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Abstract: The aim of the research was to study the effect of inoculum type and fermentation time on
microbial growth patterns (yeast, fungi and bacteria), B-glucan formation and antioxidant activity
during soybean fermentation into tempe. The research was conducted using factorial Completely
Randomized Block Design with 3 replications. The first factor was the types of inoculum: commercial
inoculum of tempe, Raprima (3%), a single inoculum of S. cerevisiae (3%), a single inoculum of
R. oligosporus (3%), and mixed inoculum of 1.5% S. cerevisiae and 1.5% R. oligosporus. The second
factor was the length of fermentation which consisted of 0, 8, 16, 24, 32 and 40 hours at room
temperature. Regarding the number of fungi, yeasts and bacteria, the observational data were presented
descriptively in the form of graphs, while for the data from the analysis of f-glucan and antioxidant
activity, the data obtained were analyzed for variance with analysis of variance (ANOVA) and then
analyzed further by the Least Significant Difference (LSD) at the 5% significance level. The results
showed that the type of inoculum and duration of fermentation had an effect on increasing the growth
of fungi, yeasts and bacteria, as well as increasing B-glucan content and the antioxidant activity
of tempe. Yeast growth had a more dominant effect on increasing B-glucan content and
antioxidant activity compared to fungi and bacteria. Tempe inoculated with a mixed inoculum of 1.5%
R. oligosporus + 1.5% S. cerevisiae, resulted in the highest B-glucan content of 0.58% and the highest
antioxidant activity at 82.42%. In conclusion, a mixed inoculum of 1.5% R. oligosporus + 1.5%
S. cerevisiae with 36—40 hours of fermentation produced tempe with the highest B-glucan content and
antioxidant activity. Therefore, the B-glucan content causes tempe to have better potential health
benefits than tempe without the addition of S. cerevisiae.
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1. Introduction

The quality of tempe depends on the raw materials and starter culture or the type of inoculum
used. In general, tempe is made using inoculum containing R. oligosporus. Besides R. oligosporus,
other important microbes of the Rhizopus species involved in tempe fermentation are R. oryzae and R.
stolonifer [1]. These three microorganisms ferment soybeans into tempe and R. oligosporus retains
most of the nutrients in soybeans and increases protein digestibility in soybeans [2].

According to Kustyawati [3], yeast plays a role in tempe fermentation and is able to grow with R.
oligosporus and indigenous bacteria during the tempe fermentation. The addition of Saccharomyces
cerevisiae 1s expected to result in the content of B-glucan in tempe so that its potential for making
tempe containing B-glucan needs to be explored in depth. However, the intentional addition of S.
cerevisiae in tempe fermentation is predicted to affect the growth of other microorganisms, both fungi
and bacteria during fermentation.

Tempe has a variety of nutrients needed by the human body. In addition, tempe also contains
bioactive components that are beneficial to human health. Nurdini et al. [4] stated that the growth of
fungi, yeasts and lactic acid bacteria during fermentation played a role in providing nutrients and
bioactive components in tempe. Tempe has antibacterial and antioxidant compounds that are beneficial
for health, namely genestein, daidzein, phytosterols and phytic acid [5]. Raw tempe extract is able to
inhibit the growth of pathogenic bacteria such as Staphylococcus aureus [6], inhibit the growth of
pathogens Escherichia coli, Salmonella typhimurium and Shigella flexneri [7]. The findings of
Kuligowski et al. [8] showed that tempe extract can stimulate the growth of Lactobacillus and
Bifidobacterium as normal microflora in the intestine.

Tempe with the addition of S. cerevisiae is predicted to contain B-glucan derived from S.
cerevisiae, because the cell wall of S. cerevisiae is one of the most common sources of B-1,3-glucan
and B-1,6-glucan production [9]. The addition of S. cerevisiae and the content of B-glucan in tempe is
expected to improve the functional properties of tempe so that the health benefits of tempe are also
increased. This is supported by the opinion of Hetland et al. [10], that B-glucan has various biological
activities including as an anticholesterol and immune system enhancer.

Based on the results of previous studies, the addition of S. cerevisiae in tempe fermentation was
proven to produce B-glucan content in tempe [11-14]. In their research, Rizal and Kustyawati [11]
stated that the addition of S. cerevisiae up to 3% in tempe fermentation resulted in tempe with the
highest B-glucan content (2.5%) and was organoleptically acceptable. Rizal et al. [14] added that tempe
made with the addition of S. cerevisiae and R. oligosporus had a higher protein content (17.40%) than
tempe without S. cerevisiae (17.11%). However, it is not known how big the contribution of S.
cerevisiae in producing B-glucan in tempe is compared to R. oligosporus. The results of research by
Rizal et al. [15] showed that R. oligosporus also had an effect on the formation of B-glucan in tempe.
To find out, it is necessary to study the role of S. cerevisiae and R. oligosporus during the fermentation
process of soybeans into tempe in producing B-glucan.

Tempe with the addition of yeast contains higher isoflavones than ordinary tempe [3]. The
isoflavone content of tempe which is added with yeast consists of daidzein and genistein [16].
Isoflavones in tempe act as antioxidants, anticancer and antimicrobials [17]. Therefore, the addition of
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S. cerevisiae in the manufacture of tempe is predicted to increase its antioxidant and antimicrobial
activity, so this also needs to be studied further. This research was aimed to study the effect of inoculum
type and fermentation time on microbial growth patterns (yeasts, fungi and bacteria), B-glucan
formation and antioxidant activity during soybean fermentation into tempe.

2. Materials and methods
2.1. Microbial inoculum and research methods

The starters used in this study included commercial tempe inoculum (Raprima brand), pure
cultures of S. cerevisiae and R. oligosporus. Pure cultures include Rhizopus oligosporus FNCC (Food
and Nutrition Culture Collection) 6010 and Saccharomyces cerevisiae FNCC (Food and Nutrition
Culture Collection) 3012 were obtained from the Inter-University Center for Food and Nutrition,
Gadjah Mada University, Indonesia. Soybeans were obtained from tempe craftsmen in Gunung Sulah
Bandar Lampung. The study was conducted using Completely Randomized Block Design with 3
replications. The first treatment was the types of inoculum: 3% inoculum of commercial tempe
Raprima brand (S1), 3% single inoculum of S. cerevisiae (S2), 3% single inoculum of R. oligosporus
(S3), and mixed inoculum of S. cerevisiae and R. oligosporus (1.5%:1.5%) (S4). The second treatment
was fermentation time which consisted of 0 (L1), 8 (L2), 16 (L3), 24 (L4), 32 (L5) and 40 (L6) hours
at room temperature. Observations were made every 8 hours covering the number of fungi, yeasts and
bacteria. The data obtained from the analysis of the number of microbes is then presented descriptively
in the form of graphs. Meanwhile, the data from the analysis of B-glucan content and antioxidant
activity were analyzed for variance with analysis of variance (ANOVA) and analyzed further with the
Least Significant Difference (LSD) at a significant level of 5%.

2.2. Preparation of Saccharomyces cerevisiae inoculum [3]

Malt Extract Agar (MEA) as much as 5 g was dissolved in 100 mL of distilled water, mixed
evenly by stirring while heated on a hotplate until the media was completely mixed, then sterilized
at 121 °C for 15 minutes. The media was allowed to stand for a while, put into a 20 mL sterile dish
and allowed to stand until the media was solid. The isolates of S. cerevisiae were taken by ose and then
cultured into the solid MEA medium by the scratch method, then put into the incubator, left for 24—48
hours at 28—30 °C so that S. cerevisiae colonies were obtained on the surface of the MEA media. The
colonies formed were then harvested by adding 10 mL of sterile distilled water and harvested using
drygalski stems. The suspension of S. cerevisiae was put into a 50 mL centrifuge tube, centrifuged
for 10 minutes at 3000 rpm for pure culture and separated from the supernatant. The supernatant was
then discarded to obtain pure culture pellets of S. cerevisiae. To determine the number of S. cerevisiae
cells, the haemacytometer was counted and adjustments were made to obtain the number of S.
cerevisiae 107 cells/mL.

2.3. Preparation of Rhizopus oligosporus inoculum [3]

Potato Dextrose Agar (PDA) media as much as 3.9 g was added with 100 mL of distilled water
and then mixed evenly by stirring while heated on a hotplate until the media was completely mixed.
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Next, the media was sterilized at 121 °C for 15 minutes. After that, the media was put into a 20 mL
sterile dish, then allowed to stand until the media became solid. Pure isolates of Rhyzopus oligosporus
were taken using a sterile ose needle and inoculated into PDA media, then spread over the entire
surface of the media by the scratch method. Furthermore, the media containing the fungi was put into
an incubator and then incubated at 28—30 °C for a week until pure R. oligosporus colonies were found
on the surface of the media. Colonies of R. oligosporus formed were then harvested using drygalski
stems by pouring 10 mL of sterile distilled water into the media. After that, R. oligosporus spores were
centrifuged at 3000 rpm for 10 minutes to obtain supernatants and microbial pellets. The supernatant
obtained was then discarded to obtain a pellet of R. oligosporus culture. The number of R. oligosporus
cells was then counted using a haemacytometer and adjusted to obtain the number of R. oligosporus
as much as 107 spores/mL.

2.4. Making soybean tempe [3]

Initially 400 g of soybeans were soaked overnight in clean water at room temperature, then the
husks were removed. Soybeans are then boiled in water with a ratio of soybeans and water is 1:3,
within 30 minutes, drained and left until the soybean temperature reaches room temperature. The next
step is fermentation, which is done by mixing every 100 g of boiled soybeans with inoculum
according to treatment (3% Raprima, 3% S. cerevisiae, 3% R. oligosporus and mixed inoculum 1.5%
S. cerevisiae + 1.5% R oligosporus) with an inoculum concentration of 10’—10® cells/mL according to
the type of inoculum that had been prepared previously. After being stirred evenly, the soybean seeds
were put into a perforated plastic packaging so that there was aeration, then incubated (fermented)
with the appropriate fermentation time at room temperature. Tempe is then observed every 8 hours.

2.5. Analysis of p-glucan [18]

The measurement results of B-glucan levels in tempeh are expressed in terms of glucose
equivalent glucan levels, so glucose is used as the standard for measuring B-glucan. A total of 3 g of
tempe samples were added with 30 mL of NaOH 0.7 M, then hydrolyzed for 6 hours at a temperature
of 75 °C to obtain a cloudy solution, then centrifuged at 10,000 rpm for 30 minutes at 25 °C. The
resulting supernatant was then discarded, the resulting residue was then washed with 30 mL 0.5 M
acetic acid solution and then centrifuged again at 10,000 rpm for 30 minutes at 25 °C. The resulting
supernatant was discarded. Washing using acetic acid was repeated 3 times. The resulting residue was
washed with 20 mL of distilled water and then centrifuged again at 5000 rpm for 10 minutes. This is
followed by washing with distilled water again up to two times. The resulting residue was added
with 20 mL of ethanol, then centrifuged at 5000 rpm for 10 minutes to produce crude B-glucan. The
biomass was heated in an oven for 1 day at 45 °C and then weighed as dry weight of B-glucan. The dry
residue was added with 4 mL of 1 M NaOH then allowed to stand for 1 hour. Then, 2 mL of Pb-Acetate
was added and allowed to stand for about 30 minutes. The solution was then added with 1 g of sodium
oxalate until a clear solution was obtained. Then 2 mL of the solution was taken and 0.5 mL of 5%
phenol and 2.5 mL of 5 M sulfuric acid were added and then measured with a UV-Vis
spectrophotometer at a wavelength (A) of 490 nm. The standard solution used was a standard solution
of glucose in several concentrations which was added with 0.5 mL of 5% phenol and 2.5 mL of 5 M
sulfuric acid in a test tube, shaken homogeneously, allowed to stand for 10 minutes, then heated
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for 15 minutes at 100 °C. Absorption each concentration of glucose standard solution was measured
by spectrophotometer at a wavelength of 490 nm. The blank solution was 0.5 mL of distilled water
mixed with 0.5 mL of 5% phenol and 2.5 mL of 5 M sulfuric acid.

2.6. Calculation of the number of microbes using the TPC method

The calculation of the number of bacteria, fungi and yeasts in tempe samples was carried out
using the TPC (Total Plate Count) method. Analysis of total bacteria, total yeast and total fungi was
carried out every 8 hours during fermentation from 0—48 hours. Samples of each tempe were taken
and serial dilutions were made up to 10 in duplicate. A total of 1 mL of the last three dilution levels
of 1 mL each was poured into a petri dish containing the appropriate media (MEA medium for yeast,
PDA for fungi and Nutrient Agar medium Merck for bacteria) and then incubated for 24—48 hours
at 37 °C to grow bacteria and for 3—5 days at 28—30 °C to grow fungi and yeasts.

2.7. Antioxidant activity test

The antioxidant activity of tempe samples was tested based on the procedure of Ismail et al. [19].
A total of 0.5 mL of tempe extract sample was given 2 mL of 0.2 mM DPPH solution. The blank
solution was prepared in the following way: 0.2 mM DPPH solution was taken with a pipette of 2 mL
and then put into a test tube and added 0.5 mL of ethanol. Samples were incubated for 30 minutes in a
dark room without light. The absorbance of DPPH was measured using a UV-Vis spectrophotometer
at 517 nm. Antioxidant activity was measured as a decrease in the absorption of the DPPH solution
caused by the addition of the sample solution. The value of DPPH absorption before and after the
addition of the sample solution, expressed as a percent of antioxidant activity with the formula:

(A Sample)

% Activity of antioxidant = 1 — ( A Control)

x 100% (1)

Note: A sample = Absorbance sample; A control = Absorbance does not contain sample.
3. Results and discussion
3.1. Microbial growth pattern during tempe fermentation with various types of inoculum

The growth of fungi, yeasts and bacteria during the fermentation of boiled soybeans into tempe
with the addition of various types of inoculum according to the treatment is presented in Figures 1—4.
Figure 1 shows the growth of yeast, fungi and bacteria during the fermentation of soybean inoculated
with Raprima inoculum. During tempe fermentation with Raprima inoculum, bacterial growth was the
most dominant, followed by fungi, while yeast growth was the lowest. The presence of yeast growth
during tempe fermentation with Raprima inoculum indicated that in the manufacture of tempe using
tempe inoculum commonly used by tempe producers, there was growth and involvement of other
microbes other than R. oligosporus as the main microbe. The presence of yeast and bacteria, especially
lactic acid bacteria (LAB), in tempe has been reported by a number of researchers. Roubous and
Nout [2] stated that both types of microbe were found in tempe.
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Figure 1. Growth patterns of fungi, yeast and bacteria during fermentation in the
manufacture of tempe with Raprima inoculum.

This result is in line with the findings of Kustyawati [3] which showed that during the
fermentation of tempe with commercial tempe inoculum (Raprima), bacteria grew most dominantly
followed by fungi. However, in Kustyawati’s study [3], yeast did not grow during soybean
fermentation inoculated by commercial tempe inoculum. The presence of bacteria is predicted to come
from the fermentation environment or from within the tempe inoculum itself, namely bacteria that
contribute to tempe fermentation such as lactic acid bacteria and spore-forming bacteria such as
Bacillus substilis. In the study by Moreno et al. [20], lactic acid bacteria were found during the
production of tempe in the home industry in Malaysia, both in the raw material, at the stage of soaking
soybeans, boiling soybeans and in fresh tempe. Andayani et al. [21] even found 25 microbial isolates
from chocolate sorghum tempe, of which there were lactic acid bacteria such as Lactococcus sp.,
Streptococcus sp. and yeast genus Saccharomyces sp. The presence of yeast in the process of tempe
fermentation made with Raprima inoculum is also predicted to come from the tempe inoculum itself,
so that the amount of yeast is less than the amount of fungi. Feng et al. [22] reported many yeast species
growing on barley tempe. The role of yeast during tempe fermentation is generally related to its
contribution to the interaction between microorganisms, changes in texture and biosynthesis of flavor
components.

Figure 2 shows microbial growth during soybean fermentation inoculated with S. cerevisiae as
the sole inoculum. During the fermentation of soybeans inoculated with a single culture of S. cerevisiae,
bacteria still grew dominantly than yeast, but there was no growth of fungi during fermentation. The
growth of bacteria during fermentation is predicted to come from the fermentation environment
itself, during soybean soaking, boiling soybeans and the fermentation process, as reported by
Moreno et al. [19]. This is supported by the results of research by Kustyawati [3] which showed that
in all tempeh with various types of inoculum, bacteria always grew dominantly. Meanwhile, R.
oligosporus in tempe is not a contaminant microorganism but must be added intentionally to soybeans,
so that it cannot grow in fermented tempe which is only given a single inoculum of S. cerevisiae.
Although it was possible that there was growth of R. oligosporus during fermentation, it was suspected
that its growth was unable to compete with S. cerevisiae which was intentionally added. Because there
was no fungi growth during soybean fermentation which was only inoculated with a single inoculum
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of S. cerevisiae, the formation of tempe did not occur. According to Handoyo and Morita [23], it is
possible that R. oligosporus plays a role in supporting the growth of other microorganisms in soybean
fermentation, because during fermentation, R. oligosporus produces several enzymes such as lipase,
protease and phytase which hydrolyze carbohydrates, lipids and proteins in soybeans to produce amino
acids and amino acids which are further utilized by bacteria and yeasts.
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Figure 2. Growth patterns of fungi, yeast and bacteria during fermentation in the

manufacture of tempe with a single inoculum of S. cerevisiae.

On the other hand, in soybean fermentation using only R. oligosporus as the sole inoculum
(Figure 3), there was no yeast growth, while fungi could grow well and produce tempe formation,
although bacterial growth was still more dominant. This indicates that yeast is not predicted to be
present in the fermentation environment. Even if there is yeast growth during fermentation, the amount
of yeast is thought to be very small so that it cannot grow and compete with fungi growth. This result
is in accordance with the results of Kustyawati’s study [3] which showed that there was a dominant
growth by bacteria, while yeast did not grow during tempe fermentation which was inoculated by a
single inoculum of R. oligosporus.
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manufacture of tempe with a single inoculum of Rhizopus oligosporus.
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In making tempe using a combination of R. oligosporus and S. cerevisiae inoculum, fungi and
yeast side by side were able to grow and reproduce well during fermentation (Figure 4). In Figure 4,
it can be seen that bacteria still grew dominantly compared to fungi and yeasts, while yeast had more
dominant growth compared to fungi. This result has similarities with the results of Kustyawati [3]
which showed the growth of similar types of microbes during tempe fermentation inoculated by R.
oligosporus together with several types of yeast. During the tempe fermentation, the inoculum of R.
oligosporus with yeast, both S. boulardii and Y. Lipolytica, the growth of bacteria was dominant,
followed by yeast and finally by fungi. This is different from the growth of fungi and yeast in soybean
fermentation using Raprima inoculum, where the growth of fungi is more dominant than yeast
(Figure 1). Yeast growth was higher than fungi in tempe fermentation with mixed inoculum due to the
addition of S. cerevisiae inoculum intentionally into soybean fermentation with R. oligosporus as the
main microbe for tempe formation. Meanwhile, in tempe made with Raprima inoculum, the presence
of yeast was predicted only from the Raprima inoculum itself. This indicated that the addition of S.
cerevisiae to tempe fermentation did not interfere with the growth of fungi in the formation of hyphal
threads that could glue soybean seeds to form tempe. Yeast can grow side by side with fungi and is
thought to have a beneficial effect on the tempe produced.
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Figure 4. Growth patterns of fungi, yeast and bacteria during tempe fermentation with
mixed inoculums of R. oligosporus and S. cerevisiae.

The presence of bacteria and yeast and their role in tempe fermentation has been discovered by
several previous researchers. Barus et al. [24] showed the presence of several bacteria in soybean
soaking water and in fresh tempe which have an important role in tempe fermentation. According to
Barus et al. [24], in addition to R. oligosporus, the presence of bacteria has an important role in the
manufacture of tempe, because some of them play a role in improving the quality of tempe. For
example, Klebsiella pneumoniae contributes to the production of vitamin Bi2 in tempe [25],
Micrococcus or Arthrobacter has a role in the formation of isoflavones [26]. The findings of
Barus et al. [24] showed the presence of several types of bacteria in fresh soybean and tempe soaking
water, including Bacillus subtilis at 3.1x10° CFU/g, Klebsiella pneumoniae at 3.7x107 CFU/g and
Flavobacterium sp. a total of 5.9x10% CFU/g, with the total bacteria reaching 9.4x10% CFU/g in fresh
tempe. Based on Figures 1-3, for all types of inoculum inoculated on boiled soybeans, the growth
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patterns of fungi during tempe fermentation were similar. The fungi undergo an adaptation phase
with an incubation period of 8 hours to 16 hours. Fungi growth began to be significant after
incubation of more than 16 hours and growth began to slightly slop after 24 hours of incubation,
and finally reached constant growth at 32 hours of incubation with the number of fungi ranging
from 10°-10% CFU/g until the end of fermentation at 40 hours. The growth of fungi in this study was
also similar to the growth of fungi in Kustyawati’s study [3] which showed that fungi underwent
adaptation to 12 hours of incubation, then experienced significant growth after 12 hours of incubation
until they passed the 24-hour incubation period and peaked at 36 hours of incubation, with the highest
number of fungi reached 10° CFU/g.

3.2. The effect of adding the type of inoculum and duration of fermentation on the levels of p-glucan
in tempe

The results of the study on the effect of adding several types of inoculum and fermentation time
on the content of B-glucan in tempe are presented in Figures 5—7. Figure 5 shows that the average
amount of B-glucan increased during the tempe fermentation process in all of inoculum types. The
B-glucan content in soybean (0 hours fermentation) was 0.17%, then it started to increase at 8
and 16 hours of fermentation, and increased sharply at 24 to 40 hours of fermentation. This is
understandable because the amount of B-glucan is influenced by the number of microbes, especially
the amount of yeast, during fermentation. Because -glucan is found in yeast cell walls, the more the
amount of yeast, the greater the amount of B-glucan in the fermentation substrate. Significant growth
of fungi and yeasts occurred after 16 to 24 hours of fermentation and after that microbial growth
occurred constantly up to 40 hours of fermentation, as shown in Figures 1 and 4.
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Figure 5. Average formation of f-glucan during tempe fermentation in all types of inoculum.

B-glucan is mainly found in yeast cell walls, but can also be obtained from fungi and bacteria.
Therefore, increasing the number of microbes, especially yeast, can increase the amount of -glucan.
According to Sudiana et al. [27], B-glucan can be produced from various sources such as cereals, algae,
bacteria, fungi, and nowadays it is often produced from the yeast S. cerevisiae. Saccharomyces
cerevisiae s known as a producer of B-glucan. Saccharomyces cerevisiae has a cell wall structure that
contains glucose and functions as a glycoprotein [28,29]. The cell wall structure of S. cerevisiae
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consists mostly of glucan polysaccharides with B-1,3-glucan and B-1,6-glucan bonds [30]. Another
component is a mannoprotein located on the outer cell wall and which binds to B-(1,6)-glucan [31].
The dry weight of the cell wall of S. cerevisiae is about 10%—25% of the total cell biomass, where the
dry weight of the cell wall contains 35%—40% mannoprotein, 5%—10% B-1,6 glucan, more than half
or 50%—55% consists of B-1,3 glucans, 2%—14% lipids and 1%—2% chitin [32]. The type of B-glucan
in the cell wall of S. cerevisiae is B-(1,3) with B-(1,6)-glucan branch. The B-(1,3)-glucan and chitin
complexes are the main constituents of the inner cell wall, B-(1,6)-glucan connects the inner and outer
cell wall components bound to mannoproteins on the outer surface of the cell wall [33].

Figure 6 shows the effect of the types of inoculum on the -glucan content of tempe. The results
showed that the type of inoculum significantly affected the B-glucan content of tempe. The lowest
levels of glucans were found in tempe inoculated with a single inoculum of R. oligosporus, which
was 0.17% (S3), while the highest levels of glucans were found in tempe inoculated with a mixture of
inoculums of R. oligosporus and S. cerevisiae which reached 0.41% (S4). The difference in the amount
of B-glucan in tempe made with different types of inoculum is closely related to the number of
microbes in each tempe. Based on the results of the calculation of the number of microbes in each
tempe with different types of inoculum as shown in Figures 1—4, it can be concluded that S. cerevisiae
is the most important microbe in the formation of B-glucan in tempe.
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Figure 6. Effect of inoculum types on the formation of B-glucan in tempe.

Note: S1 = Raprima; S2 = S. cerevisiae; S3 = R. oligosporus; S4 = R. oligosporus + S. cerevisiae.

Figure 7 shows the changes in B-glucan levels during tempe fermentation in various types of
inoculum. The highest amount of B-glucan was found in soybeans fermented with a single inoculum
of S. cerevisiae, but tempe was not formed because R. oligosporus as a tempe-forming agent was not
available. Because the main goal in this study was the formation of tempe containing B-glucan,
soybean fermentation by single inoculum S. cerevisiae was not used as the best treatment even though
the amount of B-glucan produced was the highest (0.66%). The highest amount of B-glucan which was
chosen as the best treatment was tempe which was made with the addition of a mixed inoculum of R.
oligiosporus and S. cerevisiae with a fermentation time of 40 hours (S4L6), which was 0.58%.
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Figure 7. Changes in B-glucan levels during tempe fermentation in various types of inoculum.

Note: S1 = Raprima; S2 = S. cerevisiae; S3 = R. oligosporus; S4 = R. oligosporus + S. cerevisiae; L1 =0
hours; L2 = 8 hours; L3 = 16 hours; L4 = 24 hours; L5 = 32 hours; L6 = 40 hours.

The increase in the amount of B-glucan in tempe during fermentation inoculated with mixed
inoculum of R. oligosporus and S. cerevisiae was influenced by the amount of fungi and yeast in each
tempe. The B-glucan content of tempe shows the potential for health benefits of tempe compared to
tempe without the addition of S. cerevisiae. This is supported by Andriani [34] who showed that the
administration of B-glucan extract was able to significantly suppress the blood cholesterol levels of
rats. Andriani’s study [34] concluded that B-glucan extract has a function as a cholesterol-lowering
drug. Nicolasi [35] previously also reported that plasma cholesterol levels can be reduced by
about 8%—26% by B-glucan in obese hypercholesterolemic patients. According to Ferdiansyah [36],
B-glucan acts as an antihypercholesterolemic through the mechanism of reducing cholesterol
absorption in the intestine. Therefore, tempe produced with the addition of S. cerevisiae has better
potential health benefits than tempe without the addition of S. cerevisiae due to the presence of beta
glucan in the tempe.

3.3. Effect of inoculum type and duration of fermentation on antioxidant activity of tempe

Based on the results of the analysis of variance, it is known that the antioxidant activity of tempe
is influenced by the type of inoculum and the fermentation time of tempe. The effect of inoculum type
and fermentation time on the antioxidant activity of tempe is presented in Figures 8—10. Further
tests using BNT showed that the antioxidant activity increased with increasing fermentation time
(Figure 8). The highest antioxidant activity was found in tempe after 40 hours of fermentation, which
was 73.14%. The antioxidant activity of tempe is caused by the content of isoflavones in soybeans and
tempe. The results of Banobe et al. [37] showed that soybean tempe had antioxidant activity of 76.10%
with an isoflavone content of 0.33%. The content of isoflavones in soy tempe comes from the soybean
seeds themselves.
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Figure 8. Average antioxidant activity during tempe fermentation on all types of inoculum.

Figure 8 shows an increase in antioxidant activity during the fermentation of soybeans into
tempe. The antioxidant activity of tempe at fermentation times of 24, 32 and 40 hours, respectively,
was 61.51%, 69.09% and 73.143%. This is due to an increase in the percentage of free radical
inhibition (DPPH) during fermentation. That is, the antioxidants in tempe at each fermentation time
were able to capture free radicals (DPPH) of 61.51%, 69.09% and 73.14%. These results are in line
with the research of Widoyo et al. [38] which showed an increase in the antioxidant activity of soy
tempe along with the increase in fermentation time. The antioxidant activity of soy tempe research by
Widoyo et al. [38] for 30, 42 and 54 hours respectively were 36.35%, 39.03% and 42.12%. The
antioxidant activity of edamame tempe also increased after fermentation for 1, 2 and 3 days with
antioxidant activity of 95%, 97%, 100%, respectively, while the antioxidant activity of unfermented
edemame soybean was 24% [39]. Research conducted by Maryati et al. [40] also showed an increase
in the antioxidant activity of the functional drink of dragon fruit along with the increase in the duration
of fermentation.

The results of the analysis also showed that the type of inoculum affected the antioxidant activity
of tempe (Figure 9). Figure 9 shows that the highest antioxidant activity was found in tempe inoculated
with a mixed inoculum of R. oligosporus and S. cerevisiae (S4), which was 62.05%, followed by a
single inoculum of S. cerevisiae (S2) of 54.53%, tempe with the inoculum Raprima (S1) of 48.62%,
then tempe with a single inoculum of R. oligosporus (S3) with antioxidant activity of 45.82%.

The results showed that the highest antioxidant activity was found in tempe produced with mixed
inoculum of R. oligosporus and S. cerevisiae with 40 hours of fermentation (S4L6) (Figure 10). This
is in accordance with the results of the calculation of the number of microbes in tempe with
various types of inoculum used. Tempe produced by cultures of R. oligosporus and S. cerevisiae
showed the highest number of yeasts and fungi, namely fungi reaching 10’ CFU/g, while yeasts
reaching 10® CFU/g. The increase in antioxidant activity was influenced by the amount of fungi and
yeast which increased with the increase in tempe fermentation time. The increase in the number of
fungi affects the density of spores in tempe, while according to Mojsov [41], the density of spores
affects the increase in cell biomass which in turn affects the activity of the enzymes it produces. Thus,
the increasing number of R. oligosporus cells in tempe caused the activity of the B-glucosidase enzyme
produced to also increase. This B-glucosidase enzyme will catalyze the hydrolysis reaction of
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isoflavone glycosides into aglycones, an insoflavone compound which is active as an antioxidant. Thus,
it can be understood that the mixed inoculum of R. oligosporus and S. cerevisiae with a fermentation
time of 40 hours (S4L6) produced the highest antioxidant activity, which was 84.42%.
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Figure 9. Effect of inoculum type on antioxidant activity during tempe fermentation.

Note: S1 = Raprima; S2 = S. cerevisiae; S3 = R. oligosporus; S4 = R. oligosporus + S. cerevisiae.
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Figure 10. Changes in antioxidant activity during tempe fermentation on various types of inoculum.
Note: S1 = Raprima; S2 = S. cerevisiae; S3 = R. oligosporus; S4 = R. oligosporus + S. cerevisiae; L1 =0
hours; L2 = 8 hours; L3 = 16 hours; L4 = 24 hours; L5 = 32 hours; L6 = 40 hours.

6. Conclusions

The types of inoculum and duration of fermentation had an effect on increasing the growth of
fungi, yeasts and bacteria, as well as increasing the antioxidant activity of tempe. Yeast growth had a
more dominant effect on increasing B-glucan content and antioxidant activity compared to fungi and
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bacteria. Tempe inoculated with a mixed inoculum of 1.5% R. oligosporus + 1.5% S. cerevisiae
resulted in the highest B-glucan content of 0.58% and the highest antioxidant at 82.42%. To produce
tempe with high B-glucan content, it is recommended to use a mixed inoculum of 1.5% R.
oligosporus + 1.5% S. cerevisiae with a fermentation time of 36—40 hours. These results indicate that
tempe made with a mixture of S. cerevisiae and R. oligosporus has the potential to become tempe
which has better health benefits than tempe in general, due to the high B-glucan content.
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