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Abstract: This study aims to screen the microbial strains capable of producing f-D-glucosidase from fermented vanilla
pods and apply the screened strains to the fermentation process of vanilla with the goal of enhancing vanillin production
and improving the quality of vanilla bean. Septenary selective medium was utilized to isolate f-D-glucosidase producing
bacteria, identify the homology of each bacterial strain and measure the production of f-D-glucosidase activity of each
strain on two strains with higher enzyme production. The phylogenetic tree was constructed. The two strains of bacteria
with the highest enzyme production in different combinations were sprayed onto the fermented vanilla pods. The content
of vanillin, vanillin glucoside, and volatile components in different treatments of f-D-glucosidase producing bacteria
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were determined. Nine strains were successfully screened from the vanilla pods originating in Madagascar (M), and
twelve strains were isolated from the vanilla pods produced by Spice and Beverage Research Institute, Chinese Acad-
emy of Tropical Agricultural Sciences (S). The fifteen strains were detected as Bacillus. M3 and S7 had higher enzyme
activities than other isolates. Vanilla pods treated with M3 obtained the highest vanillin content, which reached to 2.25%
and possed the highest aroma components. The maximum decrease in vanillin glucoside content was 80.7% when
sprayed with M3 and S7 in a volume ratio of 1:1. There were 34 volatile substances in the fermented pods sprayed with
M3, making it the most volatile combination of spraying bacteria. In the present study, we successfully isolated

S-D-glucosidase producing bacteria for improving the quality of vanilla pods fermentation.
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. ORIT. TH. BEET 2R ER2R
TR, AR, RMREH I & s 250
2R, S22 R i B T O R At AR R R
Iz T RE S Som R i et S, 7EIE
RT3 B AR R,

T 2R R AR Z 7/ o, &zlgH
T fe B S W 7 S R e kg R A 2 ' U K
A B 24 TR Y B-D-H A W 1 i AL = R
AP AR R A R B R R A 2 KA
Wi o EB AL, HFER SRR,
2 fif T IEP AR L KA AT S i 10%L B
TR EFEPF LRSS 1%~3%, =R
EEH IR ABEE 2 AT 22 K WIS BT
RILESIN B-D-H 0 B, B AR B RCR I L,
B IR Ly Ses g A e s R 3
TIPS B-D-F T B RS | 2 4R R I,
WHEF L Z S EAWARET. REEE A
RUR-BRA AL R G . FLEH . B-D-Hi %0 0 1 il 7
DAL PEE R LB T Y, B L R R,
WALISZEWSKI 26 USLfifi Ff] 45 54 W PML-MX .
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BThr TR RN A, CT~C30 LelRbrnifErE sy, EH
Sigma 2\ H] o

TR . S m P gy BRI
AL 10 g, REEIR 10 g, BERER 5 ¢, BX
fg 15¢g, BT 1 g, WEREERE 2.5, %8
7K 1000 mL, 121 “CyE EZEVAKE 20 min, #5H.
LB 553 . Afbah 10 g, BREFE 10 g, BELER
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(AR ), KHyPO, 0.4%, HIK pH, 115 CEjEZ%
TEOKTH 30 min, #5HH.

12 Ak

1.2.1 = B-D-MEMFBHAMIG L I M
S 2 P22 TSI BT T8/ 229 0.2 cm
Kr/NE:, BUOTERMEIES ¢ BT 45 mL O
K, 180 r/min % 1 h, #E 30 min 5, ¥ L
TR VEATHO R RE, JEHL 107, 10°°, 1077 F BRIk
3 HL 0.2 mL B , Y4500 A W07 15 7% 1L
&, R EERCE 3 IRER, 1E 28 CRYREFRAH T E
B 48 ho RIS, WIEEFEES. 8
o, PRk ] A B I R K i B B PR R, KR
VA TE LB 3R 44k o i 2ealifh 5 5 HkE
MRV R LB SRR, BT 4 CukFER
e .

122 7 B-D-HEAEFEEARG > TELT  HE
16S tDNA 4 T % 5ES% M )7 815 i, %
FH DNA E.CoAE B & 3R BUA MR A9 DNA, K
DNA fE R 5 M, K 40 B 4% 5 51 9 27F
(5'-AGAGTTTGATCCTGGCTCAG-3' )l 1492R
( 5-GGACTACNVGGGTWTCTAAT-3') %} DNA
FR PR 77 3% ) B X B4 T PCR 9788 B4k )5 i 7= 1)
KT IR ARG A YR FRA w3700 7
1.2.3 B4 -D-F) B AEFEEE Hm s BEE I
ESE TR Y SEPIITE,

124 #HRe4lé& KHFEHRZGEET 75°CK
HRE 5 min, LK IR MK 3185
B M3, S7 WHRIEFNE LB WA FRI T, K&
B VR A 15 97 KEAE 28 C RN 180 r/min 4 1E IR 35 IR
SR 48 ho TE L FREE T W LA 8000 r/min
B0 10 min, 3 B3, FAIIA 50 mL K,
TS G FIRE L, HE 2 UL EERE, R
WL 0.5 5, YEBTRALIE, Wi L
MR 1R, BRI IBENAER TG W 2R

F1 EELE
Tab. 1 Spray treatment

J51% Method
CK % TG 7 7K
M3 HgE M3 TR

AbPH Treatment

S7 Rt S7 Hilk

1:1 M3 5 S7 BRI AR 1 1IRA
2:1 M3 5 S7 BRI RIARI 2 0 1IRA
1:2 M3 5 S7 BRI AR 1 2 IRA

1, BTG IE 10 MEBTEW 10 mL, K EIEE T+
i BF LA 0 ) 2 8 20 d R 60 d i BRURE o S AT
A, AR TR R IEad 60 B .
125 F2F5F52FRABFSE0H %
Wl Bl vk BRI 0.05 g R T 7 5 22 36K
A, A 50 mL Jo/K LB, seordidta T
HEL, WEBHEIE 100 W, 50 C4MFT A
10 min; UGS, EEMIT 3 WHER, &)
W, EAZESOmL Fa, WEIHE LR
MF L ZMET S8, BB 0.22 pm A
WLUE N 38 5 647 HPLC 207, A0 &1 ROM
C18 ¥ ( Zorbax, 4.6 mm x 100 mm, 3.5 um,
Agilent ); WM 0.8 mL/min; #EFEHE K 5 puL;
FEVR R 25 °C s K4 R 280 nm; SN 0.5%
BEBRVAR © CM5=85 : 15 SRR PEML . R FH 2
RARUE S . B S A A v R 04 LR B
B EM:, AMREEY RS E
1.2.6 HEZELZMWR> M FRE 1 g BT
2 G IEHOR T 20 mL TiZs ghAE LT, 80 CHRE
SPME Z5H( 40 min, 250 Cf#" 5 min, GC-MS
Xl DB-WAX ( J&W Scientific, Folsom, CA,
USA ) fAA9E41EH (30 mx0.25 mmx0.25 pm ),
THEFEF A . i 40 CHA+E 3 min, P 3 ‘C/min
HRTHEF]90 °C, L2 C/min iR THREF] 120 C,
PL 3 °C/min BRTHEF] 240 °C, {445 20 min, #f
i REAN S, BT REE S 70 eV, B FIE
R0 VTR AT A L 43 I E FE 230 'C R 150 'CL, H
70N 40~450 amu.,
1.3 EiEAbIE

KH SPSS 26.0 FAxf Fdg i 1177 25347
¥ M Origin 2019 # . MEGA 11.0 X {f#i
GenBank H1/1 BLAST 3k {4174 His Ab BRI 25 4]

2 HERE55W
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MK T J T A 22 G S i B R 21 BRVTAE
LR e R AR A e A R UK AR B R AR, 45
FIMR 5T SRR EAfEEZE S (B 1), Btk
KA, HoEK M3, M7, S2. S3. S4., S7
A KRB . = H 3k i in & 524 5 98
ORI bR M3 7E LB B3R 5L 55 24 h 5
KRR, ALAt, RmeuigE, g%,
AT AR AR IT AR A5 B 2% 5L E b e B A B R ST
WSS M3 M.
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Fig. 1 Hydrosphere of strains in screening medium

22 FFp-D-HEREEBERNEE
2 16S rRNA JFSII%E 5, ] BLAST 5

GenBank ' 16S rDNA J¥# #EA7 MM ILE . &
PEE M1, M3, M6, S1. S3. S7 (% 16S rRNA
J¥ %15 NCBI $4& % H1 (1 B. paramycoides MCCC
1A04098 . L. macroides LMG 18474, B. subtilis
DSM 10, B. altitudinis 41KF2b. B. rugosus SPB7.
B. paramycoides MCCC 1A04098 FHLUE 435115 %)
99.79%.99.52% . 99.52% . 99.93% . 99.93% . 99.86%

(2 2)o Bk 6 BRER A i Ah, HAR 15 BRI NCBI
FEXT o 4l SR R WA X 0 2R A AT i, o, M
M3, M6, S1. S3. S7 435y &l FAR 2 F T 14

( Bacillus paramycoides ). ¥V % 1R 2 fFF 0

( Lysinibacillus macroides ). Hi*¥ ZFfFFH ( B.
subtilis ), =% 2P (B. altitudinis ). BB %
AP (B. altitudinis ). B EEARZEAIFF A (B
paramycoides ). X HEE M3 I S7 B 45 R e 5T
RGERER, S5RWE 2 PR, #F—L50E M3 R
Lysinibacillus macroides, S7 N B. paramycoides .
23 F p-D-EAEHEEEE KRN EEE

SERE Y 15 R ZF AU IR p-D- 1] % B T i fE

JranE 3 Frow, BRI PR AE 0.00294~
0.01117 U/mL. 73 & F B 2K Il n & & 22 532 1
M TE 1 2 R 2R TR AT T M3 S Mt , J2 @I B
ARZFAFFT M8 WIS Iy 3.8 fif . 4B H AR
AL 22 53 b bR T B8 S 1 AE 0.00599~
0.00736 U/mL, i J1 A2 AL JE B T2 8 B Sk

i 24 3 P TR AR , L R R ER 2R
FIATF B S7 MG 1/ T AR 4 b HoAth B R BTG 3 -
24 BEZEE5FZZHEREIETHK

W 4 /[ FH, FHATEBIE 60 d J5H & 2
Roam T 20d B & &, CKAE 20, 60dH}
T2 Z BN 0.28%F1 0.92%, HEE M3
FRRAVALBEAE 20 d B 2R & E N 0.49%, 60 d
Fik 2.25%, BE T AN, HmE ST AR
AbHL, 7E 20, 60 d B 2L R & -0 1.39% .,
1.52%, bFMREEAK. Wk M3, S7 #2111

xR 2 Fp-D-EEEEHIEK 16SDNA KELER
Tab. 2 f-D-glucosidase producing microbes identified by
16S rDNA sequences

%45 No. [HHH Homologous strain  [H ¥+ Homology/%
M1  B. paramycoides MCCC 1A04098 99.79
M2 B. paramycoides MCCC 1A04098 99.93
M3 L. macroides LMG 18474 99.52
M5  B. paramycoides MCCC 1A04098 99.86
M6  B. subtilis DSM 10 99.52
M7 L. macroides LMG 18474 99.59
M8  B. paramycoides MCCC 1A04098 99.73
M9  B. paramycoides MCCC 1A04098 99.73
S1 B. altitudinis 41KF2b 99.93
S2 L. macroides LMG 18474 99.66
S3 B. rugosus SPB7 99.93
S7 B. paramycoides MCCC 1A04098 99.86
S8 B. paramycoides MCCC 1A04098 99.86
S11  B. subtilis DSM 10 99.86
S12 L. macroides LMG 18474 99.52
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MH630263.2 Lysinibacillus sp. OL1
LC055590.1 Uncultured Bacillus sp.

100\ NG266442.1 Lysinibacillus macroides MOOS
KY643638.1 Lysinibacillus macroides DSM 54

99
KR085803.1 Lysinibacillus macroides ITHBB 9247
100| |' M3
99 MT576555.1 Serratia sp. (in: enterobacteria) QD07

NG 064876.1 Saccharomyces cariocanus NCYC 2890

KZ672808.1 Pseudomonas aeruginosa HMSC066B11
NZ CP138721.1 Klebsiella oxytoca SRY435

KV841466.1 Staphylococcus aureus HMSC76G03

98l NZ FAVL01000094.1 Escherichia coli 10270 ¢

KU551157.1 Bacillus cereus L12

KF910781.1 Bacillus anthracis CVP93

100| KF479557.1 Bacillus sp. A52

HQ891939.1 Bacillus sp. LM24 (2011)

MN391011.1 Bacillus paramycoides DS13

S7

MF351827.1 Bacillus cereus BAB-6967

MT576555.1 Serratia sp. (in: enterobacteria) QD07
NG 064876.1 Saccharomyces cariocanus NCYC 2890
KZ672808.1 Pseudomonas aeruginosa HMSC066B11
NZ CP138721.1 Klebsiella oxytoca SRY435
KV841466.1 Staphylococcus aureus HMSC76G03
NZ FAVL01000094.1 Escherichia coli 10270 0’__2'0

100

100

97

B2 ET16SrDNA ZERERFIINENRGEHUH (£: M3, H: ST
Fig. 2 Phylogenetic tree of strain M3 and S7 based on 16S rDNA sequence (left: M3, right: S7)
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Fig. 3 p-D-glucosidase activities of different strains
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Fig. 4 Vanillin content of vanilla beans with different
spraying bacteria treatments
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R A SR 1.63%. 0.61%, 60 d F%:
T20d WHFZRMEMEH SR TET 62.6%. H
Wi M3 TR ARAL R G 20, 60 d BP A& 225
HRPBETE S0 h 3.25%. 0.93%, 60 d FHET
20 d AL REMHEBIT S =TT 71.4%. Hmg
S7 HRRAL R T3 A 20,60 d B AY A 22 R H 2
BEH S0 N 2.83%. 0.88%, 60 d HHAET 20 d
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4 & Content/%
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CK M3 S7 1:1 2.1 1:2
Kb Treatment

AN[F/ING B3R [A] — I [R]AS ] 4 24 ) 2 5 B 2 ( P<<0.05 ),

Different lowercase letters indicate significant difference among
different treatments at the same time (P<0.05).
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Fig. 5 Vanillin glucoside content of vanilla beans with
different spraying bacteria treatments
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FEH S TP T 80.0%;M3 5 ST AL 1 ¢
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a0 R 2.38%. 0.79%, 60 d BAHE T 20 d
A= REERT S E TR T 66.8%. HILTTIL,
T2 R E T TR0 E M3 5 ST #i R
LR 1 1 W ALY 8 I T M 2 CK
XU BH 7= B-D-4 25 W I ) S A 0 TR A T AR
A 2 3R W K
25 BEZERUERI SN

K GC-MS Xt p b BEZ % 20 d A1 60 d B
() 2 IEFATHRE N o3 AT, W TR R 8 20 d B R
WL B4 R R R 47 B (3 3), Hirpkegk
11 Fh, BEZE 12Fh, MRIE 6 A, M0 1 A, BE2s 7
Fl. ik e Fh . EAZE2 b, HAMZE 2 B, i HR
Z MRS, (R R BT AT W B 28%( &l 6A ),
W% T 2 T 60 d ) 52 3 i & 1 o3 2 50 Fh( 3%
4), Hrpbeledef 8 Fr . BE2E 14 Fp FRZE 4 F .
Wke 4 Fp o BEDS 10 Bh . M2 S FP L ERIS 1 AN
M 2% 2 Fl HAh2E 2 B, 5 He R 2 0K IH AR,
G R R AP R BRI 25.4% (K 6B), K7 20d
THmEmNY R ER =R, Hrh M3 5 S7 &R
RAEL 121 B R JEF L R o8 b i
=N 80.77%, HUUE HBTE M3 R 3, &
2EE RN 78.49%, M3 5 ST IR 1 : 2
21 WEEAH G EF L RG] NN
77.00%, CK F2 R wmmfi. KB 60 d &

I AR Y & 2, M3 5 S7 Hie AR
Fbo1: 2 BN 22 2R B s, R S7 b3S
CK ZRAK, HAh 3 ANWIFE A = RS 51
25 88.00%., HIEKEE 20 d Bf CK A1 HmE M3
AR B Ak FHESAT ARG ) 81050 8 RO H R, L 2 (K
FHELE RIS G B E L XN E BN
KPR, 1EREE 60 d A4 Ak FE A4S I 21 % 5%
AR, HEEWRT 1.00%. GIEKEE20d
BF S M3, S7 3% 1+ 1 IR G AL R
Koz 2,3-T W, 2,3-7 TSR 7 L 22 AU AR AE
KRR, 76K B 60 d B A Ab B G SEh 4 75
B 2,3- T, HAmHm S7 wkabH & 3
THEEIE 2.57%, & T HALA P E

WK 7 Fs, A 18 FiE L WTE 2 A-EFRIA
ek, NELER . AAIKEy . M. -2-%8 0
. HEOMYE, B LY IR KA 7
FHRR L GIEERERTNTY . HmE M3 R E Y
3¢ 60 d BHRGIN Y 3L T, %Y e A
S RHRO BA AR, L H AT A G A R
W 0L RAE R B. subtilis 1R IEEPY .

3 iTig

B-D-H % ME W 4T 4 E il R v — R EEL
IR, AT DA KUK T AR B (Rl 0y
5 SR R EOK R, AT R YRR
PR F RO . WUEYRIRN B-D-H 45 05 1 B
Pek, WARAREE, #l&5% HRE 2P, A
FUFF L G IR, srE i 21 #kAT ™ B-D-
2 R TR AR, JF S E T 15 BRI N ZF
FOFFBE o DA™= Zhak indyin i & o 24 5 38 P i
WP, 77 B-D- A WE T BTG 7 5 Y B R
M3 R KIE AR 2E AT (L. macroides )o M=
A E R O B2 B B BRI 5 T 118 5 5 2
TR R R T, BT D Em AR R ST
K BIEOIR ZE AT ( B paramycoides ). #I4E %
TEGEE] 1 AR B-D-H AT B AR Y LA AT I
c4-3, M HIZH MR TSGR LB, KB
KRR RE A AR T B IR . TRk
AL T 77 B-D-HF BTGB, IR HEE 20
AT R R, R 2R ) A R S R A
BWERBMAEEEE BEER, BAEIFE N
T 154 7 i 0 v T
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Tab. 3 Volatile components of vanilla pods with spraying bacteria treatments for 20 days

s iisﬂg W FAXT i Relative content/%
time/min Component CK M3 S7 1:1 2:1 1:2
1 7.802  IE+—%¢ undecane 1.45£0.53  0.74+0.03  1.73%1.58 - 0.30£0.43  0.02+0.02
2 11.496  IFE+ % dodecane 1.31£0.42  0.78+0.06 1.58+2.23  1.46£0.04  0.31+0.43  0.24+0.03
3 14.639 [ octanal — - - — 0.24+0.34 -
4 15.567 1E 1% eicosane - — 0.17+0.23 — — —
5 15.576  1E+JUkE nonadecane - - 0.15£0.21  0.13+0.18 - -
6 15.907  JZ-2-BéfTE (E)-2-heptenal 1.61£0.40  0.96+0.35 1.42+0.17  1.09+0.12  2.37+1.24 -
7 15.925 2-B#E(Z)-2-heptenal - - - - - 0.17+0.02
8 18.986  IET-fi% nonanal 3.02£1.00  1.20£0.11 1.58+0.27 1.56+0.12  2.88+0.88  0.22+0.02
9 19.702 DUk tetradecane 0.35£0.08  0.23£0.02 2.37£0.28  1.75+0.04  0.21£0.04  0.30£0.10
10 20.805  FR-I-PU%E cyclotetradecane - - - 0.28+0.39 - -
11 21.421  ZJ# acetic acid 0.39£0.55  0.92+0.11 - - 1.22+0.46 -
12 23.020  JRJfi copaene 0.43£0.61  0.48+0.14 0.49+0.01 - 0.57£0.03  0.07+0.11
13 23.948 ZEH benzaldehyde 0.47£0.11  0.1320.04 0.49£0.02  0.38+0.00  0.17+0.00  0.08+0.03
14 24.095 1E-I-Fi% pentadecane 0.06£0.08  0.03+0.04 0.23+0.05  0.27+0.02 - 0.02+0.03
15 24.104 1F DU/ tetracosane — — - — - 0.04+0.06
16 24.987 XX -2-TH M (E)-2-nonenal 0.18£0.26  0.11£0.16 - - 0.22+0.32 -
17 27.293  2,3-T ¥ 2,3-butanediol - 0.97£0.10  1.25£1.20 - 1.97+2.36 -
18 28.846  IET75Ht hexadecane - 0.03£0.04 0.40+£0.05  0.41£0.01  0.05+0.07  0.05%0.00
19 28.865  3-HFL-|-H %t 3-methyl-pentadecane - - - 0.37+0.52 - -
20 29.508 JRIEHEZE benzeneacetaldehyde 0.19+£0.27 - 0.42£0.08  0.310.02 - 0.07£0.00
21 30.133  J-2-28 451 (E)-2-decenal - - - - 1.55+1.75 -
22 31.079 B 2-furanmethanol 0.38+0.12 - 0.27+0.05 - - 0.03+0.04
23 33.809 |-Lk¢ heptadecane - - - - 0.07+0.10 -
24 38.532  1E+/\J%E octadecane - — - — - 0.01£0.01
25 39.892  AIAIAN 2-methoxy-phenol 0.37£0.12  0.58+0.08 1.22+0.19  0.77+0.02  1.33£0.19  0.19+0.01
26 40.701  ZEHIEE benzyl alcohol 0.81£0.28  0.42+0.02 0.69£0.11  0.64+0.02  0.43+0.05  0.16+0.03
27 42.061 K[ phenylethyl alcohol 0.92+0.33  0.64+0.03  0.69£0.02  0.65+0.00  0.59+0.03  0.15+0.00
28 43.679  H4&H B creosol 1.55£0.52  0.96£0.06 0.73£0.11  0.54+0.01  1.04+0.11  0.12+0.01
29 45774  A-WEFEFEPEE 4-methoxy-benzaldehyde 0.11£0.04  0.10£0.00 0.12+0.02  0.09£0.00  0.12+0.01  0.02+.0.00
30 48.218  XtH [} p-cresol 0.60£0.20  0.30£0.01 0.29£0.05  0.14+0.20  0.58£0.00  0.09+0.01
31 48.246  [H]H W 3-methyl-phenol - - - - 0.15+0.21 -
32 48.898  IE2FfiR octanoic acid - — - — - 0.34+0.08
33 50.911 T 7 eugenol - 0.15£0.02  0.72+0.11 - 0.15+0.05 -
34 54.330 A5 4-methoxy-benzenemethanol 0.77+0.26 1.00+£0.04 — 0.52+0.01 1.16£0.33  0.09+0.03
35 54.348 LM caprolactam - - - 0.06+0.09 - -
36 55.864 1EZ$M2 n-decanoic acid - - - - - 0.43+0.05
37 59.651 —ZEHIfi benzophenone - - 0.12£0.02  0.10+0.04 - 0.02+0.00
38 61.010 ZEHIER benzoic acid - 0.09+0.00 - - 0.07£0.00  0.01+0.00
39 61.296 HEEMR dodecanoic acid 0.12£0.04  0.08+0.00 1.50£0.48  7.47+0.03 - 15.25+0.90
40 62.205 FF22% vanillin 74.14£2.96 73.67£3.30 78.49+2.04 80.77£0.57 77.19+1.54 77.12+1.04
41 64.053  FHFH. LT apocynin benzaldehyde - - - - 2.38+0.16 -
42 64.632  3-FE3L-4-HI G FLIE FH 0.81£0.26 - - - 0.26£0.09  0.40+0.02
3-hydroxy-4-methoxybenzaldehyde
43 67.104 +VULERR tetradecanoic acid - - - - - 1.65+0.10
44 71.616 X F AR S 4-hydroxy-benzaldehyde - - - - - 1.85+0.11
45 68.230  3-FRIL-4-HAILNIL 3.25+1.46  2.84+0.13 2.89+0.38 - 2.57+0.22  0.63+0.04

3-hydroxy-4-methoxybenzyl alcohol
46 71.597 FHEIEIEHEE 4-hydroxy-benzaldehyde — 6.63+2.28 12.75+4.42 - - - -

47 72.204  XEFIEHEE 4-hydroxy-benzenemethanol - - - - - 0.07+0.09
e AR

Note: — indicates it was not detected.
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Tab. 4 Volatile components of vanilla pods with spraying bacteria treatment for 60 days
K PR B ] Yy A% i Relative content/%

Retentign Component . . .

time/min CK M3 S7 1:1 2:1 1:2
1 5260  Z%%i decane - 0.18+0.32 - 0.80+0.39 - -
2 6.530  1E+ =% tridecane - 1.90+0.11 - 0.07+0.02 1.11£0.03  0.42+0.04
3 6.633  2-H 3% 2-methyl-octane - - - - - 0.25+0.43
4 6.953  3-FIAEL%E)E 3-methyl-decane - 0.10£0.17 - - - -
5 7.018 [ hexanal - - 2.08+0.16 - - -
6 7.802  IE+—%¢ undecane 0.27£0.27  0.04+0.06 - 1.06£0.67  0.49+0.49 -
7 11.496  IE+—%¢ dodecane 0.59+0.05  0.85+0.03 - 0.73£0.73  0.34+0.34 0.45%0.00
8 11.757 X -2-BJ# % (B)-2-hexenal - - 0.11£0.10  0.54+0.10 - -
9 12.491  2-1E G FE0E I 2-pentyl-furan - - 0.09+0.08 - - -
10 13.215 1-F+ 4 1-dodecene - 0.05+0.08 — — — —
11 13234 1-1 =% 1-tridecene - 0.15+0.00 - 0.17+0.17  0.05£0.05 0.08+0.00
12 14.334  3-32H T acetoin - 0.110.19 - - 0.14+0.14  0.19+0.01
13 14.639 1ES-[# octanal - - 0.28+0.02 - - -
14 14776  3-FHMEHE 3-methyl-pyridine - 0.08+0.13 - - - -
15 15907 J2-2-Piffil(E)-2-heptenal 1.65+0.29  0.44+0.39 0.69+0.25 - 0.43+0.12  0.15+0.11
16 18.986 IET-M¥ nonanal 1.90£0.06  0.92+0.14 1.55+0.15 0.97£0.14 0.75+0.03  0.26%0.00
17 19.702 VY%L tetradecane 0.25£0.03  0.29+0.02 - 0.62+0.08  0.21+0.01 0.21=0.03
18 21.421 ZTR acetic acid 1.04+0.03 - 0.39£0.05 - - -
19 21.612 1-+ DU 1-tetradecene - 0.06+0.01 - 0.07+0.07 - 0.10+0.10
20 21.829 HEME furfural - 1.7540.47 6.62+0.48 - 1.98+0.02 -
21 23.020 [V copaene 0.66+0.00 - 0.20+0.03 - - -
22 23.606 1-2-Z 3L 2-ethyl-hexanol 0.25+0.25 - - 0.57+0.11 - 0.17£0.00
23 23.948 ZEHI# benzaldehyde 0.25£0.00  0.57+0.07 0.24+0.04 0.37£0.06 0.21+0.01 0.13+0.00
24 24986 Jx-2-T/&ME(E)-2-nonenal 0.13£0.13  0.23+0.01 0.14+0.12 - - -
25  26.831 IEFMEE 1-octanol - 0.15+0.26 - - - -
26 27.293 2,3-T [ 2,3-butanediol 0.32£0.02  0.39+0.34 2.59+2.61 0.08£0.08 0.10£0.10 0.27+0.00
27  28.846 1E175%t hexadecane 0.07+£0.00  0.10+0.02 - 0.11+£0.11  0.08+0.01 0.07+0.00
28  29.473  FR2EREE cyclooctyl alcohol - 0.08+0.07 - - 0.05+0.05  0.02+0.04
29 29.508 4-FHLOK T benzeneacetaldehyde - 0.21£0.01 0.21+£0.02 0.16£0.16 0.16+0.01 0.06+0.10
30 30.133  J-2-ZEHiE(E)-2-decenal 0.16+0.16 - - - - -
31 31.079 HERE 1-furanmethanol 0.06+£0.06  0.10£0.03 0.37+0.04  0.02+0.02 0.11£0.01 0.02+0.01
32 39.892  MAIAE 2-methoxy-phenol 0.30+0.02  0.75+0.12 0.57+0.23  0.63£0.63 0.65+0.03 0.38+0.02
33 40.701 Z<HEE benzyl alcohol 0.36+0.02  0.10£0.00 0.03+0.03  0.12+0.12 0.11£0.00 0.06+0.00
34 42.061 ZEZ M phenylethyl alcohol 0.35£0.01  0.10£0.00 - 0.13+0.13  0.13+0.01  0.10+0.00
35 43.679 HEFE creosol 0.90+0.03  0.05+0.04 0.09+0.03  0.11£0.08 0.09+0.00 0.03%£0.05
36 45.774 XPRILFEFEE 4-methoxy-benzaldehyde 0.08+0.01 - - 0.02+0.02 - 0.01+0.00
37  45.863 K phenol - 0.03+0.01  0.05+0.05 - 0.03£0.00  0.03+0.00
38 46.530 {Z WK pantolactone - - 0.12+0.20 - - -
39 47.612 FEAEAEE nerolidol - - 0.05+0.04 - - -
40  48.218 XTHIE p-cresol 0.41£0.02  0.03+0.00 - 0.05£0.01  0.06+0.00 0.05+0.00
41 52.069 X M AIARB) 2-methoxy-4-vinylphenol - - 0.06+0.06 - 0.01+0.01 -
42 54.330 a7 E¥ 4-methoxy-benzenemethanol 0.60£0.05 0.07£0.01 0.01+£0.02 0.18+0.00 0.05+£0.05 0.06+0.05
43 57.899 FEP[EE 3,4-dimethoxy-benzaldehyde - - - 0.01+0.01 - -
44 60.851 ZEHR 2-hydroxymethylfurfural - - 0.36+0.07 - - -
45 61.011 HA#EERR benzoic acid 0.04+0.04 - — — — —
46 62205 FHF%E vanillin 77.68+0.65 88.78+1.32 80.94+1.60 88.27+0.42 89.92+0.47 94.31+0.33
47  64.053 FFHL LT apocynin 1.85+£0.25  0.04+0.06 - 0.36+0.04 0.12+£0.02 0.14+0.02
48 64.632  3-FRHE-4-WAUHOR-HE 0.40+0.14  0.03+0.03 - 0.02+0.02  0.02+0.02 -

3-hydroxy-4-methoxy-benzaldehyde
49 68230 3-RE4-FAHEEHE 2.1840.14  0.1240.02 0.2540.04  0.64+0.01 0.33£0.00 o0 0 (-
3-hydroxy-4-methoxybenzyl alcohol
50  71.597 XRILFEHEE 4-hydroxy-benzaldehyde 7.15£0.11  1.23%0.18 1.90+0.14 2.39+0.11 1.97£0.02 1.09+0.02
o =Rk,

Note: — indicates it was not detected.
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