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Abstract. Tempeh, a traditional Indonesian food rich in nutrients, has a limited shelf life which can
negatively impact its quality. To extend its shelf life and enhance its functional value, tempeh can be
processed into soy sauce. Typically, soy sauce contains high levels of sodium, which is a dietary concern.
Therefore, this study aims to learn about the salt concentration factor on physicochemical and organoleptic
characteristics of tempeh-based soy sauce. This study used one factor: NaCl concentration of 10.0%, 12.5%,
15.0%, 17.5%, and 20.0% with variations in KCI concentration while the total salt in brine solution was
20.0%. After a month of fermentation, pH, total dissolved solids, volatile aroma compounds, and hedonic
tests were conducted. This study demonstrated that increasing sodium chloride (NaCl) concentrations in
tempeh-based soy sauce results in a decrease in pH and an increase in total dissolved solids over a one-
month fermentation period. There were 108 volatile aroma compounds detected in all of the soy sauce
samples, but only 18 of the same volatile aroma compounds were identified, consisting of alcohols (6),
ethers (2), acids (2), aldehydes (2), organosilicon compounds (3), sulfuric component (1), and other
compounds (2). The sensory evaluation revealed no significant differences between samples, though the

highest panellist acceptance for aroma and taste was at 15.0% NaCl concentration.

1 Introduction

Indonesia is known as an agricultural country and one
of the foodstuffs produced in this country is soybeans
which can be processed into tempeh. Tempeh is a
traditional Indonesian food and is made through a
fermentation process with the help of Rhizopus spp. [1].
Tempeh is more soluble in water and easier to digest
than soybeans, because during the fermentation process
the components of the soybean are decomposed and
simplified, so that the components become smaller and
simpler. Tempeh has a high protein content (46.68-
52.70%), so this food can be used as an alternative
ingredient for vegetable protein sources. In addition,
tempeh also has the potential to improve health, as well
as provide alternative options for procuring affordable
nutritious food [2].

Indonesia is the world's biggest tempeh
manufacturer and the biggest soybean advertiser in Asia.
About 50% of soybeans are used to produce tempeh,
40% for tofu and 10% for other products (e.g., tauco and
soy sauce). Even though tempeh has high production
potential, its quality can decrease when it reaches
consumers. This is due to the uneven distribution of the
population and the shelf life of tempeh which is less than
48 hours [3]. When the shelf life has passed 48 hours,
the Rhizopus fungus will die, while other fungi will
grow. After that, bacteria present in tempeh will break
down the protein and cause an unpleasant odor from
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ammonia because of protein degradation [4]. This
makes it difficult to send tempeh to remote areas. The
short shelf life of tempeh can result in a decrease in
product quality and cause tempeh traders who do not
have refrigerators to find it difficult to sell the tempeh
product again. Therefore, we need a method to extend
the shelf life of the tempeh.

Tempeh can be processed into soy sauce to increase
the shelf life and functional value which can last around
3 years if stored properly. Otherwise, tempeh can be
used as an alternative material, other than koji, because
of the high protein content. The protein content in
tempeh is an important element that can be used as a raw
material for making soy sauce, so this material was
chosen for soy sauce research. Soy sauce is made from
saline water containing high salt concentrations. High
salt concentrations in the range of 20-23% are known to
inhibit the growth of spoilage microorganisms and
create anaerobic conditions during moromi fermentation
[5]. In addition, the high salt concentration in the
manufacture of soy sauce is also important for the
product's organoleptic properties, such as texture and
aroma [6]. However, consuming too much sodium can
cause various diseases, such as hypertension,
cardiovascular and kidney failure. Therefore, the
demand for soy sauce with low salt concentration is
increasing. The World Health Organization (WHO) has
recommended low sodium, where the concentration
ranges from 9-13% NaCl [7]. Reducing the salt
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concentration can also be beneficial in terms of the
production process, where it can speed up the moromi
fermentation stages [6].

Based on that problem, this study is conducted for
making soy sauce from tempeh with sodium chloride
(NaCl) concentrations of 10.0%, 12.5%, 15.0%, 17.5%,
and 20.0% with variations in potassium chloride (KCl)
concentration using a total of 20% salt concentration on
brine solution. Besides its characteristics, the treatment
of soy sauce with a formulation of 10-20% sodium
chloride concentration with a variation of potassium
chloride was chosen to determine whether soy sauce is
still safe for consumption or not.

2 Methods

2.1 Tempeh and koji fermentation

A total of 5 treatments of soy sauce samples and a
control sample were made in this study with three
repetitions. Initially, 500 grams of soybeans were
soaked for 24 hours. Then, the process was peeling the
epidermis, soaking for 30 minutes, and boiled with 1 L
water for koji as control. Meanwhile, tempeh was made
from boiling soybeans using 1% lactic acid with 1 L of
water. After that, the soybeans are cooled and then
mixed with 1 gram of Rhizopus oryzae, then put in
perforated plastic and fermented for 3 days. Meanwhile,
the koji made by sown the soybeans on a tray and added
with 2 grams of koji starter, then fermented for 4 days.
Koji were fermented in a cold room and stirred
periodically to lower the soybean temperature.

2.2 Moromi fermentation

Every 500 grams of fermented soybeans was put in a jar
for each treatment. Then, 1 L of water was prepared for
soaking fermented soybeans with concentrations of
10.0% NaCl, 12.5% NaCl, 15.0% NaCl, 17.5% NacCl
and 20.0% NaCl with varying concentrations of
potassium chloride for the treatment of soy sauce with
yeast tempeh. Meanwhile, for the control sample using
20.0% NaCl solution. The solution that has appropriate
concentration was poured into a jar containing
fermented soybeans. The jar was closed half tightly.
After that, moromi was fermented for 1 month.

After the moromi fermentation process, each soy
sauce sample was filtered. Then, soy sauce was cooked
with the addition of spices. The spices added for the soy
sauce cooking process consist of lemongrass, galangal,
bay leaves, and lime leaves. The mixture of 100 mL
water, 10 grams of lemongrass seasoning, 15 grams of
galangal was blended. Then, the blended mixture and
raw soy sauce liquid was mixed along with 2 grams of
bay leaves and 1 gram of lime leaves. Control samples
cooked without the addition of spices. Then soy sauce
was pasteurized for 15 minutes and filtered using a
cheesecloth.

2.3 pH analysis

Analysis of pH was carried out by calibrating the ATC
pH meter using a buffer solution of pH 4.01 and 6.86.
This pH meter serves to determine the level of acidity or
alkalinity of a solution [8]. The pH measurement begins
with dipping the pH meter into the soy sauce sample,
then wait until a constant value is obtained. Data
collection was carried out three times for each sample
and every 3 days during moromi fermentation.

2.4 Total dissolved solids

The total dissolved solids in each soy sauce sample were
measured using the ATAGO Digital Pocket
Refractometer PAL-COFFEE (BX/TDS). The total
dissolved solids are the amount of solids contained in
the soy sauce sample [9]. Initially, the refractometer
prism was cleaned and dried using a paper. Then, the
soy sauce sample was dripped sufficiently on the prism.
Next, press the start button and wait until the
refractometer displays the total dissolved solids data.
For the total dissolved solids test, the data will be
displayed in units (%). Data collection was carried out
three times for each sample and every 3 days during
moromi fermentation.

2.5 Volatile aroma compounds

Analysis of volatile aroma compounds was carried out
at the Balai Besar Penelitian Tanaman Padi Sukamandi
Flavor Laboratory. In principle, the identification of
volatile aroma compounds is carried out by separating
each  volatile aroma compound using gas
chromatography and the structure of each of these
compounds will be analyzed by mass spectrometry [10].
Initially, this analysis was carried out by mixing 5 mL
of sample in 22 mL SPME vial and extracted at 60°C for
30 minutes with 2 cm of SPME DVB/CAR/PDMS fiber
[11]. The instruments used in this analysis were GC
Agilent 7890A and MS Agilent 5975 XL EI/CL
Furthermore, DB-Wax (30 m x 250 pm x 0.25 um) was
used to separate volatile compounds with the help of
helium as a carrier gas, this process lasted for 1
mL/minute. The injector used is splitless and the
temperature is set at 250°C. The oven temperature was
set to 40°C and held for 3 minutes, then increased at a
rate of 6°C/minute and the temperature was raised again
until it reached 230°C. Then, the oven temperature was
held at 230°C for 10 minutes. In the range of 33-450
a.m.u, a molecular weight scan is performed.
Identification of constituents in the analysis of volatile
aroma compounds is determined from a comparison of
the retention index with pure reference. In addition, also
with a computer that has been adapted to a commercial
mass spectrum library.

2.6 Hedonic

The hedonic test uses three parameters consisting of
aroma before tasting, aroma at tasting, and taste. This
hedonic test aims to determine the level of consumer
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acceptance or preference for the sample tested [12]. A
total of 5 sample treatments with three repetitions will
be carried out as a hedonic test. The panelists used for
the hedonic test were 30 untrained panelists. The
assessment of this level of liking will be interpreted on
a numerical scale from 1-9, where a score of 1 indicates
"dislike extremely" and a score of 9 states "like
extremely". The hedonic test data that has been collected
will be further analyzed statistically using a one-way
ANOVA test with a significance level of a = 0.05 and
Duncan's post hoc test.

3 Results and discussion

Results expressed in each table were mean =+ standard
deviation from 3 replications. Data with different

superscripts were significantly different at p < 0.05, as
observed by analysis of variance (ANOVA) followed by
Duncan post hoc test. Measurement of pH value and
total dissolved solids lasted for a month and was carried
out every 3 days. Based on the salt concentration, the
results in Table 1 show that on days 9, 15, 21, 24, 27,
and 30 there was a decrease in the pH value as the salt
concentration increased. According to Widyastuti et al.
[13], the addition of salt concentration can cause an
increase in acidic compounds, so that the pH of soy
sauce products cannot increase. In addition, the decrease
in pH value is also caused by ionic bonds that occur in
H* ions from water with Cl- ions from salt, resulting in
the formation of HCI compounds which provide acidic
conditions.

Table 1. pH value of tempeh-based soy sauce made from different concentration of NaCl and KCI.

. pH value
Fet.r;lfl(l;:nn;m %NaCl: %KCl

y 10:10 12.5:75 15:5 17.5:2.5 20:0
0 - - - - -
3 6.07£0.12° 6.0320.23° 5.67£0.25° 5.90£0 26" 5.0040.26°
6 6.23£0.15% 6.23£0.12% 5.07£0.50% 6.13£0.21% 6232045
9 6.63£0.35% 6.67£0.32 6.23£0.55% 6.8740.25 6.6340.55%
12 6.6020.40% 6.50£0.36" 6.30£0.44% 6.43£0.20% 6.5320.67%
5 6.5020.17% 6.67£0.15% 6.7320.15° 6.77£0.15% 6432047
18 6.93£025° 6.80£0.200 6.6320.35° 6.60£0.10% 6.6740.49%
21 6.8000.26° 6.03£0211 6.700.10° 7.00£0.26% 6.8320.47%
24 7.800.17° 7.8320.06" 7,800,107 7.5720.15% 7.5340.38°
27 7.430.159 73720.15° 73720150 72720319 7.10£0.62%
30 7.50£0.109 7.73£021 7832021 7,830,128 7.53£0.55°

*Results expressed were mean + SD from 3 replications. Data with different superscripts were significantly different at p < 0.05.

Furthermore, the pH value seems to have increased,
but the pattern of changes in the pH value tends to be
different for each sample. According to Pangestika et al.
[14], the different patterns of changes in pH values are
caused by differences in the number of microorganisms
that grow in each sample during the moromi
fermentation. In the treatment of 10.0% and 12.5% NaCl
concentration on the 27" day, the pH value decreased.
Singracha et al. [15] stated that a decrease in the pH
value during moromi fermentation indicates
fermentation by lactic acid bacteria, where these
bacteria convert glucose into organic acids. The data
obtained on the 30" day showed a pH value ranging

from 7.50 to 7.83. According to Hoang et al. [16], if the
final pH value after moromi fermentation is above 5,
then it can be said that the pH value is ideal because a
pH value of less than 5 can have a negative impact on
the sensory characteristics of soy sauce samples. Then,
a pH value below 5 can also stop the activity of lactic
acid bacteria and encourage yeast to grow, such as
Zygosaccharomyces rouxii which can produce alcohol
and other flavor components.

Based on Table 2, the results show that the soy
sauce treatment with 10.0% NaCl concentration on day
30 (16.18 £ 0.20%) had the highest total dissolved solids
value.

Table 2. Total dissolved solids of tempeh-based soy sauce made from different concentrations of NaCl and KCl.

Fermentation Total dissolved solids (%)
e ( " ;’ %NaCl: %KCl
Y 10:10 12.5:7.5 15:5 17.5:2.5 20:0

0 - N - - _

3 13.29+0.29* 13.11+0.342 13.704+0.33* 13.74+0.122 13.79+0.182
6 14.1140.09° 13.91+0.28P 14.49+0.38P 14.51+0.43P 14.00+0.392
9 14.33+0.36°¢ 14.35+0.13% 14.73+0.08%° 15.01+0.34%° 14.78+0.66
12 14.93+0.28°¢ 14.66+0.19 15.140.34< 15.19+0.54b<d 15.37+0.61¢
15 15.08+0.24°¢ 14.60+0.32¢ 14.76+0.33% 15.15+0.36% 15.50+0.41¢
18 15.15+0.39¢ 15.10+0.294 15.43+0.134¢ 15.84+0.354 15.77+0.29¢
21 15.05+0.35°¢ 14.97+0.16% 15.12+0.30% 15.41+0.48% 15.76+0.59<
24 15.12+0.33¢ 14.89+0.32¢d 15.35+0.17¢ 15.7540.12¢d 15.9540.664
27 15.02+0.44°¢ 15.09+0.10¢ 15.56+0.254¢ 15.70+0.24< 15.44+0.33<
30 16.18+0.20¢ 15.24+0.934 15.86+0.27¢ 15.53+0.73¢ 15.89+0.864

*Results expressed were mean + SD from 3 replications. Data with different superscripts were significantly different at p < 0.05.
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The total dissolved solids value measured for all
samples for one month tended to increase, except for the
soy sauce sample treated with 20.0% NaCl
concentration which decreased on the 30" day, but its
appearance was not significantly different from the 27"
day. This increase in the total dissolved solids value was
due to the longer intimidation process time [17].

According to Kusumadati et al. [5], the increase in
total dissolved solids is thought to be due to the
hygroscopic nature of salt. The hygroscopic nature of
salt serves to attract air and materials dissolved in it, so
that the osmotic pressure of the substrate increases and
results in osmosis from the material to the salt solution.
When approaching the first stage, simple compounds are
produced and dissolve into the filtrate during the
moromi process. The mold found growing on soybeans
plays a role in producing enzymes, where these enzymes
can convert proteins into amino acids. Then, almost all
types of amino acids can be found in soy sauce,
including amino acids (valine, leucine, and isoleucine)
and hydrophilic amino acids (glutamate, glycine, and
aspartate), as well as aromatic amino acids
(phenylalanine). Therefore, the total dissolved solids
value can also be derived from the amino acid content in
the soy sauce product [18].

Based on the results obtained, the data showed that
108 volatile aroma compounds were detected in all of
the soy sauce samples. The data in Table 3 shows that
18 of the same volatile aroma compounds were
identified in all treatments of soy sauce samples,

consisting of alcohols (6), ethers (2), acids (2),
aldehydes (2), organosilicon compounds (3), sulfuric
component (1), and other compounds (2). Several
studies have discussed the volatile aroma compounds
found in commercial soy sauce. The study by Diez-
Simon et al. [19] showed that soy sauce is particularly
rich in various volatiles, including alcohols, acids,
esters, aldehydes, ketones, phenols, furans, pyrazines,
and sulfur-containing compounds. Moreover, Li et al.
[20] showed that soy sauce has flavor compounds
including alcohols, furans, esters, acids, aldehydes, and
other. Therefore, there were different characteristics of
volatile compounds identified in soy sauce made from
tempeh and commercial (koji and wheat).

Furans were not found in tempeh-based soy sauce
due to the different raw materials. Commercial soy
sauce used starch such as wheat so that microbes can
decompose it into sugar which is the raw material for the
Maillard reaction [20]. Ketones are formed by the
Maillard reaction during the heating process of soy
sauce. However, ketones were not found in tempeh-
based soy sauce. This may be attributed to wheat as raw
material because a previous study showed that ketones
were detected in bread crusts and wheat [21]. According
to Wanget al [22], amino-reduced ketones' self-
condensation and oxidation reactions can produce
pyrazines. Since the tempeh-based soy sauce not shown
the ketone's volatile aroma, pyrazines were not
produced.

Table 3. Volatile aroma compounds of tempeh-based soy sauce made from different concentrations of NaCl and KCI.

Area (%)
0, .0,

Volatile Compounds lz.s?NaCl. /oKCll7.5:

10:10 75 15:5 25 20:0
Alcohol
Octaethylene glycol 0.54 0.46 1.19 1.53 0.68
Decaethylene glycol 1.21 0.49 0.49 0.76 1.95
Heptaethylene glycol 0.55 0.17 0.24 0.46 0.54
Hexaethylene glycol 0.84 0.16 0.13 0.16 0.50
Phenyl ethyl alcohol 3.16 0.59 2.83 1.97 1.21
Ether

1,4,7,10,13,16-Hexaoxacyclooctadecane

0.94 1.69 1.57 1.53 1.95

1,4,7,10,13-Pentaoxacyclopentadecane

1.46 1.69 0.45 2.16 1.04

Hexaethylene glycol monododecyl ether

0.45 0.42 0.13 1.53 0.25

Propyl hexaethylene glycol ether

1.46 0.77 0.38 0.36 0.16

Acid

Acetic acid

2.74 1.75 1.91 0.72 2.16

2-methyl-propanoic acid

0.71 0.56 0.99 0.69 1.20

Aldehyde

Benzaldehyde

1.45 0.82 1.85 2.39 2.58

Benzene acetaldehyde

1.22 0.54 1.36 0.60 1.03

Organosilicon compounds

Dodecamethylcyclohexasiloxane

13.63 | 5.59 5.24 4.02 4.68

Decamethylcyclopentasiloxane

13.84 | 27.71 | 17.52 | 18.65 | 17.52

Octamethylcyclotetrasiloxane

12.07 | 30.97 | 26.13 | 30.82 | 21.84

Others
Methional 1.13 0.31 0.84 0.30 0.65
Toluene 0.66 0.42 0.96 0.21 0.59

Feng et al. [23] showed that Japanese soy sauce has
relatively high levels of esters and phenols aroma

compounds compared to Chinese soy sauce. This may
be attributed to the high proportion of wheat used in soy
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sauce production. Meanwhile, Table 3 showed that
esters compounds were not found in tempeh-based soy
sauce, likely due to wheat not being used in this
fermentation. On the other hand, some acids were only
detected in low-salt solid-state fermentation soy sauce
(LSFSS), which was produced by an ageing period of
about 15 days using a brine solution of about 15% [24].
Since this study used 1 month fermentation time,
slightly like the LSFSS method, the acids were founded
in tempeh-based soy sauce due to the different mould
species employed in different fermentation times.

Alcohol group contributes to the sweet aroma of soy
sauce products. The phenyl ethyl alcohol compound had
the highest area value of 3.16% at 10.0% NaCl
concentration, while the compounds that had the lowest
area value were hexaethylene glycol and hexaethylene
glycol monododecyl ether at 15.0% NaCl concentration
with a value of 0.13%. In soy sauce products, phenyl
ethyl alcohol compounds give a rose-like aroma [25].
According to Diez-Simon et al. (2020), phenyl ethyl
alcohol compounds are produced by yeast during the
traditional soy sauce fermentation process. Otherwise,
on ether group, the 1,4,7,10,13-
Pentaoxacyclopentadecane compound with 17.5% NaCl
concentration has the highest area percentage value with
a value of 2.16%. Meanwhile, the treatment with the
lowest 1,4,7,10,13-Pentaoxacyclopentadecane  areca
percentage value (0.45%) was the soy sauce made from
15% NaCl concentration. There were other compounds
such as Propyl hexaethylene glycol ether which had the
highest area percentage value at 10.0% NaCl
concentration (1.06%) and the lowest value at 20.0%
NaCl concentration (0.16%).

The acid compounds detected in all soy sauce
samples consisted of acetic acid and 2-methyl-propanoic
acid. The highest area percentage value was 2.74% for
acetate compound treated with 10.0% NaCl
concentration, while 2-methyl-propanoic acid with
12.5% NaCl concentration had the lowest area value of
0.56%. Most of the sour aroma in the soy sauce samples
was contributed by acetic acid compounds. However,
the odor threshold for these acetic acid compounds tends
to be higher than other odorants and this usually results
in a lower sensory rating for the acid attribute. The
formation of acetic acid compounds comes from the
production of lactic acid bacteria that occurs during
moromi fermentation [19]. Then, for the 2-methyl-
propanoic acid compound, it gives an aroma like cheese
and fat. The 2-methyl-propanoic acid compound is
produced by branched chain amino acids from the
activity of various fungal enzymes that occur during the
fermentation process through the Ehrlich pathway [26].

In aldehyde group, the highest area percentage was
benzaldehyde at 20.0% NaCl concentration (2.58%) and
the area with the lowest percentage was benzene
acetaldehyde at 12.5% NaCl concentration (0.54%).
According to Diez-Simon et al. [19], benzaldehyde
compounds give aromas like burnt sugar and caramel,
while Lee et al. [25] stated that benzaldehyde smells like
cherries. Most of these compounds are products of
microbial degradation of the aromatic amino acid
phenylalanine and benzaldehyde is expressed as one of
the main aldehyde metabolites of T. halophilus [27].

Meanwhile, the benzene acetaldehyde compound
contributes to the floral and malt aromas in soy sauce.
This compound is thought to be related to the
transamination process of amino acids by yeast or lactic
acid bacteria [11].

Furthermore, organosilicon compound that had the
highest percentage area value was octamethyl-
cyclotetrasiloxane, with a NaCl concentration of 12.5%
(30.97%) and the one with the lowest value was
dodecamethyl-cyclohexasiloxane, at a  NaCl
concentration of 17.5% (4.02 %). For sulfur component,
the methional compound with 10.0% NaCl
concentration has the highest area percentage with a
value of 1.13%, while the lowest area percentage value
is the methional compound with 17.5% NaCl
concentration (0.30%). Methional compounds are
products resulting from the thermally induced Strecker
degradation of methionine and these compounds are
produced during fermentation and pasteurization
processes. Methional levels increased during the heating
process in raw soy sauce. Methional gives a scent like
cooked potatoes to soy sauce products. Apart from that,
this sulfur component also contributes to the dominating
aroma in various types of cheese products [19]. Toluene
is a compound that belongs to the aromatic hydrocarbon
group and gives off a burnt plastic-like aroma [28]. This
toluene compound can be formed from phenylalanine.
According to Li et al. [29], apart from coming from
lignin, aromatic hydrocarbons are also formed from
protein decomposition. Proteins consist of various types
of amino acids with different side chains, where these
chains are important in the formation of specific
products.

In the hedonic analysis, three repetitions were
carried out for the sample being tested, where the first
10 panelists sampled the first 5 repetition samples, the
second 10 panelists sampled the second 5 repetition
samples, and the third 10 panelists sampled the third 5
repetition samples. The data in Table 4 shows that the
aroma and taste for the soy sauce treatment obtained the
highest panelist acceptance at 15.0% NaCl
concentration. The highest acceptance value for the
aroma is 6.20 + 1.56 and taste is 6.27 + 1.86. Based on
the hedonic scale, the acceptance value for these two
attributes indicates "somewhat likes" [12]. Meanwhile,
the highest acceptance for flavor was shown at 10.0%
NaCl concentration with a value of 6.17 = 1.44 and this
value stated "rather liked". From the statistical analysis
using the one-way ANOVA test and Duncan's test, the
results did not show any significant differences in each
attribute.

Table 4. Sensory characteristics of tempeh-based soy sauce
made from different concentrations of NaCl and KCI.

%NaCl :%KCl Aroma Flavor Taste
10:10 6.03+£1.38% | 6.17+1.44* | 5.87+1.80?
12.5:7.5 5.83+1.46% | 6.07+1.46* | 5.90+1.972
15:5 6.20+1.56* | 6.03+1.35% | 6.27+1.86°
17.5:2.5 5.60+1.94* | 6.00+1.582 | 5.70+1.842
20:0 5.43+2.012 | 5.93+1.80* | 5.87+2.212

*Results expressed were mean + SD from 3 replications. Data
with different superscripts were significantly different at p <
0.05.
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The increase in panelist acceptance that occurred in
the aroma and taste at 15.0% NaCl concentration was
caused by the addition of salt concentration. According
to Rushariandi et al. [30], increasing salt concentration
can increase panelists' preference for taste and aroma
attributes. The higher the concentration of salt can make
the fermentation process more optimal and inhibit the
growth of spoilage microbes. In addition, the
characteristic unpleasant smell of soybeans from tempeh
can also be removed. However, the hedonic scores for
these two attributes decreased at 17.5% and 20.0% NaCl
concentrations. This was caused by the sample's aroma
which was too strong and the taste too salty, so that the
panelists' preference level decreased. However, there
was no significant difference between each
concentration of NaCl. Therefore, reducing NaCl
concentration did not affect to the sensory quality and
hence we can avoid negative impact of NaCl salt on
consumer health.

4 Conclusion

This study demonstrated that increasing sodium chloride
(NaCl) concentrations in tempeh-based soy sauce results
in a decrease in pH and an increase in total dissolved
solids over a one-month fermentation period.
Specifically, the pH values ranged from 7.50 to 7.83 on
the 30th day, with the lowest pH occurring at higher salt
concentrations due to the formation of acidic
compounds. Total dissolved solids generally increased,
except at the highest NaCl concentration (20%), which
showed a decrease on the final day. The volatile aroma
analysis identified 108 compounds, with 18 common
compounds across samples, including alcohols (6),
ethers (2), acids (2), aldehydes (2), organosilicon
compounds (3), sulfur compound (1), and others
compound (2). Differences in volatile compounds were
observed compared to commercial soy sauces, likely
due to the different raw materials used. The sensory
evaluation revealed no significant differences between
samples, though the highest panelist acceptance for
aroma and taste was at 15% NaCl concentration. This
concentration was optimal for balancing flavor and
fermentation effectiveness, while higher concentrations
led to overly strong aromas and flavors, reducing
panelist preference.
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