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Functional Properties of a-Lactalbumin Separated from Bovine Whey

Hae-Jin Kee and Youn-Ho Hong

Department of Food and Nutrition, Chonnam National University

Abstract
This study was performed to obtain a large quantity of a-lactalbumin(a-LA) from milk by an improved
separation and purification method. Functional properties-solubility, viscosity, emulsifying activity,
foamability, surface hydrophobicity and gelation-of the purified «-LA were investigated, «-LA was
purified in a large quantity by DEAE-Sephacel chromatography using 0.15 M NaCl in 20 mM Tris-HCl
buffer(pH 7.2), as an eluent. The yield and purity of the purified a-LA were 23.6%, 92.5%, respect-
ively. The solubility, viscosity and emulsifying activity of the purified a-LA were 92.2 + 2%, 3.46 = 0.
19 cP, and 345 + 5.0m? /g, respectively. The foamability of a-LA was 762 after 5Smin whipping, which
was lower than that of WPC, and showed decreasing tendency with whipping time. The relative sur-
face hydrophobicity of the a-LA was 43.9 + 2.7 compared to 1,000 for bovine albumin, An opaque gel of
the a-LA was formed, when a 10% a«-LA solution containing 100 mM NaCl and 20 mM CaCl, was
heated at 92°C for 40min. The o-LA gel showed 31.5 as hardness, and showed low springiness and co-

hesiveness.
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Sodium dodecylsulfate polyacrylamide gel
electrophoresis(SDS-PAGE) 2} Native PAGE

SDS-PAGEE Laemmli®y o)) F3}o] 17,
5%9] £ A& A&3td AA &AL AP
52 20 mAe] HFAAM 6087 A20A 53
3 & AL 0.25% Coomassie brilliant blue
(R-250) 2 M A12 o+ 10% acetic acidgt
45% methanole] §#-d gy do 2 S5 H
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43} 2 Pearce9} Kinsella® o] g uby
S AR F£AsY FAFSAC 0.1% A &
H(0.1 M Q1Argk3ol pH 7.0) 30mls} 10ml
9] 244 7)1&(pure refined corn oil) & 13,
000 rpmellA 187+ 37| (Homogenizer,
X520D, Tool T30, Germany) & &3} 39
o gAsE &, SA 247t 73+ 1004 E
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B BHA & F FAS AT 2 ¥
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*‘“4»

HH £ «HELR

29 7154 54 11

Sigmaile] «-LASt B-LG, & HAF o-LA
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Al (Kontron Instruments, Model SFM 25,
Switzerland) & o] & 3t 2 stHch T &
A AFe ?55514—701—59,}. r,]-gg;_é] 5.15_4 1"4]:’:
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AR A FAATY F BAG o« LA
£ 10%7} 94 0.1 M NaCl &9 (pH 7.15) =
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zgoz YUyRsgr 92C FXAAM 4087
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AEATE o-LA A9 H2HE= Szczeniak 9
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meter CR-100D, Sun Scientific Co., Japan)
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& : n romatography & 4AAX| 8t HA & «- LA F
s sh | \lws € Table 16] btk A& @72t
5 ; g 15%) $-f 10 258 A xF WPCE 4.30g0]
z ‘ g At 5% WPC g ATse AEE
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SDS-PAGE?% % Tina 2.0 Users& A43+4
N7 E 2335 A3 WPC & AAZ o LA

: 008 £ 1.40g% Fa3tuck. WPCE AL&5ld]
40 e0 120 0 200 DEAE-Sephacel chromatography$ & &
Fraction number a-LA g2 (0.33g0) UL &L 23.6%E

vEl T $f 12004 £, AAY «LAE

Fig. 1. Scale-Up of o«-LA purification
from trypsin-acid treated WPC* on DEAE-
Sephacel chromatography. Table 1. Yield of «-LA from by DEAE-
Stepwise gradient of 20 mM Tris-HCl buffer Sephacel chromatography
containing 0.05 M NaCl in 1 bed volume, 0.15 Purification step Total «LA Yield
M NaCl in 6 bed volume. Washing of 20 mM protein (g)! (%)
Tris-HCl buffer containing 1.0 M NaCl in 1.5
bed volume, polishing of 20 mM Tris-HCl
buffer in 2 bed volume.
Sample* : WPC(enzyme : protein=1 : 500,
wt/wt, pH 3.0, NaCl 9%) 1 : 5g WPC actually contains 1.40g «-LA by
Gel : DEAE-Sephacel, Column : XK 50/18.3, density ~measurement using Tina 2.0

. Users,
Flow rate : 1.5ml/min. 4.3z WPC was obtained from 1 L milk by

DEAE-Sephacel chromatography.

WPC 5.0 1.40 100
DEAE-Sephacel - 0.33 23.6
column chromatography

NaCle] ¢t3dog Z#ind o 2/35+ A Therefore, it corresponds to 284mg of «
HEEH olLA PEL 358t 48 AAS o -LA.

123456789 1011213 14 15 1617 18 19 20 212223242526 272829 30
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43.7
28.9
18.4

14.7

5.5
29

i st e

Fig. 2. SDS-PAGE patterns of «-LA using trypsin-acid treated WPC by DEAE-Sephacel
chromatography.

lane 1 ; low molecular weight marker

lane 2~30 ; fraction number of 40, 50, 60, 65, 70, 75, 80, 85, 90, 95, 100, 105, 110, 115, 120, 125,
130, 135, 140, 145, 150, 155, 160, 165, 170, 175, 176, 180, 185.
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284mgeoldeH o] & Gordons} Ziegler®
7} EARFEHEH B-LGE AAMNIL G2
A FolA 3 AAYSAA A& o LA &
360mg / ¢ Bt} ko), Aschaffenburg-Dre-
wry@, Robbins-Kronman S0V ¢] whi & o
AW e MAASE o LAE £, AP
U B AU E SE FouA] g
AAg BEXRoZ sy Wi Z2EAE &
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2 U F ZA At dF ZA L LAY &=
= SDS-PAGE, CSC 7dg @ Tina 2.0
Users2 ¥4 % A3 92.5% %A th

a-lAS] 7| =M

1) Sy

& A LA §3)4& Lowry @
o 9% &% ZA}, Table 29 A)A)s v}
7o) 92.2 +2.2% Atk WPCe] &3]4 & 101.
9+1.7%2 «LARTH §3)4o] 3ttt Lee
TEe 95% v A g Tt KA vy
¥ 2] & (whey protein isolate, WPI) 9] &3]
& 25C A& A pH 6.0, 7.0, 8.0 o &
WHes A A 2z 92.6 £1.4%, 94.5
+4.8%, 103.9 £ 7.4% 2 4 A A pH7t
F1ES4E &Aool FUHEE vt Kim
TPz fY¥oziY FHAAZAZ WPCH
4842 pH 3.03} 7.000 A 47z} 87.8 £2.7%,
99.7 +1.2% A+l BRI Pt}l. Pearce®e
WPCe| &34 o] pHell &Aoo &34
pH7} & 7ol A 5 T 42 74 %) nje} 2o}
Hoha ok, WPCH £84& =58 244
ofmlimibel] o3 A FEFHE Fe=vhL FAT
¥, Gonzalez$} Damodaran®®& 8-1L.G7} pH
3~9 W el A v ¢ g gdo] Uty B3}
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Table 20} VeERA uhe} o] AT &=
(18¢) oA pH 7.0%1 10% WPC9} 10% a-LA
9] ¥x¥: 7tz 2.60+0.98 cP, 3.46 +0.19
cPE «LA9 FA=E7F WPCRT ¢ E9th
Lewis®& 20CAA A, 8AF 22832 F
39 M=sb ztz 212, 1.74, 1.26 mPa - s
(dynamic viscosity)@tx B 2 &}¢lt}h. Sien-
kiewicz¢} Riedel®.& A4 A3 744 &3
9 AxE Y& Wolx pHe wat Y7t o
d ¢ZEdd+E =7t g ok
R g e B A7) 2 2
wub ol 1y AE g9 vy ¥
, pHS} o273 % % 2% we tgaox
%t} Rattray$} Jelen®®e 20ColM /3
a9l FE2EY H: G4L AHE}ET
pH 6.8~4.001A HAx7t ¥y E& Ho|g)

3] pH 4.0 o)3tollA = Z4S A7stx
AAZE o8 WA 3E A=V FUkE AT
H &)
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aLA9 38 .& Table 2¢] A A § vpe} 2
o] 345+50m? /gl WPCe f3lgHe
319+ 10.6m? /g2 a-LAS §3}8 o] WPCE.
ok ¢k7} =9tth Beuschel 56928 0,5% WPC
(98% 4314)E 0.1 M <l4tetE9(pH 7.0)
o =l ¥ #3¥& ¥ A3 371m? /g2
UElged 2 dggag i g3t} =3
WPCH &3] Be&FE F38e Z718
= A8 et Lemans Kinsella40&
0.5% =7} =& pHrE 8.02 ¢latghZof
& AMEsle f3EE &S A fLGE

Table 2. Solubility, viscosity and emulsifying activity indices of «-LA and WPC

Sample Solubility(%5)! Viscosity(cP)?  Emulsifying activity indices(m? /g)3
a-LLA 92.2 £2.2 2.60 = 0.98 345+ 5.0
WPC 101.9 + 1.7 3.46 £ 0.19 319 +10.6

! : Sample concentration was 0.05% in 0.1 M NaCl solution(pH 7.0).
The concentration of protein was measured by Lowry method.

2 : Sample concentration was 5% solution(pH 7.0).

* . Emulsification was performd at pH 7.0. Emulsion contains 25% oil{v/v) and 0.075% protein

(w/v).

Each value is an average of 4 replications + standard deviation.



14 FFEANFEA 189 A 13(1998)
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Fig. 3¢ A Al whe}l ZHo] pH 7.0014 5%
WPC &3} o LA §9} 72 ¥4 F5&
PG A7k mEf FAME A= vl A 7EY] F0}
of we} A1XE A Fgo| gidle AL
Eb T WPCS a-LAE 33 584 o 71 £
P4 8L Jeldo ¥ Ad¥43, « LAY
JVEAL 7622 de Wit 59 SR ¥t
e ols & ke o] @ AEY &
T Apo] 283 EAE R & AAZ A}
¥k de Wit $@& 3% 99 d 98 5%
v e R FHYsts 71 ¥ A (overrun)S
=g A% o LAY 1,302 2 YER T o9
o g Al AR G AL I
Zre ksl th, Sienkiewiczet Riedel(d)
Y g 71X P2 i, ol
Wi A #F 2 g ¥ 282
pHel @wAe] g4 7heis) ALK o8
g Ao B S AAS Y A
ANEY HY NEAL 1Y B2l B2
A=

i o ox o

b

5) M 4y

1200

—&—~ 5% WPC
—— 5% a-lLA

1100 +

1000

900 -

{%) Overrun
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700 ~
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500 L 1 L
0 5 10 15 20

Minutes whipped

Fig. 3. Overrun patterns of 5% disper-
sions of WPC and purified «-LA.

Table 3. Surface hydrophobicity indices®
of the purified «-L.A and other milk protein

Surface hydrophobicity

Sample L
indices

Albumin 1000

WPC 108.5 % 4.2
B-LG(Sigma) 63.6 +2.5
B-LG(purified) 49.8 +0.6
a-LA(Sigma) 17.9 £ 0.2
a-LA(purified) 43.9+27

1 ¢ The measurement of surface hydrophobi-
city indices was performed using ANS
probe.

Surface hydrophobicity indices were ex-
pressed relatively to 1000 for bovine albu-
min, for comparison, Protein concentra-
tion was 1~5ug /ml,
Each value is an average of 4 replications
=+ standard deviation.

o] dade] Bd AFALS ANSE o) &
st} ¥3 &3 AFAE Table 3o Ve o}
Bovine albumin®] 244 A4$E 1,00002
st A el FUlF B &4 AFE
Adstct, S d e FE7F 1~5ug /mid
o Zpzhe] vl A W AaAS 4l 1,000
of tist el oz Jeld WPCe
108.5+4.28 o« LA} LGS 17.9~63.6 T}
] &9t} Patelst Kilara®= cis-parinaric
acid€ fluorescence probe® Al&-3td WPC
9] #H AFA4HE & A 105~1592 Y
Elton & A4 et FASH . Sigmait
A FUAR B-LG, a-LAS Ztzhe] B A
AL 63.6£25 17.9+ 022 Vel 484
AN AAT L LGS «-LAE 7H2F 49.8 £ 0.6,
439 £ 272 ZAHA}. £, FAEA=
FAQROl B LG a-LARTE B9 &agAo] &
LS & 4 AU} Bigelow®™Es 4-LG A9
[ 25AL 1,230cal. /residue® a-LAS
1,150cal. /residue Bt} o v} sty
=H o= B-LGYt «LABTH W &g o]
B2 23 B e Ao Algd 29
1}, Nakai“¥7} B3 wlo] ostd 4xwg
1,000 2 7|20 2 & v «LAS £-LGY ®
H AFAL 7tz 333 1322 o LAY 8LG
Hod 22 02 yeht # Ad434 9 &
o] 7} A Th.
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a-LAS} H SM

olew® AZvtEaHTE BT o- LAY
A B4 o8 g H2xj9 24 ZAE Table
49 AA At AAT - LA A4 31
5 FE4L —4.5 B 0.29, 320
122 ekt 10% o-LA A A Z Ao 100
mM NaClg A48 de Aol FAHHA
oFkA] 9k 100 mM NaCl#} 20 mM CaClL & 3
718t Asole BEEE do] FYHAT
vzt 3092 Sigmaite] «LAE o]&3ty
10% A& pH 8.02.2 A% ¥ NaClg ¥&
g2 Frrslz 90colA 4082 wHEAIHAT
40~80 mM NaCl ¥2¢ o «LA A&
=& JERA T 100~200 mM NaClg o+
k7 ZrA g oer 100 mM NaClyd o A4
22182 B 4387279 368 o @A YERt
=4 o] pHS o-LA Az 9] 2pol2 AL
s2d4.

Schmidt™® =227 Mulvihill®# Kinsella®
£ 10% WPCd| CaCl;& ¢ 10~11 mM B =
H7H8l9 S A% A A= M S E BEX
& 77, Mulvihill®} Kinsella“"& 8-1L.G¢] 7%=
2 23% Az 200 mM NaClgl Z-$-9 10
mM CaCl,d = Hidtt o}, Rojas 548
& pH 7.0904 «LA7} 2 FA4%E a-Frac-
tion#} 8-LG7} 8 FAE B-Fractione] A
YA aFHE FA A T 2%
W3lE zAstA T o-Fractiondl 79 85Tl
A} 130g /L o]49] FxoA Aol FAHYHUL
B-Fraction& 100g /L(85%¢), 110g /L(80¢C),
120g /L(75C), 283 140g /L(70%C) oA A
o] YU Rdtg et Shimadagt Ch-
eftel“9 2 995 WPIE 80CA A3 A&
9 pH 7544 & % @A) e Aol ¥4
Ao} pH 2.590M = Aol 2 Aol §
AEPS2 g} £ o]EL2 pH 6.5~9.5
2 pH7} 271848 WP 29 =& 743

Table 4. Texture properties of 10% «-LA gels*

FAT g &L /eSS Bag)
gt} Paulsson 5698 WPC A% £ BSA,
B-LG, a-LAT S 2 BSAS A Ao ot
3 e a-LAE 1% NaCl, pH 6.6 =7
sl A Bl A e 27t 20%Y W= Ao]
FAEA gk Bustgth Smithe}t Ro-
se®s HAH Zd T oJF2E Fol £9
£ WPC A ¢ A3 A& chelating agent& A}
g3l Ao EAHL FAANE  JTL A
=3

2 o

SHAN AZE F3 @9 FHERRE
a-FE LR T (alactalbumin, o-LA)E #3],
AA 87 A BAAE S fHESEE
A (p-lactoglobulin, 8-LG)& A3 A A3t
3 232 pHeAM NaClZ gHAIA HF-£9] o
FEYRY S HAHAH DEAE-Sephacel ch-
romatography2 & BA At FAE «
LAY 715HER §304, AE, #3414, 7%
A, B8 254, 2 B4 52 A8 a
LAE f#lde2A 015 M NaClgs g
20 mM Tris-HCl ¢+3<4(pH 7.2)-& AM&-3}e
DEAE-Sephacel chromatography& 433}
oz dF AAGAG. A o LAY =&
3} ¢ex& 247 23.6% 92.5% A dF A
g a-LAS S3iAL 922 £2.2%8 ¥353)
A AL 3461019 cP, #3182 345+
50m2/gath a-LAS 7| XAL 33 5824
7628 WPCHT} B2 Ho| X HP A o] F
7tee] mel #ZAEAT B &AFA AFE
bovine albumin€] 1,0009] W%k Ao 3t
© 2 43,9+ 2794t} o-LAE 100 mM NaCl
# 20 mM CaCl, & H7bsle 10% €] 5
EE A ZS F 2T 4087 EA NS
o, B5ge de] FAHNL AXAL 315
How P G W HolUh

Hardness

Adhesiveness

Spriniginess Cohesiveness

Purified «-LA 31.5

—4.5 0.29 0.12

! 10% a-LA gel conpaining 100 mM NaCl{(pH 7.15) and 20 mM CaCl, was heated at 92°C for 40min,
The measurement of texture was performed by 502 compression,
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