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ABSTRACT — For the purpose of isolation and screening of tyrosinase inhibitory activity from
edible mushrooms, Pleurotus ostreatus, Auricularia auricula-judae, Umbilicaria esculenta, Agar-
icus bisporus, Flammuline velutipes, Lentinus edodes, Ganoderma lucidum, and Coriolus ver-
sicolor were examined by tracing inhibitory activities against tyrosinase, utilizing L-3,4-dihy-
droxyphenylalanine (L-DOPA) as a substrate. Among the eight edible mushrooms tested, Um-
bilicaria esculenta showed potent enzyme inhibitory activities above 78.4% against tyrosinase in
ethylacetate (EtOAc) extracts. Ganoderma lucidum and Agaricus bisporus showed inhibitory ac-
tivities of 67.3% and 51.5% in water extracts. EtOAc extracts of Umbilicaria esculenta was frac-
tionated from silicagel column chromatography and one fraction showed the most inhibitory ac-
tivity of 60.9%. The three bands (Rf=0.38, 0.27, 0.19) were isolated from preparative TLC of the
fraction for purification and identified as mixtures of orsellinate, methyl orsellinate, methyl
lecanorate, and methyl gyrophorate by high pressure liquid chromatography (HPLC), ultravisible
spectrophotometer (UV), mass spectrophotometer (Mass), nuclear magnetic resonance spectrometer

(NMR).
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o) A (Umbilicaria esculenta), <k4o\¥]Al(Agaricus
bisporus), o\ A (Flammuline velutipes) 12)11 R 11wjAl
(Lentinus edodes) S5 7ZATAAANAM, AxHAX(Ganod-
erma lucidum)3} 3-X| ¥ A (Coriolus versicolor) 52 F+4]

FAQATANA 22t F3he] 22 Fol AHEFYTh

Hido| BoiEE

Z AA 85 A Zetd methanol(MeOH)Z 4294
38 25590 220G 37°C olatol A et FEale]
£ MeOH extract® ZH4o] Hebr[zl & n-hexane,
chloroform{(CHCl,), ethylacetate(EtOAc), n-buthanol(n-
BuOH) 2 H,0 §oiM 2 #2ahict.

TyrosinaseE 4 Mollga 24

Mushroom tyrosinase(Sigma, EC 1.14.18.1)= 276 units/
mi7} ¥]52 1/15M phosphate buffer(pH 6.8)cl o} W%
2o B2 BB F AMEA] WM o] g4deg A}
£3}ict. L-3,4-dihydroxyphenylalanine(L-DOPAY= 2}
Holl A 1/15M phosphate buffero] %91 3= ALg3l9 o,
o] g2 ApgA M ZAGATE AHEAYS Kubos}
MasamotorHH "2 W glo] tyrosinase(13 8 units/ml) 0.15
ml, 1/15 M phosphate buffer& 39L& 3 25°Col|lA 5&7+
preincubationA]7] 31 L-DOPAE Y& F 475 nmo|A] 55
bl BB 29}, &, tyrosinase T4} BiAle] &
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T(B)eZ Ak 2t F& BT tiplicate = A 51
2, obefe] F2 o2 RE F 4 A& (%) AHESAG

(A-B)-(C-D)
A-B

% Inhibition = x 100

A: Absorbance at 475 nm in the absence of test sample
and in the presence of enzyme

B: Absorbance at 475 nm in the absence of test sample
and enzyme

C: Absorbance at 475 nm in the presence of test sample
and enzyme

D: Absorbance at 475 nm in the presence of test sample

and in the abesence of enzyme
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%3t FEE(A, B, O)% 100 pg/mle] =2 34319 tyro-
sinase A3 8-S M3t 2t bande] #&ES HPLC
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80% MeOHE W], &4 1 mlmin, £Au9}3F 220 nm, 2+
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2E shal72E Beletact

dat ¢ g

HARS SESY 38

HALF 8F(=Eke], Fol, Mo], &Fo], Ho], 7, 4|,
SRS 7} 100 g¥ A2l 4] methanol 2 33] &35t 7+
533kt o) H5 NS hexane, chloroform, ethylacetate,
n-buthanol 2 H,0 £vjeAE F&3le] 48 zF 2o §]
&g Table 19 JeEPAATE 3482 WAz 2z
o Ost 28 o] WEnE 3]'@‘:]' MeOH -’F%%-J
FE&E FEoHA>HoHA>ETIMA £ 02, hexane 3
22 88 »go]w*ﬂoluwwquw #oz,
CHCL $529) 4§& olss>ao] s s>Al0 A &
22, EtOAc %% o #%8— AolsiAl>ggolH A>3~
WAl 22, n-BuOH F&E9 &2 Xuni>Aoly
A>HolWA Folth, & FFE 7§ dFoHil>Ea
HAH WA Fog 849 thgae o] %7] of
ol T2 #2718 viel) vlasia F&o] wrha st

_|

HAIRQ] Tyrosinase XoffgtAd 2444
A Zol da o] &EE AEHAR F =g, 5], 4
o], F4o], Wol, B 6% WA 3 L wizkoll A A
Qo) ot R XE R o] EHE HEHAR F FA, A
2%9] WS e $uFEES 1 mymle] FER
8] M 3lo] tyrosinase A3 842 7 X431 cH(Table 2). -E}
Al T%%UHTO“ B F228o] 402%% 3 =2
A3)-ge Yell L, oA F&4 |5 EtOAc 5
Do] 40.8%% 7}%} %;—8 &g eI, MolH e
Z 8 5ol EtOAc FEEo] 78.42%Z 7} =& 3]

2[':

%% vehf i, FEoliAL FEduTd & FEE0

Journal of Food Hygiene and Safety, Vol. 12, No. 3



Inhibitory Effect of Edible Mushrooms 197

Table 1. The yields of solvent extraction for eight kinds of edible mushrooms

Solvent extractions (%)

Mushroom (dry weight 100 g)

MeOH Hexane CHCl, EtOAc n-BuOH H,0
Pleurotus ostreatus 5.3 0.3 0.1 0.1 0.6 3.8
Auricularia auricula-judae 4.1 1.0 0.1 0.3 0.9 1.9
Umbilicaria esculenta 7.3 0.7 0.2 1.0 1.2 33
Agaricus bisporus 12.8 0.2 0.7 0.9 0.6 8.1
Flammuline velutipes 10.0 1.7 0.5 0.8 0.7 52
Lentinus edodes 8.9 0.1 0.1 0.2 2.0 6.5
Ganoderma lucidum 2.9 0.5 0.1 0.9 0.3 0.5
Coriolus versicolor 31 0.6 0.1 0.1 0.6 13

Table 2. Inhibition of solvent extractions of eight kinds of edible mushrooms on tyrosinase
Inhibition (%)
Mushrooms m

MeOH Hexane CHCL, EtOAc n-BuOH H,0
Pleurotus ostreatus 1.9 7.0 10.1 28.0 355 40.2
Auricularia auricula-judae 17.8 14.9 255 40.8 0.0 6.4
Umbilicaria esculenta 10.0 7.6 12.8 78.4 0.0 7.5
Agaricus bisporus 12.0 18.8 33.7 393 0.0 51.5
Flammuline velutipes 3.1 221 10.5 8.1 7.1 23.2
Lentinus edodes 40.5 26.9 22,5 275 12.2 16.1
Ganoderma lucidum 12.2 7.6 14.3 339 4.1 67.3
Coriolus versicolor 8.6 24.3 279 45.0 25.0 48.0

Y Each fraction obtained from 100 g of mushrooms was taken 10 mg of each extraction and dilulated with distilled water to make
10 mL of test solution. Final concentration (1 mg/m/) was assayed for examining tyrosinase inhibitory activity as described in the

experimental method.
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Table 3. Inhibition of each fractions from EtOAc extract
of Umbilicaria esculenta on tyrosinase

Fractional numbers of  Concentration Inhibition
Umbilicaria esculenta (ug/ml) (%)

1 100 377

2 100 10.1

3 100 47.1

4 100 60.9

5 100 541

6 100 29

Journal of Food Hygiene and Safety, Vol. 12, No. 3



198

Table 4. Preparative TLC bands of the most active column
fraction from Umbilicaria esculenta and their in-
hibition on tyrosinase

Preparative Rf value" Concentration  Inhibition
TLC bands (ng/mi) (%)

A 0.38 100 15.6

B 0.27 100 27.0

C 0.19 100 32.9

"Rf value was TLC band developed with solevents(n-hexane:
ethylacetate=2:1)

o] 37§9] bands(Rf=0.38, 027, 0.19)2 )&}, 7}
band®] Z%E2(A, B, C)oll theh 100 pg/mle] 52 7}
5}od tyrosinase ZA1 A& 7] A&} Th(Table 4).
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Fig. 1. HPLC patterns of preparative TLC bands (A: Rf=
0.38, B: Rf=0.27, and C: Rf=0.19).
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Mass, NMR 52] 7]7]1 820 2]3]| orsellinate, methyl orsellinate, methyl lecanorate, methyl gyrophorate2] E3}+&

AR gl

10.

11.

12.

. Lee, T.S.: The full list of recorded mushroom in Korea,

Kor. J. Mycol., 18, 233 (1990).

CKEF & EER: ¥/ aofbd - A{bE, Hr AR

HRAET, B, A, (1992).

. Papaparaskeva Petrides, C., loannides, C. and Walker, R.:

Contribution of phenolic and quinonoid structures in the
mutagenicity of the edible mushroom Agaricus bisporus,
Food Chem. Toxic., 31, 561 (1993).

. Hikino, H., Ishiyama, M., Suzuki, Y. and Kono, C.:

Mechanisms of hypoglycemic activity of ganoderan B: A
glycon Ganoderma lucidum fruit bodies. Planta Medica,
55, 157 (1989).

. Kubo, M., Matsuda, H., Nogami, M., Arichi, S. and Tak-

alashi, T.: Studies on Ganoderma lucidum. 1V. Effects on
disseminated intravascular coagulation. Yakugaku Zasshi,
103(8), 871 (1983).

. Shimizu, A., Yano, T., Saito, Y. and Inada, Y.: Isolation

of an Inhibitor of platelet aggregation from a fungus,
Ganoderma lucidum, Chem. Pharm. Bull, 33(7), 3012
(1985).

. Komoda, Y., Shimizu, M., Sonoda, Y. and Sato, Y.

Ganoderic acid and its derivatives as cholesterol syn-
thesis inhibitor. Chem. Pharm. Bull., 37(2), 531 (1989).

. Gunata, Y.Z., Sapis, J. and Moutounet, M.: Substrates

and aromatic carboxylic acid inhibitors of grape pheno-
loxidase, Phytochemistry, 26, 1573 (1987).

. Huang, S., Hart, H and Wicker, L.: Enzymatic and color

changes during post-harvest storage of lychee fruit, J.
Food Sci., 55, 1762 (1990).

Pifferi, P.G. and Cultera, A.: Enzymatic degradation of
antocyanins: The role of sweet cherry polyphenol oxidase,
J. Food Sci., 39, 786 (1974).

Tan, B.K. and Harris, N.D.: Maillard reaction products in-
hibit apple polyphenoloxidase, Food Chem., 53, 267
(1995).

Kahn, V., Schved, F. and Lindner, P.: Effect of maltol
on the oxidation of o-dihy droxyphenols by mushroom

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

tyrosinase and by sodium periodate, J. Food Biochem.,
17, 217 (1993).

Hashiguchi, H. and Takahashi, H.: Inhibition of two
copper containing enzymes, tyrosinase and dopamine [-
hydroxylase, by L-Mimosine, Molecular Pharmacology,
13, 362 (1976).

Tripathi, R.K., Hearing, V.J., Urabe, K., Aroca, P. and
Spritz, R.A.: Mutational mapping of the catalytic ac-
tivities of human tyrosinase, J. Bio. Chem., 267, 23707
(1992).

Byfield, S.N. and Riley, P.A.: Oxidation of monohydric
phenol substrates by tyrosinase, J. Biochem., 288, 63
(1992).

Canovas, F.G., Carmona, F.G., Sanchez, 1.V, Pastor, J.1..
I. and Teruel, JALL.: The role of pH in the melanin
biosynthesis pathway, J. Biol. Chem., 257, 8738 (1982).
Graham, D.G. and Jeffs, P.W.: The role of 2,4,5-trihy-
droxyphenylalanine in melanin biosynthesis, J. Biol.
Chem., 252, 5729 (1977).

Lopez, IN.R.,, Tudela, J., Varon R., Carmona, F.G. and
Canovas, F.G.: Analysis of a kinetic model for melanin
biosynthesis pathway, J. Biol. Chem., 267, 3801 (1992).
Kubo, I., Hori, LK. and Yokokwa, Y.: Tyrosinase in-
hibitors from Anacardium occidentale fruit, J. Nut. Pro-
ducts, 57, 545 (1994).

Masamoto, Y. and Kubo, S.L.M.: Inhibitory effect of
chinese crude drugs on tyrosinase, Planta medica, 40, 361
(1980).

Kim, C.H.: Studies on the substances contained in Gyro-
phora esculanta lowering plasma and liver cholesterol
levels. Korean J. Nutr, 19, 155 (1986).

Culberson, C.F.: Chemical and botanical guide to lichen
products, The american bryological and lichenological so-
ciety, USA (1977).

Higuchi, M., Miura, Y., Boohene, J., Kinoshita, Y.,
Yamamoto, Y., Yoshimura, and Yamada, Y.: Inhibition
of tyrosinase activity by cultured lichen tissues and
bionts, Planta Medica, 59, 253 (1993).

Journal of Food Hygiene and Safety, Vol. 12, No. 3



