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The Study of Hog Pancreas Lipids Extraction by
Supercritical CO; and «-Amylase Activity

Hyuk-Soo Kwon

Department of Food Science & Technology, Graduate School of
Pukyung National University

Abstract

Generally pancreas consist of lipid, water, protein and digestion enzyme
complex such as protease, lipase, amylase. The sample used in this work was
frozenly dried and treated by a semi-batch flow type. In order to develop a
supercritical fluid extraction process to remove lipid from the pancreas,
experiments were conducted at various operating conditions pressure range 10~
19 MPa, temperature range 25~40TC, particle size 0.25~1.0 mm, flow rate 2
0~80 ml/min. The highest extraction efficiency was pressure of 17 MPa,
temperature of 35T, particle size of 0.25 mm and flow rate of 40 ml/min. The

enzyme activity of the pancreas produced by this work showed high value



compared with raw pancreas frozen dried.

The activity of the enzyme was determined afier removing lipid in sample using
by SC-CO, and co-solvent. Ethanol and hexane were used as a co-solvent,
respectively. When the ethanol was used, the lipid was removed in 40 min.
However, when the hexane was used as a co-solvent, it was removed in 90 min.
Therefore, the ethanol was more desirable than the hexane as a co-solvent because
of higher extraction efficiency.

The activity of sample remained after extraction(pressure of 17 MPa and
temperature of 40C) without using a co-solvent was 32,691 FIP. Its activity was
as high as 7987 FIP than the raw sample(24,704 FIP). When the ethanol was
used as a co-solvent, the activity of sample was rapidly decreased. However, in
the case of hexane, the activity of sample was 39,106 FIP at flow rate of 3
ml/min.

FIP is enzyme activity and 1 FIP is determined by hydrolyzing substrate of
equivalent weight of 1# in Iminute. Although extract efficiency of lipid by
ethanol was higher than hexane due to extracting lipid as well as some protein,
an activity of enzyme was lower because parts of protein remained was removed
together lipid by ethanol as a co-solvent. Therefore, hexane was more desirable
than ethanol as a co-solvent. After Supercritical Fluid Extraction, activity of
amylase, proteasc and lipase in residual was 1.6 times higher than that of frozen

dried pancreas.
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Fig. 1. Schematic diagram of supercritical fluid process.
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Table 1. An ingredients analysis of Hog pancreas

Moisture content(%) Lipid content(%)

Protein content(%)

befi after
ore after before after

frozen  frozen
. i SFE SFE SFE
dried dried
73 5 2 32~38 3

before after
SFE SFE
52 70

% SFE : Supercritical fluid extraction
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24.1. KAt £

ACACHI0N Ololl ==& Al=0f 0202 SIFH2URA0| FAE S2 E21A30 2B
% 05N NaOH in methanolg 6mi JIGI0I 100T OIA SEBICE 108 § 10% BF3 in
methanol(Fluka Co) TmiZ JIBICL S8 § 6miO| N-Hexane2 ISt 2822F HIX| &
0l dE ZHOS0 2! & T3t NaCl U 2miZ JISI0 30X2t EE & YXIBIC
AlZog 220101 #0151, JIEUS N-Hexane©O2 FZ5i W CIg AIEMD} 815101
SZ N0 [IS 22 M @ anhydrous sodium suffate2 22 &tAI6| ADIBH &
12/E Table 29} 22 T2HOZ gas chromatography(Hewlett Packard 5890 11 )0 Z=&!
Ol01 HZ2&U(lipid standard - fatty acid ester mixture : Sigma, 189-19)Q| peak@} H|
Wl Alht TNE 2ASIALCL

24.2. CholesterolO] SlEdEAM

Kigat MO HLQ 20| FZEE AR 02g2 methyl esterSIAR! £ 1w/ E Table

33 22 T2HOZ gas chromatography(Hewlett Packard 5890 11 )Qfl Z=25l0] BE=2
&l(Cholesterol : Aldrich, 36, 279-4)3} |LHEHZSEK5 o -cholestane : Sigma, 481-21-0)
Ol peak@} HIWGIH cholesteroll EAGIRULL
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Table 2. Operation condition of gas chromatography for analysing the fatty

acid composition of total lipid in pancreas.

Item Operation condition
Instrument Hewlett Packard 5890 Il

HP-Innowax (fussed crosslinked polyethylene glycol

Column
capillary column, 30 x 0.32mm L.D, 0.15# m film
thickness, Hewlett Packard )

Carrier gas N> 1mL/min

Split ratio 64 : 1

<Temperature>

Detector (FID) 300T

Injector 250C

<Oven temp. profile>
150T, hold 10min ; increase 3¢ /min to 201T, hold 12min ; increase
3T /min to 201C, hold 15min

- 14 ~



Table 3. Operation condition of gas chromatography for analysing the cholesterol

in pancreas
Item Operation condition
Instrument Hewlett Packard 5890 Il
Column Ultra-1(crosslinlinked methyl siloxane, 25mX 0.2mm
LD., 033y film thickness, Hewlett Packard)
Carrier gas N; 2ml/min
Split ratio 30:1
<Temperature>
Detector(FID) 300C
Injector 250TC

<Oven temperature profile>
160C , hold Imin ; increase 20 /min to 200, hold Imin ; increase 10°C /min

to 300C, hold Smin
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ImE 6101 NFOPDIE 810, 25T 2 RARIZLE I £ 2% 1mE S FAGH
01 EDJIGId bk 10min SIRICE 321 HISE FAIARAH IN SN 2miE DJIGIR
Ll OIN QOQTOK 10miQ} 0.IN =AMIILIESEN 45miE ZDIGIN 20N 15822t
HXIARICL O & 20% &AM AmiZ Tl 0N XIQEMIEE U0z NAGIY
Ch

244, &4 o} =5

MBI 21 136 MPa, 20 40T, 2AID| 071mm9] AIZOIN BXE0E NS

202212 HexaneE S5mi/min ZDIBIN ARS8 HDE & 0FEE= Ethanolg 7
mi/min ZDIGI01 XA 019 DIEt AE0l= MRSS 56t £ 1 FE29 §4 Y
£ =&5t Zil 30279 APE 22 2 UEILIRICE 121 Max2ig 24 17
MPa, £ 40T, 2K 0.71mm9] AIR0M BXZE0E XS 2082212 Hexane2
10ml/min ZDI5101 A&E ADISt £ OIRFE= EthandS 10 mi/min ZDISIN XIA
Ole] VIEl &&= dEsE FEE US 1 FE29 24 g |8 2l
11,375 FIPO| gt LIEHHAUCL
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Sample (Frozen dried)

£o|EeE 2
23
£ NANY &N
ZM CO, =&
[ 1 Eigﬂﬂ EJH
E2REW 283
sEaF EEFEER) | Gg_ |
|

{ PANCREATIN |
I

[Lipids & & 2 & |

PN CERD
I
bhassm s

Fig. 2. Schematic diagram of Experiment.
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SOIE OIMSIEADH AISEH 21t Bl 22 BXE0H EthanolE AISOIE [ ==
A0l 2tH8: 2482 2 + URUCE 0] ZiiE 2 = U= 22 BXZ0IZ N8
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AZ22 ol0 B2 SIIAZ! 22t & == UCE 7321 22 A=0l D2S0IE =
gt ZUiot HIwdl B Ethand2 AIZRE [Mi0l= FZEAIZI0! 402 Z0I IFEC
K&l FECIRUALL Hexaneg HXZIIE AMSHt = FEARZK FEZ0! BI)
Oz BIICIACH FBARE 0201 UE2Q NE0l F=Er= 28 € =+ AL
0l2 S0t EthanoQ] BXE0IZ Hexane S} [ HSBIE 2 & QUAUCL
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Fig 3. Extraction efficiency of raw material.
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Fig 4. Extraction efficency of raw material with entrainer.
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Fg. 5. Effect of extraction temperature change on the extracted oil amount
after SFE(extract time : 90min, size : 0.71mm, sample : raw material(40g).
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Fig. 6. Effect of extraction pressure change on the extracted oil amount
after SFE(extract time : 90min, temperature : 35°C, sample : raw material).
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Fig. 7. Effect of extraction flow rate change on the extracted oil amount
after SFE(temperature : 35°C, extract time : 90min, size : 0.35mm).
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Fig. 8. Effect of extraction size change on the extracted oil amount
after SFE(extract time : 90min, temperature : 35°C, sample : raw material.
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Fig. 9. Effect of extraction temperature change on the FIP value after SFE
(extraction time : 60min, sample : solvent extracted material, pressure : 17MPa,

size : 0.71mm).
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Fig. 10. Effect of extraction pressure change on the FIP value after SFE
(extraction time : 60min, sample : solvent extracted material, temperature : 40°C).
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Fig. 11. Effect of extraction entrainer amount change on the FIP value
after SFE (extraction time : 90min, sample : raw material, pressure : 17MPa,
temperature : 40°C).
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Fig. 12. Effect of extraction entrainer amount change on the FIP value
after SFE (extraction time : 90min, sample : raw material, size : 0.35mm,
temperature : 40°C, pressure : 17MPa).
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Fig 13. Effect of extraction size change on the FIP value after SFE (extraction time
90min, sample : raw material, temperature : 40°C, pressure : 17MPa).

_34_



3. XM CO0l Qo === F&20| 8=FFM

31 Ngat BA

ZOU OBIEME OIS0 52 21XE FAOZLH FEE ARME JIA 320}
ERIZ 2A58 ZIIE X KOZHE FEE AMZ Hl 2A6I01 Table 400
LIE 2102 HA) X | S [ S5 AUAO! Oleic acid®} Linoleic acidO| &}
=0l E=UCE

32 A HE M

HAUS 2dAHE XD SHE Z&oD| Kol Sz =2 siig NSst A
I S 2CE IS XA OleIiEAE Sl o0 =5 SdAHE &
22 HIW ZE Table 501 LIEILIRLCL =2 SiMg ElI= o0 F&8t S~
HE S=20 X4 ORGIEILE Sl o0 ==&t 201 2dAE 80l O
=0 23 17 MPaliN 2t VIS SdAHEC 8-0l 2h8e 2 =
AL

33 HX &9 @4 St Hiw

XOD) OINGIEM R XX & ZXI20] ZNicl= HAHNO! FQ AoIGA0! 012210
Al T2, 2IRel #4828 0610 +2=20 Hlwst ZE Table 60 LIE
LIQCE & 220l 22 =)t +8& pancreatin[} 2 1601 OIAQ] &2 DIE
HAUCL

-35-



Table 4. Fatty acids extracted from pancreas and meat

. Pancrease Meat"’
Fatty acid SC-CO, (%) Meat (%)

Lauric (12:0) nd 0.1
Myristic(14:0) nd 20
Myristoleic(14:1) 1.61 nd
Pentadecanoic (15:0) nd 03
Palmitic(16:0) nd 207
Palmitoleic(16:1) 26.78 nd
Heptadecanoic(17:0) 1.35 nd
cis-10-Heptadecenoic(17:1) 032 nd
Stearic(18:0) 0.20 52
Oleic(18:1) 16.69 430
Elaidic(18:1) 33.23 nd
Linoleic(18:2) 17.58 20.1
Linolenic(18:3) 0381 04
Arachidic(20:0) 0.18 nd
cis-11-Eicossenoic(20:1) 0.60 nd
cis-11,14-Eicosadienoic(20:1) 045 od

#nd - not detected
Y OIA2IQ| 4%, XAl ZAMAIE)|ESL HIEISTAL p 241(1995)



Table 5. Cholesterol content extracted from pancreas

Organic solvent Supercritical fluid extracted
Component
(mg/g]
& (N-Hexane) 25T 35T 40T
Cholesterol 2.1 31 25 22

¥ Pressure : 17 MPa



Table 6. Comparison of enzyme activity in pancreatin between this work

and imported samples

Domestic Enzyme content Enzyme content Enzyme content

Contained , ) ) . )
medical supplies of studied of frozen dried of imported
enzyme of 1g . , )
. standard pancreatin pancreatin pancreatin
pancreatin
(sample 1g) (sample 1g) (sample_1ig) (sample 1g)
Amylase 24,000 FIPO|4} 47333 24,704 27,160
Lipase 30,667 FIPO| &t 76,905 31,370 31,370
Protease 1,267 FIPO| At 3,652 1,630 1,630




4.

24,

2l CO. =& 7 FN2A0 =4 A =4

J

() Standard : AIS0I AIESID QA= OOSIAO LGSR0 &4 HIE 55 &
&4t ©F 27,027 APY gig LIEILIRICE

W AR - = Ao &4 SDIE ZXZ o 24704 FIPQ| IS LIEILIQICL

bal

@ SZ AXE & A=

SZ 25EH A 22 ANe= 8t 4 D} Zil== Tabe 78 H0t & £ YUK
Ol &= 17 MPa, 2 40T OllA & 32691 FAPQ 20l LIEACD, 01210 &X&0)
= Ethanol®} Hexane2 ZDISI0] SIS HOIRILL HA 2I2 T2H0IM EthanolZ 3, 4,
5 7, 10ml ZDBIKE M= S40 SOt 32691 FIPOL HIgH 20l LORE & 3
UA. HexaneZ 3, 5, Tml AIBIRUS M= EthandS IS 2= Y2l XS 20!
32691 FIPELL O =2 22 UEIHRICE 210 =2 22 28] 17 MPa, 2 40T,
i3] BXE0HZ HexaneZ 3ml ZDISH ABZ2100A 39106 FIPQ| =2 2ig LIEHH
ULL

R

@ RIIE0=Z AR AHEt Nz

w8l XE8 At N=Q ot &2 =5 Zilli= 29| Tabe 88 L0t
2 = U0l &= 136 MPa, 25 35T OIA 31.000 APY| gig LIEHHACD 0110
BAE0iZ Ethanolz T2 AIRQ| Zili= 249 D HOl gige & + UUCL
2i1 &= 17 MPa, 2% 40T OiM= 2 28000 APY gi0| LIEMICD 2% 35T
OiA= 31500 FIPQ| glo= JIA = LIEKACH
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Table 7. Pressure and variety co-solvent of enmzyme activity by frozen dried
pancreas [Temperature ; 40C, Pressure ; 17 MPaj

Flow Rate  Particle Size Amylase Activity

Entrainer .
[ml/min] [mm] [FIP]
non entrainer 0.6 32,691
5 37,786
3 0.35 39,106
Hexane 3 0.48 37,861
7 0.35 36,625
7 0.48 36,625
5 5,076

Hexane+Ethanol
5 7,150
3 4,561
4 4,048
5 7,150
Ethanol

7 1,003

10 5,076
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Table 8. Pressure and temperature and co-solvent of enzyme activity by organic

solvent with removed lipid sample

Pressure Temperature Flow Rate Amylase Activity

Entrainer .
[MPa] [C] [ml/min] [FIP]
13.6 35 - 31,000
Non Entrainer 17 35 - 31,400
17 40 - 28,000
13.6 35 3 nd

Ethanol 17 35 5 2,000

17 40 5 850
Hexane 17 40 5 29,260

#nd- not detected
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