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Abstract: Common bean (Phaseolus vulgaris) represents one of the most famous food with anti-obe- 20 

sity activity showing a significant efficacy against fat accumulation, insulin resistance and dyslipi- 21 

daemia. In this work two Italian verieties of common bean e.g. Tondino del Tavo and Cannellino 22 

Bio from the centre of Italy were studied to characterise their phenolic profile by HPLC-PDA in 23 

relation to different fractions after a straightforward extraction procedure. Antioxidant property 24 

and enzymatic inhibition power were also evaluated in order to delineate a possible biological pro- 25 

file. Results show a considerable phenolic content (0.79 and 1.1 µg/mg of 3-hydroxy benzoic acid for 26 

hexane extract of Tondino del Tavo and Cannellino Bio respectively; 0.30 µg/mg p-coumaric acid 27 

for n-hexane extract of Tondino del Tavo) for both varieties, and a strong antioxidant activity ac- 28 

cording to the major phenolic concentration of the extracts. Anti-inflammatory activity of the de- 29 

coction extracts  was also investigated through zymosan-induced edema formation assay, reveal- 30 

ing a moderate ability for both of them to reduce the edema formation. These preliminary data 31 

prompt us to further explore the nutrient components of these two varieties in the next future.  32 
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 34 

1. Introduction 35 

Metabolic syndrome is a pathological condition of obese people characterised by hy- 36 

percholesterolemia, hepatic steatosis, abdominal obesity and many concomitant biochem- 37 

ical alterations such as the accumulation of cytoplasmatic triglycerides, insulin resistance 38 

and changes in glucose metabolism [1,2]. A new strategy for the management of metabolic 39 

syndrome consists in the use of nutraceuticals [3]; in particular common bean extracts 40 

(Phaseolus vulgaris) exhibit some beneficial effects against metabolic syndrome [1,2]. Com- 41 

mon bean is the most diffuse legume in the world and represents the half of total legume 42 

consumption in human diet [4]. It is reach rich in proteins, fibres, unsaturated fatty acids, 43 

vitamins, minerals, and flavonoids [4,5]. Its extracts exhibit the capacity to inhibit ɑ-am- 44 

ylase thus reducing body absorption of carbohydrates leading to a decrease of body 45 
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weight, glycemia, triglycerides and cholesterol blood level [1,2,4,5]. The anti-obesity ac- 46 

tivity of common bean extracts is confirmed by many different preclinical studies in rat 47 

model. Tormo and co-workers have isolated and purified an inhibitor of human ɑ-amyl- 48 

ase from common bean extracts, demonstrating the hypoglycaemic and anorexigenic 49 

power of this inhibitor in vivo [6]. Neil and co-workers reported that consumption of com- 50 

mon bean extracts plays a role in body weight control by reducing the abdominal fat ac- 51 

cumulation in mice model with an increase of intestinal mass, without modification of 52 

crypts height and mucin content [7]. The same group has highlighted that there are No 53 

differences in weight loss between the group treated with common bean extract in slim- 54 

ming regimen (dietary modification, exercise) and the control group (slimming regimen 55 

without common bean extracts) during a short period of time have been registered in this 56 

study [8]. This study has been further implemented by A meta-analysis on anti-obesity 57 

activity of common bean extracts confirmed the statistically significant effect of weight 58 

loss in humans treated with subjected to common bean extracts diet has been confirmed. 59 

In fact according to this meta-analysis, Phaseolus vulgaris extracts reduced the body weight 60 

by 1.08 Kg and the body fat by 3.26 Kg (both results have a 95% CI) [9]. The anti-obesity 61 

activity of common bean extract is due to the presence of an ɑ-amylase inhibitor isoform 62 

I called phaseolamin (ɑ-AI), able to block the ɑ-amylase digestive enzyme activity, prevent- 63 

ing the carbohydrates metabolism and its absorption [2,4,8,10]. Inhibition activity of 64 

phaseolamin on human salivary ɑ-amylase has been evaluated; De Gouveia and co-workers 65 

have tested commercial phaseolamin in vitro and in vivo, demonstrating their its capacity to 66 

inhibit ɑ-amylase activity in vitro, thus reducing blood glucose level [11]. In the same study 67 

the polypeptide profile of these commercial samples has been also characterised: The SDS- 68 

PAGE analysis showed the presence of many type of proteins such as ɑ-AI (16-11 kDa), 69 

phaseolin (50-35 kDa) the most representative glycoprotein in common bean and the phy- 70 

tohemagglutinin (35-25 kDa); however no toxicity was observed in rats, instead while a low 71 

hemagglutination activity was observed detected on all types of human erythrocytes [11]. 72 

Also Barret and Udani confirmed the role of the phaseolamin to inhibit ɑ-amylase and to 73 

reduce body weight and fat accumulation in humans [12,13]. A particular product called 74 

Phase 2 consists in a common bean’s water extract able to induce an effective weight loss 75 

at a dose of 500-300 mg per day, both as single and fractionated doses. Phase 2 is a dietary 76 

supplement used as powders, tablets, capsules chewable and it is present on the market 77 

in 200 brands as weight loss products. Phase 2 assumption provokes the reduction of blood 78 

post-prandial spikes of glucose and insulin, thus decreasing the risk to develop insulin 79 

resistance in type 2 diabetic people [12]. Subjects treated with carbohydrate rich diet asso- 80 

ciated with Phase 2 consumption have significantly reduced body weight, mass Index and 81 

fat mass, still maintaining the lean body mass compared to the placebo [13]. Other exam- 82 

ples of beans with antidiabetic activity are mung and adzuki bean. Mung beans contains 83 

a series of polyphenols exhibiting that explain ɑ-amylase and ɑ-glucosidase inhibition ac- 84 

tivity, suggesting a potential control of postprandial glucose level [14]. Adzuki bean ex- 85 

tracts contains polyphenols showing interesting ability able to reduce total hepatic lipid, 86 

and triglycerides accumulation and anti-inflammatory response [15]. Polyphenols can re- 87 

duce hydrolysis of phaseolin thus interfering with its digestion [16]. In this work we have 88 

focused our attention on two varieties of Phaseolus vulgaris, e.g. Tondino del Tavo and 89 

Cannellino Bio from the center of Italy. The Tavo is an Abruzzo river that originates from 90 

the Apennine peak of the Gran Sasso, it flows in the hilly area among lush valleys. The 91 

soils of these areas have proved to be excellent for the cultivation of a specific variety of 92 

legume, which takes its name from the river and its spherical shape. The round bean from 93 

Tavo is small and round like a pea, with a candid pearly color ranging from milky white 94 

to ivory, it has excellent nutritional properties and a very thin skin, which allows for faster 95 

cooking and easy digestion [17]. Irrigation is essential in times of low rainfall, which co- 96 

incide with the period of pod enlargement. Weeds are kept under control thanks to the 97 

practice of weeding, carried out during the preparation of the soil. Manual and gradual 98 

harvesting begins in the second half of October: the dried pods are on the plant and left 99 
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to dry in the sun to eliminate residual moisture. The shelling of the pods, which histori- 100 

cally was carried out by hand, nowadays also takes place with mechanical procedures, 101 

which facilitate the work. The beans are kept in jute bags, away from sources of light and 102 

heat. Cannellino Bio from Colfiorito (Perugia, Umbria, Italy) is very smooth, it is charac- 103 

terized by an ovoid shape and uniform snow white color. It is considered one of the best 104 

varieties for production and organoleptic qualities, quick cooking with very tender and 105 

non-existent skin after cooking. It is part of the culinary and cultural heritage of the Um- 106 

bria region. This legume can be considered an excellent substitute for meat and pasta, 107 

although it contains very little fat, it is highly caloric representing an important source of 108 

carbohydrates and proteins; due to the presence of fiber, it also helps to maintain normal 109 

cholesterol levels [18]. In this preliminary work we performed a separation of diverse frac- 110 

tions through a well-established extraction procedure, rich in protein, free phenols, con- 111 

jugate phenols, and bound phenolic compounds for each variety (Figure 1).  112 

 113 

Figure 1. Work flow of comparative analysis for diverse extracts of Phaseolus vulgaris var. Tondino 114 
del Tavo (TT) and Cannellino Bio (CB). 115 

Quantitative analysis via HPLC-PDA was performed to delineate their content in 116 

gallic acid, catechin, chlorogenic acid, p-hydroxybenzoic acid, vanillic acid, epicatechin, 117 

syringic acid, p-coumaric acid, rutin, ferulic acid, sinapinic acid, 3-hydroxybenzoic acid, 118 

3-hydroxy-4-methoxybenzoc acid, naringin, so as to determine a fingerprint profile. Total 119 

phenolic and flavonoid contents were also assessed via colorimetric assay for each fraction 120 

as well as antioxidant and enzymatic inhibition activity in vitro. Lastly anti-inflammatory 121 

activity of the decoction extracts for both species was also tested in vivo in zymosan in- 122 

duced edema formation. Each fraction has been analysed through HPLC-PDA showing a 123 

significative phenolic content (0.79 and 1.1 µg/mg of 3-hydroxy benzoic acid for n-hexane 124 

extract of Tondino del Tavo and Cannellino Bio respectively; 0.30 µg/mg p-coumaric acid 125 

for n-hexane extract of Tondino del Tavo) in both varieties. Antioxidant assays revealed a 126 

strong activity according to their major phenolic concentration. Then decoction extracts of 127 

were tested for their anti-inflammatory activity through zymosan assay, indicating a mod- 128 

erate ability to reduce the edema formation. 129 

2. Materials and Methods 130 

2.1 Materials 131 

Tondino del Tavo (Loreto Aprutino, Pescara, Abruzzo, Italy) and Cannellino Bio 132 

(Colfiorito, Perugia, Umbria, Italy) were selected as common bean variety (Phaseolus vul- 133 

garis) belonging to the genus Phaseolus. They were collected and stored according to their 134 

use for human consumption. Tondino del Tavo was purchased by Passeri Carlo Company 135 

(Loreto Aprutino, Pescara) and Cannellino Bio (Colfiorito, Perugia) by a local market. 136 

Methanol, ethanol, n-hexane, ethyl acetate, acetonitrile for HPLC use, NaOH, HCl and 137 
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NaCl were purchased by Sigma Aldrich (Milan, Italy). Gallic acid, catechin, chlorogenic 138 

acid, p-hydroxybenzoic acid, vanillic acid, epicatechin, syringic acid, p-coumaric acid, ru- 139 

tin, ferulic acid, sinapinic acid, 3-hydroxybenzoic acid, 3-hydroxy-4-methoxybenzoc acid, 140 

naringin, 2,3-dimethoxybenzoic acid, o-coumaric acid, quercetin, cinnamic acid, carvacrol 141 

and naringenin were purchased by Sigma Aldrich (Milan, Italy). The centrifuge is an Ep- 142 

pendorf 5702 (Hamburg, Germany). The lyophilizator is a Buchi L-100 (BUCHI Italia 143 

s.r.l.Cornaredo, Italy). 144 

2.2 Samples preparation 145 

One hundred gram 100 g of common beans for each variety were lyophilized, the so 146 

obtained material was weighted, shredded into a mortar and transferred into a plastic vial 147 

far from sun light and stored at 20°C. Around one gram of Cannellino Bio and Tondino 148 

del Tavo were powdered with a blender and freeze-dried. Five hundred milligram of Can- 149 

nellino Bio and Tondino del Tavo were suspended in 70% ethanol/water solution (20 mL) 150 

and boiled for 5 min. The powder was filtered and freeze-dried again. The prepared ex- 151 

tracts were obtained with 18% and 20% yields respectively. 152 

2.3 Extraction method 153 

2.3.1. Protein fraction 154 

Five gram 5g of lyophilized material was put into a reaction flask with 40 mL of NaCl 155 

1.5% m/v solution (8 mL/g of sample) and stirred for 4 hours at room temperature [17]. 156 

The supernatant was transferred into 5 vials of 6 mL each and then centrifugated for 90 157 

minutes at 4.400 rpm. After centrifugation, supernatant was transferred into a reaction 158 

flask, acidified at pH 6 and heated at 70°C for 20 minutes under reflux. Then supernatant 159 

was put into 8 vials of 6 mL each and centrifuged for 40 minutes at 4.400 rpm. Supernatant 160 

was separated by the precipitate and it was diluted with ethanol in a ratio of 3:7 then it 161 

was put into fridge at 4°C for 60 minutes. Finally, supernatant was centrifuged again for 162 

15 minutes at 4.400 rpm. The supernatant was wasted and the solid precipitated was dried 163 

under high vacuum overnight [17]. The yield of the white bean protein extract was 164 

2.61g/100g and 2.57g/100g of dried bean for Tondino del Tavo (TT) and Cannellino Bio 165 

(CB) respectively.   166 

2.3.2. Free phenolic compounds fraction 167 

Free phenols extraction was performed following the method developed by Telles et 168 

al., five gram of lyophilized material was put into a reaction flask with 17 mL of methanol 169 

and stirred for 1 hour [18]. The mixture was rested for 15 minutes, and the solvent re- 170 

moved. 17 mL of methanol was added to the powder and the mixture was stirred again 171 

for 90 minutes. This procedure was repeated twice. The tree solutions of methanol were 172 

gathered, put into 4 vials of 6 mL each and centrifuged for 5 minutes at 4.400 rpm. The 173 

supernatant was put into 4 vials of 6 mL each, then a solution of ZnSO4 0.1M (2.1 mL) and 174 

Ba(OH)2 solution 0.1M (2.1 mL) were added for clarification. The mixtures obtained were 175 

rested for 30 minutes, centrifuged for 5 minutes at 4.400 rpm. This procedure was repeated 176 

twice, after clarification the supernatants were put together into a reaction flask and the 177 

solvent was removed by rotavapor. The yield was 1.36 g/100 g and 1.12 g/ 100g of dried 178 

bean for Tondino del Tavo (TT) and Cannellino Bio (CB) respectively.   179 

2.3.3. Conjugated phenolic compounds fraction 180 

Ten gram 10 g of lyophilized material was weighted and put into a reaction flask 181 

with 33.3 mL of ethanol (10 mL/3g lyophilized material) and stirred for 10 minutes. The 182 

solid was filtered on Buckner funnel and extracted with 33.3 mL of ethanol and stirred for 183 

10 minutes. The supernatant was centrifuged for 10 minutes at 4.400 rpm in 7 vials of 6 184 

mL each. Finally, the supernatant was put into a reaction flask and the solvent was evap- 185 

orated with rotavapor. The yield was 2.14 g/100 g and 2.08 g/ 100g of dried bean for Ton- 186 

dino del Tavo (TT) and Cannellino Bio (CB) respectively.   187 

2.3.4. Bound phenolic compounds fraction 188 
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Half of the conjugated phenolic compounds fraction (paragraph 2.3.3.) was added to 189 

16.6 mL of n-hexane (10 mL/3g of product) and stirred in a reaction flask for 10 minutes. 190 

The obtained supernatant was put into 4 vials and centrifuged for 35 minutes at 4.400 rpm. 191 

The supernatant was wasted and the precipitate was dried into high vacuum. The solid 192 

was put into a reaction flask with 70 mL of NaOH 4M and stirred for 3 hours. Then the 193 

solution was acidified at pH 1.0 with HCl 6M, centrifuged and put into separation funnel. 194 

The solution was extract two times with ethyl acetate, put into a flask and dried with dry 195 

sodium sulphate for 15 minutes. The solvent was removed in rotavapor until to obtain a 196 

white solid. The yield of the white bean extract was 1.16 g/100 g and 1.05 g/ 100g of dried 197 

bean for Tondino del Tavo (TT) and Cannellino Bio (CB) respectively.   198 

2.4 Decoction extracts preparation 199 

Around 1 gram of Cannellino Bio and Tondino del Tavo species were powdered with 200 

a blender and freeze-dried. 500 mg of Cannellino Bio and Tondino del Tavo were sus- 201 

pended in 70% ethanol/water solution (20 mL) and boiled for 5 min. The powder was 202 

filtered and freeze-dried again. The prepared extracts were obtained with 18% and 20% 203 

yields respectively. 204 

2.4 HPLC-PDA analysis 205 

The HPLC-PDA procedure as reported in literature, was performed on a model 600 206 

solvent pump coupled with 2996 PDA detector (Waters Spa, Milford, MA, USA) [19]. A 207 

C18 reversed-phase column (Prodigy ODS-3, 4.6 × 150 mm, 5 µm; Phenomenex, Torrance, 208 

CA, USA) thermostated at 30 ± 1°C using a Jetstream2 Plus column oven, was used for the 209 

separation. The UV/Vis acquisition wavelength was set in the range of 200–500 nm. The 210 

quantitative analyses were achieved at maximum wavelength for each compound, in par- 211 

ticular 271 nm, 278 nm, 324 nm, 256 nm, 260 nm, 278 nm, 274 nm, 275 nm, 278 nm, 310 212 

nm, 256 nm, 324 nm, 315 nm, 285 nm, 299 nm, 275 nm, 276 nm, 367 nm, 280 nm, 276 nm, 213 

290 nm, 275 nm for gallic acid, catechin, chlorogenic acid, 4-hydroxybenzoic acid, vanillic 214 

acid, epicatechin, syringic acid, 3-hydroxybenzoic acid, 3-hydroxy-4-methoxybenzalde- 215 

hyde, p-coumaric acid, rutin, sinapinic acid, t-ferulic acid, naringin, 2,3-dimethoxybenzoic 216 

acid, benzoic acid, o-coumaric acid, quercetin, harpagoside, t-cinnamic acid, naringenin, 217 

and carvacrol, respectively. The injection volume was 20 μL. The mobile phases were di- 218 

rectly on-line degassed by using Biotech DEGASi, mod. Compact (LabService, Anzola 219 

dell’Emilia, Italy). The mobile phases consist of solution A (3% solution of acetic acid in 220 

water) and solution B (3% solution of acetic acid in acetonitrile) in a ratio 93:7 (v:v) and the 221 

gradient mode was applied (93-2 % eluent A in 45 min). The flow rate was set at 1 mL/min 222 

throughout the analysis. Empower v.2 Software (Waters Spa, Milford, MA, USA) was 223 

used to collect and analyse the raw data obtained after the sample suspension (accurately 224 

weighted) in the mobile phase, sonicated, centrifuged at 12000 rpm, and directly injected 225 

(20 µL) into HPLC-PDA system.  226 

2.5 Total phenolic and flavonoid content 227 

The total concentrations of phenols and flavonoids were determined using previ- 228 

ously described methods [20]. Total phenolic content was expressed as mg gallic acid 229 

equivalents (GAE)/g dry extract, while total flavonoids were expressed as mg rutin equiv- 230 

alents (RE)/g dry extract. The assays were performed in triplicate, and ANOVA (Tukey's 231 

test) was used to determine the differences in the extracts. 232 

2.6 Antioxidant and enzyme inhibitory assays 233 

The antioxidant activity of the extracts was determined using a variety of assays: 1,1- 234 

diphenyl-2-picrylhydrazyl (DPPH) and 2,2′-azino-bis(3-ethylbenzothiazoline)-6-sulfonic 235 

acid (ABTS) radical scavenging capacity (CUPRAC), ferric ion reducing antioxidant 236 

power (FRAP), metal chelating ability (MCA), and phosphomolybdenum assay (PBD 237 

PDA) [21]. The data for the DPPH, ABTS, CUPRAC, and FRAP assays were expressed in 238 

mg Trolox equivalents (TE)/g extract, whereas the data for MCA and PDA were expressed 239 
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in mg EDTA equivalents (EDTAE)/g extract and mmol TE/g extract, respectively. In cho- 240 

linesterase assays, galanthamine was used as a positive control, and data were expressed 241 

as mg galanthamine equivalents (GALAE)/g extract. In the tyrosinase inhibitory assay, 242 

kojic acid was used as a standard inhibitor, and the results were expressed as mg kojic 243 

acid equivalents (KAE)/g extract [22]. In the anti-diabetic assays, acarbose was chosen as 244 

an inhibitor of both amylase and glucosidase, and the results are expressed as mmol acar- 245 

bose equivalents (ACAE)/g extract. AChE and BChE are acetylcholinesterase and butyr- 246 

ylcholinesterase enzymes respectively. The assays were performed in triplicate, ANOVA 247 

(Tukey's test) was used to determine the differences in the extracts. 248 

2.7 Data analysis 249 

The assays were performed in triplicate, ANOVA (Tukey's test) was used to deter- 250 

mine the differences in the extracts. The relationship between biological activity assays 251 

and total bioactive components was demonstrated using Pearson correlation analysis. The 252 

analysis was carried out utilizing Graph Pad Prism (version 9.2). For in vivo assay Statis- 253 

tical analysis was performed by using two-way ANOVA followed by Dunnett’s multiple 254 

comparisons test. 255 

2.8 Zymosan induced edema formation 256 

Male CD-1 mice (Harlan, Italy) of 3-4 weeks (25 g) were used for all the experiments. 257 

Mice were housed in colony cages, under standard conditions of light, temperature, and 258 

relative humidity for at least 1 week before starting experimental sessions. All experi- 259 

ments were performed according to Legislative Decree 27/92 and approved by the local 260 

ethics committee (Approval number 198/2013-B). Mice received a subcutaneous (s.c.) ad- 261 

ministration (20 μL/paw) of zymosan A (2.5% w/v in saline) into the dorsal surface of the 262 

right hind paw. Paw volume was measured 3 times before the injections and at 1, 2, 3, 4, 263 

and 24 h thereafter using a hydroplethysmometer apparatus (UgoBasile, Italy). The in- 264 

crease in paw volume was then evaluated as the percentage difference between the paw 265 

volume at each time point and the basal paw volume [23]. Cannellino Bio and Tondino 266 

del Tavo decoction extracts were dissolved in DMSO:saline (ratio 1:3 v/v) and were ad- 267 

ministered s.c. into the dorsal surface of the right hind paw at the dose of 100 μg/20 μL 268 

paw 15 min before or 150 min after zymosan. Statistical analysis was performed by using 269 

two-way ANOVA followed by Dunnett’s multiple comparisons test. 270 

3. Results and discussion 271 

To evaluate the phenolic content of the different Phaseolus vulgaris extracts HPLC- 272 

PDA analysis was used, and small content of phenolic substances were found in each type 273 

of extract as reported in Table 1. The major phenolic content of these secondary metabo- 274 

lites was found in n-hexane extract of Tondino del Tavo (#4TT), in which 3-hydroxyben- 275 

zoic acid (0.79 µg/mL) and p-coumaric acid (0.30 µg/mg) were detected found. The other 276 

metabolites were found in low concentration (below limit of quantification). Similar re- 277 

sults were obtained for Cannellino Bio, in which the major phenolic content was also 278 

measured found in #4CB, in which and 3-hydroxybenzoic (1.1 µg/mg) was the most abun- 279 

dant (#4CB). Quantities below the quantification limit of p-OH benzoic acid, sinapinic acid 280 

and t-ferulic acid, were found in #4TT. The quantities of p-coumaric acid and sinapinic 281 

acid in #2CB/TT and #3CB/TT were also found to be below the quantification limits. The 282 

low concentration of t-ferulic acid and sinapinic acid was also reported in other studies 283 

based on a comparative analysis among diverse Phaseolus species [24].   284 

Table 1. Quantitative analysis (μg/mg) of the Phaseolus Vulgaris extracts. 285 

Sample ID p-OH benzoic acid 3-hydroxybenzoic acid p-coumaric acid Sinapinic acid t-ferulic acid 

#1TT      

#2TT   BLQ BLQ  

#3TT   BLQ BLQ  
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#4TT BLQ 0.79±0.08 0.30±0.02 BLQ BLQ 

#1CB      

#2CB    BLQ  

#3CB      

#4CB BLQ 1.1±0.1 BLQ BLQ BLQ 

Values are reported as media ± standard deviation of three parallel experiment; BLQ: below limit 286 
of quantification; TT: Tondino del Tavo; CB: Cannellino. 287 

 288 

Diverse factors influence the TPC, TFC and composition of common beans, for exam- 289 

ple the environmental conditions, genotype, storage, and processing methods. Several 290 

works stressed the major influence of genotype over location in the determination of the 291 

TPC of common beans [25]. Compared to TPC, there are fewer reports about the effect of 292 

germination on the TFC of common beans; Xue et al. reported that the TFC of black beans 293 

increased after a prolonged germination time, reaching the highest value on the 5th day 294 

[26]. Bioactive compounds such as gallic aldehyde, protocatechuic acid, protocatechuic 295 

aldehyde, p-hydroxybenzoic acid, p-hydroxybenzoic aldehyde, trans-feruloyl aldaric acid 296 

and sinapoyl aldaric acid were found in the insoluble fractions of Phaseolus vulgaris L., 297 

while no hydroxy-benzoic compounds were identified in the insoluble fraction of the ger- 298 

minated beans [27]. Furthermore extraction techniques have a key role in the recovery of 299 

polyphenols. In this context, several matrices have been used such as raw beans, seed 300 

coats, cotyledons, germinated and fermented common beans. Actually there is a lack of 301 

data about the optimal extraction condition of common bean polyphenols. On the other 302 

hand, extraction solvent is crucial to reach a high efficiency polyphenol extraction; Meth- 303 

anol/water/acid systems are most commonly used for phenolic acids, however these are 304 

not suitable to gain soluble phenolic fraction [28]. In order to obtain polyphenol-rich ex- 305 

tracts, can be purified to remove impurities by diverse types of adsorbents [29].  306 

The Folin-Ciocalteu test did not show a significative total phenolic content in both varie- 307 

ties of Phaseolus vulgaris according to HPLC analysis. The major total phenolic content was 308 

found in #4CB (25.42 mg of GAE/g) and #4TT (11.59 mg GAE/g) (Table 2). 309 

Table 2. Phenolic content of the tested samples. 310 

SAMPLES TPC (mg GAE/g) TFC (mg RE/g) DPPH (mg TE/g) ABTS (mg TE/g) 

#1TT 6.63±0.11c 0.02±0.01e na 0.76±0.03e 

#2TT 3.46±0.06d 1.68±0.01a na na 

#3TT 10.86±0.11b 0.06±0.02cde na 0.71±0.01e 

#4TT 11.59±0.31b 0.07±0.02cd 1.04±0.02b 16.11±0.07b 

#1CB 7.22±0.02c 0.61±0.02b na 2.90±0.22c 

#2CB 3.32±0.02d 0.08±0.01c na na 

#3CB 11.84±0.03b 0.02±0.01de na 1.30±0.02d 

#4CB 25.42±1.23a 0.61±0.03b 6.65±0.11a 55.96±0.01a 

Values are reported as media ±DS of three parallel experiment. TPC: Total Phenolic Content; TFC: 311 
Total Flavonoid content; GAE: Gallic Acid Equivalent; RE: Rutin Equivalent; TE: Troxol Equivalent. 312 
na: not active. Different superscripts (a-e) in same column indicate significant differences in the 313 
samples (by ANOVA (Tukey's test), p<0.05) 314 

 315 

In vitro antioxidant activity was evaluated with DPPH and ABTS assays, while re- 316 

ducing power with CUPRAC and FRAP tests. The best antioxidant activity was found in 317 

#4CB (55.96 mg TE/g in ABTS), which is active on DPPH (6.65 mg TE/g) as well as #4TT 318 

(ABTS: 16.11 mg TE/g). These extracts reported the best reductive activity in CUPRAC 319 

(64.69 mg TE/g for CB and 37.05 mg TE/g for TT). Similar results were obtained in FRAP 320 

(#4CB: 42.94 mg TE/g,#4TT: 21.01 mg TE/g) (Table 3). 321 
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Table 3. Antioxidant activity of the tested samples. 322 

SAMPLES CUPRAC 

(mg TE/g) 

FRAP  

(mg TE/g) 

Chelating activity 

(mg EDTAE/g) 

PBD  

(mg TE/g) 

#1TT 19.97±0.57f 6.17±0.07e 16.24±0.07a 0.26±0.02d 

#2TT 15.14±0.13g 7.40±0.28d 3.34±0.87cd 0.56±0.09c 

#3TT 30.43±0.13c 6.96±0.03de 7.64±0.21b 1.13±0.05b 

#4TT 37.05±0.92b 21.01±0.71b 15.68±2.31a 1.18±0.05b 

#1CB 24.14±1.53e 6.78±0.02de 16.51±0.06a 0.12±0.01e 

#2CB 16.95±0.67g 9.48±0.69c 2.65±0.52d 0.59±0.03c 

#3CB 27.48±0.35d 6.83±0.12de 1.81±0.10d 1.10±0.02b 

#4CB 64.69±0.55a 42.94±0.03a 5.63±0.10bc 1.55±0.01a 

Values are reported as media ±DS of three parallel experiment. TE: Troxol Equivalent; EDTAE: 323 
EDTA Equivalent. Different superscripts (a-f) in same column indicate significant differences in the 324 
samples (by ANOVA (Tukey's test), p<0.05) 325 

 326 

These results are directly linked to the major phenolic concentration obtained 327 

through the extraction procedure applied (paragraph 2.1.). In the present work, the total 328 

phenolic and flavonoid contents in the tested extracts were examined by colorimetric 329 

methods. The highest level of total phenolic was determined in the bound phenolic extract 330 

of Cannellino Bio (#4CB: 25.42 mg GAE/g), followed by conjugated phenolic extract of 331 

Cannellino Bio (#3CB: 11.84 mg GAE/g) and bound phenolic extract of Tondino del Tavo 332 

(#4TT: 11.59 mg GAE/g). However, #2TT contained the highest level of total flavonoids 333 

(1.68 mg RE/g). Generally, the tested extracts exhibit low levels of flavonoids (<1 mg RE/g), 334 

actually different levels of total phenolic and flavonoids in Phaseolus vulgaris samples were 335 

observed in literature [30-33]. In a recent paper by Rossi et al., the effects of germinating 336 

time and gastrointestinal digestion on chemical composition and biological activities of 337 

two common Phaseolus vulgaris cultivars were analysed, revealing a strong correlation be- 338 

tween their phenolic contents and the soils composition [34]. Looking at the radical scav- 339 

enging and reducing power data, the bound extracts of both varieties were the most ac- 340 

tive; this could be explained by the higher amounts of total phenolic content in respect to 341 

the other fractions.  342 

In the phosphomolybdenum assay, the activity of analysed samples can be ranked as 343 

follow: #4CB (1.55 mmol TE/g) > #4TT (1.18 mmol TE/g) > #3TT (1.13 mmol TE/g) > #3CB 344 

(1.10 mmol TE/g) > #2CB (0.59 mmol TE/g) > #2TT (0.56 mmol TE/g) > #1TT (0.26 mmol 345 

TE/g) > #1CB (0.12 mmol TE/g). This behaviour was almost the same for CUPRAC and 346 

FRAP assays. Otherwise other antioxidant assays, the best metal chelating abilities were 347 

recorded for #1CB (16.51 mg EDTAE/g) and #1TT (16.24 mg EDTAE/g). Several research- 348 

ers reported metal chelating abilities for some peptides and the antioxidant properties of 349 

Phaseolus vulgaris extracts [35,36]; in a recent paper by Rossi et al., the effects of germinat- 350 

ing time and gastrointestinal digestion on chemical composition and biological activities 351 

of two common Phaseolus vulgaris cultivars were analysed [28]. Furthermore Hernandez- 352 

Guerrero et al. studied the correlation between secondary metabolites identified through 353 

NMR technique and the biological activities of Phaseolus vulgaris cultivars [37]. Bento et al. 354 

also reported the effects of cooking method on metabolomics and biological properties of 355 

some Phaseolus vulgaris cultivars, further supporting the importance of this cultivar in hu- 356 

man diet, deserving functional applications in nutraceutical field [30]. Generally colored 357 

bean cultivars exhibit superior antioxidant activity compared to white common beans 358 

[38]. The extracts were also tested for their inhibitory activity against cholinesterases, am- 359 

ylase, glucosidase and tyrosinase (Table 4).  360 
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Table 4. Enzymatic inhibition of the tested samples. 361 

SAMPLES AChE  

(mg GALAE/g) 

BChE  

(mg GALAE/g) 

Tyrosinase  

(mg KAE/g) 

Amylase  

(mg TE/g) 

Glucosidase 

(mmol ACAE/g) 

#1TT 0.02±0.01d 4.30±0.01a 15.07±0.57d 0.05±0.01e na 

#2TT 2.57±0.03a 3.96±0.18bc 57.94±0.23c 0.30±0.02d 1.11±0.04a 

#3TT na 3.85±0.01c 62.02±0.20b 0.39±0.02bc 1.15±0.01a 

#4TT 2.18±0.03b na 66.44±0.14a 0.43±0.01b 1.15±0.01a 

#1CB na 0.61±0.07e 15.73±1.15d 0.05±0.00e na 

#2CB 2.51±0.07a 4.07±0.08b 60.93±0.40b 0.30±0.01d 1.14±0.02a 

#3CB 2.57±0.04a 3.76±0.04cd 65.45±0.49a 0.38±0.02c 1.11±0.01a 

#4CB 1.90±0.02c 3.57±0.01d 61.36±0.67b 0.57±0.03a na 

Values are reported as media ±DS of three parallel experiment. GALAE: Galatamin equivalent; KAE: 362 
Kojic acid equivalent; ACAE: Acarbose equivalent. AChE: acetylcholinesterase; BChE: butyrylcho- 363 
linesterase; na: not active. Different superscripts (a-e) in same column indicate significant differ- 364 
ences in the samples (by ANOVA (Tukey's test), p<0.05) 365 

 366 

In AChE inhibition, the most active extracts were #3CB and #2TT, while #3TT and 367 

#1TT were not active on AChE. Regarding BChE inhibitory assay, the best action was ob- 368 

served in #1TT (4.30 mg GALAE/g). Tyrosinase is a key enzyme in the synthesis of mela- 369 

nin; it plays a vital role in the progression of hyperpigmentation problems [39]. All ex- 370 

tracts exhibited inhibitory effects on tyrosinase and the most active one was #4TT (66.44 371 

mg KAE/g). Amylase and glucosidase are considered as antidiabetic enzymes and their 372 

inhibition is an important mechanism to control blood glucose in the diabetic patients [40]. 373 

In amylase inhibition, the bound phenolic extracts displayed the strongest inhibitory ef- 374 

fects (#4CB: 0.57 mmol ACAE/g; #4TT: 0.43 mmol ACAE/g), #1CB and #4CB were not ac- 375 

tive on glucosidase. These data are partially in line with recent literature devoted to the 376 

study of Phaseolus vulgaris extracts. For example Schisano et al. reported the amylase in- 377 

hibitory effects of Controne ecotype of Phaseolus vulgaris, for which the inhibition was 378 

found to be 70% [41]. Furthermore Micheli et al. investigated the amylase inhibition ability 379 

of Phaseolus vulgaris in mice, highlighting its their and the samples exhibited significant 380 

activity to alleviate diabetic symptoms [2]. Fonseca-Hernández et al. investigated tyrosi- 381 

nase inhibitory effects of black bean polyphenol extracts. The purified extracts (IC50: 382 

0.143-0.147 mg/mL) displayed stronger inhibitory activity effects than crude extracts 383 

(IC50: 2.59-9.92 mg/mL) [42]. In order to complete our panel of biological activity screen- 384 

ing, in vivo zymosan induced edema formation was applied for decoction extracts of Can- 385 

nellino Bio and Tondino del Tavo, with the aim to highlight a possible anti-inflammatory 386 

activity (Figure 2). Cannellino Bio and Tondino del Tavo reduced edema formation when 387 

administered 15 min before or 150 min after zymosan, but these effects did not reach sta- 388 

tistical significance.  389 

 390 
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 392 

Figure 3. Effects induced by Cannellino Bio (C) and Tondino del Tavo (T) decoction 393 

extracts administered s.c. into the mice hind paw at the dose of 100 μg/20 μL paw, 15 min 394 

before (A) or 150 min after (B) zymosan (2.5% w/v in saline, 20 μL/paw) administration in 395 

the same paw. Statistical analysis was performed by using two-way ANOVA followed by 396 

Dunnett’s multiple comparisons test. C and T induced a reduction in zymosan-induced 397 

edema, but this effect did not reach statistical significance, both in A and B. N=7. 398 

 399 

In order to obtain new insights between the total bioactive components and the anti- 400 

oxidant and enzyme-inhibiting effects of the tested extracts, we performed a correlation 401 

analysis. The results are shown in Figure 3. In fact, the antioxidant properties correlate 402 

strongly with the total phenolic levels of the tested extracts, with the exception of metal 403 

chelating ability. In particular, the correlation values for free radical scavenger and reduc- 404 

ing power assays were higher than 0.8. The results clearly showed that the phenolic com- 405 

pounds were the main contributors to the antioxidant properties of the tested extracts. 406 

Consistent with our findings, many researchers have reported that phenolics in the plant 407 

extracts are the key players in antioxidant properties [43,44]. The conflicting results in 408 

terms of metal chelating ability can be explained by the presence of non-phenolic chelating 409 

agents such as polysaccharides or peptides [35]. However, the correlation values of en- 410 

zyme inhibition assays differed from antioxidant assays. Among the assays, only the am- 411 

ylase inhibition assay showed moderate correlation with total phenol content (R > 0.6). 412 

Other enzymes were almost weakly linked with total phenolic content. At this point, the 413 

observed ability to inhibit enzymes could be related to the non-phenolic enzyme inhibi- 414 

tors such as alkaloids or terpenoids [44,45]. However, we suggested that the individual 415 

components could be isolated through further analysis techniques and then their enzyme 416 

inhibitory effects could be better evaluated in future studies. 417 
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Figure 2. Pearson correlation values between biological activity assays (p<0.05). TPC: Total phenolic 420 
content; TFC: Total flavonoid content; ABTS: 2,2’-azino-bis(3-ethylbenzothiazoline)-6-sulphonic 421 
acid; DPPH: 1,1-diphenyl-2-picrylhydrazyl; CUPRAC: Cupric reducing antioxidant capacity; FRAP: 422 
Ferric reducing antioxidant power; AChE: acetylcholinesterase; BChE: butyrylcholinesterase; MCA: 423 
Metal chelating ability; PBD: Phosphomolybdenum. 424 

Findings by Cardador-Martinez et al. demonstrated the potent antimutagenic activity and 425 

antioxidant properties of diverse fractions of Phaseolus vulgaris obtained using different 426 

extraction’s solvents, further supporting our hypothesis [46]. Nonetheless our study 427 

demonstrates the feasibility of producing fractions of bean with considerable level of phe- 428 

nolic antioxidants by means of this methodology, which could be potentially applied to 429 

the extraction of protein-rich legume such as soybeans, lentils, split peas and Graminacee 430 

derived natural products such as barley and grain. Overall these results could be partially 431 

explained by the extraction process applied; changing the solvents used to treat the ly- 432 

ophilized samples could represent a useful strategy to improve the extraction yield and at 433 

the same time, to obtain fractions rich in bioactive compounds such as flavonoids.  434 

3. Conclusions 435 

In this short communication an easy and straightforward extraction procedure has 436 

been assessed and applied to the separation of different fractions of two Italian varieties 437 

of Phaseolus vulgaris, e.g. Tondino del Tavo and Cannellino, which were analysed by quan- 438 

titative HPLC-PDA to determine their phenolic fingerprint. Results show a considerable 439 

total phenolic content for both varieties and a growing antioxidant activity related to the 440 

major phenolic content of each extract. On the other hand a low enzymatic inhibition pro- 441 

file against AChE, BChE and glucosidase enzyme was also detected for all of them, with 442 

the exception of the activity found against tyrosinase enzyme. Despite these are prelimi- 443 

nary data, we are confident in further development of this work starting from the enrolled 444 

extraction procedure, which can be employed to determine the protein content and com- 445 

plete phenolic profile for each of them in the next future.  446 
 447 
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