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Abstract

The germination process and prolonged fermentation have been shown to improve tempe
quality. The present study aimed to measure and compare the changes in nutritional and
isoflavone content and antioxidant activity of tempe flour due to soybean germination and
fermentation time treatments. Soybeans were germinated for 24 hrs before being
fermented into fresh and overripe tempe for 2 and 7 days, respectively. Fresh and overripe
tempe were dried using a cabinet dryer at 60°C for 8 hrs, then ground and sifted to
produce flour. The nutritional contents were determined through proximate analysis,
antioxidant activity was measured using the DPPH method, and isoflavone was measured
using an HPLC instrument. The germination process and fermentation time were shown
not to affect the nutritional contents but affect isoflavone content and ICs, value
significantly. Overripe tempe flour made from germinated soybeans had the highest
daidzein and genistein isoflavone content, at 343 and 701 pg/g, respectively. However,
overripe tempe flour made from non-germinated soybeans has the highest antioxidant
capacity, with an ICsy of 1375 ppm. This result showed that to reap the benefits of high
antioxidants, tempe fermentation may be prolonged to produce overripe tempe without

any requirement to germinate the soybeans beforehand.

1. Introduction

Tempe is a soybean-based traditional food that is
fermented by Rhizopus spp. mould. Every 100 g of
tempe contains 20.8 g protein, 8.8 g fat, and 1.4 g crude
fibre. In addition, every 100 g of tempe contains
vitamins and minerals such as 0.9 mg vitamin B1, 34 pg
carotene, 155 mg calcium, 326 mg phosphorus, and 4 mg
iron (Astawan, Wresdiyati, Subarna and Asyaifullah,
2020). Extended fermentation has changed the protein,
fibre, vitamin, and total free amino acid contents
compared to fresh tempe (Puspitasari ef al., 2020). The
production of enzymes by the Rhizopus spp. mould
increases during fermentation, the potential for
hydrolysis of protein into simple peptides and amino
acids will increase (Kadar et al, 2018; Astawan,
Wresdiyati, Subarna et al., 2020).

Another method to increase the nutritional content of
tempe is soybean germination. Germination is an
applicative, relatively affordable, accessible technology
and can improve the nutritional quality of tempe
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(Astawan, Wresdiyati, Subarna et al, 2020b). The
soybean germination process can encourage the activity
of the enzyme protease that plays a role in protein
hydrolysis and can therefore increase the production of
bioactive peptides (Astawan, Rahmawati, Cahyani ef al.,
2020). It also increases the change in carbohydrate
content, fat, protein, water, ash, and minerals (Gonzalez-
Montoya et al., 2018), increase the change in antioxidant
activity and isoflavone profile (Astawan et al., 2016) and
increase the vitamin E content (Huang et al., 2014).

Overripe tempe is fresh tempe that has undergone an
extension of fermentation time for five days. Fresh
tempe is obtained from the fermentation of soybeans by
Rhizopus spp. mould (Astawan et al., 2016), while in
overripe tempe the fermentation process is continued by
bacteria. Overripe tempe has a pungent aroma due to
fatty acid hydrolysis, has a greyish color, and is less
attractive than fresh tempe in appearance (Shi et al.,
2010). Overripe tempe is generally consumed by the
people of Central and East Java Indonesia, either as a
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side dish or as a condiment in several dishes (Utami et
al., 2016). Meanwhile, overripe tempe is suggested to
have potential as a source of isoflavones and other
bioactive components.

Isoflavones are secondary metabolites with 12 types
that can be classified into aglycone, glycoside, acetyl-
glucoside, and malonyl-glucoside groups. The soybeans
fermentation process in the production of tempe triggers
the hydrolysis of isoflavone glycosides into the highly
active physiological aglycone forms such as daidzein,
genistein, and glycitein (Andriani et al, 2014). Past
studies have shown that the soybean germination process
can increase the isoflavone aglycones in soybeans by
84%. The extended fermentation time can increase the
isoflavone content by 71.4+8.5 mg/g (Sulistiani et al.,
2014; Astawan et al., 2016).

The main physiological activity of isoflavones is as
an antioxidant. Antioxidants can be defined as
compounds that can prevent and alleviate the adverse
effects of free radicals. Free radicals are reactive
compounds that can oxidize biomolecules, causing
mutagenic changes, tissue damage, and cell mortality.
Antioxidant compounds operate by donating electrons to
the radical compounds and thus inhibiting the
compounds' activity (Astawan et al., 2012; Riyanto and
Hartati, 2017). The balance between oxidants and
antioxidants is essential because it is related to the
function of the immune system. The role of isoflavones
in tempe could inhibit insulin resistance in diabetes
mellitus type 2 patients, improve the systolic blood
pressure, decrease oxidative stress, and prevent
hypertension (Hidayat and Wiboworini, 2021; Kurian et
al., 2022).

Studies related to the nutritional content and
functional properties of overripe tempe are still rare. The
present study was aimed to measure and compare the
nutritional content, antioxidant activity, and isoflavone
content of fresh tempe and overripe tempe flour made
from germinated and non-germinated soybeans. In its
application as a functional food, this effort is expected to
positively contribute to improving the antioxidant
activity and isoflavone content of tempe.

2. Materials and methods

This study had an experimental design with two
phases. The first phase included producing germinated
soybeans, fresh tempe, and overripe tempe from
germinated and non-germinated soybeans and making
flour from these materials. The second phase included
the analyses of nutritional content, antioxidant activity,
the aglycone isoflavones daidzein and genistein contents.

https://doi.org/10.26656/1r.2017.7(S1).16

2.1 Materials

The main ingredient in producing fresh tempe and
overripe tempe was non-GMO soybeans obtained from
the Indonesian Tempe and Tofu Producer Cooperation
(KOPTI) in Bogor. Other materials used in this study
were tempe yeast (RAPRIMA, LIPI Bandung),
polypropylene plastic wrapping, a genistein standard
(HPLC suitable assay > 97%, Sigma Aldrich, USA),
DPPH reactant (2,2-diphenyl-1-picrylhydrazyl) (Sigma
Aldrich, USA), L-ascorbic acid 99% (Sigma Aldrich,
USA) and other chemicals.

2.2 Production of germinated soybeans

Soybeans were sorted, then soaked for three hrs in
water, and drained. Then the soybeans were doused with
clean water every 3 hrs. The production of germinated
soybeans was conducted without light for 24 hrs
(Hashim et al., 2018).

2.3 Production of overripe tempe

The process of making fresh and overripe tempe
from germinated and non-germinated soybeans has been
carried out according to Indonesian custom. The steps in
making the overripe tempe began with making fresh
tempe using the non-GMO soybeans referring to the
production process employed by the Rumah Tempe
Indonesia, Bogor. The length of fermentation for fresh
tempe was two days (48 hrs) at room temperature
(approximately 28-30°C). In order to produce overripe
tempe, the fresh tempe was subjected to an extended
fermentation time of five days (120 hrs) at room
temperature (approximately 28-30°C).

2.4 Production of tempe flour

The production of tempe flour started with slicing
the tempe using a slicer to make tempe slices
approximately 0.5 cm thick. The sliced tempe was then
blanched with steam for two minutes. The blanched
slices of tempe were then dried in a cabinet dryer at a
temperature of 60°C for 8 hrs. The dried tempe slices
were then ground using a disc mill and sifted using an 80
mesh sieve (Astawan, Rahmawati, Cahyani et al., 2020).

2.5 Yield and nutritional content analysis

The overripe tempe flour yield from germinated and
non-germinated soybeans was analysed by comparing
the weight of the flour obtained with the overripe tempe
used then multiplied by 100%. The nutritional content
analysis included moisture, ash, protein, fat, crude fibre,
and carbohydrate content referred to AOAC (2012)
method.
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2.5.1 Determination of moisture content

The gravimetric method was used to estimate
moisture content (AOAC, 2012). The samples (1-2 g)
were dried in an air oven at 105°C for hrs. The dish was
then weighed after cooling in a desicator.

2.5.2 Determination of ash content

The ash content was determined using gravimetric
method by measuring the weight of the sample before
and after ashing in the furnace at 550°C (AOAC, 2012).

2.5.3 Determination of protein content

Kjeldahl method was used to determine the protein
content, which was then calculated by multiplying the
nitrogen content by 6.25 (AOAC, 2012).

2.5.4 Determination of fat content

Fat content was evaluated by wusing Soxhlet
extraction method (AOAC, 2012). Fat content was
determined by weight loss of the sample or the weight of
the fat removed.

2.5.5 Determination of crude fibre

Crude fibre was estimated by using acid and alkaline
hydolysis method (AOAC, 2012). Crude fibre was
determined gravimetrically as the loss of the dried
residue remaining after digestion of the sample with
1.25% H,SO,4 and 1.25% NaOH solutions under specific
conditions.

2.5.6 Determination of carbohydrate

The carbohydrate content was determined by
substracting the differential weights of all components.
The value was calculated by deducting the percentages
of all other components, including moisture, protein, fat,
and ash.

2.6 Sample extraction for antioxidant activity analysis

The flour samples weighing 50 g were extracted
using 250 mL methanol solvent (1:5 w/v). The extraction
process was conducted in a shaker for three hrs. The
extraction results were then filtered using Whatman's
No. 42 filter paper. The flour extract was collected and
thickened in a rotary evaporator (AOAC, 2012).

2.7 Antioxidant activity

Analysis of the overripe tempe antioxidant activity
was conducted using the DPPH method. This analysis
was aimed to determine the antioxidant compound
inhibition effect in the samples against the DPPH (2,2-
diphenyl-1-picrylhydrazyl) free radicals by observing the
change in color of each sample after incubation. The free
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electrons in DPPH will bind with the electrons in the
extract samples and result in a change of color in the
samples from dark purple to light yellow. An amount of
100 pL of the solutions of the sample in various
concentrations was placed in a test tube, then 400 pL of
DPPH solution was added. The solution was then
incubated in the dark for 30 mins at room temperature
then the absorbance was measured using a
spectrophotometer at a 517 nm wavelength. Ascorbic
acid was used as the standard (Soetjipto et al., 2018).

2.8 Isoflavone content analysis

Analysis of the total isoflavone began with
weighing 2 g of each sample then adding 30 mL of HCI :
acetonitrile (1 : 4) solution. After that, the samples were
incubated in a water bath shaker for one hr. The samples
were then filtered and moved quantitatively to a
volumetric flask. An amount of 20 pL of the filtrate was
injected into the HPLC with a C-18 reverse phase 15 cm
x 46 mm id., 5 pm column (LiChrospher, Merck
Millipore, USA). The moving phase used was methanol:
ammonium acetate 1 mM with a ratio of 6:4 with a rate
of 1 mL/minute. The detector used was a UV Detector at
a wavelength of 265 nm (Puteri ef al., 2018).

2.9 Data processing and analysis

This study was conducted using a randomized
factorial design with two factors: soybean germination
(germination and non-germination) and fermentation
length (fresh tempe and overripe tempe). Data from the
four types of tempe flour in this study were analyzed
using ANOVA (Analysis of variance) followed by
DMRT (Duncan's Multiple Range Test) using the SPSS
version 23 program.

3. Results and discussion
3.1 Yield and nutritional content

In the present study, overripe tempe was obtained by
extending the fermentation time of fresh tempe by five
days at room temperature (approximately 28-30°C). The
overripe tempe produced had greyish mycelium with
blackish-grey flecks on the surface of the tempe (which
are a result of the increased Rhizopus spp. biomass) and
had a strong signature aroma.

Data in Table 1 presents the yield and nutritional
content analysis results of fresh tempe flour made from
germinated soybeans (FG), fresh tempe flour made from
non-germinated soybeans (FNG), overripe tempe flour
made from germinated soybeans (OG), and overripe
tempe flour made from non-germinated soybeans
(ONG). The data in Table 1 shows that the type of tempe
flour did not have a significant effect (p>0.05) on the
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Table 1. Proximate composition of overripe tempe

Analysis Tempe flour
FG FNG 0G ONG

Yield (%) 35.548.6° 38.2+7.9 53.2415.2° 56.9+13.1°

Moisture (% wb) 2.9+1.17 3.0+1.9% 5.0+0.1° 4.8+0.2°

Ash (% db) 2.3+0.0° 2.1+0.2° 2.240.0° 2.240.0°
Lipid (% db) 26.2+1.1° 27.9+1.4° 25.241.3% 24.3+0.1°
Protein (% db) 43.6+1.6" 41.2+1.6° 42.7+0.2° 43.0+1.2°
Carbohydrates (% db) 26.8+0.1° 27.4+1.2° 30.7+0.2° 31.1+1.2°

Crude Fiber (% db) 2.30+0.1° 2.1+0.2° 3.0+0.4° 2.6£0.2°

Values are presented as meantstandard deviations. Values with different superscript letters along the same row are significantly
different (p<0.05). FG (fresh tempe from germinated soybean), FNG (fresh tempe from non-germinated soybean), OG (overripe
tempe from germinated soybean), ONG (overripe tempe from non-germinated soybean).

yield, moisture, ash, protein, and crude fibre content. The
moisture content of tempe flour can be affected by
several factors, such as the watering process during the
soybean germination process, the soaking of the
soybeans, and the drying temperature (Utami et al.,
2016; Uwem et al., 2017).

The ash content of tempe flour tended to undergo no
significant change due to the soybean germination
process and tempe fermentation length. Previous
research recorded a mere 1% decrease in ash content on
days three and four of the soybean fermentation (Warle
et al., 2015). The dousing and soaking of soybeans
during the germination process could decrease the ash
content and cause the dissolution of some minerals into
the water (Babalola and Giwa, 2012). The fermentation
of soybeans could increase the activity of phytase and
amylase enzymes in breaking down the food matrix. This
event causes an increase in the bioavailability of a few
essential minerals such as calcium, phosphorus, and iron
(Samtiya et al., 2021).

The fat content of tempe flour demonstrates a
significant difference (p<0.05) due to the soybean
germination and length of tempe fermentation
treatments. There is a tendency to use fat as an energy
source during the soybean germination process.
Extending the fermentation time could also decrease the
fat content of tempe flour because it is hydrolyzed by the
lipase enzyme produced by the Rhizopus spp. mould
(Nkhata et al., 2018).

The carbohydrate content of tempe flour
demonstrated a significant difference (p<0.05) tended to
increase due to the fermentation length treatment.
Overripe tempe flour (OG and ONG) had a significantly
higher carbohydrate content than fresh tempe flour (FG
and FNGQG). Carbohydrate in soybeans consists of simple
and complex carbohydrates. Fermentation increases the
activity of the a-amylase enzyme, which can break down
polysaccharides (complex carbohydrates) into simple
carbohydrates (Khosravi and Razavi, 2021).

https://doi.org/10.26656/1r.2017.7(S1).16

The protein contents of FG, FNG, OG, and ONG
were not significantly different (p>0.05) but tended to
increase due to the soybean germination process in the
fresh tempe flour production process. This increase could
be because of the synthesis of amino acids and the
decrease in the content of other components during the
process of washing and boiling the soybeans, or these
components might have been used by microorganisms
for growth during the fermentation process (Kim et al.,
2013; Kaczmarska et al., 2017). The increase in protein
content during the germination process is probably
caused by the mobilization of the nitrogen stores for
producing nutrients needed during radicula formation
(Joshi and Varma, 2016).

The change in crude fibre content in tempe flour
could also be caused by the change in the cell wall
structure. The crude fibre content originates from the
epidermis, hypodermis, and parenchyma layers in the
soybeans, containing cellulose, pectin, galactomannan,
and glycoprotein (Krisnawati and Adie, 2008). The
length of fermentation in tempe correlates with the
increased growth of Rhizopus spp. that produces mycelia
on the surface of the soybeans. An increase in the
number of mycelia formed during the tempe
fermentation process indicates increased crude fibre
content in the tempe. The mycelium components consist
of the hyphal cell walls, which contain cellulose and
chitin; these two components are known as fibre
components (Widoyo et al., 2015). This is why overripe
tempe flour tends to have higher crude fibre content than
fresh tempe flour, even though it is not statistically
different.

3.2 Isoflavone content

Isoflavone is a flavonoid compound beneficial as an
antioxidant and can bind free radicals and prevent chain
reactions. Isoflavone acts as a phytoestrogen which has
pseudohormonal activity that binds on the ER (estrogen
receptor). Isoflavone has antioxidant, anticancer,
antimicrobial, = and  anti-inflammatory  activities
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(Rodriguez-Roque et al., 2013).

Table 2 shows that the daidzein and genistein
content in tempe flour increased significantly as the
fermentation time increased in the tempe-making process
(p<0.05). This is why the overripe tempe flour (OG and
ONG) had significantly higher daidzein and genistein
content (p<0.05) than fresh tempe flour (FG and FNG).
This study showed that the total aglycone isoflavone
(daidzein + genistein) increased with increasing tempe
fermentation time. Aglycone is an isoflavone compound
with higher bioavailability than other forms (Ferreira et
al, 2011).

Table 2. Isoflavone content of overripe tempe

Parameter Tempe flour
ete FG FNG 0G ONG
. 31685 2902+ 3433+ 343.04
Daidzein (ng/g) ) 4o 0.6° 3.3° 2.6°
.. 4221+ 3682+ 701.0+ 587.1%
Genistein (ugle) ) 13° 448 24

Values are presented as meantstandard deviations. Values
with different superscript letters along the same row are
significantly different (p<0.05). FG (fresh tempe from
germinated soybean), FNG (fresh tempe from non-
germinated soybean), OG (overripe tempe from germinated
soybean), ONG (overripe tempe from non-germinated
soybean).

The aglycone isoflavone content (daidzein and
genistein) in tempe increases because of the activity of
microorganisms during the fermentation process
producing the enzyme [B-glucosidase (Li et al, 2021).
This enzyme can hydrolyze the glycoside bond, which
results in increased availability of isoflavones in the form
of aglycones (Haron et al., 2009; Fawwaz et al., 2017).
In addition to microorganism activity, the increased
aglycone isoflavone content in tempe could also be due
to the decrease in the glucoside isoflavone content.

Table 2 also shows a tendency of the soybean
germination process to increase daidzein and genistein
isoflavone content in tempe flour. This result caused FG
to have a higher daidzein and genistein content than
FNG, as with OG, which had a higher content than
ONG. The germination process in soybeans can
significantly increase the genistein content, but not the
daidzein content (Junior and Ida, 2015).

3.3 Antioxidant activity

Evaluation of the antioxidant activity in tempe flour
can be done using the DPPH (2,2-diphenyl-1-
picrylhydrazyl) method. The antioxidant activity of
foodstuff can be measured using the DPPH free radical
inhibition method with the ICs, parameter. ICs, is the
effective concentration required to deactivate 50% of the
free radicals, which means that the lower the ICs,, the

https://doi.org/10.26656/1r.2017.7(S1).16

higher the antioxidant activity is (Firdaus et al., 2010;
Prvulovié et al., 2016).

An antioxidant is a compound that inhibits or
prevents oxidation due to free radicals in a substrate at a
low concentration. The body can naturally produce

antioxidants due to cellular metabolism known as
endogenous antioxidants (Yadav et al, 2016).
Endogenous antioxidants consist of superoxide

dismutase (SOD), catalase, and glutathione peroxidase.
In a pathological condition such as diabetes mellitus,
there is an increased number of free radicals in the body,
requiring exogenous antioxidants in large numbers to
neutralize the effects of the free radicals (Firdaus et al.,
2010; Wresdiyati et al., 2018). Figure 1 presents the I1Cs
of the tempe flours (FG, FNG, OG, and ONG). The
soybean germination treatments and tempe fermentation
time in Figure 1 significantly affected the ICsq (p<0.05).
The lowest ICsy was found in ONG at 1375 ppm. This
value showed that the antioxidant activity of overripe
tempe flour made from non-germinated soybeans (ONG)
was significantly higher than that of the other tempe
flours.

Figure 1 also shows that the germination process
tended to decrease antioxidant activity (increasing the
ICsp). The ICs for FG was higher than that of FNG, and
the IC5y for OG was higher than ONG. This result is
suggested because of the younger soybeans, the type of
seed, and the growing conditions (Eshraq et al., 2016).
According to a prior study, young soybeans have lower
antioxidant activity than older soybeans, but their
viability is better than that of older soybeans (Carvalho
etal, 2014).

3000

[2487]°
2500

2000 [1804]h

E. 1500
o

[1375]®

Figure 1. The IC50 value of tempe flour. FG (fresh tempe
from germinated soybean), FNG (fresh tempe from non-
germinated soybean), OG (overripe tempe from germinated
soybean), ONG (overripe tempe from non-germinated
soybean).

1000

500

Tempe Flour

*FG HFNG % 0G Il ONG

The extension of fermentation time in overripe
tempe causes the fermentation process, which was
initiated by mould to be continued by bacteria (Utami et
al., 2016). Fermentation of soybeans-based foods using
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bacteria could increase the antioxidants' ability to bind
free radicals compared to fermentation by mould
(Leonard et al, 2021). The difference in the bacteria's
and mould's growth rate is suggested to explain this
phenomenon (Wongputtisin et al., 2007). Antioxidant
activity in overripe tempe can also be influenced by its
isoflavone content. In the soybean germination process,
isoflavones are distributed in the sprouting area and have
a different distribution depending on the aglycone type
(Oshima et al., 2016). Isoflavone content in soybeans
before germination is dominated by the glycoside group,
whereas after the germination, it is dominated by the
aglycone group (Murni ef al., 2013).

Isoflavone antioxidant activity has been reported to
halt the chain reaction caused by strong oxidation
peroxynitrite resulting from the reaction between nitrite
oxide and superoxide. The antioxidant activity of
genistein and daidzein are known to inhibit oxidation of
LDL (low-density lipoprotein) and can normalize the
increased superoxide anion production in rats with
streptozotocin-induced type 1 diabetes (Taraseviciené et
al., 2019).

The administration of tempe-based feed to
hyperglycemic rats resulted in a higher antioxidant
activity than that of the group fed a multivitamin (Harun
et al., 2017). Efforts to improve the antioxidant status in
the body can be made by consuming foodstuffs rich in
antioxidants such as soybeans and their products such as
tempe. Consumption of tempe, which is rich in
antioxidants, can increase the activity of the enzyme
SOD in the blood by 56.9% (Utari et al, 2011).
Isoflavones demonstrated the highest antioxidant activity
in the form of aglycones, especially genistein. Genistein
demonstrates a stronger antioxidant activity than
ascorbic acid and a-tocopherol in protecting cells against
oxidative stress (Yoon and Park, 2014). Genistein is
known to suppress the production of H,O, by 12-O-
tetradecanoylphorbol-13 acetate, which is stimulated by
polymorphonuclear leukocytes in humans and HL-60
cells at a concentration range of 1-150 puM. Genistein
can also increase SOD activity, thus inhibiting the
dismutation of superoxide radicals (Jiang et al., 2008).

Antioxidant activity in tempe flour is not only
influenced by the isoflavone content. Various studies
have reported that in addition to isoflavones, the amino
acid and vitamin E content also have potential
antioxidant activity. In addition, the mnon-phenolic
compound content such as ascorbic acid, a-tocopherol,
phytic acid, carotenoids, and saponin also play a role in
increasing the antioxidant activity (Lee ef al., 2011; Utari
etal,2011).
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4. Conclusion

The soybean germination process and fermentation
time did not cause any change in the nutritional content
of fresh tempe flour and overripe tempe flour; however,
it tended to increase the protein, fat, crude fibre, and
genistein contents. Compared to fresh tempe flour made
from germinated soybeans (FG), fresh tempe flour made
from non-germinated soybeans (FNG), and overripe
tempe flour made from germinated soybeans (OG),
overripe tempe flour made from non-germinated
soybeans (ONG) had a significantly higher antioxidant
activity. This result showed that to reap the benefits of
high antioxidants, the fermentation of tempe can be
extended to produce overripe tempe without any need to
germinate the soybeans beforehand.

Conflict of interest

The authors declare no conflict of interest.

Acknowledgements

The authors would like to thank those who funded
the study: PT. Kalbe Farma and the Ministry of
Research, Technology, and Higher Education through
the 2018 Ristekdikti-Kalbe Science Awards program
registered under Made Astawan.

References

Association of Official Analytical Chemist (AOAC).
(2012). Official Method of Analysis of The
Association of Official Analysis Chemist. 19™ ed.
Gaithersburg, USA: The AOAC, Inc.

Andriani, M., Baskoro, K. and Nurhartadi, E. (2014).
Studies on  physicochemical and  sensory
characteristics of overripe tempeh flour as food

seasoning. Academic Research International, 5(5),
36-45.

Astawan, M., Wresdiyati, T., Arief, I. I. and Septiawan,
R. (2012). Production of synbiotic yogurt-like using
indigenous lactic acid bacteria as functional food.
Media  Peternakan,  35(1), 9-14.  https:/
doi.org/10.5398/medpet.2012.35.1.9

Astawan, M., Hermanianto, J. and Sugiyanto, G.S.P.
(2016). Application of vacuum packaging to extend
the shelf life of fresh-seasoned tempe. Infernational
Food Research Journal, 23(6), 2571-2580.

Astawan, M., Wresdiyati, T., Subarna and Asyaifullah,
K. (2020). Calcium bioavailability of tempe and
boiled soybean flours and its effect on osfemurs in
experimental rats. Journal of Nutritional Science and
Vitaminology, 60, S314-S319. https://
doi.org/10.3177/jnsv.66.S314

© 2023 The Authors. Published by Rynnye Lyan Resources



Astawan et al. / Food Research 7 (Suppl. 1) (2023) 42 - 50 48

Astawan, M., Wresdiyati, T., Subarna, Rokaesih and
Yoshari, R.M. (2020). Functional properties of
tempe protein isolates derived from germinated and
non-germinated soybeans. /OP Conference Series:
Earth and Environmental Science, 443, 012001.
https://doi.org/10.1088/1755-1315/443/1/012001.

Astawan, M., Rahmawati, LS., Cahyani, A.P.,
Wresdiyati, T., Putri, S.P. and Fukusaki, E. (2020).
Comparison between the potential of tempe flour
made from germinated and non-germinated soybeans
in preventing diabetes mellitus. HAYATI Journal of
Biosciences, 27(1), 16-23. https://doi.org/10.4308/
hjb.27.1.16

Babalola, R.O. and Giwa, O. E. (2012). Effect of
fermentation on nutritional and anti-nutritional
properties of fermenting soybeans and the
antagonistic effect of the fermenting organism on
selected pathogens. International Research Journal

of Microbiology, 3(10), 333-338.

Carvalho, E.R., Oliveira, J.A., Von Pinho, E.V.D.R. and
Costa Neto, J. (2014). Enzyme activity in soybean
seeds produced under foliar application of
manganese. Ciéncia e Agrotecnologia, 38(4), 317-
327. https://doi.org/10.1590/S1413-
70542014000400001

Eshraq, B., Mona, A., Sayed, A. and Emam, A. (2016).
Effect of soaking, cooking and germination on
chemical constituents and bioactive compounds as
well as their cytotoxic activities of black bean
extracts. Natural Products Chemistry and Research,
4(06), 1-7. https://doi.org/10.4172/2329-
6836.1000237.

Fawwaz, M., Natalisnawati, A. and Baits, M. (2017).
Kadar isoflavon aglikon pada ekstrak susu kedelai
dan tempe. [Industria: Jurnal Teknologi dan
Manajemen Agroindustri, 6(3), 152-158. https://
doi.org/10.21776/ub.industria.2017.006.03.6. [In
Bahasa Indonesia].

Ferreira, M.P., Oliveira, M.C.N.D., Mandarino, J.M.G.,
Silva, J.B.D., Ida, E.I. and Carrao-Panizzi, M.C.
(2011). Changes in the isoflavone profile and in the
chemical composition of tempeh during processing
and refrigeration. Pesquisa Agropecudria Brasileira,
46(11), 1555-1561. https://doi.org/10.1590/S0100-
204X2011001100018

Firdaus, M., Astawan, M., Muchtadi, D., Wresdiyati, T.,
Waspadji, S. and Karyono, S.S. (2010). Prevention
of endothelial dysfunction in streptozotocin-induced
diabetic rats by Sargassum echinocarpumn extract.
Medical Journal of Indonesia, 19(1), 32-35. https://
doi.org/10.13181/mji.v1911.382

Gonzalez-Montoya, M., Hernandez-Ledesma, B., Mora-
Escobedo, R. and Martinez-Villaluenga, C. (2018).

https://doi.org/10.26656/1r.2017.7(S1).16

Bioactive peptides from germinated soybean with
anti-diabetic potential by inhibition of dipeptidyl

peptidase-1V,  a-amylase, and a-glucosidase
enzymes. [International Journal of Molecular
Sciences, 19(10), 1-14. https://doi.org/10.3390/
jms19102883.

Haron, H., Ismail, A., Azlan, A., Shahar, S. and Peng,
L.S. (2009). Daidzein and genistein contents in
tempeh and selected soy products. Food Chemistry,
115(4), 1350-1356. https://doi.org/10.1016/
j-foodchem.2009.01.053.

Harun, I., Susanto, H. and Rosidi, A. (2017). Pemberian
tempe menurunkan kadar malondialdehyde (MDA)
dan meningkatkan aktivitas enzim superoxide
dismutase (SOD) pada tikus dengan aktivitas fisik
tinggi. Jurnal Gizi dan Pangan, 12(3), 211-216.
https://doi.org/10.25182/jgp.2017.12.211-216.

Hashim, N., Tai, C.W., Wen, H.X., Ismail, A. and Kong,
K.W. (2018). Comparative evaluation of antioxidant
properties and isoflavones of tempeh fermented in
two different wrapping materials. Current Research
in Nutrition and Food Science, 6(2), 307-317.
https://doi.org/10.12944/CRNFSJ.6.2.06.

Hidayat, T. and Wiboworini, B. (2021). The effect of
nutrition support of commercial formula and
fortemdia tri on total cholesterol level and blood
pressure in type 2 diabetes mellitus patients.
Proceedings of the International Conference on
Health and Medical Sciences (AHMS 2020), 34, 71-
76. https://doi.org/10.2991/ahsr.k.210127.016

Huang, X., Cai, W. and Xu, B. (2014). Kinetic changes
of nutrients and antioxidant capacities of germinated
soybean (Glycine max L.) and mung bean (Vigna
radiata L.) with germination time. Food Chemistry,
143, 268-276. https://doi.org/10.1016/j.food
chem.2013.07.080.

Jiang, 7.Y., Jiang, S.Q., Lin, Y.C., Ma, X.Y., Xi, P.B,,
Cao, T. and Wang, X.Q. (2008). Effect of genistein
on antioxidative defence system and membrane
fluidity in chick skeletal muscle cells. Asian-

Australasian Journal of Animal Sciences, 21(8),
1220-1225. https://doi.org/10.5713/ajas.2008.70698

Joshi, P. and Varma, K. (2016). Effect of germination
and dehulling on the nutritive value of soybean.
Nutrition and Food Science, 46(4), 595-603. https://
doi.org/10.1108/NFS-10-2015-0123.

Janior, A.Q. and Ida, E.I. (2015). Profile of the contents
of different forms of soybean isoflavones and the
effect of germination time on these compounds and
the physical parameters in soybean sprouts. Food
Chemistry, 166, 173-178. https://doi.org/10.1016/
j.-foodchem.2014.06.012.

© 2023 The Authors. Published by Rynnye Lyan Resources


https://doi.org/10.21776/ub.industria.2017.006.03.6
https://doi.org/10.21776/ub.industria.2017.006.03.6

49 Astawan et al. / Food Research 7 (Suppl. 1) (2023) 42 - 50

Kaczmarska, K.T., Chandra-Hioe, M.V., Zabaras, D.,
Frank, D. and Arcot, J. (2017). Effect of germination
and fermentation on carbohydrate composition of
Australian sweet lupin and soybean seeds and flours.
Journal of Agricultural and Food Chemistry, 65(46),
10064-10073. https://doi.org/10.1021/
acs.jafc.7b02986.

Kadar, A.D., Aditiawati, P., Astawan, M., Putri, S.P. and
Fukusaki, E. (2018). Gas chromatography coupled
with mass spectrometry-based metabolomics for the
classification of tempe from different regions and
production processes in Indonesia. Journal of
Bioscience and Bioengineering, 126(3), 411-416.
https://doi.org/10.1016/j.jbiosc.2018.03.020

Khosravi, A. and Razavi, S. H. (2021). Therapeutic
effects of polyphenols in fermented soybean and
black soybean products. Journal of Functional
Foods, 81, 104467. https://doi.org/10.1016/
jjff.2021.104467.

Kim, S.L., Lee, J.E., Kwon, Y.U., Kim, W.H., Jung,
G.H., Kim, D.W., Lee, CK., Lee, Y., Kim, M.J.,,
Hwang, T.Y. and Chung, I.M. (2013). Introduction
and nutritional evaluation of germinated soy germ.
Food  Chemistry, 136(2), 491-500. https:/
doi.org/10.1016/j.foodchem.2012.08.022.

Krisnawati, A. and Adie, M.M. (2008). Ragam karakter
morfologi kulit biji beberapa genotipe plasma nutfah
kedelai. Buletin Plasma Nutfah, 14(1), 13-18. [In
Bahasa Indonesia].

Kurian, C., Mathur, A. and Paari, K. (2022). Review on
dietary factors in fermented foods and their efficacy
in disease management. Current Nutrition and Food
Science, 18(2), 144-165. https://
doi.org/10.2174/1573401318666220118144750.

Lee, J.H., Jeon, J.K., Kim, S.G., Kim, S.H., Chun, T. and
Imm, J.Y. (2011). Comparative analyses of total
phenols, flavonoids, saponins and antioxidant
activity in yellow soybeans and mung beans.
International Journal of Food Science and
Technology, 46(12), 2513-2519. https://
doi.org/10.1111/5.1365-2621.2011.02775 x.

Leonard, W., Zhang, P., Ying, D., Adhikari, B. and
Fang, Z. (2021). Fermentation transforms the
phenolic profiles and bioactivities of plant-based
foods. Biotechnology Advances, 49, 107763. https://
doi.org/10.1016/j.biotechadv.2021.107763.

Li, C, Xu, T., Liu, X. W., Wang, X. and Xia, T. (2021).
The expression of B-glucosidase during natto
fermentation increased the active isoflavone content.
Food Bioscience, 43, 101286. https://
doi.org/10.1016/j.fbi0.2021.101286.

Murni, 1., Reftina, E., Puji, A., Harti, A.S., Estuningsih,

https://doi.org/10.26656/1r.2017.7(S1).16

E. and Kusumawati, H.N. (2013). Pemanfaatan
bakteri asam laktat dalam proses pembuatan tahu dan
tempe untuk peningkatan kadar isoflavon, asam
linoleat, dan asam linolenat. Jurnal Kesehatan
Kusuma Husada, 4(2), 89-95. [In Bahasa Indonesia].

Nkhata, S.G., Ayua, E., Kamau, E.H. and Shingiro, J.B.
(2018). Fermentation and germination improve
nutritional value of cereals and legumes through
activation of endogenous enzymes. Food Science
and  Nutrition,  6(8), 2446-2458.  https://
doi.org/10.1002/fsn3.846.

Oshima, A., Mine, W., Nakada, M. and Yanase, E.
(2016). Analysis of isoflavones and coumestrol in
soybean sprouts. Bioscience, Biotechnology and
Biochemistry, 80(11), 2077-2079. https://
doi.org/10.1080/09168451.2016.1196577.

Prvulovi¢, D., Malenci¢, P. and Miladinovi¢, J. (2016).
Antioxidant activity and phenolic content of soybean
seeds extracts. Agro-knowledge Journal, 17(2), 121-
132. https://doi.org/10.7251/AGREN1602121P.

Puteri, N.E., Astawan, M., Palupi, N.S., Wresdiyati, T.
and Takagi, Y. (2018). Characterization of
biochemical and functional properties of water-

soluble tempe flour. Food Science and Technology,
38, 147-153. https://doi.org/10.1590/fst.13017.

Puspitasari, A., Astawan, M. and Wresdiyati, T. (2020).
Pengaruh germinasi kedelai terhadap komposisi
proksimat dan komponen bioaktif isoflavon tempe
segar dan semangit. Jurnal Pangan, 29(1), 25-34.

Riyanto, C.A. and Soetjipto, H. (2017). Solvent
optimization for genistein isolation of “rotten tempe”
by high performance liquid chromatography method.
EKSAKTA: Journal of Sciences and Data Analysis,
17(2), 111-118. https://doi.org/10.20885/
eksakta.voll7.iss2.art3

Rodriguez-Roque, M.J., Rojas-Graii, M.A., Elez-
Martinez, P. and Martin-Belloso, O. (2013). Soymilk
phenolic compounds, isoflavones and antioxidant
activity as affected by in vitro gastrointestinal
digestion. Food Chemistry, 136(1), 206-212. https://
doi.org/10.1016/j.foodchem.2012.07.115.

Samtiya, M., Aluko, R.E., Puniya, A.K. and Dhewa, T.
(2021). Enhancing micronutrients bioavailability
through fermentation of plant-based foods: A
concise review. Fermentation, 7, 63. https:/
doi.org/10.3390/fermentation7020063.

Shi, H., Nam, P.K. and Ma, Y. (2010). Comprehensive
profiling of isoflavones, phytosterols, tocopherols,
minerals, crude protein, lipid, and sugar during
soybean (Glycine max) germination. Journal of
Agricultural and Food Chemistry, 58(8), 4970-4976.
https://doi.org/10.1021/j100335;j.

© 2023 The Authors. Published by Rynnye Lyan Resources


about:blank
about:blank
about:blank

Astawan et al. / Food Research 7 (Suppl. 1) (2023) 42 - 50 50

Soetjipto, H., Martono, Y. and Yuniarti, Z. (2018).
Isolasi dan analisis genistein dari tempe busuk
menggunakan metode kromatografi kolom. Jurnal
Bioteknologi dan Biosains Indonesia, 5(1), 88-97.
ISSN 2548-611X. [In Bahasa Indonesia].

Sulistiani, H., Handayani, S. and Pangastuti, A. (2014).
Karakterisasi senyawa bioaktif isoflavon dan uji
aktivitas antioksidan dari ekstrak etanol tempe
berbahan baku kedelai hitam (Glycine soja), koro
hitam (Lablab purpureus), dan koro kratok

(Phaseolus lunatus). Biofarmasi, 12(2), 62-72.
https://doi.org/10.13057/biofar/f120203.
Tarasevitiené, Z., Virsile, A., Daniléenko, H.,

Duchovskis, P., Paulauskiené, A. and Gajewski, M.
(2019). Effects of germination time on the
antioxidant properties of edible seeds. CyTA-Journal
of Food, 17(1), 447-454. https://
doi.org/10.1080/19476337.2018.1553895.

Utami, R., Wijaya, C.H. and Lioe, H.N. (2016). Taste of
water-soluble extracts obtained from over-fermented
tempe. International Journal of Food Properties, 19
9), 2063-2073. https://
doi.org/10.1080/10942912.2015.1104509.

Utari, D., Rimbawan, R.H. and Muhilal, P. (2011).
Potency of amino acid in tempeh for improving lipid
profile and diabetes mellitus. Jurnal Kesehatan
Masyarakat  Nasional, 5(4), 166-170. https://
doi.org/10.21109/kesmas.v5i4.137

Uwem, U.M., Babafemi, A.A. and Sunday, D.M. (2017).
Proximate composition, phytoconstituents, and
mineral contents of soybean (Glycine max) flour
grown and processed in Northern Nigeria. Advances
in  Applied Sciences, 2(4), 48-53. https:/
doi.org/10.11648/j.aas.20170204.12.

Warle, B., Riar, C., Gaikwad, S. and Mane, V. (2015).
Effect of germination on nutritional quality of

soybean (Glycine Max). IOSR Journal of
Environmental Science, Toxicology and Food
Technology, 9(4), 12-15. https://

doi.org/10.9790/2402-09421316.

Widoyo, S., Handajani, S. and Nandariyah. (2015).
Pengaruh lama fermentasi terhadap kadar serat kasar
dan aktivitas antioksidan tempe beberapa varietas

kedelai.  Biofarmasi, 13(2), 59-65. https:/
doi.org/10.13057/biofar/f130203 [In Bahasa
Indonesia].

Wongputtisin, P., Khanongnuch, C., Pongpiachan, P. and
Lumyong, S. (2007). Antioxidant activity
improvement of soybean meal by microbial

fermentation. Research Journal of Microbiology, 2
), 577-583. https://doi.org/10.3923/
jm.2007.577.583

https://doi.org/10.26656/1r.2017.7(S1).16

Wresdiyati, T., Werdhiwati, P. and Astawan, M. (2018).
The profile of spermatogenic cells and superoxide
dismutase in the testis of rats under boiled grobogan
tempe and soybean flour treatment. /OP Conference
Series: FEarth and Environmental Science, 196,
012031. https://doi.org/10.1088/1755-
1315/196/1/012031

Yadav, A., Kumari, R., Yadav, A., Mishra, J.P., Srivatva,
S. and Prabha, S. (2016). Antioxidants and its
functions in human body-A Review. Research in
Environment and Life Sciences, 9(11), 1328-1331.

Yoon, G.A. and Park, S. (2014). Antioxidant action of
soy isoflavones on oxidative stress and antioxidant
enzyme activities in exercised rats. Nutrition
Research and Practice, 8(6), 618-624. https:/
doi.org/10.4162/nrp.2014.8.6.618

© 2023 The Authors. Published by Rynnye Lyan Resources


https://doi.org/10.13057/biofar/f130203
https://doi.org/10.13057/biofar/f130203

