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Changes of biological activity and nutritional content by
processing methods of Flammulina velutipes, Grifola frondosa,

and Sparassis crispa

Gi-Hong An, Jae-Gu Han, Ok-Tae Kim, and Jae-Han Cho*

Mushroom Research Division, National Institute of Horticultural and Herbal Science, RDA Eumseong 27709, Chungbuk, Korea

ABSTRACT: This study was carried out to investigate the changes in the biological activity and nutritional content of Flammulina
velutipes, Grifola frondosa, and Sparassis crispa extracts after roasting treatment. Regarding biological activities, the DPPH radical
scavenging activity was the highest in the extracts of air-dried C. frondosa, while the nitrite scavenging activity was significantly
higher in the extracts of roasted S. crispa (p<0.05). The total polyphenol contents of F velutipes and S. crispa were significantly
increased by the roasting treatment compared with those in fresh samples (p<0.05). Regarding the amino acid composition of
edible mushrooms, the content of sweet-taste amino acids, including serine (Ser) and alanine (Ala), increased in G. frondosa after
roasting, whereas bitter amino acids, including decreased in roasted versus samples. Moreover, the contents of essential amino
acids such as leucine (Leu), isoleucine (lle), methionine (Met), valine (Val), and histidine (His) in F. velutipes and S. crispa were
increased due to the roasting treatment (versus fresh samples). Thus, it was confirmed that the r method is effective in improving

the nutritional content of edible mushrooms.
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ALY oy 7HA] {8k a%Ee] dEAWHA 1A%
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404 <S71% - AT - ASH - 2AG
o] Adsht wAle] 7H el tigh A= mH|g A7
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2 AFelds Al 1A} 7R dx 9 24
AH2lE Este] ALk Azl BdS o] &ste] A9, A},
ZH 8, 39 737 54 vl 7HE S flste]
21 EHA0] T mE A AR YR
Hstol] thate] dotr ] Qi A& AT

2 Aol AREE ol (Flammulina velutipes), SIAH
S(Grifola frondosa) B &M (Sparassis crispa)®l
APA = ZF WAL A E7HEC Eolste] A et e
o, dFe T8 24w fAT #2315 AHdAE
Zhapskel WAl e] WAl oA AR A A
£ ARt

7 wAlA R EFx S HA AR 1,400 g
Tmm 72 AEE F, 255 o83 dFA E€Fx
71A] 2712 %E 45°C, &5 5% 55°CE 30A17F B1t 1
A

A AxE A F

M

70°CAlA 12417 221 A5 st HAAN RS FE&
= T%E fAse] Six F A 248 AEE
flell sk AR 3 7 BAA RS 2AY WS

Sl A5 A% 2age)] wol olgEE HH=H
24 2% F7](common rotary drum type roasting
cooker)E o|-&st] 2AH AP)E ST 22 A
ge dFAET AN RS dFE 170°CE 2=oA
15 rpm/min®] HEH &% 24 sl 2AES Pof
Ao, 271 HAAE W oAEe] Fie] 57|12 T
&t7] AlEste] Tt AS AA Adskd A =
28 2Y-S F3319 tHAn et al., 2020).

Q¥Ax 2 229 ALY A 5 g ARe] 200 (V)
W)2] D.W. 100 mi& 715t 60°C HE&-ZllA] 24417F ]
slo] FFelgith. 7 AR RE FEe ALl
F9 cldsiglon, olslele USR] (EYELA,
fapan)% ol83le] 5N BHE MAARE 2
1 mg/ml=2 3]4sto] 2} F4 ol ©]&-5}3]

DPPH (2,2-diphenyl-1-picrylhydrazyl) 2tt]Z 27184
< Blois (1958)¢] WS WYt A3t 99.9%
methanol®] =<1 0.2 mM DPPH solution 0.1 mlell 7} 5=
=T 0.1 mlE ¥ 1027 Saidich. 22]al ¥e A
gk ZgEelM 307 Jd2elM WESAIZL F Multimode
microplate reader (Varioskan LUX, ThermoFisher Scientific,
Inc. Co. MA, USA)E ©]8-3te] 517 nm®] #golx 3%
& Fgsiolen, ek W7 58 (Varioskan
LUX, Thermo Fisher Scientific, USA)E &5 (%)= UEr
Wit

FRAP (Ferric-reducing antioxidant power) =72
Benzie and Stain (1999)°] el Fsle] 4813t
300 mM acetate buffer (pH 3.6), 40 mM HCI®l &3}t
10 mM 2,4,6-tripyridyl-S-triazine (TPTZ) &<, 20 mM

FeCl,-6H,05 Z}7F 10:1:1 (viviv)e] HI&Z E33k H
37°C F2F=ol|A 7F2gk Z1-& FRAP reagent=A] AR§-
stk BMAEEE 200 ul (1 mg/ml)ol $1e] F=wd
FRAP reagent 3.0 mlE &g+ ol 37°CollA] 3027+ vk
A1zl ¥ Multimode microplate reader (Varioskan LUX,
ThermoFisher Scientific, Inc. Co. MA, USA)Z o]&3o] &
B 593nmE S35, £418 A3 absorbance of
593 nmZ ¥A|EA T}

38 AL potassium ferricyanide-S  ©]-8-3F
Oyaizu (1986)%] "HS o]&st] SAsI3t. 2t HAl
FZE 1.0ml (1 mg/mhol 200 mM phosphate buffer
(pH 6.6)¢} 1% potassium ferricyanide &S ZHz:
2.5 ml¥ 2 E H7Fske] wwkek & 50°CollA] 2057 Ht
SAAT. BRSNS 10% trichloroacetic acid 2.5 mlS 7}
3] 3,500 rppmellA] 10327F D422l st & 45 2.5 ml
o] &84 2.5 ml#} ferric chloride £ 0.5 mlS A7}
o] &3Fek & Multimode microplate reader (Varioskan
LUX, ThermoFisher Scientific, Inc. Co. MA, USA)E ©]
43l 700 nmollA] FF=E SHSIAY. 24 A=
absorbance of 700 nmZ XA} T}

o} AA%2 Gray and Dugan (1975)2] WHO
273t 1 mM NaNO, 0.1 mlol] HA F&= 0.2 ml
2 7183 3719 pH 1.2 A% 0.1 N HCl | ml& ¥
3 37°COAlA 1AIZF ZEAJHTE. 2 o] F 2% acetic acid
5 ml3} 30% acetic acid®l 1% sulfanilic acidE& =91 &
Nl Griess A9t 30% acetic acid®ll 1% 1-naphthylamine
< =21 89 Griess BE 1:1M]E&E £33 €42 0.4ml
7tete] TSI, o]& Aol 158 7F ¢kg Al
< Multimode microplate reader (Varioskan LUX,
Thermo Fisher Scientific, Inc. Co. MA, USA)E ©]&3}
of F4E 520nm=E AL FEH] H7F AFol]
Eote oA S Fate] MRS (%)= 718K

% Zg9=3S Folin and Denis (1912) Wel ¢Ja}
of ZA39}. Al F=E 0.1 mlol folin-denis reagent
0.02mlE 78l 387 AXAIZT 2 & 1% Na,CO;
0.16 ml< H7}stal & &93k FHol 458 7F kg ARl
< Multimode microplate reader (Varioskan LUX,
ThermoFisher Scientific, Inc. Co. MA, USA)Z ©]-&3}]
750 nm IPAA FFEE ST AlBel xFE
%= 299 T gallic acide] EFFA) A7 F
B ZAE st w25 245kl

ZF MAAIE] digh o} r] =4k B2 AccQ tagHS Al
L5190, AxelE Fa7 s (Danial and Steven,
1993)S A&t &, 71xE FEAE 0.1gS 6N
HCl 1ml®} &35l Fluorescence Waters Pico-Tag
Workstation® 2 N, gas Z%1 & 105°Col|A] 24A17F &<F
7Hslstsith. 7R & dalEEste] e 200 ple
#3slA] speed-vacuum (Hanil, KR/AUTOSPIN 4080C)>-Z



Table 1. HPLC condition for the analysis of amino acids

Time (min) Flow r.ate Mobile phase A Mobile phase B
(ml/min) (%) (%)
0.0 1.0 100.0 0.0
0.5 1.0 98.0 2.0
15.0 1.0 93.0 70
19.0 1.0 90.0 10.0
27.0 0.9 67.0 33.0
32.0 0.9 67.0 33.0
33.0 0.9 67.0 33.0
34.0 1.0 0.0 100.0
37.0 1.0 0.0 100.0
38.0 1.0 100.0 0.0
45.0 1.0 100.0 0.0

=3 2 25 mM HCI 500 plol] =93t} o] €95 1 ml
FAM19l # 3] syringe filter (Pall Syringe Filters with
PVDF Membrane, 13 mm, 0.45 um)& 333k & AccQ-
Fluor Reagent Kit (Waters, Corp. USA)Z &3-F-=A|3} 1t
SAIHT. FFHeA v AccQ fluor reagent : borate
buffer : sample (standard)=2:7:1Z total volume®] 100 ul7}
A £ F 55°ColA 97F WHSAIAA HPLC 4
NEZ ARSI ofnieal AR A4S Waters 2795
Separations module, Waters 2475 Fluorscene detector,
Empower pro softwareE ©]&3l5oH, 48 HAH
AccQ-Tag For Hydrolysate Amino Acid Analysis
column (3.9 x 150 mm)& AFE-3IATE. ©]542 AGm=
10% AccQ-Tag Eluent A, BE&= 60% Acetonitriles
gradient modeZ 28313 tH(Table 1). Injection volume
SulE FYUSL UV detector (A=248 nm, 36°C)S A}&-35}o]
At

RE AP 33 o] vk Faeigion, dojxl Az
+ SPSS statistics 19 (IBM Corp., Armonk, N.Y., USA)
2O G o] 8ste] Hd TTUA] FS ARSI,
Duncan®| %755 (DMRT, Duncan’s multiple range
test) (Duncan, 1955)& 53t 7zt A3 HFate] st &
AR o8 AA (p<0.05)S T3 8HAT

o, A B ZFolmAle] dFAx E B2H A
I4FEE | mgml 5142 DPPH 22 47
4% A3= Fig. 13 2t} 3o]e} ol
7heiE g R s foF Aol HolA] ko
U A Ae] BuE 27T W9l 17.4%~35.6%= <
FARAEANA FYHQ ApolE Kol HL E4S Y
EFATH(p<0.05). An er al. (2020)9] 228 A2 <13t
21-8H A1l DPPH &t &7A%59] #HsE Avd 23
o ofshH AGHARl =Ele|ot F=Elel= AAIF H
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Fig. 1. DPPH radical scavenging activity of extracts at 1 mg/ml
concentrations from freshed (F), air dried (D) and roasted (R)
edible mushrooms (Flammulina velutipes, Grifola frondosa and
Sparassis crispa). White bar indicates a positive control. The
results are obtained from three replications (n=3). Different
letters are significantly different by Duncan’s multiple range
test (p<0.05).
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Fig. 2. Ferric reducing antioxidant power (FRAP) of extracts
at 1 mg/ml concentrations from freshed (F), air dried (D)
and roasted (R) edible mushrooms (Flammulina velutipes,
Grifola frondosa and Sparassis crispa). White bar indicates a
positive control. The results are obtained from three
replications (n=3). Different letters are significantly different
by Duncans multiple range test (p<0.05).
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sk 3 bsleS BA18 A3= Fig. 29F 2t} wo)
= G@3F0x B BE2Y AIg7F AR Hste] =& 3
Abeksg BHlow, JAMALS I3 ARAFAA Fo4
OF & IAHE HEHITHE<0.05). EEoHAS 2
H A|BoA e A5 Hlate] folFoR w2 A4S

UER T (p<0.05). E &9 @18k (FRAP)E 4 pHOl
A A 98 ferric tripyridyl-triazine (Fe’'-TPTZ)
B34 7} ferrous tripyridyl-triazine (Fe*'-TPTZ)C.2 3t
dE= AYE o83 AR N8 F s}t =49 I
of S]E=Tt =2 o= dHA Urk(Lee er al., 2016).
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Fig. 3. Reducing power of extracts at 1 mg/ml concentrations
from freshed (F), air dried (D) and roasted (R) edible mushrooms
(Flammulina  velutipes, Grifola frondosa and Sparassis crispa).
White bar indicates a positive control. The results are obtained
from three replications (n=3). Different letters are significantly
different by Duncan’s multiple range test (p<0.05).

ERTH ESolHAlS 30X A RAM 7P =2 &

Ao, Q‘%—o—i% EAH AlRo|glen, /‘3"]§
3& YERTH(p<0.05). $49
og] 7k Aikst 7—‘.}% AT F °ﬂ7]°ﬂ 7‘4
= itk (Song ef al., 2012). FE2E
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7H1t}(Saha et al., 2013).
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+ Fig. 49} 2t} Aol= 7R giudarse] &
o1 ol mol) Rigkonl, WAL 25 BF
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Fig. 4. Nitrite scavenging activity of extracts at 1 mg/ml
concentrations from freshed (F), air dried (D) and roasted (R)
edible mushrooms (Flammulina velutipes, Grifola frondosa and
Sparassis crispa). White bar indicates a positive control. The
results are obtained from three replications (n=3). Different
letters are significantly different by Duncan’s multiple range
test (p<0.05).

Table 2. Total polyphenol contents of extracts at 1 mg/ml
concentrations from freshed, air dried, and roasted edible
mushrooms (Flammulina velutipes, Grifola frondosa and
Sparassis crispa)

Total polyphenol contents

(mg GAE/g)'

FE. velutipes Fresh 4.61+0.40 b
Air dring 5.76+0.35 a

Roasting 5.87+0.20 a

G. frondosa Fresh 9.66+0.40 a
Air dring 9.89+0.60 a

Roasting 6.79£0.34 b

S. crispa Fresh 14.84+0.53 b
Air dring 11.39+0.20 ¢

Roasting 16.90+0.40 a

The results are represented by the meantS.D. of values obtained
from three replications (n=3).

Different letters are significantly different by Duncan’s multiple range
test (p<0.05).

'GAE, Gallic acid equivalent

ZpolE Holm 7P w2 475S UERITH(p<0.05). An
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ol A *@’\éﬂt maillard W& A4 =9 ofALtd 4A
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Fig. 5. Amino acid contents of freshed, air dried, and roasted Flammulina velutipes (A), Grifola frondosa (B), and Sparassis
crispa (C). Asp, Aspartic acid; Ser, Serine; Glu, Glutamic acid; Gly, Glycine; His, Histidine; Arg, Arginine; Thr, Threonine; Ala,
Alanine; Pro, Proline; Cys, Cystine; Tyr, Tyrosine; Val, Valine; Met, Methionine; Lys, Lysine; Ile, Isoleucine; Leu, Leucine; Phe,

Phenylalanine.

= A3} #HE35l] maillard WESl 28] A== 24 db
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2 oY x] Aol Fad Fgiolt(Park et al., 2017).
Yang et al. (2001)3} Mau et al. (2001)°1] 2]31H 2]-8HA
o] opu|iAt i Bkl SAd wet NS @dele
o)Al TE O 7 olavlZ EAN(Asp)d FFEAH(Asp), T
g W ohu)At aFo 2 deld(Ale), 224 (Gly), Al
A (Ser), EF L (Thr), 20t e of=4t 2502
271d (Arg), 312<E| (His), ©]27FA1 (Ile), 721 (Leu), H
E] 9 (Met), =1 22hd (Phe), 2 (Val), = 2| wlx|q}

2o gl (Lys)d ElZA(TynS #
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Ao o]l =SS B F2 B Y 1
A} Ath(Beluhan and Ranogajec, 2011). o= &
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ol 7P =2 AR yeiuth dAAe B
Uehls ol=vl2ERN(Asp)d FFHAHGlu2 D32
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ARl 3 2E]H (His), &3 (Val), WE 2 (Met), 721
(Leu), ©12F21(Ile)?] FFA = Z2H AR 2lsle] &
7hehe AS® veht 228" At mAlde] ddEE
o]l a3t e ZoZ FEATh An et al. (2020)
o] Bo) oalH ElElE 228 X2 Qlste] whutkm
AT o] AR Hlste] F7FgHE FAlol
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2327140 /Hx]—z]oﬂq Gul Aolr)olE AETA 5 =
3t (Kwon and Choi, 2018; Park et al., 2017). W]—E}H

A 3E 9] D}Hﬂ;ﬂ o] ¥ 4 olm| Al ke Tz

o] FLH 7HXH7ke] Fag 71Fe] ok
H Q

AT ]"11_ el Az 5l 2AY Ag)e] 7k
FFgie] wistol tiste] Lot
§°}°j‘3‘r ksl 5o Adeg
S A% 43t DPPH #Ht]E 2752 A
% AEOA 7P Eokew, sols) o
WAL 7 7932l Atol= (Tt oLk
wse) 2o AR 2718 Ae
e, 1% SAMAE F214 Aok S A
Ngol vsle] Rkt B el gL Bols T
oWAl =2 A7} A3 (fresh) Aol Wajo] 7}
sk 02 ettt ol 443 AL 2
2 APz Qo] ot BRE F TS Tk

A (Ser), Eehd (AlaydEE5°l 71 SAll 23ks

0

°l
E

Uehl= 74l (Lew), 01474l (lle) ARES HHAshe 2
o2 Uepton, sjoje} FEoH RS d opriedt 4
o Egete] ] ohvlieat AR gl 249 A

22 lste] ARl vlste] FrekL 3= AoE YE
U 229 A2)7E vl e e el 2t e
Aoz glEdrt.
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