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Abstract 
 
Lactic acid is a chemical with widespread applications, mainly in pharmaceutical, cosmetic, 
chemical as well as food industries. One of the major uses of lactic acid is the precursor of 
polylactic acid (PLA). PLA is biodegradable and biocompatible material that can be an alternative 
to conventional plastic derived from fossil fuels. Efforts continue to be made to reduce the high 
cost of producing PLA in order to compete with conventional petrochemical-based plastics. One  
of which is the use of molasses as a raw material because it is cheap and contains high quantity 
of glucose. This study aims to obtain the value of the cell concentrations with various addition 
of starter volume, that produces high concentrations of lactic acid, and to obtain the growth 
kinetics of Lactobacillus acidophilus during the fermentation process. This study was conducted 
in several stages, i.e., the design of bioreactors, inoculation of Lactobacillus acidophilus, and 
fermentation of molasses. In a batch system, molasses substrate was directly inserted as much 
as 500 ml into the bioreactor and various amount of starter of Lactobacillus acidophilus (1; 3; 
5 dan 10% v/v) were added to the fermentation medium. The fermentation of molasses 
observed for 72 hours and the product was analyzed every 8 hours.  The highest concentration 
of lactic acid produced in batch fermented molasses, 23.1 mg/L, resulted from the addition of 
5% (v/v) starter bacteria, that last for 72 hours fermentation time. The value of the carrying-
capacity coefficient (k) and the maximum net specific growth rate (µnet) were 0.2379 h-1 and 
0.0160 h-1 respectively.  
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1. Introduction 
 
Lactic acid (2-hydroxypropionic) with chemical 

structure as CH3CHOHCOOH is an important 
chemical and is widely used in the cosmetic, 
pharmaceutical, chemical, textile and food 

industries. One of the most promising 
applications of lactic acid is the use of lactic 
acid as a raw material for the manufacture of 
polylactic acid (PLA). PLA is a versatile, 

biodegradable, aliphatic polyester polymer 
derived from 100% renewable resources 
(Abdel-Rahman et al., 2011; Komesu et al., 
2017). PLA is environmentally friendly, and 
can be decomposed into water and carbon 
dioxide by microbes (Li et al., 2020). PLA can 
be obtained from lactic acid through various 

polymerization processes such as 
polycondensation, ring opening polymeri-
zation, azeotropic dehydration, and enzyme 

polymerization (Savioli Lopes et al., 2012). 
 
Lactic acid, as the monomer of PLA, can be 

produced through fermentation and chemical 
processes. Fermentation is the most widely 
used method by industry to produce lactic 

acid. About 90% of the total worldwide 
production of lactic acid is made through 
bacterial fermentation and the rest are 

produced through the hydrolysis of lactonitrile 
(Lasprilla et al., 2012; Savioli Lopes et al., 
2012). The fermentation process can be 

carried out in batch, fed-batch, and 
continuous fermentation. Batch fermentation 
is the most common fermentation process 
used in industrial-scale production of lactic 

acid, because of the ease of sterilization and 
equipment control. The disadvantage of batch 
fermentation is that the concentration and 
productivity of lactic acid produced is 
relatively low because the final product might 
inhibit further growth of the bacteria (Borzani 
et al., 1993). The production of lactic acid 

through the fermentation process has several 
advantages over chemical synthesis, i.e. low 
production costs, low operating temperatures, 

low energy consumption, and low prices of the 
substrates used (Abdel-Rahman et al., 2011; 
Mayer et al., 2019). The optimum condition for 

producing lactic acid is pH 6.5, temperature 
range 30-43°C, and low concentration of 
oxygen. Lactic acid production through the 
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fermentation process can be considered a 
green technology because it uses renewable 
substrates and can also convert CO2 as a 
greenhouse gas into lactic acid during the 
fermentation process (Fachrul Razi, 2006). 
 

The fermentation process to obtain lactic acid 
takes place either under anaerobic or aerobic 
conditions based on the type of bacteria used 
(Matsumoto and Taguchi, 2010; Savioli Lopes 
et al., 2012). Some lactic acid-producing 
bacteria are Lactobacillus amylophilus, 

Lactobacillus bavaricus, Lactobacillus casei, 

Lactobacillus maltaromicus, Lactobacillus 
salivarius, Lactobacillus delbrueckii, 
Lactobacillus jensenii, and Lactobacillus 
acidophilus (Lee et al., 2020; Lin et al., 2020). 
Lactobacillus sp. is a bacterium that plays a 
very important role in producing lactic acid 

because these bacteria produce the enzyme, 
α-amylase, which can convert glucose in the 
substrate into lactic acid. Sources of microbial 
carbon in producing lactic acid can either be: 
a) pure sugars in the form of glucose, sucrose, 
lactose; or b) sugar derived from molasses, 
whey, bagasse, cassava; or c) flour from 

sweet potatoes, wheat, and barley (Li et al., 

2020). 
 
Although the prospect of lactic acid as a 
bioplastic raw material is very promising, 
enormous studies are still needed to reduce 

the cost of PLA production in order to compete 
with conventional petrochemical-based 
plastics. It is estimated that the cost of 
producing lactic acid must be lowered by up to 
50% in order for the PLA to be able to compete 
in the market (Okano et al., 2010; Wee et al., 
2004). Several aspects of reducing the cost of 

lactic acid production have been studied 
extensively, ranging from raw materials used, 
selection of microorganisms, substrates, 

production methods, applications, and others. 
 
In the process of lactic acid fermentation, cost 
of the substrate consumes as much as 40-

70% of the total cost (Rawoof et al., 2021). 
Thus, the selection of raw materials greatly 
affects the cost production. The use of 
polysaccharides such as starch and cellulose 
require a complex process i.e., delignification 
process to remove lignin from cellulose, 

saccharification to break carbohydrate bonds 
into glucose, and fermentation to produce 
lactic acid. Pretreatment process in some 
cases of lactic acid production had increased 

the production costs (López-Gómez et al., 
2019; Rawoof et al., 2021; Wang et al., 
2015). The synthesis of lactic acid from empty 

bunches of palm oil (EFB) through the method 
of simultaneous fermentation saccharification 
resulted in a low concentration of lactic acid.  

 
A very simple process to produce lactic acid 
that requires only one stage of fermentation is 
the fermentation of glucose. Hence, the use of 
pure glucose and lactose substrates is not 
recommended because they are very 

expensive (Paes et al., 2019). Raw materials 
that are cheap and can be developed to 
produce lactic acid are industrial by-product 
that contain glucose, such as the waste from 
sugar industry in the form of molasses 
(Nandasana and Kumar, 2008). 

 

In general, to produce 1 ton of raw sugar, 0.38 
tons of molasses will be produced. Molasses 
cannot be disposed of directly because it is 
large in quantity with a high content of 
complex organic compounds and viscosity. 
Molasses contains 40–60% sugar (w/w) and 

the water content is below 20% (w/w) (Zhang 
et al., 2021). Molasses is a substrate that has 
the potential to be fermented into lactic acid 
because molasses contains high sugars. 
 
The success of the fermentation process is 
greatly influenced by several factors such as 

the type of substrate, pH of the medium, and 

bacterial concentration. Wee et al. (2004) 
reported that the use of molasses substrates 
for lactic acid synthesis by batch fermentation 
using Enterococcus faecalis resulted in a 
maximum of lactic acid concentration as much 

as 134.9 g/L. Mahato et al. (2021) conducted 
a study to optimize the production of lactic 
acid in a fermentation medium consisting of 
MRS agar media, MRS broth, and agar with 
various addition of molasses ranging from 1% 
to 9% (v / v). Optimum conditions obtained at 
the addition of molasses as much as 7% (v/v), 

incubation time of 144 h, and effective 
agitation speed of 175. Mahato et al. (2021) 
only used a small amount of molasses as a 

substrate that was given into a fermentation 
medium and Lactobacillus acidophilus was not 
through a breeding and adapting process 
beforehand.  

 
The use of small amount of molasses will not 
solve the environmental problem regarding 
accumulation of high quantity and 
undegradable of molasses as the waste in 
sugar industry. Therefore, it is necessary to 

develop research to accommodate a large 
amount of molasses so that it would no longer 
be the environmental issue.  In this study, 
molasses fermentation is done without the 

addition of specific nutrients in the 
fermentation media, and the Lactobacillus 
acidophilus will be inoculated directly in 

molasses media. The adaption of bacteria 
before the fermentation process started is 
necessary so that the lag phase can be 
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achieved faster in the bioreactor. This study 
aims to obtain the value of the cell 
concentration and growth kinetics of 
Lactobacillus acidophilus during the 
fermentation process that gives the highest 
concentration of lactic acid. 

 
2. Methodology 

 
2.1.  Materials 
 
Molasses was obtained from a sugar factory 

located in Central Java. Lactobacillus 

acidophilus was obtained from the 
Microbiology Laboratory of the Bandung 
Institute of Technology. Medium MRS, NaOH, 
H2SO4, NaOH, and MRS were obtained from 
Merck, Indonesia. 
 

2.2. Bioreactor Design 
 
The bioreactor used in this study was an 
anaerobic bioreactor with a volume of 1000 
ml. The top of the bioreactor has a rubber 
cover equipped with a goose-neck flask, a 
sampling tube and a pipe for conveying N2 

gas. The bioreactor used in this study is shown 

in Figure 1. 
 

 
 

Figure 1. Anaerobic bioreactor. 

 
2.3. Bacteria Inoculation 

 
A 3.7 grams of MRS nutrients were dissolved 
in 100 mL of distilled water, heated at 100°C, 
then stirred using a magnetic stirrer at a speed 
of 150 rpm, continued with sterilization in an 
autoclave for 15 minutes. The sterilized MRS 

liquid was then poured into a petri dish that 
has been previously sterilized. Next, the 
culture medium was cooled in a closed petri 
dish until the agar formed. Afterwards, 
Lactobacillus acidophilus were inoculated by 
applying two doses of the bacteria in the 
surface of MRS medium in the zigzag pattern 

and then incubated for 48 hours at room 
temperature. Bacterial growth is characterized 
by the appearance of white spots on the 
surface of the culture medium. 
 

2.4. Molasses Pretreatment 
 
Molasses used in this study contained 50.68% 
total sugar and 32% reducing sugar. Molasses 
is diluted with the addition of distilled water to 
a total sugar content of 12-15%. 

 
2.5. Preparation of the Starter 

 
The culturing stage of Lactobacillus 
acidophilus in molasses substrate started by 
sterilized 500 mL molasses that stored in an 

Erlenmeyer. Then 25 ml of MRS (1.6 g/100 

ml) was added to the starter medium as a 
nutritional compound. NaOH solution was 
added until the pH of the medium was 6.0. 
Afterwards, Lactobacillus acidophilus cultures 
were placed into the starter medium and 
incubated for 48 hours. 

 
2.6. Molasses Fermentation 
 
The procedure used in this experiment was 
based on previous research Sun et al. (2019) 
and Wee et al. (2004), with some 
modification. The fermentation of molasses 

started when 500 ml of molasses were stored 

in the bioreactor. The fermentation medium 
was then sterilized at 120oC for 15 minutes in 
an autoclave. After the fermentation medium 
is cooled to room temperature, the starter 
with various volume; 1, 3, 5 and 10% (v/v), 

were added. The pH of the culture was 
maintained at 6.5 by adding 10 M of NaOH. 
Momentarily flow of nitrogen gas (N2) into the 
bioreactor is done to expel oxygen in the 
bioreactor. The temperature of the bioreactor 
was kept constant at 35o and kept stirring at 
200 rpm so that the fermentation broth was 

completely mixed. Fermentation was carried 
out for 72 hours and samples were taken 
every 8 hours. 

 
2.7. Lactic Acid Concentration Analysis 
 
The concentration of lactic acid produced in 

the fermentation process was analysed using 
UV-vis spectrophotometry at 284 nm and 
compared with a standard solution of pure 
lactic acid. 
 
2.8. Analysis of Lactobacillus acidophilus 

Concentration 
 
Bacterial concentration was measured by 
gravimetric method. Bacterial growth is 

identical to the addition of Mixed Liquor 
Suspended Solid (MLSS). Bacterial 
concentration test was carried out by filtering 

a number of samples using 0.45 m filter paper. 
The filter results were dried at a temperature 
of 103-105oC for one hour to obtain a constant 
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weight. The filtered sample was weighed and 
the MLSS concentration is calculated by 
Equation 1. 
 

Concentration of cells (
mg

L
) =  

(A − B)x1000

 ml sample
         (1) 

 
where A is weight of filter paper containing 
residue and B is empty filter paper weight. 

 
2.9. Determination of Cell Growth  

 
The growth of Lactobacillus acidophilus in the 

fermentation medium can be determined 
using a logistic growth model. In this logistic 

growth equation, it is assumed that there is no 
time delay in the growth process of 
microorganisms, whether the microorganisms 
will continue to increase (never decrease) or 
will continue to decrease (never increase) 
(Panigoro, 2015). The specific growth rate was 
calculated by Equation 2 and maximum net 

specific growth rate (𝜇𝑛𝑒𝑡) was calculated by 

Equation 3 (Shuler and Kargi, 1991). 
 

𝑘 =  
1

�̅�

∆𝑋

∆𝑡
+ [1 −

�̅�

𝑋∞
]                                                       (2) 

 

where k is the carrying-capacity coefficient, ∆t 

is time period (tn-tn-1), �̅� is average biomass 

concentration during ∆𝑡, ∆X is the difference in 

the biomass concentration, and X∞ is the 
maximum cell mass. 

 

 𝜇𝑛𝑒𝑡 =  
𝑙𝑛𝑋2 −  𝑙𝑛𝑋1

𝑡2 − 𝑡1
                                                         (3)  

 

where 𝜇𝑛𝑒𝑡 is the maximum net specific growth 

rate (h-1), X1 is the initial cell mass 
concentration of the exponential growth phase 
(mg/L), and X2 is the final cell mass 

concentration of the exponential growth phase 
(mg/L). 
 
3. Results and Discussion  

 
3.1. Inoculation and Culturing of 

Lactobacillus acidophilus 
 
Lactobacillus acidophilus was inoculated in 
MRS media using the quadrant streak plate 

method. Lactobacillus acidophilus inoculum 
was then cultured in molasses medium as 
shown in Figures 2(a) and (b). Figure 2(a) 
shows Lactobacillus acidophilus inoculation for 

24 hours on MRS medium. The formation of 
bacterial colonies in Lactobacillus acidophilus 
inoculation was characterized by the color 

change in the MRS medium. Figure 2(b) 
displays the process of Lactobacillus 
acidophilus in molasses as a starter. 

 
 
 
 
 
 

 
 
 
 
 
 

 

 
 

(a)                              (b) 

 
Figure 2. (a) inoculum of Lactobacillus acidophilus; 

(b) starter of Lactobacillus acidophilus. 
 

The starter bacteria are allowed to breed and 
adapt in the substrates, that have the same 

nutrients composition with the fermentation 
medium. Bacterial cultures were then mixed 
evenly in molasses medium. During the 
formation of the starter, the concentration of 
bacteria gradually increased until the end of 
the process, as can be observed in Table 1. 

The increase in the concentration of cells in 

the starter indicated that Lactobacillus 
acidophilus grew well on molasses medium. 
 
Table 1. Concentration of Lactobacillus acidophilus  

 during the starter stage. 
 

Time (h) concentration of 
bacteria (mg/L) 

pH Medium 

0 148.2 6.0 

8 163.5 5.9 
16 226.8 5.7 
24 388.3 5.6 
32 424.7 5.3 
48 535.5 5.1 

 
The adaptation phase (lag phase) of the 
bacteria in the new environment, that occurs 
immediately after inoculation, can be achieved 
less than 8 hours. Lactobacillus acidophilus is 

a species of bacterium that easily adapts to 
the surrounding environment, so it does not 
take a long time to reach a fast growth phase 
(Horackova et al., 2020). 
 
3.2. Molasses Fermentation 
 

In the fermentation process, increasing the 
concentration of Lactobacillus acidophilus (1; 
3; 5; and 10%(v/v)) in the molasses medium 

decreased the pH of the mixture. The 
decreasing of pH in the mixture can be 
observed in Figure 3. At the eighth hour it was 
seen that the pH of the mixture did not 

significantly decrease. A significant decrease 
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in pH occurred after 24 hours of fermentation. 
This is caused by the accumulation of lactic 
acid and the amount of natural buffer in the 
medium that can no longer support the 
formation of acid, thus it continued to 
decrease the pH until the end of the 

fermentation process. Lactobacillus acido-
philus starter can work in a fairly wide range 
of pH, 3.5-6.0, with the optimum pH range 5-
5.8. The lower the pH, the more lactic acid 
formed in the bioreactor. A significant 
decrease in pH 5.0, occurred at a 10% concen-

tration of Lactobacillus acidophilus at the end 

of the fermentation process (72 hours). Tay 
and Yang, (2002) reported that the formation 
of lactic acid, ethanol, and fumaric acid 
reduced the pH of the medium to 4.0. Cell 
concentration changes during the 
fermentation process are shown in Figure 4. 

 
Figure 3. pH in fermentation process. 

 
During the fermentation process it was seen 
that the cell concentration changed over time. 
In Figure 4, it can be seen that the cells 
experienced a lag phase, an exponential 

growth phase, and a stationary phase. The lag 

phase occurs at the beginning of the 
fermentation process. With the addition of 
starter 1 and 3% (v/v) it was seen that the lag 
phase occurred in the first 16 hours of the 
fermentation process, after which the cells 
experienced a rapid growth phase until the 
end of the fermentation process. In both 

variations, cells do not experience a stationary 
phase and a death phase. This indicates that 
the cell still has sufficient substrate for its 
growth. At 5% starter volume variation, it was 
seen that the cells only experienced an 
exponential phase. This is indicated by the 

increasing concentration of cells in the 

fermentation medium. 
 
Sufficient amount of substrate and suitable 
environmental conditions cause cell 
multiplication to take place optimally (Rolfe et 

al., 2012). With the addition of 10% starter 
volume, it was seen that the cells underwent 
an exponential phase for 32 hours of the 
fermentation process. The stationary phase 
occurred at 32-40 hours of the fermentation 
process, followed by a dead phase. The 

stationary phase is indicated by the number of 
cells that does not significantly change, which 
is caused by a balance between the rate of 
growth and the cell death. The death phase is 
indicated by a decrease in cell concentration. 
This is caused by an imbalance in the rate of 

cell growth and death. Cell death occurs 

because the substrate begins to decrease and 
the products that are toxic to microorganisms 
starts to accumulate (Rolfe et al., 2012). 

 
Figure 4. Cells concentration in fermentation 

process. 
 
The concentration of lactic acid production 
during fermentation process can be observed 
in Figure 5. The carbon source in the form of 
sugar in the medium during the fermentation 
process will be converted into lactic acid and 

new cells. The graphic at Figure 5 shows that 

the concentration of lactic acid increased 
during the fermentation process. At the 
addition of 10% starter, the concentration of 
lactic acid increased significantly after 8 hours 
of fermentation. This result shows the ability 
of the bacteria to optimally utilize the 

substrate to convert molasses into lactic acid. 
At 32 hours of fermentation, there was a 
decrease in the concentration of lactic acid. 
 
The decrease in the concentration of lactic acid 
might occur as an effect of further reaction 

that converts lactic acid into other compounds 
that might inhibit the cell growth in the 

fermentation media (Mirdamadi et al., 2002). 
This product inhibition can be reduced by 
providing more nutrients needed by 
microorganisms (Bulut et al., 2004). The 
highest concentration of lactic acid, produced 
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during 72 hours of fermentation, was 23.1 
ppm. 

 
Figure 5. Lactic acid production during the 

fermentation process. 
 

With the addition of 5% starter volume, the 
concentration of lactic acid increased rapidly 
during 24-32 hours of fermentation. The 

graphic also displays the result of starter 1 and 
3% addition that shows a significant increase 
of the concentration of lactic acid between 0-

32 hours, but tends to be constant between 32 
to 72 hours of the fermentation process. 
 
Tabel 2. Comparison of batch fermentation of  

molasses to lactic acid. 

 

Organism Lactic 
acid 

(mg/L) 

Fer. 
Time 
(h) 

Ref 

Lactobacillus 
delbrueckii 

1.66. 
105 

40  Dumbrepatil 
et al., 2008 

Enterococcus 
faecalis 
RKY1 

6.51. 
104 

30  Wee et al., 
2004 

Enterococcus 
hirae ds 10 

8.60. 
102 

36  Abdel-
Rahman et 
al., 2020 

Lactobacillus 
acidophilus 

12.38 72  Mahato et 
al., 2021 

Lactobacillus 
acidophilus 

23.1 72 This study 

 

These results have similarities with those 

reported by Idris and Suzana, (2006) and 
Mussatto et al. (2008) that these bacteria can 
effectively convert molasses into lactic acid in 
the first 12 hours of the fermentation process. 
The decrease in the activity of microorganisms 
might be an effect of the uncontrolled of pH 
system. The pH decreases might occur due to 

the conversion of glucose into lactic acid and 
other acids. pH is an important factor in the 
growth and activity of microorganisms, thus 
the optimum pH for growth and production of 
lactic acid has to be maintained in the range 

of 5.0 - 7.0 (Hofvendahl and Hahn-Hägerdal, 
2000).  
 
The optimum conditions for Lactobacillus 
acidophilus to grow and effectively convert 
molasses into lactic acids are pH 6.5 and 

temperature 37oC (Tomás et al., 2003).  Some 
other fermentation of molasses research to 
yield lactic acid using batched process can be 
observed in Table 2. 
 
3.3. Cell Growth Kinetics 

 

The research variation with 5% starter volume 
was chosen for the calculation of the specific 
growth rate because it produced the highest 
concentration of lactic acid, 23.1 mg/L, with 
the value of Xꝏ=283.9 mg/L, at the 

fermentation time (t) = 72 hours, which 
means that the cell growth was almost 
complete at 72 hours. This logistic growth 
curve can be observed in Figure 6. 
 

 
Figure 6. Logistic growth curve of Lactobacillus 

acidophilus. 

 
The cell specific growth rate was determined 
using equation 2 and the results are presented 

in Table 3. The mean value of the cell growth 

kinetics is k = 0.2379 h-1. The maximum net 
specific growth rate was determined when 
Lactobacillus acidophilus is in exponential 
phase. The maximum net specific growth rate 
(𝜇𝑛𝑒𝑡) is calculated using Equation 3.  

 
Table 3. Cell growth kinetics with of 5%   

Lactobacillus acidophilus. 
 

∆𝑡 (ℎ) �̅� 

(mg/L) 

1

�̅�

∆𝑋

∆𝑡
(h−1) [1 −

�̅�

𝑋∞

] 
k (h−1) 

8 122.0 0.00317 0.5701 0.5733 
8 136.2 0.02304 0.5204 0.5435 
8 167.7 0.02826 0.4095 0.4378 
8 204.6 0.02194 0.2796 0.3015 
8 238.2 0.01643 0.1612 0.1776 
8 264.6 0.01020 0.0681 0.0783 
8 278.9 0.00314 0.0177 0.0208 

8 282.4 0.00004 0.0052 0.0052 

8 283.2 0.00063 0.0025 0.00313 
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Table 4. Growth kinetics parameters. 

 

Starter 

Volume 
(%) 

X0 

(mg/L) 

k (h-1) 𝜇𝑛𝑒𝑡(ℎ−1) 

1 68.32 0.3926 0.0046 

3 87.76 0.2799 0.0092 

5 120.60 0.2379 0.0160 

10 237.81 -0.0225 0.0032 

 

The comparison of k and 𝜇𝑛𝑒𝑡   for the starter 

volume variation is shown in Table 4. The 
value of k describes the growth capacity of a 

population (k value > 0). The greater value of 
k indicates the greater carrying capacity of cell 
growth. The value of k close to 0 indicates that 
the carrying capacity of the substrate is 
limited, which means that the growth of 

microorganisms is approaching the stationary 
phase. 
 
The data in Table 4 indicated that the greater 
concentration of cells added at the beginning 
of the fermentation process, the smaller value 
of the carrying capacity coefficient (k). This 

indicates that cell growth is heading to the 
stationary phase which also supported by the 

data of the increasing in the maximum net 
specific growth rate (𝜇𝑛𝑒𝑡). The addition of 

10% starter volume resulted in a negative k 
value. This indicates that the cells experienced 
a death phase during the fermentation 

process. This is also supported by the value of 
𝜇𝑛𝑒𝑡 which is smaller than the other variations. 

Thus, this data cannot be used to calculate cell 
growth kinetics. The logistic model assumes 
that at any given time of the population will 
approach the equilibrium point. At this point 
the number of births and deaths is considered 

the same, so the graph will be at the steady 
state. 
 

4. Conclusion  
 
The highest concentration of lactic acid 
produced in batch molasses fermentation was 

23.1 mg/L, resulted from the addition of 5% 
starter volume and 72 hours fermentation 
time. By using the logistic model, it can be 
concluded that the value of growth capacity 
will approach the stationary phase faster if 
more of the starter added in the fermentation 

media. The addition of excess starter to the 
fermentation media causes a faster death 
phase because the amount of substrate is 
limited and the accumulation of lactic acid will 

also inhibit the cell growth. The value of k that 
is close to equilibrium and the highest net is 
obtained with the addition of 5% starter with 

the values of k = 0.2379 h-1 and 𝜇𝑛𝑒𝑡 = 0.0160 

h-1 respectively. 
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