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was to analyze the isoflavones in chickpea concentrates as compared to 

the original flour. Protein concentrates were prepared by alkaline 

extraction and precipitation of protein at the isoelectric pH. HPLC 

analysis revealed that the concentrates were enriched in isoflavones. 

Thus, the concentration of total isoflavones was 45 and 10 μg/g in 

concentrates and flour, respectively. Isoflavones in flour were 

hydrolyzed to the corresponding aglycones during alkaline extraction. 

While hydrolyzable derivatives of biochanin A represent 90 % w/w total 

isoflavones in flour (9 μg/g), biochanin A aglycone was the major 

isoflavone in concentrates (31 μg/g). Minor components were formononetin, 

genistein, and the flavonol kaempferol. Thus, chickpea protein 

concentrates represent an even better source of health-promoting 

isoflavones than the original chickpea. 
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Highlights  

 

- Chickpea protein concentrates are potential sources of healthy isoflavones. 

- Protein concentrates are enriched in isoflavones as compared to the original flour.  

- Derivatives of biochanin A represent 90 % w/w isoflavones in flour (9 g/g).  

- Biochanin A aglycone represents 93 % w/w isoflavones in concentrates (31 g/g).  

- Formononetin and genistein were also present at much lower concentration.  
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Abstract 18 

 Chickpea protein concentrates can be used as food ingredients because 19 

of their favorable nutritional and functional properties, and could also supply 20 

health promoting isoflavones. The goal of this research was to analyze the 21 

isoflavones in chickpea concentrates as compared to the original flour. Protein 22 

concentrates were prepared by alkaline extraction and precipitation of protein at 23 

the isoelectric pH. HPLC analysis revealed that the concentrates were enriched 24 

in isoflavones. Thus, the concentration of total isoflavones was 45 and 10 g/g 25 

in concentrates and flour, respectively. Isoflavones in flour were hydrolyzed to 26 

the corresponding aglycones during alkaline extraction. While hydrolyzable 27 

derivatives of biochanin A represent 90 % (w/w) total isoflavones in flour (9 28 

g/g), biochanin A aglycone was the major isoflavone in concentrates (31 g/g). 29 

Minor components were formononetin, genistein, and the flavonol kaempferol. 30 

Thus, chickpea protein concentrates represent an even better source of health-31 

promoting isoflavones than the original chickpea. 32 

 33 

Keywords 34 

Isoflavone; chickpea; Cicer arietinum; biochanin A; protein concentrate; grain 35 

legume. 36 

 37 

Chemical compounds studied in this article 38 

Biochanin A (PubChem CID: 5280373); Formononetin (PubChem CID: 39 

5280378); Genistein (PubChem CID: 5280961); Kaempferol (PubChem CID: 40 

5280863).  41 
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1. Introduction   42 

The isoflavones are a class of flavonoids characteristic of the 43 

Leguminosae family of plants, which includes soybean, pea, fava bean, 44 

chickpea, lentil, and other less known grain foods and forage plants. The 45 

isoflavones in soybean, namely genistein, daidzein, and glycitein (Figure 1), are 46 

responsible for health promoting properties. These include a reduced incidence 47 

of cardiovascular disease and cancer, and improvement of menopausal 48 

symptoms (Mazur, Duke, Wahala, Rasku, & Adlercreutz, 1998; Messina, 1999). 49 

The health benefits of these isoflavones have been extensively studied because 50 

soy foods are essential in the diet of most Asian countries and are becoming 51 

more and more popular in western countries. In addition, soybean flour and 52 

protein concentrates are used in many food products as a source of high quality 53 

protein with good functional properties and no saturated fat or cholesterol 54 

(Horn-Ross et al., 2000; Wolf, 1970).  55 

Chickpea is not only a staple food in many countries, but it is also an 56 

inexpensive source of protein with very good functional properties. Thus, our 57 

group (Sánchez-Vioque et al., 1999) and others (Ulloa, Valencia, & Garcia, 58 

1988; Withana-Gamage, Wanasundara, Pietrasik, & Shand, 2011) have 59 

described the preparation of chickpea protein concentrates and isolates with 60 

physicochemical properties as good as those of soybean isolates and superior 61 

to those of pea concentrates (Sánchez-Vioque et al., 1999; Withana-Gamage et 62 

al., 2011). These concentrates and isolates have potential health-promoting 63 

activities as well (Girón-Calle, Alaiz, & Vioque, 2010; Giron-Calle et al., 2004), 64 

although the concentration of isoflavones in soybean is higher (Horn-Ross et 65 

al., 2000). Total polyphenol contents in chickpea and soybean are very similar. 66 
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Thus, total polyphenol concentrations of 0.5 to 6.8 mg/g and 1.5 to 5.6 mg/g 67 

have been reported for different varieties of chickpea (Segev et al., 2010) and 68 

soybean (Xu, Yuan, & Chang, 2007), respectively. Colored desi chickpea 69 

varieties, typical of India, have a higher content in polyphenols and flavonoids 70 

than the beige and cream color seeds that are characteristic of the kabuli 71 

varieties, more popular elsewhere (Segev et al., 2010). Blanco Lechoso, 72 

Castellano, Pedrosillano, and Venoso Andaluz are the four mayor cultivars 73 

traditionally grown in Spain (Del Moral de la Vega, Mejias Guisado, & López 74 

Morillo, 1996).  75 

Chickpea is characterized by a high content in biochanin A (Mazur et al., 76 

1998), and a lower content in biochanin B, better known as formononetin 77 

(Aguilera et al., 2011; Mazur et al., 1998). Biochanin A and B were named after 78 

the Hindi word for chickpea, chana. They have the same chemical structure 79 

than genistein and daidzein, respectively, except for having a methylated 4´ 80 

hydroxyl group (Stevenson & Aslam, 2006) (Figure 1). Health promoting 81 

properties have also been reported for these isoflavones (Cassady et al., 1988; 82 

Kole, Giri, Manna, Pal, & Ghosh, 2011; Rathel, Leikert, Vollmar, & Dirsch, 83 

2005). Most interestingly, biochanin A and formononetin can be demethylated to 84 

genistein and daidzein, respectively, by intestinal microflora and by the human 85 

liver (Tolleson, Doerge, Churchwell, Marques, & Roberts, 2002).  86 

The goal of this work was to analyze the isoflavones in chickpea protein 87 

concentrates as compared to the original flour. Changes in the isoflavone 88 

composition of soybean during processing for preparation of protein isolates 89 

and other food products have been described (Shao et al., 2009; Wang & 90 

Murphy, 1996) and recently reviewed (Villares, Rostagno, García-Lafuente, 91 
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Guillamón, & Martínez, 2011), but this information cannot be directly 92 

extrapolated to chickpea because the overall chemical composition of chickpea 93 

and its composition in total and individual isoflavones are different than those of 94 

soybean.  95 

 96 

 97 

2. Materials and methods 98 

2.1. Materials 99 

Chickpea (Cicer arietinum) of the Kabuli blanco lechoso variety were a gift from 100 

Sociedad Cooperativa Andaluza Campo de Tejada (Escacena del Campo, 101 

Huelva, Spain). HPLC grade organic solvents were purchased from Merck 102 

(Darmstadt, Germany). Daidzein, quercetin, genistein, kaempferol, 103 

formononetin, and biochanin A were purchased from Sigma (St. Louis, MO, 104 

USA). 105 

 106 

2.2. Protein concentrates. 107 

Protein concentrates were prepared as previously described (Giron-Calle et al., 108 

2004; Sánchez-Vioque et al., 1999). Chickpea seeds were ground using a 109 

domestic blender, and the resulting flour was extracted at pH 10.5 under 110 

vigorous stirring for 50 min at room temperature.  Extracts were centrifuged at 111 

500 g for 10 min, and the pellets were reextracted twice more and pooled 112 

together (pH 10.5 pellets). Combined supernatants were taken to the isoelectric 113 

point, pH 4.3, and centrifuged at 500 g for 10 min. Supernatants were saved 114 

(pH 4.3 supernatants), and the resulting precipitates (protein concentrates) 115 
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were washed with water. Protein was determined by amino acid analysis as 116 

described (Alaiz, Navarro, Girón, & Vioque, 1992; Yust et al., 2004). 117 

 118 

2.3. Polyphenol extraction. 119 

Extraction of polyphenols was carried out as described with modifications 120 

(Aguilera et al., 2011). Solid samples were suspended 12% (w/v) in 1% HCl 121 

(v/v) in methanol/water 80/20 (v/v) and vigorously shaken for 30 min at room 122 

temperature. Extracts were recovered by centrifugation at 3000 g for 10 min 123 

and the resulting pellets were reextracted twice more using the same 124 

procedure. The combined extracts were extracted three times with ethyl ether 125 

and three times more using ethyl acetate. The pH 4.3 supernatants were 126 

directly extracted using ethyl ether and ethyl acetate. Organic phases were 127 

combined, dried using sodium sulfate, taken to dryness under nitrogen, and 128 

resuspended in methanol/water 1/1 (v/v).  129 

 130 

2.4. Determination of total polyphenols.  131 

Polyphenols were determined according to (Singleton, Orthofer, & Lamuela-132 

Raventos, 1999) using the Folin-ciocalteu reagent and gallic acid standard.  133 

 134 

2.5. Hydrolysis. 135 

Isoflavone glycosides were hydrolyzed by treatment with HCl as described 136 

(Dinelli et al., 2006). Extracts were dried under nitrogen, redissolved in 137 

acetonitrile/water 4/1 (v/v), 0.1 - 0.6 mg extract/ml, and heated at 85oC for 2 h 138 

after addition of HCl (250 l extracts, 50 l 12 M HCl). The solution was allowed 139 

to cool down and aglycones were extracted using ethyl acetate (3x350 l). The 140 
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resulting solutions were taken to dryness under nitrogen and resuspended in 141 

ethanol/water 3/1 (v/v). 142 

 143 

2.6. HPLC/UV and HPLC/MS analysis.  144 

Quantification of flavonoids was carried out by reverse phase HPLC and UV 145 

detection, using a 5 µm 25 x 4.6 mm Ultrasphere ODS column (Beckman-146 

Coulter, Orange County, California) and a UV detector set at 254 nm. Elution 147 

was carried out at 1 mL/min using the following gradient of methanol in water 148 

adjusted to pH 3.0 using phosphoric acid: 0 to 70 min linear gradient from 0 to 149 

70% methanol, 70 to 75 min 70% methanol, 75 to 80 min linear gradient to 150 

100% methanol, 80 to 85 min 100% methanol. Response factors were 151 

calculated from calibration curves for daidzein, quercetin, genistein, kaempferol, 152 

formononetin, and biochanin A standards. The response factor for biochanin A 153 

was also used for quantification of biochanin A derivatives that were identified 154 

by HPLC/MS as follows.  155 

Identification of the components that did not correspond to any of the 156 

standards was carried out by HPLC/MS using a reverse-phase 3 µm 20 x 0.46 157 

cm Mediterranea Sea 18 column (Qmx Laboratories, Essex, UK). Elution was 158 

carried out at 1 mL/min using a gradient of methanol in water acidified using 1% 159 

(v/v) formic acid. The elution gradient was as follows: 0 to 40 min linear gradient 160 

from 0 to 70% methanol, 40 to 55 min 70% methanol, 55 to 60 min linear 161 

gradient from 70 to 0% methanol. After monitoring in the UV the eluent went on 162 

to an electrospray ionization micrOTOF-Q II mass spectrometer (Bruker 163 

Daltonics, Bremen, Germany) operated in negative mode. Detection was 164 

recorded in the 50-1500 m/z range. Interface parameters were as follows: 165 
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capillary voltage 4.5 kV, nebulization pressure 1.2 bar, and ionization gas flow 8 166 

L/min at 200 oC. Data was acquired in full scan mode and MS2 spectra were 167 

acquired in auto mode (data dependent acquisition). Target Analysis 1.2 and 168 

Hystar 3.2 software packages (Bruker Daltonics, Bremen, Germany) were used 169 

for data analysis.  170 

 171 

 172 

3. Results  173 

 Chickpea protein concentrates were prepared as previously described 174 

(Giron-Calle et al., 2004) based on (Sánchez-Vioque et al., 1999) (Figure 2). 175 

Polyphenols were extracted from the protein concentrates, the original flour, 176 

and the two byproducts of the procedure: pH10.5 pellets and 4.3 supernatants. 177 

The method that was used for extraction allows for recovery of flavonoid 178 

aglycones and glycosides as described for chickpea and lentils (Aguilera et al., 179 

2011; Aguilera et al., 2010). Aliquots of the extracts were subjected to 180 

hydrolysis in HCl before analysis in order to release aglycones from glycosides. 181 

Reverse phase HPLC with UV detection was used for quantification of individual 182 

flavonoids as described in materials and methods.  183 

 All the flavonoids identified in chickpea flour were isoflavones except for 184 

the flavonol kaempferol (Table 1). No additional isoflavones were found in the 185 

extracts corresponding to protein concentrates, pH10.5 pellets, and 4.3 186 

supernatants. Samples of flour extracts were also submitted to HPLC/MS/MS, 187 

which provided identification of peaks that did not correspond to any of the 188 

available standards. These were biochanin A hexoside and two undetermined 189 

biochanin A derivatives and were quantified by applying the response factor 190 
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corresponding to biochanin A aglycone (Tables 1 and 2). Figure 3 shows that 191 

hydrolysis of flour extracts using HCL released biochanin A aglycone from the 192 

three biochanin A derivatives. Hydrolysis also released a small amount of 193 

formononetin, and even smaller amounts of genistein and kaempferol.  194 

The relative isoflavone composition in both hydrolyzed and 195 

nonhydrolyzed protein concentrates (Figure 4, lower panel) was very similar to 196 

that of the hydrolyzed flour extracts. The content in biochanin A was not 197 

significantly different in the non-hydrolyzed and hydrolyzed concentrate 198 

extracts, 5.1 ± 0.4 and 5.5 ± 1.3 g/g flour, respectively. Nevertheless, it 199 

appears that some glycosides of genistein, formononetin and kaempferol 200 

remain in the concentrates, and were released by hydrolysis. The pH 4.3 201 

supernatants and pH 10.5 pellets resulting from the preparation of the protein 202 

concentrates had similar biochanin A concentrations, between 0.4 and 0.9 g/g 203 

flour for both hydrolyzed and non-hydrolyzed samples. Nevertheless, the 204 

concentration of genistein, kaempferol and formononetin in the pH 4.3 205 

supernatants was higher than in the pH 10.5 pellets.  206 

Table 3 facilitates comparison of the total polyphenols and biochanin A 207 

contents in flour, protein concentrates, pH 10.5 pellets, and pH 4.3 208 

supernatants. Contents are not only given as concentration in the different 209 

fractions (g/g), but they are also referred to original flour (g/g flour) in order to 210 

facilitate comparison between fractions, and to allow for calculation of recovery 211 

(% content in flour). Concentrates had more than twice the content in 212 

polyphenols than flour (Table 3, first column). The concentration in pH 4.3 213 

supernatants was also higher than in flour, while the concentration in the pH 214 

10.5 pellets was much lower. Concerning recovery (Table 3, fifth column), 215 
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almost half the polyphenol content in flour was recovered in the concentrates, 216 

implying that these polyphenols were co-extracted with proteins at pH 10.5, and 217 

later co-precipitated with proteins at pH 4.3. Polyphenols remaining in the pH 218 

4.3 supernatant represent a 21 % recovery; these polyphenols may be in 219 

solution or bound to albumins, which represent the major protein components in 220 

the pH 4.3 supernatant. Only 8 % of the polyphenols in flour were recovered in 221 

the pH 10.5 pellet, indicating that most polyphenols were effectively extracted at 222 

pH 10.5.  223 

Biochanin A enrichment in concentrates was even higher than the 224 

enrichment in total polyphenols. Thus, protein concentrates had almost four 225 

times more biochanin A than flour, representing 64 % recovery from flour. On 226 

the other hand, the pH 4.3 supernatant, and especially the pH 10.5 pellet, had 227 

much lower concentrations of biochanin A, representing recoveries of only 8 228 

and 10 %, respectively.   229 

 230 

 231 

4. Discussion 232 

 233 

It was already reported more than thirty years ago (Dziedzic & Dick, 234 

1982) (Sharma, 1979) that biochanin A and formononetin were the mayor 235 

isoflavones in chickpea. Only a few more analyses of the flavonoid composition 236 

of chickpeas have followed, and unfortunately description of the varieties that 237 

were used in these analyses was frequently absent or rather vague. In addition, 238 

most of these analyses were carried out in acid-hydrolyzed samples and 239 

glycosides were not determined. Biochanin A at between 8 and 31 g/g, and 240 
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lower amounts of formononetin, genistein and daidzein, were found in several 241 

undetermined chickpea varieties from commercial sources in the USA (Horn-242 

Ross et al., 2000; Mazur et al., 1998). Biochanin A at 15 g/g was also found in 243 

a Californian variety of garbanzo beans (Franke, Custer, Cerna, & Narala, 244 

1994). Analysis of an undetermined variety from the USA revealed biochanin A, 245 

formononetin, and daidzein at 25, 4 and 6 g/g, respectively (Nakamura et al., 246 

2001). One more analysis of chickpea bought in Singapore revealed 19 and 1 247 

g/g biochanin A and formononetin, respectively (Wu et al., 2012).  248 

Much more informative was the analysis of Sinaloa and Castellano 249 

varieties carried out by Aguilera and coworkers (Aguilera et al., 2011), showing 250 

the presence of biochanin A and formononetin as aglycones, glucosides, and 251 

undetermined derivatives. Concentrations of total biochanin A and formononetin 252 

in the dry seeds were between 7 and 29 g/g. Our study represents the first 253 

analysis of the flavonoid composition of the blanco lechoso chickpea, and 254 

shows that this variety is characterized by very high levels of biochanin A, and 255 

lower levels of formononetin, genistein, and the flavonol kaempferol.  This 256 

isoflavone profile is consistent with previous reports and would be most similar 257 

to the Castellano variety as described by Aguilera and coworkers (Aguilera et 258 

al., 2011). Despite having an isoflavone content consistent with previous 259 

reports, the total polyphenols concentration in Blanco Lechoso chickpeas is 260 

rather low. This might be due to the fact that the highest polyphenol 261 

concentration in the seeds is found in the skin (Sreerama, Sashikala, & Pratape, 262 

2010), which is rather thin in the Blanco Lechoso variety, best known for its 263 

smoothness and creaminess in the mouth. Interestingly, soaking, cooking, and 264 

industrial dehydration greatly affects the isoflavone profile, and this effect 265 
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depends on the chickpea variety (Aguilera et al., 2011). Thus, cooking and 266 

dehydration released high amounts of biochanin A from glycosides in Sinaloa 267 

seeds, but completely eliminated this aglycone in the Castellano variety. Wu et 268 

al. (2012) also described that biochanin A aglycone was the mayor isoflavone in 269 

chickpea seeds, but germination rapidly and dramatically increased the total 270 

amount and distribution of isoflavones.   271 

Our results clearly show that preparation of chickpea protein 272 

concentrates by alkaline extraction and precipitation at the isoelectric pH 273 

releases the isoflavones in chickpea, mostly biochanin A, in its aglycone form. 274 

Most importantly, these aglycones remain to a great extent bound to the 275 

globulins that form the concentrate (Sánchez-Vioque et al., 1999), so that more 276 

than half the biochanin A present in chickpea flour is recovered in the 277 

concentrates, resulting in a concentration almost four times higher than in flour. 278 

Thus, the enrichment in biochanin A is even higher than the enrichment in 279 

protein, which in our hands goes from 24 % (w/w) protein in flour to 75 % (w/w) 280 

protein in concentrates. Further washing the protein concentrates with polar 281 

solvents leads to protein concentrations up to 95 %, but it also leads to 282 

depletion of bioactive isoflavones (Giron-Calle et al., 2004) as was also 283 

described for soy isolates (Coward, Smith, Kirk, & Barnes, 1998; Wang & 284 

Murphy, 1994). Therefore, protein isolates, defined as protein preparations with 285 

a concentration of protein of at least 90 % (w/w) (Wolf, 1970), may be desirable 286 

for their higher content in protein, but lose the health-promoting properties of 287 

isoflavones. 288 

The fact that the isoflavones in the pH 10.5 pellets and pH 4.3 289 

supernatants were already found as aglycones indicates that hydrolysis occurs 290 
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early on in the process, during alkaline extraction. Thus, most of the isoflavone 291 

glycosides, which are stored in vacuoles (Dixon & Pasinetti, 2010; Zhao & 292 

Dixon, 2010) would be hydrolyzed, and the resulting less hydrophilic aglycones 293 

would bind to globulins and carried along into protein concentrates. Therefore, a 294 

relatively mild alkaline treatment, i.e. pH 10.5 for 50 min at room temperature, is 295 

sufficient to hydrolyze most isoflavone glycosides in chickpea flour, even though 296 

harsher treatments are usually followed for quantitative chemical hydrolysis of 297 

glycosides. Although pH 10.5 and room temperature are far from the optimum 298 

pH and temperature of glycosidases, it cannot be discarded that endogenous 299 

glycosidases might have a role on the release of aglycones during protein 300 

extraction (Barbosa, Lajolo, & Genovese, 2006).   301 

Soybeans are the archetype of protein-rich seeds that can be used as 302 

sources of protein ingredients for the food industry. Chickpeas share with 303 

soybeans a high content in protein and the presence of healthy isoflavones, but 304 

they have lower oil and isoflavone concentration, and a different isoflavone 305 

profile as well. Our results are consistent with reports on the effect of soybean 306 

processing for production of protein concentrates as far as pointing out that 307 

alkaline extraction cause hydrolysis of isoflavone glycosides. Nevertheless, 308 

while chickpea concentrates are enriched in isoflavones and retain half the 309 

isoflavones in flour, soybean concentrates suffer losses of isoflavones as 310 

compared to flour. Thus, analysis of a number of commercial soy products 311 

revealed that protein concentrates and isolates had between 10 times less and 312 

the same total isoflavone concentration than soy flour (Eldridge, 1982; Wang & 313 

Murphy, 1994). In addition, soy protein concentrates, although enriched in 314 

aglycones, still retain isoflavone glycosides so that these glycosides are still 315 
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more abundant than aglycones in the isolate (Wang & Murphy, 1994), and 316 

some isolates hardly have any aglycone at all (Coward et al., 1998). 317 

Nevertheless, total isoflavone concentration in soy flour is much higher than in 318 

chickpea, about 2000 g/g, so that soy concentrates and isolates still have 319 

higher isoflavone content. Production of a soy protein isolate in laboratory 320 

conditions yielded similar isoflavones concentrations in the final product and in 321 

the original flour (1353 vs. 1512 g/g), representing 26 % of the isoflavones in 322 

flour. Again, aglycones were more abundant in the isolate than in the original 323 

flour, but glycosides were still more abundant than aglycones in the isolate 324 

(Wang, Ma, Pagadala, Sherrard, & Krishnan, 1998). It has been shown that low 325 

temperature and softer centrifugation to separate the isoelectric protein 326 

precipitate facilitates retantion of isoflavones in soy protein isolates (Barbosa et 327 

al., 2006; Lin, Krishnan, & Wang, 2006).  328 

The present study shows that chickpea protein concentrates represent a 329 

“hidden source” (Horn-Ross et al., 2000) of health-promoting isoflavones. These 330 

concentrates are enriched in isoflavones as compared to chickpea flour, as 331 

opposed to soybean protein concentrates that suffer higher losses of 332 

isoflavones during their preparation. This might be due to the relatively soft 333 

conditions that were used for preparation of the chickpea concentrates, but 334 

could also be due to the different nature of chickpea and soybean flours. Thus, 335 

soybean flour has a higher concentration in isoflavones, which could lead to a 336 

lower yield of co-precipitation/adsorption with the storage proteins that form the 337 

concentrates. In addition, while chickpea flour is used as it is, soybean flour is 338 

used as defatted meal for preparation of protein concentrates, which could limit 339 

co-precipitation of the isoflavones with proteins as well.   340 



 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 

 

15 

 

   341 

 342 

5. Acknowledgements 343 

 344 

 This work was carried out with the financial support of Junta de 345 

Andalucía to the Laboratory of Bioactive and Functional Components of Plant 346 

Products (Ayudas interanuales to AGR 257, Instituto de la Grasa, C.S.I.C.). 347 

Cristina Megías is recipient of a JAE-Doc contract from the “Junta para la 348 

Ampliación de Estudios” program (C.S.I.C. and European Social Fund). Isabel 349 

Cortés-Giraldo is recipient of a JAE-Pre fellowship from the “Junta para la 350 

Ampliación de Estudios” program (C.S.I.C. and the European Social Fund). We 351 

are thankful to J.J. Rios for HPLC/MS analyses. 352 

  353 



 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 

 

16 

 

6. References. 354 

 355 

Aguilera, Y., Dueñas, M., Estrella, I., Hernandez, T., Benitez, V., Esteban, R. M., & 356 

Martin-Cabrejas, M. A. (2011). Phenolic Profile and Antioxidant Capacity of 357 

Chickpeas (Cicer arietinum L.) as Affected by a Dehydration Process. Plant 358 

foods for human nutrition, 66(2), 187-195. doi: 10.1007/s11130-011-0230-8 359 

                                                                                      360 

      -Cabrejas, M. a. A. (2010). Evaluation of Phenolic Profile and 361 

Antioxidant Properties of Pardina Lentil As Affected by Industrial Dehydration. 362 

Journal of Agricultural and Food Chemistry, 58(18), 10101-10108. doi: 363 

10.1021/jf102222t 364 

Alaiz, M., Navarro, J. L., Girón, J., & Vioque, E. (1992). Amino acid analysis by high-365 

performance liquid chromatography after derivatization with diethyl 366 

ethoxymethylenemalonate. J Chromatogr, 591(1-2), 181-186.  367 

Barbosa, A. C., Lajolo, F. M., & Genovese, M. I. (2006). Influence of temperature, pH 368 

and ionic strength on the production of isoflavone-rich soy protein isolates. 369 

[Article]. Food Chemistry, 98(4), 757-766. doi: 370 

10.1016/j.foodchem.2005.07.014 371 

Cassady, J. M., Zennie, T. M., Chae, Y.-H., Ferin, M. A., Portuondo, N. E., & Baird, W. 372 

M. (1988). Use of a Mammalian Cell Culture Benzo(a)pyrene Metabolism 373 

Assay for the Detection of Potential Anticarcinogens from Natural Products: 374 

Inhibition of Metabolism by Biochanin A, an Isoflavone from Trifolium 375 

pratense L. Cancer Research, 48(22), 6257-6261.  376 

Coward, L., Smith, M., Kirk, M., & Barnes, S. (1998). Chemical modification of 377 

isoflavones in soyfoods during cooking and processing. The American Journal 378 

of Clinical Nutrition, 68(6), 1486S-1491S.  379 

Del Moral de la Vega, J., Mejias Guisado, A., & López Morillo, M. (1996). El cultivo 380 

del garbanzo. Diseño para una agricultura sostenible Hojas Divulgadoras  Num. 381 

12/94 HD. Madrid, Spain.: Ministerio de Agricultura, Pesca y Alimentación. 382 

Dinelli, G., Bonetti, A., Minelli, M., Marotti, I., Catizone, P., & Mazzanti, A. (2006). 383 

Content of flavonols in Italian bean (Phaseolus vulgaris L.) ecotypes. Food 384 

Chemistry, 99(1), 105-114. doi: 10.1016/j.foodchem.2005.07.028 385 

Dixon, R. A., & Pasinetti, G. M. (2010). Flavonoids and Isoflavonoids: From Plant 386 

Biology to Agriculture and Neuroscience. Plant Physiology, 154(2), 453-457. 387 

doi: 10.1104/pp.110.161430 388 

Dziedzic, S. Z., & Dick, J. (1982). Analysis of isoflavones in Bengalgram by high-389 

performance liquid chromatography. Journal of Chromatography A, 234(2), 390 

497-499. doi: 10.1016/s0021-9673(00)81895-6 391 

Eldridge, A. C. (1982). Determination of Isoflavones in Soybean Flours, Protein-392 

Concentrates, and Isolates. Journal of Agricultural and Food Chemistry, 30(2), 393 

353-355. doi: 10.1021/jf00110a035 394 

Franke, A. A., Custer, L. J., Cerna, C. M., & Narala, K. K. (1994). Quantitation of 395 

Phytoestrogens in Legumes by HPLC. [Article]. Journal of Agricultural and 396 

Food Chemistry, 42(9), 1905-1913. doi: 10.1021/jf00045a015 397 

Girón-Calle, J., Alaiz, M., & Vioque, J. (2010). Effect of chickpea protein hydrolysates 398 

on cell proliferation and in vitro bioavailability. Food Research International, 399 

43(5), 1365-1370. doi: 10.1016/j.foodres.2010.03.020 400 

Giron-Calle, J., Vioque, J., del Mar Yust, M., Pedroche, J., Alaiz, M., & Millan, F. 401 

(2004). Effect of chickpea aqueous extracts, organic extracts, and protein 402 



 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 

 

17 

 

concentrates on cell proliferation. [Research Support, Non-U.S. Gov't]. J Med 403 

Food, 7(2), 122-129. doi: 10.1089/1096620041224175 404 

Horn-Ross, P. L., Barnes, S., Lee, M., Coward, L., Mandel, J. E., Koo, J., . . . Smith, M. 405 

(2000). Assessing phytoestrogen exposure in epidemiologic studies: 406 

development of a database (United States). [Article]. Cancer Causes & Control, 407 

11(4), 289-298. doi: 10.1023/a:1008995606699 408 

Kole, L., Giri, B., Manna, S. K., Pal, B., & Ghosh, S. (2011). Biochanin-A, an 409 

isoflavon, showed anti-proliferative and anti-inflammatory activities through the 410 

inhibition of iNOS expression, p38-MAPK and ATF-2 phosphorylation and 411 

blocking NF[kappa]B nuclear translocation. European Journal of 412 

Pharmacology, 653(1-3), 8-15. doi: 10.1016/j.ejphar.2010.11.026 413 

Lin, J., Krishnan, P. G., & Wang, C. Y. (2006). Retention of isoflavones and saponins 414 

during the processing of soy protein isolates. [Article]. Journal of the American 415 

Oil Chemists Society, 83(1), 59-63. doi: 10.1007/s11746-006-1176-0 416 

Mazur, W. M., Duke, J. A., Wahala, K., Rasku, S., & Adlercreutz, H. (1998). 417 

Isoflavonoids and lignans in legumes: Nutritional and health aspects in humans. 418 

Nutritional Biochemistry, 9, 193-200.  419 

Messina, M. J. (1999). Legumes and soybeans: overview of their nutritional profiles and 420 

health effects. Am J Clin Nutr, 70(3 Suppl), 439S-450S.  421 

Nakamura, Y., Kaihara, A., Yoshii, K., Tsumura, Y., Ishimitsu, S., & Tonogai, Y. 422 

(2001). Content and composition of isoflavonoids in mature or immature beans 423 

and bean sprouts consumed in Japan. [Article]. Journal of Health Science, 47(4), 424 

394-406. doi: 10.1248/jhs.47.394 425 

Rathel, T. R., Leikert, J. F., Vollmar, A. M., & Dirsch, V. M. (2005). The soy 426 

isoflavone genistein induces a late but sustained activation of the endothelial 427 

nitric oxide-synthase system in vitro. Br J Pharmacol, 144(3), 394-399. doi: 428 

10.1038/sj.bjp.0706075 429 

Sánchez-Vioque, R., Clemente, A., Vioque, J., Pedroche, J., Bautista, J., & Millan, F. 430 

(1999). Protein isolates from chickpea (Cicer arietinum L.): chemical 431 

composition, functional properties and protein characterization. Food Chemistry, 432 

64, 237-243.  433 

Segev, A., Badani, H., Kapulnik, Y., Shomer, I., Oren-Shamir, M., & Galili, S. (2010). 434 

Determination of Polyphenols, Flavonoids, and Antioxidant Capacity in Colored 435 

Chickpea (Cicer arietinumL.). Journal of Food Science, 75(2), S115-S119. doi: 436 

10.1111/j.1750-3841.2009.01477.x 437 

Shao, S., Duncan, A. M., Yang, R., Marcone, M. F., Rajcan, I., & Tsao, R. (2009). 438 

Tracking isoflavones: From soybean to soy flour, soy protein isolates to 439 

functional soy bread. Journal of Functional Foods, 1(1), 119-127. doi: 440 

10.1016/j.jff.2008.09.013 441 

Sharma, R. D. (1979). Isoflavones and hypercholesterolemia in rats. Lipids, 14(6), 535-442 

539.  443 

Singleton, V. L., Orthofer, R., & Lamuela-Raventos, R. M. (1999). Analysis of total 444 

phenols and other oxidation substrates and antioxidants by means of Folin-445 

Ciocalteu reagent Oxidants and Antioxidants Part A (Vol. 299, pp. 152-178). 446 

San Diego: Academic Press Inc. 447 

Sreerama, Y. N., Sashikala, V. B., & Pratape, V. M. (2010). Variability in the 448 

Distribution of Phenolic Compounds in Milled Fractions of Chickpea and Horse 449 

Gram: Evaluation of Their Antioxidant Properties. [Article]. Journal of 450 

Agricultural and Food Chemistry, 58(14), 8322-8330. doi: 10.1021/jf101335r 451 



 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 

 

18 

 

Stevenson, P. C., & Aslam, S. N. (2006). The chemistry of the genus Cicer L. In R. 452 

Atta-ur (Ed.), Studies in Natural Products Chemistry (Vol. Volume 33, Part M, 453 

pp. 905-956): Elsevier. 454 

Tolleson, W. H., Doerge, D. R., Churchwell, M. I., Marques, M. M., & Roberts, D. W. 455 

(2002). Metabolism of Biochanin A and Formononetin by Human Liver 456 

Microsomes in Vitro. Journal of Agricultural and Food Chemistry, 50(17), 457 

4783-4790. doi: 10.1021/jf025549r 458 

Ulloa, J., Valencia, M. E., & Garcia, Z. H. (1988). Protein concentrate from chickpea: 459 

nutritive value of a protein concentrate from chickpea (Cicer arietinum) obtained 460 

by ultrafiltration and its potential use in an infant formula. Journal-of-Food-461 

Science, 53(5), 1396-1398.  462 

Villares, A., Rostagno, M., García-Lafuente, A., Guillamón, E., & Martínez, J. (2011). 463 

Content and Profile of Isoflavones in Soy-Based Foods as a Function of the 464 

Production Process. Food and Bioprocess Technology, 4(1), 27-38. doi: 465 

10.1007/s11947-009-0311-y 466 

Wang, C., Ma, Q., Pagadala, S., Sherrard, M. S., & Krishnan, P. G. (1998). Changes of 467 

isoflavones during processing of soy protein isolates. [Article]. Journal of the 468 

American Oil Chemists Society, 75(3), 337-341. doi: 10.1007/s11746-998-0050-469 

7 470 

Wang, H.-J., & Murphy, P. A. (1996). Mass Balance Study of Isoflavones during 471 

Soybean Processing. Journal of Agricultural and Food Chemistry, 44(8), 2377-472 

2383. doi: 10.1021/jf950535p 473 

Wang, H. J., & Murphy, P. A. (1994). Isoflavone Content in Commercial Soybean 474 

Foods. [Article]. Journal of Agricultural and Food Chemistry, 42(8), 1666-475 

1673. doi: 10.1021/jf00044a016 476 

Withana-Gamage, T. S., Wanasundara, J. P., Pietrasik, Z., & Shand, P. J. (2011). 477 

Physicochemical, thermal and functional characterisation of protein isolates 478 

from Kabuli and Desi chickpea (Cicer arietinum L.): a comparative study with 479 

soy (Glycine max) and pea (Pisum sativum L.). [Research Support, Non-U.S. 480 

Gov't]. Journal of the science of food and agriculture, 91(6), 1022-1031. doi: 481 

10.1002/jsfa.4277 482 

Wolf, W. J. (1970). Soybean Proteins - Their Functional, Chemical, and Physical 483 

Properties. [Article]. Journal of Agricultural and Food Chemistry, 18(6), 969-&. 484 

doi: 10.1021/jf60172a025 485 

Wu, Z., Song, L., Feng, S., Liu, Y., He, G., Yioe, Y., . . . Huang, D. (2012). 486 

Germination Dramatically Increases Isoflavonoid Content and Diversity in 487 

Chickpea (Cicer arietinum L.) Seeds. J Agric Food Chem, 60(35), 8606-8615. 488 

doi: 10.1021/jf3021514 489 

Xu, B. J., Yuan, S. H., & Chang, S. K. C. (2007). Comparative analyses of phenolic 490 

composition, antioxidant capacity, and color of cool season legumes and other 491 

selected food legumes. [Article]. Journal of Food Science, 72(2), S167-S177. 492 

doi: 10.1111/j.1750-3841.2006.00261.x 493 

Yust, M. M., Pedroche, J., Girón-Calle, J., Vioque, J., Millan, F., & Alaiz, M. (2004). 494 

Determination of tryptophan by high-performance liquid chromatography of 495 

alkaline hydrolysates with spectrophotometric detection. Food Chemistry, 85(2), 496 

317-320.  497 

Zhao, J., & Dixon, R. A. (2010). The 'ins' and 'outs' of flavonoid transport. Trends in 498 

Plant Science, 15(2), 72-80. doi: 10.1016/j.tplants.2009.11.006 499 

 500 



 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 

 

19 

 

7. Figure captions. 501 

 502 

Figure 1. Major flavonoids in soybean and chickpea. 503 

 504 

Figure 2. Preparation of chickpea protein concentrates. Protein contents are 505 

shown as % (w/w), yield refers to dry matter mass balance % (w/w).  506 

 507 

Figure 3. Flavonoids in chickpea flour before and after acid hydrolysis. Samples 508 

were analyzed by reverse-phase HPLC with detection at 254 nm. Data 509 

represent mean and standard error of the mean (n=3).  510 

 511 

Figure 4. Flavonoids in chickpea protein concentrate and byproducts (pH 4.3 512 

supernatant and pH 10.5 pellet) before and after acid hydrolysis. Samples were 513 

analyzed by reverse-phase HPLC with detection at 254 nm. Concentration was 514 

referred to the amount of flour from which these fractions were prepared in 515 

order to facilitate comparison among different fractions in Figures 3 and 4. Data 516 

represent mean and standard error of the mean (n=3).  517 



   Table 1. Flavonoids in chickpea flour (non-hydrolyzed). 
 

 

a Slope of the calibration curve using external standards:  

Concentration (g/20 l) = Response Factor x Area (au). 

b Average ± standard error of the mean, n=3. 

c Identified by HPLC/MS (see table 2). Same response factor than biochanin A 

was used for quantification. 

 

Polyphenol 
Retention 

Time (min) 

Response 

Factor (x10-9)a 

 Concentration 

(g/g flour) b  
 

         

biochanin A hexoside 54.1 136c  1.62 ± 0.29  

biochanin A derivative 57.4 136c  3.31 ± 0.63  

genistein 58.8 157  0.01 ± 0.01  

biochanin A derivative 59.9 136c  5.25 ± 0.46  

kaempferol 61.9 339  0.09 ± 0.07  

formononetin 64.9 174  0.02 ± 0.01  

biochanin A 70.3 136  0.78 ± 0.52  

      

Table 1



Table 2. Biochanin A derivatives identified by HPLC/MS/MS. 
 

 

 

 

 

 

 

 

 

 

 

 

 

a largest ion detected. 
 

Polyphenol 
molecular 

formula 
[M-H] (m/z) MS/MS (m/z) 

 

    
 

 

 
 

biochanin A hexoside C22H22O10 445.11 283/268 

biochanin A derivative (C16H12O5)
a (283.06) 268 

biochanin A derivative (C16H12O5)
a (283.06) 268/239 

biochanin A C16H12O5 283.06 268/239 

    

Table 2



Table 3. Total polyphenol and biochanin A concentration in chickpea flour, protein concentrate, and byproducts (pH 4.3 supernatant 

and pH 10.5 pellet) resulting from preparation of the concentrates.  

 

           

                                          Concentration (g/g) a  Concentration (g/g flour) a  Recovery (% flour)  

                                     Polyphenols b Biochanin Ac  Polyphenols b Biochanin Ac  Polyphenols  Biochanin Ac 

Flour 74.4 ± 8.6 8.6 ± 3.1  74.4 ± 8.6 8.6 ± 3.1  100.0 100.0 

Concentrate 182.7 ± 45.2 30.7 ± 7.3  32.7 ± 8.1 5.5 ± 1.3  43.9 64.3 

Pellet pH 10.5 9.2 ± 1.8 1.3 ± 0.3  6.2 ± 1.2 0.9 ± 0.2  8.3 10.5 

Supernatant pH 4.3 104.8 ± 13.7 4.8 ± 0.7  15.3 ± 2.0 0.7 ± 0.1  20.6 7.8 

Unaccounted for       7.2 17.4 

 

a Mean  ± standard error of the mean, n=3. 
b Gallic acid equivalents. 
c Biochanin A in hydrolyzed samples. 
  

Table 3



biochanin A 

glycitein 

genistein 

daidzein formononetin 

kaempferol 

Figure 1
Click here to download Figure: figure 1.pptx

http://ees.elsevier.com/jff/download.aspx?id=193021&guid=e48a56f3-7067-44a1-adb1-91722033fc1b&scheme=1
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