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ABSTRACT

Lactic acid bacteria (LAB), such as Pediococcus pentosaceus, play a crucial role in the fermentation of a wide
range of food products utilizing carbohydrates as their primary carbon source. This study focused on enhancing
acid production by P. pentosaceus through the use of various sugars as substrates. Fermentation was carried out
using glucose, lactose, sucrose, and maltose, each at a concentration of 1%. The resulting acid production was
measured by titration with 0.1 M NaOH and reported as a percentage of acid content. Statistical analysis, one-way
ANOVA, p=<0.05 analysis, Tukey’s test — indicated that lactose produced a significantly higher acid content com-
pared to the other substrates. Optimization of fermentation parameters—including substrate concentration (1%,
3%, 5%, 7%, 9%, 11%, 13%), incubation temperature (10 °C, 30 °C, 37 °C, 44 °C, 60 °C), time (1 day, 2 days, 3
days, 4 days, 5 days, 6 days), NaCl concentration (0%, 0.1% , 0.3%, 0.5%, 0.7%, 0.9%) and pH (3, 4, 5, 6, 7, 8)—
was performed using a one-factor-at-a-time approach. The optimal conditions for acid production were determined
as 5% lactose, incubation at 37 °C for 48 hours, with 0.7% NaCl and a pH of 6. Under these conditions, acid
production increased by 2.15 - fold compared to the initial values. This study emphasizes lactose as the most ef-
fective substrate for acid production by P. pentosaceus and determines the optimal fermentation conditions to en-
hance acid yield. These findings have the potential to advance the industrial utilization of P. pentosaceus in the
food and fermentation sectors.
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1. INTRODUCTION
the type of carbohydrate used, fermentation con-
ditions, and the specific metabolic pathways of

Lactic acid bacteria (LAB), such as Pediococcus
pentosaceus, are essential microorganisms used
in the fermentation of a wide variety of food
products, including dairy, meat, and bakery
items. These bacteria primarily derive energy
through the fermentation of carbohydrates, pro-
ducing organic acids as key metabolic by-prod-
ucts

the microorganisms involved B} The common
end products of bacterial fermentation include
lactic acid, formic acid, acetic acid, butyric acid,
acetone, ethyl alcohol, carbon dioxide and hydro-
gen 4

While LAB can ferment various sugars like glu-

The genus Pediococcus is a gram positive, cata-
lase-negative, facultatively aerobic and homofer-
mentative cocci species that produces lactic acid
as the major end product of glucose fermentation
(2 The efficiency of acid production depends on
several factors, including

cose, lactose, sucrose and maltose, the optimal
conditions for maximizing acid production are
not always well-defined. Understanding and op-
timizing these conditions is crucial for improving
the yield of fermented products and enhancing in-
dustrial applications.
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This study investigates the fermentation of differ-
ent carbohydrates by Pediococcus pentosaceus,
aiming to identify the most suitable substrate and
optimize fermentation conditions for enhanced
acid production. The findings are expected to sig-
nificantly contribute to the development of more
efficient fermentation strategies and broaden the
industrial applications of LAB in food processing
and biotechnology.

2. MATERIALS AND METHODOLOGY

2.1 Bacterial subculturing

Lactic acid bacteria were obtained from the cul-
ture collections (Stored at 4 °C) in the Depart-
ment of Botany, University of Jaffna, and
streaked on a nutrient agar plate with 2% of lac-
tose under aseptic conditions and incubated at 37
°C for 24 - 48 hours to obtain young cultures.

2.2 Identification of lactic acid bacteria

The lactic acid bacterium was subjected to Sanger
DNA sequencing for molecular identification.
The obtained nucleotide sequence was analyzed
and compared with sequences available in the
NCBI database using homology search tools.
Based on the molecular sequence analysis and the
high similarity observed with reference se-
quences, the isolate was identified as Pediococ-
cus pentosaceus.

2.3 Standardization of lactic acid bacteria

Sterile saline solution (0.85%) was prepared.
Bacterial culture was inoculated into a saline so-
lution using a sterile inoculating loop. Then the
inoculum was standardized using 0.5M Mc Far-
land reagent.

2.4 Preparation of fermentation broth

Bacteriological peptone (1%) and NaCl (0.5%)
were dissolved in 100 mL of distilled water and
dispensed into a 100 mL conical flask. Fermenta-
tion broths were prepared using 1% of substrate
such as glucose, lactose, sucrose and maltose.
The conical flasks were plugged using cotton
wool and autoclaved at 121 °C at 15 Ibs / inch?
for 15-20 minutes.
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2.5 Inoculation of lactic acid bacteria

1 mL of standardized bacterial inoculum was
transferred into fermentation broths separately by
using a sterile pipette and allowed to incubate at
37 °C for 24 - 48 hours.

2.6 Determination of acid production.

After the incubation, 25 mL of each fermentation
broth with 3-5 drops of Phenolphthalein indicator
was titrated against 0.1 M NaOH solution until
the color of the solution turned pink. Each titra-
tion was repeated three times. The percentage of
acid was calculated by using the following for-
mula,

R= {V(mr) X C(mr) x MW x F x 100}
R =% of lactic acid
Vi = total volume of titrant needed to reach

the endpoint in mL

Cuiry = Concentration of titrant

MW = Molecular weight of Lactic acid
(90.08 g/mol)

F = dilution factor

W samp) = sample amount in either gram or mL

2.7 Selection of the sugar that produced sig-
nificantly higher acid

The following statistical analyses were per-
formed to determine the sugar type that produced
a significantly higher acid content.

a. One-way ANOVA
b. Significance testing at p <0.05
c. Tukey’s post-hoc test

2.8 Optimization of acid production

Lactose was selected as the most suitable sub-
strate for acid production by Pediococcus pento-
saceus due to its ability to yield significantly
higher acid content. Optimization of acid produc-
tion was conducted using a one-factor-at-a-time
approach to evaluate the effects of various param-
eters. To study the effect of substrate concentra-
tion, fermentation broths containing lactose at
concentrations of 1, 3, 5,7, 9, 11, and 13 g/100
mL were prepared,
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autoclaved at 121 °C under 15 Ibs/in? pressure for
15-20 minutes, cooled, inoculated with 1 mL of
standardized bacterial culture, and incubated at
37°C for one day. Acid production was quantified
using a standard titration method. To evaluate the
effect of incubation temperature, fermentation
broths with 5% lactose were prepared similarly
and incubated at 10 °C, 20 °C, 37 °C, 44 °C, and
60 °C for one day. For the effect of the incubation
period, 5% lactose broths were inoculated and in-
cubated at 37 °C for 1 to 5 days, with acid pro-
duction measured daily. The effect of NaCl con-
centration was studied using broths containing
5% lactose and varying NaCl concentrations (0%,
0.1%, 0.3%, 0.5%, 0.7%, and 0.9%), following
incubation at 37°C for 2 days, where optimum
acid production was observed. Lastly, to assess
the influence of pH, broths with 5% lactose and
0.3% NaCl were adjusted to pH 4, 5, 6, 7, and 8
before sterilization, inoculation, and incubation at
37 °C for 2 days. In all experiments, acid produc-
tion was measured using the standard titration
method. All titrations were conducted in triplicate
to ensure accuracy and reproducibility. One-way
ANOVA, p < 0.05 analysis and Tukey’s test sta-
tistical analyses were performed for each tested
parameter.

3. RESULTS AND DISCUSSION

3.1 Different sugar fermentation and acid
production by Pediococcus pentosaceus
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Figure 1. Acid content (%) in different sugar fermen-
tation by Pediococcus pentosaceus. Different letters
(a,b,c) denote a significant difference between the
mean values.

Pediococcus pentosaceus can ferment various
carbohydrates including glucose, lactose, maltose
and sucrose. All the carbohydrates produced
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considerable amount of acid. Based on the statis-
tical analysis, there was a significant difference in
acid production among the four different sub-
strates. Lactose produced a significantly high
level of acid content (0.2006%) whereas maltose
produced a significantly lower amount of acid
content (0.1270%). Based on Turkey’s method
for multiple comparisons with a 95% confidence
interval, it indicated that glucose and sucrose be-
long to the same group. There was no significant
difference in acid production among glucose and
sucrose. In lactose and maltose, there was a sig-
nificant different in the production of acids.
Sucrose had the largest standard deviation
(8=0.0045%). Therefore, the distribution is larger
and the data more variable than the mean. Lactose
and glucose had the smallest standard deviation
(S= 0.0035%). It indicates the low distribution
and the data are clumped around the mean. As
lactose produced highest amount of acid content,
it was selected as the substrate for optimization.

3.2 Optimization of the production of acids

3.2.1 Effect of substrate concentration on acid

production
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Figure 2. Effect of Lactose concentration on acid pro-
duction of Pediococcus pentosaceus. Different letters
(a,b,c,d,e) denote a significant difference between the
mean values.

In Pediococcus pentosaceus, the highest acid
content was obtained at 5% of lactose (0.4760%).
The acid concentration was increased from 1% to
5% lactose concentration (W/V) and then it was
slightly decreased. Based on the one-way
ANOVA (p < 0.05), there was a significant dif-
ference in acid production among the different
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lactose concentrations. As indicated by Tukey’s
test, 5 g/100 mL lactose produced the highest acid
content among the tested concentrations, which
was selected for further studies.

When the lactose concentration is low, the reac-
tion rate increases proportionally with increasing
lactose concentration. When the concentration of
substrate reaches the optimum level, the enzyme
becomes saturated with substrate, which prevents
further increase of acid production and results in
a slight reduction of acid production due to os-
motic stress. The excess substrate can create 0s-
motic imbalances, making it difficult for micro-
organisms to function effectively 1"

3.2.2 Effect of incubation temperature on acid
production

0.7 -
0.6 -
05
04 -
03
02

0.1 4

Mean acid percentage (%)

20 37 44

Incubation temperature (°C)

60

Figure 3. Effect of incubation temperature on acid pro-
duction of Pediococcus pentosaceus. Different letters
(a,b,c,d) denote a significant difference between the
mean values. (Optimized lactose concentration — 5
g/ 100 mL)

Pediococcus pentosaceus showed significantly
higher acid content (0.5786%) at 37 °C than at the
other tested temperatures. Acid production in-
creased as the temperature rose from 10 °C to 37
°C, but declined beyond 37 °C. This trend reflects
the general principle that metabolic reaction rates
are accelerated with increasing temperature up to
an optimal point, after which they decrease due to
thermal inhibition of enzymatic activity. Ex-
tremely high temperatures can denature an en-
zyme, causing it to lose its form and cease to
function (¢!

Temperature is also one of the important factors,
influences the activity of metabolic cell enzymes,
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with each enzyme exhibiting maximum activity
at its optimum temperature. In a previous study
investigating '°! the optimum temperature for lac-
tic acid production, whey was incorporated into
the medium and the inoculated cultures were in-
cubated at temperatures ranging from 25 to 50 °C.
Lactic acid production increased significantly
from 25 °C to 37 °C, reaching a maximum of 43.6
g/L at 37 °C. However, production declined to
34.2 g/LL at 45 °C and further decreased to 20.2
g/L at 50 °C. At the optimum temperature, enzy-
matic reactions achieve their maximum velocity,
whereas temperatures below or above this point
slow the reaction rate, thereby affecting the over-
all cellular metabolic processes [

In this study, acid production increased as the
temperature rose from 10 to 37 °C, with the max-
imum yield observed at 37 °C using 5% lactose.
Beyond this point, acid production declined,
reaching its lowest level at 60 °C. Therefore, 37
°C was selected as the optimal temperature for
further optimization.

3.2.3 Effect of incubation time on acid produc-
tion

2 s 4 s
Incubation time (Days)

Figure 4. Effect of incubation time on acid production

pentosaceus. Different letters

(a,b,c,d,e) denote a significant difference between the

mean values.

of Pediococcus

Incubation time is a key factor influencing bacte-
rial metabolic activity "} The highest acid content
(0.6193%) was achieved by Pediococcus pento-
saceus after 2 days of incubation at 37 °C with
5% lactose. One-way ANOVA (p < 0.05) re-
vealed a significant difference in acid production
among the different incubation periods. Acid
content increased up to 2 days with 5% lactose,
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after which it declined with further extension of
incubation time. This is due to the growth of the
culture entering to the stationary phase and, as a
consequence, slowing down the metabolic activ-
ity of bacteria. Based on the results, two days in-
cubation period was chosen for further optimiza-
tion studies.

Incubation time has a significant impact on lactic
acid production, with variations in duration di-
rectly affecting the acid production. Generally,
extending the incubation period increases lactic
acid yield as it allows more time for lactic acid
bacteria to convert sugars, like lactose, into lactic
acid. However, excessive incubation can lead to
a decline in lactic acid production due to nutrient
depletion and the accumulation of metabolic by-
products, which inhibit the metabolic activity of
bacteria ()

An earlier study '), evaluated the influence of in-
cubation time on the physicochemical and micro-
bial properties of yoghurt formulated with three
starter cultures—Lactobacillus acidophilus, Lac-
tobacillus bulgaricus, and Streptococcus ther-
mophilus—and stabilized with taro (Colocasia
esculenta) starch. The findings demonstrated that
a 36-hour incubation period resulted in optimal
yoghurt quality when using these cultures in com-
bination with locally sourced taro starch from In-
donesia ¥}

3.2.4 Effect of NaCl concentration on acid pro-
duction

In Pediococcus pentosaceus, NaCl concentration
of 0.7% produced the highest acid content
(0.6286%) when cultured with 5% lactose at 37
°C for 2 days. One-way ANOVA (p < 0.05) re-
vealed a significant difference in acid production
among the tested NaCl concentrations. Accord-
ing to Tukey’s test, 0.7 g/100 mL NaCl was se-
lected for further studies, as it yielded the highest
mean value compared to 0.5 g/100 mL.

The physicochemical characteristics and quality
of spontaneously fermented cabbage (Brassica
oleracea L.) were evaluated at five NaCl concen-
trations (1.0%, 2%, 3%, 4%, and 5% w/w), with
0% (w/w) NaCl serving as the control, over a
four-week storage period.
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Figure 5. Effect of NaCl concentration on acid produc-
tion of Pediococcus pentosaceus. Different alphabets
(a,b,c,d) denote significant difference between the
mean values.

At the end of the study, microbiological analysis
and sensory evaluation revealed that treatments
with 2-3% NaCl exhibited significantly higher
overall acceptability in terms of color, aroma, and
taste

3.2.5 Effect of pH on acid production

In Pediococcus pentosaceus, the highest acid
content (0.6310%) was observed at pH 6 with 5%
of lactose and 0.7% of NaCl incubated at 37 °C
for 2 days, after which it began to decline. This
indicates that the optimal pH for acid production
is species dependent.

One-way ANOVA (p < 0.05) revealed a signifi-
cant difference in acid production among the
tested pHs. An earlier study investigated the ef-
fect of pH on lactic acid (LA) production from
food waste (FW) using three anaerobic inocula
and a control containing only FW. The optimal
condition for LA production was observed at pH
< 4. Another study confirmed that reactor pH is a
critical factor in promoting lactic acid fermenta-
tion and its accumulation. Under acidic condi-
tions, LA accumulated rather than being con-
verted to volatile fatty acids (VFAs), due to inhi-
bition of the microbial community responsible
for VFA production (1%

Effect of acidic pH (4, 5, 6 and uncontrolled) on
lactic acid (LA) fermentation from food waste
was investigated by batch fermentation experi-
ments using methanogenic sludge, fresh food
waste and anaerobic activated sludge as inocula.
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Results showed that due to the increase of hydrol-
ysis, substrate degradation rate and enzyme activ-
ity, the optimal LA concentration and yield were
obtained at pH 5 !
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Figure 6. Effect of pH on acid production of Pediococ-
cus pentosaceus. Different letters (a,b,c,d) denote a
significant difference between the mean values.

In bio-wastes, pH adjustment had a significant ef-
fect on lactic acid production (p < 0.01). The im-
pact of pH regulation without the addition of ex-
ogenous strains was examined, and results indi-
cated that adjusting the pH at the onset of fermen-
tation could sustain high lactic acid production
(16.59 £ 0.4 g/L), suggesting that indigenous mi-
croorganisms are favored at a pH of 6.2 12

4. CONCLUSION

Glucose, lactose, maltose and sucrose produced a
significant amount of acid during the fermenta-
tion. The highest acid content (0.2006%) was ob-
tained using lactose as a substrate by Pediococcus
pentosaceus. The optimal conditions for the acid
production (0.6310%) by P. pentosaceus were
obtained as 5% Lactose as substrate, incubation
at 37°C for 48hours with 0.7% NaCl and a pH of
6. After optimization the acid content was in-
creased by 2.15 — fold compared to the initial val-
ues. These findings can contribute to improving
industrial applications of P. pentosaceus in food
and fermentation industries.
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