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Abstract

A hypothesis that Korean home-made fermented soybean products are brown-pigmented in large part by
contaminated bacteria is proposed. Twenty six strains of bacteria forming brown pigments in the presence of
L-tyrosine were isolated from home-made soybean paste. They were characterized and all were identified as
strains of Bactllus subtilis. The isolates produced dark brown to brownish black pigmentation on yeast
extract-peptone-glucose agar (YPGA) supplemented with 0.1% L-tyrosine in 72 hours but not on YPGA.
They also caused different degress of lighter pigmentation on potato dextrose agar and nutrient agar. When
an arbitrarily chosen pigmenting isolate was cultivated in a liquid medium supplemented with L-tyrosine, it
began to produce pigments only after cell growth stopped. The tyrosinase enzyme was extracted and the en-
zyme activity was measured by using L-tyrosine and 3-hydroxytyrosine (L-dopa) as substrates. The crude en-
zyme preparation porduced pigments at rates of 2.1 x 10-3 and 5.0 x 10-3 optical density units/min

measured at 490nm for tyrosine and dopa, respectively. Possible content of L-tyrosine in a soybean paste for-

mula was calculated.

Introduction

Fermented soybean products, especially soy sauce
and soybean paste, are browned during koji preparation,
aging in salt brine, and storage. There have been many
works(1'7) to study browning reactions of fermented soy-
bean products. Excessive browning deteriorates not on-
ly appearance® but also taste, aroma and nutritional
quality .

1t is generally accepted that Maillard reacuion is the
primary browning reaction of fermented soybean pro-
ducts and that other minor reactions may add to the
browning.3.8.9 However, there have been reports op-
posing the conventional Maillard reaction hypothesis of
the browning of fermented soybean products. Other
than Kim et al.®) who reported that different strains ot
koji mold contribute differently to the browning of soy-
bean paste, Okuhara et al.® and Okuhara et al.(h
reported that pentoses contributed only 10-20% of total
browning of soy sauce and that solutions containing
sugars and amino acids browned at much slower rates
than actual soy sauce did. They concluded that Maillard
reaction may not be the most important browning reac-

tion and that peptides and other unknown factors were
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more important. Hashiba® who also worked with
simulated soy sauce (sugar-amino acid mixture) found
that the browning rate of the mixture was approximately
10% of that of actual soy sauce.

Amino acids such as aspartic acid and glutamic acid,
even though they involve in the Maillard browning with
reducing sugars10, effectively inhibit the Maillard reac-
tion between other amino acids and sugars. Nafici and
MarkakistD) reported that when they added 0.01-0.04 M
aspartic acid and glutamic acid into glucose and fruc-
tose lysine browning systems, 74[—78% and 60-87%
reductions in browning, respectively, were occurred.
The two amino acids are abundant in soybean protein
(glutamin acid = 18.32 g 16gN and aspartic acid =
11.04/16¢gN)12 and in wheat protein (glutamic acid =
29.0% and aspartic acid = 3.8%)13) and consequentially
in soy sauce (glutamic acid = 16.74-32.80 £/16 gN and
aspartic acid = 5.87-7.20 g/16 gN).12) It is also well
known that soy sauce has its peculiar good taste-
enhancing effect due to its high content of glutamic acid.
Therefore Maillard browning should be effectively in-
hibited in soy sauce as it was in model systems of Nafici
and Markakis.

Nevertheless the conventional and most prevailing
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hypothesis for browning of fermented soybean products
has been the Maillard reaction, while some workers as
atorementioned maintain that Maillard reaction may not
be the primary browning reaction when they studied
with simulated soy sauce systems.

Th objective of this paper was to isolate browning
bacteria in the presence of L-tyrosine and to study their
pigmenting characteristics under the assumption that
bacteria produce L-tyrosinase which oxidizes L-tyrosine
originated front raw materials to cause browning of fer-

mented soybean products.
Materials and Methods

Bacterial source
Home-made sovbean paste was obtained trom a
household in Seoul area. The outer surtace ot the sample

was darkened during siorage i a retrigerator.

Culture media

Yeast exiract (U.3")-malt extract (U.3%)-pepione
(0.0%)-glucose (1.0%) agar (YMPGA) supplemented
with 0.1% L-tyrosine (YMPGTA) was used 1o isolaie
browning bacieria from the soybean paste sampic.
Yeast extract (0.1%)-peptone (0.2%)-glucose (0.1%) agar
(YPGA) and YPGA with 0.1% L-tyrosine (YPGTA),
potato glucose agar, nutrient agar (Difco Laboratories,
Detroit, M1), were used to observe the pigmentation of
the pimentforming isolates on solid media.

Isolation and identification of pigmenting bacteria
Soybean paste saniple was streak-plated on YMPGTA
and incubated at 28°C for 7 days. Colonies with brown to
brownish black pigmentation around them were chosen
for further studies.
Bergey's manual o! determinative bacteriologytl4)

was used to identity the bacterial isolates.

Bacterial gowth and pigment formation

Samples were taken from the shaked 30Umi flask
containing 100m! of YMPGTB. Whenever samples
were taken, diluted eliquots were pour-plated on plate
count agar (Difco Laboratories, Detroit MI) for enumer-
ation pf the bacterium and approximately 5 ml of
growth medium was centrifuged to remove bacterial
cells and debries before the- supernatant was used to
measure optical densites (OD) at 490 nm .
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Production and extraction of tyrosinase

A pigmenting isolate (strain 8) was grown on2000m:¢
of YMPGA (approximately) 100 plates) at 28°C for 7
days and tyrosinase was extracted from the coarsely cut
agar pieces by 2000 m! of 0.1 M glycine buffer solution
(pH 6.2) at 4° for 60 hr. The extract was centrifuged
to remove nonsoluble solids and the enzyme was precipi-
tated with 80% saturated (NHg),80, at 4°C for 2 days.
The precipitate was obtained by filtration and dialyzed
against distilled water for 3 days at 4°C. The superna-

tant was kept at 4°C and used as crude enzyme.

Measurement of enzyme activity

Tyrosinase acuivity was measured by a spectropho-
tometer (Sequoia-Turner Corp., CA) with L-tyrosine and
L-dopa as substrates. Optical densiy at 490 jon was
taken from the shaken mixture of 3.0 mi ot U.1 M phos-
phate buffer (pH 6.2), 0.5 ! of enzyme preparation, and

0.002 M substrates at 40°C at 5 mun intervals.
Results and Discussion

Pigment forming bacteria

Twenty six strains of brown pigment-forming bacteria
were isolated tfrom a single home-made fermented soy-
bean paste sample. They all were identified as strains
belonging to Bucillus subtilis. 'The 1solates had different
pigmenting characteristics showing vellowish light
brown, light brown, pinkish brown, darkish brown, and
brownish black. Those bacteria producing dark pig-
ments revealed lighter coloring in the early phase of the
pigmentation. The pigmenting characteristics on
various solid media are as in Table. 1.

Home-made (i.e., microbiologically uncontrolled) soy-
bean paste/soy sauce koji contains ditterent kinds of
molds including Aspergilius orvzae and bacteria origi-
nated from the raw materials and acquired from its en-
vironments. Cho and Leet15) who studied the distribution
of microorganisms in Korean home-made soy sauce koji
reported that there were 104-1010 bacteria/g of koji and
that B. sublilis and Bacillus pumilis were the dominant
ones. Bacteria were found to be mostly in the form of
dormant spores. Chung16) reported that Bacillus was the
most frequently found bacteria in Korean home-made
soy sauce koji. Watanabe et al.l? reported that in-
dustrially prepared Japanese soy‘sauce koji inoculants

contained 104-106 bacteria/g and were sure that these
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contaminated bacteria propagated as mold grew during
the preparation of koji. They, however, did not mention
the bacterial populations in the koji itself. Therefore it
seemed 10 be universal that soy sauce koji was con-
taminated with an appreciable number of bacteria whe-
ther it was industrially prepared or home-made.

Tyrosine as the probable substrate for browning

Fig. 1 shows YPGA and YPGTA plates inoculated
with strains producing brown and brownish black
pigments in the presence of L-tyrosine. Pigmentation

Table 1. The pigmenting characteristics of the isolates

KJFST

around the colonies is apparent only in the medium sup-
plemented with L-tyrosine.

Chungt16) who studied bacterial profile of home-made
soy sauce koji reported that a strain of Bacsllus which was
dentified as B. sublilis produced dark brown pigment on
nutrient agar, yeast extract-peplone-glucose agar and
koji extract agar. He simply reported the phenomenon
without further comment on the probable cause. None of
the pigmenunyg isolates of this report produced dark
brown pigments on nutrient agar. but it was light brown
10 brown. A pigmenting strain of B. sublilis (B. subtilis

Strain Pigmentation on common Pigmentation on YPGTA
laboratory media after (hours of incubation)
5 days of incubation
ID PDA NA 24 48 72
1. B LB PB B DB
2. B LB PB B DB
3. LB LB PB B DB
4, LB LB LB B BB
5. LB YLB LB B BB
6. B YLB PB PB DB
7. B YLB PB PB BB
8. LB LB LB B BB
9. LB LB LB B BB
10. B LB LB B BB
11. LB LB Y YB BB
12. LB LB YB B BB
13 LB LB YB B BB
14. LB YLB YB B BB
15. B LB PB B DB
16. LB YLB YB B BB
17. B LB YB B BB
18. B LB PB B DB
19. B LN PB B DB
20. B LB PB B DB
21. B YLB PB B DB
22. BB LB YB LB
23. B LB PB B DB
24, LB LB YB B BB
25. B LB PB "’ B DB
26. B Y YB B BB

B = brown, LB = light brown, YLB = yellowish light brown, Y = yellow, PB = pinkish brown,

DB = darkish brown, BB = brownish black
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Fig. 1. Pigment formation on YPGA with (AT and BT)
and without (A and B) supplemented tyrosine by a
brownish black pigment-forming isolate (A: strain 8)
and a brown pigment-forming isolate (B: strain 13) after
72 hours of incubation at 28°C.

var. niger) in the presence of L-tyrosine was also
described elsewhere.(14) The brown pigmentation on
PDA and nutrient agar should be due to the indigenous
tyrosine in the medium components.

Kim et al.® reported that different strains of koji
mold showed different browning characteristics.
Ebine® maintained that more efficient protein-hyﬁro-
lyzing koji mold caused darker pigmentation than less
efficent protein hydrolyzers and explained that it was
due to increased amounts of reactants for Maillard reac-
tion produced from proteins. It, however, can be ex-
plained in a different manner that increased amounts of
L-tyrosine were released from proteins. Under the
assumption of this work, the L-tyrosine so released
serve as the substrate of L-tyrosinase to produce brown
pigments.

Lee(12, 18) who analyzed amino acid composition of
soy sauce and soybean paste reported that tyrosine was
in low concentration in soy sauce compared to that in
soybean paste. 30-40% of all other amino acids (thre-
onine, valine, isoleucine, leucine, phenylalanine,
methionine, cystine, tryptophan) analyzed were found in
soy sauce whereas only 15% of tyrosine was found in it.
The % content of all amino acids including tyrosine were
the same in soybean paste. This clearly proved that only
tyrosin disappeared during aging process in salt brine. It
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is doubtless that tyrosine, after it is made free by protein
hydrolyzing enzymes, underwent specific reaction(s).
Chang® studied the change in amino acid composition of
soy sauce during aging and reported that the content of
tyrosine decreased rapidly while that of other amino
acids did not change appreciably. His explanation for
the phenomenon was that tyrosine and pentoses reacted
to generate pigments by Maillard reaction. This, how-
ever, was not probable because those amino acids which
react with sugars at a similar or ever faster ratel® did
not decrease as tyrosine did. Soy sauces are known to
contain high concentration of glutamic acid, which was
reported to inhibit Maillard browning very efficient-
ly.an

In this communication, brown pigment-forming bac-
teria were isolated and characterized to support our
hypothesis that bacteria in the presence of tyrosine
causes browning of fermented soybean products by us-
ing Korean home-made soybean paste as a model. On
the other hand evidences that Maillard reaction may not
be the primary browning reaction were provided. In ad-
dition the total content of possible tyrosine in a soybean
paste formula was calculated (see appendix) to be
0.936% (W/W).

Growth of pigmenting bacteria and pigment formation.

One (Strain 8) of the isolated pigmenting bacteria
was chosen to observe cell growth and pigment forma-
tion in a shaken YMPGTB. Maximum viable cell
number was about 1.0 x 109 colony forming units per
ml at stationary phase of growth curve (Fig. 2).
Microscopic observation revealed that as soon as the
bacterium reached stationary phase it began to sporu-
late and that spores were liberated from the parent cells
following the sporulation.

The final pigmentation in YMPGTB was 8.63 in OD
units and that in YMPGB was 1.23 (Fig. 2). The dif-
ference in OD (7.4 units) should be due to supplemented
tyrosine. The apprarent OD in YMPGB is believed to be
due to tyrosine indigenous to the components of the
medium. Pigmentation increased rapidly only after cell
growth reached the stationary phase and continued to
increase linearly for the following 70 hours until pigment

formation did not increase any further (Fig. 2).

Tyrosinase activity
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Fig. 2. Growth(A) and pigmentation of a strain of B.
subtilis in YMPGT broth with (O) and without (@)
tyrosine

Approximately 30ml of crude enzyme preparation
was obtained from 2000 m/ equivalent of YMPGA. No
effort was made to liberate the enzyme from the bac-
terial cells because they sporulate right after active
growth ceased followed by autolysis of cell wall to
liberate spores and intracellular enzymes.

L-dopa was oxidized (5.0 x 10-3 OD/min) more than
twice faster than L-tyrosine was (2.1 x 10-3 OD/min) as
shown in Fig. 3. The faster oxidation of L-dopa by the
enzyme can be easily deduced because L-tyrosine

should be oxidized first to L-dopa before melanin forma-
tion.(13, 19)

Conclusions

1t is advocated that bacteria play an important role in
the browning of fermented soybean products and that
Maillard reaction may not be as important as it has heen
believed to be. The abundance of bacteria in Korean
home-made soy sauce/soybean paste koji, the existence
of browning bacteria among them and the existence of
plenty of tyrosine in raw materials were all proved.

Calculation

Tyrosine is the most found phenolic material in soy-

bean and wheat as one of the constituting amino acids of

KJFST
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Fig. 3. Activity of crude tyrosinase extracted from
YMPGA grown a strain of B. subtilis on L-dopa (O) and
L-tyrosine (A)

proteins. Soybean contains 35% protein (w/w) of which
4.1% is tyrosine. Consequently, 35/100 x 4.1/100 =
0.01435, that is, 1.435% of total weight of soybean is
tyrosine. Wheat contains 12.9% of protein of which
4.0% is tyrosine. In the same manner, 12.9/100 x
4.1/100 = 0.00516, that is, 0.516% of total weight of
wheat is tyrosine. Based on a soybean paste formula
(soybean 2790 g, wheat 178 g, salt 390 g, water 1020 mi)
by Kim et al 6),it is calculated that soybean constitutes
63.73% of total formula and wheat 4.07%. Therefore
63.73 g of soybean and 4.07 g of wheat are in 100 g of the
formula mix. Consequently tyrosine originated from soy-
bean is 63.73 x 1.435/100 = 0.915 g and that from
wheat 4.07 x 0.516/100 = 0.021 g. Therefore the total
amount of tyrosine theoretically found in 100 g of soy-
bean paste formula mix is 0.936 g (= 0.915 + 0.021).
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