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Evaluation of phospholipid extraction and emulsion stability from

marine by-products

Dong-Lee Hong

Department of Food Science and Technology,

Graduate School, Pukyong National University

Abstract

Consumption of aquatic products has been continuously increased and also their by-
products produce environmental problems due to easy decomposition and rapid decay. In
addition, a large amount of by-products is generated because there are many non-edible
parts in the aquatic products such as fish bone, fins, internal organs, shellfish and shells of
crustaceans. In order to improve the utilization of these by-products, nutritional value and
emulsification property of fish by-products including fish eggs were investigated. General
composition of carbohydrate, crude protein, lipid, ash and moisture were measured and the
ratio of polar lipids, glycolipids, phospholipids, amino acids, minerals (calcium, phospho-
rus, selenium), contents of vitamins (A, C, E) and fatty acid and phospholipid contents
were measured as minor components. Crude protein contents of the aquatic samples ranged
53% to 77%, showing high nutritional values. The ranges of crude fat content for high six
samples 15 to 55% showing high lipid and phospholipid contents. Based on the results
obtained from the analyses of these components, the other objective of this study is to in-

vestigate whether the by-products of high phospholipids contents can be used as a natural

Vii



emulsifier. The formation and stability of emulsion was determined in order to confirm the
use as a natural emulsifier depending on the content and composition of phospholipids by
using the lipid extracted from the marine by-products. In the case of emulsion stability, the
degree of retention at the emulsion form with time was measured and compared. It is in-
tended to use as the natural emulsifier of the mircoemulsion by using the phospholipids

extracted from the marine by-product.
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A}&-3kt}, The balance is measured on molecular weight and is an indication
of the solubility of the emulsifier. HLB& 0¥ 207 2] M2 Z£ low HLB
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Table 1. Different use of Emulsifier according to HLB range

HLB Range Use
4-6 W/O emulsifiers
7-9 Wetting agents
8 - 18 O/W emulsifiers
8y, 15 Detergents
10 - 18 Solubilizers

* Wetting agents: The HLB range for wetting agents has been established for ambient
conditions. For higher temperature applications we have established the following cor-

relations for wetting effects.
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Table 2. Explanation and major use of natural/synthesis emulsifiers

Classify Emulsifier Explanation Major use
It has surface activity including .
. .. . Milk, Ice
Protein hydrophilic and hydrophobic
. ; creams
amino acids.
It is a hydrophilic emulsifier, but
. stabilizes the emulsion by in— Beverage,
Polysaccharide . . .
creasing the viscosity of water Cream
phase.
Water soluble, amphoteric active
Saponin agent, effective for small droplet Medicine
formation.
Natural N .. Medicine,
Natural emulsifiers containing Cosmetics
Phospholipid glycerol and esterified phos— . ’
horic 3ol Functional
p . food
4 Natural emulsifier from Coconut = Shampoo, Bath
Cocobetaine Y
oil agent
It is an emulsifier extracted .
. Cosmetic,
Xanthan gum from sugar cane and mainly used
. . Cream
in gel—type cosmetics
Animal solid wax extracted from Cream, Lotion,
Beewax .
honey house Ointment
. r. ol fecti
. Synthetic emulsifier combining Confectionary
Sucrose fatty acid such as cake,
sucrose and vegetable fatty ac— C.
ester . medicine, cos—
ids .
metics
Bread, cakes
Glycerine fatty acid The best flavor among emulsi— and other
ester fier and prevent aging of food starches, Dairy
product
Sorbitan fatty acid es— Combination of sorbitan and .
Synthe— . Cosmetics
sis ter fatty acids
Hydrophilic emulsifier, that O/W Ice cream,
Polyoxyethylene fatty L . .
. system emulsifier effective of Spices dress—
acid ester AR ) - .
emulsification and dispersion ing
Used to prevent water droplets .
Propylene glycol fatty P . . P Shortening,
. from magarine and improve .
acid ester Salad oil

shortening products

Sodium lauryl sulfate

A mixture of sodium alkyl sul—
fate and emulsifier with excel—
lent foaming power

Cleaner, Tooth
paste, Sham—
poo
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(2) 2 ofv| At

frel obr|iAR> AlE 1gel 0.1M HCl &9 15ml 7Fetal 6023t

X

sonicator (Qsonica, Q500) & &3l #& 3%} st} Sonicators &3 FE
=9 6,000rpmell Al 15643 AR ste] e 1ml& lithium citrate
buffer 1ml(0.12N, pH 2.2) 8} =33t} 0.2/m membrane filter 2 ¢ 3}35}¢9
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Table 3. Analytical condition of High speed amino acid analyzer L-8800

Hitachi
Model
L-8800
Ion exchange column
Column
(4.6mm X 60mm)
Column oven temperature. 57-62°C
Reaction coil temperature I35°C
(Pump 1) B1 : Buffer PH-1
B2 : Buffer PH-2
B3 : Buffer PH-3
B4 : Buffer PH-4
) B5 : Buffer PH-RG
Mobile phase
(Pump 2) R1 : Ninhydrin
R2 : Buffer
R3 : Water
(Pump 1) 0.4ml/min
Flow rate .
(Pump 2) 0.35ml/min
Detector Ultraviolet (UV)
(Channel 1) 570nm
Wavelength
(Channel 2) 440nm
Injection volume 20p0

11



Table 4. Analytical condition of High speed amino acid analyzer L-8900

Hitachi
Model
L-8900
Ion exchange column
Column

Column oven temperature.

Reaction coil temperature

Mobile phase

Flow rate

Detector

Wavelength

Injection volume

(4.6mm X 60mm)

30-70°C

135°C

(Pump 1) B1 : Buffer PF-1
B2 : Buffer PF-2
B3 : Buffer PF-3
B4 : Buffer PF-4
B5 : Water
B6 : Buffer PF-RG

(Pump 2) R1 : Ninhydrin
R2 : Buffer
R3 : 5% Ethanol

(Pump 1) 0.35ml/min
(Pump 2) 0.3ml/min

Ultraviolet (UV)

(Channel 1) 570nm
(Channel 2) 440nm

2000

12
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2 100mg< test tubee] 3] FHskal 0.5mle] heptadecanoic acid(C17:0)
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o2ml test tubeol] YolFi 110TA 10E%F 7193t AL

o
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Table 5. Analytical condition of GC-FID

Agilent Technologies

Model

GC-6890N

SP-2560
Column
(100m x 0.25mm X 0.25um)

Carrier gas Nitrogen
Flow rate 2.7ml/min
Injector temperature 250°C
Detector temperature 250°C
Split ratio 10:1
Oven temperature 130°C-5min — 4°C/min — 240°C-15min

14
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Table 6. Analytical condition of HPLC-ELSD

SHIMADZU

Model
HPLC-ELSD-LTIT

Extrasil silica

Column
(150mm X 4.0mm X 3um)
Detector Evaporative light-scattering detection
Isopropanol : n-hexane : distilled water

Moblie phase

Evaporation temperature
Pressure (N, gas)

Injection volume

(55 :37.2:7.8, v/v/v)

85°C

47 psi

20u0

16
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Table 7. Operating conditions and data acquisition parameters of ICP-MS

PERKIN ELMER

Model ICP-MS, ELAN DRC @I
RF power 1200 w
Cooling gas flow rate 17 I/mint
Auxiliary gas flow rate 1.8 1/mint
Nebulizer gas flow rate 0.85 ml/min’t
Sampling & skimmer cone Pt

Nebulizer

Spray chamber

Number of sweeps per reading
Sample delay time

Rinse time

Teflon concentric nebulizer
Teflon scott spray chamber
30
100 s

100 s(1% HNO3)

18
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Y3 1% isopropyl alcohol(in hexane) & Yo &3t} 0.2 pm membrane
filter 2 o33t HPLC—-DAD ° 913 th(Table 9). HER C 4=
A&l 10% sodium metaphosphate £%¥ 5% sodium metaphos—
phate &4 ™A Axzddt. HA JdAF@ER C dFe] 50mg/100 g

ool A$ 2g A%, 10mg~50mg/100g ¢! A 5~10 g ALE HAA=E

o
£
o
o,
to
ol
e

ol, &% 10% sodium metaphosphate £ 7}3}¢]
10 23 d89 Al & A% 5% sodium metaphosphate £ 98 Yo

A3}k Stk #EstE AAE 100ml WA=
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Table 8. Analytical condition of HPLC-DAD (Vitamin A)

HITACHI
Model
HPLC-DAD, L-2455
C18: Thermo Scientific Hypersil GOLD
Column
250nm*4.6mm I.D.
Detector DAD: 325nm
Mobile phase methanol/water (95/5 v/v)
Flow rate 1.5ml/min
Injection volume 20u@
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Table 9. Analytical condition of HPLC-UV (Vitamin E)

Agilent technologies

Model 3
HPLC-UV, Agilent-1260
Column LiChorosorb Si-60: Fertisaule RT, Merck
UV: 290nm (excitation)
Detector .
330nm (emission)
Mobile phase 0.85% isopropanol/hexane (v/v)
Flow rate Iml/min
Injection volume 10p2
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230 %713 2% 5% sodium metaphosphate &% 02 £7]5 A& &
HAaZepsFe]| $ske] 100mlZ k. 1 & 3,000rpmelA 10~15%3F
A 5 Yot eSS FHEFL 5% sodium metaphosphate§ 9O =
Arts] 3s|A st AP gNoF sttt 0.2um membrane filter® o] 3313

HPLC—DADel F813to] vl CE=S 73ttt (Table 10).

3. Microemulsion

ofN

AFL-38F water phase:= 23 {5 E AMLS19 9T il phaseRE

DuksanA}9] paraffing ARE3}TH FE QAA AL crudedt FEfe 49

2o BAS w3 Q7] wio] 75 oA =8 AlA AL oil phaseol 9]
HZx o] 299 oil phaseE A|ZF5Fe] emulsionS A Z3S T 50mle)

conical tube®l 2% UAAS E3st paraffin 12mlE Y3l 18mle] distilled
waters ¥ H emulsiong A|Z3F2A T Emulsions #|%3}17] 8t A&
st AA = 2o 7|2 SonicsAte] vibra cells AFEsElow, &3t
pulsed A=t 20%% 3lo] 4%7F pulse 1x23F A5 wiEste] 283 &3
shelth. A= microemulsion®] FEl= 108 343k A58 ¥st dwF
(OlympusAt, CX23)= &l A7]9 dHE d&silon kgde S48

g8l AR 2225 )N Azl whE wsksl #e) YrE SYekck

22



Table 10. Analytical condition of HPLC-DAD (Vitamin C)

HITACHI
Model
HPLC-DAD, L-2455
C18: Thermo Scientific Hypersil GOLD
Column
250nm*4.6mm I.D.
Detector DAD: 254nm
Mobile phase 0.05M KH,PO,4/Acetonitrile (95/5 v/v)
Flow rate 1.5ml/min
Injection volume 10ul
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Table 11. Yield of freeze-dried of marine by-products

Freeze-dry (g) Yield of freeze dry

Sample
After Before (w/w, 96)

Cod roe 25349 156.78 38.15 + 2.86
Pollack roe 25415 192.29 2434 + 2.89
Sea urchin roe 249.63 162.73 3481 + 1.57
Trout roe 251.73 141.80 4367 + 140
Salmon roe 250.16 14214 4318 + 3.88
Candle fish roe 250.22 158.24 36.76 + 3.04
Pacific herring roe 24927 17240 30.84 £ 291
Sea cucumber viscera 250.65 190.62 2395 + 110
Skate liver 25426 169.29 3342 + 146
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Table 12. General composition of marine by-products

Sample Carbohydrates Protein Lipid Water Ash
Cod roe 5.75+0.84 7756+035 971+187 251+0.76 4.47+0.36
Pollack roe 2.38+0.32 75.53+0.13 8.84+0.82 522+0.29 8.03+0.05
Sea urchin roe 18.28+0.74 - 5341+0.84 18931135 2241069 7.14+0.06
Trout roe 3.29+1.20 68.81+1.00 23.28+319 095+0.59 3.67+0.01
Salmon roe 3.19+0.63 61.24+137 2891+0.92 315001 3.51+0.22
Candle fish roe 20.71+£1.00 53.85+049 18194310 166+0.04 5.59+0.37
Pacific herring roe 7.80+0.90 69.19+1.77 11524096 429+043 7.20+045
Sea cucumber viscera 13.05+0.62 5347+093 10.61+141 915+001 1342+0.14
Skate liver 1.14+0.69 38.19+098 54.86+1.38 3.62+030 219+0.08
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Table 13. Composed amino acids

composition of marine by-products (1)

Composed

amino acids Aspartic acid Threonine  Serine  Glutamic acid  Glycine Alanine . Cystine Valine  Methionine Isoleucine
mg/g, (w/w)

Cod roe 46.35+0.01 24.77£0.02 3346+0.17 7291%£0.02 1848%021 41.55£0.01 6.36£0.01 2397+0.03 14.19%£0.02 1947£0.01
Pollack roe 55.36%0.02 28.27£0.12 3588+0.21 83.58£0.01 32.21%£0.19 38.87£0.05 5.53+£0.03 23.43+0.07 1648%£0.01 18.23%0.01
Sea urchin roe 38.33+0.01 19.36+£0.03 1940+0.01 4641+0.06 4035%£0.02 19.67+0.17 6.38+0.01 19.17+£0.04 11.97+0.06 11.05+0.02
Trout roe 4510%0.11 23.06£0.07 29.13+0.01 56.03+0.27 = 13.50£0.02 42.52%+024 6.71£0.12 2572+£0.08 14.27£0.04 19.14%+0.06
Salmon roe 47.49%0.05 2445+£0.05 2885+0.02 62.81%£0.02 13.11%£0.03 4251+£0.13 541£011 2594+0.04 13.36%£0.15 20.81£0.07
Candle fish roe 45.02+0.04 26.86£0.03 36.43+0.07 64.36%£0.01 1899%£0.15 37.59£0.02 9.31£0.01 24.84%+0.12 13.56£0.02 18.15%0.09
Pacific herring roe  49.03+0.04 31.95+0.02 3145+0.01 71.13%£0.09 @ 22.10£0.04 49.04+0.01 6.36+0.01 2546*0.02 1467+£001 2051%+0.01
Sea cucumber viscera  48.70£0.09 2490£0.10 2545+0.01 74.16+0.14 2805%0.09 30.89£001 5.35+0.02 20.89+0.02 10.67£0.03 16.837+0.05
Skate liver 19.28%+0.07 9.69+£0.09 10.07£0.05 25.53%+0.24 9.82+0.01 11.23+0.02 2.27£0.01 8.54£0.05 2.33%0.01 7.11+£0.04
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Table 14. Composed amino acids composition of marine by-products (2)

Composed

. ) . . : ; b o . Hydroxy Pro- .
amino acids Leucine Tytosine  Phenylalanine  Lysine  Ammonia Histidine Tryptophan Arginine line Proline
mg/g, (w/w)
Cod roe 48.15+0.08 23.01%£0.02 22.87£0.05 40.29£0.02 7.97£0.01 11.29%0.02 -0 27.38%0.04 - 39.69+0.01
Pollack roe 4811£0.07 21.57%£0.05 26.77+0.03 4345+0.01 818+0.02 12.35%+0.01 & 36.52+0.12 3.10+0.01 38.39+0.02
Sea urchin roe  25.08£0.01 15.33%£0.01 16.99+0.16 2936%£0.01 521%+0.01 8.26+0.01 = 29.70£0.01 - 16.70+0.04
Trout roe 4546+0.15 20.15%£0.06 25.36%0.14 3587+£0.03 6.31£0.03 12.48%+0.01 = 26.25£0.14 - 3424+0.01
Salmon roe 46.20+0.12 20.68%£0.02 25.97£0.01 37.75+£0.12 6.17£0.01 12.78+0.10 — 27.75£0.04 - 35.42+0.01
Candle fish roe  39.90£0.06 17.74%£0.04 22.05+£0.04 35.59+0.01 7.51%£0.01 11.90%+0.01 u 30.07+£0.07 - 35.44+0.02
Padfficherming roe  56.03£0.11 21.33+0.07 2434£0.01  40.15+£0.02 7.13+0.01 11.28+0.02 — 29.46£0.03 - 41.69%+0.17
Sea cuaumberviscera 35.69+£0.24  16.98+0.11 23.20+0.02 37.06£0.01 6.64£0.01 9.62+0.02 - 29.33£0.06 - 20.06£0.01
Skate liver 1566+0.01 8.09+0.01 9.79+0.01 1546*£0.01 494+0.01 4.81+0.01 - 10.33+0.01 - 9.37%+0.02

1) 0.00: less than 0.0049
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Table 15. Free amino acids composition of marine by-products (1)

Free amino
. Phnsnho . Phnsnhn Asnartic g . Gliitamic . a-aminn
acids . Taurine : Urea . Threonine Serine . Sarcosine .. .
serine ethanolamine acid acid adipic acid
mg/g, (w/w)
Cod roe -1 6.20+0. 01 - - 0.97+0.02 0.78+0.01 0.95+0.01 2.13+0.02 - 0.02+0.00
Pollack roe - 11.88+0.02 - - 1.82+0.01 1.63+0.00 2.87+.02 3.54+0.02 - 0.07+£0.00
Sea urchin roe - 1.53+0.01 - - 0.09+0.00 1.31+0.02 1.17+0.01 3.97+0.02 - 0.19+0.01
Trout roe - 0.51+0.01 0.22+0.01 - 0.11+0.01 0.36+0.01 0.81+0.01 0.70+£0.00 - 0.03+0.00
Salmon roe 0.33+0.01 0.28+0.01 - - 0.87+0.01 0.23+0.00 0.37+0.00 3.60+0.03 - 0.01+0.00
Candle fish roe - 3.52+0.01 - - 154+0.01 1.15+0.02 1.52+0.01 2.88+0.01 0.11+0.01 0.04+0.00
Padfficheming roe  0.78+0.01 3.76+0.02 - - 0.81+0.01 1.07+0.01 0.35+0.00 1.69+0.01 - 0.03+0.00
Sea auaumber viscera - 8.24+0.02 - - 2.38+0.00 3.03+0.01 3.04+£0.03 18.26+0.03 2.55+0.00 1.10+0.01
Skate liver 0.60+0.01 3.37+0.01 - 483+0.02  146+0.02 1.57+0.01 1.21+.01 3.71£0.01 0.61+0.00 0.03+0.00

1) 0.00: less than 0.0049
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Table 16. Free amino acids composition of marine by-products (2)

Free amino ac-
a-aminn-n-

ids Glycine  Alanine  Citrulline BT emcid Valine Cystine  Methionine Cystathionine Isoleucine  Leucine
mg/g, (w/w)

Cod roe 0.79+0.01 148+0.01 =) 0.19+0.00 1.01+0.01 — 0.31+0.01 0.03+0.01 1.50+0.01 1.50+0.01
Pollack roe 1.68+0.02 3.68+0.01 - 0.16+0.00 2.09+0.01 . 0.86+0.02 0.21+.01 3.47+0.05 3.47+0.04
Sea urchin roe  22.74+0.05 7.02+0.06 y 0.11+0.01 2.35+0.04 g 0.41+0.01 0.20+0.01 1.32+0.02 1.32+0.02
Trout roe 0.22+0.00 0.58+0.01 b 0.02+0.00 0.39+0.00 0.05+0.01 0.01+0.00 0.02+0.00 0.41+0.01 0.41+0.02
Salmon roe 0.13+0.01 0.25+0.01 0.05+0.00 e 0.28+0.01 0.04+0.01 0.02+0.00 0.01+0.00 0.39+0.00 0.39+0.01
Candle fish roe  0.78+0.01 2.84+0.03 5 0.06+0.00 144+0.01 — 0.56+0.01 0.05+0.00 1.83+0.02 1.83+£0.01
Padficheming roe  0.90+0.01  2.32+0.01 " 0.09+0.00 124+0.02 0.05+.01 0.45+0.01 0.05+0.00 2.11+0.03 2.11+0.02
Seaauaumbervscera  3.16+0.02  8.25+0.01 - 0.52+0.01 348+0.01 1.16+0.02 2.26+0.04 0.52+0.02 5.59+0.03 5.59+0.02
Skate liver 131+0.01 245+0.00 0.26+0.00 0.06+0.00 146+0.02 - 0.43+0.01 0.04+0.00 1.74+0.02 1.74+0.01

1) 0.00: less than 0.0049
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Table 17. Free amino acids composition of marine by-products (3)

Free amino ac-

B-Amino isobu- y-Amino-n-

ids Tyrosine Phenylalanine f-Alanine tyric acid butyric acid Ethanol amine Ammonia Hydroxylysine Ornithine Lysine

mg/g, (w/w)

Cod roe 0.43+0.02 044+.01 0.62+0.01 0.12+£0.01 0.04+0.01 0.56+0.01 0.45+0.02 0.01+0.00 0.13+0.02 0.66+0.01
Pollack roe 1.13+0.02 1.13+0.01 0.71+0.01 0.32+0.02 0.13+0.00 0.97+0.02 0.55+.01 0.01+0.00 0.07+0.00 1.29+0.02
Sea urchin roe 2.39+0.01 0.46+0.01  0.10+0.01 0.06+0.00 0.01+0.00 -0 0.35+0.01 - 0.45+0.03 6.80+0.05
Trout roe 0.06+0.00 0.26+0.02  0.04+0.00 = 0.30+0.00 0.17+0.01 0.59+0.02 - 0.05+0.01 0.10+0.00
Salmon roe 0.11+0.01 0.20£0.01  0.11+0.00 0.06+0.02 0.01+0.00 0.03+0.00 0.06+0.01 - 0.02+0.00 0.30+.01
Candle fish roe  0.88+0.02 0.78+0.01  0.12+0.01 0.02+0.00 0.08+0.00 0.24+0.01 0.48+0.01 - 0.27+0.02 2.28+0.04
Padffichemingroe  0.98+0.01 1.15+0.02  0.09+0.02 0.08+0.01 0.08+0.00 0.19+0.02 0.81+0.02 - 0.13+0.01 2.56+0.04
Sea auaumberviscera 3.45+0.01 3.84+0.02 0.83%0.02 1.87+0.02 0.35+0.01 0.15+.01 0.85+0.00 0.13+0.02 0.45+0.01 5.54+0.03
Skate liver 1.68+0.02 1.04+0.02  0.65+0.02 - 0.06+0.00 0.34+0.00 0.87+0.02 0.00+0.00 141+0.04 254+01
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Table 18. Free amino acids composition of marine by-products (4)

Free amino ac-

ids 1-Methylhistidine Histidine 3-Methylhistidine  Anserine Carnosine Arginine  Hydroxy proline Proline

mg/g, (w/w)

Cod roe -0 0.23+0.01 - - . 0.64+0.02 - 0.50+0.01
Pollack roe 0.01+0.00 0.28+0.02 = - 3 1.27+0.02 - 0.97+0.02
Sea urchin roe - 1.43+0.02 0.05+0.01 0.47 = 11.65+0.07 - 0.36+0.01
Trout roe - 0.07+0.01 1 = = = - 0.22+0.02
Salmon roe - 0.08+0.02 = = B 0.20+0.01 - 0.20+0.01
Candle fish roe 0.06+0.01 0.60+0.01 - 1.14+0.02 — 1.79+0.02 - 0.88+0.02
Pacific herring roe - 0.75+0.03 - - - 2.27+0.03 - 0.69+0.01
Sea auaumber viscera - 1.05+0.02 - 7.49+0.03 0.54+0.02 6.00+0.02 - 2.22+0.04
Skate liver - 0.23+0.02 - 0.14+0.01 - - 0.08+0.01 0.99+0.01
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Table 19. Fatty acid profiles in marine by-products oi

Composition (mg/g)

Fatty aCid - . - - Pacific herring Sea cucumber . .
Cod roe Pollack roe Sea urchin roe Trout roe Salmon roe Candle fish roe roe viscera Skate liver
Myristic acid C14:0 -0 - - - - - 871+0.04 - -
Palmitic acid C16:0 - - - 33.03£0.05 4343+0.23 - 66.55+2.77 14.83+£0.27 -
Stearic acid C18:0 - - 8.30+0.05 = - - - - -
Arachidic acid C20:0 0.17+0.10 0.38+0.00? 0.53+0.00 = 1.48+0.04 0.63+0.01 - - 1.114+0.07
Behenic acid C22:0 0.22+0.02 0.24+0.00 - = 0.42+0.01 0.43+0.01 0.13+0.01 3.76%0.15 -
Lignoceric acid C24:0 - 0.18+0.01 0.25+0.01 - = - - - 0.83+0.01
ISaturated fatty acids 0.39+0.12 0.82+0.02 9.08+0.06 33.03+0.05 45.33+0.28 1.06+0.02 75.39+2.83 18.59+0.42 1.95+0.08
Myristoleic acid Cl4:1 - 1.19+0.02 15240.01 0.87+0.00 1.9740.01 1.28+0.02 154+0.01 0.54+0.02 243+0.01
Palmitoleic acid Clel 1.40+0.00 2.87+0.01 2.99+0.01 0.99+0.00 3.61+0.01 56.17+0.50 17.04+0.22 342+0.24 47.53+0.08
Elaidic acid C18:1n%t - - 0.80£0.17 - - - - - -
Oleic acid C18:1n9c 50.24+7.52 S 9.48+0.03 56.77£0.01 88.90+0.31 5 78.94+0.35 30.53+1.10 85.83+0.04
Eicosenoic acid C20:1n9 - & 14.35+0.51 3.48+0.90 13.10£0.16 - 5.11+0.01 - 21.59+0.05
Nervonic acid C24:1n9 - 0.68+0.05 - 0.07+0.00 = - - - 0.41+0.07
IMonounsaturated fatty acids 51.64+7.53 4.74+0.08 29.15+0.74 62.18+0.92 107.58+0.94 57.45+0.52 102.63+0.59 34.49+1.36 157.79+0.25
Linolelaidic acid C18:2n6t 10.96+0.34 = = - 0.83+0.00 43.89+3.70 - - 0.78+0.01
Linoleic acid C18:2n6c - 0.93+0.00 - - - - - 6.57+0.50 -
o-Linolenic acid C18:3n3 1.27+0.06 e 13.49+0.24 - - 35.76+0.19 - 23.53+0.64 -
y-Linolenic acid C18:3n6 0.16+0.04 0.19+0.00 2.77+0.07 - 0.64+0.04 0.59+0.01 - 220+031 -
Eicosadienoic acid C20:2 0.71+0.03 1.18+0.00 - 0.53+0.00 = 1.06+0.00 0.32+0.00 9.91+1.18 -
Homo-y-Linolenic acid C20:3n3 11.05+0.06 15.90+0.13 45.46+0.17 3.65%0.00 - - 9.81+0.03 - 16.76+0.02
Eicosatrienoic acid C20:3n6 - - 1.2940.02 = = - 0.48+0.00 10.92+0.51 -
Arachidonic acid C20:4n6 0.14+0.02 - - - - - - - 0.65+0.00
Eicosapentaenoic acid C20:5n3 54.91+0.22 55.53+0.33 64.90£0.30 34.81+0.13 95.07+0.32 77.73£0.38 58.71+£0.13 78.83£0.69 1.2740.03
Docosadienoic acid C22:2 - - - 0.19+0.01 16.90£0.00 0.62+0.01 - - -
Docosahexaenoic acid C22:6n3 72.73£0.38 94.11+0.48 4.51+0.01 56.994+0.07 82.55+0.01 54.20+£0.29 90.86+0.12 23.20£0.03 96.10+0.33
ZPolyunsaturated fatty acids 151.94+1.15 167.85+0.94 132.42+0.81 96.17+0.22 195.99+0.38 213.85+4.58 160.18+0.28 155.16+3.87 114.78+0.39
Total fatty acids 203.97+8.81 173.41+1.04 170.65+1.61 191.38+1.19 349914161 272.36+5.12 338.21+3.72 208.24+5.66 274.53+0.72
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1) not detected, 0.00
2) less than 0.0049



o] 9tH(S.F.O’Keefe, 1993).
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Table 20. Phospholipid contents with different solvent

Phospholipid contents

Chloroform: meth-

. Petroleum ether n-Hexane Ethyl alcohol anol

in sample (%, w/w) 2.1
Cod roe 0.68+0.12 1.05+£0.02 5.55+£0.02 8.24+0.03
Pollack roe 0.95+0.21 1.04+0.03 4.70+0.07 9.46+0.09
Sea urchin roe 0.96+0.13 1.02+£0.02 5.55+0.12 6.72+0.11
Trout roe 0.80+£0.07 0.96+0.01 1.43+0.04 3.37+£0.20
Salmon roe 0.63+0.03 0.92+0.01 1.18+0.11 14.52+0.14
Candle fish roe 0.92+0.03 0.98+0.01 2.98+0.02 5.83+0.03
Pacific herring roe 0.60+0.0 0.76+0.02 6.66+0.04 9.89+0.07
Sea cuaumber viscera 2.22+0.02 1.35+0.01 7.21+0.07 16.13+0.09
Skate liver 1.49+0.03 1.90+0.03 2.63£0.08 5.01+0.11
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Table 21. Phospholipid profiles in marine by-products oil

Sample Phosphatidyl Phosphatidyl Phosphatidyl in- Total
choline ethanol ositol

Cod roe 10.34+0.03 1.72+0.01 0.85+0.01 12.91+0.05
Pollack roe 6.26+0.01 1.57+£0.01 0.95+0.03 8.78+0.05
Sea urchin roe 5.80+0.01 1.26+£0.02 0.64+0.01 7.7+0.04
Trout roe 6.64+0.02 0.78+0.01 1.12+0.02 8.54+0.05
Salmon roe 6.01+0.02 0.79+0.01 1.04+£0.01 7.84+0.04
Candle fish roe 4.30+0.01 0.76+0.02 0.34+0.01 54+0.04
Pacific herring roe 9.36+0.02 1.29+0.01 0.78+0.02 11.43+0.05
Sea cucumber viscera 0.60+0.02 1.25+0.01 0.78+0.02 2.63+0.05
Skate liver 0.44+0.01 0.18+0.01 0.25+0.01 0.87+0.03
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Table 22. Fatty acid profiles in marine by-products phospholipids

Composition (mg/g)

Phospholipid fatty acid
ospholipid fatty aci Pacific herring Sea cucumber

Cod roe Pollack roe Sea urchin roe Trout roe Salmon roe Candle fish roe roe viscera Skate liver
Stearic acid C18:0 - 1.85+0.02 3.41+0.02 - 1.59+0.02 - - 0.66+0.02 153+0.07
Arachidic acid C20:0 - 3.30+0.01 6.53+0.01 - 2.03+0.01 1.41+0.02 212+0.28 0.76+0.01 3.40+0.01
Behenic acid C22:0 - 2.71+£0.05 5.63+0.02 5 6.55+0.32 1.82+0.01 212+0.17 3.60+0.27 3.83+0.11
Lignoceric acid C24:0 0.20+0.02 2.87+0.02 8.43+0.04 - 3.56+0.01 0.87+0.01 0.84+0.01 - 0.75+0.08
ISaturated fatty acids 0.20+0.02 10.73+0.11 24.00+0.14 - 13.73+0.41 4.10+0.05 5.09+0.46 5.02+0.31 9.51+0.27
Myristoleic acid Cl4:1 - 9.89+0.07 - - 15.36+0.04 9.48+0.01 7.49+0.01 1.15+0.02 4.15+0.23
Palmitoleic acid Clel 94.77+0.11 = = 41.85+£1.02 40.82+2.76 & - - -
Elaidic acid C18:1n9t - 11.70+0.10 & 28.93+2.11 13.93+0.04 6.80+0.04 14.43+045 9.20+0.82 8.66+0.18
Oleic acid C18:1n9c 4171+0.16 0.87+0.02 2.53+0.01 . 3.83+0.01 0.22+0.01 - 0.56+0.21 0.70+0.01
Eicosenoic acid C20:1n9 - - = e 2671111 0.60+0.02 - 0.31+0.01 -
Erucic acid C22:1n9 0.46+0.02 - = = 1.80+0.02 0.37+0.01 - - -
Nervonic acid C24:1n9 80.18+0.42 54.19+2.17 85.03+1.28 20.66+0.08 = 50.53+1.04 51.06+2.92 13.14+1.81 1247+0.21
ZMonounsaturated fatty acids 217.12+0.65 76.65+2.42 87.56+1.44 91.44+3.34 102.45+3.98 68.00+1.21 72.98+3.42 24.36+3.42 25.98+0.67
Linolelaidic acid C18:2n6t 16.95+0.37 33.62+1.43 85.84+1.96 7.23+0.02 3.25+0.01 12.53+0.07 2441+134 2.11+£0.05 0.96+0.02
y-Linolenic acid C18:3n6 0.20+0.01 - - - - - - 2.39+049 -
o-Linolenic acid C18:3n3 107+0.12 8.58+0.02 17.04+0.17 & 2.70+0.02 12.45+0.56 - 4.18+0.27 4.02+0.17
Eicosatrienoic acid C20:3n3 - 3.23+0.02 2.67+0.02 = = 1.30+0.04 - 0.74+0.04 2.63+0.08
Arachidonic acid C20:4n6 9.52+0.03 - o B 8.14+0.02 - - - -
Docosadienoic acid C22:2 - 6.37+£0.08 10.20+0.21 - - 2.10+£0.01 10.22+0.96 4.41+0.21 6.77+0.24
Eicosapentaenoic acid C20:5n3 - 2.77£0.02 - - 0.56+0.01 - - 0.42+0.04 -
Docosahexaenoic acid C22:6n3 - 4.07+0.04 4.82+0.09 - 2.04+0.01 2.88+0.42 0.67+0.05 5.08+0.33 0.79+0.03
ZPolyunsaturated fatty acids 27.74+0.24 58.64+0.31 120.57+0.23 7.23+0.02 16.69+0.06 31.26+0.65 35.30+2.72 19.33+0.97 15.18+0.42
Total PL fatty acids 245.05+1.02 146.02+2.82 232.13+1.92 98.66+3.36 132.87+4.46 103.36+1.92 113.37+6.59 48.71+4.81 50.66+1.36

1) less than 0.0049
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Table 23. Mineral profiles in marine by-products

Ca P Se

Sample

ppm, X102 ppb, X102
Cod roe 3.71+0.01 86.61+0.04 32.26+0.01
Pollack roe 14.45+0.01 155.92+0.03 36.22+0.01
Sea urchin roe 847+0.01 101.28+0.02 9.18+0.02
Trout roe 4.91+0.01 4148+0.01 27.99+0.03
Salmon roe 741+0.02 54.82+0.02 38.01+0.03
Candle fish roe 6.30+0.01 114.03+0.02 12.77+0.03
Pacific herring roe 7.00+0.02 93.97+0.01 28.56+0.06
Sea cucumber viscera 164.57+0.03 6.07+£0.01 47.64+0.01
Skate liver 2.96+0.01 44.73+0.01 35.79+0.02




Table 24. Vitamin A, C and E in marine by-products

A C E

Sample

mg/100g mg/ml, X102
Cod roe 0.23+0.02 20.39+2.15 6.09+0.02
Pollack roe 0.23+0.01 44.92+1.29 6.64+0.03
Sea urchin roe 3.81+0.03 28.26+4.56 26.37+0.04
Trout roe 0.19+0.02 9.95+0.74 155+0.01
Salmon roe 0.37+0.01 7.33+0.73 225+0.02
Candle fish roe 0.18+0.01 30.75£1.62 1.25+0.01
Pacific herring roe 0.19+0.02 38.81+1.03 4.19+0.01
Sea cucumber viscera 0.73£0.01 72.22+1.08 5241001
Skate liver 4.79+0.02 18.30+1.84 0.18+0.02
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Figure. 1. Observation of cod roe through optical microscope
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Figure. 2. Observation of pollack roe through optical microscope
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Figure. 3. Observation of sea urchin roe through optical microscope
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Figure. 4. Observation of trout roe through optical microscope
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Figure. 5. Observation of salmon roe through optical microscope
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Figure. 6. Observation of candle fish roe through optical microscope
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Figure. 7. Observation of pacific herring roe through optical microscope
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Figure. 8. Observation of sea cucumber viscera through optical microscope
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Figure. 9. Observation of skate liver through optical microscope
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