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ABSTRACT: Salty soy sauce subjected in this study is a variety of commercial soy products in Indonesia. 
Chromatographic profiles linked to taste dilution analysis of the soy sauce were analyzed by Sephadex G-15 gel 
filtration chromatography followed by RP-HPLC. The results showed that there were 4 umami fractions (Fractions 
I − IV) obtained by Sephadex G-15 separation. Chromatographic profiles at 254 nm could show the differentiation 
of the four fractions and then their RP-HPLC profiles were proven to be different from each other. Fraction III which 
contained 65% of the soy sauce dry matters, had the highest umami intensity with umami TD factor of 256, meanwhile, 
this fraction was tasted salty due to the salt contained in the soy sauce. Fraction III was dominated by the later peaks 
in the RP-HPLC chromatogram, which was more hydrophobic. The hydrophobic components were commonly tasted 
bitter, perhaps in the commercial salty soy sauce, the taste interaction between the umami and bitter components might 
have occurred.
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INTRODUCTION 
Soy sauce is a seasoning that has a strong savory or 
umami taste. Indonesian soy sauce is produced from black 
or yellow soybeans through two stages of fermentation 
(Apriyantono et al., 1999). The first fermentation stage 
is mold fermentation and the second stage is moromi or 
brine fermentation at a relatively high salt concentration 
(approximately 17% w/v of natrium chloride in final salty 
soy sauce product) (Röling et al., 1994; Apriyantono et 
al., 2004). There are two types of commercial soy sauce 
in Indonesia, namely sweet soy sauce or kecap manis and 
salty soy sauce or kecap asin. Salty soy sauce is produced 
by cooking the moromi, without sugar added, while sweet 
soy sauce is cooked with a high amount of caramelized 
sugar (Röling et al., 1994; Röling et al., 1996; Apriyantono 
et al., 2004).

Five basic tastes, acid, sweet, bitter, salty, and umami; were 
already identified. The non-volatile compounds have been 
known to be the responsible compounds for the five basic 
tastes due to their capability to interact with taste receptors 
located on the taste buds of the tongue (Belitz et al., 2009). 
The most interesting component is that resulted from 
protein hydrolysis by the action of proteases, i.e. amino 
acids and small peptides with molecular weights less than 
500 Da, which were usually present in the low molecular 
weight fraction (Lioe et al., 2004; Lioe et al., 2007; Lioe et 
al., 2018). It has been known that amino acids and peptides 
have many tastes: sweet, bitter, and umami tastes (Kato et 
al., 1989). Free amino acids especially have been proved 
to contribute to several fermented soy products including 
Japanese soy sauce (shoyu), Indonesian soy sauce made 
from yellow soybeans (Lioe et al., 2004; Lioe et al., 
2007) and Korean soy sauce (Kim et al., 2017). Studies 
on the umami flavoring compounds in several soy sauces 

indicated that hydrophilic free amino acids, especially 
free L-glutamic acid, L-threonine, L-serine, and other 
amino acids, and hydrophilic peptides of less than 500 Da 
molecular weights were thought to have an influence on 
the umami taste intensity of soy sauce (Apriyantono et al., 
2004; Lioe et al., 2004; Lioe et al., 2007; Kim et al., 2017; 
Lioe et al., 2006). Hydrophobic free amino acids such as 
L-leucine, L-isoleucine, L-valine, and L-phenylalanine 
were also found relatively abundant in Japanese soy sauce 
(Lioe et al., 2006; Lioe et al., 2007) as well as Indonesian 
soy sauce (Lioe et al., 2004) which could contribute to the 
umami taste characteristics of soy sauce.

Commercial soy sauce is usually made from black soybeans 
(Röling et al., 1994; Röling et al., 1996). However, its 
chromatographic profiles as well as taste intensities of 
commercial salty soy sauce, which has higher perceived 
umami taste than commercial sweet soy sauce, were not 
investigated yet. This study is important to know the 
intensities of the umami taste of Indonesian commercial soy 
sauce compared to other soy sauces already investigated 
previously, and to know the characteristic of components 
in its fraction through HPLC profiles. The objective of 
this research was to separate the fractions of commercial 
salty soy sauce by gel filtration chromatography and to 
know the taste characteristics through umami taste dilution 
analysis (TDA) as well as to observe the reversed-phase 
high-performance liquid chromatography (RP-HPLC) 
profiles of the obtained fractions, which could predict 
the hydrophobicity of the components in peaks with later 
retention times. RP-HPLC is commonly used for the 
investigation of taste components in food, which are non-
volatile (Dang et al., 2015; Lioe et al., 2006; Lioe et al., 
2018).

https://journal.ugm.ac.id/ifnp

IFNP, Vol. 16, No. 2 (2019)

ISSN 2597-9388

DOI: 10.22146/ifnp.48999



37Journal of Indonesian Food and Nutrition Progress

MATERIALS AND METHODS
Materials
The materials used were salty soy sauces, Angsa brand 
name produced by Refinery Kecap Co., Medan, Indonesia 
and ABC brand name produced by ABC Heiz Indonesia 
Co., Jakarta, Indonesia, which represented the commercial 
salty soy sauces marketed in Java and Sumatra Islands. 
Packed material of gel filtration chromatography was 
Sephadex G-15 (GE Healthcare, USA) with a specification 
of pH 2 − 13 range, wet particle size 60 − 80 μm, molecular 
weight separation range of less than 1500 Da. Aquadest was 
used for gel filtration, however demineralized water was 
used for HPLC analysis. NaCl, acetonitrile, monosodium 
glutamate (MSG), sucrose, citric acid, and caffeine were 
of analytical grade (assays more than 99%) from Merck 
(Germany). Mineral water (AQUA, Indonesia) was used 
throughout the sensory analysis.

Fractionation by gel filtration chromatography
A total of 5.0 mL of each brand of salty soy sauce was 
incorporated into Sephadex G-15 chromatography gel 
filtration column at 27°C and a flow rate of 42 mL/h with 
aquadest as eluent to 60 tubes of each of 7.5 mL using a 
fraction collector SF-100 (Toyo, Japan). This method 
referred to Istiqamah et al. (2019). The UV absorbance of 
the eluate was then measured at wavelengths of 214 and 
254 nm using a UV-Vis 160 spectrophotometer (Shimadzu, 
Japan). The peaks observed through the obtained 
chromatogram were used for consideration to divide the 
soy sauce fractions. The eluate in the tubes from the same 
peak was combined into one fraction. The pooled eluates 
were freeze-dried by a freeze dryer (model FDU-1100, 
EYELA, Japan) to obtain a dry fraction. The dry matters 
in each dry fraction were then weighed and dissolved with 
aquadest up to the same volume of 5.0 mL, as the initial soy 
sauce volume. These fractions were further characterized 
by HPLC and by sensorial taste dilution analysis (TDA) 
described below. The experiment was performed in 
duplicate.

RP-HPLC profile
The four fractions, I to IV, obtained by Sephadex G-15 
separation were diluted using Milli-Q water with dilution 
factors, 100, 500, 1000, and 2, respectively, and then 
injected into RP-HPLC-MWD. The RP-HPLC analysis 
was performed using a C18 column (i.d. 4.6 mm × 150 
mm, 5 μm particle size). Isocratic elution at the ambient 
temperature of acetonitrile in Milli-Q water (20%) and 
injection volume at 20 μL was applied. The RP-HPLC 
was operated at room temperature. This method referred 
to Tamam et al. (2019). Detection was performed with 
a multi-wavelength detector (MWD) at 214 nm and 254 
nm UV wavelengths. Detection at 254 nm was to observe 
whether the peaks containing aromatic group or not. The 
peak profiles obtained were then evaluated and compared 
with the TDA test results.

Taste dilution analysis
Taste dilution analysis (TDA) was carried out in the 
previous study (Frank et al., 2001; Ottinger and Hofmann, 

2003). This analysis was conducted to determine the best 
taste dilution (TD) factor in describing sample flavor.

Panelist selection and training
Seven subjects (ages 24 to 28 years) from Department 
of Food Science and Technology, Bogor Agricultural 
University, Food Science master program, were participated 
in the panelists selection and training by a triangle test 
(Carpenter et al., 2000) using the following taste solution 
in mineral water (pH 7 by using litmus paper pH 1 to 14 test 
strips), at nearly above taste threshold concentration: 12.6 
mM sucrose for sweet taste; 12 mM NaCl for saltiness; 
monosodium glutamate (MSG) 2.1 mM for umami taste; 
0.8 mM citric acid for sour taste; and caffeine 0.5 mM for 
bitter taste (Ottinger and Hofmann, 2003). Panelists were 
required to taste 1 mL of each solution arranged in 3 sets of 
triangle test with mineral water. Re-tasting was not allowed. 
Sensory evaluation was done in a room at 25 to 26°C. 
The panelist who could answer as much as 80% or more 
of 15 triangle sets correctly, was selected. Three panelists 
were selected and then trained for the determination of 
taste dilution (TD) factor using a soy sauce as a sample 
following the same procedures as below.

Determination of taste dilution (TD) factor by taste dilution 
analysis (TDA). The Sephadex G-15 gel filtration fractions 
were evaluated by three trained panelists. The samples 
were dissolved following the dilution factor 1, 2, 4, 8, 16, 
32, 64, 128, 256, 512, and so on until it reached two or three 
levels above the dilution factor, which is no different taste 
between the diluted sample and the two mineral water was 
detected by the panelists. The TDA was done by tasting 1 
mL of sample solution using a triangle test with mineral 
water. Panelists were asked to detect the taste difference 
between samples and 2 blanks (mineral water). When a 
different taste could just be detected in dilution, the panelist 
was asked to describe the taste (sweet, salty, umami, 
sour, bitter) according to the test in panelist selection and 
training. The TD factor is the dilution at which a recognized 
different taste was just detected. The umami dilution factor 
(TD factor of umami) is reported for results and discussion 
to trace the umami fraction of salty soy sauce.
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RESULT AND DISCUSSION 
Separated gel filtration fractions and their sensory 
characteristics
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Figure 1 – Chromatogram of commercial salty soy sauce fractions of: A. Angsa brand and B. ABC brand of Indonesian products, with 
molecular weights (MW) of less than 1500 Da obtained by gel filtration chromatography. The fractionation was performed on a Sep-
hadex G-15 column (2.5 × 60 cm) at 25-26 °C (Air-conditioned room) and a flow rate of 42-43 mL/h with aquadest as an eluant. The 
sample volume was 5.0 mL. Absorbance was measured at 254 nm.

The low molecular weights (less than 1500 Da) fractions 
of salty soy sauces were obtained by using Sephadex G-15 
gel filtration, as the specification of this gel for filtering 
compounds less than 1500 Da. The separation using this 
gel was based on the molecular size and the hydrophobic 
interaction between the compounds and the gel matrix 
(dextran with epichlorohydrin cross-links).  There were 
four gel filtration fractions, Fractions I to IV, were obtained 
from this separation (Figure 1). The chromatogram 
of Sample A (Angsa brand) was similar to Sample B 
(ABC brand), perhaps both samples contained similar 
components due to the same use of raw material (soybeans) 
and fermentation steps. Dry matters obtained from 5.0 
mL soy sauce separation were presented in Tables 1 and 
2. Their taste dilution factors for the umami intensity are 
presented in Table 1. The taste intensities of each fraction 
were comparable between Sample A and Sample B. The 
results from both samples can be averaged as a duplicate 
experiment. If these results compared to Japanese soy 

sauce fractions (Lioe et al., 2007), it is known that the 
highest umami taste intensity of fractions in this current 
study (TD factor 256) were 4 times intense compared to the 
fractions of Japanese soy sauce (the highest TD factor was 
64), even though the dry matters concentrations shown in 
Table 2 were considerably 1.5 - 2 times higher than those 
of Japanese soy sauce. The result of Indonesian soy sauce 
fractions with umami TD factors is just reported in this 
study.

Fractions II and III are the main fractions, comprised of 
29% and 65% of all dry matters in soy sauce, respectively. 
Fraction III had a relatively high absorbance at 254 nm which 
means that this fraction might contain a higher number 
of aromatic compounds, for example, L-phenylalanine 
and L-tyrosine, as observed previously in the research of 
Indonesian and Japanese soy sauces (Lioe et al., 2004; Lioe 
et al., 2007), which normally have a bitter taste (Kato et al., 
1989). However this fraction from both soy sauce samples 

Tube No. (7.5 mL/tube)
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had the highest umami intensity (Table 2), perhaps there is 
an interaction among components in the fraction to give the 
intense umami taste. 

The four fractions also have relatively high absorbances 
at 214 nm which indicated the presence of compounds 
having peptide bonds and carboxylic groups, i.e., amino 
acids and peptides, in all four fractions. The pattern of 
chromatographic separation with this detection was similar 
to that of 254 nm, therefore it is not shown. Free amino acids 
and/or peptides contained aromatic groups (Belitz et al., 
2009; Pavia et al., 1996) were present mainly in Fractions 
I and III. Since gel filtration chromatography separated 
peptides earlier than free amino acids (Lioe et al., 2006), 
in this current study Fraction I was the peptide fraction, but 
had relatively low umami intensity compared to Fractions 
II and III. It is noted that Fractions II and III were salt 
fractions observed from the salty taste detected by the 
panel (at TD factors for salty taste 16 and 64, respectively). 
Therefore, salt was part of the dry matters of Fractions II 
and III reported in Table 1. Sodium salt was added to the 
product as appeared in the product composition. Soy sauce 
could contain 13% w/v NaCl generally (Yokotsuka, 1981) 
or 13 - 16% w/v NaCl in Japanese soy sauces (Lioe et al., 
2007). However, the interaction between sodium chloride, 
free L-glutamic acid as well as hydrophobic amino acids, 
L-phenylalanine and L-tyrosine, might be occurred in this 
study as found in other soy sauce researches (Lioe et al., 
2004; Lioe et al., 2007) and a sensory study (Lioe et al., 
2005). Free amino acids could be found at 1.9 – 6.7% 
w/v in Japanese soy sauce ultrafiltration fractions with 
molecular weights (MW) lower than 500 Da (Lioe et al., 
2007), whereas total amino acids of Indonesian soy sauce 
at 131 mg/g or 13.1% w/w dry matters of the fraction with 
MW lower than 500 Da (Lioe et al., 2004). 
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RP-HPLC profiles of soy sauce fractions
RP-HPLC profiles of Fractions I to IV at 214 nm are shown 
in Figure 2. RP-HPLC profiles at 214 nm of the respective 
four fractions of Sample A and Sample B were similar. The 
profile of each fraction was different to each other, which 
indicated different components present in the fraction. The 
relative peak area percentages are presented in Table 3. 
Fractions I and II had mainly earlier peaks with retention 
times between 2.3 and 3.5 min (Figure 2). The area of 
these peaks comprised more than 90% of the total peak 
area in Fractions I and II. This illustrates the percentage 
composition of the hydrophilic components in Fractions I 
and II. These peaks did not have any aromatic group due to 
the low absorbance at 254 nm observed in this study. These 
two fractions had a lower umami taste intensities compared 
to Fraction III.

Fraction III contained both earlier and later peaks, which 
were eluted between 3.0 to 6.0 min. One of the peaks 
was to contain an aromatic group due to relatively high 
absorbance at 254 nm (Table 3). If looking at umami 
intensities in Tables 1 and the characteristic of components 
in Table 3, as well as HPLC profiles in Figure 2, the 
hydrophilic components in Fractions II and hydrophilic 
as well as hydrophobic components in Fraction III, were 
the main umami components of Sample A and Sample 
B. It is interesting that Fraction III of the two soy sauce 
samples which contained hydrophilic, aromatic and non-
aromatic hydrophobic components was rated to have the 
highest umami taste intensity. This fact emphasized that 
besides hydrophilic components, hydrophobic components 
could also contribute to the high umami intensity of the 
commercial soy sauce samples. The presence of those 
components in soy sauce has also been predicted in other 
soy sauce study in a different way (Jakobi et al., 2017).

Table 1. Dry matters obtained from 5.0 mL of commercial salty soy sauces and umami taste dilution (TD) 
factors of chromatographic fractions tested at the same volume (5.0 mL)

Table 2. Percentage of dry matters in salty soy sauce fractions based on total dry matters (% w/w) and total 
volume (% w/v) of salty soy sauce
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Table 3. Percentage of area relative (%) of peaks detected by RP-HPLC (detection at UV 214 nm) of four 
chromatographic fractions

*containing aromatic group observed from the relatively high absorbance at 254 nm

Figure 2 – RP-HPLC profiles of commercial salty soy sauce fractions (Sample A) using HPLC condition as follows: C-18 column (i.d. 
4.6 × 150 mm, 5 μm particle size), an isocratic elution of acetonitrile in Milli-Q water (0−20 min) at 20%, detection at UV 214 nm using 
MWD detector, injection volume 20 μL. The concentrations of dry matters in the solutions injected into HPLC were ranged between 
78 to 186 µg/mL (130 µg/mL in average). The results of Sample B were similar to those of Sample A.
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The hydrophilic amino acids such as umami amino acids ( 
L-glutamic acid and L-aspartic acid), and sweet amino acids 
(L-serine and L-threonine), were the main amino acids in 
Japanese and Indonesian soy sauces and contributed to the 
intense umami taste of soy sauces (Lioe et al., 2004; Lioe et 
al., 2007). The hydrophilic compounds were also found in 
Korean soy sauce (Kim et al., 2017) and Chinese soy sauce 
(Zhang et al., 2016). In this current study, Fractions II and 
III might contain the umami and sweet amino acids.

Hydrophilic peptides might be present in Fraction I as a 
consequence of gel filtration (Figure 2 and Table 3), and 
its contribution to the umami taste of soy sauce could not 
be neglected (Table 1). The peptides which impart umami 
taste have been found in other researches (Kato et al., 1989; 
Nishimura and Kato, 1989; Zhuang et al., 2016).

Fraction IV contained mainly hydrophobic components 
which are commonly tasted bitter (Kato et al., 1989), 
however, this fraction still had a lesser extent of umami 
taste. Perhaps, this is due to the presence of hydrophilic 
components eluted at 3.0 ̵ 3.5 min. In fact, the bitter taste 
was not perceived in the original salty soy sauce, but 
through this study, the bitter taste was found in one fraction, 
Fraction IV. This study gives an insight that the presence 
of hydrophilic components together with hydrophobic 
components, as a consequence of soy protein breakdown 
during fermentation of soy sauce, was related to the intense 
umami taste of soy sauce. 

CONCLUSION
Indonesian commercial salty soy sauce has intense umami. 
The intensity of the most intense umami fraction obtained 
by chromatography separation could reach 4 times higher 
than that of Japanese soy sauce. Hydrophilic as well as 
hydrophobic components originated from soy protein 
breakdowns, which might be related to the umami taste.
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