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Antioxidative and nutritional characteristics of Shiitake mushrooms
when cooked using different methods
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Abstract The textural and antioxidant properties, as well as the changes in functional constituents of shiitake mushrooms
cooked by three different methods (boiling, steaming, and frying) were analyzed. The hardness of the mushrooms did not
change significantly at the end time of cooking for each method. The antioxidant properties determined by measuring the
free-radical scavenging activity and total phenolic content were the highest in the control (uncooked shiitake), and these
properties were adversely affected after cooking, especially by boiling. Both the riboflavin and eritadenine contents were
the highest in the control, but decreased upon cooking, in the following order: frying > steaming>boiling. The
ergocalciferol content after frying was less than that in other samples. Although uncooked shiitake mushroom showed a
higher concentration of functional constituents, it needs to be cooked adequately owing to its tough texture. If the hardness
of the mushrooms cooked by different methods is the same, frying is considered the most acceptable method.
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M = 3 WS ATz do Uelre] FXE PG5 o] &
FHolgtar dEA Arh(12,13).

EE g Zse gx FEWAE g8l & EIE 70-90%2] T FRIEo = Qla] Hujslr] H3, =
e WAleR EE55 Fgujop 2ARS 2k glom, Ao, Zo] Aofste] A 9 0] oJFr] wjRe] ARE FHZE
g, #7138 gk e v Ak Woll) duidE FH= AU g2 tﬂ(14) A=A A5, WA el dq2ax
o] File] FE3laL Atk 53], WAle] et FAAA & | E(ergosterol)o] zRe]adol 2|3 HlF/Pﬂ , 2 B 3E o] e
orzkg Wol Z71=g 9 Ao ot Fo] &t W w D] 75S e Aoz 4HA 2 J A-WAL T 54
2 2 FW ol QefEe AARE FE W QrhQR). A} ARHE A XY @o*é ‘;—4 7AE 4L IA

FauAle] st Zao] B drEe FE224L 9 AZITH15)2 LA Je FEZe (riboflavin)y 2F3le} St

o F ZY¥E = A Els Sol =835} Aﬂ%l A S e DFEA 784 H
ATG4), BAHAY Ax IHS gest & 1 FE2EY F & ElRIC2(16), XA 18] HFEZ A% FrIHlo]
guE g AAgos T8 Al a5 ksl 4 TP Ee F9Y AFe|(7).
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St ARTE 20159 7 2 H Eal *1 POM
= & 33 AFHS &
g SHFE X T % ‘:]' U ¥, BAlY 7]%% alﬂ]'
I EVNE AAS § gt BES 5x12emZ ZE AR
B0 ARgE Al 2 FFEZAQ E¥A 2 ZE (Folin-Ciocalteu
reagent) 8-, ZHH(gallic acid), riboflavin (PHR1054-1G), ergocal-
ciferol (PHR1238-500MG) &< A1} AK(Sigma-Aldrich Co., St.
Louis, MO, USA)IX 43133, eritadenine (sc-207632)y AHE}
AFZAKSanta Cruz Biotechnology, Inc., Dallas, TX, USA)°lA]
Azt ARE-SFATE

Zz2| =4 9 x| FEF d¥s 95t =z &5
FIHALE ARl ]), %3717_43(51]7]), FaAEe W
o= zEste] ol o] AE W) gle Ax &Y MRS F
stk 28 ¥ "LEL—J HWEE I3 227 Texture
analyzer (TA-XT2, Stable Micro Systems, Surrey, UK)S A}&-3}
of ZA4sISith 23] WHE FE SstHA A 89 74 E(hardness) ©]
2Jell, F2}d(adhesiveness), B2 AJ (springiness), -5 ~J (cohesive-
ness), d2Hd(gumminess), % % J(chewiness)2 10mm cylinder
probeE ARE-sled SA3IATE Y Al 2712 Preftest/Post speed
7} 247} 2.0, 5.0, 5.0 mm/s, Distancet= 80%3%1t}.

FaHAlel Al Choiol AF-21) oA ARl avE
= Agste] wHA7] 3 A3 SEE] v AEe JATH
= 2ol wat 1% &FE 500 mL7} %%E Aol AlE 100 g&
wol dAelsily, 28] AN AEE AW T2 Y=
23§ == %713 A A A —7111?4 100g°] AEE
500 mLe] SF7F HR W] Lol “‘7101] WA @ R4 2
L GAgsislen, 2 FAMN ANEE AW 22 YrE
A3 F A=z 2712 A E= Xiﬂlc— A8t A=

o] HlES L15E siglen, Zetollls 7] IA(ERA-F120D,
SKmagic, Seoul, Korea) P12 Z71ol|A] 3057 dEst F, &7k
AR5 ¥ tEsitht 28 FA%NA ES A A% &
ARESISITE 227 RE ] AlEE -70°CY] F5YEA A
24X 7 BN F FA 73__7-:7](PVTFD10R, IIShin, Yangju,
Korea)oll Al 72417 AZAIZI & —‘?Lﬁ] 71(SMX-7300WS, Shinil
Electric, Hwasung, Korea)Z 4] & YA HAsHA £

OI'ME]‘-
Aeeicld AHs 8M &3

FaAe] fElgidZ AlASE BloisH(22)S #Fazste] vt
I Zo] Fazd 1HE 4 0}933}. Azxd AR 1ol WS

ImL= 7}611 10%2] F=2 £9& ke & g9 150 pLol] 50
puLe]  ollgkE, 800 puLel 200uM  2,2- diphenyl 1-picrylhydrazyl
(DPPH) 89S 7ket 5 187 & Ao5At) 42 &9 37°C
2 o g3t *_%(SSIOE DTH, Bransonic, Danbury, CT, USA)°l|A]
4087 WG F 517 nmell A Hﬂ%Eﬁl(UVlﬁOA Shimadzu
Co., Kyoto, Japan)5 ©]&3l FHEE A5 A5+ of
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ZE WS gEs Tl F de 3 B4 Z34
QZE (Folin-Ciocaltew’s) A]eFo] F&E2] H=A & 23]
3Eo Aoz BAs= Yl o8kl ZY3ATH23). Al
89 F&52& AxH A8 37 0.IN g2t 20mLE €& F 3
A7F Bk 531 012 1,000xgol A 308 F AAlED AlA
AZzHS ro 7 ZAE 01N HCl 10mLE Ho] dAEy &
AEde mox L 28] HHEslk B]-— ROl AFZelo) (.1 N-
HCIE 718t F90] 50 mL7} H =2 3t 55 E A& 50

O

pLol 1N9] ZA ]_-_%LE(Fohn-Clocalteu reagent) £ 25ulLE
7Ftal Aol SEZF WA & 12.8%2] BFAF(sodium car-
bonate) &4 125 uL.E 713kl HAollA 4085 WAIAH T o]
< 127 AR 7 TS 24537 (Microplate Absor-
bance Reader, Bio-Rad iMARK, Tokyo, Japan)S ©]-&3}<
750 oA FHEE 49T FEEH R 2 Hgallic acid)yE
ARS-Ste] BAME A T, o] EAMORRH 100gE & =T

¥ e 24t Sak(gallic acid equivalent, GAE)S. 2 5131t}

HZel 38R Enman 5(24)°] W
A& 3¢l 0.1N HCl 20mL
1200><g°ﬂ/\1 3085 YRR AlA
ey F

MNS OV FARE 0.1N HCl 10mLE Ao
BAE 2OE A& 23 WHE T 2okl 43 o
Folo] S0mLrt HwE sgom, B4 A ol

o 1

N @4+ 7tete] &
£ 0.45 um membrane filteroll J3}A]H *}—9-0}0331' -‘/Vé%
A S TE) ekl 28 8718 AgE} B
¥ 52 WS Aue 7 Fdsdn. T FAL High perfor-
mance liquid chromatography (HPLC) system (Ultimate 3000 model,
Thermo Fisher Scientific, Sunnyvale, CA, USA)3} Acclaim™
C18 AHE(Sum 120 A 4.6x150 mm, Phenomenex, Torrance, CA,
USA)S o|&3lo] Alaial i, T3 EE 267 nmeE AFFT} o]
573e W2 Hglacial acetic acid) 1%, WE (methanol) 47%, <

T 52%9] H&E 158 B SEFEY N, §5(flow rate) 1
mL/min, =Yg A EH 10 nLA T

A

Cl2[EfH|Llel & ¥ sEEH

A Y ol2lge Pd% Enman v(2425)4 WS ARl 5
Z, BAsnh 1=z 7\] 0% mIE-Ee] 3A17H &t 3
iio}—‘— o} - %31 <, 50mL-4 %‘?le:i S AT o
T tolZF 22 H| 2l (dichloromethan)S ©]-&-3fo] 33] &nj £3
o}oq A ABIL ol eFLS(ethanol)S WL —20°CollA] 24A17F ¥Fx) 3
5, oAl A3 - 55t FHskATE 42 HPLC (Ultimate
3000 model, Thermo Fisher Scientific)®} Acclaim™ C18 Z ¥
(5um 120 A 4.6x150 mm, Phenomenex)S ©|-8-3}590H, o5’
0.05% trifluoroacetic Acid (TFA) =& 98%2} 0.05% TFA
S5l o}M| Evto] EE (Acetonitrile, MeCN) 2%2] H|&Z 15
B9 SHFAY. B4 Al flow rates= 1 mL/min, Y3 A&
2 10pL, 3% S 260 nmiTh.
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Table 1. Textural properties of shiitake mushrooms at various cooking conditions based on same hardness

Treatments  Cooking time (min) ~ Hardness (g/cm?) Springiness Adhesiveness (g.s) Cohesiveness Chewiness
Control - 2140.72+195.17° 0.88+0.09° 25.61£10.97"N 0.72+0.10M 17.05+£8.22%
Boiling 1 1616.38+270.62° 0.82+0.17° 19.69+8.90 0.65+0.18 7.71+5.39°

Steaming 9 1450.93+184.23° 1.73+£0.30° 28.11+11.68 0.560.11 25.15+11.03*
Frying 15 1746.23£161.77° 0.96:£0.21° 22.42412.67 0.72+0.11 14.44+11.94%

Means with different letters within a column are significantly different (p<0.05). "NS means not significant.

OEZA[HIEMH[ERI D,y=2M

2xZNHEe F& 2 =% Dionex Corporation(26)°l141
A G ol s ofefol o] FHEJCE HxE AR 125
mgS 10mL 3 Z82F(volume flask)ol]l ¥& ¥ §mLo
CH,0H-CH,CI (1:1)& 3L Ultrasonic Benchtop cleaner (5510ED,
Bransonic. Co.y& ©]8-3td 1587F F&3+ ¥, CH,0H-CH,CI (1:1)
fHg 7hte] F H37F 10mL7tF H=F Stk BE A2
AR S dl5l] et GRvlE YR UE A & o]
Folfrh AlFY dE2xZAHE g 42 HPLC (Ultimate
3000 model, Thermo Fisher Scientific)} Acclaim™ C18 Z ¥
(5um 120 A 4.6x150 mm, Phenomenex)S °©]-&3I5th 4 =
Ao 2 FF =+ 270 nm, flow rate= 0.5 mL/min, Y3 A5 3F
2 10puLReH, ©]67¢2 2 CH,0H-CH,CN (8:2):Metyl tert-butyl
ethers 63:379] ¥]&2 EHF3UTh
SHEA

B oA dig BE AFE 33 o] vHE =3NS A
A= SPSS (Statistical Package for Social Sciences, Version
20.0, SPSS Inc, Chicago, IL, USA)E o©]&3lo] EAHEY
(ANOVAYE AAlstfiem 7zt Alg7ke] feo4 Zol7t e 3
o thalr= YA 8 (Duncan’s multiple range test) o2 2] 4=
= 5%l AlEZE Felde AT

Rt
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zE|z7] e A g 2FEH E A3 542 Table |
o AAHAT B s ZEE A e HRTRZED)
o] AZE 214072 glemo| o™, MA AEEL Z2|HA o|F
thztol HlEl 25%°] ZA=7F ZHAskivh. Z2eA T o] Ao =
O ol ®sht gle AERE dFAest A5 S 161638
glem?, F71XE] AEE 145093 glen?, 22 H-oxE)E A EE
174623 gfem*. 2 U735 W9 o] Z=FK(1,600 glom® +£150)<
& S7IARE A8 7P Flen,

9] the AREZE F9F Ael7t gl A, S &=
o] wE xpolrt G, R AlESE folF Aol
ERA] gdotth. M3 EFAEe AlErE P W 3
RA3L, F7IHEE ARAA 7P ZA FA =] {4 Aol
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Lee 5(18)2) ATONE & 1083 SAISRA 12 B0
2 A%E ZH0S 0, 42 wiel A% 18kefmm’ o4 <
FAAE & Fde 13, FaAE 1% Fde 112 gL
W B0 108 Al olFelw the ey Vs we
4k etk Ba sl B 9 B Aol 4%
13 ol ze) Azl o AoAE Fwe] felHel ga
B Gtk S B QTR fAR A% WS 2

Table 2. Radical scavenging activity and total polyphenol
content of shiitake mushrooms at various cooking conditions
based on same hardness

Total polyphenol contents

Treatments Inhibition rate (%)  (mg" GAE/100 g, dry
weight)
Control 92.3+11.6° 1.96+0.13*
Boiling 59.6+1.8¢ 1.57+0.07¢
Steaming 74.5+3.6° 1.70+0.06"
Frying 64.4+2.5° 1.97£0.10°

Means with different letters within a column are significantly different
(p<0.05). "GAE means gallic acid equivalent.
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Fig. 1. Riboflavin content (mg/g, dry weight) of shiitake
mushrooms at various cooking conditions based on same
hardness.
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Fig. 2. Eritadenine content (mg/g, dry weight) of shiitake
mushrooms at various cooking conditions based on same
hardness.
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Fig. 3. Ergocalciferol content (mg/g, dry weight) of shiitake

mushrooms at various cooking conditions based on same
hardness.

Z FawAle ogetdd §9e S48 2.79-391 mg/gE B
3% v ek & Arellr] dize] dlEjeild $Ee 526 my
goZ FAHN e, ol AWMl FHiE celetide] s
3.17-6.33 mg/gS 2 R3S Enman 5(24)2] A} §AFSH ol
ot 28 § WA dgeidd g dizatel HlE] 7Haasisd
=, 53] dFAgels 1 AEFe] 351 myge® 7P @3k
I, F5AE olFole 41l mggl® HElE T 7P & X
£ et ogEidE R ZERIS nRV AR FEg01R
2z Al Bl &&57] el g A At Fake] 7t
2 e Aoz Azhe)

FaWAe] Fepd gl diside 2t el 2 05-07
mg/eg@ 0.3-04 mg/g FHEJtHs Bt & v Park 5(36)
3} Saito (37 %H(1.94 mg/g)= T} t(2.30 mg/g) F-$1olA Tha
= SAEATT BaEh B Aol 7t FLukE 2E
alo] SAIA o, tolx el dEjettd ol e A
OF HAEI o] MA HAAE e A7 Fdavt e
o, Fo g vt zE|xolx e oEjetd g wsto] A3k
A7 B8 Bo= A7



12 &2

Zd| =0 e A el o2 nTAHE &

ookt el wE FaHAle] ﬂ]EI%LA]Jﬂ—‘E el Wl
sh= Fig. 3% 2tk WAl $Hrd 2R AEHES 2ol
i d23ZA g Eolgte BEFoRE Adeof HlE‘r‘ﬂ D,°]
grha deixl Edolrh £ Aolx Az B
IZANFEO] TS 22,07 mg/gﬁ_i ST ®awAle]
TZANHE o] A3 AFAM Lee 5(38) ARFIHA
o] S 2.89mg/gS Z, Takamura 5392 2.18-10.9 mg/g®
2 WS v vk 2zl wE Wils Bz o
g} gHFe] o7 zlol= fllow FEAEwel 2w WA &
7551‘2}1‘:} N EZA| T Eo] A8 315}”"’” g o 715
zEg A5 2EHES) &5 HAEA AE U9
%k% E‘r/\ ol £ glon, 7lETJr 3‘771] AT A 2 F
go] FopE oln] & U AMdelth Park 5(36)2 AT
A 1087 2] Al Ad2XZAHE Tk
O}, 150°C ool el QB JHge
25 7P2val Bag b Qi

E

ol
N, Lo

£ 2 o
{m [l o

&3 -
%9 FU{U
12 B

o ok
L =

drale], 714, FaAEhe
32 l%* FEa FrEep, oe
gate] A=xe —‘—L—J—H']éﬂ\y’]' Bl
At & Eejsleddely el e 5o kst
54 AzezeA 7P w03l Azl 7 9 v
CEAAE] 7S GEEER] HRIE, e
FF A Azl WA TP w2 SAENH FeAE>
A E>EreAe] wor AT A8 e dEx
Al E2] 79 Az okt dAe, %ﬂﬂﬂlﬁ%ﬂ
1558k FFE vehlo] solu gl Wt gl
BN, FaAelzellr] ot fadke S Btk ud
O A E RreEA 8 gl =ou Az
FHE AFskE Ae7F 2871 wiel gk ezl

=]

A

2
il
L, [
nL\.‘i
b >
iy
O it ~
mlo
_Il)lI

o\ o

N
=

do X 1o kY mo X
i !
T
o, 1
FlO m:

1S o, WSl AxE Mg, JgEde B

References

1.Manzi P, Aguzzi A, Pizzoferrato L. Nutritional value of mush-
rooms widely consumed in Italy. Food Chem. 73: 321-325 (2001)

2.Park MH, Oh KY, Lee BW. Anti-cancer activity of Lentinus
edodes and Pleurotus astreatus. Korean J. Food Sci. Technol. 30:
702-708 (1998)

3.Kim CH, Jeong JG. Antioxidant activities and the effect of reduc-
ing serum alcohol concentration of Lentinus edodes. Korea J.
Herbol. 24: 159-164 (2009)

4.Qi Y, Zhao X, Lim YI, Park KY. Antioxidant and anticancer
effects of edible and medicinal mushrooms. J. Korean Soc. Food
Sci. Nutr 42: 655-662 (2013)

5.Kim MJ, Chu WM, Park EJ. Antioxidant and antigenotoxic
effects of shiitake mushrooms affected by different drying meth-
ods. J. Korean Soc. Food Sci. Nutr. 41: 1041-1048 (2012)

6.Kim YD, Kim KJ, Cho DB. Antimicrobial activity of Lentinus
edodes extract. Korean J. Food Preserv. 10: 89-93 (2003)

7.Han SR, Kim MJ, Oh TJ. Antioxidant activities and antimicrobial
effects of solvent extracts from Lentinus edodes. J. Korean Soc.
Food Sci. Nutr: 44: 1144-1149 (2015)

8.Lee MR, Oh DS, Wee AJ, Yun BS, Jang SA, Sung CK. Anti-
obesity effects of Lentinus edodes on obese mice induced by
high fat diet. J. Korean Soc. Food Sci. Nutt 43: 194-199 (2014)

9.

10.

11

12.

13.

14.

15.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

EZ38k8)A) A 50 WA 1 & (2018)

Oh SI, Lee MS. Antioxidative stress and antimutagenic effects of
Lentinus edodes ethanol extracts. Korean J. Food Nutr 20: 341-
348 (2007)

Koki T, Chiyoko S, Yasuhiko S, Takashi M, Shigeyuki T. Effect
of eritadenine on cholesterol metabolism in the rat. Biochem.
Pharmacol. 23: 433-438 (1974)

. Sugiyama K, Akachi T, Yamakawa. Hypocholesterolemic action

of eritadenine is mediated by a modification of hepatic phospho-
lipid metabolism in rats. J. Nutr. 125: 2134-2144 (1995)

Suzuki S, Ohshima S. Influence of shiitake (Lentinus edodes) on
human serum cholesterol. Mushroom Sci. 9: 463-467 (1974)
Takashima K,Sato C, Sasaki Y, Morita T, Takeyama S. Effect of
eritadenine on cholesterol metabolism in the rat. Biochem. Phar-
macol. 23: 433-438 (1974)

Li H, Choi YM, Lee JS, Park JS, Yeon KS, Han CS. Drying and
antioxidant characteristics of the shiitake (Lentinus edodes) mush-
room in a conveyer type far-infrared dryer. J. Korean Soc. Food
Sci. Nutr: 36: 250-254 (2007)

Park RS, Park HK. Effect of Riboflavin on Lipid Metabolism.
Korean J. Nutr. 19: 169-176 (1986).

.Hong YH, Kim YS, Lee SN. Vitamins and minerals deficiency

effects on skin health. Kor. J. Aesthet. Cosmetol. 10: 747-756
(2012)

Kim YN, Na HJ. Food sources thiamin, riboflavin and niacin
base on food composition table and national annual food supply
data in food balance sheet. Korean J. Nutr. 34: 809-820 (2001)

Lee JG, Kim KI, Hwang IG, Yoo SM, Min SG, and Choi MJ.
Effects of various thermal treatments on physicochemical and
nutritional properties of shiitake mushrooms. J. Korean Soc. Food
Sci. Nutr: 44: 874-881 (2015)

Dewanto V, Wu X, Adom KK, Liu RH. Thermal processing
enhances the nutritional value of tomatoes by increasing total
antioxidant activity. J. Agr. Food Chem. 50: 3010-3014 (2002)

Ko HJ, Sun TY, Han JA. Nutritive and antioxidative properties of
eggplant by cooking conditions. J. Korean Soc. Food Sci. Nutr.
45:1747-1754 (2016)

Choi NS. The study on change of quality properties and biologi-
cal activities of Korean wild vegetables by cultivation, blanching
and drying method. PhD thesis. Ewha Womans University, Seoul,
Korea (2000)

Blois MS. Antioxidant determination by the use of a stable free
radical. Nature 181: 1199-1200 (1958)

Folin O, Denis W. On phosphotungstic-phosphomolybdic com-
pounds as color reagents. J. Biol. Chem. 12: 239-243 (1912)

Enman J, Rova U, Berglund KA. Quantification of the bioactive
compound eritadenine in selected strains of shiitake mushroom
(Lentinus edodes). J. Agr. Food Chem. 55: 1177-1180 (2007)
Enman J, Hodge D, Berglund KA, Rova U. Production of the
bioactive compound eritadenine by submerged cultivation of shii-
take (Lentinus edodes) mycelia. J. Agr. Food Chem, 56: 2609-
2612 (2008)

Dionex Corporation. Determination of water- and fat-soluble vita-
mins by HPLC Technical Note 89, LPN 2598, Sunnyvale, CA,
USA (2010)

Cheigh CI, Lee JH, Chung MS. Quality characteristics of vegeta-
bles by different steam treatments. Korean J. Food Nutr. 24: 464-
470 (2011)

Jung JK, Im HW. The total phenolic contents and DPPH radical
scavenging activities of Korean sweet potatoes according to
plants parts, varieties, and by distribution and cooking methods.
J. East Asian Soc. Diet. Life 9: 7-19 (2013)

Jeong HJ, Park SB, Kim SA, Kim HK. Total polyphenol content
and antioxidative activity of wild grape (Vitiscoignetiae) extracts
depending on ethanol concentrations. J. Korean Soc. Food Sci.
Nutr. 36: 1491-1496 (2007)

Kim MG, Chu WM, Park EJ. Antioxidant and antigenotoxic
effects of shiitake mushrooms affected by different drying meth-
ods. J. Korean Soc. Food Sci. Nutr. 41: 1041-1048 (2012)

Choi Y, Lee SM, Chun J, Lee HB, Lee J. Influence of heat treat-
ment on the antioxidant activities and polyphenolic compounds of
Shiitake (Lentinus edodes) mushroom. Food Chem. 99: 381-387
(2006)



32.

33.

34.

35.

ERNES

Im HW, Suh BS. The total phenolic contents and DPPH radical
scavenging activities of korean potatoes according to physical
characteristics and cooking methods. J. East Asian Soc. Diet. Life
19: 375-383 (2009)

Park HO, Oh HS, Yoon S. The changes of Vit. D, and Vit. B,
contents according to ultraviolet rays and cooking methods of
mushrooms. J. Korean Soc. Food Cult. 16: 463-469 (2001)

Chung HK, Yoon KS, Woo N. Effects of cooking method on the
vitamin and mineral contents in frequently used vegetables,
Korean J. Food Cook. Sci. 32: 270-278 (2016)

Chibata I, Okumura K, Takeyama S, Kotera K. Lentinacin: a new
hypocholesterolemic substance in Lentinus edodes. Experientia
25:1237-1238 (1969)

20 2] wiAle] YFEA 13

36. Park YA, Lee KT, Bak WC, Kim MK, Ka KH. Eritadenine con-

tents analysis in various strains of Lentinula edodes using LC-
MS/MS. Korean J. Mycol. 39: 239-242 (2011)

37. Saito M, Yasumoto T, Kaneda T. Quantitative analyses of eritade-

nine in shiitake mushroom and other edible fungi. Eiyo to
Shokuryo. 28: 503-513 (1975)

38. Lee JS, Ahn RM, Choi HS. Determination of ergocalciferol and

cholecalciferol in mushrooms. Korean J. Soc. Food Sci. 13: 173-
178 (1997)

39. Takamura K, Hoshino H, Sugahara T, Amano H. Determination

of vitamin D, in shiitake mushroom by high performance liquid
chromatography. J. Chromatogr. A. 545: 201-204 (1991)



