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Executive summary

Concern about the relationship between dietary fat and the development of atherosclerosis has led
to publication of number of reports encouraging changes in the human diet. These have included
recommendations for the reduction in the total fat content, in the ratio of saturated to unsaturated fatty
acids and intake of total cholesterol to less than 300 mg/day. Each egg contains about 240-280 mg
cholesterol and the perception of eggs by the public as a major source of dietary cholesterol is seen as a
significant factor contributing to the overall decline in their composition.

The relationship between vitamin E and antioxidant showed that both vitamin E and other
antioxidants could reduce the incidence of coronary heart disease. Therefore, consumption of
supplemented antioxidants increased, especially vitamin E. In nature, vitamin E is divided into 2 groups,
namely tocopherol and tocotrienol. Tocotrienol was less bioavailable and can be absorbed after intake at
the lower rate than tocopherol. It is demonstrated that there were a few researches on effect of
supplementation of tocotrienol in a form of natural product in animal particularly laying hens. Tocotrienol
had more antioxidant properties than tocopherol and had an ability to reduce cholesterol concentration. In
addition, tocotrienol could be used as an antiproliferative agent of cancer cell and a neuroprotective agent
of brain cell. Therefore, it is interesting to investigate more on the effect of tocotrienol in food-producing
animals such as laying hens.

High concentrations of tocotrienol are found in palm oil and rice bran. Other natural sources
include coconut oil, cocoa butter, soybean, barley and wheat germ. Moreover, tocotrienols can be detected
in meat and eggs. Sunflower, peanut, walnut, sesame and olive oils, however, contain only tocopherols.
In palm oil industries, palm oil was refined for consumption and their by-product, palm kernel, was used
to rear animals. In some season, there were excess supply of palm and this oversupplied the capacity of
the factory to distill and purify palm oil for human consumption. This resulted in the over production of
crude palm oil in the market. Therefore it is of interest to use crude palm oil (CPO) from squeezed palm
that is riches in tocotrienol to supplement in diet of laying hens. It is proposed that both tocotrienol and
tocopherol could be transferred to egg. This can increase consumption of the antioxidant vitamin E in
human via conventional food chain. Moreover eggs riches in tocotrienol will be beneficial in reducing
yolk cholesterol apart from being an antioxidant, neuroprotective and anti cancer agents. It is also
interesting to examine the distribution of tocotrienol in palm oil to various tissues of laying hens.

The objective of present study was to examine the effects of crude palm oil supplementation in

laying hen diet on tocopherol and tocotrienol concentrations in blood, adipose tissue, liver and egg yolk.



Moreover the effects of tocotrienols in crude palm oil on cholesterol concentrations in egg yolk, egg
performance, hen performance and egg quality were investigated. The results demonstrated that weight
gain, daily feed intake, hen-day basis percentage, specific gravity, albumin quality, albumin weight and
shell weight were not different among experimental groups. CPO increased egg yolk color, egg weight
(approximately 2 g), yolk weight (approximately 2 g) when compared to control group. CPO significantly
decreased egg yolk cholesterol in weeks 4-6 of the experiment with the lowest level in hens fed on 4%
CPO (11.89 mg/g yolk). CPO enhanced (P<0.05) total tocopherols in CPOl (2% CPO) and total
tocotrienols, especially CPO2 (3% CPO) and CPO3 (4% CPO) groups. Hens fed on CPO 3 (4% CPO)
had the lowest total tocopherols in egg yolk and adipose tissue but had the highest tocotrienol in plasma,
egg yolk and adipose tissue when compared with other groups. CPO supplementation resulted in the
highest deposition of tocotrienol in adipose tissue compared to egg yolk, liver and plasma.

In conclusion, the present study demonstrated that crude palm oil did not affect parameter on hen
performance and egg performance. CPO supplementation at 4% is beneficial in improving FCR and
increasing egg yolk color, egg weight and yolk weight compared to the control diet. Moreover, egg yolk
cholesterol decreased markedly starting from week 4 to week 6 of the trial. Hens fed on 2% CPO had the
highest tocopherol concentration in egg yolk and hens fed on 3% and 4% CPO had the highest Ol-
tocotrienol concentration in egg yolk and the highest Y-tocotrienol concentrations in adipose tissue.
Laying hens supplemented with CPO (4% CPO) had more vitamin E deposited in egg yolk and adipose

tissue than control with the highest level of Ol-tocopherol, Ol- and Y-tocotrienol.
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Effects of crude palm oil supplementation on tocopherol and tocotrienol concentrations in blood,
adipose tissue, liver, egg yolk and cholesterol concentration in egg yolk of laying hens
Kris Angkanaporn *
Phakakrong Areerob *
Winai Dahlan **

Abstract

Effect of crude palm oil (CPO) on vitamin E (tocopherol and tocotrienol) concentrations in blood, adipose
tissue, liver and egg yolk was examined. The study was divided into 2 experiments. A preliminary trial (experiment I)
was designed to examine the adverse effect of CPO in layer chicken. Ten, 48 weeks old, Hisex laying hens were equally
divided into two experimental groups, control (0% CPO) and 2% CPO group. Parameter on hen performance, egg
performance and egg quality at weeks 0-6 and cholesterol concentration in egg yolk at weeks 4, 5 and 6 were determined.
The result showed that CPO had no effect on daily feed intake, hen weight. There was no significant difference in egg
specific gravity and yolk color in control group and CPO group. Egg weight and yolk weight of CPO group were
significantly higher than control group at weeks 3 and 6 (egg weight) and weeks 5 and 6 (yolk weight) (P<0.05).
Cholesterol concentration in egg yolk was slightly decreased in CPO group.

In experimental 11, 144 hens, 49 weeks old, Hisex hens were equally divided into 4 groups receiving 4 different
treatment diets. The treatment diets included CPO at 0 (control), 2, 3 and 4%, respectively. Egg performance, hen
performance and egg yolk cholesterol (weeks 0, 4, 5 and 6) were examined as described in experiment I. Egg yolk,
adipose tissue (abdominal fat), plasma and liver of laying hens were determined for tocopherol and tocotrienol
concentrations using HPLC. The results demonstrated that weight gain, daily feed intake, hen-day basis percentage,
specific gravity, albumin quality, albumin weight and shell weight were not different among experimental groups. CPO
increased egg yolk color, egg weight (approximately 2 g), yolk weight (approximately 2 g) when compared to control
group. CPO significantly decreased egg yolk cholesterol in weeks 4-6 of the experiment with the lowest level in hens fed
on 4% CPO (11.89 mg/g yolk). CPO enhanced (P<0.05) total tocopherols in CPO1 (2% CPO) and total tocotrienols,
especially CPO2 (3% CPO) and CPO3 (4% CPO) groups. Hens fed on CPO 3 (4% CPO) had the lowest total
tocopherols in egg yolk and adipose tissue but had the highest tocotrienol in plasma, egg yolk and adipose tissue when
compared with other groups. CPO supplementation resulted in the highest deposition of tocotrienol in adipose tissue
compared to egg yolk, liver and plasma.

In conclusion, CPO had no adverse effect on performance of laying hen. Supplementation of CPO at 3 and 4%
improved FCR of hen and significantly increased egg yolk color, egg weight and yolk weight. CPO significantly reduced
egg yolk cholesterol. Laying hens supplemented with CPO (4% CPO) had more vitamin E deposited in egg yolk and

adipose tissue than control with the highest level of Ol-tocopherol, OL- and Y-tocotrienol.

*  Department of Physiology, Faculty of Veterinary Science, Chulalongkorn University, Bangkok
10330, Thailand

** Faculty of Allied Health Science, Chulalongkorn University, Bangkok 10330 Thailand.
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o ' 1 Ay Y o a [e) ~ .
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WM 1 W% uduAy 2.0 va petroleum ether Lﬁil MM51299719 0.5 ¥a aliquot petroleum ether A28 9.5 ml
petroleum ether 1UEMABALTY 9 WU 1 WIT imMITzvedlegeasazats 1 vadiens lulasou
il amszdd Inemeseans 11 oy 0.75 va ded laamesoauaigiv
MmInNzHANITNTHveamamasealtluag (Jung et al., 1975)

MENAINTZUIUNST saponification PNEITAZANY ferric acetate/uranyl acetate 5 Yo aNUU
f0d19 linaaazd0e19mIATFIU 182 vortex WU 5 UF ‘v‘i1miwuum"’immimaﬁ’aﬂmmL%‘a 2,500
rpm WU 5 WH gamsateduuu 3 uaasluraoanaaead Ay sulfuric acid regent 2 UAH 9 for 5
min §1M5UYA0A blank tube UAIUNAUUDY 3.0 W@ ferric acetate/uranyl acetate solution LaE 2 W@
sulfuric acid reagent ﬁ1m‘5’3’@1mmfﬁ'u%’ueuaﬂmaﬁmaﬁaaiu”lﬂigmﬂﬂa%’ﬂmmi@@ﬂﬁuumﬁmm
gnau (L) 560 nm tazidhgasduiang

anuuYuveslnmanesoa (Un) = AUx CS
AS
Iﬂﬂ“ﬁ: AU = absorbance U83070814

AS = absorbance ﬂlﬂﬁiﬂ!ﬁﬁmﬂi@ﬁu”lﬁii"lu
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Ccs = anududuvedlamamosea (200 ¥A/100 Ua)
MINANZHMITDA

9
9y @

YoyaNIMuAveININAavaadluglues Mean = SD wazilFeusunNULANA1YD

U

[

AnndeNrnaaiumelunguinednuTneld paired t-test LAazAIWLANANVBIAURABTNTIIIAT

ReInuszriengu Taeld unpaired t-test
PISNARRIN 2

d
ANINARDIAZDINIS
dy 9 1 I SJQ' 1 1A ] 1 [IE-Y 4 .

nnwamsnaaoudosdu ngudive laisumsnaaeslulnliaie udeln luwug Hisex 01y 49
@ do o I J 09; @ 1 ' v
Al 144 dreeniilu 4 ngu q a2 4 91 9 az 4 @1 Taslinguneass 4 nquABNUAIUAY

~ Y 3’ % 1 Ao g’ @ Jd A A 1
(control) N1¥TITUNY (lard) ngunaaeanNiiuihavduluvwa 2, 3 wag 4% Aengu CPO1, CPO2

o w ~ 9 A [V = ] =) 19 49} Y
tag CPO3 mua1Ay 113N 1Enaasd (131N 4) GlgasemIasuRgINUMINaasulivdduy
9 dy [ 4 =\ v o Y] g 9 ] = [
wagldnandsauu 6 dlandt Taeliszezlliudd 2 dilamineuntinamaned wwAsINUNMINATLY
A A y N Y = v A
1 1 Tesaownneaswazomsiugulfiounumanaassi 1 Tasgasomsuaas 13 luasied
J a o’gl o I a 1A @

4 Tumsnaaeatininmsinszmiiuihasay lag HPLC WUN32AY Ol-tocopherol (398 ppm) 1az
Y-tocopherol (35 ppm) HAZIZAVUDN Ol-, Y- and O-tocotrienol 111 429, 738 and 94 ppm, AINAIAL
an
IBNAa0N

0 < os/' Qy [ o @ J o v W nm o 1A

Mmsnaasuiunamadu 8 ddamlae 2 dlaniusnifluszezalsuaa 1nlinnnquau

1 < 1 1 = 1 ] Y ] 3 3’ @

eI Aouuszeznanodlaglunaaznqunaaed In v 36 Aauniseomilu 4 419 az 9 @7

#1nl0 1 @ lundaznss uwumsnaaowaas 13 lugi 2
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d’ :’ Y d a 1 [y ] A
M13190 3 wammumuﬂmmmmmuTmaﬁmaiaa”lullmum (MINAADIN 1)

>3 n‘n:' >3 o‘na' >4 o’n:'
dUm1in 4 dUm19in 5 dUm11in 6
Parameter
Control CPO Control CPO Control CPO

Cholesterol
Conc. 301.75112.81 28311+ 1042 2752212077 283861381 277001 7.05 27854t 5.16
(mg/yolk weight)
Cholesterol
Conc. 18.89 £ 0.61 18.17+0.75 19.641 1.74 18.15+0.19 19.70 £ 0.28 17.67+£0.29
(mg/g yolk)

Mean £ SD, n=3
Control = lard 2% in diet, CPO = crude palm oil 2% in diet.

Cholesterol Conc. = cholesterol concentration



v J f "
M3199 4 09AUTLNO AT ETDINITVDIBIHITNAADIAN 9 TUMTNARDIN 2

a9nilsznan (%)

Control (DietI) CPO 1 (DietII) CPO 2 (Diet III)

CPO 3 (Diet IV)

1711 55.33 55.39 51.53 49.72
3ana 7.99 7.92 11.25 12.00
i 1Y 2.00 - - -
sifnhdudu - 2.00 3.00 4.00
mindamdes Tlsfu 44% 19.24 19.25 18.76 18.84
Yalu Tsau 60% 6.00 6.00 6.00 6.00
DL-methionine 0.05 0.05 0.05 0.06
Dicalcium phosphate (P18%) 0.93 0.93 0.91 0.90
Calcium carbonate 7.97 7.97 7.99 7.99
inde 0.23 0.23 0.23 0.23
Premix* 0.25 0.25 0.25 0.25
37U 100.00 100.00 100.00 100.00
1391113 (MIIAIIZH) Control CPO1 CPO2 CPO3
ME for Poultry (Kcal/kg.) 2750.00 2750.00 2750.00 2781.83
Crude Protein (%) 17.50 17.50 17.50 17.50
Crude Fat (%) 4.64 4.71 5.58 6.50
Crude Fiber (%) 3.75 3.74 4.01 4.06
Ca (%) 3.80 3.80 3.80 3.80
Total phosphorus (%) 0.72 0.72 0.76 0.76
Available phosphorus (%) 0.40 0.40 0.40 0.40
NaCl (%) 0.35 0.35 0.35 0.35
Lysine (%) 0.97 0.97 0.97 0.97
Methionine (%) 0.39 0.39 0.39 0.39
Methionine + Cystine (%) 0.65 0.65 0.65 0.65

* Commercial premix
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UHUHNUTAIYIINITNAADIAZNIUNADDY

9N UNAADI

@2 dlan)

¥2INADI

(6 dalan+)

Control
Diet 1 Diet I
CPO!
Diet I Diet II
CPO2
Diet I Diet III
CPO3
Diet I Diet IV
M3HUMIBENS
flanid
| | | | | | | | |
Flaini 2 3 4 5 6 7 8
- W - - - - - W
- DFlI DFI DFlI DFI DFI DFI DFI
- DFlI EPS EPS EPS EPS EPS EPS
- CS - - - CS CS CS
- YVS - - - - - YVS
- PVS - - - - - PVS
- AVS - - - - - AVS
- LVS - - - - - LVS
gﬂﬁ 2 uAUAINIARIMIIAUAIDE 1A 9 TuudasszeznaveInIsNaandi 2
W= s e

o R a d‘a a 1 [
DFI = ffunndsunuemsnnu (AR®ID 1 3U)

EPS = dN350MINMIIHAN 14 1aznsasaananin 1y

- Hen-Day Basis (HD; ﬁuﬁﬂnﬂﬁ’u)

Y v Y
- dhmin U @Fahwmiinuezduiinnniu)
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Y
- thmin la
- anuantumgved i
- dlainag
- Haugh unit
Y
- hwirin laiuag
Y
- shwirin lajann
Y
- shwitinilaen
3 o I A o 1% ]
CS = Lﬂ‘].l@]')'f]fﬂ\iLW@’Jﬂi%ﬂﬂiﬂlaﬁ!ﬂ@i@aiuqﬂllm\1
3 o 1 A o @ Aa A '
YVS = Lﬂﬁ@]’Ji’]EJNL‘W?J:]@53@]'”13@11]“@11!]151]“@\1
S W [ A o o a A v
PVS = Lﬂ']JGYJ'E)fl"l\ilW’f]”Jﬂ'i%ﬂ?Jhl:]@"IﬁJuf’JiuWﬂTﬁﬂJ”I
3w 1 A o [ a A g A &Y
AVS = l,ﬂ‘]JV’I’JEJEJ'NLW'O’Jﬂ53@U13@13Ju9‘1u!u@w@h161|ﬂu
3w 1 A o @ a A @
LVS = Lﬂ‘]JV’I’JE]ﬁJ'l\HW@’JﬂiZﬂ“UVl'J@'HJH’E—]‘IHQU
a d [y . ]
MIWBATITHHIITAU tocopherols AT tocotrienols LIy CHTTR! (Ikeda et al., 2001)
v Y
ﬁ'lﬂ'lﬁ‘]?\'lhlellllﬂilﬁﬂ 0.5 ﬂ%llla\11“'ﬂa’0WVIﬂa@\‘ll!gﬁlﬁﬂﬁuﬂa@ﬂﬁ'lulsﬁju%u 20 ﬂ%lll/aﬂi 0.1 ua
MuMBAITazaY 1 ua s1Ueail 60 n51/anT pyrogallol 1AL 2 A potassium hydroxide (600 A%/
A v Y
895) 1INTURINT vortex 1AL saponified N1 70%% 1Y 30 WA AN UAABANMTNTY 20 NFW/AATON
4.5 1@z ana tocopherols [i0i¥ tocotrienols @18 3 1A of hexane containing 10% (v/v) ethyl acetate 11013
[ [ Y
WYUIKIBIAIDE 1N 2,500 rpm WU 10 W1d gamrsazatelusu hexane (1 wa) ldvasanaaoudd
4
[ o a o [ 1 a
izmﬂﬁ}wmm‘luimmu AMNUUAY 1 YA F1992078 hexane 'Vnﬂ']'iaﬂfﬁﬁﬁ$a13ﬂ\1ﬂﬁ13ﬂiﬂ1m 20 !.,U
1[91AT04 HPLC (High performance Liquid Chromatography) (Ueda and Igarashi, 1987) Tumsnaaos
Y 9 [
ASAIIMIAUIUAT Recovery YDIANMYUYUUDY tocopherol 1A tocotrienol TAINIALIT% 1nT04ii0
a 4 1
1M 1AuA Shimadzu LC-10AS CLASS VP (Shimadzu, Tokyo, Japan) 8¢ Shimadzu RF-10AXL
o . v . :
fluorescence detector (excitation 298 nm, emission 325 nm) 1% analytical column Ao Develosil 60-5 (4.6
X 250 mm) 8¢ mobile phase 9 hexane containing 1% (v/v) dioxane 18 0.2% (v/v) isopropyl alcohol
Y ~ ~ a s Al o ' A a Yo 7
Iﬂﬂsqu flow rate 1 1 UA/HUINLULALLIANIATIZH 50 UINODNIDYIN lﬂilel’E]TNWllﬂllﬂi‘Uﬂ'J'lﬂJ'f)igLﬂi'l%W

1NFUIIIEINeINEAT 81a18 IWIAINTBINNINGED
a d (Y] . ] & A

MIWIAICHITAU tocopherols as tocotrienols Tunarasnuaziieee
szaulnlafseanazInlnlnsouea lunaiaan
o [ ] [ < o [ A a = o A
MM3ea0111s In WUseana 16 su newudega@ealsuna 2 ua 9110 vasaeamniln

A Aq 1 I~ o < o
(wing vein)H307A0 (jugular vein) Tuviaeanld 1% (w/v) EDTA sodium salt Wuasnu@eauds i

' . L . . :
msuenwaai I unTeanyuIeaNA1W57 3,000 rpm WM 10 WA Tdwaraii 200 U aglu
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v
1i00A Teflon coated screw-caps NUUAY 6% ehtanolic pyrogallol solution (1 ¥Q) ﬁmﬁquﬁ 1308018

=1

f 70%% 1 3 1 MMAuAIazaY 60% KOH (0.2 u@) uaz saponified 7 70°% W 30 W7
ﬁ’J’E]EiNWﬁ”Imhilzgﬂﬁﬁ’ﬂé}’m 10% ethyl acetate in n-hexane (3 4@) uazmum%mﬁmmﬁa 2,000 rpm
WY 10 W1N @ﬂmsazmﬂluﬁi?yu hexane (1 ¥a) adlunasanaasaaziinlduialasldme lulasouy
uaziAy 20 W ¥09a1582a10 n-hexane nouti1113ns1eH Iag HPLC system (Shimadzu LC-10AS
CLASS VP, Tokyo, Japan) Detection wavelength was used excitation 297 nm and emission 327 nm.
#1151 mobile phase 1% n-hexane/isopropyl alcohol (97:3 v/v) AueaT1 1 vaaniinazl#an 15 min
(Ueda and Igarashi, 1987).

szduinTatlseanazinlnlnssuealuiiomo (aéméa"lmﬁmmxé’fu)

sl lmeTaomsaane (191A 1 ddedn 14 drrongumaase) 19 1RdiFerfufuf
mizideatiedu eaemnsle 16 sudeunihd  shmsdlargeates  wuFes luumies
(abdominal fat) Favua 3o gy fmsdadieden 2 siaiusudn q vualszana 1 uw
ladedg19ay (100 un) Waziitoio lusiy (30 un) avlunaoa Teflon coated screw-capped centrifuge
ANEITAZAY 1% NaCl il saponification 103 6% Ethanolic pyrogallol (1 4@) and 60% KOH (0.2 @)
iaz saponified 1 70°% 1Y 60 VIR ANAITAZA1E 1% NaCl (4-5 wa) Junapanaaswdlaindae
71992918 n-hexane/ethyl acetate solution (3 ¥@) FUABINLITIA IUNAI1EaNT (Ueda and Igarashi, 1987).
msm’%aummzmﬂmmgm tocopherols t!aZ tocotrienols (AOCS, 1993)

OL-Tocopherol acetate standard stock solution

fol’qé’haeinmssli@u OlL-tocopherol acetate 10 n5ua31u volumetric flask Y119 100 VaLAZIAN
hexane JUD9TZAU 100 U mm%u@,ﬂmiazmﬂmmjgm 10 wa leaalu glass round-bottom flask 118
#5320 hexane ponTaeleaaaluTasou By 10 Ua methanol aaly flask Hioaza1e tocopherol
acetate. MM IAAINTgANAUIE (absorbance) YBIETAZABANNNGINAL 284 nm 7IN3
AuraAudNAUYE9 Ol-tocopherol acetate 4128 [Lg/ml 1Ag115A1 absorbance A28 0.0045
(extinction co-efficient).

Y- and 8-T0c0pherol standard stock solutions

HIMsIAToua15aZa 18015 §1UU04 Y- and O-tocopherol IFUIAYINY Ol-tocopherol ADUIA
&6 UV spectrometry funamaududuvesssazaemasgiulasldnnwenaduuas divisor
factors ANLLAAN:
298 nm Y-tocopherol = 0.0091

298 nm S-tocopherol = 0.0087
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MIMUIUAINNWYNYUVDS tocopherol 1A tocotrienol
Y

133191 OL-tocopherol ¥09A109819 (11178 Llg/g) Arudns lagail:

CxaxDx25
Axm
Where:
C = ANuAUIUUDIRIDE19UINTFIU Ol-tocopherol
A = AUNABUDY peak areas 71 14910 Ol-tocopherol YDIAIDEINIIATTIN
v A ~ Y [ L] ~
a = fURDYUDN peak areas Aldnn Ol-tocopherol UBINIBIWNNATOU
Y '
m = ninvesdlednnadoy
D = dilution factor IUSUMIATIUAIDY
mMsfumANuINduYes Y- ez O-tocopherol ludIvdeiuguRedny Ol-tocopherol
o = . v ll o L% Y1 @ T
szauInlnlasdusa (tocotrienol) Wosd08 198 I 1A laelda1 C tag A vodI9819IATTIU (C
9 a o .
uag A value Y93 Ol-, Y- and S-tocopherol standard 19 14n153R51EH Ol-, Y- and 8-tocotr1enol Tu
[ [ d' 1Y a A :’1 a d' a <Y 9 Y
AIDYN) (1999105 2A VU 1A UDNT 2 FUALBATIVIATIZHAY fluorescence detector 4d31¥a
[ Y A 9 ] 1 A o A dy A C% Y 9 ! 1
s i lduaasesnluniiie Ue/g liuas wiedy wieriewe luduriies daulusenaiei
weraslumiing ple/ml
a d Aaa
NIFAIUAIITHMNADN
) 3 = =} 1
VoyanIruAveINMINaasaadluglued Mean + SD waznlFsuMeunNuEANA1UDY
AnndeNraaiumelunguiaeInu Iaels Repeated Measurement in CRD 1aZAMULANAINYD
AunAsNT 1A URGINUTZHINNGUIA8lE One-Way Analysis of Variance (ANOVA) %13
= =} 1 A 1 o A o Y dd'y =) o 1 & 4 a A A
nSeuiisunmdonaazaINa1anuAIY Tukey test Tunsaindoyaiimsnszareas luiuldunAnioll
1 T W o = = 1 ~ 9 ax . .
amnnulsdsrulumnusimsSeuiieuannaeaieds non-parametric methods (Kruskral Wallis

]
o w =

18 ANOVA with repeated measure on ranks test). fMruUATZAUNed AN P<0.05 (Steel and Torrie,

9

1960).

a q
Wa Bzl
a dy 9 1 Aa Aa T v 1w [
Tuasei 2 awamsnaseuiesdn wuilsunuemsniuaedineiu Tunguaruguuas
[ i}g} v Jd A (= 1 [ = 1 d' :j v W 1 " Y
nguldigiuihavau lulianuuanannu uaz hifiwansznuademandeuntanimingala (lu'la
1 = o J 2 4 a 1 1 A A A 1 @ [ oA
ueraalumse) uRenulesisuananan lulunguaruguitesuinmany  luaeenngui
9121 Y Jd A ~ 1A = ~ 1 1 ' 9)3’ o S a [
Itiiuhduay (35190 1) salenlseuiisuszninnguatauuazngulfiniuihduay woa Tu

] P 1 9}:‘ % d a A S 3 4 a 1 1 1 = Y (=1
dlam® 5 waz 6 vesnquldiniuthdauauiwlesiduananaa liunniinguarugy e lull
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1 o aa < £ [l o I a a " v 1w
ANUuAnARNU IuNeadn (P > 0.05) Naw alurnedilamn 5 uag 6 Ysmamsnuaedine uves
1 g}oy Y d a 1 1 < Y 1 (= 1 1] aa
nquldidumhavdvunniinguatuguianiosua lulinnuuanaredulumeada
d‘ =y = 1 d' oy o [ 1 1 1 ] 3}:’ @ J A dl
wenSeuieuaundoiminwedlanuin  seuinnguaruguuazngulsiniuihauaun
] = [ 1 1% s 1 s;.f} o d a A ~ oy o 1 l
FrauaeIty wun ludlawin 3 uaz 6 vesngulmhduhavduliaudsinindeslduinna
nauAIuANedNltsd YN eada  (P<0.05) daumanuansumzyosdodly wu Agream
annumelunguideinuuazivinatdenuuaaenguiu lulianuuanaenu (P > 0.05) (15190
2)

[

lumsed 2 wamsasaviad liuas won WenlSeuieunywaiaenunelunguidenu

]
ISR =

A = o K] LY = 1 o o <3 Y 1 Slg} % d a aa
LmzmndnmmfJ:]ﬂu!,mmﬂﬂquﬂu"luummummdﬂu ﬁ]g'ﬁ\ilﬂ@!ﬁ]’iuulﬂ'J”Iiuﬂqui“]fu11luﬂ1allﬂﬂll'ﬁ
1 ~ 9 1 1 A = =~ @ v 12 1 [ and
hlsll!,mxﬁ/]Lﬂlllﬂ?]ﬂij‘ﬂﬂflﬂﬂumﬂlﬂﬁﬂﬂlﬂﬂﬂ%“ﬁ?ﬂl?ﬁ]mﬂ?ﬂu LLﬂJ’ﬂﬁ]g]lllllﬂ'ﬂllLMﬂ@n\iﬂ‘LlGI,U'VI”Nﬁﬂ@ﬂ
A 3 1 d,; A Yo v 9 a [ . Ay ¥ 1 A
AN 1/]Lﬂul“]fu‘L!’f]'li]ﬁ]$!H@\13J'lﬂi]'lﬂchﬁ]'luﬂuﬁﬁﬂﬂﬂa@\?u@ﬂlﬂuulﬂ @3U Haugh Unit Wa‘VlllﬂW'U'J'l 5\13)]
=~ ~ A 1 @ 1A [ uszl ' 1 9}3’ % I a 1
LﬂﬁEJ'IJLV]EJUVI%'J\T!'JEI'W]'NﬂUﬂ'IfJ‘luﬂ'ﬁ!lll,ﬂfnﬂu'ﬂ\‘lﬂprﬂ')llﬂMllagﬂ%jﬂcquu'luuﬂ'lanﬂﬂllﬂﬂﬂ'ﬂﬂ
1 @ ] = o A = ~ 1 1 J 3’ Y d a A = o
UANANNUY !%ulﬂﬂ’)ﬂ‘ﬂlﬂ'ﬂlﬂiﬂ‘ﬂl‘ﬂﬂﬂigﬂ’J'NﬂquﬂﬂﬂﬂMllﬁgﬂ%jﬂu'llluﬂ'laﬂﬂﬂ 2 % NINUAYINY
v ' v v
Tudwveuiminliuas  wunitrnawiumelunguidendu  Wengualuguuaznguldiniu
J a A g' o ] 1 1 @ A = [ 1 1 o ' [ s
ll'laﬂJﬂ‘UiJu'lﬁuﬂllsllllﬂ\‘lhlﬂl!ﬁﬂﬁ'Nﬂu UANTINIAUAYINULAANNUNY WL Gluﬁﬂﬂ’l?‘i‘ﬂ 5 L6
J 3' % I a = :I o Il J J ] @ o w aa
yosnguldiniuthavay Hiwin liuaswnnninquanuquedniiiedAgneana (P<0.05)
1 g’ o J a AA [ ! {
ﬁ')uWﬁGUﬂﬂu?ﬂuﬂ’mﬂﬂﬂﬂﬂﬁ@ﬁgﬂﬂiﬂlaﬁlﬂﬂiﬂa (G]’lﬁ’l\icﬁ 3) ﬂWﬂWﬁﬂWiﬂﬂﬁ@Qlﬁ@\‘]g]ju
1 o 1 mnm o 091’ 1 1 1 o o & o [
wunszay Taaamoesealuluuawwed]nling 2 nguliuanawiy lunnddemiiinudieds ms
~ oy o J A [ c' a A o Y a sld! 9 v A
LﬁﬁMuWiJuﬂ’m'JJﬂ‘Uiu@’lﬁWialuﬁgﬂ‘U 2% @1‘0%3@]1Lﬂ1‘lﬂ'}1‘ﬂﬂ$1/nﬂl‘ﬂLﬂﬂWﬁulﬂ ‘ﬁfﬂﬁ@ﬂﬂ@ﬁﬂﬂﬁlu3$ﬂﬂﬂ
£
U

E4 '
~

Y Y K g & Yy Yo o s a o
mﬂwamﬁ‘wﬂam‘n"l@“lumﬁmammemuu Lmﬂﬂ‘wmmwmﬂ%umuﬂmmummu 2%

[

= 1 a 9 d' 091 Y 1 ] d' o [
hlllﬂJNﬁﬂig‘VﬁJ@]f’)ﬂ?iﬂu"lﬂllﬁzﬂTiLﬂﬁﬂuLlﬂﬁﬁuTﬁuﬂ@]')ﬂlﬂ\?ulﬂllsll HASNTIANYIINUIN FUITONINNIT

a = 1 9 % v o I 1 [ 9 oy @ J a [ =\ 9 A
Nﬁ@]LLﬁ$ﬂmﬂTWulmﬂﬂQTﬂTii%llmNUﬁ@'JL‘]_IHLLTTﬁQWﬁ\‘NTu ms lsihduihasauszay 2 % Juur Tdun

wanszay Inmamosoalu liuasvesln lilaommz ludUanin Fufludlaigamovoams

6
=< Y 1 1 o aadg 19 Yo o d
naaed oL luuie parameter ’i]&’th‘JJﬂ'JTJJLmﬂﬁ%‘]ﬂuiu%%‘lﬁﬂﬁﬂﬁﬂJ uao ¥ Iudainaasy

dgl o Y I 1 Y aa 421
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ﬂqequ)
RYBLe seavlnmamesealuliuas (mgyolk)  seavlnaammesealulvuas
(mg/g yolk)

MaYauLY3 1 278.972 15.278

MaYIULY3 2 259.809 15.833

MYIULY3 3 265.583 15.417

Mean 268.12 15.51

SD (9.83) (0.29)

W13 1 261.338 16.111

31%13 2 267.610 17.500

31%13 3 268.822 17.222

Mean 265.92 16.94

SD (4.02) (0.74)

uasyu 1 286.094 17.361

uasilyu 2 287.191 16.944

uasyn 3 287.308 17.083

Mean 286.86 17.13

SD (0.67) (0.21)

NJUNN 1 270.721 16.898

NTANNA 2 264.706 17.222

NTANNA 3 284.050 16.667

Mean 273.16 16.90

SD 9.90) (0.29)

Tunsii 180 I 17 202.68 11.89

Rueni1siil CPO 4% (5.31) (0.58)
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HaznJUNWA (LLg / g yolk)

anududuves haiiudae ulduas (Ue/g yolk)

NN
Alpha-T Alpha-T3 Gamma-T Gamma-T3 Delta-T
MYIUYT 1 38.768 185.788 177.249 62.287 10.956
MQYIUYT 2 40.745 184.080 194.097 71.556 11.575
MYIULY3 3 40.413 183.345 191.006 54.736 12.091
Mean 39.98 184.35 187.45 62.86 11.54
SD (1.06) (1.33) (8.97) (8.43) 0.57)
T3 1 27.701 161.765 157.754 68.451 15.071
31%1J3 2 26.652 181.898 160.797 69.291 20.573
31913 3 23.099 181.090 160.637 69.608 14.113
Mean 25.82 174.92 159.73 69.12 16.59
SD (2.41) (11.40) (1.71) (0.60) (3.49)
uasilgy 1 19.748 273.190 161.398 20.255 1.508
uAslgu 2 20.061 204.772 172.877 26.612 1.005
uATUgu 3 23.099 164.880 200.902 25.837 1.032
Mean 20.97 214.28 178.39 24.24 1.18
SD (1.85) (54.78) (20.32) (3.47) (0.28)
NIAUNNA 1 24.268 234.234 181.150 49.822 2.682
NTUNNA 2 33.841 193.528 166.834 27.076 1.640
NFUNNA 3 23.099 164.546 157.509 53.112 1.447
Mean 27.07 197.55 168.50 43.34 1.92
SD (5.89) (34.85) (11.91) (14.18) (0.66)
JETERERT 44.64 221.38 299.56 125.34 83.54
RSN EEoY (0.50) (1.78) (0.58) (0.33) (1.01)

CPO 4%
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TRINRBALRBANILA (coronary heart disease) N1NTU IHUKANMINNITLTINARMATRE 1A
wamesesgy lilnldusdduiissiuraslanamesaafidauitgainlilipaniactung
Hialsrraanasmaenyala uaz atherosclerosis WU (Riemersma et al., 1991) ﬂq'guuu

- A - - ' [ 1

FadulimnanlanaafussAulrnamarasuscauAmnlnmnmseslslilaodiinis
saudasdnrusmnalnrumsreslaliuazWaruddgdunmimunaoninlili T

-

aydisesInEeinaaitauduRuirendtclamiiug uar antioxidant lunasdae

ﬁmaﬁama‘tﬁmfad coronary heart diseaseln (Riemersma et al., 1991) Jialal uaz Grundy
(1992) $1897191 MA@ lamiiudeiia Ol-tocopherol Hnalunisaaaanilasanisiia low-
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