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ABSTRACT

The effect of heat pretreatment of Gargal mushroom (Grifola gargal) on the extraction Grifola gargal) on the extraction Grifola gargal
yield, the antioxidant activity and polyphenolic compounds of mushroom extracts 
was investigated. Raw Gargal mushroom was heated at 100 C and 121 C for 20 min 
and 45 min. Capacity was evaluated by four different assays, namely, 2,2-azino-bis-
(3-ethylbenzothiazoline-6-sulfonic acid), and 1,1-diphenyl-2-picrylhydrazyl radical 
scavenging, reducing power and chelating ability. Heat pretreatment of Gargal 
mushroom increased the extraction yield (maximum 1.3-fold, heating at 121 C for 
45 min), the polyphenol contents (maximum 1.3-fold, heating at 121 C for 20 min), 
and the fl avonoid contents (maximum 1.4-fold, heating at 121 C for 20 min) of the 
mushroom extract compared to the raw sample. There was no effect of thermal 
processing of Gargal mushroom on the antioxidant activity, which may be due to 
the potent free-radical scavenging activity of 90.9-93.3 mg ascorbic acid/L in the 2,2-
azino-bis-(3-ethylbenzothiazoline-6-sulfonic acid) assay and 84.0-90.0% in the 1,1-
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of Concepcion, P.O. Box 537, Chillán, Chile. Tel: +56-42-208891. Fax: +56-42-275303. E-mail: of Concepcion, P.O. Box 537, Chillán, Chile. Tel: +56-42-208891. Fax: +56-42-275303. E-mail: 
jdebruij@udec.cl
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INTRODUCTION

Several biochemical reactions in biological 
and food systems may produce free radicals 
from peroxides, transition metals, molecular 
oxygen including nitrogen derivatives. Free 
radicals can react with lipids, DNA and 
proteins, leading to cell death and tissue 

injury17. Damage of biological molecules 
by free radicals is involved in a number of 
pathologies including three major causes of 
death, namely cancer, cardiovascular disease 
and atherosclerosis17. However, the increased 
consumption of certain foods, such as fruits, 
vegetables and mushrooms, is associated 
with a reduced risk of chronic diseases. This 

diphenyl-2-picrylhydrazyl assay of the mushroom extracts, as well as their strong 
reducing power (135.6 mg ascorbic acid/L). The G. gargal mushroom may have G. gargal mushroom may have G. gargal
interesting potential as a natural antioxidant for the food industry.

Key words: Antioxidant activity, extraction, Grifola gargal, heat treatment, Grifola gargal, heat treatment, Grifola gargal
mushroom.

EFECTO DEL TRATAMIENTO TÉRMICO EN LAS PROPIEDADES ANTIOXIDANTES DE 
EXTRACTOS AGUA-ALCOHOL DE GRIFOLA GARGAL

RESUMEN

El hongo Gargal (Grifola gargal) se sometió a un tratamiento térmico con el propósito Grifola gargal) se sometió a un tratamiento térmico con el propósito Grifola gargal
de determinar su efecto sobre el rendimiento de extracción, actividad antioxidante y 
polifenoles en el extracto. El hongo crudo se calentó a 100 C y 121 C, durante 20 min y 
45 min. La capacidad antioxidante se midió mediante la captación de radicales libres de 
2,2-azino-bis-(3-ethylbenzothiazoline-6-sulfonic acid) y 1,1-diphenyl-2-picrylhydrazyl, 
poder reductor y poder secuestrador. Con el tratamiento térmico mejoró el rendimiento 
de extracción (hasta 1.3 veces, calentando a 121 C durante 45 min), mientras que en el 
extracto del hongo aumentó el contenido de polifenoles (hasta 1.3 veces, calentando a 
121 C durante 20 min) y el contenido de fl avonoides (máximo 1.4 veces, calentando a 121 
C durante 20 min), en comparación con la muestra cruda. Sin embargo, no se detectó 
un efecto del tratamiento térmico sobre la actividad antioxidante, debido probablemente 
a su gran capacidad de captar radicales libres [90.9–93.3 mg ácido ascórbico/L en el 
test de 2,2-azino-bis-(3-ethylbenzothiazoline-6-sulfonic acid) y 84.0–90.0% en el test de 
1,1-diphenyl-2-picrylhydrazyl] y su fuerte poder reductor (135.6 mg ácido ascórbico/L). 
Los resultados indicaron que el hongo G. gargal posee un potencial interesante como G. gargal posee un potencial interesante como G. gargal
antioxidante natural para la industria alimentaria.

Palabras clave: Actividad antioxidante, extracción, Grifola gargal, hongos comestibles, Grifola gargal, hongos comestibles, Grifola gargal
tratamiento térmico.
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may be attributed to the natural antioxidants, 
such as ascorbic acid, tocopherols, and 
polyphenols of these products4.
   Although nutritional properties and 
health benefi ts of mushrooms have been 
empirically recognized in Asia for many 
years, mushrooms are now considered as 
functional food being a source of biological 
useful substances14. Mushrooms are rich 
in fiber, minerals, vitamins and low in 
lipids8,14. The bioactive molecules present 
in mushrooms include polysaccharides, 
proteoglycans and polyphenols. Glucan 
derivatives from Grifola frondosa
improved anti-tumor activity by enhancing 
the immune system functions12. Chitin is 
being explored as a potential prebiotic due 
to its reducing effect on serum cholesterol 
in rats14. Moreover, various mushrooms 
contain polyphenolic compounds recognized 
as excellent antioxidants due to their 
scavenging ability against free radicals1.
   Grifola gargal is a mushroom that grows Grifola gargal is a mushroom that grows Grifola gargal
on the upper part of dead trees (Nothofagus on the upper part of dead trees (Nothofagus on the upper part of dead trees (
obliqua, Nothofagus alpina, Nothofagus 
dombeyi, Laurelia philipiana) at the southern 
Chilean coast. Recently, Postemsky et al.13

reported the growth of G. gargal on malt-G. gargal on malt-G. gargal
yeast-peptone-agar medium adding milled 
sunfl ower seed hulls. Fruiting bodies of G. 
gargal included mainly carbohydrates and gargal included mainly carbohydrates and gargal
crude fi ber15. Furthermore, aqueous extracts 
of G. gargal elicited a strong hypotensive G. gargal elicited a strong hypotensive G. gargal
response in normotensive rats and a 
moderate effect in the DNA binding assay, 
where methanolic extracts of G. gargal
displayed a very low free radical scavenger 
activity at the assayed concentrations15.
   Thermal processing enhances nutritional 
values of tomatoes, retaining the total 
phenolic and fl avonoid contents, increasing 
the content of bioaccessible lycopene, and 
the total antioxidant activity despite of the 
loss of vitamin C3. Moreover, the cooking 

of mushrooms maximizes their nutritive 
value by increasing their digestibility. 
Choi et al.2 reported recently the increase 
of polyphenolic contents and antioxidant 
activities of shiitake mushroom extracts 
as heating temperature and time increased. 
Therefore, the objective of this study was 
to evaluate the effect of thermal processing 
on the antioxidant activities and antioxidant 
compounds of G. gargal measured by 
2,2-azino-bis-(3-ethylbenzothiazoline-6-
sulfonic acid) [ABTS] and 1,1-diphenyl-2-
picrylhydrazyl [DPPH] radical scavenging 
activities, reducing power, chelating capacity, 
as well as the polyphenol and flavonoid 
contents of the mushroom extracts.

MATERIALS AND METHODS

Preparation of mushroom extracts. Gargal 
mushrooms (Grifola gargal Singer) were Grifola gargal Singer) were Grifola gargal
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 
overnight, washed with tap water, dried with 
absorbent paper and then ground for 15 min 
using the Hobart 84181 D cutter. Samples 
were immediately divided into several 
portions and heated. During this period, no 
changes in color or fl avor were detected in the 
samples. The Gargal mushroom was divided 
randomly in 15 portions of 50 g each. Three 
samples did not receive any heat treatment. 
Six samples were each heated at 100 C in a 
Gallenkamp hotbox oven for 20 min (three 
samples) and 45 min (three samples). The 
remaining six samples were each heated at 
121 C in a pressure steam sterilizer, electric 
model No. 25X-2 for 20 min (three samples) 
and 45 min (three samples). Samples were 
homogenized with 100 ml of a mixture of 
ethanol:water (80:20, v/v) for 15 min using 
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a kitchen blender (Oster 972-55 H) followed 
by an ultrasound treatment (Elmasonic E 30 
H, 240 W) for 10 min. After centrifugation 
(Damon IEC HN-SII) at 9.000 g for 10 g for 10 g
min, the supernatant was concentrated to 
approximately 10 ml using a rotary vacuum 
evaporator (Heildolph VV 2000-WB 2000) 
at 50 C. Concentrated extracts were diluted 
up to 50 ml with distilled water and stored 
at -18 C until analysis.
   Extraction yield. Dry weight of aliquots Extraction yield. Dry weight of aliquots Extraction yield
of mushroom extracts and fresh mushroom 
was determined in the Gallenkamp hotbox 
oven at 55 C for 48 h in triplicate. Extraction 
yield was determined as percent dw/dw.
   ABTS assay. Scavenging effect of 
Gargal mushroom extracts on 2,2-azino-
bis-(3-ethylbenzothiazoline-6-sulfonic 
acid) [ABTS, Sigma-Aldrich] radicals was 
measured according to Choi et al.2. ABTS 
radicals were generated by mixing 7 mM of 
ABTS and 2.45 mM of potassium persulfate 
(Sigma-Aldrich) in distilled water, and 
storing this mixture overnight at room 
temperature in the dark. The mixture (10 ml) 
was diluted with 840 ml of distilled water. 
Each extract (50 µl) was added to 3 ml of 
diluted ABTS solution and after 90 min the 
absorbance was measured at 414 nm using 
a Sunny UV-7804C spectrophotometer. 
Scavenging ability against ABTS radicals 
was calculated on the basis of a calibration 
curve of ascorbic acid (Merck). The ABTS 
radical scavenging ability was expressed as 
mg of ascorbic acid per L of sample.
   DPPH assay. Scavenging ability of Gargal 
mushroom extracts against 1,1-diphenyl-
2-picrylhydrazyl (DPPH, Sigma-Aldrich) 
radicals was measured according to Cheung 
et al.1,2,5,9,10,19. Each mushroom extract (0.2 
ml) was mixed with 0.8 ml of 0.2 mM DPPH 
radicals dissolved in methanol. The mixture 
was shaken vigorously and left for 10 min in 
the dark, and the absorbance of the sample 

was measured at 520 nm. The scavenging 
ability against DPPH radicals was reported 
as percent decreased absorbance.
   Reducing power. The reducing power 
was determined according to the method of 
Huang and Mau5,9,19. Each extract (2.5 ml)
was mixed with 2.5 ml of 10 g/L potassium 
ferricyanide (Sigma-Aldrich) and the 
mixture was incubated at 50 C for 20 min. 
Then 2.5 ml of 100 g/L trichloroacetic acid 
(Merck) was added, and the mixture was 
centrifuged at 2.000 g for 10 min. A sample g for 10 min. A sample g
of the solution (5 ml) was mixed with 5 ml 
distilled water and 1 ml of 1 g/L ferric 
chloride (Merck), and the absorbance was 
measured at 700 nm. The reducing power 
was calculated from a calibration curve of 
ascorbic acid (Merck). The reducing power 
was expressed as mg of ascorbic acid per L 
of sample.
   Chelating ability. The copper chelating 
ability was determined according to 
Huang and Mau5 by mixing 2 ml of 30 
mM hexamine (Sigma-Aldrich), 30 mM 
potassium chloride (Merck) and 9 mM 
cuprous sulfate (Merck). Then 2 ml extract 
and 0.2 ml of 1 mM tetramethyl murexide 
(Sigma-Aldrich) were added to the mixture. 
After 3 min at room temperature, the 
absorbance of the mixture was determined at 
485 nm. The chelating ability was reported 
as percent decreased absorbance.
   Determination of antioxidant compounds. 
Polyphenolic content of mushroom extracts 
was determined using the Folin-Ciocalteu 
method. Mushroom extract (50 µl) was mixed 
with 2 ml of 20 g/L sodium carbonate (Merck). 
After 3 min, 0.1 ml of Folin-Ciocalteu reagent 
(Merck), 50% diluted with distilled water, was 
added to the mixture. After incubation for 30 
min at room temperature, the absorbance was 
measured at 750 nm. Total polyphenol content 
was expressed as mg gallic acid equivalents 
per 100 g of Gargal mushroom16.
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   Flavonoid content of mushroom extracts 
was determined using the colorimetric method 
described by Jia et al.6. Mushroom extract 250 
µl) was mixed with 1.5 ml of distilled water 
and 75 µl of 50 g/L sodium nitrite (Merck). 
After 5 min, 150 µl of 100 g/L AlCl3 ⋅ 6 H2O 
(Sigma-Aldrich) was added. After 6 min, 
500 µl of 1 M NaOH (Merck) and 275 µl 
of distilled water were added to the mixture. 
After vigorous mixing, the absorbance was 
measured at 510 nm. Flavonoid content was 
expressed as mg (+)-catechin equivalents per 
100 g of Gargal mushroom.
   Statistical analysis. Three extracts 
were prepared for each heat treatment. 
All chemical analyses of antioxidant 
attributes and components were performed 
in duplicate. Data were expressed as means 
± standard deviations; one-way analysis of 
variance (ANOVA) and the Fisher’s least 
signifi cant difference test were carried out to 
determine any signifi cant differences among 
the means. Differences among the means 
at 5% (P< 0.05) level were considered to 
be signifi cant. Correlations between the 
content of assayed components and the 
antioxidant attribute were determined by 
linear regression analysis. A statistically 
signifi cant relationship between antioxidant 
compound and attribute was considered 
for P< 0.05 and the Pearson correlation 
coeffi cient was calculated.

RESULTS AND DISCUSSION

Extraction yield. Extraction with a mixture Extraction yield. Extraction with a mixture Extraction yield
of ethanol:water (80:20, v/v) showed a 
higher yield of 17.41% for G. gargal heated G. gargal heated G. gargal
previously at 121 C for 45 min compared 
to the other heat treatments (Table 1). An 
increased temperature as well as heating 
time enhanced slightly extraction yield 
of the mushroom extracts. In a similar 

study, however, increasing temperature 
of extraction from 25 C to 100 C did not 
improve the extraction yield for fruit bodies 
and mycelia of Pleurotus citrinopileatus9. 
After heat treatment of winter mushrooms 
(Flammulina velutipes(Flammulina velutipes( ) at 80 C for 10 min, 
the release of mucilage, a water soluble 
glucan, and polysaccharides run-off were 
observed7. Besides the extraction effi ciency, 
the chemical profi le and antioxidant activity 
of the extract are also important.
   Antioxidant compounds. It has been 
reported that the antioxidant activity of 
edible mushroom extracts was positively 
correlated with their content of phenolic 
compounds1. Lim et al.10 reported a strong 
correlation between free radical-scavenging, 
inhibition of nitric oxide production 
associated to infl ammatory cells, and the 
contents of phenolics and fl avonoids of pine 
mushroom extracts (Tricholoma matsutake). 
Therefore, it was considered important to 
study the effect of heat treatment on the 
concentration of polyphenols and fl avonoids 
in the Gargal mushroom extracts.
   Total polyphenol contents decreased 
slightly over time with heat treatments at 

Table 1. Extraction yield of Grifola gargal with 
different heat treatments.

Sample                                Extraction yield*
                                            (% w/w)

Unheated                             13.67 ± 0.36 a

100 C for 20 min                 14.02 ± 0.69 a, b

100 C for 45 min                 14.67 ± 0.61 a, b

121 C for 20 min                 15.44 ± 1.03 b

121 C for 45 min                 17.41 ± 2.57 c

*  Means with different superscripts are 
signifi cantly different (P< 0.05).
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100 C and 121 C. However, there were 
no signifi cant differences among the heat 
treated samples for both temperatures 
(Table 2). Thus, polyphenols were almost 
stable under these conditions. The highest 
total polyphenol content of 77.3 mg/100 
g was found in the extract of G. gargal
treated previously at 121 C for 20 min 
(Table 2). Choi et al.2 reported a value of 
54.6 mg free polyphenolics/100 g of shiitake 
treated at 121 C for 30 min. In particular, the 
temperature of heating pretreatment should 
be considered as a key factor to increase 
the polyphenol concentration of the Gargal 
mushroom extract. Thermal processing 
may release more bound polyphenolics 
from the breakdown of cellular constituents. 
Furthermore, heating may also deactivate 
mushroom polyphenoloxidase and avoid the 
loss of polyphenols by enzymatic browning.
   Flavonoid concentration of the Gargal 
mushroom extracts decreased slightly 
over heating time (Table 2). At high 
temperature, short time pretreatment of 
Gargal mushroom allowed a high fl avonoid 
content in the mushroom extract. The 
maximum amount of fl avonoids in heat-
processed Gargal mushroom samples was 
obtained after thermal processing at 121 C 
for 20 min (Table 2). Choi et al.2 reported a 
maximum value of 2.5 mg free fl avonoids/
100 g of shiitake treated at 100 C for 30 
min. Thermal processing may improve the 
release of fl avonoid compounds from the 
cell matrix.
   Antioxidant activity. Heat pretreatment 
of G. gargal did not improve the ABTS G. gargal did not improve the ABTS G. gargal
and DPPH radical scavenging abilities 
compared to the raw sample (Table 3). 
The extraction method studied was highly 
effective to release antioxidant compounds 
with a strong free-radical scavenging 
ability together with other solid material 
from fruiting bodies. Heat pretreatment 

did not have an additional positive effect 
on antioxidant activity of Gargal mushroom 
extracts. Choi et al.2 reported an ABTS 
radical scavenging activity of free extract 
from raw shiitake sample of 4.9 mg ascorbic 
acid equivalents/100 g sample, and a DPPH 
radical scavenging activity of 45.1%. Our 
study showed higher values of these 
antioxidant attributes. In general, antioxidant 
activity of the extracts is strongly related to 
the concentration and molecular structure 
of the antioxidant compounds. DPPH 
radical scavenging activity of methanolic 
extracts from G. gargal was 1% and 3% at G. gargal was 1% and 3% at G. gargal
0.01 mg/ml and 0.05 mg/ml, respectively15. 
Scavenging effects of methanolic extracts 
from several specialty and commercial 
mushrooms on DPPH radicals increased 
with increased extract concentrations11,18. 
Moreover, the diphenylpropane structure of 
fl avonoids and the aromatic ring structure 
of phenolics, such as aromatic oxy phenol 
acids, might contribute to the free radical 
scavenging ability of these compounds.
   All Gargal mushroom extracts exhibited 
an excellent reducing power level with 
a maximum absorbance of 2.00 at 700 

Table 2. Antioxidant compounds of Grifola 
gargal extracts with different heat treatments.

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

Unheated                60.5 ± 1.9 a              3.2 ± 0.3 a

100 C for 20 min   67.7 ± 6.9 a, b          3.8 ± 0.3 b

100 C for 45 min   66.6 ± 8.2 a, b          3.3 ± 0.2 a

121 C for 20 min   77.3 ± 9.8 c              4.6 ± 0.6 c

121 C for 45 min   74.6 ± 7.7 b, c          4.3 ± 0.5 c

*  Means with different superscripts within the same 
column are signifi cantly different (P< 0.05).
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nm, which was equivalent to 135.6 mg 
ascorbic acid/L (Table 3). No effect of 
heat pretreatment of Gargal mushroom 
on reducing power could be established. 
The reducing power of Gargal compounds 
to Fe(III) ions is due to their hydrogen-
donating ability. Gargal mushroom might 
contain phenolics, such as reductones, 
which could reduce metal ions or react with 
free radicals, followed by stabilization and 
termination of radical chain reactions.
   Neither raw Gargal mushroom, nor 
heated mushroom samples were able to 
chelate copper (II) ions signifi cantly from 
aqueous solutions. Very low data ranging 
from 0.2-2.5% indicated that chelating 
ability is virtually non-existent (Table 3). 
During the preparation of the mushroom 
extracts, disintegration of mushroom 
tissue allows an intense contact between 
endogenous mushroom compounds, such 
as polyphenols and polyphenoloxidase, 
and exogenous Maillard reaction products. 
However, the lack of chelating ability 
of copper ions means that no interaction 
occurred between copper at the active 

site of mushroom polyphenoloxidase and 
endogenous mushroom compounds or 
Maillard reaction products. These products 
are naturally produced in mushrooms during 
thermal processing by reducing sugars 
interacting with available amino groups. The 
lack of a copper chelating effect means the 
absence of the o-dihydroxy confi guration of 
polyphenolics from Gargal mushroom.
   In this study, no statistically signifi cant 
relationship was found between antioxidant 
compound and attribute at a 95% confi dence 
level due to an impediment effect of the 
high polyphenol concentration in Gargal 
mushroom extracts.
   Thermal processing of Grifola gargal
before extraction enhanced the extraction 
yield. In particular, the increase of 
temperature and heating time during 
pretreatment was favorable to the yield. 
Moreover, the temperature of heated Gargal 
mushroom samples was considered to be 
a key factor to increase the concentrations 
of polyphenols and flavonoids of the 
mushroom extract. G. gargal exhibited a G. gargal exhibited a G. gargal
strong antioxidant activity due to its high 

Table 3. Antioxidant attributes of Grifola gargal extracts with different heat treatments.

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

Unheated                  93.0 ± 0.5 a                               90.0 ± 0.2 a                             135.6 ± 0 a                           1.2 ± 1.2 a

100 C for 20 min      93.3 ± 0.6 a                               89.1 ± 0.8 a                 135.6 ± 0 a                           1.1 ± 1.2 a

100 C for 45 min      92.9 ± 0.4 a                               89.2 ± 0.2 a                             135.6 ± 0 a                           0.8 ± 1.0 a, b

121 C for 20 min      90.9 ± 0.3 b                               84.0 ± 2.6 b                             135.6 ± 0 a                           2.5 ± 0.6 c

121 C for 45 min      91.0 ± 1.2 b                  88.6 ± 1.3 a                             135.6 ± 0 a                           0.2 ± 1.1 b

* Means with different superscripts within the same column are signifi cantly different (P < 0.05).
ABTS= 2,2-azino-bis-(3-ethylbenzothiazoline-6-sulfonic acid).
DPPH= 1,1-diphenyl-2-picrylhydrazyl.
AAE= Ascorbic acid equivalents (mg of ascorbic acid per L of sample).
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free-radical scavenging ability, as well as 
its strong reducing power. However, this 
mushroom was not able to chelate copper 
ions. Furthermore, an effi cient extraction 
process did not allow an additional effect 
of heat pretreatment on the antioxidant 
activity of mushroom extracts. The Grifola 
gargal mushroom is a potential new source gargal mushroom is a potential new source gargal
of natural antioxidants.
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