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Effects of Conservation Treatment and Cooking on the
Chemical Composition and Antioxidant Activity of Portuguese
Wild Edible Mushrooms
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The effects of processing and cooking practices on the chemical composition and antioxidant activity
of Portuguese wild edible mushroom species (Lactarius deliciosus, Macrolepiota mastoidea,
Macrolepiota procera, and Sarcodon imbricatus) were investigated. Dried, frozen, and cooked samples
were analyzed for proximate constituents (moisture, fat, crude protein, ash, and carbohydrates) and
nutritional value. Fatty acid and sugar profiles were also obtained by gas—Iliquid chromatography/
flame ionization detection and high-performance liquid chromatography/refraction index, respectively.
The antioxidant properties were evaluated by several biochemical assays: 2,2-diphenyl-1-picrylhy-
drazyl radical scavenging capacity, reducing power, inhibition of -carotene bleaching, and inhibition
of lipid peroxidation in brain tissue using thiobarbituric acid reactive substances. Results of this study
show that mushroom species and processing and cooking practices are all effective determinants
for either chemical composition or antioxidant properties. Cooked samples proved to have lower
nutrient concentrations and lower antioxidant activities than either dried or frozen samples. In what
concerns fatty acids and sugar individual profiles, only cooking proved to be relevant: The cooked
samples presented higher monounsaturated fatty acid and lower polyunsaturated fatty acid and sugars
contents.
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INTRODUCTION occurrence of postharvest changes. These changes are due to

Wild mushrooms are becoming more and more important in the high moisture content of the carpophores and to the high
our diet for their nutritional {—3) and pharmacologicad{-6) activity of enzymes such as protease or polyphenol oxidase,
characteristics. The high protein and low fat/energy contents "esponsible for protein and sugar decrease and for a browning
of wild edible mushrooms, reported by many workefs-12) reaction during storage (24). The drying and deep-freezing
including our research grouf8), make them excellent foods processes have been used to increase storage stability and
for use in low caloric diets. Concerning the pharmacological facilitate mushroom consumption without seasonal constraints
potential such as antimicrobial4), antiviral, antitumor, anti- (25). Chemical and nutritional characteristics of mushrooms are
allergic, immunomodulating, anti-inflammatory, antiatherogenic, closely linked not only to species but also on processBg (
hypoglycemic, and hepatoprotective propertiEs),(mushrooms 10, 11) and cookingZ5—27). Despite this evidence, there are
have also become attractive as a functional food and as a sourceo detailed studies on the influence in fatty acid and sugars
for the development of drugs and nutraceuticals. Among them, profiles, particularly on mushrooms from Northeast Portugal,
phenolic compounds exhibit potent antioxidant activitie8-{ one of the European regions with a higher wild edible
22). Antioxidants can scavenge free radicals and increase shelimushrooms diversity. There are also reports about the changes
life by retarding the process of lipid peroxidation (LPO), and in the contents of health-promoting compounds and antioxidant
the consumption of antioxidant-rich foods could bring diverse activities of several vegetables after cooking, such as broccoli
physiological benefits to the consumer, such as protection (28) cabbages29), amaranth, cowpea, peanut, pumpkin, and
against human diseases associated with oxidative stress, likesyeet potato leave80). Nevertheless, there are no reports for

coronary heart disgase and cancer (23). . mushrooms concerning this aspect.
Nevertheless, edible mushrooms are characterized by a short

shelf life (13 days at room temperature), linked to the The objective of this study was to evaluate the modifications

induced by different conservation treatments (drying and

* To whom correspondence should be addressed. ¥851-273-303219. freezing) or _COOking in the Chemical_ Compositions and antioxj-
Fax: +351-273-325405. E-mail: iferreira@ipb.pt. dant properties of four Portuguese wild edible mushroom species
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Chart 1
Lactarius Macrolepiota Macrolepiota Sarcodon
deliciosus mastoidea procera imbricatus
| I T 1 T 1 T 1
Dried Frozen Cooked Dried Frozen Cogked Dried Frozen Cocked Drigd Frozen Cooked
(4D} LdF) L4c) MaD) || MzF) @dm C) @3 D) MpFy MpC) ®iD) GiF) [l
(Lactarius deliciosusMacrolepiota mastoideaMacrolepiota deionized water was added, to obtain phase separation; the FAMEs

procera, andSarcodon imbricatus). The entire extracts were Wwere recovered with 5 mL of diethyl ether by shaking in vortex, and
used to achieve health benefits due to the additive and the upper phase was passed through a microcolumn of sodium sulfate
synergistic effects of all of the phenolics present in the extracts, a1hydrous to eliminate the water; the sample was recovered in a vial
to stimulate the use of mushrooms not only for their nutritional with Teflon, and before injection, the sample was filtered with,fn?

roperties but also as a source for the development of dr Snylon filter from Millipore. The fatty acid profile was analyzed with a
properti ut u velop UGSpANI model GC 1000 instrument equipped with a split/splitless
and nutraceuticals.

injector, a FID, and a Macherey-Nagel column (30x10.32 mm i.d.

x 0.25um df). The oven temperature program was as follows: the
MATERIALS AND METHODS initial temperature of the column was B8G, held for 2 min, then a 10
°C/min ramp to 240C, and held for 11 min. The carrier gas (hydrogen)
flow rate was 4.0 mL/min (0.61 bar), measured af60Split injection

(1:40) was carried out at 25€. For each analysis,/L of the sample

was injected in GC. Fatty acid identification was made by comparing
the relative retention times of FAME peaks from samples with
standards. The results were recorded and processed using CSW 1.7

representative voucher specimens were deposited at the herbarium o oftware (DataApex 1.7) and expressed in relative percentage of each

Escola Superior Agréria of Instituto Politécnico de Bragankfter atty acid. . ) )
collection and taxonomic identification, all of the mushrooms were ~ Sugar Composition. Free sugars were determined by high-
immediately submitted to different treatments, accordinghart 1. performance liquid chromatography coupled to a refraction index
Drying was performed in an oven at 4C; freezing was carried ~ detector (HPLC-RI) based on the method used by Harada et al. (34)
out at—20 °C. Mushrooms were cooked with olive oil (extra virgin), ~ With minor modifications. Dried powder (1.0 g) was extracted with 40
salt, and onions; this procedure corresponded to the cooking practiceML of 80% aqueous ethanol at 8T for 30 min. The resulting
used for these Portuguese mushroom species. After cooking, the onionsuspension was centrifuged at 159@0r 10 min. The supernatant was
and excess olive oil were removed. All of the samples were lyophilized concentrated at 680C under reduced pressure and defatted three times

(Ly-8-FM-ULE, Snijders) and submitted to chemical composition and With 10 mL of ethyl ether, successively. After concentration at@p
antioxidant activity analyses. the solid residues were dlsso_lved in wat_er to a final volume of 5 m_L.
Standards and ReagentsAll reagents were of analytical grade ~ Soluble sugars were determined by using HPLC (Knauer, Smartline
purity: Methanol and diethyl ether were supplied by Lab-Scan (Lisbon, System) at 35°C. The HPLC system was equipped with a Knauer
Portugal); toluene was from Riedel-de-Haen; and sulfuric acid was from Smartline 2300 RI detector and with a Eurospher 100-5 biélumn
Fluka. The fatty acid methyl ester (FAME) reference standard mixture (4.6 mmx 250 mm, 5 mm, Knauer). The mobile phase was acetonitrile/
37 [fatty acids C4—C24; standard 47885-U was from Supelco (Belle- deionized water, 7:3 (v/v), at a flow rate c_>f 1.25 mL/min. The _results
fonte, PA)] was purchased from Sigma (St. Louis, MO), as also were &€ expressed in g/100 g of fresh weight, calculated by internal
other individual fatty acid isomers and the standards used in the Normalization of the chromatographic peak area. Sugar identification
antioxidant activity assays: BHA (@rt-butyl-4-methoxyphenol), was made by comparing the relative retention times of sample peaks
TBHQ (tert-butylhydroquinone),-ascorbic acidg-tocopherol, gallic with standards. The sugar 'standards used_ for identification were
acid, and {¢)-chatequin. 2,2-Diphenyl-1-picrylhydrazyl (DPPH) was purchased from Sigma Chemical Ca-(+)-arabinosep-(—)-fructose,
obtained from Alfa Aesar (Ward Hill, MA). All other chemicals were ~ D-(1)-galactosep-(+)-glucose anhydrous, lactose 1-hydrate, maltose
obtained from Sigma Chemical Co. Water was treated in a Milli-Q 1-hydrate,p-(+)-mannitol, p-(+)-mannose, d-(+)-melezitose;(+)-
water purification system (TGl Pure Water Systems, United States). Melibiose monohydrate;(+)-rhamnose monohydrate;(+)-sucrose,
Chemical Composition.Samples of mushrooms were analyzed for d-(1)-trehalose, and-(+)-xylose.
chemical composition (moisture, protein, fat, carbohydrates, and ash) Antioxidant Activity. Sample Preparatiorthe samples+3 g) were
using the AOAC procedure83). The crude protein conteril(x 4.38) extracted by stirring with 100 mL of methanol at 25 at 150 rpm for
of the samples was estimated by the macroKjeldahl method; the crude24 h and filtered through Whatman #4 paper. The residue was then
fat was determined by extracting a known weight of powdered extracted with two additional 100 mL portions of methanol, as described
mushroom sample with petroleum ether, using a Soxhlet apparatus;earlier. The combined methanolic extracts were evaporated &C40

Samples.Samples oL. deliciosus(L.) Gray, S.imbricatus(L.) P.
Karst,M. mastoidegFr.) Singer, andV. procera(Scop.) Singer were
collected under live pine treeRifiussp.) for the first two species and
under oak treesQuercus pyrenaicaVilld.) for the lasts species, in
Bragana (Northeast of Portugal), in autumn 2006. Taxonomic iden-
tification was made according to several autho8d,(32), and

the ash content was determined by incineration at6a® °C; reducing to dryness, redissolved in methanol at a concentration of 50 mg/mL,

sugars were determined by dinitrosalicylic acid method. Total carbo- and stored at 4C for further use.

hydrates were calculated by the difference: total carbohydrate30 Determination of Antioxidant Componentsor phenolic contents

— (g moisture+ g protein+ g fat + g ash). The total energy was  determination (35), 1 mL of sample was mixed with 1 mL of Folin

calculated according to the following equations: energy (kead) x and Ciocalteu’s phenol reagent. After 3 min, 1 mL of saturated sodium

(g protein+ g carbohydrate)} 9 x (g lipid). carbonate solution was added to the mixture and adjusted to 10 mL
Fatty Acid Composition. Fatty acids were determined by gdisjuid with distilled water. The reaction was kept in the dark for 90 min,

chromatography with flame ionization detection (GLC-FID)/capillary  after which the absorbance was read at 725 nm (Analytikijena 200—
column based on the following trans-esterification procedure: Fatty 2004 spectrophotometer). Gallic acid was used to calculate the standard
acids were methylated with 5 mL of methanol:sulfuric acid:toluene 2:1:1 curve (0.01—0.4 mMY = 2.8557X— 0.0021;R? = 0.9999), and the
(v:v), for at least 12 h in a bath at 5@ and 160 rpm; then, 5 mL of results were expressed as mg of gallic acid equivalents per g of extract.
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Table 1. Moisture (g/100 g of Fresh Weight), Proximate Chemical Composition (g/100 g of Dry Weight), and Energetic Value (kcal/100 g of Dry

Weight) of the Wild Edible Mushrooms (Mean + SD; n = 3)2

samples moisture total fat crude protein ash carbohydrates reducing sugars energy
L. deliciosus D 90.05+1.84a 6.47+£0.70b 17.87+1.62¢ 14.28+0.22a 60.30+2.73a 0.48+0.11b 370.90+3.97¢c
L. deliciosus F 88.25+3.56 a 845+349b 2433+1.81b 9.53+1.60b 57.68+2.97a 0.54 +0.01 ba 404,17 £17.94b
L. deliciosus C 65.74+£0.77h 35.95+274a 29.64+1.96a 453+0.08¢ 28.77+391b 0.66 £0.02a 561.63 +13.43a
M. mastoidea D 88.69+3.69 a 255+0.13¢ 21.89+231b 7.96+£0.30hb 67.60+1.43a 0.30+£0.02¢ 380.89+1.77h
M. mastoidea F 89.80+0.8a 3.05+£0.17hb 2451+397a 1176 £0.49a 60.68+1.26 b 0.46+0.04b 368.22+3.98¢
M. mastoidea C 70.30+1.87h 63.03+0.02a 10.10+0.46 ¢ 354+£058¢ 2338+044c 0.67+£0.04a 70096 +2.21a
M. procera D 90.01+1.73a 145+0.13b 7.62+£0.08c 9.86+£0.72b 80.38+0.19a 0.32+£001lc 365.01+0.59b
M. procera F 89.85+1.85a 2.18+0.07hb 9.36£091b 9.16 £0.59 ¢ 79.28+1.41a 0.56 £0.04b 379.87+£6.05b
M. procera C 64.36+7.88 b 57.43+293a 11.85+0.13a 5.73+£0.09a 16.40£2.68 b 0.79+0.02a 623.67+11.14a
S. imbricatus D 93.89+5.20a 345+0.18¢ 29.98+0.30a 12.14+0.32a 54.43+0.76 b 049+00la 368.69 + 1.04 ¢
S. imbricatus F 9295+1.23a 8.94+£299hb 25.71+4.23a 8.31+£031hb 55.98+3.45b 0.46 £0.02a 404.01+6.48b
S. imbricatus C 68.54+1.78 b 16.21+1.15a 15.02+0.33b 482+0.32c 63.95+1.50a 0.48+0.04a 461.74+6.05a

2In each row and for each species, different letters mean significant differences (p < 0.05). D, dried; F, frozen; and C, cooked.

For flavonoid contents determinatioB€), the mycelium extract (250
uL) was mixed with 1.25 mL of distilled water and 78 of a 5%
NaNG; solution. After 5 min, 15Q:L of a 10% AICk-H,O solution
was added. After 6 min, 500L of 1 M NaOH and 275L of distilled
water were added to the mixture. The solution was mixed well, and
the intensity of pink color was measured at 510 nri)-Chatequin
was used to calculate the standard curve (0-@224 mM;Y = 0.9629X

— 0.0002;R? = 0.9999), and the results were expressed as mg-pf (
chatequin equivalents per g of extract.

DPPH Radical-Scavenging ActivityVarious concentrations of
mushroom extracts (0.3 mL) were mixed with 2.7 mL of methanolic
solution containing DPPH radicals ¢6 107> mol/L). The mixture was
shaken vigorously and left to stand for 60 min in the dark (until stable
absorption values were obtained). The reduction of the DPPH radical
was determined by measuring the absorption at 517 nm. The radical
scavenging activity (RSA) was calculated as a percentage of DPPH
discoloration using the equation: % RSA [(Aoppn — As)/AoppH X
100, wheréAs is the absorbance of the solution when the sample extract
has been added at a particular level #agpnis the absorbance of the
DPPH solution. The extract concentration providing 50% of radicals
scavenging activity (E&) was calculated from the graph of RSA
percentage against extract concentration. BHA @fidcopherol were
used as standards.

Reducing PowerVarious concentrations of mushroom methanolic
extracts (2.5 mL) were mixed with 2.5 mL of 200 mmol/L sodium
phosphate buffer (pH 6.6) and 2.5 mL of 1% potassium ferricyanide.
The mixture was incubated at 8C for 20 min. After 2.5 mL of 10%
tricloroacetic acid (w/v) was added, the mixture was centrifuged at 1000
rpm for 8 min (Centorion K240R- 2003 refrigerated centrifuge). The
upper layer (5 mL) was mixed with 5 mL of deionized water and 1
mL of 0.1% of ferric chloride, and the absorbance was measured
spectrophotometrically at 700 nm. The extract concentration providing
0.5 of absorbance (EBg) was calculated from the graph of absorbance
at 700 nm against extract concentration. BHA antbcopherol were
used as standards.

Inhibition of f-Carotene BleachingThe antioxidant activity of
mushroom extracts was evaluated by thearotene linoleate model
system. A solution ofi-carotene was prepared by dissolving 2 mg of
fp-carotene in 10 mL of chloroform. Two milliliters of this solution
was pipetted into a 100 mL round-bottom flask. After the chloroform
was removed at 40C under vacuum, 40 mg of linoleic acid, 400 mg
of Tween 80 emulsifier, and 100 mL of distilled water were added to
the flask with vigorous shaking. Aliquots (4.8 mL) of this emulsion

100. The extract concentration providing 50% antioxidant activitys{EC
was calculated from the graph of antioxidant activity percentage against
extract concentration. TBHQ was used as a standard.

Inhibition of LPO Using Thiobarbituric Acid Reaet Substances
(TBARS)Brains were obtained from pig(s scrofa) of body weight
~150 kg, dissected, and homogenized with a Polytron in ice-cold-Tris
HCI buffer (20 mM, pH 7.4) to produce a 1:2 (w/v) brain tissue
homogenate, which was centrifuged at 39@0r 10 min. An aliquot
(0.1 mL) of the supernatant was incubated with the mushrooms extracts
(0.2 mL) in the presence of Fe3(0«M; 0.1 mL) and ascorbic acid
(0.1 mM; 0.1 mL) at 37C for 1 h. The reaction was stopped by the
addition of trichloroacetic acid (28% wi/v, 0.5 mL), followed by
thiobarbituric acid (TBA, 2%, w/v, 0.38 mL), and the mixture was
then heated at 80C for 20 min. After centrifugation at 30@0for 10
min to remove the precipitated protein, the color intensity of the
malondialdehyde (MDA}TBA complex in the supernatant was
measured by its absorbance at 532 nm. The inhibition ratio (%) was
calculated using the following formula: inhibition ratio (%) [(A —

B)/A] x 100%, whereA andB were the absorbance of the control and
the compound solution, respectively. The extract concentration provid-
ing 50% LPO inhibition (EGy) was calculated from the graph of
antioxidant activity percentage against extract concentration. BHA was
used as a standard.

Statistical Analysis. For each one of the mushroom species, three
samples were analyzed, and also, all of the assays were carried out in
triplicate. The results are expressed as mean values and standard error
(SE) or standard deviation (SD). The effects of conservation treatments
(drying, freezing) and cooking on the mushrooms chemical composition
and antioxidant activity were analyzed using one-way analysis of
variance followed by Tukey’s HSD test with= 0.05. This treatment
was carried out using the SAS v. 9.1.3 program.

RESULTS AND DISCUSSION

Effects on the Chemical Composition.The results of the
chemical composition and estimated energetic value obtained
for the wild mushroom species are shownTable 1. The
moisture ranged from 64.36 g/100 g of fresh weight in cooked
M. proceraand 93.89 g/100 g in drie8. imbricatus. The dry
matter content of raw mushrooms was higher as compared to
cooked mushrooms, but no significant differences were obtained
between dried and frozen samples. Carbohydrates were the
predominant macronutrients and ranged from 16.40 g/100 g in

were transferred into different test tubes containing 0.2 mL of different qokedM. proceraand 80.38 g/100 g in the corresponding dried

concentrations of the mycelium extracts. The tubes were shaken and,

incubated at 50C in a water bath. As soon as the emulsion was added
to each tube, the zero time absorbance was measured at 470 nm usin
a spectrophotometer. Absorbance readings were then recorded at 2

sample. Protein was the second component most abundant and
varied between 7.62 g/100 g in dridd. proceraand 29.98

(a/lOO g inS. imbricatusdried sample. Fat ranged from 1.45

min intervals until the control sample had changed color. A blank, 9/100 g in driedM. proceraand 63.03 g/100 g in cookeid.

devoid of 5-carotene, was prepared for background subtraction. LPO
inhibition was calculated using the following equation: LPO inhibition
= (B-carotene content aft® h of assay/initial3-carotene contentx

mastoidea. The high protein and carbohydrate and low fat
characteristics of the edible wild mushrooms have been previ-
ously reported by other workerg,(10, 11). The ash content



4784 J. Agric. Food Chem., Vol. 55, No. 12, 2007 Barros et al.

Table 2. Fatty Acid Composition (%) of the Wild Edible Mushrooms (Mean * SD; n = 3)2

LdD LdF LdC Mm D Mm F MmC Mp D MpF MpC SiD SiF SiC
C10:0 199+022 182+0.02 018+0.01 0.01+£000 0.01+0.00 ND 0.15+0.03  0.01+0.00 ND 0.02+0.00 0.04+0.02 ND
C12:0 024+0.01 035+0.01 0.03+£000 003+0.01 0.03+0.00 ND 0.06+0.01 0.04+0.01 ND 0.02+0.00 0.02+0.00 ND
C14.0 017+£000 014+001 002+000 026000 021+£0.00 002+000 032+003 020+0.01 001+£0.00 0.18+000 0.14+0.01 0.02+0.00
C15:0 028+0.01 030+0.01 0.04+000 018+0.00 0.11+0.00 0.01+000 035+003 033+0.02 001+000 087+000 091+0.00 0.03+0.00
C16:0 6.60+0.11 687+0.16 10.19+0.25 16.97+0.12 16.83+0.07 1049+0.09 19.80+0.26 1848+0.14 1030+0.12 1361+0.08 14.46+0.11 10.60+0.01
Cl6:1 019+0.01 026+0.01 048+001 233+0.04 282+002 060+001 106+001 072+0.02 049+000 035+000 042+0.01 0.52+0.00
C17:0 0.15+0.00 0134000 012+£001 011+£000 006+0.00 012+000 021+£002 014+0.01 012+000 0.08+000 0.06+0.00 0.12+0.00
C18.0 4438+134 4313+063 932+136 126004 055+001 283+003 238+0.06 209+0.03 281+019 357+013 3.82+048 3.27+0.01

C181n9c  21.63+0.40 2441+176 6480+042 1661+032 17.36+0.28 71.88+0.11 9.04+0.29 1446+0.19 7370+0.34 50.04+0.28 5240074 7232+0.34
Cl8:2n6c  23.19+1.23 21.13+133 1290+1.13 60.59+0.45 60.69+0.34 12.16+0.02 64.55+0.34 62.14+0.26 10.67+0.35 28.59+0.30 2524+116 11.04+0.38
C18:3n3 041+£013 050+0.04 091+002 0.08+0.01 011+£0.01 098+000 006+000 011+0.02 099+0.01 007000 008+001 1.02+0.01

C20:0 0.18+001 019+0.00 040+000 012+001 0.06+0.00 041+000 016+001 011+£0.01 042+001 092+001 1.02+0.02 045+0.01
C20:1c 003£000 001+000 023+000 010+0.01 010%£0.00 025000 0.06+000 0.05+0.00 025+0.01 0.07+£000 0.07+0.00 0.26+0.00
C20:2c 004+£001 005+001 0.04+000 0.08+0.01 0.09+0.00 ND 011+£001 006+001 001+000 0.04+0.00 0.05+0.01 ND

C22:0 0.16+0.00 013+0.04 012+000 0.12+0.03 0.07+0.01 012+000 024+001 017+0.00 012+001 059+0.03 0.69+0.02 0.12+0.01
C23.0 0.02+001 032+0.16 0.02+000 0.09+0.06 004+0.02 001+£000 009+002 010+0.02 002+0.01 025+£005 007+0.01 0.04+0.01
C24:0 020+001 010+0.09 006+002 0.75+006 0.61+0.01 007+000 0.89+006 0.63+0.02 006+000 058+0.02 035+0.03 0.17+0.01

total SFA'  54.36£172 5348+1.14 2051+165 19.88+0.33 1857+0.13 14.08+0.13 24.63+055 22.31+029 1388+0.34 20.69+0.34 21.57+0.71 14.82+0.20
total MUFA  21.85+040 2469+178 6551+043 19.04+037 2027+030 7273+0.12 10.17+0.31 1523+0.21 7444+035 50.46+029 5288+0.75 73.09+0.34
total PUFA  23.65+1.36 21.68+138 1384+119 60.76+047 60.89+0.35 13.14+0.02 6472+0.35 62.31+0.28 11.67+0.37 28.69+030 2537+1.18 12.06+0.39

2ND, not detected.

varied between 3.54 g/100 g in cookegld mastoideaand 14.28 Effects on the Fatty Acid Composition.The results for fatty
g/100 g in dried_. deliciosus Reducing sugars are only a small acid composition, total saturated fatty acids (SFA), monoun-
part of the carbohydrate contents since polysaccharides suchsaturated fatty acids (MUFA), and polyunsaturated fatty acids
as chitin and starch are the most abundant mushroom carbo{PUFA) of the studied mushrooms are shownTiable 2. In
hydrates. The heat inherent to the cooking process could leadgeneral, for noncooking samples, the major fatty acids found
to polysaccharides hydrolysis and subsequent sugars releasayere linoleic acid (C18:2:-60% for Macrolepiotaspecies and
accordingly, cooked samples present higher amounts of reducing~25% forL. deliciosusandS. imbricatu$ and oleic acid (C18:
sugars. 1; ~50% forS. imbricatus;~20% forL. deliciosus, and-15%
Regarding results on a fresh basis, cooking proceduresfor Macrolepiotaspecies), followed by palmitic acid (C16:0;
significantly increased nutrient concentration by decreasing the ~ 10% for L. deliciosusand~15% for the other species). For
water content; nevertheless, if values are calculated on a driedL. deliciosusmushrooms, stearic acid (C18:0) was also found
basis Table 1), significant carbohydrate and protein losses can in significant amounts, being the most abundant fatty acid
be observed. These results are in agreement with other studie¢~44%). This fact was already observed by us in a previous
on different mushroom species. Manzi et &5,26) reported work (13). The prevalence of linoleie-65%), oleic (~10%),
that cooking processes result in a loss of moisture and aand palmitic (~20%) acids was also observed by Longvah and
subsequent concentration of nutrients but also that cooking mayDeosthale (10) in the analysis of Indian mushroo®shizo-
promote a loss of nutrients due to interactions among constitu- phyllum communeand L. edodes. In another study with
ents, chemical reactions, solubility in cooking medium, and (or) Tricholomaspecies, oleic457%) and linoleic {28%) acids
thermal degradation. The same authof5)(described a were also the main fatty acid constituents; other fatty acids
significant decrease for dry matter, fat, protein, and carbohy- detected were found only in small amounid). Besides the
drates after cooking (7072%) in dried samples and a concen- four main fatty acids already described, 13 more were identified

tration increase (9894%) in fresh samples ofgaricus and quantified. There were no differences in the fatty acid
bisporus,Pleurotus ostreatus, anBoletussp. Dikeman et al. profiles of dried and frozen samplg$able 2), which is in
(27) also reported cooking losses and, therefore, a concentratioragreement with the results obtained for total fat presented in
of dry matter constituents iA. bisporus,Grifola frondosa and Table 1 Unsaturated fatty acids (UFAs) predominate over SFAs
Lentinus edodes, especially for carbohydrates (starch and totain all of the mushroom samples (dried, frozen, and cooked),
dietary fiber). with the exception ofL. deliciosusdue to the abundance of

The significantly higher fat amount found in the cooked C18:0 in this case. This is consistent with the observations that
mushrooms might be due to the presence of some olive oil usedin fresh mushrooms, UFAs predominate over the saturated, in
in the cooking procedure, as it can be observed in the fatty acidsthe total fatty acid contentlQ, 11). Particularly for cooked
profile presented below. On the basis of the proximate analysis, sSamples, the PUFA contents decreased while MUFA percentages
it can be calculated that 100 g of the cooked mushrooms assuresncreased. SFAs slightly decreased in all of the samples except
significantly higher energy values. The highest values are in L. deliciosus. Considering the total MUFA contents, cooked
guaranteed by cookdd. mastoideg700.96 kcal), while dried M. procerahad the highest value (74.44%) but contained the
M. procera(365.01 kcal) gives the lowest energy contribution lowest PUFA contents (11.67%). Otherwise, dridprocera
(Table 1). An apparent greater stability of nutrients and presented the lowest MUFA contents (10.17%) and the highest
subsequent higher energetic contribution was observed in frozenPUFA values (64.72%). In fact, for the cooked samples, a
mushrooms, when compared with the more severe drying considerable decrease in linoleic acid contents was observed,
treatment. Despite all of these conclusions, variation in com- and forL. deliciosusa decrease was also observed in the stearic
position among mushrooms may be due to several other factorsacid content probably due to some heating degradation. Another
including mushroom strain/type, composition of growth media, reason could be the heating promoting transformation of linoleic
time of harvest, management techniques, handling conditions,acid into 1-octen-3-ol, known as the alcohol of fungi, which is
and preparation of the substrates (23). the principal aromatic compound in most fungi and which might
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Table 3. Sugar Composition (g/100 g of Dry Weight) of the Wild flavonoid (ranging from 0.99 mg/g iM. proceraand 2.71 mg/g
Edible Mushrooms (Mean + SD; n = 3)2 in L. deliciosus) compounds. The amounts found in the cooked
samples significantly decreased when compared with the
mannitol trehalose total sugars contents found in the other samples. Phenolic compounds are
L. deliciosus D 1541+190a  088+017c  1629+175a unstable and easily become nonantioxidative under heating and
t- Zg%g;gzzz E ig?g : 8‘1% : ggg : 8(2)? : gig : 8253 2 in the presence of antioxidants; thus, heat used in the cooking
M astoidea D 7'84 : 0'14 . 4'11 : 0'24 X 11‘95 ; 0'20 . procedure cquld dgstroy th_e structures of polyphenols and cause
M. mastoideaF ~ 460+097b  511+117a  9.71+2.11ba a decrease in their antioxidant activig, 40). Nevertheless,
M. mastoidea C 754540112 ND 7544011 b at low heating temperatures, an increase in phenolics concentra-
M. proceraD 473 +0.26 b 292+ 0.13b 766+ 040b tion may occur. This can be observed in the dried mushrooms
M. procera F 651+401la  763+058a  1413+069a that present higher phenols than the frozen samflabl¢ 4).
M. procera C 2.272+0.45¢ 1.19+0.02¢ 3.46 +0.44 ¢ Choi et al. @1) described that heat treatment of Shiitake
S. imbricatus D 1957+162a  603+026a  2561+187a increased the overall content of free polyphenolic and flavonoid
S. imbricatus F 2531+148a 499 +0.41b 3030+ 1.77a compounds. The authors explained that heat treatment might
S. imbricatus C 1178 +1.72b 344+049¢ 1522+221b produce changes in their extractability due to the disruption of
the plant cell wall; thus, bound polyphenolic and flavonoid
@|n each row and for each species, different letters mean significant differences compounds may be released more easily relative to those of
(p < 0.05). ?Values corresponding to mannitol + glucose; D, dried; F, frozen; C, raw materials. Thermal processing is generally applied to extend

cooked; and ND, not detected. the shelf life of food products. However, it is well-known that

) ) ) natural nutrients could be significantly lost during the thermal
contribute to cooked mushrooms flav@7). Because oleic acid  processing due to the fact that most of the bioactive compounds
is the most abundant fatty acid in olive 08§), the increase in - 5ye relatively instable to heat. Therefore, heat-processed foods
oleic acid percentage observed in all of the cooked samples isyre considered to have a lower health-promoting capacity than
probably due to the presence of some olive oil used in the corresponding fresh ones. However, recent studies have
mushrooms preparation. o shown that thermally processed foods, especially fruits and

Effects on the Sugar CompositionIn what concerns sugar  yegetables, have higher biological activities due to their various
composition Table 3), mushrooms showed some homogenelty. chemical changes during heat treatmei®, @3). In the present
All _of them presented mannitol and t_rehalose as the main SUgarsgy,dy, the results showed that low heating temperaturesd%0
while other sugars were present either only in small amounts j, ~raased the bioactive compounds contents (dried samples)

(M. mastoideaand M. procerg or were not detectedL( while higher heating temperatures destroyed those compounds
deliciosusandS. imbricatu¥ The accumulation of these sugars (cooked samples).

in the fruit bodies of other mushrooms such Hgpsizygus
marmoreusA. bisporus,Flammulinavelutipes, and.. edodes
has been already reporteg#. Mannitol was the most abundant
sugar in all of the studied species ranging from 2.27 g/100 g of
dry weight for cookedM. proceraand 25.31 g/100 g for frozen

S. imbricatus Other authors 39) also reported this sugar
concentration up to 50% dry weight & bisporusmushrooms.

The enhanced antioxidant activity in noncooked samples
could be explained by the increased amount of antioxidant
compounds, particularly phenolic compounds (22). Also,
other authorsZ9) described the loss of total antioxidant activity
in blanched cruciferous vegetables. Yen and Hub@) (sug-
gested that alkali was an effective factor that caused a decrease
Sugar alcohols, particularly mannitol, function to provide in the antioxidative activity of the herb déflesona procumbens

support and expansion of the fruit body; this sugar alcohol has Hemsl. extracts and that heathg enhan_ced thls_e_ffect. The
half the calories of sugar and is half as sweet, and because it 2Uthors attribute the decrease in antioxidant activity to the
poorly absorbed by the body, it does not raise insulin levels as 96Créase in the contents of the phenolic components. Other

much as sugar and also does not promote tooth de@y ( authors reported that heat treatment could also deactivate
The values obtained for sugars concentrations were higher€ndogenous oxidative enzymes, explaining the increased anti-

than those obtained for reducing sugars (Table 1) since oxidant contents by preventing.enzymatic oxidation ca_using loss
trehalose, an abundant sugar in mushrooms fruiting bodies, is®f the antioxidant compound in the raw plant materia8)(
ana-linked disaccharide and therefore a nonreducing sugar. No 1 NiS could explain the higher antioxidant activity (lower £&C
significant differences between total sugars of dried and frozen Values) obtained for dried samples in comparison to frozen
samples were observed. Cooked samples presented significantlp@MPles in the present study. Many antioxidant compounds are
lower sugar concentrations, expressed as dry weight, which isMainly present as a covalently bound form with insoluble
in agreement with the previously discussed carbohydrates resultsPOlymers. Therefore, it is suggested that heat treatment might
A significant decrease in trehalose concentration (glucose disrupt the cell wall and liberate antioxidant compounds from
disaccharide), which probably was converted into glucose, due &N insoluble portion of mushroom, which, in turn, increases the
to the heating process, was also observed. The chromatogram§00! of bioaccessible antioxidant compounds. Another reason
obtained for cookedMiacrolepiota species presented broad for the improved antioxidant activity could be due to the
peaks, probably including glucose and mannitol, which have formatlon of novel compounds having a.nt|OX|dant activities
similar retention times. Nevertheless, the increase in glucoseduring heat treatment or thermal processing (41).

was not enough to balance the decrease in mantiglucose Effects on the Antioxidant Properties. All of the species
concentration caused by heated sugars degradation. proved to have antioxidant activities, namely, RSA and LPO
Effects on the Antioxidant Compounds. Table 4shows inhibition capacities. Nevertheless, different species revealed

ECso values obtained in the antioxidant activity assays of wild different properties according to each tested method; dried
edible mushrooms submitted to different conservation treatmentssamples were more efficient (lower Efvalues), as was already
and cooking and also their phenol and flavonoid concentrations. describedM. mastoideacooked samples proved to have lower
Dried samples revealed a higher content in phenol (ranging from antioxidant properties (higher B§gvalues), which is compatible
3.06 mg/g inS. imbricatusand 3.40 mg/q irL. deliciosus) and with its lower phenol contents. As an examgfégure 1 shows
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Table 4. ECs, Values Obtained in the Antioxidant Activity Assays and Bioactive Compounds Contents in the Wild Edible Mushrooms (Mean = SD; n
= 3)3

antioxidant properties (ECsq values; mg/mL) bioactive compounds (mg/g)
DPPH [-carotene lipid
scavenging reducing bleaching peroxidation

activity power inhibition inhibition phenols flavonoids
L. deliciosus D 16.31+0.24 ¢ 498+0.02b 376+0.24b 26.40+0.03 ¢ 340+0.18a 271+£012a
L. deliciosus F 20.54+0.59b 465+0.02b 3.74+0.04b 29.63+£0.08 b 295+0.24b 191+0.07b
L. deliciosus C 33.70+169a 17.66 +0.08 a 1786 £3.80 a 35.85+0.03a 123+0.14c 0.89+0.06 ¢
M. mastoidea D 8.18+0.07¢ 435+0.01c 6.48+1.10b 24.20+0.03¢ 3.08+0.17a 210+0.15a
M. mastoidea F 849+0.10b 444+0.04b 8.92+0.72a 34.42£0.05b 269+0.37b 156+0.11b
M. mastoidea C 25.60+0.13a 479+0.03a 8.10+0.93a >50 a 1.13+0.09¢c 1.08+0.11c
M. procera D 538+0.50¢ 418+0.02b 519+0.16b >50 a 317+£092a 0.99+0.05a
M. procera F 6.95+1.24b 449+0.02a 6.23+1.23ba >50 a 259+0.17a 090+0.11a
M. procera C 8.82+036a 3.96+0.04c 6.51+1.08a >50a 245%021a 020+0.11b
S. imbricatus D 5.82+0.06 C 441+0.03c 353+0.20¢c 38.17+0.03¢c 306+0.10a 152+0.03a
S. imbricatus F 10.98+0.17b 594+0.05b 445+0.25b 41.14+0.03b 222+031b 1.12+0.03b
S. imbricatus C 11.82+0.20a 8.74+0.16a 16.64 +1.08a 4442 +0.13a 1.69+0.38¢ 1.02+0.04c

2In each row and for each species, different letters mean significant differences (p < 0.05). D, dried; F, frozen; and C, cooked.
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Figure 1. Antioxidant activity of S. imbricatus extracts: Scavenging activity on DPPH radicals (%), reducing power, hemolysis inhibition (%), and LPO
inhibition (%). Each value is expressed as a mean + SE (n = 3).

the antioxidant activity oS. imbricatusafter different treatment  and other free radicals formed in the system, which attack the
procedures examined as a function of their concentration. highly unsaturate@-carotene models), and inhibition of LPO
Several biochemical assays were used to screen the antioxidanin brain tissue (measured by the color intensity of the MDA
properties: reducing power (measuring the conversion ofdFe  TBA complex). The assays were performed in the whole extract,
ferricyanide complex to the ferrous form), scavenging activity since it could be more beneficial than isolated constituents; a
on DPPH radicals (measuring the decrease in DPPH radicalbioactive individual component can change its properties in the
absorption after exposure to radical scavengers), inhibition of presence of other compounds present in the extra®t3. (
pB-carotene bleaching (by neutralizing the linoleate-free radical According to Liu (45), additive and synergistic effects of
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phytochemicals in fruits and vegetables are responsible for their (14) Barros, L.; Calhelha, R. C.; Vaz, J. A,; Ferreira, |I. C. F. R;;

potent bioactive properties, and the benefit of a diet rich in fruits
and vegetables is attributed to the complex mixture of phy-

tochemicals present in whole foods. This explains why no single
antioxidant can replace the combination of natural phytochemi-

cals to achieve the health benefits. Analysi&igiure 1 revealed
that the antioxidant activity increased with a concentration

increase; very good results were obtained at higher extracts

concentrations. The antioxidant activity was better (lowegEC

values) in chemical assays than in the biochemical assay using

animal cells (LPO inhibition) Table 4 and Figure 1). The

Baptista, P.; Estevinho, L. M. Antimicrobial activity and
bioactive compounds of Portuguese wild edible mushro&us.
Food Res. TechnoR0O06, in press, doi 10.1007/s00217—006-
0394-x.

(15) Lindequist, U.; Niedermeyer, T. H. J.; Julich, W.-D. The
pharmacological potential of mushroone€AM2005,2, 285—
299.

(16) Yen, G.-C.; Hung, C.-Y. Effects of alkaline and heat treatment
on antioxidative activity and total phenolics of extracts from
Hsian-tsao (Mesona procumbedemsl.).Food Res. Int2000,
33, 487—-492.

decrease in the antioxidant activity of cooked samples might (17) vang, J.-H.; Lin, H.-C.; Mau, J.-L. Antioxidant properties of

have resulted in the destruction of phenolic hydroxyl groups
due to high heat temperature.

In conclusion, both conservation treatment and cooking
proved to have influence in mushroom nutritional values and

their antioxidant properties. Cooked samples proved to have

lower nutrient concentrations and lower antioxidant activities
than either dried or frozen samples. Nevertheless, for fatty aci

and sugar individual profiles, only the cooking procedure seems

several commercial mushroomsood Chem2002,77, 229—
235.

(18) Mau, J.-L.; Chang, C.-N.; Huang, S.-J.; Chen, C.-C. Antioxidant
properties of methanolic extracts fra@rifola frondosa Morch-
ella esculentaand Termitomyces albuminosumycelia. Food
Chem.2004,87, 111—-118.

d (19) Cheung, L. M.; Cheung, P. C. K. Mushroom extracts with

antioxidant activity against lipid peroxidatioRood Chem2005,
89, 403—4009.

to be relevant; the cooked samples presented higher MUFA and (20) Ribeiro, B.; Rangel, J.; Valentdo, P.; Baptista, P.; Seabra, R.

lower PUFA and sugars contents.
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