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 ���
 � ��� ����� �� ��� �� �� α-lactalbumin, BSA, β-lactoglobulin A

� B  !"�#$. %&" '	�� (�) *+!"� UF ,-. !/0 )12 30,0003 �� 10,000� 45 678�

9$. NaCl. :;� �� ��� !"� 8<) �=>. ��� ?@ ABC9$. �=>D buffer A(20 mM piperazine-

HCl pH 6.4), buffer B(buffer A+1 M NaCl)  (��#$. E8 �=>. ��D buffer A/buffer B(vol%)=95/5-90/10(0-5 min),

90/10(5-10 min), 90/10-70/30(10-45 min), 70/30(45-55 min), 70/30-10/90(55-60 min)�9$. F. �G�� HI
 JK) L

7 4M. NO �� ���
 PQRS@ !"�#$.

Abstract − Strong anion-exchange membrane in the linear gradient elution method was experimented for the separation of

the major whey proteins of α-lactalbumin, BSA, β-lactoglobulin(A, B). This centrifugal UF filters were used for the pretreat-

ment of proteins. The membrane with nominal molecular weight limit 30,000 was more effective than that with 10,000. The

salt concentrations were changed to determine the mobile phase composition for separating the whey proteins. The mobile

phase was composed of buffer A(20 mM piperazine-HCl pH 6.4) and buffer B(buffer A+1 M NaCl). The optimum mobile

phase composition was determined as buffer A/buffer B(vol%)=95/5-90/10(0-5 min), 90/10(5-10 min), 90/10-70/30(10-45 min), 70/

30(45-55 min), 70/30-10/90(55-60 min). With this experimental condition of the linear-gradient elution mode, four major whey

proteins were satisfactorily separated.
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1. � �

���� �, ��, �	 
�� 
���� ���, 2-6%��� �

� ����� �� !"#. � �� ����$ %&' ()*� +

$ ,- .�/* 01�2��#[1]. �� ���$ 34�
567 8

� ��9 :; <4� =>�, ?@ �A� BC DE FG H)� (

IJ�#[2]. KLJMN �� ���7 O*P� Q @	� R- ��

�S caseinsT �U ���$ .�VJ, ��;VJ W*�X Y Z�

[ \S#. ��� 30-35 g/L ��� , 80% ��7 Z�P� caseins

� �� ���7 pH 4.6�X ]^_` a! b), cd), efg, S

hi�, @� �h j� k� c)l#[3]. �� ��� , caseins[ g

mC 6-7 g/L no� �U ����#[4]. �U$ pq .6 hn� r

6��X a7 4 "Ms, Bt uvwq, �� ���, 
�� j� x

y z{N |} !"#. �U$ �~� ��9 �� �� ��N c)

� �� ���, �6� .&7 ��_��� 34J�#[5]. w���

�U� ��J �)*� ��7 �� �#� IVJMN ,-C ��

�� �� ���s 20�� �� �U ���� BC �O� �� �

"#[6]. �U�� � 6%� �yT 70% ��� uvwq� "Ms, �

��$ 0.7%no "#[7]. P��, Cm�I� �9 ��l whey

retentate�� 18-22% ��� ��7 \S#[8]. � �U ���� O*$

α-lactalbumin, β-lactoglobulin, immunoglobulins A, M 
�� G, bovine

serum albumin(BSA), lactoferrinI lactoperoxidase�#. �U ����

Br�7 Z�P� β-lactoglobulin� � �$ 18.4 kDa�s, 162t�

�
56 ¡�N O* !"�, 2-4 g/Lno ��¢"#. α-lactalbumin

$ 123t� �
56 ¡�N O* £Ms, � �$ 14.2 kDa��, \

¤ ��� 0.6-1.7 g/Lno �� !"#[9]. α-lactalbumin$ .&� 3

-C ¥¦v§� 8� �� !"� ¨©�, ��) ��gFª ��*
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«¬b­� c)l#. β-lactoglobulin$ �	 g­ .6� c)l#[4].

�U ���$ 4�V�ª, ��, pq, ®  ̄j �g­ b­ 6°� �)l

#. W', �� ��� ±� ��l IgG, IgA, lactoferrin and lactoperoxidase

� �VJMN �)P#[11]. 
�� IgG� ���� #�C ²³ pd

� (IJS �MN ��´#[12]. LactoferrinI lactoperoxidase� µ�

��N c)l#[13]. w¶ ^r¯ ��h g­�·�X �U ����

�� ¸ ng, 4* 2-�¹ �º7 �)C �U ���� �»� BC

�O� �� !¼#[14-16]. ½, ¾ �I[ �)C �U ���� ��

� #�P¿ _o � "#[17-19]. ÀÁ¾� &Â$ Y ÃÄ�X� .

�VJ � �7 Å � �� ��Æ 4 "� H$ �±�Xo +$ �

�o[ ª1Çs È$ ÉÊ�X F°� ��P#. ½C, &p[ scale-

upP�� Ë#. 
¶X ¾ �I[ ��� ngT �V �·� c)C#

[20]. �Ì ÀÁ¾7 �)C �U ��� ��� #�C �º� �O 

�, �ÍÎ� \�  � "#[7-9, 21-22]. �Ì ÀÁ� �� ÏÐ�Ñ$

.�� ÒDÓ� n^�J �Ô H)� �9 K!Õ#. �
56�ª

��¾� "� ���� ̂   Ö�� ���F*�X 9��  DX �

�� � �$ ×�Ì� *�7 ��¿  �, /*;l H)�� ��

Ì� Ø*7 ��¿  DX ���� H)�� <fP¿ l#[23]. <

fl .�� � � buffer� ³I #Ù �Ì� �9 Úf Ûª �^

l#. pH Ü;� JÝP� ÞC ÒD Üz�ª, 4f� �C pH (I

� �ol ��� OF Ü;[ \ÔP� Þ9 J�C buffer� -Ol

#. J�C buffer� ßà$ �Ì ÀÁ ¾ hn� *h� ,-C -S�

#[24]. �¨ ��� � � j^Â(isoelectric point)I bufferS ³� �

o� ,-C �� ÏÐ�Ñ� S N H)P¿ l#. 
¶X O� )á

F*(gradient elution)7 �)P� âJ� �� F«7 ã� ��#[25].

ä �O� åJ$ �U ��� ,�X α-lactalbumin, β-lactoglobulin

AT B, BSA[ × �Ì ÀÁ¾7 �)P� ��P� ��#. æçJM

N ��� F*I F°�º� èÙ �U ���� ��� B9 �éP

�  C#.

2. � �

2-1. ����

ä æç� c)l �U ��� ¸ Òê_dS α-lactalbumin(type III:

deplete, form Bovine Milk Approx. 85%), β-lactoglobulin, β-lactoglobulin A


�� β-lactoglobulin B(form Bovine Milk Approx. 90%), bovine serum

albumin(BSA), buffer� ë�C piperazine, ÄQ sigma�X OìPí#.

Äî _d�$ RìP� ^� ¾ �I�(PVDF 0.45µm, Waters)[ �

)9 ^ï�[ Pí#. buffer B� )9_` c)C NaCl$ ��;V�

X OìPí#. �$ ²É ðñ(Division of Millipore, Waters, Milford,

MA 01757, U.S.A.)T 3¯(HA-0.5µm, Division of Millipore, Waters)[ �

)P� �IC ò	4[ c)Pí#. ä æç�X� Äî _d�7

PVDF 0.45µm 3¯N ^ï� C ó c)ô#. ���$ #×I õ$

F*MN c)Pí#. Buffer A� pH 6.4S 20 mM piperazine-HCl,

buffer B� buffer AT 1M NaCl7 ö! ��£#.

2-2. ����

ä æç�X� r÷� 1 mlS ÀÁ¾ HiTrap Q HP(Pharmacia)[ c

)Pí#. HiTrap Q HP$ �*� Q Sepharose[ resinMN c)P�

¬ ×�Ì ÀÁ¾�#. �}) HPLC &pN� Waters 515 multi-solvent

delivery systemI 486 tunable absorbance analytical detector, 
��

Rheodyne injector(50µl sample loop)[ ��C Waters model 600S

liquid chromatography(Waters Associates, Milford, MA, U.S.A.)[ c)

ô#. ��¯ 4Ö &p� Chromate(Ver. 3.0, Interface Eng., Korea)[

&fC PC�#. ½ #Ù �}) HPLC &p� øù��� M930D solvent

delivery module, UV 730D detector, Rheodyne 7725i loop injector(20µl

sample loop)T øù�� M930 solvent delivery pump, UV 720 absorbanc

detector, øù�� Autochro data module7 c)Pí#. �U ���7

�  ú�� è� ^ï�[ P� Þ9 û����[ c)ô�� � û

����� CKüc� MF 550�s, û���z UF 3¯� Amicon

üc� centriprep centrifugal filter YM-10, YM-30(15 ml)7 c)ô#.

2-3. ����

ä æç�X� Òê_d ��S α-lactalbumin, β-lactogloblinI BSA

j7 10 mg/ml� �o[ �� ýþ�N ��! æçPí#. �U ��

� E_ ¾7 ¤IC ò	4� 200 mg/ml� �oN )9_ÿ ó _d

N c)Pí#. Òê_d�X β-lactogloblin B� β-lactogloblin(A, B)7

c)ô� æç�Xo 10 mg/ml� �o[ c)ô#. )9l �U ��

� ±� ÛB � �7 gÛ9 åJ ���S α-lactalbumin, β-lactogloblin

(A, B)I BSA� ��7 +�� Þ9 � � C¹ 10,000(YM-10)I

30,000(YM-30)� û���z UF 3¯[ c)9 _d[ ^ï� Pí#.

�U 4)x _d� õ$ �7 YM-10I YM-307 &fC Q t� _

ç�� ª�! �� û�����X 3,000 rpmMN 15�Ó û��� P

í#. ��X åJ ���� � �� ÄQ 10,000 ���� ¨©� �

 � C¹ 10,000 ¾7 ¤IP� �� �$ x7 _dN ��ô#. �

 � C¹ 30,000S ¾�X� α-lactalbumin, β-lactogloblin� � ��

?? 14.0 kDa, 18.3 kDa	7 ��P� ¾7 ¤IC �Ix7 _dN

c)ô#. ���� )
7 ²�P� ÞC detector� wavelength�

260 nmN HiTrap Q HP[ ¤IP� _d� �±$ 1 ml/minMN �n

Pí#.

3. �� 	 
�

�Ì ÀÁ¾� û�� �6 ��*� Z�T ��KC ÒD H)�


�N SC ��#. ��� ��l #h* ì � c�� #h �6I <

f� �9X ���  � HPLCT� �� �$ _Ó��� ��[ Æ

4 "Ms È$ ÉÊI �� FG� ��P#. 
��N �Ì ÀÁ¾�

&Â7 �)PD �$ �� (I[ �BÆ 4 "#. W' y	 �4[

²:_�� ³7 c)P� ûP� ��7 ��P�� �& 8� c)

l#. pH[ FGP� )� �º$ ,Ó� buffer ÀÁ� Ó� �� ¹

±JS �ÌÀÁ <f7 Æ 4 "¿ 9ê#. ���I buffer� �ÌÀ

Á ���X �4*S ���7 Ü*_�� �o� ßà !�· Ps

�ÌÀÁ7 c)P� .�VJ ng�X� ë���� (IT �± j

� JG' �� !�· C#. ��� F*� ßz ½� �¹J Ü;�

�C )
$ ��l )�� #�C ��7 �¶C#. Úfl )���

�� ±o� ��� �o� r�J �z� ��C#. �, ���I ��

�� �Ì� ×�Ì ÀÁ¾� � JMN <, Úf7 L!PDX ��

� K!ª�� �¨ ��� K!ª� ±o� ??� � �� �z7

�"� ±o� ��C#. 
¶X #' O� )áº$ ¾�X ��� *

�7 Úf_$ ̈  c)l#. ½C, ßçJMN Wn @	 ��7 ßàJ

MN )
_$ âJ F«7 ã�� !�% ¨ O� )á[ c)P� �

� &�P#[26].

�U ��� , α-lactalbumin, β-lactogloblinI BSA[ ��P� Þ

P� �'� HPLC� ×�Ì ÀÁ¾7 ��MN &f9 NaCl� �o

[ Ü;_�� O� )á F*ºMN æçPí#. ï×�� ? �U �

��� Òê _d[ ýþP� ���$ buffer A(20 mM piperazine-HCl

pH 6.4)T buffer B(buffer A+1 M NaCl)[ c)Pí#. ��� � �

)
 ! ªw� (X� ��� ×^P no� )oS j^Â(pI) Z�

T ��� "#. ��� ��� pI\# ���� pH� úD ���  

yJMN 4:�Ì(H+)7 �
P� �BJMN P�2�_�(OH−)�
���� �40� �4� 2002� 8�
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),
8�� ×�Ì7 *¿ l#. �+¿ ×�Ì7 , ����$ ÒD� �

�Ì� H)�N l ×�Ì ÀÁ¾� <fP¿  � ��#. ����

pIT ��� pHc�� Z�� úD -4� ���$ . Y ×�Ì�  

! . /� ÀÁ¾� <fP¿ l#[27]. è�X Fig. 1�X \� 0T

õ� pI� �& È$ α-lactalbumin� �& /� <f £#� )
 

�, BSA 
�� β-lactoglobulin (X� l#. Buffer B� ��l NaCl

�7 ò��MN1 ���� y	_Ó$ ���#. Fig. 1�X c)C

��� F*$ ßzJMN Ü;Pí�, buffer A/buffer B� 95/5-90/10

(0-5 min), 90/10(5-10 min), 90/10-70/30(10-45min), 70/30-70/30(45-55 min),

70/30-10/90(55-60 min) vol%�£#. Fig. 2�X ��� Òê _d�X

β-lactoglobulinB� β-lactoglobulin(A, B)7 ë�C Òê_dN æçC

2I�#. æg �U ±� "� β-lactoglobulin$ AT B� ýþ !"

#. 
 ��$ β-lactoglobulin A� 64%, β-lactoglobulin B� 36%�#[4].

Fig. 2�X� Fig. 1I �ÀPD BSA� BC �� (�� 3!´��,

β-lactoglobulin� ÷ú Ä�� β-lactoglobulin(A, B)MN �� £#. β-

lactoglobulin(A, B)� ��o[ ò�P� Þ9 ��� F*7 Ü;_`

æçP� Fig. 3I õ$ ��� F*7 æçJMN a£#. Buffer A/

buffer B� 95/5-90/10(0-5 min), 90/10(5-10 min), 90/10-87/13(10-20 min

87/13-70/30(20-40 min), 70/30-10/90(40-45 min) vol%S ��� F*�

X Fig. 3� 2Iï� α-lactalbumin ÷ú� (�� 3!��, Äî ��

��� ÷ú �êß� ��nPí#. P�� β-lactoglobulin(A, B)� �

�o� Fig. 2� 2IT �À9 4 ¨ ò�Pí#.

Òê _d ýþ��X a$ ��� F«�7 �U �57 2Z ò	4

� )9_ÿ _d� J)P� æçPí#. �U �5�� 4��X 4

��Î� #�C � �� ���� �� !"#. è�X ��� åJ

MN P� ����� ��7 +�� Þ9 �U 4)x7 ^ï� Pí#.

ÛB � � ��I �� � 6� �$ �y7!��$ PVDF 0.45µm

3¯N ÛÙ ó û���z UF 3¯[ �)9 � � Z�� è� �I

P� ��JS �bMN �U 4)x7 ̂ ï�[ Pí#. α-lactalbumin,

β-lactogloblinI BSA� � �� Table 1�X 4 4 "8� 4���

¨©� åJ���� ��7 +�� Þ9X� � �� 49 �PS �

��ª, 4:� ��S � �7 gÛÆ 3-� "!X � � C¹�

10,000I 30,000S û���z UF 3¯[ c)Pí#. Fig. 3I �KC

��� F*MN ? 3¯� C¹ � �� èÙ 2I� ?� Fig. 4T

Fig. 5�#. Fig. 4� � � C¹� 10,000S ¾7 ¤IP� �$ _d

Fig. 1. Separation of the standard chemicals of the whey proteins by
anion-exchange membrane(buffer A/buffer B(vol%)=95/5-90/
10(0-5 min), 90/10(5-10 min), 90/10-70/30(10-45 min), 70/30(45-
55 min), 70/30-10/90(55-60 min), 20µµµµl)

Fig. 2. Separation of the standard chemicals of the whey proteins by
anion-exchange membrane(mobile phase composition same as
in Fig. 1, 20µµµµl).

Fig. 3. Separation of the standard chemicals of the whey proteins by
anion-exchange membrane(buffer A/buffer B(vol%)=95/5-90/10
(0-5 min), 90/10(5-10 min), 90/10-87/13(10-20 min), 87/13-70/30
(20-40 min), 70/30-10/90(40-45 min), 20µµµµl).

Fig. 4. Separation of the proteins contained in whey by anion-exchange
membrane(mobile phase composition same as in Fig. 3, 20µµµµl,
molecular weight limit 10,000 centrifugal UF filters retentated).
HWAHAK KONGHAK Vol. 40, No. 4, August, 2002
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n)
[, Fig. 5� 30,000S ¾7 ¤IC õ$ �� _dN �}C 2I�#.

Äî ���� BC �� (�I ��o� ²:P�, β-lactoglobulin(A,

B)� XN ö�X C;<� )
 £#. W' C¹ � �� 10,000S

¾7 c)ô� Fig. 4�X� α-lactalbumin$ #Ù ÷úT õ� )
 

£�, BSAT β-lactoglobulin$ Û� �� � �=#. Fig. 4, 5�X �

�oT �� (�� È$ ��� �U� ��l åJ ����� �n

�MNr¯ Úf � In�X buffer B� )9 !"� ³; �Ì(Cl−

)I� �ÌÀÁ� û/P¿ K!ª� >P� J$ �� Úf £� ¨

©�#. Q 
?�X \� 0T õ� 40� �ó @~C ³; �Ì(Cl−)�

ò�N × �Ì ÀÁ¾� ¡	C ����� C;<� )
 £#. BSA

T β-lactoglobulin� ��� A �"!�o� buffer B� ��l NaCl

� Ü;[ æçJMN FGPí#. NaCl�� 30� �� 20%no B�

P¿ ò�  o� buffer B� h@� Ü;[ R£#. 
 2I ����

F*$ Fig. 1I õ$ buffer A/buffer B[ 95/5-90/10(0-5 min), 90/10(5-

10 min), 90/10-70/30(10-45 min), 70/30-70/30(45-55 min), 70/30-10/90(55-

60 min) vol%�  £#. � 2I� Fig. 6� ª1CMs, û���z UF

3¯N ^ï� P� �$ �U _d 20µl RìC æç 2I�#. ^ï�

[ P� �$ _d�� � �� #�C ���� 'DP� "! åJ

����� �� �BJMN J� ¨©� ��o� ²: £#. BSAT

β-lactoglobulin� Û� �EC _Â� )
 £Ms È$ ÷ú� (�I

�êß� ��' ��nPí#. P�� Fig. 4T 5� �9 α-lactalbumin

I BSA� y	 _Ó� F!´�, _d[ ̂ ï�P� � � C¹ 10,000

¾7 c)C Fig. 7I �ÀPD α-lactalbumin� ��o� ²:Pí��,

#Ù ����� ��oT )
�$ ò� £#. � � C¹� 30,000

S ¾7 c)C Fig. 8�X� åJ ����� �ÀJ ��� A  £

#. Fig. 9-11�X� Rì�7 50µlN G� æç9 ä 2I��#. Rì

�7 ò�_�D ��' ��o� H!���, )
 � åJ����

�7 �� åJMN Rì�7 ò�Pí#. ���� F*$ �^ Fig.

6-8I õ$ buffer A/buffer B[ 95/5-90/10(0-5 min), 90/10(5-10 min), 90/

10-70/30(10-45 min), 70/30-70/30(45-55 min), 70/30-10/90(55-60 mi

vol%N Pí#. Fig. 9�X� _d[ ^ï� P� �=�, õ$ F«�

Fig. 6I �ÀPD �U ����� �� ò�l �7 4 4 "#. ��

�9X û���z UF 3¯[ c)P� ^ï� C æç2IS

Fig. 10, 11�X� Rì�� 20µlS �^ 2I�(Fig. 7, 8)� �9 �U

���� �� �ÀJ J¿ ò�Pí� ��o� Y Z�� �£#. W

' Fig. 8, 117 �ÀPD _d� �I )
 ! ��o� È���, α-

lactoglobulin(A, B)� ��� Û� �"!�� �=#. �ß NaCl� J

Fig. 5. Separation of the proteins contained in whey by anion-exchange
membrane(mobile phase composition same as in Fig. 3, 20µµµµl,
molecular weight limit 30,000 centrifugal UF filter permeated).

Fig. 6. Separation of the proteins contained in whey by anion-exchange
membrane(buffer A/buffer B(vol%)=95/5-90/10(0-5 min), 90/10
(5-10 min), 90/10-70/30(10-45 min), 70/30(45-55 min), 70/30-10/90
(55-60 min), 20µµµµl, no use centrifugal UF filter).

Fig. 7. Separation of the proteins contained in whey by anion-exchange
membrane(mobile phase composition same as in Fig. 6, 20µµµµl,
molecular weight limit 10,000 centrifugal UF filter retentated).

Fig. 8. Separation of the proteins contained in whey by anion-exchange
membrane(mobile phase composition same as in Fig. 6, 20µµµµl,
molecular weight limit 30,000 centrifugal UF filter permeated).
���� �40� �4� 2002� 8�



Q Sepharose � 	
� �
�� 
�� ��� ��� ��� �� 465
GC �I ò� ��� �Ì ÀÁ¾7 c)P� �U ���7 ��P

�� ,-C -SMN H)C#. æç _Ó� 10�I 40� c�� NaCl

� ò� �%�� buffer A/buffer B, 95/5-90/10(0-5 min), 90/10(5-10 min),

90/10-70/30(10-45 min), 70/30-70/30(45-55 min), 70/30-10/90(55-60 min)

vol%�X �& �4C ���� F*	�£#. ½ �U ����$ �

 � C¹� 30,000S ¾� 10,000� �9 ^ï� 2I� �#� �7

�SPí#. � � C¹� 10,000S ¾7 ¤IP� �$ _d� ÛB

� �� #�MN ýþ � �U _d[ ^ï� P.�o β-

lactoglobulinI pI� �EC immunoglobulins� α-lactalbuminI �EC

�MN �� ! "! ��o[ ²:_ÿ#. è�X 30,000 ���

immunoglobulins� � � C¹ 30,000S ¾�X �I ! 10,000S ¾

� �9 �ÀJ (�J�£#. 
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Fig. 9. Separation of the proteins contained in whey by anion-exchange
membrane(mobile phase composition same as in Fig. 6, 50µµµµl,
no use centrifugal UF filter).

Fig. 10� Separation of the proteins contained in whey by anion-exchange
membrane(mobile phase composition same as in Fig. 6, 50µµµµl,
molecular weight limit 10,000 centrifugal UF filter retentated).

Fig. 11. Separation of the proteins contained in whey by anion-exchange
membrane(mobile phase composition same as in Fig. 6, 50µµµµl,
molecular weight limit 30,000 centrifugal UF filter permeated).

Table 1. Molecular masses and isoelectric points for the whey proteins

Protein
Proportion of skim 
milk protein(%)

Concentration in 
whey(g/l)

Proportion of total 
whey protein(%)

Isoelectricpoint 
(pI)

Molecular 
mass

α-lactalbumin 2-5 0.7 12 4.2-4.5 14,000
Bovine serum albumin(BSA) 0.7-1.3 0.3 5 5.13 69,000
β-lactoglobulin 7-12 3.0 50 5.35-5.49 18,300
Immunoglobulins 1.9-3.3 0.6 10 5.5-8.3 15,000-1,000,000
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