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Abstract. Tofu is a traditional food that can be found ines@¥ countries, such
as Indonesia and Japan. Tofu is often made usiago#itkslopping method,
which brings the risk of pathogenic microorganisomtamination and can lead
to failure in production. Standardization of theguction process is necessary in
order to yield highly nutritious tofu that is safebe consumed. In this research,
standardization was investigated by variation & thoculum percentages and
ratios of Lactobacillus plantarum (a), Lactobacillus acidophilus (b), and
Leuconostoc mesenteroides (c). The inoculum percentages used in this rekearc
were 7.5%, 10%, and 12.5%, while the inoculum sakietween a, b, and c were
(a:b:c) 2:1:1; 1:2:1; 1:1:2; and 1:1:1. The optimumoculum ages for a, b, and c
were 8, 6, and 2 hours respectively. The higheswtr rates of a, b, and ¢ were
0.060h, 0.054h", and 0.092# respectively. The highest lactic acid production
rates of a, b, and ¢ were 0.072%0.063%H, and 0.126%h respectively. The
inoculum percentage and ratio that produced thedsgisoflavones content was
12.5%(2:1:1), with the highest bacterial populatgmowth rate being 0.01%h
the highest formation rate of lactic acid beingd8®h', and the isoflavone
aglycones level being 0.445 mg/mL.
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1 I ntroduction

Tofu is traditional food which has a high nutritedrtontent. The texture, flavor,
and aroma of tofu make it well appreciated by dgci8ome of the nutrients
contained in tofu are carbohydrates, fat, protedcium, iron, and sodium [1].
The main ingredient of tofu is soymilk. The manuésing process can be
carried out with the addition of vinegar or withettback slopping method,
which involves the addition of tofu whey.

Lactic acid bacteria produce lactic acid duringrfentation from carbohydrate
breakdown and they can perform proteolysis, whigaks down proteins into
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simpler compounds that are easier to digest, ssi@méno acids [2]. Lactic acid
bacteria are widely used, especially in the foatlstry, because they fall under
the category of Generally Recognized as Safe (GRAB)ch indicates that

food products processed using lactic acid bacteréasafe for consumption.
They are also used to give texture, taste, aromd,cantent of nutrients to

fermented foods [3]. The use of lactic acid baetesith suitable inoculum

percentages and ratios can produce tofu with tiseetktexture, taste, aroma,
and content of nutrients.

One of the advantages of using fermentation byclaatid bacteria to produce
tofu is the production of isoflavones by the laettid bacteria. Isoflavones have
similarities with the estrogen hormone. Estrogemprisduced primarily in the
ovary and in the adrenal cortex in the kidneyssTiarmone is needed for the
normal growth and maintenance of the body in aduitsvomen, in addition to
its function in the reproductive system, this hon@glays a role in the process
of bone formation [4]. We hypothesized that fermaéiph using lactic acid
bacteria could increase the isoflavone aglyconageot in tofu.

Fermented soy products are a potential source aflai®nes and their
consumption may contribute to reduction in thegatiecoronary heart diseases,
atherosclerosis, type 2 diabetes, and particulpestyof carcinogenesis [5].
Recent studies have shown that phytochemicals ynase responsible for
prevention of osteoporosis, a hereditary chronisenblood syndrome, and
autoimmune diseases [6]. Therefore it is more adbsto consume soybeans
after having undergone fermentation [7]. Isoflawran be found in soybeans
in the form of glycosides, such as genistin andldai Lactic acid bacteria
produce theB-glucosidase enzyme, which is involved in the cosiee of
isoflavone glycosides into isoflavone aglycones [Ztobacillus plantarum is
known to be able to express this enzyme [9] antth@dactic acid bacteria that
is most ideal for use in the isoflavones convergioocess [10]Lactobacillus
acidophilus also produces the same enzyme [10], whileuconostoc
mesenteroides can produce the same enzyme when it is grown idiane
containing arbutin [11]. Isoflavone glycosides hegdly absorbed in the small
intestine compared to isoflavone aglycones, becaunsy have a larger
molecular weight and more hydrophilic propertieaidzin and genistin are also
less active in comparison with daidzein and gemig@glycone form of daidzin
and genistin) [5].

This research aimed to produce tofu with a higtilasone content through a
fermentation process using lactic acid bacteriee Httic acid bacteria used
were: Lactobacillus plantarum, Lactobacillus acidophilus, and Leuconostoc
mesenteroides. Optimization of the fermentation process was ingesed by
applying variations of inoculums percentage andbsatThe best inoculums
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variation was determined by the highest amount safflavone aglycones
(daidzein and genistein) in the tofu produced tglofermentation.

2 M aterials and M ethods

2.1 Lactic Acid Bacteria

The lactic acid bacterialLéctobacillus plantarum, Lactobacillus acidophilus,
and Leuconostoc mesenteroides) used in this research were obtained from the
microbiology laboratory, School of Life Sciencesdamechnology, Institut
Teknologi Bandung, and were identified by biocheahiesting.

2.2 Optimum Inoculum Age Deter mination

Determination of the optimum inoculum age was dbgegenerating growth
curves. Lactobacillus plantarum, Lactobacillus acidophilus, and Leuconostoc
mesenteroides were inoculated into MRSB media and then incubatecbom
temperature to activate the bacteria. After 24 $owach of the bacteria
cultures, with a density of 2@CFU/mL, was inoculated into a 27 mL soymilk
medium and then incubated for 24 hours at 37°C.

Samples were taken every two hours. A 0.1 mL samwpke inoculated into an

MRSA medium using the spread method to determime bidcterial amount

[12]. The acidity levels (pH) of the samples wereasured with a pH meter,
while determination of the lactic acid concentratovas done by acid-base
titration. For titration, a 5 mL sample was mixehal0 mL de-ion and 5 drops
of phenolphthalein and then titrated using 0.1 MOMNa The growth curves

were obtained by plotting time (x axis) against libge of cell numbers (y axis).

The age of the inoculum was optimum when the becigere at their pmax,

which was approximately at half of their log phase.

2.3 Optimization of Fermentation Process

Inoculum preparation was conducted by inoculatimg $oymilk medium with
10% (v/v) of active bacteria with a density of TDFU/mL and then incubating

it in accordance with each optimum inoculum age3atC. The inoculum
percentages and ratios were then varied and intecuiato new soy milk media
with a density of 19DCFU/mL. The inoculum percentages used in thisarese
were 7.5%, 10%, and 12.5% (v/v), while the inoculatios were 1:1:1, 2:1:1,
1:2:1 and 1:1:2 Ulactobacillus plantarum : Lactobacillus acidophilus :
Leuconostoc mesenteroides). The fermentation process was conducted in 8
hours. Every 2 hours a sample was taken to med#seretal bacterial amount
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through total plate count, pH with a pH meter, dactic acid concentration
through acid-base titration.

2.4  Isoflavones Extraction and Detection usingHPLC

Isoflavone aglycones measurement was conducted lbnomimization
variations. Tofu isoflavone aglycones measuremext @one by taking a 3 mL
sample and transferring it into a tube and therraetihg it with 12 mL
methanol. The sample was stirred for 24 hours amrdaemperature. The
insoluble residue was separated by centrifugatiith & speed of 8000 rpm at
25°C for 10 minutes and then filtrated with Whatméo. 1 filter paper. The
supernatant (12 mL) was evaporated using a rotagpcator until 1 mL
solution was obtained, which was then filtered vatih mL syringe filter (0.2
pum) for analysis through high performance liquiduoen chromatography
(HPLC). The motion phase used was A solutiopgQH acetic acid = 3:97) and
B solution (methanol : acetic acid = 97:3) withi@f velocity of 1 mL/minute.
The sample (10 pL) was injected into the column8C20 cm) and the
isoflavones were separated through the systemanmithlution gradient system
(0% A : 100% B for 5 minutes followed by 100% A%® for 50 minutes and
then 0% A : 100% B for 5 minutes). The isoflavoiesel was monitored using
a UV-Vis detector with a wavelength of 260 [13].

3 Results and Discussion

3.1  Optimum Inoculum Age of Lactobacillus plantarum,
Lactobacillus acidophilus, and Leuconostocc mesenter oides

The optimum inoculum ages oEactobacillus plantarum, Lactobacillus
acidophilus, and Leuconostoc mesenteroides were determined through growth
curves (Figure 1)The optimum inoculum ages dfactobacillus plantarum,
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Figurel Growth curves of Lactobacillus plantarum (A), Lactobacillus
acidophilus (B), and Leuconostoc mesenteroides (C) in soymilk medium;

incubated for 24 hours; without agitation; at 37°C
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Figure 1 Continued. Growth curves of Lactobacillus plantarum (A),
Lactobacillus acidophilus (B), and Leuconostoc mesenteroides (C) in soymilk
medium; incubated for 24 hours; without agitatian37°C

Lactobacillus acidophilus, and Leuconostoc mesenteroides were 8 hours, 6
hours, and 2 hours respectively. The highest groats (1) ofl. plantarum,
L. acidophilus, andL. mesenteroides in soymilk medium were 0.060%h0.054
h*, and 0.092 1 respectively. The highest lactic acid productiates ofL.
plantarum, L. acidophilus, and L. mesenteroides in soymilk medium were
0.072%H, 0.063%F, and 0.126%h respectively

3.2  Optimization of Tofu Fermentation Using 7.5% Inoculum

During the optimization process using 7.5% inoculuhre bacterial amount
increased during fermentation. The highest badtexigulation growth rate
during optimization with 7.5% inoculum (Figure 2#jas 0.094 A. This value
was obtained usind actobacillus plantarum, Lactobacillus acidophilus, and
Leuconostoc mesenteroides in a proportion of 2:1:1. The highest specific
growth rates with the use of single cultures Lafctobacillus plantarum,
Lactobacillus acidophilus, and Leuconostoc mesenteroides were 0.060 B,
0.054 R, and 0.092 1 respectively. The results show that the use ofixaadn
culture increased the bacterial population grovatle compared with the use of
a single culture.

All variations of ratios using 7.5% inoculum (Figu2B) showed a pH decrease
during fermentation, which lasted for 8 hours. Teerease in pH may have
been caused by acid production bgctobacillus plantarum, Lactobacillus
acidophilus, and Leuconostoc mesenteroides. The decline in pH for each ratio
showed no significant difference. The pH for eacior did not differ
significantly after 8 hours of fermentation, butteaf the first 6 hours of
fermentation it could be seen that the pH decreaseit quickly when using
the mixed culture with a ratio of 1:1:1.(plantarum : L. acidophilus : L.
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mesenteroides) with a pH value of 4.97. The lowest pH after 8 tsowf
fermentation was 4.83, which was obtained udiragtobacillus plantarum,
Lactobacillus acidophilus, and Leuconostoc mesenteroides in a ratio of 2:1:1.
The highest production rate of lactic acid (FigR€ using 7.5% inoculum was
0.045%H. This result was obtained using the mixed cultwith a ratio of
1:1:1 L. plantarum : L. acidophilus : L. mesenteroides).
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Figure2 Optimization using 7.5% inoculum; with the total @mt of bacteria

(A), pH (B), lactic acid (C), and isoflavone aglyas (daidzein + genistein) (D)

changes during 8 hours of fermentation. The inaouproportions betweeh.

plantarum, L. acidophilus, and L. mesenteroides were 1:1:1, 2:1:1, 1:2:1, and

1:1:2.
The highest concentration of isoflavone aglycomisgdzein and genistein) with
the 7.5% inoculum (Figure 2D) was obtained throtlgh mixed culture with a
ratio of 1:2:1 L. plantarum : L. acidophilus : L. mesenteroides), with a value of
0.316 mg/mL. This ratio first showed a decreaséhan amount of isoflavone
aglycones, after which it increased significanttyni the 4" to the &' hour. The
increase in isoflavone aglycones concentration heaye been caused by the
formation of daidzein and genistein by fhglucosidase enzyme produced by
the lactic acid bacteria [8], while the decrease isnflavone aglycones
concentration may have been caused by a cell mesrhathat converts
genistein into other compounds, so it doesn’t distell division [14]. The high
concentration of isoflavones aglycones after elyhirs of fermentation may
have been caused by the high enzymatic activitthef-glucosidase enzyme.
The concentrations of isoflavone aglycones usingethicultures with a ratio of
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1:1:1, 2:1:1, and 1:1:2 were 0.271 mg/mL, 0.212mig/and 0.273 mg/mL
respectively.

3.3  Optimization of Tofu Fermentation Using 10% |noculum
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Figure3 Optimization using 10% inoculum; with the total amb of bacteria

(A), pH (B), lactic acid (C), and isoflavone aglyas (daidzein + genistein) (D)

changes during 8 hours of fermentation. The inaouproportions betweeh.

plantarum, L. acidophilus, andL. mesenteroides were 1:1:1, 2:1:1, 1:2:1, and

1:1:2.
During the optimization process using 10% inocultigure 3A), all variations
indicated an increase in the number of bacterianduermentation. Almost all
of the ratios showed the bacterial amount increagé the 4" hour, then it
remained stable until the™6hour, after which it rose again. The highest
bacterial population growth rate with optimizatiosing 10% inoculum (Figure
3A) was 0.078 1. This result was obtained with ratio 2:111 plantarum: L.
acidophilus : L. mesenteroides), while the values of the highest specific growth
rate of L. plantarum, L. acidophilus, and L. mesenteroides with the use of a
single culture were 0.060 h-0.054 K, and 0.092 t respectively. The lower
bacterial growth rate using a mixed culture mayehdeen caused by an
antagonistic interaction between the lactic acidtér@a. This may have been
caused by the production of an anti-bacterial plegbiyL. mesenteroides [15].

All variations of ratios using 10% inoculum showadlecrease in pH and an
increase of the lactic acid concentration during fdrmentation process. The
lowest pH value after fermentation (Figure 3B) wessieved from ratio 1:1:2
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(L. plantarum: L. acidophilus : L. mesenteroides) with a pH value of 4.77. The
highest pH value was indicated by ratio 2:1:1 watlpH value of 4.88. This
result is in accordance with the rate of productidnlactic acid during the
fermentation process (Figure 3C). The mixed-cuuedio 1:1:2 I(. plantarum

: L. acidophilus : L. mesenteroides) showed the highest lactic acid production
rate with a value of 0.045 %hwhile ratio 2:1:1 showed the lowest lactic acid
production rate with a value of 0.027 %h

The highest concentration of isoflavone aglycomsdzein and genistein) with
the use of 10% inoculum (Figure 3D) was indicatgddatio 1:1:1 . plantarum

. L. acidophilus : L. mesenteroides) with a value of 0.381 mg/mL. This first
showed an increase in isoflavone aglycones, aftdictw it decreased
significantly from the # to the & hour. The increase in the isoflavone
aglycones concentration may have been caused bfothmation of daidzein
and genistein by thg-glucosidase enzyme produced by the lactic acitebac
[8], while the decrease in the isoflavone aglycarmscentration may have been
caused by a cell mechanism converting genisteintb@r compounds so it
doesn't disturb cell division [14]. The isoflavoaglycones concentrations with
ratios 2:1:1, 1:2:1 and 1:2:1 .(plantarum : L. acidophilus : L. mesenteroides)
were 0.331 mg/mL, 0.201 mg/mL, and 0.135 mg/mL eetpely.

3.4  Optimization of Tofu Fermentation Using 12.5% |noculum

The use of 12.5% inoculum (Figure 4A) showed tlagéibs 1:1:1 and 1:1:24 (
plantarum : L. acidophilus : L. mesenteroides) had a log phase, which means
that the bacteria needed to adapt in the mediwsh Ratios 1:1:1 (during thé"4
hour) and 1:2:1 (during thé"éour) showed a decrease in the bacterial amount.
This may have been caused by the decline of tHenasource in the medium,

in which case the bacteria needed to activate nlzgnee to break down more
complex carbon sources. The increased amount ¢érimafter that may have
been caused by activation of a bacterial enzymectirabe used to break down
complex carbon sources in the medium.

The highest bacterial population growth rate ushey12.5% inoculum (Figure
4A) was 0.048 1. This result was obtained using ratio 1:1:2antarum : L.
acidophilus : L. mesenteroides). The highest values of the specific growth rates
of L. plantarum, L. acidophilus, andL. mesenteroides using single cultures were
0.060 K, 0.054 H and 0.092 1 respectively. The growth rate values using
mixed cultures were lower compared to when usinglsicultures. Most likely,
the use of 12.5% inoculum led to an antagonistieraction between the lactic
acid bacteria.
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All of the ratios when using the addition of 12.%%6culum showed a decrease
of pH (Figure 4B) and an increase of lactic acichaamtration during
fermentation (Figure 4C). The changes in pH forheeatio did not show a
significant difference during the fermentation @ss. The lowest pH value,
indicated by ratio 1:2:1L( plantarum : L. acidophilus : L. mesenteroides), was
4.78,while the highest rate of lactic acid productionsv&nown by ratio 1:1:2
with a value of 0.054%h The highest rate of lactic acid production witie t
use of a single culture was obtained udingnesenteroides, in which case the
lactic acid production rate reached 0.126%hwhile the rate of lactic acid
formation by a single culture &f plantarum andL. acidophilus were 0.072%h

Y and 0.063%h. The addition of mork. mesenteroides (ratio 1:1:2) most likely
caused the higher lactic acid production rategHatr ratio.

10 7.00 [
6.75
s.;n‘i
e 6.25 \
E o \\
= /’—A 575 S
gt Z 550 \
[3) C——— Z s ~
R ~
e .
] 5.00 o ————
’ 4.75
.50
4.25
’ 4.00
0 1 2 3 ] 5 6 7 8 9 10 )
A 0 Bl 2 3 4 5 6 7 8 9 10
Time (hours) Time (hours)
0.4 0.60
5
= 3 050
0.3 E E
S S 5 040 —
= ',.' éé ——1:11
S o2 ——1:1:1 3 z 0.30 = 2:1:1
kS w2 25 re =
S T & 0.20 1:2:1
—_ 1:2:1 =2
) ___— —111:
0.1 ——1:1:2 g & 0.10 E— 1:1:2
z —é = Control
S § 0.00
S
o = 0 2 a 6 8 10
o C 2 4 6 a8 10
Time (hours) Time (hours)

Figure4 Optimization using 12.5% inoculum; with the totah@unt of bacteria

(A), pH (B), lactic acid (C), and isoflavone aglyes (daidzein + genistein) (D)

changes during 8 hours of fermentation. The inaouproportions betweeh.

plantarum, L. acidophilus, and L. mesenteroides were 1:1:1, 2:1:1, 1:2:1, and

1:1:2.
Ratio 2:1:1 [. plantarum : L. acidophilus : L. mesenteroides) showed the
highest isoflavone aglycones (daidzein and gemis@ncentration after eight
hours of fermentation (Figure 4D). This ratio shdvas increase of isoflavone
aglycones during fermentation. This increase mayehbheen caused by
formation of daidzein and genistein by tBglucosidase enzyme produced by
the lactic acid bacteria [8]. The amount of isoflag aglycones using ratio
2:1:1 was even higher compared to the other rati@y percentage variation.
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The highest concentration of isoflavone aglycongsgiratio 2:1:1 was 0.445
mg/mL. A previous study [13] has shown that tofudeaisingLactobacillus
plantarum produced 0.04124 mg/mL isoflavones aglycones. 3hisvs that the
use of a mixed culture of lactic acid bacteria memhance the isoflavone
aglycones concentration in tofu.

4 Conclusion

After measurement of the isoflavone aglycones catnagon it can be inferred
that the variation which gave the highest isoflav@glycones content in tofu
was 12.5% (2:1:1)L( plantarum : L. acidophilus : L. mesenteroides). The
highest bacterial population growth rate, the highactic acid production rate,
and concentration of isoflavones aglycones (daidzeid genistein) obtained
with this variation were 0.019h 0.045%H, and 0.445 mg/mL respectively.
For further study, we recommend to use the ferntiemadime as an additional
parameter to produce tofu with a high isoflavonastent and it may be better
to include measurement of the activity of fhglucosidase enzyme, which is
known to have a role in isoflavone aglycones cosieer We also recommend
the use of metabolomic analysis in further reseaochain more insight into
isoflavone aglycone production in tofu.
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