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Application of Rice Protein asaNatural Emulsifier

Saehun Mun’
Research Professor, Center for Food and Bioconvergence, Seoul National University, Seoul 08826, Korea

Abstract

Purpose: The general characteristics of rice protein and the methods that have been tried to improve its emulsifying capacity were
reviewed, and the potential use of rice protein asanatural plant emulsifier to replace milk protein was discussed. Main issue: The use of
rice protein as anatural emulsifier is significant in many foods taking the form of emulsion system, since therice protein can replace the
existing emulsifier such as synthetic and milk protein-based emulsifiers. Research on methods to improve solubility and emulsifying
capacity is necessary to increase the application of rice protein. The solubility and emulsifying capacity of rice protein could be
improved by the enzymatic, chemical and physical modification treatment of rice proteins. These modification methods led to the
conversion of the secondary structure of the protein into a flexible structure, the exposure of ionizable groups or hydrophobic groups
that existed inside the protein structure to the outside, the increase of free sulfhydryl groups and the decrease of disulfide bond.
Conclusion: Unlike other protein materials that rely on imports, studying and characterizing rice protein isolated from domestic rice is
considered essential in terms of the development of new food materials and high-value rice products using rice.
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I M2 HASHA FHEA F2 frohd ofHolol &S A% AF
Azol AT A0 FE QAL Utk AEA wid)
AHIAFES] A7l tigh Q12]o] EEAIHA A 2R10) FFH 17340 ol MEA JAAFHEA wl=oly /Y
ol tlgtx 7oy &7 ghol= XEdE AEA 4 TANAE AT & didS o] &gk AFES] HUH
F& Ak aviztEe] 507k e 7hed =4 H7E Fr¥skal Qlar 9] 3¢, 2005 FE] A okl
S AEd gudE= giAlskE Aol digh B ol AujE7] AZteti o, & thild AJRto] FE3]
Lolrta Qioh. AE7AE AlEA oald ZIFAEEH 7Vt 2024 3@71A] A 18.2% A3 AA| Al
T Wo] FE AREEH oy {FHAPHE A E(GMO) 27} 19 59l GEof o|F Zolgtal dFHa Utk
#4d o]Al7] € SFE I ET] AR dEET]7T §l I8y $& giE=E AT e & whilEo] 4
3 APt 2 H AEA g F vwd gapolr]n FAolA A o2 FEEI e AL =ollA &
2b ghgol a1 AR 2AS 23 kg & =7t 27 wjZolH, 715 E4ol oA e &
o] =g AE4 Bid A8 E tiFE ok WAy w2 AFEA8 5 (foaming  capacity) ol Lt
A Tl o JoF 9l AL ol A FH2EHEY Fr3HsE(emulsifying capacity) S UYER = o2 434

T @47 i3l ddaH T oy AEgESs v A7) B, B Sal =9 sty St S8EHA
TH= X 31(Adebiyi AP 5 2009, Chanput W 5 2009)7} E3la Qe Aot ol & vl FE o|F = F
ojojAHA AT PP oZ HFE o] WA AV} FE(glutein)o] Aol A3 o] F3H(disulfide) 2Tl
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o3l 74st -$-F(aggregation)= ©]F3L 210, pH 10 ©]3}ol]
A pH 2 o]dolA= Bl =7t 5438 74skA Fch
d o] AFEAFHolY f3ksdS vebd + 3
A& Fxlu) A (amphiphilic)S UERH, dojdo=
Z3l(electrical charge)E WERE = 7] wiZoltt. o
ulsion, fr3tel)& A2 4olA] eF= F HA7} 4
uj, shte] AA 7L o] Ho g2 HA Yol
AE FHE orlsh=d], 4ol ¥ F AATE
BAkE7] Sl A e AT XS SAlOl 2
3} (emulsifien) S 8 2 3o}, ol F3AE=
QO EA F AA Atolo] A AWGHE G
A&-S A Hed, 24 B F3d8 Az}
Hgoletd FEAE & HolA NE AHHE oY
A4 o] F25 1 wHo| X35 Z(protective layer)S
AA YT & Alolo] AAAE S T drt
CAFAZRE fl5t 7 BHA O R glo] A
= A= F2 BAe] FHAEA A (smal-molecule
surfactant), %F31wjA] 3182} (amphiphilic biopolymer)o]™,
FHuAg EA = dAR gdFyE &34 "k
A F7A = 7M1 Q) AF(sodium caseinate) 3} - THal 2
(Whey protein) @} -2 ¢ ThillzEo] Thald 7]k §-3}
AZH GrH o g AgEo] gtovt AEE dH27] f
A3k B A2 F(vegan food)oll Z3HelA] k= So o]f
2 254 7o diA @A i 877t Fske]
gkar, olo] i @A IS ATV HFHo=E o]
% THFernandez-Avila C & Trujillo AJ 2016). 12t} H
e 78 zgoln LHET|VF §la, Ehet FAE
of|A 2AS VM okl Eezl 2 diESs &
A 9 uF g gAAE &8sl sk 23
o] F7Fstal Uth
27t FE AHse AF T T o5 SEdE
OHER 5 B2 2F0] oldAd Fe2 A, <+
gk g ARE HdlAe Al g3 F8% T
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Fig. 1. Emulsion preparation process (Modified from Food
science, Lee KY et al, 2014),
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WAulo 2 odA ARE Y3 FIAE AR
g o8 S F83 294E dS & IS
olt}y. FA7IA = & g fslsHo] f wula
7 vlwste] P8 ARNER o|F FH3] 91 A
TEo] M SOl AUtk

JHER B FHoMs & dhiEe] jEAel EA
2 did o] §3lsdEs AT flE A7 A=
H PHES 1Ry, f dids AT e
A 224 f3AEA & gzl B8 J1eAds A
HR 32} A TH

A
av)

PSR
X0

.2

1. Ol MOl FEH[2M THHEIo] Het

22 oEEo] RTHIHAEAEN FEAR AMEH
a1, odMo] AzxEHe A Fol oY FH F2hE o
2 AA7E A SR EE As BAFEEZA oHA
Az7F 7hsshAl ok @Ee] 73t 592 oy 71HA
aRlo) o) 92 4= e, e B3 oYU A
th3t §2-E(rate of adsorption of protein), S2He= A
o] 2Kamount of protein adsorbed), &2+ 3 Aol ©]F
A= ol Fzo] Afufd(conformationa  rearrangement),
AWES a7l HE(extent of reduction in
interfacial tension), AT 2 HAeAE A= 2o A
= Zo] T1zlo|tizha J 5 2013).

S e ZAe] B & oS o] R4l Qe of
neqh 24, 7, SA7](molecular size), W A4
(surface hydrophobicity), &3l =(solubility), 4
(flexibility) 9t ole} S =(pH, ol =A17))3 Tz
T T f8tede IS T 8T 8E0]
HSharif HR 5 2018). 18] £ 504 EA=27|7} 2H&
TF, 719 &AFAH Ao}, B3ls, iAol sETE
iz o] f3lseo] Hdtia Bt o, AHe &
zte]o] o g HHSA = EiE ] Aol AlxEHE
ofgdel Esletd gy RS FHgske 8T
8471 Ay Aislar tAvramenko NA 5 2013,
Zheng XQ 5 2015, Jiang S 5 2017, Sharif HR 5 2018).

Aol ©iido] F2H £ A e o] el 7%
o} Aldel A hid Hsute] Az gA ghalEo)
A4 722 A o3 22k g ded, dE &

fEAdol e randomecoil TFEE zh= whlEe] A9
A BiEo] 2 =07 EEFHo] You IFLA B
B2 &Y Fo= Hoiw T4 FES AW BHs}
A FHUE dHE At AL e A% g
I (globular protein)®] 7-$-= random-coil -
Z5 Zte 9dEn 9 gk AEd 725 2 9o
3 gH(McClements DJ 2005)(Fig. 2). Romero A &
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Fig. 2, Effect of the molecular structure of protein on the
structure of the interfacial membrane (Modified from Food
emulsions, McClements DJ, 2005),

(2012)2 futelr] LS ol&dte] £ Y] AW
A ol E FZE(rice protein concentrate)©] 2= += I}
Aol TS 8H(adsorption kinetics)= pH 29} 8ollA] ©h &
50 FE B3t AdelA whld F3o] we
7ﬂ g o] SAIZE Yol AleAd= o] Attt 3k3

I WE A o]l AR A eRbetAl FEo] X
FE =, oA AMAAY wHEe] A4 (reor-
ganization)oll 7]1¢13ckar skt WE AejolAe AW
e ol srrt SU1E] wet solbxlar, pH 89
METE pH 2014 O B ARAES YERdigloH,
AR e 23|y ST EN & ‘:‘r‘ﬂ“é TE5E9
2E FSHAIEA &8 7hsAS A 2004 o =2

o2 B3t tHRomero A 5 2012).
2, 4 CHixio]l £

2 o e 47}74 ‘_TLH% a2 745 e, =
o 4k = Qv dER(abumin), E-&He Habrbset
==& T(globu |n) ’&’“ﬂr dZe]ol] e 2FEdY

(glutelin), &= E4bssh Eii}fﬂ(prolamm)ol A
Olt} & ‘3"?‘-6“:}““7‘9_0 6~9% W2 FHE At
T gAY, 2E =48 F A¢ 5 e BYs
o) @z ggwt zido) 7k et olo] mE Yo A
A= Aol7h & % AUtk Ae| FAE WA e Wrlgt
Fulol A w]gt mols AASI A WuleE Eof
E82l FFdeo] 77t 75~81%, 79~83% FrElo] U
3, 84991 BRle] 10% o E EH o i uh,
n7 @ildels SRRl 22~45%, Rl 24~
43% T-5E o] o] AtH o R 84 B39 diko] =
of &Aool wthal ¢ A UATHAmagliani L 5 2017).
A TEe AEd il S onlwz I OPUlL*L}
ol 1 AFF/T LS 7L o] 43l EE
Z He Zow dHA Aok @id 4ske wA o
A < (protein digestibility corrected amino acid score,
PDCAAS)= <A ofrieal Ho gt 43kl 58
wiFol 7]Zste] @i o] F4S Hriskes o R o
Ao Ae Hrlehet &85 = A%tk Han SW &

_4
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el o] Aol gty zae) ghg 111
(2015)°] =] T AE2] PDCAAS g Hlwstd S u,
FHAIQ ©h a5 waEo] 191 Ao Hlaske] tiF
ohalE 0,95, 2ol w7t thila 0.90, &2] HifolA
3 Tt o] 06302 w7 Tl e Ao Hlwd =tla
ok & uls oA o] PDCAAS #hol 95 TR
U= ST J(0.25)°1y o2 57 Tl o) Hjg)] =2
Froly dEEr]) 9 #EE A s glo] AdEZF o
2 F 9 53 944 78 B2 & 5 ok

Hﬂ
AV
=
i
off
A
oX,
ML

E

447% Oﬂ Klazplel (protein-enriched
ingredients)©] &gl gk #Ao] Gk A Tl o
we =R Qlete] 2 oA Resta &-8ste
2ol disl A5 #AlS 7l7<l 3tk E%Q %O]Ur UHX]
geE weoxl A7
gt A & E‘F A&
ol daix= 77 fle FAER
tjdog WMnHt ol gheko] =
ARE FEEHA ot &89 AHEY IdEE AREEO
S =g

2 s Felehe e IHAE UE ¢ Utk &
Ze] FEW(akdine extraction), £4= ©]-& W (enzymatic
treatment), =24 A 2] H(physical treatment)©] 17 o]
o Ay ¢y FEHE WIRERYH AES 28T
o, Seld-S A AsE] 9% %X—*.Oi ’\}%Hoi o9 W
Holl o} o5 o] gato] il 3t o &%
st ok & 3|4 E & %‘ﬂ.‘oﬂ ‘:}““QO] B3l =]

HOES T F @Al SUHOL pHE 23t o
WYL Pelshs PHOR olsh go] Led # T
& o]%oi x| Mt} Paaman | %

T2 SFddos
(2008)& pH 119014 40C =2 #7}TE Az A7
3k 3 A5NS SheA =7 (ultrefiltration) WY 5
7" (isoelectric point precipitation) WHOZ 3 2

s ghal ghero] 717} 713} 8e%el HEAES ATt
ahgic.
@ e FEWe wuzo] WAHAY AFE

g o Avke A, v S S0 @ 3 %l
Ze] FZEEHo] dilAe £rE 11-101\’4:31 2= oh:].l:
W gt=uk-g(Maillard reaction)©o] 20| ojF&-
o] A& YERE 4 9)al, lysinodanines} 22 5““’ é
< AN F dvh=E dRo] Jov AF7HA TPt ’
HH O 2 AREEo] & FEEiyo|tt

a0 o FEHS A FF, 54 Ax, a4 v
o wet o 4 UAAIRE 90% o) o] Tl Fheks Zh= At
ES A S Qlth a-amylase, glucoamylaseﬁ} pullulanase
o} o] HE-& Hallshs Ehso] s EEskr] st
o] ARgEo] $iti(Shih FF & Daigle KW 2000).
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RS Zte AEd 74 EdEs &
cellulase, hemicellulase, pectinase, xylanase 59 &
ngo 2 Re ol FelE FEAITI7] s A
= 3y, o 7}7<] 3 2 E| oA (protease) 5 &85t
QETH LR she WHE AZEo] gho) o]

Sll= v\:ﬂ% E‘r“—‘iéﬂol 7o) el o
Zﬁ_ﬂrt g2 Eg3ed 4L Uepiitta BRaE
13‘f(Amainani L 5 2017).

B3 FEHE 3 e 44 WHRT 24E7)
T SHAM dsHe FEHOE, O “ﬁgfﬂr “]ﬂ"}
of B AAZoln 4z SHol W A A8

ot A= RE ‘:‘r““é% t AR EJ_Q x]
=744 o] W Eoll= 14 2-AY(high speed blending), &
s}A] 2] (sonication), &4~ 2l(hydrothermal cooking), ©}]
AZZZ o)A o)A (microfluidization), oFAA “dEle] &
(subcritical water)e] &-8H Fo] Aot EYH FEH
247 FEHA st AMEEAS o) O axF ol
3 4 A tHTang S & 2002, Hata S 5 2008, Xia N
5 2012).

SiM|2 225tz ol thet Mgk
dw gk uke} o] & ohulzo] A gy 2r] o
o FAaF 5 o] AYBES YR °§
e wou 43 &go] A=
2 835 wiRo|th ol ST A oy
T4 TlE R o)) Adel o3 A3 $H
(agoregation)=  °]Fi U, A  AFA
(hydrophobic inter-molecular interactions) &2 {13l 4
o] Wl$- &7] wEolth & wulFo) g rE B3
TE o3tA & @de] &3 =E pHell wet 4
Hs o 2HE(pH<3.0)7 e (pH>8.0) 8ol Al o
o8 EFgtom FHA IAATE BTt ok
o 3kTE Mun S 5(2016)0l 25 pH 204 & &
Wz ol 83w} 71 =a 35 10~25% S
om o] FFo| wt gaf=o] Aeolrt YAk &3
t}. Romero A 5(2012)% pH 2~10 HolA Ls==
BEA3S o gai=r) 25~55% W2 BAEa, pH
45004 71 v =5 Yepiidtta stk 4k
I gZE] 2o 2F9d $39 SEE FIAMA &
=S ZUIAIE HoF BT

z 40

\IJQ‘JE
.L4
o
fu
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N
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1
5
il
=
=
2
|0

| REHZML| 7SS A7

9

2 S AFAeA 383k B85 95k
AL a R she ATt B2 1Y

i =
= =
of ShEl, # wude] V%54, 53 455 BHe
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1) A 0|2 i

A ohild s 2o AEAR diEe] g EE ST
7] HeiAE EiEe] Bxa7E A avt A,
il A el o] ARk whildy 34| AdE
F7HNACE 8] wiitoll, 38HA e a4 7R
Wigo] gal=e) f3Es FXAT7] A% 7 &old
Wrelgta & = Aok F 7EA W FollAxE 53] B
YFerAQl WA AH HAE HAS st uiEzg F
a7] fEliAe Za4AQ) JeEEivE o vk
st 7P 3820 R AM8EE &E4E dcaase, pepsin,
trypsin, papain Solth. 47 BN Fa3 Ae
o] vleAds FIAE AE 7HrE-3l XéE‘S
gletsl= A1, degree of hydrolysis(DH)&= 7H&3l
AEE AWshes FAEN 78S FHAE 7 de
A9 DH 5 AHdhe Zlo] 4F o]&3sh= Wi
Ae 7HE 4% R?_loli}jl B9 9Jrh(Avramenko
NA -& 2013, Ghribi AM 5 2015, Jung S & 2005, Xu X
5 2016a, Xu X & 2016b) ZhrEaell os T &
ApeFo] A" —v—”} olygl o]estEl I&E(ionisdle
group)] &7t 71 = 1o A4 TIE(hydrophobic
groups) 2] =F(exposing)e] doid & Utk FA 7}—r
2ol oaf AEAL wiEE9 Xéﬂ%*é AFEATE,
g o] AT Hago] FEs Wy 9l
THJdung S 5 2005, Yin SW 5 2008, Avramenko NA &
2013, Ghribi AM 5 2015).

Xu X 5(20169)2 2 Tld 2 BE] S-S 3t
I trypsin®. & Zhraafste, 7Rl A= 2 FE
, A (surface hydrophobicity)
2 7540l v TS A5, TherEslE 25

o
Sik=

I‘F

Row ogsie Juae Azxslel dHAL B9
o 2RRUL Gx MRS W sHeRe gl 7}
Y5 RE pH YOI SN B, S
o] ZprualatA) ke FRALMH 5o Zuh TR
S % 6 AH(pH HEOE o] 5H S4Bk 514
o ol Fael o3 REA o WA

WoE =9 5o %
Rt 7} geba] szolekn Awsslch A o
HZ Hlo 9JFhd & ThailE o] g5} e o)l f= &
Sade gRRe ks Rl B4 ) we
B 2 olask Ao apl AgHol A, ¥ 7
s Al 108 AR Al A3 BB
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P22 203 Q7] WEelgn Feld Y, Tars
o3 ol ol@s} A% AEs} ZamT, WA g
Mol gragol weh v g5t e Row
ek,

2z Ry 23 259

ne]

d
1} =
(

5 o= S 2FHY,
o] 25799, heme A Zaj=r} G4of 9
A Zhraafol oJs SrFetdttal Bare BE JATHYi
SW S 2008, Xia Y & 2012, Zheng XQ 5 2015). A%
B TheEeo] ofs) & oA STt St o 9
= AL ARl ZaEY BEAW feke|=olA
unfoldinge] ¥goivta, 282 2 33 A (aggregate) = F-E
2 gafAd el FRATE GalET] Wl Ao R ok
= 7 AT o3 &IErt S 2589 TR
FES AR AEAE AXSHS e 7S
o] 2% DH<Sl 2Fdd 7hrisEo] A4 Fol= A5t
H A3 dol= kg dES Az ATh L BHaske
cHl(Xu X & 2016b), °o|H3 A= 4 VHEAE
el 2Fdd Tl F271 o fE5FoE HslkE
1 Ag o) 27 EAEtd B89 SHAE &2
T e SHAE WA Z 7] wiZolgtal AWttt &
FHY TheEsES]  oJxxE  circular  dichroism
spectra® 413k A3, p-sheet & 7HrEdl &0l 571
G5 ZhAash=t §Hl, a-helix€t random coil FiE-2
S7FAT ol Hargo] w2 fsheet T2 JhA
© 2 143 o Bl o-helix, -turn random coil-2 Z3Th
Aog F5AQ FxE Yeitta gtk 2R 27
dgo] G4 7hEEsfol o) olxkrxrt & o #5d
 FxE HstE ZloE Hln

Zang X 520192 HZ FEo® Vsl dde
SN =S FdE I, FH A4, HsKcharge characteristics),
TZY FEAel STt FEAl =AY AjHe] St
AL SR, E=3F 3% ThrEdlEes ke ©iE vt
Tl AF, s 9] A (pl~4.5)00 42k
T 2hoAe kA dvta stejgts 4

Aol FE oEAE A F Atk skt
hilE ol i AgAS ©iE o] ¥ H(conformation)
715AS #5583 adolth ol §3)e
© U &7 met dH =29 Aol F
AE= Tl ) ¢F AHES S aild Ravto]
Z, © Yoy} odAe] Axd &, AR T Ao &
2 = Q7] wiEol ©iE red A B T8
gk gRlolgtal & 4 Utk Agste @A o Thaits)
&°] 0~2% DH7HA F7Fetsle of @ide] 7]sdol
7Vt o, ThrRdlEol o SR TlsAel 3
230 Bud AFAAAE & F J5o] 7R
do] o FE7IAE Tldo] FEHOF unfolding®]
I el Y Re) E5QW AFAdV]Ee] mEEHUA &

of il
Mo

¢

=)
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717F S7VeIAIRE ol = o] TheEa 7t Lo

ol oal] &4 2o a7 doje = 3
e3g] Azt o] FXFH kEE F e &
T4 FEol AaE 4 Ankal ktidung S 5 2005,
Avramenko NA 5 2013). Ghribi AM 5(2015)% o}
T BYuA S dedase® ®3ldte] f3ES £
o 7kl Eol 4%l A FEEd fEbgdel S
etk sy, ol B8 f3h9s SAMZ
e AR TS AAsks Zlo] @ide] aav)
FESE 8olA 7 T2 ajle] H& AT

>

i

2) 3IsHx Xz2|dhH

& WstA7]= 8hehA A
o2 AF7HA Bad AL A4kl ¥H-S(phosphorylation),
ofutol=7] A  Hk-g(deamidation), =E|ZHs} HWHE
(glycosylation)©] Ath. A4ks}l whg-o whuld Bzl 19
of JIMNIFS AUTFoEN 43t & VM7= |
o w Thldol gaida oEAd Az a&S S
AT BYE S QITH{HU Z 5 2019). o] Harel o3}
™ sarine, threonine, tyrosine2] —-OH 13, lysine] &-NH,,
histidine®] imidazole ring3} arginine2] guanidine group<]
Azl a7t duHow wgsinta s,
Sodium tripolyphosphate(STPP), sodium  trimetaphosphate
(STMP), POCl37} bk H7HAIZ I IES AFdshe
o] AH8-E 4 Qlti(Sanchez-Reséndiz A 5 2018).

Hu Z 5(2019)°] w7 @ids} STMPE &-88t o
&3 pH WG, 5, 7, 9, 11)0A4 55CE 2413 W3t
itsle oS Axsta g3l= f3tES #48)
A= o, pH 994 <QUikslel Thd o] g =9} f3hE

P =3tha etdnh sHASE S8 5 de Al
ALNAES SHSAES o AAsshA] &2 v &
79 4.0 mveE Zlol "l -15.12 mV(pH 3), -16.1
mV(pH 5), —20.1 mV(pH 7), —23.3 mV(pH 9), —19.2
mV(pH 12 Qlutel A=rt 271842 S8 27}
stk skt Ak 22 dskE e F o
2R e S & F e AFO|EE ofFA Al 2Elof A
o] A FHo] o odAdolA] AR} EH
Aste] Arrt =245 F AR BA7A whdEo] S
718t dAE71E SRshE e WA HER QL
3} A% me} S5 AETE GEbAE 2 oddAde] <t
AR AA=E= Aotk & pHolA d4ks BT}
7k AL &Ze] pHolA lysineolut serinet 22 of
pliedte] ofplirlsh Sk HRAHOR Yiasishd
A STMPSH A58 % 9l 7540l Fobx7] wlRolth

E 3 kA 424 T gal=st 43ES 33

N

o™ o

A717] 18t AMeE 4 e el otule] =] A|A
Hh-3-(deamidation)©]t}. ofulo]| =7](amide group)E 7HE
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217 (carboxyl group)= HBAA FH38ke} F3E-E St
A= Ao 2, glutamined glutamic acid® A 3hs}
of wEld B ARrA wbdEs ST,
glutamine©] SF =+ Z& ZolE Zhao J 5(2011) %
el SFdYE ofulo|=r] AA w-gAAH SFEUY
BI=E FANE F AT I AAHE dEe] oY
I =0 AlMe=E A FitEe] HEE 4 UL, o
A FHOE »kEHo U &4 HAE0] oY ®9
of gdo] Afst= AS FINF LT QYIEWE =
H G So] A dxEo] SHHWA oEHE
o HFSHA FAAFHTL STk F, S5 T 22
OE AEA gilds ofulol=r] AA ¥R Ad A
TEoAe BdHEe] JsAds FHAE 7 de FA
ofufo|=7] AA BAEFE AAste Zlo] FasHH, AU
132 ol Jelolzo] BIE st LU E9
Aol Baut e 23|y Walstar ofdd kY
Ae aAZ 4 dval BRudtHMartinez KD 5
2007, Paraman | 5 2007, Liso L 5 2010).

o] o= glutamine, asparaging, arginine, glycine,
danine?} & ofm|igto] FHZHH, 53] glutaminet
asparagine®] otwtol= T1Fo] SFHAL §F& HIIA
01 )22 (Paraman | 5 2007) ofulo]=7] AA wkg-o]
ol SHA L3EE FXANT=T At e Ao
Sigenci=g

=828t vhg A el o) IeA7]E HslFA
HEE 239 S2IZ4As) 92 thild 59 gais, A
FAHE, 318, FEFTY 9 AES FAIA
Aok WdSErkE-S 53 SIS o] 7
stHA @l o] 7|eAE FIAE F e ol
gho] Azl LB YGET diF wiEs Se|A3s} st
=t fEEE FFAR dEse] Rad b ot
(Achouri A 5 2005). S8]7Z43td T 754
Hdets w8 At 3o FRol wep Gk,
Paraman | 5(2007)° A+ =33 2bebe] 7%, 507C,
65% H=ollAl ZHzF 8417, 20A17F HEA

2
o] gal=sl ko] WAL ST,

(
=

f

AF7HA] i de] F2E |YAT)= o2 Hiy
= 93 e 139 =59 power ultrasound)E &
|3 Yotk AHY AR 5 F 3= 16 kHz ©]39
S92 FT & = 2SN ultrasound) = 38 2 AE
oke] AT-E fI8] thFshAl ol-8EA A Ik 2e9t
=94, g8t ih-g-& Uehd ¢ e olfre o3 A4
Ho]H(acougtic cavitation) /¢ wiFe]tiHu H 5 2013,
Jang S & 2017). ZivlElo]del 28 %= micro-,
macro streaming®ll &J$F AT, jetfF(micro jet flow) 2

Ll
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A 3Hshock wave)7t @ E A o] A7]E TFAAT]
I FFE WAL Hu H 5(2013)& dlF das
Z59% AEgs u dude] gajxe} dxsio| =gy
(free sulfhydryl) &2, £H 2540 F7lkekda whid
B2 U B]Ff(non-covalent) Agto] 7+Aste] Tl o)
213 BAo] T = IJ5-S Atk dzsto| =g
71¢] ol S7HIth= v+ @E o] unfoldingS = <l
sto] s Tl o o|3s} Agtel Eaflof ofste] SH 1
ol FHOE kEFo] Tghuldo] Yty Edo] W)
HASS AABIETHHU H 5 2013).

Jang S 5(2017)& €H7F TS Thet WHelef pH
&l(pH 2, 4, 10, 12)0] EAAA 253} HElE MBI
S u pH 1204 EAAIA 22918 A9, e &
=t 9 Aol FFEATL STk SE ] &
shsee A A48 OF Aol #Eel YEsh]
ol T AFES WA gleE SUMAE

[e]

= [e)
Qe &y pH B4k D 2w A e dhald o)
Felsgs A F e el d F US A=
Atz "dtiJiang S 5 2017). Yildiz G 5(2017)= ¢z
pHAlA i @ o] unfolding=lol =3 7iRIH o)A
o =214 ol o wmdoe] Fx7t o golsiA 9

g we otk B ek

4) FIIEEe =1t

FlollA AE3gE oA 847, 24, 354 A
I zro] whlA zA o] F2E WIAA TITAES
A7 WY ol9e e EHAES HUiste & o
I A ARgFroEA Tl o] Fxe} r]gAde] FEF
= 7 Ave dFEE 3] BHarxEa YT(Shpigeman
A 5 2010, Kanakis CD 5 2011, Su YR 5 2015, Li D
T 2020). WA A2 EAH(smal biomolecule)E< 718}
< o @A Agtste] dhide] oy EAd 93
= & Sl=H, Li D S(2020) Ao EHlE F o
Ul 7HEIZI((+)-catechin, CC)3} w7t Tl g EgAE
Azslal B2 ekgste odxe EAd tiske] 3
7Fe CC s=9 ¥&s Attt E3AE d43h=
A5, B @2 mA Tl nla whiEe] 2}
T%21 o-heixe} B-sheet %2 H|&-L ZH4stal, B-turn
# random coil®] HIE&L F7FsHE AAE UERUT
o= CC¢t w7k @Azt B3k Aol whde] 23t
TFzo] W3S Y3 AOE a-hdixe} p-sheetd} 7
e AR £ Bl A<l B-turnolyt random
coill 2= ZgEo] AHA, Tl 23} 727} =&
A Tl AL 25 O 5o E WHslES Al
ARl ETHAL SFATE R B9k o) W AFAdS B48)
P W EFAE FAsHA e i Ey nvlaste] 4
FAo] Z7FsIAE], ol CCY sto|=E5477 T

s
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flo g o oE
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%
s of

o 7153 AT =N, ¥ B2 &

2 =39 5 A 7] wEelzt
43k ZYdEe] Ageziy opld @idEY T2
21 WstEe] A=A HFAVE 2LdH} & Aol A
Aol o W] FREWA AWAES o B gAaA)
I 3 S AT AL AT 2 e o] 9]
WelgEZR e, dete Bds) Zevs 24 7
BgA WAo]l olF WA SAo YFe FUrhs
(Shpigelman A -& 2010, Kanakis CD & 2011, Su YR &
2015) ATES E;ﬂ I3 =

Heo} 4 ol 22 ddRES A F3A 2
AREE T Q= RSl o]Hd tdREe] wiE 3
A B Az H7bEE A, o9 dsh T,
J8a HrbE e skl wa 9E=E QPgstE oEA
o] HAl YFE = F Aok LHA 9}5} 53] &
WAL FHAE olste pHOH/H FsHE °
pHollA = &438Hs WEhl7] o Zol Hhﬂ] R =
el ERAE INE & vk A= SiE
T2 At edAAe A, Bd = Qb5
s B ¢ e tdR ReE S ¢,

A, Yszdd =EHHE & B
Al FAAZE g JAA Bk Grt 0|2k ojE A ¢h
FFe Ak ddRY S4E 5 Ashd=(charge
density), &A%, ol ZA TS et 5Hol A
thzang X 5 2019).

A ek HrHEEe] AAER 7|2 FIAR FE AL
|53 e F @A A 2 SiES ARRSe
ot oA ARl uhel o] & whiid o] Baf =9}
S FEAI7I7] S8k o 7P><1 “WEOl Al‘:ﬂ
I Q71E s A alEE SRS o wES OiA)
sl oFAZEA] ofle] Hol= 740] AV‘O]E}. ?OM
ddg HAstE oEAdS 2%, 3% pH Soll 9l
A FEFE e F JoEE A oAy o-f g
I A Edst V1€ fEAE FEAHOE diAlsE
Wil tisi = 1HslE Zart kol AE.

AR AF, 5 ©id 53 sl 91‘—1‘"“ o
A& EJ’S}O# ALESE AGEo] dad v =™, &
Al EAES EYF o HAstel=E &3V} AL Eq

o)== ,Lavz Al Z(dense interfacia layer)S &43+517]
mjZolgtal sk ey AREEE ©ilE ofl wht
Y3 F Atolo] AW FEREA L3l depletion
flocculationS 2 5 Qo] Tlde] Ex o} AA}
bulk= 2] 7 Thildo] ofdA EujE=A7} PE3skE &
AA7)1E F83 2%l Bnta AZ4HET, F o)
SAloll Aol FRETE oEA M-S FIAE
AT F T Zo] AR AAZ FEof FogH
oddo] EQkgsld & ks FAE Utk
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