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sodium

serum protein

Na—CNate:

1 (micelle 7% 53))

colloidal calcium phosphate

whey protein isolate, SPC:

micellar casein concentrate,

MCC:

Na—CNate
A olt

1

s

> 80
80
Ea !
dnkAolny, £HAY FHFAFS AL

34~90
milk protein concentrate,

Na—CNate
WPC/WPI
SPC

concentrate, UF: ultrafiltration, MF: microfiltration, CCP:

caseinate, WPC: whey protein concentrate, WPI:

MPC:
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Cooling Ultrasounds

(reversibles)

Alkalinisation

casing

Acidification

90°C

Denatwated whey proteins
Calcium phosphate

Heat treatment >
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Caseins (before precipitation a1 pH 4.6)
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Addition of NaCl

High pressure
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a9 2. 9% JHEs 9@ FAAZRAN 9SS B 9iE 3528 (Patel, 2015)

O Lamothe(2012)°l] w2 x| =9] 79 Wil dsteky) vl #ste] 9 gl A =2 A 43te
tha Bag(ad 3). 53] FHAAY &7t FolA 1 A §gFo] yrolxH gz wEy A
o] Ay} Frtela Ak BER Qe el EAd J&S ulx 9F L Ao|XF AF}
FEFS v, o] A= F3f 2AF oA gdld 2L wEYAE ZHEA AW 2FF

Fig. 1 Scanning electron micrograph of mild Cheddar (A), aged
Cheddar (B), light Cheddar (C) and Mozzarella (D) cheese. Amrows show
spaces that were filled with fat (1), protein matrix (2), fat pools (3) and
protein fibers (4). Bar = 10 pm.

¥ 3. A=YHE FAENA AR@) #

MDI (%)

Frea oil (%)

100 180 250

Digestion time (min)

200

Fig.3 Kinetics of matrix degradation (A ) and free oil release (B) during
digestion of mild Cheddar (O), aged Cheddar (@), light Cheddar ([J)
and Mozzarella cheese (@) in a simulated gastro-intestinal environment.
Arrows indicate the point of addition of gastric (1) and duodenal (2)
juices. Standard error for MDI and free oil was 1 and 3.4% respectively.

MEY2s Poh=

(B) (Lamothe. 2012)
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= Cream
Microfiltration
- l l
Milk Casein micelle Whey ‘ Ultrafiltration
‘{ Protein ratio ‘J* égz%
; — 17— | g
Digestibility | ( ) Modulation of
[:':| —[ Process optimization J " Protein aggregation
" Sensory quality} - Mol
_;_ N
v

Clear type protein beverage

Protein enriched milk

a9 4. ALY A4 g

o IV

MAlo]l micellar casein® MW A Skl o] H|S ZAo] 7153 ¢

)

3 Funa iy

O SRR 24 2 FF W, FE3gel v Belsehs Wsks a5s Wse) 34 17

o @A 7Fat Al # clear type A SR GAAZ(E, D) FRI)E



2. AT e o] = oY A FH U

21 1RHALE M5 ATSE U 28 L8

[F8718 : WdFAEE)]

o. 742 sId&
1. AE9AIR S o] &T AF AR 2 22 7HA 71<=8F £4
D S 7e ¥ 2 A% 8%
- 2 Ao Iq47|ES JUdH (microfiltration, MF)E ©]-&3F ekl o]
HE71E2A Sl fF7F gl A= A8% vk gls.

- U FrhEAd Al A e o] (microfiltration, MF)E o] &3k 7= A

Qfre]) AN AEHAL Y& o] 71EE ol gl FFk A E Hhgheln 9

o, Fal M L vAES 99.9% AAT.

- sty I (ultrafiltration) @ AAE(reverse osmosis)9HS o] 83k Bg|7|&L

30~80%°] wud Szt udd gAEEY I E S (vhey protein

o
concentrate, WPC)E A|x3st=d o] &5 5.
- 1 2 A AA A FufFel A4S 2 EH =
50% o] Aeul+= Lactose Free &< o] &5}

o o = =
Ao kS xR AlE.

2) Y 7le FE R AR F

- @A AEARE o] &3t whey proteing FEIE VeSS 9% 57 2 FAAE

Germany 2] Arla, France®| filiere-laitiere, Finland®] Valio, India®] Neilson &©°|

o] o
MR .
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¥ 2. AUoAH}E o] &3t A MAT micellar caseinS £t L3 AE
A} / 7} AR AEH EA
o = _== - MFE& o] &3t AAFsE micellar
Nutrition ] . .
Planet g 100% Micellar casein
\!IEELI.A" -
(2] ) “‘:52“ Casein = f%ﬂ ot Mg dojpa] &g
o _ - 2ok e

: Y. V. - 92%2] micellar caseines &%
Ingredia [ @ ' ' o

e Prodiet Fluid - lactose-free®] d
(Z&2) = =,

- g e

=]

AltisEndurance

WFE o]&3te] Aaket micellar

. icol] . casein
1cellar casein .
ports - 7dm s A7 4 lactose-free
- _
(W] =) T e
- vanilla flavour

11 tuo - UF$} MFE ©]-83k whey protein
Integratore e Whey protein

. concentrate
(o]=-2jo}) - B g

- A3 E 0|83} whey protein¥} caseing 2T AFS FAEH O JYANE, i

¢

Aol & ez A P T,

3) U] g@9d B3 AF AT A%

= A& Rl 71 - i) Len) e ghgo] 2 WA
11 g/200 L) & ufjsiar glom, duld Fas o] gstef o
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WITPIDN 222 Jsrxxly - “SaE 2 Yues el Lou-

& i EOfRE (154 38 = A|, AH| X7} 2,9509) HE=E
Quass Zrg S ZZHOIQEIA2S WL SN
Milldsbr (1511/2,9508)  (16.3/ 2,950%])
=] -
24t = -
-1 &5
ﬂg'b W
(180/900ml)
a2y 5. mgd AIH AFE (AL H)

- FRReAE B A s)EdgE o) S, 2 12w % D AT TS 40%
3 FFR (24 3.8¢ / 100 nl, 2 120 mg / 100 L, AW 2 g / 100 nl)E A2
ZA819 %

I -
= = P I E
- . 201280 mg = CHEA0% 3% (3.3g/100mL)
st 22 e - ARERAZNS 01% - Z4150% 5% (250 mg / 100mL)
= . 9908g = H[EIADY¥Z
a9 6. 19 FEIH AE (4FFD)
Bl BEf AFS fARC] WY FUL FHOR 2013378 Aol Fgu)
NS, obdl AAldgl o R uha 4 Qi vkl W o okzks} AAle] AERE vl
A2 g o Arelel T4 2T AR & AT FAE WA ST 2L,

Y BEY NHE HY

{ /ngf?j; Protein ZtSt l Muscle J
=) 1%;2 Product (56%)
140
120
100 -
80 TT9 Product (247%]
60

40 -

20

0

10g 11g 12g 13g 14g 159 16g 17g 18g 19g 20g 21g 22q 23g 24g 259 269 27g 289 299 30g 30g

B

o)\
w3 3d SARE  mAD 104 SANE 1

2004~20143 487 Product

*source : Innova Database
I 7. 9 R AAE 8%
- 12 -
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CORE POWER 2Uf #ESE
307 (ZA0LFEZE) 327 (A
9F (LM E) - 201648 2FEF

COREPOWER homepage

AWESOME

PROTEISEVERYDAY AWESONE

FatE Axste AEEY A7 ®Bol o]FoqAa &
WA SfE g B RS FRAA 470 ofdeld YaUES
Fow, dhlAo ek 5-10 ¢/100 nL2 FHvjE i QS
- 39 ek Tl AES ‘TRE Holm' m:E ‘ITRE W 4o’
Al HRom awd ohgF 10g o] A S H+= 20g o]/ 5% 3] 5/84
Fso] v Ha e
Fair life Valio Plus Anchor Protein+
_ i "
farhfe ¢
by Anchor
=
&
="

Superior Nutrition

you can Feel good about
EEs70M HE JIE M2
2 4F 7| duE FR=0

=

. AMELS olEF X 10| HO

- B2 Tty
= g¥ors ofzloet
19| ot 28 23

==t s]
20
B

ote m=
HEHE +  Ultra-Filtered Milk+protein *  Ultra-Filtered Milk+ & x| &
Ultra-Filtered Milk powder + CH= 6g/100ml

CH St 5.49/100ml . ChEtEF 5/100ml - Z'% 180mg/100ml

Zr& etk 130mg/100ml = zZh&etak 130mg/100ml - X4 15%

Whole, 2%, 0%, =3l + 1.5%, 0%, =3¢l

a9 9. UF 42 o83ty A | /AF

- ] 22 F9AE UF 2 nanofiltration(NF)E o]&3t 3
S

x5a glom A AAACE §IRASF Aol M) Frheta
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- AH=9 Valio it oA filtrations 3l 8= Eelste], £ Jeo] AFS
Al zsko] ARt

- WA BE GG S AR Shel G BB Arlehe] wuide] g
AT AFeY B AFAANA ALHLA e BLARTEL o g3, FE
B4e AEhos BYR ¥ 9L 258 AFY A4} TR A& Uehy.

t

(3

rU

2. 23 fodzd 2E 9% FAAHG pilot AH] BY

Do I} (Microfiltration) pilot AW =¢ d%

>
o

- oEd e 22 A S, ARy kg o] dFEE .

&5 scale up & A, & AR]E o] &3 ¥4 FA A8 & F U= test7}
s

2) woHd AEA 2o AFS filter size A X

- AR A5 (EE)S 53 size A8 2 ST filter AFE3 Au) HE A

- AUARTHE o] &ste] fraAs B BHS 3
o

4 | T3S sk 23} casein whey protein
0.1 um® ¥ Afo]= 2& F3l E8HA=.

¥ 3. IF O & E3 casein®} whey protein®] £

Filter Size 2 dA reference
0.1 um casein, whey protein 22%5%5§§égnfﬁ9gg? Technology.

Micellar casein size Y= 0.15 ~ 0.23 um A= Ao=w 3kl .

¥ 4. Micellar casein 37| range =3 ZA}

Filter size (pm) | Micellar casein size (pum)

Reference
Biological properties and health
0.15 0.154 ~ 0.23
aspects (2016)
Journal of Dairy Science.
0.2 ~ 0.2

93:1444-1451(2009)

0.15 ~0.15 Food and Function. (2012)

- B AfIA A FHAIES 0.1 um® micro-filtere} 0.005 pmel ultra-filter

(ultrafiltration, UF)& 2t A8l Au|E =4 4. ald AL HH|E 53

oJ 78 2l © & whey protein® caseine A7)0 wel EoT UL,

3)

of

AR scale upE 93 HE A3y

T & An rEEe FE 9 v AE I

|
)

[e:
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- 7|E AR A = As7F AEE
A (Microfilatration, MF) AE=& A= o] 29 filterE AFE Sl
T EE2 Scale up= H5te] 7| AW FAE AHE 3 LD A

=
- 20209 = A7) =) oA Q) microfiltration L Anjo &8 % Fx] HC
Aol A 3 28,

4) An] = d%
- AH] YA Tetra pak P9 <= (1993 119) 2 3
- 20201 39 mAEY AFA w9l oA

(] Az 713 oF 57H-?:,j

aE, A Al %

I¥ 10. 343} AdH

- Pilot plant AH] Spec

Feed flow : 100 ~ 200L/hr % 2% A4 7}5

s, microfilter / ultrafilter n37}%
1,300 mm, H = 2,000 mm
Feed in 90 kg/h ¥ A] 45 kg/h of permeate, 45 kg/h of retentate

An] R Approx.L = 2,500 mm, W =

_15_
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(A1 @571% : FNojeta]
I. A% AFEE

- Micellar casein powder % native serum powder & ©]-&3F el whilA7}31o-5 A%

/] @@r(u}uﬂﬂ 6]—5]: = Z/H Ed e ‘g)ﬂ. o Z}é ] T ‘]

- RS

=

sk ol Tk A ezt AddAF A4 R AAAT] xSkl vjA= 23

A7ike] vt el 230w Tl o) profile WSt 24

1 a7 ¥
D NES Az
- Micellar casein isolate(MC; Refit Micellar Casein Isolate 88, FrieslandCampina
ingredients, 85 %)¥} whey protein isolate(WPI; Hilmar™ 9020 Whey Protein Isolate,
Hilmar ingredients, 89.5 %)& &3sle] Taw @ o] 5971 & =5 MC:WPI<] H]&-<] 100:0,
80:20, 50:50, 20:80, 0:1008.2 Z=A3I% . A15E 27 110 bar9} 50 baroll A 2TA o
Ag AL, 95TolA 30 #3H(121T, 1% Aty TdZ2) A4S AAE & (53]
¥ AE).
2) ARG Rd IFF 5H
- MC=} WPI ] Hl gol =AW Alm 2 wd/Ad @ AR vEA e &
sto] ZF AlgE 1 M9 HCIZ pH 4.62.2 243 & A7 (5,000 X g, 20T, 202)3I4
%L@ﬂ(supernatant)a— 33 S, A o] vl A gEe BCA assay(Walker, 2009)E o] &
skl SA A+
3) de¢rAA (Heat stability)
- Algo] dotHA L HAt A5 E A = heat coagulation time(HCT)®} Fonterraol] A A

o A FAW 5 F b B ol gl S

o o

|=]
EE RS

:E:
fUO
1o

v o 1O O

(1) HCT
- A& 3mLE 60T water bathell /] 133F ol &gk ¥, 130C<] oil bathell A mAISH &3 & o]
ARE w7bA Ao NS Seto® wEste] S50

(2) Fonterra heat stability test

- A& 10 mLE 60C water batholl A 104 WXx]slar, 120C 9] oil batholA 158 FXs &
A2 (3,000 < g, 25T, 10&)38te] Ad=o] FAE S48 .

_16_



4) 3= (Solubility) ¥4

- $AlEE AEE YARE(6,000 X g, 25T, 20%)3He] A o

6)

7

8)

9)

FF AN A BN g o, 2are 4

W A5 dalE gakS BCA assay(Walker, 2009)E o]
)4 (o]

o,
12
oo 1o

8300, PerkinElmer, USA)E o] =
ANEE AAAZ F 4,500 x goll A DA E2 8}
d ZH5 )l o1& A]EE 100,000 x goll A 1A ZF

=
L. ICP-0ES #4 A] carrier gas+= ArS ARS8 o™ plasma flows 12 L/min,

>

nebulizer gas flow rates= 0.55 L/min, auxiliary gas flow rate 0.2 L/min®o. =2 3} <.
F714 A Al 93 2 317.933, 912 213.617 mmoll A SA S

E8 & (turbidity) W3} £4

htol] WE AR EERE Wsle AlRE S0M] A
2100 pro, Amersham Bioscience)Z& ©]-83}4] 633 nmel A
A% (Chromaticity) ¥4

A A}A] (konica minolta, CR-400, DP-400)& o|-&sto] Al=o 7 2 4ol Y& L, a, b
#hel WstE SAs .

994 profile ¥4

A F AR &A= E aad W3S SDS-PAGE 2 Native-PAGER #4131 L-.

spectrophotometer (Ultrospec

A3+ S (Yang et al., 2014).

e ot

719957 *+= Biorad mini gel electrophoresis unit(Biorad Laboratories, Richmond,
CA, USA)& o] &3kalom 4-20% acrylamide gradient gelS ©]-&3te] Tld& #2349l
S-. @A band intensity: Biorad ChemiDac XRS system(Biorad)S ©]-83}e] ojnjx] &
A A=

AR YART7] E W 4

A H S AR YRV B WHEE particle size analyzer(Horiba LA-960 Laser
Scattering Particle Size and Distribution Analyzer, Kyoto, Japan)Z& ©]-&3d}o] =43}

n
9e. YEE AR 3ilE FYHA FUW SEE wway] S e.

10) Size exclusion chromatography(SEC)E o]-£3F Ttz Agi&JA &4
- 7ol o3 v Aol A $YA FA L Dalgleish et al.(2015) 9] el wal SECE o
21

g3te] BA8S. BANE AEE 20 mg/mLe] sEE FHT SFUAAN F 0.45 me)
PVDF filter=® o]3}3}o] Sephacryl S-500HR(GE healthcare Bioscience, Uppsala, Sweden)
resin® =7 ® column(15 mm x 450 mm)°l ImL F=Y3FA . AlE = 0.02% sodium azideE
3+3k Bis-Tris-Propane buffer(20 mM, pH 7.0)Z o]&3}o] MPLC(LC-Forte/R, YMC,
Japan)®= &=3t3 0™ 214 mmol A @lde] &= oFES EI5lE. WA peak
fractione 5 mLA EFH3dto] 3|4381H o1 SDS-PAGEES o] &3}e] peak fratione] =iz

profiles #2315 .
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1

s

Z}o] (p<0.05)
AT7F & E

A
- O
15

=
o w2} pll 4.6 7}

1
=]

7}

=

[e)

J
N5 G

RO

A

Fol 5% &

°©

‘C]')‘:]]-

=

A E U] WPIe] H] &)

1
s

casein¥}

T

% micellar casein(MC)
AJE A

}

9
pA

A

2 o] %ol

}31 casein®}

s ie)
] —

°©

T

9
pl

3l o MCeF WPIE
Al

S

[e)

Ahdo g2 Az
T

re Az

5}
ANOVAS} Duncan® tsR| A WS ALE

33] o)A HkHE =AsF o SPSS statistics V. 21(SPSS Inc., Chicago,
2l

Q.
¢}
L
R

1

A 2A R ALS
1ol At abgel A Gel o

=L}

A (native whey)2] 7o+
]

o

IL, USA)S o]
Hj

3

8

of tigh A+
- 2% 110] YERA nls} o] A Ao

A 243

- Casein 2=

11) FAEH

2.

oﬁ

B
—_
fife)

]

MCO : WPI100

|

MC20 : WPIED

Samples
pH 4.6 7184 dlz o W}

Different letters of the bars indicate significant differences (P < 0.05).

MC50 : WP150

k=)
T

g A

MC80: WPI20

== Before pasteunzation
| == After pasteurization

g 11.

Widiejold ajgnios o ¢

kol

HEAY caseind} 3]

olo

A2 1ol A

el
-

Ei s

— Ak
=

B-lactoglubulin( B-LG)x}
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casein®| &= F= k-casein¥} a-casein®] L=}

(Donato and Guyomarch, 2009).

7}s}h

%
of Aytz AdE AR

A1 6-(80:20) B.t}

121

A

44

Fe A7713ke] S7F Al

S

o FaE WE

T

—_
fife)

2) d<¢Fd A (Heat stability)

(1) HCT

o] AE w7bA] A~aw ARHICT) &=

| &

[e]
- %

130C 9] oil batholl Al FA A7) H

- A EE

iy

iy

= EAEA

Hke, e

Eis

£

T

B

¥ 5. A8 48 713 AZHACT) o W3

HCT (min)

Samples

5.77 £ 0.25°

- WPI O

MC 100

4.12 £ 0.13°

- WPI 20
- WPI 50
- WPI 80
© WPI 100

MC 80

2.33 + 0.18¢

MC 50

1.28 £ 0.12°

MC 20

4.62 + 0.22°

MC 0

Different superscripts indicate significant differences (P < 0.05).

(2) Fonterra heat stability test

o

A

- =
|

F71 <18l A

S

o glo] W7

el

jpuze)
0

B
~H
olo
olp

(s

i3

TH

uze]
i_ I
o
N
o

%

of
i

o] &7,

™
&

—

}o] FonterraAbi= oil batholl A <

IR

S

LR

[e)
=

|

il

KM

—_
file]

o

i

Fonterra WHo =
- Fonterra WHo 2

el

HH

ol

oF

TR
o

o
olp
——
10

X

0

=
e

0

ol

o]
_foO
ﬂo

HH
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¥ 6. Fonterra oz =43 QoA

Samples Sediment weight (g)
MC 100 : WPI 0 0.12 + 0.01¢
MC 80 : WPI 20 0.15 = 0.01°
MC 50 : WPI 50 0.32 + 0.01°
MC 20 : WPI 80 0.42 + 0.01°
MC 0 : WPI 100 0.14 + 0.01¢

Different superscripts indicate significant differences (P < 0.05)

3) &A=

- A5 s ST A caseine FA G A vuste] v Gl E YES . A
T2 casein¥hS i3k MC100S Al9jelais BE A

BhllE (1 12).

- MCe A o] F8kA Heto] hHe A4S flaiA = 1
ad#l A Qem(da Silvar et al., 2018), MC2] & %ﬁ%a% A z34 S casein©]
non-micellar forme=Z %7 wFoz Ay
casein micelle?] Fx W3l%= MCO #AEAS YW3F& a3
(Baldwin, 2010).

-2 A3E 2 @ o Eedid A s 283 3 Ao AxHe duld

1

=
X0,
o
R
M
BN
&
ol
o
>
e
2
i
rlr

T _V = A | =
B 22U T Aol dow, meps dEe] Hxag glo] Aoy 555 T
st Al AZHE APEA BEAE T 5 s slow add.
120
[ Before pesteurzation
[ Afer pasteurization . )
100 4 —
— S 1 S ] AL
F
=
= &b - f
£ i —
==
=) .
“ w0 . b
20 1
':' T T T T T

MCIO0WPI0 MCBD:WPRO MCSO:WPED MC20:WPIB0 MCOWPI00
Samples

a9 12. Al &3=

Different superscripts indicate significant differences (P < 0.05).
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w2 W 2E J)e Zelge

4

giv

1=

- mebA, 23}

—_
"o

T

e
B

o
R

pa—

o
L

i

N

casein micelle 7% A9

N
T -

- 2453}

HH

s

GEIL ol22] FEH= =4

cement ing agent & ZF-8-3}+=

Zr5 2] 2/3% casein submicelleS A=

1
s

A sk

F A 0] 8- o]

S

o A casein®] H]&o] =7}

my

7d o]

=
[e)

terd 7}

o

R

umO

7. A8 & 249 A aglu {3

MC : WPI

MC : WPI

50
376 *

MC : WPI

80
558
345

MC : WPI

Mineral
(mg/L)
Total Ca
Soluble Ca

: 80

20
256

+ 50

+ 20
+ 0.7

100

0.7
0.3
0.9

2.7
0.4
1.3
1.1

673 £ 0.5
298

221
209

184 =+
241

325 £

1.1

+

0.9

+

237 =

0.7 244 + 0.4
1.7 200

+

Total P
Soluble P

1.9

111

166 +

+ 0.4

+

5) B X (turbidity)

No

- QA9 27 Am ABAFIE S

S (Ju and Kilara,

—_
fife)

1998).

- AR 27

No

=
HE=

w7 2 HFoR

s}
=

A

of 'l FEL®

=
L

MC:WPTS] H]-&°] 50:500.2

1
s

W FHowte YEls Aow Azt

s}
=

2l

=
L

casein¥}
H(1¥ 13).

1
s
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0.0

I Sefore pasteuiration
[ Adfer pasteurzation

Hes

025

(&)

020 4

Turbidity
|_|n
'n

010 1

005 -

1 1
000 T T T I;I| |'--I--|

MC100'WPID  MRCBOOWPED  MCHIWPES0  MC20W PIB0 MCOSWPH 0D

Samples

a3 13. Al8Y g&

Different superscripts indicate significant differences (P < 0.05).

- A9 S AFHRH T G A WA ot JAF A7 7F US AFEAI A 4
N T ol E FUSH HH gol F77F dojuA e &l de o] sk
Els Banavara et al., 2003).

vl g o] ZaaAE veEhiva B s
- Martin et al.(2007)2 EA&F9 Ax &4
Aol Bioll xbol7b EARE Bastglom, Ho ol 7p ol on|sh=A] 4
Argsl7l= o JA A e o] casein micelle®] ol F-& 5o Y= &3
T A A7) E= refractive index® F7FeF #Eo] dtial HalskglE.

& 5o Ay Aw)dl wet g ® 2A

6) dld Fsz&

- 72t Als @A profiles SDS-PAGE®} native-PAGEZ F213k A3}, SDS-PAGES] A= Akt
o) gk whufd o] Wslkdo] SQIHAl kO, native-PAGER &413F Aypo A= Tuid
B Aoz Qg AEAY dA o] FEEHA EIE (2" 14 (A), (B)

- gt o AdiEAte] S S vl & '6‘7]'61:}'011 we BjE A o2 Frhekgl e
W, A EAe] g ow Tl gelS F335FA| 53 high molecular weight compounds
¢} band %7}7} a2 A=

- At A T REA fAddm el a-LA, B-LGH casein micelle®] A3 AHgS vlw sk Ay}
Zrel B-LG band”7} a-LA Kt t] Bo] £dE o] G om o w=A Aol dojub= A

o2 AZtEH, o] A3 Buaulieu et al.(1999)2] X7} AX|31 (23 15).

- Corredig and Dalgleish (1996)2 B-LGe] Aol w274 dojk & o-LAS] & 715
sletw H7Fg A WistE ABAZIT RAsgls. 7Y dFH e oSt B-LGH
AP o2 EHIAE FASH= casein casein micelle®d] Wl X3l k-(No.=2 &
H 4 2121} (Singh and Latham, 1993), as, B-casein Eljr A2 SAHEGE3:DE AR
of EAlste] A7 E oA A= k-(NO| W37t FHA el E A

~ oo _



ZZ

JN

rU}L

- A A 3 uk8-E = casein®] A F W 3k
B

7} a -casein H.U+E= B-casein
—casein< casein = 2TA o] 74 & caseinYd S

= L
2w §AENEY caseind AHEAEoIE 254 AT0] Bold A e,

(A) SDS-PAGE

as-Casein
_-— :
pB-Casein

---- - - -Lactoglobuli
_---B actoglobulin

a-Lactalbumin

100:0 ‘ §0:20 ‘ 50:50 ‘ z0:30 ‘ 0:100 | 100:0 ‘ g0:20 ‘ 50:50 ‘ 20:80 ‘ 0:100

Before pasteurization After pasteurization

MC:WPI ratio

(B) Native-PAGE

= wm— wm— wee wmse  High molecular Weight

- as-Casein
- e p-Casein

- : g ‘ * a-Lactalbumir?z

p-Lactoglobulin

g2 —

100:0 ‘ 80: 20 ‘ 50:&0 ‘ 20:80 ‘ 0:100 | 100:0 ‘ 80:20 ‘ 50:50 ‘ 20:80 ‘ 0100

Before pasteurization After pasteurization

MC:WPI ratio

1Y 14. A 59 SDS-PAGE (A) 2 native-PAGE (B)
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@y

Relative intensity

MCIOMWAD  MCEEWPRD MCSTNPIED CMZWPED  CMOWPHOD
High molecular weight compounds

(B) ©
12 12
10 1 10
=
£ sl @ 0
c =
o =
E E
w 081 = 061
= =
w w
= 04 ] s 04
o o
02 0z
00 00
MCIOWFID  MCEDAWFIZD  MCEDWFIED  MC20AVRIED MCIDDWPD  MCBIWHZD  MCSDWRIED  MCDAWRIED
 acein ——— — f~Casein = Before: pessenricenion
() Do pestenricion ) Besbore: e rizasion
(D) (E)
12 12
10 10
=
“:g 05 - ‘W 08
b=k} o
= =
- 06 4 T 05
= e
E 04 E 04
o o
02 0z
00 00

MCBENWRZD MCEDWPIED MC2XWPIED  MCHWPIIDD

o-Lactalbumin

] Bbsdoarer prorsesur crariionn
I Brsdorer proasesur traeion

MCBIWPED MCEXWRISD MC2WRED  MCIWF 100

p-Lactoglebulin

1% 15. Native-PAGEe] Yebd Wl= Zx W3},

IER3SHE (A), as—casein (B), B-casein (C), a-lactalbumin, and B-lactoglobulin
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I L=

-2 A T AR A EA(color attributes) W3S

v

g

ot
i
=
ol
FH
0e]
=
L
lo

8. A AF Ag9 Ax W3}

Samples Pasteurization L% axXx bk

MC: WPT Before 82 £ 0.1 -3.1 0.1 -4.1 £ 0.1
100:0 After 8 + 0.1 -3.8+ 0.0 -3.4% 0.0
MC: WPT Before 79 + 0.1 -3.5+ 0.0 -4.2 + 0.1
80:20 After 81 £ 0.0 -3.6 £ 0.0 -3.9 £ 0.0
MC:WPI Before 66 £ 0.1 -2.9 £ 0.0 -5.4 + 0.1
50:50 After 71 £ 0.1 -2.1 £ 0.0 -2.7 = 0.0
MC:WPI Before 33+ 1.2 05%0.0 -4.5% 0.0
20:80 After 39 £ 0.1 -0.2+ 0.0 -9.1=+0.1
MC:WPI Before 30 £ 04 -0.2 4+ 0.0 1.6+ 0.2
0:100 After 37 £ 0.1 -0.1 +0.0 -4.6 % 0.1

1o
)

[o
o
N
_Orh
38
o
=)
AV
1o

8) YA=7] W3}

- Al HIb vl Eo] At o AWHA e FAh vAE aHE A 5] fls
of Ayt A F AR JAAY] EXE WSS
(29 16).

- MCS} WPTS] A= 7] (mean diameter )= Z2HZ; 0.118%F 1.268 O 2 g @ o] 9=}
A717F oF IOHH o] B & o= YERtow o= WPIe AxAGoA ojn] FAgeu

o
o wAo] 49 Wi AAHLLS ek,

ay
=
il
o
D
w
N
D
ay
jan}
ay
<
N
D
=
il
-
ofo
(¢}
ol
£
Mo
1%
(¢}
ol
Sa

O:

- dorg A o] $43F casein At o % Hi AAY A7)= 0.164 m=E A WA3IerA 2
o, FAEMA] A9 153 mo = 1008 °]d F7HEAS.
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Volume (%)
Undersize (%)

: 2

0.010 0.100 1.1000 10.00 100.0 1000

" 5000

Volume (%)
Undersize (%)

0.010 0.100 1.000 10.00 100.0 1000 5000
Dianeter (um)

e

Volume (%)
Undersize (%)

0.010 0.100 1.000 10.00 100.0 1000 5000
Diareter (um)

Volume (%)

0.010 0.100 1.000 10.00 100.0 1000 5000
Darreter (um)

Volume (%)
Undersize (%)

0.010 0.100 1.000 10. 100.0 1000 5000
Diameter (um)

ad 16. 4FAF AE 8 RIAAVIEXE W3,
(A) MCO:WPI100, (B) MC80:WPI20, (C) MC50:WPI50, (D) MC20:WPI80, and (E) MCO:WPI100
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- AlE W FAENA ] v go] caseind TLEFAY W& A g-ol= ARt Tl xRt HaE
= 2% 1 pm olate] EXE B WHH, MC20:WP18001]/\1-E 1 mm o] Aea Ex7}
oF 79% FEO® F7 el S(E 9).

- RS A ZRE o] Fo 1 MCO:WPI100 A= 9] -9, A+t § dod 3= 25 100 pm ©]
AFel Wk | MC20:WPIS0 A #3+ caseindo] S o & 23k thkslt 7] YAEFET}F el
= A=

(3

&8 geste] Alxd 2Ell 4S5 95T
0014 40:602.% Z7}grel

|
Avpar Basiglon, Aa Eadd Ao 4=

- Beaulieu et al.(1999) caseind} ¥tz o] o
oA 5%-7F 7tE S A9 e o] H]&o] 80:

$Ae 27 REE WS T

N_‘

il
offt
Oft
o
s
Jo
r o
Oft
o

A
lo

transmission micrograph 5
- Anema and Li(2003)& EAZ/9] ghd & Thg3E 250X 7Hdsty {3 oA o] WA ol
casein micelle®] YA} A 7] w ‘]-E FFS AP Ay 7Fdol 23t micelled] A7) F
b ST WAEs elEe nasad s, Lo, @A FAwEe bl ol

]

T O
T R A P
=

2719 G4 FAEYA A7) WEtE ARFgosn Adeuae] A H A
He wED A9,

FE 9. MC20:WPI80 and MCO:WPI100 A|5 9] B9 I3 7|E¥E W3},

MC20:WPI80 MCO:WPI100
Pasteurization Before After Before After
< 0.51 gm (%) 94.3 21.0 1.9 0
0.51-1.005 m (%) 0 0 26.0 0
> 1.005 /m (%) 5.6 78.9 72.0 100
< 10.097 m (%) 100 100 27.9 0.2
> 10.097 m (%) 0 0 72.0 99.7

9 AdsHA FAH @94 profile ¥4

- YA EE BAAS Adidd S A FAdo] ¢l ® NC20:WPI80 B &2 AlRE size
exclusion chromatographyS ©|-&3to] 43t A3 = 19 179 YHEMA L.

- At A 3 QA r] B W3 particle size analyzerd] 41 Ao} {-AFEHA 80
A SEHE A2 YAV AlRe ZAE WhH(size exclusion chromatographyol A&
Zh2 Jare] g o] A &%), YA A717F 746k resin® poreE E¥eFA|] Hokal
M= §EE e thdd EAFe dd EE7F SR8 E.

- Z} peakEs TSt @A S BA3517] 918l fraction collector

=)
St peak fractions SDS-PAGEE o] &3l AL +4 HAES 4

o

ao] 5 LA 4%

A= a9 187

rob

.

KeN
T .



(A) MC20:WPI 80 (A7 A)

mall
2000

1500

1000 -

500 -

mAU
2000 -

1500 -

1000

500

y . Iy N
(B) MC20:WPI80 (At# %)
M aamteet*=™T
/ S~ ’\M
"

|
0.000

)
30.000

1
60.000

|
90.000

I
120.000

a3 17. MC20:WPI80 Al59] AV|vjAAZvETH

High molecular Weight

B8 o =
- - e - w— e
- - — — -
Peak | Peak | Peak | Peak | Peak | Peak | Peak | Peak | Peak | Peak
1 8 9 10 3 5 6 10 11 12

Before pasteurization

After pasteurization

as-Casein
B-Casein

a-Lactalbumin
B-Lactoglobulin

¥ 18. a2Y 1794 3d 33 £89 SDS-PAGE 23}

W2 profile

S 223 A3} peak fraction]
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<1XpAE>

[A2 57| : S ]
I. ¥ 975%

W2 jp vitro 2 in vivo A3VSE HIMAA &
gl A sker U xAgWHFle] wE in yvitro A3 A

2] Loy
G 2AW3t WE n vivo @A A3EFE 9 o] &E B4
0. 7ML +3g&
1. @AY in vitro 238 FJIHAA +&
A=}
Ein

1) 99A9 jn vitro 238 F7PLHY AH(109)
- In vitro & A 4238 #ate] F3 FAS AE ool #o]l & 109 A dAR .
o

o
X

2shg ZAWoRE D KjeldhlH S o] §3 2242, @ 4349 pll 4L S Wl
Belg =49, ® 9 F9% AW, @ Ninhydrin opi 4 Z4Wo] A&, o] F
o

=
= 4

Ao A 28 A3 Fo AR da 2L KjeldahlHo
=
[e}

2 2 3
3 AstEs SAsks Wile] BHAo® AFREA o XA 1019 =2 F

2

= Al A3} A0 9y Al(simulated intestinal fluid, SIF)S o]-&3dle] A3}E-S

=A% =Fo] 28, oF YN (simulated gastric fluid, SGF)} FNLS H5F o] 83 A3he

Aol 8Ho R FRIFRNS. ASIARES )1 FdS s o] §A] 163 &<t Ao, ¢1¥

AN FoS B A 22 243 FF A7 vk A5

- oA AShE A Slo A A3lda A E = pepsin, pancreatin, trypsin, chymotrypsin®] A&
. ZAEE 1089 =wolA AHEH 43 aA T pepsin(1¥), pepsintpancreatin(4¥),
pepsinttrypsin(1¥), pepsintchymotrypsin(1¥), pepsinttrypsintchymotrypsin(2¥),
pepsintpancreatinttrypsintchymotrypsin(1H) o =2 ZsPE RS-, ALslah AFgo] theksA
EAStER ofd gk on] A3o] Hastthal wkE.
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¥ 10. In vitro 9@9¥ A 438 74

Evaluation of protein

Protein Enzyme . . Reference
digestion
) Pepsin, Journal of Agriculture and Food
Milk . Bradford method .
pancreatin Chemistry. 63: 6787-6798 (2015)
Pepsin, .
) ) ) Food Chemistry
Milk trypsin Kjeldahl method
' 217: 476-482 (2017)
chymotrypsin
Pepsin,
Milk pancreatin, SDS-PAGE analysis and Food Chemistry
1
trypsin, immunoblot t ing 190: 581-587 (2016)
chymotrypsin
) Journal of the Science of Food
) Pepsin, ) .
Milk Fluorescamine assay and Agriculture. 99: 3069-3077

ancreatin
P (2019)

Journal of Nutritional Science

SDS PAGE analysis and

Milk Pepsin . . and Vitaminology.
immunoblotting
46: 325-328 (2000)
Pepsin, ) ) Food Science and Technology.
Beef . Ninhydrin method
pancreatin 55: 612-620 (2014)
Pepsin, Lowry method Journal of Food Engineering.
Buckwheat .
trypsin TCA-NSI method 82: 568-576 (2007)

Pancreatin, ) .
Animal Feed Science and

Chicken trypsin, Absorbance method
) Technology. 248: 106-113 (2019)
chymotrypsin
) Plant Foods for Human
Pepsin, . .
Soybean . Kjeldahl method Nutrition.
trypsin
68: 124-130 (2013)
Trypsin,
) ] Journal of Food Technology.
Tofu chymotrypsin, Kjeldahl method
) 3: 182-187 (2005)
pept 1dase

2) @MAY jn vitro 23& oy A3
(D @9 E3d dist =1 dH(4slasd 24 A4njdd)
- &3la s Abgo] b Al A ste] ol tigk oju] Ao FQdiriar FHd),

O ANeEH

epsin AT, Ho F IFAS

o I ESL SFr(SFwd gF 3 g/100 mL) Al S AFE3F3A
= p B
pepsintpancreatin A&, Yo} & B34S =5 FA 3 pepsinttrypsin A gt o 2 A



@ 434

- AR AEE 37ColAM 1 MHCIE o]&3te] pH 22 438, 2% pepsinc] H7td 1
mM HCLE #|Zstar A& AlzZ% 1 mM HCLES 1:12.5 (pepsin:protein) (w/w)e] W] &=
HA7Fekl 5. 37°Col A 140 rpm @ & 2A13E <t Wk - o] 5 0.5 M NaOHE ©]-&3f pH 72
2 ZA3to] pepsin® EAEFE ESASIAZ . Pancreatin(0.4%)°] 7 0.1 M
NaHCOs& Al x3dte] Aol 48NS A% 2 1:62.5 (pancreatin:protein) (w/w)e] H]
&2 G4A8NE HUE S, 37ColA 140 rpmeZ 2A17F Hob wHk $ . S 10%
trichloro acetic acid (TCA)E 7}8FaL 9,900 goll A 1583+ YAl 23 5, TCA 7184
B3l 42 280 mol A SAHsPS. 238 dAANTEeHY 3% WslE e
W

ORI F-E

= 7} ol mE A3k A2 F, TCA] o3 WhilAS HAAAZ A3 g4 v, pepsin
a2 AT, pepsintpancreatin @4 At o2 o] A
on, o] AAe] HAFARl Ast xlege] wE vl o] Faj o] W= 9]“]3}% A

(3

o= A7 I(ad 19).

a9 19. &8 A3t WE AV A 8T, pepsinA 8T, pepsintpancreatinA TS A
gld W3l (PZXE 180 min, 210 min, 240 min)

g A, gavAYee ZaA e
T =7 S YESE S | pancreatine
o 120 minolff—oﬂt A2 T pepsindll W3] &AA 2T pepsintpancreatin®| &3
L7 o A vebs (' 20).

- TCA 7}F&A B39 ZTFEE 280 mmolA =H
pepsin, &A% 2]a* pepsintpancreatin®] H]a|

N
33 |
3.2 i
U 3.1
=
o 3
=]
a 29
=T
28
27
16 I
0 90 120 150 240

Minute

m=4074Z| mpepsn ® pepsr+pancreatin

a3 20. A3 AZ] W E gl EP = A3}
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riet

- TCA 7F8-7 &89 F3 =5 280 mmollA 43 23, & 45 243 1208 o|F=2 |
A8 pepsinttrypsine &A% 2] pepsintpancreatin®] B &l &3 =7F WA YES:
S(18 21). watA E A Fo| A= pepsintpancreating A3 FAEHR o]F F= Ao
A etsirkal dek .

Absorbance

120 150

Minute

(=]

180

H pepsnspancreating B pepsinsirypsin

29 21. AFAZ] BE BuPY) FHE

[

3}

(2) @94 & 539 &9
O WEE olm| At =AW (UV spectrophotometry )

- o A = UV spectrophotometry, Biuret method, Lowry method, Bradford method,
BCA method S°] I=Hl, o T AL FFEE SAs= WHS UV spectrophotomet ry+
kil Aol ¥y o] Q= WEFS o}u] Akl tryptophan, tyrosine, phenylalanines$] o}
W) =Ako] 280 nm o] S 2 Fshe dYE o] &3 vl A el.

AFHHHE A ZE 37Col|A] 1 MHCIE o]83}e] pH 22 ZA 33 2% pepsin®] A71E 1 mM
HC1E A x5 . A5 Ax" 1 mM HC1S 1:12.5 (pepsin:protein) (w/w)e] H] &= #
7Fek §- 37°Coll A 140 rpm©. & 243 FF wwk 5 o]5 0.5 M NaOHE o] &3f pH 702 =
A3}e] pepsin®] @4 S S84 3} 3191, Pancreatin(0.4%)°] H7Fe 0.1 M NaHCOg,%
Azsto] Gl a4AENS Ax F 1:6

Al

;

PN
2.5(pancreatin:protein) (w/w)e] H|&=Z a4
NS H7Fskar 37 Col A 140 rpml. 2 24| 7H&9F wHksk o 58F2] 10% trichloro acetic
acid(TCA)E H7Fetsls. ABE 9,900 goll A 157t 223t 7, TCA 7184 229

g
B2 280 nmol| A o] 23S FAl AHEl AZF 07 7o ® IdA AlZHsCH

@ A2AFY L)
- A9y ol 83 AxgFYe ARel FAS bl 4714 A4 Pad F ouan gu
= o s Fahe 4



(HCI AM|=F - blank &H]F) X HCl E5% X 14.01

AT (%)= : x 100
AEEEW A% (e)

@ AE

- UV spectrophotometry "< S48 Algto] gal vhwld v o] gltke o] o] sl
—‘%%‘8}1 buffer, pH, salt, purines, pyrimidines, nucleic acids &l @3S wro} Z

Wyl B E9S w) UV spectrophotometry W& m|&ko] Al Lo A7) 4] o}
H]O]Eigl ANAgo] =4 B A= Yepd. webA & in vitro ©WE AskEo] A
WS A S Abgeke Ao A%,

SWA 9 jn vivo £3FTE HIHAA TF

S} in vivo 23EE ® @l o] §E HUPEY 231031 AR A= %11

of JeEIS. 23552 Sprague-dawley rat(3¥), wistar rat(3¥), albino rat(1¥#),

Balb/c mice(1¥1)& ARSI oH F= G715 o839, Sprague-dawley(SD) rat<2 Abghe

a7l fFARE delEEE wlE o] Asts & wilde] FHEE EA5] s AR

I 25 A A 2 ARSHAL UE.

HolFo] A2 BF AREF0E) o2 yYEstor o F JhAlgE A4 8rkelelM A

SA dRo2E AT, ST-AFAF, AolAdAY, v U AAaTF, AFH Aa2TF ol 3
i’i%. T dilA o] 852 2 A g8 (protein efficiency ratio, PER) I} =ok)
2 @8 (net protein ratio, NPR)= H7}stF o, @z L3l T2 LSS

(true digestibility, TD), X 7] A 3}& (apparent digestibility, AD)Z H7}3}% 2.

AstETE Bt AREHE diW e fside 10 Ae =8 T 23 =wolA

wire-bottom cagesS AME3}al, 80 =F-o A metabolic cageZ /\}%‘3}9,1%.

AOACH el of 3l el d Fake R 10%= 17 Hojof stne fehyd

ojn] 7} /\%E potE o] ek 9
o
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¥ 11. In vivo @93 4£35&55E 9 d¥d o]&E AT T3 A}
Protein Animal Number Measurement Reference
) o ) Journal of food
) ) -Net protein efficiency ratio )
Milk Albino rat 8 ) o ) science Technol.
-Protein efficiency ratio
53: 2548-2557 (2016)
Journal of Dairy
Milk Balb/c mice 8 -Plasma histamine level Science. 88:
1654-1660 (2005)
-Plasma hormone and intestinal Biology of the
Milk SD rat 19, 10 disaccharidase activity Neonate. 74: 314-322
-Gut growth (1998)
Mi 1k/ . . .. . Food&Function.
) Wistar rat 24 -Protein efficiency ratio
soy protein 9: 1500-1509 (2018)
Milk -Protein efficiency ratio
rice bran -Net protein ratio
protein -Net protein utilization .
- . . Food Chemistry. 172:
rice SD rat 10, 8 -True digestibility
. . 766-769 (2015)
endosperm -Biological value
protein -Protein digestibility corrected
soy protein amino acid score
Soy -Protein efficiency
faba bean -Net protein utilization o
) o British Journal of
maize ) -Food efficiency o
. Wistar rat 10 . o Nutrition. 121:
casein -Apparent total digestibility
] T 496-507 (2019)
wheat —Corrected faecal digestibility
gluten -Biological value
Wheat -Protein efficiency ratio o
. . . . Food and Nutrition
tortilla ) -Protein digestibility
Wistar rat 8 . . Research.
corn -Biological value
. R 60: 31382 (2016)
tortilla -Net protein utilization
-Protein efficiency ratio o
] ] o Food and Nutrition
Soy -Protein digestibility )
) SD rat 10 ] ) Sciences.
corn zein -Net protein ratio
. . 2: 1105-1113 (2011)
-Biological value
Journal of
Chickpea ) -Protein digestibility corrected Agricultural and
Wistar rat 8 . . .
seed amino acid score(PDCAAS) Food Chemistry. 56:
11006-11010 (2008)
Sweet -Protein digestibility corrected PLoS one 10(4):
wee
SD rat 6 amino acid score 0120121
potato . e
-True digestibility (2015)
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l‘>
NP

2}
2}

37t
371 By

L femz s 9 zAWsel 4 in vitro B9
]

=
D FaHd g 9 2d¥ste] wE jn vitro 9932

l‘>
NP

- Micellar casein isolate (MC; Refit Micellar Casein Isolate 88, FrieslandCampina
ingredients, 85 %)X} whey protein isolate(WPI; Hilmar™ 9020 Whey Protein Isolate,
Hilmar ingredients, 89.5 %)& Zgste] & W o] 5471 ¥ =5 MC:WPI2] H]&-°] 100:0,
80:20, 50:50, 20:80, 0:100°.2 ZA3 5. AlEE 2H7}F 110 bar @ 50 barol|A] 2vhA] w4
& AAFaL, 95ToIA 30 B7H(121T, 1% 2t FURA)AHS 2AEA S

¥ 12. In vitro A3 T

Experimental group Protein amount (%) Casein (%) Whey protein (%)
3.4%-100:0 100 0
3.4%-80:20 3 4% 80 20
3.4%-50:50 50 50
3.4%-20:80 20 80
5.0%-100:0 100 0
5.0%-80:20 5 0% 80 20
5.0%-50:50 50 50
5.0%-20:80 20 80

(2) A&AZF THEEH)

- @) MAFHETE AeH A5 AEE B3 PR Asts 348 APl =.
ABE 37CoA 1 MHCIE ©]83Fe] pH 25 ZA3FaL 2% pepsine] A7 1 mM HCIE A=
3RS, AlBo] Az 1 mM HC1S 1:12.5 (pepsin:protein) (w/w)e] H]&= H7}stal 3
Cell A 140 rpm®. = 24175t wnk & o5 0.5 M NaOHE o] &3} pH 7= F43}o]
pepsin® EAFA S EEA 3} 5198, Pancreatin(0.4%)o] A 7}= 0.1 M NaHCOs:S A %3}

o o] g4A8MNS A X F 1:62.5(pancreatin: proteln) (w/w)e] H&2 gArgdqs

ﬂ
= o m

O

A7Vl S, 37Co|A 140 rpmC. =2 2A]7FE<F wHk & 52Fo] 10% trichloro acetic acid
(I E A7behed 7,000 goll A 1587 QAR S 9, BelE A5 S EANEE A8
%8

- % A (total nitrogen)3= As A 7|7]5 o] &3] AVACH & AALHHFH (A

Protein _ NPN after digestion - NPN before digestion X 100
digestibility(%) - Total nitrogen before digestion - NPN before digestion
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2) fowmza ek 9 2AdHE Y 2 in vitro 98 A 438 A3
- G e ot 74 (3.4%, 5%) @A AstEd= 2 xfolE HolX] gtorm waA
ke 3.4%, 5% A E5F 20:80 < 50:50 < 80:20 < 100:0 =o.=2 iz 13)go] HA e
W, ©] A3 casein®] H|Eo| 545 dWid AglSo] = YERSS(2H 22).
- o]&]3F Y2 L yhey proteine caseind H|nL3}e] @44 7hEalo] A3t o] rh= A3
A Aykel A XgH(Séverin Wen, 2006).
G0
£
£ 40 -
2 20
&
U e - T L T

34% 5%
m100:0 =30:20 m50:50 =20:80

a9 22, foma S 9 2N WE jn vitro 23&
35S 4 o]&E HUL

&
D we@¥d 24Wstd ©E in vivo 23FTE& R °]&E W7 W

PER) & =A3}7] Yol Alse & whild S 10%2 1AERS. Casein(85.2%) 2D whey
protein(89.5%)2] @M A =5 118lsle] H] 2 A-g7|3tol] Foldk AIN-93MS 7|HFS

(]
=
2 ARE MTAYE. T DT S5 2o $ BFA Ao Al FEE com
3O

¥ 13. Casein ¥ whey proteing] H] &9 W& Alg FA

Ingredient (g) CW-10:0 CW-8:2 CW-5:5 CW-2:8 N-Free
Casein(85.2%) 117.37 93.90 58.69 23.47 -
Whey protein(89.5%) - 22.35 55.87 89.39 -
Sucrose 100 100 100 100 100
Dextrose 155 155 155 155 155
Corn starch 488.32 489.44 491.13 492.83 605.69
Cellulose 50 50 50 50 50
Soybean o1l 40 40 40 40 40
Mineral mix 35 35 35 35 35
Vitamin mix 10 10 10 10 10
L-Cystein 1.8 1.8 1.8 1.8 1.8
Choline bitartrate 2.5 2.5 2.5 2.5 2.5
TBHQ 0.008 0.008 0.008 0.008 0.008
Total 1000 1000 1000 1000 1000
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(2) TEAY

- 80 + 20 g9l 45w 9] Sprague-Dawley rat (SD rat, Koatech, Korea)E #-9Futo}l 155:719]
HS71%E st w3 5 Aol AREE. &3 T dubAo]= AIN-93M (Saeronbio,
Korea)& A+ weolstar, AAGE w8 2o Aw AFAAZ. "2 124%H(day

light 7:30~19:30)& F7]1=, A= =71 4% Ab5x

o
- 400} 9] SD rate = I 8ulE] Y Table 133} o] o7 Ao =2 1}

Aol A &
2eke] 9] rats AHFEFSIE. 45°3F caseint whey protein®] W& @ ALRE wold
- 4F7E w5 23] A% A Al 9 ARAHAAZTFS SAHEA S
¥ 14. TEAY A¥T
Experimental group Protein amount (%) Casein(%) Whey protein(%)
CW-10:0 100 0
CW-8:2 80 20
CW-5:5 3.4% 50 50
CW-2:8 20 80
N-free 0 0

- 2, 3% AT A ASsted 45 4814 T, 39 Boe] ABHATS 54
S aS FYRAS
- A

o
w2 falcon tubeo] Yol 4TCoA B33, WS 65Tl A 48417 Ax38ho] W7}
Aokl

3! =
of &tz g & (protein efficiency rate, PER), =&

M2 &5 (net protein ratio, NPR), A48t (true digestibility, TD)= AtE3dlo]
Wz A3 TE 2 o]EES Uy 32 st AL =
_ AFEFHEE (»)
PR = Guwa 492
NPR = AZFZ7}2F (g) + Protein freedd AEZZL2F (g)
gl HHAF (g)
1 = AALAHAF (g) - {E U EAF (g) - Protein free?] 8 W AAF ()} 100
- A28A% (2) A

(4) ARE &4
- 457Fe] A& o] 1yt & dual energy X-ray absorptiometry (DEXA) S E3 Ax Hlek

(fat mass), A|A|W=(lean mass), =D (bone mineral density, BD)E SA3}3 <.
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2) Casein ¥ whey protein®] H]-&o] W&
(D AF, ASIT7HE, AodAF, Aolad
- AT R ATTHES o 3k 74 Apolrt
CW-5:5 2 CW-2:8¢] H]3]
CF=10:0 2 CF-8:29i] H]3]

¥ 15. Casein ¥ whey proteing H]&9| W=

in vivo @94

$-915 0.2 (1<0.05) E&
$-08 0.2 (1x0.05) o

rat®] A5, AFS7HF

e

, Aol dFH, Holad

CH-10:0 CH-8:2 CH-5:5 CH-2:8
Body weight (g) 279 + 9.18" 269 + 2.66° 275 + 3.97° 264 + 3.62°
Body weight gain (g) 170 = 7.23* 163 + 2.07* 167 £ 3.33* 154 £ 0.92°
Feed intake (g/day) 20.2 + 0.50°19.1 + 0.16™18.3 # 0.31" 18.3 + 1.79
Feed efficiency ratio (%) 29.9 + 0.49°30.4 + 0.33"32.9 + 0.88" 30.6 + 0.22%

CW, casein:whey protein; Data are expressed as mean
in the same row indicate significant differences at

*

SEM. The values with different letters
p<0.05.

(2) @94 48 FTE | o]&FE

- old 8 (PER) ¥ =wd 8 (NPR)-S CW-5:59F CW-2:80] CW10:03} CW-8:2K.t} 7
e, AAAFATS I 7] o)A abel7F vERA] ergkon, Aol A whey protein
H]&o] S713bol whel i o @A 2AsAS. A A3HE(TD)2 (F-2:80] th&
TE Fo vle fo)d oz (p<0.05) A e (E 16).

¥ 16. Casein @ whey protein®] B &9 WE rat9 9¥lzd 238FFE§ L o]&E
CF¥-10:0 CW-8:2 CF-5:5 CW-2:8
lzqrb‘)’tem efficiency ratio o g9 4 (05" 3.04 + 0.03°3.29 + 0.09°3.06 + 0.02"
Net protein ratio (%) 3.31 + 0.04"3.37 + 0.03" 3.57%+ 0.07* 3.40 + 0.02®
Nitrogen intake (g/rat) 1.02 + 0.04*0.98 + 0.02* 0.97+ 0.02° 1.03 + 0.03"
Fecal nitrogen (g/rat) 0.12 + 0.00°0.09 + 0.01" 0.09+ 0.00° 0.07 + 0.01°
True digestibility (%) 92.7 + 0.22°93.2 + 0.25" 93.5+ 0.15" 94.8 + 0.22°

CW, casein:whey protein; Data are expressed as mean * SEM. The values

with different letters

in the same row indicate significant differences at p<0.05.

3) ARE 54 2%

- ARG D AA Y S 7 1] {214 2ol 7 YEYR] 29k &2 = whey protein
H|&o] Z7}ehd wel 7ZhAsglom ) CF-10:02¢] CW-2:89) Hl&)] -9 0 2 (p<0.05) =
< & YE S (Fig. 19).
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(A)

60
.
2 40
1]
1]
]
£
5 20-
0 T T
CW10:0 CW8:2 CW5:5 CW2:8

Lean mass (g9)

50

CW10:0CW8:2 CW5:5 CWw2:8

e

e
N
S

(=]
-
-]

ab

Bone mineral density (gicmz)
e e o
N @

bed
o
=)

CW10:0CW8:2 CW5:5 CW2:8

1% 23. Casein ¥ whey protein® H] &l W& rato] (A) AR, B) ARLHE, (O) I HLE

Data are expressed as mean * SEM. The values with different letters indicate significant

differences at p<0.05.
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2—=2. 2213 AR dT+EE € =3 J&

[FE71# . fLdFLEGE))]

[. AF 94758
1. AP odygHE o] &3k il 733t A% AldAAHPilot AH] o] &)
2. A AZe] BEHA 73
3. AlAEFS] IS HA 28

0. A7/ s34 E
1. Filtration pilot A¥] = A API+

O Pilot An] ABAF A3F9] HA Avzxd s A8 dA FH7dAA 35 AF=9
drxd E AE Ax 9 BAS 9 AR vlelH 74 119
- (1) A 2% x4,
(2) ©@ruld gk AJojo] whE AMZ9 jn vitro ©ME 43S W o35ty EA HA
(200 2¥€~200d 4¥ 28Y)(E 17)

Ag | (%) AFzA AF2E(T) A AIZE
1 LTLT 63+ 1 30
2 - HTST 73%1 15%
3 UHT (AF<F) 130 ©]% 2% o]
4 UHT(E+F) 140 ©]% 3% ol
5 LTLT 63+ 1 30+
6 >0 UHT(E %) 1400] 4 3% o|4
- AEo dulEer o]9]o] PP ES Ak Ao TUT.
- MF ] =9) o]de] A= ek -F(5%) 2] AZ= MPI(Milk Protein Isolate)E #
7bete] Alse] wmd s 2SS

1) 8384 54 w3t £4 (A1Fs7| ST s
(1) <gotd A (Heat stability) ¥4
- A]& 10 mLE 60T water batholl 4] 10%3F f-#138FaL 120C 2] oil batholl A 1583+ %] 3
AAEF (3,000 x g, 105, 25TC)3te] HAE] LAE =H314S.
- AAES] FAlE el A&EH= dAe A=t S wet Sotete Ads eSS
(% 18).

ol

%)

o
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X 18. A XA E A5 IAE FA HEF

Sample Sediment (g)
Raw milk 0.2524+0.019™
LTLT 0.21740.008°
HTST 0.287+0.019"
UHT(130C) 0.32440.008
UHT(140°C) 0.30240.022°

(2) Native-PAGEE ©]-&3%F @iz 528 &4

- il o] Hsfol| o)A wt FE]ski= Native-PAGES] W 7|95 4%+ Biorad mini gel
Laboratories, Richmond, CA, USA)S ©]-&3}8lom 4-20%
acrylamide gradient gelS ©]83sfo WS FElslgls. @A band intensitye
Biorad ChemiDac XRS system(Biorad)g& ©]-83dto] o|u|A] 415 A8 (19 24).
A5 A A goAeE I8 & nEA A W= (High Molecular Weight. HMW) 2] <
7}7F B E S UM Al Eol A= 53] whey protein M=7}F LTLT 2, HIST Al&.9} H] 2l
73 ko] YElyt o £3] whey protein % p-lactoglobulin®] Wl=¢] 747}
. AR A= = whey protein®] Aol WA E o caseiny &4 A

[N

electrophoresis unit(Biora

T e — — HMW

BSA

SEESE=E
O

- BN
_— — —
o— - B-LG

|[Raw |63°C |73°C [130°C | 140°C

a8 24, AgzAd & A 59 Native-PAGE A3}

2) In vitro @93 &3& AIJA2Y 7| #-2Fd G TFID)

(D 2a3% 3 238 AEE
- A2 AEATTIRAA 1Ahd 2ol I A5kE AW oR

B~
Oft
o

e #4244

o
e

bl
A

% A (total nitrogen) &S micro automatic Y7 7S o] &3e] AACH wE A
A (AgH)o g =S435 o iz A3kS(protein digestibility) of#fe] 21 &
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o g-3to] AHE3e

i

Protein _ NPN after digestion - NPN before digestion X 100

digestibility (%) Total nitrogen before digestion - NPN before digestion

(2) In vitro @93 A3& A3 Ay
- Az w2 Al g vhuld 48k BA A A7 HISTO A 71 = g
£S5 Ye Y o™, HIST > UHT(130°C) > UHT(140°C) > LTLT 0.2 il d A3lgo] =4 1}
1} O
=
- 9 9] whey proteine 72~75C, 15 & A+ ZZAHIST) oA WA o] 71 A A dojy= =
HIST €A 2] 7oA @i WA o] 7HA43sto] nvitro 28&0] Aoz =4 eSS

Ao Azt J(ad 25).

40

20 o

10 1

Protein digestibility (%)

63°C 73°C 130°C 140°C
a3 25, AgZAd WE A5 (EWMA 3 3.4%9)9 in vitro ©HE A3 v

chel 2] sk (el alkek 59) Al 5.9 AbprE A H(LTLT, UHT(140° C)) AMZo] vz A58 2134
AE} vlalste] UHT(140C) Alme] @i Askgo] o =2 7

g 40
=

= 30
=

&0

= 20 4
=]

£

o 10 4
e

(a8

0 T

63°C 140°C

Iy 25, AgzAd wE As(EHA ¥ 5%)9 in vitro FHE 4A3E W
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3 2 2)
5 Ge-f vs, vl Buk UL (3)AES] At 21 F 7R WgR Ao ¥ 199
o] & 6L AT oR HMAF ABEE AZFULS.
¥ 19. AUAFAE o] &3 A5 AL
Alg | WA (%) | Cein: TheyvlE | A =7 g A5

1 8 : 2

2 3.3 6 : 4

5 = - UHT o By FEA

' (MF s}d= Adn) #-2)

4

5 5.5 8 : 2 HTST

6 UHT MPI

2. ALARTHE o] 8% dRd F3 AF AP (Pilot HH] o] 8)

O MW pilot A¥] =

- TetraPak?] filtration pilot W] (MF/UF pilot, TPFS, TetraPak, Silkeborg, Denmark):= wH
A TEATaol daso] e E HA FAF SE(T1F 26)

- AH] Ald A& microfilter / ultrafilter?] &3 9 §FS 243t 5435 (Fak A
A2 5% 54 (milkoscan, TS, brix 574) Y

- Membrane: 0.1 pm pore size spiral-wound PVDF membrane, 0.0lpum pore size spiral
membrane(Alfa Laval)

- W] 37| : Length = 2.5 m, Width = 1.3 m, Height = 2 m

- 74 <= inlet pressure 0.5 bar/outlet pressure 1.0 bar

- feed flow : 100 ~ 200L/hr

- Feed in 90 kg/h — 45 kg/h of permeate, 45 kg/h of retentate (CF2 Z71)

a9 26. MEFY TEATE LA AR Ay

O 94347

o] &3} casein:whey protein H| & A - 2L ¥z 7397 A AL

i
o
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- AhoH}E o] §ote] FAFEo] THE casein wheys #@ldtalz}t elom, o)d A&
slo] Ajd o FBxjEo] & caseine retentate®, FAgFo] 22 whey+ permeateo]
A € Aolgt= 7FAE=E filtration 83},

- ©lskeF 3.3%, casein:whey protein M| &S A3 A8 (6:4, 5:5)9 AFXe= EAFE
filtration L= Anjo) T 5, spiral-wound ZBEJ(PVDF 0.1um)E AF-&3}e] F=A4 CF4
Z7A27 (inlet pressure 0.5 bar/outlet pressure 1.0 bar) AHo]a}s}le] retentates}
permeates AojWl. A|FHH 3 E9] brix # A4S E3l retentate & permeate?] Y IE
gl3l o™ | retentate®} permeate?] & W2 ke U casein, whey protein®] @A M=
= AEHE o]&ote] Fesdla.

- Retentate®} permeate W casein, whey?] @& S 7|Hbo 22 E X3k casein:whey?] H| &2
AN BE Ax3Fele] A %3 2 spiral membrane(Alfa Laval, 0.0l um)S o]-&, 3-joju}alo] f-ot

Wz E==S 23YE9 L.

- @l skeE 5 5% casein:whey protein H|£(8:2) A& 2] A%+ spiral-wound ZE (PVDF 0.1
um=E AFE3Et] A4 (F4 22 (inlet pressure 0.5 bar/outlet pressure 1.0 bar)
A o] 7}3)k retentate®} permeates E3Falo] A ZEF om | ek 5 54 U AR
+ 5.5% casein:whey protien H]&(8:2) A5 ¢ I T FHFS FAlsHA 571 95t
EreE A - (Skim milk powder)®} Milk Protein Isolate(QU-8302, Arla Foods Ingredients)
£ T9ste] Azxsila (2™ 27, 27 28).

- CF(concentration factor)s th9 3202 A&

CF = [permeate(L/h)+ retentate(L/h)]/retentate(L/h)

4
i

¢

— #1
UHT &2
| CHEE 33%
CHEH|IS 8: 2
#2
—»| UHT 27
% CHSHE 3 3%
ChHH =1 5
Cretk| 2 5545 (CF3 | | CHRHIS 6: 4
Permeate
 #3

UHT =
| umy oy

3
g 5347 CHIHIE 5: 5

UF. [ Retentate

g
ra
o
b
rn
=
=
o
(=]
L2
[¥5]
|

Retentate
ZLEH 058% £cha 4
CHEH Y| 2 n3-47 - :
SRl MF ciat il Cersl 4555 |CFA|
| - = 2 o
EEN34% [opy —| Permeate #Eq
Ciete| 2 78 UHT #7
CHEH| & 7822 Permeate Erﬂ-."aﬁcres.s%
L 055%
CHE|E 991

02% |UE T Retentate

k.
rn
AZ
o
1
[==1
ra

2% T #6
HTST 2

* ZECHR (ZIThE A XISH) CHMSIEF 5 505

* L

o
oo
=1
ro
=
¥

ag

* CHIBHI S (casein : whey protein) CHfHlE 52

a3 27. AR AR A AR
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B4ie13 30, B2 SRR 2N e g g 30, 55 e as 59, UHT

S g sep, 1Tt

EHBR5.5%, RPIUHT)

- Microfilter(CF 4)Z Z3l 9& retentate, permeate®] & w@aaks} 7+7ko] casein, whey

protein®] 2 X 203 £
¥ 20. AYAT(CF 4)9 retentate L permeate THA & D brix(%)

A& ) A 3= (%) Casein  Whey protein H] & Brix (%)
= 3.23 2.53 0.7 78 1 22 10.28
MF retentate 9.5 7.6 1.54 83 1 17 17.83
MF permeate 0.55 0.05 0.5 9 :91 6.43

- A3 9] casein ¥ whey protein®] $FEF2 Qi et al.(2015)¢] WIHS W st SHSH A&
(20 g@)oll 1 NHCIES o] & 0}04 casein®] T4 H™Q pH4.60%2 A% & 24 000 x g, 4C %
A0 2 4077F YA FE] & HHdE(casein) ¥ A M(whey) o] @A shaks A5 S.

- gud BAe 4EFAY G Bl skl

SR A] ] (

=]

Kjeldahl apparatus(Buchi

Kjeldahl K-314 distillation unit, Switzerland))< o] &3&}o] T} 7+& wl¥ oz 783}
03_0_.

- Az (A 3 g, 314 0.2 g)& A B&] S0 @i B A (K804, Se) b xek 3
AHS Hbete] Lo BaAxoA BEZS Bafd T Ao WA, By AlFHg
of ZHF L FAFUEF &9 HUF 2 0 INHC] XS o] &3] ZLA7A AAT, AA

of Al&H AF g G2 V|FelH, T2 WHor AlgE ALt FAF(blank test) F
3. Am Fo dsaR(%)S v 2S o]g35to] ALk
e (4)= [4F 2HZF(nl) - blank A 2W]F(ml)] X AAA4(6.38) %< 0.1401
Al5ZF (g)

- REANEE AIHAEEH 38.5%) 2 Hrtele] AuF g 2% o= Az e, #F
o} 150 bar A& & AHS APsAS. UNT A2 130TCo| oA 2% o)A A4S A,
HIST A 274 73+1C, 162 A4S AL,
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O Filtration pilot AH]E o] &3l A3 A FQ o|gsty 74 L FIHFE 4

1. AAIEY o|8ed 4
- Az ME 659 olgstd 1A (pH, A=, HF, T.S.) 2 ot WHS o] &3t Alg9
casein:whey H| &S S (ALEA | Native-PAGE, SDS-PAGE).

- 6% AR BT pH, AR AN AFsh fARE 2k ehiRlom, euger 5.50 A 2ol
UG 3,30 ARTH Ee WF L FNIE GFS e
- AR BAAWS BF FF D B w0 §F S4492.

E 21 Az A2 659 olastd 77

Protein (3.3%) Protein (5.5%)

8:2 6 : 4 5:5 RP(UHT) | MF(UHT) | MF(HIST)

pH 6.73 6.75 6.78 6.73 6.74 6.78
A= (%) 0.125 0.115 0.12 0.13 0.13 0.13
H|Z 1.032 1.032 1.031 1.039 1.039 1.038
31 (%) 11.07 11.10 11.24 15.19 13.24 13.47

RP(UHT), @A o] &3tef 3hedate] UHT Ahareh ardkdz -5 MF(UHTD), Aol otz AAtale]
UHT bt @k sebd -5 ME(HTST), g o o2 Aaksko] HIST A ek -

AWM A 59 caseiniwhey @A B S B5F 8:29

¥ 22. A|Z Al859 casein : whey ratio H]&(AY, Native-PAGE, SDS-PAGE)

Protein (3.3%) Protein (5.5%)

8:2  6:4 5:5 RP(UHT) | MF(UHT) | MF(HTST)

RERIEEE:
" | 89:11  81:19 78:92 80:20 90:10 80:20
AGEY

Nat i ve-PAGE' 81:19 74:26 71:29 86:14 89:11 74:26

SDS-PAGE” 75:25 59:41 54:46 78:22 80:20 73:27

Nat ive-PAGE'(Z28 29), SDS-PAGE® (23 30)

|=\:l

- A3 A|59] caseiniwhey H[& &1 A¥}, W FEF 3.3% A 59] casein:iwhey H]&-& &
g A A5 AdolaA dEbd. ol At Aol A whey protein AA & H whey
protein—casein complex @Adoll &gt JdFo =z ALEH(FE 22).

— Whey protein® 80C~90TC <] x| A wW2A MAE= 2102 4 9)2m (Donovan.
1987; Parris., 1991) o]& <l13] UHT A+Al =2 &8, HIST AA| 5ol A casein:whey H|£9]
4% vE3 fFAsHI 54 4.

- Whey protein AFA] $3F % whey protein-casein complex AL HAZ3d7] 935t
Native-PAGES ©]-&3}o] UHT 2H4tA| & olA high-molecular band®] FAS 21351302,
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pa-lactalbumin (13 kDa
3% S5% |
| cewd | csws Msmlmmsr RP/UHT |

¥ 29. AZF A8 casein:whey B]E& £42 3 Native-PAGE

shar gl o] Bkl whet v S-S AFsy] s o
Aeksl= SDS-PAGE o)1) #] BAS A5t S-

RLEE =1

‘dl
o

s

Biorad mini gel electrophoresis unit(Biorad Laboratories, Richmond, CA,

FS3 © ™ Any kD acrylamide gradient gelS ©|-&3to] Tl 2 & H2]35}3

S RS, o
A band intensity+= Biorad ChemiDac XRS system(Biorad)< o]-&3}o] ojm]x] EA1& A4
E e

as-CN
B-CN, k-CN

B-LG

i

'
A
a

a-LA

3.3%

5.5%
csw2 ‘ cew4 ‘ C5:W5

MF/UHT ‘ MF/HTS'!" RP/UHT

a3 30. AZF A8 casein:whey H]& 42 93 SDS-PAGE
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(casein:whey) £4] uWly A3
S W ol9lo Wt} AgeFAdo] Frste A W

&
i
2
™
2
filo
o
oo
_C|>l_,
o X
fr
1
&
i
=
ndo fto

WA 4% BAYe dusng e

o SR E A“}Cﬂ HPLC

AT UEE B EgE 7}%} Q1R 7} =2 Bonfatti et al(2008)9] W& 7Fo=
|

A2 AAEE APt o, o] F5A9 gradient £ 5%, colum 2%, €555 52 Ay
=

HPLC #2184 #v] = Agilent jit 1260 HPLC(Agilent Technologies, Santa Clara, CA, USA)
= AFESI9 e, colume YMC-Pack C8 column(250 X 4.6 mm, 5um, 300 A, YMC
Corporation, Japan)< &gk § &4 xlgetqlon A42d tin] A4 &2 2= 19
319 &

k-casein, B-casein, B-LG= ZtZF wd19] Bt fARHA 2] H oY, a-casein? a
-LA peak®] 2|7} k8] o] FoA A gton A&HEHow 2% 9 R 2HS WA S 1
B3k AANME O ool Eel= ol FofA A k. ol weh, tE 239 colume AHE
sto] 71 Ade AP+

YMC Triart Bio C4(4.6 x 250 mm, 30 nm), YMC Triart C8(4.6 x 250 mm, 20 nm) column= ©]
gotol FdR AR HPLC 245 F7F . 2L colums o] &3] A% d4 4
el 35 a-caseindt a-LA°] peak®] &¥li= ofFofxl Wb, B-casein¥} a-LA9]
retention time®] HHA YEl (28 32).

Absorbance |AU) ) i

AN
220nm 04 u"3
e 1
[ | ) o =
I{ 55‘ £ f‘-—'i-l'»' R -":'* 1 -'-1_ __E_,L:i Skim milk
N J«;'«u; 2 )\ N AN simmik £ | _KCN
o4 o
A . — 5
'“v-—_..-._.-" "'-._- Moy oo _E____,___,, _wlN E 1 _,4"). | -EI.;EN
\ c | PR
| .' :
le |\ 2 F N 4 oy B . ;
e T | X 9 /AN PN
g Ll SICREORE, N0 L I D [
1 - e |
| o-LA
E-“ I e 6.5 LA
il D A - 24 G
: L x x @0 ) - H.e:enl}on time [‘r:riln:l °

23 31. 94 HPLC-YMC-pack C8 AHE o] &3 X f Gz £
(#}) Bonfatti et al(2008)¢] ®Wir, (%) AAF A}
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Triart C8 Triart Bio C4

a.-CN
E E
c c
< T
] o
] [}
o a-lA @
£ £
g g A
t E
Q Q
a @
a 8 e
L] ] bE
B 0%
o
3 B-CN | BN
i 30 & 5 0 XN 30 # 0
Retention time |min) Retenlion time {min)

a3 32. A4 HPLC-YMC Triart C8(3) ¥ Triart bio C4($%) FHE 0]83 &X)§ Tuld Hy)

3. OIYAE 2 T TqF 4
- Al AE 6T IHF IR (EE, wrsts, G, oA, 2, A, ERaA, ZE 2
T

= P = =)
= UER) 2 24 g &

1
iR
<
rlr
F
N
w
=
2
>,
ol
ol
38
lo

Protein (3.3%) Protein (5.5%)

8 :2 6:4 5:5 | RP(UHT) | MF(UHT) | MF(HTST)
Sodium (mg/100 mL) 41.49 42.29 42.94 65.17 41.13 41.69
Protein (g/100 mL) 3.3 3.36 3.3 5.52 5.77 5.73
Calorie (Kcal/100 mL) 52.8 51.7 53 69.5 61.6 61.4
Fat (g/100 mL) 2.03 1.86 1.98 2.06 2.04 2.06
(holesterol ( mg/100 nl.) 6.18 5.6 6.15 8.08 7.98 8.29
Carbohydrate (g/100 mL) 2.9 5.4 5.3 7.2 5.0 5
Trans fat (g/100 nl) 0.05 0.04 0.05 0.06 0.05 0.05
Saturate fat (g/100 mL) 1.11 1.03 1.09 1.12 1.11 1.11
Calcium (mg/100 mL) 110.66 99.46 101 165.22 173.68 175.85
Sugars (g/100 mL) 4.4 4.68 4.15 5.64 4.46 3.96

* RP, milk prepared using protein reconstitution.

4. AEAEY £ Uy @4 A=
- B Ao A filtration pilot V]S E3] Y3 Hdo
o

I FAo wE retentate %
permeate?] ©WsteF AvS B2 A eA X EX UH] &

e}
d Ao thed 2531 24).



SREE

A

o]

% 24, AWoie) AFH AAARS B GHE

FHE(F285)

Al<=(VCF)

i
Ho

il

9.58
7.6

4.9

0.1

%
%
%

Y casein &%

R

do Mo Ko

L 9fe] $(L) / FEE SR BIL) o GO, CF4 )

bkl

1=
T

‘

A= (VCF)+=

Ca

)

=]
=5

o] H%F 15.32

[eJie)
T

=
gz FE9 casein FEE

=
[€)

= Ul =

45.96L/h o],

=

o

R

=35 =
=3k, 5

[e}Ke) [e)
e =
==
>

3=

]

=
REis

PN
T

A, 7
A

L/h=

3. AAFEY #=H7 I

v
l

K

=

. whey protein H| &% A

1S YA = casein

el

JJo
e

W) H 2 A
o] A om (2]

s

5.56 A9 nhrizto] 7
A

A

g

s

H
-

o

3}
o .

7 3
7

- HAREA o A 3K (Table 24) S ebeF 3.3% $-F-A1 & ]

3
[e)

%7}

sko] A

o

y WTT

S

7}

3|

%
=4

=

=

)

(&, AW, AE)9
bl A A v
i EXAT

°©

iy

[oid
= .

=

7@ Fvls} wirizhe] %
pd

A =7

S

BAF 24 23

ajoll efml/olH 7t =AA

A=

& A AR Bt A

ol 7N hefar, AN o S-gofu] 218 Al
— 51 —

=

+

- vheizto]

o] ]

¥ 25. ALAHYE o] &

1 4)
:5)

A&
ratio(8 :
RP(UHT)

ratio(6
ratio(5




. AIAIES] o)5E REZAAL Z3

ols}a} BEHANE AEFH el BA HodE 79 A= (%) A4 (AAFe R 0.18 °]F})
2 24 pH #4(6.5 ~ 7.0) 7|50 3dlo] 543
o] BE7|Zre] Aol mat o]stetA Aol AF Wst sl (AE F7F, pH HAr)
37 olule] #AS FAstE ez gl

Al

il

Al
&

ulfe

. AAEY PAE BHEHA I
A Adu] Ak A5 mAE HARE 10T B AEY] dubdo 2 g 7
(7= 33] 54 AAD. FAE A N A=A FAE o] &t HAF Mg on, A5
AL AEFAANA AA AdS (n=5, ¢=2, m=10,000, M=50,000) = th& (n=5
c=2, m=0, M=10) 7|Fo. 2 =A3},
BE ARAA oS SGHA ko, dgeF 5. 5%(HIST) A=) LukAlat AAL 2
1 Agato] dA-RE7]3H 10T B 9d= A
. UHTAHT A=) ARbAES 18Ul 114 ol = o] kAl 1.5 A&3to] o d-fE7]
35 10T HaolA 12¢ q

fru
i
N

ol Az Akl oA AA] Adnrjet vhE sl Bl dHlE o] &3k A g A
S Aol = stdBl Ao} G T gl AlEel So] o] FojA ), wEhbA g
3 AAA] 57132 ddrE Tl AyEy ddd Aew oy

=
hl -
ol A 7S -F- (A /B EFY) el A7 e w33t JE (9, A, AR, %)
of B 24
T3 P S A% dE WHsl 4 plasmin/plasminogen €4 4

L A7 4

D 323 FHOE Axd d¥d 78 7 AAF 4

(D A=

- AdodF(microfiltration, MF) ¥H S 2 casein¥} whey protein®] H]&o] 24 H A&
Aol FHo R dmdS slste] A A E EEd Als 2 Raud 2
3to] Fd3l bz gteko 7 ZA 3 Al & (Reconstitution of protein powders, RP)E F

oF AHEEH

sl
~N
s
o
fru
H
)
)
o
Mg ®
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(2) 3= ¢ 83= 53 F FHAES 994 profile £4

=2](6,000 < g, 25T, 20:)3to] A Aol EA 8= DA S F=F

12 Sk din], AAEe § AR a2 ALtsk o

, AR g ekl BCA assay(Walker, 2009)Z o]-&3lo] S48 5.

= ol A8 dE %3} profiles BCA assay )t SDS-PAGES o] &3}

EA39S. A7|9dF5 A= Biorad mini gel electrophoresis unit(Biorad
Laboratories, Richmond, CA, USA)E ©]83}% ™ Any kD acrylamide gradient gel< 9]
S35t dulAS BEEEle. @¥lZ band intensityi= Biorad ChemiDac XRS
system(Biorad)& ©]-&3to] oln]x] F4-& AAISA=.

3) £8=

- Al5E 1008) 3] 3k & spectrophotometer (Ultrospec 2100 pro, Amersham Bioscience)Z
o]-8-3ste] 633 nmoll Al 543+ = (Yang et al., 2014).

@ F712FZs, D 4

- Al5e F ZAa]D), 7FHAZEQ)Y FFe T ddEu=vE 371 (ICP-0ES; Optima

& = -

=
. E Zhg 9 ol drEre ALY o] &3}

=

gas flow rates= 0.55 L/min, auxiliary gas flow rates= 0.2 L/mino. =2 3}, F714
A Al IS 24 317.933, 02 213.617 mnE ARESHGS
(5) @A profile ¥4
Wz Wl 9 A4 7)7F 5 @il A profile W3l native-PAGER
EA 8. AR @A profile 42 T4 sde UHE ARSI

- A% 713F = dE fafo] o3k A&A fletol= A4 ol F-= trichloroacetic acid(TCA,
12%) 78 ©d o] k& BCA assay® A&eto] 38 E. A7 AF] 757
ghS aldste] 3F wobe] WEE EA eSS

6) A=

- A 2}A (konica minolta, CR-400, DP-400)& ©|-&-3lo] A4 7|3tel] w2 A5l L, a, b &
o] Wsts AU+,

(7) AE(Viscosity)

- A=A (RVDV-1+, Brookfield, Millbury, Ohio, USA)E o] &3te] A 7|7te] wp& A5 9]
AE AEE SAHeES. A% B4 WS Manzoor et al.(2019)¢] W ol whe} Spindle
NO.3& ©]&3te] 100 rpmell A S48+ .

(8) A &9 U=V BX W3 £4

- AA7|7 ] & AR JAT7] EXE WHEE particle size analyzer (Horiba LA-960
Laser Scattering Particle Size and Distribution Analyzer, Kyoto, Japan)Z ©]-&3}o]

L AR Talbs FYstal e S£e2 unkely S461%05.

S
=359%. 4
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(9) @94 2% 7= &4

- AA7IZR] mME AlmY 2% Fx  WH3Es=  Fourier transform Infrared
spectroscopy(FT-IR) Spectrometer(Vertex 70, Bruker Optics, Ettlingen, Germany)Z ©|
gato] EAEGS. B 54 0% A5 KBr pallet AZ8ke] 1700-1600 cm ' (Amide
[) HYolA HaPatgdon bz 23 429 ZF peaks Origin 9.0 software(OriginLab,
Northampton, MA) 2] Gaussian function fitting HHH o= A H3}3S. @z 2 -2 9]
bk M9l Qi et al.(2015)3 Carbonaro and Nucara (2010)¢] HilE +83%&.

(10) Transmission electron microscopy(TEM)

- Raynes et al(2017)¢] ¥ & wWdslo] TEM ojv# EAS Hs)s19

J

lo

. Carbon-coated

-

[@N

gridsE glow-discharge ©]&3}o] grid WS IFA oz ¥HEQIaL, carbon-coated
z % uranyl acetate (2% w/v)E G M3}o] =1

3512, 120 kV A St A Transmission Electron Microscopy (TEM, Talos L120C, FEI,
Hillsboro, OR, USA)E o]-&sto] #Eatdl.

(11) AebA 4 (zeta—potential)

- Al5E 1008 3]A138}e] Zetasizer Nano ZS(Malvern Instruments Ltd, Malvern, UK)E ©]-&
sto] AEFAAE S5t A7 5 @A) kg WstE EAs .

(12) Plasmin &4 £4

- Plasmin 42 Richardson and Pearce.(1981)9} Raynes et al.(2018)¢] WS W& sl
APstF S, A BE(FH)9 0.4 M trisodium citrate £NMS 3112 33 & JAEY
(27,000 Xg, 4T, 10 min)d}e] AL Ao ©]&3}% . Plasmin activitys

urokinase(30 unit)ES FH7lste] v]&AE plasminogens Aoz WHIA|A =A3TH

2271

300-mesh copper gridsel] A& &

total plasmin activity®} urokinase® 7} glo] plasmin® A WS =A3 plasmin
activity= F&3te] T3S,

(13) A& AF plasmin THE £

- Al AF o] At whAo] wE plasmin A EE WwEly] f& HE AxE AES Y
nfE A F]l5te] A0 o] £35S, A ihAS =312 (UHT, ultra-high temperature)
Abyt, UHT B, A2 (LTLT, low temperature long time) 2tef % & (HTST, high
temperature short time) 23t 4&Fol dAFste ARES 27 Y8 eH, df79
plasmin 2433} ¥ &4 51315, Plasmin®] &4 2<%k 1. 12) Plasmin &4 #A]3}

SOEN IR TS

2) 553 9 AES A 99 Wt 4
(1) Plasmin®] X9 AALEe a3 AL 935 A g9 A=
- UHT Ao =2 Azd FA4u $+rol bovine plasmin(Sigma-Aldrich, St. Louis, MO,
USA)S 0, 0.5, 10, 15 U/L =57} U2 H7tstar, zHzr 23°C < 37°Col A wf kst ol
Aol %3t WPAEE BEEAS. AFVIZF T sodium  azide(0.02%) 2}

=
Bronopol(0.0005%) < 3 7Fsko] Wbtz shx] &L vz &5 A8+,

e
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(2) @94 profile ¥4
- A% 717+ % Plasmin 7}

A7) D AL ey adwlE profile W3kE Native-PAGES o]
L35t T . A5 9l profile w412 1.

2) Ba% B4 BAF PP A

£3198. AR 7|7 Z wulA Bajo] o3 A5 Fepo] = Ao B TCA(12%) 7HEA
S A sk UElE

(3) A&9 U= BX W3 £4

- A= AA7IZbe mE 533t AP RS BEety] el YAAT] EE WSHE particle
size analyzer(Horiba LA-960 Laser Scattering Particle Size and Distribution
Analyzer, Kyoto, Japan)& ©]-&3dle] 5435+ .

(4) Transmission electron microscopy(TEM)

- Glow-discharge ©]&3}o] carbon-coated grid XWS FAHozr w3}

it
£

carbon-coated 300-mesh copper gridsel] A85E &ZA1Z] 3 uranyl acetate(2% w/v)=
AAELe] AJBE FH| 5 o 120 kV Aol A Transmission Electron Microscopy (TEM,
Talos L120C, FET, Hillsboro, OR, USA)E ©]&3&te] A5 @ide] wAl7-2E 238305
(5) A E(Sediment) £
- AR AR7IRbe] wE w53 APoARS wEey] fs] A2 (27,000 xg, 4T, 10
min)E o]-&ste] AHd H @A o] kS BCA assay®E A5k .

6) &9 2% 72 B
4_

- Plasmin 7k % % AFewe] v wuge] 22 T2 0§ Weke AEF 1. 9) W
A oarx BT BAeA AAS S

(1) FAEH
- AeA B 33] o] HHE ZA3g] o SPSS statistics V. 21(SPSS Inc., Chicago,
IL, USA)& o83t A4 FodS delatd=. Al 77k Fo% Z}o](p<0.05)+=
two way ANOVAE AR&3ate] A gt A4 7]3bel| & A3 8o 75 I A 5. A&
=

Sk 7t A7 71308 Aol ANOVASH Tukeyl THEMI AW S AHEdte] BASYL.

™

2. 97 23
D Aoz 3HeE Azxd AR o|sey A £4
() &3 =
- AWEAlfo] At oA Foll 93 casein¥} whey protein®] A EFES B A7) 7
g v maE 243 casein? whey protein®] Bl Eo] ZAHH SHHAA ol
B Agel tgk A= vl ARHA R YA,
- Aoy FHo R AxE o 2 At H 79 &EE 54 23 whey protein H]
& 71 Al Bt fAasiglon, dd @A ke Frkskle (1% 33)
- 1A 8 S-S SAAA AFetal sLg oA SAHT 9o &= (C8:W2 =
47%; C5:W5 =56%) <} mlulsted Zide &&irt S54S Heble

- oA sheks 5502 S7FAIZ] ek -f-(casein:whey=8:2)9] A 9-o| = MF= A Z3F Al
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87} wud RS S9AA A2 AR (RP/UD S} vl aske] fe)H o e
A2 wd AARs BYE(F 34).
120 50
(A) = (B)
100 E 50 -
d a f
= A = g 4
2 & 30 2
5 = z b
3 E :
o 40 = 20
g
20 2 1p -
o
0 - . 0 ;
CEWZ CBW4 CEWS Cawz CeW4 C5WS

Samples of 3.3% protein

19 33.

AR ALF®B)

120
(A)
100 -
= &0
=
a
=
[=]
o 40
20 -

I 34. G AFZANA Az

MF/HTST MFUHT RFE/UHT
Samples of 5.5% protein

BAS L

(o3¢

(@94 5.59) ¢ &A= F

Aoz g Azd thdsl casein:whey protein
o &= ¥

Precipitated protein (mg)

Samples of 3.3% protein

:?L_‘,
"
o

B &S 71 UHT A5(3.3% 9 a)

(B)

MF/HTST MF/UHT RPUHT
Samples of 5.5% proteln

HAG A F®B)

MF, milk prepared using microfiltration; RP, milk prepared using protein reconstitution.

Casein: whey = 8:2

}\] E]-Hﬂ Z Bruo

o wat

SRR

&=l

_56_

aFLS-

[e]

cE L O E
HEREEE

profiled SDS-PAGE= FA13F A3} RP/UHTOIA F= casein®] Ao
Ao=m YeS(1H 35).
HAo A AAA H=
Ao® Bl H(Singh,



2

BSA

as-CN
B-CN, k-CN

B-LG

a-LA

3.3%

5.5%

cawz | cew4 ‘ C5:W5

MF/UHT | MF/HTST | RP/UHT

a3 35.

B = (turbidity)

(e JKe]
RTAS LU S

- 9] A7k A3 ARASTE S B
ostel Wasel, v 3L

|3l =
Kilara, 1998).
- A8 T AA

0] =

I~ I~ = Ie)
TR TT

oz F718HA

S b ae] S

L GEEES

S 1}, RP/UHTOA = %

Turbidity

12

10 1

04 4

02

0.0 -

08 1

06 {

sk

g em £

% whey protein®] WA 2]sle] A} =77} B &
Yol S7HF dojuA HH &
YUeEbdTal B a1Eo] Q18- (Banavara et al.
Hol| }2 §-o] 2l zfo]= JELFA] &9F

© 0 o] BFIZ 1= AlT7HFH

-
-

T o1 210

-lﬂ

(A)

Cca:W2

Turbidity

CEW4 C5WS5
Samples of 3.3% protein

w2 uE

o

=7}3k.

S(13 36).

9l 5.5%) FAdEde] SDS-PAGE

=
s e o] g

=

, 2003).

(B)

ME/HTST MFAUHT RP/UHT
Samples of 5.5% protein

¥ 36. thF3 casein:iwhey protein B[ (A) 2 AdHHo] o2 udEg-

& = A %

=

el meh g | g

, whey protein®| casein micelle®] ™ol H
A8l Zo)eh Bl Ue n
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et al., 2007)

gL

-0l EA3}= 242l 2/3% casein sub—micelled A ZA3SIE= cementing agent & 2H-8-3}

© g oR deEA oy, il v e F A 2 &Y dad A8

Frolgh Aol & YEhAl gkern, F 9l B el e Ay Hld AP vEile

(9 37(4),(B),(C)).

- Al el e %Hﬂél A7 (5.5%) 9 & ZHES RP/UHTONA] o4 o= vhe Aow
HAou, &l daolde A< AelE YEWA &ks (L4 37(B)). HE3F &3

F RP/UHTAN A Fodor 3w o Hioy, F Qo 93 2ol&
ERH A e ske (2™ 37(D)).

.

2000 2000
= (A) B C8IW2 = (B) 7-% a === MF/HTST
S ==cews || M5 I F/UHT
g. 1500 - —/ C5Ws g 1500 - mm RP/UHT
c
s 5
e} =
£ 1000 | S 1000
E =
: ¢
S 5001 8 500
[1+] 1]
(&) O
0 - 0
Total Soluble Total Saluble
0 i -
Samples of 3.3% protein Samples of 5.5% protein

1200 1200
= ©) m— C8W2 || (D) m= MFHTST
= 4000 1 s C6:W4 = 1000 m MF/UHT
=1 — C5'W5 <) m— RP/UHT
E E o

800 A ~ 300
o
S 5
=
B 600 T B 500 - a
=] £ b
3 3 i
- 400 + 2 400 4
g g
o 200 o 200

0 0
Total Soluble Total Soluble
Samples of 3.3% protein Samples of 5.5% protein

a9 37. AR EA3E FZE, ol28ZE, T U, oA A FF
(4) 994 profile ¥4
D Native-PAGE
- Casein®} whey protein®] A3 ZH8-& whey protein H]&o] AAA <l AJ5-(80:20) Bt} =7}
S 5ol B 7hEstE Aoz glow, 'z A Age] Az e AdYAE



1o

°©

HMW

BSA

as-CN
B-CN, k-CN
B-LG

a-LA

C8:W2ef v]xL

3 wks

-
MF/UHT | MF/UHT | RP/UHT | RP/UHT

s

5.5%,

RERRCE

1

Al
L

5.5%, 0 wks

]

=

_.———J—-—""_

(B)

27k A
K-CN . . . .

[e)

slo] WA A7k whet 12% TCA 74 FEfol=

high molecular weight compounds(HMW)%] band ¢ 7
[e)

ko, webal C5:W59] BE71A|

HMW
BSA
as-CN
p'CNa
B-LG
a-LA

1] 9

}

3
pul
ol
w5

°©

]

(1™ 39).

=] 4]
3}o
5]

s

a3 37. A5 Native-PAGE

1

=

=

Fol A 7717k
o3} FHH o7 Az UHNT A+ ¥ $7(3.3%) = casein} whey protein®] H| &S

3.3% 3 wks

caw2 | cewa | csws

£5
o %= native PAGE ¥4 43} A
kIR,

b
#o]7}

Fol 7k b

]

-

A

J o

o4
S(19 38).
914

2}

1

s

o]

33% 0 wks
csw2 | cewa | csws

|

=
ol

® TCA soluble peptides

(A)

Moo o T
IR Z0 -
How oo L
n_AI ,me N m_x
TRw B
i G o
<o g Gl
= m —_ o
== % N®
& T T
o) A= e
- X
= 38 T F
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(A) =% CBW2 (B) B 5.5% MFHTST
— 3 % (5 W4 Y
— 33 C5W5 + - 5 5% RP/UHT

3 - a 2

n:||

TCA (12%, wiv) soluble peptides () / mL milk
TCA (12% , wiv) soluble peptides (ma) ! mL milk

2 2 24 2 B
b . T
1 14
0 ;
0 1 2z 3 0 1 z 3
Storage period (wWhs) Storage period (wks)

I 39. AR 71 F TCA 784 HEtol= e W

(5) M= (Chromaticity) ¥4
- A8 A EX(color attributes)S MEAZ o]&ste] =43 A3}, whey protein H) &
o] Z7}atol| uwhel MEE JERE Lx 3ro] SolF o 7tasg o, AWEAy) o)
Q= b FHE Z7lE= Ao FOlHAS(F 26).
0

- Aed 9-F-o] A g-o= RP/UHT Al ollA b+ gkl S7H7F Bo 528 el oy 25
Seto g A Jbsdk FEL olUBRE AAR AES Hale Anzt) A e ARGS
Aol s Alolgt A7t

¥ 26. A5 Ax WA

protein Storage Sample Color attribute
concentration periods
(%) (wks) S Lx* a* b*
C8 : W2 89.8+0.02"° -3.840.01" 3.78%0.02°
0 C6 : W4 89.7+0.01° -3.54+0.01" 4.76%0.01°
5 3 C5 : W5 89.7+0.01" -3.540.02" 4.9340.01°
C8 : W2 89.3+£0.06" -3.7+0.02° 3.92£0.02"
3 C6 : W4 89.1+0.06" -3.54+0.02° 4.80%0.09°
C5 : W5 89.0+0.02° -3.540.02" 4.85+0.01°
C8 : W2 88.6+0.02° -3.540.05" 3.61%0.01°
0 C6 : W4 90.940.01° -4.0%0.01° 4.2340.04
- C5 : W5 90.4+0.01" -3.440.01* 7.31£0.00°
C8 : W2 87.1+0.02° -3.840.01" 3.83%0.01°
3 C6 : W4 90.1+0.03° -4.340.01° 4.36%0.01
C5 : W5 89.7+0.02° -3.640.00* 7.54%0.01°
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(&) —3.3% 8:2-0 wks

e 10
® —3.3% 6:4-0 wks
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13 41. T} casein: whey protein B &S 71A A2 WAAF 7|7 F 4A3Y] B W
@o ®1 ©2 D3F
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E
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a9 2. 94 A7 2194 Axzd 199 79 WFAZ T T YAV £ W
®Mo ®1 O©2 D3F

1 % (Markoska et al.,2020).
S v gl wE $-7(3.3%) 9] & 23f o] 2ol & ERlstr] fal FI-IR= ©l
g3lo] Amide I spectrum #241bar, 13 433} 7+o] gaussian function fittingS ©]&

sfef 22 F2E ¥l 1 uIES BUHAL(E 27).



| csiws
Antiparallel p-sheet

I C6:W4
Antiparallel p-sheet

rCa:w2
Antiparallel -sheet
Turns

Disordered Disordered

a-helix

a-helix Antiparallel p-sheet

Antiparallel p-sheet

iparallel B-sheet

1700 1680 1660 1640 1620 1600 1700 1680 1660 1640 1620 1600 1700 1680 1660 1640 1620 1600
4 4 ]
Wavenumber cm Wavenumber cm Wavenumber cm

13 43. Casein: whey protein H]& ZA A|89 Gaussian curve-fitting
Gaussian function curve fitting was performed on spectra of MF-milk with different

casein:whey protein ratios after subtracting the baseline from 1,600 to 1,700 cm'.

¥ 27. FT-IRE o] &3} casein: whey protein B]& FA A|89 2x}+%F £

Antiparallel [ -sheet Turns a-helix Disordered
Sample
(1694-1682 and 1640-1620)  (1682-1662) (1660-1650)  (1650-1640)
C8:W2 44 13 20 23
C6:W4 33 19 25 23
Co:W5 36 15 27 22

Unit of wavelength, cm'; unit of secondary structure %.

- RP/UHT(peak =°]=1.429)+= MF/UHT(peak 3°©]1=0.604)0l Blulsto] 2u) o] o] H4bsh 22
ZE zt= o2 YEeltow (19 44), Antiparallel B-sheet®] H]&o] F7}sls= Ao =
SRl (3 28).

| MF/UHT | rrepunt i
_Tums | _Antiparallel “sheet
i Disordered 7 L
iparallel B-sheet | Turns Disordered
a-helix B a-helix Antiparallel B-sheet
; 2 s { \
1700 1680 1660 1640 1620 1600 1700 1680 1660 1640 1620 1600

A -1
Wavenumber cm Wavenumber cm

a8 44. 19N 2§ X859 Gaussian curve-fitting
Gaussian function curve fitting was performed on spectra of high protein milk after subtracting
the baseline from 1,600 to 1,700 cm .
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¥28. FI-IRE &% 19¥d ¢/ 2372 £4
Antiparallel [B-sheet Turns a-helix Disordered
Sample
(1694-1682 and 1640-1620) (1682-1662) (1660-1650) (1650-1640)
MF/UHT 28 41 12 19
RP/UHT 35 29 25 11

- B-sheet®} turns®] =HFS Ao o] A= WHad=E ¢ o, 1 9o £248 ¢
~helix?] 712 AZ49 4 23 (Ye et al., 2017) RP/UHTE A x
= A9 7tgel 98] a-helix® F715 UElS Zew A

- A9l A%7)7r F antiparallel B-sheet 27} Z7}ghol wte} & &}

U= H a1 (Mukherjee et al., 2007)E AR & v AL} E o] &3 vkl -F+= A9
W EEs HUbste] Alzgh A5 vlaste] 53] 7] A% Al - 3

Fae Aoz 47 1.

o A

(9) Transmission electron microscopy (TEM)
- YA 27] FE A A A Aol E UERIE A% 35k MF/UHTF RP/UHT Al =¢] ©h i
A v AF2E TEMS o] &35t &A483 (1% 45).

(A) 5.5% MF/UHT

(B) 5.5% RP/UHT

I 45. A|859 Transmission electron microscopy image
(A) MF/UHT (5.5% protein), (B) 5.5% RP/UHT (5.5% protein).



- RP/UHT A 8= NF/UNTS} v]itshe] ojd o2 el ghe] Agto] AshA 34
ouf, ol Li et al.(2020)0] A& AT $FAA 5L WYsE B
S fAb AsE wAE.

i) _ﬂ
2

(10) Zeta—potential AL T3 A9 AFAAA £
- ;Gtﬂoqur *THS :912 q/_}uﬂzl

=)
LS =

o A% 371 AEF A9l WstE EASIS (1™ 46, 47).
7+ %

5§

L w3 3% CBW?2
fis == 3.3% C6W4
ﬁ -50 — 33% C5:W5
8 45 b
E i b b
[0 b I C
E_ 40 | 8 a a b

3 d
1]
)
@
N 35 |
-30
0 1 2 3

Storage period (wks)

a8 46. A# 717F F casein: whey protein B]| & FA A 859 A A9 HE

== 5.5% MF/HTST
m 55% MF/UHT
S -50 B 5 5%RP/UHT
E
L -
W
S s
= "
9 -L 1
40
E‘ B ﬂb " ab b Eb : b
|
i
N 3g
30 ;
0 1 3 3

Storage period (wks)

I 47. AR 71 T 18 i A8 AR A9 ¥
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(11) Plasmin 8A #4
- Aoy FHo R A X3 Alm (A k= 3.3%)9] plasmin @A %E 2 ZF plasmin &4

Plasmin activity (uM AMC/min}

=

=

—

L=+ casein®} whey protein Hl &5 WS A 5ol = A7|3F F 794 2ol &= e}
WA 9k (T1d 48).

- WelA plasmin casein micelleo] EA3t= Aoz dHA o}, 1 &AL w3k
whey protein®] Q&S Wwom  -FoA whey proteins A AT H-$- plasmin®] &4 o]

<71 tkar B ¥ (Aaltonen and Ollikainen, 2011)

£
= 006 E o006
E (A) - 3.3% CBW2 = (B) = 3.3% CBW2
O 005 === 3.3% CAEW4 < 005 B 3.3% CEW4
= 1 3.3% CEWS = 3.3% C5W5
< =
0.04 = 0.04 =
3 s |
o =
= £
2 003 - S 0
£ E
=
8 002 = 0.02
= 7]
£ oo = 001
0 o
2 =
o g0 s 0.00
0 1 2 3 - 0 1 2 3
Storage period (wks) Storage period (wks)

a9 48. A# 717F F casein: whey protein B] & FA A 89 plasnin T4 W3}

I 9-5(5.5%) 9] plasmin S EE v Aol = T d o] anie] gigk 9
s Aol 9%k o] 7HE & Ao yeisien | 2 =7F w2 NF/HTST Al

S (MF/UHT, RP/UHD)l H]&l oA o2 =& plasmin A 2 & plasmin &
AEE YERS(P < 0.05, 13 49).

£
012 E e
(A) B 5.5% MF/HTST o (B) = 5 5% MFHTST
040 5 5% IIF/UHT T 010 = 5 5% MFUHT
5 5% RPIUHT e 5 5% RP/UHT
0.08 = 008 a
E‘ d d
0.06 Z 006
= A
1]
004 c 004
a = b
Db Dy E o b p oD b
002 5 02
o
®
0.00 =
0 1 2 3 [
Storage period (wks) Storage period (wks)

a9 49. AR 7| F 199 7 A5 plasmin 4 W3}



- Plasmin activator inhibitore 2wzl o] A2l nH]& 3} ¥ A7 plasminogen 2
plasminogen activatori= £+33] H|&A 3} A 5. WA At & AG7|7Eo]
< 7Fekel wet plasminogendll A plasmin® 2 o] ko] Frsio] whijd 8 2h-8-o
=71 4= Aok B3 ¥ (Anema, 2019).

- Aoyl FHow AZX Al plasmin, plsminogen % plasminogen activatori= casein
(retentate)ol] Fo} =434 %k plasminogen activator inhibitor (permeate)™ %S =
& WA U7t o 352 plasmin 4o YRS ¢ Aokl B ¥ o] 95 (Anema, 2019). ¢
L, B Ao Aylo| A= w22l RP/UHTSF A d o3t A Zx<1 MF/UHT Al & FHll <

plasmin 24 B & plasmin &4 25 o] 4Ql Apol= YEhA &9k,

(12) Al AF plasmin 84 4

- Plasmine 950l Afdz oz YAsls vl @i giz, dAgo] v 73sle] UHT A 2o
= o] s Aoy 4 3=
—casein®] el UHT A2l 71474814 dehs s5-3ket B3 ddo] sle Aoz B
E (Newstead et al., 2006).

- st 5] Al A2 plasmin 4% 2 F plasmin G EE SAsE] Atrlalel wE AlsE

o] HaS 1o %715 e(2™ 50).

oL

0.07 o7 T
- —— Plasmin activity E
E 0.06 - mmmm Total plasmin activity | - 0.06 g
g 0.05 - L 0.05 %
E '
= 0.04 - F 0.04 E‘
= 003 — L 0.03 ‘E
g =
£ 002 F 0.02 E
7 2

0.01 A 0.0
= 3
=

0.00 | - " ! : 0.00

Raw Sterilization UHT LTLET HTST
City milk

Iy 50. O3 A 2A0E AZFE U AF 59 plasmin A W3},

- U] AZE Al 3Ae] A EbAl o] whE plasmin B S Y9} v sl
BE A FESHF 0 total plasmin activityol A& 2o wf & xo]7) Hup &
s}
- o] Aues Fe Aol A= plasminogen activator inhibitor”7} &4 3}E o],
plasminogen®] plasminC® A & L7} ZF71gtogZH ALyl GS4E F

Aee 5 = 4 95 (Saint Denis et al., 2001).

plasmin == 76l A& A

A
O
X



- UHT A 2 Ha AP E 3 A5 F plasnin S50 A Lf div] 50% A= w2 &4
5 B om o] A¥= Korycha et al. (1983)9] H e} FAFSHA L.
2) 553 9 AES A 99 W 4
(D 994 profile 4
@ Native-PAGE
- UHT 2+t 528 1ol plasming Z+zF 2.5, 10, 15 U/L 7} ¥ == #H7}s}al plasmin®

A7 w5 B AFEE(23T, 37C) wE gd F3 sjee] HstE Native-PAGEE ©
gato] EAEA=.

- Aol A W37} = plasmin A-&5%(PL 2.5 U/L) A8 o+ 3%} BSA(bovine serum
albumin)®} B-casein®] 7} WA #3]¥ 0 SH, acasein band= 57 A7H4] band”}
A FlH S (Fig. 27). B-caseine casein & AFAo] 74 & casein¥dS 113 &
] plasmin® AFA opu]iAibe] AH o o 3HS Kol Aow g7ty

~ Zhang et al.(2018)0] w2 ALox AL w plasmin®] 15FX5-E B-casein® a
—casein®] Zallol FFES WA, FfrolA & HEE EASE k-casein 45}

Fo149l Fart vehbe Ao® nase] gor, B A9 Astsh A5}y

Kol
MAa .

— HMW
BSA
- as-CN
- B-CN, K-CN
B-LG
— — . - R R oa
- \ PL O U/L ‘PLZ.SU,’L‘PL:[UU/L | PL15U/'L‘ PL O U/L ‘PLZ.SU/Ll PL 10 U/L \ PL]SU/L‘
i 3th week in 23°C storage ‘

5th week in 23°C storage ‘

23 51. Plasming A7} X159 AA717H23C) = 99z BE3ojel W3}l (Native-PAGE)

® TCA soluble extract
- Plasmin®l] 9]t Tl 73] 4 WslsE SRIshy] 915ke] 126 TCA 7H8-Ad FEfo|= &

LEY

— o= TS
3=

- 23C A B 37C A B AR A7 mhE 2Rl FaAQl WSt frejF o
S7hke Ao UEsk o™, plasming A 2lehA] B2 A8k A7l e vl fa=

Hepo] = o] A HH o F7ksh= Aol ARJMEHJF(TH 52).
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- 23C A&z 4 += plasmin®
, 37C Az A= 23T

o] FHHE 3FHEE B7H A9

ulaﬂ w Ko whe

B oEA o A%

=

a7 QofupuA,

-

(A)

TCA (12%, w/v) soluble peptides (mg) / mL milk

hHo

== PLOUL

= PL25UL
mm PL 10 UL
CPL1SUL

ho
o
Heo

Storage period at 23°C (wks)

(B)

~ o

TCA (12%, w/v) soluble peptides (mg) / mL milk
n

]

(=]

Ho

c d

i |

CIPLOUL

. PL25 UL
= PL10 UL
C—PLISUL

a

=

ho
ho

0

1 2 3 4

Storage period at 37°C (wks)

% 52. Plasmin®] A7IE X9 AAZA7L S
(4) 23T AF (B) 37C AR

(2) Nz AR T B¥ W 24

TCA 71874 Hetol=9 W3}

- UHT 24t A -Foll A plasmin A 2] &=l wE vl 53531 dJAS 323517] 93]
23C AZoNA 55, 37C AAlA 45F F< YA A715 BESIAF (L™ 53, 54).

- 23ColA Bk A gelM= 357k = BE AR plasmin 22| =0 W& A =17]
o] S7He yehdlen, 44 Ar]el dued ta] EelEAY, JHEe] dab A7 sk
Ao A7t ¥, 53] EER HeH AIF(PL 15 U/L)ol1A= 100 pm o]4<] Ad) YA} Hl&o]
2, 35 717F 2.3%9F SR o, 4ol 0% FRadla(TLH 53).
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25

(A) ~ Control (0 wks, 23°C)
"y —PL 0 U/L(1 wks, 23°C)
=, ==PL2.5 U/L(1 wks, 23°C)
o = “TPL10 U/L(1 wks, 23°C)
g £ “~=PL 15 U/L(1 wks, 23°C)
=
=}
@
=]
%}
£
=
o
>
, . ) 15.0 100.0 669.0
" Particle size (um)
 (B) % ~—PLO U/L(3 wks, 23°C)
< A ~PL2.5 U/L(3 wks, 23°C)
= ““PL 10 U/L(3 wks, 23°C)
.g .. TTPL15 U/L(3 wks, 23°C)
=
TE 15
=
)
k2]
-T 10
%]
£
% 5
=
0 P
0.1 2.2 150 100.9/’ 669.0
Particle size (um)
I (s |~ ""PLO U/L(a wks, 23°C)
3 7 TTPL2S U/L(4 wks, 23°C)
= 20 . “TPL10 U/L(4 wks, 23°C)
2 | TTPL15 U/L(4 wks, 23°C)
315 4 \
g
=
At
T 10
Q
5
5 5 \
> \
.
0 - _
0.1 0.3 2.2 15.0 /100.0 669.0
Particle size (um) _

” (D) ' ==PL0 U/L(5 wks, 23°C)
§§' ~PL 2.5 U/L(5 wks, 23°C)
e 20 “PL10 U/L(5 wks, 23°C)
2 “—PL15 U/L(5 wks, 23°C)

=

o 15

=

et

ko)

T 10

@

£

=]

° 5

= L.

& R s
01 0.3 2.2 15.0 100.0 669.0

Particle size (um)

1% 53. Plasmin®o] H7Fd EAF9 AZ7|IH23TC) T+ JAA7] X W3}t
WD1F, ®3F, O45F, D5F
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- (A) “Control (0 wks, 37°C)
—PL O U/L{1 wks, 37°C)

20 —PL 2.5 U/L(1 wks, 37°C)
PL10U/L(1 wks, 37°C)
—PL 15 U/L{1 wks, 37°C)

Volume distribution (%)

0.1 0.3 2.2 15.0 1000 T BRY0

Particle size (um)
5148 —PL 0 U/L(2 wks, 37°C)
9 —PL2.5 U/L(2 wks, 37°C)
‘E 20 ~PL 10 U/L(2 wks, 37°C)
.g —PL 15 U/L{2 wks, 37°C)
21
=
et
B
T 10
]
E
_O 5
>
0 Lt
0.1 03 22 15.0
Particle size (um)
25 (© —PL 0 U/L(3 wks, 37°C)
9 —PL 2.5 U/L(3 wks, 37°C)
g ~—PL 10 U/L(3 wks, 37°C)
.g —PL 15 U/L(3 wks, 37°C)
B
e
e
e
T 10
]
E :
2 . i
S |
§ . ; ; |
0.1 03 2.2 15.0 1007 56907
Particle size (um)
25 (D) —PL 0 U/L(4 wks, 37°C)
9 —PL 2.5 U/L{4 wks, 37°C)
T —PL 10 U/L(4 wks, 37°C)
.g —PL 15 U/L{4 wks, 37°C)
B is
=
=
2
T 10
]
E
2
5]
>
D 1
0.1 03 .27 15.0 100.0 669.0

Particle size (um)

1% 54. Plasmino] H7Fd @A 79 AZ7|IHE7C) T+ JAA7] X W3t
WD1F, ®3F, O45F, D5F
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- 37Tl B AlgolA+= plasmin EAdo] =4 Yel, did E&r) waid 3150
plasmino] A 2]¥ AJ|E(PL 15 U/L)ollA& @id o= 13t A Z7] 32 S7P7F =8 A
Elykom | #3559 plasmine] H2]E AE(PL 2.5 U/L)olA] AR} vl&2] Z717) F5lo] &l
HAS (L 54).

- Plasmin®] &4 &%of tjsl AdF3% HuE2 @O plasmin®] #3l& 27 558l vx= o
Fol] M e AR gl AR, 2 A A= plasmind 55-3k2] 2834 A 2 &
dEEete] JAE HHH o= Felst on| e A= dt E

(3) Transmission electron microscopy(TEM)
- Plasmin®l] 93t vkl o] Ko 2 530 2 Qlsl 533} dAS Az oz 2lslr] $13] TRM ©]

n =] FAS FEselS(1¥ 55)

— /\gc-gclﬂtio]] —

Aggregation Proteolysis

% 55. Plasmin®] 718 @XF9 AF7|ZF 5 TEM ©]v|X] #3}
(A) Plasmin &7} 23C 33 A%, (B) Plasmin 2.5 U/L &7} 23T 337 A#F, (C)
Plasmin 10 U/L FE7} 23C 35 AA, (D) Plasmin 15 U/L 7} 23C 3F A%, (B)
Plasmin 15 U/L &7} 37C 35 A#

=

- 23Coll A 35 FF AFe 1E%=9 plasmin g AIE(PL 15 U/L)E @92 2ke] &3 o
Zbsta wuae] wa Age] 7 HolgE A0 e (19 5(D). WA, 37T
&oF A &3k 315 =9 plasmin 28] A& (PL 15 U/L)+ plasminel] 2] 3}

e e Eo] e ko] Adte #E o o A= (29 55(E))

o A|Z(PL 0 U/L)ollA ==t w2 HAd dud S71=E QE}}AJ% 59 plasmin

2] AJ=(PL 10, 15 U/L)AA & HA gl o] o] w27 F7hsk v, L7 AJke] A

W5 OA daskes AR IREHUAS (29 56). o= YA A7) BXE I LA 5
T O et
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(A) = PLOUL
10 4 a mmm PL25 UL
== PL10 UL
- I PL15UL
()] 8 4 a
E i 3
£ M b
2 b
)
= 61 aa
9 b
[J]
T
-
84 2
o
2 4
C
d d d C
cC
o Oommo [ 0 | [ D
0 1 2 3 4 5
Storage period at 23°C (wks)
120 (B) = PLOUL
== PL25 UL
mm PL 10 UL
I PL15UL
B 100 aa
£ ot
£ b
o 80
g
o b2
o
o
® 60
3
b i ¢
o
S 40
p
o
a
20 .
d
b b b ¢ D H
5 2 | ImEs | (W

3

Storage period at 37°C (wks)

13 56. Plasmin®] A71E X9 ARV F

(A) 23C AF (B) 37C A%

;<'I;§_

~

- 37CAAM AE NEe BE ABAA A% 7|3t whet IAd =2 S7teslon, s
= plasming A 2]gk PL 15 U/L A%713be] m& A gl Srpdo] A48 w2 A
o= YRS,

- 23T A7 I8l 37C Aol Anbd o e dhuld fo] 10u7H4] S7keke 7ol 4
3l Apol & BGlow AAG7IE T ARt T4 YERA 2ok, whEbA A 2=7ke] M
S F 2ko]= plasmin &3 9] Apololl A yEhdt Zlow Ay

(5) @94 2% 7z £2

- Plasmin®l] ¢ g Tl s5sto] wE 24} 39 WslE EAls7] 9138 FT-IR< o] -85}

Amide T spectrum(1,700-1,600 cm )&
2 9y 2z 7
- 23T A Aol A9

Zz=2 Ay

[e)
=
[e)
a-= -1 = =

spof M g% ¢
+%3}= PL 15 U/L 3

P28 2™ | gaussian function fitting ¥ o

dEo], F537F

o



plasmin 3-5% A2 T (PL 15 U/L)oll A 24 Al H S 7[-o = A 23 25 &43)
2.

- Plasmin®l] 2] 3}
HHAZE = Ao REHJSH, a-helixE 537 dojupy] del= F7tsttrt &

3t oA A FAacks Aoer FAHEUE(E 29).

F 29. Plasmino] H7t4 EAFY AZ7H@23T, 35)F @HA 23 F+x ¥z}

Sample of 1694-1682 and 1640-1620 1682-1662 1660-1650 1650-1640 1620-1610
23C storage Antiparallel B -sheet Turns a-helix Disordered B-—sheet
0 wks 31 24 25 15 5
PL 0 U/L 29 30 18 23 0
3 PL 0.5 U/L 33 24 23 20 0
kS pp, 10 U/L 35 21 22 22 0
PL 15 U/L 61 13 8 6 12

[
olo
N,
i‘—l‘z
ox
oX,
o

- Mukher jee et al.(2007)2 t}9] Antiparallel B-sheeti= 7}&4 FHE}O]
il Hol dvtar Hauste] 7R fetol= FHAC T
plasminel] &% 553} A3} H2 FEdS Y= Zo= Az H.

- Plasmin®] &%3}l5 do7|= 7P 2 <47 7122 plasminol] 2]3] k-casein( x -CN)©]
casein micel leZH-E Aats o] B-LG k-CN2 wx} 23S F3 B k-complexE A4l
FH7F &5 B ZaAHs des dA A5 (McMahon, 1996). & A3 Aol A= 37°C
plasmin®] 2 A S 2t o2 oty a8 Qe P&y Yy webAH 28]

N
Aol dojuA ol FFEIE dojubA] B AS TS
[e)

- FAFEONA A PZE olgfela AolFtE AL Had x, A F kS 2HE
= 4l 231, ol AMEFZ ¢ 5543 AlES vHEo] e d 79T ¢ v By
(Markoska et al., 2020). we}A] iz Fxo] M3l S ulolsls= AL A|E FE7)3 2

A el Teld F Ae Ao A7 g,
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<2XPAE>

(A2 @71 : FFdg]

AR AFER

- Casein % whey protein®| H|E&o| WE in vivo 2355 H7}
- dA-g Aol WE in vivo A8EFTE Bt

- @A el W in vivo 23FE B7)

1. 4o FHOE AxH 7Y in vivo 28FFE It
D AEFH|

- BE AEL AP 38.5%)S HUbste] AW ek 2% FEo R A xsom, o
29k 150 bar A8 & AS F&Sh, UHT A2 130T o], 2% o)A A& &, HIST
At 2718 73 £ 1T, 15% A4S % 2] 2|
casein¥} whey protein®| H|&, O—é‘ﬂﬁl %Jd, E‘r‘ﬂﬂél s v 23 (3 30). 4

N BAAE F EEAE A,

il

EI

¥ 30. A8 dMA 3=k casein 2 whey proteing] B]E, A8 A, 9w 73y

Sample Protein (%) Casein:whey Pasteurization Fortification
3.3%, 8:2, UHT 8:9 UHT _
3.3%, 6:4, UHT 3.3% . - \F
3.3%, 5:5, UHT ' concentration
MF
5.5%, MF (UHT) 55 HTST '
5.5%, MF (HTST) 5.5% concentration
5.5%, RP (UHT) 8:2 UHT Powder addition
2) BEAY
- 459 °] Sprague-Dawley rat (SD rat, Orientbio, Korea)S oo} 15:71e] A-&7|7F &
F Al & Aol AFgE. AF 7|7 59k AIN-93G (Saeronbio, Korea)E A+ 3¢ 38k
I, AAFE S 2ol Af AFHAANF. 2% 23 £ 3T, AUHE 55 + 15%, $H7]3]

4 10-20 3] /hr, ZHEAZF 127 7HO A 8A] 2% - 93 3A AS) 2 2% 150-300 Lux®=

=] 8.

- 487F2] 9] SD rat o B 67 3 8¢F o] 87 AT O R Yo AeolA o 2nkg
9 rat& /\}Ir‘c?}‘,{igfﬂ, A& casein 2 whey protein®] H] &, dx]g HH ) thilz &

ol et ?LH%](;—E 31).
-TEY T Sl 7 P R
=]

Qb B 249



¥ 31. FEAY AET

Casein:whey Pasteurization Fortification

Protein
C))

Sample

Number

UHT

8:2

3.3%, 8:2, UHT
3.3%, 6:4, UHT
3.3%, 5:5, UHT

1
2
3
4
)
6

3.3%

MF

UHT

6:4

MF

HTST

910

5.5%, UHT, MF
5.5%, HIST, MF
5.5%, UHT, powder

5.5%

UHT Powder

8:2

Normal diet

N-free

F, G7- 3 G8+

EEE

el
=

NFoR ol

,.EO

—_
fife)

g 5% <9 37}

3) Grip strength test

oH

ot

JoH

iy

TR

S
i:’

==
)

A=

& X798 H7t

%

- AbE ol 5kl AAIEE, 29

4) Forced swimming test (FST)

TR

el

iy

oﬁ

—_
10

iy

TR

Nl
el

—_
fife)

oﬁ

—_
fife)

—

&+
el
T

3

65Co A 48X A%

1
s

o el

gol 4ol K

conical tube®l

}ol AR 7] 42318 (apparent digestibility, AD)™} JAdA3M&

°o]-&3s

S X

I

(true digestibility, TD)

X 100

A
H

HAZF (o)

s

<

X
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_ AXAAAF (@) - {9 U 24F (g) - Protein freewd] ¥ Ul 24%F (2)}
™ = A2 AHE () X 100

=2=~1-"H

5] £3 % 3]A A dual energy x-ray absorptiometry (DEXA; Medilors,
korea)E ©]-&3dlo] AF(body mass), AW &=F(fat mass), <5 F(lean mass), =2 %=
(bone mineral density, BMD), &% 7|2 3%=(bone mineral content, BMC)&2 AAES

vy Al o R ZAIAS.

2. Aoz FHOE AZH 79 invivo 23F5FE H7 A
D AF, AF37HE, AolBAF

(D A%
- A AT Bt AT 104.6 go APl §214%) Aol7h YehiA skgke
B, Hole] F 1FARE N-free 13 ThE HATE] A% 2fol7t HAHIS(1 57).

500
= | & 3.3/8:2/UMT

00 - - é &— 3.3/6:4/UHT
22 g #— 3.3/5:5/UHT
= 2 4
= 300 - Y *— 5.5/8:2/UHT/MF
"] ?
g _ & - 5.5/8:2/HTST/MF
15‘200 y =4 - 5.5/8:2/UHT/powder
® Vs k40|

100 .-—*——‘——Q_"Y__‘___.—_. e - free

0

Week

ad 57. APAYT E ratd AF ¥

(2) AZTSHE

@ Casein ¥ whey protein W&ol o2 A3}
- o 3.3% eF 159l caseiniwhey protein(8:2), casein:whey protein(6:4),
casein:whey protein(5:5)< H|XSHH 477X = casein 0] ¥ AR5 Fo3 A
2 2 AT S7H8:12 > 6:4 > 5:5)7F YEUL FoHolA = Fske. 2y 6572t
4529} tFE2 A casein:whey protein(5:5)79 A FTF7H(322.4 g)o] casein:whey
protein(8:2)(313.1 g)¢} casein:whey protein(6:4)(304.3 g)ol| H|3] =A vEIRoH
casein¥} whey protein W&ol w& B2 YE LA Fsks. 652 o] Foll= A3 Al
TS/ Aol 7F UEbbA] S (LE 58).
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(A)

ah ab ab

4 week weight gain (g)

(B)

Ao

& week weight gain (g)

©)

200

8week weight gain (g)

a9 58. AFTE ratd (A) 4572, (B) 653, (O 8Fa A3/t
Data are expressed as mean * SEM.

The values with different letters indicate significant differences at p<0.05.
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@ gAYz e A%
- UHT % HTST €A e 7o wh& AF 71 vl A3}, Al
zpoli= YERA] ekgton), MF-UHT 9] ASS57M32 4
361.88 g© & MP-HIST(234.6/328.2/347.1 g)ol vl =& k3 Ve S
- MF % powder 7} F3 ol S AES vustd, FA4 F99492 gl 65
21744 powder-UHT(337.9 g)<©] MF-UHT(333.7 g)ol H] 3| = =
T3 8FAdl= Ay ge] 2] 7H0.6 g) AL WERA] ek (29 58).

@ T©HA o wE Ax

- oA 3.3%9F 5.5% S 1ES dA¥bH o w Hlushd AdE

= Holx|&= gkoy RE 559 whilE skekato] 3.3%% % U A5 At
o

il

. 5.5%% dukA o]t vl {2221 (p<0.

of\
by
o
AN

)
N
X
do
10
a2
ro,
)

2olo| A EFEEFE] H|E] iAo oA FY H|Fo] =& AF o] A
+ Chevalier. L 5(2009)¢] AdaA-oF X3t wpepa] dnkrlolE 233t 7712 A
o] AFS Unkdo|yt < whild skeF 3 3% Foot < @A g'F 5.5

(2) olHAF

¢}
- Mol HAFLE N-free S A9, 8T WE PLE §2149) Zol7} heh}

—4—3.3/B:2/UHT
—8—3.3/6:4/UHT
= — —4—3.3/5:5/UHT

: ——5.5/8:2/UHT/MF

100 - —— 5.5/8:2/HTST/MF

#—5.5/8:2/UHT/powder

Food consumption (gfratfweek)

50 4

Week

a3 59. FEAISVI T Aol dFAFY W

2) Grip strength testE 3% &3 534 237
@D Casein 2 whey protein H| &9 & A3}
- A 3.3% St 1459l casein:whey protein(8:2), casein:whey protein(6:4),

casein:whey protein(5:5)2 H|n3}H casein:whey protein(5:5)72 casein:whey
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protein(8:2)xol Hlal] oA 2 (p<0.05) =& grip forcedtS HYom HAZHoR
casein®l W]3l whey protein H]&o] ¥ A3 (5:5<6:4<8:2) =4]= grip forcegko]
Z=7}8H(Fig. 58). Casein 2 whey protein®] H]&¥ AF o W& <& Hr7 1w A+
© glou Lafoux 5(2016)2] Aa oA w3} = (225 o]F)olA caseinol H]3|
whey protein 20|15 $F 79 grip forcegto] Aoz £ AF}E HIs 3. wahA
2 ATroll A& 7] HA=(8F ) A = whey protein ol =2 Aol 2o A

St Ak FASG L & e

@ Az e d7

- ad 550 ¢k 1F<Q MF-UNTSF powder-UHTE H|awad foldojx= kory,
powder-UHT ] grip force? k& 1.930 kg, MF-UHTTS 2.009 kgo & MF-UHT-©|
powder—-UHT< o]l H] 3l grip forcegto]l =& A& &g, w3k HIST 2 UHT @A =79

& Zfol= HolA % (2™H 60).

Q v FAFo mE A3
g 3.3% 550 g Ao grip force WAL A, 5.5%7(2.01 kg)e] 3. 3%

(1.77 kg)ell B3l G940z (p<0.05)% kS eSS (18 60).

HH

Farelimb grip force (kg)

I 60. Ao WE grip force

3) Forced swimming test(FSDE 3 A+ FA 23
@ Casein ¥ whey protein W&o o} A3}
- AFEFEY XFHE A3 Y& casein ¥ whey protein®] H]Eo] wWE forced
swimming test (FST)E X133t Z¥} swimming time casein:whey protein(6:4)<*
(12.94 min)©] casein:whey protein(8:2)v*(8.07 min)ol W3} F4 S 2 (p<0.05) H=
s YERH . ok A3 grip test 239} €8] casein % whey protein H| & W&

FSTZFE 8:2 < 5:5 < 6:4 &AZ YeEtL(2¥ 61).
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15 4

gL b
E I
£ I
-3

£

E

&

0
3.3/8:2/UHT 3.3/6:4/UHT 3.3/5:5/UHT

Group

1% 61. Casein ¥ whey protein®] H|-&o] W& FH A7+

@ EA3 =7 & F7

- 5.5% 8teF 1291 MF-UHT9} powder-UHT*2] &2 A Q1 2}o]= 1bx] k9o 1}, powder-UHTSE
o] MF-UHTw*ol H]&l swimming time©] 7] YEFE. HIST 2 UHT @A 2 o] wpE *}o]
= HEEA FAS (1 62).

15 4

da
i ab
10{ @ gttt | ab
3 o 5
E I i TR |
o | o EF
£ SR -
= U s Ly reey ]
o SECTEY ]
£ 5- ] A
E R o
E BRI | AR
5 S ST
v YR e
B
o A
; R el
& &
SHEES & ©
Ab ) N
s ) BN
- %

a9 62. A¥TE FIAZ

&)
e
i)

2 3P e A3

2 3.3% 2 5.5% 3 AT vl AT, 5.5%7 3 3.3%2] oA el xpol= LbEf
UA] gk ont, 3.3%oll M8 5.5%7 0l A swimming time gto]l SEA Ve, 3.3% o
W casein:whey protein(6:4)w-¢] 5.5%%t=F W] MF-UHT, HTST-MFof H|3| feldo=
(p<0.05) swimming timeo] Htom Hubz o g WkS wjw 3.3% il JFaftS 5 5%
ol Bl swinming timeo] A UEMSES(TLH 62). ol ddo R oA ek
5.5%0] 3.3%aol B8] AHkA o2 A|Fo] 7] wj o) swimming timeo] WA LERS

ki AR,

|
L
=



- A& o] AALMFHZEN intake)S 0.79-0.87 g2 o 7+ -2 &<l 2o 7} YERA] &gk
A4 (Fecal N)2 MF-UHTT o] o2 AT E H|3] Freld o2 (p<0.05) B

il

¥ 32. Ad7E dd A3 EFE

N intake Fecal N
G ™D (% AD (%
roup (g/rat) (g/rat) ®) (%)

3.3%, 8:2, UHT 0.80+0.04% 1940.01*  77.45+£1.99°  74.90£2.07°
3.3%, 6:4, UHT 0.81+0.01° .20+0.01°  78.13+1.19°  75.72+1.20°
3.3%, 5:5, UHT 0.83%0.01° .20£0.01°  80.4941.37"  78.03+1.37
5.5%, UHT, MF 0.8740.05° 11£0.03°  89.2343.95°  86.88+4.02°
5.5%, HIST, MF 0.7940.07 17£0.02°  79.614£2.96"  76.93+3.18"
5.5%, UHT, powder  0.87+0.03" .1940.01°  80.80+1.20°  78.48+1.27°

S O O O O

Data are expressed as mean * SEM. The values with different letters indicate significant

differences at p<0.05.

@D Casein 2 whey protein®] v & W& A3
- AD9} TD 27 AP F94Ql Aol x| @ko) 8:2 <6:4 <5:5 wA = dulg A&
sl5-7&(AD, TD)o] YEF O™ | caseindl HI3l whey protein H|&©o] &5 43}

(o]

&
S7beks d¥de HA(R 32). °]= casein¥} whey protein® 23FFgES Walg

Barbara 5(2006)¢] A3j=FS #1133 ], whey protein®| caseino] H]al] dAAA3HE
(B)o] =4 Jebt Ay T2 AFE YHER .

@ Az e d7
- 5.5% ¥=F 150 MF-UHT<} powder-UHT2] 2491 fol&= YA ko) powder-UHT
o] MF-UHTw*oll &l whelad A8}558(AD, TD)o] A e, UHT % HIST &4 Z7ol
w2 A3tEEE vlal A, Fo % o) AE Zo} MF-UHTT-(86.88g)©] MF-HTST(76.93g) |
Hl 8] =& 32 UEFAS (5 32). Lacroix, M (2006)52] A3 Aol 14 &b -k
A4S Z3g AR o2 AFAIZ] F 35 5 A ZAMIST, UHD) ol e 43185 33
7Fetl ot Fo ARl Apol b YA gk, - AFdlAE EA e 2 MIST, UHD) o] o
%

A
NEZ A7) ratel 651 Folgto] whet ole g AWt REFEAS.

® vAd 3k e A
- ohlg 3.3 2 5 5% e AT v w A3, 5.5% 8:270] 3.3%, 8:27) H]E] F9 Ao
Z(p<0.05) ¥ A355(AD, TD)S YEFRS(EF 32).
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5 AQE &4
(D AAY R AL FHF

- dukrol S ALt Addt WA, 3.3% s W casein:whey protein(5:5)+*
(71.62%) 2] A= the] <% (lean mass)o] 7F4 A YEsro™ | 5.5%2] powder-UHT+*

(68.23%)l vl F Ao = (p<0.05) = #h= UERH. E3F casein:whey protein(5:5)
T3 5.5%0] MF-UHT:e] Al vl A $FF(fat mass)< vH& 50l Hlal] Fo4 o=
(p<0.05) @2 kS HA(1¥ 63).

(A) (B)
40

100 -
= = 80 -
2 _§.so-
2 2
a s
E £ 20
£ g

0

% 63. AATE AT div] D) AAEE R B) AALH

@D Casein ¥ whey protein H] & W& A3}
- A Y] 25 (lean mass)S A L7F -9 %<l 2o]l= X

protein(5:5)woll A 7MY =&

ko) casein:whey

7S Bl (Fig. 61). 854 grip strength testZdz}<}

A Ao & dff, casein®l B]3l whey protein o] =& AolE 3 AP AA LFHF
o] F7tel f&Eo] L9 go] o|FojHutal AtgE . AFaIt Asoin] AW g (fat
mass) o= oAl o7} YERUA] k5 (3 33).
¥ 33. A8 AAYZF, AXYZ, T Fr12 §F, E=
Group Total Mass(g) FAT(g) LEAN(g) BMC(g) BMD(g/crt)
3.3%/8:2/UHT 442 .1345.33°  118.04+2.95"  314.464+3.99° 9.63+0.20 0.205+0.003"

3.3%/6:4/UHT
3.3%/5:5/UHT

420.37+11.18"
416.27+8.21°

117.95+5.72%®
109.08+4 .45

293.27+5.36°
297.95+3.87"

9.15+0.27°
9.24%0.17°

0.204£0.004°
0.198+0.002

5.5%/8:2/MF(UHT)
5.5%/8: 2/MF(HIST)
5.5%/8:2/RP(UHT)

42429421 23"
429 5242124
462.86+21.25

113.27+10.64"
121.02410.36®
137.58+7.14°

301.69£10.62
299.11£10.01°
315.4811.06"

9.34+0.30°
9.40+0.31°
9.7940.29°

0.210%0.003"
0.203£0.004
0.209£0.004"

Data are expressed as mean * SEM. The values with different letters indicate

differences at p<0.05.
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@ EAgd B& 23

- Ao Fomg ztol= YAl %k5(3F 33).

Q @A FFo| wE A

- oz 3.3% B 5.5% & APt vlal A3, 5.5% 8:270] 3.3%, 8:2vt] HIE| A Fo]
el A o2 (p<0.05) A VEFES(3E 33).

2 Z= F5 5% 2%

@ Casein 2 whey protein®] H| & W& A3
- o] AA o] &5 ZF 558 =2 X (bone mineral density, BUD)E &3l &<l
T RoH, 4] FFAEE TEEE AEE A gelo] ke AT o)A

O

A 2ol = YERUA] o) AESTAHEE YEM T 23U S (bone mineral density, BMD)
= 5:5<6:4<8:2 =A% YIS | whey protein®l] H]3 casein H]&o] & A+
T5 52 FFE HA(GE 33). o] casein YAl Zgolo] A HFEHZ FA|SH,
casein H|&o] whey proteindl] H]&] FH o2 =S&55 L7} S7hek A o2 AlaE,

@ gAg & A3

- BMDol| &k 212 Q1 Apol= YEbA] eFek ot MF-HTST(0.210 g/cf) < MF-UHT(0.203 g/
ar) ol BlE) 2 ghs B (3 33).

@ @A AFd wE A7

- ZEEFTAEE UEle ZHEEC foHelAe fey 5.5% 8:297(0.210 g/ar)el

3.3%, 8:2(0.205 g/cit)well Bl W AE zfo]l 2 =& 7S Ve (F 33).
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2-3. 3AEE AF d75E € T3 U&

[F8718 : WdFAEE)]

. A% 9758
1. -3 gz 2
2. Clear type 1%
3. AlAEe &5

o. d74L 30§
1. 3994 £ 348 44
1) Filtration AH|Z 4
- Filtration Pilot AHE @&t AP FMicrofiltration)d  ghelof
(Ultrafiltration)® ?§(3C4¢+(D1af1ltrat1on) e Agsts Ay 19y
- 3 g Fe= dibd o

<=4
e =
o AW, WolGHE ALFARST, FARAA £EE ol Adtel BeANE

83 A R
- FATMd 2l ARE-gk Filtration AW 142 thg3} 25,

W] 7] @ Length = 2.5 m, Width = 1.3 m, Height = 2 m
- Feed flow : 100 ~ 200L/hr
7 4= inlet pressure 0.5 ~ 0.7 bar/outlet pressure 1.0 ~ 1.7 bar

=

- Fiter®] 142 ol i 349 #5.

¥ 34. AF{F A AFE3F Filter 734

Filtration Manufacturer | Pore size (pm) Membrane type

) ) ) Synder
Microfiltration . . 0.1
Filtration

Lpiral-wound

Ultratfiltration
membr ane

Alfa Laval 0.01
Diafiltration

- A Bl = Adoy HFF5(CF 4, % Retentate : Permeate = 1:3) A% 3}o]
] E 5 SHele] A= Q= permeateE MET SFAS
9 5 S ¢E 555 (CF 5, % Retentate : Permeate = 1:4)
A

a}gl o IJHE E935#] Bl =5+ Retentates
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£33 | —) 2EEE
A 4
Erx|_IQI_
Yot
pore size : 0.TJym
Retentate | <
v
Permeate
ot2|of o}

Permeate | <= pore size: 0.0lum

v

SHT 1.
(Retentate)

¥ 64. FAGNE AE AX FAH BAE

- Fs]olstatel Yol RetentateolE FR WA ol9lo = Aol At FHIL EF
ojglom] B Aue 2 54 W (E 35)

¥ 35. 394 FAGHE 74

Brix TS " Protein Casein | Whey protein | Sugars Fat
0 p

(°) (%) (%) (%) (%) (%) (%)

9.95 9.46 6.84 2.91 0.15 2.76 5.7 0

2) L4475 43 1TcE FAGRA A=
- AN A] =EE Fol7] H Aol gde AEste] el E T3 A G AR
FAol% F71A o= ROF(Reverse osmosis water) & FHatH 8 A7) 34 TS

- Brix 10 +¢] 3] 3} RetentateE Brix 3
e AAetelon g AA = FAGRA L FFI AlAH LA A A
5~6% ol A 0.2% T ® i AAENSH AT AESHE T E AAEI]E &
A= A= (3 36)

- 4 §91°]3} Retentate ] BES] Fh7l HeroE HANUL(1Y 66)
- Agolnale RS ¥ FAVNE AnE 2% AN £ A% 0w s
A sglon, AREG ] A¥ FAL BANAL(E 37)
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9338 | —] 3R
SRS
Lozt
pore size : 0.lym
Retentate | s—————
v

Permeate

otelojat
Permeate |4———— pore size:0.0lym

v

O X CHYHA]
aroL s
(Retentate) <+«—— RO Water
g8t
Permeate | pore size : 0.0lym

v

Qus 2
(Retentate)

a9 65. FEARE Lt ©E8 £U #HGHE AR Ax T BH=E

¥ 36. ALAHE HEa £2E £ AHGHA A5 77

. . . Whey

Brix TS . Protein | Casein rote] Sugars Fat
otel

) (%) P (%) % |° (%) (%)
n (%)

3.92 3.08 7.02 2.83 0 2.83 0.2 0

a4 66. I R FEH A8 FHGHE &9 Y
(EF)AE wRENd, (§) T3 FAGHZ
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¥ 37. 4 Ax FAGNA I E 4 49

o
g
Bl < | Bm | R AR
PR ER | o4 | TR | N | BR
SAEAREAE
T | 1R i T
.WH— o | — ﬁﬁ [ne) WI 0
2| CIDN eI X
N |y | B SE|
b | © 0 Mo | © <0 | o
" | Ho T "R R
Mo | Hin Mo | Fo | Ho
B | <7 % | Hle | Ele | H
< 10 KM RC R
Hin
<
= o
£ 523282
i oclo|lo x| ¥ |lo
)
T | o o
GRS
B | W

729 AAF A=

o
=1

2. Clear type S3 gz

T4 AE

@

=
=

D fReNe gl

T

5L
=

e
i

o
o

S

-

j
lod

j—

K

2) Clear B}¢]

o7
o

Ro=

Els

Al gl <t

2 pHY o

1
s

o glofA

Al

=
=R=

= pH(pH 6.5~7.0), A3 pH(pH 3.0~3.5)2] A]

T
3

e

5
A

] (Arla Foods Ingredients, 2]

Rk

gt

bs

oF

W Lacprodan 1S0.Water)< At

o

ot

it

ol
=~

150 bar(1st 100bar, 2nd 50bar)oll Al 2

o}
=]

AFE-3Fe] Tubular €l

=
=

w o]u  UHT pilot AdH]

Fod e (1% 67)

S

500mL PET &7]] X 3SHPET €715 EF= AF 2

e

3 =
=

I

_x1
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# 38. 34 ol RGN SE JAHEAYE W&

454 vl 3] (%) H|a
L Rl 3.0 Lacprodan 1S0.Water
Rl 3.2
FAFGEA 0.0068
2 < 0.08
deIF= 0.1 25 (HAF, M2=A)
A 5 93.6132
2 100

# 39. 34 ol RSN SE HZAA T widH &

454 v ] (%) H] 3L
Lkt B e L 3.0 Lacprodan 1SO.Water
g 3.2
FAgR A 0.0068
214 0.08
= 0.15 3T, A, =)
A5 93.5632
G 100
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Fol &3S Al

35
B ©

A BRE v
s #J7F =

I
ol
oH

z
2Ho] &

14

150 bar (1st 100bar, 2nd 50bar)olA] #+2 %

}ed 500 mL PET &7]el

S

97

%7t

29 B

o
=1

3. Clear type f-3 ¢z

O BsdA= Al

1
s

O AR&EYoE
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159 (29 69).
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- A5 2D AR FAA Aest A pHE &8 AlZFstaA dgdow | whdlek 15g/500 mLS-
=]

(o
fu
2
ox
el

Protein
Water
159

wzand

& '
@mnsom

a9 70. FRGHEE NAF

4. Clear type 39 HZ 589 |33 F7F R FH&] AF4HA

O AAES] elgtst FA(pH, A=, HF, Brix)S 5330 om AE HE F olgs 4
R A= WSS Felsta F3 WEE YEe AR E FETIeR A5y

O AFo REUAES 25T F2o1A 6097 BEdtr 108 402 o589 vjA
= AAbE sl (" 71).

O HE 73 get olgte, A& Wk gl
o] AL AT dsor dAsoF & Her As

O AAFEe] opd AAl 483k AF At Alddl= SddH 9] 30
T Apol7k vEhg Aom Atusw, Al YA s FAF A =
WA7bA e 8713 AdAskal l7]el olek FARE FEoR HA Thed AoR <.

|

o, >l

o2 ]l HAT, FA #E A%

D °]3}shy 7}
- AAFo R AME G SR 2F
- Clear type fr3 @A &59] ]33}

HE7E e S ok
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T 44, HADNLE o35 AN AF

o|&}st 1+ 4
Brix H]F(15C) pH A e
d=2+<d 7.24 1.021 3.19 0.55
A& 7.31 1.021 3.32 0.60

(2) P BEZH F7}

- s AR SN AR EAE o8kl AAF Ao, AR A2 AEE
A ARG Al (n=5, ¢=2, m=10,000, M=50,000) F <" (n=5, c=2, m=0, M=10) 7]
oz SAHN=.

- AAlRE Aol B e A E Adsiloy, AFe] s Fa Aol olude
i M= EHE HeH, o= v plle] 540] sl5= Zgoto] nBE] Ao
oegle Ao= ALRHE (R 45).

_

|

- el 2 e pi ZAOE Al @ WA gFe vom, FHold JF FA A3
Fsde EATG HE 602 B BRolR e XA WAL Shon HAHA Foe

# 45. SN EE VAE A 2%

. v A& 57
AlgH
A 9kA +F (cfu/mL) 7+ (cfu/mL)

1 E1E EHE
2 E1E EHE

gkl |3 EHE EHE
4 E1E EHE
5 EHE EHE
1 E1E EHE
2 E1E EHE

A5 3 EHE EHE
4 1= 1
5 EHE EHE

|
[<e]
(&)}
|



<3XtAE>

(A1 F&71& : Fdg]

1. 97 94
D Ados gHoE Az FEuddayz
(D A&
- A2(F 10TC)olA APy F(microfiltration, MF) % diafiltrations A3 A %3 ¥
SAHGMA (WP E FH7| Do ZRE AT wo} A}2359S. AZ3 pilot A5 E
Hlwsl7] ekl S Al T ALY WP F U2 EA4S B3 A RE Frso 3

Ao AgAGS. 7 AR 54, vud % % ool E ool ANFYL,

’

/}:]

e

o,

o
=

=

¥ 46. QT AHEE EIH-H G (WPI)

Character- Protein Abbrev-
Sample Manufacturer o pH1 o
istics (%) iation
PRONATIV®
PRONATIV Normal WPI &9 6.2 NOW
95 LOW LACTOSE
L dan® Heat stable at
acprodat Arla food o ravied 83 6.9 NSI
[SO.Water neutral pH
MILK Heat stable at
PRObevIM 90 i 84.6 2.9 ASW
SPECIALTIES acid pH
] Maeil dairies .
Pilot WPI Native WPI 88.6 6.8 MEW

Co.

pH' at 3% (w/v).

(2) 714 &4

- AR FUAR], Zw, vtde, YES)TES FRA2Ee=rRE4 7] (1CP-0ES;
5100 synchronous Vertical Dual View spectrometer, Agilent, Cheadle, UK)ZE o]-& 3}
SASAET. ANRE 159 = Axstal A4 kst E H7EE 5 120Coll A 44
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b et e

H]I

& 5 BA8hele. ICP-0BS #4 Al 54 332 91 177.434 nm, 24
= 3

o3
3
396.847 nm, "F2Ul% 279.553,nm YEE-S 589.592 nmmE AM8E}9S-.

3) ¥AZ7 X L Aebd 4 (zeta—potential) £4
- A8E 0.5%9 TE® fdAA JdAT7] B L AedYE 242 Zetasizer®t Nano

ZS(Malvern Instruments Ltd, Malvern, UK)Z o] &3l =A3stH <.

(4) NAF FAF 9FA(Differential scanning calorimeter) 4

- 7} AR E4 EAL Ak A A AI(DSC 200 F3 Maia; NETZSCH, Selb, Germany)E
ato] E48kle. AR 1dmg)E ¢FvE o= &7]al & 5 5C/29 714
=2 10~150TC e WA =708, 7171+ A& ¥+ (fusion temperature = 156.6
% fusion enthalpy = 28.67 J/g)& AF-&3ste] HASIGl oM A5 A5F WA =34 2
F 54 dgyl= 7]7]0 2 NETZSCH Proteus Thermal Analysis Version 5.2.1 2%

AolE ol gstel HEHAS.

17

1m m& S b ofm

2) A5 ol g3 gdud 33 W3 £4
(D) 994 &9 A=
- WPI &9 s Fa7Te] AAo wet 392 124805, ZF WPIE 24417 $2344)A
AHEEEG o A R2](3,000 X g, 4T, 30ﬁ—)o}oq ol 7 AR NS 3|2=3te] AFL3H

=
. AR T auid g2 AT F %= BAsglen, d4dEd A= 27

- Alg9o] I 7= water bath(SB-651, EYELA, Japan)S AFE3}3S. 4 g9 Hxs A4y
£ 2 WH 9l LTLT(Low temperature long time), HTST(High temperature short time)<}t
UHT(Ultrahigh temperature pasteurization)® WS 1e]dte] 3714 dxe WalS
st Zk2E 60T, 75°C, 90Tl A 30 7tz o= AAsls. dAE A% Alss o
wEa ol&ste] A&HEA Y.

- N8 28 r= B (TB 250, Lovibond, UK)E o]&ale] ZA4&t3l o

2] 2l NTU(Nephelometry Turbidity Unit)® % 3d3sFH <.

Sk H 9 (<1100 NTU) & 2338h= A= A 8EE S/ €4
A

4EE Fotel dehl e

=5
ol od gl
dov ox L

lote

ol JlN‘

(4) A7) WA a2vEaY(size exclusion chromatography)
- A&2(3%, w/v)E syringe filter(0.45um, PVDF, Millipore Corporation, Bedford, MA)E
Ab-g-3le] o33k 3 Sephacryl S-500 resin(GE Healthcare Bioscience, Uppsala, Sweden)
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o2 F31 @ AP (EC015/750, YWO) ol Fdat . v &5 A AZrtETe)d] A|A~H
(LC-Forte/R, YMC, Kyoto, Japan)= ©]-83}%] sodium phosphate buffer (50 mM, pH 7.0) =
AlgE 839 2™ (1 ml/min) YUV-3400 7=7](YMC, Kyoto, Japan)Z A}-&3Fo] 214 nm

A FaE HESAS.

(D %oga_—% 9 ol 27k
- Fe IS 2= maltitol, erythritol (JKNUTRA, Korea), solbitol(Bread Garden, Korea)<-
L3R o olu| Ao 2= aspartic acid, glutamic acid, lysine, arginine%}

tyrosines H7F 5 7hEslte] Bioe wA= a3E S48 S,

- g S¥o] gk 2S99 v a3+= Ultrasonic probe(Model VCX 750, Sonics &
Materials Inc., Newtown, CT, USA)E AF&3to] e, A5 EAE A3} 5o 7z}
75, 16% &S 23 AgE APstal 259 A7t A7) X st v &
7= particle size analyzer(Horiba LA-960 Laser Scattering Particle Size and

Distribution Analyzer, Kyoto, Japan)& o]&3dle] =A319S.

(3) ¥714 9 casein AAEH}

- F714 9 casein AAE pHel £ B FAS Bl o]FAHE. ARE FHRTN 10%
(w/v)e] ¥ 5= & /‘“] 71 54T 2304 FA 3R 5. A5 35% HClS AH8-3fo
Pl 22 %43 & 0.20 HCl $olo A A&, 627re] 270
membrane(Sigma-Aldrich, St. Louis, MO, USA)< o]&3t] FA38130 5. o] FFTollA
4T, 3de] 23 o2 FA5 AP35, FAo] ud ANEE ko] 100 NaOiE °] &

ato] pll 72 243 T FAAZRE AYP&A LS. Caseing F7I2 A A= A5 45 Al

o

A9 =2 Dialysis tubing cellulose

™=
S5 BN T pH 4,602 23] 315 sl on o] dAE] (24,000 X g,
4T, MNZH3Et] FA NS 78t 548 TS AL, olF A& dAY

$4e AR o] v

rlr
kol
A
il
|\
o
_?L'
3%
lo

4) @il A5 ARE 71 B4
(D 24 254 34
- Al ¥ AFAL A4 dye?l bromophenol blue(BPB) binding method(Feng et al.,
2015)& 45 A48l ARSI, AlE(5 mg/mL, 1 mL)E oA BPB(200 uL)<} &3
ate] 1023 A §- 4,000 x goll A 15 &9k AR 8Hls. Az o2 23 BPB
e ofgfje] Ao olsle] Bl o™ SHE+= microplate reader(Biotek Instruments
Inc., Winooski, VI, USA)E o]-&3}o] 595 nmoll A =739 =.
200 (ug) X (Ases control = Asos sample)

A595 Control

Bound BPB =
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(2) Thiol group =A

- Total ¥ free thiol group< Ellman A]¢F(5,5'-Dithio-bis(2-nitrobenzoic acid(DINB))
& o] &sto] pH 33 7 2ol A SA 5 5 (Feng et al., 2015). Free thiol group®] 79
Al Z(3%, w/v)E sodium phosphate buffer (100 mM, pH 7.0)°l] DINB &0 (4 mg/mL)S A7}
o] Ao 3087 v x| e & =433 2 total thiol groupd] 54 Ao+ 8 M urea
7} 3E3H sodium phosphate buffer AF&3lS.Al¢Fe] H7F & yelhyes= 24 e+
microplate readerE ©]-&3to] 412 nmoll A =43} S. Thiol group?d & cysteins

HFERAR Sho A4 B AF TR olghe] Aalas.

i

M
r

5) In vitro @93 231§

- A8 8N jnvyitro EME 23S Feng et al. (2015)9] WHE AX A5t =H35}
RS . AHE(0.75 mg/mL)E glycine buffer(33 mM, pH 1.8)°l] #AFA]7] 3L pepsin(40
protein) ] A ko]l 37ColA 90 &<t 9174 Aol duld Fejs dAletglon o
A S =2 tricholoroacetic acid(20%, w/v)= F7}sto] AstE FA|skal 1A7F 59 95

e3

COlF AEE 4,000 x g, 4T 27X 1587 44 BE T 4A

TR
1o
1

e
= B33 5= A (Ultrospec 2100 pro, Amersharm Biosciences, Uppsala, Sweden)ZS A&
280 mmell Al S35kl 5. 2% AshE 9 &8 § 10 M NaOHE AH8-3le] pHE 82 %74
;A B S FASFAL trypsin(6.55 U/mg protein)¥ a-chymotrypsin(0.33 U/mg
protein)S AR&3}e] 37T A 4A)7F Bt AasFA S, A8 A3} 24 Gatellier and

Sante-Lhoutellier(2009)2] $3at& ndS x}8&3to] 39S,

6) AT
- HlolE = Hy + BF AR BAElen 74 A3 33 v S45%0 S, 249 §
Al &AL SPSS BAl AZES o] 28(SPSS, , Chicago, IL, USA)& AMg3llon, d¢
B BAo)q Anprt 23k 2ol (p < 0.05)5 YERAW Duncane] thF Ml HAL 523
ato] 145 Fe] BAA frelds EIsk S
2. A+ A%

D) AYddzt 3o g Azd A5 o33y BN B
D #7114 &%

- 960 FolAE A gAYl 2 AR WA FAFS FAY A6l Fad
= &

f
ofl
e

=

)

>

o
g
o
&9l
w2

i

o

oo
ol

ol

£

> S
w9} um»a}oq n] - e g T AdiiFoR 2 9 S UEWlE. =, NSTE
w$o 2 Y A oA oR 2 UER el #HEHAoH olyd Fr1dE A
profile W3h= WPIAA] Sl 544 dAAHdY =& A8 AAE A= o2 dd ¥

- 2714 F 27Fe] dkol2el ZH5S B-lactoglobulin( B-LG) ] S slol o3t Eapyt whiks =
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= g $H1S =73 Ao ® B ¥ (Simons et al., 2002).
- 3 Qlo] Hrbe o] & Jbed ZAay Agsle] Cat'E 913 B-LG A S F3F
o5 AN 4 dvtar M % (Blanpain-Avet et al., 2020).

=
- GEFY A9 AR E wEe Adstel 9Nd £33 4AA7L Bnd $He fEF

=

N
=)
o
=
o
=
)
=
)
o
j=n
o=
=
)
=
o

Foegeding, 2008; Hussain et al., 2012).

¥ 47. FEAGSHR=2UHERVIE SAT R d 899 Fr)1d %

Mineral (mg/100 g power)

P Ca Mg Na
NOW 201 356 59 77
NSW 193 62 8 436
ASW 2,134 24 4 23
MEW 266 457 61 129

(2) A 27 £ 4

- o 9z A7)E v HAT o] orE Alg YA A7] £E, Hit YA
7] @ GEAA G (PDI) S ZetasizerS AFE3lo] B35S (2™ 72, & 48).

- MFW Al B A 27]1(99 nm) 2 A&} = NSW(98 nm) &F F-AFSHA YERd b ASY
= 16 mm= FoA R o 22 P dA 2715 UEblle. Nove 7P & B dAE
ERRA G 1A A7) BEE 1Hd3k= PDI gk 0.332.2 T2 A7 Hl&] WA e}

U @ 2719 wud $AE GAsa Qe slow wed.

i
"

2

e

=

i
& — NOW
NSW
20 ASW
MFW
15
T 10
g
E
5
o e
1 10 100 1000 10000

Size (d.nm)

a" 72, RGN E 99 dRAATIEE
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¥ 48. B RFAOHA g4 FFYA=Y], PI, B AEHAS.

Mean particle size (nm) PDI* Zeta potential (mV)
NOW 231.9 0.33 -14.3
NSW 98.25 0.68 -24.7
ASW 16.07 0.64 13.9
MEW 98.51 0.49 -12.5

PDI': polydispersity index

- Carter and Drake(2021)%& 3-8 WPI9] YA A7]7}F 30~84 nm W 9]l AThar H13kS .
T8 1% SR B-LeE T4 pll RN SFA = o]F A FHE EA8, S
HHA @2 Fee B-L6e] A 271= oF 5-10 i =2 4HA 5 (Ryan et al.,
2012).

- WAL R 52 PDI ghe Zhs MEWO] s+t ixk A7 WF A sk vle A el o9
il SHA 40 TIE 9}—3—(Carter et al., 2021).

[e]
- 54 5 548 M A4S Wl ARTHS & F flen® Qxt _:m Byo -}01011
5

(3) #Ae} A2 (zeta—potential)

- Ak A9l Folxl p H o] A oA Hyr @l HakE e A7 A
Zb-g-of] thk vk A o] w342 olu]sk(Carter and Drake, 2021).

- g A A pHE YEE A &4 (3%, w/v)S 13.9 mve] ko] Aet A9 s w
ol Wk FA pHE UEE U2 3709 WPIAEE -12.5 ~ -24.7mVe] AEF A9
%)\-% Q’E}‘Eﬂ% 011:1}14 o g l-: 7(41;]-1:1”7‘\___] _Sloﬂ/] ;(ﬂ]ﬂ, x%ﬁb o]: -24 mV= E.J—Qﬂ
(Laiho et al , 2015) +& A9} FAFS ks HS&.

- WPIel S7He AlEl A9l doll g8 fFed did S3A 2 S Aojste d <t
BAe NAINA = dorng 3 did S50 vighAg oaa A% b s

= 4 )& (Ryan and Foegeding, 2015).

@ AR FAF GFADSO I WIS AHSY £

- DSCE 3EA RS 9 542 Bos) Astel ASE. DSC £AS B
g e Wy Lush Ay g 5o 9F wate] g Yug o
Avke 19 739 & 499 LhEbS

U

2

_EL El(){'

ol
[

(o3
=
PN
e [e)

il
fllo

(e}
2R
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v\'_/{'ﬂ
E
E
g
Tempt;!.alure {“(‘.‘.]l
Y 73, REHRENA $99 ARFALEES
(A) NOW, (B) NSW, (C) ASW, and (D) MFW
F 49. FEFAGRE &9 AR E ¥ d¥y
Temperature (C)
Td (C) A (J/g)
Onset Endset
NOW 40.0 122.3 77.8 136.9
NSW 42.2 121.0 77.0 140.1
ASW 41.1 111.9 76.2 76.2
MEW 39.7 115.5 73.1 170.6

Td: denaturation temperature, AH: enthalpy (J/g)

RE A8 77C FoA ¢ 928 Uebdls. o= Wl @il =4 5 71 =2 &
2o B-LGY WA &% U39S (Dissanayake and Vasiljevic, 2009, Aouzelleg and
Bull, 2004).

AlZe] WA &%= NOW, NSW, ASW 2 MFW7F zHzh 77.8°C, 77.0C, 76.2C % 73.1C=E
pilot AEQD MEWZ} g o= vk WA 55 YEPY o2 tE A|59) Hlalste] 4
Aoz e ddgAdEs HIAS(E 49).
eyl e 23 29 dtFy FARA I o WA e g e
’3& Yebd(Haque et al., 2015). Al5<] €3] zk2 NOW, NSW, ASW 2 MFW7F 7}
136.9, 140.1, 76.2 % 170.6 J/g oo™ wiwdsl wulzo] Fheko] H2 MFW A
(pilot AlF)NA 7HE & 3o AU,
- 102 -
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2) dAg e 9% dd 3 W
(1) &=

/}:]

e

SEl:
el Y=} A7)7F A3 AFRAIFTE SUbetH Bee SU1eE. webA] g e SE =
g o] Frel &l wet Wstsiy, il 1S YEE HAEE AMEE 7 e
(Ju and Kilara, 1998).

- dubH 0 7 clear type @A S5+ pl 3 g
S ke S REA <50 N9 B 7S ST Aoz 4
al., 2004). we}A B AFo A clear type F-dehila &89 TEL BF $FS <50

NTUZ A A58,
D YAEY

€
o] 32 BCA assay= ST A3} 90% o] 3] &S HEFN Y] vlel e Ao

£ 50. U= Azxd EHFHIHE LB, w/v)e ALY R e EHE A3

Nephelometry turbidity units (NTU)

pH 3.5 pH 4
Before Without centrifugation 3,516 £ 79 4,646 £ 118
heat ing With centrifugation 14 + 0.03 101 + 0.12
After Without centrifugation 1,916 £ 24 18,690 £ 221
heat ing With centrifugation 13 + 0.6 11,482 + 3

MFW: microfiltrated WPI (pilot product, 3%), MFW was centrifugation at 3,000 X g at 4C
for 30 min before heating (90°C, 5 min).

@ €449

- A5 oo Al LTLT(Low temperature long time; 60°C/30 min), HTST(High
temperature short time; 75°C/30 min) UHT(Ultrahigh temperature pasteurization; 90°C
/30 min) & GA ] FEE EAGE 3ol dA el o WPl Alse] EER=} 23 o]
Ae v 25 51, 19 74)

- A 227 wobdel wet £ s ke S dEhen, AFe] 54 AAE
HRel zro] ASWE AR ZZAC A thE WPIRTE A os v FEEE YEhllS.

- HTST “#<=oll A= pH 590l 4] gelo] FAE A o™, UHT 7ol A<= pH 49} 5 71| A gelo]
G EHE 540l E7FeslE.

=]
- pH 39 2N E ZE A A oA clear type 9 E &89 A2 =2A17]|& A
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¥ 51. €A R 7tz e EAFFEHE LA, w/v9 THE ¥

Nephelometry turbidity units (NTU)

Heating  Sample

pH 3 pH 4 pH 5
NSW 7 2,001 £ 102 5,260 £ 74
60°C/
. ASW 1.45 355 £ 0.3 728 £ 0.8
30 min
MEW 4.52 26 £ 0.9 842 £ 0.4
NSW 14 4,010 =+ 4 -
75T/
. ASW 1.74 842 £ 0.5 -
30 min
MEW 4.38 7,386 £ 40 -
NSW 28 - -
90T/
. ASW 10 - -
30 min
MEW 21 - -

Heat treatment

60°C, 30 min 75°C, 30 min 90°C, 30 min

I 74. €A R ZtEExA nE EFAEYZEE A (3%, w/iv)e & W o

@ pH

- Gl S pHol| we} 42X 3 (net charge) 7} W3t Exprke]l A7)
AA Hew dude] o] ofste] WAsts YR T3 dF 3.

- Hr} 52 pHo| dolA WPl E8: Wt 2 uEHS SAHT A v 2
(% 52. 19 75).

- A4 pH ZA(pH 3)ol = BE A8 T fdo] 7]F(<50 NTU)S w58 ou 54
H F¥W ] pH(pH 4~5)e A= FE3h

$HOoR Adtel &
- pH 7914 ThE AREE e EHES tehle] ol AR 3
./_":



membrane ot} AA] 2Eeof e o ek Mg Fo7F BT Bow A7t .
- MEW Al RS o83 FH3 o8 Al 9= pll 33 =52 A 2x0] widzs
S S50 pli7h Yrobd s g2 uko] Higqor FUbsk, VSRS oA ©

=2 283 4 S(Carter and Drake, 2021).

s}
=

- adee, FYHES FA8 ded FES FAATIA &= pll 2310 gk 1
bt

Ao @it §

julid®

L& ¥ B-caseind} & F<E caseino| TEE F
o
i

Coppola et al., 2014). webA] Z“’E]Oﬂiﬂroﬂ AFE-E = MF

7ol A9l

¥ 52. B AINALA(3%, w/v, pH 3-7)¢] 90T 30& 7144 93 &t w3}
Nephelometry turbidity units (NTU)
pH 3 pH 4 pH 5 pH 6 pH 7
NOW 6 £ 0.1 3,770 £ 10* 2,125 £+ 5° 12 + 0.1° 9 + 0.1
a c d b b
Before NSV 10 £ 0.1 1,371 £ 24° 818 * 8.9 9 + 0.2 7+ 0.1
heating  wqy 9 4+ 0.1° 807 + 16 5.565 + 30° 3 + 0.1° 2+ 0.1°

MEW 9 +0.1° 3,172 + 16" 2,008 + 22° 168 + 0.9° 102 £0.1°

NOW 19 + 0.1° Coagulation Coagulation 5,949 =+ 14° 63 =+
After NSW 37 £ 0.0° Coagulation Coagulation 449 + 0.2° 43 +
heating gy 5 + 0.0' Coagulation Coagulation 5,300 + 7.6° 29 =+

MEW 32 + 0.0° Coagulation Coagulation Coagulation 18,282

0.1°
0.0°
0.1

+ 13"

Before heat treatment After heat treatment (90°C, 30 min)

@M@ MMM

1?;— -wi“"‘""

[— . —— - o

[ .
.4 . .i__-____— =

e

a¥ 75. EHHEHZA L H(3%, w/v, pH 3-7)2] 90T 30% 71l 93t <& WSt o]H]|R|

- FYE e Aol Zbed A4 pll 9GS wrh AAE WRFI] Aste] pll 3.5 - 3.8
2 WPL Gole) piE 243 F AAelo] 9% BHE WaE Y59 53, 1Y 76)
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¥ 53. A4 pH(pH 3.5-3.8)¢] EE|FFTHA & 90T 30& 7t 3 EHE W3

Nephelometry turbidity units (NTU)

pH 3.5 pH 3.6 pH 3.7 pH 3.8
NOW 203 £ 0.06" 427 £ 0.92° 10,386 £ 16° 10,526 + 12°
NSW Coagulation Coagulation Coagulation Coagulation
ASW 28 + 0.08° 47 £ 0.13° 144 £ 0.64° 2,570 £ 1.8°
MEW 97 £ 0.25° 393 + 0.15° 2,928 + 5.75° 6,180 £ 39"
WPI: 3% (w/v)
Before heating After heating (90°C, 30 min)

2% 76. A/ pH(pH 3.5-3.8)9] E2|FHTEHA & 90T 30% 7HEel 23 2| W3} o]n|A]

0
@
o
ofl
o,
ol
_H
_EL
=
%)
=
l
rlr

Al 25 A A o 7 obA kYl
AN 8E pHe] Aol uel TEws) %Q]XJ,QE Jsstel o™ formulations &
<5

0NTU =02 xd38l7] g3t 71+

OEMEREELLEEE

- 2] WA ARV gl % AR BAF 2R W5E 3T
A F 7 AR 44 2719 WaE FeAsts] Aol A

- 7hg A A RS ARVHETRE Aol § LhehlA 2gor] A o) F BE ARA @

wgo] $Hste] LAF Aok Fohshe BEL UERS. 1 F WA AE7} T
$HOR A% A AE] LE/} e AR Hwste] 2 A0R heh (13 78
- G Aol QAR ASK AR ThE AR mmele] 4e BAgon #

& (peak at 100-120 min)o] © Z& Aoz e} Een
e S (3 53).

e
ol
iin)
=)
o
o,
o
rir
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Before heating

1800
— NOW
- NSW
1500
ASW
£
c 1200 MFW
=t
-
o
8 900
=
4]
%
2 600
=]
<t
300
0 e e,
0 20 40 60 80 100 120 140 160

Time (min)

a9 77. A2 EYRAENd &99 AV|MAIZrEIZY Y % S W3}

3) @8 A a3 £4
(D) 2 gz2e A7z A% 394 a5

- g oA AR Famee] B3 BANE. W AR T gUdaes
747y 2.5, 5, 10% 7} H =% H7bstar A2 (90°C, 30 min)3dle] EEEC] WsE A8}
R (Ld 78)
I Con
500 1 1 25%
[15%
[ 10%
400 2
— b a
5 i a
= C a b
= . b
~ 300 A
e b c
o)
L0
5 200 -
= c
100 +
0 ' T T T T T
Control Heated  Maltitol Erythritol Solbitol
Sugar alcohol
a¥ 78, B2R2E9 P A A EEFAENAG%, w/v)e 28E STl vA = &%
ANz Ad/g gt oste] Axy EFHohd, Oéim&ﬁ: 90C, 30 min
- A o] 8 BLIAE 3T B vk ofEA R FHEY g4 a9E Holew. 1
%106 559 erythritol® 713 & e 2t anE Jehigo B9 wad &
729 7= (NTU<B0) & FFA171A = 5ekal



- LaClair and Etzel.(2010)& ZF& BEx}ake 71X 2L 9

rr
oft
]
o
o
in}
o
4>
e
rfo
o
H
N

= =
2 adE Hva sglor, ol & Ao Ael dA &S,
(2) opr]xAt
- @A refolding &g AAZA ofn| Ak H7F a3 HUFSIG S
— Uk} opu) Ak 200 mM RO A lElal e nX s a9E B2 Ax) Ak oju] it
W A7) opn|iate] FojA o R ag e YEllE. TEv 4714 obv|wate] -

HHg] o] ZAAe] W} BRIEY clear type 5852 Aol FAFe Ao AAE S

- 2g opm|iabe] H7F Al vpEhubE pie] ®s) glo] EES] A &3t vehe 37 ES
7] 9J8te] 10, 50 M) FEE A o] waks o] 83 Fh AL
T 2 opn|ieqks A 2SS W pHel W3k A o] dojubA] ko™ clear type B SR
o] T 7]E(NTU<G0) S 2FA7]= Aow FRIFAS(2d 79).

500 (A) I Con
B 200 mM
400 -
5
|_
e
— 300 -
>
=
°
0
5 200 A
|_
100 | I
0 N ; = i i L ;
Control Heated Asp Glu Lys Arg Tyr
Amino acid
500
(B) m Con
E 10mM
i [ 50mM
h B 200mM
=
E 300 -
=
T
o 200
=
|_
100 -
0 | ; IrDj ITDl

Control Heated Asp Gu
Amino acid

I 79. opv| A HIF @A el 9% EEHEHAGE, w/v)Y LEE St vAE &3
A g AY/AgolTd oate] Az EFHdwa dAelx: 90T, 30 min
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3) 29 A= A3

olo
X
12
2
‘b{r
i)

- A% AbelA AE RS HEATIE vdAY e B HAF FobA AL = A
. I FAMNE IAE 253 ARES 7Y FAY S AT BRE AT
Sk 55 W 9)S-(Chandrapala et al., 2011).

- o o dAe A 25T A B §93 AAES Blon 259 A9
B AEl Algre] gt me} g o R EEe] e A (2 80).

- ey, dAe ol % 450F Ao v Ay a¥de 25y 3000 Wkt o= A

3 250 AT HA T AR L% T o ow FHE.

120

\? (A) I Con
?: 100 4 N 5 min
o
S
5
o 80 1
o
bt
e
L 60
1]
(=K
5
8 40
>
=
o]
0 20 +
-
>
|_
0 ok
Con 300 450
Sonication (W)
120
(B)
I Con
100 4 I 5 min
I 15 min
)
@ 80 1
j@)]
e
&
S 60 A
>
e
=]
Qo 40 -
[
=
|_
20 -
0 T
Con 150 300 450
Sonication (W)

7kl mAE a3
.‘|

=
Z71:90C, 30 min

¥ 80. 253 A7t EAY I 2HFHEHEAGE, w/v)e 25
Mg AE/AGol el ofste] Axd EeFAENE, dA g
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4) 714 2 A9 casein ﬂlﬂ
- AT EAst= FU1d TF L g
A3 A odz) o] ZHFE 4 & caseind] AAE F

(3% 54, 1% 81).

Fo% e
e o Ao Wes Aol o @ EEE WAl A EakE B
_ir

! ;m

714 A Assk £714 2 casein AAG Az 71E Aol duste] ¥& R 7
age Urhiglon TR A Ans FYH §09 JFNIU0)3 A 5
FoR FHEE FASAM caseint AA F F/14L AAG ARE FF Fo 7]
e A2

¥ 54. 2YFAGEHEAY F7E AA R 2o FAA/FINR AATE ERHE vAE 9%

- 1 -

Nephelometry turbidity units (NTU)

pH 3.6
MEW 451
Dialysis of MFW 57
Casein removal + dialysis of MEW 22

Concentration of MFW: 3% (w/w), Heat treatment: 90°C, 30 min

Heat treatment

a9 8l. #7132 AA E JA FHAL/FINE AA F TREH AL & oJm|X]

4) 99d F3L 7)d £4
(D) ¥4 &F4 4
- o 3WH AT Biske dild S EEE ASoR dAAsE vl o ¥
slol WA BHEE] glS(Kato and Nakai, 1980). whela FH J
of g SHo H A= JFES Feotstr] fleke] A= pHE 3
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T T T T 1
Q o o (=] o
@ w =t ™

140 -
120 A
100

o
o
=

(61 949 punog) Auaigoydoiphy eoepuns

N NOW
N NSW
N ASW
. MFW

b b 2 a

T T T T 1
0 0 0 D 0
nD 6 .4 2

6
140 -
120 -
100 -

(B 7 g49 punog) AyoiqoydolpAy asepng

pH

(B) ¥HAFAY W3}

k=)
T

2% 82. pH 3 and pH 7 ZA4A 714 AT

- <dAe A p 37 7914 MEW Al

s
_roO

7

s

£

T pHl 314 3t

™, &4

27

7}7F YEbstow o]

o oste] 449
W 2
9l

%
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(2) Thiol group

- Thiol-disulfide interchangel &3 & 2 Mz SR Fag TS Hdet
53] T/ pHel A @id FFo] FUQle= ez, webA pH 33 7004 total thiol
group?} free thiol group®] W3lE FHsto] FE 28 vA &= J&FS w483

- 7} pHoll A Al59] F57o W} total 2 free thiol group?] ghafol] =fo] 7} VEb S o-(19
83). o= A o] YA (cheese whey vs. microfiltered whey) % WPI A|Z3A ol u}
o} gl o] Fhxo] Wy YEtd 4 S oulstH o]2lgk xfol= Tk Tl o 3
S WY AolE YEE A Aow A7,

- A7 & BE A5 A free thiol group 71t A &S YER oM o= whulz
e Fxo Edo] 98 23 39 thiol I1F9 =F2 & LA Ao HY(aH
83(A), (C)).

- pH 33} 79l €*]2] A3 total thiol group®} free thiol group $HF UhE WH3l& S
YA, pH 394 = 719 dojubA] eFgkow of= 4Hd pH 2= (pH 3)oll A B-L62 A
st Hw olskstAgto] Ao dojubx] v Ao Y 5 U (Fuente et al.,
2002) .

- 3, pH 794+ total thiol groupe] BE Al FoA ZHA3AS. o= FA pHol A free
thiol group®l 2]t @iz S o] wAsS- ojustH | MEW Al=9] free thiol group®] W

<7FE3} total thiol groupd] 2 FAAEL UE Alx9 H|sty] Ay o= @ o

o I
flo
L

(3

1__
[e] o [e]
W $He Ao ee AN
30
(A) s a [ mnow
I NSW
25 4 . ASW
b v

20 ~

Free thiol group (umol/g WPI)

Before heating After heating
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70

(B) a . NOW
60 - a B NSW
a a B ASW
b . W
50 b

40

30

20

Total thiol group (umol/g WPI)

10 4

Before heating After heating
40

© - Now
2 a . NSW
o b . ASW
= R
=)
—
o]
g
T c
2 20+
o
e
o
IS)
£
gl a a d
@
-  E
L

Before heating After heating
70
(D) . ——
60 | a B NSW
b H ASW
. MW
50 - a

20 A

Total thiol group (umol/g WPI)

Before heating After heating

a9 83. 718 A ¥ B FHEHE 899 total ¥ free thiol F W3}
(A) free thiol group at pH 3, (B) total thiol group at pH 3, (C) free thiol group
at pH 7, and (D) total thiol group at pH 7.
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5 A& U] dHd 435&
- Agd J 9E A38-(in vitro protein digestability)& 2384 wi/f R4S AA =

=

g g AFSE = ol dild B g AE Fl Ao YAl A EAs= A3 7}

e BEweto] Ast @id s vl BellEe dwde] WMESS Sk W
(Almeida et al., 2015).

- ZF Alge] g Asts2 9] B A GA R vro] Prlekglon o= Qlste] e A
2ol Az HHo] @A Aslgo v X= gyE dEst A 5 S

[-;l

(D $ 23

- 9] A%te AT WS o abe] JE|= At gt VA 5ol S 7K 4% a4
?l pepsin AR&3te] AstE F A3 (Sun et al., 2011).

- 9] A9 &Sl A W= #HE4 85 YE & vl 7lE 421 Maximal Degradationo A
Ao w w2 FAE KHIloW L3Pl IPHe £E Fds= v7iWSQl Initial
slope®} Maximal rate of digestiond| A% Foldor H& ZhS YEMNAS (13 84).

- ol WA MFW A 87F &3p7F oA o2 m=A e AnbE Q] 4shEo] 58 9
nety w7t FAA e Ao & AstE AA o] §ES HEtithe Bt U3 4
& Ve & (Pellegrino et al., 2013).
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0.0030

= (B) .
O 0025 |
2 b
[ o
Q00020 A
7]
]
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L5
[
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©
£
‘52 0.0005 -
©
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0.0000 -
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©
25 - a
bc
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‘e 20 1
@
-E 15
o2
"—; 10 -
o
5 |
0 .
NOW NSW ASW MFW
Samples
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(D)
=3
£
O 05 ¢
&
[
jo)
S 04 d
=
o
[o1)
o
®©
£ 03 -
=
©
=
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NOW NSW ASW MFW
Samples

13 84. Pepsindl 93t B F(dWld 899 jn vitro ¥ 23R X (in vitro)
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2 #

- & 423 dAdAE Lys 7] 2 Tyr, Trp B Phe®} 122 24 78 Adsts
tyrpsin¥ a-chymotrypsing Ab&3te] 43S R85} S (Asante et al., 2014).

- Azt 9 A3 S5 Yehlls wiviE el A= NV A&7 9 &A%k vE2A &
2o HZE I AY v w2 ks Bl (2H 85).

- MEW Al 528] Fashkao] A olfre SA Fou 9 AastollA HlwA #2 43t £
2skE e A aslell A e F7HAQ &S ok vl o] ¢Fo] Aol =
o] Zrarol #ofeidlE Aow F4H.

- 28y, HE 23E5S YERY = Maximal degradation ko] Th& A5 H|3l =9kom
of o AdAnkd &8 vpydeE S o MV 7R w2 adka s UERlE.

e
Y
e
o2
B
o

0.4

(A)
b

0.3
S
= w2 c
E

0.1 1

0.0 -

NOW NSW ASW
Samples
0.010
(B)

0.008 -
=
a
% 0.006 +
[}
o
o
W 0.004 4
<
E

0.002 4

0.000 -

ASW

Samples

- 116 -



1% 85. Trypsin 2 a-chymotrypsine] <3 &g

3.
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<3XtAE>

(A2 @71 : FFdg]

I. A% d7eg

- Az BB o

=

Aol in vivo 23558 v

- Al¥ whey protein ¥ U2 A 23 whey protein?] in vivo 28EFE Bl

>{U

I.d770E s3i&

1. @A S o] &3t AxF A& in vivo 23FTE H71

1 AlEFH]

- AP E o] g3l A|Z3F A= (NWPI, native whey protein isolate)+ EAHFE A
oA g, se|ojy B HEoste] FAHANAS 55195, AlWE whey protein
(CWPI, commercial whey protein isolate) ¥ soy protein isolate(SPI)< o]8-3}o] A
Z3 AR AEAHRE o] & Az A5 wuwd 9 ggsts g sEol

Nee 524z & 52Add Agagon, Awo

¥ 55. THAAZ N8B YR

NWPI CWPI SPI
Carbohydrate (g/100g) 56.70 62.70 61.30
Protein (g/100g) 28.90 29.00 31.00
Fat (g/100g) 0.00 0.00 0.00

2) =49
- A E5ELS AS 35H Sprague-Dawleydl 7% AHAE 2 dEnRFO] 2 (Orient Bio.
Inc., Seougnam, Korea) ZH-E Fghto} 15747 H5A171 & Ag

AL =% 23 £ 3C, AUlF%E 55 £ 15%=2 FAskslom, 12413 (Ao =2 =1

v}

b FoF A%+ AIN-93GH} nitrogen free AlRS 7]H2o]l&2 249} It

6ute]® SPI 2 CWPI, NWPI Al& Fol+3} nitrogen free



o XA A3FE(true d1gest1b111ty, D), AE7}(biological value,
8% (net protein utilization, NPU)S T3lS.

ingested N - (fecal N - fecal endogenous N)
100

S
~
=R
N
]
>~

ingested N

ingested N - (fecal N + urinary N - fecal endogenous N - urinary endogenous N)
BV (%) = X 100

ingested N - (fecal N - fecal endogenous N)

™ x BV
NPU (%) =
100
3) <9 H7}t
- 32 grip strength meterE ©]&3sto] A5 453 9 8530 FHo] Uks T
o] e Aduts S kA HE FHold AL W dS FAHEAL.

4) AT 4

TE 5 12712 9t SAA71AL AR DS o] &5k mEEH A,

2 X %), AR LS Dual Energy X-ray Absorptiometry (DEXA)E AF-&3Fe] E243)
- A & Ay FpR 2 SA3E AAFH s FAE SA6A .

5 F W 74 ¥F

- AT ol 7 Abel 12A41F A $ AR Fol A 02, AR o] 30, 60, 90 B 12
ol AAH Ad ¥ dds SEsele.

- @4 obAte wAeRAARvtET ] (HPLC; Ultimate 3000, Thermo Fisher

Scientific Inc., USA)= SAH3Y=.

ol

2. AEAY FEAH dNAY in vivo 23FFE HU}
D AF, AFI7HF, HoAdFA%, doas
- 8 AT, AT, AoldFH, Holads o 7H] 797 Zpol 7t VA kS-(3E 53).

E 56. A%, A% 374, HolHAF, Jolag
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SPI CWPI

Final body weight (g) 391.4 £ 6.1 410.6 + 10.7

Weight gain (g) 313.3 £ 5.8 330.9 £ 9.9

Total feed intake (g) 879.4 + 11.8 928.6 £ 9.6

Feed efficiency ratio 0.357 £+ 0.008 0.356 = 0.008

Data are expressed as mean * SEM.
2) 99 F 4355 E € o]&FE HIt
- A AFE, g U AAagE, &AW U AAEge o e 594 Aol7F YEUA|

gkom  TD 2 BV, NPU B3+ {9 A<l Apol7} #zEA] &ke-(3F 57).
¥ 57. 9l A8 EFFE 9 o]8E
SPI CWPI

Nitrogen intake (g) 2.93 £ 0.05 2.84 £ 0.07
Fecal nitrogen (g) 0.12 = 0.00 0.11 £ 0.03
Urinary nitrogen (g) 0.59 £ 0.07 0.46 £ 0.04
True digestibility (%) 96.98 + 0.16 97.13 £ 0.53
Biological value (%) 88.09 £ 2.58 92.81 £ 1.35
Net protein utilization (%) 85.44 + 2.56 90.17 £ 0.28

=g 37}
S el 233 grip strength test Ay}, 4572 D 8FA ol A
YERHA 3k (21 86).
8007 I sPI
Il CWPI
) 600- ns
]
m e —
c
© 400+
I
2
O 2004
0
Week 4 Week 8
a3y 86. &¥ HU}

- 121 -

ORI



D AYE % 2% 2
- AYRES W AT, A FF) R 2K FACHEE L E4DE T 1 fo07

Zpol 7k WA ¥ 9k (3 58).

¥ 58. AAAE L 8§ FA

SPI CWPI
Body composition
Fat in tissue (%) 23.24 £ 0.40 23.97 + 0.70
Lean mass (g) 259.8 £ 2.5 269.5 £ 5.1
Relative skeletal muscle weight
Soleus (mg/100g BW) 45.03 + 1.73 39.09 £ 0.04
Plantaris (mg/100g BW) 110.9 £ 3.2 114.4 £+ 1.90

Data are expressed as mean £ SEM. BW, body weight.

5) 8% W 74 P
- W U R OPLe] SPIo bl G0N Frol 4 0. (px0.05) A ERRtE
- AR Fol A 0¥, AR Fol F 30, 90, 120¥E F 219 £2149 2olsk vhehtA

ke (2 87).

c

2 1501 1 sPI

g [l CWPI

o)

§ ns %

P ns [ 4

£E = | T [ ]

o2 T G

5~ 50

2

1]

£

8

a 0 30 60 90 120
Time (min)

I, 87. F W FA #}¥

3. A% 2 AYAFHE A Z3 whey protein® in vivo 23FF& v
D AF, AF37HE, AolAdAF, dolas
- 852 AT, Aes7hE, AolAdFAZ, HolasdS AT 7H Fold AZol7t §IS(3E 59).

X 5. AT, ATV, AolAE, Holag

CWPI NWPI
Final body weight (g) 410.6 £ 10.7 415.4 £ 2.7
Body weight gain (g) 330.9 + 9.9 337.0 £ 1.7
Total feed intake (g) 928.6 = 9.6 940.9 + 3.7
Feed efficiency ratio 0.356 = 0.008 0.358 + 0.003
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- A *éﬁa‘c Eﬂtﬂ W A2 o ko oA Aot vEhA &gke Ui, &
HAagere CWPI7EF NIPIR T f-9 4 o 2395 (p <0.05). D& F94
[e)

-

LA @hgkont, BY B NPU= NIPIZE CWPIRGE o4 o2 523k5(p<0.05) (5

ISLAAH

¥ 60. A 438, AEV, oO9E o] &E

CWPI NWPI
Nitrogen intake (g) 2.84 + 0.07 3.00 £ 0.06
Fecal nitrogen (g) 0.11 £ 0.03 0.12 £ 0.00
Urinary nitrogen (g) 0.46 + 0.04%* 0.38 £ 0.00
True digestibility (%) 97.13 =+ 0.53 97.31 + 0.13
Biological value (%) 92.81 + 1.35 95.94 + 0.12%
Net protein utilization (%) 90.17 + 0.28 93.13 + 0.27#

Data are expressed as mean = SEM. * indicates significant differences at p<0.05.

3) <8 A}t

— 4F Aol = ot ko] §o] Aol ol 7 YpERG A kgron), 8F A o= NWPIZF CWPIe] W&
ol Mo R EohS(p<0.05; 1 88).

8009 [ cwrl
B NWPI *
D 600- ns I
< ]
c
@ 400+
=]
(7))
2
(® 200+
0
Week 4 Week 8

a3 88. 298 Hv}

- &Zl 141 A (%) = k] Fre] Al Apol7h R kgtovt, AAME U
(ZFAp) 2 2 FA4 ) A= NWPLZF CWPLell Hl8f] fo)d oz =%S(p<0.05; &

ST A H

X 61. ARE €L =5 FA

CWPI NWPI
Body composition
Fat in tissue (%) 88.00 = 5.21 89.07 + 1.96
Lean mass (g) 269.5 £ 5.10 284.1 £ 2.52x
Relative skeletal muscle weight
Soleus (mg/100g BW) 39.09 £ 0.04 45.22 + 0.83%
Plantaris (mg/100g BW) 114.4 £ 1.90 122.7 £ 1.16%
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Changes in Particle Size, Sedimentation, and Protein
Microstructure of Ultra-High-Temperature Skim Milk

Considering Plasmin Concentration and Storage Temperature

So-Yul Yun and Jee-Young Imm *

Citation: Yun, 5. Imm, Y.
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Abstract: Age gelation is a major quality defect in ultra-high-temperature (UHT) pasteurized milk
during extended storage. Changes in plasmin (PL)-induced sedimentation were investigated during
storage (23 °C and 37 °C, four weeks) of UHT skim milk treated with PL (2.5, 10, and 15 U/L). The
increase in particle size and broadening of the particle size distribution of samples during storage
were dependent on the PL concentration, storage period, and storage temperature. Sediment anal-
ysis indicated that elevated storage temperature accelerated protein sedimentation. The initial PL
concentration was positively correlated with the amount of protein sediment in samples stored at
23°C for four weeks (r = 0.615; p <0.01), whereas this correlation was negative in samples stored at
AGE revealed that

37°C for the same time {r = ~0.358; p < 0.01) due to extensive proteolysis. ¢

whey proteins remained soluble over storage at 23 °C for four weeks, but they mostly disappeared
from the soluble phase of PL-added samples after two weeks’ storage at 37 °C. Transmission elec-
tron micrographs of PL-containing UHT skim milk during storage at different temperatures sup-
ported the trend of sediment analysis well. Based on the Fourier transform infrared spectra of UHT
skim milk stored at 23 °C for three weeks, PL-induced particle size enlargement was due to protein
aggregation and the formation of intermolecular fi-sheet structures, which contributed to casein

destabilization, leading to sediment formation.

Keywords: ultra-high-temperature (UHT) skim milk; plasmin; storage temperature; particle size;

sedimentation; microstructure
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Effect of Modified Casein to Whey Protein Ratio on
Dispersion Stability. Protein Quality and Body

Composition in Rats

Eun Woo Jeong!, Gyu Ri Park?, Jiyun Kim?, So-Yul Yun?, Jee-Young Imm?,

and Hyeon Gyu Lee®”

Ipepartment of Food and Nutrition, Hanyang University, Seoul 04763, Korea
2Department of Foods and Nutrition, Kookmin University, Seoul 02707, Korea

Abstract The present study was designed fo investigate the effects of protein formula
with different casein (C) to whey protein (W) ratios on dispersion stability, proteia
quality and body composition in tats. Modification of the casein to whey protein (CW)
1atio affected the extent of protein aggregation, and heated CW-2:8 showed a significantly
ineeased larger particle (100 jm) size distribution. The largest protein aggregates were
formed by whey protein self-ageregation. There were no significant differences in protein

ORCID
Eun Woo Jeong
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bitps:orcid rg/0000-0003-4121-664
Kim
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Yan
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g L
Vloreid org/0000-0003-3152-7051
Eiyson GyuLee
bite:ocid orz 0000-0002-9141-9468

geregation when the CW ratios changed from 10:0 to 5:5. Based on the protein quality
assessment (CW-10.0, CW-8:2, CW-5:5. and CW-2:8) for four weeks, CW-10:0 showed a
significantly higher feed intake (p=0.05), but the high proportion of whey protein in the diet
(CW-5:5 and CW-2:8) increased the feed efficiency ratio. protein efficiency ratio. and net
protein ratio compared to other groups. Similarly, CW-2:8 showed greater true digestibility
compared to other groups. No significant differences in fat mass and lean mass analyzed by
dual-energy x-ray absorptiometry were observed. A significant difference was found in the
bone mineral density between the CW-10:0 and CW-2:8 groups (p<0.05). but no
difference was observed among the other groups. Based on the results, CW-5:5 improved
protein quality without causing protei instability problems in the dispersion.

Keywords protein quality, milk protein, casein-to-whey protein ratio, particle size. bone
‘mineral density
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Whey Proteins-Fortified Milk with Adjusted Casein to Whey
Proteins Ratio Improved Muscle Strength and Endurance
Exercise Capacity without Lean Mass Accretion in Rats

Eun Woo Jeong !, Gyu Ri Park ?, Jiyun Kim ?, Youjin Baek !, Gwang-woong Go ** and Hyeon Gyu Lee *

Department of Food and Nutrition, Hanyang University, Seoul 04763, Korea;
bravoadriarhanyang.ac ke (E.W.J.); opps] 120hanyang.ac.ke (G.R..); kjy0601 shanyang.acke (LK.);
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Korean Living Science Research Center, Hanyang University, Seoul 04763, Korea

. cke (G-w.G); ke (HG.L);

Tel.: +82-2-2220- 1206 (Go-w.G); 462-2-2220-1202 (H.G.L)

Abstract: This study investigated the effects of the casein to whey proteins (CW) ratio in milk on

body composition, mu

le strength, and endurance exercise capacity in rats. Thirty rats were as-
signed into five groups, and each treatment was administered for eight weeks: (1) control (isocaloric
lactose supplementation), (2) CW:2 (regular milk), (3) CWé:d, (4) CW5:5, and (5) nitrogen-free (lac-
tose). The milk concentration was converted from a human equivalent dose (400 mL/60 kg body

weight/day). All the milk-administered groups showed significantly greater growth performance,
including body weight and weight gain compared to the isocaloric lactose control (p < 0.05). How-

Citation: Jeong, EW.; ever, different CW ratios in milk had no effect on growth performance. Additionally, body compo-

Kim, 1. Back, Y Go, sition, i.e., lean body mass and adiposity, was not affected by the CW ratio. Interestingly, CWé:4
HL.G Whey Protsins-Fortiied Milk  and CW5:5 had significantly higher plasma branched-chain amino acids concentrations than control
with Adjusted Casein to Whey and CW8:2 (p < 0.05). In addition, CW5:5 showed significantly increased grip strength by 12-24%
Proteins Ratio Improved Muscle and time to exhaustion by 8-62% compared to the other groups (p < 0.05), indicating that the higher
Strength and Endurance Exercise: whey proteins ratio improved physical performance. We concluded that whey proteins-fortified

Capacity without Lean Mass
Accretion in Rats, Foods 2022, 11,
574. hitpsi/doi.org/103390/
foods11040874

milk enhances muscle strength and endurance exercise capacity without altering lean mass in rats.

Keywords: milk protein; endurance exercise capacity; muscle strength; whey proteins-fortified
milk; casein to whey proteins ratio

Academic Editors: Meram

Chalamaish and Xiaofeng Ren
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Published: 16 February 2022 Milk plavs an important role in human nutrition as a source of various essential nu-
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