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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. 
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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 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, 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 �-

tocotrienol concentration in egg yolk and the highest �-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 �-tocopherol, �- and �-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 II, 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 �-tocopherol, �- and �-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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������& Unit Control group (Diet I) CPO group (Diet II) 

"@��*�$ 

�#�"@�����$ 


�#���
A�Q 


�#���
��!��$�& 

��������A!��� *����
 44% 

�!��W
 *����
 60% 

DL-methionine 

Dicalcium phosphate 18% 

Calcium carbonate 

Salt 

Premix* 

Total batch 

% 

% 

% 

% 

% 

% 

% 

% 

% 

% 

% 

55.73 

6.60 

2.00 

0.00 

21.00 

5.00 

0.06 

1.14 

7.96 

0.26 

0.25 

           100.00 

55.61 

6.76 

0.00 

2.00 

20.96 

5.00 

0.06 

1.14 

7.96 

0.26 

0.25 

            100.00 


������� Unit Control group (Diet I) CPO group (Diet II) 

ME of Poultry 

Crude Protein 

Ash 

Crude Fat 

Crude Fiber 

Calcium 

Total phosphorus 

Available phosphorus 

NaCl 

Lysine 

Methionine 

Methionine + Cystine 

Choline 

Kcal/kg 

% 

% 

% 

% 

% 

% 

% 

% 

% 

% 

mg/kg 

% 

2,750 

17.50 

3.93 

4.58 

3.71 

3.80 

0.72 

0.40 

0.35 

0.96 

0.38 

0.65 

         1081.40 

 

2,750 

17.50 

3.95 

4.64 

3.72 

3.80 

0.73 

0.40 

0.35 

0.96 

0.38 

0.65 

          1081.98 

 

* commercial premix 



 10

������
�(�" 

 +#����B���
�#�A
��="'+��7��+����
 ;!�
#�
�JA�
�#�A
��="'�V!��	$���� (North and Bell, 1990).  


�#�A
��="'�V!��	 (����/7��)   =         
�#�A
��="'���+���A�$ 

                                                                           �#�
�
="'+���A�$  

    ����T"��	���-�#���(�" 

 +#����+$��&
����'���#�����"��="'*$	A	'�
!�>
G�B
�+����
�#���!��+��
����'���#������'�� � 

��
 11 ��$�&����;�' 1.060 ��� 1.104 +#����&�
+��
����'���#�����+����$�&
�#���!��U���="'+��+$��&!�	�	Q'>



�#���!�� ��?

'�
����'���#�����+��=$@ *$	+#����
#�
�J
'��V!��	"��
����'���#�����>
;�'!��!�'�+$!��

(Thompson and Hamilton, 1982).  

   
)(�"'�� 

 G�	A!����������$
����'���#����� +#�������="';!���$��="';$�*$	>B@��$��������
 (Roche 

Color Fan) �+�	&����&��="';$� ����;�'��$�& 1 (���A!���) �
��� 158 (��;$�)  (Vuilleumier, 1969). 

    Haugh unit 

 G�	A!����������$��="';$� +#����>B@ Haugh Unit Gauge (�Q�+�� 1) ��$
����Q�"��="'"��;!�


#�
�JA�
'� Haugh unit ����Q�� (Haugh, 1937). 

      Haugh Unit   =   100 log [ H – � G (30 W 0.37 – 100) +1.9 ]                                                                                   

                                                                             100 

 H  =  
����Q�"��="'"�� 

 G  =  32.2 (
'�
�+��) 

 W  =  
�#�A
��="' (����) 

 

 
 

���$)+ 1 G��;�$� Haugh Unit Gauge. 
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    ������
�(�"'�� 

 G�	A!�������$
'� Haugh unit ;	�="';$�������="'"��*$	>B@���;!�B���
�#�A
��="';$������A�


�#�A
��="';$��V!��	>
;�'!�U�#�  

 

                          
�#�A
��="';$��V!��	 (����)   =       
�#�A
��="';$�+���A�$  

                                                                                    �#�
�
="'+���A�$ 

 

����
��#�
�������6��6��������
�$������(�"'�������I) colorimetric  

Cholesterol extraction and saponification 

 +#�������$*
�!��+���!>
="';$�*$	��D�+�����&������� Bitman ;!� and Wood (1980) B���

����	'��="';$�+���@�;!@� 0.2 ���� (��JAGQ�� 100 � U 
�
 10 
�+�) !�>
A!�$+$!��;!� homogenized 

$@�	 4.5 �! petroleum ether-ethanol (2:1) ;!@���$$@�	 Teflon-lined screw cap +#���� vortex ����	'��="'

;$�
�
 3 
�+�;!�+���=�@>A@�	N
+����JAGQ��A@��
�
 18 B� ����
�#��!��
 1.5 �! ;!� vortex 
�
 1 
�+� >�'

A!�$>
�
�����A��
�A���	�+��
�����N� 2,500 rpm 
�
 10 
�+� ;	�$Q$���!�!�	�����J 2 �!>
 

petroleum ether phase ��������A	$@�	���U=
*����
 �������!�!�	 2.5% KOH �����J 2.5 �! &
 dried 

residue ;!@���'
+����JAGQ�� 60� U >
 water bath 
�
 60 
�+������ saponify cholesteryl ester ���
��
 +���=�@

>
�	N
 ���� 2.5 �! petroleum ether ;!� 2.5 �! 
�#��!��
>
A!�$+$!��+��������	'���	Q' �"	'�A!�$;�� � 


�
 1 
�+� ;!@����� 2.0 �! petroleum ether ����� +#����������� 0.5 �! aliquot petroleum ether $@�	 9.5 ml 

petroleum ether  �"	'�A!�$;�� � 
�
 1 
�+� +#�������A	����	'�����!�!�	 1 �!$@�	���U=
*����
 


#�=����
���A�*
�!��+���!�'�=� �+�	&��& 0.75 �! ����	'��*
�!��+���!������
  

���������#��������6��6��������
�$������(�"'�� (Jung et al., 1975) 

 G�	A!�����&�
��� saponification  �������!�!�	 ferric acetate/uranyl acetate 5 �! !�&


����	'��="';$�;!�����	'��������
 ;!@� vortex 
�
 5 
�+� +#����A��
�A���	����!�	$@�	
�����N� 2,500 

rpm 
�
 5 
�+� $Q$���!�	�'�
&
 3 �!!�>
A!�$+$!��;!@����� sulfuric acid regent 2 �!B@� � for 5 

min �#�A��&A!�$ blank tube ���'�
���"�� 3.0 �! ferric acetate/uranyl acetate solution ;!� 2 �! 

sulfuric acid reagent  +#������$
����"@�"@
"��*
�!��+���!>
="';$�*$	��$
'����$Q$�!�
;��+��
���

	��
!��
 (�) 560 nm ;!��"@��Q��$��;�$� 

           
����"@�"@
"��*
�!��+���! (��)   =                  AU x CS 

                                                                                                   AS 

*$	+��:  AU   =   absorbance "������	'�� 

 AS   =   absorbance "��*
�!��+���!������
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 CS   =   
����"@�"@
"��*
�!��+���! (200 ��/100 �!) 

���������#��$��
T�!� 

 "@��Q!+���A�$"�����+$!��;�$�>
�Q�"�� Mean ± SD ;!�����	&�+�	&
���;���'��"��


'��V!��	+��B'����!��'����
G�	>
�!�'��$�	���
*$	>B@ paired t-test ;!�
���;���'��"��
'��V!��	+��B'����!�

�$�	���
��A�'���!�'�*$	>B@ unpaired t-test  

���$����$)+ 2 



!��$����'�#����� 

 ����!���+$!���&�����@
 �!�'��Q@����	=$@��������+$!��>
=�'="'���� ;&'�=�'="'��
D�� Hisex ��	� 49 

���$�A��#�
�
 144 ��������?
 4 �!�'� � !� 4 U�#� � !� 4 ��� *$	���!�'�+$!�� 4 �!�'�
���!�'�
�&
�� 

(control) +��>A@
�#���
A�Q (lard) �!�'�+$!��+����
�#���
��!��$�&>
"
�$ 2, 3 ;!� 4% 
���!�'� CPO1, CPO2 

;!� CPO3 ���!#�$�& ��A��+��>B@+$!�� (�����+�� 4) 	��
����Q����A���B'
�$�	���&���+$!���&�����@
 

;!�>B@��!��!��	�
�
 6 ���$�A� *$	����	����&��� 2 ���$�A��'�
A
@���!�+$!�� �B'
�$�	���&���+$!��

+�� 1 *$	���
+��+$!��;!���A�����
��
>B@�A���
��&���+$!��+�� 1 *$	�Q����A��;�$�=�@>
�����+�� 

4 >
���+$!��
�����������
���A�
�#���
��!��$�&*$	 HPLC �&�'�����$�& �-tocopherol (398 ppm) ;!�             

�-tocopherol (35 ppm) ;!���$�&"�� �-, �- and �-tocotrienol �+'���& 429, 738 and 94 ppm, ���!#�$�& 

��I)$���� 

+#����+$!����?
��!�+������
 8 ���$�A�*$	 2 ���$�A�;����?
��	����&��� =�'="'+���!�'���


��A��
�&
�� �'�����?
��	�+$!��*$	>
;�'!��!�'�+$!����=�'="' 36 ���;&'������?
 4 U�#� � !� 9 ��� 

��=�'="' 1 ���>
;�'!���� ;�
���+$!��;�$�=�@>
�Q�+�� 2



  

13
 

!�
��

�$
)+  2

 �
!"

��



�#��
�


�
�!

��$
�&

�'�
�

��
��

G�
�

"�
�;

�'=
�';

!�

�J

G�
�

="
' (�

��
+

$!
��

+
�� 1

) 



�
��

�
�$

)+ 
Pa

ra
m

et
er

 

�!
�'�+

$!
��

 
1 

2 
3 

4 
5 

6 

��
��

�!(
�"(

�" 
(%

) 

C
on

tro
l 

C
PO

 

�
����

�

�(

�" 
(�

�
�
/%

��
) 

C
on

tro
l 

C
PO

 

��
��

T"�
�	

���
-

�#
 

C
on

tro
l 

C
PO

 

H
au

gh
 U

ni
t 

C
on

tro
l 

C
PO

 


)(
�"'

��
 

C
on

tro
l 

C
PO

 

�
����

�

�(

�"'
��

 (�
�
�

) 

C
on

tro
l 

C
PO

 

 

88
.5

7 
� 

2.
86

 

85
.0

0 
� 

9.
48

 

 

64
.7

0 
� 

0.
72

 

64
.2

8 
� 

1.
53

 

 

1.
08

8 
� 

0.
00

0 

1.
08

8 
� 

0.
00

0 

 

76
.5

9 
� 

7.
22

 

74
.7

0 
� 

 6
.4

1 

 

6.
00

 �
 0

.3
3 

7.
00

 �
 0

.3
3 

 

17
.8

5 
� 

1.
14

 

16
.1

9 
� 

1.
11

 

 

88
.5

7 
� 

1.
77

 

84
.2

9 
� 

2.
34

 

 

64
.3

8 
� 

1.
38

 

66
.7

8 
� 

0.
38

 

 

1.
10

0 
� 

0.
00

0 

1.
10

0 
� 

0.
00

0 

 

77
.9

5 
� 

1.
38

 

78
.6

0 
� 

1.
93

 

 

5.
00

 �
 0

.3
3 

6.
00

 �
 0

.8
8 

 

15
.4

0 
� 

0.
40

 

15
.4

5 
� 

0.
61

 

 

94
.2

9 
� 

1.
60

 

94
.2

9 
� 

1.
60

 

 

63
.7

7 
� 

0.
27

y  

66
.0

7 
� 

1.
51

x  

 

1.
08

9 
� 

0.
00

5 

1.
08

0 
� 

0.
00

2 

 

72
.7

2 
� 

4.
15

 

76
.2

8 
� 

4.
05

 

 

4.
00

 �
 0

.0
0 

6.
00

 �
 0

.0
0 

 

14
.9

8 
� 

0.
65

 

15
.7

4 
� 

0.
35

 

 

85
.7

1 
� 

1.
87

 

85
.7

1 
� 

2.
71

 

 

64
.0

5 
� 

0.
81

 

65
.5

1 
� 

1.
03

 

 

1.
09

5 
� 

0.
00

3 

1.
08

5 
� 

0.
00

4 

 

77
.4

3 
� 

5.
67

 

74
.5

0 
� 

7.
49

 

 

5.
00

 �
 0

.0
0 

5.
00

 �
 0

.5
8 

 

15
.9

7 
� 

0.
92

 

15
.5

8 
� 

0.
58

 

 

84
.2

9 
� 

3.
09

 

91
.4

3 
� 

5.
71

 

 

65
.2

0 
� 

0.
58

 

65
.3

0 
� 

0.
86

 

 

1.
08

7 
� 

0.
00

3 

1.
08

1 
� 

0.
00

3 

 

76
.2

5 
� 

1.
63

 

75
.2

6 
� 

2.
27

 

 

4.
00

 �
 0

.3
3 

5.
00

 �
 0

.0
0 

 

14
.0

1 
� 

0.
14

y  

15
.6

4 
� 

0.
32

x  

 

81
.4

3 
� 

2.
84

 

91
.4

3 
� 

1.
96

 

 

64
.1

7 
� 

0.
44

y  

66
.9

7 
� 

0.
89

x  

 

1.
08

5 
� 

0.
00

1 

1.
08

3 
� 

0.
00

1 

 

75
.3

5 
� 

1.
56

 

75
.5
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� 

1.
83

 

 

4.
00

 �
 0

.3
3 

5.
00

 �
 0

.3
3 

 

14
.0

6 
� 

0.
05

y  

15
.7

6 
� 

0.
23

x  

   
* 

M
ea

n 
� 

SD
, n

=3
  (

	�
��

@

��

��
!��

="
'=�

', n
=5

) 
x,

 y
  


'��
V!

��	+
�����

���
��

���
���

��!
N��

#��
�&

�'�
��

�

>


;

��

���>



��
A

�'�
��

!�'�
+

$!
��

�'�
��

�

 �

�
�
��

;�
��

'��
��


  (
P<

0.
05

). 

   
   

C
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l =

 la
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%

 in
 d

ie
t, 

C
PO

 =
 c

ru
de

 p
al

m
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il 
2%

 in
 d
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!����$)+ 3  �!"��
�#���
��!��$�&�'���$�&*
�!��+���!>
="';$� (���+$!��+�� 1)  

 

�������	
� 4 �������	
� 5 �������	
� 6 
Parameter 

Control CPO Control CPO Control CPO 

Cholesterol 

Conc.      

(mg/yolk weight) 

 

301.75�12.81 

 

283.11 � 10.42 

 

275.22 � 20.77 

 

283.86 � 3.81 

 

277.00 � 7.05 

 

278.54 � 5.16 

Cholesterol 

Conc. 

(mg/g yolk) 

 

18.89 � 0.61 

 

18.17 � 0.75 

 

19.64� 1.74 

 

18.15 � 0.19 

 

19.70 � 0.28 

 

17.67 � 0.29 

Mean � SD, n=3 

Control = lard 2% in diet, CPO = crude palm oil 2% in diet. 

Cholesterol Conc. = cholesterol concentration 
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!����$)+ 4 ��
������&;!������A��"����A��+$!���'�� �>
���+$!��+�� 2 

 

������#��� (%) Control (Diet I) CPO 1 (Diet II) CPO 2 (Diet III) CPO 3 (Diet IV) 

"@��*�$ 55.33 55.39 51.53 49.72 

�#����$ 7.99 7.92 11.25 12.00 


�#���
A�Q 2.00 - - - 


�#���
��!��$�& - 2.00 3.00 4.00 

��������A!��� *����
 44% 19.24 19.25 18.76 18.84 

�!��W
 *����
 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 

��!�� 0.23 0.23 0.23 0.23 

Premix* 0.25 0.25 0.25 0.25 

���      100.00       100.00       100.00         100.00 


������� (���������#��) Control CPO 1 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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'��J���'
��="�����$����'�#��:"�$���� 

="���"��$����                               ="��$���� 

                     (2 ���$�A�)                                    (6 ���$�A�) 

Control 

                               Diet I                                                  Diet I 

CPO1 

                               Diet I                                              Diet II 

CPO2 

                               Diet I                                              Diet III 

CPO3 

                               Diet I                                              Diet IV 

 

�����A�!
���"�� 

�������	
� 

 

    �������	
�1                2              3               4                     5             6              7                  8     
                        -               W               -               -                -                -              -                W                                   

                        -              DFI           DFI          DFI            DFI            DFI         DFI             DFI 

                        -              DFI           EPS         EPS           EPS           EPS        EPS            EPS 

                        -              CS              -               -                -               CS          CS             CS 

                        -              YVS            -               -                -                 -             -               YVS 

                        -              PVS            -               -                -                 -             -               PVS 

                        -              AVS            -               -                -                 -             -               AVS 

                        -              LVS            -               -                -                  -             -               LVS 

 

���$)+ 2  ;�
G��;�$������N&����	'���'�� � >
;�'!���	���!�"�����+$!��+�� 2  

   W     =  B���
�#�A
��;�'=�' 

   DFI   =  &�
+�������J��A��+����
 (
�$�'� 1 ��
) 

   EPS  =   �����G������!��="' ;!��������
�JG��="' 

  -  Hen-Day Basis (HD; &�
+��+����
)   

  -  
�#�A
��="' (B���
�#�A
��;!�&�
+��+����
) 
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  -  
�#�A
��="' 

  -  
����'���#�����"��="' 

  -  ��="';$� 

  -  Haugh unit 

  -  
�#�A
��="';$� 

  -  
�#�A
��="'"�� 

  -  
�#�A
����!���="' 

   CS   =    ��N&����	'���������$��$�&*
�!��+���!>
="';$�    

   YVS  =  ��N&����	'���������$��$�&=�����
��>
="';$�    

   PVS  =   ��N&����	'���������$��$�&=�����
��>
�!���'� 

   AVS  =   ��N&����	'���������$��$�&=�����
��>
�
����	���="��
 

   LVS  =   ��N&����	'���������$��$�&=�����
��>
��& 

���������#�����#�
� tocopherols '�# tocotrienols ��(�"'�� (Ikeda et al., 2001) 

 +#����B���="';$��$ 0.5 ����!�>
A!�$+$!��;!@�����
�#���!��
����"@�"@
 20 ����/!��� 0.1 �!

���$@�	���!�!�	 1 �! ��D�
�!+���� 60 ����/!��� pyrogallol ;!� 2 �! potassium hydroxide (600 ����/

!���) ���
��
+#���� vortex ;!� saponified +�� 70�U 
�
 30 
�+� ����
�#���!��
����"@�"@
 20 ����/!������ 

4.5 ;!����$ tocopherols ;!� tocotrienols $@�	 3 �! of hexane containing 10% (v/v) ethyl acetate +#����

A��
�A���	�����	'��+�� 2,500 rpm 
�
 10 
�+� $Q$���!�!�	>
B��
 hexane (1 �!) >�'A!�$+$!��;!@�

���A	$@�	���U=
*����
 ���
��
���� 1 �! ���!�!�	 hexane +#����V�$���!�!�	$���!'�������J 20 	l 

�"@��
����� HPLC (High performance Liquid Chromatography) (Ueda and Igarashi, 1987) >
���+$!��


����
�������
#�
�J
'� Recovery "��
����"@�"@
"�� tocopherol ;!� tocotrienol =$@�+'���&97% �
��������

���
���A�=$@;�' Shimadzu LC-10AS CLASS VP (Shimadzu, Tokyo, Japan) ;!� Shimadzu RF-10AXL 

fluorescence detector (excitation 298 nm, emission 325 nm) >B@ analytical column 
�� Develosil 60-5 (4.6 

x 250 mm) ;!� mobile phase 
�� hexane containing 1% (v/v) dioxane ;!� 0.2% (v/v) isopropyl alcohol 

*$	>B@ flow rate +�� 1 �!/
�+�;!���!����
���A� 50 
�+��'�����	'�� �
��������+���A�$=$@��&
����
��
���A�

����Q
	�����	��+	���������!�! ��Y�!���J��A���+	�!�	 

���������#���#�
� tocopherols '�# tocotrienols ��-��
�"�'�#��*����*+� 

    �#�
��$��%&���'�#�$��(!��)��� ��-��
�"� 

 +#�����$��A��=�'="'�����J 16 B� �'�
��N&����	'���!��$�����J 2 �! ��� A!�$�!��$$#�+���:� 

(wing vein)A���+��
� (jugular vein) >
A!�$+��>�' 1% (w/v) EDTA sodium salt ��?
�����
�!��$;"N� +#�

���;	��!���'�*$	�"@��
�����A��
�A���	�+��
�����N� 3,000 rpm 
�
 10 
�+� >�'�!���'� 200 	l !�>




 

 

18

A!�$ Teflon coated screw-caps ���
��
���� 6% ehtanolic pyrogallol solution (1 �!) +#������'
���!�!�	

+�� 70�U 
�
 3 
�+� ���
��
�������!�!�	 60% KOH  (0.2 �!) ;!� saponified +�� 70�U 
�
 30 
�+�  

����	'���!���'����Q����$$@�	 10% ethyl acetate in n-hexane (3 �!) ;!�A��
�A���	�+��
�����N� 2,000 rpm 


�
 10 
�+� $Q$���!�!�	>
B��
 hexane (1 �!) !�>
A!�$+$!��;!�+#�>A@;A@�*$	>B@���U=
*����
 

;!����� 20 	l  "�����!�!�	 n-hexane �'�

#�=����
���A�*$	 HPLC system (Shimadzu LC-10AS 

CLASS VP, Tokyo, Japan) Detection wavelength was used excitation 297 nm and emission 327 nm. 

�#�A��& mobile phase >B@ n-hexane/isopropyl alcohol (97:3 v/v) $@�	����� 1 �!/
�+�;!�>B@��!� 15 min 

(Ueda and Igarashi, 1987). 

  �#�
��$��%&���'�#�$��(!��)�������*����*+� (��*����*+�(��
�'�#!
�) 

  +#����+#�>A@=�'��	*$	���$��
� (>B@=�' 1 ����'�U�#� ��4 ����'��!�'�+$!��) >B@=�'����$�	���
��&+��

�����!��$"@���@
 �$��A��=�' 16 B��'�
A
@�
�� +#�������$�'�B'��+@�� ��N&����	'��="��
A
@�+@�� 

(abdominal fat) +���A�$ ����������	'����& +#������$�
����	���+��� 2 B
�$��?
B��
�!N� � "
�$�����J 1 ��

>�'����	'����& (100 ��) ;!��
����	���="��
 (30 ��) !�>
A!�$ Teflon coated screw-capped centrifuge 

�������!�!�	 1% NaCl  ����� saponification ���� 6% Ethanolic pyrogallol (1 �!) and 60% KOH (0.2 �!) 

;!� saponified +�� 70�U 
�
 60 
�+�  �������!�!�	 1% NaCl (4-5 �!) >
A!�$+$!��;!@����$$@�	

���!�!�	 n-hexane/ethyl acetate solution (3 �!) �B'
�$�	���&��D���$>
�!���'� (Ueda and Igarashi, 1987). 

����!�)��
���#�����!�\�� tocopherols '�#  tocotrienols (AOCS, 1993) 

 �-Tocopherol acetate standard stock solution 

 B�������	'��������
 �-tocopherol acetate 10 ����!�>
 volumetric flask "
�$ 100 �!;!�����

hexane �
�����$�& 100 �! ���
��
$Q$���!�!�	������
 10 �! >�'!�>
 glass round-bottom flask ;!�

+#�������A	 hexane ���*$	>B@���U=
*����
 ���� 10 �! methanol !�>
 flask �����!�!�	 tocopherol 

acetate.          +#������$
'����$Q$�!�
;�� (absorbance) "�����!�!�	+��
���	��
!��
 284 nm +#����


#�
�J
����"@�"@
"��  �-tocopherol acetate  A
'�	 	g/ml  *$	A��
'� absorbance $@�	 0.0045 

(extinction co-efficient).  

 �- and  �-Tocopherol standard stock solutions 

 +#��������	����!�!�	������
"�� �- and �-tocopherol  �B'
�$�	���& �-tocopherol  �'�
��$

$@�	 UV spectrometry  
#�
�J
'�
����"@�"@
"�����!�!�	������
*$	>B@
���	��
!��
;!� divisor 

factors $��;�$�:  

             298 nm �-tocopherol    =   0.0091 

             298 nm �-tocopherol    =   0.0087 
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����������"�������6��6���� tocopherol '�# tocotrienol  

  �����J �-tocopherol "������	'�� (A
'�	 	g/g) 
#�
�J=$@$��
��: 

  

          C x a x D x 25 

     A x m 

Where: 

     C   =   
����"@�"@
"������	'��������
 �-tocopherol  

     A   =   
'��V!��	"�� peak areas +��=$@��� �-tocopherol "������	'��������
 

     a   =    
'��V!��	"�� peak areas +��=$@��� �-tocopherol "������	'��+��+$��& 

     m  =    
�#�A
��"������	'��+��+$��& 

     D  =   dilution factor �#�A��&�������	�����	'��  

 ���
#�
�J
'�
����"@�"@
"�� �- ;!� �-tocopherol >
����	'��+#��B'
�$�	���& �-tocopherol   

��$�&*+*
=����
�! (tocotrienol) "������	'��
#�
�J=$@*$	>B@
'� C ;!� A "������	'��������
 (C 

;!� A value "�� �-, �- and �-tocopherol standard >B@>
������
���A� �-, �- and �-tocotrienol >


����	'��) �
���������$�&"��=�����
��+��� 2 B
�$������������
���A�$@�	 fluorescence detector ;!@�>A@
'�

�+'���
 
'�+��=$@;�$����>
A
'�	 	g/g ="';$� A�����& A����
����	���="��
A
@�+@�� �'�
>
��	�!���'�

;�$�>
A
'�	 	g/ml  
���������#��$��
T�!� 

 "@��Q!+���A�$"�����+$!��;�$�>
�Q�"�� Mean ± SD ;!�����	&�+�	&
���;���'��"��


'��V!��	+��B'����!��'����
G�	>
�!�'��$�	���
*$	>B@ Repeated Measurement in CRD ;!�
���;���'��"��


'��V!��	+��B'����!��$�	���
��A�'���!�'�*$	>B@ One-Way Analysis of Variance (ANOVA) +#����

����	&�+�	&
'��V!��	;�'!����+���'����
$@�	 Tukey test >
��J�+��"@��Q!����������	���=�'��?
*
@�����A�����


'�
���;�����
=�'�+'���
+#��������	&�+�	&
'��V!��	$@�	��D� non-parametric methods (Kruskral Wallis 

;!� ANOVA with repeated measure on ranks test). �#�A
$��$�&
�	�#�
�K+�� P<0.05 (Steel and Torrie, 

1960). 
 

�� '�#��	���� 

 >
�����+�� 2 ����!���+$!���&�����@
 �&�'������J��A��+����
�'�����'���
 >
�!�'�
�&
��;!�

�!�'�>B@
�#���
��!��$�&=�'��
���;���'����
 ;!�=�'���!���+&�'������!��	
;�!�
�#�A
�����=�' (=�'=$@

;�$�>
�����) �B'
�$�	���&������UN
���!�!��="'>
�!�'�
�&
��������+�	&+����!��'����
 =�'�'������!�'�+��

>A@
�#���
��!��$�& (�����+�� 1) ;�'���������	&�+�	&��A�'���!�'�
�&
��;!��!�'�>B@
�#���
��!��$�& �&�'� >


���$�A�+�� 5 ;!� 6 "���!�'�>B@
�#���
��!��$�&��������UN
���!�!��="'�����'��!�'�
�&
�� ���;�@�'���=�'��
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���;���'����
>
+������� (P > 0.05) �N��� U���>
B'�����$�A�+�� 5 ;!� 6 �����J�����
�'�����'���
"��

�!�'�>B@
�#���
��!��$�&�����'��!�'�
�&
���!N�
@�	;�'=�'��
���;���'����
>
+������� 

���������	&�+�	&
'��V!��	
�#�A
��7��="'�&�'� ��A�'���!�'�
�&
��;!��!�'�>B@
�#���
��!��$�&+��

B'����!��$�	���
 �&�'� >
���$�A�+�� 3 ;!� 6 "���!�'�>B@
�#���
��!��$�&��
'��V!��	
�#�A
��7��="'�����'�

�!�'�
�&
���	'����
�	�#�
�K+������� (P<0.05) �'�

'�
����'���#�����"��7��="' �&�'� +��B'����!�

�'����
G�	>
�!�'��$�	���
;!�+��B'����!��$�	���
;�'�'���!�'���
=�'��
���;���'����
 (P > 0.05) (�����+�� 

2) 

 >
�����+�� 2 �!���������$��="';$� �&�'� ���������	&�+�	&+��B'����!��'����
G�	>
�!�'��$�	���


;!�+��B'����!��$�	���
;�'�'���!�'���
=�'��
���;���'����
 ���������AN
=$@�'�>
�!�'�>B@
�#���
��!��$�&����

="';$�+���"@���'��!�'�
�&
�����������	&�+�	&+��B'����!��$�	���
 ;�@�'���=�'��
���;���'����
>
+��������N

��� +����?
�B'

��������
����������>B@�#�
�
�����+$!��
@�	���
=� �'�
 Haugh Unit �!+��=$@�&�'� �����

����	&�+�	&+��B'����!��'����
G�	>
�!�'��$�	���
+����!�'�
�&
��;!��!�'�>B@
�#���
��!��$�&=�'��
���

;���'����
 �B'
�$�	���&���������	&�+�	&��A�'���!�'�
�&
��;!��!�'�
�#���
��!��$�& 2 % +����!��$�	���
 

>
�'�
"��
�#�A
��="';$� �&�'�+��B'����!��'����
G�	>
�!�'��$�	���
 +����!�'�
�&
��;!��!�'�>B@
�#���


��!��$�&��
�#�A
��="';$�=�';���'����
 ;�'+��B'����!��$�	���
;�'�'���!�'���
 �&�'� >
���$�A�+�� 5 ;!�6 

"���!�'�>B@
�#���
��!��$�& ��
�#�A
��="';$������'��!�'�
�&
���	'����
�	�#�
�K+������� (P<0.05)   

 �'�
�!"��
�#���
��!��$�&+�����'���$�&*
�!��+���! (�����+�� 3) ����!���+$!���&�����@


�&�'���$�& *
�!��+���!>
="';$�"��=�'="'+��� 2 �!�'�=�';���'����
 >
+�����$�A�+����N&����	'�� ���

�����
�#���
��!��$�&>
��A��>
��$�& 2% �������#����
��'�+����+#�>A@���$�!=$@ U����@��+$��&>
��$�&+��

�Q�"��
  

 ����!���+$!��+��=$@>
���+$!���&�����@

�� ;�$�>A@�AN
�'����>B@
�#���
��!��$�&+����$�& 2% 

=�'���!���+&�'������
=$@;!������!��	
;�!�
�#�A
�����"��=�'="' ;!�+���#�
�K	���&�'� �����G�����

�!��;!�
�JG��="'$���'����>B@="��
�������?
;A!'��!����
 ���>B@
�#���
��!��$�&��$�& 2 % ��;
�*
@�+��

��!$��$�&*
�!��+���!>
="';$�"��=�'="'*$	�V���>
���$�A�+�� 6 U�����?
���$�A���$+@�	"�����

+$!�� ���;�@�'�>
&�� parameter ��=�'��
���;���'����
>
+��������N��� ;�'�@�>B@�#�
�
�����+$!��

���"��
�����+#�>A@�AN

���;���'����
>
+����������"��
 

 $��
��
���
#��!���+$!���&�����@
+��=$@
�����#�A
$��D����+$!�����������>A@=$@��$�&"��
�#���


��!��$�&+��=�'���!���+&�'������G������!��;!�
�JG��="' ������!$��$�&*
�!��+���!;!�

���������������J tocopherol ;!� tocotrienol >
="';$�>A@=$@�Q�+����$;!��	'���A����� ;!������

���������������"�� tocopherol ;!� tocotrienol �'��	Q'+��&����J�
����	���>$&@��>
=�'="'  

��������+�� 5 �&�'���������
�#���
��!��$�&+����$�&=�'+#�>A@�������!��	
;�!�
�#�A
�����"��=�'

="'+��;���'������!�'�
�&
�� ��������
�#���
��!��$�&=�'+#�>A@
'��@�	!�"�����="' (% Hen-Day) �'�����
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�!�'�
�&
���	'����
�	�#�
�K (�����+�� 6) ;�'��������
�#���
��!��$�&>
��$�& 4 % ��;
�*
@�+����+#�>A@ % 

���="' �Q���'��!�'�+$!�����
�B'
>
���$�A���$+@�	"�����+$!�� 

 >
�����+�� 7 ��������
�#���
��!��$�&>
+����$�&=�'���!�'������J��A��+��=�'="'��
 �#�A��&


�#�A
��="'
��
 ����;�'���$�A�+�� 3 "�����+$!�� �&�'�=�'="'+��=$@��&
�#���
��!��$�&>
��$�& 4 % (CPO3) 
��
�#�A
��="'+���Q���'��!�'����
� �	'����
�	�#�
�K (P < 0.05) ������+�	&
�#�A
��="'>
B'�����$�A��'��� >
�!�'�

+��=$@��&
�#���
��!��$�& 3 ;!� 4% �&�'�
�#�A
��="'�������"��
>
���$�A�+�� 4 5 ;!�6 �	'����
�	�#�
�K�+�	&

��&�������������+$!�� �
������$�A�+�� 3 �#�A��&
'� FCR 
�������+D�G��>
�����!��	
��A����?
="'����
'�

��#���$ (>B@��A��+����

@�	�����>A@=$@="'�#�
�
���) >
���$�A�+�� 3 "�����+$!�� �!�'�+��=$@��&
�#���
��!��

$�& 4% ����
'���#�+����$ U�����;���'���	'����
�	�#�
�K��&�!�'����
� ;!�����;�'���$�A�+�� 3-6 
'� FCR ����#�

��'��������������+$!���	'����
�	�#�
�K (P < 0.05) ;�$�>A@�AN
�'�
�#���
��!��$�&+����$�& 4% ���!�����


�#�A
��="'����Q���'��!�'����
� >
"J�+�������J��A��+����
=�';���'����
>
�!�'�+$!��+���A�$ >
���

+$!��
��=$@�����
#�
�J�@
+�
����!���'�="' 1 ��>
���$�A���$+@�	"�����+$!�� *$	���{���	+��

����	�"@��
�������J��A��+��=�'��
�'����$�A� �@
+�

'���A��=�'�'� 1 �� 
�#�A
��7��="' ;!������;!�="' 

�&�'��@
+�
����!��="'�'� 1 �� (
�$�V���
'���A��) >
�!�'�
�&
�� CPO 1, CPO 2 ;!� CPO 3 ��
'�

�+'���& 20.25, 20.25, 19.95 ;!� 19.35 &�+�'�="=�' 1 �� ���!#�$�&  

 >
�����+�� 8 ��������
�#���
��!��$�&=�'���!�'�
����'���#�����"��="' ;!� 
'�B����$
�JG��"��

="'"�� (Haugh unit) ������+�	&��&�!�'�
�&
��  ;�'�&�'���"��="';$�>
�!�'�+��>A@
�#���
��!��$�&>
��$�& 4 

% �������"��
�	'����
�	�#�
�K������+�	&��&��������+$!�� >
���$�A�+�� 3 ��?
�@
=� �
��
'��Q���$ (7.75 ± 

0.46) >
���$�A�+�� 5 "�����+$!�� ;!�����;�'���$�A�+�� 3 ��?
�@
=� ��="';$�>
=�'+��=$@��&
�#���
��!��$�&

>
��$�& 4 %���Q���'��!�'�+$!�����
� �	'����
�	�#�
�K (P < 0.05) 
�����
����="';$�����;�'���$�A�+�� 3 ���

���$�A�+�� 6 "�����+$!���������'��������������+$!��;!����$�A�+�� 1 �	'����
�	�#�
�K(�Q�+�� 3) ��="';$�

+���Q�"��
��?
�!���������� carotene ;!�=�����
��U�������$�&�Q�>

�#���
��!��$�& ;�@�'�>
���+$!��
��

=�'=$@��������������>
��A�� ;�'="';$�+��=$@����!�'�+�������
�#���
��!��$�& 4% ����>�!@�
�	���&="';$�>


+@���!�$+���������������� 

 >
�����+�� 9 ��������
�#���
��!��$�&"
�$ 3 ;!� 4 % ��B'�	�����
�#�A
��="'�	'����
�	�#�
�K�����

�+�	&��&�!�'�+��=$@��&
�#���
A�Q ;!��!�'�+��=$@��&
�#���
��!��$�&"
�$ 2 % ����;�'���$�A�+�� 4 "�����+$!�� 

;!�>
�!�'�+��=$@��&
�#���
��!��$�&"
�$ 4 % ���������
�#�A
��="'������	'����
�	�#�
�K����;�'���$�A�+�� 3 "��

���+$!��������+�	&��&�������������+$!�� (�Q�+�� 4) U���
�#�A
��="'+�������"��
��?
�!�����
�#�A
��="';$�+��

�����"��
 U����!��
!@�	��&
'�
�#�A
��="'+�������"��
 ��������
�#���
��!��$�& =�'���!�'�
�#�A
��="'"��;!�


�#�A
����!���="' ��������"��
"��
�#�A
��="';$�;!�
�#�A
��="'��?
�!�������$�&="��
>
��A��+�������

�Q�"��
>
�!�'� CPO2 ;!� CPO3 >
���+$!��
����$�&�!����
>
��A��=�'��>�!@�
�	���
>
�!�'�+$!��

����&+���!�'� 	���@
>
�!�'� CPO3 U����Q���'��!�'����
�!N�
@�	 ��$�&="��
 (crude fat) >
��A����
'� 4.64 
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4.71 5.58 ;!� 6.5% >
�!�'�
�&
�� CPO1 CPO2 ;!� CPO3 ���!#�$�& +#�>A@�����J="��
+��=�'>
�!�'� 

CPO2 ;!� CPO3 ��
'��Q���'��!�'����
� �!���+$!��
����$
!@����& Bohnsack  ;!� 
J� (2002) +���!'��

�'�
�#�A
��="'�������"��
����������J="��
>
��A�������"��
 �B'
�$�	���& Sohail et al. (2003) +���!'������!

"��="��
>
��A���'�
�#�A
��="' 

 ��������+�� 10 �&�'���������
�#���
��!��$�&��$�& 4 %��������@�	!�"��="';$�>
7��="'�	'����


�	�#�
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����!���+$!��>
�����+�� 11 =�'��
���;���'����
"����$�&*
�!��+���!>
="';$� (��/


�#�A
��="';$� ;!� ��/����="';$�) "��="'���+����!�'�
�&
��;!��!�'�+�������=�'+��=$@��&
�#���
��!��$�&

+���!�'�>
���$�A�;��"�����+$!�� >
�!�'�
�&
����$�&*
�!��+���!>
="'����������"��
�����'��!�'�+��

=$@��&
�#���
��!��$�&����;�'���$�A�+�� 4 ��� 6 �	'����
�	�#�
�K+������� *$	�&�'�="'����!�'�+�������
�#���


��!��$�& 4% ��*
�!��+���!��#�+����$������+�	&��&�!�'����
� >
���$�A�+�� 5 ;!� 6 "�����+$!�� ="'���

�!�'�+��=$@��&
�#���
��!��$�&+���!�'�����$�&*
�!��+���!��#���'��!�'�
�&
���	'����
�	�#�
�K+������� 

(P<0.05) (�Q�+�� 6) 

 =�'="'+��=$@��&��A��+����
�#���
��!��$�& 4% 
�
 28 ��
 ����@��="'+������$�&*
�!��+���!>
="'

;$�!$!���� 36% ;!�����$�&!$!��A!���V!��	 202.68 �� >
���$�A�+�� 6  U�����$�&*
�!��+���!$���!'�

�����
'���#���'���	��
���>B@	�B
�$�'��� >
���!$��$�&*
�!��+���!+��+#�>
�'������+��B'
 lovastatin 

A��� provastatin ���	��� (Arad et al., 1990, Elkin and Rogler, 1989) �+D��>
���!$*
�!��+���!"��


�#���
��!��$�&���$������	�&	�����
=U�� HMG-CoA reductase +����&��
��?
�!��� isoprenoid side-chain  

+���&>
=�����
�� B
�$*+*
=����
�!�+'�
��
 HMG-CoA reductase ��?
��
=U���#�
�K>
�����!��	
 

HMG-CoA ��?
 mevalonate ;!� cholesterol      �&�'� �-tocotrienol ���+D��>
���	�&	�����
=U�� HMG-

CoA reductase �����'� �-tocotrienol �����
="';$�+������$�& �-tocotrienol �����
="';$�+������$�&*+*


=����
�!�Q�	��B'�	!$*
�!��+���!>
�!��$=$@*$	���	�&	�����
=U�� HMG-CoA reductase (Qureshi et 

al., 1989) U�����?
���*	B
�>
�
��	�+������$�&*
�!��+���!�	Q'>
��J���Q� U����+D��>
���!$*
�!��+�

��!>
�!��$���&
@�	��'�>
=�����
��B
�$*+*
7:��! 
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="';$�"��=�'�!�'��'�� � >
���$�A��$�	���
 +����������#���&�'����
 ��


���;���'����
�	'����
�	�#�
�K (P<0.05).   
a, b, c  
'��V!��	"��*
�!��+���!>
="';$�"��=�'�!�'��$�	���
+��B'����!��'�� � ��
 +����������#���&�'����
 ��
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�	'����
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�K (P<0.05).   
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����������
���������!"��#�
� tocopherol '�# tocotrienol ��!
� 

 ��������+�� 12 =�'+��=$@��&��A���!�'�
�&
������$�& �-tocopherol ;!� �-tocopherol >
�
�����&

�Q���'��!�'����
� �	'����
�	�#�
�K (P<0.05)  �����
"@����&��$�& �-tocopherol +���&�Q�+����$ (P<0.05) >


=�'+��=$@��&
�#���
��!��$�& 4 %  ����������J������$�&*+*
7:��!���(�-, �- ;!� �- tocopherol) �&�'���


'������$>
�!�'�
�&
��*$	����$�&>
;�'!��!�'�$��
�� 144.88, 69.04, 42.23 ;!� 67.23 	g/g  ���!#�$�&>


�!�'� control, CPO1, CPO2 and CPO3 *$	 �-tocopherol  ��?
���A!��+���&>
��&"��=�' (�Q�+�� 7) 

>
=�'+��=$@��&
�#���
��!��$�& 4 % ������$�& �-Tocotrienol >
��&��#���'��!�'����
� �	'����


�	�#�
�K (P<0.05)  �'�
��$�&"�� �-Tocotrienol (34.42 	g/g) ��
'��Q�+����$>
=�'�!�'�
�&
��U��������


"@����& �-tocotrienol (6.40 	g/g) +���&�'���
'��Q���$>
�!�'�+��=$@��&
�#���
��!��$�& (�Q�+�� 8) ��$�&*+*


=����
�!���>
�!�'� control ;!� CPO1 (61.86 and 61.81 	g/g, ���!#�$�&) ��
'��Q���'��!�'����
 �&�'� �- 

;!� �-tocotrienol ��?
=�����
��B
�$*+*
=����
�!+���&��?
A!��>
��& 
��&��?
���	��+��+#������!��	
;�!�����&�!�U��"��=�����
��U���$Q$U������@����&*��!��!="��


>
+���$�
��A�� >
=�' ���$Q$U��="��
���'�
��+��A!�$�!��$$#� hepatic portal vein ;!��"@��Q'��& U���

�'�����>
�����$Q$
� U���="��
;!�=�����
+��!�!�	>
="��
+��B
�$���'�
+��+'�
�#��A!���"
�$�!N�>


��!=! (lacteal duct) ;!� �"@��Q'��&&�!��$+����&>
G�	A!�� �'�
>AK'"��=�����
��B
�$ tocopherol ���&

���>
��&"��=�'�!�'�
�&
�������'��!�'�+�������$@�	
�#���
��!��$�& ���V��� �-tocotrienol �+'�
��
+����

�����J�Q�>
��&>
=�'+��=$@��&
�#���
��!��$�& 
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�������	
���

������������������������������������������
 ��
 
 ;�'=�'+��=$@��& CPO 2% ����$�& �-tocopherol >
�!���'��Q���'��!�'����
 � �	'����
�	�#�
�K+��

����� (P<0.05) �'�
 �-Tocopherol (30.21 	g/ml) ;!� �-tocopherol (10.73 	g/ml) ���Q�+����$>
=�'+��

=$@��&
�#���
��!��$�& 3%  (�����+�� 13) �����$Q��$�& tocopherol ���+���A�$�&�'� =�'�!�'�+��=$@��&
�#���


��!��$�& 2% ��
'��Q�+����$������+�	&��&�!�'����
 � ��$�& tocopherol >
�!�'� CPO1, CPO2, control ;!� 

CPO3 ��
'� 98.48, 75.87, 50.55 ;!� 33.59 	g/ml ���!#�$�& *$	 �-tocopherol ��?
=�����
��B
�$*+*
7:

��!+���&��?
A!��>
�!���'�"��=�' (�Q�+�� 9) ��$�& �-Tocotrienol (11.03 	g/ml) >
�!���'�"��=�'+��

=$@��&��A��+�������$@�	 CPO 3% ��
'��Q���'��!�'����
 � (P<0.05) �'�
��$�& �-Tocotrienol (30.28 	g/ml) 

;!� ��$�&*+*
=����
�!��� (34.19 	g/ml) >
=�'+��=$@��&
�#���
��!���Q���$ (4%) ����
'��Q�+����$ (�Q�+�� 

10)>
+�������
"@�� ��$�& �-Tocotrienol (4.77 	g/ml) "��=�'="'�!�'�
�&
����
'��Q���'�=�'�!�'�+��=$@��& 

CPO  �!���'���?
����!��>
���"
�'�=�����
��B
�$�'��� =�����
����	��� A������	�� ��������
�#���


��!��$�&+#�>A@�� �-tocopherol >
 �!���'��Q���'�B
�$���
 �  
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����������
���������!"��#�
��$��%&���'�#�$��(!��)�����(�"'�� 

 $��;�$�>
�����+�� 14 =�'="'+��=$@��&
�#���
��!��$�&>
��$�&�Q�+����$ (4%) >A@="';$�+������$�& �-

tocopherol ;!� �-tocopherol (P<0.05) >
="';$������'��!�'����
� �	'����
�	�#�
�K>
���$�A�+�� 6 "�����

+$!�� >
+�������
"@�� =�'="'+��=$@��& CPO ����$�&"�� �-tocopherol ��#�+����$(P<0.05) ��$�&*+*
7:

��!��� (�-, �- ;!� �- tocopherol) >
=�'�!�'�+��=$@��&
�#���
��!��$�& 3% ��
'��Q�+����$������+�	&��&�!�'�

���
� *$	��$�&*+*
7:��!�����
'��+'���& 436.11, 484.21, 443.65 ;!� 428.26 	g/g (�Q�+�� 11) >
�!�'� 

control, CPO1, CPO2 ;!� CPO3 ���!#�$�& �&�'� �-tocopherol ��?
�Q�;&&"��=�����
��+���&>
="';$�

���+����$ 

>
�Q�+�� 12 ��$�& �-Tocotrienol >
="';$�"���!�'�+$!��+��=$@��&
�#���
��!��$�&�Q���'��!�'�


�&
���	'����
�	�#�
�K(P<0.05). �-Tocotrienol (141.51 	g/g yolk) ;!� �-tocotrienol (2.01 	g/g yolk) 

>
;�'=�'+��=$@��& 3% CPO ��
'��Q�+����$������+�	&��&�!�'����
 � (P<0.05) ��$�&*+*
=����
�!���>
�!�'�


�&
����
'���#�+����$ (290.86 	g/g ) �'�
=�'�!�'�+��=$@��&
�#���
��!��$�& 3% ;!� 4% ��
'��Q�+����$

�B'
�$�	���&�����!��	
;�!�"��*+*
7:��!  =�����
��B
�$ �-tocotrienol �����+����$>
="';$�  
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����������
���������!"��#�
�����$��%&���'�#�$��(!��)�������*����*+�(��
� 

 �
�����	
� 15 ��$�& �-Tocopherol ;!� �-tocopherol >
=�'+��=$@��&
�#���
��!��$�&��
'��Q���'�

�!�'�+��=$@��&��A���!�'�
�&
���	'����
�	�#�
�K (P < 0.05) (�����+�� 15) *$	�& �-Tocopherol >
�
����	���

="��
>
�����J�Q�+����$>
�!�'�+��=$@��&
�#���
��!��$�& 3 % >
"J�+���& �-Tocopherol >
�����J�Q�+����$

>
�!�'�+��=$@��&
�#���
��!��$�&  =�'�!�'�
�&
������$�& �-Tocopherol (860.58 	g/g) >
�
����	���="��
�Q�

+����$�����'��!�'�+��=$@��&��������$@�	
�#���
��!��$�& ;!���?
=�����
��B
�$+���&���+����$>
�
����	���

="��
$@�	 �����J     *+*
7:��!��� (�-, �- and �- tocopherol) ��
'��Q�+����$>
=�'+��=$@��&
�#���
A�Q 

(�!�'�
�&
��) *$	��
'����!#�$�&$��
�� control, CPO1, CPO2 ;!� CPO3 �+'���& 931.43, 828.45, 648.34 

;!� 640.81 	g/g  (�Q�+�� 13) 

 =�'�!�'�+��=$@��&
�#���
��!��$�& 4 % ����$�& �-, �- ;!� �- tocotrienol (1,275.10, 1,500.31 ;!� 

303.67 	g/g ���!#�$�&) >
�
����	���="��
�����'��!�'����
� �	'����
�	�#�
�K+������� (P<0.05) >
+��

�����
"@�� =�'�!�'�
�&
��������$�& �-, �- ;!� �- tocotrienol (63.63, 180.46 ;!� 33.87 	g/g 

���!#�$�&) ��#�+����$ ��$�&*+*
=����
�!���>
�
����	���="��
���Q�+����$>
=�'+��=$@��&
�#���
��!�� 4% 

(3,079.80 	g/g) *$	�� �-tocotrienol  (�Q�+�� 14) 
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"
�"��#
$����%�
�������������������������������&�'��&$'(���
�)  
�
���	�
�������	
� 15 �
� 16 ��������������������	���!��
��"����#$��%#��&���' "
�����	
�

�&�&�������%���(���)� ��%*���������	
��+�����#$��%#��,-"�� ���
�"��#���,-���� �
�&�� &�"
.���� 
�(����
%��������������

�%���
�-���	��,&��
��
  ����#$��%#��,-"��)�����,����� ,��	
�,�����������
+�"
����+")�"
������	���!��
��"���	
��+� ���
�"���/��
+�" CPO1, CPO2 �
�CPO3 &�"
.���� 9:��&�����
-��"���������	��,&��
��
��" 9:��*����	
��+����
+�"	
�,������$.�"����
�"�;� 4% �����
+�"����+""
�	
��,&��
��
���%	
��+� ������)�%-��,�&�";��
	�$��	��,&��
��
�
��	���!��
����#$��%#��&���' )�
�&�&������&�"��;"�=	
����9:")��	����;�����������,��
,"���� (chylomicron) �����-��"�	
�&�� �
�
����,�
��
%��
#����%�
#�� (*
��"��) )���/�����	
��.�,�&�";��
 ,�&�"���%���(��,����,-� �*#�����"
��,-���� ,���#$��%#��,-"��9:����/���#$��%#��	
����" (storage tissues) 	�$�,-"�������,&��

�9�,��� �
�,�
&�";�	
�
�
�%��,-"�� 	.������#$��%#��,-"��"
��;"�=,�&�";��
���������#$��%#���#��' ����-��,-������$�"

,-"����/������������%��"�� ��-=�	
�"
��������,-���������,-� )�"
�����
#���-��,-"���
���+*��@�
&��� ' ��*
��"���-��,�	�$� ,&��

�9�,��� ���
��	���
 �
�,�&�";� �&������,�&�";��
��,-����%��"

��;"�=�
����"�-�"-��	
�&�.���������#$��%#��,-"�� ������	��,&��
��
�������)��*;�"���-:$��"#�������
�$.�"����
�"�;�	
��(�"
��;"�=���-:$� ��%��&;�
���	���!��
"
���"��"��A	
�)�A�����9:""������,�&�";�
�
(�;��	��,&��
��
 �"#���	
%���������	�� ' ��� �����$���,��	
�,������$.�"����
�"�;� 4% )�"
,�&�";��

(�;��	��,&��
��
���������	
���������	���!��
 	.����*�������	��,&��
��
���-:$�&�"��������"#��
�	
%�����
+�"�#�� ' ��%�B*���"#����	
�,-�����
���#$��%#��,-"�� %�������&�� 9:��*����"
�����&�.������
+�"
����+" ��#$��%#��,-"����/���
�����",�&�";��
(�;��	��,&��
��
	
��.���D��,�� 
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Liver Egg yolk Adipose tissue

To
ta

l t
oc

op
he

ro
l c

on
ce

nt
ra

tio
ns

 (
	g

/g
)

0

50

100

150

200

250

300

350

400

450

500

550

600

650

700

750

800

850

900

950

1000

Control
CPO1
CPO2
CPO3

x

y
z

y

y

w
x z

w

x

y z

 

 

 

w, x, y, z  ������
��	
��
��������������������
 �
����������
������

�������� (P<0.05).  
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Liver Egg yolk Adipose tissue
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w, x, y, z  ������
��	
��
��������������������
 �
����������
������

�������� (P<0.05).  

 

 

�
�	
� 16 !�"��������$�
&����
������$�����'���+	+�>���

���
>"������'�
;&���;������?                        

(��� ��'�
;&���;��>"��
) 

 

 

 

 

 

 

 



 

 

53

J������ 

=$@�����
#���
��!��
����	
��&���'�
>
������B����B������!��
�#���
���.+�����A��$



����D�����B >
�: 2547 
�����
��
J��Q@����	 >
+#����+$��&��������������$�&*
�!��+���!;!�=�

����
��"��="'>
+@���!�$�{���&�
 (2548) *$	+#������'�����	'��="'+��U�����������A��$>
�+� ;!����A��$

>�!@�
�	���� 3 ���A��$
����K�
&��� ��B&��� ;!�

���� �����+�� 16 ;�$�>A@�AN
�'���$�&*
�!��+���!

�V!��	"��="'>
+@���!�$�	Q'+�� 273.16 � 9.90, 268.12 � 9.83, 265.92 � 4.02 ;!� 286.86 � 0.67 mg/yolk 

>
���A��$ �+� ��K�
&��� ��B&��� ;!�

���� ���!#�$�& U�����
'��V!��	+���Q���'�+���&>
���+$!���!�'�+��

>A@��!��
�#���
$�&"
�$ 4 % U�����
'��V!��	+�� 202.68 � 5.21 mg/yolk �������!��	�=�'$@�	��A��+�����
�#���


��!��$�&��?
��!� 6 ���$�A� ;�$�>A@�AN
���;
�+��>
����!��="'+����*
�!��+���!��#�������#�A
'�	>


+@���!�$*$	>B@
�#���
��!��$�&��?
�����$�& �{���&�
����!��	�=�'="' �Q@�!��	�=$@>B@�����$�&A!��+��A�=$@�'�	>


+@���!�$ U���
�#���
��!�� =$@�Q�>B@��?
;A!'��!����
>
��A��=�'="'���"��
 >
&��7����=$@�����>B@
�#���


��!��$�&+������
��Q���'�
�#���
��!��B
�$���
 � +#�>A@�Q@����	 =$@���
���A�A���$�&=�����
��B
�$�'��� >
="'

;$�$��;�$�>
�����+�� 17  ���="'+����N&���;A!'��'��� �����$Q�'������>B@
�#���
��!��$�&�!��	�=�'="'����

A���=�' �@�="';$�"��="'+����'��!���������$�&*+*
=����
�!�	Q'>
��$�&�Q� ����!����#����;!����
���A�

�&�'� ="';$�>
+@���!�$����$�&alpha-tocopherol ;!� alpha-tocotrienol ��#���'��!���+$!��=�'���
�� 

;�'�&�'���$�& gamma-tocotrienol U�����&+&�+�#�
�K>
���!$*
�!��+���!>
�!��$����$�&
'�
"@����#�

>
="'���+@���!�$������+�	&��&�!���+$!�� *$	�&>
��$�& 62.86 � 8.43 69.12 � 0.6 24.24 � 3.47 

43.34 � 14.18 	g/g ="';$� >
="'+��=$@��� ��K�
&��� ��B&��� 

���� ;!� �+� �'�
����!���+$!�� 

�& gamma-tocotrienol��� 125.34 �0.33 	g/g ="';$� �B'
�$�	���& delta-tocopherol ;�$�>A@�AN
���
�J
'�

"��="'=�'+��=$@��&�����������
�#���
��!��$�&*$	�V���+����$�& 4% +��
�����������$�&*
�!��+���!+��

��#�;!@� 	������$�&=�����
��+���*+*
7:��!;!�*+*
=����
�!�Q�$@�	  U���="'>
+@���!�$�{���&�
	����

��$�&=�����
��=�'�Q��+'� ;!���*
�!��+���!�Q�
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!����$)+ 16 ��$�&*
�!��+���!>
="';$�>
�!�$��� 4 ���A��$ (��K�
&��� ��B&��� 

���� ;!� 

�����+�Z) 
 

���A��$ ��$�&*
�!��+���!>
="';$� (mg/yolk) ��$�&*
�!��+���!>
="';$� 

(mg/g yolk) 

��K�
&��� 1 

��K�
&��� 2 

��K�
&��� 3 

278.972 

259.809 

265.583 

15.278 

15.833 

15.417 

Mean 

SD 

268.12 

(9.83) 

15.51 

(0.29) 

��B&��� 1 

��B&��� 2 

��B&��� 3 

261.338 

267.610 

268.822 

16.111 

17.500 

17.222 

Mean 

SD 

265.92 

(4.02) 

16.94 

(0.74) 



���� 1 



���� 2 



���� 3 

286.094 

287.191 

287.308 

17.361 

16.944 

17.083 

Mean 

SD 

286.86 

(0.67) 

17.13 

(0.21) 

�����+�Z 1 

�����+�Z 2 

�����+�Z 3 

270.721 

264.706 

284.050 

16.898 

17.222 

16.667 

Mean 

SD 

273.16 

(9.90) 

16.90 

(0.29) 

="';$�+��=$@���=�'="'+��

��
��A��+���� CPO 4% 


�
 6 ���$�A� 

202.68 

(5.31) 
11.89 

(0.58) 
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!����$)+ 17  
����"@�"@
"��=�����
��>
����	'��="';$���� 4 ���A��$ =$@;�' ��K�
&��� ��B&��� 

���� 

;!������+�Z (	g / g yolk) 

 


����"@�"@
"��=�����
���'��� >
="';$� (	g/g yolk) 
���A��$ 

Alpha-T Alpha-T3 Gamma-T Gamma-T3 Delta-T 

��K�
&��� 1 

��K�
&��� 2 

��K�
&��� 3 

38.768 

40.745 

40.413 

185.788 

184.080 

183.345 

177.249 

194.097 

191.006 

62.287 

71.556 

54.736 

10.956 

11.575 

12.091 

Mean 

SD 

39.98 

(1.06) 

184.35 

(1.33) 

187.45 

(8.97) 

62.86 

(8.43) 

11.54 

(0.57) 

��B&��� 1 

��B&��� 2 

��B&��� 3 

27.701 

26.652 

23.099 

161.765 

181.898 

181.090 

157.754 

160.797 

160.637 

68.451 

69.291 

69.608 

15.071 

20.573 

14.113 

Mean 

SD 

25.82 

(2.41) 

174.92 

(11.40) 

159.73 

(1.71) 

69.12 

(0.60) 

16.59 

(3.49) 



���� 1 



���� 2 



���� 3 

19.748 

20.061 

23.099 

273.190 

204.772 

164.880 

161.398 

172.877 

200.902 

20.255 

26.612 

25.837 

1.508 

1.005 

1.032 

Mean 

SD 

20.97 

(1.85) 

214.28 

(54.78) 

178.39 

(20.32) 

24.24 

(3.47) 

1.18 

(0.28) 

�����+�Z 1 

�����+�Z 2 

�����+�Z 3 

24.268 

33.841 

23.099 

234.234 

193.528 

164.546 

181.150 

166.834 

157.509 

49.822 

27.076 

53.112 

2.682 

1.640 

1.447 

Mean 

SD 

27.07 

(5.89) 

197.55 

(34.85) 

168.50 

(11.91) 

43.34 

(14.18) 

1.92 

(0.66) 

="';$����    

=�'="'+��=$@��& 

CPO 4% 

44.64 

(0.50) 

221.38 

(1.78) 

299.56 

(0.58) 

125.34 

(0.33) 

83.54 

(1.01) 
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