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Abstract -Lactobacilli belong to the group of lactic acid 

bacteria (LAB), widely used in the food industry nowadays. 
These microorganisms have several distinguishing abilities 
such as the production of lactic acid, enzymes such as β-
galactosidase and natural antimicrobial substances called 
bacteriocins. They are mainly used as a natural acidifier for the 
inoculation of bulk quantities of milk and vegetables in order 
to produce a variety of fermented products. As such, large 
quantities of their biomass and the end products of their 
metabolism are necessary. The possibility of producing these 
substances in mass quantities will be investigated through 
several techniques. The selected Lactobacilli, L.plantarum 
NCIMB 8014, L.casei NCIMB 11970, L.lactis NCIMB 8586 
were grown into simple batch cultures without pH control 
where their physicochemical needs were determined. Through 
the determination of the optimum nutritional conditions for the 
propagation of the Lactobacilli, an optimised medium for 
growth occurred.  
The optimum pH conditions for the growth of the bacilli 
were determined as well as parameters such as cellular 
yield coefficient, substrate and starter inoculum 
concentration and lactic acid rate and production. The 
metabolism of the Lactobacilli was determined as 
homofermentative, mainly producing lactic acid. The 
efficiency of the medium combining al the optimised 
parameters, enhancing the productivity biomass and 
therefore bacteriocins production from the strains, was 
tested on a 2L STR reactor operated batchwise with 
continuous pH control. A simple liquid turbidometric 
method was developed to test the bacteriocin 
productivity of the selected bacteria. The activity and 
potency of the bacteriocin produced was tested against 
L.delbruckii subsp.lactis NCIMB 8117. 
 

Index Terms-Doubling time, Growth rate, Lactic acid, Nisin 

I. INTRODUCTION 
Lactobacilli are a bacterial group belonging into the genre 

of Lactic Acid Bacteria (LAB). Their metabolic end 
products such as lactic acid, acetic acid, protein structure 
antimicrobial compounds called bacteriocins and enzymes 
are widely applied as food preservatives in the contemporary 
food industry. 

LAB in the form of starter cultures can be used to 
enhance the natural ripening of milk and plant origin 
products, such as butter, cheese, olives and cucumbers. 
Furthermore, their metabolic end products can be used as 
natural preservatives and antimicrobial agents against 

contamination and food spoilage occurring during or after 
the fermentation process. (2) 

Lactobacilli distinctive ability is to decompose complex 
carbohydrate sources into simpler forms and synthesise 
mainly lactic acid. Their use as natural acid- producer 
bioreactors has been widely investigated throughout the 
recent years, in an effort to replace the production of lactic 
acid from petrol and other carbon sources. (4) 

Furthermore, the enzymes produced from LAB have been 
attractively attended because these bacteria are normally 
considered safe so the enzymes derived from them might be 
used with no need of extensive purification and there are 
little or no adverse effects on fermented products (1) 

Due to the previously referred reasons the need for bulk 
quantities of biomass and their end products is steadily 
augmenting. The research over the methods of production of 
enzymes, lactic acid and bacteriocins, their activity, their 
chemical characterisation and their extraction and their 
applications has to be reinforced.(5) In this work an attempt 
to develop a simplified nutrient medium of low cost which 
will reinforce the Lactobacilli growth , lactic acid and 
bacteriocin production has been made. Although 
Lactobacilli are widely applied in modern food industry 
their potential as natural anticiontaminants has not been 
deeply exploited.  As previously referred, numerous 
Lactobacilli strains are producing antimicrobial compounds 
called bacteriocins. These substances are divided into three 
major groups. The majority of the discovered substances 
belong into the first group named Lantibiotics. Lantibiotics 
are mainly active against bacteria of the same genus and 
they are produced during growth of the bacilli, especially 
during late exponential phase. They obtain a low molecular 
weight at about 3.000- 4.500 d approximately. (9)(15) 
Lantibiotics are thermostable molecules, can withstand 
acidic conditions occurring during growth and they can be 
degraded by the enzymes existing in the gastrointestinal 
tract. They are considered safe for consumption from human 
beings, having no toxic effect on human health. (13)Their 
use as natural antimicrobial preservatives has been proposed 
throughout the recent years. Several methods for their 
introduction into food have been examined in a constant 
effort to replace the chemical and in general artificial 
methods of food preservation due to high health risks 
resulting from their usage. The most common and widely 
exploited worldwide lantibiotic is Nisin, which is 
commercially available. Its use as a natural preservative has 
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been approved in the USA and in Europe. (11) Due to the 
previously referred reasons the need for bulk quantities of 
biomass and bacteriocins is steadily rising. The research 
over the methods of production of bacteriocins, their activity, 
their chemical characterisation and their extraction and their 
application has to be reinforced. In this work, a simplified 
liquid turbidometric method was fabricated so to facilitate 
the detection of these substances in nutrient broth. 

II. MATERIALS AND METHODS 

A. Materials 
The yeast extract, peptone, glucose, sodium acetate, 

trisodium citrate, NaOH, 4MgSO , 4MnSO , were bought 
from Sigma-Aldrich Chemicals, UK.  

Inoculum source 

All the Lactobacilli, Lactobacillus casei NCIMB 11970  
Lactobacillus plantarum NCIMB 8014, Lactobacillus lactis 
NCIMB 8586 and the target strain Lactobacillus delbruckii 
subsp. lactis NCIMB 8117 were  provided in a lyophilised  
form by National Collection of Food and Marine 
bacteria(NCIMB) , Aberdeen , Scotland.  

B. Growth Experiments 
2.2.1 Preliminary Growth experiments 

Pyrex glass pressure tubes sealed with butyl rubber 
stoppers and aluminium seals were used to test the effect of 
basal and optimum on Lactobacilli growth. The tubes were 
prepared under aseptic and anaerobic conditions. The media 
recipe for the basal medium is glucose 2% w/v, yeast extract 
1.5% w/v, peptone 1% w/v, sodium acetate, 0.5% w/v, tri-
sodium citrate 0.2%, 42POKH 0.2% w/v, 4MgSO 0.02% 
w/v , 4MnSO  0.002% w/v and resazurin dye 0.0005% v/v. 
Each component was tested separately so to certify its 
influence on growth in a range of concentrations between 0% 
w/v to 4% w/v. 
All the components were combined and an optimised 
medium was fabricated. The medium’s recipe is  glucose 2% 
w/v, yeast extract 2 w/v, sodium acetate, 1% w/v, tri-
sodium citrate 1% w/v, 42POKH  0.5 w/v and resazurin 
dye 0.0005% v/v. 

2.2.2 Bench Device (Stirring Tank Reactor, STR) 

A 2L Pyrex glass fermenter has been selected for the 
procedure. The fermenter was equipped with an hydrargiric 
thermometer for temperature control, a pH probe (Fischer 
Scientific, UK) for pH control, a magnetic stir bar for 
agitation, an glass aeration port, a sampling and inoculation 
port, a gas flow stainless steel port connected with a filter 
for gas sterilisation (Polyvent filter, 0.2μm, Whatman Filters, 
UK), a port for alkali/acid feed and stainless steel coils for 
heat emission. All the ports were made of stainless steel and 
were connected with plastic tubes of several lengths. The 
working volume of the reactor was set at 1.5L. The pH 
probe was connected with a pH controller apparatus 
(Electrolab FerMac 260, UK) which was calibrated with 
suitable acidic and alkali solutions (pH 4 and pH 7) to adjust 

the pH range. The gas filter was connected with a gaseous 
nitrogen flask via rubber tubes and the flow was set up at 50 
ng/ml. The alkali feed port was connected with a plastic 
bottle containing an alkali solution of 100 ml of  NaOH 1M 
which was placed on an electronic scale (Ohaus portable 
advanced, Switzerland)  o to measure the volume of 
alkali/acid used for pH maintenance. The coils were 
connected with a water bath (Grant Water bath, UK) and a 
pump (Watson Marlow Digital, 505S, UK) for continuous 
preservation of steady temperature. The fermenter was 
placed on a magnetic stirring plate (SM1, Stuart Scientific, 
UK) and was constantly stirred at 150 rpm as being 
anaerobic bacteria  

C. Analytical methods 
2.3.1 Measurement of cellular growth and biomass  

The cellular growth was measured by placing the pressure 
tubes into a spectrophotometer fitted with a test tube holder 
(PU 8625 UV/VIS Philips, France) at 660 nm. The tube had 
a 1.8 cm. light path. 
2.3.2 Measurement of Lactic acid amount and rate 

Lactic acid productivity rate and the amount of lactic acid 
produced by each strain during the pH and temperature 
control fermentation are indirectly determined by the 
following theorem: 1 M of NaOH neutralises the effect of 1 
M Lactic acid. According to this equation the amount of 
lactic acid produced is directly proportional to the amount of 
sodium hydroxide consumed during the fermentation 
process. 

The rate of lactic acid produced is indirectly calculated by 
the following equation: 

                                           

( ) ⎟
⎠
⎞

⎜
⎝
⎛=

V
WMFRNahLmM

dt
dp ..**)(//     

(Equation 1)           

where Na is the moles of the alkali solution used, FR is 
the feeding rate of the alkali solution in the culture, M.W. is 
the molecular weight of lactic acid and V is the overall 
volume of the culture. (1)  

2.3.3. Assay for Nisin and bacteriocin concentration and 
quantification 

Lactobacillus delbruckii subsp.lactis 8117 was selected as 
the target strain. A consistent inoculum size was prepared. 
The amount of the bacteriocin produced by each under 
investigation strain was primarily defined on the samples 
taken during the pH and temperature controlled 
fermentations. Furthermore an analysis of the overall 
amount of bacteriocin produced was performed on the 
broths collected after the end of fermentation. The selected 
samples (pH fermentation at 6.5) were transferred into 10 ml 
conical plastic tubes (Fisherbrand, UK) and centrifuged 
(10.000 rpm for 15 min.) (Biofuge Stratos Sorall , Kendro 
Products, Germany) in order to remove completely the 
biomass. The clarified liquid was filtrated through a 0.2 μm 
pore size filter for sterilisation. The sterilised liquid’s pH 
was adjusted at 6.0 to eliminate the antimicrobial effect of 
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hydrogen peroxide and lactic acid and then it was diluted 
with fresh medium. Into 25 ml of 0.02 M of HCl 25mg of 
Nisin are dispersed. This solution equals to 1000 IU/ml of 
Nisin. According to this formula the necessary quantities of 
solid Nisin were calculated to fabricate standard solution at 
the following concentrations: 0, 25, 50, 75, 85, 100, 110, 
125, 150, 175, 200, 250, 500, 750, 1000, 1250, 1500, 1750, 
2000 IU/ml. The solutions are preserved stable (up to 30 
days) into 4°C. Into glass tubes containing 8 ml of optimised 
medium including metals ,so to ensure that any effect on 
growth of the tested microorganism  results from the 
bacteriocin produced and not due to any other factors such 
as nutrient exhaustion of optimum anaerobic medium for the 
growth of the tested strain L.delbruckii  (medium recipe: 2% 
w/v glucose, 2% w/v Y.E., 1% w/v sodium acetate, 1% w/v 
tri-sodium citrate, 0.5% w/v 42POKH , 0.05%  w/v 

4MgSO ,0.005% w/v 4MnSO ) 1 ml of the frozen inoculum 
of L.delbruckii  and 1 ml of the supernatant resulting from 
pH control fermentations of differential concentration is 
added. 

III. RESULTS AND DISCUSSION 

A. The effect of standard and optimum medium on 
Lactobacilli growth  
Thus, to achieve the optimum maximum growth rate and 

of the bacteria and enhance their productivity, the bacilli 
were inoculated in a medium of liquid form containing all 
the optimised parameters. (2% glucose, 1.5% yeast 
extract, .5%, 42POKH  1% tri-sodium citrate, 1%sodium 
acetate). 

There has been an effort to use the same parameters in the 
optimised medium for the inoculation and intensive 
propagation of all the chosen Lactobacilli., so to form a 
common  economic simplified medium which will 
ameliorate distinctively the growth rates and the cellular 
yields of the bacteria. 

The maximum growth rate of L.casei on the optimised 
medium was 0.24 1−h  and the doubling time reduced to 2.87 
h. The final biomass concentration was 2.43 g/l. When 
compared to the basal medium where maximum growth rate 
was 0.16 1−h  a significant increase in the maximum growth 
rate was achieved. Similarly the final cell concentration of 
the fermentation has been raised from 1.19 g/l to 2.43 g/l. 
The maximum growth rate of L.plantarum on the optimised 
medium was 0.30 1−h  and the doubling time reduced to 2.30 
h. The final biomass concentration was 2.61 g/l. When 
compared to the basal    medium where maximum growth 
rate was 0.13 1−h  a significant high increase in the 
maximum growth rate was achieved. Similarly the final cell 
concentration of the fermentation has been raised from 1.32 
g/l to 2.63 g/l. The maximum growth rate of L.lactis on the 
optimised medium was 0.22 1−h  and the doubling time 
reduced to 3.13 h. The final biomass concentration was 1.81 
g/l. When compared to the basal medium where maximum 
growth rate was 0.07 1−h  a significant high increase in the 
maximum growth rate was achieved. Similarly the final cell 
concentration of the fermentation has been raised from 0.69 

to 1.81. The optimised medium will be used as a medium for 
further investigation. (Fig 1. 2. 3.) 

 
Fig 1 Growth of L.casei on basal(□)and optimised (○) media 

 

Fig 2 Growth of L.plantarum on basal  (□) and optimised (○) media 

 

Fig 3 Growth of L.lactis on basal (□)and optimised (○) media 

B. Growth of Lactobacilli on a STR 
In order to obtain a better maximum growth rate and 

higher growth yields and improved productivity a pH 
controlled STR system was developed. As to investigate the 
influence of pH over growth in terms of growth rate, 
doubling time and product and biomass yields the system 
was operated with a continuous pH control maintenance 
system. The influence of pH was tested in a range of highly 
acidic (4) to neutral (7) pH. All the process was performed 
in batch mode. The optimised medium was used. (3) 

The results of the experiments are shown in Fig 4, 5and 6 
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and Table 1. There is a strong correlation between the pH 
and the growth of the bacilli. The maximum growth rate was 
enhanced when the culture was controlled at pH 5.5, 6.5 and 
7. Maintenance of pH on a steady state throughout the 10 h 
fermentation process was combined with the use of the 
optimised liquid medium gave highest biomass yields and 
maximum growth rates as compare to the uncontrolled pH 
growth systems. It can be also observed that on acidic pH 
values of 4 and 4.5, the growth of the bacilli is strongly 
inhibited. The amount of lactic acid produced by the bacilli 
was identified as being equal to the amount of NaOH used 
for pH maintenance. Over the 10 h fermentation the pH 5, 
5.5 and 6 the bacilli were still growing as they had slower 
maximum growth rates and long lag periods prior to growth.  

Samples were measured on an hourly basis and they were 
analysed for biomass, pH and in some occasions the glucose 
and the end product were also analysed. The effect  of 
reduced pH is strong where no growth was observed at pH 4 
and pH 4.5.The optimum pH was 6.5 in the conditions 
studied  for Lactobacillus casei NCIMB 11970  
Lactobacillus plantarum NCIMB 8014, Lactobacillus lactis 
NCIMB 8586.  

 
Fig 4 Growth of L.casei on Different pH range in a 2L STR, Growth(◊) on 
pH 4, Growth (□) on pH 4.5, Growth (∆) on pH 5 Growth (x) on pH 5.5, 

Growth (*) on pH 6, Growth (○) on pH 6.5, Growth on pH 7(◊) 

 
Fig 5 Growth of L.plantarum on Different pH range in a 2L STR, Growth(◊) 
on pH 4, Growth (□) on pH 4.5, Growth (∆) on pH 5 Growth (x) on pH 5.5, 

Growth (*) on pH 6, Growth (○) on pH 6.5, Growth on pH 7(◊) 

 

Table 1: Lactic acid production on different pH conditions on an STR

Selected  

Strains 

pH Rate of  

Lactic acid 

 Produced 

(mM/L/h) 

Total amount  

of Lactic acid 

 produced (mM) 

Selected 

 Strains 

pH Rate of  

Lactic acid 

produced  

(mM/L/h) 

Selected 

Strains 

pH Rate of  

Lactic acid  

produced  

(mM/L/h) 

Total amount  

of Lactic acid  

produced (mM) 

L.casei 4 9.94 50 L.plantarum 4 1.09 L.lactis 4 4.9 23 

4.5 8.45 30 4.5 1.24 4.5 2.8 8 

5 125.2 500 5 5.73 5 7.2 37 

5.5 181.32 650 5.5 8.89 5.5 127.99 487 

6.0 158.31 715 6.0 136.2 6 165.33 543 

6.5 239.98 900 6.5 161.5 6.5 183.23 563 

7 2.82 4 7 133.52 7 140.71 474.4 
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Fig 6 Growth of L.lactis on Different pH range in a 2L STR, Growth(◊) on 
pH 4, Growth (□) on pH 4.5, Growth (∆) on pH 5 Growth (x) on pH 5.5, 

Growth (*) on pH 6, Growth (○) on pH 6.5, Growth on pH 7(◊) 

 

C. Testing the activity of the commercially available 
Nisin against the Selected Lactobacilli strain L.delbruckii 
subsp.lactis 8117 

3.3.1 Selection and growth strategy of the target strain 
L.delbruckii subsp.lactis 8117 

As previously stated, the Lantibiotics produced from the 
Lactic Acid Bacteria (LAB) are mainly active against 
bacteria of the same genre L.delbruckii subsp.  lactis 8117 
was selected as the target strain to test the activity of the 
produced bacteriocins and the commercially available Nisin. 
The selected strain was grown on a suitable enriched 
medium for growth. This was selected so avoid false result 
due to glucose exhaustion.  

When grown on enriched, medium the strain had 
L.delbruckii has a maximum growth rate of 0.30 1−h  and a 
doubling time of 2.30 h are achieved. The final biomass 
concentration is 1.21g/L. Furthermore, so to have consistent, 
accurate and credible results, during the bacteriocin and 
Nisin testing activity assays, the inoculum of L.delbruckii 
had to be consistent. A cryopreservation method was 
selected to achieve this result. The growth on the enriched 
medium of the strain is demonstrated graphically below. 
When grown on optimized medium the strain had 
L.delbruckii has a maximum growth rate of 0.32 1−h  and a 
doubling time of 2.15 h are achieved. The final biomass 
concentration is 1.40 g/L. When the biomass of the strain 
was reaching 1.50 g/L a solution of glycerol 50% v/v was 
inserted in a 1:1 dilution and the samples of the inoculum 
were stored in -70°C. 

3.3.2. Testing the activity of Nisin against the target strain 

Primarily the effect of commercially available Nisin was 
tested. (2.5% purified Nisin from Lactococcus lactis, Sigma) 
The effect was tested against the selected Lactobacilli target 
strain L.delbruckii subsp.lactis NCIMB 8117 in a quantity 
range of 0 IU/ml to 2000 IU/ml.  

In complete absence of Nisin L.delbruckii grown on 
enriched optimized medium (Figure 7) has a μ max of 0.30 

1−h  and a doubling time of 2.30 h. The final biomass 
concentration after a 10 h static incubation achieved was 
1.67 g/L. Though when 2000 IU/ml were added in the 
growth medium no growth of the bacillus was observed. 
(Fig 8) 

 

Fig 7: Growth of L.delbruckii   on 0 IU/ml of Nisin 

 

Fig 8: Growth of L.delbruckii on 2000 IU/ml of Nisin 

 

Fig 9: Growth of L.delbruckii under different Nisin concentrations, 
Growth(+) on 0 IU/ml Growth(◊) on 50 IU/ml, Growth (□) on 150 IU/ml, 

Growth (∆) on 250 IU/ml, Growth (x) on 500 IU/ml, Growth (*) 1000 
IU/ml, Growth (○)on 1250 IU/ml, Growth(-) on 1500 IU/ml, Growth(+) on 

1750 IU/ml 

As the maximum growth rate and doubling time have 
been examined for L.delbruckii grown on the suitable 
optimized medium and it has been certified that Nisin in a 
certain concentration has a bacteriostatic effect (Section 
3.3.2.) over its growth, further research had to be done so to 
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examine the exact extent of this effect, against the microbial 
strains on different concentrations. These results could serve 
as a response model so to evaluate the activity and the 
amount of bacteriocins produced by the selected 
Lactobacilli. 

The effect of Nisin in a range of 50IU/ml to 1750 IU/ml 
was investigated and it is described in Figure 9. The effect 
has been evaluated in terms of doubling time and maximum 
growth rate of the bacterium. In a concentration of 50 IU/ml 
growth of L.delbruckii remains relatively unaffected, the 
highest maximum growth rate being 0.31 1−h  and a 
doubling time of 2.22 h. The final biomass concentration is 
1.23 g/L. For a concentration of 150 IU/ml L.delbruckii 
growth is strongly affected, the highest maximum growth 
rate being 0.10 1−h  and a doubling time of 6.9 h. The final 
biomass concentration is 0.79 g/L. On a Nisin concentration 
though of 250 IU/ml and above no growth of the target 
strain is observed. As it can be assumed from the previously 
referred results Nisin has a strong bacteriostatic effect on a 
range of concentrations above 250 IU/ml.  

Further research has been made to investigate the effect of 
the substance on smaller concentrations that 250 IU/ml. The 
selected range which was further investigated was 0 IU/ml 
to 200 IU/ml. The activity of Nisin was evaluated in terms 
of maximum growth rate and doubling time. In Figure 10 
below the effect of Nisin in a range of 0 IU/ml to 200 IU/ml 
is described. In a concentration of 25 IU/ml to 75 IU/ml the 
growth of L.delbruckii remains unaffected, the highest 
maximum growth rate being 0.34 1−h  with a doubling time 
of 2.03 h. and a final biomass concentration is 1.21 g/L, for 
a concentration of 25 IU/ml. L.delbruckii growth is 
relatively affected on a range between 50 IU/ml to 150 
IU/ml where the growth is slower. In a concentration of 175 
IU/ml no growth is observed.  The limiting concentration for 
growth is 175 IU/ml of Nisin incorporated in the liquid 
growth medium. 

In an effort to obtain an accurate quantification curve on 
Nisin activity against the selected strain a range of 
concentrations between 75 IU/ml to 150 IU/ml was selected. 
The effect of Nisin was evaluated in terms of maximum 
growth rate and doubling time. As it can be assumed by 
Figure 11, even in low concentrations Nisin influences the 
growth of the selected target strain by extending the 
logarithmic phase of growth. When higher concentrations 
are incorporated in the growth medium the effect is clearly 
bacteriostatic. All the numerical values in terms of doubling 
time and maximum growth rate of Nisin against the target 
strain are tabulated in table below (Table 2) 

 
Fig 10: Growth of L.delbruckii under different Nisin concentrations, 

Growth(/) on 0 IU/ml, Growth (□) on 25 IU/ml, Growth (∆) on 50 IU/ml, 
Growth (x) on 75 IU/ml, Growth (*) 100 IU/ml, Growth (○)on 125 IU/ml, 

Growth(+) on 150 IU/ml,  Growth(-) on 175 IU/ml , Growth(-) on 200 
IU/ml 

 
Fig 11:  Growth of L.delbruckii under different Nisin concentrations, 

Growth(◊) on 0 IU/ml, Growth (□) on 75 IU/ml, Growth (∆) on 85 IU/ml, 
Growth (x) on 95 IU/ml, Growth (*) 110 IU/ml, Growth (○)on 125 IU/ml, 

Growth(/) on 150 IU/ml 

Based on the numerical values of the maximum growth 
rates achieved in the previous series of experiments during 
the growth of the target strain L.delbruckii under the 
influence of several Nisin concentrations a dose response 
curve was achieved. 

 
Fig 12: Dose response curve for Nisin 

 

Table 2: Numerical Values of the effect of Nisin against the target strain 

Selected 

target 

strain  

Nisin 

Concentration 

(IU/ml) 

Doubling 
Time  
(td, h) 

Maximum 
growth 
rate  (μ 
max, 

Final Biomass 
Concentration 
(g/L) 

Selected 

target 

strain  

Nisin 

Concentration 

(IU/ml) 

Doubling 
Time  
(td, h) 

Maximum 
growth 
rate  (μ 
max, 

Final Biomass 
Concentration 
(g/L) 

0

0.5

1

1.5

2

2.5

3

0 1 2 3 4 5 6 7 8 9 10
Time (h)

B
io

m
as

s 
(6

00
nm

)

0

0.5

1

1.5

2

2.5

3

3.5

0 2 4 6 8 10Time (h)

B
io

m
as

s(
60

0n
m

)

y = -0.0019x + 0.3453
R2 = 0.9758

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

0 50 100 150 200
Nisin IU/ml

μ 
(h

-1
)



International Journal of Chemical Engineering and Applications, Vol. 1, No. 1, June 2010 
ISSN: 2010-0221 

 

 

61

1−h ) 1−h ) 

 

 

 

 

 

L.delbruckii 

 

0 2.30 0.30 1.67  

 

 

 

 

L.delbruckii

 

175 No 

growth  

No growth 
0.25 

25 2.03 0.34 1.21 200 No 

growth  

No growth 
0.25 

50 2.22 0.31 1.22 225 No 

growth  

No growth 0.5 

75 2.30 0.30 
 

1.22 

250 No 

growth  

No growth 
 

0.5 

85 2.88 0.24 
 

0.74 

500 No 

growth  

No growth 
 

0.5 

95 3.63 0.19 1.00 1000 No 

growth  

No growth 
 

0.5 

100 3.83 0.18 
 

1.00 

1250 No 

growth  

No growth 
 

0.5 

110 5.75 0.12 
 

0.870 

1500 No 

growth  

No growth 
 

0.5 

125 6.9 0.10 
 

0.890 

1750 No 

growth  

No growth 
 

0.5 

150 6.90 0.11 
 

0.65 

 

2000 

No 

growth  

No growth 
 

0.5 

 

D. Bacteriocin production on the STR 

The crude extracts of the bacterial cultures deriving from 

the Lactobacilli grown on a 2L STR with optimized medium 

were tested. At the end of each set of the pH and 

temperature controlled fermentation performed by the 

Lactobacilli, 10 ml samples were collected and tested 

against the target strain. Under the influence of L.casei 

treated supernatant L.delbruckii has a maximum growth rate 

of 0.16 1−h  and a doubling time of 4.31 h are achieved. The 

final biomass concentration is 1.01g/L. When tested against 

the treated supernatant of L.plantarum L.delbruckii has a 

maximum growth rate of 0.16 1−h  and a doubling time of 

4.31 h are achieved. The final biomass concentration is 

1.20g/L. When tested against L.lactis though L.delbruckii 

has a maximum growth rate of 0.14 1−h  and a doubling time 

of 4.92 h is achieved. The final biomass concentration is 

1.24g/L.  (Fig 13, 14, 15) 
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Fig 13: Growth of L.delbruckii (□) & L.delbruckii (◊) under L.casei 

supernatant 

 

Fig 14: Growth of L.delbruckii (□) & L.delbruckii (◊) under L.plantarum 

supernatant 

 

Fig 15: Growth of L.delbruckii (□) & L.delbruckii (◊) under L.lactis 

supernatant 

 

IV. CONCLUSIONS  

In this work, a new growth strategy to enhance lactic acid 

production and the growth of Lactobacilli was studied. 

Significant changes were notified when the optimized 

medium was used on the growth of Lactobacilli. Optimized 

pH conditions also reinforced the cellular growth and the 

productivity of lactic acid, though the medium was proven 

to promote sufficiently the production of bacteriocins from 

the selected strains. The sensitivity of the selected target 

strain, L.delbruckii subsp.lactis against the commercially 

available bacteriocin, Nisin was certified; the strain was 

tested against the bacteriocins produced by the selected 

Lactobacilli. According to the growth response curve 

fabricated L.casei is producing 103 IU/ml, L.plantarum 105 

IU/ml and L.lactis 138 IU/m. Using the turbidometric liquid 

assay the limitations of the solid methods are surpassed . 

Furthermore the method is simple, reproducible and has a 

low cost. Further research though, should be performed to 

develop extraction techniques for lactic acid and 

bacteriocins and test further their production on the nutrient 

media. 

REFERENCES 

[1] K. Shimizu, K..Furuya, M. Taniguchi, Optimal operation derived by 

Green's theorem for cell-recycle filter fermentation focusing on the 

efficient use of the medium. Biotechnology Progress Journal 1994, 

10, 258-262. 

[2] P. Steiner, U. Sauer, Long-term continuous evolution of acetate 

resistant, Acetobacter aceti Biotechnology and Bioengineering 

Journal 2003, 84, 40-44. 

[3] S. D Todorov, L. M. T Dicks,., Influence of Growth conditions on the 

production of a bacteriocin by Lactococcus lactis subp. lactis ST 

34BR, a strain isolated from barley beer. Journal of Basic 

Microbiology 2004, 44, 305-316. 

[4] Van de Casteele et al., Evaluation of culture media for selective 

enumeration of probiotics strains of Lactobacilli and Bifidobacteria 

in combination with yoghurt or cheese starters. International Dairy 

Journal 2006, 16, 1470-1476. 

[5] K.V Ven Katesh. A.K., Surash Effect of preculturing conditions on 

growth of Lactobacillus rhamnosus on medium containing glucose 

and citrate. Journal of Microbiological Research 2004, 159, 35-42. 

[6] J. Xiao et al., Optimization of culture medium and conditions for a-L-

arabinofuranosidase production by the extreme thermophilic 

eubacterium Rhodothermus marinus. Enzyme and Microbial 

Technology Journal 2004, 27, 414-422. 

[7] S. Yang, The growth kinetics of aerobic granules developed in 

sequencing batch reactors. Journal of Society of Applied 

Microbiology 2004, 38, 106-112. 

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

0 2 4 6 8 10
Time (h)

B
io

m
as

s 
(g

/L
)

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

0 2 4 6 8 10
Time (h)

B
io

m
as

s 
(g

/L
)



International Journal of Chemical Engineering and Applications, Vol. 1, No. 1, June 2010 
ISSN: 2010-0221 

 

 

63

[8] Bai, D et al., L (+) - lactic acid production by pellet form Rhizopus 

oryzae R1021 in a stirred tank fermentor. Journal of Chemical 

Engineering Science 2003, 58, 785-791 

[9] M. T Aymerich,., M., Garriga, J.M., Monfort, , I., Nes, M. Hugas, 

Bacteriocin-producing Lactobacilli in Spanish-style fermented 

sausages: characterisation of bacteriocins. Journal of Food 

Microbiology 2000, 17, 33-45. 

[10] T. Pongtharangkul, A., Demicri, Evaluation of agar diffusion bioassay 

for nisin quantification Journal of Applied Microbial Biotechnology 

2004, 65, 268-272 

[11] J. Reunanen, P. E Saris, Microplate bioassay for nisin in foods, based 

on nisin-induced green fluorescent protein fluorescence. Applied and 

Environmental Microbiology Journal 2003, 10, 4214-4218 

[12] W. B., Lash, T.H., Mysliwiec, H. Gourama, Detection and partial 

characterization of a broad range bacteriocin produced by 

Lactobacillus plantarum (ATCC 8014). Journal of Food 

Microbiology 2005, 22, 199-204 

[13] R.W Jack,  J. R. Tagg, B., Ray Bacteriocins of Gram-positive bacteria. 

Microbiological Reviews 1995, 3, 171-200 

[14] N. Benuerroum, W. E., Sandine Inhibitory action of nisin against 

Listeria monocytogenes. Journal of Dairy Science 1998, 71, 3237-

3245. 

[15] M. L., Cabo, M.A., Murado, M.P. Gonzalez, L.,Pastoriza, A method 

for bacteriocin quantification  Journal of Applied Microbiology 1999, 

87, 907-914 

[16] J. H.Choi, H.Y Ng, Effect of Membrane type and material on 

performance of a submerged membrane bioreactor. Chemosphere 

Journal 2007, 11, 1-7 

[17] M.A Daw, F. R Falkiner., Bacteriocins: nature, function and structure 

Microm Journal 1996, 27, 467-479. 

[18] L.H. Deegan, H. Colin, P. Ross, Bacteriocins: biological tools for bio-

preservation and shelf-life extension International Dairy Journal 

2006, 16, 1058-1071. 

[19] A. Delgrado, D. Brito, P. Feveiro, R., Tenreiro, C. Peres, Bioactivity 

quantification of crude bacteriocin solution Journal of 

Microbiological Methods 2005, 62, 121-124. 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AgencyFB-Bold
    /AgencyFB-Reg
    /Algerian
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /BaskOldFace
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BlackadderITC-Regular
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BradleyHandITC
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Castellar
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CurlzMT
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversMT
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /EstrangeloEdessa
    /FangSong_GB2312
    /FelixTitlingMT
    /FootlightMTLight
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /FZSTK--GBK1-0
    /FZYTK--GBK1-0
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /Gulim
    /GulimChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KaiTi_GB2312
    /Kartika
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LiSu
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /MaturaMTScriptCapitals
    /MicrosoftSansSerif
    /MicrosoftYaHei
    /MingLiU
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Gothic
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MS-UIGothic
    /MVBoli
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NSimSun
    /OCRAExtended
    /OldEnglishTextMT
    /Onyx
    /PalaceScriptMT
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Papyrus-Regular
    /Parchment-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Pristina-Regular
    /Raavi
    /RageItalic
    /Ravie
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SimSun-PUA
    /SnapITC-Regular
    /STCaiyun
    /Stencil
    /STFangsong
    /STHupo
    /STKaiti
    /STLiti
    /STSong
    /STXihei
    /STXingkai
    /STXinwei
    /STZhongsong
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /YouYuan
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


