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Background: Bacterial vaginosis which is a common  infection affecting the female 

genital tract, can be treated with different methods. One of these methods is the use of 

probiotic Lactobacilli. The aim of this study is to evaluate the effects of two physiological 

factors (temperature and pH) on the antibacterial activity of Lactobacillus reuteri ATCC 

23272 against the pathogenic vaginal Streptococcus agalactiae. 

Material and methods: A total of one hundred and six high vaginal swabs from Iraqi 

women patients with bacterial vaginosis were collected to obtain one hundred 

Streptococcus species. The isolated microorganisms were identified using morphological, 

microscopical, biochemical tests, and Vitek 2 compact system. The molecular method 

using polymerase chain reaction (PCR) was performed on the most prevalent species 

which is Streptococcus agalactiae to detect its virulence factors. The study was 

performed, using Lactobacillus reuteri ATCC 23272 which was cultivated in MRS broth, 

adjusted to specific initial pH (3.5, 5, 6.5, 8), and at different temperatures of incubation 

(25 C°, 30 C°, 37 C°, 44 C°). From each of the resulted sixteen subgroups, a volume of 25 

µl of the cell free supernatant was poured in a well of pathogenic bacteria streaked Muller 

Hinton agar, then incubated at 37 C° for 24 hr. The resulted inhibition zone was 

measured, and the data was collected and analyzed statistically. 

Results: The incubation temperature and the initial pH of the culture medium had a 

significant effect on the antibacterial activity of Lactobacillus reuteri ATCC 23272. The 

optimal conditions for the antibacterial activity were (Temp. 30_ pH 5) with a zone of 

inhibition around (18.2 mm), while the (Temp. 25_ pH 3.5) performed the lowest 

inhibition zone (0.05mm). 

Conclusion: The physiological environment has a great influence on the antibacterial 

activity of Lactobacillus reuteri ATCC 23272 against Streptococcus agalactiae.  

KEYWORDS: Bacterial vaginosi, antibacterial activity, Lactobacillus reuteri, 

Streptococcus agalactiae. 

 

INTRODUCTION 

Bacterial vaginosis (BV) is one of the most common vaginal disorders affecting women 

of reproductive age, occurs when the normal lactobacilli of the vagina are replaced by 

mostly anaerobic bacteria (Ahmad and Ali, 2015; Van Schalkwyk et al., 2015) associated 

with serious complications, including endometriosis, pelvic inflammation, and  pregnancy 

complications such as preterm delivery, spontaneous abortion, low neonatal weight; and it 

is also associated with increased risk of acquisition of sexually transmitted diseases and 

herpes simplex virus infections (Pendharkar et al., 2015). 

Abstract 



Online International Interdisciplinary Research Journal, {Bi-Monthly}, ISSN 2249-9598, Volume-VI, Issue-III, May-June 2016 Issue 

 

 
w w w . o i i r j . o r g                      I S S N  2 2 4 9 - 9 5 9 8  

 
Page 19 

Several kinds of bacterial species are involved in bacterial vaginosis and one of the most 

important causative agents is the Group B Streptococci (Streptococcus agalactiae) 

(Razzak et al., 2011; Eslami et al., 2014; De Gregorio et al., 2014a) which is an 

opportunistic gram positive bacteria that predominantly present as a commensal colonizer 

in the vaginal tract (De Gregorio et al., 2014b; Wang et al., 2015) and is therefore able to 

cause serious neonatal life threatening infections such as septicemia, pneumonia and 

meningitis (Otaguiri et al., 2013; Tille, 2014). 

One of the strategies of BV  treatment  is through the use of probiotic lactobacilli 

(Pendharkar et al., 2015; Van Schalkwyk et al., 2015) since Lactobacillus species which 

represent the predominant normal flora in the vagina (Berza et al., 2013) had shown to 

have an important role in the treatment or prevention of the proliferation of pathogenic 

microorganisms either by maintaining the vaginal ecology in normal condition at low pH 

between (3.8- 4.5) through their fermenting activity or through the production of 

antimicrobial substances (Pascual et al., 2006; Razzak et al., 2011).  

Lactobacillus reuteri ATCC 23272 is a hetrofermentative, facultative anaerobic rod 

shaped bacillus. It has been reported to inhabit the growth of Streptococcus agalactiae 

through the production of different antibacterial compounds such as hydrogen peroxide, 

bacteriocin, bacteriocin like compound and lactic acid or by other defense mechanisms  

(Eslami et al., 2014). 

The antibacterial activity of probiotic lactobacilli is affected by a range of factors, 

including pH, acid production, moisture content, culture media component and 

temperatures, Which are linked to changes in enzymatic activities, in the fatty acid 

composition, and in the membrane permeability of the cells (Deepika et al., 2012). 

The temperature can affect the growth rate and the antibacterial action of the 

Lactobacillus species (Juarez Tomas et al., 2002; 2003a; 2003b). 

 

The present work focused on: 

1- Isolation of Streptococcus species from Iraqi women suffering from bacterial 

vaginosis, and its identification through morphological and biochemical methods and its 

identification as virulent strain genetically through molecular methods.  

2- Study the effect of four different temperature degrees (25°C, 30°C, 37°C, and 45°C) 

and four different pH values (3.5, 5, 6.5, and 8) on the antibacterial activity of 

Lactobacillus reuteri ATCC 23272 against Streptococcus agalactiae through the well 

diffusion method. 

 

MATERIALS AND METHOD 

Inoculum Preparation  

A. Lactobacillus reuteri ATCC 23272 Inoculum Praparation 

Lactobacillus reuteri strain from American Type Culture Collection with an ATCC 

23272 (DSM 20016) has been subjected in this study. The microorganisms were stored in 

lactobacilli MRS media in lyophilized form. Then these microorganisms were propagated 

from the lyophilized form and cultivated in MRS broth at a temperature of 37°C for 24 

hrs under aerobic condition, and subcultured twice at 37°C for 12 hrs in the same media. 

The third culture was centrifuged at 6000 g for 10 minutes. The supernatant was 

discharged and the remaining pellet was washed with 0.85% normal saline solution 

(NaCl). The pellet was resuspended in the same solution to a final optical density of 1.4 
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at 540 nm. This cell suspension was used as the inoculum for the growth experiment 

(Juarez Tomas et al., 2002; Juarez Tomas et al., 2011) 

B. Streptococcus agalactiae Inoculum Praparation 

Before inhibition assays, Streptococcus agalactiae was propagated twice in Brain Heart 

infusion broth at 37°C for 12 hrs under anaerobic condition using a candle jar; the O.D. at 

540 nm of the last culture was adjusted to 0.6 using Brain Heart infusion broth (Juarez 

Tomas et al., 2002; De Gregorio et al., 2014a). 

Growth Conditions 

Lactobacillus reuteri was subjected to different growth conditions. Four different 

temperature degrees (25ºC, 30ºC, 37ºC, 44ºC) and four different pH values (3.5, 5, 6.5, 8) 

were used to assess their effect on the antimicrobial activity of Lactobacillus reuteri 

ATCC 23272 strain resulting in sixteen different growth conditions, each with a distinct 

combination of pH value and temperature degree. 

Before inoculation, the initial pH of the MRS broths was adjusted to 3.5, 5, 6.5, or 8 with 

either NaOH or 1 N HCl, Lactobacillus reuteri ATCC 23272 strain was inoculated (2% 

v/v) into 100 ml of each medium and incubated for 24 hrs. at temperatures of 25°C, 30°C, 

37°C and 44°C with an initial O.D (0.1) at 540 nm  as seen in figure (1) (Juarez Tomas et 

al., 2002).  

Antimicrobial Test 

To detect the antimicrobial activity of the supernatant fluid of Lactobacillus reuteri 

ATCC 23272-strain culture, the well diffusion method was used. The supernatant fluids 

were separated by centrifugation (6000 g, 5 min, 20°C), sterilized through a Millipore 

filter (0.22 mm). For each subgroup (Temperature-pH combination), 10 holes of 4mm 

diameter in the Muller-Hinton agar plates (which contained vaginal Streptococcus 

agalactiae) were used to study the antimicrobial action. For each hole, a volume of 25 µl 

of the cell free supernatant was poured and allowed to diffuse into agar for 6 hrs at room 

temperature and then for 24 hrs at 37°C under aerobic condition. The diameter of the 

inhibition zone was measured in millimeters with vernier calipers. The measurements 

recorded were the radius from the edge of the inhibition zone to the edge of the agar well. 

 

RESULTS 

A total of 160 measurements of inhibition zones in (mm) from sixteen subgroups were 

recorded to identify the effect of the four different temperature degrees (25
 o
C, 30

 o
C, 37

 

o
C, 44

 o
C) and the four different pH levels (3.5,5,6.5,8). 

The means and standard deviations of the inhibition zone values were calculated for each 

subgroup are shown in table (1) and Figure (2). The results showed that the lowest mean 

of the inhibition zone values was scored at group A1 (Temp. 25_ pH 3.5) which was 

(0.05mm) while the highest mean was 18.2mm which belonged to group B2 (Temp. 30_ 

pH 5) (see figure 3) and highly significant differences were found between all subgroups 

which indicates that both temperature and pH has an important role on the inhibitory 

action of the probiotic Lactobacillus reuteri ATCC 23272. 
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DISCUSSION 

In this study, zones of inhibition were recorded by most subgroups, which mean that 

Lactobacillus reuteri ATC 23272 prevented the growth of the pathogenic bacteria in 

these zones of inhibition and this agree with Pascual et al., (2006), Eslami et al., (2014) 

who demonstrated that Lactobacillus reuteri ATCC 23272 can block excessive 

proliferation of potentially pathogenic microorganisms, particularly those which lack or 

have low levels of catalase or peroxidase enzyme. 

This antibacterial action of Lactobacillus reuteri ATCC 23272 could be attributed to the 

production of various secondary metabolites that exert a direct antibacterial action 

towards the pathogenic bacteria. These antimicrobial agents include hydrogen peroxide, 

bacteriocin and bacteriocin-like compounds, lactic acid and other organic acid and 

reuterin (Todorov, 2008; Guo et al., 2011; Wagner et al., 2012; Baca-Castanon et al., 

2014). 

Effect of Temperature 

The optimum temperature of the MRS broth that is associated with the largest zones of 

inhibition was 30 °C for the four pH values, while the smallest zone of inhibition was 

found in 25°C. Increasing incubation temperature above 30 °C resulted in a decreasing 

the zone of inhibition. This indicates that at 30°C the collective amount of production and 

activity of the active compounds was at maximum in respect to the other degrees of 

temperature which suggest the release of a maximum amount of anti bacterial substances 

at this degree. 

This result is supported by that of Juarez Tomas et al., (2003b) who found that the best 

conditions for production of lactic acid were MRS broth at 30 - 37 °C; and with with 

Leroy and Vuyst, (1999); Cheigh et al., (2002); Ogunbanwo et al., (2003a); Iyapparaj et 

al., (2013); Perez et al., (2014); Onwuakor et al., (2014), who found that the maximum 

bacteriocin activity recorded at 30°C. 

This result comes parallel also with Guo et al., (2011) who found that temperature of 30 

°C was regarded as optimum temperature for reuterin production. 

This result could be due to the followings: 

a) At low temperature the Lactobacillus species undergo important physiological changes 

such as a decrease in membrane fluidity and a stabilization of secondary structures of 

RNA and DNA resulting in a reduced efficiency of translation, transcription and DNA 

replication (Guchte et al., 2002). 

b) Denaturation of proteins and their subsequent aggregation, destabilization of 

macromolecules as ribosomes and RNA, and alterations of membrane fluidity as stated 

by (Guchte et al., 2002; Ljungh and Wadstrom, 2009). 

c) The Lactobacillus species were unable to synthesize or secrete the bacteriocin above 

44°C since bacteriocins have probably a proteinaceous nature and their degradation 

could be increased at high temperature (Juarez Tomas et al., 2002). 

d) Adsorption of bacteriocin to the Lactobacilli was found to be greatly affected by 

temperature. High temperature at and above 45°C increased the adsorption rate of 

bacteriocin, which was then degraded by the released cell wall bounded proteolytic 

enzymes (Todorov, 2008). 

e) The growth rate of Lactobacillus reuteri ATCC 23272 at high temperature (37°C, 

45°C) was found to be statistically lower than that at 30°C, and this may be due to the 
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energy needed for maintenance is higher when temperature increases above the 

optimum temperature. (Leroy and Vuyst, 1999) suggesting the release of lower 

amount of anti bacterial substances at these temperatures. 

Effect of pH 

The optimum initial pH of the MRS medium that is associated with the largest zones of 

inhibition was pH 5. 

This result is consistent with the results of Tahara et al., (1996); Leroy and Vuyst, (1999); 

Ogunbanwo et al., (2003a); Mataragas et al., (2004); Todorov, (2008); Iyapparaj et al., 

(2013); Perez et al., (2014); who found that the optimal bacteriocin production was 

recorded in MRS broth with an initial pH 5. In addition, previous studies indicated that 

pH 5 is favored for growth of Lactic acid bacteria and production of lactic acid (Santoyo 

et al., 2001; Chang et al., 2001). 

This result could be due to the followings: 

a) Impairment in cellular function at low pH with the resulting impairment in the 

production in antibacterial agents. 

b) Lee et al. (2008) found that growth at low pH below (5) alters or damages the critical 

functions of L. reuteri in such a way as to reduce the growth rate. 

c) At high pH values, bacteriocin start to adsorb onto the producer cells and then start to 

aggregate and/or being inactivated by the proteolytic enzymes produced by the 

bacteriocin producing strains. This phenomenon could reduce dramatically the 

bacteriocin concentration in the culture media (Parente et al., 1994; Perez et al., 2014; 

Malheiros et al., 2015). Yusuf and Abdul Hamid, (2012) reported that the main cause 

for bacteriocin level reduction in the media is attributed to their degradation by 

proteolytic enzyme activity, which increased in high pH medium. 

d) It has been found that increasing the pH (decreasing the H+) results in degradation of 

H2O2, thereby reducing the antibacterial effect of Lactobacillus species (Fontaine 

and Taylor-Robinson, 1990; Aroutcheva et al., 2001) 

e) Talarico et al., (1988) demonstrated that the exposure of reuterin to basic condition 

above pH 7.5 resulted in immediate irreversible inactivation or degradation of the 

reuterin molecule. 
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Figure (1): MRS broths with four different pH values (3.5, 5, 6.5, 8) containing 

Lactobacillus reuteri ATCC 23272 strain. 

 

 

Figure (2): Bar chart showing the means of the zones of inhibition for all subgroups. 
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Figure (3): The zones of inhibition produced by Lactobacillus reuteri ATCC 23272 at 

temperature 30 and pH 5. 

 

 

 

Table (1): Effect of temperature and pH on the zones of inhibition (mean ± SD in mm). 

Temperature 
PH 

LSD value 
PH 3.5 PH 5 PH 6.5 PH 8 

25 0.050 ± 0.0 8.45 ± 1.11 
10.05 ± 

1.89 

12.05 ± 

1.55 
2.58 ** 

30 
14.65 ± 

2.33 

18.20 ± 

2.19 

17.10 ± 

1.55 

16.15 ± 

1.55 
2.75 ** 

37 
12.60 ± 

1.51 

15.15 ± 

1.85 

16.10 ± 

1.72 

14.65 ± 

2.24 
2.19 ** 

44 
11.55 ± 

1.64 

12.65 ± 

1.61 

11.15 ± 

1.87 

13.05 ± 

1.86 
1.25 * 

LSD value 3.63 ** 3.86 ** 2.98 ** 2.53 ** ---- 

* (P<0.05), ** (P<0.01). 

 

 

 

 

 


