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0.1~100 pg/L SEE N, tRAKFA2-WHERRBUBRE AN ST RN EHERERENIE
ERFHAM XA, HXRK r>0999, &l R4 H 0018 F10.023 pgkg, £ ERLFH 0.059
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2006; Schrader et al, 2010; £ [E##, 2012; Zhang et al,
2016). Z P& (Lindholm-Lehto et al, 2019). &5 /K&
(Schrader et al, 2010; F %, 2012) 1% 3% (B £ F,
2010) %5 7 125 Mt B3k B3 R A 352 B8 7K 7= & o 1) B R
o FRT, 56t R R 2- 1 3 S5 2k 45 i I 2
B FEEAEE U (Grimm et al, 2004; Howgate,
2004; Robin et al, 2006) . S A {7 75 (Howgate, 2004)
FVSAH AT — R BE 12 (GC-MS) (R4S, 2020).

GB/T 324702016 (FKAR1EZ, 2016) M T T as [F AH %
AR S €035 J5 T B P 3 00 2 A T AR K B K R
K = RBR R 2-FF LSRR, A I 9T (5K 15 4,
2009; T [E#%E, 2011; Deng et al, 2012; J& 4,
2015) 48 T R ik 7818 — AR S AR B — A s
Jo R B 1k I %E &% f4 (Silurus asotus) . % JE
(Oreochromis mossambicus)fJL A H () 1 BLIR 25 Al 2-H
FESFIREE . Ruan ZF(2013)2R FHEFEAR I CAE B2
B S AH (3% B 15 B 1192 (SBSE-TD-GC-MS) il & K 7
HiE(Salmo salar) {JLPA A ) £ SR R 2-F 3 S 3 e
o, R RIREINFREIERE 93%~96%, {H 2-H 3
SEIREEINAR FTCRAUA 23%~30%, AN Tl 2 KG 75 2R o
SR A 52 K7 R R LR RN 2- S IR A
w, AR 5T R T A [ A L K BT (headspace
solid-phase microextraction, HS-SPME)# B 1 4 /1 11
TR, LIS S 1-ZE B oA AR . S
T O I T A AT S T R I, B A T A0 A
H - LR ZRRN 2-FH 3 S ik I ARG I O i, A FRAE K

vl S A 0 J IS8 I R RS T Tk

1 #HREH%
1.1 {22E. iRFFdf

7890A-5975C M (41— i Bk FHAL, G1701EA
Jiilk TAEu, . Agilent2y ), SERE; T10 5L, IKA
NHE), 8 ; SPMEFAA. 65 um DVB/CAR/PDMS#E
sk, Sigma-Aldrich/Aw], JEE; DF- [ 4£#H, )
IR RE RS, VLIRS IR ISP AERT5 40 mLT =S,
iR AR A R AR s LD6100-1 HLT-KF,
W PRI B A BR A

100 pg/mL + RLBRZE RN 2-H 56 5 2 B TR b o
W, -+ S -1-ZE AR HEY) BT . Sigma-Aldrich
A, RE; WEE. Ai%4; Ky Milli-Q Gradient
EETIK,

WLIAI ¥ i - #1471 (Carassius auratus) , & ffi(Channa
argus). # R, Hiffi(Ctenopharyngodon idellus), B4,
N JE#H(Ictalurus punctatus) . {Ef%(Aristichthys nobilis) |

#Hl ff1 (Cypriniformes spp) Al i & 1 (Megalobrama
amblycephala), 7£ V01|44 BUAR H 28K 7™ it & i 1
K, BEPLEL 10 BB, B E@REE A, HEACRES
SLEPREAY . FEA, 0.5 h JFIER R E, SUtE
WLRER 5y, KRGV 2~3 em R, FHY BT AL
WEE, B THELET, I T-80CHRALE KA T2 kR
PRAFE, A Bk BER S AK Fe e H

1.2 SLGAE

121 #e#l&  WERPREURES 10 ¢ FEHIZE 0.1 g)
T 40 mL TR A, A 1 pg/mL -+ 50-1-250
VW10 uL AE AR, FLA 10 mL 585 7K, T4 e
I 3 min, BFEERSERBERE, BRAMEERET, &
122 M= EAAMFERFERE LR EH 2-F AT %
B Gk 1L 5 — K] DVB/CAR/PDMS #:
BCLEF, F 8 FARAMEREIERE D 250CTF 24 2 h (R
SRR ZIEMAR, F7E 250°C AR 30 min,
DRI 25 T 68 R 6 ) 47 1 1 o

SPME #HU . 2545 #F 5 A T00 2 S T 1 1 Bt HE
& E, T 60C/KBHFH 10 min, ¥ SPME #1454
ATES A (& 65 um/30 pm DVB/CAR/PDMS #£H
3k, fERIETT 250°C FALEE 30 min, DARGAEAR 25 0] B
W BT A2 e PR I A) T A BCR AR T s i P A
PEFEHE R 1000 r/min 247, T4 20 30 min f5 B,
R A S ETEYFERE T, f#I S min, ff SPME
22 S U W R 0 4 P I A v iR T A
BRI Al i GC-MS #EAT/Hr 45 5E .

123 £ &Rk FE A 2-F AT R BARE TR R

0.1 pg/mL + SR Z A 2- 1 3L 55 R IR A s v i
A MEFRFL L 100 uL 100 pg/mL 1 R bR 2 2- 1 3
SEIRBERAPREE T 100 mL 2, T AR R
ERS, A, &R

1 pg/mL M- 50-1-28 M NARAE 200 . TR AR
Ul -+ 2 -1-Z8 W bR vEY) T 10 mg T 1000 mL 2
M, R ERR . A, B, &H.

+ RBRFE A 2-F L R I EER A bR v R A TARW -
FREL 10 g 8 F/KT 40 mL TS, MIA 10 mL 2%
BTk, ABINA 10, 20, 50, 100, 200 1 1000 L
0.1 pg/mL + SLMRZFE A 2- 1 3 5 B IR A5 b o it 45
W, 10 pL 1 pg/mL G- 50- -2 M INFROE R,
PES), SRS 0.1, 0.2, 0.5, 1, 2 Fi1 10 pg/L
R R 2-F I SR BE R SN AR T AR
124 BB IAEEMN 384 . HP-5 ms 39PE B 40
FHFE(30.00 m x 0.25 mm x 0.25 pm); F2FTHE: HA)
i 60°C, fA4F 4 min, SRJ5LA 8.5°C/min F+% 200°C,
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4% 15 min, LA 20°C/min JFZ 250°C, {£+F 2 min;
PEREITIRE 250°C; #<: He, %t 1.0 mL/min; f#
W 250°C, fRMZESTE] 5 min, ANAsiaEeE
R 2R 260°C 5 B FURIREE 230°C; PUMFT
JFE 150°C; HFRER 70 eV, A SIM BEH
PEE T, L RIRERWME T 125, 112 F197;
2-HI IR FHE T 135, 108 F1 955 M-
TE-1-ZEBm AR E T 136, 94 1 121,
1.2.5 AR TAE W & 20 Ao AE B AT ¥ 18 bk
I S S, T GC-MS 48, DIARIER
HRREI 2H 43 ) 06 TR R DY b g TR ) B R A B
R 1 V8 H 5 00 26 1) ¥ 3 0 DA B VA B8 1) B (L Dy A
AE BRI AR E TAENZE o ZEARR) 2500 R I AR, A
PR TAE M2 FoRAGHE S £ RBR R 2-F L 55 7%
P (1) B i o

2 HR5iTe

21 REAEIRE

E NAMNE &+ RIKRZEF 2-H B 55 e p $2 U
2 F B T 2RI — AR GIAR B | T002s (51 fcA JORT
oA R AT A B A B A (TR 1 5, 2009 [ 45,
2011; Deng et al, 2012; J&ZFifE, 2015; K HRA %,
2016) fHCIE ZE 1R B2 B X0 A5 BRI % | il 2808
A (] A2 RS S AT InIA B T30 2R BUT
HIAXES R Z o GO, AN [R) i BRI 285 () B ip
fi FHZ A — 20, AR MESE — Tl itk A6 B ) 5 R[] 4 b S 55
Mo BUBIMEA LR 2B, AP EA 70%~80%
By, TR, R T K R A K 2R,
KA AL4H Without NaCl
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8] 30 min, ZXEUEEE R 60°C, 25k B 450
300. 600, 900, 1200, 1500 12000 r/min X} % U

TR ARG BEAR HIUCEAF T, K ATEE E
Y BE TR, METERERE b, R R 2-
S R A ACHE , SRR IR A A, 2 Se gl R
M E AT PE | RRE TR 22 o AR T ik EF TOU s 11 A ol A B A
I SRR RN 2- T L S SR, AR IBURE A = A S AR
R K E 5T, SR 60°C T2 [ AR i AE B % H A
AW REAT PRI E 5, AT AL BEERARE T B By it
e, ks EIcsese | SERRRE A E SRR, R
FEWOT i BA R BB, nlh R R RRER
1 2 P S 3 e PO A 0 7K

22 EERMERFAREFEMEL

221 HRKL#B SungZ#(2005) %} + Rk &
FT 2 PR S I B B A v R S iR e B AT T F
4%, 4¥HF TPDMS. PDMS/DVB. PA. CAR/PDMS.
CW/DVBHIDVB/CAR/PDMS%: 6 Fft A [m] W i 44 5 Xof
TR A JIR AR A o B W BT RIOR . 45 B, DVB/CAR/
PDMSXJ -+ 5L 22 i1 2- 3 S5 30 s 1) A6 USSR e it

S B A B DVB/CAR/PDMSYE 1 + Rk Z F1 2-H
F ST IR A A Bk .

222 NaCl thi# BAR AR U, — kUL,

JA NaCl B 3RA3 58 2 BGIOR , (B i T PR
FER MR 4382, I NaCl 2 S8 A b 2 Fh
T W R R84 R P B W B T AR Bk, ARGk A By ik
S A, DT - SR Z RN 2- 35 S ¢ et 114 W2 o
RRAIG - R BR RN 2- Y 3 S 3 1) [R R | S 5% ) £
RUR N 2-F L S IR A E i, P4k i Al
ST, AR R LA 1, S Ak
FEAEBGL R R TR N NaCl,

10 000 ~ A ALST With NaCl
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1: 2-MIB; 2: cis-Decahydro-1-naphthol; 3: GSM

FISEI, SCERAE R ULIK 2, S5 RFEW, + RIREM 2-
FF L S R 174 [ A i 25 0 P 2 o X B8 RT3 G, 24
FERE R L 3] 1500 r/min Z )5, PR IEAE T E .



2 R 42 4%

170 i R A &
S i 24 7 BEFE R R 1500 r/ming

80T

B[R Recovery rate/%
W N ~J
3 3 3

N
S

= T REGSM
—o 2-FE R IKEE 2-MIB

300 600 900 1200 1500 2100
3£ Rotating speed/(r-min™)

B2 AR PR O TR [ 3 A4 52 1 (n=3)

Fig.2 Effects of different stir speeds on recovery rate (n=3)
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Fig.3 Effects of different extraction time on recovery rate (n=3)

225 HFREE A U B X AR B SR A W T T
SR, — 7 TR I BE T e AR T SRR A 2-H S K
BEMHE K, WA & s 53—, IR TR,
i w7/ Dot S N1 Rl S R i =71 o
PEHCAEBCA [E] )9 30 min, & 40°C . 60°CHl 80°C X}
SEERZE A RE N, LA 5 A SR R 2-H I S R
TbRECR, Z5R LR 4, 455K, FBGREE N 60°C
ISR CIE & S T a=
23 TEEFERERE

AT SR A 2-F B S5 IR R 2P R MR
ARRE, Gk, AUFCRHAMRE R bR (-
T2 TR bR e 5, 25 ILE 5. S5
R, AMPREE B EICERAE 40.6%~46.7%22 18], bR
[FISCRAE 70.6%~72.3%2 8], PNFRTZE B [T IR B

TAMRE . I, PR ARRIE R £ A SRR E A
2- PR S BRI O A 07 1
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Fig.4 Effects of different extraction
temperature on recovery rate (N=3)
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Fig.5 Effects of external standard method and internal
standard method on recovery rate (n=3)

SIS VR T 2-57 T 3 -3 B AR R RIS+ -1 -
ZR 2 5 Hbs b S Ak 2E e AL L Wk ST Y Y
FRB AT Inas e 525 . g5 R oR, -+ 4&-1-
ZEME bR, - SR ER R 2- B I S Bk [T A Ay
B T1.2%H169.1% ; 1M FH2-5 T 3-3-F AL 1R 0
FrR¥, SRR FN2- FH L R B DS 3 43 1R 57.3% il
48.9%. P, BRI -+ E-1-Z8E 1 I bR .

24 ZMHEE. RHREMESR

T RURFA 2-H IS5 BER A bR i R 5 TAER
3401, 02, 05, 1.0, 2.0 A1 10.0 pg/L, Wizt-+5
S1-ZEM (AR AR BE 34 R 1 pg/L B ERE I 2 o Db
T80 H 0 2 4 5% 6 T REURIT PN s 0 T R AR B AR R A\ A
Tk, AR HP 0 3 A e B R R e B8 ) B A
BEARAR, SHIARE TAEMZE, JFa0TH . B f
o tH R BE(S/N=3.0, P/P). feflliE ik B (S/N=10.0,
P/P), +RRZEM 2-H AR HKEE GC-MS L& T i &l
L 6, RPESER . MIE AR FHOCRE. Kb R
PR ILE 1,
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8 30000 8% GsM SPiifn . Bt BAEMA BT S RN 4 DMRES
Saso0) amee TR E S2s, ARSI 20 BRI, 4 Fhfa ]y
2 20000 o B S P LR 2T 2- FF 5 3 0 W 4% SR A X A
i :Zggg Lnapibo WG 22 (RSDYEI/IN T 5%, DA% 77 o BLME 4,
5000 2.6 [EERSIG
0 S e — s
o o) £ R 0 I HEAT BT S0 L R IR

A ] Time/min

K6 LRIREK. 2-H AR IPE A -+ - 1-251
(PR BRI LS 73t 5 (5.0 ng/mL)
Fig.6 Total ion chromatogram of 5.0 ng/mL
geosmin, 2-methylisoborneol and cis-decahydro-
1-naphthol standard solution

SR 3, MNEIFTLIER, &K ImAR K
FN 68.67%~80.30%, 2-H IS BRI A kg [FIUSCR Ay
62.67%~83.40%, FHXTFRAEIR2EE/NF 10%. HI kAT
U, %05 1k RE A v I A2 41 1A LR RN 2-H 3RS

REEH i

F1 IRREM2-FERTENLMERE. OEFFRE. BXREH. RHRMEER

Tab.l Regression equations, correlation coefficients (r%), detection limits and quantification limits for geosmin and 2-methylisoborneol

415y R 1 )7 2 Uicoriia iR EBR
Component L1/near. ra}{lge Regression equation Corre.la.tlon Detection };mlt Quantlﬁc.atl(g? limit
(ng'L™) coefficient /(ug'kg™") (ng'kg™)
TR E GSM 0.1~10.0 Y=10.80%-0.153 0.999 5 0.018 0.059
2-H 3L 5 ¥ 2-MIB 0.1~10.0 Y=4.77%+0.265 0.999 7 0.023 0.076
*k2 BEELRER
Tab.2 Results of precision test
WA R M %E 45 Determination results /(ug-kg ") SEHH RSD
Item Sample 1 2 3 4 5 6 Average /(ngkg) /%
+ KR fifif, C. auratus 0302 0312 0304 0322 0310  0.309 0.310 2.27
GSM 544 C. argus 0215 0225 0208 0226 0211  0.237 0.220 4.97
% k£ Tilapia 0247 0253 0238 0.248 0.251  0.255 0.249 2.42
RS X RHM | punctatus  0.325  0.304 0306 0.293 0311 0.321 0.310 3.78
2-Mskms fillfn C. auratus 0.152 0.149 0.158 0.146  0.155 0.144 0.151 3.54
2-MIB 1344 C. argus 0379 0355 0.383 0356 0378  0.372 0.371 3.24
% k£ Tilapia 0.172  0.173  0.175  0.182  0.166  0.179 0.174 3.22
BE 5 X RHM 1. punctatus 0.159  0.157  0.165  0.169  0.153  0.171 0.162 4.43
2.7 EBREEmINE
3 it

RPEE TR G I, FEAK T S As |
fo BHEf, Ffa | ik SR E At L RRER
1 2-HH L S BRI S, MRS AR 3 IR, 4
VLR 4, wfa SCBREE IR PR E LR 7, 7 Fhfa
K+ RR RS 0.179~0.306 pgkg, 2-H RS
IRBER S H ol 0.222~0.531 pg/kg  7ESEBRRR Sl v
HErfb B RN oy 88 RAF, o T4, nli e
0 TR HY A LI R 2- P R S R 11 2 1 R

£ A P R R R W I o R A R
2, KR AR — B4 52 e id . LR A hy
— S £ P AR A R T AT, i ORI B X R
K, TRV E L, HAMXERE R . ATk s £: 0
2 [ FR R A BRCEE ARAE Ry 4 IR R ) o %) B BRI B 4R
e, RUALBETT R, N A PR, AX IR
BTG G o FREUA A AR R IDA SRR R B B 4K, 205,
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B 11 PA) P Y b SRR ZOR 2-FP R S VA i T K AR
LTS (S AR O F AR YT #EA T SR ORI B 4, DU
-HE-1-E=EB A AERY), it GC-MS &b, Al
R o A P A XU B2 0 b SRR A 2- R S
WA T, KBNS, TIEREEYNT 5%,

+ R R IAR EIR N 68.67%~80.30%, 2-F1 LR
IR ANAR MR N 62.67%~83.40% , FHNTAR I I 22
BIUNTF 10%, R 7 15 nl il 2 A+ Rk R
2- L S SR P 1) S A 5 2, O AR SR SR BB K ™ i 5
WAy S5 RO o A T 9 o

®3 EKEIZBERN=3)
Tab.3 Spiked recovery of different feed material samples (n=3)

WA B A JEAE o 5 1B [l g 2% SR i3 RSD
Items Sample Backgrolllnd Added anlgunt Measured Ylalue Recovery rate ~ Average recovery o,
Apgkg™) /(ngkg™) /(ug'kg™) 1% rate/%
+ Bk il r 0.310 0.30 0.529 73.00 70.4 3.22
GsM  C.auratus 0.519 69.67
0.516 68.67
1.00 1.045 73.50 71.5 4.61
1.113 80.30
1.098 78.80
2.00 1.858 77.40 75.6 2.35
1.823 75.65
1.787 73.85
Wk 0.249 0.30 0.466 72.33 73.9 4.87
Tilapia 0.483 78.00
0.463 71.33
1.00 0.987 73.80 75.7 2.40
1.023 77.40
1.009 76.00
2.00 1.811 78.10 74.1 6.53
1.756 75.35
1.623 68.70
SR 0.151 0.15 0.249 65.33 68.7 6.80
2-MIB  C.auratus 0.251 66.67
0.262 74.00
0.50 0.568 83.40 78.7 5.64
0.524 74.60
0.541 78.00
1.00 0.956 80.50 77.6 3.80
0.928 77.70
0.897 74.60
Wikt 0.174 0.15 0.276 68.00 66.9 5.67
Tilapia 0.268 62.67
0.279 70.00
0.50 0.538 72.80 72.1 3.31
0.544 74.00
0.521 69.40
1.00 0.961 78.70 76.1 3.16
0.929 75.50

0.914 74.00
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Tab.4 Quantification determination results for 7 fish muscle samples

. . WEE Pl
Ttems Sample Measured j/lalue Average \ielllue %
Angke™) Angke™)
FE i 0.302 0.306+0.012  3.90
Bz  C.auratus 0319
GSM 0.296
R ] 0.220 0.213+£0.009 4.28
C. argus 0.217
0.203
Wk 0.195 0.187+0.008  4.18
Tilapia 0.188
0.179
=R ] 0.304 0.305+0.007 2.18
C.iddla 0.299
0.312
yiaa 0.211 0.204+0.007 3.22
A. nobilis 0.198
0.205
e 0.189 0.179+0.008 4.86
C. carpio 0.172
0.177
RE 0.236 0.232+0.005 1.96
M. amblycephala 0.227
0.233
2-FI3L i 0.359 0.353£0.019  5.40
S3xms C. auratus 0.368
2-MIB 0.331
196 0.344 0.344+0.015  4.52
C. argus 0.329
0.360
Wk 0.266 0.255£0.010 3.75
Tilapia 0.247
0.253
B 0.500 0.531+0.028 5.35
C.iddla 0.556
0.537
iz 0.264 0.257+£0.006 2.36
A. nobilis 0.252
0.255
[gEe] 0.227 0.222+0.009 4.38
C. carpio 0.229
0.211
KA 0.362 0.350+£0.016  4.57
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Determination of Geosmin and 2-M ethylisobor neol in Fish Muscle
by Gas Chromatography-M ass Spectrometry

ZHANG Yanhong'*”, LI Dexiang'*’, ZHANG F engping1’2’3®, ZOU Changjian'**

(1. Schuan WItest Technology Co. Ltd., Chengdu, Schuan 610041, China; 2. Key Laboratory of Aquatic, Livestock, Poultry
Nutrition and Healthy Culturing, Ministry of Agriculture and Rural Affairs, Tongwei Co. Ltd., Chengdu, Schuan 610093, China;
3. Key Laboratory of Aquatic Healthy Aquaculture of Schuan Province, Tongwei Co., Ltd., Chengdu, Schuan 610093, China)

Abstract Geosmin and 2-methylisoborneol are semi-volatile, off-flavor compounds with similar
chemical structures that are produced by certain species of actinomycetes, fungi, and blue-green algae.
These off-flavor compounds tend to bio-accumulate within fish, depending on the concentrations in the
water, the water temperature, the fat content and mass of the fish, and other abiotic and biotic factors. It is
necessary to develop an accurate test of geosmin and 2-methylisoborneol in fish muscle to improve the
quality of aquaculture products. A novel qualitative and quantitative determination method for geosmin
and 2-methylisoborneol in fish meat was established, using cis-decahydro-1-naphthol as an internal
standard and headspace solid-phase microextraction coupled with gas chromatography-mass spectrometry.
The method of geosmin and 2-methylisoborneol extraction and quantification in fish meat was
investigated, the conditions of headspace solid phase microextraction were optimized, and the adaptability
of the method was examined through the measurement of actual samples. In the range of 0.1~10.0 pg/L,
the ratio of the peak area of geosmin and 2-methylisoborneol to the peak area of the internal standard was
linearly related to the ratio of the mass concentration. The correlation coefficient (rz) was > 0.999, the
detection limits were 0.018 ug/kg and 0.023 pg/kg, respectively, the limits of quantification were
0.059 pg/’kg and 0.076 png/kg, the average recovery of the three concentration gradients was
68.67%~80.30% and 62.67%~83.40%, and the relative standard deviations were between 2.35%~6.53%
and 3.16%~6.80%. This method is highly sensitive, has good repeatability, and can be used to determine
the geosmin and 2-methylisoborneol contents of fish.

Key words Headspace solid-phase microextraction; Gas chromatography-mass spectrometry; Fish

muscle; Geosmin; 2-Methylisoborneol
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