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8 9F : This study aimed to investigate the emulsifying properties of bovine lactoferrin in food
emulsion system. First, lactoferrin solution was prepared to study its surface activities, such as
surface adsorption characteristics and ¢ —potential. Second, some physicochemical properties of
lactoferrin emulsion which resulted from variations of environmental conditions (.e., pH or NaCl
addition) were determined. As for surface adsorption characteristics evaluated by surface tension, it
was decreased with increasing lactoferrin concentration in solution (1Xx10™ °—0.2 wt%) and
showed a plateau (544 mN/m) above 0.01 wt%. It was also changed with pH and the minimum
value of 53.8 mM/m was observed at pl of lactoferrin. This was related to changes in ¢ —potential
of the lactoferrin solution with respect to pH. Fat globule size of lactoferrin emulsion was
decreased with increasing lactoferrin concentration and a stable emulsion was formed above 0.5
wt% lactoferrin in emulsion with fat globule size di of ca. 0.33 xm as confirmed by creaming
stability experiment (@.e.,, Turbiscan). As with surface tension, fat globule size of lactoferrin
emulsion also changed with pH and showed a maximum value at pl. As evaluated by Turbiscan,
in the presence of NaCl, the lactoferrin emulsion showed instability in particular above 10 mM.
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7= 284 E3(e.g., lycopene, DHA 59 1
T R ES) AHAE eto)S gl Saliste] Al
Z5h= 7154 f3k (functional emulsions) &
ol¢}  fARRE  FXRO FEHPAAH(drug
delivery system) A= 5ol AW A= &S
T e MR A 9org 71eAd e o
g A7t gds] pAEL Stk
FEHA(lactoferrin}2> EFFES] ZFo B
o] ZFEo] Qe FHMAZRA BxpFE o 80
kDaol™ 7037]9] opn|icito= FAgEo] itk
[2]. FEHHS Z{HEES] A oledx &,
2=, 5, 95 9 A 59 ErjdoA gl
Hi glew, o & Tg/L, wE°l 2mg/L ¥
T @REel Slgol EHAEHSIH3] HEHT

FEE 2 ol AL & e F MY 22
(lobe)E Zar Qlow, 7} 2HE P& A%
of dag Fe''u Agste] nPEo] 4L
Alshs But2-8-& HERH, olel= WA =
d, AxsA 2d, 2 5 2E48 T U A
A8 7lee EAt Zor HuEgH4]
E¥E2 19399 A& 2A" o]F, o] Fop
A g2 A9 AREen, 53] sFgE(skin

care), 77 Ao #TH A7t o #3YH S
al, Al E-2ofoll A= ForgZ2 A2 (infant
formula), @FE2E(yogurt), EZA|(supplemental
tablet) S TR AT L AEF/NLo] o]Fof
FTHS].
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ok mEbA] 2 AfoAs HEH P B9

= XA, ol AR Sto] FEH
olgste] +FRAAF HIAS Az,
NaCl 7} 59 <F &7 w3t

o HEHY |{3tA] ogetd E4 WHI T

ZApstazt gt 2 Aol dit= HENY
FH Ag
(emulsion—based delivery system)= “dA|5l=t]
83 57t @ AoR 7|ttt

=

s
S

=42 Hilst

32
)

olr

flo 124 i
oX
i)

flo tle & )UE fU ook 2 2 ol N, O
rE
ot
)

olgst  falol A2

2, 4 8

21, MExiz

2 Ao AHgd FHEHF2 MECO Co,
Ltd (purity : 95~96%, Melbourne, Austrailia)
oA TSt WA(4T) Hste] ARSI,
FEAY £8d 9 {JIA A2 2os HA
(MILLI-Q, MILLI-PORE, Milford, USA)°l|A]
g2 z2LE o]gs3th Bis—tris bufferMW

209.24), sodium azide(purity 98%) =
Sigma—Aldrich(St. Louis, Mo, USA)ollA gt
AL AFgsIFoem, soybean oil (5T
(Pyeong Taek, Korea)AE-& AlFolA FU5to]
ARGSEATE  olQlo] Ado] AMGE HEE AR
dF olFe] 552 AREstAt

2.2, AU
2.2.1. FEHA EAZHEA
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Pawlowsky G[15]¢] o wata =35t
WA zL4Millipore, Mili-Q, Milford, USA)
of bis-trisE -&dfote] SFHS AXTFHG mM,
pH 7) & o7]o] ZEHH dWds s& 3
(1x107°~0.2 wt%)2 7} - gofiste] FHA
=248 A=2  Siglen, HEUFHSHZA
(K10ST, KRUSS GmbH, Hamburg, Germany)
o]-gsto] plate Ho= FUFHE ZA5HG
L EQH 1x107° wt%l] ©E sgie Alg
sto] pH H8H3.0~10.0)0] T2 EHG o]
HIE XA

EJE

bu L

222, HEHF £8NH9] ¢ -potential 3
2221 FESI 5894 Az

HEH —’F%@"S zoo] FEAHRE 7t
?HO0.1 wt%) & sonicator(Power Sonic 420
Hawshin Technology, Seoul, Korea)ollA 30 &
7+ &ofsto] A xSt ol o] g glass
filter(0.22um, Millipore, USA)& Al-gsto] offgt
F 0.0IN NaOH =& 0.0IN HCI& 7lste] &
Aol pHE ZAsHATHpH 2.0~11.0).

ﬁ

2.2.2.2. FEII $-8989] ¢ —potential

SEFY 489S (-potential SAE
cell(folded  capillary  cell, Malvern co.,

Worcestershire, UK)l| 717} AJ7]12] == A
231 Zetasizer(Nano ZS90, Malvern co.,
Worcestershire, UK)E ©]-8sto] ZHEHA 4§
o] ¢ -potential SA5HATt. 42 38 AAl
Stp o At Pogt BEEHAE eI

2.2.3. ZFEHHY £3JEA
2231 FEHHA {3R Az
32 Hong Sl16]9] WHe wWEsto] A
st ez A5M(20 mM bis—tris, pH
Dol gk HEAAS Hukoto] |algt &
3 (soy bean oiD¥ 9:19 F&F Hl&= Z7tst
Ft o] Silverson  mixer(L4RT,
Silverson machine Ltd., Chesham, UK)& A&
sto] 5,000 rpmellAl 227t oH] G3keE & a9)
T2 7](110-Y, Microfluidics, Newton, USA)e]
A 28 #AG000 psste] SEHD  gaho
(lactoferrin  0.15~2.0 wt%, 10 wt% oil, 20
mM bis—tris, pH 7)& A X5t}

S =L O
SAES

A= o5l A AHO|A FEHH 935 EA 3

2232 =R {34 2P 27] 4
g9 g9 AT 7] EHL A=A
(Mastersizer S, Malvern co., Worcestershire,
UK)& ©]&3}9] presentation code 3 NADoJA
ZHstdom ZHAIE volume-surface mean
diameter(d,,), weight mean diameter (d;;)2 &
Aottt E3L, {3t pH WH3to] w2 2T
T 37 HIE AR Yot FEH™ {3

o] 0.IN NaOH 22 0.IN HCIE 7oto] &
Aol pHE ZHE(pH 2.0~10% & A 77]
5 25
dyy = 2 a’;‘,g”q‘, / Zdi,gni

(n;: numbers of particle on size d) )
dy = X d'*n; /| 2d’n

(n; * numbers of particle on size d) )

2233 HEHY ZHTEF —’}75‘
ot Fof Aol F2E HEHY] £

S &= (lactoferrin load)-2 depletlon method &
o|-gsto] SASHATHITL. Axe Fotl F 44
F= ATl HT F 44 —E—ﬂ(lZOOOXg, 20
min)sto] 3T 27 S 2kl 22"
e FAIE ol8stel FYsta of¥k0.22
pm)ste] FEFY 248 Az St 4
o HEHO] ke BAAEH Lowry &
o] 18]01] -40}01 st en, Agy 2H

LF load(mg m™) =
P X (B/SPS.A) X (D/F,) x 1000  (3)
(P f3F9 100 g & @9 FA, A AHo

2 Tl 28 SPSAT §sjolo] WmEA
(A=RA72RE 92), D 1 WF A

sl 100 g F oil FA)
2.2.3.4. FEHA {359 m2g °l-7-11-'r_
fot F T 5E(0.25~2.0 wtw) &

NaCl #7H0~400 mM)o] w2 ZEHH %g}q,l
9] 38y SFHEE Turbiscan (Turbiscan Lab.,
Formulaction, I'Union, France)2 ©o|-&3sto] =4
SHACH19]. Als f3Ae A8® (diar 27.5
mm, height: 50 mm)e]l SHAst 2 8%
Z|(Turbiscan)o]l g1l Ah2oflAd 72 AZHs<r 2
g9 EA4E AN, At A9y Z=3)
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2.2.4. BAAE

A9 Bele]  @olm A sAS
package(Statistic Analysis System, ver.9.2 SAS
Institute Inc.)& ©l-&sto] By} EHEAE +
stpem, Z+ wgo] s dYEjREAREA
(one-way ANOVA)S AASIHh AlgHAP o=
= Duncan's multiple range testS Z-83lo] &5
Aoz gold Aolg AHss

3.1.1. &9 A
o] up2 N Sgoe] By W
€ Fig 1 o Yehfsich ZEHA 1x107,

I1X10™* wt% SToA mHAEL 56758
mN/m He2 =4 Yeuton, ol sk F

7tet gEe] auAEe &
wt% olde sk dA
mN/m)@] Hluwa 32 FHgds s Jehiql
t}. o] BSA 8ol AP FARE £=F
©2[15], Graham¥} Philips[21]> ©E1d gl
(B —casein, BSA) <o ©¥id Exprt =/37]
HFHEZ ARl S&E et o]
Asty I 74 HEE bulk phase & @A
Tof vE5I¥Y e, Nino2t Patinol[22]S &/
7] mHo] FE4Ql Gz xIH
zEgEe] Slojd o ol Hak
RES Haskgnh meby B Aok
Z TE s FUlo] wE B
dae HEFY 2249 /37 ZHofA
2+ oulstr, AdA FZ olF(>0.01%)l1A
E/37] BHo] oA R ESEQS-S AJAFStaL
Atk FHE, TRl 24 ofm]icito] o5 A%
= FA(polar)o] EZ&|HEeto]=9}

(non-polar) ZHeto]l= Fo] A% Z3}
ol B2E sk, 8 FollA S5

FF(44~45

o r‘l 3:9,
o

o e
2 b
e ool % fit N & ol off oy

]_

> ET
o i

S

R LR

w2 2 etEo] ol 22 mHof| fixst
o HFAARES  A&54 &dhydrophobic
effect)oll ol wald FxF UjFof a|tr23].
S71/& systemol A Tl pgol F chal B
e AR el tEe] RRAoR d
(unfolding) ¥]o] WK-o] 444 Fito] F7]/E9]

Surface tension(mN/m)

1el-5 1el-4 1el-3 19‘-2 1el-1 29'-1
Concentration(wt%)

Fig. 1. Changes in surface tensions of a
diluted lactoferrin solution(5mM
bis—tris, pH 7, 25C) with respect to
concentration.
a~e Means with the same letter are
not significantly different by duncan's
multiple range test(p<0.05).

3.1.2. pH 9%

pH #isto] w2 SEHH FgHo] mHye
H3= Fig. 201 UWERSIoH(EE &
1x107 wt%). pH 34 mHA <F 573
mN/mz Z4=lem, pHO F7tet tEe] &
A2 M2 WobAA pH 85004 7P W
53.7 mN/m@1, °|% pHe =719} tjEo]
AAEe Eobd pH 9.5914 °F 56.8 mN/me&
UeERigich. getdez whide SAH(EDS
FHoRE FHsHPpD &2 FASOpDE HA

0

[¢]

e, olg oo mwsksurface
potential)x= TllFo] o] F2g ¢ oy
A R el FAZA wbEE S fdetel &3
of gt ¥ (barrier) TS st BHAH Y
of & wATH23]. webd 2 Aol B
¥ pH ®Wste] wh2 mwielo] wish: oy
R G| Wste] ot Aow ARSI
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T3t HEARY F4H2 pH 8~9 FEo=
HA glom[8, 12], SN THd EA =
o] AA| Hhnet potentia)E ‘0ol ZF5H
el BApke]l A7) A whdEo] AR w3,

s

a5 ab

Surface tension(mN/m)

52

310 510 7t0 810 815 915
pH

Fig. 2. Changes in equilibrium surface tension

of lactoferrin  solution(1x107°  wt%

protein, 5mM bis—tris, pH 7, 257C)

with respect to pH. An equilibrium

surface tension denotes a surface

tension measured at 180 min after
setting the interface.

a~d Means with the same letter are

not significantly different by duncan's

multiple range test(p<0.05).

3.2, HEHE 89| ¢ —potential

pH ®3HpH 2~10)°] =& FEHH 48
(protein 0.1 wt%, 5 mM bis—tris)®] ¢
—potential & ZHT A¥= Fig. 3o WeErad
tt. pH 204 ¢ —potential> 2F +35 mVZE =
A= em, pH7F Eobdel w2t ¢ —potential 9]
A2 Az dorxA HEHAL FHHEA pH
8~9 FIZA 0o ZHsIFZ olF ¢
—potential F-2 ThoJuA Froe=2 wste] pH 11
oA ¢F -33 mVE YEtITE. Fig. 39 pH ¥
Slo] wg FEE 8N ¢ -potential HI}
+ Bengoechea[25]59] AF+ZAxet ¢ FARRE
Ao, dutHozm chuld L8oo] pHYL WS
(e, pH<SpD &HE A5 FASH= ofrlie
JF(amino groups)Z FHSH-NHz)= L
Fr2EAd 152 4, stde pHb =2 3%

EEEEE RIS EREE REEL I

(Ge., pHYpD) 7F2EA T1&E(carboxyl groups)<
+AsH-COO)E YeEriA Hohetre I1F2
Z4). metA 2 AgdA BEE e 8
o] pHef| ®W3te] wE ¢ -potential®] WHIH=
ot I =2 7t2R4d IFe] o3 7]
A" Aoz AREQITh Eeh pH 8~99A ¢
-potentiale] ‘00 BLog2 ZHE AL e
o] SHHeR A% Aoz Am = ArH26).

¢ -potential(mV)

2.0 5.0 70

-20

PH
Fig. 3. Changes in ¢ —potential of lactoferrin
solution(0.1 wt% protein, 25C) with
respect to pH.
a~f Means with the same letter are
not significantly different by duncan's
multiple range test(p<0.05).

3.3. HEDZI2| Fsfl H4F

33.1. HEHE 5o & At 27] He

fretl Fo] FEHR s ¥8H0.15~2.0
wt)oll TE AT 37)(dy) BSHE 2AFSH
thFig. 4). Fig. 4014 zd viel Zo] ZEH|
g E=nl e HO(<0.5 wit%)o A iz
o] FUtet tlEo] A A7)+ Foxon
[1.15 #m(0.15 wt%)—0.33 1m(0.5 w%)], 0.5
wt% o9 skolAe f&l F AT A7)
£ foHeoz WHIstA] odrt. olEd A=
FRACIE 30 wi%, pH 7) & HEAH F=
7} 1% ol HIE o A Ir|E dudo]
skl & dFs LA et Yeet Singhll1]
o] AT Aol FAH oz dXstn ot dwt
Aoz (ol = QAR 7] (critical  fat
globule size)x= FLS #+2 4 st M7t
o AHEGA S FF 2 sk gEst= Ao
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Fig. 4. Mean droplet size ds of lactoferrin
emulsions(0.15~2.0 ~ wt%  protein,
20mM bis—tris, pH 7, 257C).
a~c Means with the same letter are
not significantly different by duncan's
multiple range test(p<0.05).

332 HEHH EH F3sf] s}

Fig. 50| yephd vie} Zo] {3} 2+ #H
of F&tw thild oF(mg/mH)S TE HrPsw
7t B& A(L0.5 wtw)olAE dHeFo2 F
25ttt ol Tl sro] FIel tEo] H]
Aoz 7159 H0.85 mg/m?*(0.25 wt%)—
4.48 mg/m*(2.0 wt%)]. o] Ail= A G5}
Hof| QlojAx FHEAF 542 HTH Perrechil
¥} Cunha(32]¢] ZAxet vl FARE HFo=
gd J7F st W A9(<0.5 wt%) EH

B3 wuge AReld TalnEAze Iy
of AYF EABHFS ehhA] Hol, H=ol
Z719h Eo] R ERe thzel £%
o] Fyso] BAEH A ool Fls
A 29

R LR

Surface load(mg/m?)

T T T T T T T T T T
00 02 04 06 08 10 12 14 16 18 20 22

Concentration(wt%)

Fig. 5. Protein surface load at the oil droplet
with respect to
concentration in emulsions(10 wt% oil,
20 mM bis—tris, pH 7).
a~e Means with the same letter are

lactoferrin

not significantly different by duncan's
multiple range test(p<0.05).

3.3.3. pH ®3le o 735t g 27] Wt

pH #2H2.0~1.000 =& HEFY {3t
A 2719] Wek= Fig. 69 Yetfigitt. &
Hd SHA olstilAE pHZE A5(2.0—6.5%
of wheh AT A7]= oRtE AASSAARE 24
wolsiA] ghgten 0.33 — 0.40 m), HFdo] f
ste] pH7F ZEHPY FHFH  REZ(l=
8.0~9.0) [8, 12191 pH 8%l AH<$¢ pH 2%} Hw
sto] 28 Ax F7lotdal(dy,: 0.65 wm), pH 9
ool AT A7l= thAl ok 0.4 m
e oA 3EEI of2f]t Wst AgL #
st AHgE ZEHY H8H9 pHe wE ¢
—potential 7} Telo] Qli= Ao =2 A& Hie}
Zol(Fig. 3) =EHY FTHH R ¢
—potential gke] ‘0" o Zxetol| wet HEHT
A B371A whdEe] Zhaste] mH-gE)
ol 7ho] Agto] WSt wEbA AT &
Hell ot A 2717k FS7FshH, pH 9ol
Me e 220 mds gog gy
aomEbd BARE A7) whdEe] Ftsto]
A o] A A2 AT 275 Y
EtUiAl Hoh 9, HEHE-e Aol HlwA

=
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Fel A (mw: 80 kDa)Qld] ZHE2 whiz
FgAFog o W7E E=E(protruding) ?HS
2 AW 7F &85t steric  repulsive
potential-& T-% F7HA7]2L weba] ohg ol
of Hs} pH ®s}o]| w& {3 F AL A7)
H3tEo] HlwA driy §1¢lem([30, 31] & 4
A A E o] Z7Fo] FHE| QI

0.8 4

0.6 4

dyfum)

0.4

o

0.2 T T T T T T
20 35 5.0 6.5 8.0 95
pH
Fig. 6. Mean droplet size d, of lactoferrin—

stabilized ~ emulsions(lactoferrin 0.5
wt%, 20 mM  bis—tris, 25C) at

various pH(2~10).

a~c Means with the same letter are
not significantly different by duncan's
multiple range test(p<0.05).

34.1. NaCl H7te] w2 #&ee] 329 <
A=

Fig. 7(a~g-& HEIHA {3 NaCl9 -5
=5 225t Hriet 5 Turbiscano]] I8t light
scattering W02 43 A7t Ao whE FHf
At 7 (backscattering intensity)®] s} T2
stdoltt. Fig 79 X% fatde e Alad
o] Eol=A 0~45 mm7HA] YEIY Y5
Azl mE AR E(%)E -80~+30% 714
FAISHATE. frafdlof o] WSt Almr
sHEol A ks Wold fId mHo=
ol gsto] otFe] R4t ZFk (backscattering
intensity) = ZAstil(serum% WHAY), olof ukat

AE goto) A2delq el f3t 54 7

Agd AR AT Tk F7tot] At
e Z7KeH32, 19]. Fig. 790 9J5FH, NaCl
A7t FEeF TAGle] BE /EA AlRoA Al
7t ALt gEo]  serumTd I HS(cream
layer)o] FAlel EA=EIE J#y O A==
NaCl #7Fskol ot of27 Yelgt], NaCl
10 mMS AARZ stof Y Aot T8 +
H2Ect. &, Alm aNaCl 0 mM) ¥ b(NaCl
10 mM)] A AZte] Hapo web Al=H
0~10 mm =°]ollA serumZFo] TEEI A|5H
35745 mm EoloAE I Z(cream layer)©]
st o, 1 AHAEe F&dcke F(=225
mM)el| Hlwste] s w2 Aty NaCl
AZVF 25 mMo] HiE AR(HFE 400 mM A
B(@7tA] W 228U a, bo] Heet o2
FeE Hol=dl, AIZre] ol uhat AEH A
oA ZgRFo] A5 FA FAH= L, EIt
A2Y s 0~20 mmolA serum &o] A7
FEi7F A 271EE E9¥sHA AR =
Uettes AL g1 4 ok olzd A7t
At w2 dAHE WSk Aol Bab b4
S A7t &2 ZAFSE Lee9t Mok[32]¢] 4t
ZAutel JgHo=z A dxjstal vk Al AH3t
of M2 {etlo] AtAHE WIS Hrh AUsSHA
sty 918l Fig. 8¢l VeRd HRel o] Aj=H
0~20 mme] =olollA] serum o] T HE(Z,
T e §ste] BAghE AR =
BHSHT) Fig. 8l oJstH, Fig. 79 Axte} f
AFSHAl NaCl Z71gF 10 mMe AAR slo] &
vhibgtgho]l A7te] Aot tlBo] A dolx =
AE T T 4 dEd, ol NaCl ¥7H010
mM)oll &t serum3 FAJol FX=W, wht
Al creaming £&=7F BS Hevs AZ o]
gich ojet ZHe Avbe T fslolief] glofA
A Zre| ZHgeteE A4 wRdEe] Nadl
o] H7teFel Z7kel tlEo] ion screening effect
of oJsf o ozA[33] {IA Fo A
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Fig. 7. Creaming profile of LF-stabilized emulsions (0.5 wt% protein, 10 wt% oil, 20 mM bis—tris,
pH 7) containing various concentrations of NaCl. (a) 0 mM (b) 10 mM () 25 mM (d) 50
mM (e) 100 mM () 200 mM (g) 400 mM.
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Fig. 8. Clarification kinetics of emulsions(0.5
wt% lactoferrin, 10 wt% oil, 20 mM
bis—tris, pH 7) containing various

of NaCl. Fach line

denotes the NaCl concentration in
emulsions.
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Fig. 9. Clarification kinetics of emulsions(0.25
~2.00 wt% lactoferrin, 10 wt% oil, 20
mM bis—tris, pH 7). The clarification
kinetics was measured by using a
Turbiscan at 25°C. Each line denotes
the protein concentration in emulsions.
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