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Abstract

Cheonggukjang (CGJ) is a famous traditional Korean food that is typically produced by fermenting steamed

soybean seeds and has a unique flavor and taste. The objective of this study was to evaluate the effect of addition of lotus
seeds on the quality and antioxidant activities of CGJ. Color value, 1,1-diphenly-2-picrylhydrazyl radical scavenging
potential, and the amounts of total polyphenol, total flavonoid, mineral, and free amino acid were evaluated. The CGJ
sample produced with lotus alone or a mixture of soybean and lotus produced in Korea showed relatively high antioxidant
potential. The amount of essential and total free amino acids was also high in the sample prepared with lotus seeds grown
in Korea. On the other hand, the total mineral content was low in the lotus-based samples. The results indicated that a
mixture of an equal proportion of soybean and lotus seeds could be a good option to prepare nutritious CGJ.
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Introduction

Cheonggukjang (CGJ) is a traditional Korean food that is
produced by fermenting steamed soybean (Glycine max L.) and
has a characteristic flavor and taste (Kim et al, 2004a). CGJ
exhibits antioxidative, antimicrobial and many other beneficial
bioactivities (Kim, 1999; Shon et al., 2000; Youn et al., 2001). A
comprehensive study of the chemical components of CGJ from
different regions of Korea showed that CGJ contains several
biochemical components, including, fatty acids, amino acids,
carbohydrates, and organic acids (Kim et al, 1998). The
physicochemical and functional properties of CGJ are influenced
by several factors, including the fermenting microorganisms,
temperature, moisture, and so on (Lee et al, 1991; Lee et al.,
2006b; Lee et al., 2007). The amount of bioactive materials,
especially isoflavones and phenolic acids are increased or are
newly produced during the fermentation of soybeans (Jang et al.,
2006; Lee et al., 2005; Yang et al, 2006). CGJ possesses a
number of functional properties, such as immunopotentiation (Kim
et al., 2004b; Kim et al., 2009b; Lee et al., 2006a), anticancer and
antioxidation (Lee et al., 2001), thrombolysis (Chang et al., 2005;
Kim et al., 2002; Mine et al., 2005), antidiabetes (Kim et al.,
2008), anti-inflammatory activity (Choi et al., 2008b), and
antihypertension (Matsui et al., 2004) effect.
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To enhance the properties and nutritional values of CGJ, several
studies have been carried out adopting different techniques, such as
the rotative fermentation method (Lee et al., 2010), the effects of
manufacturing steps (Piao and Eun, 2020), various fermentation
times (Choi et al., 2008a), use of germinated soybeans (Choi et al.,
2007), and smoked soybeans (Ko et al., 2014). Similarly, the
addition of Korean red ginseng (Kim et al., 2009a), garlic (Kim et
al,, 2014b), and hazelnut (Kim et al., 2018) have also been
practiced during CGJ preparation. The addition of Korean red
ginseng improved the quality and taste of CGJ, garlic enhanced
the antioxidant activity, and hazelnut improved the angiotensin-
converting enzyme inhibitory activity.

Considering the successful practices of high-quality CGJ
production with the addition of some medicinal plants, this study
aimed to produce CGJ supplemented with Korean and Vietnamese
lotus (Nelumbinis nucifera Gaertn.) seeds. The use of lotus seeds
produced in two countries may provide more reliable results. In
general, lotus seeds contain 14.0% moisture, 4.05% ash, 2.05% fat,
16.2% crude protein, 8.13% sugar, 55.77% starch, all essential
amino acids except tryptophan, and several micronutrients (Zhang
et al, 2015). Lotus seeds are utilized as food, tea, natural
pigments, and/or healthcare product (Mukherjee et al., 2009; Zhu
et al.,, 2016). Some alkaloids found in the embryos possess various
biological functions, such as anti-tumor (Poornima et al., 2014;
Zhang et al., 2012), anti-inflammatory (Lin et al., 2006), anti-
oxidation, and sedation (Nishimura et al., 2013; Sugimoto et al.,
2008). In this study, we investigated the effect of the addition of
lotus seeds produced in Korea and Vietnam on the quality and
antioxidant activities of CGJ. The potential use of lotus seeds in
the production of traditional foods could increase the economic
value of the seeds and the income of the lotus farmers.
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Materials and Methods

Chemicals and plant materials

Folin-Ciocalteu phenol reagent; 1,1-diphenly-2-picrylhydrazyl
(DPPH); and pyrogallol were purchased from Sigma-Aldrich
(Sigma-Aldrich Chemical Co., St. Louis, MO, USA) and amino
acid standards were obtained from Wako (Wako Pure Chemical
Industries, Ltd., Osaka, Japan). All the chemicals used in this
study were of analytical grade. Lotus seeds produced in Korea and
Vietnam and soybean seeds produced in Korea were obtained from
a local market in Deagu, Korea.

Preparation of cheonggukjang

The CGJ samples were prepared by following the traditional
method of natural fermentation (Fig. 1). In summary, soybean and
lotus seeds were washed, soaked in water for 12 h at 25°C, drained
the water, and steamed for 30 min at 121°C. The steamed seeds
were cooled to 40-42°C and fermented in an incubator for 40 h at
4242°C. Samples were prepared in three replicates. The CGJ samples
were named as follows: KTC (Control): Korean traditional CGJ
prepared with 500 g soybeans seeds, KLC: CGJ prepared with
500 g of lotus seeds produced in Korea, KLSC: CGJ prepared
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with 250 g of lotus produced in Korea+250 g of soybean, VLSC:
CQ]J prepared with 250 g of lotus produced in Vietnam+250 g of
soybean. The samples were stored at —70°C for 24 h and subjected
to freeze-drying. The freeze-dried samples were ground into
powder using an electric grinder (HIL-G-501, Hanil Electric,
Ansan, Korea) and strained using a 100-mesh sieve.

Color measurement

The Hunter’s color values of the powdered samples were
determined on the basis of L* (lightness), a* (redness), and b*
(yellowness) values using a Chroma Meter (CR-300, Minolta Co.,
Kyoto, Japan). A calibration plate (Minolta Co.; YCIE=94.5,
XCIE=0.3160, YCIE=0.330) and a standard plate (Hunter
Associates Laboratory Inc., Reston, VA, USA; L*=97.51, a*=
—0.18, b*=1.67) were considered for standardizing the instrument
with D65 illuminant as described earlier (Kim et al., 2014a).

Determination of DPPH radical scavenging activity

The DPPH free radical scavenging activities of the sprout
samples were measured following the method described earlier
(Blois, 1958; Dhungana et al., 2016). One gram sample powder
was extracted in 10 mL methanol for 4 h using a shaking incubator
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Fig. 1. Schematic diagram of cheonggukjang preparation.
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(150 rpm, 25°C) and the extraction mixture was centrifuged
(1,660xg, 10 min). The supernatant was filtered through a 0.2-mm
syringe filter (Waters Co., Milford, MA, USA) and the filtrate
extract was used for analyses. Equal volumes (0.1 mL) of sample
extract and freshly prepared 0.01% (w/v) methanolic solution of
DPPH were mixed in 96-microplate wells and left at room
temperature for 30 min under dark condition. After 30 min, the
absorbance values of the reaction mixtures were determined at
517 nm using a spectrophotometer (Multiskan GO, Thermo Fisher
Scientific, Vantaa, Finland).

Determination of total polyphenol content

The total polyphenol contents (TPC) of the samples were
measured according to the Folin-Ciocalteau method as described
by Dhungana et al., 2015; Singleton et al., 1999. In short, 50 pL
sample extract used for DPPH assay and 1000 uL of 2% (w/v)
aqueous Na,CO, were mixed in micro tubes using a vortexer and
kept to react for 3 min at room temperature. Then, 50 uL. of 1N
Folin-Ciocalteau reagent was mixed into the mixture and allowed
to react for 30 min at room temperature under dark condition. The
absorbance value of the reaction mixtures was measured at 750
nm using a spectrophotometer (Multiskan GO, Thermo Fisher
Scientific). A calibration curve was drawn using gallic acid (GA)
as a standard and the total phenol content was estimated as gallic
acid equivalents (mg GAE/g of cheonggukjang).

Determination of total flavonoid content

The total flavonoid content (TFC) was measured as described
earlier (Michalska et al., 2007) with some modifications. The
100 L sample extracts used for DPPH assay were mixed with 50
mL of 5% (w/v) aqueous NaNO,. The mixtures were allowed to
react for 6 min at room temperature and 300 mL of 10% AICI,
solution was added and incubated for another 5 min. Subsequently,
1 mL of 1 M NaOH was added to the mixture, vortexed, and the
absorbance value was measured at 510 nm using a spectrophoto-
meter (Multiskan GO, Thermo Fisher Scientific). The TFC was
calculated using quercetin as standard.

Determination of mineral content

The mineral concentration of CGJ samples was determined
using an inductively coupled plasma atomic emission spectrometer
(ICP AES, Varian Inc., Victoria, Australia) following the method
described earlier (Skujins, 1998). The 0.5 g sample powder was
digested in 15mL HNO, (65%) and H,0, (35%) in a closed
microwave system at 200°C and the mixture was diluted with an
equal volume of distilled water. The mixture was filtered through
Whatman Ashless No 42 filter paper. The mineral content was
measured after calibrating the instrument using known standards
for each mineral element. Working conditions of ICP-AES were as
follows-RF power: 0.7-1.5 kW; plasma gas flow rate: 10.5-15 L/
min; auxiliary gas flow rate: 1.5 L/min; viewing height: 5-12 mm;
and copy and reading time: 1-5 s.

Determination of free amino acid content
The free amino acid profile of CGJ samples was evaluated by

following the method described by (Je et al., 2005) with some
modifications. One gram sample powder was hydrolyzed with 10
mL 6 N hydrochloric acid in a sealed vacuum ampoule at 110°C
for 24 h. The hydrochloric acid was removed using a rotary
evaporator, followed by the addition of 0.2 M sodium citrate buffer
(pH 2.2) to the remnant to make the volume 5.0 mL. The reaction
mixture was passed through a cartridge (C18 Sep-Pak, Waters Co.,
Milford, MA, USA) and through a 0.22-mm membrane filter
(Millipore, Billerica, MA, USA). The free amino acid content was
determined using ninhydrin as color reactant on a single ion-
exchange resin column in an automatic amino acid analyzer
(Biochrom-20, Pharmacia Biotech, Uppsala, Sweden). Conditions
of amino acid analyzer-performance column: 90x4.6 (Pharmacia
Biotech); injection volume: 20 mL; mobile phase flow rate: lithium
citrate 25.0 mL/h; and detection: 570 nm.

Statistical analysis

Analysis of variance was conducted using SAS 9.4 (SAS
Institute, Cary, NC, USA) to compare the means of different
samples, and the significant differences between the sample means
were determined using the Tukey test at p<0.5. Average values of
three replicates were reported.

Results and Discussion

Color value of cheonggukjang

The color values of different CGJ samples were significantly
affected by the raw materials (Table 1). The significantly highest
lightness value was found in CGJ prepared with soybean and lotus
seeds produced in Vietnam, VLSC (68.45). The lightness values of
the other three samples were not significantly different. On the
other hand, the significantly lowest redness and yellowness values
were observed in VLSC (1.51 and 11.81, respectively). Korean
traditional CGJ (KTC) had the significantly highest redness (5.13)
and yellowness (18.25) values.

The color of a food product is one of the determining factors
regarding the willingness of consumers to pay for the product
(Udomkun et al., 2018). Although the redness and yellowness

Table 1. Hunter’s color value of cheonggukjang samples
prepared with lotus and soybean seeds

Color value?”
Sample"
L* (Lightness)  a* (Redness)  b* (Yellowness)
KTC 65.85+0.57*) 5.13+0.23* 18.25+0.13*
KLC 66.142.18" 2.64+0.42° 12.51£0.46°
KLSC 64.40+0.79° 2.05+0.17° 13.27+0.57°
VLSC 68.45+1.28" 1.51£0.13¢ 11.81+0.38°

YKTC (Control): Korean traditional cheonggukjang prepared with 500
g soybeans seeds, KLC: cheonggukjang prepared with 500 g of lotus
seeds produced in Korea, KLSC: cheonggukjang prepared with 250 g
of lotus produced in Korea+250 g of soybean, VLSC: cheonggukjang
prepared with 250 g of lotus produced in Vietnam +250 g of soybean.
JL*: lightness (100, white, 0, black), a*: redness (—, green; +, red),
b*: yellowness (—, blue, +, yellow). ¥ Values are means+SD of
triplicate measurements. The vales followed by the different letters in
the same column are significantly different (Tukey test, p<0.05).



Cheonggukjang prepared with lotus and soybean seeds 129

values of CGJ was reduced with the addition of lotus seeds
produced in Korea, the lightness value remained significantly
unaffected. Color combination of two products, sometimes, may
not produce an intermediate state as found in the redness value of
CGJ prepared with soybean and lotus seeds produced in Korea
(KLSC); the reason of the color disparity was not clearly known.

DPPH, total polyphenol and total flavonoid

The DPPH and TPC of CGJ prepared with Korean lotus seeds
(KLC) were significantly highest, whereas TFC was highest in
KLSC (Table 2). The TFC of KLSC (141.39 mg QE/g DW) was
slightly higher than KTC (13796 mg QE/g DW) and KLC
(126.14 g QE/g DW). The lotus seeds produced in Korea are
found to contain higher antioxidants than those produced in
Vietnam. Overall, the lowest antioxidant potential was observed in
VLSC.

The antioxidant potentials of CGJ samples were evaluated
through DPPH, TPC, and TFC. Similar results of higher DPPH
and TPC were found in the lotus seeds-added rice porridge than
that in soybean seed-added porridge (Kim et al., 2019). Also,
concur with the study showing that lotus seed-added jeungpyun
had increased DPPH radical scavenging capacity (Jeong et al.,
2012). The higher antioxidant capacity of lotus-added CGJ might
be attributed to the high phenolic acids including caffeic acid,
chlorogenic acid, p-hydroxybenzoic acid, gallic acid, and other

phenolic compounds in lotus seeds (Yen et al, 2005). The
variation in the antioxidant potential of CGJ fermented with lotus
seeds produced in Korea and Vietnam might be differences in the
phytochemicals due to spatial variation (Fischer et al., 2020). The
outcome of antioxidant potential of foods is a complex mechanism
as it is influenced by a number of factors, such as the partitioning
properties of particular antioxidants, oxidation conditions, and
physical state of the oxidizable substrate (Frankel and Meyer,
2000). So, a noticeable increase in the amount of an antioxidant,
TPC and/or TFC, may not always contribute to elevated
antioxidant potentials as found in the present study. For instance,
TFC of KLSC is higher than that of KLC, however, DPPH and
TPC are reverses. Similarly, TFC of KTC is higher than that of
VLSC but the DPPH is lower in the former sample than in the
latter one. The antioxidant potential of a sample may be reflected
as the contributions of several phytochemicals, including polyphenols,
flavonoids, vitamins, carotenoids, and so on.

Minerals

The highest and lowest total mineral contents were found in
KLSC (17,941.31 mg/kg) and KTC (20,210.67 mg/kg), respectively
(Table 3). The proportion of soybean and lotus seeds also
significantly affected the mineral composition (except Mg) of CGJ
samples. The most abundantly found mineral element was K
(11,032.57-16,534.70 mg/kg), followed by Mg (1,985.09-2,101.83

Table 2. DPPH free radical scavenging activity, total polyphenol and total flavonoid contents of cheonggukjang samples prepared with

lotus and soybean seeds

Sample" DPPH? (%) Total polyphenol (mg GAE®/g DW)  Total flavonoid (mg QE"/g DW)
KTC 30.55+0.24% 14.14+1.24¢ 137.96+2.74°
KLC 89.17+0.27* 18.68+1.64° 126.14+2.25¢
KLSC 60.63+0.20° 16.70+0.12° 141.39+0.64°
VLSC 52.75+2.00° 14.93+0.05¢ 77.20+2.38¢

DSamples are defined in Table 1. ?’DPPH: DPPH free radical scavenging activity. ?*GAE: Gallic acid equivalent. “QE: Quercetin equivalent. Values
are expressed as means+SD of three replicates. Values followed by different letters in the same column are significantly different (Tukey test,

p<0.05).

Table 3. Mineral contents of cheonggukjang samples prepared with lotus and soybean seeds

Contents (mg/kg)
Element
KTCY KLC KLSC VLSC
Na 198.56+4.85% 310.94+4.73° 326.58+8.27" 254.19+4.22¢
Mg 2,101.83+72.69° 2,036.69+40.02° 2,017.38+66.46" 1,985.09+£71.10°
K 16,534.70+£337.61° 11,032.57+212.79° 13,527.89+362.88" 13,471.79+£145.33"
Ca 1,270.25+28.15¢ 1,611.22+20.11° 1,720.66+7.88" 1,129.31+14.11°
Mn 29.22+40.15¢ 392.25+1.68° 246.03+1.24° 132.54+0.51°
Cu 13.62+0.07¢ 13.45+0.14¢ 15.35+0.07° 20.58+0.14°
Zn 41.810.20¢ 69.05+0.02* 50.30+0.23° 59.59+0.11°
Fe 15.24+0.07° 32.29+0.21° 35.37+0.09* 12.71£0.09¢
Mo 5.44+0.27° 0.98+0.01° 1.75+0.02° 0.76+0.01¢
Total 20,210.67 15,499.44 17,941.31 17,066.56

"Samples are defined in Table 1.

DValues are means=SD of triplicate measurements. Values followed by different letters in the same row are significantly different (Tukey test, p<0.05).
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Table 4. Free amino acid (AA) composition of cheonggukjang samples prepared with lotus and soybean seeds

Contents (mg/kg)
Amino acid
KTCY KLC KLSC VLSC
Essential AA

Threonine 3.93+£0.03%? 4.58+0.21° 3.43+0.12° 3.25+0.17°
Valine 4.23+0.12° 4.53+041° 3.69+0.12° 3.51+0.09
Methionine 0.89+0.11° 1.25+0.03* 1.25+0.08* 0.81+0.10°
Isoleucine 3.44+0.14* 3.77+0.24* 3.39+0.28" 2.77+0.12°
Leucine 7.55+0.40° 8.63+0.33* 721x0.16° 6.04+0.26°
Phenylalanine 4.47+0.18" 5.18+£0.27* 4244013 3.53+0.22°
Lysine 3.61£0.17° 4.23+£0.26" 2.65+0.06° 3.16£0.21°
Histidine 1.44+0.11° 1.55+0.13* 1.66+0.02* 1.25+0.04°

Sub-total essential AA 29.56 33.72 27.52 24.32

Non-essential AA

Aspartic acid 12.32+0.12* 12.64+0.31* 10.75+0.21° 9.61+0.32°
Glutamic acid 10.81+0.02° 11.41+0.25° 9.71+0.41° 8.59+0.23¢
Glycine 3.62+0.18" 4.77+0.18" 4.37+0.43" 3.35+0.24°
Alanine 4.04.£0.04° 4.57+£0.22° 4.31+0.18" 3.18+0.07¢
Tyrosine 2.56+0.28" 2.49+0.08* 2.35+0.16" 1.82+0.11°
Arginine 4.53+£0.36" 4.46+0.21° 3.33+0.27° 3.50+0.09
Proline 0.90+0.01° 1.29+0.20* 1.21£0.17% 0.79+0.07°
Cystine 0.65+0.23* 0.74+0.30* 0.80+0.03* 0.56+0.03"

Sub-total non-essential AA 42.74 46.14 40.35 34.02

Total free AA 72.30 79.86 67.87 58.34

DSamples are defined in Table 1.

YValues are means=SD of triplicate experiment. Values followed by different letters in the same row are significantly different (Tukey test, p<0.05).

mg/kg) and Ca (1,129.31-1,720.66 mg/kg). The highest Na, Ca,
and Fe contents were found in KLSC.

The results showed that the total mineral content of soybean
CQJ is higher than that of lotus-based CGJ. However, the highest
Na, Ca, and Fe content in KLSC indicated that the addition of
lotus seeds to the traditional CGJ could help increase these mineral
elements. Na is useful in the body to maintain fluid levels and is
essential for the health of the heart, liver, and kidneys (Munteanu
and Iliuta, 2011). Similarly, Mg, K, and Ca are beneficial against
hypertension (Houston and Harper, 2008). Fe functions in oxygen
transport, energy metabolism, mitochondrial respiration, DNA
synthesis, and cellular growth and differentiation (Ganz, 2013).

Free amino acid

The compositions of different essential and non-essential amino
acids found in CGJ samples are presented in Table 4. The highest
and lowest amount of total free amino acids was measured in
KLC (79.86 mg/g) and VLSC (58.34 mg/g), respectively. Similarly,
KLC (33.72 mg/g) and VLSC (24.32 mg/g) contained the highest
and lowest amount of essential amino acids, respectively. The
concentration of glutamic acid, a precursor of y-Amino-n-butyric
acid (GABA), was highest in KLC. The amount of some
functional amino acids such as proline and cystine were found to

be high in KLC and KLSC.

GABA is primarily synthesized in plants by the decarboxylation
of glutamic acid in the presence of glutamate decarboxylase
(Nikmaram et al., 2017). GABA and glycine, one of the highest
amino acids found in KLC and KLSC, are reported to play role in
enhancing learning and memory, against stroke and neuro-
degenerative diseases; relieving anxiety, sedation, anticonvulsant, and
muscle relaxation functions (Krogsgaard-Larsen, 1989; Mody et al.,
1994; Oh and Oh, 2004). The high GABA-containing foods are
considered brain foods and also play role in correcting several
bioactive functions, such as blood cholesterol level, blood pressure,
cerebral blood flow, insomnia, depression, and pain (Dhakal et al.,
2012). The anti-diabetic effect of GABA has also been reported
(Nikmaram et al., 2017). Functional amino acids like proline and
cysteine, which were high in KLC and KLSC, play role in
regulating key metabolic pathways that are necessary for
maintenance, growth, reproduction, and immunity (Wu, 2009).

Conclusion

The physicochemical properties and antioxidant potential of CGJ
prepared with soybean and/or lotus seeds were evaluated. The
redness and yellowness values were high in CGJ produced with
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soybean seeds. The CGJ sample prepared with lotus or a mixture
of soybean and lotus produced in Korea showed relatively higher
antioxidant potential. The concentration of essential and total free
amino acids was also high in the sample prepared with lotus seeds
grown in Korea. However, the amount of total mineral content
was lower in the lotus-based samples. Overall, a mixture of an
equal proportion of soybean and lotus seeds could be a good
option to prepare nutritious CGJ.
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