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A b s t r a c t 

Cheese processing industry throws a lot of whey into the environment 
that cause pollution. Whey cheese is known to contain lots of organic 
matter and lactose which is the main energy source for the Lactobacillus 
genus. This study aims to determine the effect of using cheese whey 
media on bacterial cell count, total lactic acid, and total sugar in the 
Lactobacillus casei group consisting of Lactobacillus casei, Lactobacillus 
paracasei, and Lactobacillus rhamnosus bacteria. The method used in this 
study was bacterial culture rejuvenated and propagated on MRSB media 
for 24 hours. As much as 1% of bacterial culture was inoculated into 
cheese whey medium and incubated at 37 C for 24 hours. Furthermore, 
observations were made on the number of bacterial cells, total lactic 
acid, and total sugar in the L. casei group. The results showed that L. 
paracasei had the highest number of cells (4.862 CFU/ml), total lactic acid 
(0.264 mg/ml), and total sugar (93.805 mg/ml) and was not significantly 
different from L. casei and L. rhamnosus. The cheese whey medium was 
not significantly different from the positive control (MRSB), however, 
there was a difference in the growth ability of each isolate on the positive 
control medium. Based on the research, it was shown that cheese whey 
media could be used as an alternative medium for the growth of the L. 
casei group. 
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1. INTRODUCTION 

 
Cheese whey is a clear, greenish-yellow 

liquid produced from cheese processing [1]. 
Cheese whey is considered a waste so that it is 
immediately dumped into the environment so 
that it can cause pollution [2]. According to 
Lestari et al. (2020), cheese whey still contains 
about 55% of the nutrients leftover from milk 
processing, in the form of macronutrients and 
micronutrients. Macronutrients contained in 
cheese whey include lactose around 4.5-5% 
(w/v), protein around 0.6-0.8% (w/v), fats and 
oils around 0.4-0.5 (b/v) and mineral salts [3]. 
The micronutrients contained in cheese whey 
include lactoperoxidase, lysozyme, 
immunoglobulins, iron, iodine, and several 
vitamins [4]. In addition, cheese whey also 
contains lactoferrin of about 0.02-0.2 g/L [5]. 

Nursiwi et al. [6] stated that the lactose 
content in cheese whey reached 5.43% and this 
amount was high enough to be utilized by 
microorganisms. Lactose is known to be the 
main carbon source for the genus Lactobacillus 
[7]. Lactobacillus has the enzyme lactase which 
can break down lactose into glucose and 
galactose [8]. Therefore, cheese whey can be 
utilized by Lactobacillus as a growth substrate  

One of the most studied members of the 
Lactobacillus genus is the Lactobacillus casei 
group. Based on molecular research with DNA 
hybridization, it shows that the L. casei group 
consists of three species, namely Lactobacillus 
casei, Lactobacillus paracasei, and Lactobacillus 
rhamnosus [9]. The three bacteria are grouped 
into one group because they have high 
phenotypic and phylogenetic similarities [10]. 
The growth ability of the L. casei group on 
cheese whey has not been widely published. 
According to Soenarno et al. [4], cheese whey 
can increase the growth of Lactobacillus 
plantarum IIA-1A5 by 1.21 log CFU/mL. Perez et 
al. [11], investigated the use of cheese whey as 
a growth medium for Lactobacillus helveticus. 

The growth activity of a microorganism 
can be seen based on several parameters. 
According to Safitri et al. [12], the number of 
bacterial cells, total lactic acid, and total sugar 

can be used as parameters for the growth of 
lactic acid bacteria. The same parameters were 
also used in the study of Yeni et al. [13], the 
results showed that the number of Pediococcus 
pentosaceus bacteria that grew was 6.4×107 
CFU/mL, the total lactic acid produced was 
0.38 mg/mL, and the amount of sugar 
consumed by bacteria was 49.35%. Research 
on the use of cheese whey as a growth 
medium for the L. casei group using these 
three parameters has not been carried out. 
Therefore, this research needs to be carried 
out as an effort to reduce environmental 
pollution and show the potential of cheese 
whey as an alternative growth medium for the 
L. casei group. 

 
2. MATERIALS AND METHODS 

 
Preparation of de Man Rogosa Sharpe Agar 
(MRSA) and de Man Rogosa Sharpe Broth 
(MRSB) media 
MRSA medium was used to rejuvenate 

pure cultures while MRSB was used for 
bacterial propagation and as a medium for 
positive control. MRSA was made with 62 g of 
instant media while MRSB with 52.2 g of 
instant media. Each intra medium was 
homogenized with 1000 mL of distilled water 
in Erlenmayer. Furthermore, it is heated on a 
hot plate and homogenized with a magnetic 
stirrer at a temperature of 60 °C until it boils. 
Then sterilized using an autoclave for 15 
minutes at a temperature of 121 oC [14]. 
 

Preparation cheese whey media 
The cheese whey was filtered using 0.45 m 

filter paper to separate the dissolved solids. 
Then, it is pasteurized at a temperature of 63-
66 oC for 30 minutes and placed in ice bath 
water until the temperature reaches 4 oC [15]. 
Furthermore, the acidity level is set to pH 6 
[13]. Adjusting the acidity level of the media 
can use HCl to reduce pH and NaOH to 
increase pH [16]. 
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Bacterial rejuvenation 
Each bacterial colony of the L. casei group 

(L. casei, L. paracasei, and L. rhamnosus) was 
taken one ose from a pure culture. 
Furthermore, it was inoculated on MRS media 
so that it was tilted MRS using the streak plate 
method. Then it was incubated for 24 hours at 
37 °C [17]. 

 
Preparation of Mc Farland standard 
solution 

Mc Farland's standard solution was used to 
create a standard curve for bacterial growth. 
The Mc Farland series is used, starting from 
0.5-10. Preparation of standard Mc Farland 0.5 
solution was done by mixing 0.05 mL of 1.175% 
BaCl2 solution with 9.95 mL of 1% H2SO4 
solution. Mc Farland 1 standard solution was 
prepared by mixing 0.1 mL of 1.175% BaCl2 
solution with 9.9 mL of 1% H2SO4 solution, and 
so on until an Mc Farland, 10 standard solution 
was obtained. Then each solution was 
vortexed until homogeneous and the 
absorbance was measured using a 
spectrophotometer with a wave length of 625 
nm [18]. 

 
Inoculation of bacteria into the media 
The cheese whey medium was poured into 

a 10 mL test tube. Then added inoculum of 
bacteria L. casei, L. paracasei, and L. rhamnosus 
which had been diluted according to the 
turbidity of the standard Mc Farland 0.5 
solution. The turbidity value of the test 
suspension is said to be by the standard Mc 
Farland 0.5 solution if the absorbance results 
are 0.08-0.13 [18]. Mc Farland standard 
solution 0.5 is equivalent to a bacterial density 
of 1x107 cells/mL – 1x108 cells/mL [19]. The 
number of bacteria inoculated was 1% (0.1 mL) 
[20]. Bacterial inoculum was also inoculated 
into MRSB media as a positive control. The 
suspension was then incubated for 24 hours at 
37 °C [21]. 

 
 
 

Bacterial cell count analysis 
Calculation of the amount that grows on 

cheese whey media is carried out using the 
spectrophotometer method by taking into 
account the absorbance value or optical 
density (OD). The incubation media containing 
bacteria was homogenized with a vortex and 1 
mL was taken and then put into a cuvette [22]. 
Before use, the cuvette must be cleaned with 
distilled water and dried with a tissue. The 
cuvette that has been filled with suspension is 
inserted into the cell holder in the sample 
chamber and placed to the bottom of the cell 
and then closed [23]. The blank solution used 
was cheese whey media without bacteria. The 
absorbance value of the suspension was 
measured with a wavelength of 630 nm. The 
absorbance value obtained was then 
converted into a linear regression equation 
formula from Mc Farland's standard solution. 
The final results obtained were expressed as 
bacterial density values (cells/mL) [15]. 

 
Total lactic acid analysis 
The first step in testing total lactic acid is to 

make a cell-free culture. The sample in the 
form of a bacterial solution that has been 
incubated on cheese whey media was 
centrifuged at 4500 rpm for 20 minutes. Next, 
the cell-free culture in the form of the 
supernatant was diluted by taking 1.25 mL and 
then put into a 25 mL volumetric flask and then 
added with distilled water until it reached the 
25 mL mark. Furthermore, 3 drops of PP 
indicator (phenolphthalein) were added and 
homogenized. Then titrated with 0.1 N NaOH 
while homogenizing. The titration process was 
stopped when a constant pink color was 
formed [24]. Calculation of lactic acid levels 
from the titration is shown by the following 
equation: 

 
Note: 
mL NaOH: Volume of NaOH used (mL) 
M NaOH: Molarity of NaOH 
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M.E: Lactic acid equivalent factor (90.08 
g/equivalent) 

mL sample: Volume of a titrated sample 
(mL) 

 
Total sugar analysis 
The total sugar test in cheese whey was 

carried out by diluting the supernatant first 100 
times. Take 0.5 mL and put it into a test tube. 
Then 0.5 mL of 5% phenol was added and 
homogenized with a vortex. After being 
homogeneous, 2.5 mL of concentrated H2SO4 
was added carefully through the walls of the 
test tube and allowed to stand for 10 minutes. 
The sample was placed in a water bath with a 
temperature of 40 oC for 20 minutes and 
homogenized and the absorbance was 
measured with a spectrophotometer using a 
wavelength of 490 nm. The absorbance value 
obtained from the test was then entered into 
the calculation results of the standard curve 
[25]. 

Standard curves were made from glucose 
solutions with concentrations of 0, 10, 20, 30, 
40, 50, and 60 ppm which were treated the 
same as testing the total sugar in the sample. 
The decrease in total sugar in the media during 
fermentation was calculated at 24 hours. Thus, 

the total sugar value is obtained from the 
reduction between the total sugar at the 
beginning of the fermentation and the total 
sugar at the end of the fermentation [13]. 

 
Data analysis 
The research data were tested for Shapiro-

Wilk normality and Levene homogeneity first. 
Then it was analyzed descriptive statistics with 
Analysis of Variance (ANOVA) using SPSS IBM 
23. If the results of the variance of the data 
showed a significant effect, the analysis was 
continued with Duncan's Multiple Range Test 
(DMRT) with a level of = 5%. 

 
3. RESULTS  

 
Observation of the parameters of the 

number of bacterial cells that grew during the 
24-hour incubation period showed the growth 
of Lactobacillus casei groups on cheese whey 
media (Figure 1). The growth of the L. casei 
group was indicated by the higher absorbance 
value of cheese whey media with added 
inoculum compared to media without 
inoculum or negative control 

 

 
Figure 1. The number of bacterial cells 
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Based on statistical analysis showed that 
there was no difference in the average number 
of cells between bacteria. Lactobacillus 
paracasei has the most growth ability. When 
compared with MRSB media or positive 
control, the number of bacterial cells growing 
on cheese whey media was less but not 
significantly different. This is the same as the 
research of Salma et al. [26] which showed the 
highest average number of Lactobacillus 
helveticus MTCC 5463 cells was in MRSB media 
at 9.12 log CFU/mL, followed by skim milk 
media at 9.03 log CFU/mL, and cheese whey 
media at 9.02 log CFU/mL. The number of 
bacteria that grows on cheese whey is less 
because the nutritional content in it is reduced. 

Lactic acid is the main metabolite product 
of the breakdown of carbohydrates during the 
fermentation process [27]. The increase in 
acidity in the media is indicated by the amount 
of organic acid formed which is followed by a 
decrease in pH [28] Lactic acid bacteria can live 
in environments with low pH because bacteria 
can to maintain pH conditions in their cells so 
that they remain more neutral than the pH in 
their environment [29]. The high acid content 
in the media indicates the presence of 
bacterial activity. Therefore, the calculation of 
total lactic acid is one of the parameters 
measured in this study. The results of the 
calculation of lactic acid in this test show 
different values (Figure 2). 

 

 
Figure 2. The total lactic acid 

 
Based on the results of statistical analysis 

showed that there was no difference in the 
average total lactic acid between bacteria in 
the L. casei group. When compared with MRSB 
media or positive control, total lactic acid in 
cheese whey media was lower but not 
significantly different. The titration test on the 

negative control showed the absence of acid 
content. The negative control used was media 
without the addition of bacteria. 

Total sugar is the amount of reducing and 
non-reducing sugars resulting from 
carbohydrate hydrolysis [30]. The total sugar 
test showed different results (Figure 3). 
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Figure 3. The total sugar 

 
The increase in the number of bacteria was 

inversely proportional to the total sugar in the 
medium. The more bacteria that grow, the less 
total sugar. This happens because during the 
fermentation process bacteria will consume 
sugar in the media for growth. The sugars 
contained in the media are utilized by bacteria 
for cell maintenance, biomass growth, and the 
formation of by-products in the form of 
organic acids. 

 
4. DISCUSSION 

 
de Man Rogosa Sharpe media as a 

commercial medium for lactic acid bacteria 
contains various components, including casein, 
meat extract, yeast extract, D(+) glucose, di-
potassium hydrogen phosphate, tween, di-
ammonium hydrogen citrate, sodium acetate, 
magnesium sulfate, and magnesium sulfate. 
Manganese sulfate. According to Safitri et al. 
[12], the nutritional content of MRSB media 
has been measured and adjusted to the needs 
of the bacteria so that the number of bacteria 
that grow on this medium is more than the 
bacteria grown in cheese whey media. The 
addition of nutritional sources such as 
ingredients for MRS media may need to be 
done to enrich the content of cheese whey 
media. This is supported by the statement of 

Azhari et al. [31], that the availability of 
nutrient content of growth substrate is an 
important factor that must be considered to 
increase the growth rate. Soenarno et al. [4] 
conducted a study on the use of a mixture of 
cheese whey and skim milk as a growth 
medium for L. plantarum IIA-1A5, the results 
showed that the number of bacteria growing 
on a mixture of cheese whey and skim milk 
(1.49 ± 0.09a) was higher than in cheese whey 
medium without supplementation (1.21 ± 
0.01c). 

The type of cheese used in this study was 
mozzarella cheese. The type of cheese can 
affect the potential of whey as a medium for 
bacterial growth. This is by Macwan et al. [32], 
who examined the potential of cheddar cheese 
whey with Paneer cheese whey as a growth 
medium for L. helveticus MTCC 5463, 
Streptococcus thermophilus MTCC 5461, 
Leuconostoc mesenteroides, and Lactococcus 
lactis bacteria, the results showed that the four 
bacteria were able to grow at an average 
growth rate of 8.32 log CFU/mL, 9.16 log 
CFU/mL, 8.72 log CFU/mL and 9.82 log CFU/mL 
on cheddar cheese whey and 8.25 log CFU/mL, 
9.19 log CFU /mL, 8.66 log CFU/mL and 9.80 log 
CFU/mL in paneer cheese whey. 

Several factors that can affect the growth 
of bacteria include the condition of the 
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bacteria, nutrients, pH, temperature, and 
oxygen. In addition, bacterial growth can also 
be affected by the time [33]. In this study, the 
incubation time used was 24 hours. This is 
based on the research of Salma et al. [26], that 
the bacteria L. helveticus MTCC 5463 grown on 
cheese whey media with incubation intervals 
of 24-120 hours showed the highest growth, 
namely at a 24-hour incubation period of 9.73 
log CFU/g and the rate of increase in the 
number of bacteria was very high. Later after 
an incubation period of 24 hours. 

Mulyani et al. [34], stated that the longer 
the fermentation time, the more nutrients 
remodeled by lactic acid bacteria for growth. 
So there is a possibility that the number of 
bacteria in cheese whey media can still 
increase if it is incubated for a longer time. This 
statement is supported by the research of 
Manzano et al. [35], which showed that lactic 
acid bacteria are grown on fresh cheese whey 
medium initially were 4.86 log CFU/mL then 
increased to 7.63 log CFU/mL after 60 hours of 
incubation until finally decreased to 5.82 log 
CFU. /mL after incubation for 120 hours. The 
use of incubation time must also pay attention 
to the adequacy of nutrients in the media so 
that bacteria can still grow and do not reach 
the statistical phase or death phase when 
harvested [4]. 

Incubation time is a variable related to the 
growth phase of bacteria during the 
incubation process [33]. The length of the 
growth phase of each bacterium varies 
according to different species and 
environmental conditions. Therefore, it is 
necessary to observe the test parameters at 
certain time intervals to determine the 
optimum time for the growth of each 
bacterium [36]. 

Factors that affect the difference in total 
lactic acid in the experimental unit are thought 
to be related to factors that affect the number 
of bacterial cells because the calculation 
results of the two parameters are directly 
proportional. This is by the statement of Safitri 
et al. [12] that the amount of acid formed will 

be proportional to the number of bacteria that 
grow. 

The nutrient content in the media can 
affect the total lactic acid produced. 
Therefore, it is necessary to adjust the 
nutritional content of cheese whey so that the 
total acid formed becomes more. Adjustment 
of the cheese whey media content can be 
done by adding supplements that can support 
bacterial growth. This is following the research 
of Perez et al. [11], regarding the addition of 
yeast extract into cheese whey media as a 
growth medium for L. helveticus, the results 
showed that the total lactic acid produced by 
bacteria in mixed media with cheese whey and 
yeast extract (3.7g/1 h) was more than in whey 
media. Cheese without the addition of yeast 
extract (3.1 g/1 h). 

Incubation time can also affect the total 
lactic acid. According to Wulandari et al. [37], 
the longer the incubation time, the more 
carbohydrates are reshuffled, carbohydrate 
reshuffle will produce glucose and will 
eventually form lactic acid. This statement is 
supported by Mulyani et al. [34], that the 
longer the fermentation time, the more lactic 
acid bacteria will grow and the more lactic acid 
will be produced from their metabolic 
processes. This statement is supported by 
research by Mulyani et al. [38], the results 
showed that the lactic acid levels of beverages 
fermented for 48 hours (15,4550 ppm) were 
higher than drinks fermented for 24 hours 
(14,9169 ppm). 

Another factor that is often associated 
with total lactic acid is the type of lactic acid 
fermentation. Based on the type of lactic acid 
fermentation, lactic acid bacteria can be 
divided into homofermentative and 
heterofermentative bacteria. 
Homofermentative bacteria will remodel 
almost all nutrients into lactic acid so that the 
amount of lactic acid produced by these 
bacteria tends to be much higher [28]. The L. 
casei group includes homofermentative 
bacteria so that each bacterium produces 
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lactic acid levels that are not much different 
[39]. 

The cheese whey and MRSB media before 
incubation had high sugar content and the 
values were almost the same, namely 314.58 
mg/mL on cheese whey and 316.25 mg/mL on 
MRSB. After incubation, the total sugar 
remaining in the cheese whey medium was 
more than MRSB but not significantly 
different. Based on these results, it can be 
seen that the Lactobacillus casei group was 
easier to use sugar in MRSB media than cheese 
whey media. According to Lusi et al. [40], 
media viscosity can affect bacterial growth. 
Viscosity can be affected by the number of 
solids dissolved in the medium. The higher the 
amount of solids in the fermented liquid 
causes a decrease in the solubility of oxygen in 
the media, while bacteria need oxygen for 
growth. Therefore, media with low dissolved 
oxygen content can reduce the metabolic 
activity of bacteria [41]. 

The bacteria that used the most sugar 
were L. paracasei, which was 93.805 mg/mL on 
cheese whey media and 304.417 mg/mL on 
MRSB media. The results of this parameter 
calculation are by the results of the calculation 
of the number of bacterial cells and total lactic 
acid parameters, where the bacteria that 
showed the most growth were L. paracasei 
bacteria. Based on this, it can be seen that the 
factors that affect the total sugar are related 
to the factors that affect the number of 
bacterial cells and total lactic acid. According 
to Rama et al. [3], in addition to environmental 
factors, the ability of bacteria to grow on a 
medium can be influenced by the physiological 
and morphological conditions of the bacteria 
itself and the bacterial strain. 

The high growth rate of L. paracasei 
compared to L. casei and L. rhamnosus could be 
due to the L. paracasei strain used which a 
better ability to utilize the nutrients had 
contained in cheese whey and MRSB media. 
This is by the statement of Kurniawati et al. 
[42], that different strains can affect the ability 
of bacteria to degrade substrates. This 
statement is supported by the research of 

Bottari et al. [10] (2017) about 14 strains of the 
L. casei group grown on milk media, the results 
showed that each bacterial strain gave 
different test results. The bacterial strains that 
had the best ability to ferment milk were L. 
paracasei strain 2461 (30.91 ± 0.06d), while the 
worst were L. paracasei strain 2247 (23.01 ± 
0.17a) and 4202 (21. 70 ± 0.30a). While the 
bacteria L. casei (strain 1247 (28.09 ± 0.56bc), 
strain 2046 (29.51 ± 0.10cd), and strains 2138 
(29.30 ± 0.30cd) and L. rhamnosus strain 1216 
(26.69 ± 0.42b), strain 2075 (28.14 ± 0.18bc), 
strain 2167 (29.17 ± 0.28cd), and strain 2233 
(29.88 ± 0.06cd) showed insignificant results. 

 
5. CONCLUSION 

 
Based on the parameters used, the L. casei 

group (L. casei, L. paracasei and L. paracasei) 
did not have a significant difference. Cheese 
whey media had a poor ability to grow L. casei 
group compared to MRSB (positive control), 
but the results of statistical analysis showed no 
significant difference. This shows that cheese 
whey media can be used as an alternative 
medium for the growth of the L. casei group. 
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