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Analysis of the differences in characteristic components of Lentinula edodes
based on different drying methods

WANG Ze-Yang, LIU Gui-Qiao”

(College of Life Science and Food Engineering, Hebei University of Engineering, Handan 056038, China)

ABSTRACT: Objective To investigate the differences in characteristic components of Lentinula edodes based on
different drying methods, and identify unique compositional markers. Methods This study took the main cultivated
strain 939 of Lentinula edodes from Xixia County, Nanyang City, Henan Province as the research object. Ultra
performance liquid chromatography-triple quadrupole/linear ion trap mass spectrometry was employed to determine the
content differences of bioactive substances (e.g., ergosterol), organic acids (€.g., succinic acid) and free amino acids
(e.g., aspartic acid). Combined with multivariate statistical data analysis, the variations in characteristic components of

Lentinula edodes subjected to different drying methods were systematically investigated. Results Compared with other
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drying methods, the total content of bioactive components such as ergosterol in Lentinula edodes was higher after

vacuum freeze-drying and microwave vacuum freeze-drying; the total content of organic acids such as succinic acid

reached the highest level after microwave vacuum freeze-drying; and the total content of free amino acids was the

highest after vacuum freeze-drying. Orthogonal partial least squares discriminant analysis (OPLS-DA) was applied to

analyze the metabolite profiles under the 5 kinds of drying methods. Based on OPLS-DA, the criteria of P<0.05, variable

importance in projection (VIP)>1, and fold change (FC)>2 or FC<0.5, a total of 7 differential compounds were

identified, namely succinic acid, glutamic acid, aspartic acid, citric acid, malic acid, arginine and proline, which could

clearly discriminate Lentinula edodes subjected to different drying treatments. Conclusion In this study, targeted

metabolomics is employed to compare the content differences of characteristic components in Lentinula edodes under

various drying methods, thereby providing data support for the optimization of drying processes and the high-value

utilization of Lentinula edodes in processing.

KEY WORDS: Lentinula edodes; ultra performance liquid chromatography-triple quadrupole/linear ion trap mass

spectrometry; targeted metabolomics; quality evaluation; drying methods
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3005 fCFL VR BE (W VT 2 AR AE ), 186002352 ACQUITY
UPLC BEH Cg fA145(2.1 mmx100 mm, 1.7 pum)(3E FER R
ZAF); 930990-902 ZORBAX Eclipse XDB-C 5 (4i54(2.1 mm
x150 mm, 3.5 pm)(3E ELHARRHE A F); Milli-Q K4lifk &
SRR RS A R A D
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D5 10 5 B R R R S oK o i, K
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i e B LT EIT.
1.3.2 F#AREFH 7K

(1) T

A B 4 B2 T & b, ET A AR O TR B
W, RE 4 NTATEEA . RTE 28~39 °C, MR ZY
75%, F8L#)6d, ik h SD.

Q)ANRTH:

B J5 0 A e b B T UEAE b T, IEE 4 4 PAT
FEAS, IREE S EE R 55 °C, WK 1 m/s, idH HAD,

)R T H:

¥ HPD &L AMGE THALh T4, &8 4 P47
FEAR, 2%k 55°C. KK 1 m/s, id i HPD.

(DHFEE BT

BERE TR (20 °C) 8 h 5, TERE TR IEf T M
BB T4 BrBE 1:—25 °C. 100 Pa BL25 5 F %4 8 hy [
Bt 2:20°C, 50 Pa HAS 55 TR HF 16 h, i E 4 N TFATHE
A, HETHEM, iLH VFD,

(5) PRl 25 Vo VR T 48

VMO FL 25 ¥ R T 1) 2 A 4 0 TR AR 620 °C T
% 8 h, YBHEEEIRE 35 °C, BZY 500 g #ES T T
R, TERUSh R BTN 0.4 W/g, 4% 30 min FRE—IX,
B AATATREA, HETHREREKRET 13%), idHh
MVEFD.

FrA T R R AN, DR TR
WO R, o A TR ASOKE A 2 I S Bk 2 80 H i, 43
0 ) A 2 o 2 1 2 B AR R BT 20 CCIRAT, BEAF I L
TR G, B Rk 348 B 20 °CIRAT-.
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Table 1 Mobile phase gradient elution program

A B8] /min ¥t i4/(mL/min) A F/% B /%

0 0.3 20 80
0.2 0.3 20 80
1.0 0.3 10 90
4.0 0.3 0 100
8.5 0.3 0 100
8.6 0.3 20 80
11.0 0.3 20 80

Tt R AR € i - = T AR AT A 8 BB R A S A
B RER W R, B £ W
(multi-reaction monitoring, MRM); M55 H: 1F B FHE L
3600 V; JRIEE TURIRE: 325 °C; #5°<: 30 Arb; SN
10 Arb;

e . MR A2 AR A S IR
X SO I R BB A L S A H R AT 1) 1 R S
AR 2, ZMEIE . FaIEee | 2 A A A
2 01 {5 I B0 R AG I 4 R FH I B AL

T2 AMEMASRERE, MRM B3R RERNSH

Table 2 Retention times, MRM ion pairs and mass spectrometry
parameters for 4 kinds of active ingredients

L&Y PREEmE A Till 5 A
o e FEFm2) o
SR [&]/min E/V 5/V
) 230.15—127.11 16
By LAEs| 0.81 145
230.15—186.11 10
) 254.15—136.11" 18
B ey 0.83 81
254.15—178.04 35
) 379.18—145.13" 18
ikl 7.40 128
379.18—212.99 17
e E 451.36—433.28" 23
. 6.64 78
£ f§ 451.36—423.33 25

o REEEEE TR

1.3.4  F3% P8 RARGRIE T SN
FEARRTAL By sk MERIFRIL 500 mg F 4K T 50 mL
BT, A 20 mL B 0.1%H BR/K VAW, IWHE 5 min,
FIRAVERT 10000 r/min 2544 F B0 10 min, B EiERGT
0.22 um JERETHERE /NI, A3 SR BURTR B 20 4% . 400
&, RAFT 4 °CUkAa, MRIETRRIERRGIE MRk BT
ERE  ANER vk T R AR £ 33 - — DA /2 M T Bk
JEREA AR S RO B 22 XA T i R a0k
TR E AN B 4 ASEATREAS
1.3.5 &3 b A HLER 64 IR E B A
FESLRTALBE )7 1: 2% Tang 2 vk, FERSUE
YERRFREL 0.5 g F4EM T 30 mL 2,08, IIA 5 mL &
0.1%HRH 70%H BKEE, Wi 3 min, KIREGHET
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12000 r/min 2574 F 25 10 min, B FiE®R T80 PicE T
—20 °CYKFAY i, 30 min, B2E WA T 12000 r/min 4544 T
B 10 min, B FIERGE 0.22 um ST UM, R
F—20 °CUkAFH

B W TR PR = AR (- R IR B E R AR . AL
PR BRGINEEE 4 AFATREA . 3% Tang W) R
o, WARGIE SR (@3t ZORBAX Eclipse XDB-Cig
(2.1 mmx150 mm, 3.5 um), FEf: 40 °C, #i#: 0.4 mL/min,
TN A N 0.1%H BR/KIER . B A 0.1%H HR- FH s A
5.0 pLo P ANARBR VR B A AR IA) R0 S W3 3.
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Table 3 Mobile phase gradient elution program

Fis} i3] /min I3 /(mL/min) Al% B/%
0 0.4 98 2
4.0 0.4 98 2
5.0 0.4 95 5
5.5 0.4 0 100
7.5 0.4 0 100
7.6 0.4 98 2
12.0 0.4 98 2
1.4 BUELIE

MR F/NMEZEE (f F Graphpad Prism 10.1.2 #:474
i, FEi4r43# (principal component analysis, PCA)FIIF 32
1 % /)y — & - F B 43 #7 (orthogonal projection to latent
structures-discriminant analysis, OPLS-DA)Z Ju#¥a 4t 14
Frii SIMCA-P 14.1 BAF5ERR, (eI AEACH = 1T H5E
BER IR Ry 2], PR R 5 22 53 B B AH S 43 i PR
IBM SPSS Statistics 23 58, M5 T J5 ¥ i il 8 ]
RO Z o0, S E BT 2l iR /N B35 25 SR (least
significant difference, LSD),

2 HER5HH

21 BEmBERDSEEERDTT
FETHEARAC A 2 X A g vh 29 FNVRRAE A TR A3 A T
EMERERET, SR 1 PR 22 B
HAPURAR B e P85 iUl AR L o e A s
AN T 7 AL S & AR, 5 AT Oy =M e,
FL2S Vo VR RN 025 ¥ VR TR A 15 7 40 v 1 22 A £ e
TR B R B S A . BBk v 2 A R
9 4.26 mg/g+0.34 mg/g, MVED #l VFD LR EER, M
HAD F1 SD . F&MK(P<0.05), 2BMRIE T A AT HAR
BRI o S S N T A P e SR A S A I
T, SRRTENN Tl A b e e MR DA 7 i T 1 B
bR o Z2 AR R —Rh SR & i LR AT A= 1), et

ZHrp il 1.81 mg/g+0.04 mg/g, HAD H1 SD N @ A%
(P<0.05), ixX 51 FH A E Jy 22 £ o P8 552 R 4R ok 5 8% fin L
5 EE R B R A AR — B0 T 2 Wl T A AT Y
R 3], 78 MVED 1 VED Hh {3 BB f5cd- dn &l 1A BF
N, WTEEF T 4 FPIE VRS B S TS TR, &
T4 5 ¥ BUAR R BB R %, VED . MVFD £ SD {4 84 /K -
o X —ING AT AR 5 i A M O AR A
FE T B K E] A AR B 5 R IR A R R T VED
H1 MVFD A Rl B 48 PR AT 80 i) 1 40P A i 2 B4 i,
T B3 g B 5 1 B 2

AHLER T, o & A TG R TR, Rk
25 Vo VR T 08 A B IS 7 0 TP 0 5 B RR S5 MILIR R B iR B
T o BEIERTE MVED B ENE 186.92 mg/g+4.39 mg/g 5 HiAlh
AL L2252 B2 . AR LE VFD (23.72 mg/g+0.98 mg/g)
il MVFD (19.13 mg/g+1.30 mg/g)t & &1 W% 1w T
41(16.83 mg/g£1.01 mg/g), X5 Xu F 5 45 s
W)Er, TR X KU B3 OR B A R . LR AE T
AT B T, RS AT AR IR T AL
()Pt B A s A B S A LR B, (2) T
(O G —RIROEIR, A MR A Y, e bR o)
PRI LS R UR TR ST i R B0, A DR o5 R 76 b T4
BBy, ERmRAE DERFE VFD Al MVFD 5 it 6
e, RUMIRIR T A HLER I 5 i 8 B HAT B
e#, WE 1B fiR, MVFD &AWL & B i, HAD Al
HPD SEFRAR, A AR & BB AT REIE T Bl 4 1 T A
FEf2Sl, SD it fET HPD, FHAMGT XA HLER IR 40N,
(HTR 1 RO HE R 4T Rl 5 Ak A A A s i 271

TS S SR A R s S A B R B T SRR, U
BYEEERRI B R AV R TR Ik B B . SRR AR
MIZ5RFEH, VFD A& & SiA 120.87 mg/gt6.30 mg/g,
BEE TG, Yang ZSPOBFSEUESE, TR R A
PR S e N, B I SR A IR T R AR B Du %Y
HE— 545 A A A ) T R S B A R i 2 R )
16 HAD H &85 5(9.91 mg/g+0.26 mg/g), W& & Tt
2H(9.45 mg/g+0.26 mg/g), MFE MVFD F#fK(5.42 mg/g
£0.11 mg/g), UEHIMHEER T4 o U . N SR
MR, MVFD 1 VFD REfS I KRR Bl P A a0 v 1) i
BE R, R EERERR, X5 B AT EPRE A
FREZAR T PO T LB TEM A4 B R 45 e —5.
Bl 1C iR, SD W TR, i B8 2 LM HA Bom i R
EVE, ANGAET I AR A B A R, PR R R R
15T AT R R AR B0 4 WA, R L BT 20 U0 B R, AT 7E
—ERERE M T IR AR, VED i R
S EEREAEY, X5 VED RERSLRREIRHEA S5 R IE2
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(23.72+£0.98) mg/g(& 6B); YEIRERTE VFD il & &N
(9.99+0.68) mg/g(El 6C), B o 3525 5:(P>0.05), T
HAD 54 5(7.72£0.23) mg/g, HPD 1 4(7.93+0.60) mg/g,
MVFD &1 4(7.82+0.32) mg/g, 3 AR LB EMNLES,
I B ZE 0T L 3% 4k i R AIR(P<0.05) ANl 7 s, TEiif
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(79.53£2.95) mg/g, FNHA T M AT L HAH B EEER
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ZE5, S T EERE R A TR 4B 7B) . M ER & it
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(P>0.05), WK 7 D FiR, MR/ HAD 4 H & Gt i,
H(9.9120.26) mg/g, FNH AT 4L AH L BAg 2R
DL 25 5 A E I & B — 3%, dE— 25 DA 2w
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e, RUAFTHRAMGIRS GRERDE. B
WZEIREW, BB RS QO MIE R A brik, KB
LA, IR Hag [T R R T g

FEF OPLS-DA B, [ P<0.05, VIP>1, H FC<2 &
FC>0.5 M BIME, 1 3 4l teBh L[k 5 Ay 22 =4k
EYE 9), Mo 3R . friER . REAR . 74
PR FIAE SR o R AR T4 7 =0 1 24k & &5 2 195 T,
B T HS B MMELE(E 10), /R, T
AhEE] B E R L IRBR R A AR e, Hp, K&
ARFE E R AR TR P & B RS, MR . A
R AR IR M AE R TR gl b o SRR I e . X 2Btk BT
YER X A3 A 4l . AT IR 2 FOIRIR TR 7 25 i A A A
Y1, MWALZE 2T 7R T T 2O 7 b JBTR o3 B ) 4

SRR

M FRESH MHAD MHPD = VFD M MVFD M SD °R> =P 5
ost | BB o
A 10 I NB """ l.’--l I "
— ST .
& sp * ﬁg A
o oo -0.5 A =
§ 0 he o2 ) oy .
g 5| © ;’kﬂ -10} [ R=(0.0, 0.31)
" ol 4 e sl - . 0°=(0.0, -0.865)
=g
,15 1 1 1 1 1 720 1 1 ! 1 !
20 -15 -10 -5 0 5 10 15 02 0 02 04 06 08 1.0
1.00002 ¢ [1] S

R2X[1]=0.627 R2X[2]=0.202 Ellipse: Hotelling’s T> (95%)

H: A. OPLS-DA 43#7/l; B. Bk, K 8 [,

&l 4

AR T Al o 29 il B b 0 2 S o A

Fig.4 Difference analysis of the content of 29 kinds of quality components in Lentinula edodes under different drying methods
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