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Abstract: GC/MS has been utilized for many applications due to great resolution and reproducibility, which
made it possible to build up the database of mass spectrum, while HS-SPME has the advantage of solvent-
free extraction of volatile compounds. The combination of these two methods, HS-SPME GC/MS, enabled many
scientific applications with various possibilities. In this study, the analysis of trail pheromone excreted from
live Camponotus japonicus with the feature of solvent-free extraction was carried out and the optimization for
this analysis was performed. The major compounds detected were n-decane, n-undecane, and n-tridecane.
Optimization for the best detection of these hydrocarbons was processed in the point of SPME parameter
(selection of fiber, extraction temperature, extraction time, etc.). The advantage of the analysis of live sample
is to analyze phenomenon right after it is excreted by ants. But the experimental process has restriction of
extraction temperature and time because of the analysis of live ants. Establishing the process of HS-SPME
GC/MS applied to live samples shown in this study can be a breakthrough for the ecofriendly and ethical research
of live things.
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Decane (>99.8%, analytical grade)} tridecane (=99.5%,
analytical grade), 2] Ho]& AME-% sucrose (reagent
grade)+= Sigma-Aldrich (St. Louis, MO, USA)| A -
)] }$3 o}, Undecane (299.5%, analytical grade)= Tokyo
Chemical Industry (Kita-ku, Tokyo, Japan)ol|A] -1l &}
Atk FFF FH NS WE o) AHE-H acetone (HPLC
gradey> J.T. Baker (NJ, USA)o A4, Water (HPLC grade)
= 9ANEAE7E, Sl Fel st GC/MS
A FZE EE screw-top 20 mL HFo] ¥ capped with
PTFE/silicone septai= Agilent Technologies®l| Al 1w
ate] ARg-3H3ITE.

GC-MSE Agilent 7890A GC system¥} 1%5% 5975C
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Fig. 1. Anatomy of endocrine systems of ant.
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Fig. 2. Type and structure of pheromone (referred to substance
identifier by “Scifinder”).

triple axis detectorS 7213t inert XL mass spectrometer
(Agilent technologies, DE, USA)E AH&-3F5 ). 4
#Ql GCMS®] 271& Table 19 715331 Th. Solid
phase-micro extraction== GERSTELSs Solid Phase Micro
Extraction (GERSTEL Inc., 701 Digital drive, Suite J
Linthicum, MD 21090, USA)ZS 4183}t T3+ SPME
fiber polyacrylate (PA) 85 pm, polydimethylsiloxane
(PDMS) 100 pum, carboxen/polydimethylsiloxane (CAR/
PDMS) 75 pm, polydimethylsiloxane/divinylbenzene

Table 1. Analytical condition by GC/MS

(PDMS/DVB) 65 um, divinylbenzene/carboxen/polydime-
thylsiloxane (DVB/CAR/PDMS) =5 Supelco (trademarks
of Sigma-Aldrich, St. Louis, MO, USA)IA -0l 3}31 T}

GCMS A7 =313} 2]l Chemstation (Agilent
technologies, DE, USA) & AF8-3}913, B3+ HloJH &
FoF A% 2 mass spectrum®] 219 = DataAnalysis
4.0 (Bruker daltonik GmbH, Bremen, Germany)< A}
&3t
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Nele] 88 -& Camponotus japonicus©]® ©] &
Biobiba Ant Kingdom(th-+, g-=h)ollA] mlj 3} ct. 7i
v & npo| ol Hokg 74 vio] el JEIIAL U=
A F718GES AASHA Ve AEES =0l
7] {El A S 3 7194 71(0F302-25MD2, JUN-AIR,
Benton harbor, MI, USA)E °]-&3}o] AA| ¥719}F &
Abgt FEIE REEo] FAS FA M9 60 mg-80 mg
o] AMrE EF3t] JMn] A EZe] 2ol E FH A8
skt gk i SollA PE Zh= JivES SIS
Hlo| ol ¢ErE SYEHLEE6H, 471%, 3
E N AR o] AT 8 JiR7 sk
Ae W] IS 43} 7] flste] Ad@staA &
= WPl 1 A2 Aol mlE] E8ato] npo] o) 3t
¥ SYAA FUT
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222 SPVE =719 (X3}
A 3slol 3 Jimle] HEZE BHE FET H

HS-SPME GCMSE &% ¥ GC/MSeIA Ao
TFrgoll 220l NIST databaseE &-&3}] target &2

Gas chromatography

Column

Carrier gas

Inlet mode

Oven temperature program

Inlet temperature 250 °C

7ZB-624, 60 m x 0.25 mm, 1.40 pm (Phenomenex, zebron, USA)
Helium gas at constant rate flow 1.0 mL/min

Splitless, split mode (50:1) at 0.5 min after injection

35 °C for 10 min - 5 °C/min to 240 °C-240 °C for 5 min

MS Detector

Mass range 25 °C 190 m/z
Ionization energy 70 eV

Ion source temperature 250 °C
Transfer line temperature 250 °C

Scan rate 3.06 scan/sec
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FRIBIAAL, wEbA Al 719 Aditol] thste] HZ

}= T sk3ATh.

A HAIZ 57HA] 79 coated fibers -3 A3
target =2 AZol 7PF A FE fibers 7] H3l
10 mg/L7HAE oM EL R 3]438laL ths Sl Y HE
HPLC grade water® 343k 400 pg/L &3 &
(decane, undecane, tridecane, C. japonicus ¥ 2 73
B 371A)) & BA ek 7} fiber BE FFH| S-S S0l
3}t 5714 fiber= ZHZF polyacrylate (PA) 85 pm,
polydimethylsiloxane (PDMS) 100 pm, carboxen/polydi-
methylsiloxane (CAR/PDMS) 75 pum, polydimethylsilo-
xane/divinylbenzene (PDMS/DVB) 65 um, divinylben-
zene/carboxen/polydimethylsiloxane (DVB/CAR/PDMS)
50/30 umo|t}. Fibere] &5 ]9 T HFER] &
AZHe 30 B, L5 25 °C, B3 AIZFS 10 o=
QYA BT,

AR 32 A 20 g HAE A
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302, 1,2 3,4, 5 AR 5 NS AHE H
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S Abg3le] 50, 25, 125, 5, 2.5, 1.25, 0.5 pg/Le] &
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tridecane®] £E)S A48ty AN I A&,

A S FASNTE £ 50 pelle] EF §UL
AHgtel WY B AUEE Felsksit

224. Jolel X=g Sst J‘HIE%S =t 7=
C. japonicus worker S+ wl2]E X3 H screw-
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Fig. 3. Optimization of SPME fiber.
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Fig. 4. Optimization of extraction time.

Atk SPME fibere] FH(Fig. 3), & AW (Fig 4),
22 A ZHFig. 5ol tis) FAskE AT

n-Decane, n-undecane, n-tridecane Al 7}#] &2 =
% 65 pum PDMS/DVB 7} th& fiberol| v]al S2H&F
I AEE7t 453 =4 YElRT 73 HAoR &
2] &g 3718 & o n-undecane®] it 50/30 pm
DVB/CAR/PDMS, 100 um PDMS, 75 um CAR/PDMS,
85 um polyacrylate®] &2H]&2 65 um PDMS/DVB
off vla) 7tz 82, 47, 37, 5%= EoiF ).

FZ& A7+ 79 n-decane?} n-undecane> 3 A 7F
OS2 &S o F= "dAo] 7 WAL n-tridecane
£ extraction time®] Z7}4LE FE2F o] 715
ok 3 NS At FF AP R S|A AA] Aot
U ANMEE YR dn] AF Az 2HE vpo|d
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Fig. 5. Optimization of desorption time.
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Table 2. Calibration of 3 target compounds

297

Compound

Retention
time (min.)

Concentration range

(re/L)

Regression eqn.

Correlation coefficient

()

n-Decane
n-Undecane
n-Tridecane

34.6
382
44.4

1.25-50
0.5-50
0.5-50

y = 783,950 x — 10,318,342
y = 2,930,646 x — 37,392,683
y = 1,711,496 x — 15,858,563

0.995
0.995
0.997
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Fig. 6. Mass spectrum of n-decane, n-undecane, n-tridecane (top-down in sequence, [M]+ of each compound : 142, 156, 184)

% th. n-Decane, n-undecane, n-tridecane®| 7&3HA| =
AR 025, 0.05, 0.13 ug/LIom, A #Z3kA12] 35
0.5, 0.25, 0.5 pg/LATh A A A Ad2 A
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Intens. {
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Fig. 7. Chromatogram of pheromone after stimulation with food.

Table 3. Quantitation of pheromone excreted by ants (n = 20)

Compound Mean (mg/L)? SD
n-Decane 0.016 0.015
n-Undecane 0.019 0.018
n-Tridecane 0.010 0.010

*Relevant to the concentration of standard solution

1842 A% T3 VEbES SR1siIthFig 6).
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