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Introduction

Phenolic compounds act 
as essential metabolites for 
plant growth and reproduc­
tion, and as protecting agents 
against pathogens. In addi­
tion, they are related to the 
sensorial properties of food of 
vegetal origin, mainly regard­
ing color.

These compounds constitute 
a large group of about 8000 
compounds with varied struc­
tures and chemical properties 
(Robbins, 2003). In general, 
they are substances containing 
one or more aromatic rings 
with one or more hydroxyl 
groups and can be classified 
in three main categories: sim­
ple phenols, which include 
phenolic acids, polyphenols 
constituted by flavonoids and 
tannins; and a miscellaneous 
group that comprises com­
pounds such as coumarins, 
stilbenes and lignans. Phenolic 
acids, flavonoids, stilbenes and 
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lignans are the most abundant 
phenolic compounds in plants 
(Vermerris and Nicholson, 
2006).

These compounds can be 
found in a free state, conju­
gated with sugars or esters, 
or polymerized. They are not 
evenly distributed in tissues or 
cells, and can be associated to 
components of the cell wall 
such as polysaccharides and 
proteins. In addition, their sta­
bility under thermal and oxi­
dative damage is very variable 
(Nackz and Shahidi, 2004).

An appropriate analysis of 
phenolic compounds depends 
on multiple factors, such as 
their chemical nature, sam­
ple particle size, storage time 
and conditions, extraction and 
quantification methods, choice 
of standards, and presence 
of interferences (Shahidi and 
Nackz, 2004). Thus, it is nec­
essary to adjust sample prepa­
ration procedures to achieve 
the best possible estimates of 

phenolic compounds content 
in different foods.

Currently, there is a grow­
ing interest in the study of 
foodstuffs as a source of phe­
nolic compounds, and many 
in vivo and in vitro assays 
have shown that those present 
in fruits, vegetables and le­
gumes can reduce the risk of 
chronic illnesses such as can­
cer, and heart and neurode­
generative diseases (Anderson 
et al., 1984; Geil and Ander­
son, 1994; Auger et al., 2004; 
Iriti and Faoro, 2006; Kumar 
and Surh, 2008; Parkar et al., 
2008).

Phaseolus vulgaris is one of 
the most consumed legumes 
on a global scale, and in ad­
dition to being an important 
source of proteins and of 
complex carbohydrates, it can 
be considered as a functional 
foodstuff due to its content of 
soluble fibre and of phenolic 
compounds, with their corre­
sponding antioxidant activity 
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(Aparicio­Fernández et al., 
2005; Granito et al., 2007).

There is wide variation in 
the phenolic contents report­
ed for P. vulgaris (Heimler et 
al., 2005; Espinosa­Alonso et 
al., 2006; Anton et al., 2007; 
Granito et al., 2007; Ranilla et 
al., 2007; Boateng et al., 2008), 
which is due on the one hand 
to differences inherent to the 
analyzed variety and the condi­
tions of cultivation and storage, 
and on the other hand to the 
different extraction and quanti­
fication procedures used.

Luthria (2006) states that the 
preparation of the sample in the 
analysis of phenolic compounds 
is often underestimated and 
considers it as “a means to an 
end” and, despite the great ad­
vances in chromatographic and 
spectroscopic instrumentation 
for the separation and identifi­
cation of phenolic compounds, 
sample preparation has received 
little attention. In this respect, 
this author recommends a four­
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SUMMARY

In order to study the effects of the type of solvent and ex-
traction technique on the quantification of the total phenolic 
compounds in samples of Phaseolus vulgaris, four techniques of 
methanol extraction (plate stirring, wrist-action shaking, sonica-
tion and homogenization-sonication) and two procedures of se-
quential extraction, were evaluated. With the various techniques 
of methanol extraction, significantly different results were ob-
tained. The highest content of total phenolic compounds was ob-
tained with plate stirring. Comparing the six tested procedures, 

the highest concentrations of total phenolic compounds were 
obtained with the sequential extraction in water-NaOH 0.2N-
methanol. The results showed that the extraction of phenolic 
compounds of P. vulgaris depends to a large extent on the ana-
lytic technique and that the type of solvent used, and the metha-
nol extraction-alkaline hydrolysis-ethylacetate extraction is the 
method that enables the best quantification. Thus, its use can be 
recommended for analytical purposes.
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step scheme for the analysis 
of this type of compounds: i) 
assess the existence of multiple 
forms of the analytes of inter­
est, ii) select the most efficient 
extraction technique, iii) evalu­
ate the extraction with several 
solvents or solvent mixtures and 
iv) optimise the extraction con­
ditions (i.e. temperature, number 
of cycles, sample particle size 
and sample:solvent ratio).

In this study, six procedures 
for the extraction of the total 
phenolic compounds of a black 
variety of Phaseolus vulgaris 
were compared using the Folin­
Ciocalteu reagent for quantifi­
cation. In addition, in one of 
the procedures used, the effect 
of the extraction time was as­
sessed.

Materials and Methods

Samples

A two­month post­harvest 
black variety of Phaseolus vul-

garis L. was used. Whole grains 
were ground and the flour was 
passed through a 20mesh sieve. 
The ground sample was stored 
frozen in glass containers 
wrapped with aluminum foil.

Extraction procedures

Six procedures for the ex­
traction of total phenolic com­
pounds were used. In the first 
four, only one solvent, metha­
nol­water 80:20 v/v acidified 
with 0.1% HCl was used, and 
different extraction techniques 
were used. The two remain­
ing procedures consisted of 
sequential extractions with 
different solvents. The extrac­
tion techniques were:

Plate stirring. A sample (1g) 
was suspended in 25ml meth­
anol­water 80:20 v/v acidified 
with 0.1% HCl, and stirred 
on a plate (Corning, model 
PC 420, USA) for 2h at room 
temperature. Later, the mix­
ture was centrifuged at 1800g 

for 15min, the methanol was 
decanted and the residue was 
re­extracted with 25ml of 
fresh methanol. It was centri­
fuged again and the extracts 
were combined.

Wrist-action shaking. A 
sample (1g) was suspended 
in 25ml of methanol­water 
80:20 v/v acidified with 0.1% 
HCl and shaken for 2h in a 
wrist­action shaker (Burrel, 
USA) at maximum speed. 
Subsequently, the same pro­
cedure described above was 
followed.

Sonication. 1 g of sample was 
suspended in 25ml of metha­
nol­water 80:20 v/v acidified 
with 0.1% HCl and sonicated 
(Bransonic, Branson 2510, 
USA) for 15min at room tem­
perature. Subsequently, the 
same procedure described in 
2.2.1 was followed.

Homogenisation-sonication. 
A sample (1g) was suspended 
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RESUMO

Se estudió el efecto del tipo de solvente y de la técnica de 
extracción sobre la cuantificación de los compuestos fenólicos 
totales de una muestra de Phaseolus vulgaris. Para ello se eva-
luaron cuatro técnicas de extracción en metanol (agitación en 
plancha, agitador de muñeca, sonicación y homogenización-
sonicación) y dos procedimientos de extracción secuencial. Con 
las técnicas de extracción metanólica se obtuvieron resultados 
significativamente diferentes, y el mayor contenido de compues-
tos fenólicos totales se obtuvo con la agitación en plancha. Al 

Estudou-se o efeito do tipo de solvente e da técnica de ex-
tração sobre a quantificação dos compostos fenólicos totais de 
uma amostra de Phaseolus vulgaris. Para isto foram avaliadas 
quatro técnicas de extração em metanol (agitação mecânica, 
agitador manual, sonicação e homogeneização-sonicação) e 
dois procedimentos de extração sequencial. Com as técnicas 
de extração metanólica obteve-se resultados significativamente 
diferentes, e o maior conteúdo de compostos fenólicos totais se 
obteve com a agitação mecânica. Ao comparar os seis proce-

comparar los seis procedimientos ensayados, las concentracio-
nes de compuestos fenólicos totales más elevadas se obtuvieron 
con la extracción secuencial en agua-NaOH 0,2N-metanol. Los 
resultados mostraron que la extracción de los compuestos fe-
nólicos de P. vulgaris depende en buena medida de la técnica 
analítica y del tipo de solvente utilizado, y que la extracción 
metanólica-hidrólisis alcalina-extracción con acetato de etilo es 
el método que permite una mejor cuantificación, por lo que se 
puede recomendar su uso para propósitos analíticos.

dimentos ensaiados, as concentrações de compostos fenólicos 
totais mais elevadas foram obtidas com a extração sequencial 
em água-NaOH 0,2N-metanol. Os resultados mostraram que a 
extração dos compostos fenólicos de P. vulgaris depende prin-
cipalmente da técnica analítica e do tipo de solvente utilizado, 
e que a extração metanólica-hidrólise alcalina-extração com 
acetato de etilo é o método que permite uma melhor quantifi-
cação, por tanto pode ser recomendado seu uso para propósi-
tos analíticos.

in 25ml of methanol­water 
80:20 v/v acidified with 0.1% 
HCl and homogenised for 60s 
at 15rpm with an homogenizer 
(Kinematica, Polytron 3100, 
USA) and later sonicated for 
15min. at room temperature. 
Subsequently, the same pro­
cedure described above was 
followed.

Sequential extractions with 
water, NaOH 0,2N and 
methanol 50%. According to 
the method of Singleton and 
Rossi (1965) modified, 2g of 
sample were extracted with 
100ml of N2 saturated water, 
plate stirred and centrifuged. 
In this step, three extraction 
times were tested: 1, 14 and 
20h. To the residue, 50ml 
of NaOH 0.2N were added, 
plate­stirred for 30min and 
centrifuged. Again, to this 
residue, 50ml of 50% metha­
nol were added, it was plate­
stirred for 30min and cen­
trifuged. This last step was 
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repeated once more, and 
then the supernatants 
were combined.

All centr ifugations 
were per formed at 
1800g for 15min, and 
the supernatants were 
set aside for the quan­
tification of the total 
phenolic compounds.

Methanol extract ion 
followed by alkaline 
hydrolysis and extrac-
t ion with ethylac-
etate.  This was per­
formed according to 
the method of Luthria 
and Pastor­Cor ra les 
(2006) modified. The 
methanol ext ract ion 
descr ibed above was 
per formed, and the 
resulting residue was 
hydrolysed with 25ml 
of NaOH 2N, stirring 
on a plate for 1h. The 
reaction mixture was 
then acidified with 7ml 
HCl 7.2N. The pheno­
lic compounds released 
were extracted with 
ethylacetate (2×32ml). 
The organic layers 
were combined and 
evaporated at 45°C un­
der vacuum. The resi­
due was dissolved in 
25ml methanol­water 
80 :20 v/v with 0.1% 
HCl.

Quantification 
method

Gallic and tannic 
acids were used as 
standards for the quan­
tification. The cali­
bration curves had a 
concentration ranging 
0.01­0.6mg·ml­1 and the 
results were expressed 
as mg GAE (gallic 
acid equivalent)/100g 
of sample and as mg 
TAE (tannic acid 
equivalent)/100g of 
sample. The quantifica­
tion of the total phe­
nolic compounds was 
based on the Folin­Cio­
calteu reaction, according to 
the method of Singleton and 
Rossi (1965), measuring the 
absorbance at 765nm.

Statistical analysis

All the extractions were 
made in triplicate. A one­way 

variance analysis 
was applied with 
the Statgraphics 
Plus 4.0 software 
to determine sig­
nificant differences 
(α=0.05) among the 
levels of the vari­
ables studied. For 
comparison of the 
means, Duncan’s 
multiple range test 
(α = 0.05) was ap­
plied.

Results and 
Discussion

In Figure 1, the 
content of the total 
phenolic compounds 
obtained with each 
of the methanol ex­
traction techniques 
tested, which var­
ied from 428 to 
501mg GAE/100g 
or from 470 to 
555mgTAE /100g, 
is shown. The ex­
traction with plate 
stirring for 2h pro­
duced the highest 
content of phenolic 
compounds, with no 
significant differenc­
es found (p≤0.05) 
between the soni­
cation and the ho­
mogenisation­son­
ication techniques. 
From this result it 
can be inferred that 

homogenisation 
with the ho­
mogenizer does 
not increase the 
extraction of 
phenolic com­
pounds. These 
results are con­
venient from a 
practical point 
of view, since 
plate stirr ing 
is the sim­
plest technique 
among the ones 
tested.

Luthria and 
Mukhopadhyay 
(2006) found 

that plate stirring with metha­
nol 80% resulted in a better 
extraction for the analysis of 
phenolic acids in an eggplant 

sample, compared to sonica­
tion with pure methanol and 
to extraction with 85 and 
100%acetone using a wrist­
action shaker.

Espinosa­Alonso et al. 
(2006) reported 98 at 155mg 
GAE/100g in black variet­
ies of P. vulgaris after ex­
traction with 80% methanol. 
Boateng et al. (2008) found 
about 800mg GAE/100g for 
a spotted brown variety using 
80% ethanol extraction, while 
Anton et al. (2007) quanti­
fied 192mg FAE (ferulic acid 
equivalent)/100g for the same 
variety using a wrist­action 
shaker and acidified methanol 
(methanol:water:HCl, 80:10:1 
v/v).

Besides the genetic variabil­
ity and cultivation and storage 
conditions, the differences pre­
viously mentioned in the total 
phenolic compounds content 
of P. vulgaris could be due to 
the different techniques and 
solvents used for extraction. 
Nevertheless, the values are of 
the same order of magnitude 
and, thus, it could be inferred 
that the extraction with the 
polar solvents used by the 
cited authors give comparable 
results.

Regarding the use of two 
different standards for the 
quantification of the total phe­
nolic compounds, in Figures 2 
and 3 are shown the calibra­
tion curves for the gallic and 
tannic acids, respectively. The 
slope of the gallic acid curve 
has is higher, which could be 
interpreted as this compound 
having a higher reducing pow­
er since a higher absorbance 
is obtained for the same con­
centration, which could be due 
to the differences in chemi­
cal structure of the two ac­
ids (Figure 4), given that the 
tannic acid is an hydrolysable 
tannin while the gallic acid is 
a simple phenol.

Gallic acid is mostly used 
to express the content of 
phenolic compounds in the 
majority of foods, includ­
ing legumes like P. vulgaris; 
however, the most appropri­
ate would be to use ferulic 
acid because it is the most 
abundant phenolic acid in P. 
vulgaris (Garcia et al., 1998; 

Figure 1. Total phenolic compounds of Phaseolus vulgaris 
extracted with methanol with four different techniques. Dif­
ferent letters indicate significant differences (p≤0.05).

Figure 2. Calibration curve with gallic acid as standard.

Figure 3. Calibration curve with tannic acid as standard.

Figure 4. Chemical structure of acid gallic (a) and acid tanic (b).
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Luthria and Pastor­Corrales, 
2006). In this respect, An­
ton et al. (2007) used ferulic 
acid as standard to evaluate 
the effect of dehulling of this 
species on the content of total 
phenolic compounds and of 
tannins.

The contents of total phe­
nolic compounds in the aque­
ous, alkaline and methanolic 
extracts of P. vulgaris ob­
tained following the method 
of Singleton and Rossi (1965) 
is shown in Table I. Accord­
ing to the results, a statisti­
cally significant effect of time 
on each type of extract was 
found. In the aqueous extract, 
the highest content of phenolic 
compounds was obtained with 
1h stirring, with no significant 
differences between 14 and 
20h. In the alkaline extract, 
after extraction with water 
at the three studied times, 
the highest concentration was 
reached with 20h stirr ing, 
and no significant differences 
were found respect to the 14h 
value. Regarding the methanol 
extracts, the highest concen­
tration of phenolic compounds 
was achieved with 20h of ex­
traction, and no significant 
differences were found be­
tween 1 and 14h.

Previous studies have shown 
that the variation in the con­
tent of total phenolic com­
pounds with time of extraction 
depends on the type of solvent 
used (Akowuah et al., 2005; 
Lapornik et al., 2005; Turk­
men et al., 2007). Lapornik 
et al. (2005) found that the 

phenolic compounds of the 
aqueous extracts of strawber­
ries decreased with the time 
of extraction, whereas they 
increased in the methanol and 
ethanol extracts.

With the sequential extrac­
tion process used, it is pos­
sible to obtain contents of 
total phenolic compounds in 
the same order of magnitude 
for all the times evaluated. In 
Table I it can be seen that the 
total content of phenolic com­
pounds varied in the range of 
1539 to 1676mg GAE/100g or 
1797 to 1867mg TAE/100g, 
which allows to suggest 1h 
as the most convenient time 
of extraction in water for the 
purpose of speed of analysis.

For Shahidi and Naczk 
(2004) the extraction period 
is another variable that affects 
the recovery of the phenolic 
compounds, and it can vary 
from 1min to 24h; however, 
as time increases, the possibil­
ity of oxidation of the pheno­
lic compounds also increases, 
unless reducing agents are 
added. The latter is not possi­
ble if the total phenolic com­
pounds are quantified with 
the Folin­Ciocalteu reagent, 
as this method is based on 
the reduction of the phospho­
molybdic acid by the pheno­
lic compounds and therefore, 
other reducing compounds 
could be detected.

When evaluating the re­
sults for the various extrac­
tion times it is found that the 
concentrations of total phe­
nolic compounds for the dif­

ferent types of extract were 
significantly different. With 
1h extraction, the highest con­
centration was in the aqueous 
extract, whereas with 14 and 
20h of extraction, the highest 
concentration was obtained 
with the alkaline extract, fol­
lowed by the aqueous one.

These results are similar 
to those reported by Granito 
et al. (2007), who used the 
method of Singleton and Rossi 
(1965) to quantify the total 
phenolic compounds of a black 
variety of P. vulgaris, obtain­
ing 1917mg TAE/100g. How­
ever, it is important to note 
that these results are much 
higher than those obtained 
with the methanol extraction 
techniques initially assayed. 
This is due to the fact that 
with the Singleton and Rossi 
(1965) method the total phe­
nolic compounds of three dif­
ferent extracts are quantified, 
while with the other methods, 
only methanol extracts are 
performed.

The results obtained with 
the method of methanol ex­
traction­alkaline hydro­
lysis­ethylacetate extrac­
tion are shown in Figure 
5. The total content of 
phenolic compounds was 
564mg GAE/100g, out of 
which 102mg GAE/100g 
correspond to those re­
leased by alkaline hydro­
lysis and separated with 
ethylacetate. When this 
last value is compared to 
those found in the alka­
line extracts by the meth­
od of Singleton and Rossi 
(1965), which varied from 
586 to 926mg GAE/100g, 
it can be inferred that in 
the latter method there is an 
overestimation of the pheno­
lic content when the alka­
line extract is used directly 
in the quantification with the 
Folin­Ciocalteu reagent, due 
to the interference of the non­
phenolic compounds with re­
ducing power (Vermerris and 
Nicholson, 2006).

The alkaline extraction in 
the analysis of P. vulgaris is 
important since it has been 
demonstrated that some hy­
droxycinnamic acids and their 
esters, mainly those from fer­

ulic acid, can be found con­
jugated to cell wall polysac­
charides (Srisuma et al., 1989; 
García et al., 1998). However, 
it is necessary to perform a 
re­extraction with an organic 
solvent like ethylacetate to en­
able the isolation of the phe­
nolic compounds and the de­
crease of the interferences of 
hemicelluloses and other com­
pounds with reducing power. 
Hemicelluloses are soluble 
in strong alkaline solutions 
and posses a reducing end 
group that could react with 
the phosphomolybdic acid of 
the Folin­Ciocalteu reagent.

In the procedure of metha­
nol extraction­alkaline hydro­
lysis­ethylacetate extraction, 
methanol­water 80 :20 v/v 
with 0,1% HCl as the first 
solvent was used, aiming to 
extract most of the pheno­
lic compounds (tannins, fla­
vonoids and phenolic acids) 
present in their free state or 
not conjugated, and later, the 
alkaline hydrolysis was ap­
plied to break the ester­type 
bonds between the ferulic 

acid, or another hydroxycin­
namic acid, and the cell wall 
polysaccharides. The released 
Na ferulate was separated 
from the Na+ by HCl acidi­
fication, and after the ferulic 
acid formed it was extracted 
with an immiscible solvent, 
in th is case, ethylacetate. 
Ferulic acid is the main phe­
nolic acid of P. vulgaris and 
is highly soluble in ethylac­
etate.

The solubility of pheno­
lic compounds depends on 
their degree of polymeriza­

Figure 5. Total phenolic compounds of 
Phaseolus vulgaris obtained by methanol 
extraction­alkaline hydrolysis­ethylacetate 
extraction. 

TABLE I
EFFECT OF AqUEOUS ExTRACTION TIME ON 

THE CONTENT OF TOTAL PHENOLIC COMPOUNDS 
OF THE DIFFERENT ExTRACTS OF Phaseolus vulgaris, 

OBTAINED By THE METHOD OF SINGLETON AND 
ROSSI (1965) MODIFIED

Extraction time 
in water (h)

Total phenolic compounds

Water NaOH 0,2N* MeOH 50%* Total

1 918 ±31 b3 586 ±43 a2 172 ±14 a1 1676 ±88

14 494 ±2 a2 857 ±45 b3 188 ±3 a1 1539 ±50

20 470 ±5 a2 926 ±25 b3 247 ±7 b1 1643 ±37

Total phenolic compounds (mg GAE/100g dry matter): mean ±standard de­
viation. Different letters in the same column indicate significant differences 
(p≤0,05). Different numbers in the same row indicate significant differences 
(p≤0,05).
*Times of extraction were of 30min, as stated in Materials and Methods.
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tion, on the interactions with 
other components, and on 
the polarity of the solvent. 
Therefore, it is very diffi­
cult to develop an efficient 
method for the extraction of 
all the phenolic compounds 
with only one solvent. Other 
solvents used are ethanol, 
acetone, water, ethylacetate 
and their combinations.

Conclusions

The extraction of phenolic 
compounds depends largely 
on the analytical technique, 
type of solvent used and ex­
traction time, with results that 
can vary even by one order 
of magnitude when one or 
another procedure is used 
for the same starting sample. 
Consequently, it is necessary 
to adjust the methods report­
ed in previous studies to the 
foodstuff of interest, so as to 
achieve a higher accuracy in 
the results.

Among the methods tested 
to extract the total phenolic 
compounds of a black vari­
ety of Phaseolus vulgaris, the 
methanol extraction­alkaline 
hydrolysis­ethylacetate extrac­
tion is recommended for being 
the most suitable method for 
this type of sample regarding 
the distribution of its phenolic 
compounds, and because it 
includes a re­extraction with 
ethylacetate to avoid the over­
estimation produced when the 
product of the alkaline hydro­
lysis is used directly in the 
quantification with the Folin­
Ciocalteu reagent.
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