FDINIUNUSD mamudadiunia luiulududivialomi-3  uazmnan

Y
e TugdwanluTaseuuaugan

Adon UNAIQNY NAUINYT
RARRLE ma T lage111s
= =
msanu 2548
U ]
UNAALD

MIANHINAVOIUNAN (60 70 LA 80 BIAIFATYA) oAU Ay

Y
Tuavesd1sasdy (1:2 1:3 uaz 1:4) wazanududuvesdnsalgnset (0.5 1.0 uaz

QU 1

A~ J. 1 A 9] 9 v A =
1.5 Lﬂﬂﬁlcﬁu@) @]6ﬂ"lﬁ!,WNﬁﬂﬁﬂuﬂlﬂﬂﬂﬁﬂqﬂluuiﬁlmﬂTG (ﬂiﬂhlelliJu@W!ﬁllmgﬂLﬂG]f

aaa J

Y v Y
o) Twihiudamin redfnsemaudedamesiinduszunaihdulamuuas
a J o Ao = J < '
wnsaedmoivesnsa lviunians ImAsuunenled  (NaOCH,)  iiluassa
AaAan o [ { 4 9] 9] 1
Ufnsen  Tasiimstamsulasunlasesndsznovvesludunaznsaludu  wum

v A a 2 o oA 2 ~ A Aaa o A
n3a luiiudfieuazdeme luihiulamuuiniuuniigadied§asoduiuly
v

W 5 F1u9 (P<0.05) wazszaumay liuanawegiidedigaunseniduga

5

v v v Y v v
URATeN 24 ¥ Tue mawvensa lududsnanlnhiiudamunnnigaiiszay

9y 9 % 1 Aaaa [ Y 4 4 o A A =
ﬂ’JWﬂJHJiJ"UH"U’E]\‘]GYJLiQ‘]JQﬂiEﬂlfl’ﬂﬂ‘U 1.5 1losiyua (P<0.05) ﬂﬁ'ﬂll"llllu DNLBLATA

a

2‘ [y} [] Q' dgl té a Q. d? Y d‘
Lmﬂa°luumuﬂammswumﬂmumaqqunmeu%uclwmqﬁqwqmwm 80

U

] J 4 k4
DI ALEYT (P<0.05) Lﬁ@LWM’OﬁiTﬁ’luiﬂﬂii\lﬁﬂlﬂﬂﬁqﬁﬁﬂﬁl‘l (ﬁmuﬂamumam

a J Y] 9 v ax ~ 2’ Y] 1
VI‘ﬁaL@ﬁlm@im@ﬂﬂﬁﬂqmuuialuﬂ1'3) ﬂfl'ﬂUl"llllu@WL@llﬁgﬂl'f]%&@aluu1ﬂuﬂﬁ1uu1

a dal Q‘ d‘ A (Y] 1 [ ] 1 W a = L
MuNIULazINnAgaiiodaduaena Ny 1:4 Usina lasndwe lsalu
Y ' v
dulamundilsinaesasszriumanalnsouliomuszauguuagl Ay
Y
WU tazdasrauTas Tuavo e sdadu (P<0.05)
o [Y] .
nAMsAnEINaveInanes U 15y (Com syrup solids) WAUDITNIIY

9 [~ Y 9 o Y 1

wiadon tagraveInszuIuMsulsgl (Msusuds mslianuiou msitwis) ae

v Y Y 9 v
anuasivesoRasunuiiulhvesiuiulamihni l1dedarareadiu (@

(4)



vaguilgugll) uazagiu-lalausu @Natundegl) wundvadunasgiinn
o 1 a v @ < t% " A W a o
asdremsinamssnaInuveula luiudniddasulgugiivdeiums 1danu

EY

a ] [
%}@u (Qmﬁgu 30-90 @Qﬁ%‘ﬂ)’ﬁl‘%ﬂﬁ HUIU 30 mﬁ) FIUNTUFLVULaZ Ay (-18

~ o ~ o A

DIRUATEA U1 22 %2 139/30 earsarked 1Y 2 ¥11u9) wazluaniigni

Y 9 A a A 4 =~ o 09}/ o 1 o

ANudNTuYoUNdogs (200 Had luarsvedlmfeunas 150) SIUNIUAIRIUNITIN
a 4 @ A o Q'J I o 1 a

ueane  madurenesu lessuaslusaruilunsaannunsdinensinan1ssiu

<3 &% Av o a VA @ 3 % Av o a
717 ummmﬂ”hmuclumla%uﬂgugu LLG]LW?Jﬂ?1lIﬂ\W]’Jellaﬁluﬂllslluugluﬂﬂaﬂfuﬂﬁﬂ

i

e

MIANYIAINAIAIADNTINADONTIATUVDIDNaT LT Lazdiia

4
a a %

Funaonil Neluglvouraitazmumstmis (Freeze dried) Tnovimsinlsum

9

qQ

4 4 Ja an " A o a as
a3 lalasnleseonlea tazenslnlewnsiangn (TBARS) WuNdladunasgiil
Y

v J k4
ﬂ’ﬂllﬂ\iﬁ’l@]@fﬂﬁ!ﬂﬂi’)@ﬂG]f!,ﬂfo/u?Q‘Nﬂ’JTf]Mﬁ%uﬂﬂuﬂ“Nﬂﬂiugﬂﬂl@ﬁlﬁﬁ’)kmgllﬁﬂ (P

Y
o w

<0.05) dwmsumsanmimsdiesndmanludiaduiihniuilamiivesars nlail
~ Y] Yy 9 1 1 = ~ [ Y 9
59aNTTAUANNUNTUAIE WUMET 1n IadlseanseaunUUNIY 500 uag 1000
Al g ~ a o 1 1 [ 1
ANy Tanvensolumsdiuesndasu lunana iy (P>0.05) uaau1IadIu
a a @ Y~ oA [ Yy 9 AAad =
MINaenTaTU 1dAn1INTZAUANUAUTU 100 ANDY (P<0.05) MIANYINANT
9 a ) ! 2 2 . .
AUDONFATUTINTEHINE5 In IaWlsoaazdante (EDTA, Disodium
ethylenetetraacetic acid) WUIM3I¥a1sInTaTlseasiududdiite awsad1ums
a a q'/ 3’ [y ] A o q'/ 9 1 9 =S ~ 1
avendmduveniniulamiludiadulagainiimsldas Inlatlseaiissedia
=
1A87 (P<0.05)
= a 2} o 1 ) Y
msAnyIMsnaa T Iasuaugaveuiniulami lasmsiwday
[l A o n'/ a Qti' a 4 o I~/
Wurow (Spray drying) @ua%unmgwmnmﬂaﬁu%m (Corn syrup solids) (ilu
1 9 1 a o Y ~ 1 1 9
A5vioRy nugUHNTuMIRIR (165-190 seraaiFea) Tilinade Insediig
A ¥ A Av o AyY o A g '
voululnsuauganld  Taglulasunuganiodiadunei laeziinnuduiosni
cd A (a 2 o \ \ e @ R
3 osidua HlFuaniwiudamuunnnn 85 wesidud uazansoazmeirla
3 ~ = ~ wvAa =] a
Famelu 2 i nmsAnMslasuulasguauiamaaimenn uaznisne

a ) 1 3 o :I % 1T W 1 1
aaﬂm%uizmnmﬁmmmgwm"luimuﬂwgmlmumuﬂmummﬂan NWUN

)



a =~ a

3 o ] 1 1A
MINUTNEINQUNYY 37 BeriaiFoa UAINNUKAY (b value) FINNNYUNYI

RY U

Y
A A v o J

1 H <
20 ossralted (P<0.05) daululasuaugainyluaangilimanusuduing
o' A~ 4 1 A A dg) 9 1 @ 1 A g
a1 (11 waz 33 wesikua) AANUKHAUNVAIULBENNAI0e1 9N Iuan1IL
dy Y] Y] o AR~ 4 g} Y] 1 ~ Y] 1
ANNFUAUINT g (52 Woesisud) hiulamiwuy lulasuaugaiinnuasdine
v 9 1 v
msinaeengasuanI iUl (p<0.05) dasimsinaoongiatsuved iy
d' I (Y] t:i o zg ] o 4 AR~ J A d? I 1 d'
TATUAVEANAUTNEINTEAUANUFUTNINT 11 tag 33 nlosiFud MavusInm
o dy [y o 4 S < 4 9 9 a o AAd
FTAVANUFUFTUNANT 52 11)o51Fua (P>0.05) M3 1BA1TAIUBOAFATY (500 WLDY
1 [ 4 Q' Y] [ a a
Inlaflsoa 52wy 12 Tulas Tua1s 9aN®) A 1WITINNANUAIAIADNITINADONY
QIJ g} % ] 1 [~ v Y]
mwmm"lﬂﬂmﬂucgaumuﬂmnmswmqmimmﬂm"l@’f (P<0.05) 91N15IA
o o Av & ' < o A 2 o 4 o

viaveuna lvsiuludiady wulvuiaveula luinuunaImstnusnel Tag
QI < v Aa o Q'I d' <3 j} Y] [ 4 J 3 J 1
msnvnaveuda luiuluddaduinuluanusuduimg 52 woesisud genn
3 A P 4 o w < @ Ay o Aad
PUN 32 uaz 11 wosiFud auddy (P<0.05) winawia luiuyeidiasunmny

a =

[ ! a 4 ' v o w ' 3 o
ﬁﬂmﬁqmﬁgu 37 ONAUYAUBY LWN%H@UNﬁuﬂﬁTﬂiyﬁ%ﬁ?Nﬂ?ilﬂ‘l_liﬂ‘hl"l (P
a =

1A =) A < @
<0.05) HANYUVDN 20 DIALEaLsed UlllllﬂTilflJﬁﬂuuﬂﬂ\‘léllu1ﬂlllﬂll"llu1f!ﬁa@ﬂﬂ1i

U

I~ [
INUINEI (P>0.05)

(6)
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ABSTRACT

The effect of reaction condition, reaction temperature (60, 70 and 80°
C), mole ratio of tuna oil to n-3 fatty acids methyl ester (1:2, 1:3 and 1:4) and sodium
methoxide (NaOCH,) concentration (0.5, 1.0 and 1.5 wt% of reactants), on enrichment
of n-3 fatty acid, primarily EPA and DHA, in tuna oil by transesterification of tuna oil
with n-3 fatty acid methyl ester (n-3 FAME) using sodium methoxide as catalyst was
studied. The lipid and fatty acid composition of the reaction products were analyzed.
The time course of the reaction indicated that the highest incorporation of
eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) occurred after 5 h (P
<0.05), and did not change significantly up to 24 h. The catalyst concentration of 1.5
wt% of reactants showed the highest incorporation of EPA and DHA (P<0.05).
Incorporation of EPA and DHA were increased with increasing reaction temperature
(P<0.05) and the highest incorporation was observed at 80°C. The highest EPA and
DHA incorporation occurred at a mole ratio of tuna oil and n-3 FAME of 1:4 (P<0.05).
The remaining of triglyceride (TG) was decreased with the increasing of all reaction
factors (P<0.05).

Tuna oil-in-water emulsions (5 wt% tuna oil, 100 mM acetate buffer,
pH 3.0) containing droplets stabilized either by lecithin membranes (primary
emulsions) or by lecithin-chitosan membranes (secondary emulsions) were produced.

Primary and secondary emulsions were prepared in the absence and presence of corn
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syrup solids (a carbohydrate widely used in the microencapsulation of oils) and then
their stability to environmental stresses was monitored. The secondary emulsions had
better stability to droplet aggregation than primary emulsions exposed to thermal
processing (30 to 90 /C for 30 minutes), freeze-thaw cycling (-18/C for 22
hours/30[_]C for 2 hours), high sodium chloride contents (200 mM NaCl) and freeze
drying. The addition of corn syrup solids decreased the stability of primary emulsions,
but increased the stability of secondary emulsions.

The oxidative stability of tuna oil in emulsions coated by lecithin alone
or by lecithin-chitosan before and after freeze drying was studied. The ability of the
antioxidants mixed-tocopherol (100, 500 and 1000 ppm) and/or EDTA (12, 60 and 120
LLM) on the stability of the emulsions was also examined. Both liquid and dried tuna
oil-in-water emulsions droplets coated by lecithin and chitosan are more oxidatively
stable than emulsion coated by lecithin alone as indicated both lipid hydroperoxide and
TBARS concentration (P<0.05). No difference in effectiveness in the ability of 500
and 1000 ppm mixed tocopherol (P>0.005) to inhibit lipid oxidation and their
inhibiting lipid oxidation more effectively (P<0.05) than 100 ppm. The combination of
mixed tocopherol and EDTA was more effective than mixed tocopherol alone (P
<0.05).

Spray dried tuna oil emulsions containing droplets stabilized by
lecithin-chitosan membranes were produced using a two-stage process in the presence
of corn syrup solids. The impact of drying temperature (165, 180 and 1950C) on the
properties of microencapsulated tuna oil powders was examined. The structure of the
microcapsules was unaffected by drying temperature from 165 to 195°C. Emulsion
powder consisting of smooth spheroid powder microcapsules (diameter = 5-30 [ m)
containing small tuna oil droplets (diameter < 1 | Im) embedded within a carbohydrate
wall matrix. The powders had relatively low moisture contents (< 3%), high oil

retention levels (> 85%) and rapid water dispersibility (< 2 minute).
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Physicochemical and oxidative stability of the spray dried emulsions
were determined as a function of storage temperature and relative humidity (RH). At
higher temperature (37OC), the increasing of b-values was higher than low temperature
(200C) (P<0.05). The powders stored at low humidity (11 and 33% RH) showed the
lower b-values than the powder stored at high humidity (52% RH) during storage (P
<0.05). Lipid oxidation as indicated by lipid hydroperoxide and TBARS concentration
was more rapid during storage at lower relative humidity (11 and 33% compared to
52% RH) (P<0.05). The combination of EDTA and mixed tocopherol was able to
increase the oxidative stability of control (no antioxidants) dried emulsions (P<0.05).
The mean particle diameter increased for all samples with the order of increase being
52% > 33% > 11% RH (P<0.05). No change in mean droplet diameter was observed
during storage at 20°C (P>0.05), while significant increased at storage temperature of

37°C (P<0.05).
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