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A B S T R A C T 
Lactoferrin is one of the milk proteins that has shown a wide range of 

physiological activities such as antibacterial, anti-protozoal, anti-fungal, anti-

viral, anti-cancer, antioxidant, anti-inflammatory and immunomodulatory. In 

this study, lactoferrin was extracted and purified from cow, sheep and goat 

milk. HPLC analysis and determination of the concentration of these three 

extracted lactoferrins were performed. Antibacterial activity against Gram 

negative Escherichia coli and Salmonella typhi and gram positive Bacillus 

cereus and Staphylococcus aureus and antioxidant activity were investigated. 

The activity of lactoferrin against DPPH free radical was investigated. Also, 

lactoferrin activity was evaluated in neutral acidic and alkaline environments. 

The combination test with iron was also performed with FeNTA reagent. The 

findings showed that lactoferrin has the ability to inhibit two bacteria, 

Escherichia coli and Staphylococcus aureus. Also, the evaluation of 

lactoferrin activity in neutral acidic and alkaline environments showed that 

lactoferrin is more stable in alkaline environment than other environments. In 

the combination test with iron, the results indicated the combination of 

lactoferrin with iron. The percentage of free radical inhibition was equal to 

%4.49. Also, the results showed that the concentration of lactoferrin in goat's 

milk is higher than that of sheep's and cow's milk and its amount was equal to 

131.66 μg/ml. How to cite 
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 �. 	/� ,�$+0123 4�� $�� *�. 5�6 72 	8��� �. *�9�8+ 4�� 	/�:090�;�+ <=>�?  <@A  �4$12�@� 

<A B' �71C�� <A �D��E <A �	��$�� <A �F�6$� 	1>G �F.<�H2. <A 	���19. � ��<8'  �<@==2  	@=��.  �. .�

*�. ��.� F�I> �0C �� ,�. 789�J? ,�$+0123 �. $�� ���K L�? � ;� M.$N1�. � O9�C  4��@�  <@� . ;�9�@>G 

HPLC � ,��8' F.;�? *QRS ,�. 7� ,�$+0123 M.$N1�. �<� 
�T>. <� .	��$� *�9�8+   4$12�@� <@A  $@� 

7�RU 4$12�� 4�� 
$K 	V=? ���$�. 	R2 � W>0�9�� 	V�' � 
$K *XY? Z0R����  Z0[$@� �  \020R�+�1@�. 

Z0[�G � *�9�8+ 	1>G 	>.<�H2.  
�T>..<�  ,�$+0@123 *�9�8+  $@�.$���  ��@/��.�  �.�GDPPH  	@��$�  <@� .

,�=]�� *�9�8+ ,�$+0123 �� ^�_? 4�� 4<��. 	Y=C � 	���RE ��0? 	�����. �.$E *+$K .F0?�G `�2$' �� 

,�G �� ;�> a$8? FeNTA 
�T>. <� .�71+� �� 72 <>�.� F�I> ,�$+0123  b�<@E  ��@�? ��  4$12�@�  ��@�$�. 

	R2 � \020R�+�1�. Z0[�G .� ��.� .,�=]�� 	�����. *�9�8+  ,�$+0@123 ��  ̂ �@_?  4�@�  4<�@�.  	@Y=C � 

	���RE F�I> �.� 72 ,�$+0123 �� ^�_? 	���RE 4�.<��
 4$1I�� *XH> 7� $��� ^�_? �� ��.� .� . F0@?�G�� 

`�2$' �� �,�G c��1> 	2�d �. `�2$' ,�$+0123 �� ,�G <>�0� .<e�� ���? ��/��.� �.�G $�.$� �� 49/4 <e�� 

�0�. ,�=]�� �1>�c ? 72 �.� F�I>�F.; $+0123 *QRS�, ��$ � ;��$1I � �.�$ ?�L   ��@K �   F.;@�? � *@�.
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*H�� ��$K 	��=�� 
 ��gI>.��
�  ��0>F.$�'. ��F.$.  

 

:�0-H? �<=H�0> 

RU	 <�d.4 ���G�0
��4 

 :7?�>��.�ali.ahmadi@isfahan.pnu.ac.ir 

  

���� 
���� 

� 
 

<A �M.$N1�. $12��4� 9�8+�* 1>G	 H2.�>.<	� $+0123�,.  

 

:��
�� ��� �� �
���� 

<�d.4 ���G�0
��4� RU	� h+�1R	� <�_? �  �i�> �Xd� ̀79. )1402 .(��$�	 $+0123 j.0C�, �k? ��7H ?�F.; � �� FG�$ ? ���K�L ;� �*H�� 7?�=Rl+ .  �	�$T' 4�0>�m 	��=�

11)4 �(55 -63. 

https://eab.journals.pnu.ac.ir/ 

  



 7?�=Rl+*H��  �	�$T' 4�0>�m 	��=������� ��� ����� � ���� �
����1402 )63-55( 57 

 

� 2�  

-'�$
 �$A�d ��d ��,� 4�� 	=X9 �� #��. 3�� 7� F.0=U B� �0l_? 

	X>�m $Q>�� 71+$K 	? <>0� � <?G�� �<�U ,�. *8=e �. b30l_? 

	=X9 <=>�? ��0
 �$�� $�=
 � �$2 *�. )Fee & Chand, 2006( .

�$�� ��=' 4.%S �?�2 �� ����G$+ 4%o? *�. 72 7� ��9� ,1�.� �.0? 

4%o? �p0=1? 
��' �.0? 4%o? 
�3 .� 4.$� 7�� F.�.<>�1H
 �. 7R�m 

F�H>. �. ,�=� 4�.�0> �' 	9�HK�;� ��.$+ 	? <=2 .b�k�k_' 4.$� 

M.$N1�. ,�. b�X�2$' *H�� ��8+ �� Z��k? q�;� �� �E.<d 7=�;� 

�� rJ� 	>��m �� ��d 
�T>. *�. .*+$I�
 4�� $�C. �� b�k�k_' 

F�I> ��.� *�. 72 F.�.�0> 7� ��9� �0m� ,�=� b�X�2$' *H�� ��8+ 

�� �0SG � ,�=]�� �$�� �. *>0VU 4�� 	��$/�? 5R1N? � F�6$� 

*Q+�_? 	? <>0� )Montoya et al,2012 Gobbetti et 

al,2007,( .�� F��? ,�. b�X�2$' *H�� ���8+ ,�$+0123 � 

,�90�0RK0>0��. �� `�2$' ��8+ 	1H�� ��? ��0? 7EWU 	'�k�k_' 

<=1H� 72 7� sVd �0C $�� B�2 	? <==2 .$�� 4.�.� j.0C 

*>0VU<A 4�� 	��$/�? 5R1N? � j.0C <A 	>�6$� <=1H� .

,�$+01231� B� ,�-'�$
0/�RK �l1? 7� ,�G �� F�� 	90/90? 78 �' 

80 0R�2 F019.� 72 4��d ��<d 690 �' 702 <��. 7=�?G 	E�� �<>�? 

*�. .,�$+0123 40hU �. ��.0>�C ,�$VH>.$' *�. 72 	��>.0' 

	e�C �� ��l'. ,�G  ��.�Legrand et al,2008)(. ,�-'�$
 ,�. �� 

b�_�$' F.�.<>�1H
 <=>�? �$�� �B�. �t.;� b�8��? �	=? b�8��? 

�F:.� u�N? �	=�� u�N? L>�$� � ,�=]�� �� 	C$� �. �0XRK 4�� 

<�V� � �0>.$K 4�� 7�0>�v ��+�$'0> �� �0m� ��.� )Rodrigues et 

al,2008(. ,�$+0123 7� F.0=U B� �0/90? 	U�+� ��? F��;�? 

$Q>�� 71+$K 	? �0� � 4.�.� 5�6 	U0=1? �. *�9�8+ 4�� 

	/�:090�;�+ <=>�? <A �4$12�� <A B' �71C�� <A �D��E <A 

�	��$�� <A �F�6$� 	1>G �F.<�H2. <A 	���19. � ��<8' �<==2 

	=��. *�. )Iigo et. al., 2009( .4���H� �. 4���$/R�U 

	/�:090�� 7� ,�$+0123 *XH> ��.� �<� *�. .	/� �. ���$/R�U 

��k1>. b.;R+ .*�. ,�$+0123 ;�> w;m 	��? �. �1H�� 	=��. $�S 

	e�l1C. �*�. .$�� 4.�.� j.0C <A 	��$/�? �� $�.$� 4$12�� �� � 

D��E �� � 	h8� �. Z�$�� �� *�. )Van der et al,2001(.  
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.%o' ���$?�7 �� F�2�02 2$'�'�X	 $+0123 �?���, ��K4 

���0I2��4 �,
.: �Y? 5R1N? � �$2 ;>�<>.4 	? 
�T>. �$�K .

� b30l_?�$g4 ��d 724 $+0123�, ��K4 ?	  �. <='��XU <=���

                                                           
1. lactoferrin 

� �*��?�$ �x$�$
 ����.�4 .%S ���/?4 d��b�>.0 � F�2�02 

.�G b30l_?�I	 ?	  <=���(Wakabayashi et al, 2006). �� 

b�89�J? ����	� �� �F.��/�� �4 ���.<m4 �B -'�$
�,  7� �. �j�C

+.$K0'�?�$2 #��	� + �:��.$1R��F0 08'�y �>0	 � HPLC  �� 72

$� � �<� O9�C �0l_? 7Rd$?�9��; -'�$
 ��, �$K 7X��_? FG��< 

�1> .<� ���V1�.�c O9�C 7Rd$? $� 7� 72 ��.� F�I> ���4  �2 �.<k?

-'�$
�, 9� <� $1�2	 9�8+�* �$
 FG-'�, � 7Rd$? $� ���$'�� <� .

)Babaie M et al,2013 .(3G  ��� �� F.��/�� �> 72 <>�.� F�I

$+0123�, ��$ $� $1� $12��4 ��4 $�.�I�� 902	  Z�>0?��0� �

m�$[G�.�0= +�1�. ��Z02020R 123�K. Z020201
$1�.� Z0[��.�7  $v.

���?4 *�.� )Alaa et al., 2013 .(c��1>  $���k? a$l? 	��$�

 ,�$+0123 $���k? L�.;+. �� 72 �.� F�I> �$�=
 �� ,�$+0123 5R1N?

4$12�� <��  4��K<>�? 7T�1> �� �71+�� L��2 	=X9 ����.$+ ,�. �� ��

<� $1I�� $�=
 )Shashikumar & Puranik, 2011.(  
  

:�� ����� .����  
  

������� ��� ! ���"#��$  

�� ���V1�. ��0? 4��$�� *9�� 7kJ=? �. 789�J? ,�.  F�1�. ���G

z�m �. {
 ;� � L�? ���K $�� 7� .<��$K 7��' F��Ve. 4��G  4.$�

sVd ��1C�@� 	@=�-'�$
 ��;@>G �@� 7R@@e�+W� 7@@� �k1=? ��]N� 

	�$� ��U 4.$� .<��$K  �	�.�� ��$�� �� rpm 10000 7� b<? 

157k�E�  4�?� ��4 :0�V�$1>�� �.$g�1>�� 7m�� 	�$� � <><�  �. ��

.<><� .<m $��  
  

���% &! 
'
���(  

 4��? ,� �� ��$��70  B�1�. <��. � <=1+$K �.$E �.$g�1>�� 7m��1 

 {|� .�0� 71N9 ��T�. �' <� 7+�A. FG 7� �$JE �$JE b�0e 7� <e��

 �<?G *�� 7� z��? ($�=
 xG)4.$� M.$N1�. .<� .<m ,�$+0123  
  

)*��% +,��-�. 
� /� �� �.#"����2
 

*�m ,��8' �.<k? ,�-'�$
 7>0�> �0�T? ��0+�.$� #�� ��� �� 

B� 7909 �.<k? 100 $1�9�$/�? 	�$� $�� �. �<� 	�.�� � 900 

$1�9�$/�? xG $Jk? 71N�� � {
 �. u0RN? F�$2 b��01_? �7909 

5 	R�? $1�9 �. a$8? ��0+�.$� 7� FG 7+�A.  u0RN? �<� .{
 �. 5 

�7k�E� x%m 4�0> 7>0�> �� �06 M0? 595 $1?0>�>  ��g1�� ��

UV  $1?0'0+�$1/|�.)SHIMADZU-2550<?G *�� 7� (. 

{|� �� ���V1�. �. �.�0�>  	=_=?��.<>�1�. ,�-'�$
� �.<k? ,�-'�$
 

7>0�> �0�T? <� 7X��_? )Bradford,1976.(  
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'
� 3�#* 4
5�#� 6#� #�!  

O9�C 4.$�  �,�-'�$
 $1I�� 4���b�V90� 
0�>0?G <?�m 7� b�0e 

	T��<' 7� 7+�A. 	m.$N1�. ,�$+0123 <� 	9�d�� 72 4�� ��g1�� 

�$�1�. �� ��d �� F�� $�1H? �0� �' 7� 50 <e�� <d p�X�. <��� . <8�

�. FG 7� b<? 1 *U�� �� F�� 7?.�. .<�
 �$2. �0R_? �e�d 7� 

 b<? �� `� B� 4�?� 4 7m�� �.$g�1>�� 7g>  71�.�  <� .{|� 

x0�� *�m  ��� �� �4$�K rpm1000  7� b<? 30 7k�E� � �� 4�?� 

4 7m�� �.$g�1>�� :0�V�$1>�� z��? .<� 	��� ��� 71N��  <� � x0�� 

 �e�d�� $+�� b�VH+ ��<� 05/0 � �30? 7=pH �d <� � �� 

4�?� 4 7m�� �.$g�1>�� �� 7I�� �0�E 4. #0
�� �.� 4�.<�g> <�.  
  

��57* 8��9'� ���
��  

mF0� 4���.<m � ,�-'�$
 $1I�� 7�Vl' *� �0/90? � ��  4��

B�02  �$'7>0�> 7� *�� �<?G �. 7Rd$? x0�� �� 	�� 

b�V90� 
0�>0?G 7� 7H�2 ;�9��� �� � �k1=? $+�� b�VH+ ��<� 

05/0�30? � 7=pH 7� b�0e ~R8? �.$E <� ��.�� {|� 7� 

b<? 24*U�� �� 4�?� 4 7m�� �.$g�1>�� <� 4�.<�g>.  
  

: #� ;�#<* :"��=#*
����1  

O9�C  F01� �. ���V1�. �� ,�$+0123 ,�-'�$
 	���> 4���

 .*+$K 
�T>. 	>0� y�08' 	+.$K0'�?�$2� z��? 7*�� �<?G �. 

7Rd$? ;�9��� $� 4�� F01� 	+.$K0'�?�$2 	>0� y�08' 7� ��8�. 

10×3 �� $1��1>�� ���V1�. �. {2��V� ,��� C50 �09 <��$K .

��U ���81? {2��V� ,��� 4��� �� $+�� b�VH+ ��<�10  	R�?

30? � 8/6=pH <� 
�T>. ��  ~��;' F01� 7� ,�-'�$
 7>0�> {|�

<��$K  �F01� �� 100 	R�? $+�� $1�9 b�VH+ ��<� 10 	R�? �30? 

8/6pH=  401_? NaCl .<� ��.� 0I1H� *QRS `�� ��  
  

:"��=#*
���� ?�
� 
� :��.
� $
� 2)HPLC(  

7>0�> ,�$+0123 M.$N1�.  �<� 7X��_? � O9�C ,�-'�$
 ,��8' *�m

 �FG *QRS��g1�� 7� HPLC )SY-8100( �~��;'  .<�,�. 4.$�  ��2

 �. F01�C18 \$_1? ��+ �  � ��$1�>01�.1 4$' <e�� B�1�.��0R+ 

 <��. <� ���V1�. . {|���g1�� �� �06 M0? 254 ��Q=' $1?0>�> 

<��$K .20  $1�9�$/�?.<� ~��;' ��g1�� 7� ,�-'�$
 7>0�> �.  

@�A
2 :�.�� �B 
���
�  

*�e�C <A 4$12�� ,�$+0123 $� 4�� 7�0� 4�� ��.<>�1�. 
$K 

*XY? Z02020R�+�1�. �Z0[��. Z0R���� Z0[$� � 
$K 	V=? 

                                                           
1. Ion exchange chromatography 

2. High-performance liquid chromatography 

7� 	902���$�. #�� ��I1>.  F01=�� $90? *I2 ^�_? 4�� $� BH��

��KG ��0? 	��$� �.$E .*+$K ��BH ;90R�4  $JE 7�6 ?�R	  �� $1?20 

?�9�$/�$1 $+0123 �.�, � �. �<� M.$N1�.�$ ;�� ? � ��K�L  71ISG

� �� � <��$  �0> � �0�UV �$K BIC�<�� $� {|� .4 _?�^ 

� $90? *I2�F01= ��d ��K.4 $12��4 ��4  �. .<=1+$K �.$E �<� $2�

 BH��1>G	 ��'0�B ��.$1'�R/�,  ���V1�. �$1=2 F.0=U 7�<�.  
  

 C
�� �� ���"#��$ : ���D�� :� ! @�A
2 :�.��

�A.� E
����. .
F� DPPH  

*�9�8+ 	1>G 	>.<�H2. ,�$+0123 �� 1-4� ��=+-2-��$/�
 

���.�<�� )DPPH( ��.�G ��/��.� F.0=U 7� ���.<>. 4$�K <�. 3/0 

	R�? $1�9 DPPH �� �0>�'. 100 �d <e�� <�� {|� 9/3 

	R�? $1�9 �. ,�. �0R_? �� 1/0 	R�? $1�9 ,�$+0123 u0RN? � 

{/'�� .<� �0R_? �e�d �� � 	/���' �� t�'. 4�?� 7�  b<?

30 7k�E� �.$E ��.� <� � x%m FG ^�0' 5�6 c=� UV �06 �� 

 M0?517 $1?0>�>��.�G ��/��.� ���? F.;�? 	��$� 4.$� � 

��.<>. <� 4$�K )Blois 1958.(  
  

���"#��$ 
� ��! G���* :�.��  

$+0123�, 9�. ���? F.0=U 7� �<� M.$N1�.��7 .$�4 �'�7 2$'�` 

$+0123�, .01_? ��4  .<� ���V1�. �<� �We. ,�G,�$+0123 �� 

�0R_? FeNTA )9/9 	R�? �30? Fe(NO3)3 � 5/8 	R�? �30? 

<��. 4$'0R�$1�>  (B�1�. ,�G � <� u0RN? 	+�A. �� 

F0��.$1R�+.$19�. a%d  .<��.$4 ��$�	 8A��*  �� ,�G p�X�.

$+0123��, .�,  ��g1�� �� �0R_?UV  �.$E $1?0'0+�$1/|�.

.*+$K {|� *�8A� `�2$' ,�$+0123 ,�-'�$
 �� ,�G �� *XH> 

x%m �0> �� 465 $1?0>�>  (,�G `�2$' M0? �06)� 280 $1?0>�> 

 (,�-'�$
 M0? �06)���G$� <�) .Brisson et al,2007(.  
  

3�H� .� ���"#��$ 
.���
% :�.��  
���� 

�

:I�2 � :�
��J  

�' �0Q=? 7���<  *�9�8+ ,��8' �$+0123��, G$+ �06 ���<= ���.<m4 

� �. FG�$ _? 7� ���^ �.�<4 Y=C	 RE ���	�� ��$� ��0?	  �.$E

*+$K. .$�4 Q='�� pH $+0123 �0R_?�,  �.HCl  (4<��. ^�_?)

 �NaOH  (4��� ^�_?)1/0 �$K ���V1�. �30?�< �0R_? .

 ,�$+0123�. ���<_? ���<4 )4 :pHY=C (	 )7:pHRE � (��	� )10 

:pH M0? �06 �� �(293  $1?0>�> F.;�? ,�$1I�� 	��$� 4.$�

 �FG 4�.<��
 � ,�$+0123��$� ��0?	 .*+$K �.$E  
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 �/�1 �.�0�>  �2 ,�-'�$
 *QRS Z��. $���0+�.$� #���  ��

L�? � ��K �;� $�� �. �<� M.$N1�. $�=
 xG �0R_? �� �06 M0? 

595 $1?0>�> 	? F�I> .�  ��.<>�1�. 	=_=? �. 72 <�� ,�-'�$
 7�

 4.01_? 4.�.� ;� $�� $���k? ,�. Z��.$� .*�. �<?G *��

.*�. ��0� L�? � ��K $�� 7� *XH> 4$1I�� 	=�-'�$
  
  

  
  

/�K 1. �.�0�> *QRS ,�-'�$
 �2 �� xG �e�d $�=
 �. $�� �;� ��K � L�?  
  

	��$� �� 4�.<��
 ,�$+0123 �� ^�_? 4�� 4<��. 	���RE � 

 ^�_? �� ,�$+0123 F.;�? ,�$1I�� 72 <� ONI? 	Y=C

	? 	���RE <���. ,�$+0123 ,�-'�$
 Z��. ,�. $�  ^�_? �� 	���RE

7� *XH> ^�_? $���  �� �/�) *�. $'�.<��
2.(  
  

  
 /�K2. �� ,�$+0123 F.;�? ^�_? 4�� 4<��. 	���RE � 	Y=C  

  

�B @��
<" :�.�� :������ ���"#��$  

��<m 1 *�9�8+ <A 	��$/�? ,�$+0123  4�� $� �<� M.$N1�.4 

���$�. 	V=? 
$K � *XY? 
$K 4$12�� 	9021\020R�+�1�. � 

Z0[�G2W>0�9�� � 	V�'3 Z0R���� � Z0[$�4 	? F�I> .� .<�� 

^�_? 	��$� 4$12�� *I2 4��  ,�$+0123 72 <� ONI? ��

                                                           
1. Escherichia coli 

2. Staphylococcus aureus 

3. Salmonella typhi 

4. Bacillus cereus 

$12�� $� 4$1I�� 	K<==2���? $v. L�? $�� � 	R2���$�. 4
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E��( 1. �8+9,�$+0123 	��$/�? <A *� M.$N1�. 4�� �<�  
 

M
  �NJ�� .
F� (mm) 

/��K 
���
� +�� ��K �� ��K �
= ��K �����
����* 

	902 ���$�.  5/2  1 1 10 

Z0[�G \020R�+�1�.  3 1 1 10 

	V�' W>0�9��  0 0 0 10 

Z0[$� Z0R����  0 0 0 6 

	+.$K0'�?�$2 �� z��? �� 	�.��2 3�� )HPLC �<��I? B�
 �(

 ,�� F�?� �� FG ��.<>�1�. Z��.$� �,�$+0123 �. �<�5  �'6 

�E�k.<� �<��I? 7  �/�)4�3 � 5(  4.$� B�
 $�� rJ� ,�$1I��

 �<��I? ;� $�� �. �<� O9�C ,�$+0123<�.  

  

  
/�K 3. �.�0�> HPLC ��K $�� ,�$+0123 �.  

  

  
/�K 4. �.�0�> HPLC L�? $�� ,�$+0123 �.  
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 /�K5. �.�0�> HPLC ;� $�� ,�$+0123 �.  

  

 �. �e�d c��1> Z��.$�HPLC  ,�$+0123 B�
 $�� rJ� �

+0123 *QRS �$�� 7� �. �<� M.$N1�. �� $�.$� ;� $�� 4.$� ,�$

66/131 �� $�.$� ��K $�� 4.$� �126 4.$� �  �� $�.$� L�? $��92 

	R�? $� 
$K�$/�? .<� 7X��_? $1�9  

*�9�8+ 	��$� �� 	1>G ���? <e�� �	>.<�H2. ��/��.� 	K<==2

. ,�$+0123 ^�0' �.�G.<� 7X��_? $�� �0?$+ � 
  

x%m =���? <e�� �$1=2 - x%m 7>0�> /x%m �$1=2 × 100  
  

<e�� ���? 	K<==2 ��/��.� �.�G �� 1-4� ��=+-2-��$/�
 

���.�<�� )DPPH( ^�0'  $�.$� �0?$+ ~X6 ,�$+012349/4 

<� 7X��_? <e��.  

*�8A� p�X�. ^�0' ,�G $� ,�$+0123  x%m Z��.UV  �� �

 M0? �06 �� x%m *XH>465  �280  4.$� 72 <� ���G$� $1?0>�>

 �� $�.$� �<� M.$N1�. ,�$+0123954/0 .�0�  

  

��*'
 ��*0 � ;5�  

-'�$
�, ��4 =
 xG�$ .�.�4 6�5 ���8	 . u�k> �.�$1/9.�;�B 

. � <=1H��, ��K�	 ���.<m4 +.$K0'�?�$2 �� .� ��>G	  ���X'�>0	 

F�/?. %
�$ *�. ��$2Re. w;m 7� .	 ? ���F� -'�$
�, ��4  xG

=
��$ β-390�0RK012�,9 �-α?0X9�123�,10 ?0X9G ��, ��K 
$�4 

-'�$
�, ��4 �.�<4 <=1H� (Rollo et al., 2014). �� .�,  ���d

H2.$
0123��.<11 $+0123 ��, -'�$
 �.�, ��4 <=1H� *XY? ��� �� 

), Kim et al., 2009 Takahashi et al., 2007,(<=� .�, 

9�8+ 789�J?�* � <A �0k9�����$	� A<  ���E	 <A �  Rg>.	 

                                                           
9. β-lactoglobulin 

10. α-lactalbumin 
11. Lactoperoxidase 

$+0123�, 6 7� *XH> .��5 ��$1HK .4 7>0K �. ��.� F�I> �� <>. 

)Wakabayashi et al,2006( �>.0' �. ��'<�U 72	�  ��l'. �� FG

 7� 7�I�$� ,�G*�. 71+$K )Burrow et al., 2011(.  ,�. ��

,�$+0123 �� ,�G `�2$' 	��$� 4.$� 789�J?  �0R_? ��

FeNTA {|� .<� u0RN? 8A��* `�2$'  ,�G ,�-'�$
 ��

,�$+0123  x%m *XH> ��UV  ��465  �280 <� ���G$� $1?0>�>. 

.$� 724 $+0123�,  �� $�.$� �<� M.$N1�.954/0 .�0�  ONI?

$+0123 72 *�. �<��, 1|
 b�k1I? � ��K � F�H>.�<4  Lk> ��>G

���.	 
 ���gI�$4 C$� .<>�.� F�6$� F�?�� �	 ���$/R�U �.4 

���U. $+0123 ^�0' �<��, >�; ?	 *_' <>.0' v�'�$ 8A��* 

K �.$E FG ,�G ��l'.��$ � ?	 �_? �� .� �.�G ,�G <>.0' ��4 

 `�1R?�� >0VU	  .<=2 \�
.�, �G x02$� �� .� ��2�` ��>	  �.

�.����/ ��4 �$1�� L��2 � �.�G	 F:0'�
 7� ;R+ �0R� � �� ��4 

>�6$�	 ? 
�T>.	 ��WU .<�� . $���, H����4  F�I> b�89�J? �.

��.� ? 7� 71H� 72 <>.�F.; $+0123 �,�G p�X�.�, ?	  <>.0'

���$/R�U4 '��V1?	 ��8+ �� .� H? F�$2���$4 ����=g ��	 

 <=2 ���U. j�CMahala et al., 2022) .(3$+012�,  F.0=U 7�

�B 2$'�` 1>G	 H2.�F.< �>.0' ��	� .;+.�L +$i�* 1>G	 H2.�>.<	 

H2. Z$1�. L��2 ��'.<�0  b�89�J? 72 *�. �<� 71C�=�

VR1N?	 �' ����< ��9��<�b.; 4�� #0? �� FG �. �<?G *�� 7�  ��

�'��< .*�. �<� �. �<� #�.;K* $+0123 72�, L=2.� ��  4��

�H2.�L �IS �� L��2 �w �0R� ? *2��I? ��	 <=2$+0123 .�, 

�B 2$'�` 9�8+ � *�. ,�G �<==2���?�* 1>G	 H2.�>.<	  FG

�>.0' �� ^X'$?	�  ,�G F�$2<>�� �� FG2  �3 +$i�1	 *�. 

)Salami et al., 2009(. �� ��$�	 9�8+�* 1>G	 H2.�>.<	�  <e��

���? K<==2	 �.����/ $+0123 ^�0' �.�G�, <� 7X��_? . <e��
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K<==2���?	 �.����/  �.�GDPPH )1-4� ��=+-2-��$/�
 

 (���.�<��$+0123 ^�0'�,  $�.$� �0?$+ ~X649/4 <e�� 

<� 7X��_?. $+0123�, 1|
 ����<4 e�C FG �. �e�d�*  <A

$12���� 	�$� ��4 $12��4 ��4 V=? 
$K � *XY? 
$K 	<>�.� .

9�8+�* ? <A���$/	 $+0123�, ��>	 <=� �. >�/?��H  �. �*�.

> ��0? ,�G F�$2 M��C Z$1����� $12��4 ? ��F� L=2 k1H?�� 

? ����$/ x?)�F� L=2 �� �.�< 9�'0|�[0/�B $12��4 ��4  
$K

9 � *XY?�R
0| 	��2���< $12��4 ��4 V=? 
$K	.;+. �(�L e�C�* 

1>G	 ��'0�/	 h8� �� 7R��k? ��	 $12�� �.4 �� � .;+.�L e�C�* 

$12�� <A��	� 9���;��  FG b.$v. �.*�. ��0�. =]���, $+0123�, 

e�C �� *�. ���E�* F�$2 ��� ,�G /I' �.�� ��+0��R $12�� ��4 

K0Rm�$4 ��$2 72 .�, Z�Hd `X� $?. $12�� F<� $'4 ��4 

Q> 
��k?�$ Z�>0?��0� m�$[G�.�0= ) *�. �<�Mahdi et al., 

2017, Matijašić et al., 2020( . ,�$+0123 $v. 789�J? ,�. ��

4$12�� 4�� $�  4���$�.�� 902	� +�1�.�\020R  W>0�9�� �Z0[�G

'�V	 ��� ��Z0R  Z0[$�� <� 	��$�  72 <� ONI?

$+0123�, ��$ ?�L K<==2���? $v.	 $12�� $�4 4�� �$�.�R2�	 

Z0[�G a�1�. � .� .��.�  $� �' W>0�9���V	 ��� ��Z0R Z0[$� 

	� .*�. $�v�' 

.01_?4 $+0123�, � ���$ ��, 7>0K ��4  F.�.<>�1H
 5R1N?

 �� ��B � �j�C 7>0K�, ���� ��4 ����$	 *�. b��V1? 

)(Palmano et al., 2009. 789�J? ,�. �� �1> Z��.$��c  �e�d

 �.HPLC � rJ� ��$ 
�B $+0123�, � 7� �. �<� M.$N1�.��$ 

$+0123 *QRS�, .$�4 ��$ � ;��$1I � �.�$ � � ��K�$ ?�L� 

 �� $�.$�66/131 ?�
$K�$/ ? $��R	 9�$1 .<� 7X��_?  �. ���V1�.

#�� ��.<>. 4.$� 4���.<m 4��  F�<� ��8+ �.0? �.<k? ~�E� 4$�K

	l9�C�> �C.<' *�. ��? ���H� 	/�2 �.0? � �� )Blessy et 

al., 2014 .(#�� ,�.$��=� HPLC  4.$� 7=��� � �.<��
 #�� B�

,��8'  ,�$+0123=]�� ��, .$�4 2 �$1=2�V�*  b30l_?

��>	� ) *�. ��0�Osel et al., 2021.(  
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