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Abstract

science behind its traditional use as umami seasoning.

composition

Tauco is a fermented soybean paste like miso but typical from Indonesia, commonly used as umami seasoning. This
study objective was to evaluate the nutritional composition of diverse tauco products found in Indonesia and to
determine a potential tauco product characterized by certain amino acids related to umami peptides (Asp, Glu, Gly,
Ser, Thr, Val). Proximate composition, NaCl salt, total sugars, total acids, and total amino acid profiles of 24 tauco prod-
ucts, collected from 24 producers in 7 provinces in Indonesia, were analyzed. The proximate composition mapped
tauco into solid (containing 29.2-35.3% moisture on wet weight basis or ww), semisolid (42.2-54.5% ww moisture),
and liquid (56.2-68.1% ww moisture). Solid tauco composed of 54.7-65.2% carbohydrates, 10.0-22.8% ashes, 7.13—
16.9% NaCl salt, 9.72-11.9% crude proteins, 11.9-27.0% total sugars, 6.98-23.4% crude fats, 1.24-2.18% total acids, and
11.4-17.5% total amino acids on dry weight basis (dw). In contrast, liquid tauco consisted of 8.47-56.5% dw carbo-
hydrates, 17.1-73.8% dw ashes, 10.7-68.4% dw NaCl, 20.4-30.9% dw crude proteins, 4.45-29.9.5% dw total sugars,
1.30-18.9% dw crude fats, 1.65-5.36% dw total acids, and 14.1-24.6% dw total amino acids. All tauco had a slight
acidic pH, ranged from 4.38 t0 5.91. Glu and Asp were the dominant amino acids of tauco, comprising 25-40% of total
amino acids. Mapping of total amino acid profile mentioned a tauco product, characterized by the highest concentra-
tion of amino acids related to umami peptides. This finding leads to the exploration of umami peptides to reveal the
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Introduction

Fermentation is one of the oldest food-processing tech-
nologies, not only can improve the storage character-
istics of foods but also improve the sensory, nutritional,
and functional properties of foods [1, 2]. Traditional fer-
mented foods are generally considered safe and healthy
foods that the local communities have consumed for a
long time [3, 4]. Soybean is a commodity commonly used
to produce various types of fermented foods by using
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fungi, yeasts, and bacteria. One of fermented soybean
products is soybean paste, characterized by a thick liq-
uid or slurry, essentially made from soybean mixed with
a lesser amount of cereals than soybean, fermented by
fungi at first stage, followed by yeasts and bacteria with
the addition of salt solution at relatively high concentra-
tion (Table 1). Table 1 shows many types of fermented
soybean paste worldwide. Different countries in Asia
have different names for their fermented soybean paste,
depending on the production process and the type of
microbial strain used [5]. In Japan, fermented soybean
paste is known as miso [6]; in Korean, doenjang [7];
in China, dajiang [8]; in Thailand, thua-nao [9]; and in
Indonesia, tauco [10]. Each product has unique flavor
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Table 1 Various fermented soybean paste worldwide which are produced by two stages of fermentation: koji/meju fermentation
followed by brine/moromi fermentation

Fermented  Origin Raw materials Dominant bacteria Dominant fungi NaCl Reference
soybean concentration in
paste brine solution
Miso Japan Soybean, steam rice/barley  Koji: Ochrobactrum, Myco- Koji: Wickerhamomyces 10% or more [55, 56]
bacterium Moromi: Aspergillus, Clav-
Moromi: Leuconostoc, Weis-  ispora Zygosaccharomyces,
sella, Pediococcus, Lacto- Pichia
bacillus, Tetragenococcus,
Enterococcus
Doenjang Korea Soybean Meju: Bacillus, lgnatzschine-  Meju: Mucor, Scopulariopsis, — 12-18% [57,58]
ria, Enterococcus, Corynebac-  Geotrichum, Monascus,
terium, Myroides, dan Fusarium, dan Aspergillus
Clostridium Moromi: Debaryomyces,
Moromi: Bacillus, Staphylo- Aspergillus, Scopulariopsis,
coccus, Clostridium, Weissella, — Fusarium, Mucor, Penicillium
Tetragenococcus, Oceanoba-
cillus, Lactobacillus
Dajiang China Soybean Meju: Enterobacter, Entero- Meju: Penicillium, Rhizoc- 20% [59-61]
coccus, Leuconostoc, Lactoba-  tonia, Geotrichum, Mucor,
cillus, Citrobacter, Leclercia Aspergillus, Fusarium
Moromi: Weissella, Tetrageno-  Moromi: Weissella, Tetrageno-
coccus, Oceanobacillus, coccus, Oceanobacillus,
Bacillus, Staphylococcus, Bacillus, Staphylococcus,
Leuconostoc, Clostridium, Leuconostoc, Clostridium,
Lactobacillus Lactobacillus
Tauco Indonesia  Soybean and cereal flour  Koji: Geobacillus, Weissella, Koji: Unidentified Aspergil- 17-20% [62]

Bacillus, Staphylococcus,
Streptococcus

Moromi: Pediococcus, Weis-
sella, Enterococcus, Staphylo-
coccus, Geobacillus

laceae

Moromi: Unidentified
Aspergillaceae, Trichosporon,
Candida

characteristics. Similar to fermented soy sauce in Indo-
nesia, tauco as fermented soybean paste was originated
from China and introduced into Indonesia by Chinese
population mostly from Hokkien ethnic several ages ago.
Tauco is then popular in Cianjur, West Java, and other
coastal area in Indonesia (Fig. 1) where Chinese popula-
tion is present.

Tauco has long been used as an ingredient to season
many dishes in Indonesia because it provides a delicious
umami/savory taste. Traditional dishes such as tauge
goreng in Bogor (West Java), bubur sop ayam in Cirebon
near Tegal (West Java), soto pekalongan (Central Java),
sambal tauco (West Java and Central Java), also sayur
tauco and ikan tauco (different regions in Indonesia) have
used tauco as a typical seasoning for its desired aroma
and umami taste. Tauco comes from its pronunciation
in the Hokkien dialect of Chinese. The Chinese tauco
character is written as “&%%” which consists of tau “
.7 which means beans, and co “ # which means thick
soy sauce [11]. According to Shurtleff and Aoyagi, tauco
is still associated with the Chinese spice, Jiang. Jiang is
thought to have originated before the Chou Dynasty
(722-481 BC), so it can be claimed as the oldest season-
ing known to humans [12]. From historical records, tauco

in Cianjur (West Java) was first recorded in Indonesia in
the nineteenth century due to the acculturation of Chi-
nese culinary culture with the Sundanese Cianjur ethnic
group. However, tauco has become part of the identity
of the Cianjur community. At present, tauco in Indone-
sia is developing in various regions. There are at least five
known types of tauco in Indonesia: tauco Cianjur, tauco
Kalimantan, tauco Pekalongan, tauco Bangka, and tauco
Medan. Recent studies have also shown that tauco may
have health benefits as it contains phenolic compounds
that have antioxidant activity [13, 14].

The production process of tauco is similar to the
other fermented soybean pastes, which is divided into
two stages of fermentation, koji/meju fermentation
and brine/moromi fermentation [5] with microbials
presented in Table 1. The detailed production pro-
cess of tauco involves several steps: soybeans cook-
ing, soybean mixing with roasted flour, koji mold
fermentation, and followed by brine fermentation.
Cooked soybeans mixed with roasted flour (2:1) were
inoculated with a starter containing a mixture of
molds (mostly Rhizopus oligosporus, Rhizopus oryzae,
and Aspergillus oryzae) and fermented for 3-5 days
at 30 °C. The mold fermented beans were broken into
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Fig. 1 The distribution of tauco products in several regions in Indonesia
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: West Sumatera

: South Sumatera
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: West Kalimantan

pieces and sun-dried (called as koji or meju). Koji was
then mixed thoroughly with a high concentration of
brine solution (c.a. 17-20%) at a ratio of 1:3 and stored
at room temperature for several weeks. Raw tauco
obtained can be cooked with palm sugar solution (c.a.
50%) and filled into packaging (plastic, bottle, or bam-
boo container). Tauco can also be dried in the oven at
60-80 °C to produce products with the desired mois-
ture content. This process allows the tauco products to
have a different consistency and forms [14-16].
Although the fermentation process conducted on an
industrial scale has used starter culture, the fermen-
tation process in the tauco production still occurs on
a household and small-enterprise scale that involve
spontaneous fermentation by various types of micro-
organisms originally present in the raw food materials
[17]. The complex and diverse strains lead to the non-
uniform quality of the tauco products, including their
nutritional value even from the same region, because
they are closely related to the breakdown of the sub-
strate, making it interesting to evaluate. Tauco, as local
food of Indonesia has no detailed information on this
matter. The studies that have explained the differences
in the nutritional value of tauco products in Indone-
sia were still limited, including the characteristic dif-
ferences based on the type of tauco (solid, semisolid,
and liquid tauco). In fact, this study is needed as a
reference in developing potential research related to
tauco in the future. Therefore, the objective of this
study was to evaluate different tauco characteris-
tics through multivariate analysis with its function as

savory seasoning, and to map tauco with other similar
soybean paste from different countries.

Materials and methods

Materials and chemicals

Tauco samples (Fig. 2) were obtained from 24 produc-
ers in 7 provinces of Indonesia (West Java, Central Java,
Bangka, North Sumatera, West Sumatera, South Sumat-
era, and West Kalimantan). The abbreviated brand names
of them were CMC and CBC (from Cianjur, West Java);
MNB (Bogor, West Java); SAP, PDP, TKP, MMP, LEP, and
CIP (Pekalongan, Central Java); SKT (Tegal, Central Java);
SAB, CBB, and BEB (Bangka); CGM, SIM, HAM, SUM,
and CBM (Medan, North Sumatera); BMP (Padang, West
Sumatera); MIP (Palembang, South Sumatera); and CDS,
KES, MIS, and CKS (Singkawang, West Kalimantan).
Each sample was pre-packaged in a plastic bottle, glass
bottle, or bamboo container, and for analysis, 3 packages
of each sample were purchased and then homogenized
as a mixture. The visual appearance of the homogenized
tauco samples can be seen in Fig. 3A. The homogenized
tauco samples were further categorized based on their
moisture content as solid tauco (MIS, CKS, SIM), semi-
solid tauco (CBC, CBM, MNB, SAP, PDP, TKP, MMP,
CIP, LEP, SKT), and liquid tauco (CMC, SAB, CBB, CDS,
KES, BMP, MIP, CGM, HAM, BEB, SUM). Representative
of the three tauco groups is figured in Fig. 3B. Since the
shelf-life of tauco is generally over 6 month, it was diffi-
cult to find the same shelf-life for 24 samples. All samples
were obtained before their expiration dates. Detail of the
tauco samples and lists of ingredients of each tauco are
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Fig. 2 Twenty-four tauco products used as samples from 24 producers in 7 provinces in Indonesia

HAM

presented in Table 2. Samples were sent to the laboratory
and immediately stored at —18 to (—20) °C upon receipt
until the time of evaluation for maximum 1 week. Prior
to analysis, samples were thawed overnight in a refrigera-
tor (4-5 °C) and crushed and homogenized using blender

for 1 min from 3 replicates of sampling (same brand/
producer, but different packaging) to obtain a composite
sample used for chemical characterizations.

The chemicals used for proximate composition analy-
sis were of analytical grade, including hexane, potassium
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Fig. 3 The homogenized tauco samples (A) and representative physical appearance of the three tauco groups (B): from left to right for solid, semi
solid, and liquid tauco

sulfate, mercury oxide, sulfuric acid, sodium hydrox- chromate and silver nitrate of analytical grade (Merck)
ide, sodium thiosulfate, boric acid, and hydrochloric =~ were used for salt analysis. D-glucose standard and
acid (Merck KGaA, Darmstadt, Germany). Potassium anthrone reagent (Merck) were used for total sugars
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Table 2 Twenty-four tauco products from different producers and their ingredients composition in the packaging label

Sample’s brand

Sample code Region

Ingredients

Tauco Cap Meong Cianjur cMC Cianjur, West Java

Tauco Cap Badak Cianjur CBC Cianjur, West Java

Tauco Mak Neng Nio MNB Bogor, West Java

Tauco Sari Wangi Pekalongan SAP Pekalongan, Central Java
Tauco Pulau Djawa Pekalongan PDP Pekalongan, Central Java
Tauco Enak Toko Kurnia TKP Pekalongan, Central Java
Tauco Mangga Mas Pekalongan ~ MMP Pekalongan, Central Java
Tauco Lencana Elit Pekalongan LEP Pekalongan, Central Java
Tauco Asli Cap lkan CIP Pekalongan, Central Java
Tauco Super Khas Tegal SKT Tegal, Central Java

Tauco Super Asli Bangka SAB Bangka

Tauco Cap Bunga Seroja CBB Bangka

Tauco Belinyu Bangka BEB Bangka

Tauco Cap Gajah Dua Medan CGM Medan, North Sumatera
Tauco Super Izzah Medah SIM Medan, North Sumatera
Tauco Hati Angsa Medan HAM Medan, North Sumatera
Tauco Super Medan SUM Medan, North Sumatera
Tauco Cap Bebek Medan CBM Medan, North Sumatera
Tauco Bintang Mas Padang BMP Padang, West Sumatera
Tauco Mikado Palembang MIP Palembang, South Sumatera
Tauco Cap 88 Singkawang CDs Singkawang, West Kalimantan
Tauco Kelinci Singkawang KES Singkawang, West Kalimantan
Tauco Mimie Singkawang MIS Singkawang, West Kalimantan
Tauco Cap Kambing Singkawang  CKS Singkawang, West Kalimantan

Soybean, palm sugar, sugar, salt
Soybean, salt, sugar, water

Soybean, flour, water, salt, sugar
Soybean, rice flour, salt, water

Soybean, glutinous rice flour, sugar, salt
Soybean, rice flour, palm sugar, salt, seasoning
Soybean, flour, water, salt, seasoning
Soybean, water, salt

Soybean, sugar, salt, wheat flour, water
Soybean, water, salt

Soybean, water, salt, flour, sugar
Soybean, salt, palm sugar, flour, spices
Soybean, salt, water, what flour

Soybean, water, wheat flour, salt, sodium benzoate, food flavoring,
and food coloring CI No.15985 (E110)/19140 E102

Soybean, water, salt
Soybean, salt, water

Soybean, water, salt, sugar, sulfite, flavor enhancer MSG, citrate,
wheat flour

Soybean, water, salt, sugar, wheat flour, sodium benzoate
Soybean, sugar, wheat flour, salt, sodium benzoate

Soybean, salt, sugar, wheat flour

analysis. Standard buffer solutions (pH 4.00 and 7.00)
were used for pH measurement, while potassium hydro-
gen phthalate, natrium hydroxide, phenolphthalein, and
ethanol (Merck) were used for total acids analysis. The
chemicals for total amino acids analysis were amino acids
standard mixtures, hydrochloric acid, sodium acetate,
Na-EDTA, tetrahydrofuran (THF), o-phthalaldehyde rea-
gent (OPA reagent) (Sigma-Aldrich, St. Louis, MO, USA),
methanol and acetonitrile HPLC grade (Merck), What-
man No. 1 filter paper, and 0.45 pum filter membrane
(Advantech Co., Ltd., Tokyo, Japan). Distilled water for
chemical characterizations and redistilled water (IPHA
Laboratories, Bandung, Indonesia) for HPLC analysis
were used in this study.

Proximate composition

Proximate composition consisting of moisture, ashes,
crude proteins, crude fats, and carbohydrate (by differ-
ence) was carried out in accordance with the AOAC pro-
cedure [18]. Moisture content by drying 1-2 g of samples
at 105 °C in hot air oven, ash content by igniting 2-3 g
of sample using an electric furnace (Furnace 48,000,

Thermolyne, USA) at 550 °C, crude fats by extracting
dried sample using n-hexane with a Soxhlet extraction
unit, crude proteins by using a micro-Kjeldahl system
to determine total nitrogen and then using a conversion
factor of 6.25 to determine crude proteins, and carbohy-
drates by difference were determined for 24 tauco prod-
ucts. All results were reported in the form of mean+
standard deviation of triplicate analysis for moisture con-
tent and ash content, and of duplicate analysis for crude
proteins and fats, as % dry weight basis (% dw) or g/100
g dry matters of tauco, except moisture content as % wet
weight basis (% ww) org/100 g fresh tauco (as it is).

Salt content, total sugars, total acids, and pH measurement
Salt content (expressed as sodium chloride) was analyzed
using Mohr method with modification by dissolving the
ashes of the sample in distilled water and then titrated
with 0.01 M AgNO; as the titrant and potassium chro-
mate as an indicator [19]. Total sugars were quantified
by spectrophotometry (UV-Vis 160 spectrophotometer)
using -glucose standard and anthrone reagent, which
determined total reducing and non-reducing sugars.
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Total acids were titratable acids, analyzed by volumetric
titration with 0.1 N NaOH as titrant and phenolphtha-
lein as an indicator [18]. The total acids were calculated
as lactic acid equivalent, since lactic acid was used as the
major indicator of organic acids in a similar fermented
soybean product [20]. The pH value was determined
by dissolving 5 g of sample in 45 mL distilled water,
then measured using a digital pH meter (MW-801, Mil-
waukee, Romania), which was calibrated by pH 4 and 7
buffer standards [18]. All results were reported in the
form of mean =+ standard deviation of triplicate analysis,
except for total sugars of duplicate analysis, all results
were expressed in % dw, except the pH value (no unit).

Total amino acid profiles
The total amino acid composition or total amino acid
profile was analyzed by IPB University’s Integrated Lab
using an in house method after acid hydrolysis. Analy-
sis was carried out by pre-column derivatization using
o-phthalaldehyde (OPA) reagent and HPLC instru-
ment (Shimadzu SCL 10-A). A total of 1-5 g of sample
was weighed in a closed container and hydrolyzed with
the addition of 2 mL of 6 N HCl. The sample was then
streamed with nitrogen gas for 0.5-1 min and put in
an oven at 110 °C for 24 h. The hydrolyzed sample was
cooled at room temperature, quantitatively transferred
to a rotary evaporator flask, and dried. The dried sample
was added with precisely 10 mL of 0.01 N HCL.
Derivatization with OPA reagent was carried out first
on the hydrolyzed sample before being analyzed with an
HPLC column. OPA reagent was prepared by dissolving
50 mg OPA powder in 1.25 mL ethanol. The OPA solu-
tion was then added with 50 pL 2-mercaptoethanol and
11.2 mL sodium borate buffer 0.1 M (pH 9.5). For sample
preparation, potassium borate buffer pH 10.4 was added
into the hydrolyzed sample in ratio 1:1. A total of 50 pL
of this mixture was added with 250 puL of OPA reagent
and vortexed for 1 min until complete derivatization.
The sample was filtered using a 0.45 pm membrane filter
and then injected with the volume of 5 pL into the HPLC
instrument (Shimadzu SCL 10-A), equipped with a 195
DGU-20A degasser and a CBM-20A controller, with the
following conditions: Thermo Scientific ODS-2 Hypersil
(150 mm x 4,6 mm, 5 pm) as a column (Thermo Fisher
Scientific, Los Angeles, USA), the mobile phase at flow
rate 1 mL/min that consisted of Na-acetate pH 6.5 198
(0.025 M), Na-EDTA (0.05%), methanol (9.00%), THE
(1.00%) in deionized water for solvent A, and metha-
nol (95%) and deionized water (5%) for solvent B. For
35 min, the mobile phase was programmed to 0-2 min,
5% B; 2—13 min, from 5 to 35% B; 13—-15 min, 35% B;
15-20 min, from 35 to 70% B; 20—22 min, from 70 to
90% B; 22—25 min, from 90 to 100% B; 25-28 min, from
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100 to 0% B; 28-35 min, 0% B. The fluorescence detec-
tor was set in excitation and emission wavelengths of 350
and 450 nm, respectively. Individual total amino acid was
calculated based on its corresponding amino acid stand-
ard provided by a standard mixture of amino acids. Total
amino acids were also calculated by the sum of individual
total amino acids for each sample.

Statistical analysis

One-way analysis of variance (ANOVA) with SPSS v.22
(IBM, NY, USA) was used to determine the differences in
the analysis results between samples. Further tests using
Duncan’s test at a 95% confidence interval were carried
out if there was a significant difference. The principal
component analysis (PCA) method was performed to
map tauco samples based on proximate composition, salt
content, total sugars, total acids, and total amino acids,
and also based on total amino acid profiles by SIMCA
v.17 (Umetrics, Sweden). Pre-treatment of the data using
scaling on the tested variables can also be selected to
obtain a fit model. The tested variables can have different
ranges of values, so it is necessary to determine one coor-
dinate with a length determined by scaling. The scaling
used in this study was unit variance (UV-scaling).

Results and discussion

Nutritional and chemical composition of tauco

The nutritional and chemical composition of tauco sam-
ples is presented in Table 3. Twenty-four tauco samples
had proximate composition, consisting of moisture con-
tent ranged at 29.2-68.1% ww, ash content at 10.0-73.8%
dw, crude proteins at 9.72—-33.6% dw, crude fats at 0.92—
23.4% dw, and carbohydrates by difference at 6.59-68.4%
dw. The wide range of salt content at 7.13-68.4% dw, total
sugars at 3.56—42.3% dw, and total acids at 1.58-6.70%
dw, were also observed. The salt content described the
ash content of tauco samples because most of the ash is
in the form of salt which is intentionally added at high
concentrations (c.a. 17-20%) in the tauco production
process [15].

Tauco samples were mapped with PCA based on the
proximate composition (Fig. 4). The four PCs included in
the model produced R?X and Q? of 1 and 0.986, respec-
tively. A good model will have an R*X value greater than
the Q* value, Q* value greater than 0.5, and the differ-
ence between the R?X and Q? value is not too large. In
this model, PCA has been quite good in presenting the
analyzed data. PCA biplot based on the proximate com-
position of tauco contributed 66.60% of the total varia-
tion for the data set, with PC1 and PC2 accounting for
42.20% and 24.40% of variance explained, respectively
(Fig. 4). Satisfactory separation was observed for most
of tauco samples and categorized into 3 clusters, namely
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divided into 3 cluster (solid (violet circle), semisolid (red circle), and liquid (green circle))

liquid (green color in Fig. 4), semisolid (red color), and
solid (orange color) tauco, except for CMC which had
moisture content at 59.2 +0.5% ww but classified as sem-
isolid sample, due to its higher carbohydrate content than
liquid samples. However, CMC was categorized as a lig-
uid sample in this study (Table 3). Among the proximate
composition, moisture content best described the tauco
grouping. The grouping of tauco products by their proxi-
mate composition to determine their physical consist-
ency is firstly reported.

According to Wolfe and Dutton [21], moisture con-
tent affects the textural properties of fermented soybean
products. High moisture content produces a product
with a liquid consistency and vice versa. Based on the
geographical distribution, tauco products produced in
North Sumatera consist of various types of tauco, either
solid, semisolid, or liquid. In contrast to North Sumatera,
tauco products were only found in a liquid form in West
Sumatera, South Sumatera, and Bangka, and in a semi-
solid form in Central Java. Tauco products produced in
West Java, a central of tauco production in Indonesia,
were found in semisolid and liquid forms. Moreover,
tauco produced in West Kalimantan was found in solid
and liquid forms. Tauco products from Cianjur (CBC
and CMC) which is popular in West Java (inhabited by
one-fifth of Indonesian population) are grouped as liquid
tauco (CMC) and semisolid tauco (CBC).

In comparison with other fermented soybean paste,
chemical characteristics of tauco were comparable to
doenjang and miso. Doenjang had moisture content
ranged from 48.5 to 63.1% ww;, ash content at 21.6—36.9%
dw, crude proteins at 18.8-33.0% dw, crude fats at 3.10—
21.9% dw, carbohydrates by difference at 14.9-56.5% dw,
salt content at 17.5-39.2% dw, total acids at 2.97-7.46%
dw [22], total sugars at 6.88-33.1% dw, and pH values
at 5.0-5.8 [14]. Meanwhile, the characteristics of miso
as follows: moisture content at 44.0-50.0%, crude pro-
teins at 14.3-24.0%, crude fats at 3.57-12.0%, and salt
content at 8.93-26.0% [23]. PCA can be used to catego-
rize fermented soybean paste products (tauco, doenjang,
thua-nao, miso, and dajiang) based on the similarities of
their proximate composition patterns (Fig. 5). Cumula-
tively, the first 3 PCs in the model produce goodness of
fit (R*X) and goodness of prediction (Q?) of 0.980 and
0.665, respectively. The total diversity of data explained
by the model was 80.10%, with PC1 at 59.30% and PC2
at 20.80%. This figure is the first report to compare tauco,
which mimics a Japanese miso, to other similar products.
Tauco in the liquid form had a similar proximate com-
position to dajiang and traditional doenjang, while semi-
solid form was similar to commercial doenjang. On the
negative side of PCI, solid tauco had a similar proximate
composition to miso in Japan, and both had fairly high
crude fats. This is the first report to compare tauco with
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other soybean paste products according to the proximate
composition.

In the present study, based on the three groups of
tauco products, the chemical composition of all groups
is summarized in Fig. 6. Moisture contents of the tauco
products, which had a range of 29.2-35.3% ww for solid,
42.2-54.5% ww for semisolid, and 56.2—-68.1% ww for
liquid tauco (Table 3), showed a significant difference at
p<0.05 (Fig. 6). Liquid tauco had the highest moisture
content, twice higher than solid form. Meanwhile, sem-
isolid tauco had a moisture content of 1.5 times higher
than solid form.

Tauco products contained a wide range of ash content,
10.0-73.8% dw (Table 3). Most of the ash is sodium salt,
which was added in a high concentration of brine solu-
tion during the fermentation process. The salt content
ranged from 7.13 to 68.4% dw (Table 3) or comprising
40-94% of the ash contained in all tauco products. The
salt content reached 130-580 times salty taste thresh-
old, that is, 0.0327% [24]. Due to the relatively strong
salty taste, tauco is not suitable for direct consumption,
but is commonly used as a seasoning ingredient [13].
Solid tauco contained salt ranged from 7.13 to 16.9%
dw, while salt in semisolid and liquid tauco ranged from
10.9 to 24.8% dw and 10.7-68.4% dw. Liquid tauco had
a significantly higher salt content (p<0.05) than those
of solid and semisolid form (Fig. 6). The relatively high
salt contents in the tauco products were due to the use
of salt solution at high concentrations for the second step
of tauco fermentation that could inhibit the growth of
undesirable microbes.

Liquid and semisolid tauco had a comparable range
of crude proteins, 20.4-30.9% dw and 15.1-32.6% dw,
respectively. Meanwhile, crude proteins in solid tauco
were relatively lower, ranging from 9.72 to 11.9% dw
(Fig. 6). These crude proteins distinguished solid tauco
from the other types. Low crude proteins content in solid
tauco (in dw) are due to the higher contents of other
solid content, carbohydrates, which is discussed below.
The proteins found in tauco could be associated with an
increase in the number of the fermenting microorgan-
isms [25], or due to proteolytic enzymes produced by
the fermenting microorganisms [26, 27], or as a result of
the synthesis of protein by microorganisms during fer-
menting substrates [28]. The protein contents can also
be influenced by soybean varieties used as raw materials
[29].

The crude fats of solid, semisolid, and liquid tauco
ranged at 6.98-23.4% dw, 0.92—-14.0% dw and 1.30-18.9%
dw, respectively. The lowest crude fats were found in
semisolid tauco, and these were significantly different to
other tauco groups (Fig. 6). Fats in raw materials could
be used as an energy source for microorganisms [30], and
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thus, the lower crude fats in semisolid tauco may men-
tion the more rigorous growth of microorganisms during
the production of the semisolid tauco.

Carbohydrates content of solid, semisolid, and lig-
uid tauco ranged at 54.7-65.2% dw, 33.7-68.4% dw, and
8.47-56.5% dw; meanwhile, their average and stand-
ard deviation were at 59.4+£5.3%, 49.4+9.6% and
26.2+12.9% dw, respectively. Carbohydrates by differ-
ence also distinguished liquid tauco from other types of
tauco. Liquid tauco contained the lowest carbohydrates
content, while solid tauco had the highest carbohydrates
content. In solid tauco, carbohydrates seem to be present
not only from the raw material used for tauco fermen-
tation but also by later carbohydrate addition used as a
thickener or texturizer. Sugars are among soluble carbo-
hydrates which was found in 24 tauco products, ranging
from 4.45 to 42.3% dw. The total sugars reached 30—90%
of the crude carbohydrates. From this study, there was no
significantly difference (p>0.05) between total sugars in
solid, semisolid, and liquid tauco.

The tauco products contained total acids (expressed as
lactic acid equivalent) at very low concentrations com-
pared to other chemical components, ranging from 1.24
to 5.43% dw. Solid, semisolid, and liquid tauco contained
total acids ranging from 1.24 to 2.18% dw, 1.30-5.43%
dw, and 1.65-5.36% dw, respectively. The total acids
between semisolid and liquid tauco did not show a sig-
nificant difference (p >0.05), and the acid concentrations
of both samples reached more than twice higher as those
of solid tauco (Fig. 6). All tauco samples in this study had
a slight acidic pH value, ranging from 4.38 to 5.91 (with
an average and standard deviation at 4.94 £0.39). The pH
values of solid, semisolid, and liquid tauco, respectively,
ranged from 4.38 to 5.35, 4.48-5.34, and 4.41-5.91. The
acid contents in tauco were due to the role of acid-pro-
ducing microorganisms in the condition of relatively high
salt concentration at the second stage of tauco fermenta-
tion [31]. The acid-producing microorganisms are mostly
from lactic acid bacteria as presented in Table 1.

Amino acid profiles of tauco

The amino acid composition of tauco is shown in Table 4.
Twenty-four tauco products contained total amino
acids in the range of 11.5-24.6% dw (17.1+3.50% dw),
figuring the content of crude proteins. Glutamic acid
(Glu) was the primary total amino acid present in tauco
(4.00+£1.01% dw), followed by aspartic acid (Asp) at
2.07+0.43% dw, and leucine (Leu) at 1.64+0.31% dw.
Glu, Asp, and Leu were also the most abundant amino
acids in Chinese fermented soybean food, sufu, prepared
with 8% w/w salt contents [32]. The final salt content in
most soybean paste products, especially red and gray
sufu, was still more than 10% dw [33]. In this present
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Table 4 Amino acid profiles of tauco products from different producers throughout Indonesia
Taste attribute Amino acid Total amino acid concentration (% dw)
MIS CKS SIM CBC CBM MNB SAP PDP TKP MMP clp
Umami Asp 148 1.85 1.60 2.01 1.73 3.14 1.88 2.09 2.04 1.72 1.83
Glu 257 435 292 3.78 3.03 6.04 3.82 401 3.89 3.36 3.58
Subtotal 4.05 6.20 4.52 5.79 4.76 9.18 5.70 6.10 5.93 5.08 541
Relative abundance (%) 35 35 35 38 36 38 37 37 35 38 34
Sweet Ala 0.73 1.1 0.77 0.81 0.70 1.30 0.87 0.93 1.08 0.90 1.08
Gly 0.56 0.85 0.63 0.77 0.65 1.25 0.78 0.82 0.80 0.66 0.79
Ser 051 0.78 0.68 0.80 0.75 1.29 0.81 093 0.90 0.56 0.88
Thr 048 0.69 0.58 0.69 0.63 1.02 0.70 0.75 0.75 053 0.75
Subtotal 2.28 3.43 2.66 3.07 273 4.86 3.16 343 3.53 2.65 3.50
Relative abundance (%) 20 20 21 20 20 20 21 21 21 20 22
Bitter Val 0.70 1.15 0.84 1.00 0.88 152 0.98 1.07 1.09 0.81 1.05
Met 0.15 0.23 0.14 017 0.16 0.16 0.21 0.23 022 0.15 0.20
lle 0.65 1.06 0.77 0.95 0.85 1.34 0.89 1.02 1.02 0.73 0.98
Leu 112 1.73 1.16 149 1.36 213 1.40 1.67 1.71 131 157
Tyr 0.36 041 041 042 038 0.90 048 0.55 0.52 0.29 053
Phe 0.73 1.09 0.76 1.01 0.93 1.50 0.89 1.02 1.05 0.84 1.00
His 043 0.57 041 0.56 0.56 0.54 0.56 0.55 048 044 0.66
Arg 0.35 0.75 0.65 043 045 1.05 0.68 0.49 0.46 031 0.60
Subtotal 4.49 6.99 5.14 6.03 5.57 9.14 6.09 6.60 6.55 4.88 6.59
Relative abundance (%) 39 40 40 40 42 37 40 40 39 37 41
Other Lys 0.63 091 047 0.26 032 1.23 032 0.50 0.78 0.75 0.64
Subtotal 0.63 0.91 0.47 0.26 0.32 1.23 0.32 0.50 0.78 0.75 0.64
Relative abundance (%) 6 5 4 2 2 5 2 3 5 6 4
Sum of total amino acid conc 11.5 17.5 12.8 15.2 13.4 244 15.3 16.7 16.8 13.4 16.1
Taste attribute Amino acid Total amino acid concentration (% dw)
LEP SKT CMC SAB (BB CDS KES BMP MIP CGM HAM BEB SUM
Umami Asp 228 262 1.88 214 191 278 208 1.68 277 138 2.07 221 244
Glu 402 464 371 386 424 618 367 325 631 245 359 421 446
Subtotal 630 7.26 559 6.00 6.15 896 575 493 9.08 383 5.66 6.42 6.90
Relative abundance (%) 35 36 40 34 33 36 34 34 38 25 36 33 37
Sweet Ala 108 126 072 087 127 137 100 099 123 193 085 104 101
Gly 086 098 072 0.81 0.85 113 085 071 105 047 0.74 087 088
Ser 098 111 075 094 087 126 091 075 124 043 084 091 100
Thr 0.81 092 063 076 078 099 073 063 098 038 0.70 079 083
Subtotal 373 427 282 338 377 475 349 3.08 4,50 3.21 3.13 3.61 3.72
Relative abundance (%) 20 21 20 19 21 19 20 21 19 21 20 18 20
Bitter Val 1.18 135 090 1.01 1.12 1.36 1.05 091 133 1.29 0.98 .11 1.12
Met 022 026 016 022 019 031 023 017 026 016 019 025 023
lle 1.11 124 087 0.98 1.03 132 1.01 0.83 131 132 091 1.01 1.05
Leu 188 206 1.34 1.59 1.70 219 1.63 137 208 214 1.44 1.65 1.64
Tyr 052 067 036 062 051 078 060 044 076 027 051 185 066
Phe 1.06 1.21 0.88 1.10 1.22 1.39 1.15 0.86 140 1.15 0.89 .11 1.09
His 051 052 052 061 060 066 050 046 069 028 053 057 058
Arg 066 060 045 105 088 123 075 059 125 044 1.09 0.81 0.76
Subtotal 714 791 548 7.18 7.25 924 692 563 9.08 7.05 6.54 836 7.13
Relative abundance (%) 39 39 39 41 39 38 40 39 38 45 41 43 38
Other Lys 089 094 023 1.08 1.22 1.61 098 086 113 1.42 057 1.14 1.00
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Table 4 (continued)
Taste attribute Amino acid Total amino acid concentration (% dw)
LEP SKT CMC SAB (BB (DS KES BMP MIP CGM HAM BEB SUM
Subtotal 089 094 023 108 122 161 098 086 1.13 142 0.57 114 1.00
Relative abundance (%) 5 5 2 6 7 7 6 6 5 9 4 6 5
Sum of total amino acid conc 18.1 204 141 176 184 246 171 145 238 155 159 195 1838

study, the salt contents of tauco products ranged at 4.38
— 18.7% ww or 7.13 — 68.4% dw, which were higher com-
pared to those of sufu and the other similar products,
such as doenjang (17.5 — 39.2% dw) [22] and miso (8.93
—26.0% dw) [23]. The relatively high salt content in tauco
and other similar products are due to salt addition during
the second stage of fermentation to provide a selection
for halophilic bacteria and yeasts which their growths are
desired for the products. The presence of salt in the final
products is also important for the desired taste because
it could intensify the umami taste of free amino acids
(glutamic acid and aspartic acid) contained in final prod-
ucts, as revealed in other salt and amino acids contain-
ing products such as soy sauce [34, 35], cheese [36], and
tofuyo [37]. These studies imply that amino acids together
with salt may potentiate the umami taste of tauco. How-
ever, total amino acids of tauco (17.1 3.50% dw) showed
at lower concentrations compared to those in soy-
beans, 33.9+£2.8% dw, with the dominant amino acids
in soybeans including Glu at 7.34+0.06% dw, Asp at
3.88+1.04% dw, arginine (Arg) at 2.84+0.437% dw, Leu
at 2.78 £0.22% dw, and lysine (Lys) at 2.15+£0.30% dw
[38, 39]. This change especially happened after the sec-
ond stage of fermentation. The study by Hong et al. [39]
showed that soybean fermentation with A. oryzae which
mimics the first stage of tauco fermentation did not
affect the contents of amino acids as shown by the not
significant increase from 39.0% dw to 41.4% dw, but it
could provide small-size peptides, which is important
for microbials growth at the later stage of fermentation,
such as brine fermentation in tauco production. Another
study, according to Han et al. [32], also stated that the fer-
mentation of soybeans curd with the mold Actinomucor
elegans in the manufacture of sufu did not show a sig-
nificant difference in the total amino acids content (from
54.7% dw to 55.1% dw). However, subsequent fermenta-
tion with salt could cause a significant decrease in the
total amino acids (from 54.7 to 35.1% dw). These results
showed that mold fermentation did not affect a signifi-
cant decrease in the total amino acid content, but brine
fermentation provides a significant decrease in the total
amino acid content due to the microbial community,
dominated by halophilic yeasts and lactic acid bacteria

that metabolize short chain peptides into amino acids
and utilize amino acids in their metabolism.

During tauco fermentation, especially in brine fer-
mentation, involved microorganisms (yeast and lactic
acid bacteria) contribute to the metabolic activity that
governs tauco quality. Among fermentation metabolites,
small-size peptides and free amino acids are essential
that play a role in the metabolism by microorganisms or
for nutritional requirements in microbial growth through
proteolytic activities [39—42]. Small-size peptides formed
by enzymatic reaction during the koji/meju fermentation
by fungi and then followed by shorter peptides or free
amino acids formed at the early stage of brine/moromi
fermentation by the activity of proteolytic enzymes pro-
duced by the fungi [39] may promote the growth of lac-
tic acid bacteria observed through proteolytic activities
at the later stage [41, 43]. These proteolytic activities are
responsible for the organoleptic properties of the final
products [44, 45]. Microbial communities found in tauco
and similar products to tauco at koji/meju fermentation
and at brine/moromi fermentation stages are shown in
Table 1.

The free amino acids also contribute directly to taste
perception and impart several basic tastes, such as
umami taste from Glu and Asp, sweet taste from alanine
(Ala), glycine (Gly), serine (Ser), and threonine (Thr), and
also bitter taste from valine (Val), methionine (Met), iso-
leucine (Ile), leucine (Leu), tyrosine (Tyr), phenylalanine
(Phe), histidine (His), and arginine (Arg) [46, 47]. In some
fermented soybean products, the presence of free amino
acids during fermentation, such as Glu and Asp (umami),
also Phe and Tyr (bitter) at their subthreshold concen-
trations, and in the presence of salt, might also play an
important role in impressing umami taste of Indonesian
soy sauce [34]. On the other hand, the abundant pres-
ence of free Glu and Asp and several sweet-taste elicit-
ing amino acids (Ala, Ser) were considered to be the main
contributors to the umami taste of shoyu [20, 35] and
tofuyo [37].

Accordingly, Table 4 shows that bitter amino acids were
in relatively high concentrations, contributing 37—-45% of
the total amino acids, while umami amino acids account
for 25-40%. However, the percentage of bitter amino
acids were for a combination of 8 amino acids, while
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umami amino acids are a combination of 2 amino acids.
Sweet amino acids were in relatively lower concentra-
tions than the others, contributing 18-22% of the total
amino acids. The ratio of umami to bitter amino acids in
the tauco was 1:1, while their ratio to sweet amino acids
was higher, approaching 2:1. This ratio was comparable fo
sufu [32], which may give tauco a pleasant taste [33]. The
evaluation of nutritional composition of tauco related
to its desired taste is firstly reported. Figure 7 shows no
significant difference (p>0.05) between solid, semisolid,
and liquid tauco in sweet amino acids content. Mean-
while, semisolid tauco contained umami, sweet, and bit-
ter amino acids content were not significantly different
(p>0.05) from the liquid tauco. Perhaps, the taste intensi-
ties of these tauco products were not different.

Figure 8 shows the PCA model performed on the
amino acid profiles of tauco products. The first 2 PCs in
the model produced R2X of 0.846 and Q2 of 0.687. The
total variance of the data set was 84.60%, a combination
of PC1 and PC2, which was 77.20% and 7.40%, respec-
tively. Based on amino acid profiles, the scores plot was
divided tauco products into 3 clusters, but different from
those discussed above on their proximate composition.
One sample of semisolid tauco, MNB sample, separated
as a cluster (orange color). The MNB sample had the
highest concentration of amino acids compared to other
samples, either for umami, sweet, or bitter amino acids.
The sample scores were also close to loadings of Glu

and Asp (umami amino acids), Gly, Ser, and Thr (sweet
amino acids), and Phe, Val, Ile, and Leu (bitter amino
acids). Glu and Asp as well as Gly, Ser, Thr, and Val have
been reported as umami-related amino acids which were
found in many umami peptides [48—50]. Another study
also showed that Arg, Asp, Glu, Gln, and Tyr as amino
acid residues of umami peptides were on the binding
sites to T1R1/T1R3 receptor, an umami receptor [5, 51,
52]. Therefore, MNB was an important tauco for further
investigation to find umami peptides. The umami pep-
tides may also have bioactivities such as antioxidant, anti-
diabetic, and antihypertensive activities as found in the
studies of umami peptides [53, 54]. These could lead to
the exploration of umami peptides and bioactive peptides
from tauco.

Conclusion

The present study showed that nutritional composition
especially the proximate composition best distinguished
24 tauco products produced throughout Indonesia. First,
multivariate analysis of proximate composition could
classify tauco products into solid, semisolid, and liquid
forms, with moisture content best determined this cat-
egory. Besides this, liquid tauco and semisolid tauco were
characterized by crude proteins content, which is impor-
tant for their desired taste; meanwhile, solid tauco was
characterized by carbohydrates content. Second, PCA
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Fig. 8 PCA biplot based on amino acid profiles of tauco products (N = 24, R?X: 0.846, Q% 0.687), analyzed by SIMCA v.17 trial version

mapping based on total amino acid profiles showed a
semisolid tauco which had a different amino acid profile
from the others, highlighted by the high concentrations
of amino acids related to umami peptides. This gives an
insight for future research on umami peptides as well as
bioactive peptides from tauco, since some umami pep-
tides could exhibit bioactivities.

Abbreviation
PCA: Principal component analysis.
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