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ABSTRACT : This study was focuses on the variation of
isoflavone contents during seed development and their
interaction with major chemical components such as pro-
tein, amino acids, saccaharides, lipid and fatty acids. During
maturing, lipid, protein, and amino acid contents in soy-
bean seeds showed the highest values at R7 stages, but
isoflavone contents were increased until R8 stage. It was
noted that malonyl glucosides (64.2%) are predominant
forms among conjugated isoflavones followed by glucosides
(30.7%), acetyl glucosides (4.1%) and aglycones (0.9%).
Sucrose and stachyose were presented as a major saccha-
ride in soybean seeds. As maturing days progressed, they
were constantly increased and the highest contents were
observed at R8 stage. While small quantities of raffinose,
fructose, glucose, maltose, DP3 (DP: degree of polymeriza-
tion), DP6, and DP7 were detected. These results showed
that saccharide composition at the beginning of seed devel-
opment is primarily monosaccharides with little sucrose
and oligosaccharides, but as maturing days proceeds,
sucrose and starch increase with concomitant decrease in
monosaccharides. Sucrose and stachyose were positively
correlated with isoflavone (r=0.780, 0.764 at p<0.01, respec-
tively), while fructose, glucose, maltose, and DP7 were nega-
tively correlated (r=-0.651, -0.653, -0.602, and -0.586 at
p<0.05, respectively). Soybeans at R8 stage were high in
protein and amino acid, but low in free amino acid contents.
Protein and amino acid contents showed positively signifi-
cant correlations with isoflavone (r=0.571 and 0.599 at
p<0.05, respectively), but free amino acid content were neg-
atively correlation with isoflavone (r=-0.673, p<0.01). The
lipid content reaches its final content relatively early stage
of seed development and remains constant as compared
with other chemical components. Among the fatty acids,
although varietal difference was presented, stearic acid and
linolenic acid were gradually decreased, while oleic and
linoleic acid were increased as seed maturing progressed.
Lipid was significantly correlated (1=0.754, p<0.01) with
isoflavones. However, neither saturated fatty acid nor
unsaturated fatty acids significantly affected the isoflavone
contents of maturing soybean seeds.
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oybeans (Glycine max [L.] Merr.) are a major source of
S vegetable protein and oil, and thus has become one of
the most valuable of cultivated crops. The nutritional quality
of these seed components depends upon the relative abun-
dance of specific proteins and fatty acids. Enhancing nutri-
tional value of seed protein involves increasing total protein,
enhancing content of particular subunits, increasing specific
amino acids, and minimizing the proteins that have been
shown to have deleterious effects. The relative content of
fatty acids influences the physical and chemical characteris-
tics of the oil and the suitability of the oil for a particular use.
Soybean lines are currently being developed to express
amended fatty acids increasing potential uses of the oil (Kin-
ney, 1996; Wilson ef al., 2001; Spencer et al., 2004).

Mature soybean seeds contain 6-17% of soluble carbohy-
drates. The majority of the carbohydrates are oligosaccha-
rides, including sucrose and the raffinose series (Hymowitze
& Collins, 1974; Kawamura & Tada, 1967), determination
of the composition and metabolism of soluble oligosaccha-
rides during seed development will provide a essential infor-
mation for the improvement of soybean seed quality.

Sugars are important in all organisms, both as carriers of
stored chemical energy and as raw materials for the synthe-
sis of other molecules during all stages of the plant life
cycle. Therefore, sugar concentrations affect the expression
of a large number of genes and other chemical compounds
(Koch, 1996).

In addition to the major seed storage compounds, soybean
also contains isoflavone which serves a variety of biological
functions. Isoflavone is a group of naturally occurring het-
erocyclic phenols found mainly in soybean and has been
credited with performing several health-promoting func-
tions. Several investigators have suggested that soy food
consumption may contribute to lower rates of chronic dis-
eases such as hormone-dependent cancers, cardiovascular
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diseases, and osteoporosis (Anderson et al., 1995; Anthony
et al., 1996; Barnes ef al., 1998; Schultz, 1998). The princi-
pal isoflavones of soybean seeds, daidzein, genistein, and
glycitein, are synthesized from the phenylpropanoid path-
way and stored as glucoside conjugates in vacuole (Kudou
etal., 1991),

Accumulation of these compounds in soybean is cultivar-
dependent and influenced by environmental conditions dur-
ing the seed fill (Eldridge & Kwolek, 1983; Wang & Mur-
phy, 1994; Hoeck et al., 2000; Lee et al , 2003; Tsukamoto
etal ,1995; Kim et al , 2005).

This study focuses on the changes of isoflavone contents
during seed development and their interaction with major
chemical components such as protein, amino acids includ-
ing free amino acids, saccaharides, lipids and fatty acids.

MATERIALS AND METHODS
Soybean cultivars

Three Korean soybean cultivars ‘Sowonkong’, ‘Sin-
paldalkong 2’, and ‘Hanagarikong’® were grown and har-
vested at the field of National Institute of Crop Science,
Suwon, Korea in 2003. The chemical characteristics of
experiment soil was pH 6.7, O.M. 1.5%, available P,O5 338
ppm, exchangeable cation K, Ca, and Mg were 0.49, 2.3,
and 1.2 me/100g, respectively. For the analysis of nutrients
in soybean seeds during the reproductive stages, soybean
seeds were sampled from the R5 through the R8 stages, and
seeds of R5 and R6 stages freeze dried immediately after
sampling and stored at 4 °C until analysis.

Protein and lipid analysis

Soybean seeds were ground by using laboratory test mill
(Brabender, Germany) about 100 mesh flour for the analysis
of proteins, lipids, amino acids, and fatty acids. Protein con-
tent of seed samples was determined according to the
Kjeldahl procedure using a Tecator Kjeltec Auto Analyzer,
model 2400 (Foss Tecator, Sweden). Lipid content was mea-
sured by Soxtherm Automatic System (Gerhardt, Germany).
The extraction beaker was filled with a few boiling stones
and then dried at 105 °C. The 5.0 g of homogenized sample
was put into extraction thimble and add 140 ml of n-hexane.
After boiling for 30 min at 180 °C, extraction was performed
for 80 min with 5 times of solvent reduction. After extrac-
tion, the beakers were dried at 105 °C for 1 hour, then cooled
down to room temperature in a desiccator and weighed.
Total lipid contents were represented on a dry basis of soy-
bean seeds.

Amino acid analysis

Each 0.3 g sample of soybean seed was weighed and 5 m]
of 6 N-HC! was added. The hydrolysis was maintained for
24 hat 110 °C in test tubes with nitrogen gas flushing. After-
wards, the samples were diluted to the 100 ml of Milli-Q
water and filtered with Millipore 0.45 um- syringe filters
(Milford, USA). The 1 ml of each hydrolysate was put into
an autosampler bottle and injected into an amino acid
autoanalyzer (Hitachi L-8800, Japan). The amount of each
amino acid present in the samples was calculated with refer-
ence to the standard ammno acids (Ajnomoto-Takara Co.,
Japan).

Free amino acid analysis

Free amino acid (FAA) contents were determined by L-
8800 high-speed amino acid analyzer. The 1.0 g of soybean
sample was diluted with 10 m/ of 3% trichloroacetic acid
solution. The sample was left at the room temperature for 1
h, centrifuged at 10,000 g for 15 min. The collected super-
natant was filtered with Millipore 0.45 pm syringe filters.
The filtrate was loaded on amino acid analyzer. The stan-
dard amino acid solutions, Type AN-II and Type B, were
obtamed from Wako (Wako-shi, Japan).

Mono- and oligo-saccaharide analysis

Mono- and oligo-saccaharides were analyzed using YMC-
Pack Polyamine II column 5mm (4.6 x 250 mm) from
YMC Co., Itd (Kyotyo, Japan). Twenty milliliters of 20%
ethanol solution was added to 1.0 g of sample and shaken for
60 min at 35 °C water-bath. It was then centrifuged at 5000 g
for 5 min. The collected supernatant was filtered with Sep-
Pak NH, solidphase extraction cartridge (Waters, USA), then
1.0 ml of filtrate was evaporated to dryness at 50 °C dry-bath
by blowing with N, gas. The residue was dissolved in 0.2 ml
of water. Then 20 p/ was injected into HPLC equipped with
Waters 510 Pump, Waters 410 R.1. Detector, and Waters 746
Integrator. The operating conditions were as follows: column
temperature 35 °C; detector temperature 39 °C; mobile phase
acetonitrile: water (65 : 35, v/v); flow rate 0.7 ml min™. The
mono- and oligo-saccharides were obtained from Sigma (St.
Louis, USA).

Fatty acid analysis

The fatty acids were analyzed by Rafael and Mancha's
method (1993). The procedure was as follows. The 0.5 g of
soybean flour was heated with a reagent containing metha-
nol : heptane : benzene : 2,2-dimethoxypropane : H,SO, =
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37:36:20:5:2 (v/v).

The simultaneous digestion and lipid transmethylation were
taken place in a single phase at 80 °C. After cooling at room
temperature, the upper phase containing the fatty acid methyl
ester (FAME) was prepared for the capillary GC analysis. The
GC analysis was performed on a Agilent 6890 system (HP
Co., U.S.A)) equipped with a FID by using a HP-Innowax
capillary 30 m x 0.25 mm x 0.25 pm film (Cross-linked poly-
ethylene glycol) column. The initial temperature of 150 °C
was increased to the final temperature of 280 °C at the rate of
4 °C/min. Carrier gas was nitrogen at the flow rate of 10 ml
min™. During the analysis, the temperatures of inlet and detec-
tor were maintained to 250 and 300 °C, respectively. The stan-
dard FAME Mix (Cy4-Cp) was purchased from Supelco

(USA).
Isoflavone analysis

For the analysis of the 12 isoflavones, the 0.5 g of freeze-
dried and finely ground soybean was weighed into a test
tube and 10 ml of 50% acetonitrile was added to each flask.
The solution was mixed using a vortex mixer and overnight
at room temperature. Extracts were suction filtered through
Whatman No.42 filter paper and washed twice with 10 ml
volumes of extraction solution. Samples were condensed to
approximately 1 ml using a vacuum rotary evaporator (Labo
Rota S-300, Resona, Switzerland) with a water bath at
30 °C. The dried material was re-dissolved m a mixture of
methanol:water (80 : 20, v/v) to a final volume of 3 ml and
filtered through a 0.45 um PTFE syringe filter (Waters, Mil-
ford, MA, USA) prior to HPLC analysis. The filtrate was
injected for the HPLC analysis. Analysis of isoflavone was
conducted by reverse-phase HPLC equipped with YMC-
Pack ODS-AM303 (4.6 x 250 mm) (YMC Inc, Wilming-
ton, NC) connecting a guard column packed with uBonda
C,s Waters guard-Pak pre column (Waters, Milford, MA,
USA) The mobile phases for HPLC consisted of solvent
(A) 0.1% acetic acid, and (B) 0.1% acetic acid in acetoni-
trile. The solvent gradient was as follows: Solvent B was
increased from 15 to 25% over 35 min, then increased to
26.5% within next 12 min, and finally to 50% within 50 s
and held at that percentage for next 14.5 min. The flow rate
was 1.0 ml min™ up to 48 min and increased to 1.3 ml min"
from 48.5 min till 63 min. The injection was 20 ul of sample
and the eluted isoflavone were detected at 254 nm by using
Waters 2487 dual A absorbance detector. All HPLC analysis
were performed at ambient temperature.

The 12 isoflavone standards, three aglycones such as daid-
zein, genistem, and glycitein, and three glucosides such as
daidzin, genistin, glycitin were purchased from Fujicco Co.,
LTD (Kobe, Japan). Three malonylglucosides such as malo-

nyldaidzin, malonylgenistin, and malonylglycitin, and three
acetylglucosides such as acetyldaidzin, acetylgenistin, and
acetylglycitin were purchased from Wako pure chemical
Industeries, Ltd (Osaka, Japan) and PKC Pharmaceuticals,
Inc. (Woburm, MA, USA), respectively.

Statistical analysis

There were three replicates for all measurements. The data
obtained from the analysis were statistically analyzed using
SAS release ver. 8.0 for Windows (Statistical Analysis Sys-
tems Institute Inc., Raleigh, NC, USA).

RESULTS AND DISCUSSION
Characteristics of seed development

Seed length, width, and length/width (L/W) ratio were
surveyed to define the development patterns of soybean
seed (Fig. 1 and 2).

In general, soybean seeds begin to growth when soybean
plants are reached at R5 stage, and at this stage the seed
sizes are approximately 3 mm long. At R6 stage soybean
seeds are in the state of full seed-pod containing green seed
filled up the pod cavity. When soybean seeds are reached at
R7 stage, seeds commence to mature and some pods are
physiologically matured. At final R8 stage, soybean seeds
are full matured and more than 95% of the pods showed
matured pod color.

In this study, we observed the length, width, and length/
width ratio (L/W) of seed were relatively uniform within the
same variety but varied distinctly among the cultivars. The
seed length of three soybean cultivars was increased from
RS stage through R7 stage, and decreased slightly by RS
stage. While the seed width of three soybean cultivars was
increased until RS stage.

Length/width ratio (/W) values were ranged from 1.03
(R8 stage of ‘Hanagarikong’) to 1.47 (R6 stage of ‘Sowon-
kong’), and the highest L/W values were observed at R6 stage
and rapidly decreased until R8 stage of all soybean cultivars.
As compared with the L/W values among soybean cultivars,
the changing degree of ‘Sowonkong’ (1.47-1.05) was higher
than those of ‘Sinpaldalkong 2’ (1.33-1.17) and ‘Hanagar-
ikong’ (1.24-1.03).

The L/W values represent the shape of soybean seeds and
visually scored as 1 for round to 1< for oblong seed. As seed
maturing days progressed, L/W values of ‘Sowonkong’ and
‘Hanagarikong’ were sharply decreased, while the values of
‘Sinpaldalkong 2’ were relatively high because of the devel-
oping degree of seed width was lower than those of two cul-
tivars. The green soybeans turned yellow at R7 stage (40-45
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Fig. 1. Profile of soybean seed development at RS, R6, R7, and
R8 stages Seeds of R5 and R6 stages were freeze dried
immediately after sampling.

R8

days after flowing) (Fig. 1).

A decrease in seed moisture content continues at a faster
rate until the later stage of maturation, accompanied by an
increase m seed dry weight. However, when seed weight is
expressed on a dry basis, it increases rapidly from RS
through R7 stage, and decreased slightly by R8 stage (Fig. 2).

Isoflavone

The accumulation of isoflavone daidzein, genistein, and
glycitein, and their corresponding acetylated and malnoy-
lated forms in R5 ~R8 stage of maturing soybean seeds
were shown in Fig. 3, 4, and Table 1.
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Fig. 2. Changes of length, width, length/width ratio (A), and seed
dry weight (B) during reproductive stages RS, R6, R7, and
R8 stage of Korean soybean cultivars, ‘Sowonkong’,
‘Sinpaldalkong 2°, and ‘Hanagarikong’

Table 1. Isoflavone contents in Korean soybean cultivars, ‘Sowonkong’, ‘Sinpaldalkong 2°, and ‘Hanagartkong’ during the reproductive

stages R5, R6, R7, and R stages

aglycones glucoside malonyl glucoside acety! glucoside otal
N ota
Cultivars RS" Da! Gen* GlyY Da* Gen® GlIy* Dai’ Gen® GlIyY Da'® Gen! Gly?
ne/s
R5 44 3.9 37 421 421 501 111.2 1304 56.9 242 5.5 - 474.4
R6 4.0 4.1 3.0 130.5 2392 1272 3155 5807 1175 522 5.7 - 1579.6
Sowonkong -
R7 42 37 32 2568 513.5 113.7 555.8 1110.9 1149 85.4 7.4 - 2769.4
RS 3.7 37 2.0 336.8 5893 111.0 755.8 13914 113.7 949 65 - 3408.7
R5 68 6.3 6.0 702 702  80.7 1793 2104 86.2 39.0 8.8 36 767.4
R6 6.2 66 49 2105 385.8 2018 3944 8416 178.0 84.2 9.2 3.1 23232
Smnpaldalkong 2
R7 5.0 5.9 5.1 421.0 R841.8 1749 8964 15429 1436 1377 186 - 41959
R8 6.2 59 32 561.3 982.1 1682 1219.1 22442 1723 153.0 93 - 5524.8
RS 2.7 24 2.2 253 337 360 778 1044 455 194 34 - 3526
. R6 2.6 2.0 21 809 1866 80.1 2682 4007 776 323 35 - 1136.7
Hanagarikong

R7 29 23 2.0 156.6 3132 910 3446 799.8 919 52.9 3.7 - 1860.9
RS 24 23 22 2021 3536 999 4686 8627 75.1 588 4.6 - 2134 8

RS Reproductive stage I, daidzein, 2, genistein, 3, glycitein, 4, daidzin, 5, gemistin, 6, glycitin, 7, malonyldaidzin, 8,
malonylgenistin, 9, malonylglycitin, 10, acetyldaidzin, 11, acetylgenistin, 12, acetylglycitin
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Fig. 3. Profiles of free 1soflavone changes in Korean soybean variety, ‘Sinpaldalkong 2” during the reproductive stages RS, R6, R7, and
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Fig. 4. Isoflavone contents i Korean soybean cultivars, ‘Sowonkong’, ‘Smnpaldalkong 2°, and ‘Hanagarikong’ during the reproductive

stages R5, R6, R7, and RS stages.

The 12 kinds of isoflavone were quantified by reverse-
phased HPLC equipped with YMC-Pack ODS-AM303 col-
umn (4.6 x 250 mm) and the total isoflavone content was
determined.

This experiment illustrates that the content and composi-
tion of isoflavone varied greatly among soybean cultivars,
immature and mature soybeans of the same variety. The
composition of isoflavone differed in each growth stage of
soybeans. As seed maturity days progresses, total contents
of 1soflavone was increased in all cultivars (Table 1).

As seed maturity days progresses, isoflavone contents

were increased until R8 stage, and the contents were high in
the order of ‘Sinpaldalkong 2’ (§524.8 pg/g) > ‘Sowonkong’
(3408.7 pg/g) > ‘Hanagarikong’ (2134.8 ug/g) (Table 1). As
shown in Fig. 3 & 4, 1t was noted that the malony! glucosides
are predominant form among conjugated isoflavones fol-
lowed by glucosides, acetyl glucosides, and aglycones. The
approximate composition rates of conjugated isoflavones
throughout the whole seed development stages were malonyl
glucosides (64.2%), glucosides (30.7%), acetyl glucosides
(4.1%) and aglycones (0.9%), respectively.

Mahoylgenistin, malnoyldaidzin, genistin and daidzein
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contents showed a notable accumulation throughout the
whole seed development period, whereas acetyldaidzin
showed only a little increase. However, the contents of
isoflavone aglycones (daidzein, glycitein, and genistein),
glycitin, malonylglycitin, acetylgenistin, and acetylglycitin
not only showed a little changes but also decreased during
the late stages of reed development (Table 1).

In general, genetic and environmental factors are known
to affect the isoflavone content of the seed. Recent work
suggests that although seeds are the principal site of isofla-
vone synthesis, some accumulation is due to transport from
other plant organs (Dhaubhadel er al., 2004). Jung et al.
(2004) and Subramanian et al. (2004) reported that 1sofla-
vone synthase has been shown to be expressed only in
embryos and seed coats, and not in the developing cotyle-
dons, suggesting the majority of the isoflavones in the coty-
ledons are transported from other tissues. From this study
results, it was suggested that the mechanisms underlying the
effects of seed development characteristics on isoflavone
accumulation require further investigation.

Mono- and oligo-saccharides

The mono- and oligo-saccharides found in the developing
seeds of ‘Sowonkong’, ‘Sinpaldalkong 2’°, and ‘Hanagar-
ikong” were fructose, glucose, maltose, sucrose, raffinose,
stachyose, DP3, DP6, and DP7 (Fig. 5).

Sucrose and stachyose were presented as a major saccha-
ride in soybean seeds. As maturing days progressed, they
were constantly increased and the highest contents were
observed at R8 stage. While small quantities of raffinose,
fructose, glucose, maltose, DP3, DP6, and DP7 were
detected by the HPLC system

Karr-Lilienthal er al (2005) reported that soybean carbo-
hydrates make up approximately 35% of soybean seed dry
matter, and the half of these carbohydrates are nonstructural
in nature, including low molecular weight sugars, oligosac-
charides, and small amounts of starch, while the other half
are structural polysaccharides.

In this study, we found that the free glucose, fructose, mal-
tose, and sucrose make up the low molecular weight sugars.
Among the low molecular weight sugars, the contents of
fructose, glucose, and maltose were constantly decreased
during seed maturity. The oligosaccharides such as raffi-
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Fig. 5. Changes of mono- and ohigo-saccharides contents m Korean
soybean cultivars, ‘Sowonkong’, ‘Smnpaldalkong 2°, and
‘Hanagarikong’ during the reproductive stages RS, R6, R7,
and R8 stages

nose, stachyose, DP3, DP6 and DP7 in the developing seeds
comprise approximately 1.31 ~3.95% (R5~R8) of the soy-
bean dry matter. The primary oligosaccharide found in soy-
bean seed was galacto-oligosaccharide such as raffinose and
stachyose. Whereas, the hittle amount of DP3, DP6, and DP7
were detected in the developing soybean seeds, but they were
gradually decreased and not detected at R6 ~ R7 stages.

It was reported that raffinose and stachyose begin to accu-
mulate prior to physiological maturity, and the accumulation
of raffinose oligosaccharides and galactosyl cyclitols have
been characterized during soybean seed development
(Yazdi-Samadi et al., 1977; Amuti & Pollard, 1977; Dorn-
bos & McDonald, 1986).

In this study results showed that saccharide composition at

Table 2. Relationship among 1soflavone and mono-, oligo-saccharide contents m maturing soybean seeds

Fruc Gluc Sucr Malt Raffi DP3 Stach DP6 DP7 Total
-0.651 -0.653 0.780 -0.602 -0.372 -0.178 0.763 -0.339 -0.586 0.575
Isoflavone * % % * ns ok ns * *

* **significant at p<0 05, p<0 01 levels, respectively, ns  not significant
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the beginning of seed development is primarily monosac-
charides with little sucrose and oligosaccharides, but as seed
development proceeds the sucrose and starch increase with
concomitant decrease in the monosaccharides.

Sugars are important in all organisms, both as carriers of
stored chemical energy and as raw materials for the synthe-
sis of other molecules. Therefore, sugar concentrations
affect the expression of a large number of genes and other
chemical compounds (Koch, 1996).

As shown in Table 2, statistical analysis of correlation
among mono- and oligo-saccharides with isoflavones of
maturing soybean was conducted to determine whether
these components affected the relative contents of isofla-
vones.

Obtained results show that sucrose and stachyose have a
positive correlation with isoflavone (r=0.780, 0.764 at
p<0.01, respectively), while fructose, glucose, maltose, and
DP7 have a negative correlation with isoflavone (r=-0.651,
-0.653, -0.602, and -0.586 at p<0.05, respectively). How-
ever, raffinose, DP3, and DP6 were not significantly corre-
lated with isoflavone, but they showed the negative
relationship.

Protein, amino acid, and free amino acid

Protein and amino acid accumulation were very rapid dur-
ing reproductive stages, and reached the highest contents at
R7 stage of ‘Sinpaldalkong 2’ and ‘Hanagarikong’, corre-
sponding to maximum fresh weight/seed, while the contents
of ‘Sowonkong’ were increased until R8 stage (Fig. 6).

The seventeen amino acids detected and most of amino
acids increased until R7 stage, although there is some varia-
tion among the three cultivars, and then slightly decreased at
R8 stage. Sulfur containing amino acids such as cystein and
methionine increased until R8 stages in all three cultivars,
whereas tyrosine and phenylalanine linearly decrease at the
later stage of maturity (data not shown). These amino acid
contents increased during reproductive stages but their per-
centage values remained relatively unchanged until R8
stage, and these results were supported by Yazdi-Samadi ef
al (1977).

The thirty four free amino acid detected and their contents
sharply decreased throughout the reproductive stages, but
the decreasing pattern of ‘Sowonkong’ were slightly differ-
ent from other cultivars (Fig. 6). However, it needed a more
detailed investigation because ‘Sowonkong’ is a variety
mainly developed for soybean sprouts, and this fact also rep-
resents the possibility of differences as compared to other
soybean cultivars.

Among the thirty four free amino acids, the contents of
most acids were below than 5%, but five amino acids such

as y-amino-n-butyric acid, arginine, urea, glutamic acid,
alanine showed approximately 57.8% of free amino acids,
and their composition rate were 17.3%, 14.5%, 11.4%,
7.8%, and 6.8%, respectively. However, y-amino-n-butyric
acid decreased throughout the reproductive stages, while
urea and arginine were linearly decrease at the later stage of
maturity (data not shown).
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Reproductive stage

Fig. 6. Changes of protein (A), amino acid, and free ammo acid
contents (B) mn Korean soybean cultivars, ‘Sowonkong’,
‘Sinpaldalkong 2’, and ‘Hanagarikong’ during the reproduc-
tive stages RS5, R6, R7, and RS stages. 'Amino acids
represent the sum of cysteine, hstidine, isoleucine, lysine,
arginine, phenylalanine, proline, serine, valine, alanmne,
aspartic acid, glutamic acid, glycine, leucine, methionte,
threonine, tyrosme *Free amino acids representes the sum
of alamne, anserine, arginine, aspartic acid, a-ammo adiprc
acid, a-ammo-n-butyric acid, f-alamine, framino isobutyric
acid, yamno-n-butyric acid, carnosine, citrulline, cysta-
thionine, ethanol amine, glutamic acid, glycine, histidine,
hydroproline, hydroxylysine, isoleucine, leucine, lysine,
methiomne, 1-methyllistidine, NH;, ormithine, phenyla-
lanine, phosphoserine, proline, sarcosine, serine, taurine,
threonine, tyrosine, urea, valine

Table 3. Relationship among 1soflavone and protein, amino acid and
free ammo acid n the maturing soybean seeds.

Protemn Amimno acid  Free amino acid

Isoflavone 0.571* 0.599* -0.673**

*, *¥*: significant at p<0 05, p<0 01 levels, respectively
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In general, young soybeans undergo many changes before
reaching maturity and a major feature of these changes is
mass syntheses of amino acids and storage proteins, and as a
result there is an overall increase in dry matter.

These study results showed that Soybeans at R8 stage are
high in protein and amino acid, but low in free amino acid
contents and this results were supported by Minamide &
Hata (1990).

We have reported in our previous study that the composi-
tion rates of 118 related proteins have a tendency to increas-
ing whereas those of 7S related proteins have a tendency to
decreasing during the maturing (Kim et al., 2004).

On the basis of obtained results, we tried to understand the
relationship with these nutrients and isoflavone contents in
the maturing soybean seeds.

As shown in Table 3, protein (r=0.571) and amino acid
contents (r=0.599) showed significant positive correlations
(p<0.05) with isoflavone contents, but the free amino acid
contents showed negative correlation with isoflavone (r=
-0.673, p<0.01). It was reported that soybean isoflavones
have antioxidant properties, which may protect LDL from
oxidation (Wiseman et al., 2000), and also soybean protein
may exert its anti-atherogenic effects vig associated isofla-
vones (St Clair, 1998; Vitolins ef al., 2001).

It was suggested that the accurate characterization of pro-
tein related chemical components and their relation to isofla-
vone synthesis in the developing soybean seed is necessary
for the improvement of soybean utilization.

Lipid and fatty acids

The lipid content showed a relatively moderate increase.

The highest content reaches at R7 stage in ‘Sowonkong’ and
‘Sinpaldalkong 2’, and at R8 stage in ‘Hanagarikong’, respec-
tively (Fig. 7).

In this study result shows that the lipid content reaches its
final content relatively early stage of seed development and
remains constant as compared with other chemical compo-
nents.

The fatty acid composition of maturing soybean seeds indi-
cates that soybean seeds are abundant in unsaturated fatty
acids, and lower amounts present in saturated fatty acids
(Table 4). The composition rates of unsaturated fatty acids,
such as oleic acid (18:1), linoleicacid (18:2), and linolenic
acid (18:3) ranged approximately 79.7% (R8 stage of
‘Sowonkong’)~83.1% (R6 stage of ‘Sinpaldalkong 2°).
Meanwhile, major saturated fatty acid of maturing seeds is
palmitic acid (16:0) which ranged 12.2% (R7, ‘Sinpaldalkong
2’y~14.6% (R8, ‘Sowonkong’) of total fatty acids. However,
only small quantities of stearic acid (18:0) were observed.

Lipid content (%)
o

Q= Sowonkong
14 ={}— Sinpaldalkong 2
=/ Hanagarikong
12 : . : : :
RS R6 R7 RS

Reproductive stages

Fig. 7. Changes of lipid contents m Korean soybean cultivars,
‘Sowonkong’, ‘Sinpaldalkong 2°, and ‘Hanagarikong’
durmg the reproductive stages R5, R6, R7, and RS stages.

Table 4. Changes of fatty acid composition in Korean soybean cultivars, ‘Sowonkong’, ‘Sipaldalkong 2°, and ‘Hanagarikong’ during the

reproductive stages RS, R6, R7, and R8 stages (Unit : %)
cultivars RS§ C16 0 Clg 0 C18 1 C]g 2 C]g 3 SFAT USFAI
R5 13.5+1.5 5.0+0.2 209+20 499423 10.8+0.4 18.5£1.6 81.6+4.5
R6 13.0£1 3 5.2£0.2 24.0+1.9 48.5+19 9.440.5 18 2£1.5 81.9+43
Sowonkong
R7 137+14 5.640.2 21.6+1 9 50.7£2.0 8.4£0.5 19.3£1.5 80.7+4 2
R8 14.6+0.9 5.8+0.1 24.4+42.1 47.6+2.1 7.7+0 4 20.4+0.9 79.7+4.4.
R5 13.7+1.1 4.340.1 26.4+1.6 45.7+1.8 9.9+0.5 18.0+13 82.0+3.8
R6 122£12 47+0.1 21.4+1.4 529£19 8.840.3 16 9+1.3 83.1+£3.7
Sinpaldalkong 2
R7 13.0£0 8 4.9+0.1 21 0+£1.7 52.2+1.8 8.9+0.6 17.9+1.0 82.1+4.0
RS 12.740.7 5.540.2 20.8+1.7 - 524423 8.6+03 18.2+1.1 81.8+4 |
RS 14.5£1.0 3.5¢0.2 22.3+2.1 50.1£17 9702 18.0£1.2 82 1+3.8
. R6 12.9£1 1 5.0£0 2 22 1422 51.6£1 8 8.4+0.6 17 9+1.2 82.1+4.6
Hanagarikong
R7 12.8+0.9 5.0+£0.1 19.9+19 54.0£2.3 8.3+0.3 17.8+1.1 82.2+4.5
R8 12.6+1.1 4.6+0.1 17.5£0.9 57.3+1.2 7.9+0 3 17.241.2 82.742.4

SRS Reproductive stage, 'SFA  Saturated fatty acid, *USFA Unsaturated fatty acid
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Table 5. Relationship among 1soflavone and hipid, saturated fatty
acid (SFA) and unsaturated fatty acid (USF) m the
maturing soybean seeds.

Lipid SFA
0.754** 0.193™

** . signmficant at p<Q 01 levels, ns : not significant

USFA
-0.221™

Isoflavone

Among the fatty acids, although varnetal difference was pre-
sented, stearic acid and lmolenic acid were gradually
decreased, while oleic and linoleic acid were increased as
seed maturing progressed.

As shown 1n Table 5, lipid and fatty acids in the maturing
seeds were examuned to ascertain whether these components
affected the contents of isoflavones. Obtained results
showed that li;id are sigmificantly correlated (r=0.754,
p<0.01) with isoflavones However, neither saturated fatty
acid nor unsaturated fatty acids significantly affected the
1soflavone contents of maturing soybean seeds.
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