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Abstract 19 

20 

 “Green soybeans” obtained from a Spanish company clearly showed by HPLCPAD21 

ESI/MS analysis a different phenolic composition than soybeans and they were identified 22 

as mungbeans (Vigna radiata [L] Wilczek). In spite that isoflavones were predominant in 23 

yellow soybeans (Glycine max cv. Merit), they were completely absent in the green seeds; 24 

contrarily, flavanones were predominant in the green beans. In order to enhance their 25 

health benefits, both beans were subjected to technological processes such as soaking and 26 

fermentation. Soaking at pH 4.5 increases malonyl glucoside isoflavone extraction in 27 

yellow beans. In relation to the green bean, the soaking treatment at pH 6.5 produced an 28 

increase in the phenolic compounds extracted (875.20 versus 503.18 g/g) and the most 29 

apparent changes are the decrease in the apigenin 8Cglucoside (vitexin) and the increase 30 

of apigenin derivatives. Fermentation was carried out with Lactobacillus plantarum CECT 31 

748 strain, a species present in the human gastrointestinal tract which possess β32 

glycosidase activity. L. plantarum fermentation produced an increase in the bioactivity of 33 

both beans since, on yellow soybeans a conversion of glycosylated isoflavones into more 34 

bioactive aglycones was detected, and on green beans the concentration of bioactive 35 

vitexin was increased. In spite of the potential consumer confusion since soybean and 36 

“green soybean” are different legumes, the health benefits of both bean seeds could be 37 

enhanced by lactic fermentation.   38 

 39 

Keywords: Consumer confusion; Isoflavones; Flavonoids; Bioactive compounds; Vitexin 40 

 41 
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Introduction 43 

44 

There is a growing evidence that consumption of soyderived foods has potential health 45 

benefits related to cardiovascular diseases, menopausal symptoms, osteoporosis, breast 46 

and prostate cancers, mainly due as they are sources of bioactive phenolic compounds 47 

(Devi et al., 2009).Whereas numerous studies support the positive effects of consuming 48 

soy, concerns regarding a potential fraud to the consumers have surfaced. The use of the 49 

word “soybean” for the designation of different legumes can result in misuse generating 50 

some consumer confusion. Soybean (Glycine max cv. Merit) is commercialized in a wide 51 

variety of colors and tones: from yellow to black passing through green, brown or red 52 

(GarcíaRuiz et al., 2007). The most commercial and abundant soybean is the yellow 53 

pigmented one. Although, in principle, the other colored seeds are also considered as 54 

soybean, it is not very clear whether they are different varieties of soybean or different 55 

legumes. In Spanish markets, “soja verde” (green soybean) is widely found, and, in 56 

addition, commercial advertisements representing soybeans generally showed green beans, 57 

leading the consumer to associate green beans with soybean. However, it have been 58 

described that “soja verde” purchased from a local market in Spain is not a true soybean, 59 

being a different legume originally from China called mungbean (Vigna radiata [L] 60 

Wilczek) (GarcíaRuiz et al., 2007). Taking into account that soybean is a very valuable 61 

bean due to its nutritional and functional properties, these properties could be different in 62 

“green bean” leading at the absence of their specific health benefits claimed by the 63 

consumers. In fact, yellow soybean presented a protein profile different from that obtained 64 

from beans marketed as “green soybean” in Spain (GarcíaRuiz et al., 2007). However, no 65 

studies comparing the specific phenolic composition of yellow soybean and seeds sold as 66 

“green beans” have been reported so far.67 
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 The soybean health benefits are mainly related to its isoflavone content. Isoflavones are 68 

secondary plant metabolites, which constitute a group of natural bioflavonoids synthesized 69 

almost exclusively by plants of Leguminaceae family (Frische and Steinhart, 1999). 70 

Isoflavones occur in large amounts in soybean and soy products, and other legumes. 71 

However, the isoflavone content of the socalled “green soybean” remains unknown. In 72 

soybean, isoflavones are present both as aglycones and as glycosides (βglycosides, acetyl 73 

and malonyl glycosides). The concentration and distribution of isoflavone forms in 74 

soybeans is influenced by the genotype, location and crop year, whereas in processed soy 75 

products it depends on the sort of soybean used as on the type of processing. Depending 76 

on the pH and temperature conditions, a fermentation process may modify the content and 77 

compositions of these bioactive compounds (Nufer et al., 2009). 78 

In relation to the metabolism of isoflavone in humans, the isoflavone aglycones are 79 

absorbed faster and in greater amounts than their glycosides counterpart (Setchell et al., 80 

2002). Aglycones are absorbed directly through the gut wall, while isoflavone glycosides 81 

are very poorly absorbed from the gut due to their higher hydrophilicity and larger 82 

molecular weight. It is generally though, that isoflavone glycosides are converted to their 83 

corresponding aglycones by gut microbiota or gut glycosidases and then absorbed from 84 

the small intestine (Tsangalis et al., 2002; Lee et al., 2006; Otieno et al., 2007). 85 

Lactobacillus plantarum is an important member of the normal intestinal microbiota in 86 

humans possessing βglycosidase activity (Aguirre et al., 2008). Thus, soybean 87 

fermentation by L. plantarum strains proceeded in the premise that both, the enhancement 88 

of isoflavone aglycones before consumption of soy foods and the modulation of intestinal 89 

microbiota through the ingestion of viable lactic acid bacteria could improve the 90 

bioavailability of isoflavones from soy food products (Choi et al., 2002). In addition, it 91 
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had been described that L. plantarum fermentation of soybean is an adequate process for 92 

the development of hypoallergenic soy food products (Frias et al., 2008).  93 

The aim of our work was to investigate the composition and the chemical modifications 94 

occurring in the phenolic profile of yellow soybean and “green soybean” during soaking 95 

and fermentation experiment carried out with the lactic acid bacterium Lactobacillus 96 

plantarum. The comparative results obtained would provide data about the healthy 97 

phenolic compounds present in both seeds and will bring relevant data regarding the 98 

potential fraud to the consumer when the socalled “green soybeans” are sold as soybeans. 99 

 100 

Materials and methods 101 

102 

Chemicals and solvents 103 

104 

Solvents used, methanol, ethanol and acetonitrile were of HPLC grade. The HPLC grade 105 

standard compounds, phydroxyphenylacetic, phydroxybenzoic, trans pcoumaric acids; 106 

phydroxybenzaldehyde; tryptophan; taxifolin; catechin; naringenin 7Oglucoside, 107 

naringenin 7Orutinoside; naringenin 7Oneohesperidoside, naringenin; eriodictyol 7108 

galactoside, eriodictyol 7glucoside; the identified apigenin and luteolin derivatives; 109 

kaempferol 3Oglucoside, kaempferol 3Ogalactoside; genistein 7Oglucoside, daidzein 110 

7Oglucoside, all of them purchased from Extransynthèse (France). Glycitein 7glucoside 111 

was purchased from Phytolab (Vestenbergsgreuth, Germany).112 

113 

Preparation of cultures 114 

115 

L. plantarum CECT 748 (ATCC 14917) was purchased from the Spanish Type Culture 116 

Collection (CECT) to be used as inocula. Stock cultures were grown and maintained on 117 
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MRS agar (Difco Laboratories, Detroit, Michigan). The culture was transferred to MRS 118 

broth, which was incubated for 18 h at 30 ºC. The cells were pelleted and washed with 119 

sterile saline solution (8.5% NaCl) and used as inoculum.120 

 121 

Preparation and fermentation of bean seeds 122 

123 

Yellow soybeans (Glycine max cv. Merit) were obtained from Mang Fong Pacific Trading 124 

S.A., and “green soybean” from Biocesta (Spain). Seeds were cleaned and stored in 125 

darkness at 4 ºC until use.  126 

Bean seeds were ground in a ball mill (Glen Crestn Ltd., Stanmore, UK), sieved, and the 127 

0.050 to 0.250 mm fraction was collected. Bean flours were suspended in sterile distilled 128 

water (in 1:11 proportion). At this point, the suspension was distributed in 4 batches for 129 

different treatments. The first batch was immediately frozen (20 ºC) (“control” or “C” 130 

batch). In order to avoid microbial growth, several antimicrobials were added (200 g/mL131 

natamycin, 100 g/mL ampicillin, 100 g/mL chloramphenicol, and 100 g/mL 132 

erythromycin) to batched designed to known the effect of soaking at pH 6.5 (“S6.5” batch) 133 

or 4.5 (“S4.5 batch”). To simulate the final pH after lactic acid fermentation of the bean 134 

flours, the soaking was also done at pH 4.5 by the addition of HCl to the suspension. The 135 

last batch was inoculated with 10% (v/v) of L. plantarum CECT 748 inoculum 136 

(“Fermented” or “F” batch). Batches S6.5, S4.5, and F were incubated at 30 ºC on an 137 

orbital shaker incubator (Unitron, Infors AG, Switzerland) at 150 rpm for 48 h. After the 138 

incubation processes, the samples were frozen. At least three independent replicates of 139 

each batch were obtained. 140 

 141 

Extraction of phenolic compounds 142 

143 
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Bean flour (10 g) from the different samples (C, S6.5, S4.5, and F) from Y or G beans, 144 

was mixed with 80 ml of a solution of HClmethanol (10/00)/water (80:20, v/v), and 145 

sonicated for 20 min. The sample was then centrifuged (3,000xg, 10 min, 5 ºC). The 146 

supernatant was collected and the extraction was repeated two times more. The 147 

supernatants from the three extractions were combined and concentrated under vacuum at 148 

30 ºC until the methanol was removed. This aqueous solution was extracted three times 149 

with diethyl ether and three times with ethyl acetate. The organic phases were combined 150 

and dried for 20 min with anhydrous Na2SO4. The extract was then evaporated to dryness 151 

at reduced pressure and at 30 ºC; the residue was dissolved in methanol/water (50:50, v/v) 152 

and filtered through a 0.45 m cellulose acetate filter (Millipore), before the analyses by 153 

highperformance liquid chromatography (HPLC). The extraction was performed in 154 

duplicate.155 

 156 

 157 

HPLC-PAD and HPLC-ESI/MS analysis 158 

159 

Analysis was carried out on a HPLCPAD Waters system (Milford. Mass, USA), 160 

comprising an autoinjector, a quaternary pump, a photodiodearray detector 2001 and 161 

Millennium 32 chromatography manager software. Separation of phenolic compounds was 162 

achieved on a reversed phase C18 column NovaPak (300 x 3.9 mm, 4 µm). 163 

The analytical conditions were based on those described by Dueñas (2009). A gradient 164 

consisting of solvent A (water/acetic acid, 98:2 v/v) and solvent B 165 

(water/acetonitrile/acetic acid, 78:20:2 v/v/v) was applied at a flow rate of 1 ml/min from 166 

the beginning to 55 min and 1.2 ml/min from this point to the end. The gradient profile 167 

was 055 min, 100%20% A; 5570 min, 20%10% A; 7080 min, 10%5% A; 80110 168 
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min, 100% B.  Detection was performed by scanning from 210 to 400 nm with an 169 

acquisition speed of 1s. A volume of 25 µl was injected. The samples were analyzed in 170 

duplicate.171 

Mass spectra were obtained using a Hewlett Packard 1100 (Palo Alto, CA) 172 

chromatography system equipped with a photodiode array detector (PAD) and a 173 

quadrupole mass spectrometer (Hewlett Packard 1100 MSD) with an electrospray 174 

interface. Separation conditions and column were the same that referred above for the 175 

HPLCPAD analysis.  176 

 177 

Identification and quantification of phenolic compounds 178 

179 

Chromatographic peaks were identified by comparison of retention times and UV spectra 180 

with those of standards, and confirmed by HPLCESI/MS. Compounds, for which 181 

standard were not available, were tentatively identified according to their order of elution, 182 

UV spectra by HPLCPAD and data of HPLCESI/MS analysis (Dueñas et. al.,  2009).183 

Quantification at 280 nm was made using the external standard calibration curves, with 184 

commercial standards, by injection of different volumes of the stock solution over the 185 

range of concentration observed for each compounds, using a linear regression for the 186 

relationship of area sum versus concentration under the same conditions as for the samples 187 

analysed. The compounds tentatively identify were quantified by the calibration curves of 188 

the more similar compounds.189 

 190 

Statistical analysis 191 

 192 
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To validate the work all the experiments were carried out two times. Results are expressed 193 

as averages ± standard deviations (SD). 194 

 195 

 196 

Results 197 

198 

Phenolic composition of yellow soybeans vs. so-called “green soybeans”: Isoflavone 199 

absence in the green beans 200 

 201 

As the specific phenolic composition of green beans sold in Spain (and labelled as “green 202 

soybean”) has not been described so far, in this study we analyzed the phenolic 203 

compounds present in a “green soybean” from a Spanish brand. The composition of the 204 

green bean was compared to the profile found in a yellow soybean.   205 

In the chromatographic conditions used in this work, phenolic compounds, nonflavonoids 206 

and flavonoids, coeluted; therefore, the phenolic compounds present in the samples could 207 

be identified and quantified in a single chromatographic run. Table 1 showed the 208 

wavelength of maximum UV absorption and the molecular ions of the compounds 209 

identified in the bean flours from the HPLCESI/MS, grouped according to similarity in 210 

the phenolic structure. Analysis of MS spectra recorded for each peak together with 211 

comparisons of MS, UV spectra and retention times led to the identification of some of the 212 

compounds from the chromatographic conditions.  213 

Tables 2 and 3 showed the phenolic composition of yellow soybean (Y) and green bean 214 

(G) flours, respectively. In the yellow soybean, phenolic acids, flavanones and isoflavones 215 

were detected by HPLCPAD and HPLCMS as described previously (Dueñas et al., 216 

2012). Surprisingly, green bean does not contain isoflavones, whereas these compounds 217 

are the main phenolic compounds present in yellow soybeans. It is well known that in 218 
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soybeans, isoflavones exist in different types of aglycones forms (daidzein, genistein, and 219 

glycitein), glucoside forms (daidzin, genistin, and glycitin), and malonyl glucoside and 220 

acetyl glucoside forms (Rostagno et al., 2004; Wu et al., 2004). In this study, the most 221 

abundant isoflavone in the control sample (YC) was daidzin and their derivatives (347.9 222 

g/g). In addition, genistein and derivatives were found also in high concentration 223 

(239.1g/g). Contrarily, glycitin and their derivatives were present in the lower 224 

concentration (37.3 g/g). Isoflavones were present mainly in the glucoside form (301 225 

g/g), being the acetyl and malonylderivatives present in similar concentrations (166.95 226 

and 156.35 g/g, respectively). It is interesting to note, that no acetyl glycitin was detected 227 

in the yellow soybean flour sample. In addition to isoflavones, other flavonoids, such as 228 

flavanones (naringenin and eriodictyol derivatives) and flavonols (kaempferol glucosides) 229 

and tryptophan were detected. 230 

As observed in Table 3, isoflavones and kaempferol derivatives were not detected in the 231 

green bean flour (GC). The compounds detected were mainly glycoside forms of 232 

flavanones (eriodictyol galactoside, eriodictyol glucoside) and flavones (apigenin hexose, 233 

apigenin 8Cglucoside, and luteolin 7Oglucoside) (486.64 g/g). The most abundant 234 

compounds extracted from the GC samples were the glucosides apigenin 8Cglucoside 235 

(vitexin) (331.09 g/g) and eriodictyol glucoside (74.85 g/g). In spite that the analyzed 236 

green beans do not contain isoflavones, they contained phenolic compounds which could 237 

provide health benefits after consumption. 238 

 239 

Modification in the phenolic composition during soaking of beans 240 

 241 

It has been described that the lactic fermentation of soybean leads to health benefits 242 

(Granito et al., 2005; Khahl et al., 2006); however, this fermentation involved the 243 
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microbial metabolism during the soaking of the flour. Lactic acid bacteria are 244 

characterized by a fast utilization of the sugars present in the sample leading to a fast 245 

decrease in the pH. Therefore, in order to known the specific action of the microorganism, 246 

the effects of the soaking at a pH 4.5, similar to the final pH after microbial fermentation, 247 

was analyzed. As showed in Table 2, the recovery of phenolic compounds from the Y248 

S4.5 sample was lower than from the YC sample (42%) or to the YS6.5 sample (63%). 249 

The isoflavone aglycones represent an 8% of the phenolic compounds detected, while in 250 

the YS6.5 sample, they increased to a 13%. The most noteworthy change that could be 251 

observed in the YS4.5 sample is a surprisingly high proportion of malonyl glucoside 252 

isoflavone derivatives, which constitutes a 48% of the total phenolic compounds detected. 253 

Soaking at pH 4.5 increases malonyl glucoside isoflavone extraction as these compounds 254 

represent a 25% or 32% of the phenolics present in the YC or YS6.5 samples, 255 

respectively. No other phenolic compounds were detected, except low eriodictyol hexose 256 

and tryptophan content. We did not observe growth of microorganisms during soaking. 257 

In relation to the green bean (Table 3), the soaking treatment at pH 6.5 (GS6.5) produced 258 

an increase in the phenolic compounds extracted (875.20 versus 503.18 g/g). The most 259 

apparent changes are the decrease in the apigenin 8Cglucoside (vitexin), the increase of 260 

apigenin derivatives, and the appearance of new apigenin derivatives no detected in the 261 

control sample (such as apigenin 7Oglucoside, apigenin methylether, apigenin 7O262 

rutinose, and apigenin 7Oneohesperidose). The eriodictyol glycosides disappeared as a 263 

consequence of the soaking treatment at pH 6.5. Most of these modifications were also 264 

observed in the soaked sample at pH 4.5 (GS4.5). Contrarily to the GS6.5 sample, 265 

soaking at pH 4.5 produced an increase in the eriodictyol galactoside which was absent at 266 

pH 6.5.  267 

 268 
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Effects of fermentation in the phenolic composition of beans using L. plantarum269 

 270 

In yellow soybean, the content of isoflavone glucoside, malonyl, and acetyl glucoside 271 

forms was reduced in favour of the appearance of isoflavone aglycones (74% of the total 272 

isoflavone content) (Table 2). Most of the daidzein derivatives were in the aglycone form 273 

(92%); however, malonylgenistein was relatively resistant to the bacterial action, 274 

representing a 42% of the genistein derivatives present in the L. plantarum fermented 275 

sample (YF). 276 

Similarly to soybean, L. plantarum fermentation produced important modifications in the 277 

phenolic profile of green bean (Table 3). In relation to eriodictyol derivatives, eriodictyol 278 

glucoside abundant in the control sample (GC) was reduced, and eriodictyol galactoside 279 

increased. One of the most important modifications observed as result of the fermentation 280 

was the increase in the extracted apigenin derivatives, from 399.23 g/g in the GC sample 281 

to 1,519.98 g/g (GF), accounting only apigenin 8Cglucoside (vitexin) for 1,228.47 282 

g/g. 283 

An interesting data is obtained from the tryptophan content of the samples. Tryptophan is 284 

an amino acid which eluted in the chromatographic conditions used. In spite that yellow 285 

soybean contained higher tryptophan content than green bean (30.42 g/g versus 14.47 286 

g/g), the fermentation process applied give a final tryptophan concentration of 54.72 g/g 287 

on the yellow soybean (YF) and 155 g/g on the green bean sample. 288 

 289 

Discussion 290 

 291 

Beans contain a variety of biologically active compounds. Isoflavones are one group of 292 

potential anticarcinogenic compounds that have been extensively studied. Evidence has 293 
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shown that soybean consumption has potential health benefits leading to an increase in the 294 

soyderived food products present in the markets. However, a potential fraud to the 295 

consumer could be done when nonsoybeans are sold as “green soybeans”. In Spain, 296 

“green soybeans” are widely found in markets leading to consumer confusion. In a 297 

previous study, it was demonstrated that a bean labelled as “green soybean” purchased 298 

from a local market was a different legume (mungbean (Vigna radiata [L] Wilczek) which 299 

showed a different protein profile (GarcíaRuíz et al., 2007). 300 

The results obtained in this work confirmed previous studies which indicated that the so301 

called “soja verde” (green soybean) found in Spanish markets is a different legume than 302 

soybean (GarcíaRuiz et al., 2007). An additional study need to be performed to provide 303 

data about the variety of beans that are sold as “green soybean” in Spain. Obviously, from 304 

these results the Spanish way to label these green beans could generate consumer 305 

confusion, and therefore, a potential fraud. More interestingly, the healthy benefits of 306 

soybean related to the presence of isoflavones, are absent in the “soja verde” analyzed in 307 

this study. The absence of these specific phenolic compounds could provide false health 308 

expectative for the consumer. 309 

In spite that the socalled “green soybeans” sold in Spanish markets are not true soybeans, 310 

being a different legumes devoid of isoflavones, consumer could perform on them 311 

different technological processes to modify their phenolic composition.  312 

Processing conditions have a great influence on the profile of phenolic compounds 313 

presents in bean seeds. Soaking is one of the steps in the production of beanderived food 314 

products, such as tempeh and tofu. Soaking is used to aid in the dehulling and grinding 315 

beans. It has been described that during the soaking process some glycosilated compounds 316 

could be hydrolyzed to their aglycones (Nufer et al., 2009). On the other hand, it has been 317 

described that the lactic fermentation of soybean leads to health benefits (Granito et al., 318 
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2005; Khahl et al., 2006); however, this fermentation involved the microbial metabolism 319 

during the soaking of the flour. Lactic acid bacteria are characterized by a fast utilization 320 

of the sugars present in the sample leading to a fast decrease in the pH. Therefore, in order 321 

to known the specific action of the microorganism, the effects of the soaking at a pH 4.5, 322 

similar to the final pH after microbial fermentation, was analyzed. 323 

In general, fermentation of legumes leads to an improvement in their nutritional value, 324 

such as in protein quality, increased palatability, increased levels of B vitamins (Granito et 325 

al., 2005). This process also decreased the levels of antinutritional factors present in 326 

legume seeds, as phytic acid and flatulencecausing oligosaccharides alphagalactosides 327 

(Doblado et al., 2003). It has been reported that fermentation processes caused a 328 

significant increase in the free radical scavenging capacity of legumes, which could be 329 

associated with changes in the phenolic composition (Chang et al., 2009; Dueñas et al., 330 

2012). 331 

Fermentation of soybean with Aspergillus oryzae, Rhizopus oryzae, Bacillus subtilis, and 332 

L. plantarum produced an increase in total phenolic compounds content (Fernandez333 

Orozco et al., 2007). Tabera et al. (1995) and Bartolomé et al. (1997) reported an increase 334 

in phenolic compounds after fermentation of Lens culinaris. Dueñas et al. (2005) studied 335 

the effect of L. plantarum fermentation on the content of phenolic compounds in Vigna 336 

sinensis flours, and they suggest fermentation as an adequate and effective process for 337 

increasing nutritional and biological quality owing to the improvement in the 338 

concentration of phenolic compounds. These results could occur because fermentation 339 

hydrolyzes complexes of polyphenols to other simpler and biologically more active ones. 340 

Lactobacillus strains are important members of the normal intestinal microbiota in humans 341 

and are recognized to be associated with the host´s health. Lactobacilli strains possess 342 

enzymes important in the metabolism of phenolic compounds; some of them have been 343 
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described from L. plantarum (Rodríguez et al., 2009). As a consequence of L. plantarum 344 

fermentation of yellow soybean phidroxyphenylacetic acid, phydroxybenzoic acid and p345 

hydroxybenzaldehyde were detected in the YF sample. Considering that isoflavones were 346 

the main phenolic compounds present in the soybean flour, these compounds were 347 

severely affected by fermentation (YF sample). It has been described that conjugate 348 

glycosides are not absorbed intact across the intestine of healthy adults and they need to be 349 

hydrolysed releasing isoflavone aglycones, which are more bioactive forms as they could 350 

be absorbed by the intestinal microbiota (Setchell et al., 2002). In our study, the content of 351 

isoflavone glucoside, malonyl, and acetyl glucoside forms was reduced in favour of the 352 

appearance of isoflavone aglycones (74% of the total isoflavone content). Most of the 353 

daidzein derivatives were in the aglycone form (92%); however, malonylgenistein was 354 

relatively resistant to the bacterial action, representing a 42% of the genistein derivatives 355 

present in the L. plantarum fermented sample (YF).  356 

Fermentation of soybean seeds with Aspergillus oryzae, Rhizopus oryzae and Bacillus 357 

subtilis produced also important changes in flavonoids compounds, with a significant 358 

formation isoflavone aglycone contents such as daidzein, glycitein and genistein as a 359 

consequence of glucosidase activity of microorganism in this process (Dueñas et al., 2012) 360 

and Chiou and Cheng (2001) observed an increase in daidzein and genistein content when 361 

soybean was fermented with A. oryzae to prepare koji. Therefore, this process was shown 362 

to be a good way to increase the phenolic content of soybean, which could confer health363 

promoting effects. 364 

The observed conversion of glycosilated isoflavones into aglycones during fermentation, 365 

revealed a βglucosidase activity on the L. plantarum strain used as inoculum. 366 

Fermentation of soybean with lactic acid bacteria enhanced the content of aglycones, 367 

which are able to bind to estrogen receptor sites and are more physiologically active than 368 
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other isoflavone forms (Tsangalis et al., 2002).  Therefore, in addition to the probiotic 369 

nature of the starter organisms, the increased content of aglycones undoubtly would 370 

enhance the health benefits of fermented soybean on consumers. Although isoflavone 371 

glycosides could be hydrolyzed to isoflavone aglycones in the gastrointestinal tract by gut 372 

microbiota, the rate of hydrolysis varies with an individual and remained unclear. Due to 373 

variations on the level of intestinal bacteria through illnesses, diet or age, the intestinal 374 

bacteria cannot always be relied upon for glycoside deconjugation in order to release 375 

isoflavone aglycones (Otieno and Shah, 2007). Therefore, it is important to provide food 376 

with a considerable amount of free isoflavones aglycones, such those produced by 377 

fermentation with L. plantarum.  378 

Similarly to soybean, L. plantarum fermentation produced important modifications in the 379 

phenolic profile of green bean (Table 3). In relation to eriodictyol derivatives, eriodictyol 380 

glucoside abundant in the control sample (GC) was reduced, and eriodictyol galactoside 381 

increased. One of the most important modifications observed as result of the fermentation 382 

was the increase in the extracted apigenin derivatives and it has been proved that vitexin 383 

possess many pharmacological activities, such as antispasmodic, antiinflammatory, 384 

antimicrobial, antioxidant/free radical scavenging (Prabhakar et al., 1981; Li et al., 2012), 385 

and antithyroid effect (Gaitan et al., 1995). 386 

Several phenolic compounds from green bean were detected for the first time in the GF 387 

sample, as phydroxyphenylacetic acid, catechin, trans pcoumaric acid, apigenin 388 

trimethylether, vitexin 2´´ Orhamnoside, luteolin 7hexoside, and taxifolin. The presence 389 

of these compounds is related to the bacterial activity on the green bean flour. In addition 390 

to the modification of the phenolic profile, Khalil (2006) described that fermentation with 391 

lactobacilli increased nutrient availability of a green bean (mungbean), as increased 392 
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protein content, improved digestibility and solubility of the proteins, but also reduced the 393 

antinutritional factors. 394 

It has been described that protein may have a protective effect against the degradation of 395 

isoflavones upon processing (Nufer et al., 2009). Also, protein content and the level of 396 

protein denaturation may affect isoflavone extractability such that the measured amount of 397 

isoflavones does not reflect the true amount in the sample. In a previous study, a greater 398 

percentage of total isoflavones was extracted from a low protein soy product than form a 399 

high protein soy product, after a single extraction, indicating that proteinisoflavone 400 

interactions may complicate extractability (Nufer et al., 2009). Our study confirmed this 401 

observations, since when proteins are severely hydrolyzed (high free tryptophan content), 402 

the sum of total phenolic compounds increased (Table 1 and 2).  403 

 404 

Conclusions 405 

406 

Legumes are present in almost every diet throughout the world. Consuming the legumes 407 

and related products is becoming popular due to human health concerns. As the legume 408 

attracting much attention recently is the soybean, which contains a high concentration of 409 

isoflavones, different legumes are erroneously designated as “soybean”. In Spanish 410 

markets, the socalled “green soybean” is often found, and could generates consumer 411 

confusion since this bean is a different legume and could be devoid of isoflavones. In spite 412 

of this potential consumer fraud, the health benefits of both bean seeds could be undoubtly 413 

enhanced by lactobacilli fermentation. Fermentation guarantees that every consumer, 414 

independently of their intestinal microbiota, could possible derive the health benefits 415 

resulting from the formation of different bioactive compounds.416 

417 
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Table 1. Characteristic of UV and mass spectra of phenolic compounds. 

sh – shoulder 

Compounds λmax (nm) [MH] fragments 
     Isoflavones
Daidzein 7-glucoside (daidzin)   249, 313sh 415 253 
Malonyl daidzin 250, 301sh 501 457, 253 
Acetyl daidzin 252, 301sh 457 253 
Daidzein 253 253   
Glycitein 7-glucoside (glycitin) 256, 320 445 283 
Malonilglycitin 258, 310 531 283 
Glycitein 283 283   
Genistein 7-glucoside (genistin) 262 431 269 
Malonylgenistin 259, 320 518 473, 269 
Acetyl genistin 260, 315 473 269 
Genistein 260 269 
     Flavanones
Naringenin 7-O-neohesperidoside 285, 340sh 579 271 
Naringenin 7-O-rutinoside    
Naringenin 7-O-glucoside 284, 330 433 271 
Naringenin  288, 326sh 271   
Eriodictyol 7-O-galactoside 284,327sh 449 281 
Eriodictyol 7-O-glucoside 287, 327sh 449 281 
     Flavones
Apigenin 7-O-neohesperidoside 268, 334 577 431 
Apigenin rutinoside 268, 335 577 431 
Apigenin hexoside 268, 335 431 271 
Apigenin 7-O-glucoside 268, 336 431   
Apigenin 8-C-glucoside (vitexin) 270, 300sh, 333 431 271 
Vitexin 2” O-rhamnoside 270, 300sh, 333 577 431 
Apigenin methylether 269, 336 283 271 
Apigenin trimethylether 268 311   
Luteolin 7-O-hexoside 254, 350 447 285 
Luteolin 4´-O-hexoside 245, 337 447 285 
     Flavonols
Kaempferol diglucoside 264, 348 609 285 
Kaempferol glucoside 264, 348 447 285 
     Hydroxybenzoic and hydroxycinnamic compounds
p-Hydroxyphenylacet ic acid 229, 274 157   
p-Hydroxybenzoic acid 255 137   
p-Hydroxybenzaldehyde 286 121   
trans p-Coumaric acid 310 163  
trans p-Coumaric acid derivative 312 329  
     Amino acid 
Tryptophan 277 203   
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Table 2 
Content (µg/g) of phenolic compounds in control and processed yellow soybean flours. Results 
are expressed as averages ± standard deviations (SD). 

Compound YC YS6.5 YS4.5 YF
Isoflavones 

Daidzein 7Oglucoside (daidzin) 181.96±18.56 124.73±5.02 33.92±3.54 15.73±1.78
Malonyl daidzin 11.42±0.65 16.46±0.56 24.94±1.54 nda

Acetyl daidzin 154.53±17.55 320.16±45.01 85.28±11.24 13.55±1.55 
Daidzein nd 109.78±11.85 24.49±0.31 325.51±41.11 
Glycitein 7Oglucoside (glycitin) 21.92±1.08 16.95±0.85 6.32±0.72 11.57±1.12 
Malonyl glycitin 15.38±2.01 30.54±1.75 14.53±0.88 1.63±0.25 
Glycitein nd 2.96±0.31 nd 25.63±1.74 
Genistein 7Oglucoside (genistin) 97.14±11.32 63.39±5.01 19.64±0.58 15.47±2.03 
Malonyl genistein 129.55±5.89 274.54±18.02 135.67±4.01 99.97±11.02 
Acetyl genistin 12.42±1.52 16.39±1.01 12.77±0.71 7.05±1.02
Genistein nd 17.78±0.87 4.74±0.83 117.39±8.11 
    Flavonoids (non isoflavones) 
Eriodictyol 7Oglucoside 14.51±0.95 7.09±1.02 1.61±0.05 nd
Naringenin 7Oneohesperidoside nd 1.69±0.08 nd nd 
Naringenin 7O rutinoside nd 2.26±0.21 nd nd 
Naringenin 7Oglucoside nd 27.88±1.89 nd nd 
Naringenin  nd 11.29±0.54 nd 7.72±0.99 
Kaempferol diglucoside 12.86±0.88 6.78±0.95 nd 20.21±2.01 
Kaempferol glucoside 5.71±0.68 3.44±0.28 nd nd 

Hydroxybenzoic and hydroxycinnamic compounds 
pHydroxyphenylacetic acid nd nd nd 119.37±9.05 
pHydroxybenzoic acid 0.45±0.02 nd nd 10.77±1.87
p-Hydroxybenzaldehyde nd nd nd 11.64±1.56 

Amino acids 
Tryptophan 30.42±3.42 87.34±5.02 8.21±0.98 54.72±4.02 

Sum of individuals 688.27 1141.45 372.12 857.93 
and, not detected 
Values are mean ± SD (n=2) 
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Table 3 
Content (µg/g) of phenolic compounds in control and processed green bean flours. Results are 
expressed as averages ± standard deviations (SD). 

Compound GC GS6.5 GS4.5 GF
   Flavonoids 
Catechin nd nd nd 11.47±1.08 
Eriodictyol 7Ogalactoside 5.49±0.32 nd 14.98±1.04 95.74±3.65 
Eriodictyol 7Oglucoside 74.85±2.14 nd nd 11.83±0.98 
Apigenin 7Oneohesperidoside nd 7.02±0.41 4.52±0.41 nd 
Apigenin rutinoside nd 6.93±0.31 5.72±0.84 nd 
Apigenin methylether nd 39.06±1.05 26.33±0.64 7.52±0.87 
Apigenin trimethylether nd nd nd 8.04±1.02
Apigenin hexoside 68.14±3.09 367.04±7.05 466.23±8.65 nd 
Apigenin 7Oglucoside nd 356.04±6.93 130.18±4.01 251.74±6.32 
Apigenin 8Cglucoside (vitexin) 331.09±6.75 41.00±1.09 67.16±2.91 1228.47±35.21
Vitexin 2" Orhamnoside nd nd nd 24.21±1.76 
Luteolin 7Ohexoside 7.07±0.35 nd nd 13.92±0.99 
Luteolin 4'Ohexoside nd nd nd 6.15±0.41
Taxifolin nd nd nd 26.14±1.85 
   Hydroxybenzoic and hydroxycinnamic compounds
pHydroxyphenylacetic acid nda nd nd 10.61±1.34 
pHydroxybenzoic acid nd 7.00±0.33 3.61±0.23 5.67±0.53 
trans pCoumaric acid derivative 2.07±0.19 nd nd 3.63±0.33 
trans pCoumaric acid nd nd nd 3.04±0.31
   Amino acids 
Tryptophan 14.47±0.93 51.11±1.85 26.62±1.95 155.00±4.15 

Sum of individuals 503.18 875.20 745.35 1863.18 
and, not detected 
Values are mean ± SD (n=2) 
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