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Chum salmon sauce mash was inoculated with barley koji (barley steamed and molded with

Aspergillus oryzae) and halotolerant microorganisms (HTMs), Zygosaccharomyces rouxii, Candida

versatilis, and Tetragenococcus halophilus, in nine different combinations under non-aseptic

conditions similar to the industrial fish sauce production and fermented at 35 ( 2.5 �C for 84 days.

The changes in the chemical components, color, and sensory properties during fermentation were

investigated. Free amino acid content was increased, and the browning of fish sauce was enhanced

by the usage of barley koji during fermentation. The halotolerant yeast (HTY) produced ethanol and

repressed the browning by consumption of reducing sugar. Inoculated Z. rouxii in the fish sauce

mash produced 2-phenylethanol (2-PE) and 4-hydoxy-2(or 5)-ethyl-5(or 2)-methyl-3(2H)-furanone

(HEMF), and C. versatilis in the fish sauce mash produced 4-ethylguaiacol (4-EG), known as

characteristic flavor compounds in soy sauce, adding soy-sauce-like flavor to the fish sauce. Thus,

inoculation of HTMs and barley koji was effective for conferring the soy-sauce-like flavor and

increasing free amino acid and ethanol contents in fish sauce product.

KEYWORDS: Fish sauce; halotolerant microorganisms; taste; flavor; Zygosaccharomyces rouxii;
Candida versatilis; Tetragenococcus halophilus

INTRODUCTION

Fish sauce is a fermented seasoning commonly produced in
inshore countries of southeast and east Asia (1, 2). Generally, a
long term for more than 1 year is required to complete the
fermentation of fish sauce because of its higher salt concentration
to prevent microbial deterioration. In many cases, off-odor is
derived from short-chain fatty acids and amines, such as tri-
methylamine, during the long fermentation period (3-5). The
fermenting process with koji could lead to the enrichment with
free amino acid in fish sauce and alleviation of the fishy odor by
the repression of short-chain fatty acid production (4, 6). How-
ever, the addition of koji to fish sauce mash also enhances the
browning of the product through the Maillard reaction (7),
because koji could supply reducing sugar.

In a previous paper, we showed that the concurrent addition of
barley koji (barley steamed and molded with Aspergillus oryzae)
and halotolerant microorganisms (HTMs), Zygosaccharomyces
rouxii, Candida versatilis, and Tetragenococcus halophilus, at the
beginning of the fermentation in chum salmon sauce production
could enrich free amino acid and severely mitigate fishy odor
without browning of the product (8). However, the time course of
flavor formation, mechanisms of browning suppression, and

effects of HTM inoculation on the chemical components have
not been elucidated.

Z. rouxii andC. versatilishave beenknownas flavor-producing
yeast in soy sauce fermentation (9-12). T. halophilus produces
lactic acid as the main organic acid in soy sauce (13). These three
HTMs have been used as commercial starters in soy sauce
fermentation to enhance the flavor and taste.

The objectives in this paper are to elucidate the effects of koji
andHTM inoculation on the sensory quality, color diversity, and
chemical components of fermented chum salmon sauce (FCSS).
Also the generation of some flavor compounds, typical in FCSS
fermented with halotolerant yeast (HTY), was investigated.

MATERIALS AND METHODS

Koji and HTMs. The concentrated starter cultures of HTMs,
T. halophilus, Z. rouxii, and C. versatilis, were purchased from Bioc Co.
(Toyohashi, Japan). Barley koji (barley steamed and molded with
A. oryzae) was also supplied from the same company.

Preparation of FCSS. Chum salmon (Oncorhynchus keta) were
caught off of the northern coast of Japan and kept frozen at -25 �C until
use. After the chum salmon were thawed at 4 �C for 16 h, they were gutted
and ovarian tissues were removed. They were then cut and minced with a
meat chopper (82 mm grinder, Higashimoto Co., Nara, Japan). A total of
800 g of commercial salt and 800 g of barley koji rehydrated according to
the instructions of the manufacturer were mixed into 4000 g of the minced
salmon. Then, variously combined HTMs (Table 1) were suspended in
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200 mL of 5% (w/v) salt solution and inoculated in the mash. The viable
cell counts of each microbe in the salt solution and in the mash were 2.9�
107 colony forming unit (CFU)/mL and 1.0 � 106 CFU/g, respectively.
The FCSS mashes were fermented at 35 ( 2.5 �C for 84 days. The
preparation and fermentation of FCSS mashes were carried out under
non-aseptic conditions similar to industrial fish sauce production.

During the fermentation, parts of FCSS mashes were periodically
picked up and centrifuged at 6800g for 30 min at 4 �C. The top fat layer
was carefully removed, and the remaining supernatant was heated at 85 �C
for 30 min in a water bath. The supernatant was mixed with 0.5% di-
atomaceous earth and then allowed to stand for 3 days at room
temperature. Finally, the product was obtained by filtration through a
layer of 5C filter paper (Advantec, Tokyo, Japan) with suction.

Analysis of Chemical Components of FCSS.Mash did not liberate
FCSS in the early stage of fermentation. After 28 days, part of the mash
was drawn and FCSSwas expressed at 14 day intervals to determine some
chemical characteristics and flavor compounds.

The total nitrogen and reducing sugar were determined by the Kjeldahl
method (14) and the Somogyi-Nelson method using glucose as a
standard (15), respectively.

For free amino acid composition analysis, 1 mL of 5-fold diluted FCSS
was vigorously mixed with 4 mL of 99.5% ethanol and centrifuged at
2100g for 15 min. A total of 300 μL of the supernatant was vacuum-dried,
redissolved in 1 mL of 0.02 N hydrochloric acid, and subjected to an auto-
matic amino acid analyzer (L-8800, Hitachi, Tokyo, Japan).

Concentrations of formic, citric, and pyrubic acids were measured with
F-kit for formic, L-citric, and pyrubic acids, respectively, according to the
instructions of the manufacturer (Roch Diagnostics, Basel, Switzerland).
Concentrations of L-lactic, L-malic, pyroglutamic, succinic, and acetic
acids were determined with high-performance liquid chromatography
(HPLC). FCSS samples were diluted 5-fold with water, filtrated through
a 0.45 μm cellulose acetate filter, and then analyzed using a HPLC system
(system 8010, Tosoh, Tokyo, Japan) with the following conditions:
columns, a TSK-gel OApak-P (6.0 � 40 mm) and two TSK-gel OApak-
A (7.8�300 mm) (Tosoh, Tokyo, Japan) catenated in tandem; mobile
phase, 0.75 mM sulfuric acid (pH 2.8); flow rate, 0.8 mL/min; reaction
mixture, 0.2 mM bromothymol blue (BTB)-15 mM disodium phosphate
(pH 8.6); column temperature, 60 �C; detection, absorbance at 450 nm.

The ethanol content was determined by gas chromatography (GC) (16).
FCSS samples were mixed with 0.25 volume of acetone as an internal
standard and then analyzed using a 263-70 gas chromatograph (Hitachi,
Tokyo, Japan) with the following conditions: column, 5% polyethylene
glycol 1000, 3 mm�2.1 m glass (GL Sciences, Tokyo, Japan); column
temperature, 75 �C; detector, flame ionization detector (FID); injector/
detector temperature, 230 �C; carrier gas, nitrogen; flow rate, 40 mL/min.

Flavor compounds were also detected with GC analysis equipped with
a capillary column. Three typical flavor compounds in soy sauce, 2-phenyl
ethanol (2-PE), 4-ethyl guaiacol (4-EG), and 4-hydroxy-2(or 5)-ethyl-
5(or 2)-methyl-3(2H)-furanone (HEMF), were extracted from FCSS with
the same modified solid extraction method as Suezawa (17). Sep-Pak C18
plus cartridge (Waters, Milford, MA) was conditioned with successive,
10 mL each of methanol and water. Before the solid extraction, FCSSwas
saturated with sodium chloride. A total of 5 mL of FCSS saturated with
sodiumchloridewas vigorouslymixedwith 50μLof 1mg/mL1-decanol as
an internal standard and then loaded onto the conditioned cartridge. After
loading the sample, flavor compounds were extracted with 0.5-0.8 mL of
methyl acetate. The capillary GC analysis for 2-EP, 4-EG, and HEMF in

the extracts was performed as described by Owari et al. (18) with some
modification using a GC16A system (Shimadzu, Kyoto, Japan) under the
following conditions: column, TC-WAX (0.25 mm�30 m, 0.25 μm film,
GL Sciences, Tokyo, Japan); column temperature, initial at 40 �C for
3 min, then raised to 210 �C at the rate of 4 �C/min, and finally held at
210 �C for 6 min; detector, FID; injector/detector temperature, 250 �C;
carrier gas, helium; flow rate, 0.5 mL/min.

Measurement of the Browning Degree of FCSS. The brown-
ing degree of FCSS was evaluated as the optical density (OD) of FCSS
at 550 nm measured using a spectrophotometer (UV-1200, Shimadzu,
Kyoto, Japan).

Sensory Evaluation. A taste panel was composed of well-trained six
members (four men and two women) aged 25-45 who have been
previously evaluated soup and seasonings. FCSS samples were diluted
5-fold with water and served to panels. Eight FCSS samples were
compared to the control FCSS fermented only with koji for the following
seven descriptors of quality: soy-sauce-like flavor, umami, tartness, salti-
ness, sweetness, lightness of the color, and total favorableness. For
four descriptors, except for lightness of the color, FCSS samples were
scored on 1-5 scales: 1, very weak (particularly unfavorable); 2, strong
(unfavorable); 3, same as the control; 4, strong (favorable); 5, very strong
(particularly favorable). Lightness of the colorwas scoredon 0-6 scales: 0,
particularly dark; 1, dark; 2, relatively dark; 3, same as the control; 4,
relatively light; 5, light; 6, particularly light. The general results for the
whole panel were consolidated. Scores were analyzed using two-way
analysis of variation (ANOVA) (19).

RESULTS

Changes in pH Value of FCSS Mash during Fermentation. The
starter microorganism mixtures inoculated in the FCSS mash
were listed inTable 1. The time course of pH change of the FCSS
mashes during the fermentationwas shown inFigure 1. The pHof
mash 1,without inoculation ofHTMorkoji, was almost constant
in the range between 5.7 and 6.0 throughout the fermentation. In
contrast, pH values of other FCSS mashes containing koji were
lowered during the fermentation. pH values ofmashes 2, 4, 5, and
8 were remarkably lowered in the first 28 days of fermentation
and then slightly lowered. In the other FCSS mashes inoculated
with HTM containing Z. rouxii, pH values were quickly lowered
only in the first 14 days of fermentation and then reduced slightly.

Changes in Chemical Characteristics of FCSS during Fermenta-

tion. The time course of free amino acid contents in the FCSS
fermented with various combinations of HTMs was shown in
Figure 2. Free amino acid contents of all FCSS samples were
increased during the fermentation and became stated at the 84th
day, when the fermentation was finished. The free amino acid
content of sample 1 was the least of all samples during the
fermentation period. The addition of koji was effective on the
increase in free amino acid of the FCSS. FCSS samples fermented

Table 1. Combinations of the starter microorganisms inoculated in the
FCSS mash

mash number barley koji Z. rouxii C. versatilus T. halophilus

1 - - - -
2 þ - - -
3 þ þ - -
4 þ - þ -
5 þ - - þ
6 þ þ þ -
7 þ þ - þ
8 þ - þ þ
9 þ þ þ þ

Figure 1. Changes in pH of FCSS mashes during fermentation. The
minced chum salmon was inoculated with various combinations of micro-
bial starters and fermented at 35 �C. Combinations of starter microorgan-
isms for FCSS mashes 1-9 are shown in Table 1.



6412 J. Agric. Food Chem., Vol. 58, No. 10, 2010 Yoshikawa et al.

with HTM and koji had higher free amino acid than sample 2
fermented only with koji.

Free amino acid composition of FCSS samples fermented for
84 days are shown in Table 2. Aspartic acid, alanine, glutamic
acid, glycine, lysine, and anserine were mainly detected from all
FCSS samples. Arginine and serine in FCSS 1 were less than in
the other FCSS samples inoculated with HTM or koji. On the
other hand, glycine, tyrosine, anserine, and ornithine contents of
FCSS 1 showed a higher value than those of other FCSS samples.
There was no characteristic feature about other amino acid
contents among all of the FCSS samples.

Organic acid composition of FCSS samples fermented for 84
days are shown in Table 3. The total organic acid contents in
FCSS inoculated with the starter containing Z. rouxii, samples
3, 6, 7, and 9, were less than those in the other FCSS samples.
FCSS samples 5 and 8, inoculated with T. halophilus, showed
higher organic acid content. Lactic, acetic, and pyroglutamic
acids were mainly detected in all FCSS samples. Succinic acid
was detected only from yeast-inoculated FCSS samples, and
especially FCSS samples 3, 6, 7, and 9 inoculated with Z. rouxii
had a higher content of succinic acid and a lower content of lactic
acid.

Changes in reducing sugar content of FCSS samples during
fermentation are shown in Figure 3. The reducing sugar content
was the least in sample 1 and the highest in sample 2 of all FCSS
samples testedduring fermentation. The reducing sugar of sample
5 was decreased remarkably after 42 days of fermentation. In

Figure 2. Changes in free amino acid content in FCSSsamples inoculated
with combined microbial starters during fermentation at 35 �C.

Table 2. Free amino acid contents of FCSS samples fermented for 84 days
with various combinations of the HTMs (mg/100 mL)a

amino acid 1 2 3 4 5 6 7 8 9

alanine 532 676 710 689 674 750 698 704 667

arginine 27 410 697 523 165 758 697 276 670

asparagine 89 77 nd 58 81 30 49 78 nd

aspartic acid 336 636 566 589 654 600 613 609 604

glutamic acid 613 715 821 801 806 890 795 826 844

glutamine nd nd nd 9 15 nd 14 5 nd

glycine 543 451 479 475 451 520 461 466 475

histidine 82 127 158 93 150 174 136 164 154

isoleucine 223 395 428 434 406 439 429 436 446

leucine 433 732 731 794 754 730 788 810 822

lysine 695 732 921 864 813 1010 845 881 912

serine 18 381 414 398 382 445 401 392 412

methionine 189 250 281 282 269 302 269 284 302

phenylalanine 176 314 381 373 332 401 358 361 379

proline 190 423 410 502 385 432 391 407 392

threonine 251 372 416 399 374 443 395 396 408

tryptophan 25 16 40 14 11 37 42 12 35

tyrosine 316 244 196 92 223 203 186 218 192

valine 312 511 581 565 533 608 565 565 569

β-alanine nd 183 118 137 164 94 159 128 115

R-amino-n-butyric acid nd 18 21 26 27 nd 23 29 nd

γ-aminobutyric acid 2 54 31 32 23 26 38 22 nd

β-aminoisobutyric acid nd 37 nd 8 68 nd nd 46 29

anserine 950 523 640 608 611 692 617 636 625

carnosine 24 7 8 5 13 8 10 7 8

cystathionine nd nd nd 3 28 nd 21 27 nd

hydroxylysine nd nd nd 2 nd nd nd nd nd

hydroxyproline 35 36 34 46 31 37 33 32 34

1-methyl histidine 0 0 0 3 nd nd nd nd nd

3-methyl histidine 3 2 2 nd nd 2 2 nd 2

ornithine 408 108 6 137 336 7 7 306 9

phosphoserine 8 37 20 25 31 17 26 27 21

sarcosine nd nd 13 17 24 16 22 25 13

total 6633 8565 9271 9101 8933 9818 9157 9279 9335

aCombinations of starter microorganisms for FCSS samples 1-9 are listed in
Table 1. nd = not detected. All values are means of duplicate measurements.

Table 3. Organic acid contents of FCSS samples fermented for 84 days with
various combinations of the HTMs (mg/100 mL)a

organic acid 1 2 3 4 5 6 7 8 9

malic acid 93 102 171 123 111 183 163 112 165

pyroglutamic acid 420 653 662 637 637 675 626 617 628

lactic acid 2870 3642 1365 2959 4245 1333 1324 3880 1352

acetic acid 914 489 701 621 536 227 591 425 431

succinic acid nd nd 415 113 nd 443 273 64 412

pyruvic acid 2 10 4 4 5 3 3 7 5

formic acid 38 20 12 3 1 4 10 2 5

citric acid 5 nd 47 16 10 41 36 13 35

total 4341 4916 3377 4476 5546 2910 3026 5121 3032

aCombinations of starter microorganisms for FCSS samples 1-9 are listed in
Table 1. nd = not detected. All values are means of duplicate measurements.

Figure 3. Changes in reducing sugar content in FCSS samples inoculated
with combined microbial starters during fermentation at 35 �C. Reducing
sugar was calculated as glucose.

Figure 4. Changes in the ethanol content in FCSS samples inoculated
with combined microbial starters during fermentation at 35 �C.
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FCSS samples 4 and 8, a decreased rate of sugar was stalled after
56 days of fermentation. Reducing sugar contents of the other
FCSS samples inoculated with HTMs hardly changed.

Changes in the ethanol content of FCSS samples during
fermentation are shown in Figure 4. Ethanol was produced in
FCSS samples inoculatedwith yeasts. InFCSS samples 3, 6, 7 and
9, inoculated with Z. rouxii, ethanol was greatly produced by the
first 28 days of fermentation, and then samples 3 and 6 showed a
remarkable decrease in the ethanol content. Ethanol in FCSS
samples 7 and 9 was also decreased, but those decrease rates were
lower than samples 3 and 6. In contrast, the ethanol contents of
samples 4 and 8, inoculatedwithC. versatilis, were increased after
28 days of fermentation. Although HTY was not inoculated in
sample 5 mash, ethanol in it was continuously increased after 56
days of fermentation. In the later period of the fermentation of
sample 5 mash, the growth of contaminated yeast was confirmed
by culture-dependent and -independent methods from a previous

paper (20). Therefore, the ethanol production of sample 5 might
be due to the growth of contaminated yeast.

Production of Flavor Compounds by HTYs in FCSS during

Fermentation. Changes in concentrations of three flavor com-
pounds, 2-PE, HEMF, and 4-EG, in FCSS mash during fermen-
tation are shown inFigure 5.Noneof these flavor compoundswas
detected in FCSS samples 1 and 2, not inoculated with HTYs
throughout the fermentation. Although FCSS sample 5 was
inoculated only with T. halophilus, these flavor compounds that
should be specific in products fermentedwith yeastswere detected
after 70 days of fermentation.

Concentration of 2-PE was less than 10 ppm in most of
the FCSS samples inoculated with HTM. However, it reached
20 ppm in FCSS sample 8 at the 70th day. HEMF was produced
less than 15 ppm in FCSS samples 3, 4, and 5, while it reached
over 20 ppm in samples 6, 7, 8, and 9. FCSS sample 6 at the
56th day of fermentation contained the highest concentration
(45 ppm) of HEMF among the samples. FCSS sample 8 had
the highest concentration of 4-EG among the samples in every
sampling time, and its maximum concentration reached 5 ppm in
the mash.

Browning of FCSS during Fermentation. The optical density at
550 nm was measured to estimate the degree of browning of the
FCSS (Figure 6). Sample 1without inoculation of koji andHTMs
showed the lowest browning of all FCSS samples throughout the
fermentation period. Koji used samples without HTM inocula-
tion, sample 2, showed the highest increase in brownness during
the fermentation. FCSS samples inoculated with HTM showed
lower browning than sample 2, regardless of the addition of koji,
which might suggest that HTMs could suppress browning of
FCSS during the fermentation.

Sensory Properties of FCSS Samples. Among the seven de-
scriptors, a significant difference was observed in soy-sauce-like
flavor, lightness of the color, umami, and total favorableness
(Figure 7). Soy-sauce-like flavorwas only given by the addition of
both koji and HTM inoculation. FCSS samples inoculated with
onlyZ. rouxiior two of threeHTMs showed a significantly higher
umami score than FCSS samples not inoculated with either koji
or HTY. While lightness of the color was decreased by koji
addition, FCSS samples inoculatedwithHTYwere not darkened,
owing to koji addition. Koji-added FCSS samples showed the
higher score in total favorableness.

DISCUSSION

The pH of sample 1 mash without the starter microorganisms
remained almost constant during the fermentation, and in con-
trast, pHvalues of the othermasheswith the addition of koji have
fallen from the beginning of fermentation (Figure 1). Generally,

Figure 5. Changes in the content of flavor compounds in FCSS samples
inoculated with combined microbial starters during fermentation at 35 �C.
Flavor compounds: (a) 2-PE, (b) HEMF, and (c) 4-EG. These compounds
were not detected in samples 1 and 2 during the fermentation.

Figure 6. Changes in brownness (OD550) of FCSS samples inoculated
with combined microbial starters during fermentation at 35 �C.
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Figure 7. Sensory properties of FCSSsamples inoculatedwith various combinedmicrobial starters. Eight FCSSsampleswere compared to theFCSSsample
fermented only with koji (sample 2 in Table 1 used as a control) with seven descriptors of quality; soy-sauce-like flavor, tartness, saltiness, sweetness, umami,
lightness of color and total favorableness. For six descriptors except for lightness of the color, FCSS samples were scored on 1-5 scales: 1, very weak
(particularly unfavorable); 2, strong (unfavorable); 3, same as the control; 4, strong (favorable); 5, very strong (particularly favorable). Lightness of the color
was scored on 0-6 scales: 0, particularly dark; 1, dark; 2, relatively dark; 3, same as the control; 4, relatively light; 5, light; 6, particularly light. The general
results for the whole panel were consolidated and analyzed using two-way analysis of variation (ANOVA) (19). (/) p < 0.05.
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the glucide content of marine products is relatively less than that
of agro-products (21) and, therefore, should not be sufficient for
microorganisms to produce organic acid to drop pH. In this
experiment, starch in koji was glycolysed by A. oryzae and then
starter or HTMs from the environment could produce organic
acid from glucide supplied from the koji. The pH decrease rate of
mash (sample 8) inoculated with T. halophilus and C. versatilis
showed the same rate as that of mash (sample 5) inoculated with
T. halophilus alone. In the soy sauce fermentation, it has been
known that C. versatilis does not influence the growth of
T. halophilus (22).

In soy sauce fermentation, when the growth of Z. rouxii
predominated over that of T. halophilus, it has been known that
the pH ofmash would tend to be higher because of the repression
of T. halophilus growth (23-25). The organic acid concentration
ofFCSS samples inoculatedwith starters containingZ. rouxiiwas
lower than others (samples 3, 6, 7, and 9), as shown in Table 3.

Succinic acid was detected in FCSS samples inoculated with
yeast starters. It is known that succinic acid could be produced by
autolysis of HTY in soy sauce fermentation (26). Succinic acid in
the FCSS samples might be produced by the same mechanism as
in soy sauce. The organic acid concentration of 1 and 2 samples in
Table 3 indicates that lactic acid should increase using glucide
supplied from koji. Then, lactic acid was decreased because of the
inhibition of T. halophilus growth or the competitive consump-
tion of glucide by Z. rouxii (samples 3, 6, 7, and 9).

As for the amino acid composition of FCSS products, the
arginine content of FCSS samples (samples 5 and 8) inoculated
with T. halophilus, except with Z. rouxii at the same time, was
the least of all samples. Decomposition of arginine by the
T. halophilus strain was reported by Iituka et al. (27). It is known
that ornithine and citrulline were formed from arginine by lactic
acid bacteria or koji (A. oryzae) (28). This information seems to
explain the higher ornithine content and lower arginine content
of samples 5 and 8. In the case of samples 7 and 9, Z. rouxii and
T. halophilus were concurrently inoculated and Z. rouxii is
presumed to inhibit the conversion of arginine to ornithine by
T. halophilus. It was also reported that the strain that had an
arginine degrading activity or an amino acid decarboxylating
activity, repressed the acidification of mash (13).

Park et al. (29) reported that alanine, aspartic acid, cystine,
glutamic acid, histidine,methionlne, proline, tyrosine, valine, and
pyroglutamic acid were taste-active components in Vietnam-
ese fish sauce. Percentages of the taste-active compounds to the
amount of free amino acid and organic acid inFCSS samples 1-9
were 21.7, 30.7, 31.8, 30.8, 31.4, 33.6, 31.7, 31.8, and 30.8,
respectively. This suggested that the addition of koji did not only
increase the free amino acid by proteolysis but was also effective
at enriching the taste of FCSS. Furthermore, FCSS samples with
koji added had a stronger aftertaste and foretaste and less
bitterness than that fermented without koji and HTMs. This
might be due to the difference of the composition of taste-active
compounds.

The reducing sugar content in sample 1, fermentedwithout koji
andHTMsaddition,was at a remarkably low level, because of the
lack of a great sugar source (Figure 3). Sample 2, added only with
koji, showed the greatest sugar content among the samples, and
the other FCSS samples (3-9) inoculated with HTMs contained
less sugar.HTY counts of the FCSSmash of this experimentwere
reported in detail in a previous paper (20). From 2mash, HTY as
a reducing sugar consumer had not been detected throughout
fermentation. In mashes 3, 6, 7, and 9, the first growth peak of
HTY was observed within 10 days and reducing sugar would be
almost consumed by the starter HTY in the early period of
fermentation. Reducing sugar contents of FCSS samples 4 and 8,

inwhichHTYcountswere less than the initial count until the 14th
day, were higher than those of other HTY-inoculated FCSS
samples. The fluctuation of the sugar content in eachFCSSmight
reflect the growth pattern of HTY. In mash 5, the maximum
growth (about 108 CFU/g of mash) of halotolerant lactic
acid bacteria was observed from the 10th to 28th day and then
the growth of wild yeasts was observed after 42 days of fermenta-
tion. The reducing sugar content of FCSS sample 5 was likely to
be affected by the yeast rather than lactic acid bacteria (HTL).
Thus, the decrease in sugar during fermentation might be closely
related to the function of HTY. The reducing sugar content of
FCSS should be characterized by the supply from koji and
consumption by HTY.

Z. rouxii produced a greater amount of ethanol than
C. versatilis (Figure 4). The ethanol content of FCSS inoculated
withHTM starters includingZ. rouxii (samples 3, 6, 7, and 9) was
the highest at the 28th day and then decreased during fermenta-
tion. On the other hand, the maximum ethanol content was
observed at the 70th and 56th days in FCSS sample 4 inoculated
with C. versatilis alone and in FCSS sample 8 inoculated with
C. versatilis andT. halophilus, respectively. These suggest that the
ethanol formation in FCSS at the earlier and later period of the
fermentation depended upon Z. rouxii and C. versatilis, res-
pectively. Thus, the ethanol content should also be closely related
toHTYgrowth. A decrease in the ethanol content produced from
sugar by HTY in the FCSS samples during fermentation might
be due to consumption to produce other compounds, such as
ethyl ester.

Some flavor compounds that have been typical in soy sauce
fermented with HTYs were detected in FCSS with HTY of this
study. Furanone is one of the characteristic flavor compounds in
soy sauce, and HEMF is especially known as a flavor compound
produced by yeast (30, 31). However, HEMF had not been
detected in fish sauce previously (3-5). 4-EG is known as a
specific secondary metabolite produced from ferulic acid by
C. versatilis or C. etschelsii in soy sauce fermentation (9-11).
2-PE, produced mainly by Z. rouxii, is also known as a char-
acteristic flavor of soy sauce (12). Thus, these flavor compounds
in fish sauce fermentationmight be produced through inoculation
of HTY to the mash. The production of these compounds in fish
sauce has not been shown by former experiments (5-7), and this
is the first report to detect these flavor compounds in fish sauce. In
this report, HEMF in the fish sauce could be successfully detected
by solid-phase extraction after saturation with sodium chloride.

Three compounds were not detected fromFCSS samples 1 and
2 without HTY. From FCSS sample 5 inoculated only with
T. halophilus, however, these flavor components were detected
after 70 days of fermentation. HTYs, C. versatilis and Pichia
guilliermondii, were detected after 42 days of fermentation (20).
These flavor components might be produced by yeasts fortui-
tously contaminated. All FCSS samples inoculated withZ. rouxii
contained 2-PE. 4-EG was detected from all FCSS samples
inoculated with C. versatilis. Ethanol produced in FCSS sample
5 at the later period of fermentation is also considered to reflect
the action of the wild HTY.

The excess amount of 4-EG has been perceived as an unplea-
sant chemical flavor of the product. Yokotsuka et al. (10)
reported that the preferable concentration of 4-EG in high-
quality soy sauce ranged from 0.5 to 1 ppm and not over 2
ppm.All HTM starters containingC. versatilis produced 4-EG in
the favorable range at the 84th day.

HEMF, 2-PE, and 4-EGwere detected even in FCSS sample 5
inoculated only withT. halophilus. In a previous paper (20), HTY
was detected after the 42nd day from the mash inoculated only
with T. halophilus and was identified as C. versatilis and
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P. guilliermondii. The viable cell count of these yeasts reached ca.
107 CFU/g and was almost the same as in FCSSmash inoculated
with HTY. The concentrations of these flavor compounds
produced in FCSS sample 5, however, were lower than those of
HTY-inoculated FCSS samples at the start of fermentation. In
FCSS samples 4 and 8, HEMF and 2-PE were formed without
Z. rouxii inoculation. In those cases, non-starter yeast might
temporally grow and produce them. The growth of non-starter
yeasts contaminated accidentally would cause the instability of
qualities, such as flavors. As mentioned above, the inoculation of
yeast starters at the start of fermentation was considered to be
effective for enrichment of favorable flavors in FCSS.

As shown in Figures 3 and 6, FCSS samples of higher sugar
content showed a higher degree of brownness. Because fish meat
as the main material of fish sauce contained a limited amount of
reducing sugar for the Maillard reaction, the FCSS fermented
without koji would show weak browning (sample 1 in Figure 6).
In a previous paper, we pointed out that the pH falling within the
first 7 days of fermentation could prevent FCSS from brown-
ing (8). FCSS sample 5 showed the highest browning of all FCSS
samples inoculated with HTMs, and reducing sugar in FCSS was
rapidly consumed for browning after the 42nd day and finally
reached the same level as in the other HTM-inoculated FCSS
samples.

Sensory evaluation showed that HTM inoculation did not
affect saltiness, tartness, and sweetness. However, HTM and koji
inoculation had significant quality-improving effects concerning
soy-sauce-like flavor, lightness of color, umami, and total favor-
ableness. Panelists recognized more soy-sauce-like flavor from
FCSS fermented by HTY and koji than that produced without
koji and HTM. Three typical flavor components of soy sauce
produced by HTY starter were detected from HTY-inoculated
FCSS (samples 3, 4, 6, 7, 8, and 9) and wild-yeast-contaminated
FCSS (sample 5). This suggests that the soy-sauce-like flavor was
conferred toFCSSbyHTY.HTM-inoculated FCSS samples had
a less fishy odor in a previous paper (8). HTM-inoculated FCSS
samples in this experiment also have a less fishy odor. The fishy
odor might be masked with soy-sauce-like flavor compounds
produced byHTY starter. Although the amount of organic acids
was different among the FCSS samples, it did not affect both
tartness and total favorableness of the FCSS samples. The light-
ness score of the color reflected the browning (optical density at
550 nm) of FCSS. It was considered that the combination of the
starter and koji (FCSS samples 6-9) was suitable to produce the
FCSS with light color. The soy-sauce-like flavor and umami
might affect positively the total favorableness because of similar-
ity of the score pattern among them.

In conclusion, inoculationwithHTMstarters andkoji inFCSS
mash at the beginning of fermentation was effective to improve
color and confer soy-sauce-like flavor and umami on fish sauce.
The following combinations of koji and HTM starters are esp-
ecially suitable for producing an ideal quality of fish sauce: koji,
Z. rouxii, and T. halophilus; koji, Z. rouxii, and C. versatilis; and
koji, Z. rouxii, C. versatilis, and T. halophilus. Thus, microbial
starters could be useful for control characteristics and quality of
fish sauce.
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