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1.1 #Rl5ik5H

RPGHEFAR A [ AT R (1 500+200) g]
AR5 B T35 CP RSB R, R 5 2 T
(=2£2) CHR-AF, B APRVKAL PR B TR
i L ISP URES; KN SETI M g

PG B —Eh RS R R R R B e —dh
PR AR (IR — ER TR AR A R — Eh R Eh PO e — 5
FRER IR Sy M4, W E Sigma AL A () ;
2,4,6- = HIFEMLRE (LHE 99% ) , AR (15 46 4
FITHI P P Hs e S0 (20 RE 98% ) , W A H 2 WAk T
ARRAFECHED ; BrA HAth ik 27 i AR 1 o 45
Brat, W F b E E 254k 2R A PR A A
1.2 (UF/5E&

Agilent GC 7890 < AH @, i 1Y, Agilent MS
5977 JERIEAYL, Agilent 1260 I 5 250 AH (5 34X, %
A4S B4 A BR A Al 8 22 {0 CR400, KONICA
MINOLTA , H 4% ; TA-XT J& #43#714X , Stable Micro
Systems , Surrey UK; TIE12 $i$EHL, Wi VT.24 245570
JRAETE LA PR F] s MG38CB-AA #5 4% , Je il 3¢
1) 5 135 FiL £ i 3 A FRZA ] 5 DF-1018 B 4 i 5
TN RGP FERS , v BV RIS R 2 AT PR
NS
1.3 EFmmaE

ORI T (421) CT R 12 h,
PR K AR 30 ming AR RS T 25 K2 L 25 P9 E AN
Ffh B REYT AT 3. 0 emX2. 0 em%0. 7 em [ £
RV R - i W ST A7 N U] ) N i Bl
BLATR 4 2. (1) X RRZ . et £ (2) 2 i 41
FEAAERR KA I 10 ming (3) ylIKELH : A 50 B
F 180 °C (i KESR A 3 min, JhKE i A PO fS
FHfG A (4) J5 I 41 B 5L & T 200 °C B 4
b, PRI, 2% i 10 min,

FEFE ALV 20, B 25 FF 18 2 40 i i 35t O
PEAT LT RGN R , B R A i A B FEAIL
LHE BRG] R 6 s, JLedfil 2~3 Ik, Fibh
PRUFRE ShHE TR IR A8 AR 00 R | X AR i 2
173 AT S E 30, L 2 K
1.4 &FNE

FRAA 2230 7 A S it 2508 L™ (52 5E) ,a”
(ZLta/2%60) Fl b ™ (B /56, FEFE &I 2wl
AT IE . A ER 3 K, BCEFME,

1.5 FHNE

WRAERS T 7k It s, SR AYTE
IR ASGHAT BRI A , £ P/S0 Rk, [l AR i g
30 mm, P Hij H 2 y 2. 00 mm/s, K I 3Ry
1.00 mm/s, M J5 3 2 2. 00 mm/s, 28 &~
50% ;& 46 174 6.00 g, B E LI E 6 1K,
W41
1.6 WMARBELZBENNE

WA I Lb 2 2 (E ( Thiobarbituric acid reactive
substances, TBARs) %l 52 &% GB 5009. 181—
2016 Wk RIS R R, HL(5.00.1) g E
LSRR YRS, A 10 mL 7. 5% =5 L TR
(FA 0. 1% B & TERNERFN 0. 1% £ U L1
) AT BTG U, S mL g S
5mL 0. 02 mol/L 2-B X B F 2RI 213 F 90 C
(7K SN 40 min, FEVKKIE R EE , 1250
ARG BETHTE 532 nm AR EE O RE
1.7 HYRENE

S AP A v A W e 1) i BB AT A R DN g T v
S% ZHANG % 105k IR B . R &
RO B 35 E A T , L) 0. 1 mol/ L 2, R e (1%
AN (R B) S oo v M e M A= W e
6 B vt it A2 % 0 min, 55% B; 7 min, 50% B;
25 min,90% B ;30 min,95% B ;35 min,55% B,
1.8 #EXRMAESSENE

2% ZHANG 45 (05 ik PR IE . #r
J(2.0+0. 1) g B fata 7R 20 mL (T =S
SR, 2R U SR £ s/ i e R RS AN T T 5 2
5 65 wm [ PDMS/DVB-SPME A< H k4 A fa
TR T A, A LY., 2 BUR B
60 °C , VS [E] 15 min, 2% UK [E] 30 min, A<
B8 o0, il A Bk 4 A GC-MS ##E ¥ 11,250 °C
fi# S ming ASCAH €435 19 TH IR R R W 4G A IR
35 °C, % 5 min, Lk 3 C/min F} & 60 °C, {5
1 min, i J5 UL 4 °C/min F} % 160 C , F-LL 8 C/
min F+ 2 230 C, & & 8 min, Jiif 51 R H] EI
BT R R 7 TR R 70 eV, B IR
J¥ 9 230 °C, PUBR AT 150 °C 5 57 49 i Y -
35~550 m/z, Y5 AEIR 5} [E] 2 min
1.9 #HiEahE

% JH Origin 2019 1 SPSS 22. 0 347 K Ab
B, BT RN ZR J7 2250 B (One way ANOVA) th
f) Duncan [ 5632 73 B AN ] B4k 1] 2 75 77 7 2
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TR IINRAEFR, B G AR ™ &
21 . BRI Tad A &k A R AR
P K BB A A — R R, 5B 2% 1H
kA AL B S . L AL L ES
b {EAERIN T A BELH 2 [R] 22 57 4 3% (P<0.05)

S A EEAAR LY ) T SR SR £ LT H 5
SIEEHT T 29. 91% F1 19. 78% , 75 % i & i 3o &
Hh il £ 10 BR B BB IR B8 AR R 1 X B R
() S T RE Ty a5, S8 LT (BRI . 3k 5 SCik[ 7]
HAE I o 45 SR — 2. ThKELL L7 (H B K,
Al RE IR R R A T R RN, AR T R
PR SR R L AR, a” WLLGHAE, HE
R IE H BB MO, B (0BT, 28 28 1 Rk i el
i a " EE A B ER, MRS a8
A WS R, AT RE S AR WLAT & 2 VR AL R
AR R LT R A S I RN R D 2"
e T HHAM A (P<0.05), EEEH T MgES
SR FE RS AR RE LRI, b A T
PRI Ay 0 R A8 8, NIl A B4 22 [R) i b (B 3547
T 325 57 (P<0.05) ol JE 2l B &, b " {E R
43.70x1. 03, 22 J5 MU hy Je il 21 3, i) 20 A= fif
2o IHKEALFR Y R T B AR b S 95 R A
IR AL S A G, 2R THT i B
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i U op i
5 0.6} / / / / £
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° At A KR pacgial
Fresh Boiled Fried Baked
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(a) ¥ Springiness

AR R R AN R B T 07 s e B 3k 22 52 (P<0. 05) ¢

F1 AEAMIFXNEREEEFNZIG
Tab.1 Effect of different thermal processing methods on

coloration of Sthenoteuthis pteropus

Tk

Processing methods WA L0 A a Ml b

48 Fresh 66.87+0.71° -2.5120.24" —1.8420. 43"
& Boiled 86.87+0.50° —2.11x0.30" 11.74+0.28°
JH¥E Fried 56.93+0. 88" 14.55+0.33% 43.70+1.03"
$5 1 Baked 80.10+1.21" -2.83x0.41" 18.72:4.28"

AR FREF R AN W I Ty 2R B 25 7 (P<0.05)
Notes: Different letters indicates significant differences between
different thermal processing methods ( P<0.05).

2.2 AERMIARXNBEMEZERBFHEN
A1)

J A P S DA TR T PR o o o R )
bRz —  HAESHES @ B S fn AL 2= T 404
B UIA O, W& 1 P s, il KE B A A R N
(4150.60+2 24. 12) g, TGP K (2 707. 81+
174.12) , 5 Hfb H b BRAF fE 2 3 22 % (P <
0.05) o, BAH 0 7 78 i i v KE I, 28 )2t ot
T AR K, O PN AT LS B & A G ) S
AP 4 R i SRS R, SRR
MELNER P38 M o AR At 2, 2 o FA) A 5 R AR
XA BESE H F7K 8 S B PR A FR 8 1 B 2 [A] 45 4
H A7 AR 2 B A 45 A T REAIG, R BT ARk, Bl B
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Different letters indicate significant differences between different thermal processing methods ( P<0.05).
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Fig.1 Effects of different thermal processing methods on texture properties of Sthenoteuthis pteropus
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2.3 AEH/MIARANEMRZFTE TBARs i
=AU

AR T 5 2 BAR 2 £ TBARs 1952 1)
e 2 fros, A EERE Y SRR B AKX, TBARS
B 7(0. 14+0.01) mg/kg, Bt (19 N8 5 & B AR,
A B i TBARs f — fi i AIK F 3 At Ak 7=
a7 3 AR T AR R T AR
TBARs fH (P <0. 05), £ 2 il . i ¥ & 45 il J5
TBARs {8 43 35 %] 7 (0. 33£0. 01) . (0. 93 %
0.04) ,(1.08+0.04) mg/kg, i 7E0 T 4k 2
I T8 N B ik 2 ot RS N
0 R FA) R B B R, DT 7= A L ER R, bR g T 4R
PSR g HEAT™ . RUBEN 281 41 % B A T
SR 50 R TBARs {H 193400 .
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AR F R R AN RPN T 7 U e B3 22 57 (P<0.05) .
Different letters indicate significant differences between different
thermal processing methods (P<0.05).
B2 FAEHBEMIFAIEHEZE TBARs ERIZIT
Fig.2 Effect of different thermal processing methods
on the TBARSs of Sthenoteuthis pteropus

2.4 AEBMIARIMEMRESLEYRRBIZ N
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R o A e 38 2 £ v SRS e | ke OIS e
AR AL F A K A [ RS % (0. 52+0. 03) ~
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0.12) mg/kg; ¥ Me: (1. 46+0.21) ~ (2. 91 =
0.85) mg/kg ], 3% 15 2% 5 0% 20 BF 5 Bl 4R 42 ol
A Y REAE N W 25 R — 2, o T A5,
Ji e B it b 2 RRAR (P<0. 05) & 3b v, AR A
i P e 2R (27. 16 +0. 87) mg/kg, 2340
T, JE e & BRI, HL AT 4 A oy S 35, VT B
S TR B T B e & A D T e
FEIE TR AR A R S &R, SR 5 i
SRR BB . 3R 32 £ v A 0 4L 5 e 5 A0
ATRE 5 4 dh A B i B R R 1 A R
A i e R b 2 b (3.23+0.20) mg/kg, 4
B T KE K Ak B AH B R (7. 41 £
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Different letters indicate significant differences between different thermal processing methods ( P<0.05).
B3 FREAHBMIAXITERZEEDIREZ

Fig.3 Effect of different thermal processing methods on biogenic amines of Sthenoteuthis pteropus
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A

HIPE 4 Al A0, 4 2RI ZC iR it A 138
MR R MEA Y, LG IR 32 Bl DR 25 Fh &%
JE 12 Bl BEZE 11 B (BRSE 10 Fh (B8 5 il (B 4
MRS 16 B RS 4 Bl LRSS 8 Fh L EH A LA
Py B HAL 11 R A o SRADT 22 £ PR TP 2 E AR
Py a6 i, FEA SRS BEIRORL, X—FR S
IR O TR 4 SR — B, SR SRR £ 4 R ) T
A —FRFIE Ry o AR M 2 PN T 5 Atk
PyJssgnE) 52 (&) 61 CiAE) (70 B (5l
2N P USZ N = SNUTE SN ESN S S S SRS
PERAE I A R A i K b B
MEZE (BRZE FRZE (RIS (IS TR ALY B
i AR, AR Z AL PR A I T R Y
MRS A G0 5 005 T A BILEH TR 25 (I 2KS | 1y 4 R
PRI S IR D BRI K2 R R
FAEIR ST ) I S I . AR A By
Yoo Ok B A E SR T, o D102 65 o Ak AL, 3l K A0 2%
HRZ o
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Tt B AR KR TRk (H el T A EAE T, X i
PRI AR 25 7 P — e B A o AR SR o
Kt A4 2 b (B i 642. 06 pg/kg) (&
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PRI IKIRAL 15 490 ) T 22 v (), 6 T SR 22 #82XL
WR AT B 1 5 5 A — 2 A TR
BEAY I = Bk A IR W ) S AL MR 1 Y
A, B (B NG, 0 3L AA 2 £ LR BT R K
HIPE 4 B3 2 I, B AL W1 A () A P 4 36
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Xt 17, 18% 5 il i K | % il 3849 2 £ v
Zaw IR Rl RAE S UNVAE S N N E PO )
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g o0l Al Boiled
= [ Jl¥E Pried
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(a) FREAFLHE

Amount of volatile substances

BERritREE
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QLB rp | 5S E  HE  ThAR AR B X
SR HA B TBARs (2. NIk, BEEMAE
TN CAFAE NG BUR AL = 1) 25 1F T A REFE AL il T
HEE R

5 000 1
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Ll .fhl. 1l
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B4 AREBAMIAXTEREZEFELEYRFHLYE(a) REE(D)E

Fig.4 Variations in the quantity (a) and content (b) of the volatile substances of

Sthenoteuthis pteropus under different thermal processing methods

x2 ARAAMIAXTEMREERERSVENESE

Tab.2 Contents of volatile compounds in Sthenoteuthis pteropus under different thermal processing methods

25 AL /EA S # it Content/ (ug/kg)
Category Compound name H: i Fresh & Boiled JHYE Fried &1 Baked
3- i 3L PR Methional 123. 66=14. 14" - 133.23+2. 75" 251.52+3. 82"
Z4 W Decanal 1146.75£167.37"  295.93+4. 84" 201.63%2.51" 306. 51+3. 44
T/ Nonanal 1281.18+150.72°  762.42+3.41" 565. 46+4. 43¢ 904. 17+6. 01"
JEPHE Phenylpropyl aldehyde 171.92+50. 34" 52.52+0. 67° 117.82+2. 76° 286. 18+5. 64°
_ BE% Heptanal - 20.90+0. 72" 33.7320. 47° -
Alde}f;ies P R Tetradecanal - 188.43+1.99" 191.43+0. 98" -
TH-NE-2-F % 2-Formyl-1H-pyrrole - - 225.01+3.76 -
+ % Dodecaldehyde 205. 00+6. 27 119.28+1.67" - -
4-2 IR HEE 4-Ethylbenzaldehyde 155.08+12. 12° 21.15+0. 85" - -
34 515.39=10. 40 - -
2 ,4-Dimethyl-benzaldehyde
2 Acetophenone 146. 57+34. 24° 122. 65+0. 92° 86.29+4.99" -
(E)-2,6-— 122, 6-F— ik —kfi-10-M 1524.71£149.27°  299.55+1.91" 140. 30+ 1. 42° -

(E)-2,6-Dimethyl-2,6-undecadien-10-one
3,3,5- = HE-FRC

2 Ketones 3,3,5-Trimethylcyclohexanone
7-8-2,3-24&-3-(4-N,N-
5-TRHE-TH-1,4-T8 Z 7R -2-FH
7-Chloro-2, 3-dihydro-3-(

4-benzodiazepin-2-one

A RER ) -

4-N, N-
dimethylaminobenzylidene ) -5-phenyl-1H-1,

126.20+7. 06

325.47+24. 14
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FITE
251 RSB i Content/ (pg/kg)
Category Compound name H et Fresh #4l Boiled JHYE Fried e Baked
4°-F2 -8 2 4-Hydroxyacetophenone - 74.76x2. 11 - -
2-%4ffi] 2-Decanone - - 145.02+1.75 -

1-(2-F R ) - LT
1-(2-aminophenyl ) -Ethanone

2-+ 45t 2-Dodecanone - - 141.52+2. 44 -
e 7,9-TRUT -1 R R (4,5) 35-6,9-—
Aldehydes  #i5-2,8-—fifl
7,9-Ditert-butyl-1-oxaspiro [ 4. 5] deca-6,9-
diene-2, 8-dione

- - 85.32+1.80" 187.75+4. 05°

- - 186. 43+3. 81" 617.60+6. 11°

4,5,7,Ta-IU % -4, 7-F fz 8fi-6 (3aH ) -,
(7€)

4 ,7-Methanoinden-6 ( 3aH ) -one ,4,5,7, 7a-
tetrahydro-( 7CI)

- - - 307.11+5.58

2,4-TRUT R
2 ,4-Di-tert-butylphenol

3,4- " ZFKB) 3,4-Diethylphenol 184.24+6.29 - - -

2,6-%0(1, 1-Z 2k 2,38 ) -4- (15 9 3 )
S

i35 Phenols 2, 6-Bis (1, 1-dimethylethyl )-4-( 1-
oxopropyl ) phenol

203.33+12. 65° 135. 06+4. 65" - -

164.26+5. 63 - - 315.71+3. 84

3,5-X(1,1- IR O 5E) K
3,5-Bis( 1, 1-dimethylethyl ) -phenol
2-FBE-5-(1-FJE 238 ) K
2-Methyl-5-( 1-methylethyl ) -phenol

- 101.37+1.40 - 59.57+1.72

- 78.46+1.21 - -

+ABERR Octadecanoic acid 749.36+2. 82° 209.311. 10" 125.75+6. 00° -
T 75%EfR Hexadecanoic acid 1369.11+58. 81" 401. 83+1.24° 595.02+5. 96" -
JKHR Benzenecarboxylic acid - 35.36+0. 65 - -
75 T JUkifR Nonahexacontanoic acid - 94.09+2. 15 - 178. 143, 54"

2 Acids

ARZK —F R — T Mg Dibutyl phthalate 1298.59+63. 86" 724.45+3. 42" 444.74+4.79° 667.67+19.7"
4% — HF R 5% THE Diisobutyl phthalate 937.00+16. 70° - - 521.20+9. 42"
TR 5+ T liE Tsobutylvalerinate 266. 14=2. 90" - - 276.71+5. 63"
B R - Ot e i

Sulfurous acid, butyl tetradecyl ester
e\ -1 -H-2-
Carbonic  acid, octadecyl prop-1-en-2- - 127.40+3. 41 - -
yl ester

SRR R T e © -3-J ALl

Phthalic acid, isobutyl trans-hex-3-enyl ester
TERRER 2-P9 HE+— e S

Sulfurous acid, 2-propyl undecyl ester

R Esters gy gy T 36+ e 360K
Sulfurous acid, butylheptadecyl ester

1, 2-F8 IR XL (2-F 3 ) IR
1, 2-Benzenedicarboxylic acid, bis ( 2- - - 294.71+5.79 -
methylpropyl) ester

CYAS

Chloroacetic acid hexadecyl ester

TR 58 3+ — e Bk i

Carbonic acid, decyl undecyl ester

Bk AN R AR5 2T
Pentadecafluorooctanoic acid, octadecyl ester

TR+ T be LS

Sulfurous acid, butylpentadecyl ester

- 116.49+3.94 - 168. 00+5. 32

- 799.35+2.38 - -

- 109. 68+1.22 - -

- 166. 48+3. 93" - 176.79+5. 89°

- - 36.77+1.00 -

- - 132.42+2.63 -

- - - 74.79+5. 50

- - - 328.49+3.70
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T TEE
S T4k Bt Content/ (pg/kg)
Category Compound name H: it Fresh & Boiled JHYE Fried &1 Baked
B g S TiE
z?ﬁ;i;fﬁiﬁﬁi% ester - - - 137. 0224. 31
i P B Iy 1
fi&2% Esters glﬁ%ﬂi ::ﬁ‘f%ciﬂ?j(ﬁg;ll 2-propyl ester - - - 232.85+5.42
B+ =B 2,2,2- = S Z A
Carbonic  acid,  tridecyl 2, 2, 2- - - - 123.98+5. 06
trichloroethyl ester
FAAN Cedrol 368.60+21.07 - - -
B Alcohols - )¢ EE 1-Dodecanol 264.92+4. 49" - 135.10+3. 66 _
2-2, 3 i 2-Ethylhexanol - 486.94+2. 48 - -
2V HE-1-28 i 2-Hexyl-1-decanol - - - 91.50+6. 57
+—4%% Undecane - 43.36+2.07 - -
+ — ¢ Dodecane 121.65+1. 62" 42.12+2.96°¢ 120. 83+2. 73" 96.11+3.59"
+ VU4t Tetradecane 181.75+2. 04° 165. 54+1. 05¢ 247.19+5. 18" 480.27+8.37°
+Fikt Pentadecane 390. 01:x1. 40° 384.91+2. 13" 374.75:4.31"™ 379.24+5. 15°
}75%% Hexadecane 270. 87+9. 34" - 87.48+0. 85°¢ 287.23+5. 57"
-kt Heptadecane 528. 86+21. 00° 336.46+4. 52 - 277.38+6. 45°
T\t Octadecane 240.37x1.11° 168. 18+2.27° 61.60+2.01" 194.70+5. 17"
“ %t Eicosane 733.65=10. 63° - 282. 16+3. 42" 156. 16+6. 78°
=}—Jz Hentriacontane 259.4322.13" 416. 54+5. 63" - -
R+ 4% Cyclododecane 199. 58+1.50" 156.24+4.79° - 225.67+4.59°
FA-mke Cyclotetradecane 389.28+10. 05* - 72.60+1. 59" -
A1 774 Caryophyllene 258.27+9.35" 615. 66£5. 72° - -
— k% Heptacosane - 155.61+5.71 - -
IR B Azulene . 83.65+0. 54 - -
FIE-FR e Nonyl cyclopentane - 107.20+2. 23" 77.18+4.28° 221.24+3. 15
F—JE -2 4% Undecyl cyclopentane - 162.75+1. 60° - 103. 68+4. 43"
5:2: }8: }j—ﬁtZit:yiﬁadecane - 399.05+1. 50° - 366. 73+5. 82"
pok 7N T ZHi Hexachlorobutadiene - 207. 49+2. 00° 105.17+5. 50° 132.137.28"
Hydr:carhons TF-H-FR%E Nonyl cyclopropane - 189.69+0. 57 - -
+ =%t Tridecane - - 72.55+1.70" 102.22+13. 90
+ 754 Hexadecene - - 117.97+2.51 -
1-+ 4% 1-Tetradecene - - 2018.34+21.25 -
1-3-1 = %% 1-Fluorododecane - - 25.18+0.57 -
1-+ =4 1-Tridecene - - 92.22+6.99 -
2,3,4,5,6,7-NE-TH-H [ a] ok
2,3, 4,5, 6, 7-Hexahydro-1H-cyclopenta - - - 166. 60+7.79
[ a]pentalene
1,2- 34 T-%¢ 1,2-Epoxynonane - - - 186.93+5. 48
B+ 7545% Cyclohexadecane - - - 204.63+5.91
D-¥r# 4 D-Limonene - - - 226.74+14.79
[S-(2) )-6-(1-THo ) -1, 4-FRHE 4
[ S-( Z )]-6-( 1-butenyl )-1, - - - 70.31+2.36
4-Cycloheptadiene
ijg—arit%vﬁzfgiég qIE]}?:’,tane - - - 245.34x22.38
+-E e d- T4 £ 4% Heptadecyl-oxirane - - - 141.84+7. 34
1-T-4% 1-Nonene - - - 240.67+9. 46
i %E Pentacosane - - 82.61+2.82 -
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251 RSB it Content/ (ug/kg)
Category Compound name H et Fresh #4l Boiled JHYE Fried e Baked

TiH 4 Pentamethylbenzene 704. 19+5. 42 - - -

1,2,4,5-PU Lo . b

12,45 Tetramethylbenzene 1579. 45+40. 85 215. 14+4. 33 530.03£12.57

YJ=H %% Mesitylene 85.40=+1. 52¢ 846.82+3. 19" 778.96+9. 05° 886.39+12. 86"

1,2,3,5-PU LR . b

1235 Tetramethylbenzene 1265.72+41.92 105.93£6. 33 180. 78+15. 46

13- -5 (1-H 2 0 ) 2 _ _ _

1,3-Dimethyl-5-( 1-methylethyl ) benzene 159.961.26

-k gk ) -2
(1 JRIEPERE ) -2 222.42£0.75" - 153.22+2.59" -

#2& Benzene

( 1-pentylheptyl ) -Benzene

1,2,3-=HHI 1,2,3-Trimethylbenzene

X ZH 2K P-Xylene
1-2,3-3,5- 3%
1-Ethyl-2,3-dimethyl-benzene

1,2- "W %-4-2, 37K 4-Ethyl-o-xylene

1,3- " H HK 1,3-Dimethyl
R4 4L o-Cymene
1-HUE-3-(1-HI R 2 0 ) -
1-Methyl-3-( 1-methylethyl ) -benzene

(1-YJEFIE) 2

( 1-Propyloctyl ) -benzene
(1-THE 3k ) %

( 1-Butyloctyl ) -benzene
(L-NFEF L)

( 1-Propylnonyl ) -benzene
(1-ZHEZEIE) T
(1-Ethyldecyl ) -benzene
1-FPJE-3- P JE-4
1-Methyl-3-propyl-benzene
48— H 2K o-Xylene
NI n-Propylbenzene
1-FP L -4- P-4
1-Methyl-4-propyl-benzene

1-FJE-4- (1-HBE N 3L ) R
1-Methyl-4-( 1-methylpropyl ) -benzene
2-LfE-1,4-Z P g
2-Vinyl-1,4-dimethyl-benzene
2,3-F-5-H 5E-TH-Bi
2,3-Dihydro-5-methyl-1H-indene
(2-HUBE-1- T e ) 28
(2-Methyl-1-butenyl ) -benzene

2056.40+43.91"
158. 87+3. 08"

187.10+1. 58"

74.83+2.27
49.95+1.03

2374.06+42. 5"

67.84+1.78

77.70+2. 61

81.75+3.03

168. 90+3. 67

230.42+4.40

135.41+3.07

916.36+20. 09°

228.19+11. 06"

233.91£15.97

529.77+16.76
196. 71+6. 63

229.61£33.52

162.22+7.52

259.49+£10. 48

201.25+11.07

305.91+11.40

Naphthalenes

2% Naphthalene

2-H13£Z% 2-Methylnaphthalene

(18- -1,2,3,5,6,8a- N4 -4,7-—H

FE-1-(1-HE 238 ) - 2%

(1S-cis)-1,2,3,5, 6, 8a-Hexahydro-4, 7-

dimethyl-1-( 1-methylethyl ) -naphthalene
2,6-"H ¥:Z% 2, 6-Dimethylnaphthalene
1,6-—H %% 1,6-Dimethylnaphthalene
2,3- " H%ZE 2, 3-Dimethylnaphthalene

1,4- " H3E-1,2,3 4-0E-ZE

1,4-Dimethyl-1,2,3 4-tetrahydronaphthalene

2-HiHE-1,2,3,4- 0% %

2-Methyl-1,2,3 ,4-tetrahydronaphthalene

802. 52+3. 86"
497.26+4. 53"

102.63+1. 83

122. 16+4.17*
82.80+0. 88
222.68+2.21°

68.49+1.09°
87.84+0.94°

63.15+2.99°

271.57+18. 40"
674.09+23. 75"

115.72£15. 74"

174.74+16. 63"

176.52+11. 13

167.31+15.55
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FITE
eyl EY A 1t Content/ (pg/kg)
Category Compound name He it Fresh #1 Boiled WHYE Fried & H] Baked
6-H2E-1,2,3,4- 0% %
6-Methyl-1,2,3,4-tetrahydronaphthalene 266.77£14. 13
ZRK
R 2-7, 328 2-Ethynylnaphthalene - - - 250.20+28. 87
Naphthalenes
2,7-—H 3-Z% 2, 7-Dimethyl-naphthalene - - - 103.80+13. 58
PU4Z5E Tetrahydronaphthalene - - - 370.98+28.51
2,5- " H BEmE g 2, 5-Dimethylpyrazine - - 148.75+3.00 -
2-Z.3:-3,5- T i s _ _ _
2-Ethyl-3,5-dimethylpyrazine 324.11£4.99
2,3- I JE-5- 2 Tk
2,3-Diethyl-5-methyl-pyrazine 639.192. 14
. 2,3-7 2, Fk-5-H - _ _ _
ﬂ[ljﬂ%?é 2,3-Diethyl-5-methyl-pyrazine 75.90=1.56
Pyrazines . X . )
2,3- " H Jmk % 2, 3-Dimethylpyrazine - - 105. 74+6. 56 -

= FEmEEE 2,3, 5-Trimethylpyrazine
2,3,5-= H1Jk-6- L S g
2,3-Dichloro-6-methylquinoxaline

2- LT HE-3- L B g
2-Acetyl-3-ethylpyrazine

1463.41+47.90

235.44+5.96

132.87+2.49

N, N- HU AR A
N, N-Dimethylthioformamide

3-HFLKH Bz 3-Methylbenzylamine
o H SRR

474.65+21.57

485.3+3.58"

113.60+2. 96°

90. 60+10. 13"

719. 80+29. 60°

N, N-Dimethylpalmitylamine ;
2,4,6-=H13E-1,3- K "
2,4,6-Trimethyl-1,3-phenylenediamine
1-( PR AL ) -2-FHE IR e

1-( Cyclohexylcarbonyl ) -2-methylpiperidine
4,5- " B FL-BEME 4 5-Dimethylthiazole
AR LR HEL S Methoxy-phenyl-oxime

5,6,7,8-PU % m| WL
5,6,7,8-Tetrahydroindolizine

5[ Indole
+ ek T EEfE Dodecyl isobutyl ether

5-( HBR L) -
5-( Methylthio ) -pentanenitrile

HAth Others

198.48+2. 55° -

- 29.68+1. 18 -

82.17+1.49 - -

161. 16+2. 01° 116. 16+1.29"
- 136. 16£5. 14"

84.33+3.09°
150. 58+10. 98"

120. 35+26. 04

37.54x0. 82" -
- 576.24+5. 66 -

- 95.09+3.74 -

T AR PR RN RN T 07 s A7 B35 P22 57 (P<0.05)

Notes: Different letters indicate significant differences between different thermal processing methods( P<0.05).

BN EE, A T R E R IR 21k
B, XH e A B LE A R AR XU 1T LA T
AR . MR i BT MR (e AR, B
JEH AR IR G S A IR i Strecker [
SSEAE IR B 20 LR A8 A . K 28t
WAL A B M1, XoF 38 AW 22 # 5 A XUR: BT ik
AR A A BT B 3R S I R A I 3
MR S 5 A A B, T RE DAL Ry 2 ) 3R 2 £ 1A
FEIRBEART 100 °C %5 il 340 22 4 rh & 5 oo iR
JBE 70 °C A Ay, R AR T 100 °C, iy AB A ik
BRI AR A L R R AE I T A R
W PR S N 308 e 5 e g ] ) 4 A A o R

Fy 5 P SIB e P 7 8, 3 7 72 A S e ™ ik e
A A ) T 5 A A R P S A i
FABY . AT EE S TR IE LA W X —
I FEEE o L2 DT Strecker FEAREL RG22
R AL A 0 A T K o R T T B G I i S
7 A IR AL A5 0, T A 6 5t R o ) T R A A
TR , TR IH S o s P e TR 2K 4 W i Ak
LR S i WL A TR R XU £ i
BERALEY

3 45ip
A SRR A 2 PO TR, Hea 3 ikl |

http://www. shhydxxb.com



862 ISR A PN N%
i%ﬂ'ﬁ&ﬁﬁ‘ﬁ 2H é}%ﬁﬁﬁz TE%‘/E“:O ‘;EE J:/E methods influence on the quality changes of Tilapia Fillets
RBARTE f o 5 L 0, e ) 2 X 300 D Nantals Yanta Cniveny, 2021
AR R A AL, A s TR AT B R B RO

b MR ERTSE (T ] R AR i, 2021, 21
TBARSs E5BIHI I T 1. 36.5. 64.6. 71 fif, 245 (7). 201209
il i 3 W@%ﬁlﬂﬁﬁﬂﬂﬁﬁrﬁrﬁo H W) W A 2 ZHANG L M, ZHANG Y, ZHAO Y S, et al. Screening,
,ijHIL IE):‘ o H i’)]ﬁ 7S Iﬁ] %%F"F E]’:] AR ’ﬂz , L 'T‘ identification and characteristics of biogenic amines producing
Qﬁﬂﬂ ﬁ%i j][] L4 HTI‘ & E]/JjF I:jj]l] H strains in salted fish[ J]. Journal of Chinese Institute of Food
F= TBARs {Ei‘ bﬂﬁi’é élzﬁ *ﬁ\j%ﬁl 42 mj]l]j: Science and Technulugy, 2021, 21(7) . 291-299.
. (9] EJF, FhEEE0, XUEbK, 45, RBER G D RE Y A
AL%E ’ m%%ﬁkﬁt%ﬁ&ﬁ ’ EEE? R EQTE Hﬁﬂ/mﬁﬂﬂﬂ’]ﬁ%”ﬁfﬁfﬁ[” - BRI K, 2021, 42
EW{EE Kﬁm%m%,ﬂtﬁ%%@ﬂﬁ%%ﬁﬁ (8): 218-224.
Hahn, R TARIG5E WANG D, SUNX Y, LIU J L, et al. Study on the effect of
microorganisms on the formation mechanism of bioamines in
%%j{ﬁk . fermented meat products [ J ]. Food Research and
[1] ABUGOCH L, GUARDA A, PEREZ L M, et al. Development, 2021, 42(8) : 218-224.
Determination of proximal chemical composition of squid [10] ZHANG € Q, ZHANG Y'Y, LUAN D L, et al. Changes in
(Dosidicus gigas) and development of gel products [ ] 7. biogenic amines and total volatile base nitrogen in Gonatopsis
Archivos Latinoamericanos De Nutricion, 1999, 49 (2): borealis muscle during storage [ J ]. Journal of Food
156-161. Measurement and Characterization, 2020, 14(1) . 106-113.

(2] el s B S . 4 KA R [11] ZHANG C Q, ZHANG Y Y, LIN L S, et al. Effects of
K4, 2021 dhE L GRS [ M. JEses o different salt concentrations on several freshness indicators of
[ el ik, 2021, North Pacific squid ( Ommastrephes sloani pacificus) during
Bureau of Fisheries, Ministry of Agriculture and Rural storage at 4 “C [J]. Journal of Food Protection, 2020, 83
Affairs, PRC, National Fisheries Technology Extension (11) : 1871-1876.

Center, China Society of Fisheries. 2021 China fishery (12] BObedk, i, ARSLIE, 55 ASEALBPRER RS il i £
statistical yearbook [ M ]. Beijing; China Agriculture IR A S M [T ). £ Lol B4, 2020, 41(16)
Press, 2021. 279-285.

[3] CARRASCON V, ESCUDERO A, FERREIRA V, et al. AO X L, FU B S, QI L B, et al. Effect of different
Characterisation of the key odorants in a squid broth ( /llex packaging materials on quality changes of baked squid during
argentinus) [ J]. LWT-Food Science and Technology, 2014, storage[ J]. Science and Technology of Food Industry, 2020,
57(2) : 652-662. 41(16) ; 279-285.

(4] EBEsE ST Y [MI. dbse PEgAun g [13] X, B, HME, % SRREERIR R e
¥, 2008. MR [T]. &5 LB Tk, 2016, 42(5):
ZHOU X Y. Cooking technology[ M ]. Beijing: China Textile 140-145.

Publishing House, 2008. LIU M, YANG X S, ZHANG X W, et al. Effect of complex

[5] @y, MmIE, Mok, 2. Wit s s s R preservatives on the quality of repeated freeze-thaw squid[ J].
Kbk e p 25 4k [ 0], & i BF 2%, 2021, 42 ( 2()) . Food and Fermentation Industries, 2016, 42(5) . 140-145.
145-151. [14] e NRIERIEE R TAMTRI4EFZ 2. GB 5009.
ZHAO HL, FENG Y, XU Y X, et al. Changes in quality 181—2016 & fh % 4 FH bR B PN e[ S].
and flavor characteristics of sea bass muscle during steaming dent: HEbRAEL AL, 2016.

[J]. Food Science, 2021, 42(20) ; 145-151. Ministry of Health. GB 5009. 181 — 2016 National standard

(6]  ZHF. S Al S e 2% Oy 200 B £ B il BT B %2 4 for food safety determination of malondialdehyde in food[ S].
Rsm[ D], FUM . Wik, 2017. Beijing: Standards Press of China, 2016.

JIANG W Z. The effects of cooking, storage and distribution [15] W35, xluh, sk, &6 PR AMEG T8 I 1) T
methods on the quality and safety of Bighead Carp ZiAe R A AR SE [T ] & Tl B4, 2018, 39
(' Aristichthys  nobilis ) [ D ]. Hangzhou: Zhejiang (20): 165-172.

University, 2017. YAO F, LIU J, ZHANG ], et al. Optimization of hot air

[7] - ORTEBGIN Ty RO AR £ A 5 R AR AR S AR A assisted far-infrared dying parameters of dried meat slice and

ﬁt[ I MG AR, 2021
LI R. Study on the effect of different thermal processing

http://www. shhydxxb.com

Science and Technology of Food
165-172.

its quality research [ J].
Industry, 2018, 39(20) :



4 1 TEAE, 55 AN RIRAIN T 7 3O AR 1050 5T ) 52 ) 863

(161 SKMS, EHE, By, . B SRR KRR X o S e A 4 S VR [T ] i TR, 2012, 33

FREREE I [T]. B S AR SR, 2016, 35(8) (5): 71-75.
878-882. XIE W, LOU Y J. Determination of volatile compounds of
ZHANG P, WANG X, YANG F, et al. Effect of dehydration Peru squid by headspace solid phase microextraction gas
degree on the quality of fried channel catfish[ J]. Journal of chromatography-mass ~ spectrometry [ J ]J.  Science and
Food Science and Biotechnology, 2016, 35(8) . 878-882. Technology of Food Industry, 2012, 33(5): 71-75.

[17] R, &, T4 MR O Ul fi 5 5T A9 5% i [27] HEEGH. BT ) SERLE R R AT T 5 TR BRI R 5
[J]. friRl2E, 2019, 40(13) : 94-101. YRR A [D]. Mt B Rl K
TAN M T, XIE J, WANG J F. Effects of different thawing 2, 2015.
methods on quality of squid[J]. Food Science, 2019, 40 LYU H C. Study on the volatile aromatic compounnds of roast
(13): 94-101. pork based on directional Maillard reaction and thermal field

[18] KILIC B, SIMSEK A, CLAUS J R, et al. Effects of different desiccant technology [ D ]. Nanjing: Nanjing Agricultural
end-point cooking temperatures on the efficiency of University, 2015.
encapsulated phosphates on lipid oxidation inhibition in (28] JhREE, Wifdfh, K&, & 4R TRkt
ground meat[ J]. Journal of Food Science, 2015, 80(10) . O EEAEATL] . B R RN, 2014, 30(3) :
C2161-C2169. 130-136.

[19] DOMINGUEZ R, GOMEZ M, FONSECA S, et al. Influence SUNCF, YU Q Q, SONG C K, et al. Changes of volatile
of thermal treatment on formation of volatile compounds, compounds during the processing of spiced beef[ J]. Modern
cooking loss and lipid oxidation in foal meat[J]. LWT-Food Food Science and Technology, 2014, 30(3) : 130-136.
Science and Technology, 2014, 58(2) : 439-445. [29] MATERA J, LUNA A S, BATISTA D B, et al. Brazilian

[20] Z=gily, HHRE, e, 4. Ut R rp AR 6kt A= 4 cheeses: A survey covering physicochemical characteristics,
e As ik B re e i o s % g (7], P E & e, mineral content, fatty acid profile and volatile compounds
2021, 21(4) : 236-245. [J]. Food Research International, 2018, 108. 18-26.

LI'Y C, CAO N N, HAN X, et al. Changes of biogenic [30] VARLET V, PROST C, SEROT T. Volatile aldehydes in
amines in lllex argentinus during storage and isolation and smoked fish: analysis methods, occurence and mechanisms of
identification of amine bacteria [ J |. Journal of Chinese formation[ J]. Food Chemistry, 2007, 105(4) : 1536-1556.
Institute of Food Science and Technology, 2021, 21 (4): [31] DRUMM T D, SPANIER A M. Changes in the content of
236-245. lipid autoxidation and sulfur-containing compounds in cooked

[21] CHUNG B Y, PARK S Y, BYUN Y S, et al. Effect of beef during storage [ J ]. Journal of Agricultural and Food
different cooking methods on histamine levels in selected foods Chemistry, 1991, 39(2) : 336-343.

[J]. Annals of Dermatology, 2017, 29(6) ; 706-714. [32] AckEs, #A%E, S, 45 Maillard 52 57 b 24 FR bR AL

[22] HIDALGO F J, NAVARRO J L, DELGADO R M, et al. AV EHLE DR SR (1], F RS etk i, 2012
Histamine formation by lipid oxidation products [ J]. Food (4): 46-53.

Research International, 2013, 52( 1) : 206-213. YU XY, HUJ, ZENG S T, et al. Research progress on the

(23] XIAO H W, PAN Z L, DENG L Z, et al. Recent formation mechanism of heterocyclic flavor compounds in
developments and trends in thermal blanching - A Maillard Reaction [ J ]. Flavour Fragrance Cosmetics, 2012
comprehensive review [ J]. Information Processing in (4): 46-53.

Agriculture, 2017, 4(2) . 101-127. [33] NEILL G, AL-MUHTASEB A H, MAGEE T R A.

[24] ZAMORA R, DELGADO R M, HIDALGO F J. Formation of Optimisation of time/temperature treatment, for heat treated
B-phenylethylamine as a consequence of lipid oxidation[ J]. soft wheat flour[ J]. Journal of Food Engineering, 2012, 113
Food Research International, 2012, 46( 1) : 321-325. (3): 422-426.

[25] ZAMORA R, DELGADO R M, HIDALGO F J. Chemical [34] EHLING S, SHIBAMOTO T. Correlation of acrylamide
conversion of phenylethylamine into phenylacetaldehyde by generation in thermally processed model systems of asparagine
carbonyl-amine reactions in model systems [ J]. Journal of and glucose with color formation, amounts of pyrazines
Agricultural and Food Chemistry, 2012, 60 ( 21 ). formed, and antioxidative properties of extracts[ J]. Journal
5491-5496. of Agricultural and Food Chemistry, 2005, 53 ( 12):

(26] fifl, 2T, T2 AR G I-SBTIE FB R BT Bl 4813-4819.

http://www. shhydxxb.com



864 S = S N Eibd 32 %

e

Effects of different thermal processing methods on the quality of
Sthenoteuthis pteropus

NING Haihua', KONG Shanshan', CHU Fuyu', LIU Zhijie', SONG Yishan', LAI Keqiang'’
(1. College of Food Sciences and Technology, Shanghai Ocean University, Shanghai 201306, China; 2. Engineering Research
Center of Food Thermal-Processing Technology, Shanghai Ocean University, Shanghai 201306, China)

Abstract; The effects of boiling, frying and baking on the color, texture, thiobarbituric acid value, biogenic
amines and volatile substances of Sthenoteuthis pteropus were investigated. The results showed that the color of
Sthenoteuthis pteropus changed significantly after thermal processing, and the color of the fried treatment group
was significantly different from that of other treatment groups. The hardness and chewiness of Sthenoteuthis
pteropus changed greatly, and the boiling group “s elasticity varied greatly from that of the other treatment
groups. The magnitude of oxidation of the samples after different thermal processing methods: boiled > fried >
baked. There were differences in the effects of thermal processing on the six biogenic amines: the overall
content of spermidine, tyramine and spermine in the four groups of samples was low and the differences were
not significant. The histamine content in fresh squid was (3.23+0.20) mg/kg, which increased 1.29 times
(boiled) , 3. 68 times (fried) and 2. 89 times ( baked) by thermal processing, respectively. A total of 46,
52, 61, and 70 volatile substances were found in fresh, boiled, fried, and baked Sthenoteuthis pteropus,
respectively, using the SPME-GC-MS technique. The effects of different thermal processing methods on the
edible quality of Sthenoteuthis pteropus, such as color, texture and flavor, were different. The results of the
study provide theoretical guidance for the thermal processing of squid.
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