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Abstract Three Korean soybean varieties - Shinpaldal-2, Seomoktae and Seoritae - were investigated for changes in their
physical properties and the amount of functional components (i.e. isoflavones and oligosaccharides), during germination.
Soybeans were germinated at 20°C for 96 hr in complete darkness. The dry weights of cotyledone, hypocotyl, seed coat, and
hilum of Seoritac were heavier than those of other varieties. The dry weights of the three bean varieties decreased steadily in
spite of root growth. The largest amount of isoflavone content was observed from Shinpaldal-2 (1.824 mg/g), followed by
Seoritae (1.216 mg/g) and Seomoktae (1.125 mg/g). Total isoflavone content increased by 13% during initial germination, and
then decreased thereafter. Aglycone types such as daidzein and genistein dominated the increase in isoflavone contents. The
increase in genistein content of Shinpaldal-2 was 17.5 fold compared with ungerminated soybean, while the amount of
daidzein was 6.7 times as much as ungerminated Shinpaldal-2 over an 18-hr germination period. Oligosaccharide contents
such as raffinose (Raf) and stachyose (Sta) rapidly decreased during germination, while the sucrose (Suc) content remained
constant until 36-48 hr of germination. From these results, it was clearly shown that the germination process significantly
changed the contents of functional nutrients in soybeans. Therefore, the optimization of germination process should be

considered to improve the biological functionality of soybeans in food processing.
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Introduction

Isoflavone, a functional compound in soybeans, has been
intensively studied for its preventative effects on chronic
diseases such ascancer of the breast, prostate and
colorectal, and cardiovascular disease, osteoporosis, and
diabetes (1-4). Soybeans have shown to be a major source
of functional isoflavones such as genistein, genistin,
daidzein, and daidzin. It has been demonstrated that
genistein and genistin promote health by reducing the
incidence of specific cancer and atherosclerosis (5, 6).
Daidzein and daidzin are known to have protective effects
against osteoporosis (7) and soy isoflavones relieve
menopausal symptoms (8). The oligosaccharides, another
functional soybean component, are important nutrients in
food, and reports indicate that there are effective bifidus
factors in the colon. Additionally, the biologically
functional soy oligosaccharides have been identified as
stachyose (Gal-Gal-Gle-Fru) and raffinose (Gal-Gle-Fru)
(9-12).

Germinated soybean sprouts are served as a staple
vegetable in many Asian countries and are used in soups,
salads and side dishes (13). Germination may cause
changes in the nutrients, including functional substances
through aerobic respiration and biochemical metabolism.
Previously, it was reported that non-protein nitrogen
increased (14} during germination, while protein and lipids
decreased (15). Germination also affected the level of
oligosaccharides by significantly reducing it by 60-100%
(16-18). However, there is no report on the effects of
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germination changing isoflavone content,

The objectives of this study were to investigate the
effects of initial germination on the contents of isoflavone
and oligosaccharides in soybean. A secondary concern is
to select the optimal germination time in terms of isoflavone
increases for further use as a functional food source.

Materials and Methods

Materials Three soybean varieties used in this experiment
were purchased from Nonghyup (Seoul, Republic of
Korea), which were harvested in 2002. The two black
bean varieties were Seomoktae and Seoritae, and the third
one was a Shinpaldal-2 yellow bean. Isoflavone standards
(daidzein, daidzin, genistein, genistin, glycitein and glycitin),
and oligosaccharides standards (sucrose, raffinose and
stachyose) were purchased from Sigma Chemical Co. (St.
Louis, MO, USA). Other reagent grade chemicals and the
HPLC grade solvents (acetonitrile, ethanol and acetic
acid), were obtained from J. T. Baker (J. T. Baker. Co.,
USA).

Germination The soybeans were placed in a plastic
container (30 cmx15 c¢m) and germinated in an incubator
at 20°C in complete darkness for four days, with water
sprinkling five times a day. The germinated soybeans were
dehydrated in a drying oven at 60°C for 24 hr. All beans
were ground using a waring blender to pass a 30-mesh
sieve and were then stored at -20°C until use.

Measurement of weight, size and root length of
soybean Randomly sampled 100 soybeans were
weighed and measured for g whole soybean/100 seeds, g
cotyledone/100 seeds, g hypocotyl/100 seeds, and g seed
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coat/100 seeds. The length and width of 20 soybeans were
measured using a vernier caliper (Mitutoyo, Japan; 5/100
mm), whereby the mean values of all three measurements
were calculated. The root length and dry weight of
germinated soybeans were measured as well. The dry
weights of the germinated soybeans were measured after
preliminary drying at 60°C, followed by drying at 105°C
for 2 hr. Using a Color Difference Calculating Meter (CR-
200, Minolta Inc., Japan), the color of the whole,
cotyledone and seed coat of germinated soybeans were
measured.

Extraction and analysis of isoflavone One gram of
ground samples was extracted with 20 mL of 80% ethanol
at 50°C for 1 hr, with using an ultrasonicator. Prior to
HPLC analysis, the extract was centrifuged at 12,000 x g
for 15 min, then the supernatant was filtered through a
syringe filter (0.22 um, Waters Co., Milford, Massachusetts,
USA). Analysis of isoflavone was performed with the
HPLC (Waters Co., Milford, Massachusetts, USA) and
equipped with a Waters 486 Absorbance UV Detector set
at 254 nm. The column used was an XTerra™ RP;q
column (5 pum, 4.6 %250 mm, Waters Co., USA). The
HPLC eluent consisted of 0.1% (v/v) acetic acid in water
(solvent A), and 0.1% (v/v) acetic acid in acetonitrile
(solvent B). The solvent gradient was as follows: the
proportion of solvent B increased from 15% to 23% for 0-
40 min, increased to 27% within the next 30 min, and then
increased to 35% within the next 15 min. It finally reached
40% within the last 5 min at a flow rate of 1 mL/min.
Standard curves were obtained by injecting the standards
of daidzein, daidzin, genistein, genistin, glycitein and
glycitin based on the corresponding peak area on the
HPLC chromatograms. The isoflavone sample was
determined using standard curves. The average amount of
each isoflavone was calculated using triplicate analysis (19).

Extraction and analysis of oligosaccharide One gram
of soybean powder was extracted with 10 mL of 10%
ethanol for 1 hr using an ultrasonicator. The extract was
centrifuged at 12,000xg for 20 min. Supernatant, in the
amount of 0.5 mL, was added to 0.5 mL of 10% lead
acetate and 0.5 mL of water. Then it was centrifuged at
12,000 x g for 5 min to remove the proteins. The
supernatant was added to 10% oxalic acid to precipitate
surplus lead acetate, which was followed by filtration
through a syringe filter (0.22 pm, Waters Co., USA), prior
to the HPLC analysis (20). Oligosaccharides were
analyzed using the HPLC (Waters Co., USA), using a
Waters 2414 Refractive Index Detector and a Carbohydrate
analysis column (3.9 x 300 mm). The eluent of 65%
acetonitrile was used in the isocratic mode at the flow rate
of 1.3 mL/min for 20 min. Standard curves were prepared
for sucrose (Suc), raffinose (Raf), and stachyose (Sta). The
peak area of individual components on the chromatogram
was calculated, and the quantitative amount of each
oligosaccharide was expressed in relative terms to the peak
areas obtained with standard solution. Triplicate samples
were analyzed and average values were calculated.

Statistical analysis Statistical analysis was performed
with one-way ANOVA using SPSS software for Windows
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12.0. A significant difference at the 5% probability level
was estimated using Duncan’s Multiple Range Test.

Results and Discussion

Changes in Grain Weights and Root Lengths during
Germination The physical properties of the three
soybean varieties, such as grain.weights, size and color,
were determined and presented in Tables 1 and 2. The
initial dry weights (ungerminated 100 grains) of Seoritae,
Shinpaldal-2 and Seomoktae were 37.5 g, 23.36 g and
10.94 g, respectively. The weights of cotyledone, hypocotyl,
seed coat, and hilum of Seoritae were heavier than those
of other varieties. The weight ratios of hypocotyls- and
seed coat-to-whole soybean were 1.6% and 6.9% for
Seoritae, 2.6% and 5.8% for Shinpaldal-2, and 2.3% and
8.3% for Seomoktae, respectively. These data demonstrated
that the difference in weight ratio of seed coats was due to
the size of soybean. The seed coat of Shinpaldal-2 was
light yellow, while Seoritae and Seomoktae were black.
Shinpaldal-2 displayed the highest levels of L (lightness),
a (redness), and b (vellowness) values, while Seomoktae
and Seoritae were low in these values.

The change in soybean root length during germination
is shown in Table 3. It took 24 hr to observe the root

Table 1. Physical characteristics of three soybean varieties

Physical Soybean varieties
characteristics Seoritae Seomoktae  Shinpaldal-2
Weight? (g)
Seed 37.50 10.94 2336
Cotyledon 33.66 9.27 21.25
Hypocotyl 0.60 0.25 0.60
Seed coat 2.60 0.91 1.36
Hilum 0.22 0.12 0.15
Size (mm)
Whole length 9.65+0.85 5.84+0.57 8.27+0.54
Long width 5.83£0.43 4.24+0.56 6.5+0.34
Short width 7.97+0.43 5.23+£0.49 7.27+0.30
Hilum length 2.93+0.41 2.00=0.33 2.79+0.21

DAl of the weights are based on 100 seeds

Table 2. Color values of whole seeds, cotyledon and seed coats
of three soybean varieties

Physical Soybean varieties
characteristics Seoritae Seomoktae  Shinpaldal-2

Whole seed

L 74.39+0.59 73.80+0.47 86.41+0.55

a -4.83+0.19 -4.36+0.43 -2.27+0.14

b 13.76+0.27 12.61+0.91 19.54+0.48
Seed coat

L 44.1+0.33 38.41+0.89 67.96+0.17

a 0.08+0.02 -0.31+0.13 -0.25£0.17

b 1.74+0.26 1.61+£0.35 17.24+0.53
Cotyledon

L 82.65+0.20 82.56:+0.31 87.21+£0.23

a -6.28+0.04 -5.47+0.27 -2.23+0.02

b 16.61+0.10 15.30+0.95 18.71+0.16
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budding off from the embryo in Shinpaldal-2 and
Seomoktae, and 48 hr for Seoritae. The small-sized
Seomoktae was well germinated and evenly grown, while
the medium-sized Shinpaldal-2 and Seoritae were
unevenly grown including cracking of tissue and some
discoloration after a 48-hr germination period.

During the soybean germination at 20°C, dry weights
steadily decreased in spite of root growth. The decrease in
dry weight is most likely due to protein, lipids and
oligosaccharides (reserve carbon source) consumption for
germination without supplying of new nutrients. The dry
weights decreased by 14.29% of Seoritae, 10.29% of
Seomoktae and 11.82% of Shinpaldal-2 over a 96-hr
germination period. The decrease in dry weight may be
related to a rapid decrease in oligosaccharides during the
initial stage (16). Additionally, a slow decrease in lipids
and nitrogen compounds occurs at a later germination
stage (14).

Changes of isoflavone contents The initial isoflavone
content (0.16%, db) of Shinpaldal-2 was significantly
larger than those of Seomoktae (0.10%) and Seoritae
(0.11%) as shown in Tables 5-7. It was observed from all
the three soybean varieties that total isoflavones content
increased during a short period (6-24 hr) within germina-
tion, and then gradually decreased thereafter. The germina-

Table 3. Changes in root length of soybean sprouts during

germination at 20°C (unit : mm)
Germination Soybean varieties
(hr) Seoritae Seomoktae Shinpaldal-2
0 0° 0° 0°
6 0° 0° 0°
12 0° 0° 0°
24 0° 2.85+0.33¢ 3.25+1.54¢
30 0° 4.01+1.56% 4.05+2.35°
36 0° 10.25+1.75% 7.75+1.71°
48 2.25+0.408*  15.25+2.22¢ 9.05+4.21™
72 14.82+6.55°  28.75+6.27" 19.65+£7.21°
96 40.37421.00°  52.4849.64°  42.35+17.06

abede, Values with different letters within the same column are signifi-
cantly different at 5% level by Duncan’s multiple range test.

Table 4. Changes in the dry weights of soybeans during germina-
tion at 20°CY

Germination Soybean varieties
(hr) Seoritae Seomoktae  Shinpaldal-2
0 100 100 100
6 98.47 98.24 99.56
12 97.59 96.14 99.01
18 97.40 95.87 98.48
24 97.03 95.57 97.35
30 94.49 95.01 96.67
36 93.17 94.81 9548
48 91.72 94.16 94.93
72 87.00 93.04 94.27
96 85.80 89.71 88.18

I)Initial dry weights of soybeans were converted to 100 for the compar-
ison of weight loss during germination.

W.-J. Kim et al.

tion time displaying maximal isoflavone content varied
according to the type of soybean (13.2% of Shinpaldal-2
was observed at 12 hr, 12.5% of Seomoktae at 6 hr and
12.1% of Seoritac at 24 hr).

The changes in the amount of individual types of
isoflavone, such as daidzin, daidzein, genistein, genistin,
glycitin and glycitein, were monitored during a 96-hr
germination period. Among the analyzed isoflavones, the
contents of aglycone-type genistein and daidzein changed
most drastically. In case of Shinpaldal-2, the increase in
genistein content was 17.5 times over an 18-hr
germination period, while the corresponding glycoside,
genistin, decreased by only 7%. Thus, this metabolic
conversion does not explain the entire picture of genistein
production. It was possible that another biochemical
pathway in the plant system produced this specific
compound. Another form of isoflavone, daidzein,
displayed 6.7 times as much as ungerminated Shinpaldal-2
over a 12-hr germination period. Such a drastic change
was not observed from glycitein, but still more than two-
fold increase of glycitein occurred. The level of glycitin
was constant over an 18-hr germination period. Other
soybean varieties also showed similar changes in
individual isoflavone content.

This data indicated that isoflavone was not only
produced from biosynthetic pathways, but also metabolized
from glycosides to aglycone during germination by f-
glucosidase in soybean (21, 22). Meanwhile, certain types
of malonyl and acetyl esterases could be induced and
expressed during germination (23). Most likely, these
esterases converted isoflavone isomers, such as acetyl and
malonyl isoflavones into their relevant glycoside forms,
which eventually metabolized to agylcone forms. Further
investigation is needed to identify the exact biochemical
pathways of aglycone type isoflavone production.

Changes of oligosaccharide contents The changes in
the amount of major soybean oligosaccharides such as
Suc, Raf, and Sta during germination are shown in Table
8. The total oligosaccharide contents rapidly decreased as
the germination process proceeded. Among the three
varieties of soybean, Seomoktae contained the greatest
oligosaccharide content (13.6%) followed by Shinpaldal-2
(12.1%) and Seoritae (8.7%). The Raf and Sta contents
drastically decreased compared with the Suc content, After
24 hr of germination, Sta reduced its content by 34-64%,
Raf by 30-45% and Suc by 4-18%. The level of Suc in
soybean was relatively constant compared with those of
Raf and Sta during 36-48 hr of germination. They were
then subject to decrease noticeably (16). For instance, the
amounts of Raf and Sta in Shinpaldal-2 decreased by 42
and 53%, respectively, while Suc displayed only 15% reduc-
tion during a 36-hr germination period. It was expected
that the constant level of Suc resulted from an active
metabolic balance between the Raf and Sta production and
the hydrolysis for germination energy generation.

This result confirmed that Raf and Sta were energy
sources for seed germination as described in previous
studies (24). The decreased amount of Raf and Suc is
likely due to the sequential hydrolysis of Sta to Raf, and
then Suc by a-galactosidases (24, 25).

After the initial soybean germination for 12-24 hr, the
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Table 8. Changes in oligosaccharide content of three soybean varieties during germination at 20°C (mg/g) B
Germination time (hr)

0 6 12 18 24 30 36 48 72 9
Shinpaldal-2 ‘
Sucrose  71.3£0.09° 70.141.24* 61.5+1.56° 60.6£0.89° 61.6=1.25° 64.0£1.76" 60.3£1.45% 58.7+1.29¢ 52.3+1.37° 46.3+1.64f
Raffinose  52+0.12% 4.9+0.08° 5.9+0.04° 3.8+0.08° 3.6+1.01%¢ 324008 3.040.46°¢ 2.9+0.78%% 2.7+0.59% 2.4+042°
Stachyose = 44.5+0.04* 40.3£0.01° 31.8+0.12° 28.1+0.45¢ 27.0£0.85° 23.7+0.06' 20.9+0.76% 18.7£0.39" 15.4+0.28 8.8+0.1%
Total 121.0+0.98115.3+1.58° 99.2+1.36° 92.5+0.98% 92.2+1.45% 91.0+1.07¢ 84.2+1.32° 80.3+1.19° 70.4+1.278 57.5+1.71"
Seomoktae :
Sucrose  64.0+0.01% 53.3+2.83° 52.2+0.07° 52.140.02° 52.443.54° 53.4+4.53° 57.6£2.19° 51.3+0.85° 44.1+0.92¢ 33.0+0.49°
Raffinose  10.3+£0.02° 5.10.01% 7.6+2.74" 7.0£0.05% 6.2+1.48%* 5242059 3.9+0.57% 2.2+0.85¢ 0.6+£0.07° 0.4+0.07"
Stachyose = 62.1£0.01* 42.244.56° 47.6+3.18" 43.4+1.81¢ 41.2+2.66% 38.622.67% 30.9£1.70° 12.2+0.71°F 4.7£0.14% 0.4+0.07"
Total 136.4+0.01°100.5+6.75°107.4+7.84" 102.5£3.42% 99.8+3.01¢ 97.142.19% 92.551.13% 65.7+1.06° 49.4+1.347 33.8+0.85¢
Seoritae
Sucrose  50.5+1.10° 55.8+1.13%. 55.0+0.09° 52.7+2.47° 48.7+1.17° 49.2+0.85° 46.6+0.52¢ 44.0+1.42° 34.7+1.332 38.8£0.09
Raffinose  14.4+0.07* 11.1+0.10° 11.3+0.02° 6.4+1.75° 7.9+1.25° 1.5+0.47 ND ND ND ND
Stachyose  22.5+0.02° 19.3+0.08" 22.7+2.18* 8.4+120° 8.140.09¢ 6.0£0.65° 6.7+0.42% 56+068° 3.5£029° 2.4-+0.057
Total 87.5+1.27° 86.2+1.89° 89.043.12° 67.5+3.04° 64.6+2.12° 56.7+1.75° 53.3+0.75% 49.6+1.12° 38.2+1.037 41.2+0.08¢

a,b;

total isoflavone content increased by 13% and oligo-
saccharides remained at 40-70%. In this study, we
observed relatively short germination time significantly
increased aglycone-type isoflavone content. Therefore, this
initial germination process can be used for food processing
to improve functionality and some physical properties of
soybean products.
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