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Abstract — Strong anion-exchange membrane in the linear gradient elution method was experimented for the separation of
the major whey proteins af-lactalbumin, BSA 3-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 that0@dhTite
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-HCI 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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A7 FA AH-E). B-lactoglobulir® B A3 Ak AM8-HE 4] delivery module, UV 730D detector, Rheodyne 7725i loop injectqi(20

% WAL o) glou}, B, XZ, WE 5 AAIE 25E A9l o]8d sample loop} 717171 M930 solvent delivery pump, UV 720 absorbance
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o H A, A 248A RS o183 A Al £ gig
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B8 2AES E i o) e UL Z
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B Ao AM-H 54 oE ' 524|521 a-lactaloumin(type Il
deplete, form Bovine Milk Approx. 85%}-lactoglobulin 3-lactoglobulin A

1232 Blactoglobulin B(form Bovine Milk Approx. 90%), bovine serum

albumin(BSA), buffe] 3713t piperazine =5 sigmailX Y3ttt
EE ABES FYslr] A = SR (PVDF 0.45um, Watersg ©]
|l A2 E st} buffer B 831417 AM&-3F NaCle- &8sl
A 43k 28 724 BZ(Division of Millipore, Waters, Milford,
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2 A= 5971 1mk] 2= HiTrap Q HP(Pharmacid) A1
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liquid chromatography(Waters Associates, Milford, MA, U.S3A)}-E-
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Time (min) Fig. 3. Separation of the standard chemicals of the whey proteins

anion-exchange membrane(buffer A/buffer B(vol%)=95/5-90/1
(0-5 min), 90/10(5-10 min), 90/10-87/13(10-20 min), 87/13-7C
(20-40 min), 70/30-10/90(40-45 min), 34).

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), 2)

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

Bold Fol2g wA At} oA Folg @ U AES BHo| oF 87/13-70/30(20-40 min), 70/30-10/90(40-45 min) velo®]5-2 23
o] &9 Ag72 W Fol& wehel FAsAl He Aoty dde A Fig. 3] 2749 a-lactalbumind] 2] &Z-&o] Holx| 2, BE ol
pig} o] 54 pHAtel 9] Xpolrt AW 245 AL o & oo H AE9] H3 7)E o] Bl ). X% B-lactoglobulin(A, By i
of ¥ whe] hete] F3abA HrH27). mEkA Fig. 194 BE ket e Fig. 2] AF¢) vlws) & o Foksisach

o] pit 7 Be a-lactalbumie] 714 e SR AT §55 &= AR EFEIMN de °1E” ZAES §34 24E 2 55
1, BSA 28] 2 B-lactoglobuling=~7} @ t}. Buffer B X33 NaCl off 8311171 A|E] AL38te] ARSI 73 BLde FHdA
g SRR WA X FA TR Felith Fig. WA AME-S Wbz oheket EAlRe] BEE o] ZeH R bk S8 7F 55

oA AL M¥A o= MalEsl L, buffer Albuffer B/} 95/5-90/10 0F = pEEe] Re ko|7] 98 4% gl Azl dar).
(0-5 min), 90/10(5-10 min), 90/10-70/30(10-45 min), 70/30-70/30(45-55 min), 7t} EA4 B2z} Bol A x| e 1A ole] 5 PVDF 0.45m

70/30-10/90(55-60 min) vol9gitt. Fig. 2A Thela 83 Al ZofA 2 A 3 YAEES UF BEE o] 88) EALgF xjold] uje} o=}
B-lactoglobulin]2! B-lactoglobulin(A, BE- 718t Al g2 HEst she E8H0] o w 43 48948 AA T E 519} a-lactalbumin,
Azolt}, A 43 &9 e B-lactoglobulin® Ast B7F £ e{9) B-lactogloblire} BSA2] #-2}8ko] Table B4l & 4+ §l3o0] F1to]7]
o o Eee B»Iactoglobulln A’} 64%, B-lactoglobulin B= 36%°] tH4]. o) B éA &S wol7] SN EAEe] Al ol &
Fig. 214% Fig. =+ ¥lwsld BSAY tigh #] &8-o] HolgA|at, Ao}, St ] EAEE AAL dart slold £ §A47}
B-lactoglobulir] 3= ®.¢}ko] B-lactoglobulin(A, BR-& Ea]=$iTh. p- 10,0004 30,00@] % AEEE UF 2EE AS381AT. Fig. 33 543
lactoglobulin(A, By 3 %=& 5718171 $18) ol 248 ataA olF LR 7t FH ] A AR wE AFrt 2] Fig. £}
Adste] Fig. 3 722 o5 AL Ag¥ oz At} Buffer A/ Fig. ®]t}. Fig. 4= 241 3471 10,000] 22 3314 &2 A&
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Fig. 2. Separation of the standard chemicals of the whey proteins by Fig. 4. Separation of the proteins contained in whey by anion-exchan
anion-exchange membrane(mobile phase composition same as membrane(mobile phase composition same as in Fig. 3, @0
in Fig. 1, 20ul). molecular weight limit 10,000 centrifugal UF filters retentated).
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Fig. 7. Separation of the proteins contained in whey by anion-exchan
molecular weight limit 30,000 centrifugal UF filter permeated).

membrane(mobile phase composition same as in Fig. 6, J#(
molecular weight limit 10,000 centrifugal UF filter retentated).

£, Fig. 5= 30,0001 & F3st 22 o) AEE 248 Aol

RE oA thgt #e] 83 Fe =) 3HAska, B-lactoglobulin(A, B-lactoglobulire] 712} ¥]<23l Ao &-&H Qo we w9 83
B)o] A= Aoja] AWM &2 Ut 53] g4 EAEe] 10,000 715 0] 2] Eebrd et k17 Fig. 421 590 H18) a-lactalbumin
w2 AL8-dE Fig. £14= a-lactalbumir T} 339} o] 82y I} BSAY] A5 A 7bo] Ao i, A S AR E]ste] 415 §14] 10,000
3L, BSAZ} B-lactoglobulin® A <] 28]=A] %94t Fig. 4, 54| & kg ARR-E Fig. 7 ¥lwstkE o-lactalbumir] 28 Ex 2Aaste A e
o} o] TEo] B ol fAd xE B4 daldEo] 1y o2 g S| Fazel 8E%E ZUREAT. A 2471 30,000
Fom e GAtus HgolA buffer B &)=l Sle A3} o] =(CI” ol vhg A3 Fig. M= &2 dwdEo] vlwa El7t & HA
Y2 ol&mgle] A&sA doubA] Fetal AL PN B W) t} Fig. 9-1PIA FY#S 50U 58 Age) 2 daEelr) 7
Foloh. 5 2ReA] B Hjel o] 408 o] 48 43} o] (Cl)Y] FE ZIAIE B BTt S EAW, 55 BHUNAE
SR & o] Wi 2HEE T E Eo] Wl 825Ut BSA Wg B3 FHOE FUFE ST o] 2L oA Fig.
9} B-lactoglobulire] &2 7} & o]FolX &2 puffer BY Z3HE NaCl 6-82F 7= buffer A/buffer BE- 95/5-90/10(0-5 min), 90/10(5-10 min), 90/
o] W3E ¥s oz -39t} NaChio] 302 5<F 20%4 = &3t 10-70/30(10-45 min), 70/30-70/30(45-55 min), 70/30-10/90(55-60 min)
3 7t =& buffer BY 5o AEE U 2 A3 o] 52 vol%Z ST} Fig. PlA= AES AXE sk ¥, 22 2719

242 Fig. I} 22 buffer A/buffer BS 95/5-90/10(0-5 min), 90/10(5-  Fig. 62 Blidbd 53 sl mE9) ofo] Zv1d 218 & 4 glt}. o]
10 min), 90/10-70/30(10-45 min), 70/30-70/30(45-55 min), 70/30-10/90(55- HlajA AAEHE UF ZE S A2 Ay 3 2d4349

60 min) vologt H Tt o] A= Fig. & vekdler, fdEe® UF Fig. 10, 1Bl = &) 203l o 23-E(Fig. 7, 8Pl ¥lsh 773
R Ay oA 2 773 AR 200 93 27 Adfolrt A o] ool Wlwa AA SrFe L EElEE & A7t gl &
5 S G2 ARddE Bl Tk BEE0] ESAEkL 9o &5 3] Fig. 8, 118 vlwshd A 87t 7] §&50] Eelert HolA L, a-
T 54 ko] Aoz A7) widl] Ee%rt 24aH ATt BSA% lactoglobulin(A, Bp] &l A9 o] FolxA] @it} $41 NaCk]
3.0 . T y T . T 100
T T T T ] 100
25 80 121l a-lactalbumin
- 80
. 60
E 20 . g s 9 p-lactoglobulin B o0 o
2 p-lactoglobulin (B+A w0 o E E
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420 '_t':' s
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Fig. 6. Separation of the proteins contained in whey by anion-exchange Time (min)
membrane(buffer A/buffer B(vol%)=95/5-90/10(0-5 min), 90/10 Fig. 8. Separation of the proteins contained in whey by anion-exchar
(5-10 min), 90/10-70/30(10-45 min), 70/30(45-55 min), 70/30-10/90 membrane(mobile phase composition same as in Fig. 6, jJ@C
(55-60 min), 20, no use centrifugal UF filter). molecular weight limit 30,000 centrifugal UF filter permeated).
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Fig. 9. Separation of the proteins contained in whey by anion-exchange  Fig. 11. Separation of the proteins contained in whey by anion-exchar
membrane(mobile phase composition same as in Fig. 6, jH membrane(mobile phase composition same as in Fig. 6, j#C
no use centrifugal UF filter). molecular weight limit 30,000 centrifugal UF filter permeated).
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L immunoglobuling 45 4] 30,00@1 =HoilA ojz}1=o] 10,00@] =t
0 o vlgl] BlwA Aot Ly WA AJFe o Wl &
) 2ol & Ko|R] FShrt. F-EH 02 FEEu) §&k] SRR, A
Jeo e of] ARS-E A7 HE-S s A oR BHA AFE 7
gist7] Lt ot YAEEE UF ZES] Aol WolR = o]
= 942719 3 S22 Q) vl HAIE AR $HA) LA
4 & EAES TIXA EE BHE AR

25|

20F

a-lactalbumin

\ p-lactoglobulin B

o

Intensity(mV)
P
T
1
&
(%) g 4epng

B-lactoglobulin A

zd =
05 4 = —

ool . . . ) . . ) 7 @z S0 g4 a-lactalbumin, BSA B-lactoglobulin(A, B)

0 s % * o & FEE) N 74 gole makte) ) S 2APS ol 833

Time (min) o}, gole ek AMgE) pHEEH 99 A¥H §2Ue o] g3l

Fig. 10. Separation of the proteins contained in whey by anion-exchange Ao zFE ke FEalsl=d o9 g2 0|Qx, T /e v
membrane(mobile phase composition same as in Fig. 6, j#0 2 o]F7 B-lactoglobuling 28] & 5 itk 43 dwELe Lol
molecular weight limit 10,000 centrifugal UF filter retentated). walete) AEiA o AT o A9 oA Gl HHA] &

27} dojdt}. meba A9 7 Gt bufferd] ARS-S ml- a6t

gk 2 71 Hlgo] o] WS AMEEle] G4 deEg et o APE T4 HF ol 245 #EE A3 1 miiming] o5
o F8% a0 Aggrt AF A7ho] 107} 408 Atelell NaCl %=} Buffer A/Buffer B(vol%)=95/5-90/10(0-5 min), 90/10(5-10 min),
o] =7} 714717} buffer Albuffer B, 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 #hif)

90/10-70/30(10-45 min), 70/30-70/30(45-55 min), 70/30-10/90(55-60 min) ¥ FA ©AIS dFF oz A} §349 483 dmAEe vew

VoI A 71 S o5 e] 2olgih E 43 wudEe B o Wud Rue Azsil, SEexg AR dere 39 o
2% @17} 30,008) ¥Hol 10,0000 ¥ls) AAE Azt Frhe 2 Bold, R AdxdAel] < B E0] Wash 2 APAE f
Flstdrt. A FA)7F 10,000 =HE F3EA] 82 AlEw AY Aol 2349 JEEFA2RE 9 a-actalbumin, BSAZE] 2 B-lactoglobulin
AL ggez ZHEHT F4 AEES AA IETH= B- A, B-lactoglobulin B8 #8]8h= &8 M) 7= 5= 8849 + 3
lactoglobuli®} plI7} B]<:%t immunoglobuling} a-lactalbumii} v]<:gt o} ko7 wshe o]R-3 HelibH vyl Sd) il o83 wz
Foz xZFHol o] BeEE A4t kA 30,000 01784 o] A= IA elFelAof g},
Table 1. Molecular masses and isoelectric points for the whey proteins
Protein Proportion of skim Concentration in Proportion of total  Isoelectricpoint Molecular
milk protein(%) whey(g/l) whey protein(%) (p!) mass
a-lactalbumin 25 0.7 12 4.2-45 14,000
Bovine serum albumin(BSA) 0.7-1.3 0.3 5 5.13 69,000
B-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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