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Changes in isoflavone composition of soya seeds, soya curd
and soya paste at different processing conditions

ILL-MIN CHUNG - SU-HYUN SEO - INMYOUNG PARK -
JOUNG-KUK AHN - EUN-HYE KIM - MIN-YOUNG KIM - SEUNG-HYUN KIM

Summary

The present study describes the effects of processing, fermentation and aging on the total and individual isoflavone
contents in 20 cultivars of soya (seeds) as well as soya curd (tofu) and soya paste (chunggukjang) made from each soya
cultivar. Mean total isoflavone contents were 12.03 mmol-kg! in seeds, 5.94 mmolkg! in tofu, 12.38 mmol-kg! in
chunggukjang aged for 3 days, and 12.75 mmol-kg-! in chunggukjang aged for 6 days. Recovery rates of total isoflavones
were 103-106% for chunggukjang, but only ~50% for tofu. Total or individual isoflavone profiles differed between
seeds, tofu and chunggukjang. In the present study, the group effect (“paste/curd” versus “cooked with rice”) of total
isoflavones (percentage, mole basis) was observed in chunggukjang aged for 3 and 6 days (P < 0.01) and not for soya
seeds or tofu. In addition, chunggukjang contained larger amounts of isoflavone aglucons, in particular daidzein, com-

pared to soya seeds or tofu.
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The consumption of soya products has many
health benefits, including reducing the occurrence
of obesity, metabolic disorders [1, 2] and meno-
pausal symptoms, protection against osteoporo-
sis [3-5] and growth inhibition of human breast
or prostate cancer [6-8]. Many health benefits of
soya products are derived from the contained iso-
flavones.

The contents and profiles of isoflavones in soya
seeds or soya-based foods are influenced by the
genetic background (i.e. soya cultivar), growth en-
vironment (i.e. cropping location, method, year)
[9-11] and processing conditions, such as pH,
heating, soaking, deforming, pressure or appli-
cation of endogenous/exogenous B-glucosidases
[12-16]. Raw soya seeds usually contain 0.3-0.8%
(dry basis) isoflavones, malonyldaidzin and malo-
nylgenistin being the major forms [17]. During
food processing, 15-20% of the total isoflavones
are lost in the residues of soya curd, 30-31% in

whey, 44% during coagulation of tofu, or 49%
during heating in tempeh [14, 18]. Furthermore,
about 30% of the total isoflavones (mole mass)
were shown to be lost during soymilk production
[14]. WANG and MURPHY [15] reported that raw
(dry, non-cooked) soya curd contained 532mg
isoflavones per kilogram. FRANKE et al. [19] re-
ported that raw soya curd and cooked soya curd
contained 297mg and 258 mg isoflavones per kilo-
gram, respectively. The differences in isoflavone
contents and profiles in soya curds were attribut-
ed to either the use of different soya cultivars,
different processing procedures, or both [15, 19].
Asian countries commonly consume soya in the
form of soya paste, soya milk, soya curd or soya
bread. These soya-based products undergo differ-
ent treatment, so they contain different amounts
isoflavones with different profiles. Chungguk-
jang, the soya paste produced by fermentation
with Bacillus subtilis or Bacillus natto, is similar
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to natto of Japan, shuidouchi of China, thua nao
of Thailand or kinema of India Nepal or India.
Chunggukjang contains various essential amino
acids, isoflavones, saponin, trypsin inhibitors and
tocopherols [20, 21]. This food product has raised
considerable interest due to reports of its ability
to inhibit angiotensin-converting enzyme (ACE),
reduce blood pressure, increase the body’s ability
to dissolve blood clots and to improve blood cir-
culation [21]. However, nutritive composition
of soya curd (tofu) is somewhat differed from
the fermented soya-based foods. Soya curd
contains less nutritive components compared to
fermented soya-based foods due to the big loss of
nutritive components during processing (filtering,
solidification/coagulation, salting). Also, soya curd
contains large amounts of B-glycoside isoflavones,
whereas fermented soya-based foods contain more
aglycone isoflavones. Furthermore, soya curd and
fermented soya-based foods contain different
major phenolics [13, 14, 16, 22].

Several studies reported the effects of process-
ing conditions on isoflavone contents and profiles
of some soya-based foods like tofu and soya milk.
However, information on isoflavones in tofu and
chunggukjang, when produced from defined soya
cultivars, are scarce. Therefore, the present study
investigated the effects of fermentation and aging
on the total and individual isoflavones contents
of 20 chunggukjang samples, each produced from
a single soya cultivar. These chunggukjang samples
were aged for 3 or 6 days, since aging is known to
be an important factor in terms of the quality of
chunggukjang. The present study also investigated
the change of isoflavone contents and profiles of
tofu produced from identical 20 soya cultivars.

MATERIALS AND METHODS

Sample preparation: soya cultivation, tofu (soya
curd) and chunggukjang (soya paste)

Twenty soya cultivars were grown in the
northern part of Gyeonggi province, Korea, in
2008. The experimental layout, climatic condi-
tions and plot management were as previously
described [23]. In the present study, soya culti-
vars were classified into “paste and curd (P/C)”
group or “cooked with rice (C/R)” group. Each
group consisted of ten soya cultivars. Briefly, cul-
tivars in the “P/C” group had high contents of
proteins, yellowish seed coat and a high yield po-
tential in the field (grm-2). Cultivars in the “C/R”
group had larger seed size, swelled with soft seed
texture after being soaked in the water, contained
high amounts of reducing saccharides and had

high levels of alkali-digestive value. To the best
of our knowledge, these criteria were used as ba-
sic information for breeding of soya cultivars in
Korea. The complete description of the soya cul-
tivars were previously reported [22]. Seeds from
20 soya plants in each plot were harvested for each
soya cultivar and stored at dehumidified room
at 25-30 °C for 1 week. Soya seeds were selected
by random, lyophilized at —47 °C, pulverized and
stored (< 1 week) in a desiccator until analysis.

Tofu (soya curd) and chunggukjang (soya
paste) were made on a laboratory scale (Fig. 1).
Detailed data on processes for the production of
tofu and chunggukjang were previously reported
[22]. Because commercial chunggukjang usually
ages for 2 — 3 days, we tested chunggukjang aging
for 6 days in order to understand the effect of ag-
ing on isoflavone contents and profiles. Each tofu
and chunggukjang was made in duplicate, lyophi-
lized at — 47 °C, pulverized and stored (< 1 week)
in a desiccator until analysis.

TOFU CHUNGGUKJANG
(soybean curd) (fermented soybean paste)
SOAKING SOAKING
Soybean seed (15 g) Soybean seed (20 g)
20°C;12h 20°C;12h

3 volumes of H,O 3 volumes of H,O

4 4

GRINDING COOKING

Using ~ 25 ym mesh Stegrﬁeﬁia%t l:é; °C
COOKING INOCULATION
90-95 °C

0.5 h; 400 ml H,0 5% (w/w) Bacillus subtilis

y y

FILTERING FERMENTATION
Eliminate some residue 37 °C;48h
using a cloth in an incubator

4 4

COAGULATING AGING
6% NaCl; 20 °C
Add 0.3 g MgCly ;anz 6 days

cool-down for for 20 min

in an incubator
FILTERING |  CHUNGGUKJANG

Whey not include for
isoflavones analysis

!

| TOFU |

Fig. 1. Making process of tofu and chunggukjang.
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Isoflavone extraction

Two grams of pulverized sample were extracted
in 10ml of acetonitrile and 2ml of 0.1 mol-l-! hy-
drochloric acid, and stirred at room temperature
for 2 h. Each sample was extracted in duplicate.
The extract was filtered through a Whatman fil-
ter paper (No. 42) (Whatman, Piscataway, New
Jersey, USA) and concentrated using a vacuum
evaporator. The remaining residue was extracted
again with 10 ml of 80% aqueous methanol (HPLC
grade; J. T. Baker, Phillipsburg, New Jersey, USA)
and filtered through a membrane filter (pore size
0.45 pm; TITAN-Nylon, Gloucester, United King-
dom) [14]. Each filtrate was analysed for isofla-
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vones by HPLC. Although ROSTAGNO et al. [24]
reported optimal sample preparation and extrac-
tion conditions for isoflavones in various soya ma-
trices, the extraction efficiency of the acidification-
based method was comparable for sample types
analysed in this study.

HPLC analysis of isoflavones

An HPLC system Acme9000 Vitamin Ana-
lyzer (Younglin Instruments, Anyang-si, Korea)
with an YMC-Pack ODS AM-303 column (5um,
250mm x 4.6mm I.D.), equipped with a UV-vis
detector set at 254 nm was used for separation
and detection of isoflavones. Twenty microliters
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Fig. 2. Representative HPLC chromatograms of isofla-
vonesinsoybeanseed (cultivarllpumgeomjeongkong),
tofu, chunggukjang aged for 3 days and chungguk-
jang aged for 6 days.

Tofu and chunggukjangs were made from soya seeds (culti-
var llpumgeomjeongkong). A — standard, B — soybean seed,
C - tofu, D - chunggukjang aged for 3 days, E — chungguk-
jang aged for 6 days, 1 — daidzin, 2 — glycitin, 3 — genistin,
4 — malonyldaidzin, 5 — malonylglycitin, 6 — acetyldaidzin,
7 — acetylglycitin, 8 — malonylgenistin, 9 — daidzein, 10 — gly-
citein, 11 — acetylgenistin, 12 — genistein.
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of sample extract were injected, and a stepwise
gradient system consisting of 0.1% glacial acetic
acid in distilled water (solvent A) and 0.1% gla-
cial acetic acids in acetonitrile (solvent B) were
used. The gradient was programmed as follows:
start: 85% B; start to 50 min: 35% B; 50-60 min:
35% B. Total HPLC run time was 60 min at a flow
rate of 1 ml'min-! [14]. Each sample extract was
analysed in duplicate and all solvents were of
HPLC grade (J. T. Baker). The representative
HPLC chromatograms of 12 isoflavone standards,
soya seed, tofu, chunggukjang aged for 3 days and
chunggukjang aged for 6 days are shown in Fig. 2.

Quantification of isoflavones

Twelve isoflavone standards were purchased
from LC Laboratories (Woburn, Massachu-
setts, USA) and dissolved in dimethyl sulfoxide.
Standards for the construction calibration curves
were prepared by serial dilution of each isoflavone
standard. All calibration curves had a high linear-
ity (2 > 0.998). Comparison of retention times to
the standards was used to identify isoflavones and
peak areas were used to quantify them. Total iso-
flavone contents were expressed as millimoles per
kilogram of dry sample (mmol-kg-1, dry basis). The
recovery rates of isoflavones in percent were cal-
culated as the contents (mmolkgl, dry basis) in
final products (tofu, chunggukjang aged for 3 days,
chunggukjang aged for 6 days) divided by their
contents in soya seeds (mmol-kg-l, dry basis ) and
multiplied by 100 [25].

Statistical analysis

Statistical analysis was performed using
the SAS software package, Version 9.1 (SAS,
Cary, North Carolina, USA). Least significant
differences (LSD) were set at 5% for total and
individual isoflavone contents in soya seeds, tofu
and chunggukjang aged for 3 or 6 days.

RESULTS

Isoflavone composition of seeds
of 20 soya cultivars

The contents and profiles of isoflavones in
seeds of 20 soya cultivars are shown in Tab. 1.
Soya seeds contained 12.03mmolkg! (equals
to 3290mgkgl, aglucon equivalent) of to-
tal isoflavones. Total genistein made up 81%
(9.73 mmol-kg1) of total isoflavones, followed by
13.7% (1.65 mmol-kg!) of total daidzein and 5.3%
(0.64 mmol-kg!) of total glycitein. Since malonyl-
genistin, a constituent of total genistein, contrib-
uted by an impressive 8.14 mmol-kg! or 68% to

the total isoflavones, total genistein was the ma-
jor constituent of total isoflavones. About 80.3%
(9.66 mmolkg1) of isoflavones in soya seeds
were in the malonylglucoside form, and 14.5%
(1.75 mmol'kg!) were in the glucoside forms.
These two were the major isoflavone forms, while
aglucon and acetylglucoside were the minor forms
representing only 3.9% (0.47 mmol-kg'!) and 1.3%
(0.16 mmol-kg1) of total isoflavones, respectively.
The mole percent distribution of isoflavone forms
matched the findings of a previous report [25].

Change of isoflavone composition
during making of tofu

The isoflavone contents of tofu made with
each cultivar are presented in Tab. 2. Whey pro-
duced during tofu making was not included in
the analyses of total and individual isoflavones.
The recovery rate of total isoflavones was about
50% due to the filtration and coagulation steps
during tofu making. Tofu contained 5.94 mmol-kg-!
(equals to 1595 mgkg!l, aglucon equivalent) of
total isoflavones. Similar to soya seeds, total ge-
nistein was also dominant in tofu (3.78 mmol-kg1),
making up 64% of total isoflavones, followed by
total daidzein (1.99 mmolkgl, 34%) and total
glycitein (0.16 mmolkg!l, 2.7%). Aglucons, the
dominant isoflavone forms in tofu, represented
45% of total isoflavones. Glucoside, malonylgluco-
side and acetylglucoside forms represented 27%,
25% and 3% of total isoflavones found in tofu,
respectively.  Acetylglucosides (0.19 mmol-kg1)
were the minor components of isoflavones in tofu.
In general, B-glucosides, acetyl-B-glucosides and
malonyl-B-glucosides were converted to aglucons
by heat, fermentation and endogenous enzyme
reactions [13, 14, 26, 27]. During the tofu-making
process, malonyl-p-glucosides decreased from
9.66 mmol-kg-! in soya seeds to 1.47 mmol-kg! in
tofu, while aglucons increased from 0.47 mmol-kg!
in soya seeds to 2.69 mmol-kg! in tofu (Tab. 1, 2),
indicating that large amounts of malonyl-B-
glucosides, in particular malonylgenitin, were lost
during tofu making (i.e. filtering, coagulation and
whey exclusion).

Change of isoflavone composition
during making of chunggukjang

Tab. 3 shows the total and individual isofla-
vones in 20 chunggukjang samples that were
aged for 3 days. On average, chunggukjang aged
for 3 days contained 12.38 mmol'kg! (equals to
3284 mgkgl, aglucon equivalent) of total iso-
flavones. Treatments of fermentation and ag-
ing did not affect the total isoflavones in chung-
gukjang. The recovery rate of total isoflavones
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was about 103%. Individual isoflavone contents
and profiles of chunggukjang aged for 3 days dif-
fered from those of soya seeds. In chunggukjang
aged for 3 days, total isoflavones consisted of
total daidzein (7.56 mmolkgl, 61%), total ge-
nistein (4.60 mmol-kg1, 37%) and total glycitein
(0.22 mmol-kgl, 1.78%). Daidzein, a constituent
of total daidzein, contributed by 60% to total
isoflavones in chunggukjang. About 85% of iso-
flavones were in the aglucon form, 14% in the
glucoside form, while acetylglucoside and malo-
nylglucoside forms contributed by less than 1%.

Tab. 4 presents total and individual isofla-
vone contents of 20 chunggukjang samples aged
for 6 days. Chunggukjang aged for 6 days con-
tained 12.75 mmolkg! total isoflavones (equals
to 3371 mgkgl, aglucon equivalent). Similar
chunggukjang aged for 3 days, there was no effect
of fermentation and aging on total isoflavones in
chunggukjang aged for 6 days. The recovery rate
of total isoflavones was ~106%. In the chungguk-
jang aged for 6 days, total isoflavones consisted
of total daidzein (8.19 mmol-kg1, 64%), total ge-
nistein (4.31 mmolkg1, 34%) and total glycitein
(1.9%). A portion of about 87% of isoflavones in
this chunggukjang was in the aglucon form and
11.9% in the glucoside form. Malonyl-B-glucoside
and acetyl-B-glucoside forms were detected only in
trace amounts representing less than 1% of total
isoflavones. The contents of four isoflavone groups
in chunggukjang were significantly different from
each other (P < 0.05).

During the process of making chungguk-
jang, malonyl-B-glucosides decreased from
9.66 mmol-kgl in soya seeds to 0.07 mmolkg!
and 0.02 mmolkg! in chunggukjang aged for 3
and 6 days, respectively.The decrease in the con-
tent of malonyl-B-glucosides was not significant
between chunggukjang aged for 3 and 6 days
(P > 0.05). In contrast to this, aglucons increased
significantly from 0.47 mmol-kg! in soya seeds to
10.56 mmol-kg! and 11.10 mmol-kg-! in chungguk-
jang aged for 3 and 6 days, respectively. This indi-
cates that malonyl-B-glucosides were not lost when
making chunggukjang. Malonyl-B-glucosides were
converted to aglucons during the fermentation
and aging process. Interestingly, malonylgenistin
decreased significantly from soya seeds to chung-
gukjang aged for 3 or 6 days, however, the increase
in daidzein was greater than the increase in ge-
nistein. The reason for this phenomenon is not
clear (Tab. 1, 3, and 4). The group effect (“P/C”
versus “C/R”) on total isoflavones was observed
in chunggukjang aged for 3 and 6 days (P < 0.01),
but not in soya seeds or tofu (data not shown).

48

DISCUSSION

Processes such as heat treatment, soaking in
water, salting, de-foaming, enzymic hydrolysis,
fermentation, pressure, etc. are known to affect
the content and profiles of isoflavones in soya-
based foods [14, 25, 28, 29]. It is also known that
heat treatment, such as moist heat, converts more
malonyl-B-glucosides to B-glucosides than dry heat
methods, which converts only limited amounts
of malonyl-B-glucosides to acetyl-B-glucosides
[13, 16, 30]. Microbial activity converts malonyl-
B-glucosides to aglucons [21, 31, 32]. In addition,
the presence of alkali is also known to convert
B-glucosides to aglucons [26].

Soaking soya seeds in water prior to heat
treatment the tofu-making process converts
B-glucosides to aglucons because the endogenous
B-glycosidase in soya seeds is activated by water.
However, during heat treatment, the change in the
amount of B-glucosides is negligible since the loss
of B-glucosides is compensated by the formation
of B-glucosides from malonyl-B-glucosides [13,
16]. According to HAN et al. [18] and WANG and
MURPHY [14], 12% of isoflavones were lost during
soaking, 15-20% in the residues of soya curd, 24%
during heat treatment (120 °C), 30-31% in whey,
44% through coagulation of tofu and 49% during
heating in the production of tempeh. The presence
of water during cooking, salting in water, de-foam-
ing or excessive heat treatment also decreased the
content of total isoflavones in soya-based foods
[13, 33, 34], in particular aglucons, which are lost
by leaching in water [13].

In the present study, the increase (%, mole ba-
sis) of aglucons and the decrease (%, mole basis)
of malonyl-B-glucosides during tofu and chung-
gukjang making were similar to previous studies
[18, 30-33, 35]. In the present study, the contents
of total isoflavones (mole basis) in tofu sam-
ples were slightly higher than those of whey or
the residues of soya curd [18]. In addition, in the
present study, total isoflavones (%, mole basis) of
chunggukjang increased by ~20% in the cultivars
for “P/C making”, while decreased by ~17% in
those for “C/R”. This indicates that some genetic
properties of soya cultivars affect the change of to-
tal isoflavone content during the making process
of soya-based food products.

In the present study, daidzein and genistein
contents in chunggukjang aged for 3 days and
6 days were from 3- to 5-fold higher than those
of tofu, which is consistent with a previous re-
port [36]. Daidzein contents of chunggukjang
aged for 3 days and 6 days were 7.43 mmol-kg!
and 8.06 mmol-kg-1, respectively, which were ap-
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proximately 5-fold higher than the total daidzein
content (daidzein (Dein) + daidzin (Din) +
malonyldaidzin (MD) + acetyldaidzin (AD) =
1.65 mmol-kg!) in soya seeds (Tables 1, 3, and 4).
On the other hand, contents of genistein in chung-
gukjang aged for 3 days (3.06 mmol-kg!) and
6 days (2.97 mmol-kg1) were approximately 3-fold
lower than the total genistein content (genistein
(Gein) + genistin (Gin) + malonylgenistin
(MG) + acetylgenistin (AG) = 9.73 mmol-kg!) in
soya seeds (Tables 1, 3, and 4). In general, isofla-
vone profiles were altered by processing between
soya seeds to soya-based foods (by heating, fer-
mentation etc.), but the total isoflavone content
did not change, if there was no mass loss during
the production [14]. In the present study, there
was no mass loss during the chunggukjang produc-
tion, and also the change in total isoflavone con-
tents by processing soya seeds to chunggukjangs
was not significant. However, it is not clear why
the daidzein content in chunggukjang aged for
3 days and 6 days significantly increased compared
to total daidzein in soya seeds.

Although the bioavailability of aglucons and
B-glucosides remains controversial, aglucons are
effectively absorbed by humans compared to
B-glucosides [37-39]. Gu et al. [40] reported that
genistein and daidzein possess higher estrogen re-
ceptor-binding affinity than the B-glucoside form.
In addition, according to XU et al. [41], daidzein is
better bioavailable in adult women than genistein.
Hence, chunggukjang provides more nourishment
than soya seeds or tofu, because it contains large
amounts of aglucons like daidzein and genistein.

In conclusion, the present study extended the
knowledge on the changes of total and individual
isoflavone contents and their profiles in soya
seeds, tofu and chunggukjang depending on the
treatment of processing, fermentation or aging.
Fermentation and aging period did not affect
the total isoflavone contents in chunggukjang,
whereas processing like filtering and coagula-
tion during tofu making decreased the total iso-
flavone content by ~50%. Isoflavone profiles, in
particular contents of daidzein and genistein, were
different in soya seeds, tofu, chunggukjang aged
for 3 and chunggukjang aged for 6 days. Interest-
ingly, daidzein contents in chunggukjang aged for
3 and 6 days were approximately 5-fold higher
than the total daidzein content (Dein + Din +
MD + AD) in soya seeds. By contrast, genistein
contents in chunggukjang aged for 3 and 6 days
were approximately 3-fold lower than the total
genistein content (Gein + Gin + MG + AG) in
soya seeds due to an unknown mechanism. Con-
sequently, chunggukjang has a higher nutritive

value than soya seeds or tofu, because it contains
the better bioavailable isoflavone aglucons such as
daidzein or genistein.
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