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1 ARS
1.1 ##E5iRH

Atk (i FK=FRAH);CO,
(B, HERT 99.9% ) M 5 R B TS
EAEBRA T ;T IUBEER B BRI T g 2 S iR
Bty A R ) 5 Ho A fh 22380500 3y 2 B 4, 1
B B2 5 A0 A BRAF .
1.2 {88

FZ U4 : Speed SFE-2 Il A 2 B (£ E
Applied Separations 23] ) ; B F RV (L FE L F
B RS ) ; B AR ENL IR ABER] ) ;
KGR ( L BT RmHERRAR) ; &5
FERAHRE DML LR ER 2R ARAH) ;
HHE IR S X TRAR (L — BRI A RAR) ;
7890A-5975C S AH 8,3 — R 3 B i AY ( GC-MS)
(EEZHEBATA) .
1.3 WHE
1.3.1  JFRHikb 3

RHRIE RS R G , HEE RIS,
SrEETRELES, 18 CRHEI A
1.3.2 fyhABIE A CO, ZEHL

FREL 30 g A, S E T 50 mL &
A eI E R PN S ST RE PSS IR N
SEREREEERINEREE b, & FE R
BE B ) M R ], iR B R E ), AT
CO, "SR], Bk B RFE TN, 25
M), TR R, Co, 5N, ~RBEFEIHE
FINE 2R WZEBUE J7, B RER AR H A8
FTREBGI R, #AZE 15 min 5T 5 O RRIYCEE
ZREY) 35 B AU ) J 2R B BB A5 OR, IR
;i
1.3.3 BRERRBKIT

A B R[] | 2 BRI B 2 B ) 4 A 3% i
B MAERSCR M EEHR R, UEBCR N F
AR, BT R IR

TEZEHURBE 40°C &4 T 2K HUET ] 3 h, B 4%
15.25.35 .45 1 55 MPa [{)ZE B 73 %t B E f 3k
THAR IR F 20 ; ZEZEBORBE Y 40 C, ZEHUE )
35 MPa {4~ , %% 1.2.3.4 F15 h FyZEHLET[A]
Xof B £ Sk T SR R B 5 A (] Ry 3 h, A
HBUE TR 35 MPa 254, % %% 35.40.,45.50 I
55 C MZEBORBEXT & 4F M Sk TR IR 1%
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1.3.4 R s e it R M

HR4E Box-Behnken f) H 0 4 & 1K B 3¢ 11 )5
B e RRAKESR, fEEPURE 3
BUE Sy FEHS ] 3 AR 20 AVB # C 3R
TS i = Bt 4N NG AN R O v 1D
1.0, +1 #A795 (R 1) o PIPIEMAKGMIBIER
HRRAE (Y) , 7B R R AR Al R 3 B
R 3 7K i o T8 43 75, ot 2 A Sk i A
5 CO, M TZHATHAL, HoKF4RfS i T &
1, B FATHAT 3 Ko

F1 MEESHERAKFE
Tab.1 The factors and levels of response
surface method

H#E K level

factor -1 0 +1
A ZEBUREE/C  temperature 35 40 45
B Z£HXJE /7/ MPa  pressure 30 35 40
C ZEHUA]/h  time 2.5 3 3.5
1.3.5 B R4k B m il g

K> B A% & )& B I E #2 R GB/T 5528—
2008 BEAT , BRAE I 22 $2 I8 GB/T 5530—2005 3
7, B ¥ I % #% B GB/T 5532—2008 #k47, it
FALIE I E #2 B/ GB/T 5538—2005 i#17
1.3.6 Siitatr

SERBAREIM 3 YCFAT , FFFIH Oring 8.6 Xf
BATR R o I B BEAT R 2 1. SR Design-
ExpertV8 #17 H0 A & i B B, I F) F 34
PAT F R, BRA R R KX EEMK BEE,
BRXE N 95%

1.3.7  JeRimRsr#r

PRI, KR BB N 0.2 ¢ KR
. LA 1.0 mL 1IN H,S0, 1 10 wL 10 mg/mL
FIUBEER R, N, K10 s #EEZS S, 7 B4R
=T 80 C/KY,90 min 5 BUH ¥ 1 10 min, fiI A
1.5 mL 0.9% (¥ NaCl #1200 pL iF O %%, iR 20
5,2 000 r/min B.0> 2 min, B F 2 T8 B2 4
o

3%+ 5 DB-5ms (30 m x 0. 25 mm x 0. 25
um) FERER S 1 L, SEREIRLEE S 270 C, T4
I, BARNAR(99.999% ) , g M 1 mL/min, 4
18870 CA#$F S min, PA 25 °C /min F}Z 200 C,
PL2 C /min FFZE 280 C 3 MK 280 C, 5
TIRIRSEE D 230 C o



24 wkEE, % A E AL CO, F T IF KBTI 295

2 giR5ie

2.1 AREEREHNFEELBEEHRM

TEAXHORE 40 CHZHSE 3 h KARMFT,
FEARE F1(15.25.35.45 155 MPa) X & 4k
SRR (B 1) o BEERERUE S B3y
i, B A RN B, 2R /T 35 MPa
i, B TR D H 3 0, i R 28 BRGRE M 41. 30%
TH 3] 82. 81% , K J1iK %] 35 MPa J5, 4kZi
ISy, S KA HUCRTE T8% ~ 82% FIVE el o
B

TER P AR AP 24 IR K T 35 MPa i, CO, It
R B REE T 1 B3 i Tt , A Wi & 4k
8 371 A58 BE T A CO, BB 1 , AR A8 A DA
VIR, 3K M TE CO, LA HR Y 8 A B2 AN 16T
i, TR S R PR T o 24 135 %) 35 MPa
i, ARSETH R IR, TR R A R B AR, B
e fh £ Sk T AV AR B L AN T i, AR IR
A, EBEAEN R, % R B R R R
FESEIRIE, 4% 35 MPa i ELHIZEHUE T

4

20 30 40 50 60
IR J3/MPa

extraction presssure
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Fig.1 The effect of different pressure on

By

I /%
extraction rate
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fish oil extraction rate

2.2 EREREXNFTIEELBEENITIT

FEZEHRET (] 3 h FZEBUE /) 35 MPa ) 444
T, B A BUERE (35.40 45,50 Fi1 55 C) %t 4k
S AEBCR M (B 2) . 7E 35 ~55 CHYR
PSRl P, il 2 2K BT B S T T, i P 2
BEEIET R EREIM S, HRELR 40
°C Bsf 1 o1 A 2 B R K B B KK 78. 12% , T 4k
SRR , fIlh AR BN WT A, A 78. 12%
B %K 55.39%

LR BEMLT 40 C B, T R BUR B 4 T
[ P FAGZ Bh R, 6 4% BR AR A9 80 B0

TG CO, JrAA i AR BE , X IR TR . T2
IR T 40 C, FHRIREE , fi CO, WA H) % B
FAER , BTV BB ) AR, RO FRAR ™ o R,
TR A R ZE IR, R SRR RERE, B
40 °C Jy3d B A BUR B
80
N
S 65 \i
60
55 ™
50

45
40

FEHE /%
extraction rate

3% 40 45 50 55 60
IR/ C

extraction temperature

B2 AREFEDERENTIEELHRNENZN
Fig.2 The effect of different temperature on
fish oil extraction rate

2.3 EHHEXNFIEELMERHZM

FEABUR BE 40 CHAIUE Iy 35 MPa [y 5%
T BB (1.2.3 .4 F15 h) X B E sk
AR RN (18] 3) o BEAE AE U [a] (A BT
K, il A B WIE . 23U [E/NF 3
h B, SN2 HCR [R] , £ AR B 42. 9% T
HILFEE] 8. 6% , S [EXE] 3 h J5 , 4RSHE Nt
(B, 8 3 3 B3R 3 % o

LA E /N T 3 h i, CO, JARXT ¥R
RATE S, BRI, AR R E], CO, Wik S
PR e e fih, SR AR TE4), BT LA RE T L 3R
PR, HAERAFEAE] 3 h )5, Ykl E A Bt
FEAP B, T 5 0 A€ B ) % A BUR A K,
FrAZEBCR S 18 o R I Rk o A
SFIRJ, BE P 3 h il B A U]

100

ERAE I
extraction rate
DO
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Fig.3 The effect of different time on fish
oil extraction rate
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2.4 MEESDHER
7 BAL R R 10 A R Al b, ) R o O T A 1
HTERLTZFMFRNA, R TTREER K

2,

x2 MEEmRKESERESR
Tab.2 The test methods and results of
response surface method

- ABUREE  ABUES) AU R %
k4l /C

? /MPa /h extraction
experimental temperature  pressure time rate
group
A B C Y
1 40 35 3 78.83
2 40 30 3.5 64.13
3 45 40 3 75.26
4 40 35 3 77.69
5 40 35 3 78.04
6 45 35 2.5 65.30
7 40 40 2.5 70.35
8 35 30 2.5 61.22
9 35 35 3.5 68.01
10 40 30 3 60.30
11 35 40 3 70. 60
12 40 35 3 79.35
13 45 30 3 63.97
14 40 40 3.5 79.45
15 40 35 3 76.19
16 45 35 3.5 70.60
17 35 35 2.5 63.35

F| ] Design Expert #0453 2 850 45 R 3
FTENFG 747, B PRER Y XA BURE AL

ZREUE ) B ZEEETE] C ) IR Z R N
Y=78.02+1.61 xA+5.76 xB+2.75xC +
0.25xAxB+0.16 xAxC+1.55xB xC -6.23
XxA*-4.26 xB* -4.97 xC*, FIHFHRFTE4
Mrols 3, Al SR R 4,

B EE TR RECRE R I AT A BERIAR B
#(P<0.01), ~RIAABEE A FEHBES B,
FEHUEE] C M B R A B CP AR B
ZHIABAC A BC B3 (FK3), By
W EE (P < 0.000 1), [F5 RIS B E
(P=0.5732) , i EIH BRI B4 i (R 4) 7T
MBETHERAEEEENBRERR(R =
0.9877) , [Rli CV EHAK, B A B4 1 ik 5 e &
P, LB Z IR T 15 B i R 5 12 e B AR 47 b Xt
RIRZE R AT IO =1 5 2 7R i e Rz
TH B AR LB LR 4 -6 s .

AR AT, AR TEAR (B A5 ZE IR 0 B L
B HWEE 4 -6 A0 ZEEUE ) 0 B AE Sk
REBCRI) R R B3, RN LB, F 5
2R (W N AEL) B BB A8 T T R AR Ak 5 ZE B (]
MAEBUREEIRZ , BRI MR BT 2%, Fmsk(m
IO ) Bl EL R A fh e /N 1 ] A T
HEEIEA CO, $REUE Ak f K M A T 2450
FEEBUREE 41 °C, ZKHUE J7 36 MPa, 25 BUA [H]
3.1 h, BB R IR ECR N 79.5%

R3 DPRBBEURBERFTEST

Tab.3 The significance test and variance analysis of regression model

I 2K I T )2 . . P
source of variance sum of squares DOF average variance significance
7 model 738.94 9 82.10 62.29 < 0.000 1 ® %

A 20.70 1 20.70 15.71 0.005 4 * %
B 264.96 1 264.96 201.02 < 0.000 1 ® %
C 60.34 1 60.34 45.78 0.000 3 ® s
AB 0.25 1 0.25 0.19 0.679 3
AC 0.10 1 0.10 0.078 0.788 5
BC 9.58 1 9.58 7.27 0.030 8 ®
A? 163.42 1 163.42 123.99 < 0.000 1 *
B? 76.32 1 76.32 57.90 0.000 1 ®
c? 104.21 1 104.21 79.07 < 0.000 1 ® %
R 2 residual 9.23 7 1.32
2R lack of fit 3.34 3 1.11 0.76 0.5732
%7 error 5.88 4 1.47
B sum 748.17 16

Trox o« NEFWBFE(P < 0.01); « ZREBFE(P < 0.05),

Note: = = indicates there was an extremely significant difference(P < 0.01) ; #* indicates there was a significant difference(P < 0.05).
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F4 BERAFEFREESH
Tab.4 The credibility analysis of regression model
WiH item SEHME  average trfEZ  standard deviation R? R?adj Cv
${H value 70.74 1.15 0.987 17 0.971 8 1.62%
. 40. 00 HRIFE/% extraction rate
® T\‘
2 | @)
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o— IE | %]
3 jw\N‘i g 36. 00
o S
g ]
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g > (7L 6714]
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B mﬁ&?\\, 5.00
. . 30. 00 " 5
-00 o= ~739. 00 35.00 37.00 39.00 41.00 43.00 45.00
32.0 37,00 A: ¥R E/°C temperature Y
B:/MPa pressure 30;00 5735, 00 A:¥EE/°C temperature
B4 FREREMFENENRNEZMANETEMNESLE
Fig.4 The response surface and contour plots of the effect of temperature and
pressure on fish oil extraction rate
o 3. 50 HREE /% extraction rate
I
§ \«i 3.30
g - B
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43. 00 9. 50d
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C:Hffa]/h time

P2 % /% extraction rate

A ¥R E/°C temperature

I . 37.00 A¥RE/°C temperature

.50 35. 00
B 5  ZENE A0 A EN A A 3o 2 BN 2R % N ) i Rz T P A0 6 7 4k R

Fig.5 The response surface and contour plots of the effect of temperature and time on
fish oil extraction rate

HRIFE /% extraction rate

74. 6714

C:Ifa]/h time

2.70

2.50 63\

30. 00
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B:JE1/MPa pressure

32.00

m‘t}%{£4
2. 50 30, O B: [ J7/MPa pressure
B 6 ZEEXE /) FnZE B i 18] X HR BR 2 54 M Y e Sz TH B AN S5 S 2
Fig.6 The response surface and contour plots of the effect of pressure and time on
fish oil extraction rate
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2.5 KISMEINIE

e e B G A B B S, R B
AR N7 T A A ) B A SR B SR AR (ZE B 7 Ry 36
MPa, ZHUET[E] 2 3.1 h, ZEHUREE Sy 41 °C) F#&
5t CO, H:Xf B 4 Sk #1718 L, R 121 3
K, IR BRECRE R 78. 34% , 5 HU{E FAH
XPiRZE R 1. 16% , R 1 2R A me Rz T 8 Ak 68 1ifs A
CO, B F Atk i T2 &S Bl il 48,
HAESLHAME.
2.6 FE&LBBRPUE

XF B I CO, ZEHUH & HE S i 1T BE
PERE & BAL TR AR U 2, 3 5 R E B VWK R
B AE R R AT B (R 5) .
A UK RS S AR A AR L, B A CO,
RREUE R SR B R R m , O 78. 34% ,ZEAEIEW
RICERAR, 7 59.43% . HAMIEA CO, H
BB AN ES R aEE, AlEmRIR, TRIK
B, KA B8 0.28% ,FRE H 5. 36 mg/kg, i &4k
{60 4.27 mmol/kg, B{E N 139 g/100 g, 34 H

K—RIRUE, T 278 2805 R 8K A 15 S BRI £
RAEBRIENT EALE R B —Fhr v, BER s 515
f MR LE K 125. 87 g/100 g 355 H R —%hn
HESN, HoAth 3 AL 8 bR AN BB A B — Jebr v, HX 3
TP 5 A5 2 5 £2 3 27 B S £ R R R R D ok (3%
5),

MR ZE TS oK R MR, IR A CO,
FEBUREMGR S E TR M &MAT 588, B ARGIA
AHUR, TCRFNRE , A S %t =R,
AR, 58 5 K B BE s AR 45 ko &
AEEE T MBI R CO, WA RE BUR 18 1%
TR TCE R T AT, BB B K PR 2 4F
FIMEA IR, T — S AL A I B R, B
AR CO, FRIARZEE ) fih HL 7 & 1 T i
2 FBRK A 15 R B £ T A AR A4 1R R A U R
EL A1V EE 5 A T 0 g A R EL B, 3% 5 5 2
T H MG SR CO, Ji AZE B A Py JIE £ 3 1 4
SMTEERE B,

£S5 FRRRAEHEMBETERELIER

Tab.5 The sensory evaluation and physicochemical indexes of fish oil by different extraction methods

PR MG R CO, B EHE W*W% ‘ i —?l'(ﬁ??ﬁ Z G
extraction rate SC-CO, cooking method alkali hydrolysis enzymatic method the primary  the secondary
method standard standard

IR/ % extraction rate  78.34 £1.16 59.43 £2.03 76.03 +2.37 67.62 +1.9
4L appearance WM, B W, R LIARE, RIVEM  ZDARE, RYVEM T gL
S odor T, TCRRMIR RN, ORISR BCEE AR, ORIEOR IREE , TRRIKIR T , TERRIK IR
IK%3/% moisture 0.38 £0.02 1.13 £0.07 0.64 +£0.03 0.42 +£0.02 <0.3 <0.5
BR{E/ (mg/kg) AV 5.36 £0.15 10.19 +£0.74 10.31 +0.93 9.29 +0.64 <8.0 <15.0
fo%kﬁ/(m‘“"l/kg) 4.27 +0.33 9.76 £0.82 9.04 £0.79 8.35+0.58 <6 <10
MifE/ (g/100g) IV 139.0 8.9 106.23 +7.3 113.07 +8.4 125.87 £9.2 =120 =120

T — AR — HhrfE S0k B SC/T 35022000,
Note: Reference standard is SC/T 3502—2000.

2.7 FIE&EKIERBREM ST

G531 % i o7 TG A i B CO, XS AR
S E B PLALEE (36 MPa, 41°C, 3.1 h) 5% &
T UK g 1 AN U5 R BB 5 A £ 3K W AT IR
T BREL AT HF EAT LR (3R 6) o

il 5 CO, 2B 2 Ak £ 3k I B A5 i R4S
BT B MUFA [PUFA 1 SFA [ & 820 5 2
41.74% ,30.41% #1 27.85% , ARG T BR & &
K 72.15% . SIS CO, ZRUKZ E M3k
FAEL , 28005 K A 5 AN A 1 SR U B R
Sk AS 1 0 i B BR S B W 43 B 67. 64%
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67.65% F169.27% o

HIE A CO, ZEHUM B IF £ 3k i B A1 Fn A
FHERLA C18:1.,C16: 1 1 C20:1 %, Z A1 FIfg
AR LA C18:2.C20:3 ,C20:2,C20: 4 ,C20: 5. C18:
3.022:5 1 C22: 6 Ry, KB KMEEME
fR PR E ) % AE £ 3k i ) EPA (C20: 5) 1 DHA
(C22:6) 735 A AR T BR S B 1Y 0. 37% ~0.42%
F1.13% ~1.25% ,#lfa 5 CO, ZHUH B JEfa sk
1 EPA 1 DHA 23 5| B8 i BR S &2 19 0. 45% Hn
1.32%

e o T AL A I A CO, 2 H B R 3k, 3R
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BEFmPIEELMERRNFENBEERREY RIS (£S5) .

F6 REMREUF %69 & ik AR ER 4 Y
Tab.6 The fatty acid composition of fish oil by different extraction methods
B4r /% percentage content

©
. I CO, ik ik WK oK
SC-COo, cooking method alkali hydrolysis method  enzymatic method

C11:0 0.02 0.05 0.03 0.02
C12:0 0.15 0.25 0.16 0.14
C13:0 0.11 0.23 0.13 0.10
C14:0 2.83 3.85 3.46 3.68
C15:0 0.87 1.26 1.06 1.35
C16:0 15.53 17.07 17.29 17.08
C17:0 1.82 2.40 1.95 1.11
C18:0 5.58 5.90 6.50 5.55
C20:0 0.35 0.58 0.41 0.41
C21:0 0.10 0.25 0.07 0.12
C22:0 0.12 0.28 0.16 0.11
C23:0 0.04 0.08 0.05 0.03
C24:0 0.08 0.16 1.08 0.03
3. SFA 27.85 32.36 32.35 30.73
Cl4:1 0.16 0.16 0.14 0.17
C15:1 0.15 0.11 0.15 0.16
Cl6:1 4.86 4.38 4.66 4.88
C17:1 0.6 0.45 0.6 0.62
C18:1 31.01 29.15 28.72 28.36
C19:1 0.09 0.08 0.09 0.10
C20:1 3.16 2.91 3.02 2.88
C€22:1 1.64 1.32 1.44 1.73
C24:1 0.07 — 0.07 0.07
> MUFA 41.74 38.56 38.89 38.97
C16:2(w6,9) 0.29 0.29 0.22 0.30
C16:3(w6,9,12) 0.02 0.05 0.02 0.08
C16:4(3,6,9,12) 0.36 0.30 0.36 0.31
C18:2(w6,9) 20.71 19.99 19.21 20.06

C18:3(w6,9,12)
C18:4(w3,6,9,12)
€20:2(06,9)
€20:3(w6,9,12)

.97 1.17 0.87 0.84
52 0.86 0.62 0.97
07 0.90 1.47 1.17
21 0.99 1.31 0.75

0

0.

1.

1.
€20:4(w3,6,9,12) 0.59 0.49 0.50 0.65
€20:4(06,9,12,15) 0.98 0.85 0.90 1.04
€20:5(3,6,9,12,15) 0.45 0.37 0.42 0.42
€22:2(06,9) 0.07 — 0.07 0.09
€22:4(6,9,12,15) 0.66 0.53 0.56 0.73
€22:5(3,6,9,12,15) 0.93 0.77 0.86 0.98
€22:5(w6,9,12,15,18) 0.51 0.39 0.12 0.58
€22:6(w3,6,9,12,15,18) 1.32 1.13 1.25 1.22
S PUFA 30.41 29.08 28.76 30.30

o, BA R RAERE R 5 F s R E
WE RS B T 450 R AR U . AR IG5 CO,

HIEA CO, KT kMR AN WZEESM, IZEEUE J) (R B B A A€ A [A]
FEBUE F7 36 MPa, ZEBUHAE] 3.1 h, ZBURE 41 FIEASM AR BCRAS L IE B sEiA 2] 19. 15% ,
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Optimization for supercritical CO, extraction of tilapia fish head oil by
response surface method

ZHANG Chunhua', BAO Bin"?, CHEN Shangiao', SHEN Jingjing', PAN Jing’, TAO Ningping"*, WU
Wenhui'?**

(1. College of Food Science and Technology, Shanghai Ocean University, Shanghai 201306, China; 2. Shanghai Aquatic
Products Processing and Preservation Technology Research Center, Shanghai 201306, China; 3. Yunnan Haiwang Aquaculture

Technology Group, Yunnan Puer 654800; 4. Marine Science Institute, Shanghai Ocean University, Shanghai 201306, China)

Abstract: To optimize the extraction process, the tilapia fish head oil was extracted by supercritical CO,
extraction (SC - CO,) from tilapia fish head. The signal factors were chosen by single-factor experiments and
the optimal extraction conditions of tilapia fish oil by SC-CO, were optimized by response surface method.
Then the quality and fatty acid composition of tilapia fish head oil were analyzed. The results showed that the
optimum conditions were extraction pressure 36 MPa, extraction temperature 41°C and extraction time 3.1 h,
which was better than cooking method, alkali hydrolysis method and enzymatic method. The extraction rate
under the optimal extraction condition by SC-CO, was 79.5% , and the iodine value, POV and acid value
were 5.36 £ 0. 15 mg/kg, 4.27 +0. 33 mmol/kg and 139.0 +8.9 g/100g respectively. The contents of
saturated fatty acid ( SFA), monounsaturated fatty acid ( MUFA) and polyunsaturated fatty acid ( PUFA)
were 27.85% , 41. 74% and 30. 41% respectively. The tilapia fish head oil was rich in fatty acid
composition, which indicated excellent nutritional value and functionality.

Key words: tilapia fish head oil; supercritical CO, extraction; response surface method; quality; fatty acid

composition
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