเขา้ไป   

คาํวา่ “โพรไบโอติก” มีการนิยามข้ึนคร้ังแรกโดย Lilly และ Stillwell ในปี ค.ศ. 1965 มีความหมายว่า 

“สารท่ีจุลินทรียช์นิดหน่ึงสร้างขึ้นและสามารถกระตุน้การเจริญของจุลินทรียอี์กชนิดหน่ึง”  Parker (1974) 

ไดใ้ห้นิยามโพรไบโอติกใหม่ว่า “จุลินทรียร์วมถึงสารใดๆ ท่ีช่วยรักษาสมดุลของจุลินทรียใ์นลาํไส้”  ต่อมา 

Fuller (1989) ให้นิยามใหม่ว่า “จุลินทรียท่ี์มีชีวิตท่ีนาํมาใชใ้นลกัษณะสารเสริมอาหาร ซ่ึงมีประโยชน์ต่อ

สุขภาพในการรักษาสมดุลจุลินทรียใ์นลาํไส้” และมีการแกไ้ขนิยามอีกหลายคร้ังในช่วง ค.ศ. 1992-2001 

ล่าสุดในปี ค.ศ. 2002 องคก์ร FAO/WHO ไดใ้ห้นิยามใหม่ว่า “จุลินทรียท่ี์มีชีวิตเม่ือรับประทานเขา้ไปใน

ปริมาณท่ีเพียงพอ จะส่งผลต่อสุขภาพของส่ิงมีชีวติท่ีไดรั้บจุลินทรียเ์หล่านั้นเขา้ไป”   

โพรไบโอติกท่ีนิยมนาํมาใชป้ระโยชน์มากท่ีสุด คือ แบคทีเรียกลุ่ม Lactobacillus และ Bifidobacterium 

โพรไบโอติกท่ีนาํมาใชใ้นคนส่วนใหญ่คดัเลือกไดจ้ากระบบทางเดินอาหารของคน ไดแ้ก่ Lactobacillus 

plantarum, L. rhamnosus, L. salivarius, L. casei, L. fermentum, L. acidophilus, L. oris, L. paracasei, L. 

brevis, L. buchneri, L. delbrueckii, L. jensenii, L. gasseri และ L. bulgaricus 

หลกัเกณฑ์การคดัเลือกโพรไบโอติกโดยองคก์าร FAO/WHO (2002) แนะนาํคือ 

- ตอ้งไม่เป็นจุลินทรียก่์อโรค 

- สามารถยบัย ั้งการเจริญเติบโตเช้ือก่อโรค โดยการผลิตสารตา้นจุลินทรียก่์อโรค หรือมี

ความสามารถในการแขง่ขนัการเจริญเติบโตกบัจุลินทรียก่์อโรคได ้

- สามารถยดึเกาะกบัเซลลเ์ยือ่บุในอวยัวะเป้าหมายไดดี้ 

- กระตุน้การสร้างระบบภูมิคุม้กนัของร่างกาย 

- มีคุณสมบติัในแง่การแปรรูปท่ีดี เช่น อายกุารเกบ็รักษา ความคงตวั 

- ไดรั้บการยนืยนัทางคลินิกในเร่ืองความปลอดภยัและผลต่อสุขภาพ 

จากการทบทวนทางวรรณกรรมมีรายงานว่าการกินโยเกิร์ตหรือนมท่ีมี L. rhamnosus GG หรือ L. 

reuteri  ซ่ึงเป็นสายพนัธ์ุท่ีคดัเลือกมาจากทางเดินอาหาร มีผลให้เช้ือก่อโรคฟันผุ Streptococcus mutans 

ในช่องปากลดลง  จากผลดงักล่าวทาํให้กล่าวว่าโพรไบโอติกนั้นอาจนาํมาใชใ้นการป้องกนัฟันผุได ้
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อยา่งไรก็ตามในเวลาต่อมาไดมี้ผูร้ายงานว่า  L. rhamnosus GG  สามารถอยู่ในร่างกายไดเ้พียงชัว่คราว

เท่านั้น จึงมีขอ้คิดว่าการท่ีเช้ือน้ีไม่สามารถดาํรงอยูไ่ด้นาน อาจเน่ืองจากไม่ใช่สายพนัธุ์ท่ีเหมาะในการ

อยูใ่นช่องปาก ดงันั้นจึงควรหาโพรไบโอติก สายพนัธ์ุใหม่ท่ีเหมาะจะอยู่ในช่องปากไดด้ว้ย 

การคดัเลือกสายพนัธุ์โพรไบโอติกท่ีผ่านมา เป็นการคดัเลือกชนิดสายพนัธ์ุจุลินทรียเ์พ่ือใชเ้ป็นโพร

ไบโอติก เพื่อนาํไปใชป้ระโยชน์เสริมสุขภาพในช่องทอ้ง จึงมุ่งเน้นในการหาสายพนัธ์ุท่ีมีความสามารถใน

การยบัย ั้งการเจริญเติบโตเช้ือก่อโรคในช่องทอ้ง เช่น Samonella spp., Shigella spp, Clostridium defficile, 

Campylobacter pylori เป็นตน้ 

นอกจากน้ีศึกษาในการคน้หาสารตา้นจุลินทรียก่์อโรคของโพรไบโอติกเหล่านั้น เป็นการหาสารซ่ึงมกั

เป็นโปรตีนท่ีมีความสามารถในการยบัย ั้งการเจริญเติบโตของเช้ือก่อโรคในช่องทอ้งเช่นเดียวกนั 

 

4.2 วัตถุประสงค์ 

งานวิจยัน้ีจึงตอ้งการศึกษาคุณสมบติัในดา้นต่าง ๆ ของ Lactobacillus ท่ีแยกไดจ้ากช่องปาก เพื่อมุ่งหา 

probiotic ท่ีเหมาะสมต่อการประยกุตใ์ชใ้นช่องปาก  

คุณสมบติัท่ีตอ้งการศึกษาไดแ้ก่ 1) ความสามารถในการสร้างสารโปรตีนยบัย ั้งการเจริญเติบโตของ

เช้ือก่อโรคในช่องปาก 2) ความสามารถในการเกาะติดเยือ่บุในช่องปาก และ 3) ความสามารถในการสร้าง

สาร antioxidants 

 

4.3 สรุป 

  โครงการน้ีเป็นการต่อยอดจากการศึกษาท่ีตีพิมพเ์ร่ือง Inhibitory effect of oral Lactobacillus against oral 

pathogens. Lett Appl Microbiol 53:452-459 โดยนาํเช้ือ Lactobacillus ชนิดสายพนัธ์ุต่าง ๆ มาศึกษา

คุณสมบติัของโพรไบโอติกในดา้นต่าง ๆ ผลการศึกษาโดยสรุปดงัน้ี 

1) พบสารโปรตีนต้านเช้ือก่อโรคในช่องปากจาก Lactobacillus สายพนัธ์ุจาํเพาะไดแ้ก่ L. 

paracasei SD1, L. fermentum SD11 และ L. casei SD2 ได้ศึกษาหากรรมวิธีในการทาํบริสุทธ์ิ

โปรตีนจากเช้ือสายพนัธุ์ดังกล่าวและศึกษาคุณลกัษณะของโปรตีนบริสุทธ์ิ ปัจจุบันสามารถทาํ

บริสุทธ์ิโปรตีนจากเช้ือ L. paracasei SD1 ได้สาํเร็จ ตีพิมพ์ 1 เร่ือง (รายละเอียดใน 4.4) และ

กาํลงัดาํเนินการในส่วนของ L. fermentum SD11 และ L. casei SD2 คาดว่าจะสามารถตีพิมพ์

ได้อีกอย่างน้อย 1 เร่ือง 

2) ดาํเนินการจดอนุสิทธิบตัร 1  เร่ือง (รายละเอียดใน 4.4)  

3) ไดข้ยายผลโดย เช้ือ L. paracasei SD1 ได้ถูกนาํไปศึกษาเป็นโพรไบโอติกในคน ได้ตีพิมพ์ 1 

เร่ือง (รายละเอียดใน 4.4) 
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4) ไดข้ยายผลโดย เช้ือ L. paracasei SD1 ได้ถูกนาํไปศึกษาเป็นโพรไบโอติกในคนและศึกษาผลท่ี

มีต่อภูมิคุม้กันของอาสาสมคัรท่ีไดรั้บโพรไบโอติก ได้ตีพิมพ์ 1 เร่ือง (รายละเอียดใน 4.4) 

5) ไดข้ยายผลโดยทาํการประเมิน เช้ือ L. paracasei SD1 ท่ีได้ถูกนาํไปเตรียมเป็นผลิตภณัฑ์โพร

ไบโอติกผสมในนํ้าผลไม ้ไดตี้พิมพ์ 1 เร่ือง (รายละเอียดใน 4.4) 

6) ไดข้อ้มลูความสามารถในการเกาะติดของเช้ือ Lactobacillus จากช่องปาก สามารถตีพิมพ ์ 1 เร่ือง  
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a b s t r a c t

The present study aimed to purify and characterize the antimicrobial protein from Lactobacillus paracasei
SD1, which is a strain from the human oral cavity. Antimicrobial activity was obtained from purifying the
culture supernatant of L. paracasei SD1. Purification of the active compound was achieved with ammo-
nium sulfate precipitation followed by chloroform and gel filtration chromatography. As revealed by SDS-
PAGE, the active fraction was homogeneous, showing a protein with an approximate molecular weight of
25,000 Da. It was confirmed as having a molecular mass of 24,028.2 Da by mass spectrometry. The
antimicrobial compound, named “paracasin SD1”, exhibited a broad spectrum against oral pathogens.
Paracasin SD1 was stable in a pH range between 3.0 and 8.0 at 100 �C for 5 min, and showed resistance to
a-amylase, catalase, lysozyme and whole saliva. However, its activity was lost after proteinase K and
trypsin treatment. The results obtained suggest the possibility of using paracasin SD1 for application in
prevention/treatment of oral diseases.

� 2014 Elsevier Ltd. All rights reserved.

1. Introduction

There has been an increased interest in the role of probiotic
bacteria for promoting and maintaining human health, including
oral health [1,2]. The genus Lactobacillus includes gram-positive
rod-shaped bacteria, which are facultative or microaerophilic an-
aerobes. They are extensively used as probiotics in the food in-
dustry and certain Lactobacillus species are also of importance in
general health, providing a beneficial microflora in the intestinal
tract [2], vagina [3] and oral cavity [4]. They have been proposed to
promote oral health due to their ability to inhibit the growth
against oral pathogens e.g. cariogenic Streptococcus [5e7], and
periodontal pathogens [5,7]. The production of antimicrobials
against certain pathogens is often considered as an important trait
in terms of probiotic efficacy, thus it has been an important crite-
rion in the selection of a probiotic strain. A variety of antimicrobial
compounds usually include organic acids, short-chain fatty acids,
hydrogen peroxide, and bacteriocin.

Several bacteriocins of Lactobacillus paracasei of different origins
have been characterized; for example, various bacteriocins were

found to be produced by L. paracasei subsp. paracasei BMK2005
isolated from feces, L. paracasei BGBUK2-16 isolated from tradi-
tional homemade cheese, and L. paracasei HD1.7 isolated from
traditional Chinese fermented vegetable food, which contained
small peptides sized 2.4, 7.0 and 11.0 kDa, respectively [8e10]. A
larger size of bacteriocin (56 kDa) was produced by L. paracasei
HL32 isolated from an intestinal tract [11]. However, the knowledge
of antimicrobial proteins or bacteriocins produced by L. paracasei
strains having an oral origin is still limited.

L. paracasei SD1 is a human oral strain possessing potent anti-
microbial activity against cariogenic and periodontal pathogens [7].
In addition, it has been proven to give a benefit for clinical trials in
reducing the pathogenic agents in the oral cavity of volunteers [12].
However, the antimicrobial protein substance has not been studied
as yet. Thus, the present study aimed to purify and characterize the
antimicrobial protein of L. paracasei SD1.

2. Materials and methods

2.1. Bacterial strains and strain selection

A total of 21 L. paracasei strains, 20 clinical isolates from the oral
cavity and a L. paracasei CCUG 32212 reference strain, were

* Corresponding author. Tel.: þ66 74 429878; fax: þ66 74 212922.
E-mail address: rawee.t@psu.ac.th (R. Teanpaisan).
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obtained from the previous study of Piwat et al. [13], and the cul-
ture collection was kept at �80 �C in the Department of Stoma-
tology, Faculty of Dentistry, Prince of Songkla University, Thailand.
All strains were identified using restriction fragment length poly-
morphism (RFLP) analysis of a polymerase chain reaction (PCR)
[14]. Sequencing of the 16S-rRNA was performed for strains with
uncertain identifications.

Initially, the cell free supernatant and supernatant of sonicated
cells of all tested strains were screened for inhibitory activity, and
Streptococcus mutans ATCC 25175 was used as an indicator strain at
this step. After recovery from storage, each tested strain was
inoculated into a De Man Rogosa Sharpe (MRS) broth at 37 �C for
24 h. Bacterial cells were separated from the broth culture by
centrifugation at 8000 g for 10 min. The supernatant was adjusted
to pH 6.5 with 1 M NaOH and then treated with proteinase K,
catalase and lysozyme at a final enzyme concentration of 1 mg
mL�1. The treated supernatants were tested for antimicrobial ac-
tivity using an agar well diffusion assay.

The supernatant was concentrated 10-fold in a Speed-Vac
concentrator, and then the pH was adjusted to 6.5 with 1 M
NaOH. One part of the concentrated supernatant was extracted
with equal volume of either chloroform or ethyl acetate separately.
After thoroughly mixing, the organic phase evaporated and the
sediment was resuspended in phosphate buffer saline (PBS, pH 7.0)
to the original volume.

The bacterial cells were washed three times with PBS, and the
sediment was than resuspended in PBS to the original volume. The
washed cells suspension was sonicated with a cell disrupter to lyse
the bacterial cell wall for 5 min in an ice bath. Cell debris was
removed by centrifugation at 8000 g for 10 min, and the superna-
tant was used as the sonicated cell free extract.

All samples were examined for inhibitory activity against
S. mutans ATCC 25175 using a microdilution assay. The inhibitory
activity was defined as >80% inhibition growth of an indicator
strain by the tested sample compared to the control (indicator
strains with medium only).

From our screening study, the results indicated that the stron-
gest inhibitory activity was observed in the aqueous phase of the
supernatant of L. paracasei SD1. Thus, the strain was subjected to a
further bacteriocin purification study.

2.2. Purification of the bacteriocin

One liter of the supernatant of L. paracasei SD1 was precipitated
with 40% ammonium sulfate overnight at 4 �C with stirring. The
precipitated proteins were collected by centrifugation of 20,000 g
at 4 �C for 20 min and then resuspended in 10 mL of 0.1 M PBS. The
precipitated proteins were dialyzed twice against 2 L of 0.05 M PBS
for 24 h using a dialysis bag with a molecular weight cutoff of
3.5 kDa. The dialyzed proteins were mixed thoroughly with an
equal volume of chloroform and then centrifuged with 6000 g at
4 �C for 10 min. The organic phase was evaporated and the sedi-
ment was resuspended in PBS.

The sample (0.5 mL) was loaded on a Superdex 200 HR 10/30
column (LKB-Pharmacia, Uppsala, Sweden); a fast protein liquid
chromatography (FPLC) system. A buffer was applied in 0.5 mL
min�1 with a 0.05 M sodium phosphate buffer (pH 6.5) with the
addition of 0.15 M NaCl for elution, with a time interval of 20 min
after the samples were injected. The elution was monitored
simultaneously at 280 nm and controlled in 0.5 mLmin�1. Fractions
of 3 mL each were collected and then dialyzed two times against 2 L
of distilled water for 24 h using a dialysis bag with a molecular
weight cutoff of 3.5 kDa. The flow-through and the dialysates were
concentrated by lyophilization before testing for bacteriocin
activity.

2.3. Determination of protein concentration

The protein content was estimated using Bradford’s assay [15], a
reagent kit of Bio-Rad Laboratories, USA. A sample (20 mL) was
added to 1 mL of the Bradford reagent, and then mixed for 1 min at
room temperature. The mixture was measured for the protein
concentrations at 595 nm by comparing with bovine serum albu-
min (SigmaeAldrich, USA) as the standard.

2.4. Tricine sodium dodecyl sulfate polyacrylamide gel
electrophoresis (tricine SDS-PAGE)

Tricine-SDS PAGE analysis of purified bacteriocinwas performed
according to Schagger et al. [16], with 12% acrylamide gel. Following
electrophoresis, the gel was cut into two parts; one was stained
with Coomassie brilliant blue R-250 (Bio-Rad, Canada), whilst the
other was fixed in 20% (v/v) isopropanol and 10% (v/v) acetic acid
for 1.5 h, and then rinsed in sterile distilled water for 16 h. After the
final rinse step, the gel was overlaid with soft agar medium inoc-
ulated with the tested indicator strain.

2.5. Mass spectrometry

The active fraction was dissolved at the concentration of 1 mg
mL�1 in 50% acetonitrile in water, and 10 mL of sample was applied
in liquid chromatography mass spectrometry (LC-MS, model V BIO-
Q triple-quadrupole; Biotech, Altrincham, UK).

The sample was pumped at a flow rate of 5 mL min�1, delivered
by a 140-A solvent delivery system (Applied Biosystems, Foster City,
Cailf.). The capillary tip was set at a voltage of 3.2 kV, and the
sample cone voltagewas set at 30 V. Themass spectrometerwas set
to scan the mass range of 20,000e30,000 Da. The mass spec-
trometer was calibrated by preliminary analysis of horse heart
myoglobin (SigmaeAldrich, USA).

2.6. Sensitivity to heat, pH, and enzymes

The thermal sensitivity of purified bacteriocin was evaluated by
heating at 60, 80 and 100 �C and autoclaved at 120 �C for 20min in a
water bath. After cooling, the inhibitory activity was tested and
compared with the nontreated control. A residual inhibitory ac-
tivity was measured using the microdilution assay. The stability of
the lyophilized bacteriocin during a long-term storagewas tested at
25, 4 and �20 �C over 6 months. Bacteriocin aliquots were taken
from storage every month and were measured for antimicrobial
activity.

The effect of pH on purified bacteriocin activity was tested at
various pH values from 3.0 to 9.0. The bacteriocin powder was
dissolved with the buffer, incubated for 4 h at 37 �C, and then the
pH was adjusted to 6.5 with either 1 M NaOH or 1 M HCl. Then the
samples were assayed as described above.

Sensitivity to enzymatic proteolysis was tested by treatment of
bacteriocin aliquots in 0.05 M PBS pH 7.0 with proteolytic enzymes
(trypsin and proteinase K), a-amylase, catalase and lysozyme at a
final enzyme concentration of 1mgmL�1. Sensitivity towhole saliva
was also tested. After 3 h of incubation at 37 �C, the reaction was
stopped by boiling for 3 min and then the samples were subse-
quently assayed for antimicrobial activity. The control was prepared
in parallel by incubating without the enzyme. In all the sensitivity
tests, S. mutans ATCC 25175 was used as the indicator strain.

2.7. Inhibitory spectrum of the bacteriocin

The bacteriocin was tested for its inhibitory activity using the
broth microdilution assay. Several indicator strains (see Table 3)
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were chosen on the basis of their importance in and relatedness to
the oral ecosystem. All test strains were grown overnight in MRS or
brain heart infusion broth. The bacteriocin sensitivity of various
indicators was presented using MIC. Antimicrobial protein titers
were reported in arbitrary units (AU) per mL or mg, and one AU was
defined as the reciprocal of the highest dilution showing inhibitory
action towards the sensitive strains.

3. Results

3.1. Screening antimicrobial protein production

A total of 20 clinical L. paracasei strains and a reference strain,
L. paracasei CCUG 32212, were screened for inhibitory activity
against S. mutans ATCC 25175. It was demonstrated that a 10 times-
concentrated supernatant of all tested strains exhibited a stronger
activity compared to the supernatant from the sonicated cell
extract. Extract with chloroform and ethyl acetate did not result in
any removal of the substance from the aqueous phase. Of those,
L. paracasei SD1 exhibited the strongest inhibitory growth on
S. mutans ATCC 25175. The inhibitory activity from the supernatant
of L. paracasei SD1 was partially lost after treatment with catalase
and lysozyme, and it was completely absent after treatment with
proteinase K (Fig. 1).

3.2. Purification of bacteriocin from L. paracasei SD1

Initially, the antimicrobial protein was precipitated from a cell
free supernatant of L. paracasei SD1 with 40, 60 or 80% ammonium
sulfate. It was shown that the strongest antimicrobial activity
against S. mutans ATCC 25175 was recovered in the protein pellet,
which was saturated with 40% ammonium sulfate. Increased spe-
cific activity of the precipitated protein (from 204.1 to 1048.2 AU
mg�1) was found after treatment with chloroform (1:1 v/v)
(Table 1).

The 40% ammonium sulfate precipitated protein was further
purified using gel filtration chromatography (Superdex 200 HR 10/
30 column) with the FPLC system. It was revealed that the specific
antimicrobial activity increased from 53.8 AU mg�1 (in the

supernatant) to 46,875 AU mg�1 (in the active fraction). Also an
inhibition zone of the specific antimicrobial activity against
S. mutans ATCC 25175 was detectable, and the tricine SDS-PAGE
electrophoresis estimated the protein molecular mass at approxi-
mate 25,000 Da (Fig. 2a). The LC-MS analysis demonstrated a
specific protein molecular mass of 24,028.2 Da (Fig. 2b).

3.3. Characterization of bacteriocin activity

3.3.1. Enzyme sensitivity
The bacteriocin activity was completely inactivated by trypsin

and proteinase K, and a relative loss of activity was observed after
treatment with lysozyme. The bacteriocin activity was found to be
resistant to a-amylase, catalase and whole saliva (Table 2).

3.3.2. pH and heat sensitivity
The antimicrobial activity seemed to be active across a broad pH

range between pH 3.0e8.0, and the most active activity was
observed with acidic pH between 5.0 and 6.0. The antimicrobial
activity was completely lost at pH value 9.0.

The antimicrobial activity did not show any detectable loss of
activity when heated at 60 �C, and there was a slight decrease of
activity at 80 �C. There was no detectable activity observed when it
was heated at 120 �C (Table 2). It was found that storage of para-
casin SD1 for 6months at 25, 4 and�20 �C did not affect its activity.

3.3.3. Spectrum of activity
The antibacterial activity of the purified antimicrobial protein

produced by L. paracasei SD1 was tested against selected oral
pathogens using the microdilution assay. A total of 12 strains
belonging to 6 species of Gram-positive, Gram-negative bacteria
and Candida albicans were examined. The results demonstrated
that all tested strains were sensitive to the purified protein except
Fusobacterium nucleatum. It was noted that Gram-positive bacteria
was more sensitive than Gram-negative bacteria (Table 3).

4. Discussion

This work describes the purification and characterization of an
antimicrobial protein produced by a strain of L. paracasei SD1 iso-
lated from the human oral cavity. An earlier report showed that
L. paracasei SD1 had strong antimicrobial activity against a wide
range of oral pathogens [7]; however, the specific antimicrobial
compound has not yet been identified. In this study, it was
demonstrated that the antimicrobial compounds of L. paracasei SD1
were found in the cell-free supernatant, which may include
bacteriocin, hydrogen peroxide and antioxidative activity. The
finding of partial loss activity after the catalase treatment indicated
that there was hydrogen peroxide in the supernatant. The active
compound also had a proteinaceous nature because its activity was
lost after treatment with proteinase K. The organic solvent could

Table 1
Purification stage and antimicrobial activity of L. paracasei SD1.

Purification stage Volume
(mL)

Total
protein
(mg)

Specific activity
(AU mg�1)

Culture supernatant 1000 63,000 53.8
Ammonium sulfate precipitation 50 700 204.1
Chloroform extraction 50 135 1048.2
Gel filtration chromatography 1 0.8 46,875.0

Note. AU (arbitrary units) was expressed as the reciprocal highest dilution inhibiting
the growth of the indicator strain.

Fig. 1. The inhibitory activity of the culture supernatant of L. paracasei SD1 against S. mutans ATCC 25175 treated with various enzymes. (a) untreated supernatant, (b) treated with
proteinase K, (c) treated with catalase, and (d) treated with lysozyme.
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not remove any antimicrobial protein from the aqueous phase of
the culture supernatant, which indicated that the bacteriocin pro-
duced from L. paracasei SD1 has a hydrophilic character.

In this study, we report on purification and characterization of
the bacteriocin named “paracasin SD1”, produced by L. paracasei
SD1. It was demonstrated that paracasin SD1was purified from cell-
free supernatant by precipitation with ammonium sulfate, chloro-
form extraction and gel filtration chromatography. The chloroform
extraction of the ammonium precipitated protein increased the
antimicrobial activity, suggesting a high degree of purification of
paracasin SD1. The antimicrobial activity of ammonium sulfate
precipitated proteins increased after mixing with chloroform. It
may explain by that some bacteriocins appear in their native state
as aggregates with other molecules e.g. lipid materials. These ag-
gregates may mask the antimicrobial activity partially. Such com-
plexities can be eliminated by extractionwith chloroform [17]. This
was supported by a study of Contreras et al. [18], who demon-
strated that a simple one-step methanol-chloroform extraction
could remove most fatty acid contamination from the ammonium
sulfate precipitated bateriocin, which resulted in a pure bacteriocin
[18].

The molecular mass of the purified protein was determined by
LC-MS, and it was found to be 24,028.2 Da. To our knowledge,
paracasin SD1might be a novel bacteriocin produced by L. paracasei

SD1 since its molecular mass differs from previous bacteriocins
reported by others [8e10,19]. Paracasin SD1 has a rather high
molecular weight compared with those of peptides (2e4 kDa)
produced by non-oral origin L. paracasei strains.

Accumulating evidence suggests that probiotics exert various
biological roles through several mechanisms, one of the most
considered being bacteriocin production. The results in the present
study agree with previous studies indicating that bacteriocin pro-
duction is a specific feature of certain strains. Among the
L. paracasei strains screened for their bacteriocin in this study, an
antimicrobial protein band was found only in L. paracasei SD1 (data
not shown). For this reason, bacteriocin production has been an
important criterion in the selection of certain probiotic strains.
Moreover few studies have demonstrated the impact of bacteriocin
production on the ability of a strain to complete within the GI tract
and/or positively influence the health of the host [20]. Apart from
directly inhibiting competing strains or pathogens of bacteriocins,
they may function as colonizing peptides, facilitating the intro-
duction and/or dominance of a producer into an already occupied
niche [21]. In addition, bacteriocins may function as signaling
peptides, either signaling other bacteria through quorum sensing
and bacterial cross talk within microbial communities or signaling
cells of the host immune system [22e26]. For these reasons, ability
of strains to produce bacteriocin has always received attention.

Fig. 2. (a) Tricine-SDS PAGE analysis of purified bacteriocin from L. paracasei SD1: (Lane 1) Coomassie brilliant blue stained gel, (Lane 2) gel overlaid with soft agar containing
S. mutans ATCC 25175, and (Lane M) molecular weight standard, low range (Bio-Rad), and (b) Liquid chromatography mass spectrometry of paracasin SD1; only one peak was
obtained corresponding to a molecular mass of 24,028.2 Da.

Table 2
Effects of enzyme, pH and heat treatment on purified paracasin SD1 produced from
L. paracasei SD1.

Treatment Antimicrobial activity Treatment Antimicrobial activity

Enzyme Heat �C/min

a-amylase þ þ þ 60/5 þ þ þ
Catalase þ þ þ 80/5 þ þ þ
Lysozyme þ 100/5 þ
Proteinase K e 120/5 e

Trypsin e 60/10 þ þ þ
Whole saliva þ þ þ 80/10 þ þ
pH 100/10 e

3.0 þ 120/10 e

4.0 þ þ 60/20 þ þ þ
5.0 þ þ þ 80/20 þ
6.0 þ þ þ 100/20 e

7.0 þ þ 120/20 e

8.0 þ
9.0 e

Note. Antimicrobial activity was determined by the microdilution assay against an
oral pathogenic S. mutans. þ þ þ, antimicrobial activity �37,500 AU mL�1; þ þ,
antimicrobial activity �25,000 AU mL�1; þ, antimicrobial activity �12,500 AU
mL�1; -, non-detected antimicrobial activity. All tests were performed in triplicate.

Table 3
Bacterial strains used and antimicrobial activity of purified paracasin SD1.

Indicator strains Antimicrobial activity

Gram positive bacteria:
Streptococcus mutans ATCC 25175 þ þ þ
Streptococcus sobrinus ATCC 33478 þ þ þ
Lactobacillus casei ATCC 393 þ þ þ
Lactobacillus fermentum ATCC 14931 þ þ þ
Lactobacillus paracasei CCUG 32212 þ þ
Lactobacillus plantarum ATCC 14917 þ þ þ
Lactobacillus rhamnosus ATCC 7469 þ þ
Lactobacillus salivarius ATCC 11741 þ þ
Gram negative bacteria:
Aggregatibacter actinomycetemcomitans ATCC 33384 þ
Fusobacterium nucleatum ATCC 25586 e

Porphyromonas gingivalis ATCC 33277 þ
Yeast:
Candida albicans ATCC 90028 þ þ

Note. Antimicrobial activity was determined by the microdilution assay against an
oral pathogenic. þ þ þ, antimicrobial activity �37,500 AU mL�1; þ þ, antimicrobial
activity �25,000 AU mL�1; þ, antimicrobial activity �12,500 AU mL�1; -, non-
detected antimicrobial activity. All tests were performed in triplicate.
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Regarding the characterization of paracasin SD1, a broad spec-
trum of antimicrobial activity against Gram-positive bacteria,
Gram-negative bacteria, and even anti-Candida was found. It was
noted that Gram-positive bacteria was more sensitive to paracasin
SD1 than Gram-negative bacteria. This may be explained by the
observation that bacteriocins usually exhibit antimicrobial activity
against closely related strains of bacteria to the producer [27].
However, why F. nucleatum was not sensitive to paracasin SD1, is
difficult to explain.

The antimicrobial activity may be influenced by the action of the
pH, temperature and proteolytic enzymes. This study has demon-
strated that paracasin SD1 could be active in a broad pH range from
3.0 to 8.0, although maximum activity was detected within a nar-
row pH range of 5.0e6.0. The antimicrobial activity appeared to be
relative heat-stable, since inhibitory activity was maintained upon
heating at 100 �C for 5 min. Therefore, paracasin SD1 could be used
in pasteurized products. In addition, paracasin SD1 was stable and
unchanged antimicrobial activity over long periods of storage.

Concerning sensitivity tests tovarious enzymes, itwas found that
paracasin SD1 was inactivated by trypsin, a proteolytic enzyme,
which usually presents in the small intestine. However, the anti-
microbial activity of paracasin SD1 was not sensitive to a-amylase,
catalase, lysozyme and whole saliva, indicating that paracasin SD1
may be practical to use as a topical application in the oral cavity.

5. Conclusion

Paracasin SD1 displayed an attractive antimicrobial activity,
being active against the following oral pathogens: S. mutans,
Streptococcus sobrinus, Porphyromonas gingivalis and Aggregati-
bacter actinomycetemcomitans. This and other interesting features
make paracasin SD1 an attractive candidate for oral applications,
especially for prevention and/or treatment of oral diseases.
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 22 

Abstract: Background: A previous study revealed Lactobacillus paracasei SD1, a 23 

probiotic strain, could reduce mutans streptococci (MS). The aim of this study was to 24 

evaluate the long-term effects of L. paracasei SD1 on the colonization of MS, and whether 25 

caries lesions developed. Methods: After informed consent, 122 children were recruited 26 

and randomly assigned to the probiotic or control groups. The probiotic group received 27 

milk-powder containing L. paracasei SD1 and the control group received standard milk-28 

powder once daily for 6 months. Salivary MS and lactobacilli were enumerated using 29 

differential culture at baseline and at 3-month intervals for 12 months. The persistence of 30 

L. paracasei SD1 was investigated using AP-PCR for DNA-fingerprinting. Oral health was 31 

examined at baseline and at the end of the study according to WHO criteria. Results: The 32 

long-term consumption could prolong colonization of L. paracasei SD1. Significantly 33 

reduced MS counts and increased lactobacilli levels were found among children in the 34 

probiotic group. There was less caries in the probiotic group at the end of the study. A 35 

significant reduction of the development of new caries lesions (4.5 times) was observed in 36 

the high caries risk group but not in the low caries risk group. Conclusions: Results 37 
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demonstrate that the long-term daily ingestion of the human-derived probiotic L. paracasei 38 

SD1 significantly reduces the number of MS and caries risk.  39 

Keywords: Lactobacillus paracasei SD1; mutans streptococci; probiotics; dental caries  40 

 41 

1. Introduction 42 

Dental caries still remains one of the most common diseases worldwide, especially in developing 43 

countries. A great effort has been made searching for the means to reduce cariogenic microflora, 44 

however, this seems to have been unsuccessful in completely eradicating caries-associated 45 

microorganisms. A number of studies have reported the use of probiotic strains for the prevention of 46 

oral diseases, including dental caries [1, 2].  47 

Lactobacillus species are the major organisms that have been previously evaluated as potential 48 

probiotics for the prevention of dental caries. This is mainly due to their purported inhibitory activity 49 

against cariogenic mutans streptococci (MS) [3-5], and the fact that they are generally considered safe 50 

for oral administration in humans [6]. A number of in vivo clinical control trials have been performed 51 

and most of those demonstrated positive effects of probiotics on reducing MS [2]. Probiotic strains 52 

previously used for oral care are those mainly derived from non-oral origins e.g. the gastrointestinal 53 

tract. They might not be ideal strains for the oral environment since this quite differs from the 54 

gastrointestinal habitat. This has been supported by the findings that such strains usually colonize in 55 

the oral cavity for only a short time [7-9]. However, most of the information received has been from 56 

short-term consumption of probiotics. A long term study is needed to clarify whether how long the 57 

probiotics would persist and whether a cariogenic microbial shift would be induced.  58 

Another point of concern is that most studies observed the number of MS as the outcome, while 59 

reports of outcomes of caries lesion development are still lacking. This is impossible to do so unless a 60 

long-term study is carried out. 61 

Our previous studies demonstrated that Lactobacillus paracasei SD1, an oral human-derived strain, 62 

is a good candidate to be a probiotic for oral health. The randomized double blinded studies showed 63 

that a short-term, 4-week consumption of milk powder containing L. paracasei SD1 could reduce 64 

salivary MS in volunteers. The strain could still be found up to 4 weeks following cessation of dosing 65 

[10, 11].  66 

The aims of the present study were to investigate the long-term effect of L. paracasei SD1 on the 67 

colonization of MS, and the persistence of L. paracasei SD1 in vivo was also evaluated. Moreover, 68 

caries lesion development was monitored. 69 

2. Results and Discussion 70 

In recent years, bacteriotherapy in the form of probiotic bacteria with an inhibiting effect on oral 71 

pathogens has been a promising concept, thus, probiotic applications for prevention and/or treatment of 72 

oral diseases have received increased attention. Short- and long-term intervention in clinical trials have 73 

been performed, and most have shown that receiving probiotic strains could decrease the MS levels in 74 
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either saliva or dental plaque. However, some different results have also been reported. This 75 

inconsistency has been explained by the different strains used or differences in study design and/or 76 

study population [12-18].  77 

Most studies on probiotics and dental caries have measured changes in MS counts, but only a few 78 

studies have used dental caries as the endpoint measurement. This study was designed as a randomized 79 

double-blinded clinical long-term trial on the effects of L. paracasei SD1, a human oral-origin strain, 80 

on both MS level and dental caries. The number of children investigated in this study is given in the 81 

flow chart of Figure 1. The baseline characteristics of the children in both groups who participated in 82 

the study are presented in Table 1. There were no statistically significant differences between the 83 

groups in age, pH of saliva and caries status (DMFT) at the baseline (P > 0.05). The sex in both groups 84 

was a significant difference (P < 0.05), there were more females in the probiotic group than in the 85 

control group. The dropout rate from the baseline was low, and compliance with the study protocol 86 

during the intervention was satisfactory based on the information from the logbook.  87 

Figure 1. Flow-chart showing the progress of children participating at each time period of 88 

the 12 months study  89 

90 
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Table 1. General characteristics of children  91 

Characteristics Control Probiotic 
Age (years) 13.13±0.71 13.25±0.73 

Sex:   
     male 41 23 

     female 
DMFT at baseline 

22 
0.91 ± 1.40 

36 
0.86 ± 1.12 

pH of saliva:   
T0 7.47±0.29 7.50±0.30 
T3 7.18±0.42 7.38±0.49 
T6 7.60±0.60 7.78±0.36 
T9 7.70±0.41 7.57±0.49 
T12 7.32±0.47 7.30±0.56 

In previous studies, the follow-up samplings were generally conducted at the termination of 92 

probiotic intervention, and any information on the post intervention re-growth of the suppressed target 93 

bacteria afterwards was minimal. This study monitored the MS levels more frequently during the 94 

intervention and follow-up time. It was hypothesized that long-term exposure to probiotics could 95 

prevent or delay MS colonizing, and accordingly prevent dental caries. Thus, evaluation of the study 96 

was based on MS colonization and the increment of dental caries between the children receiving 97 

probiotic milk and control milk. The levels of salivary MS and lactobacilli at baseline and at the end of 98 

the study are demonstrated in Figure 2. At baseline, the mean counts (log10 CFU/ml ± SD) of MS in 99 

the probiotic and control groups were 4.21±1.01 and 3.48±1.82, respectively, which was not a 100 

statistically significant difference (P > 0.05). Significant differences of MS levels between the two 101 

groups were found at T3 (P < 0.001) and T6 (P = 0.001). The MS levels did not change significantly 102 

among children taking the control milk throughout the study, except that it significantly increased 103 

during T9-T12 (P = 0.011). The number of MS in the saliva of children in the probiotic group was 104 

found to have significantly decreased during and 3 months after receiving the probiotic milk (T3-T9) 105 

compared to the baseline (P < 0.001). At the end of the study (T12), the MS level was not significantly 106 

different compared to the baseline. It was assumed that the presence of L. paracasei SD1 resulted in an 107 

inhibiting effect on MS. However, it should be noted that probiotic action involves several 108 

mechanisms including production of antimicrobial substances, competition with pathogens by 109 

preventing cellular adhesion and invasion, and modulation of local and systemic immune functions 110 

[19]. We have also found a significant increase of salivary innate immune among children receiving 111 

the probiotic milk at T3 (published separately). So far, there is no clear explanation for the observation 112 

why there was a rapid decrease of MS at T3, it might be the result of several mechanisms of probiotic 113 

action in combination. This requires the further elucidation.  114 

At baseline, the mean counts of lactobacilli in the probiotic and control groups were 5.57±0.91 and 115 

5.92±1.77, respectively, being significantly lower in the probiotic group than in the control group (P < 116 

0.001). The significant differences of lactobacilli counts between both groups were found at T3 (P = 117 

0.027), T6 (P = 0.003), T9 (P = 0.043) and T12 (P < = 0.027). During the follow-up period, the level 118 

of lactobacilli increased significantly in both groups compared to the baseline; however, it increased 119 

more in the probiotic group than in the control group. An oral colonization with L. paracasei SD1 120 

showed good compliance due to the presence of L. paracasei SD1 in the saliva. At baseline, L. 121 
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paracasei SD1 was not detectable in either the control or test group. During the study, the finding of L. 122 

paracasei SD1 could be detected as 85%, 80%, 60% and 0% at T3, T6, T9 and T12, respectively, 123 

among the children who were receiving probiotic milk, but it was not found in the control group.  124 

The finding above raised the question of whether the probiotic bacteria can permanently colonize in 125 

the mouth and whether or not there is any residual effect after discontinuation. Some studies showed 126 

that different strains of probiotic strains act as a transient colonizer in the oral cavity, and studies on 127 

plaque and saliva have shown that ingested probiotic bacteria were recoverable up to 1-2 weeks after 128 

termination of intake [7-9]. However, the prolonged time for colonization of L. paracasei SD1, of at 129 

least 3 months (T6-T9) after cessation of dosing, in the mouth of the children taking the probiotic milk 130 

was noted in the present study. The colonization of L. paracasei SD1 seemed to last longer than the 131 

other studies [7-9]. This may relate to its origin from the human mouth, where the environment is more 132 

suitable for the strain to survive. Another possibility is that prolonged exposure to the probiotic strains 133 

may be needed. Our previous study evaluated the short-term (4-weeks) consumption of milk 134 

containing L. paracasei SD1, and demonstrated that the strain could be detected for a further 4 weeks 135 

afterwards. A short contact time of an extrinsically administered probiotic to the oral cavity may be a 136 

limiting factor, since the already established microbial ecology may prevent any introduced probiotics 137 

from colonizing and becoming a part of the commensal oral biofilm. 138 

Figure 2. The number of salivary mutans streptococci (MS) and lactobacilli (LB) at the 139 

baseline (T0) and during the 12 months of study (T3-T12). The parameters were evaluated 140 

by the Wilcoxon signed-rank test: * Significance (P < 0.05), **  Significance (P < < 0.001) 141 

difference versus baseline. 142 

 143 
Any residual effect after a long-term taking of products containing probiotics has always been an 144 

issue of interest. The establishment of probiotic strains in the oral cavity could promote caries 145 

development due to their acidogenic and aciduric properties. However, L. paracasei strains have been 146 



Dent. J. 2014, 2 6 
 

 

shown being less acid-producers compared to strong acid producers e.g. Lactobacillus salivarius [20]. 147 

In this study, lactobacilli level significantly increased in both groups, but the increase was found much 148 

more in the probiotic than in the control group. All participants were advised not to take food or drink 149 

containing probiotic (lactobacilli) during the study. However, increase of lactobacilli level in the 150 

control group might be derived from an unexpected source e.g. pickling vegetables and fruits, which is 151 

commonly ingested among Thai people. However, it was noted that there were no negative side effects 152 

following the probiotic intervention. Although fluctuations in saliva pH were observed, they were 153 

within the neutral range. Throughout the study, the salivary pH was found closely the same from the 154 

baseline to the end of the study in both groups (Table 1).  155 

There have been only a few reports of randomized controlled clinical trials using caries as the 156 

outcome, especially regarding, clinical evaluation of probiotic bacteria that originated from the mouth. 157 

Most strains that have been isolated and developed for gastrointestinal health have been adopted for 158 

use in dental research. The 6 months intervention followed by 6 months observation in this study may 159 

still be too short for monitoring caries progression. Fluoride is commonly used in Thailand, which may 160 

be another factor delaying caries progression. However, our results revealed that L. paracasei SD1 161 

showed a beneficial effect on dental caries; there was less dental caries among the children in the 162 

probiotic group at the end of study (Table 2). The mean of decay teeth (DT) in the probiotic group was 163 

lower than in the control group, although there was no statistically significant difference (Table 2). 164 
When the caries increment (∆ DT) and caries risk were taken for analysis, a significant increase in the 165 

caries increment was observed among children in the control group with high caries risk compared to 166 

the probiotic group (Table 2). In addition, it revealed that the long-term intake of milk containing L. 167 

paracasei SD1 reduced the risk of caries significantly (OR = 4.55, P = 0.019) in children with high 168 

caries risk (Table 3). Among children with low caries risk, it seemed that the probiotic group had more 169 

caries increase (≥ 1) than the control group, however, it was not statistically significant (OR = 0.45, P = 0.342) 170 

(Table 3). The definition of caries risk here is based on either dental caries alone or combined with 171 

microbiological examination. This is in agreement with another study of caries trial reporting the effect 172 

of probiotics in reduction of caries risk and caries incidence [12].  Theoretically, a reduction of MS 173 

over time would reduce caries risk, at least of new lesions. The clinical significance of our findings 174 

supported that a long-term exposure to milk containing L. paracasei SD1 could prevent or delay MS 175 

colonization resulting in reduction of caries risk. 176 

Table 2. Mean decay teeth (DT) ± SD at T0 and mean caries increments (∆ DT) ± SD at 177 

T12 in the control and probiotic groups  178 

 Control group  Probiotic group 
Total: (n=110)   

DT at T0 0.61 ± 1.10 0.68 ± 0.98 
∆ DT at T12 0.57 ± 0.95 0.30 ± 0.57 

Low caries risk: 
 (n=56) 

  

DT at T0 0.0 0.0 
∆ DT at T12 0.30±0.79 0.35±0.56 

High caries risk: 
 (n=54) 
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DT at T0 1.43±1.31 1.26±1.03 
∆ DT at T12* 0.91±1.04 0.26±0.57 

* Significance (p = 0.007), the parameters were evaluated by the Mann-Whitney U test 179 

Table 3. Number of children with caries increment of the control and probiotic groups with 180 

low and high caries risk  181 

* Significance (p = 0.019), the parameters were evaluated by the Chi-Square test 182 

It has been accepted that the effects of probiotic strains are strain specific, not all the Lactobacillus 183 

are probiotics that possess the ability to confer health benefits for the host [21]. Thus exploring the 184 

desirable properties of certain strains is needed. Our previous study revealed that L. paracasei SD1 185 

could produce paracasin SD1, a specific antimicrobial protein, against various oral pathogens 186 

including cariogenic bacteria [22]. It may support the advantages of this strain in respect to its potential 187 

use as a bacterial replacement, which is a means of combatting infections by the administration of non-188 

pathogenic bacteria to displace pathogenic microorganisms. 189 

3. Experimental Section 190 

Subjects  191 

To be considered for invitation, subjects had to have good oral health with caries ≤ 3 teeth, absence 192 

of untreated active carious lesions, absence of either gingivitis or periodontal disease, be a non-smoker, 193 

and have daily tooth-brushing habits using fluoride-containing toothpaste. The exclusion criteria were 194 

(i) habitual consumption of probiotics or xylitol, (ii) systemic antibiotic medication taken within 6 195 

weeks, (iii) allergy to cows' milk, lactose intolerance, severe food allergy, and (iv) systemic or severe 196 

chronic diseases. 197 

The sample size calculation was based on our previous study [11]; it was calculated that there 198 

would be an estimated 80% power at the 0.05 level of significance, using two-sided testing, to detect a 199 

mean difference on the logarithm scale of 0.55 for MS count assuming a standard deviation of 0.63. 200 

Twenty participants per group were needed. After adjustment to evaluate the result of the caries 201 

increment and for 20% dropouts, a total sample size of 120 was judged as necessary for this study. 202 

The project was thoroughly explained to the children and their parents in a meeting organized at the 203 

school. From a total of 246 children, 202 were eligible but only 122 volunteered after informed 204 

consent was given by their parents. The study group comprised 122 children (58 females, 64 males), 205 

12–14 years of age (mean: 13.19 ± 0.72 years). A flow chart of the study is outlined in Figure 1. All 206 

subjects were asked to immediately report any adverse side effects and to fill in the questionnaire form 207 

after 6 months of milk consumption. 208 

 Number of children (%) with 

 
Low caries risk (n=56) High caries risk (n=54)* 

  Control Probiotic Control Probiotic 
No caries increase 25 (83.3) 18 (69.2) 11 (47.8) 25(80.6) 
Caries increase ≥ 1 5 (16.7) 8 (30.8) 12 (52.2) 6 (19.4) 

Total 30 (100) 26 (100) 23 (100) 31 (100) 
OR 0.45 4.55 
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Study Design  209 

The prospective investigation was a follow-up of a double-blinded, randomized placebo-controlled 210 

trial in two parallel groups, with a study period of 12 months. The study was approved by the Faculty 211 

of Dentistry Ethics Committee at the Prince of Songkla University, Thailand. Children were 212 

randomized to the study or control group by means of drawing lots, and they were coded as A or B. 213 

The code was kept by an independent monitor. This code was not unveiled until all data had been 214 

analyzed. Neither the researchers nor clinicians and health care personnel knew whether the children 215 

received control or intervention milk during the course of the study. The project was registered at the 216 

http://www.clinicaltrials.in.th/, one of the primary of WHO Registry Network, Clinical Trials identifier 217 

TCTR20130904001. 218 

Intervention  219 

Children in the probiotic group drank 5 g of reconstituted milk powder with probiotic L. paracasei 220 

SD1 in 50 ml water once daily, whereas children in the control group drank 5 g of reconstituted milk 221 

powder without probiotic bacteria in 50 ml water once daily for 6 months. The probiotic milk powder 222 

contained L. paracasei SD1 107 CFU/mg and was prepared according to Teanpaisan et al. [23]. The 223 

test and the control milks were delivered in plastic bags marked ‘‘A’’ or ‘‘B’’, and all children were 224 

asked to drink under observation everyday by the health care staff.  On the holidays or weekends, 225 

children were asked to drink their milk at home and to return the plastic bags.   226 

The compliance was checked by the health care staff who filled in a logbook everyday with 227 

information on attendance of children and whether or not the children had been drinking the milk. 228 

Oral Examination 229 

Oral examinations were performed at baseline and at the end of the study after 12 months by 3 230 

dentists (PS, TS and TK).  Before the start of the study, the 3 examination teams were calibrated 231 

against each other and inter-examiner reliability tests were carried out before the baseline and before 232 

the re-examination. 233 
Dental caries status was recorded according to WHO criteria [24]. The caries increment (∆ DT) was 234 

calculated for each participating individual as the difference between the baseline score and the 12-235 

month score. 236 

Caries risk was determined on the basis of combined clinical and microbiological results according 237 

to the modification of Nase et al. [12], which classified the children into ‘high risk’ and ‘low risk’. 238 

‘High risk’ was recorded if the child had either a DT score > 0 and/or MS count ≥ 105 cfu/ml.  If there 239 

was no caries (DT score = 0) and the MS count < 105 cfu/ml, the child was recorded as ‘low risk’.  240 

Microbial evaluation 241 

Unstimulated saliva samples were collected at baseline (T0), 3 (T3), 6 (T6), 9 (T9) and 12 (T12) 242 

months. Each sample was made in a 10-fold serial dilution and cultured on a Mitis Salivarius 243 

Bacitracin agar or a de Man, Rogosa and Sharpe (MRS) agar being the selective media for MS and 244 
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lactobacilli, respectively. After 48 h of incubation in anaerobic condition at 37°C, the number of MS 245 

and lactobacilli were counted as colony forming units (CFU)/ml.  246 

Five to ten colonies of lactobacilli on MRS plates were collected, purified and kept at -80°C for 247 

tracing of L. paracasei SD1 using AP-PCR fingerprints [10].  248 

Analysis of data 249 

All numerical data were presented as means and standard deviations. The general characteristics of 250 

the children (gender, age, pH of saliva and caries status-DMFT) between control and probiotic groups 251 

were analyzed using the chi-square test for categorized/dichotomized variables and the Mann-Whitney 252 

U test for interval variables. The number of colony counts of MS and lactobacilli were presented as 253 

log10 CFU/ml. The changes in bacterial counts and salivary pH from baseline to the intervention period 254 

were analyzed using Wilcoxon Signed rank test. The number of colony counts of MS, and lactobacilli 255 

between the two groups were analyzed using the Mann-Whitney U test. The difference of caries 256 

increment between the two groups was analyzed by the Mann-Whitney U test. The chi-square test was 257 

used to compare the percentages of children with caries increment between the study groups. The 258 

software package used was the Statistical Package for Social Sciences (SPSS Inc., Chicago, IL, USA), 259 

and the differences were considered significant when P < 0.05. 260 

4. Conclusions  261 

In conclusion, the long-term daily consumption of milk powder containing L. paracasei SD1 has 262 

resulted in the reduction of both numbers of MS in saliva and caries risk. The long-term exposure 263 

seems to be an essential factor for prolonged colonization of the probiotic strain. Therefore, prolonged 264 

administration or the repeated application of the probiotics may be needed to maintain the desired 265 

probiotic effect for benefits on oral health.  266 
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Abstract

Background: Probiotic supplementation can reduce mutans streptococci (MS) numbers. One of its proposed
mechanisms is immunomodulation. Salivary human neutrophil peptide 1–3 (HNP1-3) levels have previously been
demonstrated to be higher in caries-free than in caries-susceptible children, suggesting their preventive role against
caries. We aimed to compare salivary HNP1-3 levels between an intervention group with probiotics and a control
group.

Methods: A randomized double-blinded clinical trial was conducted. Sixty schoolchildren were equally allocated to
either an intervention or control group. The use of a probiotic strain, Lactobacillus paracasei SD1, has shown to
reduce MS numbers in volunteers. In unstimulated whole saliva, HNP1-3 levels were assayed by ELISA, and MS and
lactobacilli counts were assayed by colony counting at baseline (T0) and at 3 (T3), 6 (T6), and 12 months (T12). The
International Caries Detection and Assessment system was used to assess caries status.

Results: In the intervention group, salivary HNP1-3 levels were significantly greater than those in the control group
at T3 and T6 (p < 0.001), whereas MS counts were significantly decreased (p < 0.01). In the intervention group,
positive and negative correlations were found between HNP1-3 levels and lactobacilli counts and between MS and
lactobacilli counts, respectively. However, there was no significant correlation between enhanced HNP1-3 levels and
decreased MS numbers. The caries increment for the pit and fissure surface, but not for the smooth surfaces, was
significantly decreased in the intervention group compared with the control group (p = 0.01).

Conclusions: Probiotics can temporarily enhance salivary HNP1-3 levels; however, their action to reduce new pit
and fissure caries probably involves microbial interactions.

Trial registration: TCTR20130904001 (registration date: September 04, 2013).

Keywords: Alpha-defensins, Dental caries, Mutans streptococci, Probiotics, Saliva
Background
Dental caries is one of the most prevalent diseases in
both children and adults worldwide [1]. However, the
success of all caries preventive programs has been im-
peded by its multifactorial nature. The disease is a result
of demineralization, caused by the interactions of cario-
genic bacteria, a diet rich in fermentable carbohydrates,
and host components, such as tooth and saliva proper-
ties [2]. Although many bacterial species can play a role
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in the caries process [3], mutans streptococci (MS) have
been considered major pathogens associated with early
caries development [4]. The main virulence properties of
MS are acidogenicity, acid tolerance, biofilm formation
and tooth adhesion [5]. Strong association between MS
quantities and the pathogenesis of dental caries is dem-
onstrated by several previous studies, reviewed in [6].
Probiotic administration is considered a potential strat-

egy for improving or maintaining oral health. According
to the World Health Organization (WHO), probiotics are
“live microorganisms which, when administered in ad-
equate amounts, confer a health benefit on the host” [7].
Several mechanisms have been proposed for the probiotic
action, including production of antimicrobial substances,
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competition with pathogens by preventing cellular adhe-
sion and invasion, and modulation of local and systemic
immune functions [8-11]. In a recent systematic review
[12], several clinical trials have shown the capacity of pro-
biotic supplementation to reduce MS counts, but the de-
creasing effect is variable and short-lasting. Moreover,
only very few studies have so far investigated the quan-
tities of lactobacilli (LB) and the prevention of new caries
occurrence by probiotic supplementation.
Although LB, commonly used as probiotics, have been

associated with caries progression [13], a recent study
has revealed that only a certain species, i.e., Lactobacil-
lus salivarius, is more related to caries development by
its ability to produce high levels of acids [14]. In contrast
to these cariogenic bacteria, Lactobacillus paracasei iso-
lated from caries-free subjects possesses an ability to
suppress MS growth [15,16]. In this study, Lactobacillus
paracasei SD1 was introduced as a probiotic strain and
used in the oral cavity because of its several previously-
demonstrated properties, including inhibition of MS
growth, less acid production than other LB, and good
adherence to oral epithelial cells [17].
Human neutrophil peptides 1–3 (HNP1-3) are small

cationic antimicrobial peptides that provide the first line
of host defense against a broad spectrum of microorgan-
isms [18]. HNP1-3 are expressed in ductal epithelial cells
of submandibular salivary glands and secreted into saliva
[19]. They are also produced by neutrophils and released
into gingival crevicular fluid [20]. The preventive role of
HNP1-3 against dental caries has been suggested by the
significantly higher salivary HNP1-3 levels in caries-free
children than in those experiencing caries demonstrated
by Tao et al. [19]. Since one of the probiotic mechanisms
has been proposed to be involved with host immune
regulation, we, therefore, hypothesized that probiotic
supplementation might help prevent dental caries by
augmentation of local host immunity via enhanced pro-
duction of salivary HNP1-3. The aims of this study were
to examine the effects of probiotic intervention on saliv-
ary HNP1-3 levels, MS counts, and LB counts, and to
determine the correlations between these host and mi-
crobial parameters. Furthermore, new occurrences of
carious lesions for the second permanent molars during
a 12-month clinical trial were assessed and compared
between the control and intervention groups.

Methods
Overview of study design
This trial was designed as a randomized, double-blinded
and placebo-controlled method with two parallel groups.
The study protocol was approved by the Human Experi-
mentation Committees of the Faculties of Dentistry,
Chiang Mai University and Prince of Songkla University,
Thailand. Informed consent was obtained from the
parents or guardians of each participant before the com-
mencement of this study. Sixty eligible and healthy par-
ticipants out of 246 children were allocated equally to
either of the two groups, the control and probiotic
groups, using a simple randomization procedure by
means of drawing lots (Figure 1). The inclusion and ex-
clusion criteria are identified in Participants and in
Figure 1. For the double-blinded method, the code
was kept by an independent monitor. This code was
not unveiled until all data had been analyzed. None of
the researchers, the clinicians, the participants, the
teachers, or the statistician knew whether the children
received control or intervention milk throughout the
entire course of this study. The trial was registered at
the http://www.clinicaltrials.in.th/, one of the primary
WHO Registry Networks, Clinical Trials identifier
TCTR20130904001. The whole experimental period
lasted for 12 months, and the outcome measurement of this
study consisted of four parameters: salivary HNP1-3, MS
and LB levels at four different time points: T0 (baseline), T3
(three months of intervention), T6 (six months of inter-
vention) and T12 (six months after cessation of the
intervention), and the presence of carious or deminera-
lized lesions at T0 and T12 (Figure 1). The priori sam-
ple size calculation was performed with a focus on
mean differences of MS counts between two independ-
ent groups using G Power software [21], with the effect
size equal to 0.8 at 5% statistical significance level and
90% power of test. The calculation yielded no fewer
than 28 participants in each group.

Preparation of milk powder supplemented with probiotics
The probiotic strain, Lactobacillus paracasei SD1, was
isolated from caries-free volunteers and has been previ-
ously shown to exert the maximal inhibitory effect on
Streptococcus mutans in vitro [17]. The bacterial strain
was identified by PCR-RFLP of the 16S ribosomal RNA
gene and sodium dodecyl-polyacrylamide gel electro-
phoresis [22]. The probiotic intervention was manufac-
tured in a form of milk powder by the spray drying
technique. The culture conditions and the spray drying
technique were performed as previously described [23].
Briefly, a culture of Lactobacillus paracasei SD1 was in-
oculated in a mixture of 1% probiotics and a 3-liter
quantity of heat-treated (50°C for 30 min) and 20%
reconstituted skimmed milk, and then spray dried with a
spray dryer (model B191 Buchi mini spray dryer; Flawil,
Switzerland). The final product was yellowish white
powder with moisture contents of 3.44 ± 0.85% and vi-
able counts of 7.5 ± 0.20x108 cfu/g, which was stored at
4°C. The viability of Lactobacillus paracasei SD1 in the
inoculated milk powder was previously assessed in a six-
month study by examining its growth in triplicate Man
Rogosa and Sharpe (MRS) pour plates under anaerobic

http://www.clinicaltrials.in.th/


Figure 1 A consort flow chart showing the number of participants in the control and probiotic groups at the beginning and
completion of the trial. Out of 246 children enrolled in this trial, 60 participants remained eligible due to the inclusion and exclusion criteria.
Sixty participants were equally allocated to either the control or the probiotic group by simple randomization described in the Methods. Participants
received milk powder with or without probiotics during the first six-month intervention, and saliva samples were collected for analyses of HNP1-3 levels,
MS and LB counts at four different time points: T0, T3, T6 and T12. Oral examination for evaluation of ICDAS scores was performed at T0 and T12.
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incubation for three days at 37°C [23]. It was demon-
strated that the maximum survival rate of Lactobacillus
paracasei SD1 in the skimmed milk powder was 99% if
the milk powder was stored at 4°C for six months [23].
However, the survival rate declined sharply if the milk
powder was stored at 25°C [23]. The milk powder in
general appearance for both probiotic and control
groups looked identical, except for the absence of the
probiotic strain in the control group, and was packaged
in the same clear plastic bags marked with a name of
each participant. The packaging and delivering steps
were performed by a research assistant who was blinded
from every step of sampling and analyzing.

Participants
The inclusion criteria were: (i) good oral health with car-
ies in two or fewer teeth (ii) presence of four second
molars in the mouth (iii) absence of untreated active
deep carious lesions (iv) absence of periodontitis (v)
non-smoking and (vi) daily tooth brushing habit using
fluoride toothpaste. The exclusion criteria were teenagers
with systemic diseases, receiving systemic antibiotics
within six weeks, routine consumption of probiotics or
xylitol, allergy to cows’milk, lactose intolerance and severe
food allergy. Prior to the commencement of the clinical
trial, all participants were informed not to consume any
products containing probiotics, such as yoghurt, drinking
yoghurt, cheese, etc., throughout the entire duration of
this trial. The participants in both groups were instructed
to mix 5 g of milk powder in 50 ml water and drink once
daily, except on the days of saliva collection, for six
months under the supervision of instructors. On the holi-
days or the weekends, all children were informed to drink
their milk at home and to return the empty plastic bags.
The compliance was checked by their teachers who filled
in a logbook every day with information on school attend-
ance of children and on whether or not the children had
been drinking the milk. It was apparent that no children
participating in this study were absent from their classes
due to sick leave during the first six-month intervention.
All participants were asked to immediately report any side
effects.
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Analyses of salivary HNP1-3 levels
A 2-ml quantity of unstimulated whole saliva was col-
lected and equally divided in two aliquots, one for ana-
lysis of HNP1-3 levels and the other for analysis of
microbiological levels. The first aliquot was added with
Nonidet P-40 (Sigma-Aldrich, St. Louis, MO) to the final
concentration of 0.1% (v/v), centrifuged at 15,000 rpm at
4°C for 10 min [19], and the cleared supernatant was
collected and stored frozen for further analysis of
HNP1-3 levels by an HNP1-3 ELISA kit (HyCult Bio-
technology, Uden, the Netherlands) according to the
manufacturer’s instruction. In brief, diluted saliva sam-
ples (1:200) were applied to a pre-coated plate in tripli-
cate with the specific primary antibody to HNP1-3, and
incubated for 1 h at room temperature. For a negative
control, dilution buffer without addition of the saliva
samples was added to the pre-coated plate. After wash-
ing four times with washing buffer, each well was incu-
bated with the biotinylated tracer antibody for 1 h at
room temperature. Then, the streptavidin-peroxidase
conjugate was added and incubated for 1 h. After that,
3,3′,5,5′-tetramethylbenzidine, a chromogenic substrate,
was added for 20 min, and the reaction was then
stopped by the addition of 2% oxalic acid. The concen-
trations of HNP1-3 in saliva samples were calculated
from a standard curve established by various known
concentrations of an HNP1-3 standard, used as the
ELISA system control. The concentrations of salivary
HNP1-3 were then normalized by their total protein
content using a BCA protein assay (Pierce Inc., Rock-
ford, IL) according to the manufacturer’s instruction.

Microbiological assays
The quantities of salivary MS and LB were evaluated by
a typical colony counting method at T0, T3, T6 and T12.
The second aliquot of saliva samples was ten-fold di-
luted from 1:10 to 1:10,000. Each dilution (10 μl) was
dropped onto the selective agar plates, Mitis Salivarius
Bacitracin (MSB) agar for MS (Difco Laboratories,
Detroit, MI) and MRS agar for LB (Difco Laboratories).
The conditions for incubation were anaerobic, 10% H2,
10% CO2 and 80% N2 at 37°C for 48 h. The colony
counting was performed under a microscope in
duplicate.

International Caries Detection and Assessment System
(ICDAS)
At the beginning and the end of this study (T0 and
T12), all participants were examined for oral health and
dental caries status by two experienced dentists (S.P. and
S.T.) with the Cohen’s kappa values 0.85 and 0.82 for the
intra- and inter-examiner calibrations, respectively. The
examination was performed by using a mouth mirror
and an air syringe under an operating light. The caries
data for each tooth surface, including occlusal (pit and
fissure) and smooth surface (buccal, lingual, mesial and
distal) caries, were recorded according to the criteria of
the International Caries Detection and Assessment
System (ICDAS) [24]. The ICDAS codes consist of: 0 =
sound, 1 = first visual change in enamel, 2 = distinct
visual change in enamel, 3 = localized enamel break-
down, 4 = underlying dentin shadow, 5 = distinct cavity
with visible dentin, and 6 = extensive cavity within visible
dentin. Caries risk assessment in this study was deter-
mined by the modified criteria previously described by
Nase and co-workers [25], which include both clinical
caries status and MS quantities as follows. The “high
risk” participants were defined as having both an
ICDAS score >0 and MS levels ≥105 cfu/ml, whereas
the “moderate risk” ones had either an ICDAS score >0
or MS levels ≥105 cfu/ml and the “low risk” ones had
an ICDAS score =0 and MS levels <105 cfu/ml.

Statistical analyses
The Mann–Whitney U test was used to analyze inter-
group differences in salivary HNP1-3 levels. Differences
in salivary HNP1-3 levels among four different periods
in each group were analyzed by the Kruskal-Wallis test,
followed by the Mann–Whitney U test. The number of
colony counts for MS and that for LB were presented
as log cfu/ml and analyzed by the independent sample
t-test. Correlations between each pair of the data from
HNP1-3 levels, MS and LB counts in each group were
tested by the Pearson Correlation test. Regression ana-
lysis was performed for the significant correlation data.
An odds ratio (OR) for caries increment was calculated
by Crosstabulation. The software package used was the
Statistical Package for Social Sciences (SPSS version
17.0 Inc., Chicago, IL), and the differences were consid-
ered significant when p-values were less than 0.05. All
of these statistical methods were performed by a bio-
statistician (T.S.).

Results
Demographic data
A total of 60 participants (age ranges 13–15 years; n = 26
for males and 34 for females) completed this 12-month
clinical trial (Figure 1). No adverse side effects from pro-
biotics or milk powder intake in this cohort were re-
ported. The compliance for daily consumption of milk
powder in both groups was carefully monitored under
the supervision of schoolteachers and well controlled
throughout the first six-month intervention period. The
assessment for caries risk revealed that the percentages
of participants classified in the “high risk”, the “moderate
risk” and the “low risk” groups were 50, 31.7 and 18.3,
respectively. Although the randomized procedure was
performed to allocate all 60 eligible participants to the
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control or probiotic group, it was coincident that the
percentages of high, moderate and low caries risk in the
control versus the probiotic group were almost equal as
follows: 50.0 versus 50.0, 33.3 versus 30.0, and 16.7 ver-
sus 20.0, respectively.

Raised salivary HNP1-3 levels in the probiotic group
The median salivary HNP1-3 levels, expressed in the
unit of μg/mg of total proteins, in the probiotic group
were significantly greater than those in the control group
at T3 (1.0250 versus 0.5145 μg/mg; p < 0.001) and T6
(1.1470 versus 0.5415 μg/mg; p < 0.001), but not at T0 or
T12 (Figure 2). With respect to the kinetics of salivary
HNP1-3 levels in the probiotic group during the 12-
month period of this clinical trial, it was demonstrated
that the HNP1-3 levels were temporarily elevated during
the six-month intervention period (Figure 2). In other
words, these levels were significantly increased at T3
and T6 (p < 0.001) and gradually declined at T12. How-
ever, no significant changes in salivary HNP1-3 levels in
the control group at four time points (T0, T3, T6 and
T12) were observed (Figure 2).

Decreased MS counts as opposed to increased LB counts
by probiotic intervention
The mean counts and standard errors for salivary MS
and LB (log cfu/ml) at T0, T3, T6 and T12 in the control
Figure 2 Significant but transient increase in salivary human
neutrophil peptide (HNP) 1–3 levels by probiotic supplementation.
The y-axis of box plot graph demonstrates salivary HNP1-3 levels
normalized by total protein concentration in the unit of μg/mg for
the control (empty boxes) and the probiotic (gray boxes) groups
from four different periods of saliva collection: T0, T3, T6 and T12.
* = p < 0.05; *** = p < 0.001. The solid lines show the significant
differences between two groups, while the dotted lines represent
the significant differences within the probiotic group.
and probiotic groups are demonstrated in a linear graph
(Figure 3). At baseline (T0), it was demonstrated that the
mean salivary LB count in the probiotic group (a solid
line) was not significantly different from that in the con-
trol group (a dotted line), while the mean salivary MS
count in the probiotic group was significantly higher than
that in the control group (p < 0.05; Figure 3). However,
at T3 and T6, a significant reduction in MS counts in
the probiotic group was clearly evident when com-
pared with those in the control group (T3 = p < 0.001
and T6 = p < 0.01), whereas a significant increase in LB
counts was instead observed (p < 0.05; Figure 3). In
contrast to the probiotic group, no significant changes
in the mean counts for salivary MS and LB were found
in the control group (dotted lines in Figure 3). At T12,
the mean count for salivary MS in the probiotic group
was increased and returned almost to the baseline,
while the mean count for salivary LB in the probiotic
group was still significantly higher than that in the
control group (p < 0.01; Figure 3), suggesting the ability
of LB to be retained in the oral cavity despite cessation
of the probiotic intervention for six months.
Significant reduction in the caries increment for the pit
and fissure surface in the probiotic group
The percentages of sound (ICDAS score =0) and un-
sound surfaces (ICDAS scores =1–6) from all five tooth
surfaces, including pit and fissure, mesial, distal, buccal,
and lingual, at T0 and T12 in both control and probiotic
groups are illustrated as stacked bars to a total of 100%
(Figure 4A). It was apparent that the percentages of cari-
ous lesions in the second permanent molars in both
control and probiotic groups increased in almost all
tooth surfaces during this 12-month study and that the
pit and fissure caries in both groups was more preva-
lent in our cohort than was caries in the other four
smooth surfaces, including mesial, distal, buccal and
lingual (Figure 4A). Sums of the percentages of caries
increment for all five tooth surfaces, including the pit
and fissure surface and four smooth surfaces, and for
four smooth surfaces in the probiotic group versus the
control group were 25.5 versus 44.2 and 15.2 versus
21.4, respectively (Figure 4B). The percentages of caries
increment only in the pit and fissure surface were 10.3
versus 22.8 (Figure 4B). Interestingly, the percentage of
new caries occurrence for all five tooth surfaces (OR =
1.605; 95% CI 1.007–2.557; p = 0.045) and for the pit
and fissure surface (OR = 2.582; 95% CI 1.235–5.400;
p = 0.01) was significantly lower in the probiotic group
than that in the control group, whereas there was no sig-
nificant difference in new caries occurrence between two
groups for the four smooth surfaces (OR = 1.506; 95% CI
0.726–3.126; p = 0.269).



Figure 3 Significant but transient reduction in salivary mutans streptococci (MS) counts by probiotic intervention. The linear graph
illustrates mean log counts of MS (open circles) and those of lactobacilli (LB; black circles) in the unit of cfu/ml (y-axis) in both probiotic (solid lines) and
control (dotted lines) groups from four different periods of saliva collection (x-axis): T0, T3, T6 and T12. * = p < 0.05; ** = p < 0.01; *** = p < 0.001. Error
bars represent standard errors (SE). The values of mean log MS and LB counts and (SE) are shown in the solid boxes for the probiotic group and in the
dotted boxes for the control group in each period of saliva collection.
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Lack of correlation between increased levels of HNP1-3
and decreased numbers of MS
Correlations between each pair of salivary HNP1-3 levels
in μg/mg of total protein, MS counts and LB counts in
log cfu/ml in both control and probiotic groups were de-
termined by the Pearson Correlation test (see Additional
file 1 for the data of each parameter), and it was revealed
that significant correlations between these parameters
were only found in the probiotic group, but not in the
control group (Figure 5). Particularly, salivary HNP1-3
levels were positively correlated with LB counts (r =
0.376; p < 0.001; Figure 5B) with the equation from the
regression analysis: y = 0.653x + 5.929, where y is the log
LB count and x is the HNP1-3 level, whereas LB counts
were inversely associated with MS counts (r = −0.282;
p = 0.002; Figure 5F). Nevertheless, no significant cor-
relation was noted between salivary HNP1-3 levels and
MS counts in the probiotic group (Figure 5D), suggest-
ing that enhanced salivary HNP1-3 levels by the pro-
biotic intervention are not associated with decreased
MS quantities.

Discussion
The main findings from this study include (a) a signifi-
cant but temporary increase in salivary HNP1-3 levels at
T3 and T6 in the probiotic group; (b) a significant in-
crease in LB counts as opposed to a transient decrease
in MS counts during probiotic intervention; (c) positive
and negative correlations found between HNP1-3 levels
and LB counts and between LB counts and MS counts,
respectively, in the probiotic group; and (d) a significant
reduction in caries increment for the pit and fissure sur-
face, not for the smooth surfaces. Among these four
major findings, the significant increase in salivary
HNP1-3 levels by probiotic supplementation during the
six-month intervention period is of great interest since it
is probable that Lactobacillus paracasei SD1 may exert
an immunostimulatory effect by enhanced production of
innate immune effectors, especially HNP1-3, from ductal
epithelial cells of submandibular salivary glands [19],
which are then secreted into the saliva. The possible
immunostimulatory effect of Lactobacillus paracasei
SD1 warrants further investigations. In addition, the in-
nate immune activation by Lactobacillus paracasei SD1
is corroborated with the significant correlation between
elevated salivary HNP1-3 levels and increased LB counts
seen in Figure 5B. Activation of host immunity, particu-
larly increased production of secretory immunoglobulin
A (sIgA), has been previously shown to be one of the
principal mechanisms for probiotics in the gastrointes-
tinal tracts [26-28] and in the oral cavity [29-31]. In this
study, the rationale to investigate only the salivary
HNP1-3 levels during probiotic intervention was based
on the observation from a single previous study that
demonstrated significantly higher HNP1-3 levels in the
saliva samples from caries-free children than those from
caries-susceptible children [19]. However, it is necessary
to further determine the salivary levels of other



Figure 4 Significant decrease in the percentage of caries increment for the pit and fissure surface, but not for the smooth surfaces, by
probiotic intervention. (A) The 100% stacked bars demonstrate the percentages of sound (white area; ICDAS score =0) and unsound (filled
areas; ICDAS scores =1–6) surfaces from all five tooth surfaces, including pit and fissure, mesial, distal, buccal, and lingual, in the control (upper
panel) and the probiotic (lower panel) groups. Note higher percentages of unsound surfaces in the pit and fissure surface than those in the other
four surfaces. (B) The bar graph reveals significant reduction in the percentages of caries increment in the probiotic group for a combination of
all five tooth surfaces and for the pit and fissure surface alone, but not for the combined four smooth surfaces, including mesial, distal, buccal
and lingual surfaces. * = p < 0.05; ** = p = 0.01.
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immune-related effector molecules, especially other anti-
microbial peptides besides HNP1-3, in a future study. It
is noted that the levels of salivary HNP1-3 detected in
our cohort were comparable to those measured by the
same ELISA method performed by Tao and co-workers
[19]. Interestingly, the HNP1-3 levels were temporarily
elevated during the six-month intervention period and
gradually declined to the baseline levels after cessation
of probiotic intake. The temporary induction of HNP1-3
levels was in line with the transient induction of sIgA
levels in saliva by probiotic intake [30], indicating that
daily consumption of probiotics seems to be required for
a sustainable increase in host immune responses.
Nevertheless, the raised salivary HNP1-3 levels did not

significantly correlate with the decreased MS counts, but
the LB counts were instead correlated inversely with the
MS counts, suggesting that the mechanism for probiotic
action in the oral cavity may probably involve the com-
petition and/or the interaction between two distinct
microorganisms as previously shown by Teanpaisan and
Piwat [22] rather than enhanced production of HNP1-3.
It is worthwhile to note that the inverse correlation be-
tween MS and LB counts was weak, so this suggests that
other factors that were not tested in this study, such as
different MS strains recovered from different individuals
[32], may play a role in the regulation of MS numbers
by LB. In contrast to no significant change in MS counts
in the control group, it was evident that the MS counts
were transiently decreased in the probiotic group at T3
and T6, consistent with the finding from a previous
study [33]. This, again, confirms the short-lasting effect
of probiotics against MS numbers, similar to the transi-
ent increasing effect on HNP1-3 levels. It is interesting
to note a prolonged increase in LB counts irrespective of
the cessation of probiotic intervention, which may be ex-
plained by the ability of Lactobacillus paracasei SD1 to
be retained in the oral cavity, as previously reported [22]
and by the counting method for total LB on MRS agar



Figure 5 Positive and negative correlations between salivary human neutrophil peptide (HNP) 1–3 levels and log counts of lactobacilli
(LB) and between log counts of mutans streptococci (MS) and those of LB, respectively, in the probiotic group. The correlation
coefficients (r) and the significance levels (p-values) between each pair of three parameters, including HNP1-3 levels in μg/mg, LB counts in log cfu/ml
and MS counts in log cfu/ml were determined and illustrated for both control (A, C and E) and probiotic (B, D and F) groups. The regression analysis
could be determined only for the significant correlation between increased HNP1-3 levels and increased LB counts in B, and a regression line was
drawn with the equation: y = 0.653x + 5.929; p = 0.003.
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in this study, rather than the specific quantification of
Lactobacillus paracasei SD1. Consequently, it is possible
that the increased MS counts back to the baseline levels
at 12 months were attributable to the absence of Lacto-
bacillus paracasei SD1, although the total LB counts
were still high. In this study, we did not examine the
morphology of LB recovered from saliva samples in
great detail with Gram stain, although some colonies of
LB on MRS plates were randomly selected and checked
for the presence of Lactobacillus paracasei SD1 by a
qualitative assay like Arbitrarily Primed-Polymerase
Chain Reaction fingerprints [22]. Therefore, the inability
to confirm the morphology of LB and to quantitatively
compare the levels of Lactobacillus paracasei SD1 be-
tween the control and probiotic groups at each time
point is a limitation of this study and this inability may
preclude the possibility of Lactobacillus paracasei SD1
retention in the oral cavity.
In addition to the laboratory results regarding HNP1-3

levels and microbial counts in saliva, we extended our
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investigation into the clinical findings relating to caries
increment in our cohort. The significant reduction by
approximately 2.6 fold for caries increment within
12 months was observed for the pit and fissure caries in
the probiotic group when compared with the control
group (Figure 4B), suggesting that probiotic intervention
in milk powder helps reduce the occurrence of new cari-
ous lesions for the pit and fissure surface. In addition to
considering the pit and fissure surface alone, the sum of
the percentages for caries increment in all five tooth sur-
faces was also significantly reduced in the probiotic
group (Figure 4B). These results differ from the findings
from two previous studies, which demonstrated a low
odds ratio for caries prevention on occlusal surfaces
from milk containing Lactobacillus rhamnosus GG in
preschool children [25] and lack of significant difference
in new caries occurrence between the probiotic and con-
trol groups [34]. A possible explanation for this discrep-
ancy is that the participants in each of those studies
were categorized as low caries risk, whereas half of the
participants in our study were categorized as high caries
risk, according to the modified criteria for caries assess-
ment mentioned in the Methods. Therefore, as sug-
gested by the results of those studies and ours, probiotic
intervention may be beneficial to reduce the new occur-
rence of pit and fissure caries in children with high car-
ies risk.
In this study, it was demonstrated that the probiotic

intervention did not reduce new caries occurrence on
the smooth surfaces. This may be explained by the fact
that pit and fissure caries is more associated with MS
quantities than is smooth surface caries, consistent with
the critical role of MS in pit and fissure caries develop-
ment [35]. Moreover, it was apparent that the effect of
probiotics on smooth surface caries varied among differ-
ent smooth surfaces (Figure 4A). Particularly, the pro-
biotics appeared to have a caries-reducing effect on the
distal and lingual surfaces, but not on the mesial and
buccal surfaces. Nevertheless, such mixed effects did not
reach a statistically significant level when sum of the
percentages for caries increment in four smooth sur-
faces was determined (Figure 4B). Some factors that
can influence distinct outcomes between occlusal and
smooth surface caries and then preclude statistical veri-
fication include the location of second permanent mo-
lars (whether in maxillae or in mandibles), the sample
size, and the 12-month duration of this study. There-
fore, it is suggested that a larger study with a longer
follow-up duration and with special attention to the
tooth location be further conducted to more precisely
verify all of the statistically significant and non-
significant findings and to define the extent and mech-
anism behind any observable beneficial effects from
probiotic intervention.
Utilizing non-sweetened milk powder as a suitable ve-
hicle to introduce the probiotics in this study provided
several health benefits for the participants, including
provision of more nutrients, good compliance, and add-
itional caries prevention from some constituents in milk
powder, such as casein, calcium and phosphorous [36].
Moreover, among several different LB species that have
been reported as probiotics, it has been previously
shown that Lactobacillus paracasei exerted a maximum
inhibitory effect on MS [15,16], possibly by its ability to
produce paracasin SD1 that functions against MS in the
oral cavity [37]. Furthermore, compared with various
probiotic strains used in other studies, predominantly
isolated from the gastrointestinal tract [33,34,38,39],
Lactobacillus paracasei SD1 used in our study was iso-
lated from the oral cavity of caries-free volunteers. How-
ever, this probiotic strain could only exert a temporary
effect on MS reduction and HNP1-3 induction despite a
prolonged increase in LB counts in the saliva samples.
This may be because the colony counting method on
MRS agar cannot differentiate our probiotic strain from
other LB strains that already reside in the participants’
mouths. Otherwise, it is probable that our probiotic
strain can possibly increase the number of other LB
strains, a possibility that warrants further investigations.
Although cariogenic progression varies between differ-

ent individuals and sometimes lasts longer than a year,
the 12-month randomized and double-blinded clinical
trial was designed in order to control different inherent
factors between the control and probiotic groups. Add-
itionally, the ICDAS was chosen as a tool to assess cari-
ous lesions in this short period of study because it is
sensitive enough to detect an early carious lesion [40].
Further studies into the underlying mechanisms of in-
creased HNP1-3 production by our probiotics in differ-
ent oral cell types are currently being investigated, and
additional studies into the activation of other oral im-
mune effectors classified in acquired and innate immun-
ity are essential to verify the real potential benefits and
applications of probiotics for good oral health, especially
for caries prevention. Several confounding factors that
were beyond our control in each individual, including
variations in the baseline levels of salivary HNP1-3, in
the different quantities and strains of MS, in the quan-
tities of fermentable carbohydrate consumption, and in
the quality of oral hygiene care, are noted and may affect
the outcomes of this study.

Conclusions
Probiotic supplementation with Lactobacillus paracasei
SD1 can temporarily enhance salivary HNP1-3 levels
and decrease the numbers of MS. The significant correl-
ation, found between increased LB counts and decreased
MS counts, suggests that probiotic action may involve
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the competition or interaction between two distinct mi-
croorganisms. In this study, the increment of pit and
fissure caries, but not of smooth surface caries, was di-
minished by probiotic supplementation in the form of
milk powder.

Available supporting data
The data of mutans streptococci (MS) and lactobacilli (LB)
counts and human neutrophil peptide (HNP) 1–3 levels at
T0, T3, T6 and T12 are provided in the Additional file 1.xls
on BMC Oral Health website.

Additional file

Additional file 1: Data of mutans streptococci (MS) and lactobacilli
(LB) counts and human neutrophil peptide (HNP) 1-3 levels at T0,
T3, T6 and T12.
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Abstract  26 

Microencapsulation was evaluated as a means of preserving Lactobacillus paracasei 27 

SD1, a human-derived strain with probiotic potential, in orange and aloe vera juices. The 28 

microencapsulation parameters included alginate concentration, calcium chloride 29 

concentration and hardening-time, and the efficacy of microencapsulation to preserve the 30 

survival of microencapsulated bacteria compared to free cells during exposure in fruit juices 31 

were determined. The results revealed that the viable count of free-cell form markedly 32 

decreased compared to microencapsulated form. The microencapsulation of 2% alginate 33 

(w/v) and 0.05 M CaCl2 gave the best result to preserve the probiotic.  It was found that 34 

viability of microencapsulated probiotic bacteria was found significantly higher than free-cell 35 

in fruit juices during 8 weeks of storage time at the refrigerator. The potential probiotic trait 36 

related to inhibitory effect was not affected after microencapsulation process. In summary, 37 

the microencapsulation method may be an alternative way in preserving the viability of 38 

probiotic L. paracasei SD1.  39 

 40 

Key words: Microencapsulation, Probiotic, Lactobacillus paracasei SD1, Fruit juices 41 
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1. Introduction 43 

There has been an increased interest in the role of probiotic bacteria for promoting 44 

and maintaining human health including oral health (Salminen et al., 1998; Parvez et al., 45 

2006), and Lactobacillus has been proposed recently to promote oral health. Most studies 46 

have reported an inhibitory activity of oral Lactobacillus against cariogenic Streptococcus 47 

(Simark-Mattsson et al., 2007; Teanpaisan et al., 2011), and some also have demonstrated 48 

growth suppression of periodontal pathogens (Koll-Klais et al., 2005; Teanpaisan et al., 49 

2011). Therefore, probiotic strains have been increased an attention to incorporate into a 50 

variety of food products including yoghurts, cheese, drinks and dietary products. Of those, 51 

fruit juices may be alternative products for the incorporation of probiotic. Nowadays, most 52 

people consume fruit juices as daily soft drink due to their nutritional relevance e.g. organic 53 

acids, minerals, fiber and a good source of antioxidant compound (vitamins A, C and E). It 54 

has recommended that the probiotic bacteria should be alive and be present at amount of at 55 

least 10
6
-10

7
 CFU/ml or g in the products (Rybka and Kailasapathy, 1995). However, it was 56 

reported that the free-cell probiotic bacteria may not survive in sufficient numbers when 57 

incorporated into food products. The viability of probiotic strains could be influenced by 58 

several factors of soft drinks e.g. acidic pH, oxygen level, antibacterial components and 59 

packaging conditions (Vinderola et al., 2011). 60 

Among the available techniques for immobilizing living cells, entrapment in calcium 61 

alginate beads has been proven to be useful for the immobilization of various probiotic strains 62 

including Lactobacillus rhamnosus, Lactobacillus salivarius, Lactobacillus plantarum, L. 63 

acidophilus, L. paracasei, Bifidobacterium bifidum, Bifidobacterium infantis and 64 

Bifidobacterium lactis (Khalil and Mansour, 1998; Chandramouli et al., 2004; Ding and 65 

Shah, 2008). Calcium alginate beads act as a physical barrier to protect probiotic living cells 66 

from adverse environment e.g. acidic pH.  In addition, alginate has the benefits of being non-67 
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toxic to the cells being immobilized, and it is an accepted as food additive (Prevost and 68 

Divies, 1992). However, there are different conditions for the use of calcium alginate as a 69 

matrix for bacterial cells microencapsulation. The reported concentrations of sodium alginate 70 

vary widely from 0.5% to 4% (w/v). Also, the concentration of calcium chloride and 71 

hardening time of capsules in the calcium chloride solution for stabilization of the beads vary 72 

greatly from 0.05 to 0.2 M and 5 min to 2 h, respectively (Sheu and Marshall, 1993; 73 

Jankowski at al., 1997; Khalil and Mansour, 1998; Truelstrup Hansen et al., 2002). Therefore, 74 

the appropriate condition of calcium alginate bead for individual product needs to be 75 

optimized. 76 

We have previously reported the use of spray drying to preserve the probiotic 77 

Lactobacillus paracasei SD1 in milk power, and such produce has been proven to give a 78 

benefit for clinical trials in reducing the pathogenic agents in the oral cavity (Teanpaisan and 79 

Piwat, 2013; Ritthagol et al., 2013). Thus, we now extend the use of calcium alginate as an 80 

alternative way to preserve human-derived Lactobacillus paracasei SD1. It hypothesized that 81 

calcium alginate could preserve the probiotic bacterial cells, therefore, the survival time of 82 

the probiotic bacteria in the microencapsulated form would longer than the free cell form in 83 

fruit juices. The aims of the present study were to optimize the microencapsulation 84 

parameters including alginate concentration, calcium chloride concentration and hardening 85 

time, and to evaluate the efficacy of microencapsulation to preserve the survival of 86 

microencapsulated probiotic bacteria compared to free cells during exposure to fruit juices. 87 

 88 

2. Materials and methods 89 

2.1 Bacterial strains and culture conditions  90 

Probiotic strain Lactobacillus paracasei SD1 was isolated previously from the human 91 

oral cavity, and was identified as L. paracasei according to 16S-rRNA gene profiles by 92 
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restriction fragment length polymorphism analysis (PCR-RFLP) and protein profiles by 93 

sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) (Teanpaisan and 94 

Dahlén, 2006). The strain was stored at -80°C until used.  95 

The probiotic strain was activated by growing twice on MRS agar at 37ºC in 96 

anaerobic condition (80% N2, 10% H2, and 10% CO2) for 24 h, and the strain was then 97 

propagated in 500 ml MRS broth in the same condition for 24 h. Cells were harvested by 98 

centrifugation at 3,000 × g for 10 min, and washed twice with 0.85% (w/v) normal saline. 99 

Cell count was determined by anaerobic on MRS agar after 48 h at 37ºC in anaerobic 100 

condition. The cell suspension was subsequently used either directly (free cells) in assays or 101 

subjected to microencapsulation as described below. 102 

2.2 Preparation of microencapsulation of probiotic  103 

Initially, the microencapsulation parameters including alginate concentration (1.5%, 104 

2% and 3% (w/v), calcium chloride concentration (0.01, 0.05 and 0.1 M) and hardening time 105 

(5 min, 30 min, and 1 h) were optimized for viability of microencapsulated bacteria. 106 

The alginate and bacteria suspension with initial cell load approximately 10
9
 CFU/ml 107 

was slowly dispensed using a pipette into a beaker containing a solution of calcium chloride 108 

with a magnetic stirrer at 200 rpm. After certain hardening time, the calcium alginate beads 109 

were removed and washed thoroughly with sterile distilled water. The calcium alginate beads 110 

were then kept at 4ºC in 0.85% saline solution until further use.  111 

2.3 Evaluation of bacterial viability in free-cell form and microencapsulated form 112 

To determine the viable counts of L. paracasei SD1 in free-cell form and 113 

microencapsulated form, the initial cell loads of free-cell form (3 × 10
6
 CFU/ml) and 114 

microencapsulated form (1-5 × 10
6
 CFU/ml)  were monitored monthly over a period of 6 115 

months of preserving at 4ºC. For the enumeration of the microencapsulated cells, 116 
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microcapsules were disrupted and counted using MRS agar and incubation at 37°C for 48 h 117 

in anaerobic condition. Also, free-cells were counted as the same procedure.  118 

2.4 Evaluation of bacterial viability in fruit juices  119 

Commercially sterilized (according to the manufacturing system) orange and aloe 120 

vera (TIPCO F&B Co., Ltd., Thailand) were used for all experiments. Fruit juices with no 121 

added preservatives and a long shelf life were obtained.  122 

 Probiotic free-cell form or microencapsulated form was added in 100 ml of each fruit 123 

juice at final 10
9
 CFU/ml, and thoroughly mixed under sterilized process in a laminar flow 124 

cabinet.  Fruit juices contained probiotic free-cell form or microencapsulated form were 125 

separated to a small portion in sterile bottles, and kept in room temperature (25°C) or 126 

refrigerator (4°C). For monitoring of probiotic viability, an enumeration of the probiotic cells 127 

was performed weekly over a period of 6 weeks and at 8 and at 12 weeks, using colony 128 

counting on MRS agar with incubation at 37ºC for 48 h under anaerobic condition. The pH of 129 

juices contained free- or microencapsulated bacteria were also monitored using pH meter. All 130 

experiments were performed in triplicate to determine an average mean and standard 131 

deviation. 132 

2.5 Inhibitory effect of L. paracasei SD1 before and after microencapsulation 133 

Before and after microencapsulation, the inhibitory effect of L. paracasei SD1 against 134 

Streptococcus mutans was assessed by an agar overlay method (Teanpaisan et al., 2011). In 135 

brief, L. paracasei SD1 was inoculated on the surface of the brain heart infusion agar and 136 

incubated anaerobically (80% N2, 10% H2, and 10% CO2) for 24-48 h at 37
o
C to develop 137 

visible macro-colonies.  138 

Streptococcus mutans ATCC 25175 was precultivated in the brain heart infusion 139 

broth (BHI), and then the suspension of cells was adjusted to an optical density (OD) 0.25 at 140 

600 nm. Thereafter, 5 ml of BHI soft agar (7 g/l agar) were seeded with 100 µl of an 141 
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overnight culture of S. mutans ATCC 25175 strain and immediately poured over the macro-142 

colonies of L. paracasei SD1. The plate was incubated anaerobically at 37
o
C for 24 h. An 143 

inhibitory zone, resulting in the releasing of inhibitory substance of L. paracasei SD1 against 144 

the growth of S. mutans, was observed.  145 

2.6 Statistical analysis  146 

All the results were expressed as mean + SD from three individual experiments. 147 

Differences among treatments were evaluated by one-way ANOVA and paired t-test. 148 

Significant differences between means within and among the treatment were determined 149 

using Tukey’s HSD test. Results were considered statistically significant when P < 0.05. All 150 

statistical analysis was carried out using SPSS (Chicago, Illinois, USA). 151 

 152 

3. Results and Discussion 153 

3.1 Effect of alginate concentration and CaCl2 concentration on viability of L. paracasei 154 

SD1  155 

In the present study, we investigated the use of microencapsulation to preserve viable 156 

cells of the oral human-derived L. paracasei SD1 strain.   157 

The initial microencapsulated parameters were investigated to determine the 158 

conditions which were optimum for probiotic viability. There was 2- to 3-log CFU decrease 159 

in bacterial cells count (from 10
9
 CFU/ml) after microencapsulation. The data obtained in 160 

these trials indicated that the viability count of L. paracasei SD1 significantly decreased (P < 161 

0.05, one way ANOVA) when the CaCl2 concentration was further increased to 0.10 M 162 

(Figure 1). An increased survival of probiotic was found in the microcapsules that had been 163 

hardened for 30 min compared with that in the microcapsules which had been hardened for 164 

only 5 min (data not shown).  165 
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3.2 Survival of free cells and microencapsulated L. paracasei SD1 during storage at 166 

refrigerator  167 

There is no uniformity in the reported microencapsulation procedure for certain use, 168 

thus, the microencapsulation parameters, including alginate concentration, calcium chloride 169 

concentration and hardening time of capsules in calcium chloride, were quantitatively 170 

determined and optimized in this study. The survival time of probiotic bacteria in the 171 

microencapsulated form compared to the free-cell form was performed. The detail of result is 172 

given in Figure 2. The viable count of free-cell decreased markedly, and no viable cells were 173 

recovered after 3 months of refrigerated storage. It demonstrated that the survival time of 174 

probiotic bacteria in the microencapsulated form was longer than in free cell form. Generally, 175 

viability of microencapsulated L. paracasei SD1 in various concentrations of alginate and 176 

CaCl2, gradually decreased from a 2-log to 4-log CFU of probiotic counts over 6 months of 177 

refrigerated storage. Results were similar to the previous reports (Khalil and Mansour, 1998; 178 

Chandramouli et al., 2004; Ding and Shah, 2008), which revealed that calcium alginate could 179 

preserve the bacterial cell viability. This is due to its ability of calcium alginate act as a 180 

physical barrier to protect probiotic cells from adverse effect.  181 

There were probiotic count differences (1-log to 2-log CFU) among the various 182 

concentrations of calcium alginate. However, the microencapsulation of 2% alginate (w/v) 183 

and 0.05 M CaCl2 gave the maximum viable cells count of probiotic and uniform spherical 184 

microcapsule formation. Thus, it was selected for further use in the experiment of fruit juices. 185 

3.3 Survival of free-cell form and microencapsulated form of L. paracasei SD1 in fruit 186 

juices during storage at either refrigerator or room temperature  187 

The results of survival of probiotic bacteria in free-cell form and microencapsulated 188 

form in orange and aloe vera juices at a refrigerator and room temperature are shown in 189 

Figure 3.  It revealed that viability of microencapsulated probiotic bacteria was significantly 190 
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(P < 0.05, paired t-test) higher than that of free probiotic bacteria in both orange and aloe 191 

vera juices during 12 weeks of storage time at either a refrigerator (Fig. 3A) or room 192 

temperature (Fig. 3B).  193 

After 8 weeks, only the microencapsulated form could preserve probiotic bacteria at 194 

the level of 10
6
 CFU/ml, which means number of 1.02 ± 0.43 × 10

6
 and 2.51 ± 0.28 × 10

6
 195 

CFU/ml for orange and aloe vera juices at a refrigerator, respectively (Fig. 3A). As it has 196 

recommended that the probiotic bacteria should be alive and be present at amount of at least 197 

10
6
-10

7
 CFU/ml or g in the products (Rybka and Kailasapathy, 1995). Therefore, results in 198 

this study have proven that microencapsulated probiotic in a refrigerated condition was able 199 

to maintain viability in the fruit juices in satisfied  number (10
6
 CFU/ml) for at least 8 weeks. 200 

The loss of viability of probiotic bacteria seemed to be greater in the orange juice than 201 

in the aloe vera juice when it was compared in the same form (either encapsulated form or 202 

free cells form). However, it was not statistically significant (P > 0.05, paired t-test). Some 203 

reports also showed that acid environment influenced the survival rate of probiotic bacteria 204 

(Kailasapathy and Rybka, 1997; Ding and Shah, 2008).  205 

It is noted that the storage time in this study could be more prolonged than the others, 206 

in which storage time was only 2 week (Adhikari et al., 2000; Saarela et al., 2006). 207 

Microcapsules may provide a favorable environment for the probiotic strain, as well as a 208 

physical barrier from the harsh, e.g. acidic condition of the fruit juices. 209 

3.4 pH changes in fruit juices containing free cells and microencapsulated probiotic 210 

bacteria during a storage at either a refrigerator or room temperature  211 

The pH changes in the orange juice and the aloe vera juice containing free- and 212 

microencapsulated probiotic bacteria during a storage period of 12 weeks at either a 213 

refrigerator (Fig. 4A) or room temperature (Fig. 4B) were monitored. It was found that the 214 

pH of orange juice (3.3 ± 0) and aloe vara juice (4.2 ± 0) containing microencapsulated 215 
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probiotic cells did not change over the whole period of 6 weeks of storage at either a 216 

refrigerator or room temperature. The pH of juices with free-cell form started to drop after 3 217 

and 5 weeks at room temperature and a refrigerator, respectively. Free probiotic bacteria may 218 

have utilized sucrose in juices and produced small amounts of organic acids, lowering the pH 219 

of the product during storage. The results indicated that microencapsulation could maintain 220 

the pH of juices containing probiotic cells.  221 

3.5 Inhibitory effect of L. paracasei SD1 before and after microencapsulation  222 

L. paracasei SD has been reported as a novel probiotic strain that could reduce 223 

cariogenic bacteria in volunteers receiving milk powder containing L. paracasei SD1 224 

(Teanpaisan and Piwat, 2013). It has been shown previously that L. paracasei SD1 produces 225 

a broad-spectrum antimicrobial activity that exhibits activity against oral pathogens such as 226 

Streptococcus mutans, Porphyromonas gingivalis, Aggregatibacter actinomycetemcomitans 227 

and Tanerella forsythia (Teanpaisan et al., 2011). Antimicrobial activity is a desirable trait 228 

for probiotic cultures (Collins et al., 1998) and may be used to competitively exclude 229 

undesirable microorganisms in the oral cavity, thereby playing a role in probiotic persistence 230 

in the host. In this study, it was shown that the potential probiotic trait related to inhibitory 231 

activity was not affected after microencapsulation process compared to before 232 

microencapsulation process (Figure 5).  233 

4. Conclusions  234 

Our findings highlight the need to take into consideration the technological properties 235 

of probiotic strains, and emphasize the importance of strain selection with regard to 236 

processing, as well as health-promoting properties. In this study, it was shown that 2% 237 

alginate and 0.05 M CaCl2 could provide a survival of L. paracasei SD1 up to 8 weeks. The 238 

fruit juices contained microencapsulated L. paracasei SD1 had high levels of viable probiotic 239 

(≥10
6
 CFU/g) in the refrigerated storage. In addition, inhibitory effect of L. paracasei SD1 240 
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was not affected after microencapsulation process. Thus, a supplemented fruit juice by 241 

incorporating microencapsulated L. paracasei SD1 in calcium alginate beads might be an 242 

alternative source for providing a live beneficial organism to consumers. However, 8 weeks 243 

survival of L. paracasei SD1 in microencapsulated form may be too short for the 244 

manufacturing products, it will need to improve for a longer time.   245 

 246 
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Figure captions: 

 

 

Figure 1. Effect of alginate concentration and CaCl2 concentration on viability of L. 

paracasei SD1 
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Figure 2. Survival of free-cell and microencapsulated L. paracasei SD1during storage 

in a refrigerator 
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Figure 3. Survival of free-cell and microencapsulated L. paracasei SD1 in juices during 

storage at a refrigerator (A) and room temperature (B) 
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Figure 4. pH changes in fruit juices containing free-cell and microencapsulated 

probiotic bacteria during a storage at a refrigerator (A) and room temperature (B) 
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Figure 5. Inhibitory effect of L. paracasei SD1 against S. mutans ATCC 25175 tested 

before and after microencapsulation process. 
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Abstract 21 

There is limited information concerning the adhesion and aggregation of human oral 22 

lactobacilli. In this study, the adhesion of 10 Lactobacillus species was investigated using 23 

H357 oral keratinocyte cells as an in vitro model for oral mucosa. Coaggregation with the 24 

representative oral pathogen, Streptococcus mutans ATCC 25175, and the physicochemical 25 

cell properties was also evaluated. The results demonstrated significant variations in adhesion 26 

(42-96%) and aggregation (autoaggregation, 14-95%; coaggregation, 19-65%). All strains 27 

showed a high affinity for chloroform, and most strains had a moderate-to-high 28 

hydrophobicity. All strains, except L. casei and L. gasseri, showed a moderate affinity for 29 

ethyl acetate. There was a strong association of autoaggregation with coaggregation 30 

(rs=0.883, P<0.001). The highest mean for autoaggregation (74%) and coaggregation (47%) 31 

belonged to the L. gasseri strains. Correlations between the adhesion and surface 32 

characteristics and aggregation were observed among the L. fermentum and L. paracasei 33 

strains; however, there was a variation in the strains properties within and between species. 34 

This study indicated that the L. gasseri, L. fermentum, and L. paracasei strains might be 35 

potential probiotics for the human oral cavity given their desirable properties. It should also 36 

be emphasised that a selective process for probiotic strains is required. 37 

Significance and Impact of the Study 38 

Adhesion to host tissues and bacterial aggregation (auto- and coaggregation) are high 39 

important criteria for selecting strains with probiotic potential. These abilities are commonly 40 

involved with surface-charged characteristics. This is the first study to investigate the oral 41 

Lactobacillus species using an oral keratinocyte cell line. Significant results were found for 42 

the correlations between the adhesion and surface charge characteristics and for aggregation 43 

among certain strains of L. gasseri, L. fermentum, and L. paracasei. This observation could 44 
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be useful when collecting background information for the selection of probiotic strains for 45 

use in oral health. 46 

47 
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Introduction  48 

The genus Lactobacillus spp. contains over 160 species that are gram-positive, rod-49 

shaped, non-spore-forming and catalase-negative bacteria. They are found in diverse 50 

environments such as food, vegetables and sewage, and they live in close contact with 51 

humans in the gastrointestinal tract, vagina and oral cavity. Their ability to inhibit the growth 52 

of various pathogens has gained attention, and they have been used as probiotics in the gut 53 

for decades (Parvez et al. 2006; Andrews and Tan 2012).  54 

In the oral cavity, Lactobacillus usually comprises less than 1% of the total 55 

microbiota in the normal oral microflora (London 1976); however, some strains have 56 

previously been reported in relation to the progression of dental caries (van Houte 1994; 57 

Teanpaisan et al. 2007). It has been suggested that there were differences among various 58 

strains with respect to their ability to produce acid (Piwat et al. 2012). These findings implied 59 

that not all Lactobacillus spp. strains had a caries-inducing effect (Piwat et al. 2010; Piwat et 60 

al. 2012). Some strains have been demonstrated to be potential probiotics for oral health 61 

(Näse et al. 2001; Nikawa et al. 2004; Teanpaisan and Piwat 2014), although the mechanisms 62 

of their interactions are not entirely understood. 63 

 Adhesion to host tissues is the first step in bacterial colonisation and also influences 64 

the subsequent phases leading to commensalism or infectious diseases. The ability to adhere 65 

to mucosal host surfaces has always been considered to be an important property among the 66 

bacterial strains used as probiotics (FAO/WHO 2002). The bacterial cell surface charge and 67 

hydrophobicity have been shown to influence the strength of bacterial adhesion (Harty and 68 

Knox 1991; Piette and Idziak 1992). In addition, some studies have reported that aggregation 69 

ability was found to be related to bacterial adherence property (Collado et al. 2008; Xu et al. 70 

2009; Tuo et al. 2013).  71 
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Bacterial aggregation between microorganisms of the same strain (autoaggregation) 72 

or between different species and strains (coaggregation) is of considerable importance in 73 

several niches, such as the human gut and oral cavity, where probiotics are active (Collado et 74 

al. 2008; Keller et al. 2011). Probiotics can inhibit the adherence of pathogenic bacteria to 75 

mucosa either by forming a barrier via autoaggregation or by direct coaggregation with the 76 

pathogens. Therefore, the adhesion and aggregation abilities are prerequisite factors in 77 

developing selection criteria for new probiotic strains. Most studies have been performed 78 

with the non-oral Lactobacillus strains, and information on the adhesion of Lactobacillus 79 

strains derived from the human oral cavity is still limited.   80 

 The objectives of the present study were to assess the adhesion and aggregation 81 

abilities and the surface charges of various Lactobacillus species derived from the human oral 82 

cavity, and to determine whether there was any correlation among the adhesion, surface 83 

charges, and aggregation.   84 

85 
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Results and Discussion 86 

Bacterial adhesion to host cells is a complex process involving contact between the 87 

bacterial cell membrane and interacting surfaces. The ability to adhere to epithelial cells and 88 

mucosal surfaces has been considered to be one of the selection criteria for probiotic strains. 89 

Because it is difficult to investigate bacterial adherence in vivo, adhesion has been studied 90 

using cell lines of human origin in culture as in vitro models (Xu et al. 2009). To our 91 

knowledge, this study may be the first to examine the adhesion ability of various oral 92 

Lactobacillus strains to the oral mucosa in an in vitro model using an oral keratinocyte H357 93 

cell culture. An adhesion assay used in this study provided the advantages of internalisation 94 

and externalization data for various Lactobacillus strains towards oral keratinocyte H357 cell 95 

culture. The results for the total adhesion, externalization abilities, and internalisation abilities 96 

between and within 10 Lactobacillus species are shown in Fig. 1. There was great variation in 97 

the total adhesion, externalization abilities, and internalisation abilities among individual 98 

strains at the inter- and intra-species levels, which ranged from 42-96%, 2-83% and 0-84%, 99 

respectively. L. rhamnosus and L. salivarius had the highest mean value for total adhesion 100 

(79%) followed by L. mucosae (74%) and L. vaginalis (71%). However, the internalisation of 101 

L. vaginalis (50%) and L. mucosae (47%) was much higher than the externalisation (21% and 102 

26%, respectively). L. gasseri showed high externalisation (40%), whereas its internalisation 103 

was low (22%). It was noted that the strains within the L. fermentum, L. paracasei and L. 104 

gasseri species showed a wide range of externalisation and internalisation.  105 

Concerning the aggregation ability, all strains tested in this study performed 106 

autoaggregation and coaggregation with S. mutans ATCC 25175. Aggregation among the 107 

oral Lactobacillus strains depended on the time of incubation. The autoaggregation and 108 

coaggregation of all strains were different (Fig. 2). The highest means for autoaggregation 109 
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(74%) and coaggregation (47%) belonged to the L. gasseri strains. The lowest mean 110 

autoaggregation (31% and 38%) and coaggregation (28% and 26%) values were found 111 

among the L. oris and L. mucosae strains, respectively. There was a strong correlation 112 

between autoaggregation and coaggregation (rs = 0.883) with a significance of P < 0.001, as 113 

shown in Fig. 3. 114 

Many studies have demonstrated that bacterial surface charges are involved in the 115 

adhesion to the host mucosa and in attachments within and between the bacterial species 116 

(Wadström et al., 1987; Pelletier et al. 1997; Del Re et al. 2000; Collado et al. 2007; Xu et 117 

al., 2009). The bacterial surface charges are also involved in aggregation (Kos et al., 2003; 118 

Del Re et al. 2000; Collado et al. 2007; Xu et al. 2009). There were positive correlations 119 

between the adhesion ability and aggregation to hydrophobicity, as demonstrated by the high 120 

adherence or high aggregation to xylene, an apolar solvent (Harty and Knox 1991; Collado et 121 

al. 2007; Xu et al. 2009; Darilmaz et al. 2012). In this study, the oral Lactobacillus strains 122 

were derived from saliva, and the results were generally consistent with the study of 123 

lactobacilli that were isolated from various locations in the mouth (Colloca et al. 2000). Most 124 

oral Lactobacillus strains were revealed to have moderate-to-high hydrophobicity and 125 

hydrophilic surface charges; however, L. gasseri had a low hydrophobicity and affinity for 126 

ethyl acetate (Fig. 4). All strains, except L. casei and L. gasseri, showed moderate affinity for 127 

ethyl acetate, a basic solvent. All Lactobacillus strains displayed a higher affinity for 128 

chloroform, an acidic solvent, than for the ethyl acetate solvent, which was similar to the 129 

results of a previous study (Pelletier et al. 1997). This finding indicates that Lactobacillus 130 

strains are strong electron donors. This is expected because most bacterial surfaces possess an 131 

overall electronegative charge (Beveridge and Graham 1991). 132 

  The correlation between the total adhesion ability and the internalisation of all 133 

Lactobacillus strains and surface charges is shown in Table 1; however, this information was 134 
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clearly observed in only the L. fermentum and L. paracasei strains (Table-2-SuppInfo). The 135 

individual strain with high surface charges was significant in internalisation and in 136 

aggregation, especially when the data from the 15 selected L. fermentum strains was 137 

analysed, given that the coefficient correlation was much higher (Figure-5-SuppInfo). A 138 

similar result was also observed for the coaggregation of all strains, in which a significant 139 

correlation with all solvents was found (Table 1). However, this correlation was clearly 140 

revealed in only the L. fermentum and L. paracasei strains (Table-2-SuppInfo, Figure-5-141 

SuppInfo and Figure-6-SuppInfo). 142 

The results implied that the internalisation of certain oral Lactobacillus strains, for 143 

example L. fermentum and L. paracasei, may play an important role in adhesion within the 144 

human oral cavity. However, it was noted that L. gasseri strains showed high externalisation 145 

and aggregation (auto- and coaggregation) abilities and that they had low hydrophobicity and 146 

low affinity to ethyl acetate. This finding indicates that L. gasseri strains might perform their 147 

adhesion and aggregation via a different mechanism. This may be supported by the findings 148 

of a specific protein, an aggregation-promoting factor, of L. gasseri (Boris et al. 1998; 149 

Ventura et al. 2002). Adhesion is a complex process involving non-specific (hydrophobicity 150 

and hydrophilic) and specific ligand-receptor mechanisms. In this study, the mechanisms of 151 

adhesion were not studied. Thus, it was not possible to define which strains were bound 152 

because of the specific interaction mediated by adhesin(s) and in strains bound by non-153 

specific interactions. Future work is needed to study the adhesion mechanisms that involve 154 

specific interaction as mediated by adhesin(s).  155 

A relation between the aggregation and adhesion ability has been reported for some 156 

bifidobacterial species and Lactobacillus strains derived from the gut origin (Perez et al. 157 

1998; Del Re et al. 2000; Kos et al. 2003; Rickard et al. 2003). In this study, a positive 158 
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correlation between aggregation and internalisation was found among L. paracasei and 15 159 

selected L. fermentum strains (Figure-7-SuppInfo and Figure-8-SuppInfo).  160 

The findings in this study indicated that L. paracasei and L. fermentum strains may be 161 

potential probiotics for the human oral cavity according to the desirable properties for 162 

selecting probiotic strains. It should also be emphasised that a selective process for probiotic 163 

strains is required. 164 

In addition, the ability of microorganisms to adhere to oral mucosal surface and to 165 

aggregate (auto- and coaggregation) may have ecological significance in the oral cavity. In 166 

this study, most oral Lactobacillus strains revealed high adhesion (either through 167 

externalisation or internalisation) ability to oral keratinocyte H357 cells, which may have 168 

resulted from the findings of moderate-to-high hydrophobicity and the surface charges of 169 

those strains. The ability to adhere to the host cells reportedly correlated to surface charges, 170 

which would aid in the initial attachment.  171 

A certain strain with high auto- and coaggregation might result in a low level of 172 

detection in the oral cavity because aggregation followed by swallowing is generally regarded 173 

to be an important factor in the removal of organisms from the mouth. In addition, many 174 

authors have reported that the aggregation ability is a desirable property for selecting 175 

probiotics strains (Collado et al. 2007; Keller et al. 2011; Darilmaz et al. 2012; Tuo et al. 176 

2013). Organisms with the ability to coaggregate with other bacteria such as pathogens may 177 

have an advantage over non-coaggregating organisms, by aggregating and removing the 178 

pathogens from the environment. This finding may support the evidence showing that L. 179 

gasseri was found to be less prevalent in the saliva of high-caries children (2.6%) than in that 180 

of low-caries children (15%) (Piwat et al. 2010). In addition, another study (Koll-Klais et al. 181 

2005) reported that L. gasseri was significantly less prevalent in chronic periodontitis patients 182 
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(8%) than in healthy subjects (64%). In this study, L. gasseri was found to have a high 183 

coaggregation ability with a cariogenic pathogen (S. mutans), which may explain the 184 

phenomenon above. It should be stated that this is a preliminary study on the aggregation of 185 

oral Lactobacillus strains, and only S. mutans has been used as a representative oral 186 

pathogen. Therefore, it is advisable to include more oral strains for investigation to identify 187 

whether the aggregation of Lactobacillus strains could influence the oral microbiome.  188 

 In conclusion, the results demonstrated that various Lactobacillus spp. derived from 189 

the oral cavity showed different abilities in terms of adhesion and aggregation. Correlations 190 

between the adhesion and surface characteristics and aggregation were observed among the 191 

L. fermentum and L. paracasei strains; however, there was a variation in the strain properties 192 

within and between species. The L. grasseri strains exhibited higher auto- and coaggregation 193 

with S. mutans than the other strains. To our knowledge, this is the first study to investigate 194 

oral Lactobacillus species with oral keratinocyte cell line, which could be useful in the 195 

collection of background information for selecting probiotic strains for use in oral health. It 196 

should also be emphasised that a case-by-case assessment is needed to select strains that 197 

provide the most suitable bacteriotherapy in the oral cavity.  198 

  199 

200 
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Materials and Methods 201 

Bacterial strains and culture conditions 202 

A total of 197 oral Lactobacillus strains from 10 species were obtained from the 203 

previous study by Piwat et al. (2010), and they had already been identified using a restriction 204 

fragment length polymorphism (RFLP) analysis of a polymerase chain reaction (PCR) 205 

(Teanpaisan and Dahlen 2006) and 16S rRNA PCR-Denaturing gradient gel electrophoresis 206 

(Piwat and Teanpaisan 2013). The 16S-rRNA sequencing was performed for strains with 207 

uncertain identifications. The culture collection was kept at -80°C in the Department of 208 

Stomatology at the Faculty of Dentistry, Prince of Songkla University, Thailand. The strains 209 

that were used in this study included 10 strains of Lactobacillus casei, 61 strains of 210 

Lactobacillus fermentum, 17 strains of Lactobacillus gasseri, 12 strains of Lactobacillus 211 

mucosae, 9 strains of Lactobacillus oris, 22 strains of Lactobacillus paracasei, 12 strains of 212 

Lactobacillus plantarum, 18 strains of Lactobacillus rhamnosus, 27 strains of Lactobacillus 213 

salivarius, and 9 strains of Lactobacillus vaginalis.   214 

The Lactobacillus strains were initially cultured for 18-24 h on MRS agar, and a 215 

distinct colony of each bacterium was then transferred to MRS broth for an additional 18-24 216 

h incubation. Streptococcus mutans ATCC 25175, the strain used in the aggregation assay, 217 

was cultured on a blood agar plate for 18-24 h, and a colony was transferred to brain heart 218 

infusion broth for an additional 18-24-h incubation. All strains were incubated under 219 

anaerobic conditions (10% H2, 10% CO2 and 80% N2) at 37°C.    220 

Study of adhesion ability 221 

 The H357 keratinocyte, the oral squamous carcinoma cell line used in this study, was 222 

a kind gift from Professor Paul Speight of the University of Sheffield, UK. The cells were 223 
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grown and maintained in keratinocyte growth medium containing 3 parts Dulbecco’s 224 

modified Eagle’s medium (DMEM) plus 1 part Ham’s F-12 nutrient mixture supplemented 225 

with 10% foetal calf serum, 10 ng ml
-1

 of epidermal growth factor, 5 g ml
-1

 of insulin, 0.5 g 226 

ml
-1

 of hydrocortisone, 100 IU ml
-1

 of penicillin, 100 g ml
-1

 of streptomycin and 2.5 g ml
-1

 of 227 

amphotericin B ml
-1

. To harvest the cells for experiments, the cells were lifted from a culture 228 

plate by trypsinisation with 0.25% trypsin and 0.05% EDTA at 37°C for 10 to 15 min and 229 

collected by centrifugation. The keratinocytes were subcultured in 24-well plates at 230 

approximately 10
5
-cells well

-1
 and were grown at 37°C in 5% CO2 for 2 days to reach 231 

confluence.   232 

A total adhesion (externalisation and internalisation) assay was performed as 233 

described by Kintarak et al. (2004). Each tested Lactobacillus strain was grown anaerobically 234 

overnight in 10 ml of MRS broth at 37°C. The bacterial cells were harvested and washed 235 

twice with phosphate-buffered saline (PBS). A bacterial inoculum containing approximately 236 

10
8
 CFU ml

-1
 suspended in DMEM was added to each cell culture well, and the plate was 237 

incubated at 37°C in 5% CO2 for 90 min. Non-adherent bacteria were washed off, and then 238 

the adherent bacteria plus intracellular bacteria were quantified as the total adhesion.  239 

For internalisation, the procedure was the same as the one mentioned above. After 240 

washing off the non-adherent bacteria, 1 ml of a solution containing 100 g ml
-1

 of gentamicin 241 

in DMEM was added to each well to kill extracellular bacteria. The plates were incubated 242 

with gentamicin for 2 h at 37°C in 5% CO2 and then washed twice with PBS.  243 

To determine the number of bacteria, the keratinocytes were trypsinised with trypsin-244 

EDTA and lysed with 0.1% Triton X-100, and serial dilutions were plated onto MRS agar to 245 

determine the viable bacterial counts.  246 

Total adhesion or internalisation was reported as percentages from duplicates 247 

according to the formula for total adhesion or internalization as follows: (%) = (A0/A) × 100, 248 
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where A and A0 were the log10 number of bacterial cells (CFU ml
-1

) before and after adhesion 249 

or internalisation. Adhesion (externalisation) was calculated as total adhesion minus 250 

internalization. 251 

Microbial adhesion to solvents  252 

 The microbial adhesion to solvents (MATS) test was performed according to the 253 

method of Rosenberg et al. (1980) with some modifications. Bacterial cells were washed 254 

twice with PBS and resuspended in the same buffer to an absorbance (A600nm) of 255 

approximately 0.2 ± 0.05 to standardise the number of bacteria to approximately 10
8
 CFU ml

-
256 

1
. Three millilitres of bacterial suspension was added with 1 ml of each of the following 257 

solvents: xylene (nonpolar neutral solvent), chloroform (monopolar acidic solvent), and ethyl 258 

acetate (monopolar basic solvent). After a 10-min pre-incubation at room temperature, the 259 

two-phase system was mixed by vortexing for 2-min. The aqueous phase was removed after 260 

20 min of incubation at room temperature, and its absorbance was measured at 600 nm.  The 261 

results were reported as percentages from triplicates according to the formula MATS (%) = 262 

(A-A0/A) × 100, where A and A0 were the absorbance before and after mixing solvents, 263 

respectively. The strains were classified as having low (0-35%), moderate (36-70%), or high 264 

(71-100%) hydrophobicity or charged surfaces.  265 

Study of aggregation (autoaggregation and coaggregation) ability 266 

 The autoaggregation of each Lactobacillus strain was performed using a 267 

spectrophotometric assay according to the method of Kos et al. (2003) with some 268 

modifications. Bacterial cells were prepared as above. Cell suspensions (4 ml) were mixed by 269 

vortexing for 10 s, and autoaggregation was determined after 1, 2, and 24 h of incubation at 270 

37°C. The autoaggregation percentage was expressed as (1- A time/A initial) × 100. 271 
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 The coaggregation of each Lactobacillus strain was examined, and Streptococcus 272 

mutans ATCC 25175 was chosen to represent a cariogenic bacterium in this experiment. 273 

Bacterial suspensions were prepared as described for autoaggregation analysis, and S. mutans 274 

was cultured in a brain heart infusion broth. Equal volumes of bacterial cells (2 ml) from the 275 

tested Lactobacillus strains and S. mutans were mixed and incubated at 37°C for 1, 2, and 24 276 

h. The absorbance (600 nm) was determined for the mixture and for the bacterial suspensions 277 

alone. The percentage of coaggregation was determined as [(ALactobacillus + AS. mutans)/2-(Amix)/ 278 

(ALactobacillus + AS. mutans)/2 × 100]. 279 

Statistical analysis 280 

 All experiments were independently conducted two or three times, and each assay 281 

was performed in duplicate. The results were expressed as the means ± standard deviation. 282 

The software package used for the analyses was the Statistical Package for Social Sciences 283 

(SPSS Inc., Chicago, IL, USA). Correlation coefficients were performed using Spearman’s 284 

rho test, and the differences were considered significant when P < 0.05. 285 

  286 

287 
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Figure legends 395 

Figure 1 The total adhesion (a), externalisation (b) and internalisation (c) of different oral 396 

Lactobacillus spp. were demonstrated. The boxplot shows the median, percentile (first and 397 

third percentile), and minimum-maximum distribution of value. Different letters are 398 

significantly different at P < 0.05. 399 

Figure 2 The autoaggregation (�) and coaggregation (�) of different oral Lactobacillus 400 

species. Different letters (compared within the same parameter) are significantly different at 401 

P < 0.05. 402 

Figure 3 The 24 h autoaggregation vs 24 h coaggregation () correlation of different oral 403 

Lactobacillus species with rs = 0.883, P < 0.001.  404 

Figure 4 The characterisation of bacterial adhesion to different solvents using xylene (�), 405 

chloroform ( ) ) and ethyl acetate (�) of different oral Lactobacillus species. Different letters 406 

(compared within the same parameter) are significantly different at P < 0.05. 407 

Figure-5-SuppInfo The correlation of different solvents vs internalisation (�) and different 408 

solvents vs coaggregation (): (a) xylene, of 61 total L. fermentum strains with rs = 0.257, P 409 

= 0.045 and rs = 0.558, P < 0.001, respectively; (b) chloroform, of 15 selected L. fermentum 410 

strains with rs = 0.795, P < 0.001 and rs = 0.821, P < 0.001, respectively; (c) ethyl acetate, of 411 

15 selected L. fermentum strains with rs = 0.624, P = 0.013 and rs = 0.664, P = 0.007, 412 

respectively; and (d) xylene, of 15 selected L. fermentum strains with rs = 0.763, P = 0.001 413 

and rs = 0.821, P < 0.001, respectively.   414 

Figure-6-SuppInfo The correlation of different solvents vs internalisation (�) and different 415 

solvents vs coaggregation () of 22 L. paracasei; (a) chloroform, with rs = 0.561, P = 0.007 416 

and rs = 0.525, P < 0.012, respectively; (b) ethyl acetate, with rs = 0.195, P = 0.385 and rs = 417 
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0.496, P = 0.019, respectively; and (c) xylene, with rs = 0.453, P = 0.034 and rs = 0.715, P < 418 

0.001, respectively.   419 

Figure-7-SuppInfo The correlation of internalisation vs autoaggregation (�) and 420 

internalisation vs coaggregation (�) of 22 L. paracasei strains with rs = 0.443, P = 0.039 and 421 

rs = 0.607, P = 0.003, respectively.  422 

Figure-8-SuppInfo The correlation of internalisation vs autoaggregation (�) and 423 

internalisation vs coaggregation (�) of 15 selected L. fermentum strains with rs = 0.806, P < 424 

0.001, and rs = 0.788, P < 0.001, respectively.  425 

426 

Page 21 of 26

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review

 

22 

 

Table 1 Correlation coefficient of Spearman (rs) between surface properties and adhesion or 427 

aggregation  428 

 429 

 430 

 431 

 432 

 433 

 434 

 435 

 436 

( ) indicates P-value 437 

 438 

 439 

 440 

 441 

 442 

 443 

Assay Bacterial adhesion to solvent 

Xylene Chloroform Ethyl acetate 

Total adhesion 0.341 (0.000) 0.093 (0.191) 0.192 (0.007) 

Externalization 0.008 (0.912) 0.122 (0.088) 0.043 (0.550) 

Internalization 0.269 (0.000) 0.222 (0.002) 0.188 (0.008) 

Aggregation:    

Autoaggregation 0.223 (0.002) 0.308 (0.000) 0.235 (0.001) 

Coaggregation 0.223 (0.002) 0.341 (0.000) 0.183 (0.010) 
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Figure 1 The total adhesion (a), externalisation (b) and internalisation (c) of different oral Lactobacillus spp. 
were demonstrated. The boxplot shows the median, percentile (first and third percentile), and minimum-

maximum distribution of value. Different letters are significantly different at P < 0.05.  
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Figure 2 The autoaggregation (≤) and coaggregation (′) of different oral Lactobacillus species. Different 

letters (compared within the same parameter) are significantly different at P < 0.05.  
254x190mm (300 x 300 DPI)  
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Figure 3 The 24 h autoaggregation vs 24 h coaggregation (�) correlation of different oral Lactobacillus 

species with rs = 0.883, P < 0.001.  
254x192mm (300 x 300 DPI)  
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Figure 4 The characterisation of bacterial adhesion to different solvents using xylene (≤), chloroform ( ) ) 

and ethyl acetate (′) of different oral Lactobacillus species. Different letters (compared within the same 

parameter) are significantly different at P < 0.05.  
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Abstract  

This study aims to evaluate the antioxidant activity of oral Lactobacillus strains in 

vitro. Two-hundred and one strains of oral Lactobacillus were investigated antioxidant 

properties through scavenging activity against 2,2-diphenyl-1-picrylhydrazyl (DPPH) free 

radical, inhibition of lipid peroxidation, and resistance to reactive oxygen species (ROS). In 

addition, the levels of enzymatic antioxidant as superoxide dismutase (SOD) activity and 

non-enzymatic antioxidant as glutathione (GSH) content of intracellular cell-free extracts 

were assessed, and was also evaluated the relationship between antioxidant parameters of 

Lactobacillus and caries status. The results showed that all Lactobacillus strains exhibited 

wide dispersion of free radical scavenging, inhibition of lipid peroxidation, SOD activity and 

GSH content within/between species, indicating that antioxidant properties may be strain 

dependent. Among ten species of Lactobacillus, L. paracasei, L. fermentum and L. plantarum 

showed among the highest free radical scavenging, inhibition of lipid peroxidation, SOD 

activity and GSH contents. Moreover, L. paracasei, L. fermentum and L. rhamnosus showed 

high viability in 1 mM hydrogen peroxide and 1 mM hydroxyl radicals. Inhibition of lipid 

peroxidation and GSH were found to be the factor significantly negative associated with 

caries status (p<0.05). The odds ratios of developing caries status decrease when having 

inhibition of lipid peroxidation and GSH activity were 0.951 and 0.844 respectively. It can be 

concluded that the antioxidant efficacy of Lactobacillus may be involve in defence 

mechanism against oxidative stress and could also be used to alternative dental therapies. 

 

Key words: Antioxidant activity, Oxidative stress, Lactobacillus. 
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1. Introduction 

Oxidative stress is caused by an imbalance between the production of reactive oxygen 

species (ROS), or free radicals and antioxidant defenses leading to the disturbance of the 

human normal health. It is believed that oxidative stress plays critical roles in various 

diseases such as cancer, diabetes, neurodegenerative diseases, emphysema, cirrhosis, 

atherosclerosis, myocardial infarction and arthritis. It has been claimed that antioxidant is the 

first line to defense against ROS [1]. In oral cavity, antioxidant defense system has been 

found to implicate with oral diseases that the level of antioxidant could be altered in response 

to an infection or diseases. For examples, antioxidant capacity of saliva was sometime found 

significantly increased in children with active and/or severe caries [2, 3]. In addition, some 

studies reported that total antioxidant capacity of serum in periodontitis was lower than in 

health [4]. It indicated that the balance of oxidant-antioxidant system may also involve in oral 

diseases.  

The formation of ROS can be prevented by antioxidants which found in natural 

sources such as vegetables, fruits and microbial sources [5]. Thus, consumption of 

antioxidant supplements has been recommended to prevent human bodies from oxidative 

damage. Several studies have reported that consumption of living or lyophilized cultures of 

probiotic bacteria can reduce free radicals thereby reducing oxidative stress, due to their 

ability to produce antioxidants [6, 7]. Antioxidant activities including superoxide dismutase 

(SOD), glutathione reductase (GR) and glutathione (GSH) have been reported for some 

Lactobacillus species [2, 8-11]. Most reports have studied the antioxidative potential in 

probiotic strains Lactobacillus spp. and Bifidobacterium spp. derived from the gut and 

fermented foods [8, 10, 12, 13]. There is limited information on antioxidant activities of 

Lactobacillus strains isolated from oral cavity. Whether those antioxidant activities of 

Lactobacillus strains have an influence on oral diseases is unknown. The aims of this study 
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were to investigate the activities and types of antioxidants of oral Lactobacillus, and to 

determine whether there was any association between antioxidants and caries status.  
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2. Materials and methods 

2.1 Bacterial strains and culture condition 

 A total 201 of oral Lactobacillus strains represent 10 different species were obtained 

from the previous study [14] , and  the culture collection was kept at -80°C in the Department 

of Stomatology, Faculty of Dentistry, Prince of Songkla University, Thailand.  The details 

including the number of strains, type of species and caries status of the individuals are shown 

in Table 1. All strains were identified using the restriction fragment length polymorphism 

(RFLP) analysis of polymerase chain reaction (PCR) and the denaturing gradient gel 

electrophoresis (DGGE) [15, 16]. Sequencing of the 16S-rRNA was performed for strains 

with uncertain identifications. 

2.2 Preparation of intact cells and intracellular cell-free extracts  

 The strains were recovered from the -80°C storage and cultured on a Man Rogosa and 

Sharpe (MRS) agar plate at 37ºC for 24-48 h under anaerobic condition (80% N2, 10% H2, 

and 10% CO2). After recovery, each strain was inoculated into 50 mL MRS broth in 

anaerobic condition at 37ºC for overnight. Bacterial cells were then harvested by 

centrifugation at 5,000 rpm for 10 min, and washed three times with phosphate buffered 

saline (PBS, pH 7.4). The washed cells were resuspended in PBS, and adjusted to 

approximately 109 CFU/mL. The cells suspension was used as intact cells.    

The washed cells suspension was sonicated with a cell disrupter for 5 min in an ice 

bath. The cell debris was removed by centrifugation at 10000 rpm for 10 min, and the 

supernatant was used as the intracellular cell-free extracts. 

2.3 Determination of antioxidant activity  

  2.3.1 2,2-diphenyl-1-picrylhydrazyl (DPPH)  free radical scavenging activity        

           The DPPH radical-scavenging activity of various Lactobacillus species was evaluated 

using the modified method of Lin and Chang [10]. In brief, 100 µL of intact cells or 

intracellular cell-free extracts and 100 µL of freshly prepared DPPH solution (0.2 mM in 
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ethanol) were mixed and allowed to react for 30 min at room temperature. Deionized water 

and DPPH solution without bacteria were used as controls. The ability of scavenged DPPH 

was monitored by the decrease in absorbance at 517 nm. The scavenging ability was defined 

as:  

  Scavenging activity (%) = [1 - (Asample/Acontrol)] × 100 

                  2.3.2 Inhibition of lipid peroxidation      

The antioxidant activity of Lactobacillus strains was determined using the TBA 

method of Lin and Chang [10], based on the monitoring inhibition of linoleic acid 

peroxidation. Linoleic acid was chosen as the source for unsaturated fatty acid and, a Fe/H2O2 

system was used for the catalysis of oxidation. The linoleic acid emulsion was made up of 0.1 

mL of linoleic acid, 0.2 mL of Tween 20 and 19.7 mL of deionized water. The total volume 

of reaction mixture (2.3) mL contained 0.5 mL PBS (0.02 M, pH 7.4), 1.0 mL linoleic acid 

emulsion, 0.2 mL FeSO4 0.01% (w/v), 0.2 mL 0.02% H2O2 (v/v), and 0.4 mL samples were 

mixed and incubated at 37°C for 24 h. Deionized water was substituted for samples as the 

control. After 24 h of incubation, 2 mL of the reaction solution were mixed with 0.2 mL of 

trichloroacetic acid 4% (w/v), 2 mL of thiobarbituric acid 0.8% (w/v) and 0.2 mL of 

butylated hydroxytoluene 0.4% (w/v). The mixture was incubated at 100°C for 30 min and 

allowed to cool. Chloroform was then added for extraction. The extract was obtained and the 

absorbance was measured at 532 nm. The ability of inhibition by the samples was defined as:    

Inhibition activity (%) = [1- (Asample/Acontrol)] x100 

 

2.4 Determination the types of antioxidants  

           2.4.1 Superoxide dismutase (SOD) activity of intracellular cell-free extracts 

           The SOD activity was the ability of tested samples to inhibit the forming of red 

formazan nitroblue tetrazolium produced by xanthine and xanthine oxidase reaction [17]. The 

SOD activity in this study was performed using the method of Ukeda et al.[18]. In brief, the 
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reaction mixture contained 2.4 mL of 50 mM sodium phosphate buffer (pH 7.8), 0.1 mL of 3 

mM xanthine, 0.1 mL of 3 mM ethylenediaminetetraacetic acid, 0.1 mL of 0.75 mM 

nitroblue tetrazolium (NBT), 0.1 mL of 15% bovine serum albumin and either 0.1 mL of 

intracellular cell-free extracts or of PBS as blank. After the reaction mixture were incubated 

at 37°C for 5 min, followed adding 0.1 mL of 0.01 U xanthine oxidase was incubated at 37°C 

for 20 min. SOD activity was measured at 560 nm that was determined by referring to a 

standard curve. Inhibition of NBT reduction to 50% of maximum was defined as 1 U of SOD 

activity, and SOD activity was expressed in unit per milliliter (Unit/mL). 

 2.4.2 Glutathione (GSH) content of intracellular cell-free extracts 

 GSH of in intracellular extracts of Lactobacillus strains was performed using 

Ellman’s reagent [19] 5,5-dithiobis-2-nitrobenzoic acid (DTNB). The reaction mixture 

contained 0.2 mL of intracellular cell-free extracts, 2.3 mL of 0.2 M phosphate buffer (pH 

7.5) and 0.5 mL of 1.0 mM DTNB and incubated at 25°C for 10 min in the dark. The 

sulphydryl groups present in GSH forms a colored complex with DTNB, which was 

measured by colorimeter at 412 nm. An increase in absorbance indicated an increase in GSH 

levels. The amount of GSH was determined using its molar extinction coefficient (ε) of 

13600 M/cm/ and expressed in terms of nanomole per milliliter (nmol/mL). The GSH was 

calculated as the following equation. 

GSH = (A – A0) x dilution factor of sample / ε 

A and A0 are the absorbances of in the presence and the absence of sample, respectively. 

2.5 Study the resistance of lactobacilli to reactive oxygen species (ROS) 

The effect of different ROS namely hydrogen peroxide and hydroxyl radicals on the 

viability of different Lactobacillus strains was determined using the method of Kullisaar et al. 

[9]. L. fermentum 10 strains, L. paracasei 9 strains, L. rhamnosus 9 strains, L. oris 5 strains, 

L. gasseri 5 strains and L. salivarius 5 strains were selected from caries free and caries 

individual.  
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2.5.1 Resistance to hydrogen peroxide and hydroxyl radical 

 Bacterial strains were harvested by centrifugation at 5000 rpm for 10 min after 

overnight incubation at 37°C in anaerobic condition, and washed twice in 0.85% NaCl. The 

cell suspensions contained 109 CFU/mL, and incubated with 1.0 mM H2O2 at 37°C. At 2 h 

intervals, the removed aliquots were plated onto MRS agar, and incubated at 37°C in 

anaerobic condition for 48 h.  The number of bacteria survival was counted.  

 In addition, the cell suspensions were exposed to hydroxyl radicals that were 

generated via the Fenton reaction by which [20] contains 10 mM terephthalic acid (1,4-

benzenedicarboxylic acid, Sigma) in phosphate buffer, Lactobacillus cultures at the level of 

109 CFU/mL, and CuSO4.5H2O. The reaction was initiated by the addition of 1.0 mM H2O2. 

Aliquots were drawn at 15 min time intervals, and the number of bacteria survival was 

performed as described above. 

2.6 Data analysis 

            All values were expressed as mean±standard deviation (X±SD). A Kolmogorov-

Smirnov test was applied to examine the normality of data distribution. Differences in 

antioxidant activity and type of antioxidant among the Lactobacillus species were evaluated 

using Kruskal-Wallis test followed by Mann-Whitney U test, and were considered to be 

significant at p<0.05. Logistic regression analysis was used to evaluate the odds ratios of 

these factors for carries status. Significance was considered at p < 0.05. All statistical analysis 

was carried out using SPSS (Chicago, Illinois, USA). 
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3. Results  

3.1 Antioxidant activity of Lactobacillus species 

 DPPH free radical scavenging activity and inhibition of lipid peroxidation within 10 

Lactobacillus species are shown in Figure (1 A,B). There was a wide variation in the 

antioxidant activities of different Lactobacillus strains. The free radical scavenging activity of 

each strain ranged from 11.3 to 53.2% and inhibition of lipid peroxidation ranged from 10.30 

to 77.8% respectively. The antioxidant activity of Lactobacillus strains was expressed in both 

intact cells and intracellular cell-free extracts. There was a great diversity in their antioxidant 

activity. The antioxidant activity in terms of inhibition of lipid peroxidation of some 

Lactobacillus species was higher than for free radical scavenging activity. L. paracasei had 

the highest scavenging activity mean of 34.3% followed by L. mucosae, L. rhamnosus, L. 

casei, L. fermentum and L. salivarius. The least scavenging activity was found for L. 

plantarum, L. vaginalis, L. oris and L. gasseri that were significantly lower than the rest. 

(Fig. 1 A).  

 In the inhibition of lipid peroxidation tests, the results revealed that L. plantarum, L. 

rhamnosus and L. mucosae had strong an inhibition activity mean of 64.8%, 59.1% and 

55.1%, while L. salivarius, L. fermentum, L. vaginalis, L. casei and L. paracasei exhibited 

moderate inhibition activity, and L. oris and L. gasseri had the significantly lowest inhibition 

activity (P<0.05) (Fig. 1 B).  

3.2 Antioxidants types of Lactobacillus  

 The SOD activity of all strains showed a ranged from 0 to 0.69 Unit/mL (Fig. 2 A). 

L. fermentum strains showed a high variation and significantly higher SOD activity (mean 

0.42 Unit/mL) than other Lactobacillus spp. Some strains of L. paracasei also showed high 

activity while the lowest activity was found for L. oris and L. gasseri 

The level of GSH content of the Lactobacillus strains was ranged from 0 to 22.41 

nmol/mL (Fig. 2 B). The strains exhibited the highest content were L. paracasei (mean 13.28 
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nmol/mL) followed by L. casei and L. fermentum (mean 11.93, 11.95 nmol/mL respectively). 

L. gasseri and L. oris (4.96, 3.97 nmol/mL) showed the lowest activity.  

3.3 Resistance to hydrogen peroxide and hydroxyl radicals 

The effect of hydrogen peroxide on the viability of Lactobacillus strains are shown in 

Figure 3. We found that L. fermentum, L. paracasei and L. rhamnosus showed the most 

resistant against 1.0 mM hydrogen peroxide after 8 h, while L. oris, L. gasseri and L. 

salivarius displayed the most sensitive to hydrogen peroxide (Fig. 3A). Moreover, 

Lactobacillus strains in caries free showed higher viable than caries. However, it was not 

statistically significant (P > 0.05), except L. fermentum and L. paracasei in caries free can 

resistance to 1.0 mM hydrogen peroxide after 8 h higher than caries (P < 0.05) (Fig. 3 B).  

In the presence of 1.0 mM hydroxyl radicals, L. fermentum, L. paracasei and L. 

rhamnosus survived up to 60 min, while L. oris, L. gasseri and L. salivarius survived for 15 

and 45 min respectively (data not shown). 

3.4 Association between all of the antioxidant parameters and caries status 

 The binary logistic regression revealed that inhibition of lipid peroxidation and GSH 

were found to be the factor significantly negative associated with caries status (Table 2). The 

odds ratios of developing caries status decrease when having inhibition of lipid peroxidation 

and GSH were 0.951 and 0.844 respectively.  
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4. Discussion  

Recently, natural  antioxidants  have  received  much attention  from  scientists  and  

general  public  due  to  their  role  in the  maintenance  of  human  health  and  prevention  

and treatment of diseases. Lactobacillus strains are considered to be beneficial 

microorganisms and it has been increasing interest worldwide in the potential probiotic. 

Several studies have reported that some Lactobacillus strains were isolated from fermented 

food and intestinal tract can improve the antioxidant status in vitro and in vivo [8, 12, 21]. 

However, there have been a few published studies investigating the role of antioxidant 

activity of Lactobacillus species isolated from oral cavity. Also, the antioxidant of 

Lactobacillus strains on caries status is relatively little unknown. Therefore, the field of 

research has focused on the antioxidant activities of Lactobacillus strains, and correlations 

between antioxidant parameters of Lactobacillus strains and caries status were also 

determined.  

Since the antioxidant mechanisms for in vitro assay methods were diverse, the 

antioxidant activity should be determined by different ways. Two-hundred and one strains of 

oral Lactobacillus examined derived from caries free and caries individuals. In this study, our 

results showed that Lactobacillus strains possessed antioxidant activities of both intact cells 

and intracellular cell-free extracts, which displayed through two major mechanisms. It is 

DPPH free radical scavenging (direct method) and inhibition of lipid peroxidation (an 

indirect method) [22]. L. paracasei, L. mucosae and L. fermentum showed high scavenging 

activity, and L. plantarum, L. rhamnosus and L. mucosae showed high inhibition of lipid 

peroxidation while L. oris and L. gasseri showed low activities in both mechanisms. It was 

noted that the strains within each species of Lactobacillus showed a wide range of antioxidant 

activities. Different Lactobacillus strains possess different level of antioxidant activity.  

Results were similar to the previous reports Achuthan et al., 2012 and Amaretti et al., 2013 

[8, 23] which revealed that the antioxidant activity of Lactobacillus are varies among strains, 
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and antioxidant activity have also been found variety of mechanisms. Our results indicate that 

Lactobacillus exhibited antioxidant activity dependent on species/strain.  

Furthermore, intracellular cell-free extracts exhibited stronger antioxidant activity 

than intact cells. This was probably because many substances in Lactobacillus could be the 

source of the antioxidant activity. Previous studies have shown that SOD and GSH in 

Lactobacillus are the major compound antioxidant which plays an important role in 

protecting organisms against toxicity and detoxifying superoxide anion, hydrogen peroxide 

and hydroxyl radical. These are regarded as a major source of oxidative stress [24, 25]. 

Therefore, we have investigated type of antioxidant in the intracellular cell-free extracts of 

Lactobacillus strains. The present of this study found that almost all Lactobacillus strains 

possessed both SOD and GSH. We also observed that L. fermentum and L. paracasei showed 

high SOD activity, GSH content and antioxidant activities, while L. oris and L. gasseri 

showed low SOD activity, GSH content and antioxidant activities. This result can be 

supported by previous research which revealed that SOD and GSH may be the main function 

of antioxidant activities of Lactobacillus strains [9, 24, 25].  

In addition, the high antioxidant activity of Lactobacillus strains is one of the reasons 

for their able to decrease the risk of accumulation of ROS. All the three species (L. 

fermentum, L. paracasei and L. rhamnosus) displayed tolerance in presence of 1.0 mM 

hydrogen peroxide (weakly reactive, but it is highly diffusive and has long lifetime) up to 8 h 

significantly longer than other species. In the presence of highly damaging hydroxyl radicals 

(highly reactive), L. fermentum, L. paracasei and L. rhamnosus remained viable after 60 min, 

while L. oris, L. gasseri and L. salivarius survived for 15 and 45 min (data not shown). It 

demonstrated that the viability of Lactobacillus strains may depend on antioxidant activity, 

types of antioxidants and upon dose of hydrogen peroxide and hydroxyl radicals [13, 21]. 

Besides, the survival time of Lactobacillus strains from caries free seemed to be greater in 

those isolated from individuals with caries. However, it was not statistically significant 

http://dict.longdo.com/search/in%20addition
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(P>0.05), except L. fermentum and L. paracasei in caries free can resistance to 1.0 mM 

hydrogen peroxide after 8 h higher than caries (P < 0.05). L. fermentum and L. paracasei are 

predominant species in the oral cavity due to type of antioxidants could be influence on 

survival of these species [24, 25]. It is possible to exert antioxidant mechanisms to protect 

themselves against oxidative stress. This is agreement with some reports showing that almost 

all bacteria are well protected against ROS by antioxidant activity [21].  

In the oral cavity, dental caries and periodontal disease are the most common 

infectious diseases worldwide. Recently it has been claimed that oxidative stress may play an 

important role in the onset and the development of several inflammatory oral pathologies and 

dental caries may also be included [2, 26]. Most studies have reported that the antioxidant 

activity of salivary associated with dental caries and also periodontal [2, 4], while only a few 

studies have examined the relationship between antioxidant activity of Lactobacillus strains 

and caries status. Thus, in this study verify their relationship status. Our results found that 

antioxidant activity in term inhibition of lipid peroxidation and GSH to be the factor 

significant negative associated with caries status (P<0.05). Previous studies have reported 

that lipid peroxidation is used to indicate oxidative stress while GSH may play a major role in 

reduced the deleterious effect of lipid peroxidation [27, 28]. To the best of our knowledge, 

our data provides the first evidence of a logistic regression relationship between antioxidant 

parameters of Lactobacillus and caries status. Our data suggest that a high GSH level from 

Lactobacillus could be help decrease caries. Amaretti et al., 2013 reported that Lactobacillus 

strains may enhance antioxidant defenses in the host by producing and releasing GSH which 

are absorbed and distributed in the organism [23]. Moreover, Ahmad et al., 2013 reported that 

antioxidant activity was higher in caries active group[2]. Similarly, Han et al., 2013 showed 

that who had DMFT showed a higher concentration of GSH [29]. Therefore, our results 

suggested that Lactobacillus have to build up antioxidant mechanisms to protect themselves 

against oxidative stress, and also can protect the host from attack free radicals when 
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Lactobacillus colonized and propagated in the oral cavity [30]. Thus, we indicated the 

antioxidant activity was higher in salivary caries due to there are a large number of 

lactobacilli which can produce antioxidant. 

Additionally, antioxidant from Lactobacillus has an indirect function to prevention or 

treatment of oral diseases [30]. For example, Peran et al., 2006 reported that GSH was 

released from L. fermentum can prevents colonic inflammation in the TNBS model of rat 

colitis [31], and also consistent with Mendi et al., 2014 found that antioxidant activity of 

Lactobacilli could protective effect on gingival fibroblasts [21]. In this study, we also 

observed that L. fermentum L. paracasei, L. casei, L. plantarum and L. rhamnosus showed 

high inhibition of lipid peroxidation and GSH activity. Interestingly, these species plays an 

important role in maintaining good oral health, and also used as probiotic [30]. The 

antioxidant activity appeared to be relative viability of Lactobacillus. Therefore, those strains 

may be considered for further study in clinical trials. In the present study, suggested that 

antioxidant activity derived from Lactobacillus strains could be a good natural therapy agent 

for counteract ROS and reduce the risk of oral disease.  
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5. Conclusion 

The result of this study believed that Lactobacillus species exhibited antioxidant 

activities in all major ways, and antioxidant properties of Lactobacillus strain are variation 

within/between species. To our knowledge this is the first study to investigate antioxidant 

activity of oral Lactobacillus species, and also used as base on information of antioxidant 

activity. We suggested that the antioxidant activity from oral Lactobacillus could be a good 

natural therapy agent for oral diseases.  
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8. Legend 

Table 1 Bacterial strains in the oral cavity used in this study 

Species 

Caries free 

0 dmft 

[subjects/strains] 

Caries 

≥ 1 dmft 

[subjects/strains] 

Total 

L. fermentum 5/9 28/42 33/51 

L. salivarius - 15/41 15/41 

L. plantarum - 4/11 4/11 

L. mucosae - 6/12 6/12 

L. casei - 6/10 6/10 

L. paracasei 2/4 5/18 7/22 

L.  rhamnosus 1/4 5/10 6/14 

L. vaginalis 1/8 1/2 2/10 

L. oris - 5/12 5/12 

L. gasseri - 4/18 4/18 

Total 9/25 79/176 88/201 

Decayed, missing and filled teeth (DMFT) index  
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Fig. 1. The antioxidant activity of intact cells and intracellular cell-free extracts of 

Lactobacillus species isolated from oral cavity. Boxplotes indicate the mean, median, 25th 

and 75th percentiles, and the minimum-maximum values. Different letters means statistically 

significant difference (P < 0.05)  
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Fig. 2. SOD activity and GSH content of intracellular cell-free extracts of Lactobacillus 

strains isolated from oral cavity. Boxplotes indicate the mean, median, 25th and 75th 

percentiles, and the minimum-maximum values. Different letters means statistically 

significant difference (P < 0.05)  
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Fig. 3. (A,B) The survival of Lactobacillus strains in the presence of 1.0 mM hydrogen 

peroxide. (B); Dotted lines and solid lines indicate caries free and caries respectively.  * p< 

0.05; (Mann-Whitney U-test), statistically-significantly different between caries free and 

caries.  
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Table 2 Association between caries status* and antioxidant activities and types of 

antioxidants 

* Caries free; dmft=0, Caries; dmft ≥ 1 

 

 

 

 

 
 

 

 

 

 

Variables No. of strains β Odds ratios 95%CI P-value 

Antioxidant activity      

Scavenging activity (%) 201 -0.003 0.997 0.943-1.054 0.920 

Inhibition activity (%) 201 -0.039 0.962 0.932-0.993 0.016 

Types of antioxidants      

SOD (Unit/mL) 201 -2.038 0.130 0.010-1.645 0.115 

GSH (nmol/mL) 201 -0.166 0. 847 0.763-0.941 0.002 
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