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Volatile Flavor Compounds in Rabbit longissimus dorsi during Cold Storage Analyzed by GC-MS
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Abstract: Headspace solid phase microextraction (HS-SPME) combined with gas chromatography-mass spectrometry (GC-
MS) was used for the quantitative and qualitative analysis of volatile flavor compounds in rabbit longissimus dorsi during
cold storage. The results showed that 79 volatile flavor compounds including 19 kinds of aldehydes, 4 kinds of alcohols,
17 kinds of alcohols, 6 kinds of esters, 31 kinds of hydrocarbons and 2 kinds of furans were detected, and the highest
proportion was aldehydes, followed by alcohol and hydrocarbons, and the numbers and amounts of ketones, esters and
furans compounds were lower. The types and relative contents of volatile flavor compounds changed with storage time, with
particularly marked changes in aldehydes, alcohols and hydrocarbons yet no significant changes in esters, ketones or furans.
Key words: rabbit longissimus dorsi; headspace solid phase micro-extraction (HS-SPME); gas chromatography-mass
spectrometry (GC-MS); volatile flavor compounds
I 7r 265 TS251 SCHRBR SRS A
doi:10.7506/spkx1002-6630-201424035

VEHS: 1002-6630 (2014) 24-0184-05

JRUBR 2 R WAL R B T R R 2, BRI 4 IR
ELAERZW T 9 X A A AR . — RO,

BB B BRI EED, X UEw)
R ERZEFT T RS AR KR .

A BUD AR AR, R A MR R R Rk
Wk, PR A S5 R i P P R R S R (EL AR PRITE S R
FEAT N ot A b e 0 7 AR B RV R A R S VI 4
gy, EEGAEEE. BE. B B, BR. R &, STRAOT

ek H 1. 2014-04-14

AL S RN ST )R, PRSI EE . R
Lol A B B R XU A5 1 — 5 AR Y e
Xt 3 e A ORI — B R AR A R
o HET, BEASTZITRE T AR R B A % K

BETIH: amtamik Clolk) BHFLI (201303144) 5 EEIALO (D) P E AR RE R LT (CARS-44-D-1)
EE RIS 250k (1990—) , 2, WiE#tseds, WHeorm e e 5 hasEsl. E-mail: 534489761 @qq.com
MEEEH: MK (1964—) , 5, #d%, Wi, BT oA L. E-mail: shangyb64 @sina.com



X Hrier il

E6mill=

2014, Vol.35, No.24 185

R B IR 5, (B RZHA R EP T A, TR
LRGP, S G P E VA PR R R A R M KU R )
WA IGE . L, ASEES DR KU ER, R
FHTZS [E AR EL (headspace solid phase microextraction,
HS-SPME) 254G~ (%1l (gas chromatography-mass
spectrometry, GC-MS) BXFHHEA™, o HAE 4 it 72
RN KR AT o> B AN S i, W A SR A, LA
R 5 R BRI T3 LB A4

1 MH5EHE

L1 MEEIRH

B SRR AR RS T S AR R, 65 H S, ~FIJR
HE2.5 kgMMEME R 520 R, BTGRP R $24t;
Fbsn (otrad TR TG .

1.2 NHFEHEE

20108 AR - IS E A HABEAF;
DB-SMSH (it it EEAgilent A7 ; FEISPME
HEFEER S 75 pmBk o TR/ 5 LS B (carboxen/
polydimethylsiloxane, CAR/PDMS) &Z#Hk [
Supelcon®]; ZHUM & E Perkinelmer/A & ; FA2004B
BEFRY Rl RS HH-6 0% H G
Kt @IEWERBARLA: V-200008 5 N
Bl RgESRSEABR A
1.3 ik
1.3.1  JFkHba

PR RERTZER12h, EEVRIfE—18 CHM T
HBHREART4 ClE, HOHE R ) AR RAETS
FERAE S EEWEIEIE A E], W B4R 07 174 5 F)
JE R LAY R30 g /e A AR, BN COKTE RN
HATEZ A,

132 B %

HA AR B4 H0.095 MPa. /<IN 1] 30 s+
WA E4 s, MANEMEL: RO, R
150 mm X 100 mm. %% 5 2B A B /E0~4 “C 3R
B A
133 KBRYm e

SRIAEVS RO, 48, 120. 168 hill 5 % iy &K AL %
RAE AR5
1.33.1 HS-SPME

MR V4 7% 42 FH T 1) A R RE I, Bk e i 2
2, fE4 Chita i) AR S Adl 4 p0.3~0.5 mmf)
WBE, HERIARILABES g0 ZEN1S mLI T2 2 HUm A+
RN 85 #20% FAGAN I, IREH15), 190 CIEIR
AU IR LS mine SR 5 KIS A0 BT A Bk 4 AN 2L
T CPERRCEERE R B et 2k 2630 min) , 2818
HEZN FARAFAE AR S S B BT, iRAF 4k B TR B3
ZE[A], 90 ClHEMG & FE MW RN 530 minf5, i ANGCilk

FELT, 250 CHEWS min, #EH4TGC-MSH T,
1.3.3.2  GC-MSHH {30 e 214

GC4 M. HAHIESE: 40 C; HEFHRE: 250 C;
R AR EERERT A 1 ming EIEHIBIR:
R, K. 33.4kPa; SUAE: 15.7 mL/min; FER
#: 0.8 mL/min; ZE#Z: 32.2 mL/min; KR E:
3 mL/min. HEMEEREF: 40 CHE2 min, DL
8 ‘C/minf+ %160 'C, FLL5 ‘C/minft%230 °C, {74 min.

MSZ% M HFHEEE; BTRRE70eV; BT HE
J5230 C; O E250 °C; AMIES HEE350 V; liEA
iV Elm/z 40~400.
14 EtEEsir

I GC-MS T FINIST 05FINIST 0551 & & xt
GC-MSZE R BT 70 #r,  H s &M STk AT N Tk AR
M, B HAL SR s IR TR — ik o &AL
B TE ST B K UL R 1 AR i AR A T B

2 HRGaH

2.0 TR S KRR IR AR B 8
]

25 50 7.5 100 125150 17.5 20.0 22.5 25.0 27.5 30.0 32.5
[ 8] /min

A.0h

= 0:5- *ﬂ{"‘h." .“l TN S —

25 50 75 10.0 125 15.0 17.5 20.0 22.5 25.0 27.5 30.0 32.5
{5} 1] /min
B.48h

ISR (X 10%)

25 50 75 100125150 17,5 200 22.5 25.0 27.5 30.0 32.5
5 [H)/min

C.120h



186 2014, Vol.35, No.24 BRER=z X HrAs
4.5+ =l %
2397 n » o AR
3 3.0 " e A 0 4 m 16
= %g ] 12 2—1’*‘@% 2-undecenal - 05 0 -
1.5 13 TR undecanl - 048 03 0%
& 1.0+ J\ MJ 4 T dodecanal — 064 047 060
051 eyl LIL [TV P N P 15 2B tridecanal - - -
25 50 75 100 125 150 17.5 200 22.5 250 275 300 325 16 T tetradecanal — 04 081 218
fif f1)/min 17 ThE pentadecanal 0 - - -
D168 h . 18 +7% hexadecanal - 0531 — 186
Bl LR R BRI R R B il 19 TNE octadecanal - 05 23 B
Fig.1  GC-MS chromatogram of typical volatile flavor compounds of ue GO 8D BN 657
rabbit longissimus dorsi during cold storage B A
s . = 1 1- (W) - T 2-butanone, - 2-furany)- W - - -
EE 1 EI %D ’ ?ZE ‘/7\ Ve Ji ‘WE% EP K_TL\ ‘/)rlﬂ ?IJ % ;f%ﬁ B% '{ﬁ Hﬂx $$ 7/{ 2 G- Hil 2-methyl-6-heptanone — 0.10 — —
PERRY R IET9 B, A RE DS, FR2S. EE2S. mR2E. 3 R 2-dodecanone - 00 - -
Jos S RUKI A (k2 W35G ok, oo 5 RE 19 A I g = 0% 1% -
CEEUNE EOVE NS SR NSO AN ES N e
2 e BEAE I REKC, 45 M UK ) 5 i AN AR S 1 Eg; — - -
RAEFA ) BB hepanol W - 16 2
24VA SN [R] 90 hisk, 6 W0 20345 A&t KR 519 Fi, 3 WSTEICE dimethyloyclobexanl 065 — 083 L4
SRS B WL Rh. BEe Fh. ERA1 . % i e o
5 +LENCE 4-¢thylcyclohexanol - 06 - -
3 Fi 6 R2HE Docteal By woo- - -
2V JECINT 18] 948 hivk, K ME XK BT 3L43 B, 7 2 Loctanol 16 3% 3 34
FerPmESR1S Fh, WSR3 AL BESKT Fb. BEE4 B R ] 24" ddneeycoboandl 023 215~ —
, 9 R2KIE 2decenol (E)- = 0 0% 080
12 BRIR2 i 10 e DL-menthol - =0 -
é,l Y/V\ﬁﬁﬁ llﬂ j“j 120 hﬁ‘j‘ ’ #EET%M%#%E& E/‘Jﬁ] %‘é;j{‘ 11 1§ T-undecanol 021 — — —
£50 F, H ':F] BES14 By BRZST P @?% 10 Fi. BEE 12 2S-SR D-isopropyl-S-methyl-1-heptanol - — 060 0¥
2 b, 200 Fh MRS b 13 gt cyclododecanol - = 0w -
A 1 J9168 b, 4R kYR 3432 Fh, . I sl oo
Forh WSR2 B BESRO Bl JRI13 By BRMEIRL R, W 16 225 2-ethyl-1-dodecanol - - - 3
FAMERARKLH 1 2EELER Dhexyl-I-decanl - - -
22 ARGTR G R R e A R CHCNEN
LeGC-MS A 552 th (R S P PR B R 4 R 21 BAlLs -~
B 1 ORI hexanoic acid, pentyl ester 03 04 - =
Fii7s e 2 CHER hexanoic acid, heptyl ester - - -
j CHFE hexanoic acid, octy! ester - - -
R1 RERRTAHRERIE RN RA RN & & 4 THE-CECER sulfurous acid, 2-cthylhexyl hexyleser  — 007 — =
Tablel Flavor compounds and relative contents of . o 2)rinelyL 3 peraedol - -
rabbit longissimus dorsi during cold storage SOERELICROR TR diisobutyrate 021
%o 6 URBRTCRELCECER  wfwousacd dodecyl 2ethylhexyleser —  — 041 —
o o s PR BE 03 065 08 -
75 e L edis TR A
BEILAY 1 i hexane - - = 0B
| 5% pentanal s - - = 2 135 HBE=NG 1,3.5-cycloheptatriene i
2 o hexanal 7607305 2069 B4 3 KLl benzocyclobutene - - -
3 R heptanal = 30 L 2% 4 234=REDR 2,3 4-trimethylhexane - = 18 -
4 -2 Bl 2-heptenal,(2)- 16 165 13 L7 5 24 =FED R 24 4-trimethylhexane - = 0 -
5 i octanal 29 58 391 365 6 i DAimonene - 4B 60 5B
6 R2-FERE 2-octenal (E)- - 1w - - 7 3-SR 3-ethyl-3-methylheptane - 04 - 1y
7 TR nonanal 5915 91 1B 8 3-ZRETSR 3,7-dimethylnonane s - - =
8 Q- T 2-nonenal,(B)- 045 060 053 066 9 5. 5-ethyl-2-methyloctane e L
9 b decanal 073 237 208 233 10 30-ZRER S 3,7-dimethyldecane - B -
10 li-4- %45 d-decenal (2)- - - - 1l 2367 IR 23,6, T-etramethyloctane - 0% 04 -
11 228 2-decenal,(Z)- - - - 12 Toh dodecane — 08 06 038




il =

2014, Vol.35, No.24 187

SR BRA as

gkl %
. . o RER A

5 LTS Py e R R
13 25-ZHED T 2,5-dimethyl-2-undecene - = 06 -
14 38 SR 3 8-dimethylundecane 0 - - =
15 36-Z Rt —h 3,6-dimethylundecane - 030l -
16 1L R -cthyl-2-methyleyclodecene - - 4 -
17 SRS AR 5-methyl-S-propylnonane - - -
18 SRS AT 5-methyl-5-propylnonane - - 0 -
19 =5 {ridecane - = 0 -
2 S-THIK 5-butylnonane - = = 0
2 46-ZFET N 4,6-dimethyldodecane — 10 203 1M

n T tetradecane 026 — — 0%
JA Thk pentadecane - 3 18 1N
% 26,11 =BT 26,1 1-trimethyldodecane - 0L 070k
25 Tk hexadecane - = 05 -
2% Tt heptadecane - 046 - 15
b 2610 = A1 2,6,10-rimethylietradecane - = 0w -
2 26,10-=FEF ik 2,6,10-trimethylpentadecane e YA
29 26,10,14-WHFEF i 26,101 4-etramethylpentadecane ~— — 016 045 056

30 T nonadecane - - 8 -

31 I heneicosane - = 083 -
BE 06 129 313 1113

RS AT

1 2- AR 2-pentylfuran — 418 206

) -3 FEIE 2-octylfuran - 0 - -
HE — 516 181 206

VE: — KK

HER LA AL, A R0 hi, BERRIREZE N 3
BERSy, TR R MR R 1997.26%, B EE Ry
R 55.45% . O/ 576.17% T/ 55.72%. 1%
11.61%-

AR ] 48 hir, EEIS. BEE. KR ISFIRKIRE 2
NEFRRS, 5T R R 85 11196.39%,  H 3= %
B O 30.53% BRI 3.2% FTEH5.82% . T
59.15% 1-3E45-3-1% 511.83%. 1% 53.58%. ¥4
14.93%., +F ki h3.4%. 2-IRFEMNE 54.79%.

VPRI (] 9120 hi, B, EERRIESN 3 B AR
a5, o BT R AR B A 1196.61%, H A E R C
% 520.69% . F1553.97% /59 11%. 1-FH5-3-FF
510.81% “FBE53.27%, 1,3,5-FPi=4%57.73%.
15 53.1% M 116.02%.

AT A 9168 hit, B, EESSRIEI N T2
B o BT PR R R B 23 11196.53%,  H A= E K
L% (538.44% . £ 53.65% T/ 511.73% . E8E &
3.48%- M5 5.13%

[T, PR R B, Ry i K UE A B0 2 4
A AR 57 AR A SRR TR IR AR R IR
HIARAY, RIS R A R R At 288 T o i [ A8 A0 AN B I
2.3 A R A R B K R T XUR A 5 ( TT R 23T

it 2 Ak A 1 25 SR YR T AN R i U7 IR SR A ELE i

S AR P AR R R R 3~ 4 ANCHIBE AT SR ZL
R R, 5~9ANCHIBEIN BAER. HWE. BEX
WK 3O A e I LA A R ABA I XUV, SR )
AT Wb (0 vk K R AR RORT . B SR A A A
B K JIUAS 5] VA SR [] R b P 2 B A8 0 w, E oit Hh ARG D 1
P ESEEAEE (OB, Rl PR, PR, R AR
VAR (2-EIAEE. 2-FMEE) (R BA AR & AR
AR, 2,4-F EEE A HUE IR A RE K E bR 2,4-%8
TAREEEA RN A EE . e KPR ARG
A PR RS S IR, FoSEER A R &k
o BT BIE —MRCBUR, B, 7E SRR AR
Aew EEM A E.

T 24 4% ) — 5 THT B T 25 R I 256 7E I 04 Ji g A
THOE R, A B R, 5 — 7 TH SR R T AN AN
iR E . WAL EMHAERAEEYE. HE. B
BRI . ELBE MR — S A2 TE AR I, {HLBE
FERREERK, KRR, MWMERMHEEE. K&, ik
Ui RFAET e ZERE S ARSI S R A R, XA
KUK A TR 00 B AN, - -3-lE . 2- 4
BE. 2-ZSMEEESE, T HBEEBAL, AABEERNEE
Ik, PRIt ) IR P LA — s AR T

Bl RGP F Bl e S A A R,
HAERBRER S, ARG AEAG SR RREEE", —&
YOI (T R BTRRAS K. (AR R EE, SEK
. A BT R A R AR R AE S e KL A
L FE R, BERRA GYFRIS R AIG N, X S A
R 3 = — R R DTk -

B AL AP 2 BE T P B AR SR AL DA S B B A1k
PR E — 28 S S AE R T . DR LA S TS B K LA i
AR ARG, RE R T AR 2w, Rk
Xof ARV P ST RRVE A [F) 4 R I DS R 2, (RS R 28
AR5 (7 LA e EE RN Kb R
IR B IR A A I P I 2o B A B A SO A T g Ak
PRI 2- 55 B R 2- 3 P 45

Ak A 2 el LA AL 2 g ol S84k 77 2 0 T R
25 IR 7 B AR ELAE R R, BT — s i R K e
T BN AL R, RS AGE 2 1 R 2R 3
A, 5 G PRI S TR/ o

WR R ) 0T A2 & AR I A W T i B — 2K,
SEFRAER B XA B RS, H
DR L BRAEAG, X PR R P BT P ) Dk S 35 0 25 R
IRy TE G R ULYA P R R A I 2K A ) A
FE2- IR IR 12~ SEIRI , IR A IR T S PR SR A vk
BRI o



188 2014, Vol.35, No.24

X

3 & #®

K FHHS-SPME-GC-MS 7 Al 21| 4 15 5 K ALE ¥ ik
T FR P R R T R K3, or BRI, WK,
BEE. RIS KD KIRI S, AR A YIRT &5
bhE e, HIKRERLERNEY), . BRI
KB DTEFE R EV AT G RS S8R, 1EATK
R, R R KIS BB S R R R TR
M. TR, CBE. BREE. FRE. N-2-BEMGREE. J-2-F 0
WL 1- Q-BRMED 2- T JREE. FEE. 1-FM-3-FE. 7
Bl 22-HIES . Ak, 2-IRIEIRIE A

BE & TS B K LA T A e, TS R &% 289
R A IR 5 () e SR AN AR AR R AR AR, Ho
B BRI R B ER R, BRI BRI
Wik 245 D) o I [ A A6 AS B 08 o 6 VA S8R 18] 120 hit, 4%
KA IR Jo () e s B e K, [RIB BIF 2\ R i (]
972 Wi S P AR B R, AET72~ 120 hibk 1) G P it i ¢
UF, JETIN T AT 4k 82 K JF KT 144 hivt, P
&8s, REMA T, WTEAERIKE., KJik,
AP T2~ 120 hif) S RAE Rt — S ERm TR

2% 3k

[1] WASSERMAN A E. Thermally produced flavour components in
the aroma of meat and poultry[J]. Journal of Agricultural and Food
Chemistry, 1972, 31(6): 1005-1010.

21 T R RS IM). JEst: s E R T H AR, 1996: 9.

[3] SONCIN S, CHIESA L M, CANTONI C, et al. Preliminary study
of the volatile fraction in the raw meat of pork, duck and goose[J].
Journal of Food Composition and Analysis, 2007, 20(5): 436-439.

[4]  ZEUKME, REETT. 5 RO FE AT RE AR ) R R R AL S I 5
W], 3R, 2011, 32(5): 15.

(51 AKIS. S5 pestadt R EE = P PR b O B R AL S I 50 [ D).
2 HIR O R, 2011

[6] BRUNTON N P, CRONIN D A, MONAHAN F J. The effects of

temperature and pressure on the performance of carboxen/PDMS fibres

[10]

[11]

[15]

[16]

[17]

[19]

[20]

[21]

during solid phase microextraction (SPME) of headsapace volatiles
from cooked and raw turkey breast[J]. Flavour and Fragrance Journal,
2001, 16(5): 294-302.

RISTICEVIC S, NIRI V H, PAWLISZYN J, et al. Recent
developments in solid-phase microextraction[J]. Analytical and
Bioanalytical Chemistry, 2009, 393(3): 781-795.

MEYNIER A, NOVELLI E, CHIZZOLINI R, et al. Volatile
compounds of commercial Milano salami[J]. Meat Science, 1999,
51(2): 175-183.

WREZE, JEDGR:, IR, &5, A4 0t K R KUK AU 7S [T].
L, 2006, 27(6): 39-45.

KT B R 5 IR0 R B HE R R A B A S [D]. =2
HAAO KA, 2010.

MACHIELS D, ISTASSE L, van RUTH S M. Gas chromatography-
olfactometry analysis of beef meat originating from differently
fed Belgian Blue, Limousin and Aberdeen Angus bulls[J]. Food
Chemistry, 2004, 86(3): 377-383.

MOTTRAM D S. Flavor formation in meat and meat products: a
review[J]. Food Chemistry, 1998, 62(4): 415-424.

AJUYAH A O, FENTON T W, HARDIN R T, el at. Measuring lipid
oxidation volatiles in meats[J]. Journal of Food Science, 1993, 58(2):
270-273; 277.

MURIEL E, ANTEQUERA T, PETRON M J, et al. Volatile
compounds in Iberian dry-cured loin[J]. Meat Science, 2004, 68(3):
391-400.

BURDOCK G A. Fenaroli’s handbook of flavor ingredients[M]. 5th
ed. Boca Raton: CRC Press, 2005.

CAPORASO F, SINK J D, DIMICK P S, et al. Volatile flavor
constituents of ovine adipose tissue[J]. Journal of Agricultural and
Food Chemistry, 1977, 25(6): 1230-1234.

ROBERT A E, JUAN A O, RICHARD H D, et al. Characterization
of headspace volatile compounds of selected Spanish dry fermented
sausages[J]. Food Chemistry, 1999, 64(4): 461-465.

AR, Rea R, B, S ARSI AV TN o R b A R R
YRR AT, B AR, 2009, 30(17): 79-83.

TG E, WRp I, TR B AR B 00 I 122 23 BT 5 1A e JRURR ik
SR, R REE AR, 2005, 14(2): 176-180.

ZLENDER B, GASPERLIN L. The significance and role of meat
lipids in safe and balanced nutrition[J]. Tehnologija Mesa, 2005,
46(1/2): 11-21.

REFEIE. BURY . AR Ty ORI TR0 5 6 A G A B0 5 (195 i 4F 7 [ D).
I at: UK, 2006.




