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Introduction

Probiotics are microorganisms that offer health 
benefits to consumers when eaten or applied to the 

body in particular quantities (FAO, 2006). Probiotics 
are made up of several microorganisms but the most 
common are Lactobacillus and Bifidobacterium, which 
are lactic acid bacteria (LAB), a health-promoting 
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bacteria found in a well-balanced intestinal microbiota 
(Ventura et al., 2009). Probiotics may modify human 
immunological activity by increasing innate and 
adaptive immune responses, altering microbial habitat 
in the intestine, improving gut barrier function, 
competitive adherence to the mucosa and epithelium, 
and producing antimicrobial compounds (Tegegne 
and Kebede, 2022). Prebiotics are non-digestible 
food ingredients that specifically promote the growth 
or activity of beneficial microorganisms, including 
the probiotic LAB, where it positively affects the host 
organisms (Davani-Davari et al., 2019). Prebiotics 
have been shown to have a variety of health benefits, 
including gut health maintenance, cancer prevention, 
immune boosting, cholesterol reduction, obesity and 
constipation prevention, cardiovascular disease risk 
reduction, bacteriocin development, and many others 
(Patel and Goyal, 2012). Colon bacteria, primarily 
Bifidobacterium and Lactobacillus, have been selected 
as targets to improve the health inside gut as they 
consisted of health-promoting properties. This had 
been accomplished by prebiotic use, an indigestible 
fibre compounds which only fermented by the body’s 
colon bacteria (Charalampopoulos and Rastall, 2012). 
The fibres and carbohydrates, for example resistant 
starch, inulin, or oligosaccharides (short polymers of 
glycosidic residues) have been shown to enhance the 
number of Bifidobacterium and Lactobacillus among 
the colic microflora and they are the most used 
prebiotics (Gibson et al., 2004). 

However, in recent years, researchers put an interest 
in phenolic compounds as prebiotic for LAB due 
to the good abundance in food, the antioxidant 
properties, and their capabilities in preventing 
diseases (Zeng et al., 2023; Sharma et al., 2022). On 
top of that, phenolic substances have been placed 
on the same biological level as prebiotics (Marchesi 
et al., 2016). It has been thought to be nutritionally 
undesirable because they precipitate proteins, block 
digestive enzymes, and interfere with the absorption 
of vitamins and minerals, lowering food nutritional 
value. The recent identification of their antioxidant 
benefits, on the other hand, has slowed the research of 
their negative health impacts (Rodriguez et al., 2009). 
Besides, dietary fiber can be found in most plant 
sources. Therefore, it is important to look at possible 
prebiotics as well as other chemical compounds 
from readily available sources. These sources include 
ripe bambangan (Mangifera pajang), noni (Morinda 
citrifolia), tuhau (Etlingera coccinea), torch ginger 

(Etlingera elatior) and mung bean (Vigna radiata).

The advantageous effects of prebiotics and probiotics 
have led to the development of symbiotics, which 
are products that contain both elements being used 
selectively by LAB (Schrezenmeir and de Vrese, 
2001). Individual bacteria strains have a strong 
preference for their substrate, so understanding how 
to use it selectively is crucial (Crittenden et al., 2002). 
For example, Bifidobacterium strains prefer oligo- and 
polysaccharides derived from xylose and use these 
prebiotics to promote their own growth (Iyer and 
Kailasapathy, 2005). As a result, it is critical to choose 
the right prebiotic for the probiotic when creating a 
symbiotic product. Therefore, the objectives of this 
study are to investigate the effect of different types 
of prebiotics on the cell viability, and to determine 
the complementary of prebiotics to bacteriocin-like 
inhibitory substances (BLIS) producing lactic acid 
bacterium, Lactobacillus mindensis CA4.

Materials and Methods 

Sample and culture preparation of Lactobacillus 
mindensis CA4
The prebiotic samples (ripe bambangan (Mangifera 
pajang), noni (Morinda citrifolia), tuhau (Etlingera 
coccinea), torch ginger (Etlingera elatior) and mung 
bean (Vigna radiata) were purchased from a market 
in Kota Kinabalu, Sabah, Malaysia. In prebiotic 
preparation, at first, the ripe bambangan, noni, tuhau 
and torch ginger were cleaned and washed in running 
tap water meanwhile the mung bean was washed 
and soaked in the water. Then, ripe bambangan and 
noni were peeled, and the seed was separated from 
the pulp. Tuhau and torch ginger were peeled and cut 
into small pieces same as the pulp of bambangan and 
noni (Figure 1). Each sample was blended using the 
cooking blender, respectively. The blended samples 
were then cooked at 100 °C with 1:1 ratio of water 
followed by filtering with a muslin cloth to obtain the 
filtrate. The filtrates were stored at 4 ℃ until further 
used.

The LAB used in this study is BLIS-producing lactic 
acid bacterium, Lactobacillus mindensis CA4 isolated 
from cow milk according to our published work in 
Kasimin et al. (2020). The stock culture of L. mindensis 
CA4, containing MRS medium added with 20% (v/v) 
glycerol (BDH Laboratory Supplies, Poole, England) 
was prepared and maintained at -80 ℃. Prior to use 
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in the experiment, the frozen stock was thawed and 
streaked into MRS agar plates and grown at 37 °C. 
A single colony of L. mindensis CA4 was inoculated 
onto MRS broth medium and incubated at 37 °C 
for 16 h. The culture was then sub-cultured in fresh 
MRS broth medium and grown until the mid- or 
late exponential growth phase (16–18 h) was reached 
(OD600 of 1.5–3.5).

Figure 1: Plant-based prebiotic. (a) Bambangan fruit; (b) 
Bambangan pulp; (c) Noni fruit (d) Noni pulp; (e-f ) Tuhau; (g-h) 
Torch ginger; (i) Mung bean; (j) Filtrate of prebiotic.

Incorporation of prebiotics into the culture media
The broth media was prepared according to the 
method suggested by Hernandez-Hernandez et al. 
(2012) with slight modifications. The glucose-free 
MRS medium consists of peptone (10 g/L), beef 
extract (10 g/L), yeast extract (5 g/L), ammonium 
citrate (2 g/L), sodium acetate (5 g/L), magnesium 
sulphate (0.10 g/L), manganese sulphate (0.05 g/L), 
dipotassium hydrogen phosphate (2 g/L), and Tween 
80 (polysorbate 80) (1 g/L). The filtrate prebiotic was 
supplemented into the glucose-free MRS medium 
at different concentrations of 0.5, 1.0, 1.5, 2.0, and 
2.5% (v/v). After that, the mixture of media and 
prebiotic was sterilized by autoclaving at 121 °C (15 
lbs pressure) for 15 minutes.

Batch culture fermentations 
The in vitro batch fermentation was conducted 
according to Pérez-Burillo et al. (2021). About 100 
mL of the sterile prebiotic-incorporated medium at 
various concentrations were transferred into 250 mL 

Erlenmeyer flasks, respectively. About 1 % (v/v) of the 
active culture was inoculated into the incorporated 
media. Two controls which are commercial MRS 
medium and glucose-free MRS medium were 
prepared and inoculated with the active culture. The 
cultures were then incubated at 37 °C in a horizontal 
shaker (B. Braun Biotech International, Melsungen, 
Germany) and agitated at 100 rpm for 48 h.

Analytical procedures 
Cell viability assessment: During the fermentation, 
samples were withdrawn at 0, 24, and 48 h intervals 
and prepared for analysis. The changes in culture pH 
were measured using a pH meter (Mettler-Toledo, 
Switzerland). Viable cell count was reported as 
colony-forming units (CFU/mL) using the spread 
plate method according to Jawan et al. (2021). Briefly, 
decimal serial dilutions ranging from 101 to 109 of 
each suspension in 100 mM sodium phosphate buffer 
(pH 6.5) were spread evenly on the surface of MRS 
agar plates in triplicates. After incubation at 37 °C 
for 24 h, the number of viable cells was determined 
according to Equation 1. 

In titratable acidity analysis, about 10 mL of fermented 
sample was taken and added into beaker. Then, 3-5 
drops of methyl were added and stirred. Methyl is an 
indicator where it is in an acidic solution, it appears red, 
but turns yellow when the solution becomes neutral 
or basic. Next, 0.1 M Sodium hydroxide (NaOH) was 
added drop by drop until the solution starts to turn 
yellowish using burette graduated in millilitres (mL). 
Then, the amount of NaOH used for the titration was 
noted. The titratable acidity was calculated based on 
Equation 2.

Lactic acid concentration (%) 

Statistical analysis 
The data were subjected to one-way analysis of 
variance (ANOVA) by IBM SPSS Statistic Software 
and the significance of the difference between means 
was determined by Duncan’s multiple range test (p 
< 0.05). Values were expressed as means of triplicate 
determinants ± standard deviation (SD).
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Results and Discussion

Growth compatibility of lactobacillus mindensis CA4 in 
different types of prebiotics
The initial viable cell count before fermentation are 
summarized in Table 1. In this study, the growth 
compatibility of Lactobacillus mindensis CA4 in 
glucose-free MRS medium supplemented with 
various types of prebiotics was assessed. The viable 
count of L. mindensis CA4 in medium supplemented 
with bambangan and tuhau was slightly higher than in 
controls and other medium-supplemented prebiotics. 
Medium supplemented with bambangan and tuhau 
give 1.07 × 107 and 1.02 × 107 CFU/mL, respectively. 
In terms of pH value, all treatments recorded pH at 
the range of 5.78 – 6.20. The pH reading for medium 
supplemented with bambangan and noni were slightly 
lower than other media, which are 5.79 and 5.78, 
respectively. The diversity of pH values according to 
the type of fruit-based prebiotic was also observed in 
the study of Dalu et al. (2019).

Table 1: Cell viability of Lactobacillus mindensis CA4 
growth in various types of prebiotics at concentration of 
2% (v/v) before fermentation.
Prebiotic pH Viable cell

CFU/mL (Mean ± SD)
MRS (Control) 6.20 ± 0.01 8.17 × 106 ± 0.76 defg

Glucose-free MRS 
(Control)

6.14 ± 0.01 5.83 × 106 ± 0.76 h

Bambangan 5.79 ± 0.01 1.07 × 107 ± 0.08 abc

Noni 5.78 ± 0.01 8.83 × 106± 1.04 cdef

Tuhau 6.09 ± 0.01 1.02 × 107 ± 0.08 abc

Torch ginger 6.06 ± 0.01 8.83 × 106 ± 0.76 cdef

Mung bean 6.12 ± 0.01 9.67 ×106 ± 0.76 bcd

Note: All values are expressed as means±standard deviation in 
triplicate. Data followed by the same letters are not significantly 
different (p<0.05) according to Duncan’s multiple range test to evaluate 
the effect of investigated parameters. S.D: standard deviation.

Table 2 illustrates the average readings of viable cells 
count of L. mindensis CA4 at 24 h of incubation 
time. Among the treatments, mung bean showed the 
highest viable cells count followed by noni, tuhau, 
torch ginger, and bambangan gives the lowest value. 
Treatment with mung bean was 1.36 and 2.85 times 
higher as compared to MRS and glucose-free MRS 
medium, respectively. Prebiotics are made up of 
different oligosaccharides in various concentrations. It 
was reported that mung beans contain high resistant 
starch and soybean-oligosaccharide such as raffinose 

and stachyose (Tang et al., 2014). Whereas noni 
fruit has pectin polysacharrides compound such as 
arabinose, galactose, galacturonic acid and rhamnose 
(Bui et al., 2006); tuhau and torch ginger reported 
consist of carbohydrate and high dietary phenolic 
such as flavonoids and phenolics (Prabawati et al., 
2021); and bambangan fruit pulp consists of fructo-
oligosaccharides and majority of monosaccharides 
components (mannose, arabinose, glucose, and 
fructose) as reported by Tangah et al. (2017). The 
ability of polyphenols to influence the gut microbiota 
has been demonstrated to have favourable benefits 
(Serra et al., 2018) and several research had been 
highlighting polyphenols potential as a candidate 
prebiotic.

Table 2: Cell viability of Lactobacillus mindensis CA4 
growth in various types of prebiotics at concentration of 
2% (v/v) after 24 h of incubation.
Prebiotic pH Viable cell

CFU/mL (Mean ± SD)
MRS (Control) 4.53 ± 0.01 7.00 × 108± 0.50 efghi

Glucose-free MRS 
(Control)

5.75 ± 0.01 3.33 × 108± 0.58 l

Bambangan 5.62 ± 0.01 5.17 × 108± 1.52 ijkl

Noni 5.70 ± 0.01 8.67 × 108± 2.47 bcdef

Tuhau 5.69 ± 0.01 6.83 × 108 ± 0.76 fghi

Torch ginger 5.68 ± 0.01 5.50 × 108± 0.50 hijk

Mung bean 5.70 ± 0.01 9.50 × 108 ± 0.50 bc

Note: All values are expressed as means±standard deviation in 
triplicate. Data followed by the same letters are not significantly 
different (p<0.05) according to Duncan’s multiple range test to evaluate 
the effect of investigated parameters. S.D: standard deviation.

Table 3: Cell viability of Lactobacillus mindensis CA4 
growth in various types of prebiotics at concentration of 
2% (v/v) after 48 h of incubation.
Prebiotic pH Viable cell

CFU/mL (Mean ± SD)
MRS (Control) 3.82 ± 0.01 3.50 × 107± 0.50 fg

Glucose-free MRS 
(Control)

5.80 ± 0.01 -

Bambangan 5.75 ± 0.01 8.17 × 107 ± 0.76 c

Noni 5.80 ± 0.01 2.55 × 108± 0.13 a

Tuhau 5.74 ± 0.01 3.67 × 107± 0.76 fg

Torch ginger 5.76 ± 0.01 -
Mung bean 5.55 ± 0.01 -

Note: All values are expressed as means±standard deviation in 
triplicate. Data followed by the same letters are not significantly 
different (p<0.05) according to Duncan’s multiple range test to evaluate 
the effect of investigated parameters. S.D: standard deviation.
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Table 3 shows the viable cell count of L. mindensis 
CA4 after 48 h of incubation. Generally, the viable cell 
count in all treatments showed a decreasing pattern 
compared to 24 h. There was no viable count recorded 
in glucose-free MRS (control), torch ginger, and mung 
bean. Medium supplemented with noni exhibited 
the highest viable cell count followed by bambangan 
and tuhau. As for pH values, only MRS (control) 
medium and medium supplemented with mung bean 
continue to decrease from 24 h to 48 h incubation. 
The reduction in pH was caused by organic acids such 
as lactic acid produced by LAB during fermentation 
as a result of metabolism through glycolytic pathway 
(Laosee et al., 2022).

The viable cell count in the medium supplemented 
with noni multiplied from 8.83 x 106 CFU/mL to 8.67 
x 108 CFU/mL within 24 h, and constantly survives 
at 48 h with reasonable value (2.55 x 108 CFU/mL). 
This result was supported by Wang et al. (2009) where 
they studied the feasibility of noni fruit to produce 
probiotic noni juice by L. casei, L. plantarum and B. 
longum. All the tested strains grew faster and nearly 
reached 109 CFU/mL within 48 h and decreased 
slowly afterward. Besides that, Chaudhary et al. (2019) 
also showed that L. plantarum and P. acidilactici grew 
well in noni juice and mulberry juice within 48 h 
fermentation in their study of feasibility of noni and 
mulberry as a raw substrate to produce probiotic noni 
and mulberry juice by lactic acid bacteria. As noni 
consist of abundance pectin polysaccharides, pectin 
polysaccharides molecules specifically compost of 
homogalacturonan (HG) or α-1, 4-linked units of 
d-galacturonic acid (GalA); rhamnogalacturonan 
I (RGI), containing repeating units of α-(1,4)-
galacturonosyl and α-(1,2)-rhamnosyl with arabinan/
galactan side chains; and rhamnogalacturonan II 
(RGII) substituted with various monosaccharides. 
Pectins or pectic oligosacharrides (POS) always 
been referred as one of highly potential prebiotic 
and currently being investigate further (Gomez et al., 
2014). Pectin-containing matrices for encapsulation 
of Lactobacillus and Bifidobacterium have been used 
in several research to promote bacterial survival in 
intestinal environments. According to Chaluvadi et al. 
(2012), when compared to alginate alone, symbiotic 
matrices supplemented with POS exhibited a greater 
protective effect on B. breve, L. acidophilus, and L. 
reuteri. Meanwhile, Khorasani and Shojaosadati 
(2016) revealed a pectin-based formulation that was 
employed to entrap probiotic Bacillus coagulans and 

boost its survival rate in gastrointestinal fluids. 

Although viable cell count in medium supplemented 
with mung bean recorded the highest count (9.50 x 
108 CFU/mL) at 24 h incubation, the bacteria did 
not survive till the end of incubation at 48 h which 
concluded that it was not a potential prebiotic for 
survivability of L. mindensis CA4. This data was 
supported by Wu et al. (2015) where they found 
L. plantarum reached the highest growth at 5 h of 
incubation time and decrease in number of viable 
cells thereafter. The reason of the bacteria grown 
in high population within the time possibility 
due to the prebiotic content of the mung bean. L. 
fermentum and L. plantarum growth were reported to 
be stimulated by 4.95 and 5.25 times, respectively, by 
soybean soluble polysaccharides high in Gal A and 
Ara within 24 h reported by Lin et al. (2020). Wu 
et al. (2015) also demonstrated that the metabolites 
produced by the fermentation process also aided 
the release of angiotensin I-converting enzyme 
(ACE) inhibitory peptides throughout the in vitro 
gastrointestinal digestion process. The protein from 
mung beans is a good source of ACE inhibitory 
peptides. Unfortunately, the ACE inhibitory activity 
only lasts within 5 h. Therefore, noni fruit is the 
most suitable and complementary prebiotic for L. 
mindensis CA4.

Growth compatibility of lactobacillus mindensis CA4 in 
different concentrations of prebiotics
The initial data for viable cell count of Lactobacillus 
mindensis CA4 in glucose-free MRS supplemented 
with prebiotics at various concentrations (0.5, 1.0, 
1.5, 2.0 and 2.5%, v/v) along with MRS and glucose-
free MRS medium as controls are tabulated in Table 
4. The viable cell count in treatment supplemented 
with bambangan and noni increased with increasing 
concentrations. Contrary, the bacterial population 
count in medium supplemented with tuhau and torch 
ginger decreased with increasing concentrations. The 
viable cell count in medium supplemented with mung 
bean increased from concentration of 0.5-1.5% (v/v) 
and then decreased accordingly. The highest viable 
cell count was observed in medium-supplemented 
with bambangan at 2.5% (v/v) while the lowest in 
treatment with Glucose-free MRS. Bambangan 
and noni recorded a pH value at the range of 5.78 – 
5.90, while tuhau, and torch ginger exhibited slightly 
higher pH (6.05–6.13).
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Table 4: Cell viability of Lactobacillus mindensis CA4 
in different types and concentrations of prebiotics before 
incubation.
Prebiotic Concen-

tration  (%, 
v/v)

pH Viable cell
CFU/mL 

(Mean ± SD)
MRS (Control) - 6.20 ± 0.00 8.17 × 106± 0.76 defg

Glucose-free 
MRS (Control)

- 6.14 ± 0.00 5.83 × 106 ± 0.76 h

Bambangan 0.5 5.80 ± 0.00 7.30 × 106± 0.76 fgh

1.0 5.80 ± 0.00 7.67 × 106 ± 0.76 efg

1.5 5.79 ± 0.00 1.00 × 107± 0.05 bc

2.0 5.79 ± 0.00 1.07 × 107 ± 0.08 abc

2.5 5.78 ± 0.00 1.18 × 107 ± 0.13 a

Noni 0.5 5.80 ± 0.00 7.50 × 106± 1.00 fg

1.0 5.80 ± 0.00 7.33 × 106± 0.58 fgh

1.5 5.79 ± 0.00 9.00 × 106± 0.50 cdef

2.0 5.78 ± 0.00 8.83 × 106± 1.04 cdef

2.5 5.78 ± 0.00 9.30 × 106± 1.04 cde

Tuhau 0.5 6.08 ± 0.00 1.02 × 107± 0.08 abc

1.0 6.08 ± 0.00 1.17 × 107± 0.18 ab

1.5 6.09 ± 0.00 1.13 × 107± 0.10 ab

2.0 6.09 ± 0.00 1.02 × 107± 0.08 abc

2.5 6.09 ± 0.00 8.83 × 106± 0.76 cdef

Torch ginger 0.5 6.08 ± 0.00 8.83 × 106± 1.04 cdef

1.0 6.08 ± 0.00 1.02 × 107± 0.08 abc

1.5 6.06 ± 0.00 1.00 × 107± 0.10 bc

2.0 6.06 ± 0.00 8.83 × 106± 0.76 cdef

2.5 6.05 ± 0.00 9.00 × 106± 0.50 cdef

Mung bean 0.5 6.13 ± 0.00 6.83 × 106± 1.61 gh

1.0 6.13 ± 0.00 8.67 × 106± 0.76 cdef

1.5 6.12 ± 0.00 1.00 × 107± 0.05 bc

2.0 6.12 ± 0.00 9.67 × 106± 0.76 bcd

2.5 6.12 ± 0.00 9.30 × 106± 1.04 cde

Note: All values are expressed as means ± standard deviation in 
triplicate. Data followed by the same letters are not significantly 
different (p < 0.05) according to Duncan’s multiple range test 
to evaluate the effect of investigated parameters. S.D: standard 
deviation.

Table 5 shows the viable cell count of L. mindensis CA4 
in glucose-free MRS supplemented with prebiotics 
at various concentrations after 24 h incubation. The 
trend of bacterial population count was similar as 
before fermentation where the viable cells count in 
medium supplemented with bambangan and noni 
significantly increased with increasing concentrations. 
Meanwhile, medium supplemented with tuhau and 
touch ginger decreased in viable cell count with 
increasing concentrations. Inversely on medium 

treatment with mung bean, viable cell count increased 
from concentration of 0.5-1.5% (v/v) then decreased 
accordingly. The best three treatments [1.0 % (v/v) of 
tuhau, 0.5 % (v/v) of torch ginger and 1.5 % (v/v) 
of mung bean] recorded 1.86 times higher of viable 
cell count as compared to commercial MRS medium. 
While bambangan at 0.5% (v/v) and glucose-free 
MRS exhibited the lowest cells population at 3.33 x 
108 CFU/mL.

Table 5: Cell viability of Lactobacillus mindensis CA4 
in different types and concentrations of prebiotics after 24 
h of incubation.
Prebiotic Concen-

tration 
(%, v/v)

pH  Viable cell
CFU/mL (Mean ± 
SD)

MRS (Control) - 4.53 ± 0.01 7.00 × 108± 0.50 efghi

Glucose-free 
MRS (Control)

- 5.75 ± 0.01 3.33 × 108± 0.58 l

Bambangan 0.5 5.68 ± 0.01 3.33 × 108± 0.28 l

1.0 5.68 ± 0.01 3.83 × 108± 0.58 kl

1.5 5.66 ± 0.01 3.83 × 108± 0.76 kl

2.0 5.62 ± 0.01 5.17 × 108± 1.53 ijkl

2.5 5.54 ± 0.01 1.07 × 109± 0.08 b

Noni 0.5 5.82 ± 0.01 4.33 × 108± 1.04 jkl

1.0 5.81 ± 0.01 5.67 × 108± 1.26 hijk

1.5 5.82 ± 0.01 6.00 × 108± 2.00 hij

2.0 5.70 ± 0.01 8.67 × 108± 2.47 bcdef

2.5 5.68 ± 0.01 9.67 × 108± 1.04 bc

Tuhau 0.5 5.71 ± 0.01 6.33 × 108± 1.53 ghij

1.0 5.70 ± 0.01 1.33 × 109± 0.13 a

1.5 5.70 ± 0.01 9.00 × 108± 1.00 bcde

2.0 5.69 ± 0.01 6.83 × 108± 0.76 fghi

2.5 5.68 ± 0.01 5.17 × 108± 0.76 ijkl

Torch ginger 0.5 5.68 ± 0.01 1.32 × 109± 0.08 a

1.0 5.69 ± 0.01 9.33 × 108± 0.76 bcd

1.5 5.68 ± 0.01 8.33 × 108± 1.04 cdefg

2.0 5.68 ± 0.01 5.50 × 108± 0.50 hijk

2.5 5.68 ± 0.01 4.67 × 108± 1.26 jkl

Mung bean 0.5 5.73 ± 0.01 7.33 × 108± 1.04 defgh

1.0 5.73 ± 0.01 7.33 × 108± 0.76 defgh

1.5 5.72 ± 0.01 1.32 × 109± 0.08 a

2.0 5.70 ± 0.01 9.50 × 108± 0.50 bc

2.5 5.70 ± 0.01 8.17 × 108± 0.76 cdefg

Note: All values are expressed as means ± standard deviation in 
triplicate. Data followed by the same letters are not significantly 
different (p < 0.05) according to Duncan’s multiple range test 
to evaluate the effect of investigated parameters. S.D: standard 
deviation.
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Table 6: Cell viability of Lactobacillus mindensis CA4 
on different types and concentrations prebiotic samples 
after 48 h of incubation.
Prebiotic Concen-

tration
 (%, v/v)

pH Viable cell
CFU/mL (Mean±SD)

MRS (Control) - 3.82 ± 0.01 3.50 × 107± 0.50 fg

Glucose-free 
MRS (Control)

- 5.80 ± 0.01 -

Bambangan 0.5 5.85 ± 0.01 6.67 × 106 ± 2.02 d

1.0 5.84 ± 0.01 3.37 × 107± 0.76 fg

1.5 5.82 ± 0.01 3.00 × 107± 0.00 g

2.0 5.75 ± 0.01 8.17 × 107 ± 0.76 c 
2.5 5.64 ± 0.01 3.33 × 107 ± 0.29 fg

Noni 0.5 6.04 ± 0.01 6.00 × 107 ± 2.65 de

1.0 5.95 ± 0.01 1.55 × 108 ± 0.05 b

1.5 5.95 ± 0.01 1.43 × 108 ± 0.03 b 
2.0 5.80 ± 0.01 2.55 × 108 ± 0.13 a

2.5 5.85 ± 0.01 4.33 × 107 ± 1.26 fg

Tuhau 0.5 5.73 ± 0.01 9.17 × 107 ± 1.26 c 
1.0 5.75 ± 0.01 4.67 × 107 ± 0.76 ef

1.5 5.73 ± 0.01 3.67 × 107 ± 0.76 fg

2.0 5.74 ± 0.01 3.67 × 107 ± 0.76 fg 
2.5 5.72 ± 0.01 3.33 × 107± 0.58 fg

Torch ginger 0.5 5.73 ± 0.01 -
1.0 5.75 ± 0.01 -
1.5 5.74 ± 0.01 -
2.0 5.76 ± 0.01 -
2.5 5.74 ± 0.01 -

Mung bean 0.5 5.58 ± 0.01 -
1.0 5.56 ± 0.01 -
1.5 5.55 ± 0.01 -
2.0 5.55 ± 0.01 -
2.5 5.54 ± 0.01 -

Note: All values are expressed as means ± standard deviation in 
triplicate. Data followed by the same letters are not significantly 
different (p < 0.05) according to Duncan’s multiple range test 
to evaluate the effect of investigated parameters. S.D: standard 
deviation.

Phuriyakorn et al. (2019) stated that ethanol 
extracts of Etlingera elatior are high in chlorogenic 
acid based on an in vitro investigation using faecal 
batch culture demonstrating the prebiotic potential 
in improving gut homeostasis. Ghasemzadeh et al. 
(2015) found that the extract of Etlingera spp. from 
Kelantan, Malaysia, contained significant levels of 
phenolic and flavonoid components, contributing to 
its high antioxidant effects. Niyibituronsa et al. (2019) 
reports that fermented soybean products have higher 

antioxidant activity than unfermented ones. Besides 
that, Duh et al. (1997) stated that at a concentration 
of 100 ppm (0.01%) extraction of mung bean hulls 
exhibited stronger antioxidant activity than butylated 
hydroxyanisole on the peroxidation of linoleic acid 
which made them concluded that mung bean is a 
potential source of natural antioxidants owing to 
their marked antioxidant activity. In this study, high 
concentration of prebiotic could lead to inhibitory 
effect to bacterial growth. This study supported 
by Phuriyakorn et al. (2019) showed that the 
extracts of E. elatior did not enhance the growth of 
bifidobacteria and lactobacilli, and the populations 
of harmful bacteria reduced significantly (p<0.05) 
during faecal fermentation. This could be due to E. 
elatior extract that contains phenolic chemicals that 
have antibacterial properties.

Similar as before, Table 6 shows the viable cell count 
of L. mindensis CA4 population in glucose-free MRS 
supplemented with prebiotics samples with various 
concentrations after 48 h of incubation. The viable 
cell count pattern was slightly different than before 
fermentation and 24 h data. The viable cell count 
in 48 h for all treatments demonstrated decreased 
values in comparison to 24 h incubation time except 
for bambangan and noni. Viable cells count in these 
two treatments show an increased trend along with 
increasing concentrations (0.5 – 2.0, v/v). In medium 
supplemented with tuhau, the viable cell count 
decreased along with increasing concentrations. 
Whereas there were no viable cells observed in 
medium supplemented with torch ginger and mung 
bean as well as in glucose-free MRS. The highest 
viable cell count was observed in 2% (v/v) noni and 
lowest was in 0.5% (v/v) bambangan.

Titratable acidity of prebiotics medium by Lactobacillus 
mindensis CA4
Table 7 shows the lactic acid concentration (LAC) 
(%) in medium supplemented with prebiotics at 
various concentrations before and after fermentation 
along with MRS and glucose-free MRS as 
controls. The LAC before and after fermentation 
was significantly different between all treatments. 
However, there is no significant difference of LAC 
between the concentrations for all treatments after 
the fermentation except for bambangan and mung 
bean. LAC was increased in medium supplemented 
of bambangan, noni and mung bean with increasing 
concentrations (0.5-2.5%, v/v). MRS resulted in the 
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highest LAC whereas glucose-free MRS gave the 
lowest value. Among the prebiotics, treatment with 
0.5% (v/v) of bambangan and noni were the lowest 
and treatment with 2.5% (v/v) of mung bean was the 
highest.

Table 7: The lactic acid concentration (%) of prebiotic 
sources before and after 48 h of fermentation.
Prebiotic Concen-

tration 
(%, v/v)

Lactic acid concentration (%±SD)
Before fermen-
tation (0 h)

After fermenta-
tion (48 h)

MRS (Control) - 0.000 2.224 ± 0.045 a

Glucose-free 
MRS (Control)

- 0.000 0.123 ± 0.098 p

Bambangan 0.5

0.009

0.240 ± 0.052 o

1.0 0.270 ± 0.000 o

1.5 0.420 ± 0.052 lmn

2.0 0.480 ± 0.052 jkl

2.5 0.841 ± 0.052 e

Noni 0.5

0.009

0.240 ± 0.052 o

1.0 0.390 ± 0.052 mn

1.5 0.360 ± 0.000 n

2.0 0.450 ± 0.000 klm

2.5 0.420 ± 0.052 lmn

Tuhau 0.5

0.000

0.510 ± 0.052 ijk

1.0 0.540 ± 0.000 ghi

1.5 0.600 ± 0.053 fg

2.0 0.570 ± 0.053 fgh

2.5 0.631 ± 0.000 f

Torch ginger 0.5

0.000

0.540 ± 0.000 ghi

1.0 0.570 ± 0.053 fgh

1.5 0.631 ± 0.000 f

2.0 0.570 ± 0.053 fgh

2.5 0.600 ± 0.053 fg

Mung bean 0.5

0.000

0.894 ± 0.012 de

1.0 0.961 ± 0.052 cd

1.5 0.991 ± 0.000 c

2.0 1.021 ± 0.052 c

2.5 1.111 ± 0.052 b

Note: All values are expressed as means ± standard deviation in 
triplicate. Data followed by the same letters are not significantly 
different (p < 0.05) according to Duncan’s multiple range test 
to evaluate the effect of investigated parameters. S.D: standard 
deviation.

Extending the growing period to more than 24 
h did not result in a substantial increase in the 
number of viable bacteria cells. Sugar metabolism 
was characterised by the uptake of glucose during 
the fermentation of the medium enriched with 

prebiotics, but the fermented medium maintained the 
sugars when acidification began. According to Rault 
et al. (2009), such high pH values were compatible 
with high cellular viability and acidification activity. 
Combining these data, it is possible to conclude 
that cellular viability and membrane integrity are 
only maintained at high levels when the pH is kept 
high, as in pH 5 cultures. On the contrary, when a 
low pH gradient was recorded, the cells viability and 
membrane integrity were disturbed. This study also 
could support the reason of dead bacterial population 
in medium supplemented with mung bean where its 
pH reading continued to decrease from 24 h to 48 
h incubation. But the others were adjusted to their 
own optimal pH, involving slight increase in pH to 
maintain cell viability.

With an increase in concentration, a greater amount 
of lactic acid was required to lower the acidity to 
the same pH level as indicated by greater titratable 
acidity during the fermentation process. This was 
shown in Table 7 where LAC significantly increased 
in medium supplemented of bambangan, noni and 
mung bean with increasing concentrations (0.5-
2.5%). However, this concept did not apply to LAC of 
medium supplemented with tuhau and torch ginger 
where the LAC has no significant difference from 
each concentration. Furthermore, the concentration 
of tuhau and torch ginger prebiotic did not affect the 
pH value and there was also no significant difference 
seen between pH under different concentration 
within 24 to 48 h (Tables 5 and 6). Next, there is 
a significant difference between LAC before and 
after fermentation time in all treatments (Table 
7). This proves that production of lactic acid did 
not occur before fermentation and only happened 
after incubation time (48 h). In addition, anaerobic 
fermentation increases the concentration of lactic 
acid in the medium sample. The increase of lactic acid 
then causes a decrease of pH cells. The MRS medium 
produced the highest level of lactic acid (Table 7) 
and the lowest pH value (Table 6). Previous findings 
pointed out, however, that the titratable acidity-pH 
relationship is not constant under all conditions and 
can be altered by things like organism type, initial 
apparent acidity, and buffer capabilities (Ratzke and 
Gore, 2018; Wilkowske, 1954).

Conclusion and Recommendations

The most preferred prebiotic for Lactobacillus 



2024 | Special issue 1 | Page 138

Sarhad Journal of Agriculture
mindensis CA4 was determined to be noni fruit due 
to constant leading in the viable cell count up until 
48 h of fermentation. The viable cells count in the 
glucose-free MRS medium supplemented with noni 
was recorded at 2.55 x 108 CFU/mL after 48 h of 
fermentation. Moreover, in the effect of concentration 
of prebiotics towards the growth of L. mindensis 
CA4, different types of prebiotics exhibited diverse 
patterns throughout the 48 h of incubation time. The 
number of viable cells in medium supplemented with 
bambangan, noni, and mung bean were increased 
with increasing concentrations while tuhau and torch 
ginger demonstrated an opposite trend. Contrary, 
on medium treatment with mung bean the bacterial 
population increased from concentration of 0.5-
1.5% (v/v) then decreased accordingly. The result 
demonstrated that the types and concentrations of 
prebiotics influence the bacterial growth population. 
More in-depth studies such as screening more 
prebiotics, genomic and metabolic analysis, and 
optimization of the fermentation culture conditions 
are needed in the following work.
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