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Abstract

The purpose of this study was aimed to investigate the effect of phospholipid concentrations
on physicochemical properties of salmon fish oil, extracted from salmon belly (Oncorhynchus
mykiss), encapsulated in liposome. Liposomes were prepared from three different concentrations
of phospholipids (PC=70 %) at 2, 3 and 4 %w/v together with sonication was employed on particle
size reduction. Encapsulated fish oil in liposome was determined for the physical characteristics
including particle size, microstructure using laser confocal microscope, color and fatty acid profile.
Oxidation was monitored during 4 weeks storage at 4 °C by measuring the peroxide value (PV) and
thiobarbituric acid reactive substances (TBAR). The results showed that all liposomes prepared from
different concentrations of phospholipid were not significantly different (P > 0.05) in size,
microstructure, color as well as PV and TBAR. For fatty acid profile, it was found that types of fatty
acid in fish oil were not significantly different after encapsulation. The sum of fatty acids showed
monounsaturated fatty acids > polyunsaturated fatty acids > saturated fatty acids. The ratios of w-
6:w-3 were 1.13-1.90: 1 which was acceptable based on recommended intake. Thus, the optimal
concentration of phospholipid at 2 %w/v was sufficient to maintain the physicochemical properties
of salmon fish oil. This study suggest a possible use of salmon fish oil in the liposome form for

food industry.
Keywords: liposome; fish oil; salmon; phospholipid; oxidation
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DHA (docosahexaenoic acid acid) Fadudau
UsgnovdrAgvewadussamuazdiis Uiy
anem FadudesnduegabidmiuTeSeunaz Ty
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(eicosapentaenoic acid ) Fafldrutreansdu
Tusfuitlald (low density lipoprotein, LDL) poLad-
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(UYW) WWINAYNTAAT
2.1.2 WodlWaRndeflusuauneaniii-
falmausosaz 75 (PC 75 %) (Lipoid, Germany)
2.2 3013
2.2.1 mMsmssutulaandiuiies
Uaaauau
(1) msafindtulaniv
Bnsatainsulanfuldsaulas
91135989 Klaypradit wagame [2] lagu1vios
‘UmLL%auauLLmL%qmazm&Jﬁqmwgﬁﬁm L2
ihlulssnegidlethilgaumgii 100 °C WWunan 15
w1t 39l4adesdudnsieszuulalasda Ju
Y99Ma190n91nTTe9Ua 91nTut1dIues
‘uaqmmlﬂmum’%mé’wmwm%a 6,000 SOUMD
Junit 1Huran 20 wit dilewendiuvestingudan
Ausonanuounaldu q gatduladuieeg
duvuilevningnszuiunsviliuiaviseld
(2) mavhthsfulanAulsiuians
yrdsuvanduiiadnlgande (1)
TUrunIzUILAIS AT Re1anE naudaladnuUas
91175994 Klaypradit Wazaay [2] Tngtdsiu
UandululsinnuFeuiionmad 85 °C 1duan 5
U9 WaAUNTATRSATUTUS Ay 0.3 Tudnsa
dutsfulaniiu 99 dusensadnia 1 day (Goe
azlnethuidn) udnilunauseanuss 250 seu
sound iuan 15 undl AdliBuiigungiives
uE vumlssnenanda 6,000 sousieundi
Huian 20 wifl garethifutandsegdiuuuile
1 Hudunaslunswdedlalnlauidudasioly
2.2.2 NMSANYIDNTNAVBIAUTNTU
yeanoalndfind muindoulalnlyuiidy
Jauasauau

mswseulalnlaulannulas 21035
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289 Mutalik Lagamug [22] inlavazaranaglu-
afnlusnsnddosay 2, 3 uaz 4 $evazimiin
lagUsunsg) Mmelemusallutusosay 99 Usung
25 wa. IntusafuttulaUsna 1 ndu e

dunanaunaratennuRainlusemeLen-

UDADDNAILLAIDITEINYTEUURQINA LHDTELne
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LWONIueasenIuMLA SuRNLINduiei TR AR
Talnlan wdiunauasluvIndvindoutununieg
Tulnsiundrhvndiunadluwgdeedoaug
(Memmert WNB14, Germany) ﬁ@m%ﬂuﬁ 40 °C
Junan 30 wift udailvanvwnsiersasiide
ﬂgummﬁgd (ELMA transonic T 780/H, Germany)
finaud 50 kHz vWJunan 30 wadt dalalnleud
wisslaussyaslugeegliileunesndatnuingel
atnuaziiusnuiduszosinan 4 d&Uansd ﬁ@mmﬁ
4 °C
2.2.3 MTIATITVEUURANINBANLAY

wnilvaslalnlouiiuan

(1) MIBATIIVUINDUNIA

NsiATIERINIneLNIAinlagide
salalnlaudretinduaulganudududesay
1543 mﬂﬂ?uﬁqﬁ%iﬁm%iaﬁmeﬁmumaymﬂ
(dynamic light scattering) (Malvern Mastersizer
2000, UK) mgmﬂﬁﬁmiwﬁléf Juiredu
lulAsiuns (um)

(2) MIATIZINNFUFIVINGT

inedeulalnlaumeddouludisn
(nile red) lnglaensrarulalnlaudeddouivinnu
1:0.1 (U3umslaousunns) anntusiludesdne
ndesganssAliawosaaulinea (laser confocal
microscope) (Olympus Fluoview FV3000, Japan)
Imaﬁwuwﬁaqmmm’m?iuﬁéfmmﬂummizﬁu

(excitation wavelength) 111U 552 U1 luLiAS

825

LAZA2ILEIIAAULAITIFBIN15TA (emission
wavelength) Winfiu 636 UULLAT
(3) MTIATIEANE
sdunisineldiadesdnsziana
(Minolta CM-3500d, Japan) Tuszuu CIE LAB lag

WguA1IA1IN@I9/Aude (L*) A1dwnsy/ad3e7

=] I

(a%) Fndimdes/andu (b%) wazA1ALLANATS
yoadtenun (AF) Tnsi3suiiisufunduain
1193571 (standard white plate) A1 AE @115
funadldainaunisd (1)

AE = VAL? +Aa 24+Ab? (1)

(@) MsBAsziaLneseanlys

NTATIERA LSRN lgRn LY
N13MIUTTUBY American Oil Chemists’ Society
[8] method Cd 8b-90 vinlmaulaluleu 10 NSy
lﬂmum%q@fmmwm%a 10,000¢ LJu1an 20
uit ndugadiuuuyiinu 5 niu TaviagUy
waldufunsnerdna-lalgeannuy ensidiu 3: 2
USums 50 wa. wenduan 1 Uil audunas
avanauihiu anduduansazanelnunadeslo-
Toladdus Ysu1ms 0.5 ua. wanaghdrunauly
diudunan 1wt mniadsinduusunns 30
va. werlmddwdunan 1 ud wardeinly
Inasanulgifeulnledamsadudu 0.1 luais lag
AnneseanlenAululaaInauns (2)

PV ( meq O, Kg sample)
N % (Vsgm - Veiank) x 1000

(2)
) Wsam
1o N = anududuvealatisdlnlodatnn

(wan3), Vaun = Usunaveslathsulnlodamaily
Immsm Blank (1a.), Ve, = Usuiauaesleifou
Inledatnanldlninsndiogns (Wa.), Wy, =

WIUNUNAIE19 (NF1)
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(5) N15ILASIIAN thiobarbituric
acid reactive substance (TBAR)

NN5IASIZYIAT TBAR Lasiaulasann
35904 Karnjanapratum hazamg [9] B1lagiin
Talnlew 10 n3uluyusiswheauisi 10,000
Wunan 20 udl mnﬁ?u@@ehuuuﬂ%mm 0.5 ua.
lalunasnnnassudidein TBA reagent (azane
nsalnsmaslsezdfa (trichloroacetic acid)
U3ua 15 n3u uaznsalnloundysn (thiobarbitu-
ric acid) USuna 0.375 nsudvaisavaelealas-
pavdALiuTy 0.25 Tuas) Usuiag 2.5 wa. watin
dunanlUsufigamad 95 °C Wunan 15 uiit 1
miaxm&Jlﬂuyumfjmé{aammL%’J 5,000g‘17'i
gamndl 25 °C luaan 10 wift udagadnlaluin
mmsgmﬂﬁuLLaqVﬁmmmmaﬂﬁu 532 Ulullng
TngA1 TBAR a@unsamuialaanaunisidunss
YeInTINATNTUIIRI§INTeIEI T Ao ule-
woanlan (malondialdehyde) Taufinulrsainy
WudwdudadnSuvesansunasulaLeadladse
an360e19 (mg malondialdehyde/L)

(6) MIAsIEinTa iy

n1smseueyRusnIabuduaiy
N13M1UI3UY Association of Official Analytical
Chemists [10] method 991.39 91ntudiAs15%
siianazUSunaveansaladumemaiauia  las
11Inn317 (gas chromatography, GC) Fale
fauladarnidves Intharapongnuwat [11]
avdunisiaedneyiusnsalududsunn 1
lulasansidia3os GC (Agilent 7890A, USA) Tag
Tdapduuviia DB-WAX (30 m x 250 um) A2
nurvesaIsiAdeu 0.25 lulasiuns louia
Tulnsiawduwiadnlaeiidnsinisivawindu 1

Haddnssoun d1miuguugives injection,

826

oven Wag detector tM1fU 240 °C wagldszuu
N15M3393UF YY1 ULUU frame ionization
detector d1m5uni1ssrystinnsaluiuvillae
L8 U retention time AU retention time 89
FAME standard menhaden oil (Sigma, USA) lag
14 C23:0 Methyl tricosanoate (Sigma, USA) 18y
internal standard d11suiesasvesnsaludiu
ﬁgwmﬁﬂmmmufﬁ%maq Association of Official
Analytical Chemists [10] method 991.39
(7)N1521URNUNITNAADILAY
IAeineana
nsAnuniflgnausunsmeas oy
completely randomized design (CRD) &g
Jasizvinanteaialaelenisitasigialny
kUsUs7u (analysis of variance, ANOVA) way
AIIEOUAILUANAIYDIALRAYTAE3T Duncan's
new multiple range test (DMRT) #5g#ua214
WFeosiufesar 95 lneldlusunsudnsagy spss lu

ASIATIEVHANGEDA

3. NAN15IBUATIT

3.1 navasaududuvasnaalnaniad
Thdumsusonszuauntsinifutiduuan

3.1.1 YWINBUNIA
yumeyniavestalnlauinifulan
Funseuldannealndfinfidanududusandis
fu uanesannsned 1 lalwlaudsulaniedould
fiduruguinansadooglugis 1.01-1.27 lalas-
wns Fedlvualndifeaiunanisvnasswes Chan
wazamy [12] AldAnwiUssansainnisiniiv
bovine serum albumin Taeldlalnlegudanuia
lalnlsuieSsuilvumeynandseglugie 0.8-

1.3 lulaswuss annnsanwiasatnuintalnloun
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wisulaanwealwaneiannudutusesay 2 1
yunaynaaniiagn aiuaaelalnlauiaseoule
ANNoAINARNANTANULINTUSDBAY 3 LAy 4

AIUAINU INNKANITANYINUINNISERNANULIUTY

a '

Yasvlaalnanaiidnsnanevuinvaslalnlaud

a v

CEEHGRERERD]

@

gd1AYNI9anf (P<0.05)

donndetuiuideues Soema wazmne [13] 39
5189°191ANUTNTUTe I edl ARz linane
$uluanaveswealwdfindadudruuszney
yosuddlalnendafunarhlidiodfiuanududy

Woalvafia lalnloudsivuniudy

Table 1 Color and size of liposomes prepared from different concentration of phospholipid

Phospholipid (%w/v) | Size (D4,3) (Lm) L* a* b* AE

0 (salmon fish oil) - 86.56+0.60° | 28.09+0.44° | 56.12+0.45° | 64.12+0.45°
2 1.01+0.02° | 79.30+0.26" | 10.51£0.95° | 21.15+0.77° | 31.43+0.47°
3 1.2+0.04° 79.56+0.70° | 10.29+0.74° | 21.06+0.56" | 31.16+0.81°
4 1.27+0.04% | 79.93+0.55° | 10.05+0.26° | 20.19+0.72° | 30.28+0.63°

Data are expressed as mean = SD (n=3), Different letters within the same column denote significant

differences (P <0.05).

3.1.2 anwaENadugIINe)
snwarlalnleaniduaniiedeuls
LanfagUT 1 nanisvmasanuitlalnlendiaien
#lifmsuendunar i duuandassassoguu
Ramiinda Li uaganuy [14] nanainvealnaiiag

a

audAuLeuilian (amphiphilic) Usgneusiey 2

du Ao dhuiiiidmTemroainuazdwilliids
vionsalusudemailalnlsuisansoniuacs
wagnsrawogluild dmiudnumglasadng
sEfUganIa (microstructure) UARSFIgUR 2
Tnglalnlouiindonladdnvuzidugensnay
nsza1efulaeiia dmueynianssnaufiusing
Budunuansdsluianavesiiuuadeiuegiu
luanavesddouludisalasluanavesddonazing
uas (fluorescence) Aas Lilagnnszdufendu
wasn21ad 552 unluluns [23] 9InHan15ANY

wanaliiuinlaseasalalulayaiuisanniiu
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rfudalinielu nan1s@neAladuluTudiania
WAeauiu O’ Dwyer wasauy [15] Fsldddou

ludisansiraeunisasegvestdiululaseasng

1Y) o =

izm‘uqamma@ﬂamumﬁﬁwﬁuﬂmLﬁu&huwau
Tnenuivsnadiadunszdudiuvesituds
Ainann1svinufaseniuadden

3.1.3 And

Adveniuvausaueuilignin

a

viukazAdveslalulauiifulafmseulaain

WoalwaianszauAMTUTUAIS 9 (115797 1) 3

AULANFIIURE 1T T EAYN19aDH (P <0.05)

a1

Tagan L* a*, b* way AE vesurdudariiaAngs

Y

nilalnlguindulanluyndiegne luvaeian L*

vasbalnloutdulafiwseulsanwealndiani

a1

AULTUTULANFI9AY WuIndan L* Tudainy

wanAiueg 19 lted1AYN19ads (P>0.05) W

o o

A1 a%, b* Az AE dAlanadeg1iitudAgy et
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Figure 1 (a) Salmon fish oil, (b) Liposome
made from phospholipid 2 % w/ v,
(0) Liposome made from phosphor-
lipid 3 % w/v, and (d) Liposome

made from phospholipid 4 % w/v

(P<0.05) wioarududuvesoalnafiafiuiy
LLamWLﬁu’jﬂﬁﬁﬁuﬂaﬂﬁQﬂﬁ’ﬂLﬁUHmﬁJ‘“LulaIW—
loulaegrsiusz@nsan I liadunsduanas
Tnefidivsingnisusnifudvesioalndind
vorfuihiiy deaeandasfudnumenianienim

vodlalnlzuidiuvan (U 1) lngandeyaves

U

o

Weiss uazany [16] Ifatuayuiedasiuogiy
Frosdiunaululalnlouduifeanunisfinenves
Toniazzo wavAne [17] Fasenuindaesdiuney
fdndwaneadveslalwlauiguiy
3.2 Auiseneandintuvasvadlalnlay
Ysuan
3.2.1 Anwaseanlun (PV)
A1 PV i fuAnduivadusunaves
Telasmeseenlesiiintulasufaseneondiadu
Suduvetingiu Tustu (primary oxidation) dmsu

a1 PV vastidulauazlalnlauiduuaianas

b

20 um

Figure 2 Laser confocal microscope images of liposomes (magnification: 100x): (a) Liposome made

from phospholipid 2 %w/v, (b) Liposome made from phospholipid 3 %w/v, and (c)

Liposome made from phospholipid 4 %w/v

A15197 2 nHaNISIAaBSNUINTITUSUGY A1 PV
yostsulaitldgnanifuiaglalwlsuihifuan
agﬂu‘d’mﬁﬁmmuzﬂﬂ% fio LAy 10 meqO,/kg
[18] widloiusnunduszesiaa 4 §Uasi wud

ududandldgniniiudian PV gendnlalnlaw

828

v
LK

Prfudanegaiveddynieadf (P<0.05) e
Wusnenluszezinal 4 dUast wudnan PV
voslalnlauthifutarlunndiegiedian PV dandy
A1 PV sasthsiulaniligninifu Taeen PV v

TalnlounTudainduainiusudusesay
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22.52-26.88 uawan PV vadlalnlewdiutuiiniy
thifulanUszana 4 wh neantsmaaetuansl
wivdhenududureslealndiinlunnssduaiy
Wuduaunsatisvrasnisiinuiseisendiadu
Fuduld Feaenndesiunuideves Sebaaly uay
A [19] FRnwMsL sk uNuNg
Teldlalnlon wuilalnlouanansovzaonisiden
Felosnnufiiseroondindulutitunungld
dowftsutuingunungitlignanifudaslalnles
wazdamunanutuduresealdnialuidnsna
denaiiinturesan PV lusgnitafusnwiusan
PV ﬁLﬁ@%‘uiwdwLﬁu%'ﬂmﬂ?uﬁmmﬂﬂﬁﬁm
aelneandinty (autoxidation) Faduluagnadi q

3.2.2 Thiobarbituric acid
substance (TBAR)

reactive

A1 TBAR LHueUstinsiinufasen
pondLadudud 2 (secondary oxidation) ¥84
ity lusudainannsidsuuladassadives
lelasinesoonladluiluansilyinauiiudeogly
nauveskeadilan [3] dmsuen TBAR yoeunsiy

@ <

Yanbugnininuwaglalnlouiidulananas

Y

A1579% 2 1NNANISNAADINUINNTULSUAUAT

TBAR vestifulariildgninifiuiiduansiiuen

TBAR 9o <lalnloutsiutarfndeldodidl
HedAgyn1eads (P<0.05) sniiuml TBAR 983 la
Tnluisfulaninsoslganealnafindosas 2
ffianuldunndrsegreiveddynisads (P>
0.05) widlafusnvndussezina 4 §Uavi wut
A1 TBAR vastnsfuuafidiganitlalnlesdsiy
Uanregnalided1Agynieada (P<0.05) d1%5u
dnsnavesaududurealudfianuiniyu
Sudulalnlouisiularinieuladian TBAR
Usenad 1.52-2.09 Tadnsu vesansuasulauea-
lasroanssogns uazdlofiusnenduszosioan
4 &Uanai wuinlalnlsudsiudanin3eulaann
Woalwafindudusosas 4 a1 TBAR snnlaln-
Toufiwsouldannealwaiadududovas 2 uas 3
o ldydAYN19Ena (P <0.05) Tnanan1sAne
wansliiAuInAuduturesealWafinaz uls
NARUAUA1 TBAR lag Cui hagamy [20] Na1131
WoalnafindautAduiulanedadudanialjzen
sondndulaglddruvamloan uenanivealu-
anadvarursaneadfisergnlgludjisen
pandadunlunisinsidnnseunnlalasines-

aonlam A1 TBAR Iuindulswiiswantios

Table 2 Peroxide value (PV) and thiobarbituric acid reactive substances (TBAR) of liposomes

prepared from different concentration of phospholipid

PV (meq O,/kg) TBAR (mg Malondialdehyde/L)
Phospholipid (%w/v)
0 week 4 weeks 0 week 4 weeks
0 (salmon fish oil) 6.67+0.67¢ 23.45+0.36° 2.36+0.21° 6.02+0.62°
2 8.89+0.38° 13.32+0.40° 2.09+0.07* 4.51+0.27°
3 8.72+0.37° 13.23+0.35° 1.78+0.19* 4.42+0.29°
q 9.7+0.19° 13.48+0.70° 1.52+0.14° 3.84+0.49¢

Data are expressed as mean = SD (n=3), Different letters within the same column denote significant

differences (P < 0.05)
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Table 3 Fatty acid composition (%) of salmon fish oil and liposomal salmon fish oil.

liposomal salmon fish oil
Fatty acids | Salmon fish oil
2 % Phospholipid 3 % Phospholipid | 4 % Phospholipid

C14:0 2.56+0.04° 2.05+0.14° 2.16+0.14° 2.08+0.15°
C16:0 12.44+0.31° 12.55+0.23° 13.19+0.23° 13.43+0.23°
C16:1n7 3.91+0.16° 3.74+0.11° 3.51+0.25° 3.50+0.21°
C16:2n4 0.42+0.11° 0.13+0.05° 0.14+0.06° 0.25+0.03°
C16:3n4 0.48+0.18° 0.37+0.34° 0.28+0.17¢ 0.15+0.05¢
C18:0 3.88+0.32° 3.45+0.36° 3.57+0.24° 3.43+0.26°
C18:1n9 34.54+0.30° 32.14+0.33° 32.56+0.1° 32.40+0.29°
C18:1n7 4.31+0.36° 4.22+0.22° 4.63+0.26° 4.18+0.23°
C18:2n6 16.24+0.23° 20.02+0.09° 21.22+0.21° 23.48+0.22°
C18:3n4 0.19+0.02° 0.37+0.05° 0.34+0.03° 0.13+0.02°
C18:3n3 0.24+0.03° 0.31+0.03° 0.30+0.04° 0.21+0.02°
C18:4n3 4.47+0.13° 6.00+0.12° 6.20+0.12° 6.25+0.10°
C20:1n9 1.78+0.05° 0.96+0.12° 1.04+0.10° 0.99+0.03°
C20:4n6 0.38+0.03" 0.71+0.08° 0.57+0.08° 0.64+0.07°
C20:4n3 0.64+0.07° 0.60+0.03° 0.50+0.08% 0.47+0.05°
C20:5n3 3.40+0.12° 3.28+0.18° 2.74+0.09° 2.33+0.26"
C22:5n3 1.55+0.07° 1.36+0.07° 0.85+0.10° 0.84+0.08"
C22:6n3 4.08+0.21° 3.81+0.18° 3.10+0.20° 2.62+0.08°
Other 5.30+0.20° 3.69+0.19° 3.57+0.14° 3.29+0.18°
SSFA 18.88+0.67° 18.06+0.73° 18.91+0.61° 18.94+0.64a°
SMUFA 44.54+0.87° 41.05+0.78° 41.74+0.71° 41.07+0.76°
SPUFA 32.19+1° 37.43+1.22° 36.01+1.18° 37.38+0.98°
Sn-3 14.41+0.42° 15.77+0.43° 13.69+0.63%° 12.71+0.59°
Sn-6 16.63+0.26¢ 20.73+0.17° 21.79+0.29%° 24.12+0.29°
Sn-6:n-3 1.15:1 1.13:1 1.59:1 1.90:1

Data are expressed as mean % +SD (n=3), Different letters within the same row denote significant

differences (P<0.05), >SFA = sum of saturated fatty acid, >MUFA = sum of monounsaturated fatty

acid, >PUFA = sum of polyunsaturated fatty acid, >n-3 = sum of omega-3 fatty acid, >n-6 = sum of

omega-6 fatty acid, >n-3/n-6 = ratio of omega-3 fatty acid to omega-6 fatty acid
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