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SUMMARY

The aim of the study is to highlight the fact that Lactobacillus plantarum

BS1 and BS3 strains have productivity at least similar to that calculated in the

case of MRS medium when corn extract is used as nitrogen source. For tests, a 

medium that contains glucose 2%, corn extract – 50% d.s. 1%, Ca(OH)
2 
1% was 

used. The selection of the medium was made due to the fact that corn extract is 

a natural raw material very often used in the processes of biosynthesis from the 

medicines industry. Analyzing the results obtained it can be ascertained that the 

development of Lactobacillus plantarum strains on the medium used is 

comparable to that on MRS.

Keywords: probiotic, glucose, corn extract, productivity, rumen

INTRODUCTION

The microorganisms from rumen have a symbiosis relation with the host 

organism, that determines the conversion of the lignocellulose food into 

assimilable compounds which serve as a source of energy for ruminant. 

Probiotic microflora maintains a low pH into the rumen that helps the animal to 

fight against patogens  get into the rumen through the water and food ingested. 

The microbiological evaluations provide important data so as to avoid digestive 

dysfunctions. Besides the rigorous control of food, its supplementation with 

probiotic strains helps to maintain the health of farm animals, as well as to 

improve the productive performance. [1, 2]

 In animals’ alimentation, the fundamental properties which the probiotic 

microorganisms administered have to posses are as follows: the probiotics 

should act as growth factors; they must determine the increase of the daily 

average weight, the increase of the capacity to assimilate food, to preventively 

act against intestinal derangements. [1, 3]

The probiotic microorganisms from the composition of the preparations 

designed for farm animals multiply in the animals’ rumen, thus preventing the 

proliferation of unwanted pathogenic strains. Through their multiplication the 

probiotic microorganisms attach to the intestinal mucous membrane, inhibiting 
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the pathogenic ones. Generally, the probiotic products designed for animals 

contain microorganisms from Lactobacillus and Enterococcus types. These 

strains produce organic acids (mainly lactic acid) which determine the decrease 

of pH from the digestive system. Besides the organic acids, many of these 

strains also produce antimicrobial substances. Thus, they determine the 

occurrence of a medium unfavorable to the multiplication of pathogenic strains. 

[3, 4, 5, 6]

The aim of this study was to obtain by the production of lyophilized 

probiotic biomass Lactobacillus plantarum BS1 and BS3, using a medium that 

contains corn extract as nitrogen source. The accomplishment of productivity 

similar to that made on MRS, the standard medium, was aimed at; the 

cultivation was made in batch system, in a bioreactor New Brunswick.

MATERIAL AND METHODS

Biological material and media

In order to develop the experiments, the Lactobacillus plantarum BS1 and 

BS3 strains were used from the collection of the Faculty of Biotechnology, 

USAMV Bucharest. The strains were kept in the freezer at -82

0

C, in a 

protective medium containing 20% glycerol. 

A New Brunswick batch bioreactor is used in order to obtain biomass. The 

medium used contains glucose 2%, corn extract – 50% s.u. 1%, Ca(OH)
2 

1%. 

The medium as well as the fermentation recipient are sterilized at 115

0

C, for 20 

minutes in an autoclave Raypa. The inoculation of the bioreactor is made in 

proportion to 10% culture obtained in MRS medium. The conditions of 

fermentation are: 37

0

C, pH 5.5, stir 100 rpm once at every 12 hours of 

fermentation in order to homogenize the medium for 15 minutes. [4]

Determination of the lactic acid quantity

The lactic acid accumulation was determined by titration with HCl 0.1N. 

For determination, the fact that 1 ml HCl 0.1N corresponds to 0.009008 g lactic 

acid is taken into account. [7, ]

Determination of the glucose quantity by using the o-toluidine method

It was performed with the o-toluidine test, made by the National Institute of 

Chemical-Pharmaceutical Research-Development – ICCF Bucharest. [7] 

Determination of the kinetic parameters

The determination of the value of maximum specific speed for cellular 

growth 
max

tests of a culture was calculated. The maximum value found represents the 

max
, for the respective culture. The determination of 
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the time for cellular concentration doubling (T
D
): was calculated according to 

the formula: T
D
 = 

µ

2ln

.

Determination of cellular productivity

Cellular productivity represents the mass of dried cells obtained per unit of 

volume of culture, in a time unit: P = D×X, in batch system P = µ×X (P = the 

cellular productivity, g×l

-1

×h

-1

, D = rate of dilution, h

-1

, X = cellular 

concentration, g×l

-1

, µ = speed of cellular growth). [8]

RESULTS AND DISCUSSION

The first stage of the researches is represented by the determination, under 

laboratory conditions, of the evolution of Lactobacillus plantarum  BS1 and 

BS3 strains in the case of using MRS medium. In this case, glass bottles of 250 

ml with thread plug were used for keeping the anaerobiosis.

From the data presented it results that the two strains have a similar profile 

of the growth curve (Figure 1). The lag phase is very short and the exponential 

growth phase lasts for approximately 20 hours. The duplication time is shorter 

for Lactobacillus plantarum BS1 (Table 1). Instead, for Lactobacillus 

plantarum BS3 strain it results a greater productivity (Table 2). The differences 

between the two strains can be attributed to the calculation and determination 

differences of the parameters considered.

Figure 1. The profile of the growth curve for Lactobacillus plantarum BS1 and BS3

strains on  MRS medium
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Table 1. The average evolution of the functions X(t) and

Lactobacillus plantarum BS1  culture on MRS medium

Sample 1 2 3 4 5 6

Time (hours) 4 8 12 16 20 24

X. g×l

-1

1.2 6.2 20 25.6 30.2 31

lnX 0.18 1.82 2.99 3.24 3.4 3.43

lnX – ln(X-1) - 1.64 0.49 0.25 0.16 0.03

. h

-1

- 0.41 0.12 0.06 0.04 0.0075

medium 
= 0.1275 h

-1

; max = 0.41 h

-1

; T
D
 = 

µ

2ln 

= 

0,41

0,69

=1.68 hours; P = 0.41 h

-1

 ×6.2 g/l = 2.5 h

-

1

×g×l

-1

Lactobacillus plantarum culture on MRS medium

Sample 1 2 3 4 5 6

Time (hours) 4 8 12 16 20 24

X. g×l

-1

1.6 7 18.6 29 35 36.5

lnX 0.47 1.94 2.92 3.36 3.55 3.59

lnX – ln(X-1) - 1.47 0.98 0.44 0.19 0.04

. h

-1

0.36 0.24 0.11 0.047 0.01

medium 
= 0.15 h

-1

; max = 0.36 h

-1

; T
D
 = 

µ

2ln 

= 

0,36

0,69

=1.91 hours; P = 0.36 h

-1

 ×7 g/l = 2.52 h

-

1

×g×l

-1
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Figure 2. The accumulation of lactic acid and the consumption of glucose for 

Lactobacillus plantarum BS1 strain on MRS medium

Similar to the case of the growth curve, the consumption of glucose at BS1 

strain has a lower tendency (Figure 2), compared to that presented in the case of 

BS3 strain (Figure 3). For BS3 strain it can be noticed an accelerated 

consumption in the first four hours of the exponential growth phase. For BS1 

strain this aspect can be noticed after passing to the second half of the 
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fermentation period and at the same time with attaining in the middle of the 

exponential growth phase. 

The synthesis of lactic acid presents the same characteristics for BS3 strain, 

being maximal in the first half of the exponential growth phase. For BS1 strain, 

the synthesis takes place within 16 hours of fermentation at the most, followed 

by the decrease of the determined quantity. This finding can be determined by 

the fact that the synthesis of lactic acid is placed on the second place, after 

cellular multiplication.

Then, it was established the evolution of the microorganisms in the medium 

containing corn extract, at the level of bioreactor, in batch system. The 

evolution of Lactobacillus paracasei strain on this medium is presented in the 

following figures and tables, along three fermentations.

0

0,2

0,4

0,6

0,8

1

1,2

1,4

1,6

0 2 4 6 8 10 12 14 16 18 20 22 24

Time (hours)

L
a
c
t
i
c
 
a
c
i
d

 
(
%

)

0

0,5

1

1,5

2

2,5

G
l
u

c
o

s
e
 
(
g

)

Lactic acid 

Glucose 

Figure 3. The accumulation of lactic acid and the consumption of glucose for 

Lactobacillus plantarum BS3 strain on MRS medium

From Figure 4 it results a better profile than the one that results following

the cultivation on MRS. This finding is also noticed from the calculation of the 

kinetic parameters, presented in Table 3 and Table 4. Productivity is greater 

than in the case of using MRS. The significant aspect results from the fact that 

the exponential growth phase is shorter, the microorganisms getting into the

stationary phase at 16 – 20 hours of fermentation. The maximum of the strains 

multiplication takes place at 4 – 12 hours of fermentation. For both strains the 

synthesis of lactic acid is developed only during the exponential growth phase, 

with a quantitative plus for BS3 strain.
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Figure 4. The evolution of the growth curve and accumulation of lactic acid during the 

cultivation in batch system-fermentation 1

Table 3. 

Lactobacillus plantarum BS1  culture in the bioreactor – fermentation 1

Sample 1 2 3 4 5 6

Time (hours) 4 8 12 16 20 24

X. g×l

-1

2.8 10 18 26 28 27.8

lnX 1.02 2.3 2.89 3.25 3.33 3.32

lnX – ln(X-1) - 1.28 0.59 0.36 0.08 -

. h

-1

- 0.32 0.14 0.09 0.02 -

medium 
= 0.14 h

-1

; max = 0.32 h

-1

; T
D
 = 

µ

2ln 

= 

0,32

0,69

= 2.15 hours; P = 0.32 h

-1

 × 10 g/l = 3.2 h

-

1

×g×l

-1

Table 4. The average evolution of the funct

Lactobacillus plantarum BS3  culture in the bioreactor – fermentation 1

Sample 1 2 3 4 5 6

Time (hours) 4 8 12 16 20 24

X. g×l

-1

3.68 13.6 27 34 32.8 32.5

lnX 1.3 2.61 3.29 3.52 3.49 3.48

lnX – ln(X-1) - 1.31 0.68 0.23 - -

. h

-1

- 0.32 0.17 0.05 - -

medium 
= 0.18 h

-1

; max = 0.32 h

-1

; T
D
 = 

µ

2ln 

= 

0,32

0,69

= 2.15 hours; P = 0.32 h

-1

 × 13.6 g/l = 4.3 h

-

1

×g×l

-1

Compared to the results at the level of fermentation 1, the exponential 

growth phase stops at 20 hours of fermentation, in the case of both strains 

(Figure 5). The productivity obtained for both strains, BS1 and BS3, is still

greater compared to the values obtained by using MRS medium. The lag phase 

is less than two hours, after which the strains get into the exponential growth 

phase. Its first half is accelerated, followed by a gradual decrease; after 20 
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hours, the strains enter the stationary phase. A difference can be noticed at the 

increase of the duplication time that is longer than in the case of the first 

fermentation. The accumulation of lactic acid follows the phases of cellular 

growth. 
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Figure 5. The evolution of the growth curve and accumulation of lactic acid during the 

cultivation in batch system-fermentation 2

Table 5. The average evolution of the functions X(t) and

Lactobacillus plantarum BS1  culture in the bioreactor – fermentation 2

Sample 1 2 3 4 5 6

Time (hours) 4 8 12 16 20 24

X. g×l

-1

5.7 16.8 21.2 28 32 31.6

lnX 1.74 2.82 3.05 3.33 3.46 3.45

lnX – ln(X-1) - 1.08 0.23 0.28 0.13 -

. h

-1

- 0.27 0.05 0.07 0.03

medium
= 0.1 h

-1

; max = 0.27 h

-1

; T
D
 = 

µ

2ln 

= 

0,27

0,69
= 2.55 hours; P = 0.27 h

-1

 × 16.8 g/l = 4.5 h

-

1

×g×l

-1

Lactobacillus plantarum BS3  culture in the bioreactor – fermentation 2

Sample 1 2 3 4 5 6

Time (hours) 4 8 12 16 20 24

X. g×l

-1

4.8 12.7 25.7 37.5 40.04 40

lnX 1.56 2.54 3.24 3.62 3.689 3.688

lnX – ln(X-1) - 0.98 0.7 0.38 0.06 -

. h

-1

- 0.24 0.17 0.09 0.015

medium 
= 0.12 h

-1

; max = 0.24 h

-1

; T
D
 = 

µ

2ln 

= 

0,24

0,69

= 2.8 hours; P = 0.24 h

-1

 × 12.7 g/l = 3.04 h

-

1

×g×l

-1

In the third fermentation, for Lactobacillus plantarum BS1 an increase of 

the duplication time compared to the other two fermentations (Table 7) takes 
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place. In this case, an extension of the exponential growth phase, up to 24 hours 

of fermentation can be noticed for both strains (Figure 6). For Lactobacillus 

plantarum BS3 strain, the greatest productivity is obtained (Table 8). Similar to 

the case of the other two fermentations the accumulation of lactic acid stops at 

about 16 hours of fermentation, along with the entrance of the strains in the 

stationary phase.
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Figure 6. The evolution of the growth curve and the accumulation of lactic acid during 

the cultivation in batch system-fermentation 3

Lactobacillus plantarum BS1  culture in the bioreactor – fermentation 3

Sample 1 2 3 4 5 6

Time (hours) 4 8 12 16 20 24

X. g×l

-1

6.4 15.5 23.8 27.8 33.2 35.3

lnX 1.85 2.74 3.16 3.32 3.5 3.56

lnX – ln(X-1) - 0.89 0.42 0.16 0.18 0.06

. h

-1

- 0.22 0.1 0.04 0.04 0.01

medium 
= 0.06 h

-1

; max = 0.22 h

-1

; T
D
 = 

µ

2ln 

= 

0,22

0,69
= 3.13 hours; P = 0.22 h

-1

 × 15.5 g/l = 3.41 

h

-1

×g×l

-1

Lactobacillus plantarum BS3  culture in the bioreactor – fermentation 3

Sample 1 2 3 4 5 6

Time (hours) 4 8 12 16 20 24

X. g×l

-1

4.34 13.6 23.7 33.6 42.4 43.6

lnX 1.46 2.61 3.16 3.51 3.74 3.77

lnX – ln(X-1) - 1.15 0.55 0.35 0.23 0.03

. h

-1

- 0.28 0.13 0.08 0.05 0.007

medium 
= 0.1 h

-1

; max = 0.28 h

-1

; T
D
 = 

µ

2ln 

= 

0,28

0,69

= 2.46 hours; P = 0.28 h

-1

 × 15.5 g/l = 4.34 h

-

1

×g×l

-1
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If for the first fermentation, the inoculum was made through cultivation on 

MRS, for the other two fermentations at the bioreactor, the inoculum was a part 

of the culture obtained in the first fermentation. That is why it is assumed that 

the greater productivity, at the second and third fermentation, can be attributed 

to the strains adaptation to the medium within the bioreactor. After each 

fermentation completion, the biomass obtained was separated through 

centrifuging, with a Hettich cooling centrifuge. After mixing with the 

crioprotector medium, that contains gelatin and sucrose, the biomass obtained 

was subjected to the lyophilization operation in an Alpha 1 – 2D lyophilizer, for 

72 hours. A white - cream-colored powder, with a specific smell is obtained. It 

is kept in airtight polypropylene boxes so as to avoid hydration and to keep the 

aspect fine powder. The viability of a gram was 23×10

9 

CFU/g.

CONCLUSIONS

For Lactobacillus plantarum BS1 and BS3 strains the evolutions on MRS 

mediums and that used for the cultivation in batch system that contains corn 

extract were established. For each medium, there were determined the optical 

density, the production of lactic acid and the maximum and the average growth 

speed, µ, the duplication time, T
D
, as well as cellular productivity, P were 

established. 

3 fermentations were carried out in order to verify the results. The medium 

used for the cultivation in batch system at the bioreactor is economical due to 

the usage of glucose and corn extract. The average productivity on this medium 

is 3.7 h

-1

×g×l

-1

 for Lactobacillus plantarum  BS1 strain, and respectively 3.89 h

-

1

×g×l

-1

 for Lactobacillus plantarum  BS3 strain. The average duplication time, 

T
D
, is 2.61 hours for Lactobacillus plantarum BS1 strain, and respectively 2.47 

hours for Lactobacillus plantarum BS3 strain. All these values show that this 

medium with corn extract is ideal for the cultivation of strains in bioreactor and 

for the production of some big quantities of viable microbial biomass, 

lyophilized, used as supplement in the alimentation of farm animals.
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