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A Study on the Physicochemical Properties and Antioxidative Activity of Whey Protein Isolate

Chan-Hee Kim*, Myung-Soo Ahn
Department of Food and Nutrition, Sungshin Women's University

Abstract

In this study, physicochemical properties and the antioxidative activity of whey protein isolate(WPI) for com germ oil were
measured. The pH of WPl was 6.26, and the titrable acidity was 0.18%. The WPI's moisture content was 5.2% and each of the
other element content such as lactose, crude protein, crude ash and crude fat was found to be 0.8%, 90.7%, 2.7% and 0.6%,
respectively. The amounts of active SH group in WPl was 9 uM/g and total colony counts of bacteria was 5.9 x 10° CFU/g. o-
Lactalbumin, B-lactoglobulin and bovine serum albumin(BSA) were shown in WPI as major protein by electrophoresis. The
antioxidative effect of WPI and other antioxidants on cormn germ oil used as substrate was determined by peroxide value(POV) and
conjugated dienoic acid value(CDV). By these results, the order of antioxidative effects could be defined as BHT 0.02%>ascorbic
acid 0.1%>WPI 0.1%>WPI 0.02%>ascorbic acid 0.02%>control>tocopherol 0.02%>tocopherol 0.1%, respectively. Also the
induction period of com germ oil added with WPI was longer by 1.6 times than that of controlinone added any antioxidant).
Therefore the fact suggested that WPI could be utilized as a good antioxidative agents.
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1. A&z

WPI(Proliantine, Wisconsin, USA)= 2% g &
H A& 200549 109 F95Hh 1 9] AJoF2 Sigmait
(St. Louis, USA)% Al&& AH3HY I shitelast 24
Al o] &3t 718 R A= FAREA7E HE oA ¢
Hlf-(corn germ oi)E (F)FH 7oA Fgdo} *h:l'
& ol gstyitt

2. pHE M= £F

pH % AAAIEE S AETUE3] AE537(1990)2)
Fujoll wet AAstct, & pHE WPIE 10% §402
o] pH meter(Orion, model 420A, USA)E AM&-3}
of 25CoA FAstglen HAHdEe AR 10 goll 557
4 100 mLE 73811 1% #ls2e el XA 0.5 mLE
H71ste] 0.1 N NaOH g0 2 HH5 93 oo 22F
NaOH &5 th& 4of wret AAbstaict,

AXFx0.009

HARAE = - X 100
° Weight of sample

A 101N NaOH §%9] 44 mL
F: 0.1 N NaOH9] ¥7}
0.1 N NaOH 1 mL = 0.009 g lactic acid

3. dHtdE 24

WPI9] dNHIE, & 45, 2AW, 2 2389 3
T 77 AOACHH(1990)of A H A7t g a2,
Soxhlet #&%, Kieldahl®¥, 433z 24513l
4. 7 53

73 T Calvo 5(1986)9] S +=Aste] E4a}
Tk WPI 2 goll 3%} S&F+5 378k 40 mLE A&
gt th3 homogenizer® #2359 F231E ekl
S 4TolA 15,000 rpme 2 YAHEZAA ASHES
filter paper(Whatman No. 2)2 oAzt oj2A|7]

ZFZ9L 0.45 um PDF syringe filter® thA] o 2}s}o]
2443A17] Sep—pak Cyg cartridge® AA3F 3 Bio-
Liquid Chromatograph(Dionex, DX-2500, USA)E
o] &-sto] wAlstlct, ojuje] BAZRAL (Table DI 7
Lt

<Table 1> Operating conditions of Bio-LC for lactose analysis

Gradient
gnuie) <mF11/Or:1Vm) %A % B
Initial 1 100 0
12,5 1 85 15
12.6 1 0 100
18.0 1 0 100
18.1 1 100 0
28.1 1 100 0

5. 24 SH7I| group HakH

24 sulfuhydryl(SH)7] group& Hardham %
(1986)9] ol wrat gFaldct, WP 2% ¢89S &
H|8k2 Tris—glycine $4&58MN(pH 8, 0.1 M Tris— HCl
10.4 g, glycine 6.9 g, EDTA 1.2 g& 1 L& ZA)
mLof $19] Tl §H 1 mLE 715k &S Ellman*]
¢k(5, 5-dithiobis—2-nitrobenzoic acid 4 mL&
Tris—glycine ¥&8% 1 mLof| 23 ZA) 1 mLE 34
8tal 22T A 3087 WA 3~ 9 mL Tris—glycine &%
L83t 1 mL EllmanA|2FE TA|FHOZ 3to] 412 nm
MM FFEE ST T oh2 Ao ste] &4 SHY
group= A3,

73.93X Ay XD
C

uM SH/g =

C : mg solids/mL
D : dilution factor

6. WPIQ| M+ =3

WPl 1g& B8 4948 w43 3 1 mLE e
oh2 108 B)A¥ o2 A4 o2 s|Msty REH T gt
v} ] (Plate Count Agar, Difco, USA)E ©]&-3}lo] Hut
T gl AlgeE St 37 CollA 48417 vl
% ¥ colony 5 24391 Al#F+ CFU(colony

2 vehgict,

mﬁ
rSL'

forming unit)/g log#t&

7. TG S0l oSt WPIQ| A 2

A7195E Laemmli® HH(1970)°] wet slab
type(50X 80X 1Imm : Hoefer ScientificAh2] SDS-—
PAGE(Sodium Dodecyl Sulfate—Polyacrylamide
Gel Electrophoresis)® ettt 71954 geld] &
EE 15%2 319om 40 mA oA 90E7E Ao A
AAsEATE, A7)19% geld coomassie brilliant blue
2 1587 9N T 2A-oee - H(103:6)9] EEY

o4 BBkt



8. WPI2| |X|o| cHst &itats

WPI9| dHibstast 42 gitstd FH7F Suli
100 mL vlo]# ] Zt7} 50 g =1 BHT 0.02%, a-
dl-tocopherol(Toc) 0.02% % O.l% ascorbic
acid(AsA) 0.02% ¥ 0.1%, WPI 0.02% % 0.1%E 27
H7kste] 601209 #&7|(Daeyang Scientic
Instrument, Korea)olA 3047t AAstHA 3¢ 714
oz 7+ ANBE HFste] IAEHE7Hperoxide value,
POV)&} Folo]Z2A7Hconjugated dienoic acid value,
CDV)E &3stqict, THbeHE7Hs AOCSH#(1990)°]
wet E4ste] FA] 1 kg YalFE(milliequivalent
weight:meq/kg oi) o2 Vet F=71%
(induction period, 1P)2 Z+ A|29] FAiHaHE7171 100
meq/kg oildl EEdE A7HS doF oz HAstA
(Ahn 2004) FAZATNY AdYad 275 HAFE
RAE(relative antioxidant effectiveness)= control
o] §=7|7be] it 7t SAEAE AU A REY =
717ke) MELE ArE3 Y, FYo]FA7Heonjugated
dienoic acid value)= AOCSHMH(1990)o] wet UV-
VIS Spectrophotometer(Phamarcia Biotech
Ultraspec. 2000, Cambridge, England)E AHg-3to]
233 nmelA FHEE S45Hct. olu) WPIeh FitehA)
£-2 microemulsion®H (Yi 5 1990)& o]-&sto] Suj
ol Hrbstach & WPISE ARSI S 242 30%
ethanol |&Mof =9l & span 20& &3lA171 =l
A A3 A71sHHA hot plate magnetic stirrer2 gk
skqlct. olmf hot plated] &=+ 60THeH G &
A= ZH2E 1%(w/v)t 0.1%(w/v)A 2ulgel H7tssl
t}, Z1g)3 2H)8of 30% ethanol &3} span 209
A 7}ste] control& AHESFAILE

9. SAIXe|

E7422ls Window& SAS 6.2 version® ©]&35}9
AL M (analysis of variance, ANOVA)S AA|8l% 2
o Duncan® UFHYAAH(Duncan’s multiple
range test)2.2 Fo4S AFFAL p0.05904 H
At 2rel -84 Aol & 8k thHLee 5 1998).

1M, Axp gl 3xf

1. WPI2| o|atet §4

WPI,] ]9}6]—1—1 _—'1
Fapig= s

ATV= (Table 20 A uhel

1) pHY} At 9 2wk o
WPIS pHE 6.26, AHE= 0.16%2 $
(Moon 2003)% &Yst¥tt, o]=

59 4 71&
Cho & Hong(1995)°]

WPIS] O|&HSIR ST B 99

<Table 2> Physicochemical characteristics of WPI

Moisture 5.2%

Ash 2.7%
Protein 90.7%
Lipid 0.6%

Lactose 0.8%

pH 6.26
Acidity 0.16%
Active SH group 9 uM/g

Total bacterial count 5.9x 103 CFU/g

B8l BT pH 5.70-6.58, AFAE 0.10-
0.24%%F SAFSE 422991 Leubenau—Nestle(1986)°]
AAE S-HEO] pH 5.8-6.59 % SAFsYcH A4
e AE Y %71& gere 2Asto] AMEY} EH 4
F2 wolshs ARE F£A7F F2575 MRS} F20)
AelE] 92 o)nstet Evans & Gorden(1980)0] X
T3 SHEL] AL 0,19%9 Zol v]3f WPIS] A= 7t
ob7ke] ApolE H9l AL £ /-5 55 B HUdSHY A
L7} EolAthe Moon(2003)9] o] £3 T&o| & AL
oH**FJE} st A4l 5.9%x108 CFU/gii LbEbLE
o] 72 71Z(Moon 2003) Rt} @& =& Hurt,
WPIe o3 2 go|nz 2 A dud 3lE
S99 ghare 7k7h 5.2, 0.6, 90.7, 2.7, O.8%°1‘iit}.

0

2) &4 SH”| group &%

WPI9] &4 SH7| groupd 42 &S Z3= 9
uM/g2. 2 ERgTt o] Cho & Hong(1995)°] AlAIg
838l &4 SH7| group ¥ 0.29-4.83 uM/g,
Ha & Jung(1995)°] B¢t WPIel &4 SH”| group
geE 6.09 uM/gEE]-E =o Oko]OJr,} ;(4!:]—1:1}17(]_4 3}
A SH7] group? $8% X+ p-lactoglobulin® 2
A Kella 5(1989)0l 9al¥ o142 AAMteiol = -4+
Sl Aol A dimer2 EAst=t] EAE S F2 oA
of o3k Moz F= ¥yt Yojuk monomerE &7
23 uiof 9ld SHY| groupe] YHE =&t Bu
39131 B-lactoglobulin 130T olA &3] WA E=d]
ojuf $h53} ofn]iAkQl methionine, cystein, cystine
So] 71935 of7|Al7]+= SH7] group& AAAIZITHLL
st 2 Ao A3 WPIE B-lactoglobulin®
shaFol A gl w]&9] 50%E AL Q7] oo
ZA SH7| groupd o] =& Aoz AztEth 2
Abgdol wol o] 851 Q= gel FA45ol Fa% dg=
st 34 SHY| group? B0l HO= AL gel HA
50| =ohe AL 9fndtth(Paulsson 1982), £33 &7
2ZE AzAlY] ¥E g2 p-lactoglobuling H7}stH

QFEEQ] geldtrt 6-10u] Ax wE7) FAHEAL o]

AP A (syneresis)E 83%U HAdtE AWE Hecty

]A
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oA Ut Anon 1994). watx WPI
of ojgsictH A Z9] EA W 2|70
Atz H

3) WPI9] A719%F 44

A71950] olst WP19] whild QRS dolE Aite=
(Figure DI 29ttt WPI ©hifa] BEE0] oko. 257
kA a-lactalbumin, B-lactoglobulin, BSA(bovine
serum albumin)7} SHAISHA] LFERLeH 1 gtol] WPIol| 35
o] 9= 7102 3%+ proteose, peptone, immunoglobulin,
lactoferrin, lactotransferrin 52 band&<= B|HOE &
Q7] WEUA] & Holx] ooith & Mr|dF A p-
lactoglobulin®] band7} 7Fg GA EZEo] Q= ZoE
B4 B-lactoglobulin®] A4 WPI] 50%% AFA|§the K
I (Hong & Row 2001)¢t= HAFS Hvk. p-
Lactoglobuline -T2 o] gh3 }2|skal @A) +
AFg-Z 18,400 Daolu == AHREAZR pH 3.5 °]3}9} pH
7.5 °o]Ao A+ monomer® &AMt pH 3.5-7.5 el
ME dimer® EA3Ith E gk o2 AlFof H7hd o #|
|4 guut SHHAE HQF Sk 84 vjelve] A
L2lo] 43ty ¥ejA QtHlLagarange 1998). °|H &
Holl Al WPIE ol-g3teye FAw A15F9] 73-9-off 284 vt
e golstA HEAH 4 & Zolgta AZE a-

Lactalbuming ¥#A}gF0] 14,200 Dal& F2 fofe] 4}

66,000 Da ——»

45,000 Da ——>»

36,000 Da —— >

29,000 Da >

24,000 Da —>»

20,100 Da ——>»
18,400 Da ——>»

14,200 Da

A

B

C

<Figure 1> SDS-PAGE patterns of WPI
Lane A : Standard
Lane B : f-Lactoglobulin
Lane C: WPI

<Table 3> Peroxide values of corn germ oil with each antioxidant and WPI stored at 60 =2 for 30 days

(meq/kg oiD)
Antioxi Storage period (days)
-dants 0 3 6 9 12 15 18 21 24 27 30
ControlD 491 591 18.84 70.70 109.38 158.90 193.52 214.26 243.65 251.80 276.37
+0.075%6 +0.014 +1.02¢ +0.40° £1.85 +0.29°  +037° +0.18¢ +0.87° +1.26 +1.06¢
BHT 1.48 3.92 4.92 5.44 843 12.84 18.98 30.32 48.34 78.68 95.22
0.02% +0.504 +0.01f +0.06f +048  £0.498 +0.018  +0.01h +053" +0.39" +0.15h +1.32h
WPI2 2,97 3.44 3.95 17.93 48.34 57.79 102.05 111.59 156.24 177.29 186.77
0.02% +0.03¢ +048  +£0028 +0.07¢ 0.52¢ +0.85  £0.02¢ 0.31f +1.624 +0504  £0.63¢
WPI 4.12 4.77 7.97 15.92 25.37 55.05 87.85 116.22 135.42 155.09 192,92
0.1% +0.26° +0.27¢ +0.01¢ +0.01f +0.41f +046f  +0.36F +0.83¢ +1.47F +0.43f +0.274
AsAY 1.48 6.90 17.87 43.80 69.20 96.30 134.39 145.36 151.12 159.34 181.14
0.02% +0.494 +003 #0014 £290¢ +035¢ £312¢ +033¢ £0.69d +1.27¢ +0.53¢ +0.74f
AsA 0.99 0.99 1.00 1.49 2.50 7.98 24.83 73.25 81.75 114.96 143.79
0.1% +0.014 +0.01h +0.00h  +£0500 +0.51h +198 £1.958 +2.388 +0.998 +0.308 +1.12¢2
Toc® 3.46 791 27.82 82.10 122.04 164.93 183.67 233.66 239.57 258.07 290.33
0.02% 048 +0.00° +0.03> +£055° +1.06° +0.13>  £0.10° +0.22b +1.24¢ +0.31° +0.01P
Toc 4.40 17.29 49.66 98.80 138.74 187.76 217.35 252.76 258.89 279.67 295.84
0.1% +0.46 +0.48 +£0.89 +0.8% +0112 +034 +£013* +£15% +0.25* +0.822 +0.372

D Control : Added none of antioxidant
2 WPI : Whey protein isolate

» AsA : Ascorbic acid

9 Toc : dla-Tocopherol
5 Means +SD(n=3)

® Means with same superscript letters within a row are not significantly different at ¢=0.05 level as determined by Duncan’s multiple range test



<Table 4> Induction period(IP) and relative antioxidant
effectiveness(RAE) of the corn germ oils with each
antioxidant and WP stored at 60+2°C for 30 days

Antioxidants 1228 RAE?
) (period) %)
Control 109 100
BHT 0.02% 31.5 289
WPI 0.02% 17.6 161
WPI 0.1% 18.1 166
AsA 0.02% 134 123
AsA 0.1% 235 216
Toc 0.02% 9.8 90
Toc 0.1% 8.6 79

D IP; Period until POV 100 meg/kg oil of oil

2 RAE = 1P of antioxidant added substrate 104
IP of the control

A2 AHE 5 9tk Immunoglobalin o8 7HA] thHE
3714 glycoproteinEE FAE o] Q1 URHH o THH
2 zk= Ao 2 okal A thArabelle 5 1999).

2. WPI9l |X|of st gtitet &1

1) BAeE7E =717 9 A Akt aat
WPISt 7]&9] asHAl S Artet Sulg-9] THAksE7t
= (Table 3)°l Uetldct, A% 129 & FArsAE A
7¥8t2] &2 control?] POVZ} 109.38 meq/kg oil ¢ld]
vlake] WPI 0.02, 0.1% A7F713 2] POVe 247} 48.34,
25.37 meq/kg oilZ YUERY A% HRb7|ols =8 et
stae 1ot ojul dHAksla o] 3 7]+ ascorbic acid
0.1%)BHT 0.02%>WPI 0.1%>WPI 0.02%>ascorbic
acid 0.02%) control)tocopherol 0.02%)tocopherol
0.1%9] «olAtt. A% 15¢ #7kx] BHT #H7p712d 5t
ascorbic acid 0.01% A7}7129] gikstavzp 9435 7
7138-A9] 718 W microemulsion
S Al SolE Bt A FASAolBR
71 - GAof FAEA EALEA] ol o) vehd At}
/L P%]_r,]- WPIQ]. 7]_,__,] ‘o‘l—/l]-g]-xﬂe 147]_'6]- Z¢ 7] XI_/]
Z7)Zb= (Table 4> Uehfith Control?] FX=7]
7ol 10.99 = vrehd Zof wjste] BHT 0.02% A7H712
o] A= 3L59E 7P 1 f=r1ke YERE WPI
0.02, 0.1% H717189] Afelle 242 17.6%, 18192 1
EfLt Abgj7h $HA6] A AEH S & 4= Aqich FAEtaTRe] A
)22l Z7]E RAE(relative antioxidant effectiveness)
2 AFESE Ao A= dl-a—tocopherole] 792 LfERLE
235]8 AEERIY) ARE HY=d 1 olf F9 shue=
HArskA o] A7 wfEoleba AZbETE SHASHA 2 A
dl-a-tocopherolo] Bt AP oju] =& Hig
b 2tk (Cillard 5 1980). ¥4 WPI 0.02%% 0.1% #
7471219 79 RAE7} 242 161, 16622 YELY control

L. ascorbic acid&

2]

WPIel olztete S4dut eHtatd 101

200

150-
100 -1 e

0(; L - A - RS [ = ,;D/"
Control BHT WH WR AsA AsA Toc Toc

002% 002% 0.1% 0.02% 0.1% 0.02% 0.1%
<Figure 2> Relative antioxidant effectiveness of the corn germ cil
with each antioxidant and WPI stored at 60+2C for
30 days

RAE(%)

Hrbe oF 1 gule =77t GF AIE Hoich RAEC)
ol3t 7} gFArEE R o) gHbsta Tt 37]+ (Figure 2) 4]
HE A3l Zro] BHT 0.02%)ascorbic acid 0.1%>WPI
0.1%)WPI 0.02%)ascorbic acid 0.02%)control>
tocopherol 0.02%)tocopherol 0.1%9} <= Ueht
WPI2] 3t S Brs] 2hldh o= 91k, o= et At
L WPl HAEA R mehal AZojHA] W F A
Fstolz ZA7F AR Goug HA absA <l
ascorbic acidW A7igFe] At T A FAEH
BHTH U= Ag-o] &4 Lo]|5lHA 1 Holyl shojE

/\

o2 AR Youling(2003)% WPISF WPI 7h=+-3l
B Hriste] Axgt sx]1i7| pattye 4 = AR
o A7}8HA] 98 controlE T AHSk7F B 6] A AHE U
ehdct e Haslgith WPIQ) ahAbste S WPI oz 2
8|2 = njFo g 509l lactoferrin®] &%t Aog &
A= Lactoferrin®] free radical® d4& Sujst=
o7F B4ol23 Aoz N FHol2ol gt AbetEHE
AR A ZIckal R I(Gutteridge 1991 HE 9o} o]A

O
ZulolA] GakeE B4o] Qirkn

-1 O

eI}

Aol ZAbt At

2 A S Arher Sul-E 60£2TAA A%

3l A 39 ZHALE 2A% Fdo|FA FF(CDA, %)
L 9719 Al 27)0] A4

o -
N

FATE W= o8 A3t 27 DA S8k
Uzl 3 o2 7= dHtsHE o] Eafge] o
POV}t

jatd
=
_>.i
o J
o
112
=)

CDA H3l= POVQ} Hj=% AS B
o control® 0.333% HjA] WPI #7++E9 CDAE F
7heko] ZAGl0] 0,18 Uetdo] itstantE Bl A
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—e—Control
—u— BHT 0.02%
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—+—Toc 0.02%
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CDA(%)
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<Figure 3> Changes of conjugated dienoic acid values of corn

germ oil added with BHT, Toc, AsA, WPI stored at 60

+27 for 30 days

A 129 A2} CDA% control®] % 1.94, WPI 0.02%
94 3% 0.71, WPI 0.1%9] 7% 0.7& Hetdiol A% =
ole WPI9| FAretas7t 94(p0.05) 22 & Ao

2 < . 3 WPIE 45 2710 34l Folol
A BHE FRAAE Sl Sadqeh A% 15 A

o
CDAR & 50 Abgla kel A% BHT 0.02%)yascorbic
acid 0.1%)WPI 0,1%>WPI 0.02%yascorbic acid
0.02%ytocopherol 0.02%)control)>tocopherol 0.1%
o1 A% 30Y AR ALK g fFARRE H3FS HA
o}, oj2fst Ail= POVEel YA|eF H3S Hol WPIQ &
APEHEE& Eeldh o= QlSlTt

An 2o % o

1 ox fir ox >

et & A = WPI9] o]3}shA]
NI %‘ﬂﬂﬁ]iﬁ«] ol& 7t &
otx 1z} 3ttt WPIS pHE= 6.26, 242“}5%
olglon & Ay chuld IR {To) FFe 2
5.2, 0.6, 90.7, 2.7, 0.8%, &4 SH group &%= 9
uM/g , AlgtsE 5.9x10° CFU/gel et A7]g5 el ¢
gt wple deid kA e a-lactalbumin, B-
lactoglobulin, BSA(bovine serum albumin)® band
7b E3819 28 B-lactoglobulin® band?t 7H YA
2x2siglch, Sulgol WPIeE 7]&9] #H4tStAI(BHT, dl-
a-tocopherol, ascorbic acid)E A7}ste] 60CANA A

Aehel ) FAESHETHPOVISE B0 A7HODV)E 24

3t A1} tocopherol A7FEE ATt BE H7}r| Ao

control 2t E2 AR ES UEtYRich FAHeka e

Aidl 3715 EH9FE= RAE(relative antioxidant

effectiveness)® control& 100%2 AHZ w WPI=

166%S vrehfjo] gHAgl SAlsta TS B oot ufaba] &
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