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Use of enzyme reaction and supercritical extraction for the
removal of fishy odor and composition change of aldehyde

and fatty acid in anchovy
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ABSTRACT

Use of enzyme reaction and supercritical extraction for the
removal of fishy odor and composition change of aldehyde

and fatty acid in anchovy

Ryu, Ji—Soon
Advisor: Prof. Lee, Jung—Heon, Ph.D.
Department of Chemical Engineering

Graduate School of Chosun University

Since marine products, seaweeds, anchovy, and fish have their own stinky
odor, people sometimes hesitate to eat them. Stinky odors are related to anchovy
odor, microbial spoilage odor, and oxidized odor. The chemical compounds
associated with stinky odor are mostly aldehydes, ketones and alcohols derived
from the unsaturated fatty acids in anchovy. During storage the anchovy
deteriorate through autolytic and microbial reactions.

In this research, the supercritical extraction process with lipase treatment
has been adopted to remove stinky odor of anchvy. With the change of
temperature, pressure, and changes of nutrient compositions the odorous
compound were detected with GC/MS. When the supercritical extraction process
without lipase was applied to the odoriferous sample, aldehyde concentration was

decreased with the increase of temperature and pressure. The optimal

VI



temperature, pressure and rate ratio were 80 °C, 120 bar, and 1:1, respectively.
With lipase treatment, the optimal temperature was decreased to 60 °C, pressure
was 120 bar, and rate ratio was 1:2. Without lipase treatment, fatty acid
concentration was decreased to 80 C, 80 bar, 1:2. With lipase treatment, the
optimal conditions were 50 T, 100 bar, 1:2. Therefore, the result indicates that
the condition without the lipase treatment is better than with lipase treatment for

the removal of anchovy stinky odors.

Key word: Supercritical Fluid COs, Odor, Aldehyde, Fatty acid, GC/MS, Lipase
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Table 1. Critical conditions of various solvent [14]

Critical Temperature Critical Pressure
Solvents

(C) (atm)

Carbon Dioxide 31.1 72.8
Ethane 32.3 48.2
Ethylene 9.3 49.7
Propane 96.7 41.9
Propylene 91.9 45.6
Cyclohexane 280.3 40.2

Isopropanol 235.2 47
Benzene 289 48.3
Toluene 318.6 40.6
p—Xylene 343.1 34.7
Chlorotrifluoromethane 28.9 38.7
Trichlorofluoromethane 198.1 43.5
Ammonia 132.5 111.3

Water 374.2 217.6
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Figure 3. Triacylglycerol hydrolysis reaction [15].



Table 2. Nutrient composition of anchovy [16, 17]

Content Row Large Medium Larvae
Energy 114 303 232 239
Moisure 74.8 26.2 35 36.8
Protein 17.7 47.4 38.9 42.4
Fat 4.1 9.8 5.1 6
Ash 3.2 14.1 19.7 13.9
Carbonydrates Nonfibrous 0.2 2.5 4.8 0.9
Fiber 0 0 0 0
Calcium 509 1905 1290 902
phosphorus 421 1429 1461 977
Minerals Iron 2.9 16.2 15.9 5.5
Sodium 240 878 869 874
Potassium 370 1140 1160 1150
Retind equivalent (A) 38
Retinol (A) 38
/4 —Carotene (A) 0 0 0 0
Vitamins Thiamin (B;) 0.04 0.12 0.11 0.07
Riboflavin (By) 0.26 0.11 0.1 0.08
Niacin 8.8 13.3 11.6 5.4
Ascorbic acid (C) 1 0 0 0
Cholesterol 65 - - -
Lipid 6 9.8 5.1 6
Total of fatty acid 4.23 - - -
Saturated fatty acid 1.48 - - -
Unsaturated Monounsaturated fatty acid 1.19 - - -
fatty acid Polyunsaturated fatty acid 1.56 - - -




Per 100 g edible portion.

Table 3. Main odor components in dried fishes [18]

Kind Odor component

ammonia, dimethylamine, trimethylamine, methylamine, ketone,
Anchovy 1sobutylaldehyde, isovalderaldehyde, isovaleraldehyde,

n—butylaldehyde, myristic acid, palmitic acid, palmitoleic acid

Salmon methylamine, dimethylamine, diethylamine

Squid 2—hydroxy isopropylamine, n—methyl pyrroline

) acetamide, 2—hydroxy isopropylamine, piperidine, n—methyl
Dried pollack )
pyrroline

) methylamine, 2—hydroxy isopropylamine, n—methyl pyrroline,
Shrimp )
cyclo hexylamine

1sobutylaldehyde, isovalderaldehyde, formic acid, acetic acid,
marineplant propionic acid, butyric acid, valeric acid, myristic acid, palmitic

acid, linolenic acid
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Figure 4. Supercritical fluid extraction SFE system. a) Diagram of a SFE system,

b) Photo of a SFE system

il



e

=

vent valve & &3l vent gas & A% FHSL, H> WF 4HS AT 1

gl bl A HA vessel F 771E BE ST FE ARE

aga 7I7E FRTE olgd AMAHST (Fig. b).
Za =4 42 80 bar, 100 bar, 120 bar & AAsAct. =4 &

A% 40 C, 60 C, 80 C=E A3 11, lipase &4 =

¢

k
rlr
S
Q
wn
@
fol
o
i
b
N
0
o
2,
il

AF FHE vent gas & GC = SHAH. GC o A =L v £
Column 2 DB—5ms(3207C, 60.0m, 0.25 mn ID, 0.25 m) & AFE-3tth 100 TCeollA] A
Ztato] hold time % 5%, rate & 15 & A743sto] 250 CT7HA &5 hold time
OF 10¢o =2 AAsiry SPL1 o] &%+ 250 Ce]i, injection mode = split mode
2 AAskglth. FID1 o &%+ 290 Coli, makeup gas +© No/Air o9, f§%- 30
ml/min, Hy &) %< 40 ml/min ©] 32, air & F%< 400 ml/min &2 A A3 &=
Sk auto sampler & AFS-3FA] 931, gas A& syringe ?1 SMDR-LL-GT & ©] &3}

of ot

by



4. Aldehyde A =73 ¥y

FE ANEE AXVE T3 2EE
vial ©] 500 mg % Yo F3Ath 121 A=
¥ 71 vapor & Sttt

GC/MS ¢ A8 =712 tha3 2t Column & Rtx—5MS (0.25 pym, 60.0 m,

0.25 m) & AF£3l% 3, column oven temp. += 100 TC, injection temp.+= 250 C=,
jection mode = split mode & A 3FA ). Column & &% 242 100 TeolA Az
3tol, hold time &% 54, rate 15 % 250 CT7HA &9 & 250 CeollA hold time ©
2 4 B2 AAsEe. a8l MS oA ion source temp.®} interface temp.:

Fab b= A RlISl= 40

Ol

250 CZE AA3} 1, solvent cut time & 2 &,

~ 350 m/z & A 73&9 ).

I

4

w3 HESA1Z1 ¥ heptane 5 ml & H7FSE & 80 TeollA 1 &3 ¥b& A7 & AR &
2181tk Rz E 7 © NaCl S 3718k heptane layer & 1 ml 2] st} 12]a1
244¢l Nao,SO4 & #H7Fsk & filtering 3F & GC/MS & o] &350 EA8 3t} 9]
W GC/MS o A% =32 vs3) gk

Column & Rtx—5MS(0.25 £m, 60.0 m, 0.25 m)E A3 3L, column oven
temp.i= 185 T, injection temp.i= 250 C©]1l, injection mode i= split mode & A
gaolch. Column o &% 4L 185 TeoAl Al&ate, hold time &2 1 ¥#& 4%
Fil, rate & 3 % 230 C7HA] &9 %, thA] rate 3 & F 250 CT7HA & A& o
&3 ¥ 250 CAA hold time 2% 10 &5 A3tk 28l MS oAl ion

ol

T



source temp. 2} interface temp.:= 250 C= A& 3}, solvent cut time < 7

getaat sk B W9l 40 ~ 700 m/z 2 A7 skl

AR cal 3
== TERIE EUA 52
_.?_‘;“*ijl 8] 4= (Vent) = A x| B
l 1 J
el 2% (2412) ety
l ] !
QA 22 2w g R4z
A zd | =| oz 7171 A4

Figure 5. Diagram of supercritical fluid extraction procedure.

e}

e



A 3% AY A3

1. A5 ARzl Bl

T
ojy

FRATE 1:2 9] Bl&ef A

S

Bl M= ARG Fofel7t Al ez W

Ry
(¢

)

B

=
T

bt

S

60 TC, 80 bar, 15 % °|e+=2: sample = 1: 1, 2 A|Fto=2

BTt

=
=

oA Ao

e I R e e P I R R S

A7) 7 Aee A

a+347] €]

2o

et
ur 2% 9 Qape 277 AR,

)
o
[
Uy
o

lry

o]
H

EERSE!

L

Ny
i

oy
B3

B

gl

atell 1]

73

W vobl

S
=]

]

L
s

SERE!

)
Tk ok et aldehyde 718 W 3lell %= & 5= St

a3}

9

f

A
ot (Fig. 6).

i
=

k)|
s

o
= SR o=

b

ol A

e

Eis

Hseol of

=
=

A 7} 29

Eis

of i

0



a) Before extractionrateratioof 1:1. b) After expractionrateratiwof 1:1.
¢} Before exwactionrateratio of 1:2. @) After extraction rate ratio of 1:2,

¢) Before extraction anchovy powder. D After extraction and dry anchovy powder.

Figure 6. Comparison of before and after the extraction.
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Table 4. Changes of odor with SFE with different temperature (without lipase)

Anchovy powder (control) Before 0
1:1 Before ++++
1:2 Before e+ttt
T (C) P (bar) Rate ratio Result
40 80 1:1 +++++
60 80 1:1 ++
80 80 1:1 +
40 80 1:2 ++++++
60 80 1:2 ++++
80 80 1:2 +
40 100 1:1 ++++
60 100 1:1 ++
80 100 1:1 +
40 100 1:2 ++++
60 100 1:2 ++++++
80 100 1:2 +
40 120 1:1 +++
60 120 1:1 +++
80 120 1:1 +
40 120 1:2 +++
60 120 1:2 ++++
80 120 1:2 +

jo}l



* Zero sign indicates no odors, decrease in the (+) sign indicates — moderate
odors, increase in the (+) sign indicates — stinky odors.



Table 5. Changes of odor with SFE with different temperature (with lipase)

Anchovy powder (control) Before 0
1:1 Before ++++
1:2 Before e+ttt
T (C) P (bar) Rate ratio Result
40 80 1:1 ++
50 80 1:1 ++++
60 80 1:1 ++
40 80 1:2 +++
50 80 1:2 ++++
60 80 1:2 ++++++
40 100 1:1 ++
50 100 1:1 ++
60 100 1:1 +
40 100 1:2 ++++
50 100 1:2 ++++
60 100 1:2 ++
40 120 1:1 +++
50 120 1:1 ++++
60 120 1:1 ++
40 120 1:2 ++++
50 120 1:2 +++
60 120 1:2 +++

* Zero sign indicates no odors, decrease in the (+) sign indicates — moderate
odors, increase in the (+) sign indicates — stinky odors.
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Figure 7. Change of vent gas composition with reaction temperature (without
lipase). a: 80 bar, 1:1, b: 100 bar, 1:2 . —: anchovy powder (control), —: 40 C, —:
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Figure 8. Change of vent gas composition with reaction temperature (with lipase).
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t} 3= A - ¥ aldehyde A A& 24 A7
F% A9 aldehyde %< 100%Y wj, 2%7} ol %W Al aldehyde ¢Fo] 743
U= 2S5 o 4= Qlt} (Table 5 and Fig. 9).
HA lipase & YA & ZAA 1 bar oA &%7F 2e7te] o} aldehyde

o % gtk A o] AT AL 100 bar, 1:2, 40 TeA o 93%7F Hobgirt
27} 40 T ), Be o] ol 9, 80 T W, AL o] Ho} Uge T
k.

U} lipase & YolFa 1 bar oA %7} &eb7tol] wet aldehyde 7} ¢k 7+
2k ol AAG 85 ~ 959 ER FAdhe AFE wilth kAR, 2E7F &¢
ol we} aldehyde 9] <ol #2sh= Zlo] ofyz} 50 TolM= v 2ol s
aldehyde ¢ <¥ol A9 Hla ¥ @2 ¢fo] Hol Aa+= &+ AUtk 60 CTelA+=
A %9 aldehyde & 7M1 k= A= & 5 Ak =S 297 AHE S5
uj, 120 bar & A|2Jst thE oA 50 CE oS %0 vl B2 k9 aldehyde
7FA1 3L At} Lipase ¢ #24 &%+ 50 To|9, lipase & triglyceride ¢ &3} 3
HE-&-3kH glycerol ¥ 3 w4} fatty acid & THso] Wt} [4]. o]w fatty acid &
FEAaA whgel 93| aldehyde & FA¥TH [19, 20, 21]. Z2e3ke] 50 TCTellA]
aldehyde ©] ¢fo] Al Bl W2 <ol Hol g+ 7HEall = 5 Atk 40 TelA
© 120 bar, 1:1 9] 3ol = AA9 3%7F Hot la= & 4 3L, 80 bar, 1:2 ¢
A= AL 5%7F Hob =& & 4 vk 60 CellX= 120 bar, 1:2 ¢ =11
ol AAL 2% ol 5S¢ 5 AUtk Lipase 7F A+
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Table 6. Comparison of aldehyde area and percent with different reaction

temperature
a)
40 C 60 C 80 C
Aldehyde area % Aldehyde area % Aldehyde area %
Control 7015311 100 7015311 100 7015311 100
1 bar — 1:1 6475132 92.3 6271688 89.4 6012122 85.7
1 bar — 1:2 6720668 95.8 6475132 92.3 6117351 87.2
80 bar — 1:1 5280511 75.3 858725 12.2 827662 11.8

80 bar — 1:2 3678393 02.4 1774747 25.3 761487 10.9
100 bar — 1:1 6229752 88.8 1609667 23.0 1331961 19.0
100 bar — 1:2 13023919 92.6 1470473 21.0 727764 10.4

120 bar — 1:1 545694 7.78 623113 8.9 194226 2.8
120 bar — 1:2 187785 2.68 3094518 44.1 74789 1.07
b)

40 C 50 C 60 C

Aldehyde area % Aldehyde area % Aldehyde area %

Control 7015311 100 7015311 100 7015311 100
1 bar — 1:1 6348856 90.5 6362887 90.7 5998091 85.5
1 bar — 1:2 6510209 92.8 6692607 95.4 6257657 89.2
80 bar — 1:1 7733980 78.2 8920258 91.8 1528911 21.8
80 bar — 1:2 316351 4.5 3665509 02.3 932556 13.3

100 bar — 1:1 8427250 84.5 9016517 92.5 8222306 81.9
100 bar — 1:2 1456813 20.8 3484393 49.7 1116815 15.9
120 bar — 1:1 201861 2.9 113847 1.6 922759 13.2
120 bar — 1:2 2878835 41.0 246698 3.5 157042 2.2

a) without lipase, b) with lipase
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Figure 9. Changes of aldehyde with reaction temperature. a) without lipase, b)

with lipase .
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(Table 6).
Lipase 7} A& 29 40 T 7oA gHo] S71E &

th 1:1 ¢ oA+ 80 bar 2 100 bar oA HlHAFH 7} AfH o2 FAFSEAL, 120
bar oA HIHFH7} A o® Erhe S & 5 vk 1:2 ¢ oA = 80 bar 7}
100 bar Bt} v]FFH 7} Ajd oz Fobx 1, 100 bar £ 120 bar &= B HFH 7} )4
S® FARFE & 4 Stk 50 TS} 60 €2 F-3Fel Al 80 bar £ 100 bar o4 #]¥
FA7F oA er volbRa, 120 bar oA HIFFTE AR w=ee o F UAH
(Table 7).



Table 7. Changes of odor with different reaction pressure (without lipase)

Anchovy powder (control) Before 0
1:1 Before ++++
1:2 Before e+ttt
T (C) P (bar) Rate ratio Result
40 80 1:1 ++++++
40 100 1:1 ++++
40 120 1:1 +++
40 80 1:2 ++++++
40 100 1:2 ++++
40 120 1:2 +++
60 80 1:1 ++
60 100 1:1 ++
60 120 1:1 +++
60 80 1:2 ++++
60 100 1:2 ++++++
60 120 1:2 ++++
80 80 1:1 +
80 100 1:1 +
80 120 1:1 +
80 80 1:2 +
80 100 1:2 +
80 120 1:2 +

* Zero sign indicates no odors, decrease in the (+) sign indicates — moderate

odors, increase in the (+) sign indicates — stinky odors.
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Table 8. Changes of odor with different reaction pressure (with lipase)

Anchovy powder (control) Before 0
1:1 Before ++++
1:2 Before e+ttt
T (C) P (bar) Rate ratio Result

40 80 1:1 ++
40 100 1:1 ++
40 120 1:1 +++
40 80 1:2 +++
40 100 1:2 ++++
40 120 1:2 ++++
50 80 1:1 ++++
50 100 1:1 ++
50 120 1:1 ++++
50 80 1:2 ++++
50 100 1:2 ++++
50 120 1:2 +++
60 80 1:1 ++
60 100 1:1 +
60 120 1:1 ++
60 80 1:2 ++++++
60 100 1:2 ++
60 120 1:2 +++

* Zero sign indicates no odors, decrease in the (+) sign indicates — moderate

odors, increase in the (+) sign indicates — stinky odors.
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Y. & d - ¥ vent gas ¥4 A

Lipase 7} §l& 499 7 A3 =] wet vent gas ¢ GC &4 A& vl
a wokoh WA 40 T, 1:2 o 27 vlwaf gttt 5.9 ¥ peak & ¢hEo] b4
5 st A4S Holil, 6.2 i peak oAl= 80 bar 7F 100 bar o vl&|] @2 <
of T/ AT, AA A o7 W o] T A o F vk B 13 3
14 79 peak & F& HHT W2 oFo] AFEHS L, 23 3 24 9 peak = FF
AR B2 e ol AW, 25 S71e A3E Holal vk 80 T, 1:2 ¢ o)A
=

H] 2okt 5.9 F7 6.2 F peak & WA AoZ F& A 2 Z=7led= A
= & ook ERE 23 B3 24 19 peak = F/Feke A O® Holal, EF gHHo]
sehdas S7beke 43S vehdn (Fig. 10).
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Figure 10. Change of vent gas composition with reaction pressure (without lipase).
a:40 C, 1:2,b: 80 T, 1:2. —: anchovy powder (control), —: 80 bar, —: 100 bar.
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Figure 11. Change of vent gas composition with reaction pressure (with lipase). a:
60 C, 1:1, b: 60 C, 1:2. —: anchovy powder (control), —: 80 bar, —: 100 bar.



aldehyde Al A% 4 43
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Table 9. Comparison of aldehyde area and percent with different reaction pressure

a)
1 bar 80 bar 100 bar 120 bar
Aldehyde Aldehyde Aldehyde Aldehyde
area & area % area % area %
Control 7015311 100 7015311 100 7015311 100 7015311 100
40 C - 1:1 6475132 92.3 5280425 75.3 6229596 88.8 545791.2 7.8
40 C - 1:2 6720668 95.8 3678128 52.4 6496178 92.6 188010.3 2.7
60 C — 1:1 6271688 89.4 858674.1 12.2 1610014 23.0 622959.6 8.9
60 C —1:2 6475132 92.3 1774874 25.3 1470409 21.0 3094454 44.1
80 C —1:1 6012122 85.7 827806.7 11.8 1332208 19.0 194324.1 2.8
80 C - 1:2 6117351 87.2 761161.2 10.9 727487.8 10.4 75063.83 1.1
b)
1 bar 80 bar 100 bar 120 bar
Aldehyde Aldehyde Aldehyde Aldehyde
area % area % area % area %
Control 7015311 100 7015311 100 7015311 100 7015311 100
40 T —1:1 6348856 90.5 5485973 78.2 5927938 84.5 202041 2.9
40 C - 1:2 6510209 92.8 316390.5 4.51 1457080 20.8 2879084 41
50 T —1:1 6362887 90.7 6440055 91.8 6489163 92.56 113648 1.6
50 T —1:2 6692607 954 3665500 52.3 3484505 49.7 246938.9 3.5
60 C — 1:1 5998091 85.5 1528636 21.8 5745540 81.9 922513.4 13.2
60 C — 1:2 6257657 89.2 932334.8 13.3 1116838 16.0 157143 2.2

a) without lipase, b) with lipase
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Figure 12. Changes of aldehyde with reaction pressure. a) without lipase, b) with

lipase.
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hEE A -3 32 A
7t Aol A9
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Table 10. Changes of odor with different solvent ratio (without lipase)

Anchovy powder (control) Before 0
1:1 Before ++++
1:2 Before e+ttt
T (C) P (bar) Rate ratio Result
40 80 1:1 +H+++++
40 80 1:2 ++++++
40 100 1:1 ++++
40 100 1:2 ++++
40 120 1:1 +++
40 120 1:2 +++
60 80 1:1 ++
60 80 1:2 ++++
60 100 1:1 ++
60 100 1:2 ++++++
60 120 1:1 +++
60 120 1:2 ++++
80 80 1:1 +
80 80 1:2 +
80 100 1:1 +
80 100 1:2 +
80 120 1:1 +
80 120 1:2 +

* Zero sign indicates no odors, decrease in the (+) sign indicates — moderate
odors, increase in the (+) sign indicates — stinky odors.



Table 11. Changes of odor with different solvent ratio (with lipase)

Anchovy powder (control) Before 0

1:1 Before ++++

1:2 Before e+ttt
T (C) P (bar) Rate ratio Result
40 80 1:1 ++
40 80 1:2 +++
40 100 1:1 ++
40 100 1:2 ++++
40 120 1:1 +++
40 120 1:2 ++++
50 80 1:1 ++++
50 80 1:2 ++++
50 100 1:1 ++
50 100 1:2 ++++
50 120 1:1 ++++
50 120 1:2 +++
60 80 1:1 ++
60 80 1:2 ++++++
60 100 1:1 +
60 100 1:2 ++
60 120 1:1 ++
60 120 1:2 +++

* Zero sign indicates no odors, decrease in the (+) sign indicates — moderate
odors, increase in the (+) sign indicates — stinky odors.
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Figure 13. Change of vent gas composition with solvent ratio (without lipase). a)
60 TC, 80 bar, b) 80 TC, 80 bar. —: anchovy powder (control), —: 1:1, —: 1:2.
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Figure 14. Change of vent gas composition with solvent ratio (with lipase). a)
40 C, 100 bar, b) 60 TC, 100 bar. —: anchovy powder (control), —: 1:1, —: 1:2.
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Table 12. Comparison of aldehyde area and percent with different solvent ratio

a)
1:1 1:2
Aldehyde area % Aldehyde area %
Control 7015311 100 7015311 100
40 C — 1 bar 6475132.1 92.3 6720668 95.8
60 C — 1 bar 6271688 89.4 6475132 92.3
80 C — 1 bar 6012121.5 85.7 6117351 87.2
40 C — 80 bar 5280511 75.3 3678393 52.4
40 C — 100 bar 6229752 88.8 13023919 92.6
40 C — 120 bar 545694 7.8 187785 2.7
60 T — 80 bar 858725 12.2 1774747 25.3
60 T — 100 bar 1609667 22.9 1470473 20.9
60 T — 120 bar 623113 8.9 3094518 44.1
80 T — 80 bar 827662 11.8 761487 10.9
80 T — 100 bar 1331961 19.0 727764 10.4
80 T — 120 bar 194226 2.8 74789 1.1
b)
1:1 1:2
Aldehyde area % Aldehyde area %
Control 7015311 100 7015311 100
40 C — 1 bar 6348856 90.5 6510209 92.8
50 C — 1 bar 6362887 90.7 6692607 95.4
60 C — 1 bar 5998091 85.5 6257657 89.2
40 C — 80 bar 7733980 78.2 316351 4.5
40 C — 100 bar 8427250 84.5 1456813 20.8
40 C — 120 bar 201861 2.9 2878835 41.1
50 T — 80 bar 8920258 91.8 3665509 52.3
50 T — 100 bar 9016517 92.5 3484393 49.7
50 T — 120 bar 113847 1.6 246698 3.5
60 T — 80 bar 1528911 21.8 932556 13.3
60 T — 100 bar 8222306 81.9 1116815 15.9
60 T — 120 bar 922759 13.2 157042 2.2

a) without lipase, b) with lipase.
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Figure 15. Change of aldehyde with solvent ratio. a) without lipase, b) with lipase.
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5. 29A ¥kE =59 fatty acid A& 4 A%

Fatty acid 94l @A dFoirt. +& Ao AMuet FE28 59 A7 fatty

acid = Wl 43 Xt} (Table 12 and Fig. 16).

7}. Lipase 7F 9l 3%

Myristic acid ¢ palmitoleic acid ¢ %+ (60 C, 120 bar, 1:1)2] Zz1A
124.8%%F 119.0%% S7kstith. 7 7HA fatty acid 2% (40 C, 120 bar, 1:1),
(40 C, 120 bar, 1:2), (80 C, 80 bar, 1:1), (80 C, 100 bar, 1:2) ] A=
80 ~ 90% #Aa st AS & 4 Qlal, (80 T, 80 bar, 1:2) ¢ Z7eA= 63.6% %
23k A& & 4 Stk Palmitic acid, oleic acid, stearic acid ¢ 4%+ (40 C, 120
bar, 1:1), (40 C, 120 bar, 1:2), (60 C, 120 bar, 1:1), (80 T, 80 bar, 1:1),
(80 C, 100 bar, 1:2)°] ZxellA 103.1 ~ 121.1%7HA F7tst A& & & 93,
(80 T, 80 bar, 1:2)°] xHoX+= 78.7 ~ 82.9%7+] HAsdes & 4 Ut} st
A RF vaccenic acid 2] Aol BE A4 103.9 ~ 156.1%

HojFoh whd, (80 C, 80 bar, 1:2)9 A%
st Zle o 7 Sl

<5E7F FeaE, ggol =255, 111 9 BlERTE 1:2 9] ¥lEeA fatty acid
o] &o] TSNS & F AUk 1813 vaccenic acid & A &3 thE fatty acid ©ll

fatty acid %2 sf€o] FARS & 4 Qlth Fatty acid 9] ¥o.=+
7

ar, 1:2)¢] 7oA 714 1S o 4= 9131, vaccenic acid

rlr
v
gl
BN
L
i
-3
=
:?l:,"
o
e
)
fz
v
o
B~

o]
(@)
o

olth. skARE (80 C, 100 bar, 1:2)9] =
AelA fatty acid 7} Wol F7kgk A& & 4 daL, (60 C, 120 bar, 1:1)2] 3]
A& myristic acid ¢} palmitoleic acid 7} ¢F 1098 % FAast A0 2 Holy, &
fatty acid & A% ¥ 20 ~ 50%4 52 Z7}7F Ry Xt} Fatty acid &) A4S erolr
7] 98 g F& 202 (80 T, 80 bar, 1:2)8] 2AUE & & Qlrh
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L}, Lipase 7} &= 3%

Myristic acid ¢} palmitoleic acid ¢ A%+ 5% AXT (40 C, 100 bar, 1:2),
(40 C, 120 bar, 1:1), (50 C, 120 bar, 1:1), (50 TC, 120 bar, 1:2), (60 T, 100
bar, 1:2), (60 T, 120 bar, 1:2)9] M F= 9 AH}7} BF 73 ~ 90%= 7+

k>

SHAeS ¢ = Atk sHAIRE, palmitic acid, vaccenic acid, oleic acid, stearic acid
B B 7Y AL ®E gl 2S¢ 4 vk Palmitic acid =
40 C, 100 bar, 1:2), (50 C, 120 bar, 1:1)2] A 122.3%%} 123.5%= 717
S7Fe BS1aL, (50 C, 120 bar, 1:2) 5 Agstils 106 ~ 113%7H4 S7Hsk3d
o & Tk = (50 C, 120 bar, 1:2)8] =A== AL WHE7E gle 99% 9
fatty acid & 7FA 2. @It} Vaccenic acid & A+ BE 2404 F718lA 129.8
~ 156.7%7H4 S7kst 2& & 4 Stk Oleic acid ¢ A% (40 C, 100 bar, 1:2),
(50 €, 120 bar, 1:1), (60 C, 100 bar, 1:2), (60 C, 120 bar, 1:2)¢] ZzA
104.1 ~ 118.5%7H4 S7etie< & o vk Abde] (40 T, 120 bar, 1:1),
(50 TC, 120 bar, 1:2)¢] ZHAA+= AL W37l gle 97.7 ~ 98.8%9] fatty acid
5 7FAaL T}, Stearic acid & A-¢v B 7oA S7E8IA] 103.7 ~ 132.5%7

2 2 1o
flo

dlo
o

=

5E7F Ee5E, dgol =55, 112 9 &R u= 101 9 Bl&olA fatty acid 2
Fol Wae & g vk EI FF 59 oA fatty acid el s®o] fFAMS
Bl gtk (50 C, 120 bar, 1:2) 2] 27 oA] vaccenic acid 9 stearic acid & 5
~ 30% T7¥skSla, vhE fatty acid & Al vldl] 77 ~ 97T HE AT AS &
T Atk EF (40 C, 120 bar, 1:1) 8] A5 94 #Aad 2e & 5 vk oW &
xAs0] T/ AR $3b #E 7R aelal (40 T, 100 bar, 1:2)¢ (50 T,
120 bar, 1:1) ¢ ZxolA 7b wol F7ket A& & 4 Stk Fatty acid o] 74
w7 98l A FE 20E (50 T, 120 bar, 1:2) 9] 2195 & § Qdrh

o

m\m
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Table 13. Comparison of fatty acid composition

a)
Myristic  Palmitol  Palmitic Vaccenic Oleic Stearic Aldehvd
acid eic acid acid acid acid acid envae
Control 100 100 100 100 100 100 100
407C, 120bar,
11 83.4 80.8 110.7 137.9 103.1 118.1 7.8
40T, 120bar,
19 89.3 87.3 115 149.1 110.4 120.3 2.7
60T, 120bar,
101 124.8 119.0 122.2 126.9 119.5 121.1 8.9
80T, 80bar,
11 88.1 86.9 116.1 147 .4 108.6 117.8 11.8
807, 80bar,
1:9 63.6 63.2 80.0 103.9 78.7 82.9 10.9
807, 100bar,
1:9 90.9 91.9 116.6 156.1 116.6 121.0 10.4
b)
Myristic  Palmitol  Palmitic Vaccenic Oleic Stearic
acid eic acid acid acid acid acid Aldehyde
Control 100 100 100 100 100 100 100
40 €, 100 89.3 89.9 122.3 156.7 118.5 129.4 20.8
bar, 1:2
40 €, 120 4.7 73.1 108.3 130.8 98.8 114.7 2.9
bar, 1:1
20 €, 120 89.1 85.9 123.5 151.2 117.1 132.5 1.6
bar, 1 :1
20 €. 120 wog 778 991 1298 977 1037 3.5
bar,1:2
60 €, 100 80.4 80.9 106.4 139.1 104.2 112.7 15.9
bar, 1:2
60 €C, 120 88.6 85.4 113.0 142.1 104.1 113.3 2.2
bar,1:2

a) without lipase, b) with lipase
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Palmitoleic acid
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Oleic acid
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Figure 16. Fatty acid composition changes after SFE. a) without lipase, b) with
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rugosa °IA € lipase & ARE3to] 7] RESQl 7hEEeiitg2 o] &dto]l &
A7 5o dxE vlwskla. WAl AdEQl isobutylaldehyde, isovalderaldehyde,
isovaleraldehyde, n—butylaldehyde ¢} #< aldehyde + head space & ©|&73}oq,
myristic acid, palmitic acid, palmitoleic acid 2} 3 fatty acid & 2155 9] fatty
acid AAg A& AAH GC/MS & Fall 433t
Aldehyde #4235 ®H, lipase 7} & WM 22215 HEledS o),
60 CoAlME 8 ~ 44%°] aldehyde 7} Fol o™ 40 CTollA FF ol vls] oF 2
~ 92%%] aldehyde 7} ‘Fof 7} @& frags
°F 1 ~ 19%9] aldehyde 7} ot 7Hd & Fass Btk hExe wgeis
9, 1 bar oI4:= 85 ~ 95%2], 80 bar 4= 10
100 bar A °F 10 ~ 92%7} Fol 7} v& 7ha
44%°] aldehyde 7} ol 7F¢ =& #HA&S B v&2ds Wgsisls o, 101
M= 2 ~ 88%9], 1:2 1= 1 ~ 92%9] aldehyde 7} Hof &+ & 4 9t 1:2
ZAolA 43 A3 aldehyde 9 #AaHo] 7Md He A58 7ME =& A RE B
T 7 lee & SUTh
A s WEeldS w, 60 CTAA= 2 ~ 81%9)
of ulal oF 2 ~ 84%9] aldehyde 7} &
om, 50 CellA F& Aol vlsf F 1 ~92%°] aldehyde
th 50 T oM &A% A3} aldehyde o &)

7P we ARG P =2 AIRE BT A Slae o g vk e Eds W

fifo
o
o
38
K
—
[\
o
o
jab)
=
=2
>
—
l

Lipase 7} 3+

aldehyde 7} Ho

—|~
32
o
£
S~
o
@
=
R
e
e
=

Al



39S o, 1 bar 91X+ 85 ~ 95%9], 80 bar AlX+= 4 ~ 91%9 aldehyde 7} Ho}
2121, 100 bar ol °F 16 ~ 92%7F dol 7MW ZadS 2ol 120 bar oA
1 ~ 41%°] aldehyde 7} ol 7F8 £ fHags Rk nlazdw Hssial
LIl el 1~ 92%9], 1:2 o4& 2 ~ 52%9] aldehyde 7F Hol e & 4 Uth
1:1 27elA 248 A3} aldehyde o FHago] 7Hg W& Al 7H8
7D es ¢ A, 1:2 oAM= aldehyde o] FAEo] 7HE
ZRAGL QAL EAIRE, 101 8 ol Hls) BA o H2 AAES BAATH

Fatty acid ¥4 A¥3E B2 v, lipase 7} ¢l F4o]4 80 T, 80 bar, 1:2
A 7hE A o fatty acid & AHE A
63.6%, palmitoleic acid += 63.2%, palmitic acid += 80.0%& A4y glom,
aldehyde 994] 10.9%2 A& kS 7FA 1 IS &4 4 Ak 60 C, 120 bar, 1:1
o] oM 7HF W2 oF9 fatty acid & XY= AS & 5 Stk Myristic acid +
124.8%, palmitoleic acid + 119.0%, palmitic acid & 122.2%%5 AU 3om,
aldehyde i= 80 T, 80 bar, 1:2 Bt} A2 8.9%%F 7ML &5 & + 3t

Lipase 7} &= ZAeA 50 C, 120 bar, 1:2 9 ZdA 718 A2 99 fatty
acid & AYE AL & 4 9o Myristic acid & 77.8%, palmitoleic acid & 77.8%,
palmitic acid & 99.1% & AYal o9, aldehyde @ A] 3.52% 2o AL & 714
I 99EE ¢ 4 AUtk 40 T, 100 bar, 1:2 & Zx1ellA 7Hg ©& %9 fatty acid &
Y& RAE & 4 3tk Myristic acid = 89.3%, palmitoleic acid & 89.9%,

3L o™, aldehyde + 20.8%=% 50 C, 120 bar,

1:2 Hop @2 4= AYIL dss & F Atk
Lipase 7} §l& ZZelA 80 T, 120 bar, 1:1 ¢ A aldehyde o] 74
E5< ¢ g %, 80 T, 80 bar, 1:2 2] Z7eA] fatty acid & A& 55
& Ut} Lipase 7} & 74 60 C, 120 bar, 1:2 o] 74| aldehyde °
e 83, 50 C, 100 bar, 1:2 & =4 fatty acid o] A&
= Z71 e A
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