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Purification and Characterization of Fish Oil

from Hydrolyzate of Mackerel(Scomber japonicus) By-product

Sung-Hoon Kim

Department of Food Science and Technology,
Graduate School, Pukyong National University,
Busan 608-737, Korea

Abstract

The purpose of this study is to provide effective method of using separated
liguid from hydrolyzate of ground mackerel by-product for making liquid
fertilizer. Refined lipid from mackerel by-product was made and its fatty acid
composition was analyzed. The sample was delivered from Samda Co. in Jeju,
and oil was hydrolyzed and seperated but not refined. Crude lipid was de-
gummed with 6% citric acid solution and phosphorous content (45mg/kg) was
decreased to 5.8mg/kg. Acid value (18.03 mg KOH/g) was decreased to 1.19 mg
KOH/g, peroxide value (30.25 meq/kg) was 3.18 meq/g and chromaticity (0.488)
was 0.057 by adding 8% sodium hydroxide solution. Bleaching was conducted by
adding 5% activated charcoal for 60C for 20 min under vacuum. After that, acid
value was 0.17 mg KOH/g and peroxide value was 1.21 meqg/kg, but chromaticity
was not changed remarkably (0.062). In order to increase the amount of
unsaturated fatty acids, crystalization was conducted at isolated and refined oil
after processing. Refined and crystalizated lipid was analyzed by gas chromatography
for quantitative and compositional analyses of docosahexaenoic acid (DHA) and

eicosapentaenoic acid (EPA). After bleaching by activated charcoal, it was



dissolved at 10 volume of hexane, and then stored at -70C for 12 hours. After
the above process, the lipid was filtered with Buchner funnel at low temperature.
Crude lipid of mono—unsaturated fatty acid composition was lower than viscera
oil, but poly-unsaturated fatty acid composition had not much difference. Contents
of DHA and EPA was increased by crystalization and total unsaturated fatty acid
composition was 112 higher than before. Quantity of DHA and EPA also in-
creased by crystalization. Total amount of EPA and DHA was 228.83mg/g. The
result meant that it reached edible oil containing omega-3 fatty acid standard

and available to using as omega-3 fatty acid product.
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BAA 7R 7 AtH(EA S T, 2001). E=3 40 TFE A T AT
o] 7}# E=om E3| eicosapentaenoic acid (EPA) % docosahexaenoic
acid (DHA)S} %
3l tH(Garcia, 1998). i1%50o]¢] Axd-& otoul(Hardman %5, 2002), Ad# 2

3Lo] o9 (Vanschoonbeek 5, 2003), &% cholesterol?} low density

1% B33} # WA poly unsaturated fatty acid)o] =%

rlo

lipoprotein A& YFo F& Aoz d#HA Ao (Ursin et al, 2003)
EPAE «3t7] A% A3 A (Lauritzen %5, 2001), DHAY: ¥ 7]53A 2
Ay deA e 7ol Fl¥o] AtH(Kris-Etherton -5, 2002). EPA$}
DHAE= AWelA FAdHo] HiHo] Qo (Innis &, 1999) AFAL «
~linolenic acid®Hinoleic acide= AW Aol =A g=rt. EPA 2 DHA= A
FEE 582 vl vr)die] EPAS DHA E5< 73ty daiAe 2
TAE g3 A F Rt DHA9F EPAS ®o] df3sta v AFS 2AH A

sk Aol &34 ot (Holub, 2002).
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EA ALY FFAaet eH 73 A WAl =AY FUHE fste] ARAAHo
2 WAE A (Gunstone et al, 1976). A EthH] 10819 2ta} @M F=

i

-70C oA 12213+ WHste] AA s}l 2 F buchner funnel

= o8 Fdodr AFE AEHS] ofHste] ZYstdvh. oAl HE

B AA A e vlaskdn o+ AA ] A A2 Fig. 1 HeblATh

3. AA HA BE JFY A 4

31 99 ¥ 4

of

AR 20 g& Z=7HYel F#He & o] &@3tE AA 3|g=EolA 500 ~ 550
T2 A233 syt 313F & 3]Fo] 05N nitric acidE 7}star 7} 3o
=2l & o735} 05N nitric acid® A -§3}4] inductively coupled plasma

(Optima 3300XL, Perkin Elmer, USA)E ¢lo] dt&S E A&t}



| Raw oil

| Preheating at 60°C

| Adding citric acid and water(607C)

| N- injection and agitation (60°C, 20 min)

| Centrifugation(1,500 rpm, 15 min)

| Degummed oil

| Preheating at 60°C

| Adding sodium hydroxide solution

| Injecting nitrogen gas and agitating (60°C, 20 min)

| Centrifugation (1,500 rpm, 15 min)

| Washing

| Adding activated charcoal (60°C, 20 min)

| Agitating (60°C, 20 min)

| Filtration

Low temperature crystallization
(-707C, 12 hr)

Fig. 1. Flow chart for purification of sample oil
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A7k wA 1 gl SrEel e wEAEA
KOH®| mg= = glyceride® ZdF = UA L= FAAY S SH
st Zlolw AAlE AEFolA 47ke 1008tz SAH AT

Alg 5 g& 250 ml AZrEg2=a9 FH3 F ethyl-ether : ethanol (2:1) &
& 100 mlet &3t 23] &A1 Z Y. 21 3 phenolphtalein ] A] ¢F
3&S 7Fskal 0.IN KOH-ethanol &S =2 Ak Pao] 307 &4 o
7HA Ak F Alell st AHE S88HATHAOAC, 2006).
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AV= 5611*a*F / b

a : 0.IN KOH-ethanol4:H] & (ml)
Al 2 A 5 = (g)

F @ 0.IN KOH-ethanol®] <7}

3.3 #AirsE7e A

dtetErbs 74 1 keol e AbstE e mgdErE psES &
Aol AbszE xggol wel F7hsku 7t carbonyldt e = el H o] Aol =

ot 540 At o] gol B45E AFowd FAYEHY WE F

.

mln

A H-A = 20-40 meqg/kg¥ A d A 7 2 2o
A& 5 g5 acetic acid : chloroform (3:2) €< 30 mle} &3t A&
7] 3L potassium iodine ¥3-gH 1 mlE H7I3 FH FIA EE531 9
1

o 3ol 587 WA 1 F 30 mlel SRS 1% ARAN AL



ml¥ 2 0.01 N sodium thiosulfate (Na»S-03) & H o7 HAlo] FAlo] o
0% AEHA o 7hx] HA st A gidste] A HHAOAC, 1985).

POV= (a-b)*F*0.01*1000/ c

a A3 0.0IN NaxS:0342H] ZF(ml)
b : Blank®] 0.0IN NasS;034~H] #F(ml)
c A EAFHFg)

F : 0.0IN Na»S:052] 97}

34 A=Wz A F&9 FA

Aol W3lE n-hexaned AlBEE 2% 2 5< & 469 nmolA] FHEE =

e o (Lee 5, 1983) F8E 217he] AARGL AN ARG AR A

Almol Fule] gk vl= YRS

35 22=719 &4

Qo BEE Auite olFARe] £5 UM of fo] B2 5%

0 mlol &3AIZ1 & Wijs Al 25 mlE 7fshar
1A ZE Eot ok HA (Y. 1 5 10% potassium iodine &< 20 mle}
S 100 mlE 7Fste] &@etal 0.IN sodium thiosulfate &<Ho = 27

F ob#le] Aol miate] T ATHAOAC, 1985).



IV= (a-b)*F*0.01269%100/c

a : Blank®] 0.IN NaS;034:H] &= (ml)

b A9 01N NaxS:034H] & (ml)

F : 0.IN NaS:03°] 97}

0.01269 : 0.IN NasS:03 1mlell dg3st=1e] g7

3.6 AW 24 BA

A ¥ake]l A2 chloroform : methanol (2:1) o2 x2S £33t 10%
sodium chloride &3 SFF=2 FAS FH Folsh W EE 3 filter paper=
4ol 3511 (Blight and Dyer, 1959) rotary evaporator (Eyela N-1000,
Rikakikai Co., Tokyo, Japan)® &wlE& AAG F A&k 4 01 g
heptadexanoide acid 0.1% hexane solution 2 mlol] £3fA|7]122 05 N sodium
hydroxide methanol solution 3 mlE 7}sF % 105ColA 53 7FEAI7]aL Wy
sttt 1 & 10% Boron trifluoride 3 mlE 7}akal 106CoA] 583t 7143t
hexane 3 mL, 10% sodium chloride 1 mlE 7}8}] methyl esters} &}%
S FH3Fo] 045 um syringe filter (Toyo Roshi Kaisha, Ltd., Japan)®ll
71 ¥ gas chromatography = 238} tH(Ackman, 1989; AOCS, 1998). Methyl

ester mixture (Sigma-Aldrich Co., USA)E XETA|WALO R o] YEed ZF X

St

HEALO] retention time= W] aldle] A 31% 2™ gas chromatography 24 2742
Table 1] YeEFHATE. H3F docosahexaenoic methyl ester®} eicosapentaenoic
methyl ester (Sigma-Aldrich Co., USA)E 100, 250, 500, 750, 1000 ppm<] &%
2 7t7F Az & AQaE 2AAEA Y 2L 2R At GO o] {9

AeAAs5e] ol fol sl DHASH EPAS] @ekg vl watsch



Table 1. Analytical conditions of gas chromatography.

Items Conditions
HP-INNOWax capillary column
Column (30m x 0.32mm i.d., film thickness 0.5um,
_______________________________ Hewlett-packard, USA)
Gas chromatography GCMS QP-5050A, Shimadzu, Japan
Carrier gas Helium
Inject temperature 250TC
Detect temperature (O C

Oven temperature 170C to 225C (1C/min)




AAAL A3t oz o]Fo FAGgoA EHE oHA st F&S 2
Al FHAaA71aL Aol Ao S HA shr] Wil FA1e A M
AA AASA =W o] HAS ZHoletar gt} Citric acid -84 A g
w2 Qe EEFRAS = Table 2 of YEMRITE H59 Q19 3k 45mg/kg

o

S YEWA L 2% 559 citric acid &9 A Al FE 2L 129mg/kg
o2 4% #HAE YEHAG. 4% B Fdd 1Y T2 6.0mg/kgs UE
Wla 4% F% o] o= & WIlE UgUA LAY 6% sEE A A

= o 9o FF2 58 mgkgor M W2 fS HIlL
Ut Al &ob 6%% A= Aol 7 Adsitha #dtgon o =1
A A ste] vty @A AAE WAk

979 ol ft A} 18 mg KOH/g 02 & +22 Uehlgle o
of ¥ AANA Gl BHFY F FelAoz o5 Fdol e

A AL kel zE gel dojutAY AAlZE AR EHAse dEle sdoluR



Table. 2. Changes of phosphorous contents affected by different

concentration of citric acid solution

Concent of citric acid

Control 2% 4% 6% 8%
Phosphorous
content 45 12.9 6.0 5.8 6.3
(mg/kg)
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Fig. 2. Changes in acid value affected by different concentration of
sodium hydroxide solution.
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Fig. 3. Changes in peroxide value affected by different concentration
of sodium hydroxide solution.



Table 3. Changes of chromaticity and yields affected by different
concentration of sodium hydroxide solution

Concentration of sodium hydroxide solution

Degummed oll - 99 4% 6% 8%
Yield rate
0.73 0.68 0.65 0.65
(%)
O-D
0.488 0.084 0.087 0.058 0.067
(469nm)
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Fig. 4. Changes in acid value affected by different concentration of
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Fig. 6. Changes in lodine value affected by different concentration
of activated charcoal.



Table 4. Changes of chromaticity and yields affected by different
concentration of activated charcoal

Concentration of absorbent (activated charcoal)

Deacidified oil 1% 5% 1096 15%
Yield rate
30 30 76 70
(%)
O-D
0.067 0.047 0.062 0.045 0.043
(469 nm)
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Table 5. Changes in fatty acid composition after bleaching and low

temperature crystallization.

Fatty acid a b C d

C14:0 11.10 11.50 9.99 -

C15:0 1.97 2.01 1.64 1.11

C16:0 36.65 37.71 31.87 28.50

C17:0 2.48 2.78 2.39 -

C18:0 9.51 9.59 7.44 7.03

C20:0 0.94 0.99 0.68 0.72

C21:0 0.15 0.16 0.11 1.58

C22:0 0.30 [ 0.18 -

C23:0 0.68 0.63 0.87 -

C24:0 0.11 0.12 0.06 1.57
 Saturated 63.89 ¢ 65.80 5523 4051
O C141 N 004 gF 40 0:05 W . | 0.0, oot \ & 560

Cl6:1 2.68 2.71 3.58 5.78

Cl7:1 0.26 0.27 0.35 -

C18:1n9c 7.45 7.65 9.62 16.81

C20:1 1.45 il .5f 1.83 4.38

C22:1n9 0.36 0. 38 0.40 1.55

C24:1 0.36 0.37 0.35 -
~ Monoene 1260 12.94 1619 3412
~C18:2n6c 1, =N weey % 218 2.33

C18:3n6 0.09 0.09 0.12 -
C18:3n3 1.62 1.60 2.11 1.37
C20:2 1.47 - - -
C20:3n6 0.04 0.04 0.06 -
C20:3n3 0.15 0.16 0.20 -
C20:4n6 0.06 0.06 0.04 -
C20:5n3 6.11 5.81 7.96 6.55
C22:6n3 11.96 11.48 15.61 14.43
"~ Polyene 23.20 2093 2828 24.88

a; raw oil, b; bleached oil, c; oil after crystallization process,

d: mackerel viscera oil

_24_
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Table 6. DHA and EPA concentration after bleaching and low
temperature crystallization

Sum of
Concentration
Target compound EPA and DHA
(mg/g)
(mg/g)
After EPA 56.01
195.95
After EPA 65.97
lizati 228.83
crystalization DHA 169.87
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