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ABSTRACT : The objective of this study was to investigate the amino acid composition and antioxidant properties of two
oyster mushroom specid@leurotus ostreatuandPleurotus sajor-cajucommercially cultivated in NE Thailand. Proximate
composition and dietary fibre of dried mushrooms were determined. Amino acid composition of fresh mushrooms was
analysed by HPLC. Water and ethanol extracts were obtained from dried mushrooms and determined for total phenolic
contents (TPC) by the Folin-Ciocalteu method, free radical scavenging efficacy by the DPPH method, and reducing power
by the ferric reducing-antioxidant power method. Except for protein, proximate compositions of dried mushrooms were
significantly different. Similar amino acid profiles in both mushrooms were obtained, with glutamic acid, aspartic acid, and
arginine being the three most abundant. Water extracts contained higher TPC and possessed better antioxidant activities than
did ethanol extracts for both mushrooms. Overllpstreatugpossessed more antioxidant thHarsajor-caju The EGo of

P. ostreatusandP. sajor-cajuwater extracts were 11.56 and 13.38 mg/ml, respectively, while those of the ethanol extracts
were 31.75 and 58.44 mg/ml, respectively.

KEYWORDS: DPPH, FRAP

INTRODUCTION protect major organs such as the liver, heart, and brain
of aged rats against oxidative stress. There are about
Mushrooms have been widely used as food or fool0 species ofPleurotus mushrooms and they rank
ingredients in many food products for a long timesecond among the important cultivated mushrooms in
Some edible mushrooms have been used becauseths worlc?. The objectives of this study were to inves-
their antitumour, antifungal, and reducing hyperctigate the amino acid compositions, and antioxidant
holesterolemia activiti€s3. From a nutritional point properties of the two most commercially cultivated
of view, mushrooms contain high protein and lowoyster mushroomsP. ostreatus(Fr.) Kummer and
fat. In addition, high dietary fibre of mushrooms wad>. sajor-caju(Fr.) Singer, in Thailand.
reported to function as an antitumour and antiviral
agent->. Moreover, mushrooms are recognized as MIATERIALS AND METHODS
good source of amino acids which play an importan{aterials
role in their flavours. , , _
Pleurotusmushrooms, commonly known as oys-P' ostreatusandP. sajor-cajuwere obtamgd from a_lo-
ter mushrooms, grow wildly in tropical and Sub_cal mushroom farm in Ngkho_n Ratchasima, Thailand.
tropical areas, and are easily artificially cultivated] & mushrooms were dried in a tray dryer (NewWay,
They are healthy foods, low in calories and in fat,] 0 372, Manufacturing Co., Ltd.) at 65°C overnight
rich in protein, chitin, vitamins and minerdfs. to reduce the moisture to about 4-5%. The dried
They also contain high amounts of-amino bu- mushroqms were finely ground, |mmed|a_1telyvacuum-
tyric acid (GABA) and ornithine. GABA is a non- packed in polyethylene bags, and kept in a freezer at

essential amino acid that functions as a neurotransmit.20 °C until use.
ter whereas ornithine is a precursor in the synthesis of i
argininé. Jayakumar et &P revealed that an extract Chemicals

of P. ostreatusvas able to alleviate the hepatotoxicityl,1-diphenyl-2-picrylhydrazyl (DPPH), Folin-
induced by CCJ in rats. Jayakumar et 8l also Ciocalteu’s reagent, gallic acid and 2,4,6-Tri(2-
reported that the extract frof ostreatusppeared to pyriayl)-s-triazine (TPTZ) were purchased from
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Sigma Chemicals (St. Louis, MO). Amino acid5 pm) with a Zorbax Eclipse-AAA guard column
standard mix was composed of L-alanine, L-argining4.6x 12.5 mm, 5 pm) and fluorescence detector.
L-aspartic acid, L-cystine, L-glutamic acid, L- Chemstation Rev.A.09.03 (1417) (Agilent Technolo-
histidine hydrochloride monohydrate, glycine,gies 1990-2002) was used for data acquisition and
L-isoleucine, L-leucine, L-lysine hydrochloride, analysis.

L-methionine, L-phenylalanine, L-proline, L- The sample was submitted to automatic pre-
serine, L-threonine, L-tyrosine, and L-valinecolumn derivatization with a combination of OPA-
(Agilent PN 5061-3331), supplemental aminda3MPA for primary amino acids and FMOC for sec-
acids (L-glutamine, L-asparagine, L-tryptophanpndary amino acids. The mobile phase A contained
L-norvaline, hydroxyproline, sarcosine) (Agilent40 mmol/l NgHPO, at pH 7.8 and B contained 45%
PN 5062-2478), borate buffer (Agilent PN 5061-acetonitrile, 45% methanol, and 10% deionized water.
3339), o-phthaldialdehyde 3-mercaptopropionicThe chromatographic column temperature was set at
acid (OPA-3MPA) (Agilent PN 5061-3335), and40°C with a flow rate of 2 ml/min. The detector
9-fluorenylmethyl chloroformate (FMOC) (Agilent was set at 340/450 (Ex/Em) at O min and at 266/305
PN 5061-3337), all from Agilent Technologies(Ex/Em) at 15 min.

(Wilmington, DE). Acetronitrile and methanol were
HPLC grade, and other chemicals used were reagellpw
grade. The mushroom extracts were prepared from dried
mushrooms to evaluate the antioxidant property. The
extractions were made using 95% ethanol and water
Proximate composition of dried mushroom was detefollowing the method of Tsai et &. The dried sample
mined according to Association of Official Analytical (10 g) was extracted with 100 ml solvent at room tem-
Chemists method$ with slight modifications. The perature on a shaker at 150 rpm for 24 h and filtered
moisture content was determined by drying in an ovethrough No. 4 Whatman filter paper. The residue was
at 105°C for 24 h. The ash content was determinegk-extracted twice and the filtrates were combined.
by ashing at 600 °C in a muffle furnace (Carbolite)The extract was evaporated almost to dryness in a
for 6 h or until light grey or white ash was obtained.rotary evaporator (Rotavapor R-114, Buchi) at 40°C
Total protein content was determined by the Kjeldahdnd then subjected to freeze drier (LYOVAC, GEA).
method with a conversion factor of 6.25. Fat contenthe dried extract was re-dissolved in the solvent to
was determined by the Soxhlet method (2050 Soxtex concentration of 20 mg/ml and stored at 4 °C for
auto-extraction unit) and dietary fibre by the enzyantioxidant evaluation.

matic gravimetric method. Carbohydrate content was .

calculated by difference. Total phenolic content

Eeparation of mushroom extracts

Proximate analysis

The total phenolic content was determined by Folin-
Ciocalteu method®. Sample solution of 100 pl was
Each fresh mushroom sample (0.2-1 g) was hydro&dded to 2 ml of 2% sodium carbonate, mixed thor-
ysed under nitrogen gas with 15 ml of 6 N HCI in anoughly and allowed to stand for 2 min. Then, 100 pl
autoclave at 110 °C for 24 h and neutralized to pH 7.06f Folin-Ciodlteu reagent (Folin:Methanol, 1:1, v/v)
by 4 N NaOH. Alkaline hydrolysis for tryptophan was added and the mixture was mixed well. After
determination was done according to the method dcubation for 30 min, the absorbance was measured
Wu and Tanou®. Briefly, the fresh mushroom at 750 nm. A calibration curve was obtained using
sample (1-3 g) was hydrolysed under nitrogen gasrious concentrations of gallic acid. The total pheno-
with 10 ml of 4 N NaOH and 200 pg of ascorbiclic content of the sample was expressed as mg of gallic
acid as antioxidant in an autoclave at 110 °C for 16 hcid equivalents (GAESs) per gram of dry sample.
and adjusted to pH 9.00. The hydrolysate was filtered
through a 0.45 um cellulose acetate membrane filt&"
before injection into the HPLC. The DPPH method was used to determine for radical
The amino acid composition was determined bgcavenging activity of mushroom extracts according
reversed phase HPLC and gradient elution accordirig the method of 8nchez-Moreno et &l. Various
to the method of Henderson et'4l The analy- concentrations of samples (0.05 ml) were added to
sis was carried out using the Agilent 1100 HPLCL.95 ml of methanolic DPPH (0.1 mM) and mixed
system (Agilent Technologies) with autosampler, @horoughly. The mixture was left to stand for 45 minin
Zorbax-Eclipse XDB-C18 column (4:6150 mm, the dark at room temperature and the absorbance was

Total amino acid analysis

ee radical scavenging activity
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measured at 515 nm. A lower absorbance represent&ple 1 Proximate composition of dried oyster mushrooms.

a higher DPPH scavenging activity. The scavengingomposition (%) P. ostreatus P. sajor-caju
effect was expressed as scavenging actiity— . >
A./Aq), whereA, is the absorbance of solution whenMoisture 4.46£0.2 5.32+0.3C°
the extract is added at a particular concentration, arEdc’te'n 5%23%006? (?;935006?
Ay is the absorbance of the DPPH solution. at . ' . .
Ash 5.81+ 0.09 7.954 0.05"
Ferric reducing-antioxidant power Dietary Fibre 45.560.08' 42.50+0.09
Carbohydrate 68.35 65.14

Ferric reducing-antioxidant power (FRAP) assay was

determined according to the method of Katalinic Values in the same row with different letters are signifi-
et al'® with some modification. A 1.5 ml of FRAp  Cantly differentf <0.05,n = 6).
reagent containing TPTZ (10 mM in 40 mM HCI),

FeCl, (20 mM) and acetate buffer pH 3.6 (300 MM) inrapie 2 Amino acid content of fresh oyster mushrooms,
aratio of 10:1:1 (v/v/v) was pre-incubated at 37 °C fofy /g fresh weight).

8 min and then mixed with 150 pl of deionized water

and 50 pl of test sample. The mixture was left to stanfimino acid P. ostreatus P. sajor-caju
at 37 °C for 8 min and the absorbance was measur@ghnine 1.90+ 0.018 1.8040.014
at 593 nm. A calibration curve was obtained fromarginine 3.264 0.01% 2.5240.008
various concentrations of Fegr H,O (0.1-1 mM).  Aspartic acid 2.04-0.020 2.01-0.014
The FRAP value of sample was expressed in mmalutamic acid 5.0%-0.018 4.22+0.027
Fe*ll. Glycine 0.83+0.019 0.96-+0.014

Histidine 0.55+0.012 0.52+0.01F
Statistical analysis Isoleuciné 0.6240.007 0.7540.016"
The experiment was carried out in duplicate and thleeu_c"lé 1.13+0.008 1.30+0.016'
composition analysis performed in triplicate. Theysine 0.710.007 0.78+0.01%
data was statistically analysed in completely randonj4ethionine 0.28+0.006 0.34:+0.009
ized design by Statistical Analysis System softwdre Norvaline 0.03+0.00F" 0.02:+0.002
Statistically significant differences (< 0.05) among Fnénylalanine 0.734:0.00¢ 0.86+0.016'
means of experiment results were evaluated by anﬁ_ro!me 0.29+ 0.008 0.33+ 0'005;1
ysis of variance and means compared by Duncan_%lerr;noeniné ll'gi%%olg; %%ﬁglgioz
Multiple Range Tests. Tryptophari 015+ 0.00F  0.09+0.00%

Valing 0.91+0.01¢ 0.98+0.01%
Proximate composition ) _

Total amino acid 21.10 20.12

The chemical composition of both dried oyster mush=
rooms is shown in Table 1. The original dried mush-
Except=«

room samples contained 4-5% moisture.

for protein, proximate compositions of both dried

oyster mushrooms were significantly differept €

0.05). The protein, ash and carbohydrate contents Bf sajor-caju have been reported to have antitumor
these oyster mushrooms were higher than previousind antiviral activity due to the high content of dietary

reported 820 Pleurotus ostreatugsontained signif-
icantly higher § < 0.05) dietary fibre (45.5%) than

fibre22.

did P. sajor-caju(42.5%). The lipid content of both AMino acid compositions

Values in the same row with different letters are signifi-
cantly different app < 0.05,n =6
Essential amino acids

mushroom species were generally very low and legstotal of 18 amino acids were recordedinostreatus
than 1% dry matter which were in agreement wittandP. sajor-caju(Table 2). However, cystine which is
the results of Akindahunsi and Oyetayand Manzi one of the essential amino acids for humans, was not
et al® for P. ostreatusand other species. In addition, detected due to the fact that it cannot give fluorescence
similarly high amounts of dietary fibre were in agreeunder the conditions used. Cystine has been detected
ment with the results of CheuAbwho reported that by diode array detectors oriff:

the dietary fibre content oP. sajor-cajuwas about Overall, the amino acid profiles were similar in
42% dry matter. Oyster mushrooms, and in particuldsoth mushroom species as they belong to the same
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family of Pleurotus Although significantly different reports by Cheung et@and Puttaraju et &. Hence,
concentrationsy( < 0.05) of some amino acids did the higher total phenolic content Bf ostreatusnight
exist, both mushrooms had comparable amounts atcount for the better antioxidant activity found in
total amino acids — 21.11 mg/g and 20.12 mg/g frestts scavenging activity on DPPH radical and reducing
weight, for P. ostreatusand P. sajor-cajy respec- power.

tively. In terms of individual amino acids, the three
mos){ abundant amino acids found in both mushroo(%NTlOXIDANT ACTIVITY

species were glutamic acid, aspartic acid, and argradical scavenging activity on DPPH

nine. This was in agreement with the reports ofyee radical scavenging is one of the mechanisms in
Manzi et af, Mattila et af and Mendez et & for  jnnipiting lipid oxidation commonly used to estimate
P. ostreatusAkindahunsi and Oyetayofor P. tuber-  anioxidant activity. The radical scavenging activ-
regium and Mdachi et & for P. sajor-caju _ ity (RSA) of mushroom extracts was tested against
Leucine was found to be most abundant in both,o pppH. Fig. 1 shows the RSA values of mush-
mushroom species, whereas threonine and valine Wetg,m extracts in different concentrations, expressed
found to be the second and the third most abundagt the ratio of sample absorbance decrease and the
essential amino acids, respectively. The three moghsorhance of DPPH solution in the absence of extract
abundant amino acids of these mushrooms were cogr 515 nm. The RSA of water extracts from both
sistent with the results reported by Manzi et and oyster mushrooms was found to be higher{ 0.05)
Mdachi et af%.  On the other hand, Akindahunsiiyan those of ethanol extracts and water extract of
and Oyetay@ reported valine was the most abundanp_qstreatugprovided the highesty(< 0.05) RSA at
amino acid in otheiPleurotus species while threo- e same concentration tested. The RSA results were
nine and leucine were found to be the second angynsistent with the total phenolic contents of both oys-
third most abundant, respectively. It is possible thagr mushrooms, the higher phenolic content the better
the differences of amino acids found in the samgga |y addition, since both mushrooms contained
mushroom species could be a consequence of tgnilar total amino acid contents (Table 2), the RSA
genetic v.arlatlon.and cu_ltlvatlon process applied IDf these two oyster mushrooms might have a strong
commercial practices which was also revealed by Chigrre|ation with the phenolic content rather than their
et a® and Mendez et &. Tryptophan was found 4ming acid contents, although some amino acids were

to be the least abundant essential amino acid in the,,\wn to have antioxidant activiy. In addition
Pleurotusmushroom which was in agreement with the

reports of Manzi et & and Mdachi et &*.

%0
Total phenolic contents —e— PO water extract

Phenolic compounds have been reported to be tl ® —8— PO ethanol extract
major antioxidant components found in mushrooms 701 _y pswater extract
whereas other potential antioxidants such as ascorkg
acid, g-carotene, lycopene, ang-tocopherol have
only been found in very small amouifs?®. The 50 -
total phenolic contents (TPC) in water and ethanc? 01
extracts of both commercial oyster mushrooms werg
42.47+2.27 and 30.93-1.92 GAEs/g dry weight
for P. ostreatus and 37.98t 1.88 and 29.38-1.60
GAEs/g dry weight foP. sajor-cajy respectively. The
TPC in water extracts were higher £ 0.05) than in 107
ethanol extracts for both mushrooms. Moreover, th
water extract TPC dP. ostreatugliffered from that of

P. sajor-cajuwhile the ethanol extract TPCs of both
mushrooms were not significantly different (29.30—
30.93 GAEs/g dry weight). However, with regard toFig. 1 Radical scavenging effect on DPPH of water and
solvents used, it was obvious tht ostreatuscon- €thanol extracts of oyster mushrooms. In this and next
tained higher TPC thaR. sajor-caju Higher amounts figure: PO =Pleurotus ostreatys?S =Pleurotus sajor-caju

of phenolic compounds were obtained with increasingach value is expressed as mean with error bars indicating
the solvent polarity, which was in agreement withihe standard deviatiom(= 6).

60 | —>€— PSethanal extract

Effect

30

Scav

25 5 75 10 125 15 175 20 225

Concentration (mg/ml)
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the antioxidant capacity of these oyster mushroorR. ostreatusethanol extract (1.61 mmol F&l) >
species could also be contributed to from waterP. sajor-cajuethanol extract (1.07 mmol F#l). Yang
soluble dietary fibré 22 (nonstarch polysaccharides).et al?® reported that oyster mushrooms had a higher
Therefore, a higher antioxidant activity Bf ostreatus reducing power than shiitake and golden mushrooms.
than that ofP. sajor-cajucould contribute to its higher Puttaraju et al° also reported that water extracts

(p < 0.05) dietary fibre content (Table 1).

of mushrooms revealed better antioxidative reducing

The water extract dP. ostreatuggave the highest power ability. From the FRAP values of both oyster

RSA followed by the extract oP. sajor-cajuin the

mushroom extracts in this study, it could be noted that

same solvent. The half effective concentration {gC P. ostreatushad a higher reducing power due to the
of P. ostreatuswater extract was 11.56 mg/ml andfact that it contained higher total phenolic content and

that of P. sajor-cajuwas 13.38 mg/ml.

Similarly, higher dietary fibre (Table 1) tha? sajor-cajuwhich

the ethanol extract oP. ostreatuswas also found was in agreement with the results of Zhang ét ahd

to be higher than that oP. sajor-cajuwith ECsg
values of 31.75 mg/ml and 58.44 mg/ml, respectively.

Zhang et at.

Overall, it could be concluded that between these twAcknowledgements This work was supported by
particular oyster mushrooms, the ostreatushad a Suranaree University of Technology.

better antioxidant activity in terms of RSA on the
DPPH free radical.

Ferric reducing-antioxidant power 1

As with other studies on mushroom extreéts’: 32
the reducing power abilities of mushroom extracts

increased with concentration (Fig. 2). The antioxidant2.

activities of both oyster mushroom extracts in terms

of FRAP were similar to their RSA on DPPH radical 3.

in that both water and ethanol extracts Pfostrea-
tus gave higher § < 0.05) activity than those of
P. sajor-cajy and the highesty(< 0.05) FRAP value
was obtained from the water extract Bf ostreatus
At 20 mg/ml the reducing power was as high as
1.00. P. ostreatuswater extract (4.38 mmol B&l)

> P. sajor-cajuwater extract (2.09 mmol F&l) > 5

—&— PO water extract
54 —#—PO ethanol extract 6
R —A— PS water extract
f*; 4 =% PSethanol extract
> 7
©
E3
o
<
g2 8
1 -
9
0
0 25 5 75 10 125 15 175 20 225
Concentration (mg/ml) 10.

Fig. 2 Ferric reducing-antioxidant power of water and
ethanol extracts of oyster mushrooms.
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