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Abstract—The soybean Devon 1 variety is a superior variety developed in Indonesia. The isoflavone content makes this soybean a
top choice for a functional food. However, fermenting soybeans into tempeh and processing them into other products can affect the
final isoflavone content. The objective of this study was to analyze the total isoflavone and its derivatives content in Devon 1
soybeans, soybean tempeh, soybean tempeh flour, and buns made from tempeh flour. The content of each isoflavone type was
determined by high-performance liquid chromatography at A249 and A260 nm wavelengths. The buns were made from tempeh flour
with variations of tempeh flour substitution of 0, 10, 20, and 30%. The results showed that the fermentation of Devon 1 soybeans
and further processing of tempeh significantly altered the isoflavone components and content. The concentrations of daidzin and
genistin in tempeh were decreased, while daidzein and genistein were increased. Further processing of tempeh into flour increased
all isoflavone levels significantly, which might be caused by the isoflavone transformation during drying and enzymatic activity.
Substitution of wheat flour with soybean tempeh flour increased these four isoflavones content of the buns. Therefore, tempeh flour
made from Devon 1 soybeans has the potential to be used as a functional food ingredient rich in bioactive compounds that promote
health.
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Abstrak—Kedelai varietas Devon 1 merupakan varietas unggul yang dikembangkan di Indonesia. Kandungan isoflavonnya
menjadikan kedelai ini sebagai pilihan utama untuk pembuatan pangan fungsional. Namun, proses fermentasi kedelai menjadi
tempe, serta pengolahan lebih lanjut menjadi berbagai produk turunan dapat memengaruhi kandungan akhir isoflavonnya.
Penelitian ini bertujuan untuk menganalisa kandungan total isoflavon dan turunannya pada kedelai Devon 1, tempe kedelai, tepung
tempe kedelai, serta bakpao yang dibuat dari tepung tempe. Kandungan masing-masing jenis isoflavon diuji menggunakan
kromatografi cair kinerja tinggi pada panjang gelombang A249 dan A260 nm. Adapun bakpao dibuat dari tepung tempe dengan
variasi substitusi tepung tempe sebesar 0, 10, 20, dan 30%. Hasil penelitian ini menunjukkan bahwa fermentasi kedelai Devon 1 dan
pengolahan tempe lebih lanjut secara signifikan mengubah komponen dan kandungan isoflavon. Kandungan daidzin dan genistin
dalam tempe menurun, sedangkan kandungan daidzein dan genisteinnya mengalami peningkatan. Pengolahan tempe menjadi
tepung lebih lanjut meningkatkan seluruh kandungan isoflavon secara signifikan, yang kemungkinan disebabkan oleh transformasi
isoflavon selama proses pengeringan dan aktivitas enzimatis. Substitusi tepung terigu dengan tepung tempe meningkatkan
kandungan keempat jenis isoflavon pada bakpao. Dengan demikian, tepung tempe kedelai Devon 1 berpotensi digunakan sebagai
bahan pangan fungsional yang kaya akan senyawa bioaktif untuk menunjang kesehatan.

Kata kunci: aglikon isoflavon, glikosida isoflavon, pemanasan, tempe kedelai, tepung

INTRODUCTION

The Devon 1 soybean variety is one of the superior varieties developed in Indonesia
through soybean breeding. This plant is superior to other local varieties. It is a commodity plant
with high economic value due to its many advantages over other varieties. For example, its
productivity is higher than that of most local soybeans (1), and it adapts fairly well to various
agricultural environments. It also has good resistance to pests and diseases (2). Nutritionally,
this variety stands out due to its high isoflavone content (3) of 221.97 mg/100 g (2) and genistein
content of 13,081 pg/g, the third highest after the Anjasmoro (15,996 pg/g) and Argomulyo
(14,175 ug/g) varieties (4).

Processing soybeans into tempeh can alter the nutritional composition of the final
product. The tempeh fermentation process primarily involves a species of fungus known as
Rhizopus sp. This process breaks down complex soybean compounds into simpler forms, thereby
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reducing the levels of antinutritional substances and increasing the bioavailability of isoflavones
(5). The fermentation of soybean tempeh can affect the concentration of isoflavones and the
bioconversion of isoflavone glycosides into aglycones, which is mediated by the activity of the
B-glucosidase enzyme (6). During tempe fermentation, the content of genistin and daidzin
decreased, while the content of genistein and daidzein increased (6). In soybean meal
fermentation using Saccharomyces cerevisiae, aglycone isoflavone content increased by 5.5-7.8-
fold (7). The isoflavones genistein and daidzein, along with their glycoside forms, genistin and
daidzin, are the main types of isoflavones found in soybeans. Isoflavone aglycones are more
easily absorbed by the body and are more biologically active than isoflavone glycosides (8).
These compounds have been shown to have various health benefits, such as anticancer (9,10),
antioxidant, and anti-inflammatory activities (11,12). Moreover, isoflavones are classified as
phytoestrogens that have been studied as bioactive compounds in functional foods due to their
potential to reduce the risk of chronic diseases such as cardiovascular disorders, osteoporosis,
and hormone-related cancers (13). However, the content of each type of isoflavone in Devon 1
soybeans and tempeh before and after fermentation has not yet been determined.

From a functional food perspective, converting tempeh into flour enhances its stability
and expands its application in various formulations such as bakery products, snacks, and
beverages, thereby improving their nutritional and health value. This approach also overcomes
the limitation of fresh tempeh, which has a short shelf life due to its high moisture content (55—
65%), by reducing water levels, extending storage stability, and increasing versatility for further
processing into value-added products (14). Flour of soybean tempeh has a longer shelf life and
retains significant amounts of isoflavones, such as genistein (367.9 ug/g) and daidzein (291.6
pg/g) (15). In this study, soybeans were fermented into tempeh. The tempeh was then dried and
crushed into flour. The flour was used as a raw material for making steamed buns. Some of these
processing stages have potential effects on isoflavone content, especially the steaming and
fermentation processes.

Processing soybeans into tempeh flour and other processed products can affect
isoflavone levels. Another study proved that isoflavone composition changes with processing at
high temperatures, such as steaming, presumably due to degradation (16). Additionally,
steaming soybean tempeh for 10 to 30 minutes has been shown to decrease isoflavone content,
though not significantly (17).

This study aims to analyze the isoflavone contents and its derivatives of the Devon 1
soybeans, tempeh, soybean tempeh flour, and buns made from soybean tempeh flour. By
focusing on functional food development, this research provides evidence for the use of tempeh
flour as an innovative ingredient that can contribute to healthier dietary patterns and support
the prevention of chronic diseases.

METHOD

This research was conducted experimentally at the Purification and Molecular Biology
Laboratory, as well as the Microorganism Biotechnology Laboratory of the University of
Surabaya, from September to December 2022, using a Completely Randomized Design (CRD)
with a single factor, namely the percentage of soybean tempeh flour substituting wheat flour
(0%, 10%, 20%, and 30%).

The Soybean Tempeh Fermentation Process and the Production of Tempeh Flour

The fermentation process was carried out as follows: First, 100 grams of Devon 1
soybeans from Balitkabi in Malang, Indonesia, were washed to remove impurities. The soybeans
were then soaked in water for nine hours, and the seed coat was peeled off. The uncoated seeds
were steamed for 15 minutes. After steaming, tempeh yeast (Raprima) was added to equal 2%
of the total soybean mass. The inoculated seeds were packed in plastic, which was then
perforated using toothpicks, and incubated for two days at 25°C until tempeh was formed. The
tempeh was subsequently processed into tempeh flour, for which the tempeh was cut into 0.5
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cm pieces. The tempeh pieces were dried in a food dehydrator at 60°C for eight hours. After
drying, the tempeh was pulverized in a blender and sifted through a 70-mesh sieve.

Preparation of Tempeh Buns

The bun filling and skin both were prepared from tempeh. The filling for the buns was
prepared as follows: 75 g of fresh soybean tempeh was steamed for 25 minutes and then
mashed using a blender. This paste was then mixed with 35 g of sugar (Gulaku), 20 mL of water,
15 mL of cooking oil (Sunco), 0.3 g of salt (Cap Kapal), and one teaspoon of vanilla paste (Koepoe
Koepoe). The filling paste was cooked over low heat for five minutes until it was solidified,
moldable, and not sticky. The dough used for the buns was composed of the components listed
in Table 1. Soybean tempeh flour was incorporated into the mixture as a substitute for wheat
flour, with concentrations of 0%, 10%, 20%, and 30%. The process of making bun dough was
done by mixing wheat flour (Kunci Biru, Bogasari), tempeh flour, and baker's yeast (Fermipan)
in a mixing bowl. After that, water and sugar are added gradually while stirring until evenly
distributed. Margarine (Filma) and salt are then mixed into the dough, then the dough is
kneaded until homogeneous and not sticky. A total of 20 grams of dough is then shaped round
and flattened with a thicker center to prevent the dough from breaking when given the filling.
Next, 20 grams of bun filling is put into the dough, then the dough is rounded again. The dough
underwent a proofing process that lasted for 30 minutes. Following this, the filled buns were
steamed for 12 minutes.

Table 1
Steamed buns formulation

Treatment
Material Unit Fo F1 F, F;
(100:0) (90:10) (80:20) (70:30)

Wheat flour (g) 50 45 40 35
Soybean tempeh flour (g) 0 5 10 15
Baker’s Yeast (g) 1.2 1.2 1.2 1.2

Sugar (g) 6 6 6 6
Water (mL) 30 30 30 30

Margarine (g) 5 5 5 5
Salt (g) 0.6 0.6 0.6 0.6
Total (g) 92.8 92.8 92.8 92.8

Isoflavone Content Assay

The extraction of isoflavones was carried out in accordance to the following protocol: A
total of 1 gram of the sample was mixed with 25 mL of 80% methanol (p.a. grade Merck) in an
Erlenmeyer flask. Then, the mixture was homogenized in an ultrasonic bath for 15 minutes. The
suspension was then centrifuged at 11,000 rpm for 10 minutes. The supernatant was transferred
into a vial and stored at -18°C for further analysis.

HPLC separation and analysis were performed on a C18 column (Agilent RP ODS C18,
Germany). Samples were injected into the HPLC device (Agilent ChemStation) as 25 uL. The
mobile phase was acetonitrile (HPLC grade, Mallinckrodt) and acetic acid (Merck) 0.1%, with the
composition ratio as presented in Table 2. The flow rate was set at 1 mL/min. Detection of
compounds was performed with UV at wavelengths of 249 nm and 260 nm. The compounds
genistein, genistin, daidzein, and daidzin (Adooq Bioscience, California) were used as standards.
The data obtained were analyzed using statistical tests, namely one-way ANOVA followed by
Tukey HSD test, using SPSS software with a significance level of 5%.
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Table 2
Mobile phase composition

Mobile Phase Composition (%)

Acetonitrile Acetic acid 0.1% Time (min)
20 30 04
25 75 ae
30 /0 8-12
3 65 12-16
10 60 16-22

RESULT

The analysis showed that the daidzin and genistin contents in soybean seeds were 53.58
ppm and 54.09 ppm, respectively, while daidzein and genistein were not detected. After
fermentation into soybean tempeh, daidzin and genistin levels decreased significantly, by 82.4%
and 74.5%, respectively. In contrast, daidzein and genistein levels were increased by 6.97 ppm
and 7.17 ppm, respectively. These results indicate the conversion from the glycoside to aglycone
form. Further processing into soybean tempeh flour led to an increase in daidzin and genistin
levels by 173.5% and 415.9%, respectively. Similarly, daidzein and genistein levels increased by
67.3% and 70.5%, respectively. Meanwhile, isoflavones were not detected in the wheat flour
used in the bun formulation (Figure 1, Table 3).

TAWDT A, Sig=248,4 Ref-chl [ BIK_CO00217.5) WD A Sig=240 & Ref=c (15112022TM_DO0G218 D)

y <
8 504
s ]
0 : 5 N o]
2 S 82 E -
H g H w0
= ;
s ]
10 o
]
s
] — B od
"

5 5

"

9170 - genist

|35.709- daigzn

2 75
WD B, Si1g=260.4 Ref=cit (111 120228JK_COU0217.)
Y €

5715 - daidzin

=
&l

3
o
3
B

VWD A, 5g-240.4 Rel=0 (15112022 T TK_AO00Z21 D) WWDT A, Sig=249,4 Ref=off (281120227 8000256 D)

9314 - genistn
bk own s o ol
VOO PO TN AN |

[~>5714- daigzn

T T T
25 H 75 1
WWD1 B, 51g-200 4 Rei=off (281 T B000256.0)

25 75
MWD B, 5g-2004 Rei=0 (15112022 TK_A0002Z1 D)
mAU mAu

Figure 1. HPLC chromatogram of soybean seeds (A), soyben tempeh (B), soybean tempeh flour
(C), and wheat flour (D).

25 5 75 0 125 5 475 2 i

Table 3
Isoflavone content of soybean seeds, soybean tempeh, soybean tempeh flour, and wheat flour

Isoflavone Content (ppm)

Types of Sovb T h
Isoflavone Soybean Seeds Soybean Tempeh oy eilr:)ut:mpe Wheat Flour
Daidzin 53.58+0.246 9.41+0.114 25.73+0.010 0.00+0.000
Daidzein 0.00+£0.000 6.97+0.065 11.66+0.610 0.00+0.000
Genistin 54.0940.235 13.79+2.291 71.14+0.084 0.00+0.000
Genistein 0.00+0.000 7.17+0.175 12.23+0.272 0.00+0.000
Total 107.67+0.480° 37.33+2.417¢ 120.76+0.788° 0.00+0.000¢
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Note: Values in the same row and followed by the different annotation are significantly different
(p<0.05) based on Tukey HSD test

F1 F2
Figure 2. Visualization of tempeh buns.

The higher the percentage of soybean tempeh flour substituted for wheat flour in bun
production, the higher the levels of daidzein, genistin, and genistein (p<0.05). Daidzin was not
detected in buns without tempeh flour (Fo) and was first detected at a 30% substitution rate (Fs).
Buns with a 30% substitution rate (Fs) showed the highest total isoflavone content (Table 4).
These results indicate that substituting wheat flour with soybean tempeh flour directly increases
the bun's isoflavone content. Therefore, this flour has the potential to be developed into a
functional food.

Table 4
Isoflavone Content of Tempeh Buns

Types of Isoflavone Content (ppm)

Isoflavone Fo F1 F, Fs
Daidzin ND ND ND 6.44+0.226
Daidzein 2.82+0.097 3.18+0.000 3.76+0.049 4.03+0.301
Genistin ND 7.60+0.092 10.55%0.067 12.75+0.642
Genistein 3.10+0.004 3.51+0.013 4.134+0.110 4.45+0.253

Total 5.91+0.101¢ 14.29+0.105°¢ 18.44+0.092° 27.66+1.404°

Note: Values in the same row and followed by the different annotation are significantly different
(p<0.05) based on Tukey HSD test. ND = not detected

DISCUSSION

The fermentation process of soybeans into tempeh significantly alters the isoflavone
composition. It appears that the glycoside form may undergo bioconversion into aglycones.
During fermentation, the glycoside bonds of daidzin and genistin are hydrolyzed by the enzyme
B-glucosidase into daidzein and genistein, respectively (8). However, further bioconversion can
occur during fermentation, whereby aglycone isoflavones can be converted into other
compounds such as factor-2, which is found only in soybean tempeh (18). Factor-2 is formed
through the hydroxylation of daidzein's C6 group, while genistein can undergo enzymatic
dehydroxylation to form daidzein. Daidzein is then converted to factor-2 via enzymatic
hydroxylation (19). These findings demonstrate that tempeh has a lower total isoflavone content
than soybeans, but a higher concentration of aglycone isoflavones.

The isoflavone content could still be detected in flour and buns. Heating is one of the
factors that influence the transformation of isoflavones in soy-derived products. Compared to
soybean seeds, soybean tempeh flour showed significantly higher levels of all isoflavone types.
Isoflavones are relatively stable at temperatures up to 100°C (17). The increase in isoflavone
content during the tempeh drying at high temperatures is thought to be due to changes in the
chemical structure of isoflavones (20). Isoflavones undergo bioconversion from
malonylglycosides into glycosides, acetylglycosides, and aglycones via decarboxylation and
deesterification mechanisms (21,22). These transformations contribute to the increase in total
isoflavone levels, especially the aglycone form, in soybean tempeh flour.
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The aglycone form has higher bioavailability than the glycoside form due to its lipophilic
nature, making it easier to pass through cell membranes and be absorbed by villi in the small
intestine (23). The stability of isoflavones in tempeh flour to heat is another advantage of using
tempeh for derivative products. In addition, the antioxidant activity of soybean tempeh and
tempeh flour further supports their role as functional food ingredients. According to the
research of Wahjudi et al. (24), the scavenging activity of soybean tempeh reached 88.4%, while
tempeh flour showed 80.7%, indicating that both retained strong antioxidant potential even
after processing. Therefore, soybean tempeh flour is not only a promising source of isoflavones
but also a functional ingredient with considerable antioxidant properties. Formulating food
products with tempeh flour, can serve as an effective strategy to improve isoflavone intake and
antioxidant status in the diet, thereby contributing to the prevention of degenerative and
chronic diseases (25).

CONCLUSION

The fermentation and processing of tempeh products from Devon 1 soybeans
significantly altered the isoflavone components and content. The content of aglycone and total
isoflavone increased in tempeh flour, while the daidzin content decreased. Substitution of wheat
flour with soybean tempeh flour increased the isoflavone content of the buns. Therefore,
tempeh flour made from Devon 1 soybeans has the potential to be used as a functional food
ingredient rich in bioactive compounds that promote health.
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