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SUMMARY

The objectives of this study were to determine the possibilities that polyunsaturated
fatty acids such as EPA and DHA from by-products fish oils were extracted and fishy
and off-flavor were removed by supercritical carbon dioxide. Moreover, the fish oils
treated by supercritical carbon dioxide(SC-CO:) were tested by the processing

characterization of the fish oil and the activity of the physiology materials.

The refining of the squid oil, using SC-CO; with ethanol as entrainer, was
performed in a semi-batch extractor at 83 to 13.8MPa and 25 to 45C. when 1.53% w/w
ethanol was added to the solvent, the solubility of lipids increased by up to 90% over the
near CO» value. The extraction curves showed mass transfer to be solubility limited and

the composition of extracts to be relatively uniform throughout an extraction.

The purification of the tuna fish oil was performed by SC-CO: at the follows
experimental conditions: 70 to 200bar of pressure, 10 to 25g/min of CO: flow rate and 40
to 80C of temperature. The content of DHA in the oil was increased from 26% to 32.7%
at 40C, 140bar after SC-CO, extraction. Experiment for removal volatile compounds by
SC-CO from fish oil was performed at 20 to 60C and 60 to 200bar. Volatile compounds
were eliminated to 99.17% at 30C and 200bar. Off-flavors such as dimethyl disulfide
compounds were eliminated to 99.8% at 40C and 200bar.

The fish oil treated with SC-CO, was detected as a low level of oxidation, even
though it consists of a high unsaturation. It was suit to manufactured products because it
was low viscosity and yellowness but also high lightness. In the characterization of
emulsion sausages to substitute 12.5% of fish oil for fat of pigs, emulsifying stability,
texture characteristics, color, pH and sensory characteristics were generally stabilized. The
major function of fish oil were revealed a decrease of cholesterol and triglyceride in blood

and an inhibition of climateric troubles.
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294 74 F& 42 wg 7€ stvE AFGEADT 71 GADe] FEE A @
A A M (critical point) Bt} =2 G FoA F& FA-o PRz, 23 =2d=2HH 5F
AES wElsh7] et g, A slellA A AR &dlE AE ol &g & FEH

J

(solvent extraction)¥ & F=(absorption), &3 EZdo &A= &9 HHe A& o] &3t
< (distillation) &3 22 A;HA F5F = FE2AE t2t 2944 FA= 4
ool FYel v FAREA, FEo AFEHE FA9 el 7AY wWrEA A4 =
F=o] FdHERE FE 7|A F=(Dense gas extraction)o] @ £o]%= ol

AbEEtal vt o] FEHS AWE W VIAVE dstE A A e 2AA GH Q)
7 T

O

A7F e T et s A9E AQstae v5E AH e &olE ARESta

ATk YA FFoA &rie] & (solvating power) Sufo] Wo] AA oJEIER

F= T4 =Y A4 Wt mE 2AA fFAe 4 7 s (phase behavior)el t gk
a7k dasttt

3to] 2% E parameter® 3 I Ux @i}‘”ﬂ %
AAHL dALE 31.1T, ¢

A% 0.468g/cm39] #h< ‘/}E}‘ﬂiﬂr of A F-ZolMe= &40l = %ﬂé}l‘ctﬂ 53 |
L Folxl TAolA 2 §be W] oM A Wet=H, oA £ 2R
B &4S5 &8st 583 22 AV du. 29" yERH SCF (Supercritical Fluid)+&
Z9A 7A4 FE FR AE8He 9oz 9 A 2= (Tr), 94 &4 49 (Pr),
AA A A% (pr)= 22 Tr = (1.2, 31~92 T), Pr = (0.8~4, 28~200bar), pr = (0.
5~2, 0.24~094g/cm3)°|t}. o] FANA = LA %Lﬁﬂ e 2% Wsle osle WE7}
A Wetal, £3 SHdERYH FEHE §49 FF 28 4 AR 44 gEEE Fo
2 AGRY 2 EAR ARS Muzion Ry & & Qvh 53] 294 FAdd dE
HI 3 e &afles Ao dxo] vlestng 3 Sdo EAsks v IHAd A
S FEE FAAd 2YA FEHol H8¥rt. 1e8l3 NCL (near—critical liquid)2 %%
Al FA G ool EAlEtE AR FollAe FEF FAHOE QA REHYG U 2%
oA &g W3l wE fA49 UrE Ao THIE S velld, o] gdoMe F
%2 A=A (natural products) 258 v 3 RS FZ5=y 4R
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1: Condenser
2: Liquid punp
3: Heater

4: Extractor
5 BP
6: Separator
7:CP.

Supercritical
Region ]

Products

., .
. S
.........

Maker-up(Dense Huids)

(reg) ainssald

Temperature (K)

Fig. 1. Phase diagram of pure carbon dioxide in the critical point region
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1.113

0.322

Density(g/cm®)

46.0
50.3
39.2
73.8
48.8
46.2
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33.7
47.0
80.9
48.9
41.1
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58.4

Critical
Pressure(bar)
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Temp(K)
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Ethylene
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Carbon dioxide
Ethane

Propylene
Propane
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Diethyl ether
n—-Pentane
Acetone
Methanol
Benzene
Toluen
Pyridine
Water
Xenon

Table 2. Critical property data for some supercritical solvents
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Table 3. Application areas for supercritical fluid extraction

Fractionation polymer

Porous polymer

Swell polymers

chemical fiber

Chemicals from coals, metals isotopes, alcohols
Spice extracts

Lecithin

Fat free proteins

Chemical and Food )
Vegetable fats and oils

Industry Animal fats
Aromas and essences (Coffee, tea, hops)
Natural coloring substances(Paprika)
Aroma transfer
Catalyst treatment
Active-carbon treatment
Fat refining(deacidification)
Reduction of alcohol in beverages
Alkaloids

Pharmacy Sterines

Antibiotics
Used oils

Recycling of Residue Polymer wastes

A2dAdd 2 HH

1. 24 WAFE o] &3 L=EX A Ao AA
AR R A

B ALgE Aol YA (Squid viscera oil)+= 1998 3¢9 AAEE ¥ETA]
FES A (F)esTAdem FE Aol 2ol AT head spaceE HATFAE
A ¥ WFAT) Baste] #5848 ARRE ARSSIITE ojabdtEas £k 99.9%°] 4
FEolom, FAo AREE AlFE 1w Aol FEEY AWML #42 lipd

=

standard(fatty acid methyl ester mixture : Sigma, 189-19)% A}-&3}o] vluwst o =
2~HE #4& cholesterol standard (cholesterol, standard for chromatography 99+% in
purity : Sigma Chem. Co., USA)E A}&-3lo] E4319 T}

ofo

AHEEER AL BE lined 1/4“9F 1/8"9] stainless steel pipe(316ss)& AH&3FATE A o]k
setARREH SuE 2UA dHoe= Wae] &S b
Milton Roy Pumps FEFOE Fd5= olitsetie] §S ¥4 o2 pumpingstsl
o]
%

a, BEEl odE®&(99%) s AFAoR FAAE F

g
riet
>,
Ny
s
kl

O
feicch
[
rlr
1
—
3

BZgv] pump= Solvent



Delivery Pump(Young-lin scientific Co., model No.:.930)S A}-&3lth. 19t AH 2 F=
Elo]] Eoj7}la = xAA olibstekae] 2LxE  ZAsle  digital temperature
measuring(WavetekA}, model No.:i461 -112020) Fx¢}, FEHHo g8 HAFwr &
Heise Gauge©l °ol&] =4 %At} System o] &4#E 2 2702] back pressure regulator=® =%
At =g WY v 43S metering valvedt needle valve® Z A&t 2UA
ojtstE o] TEEFAHL YA olitstEtAor A HS Yk separator, YHE A E)
= metering valve?} needle valve, =5 ZHd= dusry], FEHo| FY5=
o] AkzlEL A4 0] AL H %S =AFFE flow meter(SinagawaAl, model No..DC-2A
¥ o

10

% : needle valve
o] : safty valve
N :checkvalve 8
@‘  heater
: filter
- |6 extracts
3
1
. Ok
[\
1 1: solvent tank 5 : extractor 9: gas meter
2 : cooling bath 6 : thermometer 10 : water bath
3 : high pressure pump 7 : back pressure regulator 11 : heat exchanger
4 pressure gage 8 : separator

Fig. 2. Flow diagram of supercritical fluid process.

Crude squid viscera oil

|

Stored under N2 at 4C — | 5g of crude squid viscera oil
Preparation of analysis : <«— | Squid viscera oil extracted
AOAC method by SCF
!
Analysis by

Gas chromatography

Fig. 3. Procedure of experiment.
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Table 4. Operation condition of gas chromatography for analysing the fatty
acids composition of total lipid in squid viscera oil

Gas Chromatography

Model Hewlett Packard 589011

Column .
HP-INNowax(fused crosslinlinked polyethylene glycol
capillary  column, 30mx0.32mm LD., 0.15m film
thickness, Hewlett Packard)

Carrier gas N, Iml/min
Split ratio 64:1
Detector(FID) 300C
Injector 250C

150C, hold 10min ; increase 3°C/min to 201°C, hold

Oven temperature profile ] ] . ] i )
12min ; increase 3C/min to 210C, hold 15min

Az R A

A ARER AR AdEE FUA AA (F)edAYH e E Y Ag kol
A9 head spaces FAa7bAE X33 F =AY (-60TC) Haste] AL A
T2 AESATh oibstE AT X 99.9%9] AEEoldon, EA AREE Aok 19
Aol FEE AW B4 lipid standard(fatty acid methyl ester mixture
Sigma, 189-19)& Al&3ste] vl Aot

=
Thar Designs)® F&x° AA4H /%
back pressure regulator®} v HEHZAE WHE o] 83fo] A<
AlolA & FHAAA FE=HY SATOZA A7 FAEAT. =3 check ‘?ﬁ_l‘ag}r
relief valvegE H2ZA|A thgg 2% 2 ofH wsle] digt =& et

At
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ZAA oA REAE o] &3 A PR A AL 2EWS 40T ~80T, dHW S
70bar ~200bar, % 10~25g/min® WA Fa o] H}t. Algel ZHx] of= Hhg*x
of A 10g 218 & HAAE Lx9} b ZAA Hrgo] o]Fojx o HFS I o

223 FRBL 27

iy

1:CO: tank
2:Pressure gauge
3:Cooling bath
4:Safety valve

5:Main pump o~ 1

6:Electric thermometer l
7: Pressure indicator

8:Heat exchanger l__7_a‘—-—-'
9:Separator
10:Sample collecter

11:Gas flowmeter

AONANNNNNN
[ANNNENRNY

Fig. 4. Schematic diagram of Supercritical fluid process.

Awnzg e =
ol AOACH we} A WAFS Methylationdl®] Gas chromatography 2 243}

Ao Ag¥® Al2kS HPLCH (Fisher scientific)S Abg3dtslon, x| Hake]

SIGMAjitol A FY43dth. GCE HP5390(Hewlett-Packard)S  AF83F1 31, Detectors

Flame Ionized DetectorE AF-&3tGth X4k 45 913 GCel =72 Table 59 2t}

2 o

3T
it

Ay
i
i
IF ro

Table 5. Analytical condition of GC/FID

Model

Hewlett—-Packard 5890

Column

Carrier gas & Flow rate
Injector temperature
Detector temperature
Air/H2

Oven Temperature

HP-INNOWAX  (30mx0.32mmx0.5/m)
N2 0.1m¢/min
230C
260C
9/1

150C — 2C/min — 240C (15min)
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3. 29 FAF o1& olfel HLY Al A
Az 2 At
ZAA FAE o] &3 A AFFEFYH UL EY AA HreE dolr7] 93l A&
H AREE (F)edAgadA e e 2 20E 294 AR AgE FAES
AbEslon, B AbEH HAA9 AFS % 99.99995%0] 40 xask BAE Tta
& Ab&eksltt
ZAAJMTHERHY LA ALY AA AF
A b FEEYH LA RS AAST] A 29A olistE A 2Eef o 21
2 Table 63} o™ {2 10g/min, HH-SAIFS 40202 LdASHA FX A TE wES-
A AR F2 10ge = Y dAsHA FASAT W2 by-pass lines St A
AE 4E7A 7htete] AES s sk
Table 6. Conditions of SC-CO2
No. Temperature (C) Pressure (bar) Density (g/#¢)
1 20 60 780.73
2 20 30 826.62
3 20 120 877.60
4 20 160 911.11
5 20 200 936.90
6 30 60 171.64
7 30 30 702.06
8 30 120 809.52
9 30 160 857.69
10 30 200 891.08
11 40 30 278.41
12 40 120 719.70
13 40 160 796.37
14 40 200 841.09
15 50 30 218.92
16 50 120 587.58
17 50 160 724.35
18 50 200 786.15
19 60 30 191.39
20 60 120 435.21
21 60 160 640.20
22 60 200 725.93
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AR AEY AA B 4
AR REEH Y A AR A AEE GC-MSD$ Canister A 28-S A3}
9] Headspace 1/ E GCol injectiond}e] #4133t GC-MSD<9} Canister System
Z71& Table 72 Table8ol Z+zF el Slth 2 A 3o A= Canister System®] 1
I 22 Efe] £ E BT -18TE st A& 5. 18 A57F 52
E5 200C= AAste] A F7IstgEolY HFH=Ho] FAHA
. A% chromatogram= Willey229, NIST 21, NIST107 Library®ll
, AR 80%clstet AW el w2 peakel WA= WAl ==

Table 7. Analytical Condition of Gas Chromatography & Mass Detector

Gas Chromatography

Model Shimadzu GC-17A
Control Mode Splitless

Sampling Time 0 min

Injection Temp. 250C

Interface Temp. 250C

Carrier Gas / Flow

He, 1m¢/min constant flow

Oven Temp. 35C (10min)-8 C/min—120C (10min)-12C/min—180C
AT-1 (Alltech), Non-polar
Column 100% Dimethyl Siloxane
(60 m x 0.32 mm x 1 zm)
Mass Detector
Model GCMC - QP5050A
Acqusition Mode Scan
Interface Temp. 250C
Ionization energy 70eV
Mass Range 35 ~ 350 M/Z
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Table 8 Analytical Conditions of Canister System

Canister System

Model AUTOCan Canister Autosampler/Concentrator, Tekmar
GC Start Option End of Desorb
GC Cycle Time 40 min
Cryo On
Line Temp. 200°C
Valve Temp. 200C
MCS Line Temp. 70T
Trap Standby Temp. 100C
Cryo Standby Temp. 200C
MFC Standby Flow 100
Dry Purge Time 0.5 min
Dry Purge Temp. -50C
Dry Purge Flow 5
Desorb Preheat Temp. 270C
Trap Desorb Time 4 min
Trap Desorb Temp. 270C
Cryo Cool Temp. -185C
Cryo Inject Time 1 min
Cryo Inject Temp. 200C
Trap Bake Time 10 min
Trap Bake Temp. 270C
MCS Bake Temp. 270C
MCS Cool 70T
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Fa3 RIS 27

Hayase V2] wwo] wtel 3}418E 7Hperoxide value, POV)E =43ttt &
of &mj(chloroform¥} acetic acidE 2:322 &%) 30 mL& 7}3to] A& 3z
shgel 1 mLE 7Fete] ShaolA 53 WA s ST/ 70 mLE 3 AT
F 0.0IN NaxS:0s= 2 A s}si o).

TBARSS 37

Sinnhuber9} Yu™e] wlel wel A% 05 mLel 7% 05 mL¥} 7.2% butylated
hydroxytolune(BHT) 50 pL, 2-thiobarbituric acid (TBA)/trichloro acetic acid(TCA) £
A 2 mLE H7FE F 100TolA 153 T8 2 yzstdnh. o] A& 4TeA 3000 rpm
o2 1023 94 e vs 531 nmoﬂ/\i EH}EE Z43t9 TBARS(thiobarbituric acid
reactive substances)3t#, = A& kg3 malonaldehyde®(mg) o & YEFA ST}

Awe 27
A HAEAE ol&ste FAHITE HEA(Visco Basic Plus rotational viscometer,

FUNGILAB S.A. Spain)& ©]-&3}o] 24T, 30rpme] =122 SA P}

Ao &4

OFHE &7)o Yu MxX ‘}ﬁ](JC 801, Color Techno System Co., Japan)& A-&3}o]
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o2 1087 9% 2 531 nmolA FH¥EE =43t TBARS(thiobarbituric acid
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5l 5 84 4L alkaline phosphatase(ALP), glutamic pyruvic transaminase (GPT)
2 glutamic oxaloacetic transaminase(GOP) =48 Kits (Young-dong Chemical
Industries, Ltd., Korea)E AF&3}%th. & 5 cholesterol, HDL-cholesterol % triglyceride
shek =42 Kits (Young—dong Chemical Industries, Ltd.)E A3t}

=
APFEE LS A Fo] Hyt 197g H = Sprague-Dawleyl 7 dFHE Aol A A ()
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2HE FYste] & AFAAA DZARGEFAAR)E AFSSIA AL, Y A A 1FY
et xR AHolRE AEAZ F FE AT wel 7k dto] HiE AFo] HZAHAEES
7~8utE 4 6 [ FAEA \’Hi‘ﬁf(control) H W2 A dlZ(sham), ol FFEEAY 9
5 mg/kg, ¥ 20mg/kg, W& Smg/kg, WHSE 20mg/kgle® UFo 77 AEsAnh

AT olsd sy SAH3S) %%’é?ﬂ Ao AbsEL 2k 24£2T, §% 55~60%
5 AT AE Aolet &2 A+ itk A3 AE+= corn oll® &5t viY
Im® AT F989 3, v Z(control, Sham)—% Y& comn oils WL AT Folst
ATH.
GAAAA &

1Fdset T34l S A AFol wgk W3 H(Randomized Complete Block

25 AYERS Bthyl cther 7H sholA 1% & 5 guolA Adste] Ao
A F 3000xg, 4TANA 1023 A Reld o 2P A

B4 AR 2A W BH B

2og 4o ALP @4 Kind-Kingd /M#&FH*o] F3le] Fig. 60 Jed oz
Al&2E ZA % $ UV-spectrophotometerS ©]83to] 500nmeolA SFFEE =AHsH 1,
GPTS GOT #4< Reitman-Frankel#¥o 2 =4393, % Cholesterol, TG %
HDL-cholesterol =% KitsE AF&3to] Fig 7, 8 2 99 wWo] os gAn AW
(Enzymatic Colorimetric Method) 2.2 #23}%]
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Serum 0.05 ml

L incubated at 37C for 15 min
— added 2 ml of 0.02N NaOH to stop the reaction
— incubated at room temperature for 10 min

Read absorbance at 500 nm within 60 min
Fig. 6. Determination of serum alkaline phosphatase activity.

Serum 0.02 ml

L added enzymatic cholesterol reagent 3.0 ml
— mixed well
— incubated at 37C for 5 min

Read absorbance at 500 nm within 60 min

Fig. 7. Determination of cholesterol in serum.

Serum 0.02 ml

L added enzymatic triglyceride reagent 3.0 ml
— mixed well
— incubated at 37C for 5 min

Read absorbance at 546 nm

Fig. 8. Determination of triglyceride in serum.

Serum 0.3 ml

— HDL precipitating reagent 0.3 ml

— mixed well and allow to stand 10 min

— centrifuge for 10 min at 3000xg

— clear supernatant 0.05 ml

L added enzymatic HDL reagent 3.0 ml

L mixed well and incubated at 37°C for 5 min

Read absorbance at 555nm

Fig. 9. Determination of HDL-cholesterol in serum.
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6 T T T T T

—O— 10.3 MPa.
—0— 12.4 MPa.
—&— 10.3 MPa, 1.53 %w/w ethanol.
5l —&— 12.4 MPa, 1.53 %w/w ethanol.

Oil amount extracted (g)

0 1 1 1 1 1
25 30 35 40 45 50 55

Temperature (°C)

Fig. 10. Extraction of fatty acids from squid viscera oil by supercritical CO; with
and without ethanol at different temperatures and pressures. Extraction time
60min, CO; flow rate : 40ml/min
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—0— 309cC.
—0— 50 9.
—— 30 9¢, 1.53 %w/w ethanol.
o 37 —=— 5009¢, 1.53 %wiw ethanol.
©
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7 8 9 10 11 12 13 14 15

Pressure (MPa)

Fig. 11. Extraction of fatty acids from squid viscera oil by supercritical CO2 with
and without ethanol at different temperatures and pressures. Extraction time
60min, CO; flow rate : 40ml/min.
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Oil amount extracted (g)

i ® p-124MPa, T=35C
L O -P=12.4MPa, T=50"C

Extraction time (min)

Fig. 12. Extraction curves for the squid viscera oil using carbon dioxide solvent,
both with and without ethanol, at 13.8MPa and 45C, Oil charged:3g.

70%

60%

50%

40%

30%

% Oil Extracted

20%

10%

0%

Fig. 13. Extraction rate curves for crude squid viscera oil. Open symbols:

Time of Extraction, min.

—©— 17.2MPa,45C. — 13.8 MPa , 45 C.
—A— 8.3 MPa, 25 C. --@- 17.2 MPa , 45 C, 1.5 % w/w EtOH.
-=--13.8 MPa, 45 C, 1.5 % w/w EtOH. - -A- 8.3 MPa, 25 C, 1.5 % w/w EtOH.

symbols: CO; with 2% w/w ethanol entrainer.
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Table 9. Fatty acid oil compositions (% mass) of squid viscera oil extracted by
liquid carbon dioxide at 8.3MPa, 25°C

Fatty Extraction

10 20 30 40 50 60 70 80 90 100
acid time (min)

C14:0 716 729 620 729 6.78 7.9 6.73 6.77 6.82  6.71
- Cl16:0 23.28 23.41 21.89 23.10 22.47 22.82 2284 2231 2225 22.04
- Cci6il 6.61 6.70 6.28 6.77 6.47  6.67  6.61 6.40  6.37  6.35
- ocisl 16.21  16.03 16.23 16.32 16.08 15.69 16.52 15.84 15.87 15.65
-~ C20:0 715 696 7.44 686 7.7  6.85 473 7147 7.9  7.29
- C205 15.96 16.06 17.06 16.04 16.44 16.45 16.94 16.34 16.30 16.54
- C226 23.73 2355 26.12 23.60 2459 2431 2563 2544 2520 25.40

Fatty Extraction

110 120 130 140 150 160 170 180 190 200
acid time (min)

C14:0 659 7.29 7.08 666 6.43 6.44 638 6.72 65/ 652

C16:0 2210 23.58 2243 2231 2231 2222 2165 2286 2222 22.20
- Ci611 6.27  6.74  6.61 6.33 619 6.22 6.10 643  6.26  6.22
- Cci8 15.94 16.47 1558 1594  16.0 15.89 1559 16.05 16.07 15.53
-~ C20:0 7.34  7.44 461 7.40  7.61 739 752 734  7.47 7.3
~ C205 16.37 17.05 17.28 16.16 16.02 16.24 16.33 16.01 16.03  16.26
- C226 25.40 26.14 26.40 2519 2544 2561 2643 2459 2538 2596

Table 10. Fatty acid oil compositions (% mass) of squid viscera oil extracted by
Supercritical carbon dioxide at 17.2MPa, 45°C

Fatty Extraction

10 20 30 40 50 60 70 80 90 100
Acid  time (min)

C14:0 myristic 7.72 6.94 7.15 6.43 6.43 5.95 5.84 5.66 5.52 5.91
C16:0 palmitic 2525 22.87 23.21 22.39 2249 21.60 2147 2158 21.34 22.09
C16:1  palmitoleic 7.31 6.57 6.63 6.20 6.21 5.99 5.90 5.76 5.85 5.97

C18:1 oleic 18.02 16.42 16.40 16.31 16.27 16.18 1599 16.17 16.50 16.28
C20:0  arachidic 5.03 4.88 4.87 7.61 7.58 7.72 7.73 5.11 5.29 7.88
C20:5 EPA 18.12 16.69 16.46 1593 1589 16.41 16.41 17.39 17.15  16.02
C22:6 DHA 27.15 2563 2528 25.14 2513 26.14 26.64 28.32 28.32 25.90
Extraction
110 120 130 140 150 160 170 180 190 200
time (min)
C14:0 myristic 6.35 5.59 5.89 6.01 5.94 5.51 5.23 6.09 5.35 5.24
C16:0 palmitic 22.62 21.65 22,10 2272 2252 21.68 21.11 22.87  21.81 21.47
C16:1  palmitoleic 6.15 5.77 5.88 6.05 6.03 5.74 5.61 6.07 5.73 5.62

C18:1 oleic 16.36  16.21 16.16  16.49 16.35 16.01 16.23 16.49 16.25 16.32
C20:0  arachidic 5.20 8.14 8.01 5.28 5.33 7.97 8.34 7.89 8.18 8.37
C20:5 EPA 16.38 15,99 15.71 16.30 16.43 15,85 16.14 1560 1593 16.03
Cc22:6 DHA 26.94 26.64 26.25 2714 2741 27.24 2735 2499 26.75 26.95
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A2dFA STFE )Y LEEE XA A

2 dFREE FE2HE ALFEES AWES Fig. 147 Table 11o] GC X 4A%E
Ueldth, =& E3F A WAl Docosahexaenoic acid (Cozg)2l $HEo]l 2693% % 7H4
wekom  Eicosapentaenoic acid (Cops)= 852%¢] hake W th Ex 3} xwhikyl ¥ 3}
A WAke] Hl &2 oF 238 =2 YEyT

Fig. 15% 483 £x9 W3l we FEHE3 F735 F9o DHATHS veuiglow,
Figl3e] Chromatogram= YEIHAT FEA]7HS 60802 5t &% 40T, o3
140bare] 2744 DHAS®] ko] 327%= 7}4 =A vewgon o= =73 26%0)

Al oF 25.7%9] & TUhE AT

Table 11 Fatty acid composition(%) of Tuna oil

Compounds Composition(%)

Butyric acid (Ca:0) 7.62
Caprylic acid (Cgo) 1.53
Capric acid (Cio:0) 0.85
Myristic acid (Cia:0) 4.51
Pentadecanoic acid (Cis:o) 1.45
Palmitic acid (Cie:o) 22.34
Palmitoleic acid (Ci4:1) 6.90
cis—10-heptadecanoic acid (Ci7:1) 0.96
Stearic acid (Cis:0) 4.51
Oleic acid (C1g:1) 9.41
Elaidic acid (Cis:1 trans-9) 0.71
cis—11,14-Eicosadienoic acid (Czo:) 2.85
cis—5,8,11,14,17-Eicosapentaenoic acid (Caps) 8.52
Eruic acid (Co:1) 0.92
cis—4,7,10,13,16,19-Docosahexaenoic acid (Czz:s) 26.93
Total 100.00
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4.0eaq § 1
3.0e4 2

Cis—4,7,10,13,16,19-DocosaHexaenoic Acid

o 10 20 30 40 50 60
Time (Min.)

Fig. 14. Gas chromatogram of fatty acid methyl esters of tuna oil.

35

O DHA (%)

30

20 o e e B e B — — — — — —

DHA (%)
|
|

15 ¢

0w A4+ H — 1 H

40-70 40-70 40-140 40-140 40-210 40-210 60-70 60-70 60-140 60—140 60-210 60-210 80-70 80-70 80—140 80-140 80-210 80-210
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Condition (C-bar)
(E: extract, R: raffinate)

Fig. 15. Comparison of DHA content(%) in extract and raffinate after
supercritical carbon dioxide extraction with different conditions.
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C17:0

Cis—4,7,10,13,16,19-Docosaliexaenoic muig

o 10 20 30 40 50 60
Time (min.)

Fig. 16. Gas chromatogram of fatty acid methyl esters of tuna oil treated by
Supercritical Carbon Dioxide.(40C, 140bar)

_41_



A3A 2GA FAE ol&F o7 ALY AE AA
ANEY HBY 4R

EAA A 89 FubA AE9] Major Peaki= 2-Methyl —1-propanol, 2,4-Hexadienal,

n-Hexane, Cyclopropane, 1,7—Octadiene, 2,5-Octadiene, 3-Octyne, 3,5-Octadiene ©. % L}E}

womn 1309 M9l peak’t AEEH AT SA4H g EHAESL Rossana R.5Y7 Chas’®

Yol Aol AR Attt A E ] AR ChromatogramS Table 12.7 Fig. 1

71 YeERAth BAE B2 Willey229, NIST107, NIST21 LibraryE AF&3e] MSD sc

an mode® FAsFA oM, AT o] 80%olet®E Be =43 549 545 Fofsto] 41X
9

Hol we B FHe Asagon, nAe 2Az BRag

Ik Teity
120000000 -
115000000

110000000 -

3T

10 5000000

10iiaggnn

20000

g -

S5n0onn

annnaonm -

THn0onn

35

g -

L0000

Ennngom -

I 500000

Jonnadnn -

4500000

Hinnggm -

00000

Fnggm -

25000000

20000000 -

1inaonn

1nnnggmm -

Jnnnonn

o] 55 LEs & Bl

Fig. 17. Chromatogram of volatile compounds in fish oil.
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Table 12 Volatile Compounds in Fish Oil

No. R. T. Compound Major M/Z Area Area %
1 5.625 | 2-Propenal 56 1789945 0.296
2 5.858 | Propanal 58 826769 0.137
3 5.994 | Unknown 35 276292 0.046
4 6.150 | 1-Pentene 42 4330914 0.716
5 6.300 | 2-Butene-1,4-diol,(Z)— 42 3913104 0.647
6 6.358 | Unknown 43 10581010 1.748
7 6.408 | Unknown 43 10776968 1.781
8 6.525 | 1-Propanol, 2-methyl- 43 10627171 1.756
9 6.692 | 2-Butene, 2-methyl- 55 29703510 4.908
10 6.883 | Cyclopropane, 1,1-dimethyl- 55 12918384 2.134
11 7.017 | 1-Butene, 2-methyl- 55 12918394 2.134
12 7.083 | 1,3-Pentadiene, (E)- 39 315864 0.052
13 7.450 | 1,3-Pentadiene, (Z)- 39 291832 0.048
14 8.550 | Cyclopropane, ethyl- 42 81411 0.013
15 8.775 | Pentane, 2-methyl- 43 115110 0.019
16 9.100 | Butanal 44 2763451 0.457
17 9.392 | Unknown 43 2272290 0.375
18 9.450 | 1-Butanol, 2-methyl- 41 106183 0.018
19 10.117 | Furan, 2-methyl- 82 175058 0.029
20 10.408 | Hexane 41 858211 0.142
21 10.600 | Unknown 35 750566 0.124
22 10.842 | Ethyl Acetate 43 516420 0.085
23 10.917 | Unknown 42 44281 0.007
24 11.908 | 1-Pentene, 2-methyl- 41 270595 0.045
25 12.475 | Butanal, 3-hydroxy- 43 222849 0.037
26 12.675 | Butanal, 3—methyl- 41 1526186 0.252
27 13.283 | 1,5-Hexadiyne 78 328859 0.054
28 13.783 | 1-Hexene 41 152565 0.025
29 14.350 | 1-Pentene-3-one 55 1113737 0.184
30 14.533 | 2-Butanone, 3-methyl 43 1027069 0.170
31 14.608 | hexyl formate 56 4615 0.001
32 14.900 | Pentanal 44 8382502 1.385
33 15.033 | 3-Pentanone 57 2432371 0.402
34 15.258 | Unknown 57 194049 0.032
35 15508 | 2,4 Hexadienal 31 68026000 11.240
36 15.642 | Cyclohexanol, 4-methyl- 57 652473 0.108
37 15.858 | Heptane 41 7334579 1.212
38 16.400 | 3-Methylpyridazine 94 81586 0.013
39 17.008 | 2-Methyl, 2-butenal 55 5653118 0.934
40 17.108 | Disulfide, dimethyl 45 1958587 0.324
41 17.325 | 2-Hexanal 55 285664 0.047
42 17.417 | Unknown 55 43825 0.007
43 17.458 | Unknown 55 57561 0.010
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Table 12 ( Continued)

No. R. T. Compound Major M/Z Area Area %
44 17.767 | Unknown 55 107304 0.018
45 18.067 | Unknown 39 47557 0.008
46 18.275 | 1,3,5-Cycloheptatriene 91 649657 0.107
47 18550 | Pentane, 1-nitro- 43 5065161 0.837
48 18.942 | Unknown 43 125198 0.021
49 19.350 | n—Hexanal 41 35770748 5.910
50 19.500 | Cyclopropane 41 36694891 6.063
51 19.717 | 1,7-Octadiene 41 36421982 6.018
52 19.825 | Cyclohexanol, 2-methyl- 67 279101 0.046
53 19.917 | Octane 43 11960207 1.976
54 20.042 | 2-Octene 41 12539842 2.072
55 20.292 | 2,5-Octadiene 67 62523895 10.331
56 20.392 | 3-Octene 41 4900721 0.810
57 20.533 | 3-Octyne 39 44431055 7.341
58 20.650 | 3,5-Octadiene 39 44277048 7.316
59 20.767 | Heptane, 2,4-dimethyl 43 613899 0.101
60 21.033 | 2,4-Hexadien-1-o0l 39 2957185 0.489
61 21.158 | Cyclopentane, 1-ethyl-2methyl- 55 1624764 0.268
62 21.267 | 1,4-Heptadiene, 3—methyl- 39 209245 0.035
63 21.350 | 1-Heptene, 4-methyl- 43 183519 0.030
64 21508 | 1-Decyne 41 1504965 0.249
65 21.750 | Ethylbenzene 91 429633 0.071
66 21.950 | Unknown 43 421780 0.070
67 22.075 | 1,3-cyclopentadiene,5—(1-methylethylidene) 91 1258551 0.208
68 22.183 | Hexane, 2,3,4-trimethyl- 43 194867 0.032
69 22.375 | 1,3,6-Octatriene 79 900404 0.149
70 22.433 | 1-Octene-4-yne 79 900404 0.149
71 22.542 | 2-Heptanone 43 4920664 0.813
72 22.750 | 4-Heptenal, (Z) 41 7840385 1.295
73 22.908 | Heptanal 41 5287647 0.874
74 22.975 | Benzene, 1,2-dimethyl- 91 476540 0.079
75 23.092 | 2-Pentenal, 2-ethyl- 41 5266037 0.870
76 23.317 | Unknown 39 134593 0.022
77 23.500 | Nonane 43 2198196 0.363
78 23.608 | Unknown 39 13490 0.002
79 23.758 | Phenol, 3-ethyl- 107 692772 0.114
80 24.125 | Unknown 55 249541 0.041
31 24.400 | Unknown 39 168616 0.028
82 24.650 | Butyraldehyde, 4-(methylenecyclopropyl)— 79 332471 0.055
3 24.800 | Cyclopropane,(3-chloropropyl)methylene— 79 51883 0.009
4 25.017 | 2-Octenal, (E)- 41 464246 0.077
85 25.075 | Unknown 40 529 0.000
86 25.133 | Unknown 43 106122 0.018
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Table 12 ( Continued )

No. | Retention Time Compound Major M/Z Area Area %
87 25.275 | Unknown 54 229518 0.038
88 25.342 | Unknown 50 1606 0.000
89 25.392 | 1-Nonyne 41 64931 0.011
90 25.492 | Unknown 41 99550 0.016
91 25.583 | 3-Nonyn-2-ol 38 4038 0.001
92 25.767 | Unknown 41 42980 0.007
93 25917 | Dimethyl trisulfide 45 122982 0.020
94 26.158 | 2,3-Octanedione 43 3793452 0.627
95 26.383 | 1-Nonen-3-ol 57 927900 0.153
96 26.842 | 2,4-Heptadienal 31 6551385 1.082
97 27.100 | Furan, 2-pentyl- 81 4520937 0.747
98 27.317 | Octanal 41 3366607 0.556
99 27517 | 2,5-Cyclooctadien—1-one 39 14558213 2.405
100 27992 | Decane 43 521637 0.086
101 28.367 | 3-Nonyn-2-ol 43 95201 0.016
102 28.583 | Unknown 44 58203 0.010
103 30.283 | 2-Nonenal, (E)- 39 478477 0.079
104 31.000 | 3,5-Octadien-2-one, (EE)- 43 274430 0.045
105 31.342 | 1-Undecene 41 83865 0.014
106 31.808 | 3-Decyn-2-ol 43 75780 0.013
107 31.850 | Diallylsulfone 41 333572 0.055
108 32.058 | 2-Butanone,4-(5-methyl-2furanyl) 43 61235 0.010
109 32.267 | 2-Nonanone 43 670231 0.111
110 32.400 | 1,4-Hepatiene,3,3,6,~trimethyl 41 188190 0.031
111 32.517 | E-1,59-Decatriene 41 1257252 0.208
112 32.617 | Unknown 67 44187 0.007
113 32.817 | 10-Undecine—1-ol 41 4579557 0.757
114 33.200 | 1-Undecyne-3-yne 79 3844286 0.635
115 33.275 | 3-Undecyne 67 562595 0.093
116 33.408 | Cyclohexene, 3—methyl-1-butenyl- 79 5989267 0.990
117 33.542 | Unknown 81 12467 0.002
118 33.617 | Unknown 67 685585 0.113
119 33.700 | 3-Undecen-5-yne 79 3949742 0.653
120 34.525 | trans—2-cis—6—Nonadienal 41 2729498 0.451
121 34.758 | tert—-Dodecanethiol 41 917462 0.152
122 34.900 | Unknown 105 65921 0.011
123 35.200 | 1-Undecene 41 81081 0.013
124 36.017 1,3-Dimethyl-2-methylene-cyclopentyl-methanol 39 135267 0.022
125 36.425 | Unknown 41 78660 0.013
126 38.367 | 2-Decanal 41 87669 0.014
127 39.625 | Unknown 43 462644 0.076
128 39.900 | Unknown 39 60468 0.010
129 40.075 | 3-Tridecene 41 301643 0.050
130 40.508 | Tridecane,4-methyl 43 352016 0.058

Total 592336333 100
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Table 13 Odor components of fish oil

No. R. T. Compound Major M/Z Odor Description
1 5.625 | 2-Propenal 56 AF=2d oF F
2 5.858 | Propanal 58 Ab= A 1 AR
4 6.150 | 1-Pentene 42 B3 A A
9 6.692 | 2-Butene, 2-methyl- 55 =7 sk Al
11 7.017 | 1-Butene, 2-methyl- 55 & 3 3 Al
15 8775 | Pentane, 2-methyl- 43 A -l A
16 9.100 | Butanal 44 o) AF3ketH
18 9.450 | 1-Butanol, 2-methyl- 41 AR
20 10.408 | Hexane 41 3] 25y Al
25 12.475 | Butanal, 3-hydroxy- 43 2= ok
32 14.900 | Pentanal 44 AF=73 °FF
37 15.858 | Heptane 41 3] 9kl Al
40 17.108 | Disulfide, dimethyl 45 AF= A 1Y AR
46 18.275 | 1,35-Cycloheptatriene 91 o] 4stel 3
49 19.350 | n—-Hexanal 41 AF= A Q1 AR
53 19.917 | Octane 43 9 Al
65 21.750 | Ethylbenzene 91 o] Aot #
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Table 14 Total area and odor compounds in fish oil treated by various conditions of

SC-CO2

Total Area Area(%) Odor Compounds Area Area (%)
Raw maaterial 592336333 100.00 120121239 100.00
60bar 51256217 8.65 9467087 7.88
80bar 80984955 13.67 8444996 7.03
20C | 120bar 181562474 30.65 5039918 4.20
160bar 96580683 1631 8752631 7.29
200bar 139064872 23.48 8260491 6.88
60bar 304039366 51.33 7057919 5.88
30bar 1228427794 20.74 5563470 4.63
30C | 120bar 25421907 4.29 4231799 3.52
160bar 7844436 1.32 884817 0.74
200bar 4903838 0.83 840869 0.70
80bar 94570415 15.97 7487383 6.23
_ | 120bar 87904383 14.84 3847199 3.20
40¢ 160bar 18066919 3.05 1321761 1.10
200bar 5768170 0.97 240993 0.20
80bar 133648391 22.56 1883755 1.57
_ | 120bar 31266984 5.28 4781891 3.98
o0C 160bar 6882546 1.16 541458 0.45
200bar 11144804 1.88 1060759 0.88
80bar 6327764 1.07 1679127 1.40
_ | 120bar 11220643 1.89 1343039 1.12
o0e 160bar 6695163 1.13 2776389 2.31
200bar 72277839 1.22 1335370 1.11
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Table 15 Peak area composition

experimental conditions

of odor components

in fish oil according to

No.| R. T. Compound raw material | 20°C, 60bar |30°C, 200bar|40C, 200bar
1 5.625 | 2-Propenal 1789945 5135107 186131 23629
2 5.858 | Propanal 826769 nd 12960 44349
4 6.150 | 1-Pentene 4330914 nd nd nd
9 6.692 | 2-Butene, 2-methyl- 29703510 nd nd nd
11 7.017 | 1-Butene, 2-methyl- 33297 nd nd nd
15 8775 | Pentane, 2-methyl- 115110 nd nd nd
16 | 9.100 | Butanal 2763451 564726 80116 nd
18 9.450 | 1-Butanol, 2-methyl- 106183 nd nd nd
20 | 10408 | Hexane 858211 nd nd nd
25 | 12.475 | Butanal, 3-hydroxy- 222849 nd nd nd
32 | 14900 | Pentanal 8382502 nd nd nd
37 | 15.858 | Heptane 7334579 13941 nd nd
40 | 17.108 | Disulfide, dimethyl 1958587 nd nd nd
46 | 18.275 | 1,3,5-Cycloheptatriene 649657 nd nd nd
49 | 19.350 | n-Hexanal 35770748 3627841 445362 173015
53 | 19917 | Octane 11960207 nd nd nd
65 | 21.750 | Ethylbenzene 429633 nd nd nd
Total 107236152 9467097 840869 240993

% 100 8.63 0.78 0.20
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Fig. 18. Peak area of odor compounds in fish oil according to various conditions.
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Table 16 Volatile Compounds of Fish Oil treated by SC-CO,
(Temp. : 30T, Pres. : 200bar)

No. Compound Major M/Z Area Area %
1 2-Propenal 55 186131 3.796
2 Propanal 538 129260 2.636
3 Methyl nitrate 46 370472 7.555
4 Unknown 44 19301 0.394
5 Methanamine, N-methoxy 46 281036 5.731
6 Butanal 39 80116 1.634
7 Unknown 42 845 0.017
8 Unknown 73 22313 0.455
9 Unknown 73 82636 1.685
10 | Unknown 46 591591 12.064
11 | Ethan, 1,2-dichloro- 35 47844 0.976
12| Unknown 39 56212 1.146
13 1,3-Dioxalane,2-methyl- 43 615687 12.555
14 | 1-Penten-3-one 55 94539 1.928
15 | 3-Pentanone, 2-methyl- 57 724764 14.780
16 | Pentane, 3-methyl- 41 120275 2.453
17 | 2,4-Hexadienal, (E,E)- 31 17206 0.351
18 | Unknown 39 27858 0.568
19 | 2-Pentenal, 2-methyl- 41 118797 2.42
20 | Hexanal 41 445362 9.082
21 | Unknown 39 391425 7.982
22 | Unknown 46 46793 0.954
23 | 2,5-Octadiene 39 43675 0.891
24 | 4-Heptanal, (Z)- 39 81021 1.652
25 | Heptanal 41 53234 1.086
26 | 3-Pentanone, 2,4-dimethyl- 43 124661 2.542
27 | Unknown 43 12548 0.256
28 | Octanal 41 48701 0.993
29 | Unknown 81 27591 0.563
30 | 6-Nonenal, (Z)- 41 41944 0.855

Total 4903838 100
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Table 17 Volatile Compounds of Fish Oil treated by SC-CO,
(Temp. : 40C, Pres. : 200bar)

No. Compound Major M/Z Area Area %
1 Unknown 43 26023 0.451

2 2-Propenal 56 23629 0.410

3 Unknown 43 45977 0.277

4 Propanal 58 44349 0.769

5 Unknown 39 11896 0.206

6 Furan 38 39191 0.679

7 Methyl nitrate 46 523849 9.082

8 Unknown 46 49414 0.857

9 Unknown 39 102316 1.774

10 | 1-Propene, 1-Chloro-, (Z)- 39 280032 4.855
11 Unknown 46 53161 0.922
12| Unknown 46 2273443 39.414
13 | Unknown 46 21365 0.370
14 | Ethane, 1,2-dichloro- 35 1484729 25.740
15 | Unknown 43 32850 0.570
16 | Unknown 43 1772 0.031
17 | Unknown 43 13155 0.228
18 | Unknown 78 39915 0.692
19 1,3-Butadiene, 2,3-dimethyl- 39 92026 1.595
20 | 2-Penten-1-ol, (Z)- 57 96490 1.673
21 Pentane, 3-methyl- 41 162359 2.815
22 | Unknown 39 13574 0.235
23 1,6-Heptadiene-3-yne 39 12037 0.209
24 | Unknown 39 31647 0.549
25 | Hexanal 39 173015 2.999
26 | Unknown 41 5297 0.092
27 | Unknown 46 53944 0.935
28 | 4-Heptenal, (Z)- 39 41025 0.711
29 | Heptanal 39 21501 0.373
30 | 2-Nonenal, (E)- 41 28189 0.489
Total 5768170 100
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Table 18 Volatile Compounds of Fish Oil treated by SC-CO,

(Temp. : 30T, Pres. : 200bar, Flow : 10g/min)

No. Compound Major M/Z Area Area %
1 Unknown 55 110104 1.785

2 2-Propenal 55 245734 3.984

3 Unknown 57 32125 0.521

4 Propanal 58 124687 2.021

5 Unknown 55 30902 0.501

6 Unknown 55 12900 0.209

7 Unknown 55 11304 0.183

8 Unknown 55 2678 0.043

9 Unknown 55 69835 0.646

10 | Methyl nitrate 46 265096 4.297
11 | 1-Propen, 1-chloro-, (Z)- 39 112023 1.816
12 | Butanal 39 132448 2.147
13 | Unknown 46 649749 10.533
14 | Unknown 35 71213 1.154
15 | Ethan, 1,2-dichloro- 35 530678 8.603
16 | 1-Penten-3-one 55 195695 3.172
17 | 2-Penten-1-ol, (E)- 57 1134543 18.392
18 | 2-Pentenal, (E)- 39 66334 1.075
19 | 3-Hexenal, (Z)- 41 187061 3.032
20 | Hexanal 41 1025736 16.628
21 | 4-Heptanal, (Z)- 39 174070 2.822
22 | Heptanal 41 121354 1.967
23 | Unknown 57 42479 0.689
24 | 24-Heptadienal, (E,E)- 81 71552 1.160
25 | Octanal 41 105820 1.715
26 | Unknown 81 115706 1.876
27 | Unknown 41 242638 3.933
28 | 1-Undecen-3-yne 41 172184 2.791
29 | Unknown 79 94867 1.538
30 | Unknown 39 47195 0.765
Total 6168710 100
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Fig. 24. Comparison of Chromatogram of volatile compounds in fish oil treated by
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_57_



Table 19 Peak area of odor components in fish oil

according to batch and continuous SC-CO-

and total area comparison

No. R. T. Compound raw material | Batch type Continuous type
1 5.625 | 2-Propenal 1789945 186131 245734
2 5.858 | Propanal 826769 12960 124687
4 6.150 | 1-Pentene 4330914 nd nd
9 6.692 | 2-Butene, 2-methyl- 29703510 nd nd
11 7.017 | 1-Butene, 2-methyl- 33297 nd nd
15 8775 | Pentane, 2-methyl- 115110 nd nd
16 9.100 | Butanal 2763451 80116 132448
18 9.450 | 1-Butanol, 2-methyl- 106183 nd nd
20 10.408 | Hexane 858211 nd nd
25 12.475 | Butanal, 3-hydroxy— 222849 nd nd
32 14.900 | Pentanal 8382502 nd nd
37 15.858 | Heptane 7334579 nd nd
40 17.108 | Disulfide, dimethyl 1958587 nd nd
46 18.275 | 1,3,5-Cycloheptatriene 649657 nd nd
49 19.350 | n-Hexanal 35770748 445362 1025736
53 19.917 | Octane 11960207 nd nd
65 21.750 | Ethylbenzene 429633 nd nd
Total Area of Odor Compounds 107236152 840869 1528605

% 100 0.78 1.43

Total Area of Volatile Compounds 592336333 4903838 6168710
% 100 0.83 1.04
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Table 20 Peroxide values of fish oils
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Sample

Peroxide value (meq/kg)

Crude fish oils
Fish oils treated with degumming

Fish oils purified with SCCO, "

35.82+0.01

25.63+0.24

29.8

1) .. ..
supercritical carbon dioxide
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Table 21 Peroxide values against abundance of DHA, EPA in fish oil

Sample

Peroxide value (mea/kg)

Fish oils treated with degumming

Fish oils purified with SC_COQ1)

72.56+0.24

63.4

1 .. ..
) supercritical carbon dioide

Table 22 TBARS values of fish oils

Sample

TBARS value (mg/kg)

TBARS value (mg/kg)
Fish oils treated with degumming

Fish oils purified with SC-CO,"

3.598+0.003

3.494+0.014

3.557+0.001

D .- ..
supercritical carbon dioxide

Table 23 TBARS values against abundance of DHA, EPA in fish oils

Sample

TBARS value (mg/kg)

Fish oils treated with degumming

Fish oils purified with SC-CO,"

9.892+0.014

7.56+0.001

1) .. ..
supercritical carbon dioxide
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Table 24 Viscosity of tuna oil untreated and treated with supercitical CO-2

Samples Viscosity
Untreated 1050+27cp
SC-CO, treated" 852+23cp
v supercritical carbon dioxide
Table 25 Color of tuna oil treated with supercritical CO-
Samples L= ax b*
Untreated 2.33x£0.00 -7.11£0.49 31.61+0.00
SC-CO
2 19.83+0.14 ~0.55+0.60 24.71+0.24
treated
A6 d 294 A Ad AF9 7ts 54
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Table 26 Color of meat sausage added tuna oil

Samples L* ax b*

Control 75.42+0.55 11.88+0.10 6.09+0.12

S12.5" 75.97£0.26 12.08%0.08 6.76+0.09
S25 78.10£0.10 11.58+0.09 7.25+0.06
S50 77.58+0.72 11.50+0.02 7.85+0.02
12.5 77.32+0.18 11.95+0.14 6.921+0.02
25 76.89+0.24 11.75+0.04 7.22+0.05
50 75.44+0.40 11.60+0.18 7.48+0.11

b sausage added 12.5% tuna oil treated with SC-COz
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Table 27 pH of meat sausage added tuna oil

TBARS value(mg MDA/kg sausag

Samples pH
Control 5.79£0.00
s12.5" 5.71+0.01
S25 5.724+0.00
S50 5.74+0.02
12.5 5.724+0.00
25 5.72+0.00
50 5.75+0.00
b sausage added 12.5% tuna oil treated with SC-CO»
0.3000
.
T
0.2000
0.1000 | £
0.0000
Control s12.5 S25 S50 12.5 25 50

Fig. 25. TBARS values of meat sausage added tuna oil.

Samples

S12.5 : sausage added 12.5% tuna oil treated with SC-CO2
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Fig. 26. POV of meat sausage added tuna oil.
S12.5 : sausage added 12.5% tuna oil treated with SC-CO2
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Table 24. Emulsifying stability of sausage emulsion added tuna oil

Samples Moisture(%) Fat(%) Total(%)

Control 15.98+0.99 4.25+0.25 20.22+£0.74

s12.5" 19.23+0.24 4.49+0.01 23.72+0.24
S25 21.25+1.26 4.75+0.25 26.00+1.01
S50 29.50+0.51 6.50+0.00 35.99+0.51
12.5 18.76+£1.25 4.25+0.25 23.01+£1.50
25 21.48+0.50 5.99+0.00 27.47+0.50
50 29.47+0.50 9.49+0.50 38.96+1.00

v sausage added 12.5% tuna oil treated with SC-CO»
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Shear force(g

o

17hd = g2 vhFig. 27). ddEgeds 3%1741 %iﬂ Al g Aol
Aol RLAATh AuwbHQl e = A
A% B A A=A oksE A
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Al Wazh gloda, SR 2 Aol gl AL 12.5%s) 25% H7F Alel M
Al et e 50% H7E Alell 7HE Bl veRdTh 9 B 12.5%9F 25% A 7F Alel
7R FA e 5982 /b A7F Alel ok Astete o dERdTh ol Hd
A dTRE 1256% 7HA FA bR BACE & 4Fe vAA ¥ Ao e
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i
600
400 |
200
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Control S12.5 S25 S50 12.5
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Fig. 27. Strength of meat sausage added tuna oil.
S12.5 : sausage added 12.5% tuna oil treated with SC-CO2
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Table 29 Texture of meat sausage added tuna oil

Samples Hardness Fracturability Adhesiveness Springiness

Control 1274.41 4.43 0.46 0.93
+89.14 +2.06 +0.49 +0.02

105" 1638.77 3.85 -4.38 0.92
' +121.95 +0.62 +1.79 +0.01
505 1473.50 4.33 -1.59 0.94
+76.60 +0.66 +2.63 +0.01

350 1060.27 3.16 -0.21 0.94
+45.31 +0.09 +0.74 +0.00

105 1711.33 4.94 -7.85 0.93

' +42.57 +1.38 +2.67 +0.02

05 1534.42 4.39 -22.31 0.93
+79.48 +0.27 +9.62 +0.08

50 1052.24 2.55 -4.52 0.89
+78.63 +0.14 +0.87 +0.02

b sausage added 12.5% tuna oil treated with SC-COz
Table 29 ( Continued )
Samples Cohesiveness Gumminess Chewiness Resilience

Control 0.60 759.22 708.60 0.52
+0.00 +52.09 +35.38 +0.01

510.5" 0.56 916.57 839.52 0.45
' +0.00 +65.11 +64.69 +0.00
$05 0.58 847.86 796.82 0.49
+0.01 +33.49 +37.82 +0.02

350 0.59 626.39 587.69 0.47
+0.00 +27.75 +28.56 +0.00

195 0.57 969.05 896.64 0.48

' +0.01 +14.86 +2.26 +0.01

05 0.59 900.43 843.63 0.44
+0.03 +93.04 +159.77 +0.01

50 0.59 617.24 551.16 0.39
+0.01 +38.02 +47.74 +0.01

b sausage added 12.5% tuna oil treated with SC-COq
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Table 30 Sensory evaluation of meat sausage added tuna oil

ol
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Beok b FHoL 2 BA AT AERE 125% 3
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DA A A Fe AR 125% W7h A, AeA @S TR 2% A7 A,
B EYA fA AR ATH 50% A7b A AEHQer, 294 fA AesA
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il

Control S12.5 S25 S50 12.5 25 50
Color 3.86+0.35 4.0+0.50 2.57+£0.45 2.54+0.15 3.0%+0.5 2.810.25 2.01+0.5
Flavor 3.29+0.51 2.57+0.33 2.01+0.00 1.56+0.5 2.0+0.5 1.56+0.5 1.0+0.00
Taste 2.86+0.44 2.0+0.55 1.71£0.27 1.1+£0.3 1.95+0.06 1.25%+0.25 1.2+0.2

Texture 3.75+0.43 2.57+0.43  2.86+0.74 2.0+0.1  3.75+0.25 1.85%0.25 1.01+0.00

Tenderness | 3.14+0.55 3.14+£0.55  3.75+£0.74 2.1+£0.25 3.45+£0.25 2.15+0.75 1.65%+0.35

Elasticity 3.43+0.44 2.57+0.43 2.57+0.68 1.95+0.25 2.35+0.55 1.95+0.45 1.55+0.5

Value (means*SD) in the same row bearing superscripts are significantly different ( P <

0.05 ).
5 = highly acceptable, 4 = acceptable, 2 = unacceptable, 1 = highly unacceptable
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Fig. 28. Effect of tuna oil treated SC-CO2 on body weight in ovariectomized rats.
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Fig. 29. Effect of tuna oil treated SC-CO2 on serum alkaline phosphatase activity in

ovariectomized rats.
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Fig. 30. Effect of tuna oil treated SC-CO2 on serum glutamic oxaloacetic
transaminase activities in ovariectomized rats.
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Fig. 31. Effect of tuna oil treated SC-CO2 on serum glutamic pyruvic transaminase
activities in ovariectomized rats.
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Fig. 32. Effects of tuna oil treated SC-CO2 on serum total cholesterol concentration

in ovariectomized rats.
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Fig. 33. Effect of tuna oil treated SC-CO2Z on serum triglyceride concentration in
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Fig. 34. Effect of tuna oil treated SC-CO2 on serum HDL-cholesterol concentration
in ovariectomized rats.
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