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11.27), (1 216. 67 £ 57.74) . (1 650.00 =% 50. 00) F
(3 050.00+86. 60) @ ITi4 3 &, 534 T 2018
A5 7 AR LA G R LA 2B SR AR A | R T
B FIAR LA 6 2, TN % 58 3 2R K SR 7K B X 4 5% 4
Jr 2 IWARME & F LR 2R 8 37 58 375k G 3K R G 57
BT P MARDRLA) Sy e i £ JC A RDRE 6. 0 (BT
R A R AFD . REM MBI L MS-222 K
S s I AR FIACER , AR 5 BROCHSE JUL L 0 A £ iz 20
B 234893 (21 em X 23 cm, HandheldVac, 1 [H) ,
i B G B LI S S N R Sy N = 1 R BN M iy = e
—80 ‘CUKFEIRAT

W1 LKEEA HeCl, [, B RFE A 3 A E
=20 0 G B BT g = =1 B WA EW @ TE =L 71N
1.2 KR KREEENE

FRIE K L (D) R A (DO) (pH AR B

IR YSI6920 2 S 50K i 43 BT (Yellow Springs
Instruments, USA) #£47 30 2 .

IKFEACR G+ 4% 500 mL 2 98 5 T 00 S 2 A
(TAN) W AH A (NO; -N) VB & (NO; -ND iF fitE A
BB (DOC) R i P 15 1 Bl (SRP) 25 7K i 48 A5 5
SR BE I 75 D A2 A R R A L3050 40l o
JEE I R G R FH 2 LM R 55 1 o3 Y BE T 5 L
SR T P A P AR Y 00 A A L PR A ML 43
P (Multi N/C 2100S, AnalyticJen) Ul %E . A&
[ 500 mL KA H T S A (TN LBV (TP) AL &
I (TSS) . TN Al TP i &% B2 41 314 b 2 ) 2
TSS A E (GB11901-89) ,

WS 435 URE it s 2208 VR T8 DI UMD )5+ R T
KA 2 HL R & A1 VRS i 1 2
TR
1.3 LREmRYI RO Hr
1.3.1 2R AR B SRAGEZE MR E (LA D
PRI A 2 i - U R I - S AT %5 350 W
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Fig.1 Sketch map of experiment apparatus for microwave mediated distillation

B 10 mL 1843 F 20 mL TaS L (€ E Agilent 2
"D LA 3 g NaCl FIRURL 3 1 PE 1 S B
PTFE %2 RERR ICH A 25 25 1. 8 T2 O & T A
W19k G IKA® RCT basic f#AIRE T3 hit A5 75
IKA A &) _E % 50/30 DVB/CAR/PDMS #: B 3k
(£ Supelco 23 A 4 AR P T00 25 0% Bt 40 $F 3
J# 1500 r » min ',60 ‘CZHL 45 min, Bfi)5 B 25
S U A A 35 B AL (& E Agilent 28 5D #EHE
H AT S RS- (GC-MS) BRI 04 .
L.3.2 ek nl . GC-MS B Y o3k
b HP-5MS F 4045 F: (35 E Agilent 24 7], 30 mm X
0.25 mm X 0. 25 pm) s R A IERE JERE F R EE

250 C, 1 f#Hr 15 min; F2 )5 FHl: #1340 C, R £F
2 min, Lk 8 °C » min 'FHE F 250 C,ffFF 10 min; %L,
A:HesJiiim:0. 8 mL » min ' ANARI RIS T
PR BE 230 °C, AR F 2 il B2 280 °C, $dli R 4R : TIC
(Total Ton Chromatograms, & 5 T i @ 1% &) ; EIC
(Extract Ion Chromatograms., R A EE) , GSM
1 2-MIB # 7€ R AR 25 1 B b om /= 4350 O 112 F0
95,
L4 BRSO

Bodg LISEIE 22 (X+=SD) k. K Kol-
mogorov-Smirnov ;561 Levene ¥ 56 7 1257 B W4 7%
P IE AR e Ay 22 55 MR . AT & IES A
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Hor25% A 22 7R H ANOVA R J5 2 M Tur-
key ZH WL AT 70 . AH G 20 R ] Pearson
IHTIT e, 2K SE P<C0.05, T it i SPSS
19.0 3R FSE8E,

2 4

2.1 MIBAFARPHLIERYRESEER
WA [ ZH 20 R i MIB F GSM & &1 WK 2. 1
JHRE L LA R £a 2 vy MIB 5 i 48 GSM 55, MIB il
GSM TEFE P B 2 ORI S5 e 2, &
ZESEOTHTAR L IR LA A8 fz b MIB i GSML 5 i
FEAE S35 25 7 (P<C0. 05) . MIB 7£ JFFHIE  LPA A £ iz
Wi B R (2. 8940, 34) (0. 94 0. 20) Fi1 (0. 28 +
0.05) pg+ kg "o GSM FEJIFIE LA Al Rz b i 5 &
A3k (1. 18 420. 08) . (0. 63=£0. 08) 1 (0. 12£0. 03)

pg kg,

%]

4 1 mmm MIB 1 GSM

=

251
2.0r
151
B
1.0r
b
0.5 .
=

0.0 ]

AFHE Liver ALA Muscle £ 7 Skin

20 41 Tissue

¥ Concentrations/pg-kg

(R RE F-BERR MIB & S eI SR [ 21 210 22 57 . 2% P<<0. 05, A~
[f/NE 51408 GSM & T TEUT Bl AN [/ 2H 21 1] 22 53 . 2% P<Z0. 05, Dif-
ferent capital letters indicate that the concentration of MIB varies signifi-
cantly among different tissues of rainbow trout P<C0. 05, while different
lower-case letters indicate that the concentration of GSM varies signifi-
cantly among different tissues of rainbow trout P<C0. 05.)
K2 STERFEIZZIH MIB A GSM 5 &
Fig.2 The concentrations of MIB, GSM in different

tissue of rainbow trout

2.2 NEIMBITEE RN LIERY RS B

WNEE 1 B 7R A TR AR B e fi, A AR K N
FRATAE BT (P<0.05), IeAh, B 25 f i R 16
R HAT U & s

AR AT 35 UL MIB F1 GSML 5 540 fE] 3 Jir
71N » PRI Jo 55 2 RS HE 00T i AN [+) ARG o
A A7 il g Jo 5 22 S e HL R 2 (MIB: P = 0. 0035
GSM: P=0. 002) , ST fiff (A Py 3 Foft 40 Jo 5 23 S MM C
D i S TR A (P<20.05), Bk B 5 A

S T W22 7 (P>>0.05) . F34bh. 4 A FUAS 1) b
ALyt MIB & T GSM & i, Bk C F1 D i
g LR MIB S T 0.7 pg » ke '3 BIEE] T
(0. 7940. 12)F1€0. 9440. 20) pg + kg ' 4 MK
WCE L GSM SRR T 0.7 pg - ke '

F1 FRAARMENFEFRKRESE
Table 1 The length, weight, and fat content of

different sizes rainbow trout

itk UNEEY (IS fg &

Sizes Weight/g Length/em  Fat content/ %
Fikg A

. 351.00411.27¢  27.5040.87¢ 4.134+0.58°
Sizes A
Hitg B

} 1216.67+57.74°  42.50+1.80° 5.1640.19%
Sizes B
Kk C

T 1650.004£50.00"  46.004-0.87"  7.980.58"
Sizes C
Fikg D

. 3 050.00£86.60* 55.8340.76*  13.23£1.09"
Sizes D

P < 0.001 < 0.001 < 0.001

2 AN F) SRR R AN 6] AR 1) 22 53 Wi 2, P<<0. 05,
Note: Different letters represent significant difference among different si-

zes, P<C0.05.

-1

1.01

0.81

0.6

0.4r1

¥ ¥ Concentrations/pg-kg

0.2r

0.0
FAEA #EEB EEC FAED
Size A Size B Size C Size D

HAE Size

(AR RE FBERIR MIB 5 5 7EA [R]RURR U 844 P 25 53 . % P <<0. 05,
AN FBERIR GSM F 5 FEAS [ FURS UL 88 A P 22 57 [ & P <<0. 05,
Different capital letters indicate that the concentration of MIB varies sig-
nificantly among different sizes of rainbow trout P<C0. 05, while different
lower-case letters indicate that the concentration of GSM varies signifi-
cantly among different sizes of rainbow trout P<C0. 05.)
K3 [ LAS A s UL rh MIB 1 GSM 5 7t
Fig.3 The concentrations of MIB, GSM in muscle of

different sizes of rainbow trout
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ZAHRME T R, BT L i MIB Fi GSML &
AT AR REIES R ERFIEMCKR (P
0.05, W3 2), ITH§E YLy MIB il GSM 5 i i {4
FAAHE R E0 14 0. 84 Fl 0. 84, 55 T i (A K Al #H 56
FZHr B R 0,89 F 0. 86, ST B LG & B A& &R
B4k 0. 80 1 0. 76,

2 AIEEKA MIBH GSM &2 5 M4 E,
FRERESEMEXED T
Table 2 The correlation analysis between the concentrations
of MIB, GSM and the length, weight and

fat content of rainbow trout

LIPS R (LSS Jig & &
Correlation coefficent ~ Weight Length Fat content
MIB 0.84" 0.89° 0.80"
GSM 0.84" 0.86" 0.76"

e FR AR R, P<<0. 05,

Note: * represent significant correlation, P<C0. 05.

2.3 BENLTERYREESKRHXER

2.3.1 REAFLSA SRR LMok S F  HREE I 6
AR PG 4TS UL MIB Fil GSM & 8 anfE 4 frR ., o
SR PR MIDB F i I 25 /55 T8 f R R 74 7 fe A 9 1)
(P<<0.01),3KF] T 0.73 pg «» kg ', AR MEEFIA PG 7 i
WL MIB &30l % 22 7, P>>0. 05, GSM iy & &
HEGIIG Ty« 4R fiek > By 06~ G PG 2 e, A e | T )
PO BER Y GSM 1 & 43 35 3 T 4. 58,0. 48 Al
0.02 pg » kg ', Frdi ] GSM & & 2 5 ik H B &
(P<<0.01),

N R 20214
5.0 a
l mmm MIB 1 GSM
Ton
-
&
g“ 4.0~ —
.g 1.0 — A
g
=
9 0.7 b
=
=]
O 0.5
i
¥
B B
] W
0.0 =
bik:ia T % KPGHEEE
Silversalmon  Rainbow trout  Atlantic salmon

2% Species

(NFRRE FREFRIR MIB & AR RS [R] 22 7 B 3 P<<0. 05, A[RI/NG
FhEF R GSM Fr B e A R AP E) 25 55 B 28 P<<0. 05, Different capital let-
ters indicate that the concentration of MIB varies significantly in different spe-
cies P<C0. 05, while different lower-case letters indicate that the concentration
of GSM varies significantly in different species P<Z0. 05.)
K4 AR AR LT 2-MIB A GSM 1#5 t
Fig.4 The concentrations of GSM and 2-MIB in the

muscle of different salmonid species

2.3.2 R} I FE KR KR gk ASCHE T 3 PRl
TR K AR K T A% 3 s . 3 Tk R £ 3551 K
PRH IR EE L pH B i S 3 L33 oy 15, 3~20..3 °C
6.85~8.46.6.96~12.05 mg « L', Horpr, dir il 72 5
FHZKIK IR B e« V5 i 480 & | B AR 43 00 2003 “C R
6.96 mg « L7, M8 AREEFICI b 13558 K 40
IR A ROK B K ERBE 430 R 0.2,15.0 F1 30 1,
B2 T W ol R A R K g RS A

x3 AEFEER EFREMKKER

Table 3 The water quality of the water cultured different salmonid species

KIE R SR K INT 88 55 5 FH 7K KPGHEEESR A K
o Water cultured Water cultured Water cultured P
Water quality . . .
silver salmon rainbow trout Atlantic salmon
18 Temperature/C 16.7+0.2° 20.3+0.2° 15.3+0.2¢ < 0.001
pH 7.50+0.01" 8.4640.01° 6.8540.01¢ < 0.001
ThEF Salinity 15.0£0.4° 0.2+0.4¢ 30.1£0.4¢ < 0.001
5 % Dissolved oxygen/mg * L7! 11.0040.3° 6.96+0.3¢ 12.05+0.3" < 0.001
2% Total ammonia nitrogen/mg » 1! 0.51£0.01¢ 0.00£0.00¢ 0.1840.00° < 0.001
iy % Nitrate nitrogen/mg « L ™! 0.1740.01¢ 2.09+0.01° 3.4340.07* < 0.001
WAH A Nitrite nitrogen/mg » 17! 0.10£0.01¢ 0.15+0.00" 0.21+0.01* < 0.001
16 PE# Soluble reactive phosphorus/mg « L1 0.9940.07¢ 0.0340.01° 0.0640.00" < 0.001
B Total phosphorus/mg + L~ 1.15--0.08" 0.1740.04¢ 0.4940,24" < 0.001
A Total nitrogen/mg « L7! 3.934-0.01¢ 5.4440.22° 7.5740.41* < 0.001
BEIFEYIE AR Total suspended solids/g « L 0.0540.01° 0.01£0.00¢ 0.14=£0.01¢ < 0.001

U P HFORA A 225 R, P<0. 05, KU A2 5 B35 5 P>0. 05, RUAR 2R AR . ARFEFRRK B E FIEARF K KZE S B# . P<<0.05;

AT F R R R B T AEAR R IR 22 R 235 P>0. 05,

Note: P value represent the significant difference among different groups. P<C0. 05 indicate significant difference among different groups; P~>0. 05 indi-

cate no significant difference among different groups. Different letters represent significant difference of water quality factors in different water, P <C

. 05; Same letters represent no significant difference of water quality factors in different water, . 05.
0.05; S lett p t gnificant diff f water quality fact diff t water, P=0.05
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S 2 S R S AR A [ AR A K VY e 5
K. 8N 3.43 mg« L7'.,0.21 mge+ L',
7.57mge L' 0.14 g« L', &2574500. T A K
JEFR R TE 3 Fh fik B} f 24 3R B K A [R] 4 A7 A B 25 5
(P<<0.01),

2.3.3 SARA LIRS A E 5 R oM x Xof fif:
FHfa A Py 9 1 R BR B B (MIB F GSMD 5 7K 5t R 1 34
T Pearson FHICPESM T 5 %W, fa K MIB % &t 5
JKIRAT pH B8 A E (LR 4, P<<0.05), 53R ¥,
VA SRR B B TR R R B U G (P <<
0.05), fafkrh GSM & & 5 2 A& G P A S 2 T
FHIEAHIE (P <C0. 05) , 5V AN AL Al AU /U 3 T
AR (P<C0. 05),

%4 fafk MIB# GSM &2 57k RIEXES
Table 4 The correlation analysis between the water quality

parameters and the concentration of MIB, GSM in fish

FH3E 2481 Correlation coefficient MIB GSM
15 BF Temperature 0.88~ —0.12
pH 0.85" —0.54
HhZ Salinity —0.78" —0.15
% fiit 4 Dissolved oxygen —0.90* 0.20
% %A Total ammonia nitrogen —0.69" 0.90"
fi§ A& Nitrate nitrogen 0.09 —0.95"
WAH A Nitrite nitrogen —0.11 —0.86"
16 PR Soluble reactive phosphorus —0.46 0.99*
S Total phosphorus —0.64" 0.89*
B A Total nitrogen —0.10 —0.87"
MBI EA Total suspended solids —0.63" —0.38

e IR E S, P<0. 05,

Note: * Represent significant correlation, P<C0. 05.
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I JUAF S B e R 0 208 174 o P AR (1) A ) 4 1
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R (0. 7340. 22) FI(4.5840.23) pg « kg 'L HEHT
AR EHE 0.7 pg « kg 1o SN F8 dN 750 fi:
Bha ) LR AT T RS AR O R A - iRl 4
&Py MIB 1 GSM 19 & 5 S 0~0.99 pg « kg ' FlI
0.1~7.2 pg « kg "7 F0 40 2545 B 2 1Y) £ R Bk
HH A Sk o A A () 700 7 B B 5 D vp A O A T
PRI s B T 6 28 - JUR R 7 A R 4 A 1) PR 3R T #1288
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3.2 MIB #1 GSM 7e ST 8544 14 1) 53 76 AR 12

KA B A 2 R ) 5 A L o IR SR A B
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MIB FI GSM F £ i o & 395 S R A7) o 420 7 A i JH- Jok
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Ky 10 £ HFREH GSM 1 & &2 LR 9 2 5.
i Hg 10 £, DRk, MIB Hl GSM 7E f 4 o 19 43 A
D2 ZUAS [R] T 5 5 AH H T LA AR R ZH L TR RE AR 2R
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XF R BT ) R IR AR IR AT AE

A S5 TN A5 5 E A [ A o 8 o 0 A AR
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1 MIB J& TR TEIL &9 R ZENR B h B R, GSM
I MIB T A A 114 5 46 R ) B T AR N 17 &5
SCIMTE 1A [) S 1) e e AL A A 25 £, SR WA G 5 5 Bl
TS B b AR O o B A T L O
MIB 1 GSM & & 2 1EAHSC . HHBIAYEZ . Yarnpakdee
SN R B A A e AR LA MIB i GSM 7
WA, B P B AR (Oreochromis niloticus ) FIHE 55,
BHT85(Clarias macrocephalus) JEER LA NG W55 1 36
LA F 5 E LA GSM f1 MIB i & i 5w T
FULAH . I IR S B AR NS EEES
i) GSM #1 MIB,

R IR T EER T KA. Petersen
ZEPURFSE T KR H MIB AT GSM. 5 L 8 44 P4 1y MIB
T GSM K& F8 K P i GSM it 20 ng « L'},
96 Y0 1 A7 SR ZU A R AR TF 10 ng « LA, 189011
A SREI H R . Petersen 55 @RS i LR o 6 11
UM 5 FL R K A GSML A MIB ) 55 it 22 FLR
REMETT 10 ng « L1, ARG 4510, KR & ERERE
M) 644 - IR DR BT 1 A L PR, TE SR AR O R Y
F SR BORIRFE KR 4 R T 1 75 i BRI
3.3 BFENLIEKRYREESKRHXER

MIB H1 GSM J& it G40 » 322y W5 S B AR
PRSP A R A TR R
i MIB F1 GSM [ 27020, A I, 45 ) 35 FE /K 4 o
IO T ) 80 e R R e DB IR [ 830 %) SC B, T 7%
FEKAR PR E MU RE T S5 40 S D RE 5 /K B R AR G

ARSI E S A s A N MIB B i 5 KR A
pHERBEFEEMILEXR., REMNARIEES T EZ
7= A2 MIB AR P AR 2% 5558 (pH g 8~
9) 5P RE A 1E 2 4 B 8 R B S R B AR S A
WL S5 AR K A A S5 B (PH=38. 46) . DRI L IR i
20 °C F10i 553 B PR 1) PR BT FT RE A #F T L L8 MIB 1y i
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PR AR AR, 80" B KR MIB 3%
Flfafiod . ARSCP AR ST £ B AR ) GSM & &
EFRBE KA R B ZUR S R A T P v R R
FAEAASE ., RAEPHED B oY & BUGEIAR ) GSM &7 5
SV AR B A e . Dzialowski 261 B9 45
HTA AR PR 1) & LR R M GSML 7 AR I FE B
R . R, FRFE KR i) 20 RN 7T 8 o 2k 7 A=
GSM (WA= Bt 18 35 45 00 NI R 8™ AR K
T GSM BRI fof £ 1A AR e IR R

H ATIA R Bk /D R = R 1) O VA A5 W R 55— F
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FRAE A fd A AR B 2 IR A R S R A Y i
FE KL 32 d A ROSCE R Y R . KUV
BEFEF KRG 10 d, f R R i R R T
AR o 58 R e R R B BR IR A K M b R
JEEOAT GBI SR A 2R R T AR 2R A
PRAE R 7K 7= SR 50 v 1Y) 45 A T BB A ALK i GSML Al
2-MIB. 341 i B 25 61 FF 147 g A 2800 IR K 44 b i) 2
R A A R B LA SR A& pHL R M 4 e 43 A
IKPRFIR U v 1 A LS, B K v b/ R,
I X AR S 3 AR K R 77 A B BE R L R DR
Fok IR b R R, X TFIRI KRG TR
ffeE B, m] LAAE AR L B AR B Rl — 2 GSM I
2-MIB [ 1 LA 7K T [R) B 25 BR 7K M GSML R
2-MIB,
4 gEiE

MIB F1 GSM 70 5 6 {4 Py 1) ' SRR B 5 fa 0k A
ERAEA G I B AR B, Bl R A R ™
., MIB Fl GSM 7T S8 A [R] 240 23 1 & 6 0 I =
>R, KR pH 252 ma T it & i MIB j A= (1)
FEABEH T A5 T B R ) GSM. B 1
FEALER T, X T A S R A Y 4 IR IR e, AT
LR T 7K SR FE FR S 0 RE e e - 2 R ) Jo 114 4 A T 7
Pl A ok o
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The Distribution of Off-Flavor Compounds in Farmed Rainbow Trout
(Oncorhynchus mykiss) and Their Influence Factors

HAN Cui', WEI Fa-Yi', LI Li"*, DONG Shuang-Lin'*, GAO Qin-Feng'*
(1. Key Laboratory of Mariculture( Ocean University of China ), Ministry of Education, Qingdao 266003, China; 2. Func-
tion Laboratory for Marine Fisheries Science and Food Production Processes, Pilot National Laboratory for Marine Science

and Technology(Qingdao) , Qingdao 266237, China)

Abstract: In order to demonstrate the distribution of the earthy-musty off-flavor compounds in rainbow
trout (Oncorhynchus mykiss) and the correlation relationship between water quality and the concentra-
tions of 2-methylisoborneol (MIB) and geosmin (GSM) in fish, this study is to compare the concentration
of MIB and GSM among different sizes of rainbow trout and their different tissues. The water quality and
concentrations of MIB and GSM in rainbow trout, Atlantic salmon (Salmo salar) and silver salmon
(O. kisutch) are also compared. The results show that the concentrations of MIB and GSM in the muscle of
rainbow trout increase with the size of the fish; The concentrations of MIB and GSM in liver are significantly
higher than those in muscle and skin, and the concentrations of MIB and GSM in skin are the lowest. The
correlation analysis demonstrates that the concentration of MIB is significantly and positively correlates
with water temperature and pH (P<0. 05), and the concentration of GSM is significantly and positively
correlates with the concentrations of total ammonium nitrogen, soluble reactive phosphorus and total
phosphorus in water (P<C0. 05). This study demonstrates that the distribution of off-flavor compounds
is different among tissues and different sizes of rainbow trout. Moreover, the off-flavor compounds in
fish are related to water quality.

Key words; rainbow trout; 2-Methylisoborneol; geosmin; sizes; tissue; water quality
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