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Abstract: The restrictions for halal and vegetarian fermented products apply not only to the food
ingredients, but also to the inoculum media. The utilization of a medium for lactic acid bacteria (LAB)
leads to some issues from animal-derived proteins sources that may be doubtful for halal and/or
vegetarian use. This study aimed to develop a plant-based medium for culturing and maintaining
LAB. The result demonstrated that 10 g/L soybean powder in sweet potato extract was suitable
for cultivating Lactiplantibacillus plantarum TISTR 2075 with no significant difference (p < 0.05) from
MRS (de Man, Rogosa and Sharpe) in the cell number (9.12 log CFU/mL) and specific growth rate
(0.04). The feasibility of a plant-based medium to grow and maintain the LAB strains from different
origins was evaluated. Compared to MRS, Lpb. plantarum TISTR 2075, Lpb. plantarum MW3, and
Lacticaseibacillus casei TISTR 1463 could grow almost as well in a plant-based medium. This medium
was also suitable for maintaining the viability of LAB during storage, especially when subjected to
slant agar stock culture. It is practical and costs at least 10 times less than MRS. Thus, this study
created a low-cost plant-based medium that could be used in laboratories, especially for applications
in halal and vegetarian food products.

Keywords: animal-free medium; low-cost medium; stock culture; maintain; viability

1. Introduction

Lactic acid bacteria (LAB) are one of the most significant and widely used microbial
groups in fermented food production. Through their metabolic activities, LAB can produce
many beneficial substances, such as antibacterial compounds and organic acids [1–4].

LAB are commonly cultured in de Man, Rogosa and Sharpe (MRS) medium. To
accommodate LAB growth, MRS is supplemented with a variety of nutrients, including
carbon, nitrogen, minerals, and vitamin sources [5]. However, this medium has limitations
for starter culture preparation. As MRS consists of various materials, it takes considerable
time and effort to prepare the individual components. In terms of cost, notably on a large
scale, the use of MRS tends to be high-priced due to its protein and nitrogen sources, such as
beef and yeast extract. Another factor to consider is consumer concern about food sources
due to their religious beliefs or lifestyle. In the case of halal fermented foods, products
made with microorganisms must be devoid of all elements acquired from prohibited
sources under Islamic law, on the other side, vegetarian foods must not use animal-derived
substances. This comprises not only the product ingredients but also the starter cultures. In
most cases, animal-derived substances are utilized as the substrate or the enzyme in the
manufacture of peptone, meat, or yeast extract in MRS. The inclusion of such indicated
elements renders the medium dubious for use in halal and vegetarian fermented food
manufacturing. The source of the animal ingredients could be from any type, including
certain forbidden animals or methods under Islamic law, and they are obviously contrary
to the concept of a vegetarian diet.
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There are some exceptions to the halal status of vegetarian foods and materials. Alco-
hol and other intoxicants, as well as some plant-based additives, are not considered halal.
On the other hand, not all halal foods are suitable for vegetarians. Beef slaughtered in the
halal way, for example, cannot be included in vegetarian foods.

Sweet potato (Ipomoea batatas (L.) Lam) is highly nutritious and can promote LAB
growth, providing carbohydrates, sugars, vitamins, and minerals [6,7]. Another raw
material compatible with bacterial growth is soybean, since it contains many nutrients,
including high protein levels and many different amino acids [8–10]. Both sweet potato and
soybean are rich in many nutrients and are halal; thus, they can be used as basic materials
for a culture medium. Furthermore, both come from plants, suitable for vegetarian use. In
addition, these materials are produced worldwide, making them conveniently accessible
and affordable.

Not only is microbial culture cultivation important, but also is microbial culture
preservation, especially in research and industry. Regular subculture is one of the commonly
used methods for culture preservation. In this method, the cell culture has to be transferred
to fresh, sterile slant agar medium periodically and stored in a refrigerator. Stock cultures
can also be made using the freezing method. Studies by Berner and Viernstein [11] and
Novik et al. [12] reported that frozen stock culture could be preserved by freezing the cells
in media with or without the presence of cryoprotectant. It has been revealed that each
medium has a different effect on cell viability.

Several previous studies have developed LAB cultivation media using alternative
halal and/or plant-based materials [6,10,13,14]. However, most of the previous studies
have used many components and steps in their formulations to obtain comparable bacterial
growth to MRS. Some of these experiments used nonvegetarian and/or questionable halal
components, as well as high-cost ingredients such as meat peptone and yeast extract [6].
Thus, the aim of this study was to develop a low-cost and easy-to-prepare culture medium
based on sweet potato and soybean for culturing and preserving LAB for applications in
halal and vegetarian food products. To our knowledge, this present study is the first work
exploring the feasibility of using a low-cost plant-based and halal medium for different
LAB strains in slant agar and frozen stock cultures.

2. Materials and Methods
2.1. Bacterial Strains and Growth Conditions

Three LAB strains isolated from different fermented products were used in this study.
Lactiplantibacillus plantarum TISTR 2075 isolated from fermented vegetables and Lacticas-
eibacillus casei TISTR 1463 isolated from yogurt were obtained from the Thailand Institute of
Scientific and Technology Research (TISTR) Culture Collection. Lactiplantibacillus plantarum
MW3 isolated from fermented fish was obtained from the Department of Biotechnology,
Khon Kaen University culture collection. Lpb. plantarum TISTR 2075 and Lpb. plantarum
MW3 were incubated at 30 ◦C. Lcb. casei TISTR 1463 was incubated at 37 ◦C. Each bacterium
was activated twice, first by incubating in skim milk medium consisting of 100 g/L halal cer-
tified skim milk (Indoprima, Indonesia) and 10 g/L sucrose (Mitr Phol, Thailand) overnight
and then for 9 h. For the inoculum, the initial LAB concentration was approximately 5−6
log CFU/mL, which was obtained by transferring the cells into sterile saline solution to
achieve an optical density (OD) at 600 nm of 0.4.

2.2. Effects of Soybean Powder Concentration and Sweet Potato Extract on the Growth of Lpb.
plantarum TISTR 2075

Fresh sweet potatoes were purchased from a supermarket (Tesco Lotus) in Khon
Kaen Province, Thailand. The sweet potato extract preparation was modified from Hayek
et al. [6] and Johnson et al. [15]. Whole raw sweet potato was baked in an oven (Binder,
Germany) at 160 ◦C for 1 h. Peeled baked sweet potato was blended with distilled water
(DW) at a ratio of 12.5 of DW (mL) to 1 of sweet potato (g dry weight), and then the sweet
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potato slurry was filtered through a filter cloth. The liquid part was collected as the sweet
potato extract.

Peeled split soybeans were purchased from a market (Tesco Lotus) in Khon Kaen
Province, Thailand. The soybeans were ground using a blender and then sieved to obtain
soybean powder. The sweet potato extract was supplemented with different levels of
soybean powder: 0, 10, 20 and 30 g/L. MRS (Himedia, India) was used as the control
medium. All media were sterilized at 110 ◦C for 28 min. Subsequently, 10% (v/v) Lpb.
plantarum TISTR 2075 inoculum was inoculated into the media and incubated for 48 h at 30
◦C. Samples were taken at 0, 12, 24, 36 and 48 h of incubation for cell counting by dilution
and the plate count method.

The determination of the specific growth rate was performed by plotting the loga-
rithmic values of the colony forming units (CFU)/mL every 2 h for 12 h of incubation,
which were plotted against the time (h). The specific growth rate was obtained from the
exponential equation below:

N = N0 e
µt (1)

where µ, N, N0, and t are the specific growth rate, cell number at a certain time, and the
difference in the cell number between time zero and time, respectively.

2.3. Growth of LAB Strains in Plant-Based and MRS Media

Three LAB strains were tested for their growth. Lpb. plantarum TIRTR 2075, Lpb.
plantarum MW 3, and Lcb. casei TISTR 1463 were grown in plant-based and MRS media.
Each strain inoculum (10% (v/v)) was inoculated into each sterile medium and incubated
for 24 h. Viable cells were determined at 0 and 24 h by serial dilution in saline solution and
plating on MRS agar plates.

2.4. Analysis of the Nutrient Composition of the Culture Media

The nutrient content of the growth media was analyzed. Total carbohydrate was
determined using the phenol-sulfuric acid method [16]. The protein content was estimated
by the Lowry method [17]. The total sugar was analyzed using a liquid chromatographic
method according to the in-house method based on AOAC (2019) 977.20. The nitrogen of
the plant-based and MRS media was analyzed using the block digestion method according
to the in-house method TE-CH-042 based on AOAC (2019) 981.10 [18].

2.5. Viability of LAB Strains from Frozen Stock Culture

For the determination of cell viability, frozen stock cultures of Lpb. plantarum TISTR
2075, Lpb. plantarum MW 3, and Lcb. casei TISTR 1463 were made in three different media.
MRS, plant-based, and skim milk 10% (w/v) media were used as the cryoprotectants. First,
each strain was prepared by growing in the media (MRS, plant-based, and skim milk) at a
suitable temperature for two times, first for 24 h and the second for 9 h. The obtained cells
were used to make the frozen stock cultures by mixing the cells with MRS, plant-based,
and skim milk separately. The frozen stock cultures were stored at −20 ◦C. Viable cells
were determined before storage, and then every 2 weeks over 3 months by thawing the
frozen stock culture at room temperature, and then serially diluting it in saline solution
for plate counting on MRS agar. The viability (%) was determined as the number of viable
cells after storage divided by the number of viable cells before storage.

2.6. Viability of LAB Strains on Slant Agar Stock Culture

For the determination of cell viability, slant agar stock cultures of Lpb. plantarum TISTR
2075, Lpb. plantarum MW 3, and Lcb. casei TISTR 1463 were prepared in both MRS and
plant-based media. MRS and plant-based slant agar media were made by adding agar
powder to the broth medium. The cultures of LAB were transferred by streaking the cells
using an inoculating loop on the surface of the agar medium, incubated until growth was
evident, and then refrigerated at 4 ◦C. Viable cells were quantified before storage and
weekly for 1 month. The cells from the slant agar media were transferred into sterile saline
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solution to adjust the OD at every sampling time and serially diluted in saline solution for
plating on MRS agar plates. The viability (%) was determined as the number of viable cells
after storage divided by the number of viable cells before storage.

2.7. Statistics

Experiments were performed in triplicate. Data were assessed using one-way anal-
ysis of variance (one-way ANOVA) in IBM SPSS Statistic Version 23 software. Statistical
significance was accepted at p < 0.05.

3. Results and Discussion
3.1. Effects of Soybean Powder and Sweet Potato Extract on the Growth of Lpb. plantarum
TISTR 2075

To develop a plant-based medium for culturing LAB, the growth of Lpb. plantarum
TISTR 2075 in various combinations of soybean powder and sweet potato extract were
examined and compared to those from MRS. At 24 and 36 h of incubation, the cell number in
sweet potato extract combined with 10 g/L soybean powder was not significantly different
from that in MRS (Table 1). The growth of Lpb. plantarum TISTR 2075 in sweet potato extract
mixed with 10 g/L soybean powder and sweet potato extract mixed with 20 g/L soybean
powder media was also not remarkably different. Table 2 shows the specific growth rate of
Lpb. plantarum TISTR 2075 based on the cell population data during the 12 h incubation.
The specific growth rates in MRS and sweet potato extract mixed with soybean powder (0
and 10 g/L) were not substantially different (p < 0.05).

Table 1. Cell populations of Lpb. plantarum TISTR 2075 in MRS, sweet potato extract (SPE) mixed
with 0, 10, 20, and 30 g/L of soybean powder media during 48 h of incubation.

Incubation
Time (h).

log CFU/mL

MRS SPE 0 g/L SPE 10 g/L SPE 20 g/L SPE 30 g/L

0 5.46 ± 0.47 a 5.36 ± 0.01 a 5.30 ± 0.39 a 5.41 ± 0.14 a 5.59 ± 0.28 a

12 8.55 ± 0.58 a 8.34 ± 0.08 a 8.75 ± 0.41 a 8.46 ± 0.29 a 8.67 ± 0.34 a

24 9.24 ± 0.11 b 8.82 ± 0.26 a 9.06 ±0.07 ab 8.92 ±0.12 ab 8.83 ± 0.22 a

36 9.30 ± 0.10 b 8.98 ± 0.15 a 9.12 ±0.04 ab 9.04 ±0.14 ab 8.90 ± 0.21 a

48 9.05 ± 0.14 a 9.03 ± 0.18 a 8.94 ± 0.16 a 8.99 ± 0.18 a 8.83 ± 0.14 a

Values are presented as mean ± standard deviation (SD) from triplicate experiments. Different superscripts
following values in the same row indicate significant difference (p < 0.05).

Table 2. Specific growth rate of Lpb. plantarum TISTR 2075 in MRS and sweet potato extract (SPE)
mixed with 0, 10, 20, and 30 g/L of soybean powder media.

Media Specific Growth Rate (µ)

MRS 0.036 ± 0.002 ab

SPE 0 g/L 0.040 ± 0.000 b

SPE 10 g/L 0.040± 0.001 b

SPE 20 g/L 0.033 ± 0.001 a

SPE 30 g/L 0.035 ± 0.000 a

Values are presented as mean ± standard deviation (SD) from triplicate experiments. Different superscripts
following values in the same columns indicate significant difference (p < 0.05).

Lactobacillus strains were previously shown to grow well in sweet potato media supple-
mented with protease peptone, beef extract, and yeast extract as nitrogen sources [6]. Due
to its high nutrient content, sweet potatoes have been employed in a variety of food sectors
as well as for human consumption. The sweet potato nutrient content varies according to
variety, climate, and soil type [19,20]. Sweet potato is a rich source of carbohydrates, mainly
starch and sugars such as maltose, fructose, sucrose, and glucose [21]. Protein, various
amino acids, vitamins A, B, C, riboflavin, magnesium, calcium, potassium, and phosphorus
are all present [22].
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Soybean has been used as a protein source in culture media for microorganisms such
as Escherichia coli, Pseudomonas sp., Bacillus sp., Staphylococcus sp., and Klebsiella sp. [23].
This study demonstrated that the supplementation of sweet potato extract medium with
10 g/L soybean powder as a complex nitrogen source resulted in a higher cell number
than that in only sweet potato extract medium (soybean powder 0 g/L). Based on the
cell populations (at 24 and 36 h) and specific growth rate (12 h), higher concentrations of
soybean powder (>10 g/L) could not increase the growth of Lpb. plantarum TISTR 2075.
According to other findings, additional amounts of nitrogen sources beyond the essential
requirements might not improve the growth rates and bacterial population of Lactobacillus
strains [6,24]. The result clearly demonstrated that 10 g/L soybean powder in sweet potato
extract was suitable for cultivating Lpb. plantarum TISTR 2075 with no significant difference
(p < 0.05) from MRS in the cell number (9.12 log CFU/mL) and specific growth rate (0.04).
Hence, sweet potato extract combined with 10 g/L soybean powder was chosen as the
optimum medium and used in the subsequent experiments. This medium will be referred
to as a plant-based medium from now on.

3.2. Growth of LAB Strains in Plant-Based and MRS Media

Three LAB strains from different origins were tested for their ability to grow in both
plant-based and MRS media. Lpb. plantarum TISTR 2075, Lpb. plantarum MW3, and Lcb. casei
TISTR 1463 grew well in both MRS and plant-based media, with no significant difference
in the cell number of Lpb. plantarum MW3 and Lcb. casei TISTR 1463 after 24 h of incubation
(Figure 1). On the other hand, the cell number of Lpb. plantarum TISTR 2075 was higher in
MRS than in plant-based media (Figure 1).
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Figure 1. Growth of LAB in MRS and plant-based media after 24 h of incubation. Each color is
the average of three replicates. Different superscripts for each strain indicate significant difference
(p < 0.05).

Many researchers have found that some species of Lactobacilli and some strains of
Lcb. casei are capable of utilizing carbon sources in the form of glucose, fructose, lactose,
sucrose, and maltose [24–28]. The total carbohydrate, protein (soluble), nitrogen, and sugar
contents of the media are shown in Tables 3 and 4. Each medium contained different levels
and types of nutrients. Although the results showed that the total carbohydrate content of
the plant-based medium was higher than that in MRS (Table 3), Table 4 shows that MRS
contained dextrose (glucose), which is the preferred monosaccharide for Lpb. plantarum [29].
On the other hand, the plant-based medium contained sucrose and maltose (Table 4). These
forms of carbon sources would take longer to be utilized by the cells.
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Table 3. Total carbohydrate and protein of media.

Media Total Carbohydrate (g/L) Total Protein (g/L)

Sweet potato extract 32.72 ± 0.03 b 1.87 ± 0.01 a

Plant-based 38.21 ± 0.03 c 4.58 ± 0.02 b

MRS 17.58 ± 0.00 a 12.87 ± 0.00 c

Values are presented as mean ± standard deviation (SD) from triplicate experiments. Different superscripts
following values in the same columns indicate significant difference (p < 0.05).

Table 4. Nitrogen and total sugar of media.

Media Total Sugar
(g/100 g)

Nitrogen
(g/100 g)

Sugar/Nitrogen
Ratio C/N Ratio

Plant-based
Sucrose 0.91

0.05 55.8 23.51Maltose 1.88

Total 2.79

MRS
Dextrose (glucose) 2.00 g/100 mL

(Stated in the product
composition)

0.37 5.41 2.16

All data were analyzed by the Central Lab (Thailand).

The MRS medium had higher total protein and nitrogen than the plant-based medium
(Tables 3 and 4). In addition, both the sugar/soluble nitrogen and C/N ratios in the plant-
based medium were higher than those in the MRS medium. These results supported the
reason why Lpb. plantarum TISTR 2075 grew better in MRS than in plant-based medium.
Differences in the biomass and growth characteristics between LAB strains in the same
medium do occur, probably due to the strain effect [30–32]. Compared to MRS, Lpb.
plantarum TISTR 2075, Lpb. plantarum MW3, and Lcb. casei TISTR 1463 could grow as well
in the plant-based medium.

3.3. Viability of LAB Strains from Frozen Stock Culture Using Different Media

The feasibility of the plant-based medium to maintain the LAB was evaluated. As
shown in Figure 2a, there was no significant difference in viability during six weeks of Lpb.
plantarum TISTR 2075 storage using MRS, plant-based, or skim milk 10% (w/v) media. MRS
and skim milk 10% (w/v) had the same viability over three months of storage, whereas the
plant-based medium had lower viability in the eighth week and it remained at this level
until the end of storage. At the end of storage, no significant difference was observed in the
viability using skim milk 10% (w/v) (97%), MRS (95%), or plant-based (92%) media. For
Lpb. plantarum MW3 (Figure 2b), 10% skim milk (w/v) was the most suitable medium for
making the frozen stock culture. The viability in this medium was maintained the same
from the beginning until the end of three months of storage. The viability of Lpb. plantarum
MW3 using MRS started to drop in the tenth week, whereas when using a plant-based
medium, it declined in the second, fourth, tenth, and twelfth weeks. At the end of the third
month of storage, a significant difference was found in the viability in 10% skim milk (w/v)
(97%), followed by MRS (88%) and plant-based (52%) media.
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As shown in Figure 2c, the viability of Lcb. casei TISTR 1463 in 10% skim milk (w/v)
remained the same over three months of storage. The viability of Lcb. casei TISTR 1463 in
MRS declined in the second week but then remained the same until the last week of storage.
On the other hand, the first decline in viability using a plant-based medium was observed
in the second week of storage. A second decline in viability was found in the sixth week
and then it remained the same until the end of storage. In the last week of storage, there
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was a significant difference in viability among all of the media used. Skim milk 10% (w/v)
gave the highest viability (98%), followed by MRS (95%) and plant-based (84%) media.

Skim milk has been widely used as a cryoprotectant for preserving cells. Previous
studies have shown that skim milk is a better cryoprotectant with or without combination
with another protectant compared to other media or solutions, such as glycerol, MRS, and
sucrose [11,12], and similar findings were observed in this study. For all strains used in this
study, the highest viability of the frozen stock culture was obtained in 10% skim milk (w/v).
Skim milk might affect the fatty acid content of the cell membrane, altering the membrane
fluidity [33,34]. The calcium contained in skim milk might also contribute to the stability of
the cellular enzymes [35].

A complex medium, for example, MRS, could also be used as a cryoprotectant since
this medium contains various compounds that have cryoprotective effects, such as glucose,
peptone, and Tween 80 [12]. The sugar alone could have a cryoprotective effect on bacterial
cells. According to Berner and Viernstein [11], disaccharides (lactose, sucrose and maltose)
resulted in better viabilities than monosaccharides (glucose and fructose). This might
explain why the plant-based medium was still able to protect against cell death during
storage due to the maltose and sucrose contents in that medium, as shown in Table 4. It
has also been reported that 10% sucrose and maltose solutions individually supported
viability at approximately 40% after storage for 1 week prior to freeze-thawing. On the
other hand, the plant-based medium contained only 0.91 g/100 g of sucrose, 1.88 g/100
g of maltose, 4.58 g/L of protein, and 0.05 g/100 g of nitrogen (Tables 3 and 4). With
those concentrations and types of compounds, a plant-based medium might possibly result
in lower viability after storage compared to MRS and skim milk since it contains fewer
cryoprotective compounds, mainly from carbon and nitrogen sources (sweet potato and
soybean). Therefore, the addition of plant-based halal protectant agents should be explored
to improve cell viability when storing cells in plant-based media. However, a plant-based
medium resulted in higher viability after three months than sugar solution alone after one
week of storage in the research by Berner and Viernstein [11]. This could be possible since
it was made from sweet potato and soybean, which contain not only sugar but also protein,
vitamins, and amino acids, which might have a protective effect on the cells during freezing.

The decrease in cell viability during frozen storage could have occurred because
of the ice crystals that formed. The ice might cause dehydration of the bacterium cells,
and because the solutes had accumulated in high concentrations, these would denature
biomolecules. In addition, ice might rupture the cell membrane. The results from the
current study suggested that the plant-based medium was also suitable for maintaining
the viability of LAB during storage for three months. However, the addition of halal
cryoprotectant especially for Lpb. plantarum MW3 frozen stock culture is highly suggested.

3.4. Viability of LAB Strains on Slant Agar Stock Culture Using Different Media

The practicality of this medium was examined for maintaining the viability of LAB
for 4 weeks when subjected to slant agar stock culture. Figure 3 depicts the viability of
Lpb. plantarum TISTR 2075, Lpb. plantarum MW3, and Lcb. casei TISTR 1463 on MRS and
plant-based slant agar media. No significant differences in the viability of Lpb. plantarum
TISTR 2075 at any time point during one month of storage using MRS and plant-based
media were observed (Figure 3a). In both media, there was a slight difference in cell
viability after one week of storage, but the cell viability remained the same until the third
week. The viability of the cells declined more in the fourth week of storage. In the first
until the fourth week of storage, the viability of cells in MRS slant agar ranged from 82 to
94%. Meanwhile, the viability of cells in plant-based slant agar ranged from 79 to 95%.
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As shown in Figure 3b, during the first until the fourth week of storage, the viability
of Lpb. plantarum MW3 in MRS slant agar was not significantly different from week to week
(94–97%). On the other hand, the viability of cells from plant-based agar medium was the
same until the third week of storage, and then it slightly decreased in the fourth week of
storage (91–99%). Nevertheless, at the end of storage, the viability of Lpb. plantarum MW3
stored in plant-based agar medium was not significantly different (91%) from that stored in
MRS slant agar medium (94%).

Viable cell counting revealed that the viability of Lcb. casei TISTR 1463 (Figure 3c) at
all time points during one month of storage were all similar, with no significant differences
in either MRS or plant-based slant agar. Although the viability of cells in the plant-based
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medium slightly decreased compared to that of before storage within the fourth storage
week, there was no significant difference in viability between storage on MRS (95%) or
plant-based slant agar media (91%).

According to these results, the viabilities of the three different LAB strains on slant agar
stock cultures during one month of storage were not significantly different between MRS
or plant-based media. Despite the fact that the total sugar and nitrogen in the plant-based
medium were lower than those in the MRS medium (Table 4), these results showed that the
plant-based medium could support keeping the cultures viable just as well as MRS. This
could be because the metabolic activities of the microbes will slow down considerably, but
not entirely halt during cold storage. The cell will only utilize a small amount of nutrients.
Thus, this study created a practical plant-based medium for culturing and maintaining LAB.

The cost of the plant-based medium was evaluated and compared with MRS, since
MRS is utilized as a common culture medium to grow LAB. As shown in Table 5, prepa-
ration by using MRS broth powder directly or weighing out the individual components
based on the formula to form MRS broth may result in different expenses. The cost of 1 L of
MRS by weighing each ingredient is approximately USD 10, while that of using commercial
MRS powder is USD 13, depending on the Himedia brand. The prices for making MRS
broth medium can be quite varied, not only depending on the brand, but also on additional
costs per purchase. On the other hand, the plant-based medium cost approximately USD
0.6. Consequently, the expense is less than 1.0 dollars to prepare 1 L of plant-based medium
in this study. The cost of plant-based media is strikingly less than that of commercial MRS
media. Thus, this study created a low-cost plant-based medium that could be used in
laboratories and in the food industry.

Table 5. Cost calculation of plant-based and MRS media 2.

Medium Composition Composition Cost per 100 g
(USD/100 g)

Amount
(g/L)

Cost
(USD)

Total Cost
(USD)

Plant-based
Sweet potato 0.21 260 1 0.55 0.56
Peeled split soybean 0.14 10 0.01

MRS Proteose peptone 34.10 10.000 3.41 10.14
Beef extract 29.36 10.000 2.94
Yeast Extract 24.50 5.000 1.23
Dextrose 4.90 20.000 0.98
Tween 80 10.84 1.000 0.11
Ammonium citrate 5.46 2.000 0.11
Sodium acetate 24.20 5.000 1.21
Magnesium sulphate 6.40 0.100 0.01
Manganese sulphate 39.00 0.050 0.02
Dipotassium hydrogen
phosphate 5.76 2.000 0.12

MRS broth powder 23.59 55.15 13.01 13.01
1 Dry matter of sweet potato is estimated as 40% and considering filtration step. 2 MRS media (Himedia, India).

4. Conclusions

In this study, a plant-based medium was developed using sweet potato extract com-
bined with 10 g/L soybean powder. This medium was obtained not only through a simple
preparation but also minimal ingredients, which was the plant-based materials without any
additional component. Compared to the MRS medium, the three strains of LAB could grow
almost as well in a plant-based medium. This medium was also suitable for maintaining
the viability of LAB during storage, especially when subjected to slant agar stock culture,
but the addition of halal cryoprotectant for frozen stock culture is highly suggested. Thus,
this study created a low-cost plant-based medium for culturing and maintaining LAB cells
isolated from three different origins. This medium could be used in the food industry and
in laboratories, especially for applications in halal and vegetarian food products.
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