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ABSTRACT

The antioxidant properties of two raw truf� es (Terfezia claveryi Chatin and Picoa juniperi Vittadini) and � ve raw mush-
rooms (Lepista nuda, Lentinus edodes, Agrocybe cylindracea, Cantharellus lutescens, and Hydnum repandum) were tested by
subjecting these truf� es and mushrooms to different industrial processes (freezing and canning) and comparing them with
common food antioxidants (a-tocopherol [E-307], BHA [E-320], BHT [E-321], and propyl gallate [E-310]) with regard to
their ability to inhibit lipid oxidation. All of the truf� es and mushrooms analyzed exhibited higher percentages of oxidation
inhibition than did the food antioxidants according to assays based on lipid peroxidation (LOOx), deoxyribose (OHx), and
peroxidase (H2O2). Frozen samples exhibited a small reduction in free radical scavenger activity, but the results did not show
a signi� cant difference (P , 0.05) with respect to the raw samples, while canned truf� es and mushrooms lost some antioxidant
activity as a consequenceof industrial processing. All of the raw and frozen truf� es and mushrooms except frozen Cantharellus
improved the stability of oil against oxidation (1008C Rancimat), while canned samples accelerated oil degradation.Antioxidant
activity during 30 days of storage was measured by the linoleic acid assay, and all of the samples except canned Terfezia,
Picoa, and Hydnum showed high or medium antioxidant activity. The Trolox equivalent antioxidant capacity assay was used
to provide a ranking order of antioxidant activity as measured against that of Trolox (a standard solution used to evaluate
equivalent antioxidant capacity). The order of raw samples with regard to antioxidant capacity was as follows (in decreasing
order): Cantharellus, Agrocybe, Lentinus, Terfezia, Picoa, Lepista, and Hydnum. Losses of antioxidant activity were detected
in the processed samples of these truf� es and mushrooms.

Although numerous types of truf� es and mushrooms
exist in nature, fewer than 25 mushroom species are widely
used as food, and even fewer can be considered items of
commerce (26). The world’s most widely cultivated mush-
room is Agaricus bisporus, which accounts for 56% of the
total world production, while the next most important spe-
cies is Lentinus edodes, accounting for 14% (9).

Truf� es and mushrooms are healthy foods that are low
in calories and fat and rich in vegetable proteins. Their
protein content is higher than that of most vegetables and
their amino acid composition is comparable to that of ani-
mal proteins (11). They appear to be a good source of vi-
tamin C, the B vitamins, and minerals. Mushrooms are the
only non–animal-based food containing vitamin D, and
hence they are the only natural source of vitamin D for
vegetarians (32). Most edible fungi are rich in nonstarch
polysaccharides, beta glucans that are a good source of sol-
uble and insoluble dietary � ber for humans (7, 29, 37).

The lipid composition of mushrooms includes neutral
lipids (high monoglyceride and low triglyceride levels), fat-
ty acids (unsaturated fatty acids such as oleic and linoleic
acids) (39), and phospholipids (such as phosphatidyletha-
nolamine and cardiolipin) (13, 26). Truf� es (Terfezia clav-
eryi and Picoa juniperi) contain large quantities of unsat-
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urated fatty acids, among which linoleic acid predominates
(37).

Among the constituents of truf� es and mushrooms are
vitamins A, C, and b-carotene, all of which have protective
effects because of their antioxidant and antiradical proper-
ties. Truf� es and mushrooms also contain many phenols,
which are very ef� cient scavengers of peroxyl radicals.
Moreover, the action of phenolic compounds is related to
their capacity to reduce and chelate ferric iron, which cat-
alyzes lipid peroxidation (16). Several authors have ob-
served the blocking effects of Hydnum mushrooms on in-
duced liver lipid peroxidation (24).

Many medicinal properties have been attributed to
mushrooms (8), such as the inhibition of platelet aggrega-
tion (20) and blood cholesterol (2), the prevention or alle-
viation of heart disease and the reduction of blood glucose
levels (29), and the prevention or alleviation of infections
caused by bacterial, viral, fungal, and parasitic diseases (9,
29). The large amount of potassium in mushrooms suggests
that they could be part of an antihypertensive diet (28).
Immunomodulation and anticancer effects have also been
described (41).

The quality of truf� es and mushrooms, which depends
on, among other things, their delicate � avor and postharvest
conservation, in� uences their value in the marketplace. Af-
ter they are harvested, mushrooms change in texture and
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lose weight and whiteness, becoming increasingly brown in
appearance. This change in color, which also represents a
deterioration in quality, is a result of the enzymatic oxida-
tion of polyphenols. Most recent research on mushroom
quality has examined the postharvest technology used to
maintain quality, including canning, modi� ed-atmosphere
packaging, cooling, and g-irradiation (10). The effect of
such processing techniques on food antioxidant properties
has also been extensively described and is a matter of con-
troversy because of the presence of thermolabile and ther-
mostable chemicals with prooxidant or antioxidant activity
and because of the resultant effect of the prooxidant en-
zymes present in larger and smaller amounts (17).

There is little information on the effect of temperature
on the free radical–scavenging capacity of natural antioxi-
dant extracts (23). Therefore, the aim of the present study
was to use established assays to evaluate the antioxidant
effects of truf� es and mushrooms in order to assess their
suitability for the nutritional enrichment of foods. In addi-
tion, our aim was to determine the effect of industrial pro-
cessing (freezing and canning) on the antioxidant activity
of truf� es and mushrooms, since they are widely processed
in this way.

MATERIALS AND METHODS

Materials. All chemicals were of chromatography grade
quality and were purchased from Sigma Chemical Co. (Poole,
Dorset, UK). Two types of desert truf� es, T. claveryi Chatin and
P. juniperi Vittadini, were collected in March and April 2001 in
southeast Spain (Zarzadilla de Totana, Lorca, Murcia), where they
grow naturally in mycorrhizal association with shrubs such as He-
lianthemum almeriense. Their geographic distribution is limited
to arid and semiarid areas (21), so they are looked upon as a
potential agroforestry alternative in these areas, as they require
low water input.

The mushrooms Lepista nuda, L. edodes, Agrocybe cylindra-
cea, Cantharellus lutescens, and Hydnum repandum were pur-
chased from a local supermarket. Both truf� es and mushrooms
were lyophilized and pulverized and analyzed as 100-mg samples.
The widely used food antioxidants a-tocopherol (E-307), BHA
(E-320), BHT (E-321), and propyl gallate (E-310) were analyzed
at a concentration of 100 mg/g (14) as antioxidant standards.

The truf� es and mushrooms were harvested, transferred to a
truck within 20 min, and later transported to the processing plant
at a temperature of 0 to 58C. The trucks used complied with EC
legislation regarding refrigerated trucks.

Industrial processing. Once in the processing plant, the
samples were placed in prechilling chambers at 0 to 28C and at a
relative humidity of 90 to 95%, and they were kept in these cham-
bers for 24 h on average. The samples were passed through shak-
ers to remove any debris. The truf� es and mushrooms were
washed several times in water (188C) containing decreasing con-
centrations of chlorine to eliminate foreign bodies (stones, insects,
etc.). From this point on, two production processes were carried
out, one for freezing and the other for canning.

Freezing treatment. For the freezing treatment, a 10-m tun-
nel of showers was used for blanching, with the samples being
conveyed at 2.15 m/min. The water temperature was 96 to 988C,
and the samples were blanched for 90 s. The water volume was
15,000 ml/min. The samples were then washed with showers of

cold water (5 to 108C, 3.5 m) on a wickerwork platform and then
cooled by forced air. Next, individual samples were frozen in a
� uid bed tunnel (individual quick-frozen model Agacigoscandia)
that was programmed to hold them for 4 min at 2308C. Samples
were conveyed at 1.05 m/min. The exit temperature of the truf� es
and mushrooms was below 2208C. Samples were then packed
into plastic bags before being placed in cardboard boxes, which
were stored at 2208C in a Slos Freeze model 26 B.

Canning treatment. For the canning treatment, instead of
being blanched, the truf� es and mushrooms were introduced into
glass jars, which were then � lled with hot (858C) � lling medium
(20 g of NaCl per liter of water). The jars were closed and then
heated at 1218C for 30 min before being cooled in water.

Sample preparation. Raw, frozen, and canned samples were
sent to our laboratory under suitable conditions. They were then
lyophilized in a FTSSYSTEMS (GIRALT) and pulverized to a
� ne powder with a Moulinex model 505 mincer.

Peroxidation of phospholipid liposomes. The ability of
samples to inhibit lipid peroxidation at pH 7.4 was tested by using
ox brain phospholipid liposomes essentially as described in Aru-
oma et al. (6). The experiments were conducted with a physio-
logical saline buffer (phosphate-buffered saline [PBS]; 3.4 mM
Na2HPO4-NaH2PO4, 0.15 M NaCl) (pH 7.4). In a � nal volume of
1 ml, the assay mixtures were made up with PBS, 0.5 mg of
phospholipid liposomes per ml, 100 mM FeCl3, 100 mg of sam-
ples (or 100 ml of common food antioxidants dissolved in water),
and 100 mM ascorbate (added last to start the reaction). BHT is
not fully soluble in aqueous solution, and its emulsion is not ho-
mogeneous. In order to dissolve it, deionized water with a con-
ductivity of not more than 4 mS/cm was used (43). Incubations
were carried out at 378C for 60 min. At the end of the incubation
period, 1 ml of 1% (wt/vol) thiobarbituric acid (TBA) and 1 ml
of 2.8% (wt/vol) trichloroacetic acid were added to each mixture.
The solutions were heated in a water bath at 808C for 20 min to
develop the malondialdehyde thiobarbituric adduct ((TBA)2-
MDA). The (TBA)2-MDA chromogen was extracted into 2 ml of
butan-1-ol, and the extent of peroxidation was measured in the
organic layer as absorbance at 532 nm.

Hydroxyl radical scavenging. In a � nal volume of 1.2 ml,
the reaction mixtures contained the following reagents: 10 mM
KH2PO4-KOH buffer (pH 7.4), 2.8 mM H2O2, 2.8 mM deoxyri-
bose (when used), 50 mM FeCl3 premixed with 100 mM EDTA
before addition to the reaction mixture, and 100 mg of the tested
truf� es and mushrooms (or 100 ml of common food antioxidants
dissolved in water). Ascorbate (100 mM), when used, was added
to start the reaction. The tubes were incubated at 378C for 1 h.
The products of the hydroxyl radical (OHx) attack on deoxyribose
were measured as described in Aruoma et al. (5).

Scavenging of hydrogen peroxide. The samples (100 mg)
(or 100 ml of common food antioxidants dissolved in water) to
be tested with H2O2 were incubated with 0.84 mM H2O2 for 10
min at 258C. Aliquots of these compounds were then assayed for
remaining H2O2 with the peroxidase system (31). The remaining
H2O2 was measured as the formation of a chromophore recorded
at 436 nm in reaction mixtures containing, in a � nal volume of 1
ml, 0.150 M KH2PO4-KOH buffer (pH 7.4), 50 ml of guaiacol
solution (created by adding 100 ml of pure guaiacol to 100 ml of
water), and 10 ml of Sigma type IV horseradish peroxidase (5 mg/
ml in the same phosphate buffer).

Rancimat test for oxidative stability. Sample preparation
for the Rancimat test consisted of the maceration of 3 g of re� ned
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TABLE 1. Inhibition of peroxidation in the lipid system with ox
brain phospholipids by raw and industrially processed (frozen
and canned) truf� es and mushrooms compared with the activity
of common food antioxidantsa

Substance added
to reaction
mixtures Processing % inhibition

None (control) —

Truf� es

Terfezia Raw
Frozen
Canned

95.7 6 1 B

94.1 6 2 B

72.9 6 2 FG

Picoa Raw
Frozen
Canned

95.3 6 1 B

94.5 6 2 B

74.1 6 3 F

Mushrooms

Lepista Raw 95.3 6 2 B

Lentinus

Frozen
Canned
Raw
Frozen
Canned

93.3 6 1 BC

79.0 6 2 E

99.2 6 3 AB

98.0 6 2 AB

84.7 6 1 DE

Agrocybe

Cantharellus

Raw
Frozen
Canned
Raw
Frozen

92.1 6 2 BC

90.6 6 1 BC

76.3 6 3 EF

95.7 6 1 B

94.5 6 1 B

Hydnum
Canned
Raw
Frozen
Canned

89.9 6 2 D

92.5 6 1 BC

76.9 6 2 EF

76.9 6 1 EF

a-Tocopherol
BHA
BHT
Propyl gallate

15.3 6 1 I

71.4 6 1 FG

22.3 6 2 H

52.5 6 1 G

a Statistical differences were analyzed by ANOVA (P , 0.05).
Values with the same letter are not signi� cantly different.

olive oil (provided by the manufacturing company and free of
added antioxidants or preservatives) with 10% of the tested truf-
� es and mushrooms (or 100 mg of common food antioxidants per
g) for 1 h at room temperature prior to analysis. The Rancimat
method (Metrohm model 743, Herisan, Switzerland) determines
the induction period by measuring the increase in the volatile acid-
ic by-products released from the oxidizing oil at 1208C. The con-
centration of the degradation products, which are transferred into
distilled water, is assessed by measuring the conductivity. Longer
induction periods suggest stronger activity for the added antioxi-
dants. The relative activity of the antioxidants is expressed by the
protection factor, which is calculated by dividing the induction
period of the oil with added antioxidants by the induction period
of the control (olive oil alone) (44).

This technique has been questioned by some authors (15),
but, in agreement with Mart ṍ nez-Tomé et al. (31) and Murcia et
al. (36), we decided to use it in this study because it is a procedure
that is commonly used in the food industry and in governmental
analytic laboratories.

Determination of antioxidant activity in the linoleic acid
system. To a solution of 10 ml of linoleic acid (11.7 g/liter in
99.8% ethanol) and 10 ml of phosphate buffer (200 mM; pH 7.0),
5 ml of the analyzed sample (100 mg of the tested truf� e or
mushroom sample dissolved in 20 ml of deionized water, or 100
mg of common food antioxidants per g of water) was added. The
total volume was adjusted to 25 ml with deionized water. This
solution was incubated at 408C, and the degree of oxidation was
measured. For this procedure, 10 ml of ethanol (75%), 0.2 ml of
an aqueous solution of ammonium thiocyanate (30%), 0.2 ml of
the sample (solution mixture), and 0.2 ml of ferrous chloride so-
lution (20 mM in 3.5% HCl) were stirred for 3 min. The absorp-
tion values of the mixtures at 500 nm were taken to indicate their
peroxide contents. The percentage of inhibition of linoleic acid
peroxidation, 100 2 [(absorption increase of sample/absorption
increase of control) 3 100], was calculated to express antioxida-
tive activity (49).

Measurement of total antioxidative activity by the TEAC
assay. The ABTSx2 radical solution was generated from 2.5 mM
ABAP and 20 mM ABTS22 stock solution in PBS (containing
100 mM phosphate and 150 mM NaCl [pH 7.4]). The radical
solution was protected from light during incubation at 608C for
12 min and later stored at room temperature. Absorbance at 734
nm was measured to check ABTSx2 formation (the results must
be between 0.35 and 0.45 nm) (48). Fifty milligrams of truf� es
or mushrooms (or 100 mg of common food antioxidants per g,
except for propyl gallate [25 mg/g to � t the calibration curve])
was dissolved in 3 ml of PBS. The antioxidant activity of the
samples analyzed (40 ml mixed with 1,960 ml of the radical so-
lution) was measured at 734 nm for a period of 6 min. The de-
crease in absorption at 734 nm observed 6 min after the addition
of each compound was used to calculate the Trolox equivalent
antioxidant capacity (TEAC).

A calibration curve was prepared with different concentra-
tions of Trolox (a standard solution used to evaluate equivalent
antioxidant capacity). By measuring the increase in absorption
(DAbs) over 6 min (with a standard range of 0 to 10 mM), ab-
sorbance values were corrected for the solvent.

DAbsTrolox 5 Abst56 min Trolox 2 Abst56 min solvent

The regression coef� cient (rc) is calculated from the calibration
curve.

DAbsTrolox 5 rc 3 [Trolox]

To establish the TEAC values of commercial antioxidants or

analyzed samples, the increase in absorption was measured in the
same way. The TEAC was calculated as follows:

TEACsample 5 DAbssample/rc

The TEAC represents the concentration of a Trolox solution that
has the same antioxidant capacity as the analyzed sample.

Statistical analysis. All experiments were carried out in trip-
licate. The results were analyzed with the Statistical Package for
Social Sciences (version 9.0) for Windows and the analysis of
variance (ANOVA) procedure. Fisher’s least signi� cant difference
multiple-range test was used to discriminate between means.

RESULTS

Inhibition of phospholipid peroxidation. One way to
test the antioxidant ability of a substance directly is to ex-
amine whether it inhibits the peroxidation of arti� cial lipid
systems (liposomes) by scavenging peroxyl radicals. The
formation of peroxyl radicals is the most important step in
lipid peroxidation, although peroxyl radicals can also be
formed in nonlipid systems. These radicals can be gener-
ated in foods and in the human body (1).

Table 1 shows the inhibition of lipid peroxidation
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TABLE 2. Deoxyribose damage (in absorbance units) caused by the OHÇ radical in the presence of raw and industrially processed
(frozen and canned) truf� es and mushrooms compared with the activity of common food antioxidantsa

Substance added to
reaction mixtures Processing

Damage to deoxyribose

For RM 1 DR % inhibition Without ASCb

None (control) 1.226 6 0.01 F — 0.257

Truf� es

Terfezia Raw
Frozen
Canned

0.149 6 0.03 AB

0.179 6 0.02 AB

0.371 6 0.04 BC

87.8
85.4
69.7

0.110
0.105
0.193

Picoa Raw
Frozen
Canned

0.070 6 0.02 A

0.080 6 0.02 A

0.455 6 0.01 CD

94.3
93.5
62.9

0.067
0.061
0.174

Mushrooms

Lepista Raw 0.249 6 0.05 B 79.7 0.509

Lentinus

Frozen
Canned
Raw
Frozen
Canned

0.279 6 0.01 B

0.408 6 0.04 C

0.080 6 0.01 A

0.109 6 0.02 A

0.419 6 0.01 C

77.2
66.7
93.5
91.1
65.8

0.259
0.258
0.067
0.090
0.189

Agrocybe

Cantharellus

Raw
Frozen
Canned
Raw
Frozen

0.249 6 0.03 B

0.359 6 0.05 BC

0.501 6 0.04 D

0.080 6 0.01 A

0.359 6 0.02 BC

79.7
70.7
59.1
93.5
70.7

0.308
0.379
0.334
0.406
0.482

Hydnum
Canned
Raw
Frozen
Canned

0.419 6 0.03 C

0.359 6 0.02 BC

0.509 6 0.02 D

0.548 6 0.05 D

65.8
70.7
58.5
55.3

0.491
0.627
0.505
0.399

a-Tocopherol
BHA
BHT
Propyl gallate

1.186 6 0.03 F

0.914 6 0.02 E

1.116 6 0.05 F

2.070 6 0.01 G

3.2
25.4
8.9
—

0.240
0.201
0.559
1.537

a RM, reaction mixtures; DR, deoxyribose; ASC, ascorbate. Statistical differences were analyzed by ANOVA (P , 0.05). Values with
the same letter are not signi� cantly different.

b When deoxyribose was omitted, values ranged from 0.001 to 0.006 absorbance units.

achieved in the presence of several raw truf� es and mush-
rooms after industrial processing (freezing and canning)
compared with that achieved with common food antioxi-
dants. The truf� es and mushrooms exhibiting the highest
percentages of peroxidation inhibition were as follows (in
decreasing order): raw Lentinus . frozen Lentinus . raw
Cantharellus [ raw Terfezia . raw Picoa [ raw Lepista
. frozen Cantharellus [ frozen Picoa . frozen Terfezia
. frozen Lepista . raw Hydnum . raw Agrocybe . fro-
zen Agrocybe. The inhibition percentages varied from 99.2
to 90.6% at the concentration tested. It can be seen that
freezing led to a slight decrease in inhibition capacity, with
raw and frozen samples (except for Hydnum) showing no
signi� cant differences (P , 0.05) in peroxyl radical inhi-
bition.

However, when truf� es and mushrooms were subjected
to a canning process, their inhibition percentages signi� -
cantly decreased with respect to those of the raw samples
(P , 0.05), with their remaining inhibition percentages be-
ing in the following order: canned Cantharellus . canned
Lentinus . canned Lepista . frozen and canned Hydnum
. canned Agrocybe . canned Picoa . canned Terfezia.

The antioxidant activity of frozen Hydnum decreased con-
siderably with freezing and provided results similar to those
for the canned sample.

All of the truf� es and mushrooms analyzed exhibited
higher inhibition percentages than did the common food
antioxidants analyzed (a-tocopherol, BHA, BHT, and pro-
pyl gallate) even after being subjected to the different in-
dustrial processes.

Assessment of the antioxidant action of truf� es and
mushrooms by the deoxyribose assay. The deoxyribose
assay evaluates whether a compound is a scavenger of the
hydroxyl radicals (OHx) generated in the human body under
physiological conditions, although the compound can also
be generated from peroxyl radicals, in which case it will
compete with deoxyribose for the OHx and inhibit deoxy-
ribose degradation. Highly reactive radicals are generated
by a mixture of ascorbate and FeCl3-EDTA (4).

The deoxyribose damage caused by the OHx radical in
the presence of raw truf� es and mushrooms subjected to
industrial processing (freezing and canning), along with the
activity of common food antioxidants, is shown in Table 2.
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TABLE 3. Scavenging of hydrogen peroxide by raw and indus-
trially processed (frozen and canned) truf� es and mushrooms
compared with the activity of common food antioxidants with per-
oxidase-based assaysa

Substance added
to reaction
mixtures Processing

Absorbance
(A436)

None (control) 0.622 6 0.02 F

Truf� es

Terfezia

Picoa

Raw
Frozen
Canned
Raw

0.162 6 0.03 AB

0.165 6 0.05 AB

0.350 6 0.01 D

0.168 6 0.04 AB

Frozen
Canned

0.321 6 0.03 D

0.400 6 0.01 C

Mushrooms

Lepista Raw
Frozen

0.119 6 0.02 A

0.131 6 0.05 AB

Lentinus

Agrocybe

Canned
Raw
Frozen
Canned
Raw

0.252 6 0.02 C

0.164 6 0.02 AB

0.166 6 0.04 AB

0.288 6 0.01 C

0.151 6 0.03 AB

Cantharellus

Frozen
Canned
Raw
Frozen

0.207 6 0.01 B

0.341 6 0.02 D

0.085 6 0.05 A

0.272 6 0.02 C

Hydnum
Canned
Raw
Frozen
Canned

0.275 6 0.04 C

0.196 6 0.03 B

0.254 6 0.04 C

0.388 6 0.02 DE

a-Tocopherol
BHA
BHT
Propyl gallate

0.711 6 0.02 F

0.770 6 0.03 F

0.700 6 0.04 F

0.400 6 0.02 E

a Statistical differences were analyzed by ANOVA (P , 0.05).
Values with the same letter are not signi� cantly different.

On the basis of these results, these substances could be
divided into two groups.

The � rst group comprised the substances showing the
highest percentages of inhibition (94.3 to 85.4%) (P ,
0.05). These substances were, in decreasing order, raw Pi-
coa . frozen Picoa [ raw Lentinus . frozen Lentinus .
raw Terfezia . frozen Terfezia. However, after these truf-
� es and mushrooms had been subjected to the canning pro-
cess, the level of OHx scavenging was lower, resulting in
the following order: Terfezia . canned Lentinus . canned
Picoa (P , 0.05). When ascorbate was omitted, the attack
on deoxyribose was less intense, because the absence of
ascorbate decreases the concentration of OHx in the reaction
mixture (30). The samples lacking ascorbate exhibited low-
er absorbance levels than did the control sample, since Ter-
fezia, Picoa, and Lentinus scavenged OHx radicals. All sam-
ples exhibited better performance than did the common
food antioxidants studied.

The second group comprised those substances that pro-
duced high inhibition percentages: raw Cantharellus . raw
Lepista [ raw Agrocybe . frozen Lepista . frozen Agro-
cybe [ frozen Cantharellus. Raw and frozen Hydnum ex-
hibited the lowest inhibition percentage in the deoxyribose
assay. However, this group does not scavenge OHx, because
when ascorbate was omitted, the level of the pink chro-
mogen exceeded that of the control. These compounds
probably react with ascorbate, decreasing the amount of
OHx generated (30).

The canned samples showed lower percentages of in-
hibition than did their raw and frozen counterparts (Table
2). The antioxidant activity of Cantharellus and Hydnum
declined with both industrial processes. Propyl gallate
showed prooxidant activity in this assay.

Hydrogen peroxide scavenging. Hydrogen peroxide
is generated in vivo by several oxidase enzymes and by
activated phagocytes, and it is known to play an important
role in the killing of several bacterial and fungal strains
(19). There is increasing evidence that H2O2, either directly
or indirectly via its reduction product, OHx, can act as a
messenger molecule in the synthesis and activation of sev-
eral in� ammatory mediators (46). When a scavenger is in-
cubated with H2O2 using a peroxidase assay system, the
loss of H2O2 can be measured.

Table 3 shows the reaction of hydrogen peroxide with
raw truf� es and mushrooms subjected to industrial pro-
cessing (freezing and canning) and with common food an-
tioxidants (BHT, BHA, propyl gallate, and a-tocopherol).
The inhibition percentages exhibited are as follows: raw
Cantharellus, 86%; raw Lepista, 81%; frozen Lepista, 79%;
raw Agrocybe, 76%; raw Terfezia, 74%; raw Lentinus,
74%; frozen Terfezia, 73%; frozen Lentinus, 73%; raw Pi-
coa, 73%; raw Hydnum, 68%; frozen Agrocybe, 67%; fro-
zen Hydnum, 59%; frozen Cantharellus, 58%. All of the
processed truf� es and mushrooms exhibited better capaci-
ties for reaction with H2O2 than did BHA, BHT, a-tocoph-
erol, or propyl gallate.

Canned truf� es and mushrooms were less effective at
scavenging H2O2; their percentages of inhibition were as

follows: Lepista, 59%; Cantharellus, 56%; Lentinus, 54%;
Agrocybe, 45%; Terfezia, 44%; Hydnum, 37%; Picoa, 35%.

Rancimat results. To assess oxidative stability, the
food industry uses the Rancimat test, in which the scav-
enger to be tested is added to a lipidic food and the degree
of protection is evaluated (45). Table 4 shows the induction
period and the protection factor obtained by the Rancimat
method for re� ned olive oil with raw truf� es and mush-
rooms after the freezing and canning processes and for re-
� ned olive oil with common food antioxidants. Re� ned ol-
ive oil alone (control) started the radical chain reactions of
the propagation phase of autoxidation after 7.58 h. The time
required for the formation of a suf� cient concentration of
initiating radicals (initiation phase) was slightly longer
when food antioxidants or raw or frozen truf� es or mush-
rooms were added, delaying the onset of the propagation
phase of the radical chain reaction and showing the protec-
tion factors of these products. Raw Lepista, Terfezia, and
Lentinus provided the greatest protection, with induction
periods of 9.28, 9.26, and 9.24 h, respectively.
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TABLE 4. Effects of raw and industrially processed (frozen and
canned) truf� es and mushrooms and of common food antioxidants
on the oxidative stability of olive oil, expressed as induction pe-
riod (IP) and protection factor (PF), as determined by the Ran-
cimat method

Additive Processing IP (h)a PFb

None 7.58

Truf� es

Terfezia Raw
Frozen
Canned

9.26
8.00
2.35

1.22 6 0.1 C

1.05 6 0.2 B

0.31 6 0.1 A

Picoa Raw
Frozen
Canned

8.75
8.51
3.19

1.15 6 0.1 BC

1.12 6 0.1 BC

0.42 6 0.2 A

Mushrooms

Lepista Raw 9.28 1.22 6 0.1 C

Lentinus

Frozen
Canned
Raw
Frozen
Canned

9.10
1.22
9.24
8.91
3.76

1.20 6 0.2 C

0.16 6 0.2 A

1.22 6 0.1 C

1.17 6 0.3 BC

0.49 6 0.3 A

Agrocybe

Cantharellus

Raw
Frozen
Canned
Raw
Frozen

8.83
8.33
1.89
8.21
7.26

1.16 6 0.2 BC

1.09 6 0.1 B

0.25 6 0.2 A

1.08 6 0.1 B

0.96 6 0.2 AB

Hydnum
Canned
Raw
Frozen
Canned

3.84
8.79
8.56
3.53

0.51 6 0.2 A

1.15 6 0.2 BC

1.13 6 0.1 BC

0.46 6 0.3 A

a-Tocopherol
BHA
BHT
Propyl gallate

20.10
8.68
7.18

14.21

2.65 6 0.2 E

1.14 6 0.1 BC

0.95 6 0.2 AB

1.87 6 0.1 D

a Rancimat-tested at 1208C.
b PF 5 IP (oil 1 truf� es-mushrooms)/IP (oil). Values with the

same letter are not signi� cantly different.

FIGURE 1. Evolution of the absorbance at 500 nm for the oxi-
dation of linoleic acid in the presence of raw and industrially
processed (frozen and canned) truf�es and mushrooms and com-
mon food antioxidants during 30 days of storage. v, propyl gal-
late and samples with high antioxidant activity; m, samples with
medium antioxidant activity; , control and samples with no an-
tioxidant activity.

A second group of samples increased the induction pe-
riod and the protection factor of olive oil. These samples
were, in decreasing order, frozen Lepista . frozen Lentinus
. raw Agrocybe . raw Picoa . raw Hydnum . frozen
Hydnum . frozen Picoa . frozen Agrocybe . raw Can-
tharellus . frozen Terfezia, with induction periods that var-
ied from 9.10 to 8.00 h.

However, when canned truf� es or mushrooms were
added, the time required for the formation of a suf� cient
concentration of initiating radicals was reduced. This result
indicates that these samples did not delay the onset of the
propagation phase of the radical chain reaction but degrad-
ed the oil more rapidly. The protection losses relative to
raw samples ranged from 53 to 87% in lipidic foods.

Linoleic acid system assay. The linoleic system assay,
which is used for determining antioxidant activity during
storage at unfavorable temperatures (408C), measures the
inhibition of linoleic acid autoxidation. Figure 1 shows the
absorbance values obtained during the autoxidation of lin-
oleic acid in the presence of raw and processed truf� es and

mushrooms over 30 days of storage, along with the values
for common food antioxidants. On the basis of these results,
substances were divided into three groups (P , 0.05) ac-
cording to their linoleic acid autoxidation inhibition per-
centages.

The � rst group included substances with high antioxi-
dant activity similar to that of propyl gallate (Fig. 1): raw
Lentinus (98% inhibition on the 30th day of storage) . raw
Cantharellus (98%) . frozen Lentinus (97%) [ canned
Lentinus (97%) . raw Agrocybe (96%) [ BHT (96%) .
raw Lepista (95%) . propyl gallate (95%) . frozen Agro-
cybe (91%) . frozen Cantharellus (89%) . canned Can-
tharellus (87%) [ raw Hydnum (87%) [ frozen Hydnum
(87%) [ frozen Lepista (87%) . canned Hydnum (86%)
. raw Picoa (85%) . BHA (84%) . raw Terfezia (77%).
These substances showed very high levels of antioxidant
activity during the 30 days of storage.

A second group of substances (Fig. 1) included canned
Agrocybe, frozen Terfezia, a-tocopherol, and frozen Picoa,
which exhibited medium levels of antioxidant activity after
30 days of storage, with inhibition percentages of 59, 50,
27, and 23%, respectively. However, canned Agrocybe, a-
tocopherol, and frozen Terfezia showed strong antioxidant
activity until day 21 of storage, at which time their inhi-
bition percentages were 77, 63, and 62%, respectively.

The third group (Fig. 1) included substances with no
antioxidant activity (canned Terfezia, canned Picoa, and
canned Lepista); the absorbances of these samples were
similar to that of the control at the end of the assay. There-
fore, these results show that antioxidant activity is lost in
two truf� es and in Lepista after canning. In the long term
(30 days), increased losses of antioxidant activity were
measured for the samples with poor free radical–scavenging
capacity.

TEAC assay. TEAC values can be assigned to all
compounds able to scavenge ABTS by comparing the scav-
enging capacities of these compounds with that of Trolox,
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TABLE 5. Scavenging of ABTS radical anions by raw and in-
dustrially processed (frozen and canned) truf� es and mushrooms
compared with the activity of common food antioxidantsa

Substance added to
reaction mixtures Processing TEACb

None (control)
Trolox (0.05 mM)
Trolox (0.5 mM)

—
1.00 6 0.0 A

10.00 6 0.0 F

Truf� es

Terfezia Raw 4.77 6 0.1 C

Picoa

Frozen
Canned
Raw
Frozen
Canned

3.57 6 0.1 B

2.52 6 0.1 AB

3.91 6 0.1 BC

2.57 6 0.1 AB

0.56 6 0.1 A

Mushrooms

Lepista

Lentinus

Raw
Frozen
Canned
Raw

3.19 6 0.1 B

2.36 6 0.1 AB

2.01 6 0.1 AB

9.05 6 0.1 E

Agrocybe

Frozen
Canned
Raw
Frozen
Canned

7.59 6 0.1 DE

6.93 6 0.1 D

10.39 6 0.1 EF

9.99 6 0.1 EF

3.04 6 0.1 B

Cantharellus

Hydnum

Raw
Frozen
Canned
Raw
Frozen
Canned

11.41 6 0.1 F

10.92 6 0.1 F

4.88 6 0.1 C

1.56 6 0.1 A

1.25 6 0.1 A

0.46 6 0.1 A

a-Tocopherol
BHA
BHT
Propyl gallatec

1.16 6 0.1 A

0.44 6 0.1 A

0.26 6 0.1 A

3.47 6 0.1 B

a Statistical differences were analyzed by ANOVA (P , 0.05).
Values with the same letter are not signi� cantly different.

b TEAC is the millimolar concentration of a Trolox solution hav-
ing an antioxidant capacity equivalent to that of the dilution of
the substance under investigation.

c Propyl gallate dilution was selected to reduce the measurement
within the appropriate part of the Trolox standard curve.

a water-soluble vitamin E analog. The quantitative evalua-
tion of antioxidant capacity based on TEAC can be used to
provide a ranking order of antioxidants (48).

Table 5 shows the TEACs of different raw truf� es and
mushrooms, of samples subjected to industrial processing,
and of common food antioxidants. The sample with the
highest TEAC value was that of raw Cantharellus; the or-
der of the remaining raw samples with regard to antioxidant
capacity was as follows: Agrocybe, Lentinus, Terfezia, Pi-
coa, Lepista, and Hydnum. Cantharellus and Agrocybe lost
4% of their antioxidant activity in the freezing process. An-
tioxidant activity losses of 16 to 34% were detected for the
rest of the frozen samples. Canned samples showed consid-
erable losses of total antioxidant capacity, with losses rang-
ing from 24 to 86% for Lentinus , Lepista , Terfezia ,
Cantharellus , Agrocybe [ Hydnum , Picoa. Antioxidant

activity loss percentages were calculated on the basis of the
data obtained for raw samples.

Of the common food antioxidants analyzed, propyl gal-
late exhibited the highest TEAC value. a-Tocopherol,
BHA, and BHT exhibited lower TEAC values than did raw
and frozen truf� e and mushroom samples.

DISCUSSION

Mushrooms represent biological systems in which an-
tioxidant compounds are very powerful (16). The protective
properties of mushrooms are attributable to several com-
pounds, such as water-soluble polysaccharides, which are
effective in protection against hydroxyl and superoxide rad-
ical–scavenging activities (25). In fact, a- and b-glucan
polysaccharides isolated from L. edodes exhibit free radi-
cal–scavenging activity and antiviral, hepatoprotective, an-
ti� brotic, antiin� ammatory, antidiabetes, and hypochloes-
terolemic activities (41).

Other structures, including vitamins (9, 10), pigments
(carotenoids) (35), and phenolic compounds, may also be
related to the capacity to reduce and chelate the ferric iron
that catalyzes lipid peroxidation (16). The molecular struc-
tures of these compounds include an aromatic ring with
hydroxyl groups containing mobile hydrogens (4) that lies
within the phytin and phytin-P antinutritional constituents
of the mushrooms. The ability of mushrooms to chelate
certain mineral elements, especially Ca, Mg, Fe, and Zn,
has also been described (2). Other compounds isolated from
different types of mushrooms, such as inoscavin A, curti-
sians A through D (p-terphenyl compounds) (50), hydrazine
(51) and the indole derivatives isolated from Agrocybe, are
also associated with antioxidant capacity and the inhibition
of lipid peroxidation (22).

Polyphenoloxidase, a constituent of mushrooms, is a
widely distributed copper-containing protein that catalyzes
two different reactions to o-quinones that generally de-
crease the quality and the antioxidant capacity of food, ei-
ther directly through the oxidation of reducing substrates or
indirectly through the oxidation of ascorbic acid by the qui-
nones and the oxidized products generated in the enzymatic
oxidation of their substrates (42).

Although freezing did not affect the folate vitamins
(47) or the dietary � ber and unsaturated and saturated fatty
acid contents of truf� es (37), processing and storage can
profoundly alter the antioxidant composition of fruits and
vegetables (18). A reduction in free radical–scavenging ca-
pacity has been observed for several foods heated at dif-
ferent temperatures (grapes (23), tuna (34)), because poly-
phenols and � avonoids are associated with the antioxidant
capacity of the samples and are usually oxidized at high
temperatures (23). Also, with heating, lipids increase in ex-
tractability and proteins are denatured, while vitamins such
as ascorbic acid (3), vitamin E (38), vitamins B1, B2, and
B6 (40), and carotene (27) suffer degradation and losses of
antioxidant activity.

Taking into account that several compounds are re-
sponsible for antioxidant activity and some of them can be
reduced after processing, the loss of total antioxidant activ-
ity in mushroom tissues was evident after the application
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of different blanching treatments (12). However, while short
heat treatments were found to decrease antioxidant poten-
tial, prolonged heating times were found to lead to a re-
covery of antioxidant properties, suggesting that the initial
reduction in the overall antioxidant activity could be attrib-
utable not only to the thermal degradation of naturally oc-
curring antioxidants but also to the formation of early Mail-
lard reaction products with oxidant properties (3).

CONCLUSIONS

The results of this study indicate that canned truf� es
and mushrooms exhibit signi� cant losses (P , 0.05) of
antioxidant activity, while the frozen products exhibit less
extensive losses. Raw truf� es and mushrooms exhibit
strong antioxidant activity as scavengers of several oxygen
species. This � nding supports the replacement of synthetic
antioxidants with natural truf� e and mushroom extracts.

Although they are eaten for their � avor (26), truf� es
and mushrooms may also be a valuable protein supplement.
They have high dietary � ber and unsaturated fatty acid con-
tents (37) and may compare favorably with other vegetables
with regard to antioxidant activity (33). Thus, raw and fro-
zen truf� es and mushrooms can be considered promising
candidates for industrial processing, thus permitting their
year-round consumption, and they can also be considered
functional foods (32).

ACKNOWLEDGMENT

This work was funded by a FEDER grant (1FD97-1746) from Min-
isterio de Educación y Cultura, Spain.

REFERENCES
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