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Analysis of nutritional contents and useful functional materials
for finding breeding resources in Flammulina velutipes

Ji-Hoon Im, Minji Oh, Youn-Lee Oh, Min-Sik Kim, and Jong-Won Lee

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

ABSTRACT: Flammulina velutipes, known as winter mushroom in the family of Physalacriaceae, is the main edible and export
mushroom with the third highest production after oyster and king oyster mushroom in Korea. However, as normal consumers
regard F. velutipes as a simple subsidiary material, there is a limitation to increasing mushroom demand. In order to overcome the
consumption limit and increase the differentiation of new varieties, it is necessary to breed varieties with enhanced functionality
in consideration of consumer preferences. Therefore, the study was performed to analyze nutrient components and several useful
functional substances with 26 genetic resources of F. velutipes. Analyses of inorganic compound(Ca, K, Mg) and 15 amino acids
revealed that Strain 4148 had the highest content among the 26 strains. Beta-glucan, which increases immune activity and
polyphenol, which exert antioxidant effects were higher in non-white strains than in white strains with a small number of
exceptions. Among the five fatty acids, linoleic acid(an omega-6 fatty acid) and a-linolenic acidan omega-3 fatty acid), were
detected in six mushroom strains. o-linolenic acid, which was not found in five major mushrooms including oyster mushrooms,
was identified in F velutipes. The results of HPLC analysis showed that ‘Auram’ (Strain 4232) and ‘Baekseung’(Strain 4230) had
the highest content of the stabilizing neurotransmitter GABA(15.38 pg/ml and 20.56 pg/ml, respectively) among non-white and
white strains, respectively. Our findings provide useful information for breeding F. velutipes to obtain strains with enhanced
functionality.
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Table 1. Genetic resources of E velutipes used in the study
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Strains

No. (ASI NO)) Color Collection year Collection country Strain information
1 4019 non-white 1982 Korea -
2 4049 non-white 1993 Korea -
3 4057 non-white 1994 China -
4 4090 non-white 1994 Korea MGL4012
5 4103 non-white 2003 Korea -
6 4111 non-white 2004 philippines -
7 4146 non-white 2005 Korea -
8 4149 non-white 2006 Korea Garlmoe
9 4163 non-white 2008 Japan -
10 4175 non-white 2010 Korea -
11 4218 non-white 2014 Korea Yeoreumhyang 1ho
12 4219 non-white 2014 Korea Yeoreumhyang 2ho
13 4232 non-white 2019 Korea Auram
14 4074 white 1997 Korea Baekseol
15 4166 white 2009 Korea Baeka
16 4168 white 2010 Japan -
17 4209 white 2012 Korea -
18 4210 white 2012 Korea Greenpeace F6ho
19 4216 white 2013 Korea Hansol
20 4217 white 2013 Korea Baekjung
21 4226 white 2014 Japan Okinomegumi
22 4228 white 2017 Japan Chikumakasei T-011
23 4230 white 2016 Korea Baekseung
24 4231 white 2017 Korea Baeke
25 4235 white 2020 Korea Seolhan
26 4148 white 2005 Korea E velutipes var. lactea
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Table 2. Nutritional contents(g/100g) and inorganic compound(mg/100g) of different strains in E velutipes

Strains Carbohydrates Proteins Fats ]Eéilr(d’li‘%;r)y szlccial;m POt?IS;)i um Magl/{e;ium
4019 60.5 26.6 4.2 30.5 9.9 3448.2 137.0
4049 67.6 214 4.4 34.3 2.1 2165.1 99.5
4057 69.2 20.9 3.6 25.9 3.6 1919.4 80.7
4090 65.1 22.4 3.7 34.0 39 2891.2 114.8
4103 62.5 25.6 4.2 325 6.3 2447.7 121.2
4146 68.8 20.5 4.1 29.1 2.1 2135.6 100.9
4149 69.0 19.7 5.1 36.7 2.7 1908.2 82.9
4163 62.1 233 7.4 16.8 1.4 1969.0 78.1
4175 66.9 18.8 53 31.1 1.6 2487.1 110.2
4218 65.3 22.8 4.7 29.1 2.8 2182.8 96.2
4219 62.1 22.3 8.2 28.2 2.6 2100.2 87.0
4232 67.1 20.3 5.7 29.3 2.2 2081.0 91.0
4166 68.0 20.3 4.8 21.0 1.8 2047.8 81.0
4168 67.7 20.6 4.1 21.9 9.4 2084.9 97.2
4209 63.8 23.6 3.2 30.0 2.7 2451.4 92.4
4210 68.5 21.9 1.6 22.5 23 2362.6 86.7
4216 61.8 27.3 3.1 253 1.9 2311.3 85.3
4217 68.0 22.6 1.5 22.2 1.8 2350.9 83.9
4226 66.7 22.3 2.3 26.4 2.5 2332.7 81.6
4228 68.8 21.9 2.1 23.7 3.1 2398.2 90.9
4230 66.0 24.0 2.1 24.4 2.0 2353.8 85.5
4231 65.9 22.6 34 24.7 1.4 2370.9 80.2
4235 60.6 29.9 2.8 23.6 2.5 2079.2 67.7
4148 66.4 21.1 34 30.3 12.9 3011.3 1224
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Hexane %2 AF & GC-MS(SHIMADZU QP 2020 NX,
Japan)= A 8T £A4Z4H-2 Rix-5 ms(30 m, 0.25
mmID, 0.25 pm), ZH274-& 180°CollA 1°C/min, 210°C
oA 30°C/minE HZF 250°C7HAo1™ -4 0.5 ml/min
o2 AAste] 7k At shES A ST

GABA (y-aminobutyric acid) &4

HA AZAZ 0.025 goll 0.IN HCl 1 mlS 2|5k
A 2oA 455 X3 & 0.45 um syringe filter2 3}
sl AMES FHIIITE. FHIE AES water:Acetonitrile
=30:70 #4072 A FL2 34 F o-phthaldialdehyde
(OPA)E o|&3 Fx=Alst #4 & HPLC(SHIMADZU,
Japan)oll #-8-3}9ith. HPLC ZH 2 2% Supelcosil LC-
18-DB(4.6x250 mm, 5 um)2 ARE3I¥oH, ol sAdo g
= &1 A= 0.1% phosphoric acid 3 water, &1 B+
Acetonitrile2 AFESIATH. o549 T = &0 A

= 100%E B4& A1FE] 152 Fole &) A9 B 50%
A 308 S & BE 90%7F HA dow, 405
F7HA & B7F 100%7F =5 AT o539
42 0.5 m/min=g AL, 338 nme] UV detector
2 GABAE AE33t

E= T i

Wo| WAME H|I 24
ol tololE AFoz 2 duA e, ALES]
FEFEE HIRE Tl ©@rstE ke v v
S AL Adstaat ik, #ol
Zo YIHE B4 A (Table 2), 72t EEZ Hef
5 60.5~69.0 g, ©F 18.8~29.9 g, XA
W 1.5~8.2 g, & 204 16.8~36.7 g2 ATt
Aerrshs, e YoM S WSk e A
Q1 40198t 410301%12H, 53], 4149= 2ol
o] 36.7 g2 7Y E=uTH A A YeA = 4216

iz 5 1>



ol 7154 FEAA BBL NG IR L 48 /15 BE 24 222
Table 3. Amino acid contents(%) of different strains in E velutipes
Strains TAA Asp Thr Ser Glu Gly Ala Val Ile Lew Tyr Phe Lys Arg His Pro
4019 17.7 1.9 1.0 0.9 29 0.9 1.4 1.2 0.9 1.5 0.7 0.8 1.3 1.1 0.7 0.7
4049 14.2 1.3 0.8 0.7 24 0.7 0.9 1.0 0.8 1.3 0.6 0.7 1.0 0.8 0.5 0.7
4057 13.4 1.2 0.7 0.7 2.5 0.7 0.9 0.9 0.8 1.1 0.6 0.6 1.0 0.7 0.6 0.5
4090 15.7 1.6 0.9 0.8 24 0.8 1.2 1.1 0.9 14 0.7 0.8 1.1 0.8 0.6 0.7
4103 17.0 1.7 0.9 0.9 3.1 0.9 1.1 1.1 0.9 1.4 0.7 0.8 1.2 1.0 0.8 0.8
4146 13.7 1.5 0.8 0.7 1.9 0.7 1.0 1.0 0.7 1.2 0.6 0.7 1.0 0.8 0.5 0.6
4149 13.1 1.2 0.7 0.6 29 0.6 0.8 0.8 0.7 1.1 0.6 0.6 0.9 0.8 0.5 0.5
4163 12.9 1.2 0.7 0.7 2.1 0.7 0.8 0.9 0.8 1.1 0.6 0.6 1.0 0.7 0.6 0.6
4175 15.3 1.5 0.8 0.8 24 0.8 1.2 1.1 0.8 1.3 0.6 0.7 1.1 0.9 0.6 0.6
4218 13.0 1.3 0.7 0.7 2.1 0.7 1.0 0.9 0.7 1.1 0.6 0.6 0.9 0.7 0.5 0.6
4219 14.1 14 0.7 0.7 2.7 0.7 0.9 0.9 0.7 1.1 0.6 0.6 1.0 0.7 0.6 0.7
4232 13.4 14 0.7 0.7 24 0.7 0.9 0.9 0.7 1.1 0.6 0.6 0.9 0.7 0.5 0.6
4166 14.8 1.3 0.7 0.7 34 0.7 1.0 0.9 0.7 1.1 0.7 0.8 1.1 0.9 0.6 0.6
4168 14.5 14 0.7 0.7 32 0.7 0.8 0.9 0.7 1.1 0.7 0.8 1.0 0.8 0.5 0.6
4209 15.7 1.2 0.7 0.7 3.6 0.7 0.9 0.9 0.6 1.2 0.9 0.9 1.2 1.2 0.5 0.6
4210 15.5 14 0.7 0.7 34 0.7 1.1 0.9 0.7 1.2 0.8 0.8 1.1 0.8 0.5 0.7
4216 15.1 14 0.7 0.7 34 0.7 1.0 0.9 0.7 1.2 0.7 0.8 1.0 0.8 0.5 0.6
4217 14.6 14 0.7 0.7 33 0.7 0.9 0.9 0.7 1.1 0.7 0.8 0.9 0.7 0.5 0.6
4226 16.6 1.5 0.8 0.8 3.8 0.8 1.1 0.9 0.7 1.2 0.8 0.9 1.3 0.8 0.6 0.7
4228 16.5 1.6 0.8 0.8 3.7 0.8 1.0 0.9 0.7 1.2 0.8 0.9 1.2 0.8 0.6 0.7
4230 16.8 1.6 0.8 0.8 3.2 0.9 1.1 1.0 0.8 1.5 0.9 1.0 1.1 0.9 0.6 0.7
4231 14.8 1.3 0.7 0.7 2.9 0.8 1.0 0.9 0.8 1.3 0.7 0.8 1.0 0.8 0.6 0.6
4235 12.9 1.3 0.6 0.6 2.8 0.6 0.7 0.8 0.7 1.1 0.6 0.7 0.8 0.7 0.5 0.5
4148  22.8 2.3 1.2 1.1 4.0 1.2 1.4 1.5 1.1 1.9 1.1 1.3 1.6 1.3 0.8 1.0

* TAA, Total contents of amino acids; Asp, Aspartic acid; Thr, Threonine; Ser, Serine; Glu, Glutamic acid; Gly, Glycine; Ala, Alanine; Val,
Valine; Ile, Isoleucine; Leu, Leucine; Tyr, Tyrosine; Phe, Phenylalanine; Lys, Lysine; Arg, Arginine; His, Histidine; Pro, Proline
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Fig. 1. B-glucan contents(%) of different strains in E velutipes
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Fig. 2. Total polyphenol contents(mg/g) of different strains in E velutipes

=
X

o] ZE vl AU SHNERE A7t ksl 2
gtar dEA et 53], ool &3 F
D AAe o] 2bstE Asfste] itk a7t
R3] 9Jth(Rahman ef al., 2015). 3o] A2
Zo)HE gk WYE 253~73.6 mg GAE/100g2-& 3t
7} w9~ Ath(Fig. 2). A= A7) Eeuls e
= 41463} 41495 A|elskale frAo] S H]s] &2
A5 e ow 53], 4232 @57} 453 sl

X0 (lif o
SLorlo o

N

ol X[ukat &2 vl mEA

ol 2653 7IEPAl 5 (FEol, e, FxEH,
LEWHEHAL, EA)S e R AW 57EAE A
st A3 (Table 4), WA= sk} got-glsdit
(ALA)°] A== AT AW AHEFEE Asish=d =%
S F+ E722l Conjugated Linoleic acid(CLA)E #ol&
23k ZIepAlel e AEEA] FUTh. Lozt
(ALA)Z Zgolovt fdatAl SRl=nen d=F W=
0.26~0.69 go|Att. 2w 7}-3 AWt 5 sl dut-gls
dike dF SYZHE FRE WFAL A4 AdaEs
S sk 9 =20 e AEolth(Fukumitsu ef al.,
2013). 2H[7}-6 AWte] dF<l ek o]} 7]
ERAL BRol] ER gl om, 7P Ao ghege] o =S8kt

o] ALYl = 4232 @57} ElEHlata
gkl 7P =4k

e
o
i)
iy
,

%3
s

IHO| GABA &2 H|mEA

22X HAEY] X es FXIeaL A73E A=
7150l dok dEA e, 2 HAEE GABA &
s Blagt A3 sololN 7P Erhal Bt Hoqlrk
(Kim et al., 2009). GABA #4242 Retention time
27.7%-14 GABA ETE4] 9AAA S 7|¢0 2 A7
shaAth(Fig. 3). ¥ol 2659 ERAEE 2 E GABA
4 A3} (Table 5), $HFHS= 2.00~20.56 pg/mlo]A S
o WA Az AAgle] LE Haks AT {4 AR
oM & colgh(4232) FF©] 1538 pgmloZ 71 =94
3, B Ao ul(4230) FF©] 20.56 pg/mloZ 7HE =
grom F EXOo 73teE GABA Mol AEZS Sk

o &89 Aoz 7IthEth(Fig. 4).

B

FEFE WA A FEF] 60%01 AT =2 o



ol 7154 FEaA WS N JPIE L K8 15 B Y 224

Table 4. Major fatty acid contents(g/100g) of different strains in E velutipes and other mushrooms

Samples Linoleic a.cid a-Linolenic acid Linolelaidic aci Conjugated Linoleic  y-Linolenic acid
(C18:2 cis) (C18:3n3) (C18:2 trans) acid(CLA) (C18L3n6)

4049 1.08 0.59 0 0 0

4057 0.73 0.35 0 0 0

4090 0.67 0.42 0 0 0

4103 0.76 0.46 0 0 0

4111 0.72 0.38 0 0 0

4146 0.81 0.49 0 0 0

4149 0.69 0.32 0 0 0

4163 0.64 0.32 0 0 0

4175 0.76 0.47 0 0 0

4218 0.77 0.36 0 0 0

4219 0.92 0.51 0 0 0

4232 1.16 0.69 0 0 0

4166 0.69 0.41 0 0 0

4168 0.62 0.26 0 0 0

4210 0.79 0.48 0 0 0

4216 0.8 0.52 0 0 0

4217 0.87 0.5 0 0 0

4226 0.74 0.39 0 0 0

4228 0.71 0.34 0 0 0

4230 0.55 0.34 0 0 0

4231 0.93 0.56 0 0 0

4148 0.47 0.21 0 0 0
Agaricus bisporus 24 0 0 0 0
Pleurotus ostreatus 1.71 0 0 0 0
Pleurotus eryngii 1.99 0 0 0 0
Hypsizygus marmoreus 1.59 0 0 0 0
Lentinula edodes 1.16 0 0 0 0
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Fig. 3. HPLC chromatogram of GABA(y-aminobutyric acid) in standard and E velutipes(ASI 4209, 4230)

Table 5. GABA concentration of different strains in E velutipes

Sample Retel(lrtril?rrll)time Area Samg:;?;?;ﬁty o GABA _
GABA (standard material) 27.7 27438 - 5 -
4019 27.6 34868 10 6.14 0.06
4049 27.7 83492 10 16.20 0.16
4057 27.7 41506 10 7.51 0.08
4090 27.7 59622 10 11.26 0.11
4103 27.7 97960 10 19.20 0.19
4146 27.6 66200 10 12.62 0.13
4149 27.7 35468 10 6.26 0.06
4163 28.0 60679 10 11.48 0.11
4175 27.6 75518 10 14.55 0.15
4218 27.9 59057 10 11.14 0.11
4219 27.5 37345 10 6.65 0.07
4232 27.5 79506 10 15.38 0.15
4166 28.0 53879 10 10.07 0.10
4168 28.0 27995 10 4.71 0.05
4209 27.6 14903 10 2.00 0.02
4210 27.6 69746 10 13.36 0.13
4216 27.6 86658 10 16.86 0.17
4217 27.6 98885 10 19.39 0.19
4226 27.5 21322 10 3.33 0.03
4228 27.5 35613 10 6.29 0.06
4230 27.5 104527 10 20.56 0.21
4231 27.5 80856 10 15.66 0.16
4235 27.5 34505 10 6.06 0.06

4148 27.7 62001 10 11.75 0.12




Fig. 4. Morphology of 4 strains(4019, 4232, 4230, 4148) with
superior functionality
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