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Influence of Starch Concentration and Mastication on the Lipid Digestion and
Bioaccessibility of p-carotene loaded in Filled Hydrogels
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Seoul National University, Seoul 08826, Korea

Abstract

Purpose: This study was conducted to examine the effects of the starch concentration of filled hydrogel and the addition of a-amylase
and simulated mastication processing in an oral phase on lipid digestion and f-carotene bioaccessibility of filled hydrogels. Methods:
Lipid digestion and B-carotene bioaccessibility of the filled hydrogels were measured after the samples were passed through an in vitro
gastrointestinal tract model consisting of oral, gastric, and small intestinal phases. Results: The initial rate and final extent of lipid
digestion were higher in the filled hydrogels than in the emulsion when the filled hydrogels were treated in an oral phase without
simulated mastication processing and addition of a-amylase, regardless of starch concentration. However, when the filled hydrogels
were minced using mortar and pestle for 2 min and were exposed to a-amylase, the filled hydrogel fabricated with 5% starch showed the
lowest lipid digestion rate and extent compared to the emulsion and other filled hydrogels. Bioaccessibility of B-carotene was higher in
the filled hydrogels than in the emulsion, regardless of the digestion method performed in an oral phase and starch concentration.
However, there were appreciable differences in bioaccessibility of the filled hydrogels depending on whether or not simulated
mastication and addition of a-amylase were employed. Conclusion: These results suggested that the rheological properties of initial
filled hydrogels and simulated mastication processing in an oral phase plays an important role in determining the lipid digestion and 3
-carotene bioacccessibility entrapped within filled hydrogels.
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< FE AL FEE0l9A & Wbl 213Fel H7yst

HT A7l st 2ot TAlo] FolxHA] guith 7] ojge W ollal, AH3AT soEts AR oA Q)
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g & Ade W gig #do] FUksta Atk oleg 2 ZolL} &80 AH Hrlsl= AL Aol Erlssith
o|-fE Tt AT A Fel Az =T, 177 NZA7) Fo| = I AR = o 38 WMo xu)
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182 Az 74w

HS Azt E4e BAske A7 AS7HA Bol
B E A THMcClements DJ 5 2009, Singh H 5 2009,
Matalanis A & 2011, Matalanis A & McClements DJ
2012, Qian C 5 2013). 22y Ztzte] 2% EAdol e
AGA z=glg Adgshsd QojA] ofF o B2 o3}

A7 ag dAot

HIAT stelgts, AdolA EalEo] A 7)E
AoHA AFH O or= AR & 5 ok 1
715AEES] A o]-&E (bioavailability)S A2
e AGujA ool b= 2HE FFL 5 dojok
Aguf A 24 om)7t ool QJIAEI Tk AS74A] B
HAGA 2H 0 2= vlo] 5 2o H A (microemulsion), £
2(liposomes), @A Qb4 AKsolid lipid nanoparticles),
Zod A (multilayer emulsion), 3Fo]=24 wlo] g Z
y]oi(filled hydrogel microspheres) 5°] UTHSingh H 5
2009, Matalanis A 5 2011, Matalanis A & McClements
DJ 2012, Troncoso E & 2012, Qian C & 2013).

B dFoAeE AR 7IsAEe] AguiA=A 2
2ol 7|gto] # sfol=2 A& A zstaA) sk o
AHAlE 71548ES Hastele AdEAae WA Azt
1 ol & BAHEOE IRAA Aslsle Ao EA o dA-
A A" FEE FHsHA Aot BHES o83t 3
olE® AL A|xste AT fElvetlA AE2RE F2
o=z AFHs2 & 7HEAEE, 22X, 9, =77 9)
sl gA S87FsstH, 1 AAZ AFHehe A% 7He
sithe SHolA Yol Td & 7HEEY NES
ERlS AAE o vk AEn

2 ATeAE A8 TIsdEo=A HERTL=H(p-
carotene)= ARSI TE WIEL7FERIS HIEFR] Ao AT
EAEA Hddolle A& Foll Wol SA)sta, 53] d,
auf, Sk Foll SrEo] Utk HER7IRERIS ZEH|
Bt A9l ¥, ks, b, wshiA] a9 55
zt=t}ty R 3= 3 tiHandelman GJ 2001, Johnson EJ
2002). & ATolA= AxF stol= Aol e wE
12" AA| o] &5 FAHN A} sto] =& Ao
8 wel-7L2 8" o] A E&(bioaccessibility)< in vitro
gastrointestinal tract(GIT) 22 A|2E]-S o]83te] %3}
R, BAHFTES A= A UA Spol=EE As
A3IAIZ] & 71EetEE, o]F 93l A AsR(Y, 9,
244 AXe FH)E 2% in viro GIT 22& o] &
sto], A|zg oEAY odd TH-HE slol=2 s
2SN ZA T

AAH &S APast & 2704 AEHE 5 vt
o]A(mixed micelles)toll EA3t= HIEL7IZHISY] &
oulgh= Ao g, HER7IEHY e A4 EZo] A
HE F97] s 57 A 2% dollA & riol

O
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Aolghs F2UISE s o] &3l ookt rhssitiar
& A QK Yonekura L & Nagao A 2007, Qian C 5
2012, Wang P 5 2012). 7|54 80 AAE AuelA o
£5= HE2 A EEZ A3 Ao Azl
U in vivo APOE EAFoks= ojElgo] Qo] B A
ToAAME= in vitro @S o]&3 AAHTES EXs=
Ao 2 A 0| ES sl HUTh

J8ug B Ao 5z wekvlE o] g@xjd o
HAL a3 AR Sto|l=g AMERTIEEH €A o)
T2 A)ys Axste], AAsEd rE WER7IEE
o] AAHTES BA5t, AR slol=g A A x|
s AR Ao F5T) ol AWAastE W72
o AT VA= FFES EAsATH

I, Mz 3 UH

AHELE A28 FH-KIm IM 5 20102 o] 831
IFA(EEXTH FFAFA, AT, =) EHE
welste] ARSSE A, wlER-7IEEI, T8 olEl(pancreatin,
HA HAFe=RE Z3 A), o-oFd# o] 2(a-amylase,
HA Ao =HE E2d A), WAl (pepsin, A 5=
S ZRE EE3A), FAl(mucin, A IZFE 223k A,
95 FEE(bile extract)y FEEFZEL Sigma-Aldrich
Co.(St. Louis, MO, USA) A& AHE3IHTE Whey protein
isolate(WPI, Product code: 9500)+ Protient, Inc.(St. Paul,
MN, USA)ollA T3t ARE3Eon, ASPHEF(NaCl),
HAHHCHZ F3FL4(CaClh)2 Y4t oFF EU(F)(Ansan,
Korea)oll Al F43te] ARE-3F AL, F7]18(Ottogi  Corp.,
Pyeongtaek, Korea)2 PlHAlol| A FYste] ARE-S3Th

2. HE}-7t2H &7 of|EMo| M=

HER712E1(0.3%, ww)S F7]15°l E4kAZ]1 3 ultrasonic
cleaner(model 250, E/MC RAI research, Long Island, NY,
USA)E o]&3t 15%7F 2534 2l3kal 60°CollA 30&
F 7rgske gAY f8FAIEA] WPI(whey protein
isolate) & ARE-3FAIL, 10 mM Q14H2HE-8-Y(phosphate buffer,
pH 7.0)° 2.5 wt%7} S=5 &3|A1A F8lstATh FH)
& WEk7EER 3 F715 20 wi%st 80 wi% WPI &4
(2.5 wt%, pH 7.0)= 238 ST (ULTRA-TURRAX model
T25 digital, IKA, Staufen, Germany)ZE ©]&3}o] 287 o
Histe] &35k &, wlo] A= EFTo]A(Picomax MN 2504,
Micronox, Seongnam, Korea)E ©]-83t 10 kpsicllA] 31
HhEste] BAAA F5-72E o @A (oil-in-water emulsion)
S A =3t
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3. HIE-7I2HI Bzl Slo|=E2 He| M=

QoA At vhe} o] A%k wek7t="l g ol
HA(20%(w/w) 0il)E 10 mM UAHFSENpH 7.0)0.2
4 wi% ¥ =7 HEE M, Bl 5, 7,
10%(w/w)7t E| =5 349 odde] H71gk -, 95°Ce]
A 1085 AESsLE fste] dxgstdnt 7tEd &
FHe FEI HHG &7] Fof 23 F, 4oCol|A 3}
SRR AetH A Astel Tt

4. S HEHY =¥

T e AR 33 w7 e 54 4°CE
47 H rheometer(AR 1500 ex Rheometer, TA Instruments
Ltd., New Castle, DE, USA)9] plate-plate system(Z]7 20
mm, F4 1 mm)E ©]&ste FRHUT 5F HeHA
AFL2 0.5% strainoA] -5 (frequency, ®) 0.63-62.8
rad/sec oA A7 €A E(storage modulus, G'), <4
kA E(loss modulus, G”), Z12]3l tan 65 A3}

5. In vitro gastrointestinal tract(GIT) 22 A|AE!
ol elst AslE 2M

A zgk wEeR7IZR $f odAT wEel7IE2E S
oS EREY = AR so|=2 Ao 43HES
BA317] 98t 9, 9, &3S 23 in vitro GIT 242
< o] &3l thSalvia-Trujillo L 5 2013a, Mun SH 5
2015a, Lopez-Pena CL 5 2016). Q¥ollA2l AZ=8S
W] fleted, A A S5 Azl ukg oo wha)
APEE o] 83l 283 A AEES S

1) o

FAlmucin), ohFet 4 283 a-oFd o] 2(a- amylase)
3t Q= BFY =ik 8-l(simulated saliva fluid)
ANEE 50 : 50(viv) HIEE EFaant E£d99 pH
£ 6.82 243t 37°CoNA 1087 ¥-3-A 7 thSarkar A
S 2009a). a-oFd#Eo]2~2] &2 100 units/mL $THAdes
H % 2012, Chung C 5 2012).

~

LSO

2) ¥

oA e] 232 nzl AIEE 9| wuF gl (simulated
gastric fluid)®} 50 : 50(v/v) BI&E &3l pHE 252
273k 5 37°Col|A] 2A17F WA F THSarkar A & 2009b).
o =2 A2 1 Lo FFl 2 g9 NaCl¥ 7 mL
HCI(37%)< 4ol Al=stAth

3) AZt
Mo A o] A3 vlHl 30 mL ABE 37°C 5=
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ekh2el g slo| =2 o] Agass 183

(HK-SWS 20, Hankuk S&I Co., Hwaseong, Korea)ol 2
3 3.5 mL BF F=E &9 (bile extract solution, 187.5
mg/3.5 mL)¥} 1.5 mL €-8H(10 mM calcium chloride
(CaCl)2} 150 mM NaCl)g 75l pHE 7.0 =4
g % 25 mL HFI ol AEA(pancreatin suspension,
187.5 mg/2.5 mL)< 7}t 37°CollA] 2A1ZF HE-G-A1F)
o &3} AIRPE AR E AFH S pHE T 7.00.E 5
E2=0 £85%E 025 M NaOH §99] &g =431a
ol olgdly AaFHAA FT &=H ATAKfree fatty
acids)®] ¥= AF=EsiAT

6. H|EI-FI2HIS| MH|HZ=E

HE-7L 28l o] YA A T-E(bioaccessibility)S Qian C &
(2012)°] Bagk WH-S o] 83ste] EAsIATh HER7IE
d gA) slo|l=® Ag 9, 9, &% B A3} A2l
A ASAIZL F 2517 xgollA 3083F YA E-El(Supra
22K, Hanil Science Inc., Incheon, Korea)3te] wmjo]al X
s st ARt & Aozl ATy R
nfoldo] Folle FEo|m, Z2lgk nlolAde] gafE o
A= HER7IZES FE 2 X E(chloroform)S AR5}
B3AIA o], mlo]de) &3fEo] Qe wER7IEHIC
Fs AT Aolzl HERTIERIS &S AAEE ]
A &3E o] EAlstd wER7IEE FoE o] A
AHTES T

Bioaccessibility (%) = Cumicelie / Crotat X 100

Cmicelle: U]—O]/\é]oﬂ —\;—@—P"]o—] 9}111:;_ ook

Cow: AT A 23bzel = Ad &

7. X|LAXE 27| FE) 2HE

o g el AWYAF H7]:= phase-analysis light scattering
(Zetasizer NanoZS, Malvern Instruments Ltds., Worcestershire,
UK)E °l8ste] A8l AESol GIT 229 4,
9, &% 2 A2"e AXE F vEde ARk
e H}= Carl Zeiss microscope(Axio Imager Al, Zeiss,
Géttingen, Germany)S ©]-&-3lo] a3} T).

8. SAXz2|

BE AEE 33 BRI Hi+EFUAE YERY
Aok Aato] tigk SAEA-S SPSS Statistics(ver. 21.0,
IBM Corp., Armonk, NY, USA)S o] &3&}o] FAHEA
(ANOVA) & th5¥H 9177 (Duncan’s multiple range test)

S At 438 THp<0.05).
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1, SE7t CH2 WHE Mo| SX Het S4

s/t e A 53199 XEgo] mE ARE
FE(G) 2 AR EG"Y WSS Fig 1o YERA
o 'R Aoy &4 A4 AUt =W, G#
< A HAE SAH ABTT He FoE 4y
A ot HLH % E# H‘HOHH Gl G'EYt & s
IJ—E}IHOJ ;qlJ,]_ 71—0 /HZ\__JO 1,}5}144
S¢ s —7}?%011 we} G'#kol
Z7} st A dHdo] IS ¢
T AT

Tan §(G"/G)= A5 HEd&
A2 tan §3k°] 12T oW B-A
tan 5%}1—0] 111:]. =] 7<4/H7<4 gé
THChoi HM & Yoo BS 2007). %2t
o] tan 82 1HT} o} o] &
o] & Ao=Z Yeiutt) AR Fxo mEHe F=
7V 555 tan §%k0] O RFolA= AHE YERN o 2
AR FE7F Holdars e Ao A4S YRRt

53t 3 F A AR A= AL €L Uted
T E I ofd 22 A7) A uel WA, HEAbE 1t
o] At o3| AR W 2AE& vEo] O <
of & 7 AL A ol AEAL M9
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Zz=9} 10.;_1]:_’ o Z 9} ol = HE u]% —‘?——7\]—37] &}
8 AT 5 J3FS 9 FkKwon JY 5 2005).

2. X|Ho| A35tE
WER7I 28-S Sl WPIR eHg3te o EAe] 9
He FaE vELTIRZEI O QlEte] TS BT 9)Q
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YAA7]= 192.5429.55 nm=
NEHE AR R S35t of
27 sto] =2 A(filled hydrogel)S A
A zd Foltz A A -Talo] th,} 7+
UrEhHC”E} AzH sfol=g Ao| FxE
A= Fig. 2(B, O)9} 23tom, A UHE
WAAE L2A FE2H e Ae &4l
T MME} HER Axd sto|=2 AL HEL7IE
glo] gaf=o] U= AWAAE HE A MEHZ Yol
x5 e TEE A Ase AT 5 A

He-7t2]lS she oldAdd 2R v 2
&to] Alx3t vlEk-7t2R §A) stol=z Ao Aashe
o} 23 EE in vitro GIT &3tREE o]g3le] B3}
A3, 71 AdE= Fig. 39 YeERATH

=
=

=

-?ﬂrﬁ_\ﬂ

BL

A7 in vitro GIT RES o] gsta] A ukasl-a3}
FoFAd R AAHTES BN ATFEL YoM 43}

34 5, EFY g-opdE o]~ %‘f’“ﬁr A 2ol gt =i
2 AFsh= 7} 1T T olfe= HEQ Asl= &
oA & 2= F7 obd# o] X(pancreatic amylase)
of o3 oj Jojup, QoA HA EA4S o]
= B g-opdeo] 2o gk A E9 é\_ﬁ}— Znstth=
=dho] 7] wWjE-o]thButterworth PH 5 2011, Morell
P 5 2014). IHEE B A= E}OlCi Aol 43}
o Uitk AE s=2 TS BAske A FAld ¢
oA 2] g-old o] X (a-amylase)] Ao} A2H28-S &
Wt EallHgo] &gty T HUMEHAS o, Slel==
Aol 2HH g Ao Askgd odAd AW X
AE wel7t2Ee] AT L FFE YA =
A FRIEHATY.

Fig. 3(A)E HYolxe AstAes =wst

A9
o]

e

LR

5% tand
7% tand
-©-10% tand
0.1
0.01

0.1 1 10 100

Oscillation frequency (rad/s)

Fig. 1. Changes in the rheological properties (G' and G'") of 5, 7, and 10% rice starch pastes during a frequency sweep at 4°C

measured by oscillatory viscoelastic analysis,
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Fig. 2. Influence of simulated gastrointestinal conditions on microstructures of filled hydrogels (FH) pretreated differently. 10%-FH
= filed hydrogels prepared with 10 wt% starch; without a-amylase = pretreated filled hydrogel without simulated mastication
processing and o-amylase in an oral phase; with o-amylase = pretreated filled hydrogel with simulated mastication processing

and o-amylase in an oral phase,
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Fig. 3. Calculated free fatty acid released from B-carotene-loaded lipid droplets dispersed in filled hydrogels (FH) during digestion,

(simulated oral phase)ell a-opPd#o]x~7} XEEER] o
75-9] stole=® AL AWastE AAEA, 23S
s 108 52 e FEAgate] o] 54
VA, T olFE fuleA Fvbetem, A
T} dEglol, astEd Ay A% EE BRs
W A7ol(simulated small intestinal phase)3} 2A1ZF wF
3 & B welvl2E gA) slo|lez A A 859

oot Hr Ok Jor o

http://www.ekfcs.org

Z 43814 Z(final digestion extent)= TFEX] T} 3}o]
2 AL Axsr] fete] AREH oEAde 43t&F
2 EL I HaEHAE, HFsEE 27t §ld
O AAR slolER ARTE "] Agastgol
vttt oldd A 10% AR AS o] 83ste] HE-
7ZI28 g4 sto|=2 AS AFzstal, gAY A E
o Hlwg Ay, WEeR7IEE g4 slo]=Ex Aol $HrH
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A ire] Aslhgo] Z=dd ol AFES A3 Mun SH 5
2015a, Mun SH 5 2015b, Mun SH % 2016)2} A+
t} 71 o]fE Fig. 20014 BE ule} o), wWpIst 2o o
MAR Qgsle oEAe] A9 e xFEH e
A A (pepsin)oll o8] G Ba)7F dojyar, A|85rt
o] Aslolx] 9)o] AR o]FE w] == pHYt o]
A= To FAT WstE st AW AWs =Y
A il Exo] WstE 3 AW o o ¢k
AN 7IA] Bl HA7] dE o2 ALSHATHFig. 2(A)).
O A3 odAde] AWdREe] Y F(flocculation) = A
A (coalescence)F o] JAA77F AXA HW, A} o
2 B oEAHo] A%e g AFTAR o
x5S, #7 gholz o] 2x(pancreatic lipase)oll theh W2
(surface area)®] 7443 Al FHo A8}&o| 7FA3HK(Salvia-
Trujillo L % 2013b, Mun SH %5 2015a, Mun SH %
2016). “Lelut oEAE X5k e stol=E Ao A
T oFAHo] HE Aol o3l SR 7] wiEel], oY
Ao AYAEe] Boi= &35 2 Fo(Fig. 2(B)),
2k A YAATIE FAG AR AAA Y AstE
218 = 7] wjZel ghols o] 2(lipase)ol] e FHZA o] F
7bete] Adkgo] oEARTE I7HEY, HFZAHE
7} Z7V8HA B okSalvia-Trujillo L 5 2013b, Mun SH 5
2015a, Mun SH 5 2016).

Fig. 3B)& ¥ &stdg mwrst
AR AA T a-opdE o) ~E Mk <
A7, S A A A3 F HEEHE
YAk kS EAlste] Hlwe Adolth 7%t 10%
AR o E A 23 oBH-EL3] slo|mg A} oA o]
5% BRARESE A xS sto|=E AR HFAHET}
=%, 23E GA] 5% AHAEOZ A X3 Stojl=2 A
o] 7§ &agkgo] 2 ARERT Y-S & & AUk
tzhe]l AlsoA vngds W AZHg g-opdd ol
A7V el et HFASHEE Ao|rb glAARE
k&2 Aozt YeheE Ae & F AT e-obdE
25 Hrketa B AZ#AHo]l FH Ase ¢

N

4o b v 4

9A e ARRT 23480 Hskth ols o] i
Q) 23} AN AIY} g-obeol 2 R wek
asigo] AolE Uehils 2e Azage =)

8 StolSE AL AL N Rt 3y F Ao

1

2 RaFgozA, HE Ao] g ALYAE 9
7o 2 RE A3 HEsA| FEho], AR =279
k7t A7) wZEolgtal AZFEtHFig. 2(C)).

Mun SH & McClements DJ(2017)= a-oF2 o] =&
a3y F Arisitets A F27F g3EA] ga
43S FAISHE A folls HRelAY sto|l=g Ale]
slol] e FA Fgkont, Ao §f sy F EAE

X
A
n
k]
)
in)
s
o
[
)
i)
oo
P,E
£
=
Mo
o

i e
Fe
2
R o N

B oo
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A9 wolBElol g Asjele] Hrbshs 4S9l
Aef oA Aol YeFe FATkA Hustgch ot
AFNEL g-oldEo]2~E 2 ¢ AsAA A Hrlsl=
A9 AR Al gxxel BezA SAo mel Yol
Aol 2 E% o]yt WA, 1 A YA A%
Aol Aslilx w=xHoT PIFe Z S 9o AA}

3 FA

5% ARo 7 Floleg AL A %3 AP g2 5L
stol=2 AHT HFAJHE} AEo] ST of

AA] o9} o] dtha AZHETE S UdA A nie}
2ol 5% AEoZ AZ3 HEA] 7%} 10%=2 A =3
ARARG A ZJor) ofsleg 28 BEsts 34 5
A F27F 08 AR o @ol 3t Eo] g-obd# o] 2o
s GA BajEa, o|F 2 Yojib= A FA A Blo)
T2 Ao 2 AYYAT T dto| =2 Ao A Bt
o EASle ACE ARESIT. Engelen L “5(2003)
5 Az ES 22 wkarA e 2Fe Yol &
(breakdown)= YollA A& sl= AlZto] HE&45 AgHE
o8 dojusd], dolAe A7 eH o] st
BEH0 R dojue A, 4% AEYART vHEE 4
Fo| 9o A=A RS B b Utk

J8EE B AFdME 22 AZHE oA A=t
AL AX e B¢ ¢ gt Arohs o3 AL P4}
I JE 5% HEOZ A3 sfo|=2 Ao Bajge] &
A9 A, 1 A3} g-opdeo] 2ol o3 AR 3]
om, o]F dojuh= 99 &% 43} A= FEFS v
A AeE A7

3. HIEl-7I2HIQ| MH|HEZ=

o dM-x3] sto|l=g AL A|x3tr] g BHE A
o HEs=et dollAe AsPiHe Zpo|7} HEl-7L2H
o] A& A= YIS EASATE HER7I=E
I e A =HEY BAFTES W HAHEE
o] SUVEE v ETAL k=T, ol A
ol 7SS FE|AWHikfree fatty acids)©|y} Bl
o} =2 Al (monoacylglycerol) ¥ -2 A ¥ A3} AHE 9]
ol F7VsHAl =i, I Ax A8 EEAES 83K &
A= B o]l 7183a(solubilization capacity)©] &
7Vel7] wl@olgtal gth(Porter CJH 5 2008, Yang Y &
McClements DJ 2013a,b). =3+ AlHEA AU, co-surfactant,
co-solvent’7} &EE 79 H wlolde] 7HE3sleS ¢
S7Fe tPorter CJH 5 2008, Yang Y & McClements DJ
2013a).

g HMiEsErt vE HER7IEH §A slo|lEE
Aol ¥ HEk7l=H Y AP ES £ AAE
Fig. 49 YeRTE. WPIZ <Hysle odAol gfd
HER7FZ RS A H &S oF 12%3A0H, JollAle] 4
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| O Without mastication processing and a-amylase
| O With mastication processing and o-amylase
b
40 | ab
&
é ab
> I .
= 30 .
B L
wn)
wn
Q
o F
S 20 a e
.2 i
aa]
10 -
0
WPI 5%-FH 7%-FH 10%-FH

Fig. 4. Bioaccessibility (%) of B-carotene after /in vifro digestion
in filled hydrogels (FH) pretreated differently, 25 Values with the
superscript letters inside the figure are significantly different at
040,05,

ShgRoll FFA| ettt oEA-EF slol=R xi—l"ﬂ
e wek7h 2 o] AAHITES 29-33% HAE A
So] mE Aol= YRR egkar, oEAdel 3“)

HﬂE]' 7hERe] AHTEET = TS UER o HﬂE}-
7t=Rle YAHTES —7]"\]717: SHollA oEAd A
2HROE slo]e2 A A|xFo] o A3F ]S e
At ol= oA AT=9 At AYoH(Mun SH &
2015a,b, Mun SH & 2016), & wjEg 7} 43} HollA
A YAEo] 0;“ = A& Tolra A dolA A
UAZE n=2A Z4HE ¢ Al sk oA 9] glolw)
o] Z=of &3k 5\—5}7} A3 2PE 5 A kA7) T
ozl HuHUT Aol A8 EES &iA7IAL
A AEAARe A3 dEetA APE4FE A8 &=

A So] FElxo] B mloja Y= x3= 4 9rh

1 9ex FEFo=Z ZaE WPVt H%} no] A o]
33 A X (precipitation) S 2T = Jom, HE Ao
WPIZ}F 5§ wlo] A3} wkgsh= e wholsr] wjZolzt
£ 9% 9l Reboul EQ013)E HIER7l 28} WPIo|
FAEL HERSEZZEH(B-lactoglobulin)o] A2 A7t
< Atkal gk \F ok

sto]=2 Ao 3 Hek7t2Re] HAHITES A
2k 3} a-obddo] =7 do] &sto A g, 18
A ke AF-HT 7ASAY. o] HiuoHE 10% &
AE AR A =3 stol=g AL A AE 7492k ol
Al AR S 28 F3T slo| =R A Thol] 43R
of Wek-7t=Hle] HAH TSN AolE YERA=H,

¢
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2 AE e dF e THske etole Ao o
olg] Fio] golslol AAATL flolA SHshk= Ae
WABH A=} YA TECl U 52 S WER
W, A& e AW A Fxrt s Eo] Fe <)
2ol e A= E'_‘ﬂ* Flefate] whgoll A AIAE
SHOZRE WA F= A5 UEhlA Xt o @
L 7+ et P__LOP?\'}TJ(Mun SH & McClements
DJ 2017). & dollA e A&zEGo] 1 Fof m2& 43}
I ol "’ﬂﬁ” = 7 dFe Uit

2 AFoAe slo|l=E2 s Axs] S HAE 5
S5 gEste Ao 54 a4 & dads 2edls o
Azpakgol o g AAE vEhd = deA 245t
%‘T‘:—ﬂl a3lold stol=z Ao| Tt
A 5, a3t A AshE “%% FAOH(5% A&
AZ A xS stol=2 Ao A9), BAFH LN IF
L Fx] g9t B AT x17<h,].7<—1 rdo 2B o} A
= B Aom BHE A Al QoA A&ske 28l
Attt oS H3THE, o &2 AR A RaE
O0E 2345 2T 5 S Aotk

l‘

rﬂ

32
24
o
N
N
2
g
“

V. Qok ol A=

-1 X< =

B AFolA s WE-7t20E 3 olEA £ E
stol= AL Alxste] AastEd) i WEk7tE
gl AAHTES 248, AE shol== A2 A=z

37] 1% A 57} o5 AWast 2} weksl o)
AR gl AL FFe BASYT oD A2
3} AR FolE A Az Aole] AgASES
MEe 23, sol=e AL AzaE Aol Bwo 4
#glo] ol Ae] A ME T Aol AU
7} BRI AL BolRt 4T T 5 UE A,
A% eolsfolze] @ Agasto] Frkske AI
e & 5 ATk T olH A MEG2L A
A AR} L A © ol ol %
g dEt Ao & A RS 44T S de A%
Aashgol Atk asjolne A grA B
ol whet el xe] Aashgwt a-obdeolste] whg
F ARe] B4o] GebAA Hm, Gekal 4O A5
of o Fol Yolih 914 agolre] ssfUE 2
PYE o 4 ATk Sol= Ao el vlEhlzeEl
o WA &S] 79, AE o] W Folt ek}
A gasrout, 4o 2844 F AMIY a0 ol 2
sho] Wg-e AN AR A9 YARTEO] Fahs
a9k etk TenE asjold Amel e
B4, YoIAe AZTpge] Foh Azl wheh of @
24 solsz Aol Agasta FHH Wekslzwe)
AP TEo] bl 5 98-S stk

-
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