
Systemic assessment of the effects 
of cultivation ecology on probiotic 
growth kinetics and efficacies

Yenkai Lim1, David McMillan2, Nicolas Pichon3, Stephen Olmstead4,5, Justine
Stehn6, Mark Morrison1*

Introduction

Probiotic supplements and probiotic-
containing foods have been viewed over many
decades as a viable option for persons to use
in pursuit of positive benefit to their digestive
heath.

However, much still needs to be learned
about these bacteria and advancing their use
with more predictive outcomes.

To that end, of particular interest is
whether and how the growth of these bacteria
in large-scale systems for commercial
production can be optimized, whilst ensuring
their capacity to invoke meaningful impacts on
digestive health.

Research objectives

10 well-known probiotic strains were
cultured using either a commercial medium
widely used in the laboratory setting, with a
medium developed for large-scale industrial
fermentations, to investigate the effects of
physicochemical and nutritional ecology on the
kinetics of bacterial growth.

The short-chain fatty acid (SCFA), genomic,
and proteomics profiles were also produced.
Here, we show their variations following
growth in the different media and different
stages of growth, with a specific focus on key
enzymes involved with lactate formation.

Methods

Probiotic strains were propagated using
Schaedler anaerobic agar under anaerobic
conditions

Single colonies were used to inoculate
anaerobic broth cultures of either EZ medium
or the standard De Man, Rogosa and Sharpe
(MRS) medium.
Samples of the cultures were collected at mid-
log and stationary phase based on optical
density (OD600) measurements.

All cultures were done in three biological
and technical replicates.

Results

Discussion
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Figure 1. The growth rate (% per hour) of
the 10 probiotic strains using either EZ (red)
or MRS (blue) medium for growth. Data
shown are the individual and mean (± SD)
measurements from 3 cultures.

Figure 2. The average nucleotide identities
among the probiotic strains shown by either
(a) distance clustering or (b) a numerical
matrix the 10 selected probiotic strains. Prior
to analysis, CheckM was used to confirm the
draft genome assemblies were of high-quality
and GTDB-tk used to confirm their taxonomic
assignment.

Probiotic changes in L-lactic acid production are 
medium-dependent

Table 1. L-lactate concentrations during growth
with EZ and MRS media (expressed as mM/OD600)

Table 2. SWATH-MS signal intensity scores for
L-lactate dehydrogenase

EZ MRS EZ MRS

BLa02 0.47 0.20 *0.0104 1.86 0.62 *<0.0001

LAc01 0.22 2.44 *0.0003 3.70 2.26 *0.0012

LCa02 0.24 2.26 *<0.0001 2.10 1.92 0.0659

LPI01 0.50 1.21 *<0.0001 2.16 1.51 *0.0491

LRh02 0.29 2.21 *0.0003 2.14 1.98 0.0888

Mid-log t -test       

(p -value)

Stationary t -test       

(p -value)

EZ MRS EZ MRS

BLa02 200591 105276 *0.0004 300272 361232 0.5282

LAc01 67156 1025812 *<0.0001 656026 460485 0.2579

LCa02 308554 247553 0.5793 596470 605154 0.8647

LPl01 331670 474234 0.0606 757886 212981 *0.001

LRh02 524872 561103 *0.0232 443503 737656 0.5076

Mid-log t -test       

(p -value)

Stationary t -test       

(p -value)

L-lactate concentrations in the Lactobacillus
cultures were significantly increased with MRS
medium at mid-log phase but tended to be greater
with EZ medium at stationary phase. Interestingly,
the Bifidobacterium cultures showed the opposite
trend (Table 1).

The SWATH-MS analyses suggested that the L-
lactate dehydrogenase levels from cells harvested at
mid-log and stationary phase (Table 2) are consistent
with the trends in L-lactate concentrations.

The GC analysis show acetic acid concentrations
were greater for the Lactobacillus strains at mid-log
phase, when cultured with EZ medium, compared to
MRS medium (data not shown).

With the exception of the LAc strains, EZ medium
in the laboratory setting supported marginally better
growth rates of the 10 probiotic strains examined
here compared to MRS medium (Figure 1). These
differences in calculated growth rates coincided with
the mid-log stage Lactobacillus cultures using EZ
medium containing greater concentrations of acetate
compared to L-lactate. These results may reflect
subtle differences in their preparation for use under
“anaerobic” conditions, as well as nutrient availability
and composition.

The SWATH-MS profile and signal intensity scores
“targeting” L-lactate dehydrogenase were also
consistent with the SCFA profiles following growth
with the different media. More holistic analyses of
the proteomes by SWATH-MS are underway and
expected to provide novel insights into how different
medium preparations affect probiotic strain
expression profiles and/or functionalities.
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