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ABSTRACT

Objective: The production of pediocin by Pediococcus acidilactici has been studied on a bioreactor in continuous mode. Meat processing waste
(MPW) has been used as a growth medium. Different dilution rate has been attempted in continuous process to maximize the pediocin production.

Methods: The continuous fermentation process was carried out at various dilution rates, ranging from 0.075 h! to 0.15 h-. A mathematical model

has been developed for simulation of the continuous process.

Results: The maximum pediocin activity was observed 2743 AU/ml in continuous cultures at dilution rate of 0.075 h-l. The values of correlation
coefficient (R?) were in the range of 0.94 to 0.98. The predicted model was well validated.

Conclusion: The continuous pediocin production could be possible for large-scale application.
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INTRODUCTION

Bacteriocins are proteinaceous compound produced by lactobacillus
species show inhibition against several micro-organisms [1, 2]. Due to
have antimicrobial activity, bacteriocins can be applied as an effective
bio-preservative on food matrix [1, 3]. Until now, nisin and pediocin are
two non-toxic bacteriocins approved as natural food additive and
generally recognized as safe (GRAS) by food and drug administration
(FDA) [4, 5]. Pediocin produced by Pediococcus strain have wide
spectrum of inhibitory activity towards g-positive food spoiler and
pathogenic bacteria such as Staphylococcus aureus, Listeria
monocytogenes, Enterococcus faecalis, Clostridium perfringens etc. [5, 6].
So, pediocin could be a valuable alternative of chemical preservatives to
fulfill the consumer-friendly demand with regard to health in future.

Batch fermentation has some limitations like substrate and product
inhibition, low productivity, high labor cost involving in start up or
shut down of reactor. The challenges of batch operation must be
overcome through maximum productivity at constant dilution rate
under steady state condition in continuous mode fermentation [7, 8].
In the present work, continuous pediocin production by Pediococcus
acidilactici was studied under controlled pH condition and
temperature at 30 °C using treated MPW growth medium in a
bioreactor. Continuous fermentation process was conducted in
different dilution rate to determine optimum dilution rate for
highest pediocin production. A mathematical model has been
developed for the simulation of continuous bioreactor. The
predicted data has been compared with experimental results for the
validation of mathematical model. The aim of the study is to develop
large scale bioreactor for continuous pediocin production, avoiding
entire difficulties of batch fermentation process.

MATERIALS AND METHODS
Microorganism and inoculum

Pediococcus acidilactici NCIM 2292 (pediocin producer strain) and
indicator organigm for pediocin assay Staphylococcus aureus NCIM
2127 were procured from National Collection of Industrial
Microorganisms (NCIM), National Chemical Laboratory (Pune, India)
in freeze-dried form. Stock cultures were maintained as nutrient agar
slants at 4 °C. S. aureus was cultivated using nutrient broth at 30 °C.
MRS broth was inoculated with 2 % (v/v) culture of P. acidilactici and

incubated for overnight at 30 °C. Then the strain was propagated twice
in MPW broth at 30 °C before use as inoculums. The preparation of
MPW broth has been described in previous work [9].

Pediocin production by continuous fermentation

The fermentation process was carried out in a 5 1 stirred bioreactor
(continuous mode) with working volume of 3 1 having same initial
conditions as in case of batch operation described in previous study [9].
The concentrations of glucose and protein in the feed were 20 g/1 and
12.67 g/], respectively. The pH was continuously monitored. The
experiment was performed at different dilution rates, varying from
0.075 h? to 0.15 hl. The continuous fermentation in the bioreactor was
monitored by collecting samples in both transient and steady-state
conditions and assaying the concentrations of biomass, pediocin, lactic
acid, residual glucose and residual protein as described in previous
article [9]. Each experiment was conducted in triplicate.

Model development

A mathematical model has been developed for continuous bioreactor
system [10, 11] by making overall mass balance for biomass, substrates
(glucose and protein) and products (pediocin and lactic acid). Where, the
incoming feed is sterile. The system is perfectly stirred and hence, the
concentrations of all components in the outlet stream are equal to those
in the reactor. No non ideality is present in the bioreactor. The schematic
of continuous bioreactor is shown in fig. 1.
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Where, V is the reactor volume (L), Q is the effluent flow rate (L/h),
microbial cell concentration is Xi (g/1) in influent and X (g/1) in
effluent stream. y is specific growth rate (h-1).
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Since the feed is sterile, therefore equation (1) reduces to

dx
=2 —(u-D)X
" (4-D)

Where, D is dilution rate (h1).
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Fig. 1: Schematic of continuous fermentation process

Glucose
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where, S1 is concentration of glucose(g/l), S: is glucose

concentration in influent and X/% is yield coefficient of biomass
with respect to glucose.

Protein

ds
% b, -s)- L2
XIS . 4
where, S is protein concentration(g/1), Sz is protein concentration in
influent and Y, is yield coefficient of biomass with respect to protein.
Lacticacid
LA
aA_ -DLA + (aqut + B) X
a6 T (5)

where, LA is lactic acid concentration (g/1), a:is the growth-associated
constant (g-lactic acid g-biomass!) and f: is the non-growth
associated constant (g-lactic acid g-biomass-1h1) for lactic acid.

Pediocin
mn =-DP+(ayu+ )X

where, P is the pediocin activity (AU/ml), a2 is growth-associated
constant (AU mg-biomass?) and f: is the non-growth associated
constant (AU mg-biomass h'1) for pediocin.

Under steady state, time derivatives of all components will be zero
and hence the mass balance equations will reduce to the following:

Biomass

Glucose

Protein

DS, ~$.) L2 =0
XIS ©9)

Lactic acid

~DLA +(au+ B)X,=0 o

Pediocin

=D+ (app+ )X =0

where, subscript s: at steady state
RESULTS AND DISCUSSION

In fig. 2 (a, b and c) the experimental and simulated (equations 2, 5
and 6) values of concentration of biomass, pediocin and lactic acid
respectively are plotted against operating time of 5 1 continuous
stirred type bioreactor on respect of dilution rate (0.075-0.15 h1).
Inlet concentration of glucose and protein were 20 g/l and 12.67 g/1
respectively. Similarly, the fig. 2(d and e) show graphically the both
experimental and simulated (equations 3 and 4) results of glucose
and protein consumption by micro-organisms varying with time.
From the analysis of fig. 2 (a, b, ¢, d and e), it appears that steady
state has been attained at 26, 30, 34 and 38 h continuous operation
owing to dilution rates of 0.075 h, 0.1 h, 0.125 h! and 0.15 h'!
respectively. As shown in fig. 2(b), the highest pediocin activity was
obtained 2743 AU/ml at dilution rate of 0.075 h-l. The values of
correlation coefficient (R?) were in between 0.94 to 0.98
respectively. The agreement between simulated and experimental
results is satisfactory in all cases validating the mathematical model.
It further establishes the applicability of growth kinetics determined
using small scale reactor, also in case of large scale bioreactor. In the
insets of fig. 2 (a, b, ¢, d and e), the steady state concentration of
biomass, pediocin, lactic acid, glucose and protein have been plotted
against dilution rate. The inset fig. clearly reveal that the values of
steady state concentration of products, namely, biomass, pediocin
and lactic acid increase with decrease of dilution rate and in the
contrary, the values of steady state concentration of glucose and
protein show increasing trend with the increase of dilution rate. This
is because of the fact that with increase of dilution rate, there is a
reduction of residence time resulting in decrease in the extent of
utilization of substrates for the conversion to biomass, pediocin and
lactic acid. The value of kinetic parameters has been estimated in
previous article [12].
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Fig. 2: (a), (b), (c), (d) and (e), experimental data of continuous fermentation of P. acidilactici NCIM 2292 on MPW medium: biomass,
pediocin, lactic acid, glucose and protein at dilution rates (D) of 0.075, 0.1, 0.125 and 0.15 respectively. Continuous lines represented
simulated values corresponding to the experimental results (points)
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CONCLUSION

The production of pediocin by Pediococcus acidilactici was studied in
continuous fermentation process using MPW medium. Pediocin was
growth-associated product for continuous cultures. The continuous
fermentation was conducted in varying dilution rate to determine
effective dilution rate for optimal pediocin production. A
mathematical model was developed to describe the bioreactor
performance that could be applicable for industrial production of
pediocin.
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