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Abstract

Investigation of non-soybean legumes as raw material for making tempeh is very important to be carried out continuously
considering soybean production tends to decline from year to year. This study aims to analyse the potential of red bean seeds as
raw material for tempeh and changes in their nutritional profile when fermented at different fermentation times. The red beans
were soaked in water overnight at room temperature and then boiled for 20 minutes. After boiling, the red beans were drained and
then fermented for 36, 48, and 60 hours using a suspension of Rhizopus oligosporus with a weight of 2 g for each 1000 g of red
beans. Red bean tempeh was analysed for quality using test parameters including physical appearance (color, texture, and aroma)
and nutritional profile (calorie value, ash, water, crude fiber, fat, protein, and carbohydrate content). The physical appearance and
nutritional profile of red bean tempeh were compared with those of soybean tempeh, while the quality of tempeh was compared
with Indonesian national standards for tempeh. The results showed that the length of fermentation time significantly affected the
nutritional profile of tempeh. Red bean tempeh fermented for 48 hours had a nutritional profile including energy, water, ash,
protein, fat, carbohydrate, and crude fiber content of 201.59 kcal/100 g tempeh, 61.97%, 1.18%, 16.19%, 10.98%, 8.29%, and
1.13%, respectively. The physical appearance and nutritional profile of red bean tempeh have met the tempeh quality
requirements issued by the Indonesian national standard for tempeh. Therefore, red bean seed appears to be as good as raw
materials for tempeh production.
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1. Introduction

Tempeh is a healthy and inexpensive source of functional
protein made from solid-state fermented legumes with
food-grade molds from the genera of Rhizopus, such as Rhi-
zopus oligosporus and Rhizopus oryzae. These molds produce
various enzymes such as amylase, lipase, and protease, which
can hydrolyse carbohydrates, fats, and proteins from beans
into simple compounds such as glucose, fatty acids, and alpha

amino acids, which are more easily digestible nutrients [1, 2].
In addition, tempeh can be a favorite food source because it is
affordable and is a source of proteins, fats, vitamins, minerals
[3, 4], and phenolic compounds [5-7]. The United States
Department of Agriculture Standard Reference (USDA SR)
legacy foods database states that tempeh has 1920 kcal/kg,
with 20.3% protein, 10.8 %, and 7.64% carbohydrates [8].
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Legumes plants belong to the family of Leguminosae,
which are sources of protein, carbohydrates, and minerals
including iron, magnesium, manganese, zinc, and phosphorus
[9, 10]. In Indonesia, there are various types of legume varie-
ties, such as red beans, mung beans, black beans, peanuts,
fava beans, and soybeans. Among all legumes, soybean is the
most widely used as a raw material for making tempeh,
soymilk, tofu, and soy sauce because of its high nutritional
content, including protein, fiber, carbohydrates, phenolic
compounds, and essential minerals such as calcium, magne-
sium, iron, sodium, zinc, and phosphorus [11]. Soybean typ-
ically contains approximately 37.69% protein, 28.2% crude
fat, 5.44% crude fiber, and about 8.07% moisture based on the
dry weight of mature raw seeds [12]. Phytochemical com-
pound analysis of soybean tempeh from Indonesia found that
it contained 20.8% protein, 13.5% carbohydrate, and 8.8% fat
[13].

Currently, world soybean production continues to decline,
while soybean consumption is projected to continue increas-
ing in the coming years with population growth annually. In
Indonesia, soybeans are widely processed for various
high-protein food products such as tempeh, soy milk, tofu,
tauco, oncom, soy sauce, ice cream, cooking oil, and soybean
flour. It is estimated that around 50% of soybeans are con-
sumed in the form of tempeh, 40% as tofu, and 10% as other
products such as soy sauce, tauco, and oncom [14]. Indonesia
imports around 2,576,619 tons of soybeans every year to meet
the need for soybeans, which continues to increase every year.
Meanwhile, the availability of local soybeans is insufficient
because soybean production tends to decline [15]. Therefore,
it is important to investigate non-soy legumes as a raw mate-
rial for making tempeh. Various non-soy legumes including
mung beans and red beans [16], chickpeas, lentils, white
beans, black beans [17], faba beans [18], cacao beans [19],
cowpea beans and koro beans [20] have been investigated as
substitute substrates for soybeans in making tempeh. Among
non-soybeans, a red bean is considered a functional food that
provides health benefits and has therapeutic properties. A red
bean is a nutritional source of vegetable protein, carbohy-
drates, vitamins, and minerals. The nutritional profile of these
beans comprises 22.7% protein, 3.5% minerals, 1% fat, 57.7%
carbohydrates [21] and minerals such as calcium and potas-
sium, with content ranging from 785 to 9338.5 mg/kg and
5651.7 to 9129.9 mg/kg dry matter, respectively. Iron and
zinc contents ranged from 18.9 to 41.9 mg/kg and 21.0 to 51.5
mg/kg dry matter, respectively. These minerals play an im-
portant role in controlling blood pressure [22]. Apart from that,
red beans also contain phenolics and flavonoids of 35.5 mg/g
extract and 4.81 mg/g extract, respectively [23]. The use of
red beans for making tempeh is still limited, even though they
are quite abundant and their nutritional profile is very prom-
ising.

Tempeh is usually produced by home industries on a small
scale with less controlled fermentation, whereas nutritional
changes occur during the fermentation process. The usual

method for producing tempeh includes rinsing, immersing in
water, removing hulls, boiling, adding tempeh starter, wrap-
ping, and fermentation. Throughout the incubation process,
molds fermentation results in the breakdown of lipids and
proteins, leading to higher levels of free fatty acids and amino
acids while reducing carbohydrate content. In addition, fer-
mentation time affects the quality of fermented products due
to changes in chemical composition and physical properties
during fermentation. Moreover, the quality and safety of
tempeh for consumption are affected by the fermentation
duration, and excessive fermentation time causes a decrease
in quality and potential spoilage [13]. Therefore, optimizing
fermentation duration is very important to enhance the nutri-
tional quality, aroma, texture, and safety of tempeh.

This study aimed to evaluate the effect of fermentation time
on the physical appearances such as color, texture, and aroma,
as well as the nutritional profile involving energy, ash, water,
crude fiber, protein, fat, and carbohydrate content of tempeh
prepared from red beans fermented with Rhizopus oligosporus.
The fermentation time of 36, 48, and 60 hours were selected,
considering the time commonly used for making tempeh is
approximately 2—-3 days. The red bean tempeh fermented at
various times was analysed for its physical appearance and
nutritional profile, and then the results were compared with
soybean tempeh and the standard quality requirements for
tempeh set by the Indonesian National Standard (SNI) 1344:
2015 for tempeh [24].

2. Materials and Methods

2.1. Materials

The Rhizopus oligosporus used in this research was ob-
tained from the research centre of the Bandung Institute of
Technology. The tempeh starter brand is Raprima, which is
produced by PT. Aneka Fermentasi Indonesia, Bandung,
Indonesia. Raprima tempeh starter contains Rhizopus
oligosporus.

2.2. Sample Collection

The sample of red beans and soybean seeds for tempeh
preparation were obtained from the Buleleng traditional
market in Bali, Indonesia.

2.3. Preparation of Beans Tempeh

A total of 6000 g of red beans and soybeans were washed
and soaked overnight and at room temperature, and then
boiled using water in a ratio of 1. 3 (beans to water) for 20
minutes. The beans were drained, then cooled until they
reached room temperature, and furthermore fermented using
Rhizopus oligosporus starter. To investigate the effect of
fermentation time on physical properties and nutrient content,
the tempeh was prepared with different fermentation times,
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namely 36, 48, and 60 hours. The composition of raw mate-
rials for tempeh preparation is presented in Table 1.

Table 1. Composition of raw materials of tempeh.

Tempeh  Beans (g) 5:;;3?35 E)gl)I tFu(:nrgn &Tﬁgon
Red bean tempeh

1 1000 2 36

2 1000 2 48

3 1000 2 60
Soybean tempeh

1 1000 2 36

2 1000 2 48

3 1000 2 60

2.4. Physical and Nutritional Profile of Tempeh

2.4.1. Physical Appearance of Tempeh

The physical appearance of red bean tempeh and soybean
tempeh fermented at various times was observed its color,
texture, and aroma. The physical performance was compared
to the standard quality requirements for tempeh set by the
Indonesian National Standard (SNI) 1344: 2015 for tempeh.

2.4.2. Nutritional Profile of Tempeh

(i). Determination of Ash Content

The ash content (A. C) of tempeh was determined using
the dry method. A total of 0.5 g of sample was put into a sil-
ica cup and heated in a furnace at 600<C for 2 hours until it
turned white. The crucible was cooled in a desiccator and
weighed. Ash content is calculated using the formula:

Ash weight (g)
Tempeh sample weight (g)

A.C(%) = x 100%

(ii). Determination of Water Content

The water content (WC) of tempeh is determined using a
method according to SNI 3144: 2015. Atotal of 2 g of tempeh
sample was put into a porcelain cup and then weighed. The
porcelain cup containing the tempeh sample was heated at
100<C for 5 hours, then cooled in a desiccator for 30 minutes
and immediately weighed. Heating and weighing were re-
peatedly done until the sample weight was relatively constant.
The water content was calculated by the formula:

wi-w2

W . (%) = W—xlOO%

1-Wo

Where Wo is the weight empty porcelain cup, w; and w, are
the weight porcelain cup with a tempeh sample at before and
after heating.

(iii). Determination of Crude Fiber Content

The crude fiber content (CFC) of tempeh was determined
using the AOAC 1995 official method for crude fiber [25]. A
total of 10 g of red bean tempeh was put into a 500 mL
Erlenmeyer flask and added. Samples were digested at 105<C
with 200 mL of H,SO, solution with a concentration of 0.325
N for 15 minutes, and then digested again with 200 mL of 1.25
N NaOH solutions. The fat was filtered using Whatman filter
paper 42 and successively washed with warm water, 0.325 N
H,SQO,, and finally using alcohol. The filter paper is dried in
an oven at 103<C until it has a constant weight. The fiber
content is calculated using the formula:

CFC (%) = %xloo%

Where A is the weight filter paper containing fiber (g), B
is the empty weight of filter paper (g), and C is the weight of
sample.

(iv). Determination of Fat Content

The fat content (FC) in the tempeh sample was determined
using the method issued by SNI 3144: 2015. Atotal of 5 g of
tempeh sample was placed in a 250 mL beaker, and then
added to 45 mL of boiling distilled water while stirring until
homogeneous. A volume of 55 mL of 8 M HCI solution was
added to the mixture, then covered using a watch glass, and
then slowly boiled for 15 minutes. The precipitate was filtered
using Whatman filter paper No. 42 and dried at 100<C for 6
hours. The precipitate in the filter paper was extracted by the
Soxhlet extraction method with petroleum ether as a solvent.
The petroleum ether extract obtained was then evaporated to
dryness in an aluminium cup, and the fat was calculated by
gravimetrically.

wW1i-Wo

FC (%) = TxlOO%

Where w is the tempeh sample weight (g), w, and w; are the
weight of the empty aluminium cup and aluminium cup with
fat residues (g), respectively.

(v). Determination of Total Protein Content

The total protein content (TPC) in the tempeh sample was
analysed using the Kjeldahl method by SNI 3144: 2015. A
total of 1.0 g of tempeh sample was digested in a digestion
tube, added with 0.05 g of CuSO,4.5H,0 as a catalyst, 5 grains
of anti-bumping ceramic, and 25 ml of conc. H,SO,4. The
mixture was digested at 110<C for one hour, then removed
from the tube and allowed to stand until the sample was
cooled. The digested sample was diluted cautiously with 50
mL of distilled water. and was transferred into a 250 mL
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conical flask, adding 25 mL of 4% boric acid, 75 mL of 30%
NaOH, and finally connected for distillation. Place a conical
flask containing ammonia distillate on a magnetic stirrer and
add methyl red as an indicator. A total of 10 mL sample was
titrated with standard 0.1 N hydrochloric acid until the
solution color changed from green to pinkish. The percentage
of protein was calculated using the formula:

(b—a) N HCl x 14 x 6.25
w

TPC (%)= x100%

Where a is volume of 0.1 N HCI used in blank titration
(mL), b is volume of 0.1 N HCI used in sample titration (mL)
and W is the weight of the red bean tempeh sample (g).

2.5. Statistical Analysis

The results of research were expressed as the
meandstandard deviation. The effect of fermentation duration
on the nutrient content of tempeh was statistically analysed

Red bean seeds

{« N, T ’ .§ \
Boiled red bean seeds

Red beans tempeh fermented at different time

60 hours

36 hours 48 hours

using a One-way Analysis of Variance (ANOVA) at a 95%
confidence level (p<0.05), followed by a post hoc test
(Tukey’s test) in IBM SPSS Statistics software version 24.

3. Results and Discussion

3.1. Physical Appearance of Tempeh

The red bean tempeh preparation was started by washing
the red bean seeds, followed by boiling for 20 minutes,
soaking overnight, steaming, packing in plastic bags, and
fermenting using Rhizopus oligosporus at different times of
36-60 hours. The physical appearance of red bean tempeh
prepared under different fermentation times is presented in
Figure 1, while the observation result of color, texture, and
compactness is shown in Table 2.

‘. Soybean seeds

| Boiled so ean seeds
Soybeans tempeh fegented at different time

36 hours 60 hours

Figure 1. Physical appearance of red bean and soybeans tempeh under different fermentation time.

Table 2. The physical appearance of red bean tempeh and requirements quality of tempeh according to SNI 3144: 2015.

Observation results of physical performance of red beans and soybeans tempeh at dif-

. ferent fermentation times (h)
Test criteria

Requirements

36 60
Color Red beans . . White color evenly and . . .
tempeh Thin white rather thick Brownish-white color White evenly
throughout the
Soybeans tempeh  Phale white White color evenly and rather Brownish color surface

thick

Texture Red beans  Less compact, when sliced

Compact, when sliced sur-

Compact, when sliced surface  Compact, when
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Observation results of physical performance of red beans and soybeans tempeh at dif-

L ferent fermentation times (h)
Test criteria

Requirements

36 48 60
tempeh surface uneven slices face even slices even slices sliced whole (not
. . easy to fall o
Compact, when sliced sur- Compact, when sliced surface 4 )
Soybeans tempeh  Less compact . .
face even slices even slices
Aroma Red beans . Typical smell of tempeh Typical smell of tempeh
tempeh Typical smell of weak tempeh without ammonia smell without ammonia smell The typical smell
. . of tempeh has no
Soybeans tempeh  Typical smell of weak tempeh T)(plcal smell Of. tempeh T¥p|cal smell Of. tempeh ammonia smell
without ammonia smell without ammonia smell

As we can see in Table 2, the sensory analysis showed that
the color, texture and aroma of red bean tempeh and soybean
tempeh were almost the similar. The physical appearance of
fermented red beans tempeh for 48 ang 60 hours using Rhi-
zopus oligosporus already meets the tempeh quality re-
quirements issued by SNI 3144 2015 for tempeh.

3.2. Nutritional Profile of Tempeh

The duration of fermentation and the weight of fungus used
in the making tempeh process are two important factors that
influence the nutritional content of tempeh. The response of
fermentation time to the energy, ash, water, crude fiber, fat and
crude protein of tempeh were evaluated and compared to the
nutritional standard value requirements of tempeh issued by

SNI 3144: 2015. The nutritional profiles of tempeh are pre-
sented in Table 3.

Fermentation duration plays an important role in optimiz-
ing the nutritional profile of tempeh. Different studies point
out the impact of fermentation time on the nutritional content
of tempeh. The nutrient content such as protein, fat, carbo-
hydrate, water and ash of tempeh can vary based on the fer-
mentation time. Table 3 shows data on energy, ash, water, and
crude fiber content in red bean and soybean tempeh prepared
at different length of fermentation time. The energy content of
both tempeh decreases with the increased time fermentation.
Even though the calories in red bean tempeh are lower than
soybean tempeh, the calories are still higher than the calories
set by the USDA, namely 1990 kcal/kg of tempeh.

Table 3. The nutrient content of red beans and soybeans tempeh as well as the quality requirements of tempeh according to SNI 3144: 2015.

Fermentation time (h)

Test criteria

36

Red bean tempeh

Energy (kcal/100 g) 205.35+2.25
Ash content (%) 1.0940.01
Water content (%) 61.8940.03
Crude fiber content (%) 1.0240.05
Fat content (%) 11,240.15
Crude protein 15.7540.07
Soybean tempeh

Energy (kcall/100 g) 218.0140.99
Ash content (%) 1.7640.07
Water content (%) 56.8940.17
Crude fiber content (%) 1.5040.08

Requirements

48 60
201.5940.66 199.4540.56 -
1.1840.02 1.2540.04 -
61.9740.01 62.090.02 Max. 65
1.1340.07 1.1740.07 Max. 2.5
10.9840.08 10.8740.08 Min. 7
16.1940.16 16.3740.09 Min. 15
217.5340.68 211.7541.76 -
1.9340.05 2.0140.04 -
57.0140.03 58.9940.37 Max. 65
1.7540.04 1.8940.02 Max. 2.5
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Fermentation time (h)

Test criteria

36
Fat content (%) 8.9040.28
Crude protein 21.5440.03

Ash content indicates the presence of minerals from the
combustion of organic materials. The higher the ash content,
the higher the level of minerals in food. The results of vari-
ance analysis showed that the duration of fermentation time
has a significant effect on the ash content of tempeh (p<0.05).
As shown in Table 3, fermentation duration contributed to the
ash content of both tempeh, where the ash content increased
with the increasing fermentation time. The increase in ash
content after 60 hours of tempeh fermentation compared to 36
hours may be due to the accumulation of minerals in the
tempeh during fermentation. According to Dewi et al. (2014),
the increase in tempeh ash content as fermentation time in-
creases is possibly caused by the formation of vitamin By,
during the fermentation process, where vitamin B, is a co-
balamin compound containing the mineral Cobalt, which
causes an increase in the ash content in tempeh [26]. The
vitamin B, content in soybeans is 3.6 mg/kg of soybeans,
while the soybean tempeh fermented using Rhizopus oli-
gosporus have a vitamin By, content of 28.8 mg/kg of tempeh
[27]. The increase ash content in tempeh may also occur due
to the production of enzymes such as lipase, protease, and
phytase by Rhizopus oligosporus during the fermentation
process to hydrolyse the carbohydrates, lipids, and proteins
from soybeans to produce fatty acids and amino acids. En-
zymes are proteins containing the mineral element nitrogen,
which is calculated as ash [28]. This finding is consistent with
Vital et al. (2018) and Ishartani et al. (2021), who reported
that the ash content of soybean tempeh fermented using Rhi-
zopus oligosporus increased with increasing fermentation
time [29, 30].

The duration of fermentation affects the water content of
tempeh. As shown in Table 3, red bean tempeh fermented for
36, 48, and 60 hours produced water contents of 61.89%,
61.97%, and 62.09%, respectively. Meanwhile, the water
content for soybean tempeh at the same condition treatment
was found to be 56.89%, 57.01%, and 58.99%, respectively.
The results of the variance analysis showed that the fermen-
tation time had a significant effect on the water content of
tempeh (p<0.05). The water content of tempeh increases as
the fermentation time increases, which may be related to the
formation of water as a result of the decomposition of mac-
romolecules into simpler compounds by moulds during the
fermentation process®. The increase in water content of
tempeh with the length of fermentation was also found in the
preparation of tempeh edamame. Tempeh edamame fer-
mented at 36 hours and 48 hours consisted water content was

Requirements

48 60
8.7840.13 8.6540.09 Min. 7
21.780.06 21.9040.13 Min. 15

33.30% and 37.81%, respectively [31]. The water content of
tempeh made from red beans and soybeans in all fermentation
treatments fully meets the water content standard issued by
SNI 3144: 2015, namely the maximum water content (w/w) of
65% and the USDA recommendation of 59.65%. This indi-
cates that red bean is a suitable non-soy legume as a raw
material to replace soybean for tempeh preparation.

Fiber plays an important role in facilitating the digestive
tract, regulating the immune system, and preventing various
diseases such as obesity, diabetes, hypertension, and cancer
[32, 33]. Crude fiber is a part of carbohydrates and lignin that
is relatively difficult to digest [34]. In this research was found
the increase the crude fiber content, the decrease in energy
content of tempeh. Similar results were also found in research
by Gutema and Solesa (2024), who reported that bole raw and
kanketi raw with crude fiber content of 4.71% and 6.60%
contained energy of 3368.9 and 3297.2 kcal/kg, respectively
[35]. An analysis of variance on the effect of fermentation
time on the crude fiber content of tempeh showed that the
fermentation time had a significant effect on the crude fiber
content of tempeh (p<0.05). The prolonging of the fermenta-
tion time resulted in an increase in the crude fiber content of
tempeh. This is maybe due to the more mycelium of Rhizopus
oligosporus containing polysaccharide compounds. The crude
fiber content of red bean tempeh and soybean tempeh varied
between 1.02-1.17% and 1.50-1.89%, respectively. According
to SNI 3144: 2015 regarding tempeh, it is stated that the crude
fiber content in tempeh is a maximum of 2.5%. This indicates
that red beans are suitable as raw materials for tempeh.

Fat plays a role in regulating the texture and taste of tempeh.
The lipolytic enzymes produced by Rhizopus hydrolyse fats
into fatty acids such as palmitic, stearic, oleic, linolenic and
linoleic which are beneficial for health. The fat content of
tempeh made with the addition of 2 g of Rhizopus oligosporus
powder per 1000 g of red beans and soybean at fermentation
time of 36 hours were 11.20% and 8.90%, respectively. The fat
content of both tempeh tends to decrease with increasing fer-
mentation time. After 48 h of incubation, the fat content be-
comes 10.98% (red bean tempeh) and 8.78% (soybean tempeh)
and then reaches 10.87% (red bean tempeh) and 8.65% (soy-
bean tempeh) at the time of fermentation 60 hours. The findings
indicated a significant difference (p<0.05) in the fat content of
tempeh prepared with the different lengths of fermentation time.
The fat content in tempeh did not decrease significantly when
the fermentation time was 36 to 48 hours, but it experienced a
significant decrease when the fermentation time was 60 hours.
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The decrease in fat content may be attributed to the breakdown
of fat and triacylglycerol by lipase enzymes during fermenta-
tion. This action resulted in a change in the aroma, taste, odor,
and texture of fermented products [36-38].

3.3. The Effect of Fermentation Time on Protein
Content

Variation of fermentation time was carried out from 36 to 60
hours which was intended to determine the length of the fer-
mentation process to produce the best tempeh nutritional profile.
The protein content of fermented red bean and soybean tempeh
at different fermentation time was showed in Figure 2.

97 - —®— Red bean tempeh—#— Soybean tempeh -
Y
-
20 1
=
25
3
=
8 R
16 4 ¥ B
-
14 = T r T T T T T T T T T
35 40 45 50 55 60

Fermentation time (h)

Figure 2. The changes in protein content during the fermentation
times of tempeh.

It can be seen clearly in Figure 2, the protein content of
both tempeh fermented with Rhizopus oligosporus tends to
increase with the longer fermentation time. At the fer-
mentation time of 36, 48, and 60 hours, the protein content
in red bean tempeh was 15.75%, 16.19%, and 16.37%,
while in soybean tempeh it was found to be 21.30%,
21.78%, and 21.91%, respectively. The results of the var-
iance analysis showed that fermentation times of 36 hours
and 40 hours produced significantly different protein con-
tents in tempeh, however, there was an insignificant in-
crease in protein content at fermentation times of 48 and 60
hours. The results of this research indicate that the opti-
mum time for tempeh fermentation is 48 hours. This is in
agreement with Jan et al. (2022) who stated an increase in
protein content as the fermentation duration [39]. The
increase in protein content may be related to the increase in
Rhizopus oligosporus mycelium with a longer fermentation
time [40]. The red beans tempeh was met to quality re-
quirements for tempeh according to the Indonesian Na-
tional Standard for tempeh (SNI) 3144: 2015, the minimum

protein content in tempeh is 15%, w/w.

3.4. The Effect of Fermentation Time on
Carbohydrate Content

The presence of digestive enzymes produced by moulds
during the fermentation process causes carbohydrates in
tempeh to be easier to digest. The changes in carbohydrates
during the fermentation of tempeh prepared using red bean
and soybean with the addition of 2 g Rhizopus oligosporus
were presented in Figure 3.

16 4
=—Red bean tempeh—e—Soybean tempeh

|
l

e

o
[85]
1

10

Carbohydrate content (%)

T T T T T T T T T T T

35 40 45 50 55 60
Fermentation time (h)

Figure 3. The changes in carbohydrate content during the fermen-
tation times of tempeh.

Figure 3 shows that longer fermentation of tempeh results
in a carbohydrate content that tends to decrease. The results of
the variance analysis showed that the length of fermentation
time had a significant effect on the carbohydrate content of
tempeh (p<0.05). The carbohydrate content of tempeh with a
fermentation time of 36 to 60 hours was observed to decrease
from 8.52% to 8.29% for red bean tempeh and 14.19% to
13.09% for soybean tempeh. The decrease in carbohydrate
content in both tempeh during fermentation at 36 and 48 hours
was not significantly different, but a significant difference
was observed at the 60 hours fermentation. Based on these
findings, it seems that 48 hours is the best fermentation time
for producing tempeh. The decrease in the carbohydrate
content of fermented beans with increasing fermentation time
is caused by the activity of microorganisms that convert car-
bohydrates into energy for cultivation and other cellular ac-
tion during fermentation [41]. The result of this research was
consistent with finding research of Tan et al. (2024), who also
found that the longer fermentation time of tempeh was able to
decrease the carbohydrate content due to the carbohydrates
were consumed by moulds during fermentation process.
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4. Conclusions

The nutritional profiles of red bean and soybean tempeh
were significantly influenced by the length of fermentation
time. Tempeh, which is produced by fermenting red beans
for 48 hours and adding 2 grams of Rhizopus oligosporus per
1000 g of beans, contains 201.59 kcal, 61.97% water, 1.18%
ash, 16.19% protein, 10.98% fat, 8.29% carbs, and 1.13%
crude fiber. The physical appearance and nutritional profile
value of red bean tempeh meet the tempeh quality require-
ments issued by SNI 3144: 2015. It seems that 48 hours of
fermentation time is enough to make tempeh from red beans.
Therefore, red bean seed appears to be as good as raw mate-
rials for tempeh production. To obtain more adequate nutri-
tional profile information, analysis of other nutrients such as
flavonoids, phenolic compounds, and minerals contained in
red bean tempeh is needed. Besides that, it is suggested for
future research to investigate local non-soybean legumes to
expand the diversity of tempeh raw material sources.
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