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Free sugar, amino acid, and beta-glucan content in Lentinula
edodes strains collected from different areas

Kyung-Je Kim and Kyoung-Sun Seo*

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

ABSTRACT: In this study, we analyzed the nutrient composition and p-glucan content in Lentinula edodes fruiting bodies from
different collection areas. Four types of free sugars were detected by HPLC, and the range of trehalose prevalence was 0.83% to
9%. The highest total amino acid content was observed from sawdust media cultivation of Lentinula edodes fruiting bodies,
collected in China (JMI10050)The highest essential amino acid content, assessed by log cultivation of Lentinula edodes fruiting
bodies, collected in Jangheung (JMI10059). Sixteen free amino acids were detected in Lentinula edodes fruiting bodies, and the
major free amino acids were histidine, glutamic acid, and arginine. The highest essential amino acid including threonine, valine,
methionine, isoleucine, leucine, phenylalanine, histidine, and lysine was fromsawdust media cultivation of Lentinula edodes fruiting
bodies collected in China(MI10052). The A-glucan content from log cultivation of Lentinula edodes fruiting bodies collected in
Korea (JMI10059 and JMI10066) was higher than that from sawdust media cultivation of Lentinula edodes fruiting bodies collected
in China. The highest S-glucan content was observed from log cultivation of Lentinula edodes fruiting bodies collected in Korea

(JMI10066).
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FEF AlE 20 goll S/FTE 718t 100 mL= A&
stod FEA171 The D40#-2] (3,000 rpm, 30 min)$t A
AS 12} oJ3}(Whatman No.2)3+ $, 0.45 um membrane
filter(Millipore Co., U.S.A)E 22} o3}k ofolS HAIA]
52 ARESIITE. AAEE A8¢] 42 HPLC system

Table 1. List of tested Lentinula edodes strains from different
collected areas

Collected Collected

Sample Strain No. year area Remarks
A JMI10050 2013 China  Sawdust Cultivation
B JMI110052 2013 China  Sawdust Cultivation
C JMI10054 2013 China  Sawdust Cultivation
D JMI10056 2013 China  Sawdust Cultivation
E JMI10064 2013 Korea  Sawdust Cultivation
F JMI10065 2013 Korea  Sawdust Cultivation
G JMI10059 2013 Korea Log Cultivation
H JMI10066 2013 Korea Log Cultivation

Fig. 2. The pictures of Lentinula edodes colleted from Korea.



(Agilent Technologies 1200 Series, Germany), A&7|+=
ELSD(Agilent Technologies 1200 Series, France)S A
3t T, Columne ZORBAX Carbohydrate(4.6 mm X
150 mm, 5 pum, USA)E ARSI, Column 2%+
30°C, o)A DW : ACN(25 : 75, viv)S A|zx3te] AL
39tk 52 19 1.0 mLloH, A8 FYPFE 5

THoio| it B4

opp|Ake: Fa B F=AE HgS 713§ HPLC
system(Agilent Technologies 1200 Series, Germany),
FLD 7%&7](Agilent Technologies 1200 Series, France)
£ AH8-31% th(Daniel and Steven, 1993; Steven and Dennis,
1993). A5 0.5 g= Al@ol ¥aL 6N-HCl &9 10 mLE
7¥e F AlERE U8 F 110°ColA] 24417 71Rs] Al
Ak, 7FrEelste] e oAds ARSI, A5AE
50°ColA sFated HAt B2 s SEA F, 20
mM HCI(pH 2.2)& AFE-3le] 5 mLZ g-&31ic}. 484
AL 0.45 um membrane filterZ o33}k TS oJH S FH3}
o] AccQ-Tag Al ARE3l] fF=As) A7l & 24 A
B2 AM85IT). $H- integratorol] o SJREFHOE
ARSI £ 2 70E Table 29} 22t

Table 2. HPLC condition for the analysis of amino acids

Item Condition

Instrument Agilent Technologies 1200 Series

Detector Agilent Technologies 1200 Series FLD
Column AccQ-Tag
(Waters Co., 150 mm L x 3.9 mm ID)
37°C
Column A : AccQ-Tag Eluent A(acetate-phosphate buffer)
temp B : AccQ-Tag Eluent B(100% acetonitrile)
C:DW
time(min) A B ¢
%(V/V/IV)
0 100 0 0
05 99 1 0
18 95 5 0
Buffer 19 91 9 0
solution 26 86.7 133 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

E FHTEe feld, obleat B B-glucan FF 29

FEloto| it 24

Al59] fE oprxgt B4 fElY B 2 WY
o7 AAEsle] d& o 10 mLel sulfosalicylic acid
25 mgS H7tsle] 4°CollA] 4x17F St HRAIZ] & A4
2](50,000 rpm, 303%)3te] A & A AT
SAS FH3te] 045 um membrane filter2 oJ3sle] A
2 ]S (Ohara and Ariyoshi, 1979) AccQ-Tag A|2FS
2 fF=A8t A7l & HPLCE #A43t9lon FAxA2
TAok) At FA 2 i

B-glucan &4

A5 B-glucane Megazyme kit (Mushroom and
Yeast f-glucan Assay Procedure K-YBGL, Megazyme,
Ireland)S ©]-8-3t] A3

A total glucans 100 mesh AZ AE 2 AR
100 mg < tubedll ¥} 37% HCI 1,5 mL& ¥ 4587F
30°C water bathol] o] #3l|3ttt. L & S/ 10 mL
< Yo vortex3dtal, 100°CollA] 2A]7F incubation A1 ZAT}.
%5 AeoA 243]HA 2 N KOHE 10 mLA 237,
200 mM sodium acetate buffers 715l 100 mLZE 7
£ & FE3] mixing 39tk 2 3 45 0.1 mL ol
200 mM exo-1,3-p-
glucanase plus B-glucosidase 0.1 mLE 2T}t Reagent
blank= acetate buffer 0.2 mLE %3, D-glucose
standardi= D-glucose standard 0.1 mL3} acetate buffer
0.1 mL& ¥ mixing ¥ 40°ColA] 60% &<t incubation
B3I th. Glucose oxidase/peroxidase mixture(GOPOD) 3
mLE Y3l 40°CollA 20% =< incubation 3+ %, 510
nmol| A FFEE S5

a-Glucane 100 mesh 2 A& &4 A& 100 mg =
tubeoll 3L 2 M KOH 2 mLA¥ %3l 20%7F mixing 3}
Ath. 1.2 M sodium acetate buffer 8 mLE ¥ 412
amyloglucosidase plus invertase 0.2 mL2 237, 2 49]
2] 40°C water bath®ll4] 30 &7} incubation 31T}, A5
o 0.1 mLel 200 mM sodium acetate buffer 0.1 mL,
GOPOD 3 mL& il 40°CellA 2047} incubation &
%, 510 nm FF =X SHSHATH AL total glucan
ol A a-glucan TS WA B-glucan®] TS A&

st

sodium acetate bufferol] =<1

[zl 24
=213 T o 5}EEO 5 o
FHS Buol HUT FFS FHD 2% F 439 F

ggo] AEHNeH, I FFEE fucose, arabinose,
glucose ¥ trehalose® YEFSTH(Table 3).

F8 A2FOZ glucose?} arabinose?] &o] =4 U
E}SIT. Trehalose= 0.83~9.00%% FH3 XIS
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shakxtol 7} =A] vrebdth, FUoA =13 dEAW ® o] FQ8 FE9OE mannitol, trehalose, arabitol®}
32 JMI100592F IMI10066914] 9.00%= 7F4 =& ShaF glucoseﬂ—l X3 v} ‘”21/]—(Chen et al., 2015), ¥ A
< Yo, F=olA I FA IMIT0054¢4 TolX= mannitolo] HEEHA] FS Zo|HE HUTE
0.83%=E 7 @& 312k velith. Trehaloses 2] &2 Fucose &2 0.40~0.64%i UERTh Al haks)t
7d§—‘/]' 40 gk HaAg, Aigest WA, Ak oll= fFEldo] A i Fosithe 7€ Bavt Q)
WA, AlExF e s}, st 3 JiA T s S gt ANeH, fucosew FAHsIS Uepll= tiE4 fE9
I a%zq ATHKIm ef al, 2014). 7|EAFNE B2 o2 4#A Avk(Liao ef al., 2013). °o|HE AHAE 7%

Table 3. The contents of free sugars in the Lentinula edodes from different collected areas (%)
Sample Fucose Arabinose Glucose Trehalose Total

A 0.55%0.28 13.12+£1.04 11.84+0.81 1.23+0.73 26.73£1.78

B 0.60%0.12 14.43+£1.06 13.56%0.79 0.95+0.49 29.54+0.34

C 0.56+0.13 13.40£0.91 20.28+1.31 0.83+0.83 35.08+1.36

D 0.47%0.12 10.80£1.00 25.88+2.43 0.96+0.21 38.12+1.34

E 0.61+0.11 15.04+1.03 13.48+0.84 6.10+0.57 35.22+0.49

F 0.40%0.07 14.91+£0.23 12.84+1.79 8.64+1.16 36.78+3.26

G 0.50+0.21 12.60+1.24 10.38+0.50 9.00+0.28 32.48+0.25

H 0.64%0.15 14.26+0.50 8.26+1.44 9.00+1.04 32.16%3.12
*The abbreviation of introductory remarks are the same as in Table 1.
All value are mean+SD of triplication determinations.
Table 4. The contents of total amino acid in the Lentinula edodes from different collected areas (mg%)
Compositions Sample

A B C D E F G H

Aspartic acid 1,427.39+74.20 1,465.55+30.79 658.55+62.85 1,280.36+10.72 1,108.99+21.26 1500.50+11.39
458.73+£35.27  699.77+£15.84 686.35£29.26  900.14+12.72
Glutamic acid 6,002.19+348.645,832.90+137.792,552.02+285.80 3,535.01+20.34 2,871.93+106.94 4515.09+32.72

Serine

850.38+62.43

814.31+6.00

1,622.73£28.89 1,099.52+£19.21

914.17+1.10

612.46+10.31

3,855.76+£60.02 1,761.38+7.28

Glycine 881.81+37.63 816.62+33.21 441.75+27.01 768.98+13.66 617.24+7.19  778.10+14.54 805.10+25.24  544.77+1.10
Histidine 490.10+24.71 487.34%£12.93 258.26%23.14 377.79+0.66  359.22+26.89  475.35%+2.22  647.29+10.25  339.01+1.92
Arginine  1,318.63+£65.21 1,449.82+57.96 566.42+57.09 642.24+229.36 833.34+21.92 1222.82+16.03 1,362.87+46.34 727.70+4.47
Threonine  830.17451.39  774.78423.02 434.13+2891  660.35+3.92  610.14+20.99  780.26+0.55  851.45+1543 537.77+13.66

Alanine 972.15£67.09  911.65+1.47  486.25+39.86 777.40+13.59 717.57+32.10 922.88+14.48 971.74+1.62  710.58+52.97

Proline 759.64+350.23 635.72+£100.42 355.62+112.29 486.48+3.33  49535+15.25 784.74+7.22  686.27+49.70  370.79+32.82
Tyrosine 530.06+29.28 491.26+18.66  288.64+4.46  444.60+12.58 445.96+10.06 515.52+6.63  514.98+16.43  299.10+2.30

Valine 607.52+£37.01 599.94+15.81 313.99+£30.55 545.85+4.24  479.04t+6.54  630.71+4.82  789.94+21.10 475.77+£11.46

Methionine  209.24+14.20  179.55+4.71  99.27+13.68  161.50+4.50  162.82+4.21  205.30+1.83 193.79+4.82 113.99+4.04

Lysine 947.59+£97.92 1,002.24+34.95 402.41+£76.97 896.74+8.67  858.27+8.76 1104.91+£36.82 1,248.46+57.46 710.30+£12.56
Isoleucine  525.58+40.13 509.52+19.39 273.99+27.25 479.86+8.14  441.73+3.69  574.54t7.63 688.93+23.31  419.8312.97

Leucine 803.68+11.76  774.53+94.14 414.03£88.41 726.96+71.78 723.73£51.86 942.00£96.37 1,065.46+129.21 673.79+52.40

Phenylalanine 516.46+12.16 508.48+43.70 314.58+3536 486.37+32.05 464.89+13.67 577.66+32.99 725.93+56.80 431.34+19.15
TAA" 17,672.59 17,245.19 8,318.66 12,970.25 11,876.59 16,430.51 16,944.87 9,828.10
EAA” 4,930.34 4,836.37 2,510.67 4,335.41 4,099.85 5,290.71 6,211.26 3,701.81

EAA/TAA(%) 27.92 28.04 30.13 33.43 34.53 32.20 36.64 37.67

DTotal amino acid.

PTotal essential amino acid (Thr.+Val+Met.+lle.+Leu.+Phe.+His.+Lys.).
*The abbreviation of introductory remarks are the same as in Table 1.
All value are mean+SD of triplication determinations.
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Table 5. The contents of free amino acid in the Lentinula edodes from different collected areas (mg%)
Compositions A B C E F G H
Aspartic acid 5.72+0.48 6.82+1.43 9.60+1.00 9.18+0.29 0.00+0.00 4.08+1.07 0.00+0.00 4.10+1.07

Serine 22.20+0.22 43.56%2.73 42.1942.21 44.86%2.35 25.28+2.01 22.24+4.47 26.41+4.31 21.85+7.24
Glutamic acid 61.64+£7.19  88.00£60.12 191.36+2.17 138.89+48.26 131.87+27.78 302.20£109.47 55.78+5.042 62.73+35.80
Glycine 11.19+0.38 20.16x0.79 18.84+0.87 33.39+0.52 7.61+£0.12 10.03+£1.94 6.71+0.89 6.23+1.04
Histidine 200.25x18.71 340.90+£9.05 277.14£5.76 244.44+5.80 149.04+£3.78 86.65+11.45 194.24+13.86 92.92+10.42
Arginine 51.36£1.25 114.50+6.09  70.88+5.80 61.08+£3.70 49.68+4.13  42.32+10.51  59.84+9.46 34.84+7.45
Threonine 16.52+1.28 34.70+1.87 36.81+£1.63 34.28+2.69 17.19£1.67 20.75£5.05 12.85%£15.51 15.48+3.30
Alanine 22.62+4.31 32.66+8.07 35.59+7.19  46.95+£11.37  20.57+5.22 21.90+8.31 30.21£9.69  36.75%+12.37
Proline 13.30+£14.04 18.61+£19.31 20.51+17.95 24.73+£21.79  38.23+7.91 30.51+£7.89  28.40£23.76  44.90+8.72
Tyrosine 2.83+1.24 3.21+0.18 12.08+0.30 8.44+0.51 5.80+0.53 11.86%2.44 6.95+0.86 3.66x0.28
Valine 11.26+0.85 24.39+3.32 29.67+£3.37 36.74+£5.42 12.39+£2.04 15.74+4.67 23.15+£5.27 15.89+3.70
Methionine 6.69+0.13 7.10£0.78 12.86+1.07 12.44+0.88 3.61+0.69 5.97+1.73 3.49+0.71 3.55+0.53
Lysine 8.90+1.33 4498+16.95 50.63t16.47 73.26+£26.41 26.58+12.02 35.77£19.81 47.73£21.99 19.94+8.10
Isoleucine 4.72+5.32 17.85£3.51 24.27+3.09 27.94+4.69 8.80+1.95 13.59+4.48 16.01£3.93 9.56+2.10
Leucine 15.20+£1.48 27.53+4.25 37.76+4.82 43.71£7.59 16.58+3.35 22.82+7.12 23.60+5.81 17.83+4.30
Phenylalanine 12.37£1.10 23.60+0.64 29.3+0.50 35.44+0.39 14.86+0.27 22.91+£3.70 20.97+1.83 16.89+1.68
TFAA" 466.78 848.57 899.82 875.78 528.09 669.34 556.36 407.12
EFAA? 27591 521.06 498.77 508.26 249.06 224.20 342.05 192.06
EFAA/TFAA(%) 59.08 61.53 55.41 58.08 47.31 33.74 61.59 47.75

“Total free amino acid.
PTotal essential free amino acid (Thr+Val.+Met.Hle.+Leu.+Phe.+His.+Lys.).
*The abbreviation of introductory remarks are the same as in Table 1.

All value are mean+SD of triplication determinations.
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A SRS 4% A= Table 494 2t

s om, Fa Fgotu| =4t
o 2= 5L, ¥ 1FEH B g ALYAE 5=
glutamic acid, W 5% AA 3ot 2Fe] st
ZJ%-<21 aspartic acid(Hong et al., 1989), Ztha% %,
A5 % 23| E ATE sk lysine® Zgobr|eAt
% ool M7 FIA7IE arginine®E LEFSE
tH(Eghianruwa et al., 2011).

ZF oM bEERe T wilA] ESL IMIT0050904
17,672 mg%, IMI10052 17,245 mg%, && & %
IMI10059 16,944 mg%s=O & =A vehskon, ggo}
u|i=Aake] SRl S & F T JMI10059 6,211 mg,
A% WA FI IMII0065 5,290 mg¥%, &= HiA| ¥
JMI10050 4,930 mg% =02 =7 LERstth, Kwon ef al.
(1987) FAHA] ofreks 43 A3} tryptophan
< A3 1652 ofr]i=Ato] AZEJLL ©]5 5 glutamic
acid, isoleucine, aspartic acid, phenylalanine 22 &
TS JEMIT AL Barste] & A3 A e} F Qo]

frejobr) =it SHES WA A, T 1659 ofv| At
o] A&H3eH, F& fFElo|=Ate®E  histidine,
glutamic acid ¥ arginine® 2 YEFSTH(Table 5). & 3
& 5= FihlA B30} 899.82 mg%E 7P = LiE
o, oA A& Au)dk 3 (IMI10066)°14] 407.12
mg%E 7P W& oS Uehiith. E felohr] it
Q1 threonine, valine, methionine, isoleucine, leucine,
phenylalanine, histidine % lysine®] &3 5= F9A
wl EZIMIL0052)°14 521.06 mg%= 7Fg =A UEH
wor, = AEAu] EIZIMI10066)14E 192.06
mg%® 7P @& S etk fEl ot F
methionine®] ¥ WAle] A3 st AHE
ergothioneine@ &= 2t AAVE U= A2 Iz
v} 1cH(Tepwong et al., 2012)

Foe] g Ao m & 4#3l glutamic acid®] 7
S f AER EZIMIL0065)7F 302.20 mg%E 7t
w2 TS e, Sl AEAN] 3E32(IMI10059)
= 5578 mgh® 7P @2 S YERlTE. Park and
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Table 6. f-glucan content in the Lentinula edodes from
different collected areas

Contents(%)
Sample
Total glucan a-glucan B-glucan
JMI10050 0.2420.03"c 0.10+0.01d 18.76+0.13¢
JMI10052 0.20+0.02¢” 0.03+0.00e  15.70+0.702cd
JMI10054 0.21£0.02c 0.04£0.00e 16.56£0.27cd
JMI10056 0.24+0.03c 0.03£0.00e 24.80+0.06bc
JMI10064 0.41+0.05ab 0.96+0.04a 24.05+2.22bc
JMI10065 0.37+0.03b 0.35%0.02c 27.15+4.57ab
JMI10059 0.36+0.02b 0.06+0.01de 28.46+0.08a
JMI10066 0.47+0.04a 0.67+0.05b 31.74+2.94a

*The abbreviation of introductory remarks are the same as in Table
1.

Y All value are meantSD of triplication determinations.

? Means separation within columns by Duncan's multiple range test,
5% level(a>b>c>d>e).

B-glucan

AubH o 7 HxjetFe] A A= p(1—-3), f(1—4), f(
—6)2d%o] E4st +2E o]Fa Ut} B-1,3-Glucans
FH 2 st p-1,6-glucan®] $H7-¥ thFF7F THEHA &
Asle A2 B IE AT (Nakajima et al, 2002.). At
45 Y FFFE solid tumord] thdk Z219A g1
7F =& AR WEA dor, WAl 100 g T A(1—3)D
ST TS ZEoIAl 43.6 g, A 1520 g, 3
AWA 8-15 g, FolHAl 18.1 goll EAIs= 222 U
A ATt Miura et al, 1997; Kajimura and Suga, 2004;
Um et al, 2010). FHE £39] B-glucan TS #2413
A= Table 63 2T, T4 ¢ 3320 W5t
oA AuE 329l B-glucan®] °F 10% 71 =4
el 2 F Sl A8 E3L IMI10066°]
31.74%2 7P w2 TS YT, 71E dTolA
¥ B-glucan -2 B FF 9] w3} A= 2 A}
A of 7o} o] Yotz HBId H 9
(Sakamoto et al., 2006), 33 T A9 wWE B-glucan
FFatols 2 249 w3t vt FE PR Zlew
AZ T, w25 Ao AEFF F AMds
S AT HESE AR § 37 24
317} gt

4737

5 Q
QoA $HE By T2 oz R 2
A A £ 20 fEd o

trehalose $FFS A|EHZ 0.83 ~9%7HA] & AJo|& B
oh oAt FheES EA T A T oobw| kA ghEe
S bRl £32 IMI100509014 17,672 mg%® 71
A vk on, dotu|ieabe] gheke sl =l
3 IMI10059904 6,211 mg% 7F8 =7 Lebsth. &
glopr =it SHES AT AR, T 1659 ofbr|ito]
AZHNeH, F8 ot =4O 2= histidine, glutamic
acid ¥ arginine® 2 Ueltt. ¢ falohuimakel
threonine, valine, methionine, isoleucine, leucine,
phenylalanine, histidine 2 lysine®] H- F=- Fya)
A F3 JMI1005290141 521.06 mg%= 7F =A YEt
pri=

SO g ALl Hlste] SujellA] AujE E
o] B-glucan®] °F 10% 7+& =7 AZ=HAL, 2 5 54
QEA FTZ IMI10066°] 31.74%= 71 =& TS

ureb T

rlo

&AMl =2

2 AdFE= Golden Seed ZZAE ARG (FAHE
213003-04-3-WTH12)¢] ¥slo g SgwQjom oo 7+
At=gYtt
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