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Vegetable-

Total amount of digestible nutrient

pigs in the dairy-based feed group and vegetable-based

Proliferation cell nu-

clear antigen PCNA

.

mmol L

: PCNA MP Biomedical LLC

mL kg

mL kg

. mol L

kg, pH .

kg .

PCNA

Nutrional compositions of diets provided for

feed group after weaning

Dairy-

Component based based

feed feed

Crude protein
m

Crude fat

Crude fiber

Crude ash

Ca

P

Compositions of diets provided for pigs in the dairy-based feed group and vegetable-based feed

group after weaning

Dairy-based feed Vegetable-based feed

flour, bread crumbs, heat-treated flour, bread crumbs, heat-treated
Grain

corn corn

fat-free milk, dried whey, dried whey, fish flour, fat-free milk,
Animal-based feed

condensed whey protein, fish flour condensed whey protein

condesed soy protein, defulled
defulled soybeans cake and meal,

soybeans cake and meal,
Oil-seed cake and feed enzymatic-decomposition product

enzymatic-decomposition product
of wheat gluten

of wheat gluten

Bran bran

animal oil and fat, beer yeast, animal oil and fat, beer yeast,
Other

glucose, sugar, etc. glucose, sugar, etc.

: ,

Table

Table

+

,

-

- 1 1 + - *

-

- +* +*/ /

-

+ +. , + +*

+

-

* *+

+ 1 1 .

+ 1 * -

,**/

+

,

/

,+4/ ,*4*
0

.4* ,4/
+**

,4* ,4*

24/ 24/
+** *41* *41*

*40* *40*
.** 214* 2.4*

+**

-- -1

.2 ,1

/ 3

+ *

+- ,1

2* , +1+ +11 ,**3 +1,

,

+

m

� �

�
�

�



� ����

� �

� �
� � �

� � �
� �

� � � ��
� � � �

� � �
� �

� � �
� � � � � �

� � ��
� � �

� �
� � ��

� �
� �
� � � � ��

�
�

�
� �

� � ��
�

�
� ��

�

�

	 
���� 
 �

���� �� �
������� 
��� !"#�$ %�� &' (
)*+,� 
- ./�0 �' 12345 637�8 (9:	 ;' <=
>?
@A BC�DEFG�H 
I5 BC 3J 	 ;K' LMD <=	 ;K N
OPAQRF 7�S 
TU � V WX�8�� ( 63K' ;Y NZ'[
\]\^\_`aKbc� d ef8gh� ij �FGMRf� $
3 klmno� ! 6 no pq � 
)*+,� 
��� !"#�$ %�
�8)*+,� 
./ ��rs�� t 
@A � )*+,� 
Xuv' ( 637�8 ;
BC�DEFG�H � V\]\^\_`aK Y NZw'[�FGMRf� �R� ( 63
>bc� xy�z{|}~yK3bc��3 d K'(9:	 ;K <=	 ;K
ef8gh� �� -���� �
3 LMD <=	 ;K NWX�8��
�y}��L���y�
no����� ��mno $
� ! 6 no pq � �8)*+, A� 
 ��+,� K �� ���[
�  
&v�� BC�c�� �FG� �R� 
)*+,� K' ��

'[�FG� ����
�����8�� $
�G�G
����(9:	 ;L<=	 ;
YK (43 ( 637�S 63
��G� A�
 �0¡¢�� £cK�¤�¥¦ £c� �8 7§� �� 
�����' >3LMf
NZ�£c�� ��G
¨�� � NL 87D ;Y NZ'[�FGMRf� $

�� (43
 K' ©ª�«¬L��)*+,�

 �®�¯ °± 
 ��� ��¯[�FG
� ( 63K'(9:	 ;K ©ªT
)*+

²³W´��'�µ¶
²³L¡¦ ( 63
( ,� 
 �[�FG�� <=	 ;
 K')
9:	 ;K <=	 ;K L<=	 ; *+,� 
 '·L¸¹[�FGMRf� $

 �º¯ ( 63K�(9:	 ;K' »

<=	 ;' » L<=	 ;
 �
ºRf� $

6¼½

� �� �

� � � �� �� �
� � 	 �

� � � 

� � 


�
 �� �

� � � � � � �
� 
 �

� �
� �� � 


 � � � � � �
� �� �� � �

�
� � � � �

� � �

 
 � 


� �� ��
� � � � �
� � ��

� � � � ��
� � � � �

� � � �
� � � �

� �

�

�
�

�

� �

� �

� �

eight of jejunum villi in pigs in the dairy-based

Height of jejunum villi in vegetable-based feed group was

. . m,

. . m

cm cm .

JSM- ;

.

. . . m, .

. m

JEM- ; PCNA

PCNA

f t PCNA

P .

, ,

and vegetable-based feed groups.

The increasing birth weight ratio of pigs in significantly increased at days after weaning. *

dairy-based feed group to vegetable-based feed group. . .

Light micrographs of jejunum villi in pigs in the dairy-based and vegetable-based

feed groups at days after weaning.

A : Dairy-based feed group. B : Vegetable-based feed group, Bar m
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jejunum mucosa in pigs in the dairy-based and vegetable-

PCNA expression was localized on the intestinal crypt

Light micrographs of absorptive epithelial cells in pigs in the dairy-based

and vegetable-based feed groups at days after weaning.

A : Dairy-based feed group. B : Vegetable-based feed group. Bar m.

Height of absorptive epithelial cells in pigs in

the dairy-based and vegetable-based feed groups.

Height of absorptive epithelial cells in vegetable-based

feed group was significantly increased at days after

weaning. * . .

. . m, .
Immunohistochemical detection of PCNA in

. m

. . m,
based feed groups at days after weaning.

. . m A : Full picture of jejunum mucosa. Bar m.

B : No remarkable staining of absorptive epithelial cells

was seen. PCNA expression was localized on some

lymphocytes (arrows). Bar m.

C :

(thick arrows). Bar m.
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Pluske a, bRatio of proliferating cells in jejunum mucosa

Miller a, bin pigs in the dairy-based and vegetable-based feed

groups.

Scanning electron micrographs of jejunum villi in pigs in the dairy-based and

vegetable-based feed groups at and days after weaning.

A : Control group at immediately after weaning. B : Dairy-based feed group at days

after weaning. C : Vegetable-based feed group days after weaning.

Absorptive epithelial cells were severely lost and lamina propria were bare on tips of

villi in A. Desquamation of absorptive epithelial cells were seen on tip of villi in B but

scarcely seen in C. Bar m.

Scanning electron micrographs of jejunum villi in pigs in the dairy-based and

vegetable-based feed groups at days after weaning.

A : Dairy-based feed group. B : Vegetable-based feed group. Bar m.

Transmission electron micrographs of microvilli in absorptive epithelial cells

at days after weaning.

A : Dairy-based feed group. B : Vegetable-based feed group. Bar m.
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. E ect of age, weaning and postweaning diet on small

Transmission electron micrographs of microvilli in absorptive cells at days

after weaning.

A : Dairy- based feed group. B : Vegetable-based feed group. Bar m.

PCNA

PCNA

Height of microvilli of absorptive epithelial

cells in pigs in the dairy-based and vegetable-based

feed groups.

Height of jejunum microvilli in the vegetable-based

feed group was significantly increased at days and

days after weaning. * . .
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The aim of this study was to evaluate morphological responses of the absorptive apparatus of the

jejunum to di erent diet ingredients in weaning pigs. In this study, seven crossbred (Landrace Large

Yorkshire Duroc) pigs, they were a litter, were used after weaning. Before weaning, they fed with creep

feed for six days. Six pigs were divided into two groups ; one received dairy-based feed and the other

received vegetable-based feed. The remaining pig was used as a non-treatment control. Dairy-based feed

contained mainly animal-based feed, and vegetable-based feed contained mainly oil-seed cake and meal.

Drinking water was provided throughout the experimental period. Jejunum samples were collected

immediately after weaning from a non-treated control pig (D ). The similar samples were collected from each

pigs of dairy-based feed and vegetable-based feed groups respectively, on (D ) and days (D ) after

weaning. The samples were processed for morphological observation of absorptive epithelial cells and

heights of villi and microvilli. A significant increase in height of intestinal villi on D and in size of the ab-

sorptive cells on D were found in animals that received vegetable-based feed , ultrastructural transition of

epithelial cells on D . An increases in microvilli height on D and D were seen in animals that received

vegetable-based feed. Presumably, the ingredients of vegetable-based feed are more easily digested and

absorbed through the intestinal wall than are ingredients of dairy-based feed. As a result, the growth of

intestinal villi and (growth of) absorptive epithelial cells in vegetable-based feed group were greater than

those in dairy-based feed group, leading to a more e cient absorptive function of the small intestine.

: absorptive epithelial cell, diet, jejunum villi, microvilli, weaning.
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