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Abstract Two new fermentation products were separated from cheonggukjang by high performance liquid chromatography
{HPLC) and tentatively identified as succinyl daidzin and succiny! genistin by HPLC-mass spectrometry (MS). Both succinyl
daidzin and succinyl genistin were detected in all 4 commercially available and one laboratory prepared cheonggukjang and 1
commercially available natto. However, these compounds were not detected in commercially available 4 home-made and 4
factory-produced doenjang. Peak areas of succinyl genistin were about 1.95-2.45 times higher than those of succinyl daidzin
in cheonggukjang, which may be due to the higher concentration of genistin derivatives than daidzin derivatives in soybeans.
This is the first report on the succinyl derivatives as isoflavone metabolites from cheonggukjang and these 2 isoflavone
derivatives could be characteristic indicators for cheonggukjang.
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Introduction Materials and Methods

Cheonggukjang is made of cooked whole soybeans which are  Materials Soybean was purchased from a local market
fermented with mainly Baciflus subtilis and/or Bacillus natto  (Seoul, Korea) and B. subtilis MYCO10001 was donated
for short period (1). Cheonggukjang has gained popularity from Myco Corp. (Gyeongju, Korea). Home-made doenjang,
among Koreans due to its health beneficial functions such as  which were fermented for 4, 16, 28, 40, or 52 months after
increasing immune responses and fibrinolytic activity (2,3).  decanting soy sauce, were donated from Yeosudak Co.
Isoflavones are phytoestrogenic compounds in soybeans and ~ (Jeonnam, Korea). Commercially available 4 cheonggukjang,
consumption of isoflavone has been associated with the 1 natto, and 4 factory-produced doenjang were purchased
reduction of the risk of various cancers, several chronic  from a local grocery market (Seoul, Korea). Six isoflavone
inflammatory diseases, and osteoporosis (4-6). The distri-  standards including glycitein, B-glycitin, acetyl-p-daidzin,
butions of isoflavones during cheonggukjang preparation  acetyl-B-genistin, acetyl-B-glycitin, and malonyl-B-genistin
are also reported in the literature. Depending on the were purchased from LC Laboratories Co. (Woburn, MA,
fermentation conditions, [3-glucosides or aglycones are major USA) and 3 standard compounds including daidzein,
chemical forms of isoflavones in cheonggukjang (7-9).  genistein, and B-genistin were purchased from Sigma
Generally, cooked soybean contains high percentage of -  Aldrich Co. (St. Louis, MO, USA). HPLC-grade methanol,
glucosides which are converted from malonyl derivatives  acetonitrile, hydrochloric acid (HCI), and acetic acid were
during cooking. Microorganisms possessing high f3-gluco-  purchased from Fisher Scientific Ltd. (Fairlawn, NJ, USA).
sidase activity can convert -glucosides into corresponding
aglycones during cheonggukjang fermentation, Sample preparation Cheonggukjong was prepared with
Our previous study showed that as fermentation time  slight modification of the previous report (9). Briefly,
proceeded two new unidentified peaks were detected and  whole soybean of 300 g was soaked for 10 hr at room
increased in laboratory prepared cheonggukjang (9). Inthis  temperature and cooked for 2 hr. Cooked whole soybean
study, those two new peaks were tentatively identified and  was cooled down and inoculated with 10%(w/w) B.
other fermented soy products were screened for these new  subtilis MYCO10001 (2.7x10" CFU/mL) and fermented
peaks. for 36 hr at 40°C in a incubator. Four commercially available
The objectives of this study were to identify the twonew  cheonggukjang, 1 laboratory-prepared cheonggukjang, 1
peaks detected in cheonggukjang using liquid chromato-  natto, and 8 doenjang samples were freeze-dried (Ilshin
graphy/mass spectrometry (LC/MS) and to monitor these  Lab Co., Yangju, Korea).
two peaks in fermented soy foods such as 4 cheonggukjang,
4 home-made doenjang, 4 factory-produced doenjang, and  Isoflavone extraction Isoflavones were extracted from

1 sample of natto. 1 g of freeze dried samples according to Lee et al. (10).
Mixtures of 2 mL of 100 mM HCI, 7 mL acetonitrile, and

*Corresponding author: Tel: +82-2-970-6739; Fax: +82-2-971-5892 3 mL deionized water were added 1 g of cheonggukjang
E-mail: jhlec@snut.ackr and shaken for 2 hr using a shaker (cute mixer CM-1000;
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g for 10 min (Hanil Co., Incheon, Korea) and the supernatant
was dried under nitrogen gas flow at room temperature.
Dried samples were stored at —40°C in the dark until use.
Extraction yields were confirmed using an internal standard,
formononetin.

Separation of 2 compounds by HPLC Two new
isoflavones in sample extracts were separated using a high
performance liquid chromatograph (HPLC) equipped with
an ultraviolet detector (Hitachi Co., Tokyo, Japan). Conditions
of HPLC analysis were the same as those reported
previously (9).

Identification using HPL.C-mass spectrometry (MS) Two
new isoflavones in the sample extracts were identified
using LC/MS. Samples dried under nitrogen gas were
dissolved in 1 mL methanol and analyzed by LC/MS.
Separation of the sample was performed using Agilent
1100 series HPLC (Waldbronn, Germany) equipped with a
4-um Waters Novapak C18 reverse phase column (150x
3.9 mm i.d.). Conditions of mobile phase were the same as
those of HPLC analysis. The sample injection volume was
10 pL and the flow rate was 0.6 mL/min. Electrospray
(ESI) MS data were acquired using a Agilent 1100 series
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Fig. 1, HPLC chromatograms of peak A and peak B in
cheonggukjang, which were tentatively identified as succinyl
daidzin and succinyl genistin, respectively. I Malonyl-B-
glycitin, (2 6"-O-Acetyl-B-daidzin, 3 6"-O-Malonyl-B-genistin,
@ Daidzein.
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Fig. 2. Mass spectra of peak A (a) and peak B (b) and suggested structures.
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LC/MSD (Palo Alto, CA, USA) quadrupole instrument in
positive ion mode. Nitrogen was used as nebulization gas
at flow rate of 11 L/min. The capillary voltage was 4 kV.

Results and Discussion

Identification of 2 new peaks in cheonggukjang HPLC
chromatogram of factory-produced cheonggukjang is shown
in Fig. 1. From the previous report of our group, one peak
was eluted between malonyl glycitin and acetyl daidzin
and the other peak appeared between malonyl genistin and
daidzein, which were designated as peak A and B,
respectively. Mass spectra of peak A and peak B from LC/
MS with quadrupole as mass analyzer are shown in Fig,. 2.
The mass spectrum of peak A displays m/z 517, 255, 163,
and 145 as shown in Fig. 2a and can be assigned to
succinyl daidzin. The m/Zz 517, 255, and 163 are the
[succinyl daidzin+H]", [daidzein+H]", and [Glucose -
OH]", respectively. The m/z 163 and 145 come from the
glucose moiety. The [succinyl daidzin+Na]" (m/z 539) can
be observed in the mass spectrum.

The mass spectrum of peak B displays m/z 533, 433,
417, 271, 163, and 145 as shown in Fig. 2b and can be
assigned to succinyl genistin. The m/z 533, 433, and 271
are the [succinyl genistin+H]", [genistin+H]", and [genistein
+H]", respectively. The m/z 417 can be assigned to the
[genistin - OH]". The m/z 163 and 145 also come from the
glucose moiety. The [succinyl genistin+Na]” (m/z 555) can
be observed in the mass spectrum.

Therefore, peak A and peak B are tentatively identified
as daidzein 7-0-B-(6"-0-succinyl)-D-glucoside or succinyl
daidzin and genistein 7-0-B-(6"-0-succinyl)-D-glucoside or
succinyl genistin, respectively based on LC/MS results.

S. -O. Yang et al.

This study is the first report on the identification of
succinyl daidzin and succinyl genistin in cheonggukjang.
However, the presence of succinyl derivatives of isoflavones
has been reported in natfo, a similar fermented soy food
consumed in Japan (11). Succinyl glycitin, which was
detected in natfo, was not found in this study. 6-0-
Succinylated isoflavone glycosides from natfo have been
reported to show preventive effects on bone loss in
ovariectomized rats fed a calcium-deficient diet (11). These
isoflavone metabolites could play important roles in the
health beneficial effects of cheonggukjang.

Detection of succinyl daidzin and succinyl genistin in
cheongguljang, natto, and doenjang Peak areas of
succinyl daidzin and succinyl genistin from cheonggukjang,
natto, and doenjang are shown in Table 1. All the 5
cheonggukjang samples and 1 natto sample possessed both
succinyl daidzin and succinyl genistin. However, peaks of
succinyl daidzin and succinyl genistin were not detected in
doenjang samples irrespective of home-made or factory-
produced.

Peak areas of succinyl genistin were about 1.95-2.45
times higher than those of succinyl daidzin (Table 1),
which may be due to the higher concentration of genistin
derivatives than daidzin derivatives in soybeans. Commercial
natto possessed the highest peak areas of succinyl derivatives
compared to 5 cheonggukjang samples and peak ratios of
succinyl genistin to succinyl daidzin in natto was 1.44,
which was lower than cheonggukjang. Yang et al. (9)
reported that both succinyl derivatives increased as
fermentation period increased in cheonggukjang. Higher
relative peak areas of succinyl derivatives may indicate
longer or more active fermentation during cheonggukjang

Table 1. Peak areas of succinyl daidzin and succinyl genistin in tested cheonggukjang, natto, and doenjang

Fermented soy foods

Succinyl daidzin

Succinyl genistin Ratio of succinyl genistin to

(x10%) (x10%) succinyl daidzin
D
Cheonggukjang Factory-produced A 1'9(3258((;)1)37)0 3'9(220?8/'312 1.95
1.848+0.064 4.300+0.181
Factory-produced B (7.02%) (16.32%) 232
2.359£0.032 5.793+0.097
Factory-produced C (4.29%) (10.53%) 245
2.156+0.0073 5.001+0.068
Factory-produced D (4.66%) (10.82%) 2.32
3.175+0.034 6.343+0.069
Laboratory made (12.01%) (24.01%) 1.99
10.443+£0.136 15.051+0.197
Natto (10.39%) (14.97%) 1.44
Doenjang Home-made A ND? ND )
Home-made B ND ND -
Home-made C ND ND -
Home-made D ND ND -
Factory-produced A ND ND -
Factory-produced B ND ND -
Factory-produced C ND ND -
Factory-produced D ND ND -

"Mean+SD in peak areas.
JRelative peak area of succinyl daidzin or succinyl genistin/total peak areas of isoflavones except succinyl derivatives.

3Not detected.
“Not available.
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preparation. Therefore, these 2 peaks could be used to
predict the degree of fermentation in cheonggukjang and/or
characteristic indicators to differentiate cheonggukjang
from other soy fermented foods like doenjang.

This is the first report on the succinyl derivatives as
isoflavone metabolites from cheonggukjong. Any unidentified
peak from isoflavone extracts during cheonggukiong
preparation could be either succinyl genistin or succinyl
daidzin depending on the conditions of isoflavone analysis
and of fermentation. Further studies on the functionality
and/or stability of succinyl derivatives are needed.

Acknowledgments

This study was financially supported by Seoul R&BD
Program (10625) and authors greatly appreciate for the
support.

References

1. Joo HK. Studies on the manufacturing of cheonggukjang. Korean J.
Food Sci. Technol. 3: 64-67 (1971)

2. Kim 11, Kim HK, Chung 1, Jeoung YK, Ryu CH. Study of
functional cheonggukjung contain fibrinolytic enzyme, Korean J.
Life Sci. 12: 357-362 (2002)

3. Lee JH, Yang EI Song GS, Chai OH, Kim YS. Effects of
cheonggukjung on immune responses and gastrointestinal functions
in rats. Food Sci. Biotechnol. 15: 19-23 (20063

10.

1L

175

. Hendrich S, Wang GJ, Lin HK, Xu X, Tew BY, Wang HJ, Murphy

PA. Isoflavone metabolism and bioavailability. pp. 211-230. In:
Antioxidant Status, Diet, Nutrition, and Health. Papas AM (ed).
CRC Press, Boca Raton, FL., USA (1999)

. Teede HJ, McGrath BP, DeSilva 1., Cehun M, Fassoulakis A, Nestel

PJ. Isoflavones reduce arterial stiffness: A placebo-controlled study
in men and postmenopausal women. Arterioscl. Throm. Vas. 23:
1066-1071 (2003)

. Zheng G, Zhu S. Antioxidant effects of soybean isoflavones. pp.

123-130. In: Antioxidants in Human Health and Disease. Basu TK,
Temple NJ, Garg ML (eds). CABI Publishing, Wallingford, UK
{1999)

. Sohn MY, Seo K1, Lee SW, Choi SH, Sung NJ. Biological activities

of cheongguijang prepared with black bean and changes in
phytoestrogen content during fermentation. Korean J. Food Sci.
Technol. 32: 936-941 (2000)

. Jang CH, Lim JK, Kim JH, Park CS, Kwon DY, Kim YS, Shin DH,

Kim JS. Change of isoflavone content during manufacturing of
cheonggukjang, a traditional Korean fermented soyfood. Food Sci.
Biotechnol. 15: 643-646 (2006)

. Yang SO, Chang PS, Lee JH. Isoflavone distribution and f-

glucosidase activity in cheonggukjong, a traditional Korean whole
soybean-fermented food. Food Sci. Biotechnol. 15: 96-101 (2006)
Lee JH, Renita M, Pioritto RJ, Martin SKSt, Schwartz SJ, Vodovotz
Y. isoflavone characterization and antioxidant activity of Ohio
soybeans. J. Agr. Food Chem. 52: 2647-2651 (2004)

Toda T, Uesugi T, Hirai K, Nukaya H, Tsuji K, Ishida H. New 6-0-
acy!l isoflavone glycosides from soybeans fermented with Bacillus
subtilis (natto). 1. 6-0-Succinylated isoflavone glycosides and their
preventive effects on bone loss in ovariectomized rats fed a calcium-
deficient diet. Biol. Pharm. Bull. 22: 1193-1201 (1999)



