v v
o v w A

wavaIdaaIMIRIHIANAe Az Il ue s Aedns AU

2121903 1N UBHATINA-6 Hazlamd-3 YSinaunotaainosoa

a\

Tilauag azszuugiaunululnly

A v Jd d
1!1\1@'13%]%3»1@ NNNHINY

a a Jd 2 & (Y a Y] a
InentnusisiluaiunilsvesmsanmnmunangasifSyanInnmansumiudia
a = a o d
MuIvunalulagnsnanan)

a U =S =

umIngnagnalulaggsmns

Umsanw 2557



EFFECT OF DIETARY RATIO OF SOYBEAN OIL TO
TUNA OIL ON OMEGA-6 TO OMEGA-3 FATTY ACID
RATIO, CHOLESTEROL CONTENT IN EGG YOLK,

AND IMMUNE SYSTEM IN LAYERS

Suwimol Pitagwong

A Thesis Submitted in Partial Fulfillment of the Requirements for the
Degree Master of Science in Animal Production Technology
Suranaree University of Technology

Academic Year 2014



Havesdaauthiudunae waztiniulainlueims dvdnnaIuszydg

nsa luiurialami-6 uazlamm-3 Ysinanaiaainosoalilanag

=\

sazszuugiaunululnly

Y
v a a

a [ o J o I 1 .
winIneaoma uladgsuis ewia lmivInedwusmiviliduaunilevesnisany

Murangaslsyauriuia

AUZNTIUMTTOVINTNUT

(37. A3.GTUNT YYBUUTUAT)

5LFIUNTTUNIT

(0. A3.INTI¥  1uW)

s a a o
NITUNIT (@1%13ﬂﬂﬂ‘§ﬂﬂ1’3ﬂﬂiuwu‘ﬁ)

A <3
(Wet. AT.gNmM INHSNI)

NITUNII

@ aa J
(Wel. U aN. AT VYV ﬁﬂl@tﬂ%?jifﬂU)

NITUNII

(WA, a5.0u35017 Tuiv)

NITUNII

a A Ao 4 d Aa 4
(1. A3.YNI ﬁll‘ﬂﬁ]"lu\‘iﬂ) (Wet. AT.YINY UIATUUN)

59903 MIUARNSIWINITHAZUINATTY anuad1inIvuna Tulagnsinyas



a a

v d 4 [ 1 ’é v o %’ LY ]
g3Ua NNNYNY : waﬁumﬁﬂmuumuﬂJmﬁemazumuﬂm‘i@uﬂummi

Q

1 9 1

apoATaIusErInIa luiuyiialomm-6 ag Tomm-3 PSuanemmaesealu
laiuas wagszuugiqunululn'ly (EFFECT OF DIETARY RATIO OF SOYBEAN
OIL TO TUNA OIL ON OMEGA-6 TO OMEGA-3 FATTY ACID RATIO,
CHOLESTEROL CONTENT IN EGG YOLK AND IMMUNE SYSTEM IN LAYERS)

P 4 a [ ~ 9
@1%15ﬂﬂlﬁﬂﬂ1 : 010178 AT.INDIY IllW, 89 1.

=2 ¥ dyd o s A v 1 ~ 1 N A y o
msﬁﬂmmmmﬁqﬂizmmwamﬁﬂmummmzﬁmzmnumummamuazumu

Yamihlugaserns lalid i Tnanazmadundeailudiuilsznoundn deaussous

a U @ @ @ a Y Y
NITNAR ﬁauﬂizﬂaummﬂm%nu ﬂmiﬁ’mizwawﬂmhlﬁlmuﬁlmﬂi’ammﬁ uaﬂamms

1 Ay o 1 [ v Y
Pununomaosoaluliuas wazszuugiddunu Taold o luareiugnianisa (Isa Brown)

U Q

v O A

(% Jd o @ 1 ' 1 A a 3 Y
019 30 dai $1u9u 300 41 qulndingunisnaaesiiimseSuiniuaandesaz i
dampirludadin 100: 0 75:25 50:50 25:75uaz 0: 100 swaay Taglundazngu
1 [ I %’ @ 9 [ 4 = 1
naaoautieIneendy 4 419 15 @3 ldszeznailumsnanes 12 a1t vamsAnymu

-~ A 9 [ T A a . 2
‘lJﬁiJ'lﬂ!ﬂ'lfl'ﬂuvlﬂell@\iUlﬂulelllﬁﬂwFl]’lﬁﬂ\l1@ﬁ9@ﬂ15ﬂﬂﬁﬂ\1ﬁﬂa\1llﬂﬂ cubic (P<0.05) Iﬂﬂﬂimm

a Yo AN o ' %I v O goJ o ] 1 Y a [l
ﬂ’lﬁﬂuhlﬂﬁ’lq@ﬂ,u@’lﬂ'ﬁﬂllﬁ@ﬁjuu'lﬂuﬂﬁtﬂa@\ulagu']ﬂuﬂa'lnu’l 0: 100 ﬁﬂwaiﬂwa@]‘lm

' i
! S A

H ] [ 1 Y o ] 2
LlﬁzuTWHﬂHlﬂlﬁﬂTﬁﬂﬁ\‘]L!UU cubic (P<0.05) muﬁﬂmummumuﬂmuum Wuﬁuiuqm

4
o [

' ¥ o 1o (N o ? o & '
0113 Tagnanaa linaziiniin lidgaluonnsilidaanniniuowiaeswazigulaimui
1w o { I 3 @ ] .
0:100 1BUNU ’e)mm”lilﬂafmmmizﬂuumuﬂ“lsllmaﬂmiﬂﬂamﬁ}’e)ﬂmtmu linear (P<0.05)

%

: ¥ o & ) Al 2 Y Vo 3
audadiuveniniuouvaswazihdulamiimsiuasuadadiu 50 : 50 yuldlugas
1 1] (%] 1 1 90’ (%] Q'./ 90’ (%} 1
911115 Tuduguain linundadiusgnnaihdusunaewaziiuldaigiilueims
ludewansznuaeaunn’ly (p>0.05)
o Y [ 1 1 Y] a
Tudueandsznovvodnia luiiu tazenitaIuszniensa luiuyiia Tomii-6 tay
9 ] VA A A o Y o ' 1 (=
Town-3 Tuluuas wurndelimamndadiviniudaipirlugasemisezdanalidinis
o a 9 [l é’ =\ v So 1
azaunsa luiuatiaTomn-3 Tulduasgeu (p<0.05) vazluvmzmernundidanalunisan
% 1 1 o a Y 9 1 9/:) dyw [
dasrauszransa lvaiuriia Towdi-6 uag Towm-3 Tu'lvuaalidias uenainidanuin
' o 1 Y o A4 X
nuaommmosoaluliuasanas (P<0.05) awdadiuiniudapinmiuiulugasens
9) 1 v 1 [ 1 U %} Y] ] A %l w ] 1 9
Tudugunnlnly wundasidiusznnahdunamaewaziniudamidwaldlSum
Aa a A a A da! . ] 1 %l ) VoA A da!
suTuTnayau UAAMIUNUGUUUDY linear (P<0.05) awdadaiiniudaipiiimuyuly

gaInInig



= dydy 9 J Y AA o 1 ] R A 3 o
Wafﬂﬁﬁﬂ‘]%l11!‘I)'Glﬁqu'JWﬂWﬁGlW@'lﬁWﬁﬂllﬁﬂﬁ'Juﬁzﬁ'ﬂ\?lﬂllufnlﬁaﬂ\? UaguIuu

VAo 1 A o ) A 9 1
dampndadau 25 - 75 TwarrelunmamudadiuvesnsalviiuyiiaTew-3 uazaivan

dasraauszriensa lviurialowii-6 uazlowa-3 lu'lauas Tas'lidenansznuae

Y 2

9
aussouzms 19 14 nazamniw 1y wenaniidai i In luliglidunugeiudae
a Y a o J A A v K
a1y Tuladmswandasd ailorerindnyn
= = A A ot
msAnu 2557 ailoree193eNTNY

A A I 1
aTﬂN@%@@ﬁniﬂﬂﬂ%ﬂHTi’JﬂJ




SUWIMOL PITAGWONG : EFFECTS OF DIETARY RATIO OF
SOYBEAN OIL TO TUNA OIL ON OMEGA-6 TO OMEGA-3 FATTY
ACID RATIO, CHOLESTEROL CONTENT IN EGG YOLK AND
IMMUNE SYSTEM IN LAYERS. THESIS ADVISOR : WITTAWAT

MOLEE, Ph.D., 89 PP.

SOYBEAN OIL/TUNA OIL/OMEGA-3 FATTY ACID/OMEGA-6 FATTY ACID/

CHOLESTEROL/LAYERS

This study was carried out to investigate the effects of the ratio of soybean oil
to tuna oil in corn-soy-based diets on productive performance, fatty acid composition,
omega-6 to omega-3 fatty acid ratio, cholesterol content in egg yolk, and the immune
system in laying hens. Three hundred 30-wk-old Isa Brown laying hens were
randomly assigned to 1 of 5 dietary ratios of soybean oil to tuna oil as follows :
100 : 0, 75 : 25, 50 : 50, 25 : 75, or 0 : 100, respectively. Each treatment was
represented by 4 replications containing 15 birds each. The experiment was conducted
for 12 weeks. The results showed that feed intake was cubically decreased (P<0.05)
by increasing the proportion of tuna oil in the diet. The lowest feed intake was
observed at the ratio of 0 : 100. Consequently, egg production and egg weight were
cubically decreased (P<0.05) by increasing the proportion of tuna oil in the diet. The
lowest egg production and egg weight were also observed at the ratio of 0 : 100. The
feed conversion ratio was linearly increased (P<0.05) from a ratio of 50 : 50 to

0 : 100. The dietary ratio of soybean oil to tuna oil did not affect egg quality (P>0.05).



The proportion of omega-3 fatty acids in egg yolk was increased (P<0.05) by
increasing the proportion of tuna oil in diets resulting in a decrease of omega 6 to
omega-3 ratio (P<0.05) in egg yolk. Additionally, cholesterol content in egg yolk was
decreased (P<0.05) by increasing the proportion of tuna oil in the diet. Meanwhile, a
linear increase of immunoglobulin was positively related to the proportion of tuna oil
in the diets (P<0.05).

This study indicates that the feeding ratio of dietary soybean oil to tuna oil at
the rate of 25 : 75 increased the proportion of omega-3 fatty acids and decreased the
ratio of omega-6 to omega-3 fatty acids without negative effects on productive

performance and egg quality. Moreover, it also increased the immunity in laying hens.
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L)
{ C20:4n-3
C20:3n-6
dihomogamma linolenic .!}
acid |deit25-desalurase|
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M1319N 2.1 mszzﬂ@mmﬂsﬂ”lwummmammummﬂ‘lmuu%uﬂiamms (% of total fatty acid)

C18 : 2n-6 C18 : 3n-3 C20 : 5n-3 C22: 6n-3 n-6 n-3 References
Tuna crude oil 1.90 0.55 1.69 23.63 - - waﬁwsf (2537)
Sardine oil 1.36 - 12.64 14.45 - - gIAUIA (2537)
Menhaden oil 0.7-2.8 0.8-2.3 1.5-2.7 4.6-13.8 - - Stansby (1990)
Fish oil 234 1.27 10.8 6.13 - - Baucells et al. (2000)
Marine fish oil 3.47 1.77 8.28 8.21 5.72 24.60 Cachaldora et al. (2006)
Marine fish oill 0.96 0.53 21.20 7.04 4.10 35.10
Marine fish oil2 1.42 0.51 8.03 20.90 4.58 32.30
Marine fish oil 1.58 0.57 7.50 21.30 4.60 31.00 Garcia-Rebollar et al. (2008)
Linseed oil 15.70 56.10 nd’ nd 15.80 56.10
Fish oil 1.58 0.56 7.51 21.00 4.92 30.80 Cachaldora et al. (2008a)
Soybean oil 54.80 8.32 0.09 = 54.80 8.40
Linseed oil 16.80 47.70 0.02 0.02 16.80 47.80
Marine fish oill 1.10 1.30 17.10 8.00 2.31 28.50 Cachaldora et al. (2008b)
Marine fish oil2 2.20 1.00 6.70 17.30 4.03 26.30
Fish oil 2.60 1.87 10.30 19.93 8.25 33.60 Kralik et al.(2008)
Linseed oil 16.09 56.97 - - 16.32 57.10

HINHA : ]High-EPA marine fish oil; 2High-DHA Marine fish oil; *Not detected
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LIQUID FROM FISH MEAL PROCESS

J

3 PHASE DECANTER ———= 85°C 20 MIN

SOLID \L SOLUBLE PROTEIN
OIL

HOLDING TANK 70-90°C
CENTRIFUGE —— = MOISTURE

COOLED BY FLATE HEAT EXCHANGER

TUNA CRUDE OIL ——= < 40°C
(PACK IN 200 LITE METAL DRUM)
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2.5 wamstasarinivdanluenrins Aeanssauzmsivinananlula 1y
wamsiasuiiudarlueimsin lWdeaussauznswan uanaluaised 2.2 Tag
Baucells, Crespo, Barroeta, Lopez-Ferrer, and Grashorn, (2000); Basmacioglu, Cabuk, Unal,
Ozkan, Akkan, and Yalcin, (2003); Cherian, (2008) Ltag Lawlor, Gaudette, Dickson, and House,
2010) eanmaauhiulamenlugasenns1als lidmaderSuanisinlg (feed
intake) wWawan 4 (egg production) fhﬁ‘ﬂ}ﬂllsll' (egg weight) uaxé’mmmﬂﬁﬂuammﬂu
shwin'lal (FCR) ﬁ’ﬂﬁ;ﬁaﬂmﬂﬁlugmmmﬁﬁﬁmim‘%wﬁwﬂ’uﬂmuaxqmmmimmw UMy
YSuszaunasnunag Tdsdulugasermsidlndifesnu S lddSuansauld uay
wanan 19 130anA19n U LARANITANEIYY Gonzalez-Esquerra and Leeson (2000) WLI1N15AY

lavoa'lnlalunguit 1851 4% Deodorized Menhaden Oil (DMO) aaad (P<0.05) #aHitilog91n

4
o

' ! %’ £4 . %’ v
uiuanlugyd DMo T ME gananiiuilailugy Regular Menhaden Oil (RMO) naz i1y
A g 3 9 =R v a FY A~ o '
vndirdlslucunaasuanios Jedanalimsnuldanauiioeununauaiuau (P<0.05)
2 v o Aa 2
1BNINIU Cachaldoraetal. (2006) 3189 1UHAYDINT IFU BT Ua Mz Tiesn- dsznouveinsa
1 % =) 1 ) 1 90’ %
lusfuanen 3 iia (MFO1 MFO2 EPA ttaz MFO3_DHA) 1u'ln'la wuaigiunuvesiniu

2 a A a 1 2 B a ? o
“lJﬁTI/IZLEWN 3 %uﬂﬁNaSIUﬂWﬁLWNNﬁNaGIll"ULL‘]JU linear 101& quadratic muagﬂuwuﬂumuﬂm

nld
E4 1 ) g’/ . o 4 o U 4
tagiiumslfigdulanasuluems lnladuiinaregiuuy iuieasdesinaiEe
2 1R J 2 o A l a aaa . . a ? o
navluielszasdaminiu wiewrerzaomsnal§nse oxidation Tasamnsara3uiiiy
Y =® ) I 1 a g’; dy 9 = o
a1 lugasems lageds 5% Taeludwansznuasaussouzmanan natidedinisdiuim
Yy Yy A o 9 1 1 '
gasoms il Insug Indifeeny aseauadivdesnisveslnly uazesdilsznovveinsa
v ?:’ @ Y dyQ' A Y o R A A a 9 v VA
lyiuluiniudameadie venantiasiidesdiiladnlsznisae msnuldveslnluiiesain
¥ 4 g v
Tuihsiudamzalinausuwizaanla lusen (Zolisch, Knaus, Aichinger, and Lettner, 1996)

d' a FUR)) =3 1 1 a [} ?,’ ] ] 1 o w
e lanue1vis latlssasdedananenanan v 1minly tagA1 FCR audia



3 a %’ @ 1 a 1 1
mM31an 2.2 wamaasuiniularluens aeaussouzmananlu'lnla

Feed intake Egg production Egg weight

Treatment Age (weeks)/Breed FCR References
(g/b/d) (%) (g

Control 20-34/LSL-White Leghorn hens 96.09 - 59.36 1.98 Baucells et al.
1% FO 96.77 - 57.93 2.05 (2000)
2% FO 97.25 - 57.61 2.05
3% FO 95.33 - 57.98 2.01
4% FO 97.73 - 59.15 1.94
0% 19-55/Single Comb White 109.00" 92.00 63.50" - Gonzalez-
2 % RMO Leghorn 107.00™ 90.00 63.90" - Esquerra and
4 % RMO 100.00" 86.00 62.00™ - Leeson (2000)
6 % RMO 105.00" 89.00 62.10" -
2 % DMO 110.00" 90.00 62.80" -
4 % DMO 99.00° 88.00 62.80" -
6 % DMO 101.00" 87.00 62.40" -
Control 34-42/Isa-White laying hens 110.11 84.75™ - 2.06 Basmacioglu
1.5% FO 110.49 87.35" - 2.00 et al. (2003)
4.32%FS 110.50 89.28" - 1.95
2.5% FO + 4.32% FS 114.95 84.21 - 2.04
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M31an 2.2 amsasuiniularlueing aeaussouzmananlulnly (@)

Feed intake Egg production Egg weight
Treatment Age (weeks)/Breed FCR References
(g/b/d) (%) (e
8.64% FS 34-42/Isa-White laying hens 111.23 82.44° - 2.13 Basmacioglu
et al. (2003)
1.5% MFO1 44-52/Warren laying hens 118.00 86.80 62.70 - Cachaldora et al.
3.0% MFO1 112.00 84.90 65.00 - (2006)
4.5% MFO1 118.00 78.80 61.10 -
6.0% MFO1 120.00 82.40 62.40 -
1.5% MFO2_EPA 122.00 84.10 64.90 -
3.0% MFO2 _EPA 121.00 85.50 62.50 -
4.5% MFO2 _EPA 118.00 90.40 63.80 -
6.0% MFO2 _EPA 119.00 74.80 61.80 -
1.5% MFO3_DHA 116.00 81.70 61.30 -
3.0% MFO3 DHA 119.00 88.20 62.10 -
4.5% MFO3 DHA 119.00 85.50 65.20 -
6.0% MFO3 DHA 119.00 79.20 61.30 -

Linear and quadratic effect of

level of MFO (P = 0.05)
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M31an 2.2 amsasuiniularlueing aeaussouzmananlulnly (@)

Feed intake Egg production Egg weight

Treatment Age (weeks)/Breed FCR References
(g/b/d) (%) (g

3% YG 27-31/Single-Comb 120.90 93.36 55.42 2.34 Cherian (2008)

2.75% YG + 0.25% CLA White Leghorn 120.30 93.35 55.76 2.31

2.75% YG + 0.25% CLA + 0.25% FO 116.50 93.97 55.45 2.24

2.75% YG + 0.25% FO 119.10 91.63 55.34 2.35

Control 36-39/Single-Comb 98.00 93.30 60.00 - Lawlor et al. (2010)

2% MCFO White Leghorn 97.00 93.10 57.90 -

4% MCFO 101.00 98.60 57.60 -

6% MCFO 99.00 96.90 58.90 -

HINYIHA : ***Values the same column with no common superscript are significantly different (P<0.05).
RMO = Regular Menhaden Oil; DMO = Deodorized Menhaden Oil; FS = Flaxseed; FO = Fish oil; MFO = Marine Fish Oil; MCFO =
Microencapsulated Fish Oil; YG = Yellow Grease; CLA = Conjugated Linoleic Acid; EPA = Eicosapentaenoic acid (C20 : 5n-3); DHA=

Docosahexaenoic acid (C22 : 6n-3)
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a % Y] 1 [ < 4 [ 1
pamsasuiiudarlue s Inla aeqauniwna i uazesddsznevvedluln uaas
1] 1 = BO’ [-%}
1u@1519% 2.3 Basmacioglu et al. (2003) t1a2 Cachaldora et al. (2006) WUMSLETNU T UY A1
v ' 3 o ] . ¥ o '
1ae flaxseed 1UAINANTENUADUIMIN 1YY (albumen weight) t1az1i11in lvuas (yolk
weight) oo UAUNQUAILAN FIVALGINUNANITANEIYDY Lawlor et al. (2010) AWLIINS
a % ] [ 1 o Yy 1 =) <3 2’, dy A =y Bo’ o
@3uiiudarluens In luvi 19 lnaalivina@nad (P<0.05) N9iliinan1nmsas uiy
arlusgavigezihldiimsaansadiclviuluduvedInlaammzmsadraazaatonsa
TusiuasiiaTem-3 (Van Elswyk, Hargis, Williams, and Hargis, 1994) i 19 lvaiusauanaq
I o [ o 9ol @ '
Alupaldd lviu lazanlulduasaaiiosas vazvi ldimin luuasanasainlide (Farrell,
R < o 4 3 o ' '
1993) @814 15AAIUATANYIVOY Lawlor et al. (2010) Iaviin1svarimiinlvuas 1u'ld
o < [ ! = 9/?:’ Y] 1 @ %’ @ g’; AAa A [}
aantludaaiu Fan1slsniimin lduaaninmssaiminiuszidninaveaviuaesly
v Y
LGIQJ}HJH?]EJ’J"I?I}EN@%}’JEJ HWaf® shell thickness WU Cachaldora et al. (2006) nuNsUatazdsurunms
=y %’ o 1 1 1 1 <3
suinuainadeanurulaen 1y (shell thickness) iaog1e lsnauanuruIvesaen
] 1 Y 1
lugaiTadodwdunnervosnsvuiareslundvuialvag nazerglnaae ludrudlinag
1NMIANYIVOL Cachaldora et al. (2006) 1@ Cherian (2008) WUIINI5LEULHAIUBINTA
] 1 Y 1
Tusiu lusuarluens Inlulinaned luuag (yolk color) Taansa luiiu lupudiiinamiung
= . . = o Y 1 an Y é’
AAFULUAT LAY oxicarotenoids a1 197 lip i d v uvy (Grobas, Mendez, Lazaros, Blas,
Mateos, and De, 2001)
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ms1an 2.3 mamadsiniudarluens aeganinluuazesdlsznenlnlyla

Age Yolk weight  Albumen weight ~ Shell weight vl Haugh Shell

Treatment thickness References
(weeks)/Breed (2 (%) (2) (%) (e (%)  Color Unit
(mm)

Control 34-42/Isa-White  15.71  24.85 41.18 65.18  6.32  10.00 - - 0.41 Basmacioglu
1.5% FO laying hens 15.76  25.23 40.38 64.65 632 10.12 - - 0.42 et al. (2003)
4.32% FS 15.88 2533 40.74 64.99  6.07 9.68 - - 0.40
2.5% FO +4.32% FS 16.04 2492 4193 65.14 640 994 - - 0.41
8.64% FS 1598 2520  41.34 65.19  6.09 9.60 - - 0.41
1.5% MFO1 44-52/Warren - - . x - - 12.90 78.80 0.34 Cachaldora
3.0% MFOI laying hen - - > N 5 - 13.10 78.20 0.36 et al. (2006)
4.5% MFO1 - - - - 3 - 13.10 79.00 0.34
6.0% MFOLI - - - = - A 13.20 78.10 0.33
1.5% MFO2_EPA - - ¢ - - - 13.00 78.70 0.36
3.0% MFO2_EPA - - - - - - 12.80 77.40 0.34
4.5% MFO2_EPA - - - - - - 12.90 79.30 0.34
6.0% MFO2_EPA - - - - - - 12.20 78.40 0.32
1.5% MFO3_DHA - - - - - - 13.20 74.30 0.35
3.0% MFO3_DHA - - - - - - 12.90 74.10 0.36
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ms1an 2.3 samaasiniudarluenns aeguain liuazessszneululyln (de)

Albumen Shell
Age Yolk weight Shell weight Yolk  Haugh
Treatment weight thickness References
(weeks)/Breed Color Unit
(® (%) ® ) @ () (mm)
4.5% MFO3_DHA 44-52/Warren - - - - - - 12.60 82.60 0.37 Cachaldora
laying hen et al. (2006)

3% YG

2.75% YG + 0.25% CLA
2.75% YG + 0.25% CLA +
0.25% FO

2.75% YG + 0.25% FO
Control

2% MCFO

4% MCFO

6% MCFO

27-31/Single-
Comb White

Leghorn

36-39/Single-
Comb White

Leghorn

Yolk color = Interaction effect between type and level of MFO (P<0.001)

Shell thickness = Linear (P<0.003) and quadratic (P = 0.02) effects of level of MFO

15.75°  27.49
16.48"  28.15
15.94°  27.80
16.16°  28.06
17.00° -
16.10° -
16.20" -
15.70° -

35.20
35.87

35.14

35.01

b

6.10°  10.73
6.31"  10.78
6.11"  10.74
6.12° 10.70

b

5.34

a

5.87

a

5.68

5.90

94.93
9341

94.49

94.55

Cherian

(2008)

Lawlor

etal. (2010)

HUYLHA : **Values the same column with no common superscript are significantly different (P<0.05). FS = Flaxseed; FO = Fish oil; MFO = Marine Fish Oil;

MCFO = Microencapsulated Fish Oil; YG = Yellow Grease; LA = Conjugated Linoleic Acid; EPA = Eicosapentaenoic acid (C20 : 5n-3); DHA=

Docosahexaenoic acid (C22 : 6n-3)

Sl
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5199 2.4 wamstasuiiutarluens seesrdsznounsaluiulululn (9% of total fatty acid)

Treatment Age (weeks)/Breed ALA EPA DHA n-3 n-6 n-6/n-3 References
0% FO 20-34/LSL-White Leghorn 1.54 0.10° 0.89° 2.72° 17.00°" 14.11°  Baucells et al.

1% FO hens 1.22 0.23" 1.81° 3.54"  1593° 560" (2000)

2% FO 0.87 0.48° 2.41° 412" 1453°  3.80°

3% FO 0.67 0.64" 2.75" 4.49" 13.36° 3.05°

4% FO 0.44 0.92° 3.18" 5.06' 12.17° 2.43°

0% 19-55/Single Comb White 0.52° Nd 0.52" 1.04° - - Gonzalez-Esquerra
2 % RMO Leghorn 0.52° 0.26° 1.71° 2.64° - - and Leeson (2000)
4 % RMO 0.76" 0.62° 2.46° 4.13° - -

6% RMO 1.16" x|l 3.90" 6.83" - -

2% DMO 0.45° 0.30° 1.74° 2.65° - -

4% DMO 0.59° 0.60° 227" 3.74° - -

6% DMO 0.74° 0.89" 2.87 491 - -

Control 38/Isa-White laying hens 0.62° - 0.65° 1.54° 1947  12.64° Basmacioglu et al.
1.5% FO 0.71 0.18° 3.29° 4.53" 17.37 3.83°  (2003)

4.32% FS 3.49° 0.06' 1.70° 5.58° 19.54 3.50°

2.5% FO +4.32% FS 4.00" 0.26' 2.90° 7.50° 18.65 2.49°

8.64% FS 5.89" 0.12° 1.98° 8.36' 19.01 2.27°

91
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MmN 2.4 wamsasuiiularluems dessddsenounsaluiiululyln (% of total fatty acid) (7o)

Treatment Age (weeks)/Breed ALA EPA DHA n-3 n-6 n-6/n-3 References
Control 42/Isa-White laying hens 0.56° - 0.63° 1.47° 21.41° 14.56"  Basmacioglu et al.
1.5% FO 0.71° 0.19° 3.42° 4.66" 17.58" 3.77° (2003)

4.32% FS 3.23° 0.07° 1.90° 5.56° 18.68°  3.36"

2.5% FO + 4.32% FS 3.60° 0.22° 3.24° 7.43° 18.08°  2.43°

8.64% FS 6.66" 0.13" 1.95° 9.16" 20.84"  2.28°

Control 20-36/Red Lohman 0.22° nd 0.64" 1.02° 16.5" 16.1° Milinsk et al.
3.2% CO 0.55" nd 0.65" 1.64' 18.4° 11.2° (2003)

3%FO 3.40° 0.18 1.55" 5.44° 15.5" 2.86"

3% SO 0.63" nd 0.65" 2.30° 21.5° 9.94"

2.89% SUO 0.30° nd 0.33° 1.58% 26.9° 17.7°
1.5%LO+3.5%FO  50-54/Isa Brown 3.25° 0.25" 2.99 6.80° - 296" Kralik et al.
2.5% LO +2.5% FO 433" 0.20° 2.32 7.22° - 293" (2008)

3.5% LO + 1.5% FO 5.18° 0.18° 2.90 8.56' - 2.49°

0% FO 36-39/Single-Comb White 0.7 0.1 0.62 1.41° - - Lawlor et al.
2% FO Leghorn 0.65 0.12° 0.92° 1.82° - - (2010)

4% FO 0.73 0.24° 1.29° 245" - -

6% FO 0.70 0.40° 1.62° 2.99" - -

L1
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Maan 2.4 wamsasuiiularluems dessddsenounsaluiiululyln (% of total fatty acid) (7o)

Treatment Age (weeks)/Breed ALA EPA DHA n-3 n-6 n-6/n-3 References
3% Fish oil 20-30/Hy Line Silver- 0.22" 0.95" 8.33" - - 1.16° King et al. (2012)
3% Sunflower oil Brown hens 0.14" nd 0.66° - - 24.60"

3% HO sunflower oil 0.12° nd 0.65° : - 17.22°

3% Tallow 0.16" nd 0.88° : - 11.90°

HUEITA - **“‘Values the same column with no common superscript are significantly different (P<0.05).

ALA = a-linolenic acid (C18 : 3n-3); EPA = Eicosapentaenoic acid (C20 : 5n-3); DHA = Docosahexaenoic acid (C22 : 6n-3); FO =

Fish oil; FS = Flaxseed; YG = 3.0% yellow grease; YG-CLA = 2.75% yellow grease + 0.25 conjugated linoleic acid; YG-CLAFO =

2.5% yellow grease + 0.25% CLA + 0.25% fish oil (FO); YG-FO = 2.75% yellow grease + 0.25% FO; HO = High oleic acid; nd = not

detected
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2.8 wamstasanndularluems aeifSaametaaassaalilaln
Tl ndluunasemns Tusauid iy ioannlisiaign Tlaruzars o Aduilse Towd
A0319NEDEINATVRIU Ta¥IADIRY Haza1u1301 lUszneuo1vs Idviatestia uawun

YsuanoadwosoalululniilSuagade 200-250 mg (Weggemans, Zock, and Katan, 2001)

Y
o v

Mmlivesinalunsus Taalylamisaasuas 1 Wes Tasmamaasuiiulamealueimns
aolluaneaaaesoalulals uanaluaisian 2.5 nunwan lagatinnudaudany Tae
1 a % o 1 [l
A13ANEIVDY Basmacioglu et al. (2003) wuIMsEIuHnUlaImea 1.5% lueinisin
aunsoanszaunsaaaesealu luuasluniie mgg yolk 18 uanuindeonansanluniiie
Y H Y Y
mg/yolk 1ulinuanuuanaszrINnguiEasuasves Towi1-3 tagnaualuan #ail
A v Aa A 1 a Y ' ] < =
iipavinvuialiuaslisninanelSuuneoadineioadls 1A 1SNATNAITANYIVDA
] %,l o (B ]
Milinsk, Murakami, Gomes, Matsushita, and de Souza (2003) wuiulamea lidanade
Suuasaawesoalu lunaq
= 9 @ a 9 =1 wAa o ?z’/ [ 4 = 4
fainsa ludusiia Towm-3 Tauauiia lldudimsdunsizd lasnte l5q uazan
= 4 A o o [ 4 o
YT mRNA voaeu' Iyl acetyl-CoA carboxylase a1 v limsdaunsizi lviiuanas ua
] Y 9
mumsaarelviuuniu inald VLDL way LDL lwideaanad sounamsvudrensiaa-
wosoalunszuaaenanainn’lidie (Newman, Bryden, Fleck, Ashes, Buttemer, Storlien, and
Downing, 2002) 1AINN1TTIUTIMENETE 1THaTALdInUBY 1lDs9INABIamIADT0a 1Y
[ o < 1 <3 a @ g}/ 4 1
Tauaatinnusuilusenissenveaudus 1o (Marks and Washburn, 1977) ad1iuiiies1anie
9 )
1d5uneaamoseanine1Isanad 319MeazdunsIzias@maesoavun e Ifiieaneas
v =2 o q ¥ ] ' o R v Aa o '
AR 3 launaass v masany ¥ulateniinaanszaunemanesoalu lauas
~ o & a s o A ) Aq v =
raeafade narfiauazesntlszneuvednsa lvsiustia Town-3 RlFluarunaasisinda
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H a %’ ) [ 1 [
M319n 2.5 wamaasuriniudarluens aedSunansamaesealulayln

Cholesterol
Treatment References
mg/g yolk mg/yolk
Control 13.71° 205.42 Basmacioglu et al. (2003)
1.5% Fish oil 12.56° 198.75
4.32% Flaxseed 13.93" 219.20
2.5% FO + 4.32% FS 13.51™ 211.07
8.64% FS 12.79° 202.00
Control 10.9 - Milinsk et al. (2003)
3.2% CO 10.7 -
3% FO 10.9 -
3% SO 10.3 -
2.89% SUO 10.7 3

HNENA : **Values the same column with no common superscript are significantly different
(P<0.05).
FO = Fish oil; FS = Flaxseed; CO = Canola oil; SO = Soybean oil; SUO = Sunflower

oil

a ?:’ U \J A 1]
2.9 Waﬂ‘lﬁlﬁiuu‘lﬂuﬂa‘ﬂu@]ﬁ‘lﬁ ﬂ@iﬁu]ﬂ!ﬂﬂlaﬁ!ﬂ@ﬁ@aclu!a@ﬂulﬂmlsll
= = -y a Y 1 Yy 9 A
mMsAnyInavednsa luiustiaTon-3 aeanuduiuvednoaanasoaluten
vo4 Ini la5uemshiinsaludusiiaTomni1-3 g9 Tao Newman et al. (2002) 518914731050
o 1A @ = 4 1 dy 9 A
Tuaiu'lidudraise1d (PUFA) ausoan lasndrelse uazasaaasiealulniield e
Meunulanldsuemsniinga lufuriiaduda (SFAs) Tasnsa luifuriiaTemi-3 azszdy
o o s A 4 A o A
M3duaTeHd msnaselsa wag apolipoprotein B 1yMIIAOUEY VLDL AFUUAZINNNS
4 ¥ a @ a 9 = wa o o 4 A 4
wad naalviiusialomii-3 Tpuauiida lddudimsdunsizd lasndwe lsq uazaa
= 4 { o o [ 4 o
UTua mRNA veaeu la] acetyl-CoA carboxylase Aay i limsdunsizd lviuanas uay
] 9 9
miumsaarelvaiuuniu inald VDL way LDL lwideaanas sounimsvudrensiaa-
wosealunszuaaenanatninlilde (Leaf and Weber, 1988) 39@111302AANUITUIUYDI
a s A ] g o @
lasndwelsd uaznommassealuaenld Tastunoumsdunsizineadinosoa Hag

Tasndre e uaaslunini 2.4
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Acetyl CoA + Acetoacetyl CoA

HMG-CoA

Simvastatin —> \ HMG-CoA reductase

Mevalonate

4
Geranyl/farnesyl pyrophosphate

Presqualene pyrophosphate

Squalestain —> Squalene synthase

Squalene

N
Cholesterol

v A J
canﬁ 2.4 ﬂﬁzu’)uﬂ’lﬁlﬂﬂ’]ﬂ@aﬁuﬂl@ﬂﬂ@Lﬁﬁl@]@ﬁ@a !Lagllﬁiﬂamf@hliﬂ (Bate, Rumbold, and

Williams, 2007)

pamaasuhiiuilarluenns aelsinalasname'lsd aomanesea uag HDL 1u
warauwealn lduaaluaisieii 2.6 Hawan13AnE1UDe Basmacioglu et al. (2003) S16411KA
MY fish oil UAg flaxseed 1015 1A 14 AT2M 2.5% FO + 432% FS 18 8.64% FS
mnsnanszauaeaamesoalunaiaduivesln lvlfaadasniinguaiuanlae ludana

1 = o
nsznUae lasnawe 154 ag HDL
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d' a %’ LY 1 = 4
M1319N 2.6 wanmsiasuiNudarluetnns maﬂ?mm‘lmmma‘lm ADInEINDIRAa Las HDL

Twaoa'ln'ly

Triglyceride  Cholesterol HDL

Treatment Reference
(mg/dl) (mg/dl) (mg/dl)

Control 1,467.67 127.33" 38.00 Basmacioglu et al.
1.5% Fish oil 1,401.17 119.67" 35.17 (2003)
4.32% Flaxseed 1,337.00 117.83" 37.50
2.5% FO +4.32% FS 1,417.83 105.50" 39.00
8.64% FS 1,348.00 99.67" 40.83

HIBHa : * Values the same column with no common superscript are significantly different
(P<0.05).

FO = Fish oil; FS = Flaxseed

v
U

2.10 wamstasuriulalueris asszuugiANY

o Iy A I o v A 1 = Y a
Iiﬂ@%‘l 9 mﬂ@fluam ﬂﬂamﬂummqﬁmﬂmmwau,ﬁﬂwwmwmmwgﬂﬂu
vy

o o w a AaR d dal 9 1Y) a [ 9
@@ﬁ’l’ﬁﬂiillﬁﬁﬁlﬂﬂ muuiz‘uugu u u“VlﬂNL“JJuWugmiumi‘ﬂmﬂumimﬂiiﬂmﬁ 9 ]lﬂ

Y
a9 [ [ Y] a a
Taslau298a19 il 519911 T08NUNaND TS °uugnﬂuﬂmﬁuegﬂumimmmax'mmu

(Tengerdy and Brown, 1997) 0s ‘ﬁmﬁii’nﬂu (Kidd, Qureshi, Ferket, and Thomas, 1994) n3@

q

GERARY (Tsiagbe, Cook, Harper, and Sunde, 1987) Lgagﬂm”lmﬁ’uhhiﬁuﬁamﬂﬂn (Friedman and
Sklan, 1997; Fristsche and Johnston, 1990; Fristsche, Cassity, and Huang, 1991; Fristsche and
Cassity, 1992) 1@9 Fristsche et al. (1991) 510U Ndatilnildsuemisiitnge luuriia
Toum-3 99 (70 g fish oil/kg of diet) NI @umi’diﬁ ?ijiJfT‘Ll uamﬁumsﬁ%’n lymphocyte

AN130an0131)28v89d0 7 14 Tagn131 U8 lipopolysaccharide (aga@ interleukin-1

a o

Y [ ]
(Korver and Klasing, 1997) #8n31nidIfianifedy q uaaaunuinveensa lvsiuyiia

Y

[ @ a 4 <3
ToA-3 AeMIAIUAITONAY AANITAAIYD HAZAAMTAS1UTaa N5 (Fernandes  and
aol @ I 1 @ [ [
Venkatraman, 1993; Calder, 1996) Tagniniutlarenunsaldiiuuraandsnuvesdad ldamidy
1 A %,‘ v 1 [ d' 4 Ly d‘ g v = v
UNAINHYINY 9zANUATINeanlsenouveansa luiy isaviniiulariinga lvaiuy

a X g ] { A @ a Y
wiiaTomn-3 g9 Fuiluasasdulunmsaduasinerdosnuszuugliquiu Tassznszqu

Y q

MTA59 eicosanoids prostaglandins leukotrienes 8¢ thromboxanes LT A Tunma 2.5

A

= [ o 3 W & A = Y I ' [ @ =
Glu"llmzmEJ’JﬂHW%HW‘L&W’JﬂHWUﬂ’JMﬁN Glel“lﬂ,ﬂumeWmﬂuﬁaﬂsluqmmﬁﬁ WY
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=Y Y] a 9 o g’/ a dy o Y [ =
ﬂﬁumﬂﬁﬂ”lﬂmwvuﬂiemmﬁ (Gp ﬂ'iﬂllslliJuﬂﬂﬁﬂﬂ‘b’uﬂuﬂ%ﬂWﬂWHﬁWHﬂu (Calder, 2006) 24

[ Y 1 9 Ay o = Av A Y o o [ Y]
“I/nGIfIﬁJNa@lﬂﬂWﬁﬁﬁNﬁ%U‘Uﬂ"NﬂﬂJﬂu “15\‘]\1'IH'J%‘t’J‘V]WTLHJ'l%ZGlﬁﬂ'ﬂiJﬁWﬂﬂJuﬂUU‘ﬂ‘U'lﬂﬂﬁﬂllsUiJu

q

[

Y v o
wiiaTown-3 winnNavgavensa luiuniaesiia F1u39eMNeIVonUdAdILVDINTA

Ay o oA

o A v v ' ) ¥ = v
"lwu%miammﬁ waz Toum-3 ABNITNICAUNITATNYUANNUIINUMITANEIUDY

PROSTAGL ANDINS
THROMBOXANE T“f"*\ PT: Pﬁfs }*}s THROMBOXANE
PROSTACYCLIN  [722 ™ o PGH, PSL| PROSTACYCLIN

ENDOPEROXIDES
TISSUE PHOSPHOLIPIDS / ‘\
\ Cyclo-oxygenase
ARACHIDONIC ACID EICOSAPENTAENOIC ACID
/ SLipoxygenase
3-HPETE I/S-HPETE
DIET \ LTA-synthase
LEUKOTRIENES
LTA, LTA,
LTC, LIB, LTB, LIC,
4 N
LTD LID,

4

MWA 2.5 NITUIUMITUNMIVOAFUUDY Arachidonic acid 1AL Eicosapentaenoic acid oY

AUsZUUYUANAY (Simopoulos, 2002)



a
unn 3

IEMIAUHUMIIdY

v d (Y U
3.1 ﬁﬂ?!!a$ﬂ15§)ﬂﬂlp~lﬂﬂai’)\‘l
9 1 [l v 9 o J o (Y 1 9
1910 T enewugn1an15A1 (Isa Brown) 81g 30 d1a19 $1u2u 300 49 quidaiu
GGG mmmumwﬂaam‘umfrmaaﬂ (Completely Randomized Design, CRD) uyeln
3 ' H o X ! o =R ' AN 1o o 9
ponilu 5 ngu 9 az 4 419 15 a1 Tae@es Inlunssdugalunaaznsadilnduau 3 @2 19
o ¢ 9 ? g A L
segznanlunmsnaaes 12 ddey laelveisuag i uaui (ad libitum)
~Aq ¥ 1 I o YA
913N lglunsnaaes useeniu 5 gas Tase1risnaasanngasaiulim 1
@ . [ {q ¥ Y .
52aUve1U3AU (Crude Protein, CP) Wad1un141/52 Tomild (Metabolizable Energy, ME)
H (Y] 9 1 1 o o
uag Inyuzfioanenunudoan1suedIn 1 amudiuuz1iues NRC (1994) 1agaunigiu
v 9 %l v @ A %’ Y] [~ 1 ) ] 1 [
yosdeiug lhdunuvaewaziiulauniuuvasvesluiuludadiuaie q Tugas

P

(% d' v A
91115 ALLAALIUAIT 1IN 3.1 U

e

1 linafun

=).

NQu

=

094 100%

v Y
% o w ]

A
3]
WU AN 75% FANAUUIULa MU 25%
A
3]
A

2
=D
\]
ﬁo&
€

Y

U

oe

v
v @

THUDIUN

@ 1

99 50% FaunUUulaImu 50%

U

2

=)}

(O8]

Re  RKRe
ﬁo&

oe

]
v @ @

4 1 U ]
4 Tigiunimaes 25% saunuiiulamii 75%
9y
%

2
=)

q
q
qu
qu
q

1
1
1
1

5 Janigiulaiyu 100%

=)

NQu
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d‘ ! [ a d' Y
MmN 3.1 amlsznovvedingauemsnlgluemisnaaes

Soybean oil : Tuna oil

Ingredients (%)
100:0 75 : 25 50 :50 25:75 0:100

Corn 46.76 46.76 46.76 46.76 46.76
Rice bran 10.00 10.00 10.00 10.00 10.00
Soybean meal 25.75 25.75 25.75 25.75 25.75
Fish meal 2.00 2.00 2.00 2.00 2.00
Soybean oil 5.00 3.75 2.50 1.25 0.00
Tuna oil 0.00 1.25 2.50 3.75 5.00
Calcium carbonate 8.97 8.97 8.97 8.97 8.97
Dicalcium phosphate 0.80 0.80 0.80 0.80 0.80
DL-methionine 0.12 0.12 0.12 0.12 0.12
Salt 0.35 0.35 0.35 0.35 0.35
Mineral-vitamin premixl/ 0.25 0.25 0.25 0.25 0.25

Calculated chemical composition

ME (kcal/kg) 2,919.00 2,915.00 2,911.00 2,908.00 2,904.00
Available phosphorus (%) 0.35 0.35 0.35 0.35 0.35
Lysine (%) 0.81 0.81 0.81 0.81 0.81
Methionine + cystine (%) 0.58 0.58 0.58 0.58 0.58
Methionine (%) 0.37 0.37 0.37 0.37 0.37
Tryptophan (%) 0.20 0.20 0.20 0.20 0.20
Threonine (%) 0.53 0.53 0.53 0.53 0.53

Analyzed chemical composition

Dry matter (%) 89.84 89.75 90.57 90.25 90.17
Crude protein (%) 17.84 17.39 17.04 17.70 17.12
Crude fiber (%) 4.02 3.90 3.92 3.90 4.00
Calcium (%) 3.90 3.89 3.89 3.88 3.85
Crude fat (%) 7.01 7.20 7.43 7.61 7.19

"Provided (per kilogram of diet) : Vitamin A, 4,800,000 IU; Vitamin D3, 960,000 IU; Vitamin E, 3,200
IU; Vitamin K3, 0.80 g; Vitamin B1, 0.40 g; Vitamin B2, 1.20 g; Vitamin B6, 1.20 g; Vitamin B12,
0.008 g; Pantothenic acid, 3.8 g; Niacin, 6.00 g; Folic acid, 0.20 g; Biotin, 0.036 g; Nicotinic acid, 35
mg; Choline chloride, 250 mg; Mn, 24 g; Zn, 16 g; Fe, 24 g; Cu,2.40 g; I, 0.14 g; Se, 0.04 g.
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a 4
3.2 matiudeya tazmAAZHMIAN

3.2.1 MSANYIANITOULNSHAN 1Y (egg performance)
Y 1 [} QS’ 7 =) 'Q
mmsuiinihmingaln lineunazduganunanes tuiindSuimermisfinunn

% s A o v = I ¥ o 1 o =1 Y Aa 1
diland iemuamsarimanldsuomaidutimiin lu wazihmsiuinnnasenil lnane

1) 5a01115NNUADAI (feed intake, FI)

= Suaennsnnuluriensnaaes

. 2
U NI

@ { I ao' o ' . .
2) oas1msilasue1minsituiminla (feed conversion ratio, FCR)

= 133001115 NAU (PTN)

Y 1 H =) o
min lanwaald (nSu)

' [ [ @ 4 o v oY o [ 1 Y]
uinuanaa i lalunaaz u el lumsmuranlesidud au Fahmin lalayafu

& Y o H @ =
Lwa“lslf"l,umimmmmwuﬂ"lmmafmeWm

1) wawan 14 (hen day egg production, %) = 112Ul lug9msnAaes x 100

U x Tl

%

y [ H ] Y VY
2) Wmiin lumasnened (egg weight, @) = 1min lunavua

ORITRTRG!

3.2.2 msannamnIvln (egg quality)
o [ ] [ a’d‘ 1 1o
mmsdaguamly Tuddawin 4 8 waz 12 vesmanaass Tagmagu ludiuiu
1 %’ A’ 7 ] 9 1 ?,’ v A ] . A 1
3 Wosaoa odaguninla 1dun dminuldenla (egg shell weight) Anwruvea)don la
' o o 1 . g %
(egg shell thickness) A71NFIV03 1UU121110NAUIVUYUA WYL 19017 (haugh unit) 11141TD
[ y Y] 1 . [

19917 (albumen weight) 11190 litAg (yolk weight) uazaNudua 1uuas (yolk color) lag

MEUNUNAT 15% (roche color fan)
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AU 1912112291047 haugh unit

0.37

100 log(H+7.57 - 1.7W ™)

/o H = AuRdsnnugd luv Hadwas) Hinsia 3 9a

A = 1 ] [ 1
Nyanananszr lymnuven liuag

y 1 o
\ = hmin'lv (r5)

3.2.3 msanmfSinansalvaiudilunag
o < o ] ] o P ° 1 1
Wmmanuaee1a linas ludlain 4 8 uag 12 vesmsnaaes lTassinisgu 'l
o ' sol ) ] I 1 1 o < [} 1 1 9
T 8 Wesaod udwsoonilu 2 ngu 4 Woungy) mmanu luuasvesuaaznquudd
[ Y Y [ A o a o ] [l 2 A a )
werw linagdnaenuio I amazinga luiulu lduasazinuigugll -20°C
a 4 o [ a
Inznnsa luiuaanlasniuitued Folch, Lees, and Sloane-Stanley (1957) ua
. 2 o " Aq Y a s Y o o
Metcalfe, Schmitz, and Pelka (1966) Baa208197 1% 1un15UAT12HYIENOUAIY B1MITHAD
1 (%3 1 o 1 Q‘/ sOl % U ) -7 a
luuas dred19azgnilieglugiues methyl ester Tnonisgaimingaed1s 5 n5u 1aw
chloroform-methanol (2 : 1) 131103 90 Wa. JuA201AT04 homogenize UIU 2 UIT 1AW
chloroform 30 ¥@. tazudn 2 UIN NTOIAIBATTATHATEN LAY deionize water TH1AT 30 Wa.
a QY Y o Y L yy oA v ¥ g & v g1
1AY 0.58% NaCl YS1as 5 wa. e linnuedrnaned 1 aulduensu nusuveslviula
= 1 J s A o g o . o v o 1 @
vIar1naed (Hewesd) 1NUMN -20°C TUABUAITHI methylation HINITFIAI0819 TUsU
Uszuw 25 wn. ldaslunaeanaaes Tnsmsgaaledialdrasanaaeaaziiliilduda
9 % Y A o 1 o @ Sol % d‘ Y o
A28 N, gas WAITTAzA10URS idomwIznsa lviiued 1 T)daimin e ldlunsfuon
A29619 10301 161 0.5 N NaOH/MeOH 151103 1.5 wa. 11715 1a01medae N, gas Tnanuion
Y
) ] % < a . 1
100°C 5 Wi e udaaa 13 1%1Eu 18w 14% BF, in methanol 151103 2 wa. laomaaie N,
gas 1d2ar 1Ay €17 : 0 (2.0 wn./wa. Tu Hexane) 151105 1 wa. Taemsaaie N, gas uaaila
v
o 1 (% <3 a\ a . . =y
th Tianudeu 100°C 5 w1 e ualaa 131%eu ari@u deionize water Y311a3 10 wa.
9 9
118¢ hexane Y5115 5 wa. YarwverImdnundine131duensu dn Na,s0, Uszumilaie
Y 1 <3 ] 4 gi g}/ 1
Foudna1s laaslunasanaassvuiaanuasalvi easazalonensu gATuU hexane 1d
adluvia vial F115ue 1 wa. e lUfaduaSeq gas chromatography U3u1a3 1

Tulasans (Hewlett Packard, HP 6890 series GC system)
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=< |l

3.2.4 msanmifSinaneaanesoaluuag
AATIEHIMANITUD4 Rowe, Macedo, Visentainer, Souza, and Matsushita (1999) 1l
uaaanadsuialuiudlrea1s  chloroform-methanol  tazadal3uIaAoIadIADIDA0DN
nn'laldTdsdu Tagimsvediedialauas 5 nsu laaslu round bottom flask 1@
chloroform-methanol-isopropanal (90 : 5 : 5 v/v/v) U51105 20 wa. 18y 60% KOH Usuas
@ ' o ' Y 9 o o 3 < ° v ~
5 9a. (1 ¥a/620819 1 A51) e 19mnu ¥ms reflux Wumnar 1 92 Tua dvnaldiduash

guvnines uazinsnied10e191daslu separating funnel 1AL hexane 151105 100 Wa. 1oy

Y v
o U

dnhnauzies 25 va. uazwerldisiudiunan 15 i szfuMsLEATUYEY hexane
asiwl?ﬂmuéﬁwmg:%uuu HeNEI3aLa18 hexane laviagdsuy uazvimstlaaisu 12.5
wa, FlRudadems dry 890 N, gas udnhasaaniinianiaza1edie intemal standard
Yswes 1 wa. gaesla vial 1hldmsziifSinaneaaneseadio gas chromatography
(Hewlett Packard, HP 6890 series GC system)

3.2.5 msaAnmdugumninly

A 2 o U ' 3 @ A A = Y A . . Y
LN@ﬁutjﬂﬂﬁ‘ﬂﬂﬁ@i mmaqu‘lﬂmaz 1 A7 INBLRITLODAVITIULTULADA wing vein Glﬁlf

I A 4 1 2 2 1A < 1 1
WNRAYUVDT 23 AN Y2 1Y NTZUDNRALIVUIA 3 WA, Iﬂﬂllﬂﬂlaﬂﬂﬂﬂﬂlﬂu 2 93U Glﬁ

Y095 8 & o N \ gy N B
a15U09NUMSUUIAD FUA ethylene diaminetetra acetic acid (EDTA) @3UN 1 1 11Tum3eq
. A 5 A g A A a o A 2 ad o o
(centrlfuge) NAULII 3,000 50U/UIN L‘]Ju!,:]m 10 HIN VIQT;I!WQN 4°C INDUNUBTUFINIV
a J = a a . . J ~ 3 A A a 4 '
’Jmiwwmﬂ‘immanyjuiﬂauyau (1mmun0globu11n) UAZEIUN 2 INULEDANDAUATIEHNIAN
A a Y 1 o <A o <A o a < A
‘VI'NI'QWGI'JV]EH U]J@l,l,ﬂ TUIULHALADALAN ITUIUINALADAUTIY LASIULUNTUALNALADAUT)
1. Pmnaduylulnayau
Gl,‘f)'}ijmflﬂﬁ 81 total protein kit (Micro Lowry, Peterson’s Modification)
a d v a Aa
]!ﬂﬁ]gﬁﬂ1ﬂ1ﬂ1ﬂiaﬁﬂ3ﬂﬂ1 (hematology)
ATV AINAUAINIHNA (total red blood cell count)
Tao 1935 Manual method (Unopette system) e15a¢a107 1%a0 0.85% NaCl
[ A A 9 a @ < A Y o @ ' 9 o <3 A
@’lﬁﬂﬂ’lﬁ!ﬂflﬂ’l\ua@ﬂﬂ?ﬂﬂlﬂ@uﬂlﬂﬂla@@ LAINIDITHUHUUUHUAUUNIUULUALAD A
Yy 9 4 o ax
(hemacytometer) 1agl¥nNaDI9aNITAU LASAIUIUMVITUDN Terry (1995)
2. TN IUTADDAVIINGKNA (total white blood cell count)
Tae143% Manual method (Unopette system) arsazarenlgne 0.85% NaCl
[ A A Y a @ < A Y o @ ] Y o < A
mﬁﬂmsm’ﬂmua@ﬂﬂ’gﬂﬂtﬂ@luumma@ﬂ UAINTIDTITUHUUUUAULNIUULUALOD A

(hemacytometer) 18 1¥ndp39an3ial HazmUIUMLITUDI Terry (1995)
y ) rry
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3. MIdMUNBTHAVRITAADAYD
o T o 4

Tagrhunuiaudoaiuadinndoud Giemsa-Wright's buffer lagvead
9 Y " ad A 9 4 3’; = Y [ P-4 A = 3’; Qy 9
dgoulinuruduaon veativiles miuneaddonlinuunuilauaondnasanangld

y v 3 v 2 Yy 9 o 1 7 ) ) s R A ]
anmeihazeialasens 13 dudahurualaduinisvgiiendesganssmi Friiaveuia
4 o A v o a < v o
deavnnasInivdsenouaie aulWded (lymphocyte) tanine IsWad (heterophil) Tu Tudfos

(monocyte) lox Tuvla (eosinophil) wazu Iy (basophil)

a 4 aa
3.3 MITAAIZHMEAIN

o 9 A 9 a o 1 . .
hdeyan lauAna1zima1auns59u (Analysis of Variances, ANOVA) a1
1 4
HHUNIINAARIVV YNNI (Completely Randomized Design, CRD) ttazif3ouineuniu
uanA1eTerieanas lunazlatun1INAa0eRn 1833 Duncan’s new multiple range test 1Y

v
v W

a 4 [ 1 1 %‘ %’ ] (] { Y ] A
’J!,ﬂi"lgﬁ‘ﬁWLLMQTﬁ}MﬂJ@Qﬁﬂﬁiuﬁgﬁ?NLH ‘L!fl’JL‘VTﬁ’t’)\‘iLLﬁquNuﬂﬁWHUWﬁigﬂUQWQ 9 ﬁ}’Jﬂ’J%

<

Orthogonal polynomials Tae 1% 1sunsuanad izl SPSS (2004)

uuuTmesnnada Y = p+ T+ g

o Y T o = S . 2 A . A .
Tagmvualn Yij = MAUNANAENUAT i, 517 j1iio j=1,...r
WL = overall mean
a a y I 4
T; = ONBWaieanNNaNWUAN i o i=1,...t

Sij = Error

3.4 szaznamazaaunluimdagy

[

a 2 o 4
ldszozna1lun1sdve 13 Tasisuaindeugaiay 2553-nuerou 2554 o W15y
a [ = =~ Y a oA v J S A A A 4
umIngragma lulaggsuis uasvealiianmsemsdad eimsgudinTelaIngimans

wazmalulag urinmeasma lulaggsuis
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wamimamuaﬁmm‘i

¥ |l

d Y] Z Y] v o U =)
4.1 mﬂ‘d‘szﬂamlmﬂ‘sﬂ"lﬁlmucluumuﬂamm HAZHINHD LTI A
J o Y o ' Y o & A Aq Y
paalsznevvoensa ludiuluiniudauaziniuaundesn 1 luaunaaes
d' 1 901 @ (=1 @ a 9 I 4 =
paadluased 4.1 wuanhadudaminiinsa lviusiialown-3 Wuesnlszneugeda
@ 1 1 I o [ g
61.74% Taoiinsa luiulunguTown-3 Mifluesdllsenouasil Ao o-linolenic acid (ALA, C18
: 3n-3) 0.56% ecosapentaenoic acid (EPA, C20 : 5n-3) 6.02% 8% docosahexaenoic acid (DHA,
= <3 Y %’ o = I 4 [ 2 Ao 1
C22 : 6n-3) 55.16% a9azmiu lanluiniudaindl DHA Wuesdlsznouvan Felidadau
A [ Y] A A 1 9 9 @ = a o 1
gennsa luiusiadulungulown-3 deaadeanuNsANEIVOINTANG (2537) du
o Y] a Y %’ @ [ == a1
perlsznovvoInsa luiurialomwn-6 Tuihiulamiiiimies 3.84% Tasliaauilsznou
Y
3%l A9 linoleic acid (LA, C18 : 2n-6) 1.49% arachidonic acid (ARA, C20 : 4n-6) 2.35% @N@Q
1 1 % a 1 %’ Y ) 1 ‘0
Toasrdruszniansa luivatia Temwi-6 o Towm-3 Tutinfulapidisduiies 0.06
g @ < { @ a I 4
iniunanaesildlununaaesiinsa luduriiaTomwd-6 uesdlsznougaia
=\ I 4 [ Y [ =
57.78% lagl LA 1lueenllseneuvan doanasenin1sAnEI1Ue9 Cachaldora, Garca-Rebollar,
Y
Alvarez, De Blas, and Mndez (2008a) d@aunsa lusiulungulomnin-3 Iaeiine ALA 5.84% uaz
Y o ~ o y A @ A I ' Y
EPA 0.21% wiuainiiyniglelaena ldiulinsa luiusiiaTemwd-6 dludivilszneundn
[ Y v 1 1 Y] a k) 1 F) %7/ @ < A = =3
dawaldoanaiuszninnsa ludustialewni-6 aelomwi-3 luiiuouwdesdinigads
& A o dAa o v v 1 ¥ oo & a g \
9.55 ¥991N¥UAVDINIA IVNUNIATIZH baHuaaaliifud v unasuilunralvea
nsa lusiusialomi-6 Tagmmiy LA
% ) ?.’, a dald 14 v A 1 o %I o [~
Wniunsdesrtaillosnlsznouvesnsa luiunuanareny Tasiniudaimuuilu
1 @ a 9 2 A o w 1 Y a
urasveansa lviiusiia lomwni-3 Tagmwiz DHA daliunuimdiagyaoguninaoadus Inn
@ < a 1 o .
Tudrunsiaveuduuile 19115952 UUAVOINAZANATTIABATI (Budowski and
[ aol v O I 1 o a
Crawford, 1986; Anderson et al., 1989) muumummﬁauﬂmmmsummﬂllmuuwﬂamﬁﬁ—
2 A d o 4 9 A g J
6 Taoimniz LA F9fidsz Tesiaonmsiauveueou laa nazmsad1abeduiwad (Murphy,

1990)
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3 J o y o ' ? o &
3197 4.1 0adszneuvesnsa lviiuluiniulanii taztiniuoam@es (% of total fatty

acid)

Fatty acid composition Tuna oil Soybean oil
Cl4:0 2.66 0.08
Cl16:0 14.59 9.43
Cl6:1 3.44 0.07
C18:0 4.52 2.67
C18: 1n-9 8.06 22.64
C18:2n-6 1.49 57.78
C20:0 0.29 0.37
C20:1 0.86 0.91
C18:3n-3 0.56 5.84
C20 : 4n-6 2.35 nd'
C20: 5n-3 6.02 0.21
C22 : 6n-3 55.16 nd
Total n-6 3.84 57.78
Total n-3 61.74 6.05
n-6/n-3 0.06 9.55

MR : ' Not detected

d %
4.2 aaﬂﬂsznanmmnsﬂ"lmuuﬂugmmmsﬂﬂam

J Y { o
@\‘1ﬂ‘1J'i$ﬂfJ‘UsUf’Nﬂiﬂll‘lJlJuzluq@i@”Iﬁﬁﬂﬂﬁ’f)\ulﬁﬂ\‘liuﬁﬁﬁﬁ 4.2 Tagnannsi

e

o o

J 1A ¥ o =] 1 o J 9 ? o
UUAIUINU 2 UTDNAD umuﬂamuwuﬂmmawmﬂﬁﬂ"lﬂmu“luﬂqaﬂ@mm% IYSEANPNA]

A =

& I ] ™) ' 1 1o
dunaesguiuunasvesnsaludulungulowni-6 urldlugasernislnla 114
J @ 1 v W g
pensznonveansa lviulugasemslinnuuanaanuasiine gase1misaaugu (100 : 0)
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Fatty acid Soybean oil : Tuna oil

composition 100: 0 75:25 50 :50 25:75 0:100
Cl4:0 0.22 0.56 1.00 1.40 1.69
Cl6:0 12.13 12.60 14.67 14.95 15.75
Cl6:1 0.19 0.64 1.21 1.72 2.14
C18:0 3.03 3.31 3.62 3.18 3.26
C18: 1n-9 28.86 26.68 20.27 22.62 21.06
C18:2n-6 49.66 42.17 36.25 26.09 19.75
C20:0 0.53 0.47 0.51 0.46 0.47
C20:1 0.56 0.65 0.74 0.78 0.83
C18:3n-3 3.50 2.90 243 1.66 1.09
C20: 4n-6 nd' 0.47 0.75 1.03 1.25
C20: 5n-3 0.45 0.93 1.79 2.47 3.07

C22 : 6n-3 0.87 8.62 16.76 23.64 29.64
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Fatty acid Soybean oil : Tuna oil

composition 100:0 75:25 50:50 25:75 0:100
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Total n-3 4.83 12.45 20.98 27.78 33.80
n-6/n-3 10.29 3.42 1.76 0.98 0.62
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M319h 4.3 wavesdaaninfunadewasiniuvlanpilue g aeaussouzmswanvealnly

Age Soybean oil : Tuna oil

SEM' Trend
(weeks) 100:0 75:25 50:50 25:75 0:100
Feed intake (g/b/d) 30 to 33 111.48" 109.74" .11 111.36" 105.51° 13499  CUB=0.0342°
34 to 37 110.06" 108.34" 109.47° 110.06" 101.99° 1.639  CUB=0.0294
38 to 41 111.05" 104.24° 106.84" 110.04" 99.76" 1907  CUB=0.0003
30 to 41 110.86" 107.44" 109.14" 110.49" 102.42° 1.087  CUB=0.0001
Feed Conversion Ratio 30 to 33 1.91 1.95 2.00 1.96 1.96 0.026 NS’
34 t0 37 1.86° 1.90" 1.99° 1.97" 1.96" 0.031  L=0.0056"
38 to 41 1.89° 1.85° 1.92° 1.98° 2.10" 0.043  L=0.0001
30 to 41 1.89" 1.90° 1.97" 1.97" 2.01° 0.023 L =0.0001
Egg Production (%) 30 to 33 96.31 95.98 96.63 95.89 93.87 0.842 NS
34 t0 37 96.61° 96.23" 96.66" 93.39" 89.23° 1.012  QUAD = 0.0039’
38 to 41 94.85" 93.47 95.23" 92.59" 81.25" 1275  CUB =0.0044
30 to 41 95.92" 95.23" 96.17" 93.96" 88.12° 0.685  CUB=0.0175
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H 1 ’é Y < %’ [} 1 1 a 1 1 1
Ms19h 4.3 wavesdaaniniunudewasiniulanilue s aeaussauzmswanvealnly (de)

Age

Soybean oil : Tuna oil

SEM' Trend’
(weeks) 100:0 75 : 25 50 :50 25:75 0:100
Egg weight (g) 30 to 33 60.60" 59.21° 58.54% 59.26" 57.59° 0391  CUB=0.0142
340 37 61.43" 60.21° 59.08" 59.81" 58.44" 0367  L=0.0001
38 to 41 62.11° 61.21" 59.93% 60.20" 58.93" 0379  L=0.0001
30 to 41 61.38" 60.21" 59.19 59.76"™ 58.32° 0330  CUB=0.0430
HN@HA : “‘Means within a row with different superscript letters significantly different (P<0.05).

'Standard error of mean

*Refer to polynomials trend analysis

*Not significant
“Linear trend
5Quadratic trend

*Cubic trend
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M319h 4.4 wavesdadininfunudewazindulapilue s aeganmuazesdlsznoululyla

Age Soybean oil : Tuna oil
SEM' Trend’
(weeks) 100:0 75:25 50 : 50 25:75 0:100
Yolk (%) 33 24.69° 24.97" 25.75" 25.03" 23.45° 0276  QUAD =0.0001"
37 24.62 24.90 24.93 25.47 24.95 0.347 NS’
41 25.43 25.76 24.44 26.01 25.32 0.390 NS
Albumen (%) 33 62.12" 62.06" 61.24° 62.47° 63.64° 0.378 QUAD = 0.0024
37 62.36 62.55 62.10 61.83 62.18 0.449 NS
41 61.99 61.64 62.72 61.31 61.82 0.433 NS
Shell Thickness (mm) 33 0.44 0.46 0.4 0.45 0.44 0.011 NS
37 0.42 0.41 0.42 0.40 0.40 0.005 NS
41 0.40 0.39 0.37 0.39 0.36 0.011 NS
Yolk color’ (1-15) 33 5.29 5.29 4.92 5.33 4.83 0.166 NS
37 4.79 5.00 4.54 5.00 5.00 0.151 NS
41 4.79 4.83 4.79 4.88 4.79 0.095 NS

o



d‘ [ 1 g v O A g v ] 1 4 1 1 1
M3 4.4 wavesdadrutiiunanasaziiulamuluemis @aﬂmmmmzmﬂﬂszﬂaﬂu"lmllﬂ (99)

Age

Soybean oil : Tuna oil

SEM' Trend’
(weeks) 100:0 75:25 50 : 50 25:75 0:100
Haugh unit 33 87.50 87.29 86.88 85.75 87.88 0.996 NS
37 92.46 89.25 90.38 89.83 89.79 0.716 NS
41 88.92 90.04 91.92 88.75 90.25 0.850 NS

HUEITA : ““Means within a row with different superscript letters significantly different (P<0.05).

'Standard error of mean

*Refer to polynomials trend analysis

*Not significant
4Quadratic trend

*Roche color fan

8%
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quartic (P<0.05) uazaanarm lidaaiusinvednsa lvsiusiia PUFA §fifn1enisanaduuy
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M3 4.5 wavesdadnniiunumaewaziiulainluens asnsa lviiululauas iWedugamsnaaosii 4 dilai (01gln 33

Flan)

Fatty acid Soybean oil : Tuna oil . ,

SEM Trend

(% of total fatty acid) 100:0 75:25 50 :50 25:75 0:100

Cl4:0 0.30° 0.28° 0.37" 0.42° 0.46" 0.015 CUB =0.0350"
C16:0 21.03" 20.60° 21.50° 22.16" 22.58" 0.191 CUB =0.0129
C16: 1 1.47° 1.48° 1.92¢ 2.22° 2.49" 0.087 L =0.0001"
CI8:0 7.96' 8.16" 7.53° 6.82° 6.99" 0.246 CUB = 0.0375
C18: 1n-9 34.11° 34.62° 32.91° 33.32° 34.29 0.334 QUAR =0.0420"
C18 : 2n-6 27.42° 22.71° 22.00° 18.90° 14.90° 0.366 QUAR = 0.0160
C20:0 0.04° 0.04" 0.05" 0.06" 0.06" 0.008 L =0.0035
C20: 1 0.17 0.13 0.14 0.15 0.15 0.011 NS
C18:3n-3 0.85" 0.92° 0.94" 0.63" 0.51° 0.086 L=0.0011
C20 : 4n-6 2.87" 2.07° 1.70¢ 1.42° 1.16° 0.061 QUAD = 0.0001"
C20 : 5n-3 nd* 0.19" 0.33° 0.55" 0.71° 0.025 L =0.0001
C22 : 6n-3 3.78° 8.78° 10.59° 13.36" 15.61° 0.337 CUB=0.0018
SFA’ 29.33 29.08 29.45 29.45 30.08 0.251 NS
MUFA" 35,757 36.23" 34.97° 35.69° 37.03" 0.327 CUB = 0.0296
PUFA’ 34.92° 34.68" 35.57" 34.83" 33.88" 0.511 QUAD =0.0156

4%



3 o ! %’ v o %’ o 1 1 Y 1 y 2 { o 4 1
M3 4.5 wavesdadnniuoumaewaziiulaginluens asnsa lviiululauas iWedugamsnaacsii 4 dilai (01gln 33

d1lanil) (ao)

Fatty acid Soybean oil : Tuna oil . ,
SEM Trend
(% of total fatty acid) 100: 0 75:25 50 :50 25:75 0:100
Total n-6° 30.29° 24.79° 23.70° 20.32° 16.06° 0.390 QUAR =0.0168
Total n-3’ 4.63° 9.89° 11.87° 14.53° 16.83" 0.353 CUB =0.0149
n-6/n-3 6.55" 2.51° 2.00° 1.40° 0.95° 0.111 QUAR = 0.0001

HNYLHA : ““Means within a row with different superscript letters significantly different (P<0.05).
'Standard error of mean
*Refer to polynomials trend analysis
*Sum of saturated fatty acids from C14 : 0to C20: 0
‘Sum of monounsaturated fatty acids from C14 : 1 to C22: 1
*Sum of polyunsaturated fatty acids from C18: 2 to C22: 6
°Sum of n-6 fatty acids from C18 : 2n-6 to C22 : 6n-3
’Sum of n-3 fatty acids from C18 : 3n-3 to C22 : 6n-3
*Not detected
"Linear trend
1OQuadratic trend
"'Cubsic trend

12Quartic trend

9%
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M3 4.6 Havesdadiunaraewaziulamiilues asnsa lviiululauas iWeduganmsnaaecsii 8 dila (e1gln 37

dla)
Fatty acid Soybean oil : Tuna oil . )
SEM Trend
(% of total fatty acid) 100:0 75:25 50:50 25:75 0:100
Cl4:0 0.27" 0.30° 037" 0.39" 0.47" 0.010 L =0.0001"
C16:0 20.57° 20.66° 21.69° 22.08 22.76" 0.132 QUAR =0.035"
Cl6:1 1.21° 1.45° 1.74° 2.14° 2.45" 0.048 L =0.0001
Cl18:0 8.35" 7.74° 7.24° 6.97° 7.08° 0.137 QUAD =0.0032"
C18: In-9 34.31° 33.73" 32.96° 34.56" 34.51° 0.361 QUAD =0.0193
C18:2n-6 26.98" 24.17° 22.56° 18.21° 15.07° 0.299 QUAR = 0.0038
C20:0 0.03 nd’ 0.04 0.02 0.03 0.010 NS
C20:1 0.15° 0.15° 0.17° 0.19" 0.20" 0.006 L =0.0001
C18 : 3n-3 0.93" 0.87° 0.83° 0.64° 0.50° 0.017 QUAD = 0.0001
C20 : 4n-6 2.91° 2.03° 1.62° 1.28° 1.22° 0.050 QUAD = 0.0001
C20 : 5n-3 nd’ 0.12° 0.39° 0.56" 0.81" 0.016 QUAR =0.0041
C22: 6n-3 4.29° 8.78" 10.39° 12.96" 14.90" 0.299 QUAR =0.039
SFA’ 29.22° 28.70° 29.34" 29.46" 30.33° 0.124 QUAR = 0.0083
MUFA' 35.67" 35.33° 34.87" 36.89° 37.16° 0.365 QUAR = 0.0323
PUFA’ 35.11° 35.97" 35,79 33.65° 32.50° 0.410 QUAD = 0.0005

9



3 o ! %’ v o %’ o 1 1 Y 1 y 2 { o 4 1
M3 4.6 Havesdadiunaraewaziulamiilues asnsa lviiululauas iWeduganmsnaaecsii 8 dila (e1gln 37

d1lanil) (ao)

Fatty acid Soybean oil : Tuna oil . ,
SEM Trend
(% of total fatty acid) 100:0 75:25 50 :50 25:75 0:100
Total n-6° 29.89" 26.20° 24.18° 19.49" 16.29° 0.323 QUAR = 0.0036
Total n-3’ 5.22° 9.77° 11.61° 14.16" 16.21" 0.302 QUAR = 0.0777
n-6/n-3 573" 2.68" 2.08¢ 1.38° 1.01° 0.069 QUAR = 0.0001

KT : ““Means within a row with different superscript letters significantly different (P<0.05).
'Standard error of mean
“Refer to polynomials trend analysis
*Sum of saturated fatty acids from C14 : 0 to C20 : 0
*Sum of monounsaturated fatty acids from C14 : 1 to C22 : 1
*Sum of polyunsaturated fatty acids from C18 : 2 to C22 : 6
°Sum of n-6 fatty acids from C18 : 2n-6 to C22 : 6n-3
’Sum of n-3 fatty acids from C18 : 3n-3 to C22 : 6n-3
"Not detected
’Linear trend
]OQuadratic trend
”Quagtic trend

"Not significant

Ly
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M3 4.7 wavesdadrihiunamaewaziniulamiilueins asnsa lviiululauas iWeduganisnaaesii 12 diai (01g1n 41

dla)

Fatty acid Soybean oil : Tuna oil . )

SEM Trend

(% of total fatty acid) 100:0 75:25 50:50 25:75 0:100

Cl4:0 0.28° 0.30° 0.35° 0.43° 0.48" 0.010 QUAD =0.0139"
C16:0 20.52° 21.05% 21.41" 21.91° 23.45" 0.397 L =0.0001"
Cl6:1 1.33° 1.50° 1.84° 2.05" 2.63" 0.054 QUAD = 0.0032
C18:0 7.32 7.35 6.79 6.24 6.94 0.349 NS”
C18: 1n-9 33.45 32.44 33.18 34.24 32.08 1.126 NS
C18:2n-6 26.82" 24.95° 22.33° 19.84" 15.88° 0.464 QUAD = 0.0262
C20:0 0.01 0.02 0.02 0.02 0.01 0.012 NS
C20: 1 0.27 0.26 0.26 0.28 0.28 0.019 NS
C18 : 3n-3 0.98" 0.88" 0.80° 0.67° 0.50° 0.020 QUAD =0.0144
C20 : 4n-6 2.68" 2.20° 1.65° 1.51° 1.31° 0.050 QUAR =0.0357"
C20 : 5n-3 nd® 0.12° 0.32° 0.48° 0.75" 0.020 QUAR = 0.0017
C22 : 6n-3 6.32° 8.92° 11.03° 12.34° 15.70" 0.403 L =0.0001
SFA’ 28.14° 28.72° 28.58" 28.60° 30.88" 0.564 L =0.0032
MUFA" 35.06 3421 35.29 36.58 34.99 1.092 NS
PUFA’ 36.81° 37.07" 36.13" 34.82° 34.13° 0.707 L =0.0005

174
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M3 4.7 wavesdadrihiunamaewaziniulamiilueins asnsa lviiululauas iWeduganisnaaesii 12 diai (01g1n 41

d1lanil) (ao)

Fatty acid Soybean oil : Tuna oil . ,
SEM Trend
(% of total fatty acid) 100: 0 75:25 50:50 25:75 0:100
Total n-6° 29.50" 27.15° 23.98° 21.34° 17.18° 0.505 L =0.0001
Total n-3’ 7.30° 9.92° 12.15° 13.48" 16.95" 0.407 L =0.0001
n-6/n-3 4.04" 2.74° 1.97° 1.58° 1.01° 0.103 CUB = 0.0244""

KT : ““Means within a row with different superscript letters significantly different (P<0.05).
'Standard error of mean
*Refer to polynomials trend analysis
*Sum of saturated fatty acids from C14 : 0 to C20: 0
*Sum of monounsaturated fatty acids from C14 : 1to C22 : 1
*Sum of polyunsaturated fatty acids from C18: 2 to C22 : 6
°Sum of n-6 fatty acids from C18 : 2n-6 to C22 : 6n3
"Sum of n-3 fatty acids from C18 : 3n3 to C22 : 6n3
*Not detected
"Linear trend
1OQuadratic trend
"'Cubic trend
12Quartic trend

“Not significant

6v



50

a 4 Y] [] da! (%] o 4 v Ao a
siauazonlsznovved luiiululiuasuegiumsdunsiz lvdunay uazwiia
v d' Yo . . [ E’;’/ d’ t:' 1 [y
93059 laun 1450919115 (Sim and Qi, 1995) asrwlolasunrasvesludulugas
1 o ) 1
9111592 1NaR009AY5znoUvDInTA 1usiu Tu'luiAg (Caston and Leeson,1990; Jiang, Ahn,
@ 1 v a3
Lander, and Sim, 1992; Scheideler and Froning, 1996) msazaunsa lviuluiramedaditluma
Heananyiavesnsa lviundaslasuonerisnnudi 1l (Du, Ahn, and Sell, 2000) Tag
3‘; dy 1 1 1 Yo d‘d 1 1 [
lunmsnaaseaisil Inlannngunisnaaeslasue1isii Inyuzaig 9 mnuaasans
[ 3‘/ 1 v d’Q g = a 9 d‘ 1 Yo
NAa0d At uANNIAna1aveImsazay luiuiinavuIamusassuielaninnsi ln lasy
[ 1 %’ Y %’ o 1 $ 1 % 1 ] 4
dadrusznnainiuoanaswazihtulampiisanaenuluunazgasenis Tasnuduie
=~ A [ 1 %l v ] 9 49! o Iy o 1 Iy a
inmsmudadivveuiniulailugasonis IngeuezihInlidadiuvesnsa lugduriia
v Y 1
Tow-3 Tulduasazaumiuyuainlildre Faaoandoanusea1uved Lawlor et al. (2010)
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4 \ N ? o ' ! o ’
m‘snﬁ 4.8 wammﬁ@muumummﬁ@mazumuﬂamuﬂummi mmﬁmmmiazﬁuﬂiﬂ‘lwuiu‘lmm (mg/100 g yolk)

Age Soybean oil : Tuna oil

Parameter SEM1 Trend2
(weeks) 100: 0 75 : 25 50:50 25:75 0:100

C18 : 2n-6 33 277.51° 207.83" 185.81™ 171.34¢ 111.65° 8.767 CUB = 0.0019
37 242.26" 228.83" 205.00™ 153.5° 131.86° 9.155 L=0.0001"
41 256.55" 253.58" 193.78" 198.46" 146.28° 11.095 QUAD =0.0131"

C18 :3n-3 33 8.46" 8.36" 7.92% 5.74° 3.73° 0.832 L =0.0001
37 8.41° 8.27" 7.54 5.39" 430° 0.383 QUAD = 0.0274
41 937" 8.90" 6.93" 6.63" 4.53° 0.387 QUAD = 0.0468

C20 : 5n-3 33 0.00° 1.80° 2.80° 4.96" 5.34° 0.259 QUAR = 0.0294°
37 0.00° 1.18° 3.56° 467" 7.10° 0.222 QUAR = 0.0102
41 0.00° 1.27° 2.81° 479" 6.91° 0.284 L =0.0001

C22: 6n-3 33 38.20° 80.34° 89.87° 121.58" 117.29° 5.851 QUAR =0.0271
37 38.59° 83.59° 9454 109.44° 130.82° 5317 CUB =0.0213
41 59.86" 90.58° 95.75° 124.06° 143.91° 5.763 L =0.0001

Total n-6 33 312.82° 231.66" 204.23" 187.81° 123.35" 9.871 CUB = 0.0025
37 273.66" 252.72% 223.85" 167.83° 146.10° 10.273 L=0.0001
41 287.08" 281.56" 211.69° 216.81" 160.98° 12.250 QUAD=0.0110

9¢



H 1 %’ o Q'I %’ v 1 1 % 1 1
Meh 4.8 Nammﬁ@muumummﬁamazumuﬂamuﬂummi aetSuranmsazaunsa lvaiululunag (mg/100 g yolk) (79)

Age Soybean oil : Tuna oil 1 s
Parameter SEM Trend
(weeks) 100: 0 75: 25 50 :50 25:75 0:100
Total n-3 33 46.66° 90.5" 100.59" 126.36" 132.29" 6.185 QUAR = 0.0334
37 47.01° 93.03° 105.64™ 119.51° 142.23" 5712 CUB =0.0251
41 69.23" 100.75° 105.48° 135.48" 155.34" 6.159 L =0.0001

KT : ““Means within a row with different superscript letters significantly different (P<0.05).
'Standard error of mean
*Refer to polynomials trend analysis
*Linear trend
5Quadratic trend
°Cubic trend

7Quartic trend

LS
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H E Y E 1 1 % 1 1
M319h 4.9 wavesdadrusznnuiniuoandewaziniulampiluens deliinanenamesea uaz luinlulyla

Age Soybean oil : Tuna oil 1 R
Parameters SEM Trend
(weeks) 100:0 75:25 50 :50 25:75 0:100
Cholesterol 33 151.28" 142.54" 137.23" 138.17° 136.10° 2977  L=0.0011"
(mg/g yolk) 37 149.64° 138.28" 135.84° 135.46° 134.27° 2.271 QUAD =0.0189"
41 141.13° 138.84° 135.74% 130.13° 130.38" 2.371 L =0.0010
Fat 33 12.35° 11.19" 10.33" 11.08° 9.17° 0.513  L=0.0003
(/100 g egg) 37 10.98 11.56 11.07 10.29 10.72 0.509 NS’
41 11.66 12.45 10.60 12.23 11.22 0.542 NS

HNHA : “*Means within a row with different superscript letters significantly different (P<0.05).
'Standard error of mean
*Refer to polynomials trend analysis
*Linear trend
4Quadratic trend

"Not significant

6S
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Soybean oil : Tuna oil

SEM Trend
100 : 0 75: 25 50 : 50 25:75 0:100

Cholesterol (mg/1) 50.00 54.86 52.25 52.38 51.88 1.670 NS
Triglyceride (mg/l) 1,322.00 1,313.50 1,249.38 1,324.14 1,305.86 57.580 NS
HDL (mg/l) 22.25 24.13 25.00 24.50 25.00 2.191 NS
LDL (mg/l) 8.57 9.13 8.43 9.33 8.71 0.570 NS
RBC (x10°/mm”) 1.81 1.90 2.08 2.09 1.82 0.101 NS
WBC (x10*/mm’) 1.02° 0.75" 1.12° 0.94" 0.89" 0.077 QUAR = 0.0151
Heterophil (%) 55.38" 58.13" 60.43" 49.88" 59.38" 2.558 QUAR = 0.0487
Eosinophil (%) 3.60 4.50 3.00 2.43 5.00 0.636 NS
Basophil (%) 2.50" 0.88" 0.50" 1.13° 0.00" 0.477 L = 0.0034
Lymphocyte (%) 28.00 31.75 30.29 28.50 26.75 1.903 NS
Monocyte (%) 6.00 5.63 438 4.00 3.25 0.705 NS
H/L 2.07 1.89 2.05 1.81 2.39 0.195 NS
Total Ig (mg/dl) 1.33° 1.77° 1.78" 2.01° 2.43" 0.204 L=0.0017

NN : “’Means within a row with different superscript letters significantly different (P<0.05).

RBC = Red blood cell; WBC = White blood cell; Total Ig = Total Immunoglobulin; NS = Not significant
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MIUATHIND
Soybean oil : Tuna oil
Parameters
100: 0 75:25 50:50 25:75 0:100
suula lidhmsnaass (¢2) 60 60 60 60 60
9T INITNINTOA (%) 98.33 96.67  96.67 98.33  100.00
' luaasanmsnaass (Wea) 4,825 4734 4713 4730 4441

NUIUNMITNNUARDAMTNARDY  557.22 53342 53441  556.15 516.20
(" Tansw)
T119INT (’UTVI/ﬁIaﬂ%)ll) 15.75 16.29 16.84 17.30 17.93

Aunua1e1s/ 14 1 e () 1.82 1.84 191 203 2.08
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4. 1930994 2 Al

5. 15ealanudou 100°C

6. Cylinder 25 1@, ¥38 10 wa. Sm3uaath DI 1 Sy
7. MAMIVIAT

8. Pipette 5 4. A115UAA hexane 1 U

9. FoUANAITH 15T Na,S0,

10. Lﬂ%@ﬁ Mixer

11. Rack 9N tube

12. Beaker 50 ¥@. 2 90U

13. Beaker 100 ¥8. 2 U

ad
M3
v Y
1. %3 tube A wazeh s@tiuAinimiin1d (A)
H Y HE ]
2. gamsazare luiuiana ldniniield wbe NFadnf5ias 4 wa.

3. Dry #78 N, 9u@Ia15azaouianus imdemmznsa lusiueg1u wbe
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4. 94 tube MONSIN3 dry A28 N, variuiin'l3 (B)

5.101 0.5 N NaOH/MeOH 131103 1.5 wa.

6. Dry #98 N, (iiie'ld 0, o1 N, i llunudi o, udrTadhIaiin

7. TWanudeu 100°C W1 5 WIh

8. 1eh 12 A% udhaaine 13 ¥Eu

9. larudy 14% BF, /MeOH 1/3311015 2 wa.

10. Dry $10 N, udatash

11. 1% internal standard (C17 : 0 2 mg/ua. in Hexane) 151195 1 ya.

12. Dry #0 N, udatash

13.1%anuseu 100°C WM 5 WA

14,161 1-2 A% udhaaing 13 1¥Eu

15. Wlarhidy 1h DI 1311as 10 wa. 1182 Hexane 1131195 5 1.

16. D Tidsundana 13 1%uenu (1onisa)
(unsalaiuenausiuiiliia centrifuge 1 10°C 5,000 rpm 13@1 15 1171)

17. 0 Na,S0, Uszmnan)aedoudnans laaslu tube Aundeon (tubelvii)

18, ieasazaneuonsudals Micropipette @m?u Hexane (31014 tube fin@en
i Na,S0, egile dry ThiAnuATISY Hexane aana 131szaas 30 1)

Y
o

gJ/ A 1 . = A o 2 9 A
19. @@ AYFUVUN dry w1 ld vial @1 1 wa. LW@NThlﬂﬂﬂlle'lmﬁﬂ\i GC

Condition of gas chromatography
Column : Supelco SP 2560
Column Length : 100 m x 250 pm
Injector temperature : 260°C
Column temperature : initial 70°C final temperature 240°C
Detector : FID 260°C

Flow rate : 1.0 ¥a./41%
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M3 1NN N.2 Glfuﬂ“l]@\iﬂiﬂhl"llﬂu‘ﬂ%ﬂﬂuﬂ1@5§1u1uﬂ153m518‘ﬂﬂ38lﬂ56\1 gas chromatography

(Supelco 37 Component FAME Mix)

No. Component Weight (%)
1 C4 : 0 (Butryic) 4
2 C6 : 0 (Caproic) 4
3 C8 : 0 (Caprylic) 4
4 C10 : 0 (Capric) 4
5 C11 : 0 (Undecanoic) 2
6 C12 : 0 (Lauric) 4
7 C13 : 0 (Tridecanoic) 2
8 C14 : 0 (Myristic) 4
9 C14 : 1 (Myristoleic) 2
10 C15 : 0 (Pentadecanoic) 2
11 C15 : 1 (cis-10-Pentadecenoic) 2
12 C16 : 0 (Palmitic) 6
13 C16 : 1 (Palmitoleic) 2
14 C17 : 0 (Heptadecanoic) 2
15 C17 : 1 (cis-10-Heptadecenoic) 2
16 C18 : 0 (Stearic) 4
17 C18 : In9¢ (Oleic) 4
18 C18 : 1n9t (Elaidic) 2
19 C18 : 2n6¢ (Linoleic) 2
20 C18 : 2n6t (Linolelaidic) 2
21 C18 : 3n6 (g-Linolenic) 2
22 C18 : 3n3 (a-Linolenic) 2
23 C20 : 0 (Arachidic) 4
24 C20 : 1n9 (cis-11-Eicosenoic) 2
25 C20 : 2 (cis-11,14-Eicosadienoic) 2
26 C21 : 1 (Henicosanoic) 2

27 C22 : 0 (Behenic) 4
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-~ A o 9 a 7Y 4
M3 1NN N.2 "]f‘l!ﬂ“l]@\iﬂiﬂhl"llﬂuﬂ%ﬂﬂuiﬂﬁ5§1u1uﬂ153m51$‘ﬂﬂ’38m56\1 gas chromatography

(Supelco 37 Component FAME Mix) (70)

No. Component Weight (%)
28 C20 : 3n6 (cis-8, 11, 14-Eicosatrienoic) 2
29 C22 : 1n9 (Erucic) 2
30 C20 : 3n3 (cis-11, 14, 17-Eicosatrienoic) 2
31 C20 : 4n6 (Arachidonic) 2
32 C23 : 0 (Tricosanoic) 2
33 C22 : 2 (cis-13, 16-Docosadienoic) 2
34 C24 : 0 (Lignoceric) 4
35 C20 : 5n3 (cis-5, 8, 11, 14, 17-Eicosapentaenoic) 2
36 C24 : 1n9 (Nervonic) 2
37 C22 : 6n3 (cis-4, 7, 10, 13, 16, 19-Docosahexaenoic) 2

a d
7. ﬂ153£ﬂ51$ﬂﬂ%ﬂ1mﬂi’)lﬁﬁlﬂi’)56a

MIAIUNAS internal standard cholesterol

@15 internal standard cholesterol dztei3en1RNANUAUTYL 0.1 UN/Aa. TAsVINITHA

1502818 So-cholestane 25 4N, a3 11 volumetric flask YUIA 250 Ua. oz 1¥a15 hexane 15V

151959UATY

MIATIY working standard Taen1311 stock standard cholesterol Thlauif5uasg 0.05

0.1 025 0.5 1 2.5 ua. 831U volumetric flask U1 10 ¥a. az5VUSUINTA8e15 hexane

ol s EAUAMUAUT NN 0.05 0.1 0.25 0.5 1 Uag 2.5 UN./Aua. MU IAL

%

anu

[u—

. L‘ﬂé@\?“]?\?
. ¥ Reflux
. e

. Vortex

. U39 Vial

azgilnsal
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1. Ethanol-methanol-isopropanal (90 : 5 : 5 v/v/v)
2. 60% KOH

3. Hexane

4. DI water

5. Internal standard (5—cholestane 114 hexane 0.1 UN./UN.)

YUADU

1. %4 Jaiuaa 5 n54 1aly Round bottom flask

2. 1@ Ethanol-methanol-isopropanol (90 : 5 : 5 v/v/v) US11013 20 un. 1Ay 60% KOH
US1105 5 un. (1 ¥n. ABAI8E19 1 N5W) e lianny
o < & A o o ' A ° v g A
W15 reflux  13uman 19189 (GuvIINaled1uaen) 1IN M EuaIn

a

3.
a gy
QUNNUNDI
v <
4. 1A hexane U31105 100 wa. uagranlddnuilumar 10 v
a %l =y Y Y o I ~ I~ g’/
519111 DI 31195 25 va. tagean linwilumar 15 U0 WA UM THINF UV
Hexane 98 19FARUAIUUL
6. Mmstlaasazarendfsvias 12.5 va. laluviaeanaass
o (&%)
7. M IRuAS (dry) dremas luTasiou (N,)
8. A IUNURINAZA1868 internal standard U195 1 .
1 . o a < A k)
9. ﬁ]ﬂﬂlﬁ vial 11 11Amszvfsnuneaaneseanis Gas chromatography (Hewlett

Packard, HP 6890 series GC system)
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