
INTRODUCTION

Isoflavones have been extensively investigated for
their potential health effects in areas including
cardiovascular disease, cancer, osteoporosis,
menopausal symptoms and cognitive function
(Messina et al., 1994; Anderson and Garner,
1997). Daidzein and genistein, which are
isoflavone aglycones having a 3-phenylchroman
skeleton, are mainly found in soybeans (Soja hisp-
ida L.) and soy products (Penalvo et al., 2004;
Murphy and Barr, 2005) as well as in other
species of the Fabaceae family (Liggins et al.,
2000; Umphress et al., 2005). A variety of com-
mercial preparations of soy extracts or soy
isoflavones are in increasing demand in the mar-
ket worldwide as nutritional supplements or phy-
totherapeutics. 

Soja hispida L. (syn. Glycine max L.) of the
Fabaceae family, usually referred to as soybean, is

also a popular foodstuff and crop plant, used espe-
cially in traditional cooking by South Asian people.
There is evidence that soybean consumption has a
range of beneficial health effects such as cancer pre-
vention, reduced risk of osteoporosis, a valuable
role in chronic renal disease, and protection against
some cardiovascular disorders (Grainge et al.,
2001; Blair et al., 2002). 

This study examines the content of daidzein
and genistein in two samples of soybean, one pur-
chased at random at the market and the other
cultivated, as well as in soy sprouts produced in
Turkey along with four soy-containing commer-
cial preparations. In addition, the fatty acid com-
position of oils from the same samples were
determined by capillary gas chromatography-
mass spectrometry (GC-MS). The anticholine-
sterase, antioxidant, antibacterial, antifungal and
antiviral activities of the same soybean oils were
also tested. 
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We used reversed-phase high performance liquid chromatography (HPLC) to analyze the amounts of daidzein
and genistein, well-known isoflavonoid aglycones, in methanolic extracts (80%) prepared from soy sprouts and
also two types of soybeans (Soja hispida L.), one purchased at the local market and the other one cultivated in
Turkey. Some commercially sold preparations containing either soy extract or soy isoflavones were also analyzed
by HPLC for their daidzein and genistein content. Three oils obtained from the same soybean and soy sprout
samples were analyzed for fatty acids by capillary gas chromatography-mass spectrometry (GC-MS). Several
in vitro biological activities of the soybean oils were examined, including anticholinesterase, antioxidant, anti-
bacterial, antifungal and antiviral activity. The soy sprouts were much richer in genistein (232.1 μg/g) and
daidzein (177.0 μg/g) than the soybean samples. The cultivated soybean sample also showed higher genistein
(3.771 μg/g) and daidzein (3.366 μg/g) levels than the soybean sample of market origin (2.971 μg/g and 2.579
μg/g, respectively). The soybean oils were found to be quite rich in essential fatty acids, and the soy sprout oil
also contained essential fatty acids in appreciable amounts. The soybean oil of market origin had a notable
antiviral effect against Herpes simplex as well as antifungal activity against Candida albicans at 8 μg/ml. 
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MATERIALS AND METHODS
PLANT MATERIALS

Soybean samples (Macon soybean with white flow-
ers; Germplasm Center, U.S.A.) from culture were
obtained from the Faculty of Agriculture, Çukurova
University, Adana (Turkey) in 2003. Another soy-
bean sample of unknown origin was bought at ran-
dom from the local market in Ankara (Turkey) in
2003. The soy sprouts were the product of the Ünlü-
soy Company (Turkey), obtained in April 2003.

ANALYSIS OF ISOFLAVONES

Preparation of Extracts for HPLC Analysis 

The soybean samples of culture and market origin
were weighed (21.2 g and 37.6 g, respectively),
ground in a mechanical grinder to fine powder, and
macerated in 80% methanol for 24 h at room tem-
perature. The methanol phases were filtered the
next day and evaporated in a vacuum to obtain
extracts. Fresh soy sprouts (200 g) were chopped,
dried in the shade at room temperature, weighed
(10.9 g) and subjected to the same extraction proce-
dure. The amounts and yield percentages of the
extracts are given in Table 1.

Commercial Supplements 

The products producers of the four analyzed com-
mercial soy-based supplements are Nature Made®

tablets, Natural Nutrition® tablets, Phytosoya® cap-
sules and Isoflavin® tablets (Tab. 2). 

Chemicals

Standard daidzein was purchased from Sigma-
Aldrich (EC 207–635–4, 25 mg, St. Louis, U.S.A.).
Genistein used as standard was from Gynogen®

(Microgen Pharmaceutical Company, Istanbul,
Turkey), which contains 50 mg genistein per
tablet; it was extracted using 80% methanol, fil-
tered and evaporated in a vacuum, and checked by
HPLC. All the solvents used were of analytical
grade (Merck).

HPLC Conditions

The analysis was performed with a LC system con-
sisting of an HP Agilent 1100 series quaternary
pump with degasser and photodiode array detector.
Samples were injected with an HP Agilent 1100
autosamplers with a thermostatted column com-
partment on an ACE–5 C18 column (5 μ, 250 mm;
4.6 mm) at 40°C. The system was controlled and
data analyses were performed with Agilent
ChemStation. All the calculations for quantitative
analysis were performed with external standardiza-
tion by measurement of peak areas. A mobile phase
consisting of formic acid (0.2% v/v-Solvent A):ace-
tonitrile (Solvent B) was chosen to achieve maxi-
mum separation and sensitivity (Kledjus et al.,
2004). Standard stock solutions contained 808
μg/ml daidzein and 1000 μg/ml genistein in HPLC-
grade methanol. To establish the linear detection
range for each standard, individual standard stock
solutions were prepared in mobile phase in 10 ml
measuring flasks. Aliquots of these solutions were
diluted and analyzed to determine method lineari-
ty. Calibration ranges were 0.1263–202 μg/ml for
daidzein and 0.07813–125 μg/ml for genistein.
Triplicates of 10 μl injections were made for each
standard solution. The limit of detection (LOD)
was established at a signal-to-noise ratio (S/N) of 3.
The limit of quantification (LOQ) was established
at S/N 10. (Tab. 3).
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TABLE 1. Oil yields of soybeans and soy sprouts of
Turkish origin

TABLE 2. Listed ingredients in soy-based supplements
analyzed



FATTY ACID ANALYSIS

Oil Extraction from Soybeans and Soy Sprouts

The soybean samples of culture and market origin
were weighed (50.1 g and 20.9 g, respectively) and
extracted continuously with n-hexane for 8 h in a
Soxhelet apparatus in the presence of anhydrous
Na2SO4. Following extraction, the n-hexane phases
were filtered and evaporated in a vacuum. The soy
sprouts were prepared as described above and the
oils were obtained. The oil amounts and yield per-
centages are given in Table 4.

Saponification and Methylation of Oils

The oils prepared from the two soybean samples
and soy sprouts were weighed separately (450 mg) in
50 ml volumetric flasks, then saponified by adding 12
ml 0.5 N methanolic NaOH to the mixture and heat-
ing with a steam bath until the fat globules went into
solution. 20 ml BF3/MeOH (Sigma) was added to each
flask and the mixtures were boiled for 2 min. After
cooling down, they were made up to 50 ml with satu-
rated NaCl solution and then transferred to separa-
tion funnels and extracted with 30 ml petroleum ether
(PE) for each. The PE phases were taken and evapo-
rated with a water bath at 60°C (Morrison and Smith,
1964). The obtained methyl esters of fatty acids were
dissolved in 1 ml hexane, and 1 μl samples were
injected and analyzed by GC-MS.

GC-MS Conditions

Chromatographic analysis was carried out with an
Agilent 6890N Network GC system combined with
an Agilent 5973 Network Mass Selective Detector
(GC-MS). The capillary column used was an Agilent
19091N–136 (HP Innowax Capillary; 60.0 m × 0.25
mm × 0.25 μm). As mentioned in our previous pub-
lications (Orhan et al., 2007a; ªener et al., 2007),
helium was used as carrier gas at a flow rate of 0.8
ml/min with 1 μl injection volume. Samples were
analyzed with the column held initially at 60°C after
injection during 10 min hold time; then the temper-
ature was increased to 220°C at a 4°C/min increment
and kept at 220°C for 10 min. The final temperature
was increased to 240°C with a 1°C/min increment.
Injection was performed in split mode (50:1).
Detector and injector temperatures were 230°C and

280°C, respectively. Run time was 80 min. MS scan
range was (m/z): 35–450 atomic mass units (AMU)
under electron impact (EI) ionization (70 eV). The
peaks were identified using the Wiley and Nist
Libraries, and comparison of the retention times
(Rt) and mass spectra of standards (Sigma). Relative
content of fatty acids (%) was determined using
Agilent software. The results are expressed as aver-
ages of three determinations in all cases.

BIOLOGICAL ACTIVITY OF SOYBEAN OILS

AChE and BChE Inhibitory Activity

Acetylcholinesterase (AChE) and butyryl-
cholinesterase (BChE) inhibitory activities were
measured using the spectrophotometric method
developed by Ellman et al. (1961) as described in
detail in our previous publications (Orhan et al.,
2004 and 2007). The experiments were done in trip-
licate. Galanthamine (Sigma, St. Louis, U.S.A.) was
used as the reference.

DPPH Free Radical-Scavenging Assay

The antiradical activity of the soybean oils and ref-
erence (butylated hydroxyanisol, BHA) was assessed
on the basis of the radical-scavenging effect of the
stable free radical 1,1-diphenyl–2-picrylhydrazyl
(DPPH) (Lee et al., 1998) as described in detail in
our previous publication (Orhan et al., 2007). 

MICROBIOLOGICAL STUDIES

For stock solution preparation, the soybean oils
were dissolved in ethanol:hexane (1:1, v/v) solution
using 1% Tween 80 at the final concentration of
1024 μg/ml and sterilized by filtration (0.22 μm;
Millipore, U.S.A.). Standard antibacterial powders
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TABLE 3. Linearity Results, Limit of Detection (LOD) and Limit of Quantification (LOQ)

TABLE 4. Amounts of genistein and daidzein found in soy
sprouts and two soybean samples (μg/g)



of ampicillin (AMP, Fako), ofloxacin (OFX, Hoechst
Marion Roussel), along with standard antifungal
ketoconazole (KET, Bilim) and fluconazole (FLU,
Pfizer), were prepared as follows: ampicillin was dis-
solved in phosphate buffer solution (pH 8.0, 0.1
mol/l), ketoconazole was dissolved in DMSO, and
fluconazole and ofloxacin were dissolved in water.
The stock solutions of these agents were used
according to NCCLS recommendations (National
Committee, 1996). Standard strains of the bacteria
Escherichia coli (ATCC 35218), Pseudomonas
aeruginosa (ATCC 10145), Proteus mirabilis (ATCC
7002), Klebsiella pneumoniae (RSKK 574),
Acinetobacter baumannii (RSKK 02026),
Staphylococcus aureus (ATCC 25923) and Bacillus
subtilis (ATCC 6633) were used for determination of
antibacterial activity, and a standard strain of
Candida albicans (ATCC 10231) was employed for
determination of antifungal activity. Mueller-Hinton
Broth (Difco) and Mueller-Hinton Agar (Oxoid) were
used for growing and diluting the bacteria.
Sabouraud liquid medium (Oxoid) and Sabouraud
dextrose agar (SDA) (Oxoid) were used for growing
and diluting the fungus. RPMI–1640 medium with L-
glutamine was buffered at pH 7 with 3-[N-morpholi-
no]-propansulfonic acid (MOPS). Culture suspen-
sions were prepared according to NCCLS M27-A
(Özçelik et al., 2005). The bacterial suspensions
used for inoculation were prepared at 105cfu/ml by
diluting fresh cultures at McFarland 0.5 density
(108cfu/ml). The fungus suspension was prepared
by the spectrophotometric method of inoculum
preparation at a final culture suspension of 2.5 ×
103cfu/ml (National Committee, 2002). 

The microdilution method was employed for
antibacterial and antifungal activity tests. Media
were placed into each well of a 96-well microplate.
Extract solutions at 1024 μg/ml were added to the
first row of microplates, and twofold dilutions of the
compounds in the range of 512–0.25 μg/ml were
placed in the remaining wells. Culture suspensions
(10 μl) were inoculated into all the wells. The sealed
microplates were incubated at 35°C for 24 h and 48
h in a humid chamber. The lowest concentration of
the oils that completely inhibited macroscopic
growth was determined and minimum inhibitory
concentrations (MICs) were calculated (National
Committee, 2002) 

ANTIVIRAL ACTIVITY

Herpes simplex virus (HSV) and Para-influenza–3
virus (PI–3) were used to determine the antiviral
activity of the soybean oils. The test viruses were
obtained from the Department of Virology, Ankara
University. Vero cell line (African green monkey kid-
ney) and Madin-Darby bovine kidney (MDBK) used
in this study were obtained from the Department of

Virology, Ankara University. Cells were cultured in
Eagle's Minimal Essential Medium (EMEM)
enriched with 10% fetal calf serum (FCS)
(Biochrom, Germany), 100 mg/ml streptomycin and
100 IU/ml penicillin in a humidified atmosphere of
5% CO2 at 37°C. The cells were harvested using
trypsin solution (Bipco Life Technologies, UK).
Media were placed into each of the 96 microplate
wells (GreinerR, Germany). Stock solutions of the
oils were added to the first row of microplates and
twofold dilutions of the compounds (512–0.25
μg/ml) were added to the remaining wells. Twofold
dilutions of each material were obtained according
to Log2 on the microplates. Acyclovir (Biofarma) and
Oseltamivir (Roche) were used as the control agents.
Strains of HSV and PIV titers were calculated as
TCID50 (Frey and Liess, 1971). Maximum cytopath-
ogenic effect (CPE) concentrations as indicators of
the antiviral activities of the extracts were deter-
mined according to the procedure described earlier
(Özçelik et al., 2005). 

The maximum nontoxic concentration (MNTC)
of each sample was determined by the method
described previously by Özçelik et al. (2005) based
on alteration of cell morphology. 

STATISTICAL ANALYSIS OF BIOLOGICAL DATA

Data obtained from in vitro experiments for anti-
cholinesterase and antioxidant activity were
expressed as means and standard error (±SEM).
The significance of differences between the treat-
ments and the control were evaluated by ANOVA; 
p < 0.05 was considered significant [* p < 0.05; **
p < 0.01; *** p < 0.001].

RESULTS AND DISCUSSION

In the present study, soybean and soy sprout sam-
ples extracted with 80% methanol were analyzed to
establish the amounts of daidzein and genistein by
reversed-phase HPLC. Gradient elution was
employed for better quantitative analysis, run for 40
min in total; daidzein and genistein appeared at
25.8 and 27.9 min, respectively. Daidzein was
detected at concentrations of 3.366 μg/g (soybean
from culture), 2.579 μg/g (soybean from market)
and 177.0 μg/g (soy sprouts); the same samples
were found to contain genistein at concentrations of
3.771, 2.971, and 232.1 μg/g, respectively (Tab. 5).
Fatty acids in oils obtained from the soybean and
soy sprout samples were analyzed by capillary GC-
MS technique; the fatty acid components detected in
both soybean oils were very similar (Tab. 6).
Soybean oils of culture and market origin yielded
similar amounts of palmitic acid (16:0;
11.84–11.68%) and stearic acid (18:0; 4.56–3.76%).
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Palmitic acid was markedly higher in the soy sprout
oil (31.13%) than in the soybean oil samples.
Vaccenic acid, a minor fatty acid, was detected in the
soybean oils (18:1, n = 7), but not at all in the soy
sprout oil. Oleic acid content (18:1, n = 9) was
slightly higher in the soybean oil of market origin
(30.82%) than in that of culture origin (25.28%). The
soy sprout oil (5.79%) was rather poorer in oleic
acid than the soybean oils. It is well known that the
fatty acids of the Omega family, including linoleic
(LA), linolenic (LNA), eicosapentaenoic (EPA) and
docosahexaenoic acids (DHA) play a vital role for
human health, cannot be synthesized in the human
body, and therefore must be part of dietary intake.
In our study we found large amounts of linoleic acid
(18:2, n = 6) in both soybean samples (47.71% and
45.46%) and in the soy sprout oil (15.27%).
Importantly, the amount of linolenic acid (18:3, n =
6) found in the soy sprout oil (23.57%) was much
higher than in the two soybean oils (6.53% and
4.09%). Palmitoleic acid was detected in the soy
sprout oil (3.40%).

The anticholinesterase, antioxidant, antibacteri-
al, antifungal and antiviral activities of the soybean
oils of culture and market origins were investigated.
While the soybean oils of culture and market origins

were shown to provide 17.3 and 16.5% AChE inhi-
bition, respectively, at 0.2 mg/ml concentration,
these oils did not inhibit BChE. The soybean oils
showed low antioxidant activity (27.7 and 26.3%,
respectively) against DPPH radical. The oils showed
negligible antibacterial activity against P. aerugi-
nosa, S. aureus, E. coli, B. subtilis and P. mirabilis,
and moderately inhibited the growth of K. pneumo-
niae and A. baumannii as compared to ampicillin
(Tab. 7). The antifungal activity of the soybean oils
against C. albicans was quite remarkable as com-
pared to that of ketoconazole and fluconazole (Tab.
7). Interestingly, the oil obtained from the soybean
sample bought at random in the local market was
not active against either HSV or PI–3, whereas the oil
of cultured origin showed significantly higher activi-
ty against both HSV and PI–3 as compared to acy-
clovir and Oseltamivir (Tab. 8).

In the literature we have not encountered any
reports on the antibacterial activity of any soybean
oil. Our results demonstrated that there was no dif-
ference in antibacterial properties between the soy-
bean oils of market and culture origin. Our results
showing better inhibition against C. albicans by soy-
bean oils is consistent with findings from previous
studies. 
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TABLE 5. Amounts of genistein and daidzein in some of soy-derived commercial preparations (mg per tablet or capsule)

TABLE 6. Fatty acid composition of soybeans and soy sprouts of Turkish origin



The composition of soybean oil has been inves-
tigated extensively. In addition to its fatty acids, phy-
tosterols as well as the phospholipids phosphatidyl-
choline and phosphatidylethanolamine have been
detected (Careri and Mangia, 2001; Jakap et al.,
2002; Phillips et al., 2002; Zhang et al., 2003).
Goodrum and Geller (2005) reported soybean oil to
be comprised of palmitic (14.17%), stearic (5.19%),
oleic (48.20%), linoleic (22.19%), linolenic (1.45%),
myristic (0.56%), myristoleic (0.18%), palmitoleic
(1.27%) and arachidic acids (0.28%). We did not
detect the last four minor ones in our soybean sam-
ples. Cherry et al. (1985) found that the oil content
of soybeans produced in southern areas of the
U.S.A. was only 51% of the content of soybeans of
northern origin, indicating that the fatty acid com-
position of soybeans is sensitive to the influence of
both genotype and environment, and also found that
higher ambient temperature reduced the linolenate
concentration in the soybean oil. In a study of the
effect of environment (e.g., locality, climatic condi-
tions) on the fatty acid composition of soybeans
growing in Egypt, Sakla et al., (1988) found differ-
ences in protein, oil, and carbohydrate content
between three types of soybean. Another soybean
cultivar grown in the Kashmir Valley in India was
reported to be composed of myristic (1.5%),

palmitic (13.5%), stearic (6.1%), oleic (23.2%),
linoleic (46.3%) and linolenic acids (9.4%) (Katiyar
et al., 1989), very similar to the composition of the
soybean oils analyzed here. Mohamed and
Rangappa (1992) also analyzed the fatty acids of sev-
enteen vegetable soybean genotypes growing in the
U.S.A., and found 53.34% linoleic acid and 9.19%
linolenic acid on average. In Grela and Günter's
(1995) study, the soybean oil sample was shown to
contain 53% linoleic acid, quite consistent with our
results. A commercial type of soybean oil of Iranian
origin was analyzed by GC-MS (Hajimahmoodi et al.,
2005) and was found to contain myristic (0.1%),
palmitic (11.8%), palmitoleic (0.1%), stearic (3.9%),
oleic (22.9%), linoleic (51.5%), and linolenic acids
(3.1%), similar to our results. Commercial soybean
oil sold in China was reported to consist of palmitic
(11.2%), stearic (3.7%), oleic (22.1%), linoleic
(55.0%), and linolenic acids (6.8%) (Cao et al.,
2005), also highly concordant with the content of
our soybean samples. We also obtained interesting
results on the fatty acid composition of oil from soy
sprouts (Tab. 6). 

There are few studies on the isoflavone content
of soy sprouts (Choi and Sohn, 1998; Albertazzi and
Purdie, 2002). In a study by Morton et al. (2002),
daidzein and genistein were analyzed by GC-MS,
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TABLE 7. Antibacterial and antifungal activities of soybean oils and references, expressed as minimum inhibitory con-
centrations (MICs) (μg/ml)

AMP – Ampicilline; OFX – Ofloxasine; KET – Ketoconazole; FLU – Fluconazole;  – No activity observed.

TABLE 8. Antiviral activity of  soybean oils and references

MNTC – Maximum non-toxic concentration; CPE – Cytopathogenic effect;   – No activity observed



and soybean hypocotyls were found to contain high-
er concentrations (2.48 and 1.25 mg/g, respectively)
than coarse soy grits, dragon soybeans, dehusked
soybean cotyledons, soybean hulls, toasted soy flour
and fine soy grits. In another study, the isoflavone
profile of soy leaves was observed to differ from that
of soybeans (Ho et al., 2002): soybean contained
malonylgenistin in the highest amount, followed by
genistin, daidzin, genistein and daidzein in decreas-
ing order, whereas soy leaves had only trace
amounts of malonylgenistin and genistin; no
daidzein or genistein were detected in the soy leaves.
Mazur et al. (1998) determined the isoflavone con-
tent of four kinds of soybean samples (Centennial,
INIAP Bolivia, Santa Rosa, Chapman) and found
that the soybean sample of Santa Rosa origin had the
highest daidzein and genistein amounts (56,000 and
84,100 μg/100 g, respectively). In our study, soybean
sprouts had higher amounts of genistein and daidzein
(232.1 and 177.0 μg/g) than the soybean samples.
The soybean samples of culture origin had slightly
higher concentrations of these two isoflavones than
the sample of market origin (Tab. 5).

Our results indicate that Turkish soybean con-
tains amounts of genistein and daidzein consistent
with previous reports. The soy sprouts cultivated in
Turkey contained genistein and daidzein at remark-
able concentrations. There was not much difference
between the oils obtained from the soybeans of cul-
ture and market origin. Turkish soybean oil has
been shown to be highly similar to its counterparts
elsewhere in the world. To the best of our knowl-
edge, this is the first report on the fatty acid con-
tent of soy sprouts, the anticholinesterase and anti-
bacterial activities of soybean oil, and the genistein
content and daidzein content of soybean samples
and soy sprouts of Turkish origin, which are quite
comparable to results from other parts of the
world. These findings suggest that soy sprouts as
well as soybeans are a good alternative source of
essential fatty acids and isoflavones (daidzein and
genistein).

ACKNOWLEDGEMENT

Financial support for this work was provided by the
Scientific Research Project Foundation of Gazi
University (Project code no. 11/2003–13).

REFERENCES

ALBERTAZZI P, and PURDIE DW. 2002. The nature and utility of
the phytoestrogens: a review of the evidence. Maturitas
42: 173–185.

ANDERSON J, and GARNER S. 1997. Phytoestrogens and human
function. Nutrition Today 32: 232–239.

BLAIR RM, APPT SE, BENNETAU-PELISSERO C, CLARCKSON TB,
ANTHONY MS, LAMOTHE V, and POTTER SM. 2002. Dietary
soy and soy isoflavones have gender specific effects on
plasma lipids and isoflavones in golden Syrian F1B
hybrid hamsters. Journal of Nutrition 132: 3525–3591. 

CAO W, HAN H, and ZHANG J. 2005. Preparation of biodiesel
from soybean oil using supercritical methanol and co-
solvent. Fuel 84: 347–351.

CARERI M, and MANGIA EA. 2001. Liquid chromatography-UV
determination and liquid chromatography-atmospheric
pressure chemical ionization mass spectrometric char-
acterization of sitosterol and stigmasterol in soybean oil.
Journal of Chromatography A 935: 249–257.

CHERRY JH, BISHOP L, HASEGAWA PM, and LEFFLERT HR. 1985.
Differences in the fatty acid composition of soybean seed
produced in northern and southern areas of the USA.
Phytochemistry 24: 237–241.

CHOI YB, and SOHN HS. 1998. Isoflavone content in Korean fer-
mented and unfermented soybean foods. Korean
Journal of Food Science and Technology 30: 745–750.

ELLMAN GL, COURTNEY KD, ANDRES V, and FEATHERSTONE RM.
1961. A new and rapid colorimetric determination of
acetylcholinesterase activity. Biochemistry and Pharma-
cology 7: 88–95.

FREY HR, and LIESS B. 1971. Vermehrungskinetik und
Verwendbarkeit eines stark Zytopathogenen VD-MD
Virusstammes für diagnostische Untersuchungen mit
der mikrotiter-Methode. Journal of Veterinary Medicine
Series B 18: 61–71.

GOODMAN MT, WILKENS LR, HANKIN JH, LYU LC, WU AH, and
KOLONEL LN. 1997. Association of soy and fiber con-
sumption with the risk of endometrial cancer. American
Journal of Epidemiology 146: 294–306.

GOODRUM JW, and GELLER DP. 2005. Influence of fatty acid
methyl esters from hydroxylated vegetable oils on diesel
fuel lubricity. Bioresource Technology 96: 851–855.

GRAINGE MJ, COUPLAND CA, CLIFFE SJ, CHILVERS CE, and HOSK-

ING DJ. 2001. Reproductive, menstrual and menopausal
factors: which are associated with bone mineral density
in early postmenopausal women? Osteoporosis
International 12: 777–787. 

GRELA ER, and GÜNTER KD. 1995. Fatty acid composition and
tocopherol content of some legume seeds. Animal Feed
Science and Technology 52: 325–331.

HAJIMAHMOODI M, HEYDEN YV, SADEGHI N, JANNAT B, OVEISI MR,
and SHAHBAZIAN S. 2005. Gas-chromatographic fatty-acid
fingerprints and partial least squares modeling as a
basis for the simultaneous determination of edible oil
mixtures. Talanta 66: 1108–1116.

HO HM, CHEN RY, LEUNG LK, CHAN FL, HUANG, Y, and CHEN, ZY.
2002. Difference in flavonoid and isoflavone profile
between soybean and soy leaf. Biomedical
Pharmacotherapy 56: 289–295.

JAKAP A, HEBERGER K, and FORGACS E. 2002. Comparative
analysis of different plant oils by high-performance liq-
uid chromatography-atmospheric ionization mass
spectrometry. Journal of Chromatography A 976:
255–263.

KATIYAR SK, KUMARI K, and BHATIA AK. 1989. Nutrient compo-
sition of "Nikku muth", a traditional soybean cultivar of
Kashmir valley, with particular reference to content of
lipids and proteins. Food Chemistry 32: 117–123.

Daidzein, genistein and fatty acids in soybeans 67



KLEDJUS B, MIKELOVA R, ADAM V, ZEHNALEK J, VACEK J, KIZEK R,
and KUBAN V. 2004. Liquid chromatographic-mass spec-
trometric determination of genistin and daidzin in soy-
bean food samples after accelerated solvent extraction
with modified content of extraction cell. Analytica
Chimica Acta 517:1–11. 

LEE SK, ZAKARIA H, CHUNG H, LUYENGI L, GAMEZ EJC, MEHTA

RJ, KINGHORN D, and PEZZUTO JM. 1998. Evaluation of
the antioxidant potential of natural products.
Combinatorial Chemistry and High Throughput
Screening 1: 35–46.

LIGGINS J, BLUCK LJC, RUNSWICK S, ATKINSON C, COWARD WA,
and BINGHAM SA. 2000. Daidzein and genistein content of
fruits and nuts. Journal of Nutritional Chemistry 11:
326–331.

MAZUR MW, DUKE JA, WAHALA K, RASKU S, and ADLERCREUTZ H.
1998. Isoflavonoids and lignans in legumes. Nutritional
Biochemistry 9: 193–200. 

MESSINA MJ, PERSKY V, SETCHELL KDR, and BARNES S. 1994.
Soy intake and cancer risk: a review of the in vitro and
in vivo data. Nutrition and Cancer 21: 113–131.

MOHAMED AI, and RANGAPPA M. 1992. Nutrient composition and
anti-nutritional factors in vegetable soybean: II. Oil, fatty
acids, sterols, and lipoxygenase activity. Food Chemistry
44: 277–282.

MORRISON WR, and SMITH LM. 1964. Preparation of fatty acid
methyl esters and dimethylacetals from lipids with boron
trifluoride-methanol. Journal of Lipid Research 5:
600–608.

MORTON M, ARISAKA O, MIYAKE A, and EVANS B. 2002. Analysis
of phyto-oestrogens by gas chromatography-mass spec-
trometry. Environmental Toxicology Pharmacology 7:
221–225.

MURPHY SP, and BARR SI. 2005. Challenges in using the dietary
reference intakes to plan diets for groups. Nutritional
Reviews 63: 267–271.

NATIONAL COMMITTEE FOR CLINICAL LABORATORY STANDARDS.
1996. Method for broth dilution antifungal susceptibility
testing yeast; approved standard, M27-A, 15, 10,
NCCLS, VA Medical Center, Tucson. 

NATIONAL COMMITTEE FOR CLINICAL LABORATORY STANDARDS.
2002. Methods for dilution antimicrobial susceptibility
tests bacteria that grow aerobically, 3rd edition, approved
standard. NCCLS document M100-S12, NCCLS, Wayne,
PA, USA.

ORHAN I, ÖZÇELIK B, KARAOGLU T, ASLAN S, KARTAL M, ªENER B.
2007a. Antibacterial, antifungal, antiviral and antioxi-
dant potential of Lycopodium clavatum L.
Phytochemistry Reviews 6: 189–196.

ORHAN I, KARTAL M, NAZ Q, YILMAZ G, KAN Y, KONUKLUGIL B,
ªENER B, and CHOUDHARY MI. 2007b. Antioxidant and
anticholinesterase evaluation of selected Turkish Salvia
species. Food Chemistry 103: 1247–1254.

ORHAN I, ªENER B, CHOUDHARY MI, and KHALID A. 2004.
Acetylcholinesterase and butyrylcholinesterase inhibito-
ry activity of some Turkish medicinal plants. Journal of
Ethnopharmacology 91: 57–60. 

ÖZÇELIK B, ASLAN M, ORHAN I, and KARAOGLU T. 2005.
Antibacterial, antifungal, and antiviral activities of the
lipophylic extracts of Pistacia vera L. Microbiological
Research 160:159–164.

PENALVO JL, HEINONEN SM, NURMI T, DEYAMA T, NISHIBE S, and
ADLERCREUTZ H. 2004. Plant lignans in soy-based health
supplements. Journal of Agriculture and Food
Chemistry 52: 4133–4138.

PHILLIPS KM, RUGGIO DM, TOIVO JI, SWANK MA, and SIMPKINS

AH. 2002. Free and esterified sterol composition of edi-
ble oils and fats. Journal of Food Composition and
Analysis 15: 123–142.

SAKLA AB, GHALI Y, EL-FARRA A, and RIZK LF. 1988. The effect
of environmental conditions on the chemical composi-
tion of soybean seeds: Relationship between the protein,
oil, carbohydrate and trypsin inhibitor content. Food
Chemistry 29: 221–231.

ªENER B, ORHAN I, ÖZCELIK B, KARTAL M, ASLAN S, and ÖZBILEN G.
2007. Antimicrobial and antiviral activities of two seed
oil samples of Cucurbita pepo L. samples and their fatty
acid analysis. Natural Product Communications 2: 1–4.

UMPHRESS ST, MURPHY SP, FRANKE AA, CUSTER LJ, and BLITZ

CL. 2005. Isoflavone content of foods with soy additives.
Journal of Food Composition and Analysis 18:
533–550.

ZHANG W, HE H, FENG Y, and DA S. 2003. Separation and
purification of phosphatidylcholine and phos-
phatidylethanolamine from soybean degummed oil
residues by using solvent extraction and column chro-
matography. Journal of Chromatography B 798:
323–331.

Orhan et al. 68



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


