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Analyzing the Volatile Components in Ready-to-eat (RTE) Abalone Before
and After the Spoilage by Gas Chromatograohy-mass Spectrometry
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Abstract: In order to analyze the spoilage bacteria which caused the spoilage of the vacuum-packed RTE abalone, the solid phase
micro-extraction coupled with gas chromatography-mass spectrometry (GC-MS) were used to analyze the changes of volatile components
before and after the spoilage of RTE abalone, and the contaminated abalone by Clostridium sporogenes which was the spoilage bacteria of RTE
abalone. The results showed that RTE abalone produced obvious scent of roast meat. Alcohols (51.93%), nitrogen-containing sulfur (20.91%)
and aldehyde (6.62%) compounds were the main sources of volatile components. And butanediol (42.64%). methylpyrazine (12.41%) were the
most important characteristic flavor substances of RTE abalone. But the naturally spoiled abalone produced significant fecal odor and rancidity.
It mainly contained nitrogen-containing sulfur (49.16%), aromatic (20.73%), and acid (18.83%) compounds. Indol (41.93%), aromatic (20.73%),
2-methylbutyric acid (7.13%), which were the characteristic flavor substances of the natural spoilage abalone. The contaminated abalone by
Clostridium Sporogenes also produced significant fecal odor and rancidity. The most important volatile substances in contaminated abalone were
acid (45.76%) and nitrogen-containing sulfur (18.25%) compounds. The 4-methylpentanoic acid (37.49%), dimethyl trisulfide (8.16%) and
indol (5.76%) were characteristic flavor substances of contaminated abalone. Clostridium is one of the most important microbial contamination
sources for vacuum-packed food, and it is necessary to adopt a more efficient and safer sterilization method to kill Clostridium.
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Table 1 Relative contents of alcohols in abalone

: . R BAAIIT 2%
F5 ARG aT18)/min .5 4 Library/ID P4 e ks ARG
1 6.89 1-Butanol, 3-methyl- FREE - 3.12 -
2 9.65 2-Tetradecanol 2+ vtz B 0.32 - -
3 10.23 1-Pentanol, 4-methyl- 4-F -1 B - - 3.95
4 13.80 1-Hexanol, 3-methyl- 3-F-1-TE - - 0.73
5 15.20 1-Octen-3-ol 1-FH-3-B% 435 - 0.38
6 16.69 1-Hexanol, 2-ethyl- 2-LATE - - 0.38
7 18.97 2,3-Butanediol, [R- (R*R*) ]-  (2R.3R) - (-) 23-T—B  19.84 - -
8 20.46 2,3-Butanediol 23-T =B 22.80 - -
9 21.50 (E) -2-Decen-1-ol B K2R E5 0.22 - -
10 23.44 2-Furanmethanol 2-k v ¥ B 2.03 - 3.02
11 25.60 2-Furanmethanol,5-methyl- 5-¥1 J-D-vk vk F B 0.07 - -
TR
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LR
12 27.20 1-Hexanol, 2-ethyl- 2-THATER 0.06 - -
13 28.16 1H-Inden-5-ol, 2,3-dihydro- 5-EnEF 0.13 - -
14 29.55 5-Octen-1-ol, (Z) IR, 5-3F Hi-1-B% 0.03 - -
15 29.67 4- (Methylthio ) -1-butanol 4- (FrL) TEE - - 0.28
16 30.88 Benzyl Alcohol FEz 0.08 - 0.05
17 31.90 Phenylethyl Alcohol RTEE 1.99 4.00 -
18 35.55 Benzenepropanol 3-RKAEE - 0.39 493
it 51.93 7.51 13.71

E CURTIEEL MRS A S, TAR.

2 e RS RAIEN S E

Table 2 Relative content of aldehydes in abalone

F5 ARG /min .5 % Library/ID

S BEMEATEE% AT EA

1 14.15 2-Octenal, (E) - B2 Wil 0.45 - -
2 15.89 Furfural AREE - -
3 17.78 Benzaldehyde ER S 5.48 0.97 1.34
4 24.53 Benzaldehyde, 3-ethyl- 3-THRFEE 0.23
5 22.55 Benzeneacetaldehyde KB 0.25
6 36.10 5-Methyl-2-phenyl-2-hexenal RS 0.06
7 32.28 Benzeneacetaldehyde, .alpha.-ethylidene- 2-RFL & 2 B 0.15
it 6.62 0.97 1.34
& 3 & PEY RN 2 8
Table 3 Relative content of ketones in abalone
A5 ARG E/min 1.3 4 Library/ID A FR MR SATEEY% A5 £5
1 6.83 Cyclobutanone, 2-ethyl- 2-TH-IRT R 436 -
2 9.33 2-Butanone, 3-hydroxy- 3-Z K 2-THR 0.85 -
3 22.47 Acetophenone B - 0.38 0.84
4 37.66 2-Piperidinone 2- R LIREA - 2.29
it 521 2.67 0.84
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Table 4 Relative content of hydrocarbons in abalone

A% RGotiE)/min 1.3 % Library/ID Y BEMRSATEEY% BT KA
1 7.60 Tridecane, 4-methyl- 4-F K-+ =k 291 - -
2 11.45 Hexane, 1-methoxy- 1-FEI-Th 0.19 - -
3 19.30 Cyclopropane,pentyl- 1- 2R A 35 R4 - - 0.21
Dibenz[b,d]cycloheptane,2,4,7 2.4,7-= % A Hk-11- K-
4 20.98 . - 0.13 -
-trimethoxy-11-acetamino- b. d FELR,
5 26.79 4H-1,3-Benzodioxin 4H-1,3-F 5 =k, 0.12 - -
6 24.12 1,3-Cyclooctadiene WFEI 0.88 - -
Nt 4.10 0.13 0.21
x5 MG PEEEYRIEN S8
Table 5 Relative content of esters in abalone
A% tRBafiE)/min 1.3 4 Library/ID LS BEMARNATEEY% F5 EA
Propanoic acid,2-hydroxy-, )
1 11.37 FUBRF T B 0.69 - -
2-methylpropyl ester
2 16.60 Oxalic acid, isobutyl nonyl ester LB 0 0.90 - -
3 22.14 Dihydro-2-(3H)-thiophenone y--ERAT A B - - 0.53
4 23.74 Pentanoic acid, methyl ester SRR F BS - - 15.31
5 25.37 Acetic acid, 2,2"-oxybis-, dibutyl ester A 0.63 - -
-5-—THg
27.57 Benzeneacetic acid, ethyl ester K LER T B 0.27 - -
35.43 Tetradecanoic acid, ethyl ester + B T B 1.19 - -
8 39.65 Adipic acid, di (but-2-en-1-yl) ester aﬁ:inggl ; - 021
Hiwe-1 bt Ak B
9 40.35 Hexadecanoic acid, ethyl ester AEARER LB 0.34 - -
it 4.03 0.00 16.04
% 6 A PIRIYIRRIEN S E
Table 6 Relative content of acid substances in abalone
A5 BREGEE/min {4 Library/ID L&A BEMBNATEE% A5 S
1 15.50 Acetic acid T - 0.29 2.15
2 18.82 Propanoic acid RER - 0.10 0.69
3 19.93 Propanoic acid, 2-methyl- F TR - 0.39 1.52
4 22.14 Butanoic acid T - 8.77 3.44
5 23.74 Butanoic acid, 3-methyl- TR 3.96 - -
6 23.77 Butanoic acid, 2-methyl- 2-FHATER - 7.13 -
7 25.19 Benzeneacetic acid KT 1.35 - -
8 26.24 Pentanoic acid IERER 0.39 - 0.46
9 28.54 Pentanoic acid, 4-methyl- 4-F 3 R BR 0.09 2.15 37.49
10 30.02 Hexanoic acid TR 0.37 - -
Nt 6.16 18.83 45.76

2.7 EEEMFE

W 5 s, =Pt s SR 9 i
HorhRarfass it 6 Al S G R Rt g
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hn, SR 6 B, HIER MR AN & 45.76%,
HAFBSER M2 - (Y 37.49%). Hit
AL, BEAE SR RN E, RIS R R E
hne

®7 WETETEIMRIENSE

Table 7 Relative content of aromatic substances in abalone

A5 RGetiE)/min 14F % Library/ID F L BEMBRIATEEY  FF £
1 29.84 2-Naphthalenol 2-BRA 0.09 - -
2 30.30 Phenol, 2-methoxy- A AR B 0.40 . 0.55
3 33.17 Phenol, 2-methoxy-4-methyl- 2-F R -4 F AR - - 0.09
4 34.65 Phenol Ky 0.41 2073 3.22
5 36.60 Phenol, 4-methyl- 4 H KAy 0.01 -
6 42.30 Phenol, 2,4-bis (1,1-dimethylethyl) - 2,4- =4 T K&y 0.10 - -
it 1.02 2073 3.85

* 8 P EASMAYRNET S E

Table 8 Relative content of nitrogen-containing sulfur compounds in abalone

A% RGHmin f% 4 Library/ID b3 ﬁf_ﬁf}g’}\ E% £
1 30.64 N- (3-Methylbutyl ) acetamide N-3-F A TBb - 0.74 -
2 31.64 Butanamide T B - 0.68 -
3 31.78 Propanamide ) BRI - 0.46 -
4 3248 Butanamide, 3-methyl- 3-FA-1-T B - 1.15 -
5 38.81 Caprolactam 1,6- P BhAz 0.25 - -
6 10.40 Pyrazine, 2,5-dimethyl- 2,5- = Hopka 0.63 - -
7 10.57 Pyrazine, 2,6-dimethyl- 2,6-=F otk 2.06 0.53 ;
8 12.86 Pyrazine, 2-ethyl-5-methyl- 2-TH-5-F Hobok 0.88 - -
9 13.23 Pyrazine, trimethyl- = 9 ek 6.34 - -
10 14.61 Pyrazine, 3-ethyl-2,5-dimethyl- 3-THk-2, 5= F bk 1.26 0.93 -
11 15.81 Pyrazine, tetramethyl- w9 ¥ Hoetbek 6.07 - -
12 17.27 Pyrazine, 3,5-diethyl-2-methyl- 3,5-= L3 -2-F A wita 1.95 0.45 -
13 27.34 Ethanone, 1- (3,5-dimethylpyrazinyl ) - 2-ZBtH-3-5- = F Kotk 0.08 - -
14 200 2-Chloro-4- (4-methoxyphenyl ) 2-%-4-4-‘??52%);& ) ) 014
-6- (4-nitrophenyl ) pyrimidine -6-4-FH IR o
15 33.71 Ethanone, 1- ( 1H-pyrrol-2-yl) - 2- LB stk 0.62 - 0.35
16 17.33 Ethanone, 1- (2-furanyl) - 2-TBeA sk rh - - 0.80
17 27.90 Oxime-,methoxy-phenyl-_ AR 0.77 2.29 2.30
18 4422 Indole il - 41.93 5.76
19 24.19 Thiazole, 2,4-dimethyl- 2,4- = F HeEed - - 0.71
20 32.80 Benzothiazole E & - - 0.02
21 12.34 Dimethyl trisulfide — Y IR =R - - 8.16
it 2091 49.16 18.25

267



MK EmBHL

Modern Food Science and Technology

2019, Vol .35, No.11

29 FEREUK

R 7 P, =i gn e 57 AR 6 A,
Forh Bt A 5 Al A S R At b
RHE R MR S BN 1.02%. 6 Wit % Js b fif £
w57 B TR R KA o, JH vl B T
KI5 ERANG 1R, Ay, LA 20.73%, VR
Wty (FRF AL A MEN T s et rh 5 A M kS
3Rl ARV AR R 3.85%, R
L 3.22%. T, BEE LS A EREREINEE, 7
AR & R E N, TCHE W .

210 FRAETENM

Wi 8 fn, = Fhfiffa h ks B A SR
21 Fh, HARIEtEmEmEH 11 A, HAASE LS
fif £ H R R P 0 BT 20.91% o JE§ Wt £ J e
R B S S R R TR B KR, e
M R S R SRR 9 B, LR R
BT 49.16%, FURRIESE RV LA 2 I, F
41.93%; Jepatftah S @ SR 8 B,
YRR AME A AN B 18.25%, eI ME %o &t ey
ik 5.76%. T, BEEHE SR INE, SRS
TRYNTARNS & f BB 1N, IO,
3 Tig

BB i £ R 45 PR AR R 25 1 0 . ARG C-MS 7 #ir
K RIS BN RE, N51.93%, HRG
e A1120.91%, 1256.62%, 1356.16%, Fi2E5.21%,
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