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Abstract: The effects of baking practices on the fatty aamd &ioactivity of edible mushrooms; namely,
Lactarius deliciousandRamaria flavanaturally growing in Anatoliavere investigated. Each mushroom species
was divided into two parts and one of the parts baleed. Both baked and unbaked materials were atetta
with hexane and methanol, successively. The faity eontents of baked and unbaked extracts of bpéties
were carried out by GC and GC-MS analytical techegy In the unbaked extracts palmitic acid (9.743%),
stearic acid (41.41-6.68%), oleic acid (25.94-4%) 2nd linoleic acid (22.85-9.78%) were identifiasl major
fatty acids, respectively. In the baked extraotsyédver, palmitic acid (7.92-19.12%), stearic adifl. 94-6.23%),
oleic acid (18.07-45.13%) and linoleic acid (23®885%) were identified as major fatty acids, asl.wkhe
antioxidative effect of the extracts of baked amthaked mushroom species was also determined by csim
complimentary assays. In addition, the extracts dhe major fatty acids were also evaluated for
anticholinesterase activity against acetylcholieeste (AChE) and butyrylcholinesterase (BChE) wihighthe
chief enzymes of Alzheimer’s disease. The bakechamatl extract oR. flavashowed the highest activity in
DPPH scavenging, ABTS scavenging and BChE assayife the unbaked hexane extractRofflavaexhibited
the best lipid peroxidation inhibition activity. loonclusion, baking proved to have influence inritiohal
values and bioactivity properties bf deliciousandR. flava The nutrient concentration and bioactivities of
deliciouswere decreased when baked; however, b&keflavaproved to have higher nutrient concentrations
and higher bioactivities than unbaked samples.
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1. Mushroom Source

The mushrooms are low in calories and fats as idakicfoods, having rich source of vitamins,
proteins and minerals, especially in potassium@rabphorus. Therefore, various mushrooms species
have been the focus of researchers’ interest. Hidthdectins, polysaccharides, polysaccharide-
peptides, polysaccharide-protein complexes, lanestgpe triterpenoids, phenolics and flavonoids
have been isolated from some edible mushroom sptjieFurthermore, various biological activities
such as antioxidant, antibacterial, antifungal [2hti-immunomodulatory, antitumor [1], anti-
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inflammatory [3], cytotoxic [1] and anticholinessse [4] activities of the isolated compounds and/or
complexes were investigated.

Lactarius delicioug(L. : Fr.) Gray andRamaria flava(Schaeff.: Fr.) Quél. which are consumed
mushroom species were obtained from a local markd¥iugla-Turkey in December 2009 and
identified by Professor Aziz Turlktu, Department of Biology, Faculty of Science, Magbitki
Kocman University. Voucher specimens were depositéde Fungarium of the same Department of
the University, and coded with fungarium numbers b2 and AT 1136, respectively.

2. Previous Studies

There are reports about the changes in the cheroaraposition and antioxidant activities of
several mushroom species after cooking, sucbaatarius deliciousMacrolepiota mastoide#Fr. :
Fr.) SingerMacrolepiota procergScop. : Fr.) SingeSarcodon imbricatuglL. : Fr.) P. Karst. [5].

Previous studies oh. delicious.Up to date, various biological activities such aiaxidant [6,7],
acetylcholinesterase inhibitory [7], trypsin inhidoly [8], antimicrobial, [9], immunostimulant, ant
inflammatory [10] activities of the extracts bfctarius delicioushave been investigated. From the
mushroom, proteoglycans [11], guaiane sesquiteigenfl2], polysaccharides [13], terpenoids,
phenolics and nitrogen containing compounds [14jehbeen isolated. Antitumor activity of the
compounds isolated by Ding et al. and Liu has bsewlied [13,14]. Moreover, the fatty acid
composition by GC-MS [15] and phenolic and orgaant profile [16], and sugar composition [15]
by HPLC ofL. deliciouswere also studied.

Previous studies orR. flava During previous studies various biological adies such as
antioxidant [9, 17], antimicrobial, [9,17]x-amilase andi-glucosidase inhibitory [18] activities of the
extracts oR. flavahave been investigated. From the mushroom, ade®ir-epidioxyergosta-6,22-
diene-@-ol, 5u,8a-epidioxyergosta-6,9(11),22-trieng-8l, phenylacetic acid, bis(2-ethylhexyl)
phthalate, &,8a-epidioxyergosta-6,9(11)-dieng#®l, stigmasterol, D-allitolg-D-(+)-glucose, 39-4-
D-glucopyranosyl-2B,24R-5«,8a-epidioxy-ergosta-6,22-diene and  CBB-D-glucopyranosyl-
22E,24R-50,8a-epidioxyergosta-6,9,22-triene have been isolatetl elucidated [19]. The fatty acid
composition by GC-MS [20] dR. flavawas also studied.

3. Present Study

In this research, the fatty acid composition, aditiant and anticholinesterase activity togethehwit
bioactive compounds were studied in both bakeduaihked materials df. deliciousandR. flava
Following procedures were carried out.

Mushroom materials and preparation of the extrad#tushroom samples (1.0 Kg each) were
divided into two parts. One part of mushroom wakellafor two hours at 200°C by using an oven.
Unbaked and baked samples were extracted with éxhare three times at room temperature, filtered
and evaporated to dryness in vacuum. Similarly,résedues of both unbaked and baked mushroom
samples were extracted with 1 L methanol three gime room temperature and the solvent was
evaporated under vacuum. The yields of the eigihaets are given in Table 1.

Derivatization of fatty acids and GC and GC/MS asak The hexane extracts of both unbaked
and baked mushroom samples (100 mg) were methyigteding BE: MeOH reagent as previously
mentioned [21]. Qualitative and quantitative anialysf the fatty acids were performed using GC
(Shimadzu GC-17 AAF, V3, 230V series gas chromaplgy, Japan) and GC/MS (Varian Saturn
2100T, USA). The library search was carried ouhgsNIST and Wiley 2005, GC-MS libraries.
Supelco™ 37 components of (Fatty acid Methyl est&XME mixture (Catalog no: 47885-U) was
used for the comparison of the GC chromatogramg [21

Antioxidant and anticholinesterase activitiéstioxidant activity were used [f}carotene/linoleic
acid bleaching assay [21], free radical scavengiotivity by DPPH assay [21], cation radical
scavenging activity by ABTSassay [21] and superoxide anion radical scavenggsgy [22]. BHT
and o-tocopherol were used as antioxidant standards domparison of the activity.
Acetylcholinesterase and butyrylcholinesterase sy inhibitory activities were assayed by the
Ellman methodin vitro [23]. Galantamine was used as a reference compolinel data on all
antioxidant activity tests were triplicated. Sigeaint differences between means were determined by
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Student's- test, p<0.05 were regarded as significant.sdCvalues were calculated from the
concentration-effect linear regression curve.

Total Bioactive compound3he total phenolic content of the mushrooms wasrdéned based on
the method previously described [21], as pyrocaiketuivalents (PEs). Standart pyrocatechol curve
(y=0.0132[PEs]+0.0157: 0.9972) was used to calculate total phenoliceant

As for total flavonoid content of the mushrooms evdetermined based on the aluminium chloride
method [21], as quercetin equivalents (QEs). Stahdaercetin curve (y=0.0153[QEs]-0.0143;
0.9993) was used to calculate total flavonoid caiste

Ascorbic acid content of 100 mg the crude methandiact was determined as ascorbic acid
equivalents (AAES) as previously mentioned [24]ntént of ascorbic acid was calculated on the basis
of the calibration curve of authentic ascorbic afye-0.0537[AAES]-0.9581r% 0.9988) and the
results were expressed as mg of ascorbic acidégtodct.

B-carotene and lycopene content in 100 mg crude anethextract was determined according to
the previous method [24]. Contents [pfcarotene and lycopene were calculated accordintpeo
following equations: lycopene (mg/100 mL) = -0.0468Ase3 + 0.372 X Ags - 0.0806 x Ass B-
carotene (mg/100 mL) = 0.216 %A - 0.304 x Ags + 0.452 x Ass The results were expressed as jug
of carotenoid/g of extract.

Antioxidant activity of extracts of baked and unedkmushroom species is given in Table 1 by
four complimentary tests. The antioxidant actiwitgs compared with those of BHT aadocopherol
used as standards in food and pharmaceutical iydust f-carotene-linoleic acid assay, unbaked
hexane extract dR. flavademonstrated the best lipid peroxidation inhiloitarctivity with an 1G, of
60.30+0.62 pg/mL, followed by unbaked methanol aottiofR. flava(ICse: 80.19+0.63 pg/mL), and
baked methanol extract &. flava(ICss: 89.73+0.62 pg/mL). In general the baked extréatdoth
mushroom species showed less activity than the katbaxtracts. In contrast, in DPPH assay, the
baked extracts indicated higher activity than timaked extracts for both mushroom species. In
general the DPPH free radical scavenging activitthe R. flava was better than to that df.
delicious The best activity was found to be in baked methartract ofR. flavaindicating 0.17+0.00
mg/mL, 1G, value, and followed by the baked hexane extractRofflava (ICs: 1.16+0.02
mg/mL).The superoxide anion radical scavengingveagtsupports the lipid peroxidation inhibition
activity by thep-carotene-linoleic acid assay. Similarly, iR Gcavenging assay the unbaked extracts
of both mushrooms demonstrated better activity ttieose of baked extracts. The best activity,
however, was found in the unbaked hexane extratt ofelicious(58.99+2.46%) at 25 pg/mL. In
ABTS™ scavenging activity, however, the activityRf flavawas similar to that of DPPH assay while
the activity ofL. deliciousresemble that of lipid peroxidation inhibition &dly. In other words, the
baked extracts oR. flavawere better than the unbaked extracts, while titsaked extracts df.
delicious showed better activity than the baked extracte Bast ABTS scavenging activity was
found in baked methanol extractRf flavawith an 1G, of 0.12+0.09 mg/mL.

Table 1.Antioxidant activity of the extracts &f. deliciousandR. flavaby thef-carotene-linoleic
acid, DPPH ABTS", and Superoxide assays

B-carotene-linoleic DPPH ABTS™ (Pn
acid assay assay assay assay

. ICso ICso ICso Inhibition (%

Mushrooms Extracts Yields (%) (ug/mL) (mg/mL) (mg/mL) (at 25 ug/(mIZ)
Unbaked Hexane 0.27 146.3+0.12 2.41+0.61 0.44+0.00 58.9%+2.

L delicious Methanol 2.04 148.0+0.53 6.43+0.25 0.56+0.01 410662
Baked Hexane 0.08 298.3+1.23 2.13+0.16 0.70+0.03 10.851.

Methanol 1.32 236.4+1.00 5.58+0.11 0.62+0.06 180885
Unbaked Hexane 0.01 60.30+0.62 1.56+0.02 0.41+0.80 41,882,

R flava Methanol 1.04 80.19+0.63 4.63+0.03 2.77+0.53 28658
Baked Hexane 0.01 470.0+0.33 1.16+0.02 0.40+0.46 40.28%0.

Methanol 0.85 89.73+0.62 0.17+0.00 0.12+0.09 7.9930

a-TocopheroP 2.10:0.08 7.3%0.17°¢ 4.310.10°¢ 44.60+0.19

BHT® 1.34+0.04 45.320.47° 4.1G:0.06°¢ 87.59+0.00

#1Csp and Inhibition % values represent the measgandard deviation of three parallel measurem@s.05).
P Reference compounds.
¢ Reference compounds that are given in pg/mL conat@or.
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As expected total phenol content, total flavonadtent, ascorbic acid contefitcarotene content
and lycopene content &f deliciouswere decreased when the mushroom species was. laRketie
contrary, except ascorbic acid content, total phepatent, total flavonoid content arfdcarotene
content of bake®. flavamushroom were found to be higher than unbdkefthiva

Table 2. Total bioactive compounds of methanol extradt.afeliciousandR. flava®.

Mushroom Total Phenols Total Flavonoids Ascorbic acid p-carotene Lycopene
sample (ma/g) (ma/g) (mg/g) (ma/g) (ma/g)

L. delicious Unbaked 6.21+0.15 4.29+0.04 4.58+0.05 0.07+0.00 0.04+0.00
) Baked 2.80+0.11 0.60+0.00 4.69+0.08 0.01+0.00 0.01+0.00
R flava Unbaked 5.90+0.09 0.86+0.09 5.13+0.04 0.04+0.00 nd

) Baked 9.84+0.21 0.92+0.28 4.86+0.37 0.14+0.01 0.06+0.02

#Values expressed are means + standard deviatitmesf parallel measurements<Q.05).

The fatty acid composition of both baked and unbdakeishrooms species are given in Table 3. In
both species palmitic acid {£), stearic acid (¢.q), oleic acid (Gg.) and linoleic acid (., were
identified as major fatty acids. The content of thaked and baked materials of both mushroom
species were found to be similar to each otheritatiakly, except four compounds. But these
compounds are in low quantity. The palmitic acid akeic acid percentages lof deliciousdecreased
when the mushroom species were baked; on the b#mef, stearic acid and linoleic acid percentages
increased. Only the palmitic acid percentageRofflava increased after baking. Conversely, the
percentage composition of stearic acid, oleic aaid linoleic acid oR. flavadecreased.

Table 3.Fatty acid composition dfactarius deliciousindRamaria flava

Lactarius delicious Ramaria flava

Fatty acids Unbaked (%) Baked (%) Unbaked (%) Baked (%)
Caprylic acid (@) - - 0.27 -
Lauric acid (G.q) - - 0.07 0.09
Capric acid (Go,) 0.01 0.7 1.05 0.37
Undecanoic acid () t* t° - -
Lauric acid (Ga) - - 2.24 3.24
Tridecanoic acid (&) - - 0.81 1.98
Myristic acid (Gax) - - 3.63 3.75
Pentadecanoic acid (&) o t 0.89 1.26
Palmitic acid (Cie.0) 9.7 7.92 14.43 19.12
Palmitoleic acid (G:1,A°%) 0.01 trace 0.78 1.3
Margaric acid (Gr.) - - - 0.06
Stearic acid (Gs:) 41.41 49.94 6.68 6.23
Oleic acid (Cig:1,A% 25.94 18.07 47.12 4513
Linoleic acid (Cyg2, A% 22.85 23.36 9.78 9.25
Arachidic acid (Go.0) 0.08 - 1.42 1.22
cis-11,14-eicosadienoic ac{€o2 A - 0.89 0.64
Heneicosanoic acid ¢) 3.63 2.53

Behenic acid (&:) - - 3.95 2.95

11-Docosenoic acid (g A™) 0.25 -
[Z,2,2]-8,11,14-Docosatrienoic acid £ A%***) 2.06 0.84
Tricosanoic acid (&) - - 0.05 0.04
Total saturation 51.20 58.56 39.12 42.84
Total unsaturation 48.80 41.43 60.88 57.16
L/IO? 0.88 1.29 0.21 0.20

3/0, linoleic acid-oleic acid ratid}, trace which is less thar0.01%.

Table 4 shows thean vitro acetylcholinesterase (AChE) and butyrylcholineser (BChE)
inhibitory activities of the extracts of baked amtbaked studied mushroom species and their major
fatty acids. In general the extracts of baked numinr species demonstrated better activity than those
of unbaked extracts. Among the all extracts, mathextracts obtained from both baked and unbaked
mushroom species were inactive against AChE. Tletylabolinesterase inhibitory activity of the
hexane extracts, however, increased after bakimgory the hexane extracts the best inhibitory
activity was found in bakeR. flavamushroom indicating 1.05+£0.19 mg/mLsiGralue. At the same
conditions linoleic acid and oleic acid demonstla@®267+0.05 mg/mL and 0.127+0.03 mg/mL,
respectively (Table 4).

As for BChE inhibitory activity, except hexane edts ofL. delicious the butyrylcholinesterase
inhibitory activity of the extracts of baked musbno species were found to be higher than the
unbaked ones. In contrast, the hexane extract ldikaul. deliciousshowed better activity than the
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hexane extract of baked. At the same conditiond#dst BChE inhibitory activity was demonstrated
by the hexane extract of bak&d flava(ICss: 0.113+0.08 mg/mL), followed by methanol extratt o
bakedR. flava (ICsy: 0.17+0.10 mg/mL). Among the major fatty acidswewoer, linoleic acid and
oleic acid demonstrated 0.126+0.04 mg/mL and 0.042% mg/mL, respectively (Table 4). Since
unsaturated fatty acids inhibited the AChE and B@nEymes according to the results, unsaturated
fatty acids may be responsible for the inhibitidlboth AChE and BChE enzymes.

Table 4.1In vitro anticholinesterase activity of the extracts angbmfatty acids of the mushroom

specie&
AChE assay BChE assay
Mushrooms Extracts 1Cs0(mg/mL) 1C50(mg/mL)
Unbaked Hexane 3.81+0.66 0.18t0.11
L ddlicious Methanol >4.00 0.570.21
' Baked Hexane 2.02+0.56 0.28t0.13
Methanol >4.00 0.26+0.12
Unbaked Hexane 1.4140.69 0.21+0.09
R flava Methanol >4.00 0.89+0.33
Baked Hexane 1.05:0.19 0.13:0.08
Methanol >4.00 0.170.10
Palmitic acid (Ge.) >4.00 >1.00
. . Stearic acid (G >4.00 >1.00
Major fatty acids  ~§igicacid (Q(gj, )Ag) 0.127%0.03 0.1420.03
Lineloic acid (Ggz A*™) 0.267+0.05 0.126+0.04
Standard Galantaminé 0.005t0.00 0.05Gt0.00

& |Csp values represent the meanstandard deviation of three parallel measurem(@s3.05).
b Standard drug.

In conclusion, baking process to have influencek.ideliciousandR. flavanutritional values and
their bioactivity properties. Bakdd deliciousproved to have lower nutrient concentrations aneel
bioactivities than unbaked samples. Nevertheldss baked one has also bioactivity and nutrition.
However, bakedR. flavaproved to have higher nutrient concentrations laigtier bioactivities than
unbaked samples. TherefoRe,flavais strongly advised to be eaten after cooked.
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