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F PDA 3473k, 3T STSE #t4T TD-GC-MS 547, MAZ Fikey & L4, A ERaE, B B iXEE
Sfbat 6 MMARER &~ 469 VOCs #4775k, [4R] AoffBfRRE T454T, 21 At Baanil £
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Abstract: [Background] Volatile organic compounds (VOCs) produced by fungi have important
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biological functions. The high-throughput VOCs analysis method is required for the screening of VOCs
producing fungi. [Objective] To establish a robust, simple, high-throughput analysis technique for VOCs
produced in petri dishes by thermal desorption-gas chromatography-mass spectrometry (TD-GC-MS)
analysis based on silicone tube sorptive extraction (STSE). [Methods] Twenty-one representative VOCs
including esters, ketones, alcohols, aldehydes and alkenes were selected as reference substances to
establish the standard curve. TD-GC-MS analysis based on STSE was performed by dropping the
reference substances into the PDA medium to determine the specificity and by inoculating Trichoderma
strain T552 into the PDA medium to determine the repeatability. On this basis, the VOCs produced
by 6 strains of Trichoderma were screened with the above method. [Results] The linear relationships of
21 reference substances were good in the range of 1.0-10.0 pg/mL and 0.1-10.0 pg/mL under the
conditions of full scanning and extraction ion. TD-GC-MS analysis based on STSE showed that the
reference substances dropped into the PDA separated well, and other substances in the PDA petri dish did
not interfere with the determination of VOCs, indicating that the method had good specificity. Repeated
determination of VOCs produced by Trichoderma strain T552 cultivated in the PDA medium was carried
out, the relative standard deviation of the five VOCs identified were less than 10%, indicating that the
method had good repeatability. A total of 37 VOCs including acid, alcohol, ester and alkene were
identified from 6 Trichoderma strains were screened out by the established TD-GC-MS analysis based on
STSE. [Conclusion] A robust, simple, high-throughput analysis technique for VOCs produced in petri
dishes by TD-GC-MS analysis based on STSE was established, which can be used for the determination of
fungal VOCs.

Keywords: \olatile organic compounds, Silicone tube sorptive extraction, Thermal desorption-gas

chromatography-mass spectrometry
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FELH# VOCs 43 HrilsE .
1 AR
11 E=2Z##

A (N2 1.0 mm, 4ME 1.8 mm, EEJE
0.4 mm), Carl Roth /A +]; Tenax-TA W[4,
Superlab 27 ; TD100-xr H sh#HBEH{Y, Markes
International 23 ] ; Trace 1300 GC/ISQ 7000MSD =,

FHEOTEAL - %Y, Thermo Scientific 23] .
1.2 BHRE. Tenax-TA R ENSHAEERE
Tk

FELDF T AEREVIEIRE 1 om KA
B RRTECNE: P (41, AFRL)FIRIE 3 h
DL B s i, FEE KR P, A Ve
5 T4 100 mL/min No 3 F 210 °C %4k 3 h,
B RS R EIAR A R, AR
55

14 Tenax-TA W BF4E Fn2s G e ke i 45 & T 21k
{H, 7E 60 mL/min N i 335 °C &1k 30 min
M.

1.3 XERMIAREH

VPR 21 FPCFNERY VOCs, (LIRS . R, B,
M VR T R (R 1) 4 HDRE B AL O BE A
i, FHOREAERAR BRI TR R, JF RS Bk
JE4351 0.1, 0.2, 05, 1.0, 20, 5.0, 10.0 pg/mL
ER DO Ryl 8
14 FrErZ&E&

PR S E W DL E AR 1.0 pL HEEE A
Tenax-TA WEHFHE, @ik C-SLR il AR P
o Tenax-TA W RS AP B ShEFE AL,
FH B BB -SAR RE - BT T TD-GC-MS
G3HT

IS AR B TG-5SILMS (5% 7K
B LAE4(BE: 0.25 mmx30 m, 0.25 pum); #HSN
S5, FEWEN 1.0 mU/ming BB S0E: (G
L JE 205 °C; MM 1 ming — HAE T
200 °C, 8 min; @MW 1 min, fk
¥i—10 °C, /i 230 °C, 5 min, (gL IRE
30 °C, f#4F 3 min, LI 5 °C/min FHEHE KT =
210 °C; AN

i 4. EN B, MEHE 70 eV, BT
PR BE 300 °C; ik [El 20-450 amu. iEid
NIST17 %t el S e # R M ot . %o B AT AG ]
I iy (o W A D PR ARAT B 1B
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*1 HiAEm
Table 1 Reference substances in this study
X AR 5 PRER I IR]

Serial number of Retenti &Y CAS 5 1= Vi FEAE BT S 1
erial number o . eten |(_)n Compound CAS number Molecular formula Molecular weight Characteristic mass ion
reference substances  time (min)

1 6.34 LR T e 123-86-4 CsH1,0, 116 43
Butyl acetate

2 7.54 (E)-2-C s 6728-26-3 CeH100 98 41
Trans-2-hexenal

3 8.47 Z-QHngaﬁﬁ@E 624-41-9 C7H140, 130 43
2-Methylbutyl
acetate

4 8.78 Bl 110-43-0 C7H1.0 114 43
2-Heptanone

5 9.25 P 543-49-7 C7H160 116 45
2-Heptanol

6 10.22 (IR)-(+)-o-JE s 80-56-8 CioH16 136 93
(1R)-(+)-0-Pinene

7 11.17 SR H it 100-52-7 C7HsO 106 77
Benzaldehyde

8 11.95 1-3EJ75-3-1 3391-86-4 CgH160 128 57
1-Octen-3-ol

9 12.10 3-3£ 1 106-68-3 CsH160 128 43
3-Octanone

10 12.79 ZIRI=-3-C e 3681-71-8 CsH140, 142 43
(2)-3-Hexen-1-ol
acetate

1 13.05 BT e 142-92-7 CgH160, 144 43
Acetic acid hexyl
ester

12 13.54 D-FriEh 5089-27-5 CioH1s 136 68
D-Limonene

13 15.43 G TR 586-62-9 CioH16 136 93
Terpinolene

14 15.45 3-F-fi 925-78-0 CyH150 142 43
3-Nonanone

15 15.93 S 78-70-6 C1oH150 154 71
Linalool

16 16.20 1-SI5-3-TE 2 iRl 2442-10-6 C10H150; 170 43
1-Octen-3-yl-acetate

17 19.62 B-IAFT AL 432-25-7 Ci1oH160 152 41
B-Cyclocitral

18 21.82 2-+—iil 112-12-9 CuH,0 170 58
2-Undecanone

19 25.31 W IE N 469-61-4 CisH24 204 119
a-Cedrene

20 25.40 ﬁ-ET’]“J’fﬁ 87-44-5 CisHoa 204 93
B-Caryophyllene

21 25.52 B-HEAKE 546-28-1 CisHzs 204 161
-Cedrene
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FEHAE 6 cm BIBEEEF- LA PDA B 3-3E,
HITHHZBFIAES —ESMEA 9 cm BT
Hr, . BOCHEIEAUT BT 6 om BB ILAY
PDA Ri553E b, W 5 pg/mL %R 5L 10 pL
(0.05 pg) FUE4tH I, SRIFE—MEM|LFH 1 cm
KA E T 9 om BEEFIMA, HE B 9 cm
P, 24 °C 80 24 h J5, FrrbiE
e, BT 2 s gl REd, 17
TD-GC-MS 73#r, HA~4b3 3 M E A .
1.6 EHHERESEMENE

VEPE AR TS T bR T552 HEAT Jr v 1 42 vk
o BRI RTE PDA REFESLhE bR, I
B A% 0.5 cm R Z BRI 6 em B LAY PDA K
FIEE, 24 CHiFET d ), IIETFIHHAES—F&
F2 MERMERERLZ

Table 2 Standard curves of reference substances

2 9 em BEITM A, BC—AREARAFAY 1 em KAk
I BT 9 om BEEEF LA, B0 9 om BE 3
VMRS, 24 °C #7824 h 5, HEEREHCE, &
TRAIF A A g T, 4T TD-GC-MS 41
Mro DAIAREERMAGZS ] PDA 55355 I, Ak B
3NEK,
1.7 E##ESR VOCs Bk

YePE 6 MARTE T746, T1730. T1807. T1954.
T2366 fll T3273, i 1.6 J7iiE4T VOCs fifiik .

2 YR58
21 trEMLZL

X B VA T 2 TD-GC-MS Z3#r, DASTRIFR
GAARBR . ORI AR AR bR e £, 192k
WU RS, 25U 20 BR T PR B8 IR AH T A9 26
13, 14 5B O S . 3-TE) LISh, HE

ot B L S4B SCAN mode FEHUE R Extract ion mode
Serial number of MR T R MR FRECEIr PRI+ AR TR LIPS Sy
reference substances Linear equation Correlation coefficient (r’) Extract ion Linear equation  Correlation coefficient (r)
1 y=186 739x—25 427 0.998 7 43 y=75 334x+19 818 0.998 9
2 y=125 986x—77 153 0.997 7 69 y=10 726x—608 0.999 1
3 y=223 092x—72 159 0.998 0 43 y=84 956x—7 506 0.998 7
4 y=215 377x-56 173 0.998 2 58 y=48 984x—418 0.998 0
5) y=212 907x—17 732 0.998 4 45 y=94 882x—30 474 0.998 7
6 y=265 422x—161 418 0.998 0 93 y=62 121x—8 304 0.998 1
7 y=190 445x+61 867 0.9990 7 y=48 622x+41 188 0.998 4
8 y=169 616x—109 884 0.998 2 57 y=60 663x—16 625 0.994 0
9 y=182 780x+21 959 0.999 1 43 y=42 247x+277 0.997 3
10 y=215 679x—145 374 0.998 3 43 y=65 277x-13 074 0.995 6
11 y=227 007x—82 097 0.999 1 43 y=75 149x—13 668 0.9954
12 y=298 598x—170 0.998 5 68 y=43 504x+5 540 0.997 1
13 y=447 562x+15 149 0.988 9 93 y=32 716x—9 291 0.9910
14 y=447 562x+15 149 0.988 9 57 y=44 533x-10 775 0.9910
15 y=265 430x—276 807 0.998 0 71 y=34 581x—13 006 0.994 9
16 y=268 300x—89 438 0.995 3 43 y=81 608x—14 557 0.995 6
17 y=285 337x—21 247 0.998 8 41 y=13 670x—2 418 0.998 0
18 y=288 741x—284 916 0.996 7 58 y=66 575x—17 478 0.9850
19 y=374 453x—67 085 0.998 4 119 y=63 851x—5 393 0.997 5
20 y=252 703x—41 252 0.998 4 93 y=16 425x—3 284 0.994 9
21 y=336 268x+9 125 0.998 5 161 y=29 414x—6 498 0.991 7
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B AR S E G Sl A 3-£ . TD-GC-MS 43
Bres R, 288 %0 Tk vocs 1
1.0-10.0 pg/mL JuFEINEMC R RIT; SR T4%
R AER A VOCs 7E 0.1-10.0 pg/mL 35 Bl Py 2k ¢

A 3 5E+08
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REILT,
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FHRE R W B T PDA B3R 3k g 4C
[T RS, TD-GC-MS o #r ki, XtRE 20 2 |
F(& 1), mILal i, PDA 13RI M A i i
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Figure 1

The total ion chromatorgraphy of VOCs in PDA petri dish determined by thermal desorption-gas

chromatography-mass spectrometry analysis based on silicone tube sorptive extraction
T A: PDASEFRENTIR; B: PDA FEFRER AT FRAR VAL, I ss bR 8y 1-21 FUORX I ah )y 5.
Note: A: PDA control; B: The reference substances dropped into the PDA medium. The numbers 1-21 beside the chromatographic peaks

indicates the serial number of reference substances.
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VOCs A LU i kA R BERAE, PDA B3R 51
R E R AT VOCs Byl . %5 k%
JEME R, ATHTRMAEY PDA R FRid R = )
VOCs %€ .
23 EHRHERNESMHNE

KREH T552 76 PDA JEFdtrhIsgs, 7 En
VOCs il o it 48 W ¥ 754 T TD-GC-MS 4341, i
NIST17 %d e b 480 Y 1552 7 A4E 1% 5 F
VOCs, Ffxf HABmE YNGR VOCs 443 6-PP
WIEFRFEAT T AfIA . B MENE LB 5 Fl VOCs
FRRE XS AR T O 22 25/ T 10% (R 3), A LAET
STSE /1) TD-GC-MS Z3-#rill i FLE 5574 VOCs (1)
FRVER AT
2.4 HEHEHSR VOCs RYTFiIE

e ERIRI AT, RS R7E PDA B
e RS AR VOCs i 3o i JI A W FE AT
TD-GC-MS Zp#fr, it NIST17 Bod e o % e
X 6 MRARE AR . BE. Fr. ESFEILE 37 b
VOCs (% 4), Hrf 1-9¢0-3-B . 3-¢ . B-A4T
75 . B-FIARHE . HE 2 (Phenylethyl alcohol)Z 5 i
H% VOCs A4t brke AT T ik, 3R 4 7T
UL, T1954 PRAEZK 20, T2366 ;=L AHN & e
() 1-05-3-BEF0 3-3¢fR, T3273 p=4: B-fitiks,
T1807 ;=4 B-FIA M o
3 WikE4®

GC-MS HXFIZrtr Rl o B . i R O
SN TR AR 53 JUHE VOCS) 43 B % 7E
ARG FE 4 VOCs 1 40 B il o 7 258 g ol B 110
VOCs FEffil & ARE GC-MS /NSl &4 ]
DAAE S o] () A A BRE 22 i, S R A T
SPME £—Fh 12 W HF VOCs Hy#: sl I 2s RFEH;
AR, R AR 2% SPME 413k A HAT AR TR
R ZEBEL AL VOCs #EH 7 R A . (A2 SPME i
FCE Y RE IR0 VOCSs B il 28 1A AE AR B st .
(1) T SPME ZHCEEMIEEL T, 1MRkH SPME

FEICH: B 52— MRS VOCs BYZEZIFERT 1 h,
IR A SPME ANBE[R] X K By 724154 T VOCs
FIRESR R4 (2) t T SPME FEIk 22 T 148 i W
BEAERHR D, RAE G A i, HER
R VOCs HIRCR TR, 5 SPME A
Fb, FH STSE XJ3:Fe¥ifAT VOCs # il 45 AT Lo
MRUA Bk (1) h FrERE MR, RAH
STSE Rk EIaL 1 em KRR E 20 9 & TR 9%
JEOF- I PN B A 52 3R] o 6 R o 5 2 0 2647 VOCs
(R it T A, DR R 5 5 R W 0 o L o Ay
Brs (2) RERCEMRMIZ I, RIEFES+ VOCs ¥
JER R (RD TD-GC-MS A8 kA5 114 o 33 e 45 vy 48
Bi), FERE IR LA (A7 S8 e i A8 R B BT
G T SPME ZEHCK 25 it /N [l i HLAEE
UM, AR Sl 530 VOCs WL 4%
BUSCR R, ARBe%5E T 21 Fhiafhis
fi WL E. OMERIREYE VOCs A AE A Y
dt, LR 1 om R ARERE T 0.05 pg X RE /AT,
WE VOCs M4 B R AT, AT DRGSR 5T A fie
B VOCs 1) TD-GC-MS Kl 5 ik REUE = . &
JE PR, BBV O I A 4% 35 LT LA ) AN ] o
244 VOCs,

KRB AP A 2R VOCs 4143, A ffif Al
Ko, CbE. ke, BEIRR . B, BRIS. SR
AW L R fi B I AT AR 04 S IR
AT 10 2802 Siddiquee 2 FIR IR MM
KREEW FALL32 JRIAEEFRY IR & FE, AR
[ B AN T GC-MS 20, R I 278 S rf 44
RN R BORE A X R S T
PEHAI M, WARER TP R B sl 2
O3B o AR I8 8 7 1 7k B A5 W R 355 % - 1L +p
VOCs ) TD-GC-MS kil /7% AR B A: ) VOCs
HAT T, IR A2 VOCs 414y, fufd
HEWIRMITE RS, WA SRR 32
BE . 3-2¢P ., 1-FM-3- . 2-6-1-F
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