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Abstract

In this study, mixed culture fermentation of soybean under solid-state fermentation using R.
oligosporus and M. luteus was performed. M. luteus was inoculated at different times of
fermentation process, together with R. oligosporus at the beginning and after 6 h, 12 h, 24 h and
36 h fungal fermentation. The methanolic extracts of soybeans were analyzed using HPLC and
subjected to free radical scavenging activity measurement using DPPH method. The results of
HPLC analysis showed that inoculating M. luteus after 24 h fungal fermentation increased total
isoflavone (daidzein, genistein, factor 2) concentration by 69.69% to highest level. The amount of
daidzein, genistein, and factor 2 increased to 739,165 pg (75.74%), 805,855 g (69.99%) and
91,542 ug (31.22%) per gram of defatted soybean powder respectively after 48 h. M. luteus
inoculation at 0 h, 6 h, 12 h, 24 h, and 36 h of fermentation process increased the soybean free
radical scavenging activity to 64.28%, 65.03%, 77.54%, 57.81% and 82.55%, respectively. This
study shows that inoculation time of M. luteus plays an important role in the production of
daidzein, genistein and factor 2 at the end of soybean fermentation and affects free radical
scavenging activity of soybean.
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Introduction

Soybean (Glycine max) contains high protein levels and some bioactive compounds including
isoflavones [1]. Isoflavone is the main phenolic compound in soybean which possesses many
beneficial functions in health such as preventing chronic diseases including cardiovascular,
osteoporosis, breast and prostate cancer [2]. Isoflavone also acts as an antioxidant compound [3]
because it can prevent cells from oxidative damage, therefore, lowering the risk of many
degenerative diseases. Isoflavones in soy beans are available in 12 different isoforms which are
classified as glucosides (daidzin, genistin, and glycitin), acetylglucosides (acetyldaidzin,
acetylgenistin, and acetylglycitin), malonylglucosides (malonyldaidzin, malonylgenistin, and
malonylglyicitin) and aglycones (daidzein, genistein, and glycitein) [4]. Among other forms of
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isoflavones, the aglycones are the most important compound because of their higher biological
activity when compared to the glucoside forms [5].

Rhizopus oligpsporus, a fungi-producing tempe, produces extracelullar enzyme B-glucosidase
during soybean tempe fermentation process. Enzyme B-glucosidase is also contained in soybean
and has been active since the soaking process [6, 7]. The enzyme hydrolizes B-glucosidic bond in
the glucoside forms, liberating the aglycone forms and sugar groups. This structural change of
isoflavones increases their bioavailability to human and biological activity as well as their
antioxidative activity [6, 8].

A bacteria species isolated from tempe, Micrococcus luteus, is known to be able to transform
glycitein to a new isoflavone identified as factor 2 (6,7,4'-trihydroxy isoflavone) by O-
demethylation reaction [9]. The factor 2 has not been found in unfermented soybean and other
natural sources. Factor 2 was proved to exhibit antioxidant activity stronger than other forms of
isoflavones [10, 11]. The 6,7-ortho-dihydroxy group in this compound seems to be essential to its
strong antioxidative activity. This activity contributes to its ability in preventing cancer,
cardiovascular diseases and tumors.

In a previous study [12], the use of R. oligosporus and M. luteus in mixed cultured soybean
fermentation with ratio 1:1 showed higher levels in the production of total isoflavones, especially
factor 2. On the other hand, with the addition of M. luteus, poor growth of mycelium was
observed. This study was conducted to determine the inoculation time of M. luteus to maximize
the yield of daidzein, genistein and factor 2 in soybeans and to enhance soybean antioxidant
activity.

Materials and Methods

Inoculum preparation

R. oligosporus derived from Microbiology Laboratory of SITH ITB was inoculated on potato
dextrose agar (PDA) slant and incubated at room temperature for 7 days. The spore suspension
(10° spores/mL) was prepared by washing the PDA slant with the mixture of NaCl 0.85% solution
and Tween 80 (0.1%). M. luteus from Microbiology Laboratory of SITH ITB was inoculated on
nutrient agar (NA) slant and incubated at room temperature for 48 h. After incubation, M. luteus
was transferred to nutrient broth (NB). The M. luteus culture was shaken at 140 rpm and
incubated at room temperature for 24 h. The bacterial suspension was adjusted to 10° cfu/mL
(optical density 0.1).

Soybean fermentation

Soybeans were fermented according to the method described by Kasmidjo [13] with modification.
About 1.5 kg of yellow-seeded soybean were sorted, washed and then soaked in boiled water for
24 h at ambient temperature. The soaking water was discarded and soybeans were dehulled
manually. The dehulled soybeans were steamed for about 1 h and drained. After cooling, the
cooked bean was inoculated with 10% (v/v) of R. oligosporus and M. luteus at a ratio of 1:1. R.
oligosporus was inoculated at the beginning of fermentation stage, followed by M. luteus
inoculation together with R. oligosporus, after 6 h, 12 h, 24 h and 36 h fungal fermentation and
then incubated in petri dishes for 48 h at 30°C.

Extraction of isoflavone aglycone

After incubation for 48 h, fermented soybeans were dried in an oven at 50°C for about 12 h prior
to grinding. About 45 g powdered soybean was extracted using n-hexane for 8-12 h until the
whole fat had been removed. Defatted tempe powder (30 g) was then extracted using 300 mL of
80% aqueous methanol (1:10 w/v). The mixture was kept at 4°C for 12-24 h. After 12-24 h, the
mixture
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was filtered using filter paper and the solvent was evaporated under low pressure at 45°C using
rotary evaporator. The resulting residue was then dissolved in 120 mL 80% aqueous methanol and
was filtered using Whatman filter paper (no.42). The solvent was reevaporated using rotary
evaporator at the same condition until it had been reduced to about half of its original volume and
then chilled at -20°C for 20 min. The mixture was filtered using Whatman filter paper (No.42) and
reevaporated at the same condition and the paste formed was redissolved in 10 mL of absolute
methanol [14].

Isoflavone aglycone content analysis using HPLC

Soybean extracts from the previous step were diluted in methanol PA 200 times and filtered by
using syringe and organic filter paper. Soybean extracts (20 uL) were injected into Lichrosorb
RP-18 column, combined with a solvent gradient system. The flow rate was maintained at 1.0
mL/min. The two solvent used as mobile phase were solvent A (water : acetic acid, 97:3) and
solvent B (methanol : acetic acid, 97:3). For the first 5 min, the mobile phase used was 100% of
solvent A, and then the proportion of solvent B was increased linearly to 100% in 55 min and
decreased gradually to 0% over 5 min period. The detector used in this analysis was UV detector
at 260 nm [14].

Antioxidant activity measurement

The antioxidant activity of the fermented soybean extracts were evaluated based on the ability to
capture stable 2,2-diphenyl-1-picrylhydrazyl (DPPH) free radicals. The evaluation method was
adopted from Su and Chien [15]. The concentration of DPPH solution in methanol absolute was
made to be 0,03 g/L and 5 mL of DPPH solution were added to 0.1 mL of soybean extracts. The
mixture was homogenated and incubated at room temperature for 30 min in the dark. The blank
solution was made by mixing 5 mL of DPPH solution with 0.1 mL of absolute methanol. After 30
min incubation, the absorbance of each reaction was measured with a UV spectrophotometer at £
517 nm. The perentages of DPPH scavenging activity were defined by (Apjank-Asample) : Ablank X
100%.

Results and Discussion

According to the data in Table 2, M. luteus addition after 24 h fungal fermentation produced the
highest level of daidzein (739,17 pg/g), genistein (805,86 ug/g) and factor 2 (91,54 pg/g). Fungal
fermentation within 24 h before the inoculation of M. luteus was able to maximize the production
of daidzein and genistein at concentration 602,630 pg/g and 585,309 pg/g, respectively (Table 1).
High production of daidzein and genistein after 24 h incubation with singel culture of R.
oligosporus might be due to R. oligosporus B-glucosidase higher degree of activity. Nakajima et
al [16] reported that isoflavone aglycone content increased with fermentation time and its
concentration was twofold after 24 h fermentation. Glycitein amount in soybean after 24 h fungal
fermentation also probably increased to maximum amount. Since M. luteus was able to transform
glycitein into factor 2 by O-demethylation reaction, factor 2 production from glycitein also
increased to highest level at the end of incubation period.

Daidzein, genistein, and factor 2 in soybean extract were detected by comparing their retention
time with the isoflavone standards run under the same condition. HPLC chromatogram of
fermented soybean with M. luteus added at 24 h is shown in Figure 1. Daidzein, genistein and
factor 2 had retention time at 39.459 min, 41.786 min, 37.503 min, respectively. From the
chromatogram, it can be seen that factor 2 was produced in the least amount.

M. luteus inoculation at 12 h enhanced total isoflavones (daidzein, genistein, factor 2)
concentration higher than those produced with M. luteus inoculated at the beginning, 6 h, and 36
h. The major
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compounds were daidzein (556,50 pg/g) and genistein (623,24 pg/g). The yield of factor 2 was
lower than the initial concentration by 37.58% (Table 2). The amount of daidzein and genistein
increased gradually after 6 h fungal fermentation and reached their maximum concentration at 24
h (Table 1). In tempe making process, Fereirra et al [17] suggested that the amount of isoflavone
glucosides did not change significantly within 6 h fermentation process but thereafter decreased
gradually by 25% during 12 h fermentation then followed by an increased amount of isoflavone
aglycones. Lower concentration of factor 2 at the end of fermentation (43,55 ug/g) was probably
due to either the higher factor 2 transformation rate into other isoflavone compounds than factor 2
formation rate or low amount of glycitein in soybean as factor 2 precursor. This suggests that M.
luteus inoculation after 12 h fungal fermentation did not increase factor 2 concentration in
soybeans.
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Figure 1. HPLC chromatogram of soy isoflavone in fermented soybean with M. luteus

inoculated at 24 h of fermentation process.
(Factor 2 = 37,503; Daidzein=39,459; Genistein=41,786)

Soybeans fermented using mixed culture with M. luteus inoculated together with R. oligosporus at
the beginning stage of fermentation showed higher increase in total isoflavone concentration
(15.22%) than those fermented with M. luteus inoculated at 6 h (8.78%) and 36 h (6.45%) (Table
2, Figure 2a). When mixed culture was applied from the beginning, transformation of the existing
glycitein into factor 2 occurred for the rest of fermentation process (48 h). Factor 2 concentration
(80,22ug/g) was higher than those fermented with M. luteus inoculated at 6 h (23,31 pg/g) and 12
h (43,55 pg/g) (Table 2). Daidzein and genistein concentration were not obtained at maximum
level and this was probably due to longer mixed fermentation duration than duration of
fermentation solely with R. oligosporus, which led to higher pH at the beginning step of
fermentation, thereby inhibiting fungal growth and its B-glucosidase activity.

Although it provided longer duration for fungal fermentation, the addition of M. luteus after 36 h
fungal fermentation produced the lowest yield of total isoflavone (Table 2). The activity of B-
glucosidase probably decreased just after 24 h and the rate of other isoflavones formation from
isoflavone aglycone might be higher than the formation of isoflavone aglycone itself.
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Table 1. Isoflavone aglycone and factor 2 content in soybean fermented with single culture
of R. oligosporus for 6 h, 12 h, 24 h, and 36 h / prior to M. luteus inoculation. Soybeans were
fermented with initial pH 5.35 and incubation temperature was 30°C.

Factor 2 Daidzein Genistein
Fermentation Final
time Concentration  Yield  Concentration  Yield Concentration  Yield pH
(hg/9) (%0) (hg/9) (%0) (ug/9) (%0)

Control 69,76 420,61 474,07 5,35
6h 58,75 -15,78 273,03 -35,09 303,41 -36 6,77

12h 49,19 -29,48 400,22 -4,85 490,60 3,49 5,92
24h 39,52 -43,34 602,63 43,28 585,31 23,47 6,55

36 h 43,79 -37,23 297,00 -29,39 393,41 -17,01 651

Table 2. Isoflavone aglycone and factor 2 content in mixed-fermented soybean after 48 h
incubation with M. luteus added at various times. The isoflavone concentration analysis was
performed at 48 h. Soybeans were fermented with initial pH 5.35 and incubation
temperature was 30°C.

Factor 2 Daidzein Genistein

M. luteus

inoculation Concentration ~ Yield ~ Concentration  Yield  Concentration  Yield FF|)r|1_|aI
time (h9/9) (%) (hg/g) (%) (hg/9) (%)
Control 69,76 420,61 474,07 5,35
Oh 80,22 14,99 506,31 20,37 524,66 10,67 8,51
6h 23,31 -66,59 438,80 4,32 586,98 23,82 6,26
12h 43,55 -37,58 556,50 32,31 623,24 31,47 8,59
24h 91,54 31,23 739,17 75,74 805,86 69,99 9,3
36h 0,00 -100,00 420,24 -0,09 606,41 27,92 8,78

M. luteus introduction into soybean fermentation process caused change in soybean pH to be
more alkaline, from 5.35 up to 9.3 due to fast degradation of protein further into ammonia (Table
2). In this study, the production of ammonia was supported by the emerging of ammoniacal odour
at the end of fermentation process. M. luteus inoculation before the optimum R. oligosporus
biomass production and isoflavone aglycones conversion could occur, would have probably
affected the fungal growth and its B-glucosidase activity significantly due to alkaline pH
condition. Graham et al [18] and Sparringa and Owens [19] suggested that R. oligosporus grew
rapidly at pH less than 6. Sparringa and Owens [19] also suggested that the optimum growth of R.
oligosporus NRRL 2710 occurred at pH 5.5. R. oligosporus B-glucosidase activity during soybean
tempe fermentation reached its optimum activity at pH 5 (60°C) but it was stable at pH ranging
from 2-9 at 20°C [20].

In this study, the antioxidant activity of fermented soybean with single culture of R. oligosporus
increased with duration of fermentation as previously reported by Chaiyasut et al [21] (Table 1).
Antioxidant activity of fermented soybean was reported as DPPH scavenging activity percentage.
Isoflavones are considered as polyphenol compounds with high antioxidant activity due to their
chemical structure [22]. Soybean extract with the highest concentration of daidzein, genistein and
factor 2 did not exhibit the most improved ability to quench free radical DPPH.
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Figure 2. Factor 2, daidzein and genistein yields and DPPH free radical scavenging activity
of soybean after 48 h fermentation began with single culture fermentation with R.
oligosporus followed by mixed culture fermentation with the addition of M. luteus at various
time of fermentation (0 h, 6 h, 12 h, 24 h, 36 h) at 30°C. Initial pH of soybean was 5.35 and

final pH was ranging from 6.62-9.3.
(a) Maximum yield of factor 2, daidzein, and genistein was obtained when M. luteus was added at 24 h (mixed
fermentation duration 24 h), (b) Maximum percentage of DPPH scavenging ability was obtained when M. luteus was
inoculated at 36 h (mixed fermentation duration was 12 h)

The highest amount of total isoflavone was obtained in soybean fermented with M. luteus
inoculated at 24 h, but the highest DPPH scavenging activity was exhibited in soybean when M.
luteus was inoculated at 36 h. This was probably due to the antagonist effect of isoflavone
compounds contained in soybean extract with the highest level of daidzein, genistein and factor 2.
There might also be other molecules produced during fermentation that contributed more
significantly to the soybean antioxidant activity, such as peptides and free amino acids. The
increases in peptides and free amino acids during fermentation through fungal and bacterial
proteolytic activity might result in higher soybean antioxidant activity [23]. Thus, various
inoculation times of M. luteus may affect the isoflavone composition and free amino acid amounts
in soybean which leads to different free radical scavenging activity.

Conclusion

Solid state fermentation of soybeans with mixed culture of Rhizopus oligosporus and
Micrococcus luteus increases soybean isoflavone content. Maximum increase of daidzein,
genistein and factor 2 was obtained if M. luteus was added at 24 h of fermentation period. High
concentration of daidzein, genistein and factor 2 in fermented soybean extract did not show higher
radical scavenging activity. The highest DPPH free radical scavenging activity was demonstrated
in fermented soybean extract with the addition of M. luteus after 36 h fungal fermentation.
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