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ABSTRACT

The influence of different solvents on the extraction yield, antioxidant activity and 
polyphenolic and flavonoid contents in extracts of Grifola gargal fruit bodies was 
investigated. Solvents such as acetone, ethanol, ethyl acetate, n-hexane, water, and 
ethanol-water mixtures were used for extraction. Antioxidant capacity was evaluated 
by four different assays, namely, 2,2-azino-bis-(3-ethylbenzothiazoline-6-sulfonic acid) 
and 2,2-diphenyl-1-picrylhydrazyl radical scavenging, reducing power and chelating 
ability. Acetone extracts showed the highest free-radical scavenging activity equivalent 
to 96.0 mg ascorbic acid/L in the 2,2-azino-bis-(3-ethylbenzothiazoline-6-sulfonic acid) 
assay, and 92.9% in the 2,2-diphenyl-1-picrylhydrazyl assay. Water-ethanol extracts 
showed a strong reducing power (135.6 mg ascorbic acid/L), while ethyl acetate 
extracts had a chelating ability of 19.8%. Water extracts showed the highest flavonoids 
contents (6.1 mg/100 g), while water-ethanol extracts (20:80, v/v) had the highest 
polyphenols contents (63.8 mg/100 g). The antioxidant activities [both 2,2-azino-bis-
(3-ethylbenzothiazoline-6-sulfonic acid) free-radical scavenging and reducing power] 
correlated well (R≥0.93) with the polyphenol and flavonoid contents of the extracts. 
Specific antioxidant attributes of Gargal mushroom extracts were strongly dependent 
upon the kind of solvents used for extraction.
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INTRODUCTION

In recent years, some edible mushrooms are 
used as health foods, as well as a source for 
pharmaceutical compounds. In fact, these 
functional mushrooms are a source of bio-
logically active substances with therapeutic 
effects due to their immunomodulating, an-
ticancer and antivirus properties19, among 

others. Many commercially available 
mushrooms exhibit free radical scaveng-
ing, reducing power, chelating effects on 
metal ions, and antioxidant properties13,20.
 Grifola gargal is a basidiomycete with 
a pileate rosette-like, embedded structure 
that starts from a common point. This fun-
gus has a white, cream-colored appear-
ance, and anise-like flavor9. The Gargal 

Key words: Antioxidant activity, extraction, Grifola gargal, mushroom, solvent.

propiEdadEs antioxidantEs dE Extractos obtEnidos a partir dE los 
cuErpos fructífEros dE GrifolA GArGAl

RESUMEN

Se investigó el efecto de diferentes solventes en el rendimiento de extracción, 
actividad antioxidante y contenido de polifenoles y flavonoides en extractos de los 
cuerpos fructíferos de Grifola gargal. Se utilizaron los siguientes disolventes en la 
extracción: acetona, etanol, acetato de etilo, n-hexano, agua, y mezclas de agua y 
etanol. La capacidad antioxidante se midió mediante la captación de radicales libres 
de ácido 2,2-azino-bis-(3-etilbenzotiazol-6-sulfónico) y 2,2-difenil-1-picrilhidracilo, 
poder reductor y poder secuestrador. Los extractos de acetona presentaron la mayor 
actividad de captación de radicales libres, equivalente a 96,0 mg ácido ascórbico/L en 
el test de 2,2-azino-bis-(3-etilbenzotiazol-6-sulfónico) y 92,9% en el test de 2,2-difenil-
1-picrilhidracilo. Los extractos de agua y etanol presentaron un fuerte poder reductor 
(135,6 mg ácido ascórbico/L), mientras que los extractos de acetato de etilo tenían un 
poder secuestrador de 19,8%. Los extractos acuosos presentaron el mayor contenido 
de flavonoides (6,1 mg/100 g), mientras que los extractos de agua y etanol (20:80, v/v) 
tenían el mayor contenido de polifenoles (63,8 mg/100 g). La actividad antioxidante 
[tanto la captación de radicales libres de 2,2-azino-bis-(3-etilbenzotiazol-6-sulfónico), 
como poder reductor] correlacionó bien (R≥0,93) con el contenido de polifenoles y 
flavonoides en los extractos. Los atributos específicos de antioxidantes de los extractos 
del hongo Gargal dependieron del tipo de disolvente utilizado en la extracción.

Palabras clave: Actividad antioxidante, disolvente, extracción, Grifola gargal, hongo.
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mushroom usually grows on dead trees of 
Nothofagus species in southern Argentina 
and Chile. Mycelial growth of G. gargal was 
optimized on malt-yeast-peptone-agar me-
dium adding milled sunflower seed hulls14.
 The Gargal mushroom exhibits biologi-
cal activity that depends upon the concen-
tration of active compounds. Aqueous and 
methanolic extracts of G. gargal showed a 
strong hypotensive response in normoten-
sive rats, as well as a moderate effect in 
the DNA binding assay used to assess bio-
logical activity16. By contrast, methanolic 
extracts of G. gargal displayed a very low 
free radical scavenger activity16. 
 The concentration of the active com-
pounds in Gargal extracts may be increased 
through different methods, and used as 
natural antioxidants in the food industry4. 
Antioxidant compounds in foods often 
contain phenolic groups. Dubost et al.5 
found a positive correlation between anti-
oxidant capacity and total phenolics con-
tents of mushrooms. Total polyphenols, 
followed by α-tocopherol and β-carotene, 
were the major natural antioxidant com-
pounds found in methanolic extracts from 
wild edible mushrooms6.
 The molecular chemical properties of 
a solvent are important not only to maxi-
mize the selectivity to target components 
from mushrooms, but also to enhance the 
extraction yield. The aim of this work was 
to investigate the effect that the solvent 
used for the extraction has on the exhibit-
ed antioxidant properties of G. gargal. The 
experimental approach relied on the use of 
the 2,2-azino-bis-(3-ethylbenzothiazoline-6
-sulfonic acid) test [ABTS test] and the 2,2-
diphenyl-1-picrylhydrazyl [DPPH] radical 
scavenging test, as well as on the analysis of 
the reducing power, the chelating capacity, 
and the determination of the polyphenol and 
flavonoid contents of mushroom extracts.

MATERIALS AND METHODS

Preparation of mushroom extracts. Mature 
Gargal mushrooms (Grifola gargal Singer) 
having uniform size, white color, firm tex-
ture and good appearance, were gathered 
in July 2006 from the temperate primeval 
forest nearby Osorno (X Region, Chile) 
and stored at -18 C for 4 months. Gargal 
mushroom samples were unfrozen over-
night, washed with tap water, dried with 
absorbent paper, and then ground for 
15 min using the Hobart 84181 D cutter 
(Hobart Manufacturing Co., Troy, OH, 
U.S.A.). Moisture contents of mushrooms 
after grinding was 90.29±0.24 % w/w. 
Samples were immediately divided ran-
domly in 30 portions of 50 g each. During 
this period, no changes in color or flavor 
were detected in the samples. Then sam-
ples were heated at 121 C for 20 min in 
a pressure steam sterilizer, electric mod-
el No. 25X-2 (Manitowoc, WI, U.S.A.). 
Each sample was homogenized at room 
temperature with 100 mL of solvent for 15 
min using a kitchen blender (Oster 972-
55 H, Tlalnepantla, Mexico) followed by 
an ultrasound treatment (Elmasonic E 30 
H, 240 W, Elma, Singen, Germany) for 
10 min. The following solvents (analyti-
cal grade) were used for extraction: ac-
etone (Merck, Darmstadt, Germany), dis-
tilled water, ethanol (Merck), ethyl acetate 
(Merck), n-hexane (Merck), as well as the 
following mixtures of ethanol (Merck) and 
distilled water: 50:50 (v/v), 60:40 (v/v), 
70:30 (v/v), 80:20 (v/v) and 90:10 (v/v). 
After centrifugation (Damon IEC, HN-
SII, Needham, MA, U.S.A.) at 9.000 g for 
10 min, the supernatant was concentrated 
to approximately 10 mL using a rotary 
vacuum evaporator (Heildolph VV 2000-
WB 2000, Schwabach, Germany) at 50 C. 
Concentrated extracts were diluted up to 
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50 mL with distilled water and stored at 
-18 C until analysis.
 Extraction yield. Dry weight of aliquots 
of mushroom extracts and fresh mush-
room was determined in triplicate in the 
Gallenkamp hotbox oven (OVB-300-010 N, 
A. Gallenkamp & Co. Ltd., London, U.K.) 
at 55 C until constant weight. Extraction 
yield was determined as percent dw/dw.
 ABTS assay. Scavenging effect of Gargal 
mushroom extracts on 2,2-azino-bis-(3-ethyl-
benzothiazoline-6-sulfonic acid) [ABTS, 
Sigma-Aldrich, St. Louis, MO, U.S.A.] radi-
cals was measured according to Choi et al.3, 
and reported before4.
 DPPH assay. Scavenging ability of Gargal 
mushroom extracts against 2,2-diphenyl-
1-picrylhydrazyl (DPPH, Sigma-Aldrich) 
radicals was measured according to Cheung 
et al.2, and described previously4.
 Reducing power. The reducing power 
was determined according to the method of 
Huang and Mau7. Experimental conditions 
were reported previously4.
 Chelating ability. The copper chelating 
ability was determined according to Huang 
and Mau7, and described previously4. 
 Determination of antioxidant com-
pounds. Polyphenolic content of mush-
room extracts was determined using the 
Folin-Ciocalteu method17. Flavonoid con-
tent of mushroom extracts was determined 
using the colorimetric method described by 
Jia et al.8. Experimental conditions were 
reported previously4.
 Statistical analysis. Three extracts were 
prepared for each kind of extraction treat-
ment. All chemical analyses of antioxidant 
attributes and components were performed 
in duplicate. Solvent properties, such as di-
pole moment, dielectric constant, relative 
polarity and solubility in water, were taken 
from Reichardt15. Data were expressed as 
mean ± standard deviation. Significant dif-

ferences among the means were determined 
by Fisher’s least significant difference test 
after ANOVA (P<0.05). Correlations be-
tween content of components and antioxi-
dant attribute were determined by linear 
regression analysis4.

RESULTS AND DISCUSSION
 
Extraction yield. Extractions carried out 
with ethanol showed the highest extraction 
yield for G. gargal (Table 1). This value 
increased once more after using a mixture 
of ethanol and water of 70:30 (v/v) (Table 
2). Solid concentrations varied between 
2.4 mg/mL for ethyl acetate and 19.9 mg/
mL using ethanol as a solvent, where the 
hydro-alcoholic mixtures had a solid con-
centration in the range of 17.8-23.9 mg/
mL. Both water and ethanol are polar sol-
vents that dissolve many polar and ionic 
solutes, such as proteins, water soluble 
carbohydrates and mineral salts, being the 
major fraction (96.5% w/w) in G. gargal16. 
In another case, non-polar n-hexane dis-
solves only non-polar compounds, such as 
lipids, which are just a minor fraction (2.5% 
w/w) in G. gargal16. Furthermore, dipolar 
solvents, such as acetone and ethyl acetate, 
have an intermediate relative polarity, pre-
ferring solutes of similar relative polarity.
 Antioxidant compounds. Positive corre-
lations were found between total phenolic 
contents in Lentinus edodes and Volvariella 
volvacea extracts and their antioxidant ac-
tivities2. Free radical-scavenging and inhi-
bition of nitric oxide production showed 
a positive correlation with the contents of 
phenolics and flavonoids in Tricholoma 
matsutake extracts12. Therefore, it is ex-
pected that the kind of solvents may also 
affect the concentration of polyphenols and 
flavonoids in Gargal mushroom extracts.
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 In fact, the contents of polyphenols in G. 
gargal extracts decreased in the order of 
water > ethanol > acetone > ethyl acetate 
> n-hexane (Table 3). Also, the extracts 
showed a positive correlation between the 
polyphenol contents and solvents relative 
polarity (R=0.869, P<0.02), and between 
the polyphenol contents and solvents di-
electric constant (R=0.749, P<0.02). Thus 
the polyphenols of the Gargal mushroom 
are relatively polar compounds, where hy-
drogen bonds, dipole-dipole and electro-
static interactions may contribute to their 
strong solubility in water, ethanol and ace-
tone. Cheung et al.2 reported higher extrac-
tion yields of phenolics from mushrooms 
with an increase in solvent polarity having 
a maximum yield after using methanol, fol-
lowed by water, petroleum ether and ethyl 
acetate. Aqueous extracts from Pleurotus 
citrinopileatus and Hypsizygus marmoreus 
contained higher contents of total phenols 
than ethanolic extracts10,11. Tsai et al.18 re-
ported similar values for the total phenol 
contents in aqueous and ethanolic extracts 
from Agaricus blazei, Agrocybe cylindra-
cea and Boletus edulis. The contents of 
polyphenols in the Gargal mushroom ex-
tracts slightly improved after using a mix-
ture of ethanol and water of 70:30 (v/v) or 
80:20 (v/v) during extraction (Table 4). 
Choi et al.3 reported a value of 38.3 mg 
free polyphenolics/100 g of shiitake treat-
ed at 121 C for 15 min, using a mixture of 
ethanol and water of 80:20 (v/v).
 As expected, the contents of flavonoids 
in G. gargal extracts decreased in the or-
der of water > ethanol > acetone > ethyl 
acetate > n-hexane (Table 3). A positive 
correlation was found between the flavo-
noid contents and solvents relative polar-
ity (R=0.934, P<0.02), and between the 
flavonoid contents and solvents dielectric 
constant (R=0.839, P<0.02). Thus the fla-

vonoids of the Gargal mushroom are rather 
polar compounds. Hydro-alcoholic mixtures 
with at least 20% of water were favourable 
to extract flavonoids from the Gargal mush-
room (Table 4). Choi et al.3 reported a value 
of 2.3 mg free flavonoids/100 g of shiitake 
treated at 121 C for 15 min, using a mixture 
of ethanol and water of 80:20 (v/v).
 Antioxidant activities. The ABTS and 
DPPH radical scavenging of G. gargal ex-
tracts decreased in the order of acetone > 
ethanol > water > ethyl acetate > n-hexane 
(Table 5). Components with an antioxi-
dant potential to scavenge free radicals are 
predominately water-soluble. Scavenging 
of the DPPH and ABTS free radicals was 
negatively affected by the increase of the 
relative amount of water in the hydro-alco-
holic mixtures (Table 6). Indeed ethanolic 
extracts from several mushroom species 
showed higher scavenging abilities on 
DPPH radicals than aqueous extracts10,11,18. 
Choi et al.3 reported a value of 7.9 mg 
ascorbic acid equivalents/100 g of sample 
for ABTS scavenging and 33.7% for DPPH 
scavenging for shiitake treated at 121 C for 

Table 1. Extraction yield of Grifola gargal 
mushrooms with different solvents.

Solvent Extraction yield*
  (% w/w)

Acetone 16.04 ± 0.87 b

Ethanol 20.90 ± 0.43 c

Ethyl acetate 2.52 ± 0.61 a 
n-Hexane 3.42 ± 0.87 a 
Water 19.57 ± 1.41 c

* Means with different superscripts are 
significantly different (P<0.05).
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15 min, using a mixture of ethanol and wa-
ter of 80:20 (v/v). Our study showed high-
er values for these antioxidant attributes. 
A maximum reducing power of G. gargal 
extracts was found after using water, etha-

nol or a mixture of both solvents (Tables 
5-6). Most of the hydrogen-donating com-
pounds from the Gargal mushroom should 
be rather polar species. In addition, most of 
the G. gargal extracts showed a very low 
capacity to chelate copper (II) ions from 
aqueous solutions, except for those extracts 
prepared by dipolar solvents, such as ethyl 
acetate and acetone (Tables 5-6). The lack 
of a copper chelating effect of the hydro-
alcoholic G. gargal extracts may indicate 
that their antioxidant activity should not be 
due to heavy metal complex formation.
 A positive correlation was found be-
tween the scavenging activity towards 
ABTS radicals (R=0.973, P<0.05), DPPH 
radicals (R=0.917, P<0.05), reducing 
power (R=0.994, P<0.01) with the total 
phenolic contents in G. gargal extracts. 
Moreover, a positive correlation was also 
found between the scavenging activity to-
wards ABTS radicals (R=0.931, P<0.05), 
DPPH radicals (R=0.843, P<0.05), reduc-
ing power (R=0.973, P<0.01) with the fla-

Table 2. Extraction yield of Grifola gargal 
mushrooms using different water-ethanol 
mixtures.

Solvent Extraction yield*
 (% w/w)

50% ethanol - 50% water 19.02 ± 1.86 a

60% ethanol - 40% water 20.24 ± 2.64 a

70% ethanol - 30% water 24.11 ± 1.80 b

80% ethanol - 20% water 17.99 ± 1.25 a

90% ethanol - 10% water 18.35 ± 2.03 a

* Means with different superscripts are 
significantly different (P<0.05).

Table 3. Polyphenols and flavonoids contents 
of Grifola gargal mushroom extracts obtained 
with different solvents.

Solvent Polyphenols* Flavonoids*
 (mg/100 g)  (mg/100 g)

Acetone 43.3 ± 0.7 c 3.7 ± 0.1 c

Ethanol 51.3 ± 1.4 b 4.9 ± 0.3 b

Ethyl acetate 2.3 ± 0.2 d 0.4 ± 0.0 d

n-Hexane 0.9 ± 0.4 d 0.2 ± 0.0 d

Water 55.6 ± 3.2 a 6.1 ± 0.2 a

* Means with different superscripts within 
the same column are significantly different 
(P<0.05).

Table 4. Polyphenols and flavonoids contents 
of Grifola gargal mushroom extracts obtained 
with different water-ethanol mixtures.

Solvent Polyphenols* Flavonoids*
 (mg/100 g) (mg/100 g)

50% ethanol - 50% water 55.1 ± 4.6 a 5.5 ± 0.2 a

60% ethanol - 40% water 57.7 ± 3.1 a, b 5.1 ± 0.3 b

70% ethanol - 30% water 63.3 ± 6.7 b 5.3 ± 0.3 a, b

80% ethanol - 20% water 63.8 ± 8.4 b 5.3 ± 0.3 a, b

90% ethanol - 10% water 57.4 ± 3.2 a, b 4.5 ± 0.3 c

* Means with different superscripts within the same 
column are significantly different (P<0.05).
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vonoid contents in G. gargal extracts. Thus 
the phenolics from the Gargal mushroom 
showed a high hydrogen-donating capac-
ity, as well as high reactivity to free radi-
cals, leading to the stabilization and termi-
nation of the radical chain reactions1.

Table 5. Antioxidant attributes of Grifola gargal mushroom extracts obtained with different solvents.

Solvent ABTS radicals* DPPH radicals* Reducing power* Chelating ability*
 (AAE) (%) (AAE) (%)

Acetone 96.0 ± 0.1 a 92.9 ± 0.1 a 112.0 ± 6.5 b 10.2 ± 0.7 b

Ethanol 94.5 ± 0.4 b 90.9 ± 0.3 b 135.6 ± 0 a 1.9 ± 1.3 a

Ethyl acetate 17.6 ± 1.5 d 25.5 ± 0.7 d 4.1 ± 3.5 c 19.8 ± 10.2 c

n-Hexane 1.9 ± 1.9 e 18.4 ± 0.7 e 0.8 ± 0.3 c 0.2 ± 0.6 a

Water 91.2 ± 0.3 c 69.5 ± 3.1 c 135.6 ± 0 a 0.8 ± 0 a

* Means with different superscripts within the same column are significantly different (P<0.05).
ABTS= 2,2-azino-bis-(3-ethylbenzothiazoline-6-sulfonic acid).
DPPH= 2,2-diphenyl-1-picrylhydrazyl.
AAE= Ascorbic acid equivalents (mg of ascorbic acid per L of sample).

 Our results suggest that the more efficient 
extraction of antioxidant compounds from 
G. gargal mushroom should be carried out 
by using ethanol as solvent, resulting in an 
extract with the best overall antioxidant at-
tributes, that is scavenging of ABTS and 

Table 6. Antioxidant attributes of Grifola gargal mushroom extracts obtained with different water-
ethanol mixtures.

Solvent ABTS radicals* DPPH radicals* Reducing power* Chelating ability*
 (AAE) (%) (AAE) (%)

50% ethanol - 50% water 86.7 ± 0.5 a 32.6 ± 5.9 a 135.6 ± 0 a 0.0 ± 0.2 a

60% ethanol - 40% water 88.7 ± 0.5 b 32.7 ± 2.3 a 135.6 ± 0 a 0.0 ± 0.0 a

70% ethanol - 30% water 83.9 ± 0.9 c 38.5 ± 3.7 a 135.6 ± 0 a 0.0 ± 0.0 a

80% ethanol - 20% water 91.5 ± 0.1 d 69.2 ± 8.2 b 135.6 ± 0 a 0.0 ± 0.0 a

90% ethanol - 10% water 93.3 ± 0.5 e 85.3 ± 3.0 c 135.6 ± 0 a 0.1 ± 0.3 a

* Means with different superscripts within the same column are significantly different (P<0.05).
ABTS= 2,2-azino-bis-(3-ethylbenzothiazoline-6-sulfonic acid).
DPPH= 2,2-diphenyl-1-picrylhydrazyl.
AAE= Ascorbic acid equivalents (mg of ascorbic acid per L of sample).
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DPPH free radicals and reducing power, 
and a high extraction yield.
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