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Abstract: In this study, the soluble sugar and organic acid components of 11 main cultivars of Lentinus edodes were
determined and analyzed by ion chromatography and high performance liquid chromatography, and then the taste quality
was evaluated by cluster analysis and factor analysis. The results showed that four kinds of soluble sugar, mannitol,
trehalose, arabinose and glucose, in which mannitol and trehalose were main. The total contents of 241-4, L9015 and L135

were relatively high. The organic acids were mainly succinic acid and malic acid, and the total contents of 241-4 were
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highest in the cultivars. The taste evaluation was based on the above results and EUC data of previous research. According

to the clustering analysis, Shenxiang-8, Shenxiang-10, Wuxiang-1, J868, Cr04, 939 and Qingke-20 were classified as class
A, in which EUC, citric acid, tartaric acid, acetic acid and mannitol contributed significantly; L808, 241-1, L9015 and L135
were classified as class B, in which fumaric acid, malic acid, trehalose and succinic acid have made outstanding

contributions. And the factor analysis was used to obtain three recessive factors, et al, high sensitivity factor of organic acid,

medium sensitivity factor of organic acid and sweetness factor. The comprehensive evaluation results showed that class B

was relatively high in the ranking, and the contribution of high sensitivity factor of organic acid was relatively large, which

was not easy to receive; while class A was relatively low in the ranking, which was easy to receive, and EUC fresh index

was relatively high.

Key words: Lentinula edodes; soluble sugar; organic acid; heatmap analysis; factor analysis; taste quality

FuE (Lentinula edodes) & T E B 5L (Fungi), 1
F B[] (Basidiomycota) , P 5 44 ( Agaricomycetes ) ,
A8 H (Agaricales), Y& F- Bl (Omphalotaceae ), 7F
k& (Lentinula) , B 1& A WAL EE DI 58, MR wa 2
AE(ATE 1209 4F), KRR B ic gk “ JREM /N4,
TrRAR B 7 U, Fr ek IR E - E R B A,
2018 4= &tk 1043.12 J3 i, & £ B S0 G Y
27.15%M, BE SR, B2 MR, &SI,
WRIEfESE, TRAZ ) RIHBR A 0GP o1,

RUBRAE S i 1 75 2k o BT P EE 4B R 2 —, — H.
SEVFZE2E B R N . XURZE 0 NAEAAR R, R
R BT I 22 5, 45487 (A& 5 . FR155) ARl desE
R “ P AN TA] . RUBR R B R P o (R
RO ANHEIRE A PR3 GEEBR) , ATHEHBIFSYE b i A
[\ & Bl B 2§ 55K 19 SPME-GC-MS 45 5, $2 B
42 AT 105y, N T FRIERR SR PR AN ST
B X T EEARTEHY, BTEH T AR LhA3HT T 31X 28,5
P T RS IR AN S AT IR T A SR vk

(Equivalent umami concentration, EUC) [ 22 55,

ik = “WEER” 43T, Joik S I A 1A R AT 1Y L R PP
Mo TR AR MR PLRR Y &5 & . P2 A
FLZH AL GG I SR R L ARG AR i ST A EE R 3R,
I, AS SO v RORAH (L85 AN 28 7 (0,35 122 53 551 X6k
11 AR AR 4 7 SEAR A AR . vl s PR 2H 45
T AT A AT ORI, S5 S A SE 5 A A B Y
EUC 4551 | #4& 5387 (Heatmap analysis) . Z= 5755

1 (PCA) F1E F 4317 (Factor analysis) 55, #17 R Uf
EARSH BTV, LI A5 I AN [R] SR BT 54 XL
PRI BB g S R TR S5 .
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1.1 #RSEE

RISV ECE N =77 Xz R0 11 A
Frmze 1 Frapo)E R4, BR B g Ol R
ZEBE B B WU . WA mR /K T AR e B 245 FH B
PSR A S AN HR AL, RS M LN K T A AR, AR
JHEFLBCTT (79% ARJH, 20% ZREZ, 1% A5 o

HEERE . BREENE . BThEOREEE . e FLNE . A
BE L H S HUBE AP Bpl . HERmsE . MEpl .
AR SRR . 1% PP PURmmg . & Sk, 35
MR HrdESh, Sigma AN F]; HEE, Z0EF ik, 3¢
[E Dikma 245 HARF]  fh2gal, E258E bk
FIABRA ] o

DKY-II fH iR 53 L X8 R gkt R A 3
A R F]; DHG-9240A BB X T4 il
—ERl A A BR 2y 7] Allegra 15R Centrifuge 250>
HL 3Z[E Beckman 2\ &]; BFOOA Myl  IGIEA
PR 3515 BR A 75 iEd% 28 &4 & BUCHI A&
A); ELGA #aali/kiks  EE ULTRA 2w ICS2500
HIB A 35{Y . CarboPac PA-20 BB F 388 55Hrkl:

3% [E Dionex 23 Fl; Green ODS-AQ C,q a5 FE

G AUER S ATA BR 2N F s Waters 600 =80 AH
WY 2996 B —ARASTESIRINGS S5 Waters 23F]o

E AR

Table 1 L. edodes cultivar information
RS2 HFR En A G R BRI
1 &S 2007001 WP AEFR705 95 AL AE
T AR A A B 1 T R T
2 105 2007002 By A FPL26 5 SR B EXTFRALAE SN o
3 L135 2007005 EAMG R R G E
4 Cr04 2007008 E AN 79175 4 AN L2 1 B 458
L901 2007009 241, 8210, H 34 A5 . .
> 201 ’ 8 - T 28 WK TR £ 2 R A 7
6 241-4 2007010 R4 ARG
7 REIT 2007011 EA G| R E
8 L808 2008009 RGBSR AS
9 939 e A ANTIEH .
% “I/\ < £y *—E/'*v I
11 1868 A A ENGl ANV ST NI
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1.2.1 s SoAREEE  AF Sl R A S Tk 21
B en AR B 1 S R R U O G Rk 5 52 FH
ARYPUNKFzERRIET TR FEARY RN SE 2
Ei s o 7N 3 s EEESNY B e SNBSS |/ | & g
{NY/T 1061-2006 7% 55 2% A% YU 358 BURp R i
7, F(50£2) C M EE /KRBT 10%, UL a0
ST Bk 60 H SRR, BT A
1.2.2 AIEPERENE S BhEENT ] LIU 400 1Y
PRBOT v, KSR FREL 500 mg LS AITA 30 mL 80%
ZEE, F% K 150 r/min 25 °C #£7% 45 min, 21000 r/min
B0 15 min, BIER AT 80% Z Bz 3 vk, BUER T
55 °C HEASHEE7E Rk 8k LW, Ma/KEZZE 25 mL,
RJSE 16000 r/min 25.0> 10 min J5 AT —E M BE HOFR
B, DIEWAL 0.22 um IR -G £F4E s (MCE) iFLIE
i =S G o= AL 75 o

1% 5514 13). CarboPac PA-20 {0,i% 4% (4 mmx
250 mm), #FFEE 25 uL, i 0.4 mL/min, £ 30 °C,
WishAE N 0.48 mol/L NaOH. 3 i FR 4 i %) H s Hef
(1) A e T AR R 7 AR v R 2 3 18Rty FR A R 2 T )
i, HEEWE: Y=90.04X—-0.0080, R’>=0.9999; 1 K.
Y=119.7X+0.1811, R*=0.9999; Bl Hi I kHNE, Y=349.2
X+0.3481, R>=0.9989; ##j%#5ikH: Y=21.13X+0.6016, R*=
0.9929, FAFEEK 3 RTATIRE .
1.23 FGHRNE SHEFRIEEN fEEE
ST B A PR DI E J7 %, METFREL 500 mg F4h
85, B 50 mL 0.1 mol/L L%, 60 °C 7Z#E 60 min
PRIAVLAR . FFREE BRI 16000 r/min 5.0
15 min, ¥E#GE 0.22 pm MCE #FLUEIFT Waters 600
TR RRAH T SRS

O35 5544 Green ODS-AQ C,¢ (A5 (250 mmx
4.6 mm, 5 um); FLshAH>~ 10 mmol/L KH,PO, £& i
h, pH2.8, RS U e A=, HiiE 1.0 mL/min,
LRHMEI I 210 nm, AE7R 30 °C, #EFERE 10 pl.

1119~

38 I A VR A 14 ) e B TR R g T B ST R v 2R T T
FRE S T AE N P T L W A TR Y=14267X—
26912, R?=0.9986; ¢~ 1% : Y=10360X—21810, R*=
0.9816; Z.18: Y=9723.9X+2655.2, R’>=0.9836; 71
iR . Y=17161X—37799, R>=0.9939; Hi ¥F Ifi. ik : Y=
13251X+14326, R*=0.9977; & MR : Y=10637X—
24685, R*=0.9890; BEFAML: Y=1363.9X—7720.4, R*=
0.9934. FAFEAK 3 A TS .
1.3 #iEAIE

K Excel. IBM SPSS Statistics 20 £l Matlab
7.0 FEATECPEAL FRFN53HT, SR Tukey HSD Ky 363
AT R FESIAT, WK P<0.05,
2 BERSH
2.1 A REEMEBEHRALAMESENH

AT SRR R A A 26 195 R P B2 0T, AT 5
SASLR Y TR BEAE R, AT sZmahn TS E i . A0
FERRA =AY, 11 D RFEG RS 2
W 2 s, 4R Bon IR Y 4 BT RS, AL REH
BRI VO . BT RACRE R AN AR, 5 B TS Al
P FEEs SR IEAS — 3 (R T 4005) o DURh nl s
B (88.10~131.6 mg/g) LA 19015 f, Hik L1135,
H A A T i A (52.52~84.66 mg/g),
R 46%~82%, LLAHFF L9015, J868 FlI 939 & i
B (= F RN R E(P>0.05), 18 5 H At 5 A E 2
R 22 5 2 (P<0.05)), HikE i 8 51 10
1M 241-4 Eri A a2 (7.92~45.51 mg/g)
L 241-4, 19015 A1 L135 & hes, Hivk 2 1808,
17 J868 &Il B HHEE % H1(6.92~24.51 mg/g)
LIHF 8 S m sy, HakJ: 1868 HIEA 1 %, 1M 939
1 L9015 & fe Ik #i2s i & #£(0.09~6.33 mg/g) LA
Cr04 & frd =y, I Hazm iy FHAD P, R L1355
Fh, T 939 F L9015 &Hrkefk.
22 FESHEETENRAS S BHH

R AR D, AR S G2 &5

2 RSP GEEE ATA RS (n=3, mg/g)

Table 2 Contents of soluble sugars in L. edodes samples of different cultivars(n=3, mg/g)

P=N
i o
g TVR(&h i T B HERwE A =S

78S 24.51+2.13° 17.71£2.61¢ 70.15+2.93° 0.23+0.04¢ 112.6+3.98°
105 14.09+1.76% 28.574+2.67° 70.69+2.18° 0.34+0.01° 113.7+3.54¢
L135 17.46+1.32° 43.26+3.11° 59.8242.19¢ 2.87+0.10° 123.4+2.89°
Cr04 13.08+1.45° 27.7742.13° 60.17+2.11¢ 6.330.04* 107.3+2.31%
L9015 6.92+0.87¢ 43.5142.55° 81.11+2.78° 0.13+0.03" 131.6+2.13°
241-4 14.97+1.78¢ 45.5142.67° 52.52+3.10° 1.6740.11¢ 114.6+3.13°
RES 19.07+1.76 13.64+1.97° 66.29+1.97¢ 0.22+0.048 99.2442.17¢
1808 14.61+0.97¢ 33.62+1.68° 64.09+2.19° 1.03+0.09¢ 113.3+2.37°
939 6.98+0.76% 11.28+1.79" 83.26+3.01° 0.09+0.01" 101.6+2.87¢
K#H20 9.16+1.02° 11.04+1.98" 66.79+2.01° 1.09+0.03¢ 88.10+2.65°
1868 20.38+0.96" 7.92+2.18¢ 84.66+2.57 0.46+0.06° 113.4+2.54°

T A [l/ING PR 7R A [6] R E] 22 52 1. 25 (P<0.05) 5 3231H]
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Table 3 Contents of organic acids in L. edodes samples of different cultivars
o Frim(mg/g)
AR SRR B m R R FrEERR R BEHIR oy

P& 0.57+0.11¢ 21.90+1.54f 0.06+0.01¢ 0.75+0.04° 12.91+0.92° 2.03+0.11¢ 109.342.32¢ 147.5+3.54
HE105 2.1240.21¢ 21.2241.90" 0.03+0.00° 0.62+0.05" 12.46+0.67" 1.91+0.18° 143.1£3.01° 181.543.62°
L135 1.67+0.57¢ 53.62+1.23 1.1940.05° 0.66+0.11" - 3.4740.34° 219.3+3.77° 280.0+3.48"
Cro4 1.33+0.28¢ 14.72+1.83¢ 0.01+0.00° 0.05+0.028 20.27+1.31° 1.33+0.22° 112.5+2.498 150.2+2.89"
L9015 2.1340.43¢ 56.04+2.04% 0.07+0.01¢ 1.98+0.05° - 2.70+0.25° 204.9+3.61° 267.9+4.03°
241-4 1.56£0.12¢ 49.74+2.11° 0.07+0.01¢ 0.89+£0.08° - 3.07+0.15° 248.3+4.21° 303.6+4.11°
RES 2.84+0.16 20.45+2.28" 0.06+0.01¢ 0.06+0.01¢ 13.66+0.79° 2.21+0.21¢ 112.8+2.35¢ 152.243.01°
L808 2.35+0.71¢ 60.64+1.45° 0.03+0.00° 1.30+0.09¢ 6.91+0.86° 3.05+0.39° 189.4+3.34° 263.7+3.99°
939 3.7340.87° 30.27+1.67° 0.02+0.00" 1.62+0.14° 9.47+0.91¢ 1.1240.19" 164.2+2.53¢ 210.5+3.62¢
PAR20 2.26+0.37° 36.68+2.41¢ 0.030.01¢ 2.86+0.13° 11.41+0.88° 1.3040.10° 82.85+2.01" 137.4+3.12¢
1868 0.33+0.18° 21.62+1.32" 0.09+0.02° 0.83+0.09° - 2.5140.13° 124.742.12° 150.1+3.67"

TE: " FORAA

1% . BRZEFIDY Y BT AT R IR SC, HAR S Fn
T AR R —E AR LR35 T SC R A XUER
JERGUS N, 11 A FFhE TS A ALR S-S ANk 3
i o ARG XL N A 7 R MLBRBEATAS I, B
Al L135, 241-4., J868 Fll L9015 AKAy HIATAEMR S, H:
{346 Y, BB 137.4~303.6 mg/g J5 PN, Fir,
AR 241-4 FiE s, RO L1135, BRBF 20 & idx
K. AHLIRLABEFANR N 3= (82.85~248.3 mg/g), 5
Y 60%~83%, it Bl 241-4 & A, HHIR A
L135 F1 L9015; 3R iR & ik =, L 1808 Fi
L9015 S E45, Hakoh 1135, Hifth, AR 0.33~
3.73 mg/g, YL IR ML AL 0.01~1.19 mg/g, Z i 0.05~
2.86 mg/g, I EERSE 6.91~20.27 mg/g, & SHiE 1.12~
3.47 mg/g.
2.3 AE@MELE XK ETEN

BTEAGFITE Hr A e T A [ e B 2 A U
SELRAN 5ZEIR, AR B S EE EE(EUC),
o M B w5 (R DT, 435 2 (254.6+5.12) |
(342.1+4.61) . (125.1£4.62) ., (184.8+3.78). (190.3+
3.90) . (161.4+3.98) . (286.7£4.02) . (71.7+3.07) .
(228.6+3.87) . (313.2+5.28) F1(150.3+4.58) g MSG/
100 g(AF MR EN g E U BEAE) , &5 & AR S0 2 15 5
11 A PP A2 0 v I R AT AL B, 517 32
G35 BT (PCA) PO, /i) = A B4 1 STk 243501
38.77%. 22.33% F 14.12%, FiWiA> =S it Temk
A 61.10%, F| FH Matlab A biplotdiy &% % HAS
Sy FAEE BB I, S5 anE 1 R, 11 ASdFh el L
AR IX SRS, iy 8 5. HiFE 10 5. A& 1 5. J868.,
Cr04. 939 FIKEl 20 i A 2§, 1808, 241-1, L9015
1 L135 24 B 285 X Tz 4028, Hod, 45 1(PCL)
BEFAMR . SELHR . B IR . MR AN S v A | A
BRRANEE DIk oS, 5 2(PC2) 218 . WiATR .. H
R BN AN . AR E DTk s .

Sy itk —A EWA B AN 25 R, X EE 3k A
&l (Heatmap) 43877, g5 R anE 2 firs, 11 A~ FfFnT
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PCA results of L. edodes samples of 11 cultivars
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Fig.2 Heatmap of flavor components in L. edodes samples of
11 cultivars

WIS RIS, 5 PCA G5 RAHIE], 228K 4 A~
S B 2E, HAg A S, R LU HE SRR R st 2R
P SSR ARICHIAT A N A s TR R ] A IE L AR L R
# UPGMA( Unweighted pair group method with
arithmatic mean) RISEFELEAL, 1] LU H 788 W57
FHEFSE R OCREY], A 8 5. A 10 S FIA
1 5, JRF} 20 #1939, LAK L9015, 241-4 F1 L135, &
I IAM AR LT, Heatmap 455 g R SR iE TR ZE AL
s 2 FRAEMEER S RIS, BT A, —2H BEUC,
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FrPIEEIR T IR . PR AN H ER EEAR T S e s o —
ZH B SR . SRR | MBI 5 i o

EIRTE RN BTASE R R 11 SR ZE R Sy
SRS, HPZEEA [ O MR IE sy, S T ik —
A HEVFI ASER 00T, Jr 22 sk gh
=R 4 P, RIEHIEEFEAEE Iy 22 (RI-&3HE) KT
1 POHEN, =R BB NN 3. Gt R FEARsE i
(32 OHFERBEE R THERFE(NEE 5 FoR), R 1 FE5E
LR (FM(E 0.04 mg/g™)) | BEFAMR (BIH 0.11 mg/g)
FIRESRAR (F{E 0.50 mg/gP ) A, ] Rifrs4 NAHL
PRTEZ R, R 2 EZSPAIR(EIE 0.02 mg/gl™)
FZBR(BE 0.11 mg/gP™)AHE, AT LAdr 44 A PR
LERZ AT, T 3 BRI (EIE 16.3 mg/gh™™)
FIVEESOPEAHDC, AT LA 24 AR 7 SR 4554
53N TA55 2 BUE M (N2 5 FiR), Tl LIFS-51)
R FA557 PRZL:

Z,=0.01X,+0.15X,—0.02X,—0.04X,—0.03X s+
0.19X+0.12X+0.03X,—0.02X,+0.20X,,+0.19X | ,—
0.15X,,

Z,=—0.42X,+0.10X,—0.04X,+0.05X,+0.35X s+
0.16X,—0.08X+0.24X+0.07X,—0.15X ,,+0.09X , ,+
0.06X,,

Z,=0.01X,+0.20X,~0.38X,+0.44X ,+0.07X s~
0.03X,+0.07X—0.18X+0.26X,—0.08X,,+0.03X , ,—
0.03X,,

L E 3 A3k =0, X o8 12 A5 RARAE 5053
1Y Z-score AP J5 ¥ s . & HF(Z,. Z, F1 Z) 1Y
AN 22 B0 T X N PR TRERG - O AT (6 4) I T 22
TTRRARER LA 3 > 319 5 R DTk, MATTA4: 3]
LG TEHTRIAL, B
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Table 4 Total variance explained and component transformation matrix

Fsr 1 2 3

At 472 273 1.72
WAL (E T 2Tk (%) 39.34 2278 14.30
FIToTEkE (%) 39.34 62.11 76.42

Hit 4.67 2.39 2.11
TiEHe -y A e T 2Tk (%) 38.88 19.95 17.59
BTk (%) 38.87 58.82 76.42

1 0.99 0.11 -0.11

DR R 2 -0.03 0.82 0.58
3 0.15 -0.57 0.81
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Table 5 Rotated component matrix and component score coefficient matrix

TERE - P 71555 R HUE
P RIS
1 2 3 1 2 3
1 B b -0.01 -0.95 0.00 0.01 -0.42 -0.10
2 TN 0.79 0.14 0.43 0.15 0.10 0.20
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7 YR MR 0.58 —-0.22 0.22 0.12 -0.08 0.07
8 2R 0.08 0.67 —0.48 0.03 0.24 -0.18
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10 R 0.91 -0.33 -0.01 0.20 -0.15 -0.08
11 BRIIMR 0.90 0.19 0.10 0.19 0.09 0.03
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