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Abstract; zNose'" possesses the following advantages including short sampling time, rapid analysis and portability
compared with conventional analytical method. We analyzed sychronously the volatiles emitted from tea plants damaged by
Ectropis obliqua Prout larvae with GC-MS and zNose™ , and the emission of the green leaf volatiles (4-methyl-3-pentenal ,
(Z)-3-hexen-1-o0l, ( Z) -3-hexenly acetate) produced by tea leaves after mechanical damage were analyzed with zNose™.
The qualitative analysis of the volatiles emitted from tea plants infested by Ectropis obliqua Prout with GC-MS or zNose™
showed the similar results, however the relative contents of (Z)-3-hexen-1-ol, benzyl nitrile, indole, ( E') -caryophyllene
obtained from both showed a certain difference. A further investigation with by zNose™ showed that more damage level
resulted in the more emission of green leaf volatiles when young leaves were damaged mechanically with needle (sting) or
abrasive paper (scratch) ; the emission of green leaf volatiles induced by the same degree mechanical damage from old
leaves and young leaves was different; and the emission peak of 4-methyl-3-pentenal, ( Z)-3-hexen-1-o0l and (Z)-3-
hexenyl acetate appeared at different time after young leaves were stung. Finally, the prospect on the application of zNose™

in plant volatiles analysis were discussed.
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WA RIS, 2 E R R FEMERIR, B BR AT LA ey Ff 0 A 3h 2558 7T 38U 24
RIARE XA o HA YR AT IR R A HLL AP (VOCs, volatile organic compounds) KB B3, 5%
oy B MR B PR B A 5 T LS P s 3 L2 vk BE SR R R AT T AR RS , IR BN I Z B M A
S Bl A A v R R G F S, TE i B R E I S A & Y (HIPVs, herbivore-induced plant
volatiles) ¥ 5| Kk i & Ifa F AP FOPT L , A5 LIRS A v R B ieals ) 0 R s 24k B XML )
1 A EHER R KB R =B R BRI RN AT EEEZIEH.

H ARl TAEE 352 il i T RAE B (headspace sampling) | [ #H i 25 B £Z R (SPME, solid phase
microextraction ) , 7456 Jf 1% F{L ( GC-MS, gas chromatography-mass spectrometry ) X} 48 4 B ik AL # (5 B 3F
TR FAIAT o SRR SO BOR B RBEA B B RTAF R MK, ERHWA AR R Ty o 40 i T o0
FEAE , TS RAE-GC-MS X VOCs H /N3~ Ji i) 460 T BE 7 %8 22 5 T SPME-GC-MS R REXF VOCs #17 & & 77
Bt o A, SRR AR R W FRAE )95 Uk 5 9k Uk , RE Bk AR % LA B BRORE 4685t 7 4 76 3 K B i e 1) 5
555,

1998 4EHL T 5 (zNose™ ) (Al i, b2 AL S BFT4R ML T — R R akAs . B EBH TIE HIPVs B i
i ) B2 L B 15/ M R A DR TR e LA B F P AR 15 B R A S o i 60 . ST 2Nose™ ik
B—B/NISAMEE, 7T TR R 8 KU eV RS RS, FEAFE - B R
% B (H R ARIEST Tenax FIWRIEE, FFMHA — Ak B 240 B — IR M <A GIEE M — A REH
AR 2% (SAW | surface acoustic wave quartz microbalance detector ), [ Il zNose™ ¥t Rk 54 A0 W4 T —
B RS> THEAES AR . 2Nose™ B ELA PLH AT (AT — RS AT 1min Z247) , R (FI7E 10s 14
K2k BETE Spg LA T MWII) SEiiE . i THAE THE IR BCA 3w, Rty TR AE 4 4 2 ) Ml Ak T
ARE.
{H E AT zNose™ B AFE E N R IR AbF AP AR Ao BIAS SCH i % KA F F zNose™ ,GC-MS [F]
BT TR S T AR R W) s H R AE 2Nose™ P | REURR 21, 20T THULBER G AT - Ja , gkt
SR B RO
1 SLWHE
1.1 fkare

AR TS g 2 ~ 3 AR, A R e 437, T EIR K 26CHIRES, “GC-MS §
zNose ™ Xt % RO £ 15 5 U AT HE & W0 0 2 AT L 3806 mP BT S 1 BRLVR AP T80 14em 942 15em fE 75K
oS T AR I R LR 13 /5 SR BT RS e i 2R B A T : 27 em; AR :25em I B SRk, 5
P4 ~5 BREH .

7% U ( Ectropis obliqua Prout) 2 INARFRFIHE . MRIFR RN IREE 24°C JBE 70% JEHR: JBiE = 16h:8h,
TR A s 2R o
1.2 SEE{Yas A E 5
1.2.1 SEHUER

SAREIE SR YL 250 GCMS-QP2101 ( B A ], HA ), N DB-5 (4K 60m, 42 0. 25mm, J&
0.25um) BAEEE . HIRARAAEEE K 45C , (545 2min; AAJE 5°C/min F+3 210C ; F 25°C /min T+ 260°C , {7
¥ 10min, ZHS WA, W lml/min, FTi%RA BB E I, 70ev & U, AR50 2 /s, Kl 8518 B
S 250°C , #rZRiERE Sl NIST27 Fi NIST147

HLF 5 . ISy zNose 4200 (EST A F] , £ H) . WG REMD BN KRB B Y Tenax WL AL I, SR G
AR (165C) , HASK (W E :3ml/min) H A BHEH: (1m,DB-5, 942 0. 25mm, J& 0. 25pm) , AR
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5C/s HAET, i 40CHZE 180C . HJ5EEBMEN B WY H SAW K25 (30C) Kt .
1.2.2 sCIgdE®E

AR ERUCR 1 AR R YISO R T2 S A VE R R . WOER 26 8 F2 A TO IR T 3 W B3 141 (Sb

42 180mm , {5 250mm , BEJE 8mm ) , B¢ 4 AR FIRE AR O LB P BRI AR R £ . IERD BRI K 250mm

x 250mm , JIEFR B FE AR PO ALFLAR SSmm ; TRARBE IS AR BR w0 L (FL42 45mm) 5b, 38— FLAE 2N 10mm /)N

FL (2 2Nose ™ RAEED) o JEAR PO FLFHBEE BB , O R (B AR 6mm, KNS RH B TES) MR K EE
BT o fLHEA#SE SHRENBREEER, KEDIT AR K ZEYA PET SRR, #E BX
EiET Teflon 75| STEHERR RMIAAHE, O IEN 1360ml/min; # S 0S5 E 1040ml/min,
L 42 4mm, SHFE 35mg SuperQ (80 ~ 100 H ) W 5]

“H I AU 0 J5 S SR BT R T4 R W WA % B A A Teflon #3535 PA 1) 45ml B30
1 zNose™ B HE B LRI, BT FHE B 1. Sml ZHEIRHE ML
1.2.3  SE5yiGH)

Jii-3-2 45 EE( (Z) -3-hexen-1-ol ;Fluka /A &), Fi+) , i-3-C M BEES BR S ( (Z) -3-hexenyl acetate ; 4 5L AL A%,
TR &4t, HAS) , 25 B fi# ( benzyl alcohol ; Sigma-aldrich 23 &), 3£ [F ) , 75 4% % (linalool ; Fluka 2 &), Fi 1) ,
K ZJiE (benzyl nitrile ; Sigma-aldrich /A 5], £ E ) , - T B&-3-C 4 fg ( (Z) -3-hexenyl butyrate ; Sigma-aldrich /%
H,EE) JR-2-F3ETRR-3-C/ A ((Z)-3-hexenyl 2-methylbutyrate; 43 5046 B Tl Bk &4k, HAS) , 15|03
(indole ; XA B, , E¥#) ,Jfi-C BR-3-C4iEE ((Z)-3-hexenyl hexanoate; A& 5t AL Tl #k X &4t , H
&), R-A 174 ((E) -caryophyllene ; AR AL L Lok #R X &4, HA) , 5 JE i (farnesene ; 8 5L AL AL Tk Ak X &
#t, BA) , AL ( (E) -nerolidol ; Fluka 4], Fii+) , () B-1% )i ( (E) -B- farnesene; oy H E )27 Br 3l
Y EIX ) o
1.3 #HRTE
1.3.1 FEREREHEIANELYIE ST

R TERATHRE THELYWEELEN, LUEMIFE, Pkt S HEZREE 100 LT3 L,52h 5
R R MR E] D The 3 BOREA R RS H AR Xt IR SRR IR E R 4 IR, R 500ul 6
A R B . O IEERE R R Ll SRS PR R K LU AR ERE i GC R B B JH) 502 B3
FEHLA AR S FORE R 5 13 %o 2 R R TS 2 2 W0 v 4% L 20 364 T S8 43T 5 38 3 s o B R VR X I - 3- L s e R
NG I - P T E BT

BHASTHZS SRAE R RIET , Hf zNose™ H S EH B A TR BT K9 /NL , 2% 45 (Hi & :30ml/min) , Xf 55 R
BEHS NIRRT S 0T, Wt ELXT GC-MS 43145 5 FARE 5 (1) zNose ™ {57 B8 B[] %) 4 = 25 Wt
R R W) b & 0 AT EVE AT o 8 I BV Y S EE X I- 3-C IR B R i SIS - AT e 2R AT E B
7T

zNose " LY R R M A J5 15 « PR A0 B B0 20 0 88 B [ R BE 1) 4 AL 25 A o IR B VR WOE A
1. 5ml ZHERHEFIH . FREWRSAE K FIAR 2Nose™ PEA SE 13 2[RI A BEFEMH (— AR %32 zNose™
KAk, A—RAERH#HS T ) , SLENFFIERAE, % 40s (& 30ml/min) , 4 Ffb2EAniE i IR & R F 8 —
AFBE(EIga) , 7 7 v B2 TR & W W b - 3- 0 9 B 38 SR L W1 WL S - A 0 B Y BE (ng/l) 4350 R = O
0. 8480.0. 3386.0. 2998 .0. 4000 ; 0. 6784 .0. 2709 .0. 2399 .0. 3200 ; 30. 5088 .0. 2031.0. 1799 .0. 2400 ; @
0.3392.0.1354.0. 1199 .0. 1600 ; 5)0. 1696 .0. 0677 .0. 0600 .0. 0800 ; ©)0. 0848 .0. 03386 .0. 0300.0. 0400, 14>
WHEL,EHE 5K,

1.3.2  zNose ™ /M A I A HLIBAR 13 5 SR -SR03 )RR

SEHT 2008 4F 4 A RRHEAT , 43 A BHEL” VBB X AR A R A s AT LR . BT

HEFTFE M M AR T AR E S (HURT 8 B o SHLI R 2 5 B B AW R |
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S AR 4 3 9%, RIS EEAR G 10 /i v BEBRAS 0 30 /it s R M0 90 £/, BEHR 2 F
F 2 SEERA, B AW H 3 1, G RERE4) 3 S, BV - 32 BE 3405 O B 33 1 AR 20mm” /1 5 Hp B 53495 O S 454 T
B 75mm® /i TR 0 BE R T AN 240mm?” /-, R T S SLZIHE T AL B , B AS BRVEAE 30S NS, AbFRSE
Ee R SEBP R ABE SRR , 5 ] 4min, M SEER)E KRR zNose™ E S EHE i Teflon Hy - [ Bt 4 A B B
Hr (— R 2Nose ™ RAESk , B—ARIE RIS D) , SLEDFFIARAE , ZE W% 10s (Ji & 30ml/min) . 3 FHAREE4THL
BGHI S EE 5 K3 AR EERIGHT A ER 8 Ko X8 it LA o BE A S L8 45 1 o B 19 B 151461
¥, %5 EE 8 Ko BHRAMRMH 1K,

WRECE 88 M 1 FJE SLZIME LA 60 &1/ i B A5 A0 38 , BRVEFE 30s WM. SRJE 4L BN ER A BRI
WF R 2.4 .6.8.10,12 .16 .20 24min JE A B . %M 2min J5 , [ _EFIF 2Nose™ X o 41 R #E4T 43
M, ZER R [E] g 40, AN]SR EE A 10 Ik, RS 1 K.

EFFLAR RIS AR IR I8 A AR AR A J5 S SR A2 R R 5 1 B ) Bh 25 3R B8 3 AR SZ IR AT I A Ky
it BR, 40 BIHE— IR FFHLIN 58 B o
1.4 BdESHT

i 3F GC-MS 5% zNose™ Kl B LR MFS 2% RIEBU R 5 5 A MHHE & 1 - 3-C A B 25 205 W8Ik R -
Prigs BB Ay B 5 4 RSB L, B AR X & 83158, SR SAS 8. 02 4iit %k 4 Two Sample T Test 43
BT s HUARAR 13 J 3 S R 4 3 R -SBR A7) J5R P B 20 71 R i SAS 8. 02 Gt 8k {4 384T Two Sample T Test 43
B s B R EBEVUR G , B B 3 RSBk 0 5 ) & 40 51 R F SAS 8. 02 Giit#k {4417 Duncan 3,
LT BT
2 ZRE5HH
2.1 GC-MS 5 zNose™ %} 25 RUBEBUE 7 T M S WHE & W1 1 43 EL A

5XTHEAHEL,100 KA RS E S2h J5 , EREBM T KREIEE ARG AR R, FIH GC-MS It
M 5E 16 BT = A IR, 20 2 o 4-F -3 U TS -3 - TV BE - 3- O R PR RS BR R R B R -B-%
a OFRERE R -4, 8- - =R R ZNE - T BR-3- T ER - 2- F 3L T R- 3-C A R P51 Wk - L R - 3-
OSSR -A R (R) BER M (R, R) -a-B: e s R B AEAEE (B 1) o @it 5% HRAH B, zNose™ EAG
W17 FEF=E R (B 1) & Xt GC-MS 25 R s bnk i [ B Bt o) A 52 1 16 Fp 5 (TR 1) o

zNose " i TI%F SAW i B{E 58 M4 R B BLTE X R, A IZH F-3-C 4 BE (R® =0.9825) K 2

E(R* =0.9861) M5 (R* =0.9832) . (J)-A 4 (R® =0.9939) (& 2) , 4tk zNose™ AJ S I #y R 4 A7
BT o (EIE SAW XA [R19 5 1 S 7 B AN —HE 1, il s BRI - 3 - O s B LA v 4R A R 415. 2, T i
B OR) - REAHE 2R RR 11015, B E 28K (K 3A,B) o

HE 3 B, it GC-MS 5 zNose ™ 15 A5 R £ J5 ZS W ¥ &2 0P I-3- DB R G 81 L () -
AT 4 R RAS S BERAZER . BROR) -GN, BFUERE M E 3 f Rt & 8YE
BEEF, HETIE GC-MS i J2 zNose™ /M5 R BoR 4 Fhi IR - I-3-C A BRI o5 ELBIER e K (43
5 62.29% .81.91% ) , IR REZIE (5515 32.88% \7.52% ) 5|WE (43 Bh 3.68% .5.41% ) , B /K
(R) -l (51 1.15% \5.16% ) .

2.2 Fmt HHUARIR A S SR SR A R YRR

Wit 5 GC-MS it 7% RO BB 5 5 AW 5 10 O 8 P 40 B 485 SR b o o 1) £ B8 i) EL X, S5 R &z st e
HAEG, R S EH LG A M K BB AR £ 4-F - 3-SR U -3-CUREE UI-3-C R B RS PR AR . H
oI -3- T - 3- O 4 B RE MR TG 1 X8 58 2t Hu T GC-MS X 25 R BB 75 S S R 0 1 58 P 40 B 485 B
IRV i B B8 B 16, T 4- FP 2563 - IO i 10 4 e (SR EX GC-MIS X 2% RUBE B 75 S A 28 0 0 e i
SMTEER . X 3 P RER A AR5 RS S BRI A SR SRR

oI BE IR A I R FLAR A , 245 BT it A B LR 5, 4- F -3 - DO -3 - SR B -3 - 2 M
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Fig. 1 The comparison on the qualitative analysis of the volatiles emitted from tea plants infested by Ectropis obliqua Prout with GC-MS or zNose™
A BRI HERY I GC-MS KA {A,i%& The GC-MS chromatogram of volatiles emitted from healthy tea plant; B; IF 4 2% & #5 K W) 1) z2Nose™ <,
AHEE 1% The zNose™ chromatogram of volatiles emitted from healthy tea plant; C ;% R life 3 52h G2 HI#E KW I GC-MS SAHEREE The GC-
MS chromatogram of volatiles emitted from tea plants damaged by Ectropis obliqua Prout after 52 h; D ; 2% R iifi5 3 52h J5 25 1 ¥ KW z2Nose™ S AH
{513 &| The zNose™ chromatogram of volatiles emitted from tea plants damaged by Ectropis obliqua Prout after 52 h

?2: %1 Unknown;1 :4- 1 3E-3-[RJ7 M 4-methyl-3-pentenal; 2 : JIii-3-C. 4 ( Z) -3-hexen-1-0l;3 : JJii-3-CL A EAE BRAK (Z)-3-hexen-1-ol,acetate ;
4. JEFEE benzyl alcohol ;5 : [ -B-% ¥ #i5 (E) -B-ocimene;6; 35 #ifi linalool;7; J7-4,8-—F 3-T =% (E)-4,8-dimethyl-1,3,7-nonatriene
(DMNT) ;8.: % Z, /i benzyl nitrile;9 : Ji- T HR-3-C.Mifi§ (Z)-3-hexenyl butyrate ;10 JIfi-2-H 3£ T B&-3-C 5% (Z) -3-hexenyl 2-methylbutyrate ;
11 : 15| indole ;12 ; Ji-C BR-3-C 45HE (Z)-3-hexenyl hexanoate;13 ; X - £ 4745 ( E) -caryophyllene ;14 ; ( J% ) -B-1:JE 45 (E) -B- farnesene ;15 : (J2 ,
) -a-ikJEH (E, E)-a-famesene; 16 ; 7 -$& 164 ( E) -nerolidol

3K RN T R 3o o o 5 0 5 I, 35¢ 356 SRR A e S R R b o o £ B B S B ) i SRR
R S 2ok H T ] (R VR NIST RS SCik ) ) 5 o 7R W TR S Sl B X GC-MS £ AR b PR BT I I, » o+ SRR B
ST AT GC-MS 455 % As determined by fragmentation pattern ( mass spectrometry) and retention time of authentic standards, 3¢ ¥ as
determined by fragmentation pattern ( mass spectrometry) and Kovats indices!!%) , 3¢ 3 3% as determined by fragmentation pattern (mass spectrometry)
from the library of NIST or the referencel'!! ; # as determined by the result of GC-MS and retention time of authentic standards, * * as determined

by the result of GC-MS

P2 T R i ) R i R A 38 DK T o BE A 405 5 ST LA 405 )5 I - 3- © M I I R IR O BRI BR A, i LA PP BE 5 J i 3
R R R AR B E K TR (B 4) .
X 2 e LA AP BE Y B R 45 L BT - 3- AR B BE PR IR A B B ] B R T, T H e WA )
JR AR TR S M TG 22 5 5 XTI i L R BE A BT L 855, BT 4-FR 2R 3-SR B RO B R AR
T, T-3-C B RS ERNE R B B = T80, I-3-C AR B B E T B 25 (K 4) .
X2 T M LA 60 &1/ LRI , 4475 7E 2min P9 B RERETL 4- FF 2L -3- SO RE -3 - TG RE |
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800 | y=415.72x +53.99 ~ 2500 L ¥ =13620.3x - 30.391 .
= 700 R?=0.9825 2 R2=0.9861
=T 600 - = 2000
BHE 500 22
£2 100l 22 1500
25 S0l 25 oo
AE 200 s
< < 50
s 100 2
0 1 1 1 1 1 1 1 1 ] 0 1 1 1 |
0 02 04 06 08 10 12 14 16 18 01 02 03 04 05 06 07 08
Ii-3- CARAE (z)-3-Hexen-1-01 (ng/2ul) e # enzyl nitrile (ng/2u
JIR-3- CAR R (2)-3 | /2ul 500 ZJi Benzy! nitrile (ng/2ul)
8000 8000
7000 y="7883.9x-79.254 . 7000 - y=11015x+21.32 .
N 6000 - R?=0.9832 X 6000 R2=0.9939
& 5000 | = 5000 -
[} [}
22 4000 L = 2 L
F2 g2 00
= § 3000 |- = g 3000
2 ool 22 Toool
e 0 1 1 1 1 1 1 1 ] e 0 1 1 1 1 1 1 |
“1o0oL 01 02 03 04 05 06 07 08 09 0 0.l 02 03 04 05 06 07

15|k Indole (ng/2ul)

R-Fi ¥y 4 (E)-Caryophyllene (ng/2ul)

B2 4R 2Nose™ Bl 2%
Fig.2 Calibration about 4 volatiles of the zNose™
A Jm-3-C 4% (Z)-3-Hexen-1-ol;B: 4 Z, i benzyl nitrile; C: W5t indole; D : (2 ) -f14TH5 ( E) -caryophyllene
B R B 38 R 80 + FRUEiR The data in the figure were mean + SE

JIi-3- ) BB BRI o 4-F - 3- oM B AE 45 I S %0 3]
TRRRTC R W, i o LR B 20 T AR AT, 5 DR 3- 4 s B AE 37
)5 6min B35 TR 17 06 5 T - 3- % s P S R T 7E 453 45
J& 10min 7 B35 BRI W, 3X 3 Fp i 0 I B B 7E
Y3)& 26min BVA] FRESLFRIAB] K (B S) .
3 itig
3.1 GC-MS 5 zNose™ %t 25 R B &% S IR W5 &
W57 HLE

RAEZARIRIH z2Nose™ KA M S K E (LN 20ml  H
AR 1m K, H T A0 25 ) 755 R B0 LA SR
TH EEBREA, AR RIER S L
WK EES SRS GC-MS 25|48k, {H GC-MS ki
By zNose™ i i 1 R 11L& 4 , 3X 7T BB 2 IR M i 4 R
By i 0 3 7] W iy 7 25, TRl L TS 45 & SPME-GC-MS
SFARBOEE MBS GC-MS 5 zNose ™ EZ R
R IHEFRRNERY T 4 FASHHEN SRR —
SEZE5E 3 AT B85 B 7 v i R SR AS [R] , SR [
S8 7R — B0 LA B T R SRS A A Y0 25 A 0 i 2 R[]
B3,
3.2 MBI S54SR R R

zNose™ GC-MS
Mi-3- LT (2)-3-Hexen-1-ol 8 # ZJi§ Benzyl nitrile
® 3] Indole o (R)-f 1 #(E)-caryophyllene

B3 GC-MS & zNose™ JUI15 A Sk 5 5 J5 2 & 4 o - 3-
BRI I () - 4 T R X & B i Lo
Fig.3 The comparison on the relative contents of (Z)-3-hexen-1-ol,
benzyl nitrile, indole and ( E ) -caryophyllene from tea plants from
infested by Ectropis obliqua Prout analyzed with GC-MS and zNose™
P B - 3-C AR A M W51 L () - A AR X 2 B
I+, * FRORTR — Yy B AR X B [ s Uk 1R 2 5
AEZFEP>0.05,Til|%;) The data in the figure were mean about
the relative contents of ( Z)-3-Hexen-1-ol, benzyl nitrile, indole and
(E) -caryophyllene, those in the same volatile followed by =, =
between different measures meant no significant difference at 0. 05 level

by Two Sample T Test

HIPVs R 22 f W7 T 51, — 77 T ph A ik B R RS AR U 5 | A2 , 3 B 7 A S LR 5 T
T3 — 77 WP K B R R R O s 5 S R AR R AR AR AR TR, A IR N R IR (5 S 15
B o ASEIhE A BRI TR , BB BB L, B B AR O 2 RO MR i 4l s AR /gt
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o % BEEER-HE Young leaf lightly scratched
= o BRI Young leaf middle scratched
e H FER-H Young leaf heavily scratched
o H B EER-Z 1 Old leaf middle scratched
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Fig.4 Change in the amounts of 4-methyl-3-pentenal, (Z) -3-hexen-1-ol and ( Z)-3-hexenyl acetate produced by tea leaves wounded mechanically

with different degrees
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