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RAREURHE IR R AR R o & T2 il o
HA M . S . LW RERL A,
PR RS A RHIT R RTSE R

AR R, P MEY LR £,
o0 JE 2R S VI TR P A T T, FER
Merh A 2R . L BRI S N
TG e U ST A AR . R g
B gy B AT B 7 AR B R R A Db R
Hanseniaspora uvarum . BF 453134 52 R 1R AL
ARSI R BT, Horh 2R O R ik 98%,
HAG AW 7= 28 L T 208 1 o Bosse 21O ]
30 FfHH - R A PR AR W A AR SR IO TP A
M 14 FXERACEY), Hrp 3 9RENEE 3-K
B 1- PN PR OR  die E 227 )

AR T 3 DA 2% R A R 4 3 — bR BT A K
R, HPSRRAWARFIER, JF0 sk
FHEPE LE2016056, AWFFEX X MR A #EFT T8
BRI F RGE R T b, I HAA A 7
YiidtAT T GC-MS 73, R B HRTE T A &
AR 77 v FLAT B A8 P A O T o

1 AT
1.1

AR TUAE AR BF AR T A 300 53
AR, AR, T A EA Rk
FRI R, S8 RIEFRE L wbk, 1538k
HAWAERRACRES : LE2016056) 3 {17
T E RS BRI A (185 : HMAS279932).
1.2 HHRIE

By AP RAEAG BN TS ARA NS, I % R
BT B VR ARAR TR o FETEDRE KT NG B 3 B 5

HONEF MM, B P S
HENRERHE S, BRI RARAET.
/D8 JCK e 55 IR LB AR -, 153046 1
R I PR AN [ A R RO BE AR R, RS
VR R S8 R R RS AR, JF IR A Bl PDA
Fravdkrp, 25 °C #ECHi R, EM AR, P
TH RGN E 22 bR gmd, aifk s Bk
FHOCTARE o TR PR B ORI T v [ 2 W v o DR
B2 G023 3% 58 G A W G (T B DR 8 G 5
CGMCC17072).

1.3 A REREE

131 JEEZERW . 7 IR S 260k
Largent! " VBB /) 2E 5006 )y, St AR M B
. A R RN R PR SR RRIE R T AR
S, B4 FR% IR Kornerup & Wanscher!” g Tt
PEATH AR o OWTE AR Olympus CX31 47
W

132 A FRERE ST AL AR E R
A (HMAS279932, R4S N LE2016056) )% B #£
(RIS CGMCC17072) 7% B AE IR 23 7l
AR R PR E R DNA 2R 2% 4 B 5] & 2 Y
DNA, #F|H#H ITS 514 ITS1 (5-TCCGTAGGT
GAACCTGCGC-3")#l ITS4 (5'-TCCTCCGCTTAT
TGATATGC-3")i/E4} PCR ¥ 1,

PCR JZ W& % 25 uL: 1 pL DNA #ifiz . 1 pL
primer ITS1, 1 pL primer ITS4, 12 pL 2x7ag PCR
MasterMix (200 mol/L dNTPs., 4.0 mmol/L MgCl,.
2.5 U Tag DNA B4 ). 10 pL ddH,0., ' HFLF
4 94 °C 4 min; 94°C 40, 50°C 505, 72°C 50 s,
35 MEFR; 72 °C 8 min, PCR ¥ 34774y bt 5t i
LAEM P2 vl AT I . KRB e ITS palh
GenBank P IAZ IR e dEAT R A1 HEXS, HERR I
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PTG gL la) i, SR 5 N GenBank T 2 AH 277,
HHEXWA BT —REHIT S FREKE 5
Br, P51 ] Muscle Fox) 734 5 78 BioEdit v. 7.0.4
T TS DB L Y, IR
% (ML) # # & 4 vk 4k B, RaxmLGUI %
GTRGAMMA #i %! 3254 1000 ¥X , 7E FigTree v1.4.0
FATH R G AL E T 7R BS (Bootstrap){H KT
70 SRR,

1.4 TEERERER ST T

141 EHRY KIS MR 250 mL HEIEIHRACH]
PDB JIll'& 5577 5(20 g #i% 0%, 200 g B8 BRI,
3 g KH,PO,, 1.5 g MgSO,4, 0.01 g Vg, 1000 mL
72K, pH BAR), FiFRIRZI N 125 mL, 1
Grb, KSR EAR 0.5 mm FTFL#E FAA -
HATAL, RN TR 22 B TR B AR B 3R R
(BT 10 SRpfidh), BAFEIR, 819
25°C, %3 150 r/min B35 1012 d.

142 $ERVERREOUE : WK RS 1
PR, LA ORI RE S (ODS) Ay W B A Ak 2 A 7 ] AH 2
B, XA AT RIS B A s HJOK CEEXT
SAHRERCHEATURME , A3 305 A BRI 1 Lk
IR o R TR AR 2 BB )45 A IR iR A T A B
(GC-MS)73#T, 1325 K (TIC); X FZ M
TEIEPEIUT RS, i 5 H GC-MS A iy NIST
11 Bl PEEA ARG 2R, I Ak 27 B0
143 EREYE GC-MS #r&kE: RS
35 - B (GC-MS) B FHE AR A, AR Ry B
H] GCMS-QP 2010Ultra, GC 414 @ikt A
Rtx-Wax B HE(30 mx0.25 mmx0.25 pm), #Lif
KW 35 °C, FEFFHRLA S °C/min £ 230 °C, fEF
15 min, #:FiE N 1 mL/min, JEEEAR . MS &
fF: El &7, B FUEE 230 °C, HTRE
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230 °C, #1475 Fl 29-500 amu, &5 ZER 4.5 min,
K PR FRIA — A A 7 55307 o

1.5 WHEERER. RREREIETFiFiE
1.5.1 WM ERERIERE: DIHEH . 257
B HERE . AT TETER 4 R XS,
L 20 g/L BHEEEIN A 500 mL JohR 5 37563 g
BF¥y, 3 g KH,PO,, 0.01 g Vi, 1000 mL ZE{f7K,
pH H#R), #1250 mL $EIE 7 80 mL, J%F
5 mL, #EFETERE 140 r/min, 25 °C &4 F
B8 7d, SUEH , ODS [HAHZEBURBUE & T,
4T GC-MS 437, Geit i mA E 4 L KT 0.01
R PR R IS ) B Ak 5 A R AR LA 73R T 80 HY K
g3, RS ATAS AR AR

152 PHMR B RAERIRRE IR Ak
NH,Cl, AR 4 FhR IR A AR FEXT
%, BRI 3 g/L BRI 500 mL JoE 5
(20 g 7%k, 3 g KH,PO,4, 0.01 g Vi, 1000 mL
ZEIBK , pH A SR), {1 250 mL $2 5 7% 80 mL,
FefPit 5 mL, 7E 25 °C ZFMF R 7 d, ik
140 r/min, 3 I8 R HUE KM 31T GC-MS
AR, GEITIERIAUE 43 KT 0.01 (£ B s ) K
&R RARBIUERS 73 KT 80 WYY, X Hb b
A5 R P AU

1.53 BT EBETIE FHiE: LI KHPO,,
MgSO,. KH,PO+MgSO, 3% 3 R ICHLE T-4HE N
g4, FRhLA 3 g/L BHBEIIA 500 mL JoEh
BiIRIE(20 g #iEIME, 3 g BERERY, 0.01 g Vg,
1000 mL Z£487K, pH AZR), {1/ 250 mL &)
FiE 80 mL, $ERhEE S mL, 7E 25°C &MFF,
140 t/min #5537 7 d JEPEBGE R MRS 1T GC-MS
AyHT, GEITIETRIAE 43 LK T 0.01 fR AR~ Y s i) B
&R RARBUERS 23 KT 80 HYRLY, X E o #r
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PR RS T
2 BRI

2.1 WAREREESR

2.1.1 JERFERWER : ARG HA 10-40 mm,
BB 2 P, HER, BLLEBLIEE, Pk
PR Hih gk, BB, REDGHE, A%AM
WABr, WRGHE, FREAGEREH6, 84,
Mg, KBEA—, Wi 20-60 mm, # 1-2 mm,
A, iR, B, EEEERETEEA, F
R, has, FORRA RIS, BRI,
WFEFRTIET . FHALT(9-12) umx(3-4) um, FFRTE,
eI, HHF(23-25) umx(5-6) um, HAT 44
HF/IME, RERIREEZH, BRI,
Ui B A A AL B R AR BB W, AT A
HT, (9-19) umx(6-10) pm, LOERERG, T
Jg 2 b A OO

PRATEZS (B 1) Wannathes 2572 A 1) 25 4]
/N J2 A Marasmius Jjasminodorus Wannathes ,
Desjardin & Lumyong J& A& AH[A]  iZF i)™ i 2 [
AT IZ A0 TG . B TR A CRAE T

A

¥R AEY MR ITE YA, RES
LE2016056, ifijif ‘5 HMAS279932,
212 BAKEKHITFREREANER: #
THRA L BIRY ITS 7414 BLAST HXf 43475
ZERFW RN AT . MAPESCHEREE B, R A ¢
A, A AERF/NE A Marasmius jasminodorus
K AR A FE 1 (GenBank: EU935512)4E 45 4%, #i 7t
TN B o A BCE P . R AR A A AR
S RI(E 2), FIEERTARA(HMAS279932) &
HEMRAR ITS %) GenBank (#2838 GenBank [+ 51|
S35k MK656316, MK656317)5 Marasmius
Jjasminodorus BEANRA PN RAE—E, HEA 99%
(4 R SRR
22 BERMYR GC-MS /iR

Xk CGMCC17072 ) L7 Wk T GC-MS
SrRT(E 3), MILFE RS T 28 R s
&R D, Kbty 7 f 32, YRENE
FEER S Uk, G Y EEE(33.11%) . 5-RH
FEMERE (4.64%) . 4-F HE-5-(B F2 2 HE)HEME (4.55%)
HIEE 22 2R3 (4.49%) . BRIEE(4.46%) . BEIE(2.20%) .
FRIEN R (2.18%)

1. FKF/INEK G Marasmius jasminodorus T 7SYEE

Figure 1.
the enriched PDA plate for 12 days.

Morphology characteristics of Marasmius jasminodorus. A: Fruiting bodies, bar=1 cm; B: A colony on

http://journals.im.ac.cn/actamicrocn
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Marasmius occultatiformis KF774155
99 | Marasmius occultatiformis KF774157
Marasmius occultatiformis KF774160
Marasmius midnapurensis KF682470
Marasmius araucariae var. siccipes EU935511
71| 98 [ Marasmius cystidiatus MH216191
L Marasmius cystidiatus MH216042
Marasmius inthanonensis EU935514

100 | Marasmius auratus EU935501

Marasmius auratus EU935502

100 | Marasmius pseudopellucidus EU935504
Marasmius pseudopellucidus EU935505

Marasmius ochroleucus KF912952
Marasmius strobiluriformis GU266263
Marasmius jasminodorus EU656316
Marasmius jasminodorus EU656317
Marasmius jasminodorus EU935513
2 Marasmius jasminodorus EU935515
Marasmius jasminodorus EU935512
76 Marasmius elaeocephalus KX953754
Marasmius ferruginoides KX148983
Marasmius brunneo olivascens EU935516
100 [Marasmius bambusiniformis EU935522
Z‘ Marasmius bambusiniformis EU935521
——— Marasmius makok EU935524
7 100 [Marasmius trichotus EU935491
96 Marasmius trichotus EU935490
90 84 — Marasmius nummularius EU935493
Marasmius nummularius KX148979
2|:Marasmius longisetosus JX424040
Marasmius dendrosetosus KX148996

72 Marasmius haematocephalus EU935526

100 73 Marasmius purpureostriatus EU935539
100 EMarasmius grandiviridis EU643514
Marasmius odoratus KT180332

Marasmius laticlavatus EU643510
100 | Marasmius tenuissimus EU935569

75 —LMarasmius tenuissimus EU935568

. 100\ Aarasmius leveilleanus EU935566

Marasmius leveilleanus EU935567

94 Marasmius purpureobrunneolus EU935557
4’—|7—Mamsmius brevicollus EU935558
Marasmius rubrobrunnrus KX148989

100 — Crinipellis malesiana FJ167628
[

89

86

Crinipellis brunneipurpurea FJ167646

—
0.04

2. ETFITS FIIRARKMAEE MK656316 71 MK656317 LARBX/NE B ARG A B
Figure 2. Phylogenetic analysis constructed by the Maximum Likelihood method based on comparison of the
internal transcribed spacer region sequence between MK656316, MK656317 and related phylogenetic tree of genus
Marasmius. Crinipellis malesiana and Crinipellis brunneipurpurea were used as outgroup. Bars represent
phylogenetic distance of 0.04. The branch figure shows that BS value is more than 70%.

actamicro@im.ac.cn
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B 3. FE#k LE2016056 X B RIERMEM S GC-MS BB FiRE
Figure 3. Total ion chromatogram of volatile aroma compounds from fermentation liquor of LE2016056 strain.

% 1. HE#k LE2016056 & B2 iWEN 2 E R 1R 5
Table 1. Volatile flavor compositions of fermentation liquor of LE2016056 strain

Number Retention time/min Compounds Peak area percentage/%
1 6.260 1-Propanol 0.36
2 11.505 Acetoin 0.03
3 11.620 Hydroxyacetone 2.18
4 13.140 2-Propenoic acid, oxiranylmethyl ester 0.51
5 13.260 Furfural 0.62
6 13.835 Acetic acid 8.80
7 14.570 Thiazole, 5-ethenyl-4-methyl 0.06
8 14.985 Formic acid 3.22
9 15.240 Linalool 33.11
10 15.705 2-Furancarboxaldehyde, 5-methyl 0.29
11 15.890 4-Cyclopentene-1,3-dione 0.77
12 18.035 2-Furanmethanol 4.46
13 18.275 Butanoic acid, 3-methyl 0.65
14 19.755 2(5H)-Furanone 0.56
15 24.035 Maltol 4.49
16 25.480 Pantolactone 0.17
17 25.620 2,5-Dimethyl-4-hydroxy-3(2H)-furanone 0.38
18 26.295 Nerolidol 0.25
19 26.395 Cyclopropyl carbinol 0.33
20 29.760 4H-Pyran-4-one, 2,3-dihydro-3,5-dihydroxy-6-methyl 5.13
21 30.535 5-Thiazoleethanol, 4-methyl 4.55
22 31.050 Butanoic acid, 2-methyl-3-oxo-, ethyl ester 0.81
23 33.260 2(3H)-Furanone, 5-heptyldihydro 2.20
24 33.570 5-Hydroxymethylfurfural 4.64
25 34.195 1,5-Heptadien-4-one, 3,3,6-trimethyl 0.12
26 34.735 (S)-5-Hydroxymethyl-2[5H]-furanone 0.47
27 35.215 (R)-3-Hydroxy-gamma-butyrolactone 2.14
28 35.805 Hydrocinnamic acid 0.06

http://journals.im.ac.cn/actamicrocn
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23 EHEERER. RIELLHYLETRHESR

FEARFEA IR . B L T H S
BRI ER R (R 2. 3. 4), ZHLE
22 SFREONRIE . IEERR D R . KHLPO, N CHLER

B AR A RV R R 2 [E R 7
T F2 B R M LA AR S i 2. R, 22 20
TR FI KHLPO, 430 A dse il . U A0 L3k
BTAE.

z 2. AEBRREEXME LE2016056 F=&F A S M

Table 2. Effects of different carbon sources on aromatic production of strain LE2016056
Carbon . Relative content of 7 main volatile components/%
source Quantity Hydroxyacetone Linalool Furfuryl Maltol 5-Thiazoleethanol, 2(3H)-Fur.an0ne, 5-Hydroxymethylfurfural
alcohol 4-methyl 5-heptyldihydro
Glucose 43 2.01 2428 0.82 - 6.16 - 5.61
Maltose 55 1.94 31.73  4.17 5.16 5.21 2.31 3.04
Sucrose 50 2.78 32.05  1.66 0.47 422 - 15.12
Soluble 16 - 7639 - - 3.41 - -
starch

Relative content refers to the percentage of the peak area of one component in the total area of all components under the same carbon
source condition.

R 3. FERIBEEHEXMEFk LE2016056 F=&F IS0

Table 3. Effects of different nitrogen sources on aromatic production of strain LE2016056
. Relative content of 7 main volatile components/%

Nitrogen Quantity Furfuryl 5-Thiazoleethanol, 2(3H)-Furanone

sources Hydroxyacetone Linalool Maltol ’ ) ’ 5-Hydroxymethylfurfural
alcohol 4-methyl 5-heptyldihydro

Yeast 43 2.01 24.28 0.82 - 6.16 - 5.61

extract

NH,C1 34 4.50 16.39 1.06 - 9.86 2.13 6.24

Peptone 22 2.12 32.52 - - 7.20 - 9.26

Peptone+ 25 0.84 59.94 - - 2.39 - 1.40

Yeast

extract

Relative content refers to the percentage of the peak area of one component in the total area of all components under the same nitrogen
source condition.

F 4. FAEREINBFEEFTE LE2016056 =7 8520

Table 4. Effects of different inorganic ion on aromatic production of strain LE2016056
. Relative content of 7 main volatile components/%

¥norgan1c Quantity Furfuryl 5-Thiazoleethanol, 2(3H)-Furanone

ion Hydroxyacetone Linalool Maltol ’ ) * 5-Hydroxymethylfurfural
alcohol 4-methyl 5-heptyldihydro

KH,PO, 43 2.01 24.28 0.82 - 6.16 - 5.61

MgSO, 44 2.62 15.80 0.83 - 7.06 - -

KH,PO4+ 40 2.20 17.83 0.73 - 6.05 - 8.12

MgSO,

Relative content refers to the percentage of the peak area of one component in the total area of all components under the same
inorganic ion condition.

actamicro@im.ac.cn



XIZHAE | WA, 2020, 60(5)

979

3

ARWFFERS — AR F 2% [ 5 R B LR N HLE R bk
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Identification and volatile components analysis of an aromatic
macrofungi
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Abstract: [Objective] The aim of this study was to explore aromatic macrofungi resources, and obtain volatile
aroma components. [Methods] An aromatic mushroom collected from northern Thailand was identified by
combining the traditional morphological taxonomy and molecular phylogenetic analysis. HP20 macroporous resin
and gas chromatography-mass spectrometry (GC-MS) were used to analyze the volatile components in fermentation
broth. Then, carbon source, nitrogen source and inorganic salts were optimized. [Results] The fungus was
identified as Marasmius jasminodorus. The analysis result suggests that the main aromatic compounds and their
peak area percentage include linalool (33.11%), 5-Hydroxymethylfurfural (4.64%), 5-Thiazoleethanol, 4-methyl
(4.55%), Maltol (4.49%), 2-Furanmethanol (4.46%), 2(3H)-Furanone, 5-heptyldihydro (2.20%), 2-Propanone and
1-hydroxy (2.18%). In addition, the optimal fermentation conditions of carbon source, nitrogen source and
inorganic salts were maltose, yeast powder and KH,PO,. [Conclusion] The study shows that this macrofungi can
produce a variety of volatile aroma components that are widely used in existing industrial production, such as
linalool, and it has potential application in the production of natural flavor.
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