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Evaluation of the nutrition properties of Flammulina velutipes
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Seung-Eon Ban, and Kyoung-Sun Seo*

Jangheung Research Institute for Mushroom Industry, Jangheung 529-851, Korea

ABSTRACT: In the present study, we analyzed the amino acid and free sugar contentof Flammulina velutipes. We observed that
the free sugar content in Flammulina velutipes increased under higher storage temperatures. However, the the packaging material
had no effect on the sugar content. Higher storage temperature increased the level Among the packaging film materials tested for
the storage of Flammulina velutipes, polyphenol oxidase. B-glucan level of Flammulina velutipes by variation in the packaging film
material or storage temperature. We suggest that the B-glucan content is not an acceptable to mushroom storage standards.
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dojupar eFo] FEEHY, TFER A F2(idR) A
o2 WA g mgES] WA o= 3] FHo] 55
3] A &}EIth(Hardenburg et al., 1986). & Al5ollA &
o] AREHIL e T FEY HHS el 21y
st 5473 vl 31%% sl she wAlol Sl
ek AP wAle 558 SANZoEN HA 7t
9] & 59| dito] dojd &= At} (Austin ef al., 1992).
olo wiet WAle] A 3E 717 flet] B A7

(Burton et al., 1987), MAP (Kader et al, 1989; Barron
et al, 2001), controlled atmosphere package(CA) (Lopez-
Briones et al, 1992), sorbltol *2](Roy et al, 1995),
CaCl, &9 28] (Miklus ef al, 1996) 5 WA AMTHS
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A A F7tellA ALt
g Ag A5 A shy
2 mEA FYsted ARSIt Aol ARE 273
B R M S 2FFES A4 FA7E 0.03
mm, layer ¥ FA7} 27} 0.01
st 52 vulE s gelske] Alxg 2 oY
-G E FH Faol ARSIAAL, s 5 T
FAE AF IR ARSI, Fdd
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A AR-gk % 9 chromatography-8 87 = A]¢F
(Sigma-Aldrich Co., USA)S U+ E= SFAIFS 74

sto] ARSI

ZIUY R MY=A

FoluAle 9] & kR 4°C YA B § 77t
A EC 145425 ¢ ¥ F A HATE olgste] Tt
A2y sk T F 4°C, 15°C, 25°C, 35°C QltHe]
Bloll 7} 547 B 5 FEWsE S48

FaE 24

e AlE 20 gl S/TE 7t 100 mL H-&

st FEA17] oy 9421 (3,000 rpm, 30 min)ste]
A e FHsle] o3k (Whatman No.2)3F %, 0.45 um
membrane filter(Millipore Co., U.S.A)Z o333t oJd&
AR ARGt dAjed 289 42 HPLC
system(Agilent Technologies 1200 Series, Germany), 7
Z7]+= ELSD(Agilent Technologies 1200 Series, France)
2 AMgsle] B39} Columne ZORBAX Carbohydrate
(4.6 mm x 150 mm, 5 pm, USA)E ARE-31932, Column
LEE 30°C, °1F4S DW ! ACN(25 75, vIv)E A%
stod ARSSIATE fE42 B9 1.0 mLYoH. AE Y
F2 5 L= skl AFS APt

TFElot0| it 24

Az e opr|At B4 fET
o=z AAZ st A& A 10 mLel sulfosalicylic acid
25 mgS F7Fste] 4°CollA 4A17F St BAIAIZ 5 LA
#2](50,000 rpm, 30 min)dte] TMA 55 A AL, A
S9S 0.45 pm membrane filter2 o] sle] AL ol
S-(Ohara and Ariyoshi, 1979) AccQ-Tag Al%o 2 =
A st A7l T HPLCE 243190 3k integratord]
ogt )R FFHOR ARl S 422 Table 13}

.

2] akq. 7o vk

Polyphenoloxidase2| &4
Polyphenoloxidase(PPO)2] €42 Yol A S

Table 1. HPLC condition for the analysis of amino acids

Item Condition
Instrument  Agilent Technologies 1200 Series
Detector Agilent Technologies 1200 Series FLD
Column AccQ—Tagm
(Waters Co., 150 mm L x 3.9 mm ID)
37C
Column A : AccQ-Tag Eluent A(acetate-phosphate buffer)
temp B : AccQ-Tag Eluent B(100% acetonitrile)
C:DW
A B C
time(min)
%(V/IVIV)
0 100 0 0
0.5 99 1 0
18 95 5 0
Buffer 19 91 9 0
solution 26 86.7 13.3 0
30 84 16 0
32 83 17 0
36 0 60 40
39 100 0 0
48 100 0 0
Flow rate 1.0 mL/min
Injection 10 uL
volume
acetone solution (10 m))< ¥ 1k & o x| = o3}

stod ZRAL 1 g8 H3te] 4 6&‘:]-. ZEAR 0.1 M potassium
phosphate 2+5-8- (pH 6.5) 10 mL<S 7}ste] 4°CollA] 2
A7 Bt FEIT FE F AAEE (4,400 x g, 40
min)gt & A5 2 4NS FHIth 2849 02 mL
°of 0.1 M catechol®] % 0.1 M potassium phosphate
458 28 mLE 7Fet] 35°CollA 5E7F whAIX] -_r
420 nmoIA FBEE SHS. €4 1 unit 1 min §
ot 0012 Z7MA7Ie 24%oz yepdt. (1 unit=
Aabsorbance 0.01/min/mL)

HEIZFZH 24

Azl WElEFFEZE Megazyme kit (Mushroom and
Yeast f-glucan Assay Procedure K-YBGL, Megazyme,
Ireland)S ©]-&ste] 73313t

A total glucans 100 mesh AZ AE & AR
100 mg & tubel] ¥} 37% HCI 1,5 mL° Y 4587
30°C water bathol] o] £al|3}tt. = & /< 10 mL
< Yo vortex3t, 100°CollA 2417} incubation A]ZT}.
I 5 AoA] A3]WA 2 N KOHE 10 mL¥ Y3
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Table 2. Changes in the free sugars of winter mushroom(Flammulina velutipes) by various storage temperature treatments and

packaging films application

(%)
Free sugars Fucose Arabinose Fructose Glucose Sucrose Total
Control - 6.95+0.35" - - - 6.95+0.35"
A - 6.04+0.42 - - - 6.04+0.42
£C B - 6.40+0.54 - - - 6.40+0.54
C 6.38+0.35 6.38+0.35
D - 7.34+0.48 - - - 7.34+0.48
A - 6.66+0.42 - - - 6.66+0.42
. B - 7.26£0.53 - - - 7.26%0.53
15°C
C 6.91+0.47 6.91+0.47
D - 7.46£0.76 - - - 7.46+0.76
A - 7.81+£0.38 - - - 7.81+0.38
. B - 6.85+0.42 - - - 6.85+0.42
25°C
C 7.55+0.49 7.55+0.49
D - 7.71£0.53 - - - 7.71£0.53
A - 7.69+0.29 - - - 7.69+0.29
R B - 7.89+0.63 - - - 7.89+0.63
35°C
C 7.91+£0.48 7.91+£0.48
D - 7.48+0.53 - - - 7.48+0.53
DAll data are presented by mean = standard deviation.
* A : Imported films, B : Domestic films, C : Commercial fillms D : Testing films
200 mM sodium acetate buffer2 100 mL §& ¥ & Z4zte] XA 9oz e ¥ dEY A 255
3] mixing AT 2 F TN 0.1 mL o] 200 mM 2|t 497 AFE HojmAle] fElF e B
sodium acetate buffer] =<1 exo-1,3-B-glucanase plus 23}, arabinose?r AZE AT WAS 3 2142 Fo

B-glucosidase 0.1 mLS F3iL. reagent blank:= acetate
buffer 0.2 mL<S ¥3Z, D-glucose standard= D-glucose
standard 0.1 mL3} acetate buffer 0.1 mL<S ¥ 3. mixing
T 40°ColA 60% &< incubation 3T Glucose
oxidase/peroxidase mixture(GOPOD) 3 mL& ¥ 40°C
oA 20% 52t incubation 3F &, 510 nmoA SEFE=E
At

a-Glucane 100mesh A= AE £l A= 100 mg= tube
o] ¥ 2 M KOH 2 mL¥ ¥ 2087} mixing 3}t
1.2 M sodium acetate buffer 8 mLE Y3 4& &
amyloglucosidase plus invertase 0.2 mL< 237, 2 41014
40°C water bathol|4] 30 %%} incubation 3} T}, *45< 0.1
mLel] 200 mM sodium acetate buffer 0.1 mL, GOPOD 3
mLE ¥ 40°ColA 2087} incubation 3F ¥, 510 nm &
FroA 4T, AL total glucan $HEFOIA o-
glucan S WA p-glucan®] S-S A sl

zn 2 1%
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n
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Al FrEE AAEE AFske 8% 840tk (Shaw,
1988). ol Ale] arabinose $FHFS AR A A
8.95%, 4°CollA] 6.04~7.34%, 15°CoNA 6.66~7.46%, 25°C
6.85~7.81%, 35°Col|A] #7ggt sJo|HAl 7.48~7.91%= 1
Bt A X BoldaE fEid TRkl ok
71k AES By, 8 59 570 ue
2 Zol5 YehA Tt A 717t 497K FET
SraFe] W= AA UehA] @Utt. 71EAFelA B3
WA PE I& A8d e B A f2d T
EA AN =4 YeRga 2=x710] F71e wjwict
&ago] A Usgithe Byt B A3AadE §ASH
Th(Lee er al., 1998). MAle] fFald-2 WAl S5
WA JA7F A& (Varoquaux et al., 1999), X4 3
FHU= 2527 Wl & WAl 53 3712 <
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Table 3. Changes in the free amino acids of winter mushroom(Flammulina velutipes)storage at 4°C treatments by various packaging
films application (mg%)

] ] 4°C

Amino ac1ds control A B C D
Aspartic acid 8.44+0.62 D 6.99+2.04 7.51+1.04 7.29+2.08
Serine 23.3842.20 24.92+1.84 25.20+10.12 22.62+3.85 20.59+9.12
Glutamic acid 90.90+6.33 90.49+6.95 112.75+35.15 85.90+11.33 114.31427.44
Glycine 15.75+1.47 - 17.6942.12 16.72+4.10 17.68+4.35
Histidine 69.70+7.79 71.49+8.13 91.40+9.10 81.90+19.94 73.19+14.25
Arginine 24.5242.63 7.81+1.07 29.39+12.11 26.55+10.67 26.58+4.69
Threonine 17.85+1.75 14.90+1.22 18.2749.10 18.45+2.22 17.90+3.80
Alanine 61.91+.375 67.97+4.85 76.48+18.17 72.3249.20 77.14+14.35
Proline 28.31+7.24 20.39+12.99 8.55+2.06 8.69+1.08 11.39+5.22
Tyrosine 19.16+2.39 13.96+1.04 20.3549.12 20.56+8.10 23.1449.73
Valine 17.54+1.51 14.66+1.33 18.99+7.14 18.98+3.72 18.34+8.88
Methionine - - - - -
Lysine 23.84+1.74 26.99+2.42 36.08+10.16 22.46+7.04 21.1947.07
Isoleucine 10.64+0.97 13.39+1.08 13.87+45.10 12.80+2.80 13.36+2.88
Leucine 18.15+1.62 15.92+2.35 23.73+8.13 21.93+4.00 22.7646.05
Phenylalanine 27.6142.58 26.83+1.22 29.78+10.12 30.01+5.10 32.1745.91
TAA? 457.70+64.61 409.72+30.38 529.53+51.77 467.40+33.01 497.03+43.08
EAA” 185.33+17.96 54.18+5.83 232.12+35.92 206.52+24.06 198.91+26.77
EAA/TAA(%) 40.49 44.95 43.84 44.19 40.02

T
i . trace

?TAA : total amino acid.

EAA : total essential amino acid (Thr+Val+Met-+lle+Leu+Phe+His+Lys)
YAll values are presented by mean+SD(n=3)

*The abbreviation of introductory remarks are the same as in Table 2.

Table 3. Changes in the free amino acids of winter mushroom(Flammulina velutipes)storage at 15°C treatments by various
packaging films application (mg%)

. . 15°C

Amino acids Y 3 C 5
Aspartic acid P 7.8742.07" - 8.50+2.08
Serine 21.76£10.00 26.40+6.21 27.75+4.07 24.57+5.40
Glutamic acid 99.19+14.14 90.07+£10.52 69.01£3.11 83.68+13.11
Glycine 16.97+8.80 20.15+2.38 19.8445.27 19.731+4.24
Histidine 81.11+16.31 99.68+13.90 113.55+29.20 96.82+6.05
Arginine 27.19+4.22 34.50+5.12 34.87+£10.44 32.28+7.02
Threonine 19.43+3.10 23.60+9.83 24.85+7.08 22.99+3.84
Alanine 73.37£13.02 79.05+4.66 80.30+3.60 72.97+15.05
Proline 12.9243.36 11.99+4.75 12.1945.22 11.3944.00
Tyrosine 22.59+7.01 22.3242.10 27.8746.10 21.79+8.28
Valine 19.20£3.05 24.20+3.44 25.4146.02 23.20+2.90
Methionine - - - -
Lysine 23.34+12.08 25.35£3.90 27.36£2.10 23.29+2.82
Isoleucine 13.2745.44 18.15+1.08 17.5445.42 17.16+5.09
Leucine 22.25+4.62 30.53+5.22 29.7242.01 28.98+9.01
Phenylalanine 33.48+3.98 36.81+£12.06 44.73+7.79 33.15+3.77
TAA? 486.06£32.20 550.66+46.74 554.99+21.00 520.50+49.84
EAAY 212.08+£19.71 258.32+24.90 283.17£15.08 245.58+20.50
EAA/TAA(%) 43.63 46.91 51.02 47.18
- trace

?TAA : total amino acid.

PEAA : total essential amino acid (Thr+Val+Met+le+Leu+Phe+His+Lys).
YAll values are presented by meantSD(n=3)

*The abbreviation of introductory remarks are the same as in Table 2.
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Table 3. Changes in the free amino acids of winter mushroom(Flammulina velutipes)storage at 25°C treatments by various
packaging films application (mg%)

25°C
Amino acids Y B C D
Aspartic acid P - 10.36+4.02 12.76+4.40
Serine 24.81+5.27 26.90+6.18 34.32+5.88 38.72+9.05
Glutamic acid 27.75+8.73 57.52+14.55 30.18+8.43 50.60+13.39
Glycine 30.61+5.80 28.87+2.04 37.62+3.20 34.52+12.70
Histidine 129.35+23.02 122.29426.20 123.80425.00 138.10425.31
Arginine 39.75+10.14 32.23+5.38 24.16+8.97 40.18+8.03
Threonine 38.91+7.80 30.70+10.48 42.55+10.10 39.15+2.94
Alanine 98.23+14.39 97.68+5.11 124.28+25.50 108.64+26.07
Proline 23.51+3.00 17.26+2.29 19.61+4.05 21.77+6.46
Tyrosine 38.31+4.15 36.41+3.05 30.54+7.23 34.15+3.83
Valine 44.45+13.10 38.02+9.02 53.35+12.48 44.30+7.22
Methionine 5.60%2.90 3.9542.04 8.38+5.16 5.51+2.03
Lysine 26.21+2.04 22.10+4.00 61.53+13.02 47.44+9.10
Isoleucine 33.30+5.70 27.32+5.83 40.35+9.24 33.80+3.22
Leucine 53.33+10.64 44.24+12.22 66.06+13.80 54.70+10.01
Phenylalanine 56.08+7.92 48.72+13.09 60.32+8.01 50.76+8.64
TAA” 670.19+49.01 634.22+40.60 767.41+50.00 755.10+48.00
EAA” 387.23+24.99 337.34+35.34 456.34+34.79 413.76+36.07
EAA/TAA(%) 57.78 53.19 59.47 54.79

T
) trace

JTAA : total amino acid.

YEAA : total essential amino acid (Thr+Val+Met+le+Leut+Phe+His+Lys).
“All values are presented by meantSD(n=3)
*The abbreviation of introductory remarks are the same as in Table 2.

Table 3. Changes in the free amino acids of winter mushroom(Flammulina velutipes)storage at 35°C treatments by various packaging films

application (mg%)

35°C
Amino acids control Y B C D
Aspartic acid 8.44+0.62” 27.9242.62 35.58+5.02 42.08+7.11 39.14+8.00
Serine 23.3842.20 41.60+1.94 25.50+9.90 54.37+12.34 31.56+2.45
Glutamic acid 90.90+6.33 72.71+£11.68 78.26+14.02 89.56+9.91 66.22+7.94
Glycine 15.75+1.47 36.36+3.62 46.94+10.33 51.78+3.00 38.04+6.08
Histidine 69.70+7.79 82.84+7.99 89.38+12.32 108.23+26.88 56.40+12.90
Arginine 24.52+2.63 16.25+4.34 11.07+£6.94 14.70+2.79 19.36+3.66
Threonine 17.85£1.75 22.35+2.31 27.54+5.60 48.69+42.48 31.82+5.63
Alanine 61.91+.375 116.4316.12 114.38+25.75 123.09+27.92 106.10+13.81
Proline 28.3147.24 4.43+3.00 34.02+4.20 39.49+13.03 20.96£5.30
Tyrosine 19.16+2.39 11.68+1.65 - - -
Valine 17.54+1.51 59.87+5.17 68.35+12.84 74.19+9.63 68.28+8.07
Methionine D - 13.88+10.30 14.20+3.22 17.7943.00
Lysine 23.84+1.74 38.51+ 34.7616.22 66.74+£10.01 43.34+4.67
Isoleucine 10.64+0.97 37.54+1.24 52.26+10.07 56.89+6.00 39.3316.48
Leucine 18.15+1.62 52.39+10.80 85.89+11.11 93.89+13.07 68.751£9.90
Phenylalanine 27.61+2.58 39.14+2.10 61.10+8.34 65.22+13.44 56.20+10.42
TAA” 457.70+64.61 630.01£5.08 778.91+52.03 943.12+58.22 703.30+30.48
EAA” 185.33£17.96 332.6418.03 433.16+34.22 528.05+35.99 381.91+25.01
EAA/TAA(%) 40.49 52.80 55.61 55.99 54.30

n. . trace

ITAA : total amino acid.

PEAA : total essential amino acid (Thr+Val+Met+le+Leu+Phe+His+Lys).
YAll values are presented by meantSD(n=3)
*The abbreviation of introductory remarks are the same as in Table 2.
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Table 4. Changes in the polyphenol oxidase of winter mushroom(Flammulina velutipes) by various storage temperature
treatments and packaging films application
A B
Sample
42 152 252 352 42 15¢ 252 35¢
Activity(Unit) 4.6 4.7 3.2 1.5 6.5 5.7 43 2.2
C D
Sample
42 152 252 35? 42 152 252 35¢
Activity(Unit) 4.0 4.6 3.1 1.4 4.6 4.2 3.1 1.4

* The abbreviation of introductory remarks are the same as in Table 2.

Table 5. Changes in the S-glucan of winter mushroom(Flammulina velutipes) by various storage temperature treatments and

packaging films application (%)

Temperature
Sample
42 152 252 352
control 1.93+0.27
A 2.01+0.38" 1.7740.28 1.7240.31 2.94+0.47
B 1.65+0.24 1.73+0.15 1.78+0.28 2.66+0.26
C 2.5540.32 2.04£0.26 1.95+0.20 2.72+0.41
D 1.70+0.18 2.80+0.32 2.01+0.19 3.10+0.35

YAll values are presented by mean+SD(n=3)

*The abbreviation of introductory remarks are the same as in Table 2.

acid, histidine @ alanine® 2 e TH(Table 3). 42

ol w2 Wk oy A 2%71 25°C o) 24
T5 frelotn| =4k e F71sHAT. 58] methionine
o] S AFRET}E 4°CoF 15°ColX = HEHA &%e
L, 25°CHE] HAEH7] AASIA 35°CAAlM = 3~4ul 7}
Z7Fatdnt. WHA | tyrosine?] 7A¢- 2=7F S2hgtol whet
7aat7] AlZkel 35°ColM = HAEEA] AT ol-H A
Az

Ao w2 AR H3} ule} PowAle ArE =3

sted 88 4 S Ao =2 "ol At} Glutamic acid
= WASRe Eue Fe AReE 4EA dok

(Stamets, 2000). & AFZA 3} YolwAle] Fmjof 7 &
FFS glutamic acid®] FFE AlFHFo] A HEo
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3L(Pei et al., 2014)9} 7+o] B
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Al Vel
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(PPOYS] BHHIE Edl AEqA %
o gt
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o

o]th(Kim et al., 2001). 72 A3}, Lo wg} sJolH Al 2]

HE7b Aol ehiigld] ol Smwsl o 29 &
Fol F7kslel AME A& & Atk Lee
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RUSUS MRS MY

(2012)¢] B8} XAt 2L E 7ol
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- A f5F G, ALY, AT 222 PPO
7t A 49} ?%% i@ww B AR s s
ZAAA7E e Flskitt.
HERZFZt
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»6)@8 olEFe FRE ORI o, i AIAL]
= #AHE W B-glucans H3HAY ljA] U2 £H]
O]-Uﬂ B-1,3-glucans FH = 3t B-1,6-glucan®] 2
s} E2aEA =) o]—~ Z o2 B ¥ th(Nakajima
et al, 2002.). ¥}Al 100 g T B(1—=3)DFFI gape &
ZolHAl 43.6 g, XA 15-20 g, °éx1ﬂw 8-15 g, &
olHAl 18.1 goll SRt AL=Z ¢HA JUTH(Miura et
al., 1997; Kajimura and Suga 2004; Um et al., 2010). A
& A oAl WEREFIE FEFS 1.93%E e
om, £ A 2 55 A WolWAZ 1.65
~2.55%, =i 9 £ dES AME3S % 1HW e
1.73~2.80%, =l % 22}
AL 1.95~2.72%, & A= 7idst
23 PolHAlL 1.70~3.10%= E}w. g dE
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