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Table 1 Grading standards sensory qualities of fish head soup

fib B A b W4 b i SHE
Quality index Grading standards Scores

FLA L EHI B 65 410
Milky white,limpidity,uniform
SR R R

{67 Color iﬁ[ﬁl’hfﬁﬁ w2 . 4~7
Less white,less clear,less uniform
R VU R 345 s
Little yellow, turbid, non-uniform '
BV 1R B i
Full flavor, high acceptable mouthfeel
fE R AN 2 F1RRAEE , o] bk B 4

oo Tane SRR TS T R s
Less flavor,less acceptable mouthfeel
SRV L 1RSS5 ] b s
Little flavor,little acceptable mouthfeel ’
P DR LT 1
Favorite meat odor

b B3 o

Sok Odor Y TTURBR BEART 4~7
Less meat odor
R W -

Little meat odor

5)2 P AT A X B Y Sk T kR S . 2
Pl A A X 2 ) ) 0 Sk W R H = R g
a-ASTREE Il BIBR 5 48 8050 B AL (75 ) 2500 . 4
A EE R B TE]: 0 s 3R BURE A 120 5 3K ERJE M.
1. 00 s; I HEHZ .60 r/min .

6)2 55 A A X A ) Y £ 3k 1 KU B 43 % G
SRR B0 T A CREL 7 B0 A T UG 47 S 3 3 mL
F 10 mL Tz BEM P, R aE % 8. A T
23 B W, 150 mL/min;s TR 25 77 A= w) Ja],
1200 s; T 25 7= A4 iR, 60 °C; B oh 3 &, 500
r/min; 2 FHHAFR 2.5 mL; RasFE S, 2. 5
mL/s; T HHEF SRR, 5 mL; i S5 4T R B L 45 °C ;I
RARBURE [8], 120 s ZE W B (8] 300 s, SPME-GC-
MS il . i 15 mL % 3L T 40 mL T %5 AR
o ARG S B FE B TR B AES bLTE
60 °C P ¥4 15 min J5 , ¥ SPME 4% 4 A T %5 #
R AR AR I 40 min, T ERCH A A 08T R A Y
FEO, 250 C#Mr 5 min, B SPME 4%, @
FE . DB-5MS g B 418 A (30 m < 0. 25 mm X 0. 25
pm) s B2 P TH IR B P 40 °CL R FE 2 min, D
5°C/minFt & 90 C.A£+F5 min, H L 8 °C/min F+
250 C b RE R B, 250 C3 AW =, 1.0
mL/min, SR Ui s A8 fi 2IR B L 280 °C 5 B i
TRIE . 230 °Cs DU PR E, 150 Cs L F g &, 70
eV s FAH L Fl ,m/2 50~450,

1.4 HiEkE

S T AR AR K 48 S5 BT B 4R A
AT R . SPME-GC-MS #4543l 5% F SAS #14k
Alpha SOFTV9. 1 #F R LK R % E WILEY
J NIST 08 (454 T FRUE — k125 it i AR X 2 1) iF
1150 H .
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W% 10 min. 2R )5 AR FEIR 2 85 ‘CIFfR I 40 min,
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2 FEE 3 RTAN, JnE R L I A ) L f O I R R AR
T B8] 45 X0F 0 Sk 7 (605 GRS RCE LA
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40 min) 1 2 5 CMFAHLE 180 V. @B BE T E] 20 min,
PRI E 75 C ARIEETE 60 min) 2 4~ 2 6l T2 il
A0 K 0, I LB 0 AR A AUECE T
(F D, R H ISR 0k 7 M R b R A .
TR 43 RN 9 0 ke T 0, 0k T 0 B0 R
FAESEM ., Bk, A R 180 V., ¥ 15 1) (8]
20 min JRIRIREE 75 C LRI 60 min /E S HLUKE
By Sk G REH T 2550

2.3 E IR L iE MR

SR IE 2350 e A T A5 2 i B Bl i 2 1 T4 2
BOBREZ) 2.5 h) VER R RE R B N Bl F T
SRR 2 b 4Bl E sk (B D,

1) 2 S 30 B 10 3 1 78 3% B4 FUBCE b 5T 1Y)
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Table 4 Nutritional components and sensory qualities of fish head soup of two kinds of optimized cooking conditions

B IR & 5/ Y% Nutritional components

,Ji"? E"‘EIZ% Sensory scores

e - ” ; :
No.. HLIE 17 HEN Ay Il 4 % Wik E
’ Crude fat Crude protein Ash Solid Color Taste Flavor
1 0.27+0.00 1.5740.04 1. 0840. 00 2.934+0.00 7.98+1.00 7.0040.50 7.5040. 48
2 0.30+0. 00 1.9240.12 1.1440.00 3.28+0.00 8.29+0.76 8.14+0. 38 8.71+0.49
o £ 120
= = 100
5 oy
=% g« 80
A E) S 60 B
3 D40
@( X 20
0 e B - - -
o~ 0 20 40 60 80 100 120 0 50 100 150 200
I} E)/min Heating time JIHUR H)/min Heating time
A BER BRI Electric cooking pot; B: HLAEHE I Electric sauce-pan.
Bl 2#HEFRABANELTINEEHEZE
Fig.1 Temperature profile of fish head soup cooked by cooking modes
x5 RHEANEELFEFHSRBEERROZMN
Table 5 Effect of nutritional components and sensory qualities of fish head soup cooked by cooking modes
e E IR & 5/ Y% Nutritional components JRE PEJ> Sensory scores
PR picli=gi HEF W5 EbI27]
Cooking modes LA e H 8 e % Col W Tast S Fl
Crude fat Crude protein Ash Solid B Color R Taste U Flavor
H, A 5
X 0.30%£0.00 1.9240.12 1.1440. 00 3.28+0.00 8.29+0.76 8.14+0. 38 8.71+0.49
Electric sauce-pan
51 4 AR
e e 0. 1540. 00 1.1640.06 0.94+0. 00 2.12+0.00 7.68+0.47 5.14+0. 90 6.00+0. 82

Electric cooking pot
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2) AR 6 Sk A R e . /] 2 O 2
Fofr 2 A A X e o 1) 5 £ Sk ¥ 48 306 WR 36 B0 BT A (R
T8 Fr A 09 3 B4 4 B (PCAD & 43 1(PCD)
FERST 2(PC2) 19 77 22 BT lk 3 43 01 4 98. 734 % .
0.698% . Bt Jr 2ok AR 99. 432 % , Bl PC1 1
PC2 REHE F B RE i 1 R (5 B, (H X 43 48 4 (dis-
crimination index, DD XA 67, /K T BE A 2L X 43 1Y
DI {E (80~100) , Ut B 2 Tl i 1) 186 WK AR AIE AH AL

3) BT AL Sk R e . [’ 3 O 2

Tofo 2 T A5 X ) ) i £ Sk ¥ 48 SOMR R B0 BT AR
FEBO AR T (PCAE ., F i 1(PCD)
M ERSr 2 (PC2) 1Y J7 22 TTER 43 1 2 84. 0804 .
14.912% , Rt 5 22 5Tk E R 98, 92% , H DI{E N
66,7 W] 2 N FE 5L I SRFFIEAR AL , 28 2 i 52 A AR X
H Y i fa Sk ROk 0 B 2 . B Uk, SR
SPME-GC-MS J7 %t 2 A [R) 28 4 B X 2 ol 1 fi
3k 0 R R R KR B 43 5 AT iE — 25 43 B A

60 - —

40 3: I
g 20 : et
&~ : 3
&0 : e
= : :
Ho =20 g P T

: ; ; B e < . : : : ,
-1000 -800 —600 —400 -200 0 200 400 600 800 1000 1200
FEsr1 PCl
B2 RABMHR(Z)FABER(D)FHENELFEKREBAITHERSHTE
Fig.2 PCA polt of fish head soup by different cooking modes based on electronic tongue analyzer

0.01 :
~ :
&) ]
& 0.00 >
& ]
£ -0.01 »
']'H |

-0.02 o
20.07-0.06 —nf().%—(i.()4—(i.03—0ln2—()'m 0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08
FE 531 PCl
3 RABMHZ)MBERD)FHNENELFISKELIHHNERSTHTE
Fig.3 PCA polt of fish head soup by different cooking modes based on electronic noses

¥ H SPME-GC-MS, M\ 2 Fift a1 3 37 v 43 5] A6
69 Bl A 56 i K PR T L b A KUK 43 46
Fl (3R 6,3 7) 540 3507 R PR Loy 2 0 — B |
PR AL A 4, X R X A S50 g RO AN B 2
R, R H Rl B Y B £ Sk 3 b R D Y
T W PR A RE X S B 43 A 23. 1620, 18. 0320,

2..06 %0 o 1% TR FH 2 e F AR 68 22 1 ) 28 4 % M
43 (38.29%.21.36%.2. 35%) ; 1 BR . B & Ak &
/N A R A/ I SR DO N 4 o
6.77% .46.45% .0.08% .3. 45% . B &t = T % g
FA, P B 25 ) [A) 28 4 e ME B 43 (0. 7106.37. 120,
0.00%.0.17%).
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Table 6 Effect of volatile flavor compounds of fish head soup cooked by cooking modes

. R XoF W T AR AT =/ %
Fih ok s Relative peak area Relative amount
Types Compounds
A B A B
C. ¥ Hexana 0. 65 0.23 0. 88 0.33
B Heptanal 0. 26 0. 00 0.35 0. 00
K i¥ Benzaldehyde 0.12 0. 07 0.16 0. 10
S Octanal 0.49 0.38 0.66 0.54
(E,E)-2,4-ZF#filE (E,E)-2,4-Heptadienal 0.02 0.05 0.03 0.07
K T Benzeneacetaldehyde 0.03 0. 00 0. 04 0.00
(E)-2-%: 1 (E)-2-Octenal 0.12 0.10 0.16 0.14
T/ Nonanal 0.83 0.59 1.12 0. 84
(R)-3,7- " H #-6- & (R)- 3,7-Dimethyl-6-octenal 0.35 0.38 0.47 0.54
S &M Decanal 0.43 0.46 0.58 0. 65
Aldehyde (Z)-3,7-H 3-2,6-2F "/l (2) -3,7-Dimethyl-2, 6-octadienal 5.68 9.59 7.69 13.65
compounds 3,7- T H-2,6-2F R 3,7-Dimethyl-2, 6-octadienal 7.66 13. 47 10. 37 19.17
2,4-%% I 2,4-Decadienal 0.02 0. 04 0.03 0.06
+ PUfEE Tetradecanal 0.43 0.18 0.58 0. 26
(2)-T-F 75 (2)-7-Hexadecenal 0.02 0.00 0.03 0.00
(Z,2)-10,12-F 78 W&k (Z,2)-10,12-Hexadecadienal 0. 00 0.31 0. 00 0. 44
(E)-14-1 % (E)-14-Hexadecenal 0. 00 1.03 0.00 1.47
(2)-9-F )\J&lE (2)-9-Octadecenal 0. 00 0.02 0.00 0.03
/N Sub-total 17.11  26.9 23.16  38.29
1-¥45-3-F 1-Octen-3-ol 0.15 0.12 0. 20 0.17
Fe il BE Eucalyptol 4. 84 5.88 6.55 8.37
(E)-2-245-1-B (E)-2-Octen-1-ol 0.07 0.10 0.09 0.14
il 0.68  1.12 0.92  1.59

3,7-Dimethyl- 1,6-octadien-3-ol
P Borneol 3. 00 2.83 4,06 4.03
4-TIE-1-(1-F1 3L 2, 38) -3- 3R O -1 B

0.33 0.45 0.45 0. 64
4-Methyl-1-(1-methylethyl)- 3-cyclohexen-1-ol 7
a-#A il B a-Terpineol 2.51 2.51 3. 40 3.57
LS 6.6~ FI L FR[3. 1. 1]BE-2-J5-2- I )
Alcohol K X 0.11 0.09 0.15 0.13
6,6-Dimethyl-bicyclo[ 3. 1. 1 Jhept-2-ene-2-methanol
compounds 3,7-— G- 7S]
G 0.43  0.72 0.58  1.02
3,7-Dimethyl-6-octen-1-ol
E)-3,7-— L-2, 6-3F T -1-1
(‘) Fﬁ% b Jﬁ B 0. 44 0.92 0. 60 1. 31
(E)-3,7-Dimethyl-2, 6-octadien-1-ol
S-(2)]-3,7,11-= -1,6,10-1 B¢ — Jfi-3- I
[S-2)] m% g Jﬁ B 0.19 0.27 0. 26 0. 38
[S-(2)]1-3,7.,11-Trimethyl-1,6,10-dodecatrien-3-ol
JHIEE Oleyl alcohol 0.03 0. 00 0. 04 0. 00
5-+ JUs-1-B% 5-Nonadecen-1-ol 0.54  0.00 0.73  0.00
/N Sub-total 13. 32 15.01 18.03 21. 36
(1S-y#H-1,7,7-= W2 101 bE-2- 2 Mg
PR =HE=HL JREE2H 2 R 0.58  0.67 0.79  0.95
(1S-endo)-1,7,7-Trimethyl-bicyclo[ 2. 2. 1 Jheptan-2-ol-acetate
FES E)-3.7-"H 3-2.,6- " -1-BE 2 TR g
i (E)-3 ‘Eﬁ.A 6-F "4 maﬁaﬁa 0.89  0.93 120 132
Ester (E)-3,7-Dimethylacetate- 2.6-octadien-1-ol
compounds 5.8.11,14,17- = 8% T 2 15
' LA 5 1 0.05  0.05  0.07  0.07
5,8,11,14,17-Methyleicosapentaenoate
/Nt Sub-total 1.52 1. 65 2.06 2.35
2-Bifii] 2-Heptanone 0.05 0.04 0.07 0.06
6-F F-5- B JF-2-fl] 6-Methyl-5-hepten-2-one 4.57 0. 00 6.19 0. 00
2~ 3-6- -1, 7-3 — Hs-3-T
o A6 FR ﬁﬁ 0.16 0.14 0.22 0. 20
[EES 2-Methyl-6-methylene-1,7-octadien-3-one
Ketone 1R)-1,7,7-= W H-BUIR[ 2. 1. 1] P - 2- il
(o T SURLE. 1. 1 ke 2 0.22  0.23  0.30  0.33
compounds (1R)-1,7,7-Trimethyl-bicyclo[ 2. 2. 1 Jheptan-2-one
2-+—Hd 2-Undecanone 0.00 0.09 0. 00 0.13

/N Sub-total 5.00 0. 50 6.77 0.71
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Zi% 6 Continued from Table 6

R X 0 T AR AR B i/ %
R k& ¥ 24 Fr . .
T C d Relative peak area  Relative amount
ypes “ompounds A B A B
(1S)-a-J&H (1S)-a-Pinene 2.61  0.00 3.53  0.00
(IR)-a-JEMs (1R)-a-Pinene 0.02  2.66 0.03  3.79
(1S)-B-JK ¥} (1S)-B-Pinene 0.56 0.43 0.76 0.61
B-HH: 4% B-Myrcene 2.67 0. 00 3.61 0. 00
a-/K 54 a-Phellandrene 0. 31 0.31 0.42 0. 44
] P FEH 1-Methyl-3-(1-methylethyl)-benzene 0.12 0. 00 0.16 0. 00
S8 H 1-Methyl-2-(1-methylethyl)-benzene 0. 00 0. 24 0. 00 0. 34
3,7- " H3-1,3,6-1 /\ g =H 3,7-Dimethyl-1,3,6-octatriene 0.13 0. 00 0.18 0. 00
(Z2)-3,7-Z"H 3#-1,3,6-+ )\ bt =4 (Z) -3,7-Dimethyl-1,3,6-octatriene 0. 00 0.03 0. 00 0.04
1- -4-(1- -Hd
R34 Eﬁ%é%)'ﬂ‘a}ﬁ% 0.76 0.62 1.03 0. 88
1-Methyl-4-(1-methylethylidene) -cyclohexene
2,6- " H }-2,6-2% 45 2.6-Dimethyl-2,6-octadiene 0. 26 0. 26 0. 35 0. 37
+ =% Tridecane 0. 00 0.03 0. 00 0.04
+ DU kE Tetradecane 0.03 0.07 0. 04 0.10
L1714 Caryophyllene 0. 04 0. 00 0.05 0. 00
Y-H5 &4 v-Elemene 0.09 0.11 0.12 0.16
(E) -a-F 7 1EM (E)-o-Bergamotene 0.03  0.00 0.04  0.00
1-(1,5 - HFe-4-C ) -4-H R 2%
S =RE-LORE) L TFER 163 181 221  2.58
1-(1,5-Dimethyl-4-hexenyl)-4-methyl-benzene
S-(R*,S*)|-5- (1,5 -2 -4 -4 )-2 - -1,3 - e
[ ] . FE mE FE * R . 6.05 5.99 8.19 8.53
[S-(R % ,S % )]-5-(1,5-Dimethyl-4-hexenyl)-2-methyl-1, 3-cyclohexadiene
BEL Y + H.%E Pentadecane 1.08 0.58 1. 46 0.83
SH-1- -4 -(5 - -1 -k -4 - M - B
Hydrocarbon (S)-1-H1 -4 ~(5 -H -1 - H -4 - E- RE M 2 10 192 2. 84 2. 73
ompounds (S)-1-Methyl-4-(5-methyl-1-methylene-4-hexenyD) -cyclohexene
S-(R* ,S*)]-3-(1,5 -_H -4 -/ )-6 - M. =
[‘ i ] ) T W FREADH 2.18  2.48 2.95  3.53
[S-(R % ,S%)]-3-(1,5-Dimethyl-4-hexenyl)-6-methylene-cyclohexene
T 7% Hexadecane 0. 30 0.27 0.41 0.38
8-+ LWk 8-Heptadecene 3.08  1.87 14.17  2.66
1-+-E#4 1-Heptadecene 1. 06 0. 00 1.43 0. 00
+-E£ %% Heptadecane 8.54 6.23 11.56 8.87
#+ F % Cyclopentadecane 0.13 0. 00 0.18 0. 00
Z L% Heptacosane 0.02 0. 00 0.03 0. 00
T /\$E Octadecane 0.08 0. 04 0.11 0.06
1,11-+ .k 45 1,11-Dodecadiene 0.00 0.01 0. 00 0.01
1.4-—+F®¥ 1,4-Eicosadiene 0.07 0.00 0.09 0.00
1-+ L% 1-Nonadecene 0. 20 0.10 0.27 0.14
+ JLk% Nonadecane 0. 04 0.02 0.05 0.03
(D)-5-1 JubMs (Z)-5-Nonadecene 0.04  0.00 0.05 0. 00
(E)-3-T /\BkHs (E)-3-Octadecene 0.02 0. 00 0.03 0. 00
(E.2)-1,3-%+ M (E,Z)-1,3-Cyclododecadiene 0.03 0. 00 0. 04 0. 00
(E,E,E)-1,4,8 -+ =4 (E,E,E)-1,4,8-Dodecatriene, 0. 04 0. 00 0.05 0. 00
/Nt Sub-total 34. 32 26.08 46. 45 37.12
72 H 4 F 78 B l5 Methoxyphenyloxime 2.55 0. 00 3.45 0. 00
N-Containing
compounds 2-2 F W 2-Ethylfuran 0. 00 0.12 0. 00 0.17
/Nt Sub-total 2.55 0.12 3.45 0.17
fiz Acid compounds n-1 752 n-Hexadecanoic acid 0. 06 0. 00 0.08 0. 00
/It Sub-total 0.06 0. 00 0.08 0. 00
it Total 73.88 70. 26 100. 00 100. 00

DA R FIE 3SR 360 A8 Ak 97 15 3 14 R Jedi 5 55 ) T2 S 5080 i B 403 7%, B O SR FH S5 09 RE LR B8 N B 1 A T2 S BB 1Y i £
k¥, A is cooked by electric saucepan,B is cooked by electric cooking pot. F#[d], The same as follows.
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Table 7 Types and quantities of flavor compounds of fish head soup cooked by cooking modes

%5 Types B Quantities HAXF % /% Relative amount

A B A B
WM& Aldehyde compounds 15 15 23.16 38.29
W21k &% Alcohol compounds 13 11 18.03 21.36
52515 Ester compounds 3 3 2.06 2.35
2.tk &% Ketone compounds 4 4 6.77 0.71
W E k&% Hydrocarbon compounds 32 22 46, 45 37.12
2515 Acid compounds 1 0 0.08 0. 00
A& Heterocyclic compounds 1 1 3.45 0.17
&It Total 69 56 100 100

3 W # A, SRR TR 22 8 i S B[R] (29 20 min) &

31 EHEHELZRRNEME

DT 532 SRR T S AR BE L 3R
AR, M E YRR RN E G
[0 ] 1 37 e 5% 0 0B ik S T 03 1 3 K
AR S A . Bm A A R ok Rk
A o) e 60 e 3 1 RO B AR L IR LAY B 5
TE M, SRk QTR 90~95 °C) B il i f2 3k 1
PRV A R L (0 L 0B IKUBR AR T SR FH R K B (it
MEEAE 98 CALD W, HEH 2.5 h M 1 25 & &
BB E TS 1.1 5.2 h tagny, AR R
JFH 28 i 0 P Sl L 7 FELBH — S I 0 T 38 o 4
R R 1R Y R IR R AN (W] A8 AR L L
] | PR Tk B B Il B ] T 2 il 403k 3 5 b A
VW R S T JORCE I, A5 R AR TR
(180 V) B i i #4 B 18] (20 min) B AR AR 1 iR
(75 C) FIEE K AR I B E] (60 min) i 45 (£ 3k ¥
LEA VP e, AR 5T R B B AR R — B
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e g AL A W EARS R R AR A Y
] , 2 5 B J WA R i U7 40 Ak R s A 2K — i EL oA o
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TR T e T Re L IR R 0 . LR R AT g2
B AR I AN R B, ARG N AR S 4

S P FEIR E 84 °C S A AR IR, K I ] Ry
2 g T R B Ay B S B A B A DR L AR T U
5, Tl 22 1 T T B K (29 50 min) , W B £
5 20 min JFFZEMIRE 75 CALIR 60 min, AL
) 24 R 2.5 b, R B B A £0 3k v R R T
IRV T b e 3 22 o A R ) T T 28 Rl S 2840 5
B B R T R R B I IR R ) T R R AR
P& e B 5D 1 RE R IR BRI DR E R R AR
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Optimizing the cooking process of silver carp head soup and effects
of cooking modes on the qualities of soups

TIAN-Qin WU Ke-jian XIE Wen-wen JIA-Dan XIONG Shan-bai

College of Food Science and Technology s Huazhong Agricultural University/
National R & D Branch Center For Conventional Freshwater Fish Processing (Wuhan) ,
Wuhan 430070,China

Abstract Soup of silver carp head was cooked by four-stage cooking process using electric sauce-
pan. The effects of heating voltage,boiling time,incubating temperature and time on the qualities of soup
were investigated. The effects of nutrients, sensory qualities, taste and flavor by different cooking modes
were also compared. Nutritional qualities and sensory qualities of soup were significantly influenced by
heating voltage, boiling time, incubating temperature and time. The optimal cooking technology opti-
mized by orthogonal experiment was as follows:heating with 180 V and keeping boiling for 20 min,fol-
lowed by incubating at 75 °C for 60 min. The nutrients and sensory qualities of fish head soup by this
cooking technology were significantly higher than that of using electric cooking pot. Electronic tongue
analyzer and electronic nose analyzer showed that both the tastes and flavors were similar, but SPME-
GC-MS analysis revealed that the flavor of soup cooked by electric sauce-pan was rich than that cooked
by electric cooking pot,which were identified 69 kinds and 56 kinds of volatile flavor compounds, respec-
tively.

Key words electric sauce-pan; fish head soup; cooking conditions; sensory quality; nutritional con-

tent; flavor components
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