
Growth of Lactobacillus casei
and Propionibacterium jensenii
in Different Glucose Concentration
and Incubation Temperature

S. M. Mohamed Esivan, R. Rashid, A. Jati, and N. A. Zaharudin

Abstract The effects of two different parameters on the growth rate of L. casei and
P. jensenii were discussed in this study. The impacts of glucose concentration 5, 10,
15, 18, 20 g/L) and incubation temperature (30, 35, 37, 40, 42 °C) on the growth of
both microorganisms in co-culture were investigated. The fermentation process was
carried out for seven days in a 500 mL screw-capped bottle with 300 mL sterile MRS
broth. The viable cell counts of bacteria, pH drops, and glucose concentration were
analysed during the incubation period. The findings show that glucose concentration
and incubation temperature had a significant impact on the production of the cell.
The highest specific growth rate of L. casei and P. jensenii are 0.030/h and 0.041/h,
respectively. Based on this study, the most suitable initial glucose concentration and
incubation temperature for the fermentation of L. casei and P. jensenii in co-culture
fermentation are 18 g/L and 37 °C, respectively.
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1 Introduction

Probiotics are feed supplement of live microorganism that will confer beneficial
effects to the host [1, 2]. The U.S. Food and Drug Administration (FDA) refer to
these live microorganisms as direct-fed microbial in animal feeds. This term is suit-
able for animal feed as the definition given a narrower application as microbial-based
feed additives [3]. From the descriptions given by Fuller [1] and FAO/WHO [2], the
live microorganisms must be viable during storage and consumptions. In addition,
the concentration of the direct-fed microbial must be adequate in the range of 7 and
8 log CFU/mL upon consumption [4]. Direct-fed microbial must be non-pathogenic,
technologically suitable for industrial processes, resistant to acid and bile, capable of
producing antimicrobial substances, modulating immune responses, and influential
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to the gut’s activities. However, Applegate et al. [5] stated that the stringent consid-
erations of direct-fed microbial attributes could not be achieved using only a single
strain.

Co-culture is defined by Bader et al. [6] as incubation of anaerobic or aerobic of
different specified microbial strains under aseptic conditions. Co-culture fermenta-
tion offered efficient carbon utilisation in the presence of lignocellulose (substrates)
[7], improved the growth and survival populations, and subsequently increased the
biomass yield [8]. Hence, a co-culture system proposed a satisfactory compromise in
developing direct-fed microbial due to its capability to achieve the desired aspect of
microbiological, technological performance promoting, and registration capabilities
of the strains tested.

Lactobacillus andPropionibacterium are commonly utilised in co-culture fermen-
tation. Both species have found their usage in various co-culture processes with
different microorganisms to produce various substances or products. Lactobacillus
sp., one of the lactic acid bacteria (LAB), is often co-incubated with the microor-
ganisms such as Saccharomyces sp., Bifidobacterium sp., Aspergillus sp., Bacillus
sp., and Propionibacterium sp. Propionibacterium sp., also known as propionic acid
bacteria (PAB), is co-incubated with other species such as Streptococcus sp., Lacto-
coccus sp., Bifidobacterium sp., and Veillonella sp. Both species can be found used
in probiotics production, food and beverages production, microbial chemical and
organic acid production, antimicrobial substances and others such as natural folate
and vitamin B12.

Hugenschmidt et al. [9] reported that the co-cultivation of LAB and PAB species
have a stimulatory effect on the growth rate of the cultures andmetabolic dependency
between two species, as LAB species produce lactate and PAB species use this. This
effect is because lactate is much more preferred than sugars by PAB. Wu et al. [10]
reported that the co-culture fermentation of Bifidobacterium sp. (LAB bacterium)
with Propionibacterium freudenreichii increased the growth and survival of Bifi-
dobacterium sp. To six times compared to its mono-culture growth and survival in
the samemedium. The same result was reported by Ranadheera et al. [11], significant
growth and survival of L. acidophilus co-culture with P. jensenii during storage at
4 °C was observed.

In this study, a co-culture fermentation of L. casei and P. jensenii was carried
out at various glucose concentration and incubation temperature to evaluate each
microbes’ cell growth in co-culture, pH reduction and glucose consumption.
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2 Material and Methods

2.1 Microorganism

Themicroorganisms used in this studywere bought fromAmericanTypeCell Culture
(ATCC Virginia, USA). The species used in this study were Lactobacillus casei
ATCC 393 and Propionibacterium jensenii ATCC 4871.

2.2 Fermentation Conditions

Co-culture fermentations were carried out in MRS (de Man Rogosa and Sharpe)
broth. The fermentationmediumwas prepared as follows 10.0 g peptone from casein,
8.0 g meat extract, 4.0 g yeast extract, 2.0 g di-potassium hydrogen phosphate,
1.0 g TWEEN® 80, 2.0 g di-ammonium hydrogen citrate, 5.0 g sodium acetate,
0.2 g magnesium sulphate and 0.04 g manganese sulphate) were added into one-litre
distilled water with the concentration for glucose was varied accordingly.

The effect of glucose concentration on co-culture fermentation was investigated
by fermentation at various glucose concentrations ranging from 5 to 20 g/L. The
medium was inoculated with L. casei and P. jensenii at 1:4 (% v/v) inoculum ratio,
respectively. Fermentation was carried out statically at 30 °C for 120 h. The samples
were collected at 0, 3, 6, 9, 12, 24, 48, 72, 96 and 120 h. These samples were then
analysed for viable cells of L. casei and P. jensenii, pH and glucose concentration.

Selected glucose concentration then was used to study the effect of incubation
temperature on co-culture fermentation. The same inoculation ratio was used. The
fermentation was carried out at five different incubation temperatures, 30, 35, 37, 40
and 42 °C The samples were collected at 0, 3, 6, 9, 12, 24, 48, 72, 96 and 120 h.
These samples were then analysed for viable cells of L. casei and P. jensenii, pH and
glucose concentration.

2.3 Enumeration of Viable Cell

The enumerations of the viable cell for both microbes were carried out using the
spread plate method. 100 µL from serial decimal dilutions were plated on each
suitable agar, MRS agar for L. casei,while sodium lactate agar (SLA) for P. jensenii.
The plates with visible colonies in the range of 30–300 colonies were calculated and
recorded as colony-forming units per millilitre (CFU/mL). MRS agar was prepared
by mixing 68.2 g of MRS agar (Merck) with one litre of distilled water. SLA agar
was prepared by adding 10 g of enzymatic digest of casein, 10 g of yeast extract, 2.5 g
potassium phosphate monobasic, 16.67 g of sodium lactate, 0.005 g of magnesium
sulphate and 15 g agar into one litre of distilled water. Both agars were heated until
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boiled before autoclaved. Afterwards, the agars were poured into the petri dishes
inside a safety cabinet to avoid contamination on the agar.

2.4 Measurement of pH and Glucose Concentration

The pH of the culture was directly measured using a pH metre at room temperature.
The determination of total sugar consumption by L. casei andP. jensenii in co-culture
fermentation was carried out using the 3,5-dinotrosalicyclic acid (DNS) method.
First, one millilitre culture and one millilitre distilled water were pipetted into two
different test tube. Then, 2 mL DNS was added into the test tubes, and the mixture
was thoroughly mixed before heated at 90 °C for 5 min. Afterwards, the mixture
was cooled down, and 7 mL of distilled water was added. Then the absorbance was
measured at 540 nm.

3 Result and Discussion

3.1 The Effect of Glucose Concentration on the Growth of L.
casei and P. jensenii and pH Changes During Co-culture
Fermentation

As glucose was the primary carbon source used in this study, different initial glucose
concentrations were varied in the range of 5 and 20 g/L. The initial population of
L. casei and P. jensenii was 7.77 and 6.62 log CFU/mL. The growth of L. casei and
P. jensenii during co-culture fermentation in five different glucose concentrations
are shown in Fig. 1. At the same time, the pH changes of the co-culture in different
glucose concentrations are shown in Fig. 2.

The increase in numbers of cell density was measured from time to time, and a
growth curve was plotted. Several distinct growth phases can be observed in Fig. 1:
exponential, stationary, and death phase. Figure 1 shows the unnoticeable lag phase
due to the cell’s ability to adjust rapidlywith the environment resulting in a shorter lag
phase. At the time the second sampling was taken, the cell already reached its expo-
nential phase. Eachmicrobe’s specific growth rate in different glucose concentrations
was calculated from the growth curve and tabulated in Table 1.

The optimumglucose concentration for the growth of co-culture fermentationwas
found at a glucose concentration of 18 g/L, with a specific growth rate for L. casei and
P. jensenii was 0.021 h−1. Although the specific growth rate of P. jensenii was higher
at a glucose concentration of 20 g/L, the specific growth rate of L. casei was lower
than at 18 g/L. Table 1 shows that the growth rate of L. casei reached its optimum
at 18 g/L but decreasing at a glucose concentration higher than that. However, in
P. jensenii case, the growth rate increased as the glucose concentration increased.
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Fig. 1 The growth of L. casei a andP. jensenii b during co-culture fermentation in different glucose
concentration at the temperature of 30 °C, inoculation ratio of 1:4% v/v (L. casei: P. jensenii)
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Fig. 2 The variances of pH in co-culture of L. casei and P. jensenii in various glucose concentration

Table 1 The specificgrowth rate ofL. casei andP. jensenii at a different initial glucose concentration

Glucose concentration (g/L) 5 10 15 18 20

Specific growth rate (µ h−1) L. casei 0.011 0.011 0.016 0.021 0.010

P. jensenii 0.013 0.013 0.018 0.021 0.023
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This result can be supported by the outcomes of the study made by Khosravi-Darani
and Zoghi [12], which reported an increase in yield and productivity of fermentation
products at 18% w/w.

The pH changes for different initial glucose concentrations were recorded for
120 h and shown in Fig. 2. The initial pH of the medium was adjusted to 7.0 before
the fermentation. pH changes during the fermentation of Lactobacillus sp. andPropi-
onibacterium sp. indicating that organic acid was being produced. The lowest pH
recorded at the end of 120 h fermentation was 4.44 for glucose concentration of 18
and 20 g/L. A sharp decrease in pH can be observed for glucose concentration of
10 g/L. At the glucose concentration of 5 g/L, pH culture at the end of 120 h incu-
bation time did not reach below 5 compared to other batches with higher glucose
concentration. This is probably due to the limited glucose supply available in the
medium.

3.2 The Effect of Incubation Temperature on the Growth
of L. casei and P. jensenii and pH Changes During
Co-culture Fermentation

Five different incubation temperatures, 30, 35, 37, 40 and 42 °C, were studied.
The initial cell concentrations were kept the same as during the study of glucose
concentration, while the initial glucose concentration was at 18 g/L. The growth of
L. casei and P. jensenii during co-culture in five different incubations temperature
is shown in Fig. 3. At the same time, the pH changes of the co-culture in different
incubation temperature are depicted in Fig. 4. The specific growth rate of each species
incubated at different temperaturewas calculated from the growth curve and tabulated
in Table 2.

As seen in Fig. 3, the highest viability of cell obtained was 9.62 log CFU/mL for
L. casei and 8.48 log CFU/mL for P. jensenii at an incubation temperature of 37 °C.
The specific growth rates for both species were the highest at 37 °C with 0.030 h−1

and 0.041 h−1 for L. casei and P. jensenii, respectively, as depicted in Table 2. The
specific growth rate for L. casei and P. jensenii were the lowest at a temperature
higher than 40 °C, 0.017 h−1 and 0.019 h−1 for L. casei and P. jensenii, respectively.
The decrease in growth rate might be probably due to the decreasing activity of
cellular enzymes. These enzymes are most active at the optimum temperature, thus
directly affect the growth rate of cells [13].

This study shows that 37 °C was suitable for obtaining high viability cells for
both L. casei and P. jensenii. This finding is per the previous study by Patrick and
McDowell [14], for the optimum growth of Propionibacterium sp. was recorded
between 30 and 37 °C, and the optimum growth of L. casei in pumpkin waste
was reported at 37 °C [15]. The findings might be varied because the value of the
controlled parameters was different, and the microbes used were not the same. This
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Fig. 3 The growth of L. casei (a) and P. jensenii (b) during co-culture fermentation in different
incubation temperature at a glucose concentration of 18 g/L, inoculation ratio of 1:4% v/v (L. casei:
P. jensenii)
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Fig. 4 The variances of pH in co-culture ofL. casei andP. jensenii in various incubation temperature

Table 2 The specific net growth rate of L. casei and P. jensenii in different incubation temperature

Incubation temperature (°C) 30 35 37 40 42

Specific growth rate (µ h−1) L. casei 0.021 0.026 0.030 0.029 0.017

P. jensenii 0.021 0.020 0.041 0.034 0.019
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different result might be because of the different conditions of the co-culture and the
inoculation ratio of the two species.

The pH changes for 120 h incubated in different incubation temperatures were
recorded and shown in Fig. 4. There were no significant differences in pH changes in
all the batches except during incubation at 30 °C which showed a gradual decrease
in pH value. This observation is probably due to the growth rate of cell that affected
by incubation temperature. As organic acid production is related to the growth of
the cell, slow growth of the cell indicates slow production of organic acid. The pH
culture at the end of the fermentation was recorded at 4.35.

4 Conclusion

In general, this studywas conducted to investigate the effect of glucose concentration
and incubation temperature on the growth of L. casei and P. jensenii in co-culture
fermentation. At the end of this study, the effect of different value of glucose concen-
tration and incubation temperature on the growth rate of L. casei and P. jensenii has
been determined. According to the results of this study, the highest specific growth
rate of L. casei and P. jensenii was 0.030 h−1 and 0.041 h−1, respectively, in glucose
concentration of 18 g/L and incubation temperature of 37 °C.
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