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REBEMEHFETRS RN EARSBEENRENRESRAREBN B0 FELRAMREHERHERILERAIEAH
mAXNEA KRR HRXEFRNNEAREEXRNEN, BB RIABENREBMEE TS TR HEHHETT.

FRELETERSILFEARNAREE TENRFMRENE, UEHFRFARARE ZHERILEEA. RIE (EEKFHT
ERULC4R) (Code of Federal Regulations, CFR) H5E X, fLiE=H S YHE PN EF OB RLRBEEINREMR.

FPHHNEARAF20%EIEEA, ABEARBNEREDEE S~ IRAPRE TR, ARMENTRSHTERNRE . TEH
ABEAFR-AKEA(B-9). «-ABEEA (a-lac)  FMBEAEA. REKEANEAKS.

M BEAMAERAROYIEMNRE, SHEARNTEERLEES, AMEESNRBIGRNR. BERM, FBINEST. LE
BAZMBEA—M ZEROEFLL, RAXBNRRAETHOREER S E, FHIRXHEER S EFE, ILBEEARHNYE
MR, FENEFSRANATRE ST BENT-EETRE, ABEENHANGRMEATERREHRKIEMIEE,

FLEEBRFE
AEERMHERE

ABEOREILBEREES (WPC) MILENEES (WPI), REARAE—RHN25%~90%, *B-IALIKEATM-ABEEARE
EMILEED, AREARMNT0% (IR . IWHEARMNFHERETLBEEARHNEZYIEME.

*x1. AFEEARIEK?

ABEER

o-AEEA 12-16 14-15
B-FLEKEA 50 - 60 44 - 69
$EERL (GMP) 15-21 2-20
mEAER 3-5 1-3
GRHKEH 5-8 2-3
AHEA <1 =

"Walstra P, Wouters JTM, Geurts TJ. Milk Components, Dairy Science and Technology. 2nd ed. CRC Press;2006:Chapter 2.
2Foegeding EA, Luck P, Vardhanabhuti B. Encyclopedia of Dairy Sciences. 2nd ed. Elsevier Ltd.;2011:Whey Protein Products.
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AiFEBRMIEEH

ABEAETARRERSHINEMAEY, BRE. KEE. BRE. 28, tiEMRANFTEREMNE. EARAENTIER T
, ABEOIAARREERN, RARFNERERAFEHMFEIESELFTN. BARATIEETRERS TARER (K) . &
(BT UEAEtERERZBMNEEFERRILE. ABRAN— M RFERER ZMpHIE (pH2~9) SERAH R RIFHIK
A, IR SRENEAMSRAER. ‘WILEEARR, MEEMATERPRITLEREE— A& RERREBLUEMT R
BEATAANE, EMAERFABEEMARELTHFEN.

THRARERMEMG

KREMRREFAREMASEPERREREITS. HEEMN. 05 ESERSTHRUNERESR. p-ILREAM-
ABEERRELFREED (WPC) HMABNEES (WP AREMNERER. ‘A BEANREMI R EGRNBITEUEE
RRERENEAHE, HFESEaRZBNBEER, At (R ) fMaEkt: (3 B &Y. °

B EERN—MOITFERADB-g8 TREMN —HE. TURSTRESLIFE “RRRER . ABRENAREBUR
FRE BFRE (RIURE) . BT RUEEARARNpHESFSF. RIBEXEEMN, EaRsHATEEENTRERENBEE.
—RIEAT, AMBENRESYSB/INEREE, Af, BNURELERESYS A RMGE - ERANZ, B3R EFr B m
B IREARRERSES, REFARBREYREA—MERSERNRENE. HEFAEN, ERRREEYS BN (MNSELH
SHRMHAAEL, SEBEFNAEISBEEARBEGYNEM) . SBNRE, BATEHRSTEaRZBRREHHF (EUTHM
BRI EREINGm T AT AV TESL ) SUE R ARz B T 84, B LR WM HIS R RO TOREE, M GpHETERM, R bE
HE. ILEBEANREEYESHIAEPH 4.8~5.3, BIp-IgMa-lacHyFFE sE . ZEBAATIER T LURREL B -Igh S B fpHEZ
BE=E (A1) .

E1.
B-AKELZKBENITE
30.00
20.00
10.00
£ o000+ -
g1zl
# -10.00
-20.00
-30.00
-40.00

pH

HEK. HiggsF1G. Rhodes”

*Xiong YL. Influence of pH and lonic Envirmoment on Thermal Aggregation of Whey Proteins. J Agric Food Chem. 1992;40:380-384.
“Vardhanabhuti B, Foegeding EA. Effects of dextran sulfate, NaCl, and initial protein concentration on thermal stability of B -lactoglobulin and o -lactalbumin at neutral pH. Food
Hydrocolloids. 2008;22(5):752-762.
*Ryan KN, Vardhanabhuti B, Jaramillo DP, van Zanten JH, Coupland JN, Foegeding EA. Stability and mechanism of whey protein soluble aggregates thermally treated with salts.
Food Hydrocolloids. 2012;27:411-420.
®Prabakaran S, Damodaran, S. Thermal unfolding of B -lactoglobulin: Characterization of initial unfolding events responsible for heat-induced aggregation.
J Agric Food Chem. 1997;45:4303-4308.
"Adapted from Polypetide Charge Calculation for Beta-lactoglbulin chart developed by Gale Rhodes, University of Southern Maine. Available at
spdbv.vital-it.ch/TheMolecularLevel/Goodies/PeptChg.xls. Accessed April 19, 2012.




RYMpHEXRLEIR 72 8. HpHEXNINMIE, B-lgF—MEREMNESEE, XRPFFRTNEARZBFEREBFRD. X
ERDH&MHEaRZENEEER, EEESAMNDENE——BEIL, YT|ARRERA7 %N, (O RFRFNAREEERE
CRER) . —BpHELFE4, FoFR D, FAOGEMR. X8, BTEERZBOES|7, EERNRARET, LBEEEE RN
REDSEN, EETR-IgNEMEE (78 CRLE ) #TALEN, 2XEEEFRNBATIUE, RIEFMEMER RN EEE RN
RIWEM. ApHENS 2HFE AN, EEFRNFBHFE N0, kN EARENELERLTERS R AiZpHERET, BHTFNES
Bk ZiniE TR. SpHE EFE7MMNE, BARASEERE A ML, EpHEATH RSB EERL TpHEN4. 2M 1 IE#EH. °

Al A B AR E SR R R

HOMBEACTE2HERERELBRAEHNAREENTR. HPn—ERAREHATELARNER . flUkBEQR. BAET
YIRECE} . SURINT MESFEFEF. T IE X ER AR R th— LI i 5 LTIk,

FERFEHE Y AR, EAREETARIFTE

AMARMANNAREEEFENTRSLFTEANIRENTE, DT hHERRTE ZNEB. IR ARERIMITE
RAEILETANARENE, Hh 8. BERIE. X v YURESEMBFIESHEREVRARSYNGER; Bdo
FHAP. BRI, BN Sk EMHARNEEARBIEERNTIAEFEEA, MELEES.

EHEARRSYRIEHR

hnE

—EFR AR MBI ERAREARENZANXERATHR. UEERAMERETLURES AT EEE (WPI) f4-10n
BEAEANREREMEERE, oo 2 AT MR T R ELESEES (WP (IR EMN. B REMEL R, " 1o, 7R
INLEEER T LIRS B A EER (WP AEMEE, FELLZ ZEEHM, EpHIEAT.0RF, F10%AI B -1gi8 R 7R IN0 ~55% kY
IWBLEE RN, ASE MR FZERENANSSHEDERE, EMNEFEENESAEFEANAEEY, X2R N ENEEN
BA1E AR B SR, TR R EFAERAE .

#Personal communication with Allen Foegeding.

*Foegeding EA, Davis JP, Doucet D, McGuffey MK. Advances in modifying and understanding whey protein functionality. Trends Food Sci Technol. 2002;13:151-158.

"“Rich LM, Foegeding EA. Effects of sugars on whey protein isolate gelation. J Agric Food Chem. 2000;48(10):5046-5052.

"Baier S, McClements DJ. Impact of preferential interactions on thermal stability and gelation of bovine serum albumin in aqueous sucrose solutions.
J Agric Food Chem. 2001;49(5):2600-2608.

“Baier SK, McClements DJ. Influence of cosolvent systems on the gelation mechanism of globular protein: Thermodynamic, kinetic, and structural aspects of globular protein
gelation. Compr Rev Food Sci F. 2005;4(3):43-54.

"Baier SK, McClements DJ. The effect of binary cosolvent systems (glycerol-sucrose mixtures) on the heat-induced gelation mechanism of bovine serum albumin. Int J Food Sci
Technol. 2006;41(2):189-199.

“Kulmyrzaev A, Bryant C, McClements DJ. Influence of sucrose on the thermal denaturation, gelation, and emulsion stabilization of whey proteins.
J Agric Food Chem. 2000;48:1593-1597.

*Chanasattru W, Decker EA, McClements DJ. Modulation of thermal stability and heat-induced gelation of P -lactoglobulin by high glycerol and sorbitol levels. Food Chem.
2007;103:512-520.
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BBk Bk

RS E BRI (TG) BRELBEAMAMES KT LIRS AR EM. = 7 95 CINHAI0 DI FMHT, B-FLIK
BAEMBREAREKGE, 5% RENTERA SR, 10%RENEAIER, FEpHENSN TR GRENHAREN, £pHEATHM100C
BT, 5% R ECTIRIFO0% HE MR . ° 4% M8 %R EM B EB AR IE NS (TG) KFAREPHE A7 SHEFHF TR B IEERS
(WPI) BRHERER, RENSTREFM4CHNIRBTEARERTH TR, «-ABREATP-AREBEAZBTENXEKE ZF
#£8, ENTLUSE BBANEREY, KFAIESERMENFN. © &EpH{EN6.4M7.22 8. EARRE NS 5%MNFHT, EFHEEE
KEREHEEE (TG) ZZHRFLEMRGEER (30% ~36%MEA K ) T UEHRIREMHIESEI90°C305 8. 7

FRREZRETUTHR: AREMESLUEENERRART «-ALEEAMB -ALREAZ BN Z—IRHNFRER, HEY
HEBEEEESILFEMEES (WP NXBENEARNpHTIAREERE AN, KKARRSTB-IgNEMRE, RELENF
M EMEREAT71.84C, MESBEB R (TG) RAE30/)\H/E, EMHREIRSE|78.50C,

rYRES

TYRRAAFETIERBEATMIABENBEOT. BF-NHEETREBAERMERNREZ B MR RERSL— BT
7, TS RNE T EEMAEI06 CH10%ILBFEER (WPI) BRPRMBEEES, B> EARZBNEEER. * 5—]
MRRAZ B 70 N7 (EGTA) 87 RN 7Z.& (EDTA) fEAE SR, BXR S TILBERBES (WPC) MBS EES
(WPI) ZKE# (SEA11%) EpH7. O M EARE A MBS, @ A—HI AR AE, HFoegeding# 7 MR AT TR
B, AR, EDTANBEOKBYSHEEREE, £ —MEARE B H5%. pHEAFMENRE =R, HAREMEIOCH A
5540,

BEELE

IR BRI 8] (54 5hF0156408h) , B E (20°C, 60 CHMERE ) WRBEME £456.9~30.2%, EAFSEH13.5% ~88%MEL
BEEOBRHTEERLIE, FRISWIHRMABER, EF60CMEBEREHTAREER Y A28 2% EAMRE B H35.6%MILF
B ERETR, RERIET0%, ARFEELABESRESEA88LMNILEEEARN, MES FF, @ NN EERBERNTA
NFEE: HFEAPENYBERNSER TS AREMNESREEFNILEER. p—IW5xRA, NELEB0CTRE T#H1T
1 $hE85°CIR E TH{T30R MM AL IE, FESBERAIE, S EZREABFTREBEETANAREN . IMAREMERE TRNE
KETEERES. =

EHSEARRS

o F IR
STHIPE-MBEITRELEES. MEHBEIE. BEMRAENLEY. BREARFSHUEARBESNESD, EHHKE

*Truong VD, Clare DA, Catignani GL, Swaisgood HE. Cross-linking and rheological changes of whey proteins treated with microbial transglutaminase.
J Agric Food Chem. 2004;52:1170-1176.

"Tanimoto SY, Kinsella JE. Enzymatic modification of proteins: effects of transglutaminase cross-linking on some physical properties of B -lactoglobulin.
J Agric Food Chem. 1988;36:281-285.

"Lorenzen PC. Effects of varying time/temperature-conditions of pre-heating and enzymatic cross-linking on techno-functional properties of reconstituted dairy ingredients. Food
Res Int. 2007;40:700-708.

®Agyare K, Danodaran S. pH-stability and thermal properties of microbial transglutaminase-treated whey protein isolate. J Agric Food Chem. 2010;58:1946-1953.

*Kuhn P, Foegeding EA. Factors influencing whey protein gel rheology: Dialysis and calcium chelation. J Food Sci. 1991;56(3):789-791.

#Martini S, Potter R, Walsh MK. Optimizing the use of power ultrasound to decrease turbidity in whey protein suspensions. Food Res Int. 2010;43(10):2444-2451.

#Zisua B, Bhaskaracharyab R, Kentishb S, Ashokkumar M. Ultrasonic processing of dairy systems in large scale reactors. Ultrasonics Sonochemistry. 2010;17(6):1075-1081.




ELONUFENMANTREEMERBENEN, B, BEATRIEAD THIF. « BERATELGKRESHIBITEEARERE
A, BLERNRE—mBESHMIERARN, FRABRGEXR. IMRBEAETLUERIUVKREENEA. BN, HEPFNENSE
i EEEGLEE. = At —ERRARTEART - BEA. p-BEAMU Zkapa-BEEA N FHIPMEED. *

B-EEQBEIEREN— T EARESY. EEUNRATRFHETRESNR A MILBERANTEA, AR~ ENEEH/NT
BRESVMNILBRAESY. I NESYEETEFNTEN, FEARAMILAZEN46TC, SHEFRNASE. MENREERQ
HELFEOFROD FHPZIRH#ATOFEEN, AEUNMAFHTALEEARIBA10%NRBREEREN, =

193

REREEMN—MERAEENBEEH TR AT RERREERKEILBFES (WPH) NKEERE—R A5
~10%. /KL EES (WPH) TRERMNT U RS TIREOIERE M. —RUE, REARRENSTE, ERENGUKERAMEE LA
BYEA. BEELT, SRAENTNEGMELL, KELFES (WPH) ERMEES. SHEEMR, £R8. REMA T EER
—%F. 7 KMERPFENLIK, 6ROTREN, HLEMAERPRENWRIZITRD. 7 KBEILEES (WPH) (IR LR
SHUTRERX: EERYNGE. SERVNTILIE. EaKBRBNERE. KENRANELEMSF (pHE. RE. BETRE. /&
M) KERE. BEARANEAR (B4R, BRUSERE) MRKBNGLIE. * BN RERA, LESANBMIKRTIESH
FIREMRETNREM, B BB TREEH R »

A—THARTIEZEpHEA3.0-4 5 EH TS8R T E5 ~ 36 EAMNEARB R AR EHTH. BB OHAERBRR
TMENILEES, FEpHEIFEER4.6, FIRXTMERENETAAABINAgSE, EXMARPOESTHOER, BT OIHTRE
R, fEpHIE4. 68, BEBRDBAKEEMAF MRS, *° ARBEFBRENFHRE AR RN EES, AR ARBRESHE
EZKA R, FETRSTRMBASENM~EER. B XL T %, IR EpHEXE4 eI AR B IRBRAUSEMAIRE M-

B HEF{ER

AR ESH - R TIEREBRBIEPE s RHFEAR, LIRS LB AR REMMLSE. XWF7TESH
TFEELBEQN®EE. HPN—417EREpHESH, Bid IR R (B EEMNEE ), BEBOFELTNEAR. ZRA
BEFEEEENEE, BMEMECRNRENRESHBETHNAEFRN EF—MTER, BiiEA RN EFREFNo-RE, FHFHH
HRMANFTERETNERE. AMRRHE TREEFHLUESHEFT, BIEEpH{ES 8~ 4 6 A LR ®

#Bhattacharyya J, Das KP. Molecular chaperone-like properties of an unfolded protein, o -casein. J Biol Chem. 1999;274:15505-15509.
*Morgan PE, Treweek TM, Linder RA, Price WE, Carver JA. Casein proteins as molecular chaperones. J Agric Food Chem. 2005;53:2670-2683.
#Zhang X, Fu X, Zhang H, Liu C, Jiao W, Chang Z. Chaperone-line activily of p -casein. Int J Biochem Cell Biol. 2005;37:1232-1240.
#Yong YH, Foegeding EA. Effects of caseins on thermal stability of bovine B -lactoglobulin. J Agric Food Chem. 2008;56:10352-10358.
FGauthier SF, Pouliot Y. Functional and Biological Properties of Peptides Obtained by Enzymatic Hydrolysis of Whey Proteins. J Dairy Sci. 2003;86(13):E78-E87.
#Doucet D, Foegeding EA. Gel Formation of Peptides Produced by Extensive Enzymatic Hydrolysis of B -Lactoglobulin. Biomacromolecules. 2005;6(2):1140-1148.
#7hu D, Damodaran S, Lucey JA. Physicochemical and emulsifying propetrties of whey protein isolate (WPI)-Dextran conjugate produced in aqueous solution.
J Agric Food Chem. 2010;58:2988-2994.
*Yilmaz-Gemili A. Electrostatic repulsion enhancement for heat stable, clear whey protein beverages. M.S. thesis, 2012.
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2.
A 121°C ks 9 k1. TEpH{ES5.5. 6.0FN7.0B X B R HET T Wik, iR
YIERA, pHIEMSG 512 & E17.08F, Rom L BRETAITAE

R SR R R R T s B [t EERES, i R OR.

S5wWPl2#gtt, BEEZNHEEIEE, FREH 450
WP ( E75) . TEpHIEHS5.50, 77%H) e S RIFEE, +
BE4 PSS AIWPIH (0.081gSA /gEA) .

B2 . 65% M e EHIPESREFH L FHWPI2
(0.064gSA /gEA).

FHNE2ERTTHEMENEBRBETTE TR ARBIERMAFERN. AEINLESBED (WP FERRMNIE DR T
(SA), FibhBaRE. BTHEAIEM, EeHES 60, X RLAR (M) MAAEFN (A1) LEIEEA (WPI) ERARH
REMMAFEHBEIRE, I EBAOEEESASWPIAY UL R, WRARKFZEFRINITABET (SA) NEM4T, EHAHERRE
Frl & KRB pHIE R IR A

5pokic & HiE

—EHRARFNTABEEAMSENRLE, SHEESRRNVAYLBEEaNAREN. —IHIFETEMAN. HGEERE
UE B-lgFl a-lacFI B EBIR EAEpHIES 8t X I8 E M (85°C150 %) M. SLMTENEARRSNF RN, ESIEMNE
EMaFAbh BREECEAGRE. REIABRBERRERTHIEARRES.  EHENTRTFERHERAREMPR -9 (6%AIK
B ) fEpHES.6 ~6.2(0% 4T, 85 CIRETMAISHH, BARMNRESUTRE, XEHTRETR-IgNEMBEEHFRETENE
Ao B REN T HEENER N AOTEIHE, BEPNLBEIEES (WP IBREZEMNHIER N 10%RENLEIEER
B (WPI) #130% R E AR B HEEPpHE .5 R 60°CHYR B T AT K (24/\iF ) T ERBAEM R . 2L EXEXRMNE S THITT48/\F
FiR, RNILBNEERA (WP MBBEESMNAREMMIALMEE. SXBAMELL, £80°CEE TH T4k £ R 307§
B, #AREMEI THEMNNE, FfpH{ES 2~ 75AEENRIFARE, BFREIA0.05~0.2F R, HIAENMREMEML T
FAMEFIWPIE &>

EQESE

i TEREEEATMEARRLE %, —MAEREMILLMBTHAIE (90°C2005h) BT, K5%HIWPIFNHE A& & B AZEG
HITARR . B MTERERALER, ERELLT BT EWPIRR G S BRI S T30, XM ITER AT RE AR EN
HIE M. BT REEESEBRIRE. AR ), BT EAREM. © RiLe—T R 27 AR EMIL R AR ERN LS
BAREY. XL AT EMEREE MRS, Ao4E = HAMERE. 3SR, IEESRENSEPRRFEE.

Wardhanabhuti B, Yucel U, Coupland JN, Foegeding EA. Interaction between b-lactoglobulin and Dextran Sultate at Near Neutral pH and their Effect on
Thermal Stability. Food Hydrocolloids. 2009;23:1511-1520.

#7hu D, Damodaran S, Lucey JA. The formation of WPI-dextran conjugates in agueous solutions. J Agric Food Chem. 2008;56:7113-7118.

#7hang W, Zhong Q. Microemulsions as nanoreactors to produce whey protein nanoparticles with enhanced heat stability by sequential enzymatic cross-linking and thermal
pretreatments. J Agric Food Chem. 2009;57:9181-9189.




B, SRR - AR AETAEMNEQ RN EERA, EERTZNEF£M4T, WpHEABRMENTMHTES
RRE, £ ER. ARENLBEEASBA10% ~15%F R,

AIEN RS AR

RITAFN—AFRIFRTHNZMETMWPIHIB-IgHP R T A MR G Y. B7%RENEARAER (ZMEpH{E6.8) £90CTERE
ThF10DH, REEAETLHA0DH. * ERIELWEREEOREBERI% /G, WREAMEFRMNET AAEFROEE
REMHTEN . BEARNEEREICCREETMME oM, RFEKETLHNEER. EEBHD. pHEAT MRS, ILER
BERTA MR AR AREM RS ZW R TEBINE 3R

37 O Native Protein RAEEH
() Denatured/Partially Denatured Protein Fi4& &M E4EEHK
! Surface Hydrophobic Patch #i7kK&
- Negative Charge &

2> Q0
O = Add NaCl,A
O ik,
Native
........ IR s34 e v v 5 i
&) ™
= e hwf =
Qs A c6ETy AddNaclA
[ — oy Tl E2y
N e hngk, Angk
g;n&\(% Soluble Aggregate
e TREEY

HTHETER, IBFIEEATEFAEETMEAN. BTESEEMEARRELKE. MEFETEARMNTHRE. TRAR
2i, THATEMREY, BEERREYNFERMEEREIREEERESHREN . ZETATRRRENEE, BNKRAE
BIOARE . AR PHTIR, BERSNNEFMEESET A . TV R BN ERENFEE, hol B> R EERE

REME-

AT i B

HHILBEANRREN, BN TREESERSMUIPNAEA. A HNFZIMBEMNRITEREFAREBLEARE. 2T
FEAEREPNEBNEMEELEHR, *REFR TERETXE#R, EARBNAZARNEIEH L. LBEEAWRAR
BRI FAFEAR, RERWOEBAILEEQNREMRE-.

*Zhang W, Zhong, Q. Microemulsions as nanoreactors to produce whey protein nanoparticles with enhanced heat stability by thermal pretreatment.
Food Chem. 2010;119:1318-1325.

*Rittmanic S, Burrington K. U.S. Dairy Export Council Whey Applications Monograph: U.S. whey proteins in Ready to Drink Beverages. 2006. Available at:
www.usdec.org/files/Publications/BEVERAGESwebversion8-16-06.pdf. Accessed April 19, 2012.
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ARRFHNEATEREARNREMERNRARMY, XRRA-EFRALEFEREGESEARS EN R, XA
HAREMN— M REESR, EABEARMNKE, LBEZARARNRN, BEERFNKUA EEMAIRIREREN
BE. REERIKILE, BRERTOCTHKY, SEHHILEEARH, AHTHRAER, AR ENLHIHLRETHITEDI3009089K
Bo * BHVMESHHSTERK, FELBEEMRLERNZET M XMEUSSBORRS T ERR/ZEFRE, FEMH
RFEEEAFURLIE.

RREMNEIELETIABERAERMEAIABERENRATHEA, MSEREZHL 1, BREMHS, BAREH KGR
Hft—EAZKFRATEISEALEN R
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