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F1E HEHPICEEULUCNDEBIHERBRIUZDREEE
EEPICH 2.5 ~ 5 W(ww)DISIHD (E193.5 %) DNEELTRD, ZOSENFEHRX
UHDOWARICK>TELTD Y, ERaEN MNEEMFH ] & UTRSESNDERIE, FhD
BICKO>TZDEBMDZEREL, BIHDESE0 0.5 %WWUTDENZEIET ., COEMDIZISH
FOKBCRSNWTEHIROBIEEE L TFELTRD, FLAEMEK (MFG, milk fat globule ) C#F
I, MFG DRSS ECHEMITEAFDREOMIAMICK > TEERDD, RARFHTIE—EHIC
0.1 ~ 15 ym THDEENHND 2, MFG OXRBEICIIABIHEKE (MFGM, milk fat globule
membrane) EMEENDEHIEBENFELTRD, MFG DREZEMIE T DEREAZERIZ LT
1D 3, MFGM DERITIERICEIMDREICKDERDN, —KREICIE 3 BN VBN S
BRSNEEREICHERBRIVINDENEDRAATNDEBEZR > TND Y, ZORAI/NIED
DWSNDFICEONLTEE) VEEDEERTH D, IMIUTIE LRMBIRDOIAmSHHERZED
S5OMSNDFICBONL ) VIEEZER THD. RMAIDIREMAIDIEDEIC 10 ~ 20 nm D
ERHIFELTNND, FV/INDEIL MFGM M 25 ~ 70 %(wiw)ZEESHTRD, FBEH /N
DEELUTETFOIT 1 UYBYN), FHYFIUAFIST —E(X0), BIDREY v D 6, 7(PAS
6/7, SOLPEANUYEEND)RKIUAFY 1 BEDSRFEIVINDEDNEITOND, X
Z, NBWNEBICK>T, -5 KJ07TJY (B-LG, B-lactoglobulin) Z(3 UsHE UIZIKE
DDA VINDEDNHRERBEDDVNSERKEBEERAZNT LT, MFGM [C#EE LT MFGM D
BEZENUZERSESINTUND 9, —73, BEEBREDHEBWIBICK >T MFG ORESN
B L, MFGM DEEERIESIND, FHTILUHEKUE MFG DREICKEBPDELY V/INDEND
RELULTHUNWEBEZTEHK L, MFG DRBEEBIRIF—ZERSED, COFHUNEREEE

D 90 (WW)AEDALBA VY THDERSINTUD 9,



F280 MIMI—TILEDOREZQ LI DIFERB/IUZNICHDOASEBSOEIL

I-TJILHE, AKRBEBEY (CODEX ZEERZDHEICK>T, Y—ET 1 ILRE
(Streptococcus thermophilus) BKXUVTILA U PE (Lactobacillus bulgaricus) M 2 @f&ZMA
WEE)D D) ZANWTHAZEELUCARR THD. RBEEBRICANT, INSDOIARBERSY
HPDSOE—REDBREUTABRZERT D, TOLHICHEO pH DMERL, DEAYIE
ILDEFEERTHDpH 3.8 ~ 46 [CETD, CORBHICBNT, DEAYIRIVATHERKM
BEEBRIUIRILD « FEGICK>THREL, 3—TILED3IRTRY FD—DBEE
U, 3=TILECEHENBRRERTIVAF v —RIUORKERKTD Y, FIE, 3—TILED
BERIBRNSEFTEEEESZ 5N, BICZTLORRVREERNITSNTRY, HIZEMM
EREBRIU2EBERBZERIDIRDERS U, £FEBICKLDIRBSAEIEN 20
59, THIC, I—TILFOREERICENT, ABBLN IUNAZT+ DR ZRLHET
DR D ZEERT D, CNODHEEMRDIEILZIT, FHRDREY AT LAEFEHE
ESEDEENNTID 10, AFETIE, HBEEORRGANSIHD, BRREFICEIDIRRIC
XTDIRENEFUDDHDILHIC, I—TILEDEBEBSHNERMICIERLTND, ARGBR
GEERTIE, EEMRIUEBHOREARHGBNARICRODDHD. LHML, BIHSEDHE
DICKDI—=TIVEDERTIVRAF v —HHIEITDIEESNHNTD, CCT, ARBICHITD
BIHEIRIVF—RUACERTEERREIZRLCLTNDCENNSNTND W, IEH5, @
MNEREINER OIS BMESY IV ERIHT D, QARGORAKRSIULZ0Y —FHEXREIRT DR
ETHD. LEN DT, ARRNSABHZRETDE, BiK, MEOEERIURKDEL

BEDHARBDRENLILT D ENRMEINTUND 21319,

=)L ~OREIRE, RNIAORUNE, ABEEEMOER, RBELOIUBSERIEND
BRSNTND, 3—TILEEZORETEICK>TEIC 2BBICOESINTND - DEBEL
CRAAZBR[ICHAEBLUTCNDOREITDIERI—TIL F (BEEDL, QY VDR THEEZTHK

UEA—RFERRUTCERBICHRIEITDRIMEI—J L~ (BIREDT 9, 3—T)UEDE -



ERFERAFRND, 4 ~ 6°C T 16 ~ 21 BEE VD R[EBERIFHARNDKRHSN TN DD, HDEH
ZiE2BIDEMEDETRRKIUBKDRETD 19, BICEMDZRD UIZI—TILEICHN
T, INHSDORBERIENELLRD, ZCT, I—JILLDODREBEALZEZBIE LU THRRRRIN
RIUNIRHENRFTSNTND,

1. 004D

=TI ~TOREBRBME LT 2 BEORNMMERSNTND 17 DIBEREIDTH
DI IYNDEDMAEIZIEZDRME, QIFABRRD THIBILZEH,

1—1. ABERHD

=TI HITHENTDEBEREDE LT, DiRIEMFE (SMP, skimmed milk powder), @,
B YVINDEMER (WP, whey protein-based powders), BXUQ@HE1 VDR (CP,
casein-based powders) NZE(F5ND, CTNESDYV/INDEDRNIE, WIFNESYV/INDER

DFEBBEERARIUYVNIEDBXINSEZIENSEDICEILCK T, REBRDORY

FO—DOBEDEMREQESEDIFERTHD. CNICK>T, I—TILEOITE « & « IR

b

BREICHBITDIEZFINZNVESHKIEZERL, HEBICE<BRDERRT VATFv—Z2RET

r]

J

2. SMP FERAMIMRNRESVVAIMTH O, I—TILEDOEEICKNT—RBICERSN
TNB, CORMICEDT, =TIV EDMERKIOTILBEDEN UIZ E|RESNTLND 19,
LU, SMP ORERINICEIDBONNFREBIUBNAREBROEENRSSNTIND 11,

MEF, WP [FZDREBIONITHEEENIBZEDTND, TORNENEEE(CXTLT0.6
~ 4 % (Wiw)DEEANTREKICT T DMBINRADDERSESNTUDY, SBRETIEIREAKD
ZIER RN FREDIBNORIERSIN, FNE 1 ~ 2%WwW)DBEL THDIEENND 19, 1
I, BHEIESY VI8 (WPC, whey protein concentrates) D' —#EBIIC{FEARA=N TS, CP

DRNTIEI =TIV DFKERBIUOMEZBN U CRIKZERDSE D, BURRNELE
SCXTLTHNL ~ 2% WwW)THDEENND 29, CNSDAYYINDIEDRINTIEIHES

IINDEICHITDNEA VDEELLE (CPIWP) NREEERBRRFTHD 2V, N5, D



ENMNSNEE, 3=TILEOREBEDEBICRD, BEXKICXTTIMHENRADLETDE
wESNTN D,

1—2. FABRED

=TI ITHRNT DIEABERFEDIE, EIC/\ FODOA FRIXUBMTHD, CNH5D
IBHZEAIIRIRET VAT vy —DRLELBIXUOBRIFMOERDIEDICHRRGCREREICER
SNTND, N\ FOD04C FICELTNDIRKEDOEDFIEEME, DRIDRNDFED
KFDULDOT L, KORBZEMHITDITHIC, =T )L EDREKICKT T DIMFEIMRMBNTUIND,
LU, 3=TILEICHRINSND/\ FOD0A RIS, ZOFEEICIDPNRIERD, 3—
TIVEDpHDALA VI RIVDFERIGETHDIEDHIC, PZAVHED/\« OO+ =Wl
ZIE FUHIIVAN, kNASF—FY, ROFY, DIVRFIAFILEILO-) &, HE
TYIRIORBICHIESTEUEEBEFAL, KDBBRERY RO —-IOBSZEHT D 22,
=73, PO\ O30« R BIZRIE, JP—AL, O—ARRE=VAL) &, EITEH
BOKE) DMEZIENSEILCHIC, S—TILEDRY D —DOBEICRHEERESRN) 2,
RERETE, BSFUNI—I) FOBIKENHITICREENE/\1 O30 FTHDIE
EOHNTND 2, EE, BHRIUNIEM T, BMHOEBICI>TI-IJILHDOEE
18U, BEKEIHITDENDNTND 29,

2. DT HRH

2—1. NRNE

=T ~ORGERCRITINMRUVIEDENL, EICHABYVYNIEOEERIUBRM

MEMDIRICH D, ZOM, FHPOER (U/N—€, TOFTP-—ERE) 2XRESE, B

/

BOBICZIGHTDINREEITESND, FHPOIHABYVY/NDBERZEICOYVMBEPILITIIY
(BSA, bovine serum albumin), «-520 FPILTIY (a-LA, «-lactalbumin) KKV B->
O r2J071JY (B-LG, f-lactoglobulin) [CDEEINTLND, CNSDIBYV/INDEZNER

IDE, SYNDEDBREENENL (PY T2 —IbT 1Y) UTRTF RE#EBICH UG



GO SND, BSAIL52°CNDS5PYIA—I)LT«YTL, 66°C THETI D, a-LAL66
CHATPYI A =T« Y TTDN, BEKREEKIDICIEIERTCREFDONADNKETH
D, B-LG DREMRPINZOBRMTH D, NARHICK > TSERETITD %, £EHIRRETIS,
B-LG DEI/N—EZERNEFEL, HDITE (ZERDZL)) ZRO>TUD, 40 °C UEIC
NARITDE, COEHEETE/ V—DPRICHEETD, LT, 65 °CICREDEB-LG NI
CEMTD, FUYEREMHZRCITZTHICE, SLVRETEZSZDIUNEN DD, B-LGC BHED

PUIDA=ILT « I TICKD Cys12l DR F 7 —ILENBE L, HMOBEDFZ—IL « IR
WD« FEEEDEBRRMZREDRL, BKEEEFRECIIHEERIFAZEL CBCESE
RMZETD, =BIC, BRUZBSRERIMOYV/INDE (MOHABIV/INDE, A1V
SEIVEZIE MFGM EDYVINDE) E#FET D, KIS, 90°C UECNRIDECDERER
OB IRILF—DELUETL, ZRRMERD 0, URH>T, BEMULCIBEYY
INDBRIUVZDRERDNEA VI VILBKU MFG DFRBEICHESE L, CNOSDREERKM
ZIENL, NEBAYIVIEHBEIDIHERHETD. TNICK>T, AYYNIEEDEBEE
AR IZD, Ry FDO—=OBEN RS, HME, RKESIURFRORFRI—TILZER
I D, CONBUEBTIL, FBEYYNIBOEUREZHERFE U TEAL, NRARED
85C/30 DEK/ZIE 95C/5 PN RBE THDESNHND 27,

2—2. BEILNE

PEEREBEIBAMICEI DT MFG ZINS< UCOBMSE TELZBLEITDINIETHD. C
NICK>T MFG DEEREBAIENL, KDZIDAYYNDEEZRETED, LEN DT,
ALY VNDEEOBBEADENL, B5NRI—TILEEEEERTDEENND 28, —713,
HZDOFRNBBEESIABTY V/NDIEDORZMDREICENDDT, MFGM EEY VYINDE[
DEFRBICEEZRET., LEHD > T, NNRRBEHECNIBDIEBBNEZ THDENHNDD,
ZOFMINFELZICHEBSN TR, AEBICHRITDIHEICNEL, B 10 ~ 30MPa (1

BRISEITIE 2 ML), 55 ~ 65°C TIHNTL\D, BURHEELLNIBEII-TILEORRTD



AFv—ZzBLcsE, FEHBARAPORKZENCIMHTETICHIC, I—TILEORETIET
FRBEZHEICNIRTDON KRN THD, LHL, BEILRIBDORNE ARIE MFGM Z
KiEL, MFG DREEEZTEILSED, BIBIC, MFG DLERERENIBNT DEHIC, FHL
WIBIBERRANFEET D, KBPOHAY Y /NVEDH UHEREINZ MFG RAICKSL, Z
DRABBRIRIVF—ZETRSED,

2—3. REIR

RETRECIABENEEL, SOF—AZABICEBRUTRRAZOD pH ZIETSEDIRE
Thd, COIRCHPDDIRFRINZDZL, REODRE, KE, SIUABREEENOR
B, BES, REEERCOETH I FDORECHEEREF T, —RWIC, 42 ~ 45°C
DEBRENMFEASINTND 2, SVREBRESAY VY/NDEBEDTILEZEILRL, 301 FIK
UYBAILY DLADBROAR+DERD, HBOBKZEIBNITDEHRESNTND 12, @FRD
BRT, ABBBEMTEIABEUENSNEDEBATDETEAE TORKIIBENT D, F
1z, —ZOIBBISIHMIZNZIELE (EPS, exopolysaccharide) &K CTEd., &R INIE EPS
ERARNRIBMELERIERD, I—TILEOBEKZINFIL, FILLWEBRTIVAFv— (EBH

8E) 5T DMNRNEBFTIND. EPS [IFIR EPS CH6R EPS D 2 BERIC DT 5N DD,
MR EPS ZER I DIEKRZANTRRELZI—TILEE, KDENLEHKINGHINREZR U
ERESINTUND 30, —J3, EPSEHEBZERALLEI—TILEEL, FVYNDBED DM
M (incompatibility) [C KX D IBSME R T D ERESNTUND 3,

2—4. BEINE

I—=TILED pH 46 [TETDE, BHICS5 CETHAAMUTCHBEBEDTEZETRSIEIMNE
N'Hd. RADARTIL, BEIC 10 °CEXTHAMITDELNDE, 15 ~ 20 °CEXTHAMLTH S
10 °C [CARHTDEND 2 BRIED[EUIBDOTINI =T )L EDBEKERBDSEDENHOHNTH)
B3, FZ, [EVEBOREEL, DELUTNDBIEDIEERIL, Y VNDERERDRY KD

—UBEDRINCIDNMBICHOIHNEENDDEESEICEREERETTN, CTNESDREICK



I DIREHARADLTND,
MEDTEND, =TILEDRRDRKBIUOBGRTIVAF v —2RHDD, TOEKHS
ERFUVENIRNF—ZTEBRDBDVDIDCENBEDAHRREICRNTEERRE

THd.

E3E BEHROFEREBRERDEI—IILEDOBEDEEMEIC DN TDIRER

MFETIE, PEIEREZQPICHETIEBHVIBICKDINET VI ILE MFG BODEEE
AOZEIENMEBEEDHTLD. Obeid 5 PFNRFENDEMIBEZA T, DELWRIBFIED MFG
ENCAYIRIVEOHBEBEARZRST L, MFG RAICXIIDNEA VI RILDBEAHANEL
<BHUEZERSELTND, LED DT, MFG OFEIRIZORAICKRELUTNDAYY/INDE
BLCHBrYIEIL ZALTI =TI EORY DO —-DOBEEBEFAL, CNICKDT
=TI FOEBIEZEFMICHREEZRIFETEEZASNDN, ZOFMA+DICHEBSNTUE,

—73. BREBEOERDIDPVILTIEO-ILTHY, ZOERRICK > TEYDHIS, 2B
BICDESND, BIEDBRAICK > TERIBIMEEDELRE, SERIVIRTILBSUEREN
F£20, MIEYN, L2, REFHOMENEEITILCHIC, IRBICEFET DBELFRRDIE
EZHME, LA0DY -8, RETIRTF v —RIUMENDLZERICELNWEEZRE
9., UH DT, BIECHYYNDEEDERFRICOT IERERDIBERND, BB
ZERALUTRBMI—TILFOBIEZHUEICT T DIBEDHEICLDIFEEZRTIDINE
NHd. AHBICHITDEMBEONABIE, Ty T —LAOY—HIYEBRETBRASINT
D, LHL, EBiEDERIEEHEERIONLEBUENREHEIERDTHIC, HBHERE
ALEENDERAFEREZEIIBROREIIRETH D,

ZCT, AARTEIREMIRIUVECDIRBEDOERABIEZANTETHZRARL, E3
DEEZHMEICT T DBIEDREDTE, RIUETINSHRELULREMEI—IIL ~DIE

EZHMBEEAYYNDIEDREBSZRIT L, RIS —TIU ~DEBIEFHMEICREITH



fEDTERE, DEUARBRRIUI—TILETOHYYNDEDRERBEDHBERITBIENRICT

WEEOREZPSNICIDCEZ2BHMEUIE,



£28 IBHZEREUCETARIUZNLSHBERULCHRBEI —TILE

E1E B8

BREEMZE, BRIUABHZRNWTHEERHZEIESE TABHRODEIRENLREDLD
CHRHEULCETAZERLUTRIEI —TILEERBRUE, Z2LT. ZOEEFEHME CHE
BEERFTLUTRBMEI—TIL FDEIEZHNMEICT T DABMEKODEIRBDRZER KU

Y VYNDEDREBRICRICIAEBMKOREZHSNICIT D EZFMHT,

F280 RERIE

1. AN

BINHBRSVICREBEI —TIL DORREICE, REME (BBERIEME. MWBAE), IBER
I & ) (Freeze-dried non-ropy-producing yogurt culture, Streptococcus thermophilus and
Lactobacillus bulgaricus (YC-X11 Yo-Flex), Chr. Hansen A/S, Denmark) 8 KU 220 —2 (G&
Bi5R, LT 17IVATDGREMR) ZAVC, IEBMICIE, EIE/NY— (BBE/NY —, WEEE)
Z 60 °C [CFRREULIERAKE (NTT-1200, RRIEBSEWE) AIC 20 oEBE L TRAEL, L
BENoOEMULCRAIBZRINC., HERLU - —EMIEERE (CLSM, confocal laser
scanning microscopy) D 1 YiZ#H B & LT, FITC (Fluorescein isothiocyanate,
Sigma-Aldrich Corp.) &K U Nile red UREBIHRAB, EL D 1 ILAFINHEK) ZZNEN
0.1 %(w/w)IH J —)UBRICUTER UL, ZRBFIEMIEEZ (TEM, Transmission electron
microscopy) FIEIMIORILIEIC, FTHDOBEMBE LU TMRER (DATAD YD, FIBE
GILEM) ZAVVZ, TEM DIRBRIL, REENZNZN 0.4, 0.3, 0.3, 2 %Ww)CED
KDIC, DI VEEES, tEBEES, BFEREOD KUV I VEET FUDAZ 410 mL 2ZBBKICNZ, 1M

KEEAET B D AKBREZ 90 mL HIZ TERUIT 39,



2. EADRH

12 %(W/iw)ERBERDEL, 6 %(W/w) RO O —RICEDRDICIRIBKZNZ T, BH-BFRL, EIT
RIBRZRR LT, RIC, COZETRIBE Z 60 °C [CERE UCIBIRKIE (NTT-1200, ERIBIL
BHEH) NICHB L, VIRFYIRI—S—ZRNTERULRND, 2EEICXT LT 3 %(w/w)
[CHEEBITDRAZBENZLZ. 8RFTAMEKE (T.K.AAUTO HOMO MIXER, TS54 X0 M)
ZAULVT 70 °C, 1,500 rpm T 15 DEFHEOMLTHDS, /NIVIRKREI T F— (APV
LAB1000, SPX 2 O—72./0Y =Y v/\V#)ZALVT70°C T8/N\XDBBILNIEZRET,
FBEHEDHSEL, BR, HBHODBERTIE, B&EEENN 5 10, 15, 20, 25 MPa
EWVNDEKECHRTE UCHEBIERHICK > TEBMODBIARNINERDIETIANERR U,
BB L& ZBIRAVB/EKE (HAAKE DC10, Thermo Fisher Scientific, Inc.) ZRAL\T
90°C XTHEL, 5 PEREBUTNRRELE, Z0®IE, BHBICKBTHAUEZ, LT,
FRUCETAZHIAE TS °C TREF LU,

3. REAEI—TILFDRR

EITELICXT LT 0.015 %(Ww)DEBERIBEMZENZ, 43°CICHRELIZTIOISLAREBIER
B)287K1& (NCB-2100, RRIB{LIFHMK) NT 5 BEBELLC, AEZEILEITDICHIC, I—
IV %& 72°C ICERE URLEBRKEICIFL, 10 oERFLUTHNERELLZ, Z2UT, KBT
BEUZI—TILEDERCDMIDLDICHSRAETERL, Ei# (MAZELA NZ-1000,
BEHF PYN-—FFZ-/ILTI70Y (1HJE) T-1A %, W60 x H 40 mm), RRIEBILIFW
) ZAL\T, 500rpm T 5 DEEH L TRENERBLTHS, ROYYTUE (¥IR—
X450, ¢ 80 x H 129.5 mm, BARWAEF(K)) ICFIELT5°C TREUL,

4, ZF2TTHDPDOEMKDODEUARE

4—1. WFEDM

YELEL QIR EDMAIELEE (D—/LF— L2308, Ny OV Y- -I—)LY—M) ZAL)

CETAHDNFEDHERELUL., I80H5, DEETHIRIBKRKEIO—-LIVICTIELTE

10



B3, B TO PIDS (RYtEELBE 2, polarization intensity differential scattering) 1 15 %
MTRICZ>TNHD, PIDSH 45 ~ 50 %ICRDRDICEENHARNZET O — /LA BREABICT

AL, BRUTNDDEEICH U THEBICOM UL SEBICHNORNFEDMZ 90 MEIET

— 2. EXADOHMBEDE B EFIRMIE
EBREFIEMEIE (TEM JEM-2100, BAEFM) ZAWT, ETADY V/INDECEHK
DOFIR, BERKIUDH RERREZHRLUIZ, (LETHE, EXAOCSBNE (PH-F2
— %) [ Kalab DF3E D ZESBICUTRIEBLRZ, IBD5B, RBEEND 3 %Ww)ZERDLD

[CHARBRZIRIBKICOEL, 5 DBETHEESTRIELL., BRULCEXBRZ 60 °C 5%

o

EURERKERICEREL, VIRFYIRI—S—CLoTERLARNGHALEZ, /IAY
—ILERY FCEEDHABZRIVAH, HOCDHDEDEXRIINENESE TCERERTHALT
BRTIVETEBRSERZ., RIC, 3HMUENRY—)LERY hrZEEXRBRICREL, SRKXE
CPH—Fa—TZERSCL, PH—Fa1—TH5/NNAY—-)LEXRY FZERDE L, BEIC
ABEPH—Fa—TITFALLZ., REIC, ROOEXTIVELRL, UMBZRREICHNT
NG, —EBOEXBRCTHALRLZ, Z2UT, PH—Fa1—TICANCZETIADBHULEEZSFK
FEFREMIBEICHKBLUL, FF, 0.1 MU VEEER (pH 7.4) ITBERUIZ 2.5 %(vIv)T L
I PILTE RCRIMBOPH—-—Fa1—-TZ2EL, —ROMTTERELLZ. RIC, @BRBED Y
BiEERC20%% L, 0.1 MU VERER (pH 7.4) [TBRRUIIC 2 %OE{EARIDALAZR
WT1BEETEELE, 2UT, BE 50, 70, 80, 90, 95, 100, 100, 100 %(v/v)(DJ?)L
J—-LRIZANTIEZERESNLRABRZRKUTHSIRFIRIBTERLUZ, MEDFIE
TREBLEARNZINFIURIEICZIEL, U0 F—A (Ultra Cut S, Leica microsystems
GmbH) ZAWTESAY) 100 nm DEIFICUTEHRICAUZ. B8R, BRI DFICIAZ
2 %(ww)BFERD SV IKIBIRT 15 DEIFEEB L, HUVTEBE1 CREH UCHEERZANT3I D

BIETREB U,

11



4—3. BMERREBEDRFEDIEMIRERS

50 °C METTHE 50 %(Ww) RO O —RKBERZ 2 L(WwW) TEEL, ARNDBEZHEL
2. RIC, 5 %ww)2XDO—2KBR"Z 20 g ANJTZ 50 mLRWEDESHCAIR LSRG RE
5 mLIEODTEA L, NESESARVE (M201-1VD7, WIERAEERIFRR) ZR1VT 2,600
x g, 20°C T 15 DEZRLDBE LI, FLUREMDZEREL, BLEHEICEDLDIC, R
SO RASADRAICAT YU AMBEES COEBRASZARAWNTERLZ, Z2UT, YUADT
WEBRBURTIYT -9 —RICTORSA FASRERML, TRT 24 BSHTEULE. 21
URRRSA RASRZBUIRARESICEIR L, RFEDEEREE(AFM, atomic force microscope,
NX-10, Park Systems Corp.) ZRTEHRLE., SLCERZBEZNE BV I ~D )’
(XEl, Park Systems Corp,) THLIE-8BH LI,

5. EINEBEZHNMEDRE

5—1. BHTOE—-FHEN

TSN FFREY T (ELSZ-1000ZS, KIFEFM) ZALNTEITH 25 °CICHIT
DENMTOEL-ISMUZEAELUZ, B8R, BHNOREMNAEICEDICRDXIDIC, KigKER
WCTETEZ 20 8BBRLTHSD0—-—BIVICHRIEBBUTAEICH UIZ,

5—2. YVYNDEDOXRBRKME

RITHDOXRB@ERKM (PSH, Protein surface hydrophobicity) %, Bonomi 50734 30 (CH)E
DTRAIELE, 205, 50 mM JVEES R D AEER (pH 6.8) T 10 BHRRUICETE
sB(C 1,8-ANS (1-anilinonaphthalene-8-sulfonic acid, MP Biomedicals LLC, Aex = 390 nm, Aem
= 480 nm) EHXREN 12.5, 25, 50, 100, 200 pM [CRDEXDICHEMNL, DICEHIEEEST
(RF-5300, MS2RREP) ZRANTHRGEEZREL, BEHRZIERUZ, 1,8-ANS DF
EMBIFEN S BRAENBE[Fma] CBRBEEHRKIZEDL U, FAY YV /INDBDREERKME[Fmax/Kd]
ZERDIC,

6. RAMMI—TILEOAXAIRDIE Y DES
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REAEI—TILEDAVIRDE Y DEEE, HERU - —EEBBEMIE (C2si, HWZ=3>)
ZRANWTHRUIZ, BRI DAIIC, FITC (Aex =m 488 nm, Aem =525nm) Z 1 %(v/vV)I0Z T
DIYINDEZETAHEEL, RIC Nile red (Aex = 561 nm, Aem = 595 nm) Z& 1 %(v/V)IIZ T
BBEZET A AREEBURE, 2BULCEBZR—ILRASA FASRICK 30 pL ZIRERL, H/IN—=7
SATHELT, LYXAAIEZEHUEZ 100x iU Y X TEHRL, 3 DNOERIFDERME
(H127.28 x W 127.28 x T4.9um) H'5, REFO FimHS Liw/IEN 0.1 ym BB T, ZN2
NOBRBWENSEIR 50 WENEBLE, Z2UC, B ULCEMERERZERFENVI DT
77 (ImageJ 1.52p, National Institutes of Health, USA) ZA(\T 3 RTBEEICER LT, @i
W -FRITLTC, BN T BROBIMEKOTIERR (g = X Vg, TTT, iBXIRAFO
#S, N FBEBERJISNICARNTOEY, U, FEREDSEH U | EEOXIRKFORE
), BRAELZOOLXREE Sag, CTTT, S =231, BB, Sy BERENS

N

SHEULZ i EBOXNRNFOXREE), FEDER (dyo = i=1lagy, TTT, Viow D'EIR

K N
REDBE (RHRICHUVT 81,000 ym® ZFEAT D)) BLUITSTIILRIT(D)ZFTE UL,
B8R, ISDFIVRTDFEICIINY DZANDY MENZER UL,

7. REMEI—TIL ~DEBEFHEEDRIE

7T—1. BEKE

IZNESRAAMBNMEZRNT, BE20D3—JI)LE (#9120 g) & 100 x g (1,300 rpm), 5 °C
T 15 ARV DEEL, BEREBERZFENMULL., Z2LUT, EBERODES[Mw]ERIVDBEETOD
AREBEEMZEREL, 3—TIUEDOBEKEMW/MZEE U,

T—2. REEM

- - JU—FBBE (O—VBR :25mm, J—YAE ! 1deg, LiwNDy & 23 um,

TJU—hFBR:25mm) Z&5 UL RIFEERE (ARES-G2, TAInstruments — Waters

LLC) ZRAU\T, 5°C THAMEEZE 0.1 s1H5 200 s15FE T 100 METERNICERESER

%, BHIC 200 s1H5 0.1 s1FET 100 WETEMRNICTIESIE TEAMREKREFEEREE L

13



2. BoNnieT - =RV D~ 7 (Origin 2020b, OriginLab Corp.) ZBLVT, AN
FEAREHEN (o=ky", o [FEBALAD, yEEARRE) CHTIEHT, MBEMEEL (K
BRURBHEEHY () ZROT, ARORBUEZETMLIZ, 2L T, BRORBMEOERT
YRz T DICHIC, REEBRICEFINTHTEOEE (Anys = Aup — Adown, Aupld EEIH
RO TEBIMDEE, Adown [ TRAHRD FEBEDERR) BLOFFY LOE—BE(TI = (Aw
— Adown)! Awp) ZEHB U,

7 —3. EoRsEM

D—Y - JU—hEBEERS UL EMAIRERBEZRINT, 5 °CICRITDIHEADHN
B ERE LZ, T, AKEN 6.28 rad st (1 Hz) T, UFH%&E 1.0 x 104 ~ 25[CE
ESEBDOTHREMRERZ L, SROBONGHEEDREEEEHR LIS, RIC, BMRRO
FHD B0 NICHBI DV FTHAEARICETL, BEAKRH(w)Z 0.1 ~ 100rad-s1(1.59 x 103
~ 15.9 Hz) FTEILSEDARMKFMHBRZTL), ITEEMER (G), BRBEMER (G”)
RIXONEWIBKRIERE (tan 6 = G"/G") ZRYHE, =5IC, BEREEM DOABRBREUKFEZN
F AT U,

G' = Aw®B )
CCT, AT INBEZRRT DBEREHCTHY, BIIENE— FODMERILT DHEFIEH
Thd,

8. REHIIE- BRI

ECOBEEMETRTY I D ”? (IBM SPSS Statistics Ver. 27, BAP 1 «E—+« I A
B ICTHRETIR- BT LIS, — BB DD B8O (ANOVA, Analysis of variance) [CTEHRID

AR ZRET L, BRKE 5%D Tukey DZEHBRZANTHEEICNITIBREZRE UL,

B3 BROKUVBER

1. BTAICH T IEHKOEFEIRRE

14



1—1. MFEDH
EIREAONFEDMEIEELETHD, HESNIZ0.1umDE—-DEANEr VI &IL(B0 ~
500 M) [CKBDE-—DTHDIEBASND, — 73, HABEMEDHSELETATEINITNES
BHETHD, BHNRE—ID 3 DHFELL (Fig. 1, T, ExiEZE@RRIC, 0.1 um
DE=DEINEIYIVILDE-DTHDIEEZS5ND. RIC, 0.5 ym DE—2DIL 5 MPa T
BEIEUCARNZRSETADONFEDMICBNTREAEZTRE-ITHD, BEILUIZET
FICFELUCVDABIMAECH FE 0.5 um FIEONFELTHFEELTCNRCEERELT
WD, =7, HFE2um OE—DIETALCDELUTNDIRENIEHMIKTHD, 5MPa THI
BItUCETATEIELCCORNFETFRELTCND, T2, COE—DEIBEILEDDIENE
HITHED U, 156 MPaMETIEIEXRLUE. Z2UTC, S 0FEEEIEREHEEEEDEEDIE
BA®d o2 (Table 1), MEDTENS, BEILMREBULETAICEFE LU TCNDIERKENF
F 05 ymAFIETHD, BECEDDEINICONT, KEEBIHEK(~2 pm)DRETSIN, IS
VBB ERDEISAMEN0 LIZ 2D ICH R DIRBE IR FEDED U,

1—2. ERAOHMES

ERBTREBINLCYVYNDEREFRNBBLUICNEZY, BL) TEM BIRICE O, —
73, BBMEOASZREBEIDICENTERNCEYD, BIHKEIBLWKAICREZD, ERIACHEE
LTNRZL DAL YIRIVEBBIERELCHNDST, MFE 200 nm FIEDKATH >
12 (Fig. 2). —73, BESNLEMKIE, WFE 200 nmAIEROEDONREZN DN, B8
{EENN 15 MPa U EDFENTIE, NSUVEREK (RIFE 100 nm UT) DBIRS5NTE. I5
IERARBICEAYYNDEORSENFEL, HBICEMKICTIDNES VI BILOKRERR
[CIIBIHMERORESICKOTIRBEDOHRAN DD EEER UL, DRFED 200 nm U ED
BIKEANET YIRIVICENTIEDIDNCKEN OZEH, BHONE YIRILARELT
W2, CORSTSDEHREIKAZRF TS, HFEIMACCRITDINFE2 um DE—

DICHEBITDEBNOND, QRFEN 100 ~ 200 nm DEHEKEHEY VI RILERFEEB L

15



ARESTHD, KEISEWBRTHD 2. ZOARITSDANEA VI RIVISEWNZH, BRELT
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- --Commercial milk
12 —— Skim milk
10 - —=-5 MPa
< g . ——10 MPa
— ——15 MPa
(D]
= 6 - ——20 MPa
S -
2 -
0
0.01 0.1 1 10 100

Particle size [um]

Fig. 1 Particle size distribution of milk samples: commercial milk for reference (dashed line,
black), reconstituted skim milk (solid line, red), reconstituted milk with milk fat
homogenized at pressure of 5 (square, orange), 10 (diamond, pink), 15 (triangle, purple),
20 (cross, blue), and 25 MPa (circle, green).
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Table 1 Physicochemical properties of reconstituted milk.

Homogenization pressure [MPa] Mean volume diameter Zeta potential Fmax Kd
PSH
1st stage 2nd stage [um] [mV] [-] [M]
5 <1 1.420+0.0262 -25.91+0.742 235.49+20.83ab 53.81+15.742  4.59+1.122
10 1 0.642+0.027" -28.58+0.97" 247.80+23.26" 47.80£20.342 5.62+1.552b
15 >1, <2 0.397+0.004¢ -29.23+0.55° 192.78+2.092 25.60+1.462 7.54+0.362P
20 2 0.336+0.006¢ -32.27+0.12¢ 246.31+3.46° 47.31+£3.922 5.24+0.53ab
25 >2, <3 0.284+0.007¢ -28.56+1.05° 239.07+21.67° 31.65+7.892 7.80%+1.47°

Mean * Standard deviations (n = 3)

Fmax, maximum of fluorescence intensity; Kq, dissociation constant PSH, protein surface hydrophobicity.
Values followed by the same superscript letter in the same column represent no significant difference at p < 0.05.



Fig. 2 Microstructure of reconstituted milk homogenized at pressure of 5 (A), 10 (B), 15 (C), 20
(D) and 25 MPa (E) observed by transmission electron microscope, and typical fat
globules were shown in (F) to (H). CM represents casein micelles, and FG represents fat
globules, respectively. Scale bars represent 200 nm in (A, B, C, D, E, G and H) and 1,000
nm in (F).
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NDANEA YIS RILDHEBOHDEHESN, HFEDIWAEICHITDRFE 0.5 pm DE—D
[CHRHBITDERNND, QR FE 100 nm UTDEMKENEA VI VIVOFEHRESLIDE
INEWEE, DA YD TIRIVOABY VINDBEDRERREDINSNHIFDREICKD
TZOREZHFITLTNDEBNOND, CORRETIELEONESA YIRZIVORAICEEBDIE
BEARSE L, HFEDMATEICRITDHFRE 0.1 ym DE—D(CHEBITDEBNOND, ML
DTENS, BEIEEDDIBICHL, KFED 200 nm MU EDIEHEKD KD INSUVESIHEKIC
RSN, IBIMKOBEMABITOOLKRABMENULZLDIC, BMRRBICKSLTND
NPAYIRIVEBNULEZEBZOND., TORBR, LERIICZERIREB THDRFEN 100
~ 200 nm DIEMEMNENLEZ, COTEND, ETIAPOEMERODMORERICEILL,
BBE-YVYNDBREERDBENMIBIELENDEFREHICEELTNW CEERBLTND, U
HU, 15 MPa U EDBHBIERHTIL, BAMDDRDENZHIC, FFE 100 nm UTDIE
HERBIBNLE., COXDIBALA YIRILORBEICKE UTNDIBHEKDIBNICKI>T, N
A YIRIVALTOBEFRANBESESSNDTEENESZ 5N,

1—3. BIhXKOXREBE

AFM BEED'SBRE 0.2 ~ 2 ym OKIRBENSHERZR N (Fig. 3), BB 1 —1 THAZ
BRE—MUL, =5IC, HBIMKORBICEMIBEI2RE (@ <0.2um) DEHESN, IEH
KICIRE U CNDEYYNDETHDIEBZONTE. NYFUN—ZIRBSERNDSFESITD
EVWD/YDVIDFE-RTRBEOENZAEITDENDFER, TJO-TEHBRABED
BEEAZIHISERARFETCHDIEENND B, IBDEB, NYFUN—DREFDTEIR
BORSEMODBENREDIBEEICHET DEMBOENDNNSLIEDND, BICZNSHST
NIITIBOENMENT DD T, MBREOEMICIIWSREDEILEZRINITDICENTE
Do FHEMOMERISEMDRBEDMIIICKOEILT DN, —#AIC 20 °C TIEERFRIBESEND
SUVVRRETH D, 40 °C TREICHEITD. AERMHTHD 20 ~ 25°C T, FIEMHDHESR

EURRTEDIC, BBIHKREKREO AFM BEROMBENDNSNEBDOND. LHL, ETHDH
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Smpa_16.1 7.2 Height Forward 10041 0.0 capy copy

5mpa_ 61 7_NCM Phase =onvard_1 0010 0 copy

0 25 3 75 10
um

10mpsa_06.27_NCM) Phase Forvard_10.0¢10.0 copy

pm

Fig. 3 Surface structure of fat globules of reconstituted milk homogenized at pressure of 5 (A),
10 (B), 15 (C), 20 (D), and 25 MPa (E) observed by atomic force microscope scanning

forward in a 10x10pum2 region. Left column shows the height difference, and right column
shows the phase lag angle images.
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nm Biimpa_t 1_03_7 Height_Forvward 100 00 copy deg 20mpa_t1_03_NCW Phase Forward 108 06 copy

o

Fig 3. (Continued).
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HCRTDIBEENDBNEBEICIE, AERMBENZRIBFDNBEMERNLUEZ, LED
ST, BEIEENDEFICONTEMKRAICKTIDIIAY Y/NNDEOREMENLEEEZS
nsd. €ULKIE, Gibbs-Thomson & 39(CHE > T, FEHNFENED ULLTZOHIC, EHEROE
RERELZEBOND, MEDOCEND, EXIADBRTOBEILENNELREDE, KD
ZLDAYYNDENBEHKRRBICEHBESN, HHNRADOUBENZEBINLIZESZS5N
D,

2. EADEBtZFME

2—1. RBEM

HE P (pH7 A CHEELTCNDANEAYIBIVIBEICHEFS (—20mVv) LTRD, ##E
BEFRICKDFADTKPEDHLUTNDEENNTND 9, FIRADE—IEMENITNE
—20 mVIURTHoZ (Table 1) , I72H5, 5 MPa THEL UGB DE—YERHH—
2591+ 0.74 mV THO, NEAYIVIVORAEMICHANMETH>C. HANOBEELEDHD
FRECEICE-ISBMIBIBENT DIERICH D, IEILED 20 MPa TRABED—32.27 +0.12
mV [C78o2, CNIFEEBIEREBICK > TERIFEROHFEMNED L, LhREEMIBNIT D E
CKDT, BICFBULTNDAYYNDOBNEBIMKORAICZINELENS THDER
Nnd., —7, 25MPa THEIL LIZEHMNDE—H S —28.56+1.05mV THD, BHELED
20 MPa TOFRBICLENRTEERICHED U2, CNOBIHKRBICHIDINELY VI ILOKRE
JRRE, FLEANEA VI RILVEEZERIESEDITRENEZ SN,

2—=2. DYNDEORBERKMY

MBNIBICKDEM ULABY Y NOBNBESREL, NEAYIVILEKIUEHKRAIC
RE LT, RBBRKEDENTDEENND 2, HEBHHDELUTNDNTNDZRTED PSH
METRIERICHENTERICEN o2 (Fig. 4. ZORBIEHRKEBREIERATDIEMUIDOEE
RIRT D Frax DNETTIRIERLICHENTE LB O REHIC, HEMKREREITDCEICKDT, 3

HYNDEBNBKMREEZEE T IBECEDOCTRMEERELTND, —73, BEILED
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250 -

E)
— O Skim milk
% 200 -
o
2
£ m5 MPa
@ ° A
o 150 -
<
8
8 +10 MPa
S 100 A
[
415 MPa
50 -
%20 MPa
0 =+ T T T ]
50 100 150 200 | 25 MPa

ANS concentration [uM]

Fig. 4 Fluorescence intensity changes as a function of 1,8-ANS concentration added in
reconstituted milk: skim milk (red) and milk with milk fat homogenized at pressure of 5
(orange), 10 (pink), 15 (purple), 20 (blue), and 25 MPa (green). Milk samples diluted
with pH 6.8 phosphate buffer solution and fitting curves were shown as solid lines.
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N'15 MPa DIBEICIE, Fmax BMEBDFARIICLENTHERICEND o2 (Table 1), CNIE, ETH
PONECAYIRIVEBEHBREDESHRDODBEZRILERMLUTNDIEMNBEZS5ND, BRK
MRBEFRDESZRINT D Ki[CIIFABEBOERENFELURSN OE. HRD PSH [F9E1L
ENDDEFEHICIENTDIERICHD, SVBEBIEENDTRIEUCETANLSHELLEI T
IWEDKDBNRY D —DOBEEFRTETDEB/IOND, LEN DT, RESBHUCERKIC,
NBEM UZABY YNDEZRSURESENKRAEOEECVIBICXKOIBNLZEDIC, 3
BDPSHMEN LIZEEZBEND,

3. WM —TILEDOAYRIE Y DIEE

=TI DI YNDERERLPEDT SO IVEDORIREENE UTOBULTRD, BIHKE
CNOSDYYINDEREEXROABICEERAICFELTULE (Fig. 5, 1IBILEDDIENICH
V), BESNEBMRRBKIUOIYNIERERORESDFED U, YYNDTEREXDDERE
SEOEEICIRDDDHOIEH, 1BEILED 15 MPa TRUR UIZETAN SRE LIZI—TIL
T, BBESNZBENE<SE DL, T2, BEEDD 15 MPaU R THRELLZHANTES
< DEHEABIILTNED, KDSWEEEEDTRIEUZEHNTIE, EHIKONER L TH)
BEIOICRARLZ, MEDTENS, BEIEENDDIENICK>T, I3—TILEICFELTLDIE
IS Y NDERERDOARCNS DU TERBL, YSYNDBERERDBEEZIFLUT
N2 TEEDNTREBSINTC,

HERU - —BERBCTRELCRIEI —IIL O Y NDERERDITIIARTEIL 20.23
~ 34.07 ym*DE|EATEIL L, PDEILEHCOBEBERAFEERE T, BEIEHN 10, 20
MPa DFERB TLEBIICKEN D2, @RRIC, CD 2 DOBEILEDTRIBULREBDY VIND
BERERSEMABITOORABBIMEOHEMNICHENTERICNSL, ABDENERICKE
Doz (Table2) , TN, PEIENIEDE 2 RETREASNEENDEETHDIEEZA5N
Do —7, I2VYIVRTEBEEREDOLFEHRCENIT SMEQAICRERSN, BELEHDIE

MEDONTHY YNDBRERDODDHIBALD LA >ECEERE LTINS,
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Overlay Lipid

5 MPa

10 MPa

15 MPa

Fig. 5 Mesoscopic structure of stirred yogurts made from different reconstituted milk
homogenized at pressure of 5 (A), 10 (B), 15 (C), 20 (D), and 25 MPa (E) observed by
confocal laser scanning microscope with a 100x oil objective lens. Red represents
protein, and green represents lipid, respectively. Scale bars represent 25 ym.
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Overlay Lipid

20 MPa

25 MPa

Fig. 5 (Continued)
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Table 2 Mesoscopic structural properties of stirred yogurt prepared with reconstituted milk homogenized at different pressure.

Homogenization
pressure [MPa]

Protein aggregate

Fat globule

1st 2nd

cage  stge W™ FEmmIm gyl Dif] b Eumeumd D
5 <1 20.23+6.6442 4.27+0.2462 0.10£0.0172  2.56+0.0192>  1.16+0.0982 3.37+0.1122  2.02+0.0662
10 1 24.54+9.7902 4.15+0.261>° 0.10+0.025%8  2.56+0.040*P  0.73+0.118">°¢  3.64+0.0372  2.20+0.090°
15 >1,<2  34.07%£1.9042 3.97+0.064>> 0.11+0.002%  2.50+0.0152 0.49+0.069¢ 3.51+0.0682  2.22+0.009" ¢
20 2 25.21+9.3182 4.20+0.162>° 0.13+0.0302  2.63+0.056° 0.47+0.174¢ 2.81+0.361>  2.37+0.070%d
25 >2,<3  32.90£1.1502 3.76+0.088° 0.14+0.018%  2.58+0.044*b  1.04+0.173*b  3.37+0.118%  2.42+0.053¢

Mean + Standard deviations (n = 3); Zg, average volume of aggregates;

Values followed by the same superscript letter in the same column represent no significant difference at p < 0.05.

Sag . . . .
Vi—g, specific surface area; ¢,,, volume fraction; D, fractal dimension
ag



HRSINTTIEMIROFIDEEL 0.4 ~ 1um3TH D, BBEILEDDIBNIC K > THEID T DIE
BICHO, BE1 —1 THRZHBRE-HLE, LHML, 20 MPa X EDBEEILENDTRIEL
JZERITIE, FIEMERDBREICK > TIEMEKDOEEEBNMNECIBN UL, BIC, BERIEEHEE
DDOLEREREIFDEICED 25 MPa OGN THOFNICEENTERCNS LS, BIhXOESE:
E—&mELTND, ZUT, BIHKRODDISOYIVRTIE, FYVINDERERDNFEEDER

BPEEEDDIENEHICIEN T DIERICH OIZ, COBRNS, KSVEHKIEIHAS /N
DERY FD—DICBET DN, BEEEDDIBNICK > TERIBERNMNESLZD, AT V/IND
BICIKRSUTVWDABIMEKDNY Y NDIEREBSDODAICADADBEICK>THYY/IND
BORY FDO—DOBEEXRLEZEEZ5ND.

Krzeminski 5 V[, ZBEYV/INDEDHRNICK > TEERREEI —TIL DDV I/IND

BRERONFENKRERD, BEMENL, Ry FD—OBENREICE>ZERSELT
D, LHL, ABYYNDEZSRETHRNULCEHNTIE, ABIVYNIEOKRENBECH
EREERL, YVNDERERBOERMEN UELHIC, XIRIE Y IEENHEIE LD
FNHEWNEBEICR 2, AARTIE, BE2 THRNRLZE—HERE PSH DIBRHND, HEIL
EDDOEFICHN, ABBERORBICIOZIDIABYVYNIBENRELTNDESZ SN,
LEN ST, BNWEDDHEEERIEBICKD, ABMKRRBICHBI V/NIBEDBSEMINE
L, RENIBYYNDBEDBCHRERDERZEBLICEEZSND, =5IC, BIHEKR
BICKRELUCNDHABIYIVYNDEEINEA VIV ELRBREITDIBERHLULCLZOHIC, Y
YINDBDXDBERZRRY RO —DOBEZHMUIZEB/NHND,

4., REMEI-TILEOEBEZEHUE

—1. RKME

FBMZERNTREUCETAN SRR ULLREEI T )L ~DBEKEL, ZRTiRIESL

THRHEULCHREMEI—TIL LICENTE UMD UIZ (Fig. 6), F2, BEIEEDZIEN
IRICONT, REMIS—TIU EDEEKENDED T DIEQICH DT, FIEHEKZE
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Yogurt prepared with skim milk (a)

) ®) N
o (@)
1 1

Syneresis [%]
o

10 -
> b
C
5 | i c,d .
z d d
= =
0 L] L] L] L] L] L]
5 10 15 20 25 30

Homogenization pressure [MPa]

Fig. 6 Syneresis of stirred yogurt samples (n = 3). Dotted line on the top represents the
syneresis of stirred yogurt sample prepared with reconstituted skim milk. Dots with
same letter represent no significant difference at p < 0.05.
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S<KEHIBDCLEICK T, RKEDNBNRY FD—=IBEDERINIZEBHOHND,
4—2. RIEH

ETCORIES =TIV FEEBARREEL, BABMREDIENICK > T DRERS
DEIESN, ENMTORMEMET UL (Fig. 7)., BIC, ETHOHBDO LEEEHIRICHINT,
BARRE 10s? HECTAMBADA —/N—Y 1 — EHERRSIN, TARMIGDDIENIC
K DANBBESDRREZTR UL, 2, BRI —TIL OSSN BAMRERIBICHITDIE
AT DS BIEEDDIBNICHIMEN T DERICH o2, —71, ERHERENFEAIR
FPORANCIETIHEETS, ENBAMEE TDRDNTDIE ZRIL UIZFEEE RIS
BMEEEDEHICIENTDIERDICH T, REBUBRIHXNEOERENBEN O
(Table 3), Z2UTC, RBBECHINCZERECTEL LZERTUIRIE, BEIEEDD
IBHEHICIENLED, FFY FOE-EBH (CCTIE, EOHIRTOERBICKT DRED
HiIR CEOMEOERBDIESGEER UL [FENEOBRENREN OZ, LENST, 13
BIEENZIENSEEETIAZARNTGRELERIM I —J )L FDASEBENBEICRD,
AR UICK KO EEHIC, RNEBESDEAMBBIRICXI T DIEMNDSHIE UCRDNT D
ENBEIEENDENERICER UIZEBROHND,

4—3. ENBVRGEME

OFHREFMEANER TR, ETOHANDEMERROIFTHN0.00351ETHD, BERENRBDS
NN o7z (Fig. 8), HFEEEDDIENICH ST CRKIU G'HENT DMERET LI,
BRBIKFEAERTE, ERRBBHTE TOANDREHEEEAX (tan 5 = 0.3) THOE
(Fig. 9), GHRKIU G"ICIFHBEDBRENEN o2, GOBRMIKEFEERNFRUHERNZE
BARALLZECS, T TORROEMNBHEN 0.16 THO, REMEI—TIL ~ORBEEEHE
MNME—-FMERBNICOBLTNDBLAOY—BHREZRLTNDSBNTILTHDIEEBNHND
(Table 4), —73, TILBEZRIRT DERENL, BWEILEDDENECEIC LRI DIED

CRonizc. IniE, BEEEDDOEBNICIDZDEBRBEDAYVYNDEDRY RO —DE
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011 Upward curve
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- e cacw
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-

Shear stress [Pa]

Downward curve
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Shear rate [s]

—— 5 MPa — —10 MPa — - =15 MPa - ==-20MPa  ----- 25 MPa

Fig. 7 Flow behavior of stirred yogurt prepared from reconstituted milk homogenized at
pressure at 5 (orange), 10 (pink), 15 (purple), 20 (blue), and 25 MPa (green).
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Table 3 Flow properties of stirred yogurt.

Homogenization

k n Hysteresis TI
pressure [MPa]
[Pa-s] [-] [Pa-s] (%]
1st stage 2nd stage
5 <1 11.9+0.792 0.229+0.03182 2472.3+521.782 37.9£5.542
10 1 11.8+3.172 0.271+0.04962 3277.0£349.282b  43.1+3.562
15 >1 <2 13.9+2.812>  0.238+0.0403* 3424.7+518.362°  43.845.392
20 2 18.2412.302b 0.250+0.0901% 4099.4+1415.302b 41.8+4.792
25 >2, <3 28.6+2.82° 0.167+0.00842 5398.2+835.46P 45.4+1.112

Mean * Standard deviations (n = 3)
k, consistency coefficient; n, flow behavior index; T, thixotropic index.
Values followed by the same superscript letter in the same column represent no significant

difference at p < 0.05.
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Fig. 8 Storage modulus (G’, close) and loss modulus (G”, open) of stirred yogurts made from
different reconstituted milk homogenized at pressure at 5 (orange), 10 (pink), 15
(purple), 20 (blue), and 25 MPa (green) as a function of shear strain.
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Fig. 9 G’ (close) and G” (open) of stirred yogurts made from different reconstituted milk
homogenized at pressure of 5 (orange), 10 (pink), 15 (purple), 20 (blue), and 25 MPa
(green) as a function of angular frequency.
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Table 4 Rheological properties of stirred yogurts made from different reconstituted milk.

Homogenization pressure [MPa]

Yo

[x107]

1st stage 2nd stage
5 <1
10 1
15 >1, <2
20 2
25 >2, <3

3.03+0.9942

2.93+0.3742

3.16+1.6062

3.48+0.8452

2.72+0.3742

80.01+18.2982

74.14+16.8322

110.69+28.6112

99.96+21.0022

115.25+20.2802

0.152+0.00852

0.166+0.01442

0.156+0.00252

0.159+0.00492

0.155+0.00332

yo, limit of linear viscoelastic range; A, critical constant; B, relaxation exponent.
Mean * Standard deviations (n = 3)
Values followed by the same superscript letter in the same column represent no

significant difference at p < 0.05.



GBICHRDRAFNDITEICK>TREICE>EERBNOND, LHAL, ZEVRSHMEL, BHWIEC
Ko TCI—TILEOREBSEDFRICINSVBTA ICHRBRSNELDIC, ARBOBRENRET

S oleEBNOHND,

BA4E B

HFOBBEVBICK ST, HEMKRAICTFET DABHKENKIESN, HABICEFEL
TNBDRYYNDEBENCOEL ULERERABICKRE LT, HILLWREABEZHEKT D, —/3.
=TI FOREBETIL, HeDBiKEIHIL, ZORGRTIVRF v —ZH I I DICHICR
BEDOHEVBZTON, ZOXANZXAICDONTIE+DICRBASNTUNNSD D2, 2T,
KR TIRIREMAZENTHBRULETAICKTDIABIHOBELRGZELSEBDIC L
[CROTRBMEODHMRENERLDETAZRRL, EXNABIUETIANSHE LIZRE
MI =TIV EDEEZMEE CABMKDDEARBREDREEMICDNTRETLIE, ZORBR,
BEEEDDIENICKD, HABHKOLLREBENENL, ABHRRBEICKRE LLCHY V/IND
BEMENLEZ, CNICKOT, STANDFRESEME PSHAENLE, HBIC, 20 MPallE
DEVWEEBIEENTRIBUZETANSHE ULREBEI —TIL RS, RKESIUORDITD
MWENS, BBEREXJRAIEY UBEERR UL, ABHKREDE, YIRILEOBEDI
BItEDEHICIBNT DIEDH TEM BK U AFM DEIRIC K > THERSN, COCEICK>T
FEEMEKN I =TIV DY VINDERERSDORBHCIRDAFEN, BFIESNICSVEBERR Y
FO—DOBEZERSEEEEAOND, MEDTENS, RRZ OB ZAEHIKD
ASTZEHHIDCI TR, BIKREAY YNDIEFOBBERZEBNITDCEICK>THR

FMI-TI~DREEME LZEBRNHND,
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EIE BMBEZEG UCETRARIVUZNLSHERULERIIMEI—TILEH

E18 BH

FELOARADDIC 4 BROEMBEZREMAZRNTHREUCETAICESL, DEEXR
HEZESE TRIBRODEABD R DRIEI —JIL FER/RLUIE, TLT, ZTOERIEF
BB EHMMBEZRTUTREIMI TV FDEBIEFHMEICXT T DBMBIEDBIEL K

UMEBMBDOEEZHSNICI D EZAH.

B2 EERIA

1. &3

BRABRSUICHREMEI—TIL EOREICE, RIEME (B3EIRIEMS, WEFE), ABE
ZBEY) (Freeze-dried non-ropy-producing yogurt culture, Streptococcus thermophilus and
Lactobacillus bulgaricus (YC-X11 Yo-Flex), Chr. Hansen A/S, Denmark) 88X U X2 0—2 (&4
BI5R, ST IVARNYCHRER) A, BYBEICKE, 'V /U YEBRBIETHIADMH
(BBEREYSEM, BB UZTIL—T#), 21 Y—) /) —)VEERBIETHD~DE
O3y (BFI—>d, BFZUZTIL—T#), SOUVEBRBIETHD VM (FER
Y, BEAAIVATIL-TH) SXUZLAY—U ) —IVBRBIETHD/N\—LH B
IN=I38, BBEZUZTI—TH) ZRNIZ. HERKL - —IEMIEEHE (CLSM, confocal
laser scanning microscopy) M7 - J¢iR&#HE E UC, FITC (Fluorescein isothiocyanate,
Sigma-Aldrich Corp.) KU Nile red (RIBHFHE, EL 71 I/ILARMEHEKR) ZZN2N
0.1%W/w)IH /—)UBRICUTERURZ, EBEFIEMIEEZ (TEM, Transmission electron
microscopy) FASRRIDRINIBIC, BITEADBEMBE UTHRER (DATAD YD, FIE
LM ZAUZ, TEM DIsRBRIE, RRENZNZN 0.4, 0.3, 0.3, 2 %Ww)ITED

KDIC, DI VEEES, WHBEED, BFERIOR KUV I VEET R D AZ 410 mL ZEBBKICHNZ, 1M
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KEBIE T R U D AKBRZ 90 mL 112 TER U 349,

2. EEOBH

FE2EXRRIDEEB2ICREBUULCHELCK > TETRAZRRE UL, CEL, BEILRETIK
5,10, 20 MPa £\ D 3 KEDHE{ER K ZRE LIS,

3. REEI—TIL DR

BE2ERRIIEEBIICHRBULTECK > TREMEI—TILZBR U,

4. BECEIEFHMEDRIE

4—1. R RE, BRIt BREBER

—20 ~ 70°C BICHITDBEDORE HE, BRIt BRLBENE, TnE=EaRNSATEE
& (Discovery DSC, B&RE 0.2 uW, TAlnstrumentinc.) ZAU\TAEAEA 30 s, ;REIRIZ+0.2
°C DEBTEEZRARNEZEERERE (TMDSC, temperature-modulated differential scanning
calorimetry) U CHZEUREAR, TIFZRBROIOIFTERRBIRENES U, IBNH5, K

5mg iR Z P I TO ARG EHE AR ESEE (Aluminum Hermetic, 10 uL, TAInstrument

0%
I:I>|_U

Inc.) CBHUTHERL, HRZEZANTICBHIDIEETBHFZXNRE LU TAHIE, HBRERY)
[C20°C T5 DAEARKUTCREEEHSEL, RIC, 70°C TTEREQE 5°C-mint TN LI,
70°C TL0DERFLUTHBOREBREZRE L, —20°C X TREDHE —5°C - mintTHAL,
ZDRETI0DBREFLCHEBZTEICRESEE,

4—2. BXiEE=

100mMLBEHNSAE—ND—ICANEZHBIEZE 60 °C ICRE LILIBRKERNIC 20 DEEFEE LT
NS, NVARBKIHISEROASAEAKE (6 85xL140mm) [CHI2gFALT, KR
18)888 (FMC-1000, RRIBIEEEHMK) ZAVNTHAERE T 10 BEKBRIESE ThlE B =5
U, NV AKESHEIBEE (Minispec mg20, WERZE 0.47 T, /VURIE 2.62us, 70O~

Y OHIEEREE 19.950000 MHz, Bruker Corp.) ZAU\T, 5 ~ 60°C ICRITDHEIANDOE

KIE=S (SFC, solid fat content) &EBITE LTS,
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4—-3. BE

DRIALEE DRIRETIE JIS Z 8804 *D[CHE DT, 25 °C DIRIBKEREEICL, LEUAZR
WCT70°CICHRITIERBEOBEZRAELC. FF, ECORRABIENREBIRREICRDLD
[C, 40 °C [CERE UICEIRKIERIC 20 nEFHFE LT, RIC, BEEEBEHULCLHLEUVAZIBT
2@9TE, JVBNMBALBRNWKDICHBZFIEL, QETEHRUT, 70 °CICRELLIEBR
KIERIC 20 pERBEULC, Z2UTC, BUCAZRBRICERELT, KBUACHBOKEEZR
BHEL, RQTHEROBEZEH UIZ, 880, XIREN THDIRIEKZE T 20 °C DIBIRKIE
AICHE LUTHSLEBUAICTIEL, IRIBKTHRIELZEHEES, 25°C CRF\LUTCVWELEEUA
RIURIBKDESEZBH UL, 25 CICRITDIKOBEZRANT, LEUADATEZEL

Lz

— p\zlvs(MS+b_Mb) (2)
My +b—Mp

CCT, My, LEUADEE | My, BRICROCHANELBUVADESR | My, BIRICR
DIEIRIBKELLBEUADES ; p2°, 25°CICRITDKDBE (997.047 kg-m-3),

4—4, B—KFRBEEKD

BEEMMAst (DM-501, BANRBERIZM) ZANT, BEET 70 °CICRITDIEABIEL
KEDRBERDZRELUL, 205, BIBEE 8 DBICTIBUILAS R IVICIRIEKETT
BUREYIYIDEE (286G, RFYURAME) ZH AL, # 20 L RIGKZIEH U TREZ
Rk U, Young-Laplace ZXDREERNDEZEB UL, 2R, BEFEHICE, REHRHEHEE (T
VT2V E0—3 401, BANRERZH) ICEBELCE—FRT « AXY T v ~(DMo/DMs,
BAKRBREM) BRROE—FRXFrY/\—tv b~ (DM, BINRBRZ2M) EEMBLE,

4—5, EBRMEE

“EMFREE (HAENE 1 19.995 mm, ABFERE : 18.598 mm, WNEFS : 28.01 mm, +
vwJ 1393 mm, FIESE :3.7mL (25°C)) ZESULCHBNMNEMATLRE (ARES-G2,

TA Instrument Inc.) ZAUVT, 70 °C TEAMNERES 0.1 s1H5 200 s1&E T 100 WETELR
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HICEFSEBIENDBAMREBKREFEABRZLUL. BONET —YZMstBmY I ~D 7
(Origin 2020b, OriginLab Corp.) ZRBU\T, Za— Y O¥MEEA] (o =y, oI ARG
A, YIEAKRE, nIEERIEE) N5, mdBOnZRDE,

5. ST PDIEHKDDEVAR

5—1. NFEDM

E2ERBRINEEB4 —1ICREULTIELCK > THNONFREDMERE U,

5—-2. ERADOHMMEEDEEEE FRMIRERE

F2E8RERIEBEB 4 —2([CEHRHFULTEICRE > THHMOMMBESZEHE U,

6. ETIHDEIEFZHMEDRIRE

6—1. BPTDOE—HEM

F2BRBENEEBS — 1 ICREULULCHAECK > THNOENTOE-YEMZRIE UL,
6—2. YVNDEDOREERKME

F2BRERDEBE S — 1 [CEHE UL TIEICH o TRAOXRBERK!E (PSH, Protein surface
hydrophobicity) ZRIFE U2, 728, T 1 MBEDRIEICIE DRI EEST (FP-8600, BAD
Y6 ZRZ,

7. REMI—TILEDOAJRDIE Y DiEE
FE2EBRERIDEEBGICEREH ULTIELCRK > THMNOXAJRIEY UBEEHRRE U,
8. MEMEI—T)L ~DEBEZEIEE DRIE

8—1. Bk=x
E2BRERIIEEB 7 — 1 [C5RH ULTIECHK > TEHHNOBEKRZRIE U,

8—2. REFM

FE2EREEEB 7 — 2(CRH ULTIELCHK > THNORBFHUEZBIE U,

8—3. BNBVKGEM

F2BRERTIAIERB 7 — 3ICEH ULTIACH o TEHM OB EIE ZAIE LIS,
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O. fRETLIB- R
ETCDR/EBEMHEERTY D 177 (IBM SPSS Statistics Ver. 28, BAJ7P 1 « E— « T A\
) (CTHRETAIR BT LI, —TtBeBDDEI DT (ANOVA, Analysis of variance) [CTiRBID

2AMRZRET L, BRIKES %D Tukey DZELRZANTHEEIC I IBEREZRE UL,

F3E BRHBKLUSE

1. EBIEDEBIL2HMS

1—1. @R BB, B, BRIEBES

XTBREAB DELE T, BELERE THRICEIBIRED 16.5 °C RIRICELBMDIERILICH D
REE—-OPBERSINEI (Fig. 10) , COE—DEHECHT, FIHERRMIRIC 2 DOHER
E—ODBRBRSINITED, 2 BEBOBMGRICICKDIRRE—DINELT > TNDERNHND.
CHOE=DICHSBRIETYFILE—ZEN 51.663-g1ThH DT, NIEBFETIZ 10 °C IUEIIC
BRBEDEBICKDIRARE—IDBEEINL, FTFRRHIFCHRAC-INERREN, T

WERBRICERRORBHEZLNRONTZ. CORET—SOIABMHMRELLZD, I
[CRIDIEREEICEIR UL, SOICNIRTDE, 13 °CHEICHBMDRAEICKDIRRE -2
NEREINTC., ABIHOD TAG MARNEH TH DI, 20°C B TERRBR NI PYILTUE

O—ILDORELEE - fESREB iR 0DR L, 40 °C BRIFX COLWVEEICRITDIRME —DINEHESIN,
ZOIVHIVE—ZIEN 7230191 TH o2, LEND ST, ETXARKIUOREBEI—TILED
R, HEL, £ RESCOLEBBRICHBVNTIABMEIREBTHDN, FFEBEAICKHE
BRRECRD, I—TILEDEBIEZHNMEICESS5ITDUENBEZISND,

ERRUIBMBTHIAZBHRKIOFDEOIVHTHE, @ELEIC 0 °C UEICERE, =EF
[CKDW « FRAE—DNDEHBESNBD OIZRYH, I—TI)LEDORR - IFREAERICHINT, &
@, MBEISEORIHDENEINEFAELRNEBNOND (Fig. 11, 12),

PUEBTIE, [EBRICR/NT 2 DDERE—IDRESINIE (Fig. 13) TEND 2BED
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Fig. 10 DSC curves of milk fat. In each graph, heating process was shown in red curve and
cooling process was shown in blue curve in total heat flow curves (A), reversing heat
flow curves (B) and non-reversing heat flow curves (C).
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Fig. 11 DSC curves of soybean oil. In each graph, heating process was shown in red curve
and cooling process was shown in blue curve in total heat flow curves (A), reversing

heat flow curves (B) and non-reversing heat flow curves (C).
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DSC curves of corn oil. In each graph, heating process was shown in red curve and

cooling process was shown in blue curve in total heat flow curves (A), reversing heat
flow curves (B) and non-reversing heat flow curves (C).
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Fig. 13 DSC curves of coconut oil. In each graph, heating process was shown in red curve and
cooling process was shown in blue curve in total heat flow curves (A), reversing heat

flow curves (B) and non-reversing heat flow curves (C).
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MERSEFRLUTWCCEZREB LTINS, CD2 DOEME—DDIERILEEL 6.78 °C
E—044°C THD, BRIEIVHILE—ZIEE94.63 191 THOE. BIC, TUPERREIR
L&, ROAERRDHIUPIILTIEZO—-ILEDDMEDEE « BE&GaBIDdDCCaERnI EBNHN
DRRE-DINESNEL., —T3, NEERTE, PIBIC 6.61 °C W' SiERAIRIC K DIRERLE
—ODERBESINTZ. CORBBIZLCHNT, ABORRBENZEILLDDHD, 23.08°C ICHE
SBILBICKDRME —DINERSINLCLEY, SHICEXELCNDERBFEICGRBLIEEEZ5N
2. ZO#ER, 2150 °C CRKETLVRBE—DIDERESIN, BEREEEOIVYILE-ZIL
n'102.91J-g1THDIZ,

IN=LBIEEUPYILT ) 20— )UMRDBMRITOC, S8R TammRED SIER R
DODEEL, ZNZNOBRILICIKDIRAE—DUZTRUIC (Fig. 14), 8MRED TEiBaI1L
SBEN 18.23°C THD, TUFILE—ZEN 856191 THoOC, ERRHD CTIIAEMELE
ULUTHD, BEOBRDNHERIL L TNDEIFDNERESINT, COERKIKDDIBRIERED
3.96 °C TH, TYHIE—ZLN 283319l THoC, TFRRMRICIIBRILBIETE
RMREDDEDEET DMBME—DZETR U, NEBIETIE, SRIRMD CERMREKDNDZENZ
NORMBRBE—DERULCH, BHCERRBEBICKDIRRE—DIDNBRESNL. SRRK
DTRERE—DOEEANLL, BRAMBBEN 21.97°C THY, TUHILE—Z{EH 15.67
J-glThHoE, ERRAD CEERMAEEN—-10.84°C THD, TVFILE—Z{LH 31.54
J- gl TH oI,

BRERBMBHOARZAE FDOEOIVHIRIERELBAA (5 ~ 60 °C) [C SFC MEIES
NN LN, vl, N—LABRKIXUABIMTRHATEERBETREED LERICH >T, SFC
gD UIZ (Fig. 15), 5°C TD SFC (&, PV BTH70% TH o2, FIEHTH 45%TH
D, IN=LBTHEBBIBICHEL 45 %EIETHOE, BRENLERITDE, PUBHOBERNEEL
T SFC DHRODTED UEHY, FERDMEH TS/ N\ — ASBTIE SFC DR D D EEERBIIC HEDNDVRIE

BZxr L, 20 ~ 40°C OEETE/N—LABDOIEA LEOS/Z, 40 °C U ETEETHRRD SFC
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Fig. 14 DSC curves of palm oil. In each graph, heating process was shown in red curve and
cooling process was shown in blue curve in total heat flow curves (A), reversing heat
flow curves (B) and non-reversing heat flow curves (C).
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Fig. 15 SFC of fat and oils changes as a faction of temperature: milk fat (black), soybean oil
(red), corn oil (green), coconut oil (blue) and palm oil (purple).
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Do ISENMEERD, CNILDSC DIERE—HULTND, UEDIRBRHL S, RAIEREERHIC
RNT 2 BEDOSRKRUBYIBOD SFC (FHEMIOSHL 2, RAEI I EDOITERE
THdD5 ~ 10°C DEHEATIE, /N—LBHEEICEV SFCER U,

MEDTEND, I—TILEERRIDIBRETECNSDBIENRIKBTH>ZH, ITEHE
RICRNWTEEBMABRIELT, 3—JILEOAZEHUBORRTIVRXAF v—ICE5T D0k
MNEZS5ND, VIVBICEANT, N=—LABOMERDRDEBHSTHIC, M- SEBREICH
(TDEREBEOZILEENEH D, IBMISEVNRER RE, BRI, BREBEITER
L2, —73. PV BORBSRIEBIBRENIBMIDELS, Z0REIL mREFERICHTDIY
DIVE=ZIEDHKREL, BEBHEEULCNTEEZERE LTINS,

1—2. KIS ITDIRARDRBKIUOEERIME

KIEXTT DMIEDRER DS, BENBRO I PYILT)ZO-ILDREMTHIZHIC,
15 ~ 20 mN-m1BI# TH o/C (Table 5), AWARICALZ 4 BEDBMBIENDS, ATH
CIEMETRHDINARELU Y FIUNFHELUTCNDILCHICRERIADRENSD DL, ZNICKT
LT PYBORAERDDEREAESN O, RERADDSIVAIETIL, BIHEKRODEVUARED 2R
NERICARZEERD, REBUEI—TILEORIEBREICHVNTEMEKINEE - &E—LDOT\E

EZA6ND,

i
N

EBRICETIE, ETOEWBIEN 10 mPa's BIBEDETHD, PIYBOMENRTEIELS,
IN=LBOMENRESN OIC. MESUVBIETIE, HEEVETOHUCINTREENSEX
5Nnd.

2. BITHPDEHROFEIRRE

2—1. NFEDH

EYBiEZEE U EAPOELKONFEDMEIEMZES LIZHES CERKIC, 15
B8 3 DOE—ONDFELTHD (Fig. 16), HELEDDIENICH > T, FBEEEHRFED

B UIZ (Table 6), 5 MPa THELIE LZEHNTHE, N—LABOEEREEDBNEDIC,
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Table 5 Physical properties of oil samples

. Density Interface tension against water phase Viscosity
ol [kg-m-3] [MN-m-1] [ mPa-s]
Soybean 894.0+2.22 16.0+0.32 11.6+0.022
Corn 890.6+2.22 18.6+0.5P 12.2+0.00°
Coconut 892.5+0.62 21.0+£1.1¢ 9.6+0.00¢
Palm 887.4+3.52 15.3+1.5¢ 13.5+0.00¢

Mean + Standard deviations (Density and viscosity, n = 3; Interface tension, n
=10)
Values followed by the same superscript letter within same column represent

no significant different between sample groups at p < 0.05.
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Fig. 16 Particle size distribution of reconstituted milk made with different vegetable oil: soybean
oil (A), corn oil (B), coconut oil (C) and palm oil (D) changes as different
homogenization pressure used: 5 (circle),10 (triangle) and 20 MPa (cross).

50



=
o
J

(®) —=-Coconut oil-5MPa

8 i
) ——Coconut oil-10MPa
2 6
c ——Coconut oil-20MPa
=
S

2 i

O SRR RRRRRR

0.01 10 100 1000
Particle size [um]
97 o) —=Palm oil-5MPa

8 | .
g ——Palm oil-10MPa
© 6 - |
S 4 4 ——Palm oil-20MPa
S

2 i

0 +— e P s NI

0.01 10 100 1000

Particle size [um]

Fig. 16 (Continued).
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Table 6 Physicochemical properties of reconstituted milk prepared with different oil

Homogenization

Mean diameter Apparent zeta PSH

Oil pressure [ MPa]

[um] potential [mV] [-]
1st stage 2nd stage

Soybean 5 <1 1.725+0.00642 -28.11+1.3213¢  12.19
10 1 0.611+0.0049° -30.91+0.318° 16.95
20 2 0.342+0.0007¢ -29.73+0.067b¢c 20.49
Corn 5 <1 1.360+0.00644 -27.68+0.7302 12.91
10 1 0.604+0.0212¢ -26.70+0.5172 15.49
20 2 0.383+0.0028f -31.39+0.177" 17.78
Coconut 5 <1 1.148+0.05379 -26.23+1.0002 13.20
10 1 0.622+0.0106° -28.39+1.164b¢  13.84
20 2 0.338+0.0191°¢ -29.36+0.539¢ 19.29
Palm 5 <1 2.921+0.2949 -27.50+0.706° 15.14
10 1 0.719+0.0134i -27.90+0.506° 16.16
20 2 0.396+0.0127f -30.53+0.5664 19.19

Mean + Standard deviations (n = 3)

PSH was shown as the mathematic results of fitting curves.
Values followed by the same superscript letter within same column represent no

significant different between sample groups at p < 0.05.
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BITRAICHBUICL L, ZNZEBHE U ETADOKRBEEAERD, ABMEIBULCHEESLOK
SN o, BVBEBEIEEATREBUZHBEICE, ETORBRMUTNDRFELMETRL, &
BEHRFEE 0.4 pum UTFTH o2, LEN DT, ERELVDESVNHEEILELZEFERATD
CET, FRAICHEUULHFEDMWICTDCENTETHDES RSN,

2—2. ETAOHMES

EEBRTHDIVI Y TEBEINTIYVNDEREBFENEBLUICWED, B TEM BiF
L7325, LIENAD T, EED TEM BETEANAET VI VIVEENKETHRESNZ, —73,
RACHIVYNDBERENRE U THIBZER L TNDEBONDBBEENFEL, NI
DEUTNDEMKTHDEHM UL, ECORTATIEAE A VI ILOFIFZE 50 ~ 500
nm QBRKIETH D, $5(C 100 ~ 200 nm DAL A VI VILHSLBESINTE,

FT, BRRUPEMBCTHIAZHRKIOFDEOIVHZBRS ULETA T, BRESNT
ERERDRFEMIECEDDIBINCH > TEARNICINSLE N, KESDESDENK
EN o2 (Fig. 17), AEAFZTEHRE LIZEL 5 MPa 35N EL) 20 MPa THIELNIE L&
TTAICIE, MFEN 100 & 500 nm OEMKLBFICEHRINT, LHL, BEIEEDZIEN
SEDE 100 nm QINS U IEFHEROEDMEN LIZIZHIC, BIMEKOAKRBEENFENED U
E/MOND, ABHZESG ULCETACLEERD, ERRUIBYBZRAVNCETACEFELTL)
DEMEINETHERFEELTEELTRD, REICHBA YOTITIVILEBONDIRNFIR
MORE U CZOBEZHITLTNDEBINOND, HENZRE ULBETRIEEALDIER
KELTHARIZ U TN DENDRREBTERESNTTY, ERRUIBMBZES UIZIBSICIIIEREKD
BIE LTV DERRREEEHRING., E/2, 100 ~ 200 nm DEHERBIUOALCT VLD
HEEBELUTNDISRAY —DEESINLZ, LED T, ERKUEMBOISIMKE T RE-
E—UOIMBERICHDEBNHND, MEDCEND, ERRIEMBZERES UL ETHA DM
BETE, BIXKOAREISDESDENAEL, BERAEDOERIARBDOIBHEKNLZEFELTH

TEVND 2 DDFHN DD, BIHERLTORE &E—DRELOITNCEEZREBLTND,
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Corn oil

Soybean oil

5 MPa

10 MPa

20 MPa

Fig. 17 Microstructure of reconstituted milk with soybean oil (left) or corn oil (right)
homogenized at 5, 10 and 20 MPa observed by transmission electron microscope. CM
represents casein micelles, and FG represents fat globules, respectively. Scale bars

represent 200 nm.
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Coconut oil Palm oil

5 MPa

10 MPa

20 MPa

Fig. 18 Microstructure of reconstituted milk with coconut oil (left) or palm oil (right)
homogenized at 5, 10 and 20 MPa observed by transmission electron microscope. CM
represents casein micelles, and FG represents fat globules, respectively. Scale bars
represent 200 nm.
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NSnCEND, AYIYNDENRERY FD—DZHR I DIBICENRRBR/SELXTE
BNTRMAEZ SN,

RIC, SHREMBTHIVIYBRLU/N-—LABZEE ULCETATHE, HEHZESLE
BEEARICRBICUOODIEMENBRESNTCS, PYBHOBHKICERBICAIV/INDE
EBRONDENBEENRESN, KEMENSVREBSZEERX LU EBOHND, LNWIFNDH
BIEEDTURIBUZBEICE, MFE 200 nm BEDONSVWEHKRLSZERINE. —73,
N=LBZBE UCETATE, ABHZERNWCHEICHELUUCEBRENEIYIBILED
BEENBRBESNTZ, T2, BELEEDDENERIC, DELUTHNDNSVIEHEKMNENT D
ERICH >N, N=—LBEDBUCIMERICH D, RFE 200 nm U EDKENIEHERE
100 nm M TFDINSNEEMKDHBERINEC., LED DT, WINDEMmBiEZEE LIZ
ANTE, BIMKCEAYYNDEDOESEENREINLD, BEOCBAICK>TKRET DI
BIYNDEDERKIUBEANERD, 2 BROEMRUEMBZERS ULETATE, A1y
DU TIRILEBODNDINSVIRMDZIKREL TR, VIYBEESGULETATHE, K
EUCAREDNEAYIVILVDNENWEBBEZEX LT, Z2UT, N—ABZEERSE ULETT
AT, BIhKORBICEMULCHBYYNDEEBONDENBBENFREL, ZTDLICH
BAYIRILDABRBELUTNE, TOXRDIC, BSDRABENEEINL. AARTEALL
4 BEDBWBEDDD, N—ABZRE ULETADEBMKEAY YNDBOEGHREEE
FEHZRE LUCETAICHESNLEBSCRERE/BUTIE,

3. EAHOEBLFHNEE

3—1. RESEM

BmaEZRE UZETADET—IEMN—26 ~ —32mV QEERICHD, EMZEES
UZIBSICERBIUTWNE (Table 6), FDOEOIVHBILII/IN—LABZES ULETHIE, 3
BIEEDD 10 MPaU T DBEICRNTOREEBMLEPELENICECAERESINTIC—

mV BIfETH D, 20 MPa THEILMIETDE—30 mV X THEID U, TO 2 BEDOEYDHE
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(FETAPICOBUCIMERICHDIZHIC, 138IEEN%Z 5 MPa N5 10 MPa [CIBHISE T
€, BIRRABICHIDAYVYNDEDREENEN UISD > IZIEHIC, RESUIOELH D
SN OICTREMNEZSND, AZBERE UISETATIE, BONTORBEMNEDEILED
CREAERESINTIC—30mVEIECTHOIC, —f1, PIYBZERESLLCHEICIE, HEHE
ANZHREERKRIC, BEIEEDDENICH >T, BHNTORBEMORIBENERICIENL
2o MEDTEND, EXIDRBEMICT I DIEELEDORERD, BIEORBMEICKOTE
S8BT EMDD O, CNIL, FUPYILTIEO—IUEMKICK > TEMKXJRBEICHRS UIZEL
DIYNDEDHBRNERDIUEMZREBLTND, LHL, BVNEECEZEALZIESICE,
RS BEZEG UCETADORNTDRBSBMUICERENMNELLULE. LENST, SVED
DEIBIENIRE, BIEDCRRBICANDEST, MRNICEZESENRFEBSEERSELES
ABNd,

3—2. FYNDEDOREERKME

EYHiEZBi s L2 TOETHIE, RBERKM (PSH, protein surface hydrophobicity) 7%
13 ~ 20 DEEANTZEIL UIZ (Table 6), BERREMBTHIAZBR IV FDEOIVBZE
BE UIZETAD PSH (3, BB ZEE UICBE CAKRICIHBILED DB EHICIBI UL,
SRRIEBMBTHDIVV BRI/ —LABZEERS ULZETED PSH ICE@RSIERN RSN
27, 5 ~ 10 MPa THEILUNIBLUEHBEDOENNSL, BEREEENDBREICHN TSR
EYBO DR UIC<SWZOHIC, BRKEDOY Y INDEZERS T DREEDIBNADRNTEEMED
EABN D, 20 MPa THEBLMIE UIZETATIE, BBEULSBIEN ~FDEODIYE, VYIS,

IN=I38, ZUTAZBODIEIC PSH DYED LIZH, WIFNDRTHTE PSH D 20 I TH

Il

)

o

DRI FDERKERIBDEZRINT D Frax[FVPVBEES UCETIH TRERELS, KW
ZESULEETITRBNSD o2 (Fig. 19, CNIE, REERCRRIC, BIEDELEICK

2C, Y YNDEICX T DIEMEKDBMAEN R DIYEMNEZS5ND, EIZ, ANS EDER
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Fig. 19 Fluorescence intensity changes as a function of concentration of 1,8-ANS mixed with
reconstituted milk made with soybean oil (A), corn oil (B), coconut oil (C) or palm oil (D)
and homogenized at 5 (circle, red), 10 (triangle, green) and 20MPa (square, blue).
Fitting curves are shown by lines in same color of data points. a.u., arbitrary unit.
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Fig. 19 (Continued)
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KEBEEADBSZRIRT D Kald, HEMZEERS LEBEERRD, N—ABERIED
SBIEZBE UITRITAD Ka DB IEEDDIBNERICHD T DEAICH ST,
IEARERDEIIAIE(L, 10 MPa THELMIBULCERAN SRR UL HREBEI—TILETS
MPa THEILMIB UL ERAZBVCHSICHUNTED I DIERICH >IZH, 20 MPa THE
BB ULCERAZANCHSICESSICED URN>ECEN D, BIRKEINRE &
LTNBEEBEZEND, BIC, BRIKIBMBHERS LIZREMEI—I)IL T, 20 MPa T3
BILWIBUCETAZRVCHEDEMRNEBRICAKEN o/I2, BUARKBILCDDLLREREL,
BRKEBZERS LRSI —T)L ETIEBEEICEDD 20 MPa [CIBNISE D ERMED
CHolZ. MEDTEND, BYNBIEDEIEFHNMERRIUAY V/INDEICXTT DIRFMEICK
DC,PSH [CXI T DBIEDBEBORENERDCENBZ 6NN, REEN C@EHRIC 20 MPa
THEIEVIBURHBEICIE, WIFNOZRTHE@HERIC PSH D 20 FIEICIR U2, LIZD T,
SHBIEENDCKOERKNNEL, B—CHORSEONDCEICKD, BIFKRAICKSL
TR YNDBEENB UIRREICZ > IZEB R BN,

4., RBUI—TILEDOAIRDIE Y DHEE
HBMZERVZHEER UL, EmaEZRE UIZRBMI—DJIL DY VINDBERERIS
TRAUBFIATHD, BHKOACNSDIYNDEREROABICIREICEELTLE
(Fig. 20,21,22,23) , WFNORBMUEI—TILETE, EXAZRRETIEDEAEILELD
BIEHRIC, BRSNCEBROKFENBDL, YSVNIBRERDKREICEELTUDIE
EOEERD U, 2L, VY BZES UZETHE TIE, 20 MPa THE{EWIE UIZETT
HAZAVWCHBEICYYNDBEREMDREICTEFRET DIEBMEMEN LT EDLERSINT.
THIC, BRRUIBMBTHDIAZBRIOFDEODIVAZES ULREEI—TIL T,
5RBKV 10 MPa THEILAMIBLUEERAZAVNZHESEIC, Y VN\DBRERDEHIEECKT
IIPECENDRENFIEACTED >N, ETHZ 20 MPa TRIBUZIBSICIZY V/ND

BRERDOEHFRBENIENT DBEAICH > (Table7,8,9,10) ., —77, SRKRIEIMBTHD
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Overlay Lipid

5 MPa

1OMPa . .
ZOMPa . .

Fig. 20 Mesoscopic structure of stirred yogurts made from different reconstituted milk with
soybean oil homogenized at 5, 10 and 20 MPa observed by confocal laser scanning
microscope with a 100x oil objective lens. Left shows overlay images, right shows
signal from lipid. Red represents protein, and green represents lipid, respectively. In
addition, scale bars represent 25 ym.
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Overlay Lipid

5 MPa

10 MPa

20 MPa

Fig. 21 Mesoscopic structure of stirred yogurts made from different reconstituted milk with corn
oil homogenized at 5, 10 and 20MPa observed by confocal laser scanning microscope
with a 100x% oil objective lens. Left shows overlay images, right shows signal from lipid.

Red represents protein, and green represents lipid, respectively. In addition, scale bars
represent 25 um.
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Overlay Lipid

5 MPa

10 MPa

20 MPa

Fig. 22 Mesoscopic structure of stirred yogurts made from different reconstituted milk with
coconut oil homogenized at 5, 10 and 20 MPa observed by confocal laser scanning
microscope with a 100x oil objective lens. Left shows overlay images, right shows
signal from lipid. Red represents protein, and green represents lipid, respectively. In
addition, scale bars represent 25 ym.
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Overlay Lipid

5 MPa

10 MPa

20 MPa

Fig. 23 Mesoscopic structure of stirred yogurts made from different reconstituted milk with palm
oil homogenized at 5, 10 and 20 MPa observed by confocal laser scanning microscope
with a 100x% oil objective lens. Left shows overlay images, right shows signal from lipid.
Red represents protein, and green represents lipid, respectively. In addition, scale bars
represent 25 uym.
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Table 7 Mesoscopic structural properties of stirred yogurt prepared with reconstituted milk with soybean oil.

Homogenization

pressure [MPa] Protein aggregate Fat globule
Iststage 2" stage Vag HM?] i——g [um?- pm] bvar [] D¢ [] Vag [um?] i——g [um?-pym=] D¢ []
ag ag
5 <1 24.64+4.2752 4.30+0.1322 0.10+0.008* 2.54+0.0392 1.11+0.0842 3.44+0.0602P  2.16+0.0262
10 1 24.37+1.8042 4.22+0.1482 0.12+0.0322 2.58+0.0492 0.69+0.2042 3.48+0.097° 2.28+0.0692
20 2 48.46+7.036° 3.71+0.073° 0.16+0.021% 2.60+0.039% 0.91+0.3222 3.19+0.1792 2.43+0.062°

Mean + Standard deviations (n = 3);
V.., average volume of aggregates; ia:g specific surface area; ¢, volume fraction; Dy, fractal dimension.
a

Vag:
g . o .
Values followed by the same superscript letter in the same column represent no significant difference at p < 0.05.



99

Table 8 Mesoscopic structural properties of stirred yogurt prepared with reconstituted milk with corn oil.

Homogenization

pressure [MPa] Protein aggregate Fat globule
Itstage 2" stage Vag [Um?] izg [um?- pm?] bvar [] D¢ [] Vag [Um?] i——g [um?-um=9] Del-]
ag ag
5 <1 30.86+11.3662 4.00+0.208%  0.11+0.022% 2.55+0.008% 1.16+0.0872 3.33+0.1562 2.06+0.0752
10 1 36.63£17.5182 4.10+0.303*  0.13+0.070* 2.55+0.088% 0.60+0.2262 3.73+0.2592 2.17+0.1782
20 2 43.75+23.8272 3.91+0.5332  0.17+£0.050% 2.64+0.030% 0.53+0.410% 3.00+0.4672 2.31+0.2662

Mean + Standard deviations (n = 3);

—_ S, . . . .
V,q, average volume of aggregates; % specific surface area; ¢, volume fraction; Dy, fractal dimension.

g . o .
Values followed by the same superscript letter in the same column represent no significant difference at p < 0.05.
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Table 9 Mesoscopic structural properties of stirred yogurt prepared with reconstituted milk with coconut oil.

Homogenization

pressure [MPa] Protein aggregate Fat globule
Iststage 2" stage Vag [Um?] izg [um? - pm-] bvar [] D¢ [] Vag [Um?] i——g [um?-um-9] D¢ []
ag ag
5 <1 16.74+3.0502 3.81+0.1122  0.12+0.0322% 2.59+0.0092 1.12+0.0592 3.39+0.0282 2.09+0.026%
10 1 26.51+24.0252 3.9740.2782  0.10+0.025% 2.52+0.009° 0.72+0.201° 3.79+0.062Pc 2.2740.113bcd
20 2 37.62+4.4612 3.89+0.1752 0.14+0.011% 2.57+0.023%¢ 1.89+0.069¢ 4.22+0.559¢ 2.43+£0.034¢

Mean * Standard deviations (n = 3) o

Vag, average volume of aggregates £ specific surface area; ¢,,,, volume fraction; D, fractal dimension.

Values followed by the same superscnpt letter in the same column represent no significant difference at p < 0.05.
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Table 10 Mesoscopic structural properties of stirred yogurt prepared with reconstituted milk with palm oil.

Homogenization

pressure [MPa] Protein aggregate Fat globule
T Sag T Sag
lsstage  2stage Vg (um’]  E umPum?] gy [ Dbl T [m 2 [mepmd D [
5 <1 20.96+8.2182 3.69+0.0342° 0.10+0.010%* 2.53+0.003" 1.59+0.188¢  2.90+0.0962 2.06+£0.0562
10 1 32.83+4.7422 3.7240.020% 0.12+0.0072%> 2.52+0.014°> 0.95+0.025% 3.59+0.063c 2.18+0.0253
20 2 53.02+24.3262 3.31+0.153> 0.15+0.004> 2.54+0.010° 0.98+0.155% 3.84+0.131P¢ 2.36+0.011¢

Mean * Standard deviations (n = 3) o

Vag, average volume of aggregates

£ specific surface area; ¢,,,, volume fraction; D, fractal dimension.

Values followed by the same superscnpt letter in the same column represent no significant difference at p < 0.05.



PIBRKIUON—LBEERS UEREEI —IIL BT, IVNDERERDIEHEEENETT
FBRICKITDIIELEDDIENERCENIT IMRRICH O, 20 MPa TRIEBLIZ/N—-ABZE
REULEREMI—TIL DY YNDERERDTHBERBANREREN o2, BAKEZLZD
DLLRERERL, VY BZEREINEEZES UERIMI—JIU FTHEILEDDEBIEHIC
DI DERAER LIS, K2, BRENSHOIED, BEEEDDEBNERICHYV/INDEDIER
BOEMENITDEAZER UL, —73, HYVNIEREEESDDI S DY IVRTIFIHELED

CRESNBNDOE., ULHL, BIBEZERS USRI —TIL DAY VYINDERERD
FIHEBORERENKELS, BEKOBREICIDIZRETHDEEAOND. BINBIEZE
BUEBEICIEIBEEIEEDDEBINEHICENAENT DIEQER LIS, Z2UT, BIHEKODIS
DBIRTTIE, ETCORBMEI—TILFCRNTETAZRREIT DEDHECEDDIBNCH
CIBNI SMBRICE S5SNI,

MEDTEND, BIMBEZRS UZREMI—IIL G, ERXAZRETIEOHEE
ADENTDCEICKDT, HEMZRSEG UCBEEARIC, BIhRDSRERDREN SKE
CRITL, YVUNDERERZHIFIDLDBBEZRRLIZEEZE5ND. LHL, BITK
DARESHFDUZEDD, BE TEERICHITDIEMEKOERE &—DEELOIT VMERD
BoNC, CNICK>T, YVYNDERERDBRENRELOIL, ERAZENHEELED
TURIEBTDIEYYNDERERDASRD, HFREBNSEDICENHDIE/BNOND,

5. REMEI—TJILEOEBIEZHUE

5—1. &K%

TEYDBisZE S LIS REME I —JIL FDBEKEL, ERAZRRT DEOHIELEHDIEN
EHECREDIDEEAETR UL (Fig. 24), NI, AYVYNDERERY RO —DBEENEN
RZBRDRABTEICKOT, AV YNDERERY FD—DBEDRKEMENT D EZER
BRURZ, —7, ERKIBMBZERSG UEREMI—JIUETE, RKEICKTT DBIEDEED

HENFIEAEBRD O, ERRUEVBZES LEREBEI—JIL T, ERKiEmBazie
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Fig. 24 Syneresis of stirred yogurt prepared from reconstituted milk with different vegetable
oils: soybean oil (red), corn oil (green), coconut oil (blue) or palm oil (purple) after
centrifugation at 5 °C for 15 min. Red dash line represents the syneresis of stirred
yogurt prepared from reconstituted milk without fats or oils.
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BUEHBEERKROELERULD, N—ABZERSGUERBMI—TIL SDMBORE)ES —
TNV EICHENTREKREDNASIMERZRUE. CNIE, N—ABREEBRMEN S, ETH
[COBUICSVMERICHBDEDIC, ZNZREUEHARPOBEIKREL, AYVNDIEHRE
Ry RD=UBEICIROAFNICKNCEZRBLUTNDEROND, HBIC, FBEEHED 3
um [Z3T0) 5 MPa THELMB U ERAZRNZESIC, RBEI—T )L ~DBEKEDED
MBI —TIVEICHERTEULIZD O, TOTEND, HINFEMUEDARETVIEHEKG
HOYVYNDBRER Y FDO—DOBEICRDAETNENERNOND, MEDTENS, RENET
=) FDRKEREICEHRONFEICHKFLTNDEBNDND,

5—-2. RnEHH

fenBisZie s LIERmEE I —J )L FORBDEBIRL, ABHZESLUEHBESEERIC, B
BIRENE L, BAMREDIENERICRDTREMET UZ (Fig. 25). EAKIC, 4 BEDIE
MBIEZES LZRBMEI—JIL FDOSEAKRERRICRTDIEAMMLANN, ETHZHE
IIRDOBIEBIEENDEHITIEBILEZ, CNIE, SVWEDDEIEENECK > TEITHAD PSH
MENL, BIEDASY YNDEREEDASICIROATNDEDIC, REMEI—TILFDE
HIUNDEREBSENDENCHRIESN, BEULCIVWEBECE DS, BROTOED
oL EBnnsd.

ERRUENBTHDIAZBERKIVOFDEOIVBZRS UEREM I —JIL TR, ET3H
ZIENSECEDTUREBUZBSICFDEOIVBEZRES ULLHNRNTHMENSD o 2D,
BRAZREITIEOHEEDZEBNSEDIE 2BREDOEBHZES LERBEI —-TIL k
DREBIFAFEEAS—HLUTNEZ, ULHL, WINDBEEILENDTRIEBUZIBEICE, &R
RIBMBZRS UITREMEI—TILEOREDTHENIBHZERES U TNDBEICENTE
ULHETUEZ. 2, RPBROERTUYASERRIBMBZES UCRRHTRIELLEE
THAZRNTREMEI — I FEICEREDNSD OIEHD, ABMEESLEBELDENSD

o2 (Table 11), SRIKBMBTHDI VIV BRIU/N-—LABZEESUEREMEI —IIL R,
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Fig. 25 Flow behavior of stirred yogurt prepared from reconstituted milk with different vegetable
oils: soybean oil (A), corn oil (B), coconut oil (C) or palm oil (D).
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Fig. 25 (Continued).
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Table 11 Flow properties of stirred yogurt with vegetable oil.

Homogenization

. pressure [MPa] k n Hysteresis TI
Oil 1st 2nd  [Pa-s"] [-] [Pa-s] [%]
stage  stage
Soybean 5 <1 4.6+£0.992 0.368+0.04062> 1131.9+52.052 24.4+0.592
10 1 7.7+£3.052>  0.330+0.06812> 1600.4+60.61a0c 25.3£2.842
20 2 6.0£1.002  0.391+0.0157° 1589.9+235.283¢ 23.5+1.212
Corn 5 <1 4.6+£0.252 0.374+0.01858> 1201.6+£211.852 24.6+3.482
10 1 6.4+£0.392 0.360+0.01118 1566.6£215.433¢  24.7+3.162
20 2 8.7£2.53%  0.349+0.03972> 1848.6+164.803bcd 23.5+2.542
Coconut 5 <1 5.5+£1.952 0.355+0.0516a3> 1321.7+143.872b 25.7+£2.972
10 1 7.5+£0.992>  (0.335+0.01502> 1718.1+649.273¢  25,6+6.932
20 2 13.8+3.19°¢  0.278+0.05182" 2445.9+416.47°¢  26.5%+4.212
Palm 5 <1 8.6+£3.023>  (0.274+0.05323 2366.0+713.62bcd  41.8+8.64P
10 1 10.7+3.423¢ (0.270+0.04202 2887.2+336.954% 42.3+4.03P
20 2 16.0+3.26°  0.263+0.03442 4404.8+536.08¢ 43.814.94°b

Mean + Standard deviations (n = 3)
k, consistency coefficient; n, flow behavior index; TI, thixotropic index.
Values followed by the same superscript letter in the same column represent no significant

difference at p < 0.05.
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BAMIBAONAEL, HEMZESUCEHESEBRUULZESHZR UL, LENDDT, DBILT
VDMK ETENEIE CTR&BIL L, A YNDBDREBSZREICLZEBOHND, LHL,
2 BEOEMBZRS UTRMI—IJILEORBEINDERIR >, PVHREES ULIBSIC
(&, ERRIEMBZES ULRSMEI—TI)L EEHELUTNDIREBBRZET L, REEBROER
TUIZRMINESH o2, — 73, N=ABZzikE LRSI —DJIL ETERBMZES ULH
BICHELUTNDIRBBRERL, BOTOMELERTUIIDKREN >E. PV HD SFC
(FEEMRKV/N—LBICLENTEN 221, TMDSC TIEPIHBROE/N—LBDTINELEE
HISEVRER BRI RBREBEMER UL, IB8H5, PIYBIIREERMELS, EeltIY
DIVE—ZEDAEZVDT, REEI—TILEDSA « TEHERICHNT, BIHKOBSEIEE
THNDEEANRNTEMNBZSNZ. LED ST, HEBRICHKITDMIBOBRIEDRE
MI—TIEOREBSICEEZRELVUTCRBIZNICEEEZSATEEZO5ND.,
MEDCEND, BEXADBETHDHEELEDDIBNICK>T, BIHKOESY V/INDEDE
EBSOABICEDRAFN, A YNDEDOREBSEZRIEL, REEI—TILFDODEHTD
MEZBNULZEBNOND, BIC, eRMRUENBZRE LEREM I —JILETE, HYVIN
DBEDREBSICHDAFTN TNDEMKRNSAE - ITEBETREIt L, AIYNDBDRE
BEZRELLCCBOND., — 71, ERKIBMHZES UIZHBSIC, REMEI—TJIL EDFRED
HIRICXT T DEVBDBIEDEENNSL, WINERRHTHELRIBUZIERZESES L
EETAZAVWCHBELIDENTHENEUIIETRUL, T2, [SHABRTOBEDIESRILL
DI, AYYNDBREBEDAHNCKIDINBCEEESZ, BRACLOTVVBIEZES
LEBBICIESABRICRITDIAY YNIBREBSOESEILZIGE L, REBUEI—TILE
DRBBIFOE T U Y RZENS B ABEMENEZ S5ND,

5—3. vt

ETORBEI =D)L FDFHERFO FA(E 0.001 ~ 0.003 THO, BEENZD > 72(Fig.

26, Table 12), ITEEMERSETIHZRRI SEDOHIELEDDENERICEXRI DB ZR
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LIED, N=LBERNT, BEULCBYHDRBICKDIENNSD 2, N—LBZEERL
EBEICIE, 20 MPa THEILWIBULZETAZRNCGRRULCREM I —J)L ~OiTEEk
BNELUIEBIOULE, BEUCWEBEBKDARY FDO—-OBEERM L, BITROBEIEICXK
DTHMEREREIRULCIYEENEZSND. BIRMUIKEFHEHER T, BIERRLBEETETO
ARODENEEN LUTTHD, REBEI—TIL DM EEBERTH D, N—LBEEREL
EIBEDEMEENMEDOEYBZERS UL BEICENTREVVERICH o120, ZNUHD
ARBEOBRENBN O (Fig. 27, Table 8), UIEN' > T, BRI ZRHIT DEDIELED
DIENR KU SFC BVVBYIBIEDESICL > TRIMI—TIL DAY YINDEDERERS
ZREC U TRUENBZSNDD, RBUEI—TILEOBHIRICKO>T, HYVNIED
BREBSDINSVWRICRIZESNDITHIC, BBSEEDOENEERLEEBNOHND,

B4R B

BMBEDEIEEMERIUONTEMNZIEM IR DEHIC, AEDMEERLULEES
BESREZEIINIRRODHESIRHUTHDID, BECIHYVYNIEEOEEFRICTT
DERERDDIBRNDS, BIEEMENIUBEMERGIBMBEZER LU TREEI—TILE
DEEZHMEICXT I DBIEDRBOEEZIRFIUIC, €T, AETEABHDORANOIC 4

BROEMBIEZANT, REMINDSETAZRRL, ERXARIUZNEZARNTHERLE

Kl

RIS =TIV ~DEBIEFHMEICA T DBIEOREBEOFEICDNTRIT LIZ, ZORBKR,
TTHZRHEIT IEDEE(LEDDIBIICKD, FEHEERULCHESICELUCHFEDRZ
BORTHZRETELCH, SRRUEMBTHD/N—LABZEES UILIBSICIEBIEDE SRR
ENLRNICEVEDIC, EBRIACIHLUCINSEDNDD >E, LKL, TEMBERICKDIE
MBIEDIEREICK > T, REUTWEAYYNDBEDHERNZEIL L, BIHKRRBEICHER U
SUNDEEBBENERDIYREMNEZSND, BIC, ERKRUEMBZERUILHSICELXK
NEE - S—LOITNEBOND, T2, HYVNDEICXT IR B BIE DIELEIC K

DTCEIRDN, 20 MPa DIIBEILMIBICK >T, ETCHDEFTANBDEFERRAEEBRDKLU PSH IC
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Table 12 Rheological properties of stirred yogurts made from different reconstituted milk with vegetable oil.

Homogenization Yo
oll pressure [MPa] A B
Iststage 2ndstage [x1079]
Soybean 5 <1 2.19+0.533& 52.67+25.61132 0.158+0.0090 2
10 1 2.02+0.463 28 152.24+67.577 ab 0.160+0.0057 2
20 2 2.02+0.4622  84.63+17.614 2 0.155+0.0043 2
Corn 5 <1 1.89+0.5332  39.82+7.074 2 0.158+0.0088 2
10 1 2.37+1.3782  58.24+12.083 2 0.165+0.0067 2
20 2 1.85+0.2362 58.46+1.749 2 0.160+0.0051 2
Coconut 5 <1 2.24+0.8152  63.54+4.613 2 0.158+0.0011 2
10 1 1.74+0.4232  68.31+5.316 2 0.159+0.0050 2
20 2 2.55+0.5822  89.53+30.503 2" 0.157+0.0027 2
Palm 5 <1 2.04+0.653 2 156.68+106.3652°  0.154+0.0019 2
10 1 1.58+0.0002  97.89+43.966 2° 0.158+0.0026 2
20 2 1.62+0.518 2 181.31+6.244° 0.159+0.0025 2

yo, limit of linear viscoelastic range; A, critical constant; B, relaxation exponent.

Mean * Standard deviations (n = 3)

Values followed by the same superscript letter in the same column represent no significant
difference at p < 0.05.
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Isol2, BYBIEZERSG UCERANSHRELEREMEI—TILIL, ABHEESGLEES
ERRRIC, ERHERRIDIEDOHEIELEDDENEHRICRKESIORDTOIENIEN L
2. ULDL, BYBIEZEERES LEBEICRBMEI —TILEDXIRI-—EDBEN SIEMEKD
RE G—NHERBSNC, BIHKOEE &—ICK2>T, AYYNDIEDORERBSZHITIT D
FRERANED LIZEBION D, FE, SFCHKREL, BRIELOITNEBIEZEERIDCEIC
£oT, Y VYNDEDREBSNBREICSD, REMI—TIL ~OMAEMZR L UZ RN
NEBEZS5ND, FE, RBES—TIU EOBEKERFEICOEUTNDIEIHMERORESSCHREFL
TNBTENERSNL. MEDTEDNS, STADHEELNIBICK > TEMEKDHS V/IND
BOREBEDABICERDATN, AYYNDEDREBSEHITIDCHIC, ZDETAE
BWTBREULERBMI—IILFDRKERSIURIMTMENEIRSINZEBNOND, LHL,
BMBEDEEZNMERIUNITEENREDEI I ~DEBIEENMEICHEERIZI L,
SFCN'&<, BRIt LOITNBIBIEDH AR I —T IV FORECED THDIEBEZASN
D, FI2, REAEI—TILFDORSBRICHITDIEMKDEE - S—DEYBIEZR N ZIRED

MI3I—TILETHORELILDERTHDIEEZS5ND.
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B4E 1EHR

HSZDEBIHDIFKBICHNTEIERBE (MFG, milk fat globule ) (115 0.1 ~ 15 pm DK
IROBIEBELTEELTRYD, ZOXRAICIIEIEHEKE (MFGM, milk fat globule membrane)
EWENDERBENFELTCNND, ULHL, I—TILEDEIETRETIE, HEILMIRICK>T
MFG ORESAED LU, MFGM DBEERIESND, CNICK DT, HUIEHLIZE MFG D
RAICKEPDAY YNDENRE UTH UVWRBSZHK L, MFG DS -&§— 2L D,
LIEA->T, BEEREBZEDAHE Y VI 'ILE MFG BDOMBEERAZEIET D, LML, Z0D
FMMICONTIE, WEKEF+DICTHEBSNTNED DIZ, ZC T, AMRTIE MFG DEFHEIFZ
DRAICKE UL TCNDAYYNDE (BICHEAYIEIL) 2N LUTI—TILEDRY FD—
DBSEMBEFAL, CNICK>TI—JILEDBIEERIMICEEEREF T CRGEL, RENH
=TI DOBIEZNMEICRE T BIEDELE, DHRBRKIUI—TILETOAYV/INDE

DREBEDERERRICHIENRIC IWEDREEZRSNICTDCCEBHNE U,

FE2EFCIIRBHADIVUIBMZANTHELRHZZESE TABBKODBUARED

BRBDILDCHREULCERAZBEALTRIBMUEI—TILEZERR L, ZOEBIEFHIME M
BEZRET L, NI —TIL EDEBIEFHMEICXT T DINECENHB KU MFG DD EUARE

HECDNWTBRLUE, ZORR, BBIEENDNELRDE, MFG DINa<&ML, Z0DL
KREBEDBNUZEDIC, ABEMKIABDICIKS UCAYYNDEBEEMENLE., CNICEKD
T, BIRHDREENE PSH DMENL, RKUEBIUENTOMENSVREMEI - IL
HIRRTEL, —7, BREEHROKBEN S, MFG EHEA VI RIILEDBENEEILEDE
HICIEIO L, MFG D' —=J)L DY Y NDBREBSEDREFICENDAZEN, BRIESNIC O

BRY RO —=DOBENERSINIZEEEZ5ND (Fig.28), MEDCEND, REEDHEIL
WIB[E MFG DARESZHIE T DREIT TR, MFG EASY VYNDEFDBBEERZIBNT D C

ELCK>TRIBEI-IIFOREZEHFLUIZEBOND,
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v8

Lipid-protein complexes in Colloidal structure in
reconstituted milk: stirred yogurt: The structure of lipid-protein complexes
in reconstituted milk shifted

MFG==CM Low pressure L
(Low pressure) I A when homogenization pressure rose
In milk, »
this leads to
* Increased zeta potential
- * Increased protein surface
MFG=CM hydrophobicity
B Fermentation J

S | ==

(High pressure) N/ MFG=<<CM

D

In stirred yogurt,

this leads to

+ Reduced syneresis

+ Higher apparent viscosity

O Milk fat globule (MFG): 0.05 -5 pum
@ Casein micelle (CM): 50— 500 nm (mean: 120 nm )

Fig. 28 The schematic diagram of stirred yogurt gel structures influenced by the milk fat globules homogenized using different pressures.



EIBFTCRIRENIARIV 4BAOEBMBIEZRANTHBEERGEZZILSE TABKBEKOD
BURRBD'ERDLDICHHEUCERTAZERLUTRIMI—TILFERBEL, ZOEEFHIME
BOMBBEERST L, RBEI—TILEOEIEZHNMEICXI T DBINBIEDBERIUZD
MEBMEBEDTEICDNTERUZ., ZORBR, BIEXREAYYNIEHOBEFRICT T DIE
MBIEDFEIIBIEDRBRAICK > TERDID, SVNEHE(LENEERBULHBETIE, LLEEIC
ZELUCNDEMEKRABEOTEHSNL, LED ST, WIFNOBYBIEZES LIZRENME
3—=JILETE, F2ETHREUVLCHBREGRIC, BEILREBIC K > TEIHERAIYVYINDE

DEEBSDABICENDIAFTN, HYVNDEDRERBSZHIT L, REMEI—T)L FDIRK
MRRURDTHMEMENULEZ. —77, BWBEDERBEZNMERIUNITE S REET —
TILEDEBEZHMBICHEEZRFUECENERSINL. IBN5E, OEBRIMEDNSVVE
PBONETAICDB UICVWEDIC, RIS —T )L EDBEKEDLEEBICEIVMERICH T2,
@fB&RIE LOT VNVEMBANSINERRICHIT DY YNNI ERERBSOELZMFIL, RENNED
=T -OREBEBIBOERT U Y RZEBNSEE, QBKRIEZEN'SV\BYIBNSAD - iTEHE
BTREIEL, AV YNDEDREBSZSSICRIELTREM I —TIL FDORDITHEZEE
g, BIC, ERMRIEMBZEES ULEEN T, BhKRORE &—0ETL, REMEI—
TNV DOEBEZHMBRENSIELIZEBNOHND.

MEDTEND, FELVIBIL, MFG DRESHFYYNIEEEBBEIFRT DIREBICE
E2RIELTREMI-ITILFDREZHEHIIEERRF CTHDIEBNOND, SHPEILED
ZEAULEHEES, KELVCNWDIAYYNDBEOREBBEBSELRK UIZIZHIC, IhWEL) MFG 23
=TIV EDIIYNDERERSONENICIDAEN, BRESNCNVEBRRY RDO—DUBE
DERESNTZ. CORBESEIEICHFE S0 ~ 500 nm DAL YIRILTERSNDLCD
(C, BELREBEICIINFE 100 ~ 200 nm OEMKINREZFELTHD, HEIV=
BILEDEERBENRELZELTCE., —7, BIWHEEABULHESICE, HEHZEERGL

CZEEBMUCREBSZEXULCH, ZNUEORESTRICHANT, BE-&— LOTUE
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BZRULC, COTEICLDT, AV YNDEBDOREBSEHIT TSR, REMEI -
ILEDRENLIEUEE, 2, SFCHEL, BRILLVITNEBIEERE LIEHBEIC, HYY
NDOBDRERBENRIESIN, REMEI—TIL ~OMBELNES<BEDEEDERUIE, MEDC
ENDS, AMFE TR UL 4 BEOEMBIEDD, /N—LABZEE ULHNDHABHERS L
EAaNICREOVGEZR UL,

AR TIE, BEOROZHEENSH BHVEBCIXDIRBUEI —TIL EOREEEDE
LICEBET D EN RSN, REMEI T )L EDOBERIE  BREIC DN TIEIRER
NEN o2, SEORBELUT, BAMBRERIUREZLBRICRTIDIREMEI—TIL D
SIUNDERERDEERILZ, NBNBERIULAOY-—MHEDEFAEZITD Rheo-

SALS ZZRANTHEGNITDIFTETHD,
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AARZEDDICHIED, ZABDICEERLLSUVICCHRZB DI UCEFAEZRFE
Hig =8 BBRILCLIDESHIABLETET. ARARBICONWTEERCHEZES
FULMBAZEZLENHNFERNEREN R ABEZKBIRLUVUSFRERFEER
MEERESR 2R WBEZRBICEHIABULETET, 2, AARICEALULHR
HEBS UTHEWCHWBERAKIUBEBEZrUZTIL-TWk, BEEESFEMIRSLIU
RFEHDEMBICONWCCESERES I UCEFAREEFREMBERMBPIBS AR K
Bk, HERU -V -BERBHREBICOVNTCHEEZESIUCEFAREZREFE £HE T
NEBBTICEHIABLLEITET,

FE. R IZMAZEDERICIE, HRICHIDICEEZRIVNIORBEHILTRODIT,
SO, COXDCULTRBLIHRIYZ—DDEICTDCENTEIZDIE, RICERDHOD
BMTT, COBEBDTESHILBLEITET.
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