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Abstract

Synbiotics are products containing both probiotics and prebiotics, in which the prebiotic 
compound selectively favours the probiotic to provide synergistic activity for gut health 
promotion. Due to its potential probiotic effect, Lactococcus lactis KA-FF 1-4 showed inhibi-
tory activity against vancomycin-resistant enterococci (VRE). Its synergistic activity with 
three commercial plant prebiotics namely inulin, fibersol-2, and XOS is presented in the 
present work. In vitro batch fermentation with each prebiotic supplement had no effect on the 
growth rate of L. lactis KA-FF 1-4. However, supplementation with either 2% w/v inulin or 
fibersol-2 dramatically enhanced anti-VRE activity. Further study was performed on the effect 
of various concentrations (0.5, 1, 2, and 5%) of inulin or fibersol-2 on anti-VRE activity. In 
co-culture, L. lactis KA-FF 1-4 with 1% inulin supplementation could apparently reduce the 
VRE concentration from log 4.0 to 2.7 CFU/mL after 12 h, while complete inhibition was 
observed with 2% fibersol-2 supplementation after 6 h. These results clearly showed the 
synergistic effect on VRE growth inhibition, which may serve as a guideline for the develop-
ment of synbiotic formulations in the future.
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Introduction

 Synbiotics are a combination of prebiotics and 
probiotics, which synergistically improves probiotic 
activity as compared to the activity of probiotics alone 
(Schrezenmeir and de Vrese, 2001; Pranckutė et al., 
2016). Most prebiotics are forms of dietary fibre that 
serves as a carbon source to support the growth and 
activity of probiotics, including bacteriocin production 
(Chen et al., 2007; Lim et al., 2011). However, most 
commercial synbiotics have not been formulated based 
on synergistic effects. Instead, synbiotics are often 
formulated based on shelf life, availability, cost, indus-
trial performance, or convenience because of other 
marketing considerations. A few studies have reported 
the synergistic effects of synbiotic formulations 
(Audisio et al., 2001; Saminathan et al., 2011; Farinha 
et al., 2015). The compatibility between the chosen 
prebiotics and probiotic strains and the prebiotic 
concentrations are important factors to consider for 
synergistic synbiotics (Kondepudi et al., 2012).
 Vancomycin-resistant enterococci are entero-
cocci in human gut that have developed resistance to 
vancomycin. An increase in the number of patients 
with VRE infections has caused an increase in the use 
of broad-spectrum antibiotics and the transmission of 
VRE-associated genes. Probiotic therapy has been used 
to eradicate VRE overgrowth or colonisation in the 

human intestine (Manley et al., 2007; Crouzet et al., 
2015). Lactococcus lactis M19 and Pediococcus acidi-
lactis MM33 can produce Nisin Z and pediocin 
PA-1/AcH, and show anti-VRE activity in mice (Mil-
lette et al., 2008). In contrast, in humans, administration 
of Lactobacillus rhamnosus GG in the form of gelatine 
capsules to comorbid patients could not reduce VRE 
in faeces. It was reported that the treatment dose and 
human gut environment should be considered (Doron 
et al., 2015).
 The potential probiotic Lactococcus lactis 
KA-FF 1-4 was isolated from fermented fish. This 
strain could produce bacteriocin, which showed inhibi-
tory effects against a broad spectrum of food-borne 
pathogens, including VRE. Plupjeen et al. (2020) 
evaluated the co-culture of L. lactis KA-FF 1-4 (108 
CFU/mL) and VRE at various concentrations (103 - 106 
CFU/mL). The highest VRE concentration that was 
reduced to zero was 104 CFU/mL of L. lactis KA-FF 
1-4. However, the growth of L. lactis KA-FF 1-4 was 
stable, and the anti-VRE activity was reduced to 3 - 
6% in a human gut model that mimicked the gut micro-
biome. Therefore, prebiotics were shown to improve 
growth and inhibitory activity.
 It is known that prebiotics are non-digestible 
fibres, such as resistant starch, polysaccharides, and 
oligosaccharides (Gibson et al., 2004). Almost all of 
these plant fibres are extracted from natural sources. 
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Inulins are polysaccharides consisting of D-fructose 
linked by β-2,1 glycosidic bond, and they have been 
shown to enhance the growth and antimicrobial activi-
ty of lactic acid bacteria (Kareem et al., 2014; Farinha 
et al., 2015; Mandal et al., 2016). Fibersol-2 is a resist-
ant maltodextrin that is composed of not only of α-1,4 
and α-1,6 glycosidic bonds, but also α-1,2 and α-1,3 
glycosidic linkages. The consumption of fibersol-2 
tended to increase the Bifidobacterium population in 
faeces (Fastinger et al., 2008). Xylo-oligosaccharides 
(XOS) are oligosaccharides containing β-1,4-linked 
xylose residues. XOS has been found to stimulate the 
growth of bifidobacteria (Aachary and Prapulla, 
2011).
 The present work aimed to enhance the 
anti-VRE effects of L. lactis KA-FF 1-4 by using plant 
prebiotic supplements. The effects of three commer-
cial prebiotics, including inulin, XOS, and fibersol-2 
on the growth and anti-VRE activity of L. lactis KA-FF 
1-4 were investigated. In addition, the synergistic 
formulations of L. lactis KA-FF 1-4 and different preb-
iotic concentrations were studied.

Materials and methods

Microorganisms and culture
 Lactococcus lactis KA-FF 1-4 as an antimicro-
bial producer was cultured in de Man Rogosa (MRS) 
(Difco, France) at 37°C for 18 h. The target VRE strain, 
Enterococcus faecium 426, was cultured in MRS with 
128 µg/mL vancomycin at 37°C for 18 h.

Prebiotic preparation
 Three commercial prebiotics, inulin (Oraft-
i®GR, Belgium), xylo-oligosaccharide (XOS) (Shan-
dong, China), and fibersol-2 (Matsutani, Japan) were 
completely dissolved in distilled water, and sterilised 
by using a 0.2 µm filter (Minisart filters, Sartorius AG, 
Germany). Each aliquot was further kept at 4°C until 
use.

Culture of L. lactis KA-FF 1-4 and VRE under prebiot-
ic supplementation
 One percent L. lactis KA-FF 1-4 at 106 - 107 
CFU/mL or VRE at 107 CFU/mL was inoculated in 
30 mL of modified basal medium (2.00 g/L peptone, 
10.00 g/L yeast extract, 0.10 g/L NaCl, 0.04 g/L 
K2HPO4, 0.04 g/L KH2PO4, 0.01 g/L MgSO4 7H2O, 
0.01 g/L CaCl2 6H2O, 2.00 g/L NaHCO3, 2 mL Tween 
80, 0.05 g/L hemin, 10 µL vitamin K1, 0.50 g/L 
L-cysteine-HCl, and 0.05 g/L bile salts) (Onumpai et 
al., 2011) with prebiotic supplementation at concentra-
tions of 0.5, 1, 2, and 5%. The cell culture was incubated 
at 37°C for 24 h, and sampled at 3-h intervals to 

determine the cell concentrations of L. lactis KA-FF 
1-4 and VRE by standard plate counting on MRS agar 
and bile esculin azide agar (modified, Himedia) with 
128 mg/mL vancomycin, respectively. All measure-
ments were performed in duplicate. The specific 
growth rate (µmax) was calculated during the exponen-
tial phase of growth using Eq. 1: 

µmax = (ln x – ln x0) x (t – t0)                     (Eq. 1)

where, x and x0 = number of viable cells at time t and 
t0, respectively.

Preparation of rabbit polyclonal antibody against 
bacteriocin KAFF produced by L. lactis KA-FF 1-4, 
and its application to the quantification of the bacteri-
ocin concentration by ELISA 
 Bacteriocin KAFF produced by L. lactis 
KA-FF 1-4 was evaluated by enzyme-linked immuno-
assay (ELISA) with rabbit polyclonal antibody 
prepared from bacteriocin obtained from the National 
Laboratory Animal Centre Mahidol University, 
Salaya, Thailand. To prepare the antibody, bacteriocin 
KAFF was purified using hydrophobic interaction 
(Amberlite XAD 16), cation exchange chromatogra-
phy (SP Sepharose®), and RP-HPLC (Resource RPC) 
methods. The purity and size of bacteriocin was 
confirmed by SDS-PAGE before used in antibody 
preparation. The ELISA method was modified based 
on the method of Leversee and Glatz (2001). The 
F-bottom 96-well plate (Greiner-one, USA) was 
coated overnight at 4°C with 100 µL of L. lactis KA-FF 
1-4 cell-free supernatant. The coated plate wells were 
washed twice with phosphate-buffered saline contain-
ing 0.05% v/v Tween 20, pH 8.0 (PBST), blocked by 
adding 200 µL of PBST containing 1% w/v bovine 
serum albumin (blocking buffer) to each well, and the 
plate incubated at 37°C for 1 h. The plates were then 
washed twice with PBST. Primary antibodies (100 µL 
of primary antibody diluted 1:200 in blocking buffer) 
were added to the wells and incubated at 37°C for 1 
h. Unbound antibodies were removed by washing with 
PBST three times. Then, 100 µL of goat anti-rabbit 
immunoglobulin G [IgG] horseradish peroxidase 
conjugate (KPL, Milford, USA) was used as a second-
ary antibody, which was diluted to 1:5000 in blocking 
buffer, added to each well, and further incubated for 
30 min at 37°C. After the washing step, the bound 
antibodies were detected by a colorimetric reaction by 
adding 100 µL of o-phenylenediamine (KPL, Milford, 
USA) to each well, which was incubated at room 
temperature for 10 min in a dark room. The reaction 
was stopped by 0.1 N hydrochloric acid, and the 
absorbance (405 nm) of each well was read with a 



Figure 1. Time course of the fermentation of Lactococcus lactis KA-FF 1-4 in basal medium supplemented with 2% w/v 
inulin, fibersol-2, and XOS at 37°C for 24 h. The growth of L. lactis KA-FF 1-4 cultured in basal medium was used as a 
control. Cell concentration (A), bacteriocin production (B), and VRE inhibition activity (C).
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Synergy HTX microplate reader (Biotek, Vermont, 
USA) with Biotek Gen 5 software. The bacteriocin 
standard was prepared at concentrations of 0.125, 0.25, 
and 1 ng/mL. The cell-free supernatant of L. lactis 
KA-FF 1-4 without non-prebiotic treatment served as 
a control.

Determination of anti-VRE activity
 Anti-VRE activity was determined by a 
spot-on-lawn assay following the modified method of 
Batdorj et al. (2006). In brief, each cell-free superna-
tant (CFS) was adjusted to pH 5.5 using 0.1 M NaOH, 
and heated at 70°C for 30 min. A two-fold dilution of 
CFS was made in sterilised deionised water. Soft MRS 
agar medium (0.75% agar w/v) containing 106 
CFU/mL VRE was placed over 1.5% w/v MRS agar. 
Ten microliters of each CFS was spotted onto the soft 
agar containing VRE, incubated at 37°C for 18 h, and 
the clear zone was observed. The anti-VRE activity 
was expressed as arbitrary units per millilitre (AU/mL) 
using Eq. 2: 

AU/mL = (2(N-1) × 1,000) × 10-1                  (Eq. 2)

where, N = highest dilution showing activity. 

Co-culture of L. lactis KA-FF 1-4 and VRE
 One percent L. lactis KA-FF 1-4 and VRE at 
concentrations of 108 and 104 - 105 CFU/mL, respec-
tively, were co-cultured in modified basal medium 
with prebiotic treatment. The effect of prebiotics at 
concentrations of 0.5, 1, 2, and 5% was investigated. 
The mixed culture was incubated at 37°C for 24 h. 
The number of VRE was monitored by total plate 
counting using Bile Esculin Azide Agar (modified, 
Himedia) with 128 mg/mL vancomycin. The mixed 
culture without prebiotic served as the control.

Statistical analysis
 All analyses were carried out based on the 
analysis of variance (ANOVA) test, and p-values 
below 0.05 (p < 0.05) were considered significant 
when using Duncan’s test.

Results

The effect of three prebiotics on the growth of L. 
lactis KA-FF 1-4 and anti-VRE activity
 L. lactis KA-FF 1-4 was cultured in the 
presence of three different prebiotic compounds, 
including 2% inulin, fibersol-2, and XOS to assess 
the effect of treatment with inulin, fibersol-2, and 
XOS, respectively, as compared to that of the control 
(without prebiotic addition). The initial concentration 
of viable cells in the prebiotic supplementation media 
was log 6.0 - 6.3 CFU/mL (Figure 1A). The concen-
tration of L. lactis KA-FF 1-4 rapidly increased to log 
8.7 - 9.0 CFU/mL after 6 h in the control and all preb-
iotic treatments. The specific growth rate of L. lactis 
KA-FF 1-4 after inulin, fibersol-2, and XOS treat-
ments was 0.08 - 0.09/h, which was similar to that of 
the control. The cell concentration was stable after 6 
h, except when cells were subjected to inulin treat-
ment. The cell concentration decreased to log 8.2 - 
8.0 CFU/mL (p ≤ 0.05) after 6 h.
 The amount of bacteriocin produced from 
treatment with inulin and fibersol-2 was 3.8 - 4.3 
ng/µL, which was not significantly different from 
that of the control (3.7 - 4.2 ng/µL) (Figure 1B). 
However, this did not appear to be the case for XOS 
treatment.
 The inhibitory activity against VRE was 
determined as shown in Figure 1C. VRE inhibitory 
activity of 100 - 300 AU/mL was detected only in the 
inulin and fibersol-2 treatment groups, but not in the 
control group. The maximum activity was observed 



Figure 2. The growth of VRE (line graph) and pH value 
(bar graph) in basal medium supplemented with 2% w/v 
inulin (square), fibersol-2 (triangle), and XOS (black 
circle). The growth of VRE cultured in basal medium was 
used as a control (white circle).
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in the stationary phase of cell growth after 12 - 24 h. 
It seemed that both inulin and fibersol-2 promoted 
both bacteriocin production and anti-VRE activity, 
while the control exhibited only bacteriocin produc-
tion.

The effect of prebiotics on the growth of VRE
 The growth of VRE in the presence of differ-
ent prebiotics was monitored and compared to that of 
the control (Figure 2). The results revealed that the 
growth curve of VRE in the presence of prebiotic 
treatment was similar to that of the control. The 
concentration of VRE increased from log 7.0 to 8.8 - 
9.0 CFU/mL after 3 h, and was stable. However, the 
concentration of VRE after inulin treatment 
decreased to log 8.0 CFU/mL at 18 and 24 h.

 VRE is a lactic acid-producing bacterium. 
Therefore, the pH value of the VRE culture was mon-
itored (Figure 2). The pH value in the presence of all 
prebiotic supplements dropped to 6 after cultured for 
6 h. However, the pH value was stable at 7 in the 
control. VRE could utiliSe all of the prebiotics to 
produce acid. However, there was no effect on the 
growth of VRE. Only inulin treatment reduced the 
concentration of VRE at the stationary phase even 
though the pH level was similar.

The effect of the inulin concentration on the growth 
of L. lactis KA-FF 1-4 and anti-VRE activity in 
co-culture
 Inhibitory activity against VRE was 
observed in inulin supplementation conditions. 

Therefore, the influence of 0.5, 1, 2, and 5% inulin on 
growth and anti-VRE activity was further investigat-
ed (Figure 3). The concentration of L. lactis KA-FF 
1-4 and VRE alone in the presence of all treatments 
increased to log 8.9 - 9.3 CFU/mL (Figure 3A) and 
log 8.8 - 9.0 CFU/mL (Figure 3B) after 3 and 12 h, 
respectively. Then, the cell concentration was stable 
for 24 h. The inulin concentration had no effect on 
the growth curve of L. lactis KA-FF 1-4 and VRE.

 The VRE growth inhibitory activity was 
measured in co-cultures of L. lactis KA-FF 1-4 and 
VRE (Figure 3C). The concentration of VRE in the 
control (without prebiotic addition) was stable at log 
3.5 - 4.3 CFU/mL after 24 h. Interestingly, the 
concentration of VRE in the presence of the 1% 

Figure 3. The influence of inulin at various concentrations 
on the culture of L. lactis KA-FF 1-4 (A), VRE alone (B), 
and the co-culture (C).
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inulin treatment decreased to 2.7 - 3.2 log CFU/mL 
after 12 h. Additionally, anti-VRE activity in the 
presence of 0.5, 2, and 5% inulin supplementation 
was similar to that in the control. The inulin concen-
tration had no effect on the growth of VRE.

The effect of the fibersol-2 concentration on the 
growth of L. lactis KA-FF 1-4 and anti-VRE activity
 The effects of 0.5, 1, 2, and 5% fibersol-2 on 
the growth and VRE growth inhibitory activity of L. 
lactis KA-FF 1-4 alone, VRE alone, and the co-cul-
ture were investigated (Figure 4). It was found that 
the maximum concentration of L. lactis KA-FF 1-4 
was log 9 CFU/mL after 3 h, and the growth dynam-
ics of all treatments were similar (Figure 4A). It was 
indicated that the amount of fibersol-2 had no effect 
on the growth of L. lactis KA-FF 1-4. However, the 
growth rate of VRE after 6 h of 1, 2, and 5% fiber 

sol-2 treatment increased as compared to that of the 
control (Figure 4B). However, an enhancement 
effect was not observed with 0.5% fibersol-2 supple-
mentation fibersol-2 treatment group and the control 
group (Figure 4C) as compared to VRE alone (Figure 
4B). The VRE cell concentration was stable at log 3.5 
- 4 CFU/mL in the control and 5% fibersol-2 treat-
ment groups, while the VRE cell number in the 0.5, 
1, and 2% fibersol-2 treatment groups was < 10 
CFU/mL at 15, 21, and 6 h, respectively. The results 
indicated that treatment with 2% fibersol-2 was 
optimal in enhancing the anti-VRE activity of L. 
lactis KA-FF 1-4.

Discussion

 In the present work, the formulation of a 
synbiotic with inhibitory effects on the growth of 
VRE was investigated by measuring the synergistic 
inhibitory activity between L. lactis KA-FF 1-4 and 
commercial prebiotic compounds including inulin, 
fibersol-2, and XOS. However, the inhibitory activity 
against VRE occurred only as a result of inulin and 
fibersol-2 supplementation. Correspondingly, the 
production of bacteriocin was observed after inulin 
and fibersol-2 supplementation (Figure 1). It should 
be noted that inulin and fibersol-2 showed synergistic 
activity with L. lactis KA-FF 1-4 by enhancing bacte-
riocin production. However, XOS had no effect on 
bacteriocin production. It was reported that the 
production of bacteriocin by lactic acid bacteria is 
dependent on media conditions, including carbon 
sources (Tomás et al., 2010; Sabo et al., 2019). 
Meanwhile, bacteriocin production without prebiot-
ics was also shown by ELISA, whereas anti-VRE 
activity was not observed in the spot-on-lawn assay. 
This might have occurred because the bacteriocin 
was in inactive form (Perez et al., 2018). Brink et al. 
(2006) stated that nutrients play a key role in the 
production and activity of antimicrobial substances.
 Prebiotic compounds may specifically 
increase the levels of beneficial microorganisms, and 
should not promote the growth of pathogenic bacteria 
(Fooks and Gibson 2002; Rousseau et al., 2005; 
Nunpan et al., 2019). Our results revealed that the 
prebiotic compounds did not enhance the growth of 
VRE. The growth curve of VRE after prebiotic treat-
ment was similar to that of VRE without prebiotic 
treatment. Based on our results, it was suggested that 
inulin and fibersol-2 were appropriate for use in com-
bination with L. lactis KA-FF 1-4 for VRE inhibi-
tion.
 The concentration of the prebiotic was an 
important factor for the synergistic formulation.  

Figure 4. The influence of fibersol-2 at various concentra-
tions on the culture of L. lactis KA-FF 1-4 (A), VRE alone 
(B), and the co-culture (C).
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Nunpan et al. (2019) reported that 3, 4, and 5% galac-
to-oligosaccharide (GOS) and fructo-oligosaccharide 
(FOS) could enhance the activity of Lactobacillus 
acidophilus to inhibit Streptococcus mutans growth. 
Furthermore, the growth rate of L acidophilus was 
not affected by all concentrations of GOS and FOS. 
The effect of either inulin or fibersol-2 on VRE in the 
present work is in line with these findings. In addi-
tion, the inhibition ratio of the pathogen after mixed 
culture with L. acidophilus and L. paracasei supple-
mented with 0.5 and 1% FOS significantly increased 
as compared to that observed when it was cultured 
without prebiotics (Lim et al., 2011). The effects of 
1, 2, and 5% FOS supplemented with Lactobacillus 
strains on antimicrobial activity were reported. Only 
2% FOS supplementation showed inhibitory activity 
(Muñoz et al., 2012). These studies suggested that 
the effect of the prebiotic concentration on inhibitory 
activity was dependent on the species. Thus, optimi-
sation of the prebiotic concentration to enhance 
synergistic activity needs to be considered.
 In the non-prebiotic treatment group, L. 
lactis KA-FF 1-4 could reduce the VRE concentra-
tion from 109 to 104 CFU/mL, which is consistent 
with the findings observed for both 5% inulin and 
fibersol-2. However, the VRE concentration in the 
presence of 0.5, 1, and 2% inulin decreased to 103 
CFU/mL. Furthermore, the VRE concentration was 
reduced to zero in the presence of 0.5, 1, and 2% 
fibersol-2 supplemented with L. lactis KA-FF 1-4. 
The shortest time needed to reduce the concentration 
of VRE to zero was observed after 2% fibersol-2 
supplementation for 6 h. Moreover, the excess or 
dearth of prebiotic affected synergistic activity. An 
excess concentration did not produce better results. 
Among the synergistic formulations, L. lactis KA-FF 
1-4 with 2% fibersol-2 was the best formulation for 
application in VRE inhibition in the future.

Conclusion

 Only inulin and fibersol-2 had synergistic 
activity with L. lactis KA-FF for vancomycin-resist-
ant enterococci (VRE) growth inhibition. Moreover, 
2% fibersol-2 supplementation was shown to strong-
ly reduce the concentration of VRE to zero in the 
shortest amount of time. To further enhance the 
synergistic activity, strain-specific prebiotic types 
and prebiotic concentrations should be used.

Acknowledgement
 This research is supported in part by the 
Graduate Program Scholarship from the Graduate 
School, Kasetsart University.

References

Aachary, A. A. and Prapulla, S. G. 2011. Xylooligo-
saccharides (XOS) as an emerging prebiotic: 
microbial synthesis, utilization, structural char-
acterization, bioactive properties, and applica-
tions. Comprehensive Reviews in Food Science 
and Food Safety 10(1): 2-16.

Audisio, M. C., Oliver, G. and Apella, M. C. 2001. 
Effect of different complex carbon sources on 
growth and bacteriocin synthesis of Enterococ-
cus faecium. International Journal of Food 
Microbiology 63(3): 235-241.

Batdorj, B., Dalgalarrondo, M., Choiset, Y., Pedro-
che, J., Métro, F., Prévost, H., ... and Haertlé, T. 
2006. Purification and characterization of two 
bacteriocins produced by lactic acid bacteria 
isolated from Mongolian airag. Journal of 
Applied Microbiology 101(4): 837-848.

Brink, M., Todorov, S. D., Martin, J. H., Senekal, M. 
and Dicks, L. M. T. 2006. The effect of prebiot-
ics on production of antimicrobial compounds, 
resistance to growth at low pH and in the 
presence of bile, and adhesion of probiotic cells 
to intestinal mucus. Journal of Applied Microbi-
ology 100(4): 813-820.

Chen, Y.-S., Srionnual, S., Onda, T. and Yanagida, 
F. 2007. Effects of prebiotic oligosaccharides 
and trehalose on growth and production of bacte-
riocins by lactic acid bacteria. Letters in Applied 
Microbiology 45(2): 190-193.

Crouzet, L., Rigottier-Gois, L. and Serror, P. 2015. 
Potential use of probiotic and commensal bacte-
ria as non-antibiotic strategies against vancomy-
cin-resistant enterococci. FEMS Microbiology 
Letters 362(8): article ID fnv012.

Doron, S., Hibberd, P. L., Goldin, B., Thorpe, C., 
McDermott, L. and Snydman, D. R. 2015. Effect 
of Lactobacillus rhamnosus GG administration 
on vancomycin-resistant Enterococcus coloniza-
tion in adults with comorbidities. Antimicrobial 
Agents and Chemotherapy 59(8): 4593-4599.

Farinha, L. R. L., Sabo, S. S. V., Porto, M. C., Souza, 
E. C., Oliveira, M. N. and Oliveira, R. P. S. 2015. 
Influence of prebiotic ingredients on the growth 
kinetics and bacteriocin production of Lactococ-
cus lactis. Chemical Engineering Transactions 
43: 313-318.

Fastinger, N. D., Karr-Lilienthal, L. K., Spears, J. K., 
Swanson, K. S., Zinn, K. E., Nava, G. M., ... and 
Fahey Jr, G. C. 2008. A novel resistant malto-
dextrin alters gastrointestinal tolerance factors, 
fecal characteristics, and fecal microbiota in 
healthy adult humans. Journal of the American 



Udomsri, P., et al./IFRJ 27(5) : 934 - 940 940

College of Nutrition 27(2): 356-366.
Fooks, L. J. and Gibson, G. R. 2002. In vitro investi-

gations of the effect of probiotics and prebiotics 
on selected human intestinal pathogens. FEMS 
Microbiology Ecology 39(1): 67-75.

Gibson, G. R., Probert, H. M., Loo, J. V., Rastall, R. 
A. and Roberfroid, M. B. 2004. Dietary modula-
tion of the human colonic microbiota: updating 
the concept of prebiotics. Nutrition Research 
Reviews 17(2): 259-275.

Kareem, K. Y., Ling, F. H., Chwen, L. T., Foong, O. 
M. and Asmara, S. A. 2014. Inhibitory activity of 
postbiotic produced by strains of Lactobacillus 
plantarum using reconstituted media supple-
mented with inulin. Gut Pathogens 6(1): article 
ID 23.

Kondepudi, K. K., Ambalam, P., Nilsson, I., Wad-
ström, T. and Ljungh, Å. 2012. Prebiotic-non-di-
gestible oligosaccharides preference of probiotic 
bifidobacteria and antimicrobial activity against 
Clostridium difficile. Anaerobe 18(5): 489-497.

Leversee, J. A. and Glatz, B. A. 2001. Detection of 
the bacteriocin propionicin PLG-1 with polyva-
lent anti-PLG-1 antiserum. Applied and Environ-
mental Microbiology 67(5): 2235-2239.

Lim, S.-M., Jeong, K.-S., Lee, N.-G., Park, S.-M. and 
Ahn, D.-H. 2011. Synergy effects by combina-
tion with lactic acid bacteria and frutooligosac-
charides on the cell growth and antimicrobial 
activity. Food Science and Biotechnology 20(5): 
article ID 1389.

Mandal, S., Patra, A. D. and Hati, S. 2016. Effect of 
inulin on growth and antimicrobial activity of 
Lactobacillus spp. International Journal of 
Fermented Foods 5(1): 47-52.

Manley, K. J., Fraenkel, M. B., Mayall, B. C. and 
Power, D. A. 2007. Probiotic treatment of vanco-
mycin-resistant enterococci: a randomised 
controlled trial. Medical Journal of Australia 
186(9): 454-457.

Millette, M., Cornut, G., Dupont, C., Shareck, F., 
Archambault, D. and Lacroix, M. 2008. Capacity 
of human nisin- and pediocin-producing lactic 
acid bacteria to reduce intestinal colonization by 
vancomycin-resistant enterococci. Applied and 
Environmental Microbiology 74(7): 1997-2003.

Muñoz, M., Mosquera, A., Alméciga-Díaz, C. J., 
Melendez, A. P. and Sánchez, O. F. 2012. Fruc-
tooligosaccharides metabolism and effect on 
bacteriocin production in Lactobacillus strains 
isolated from ensiled corn and molasses. Anaer-
obe 18(3): 321-330.

Nunpan, S., Suwannachart, C. and Wayakanon, K. 
2019. Effect of prebiotics-enhanced probiotics 

on the growth of Streptococcus mutans. Interna-
tional Journal of Microbiology 2019: article ID 
4623807. 

Onumpai, C., Kolida, S., Bonnin, E. and Rastall, R. 
A. 2011. Microbial utilization and selectivity of 
pectin fractions with various structures. Applied 
and Environmental Microbiology 77(16): 
5747-5754.

Perez, R. H., Zendo, T. and Sonomoto, K. 2018. 
Circular and leaderless bacteriocins: biosynthe-
sis, mode of action, applications, and prospects. 
Frontiers in Microbiology 9: article ID 2085.

Plupjeen, S., Chawjiraphan, W., Charoensiddhi, S., 
Nitisinprasert, S. and Nakphaichit, M. 2020. 
Lactococcus lactis KA-FF 1-4 reduces vancomy-
cin-resistant enterococci and impacts the human 
gut microbiome. 3 Biotech 10(7): article ID 295.

Pranckutė, R., Kaunietis, A., Kuisienė, N. and 
Čitavičius, D. J. 2016. Combining prebiotics 
with probiotic bacteria can enhance bacterial 
growth and secretion of bacteriocins. Interna-
tional Journal of Biological Macromolecules 89: 
669-676.

Rousseau, V., Lepargneur, J. P., Roques, C., 
Remaud-Simeon, M. and Paul, F. 2005. Prebiotic 
effects of oligosaccharides on selected vaginal 
lactobacilli and pathogenic microorganisms. 
Anaerobe 11(3): 145-153.

Sabo, S. S., Converti, A., Ichiwaki, S. and Oliveira, 
R. P. S. 2019. Bacteriocin production by Lacto-
bacillus plantarum ST16Pa in supplemented 
whey powder formulations. Journal of Dairy 
Science 102(1): 87-99.

Saminathan, M., Sieo, C. C., Kalavathy, R., Abdul-
lah, N. and Ho, Y. W. 2011. Effect of prebiotic 
oligosaccharides on growth of Lactobacillus 
strains used as a probiotic for chickens. African 
Journal of Microbiology Research 5(1): 57-64.

Schrezenmeir, J. and de Vrese, M. 2001. Probiotics, 
prebiotics, and synbiotics - approaching a defini-
tion. The American Journal of Clinical Nutrition 
73(2): 361S-364S.

Tomás, M. S. J., Bru, E. and Nader-Macías, M. E. F. 
2010. Estimation of combined effects of carbon 
and nitrogen sources on the growth and bacteri-
ocin production of Lactobacillus salivarius from 
human source. Journal of Basic Microbiology 
50(2): 190-199.


