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ABSTRACT

Moromi samples of traditional Thai soy sauce from 1wo conventional
manufaciurers A and B were used (o investigaie the browning and chemical
changes related 1o the Maillard reaction (1 e. reactive anino compound, soluble
protein, 5% trichlorcacetic acid precipitaied protein, reducing sugar, and
S-hydroxymethyl-2-furaldehyde). The samples were collected at specific intervals
during the 60-day process of moromi fermencation. The browning (OD 420 nm;
¥) was expressed as powered regression with fermentation time-course (day; x),
y=0.5191 * " F=0.978 and y=0.6188 * "™, r~=0.821 for moronu A
and B, respectively. The braywning rate was hugh ar the first 3 days and declined
in the later stage, while the accumulaiion of 5-hyvdroxy-2-furaldehyde, which s
the Maillard reaction intermediate, mncreased linearlv. The size of proteins and
peptides observed onsodiumdodecyl sulphate-polvacryiamide gel electrophoresiy
and the measurement of the ratio of 5% trichloroacelic acid precipitaied protein
to total soluble protein (PP/SP). This PP/SP ratio showed the linear correlation
to browning rate with r=0.921 and 0.965 for moromi A and B. respectively.
The results suggested that the rate of browning of the moromi fermenrarion did
not entirely depend upon the Maillard reaction rate. It appeared that the
browning is enhanced with the praper size of proteins and peptides.

INTRODUCTION

Nonenzymaltic browning via the Maillard reaction is one of the important
reactions in food chemistry, and its implication must be considered when a food

' Corresponding author- Dr Sutiwat Lertsir, Department of Biotechnology, Faculty of Science.
Mahidol Umversity, Rama V1 Rd., Payathai. Bangkok 10400, Thailand TEL. +06 2-2406-1358
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process is investigated (Nursten 1980-1981). The Mailtard reaction involves the
condensation of carbonvls e.g. reducing sugars. aldehvdes: and amine ¢.g

amino actds, pepuides, proteins. The reacuon plays a major role in food stability.
flavor development, nutrition. and health. Many aspecis such as tvpes of
reactants, reacting conditions, and products formed have been investuigated (Bell
1997; Labuza and Massaro 1990: Ashoor and Zent 1984, Feather and Nelson
1984). Despite the large number of investigations, the detail mechamsms of this
reaction are not completely elucidated.

Soy sauce ts one of the foods in which Maillard reaction takes pan in the
occurrence of browning. The Maillard browning occurs among various kinds of
important flavoring components in soy sauce and is responstble for the color and
aroma changes during the manufacturing process ( Yokotsuka 1960, 1986). The
color and flavor of soy sauce are affected by both the aging of moromi
fermentation and the pasteurization of raw soy sauce. During the brewing
process, the development of browning denives mainly from nonoxidative and
nonenzymatic reactions (Yokotsuka 1986).

Although there are numerous studies on Japanese sov sauce, especially
kokuchi tvpe. the results of those studies are not completely matched with Thai
sov sauce. This is because of its different ingredients. such as using less wheat
tlour without roasting for Thai soy sauce. The processing conditions are
different as well, such as longer koji fermentation period. chimate temperature
of monmu fermentauvon with shorter duration (Mongkolwal et al. 1997
Bhumiratana er al. 1988). These cause the ditfferent mechanisms of the reaction.

The aim of this work was to investigate the browning process and the roles
of the Maillard browning during moromi fermentation of Thar sov sauce. This
elucidation would bring about the browning control in the moromi fermentation,
which affects the color of a finished product of soy sauce.

MATERIALS AND METHODS

Preparation of Soy Sauce Moromi

Koji and moromu were prepared by the manufacturers with traditional
substrates, consisting of soybean and wheat flour at a ratio of 20:3 (w/w).
Soybean was soaked in water for 4 h, then cooked at 11610 121C. 1 kg/em®, for
3 h. The mixture of wheat flour and soybean was inoculated with 0.1% kop
starter culture and kept for 36 h at 35C in a koji-making room. The ko)1 1s then
mixed with salt brine containing 20% NaCl. 1n the ratio of 30 kg to 100 L. Two
lots of the moromui from manufacturer A (moromi A) and two lots of the
moromi from manufacturer B (moromi B) were fermented tor 60 days in 100-L
earthen jars and 2-ton fiberglass tanks, respectively.
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Chemical Analyses

All chemicals were obtained from Merck (Darmstadt) unless otherwise
stated. The 5-hydroxymethyl-2-furaldehyde (HMF) standard was purchased trom
Fluka (Buchs, Switzerland).

The moromi samples were withdrawn from fermenting vessels of the two
manufacturers at various time intervals. Each sample was centrifuged at 15,000
x g and filtered through 0.45 pm membrane Oilter betore being analyzed. The
browning was analyzed by measuring the absorbance at 420 nm {(OD 420 nm)
in a spectrophotometer (Davies et al. 1998, lertstri er al. 1995). The pH of the
sample was measured directly with a pH meter. Titratable organic acid was
measured according to AOAC (1984). Reducing sugar (RS) and reactive amino
compound (RAC) were determined by the methods of Nelson (1944) using
D-glucose as standard, and 2.4.6-trinitrobenzenesulfonic acid {Habeeb 19606)
using glycine as standard, respectively. Total soluble protein as total nitrogen
was deternuned by Kjeldahl method (AQAC 1984,

For determunation of HMUIE, the sample was tirst deproteimzed with 5%
trichloroacetic acid (TCA). The neutralized sample was submitted onto HPLC
with 5 mm > 21 mum C18 column (UG 12, Stiseido Com., Tokyo) equipped
in Shimazu 6A HPLC set. The column temperature was 40C. The mobile phase
was 5% acctonurile 1n 0.2% phosphornic acid (pH 4.23, v/v; wath the flow rate
of 1.0 ml/nun. Absorbance was measured at 280 nm. The HPLC conditions
were described previously by Rosalinda er al. (19860

The protein precipitated from deproteinization was redissolved in distlled
water, and then determined by the Bradtord method (Bradford 1976) using
bovine serum albumin (Fraction V. Sipma, MO) as a standard.

Sizes of protein were analyzed with sodium dodecy] sulfate-polyacrylamude
gel electrophoresis (SDS-PAGE) according to Lacmmli (1970). The portion of
500 uL moromi filtrate was precipitated with 5% TCA. The 5% TCA
precipttated protein was then redissolved in 100 ul of O.IN NaOH and
denatured with 5% (v/v} 2-mercaptoethanol and 2% {(w/v) sodium dodecyl
sulfate by heating at 100C for 5 mun. The sample (2-6 pg/lane) and a mixture
of molecular weight markers (5 pg/lane) containing prestained protein standards
(Keleidoscope) in the molecular weight range of 7,400 to 208,000 Daltons
(BIO-RAD, CA) were loaded onto 12% gel. The gel sheet was stained with a
solution of 0.25% Coomasie Brilliant Blue R-250 in water-2-propanol-acetic acid
(5:5:1, v/v) and destained with 7% acetic acid containing 5% methanol (v/v).

Data Analysis

Data were analyzed using SPSS software, San Rafael, CA. ANOVA was
used to describe the significance of the effects of fermentation time on browning
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and chemical changes. Each value was an average of three separate determina-
tions.

RESULTS AND DISCUSSION

Browning of the moromi from both manutacturers developed 1n the similar
pattern. At the first 3 days of the process. the browning developed very rapidly.
after that the rate of browning declined (Fig. 1). Using powered regression
equation could fit the correlation of browning with fermentation time-course
during 60-day fermentation. The browning equations for the moromi A and B
are y = 0.5191 *x°% r* = 0978 and y = 0.6188 * x” "%’ = 0.821 where
x and y stand for moromi fermentation day and OD 420 nm, respectuively.

0D 420 nm

I

|
P I AU SR ST RSP SN i
0O 10 20 30 40 50 60

fermentatiun  tme  {day)

FIG. 1. TIME-COURSE FOR BROWNING DEVELOPMENT (OD 420 nm, IN
MOROMI FERMENTATION
Data were from (wo separate lots of each manufacturer: moromt A (@--- @) v =0 5191 *x
(f=0.978, p<0.01); moromi B (¢ --- ¢ 1, y=0.6188*x*""* (" =0.821. p<0 0D

0 e

Figures 2a and 2b showed the amounts of reactive amino compound {RAC)
and reducing sugar (RS}, the reactarts of the Maillard reaction. Both amounts
increased sharply at the beginning of the process due to soybean protein and
sugar diffused from koji solid phase and dissolved into the brine. After 3 days,
RAC including soluble protein (Fig. 3a) remained increasing with low rate,
conceivably because of proteolytic enzyme activities from koji digested and
solubilized soybean protein (Ling and Chou 1996; Fukushima 1989: Noda
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[978) RS wnounds o merenn A and moronn Bowere alinost constant 1IN
which s the wiermedote of the Moadbaod reacton, swoas momitored as prosiesse
idex ot the Mulland reaction (Govus ef af 1997 Yas van and Spaoins 1987
During the termentation, the amount of TN mcreased o hinear nanmer sty
fermentation time (e 3 Theaodeated thoa the Moaolland reactson prayresse!
through the mworonu fermentaton, despate e monnts of reactants o RAC anld
RS did ot obviously decrease These resules supeosted that the reactants were
i exeess, snd the browning was partially donnsated by the Mumllard reaction
I'he overall of brownmnyg vould not be predicted by the amounts of reactnts ot

the Maillard reaction.
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The early stage of moremi fermentation was also investigated in the other
lot of moromi from manufacturer A. To study the changes in detail, the
sampling was conducted evervday during the first 10 days of the process (Fig.
3). The results ensured that the browning rapidly developed and the chemical
components (i.e. RAC and RS) vigorously changed in Liquid phase of moronu
during the first 3 days. Since the browming rate and the degree of chemical
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changes n the hiquid phase of moronu were high at the ecarly stage ot the
fermentaton,  this should be considered as a criticad stage of browning
development.
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FIG 4 HMF ACCUMULATED WITH TIME-COURSE IN MOROMI FERMENTATION
Data were from two separate lots of each manutasirer moromr A (@ @,
Vol oaS 0 001 =0 52 p<0 0D, mereni B4 @y =0 0012 -0 dulie
(r=0 884, pa s,

During tirst 10 days of the fermentauen, the pH of each morom: dropped
from 6.3 10 5.2 and dropped to 3 at the end of the 60-day process. This was due
to organic acid production of lactic acid bacteria (Fukushima 1989: Yokotsuka
1986), increasing from 0% to 0.8% during 10 davs te reach about 1.1 at the
end ot the 60-day termentaton. In general. high pH enhances the overall rate
of the Maillard reaction by facilitating the tastomenization of reducing sugars o
vield acyclic aldehvdic torm. The aldehvdic sugar molecuies would casily react
with amino groups o undergo the Maillard reaction (Lersitt er al . 1995 Wong
1689). On the vther hand, fow pH promotes protonation to the amino compound
and increases cationic properties of the amino compound moelecules. Since the
amino compound attacks the aldehydic sugar in a nucleophitic manner. only
unprotonated molecules of the amino compound could readily react with the
reducing sugar (Labuza and Baisier 1992; Wong 1989, Therefore neutral phi
at the beginning of the moromi fermentation possibly enhanced the rate of the
Maillard browning in the early stages of moromi fermentation, whereas acidie

pH at the latter stages could pamally retard the Muillard browning.
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FIG. 5. TIME-COURSE FOR BROWNING DEVELOPMENT (OD 420 nm, (@---@), (a);
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OF MOROMI FERMENTATION
Samples were collected from manufacturer A,

The pH eftect could not completely explain the high rate of browning in the
early stages. The pH did not aftect the rate of the Maillard reaction in this study
since HMF increased hnearly with the time-course. It is previously reported that
not only HMF, but also 4-hydroxy-2,5-dimethyl-3{2H)-turaldehyde is a
representative intermediate of the Maillard reaction occurring in the soy sauce,
whereas analogue substance of 2(or 5)-ethyl-5(or 2)-methyl-3(2H)-furanone is
generated by yeast fermentation during morormu aging (Havashida er af. 1997,
Yokotsuka er al. 1980). As reported by Hashiba (1981 a), larger peptides
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undergo browning with reducing sugar more rapidly than small peptides and free
amino acids. Soybean protein hydrolysate with low ratios of formeol nitro-
gen/total nitrogen (34.5%) undergoces 2 X greater browning than soybean proten
hydrolysate with high ratios of formol nitrogen/total nitrogen (66.0%). And in
the case of free amino acids and dipeptides of glycine, glyeyl plycine yields 17.6
X higher browning than free glycine. This browning is nonexidative browning.
The results 1n this study also reflected this phenomena,

During the moromi fermentation, along with the increases of total soluble
protein {SP) in moromi liquid phase (Fig. 3a), 5% TCA-precipitated protein
{PP) was gradually reduced in the liquid phase ot the moromi. This led to the
decrease of PP/SP ratio (Fig. 3b). The amount of protein that precipitated with
5% TCA is considered as the amount of protein with high molecular weight
{(Hunt er /. 1993). Regarding SDS-PAGE study, the range of molecular weight
of the proteins from 200 kDa to 7 kDa were detected on the resolution gel (Fig.
6). There were higher molecular weight proteins also stained on the stacking
gel. The ctectrophoretic pattern on 12% pel showed the presence of two major
bands at 72.2 and 40.3 kDa prior to fermentation. The rano of PP o SP
(PP/SP) retlects the average molecular weight of proteins in liquid phase of the
moromi. A high PP/SP ratio indicates a preater concentration of high molecular
weight proteins, During the moromt fermentation, the decrease of PP/SP (Fig.
3b), implied that the average molecular weight ot soluble proteins in the liquid
phase gradually became smaller due to digestion by proteolytic enzymes in the
kop (Fukushima 1989; Noda 1978). This corresponded 10 SDS-PAGE studv that
proteins were degraded during prolenged lermentation (Fig 6). The small protein
hands of 21.8, 18, and 7 kDa were detected atter the 3™ day of termentation and
faded out along with prolonged fermentation. These bands were not detected
prior to fermentation. The bands of large proteins ranging 200 kDa te 30 kDa
faded out along with fermentation time. The bands with 200, 115, 80.6, 63 .3,
40.3, 21.7, 18 and 7 kDa disappeared within 15 days. At the carly stage of the
moromi termentation, the small molecular weight protein and the peptides might
be more reactive to yield browning because of their small size.

When the rate of browning was calculated vsing the dernivative of browning
equations, the browning rate of cach moromi in the 60-day fermentation process
dropped from 0.1223 to 0.0054 and 0.0988 to 0.0031 for moromi A and B,
respectively. Browning rate of moronu A was 1.24 to 1.74 times higher than
moromi B during the entire process. Obviously, the intial browning rate of
moromi A was higher than moromi B, although the inital PP/SP ratio of
moromi A was two times lower than the ratio of meromi B. Since pH drop and
the reactant amounts were almost the same, then such alteration of the entire
browning rates might be caused by the different processing conditions. Moromi
A was fermented in 100-L carthen jars as small batch, while morom: B was
fermented in 2-ton fiberglass tanks. The jars or tiberglass tanks were placed
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FIG. 6. SDS-PAGE PROFILES OF 59 TCA PRECIPITATED PROTEINS FROM
MOROM!I B
The 20-pL portion of denatured samples were loaded with 2 10 6 ug protewnslane, depending on
original 5% TCA precipuated protein amount in morom: samples. Iane 2 to 10 are 0%, 3%,
9T, §5%, 210, 247 30", 35™. 407 day samples, respecuvely. [ane | s molecular weight
markers.

outside the building and exposed to the sunlight during moromi fermentation. [t
is possible that the average temperature of the moromi in small batches might
be higher than the large batches. The temperature could bring about higher
browning rates in moromi A than B. The different sizes and structures of protein
or peptide molecules also conceivably affect the rates of browming. The digestion
of proteolytic enzymes with different activity and specificity in both moromi
might bring about various structures of the small molecular weight protein and
the peptides. As reported, different dipeptide structures of leucyl glycine and
glycyl leucine vields different browning rates. The former vield 1.5 X higher
than the latter, and glycyl-phenylalanine yields 1.4 X higher than leucyl glycine
(Hashiba 1981a). These results suggested that koji strains play an important role
in browning of soy sauce, depending upon proteolytic enzyme activity and
specificity. The linear regression (£=0.921 and r! =0.965 for moromi A and B,
respectively) between calculated browning rate and the PP/SP ratio at each point
of fermentation time also confirmed the influence of large peptides on browning
rates.
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In Japanese soy sauce fermentation, reducing sugars in moromi normally
decreases during moromi fermentation due to the conversion of sugar to alcohol
by yeast (Fukushima 1989). Unlike the Japanese soy sauce, alcohol formation
in Thal soy sauce is limited (Mongkolwar e al. 1997). Hence the reducing
sugars do not obviously decrease in moromi B, probably due to the limited
growth of yeast. The rate of HMF accumulated in moromi B was 1.81 X higher
than in moromi A, and the overall browning of A was higher than B. This
indicated that the rate of the Maillard reaction 1s not directly related to the entire
browning rate of moromi fermentation.

The brown pigment formation in the moromi process could not be modeled
as a pseudo-zero order reaction which Baisier and Labuza (1992) proposed in
the Mailtard reaction model system. Brown pigment formation is conceivably
due to the alteration of the mwolecular structure of the peptides during the
termentation. The browning pigment molecules are tormed from various sizes
and structures of peptides with the different light absorbance. Therefore,
pigment absorption at O 420 nm did not develop 1in the pseudo-zero order
reaction (Fig. 1), wherecas HMF formation did (Fig. 4).

In the case of Japanese koikucht soy sauce, 50% of brown color in a
finished product develops during the morom fermentation, and the remaining
50% is caused by pasteurization (Yokotsuka 1986). According to our results.
60% of browning and HMF formation were developed from the seasoning and
pasteurization process of Thai soy sauce. This may be due 1o different raw
materials, different aging duration of the moromu fermentation, and temperature
of pasteurization.

In addition, it is important to study the roles of monosaccharides and
dissolved oxygen in the brine during the moromi fermentation. Actually, xylose
in soy sauce 1s much more reactive undergoing the Maillard reaction than
glucose (Yokotsuka 1986; Hashiba 198la) even though xylose is a minor
monosaccharide in moromi. Dissolved oxygen also takes part in the oxidation
of Maillard products, including oxidative browning in Japanese soy sauce
(Hashiba 1981b).

In conclusion, the browning of the moromi fermentation of Thai soy sauce
developed rapidly during the first 3 days. Powered regression equation fit the
correlation of browning with the fermentation time-course. While the Maillard
reaction progressed, the amount of HM ¥ increased linearly. This indicated that
the Maillard reaction rate partly affects the browning rate of moromi. The low
molecular weight proteins and the large peptides underwent browning with
reducing sugars at a higher rate than small peptides, yielding a greater rate of
browning in the early stages of moromi fermentation.
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ABSTRACT

The soy sauce products from conventional manufacturers V and T were tested

for browning during storage, by incubation at 37°C for 12 weeks. Browning of cach
soy sauce increased in the manner of lincar function, y=10.64+3.09X. r2=0.997 for

soy sauce T: and y=3.66+0.116X, r2=0.991 for soy saucc V; where X and vy stand for
storage day and OD 420 nm. respectively. Along with browning, the Maillard reaction
index, 5-hydroxymethyl-2-furaldechyde (HMF) increased in lincar manner with
storage time, r2=0.997 and r2=0.696 for soy sauce T and V, respectively. Similar
increasing pattern and the strong correlation between HMF and browning revealed
that the browning was dominated by the Maillard reaction. To cxplain the mechanism,
the raw soy sauce and fimished soy sauce T were examined the browning, HMF, and
5% trichloroacetic acid precipitated protetn (PP} changes during storage test. The
finishing process of heating increased the browning, HMF amount, and PP amount to
2.5,2.7, and 2.25 folds, respectively. The rates of browning development and HMF
accumulation in the finished soy sauce were higher at 3.4 and 1.7 times, respectively.

The Maillard reaction predominantly reigned the browning of Thai soy sauce dunng

storage.



INTRODUCTION

The most important non-enzymatic browning reaction occurring in food is
known as the Matllard reaction. Its implication must be considered when food
processing and storage are investigated. The overall of the reaction is complex series
of reaction starting {rom the condensation of carbonyls e.g. reducing sugars,
aldehydes; and amine e.g. amino acids, peptides, protcin. This reaction is concerned
as a causative factor for food stability, flavor formation, brown color development, as
well as nutritional deterioration (Nursten, 1980-1981). Despite the large number of
investigation in many aspects such as types of reactants, reacting conditions, and
products occurred. the detail mechanism of this reaction are not completely elucidated
(Bell, 1997; Labuza and Massaro, 1990; Ashoor and Zent, 1984; Feather and Nelson,
1984).

Soy sauce is one of the foods, which has been known that the Maillard
reaction involved in the occurrence of browning. The Maillard reaction occurs among
various kinds of important flavoring components such as amino acid, peptide, protein,
reducing sugar, as well as other carbonyl compounds. This reaction is responsible for
color changes and aroma development during the manufacturing process and storage
(Yokotsuka, 1986). Although there is plenty of valuable research pubhished to date
covering different aspects of the Maillard reaction in Japancsc soy sauce, those
mechanisms are not completely matched with the mechanisms of Thai soy sauce duc
to the varnation in ingredients and processing. Such differences are, for example,
using less wheat flour without roasting for Thai soy sauce, longer koji fermentation
for Thai soy sauce, climate temperature of moromi fermentation with shorter aging

duration in Thailand (Lertsiri er a/., 2001; Mongkolwai et al., 1997).



We previously investigated the browning during moromi fermentation and
found that reaction rate of the Maillard reaction i1s constant, while the browning rate
changes with the size of soluble protein in moromi (Lertsir et al., 2001). This
indicated that the Maillard reaction partially plays roles in the mechantsm of
browning in the moromi fermentation of Thai soy sauce. In this study. the browning
process and the roles of the Maillard reaction during storage of the Thai soy sauce

was explored. The elucidation of the mechanism would lead to the understanding in

browning control and extending the shelf life.



MATERIALS AND METHODS
Materials
Raw soy sauce and soy sauce products were obtained from the manufacturers
(T and V), prepared with traditional substrate mixing with koji starter culture.
Chemicals were purchased from Merck (Darmstadt) unless otherwise stated.
The 5-hydroxymethyl-2-furaldchyde (HMF) standard was obtained from Fluka

(Buchs, Switzerland). All chemicals were of the best grade available, or HPLLC grade.

Storage test

The soy sauce portion from ¢ach manufacturer (soy sauce T and soy sauce V)
was incubated at 37°C for 12 weeks in a closed Erlenmeyer flask. Samples were
withdrawn at time interval of 0, 2, 4, 6, 8, and 12 weck, and kept at -20°C for further

analyses.

Chemical analyses

The browning was analyzed by measuring the absorbance at 420 nm in a
spectrophotometer (Davies et al., 1998; Lertsirt e al., 2001). Reducing sugar (RS)
and reactive amino compound (RAC) were determined by the methods of Nelson
(1944), and 2.4,6-trinitrobenzenesuifonic acid (Habeeb, 1966) using D-glucose and
glycine as standards, respectively. Total soluble protein as total nitrogen were
determined according to AOAC (1984).

Sugar analysis by HPLC was performed with Ionpak KS-801 column (300
mm x 8 mm, Shodex, Japan) equipped in Shimazu 6 A HPLC set, and kept at 60°C.
The distilled water was flowed at 1 ml/min as a mobile phase. The detector was

refractive index (RI) detector (LDC Analytical, USA). The soy sauce samples were
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deproteinized by centrifugal ultrafiltration (5,000 Da cut-off, Millipore, Japan) prior
to submit onto HPL.C. D-glucose, and sucrose were used as standards.

For determination of HMF, the sample was first deproteinised with 5%
trichloroacetic acid (TCA). The neutralized sample was submitted onto HP[.C with 5
mm x 21 mm C1§ column (UG12, Shiseido Corp., Tokyo) at column temperature of
40°C. The mobile phase was 5% acetonitrile in 0.2% phosphoric acid (pH 4.2), v/v;
with the flow rate of 1.0 ml/min. Absorbance was measured at 280 nm. The HPLC
conditions were described previously by Rosalinda et a/. (1986).

The protein precipitated from deproteinisation was measured as 5% TCA
precipitated protein by redissolving the precipitate residue in distilled water, and then
determined by Bradford method (Bradford, 1976) using bovine serum albumin

(Fraction V; Sigma, MQO) as standard (Lertsirt er a/., 2001).

Data Analysis

Data were analyzed using SPSS software, San Ratael, CA. ANOVA was used
to describe the significance of the effects of storage time on browning and chemical

changes. Each value was an average of three separate determinations.



RESULTS AND DISCUSSION

Soy sauce T and V showed similar pattern of all chemical indices changes
during prolonged storage test at 37°C for 3 months. Browning of each sov sauce
increased in the manner of linear function (Fig.1), y=10.64+3.09X. r?=0.997 for soyv
sauce T; and y=3.66+0.116X, r2=0.991 for soy sauce V; where X and y stand for
storage week and OD 420 nm, respectively. The equation indicated that the rate of
browning in soy sauce T was higher than V for 26.6 folds. The results from total

soluble protein analysis indicated that the quality of soy sauce T was supenor to soy

sauce V as observed in higher total protein content (6.19%) companng to soy sauce V

(4.27%). This led to the exceeding of browning in soy sauce T. /1:

HMF, which is an intermediate of the Maillard reaction, was monitored as
progressive index of the Maillard reaction {Gogus ef al., 1997; Yayilayan and Sporns,

1987). Along with browning, HMF increased in linear manner with storage time,

y=0.376+0.05X, r2=0.997 for soy sauce T; and y=0.401+0.01X, r2=0.920for soy
sauce V; where X and y stand for storage week and HMF (mM), respectively (Fig.2).
This suggested that the Maillard reaction in both soy sauces progressed during storage
with the constant rates as observed in the browning. The reaction ratec of HMF

formation in soy sauce T was higher than in soy sauce V for 5 folds. Similar

increasing pattern and the strong correlation between HMF and browning (r2=0.955

and r2=0.916 for soy sauce T and V, respectively) revealed that the browning an
b

dominated by the Maillard reaction.

Since reactive amino compound (RAC) and reducing sugar (RS), which were
the reactants of the Maillard reaction, did not obviously decrease (Fig. 3). Then the
progress of the Maillard reaction during storage of soy sauce, which monitored by

both browning (O.D. 420 nm) and HMF formation, could be modeled as a pseudo-



zero order reaction which Baisier and Labuza (1992) proposed in the Maillard
reaction model system. This might be due to the reactants of the Maillard reaction
presented in excess in the system.

The 5% TCA-precipitated protein (PP) of cach soy sauce increased during

storage (Fig.4). Since the PP amounts increased concurrently with the increase of

browning. and the correlation between PP and browning (r2=0.765 and r2=0.667, for
soy sauce T and V. respectively) were observed. PP might occur from crosslinking of
peptides or protein, which promoted by reducing sugar and carbonyls. Since, the
appearance of the precipitated protein was brown. Then increase of PP reflected the
formation of high molecular weight cross-link protein (Yaylalya and Huyghues-
Despotntes 1994), leading to the progress of the browning. Q =
In our previous study, we found that the browning during moromi
fermentation correlates with fermentation time in the manner of powered regression
with 2-stage consecutive progress. Browning develops rapidly during the first three
days of fermentation, then the rate declines. This browning progress 1s accompanied
by the decrease of PP in the manner of powered regresston, along with the linear
increase of HMF accumulation (Lertsiri er a/., 2001). From the present results, it
seemed that the finishing process by heating the soy sauce product before bottling.
conceivably plays roles in such changes. To explain the mechanism, the raw soy
sauce and finished soy sauce (seasoned and cooked) from manufacturer T were ]
examined the browning, HMF, and PP changes during storage test (Fig.5). (ll l
Afier soy sauce was seasoned and cooked, the browning, HMF amount, and
PP amount increased for 2.5, 2.7, and 2.25 folds, respectively, comparing to raw soy
sauce (Fig.5). Among these soy sauce samples, the rates of browning development

and HMF accumulation in the cooked soy sauce were higher at 3.4 and 1.7 times,
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respectively, than in the raw soy sauce during storage test. While PP in the raw soy
sauce was almost constant, the amount of PP in the cooked soy sauce obviously
increased when being heated and such PP formation continued during storage test
(Fig.5¢c). In case of Japancse koikuchi soy sauce, it is known that 50% of the total
brown color in a finished product develops during the moromi fermentation, and the
remaining of 50% is caused by cooking process (Yokotsuka, 1986). The similar
results were observed 1in browning of Thai soy sauce as well.

In general, Thai soy sauce is seasoned with table sugar and molasses. With
these ingredients, heating process would bring about the components e.g. carbonyls
from sugar fragmentation and via the pathway of Amadon product degradation. As
observed in the increase of HMF, it possibly came from 1,2-enolization pathway of
the Amadorn product degradation in the Maillard reaction {Wong, 1989). These
carbonyl intermediates could promote the browning reaction. Concurrence of PP
accumulation and browning development in cooked soy sauce were the outcome of
carbonyls formed during heating process.

Fukushima (1989) reported the most of monosaccharide in soy sauce are
glucose, xylose, galactose, arabinose, and mannose. Those hexoses and pentoses are
converted from starch and other carbohydrate, which remain from the consumption of
moulds during Koji fermentation (Sasaki and Nunomura, 1993). Our HPLC results
confirmed that the reducing sugar amount of glucose 1n soy sauce T (405 mM) was
higher than in soy sauce V (26.2 mM) for almost 15 folds. Whereas the dominant
sugar in soy sauce V was sucrose (128.5 mM), comparing to 21 mM sucrose in soy
sauce T. Sucrose might be added for seasoning. These data could explain that high
concentration of the reducing sugar in soy sauce led to high browning rate during

storage as observed in soy sauce T.



In conclusion, the browning of Thai soy sauce during storage developed in the
linear correlation with storage time. Along with the browning, the Maillard reaction,
which was monitored by HMF formation, progressed in the manner of pseudo-zero
order reaction. The rate of reaction, as well as the rate of browning, was enhanced by
the process of heating to fimish the product. This indicated that the Maillard reaction

predominantly reigned the browning of Thai soy saucc during storage.
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Legends for Figures

4
Fig.1) Browning development (OD.520 nm) during storage test of Thal soy sauce.

Soy sauce T (»), y = 10.64 + 3.09X (r2 = 0.997, p<0.05); soy sauce V {(0).y =3.66 +

0.116X (r2 =0.991, p<0.05). X and y stand for storage week and OD 420 nm,

respectively.

Fig.2) 5-hydroxymethyl-2-furaldehyde (HMF) accumulation during storage test of
Thai soy sauce. Soy sauce T (o). y = 0.376 + 0.050X (r2 = 0.997, p<0.05); soy sauce
V (0),y=0.401 + 0.010X (r2 =0.920, p<0.05). X and y stand for storage week and

HMF (mM), respectively.

Fig.3) Concentration changes of reactive amino compound (a), and thereducing sugar

(b); dunng storage test of soy sauce T (e}, and soy sauce V (0).

Fig.4) Changes of 5% trichloroacetic acid (TCA) precipitated protein amount during
storage test of Thai soy sauce. Soy sauce T (o), y =34.48 + 1.931X (r2 =0.973,p

<0.05); soy sauce V (0), y = 6.96 + 0.471X (r2 = 0.894, p<0.05). X and y stand for

storage week and protein amount (mg/ml), respectively.



Fig.5) Chemical changes of finished soy sauce (0) and raw soy sauce () during
storage test. (a) browning.y = 1.53 + 0.371X (r2 = 0.855) for raw soy source, y =
9.89 + 1.804X (r2 = 0.992) for finished soy sauce; (b) HMF, y = 0.159 + 0.009X (r2 =
0.955) for raw soy sauce, y = 0.420 + 0.014X (r2 = 0.935) for finished soy sauce; (c)
5% TCA precipitated protein, y = 3.36 + 0.148X (r2 = 0.614) for raw soy sauce, y =

5.06 + 1.80X (r2 = 0.684) for finished soy sauce.
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ABSTRACT

Enzyimatic browning reaction in tood systems is due to oxidation of phenolic
compounds by oxido-reductase cnzymes. ¢ polvphenol oxidase or ortho-diphenol
oxidase (EC 1.10.3.1). tvrosinase (EC 1.14.18.1). laccase or para-diphenol oxidase (EC
1.10.3.2). as well as peroxidase (EC 1.11.1.7). Since tyrosinasc and laccase are prevalent
among fungi. these enzymes might be responsible tor enzvmatic browning occurred in
soy sauce and soybean paste. Diphenolic compounds. /e resorcinol. catechol.
hydroquinone. guaiacol. and tyrosine. induced browning in sovbean paste moromi. This
browning was related to enzymatic browning, since heating at 100C tor 10 mun destroyved
the activity due to these substrates. Moreover. enzymatic browning inhibitors. ie.
ascorbic acid. KI. NaCl, or Na»SO3. suppressed this browning. Since resorcinol, which
is inhibitor of ortho-diphenol oxidase. also gave high browning activity. this indicated the
enzyme involved might be laccase-like enzyme (para-diphenol oxidase) which have wide
range of substrate. Moreover. such enzvmatic activity was also detected in the culture of
the mould used in starter culture, i.e. 4 oryvzae MUTK. This activity also showed similar
substrate specificity as seen in the moromi. Supplementation of the soybean extract

enhanced the enzyme activity in the cultured broth.



INTRODUCTION

Browning reaction occurring in food syvstems could be widely classified into non-
enzymatic and enzymatic reactions. Non-enzyvmatic browning is resulted from oxidation.
caramelization. or via the Maillard reaction. On the other hand. enzymatic browning is
due to oxidation of phenolic compounds by the action of oxido-reductase cnzymes. ¢.g
polyphenol oxidase or ortho-diphenol oxidase (EC 1.10.3. 1) tvrosinase (EC T.14.18.1).
laccase or para-diphenol oxidase (EC 1.10.3.2). as well as peroxidase (EC 1.11.1.7).
Both non-enzymatic and enzyvmatic browning can cause destructive changes in the
appearance and organoleptic attributes of food products. leading to short shelt” lite and
lowering market value. The implication of these brownings is considered when food 1~
processed and preserved.

Traditional fermented sovbean condiments. such as sovbean paste and soy sauce.
are commonly consumed by people in Asian countries {(Mongkolwai er «f.0 1997).
Browning in such sovbean fermented products. ¢ soy sauce and sovbean paste. plays
important roles in quality attributes ( Yokotsuka. 1986). Mash fermentation (moromi
fermentation) and pastcurization {(cooking) of raw soybean paste or raw soy sauce prior to
bottling aftect the browning in these products. About 50% to 6U% of browning in sov
sauce 1s developed during mash tfermentation. and the remaming occurs during
pasteurization (Lertsiri ¢f «f., 2001: Yokotsuka. 1986). Both developments of browning
are considered deriving mainly from the Maillard reaction (Yokotsuka. 1986).

Our previous study in the roles of the Maillard reaction during That sov sauce
fermentation revealed that the rate of browning i the mash fermentation partially

depends upon the Maillard reaction rate (Lertsiri et af.. 2001). Since polyphenol oxidase-



like enzyme. such as tyrosinase and laccase. are prevalent among fungi ( Thurston. 1994,
and sovbean is rich in phenolic compounds (Fukutake ¢f «f . 1996). In this studv. we
hypothesized the possibility of polyphenol oxidase-like enzyvme derived from the mould
used in koji fermentation. This enzyvme might be responsible for enzymatic browning
occurred during the mash fermentation. which was concomitant to the Maillard reaction.
The evidence of enzymatic browning in Thal sovbean paste fermentation s first

described.



MATERIALS AND METHODS
Materials

Resorcinol (m-dihydroxybenzenc). catechol (o-dihvdroxybenszener and
hydroquinone (p-dihydroxybenzene) were obtained from BDH (Poole. England).
Guaiacol (1-hydroxy-2-methoxybenzene) and tyrosine were from Sigma (MO, UISA)
Ascorbic acid and sodium i1odide were trom Fluka (Switzerland). Other chemicals were
of analytical grade or the best grade available supplied itom Merck (Darmstadt, Germany,
Yeast malt (YM) broth was purchased from Ditco (USA). Microorganism used n the
experiment, ie. Aspergillus orvzae MUTK, was obtained from stock culture of
Department of Biotechnology. Faculty of Science. Mahidol University.

Koji and moromi used was traditionally prepared by soybean paste manutacturer
(Lertsirt er ¢/, 2001; Mongkolwat ¢t ¢/ . 1997). The substrate consisted of sovbean and
wheat flour at a ratio of 20:3 (w/w). Soybean was soaked in water for 4 h and cooked at
116 to 121C. 1 kg/em=. for 3 h. The mixture of wheat flour and sovbean was inoculated
with koji starter culture and kept for 36 h at 35C. The koji was then mixed with 20%
NaCl brine. 1n the ratio ot 50 kg to 50 L.

Diphenol oxidase (DPO) activity assay

DPO activity in moromi and 4. ornzae cultured broth was determined by
spectrophotometrically measuring browmng at 420 nm (Iing ¢/ af.. 1998). The 1.5-m]
portion of the filtrate of moromi or broth, was added 50 ul of various substrate solutions
(0.33 mM of final concentration of resorcinol. catechol. hydroquinone. guaiacol. or
tyrosine) and 30 ul distilled water. or replaced distilled water with inhibitor solutions

(0.33 mM of final concentration of ascorbic acid. KI. NaCl. or NarSO3). The browning



of the filtrate was determined after 2-hour incubation at 37C. The control experiment
was used as the blank for measuring OD 420 nm. One unit of enzyme activity was
defined as A4 OD 420 nm/hour.
Studyv of the substrates and inhibitors of DPO) in moromi

Moromi collected on the first day of termentation. was milled with Waring
blender and filtered with membrane filter (Sartorius. 0.45 um). The clear filtrate of the
moromi was determined the activity of DPO.
Effect of NaCl on DPQ activity in moromi

The termented koji was added 0. 5. 10, 15, 20. or 25 % NaC'l brine. The mixture
was mixed with the Waring blender and filtered with membrane filter and assayed for the
DPO activity.
DPQO in A oryzae MUTK culture

YM broth was prepared by dissolving 2.1 g of YM medium in 100 ml distilled
water and supplementing with 10% v/v soybean extract (pH 6.5). Soybean extract was
prepared by blending 10% cooked soybean in distilled water (w/v) in Waring blender,
after that the extract was filtered and measured tor phenolic compound content. The
phenolic compound concentration in the soyvbean extract was (.22 mg/mil. The mould
was inoculated in the medium. and was incubated at 30C tor 4 days without shaking. The
sampling was done every day during the incubation. The filtrate of the cultured broth
was determined the activity of DPO. For time-course of the browning reaction. the
filtrate from 4-day cultured broth was added hydroquinone. and measured browning and

phenolic compounds during prolonged incubation at 37C.



Determination of browning and phenolic compond

Browning was determined by OD 420 nm (Lertsiri er af. 2001). Phenolic
compound was assayed according to tannin assay method. using Folin-Ciocalteus reagent
(AOAC 1984). Hydroquinone was used as a standard tor calibration curve.
Data Analyvsis

Data were analyzed using SPSS software, San Rafael. CA. ANOVA was used to
describe the significance of the enzyme activity and chemical changes. Means of three

separate determinations with standard deviation are reported.



RESULTS AND DISCUSSION

When the filtrate of the moromit was added diphenohie compounds, guaiacot, or
tvrosine. after 2-hour mcubation, browning was observed comparing to the control
treatment (lable ). The O 420 nm ot the control treatment was 0,086, measuring
against distilled water. Since this browning did not occur 1t the filtrate was heated at
100°C tor 10 mun. and enzymatic browning inhibitors could suppress browning
development (Table 11, These results suggested that the enzymatic process involved in
this browning. Diphenol oxidases. which leading to browning. are widely distributed 1n
plants and tungi (Maver. 1987). Such enzvmes catalyze the removal ot a hvdrogen atom
from the hydroxy group of phenolic compounds by using molecular oxygen as a terminal
electron acceptor, and convert thuse compounds into quinones. In all cases. the quinones
tormed are very reactive and are precursors for brown pigment formation (Robles er «f..
2000: Mayer, 1987). Among phenolic compounds tested. hvdroguinone, which 1s p-
dihydroxy phenol. gave the highest activity. Resorcinol, which 1s inhibttor of o-diphenol
oxidase (0-DPQO) (Ferrar and Walker, 1996), also gave high activity.  Considering
substrate specificity of 0-DPO and p-diphenol oxidase (p-DPO). these results indicated
that the enzyme involved might be laccase-like enzyme (p-DPO) which have wide range

of substrate. [accase is able to oxidize methoxy-substituted monophenols. ort/io- and

para-diphenols, as well as aromatic amines, and a considerable range of other

compounds.

When the enzymatic browning in the moromi filtrate was induced with
hydroquinone, we found that all enzymatic browning inhibitors were eftective. especially

Na3S0O3. Halide ions including NaCl, also exhibited inhibitory ctfect. This was



correspondent to the results of Ferrar and Walker (1990). those were done in the laccase
enzyme {rom Arnvllaria mellea. Since NaClis the main component of the brine in the
moromi. the eftect of NaCl concentration in moromi browning was further investipated.
The moromi fermentation was simulated by immersing koji in various concentration of
brine from 0 to 253% NaCl. and mcasured lor the enzyme activity. We found that the
higher percent NaCl of the brine. the browning activity decreased (Fig. 1), The brine with
253% NaCl showed the lowest activity in browning. NaCl inhibited this browning, as this
inhibitory eftect is seen in 0-DPO and p-DPO (Ferrar and Walker, 1996 Janovitz-Klapp
et al . 1990). These results indicated that NaC'l concentration of the brine used 15 one of

s v
the critical factors in browning development during fermentation. I

\\\. . .
According to our knowledge. there 1s no report on browning :hle to phenol
oxidase-like. laccase-like enzymes. or tyrosinase occurred during the mash fermentation
of soy sauce and soybean paste. Yong and Wood (1977} reported that tyrosinase 1s not
detected in their soybean koji termentation, although tyrosinase is widespread among the
Aspergilli. Tyrosinase catalyzes the hydroxylation of monophenols to o-diphenols. as
well as the oxidation of the o-diphenols (o o-quinones (Jimenez ef «/.. 2001). On the
other hand. tyrosinase in rice koji for rice wine fermentation has been reported (Yong and
Wood, 1977). This might be due to different strain of the mould used or inappropriate
approach of enzyme activity assay. They conducted tyrosinase assay by incubating the
koji with 3 4-dihydroxy-phenylalanine as a substrate for 5 min.  Obviously, induction
time for browning was much shorter than in our experiment (2 h).

Generally. soy sauce and soybean paste. are produced by similar processes

(Mongkolwai er al., 1997). Firstly, the koji mould (Aspergilius oryzae or 4. sojae) is



grown on soybean coated with wheat flour. The koji 1s then immersed in brine solution
for mash fermentation (moromi fermentation). The moromi of soy sauce is filtered to
give a raw soy sauce, and further cooked with heating (pasteurization). In soybean paste.
less amount of the brine solution i1s used since the solid soybean in the moromi is
consumed. Unlike the soy source. the moromi of soybean paste is heated and bottling
without filtration. Since koji content is high in the moromi of the soybean paste. the
components including various enzymes diffused from the koji are more concentrated in
soybean paste rather than in soy sauce. This might facilitate the experiment of ours to
assay the activity of the DPO. which is minor enzyme. The results in this study strongly
implied that the enzymatic browning occurred during soy sauce fermentation as well.

From our previous study. we found that browning (OD 420 nm) during the mash
fermentation of Thai soy sauce can be expressed as powered regression with fermentation
time-course (Lertsiri er al., 2001). The rate was high at the first 3 days and declined in
the later stage. Considering the contradiction between the rates of the Maillard reaction
and browning, the Maillard reaction rate is constant through the process while the
browning rate alters from time to time, decreasing along the fermentation. Thus, in
conclusion, the Maillard reaction partially reigns this browning. We assume that the
enzymatic browning simultaneously occurs with the Maillard reaction and plays
important roles in enhancement of the browning, particularly during the first 3 days of the
mash fermentation.

To verify that such enzymatic browning was originated from koji mould, culture
of the mould used in starter culture, A. oryzae MUTK, was assayed for enzymatic

browning activity. Since such enzyme activity might relate to polyphenolic compound in
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soybean, soybean extract (SE) was added in YM broth to help the induction of enzyvme
activity. As a result. the enzymatic browning activity was detected on the 2™ day of the
culture supplemented with SE (Fig.2). On the other hand. such activity was tound on the
4™ day of the culture without SE. Laccase-like activity expressed in cultured broth of ..
oryzae. MUTK also showed similar substrate specificity as seen in the moromi.
Hydroquinone yielded highest activity while resorcinol. guaiacol. and catechol gave 47%.
tyrosine gave 31% of activity due to hydroquinone. . —

To investigate time course of the browning reaction, the culture (4-dav}
supplemented with SE was added with hydroquinone and incubated for 24 hr. The
mixture was withdrawn at specific intervals to measure browning and hydroquinonc
amount. The browning increased sharply during first 5 hours of the incubation. This was

concomitant with rapid decrement of hydroquinone amount (Fig.3). Since the amount of

hydroquinone correlated with the increase in browning with strong regression (r-? =0.942),

the enzymatic action on browning during incubation was confirmed. / f._ T

i \

In conclusion, enzyme activity of DPO involved in browning of the li‘hai soybean
paste. Enzyme substrate specificity indicated that DPO found should be classified as
laccase-like enzyme or p-DPO. This p-DPO activity was also detected in liquid culture
of starter culture strain, 4. oryzae MUTK. Supplementation of SE could enhance this
enzyme activity. The browning due to p-DPO was confirmed by simulation in 4. oryzae
MUTK cultured broth by using hydroquinone as substrate. The browning occurred was
correlated to hydroquinone amount remaining mn the system. Since NaCl showed
inhibitory effect on this enzymatic browning, therefore NaCl concentration in the

fermenting mixture was also one of the critical factors in browning controls.
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Table I Enzymatic browning activity of soyvbean paste moromi by difterent

substrates.
Substrate Enzyme activity (L)
Catechol 0.26:0.04
Resorcinol 0.32+0.05
Hydroquinone 0.41+0.02
Guatacol 0.21+0.04
Tyrosine 0.31+£0.01

Enzymatic browning activity was assayed from the moromi filtrate of soybean paste.

Filtrate pH was 6.5. Values are means * SD.

Table [1 Inhibitory effect of various compounds on enzymatic browning activity in

soybean paste moromi.

Inhibitor

Inhibitory effect (%)

Ascorbic acid
KI
NaCl

NarSO3

80.3

255

38.4

90.6

Inhibitory effect was evaluated in soybean paste moromi (pH 6.5). The enzymatic

browning was induced by hydroquinone as a substrate. Inhibitory effect was

compared with the control experiment. Values are means + SD.




Legends for Figures

Fig. 1) Effect of NaCl concentration on ¢nzymatic browning activity in soxbean paste
moromi. Filtrate of the moromi was induced browning by hudrogquimone as substrare.

Moromi pH was 6.5

Fig.2) Effect of soybean extract on laccase-like enzyme activity in cultured broth of
oryzae MUTK. The mould was inoculated in YM broth with ¢ or withhout sovhean
extract supplementation. The cultured broth was withdrawn, filtered. and measured
laccase-like enzyme activity. The gray bar and the black bar present the data of

cultivation with and without soybean extract, respectively.

Fig.3) Time-course for browning development (O 420 nm: W) and the change of
phenolic compound (pg/ml hvdroquinone equivalence; ®...e) during the incubation of .

oryzae MUTK cultured broth with hsydroquinone.  The aliquot of the broth was

withdrawn at specific time interval for analyses.
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