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SUMMARY >

| \ D-02

Purpose&
Contents

Developing the technique of mass production of goat milk protein
hydrolysate and EN(enteral nutrition, patient’s diet by disease)products.
Studies on development of functional materials from goat milk protein and their
properties
Studies on the functional properties of goat milk protein hydrolysate based
hydrogel delivery system and its food application
Study on mechanisms of goat milk based functional food material by using

animal disease model

Results

The optimal conditions for mass production of goat milk protein hydrolysate
(HGMP) and goat milk protein derivatives (A2 B-casein) have been
established, and  micro-organisms such as general  ingredients,
physicochemical properties, and Escherichia, General bacteria and E. coli
have been tested. In addition, through the domestic patient market research,
specific diseases and target groups were selected and 3 items(EN)
including the goat milk protein materials (HGMP, A2 B-casein) developed

in the first and second years were developed.

We developed the goat milk protein hydrolysate and A2 [B-casein fraction with
enhanced digestibility and better hypoallergenic properties by hydrolysis of a
s—casein and [-lactoglobulin using commercial food—-grade proteases and
calcium  chloride  precipitation  method, respectively. = Moreover, the
physicochemical properties of materials were determined by analysis of amino
acid composition, solubility, viscosity and emulsifying activity index. The
materials are useful as functional food sources which can improve nutrition and
health, and food applications may include the development of a formula milk
powder and other types of dairy products for infants, the elderly, and

convalescent patients, thus replacing cow milk.

O In this study, goat milk protein-based hydrogel nano delivery systems were

developed by using cold-induced gelation method. Goat milk protein
hydrolysate and A2 B-casein were used to produce hydrogel nano delivery
systems. Bioactive compounds, such as resveratrol, can be encapsulated in
nano delivery systems. Impacts of manufacturing variables on the
physicochemical and functional properties of hydrogel nano delivery systems
were determined. Nano delivery systems were non-cytotoxic to human
epithelial Caco-2 cells. Nano delivery systems had good physical stability
during food processing storage while the use of hydrogel nano delivery system

enhanced the rheological and sensory properties of medical food (drinking




yogurt).

O Human intestine epitheilial cell line (Coco-2 cell) was used to minic 2-D uptake

system (transwell system). Goat milk protein hydrolysate developed from this
study was tagged with flourescent (Alex—488). Goat milk protein hydrolysate
without or with nano delivery system was uptaked into the intestine epithelial
cell system. In animal studies, goat milk protein hydrolysate improved growth
and milking performance of maternal rat and increased body weight of pup rat.
Furthermore, goat milk protein hydrolysate and its nano particle restored the
loss of body weight caused by colitis-induced mouse model. Overall, goat milk
protein hydrolysate can be absorbed into intestine and have beneficial effects

on pregnancy and patient diet.

Expected
Contribution

The functional materials developed from goat milk protein has improved
digestibility and hypoallergenic properties which can be not only useful as
food material for infants, the elderly, pregnant women, and convalescent
patients, but also induce revitalization of related industry and effect of

export improvement.

This study demonstrated that goat milk protein-based hydrogel nano
delivery systems could entrap various bioactive compounds and may
enhance the rheological and sensory properties of medical food medical
foods. Therefore, goat—-milk protein—-based hydrogel delivery systems could

be useful for the application in medical foods.

This studies of human intestine epithelial cell system and animal disease
model confirmed that goat milk and its derived—-compounds (protein
hydrolysate) could be used as a functional food or supplement for

pregnancy and patient diet

As the development of functional material using goat milk and the research
on the development of special purpose food products is still at the basic
stage, it is believed that the research results will be developed through the
establishment of the technology for scientific and industrial value. Using the
technology developed through this study, the host company will sell the

patient meal through the existing production facilities and sales network.

Keywords

goat milk

food for special hydrogel animal disease

] protein A2 [B-casein )
dietary use delivery system model
hydrolysate
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Table 1. Locations of dairy goat farms in Korea
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Table 2. Size of biomedical inducstry, 2009.

Industry Employment Wages, USSB  Outputs, USSB
Biopharmaceuticals 283,700 529.0 582.4

Medical devices and equipment 409,200 526.5 S566.2

Research, testing and medical lalbs 526,300 S40.3 564.5

Total biomedical 1.219,200 595.9 5213.2

Sources: Bureau of Labor Statistics, Moody's Analytics. Milken Institute,
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A4 B8 Az
Colour Bright white
Odour & Taste Typical of goat milk taste
Origin Powder
4 A gdud vt e Ak e, =88 B R mAE A
AN AR 4 3

pH (10% solution) 69 ~ 7.0

Proteins 32.54 % min

Fat 1.9 % max

Lactose 50.36 % min

Moisture 50 %

Sodium 06 ~ 07 %

SNF 90.62

Solubility (ADMI) 99 %

Scorched particles (ADMI) DISC A (typical), DISC B (max)

Standard plate count 20,000 cfu/g max

Coliforms Negative

Escherichia corl None detected/g

Thermophiles 5,000 cfu/g max

Yeasts and moulds 100 cfu/g max

Staphylococcus aureus None detected/g

Salmonella Negative

O A%F WY, A2 p-AolA B WFAN 3 ¥
AR #ol A B4 HAAe) AFfumae] 548 24 L CaChd H7bshe] A8
dHoR YL AF B FIS Qs 2 9% Buste] A4 2aL A
<
5

Aoto], AAFZEEH BARAT A2 A4 FHAL BRAxH

| ALt &S ZAE

Ak g AL SAE A2 B-Aolal FEFE FAst F4 A 2 & SUHE A 3 A
g3t THUF Filtration Method®] o #FA34ke] s o 2o LA Ho] &R1H). A2 B-7A°]
TE9 FHS HUR IFT F Ade TS g A Y eHE 2Agste fH@

o N 48A7F AR as-AolAl H

o =2 =1
2]) % 0.05Me] CaClg #H7bsho] A& (7=
7

ox, ML ofor 1T > o
o 32 o m lo

AL, FHFAE APk A, A2 B-Alolal o] oF 90.19%°] A s|FE&R &9l
al, olul A2 B-Aloldl = oF 8% 2 FAAFHATE ©, fFold FARSF AR 3
2 9l3lo] FESE k-] A& A ABHA FTHF 15% FF).
A ANE 52 59 A2 B-AoE AU A FEE IS F Ue 20E
st et o (1d 1). 53], Pilot&4 S large-scale up FANA T4 stepS HA3ad L,
O A gFAAAS e e Reled ) BRAx 34S FH/EEs shth
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JoL
25°C, ph 6.58
4M HCL{22ml/1.8L)
5000rpm, 8min, 4°5C

CaCL2(0.05M) Mix
2min, 25°C/1HR(7.399g/1L)

volume(2times.) (skip)

=rZ] 5000rpmy/10min, 4°C
Ph 4.4 adjust with
3000rpm/20min, 25°C(skip)
Cleanning added water, same
Ph 8 adjusted with 2N MaOH{10ml/1.8L)

£
:
5

298 3. Purification flow of A2 B-casein enriched fraction from goat milk.
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+ pH 44 =4, CaCl, H7F %

29 4 AFAR pH 24 2 ALny Fe e, 49
Me ol gstel aFloldl ¥ Bel oF

A2 AATTC, 484131 F 24 H (3, 94dEd

25($)

s-casein —
B-casein—> P WP W S
K-casein —= "

B-lactoglobulin ——= &

o-lactalbumin — =

M G.P G.CMN  B-CN10% B-CMR B-CN1 B-CMN2 B-CMN2 B-Chg

a9 5. CaCl, #7F 2740 W& A2 B-casein enriched fraction® SDS-PAGE #H€l. (M) %
Wz Bzt ulA] (GP) A% wEa (G.CON) akekg Aolal (B-CN10%) A2 B-#Ao]Al
frac.,, (B-CNR) A2 B-Al°o]Al frac., (B-CN 1~3) A2 B-Alo]Al s (B-CN4) A2 B-Ao]

Al frac. HEABL B8 &

o2
Jo
X
o
>

Bl BHF a-Aolae] A7F fske] CaChA#E a2, 0.05M)

AEY o™, casein® HFEol= x4 A& EF ZHAL Q7] ww

S SDS-PAGEZ 913 A3} (29 5) 0.05M=E 23 gl glojx A2
)

stk 27 e FEe AWE A4F 9 Ans
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K-casein —
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o-lactalbumin = -,

M G.F G.CN  Whey CaCl2HE| A2-Acasein frac.

[e]
(G.CN) At Alolal. (Whey) AFF 3 @A (CaClexg]) CaCl, A% Ao
(A2 B-casein frac.) A2 B-#A°]Al frac.

o
-3
Al

=
=
Y = d‘é‘,

a8 6. CaClbxglol 93 SDS-PAGE =&, (M) @1 Bzt vl7, (G.P) 2H%F
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g s ade FA V1E 44 % BEHE fe R4 54, dugy 9 g

G854 ST AR FERE 2ASAT (E 65 7). ARAR S AOACH (19809

o SRe gt Az, HRe A4S, xuNde ATES AgsQa, pHE AR
[e)

=z S
- - =

(102%)8 ZF5l §342 F Z43k9ch vAgRe FE 4AE 93
[e] A =

o
A, WgEe EMBHAE Agsga, £ms #3ol

E 6. AFH A2 pAClN BHO WA 54
A} e A
Colour Bright milky white
Odour & Taste Typical of goat milk taste
Origin Powder

E 7. AT A2 B-AlolAle] kAR, EEsietd 54 B nAE AL
AAL &5 2 %

pH (10% solution) 69 ~ 7.0
Proteins 68.3 %
Fat 0.2 % max
Maltodextrin 20 %
Moisture < 50 %
Solubility (ADMI) High
Scorched particles (ADMI) DISC A (typical), DISC B (max)
Standard plate count 20,000 cfu/g max
Coliforms Negative
Escherichia coil None detected/g
Yeasts and moulds 100 cfu/g max
Staphylococcus aureus None detected/g
Salmonella Negative
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%Y 10. A2 B-casein enriched fraction (SD Powder)
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A9 G B-Aolal L k-Aol N 142kg7} ol &Y AT F 9

E 8 AHH v 4y

rlr
BN
=
o2
oS

Whey protein, 23%

Aok as—casein 5.6%
o A (3.6%) asp—casein 21.20%
Casein, 77% B-casein 62.80%
K—casein 10.40%
Total casein 100%
(ref. 2o A3 1 AFQYSHA olol; AR, WA, 44

T Protein g/L Protein kg/70L

Whole milk protein 36 g 252 kg
Whey protein 828 g 0.58 kg
Casein protein fraction 2172 ¢ 1.94 kg
asl-casein 1552 g 0.11 kg

as2-casein 5877 g 041 kg

B-casein 17408 ¢ 1.22 kg

K—casein 2883 g 0.20 kg

E 10. A A2 B-Alo]Al EEAEF ] Specifications

TITLE A2 B-casein frac. (Goat milk)
Definition A2 PB-casein enriched frac.
Ingredients Goat A2 B-casein frac., Maltodextrin
Origin Korea(EDAM)

Organoleptical Characteristics

Colour
Odour & Taste

Bright milky white
Typical of goat milk taste

Texture Powder
Chemical Characteristic Result
Ph 109 Solution 69 7 7.0
Proteins 68.3% "
Fat 0.296 max
Maltodextrin 20%
Moisture 5.0%
Solubility (ADMI) High

Scorched particles (ADMI)

DISC Altypical), DISC B (max)

Microbiological characteristics

Standard Plate Count
Coliforms

20,000 cfu/g max.
Negative
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O 2§ A2 B-AolA EFEY duiizd HF 2 F & B

= AAE Ak gl B3 E(A2 B-AlA)e] A2 B-AolAl dwid Fr 5 F2ls)Y]
el z=AFsEA T BSAE ©]83te] standard curveE Al AT 4
solution(1X)E 1ml# F9), &S A= X (FHF)ete] 20ul¥ ¥ EFstutt. 531t vt
SA 7l Z 595 nmolA FHEE A A AA9 A2 B-Aolile wwAd Exi=
354(ug/mh = &I THLH 10).

O

BSA lc';‘-‘;:‘—(ng/l’l’ll) %%5(5951’11’1’1) 12
= .
62.5 0.104 s .. ,
= 7 P
125 0.179 5 | o —
gl 04 - /.//
250 0.315 R
L J
500 0.562 o
0 200 400 600 800 1000 1200
1000 1.016 —
¥ 12, b wwE A2 B-Alojxl EIFE] uwid AR A standard curve(§-),
bradford 4= 4 2H(z})
M99 HPLC 2T
[l '__| Il or Il—35_|'lf '_:_1| aii [u} 5 700
‘ 4199 CHET(AZ BAHOIM £3E)
. ‘ c " sl » 4! HPLC ZTt
‘ v |
g | '"'I | E
2 :I.I. /) i — v :
s - L v

I 13, bk @E 8l A2 B-Alojil EE¥ES RP-HPLC #Hd®l. A2 B-Alelxl #&
(green line)¢] RP-HPLC (A) 3|®. (a) as—7A°]Al, (b) B-AlolAl, (c) k-A°]4l, (d) B-HEF
g () a-FELHT,
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E 11oA] AAD uFel o] o 2EAA

AE A2 B-Alolal REES Ao R RP-HPLCE A
om I A3 A2 B-AlolA EeE 71

A3k  as-Aelale] WRE AA HUL B-Aol A} k-
Acldltel BRsol Aglont A1GFAN AN W 2ol poANel FAE LA
Fag 5 AT (29 13).

¥ 11. 2R 38 A2 B-Alo)Al & &9 RP-HPLC #4 %71

Parameter Condition
Column /}J(r’gl‘)erra® RP18 (250 mm length x 4.6 mm id., 5.0
Detector Photodiode  Array Detector 2996 (Waters)

A 109 Acetonitrile with 0.19 trifluoroacetic acid

Mobile Phase B 909 Acetonitrile with 0.19 trifluoroacetic acid

Flow rate 1 ml/min
Time (min) B (%)
5 27
15 32
18 33
29 38.5
31 39
Gradient 34 39
36 40
46 45
50 100
55 100
60 27
70 27

O Il &AA AIZFEA4

S-Eveb= 20059 aE sk ARSl R ZIQie o]d nE )t SEF oS weba 20189 1AL
3], 2026l = =AM R QIS o o dEm 20506l = =09l vl &o] oF 40%
o =gd Aoz M

i (o€ 14).

wRIglT wololg
(@ra) W B5~7AM| 5 HIE{%)
. B 754 0} 1 57¢
1,800 1,494 40.0
1,600 350
s gro® | 00
1,200 250
1,000 20,0
800 15,0
600 180% 215% 10.0
so | GHF T00% 12.0% : jaoR 181% : 50

1 ! 75Mi0

200 | g0 ai® 54D 66% [°% ek 0.0

]
05 10w 1504 2014 251 304 350 40 anu 50
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2 A2-83 casein 0.5
3 NEOSOFT J-53 0.01
4 FHAIRJIYEF 1.40
5 ISP-1651 (2] o} 7)) 1.30
6 2] o] A F-(LGGE) 1.10
7 A ¥ 2.15
8 EERCA=] 1050
9 ZHELHNY 1.00
10 s 0.00044
11 o= E 0.000016
12 A2 22 0.05
13 Az E A A 0.15
14 arotdd 0.0038
15 TALNZLE 0.2
16 pEicinel Rt b oy 0.11
17 b 34 0.013
18 L-7t=24#= 0.013
19 L-oF= 7] 0.025
20 garA 14 0.0048
21 Azt 0.00048
22 At 0.02
23 A 29 2k 2E 0.074
24 MCT OIL 0.5
25 A 25
26 almax 3800 0.35
27 L-ol2zm 2R ES 0.035
28 v BRI K1(5%) 0.00014
29 e} 7} 2 €1 (30%) 0.0018
30 H EF1D3(100-CWS) 0.00034
31 v EFTE OIL 0.011
32 v EFA OIL 0.00035
33 YAl ofuj = 0.002
34 Vit. Bl 944 0.00021
35 VitB6 4k 0.0003
36 H EFRIB2 0.00024
37 J At 0.00009
38 v EFTIB12 0.0000007
39 HdE L 0.001
40 H) 9 €l 0.0000077
41 dst=d 0.066
42 whd 2} R (XT775655) 0.08
43 ZAE ko] 23H(SC-60433) 0.11
44 A 4 76.7169856
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H3 AEr (%)
1 HGMP 1
2 A2-03 casein 0.5
3 NEOSOFT J-53 0.01
4 FHARIYEF 45
5 ISP-1651 (32t ek 9)) 2.6
6 ZHE S FH(TS-75) 1.0
7 2] o] - (LGG-E, F90) 15
8 = BN 165
9 gaks 0.0018
10 ERCR=R4 3= 0.00004
11 A 2914k 45 0.14
12 grkotdd 0.0075
13 TANLE 0.3
14 ER-$-2 0.026
15 L-7t24y¥ 0.026
16 L-ol=27]d 0.025
17 obA A ZF 0.003
18 akA1E 0.009
19 IS iy 0.0024
20 AstAE 0.001
21 A 20525 0.07
22 MCT OIL 05
23 A 4.0
24 almax 3800 0.35
25 HIEFIE OIL 0.015
26 HEFIA OIL 0.00055
27 v €17} 2 81 (30%) 0.001215
28 H EFTID3(100-CWS) 0.000255
29 HER K1(5%) 0.0001455
30 Y EAE ofr = 0.00243
31 Vit. Bl g4k4 0.000225
32 Vit. B6 g4F4 0.00035
33 L-ol~z 2R ER 0.05
34 H| E}TIB2 0.0003
35 JAt 0.0000705
36 H E}IB12 0.0000003
37 FERIAZH 0.001005
38 H] 9 &l 0.00000555
39 pEicinel Rt ey 0.25
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40 dst=d 0.066
41 22 E o] 28K(SC-60433) 0.13
42 A 66.41070815
= 100
¥ 16. T A2 S F2E vy
HE Az (%)

1 b 60.9

2 ehE} ol A 0.015
3 EEES 0.02

4 FrAR (YF-1.903) 0.0006
5 FrAt(ABY-3) 0.0001
6 HGMP 2

7 2= 0.5

8 SE & 1

9 ol T o 0.2
10 Gt Ed A AEY 4
11 ZdrER A 5
12 =l 0.15
13 2| A g A o] A 1.3
14 FAEET 55 0.25
15 ekl & = 1

16 A 0.05
17 HElYl C 0.15
18 FAE ! 0.65
19 s 0.14
20 g A % 22.6743

= 100
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H] BRI A
1] e} B1
H] EFYIB2
v EFYIB6
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ARl g o2 A TE = alcalase, flavourzyme, neutrase, protamex %2 Al-&3}
A 59 10% = 2425 #H7He os 72 24 #3835 HS SDS-PAGE 7]
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C . D
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— . S e e
=== -_ my e A — — i
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L | L I
Incubation time (min) Incubation time (min)

I8 1. 498 g d F3 g4d 93 AGHF G de JteEE F dd B
ul7] (M), A @ald (GP). Alcalase (A), Flavourzyme (B), Neutrase (C), Protamex (D).

=

as—A°]4l (a), B- 71101/3 (b), k=72l (¢), B-HEZFEHH (d), a-FELFT (e).

A G d vheERslE A 7 24AE AEE alcalaseo] FH A 7} ol =& AASH
IR R E, v A g FEE 28] ﬂﬂd A 29 29k 2o} Jhg i)
T 'Zhe] S AAS] A 90TAAA 1581 7HEa o *“*L%P % SDS-PAGEE
o] &3to] e Y-S sttt 1 A alcalase4 v 04%, 7Has Al 2 ke
747y 308 60C=E Agstae wWrhA 7heEs&ol #E3] Aoy ool
Ae 2 Wbyt JeugA &gkt 8 OPA 71HS AlEd s REEdE =4 2 FANT NPN
< AFe Ao E AN AF&FS JERYAT (2" 3~5).
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Mon-protein nitrogen [mg/mi)
Hon-proteln nitrogen [mgfml)
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Y E AR Aol FRFE ST F dAEste Holdd
3, Aelals AFEGA717] ) pHE 702 27gstsinh Alolal dAg oA a-7Aolile]l Azt
Sl AP A2 B-Alelale] HA By 21& AAEr] fal CaClel H7F 5% B v Al
s G Ay a9 129 2o CaCls AH7beto]l 25Tl wigd 5 e s QTO]’—’
SDS-PAGEE °l&3to] At 7ol Eeldde slstaitt. 2 23 CaClel H7F &
= 005 M, WiF AZES 1At R A Pe w, ac-FAloldle] mabAom A3t} QMR% -l
oj’del M= Z WEIE UEA ol A2 B 1 A ZF2E AF CaClel HA Ad =
A2 Ak Aol @d”eo] 0.06 M CaCls 7HE § 1413F &t vl Aoz dAs)
ATt

A B
3 —
L’:'— — — T — T T S T —

b GC 0,025 005 0075 0.1 ] GC 15 30 45 [=18]
1 ] 1 I
Concentration (M) Incubation time (min)

I3 12. CaCly, A8 Zdo] wE Ak A2 B-Aojale &y %A (A) CaCl, H7F =
(B) #WE AlzE (M) ©#Ad B ulA (GC) AF%S AlolAl (a) ac-7AolAl, (b) B-A ]J,
(c) k-7Ale] 2.

O a-AelAe Azsh zAb
CaChel H4 A zdd ola) Aabd 2ok A2 B-AolA ¥8e] a-7lo] 4l A7sh %

- AR
&< SDS-PAGE¢H RP-HPLC 715 ol&3f &laArh (s 13 & 14). 1§ 39 W= 5%
ZARA AFERU ac-Alo] A A e 195%F oy AR A2 B-Alo]Al EEY ac-Alo]
Aol dake 19%E A B-Aolal H k-AolAe AUA FHEe 747t 10.9%, 6.7%H
bkt e, 17l 49 RP-HPLC Aol AE ac-Alelild sldse= Fart HE9A &
S As T & o, B AFA] AAe idoi A2bE AR A2 B-AolA BT a
Aolale] Aoz A7kst Ha, B-Aolale] ko] b FfiEol Ay AL FAT F
9\)\ Aﬂ'
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M GC BCN
39 13, AFER A2 B-AlolAl 8o Wl A (M) @ 2 mbA, (GO) AR Al

o] A1, (BCN) A& A2 B-Aolal &8, (a) as-7NolAl, (b) B-7°lAl, (¢) x-7o]Al.
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e |l }. ,Jr'-. f Ilt \
El]_.“w ": |'..J W~ Y e of %
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S W00 1900 N0 B/ WM 00 4000 4500 000 G500 GODO &0 OO0
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|28 WEds 24

S

o
Bl

—_

;.OL
0

o
;OD
23]

el

X
B

}ol tumor necrosis
A EZT QWESA] TNF-

o]-&3

3)

871 9]

A}

factor-a (TNF-a)%}
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2|8 {%)

L= mp 224 mp —
s 258 (%)
spas = BUA m ause m szuaz w —
g4l 2| HEFER) T8
el SR
2.62
o[£+ (%)
25 50

oEEre =eaEl)

Gt & AE| mp s 274

THF-a (pg/mly

CON C4R/ED BCM MW OVE

(]
(=]

His tumine {ng/ml)
I |
(=] o
=

i}

d C
i BCN G

COMN CAE/8

o

1% 16. Human mast cell lineg ©|83% TNF-a % Histamin &% =4.

Histamin. (CON) tZ:*, (C48/80) compound 48/80, (BCN)
(GMW) 2FeEf 74 @9, (OVA) o9 a4 (Sp) Fawa,
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O A% A L2AEY ofvxit 2

1439 E @ 23 d s o fdE ARkR
B-caseins A4t ar, MEE LA E9]
3% 2k JidE HGMP % A2 B-casein &A1 &9 ©ld 9h=ke 7242 34.86% 3 42.03% A
o, 2% AAl EF "golu =2k F leucine (9.50% & 11.91%)3 valine (7.01% & 9.83%)
o] 7} ol gfHo] Ay HFA4 oln =2t F proline (12.12% & 17.71%)3 glutamine
(22.46% & 9.83%)0°] 7} T =& FAE HIAY. 57|, leucine?} valine2 branched-chain
amino acidszhal &elx o J&Ed AIAd 2 ALFEUIAZE NAAZ Bk ol o9

= o

9@ 2 AEel B maol 8 dEd GUAAem 0SS AN 2

e HA3ste] HGMP % A2
:|

S BN A= % 2 &
o 7+

>

Nutrient (%) HGMP A2 B-casein
Crude protein 34.86 £ 0.46 42.03 £ 0.73
Fat 0.93 £ 0.12 0.90 £ 0.22
Ash 9.13 £ 0.12 48.97 £ 0.02
Moisture 2.35 £ 0.10 5.52 £ 0.36
Carbohydrate 52.73 £ 0.55 2.59 £ 0.62

Values are means * SEM. HGMP, Aok whul 2 7p=H ) &
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E 3 GH v aAEe] ofnlwmat 24
Composition
Amino acid (% of total amino acid)
HGMP A? B-casein
Essential
Histidine 3.78 4.62
Threonine 5.82 6.40
Valine 7.01 9.83
Methionine 1.86 2.01
Isoleucine 4.80 6.48
Leucine 9.50 11.91
Phenylalanine 417 5.81
Tryptophan 0.00 0.00
Lysine 4.66 5.73
Total essential amino acid 41.59 52.79
Non-Essential
Cystein 0.84 0.30
Asparagine 7.74 1.34
Glutamine 22.46 9.83
Serine 5.71 5.88
Glycine 1.93 1.79
Arginine 2.35 3.43
Alanine 3.54 3.80
Proline 12.12 17.71
Tyrosine 1.72 3.13
Total non-essential amino acid 54.41 47.21

HGMP, 2hd+ @i 7k s .

O Agf @Wad LAEY o33 54 ZA

M A 2A4E dd e, #3hd, F3ktAA, Ak, Fsked SO ol3ehH
4= SA8ste] AF 7HE AAds £AREIAL Al #E <= bovine whole casein 3 F e A )
vl 2A e th §dl == Bera®t Mukherjee (1989)9] ¥ & A FHste] a5ttt Al
2 1g€ 100 mLe] FF%el ¥3 1 N HCl B 1 N NaOHEZ o] &3t pHE 2~1002 %
e 5 Aol A 1A 7HEr aukek el 12,000 rpmoll A 2087 AR T A e 34
8kl bradford ¥ 3 F=AE o] &t FAEE SAHAT FHE FF= TS ofyet
ol Axtste]l duld Fees AW I Ay a9 173 2o

E [¢)
Sl S (%) = (24 pHel A Aol @ ghed) / AlRu) e g < 100,

EE AEs vl e 9l pH 4ol =T FA s Aaglen e
AAFE Falwrt FUrskATh WA Gdlms A4 pHER ARE bl 2 Aol7h vEluA|
gotout pH 6ellA kel @l gaert e Alnsd Hal fefH o v JER
o} (p<0.01)
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90 - mHGMP ®A2 f-casein @BWC  OSoyprotein
s a a
S 70 -
B
= : b
= 50 T
=
E 30
H‘-

10 -

2 4 B B 10

2917, AGs B ad D e 9ad a5 A% HGMP, b w9 4R

3 Z; BWC, bovine whole casein.

Abk dod 2AES f3kE 9 f3lbd A2 Pearce®t Kinsella (1978)] WS 4% F
gt FHsA 7 A HPA ZgN(1%)ES 1 N HCl =+ 1 N NaOHE ©]-§3}4 pHE 2~
1002 xAsta 7}%“ r (10%)E &3 5 #3715 o] &3k 10,000 I‘Dmoﬂ/ﬂ 3Lt =
sttt 89S 0.1% sodium dedecyl sulfate® o] &3k 100v] 31413k & 500 nmolA 5%
L5 SASAA, 73 " FIbAA S v 2ol ALke it

38 (m%g) = 2 x 2303 x A500 x D / @ x protein concentration (g/mL) x 10000; A500
is absorbance at 500 nm, D is dilution factor (x 100), ® is the fraction of oil used to form

the emulsion (0.25).
F3Fet A (min) = Ao / (Ag-Ai) x 10; Ao and Ay are the absorbance at 0 and 10 min,

respectively.

BE AEELS pH 494 738 2 felbdde] agdlon s 9@ dZde|ert S8 5
frelego]l MAEHAT (£ 4). A= e fF3te R FIdAG LS & AolE HolA] &ge
H, pH 6°14 soy proteino] ©& AlgEol B3] #F3F5 9 F3ebgde] B2 A3ds BHAS
R A Aol vhEhbA g
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=3
o~
r
o2
do
s
ox
s
ofo
L
=
i)
B~
2
il
Lo
Jo
o
ofr
B

Sample pH EAI (m“/g) ESI (min)
HGMP 2 13.20 + 0.90 7850 + 10.43
4 793 £ 0.37 64.76 £ 12.04
6 14.40 + 0.38 85.18 £ 11.40
8 19.33 + 0.96 88.82 + 927
10 21.25 £ 1.06 89.07 = 14.62
A2 B-casein 2 13.63 + 1.32 80.06 £ 15.16
4 898 = 041 70.28 + 8.07
6 1520 £ 1.24 84.04 + 6.57
8 1759 + 1.63 86.13 + 10.08
10 18.49 = 1.70 86.36 + 13.53
BWC 2 1464 + 145 83.12 £ 11.53
4 7.87 £ 0.83 66.25 = 3.70
6 14.22 + 1.43 79.64 + 8.07
8 1893 + 2.01 86.79 + 4.23
10 2031 + 161 88.84 + 8.30
Soy protein 2 1459 = 1.40 79.86 + 13.55
4 8.08 £ 041 60.63 + 13.23
6 11.92 £ 0.64 63.98 £ 9.95
8 1825 = 141 82.78 £ 848
10 19.46 + 0.89 87.05 + 841

Values are means + SEM. n=3. EAIL, +3}3; ESL #3¢t8A; HGMP, AF%kf dwa 7p4=

3l =; BWC, bovine whole casein.

Al

7y A5 dgH(10%)S pH 2~1002 %43 & DV1 Viscometer (Brookfield Ametek,
USA)E o] &3le] HEE =AsAt (21 18). 4 A 8559 ArEe &= 2 #3tde Ay
S HYgor THAH 9 pH 4ol H=7F S48 7AasdaL, pH 4014 =2

A4 #% W=t /Ao AR §91HQ o] B BolA ek,

TR m GNP B A2 Bf-casein OBWC O Sov protein
160
.
)
:F:__. 140 - _T_
=
=
= 120
100
80 -+ i ;
2 4 6 8

prH

a9 18 WS P S wud A A

bovine whole casein.

H
5
£
2
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L AEHAlT, tiget, 3o HE o5 AR OH YA QFEEE fAETE FUIE S
Atk 2 S AEEe] 5A4S ngste] Gt @FEE= 4T AAFEH 45 sk B
Ao, Ak 2 uek skxpA] e 95T 2 37Co A 85F37F A AT

Fwd QT2 EY FAHFSFE MRS agarg o] 831o] pour plate ‘:’Jtﬁﬁi 37T 48417+ i
&3t = FAd¥ colony TE

) Zgstgor 1 A%s a9 203 2k Gud STEEW Ak
2% 2 WA G900 37 FE RAHOE 2AANT (00D,

-
E
S 9
a — b
ak
gl-[i bl g **
e HBE]
E *E
]
]
w7
2
& T : :
o 1 2 3 4
Storage period (week)

a9 21. A% 73] mE End @ F2ES fAkdt ¢ WE (p<0.01).

M 24 AEE4] pH ¥Msts A 2= a1 229 2o 3 STEEs AR 7
PR 7

zrol Aol ubeh plh Fashs Py ngon 5 2 gasga
(p<0.05), dxt 2 aekw Zxpale- 25T A FA] 853F A 71F &<k pHe & W3yl glle
w 37CAA A w 25 5 FH pH7F o4 o2 st (p<0.01).

5 A P B Bl 250 ——37¢ c

48 LE 7
&

45 W g %
&

44 51

pll

42 41

0 1 2 3 4 0 2 4 [ 8 a 2 4 6 8

Storage period (week) Storage Period (week) Storage Period (week)

=59 pH W3l (p<0.05 "p<0.01). A, T2 LFE2E;

&
o o
\O)
)
2
o2
N
)
-
i
>
>,
2
o

AzE 22 AFEY AubAe U, 330 & SA5H7] 98] 22 plate count agar,
MacConkey agar, potato dextrose agarE ©]-83}4] pour plate o2 37ColA 24A7F &< Hj
sk, AAAE colony 5 ASS A¥= 3% 59 B g2 BE A FOA HEHA
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ergkot AnkAlar 2 w3o] = AF 2 AR Fdo| wmeE g Ag¢S B s 8

BEE 4579 A 7)3HEe FF o7t AEHA ekkor %_‘HJH]&—S— 3FA HEEA ke

L 4559 AR Al oF 43310 cellsmL7F AE=H AT duk 9 ey $xpAlL 25T A A

A3 A9 8F B AWk Ayt L Fgolrt AEHA %JOL} 37CoAAM AGT A9 25 FHHE

7bzt oF 453x10" cells/mL 2 1.90x10” cell/mLe] AwkAlgto] AEH R, 85F Foll= o 7.50x10°
=]

cells/mL 2 937x10° cells/mL 74X S7batgich #3o] 4= duk 2wy $hx)

AZAS v 657 FAFE 27 oF 3.00x10 cells/mL % 3.67x10 cells/mL7} #

= 4.67x10 cells/mL % 6.33x10 cells/mL7} HES AT A24 o2 A

7het B4 AEES B4, pH, VA=A WGt 5 Fs <

2 A o of 25 kAo w AT ¢ dom Ak g ekl AL 25T E A st
A

A2 8% o AHHOR PP 4 Ugo| Hay

1

o > T

32

il
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E 5. A 713 wE A AFES] nAAESA WSt (cells/mL).

Storage Storage . o ) ]
Sample . ] General bacteria Escherichia coll Fungi
temperature (C) period (week)
A 4 0 ND ND ND
1 ND ND ND
2 ND ND ND
3 ND ND ND
4 4.33%x10 ND ND
B 25 0 ND ND ND
2 ND ND ND
4 ND ND ND
6 ND ND ND
8 ND ND ND
37 0 ND ND ND
2 4.53%x10" ND ND
4 6.70x10° ND ND
6 7.27X10° ND 3.00x10
8 7.50x10° ND 4.67%10
C 25 0 ND ND ND
2 ND ND ND
4 ND ND ND
6 ND ND ND
8 ND ND ND
37 0 ND ND ND
2 1.90x10° ND ND
4 9.07x10° ND ND
6 6.44x10° ND 3.67x10
8 9.37x10° ND 6.33%x10

Values are means. n=3. ND, not detected. A, T2 8T 2E; B, &y x4, C, ek 3z}
Al
7.
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[(A2@E : Bt

O A% 9Wd ZHEY EFy 54 H7t

A1 FeolA AT bEF did BalES o] &3 o=z A AdA] Az A, A
G dd EeEe =3y EAHLE AAAT 4 AR 99d BAES 24
N 7171 $13te] probe-type %5332 7] (Sonoplus HD 3100, Bandelin, Germany)E ©] &3}
30, 50, 7O0WellA 9027t &3k AHefstalvh. Adf @id e Z2AgEs d 2471
(particle size analyzer, Nano-ZS, Malvern, UK)S o] &3}o] dx} 7|9} A X4+ A&
Estol Hristdom o Ades a9 1o Uetdide. 1 A 255E AgeA @2 A
f odd BE FEAS oF 484 nme| A7IE AYEd we, 29 A FE7F 30004

SOW= Z7kgtel wet oF 98 nmE #HA&std o (Z” 1A). 4= A7) F327F dtakl A, v
AAAE YERE AEQD oA A 29 1Bl YERURITE A= 0719 #s Tt
Ay 0o 7H7hEE WA (monodisperse), 19 7F7F&=2 thEAF (polydisperse) ¥¥E5 A
HS YehY, dutd o2 (03 o]3tol A L3 (homogeneous) PA E¥XE5 Adtia &4
, Z2e3E AEstA ZAe Al GEAASF 051382 gEARE YER e
50W o]/l A &3 HelA] 02879 oz #ddt % BXE et wehA 2
gy FIES o83 e AP 50We 253 HEE 3 * HAASHA

600 A 0.6+ B

>

£ 5004 K 0.54

c k=

o 400 > 0.4+

o I

@ 300 5 0.3

2 =%

(5] 0

£ 2001 5 0.2

© =

€ 100 S 0.1

o
o
1

Control  30W 50 W 70 W Control  30W 50 W 70W
Sonication treatment Sonication treatment

29 1 29 Ae ARl whe AR v BaEe] 27 (A) 2 SREAAS B). 4%
f oaA BE =89 (0.1%, w/v)S 30, 50, 7TO0Wel A 587+ 25 } BEE

A duld FeElE YA 9 pHel wE W dskE AERd 9] (zeta-potential) =74
S Fote] ket (g 2). 1 A AR did FalE pH 66914 -192 mVe] &
AstE Yo pHF Fashe] weEl Aebd v kAst® Wststdth Net charge?t 091
A e S o pH 447 #BH UG
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pH6.6 =-19.2 mV
pH46=- 25 mV
pH4.4=+ 0.3 mV

T T T T T T 1

6 74

29 2. pHoll w2 Ak & Zeje s8] Ae 9.

O AtgH d¥d EAE Fd 3lol==2d AGA Ax E ESTgH 7|54 947

AA 23 (factorial design)S AF-&3Fo] AlxFG 2219l pH, 7luAl 5%

A F%, 7J|E28 13 (chitosan oligosaccharide) 325 %

A AdgAe AxsAS dHetaL, Ax g8l e stojl=2d dAd 1]94
A fialely

th, ek stol=2 A AeA|9] o84S Fug o

A, AxzFTAHLJd wE Fol==2A AIAe A oF 9 FeHIH EA
(morphological properties)< F3d2&@Aw" 7 (transmission electron micrograph, TEM,
Phillips TECHNAI 12, 120 kV)<& o]-&3to] H7letdct. Az 821<l pHell & slol==
A Ao =g stststd 5L a9 3o vEdeh 1 A3, pH 55 (¥ 3D)ollA oF
100 nm =719 7+¥€¢ S A sojl=zd Ayt AegHor AxHASS FA53
o wEbd 25 Age AzTAH 299 pH levelS 552 14t A A5

¥ 3. pHel w2 A AgA e sty 54, sol=zA A
[e)

# owma K
AL 01% (w/v) A gl % g2 pHE 217 40 (A), 45 (B),
50 (C), 55 (D), 60 (E)& AT v 7FuAll TPPE 0.1 mM A 2lske] A ZskA T Scale
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A F3A el 7FulAl (sodium tripolyphosphate, TPP) ko] w& dlol=a A HdA 9
ey 548 a9 49 yeElyAe 2 A3 0 7 03 mM TPPE AHEsdiS u +382 A
GA7F AxE 9 05 mMolA = AxEHA RS gl dnt. =3, TPP s%=7F 02 0.3

mM<% w ¢ Hlwale], 0.1 mM TPPE AH#stde Al (29 4B) 7+% 3717} 2k (T 100
nm), YA FE7t Fd dEA AxHASS A gEA =5 AES 01 mM
TPPE A3t st

=
EA]. glo

o 7Fu ARl TPPE 0 (A), 0.1 (B), 0.3 (C), 0.5 mM (D) A& 0}04 HL_O}ME}. Scale bar =

3L ¥ 50 UErd
A7 AzE

O
:|o
AUNLLY
_l% o
Mo
31{_11
qun
rN m
_}L
=)
;—A
é%
=)
N
o\
E)
Koo
©
2 o
1 dfm
ot
lo
=

Aok 1 A, 2] A
W 0.01%¢F 0.05% (w/v) 5 oﬂxi—t— A= 17} xﬂZHX] FSS oA I 0.2%0l
Hlsl] 0.1% A8 Al 4xF A2717F ¥ 2o Fejrt 53 A7 AlxEdenz (28 50)

5 Aol AE 01% FE= 49 A

= } |24 Adae] 3 ﬂ-z E"*. sfo ]‘:iﬂ
2% (D) (w/v) A @94 2315/0.1% (w/v) 71E

E]-E, 7FaA Rl TPPE 01 mM A2 3sbe] Al Zx3s3 ).
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29 62 NELHNY Bro BE selmzA AYAd Fued 542 et Ik
ZHa1FEEE 01%=2 Adssls Al A2AZE AxHA &2 wd, 0.05%, 0.01%, 0.2%
(W) e BEAAE TP QYA 430 AxHYLS FAsRAt T NELT
19 FE7F 0.05% A 0.2% % =

Tl s stol=a2d dEA7E AlxsHe A 34 2 o5
dd BEIE &9 (01%, wv)H ZIESE Y 9 (0.1%,
Z43% t3 7FuASl TPPE 0.1 mM A&l 5&3t

: 1 0.1% (w/v)e] Zxdol| A Alxsk3th
= i @A FalE stol=2A ddA ] FEHsA 545 3DE
7 | ¥3ted YA€ n 7 (atomic force microscopy, AFM)< o] &3l d+E STt
(Y 7). AFM 28 43, 9 1007200 nm 715 A= 7+89 dAEo] #AHAG o9
Z

o] EytAxEn 2 AxEn F S o] 83 morphology testES T3] dtol=2 A AP A 7}
Aoz AxHJES A5kt

29 7. AN BaE selmea AdAlel Uy 54 e 2@ AR,
Sholmm A WAl 01% (wiv) Adf Bud Balg//Ege g 8 pHE 552 =
Ak t5 7FaAlQl TPPE 0.1 mM A& 3ste] AlZ3F . Scale bar = 200 nm.



A zF gl & 3t
g3ietad 542 29 8o vetviddth. 1 A3, TPPE %1?48}% S A 179 nme AE
A7F Azxd v+ TPPE 01 mM AgedS o JA=2717F 141 nm=z #4890 (29
8A). & TPP A& % =7} 01014 0.3 mM=&E Z713te] whet ¢Jx=27]7}F 141914 294 nm=
oA (p<O.05)em F7hetdith thEdkAs 34 A3, TPPE AHgatA &%= Al 0.3059]

HakA 471 @z vkl TPPE 01 2 02 mM A Estd e Al g244 03 olst (42
0223, 0.242)¢] 43 =A7]9 ALGA7F X NS & F AJ 28y TPPE 03 mM
A2 sA S A GEAASIE 03947 Frheke Aol #EHAY (2¥ 8B). TPPEXo| u&
AerAQ 443, A+ 3 F9490 (p<0.05) 2ol glo] +21.0 T +22.3 mVe ¥AFFE o
= tol=2 A YAt AZRHASS & 7 AAT (28 8C).

19l 7haAl (TPP) s =l we Abdi &

_l%
r—{n:
O]

oA HEA e &

A

400~ A 0.5 B - 304 C
£ a 8 041 3 - 2 2 2
£ = =
N = 0,31 =
w o =
K] 3-02- s
% 2= 0-(.6 10
& ED.‘E ks
0.0- -
0 0.1 0.2 0.3 0 0.1 0.2 0.3 0 0.1 0.2 0.3
TPP concentration (mM) TPP concentration (mM) TPP concentration (mM)
¥ 8. 7tuAl Fxel wE A duld EeE stel=md ddEAe] =estetd 54, 8
olE2d dIAE 01% (w/v) AR did falE/7/Esd 1Y £3E pHE 552 =4
g v ZhaAl]l TPPE 0, 0.1, 0.3, 05 mM Aglste] Alxzslon, Azd A 4
271 (A), BHEAEA S (B), AleHA9] (OF SA4sAH

Aok wd BelE wEel WE slolmmd dgde 2Hed 54 29 99 v
Wdth 4 42 2719 B AR awd FalE w27F 01414 03% (w/v)E S7FERel
upel 140014 225 nm= Fo]AH o R (p<0.05) F7HetAth (¥ 9A). b+ AHE 1t

felHel (p<0.05)7ko] glol 03 oleke] U AR FHAASS FAsAT (27 9B). A
BP9 A AgH @A FEE Rt 01014 03% (w/v)E F7hgel whel +22.300 A
+195 mV= Zaskdvr (21" 90).

00, A 05, B 301

g é‘u.a- %N'

o 5 o4 a

0.1 0.2 03 A 0.2 03 M— 0.2 0.3
Protein hydrolysate cocnetration (% , wiv) Protein hydrolysate cocnetration (%, w/v) Protein hydrolysate cocnetration (% , w/v)

29 9 Ags W Balg wEel M2 Adg Wl R stelmzd dgAe F

M
Ot
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EA sol=zA AGAE 001, 0.05 0.1, 0.2% (w/v) 2FFg dild R 2/7)1 8 L2 3
2o pHE 552 %43 tfs 7luA|el TPPE 0.1 mM Ay ste] Axstgon, #lx
gAe] Ax =27 (A), GEAAS (B), AEEY] (OF ZAA

a9 102 VNES T wRol mE AR dd FaE sto|l=2A dEAe] Z2 33
4 EAS Yeidt NESHRT =7 005904 02% (w/v)E S7Hel] wel ddAe
271 138914 181 nm# folA o= (p<005 Z7het et (2™ 10A). vt 249 74
A3 FoHQd (p<0.05) Aol Rou, RE Aol A EH:‘—*W? 0.3°]8F9] U3
a7)e) ARA} AxHASS & F ME} (7% 10B). 7IE2 g w7k 0.05904 0.2%
(w/v)Z 7kl wheb Al 9= +20601A4 +261 mV=E WAXULE (p<0.05) F7}F3t %A
(24 100C).

¢ Jo 1o

300y A 057 B 307 C a
- x s ab
E 5 a T 0.44 E
N 2 03 & i
@ [ =
s 7]
2 Y 5
£ 100 g™ G 104
g 2 04 g
go 8
0.0- 0
0.05 0.1 0.2 0.05 0.1 0.2 0.05 0.1 0.2
Chitosan concentration (%, wiv) Chitosan concentration (% , W/v) Chitosan concentration (% , w/v)

a9 10 V=LY FEo mE A

CElolEm2A AgAE 01% (w/v) A
Q;qJ_DL TgE9 pHE 652 4% o
AzE AGAY AAF =7] (A), AR

1;}@11411 B E slojmzAd A 3 e

&) &3 0.01, 0.05 0.1, 0.2% (w/v) 7]
7]—iﬂ?<ﬂ‘ﬂ TPPE 0.1 mM g ste] A|x3 2
(B), AlEA Y (O)F =4

#Hﬂilm

N ol
Eoﬁﬁ
U
N,
i
R

kd

Lo fr 24 ) af ox 2 Az o
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3001 A 0.3 B

a
—_ g a
E 2
o 2007 > 0.2+
H ®
w [
o a
] 0
= 1004 = 0.1
s 3
o o
[+
A 0.0
Before Before After
Freeze-drying Freeze-drying

= 2] d2ar] (A) 2 HgEAAS (B). stol ==
QST R Hg/?’]Eﬁlﬂ g E£F=°] pHE bbE 2HT v

i)
=

o
N
X

O A2 B-AolAl AAE o] &% lol=2dA AGA AIUSAHEF ol &4 Fdst £ ¢+
A8 H7t

A1 oA ATEe A2 B-Aclal 2AE o] & stol=2d AgA= v 22 W
Moz Azt stol=24d dIEA= TAA B S (factorial design) ©]&3to] A|x=FAH QA
JUIELEH T F%, A2 A8 25 & stol==zd daEA Y 8334 545 &4
7batar, Aelga A2 g AW EE (resveratro) 9] £F @83 91## W in vitro release
= it w3k Ald A Au Al E£F(Caco-2 cell)S o] &3t AE W ¢hdA H7E 2A
‘(:):I—/\}\E‘I—-

Az FAH20A A2 B-Aol2l T%, EH 2o
EAdx A7), giEAA S AERA 92 2] 7] (particle size analyzer, Nano-ZS,
Malvern, UK)E o] &3&te] Hrlstdet (¥ 12). 1 23 7|ELdaY 5271 0.194 0.3%

2 S7Fge wel 42 A717F oF 162914 246 nm=E FH o2 (p < 0.05) F7FsEAT v

e slolmmd AgAe] gelsietd
7

Mo A9 NESNT FEe wE fo149l Aol glo] BF 03 olahw #AF PE &
25 AYUE dgAst AzHAee Hladn. AgAdE AEgend 7 0194

i}

03% % S7Fghell wel +18491 4 +21.8 mVE Fod o =Z(p < 0.05) F7FskAeh &, Axzd A
gl = F(positive)?] THASE ALES & & 3, FHE e 71ESEHILY T%

Z7hgel uheh Al2E ARAY FAE FAGE & & A

N
-

3000 A 044 B 257 C
€ a E a a = 2
£ 250 E 0.3 a E b
& z Tl
N ] €
® 200 b 502 ]
o c & 5
£ - 15
& 150 201 Q
o s °

100 0.0- 10-

041 0.2 0.3 041 0.2 0.3 01 0.2 0.3
CSO concentration level (% , wiv) CSO concentration level (% , wiv) CSO concentration level (% , wiv)

I¥ 12, 71Esdad wkol wE A2 B-AAloil/7EEYad stel=rAd deAe &3
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4. stol=2A AgA= 01% (w/v) A2 B-Fel2l/ 01, 0.2, 0.3% (w/v) 71 E&8 1
o] pHE 35% A3 thg HA2(25C)olA 30%7 wuk § 7kuAl¢l TPPE 0.1 mM
of Axzston, Az Ao d4x A7) (A), dhiatAs B), AES OF =74

Y oy ot

N
3@ oo
0 o o

ol
-

AL dAE 2= mE A2 B-ARN/FIEEE 1Y stol=2A AdA e EE sty 5
d(4A 27], A, AR S 219 13 9 L}E}IHMD}. O A dAHE 2=7F 504
3BCE F7Hkel wet Ao =77k oF 127914 257 nmZ FoH o 2(p < 0.05) F7HH3
o} A A Fo AL dAg &%7) 5ollA 35CE E7hgre] web 0.2659014 033302 §-9
How F7FetAth AEAE dAE 2Eo wE fFoF el Aol flo] ¢F +184 T 189 mV

grol AU, ol5 T AxE dol=rd AEA= s we AS & JATh

3004 A 047 B 5 2, C
>
_— ] ab s
E 250- 2 03 E
e 2 e 8 a
@ 200 b %02 £
2 2 %
o2 % o 454
s Zo01 &
o o ]
o N
100- 0.0- 10-
5 20 35 5 20 35 5 20 35
Temperatrue (°C) Temperatrue (°C) Temperatrue (°C)

a9 13. €A 25 wE A2 B-AJA/7|ELE 1T stol=2d WA Efsied &
A, stol=a A AdAlE 01% (w/v) A2 B-7Ale]Al/ 01 (w/v) 71EL8]ad E3E9 pHE
352 243 t& 5 20, 35Tl zZ+zt 3083 Exg F 7taA|¢l TPPE 0.1 mM # g 3ho]
Azt o, Axd dEA dA A7) (A), HEAHASF (B), AE9] (COF SHsA

AzEgAL8 e AP EZS EF &S (entrapment efficiency)S =43 Ays= 1
d 140 Jerdeh o Ax, davgESY] Y 88 NELNT sxo wE foF
Q1 Zbo] glo] oF 88%°] £ &S ek vk, A2 dAeews) 5914 3BT Tt
gholl whe} Mg EES] 23 &&0] oF 87004 T90%E FrelHoZ(p < 0.05) F7HFAT

— 100+ A — 10014 B

= - &

g 954 §' 954

o 2 a

£ =

@ 904 a @ 904

= a a t b

@ @

E 854 E_ 854

P il

= =

W go- W gp-

0.1 0.2 0.3 5 20
CSO concentration level (% , wiv) Temperatrue (°C)

I8 14. N1ELYad v5 (A) 2 A2 dA-8 2% (B w2 dEA Ul resveratrol® 2
A as
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9] in vitro releasei= 19 49} 5o YERHA
E YA HPEEZEY releaseE H7} 3 A3(2
1o A 03%= =718 ue} release ¥ @ AW THES & o)

< A E T AU =S TP 9 2ol A 307 WA AEA EHE g
E& release FA %= Zoz Hol 9 A AdAE x¥Y daHBEES &40
2 HEE F ASS & F AT & 230A release H & dAWBEERS] & I JES
glad FE7F 01014 030% F7hgtel wet o=t A 4 AU, wlFAIE 30871
= release SA 2o/t vt 60% FE 120 7] @l 2wBEZEQ release’t S7FshE Ao

dEHJAH(ZE 15B).

AL dAg eXo wE 7MY 9HAH @A HAHTEZY releaseE H7IE AE
g5 YeldT 2 A3 5T 20T Hls] 35CLEA 2] 21 o 42 o] #Hawet
EZ0| release ¥+ Aol #&EEAT (¥ 16A). 3 FE 2% ZAA AZxH AEA U

EHE UM ESS 9 £3dA 3023 v dstol e release WA = Aol #EE o]

5y A o 2, B - 0.1% CSO
e -= 0.2% CSO —
= . it = = 0.2% CSO
g s g 187 -+ 0.3% CSO
g —  +—+—a i
2™ t____"——»—f—'d 2 1
g 12+ g 14+
3 3
E 114 E 12-
3 3]
O

10 T T T T 10 L 1 L T T

0 10 20 30 0 30 60 90 120
Incubation time (min) Incubation time (min)

a9 15 71EEE 1Y = wWE A2 Ao/ ELE Y stol=2A HAdA U xHH

resveratrol®] 7FHdel 9] (A) 2 & =7 (B)olA 9] in vitro release.
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- 5°C

= - 5°C

ig B - 20°C 29 B PO

o =

= -+ 35°C = 18- - 35°C

o 14+ 0

wn [13]

g e - 9 164

o 134 —8 -

bt g 14 .-l,_.-—_:ﬁ’.

Q - -]

2 121 &

= £ 12

= o

U 10 1 1 1 1 I
10 T T T 0 30 60 90 120

0 10 20 30

. ; . Incubation time (min)
Incubation time (min)

I 16, A7 2% wWE A2 B-AR/IIELZEnYd Ffol=2A AGA Yo EH
resveratrol®] 7}a¢] 9 (A) 2 F x4 B)A 2 in vitro release.

Azxzd A2 B-AM/NES LT sto|=2 - HAEAY Mx U 54 Br7te & A49A
T (Caco-2 celDE o]&sto] Attt t&Fe &= (100 - 500 pg/mL)e] ALEAE T
A (1~ 4 hset Az & ontrolﬂr A AEES g A, AT Aol 9

- 1_]_—
ARl 2ol glo] Al AEEo sl w2 ATE FE Ed

rol b

o

A2 B-AA/FNELE 1Y Folmzd A= AE U EAS AUx 2SS o 4 gt
(¥ 17).
120 A 120
= a -
a a
— 1004 — 1004
= =
— 804 = 804
s 2
S 60 c 604
» @
= 5 40
Q
O 204 O 204
0- 0-
100 250 500 2 3
Delivery system concentration (pg/mL) Incubation time (h)

a8 17. A9A v= (A) 2 HiE A7 (B)ol WE A2 B-AloR /7 ELY Y o=z A
HAeA 9 Caco-2 cell | AE &= H7

O sol=2d Yx daAe Agf fll A8d 0EF 44 HE 34 ML R 29
A 718 4T

1A 922 dx HAE ol Az © stolmad v ddAe] bR frd Aad stE
3 AN A8 34 % YA 7164 bt 2ol AAEge 4 ey 1Ey
B9 =7 8T EE BY (G T Ee2) e (adblohel sfolmmA AP
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el wE stol
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bol, @44 Azl o] gu @

MIEE

% g3
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ok

A7 (125CaA 15
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R

o] &5

A (g 18, 19). 1

S
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E
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Z
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R
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=
e
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T

[e=]
=

a9 19.

A= (B).

<

i)

A

o}

7] (A)

‘ao

= A e

fol=za

9

=
T

o ARl W

3744
o 3

g

=
™

aul-:
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s
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H

e}
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4 = wd (2" 20)

i
2l

et

7}

2

b2

_68_



2 A2 G7HAIQL FEl Stol=2A yx A (29 21) BT 149309 A% Vs
1

o X]—
“ H
A718F vExt Ao ol el M flo] S FAITE & QY o]l Fe B A
TollA Az stel=mA dAdAe Ax T8 (FAF) vk okye A 717 Sk =2 <
AAE AW A8l grEg S AR Jhed AS F AU
200- A 0.30- B
-0 pH48 ' -0 pH48
= -
_g 1804 _g 0.26-
w w
@ @
g 170- Eb—%:_qi—_—_:::é o 0.244
@ 160- o 0.22-
150 1 L L | 0.20 1 1 1 T
0 3 7 14 0 3 7 14
Storage time (days) Storage time (days)

a9 20. pHoll W& 71E8 /AR dild BaE sloj=24 v JddAe] A7)
(A) 2 gEAA 4 (B).

1s0. A 0~ pH4.8 s B
= pHT7.0 ' 0 pH4.38
= 1404 —_ - pH7.0
E E_ 0.28-
N 1307 N
; ; 0.264
E 120' %
@ 1104 g 24
10‘0 T T T T 022 T T T T
0 3 T 14 0 3 7 14
Storage time (days) Storage time (days)

29 21 pHel @2 ANELY/A2 B Selmmd the AgAe 94 27] (A) ¥
CHEAE A% (B).

>

stolE=ad v daAle] Faet8Ad #d 7sd HUke w3 58 S 3 Holst
ATh stel==A yw HdeAe) Az 34 8 He 73 24 % (emulsifying
activity index, EAD) &4& &3l H71st9th (Pearce¢t Kinsella, 1978). 4 stol=24 A
Al ges TFF 20 mLoll &3lA71 § 2 25 mLoF &3E tha 8000 rpmell A 5&3F # 4
(homogenization)dto] oHHAS AZx gt 29 e JEAS 0.1% sodium dodecyl
sulfate 54919 o] %ako] 50008 F4F F tubidity® =4t EALE thew 2o 2o
= ALkeksl
EAI = 27)oC
o] 714, T3+ turbidity, s+= dispersed phase®] 3], Cx= @z Fx
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puA i O [e] =

stolemd vw dIAe] #3 A= SAH A AT dE EiE sE=7F 01414 0.3%
2 F7batel we stol=zA AgAe] FRBHYEI} FAHoR (p < 005) FIEAT (2
g 22A). 71E&E /A2 B-7HAI] Stol=2 A U dEAe] {3 SdEE AL EAE &
T7F 35914 5CE fade] we fFoddez (p < 005 T7Fetdn. AdH oz AF
g osol=RA e AEAE B S A4 99 BB vRe W AL dADE of
& & Ag 3 @I FUF et d3hd Y A A8 Aol F3 He AS &Eelst
ATt

k4 10- A b 30‘ B

@ -]

B B

é—" R 35- ] é‘ _....23-

22 2 2 2

2 2 F 2]

£ s b g~ - b

E 3 221

E =

W 2o w20

0.1 0.2 0.3 5 20 35
Protein hydrolysate cocnetration (% , wiv) Temperatrue (°C)

a9 22. Alx ¥4 a9 wE AYF i stel=mA Y dYAe] 73 2= A A
o BaE wre BE R ug/Add B BiE solmra v dwd
F3l FAE B A2 dAE 250 e JELYnG/A2 B-FHA Stol=2 A v AEA|
o fr3t BHw

23 gty S (=" a7 2E)d AAJMIARA stol=2A vk AYEAE A4S
=

@ F 2ASA 54 97k A% 39 233 240 GEQY. 1 A 2 o] ol g

g7 87 2E Fe 9 324 L shear rate’} 0.017600 s = ZF7}3ke] whE} apparent viscosity
7} #t43}= shear thinning behavior® AUl AJTH =3 contrlel Hl&] AFSFF Tz
e 2 AR G FEEE Stol=2A Yy dAdAE HUFsE Al AdA Ko =

apparent viscosityE WEM AT Eg 537t Ao AL AAgRF dd FalE 2 olE o

&3t spol=2d U AEAE A (BT 2LF=2E) controloll H]&] oral

viscosity 7} S 7tste AS skt (8 25). ol& Fdl ASR Gl d fE 71e A &A)
[e)

AR 9 B4 BAGH A4S 3842

of
~

+
%2,
d
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< Control -&£-HGMP —{1+—HGNMP NPs

Shear stress [pa]
[y et b b
= th = th

tn

===

0 200 400 600
Shear rate (1/s)

193 23. Shear rateol] WE AR vz A&
gl Hrr =93 a9 =

E P,
HGMP NPs, At o d Ea&E fd e

Sk 3kx}2) 9] shear stress. Control, ARk
dd FalE 2% HUF =9 QTFE2E;

9 2% A7} =97 QT2E.

i)

= Control -4A4-HGMP —FHGMP NPs

g hé

(Pa.s)
=t =t b b
th S thh O

=

Apparent viscosity, 1,,,

0.01 0.1 1 10 100
Shear rate (1/s)

™

1 9] apparent viscosity. Control,
A BE 20 Wb =YY eTE
2

% H7F =97 QF=2E,

4

1Y 24. Shear rateo] W& ARk wwd A S ska)
Mg w47k 597 a7 =R HGM ;
Bl

E; HGMP NPs, AFF1 @ild a2
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[ Conirol
Bl HGMP NPs

HGMP

g 25.

HGMP NPs, Aok

7 EHA 8 FEE;

= 2% A

g
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[A3FE : Bt

O AIARIE o] &3 AYFHF 7IsALAY FE 7|d 4+
[e} =]
o 2

8 cH = B 2abdEel ¥ d A dE Zdle o stol=2A AL A
W F 28 ATE e A, 238 YAR wgAadE A-edth & Aol o]8¥ Caco-2
cellZ °f2° F, 73, &F3 tAE Hbsked 25T /\]é%‘_‘li g2 2xolan gl

Caco—2 cell human colon adenocarcinoma@® -8 2l3F A3 52 microporous filter 2ol 4]
e o e 2 VAR AR AFH AYAE FAM S 7HTH olg g 5 S T
HEO 2 in vitro AollA oF&E9] A%<, p-glycoprotein inhibition study, %9 & W <F
2o F3A4, Al ebHA 5 Caco-2 cell monolayer®] transepithelial electrical resistance
(TEER) # &= SAHTOEZN Fa Az EAR AxY =4S H7HE & dth
Caco-2 cellE o] &3 &4 AdS ¢Jalx+= A|E 7 (intercellular) tight junction FAo] =&
3l o] tight junction®] FAFF+ transwell ¥l Al =8| A Apical?} basolateral &3]
A 714 8% (TEER, transepithelial electrical resistance, @ x cm?) =4& 3] H713 5 9
=3

A transwell #1Y¥ A]2" S9S 93] Caco-2 cell (ATCC HTB-37, Manassas, VA,
USA)E High glucose dulbecco’s modified eagle’'s medium (DMEM)®| 20% heat-inactivated
(55°C, 30min) 20% 2 Elo} A ¥ 1% Penicillin-Streptomycins 3 7}3k 3 37°Col| 4] v &35}
At Ab&¥ passage numberi= 15726, 30736 RS AF&3F1 AL, 0.25% Trypsin/EDTAE o] &
sto] Al st om A= 273U g H AolFllh ©F AIAEE wigstr] fsiAl
6-well cell culture insert (0.4 pm pore size, polycarbonate)e] &% (apical side)ol 2.2 x
10° cells/cm® MEZF59Y 2 mLE seeding & 325 (basolateral side)oll= 3 mL2] 4341 <]
v H7Ee g2 37°C, 5% CO, vlF7]ol uf 48A17F with wiA|E kst 273F7F vl kst
3} (differentiation)ES HFE3¥th. W vt} Millipore®] Millicell-ERS  (Electrical
Resistance System) #xE o]-&ato] TEERZC] 500 Q x cm® o]&to] H717A ujkatgdch,
37 Al (Growth media, GM, 20% €7 Z3bHolA wiYs v S 43 A FEF wiA
(serum free media, SFM)Z A3}t F&A vix] nAo] wpE TEER &4 A3+ 19 1
of detuiRlch 2 Ax A FEH w2 wA FolE TEER #te] 500 Q x cm’
o] AS FA 3t AE 3 tight junctiono] Aol FAES & F AT F, Caco2 A EE

S F

o] &3 transwell A28 ¥, TEER 54 F HA it 21E Fysslth
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TEER value

800
5 T
o -
[

E 600 - I - {
b
£ 400
9.
& 200
(¥T]
-

0

GM (14) GM (15) SFM (16)

Postseeding date (day)

IF 1. FEAuA wA e wE Caco-2 celle] TEER %t. GM=growth media; SFM=serum

free media.

Abekf @A EEEe 4 g o oA, AR dlA B E e Caco-2 cell W
} S 0 7 1,000 pg/mL 5== 1, 2, 8§,
Caco-2 cell?] H]:}J@Lga w7}k o

AREg vzl B &S 107250 pg/mL Al A AEYEE F9F el 2ol HolA &
grom ARk walz B &S 50071,000 pg/mLe A2l ¢ controlol]l v A EAYEE 0]
Tojdo=z 5

7FeAeh =, 1,000 pg/mL % 7FA 9] ARk waE EEE- o %%“JL Caco-2
celld] AEEE TFAA7A] @2 Zo=Z Hol B AFoA] A8 AR dild FalE2 Al

E 574 (eytotoxicity) & XY Al s & T AATH
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Concentration (pg/mL)

z4E
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Al

AEE.

100, 250, 750, 1,000 pg/mL)

Al

Al 7kl & Caco-2 cell9
= (0, 10, 25, 50

1 (A), 2 (B), 8 (C), 24 (D), 48 (E) HH

o
=

)

i

ke
T

&

celloll =] €]

B3 0 pg/mL GMPH

=R 1000 pg/mL GMPH

200+

1
(=]
w0
— -—

(%) leAladns (|80

48

24

Incubation time (h)

Lol
T+ 1,000 pg/mL)

Caco-2 cell9]

=
-

al 1, 2, 8, 24, 48

5

-2 celloll =&

Caco

KeR
=

(0

goat milk protein hydrolysate.
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flow cytometry
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[e) 2~
AE & T AU

rr

e 5 H

i)
N
."“

Abok G el Ao Alexa 488 H-Z of 1

¥ 1. Fraction ¥ 3% S4& T3 AHY 2
. Ab 280 nm Ab 494 nm
Fraction number .
(proteins) (Alexa 488)
3 1.036 0.324
4 1.271 0.487
5 0.347 0.125
A = ] Cantrol B = ] Frotein hydroisate C i ] Alexa a88-protein hydrolsate
] 344 ] 548 4 580
. A 150 " 150 = 1
E g §
50-‘ I
IB;DI 1nlh ‘ 1] "aD ‘-“!UI 800 800 1.0K 1] - ‘::ﬂﬂl ‘ I*;D‘ I IG;DI I ‘EGUI I I1DK
FL1-H FL1-H FL1H
29 5. Flow cytometryE ©]&3%k 4Fgf @il d R & 2 Alexa 4880] F2# b chl
2 B E Caco2 cell] &8 =4 A3 AXE W T4 H7IE 938 control (A), 2H%
- @l 2slE (B), Alexa 488¢] H-2HE Atk f @A ZalE (C)E Caco-2 celll] 24]7F
Ay F F5E&S A

[=:]
o
1

Cellular uptake (%)
2 8

b

Control GMPH Alexa-GMPH

G T 2= Caco-2 cellt

e 49

r

¥ 6. A dud FalE 2 Alexa 483¢] -
&4 4. GMPH=goat milk protein hydrolysate; Alexa-GMPH=Alexa 483-conjugated goat

milk protein hydrolsayte.

2 dEe] A% BRAYS 0 FRANRDL QURIR Uy ge FERY o
JARDS o] G AGolr], 87 PE 4
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T8k s Ao, AMRAHATES 14 ¢

Aor SAYY. &n 259 Fol FEA B AYACdA D, 24 R A Z4 o&

shal ERE 1250 = awd i = A A BT} AR
=i =

O sol=zd AgAY 4 BHETA ol44 Fun L dA4Y FI}
solmza AdAle] F4u AL FFAFE obdlst g WHOR Hrsd

- AlEE S =1

Caco—2 M ¥ (ATCC HTB37, American Type Culture Collection, Manassas, VA, USA)+
CO2 AlxEwek7] (37°C, 5% CO2)°lA AEjold (fetal bovine serum, FBS, Lonza
BioWhittaker, USA) 20%¢ #HAUAH/~E=EnlolAl  (penicillin/streptomycin, Lonza
BioWhittaker, USA) 1%E % 7}3t Dulbecco’s modified Eagle’s medium (DMEM, Lonza
BioWhittaker, USA) ujX|o| Al wj<kstt}, ujf & wX|= 273U st HA WA A E7E
90% confluencyZ7t#] A&} thS passage® At sko}, vl A= PET A& 9 pore
size= 0.4 pm¢l 6-well plate inserts (SPLInsertT™M Hanging, SPL, Korea)ol 6x10° 4 W& =

=L
F3afo] Ao Abg-3kt}. Millipore®] Millicel-ERS (Electrical Resistance System) #XZE o]
4-3}e] transepitelial electrical resistance (TEER) S43sto 2 wjg T a717HS =430 gk

o] 500 Q x cm” o]/Fo] E7|7A] 48A1zF Wit} wjA S W AsHEA Wi %stith Zb chamberd]
TEER %ol 500 @ x cm® € A U¥ tight monolayer’} 34 €S o n] &},

- 8w W oste|=2A dEAld Hded (FITC, Alexa 483) &
9 2

¢ stolmd AddAe] Ax W F ATE

S £ 2| G FoE 9 stel=g2A ddA
F2AI717] el R Eds AT dd 285 " sol=2 A dgAer 44 £9d v
A A 2A1ZF & wRkekth FFE o] FatE AR @A 853 stol=2A e
+ sephadex G-50 column¥} fraction collector (FRAC-100, Amersham, UK) %=+ dialysis %
MS o] &3sle] I ve EFB=A (GENESYS 10-S spectrophotometer, Thermo, Inc.,
USA)E ©o]&3ste] 280 nmet 495 nmel A F3EE S4ste FFEZE H2 JFE &3 o
= Az AFoel o] &3t7] A7bA foil2 A FH 4°CollA] Bagiry,

- Caco-2 Al 93 F 58 4

PET A &<° pore size= 04 pm¢l 6-well plate inserts (SPLInsertIM Hanging, SPL,
Korea)oll w3t Caco-2 MEE PBS 05 mLS o]&3le] 23] Axs 5 A& e &
< DMEM ®Wi#] 2 mL& F7bstar 2A1%F &<k vigaet. AaAzed 58 A4SF wd 7

_73_



AoAaA (@ ZalE 2 olE o] &% Stol=rA HAIADE wiA 2 mLet 7 6-well
plate?] apical %o F7}3tt}h. Caco-2 AIXE W 2 A XA basolateral o2 HH|H 7] 5A
2] L flow cytometryE o] &3dto] FFEHY A vl&ES ZAAtste] SA4ste] F
&5 A=t w3 FFEAnA S ol &St Axd F Axy FFEHAS] FFE gk
TAENLS AP S wE BEAEA(ANOVA)E AHAgdoer v HA(LSD multiple
comparison) 2.2 AT {2 xHP<0.05)E A5

1o

SR U end BEEe §5 971

sl A E2 Caco-2 cellol A AFekf 2 ol B3 Eol 5542 FHsly] & I3
72 2 flow cytometry #AHE& ol &5t givh. A= tlZ&F(control), T E 2
H AGANP), FF=E2A Alexa-4880] F-25 A iﬂ(A]exa NP) 2 FR34
A ZE wiekRk = FAEn|d e ALl %%Aﬂ BHEE FsArt (:Lg 7)_ o A

r>~l

[}
AZAHAHZY 7). LGNS U= H];TL_E HFHo=z 5“3}7] HBH flow Cytometry%
ANk el A AFet Astst o] Alexa-NPolA Fgo] folroz =e e vhehl
o (2¥ 8). AEHoR MG fd wud BAEe FAUA T F57L Hi Aow dd
k.

Control
NP

Alexa-NP

a9 7. Uptake of nanoparticle derived from goat milk protein. A: observation by optical
microscopy, B: observation by fluorescence microscopy. NP: nanopartice made of protein

fraction from goat milk, Alexa-NP: NP conjugated with Alexa-488.
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Control Alexa-NP

O e B
10° 10t 0 107 10? wt  10® ol 1ot 10 1wt 4ef
FITC-A FITC-A

-/ T g e — L~ s
s b N e
100
£ 0
£
& 60
2 b
'_6 40
3
]
(&) 20 a a
Control NP Alexa-NP

9 8. Quantitative measurement on cellular uptake of nanoparticle derived from goat milk
protein. Upper panel: D-plot, Middle panel: Histogram, Lower panel: Statistical analysis
(P<0.001), NP: nanopartice made of protein fraction from goat milk, Alexa-NP: NP
conjugated with Alexa—488.

A RS o] &3 7ed LAY A8 71 AT

FAEER 87 A (Wistar rahZ 92 30T, &2 1552 gAGG0r AL FE3)
71 f18l dA 25E A 155 597 kst Al FEekdivh S AV 3540]
Howjd A AFTE S dAAFE stk dale] FlH AF = E 254
FH 174 AolAd AbgHE sttt A5 2k 25, F5+ 60%E A er 12
AR PASRE AT HAes AU AA A3 AT FE2AFAAA AAEA L
H TEaYAYse 52 T (5AWME GNU-160531-R0027)° 2 A] 8} T}

T=AEE AT Aga= 5 AgTE =+ (control), AFFF 5%A 2 T(G1), At 10%
A TH(G2), GHNAZIE 5% F(Al), dHHREE 10%A- 2T (A2) = 77} 3ttt 7]
EAMEE HarlanAlEE ol &3t o A+ ARG FEdolnr dldfdES 34 4
A 18 5NA AT AdFeA Aolal Gdiid S vb}'—.@}oﬂ Az Aol A E @A
T =l FrEol v dwE e 38%ol™ AbFrel ZEEO e #§F (49.48%), @
A B8 Eo x3H o] & maltodextran(25%), CaClg(SO%)g il

A

19 @l A7) ek 19g/100gAt =, G2 5 g/100gAt = o]t}
55 1FYAFY woldte] Atz 2 &t taeow AT 2
o 13 AMSERA (2R, §5, HA5)S 7IFsAo onF 9
KL ojuFH e AT D AIRAAGFS SASAT A7
o™ avertin (2,2,2-tribromoethanol) .2 w}F 3t =
g a RS AQFH & EDTAE 43 tubeo] Hof d4& £ sttt ofulF et Al
NFNA 22 (3, A, &5, A%, A%, 2%, i) 2 svkl =4S A A AT
oA 71 (ADVIA2120i, Siemens, Germany)3a}o]

AL (FAE T, AL AP 84 & DA ET, a4 T84, AT

_'QI_
Aol EA st whebA
2 3.8
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LA AF 2L ARHALF W5

AY75E olnle] AFAsE 27 9 o AN vhsh 2ok AWANA AFEe mE
AURAN of Wgok AR D BA ATE AU, 2T ABAE 22 A3
T4 300g olAS UehMew Bu F AFe stk Budds ATUn AFe
e naHA Ggod RHATAAL G2 0 AV oe AdTel e FAHe AE
o] F7hSHeaL, B 2FelAE G2 Al A27} ThE im%%ﬂ uja) okom Ry 3Fo] At
Al % A2} oMo geh mtebd gaTo] de ARMgE D AFfFAA FES A
SR RN FONOE AT TR FHE Ueic

Body weight of maternal ratin periparturition

[ w
=) o
(- =]

[
n
=)

Body weight (g)

-1

Periparturient period {wesk)

——C -Gl -=-G2 Al -3 A2

I3 9. Changes in body weight of maternal rat during periparturient period

o FA(EA 3% A7 AF Waks T 100 AAG w2k Az AFe
249 Ael e TR FE 10-1vtel 2 ngse] Th QG BE AF Wa (2
WA ZHANEE BerE AFol 4)E Has Farh JRTIME o 26 o
Gl 2 G2 o 33g Welg dehlon] Al ¥ A2: 40g ol4g ebith oheba w2
geAeel o3 A7 ATl FHAo o= WHARATS WA oA T
of ol Mal Erhe A ovlsy auARH el @ fdz Az
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(=]
(=]

Body weight of pup rat at weaning period (3 week)

(5.}
[=]

Body weight (g)
[¥1) I
(=) (=1

(=]
(=]

[
=

(=]

29 10. Changes in

*
* I
Gl G2 Al Az

Treatment

body weight of pup rat at weaning period (3week)

oAl HE bR AT sk 29 110 ANE vek 2 2 AuaATe ¥
BoFol mE A TN FARAL ol ANE E4 F Ehtbs dude @AYo AR
Ak B 1F R 2504 G2 % A2H TN AR HAFl the ATl ua felHo
2 7kt Ao g YvErgTh 919 ArlTte &8 AlsW wd 3ol =2 Al Ftoln AR
0w el AR GRS WAL o AnH
Daily feed intake of maternal rat in periparturition
60
50
j‘:m
EZ’_U
10
]
] 0 +1 +2
Periparturient period (week)
——-C B-G1 - G2 —Al --x-A2
29 11. Changes in daily feed intake of maternal rat during periparturient period.
L @7 Foje HAT L WA R B
Ao A B4 AAnFE 2) E A7FAE R FEske] ofeiet 2ol A
o AEel g HRe FAATE, ANaP, 4FTEYE, YAHET, YRAATEH,
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Ha AT L2, ARSI 2N eE, A0S $A8 P, W o) gk A&
< FTNE T, SATANE S, dET, G Ay, drsAdME TS EA 5
Aol o= Fo Al Afol7t Kol . & AFS AAG olfv= duid #9
o] AR gol dEgs vt 7Y AFAAE FRAsHy] Aol g 3dx Ao
A AN o8 dardmbgdd 2o ik Ao FAAEE &Estr] fgtelth of
ek A7 F A EAE AT HES BT GGA] B &te Ao® A s
583 Aol gle dARddAE 2 #Ee WU BA &2 AoRE yEwa Ak 3
G FYE Ao wE o] Wt gl AR dAaEo] Ao HostodE FA7E §L
& Aoz Fodth @A Welwgel g Ful TAH WaE By A6 Alwgw
#d9 IL-1, TGF, IFN §= w4 T slem 53] A715e MAEs S4ste] Aeldl
e J5ee FALOR BAsa vt
¥ 2. Hematological parameters of maternal rat

RBC HGB RBC indices

(x10° (g/dL) HeT MCV MCH MCHC fLT

cells/L) %) (fL) (pg) @ny | <10 cellsD)

Control | 5.3+2.6 | 12.1£5.1 | 40.0+11.6 | 84.0+24.6 | 23.8+3.0 | 29.3t45 | 1161.0+331.3
Gl 6.4+1.4 | 13521 | 42347 | 67.0+72 | 21.3£15 | 31.9+14 | 1023.3+117.7
G2 6.9+09 | 14109 | 43.8£19 | 645+79 | 20.7£2.0 | 32.2+0.9 | 1229.0+182.9
Al 70104 | 145+1.0 | 454+£3.7 | 649+35 | 20.8£1.0 | 32.0+0.5 897.0£74.1
A2 5309 | 12.1+£14 | 395+45 | 75.6+£146 | 229428 | 30.5£1.8 1144.4+94.2

WBC WBC differential counting (%)
3
(x10 NEU LYM MONO EOS BASO
cells/L)

Control 2.3£0.2 25.7+£5.0 77.1+£12.1 25%0.6 1.0+1.1 0.4£0.1
Gl 2.9+0.8 25.5+4.7 70.4+6.4 29+1.3 0.5£0.1 0.3+0.1
G2 3.0+0.7 20.1+5.1 71.8+5.7 2.310.4 0.6+£0.3 0.5%0.1
Al 3.0+0.6 257+11.3 70.9£6.9 2.4+0.8 0.5+0.2 0.3+0.1
A2 42+0.8 26.7+8.1 69.8+8.0 2.1£0.6 0.7+0.3 0.3+0.1

*Control: Wz, Gl AFEF5%AH 2+, G20 AFEF10%A 2], Al: ©@ A 53 E590A 2]
A2: SR8 510%A 2 -

**RBC: total erythrocyte count (F43d-14), HGB: hemoglobin conc. (&4 F), HCT:
hematocrit (2 &84 8), MCV: mean cell volume (Hi#AdF&7%) MCH: mean cell
hemoglobin (H A& 3 2= =W =) MCHC: mean cell hemoglobin conc. (323843 &
2245 5%), PLT: platelet (24%5), WBC: total leucocyte count (Z®&+<=) NEU:
neutrophils (FAZ AWM L) LYM: lymphocytes (HZ), MONO: monocytes (&3l 1),
EOS: eosinophils (At A& ) BASO: basophils (9 7] Al W& )
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¥ 3. Hematological parameters of pup rat

RBC HGB RBC indices
. HCT PLT
(x10 (g/dL) (%) MCV MCH MCHC (x10° cells/L)
cells/L) (fL) (pg) (g/L)

Control | 4.9+04 10.0+£1.0 34.0+1.3 69.7+4.0 20.4+1.0 | 29.3x19 802.0£89.2
Gl 4.8+0.2 9.4+0.6 32.8+2.3 68.3+3.0 19.7£0.6 | 28.8£0.6 954.2+122.4
G2 46+0.3 9.0+1.0 30.2+31.3 | 65.6+3.9 19.6£1.3 | 29.8£0.7 961.0+233.3
Al 45+0.2 9.2+0.8 31.3+2.2 69.9+2.0 | 20.6+1.1 | 29.5+0.9 939.5+319.2
A2 4.4+0.3 9.2+0.4 31.7£1.8 72.0£1.8 20.9+0.2 | 29.1x0.7 868.2+41.4

WBC WBC differential counting (%)
3
(x10 NEU LYM MONO EOS BASO
cells/L)

Control | 3.8+2.0 | 13.6%8.2 81.3+9.2 2505 0.8£0.4 0.4=0.1
G1 2.0£1.0 9.1+4.1 87.2£49 1.6+0.7 0.6+0.2 0.4+0.2
G2 51£1.0 125+14 82.8£2.2 2.5%0.5 1.1+0.8 0.3£0.1
Al 49+1.2 | 129+29 83.1£3.2 2.4+0.9 0.9+0.5 0.3+0.1
A2 3.7x09 | 16.9+75 79.3£8.2 2.2+0.6 0.7x0.1 0.2+0.1

*Control: Wz, Gl AFFR5%H 2, G20 AFFR-10% A 2, Al: wh¥) A B8 55% 3] 2]

A2 S F 8 E10%A 2 T

«*RBC: total erythrocyte count (Z43d-1<5), HGB: hemoglobin conc. (&M A %) HCT:
hematocrit (A& 7848), MCV: mean cell volume (Hi#AdG€7%) MCH: mean cell
hemoglobin (HF¥Ad e a 29 %), MCHC: mean cell hemoglobin conc. (2 &8 &2
=29 % %), PLT: platelet (842%%), WBC: total leucocyte count (FW&F<) NEU:
neutrophils (FAZAME L), LYM: lymphocytes (HZ), MONO: monocytes (3l 1),
EOS: eosinophils (2t A WM& 1) BASO: basophils (7] A W& )

e

Fh B9 49 249 158 AT

A= A3 59 (colitis-induced mouse model)

TANEEZ 8F % CH/BL/6] mice F7 6455 FAgA oW 45F A Ao|x|o] Abs#E] s
oo AR SR 2%, FRe 60%E fAsHen 1243F AR A5 Hes AA
stttk A AL AUt sEATHAA Ao FESEALI] F2 Fo A
Al 5k

FEAgs A AT 8 AR dET (C), #99A 1% A2l7 (C2), A2 B-7HA
¢l 1% AHZT (C3), A2 B-7IA1Q vUx AgA 1% a7 (C4), oxazolone =27 (0O1),
oxazolone™} FeW A 1% g F (02), oxazolone®t A2 B-7FAISl 1% HgT (03),
oxazolone® A2 B-7FAI] Yx=dA 1% A2+ (0H= 2H7 FiEetdth. 7| A5+ HarlanAt

25 ol&sidon fFude dxfgEEolal A2 B-7HAIlS FH B Al FEeA AT
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A Y=g 2= Al 263%01]7\1
olt}, A2 B-7HAIA FTHH 2
maltodextran (25%)< 7 # E]:EL
7o F2 1g/100gA= o] T}
4-3lo] ZHAlF o] (force feeding)
eE, 75, 45)S 71584
Aelste] 15 x 1.5 cme] o
3 & oolAE/ZEH 2d E3 (41, v/v)ol &a A7 oxazolone (30 mg/mL) 150
e "ol RE Sl FFAHT ET (oxazolone FA 2] 7)ol = oFA]
24 Ea"“ (4:1, v/v)& 150 uLE o]&stsith A3 8UAatel= 23 # A&l 7
HEHZ 4 cm 9 % oxazolone &2 €9 (10 mg/mL in 50% °¥-<) 100 uLE FI3%
Y T A HET obdl® VM S gt 601 Y] & ¥ cageol ¥l & F
A(13¥ =) ¥+ avertin (2,2,27tr1bromoethanol)Oi npZ sl Al Ao A &
43k tubed] Yol A4S He vt 19 e A# v 2%
H&E 9% 53 d3dd 2 2 Aday s s A" 242 05 cm A7 = 7<}
2 % neutral buffered 10% formalin®] ©<t $ 4ColA 12413 R#3ste] 1174 (fixation) 3+
o 2™ v 70%, 95%, 100% ol ¥ ZH2b 453%F A ste] @ (dehydration) g % =}
JAS o] 83l clearing 3t F &}¥ embeddingS T3 g MEFS nAHAAY. HFo] &
2131 L microtomes ©]€3to] 5 ym FAE AE F slide Yol 281 65C S EoA I}
A& AAS o5 ALAS o] &3 clearing F 100, 90, 70, 50, 30%°l &= =24 o2 T
3} (hydration) A At H & E stainingS $38 hematoxylin &< 200 ul
Al # s T eosine £ 400 uLZ 30%3 < "“/\] 71 3 AT A e
o et 22 o] 83 B AdAlS o] &3 clearing & coverslips Y AV 7
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A7 A sES] AdHE AT AA AY7ts BH AT 22-26g5 LHE
Heow Fdt= ki3 = AT #Aar FEEA UErsth 53] oxazolone A
ZTODANAM = 9LXEEH AFo] gadte] 139l of 22g o3t2 sl whde]
B A2 T02), A2 B 1% A T03)) 7t 01 ATl mal Ao, Sa
A2 B-7HAIY di= AEA 1% AY-(04)= Freld ez S7kshe 43S Uitz d 12).

F

oleld Adi wud BB s FPFE AF e AFo] AW Ao ATk weA
Sl BEHE EE o o83 v AWAt 3Pl fEE 4Ae) AF FaE dEse
F37F = Aer dAddd. dF AbR AFFe Wk 39 130 A wkek 2 A A
Moz A NEHAF@E 3-4g W2 etk FAHE QU] Fol WoiA = FFS
Hou b A7Iek vastle W Fo A Aol vhuhubA Skt mEkA Al A g7
el Al = At Aol wE ArsAA T Mats UEuA Fdh
27.0 -
- *
26.0 - S B P, -m--C2
25.0 ik
2 ~<r=- 4
fag
£ 240 —#— 01
2 —e—02
230
£ 03
@ 220 04
210
20.0

day @ day 3 day 7 day 9 day 13

Treatment peroid

% 12. Changes in body weight (g) of colitis-induced mouse model.
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29 13. Changes in daily feed intake (g) of colitis—-induced mouse model

MAEHE At Ay 17 1490 YERA T < (colitis)
UFSki= oxazoloneE A 2|34 &2 control (C1, C2, C3, C4) T2 colone H & E
dAgt 3 dHulgdow I 3 Az GIAXE  (mononuclear cell)e] colon W H&A
(infiltrating) oW o] & &3t foci /o] #F A o} HA5 o] A &2 A4 colon
olS gl 2 A S A A @il oxazolones Fo] ¢ 4§ (0O1) goblet cell
o] 24 WP A& mucus? Y T 22 A4S F3 colonol vl A AF wkE
o] ez AL gelstdn. fawd (02), A2 B-casein (03), A2 B-casein & dtol==4 1}
A (049 A5 959 foci7b dAo] ol FHAHES (moderate) 95 ®F
O1 Ag ol nlal dFwgol 13 Zof & AL FAsAh ol 5 &Fa 4t
NgAs MAstE 2945 AYE
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Control

A2 B-casein nano

no protein Milk protein A2 [B-casein .
delivery system

(CD (C3)

Oxazolone

A2 B-casein nano
delivery system
(04)

no protein Milk protein A2 B-casein
(01 (02) (03)

e iz (C), 99 d 1% A+ (C2), A2 B-7HA] 1% A&+
U dEA 1% A&+ (C4), oxazolone # 2] (0O1), oxazoloned} g%+

(C3), A2 B-7}A<1
WA 19 227 (02), oxazolone® A2 B-7FAIQ) 1% A2+ (03), oxazolone®} A2 B-7}A| <1
Ux=gd2k 1% A2 (04)= 2H7 F-23te] ofefel 2ol AASATHRE 4). Ao w3 A

e A4S, ALY, 4ATEHE, PRYET, YRHLTEY, FH A RPN

i e A&, R : 4|

2, AT EEENEE, dAds FAE R, N g AR FNd T, $A
SAMES g G ASAANE S AWM d 5 EA ST T E F(WBO)
A oxazolone A7 (01-4)7F 2T (C1-4)ell Hl& FolH o= vhA yeyton, ojelgh A
+ oxazolone Aol o3| W7} AT Ao dAddEn. thE A Fel e 7 A
T oA Aol YERUA] gtk F5o g 9 TE & 24 (A, 1F F)olA
lympokines % cytokines T3 7S WY T 2RSS BEAto] A fx 9w chulz B3 &
gk Weukgol] gk £A4S AAT Folw AE FHste] w=iol AAE Aot
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¥ 4. Hematological parameters of colitis-induced mouse model.

RBC HGB RBC indices
. HCT PLT
(x10 (g/dL) o0 MCV MCH | MCHC | o
cells/L) (fL) (pg) (g/L)
C1 8.9+0.7 12.6+£1.9 | 43.0%4.2 48.3+3.2 14.1£1.6 | 29.1£2.2 985+301
C2 8.8t04 13.2+05 | 44.3%¥1.5 50.4£2.1 15.0£0.4 | 29.9£0.9 9774332
C3 8.2+0.9 12.2+1.1 40.1£45 489+1.2 14.8£0.3 | 30.4%0.8 738+4K80
C4 8.9+0.5 13.0+0.8 44.944.3 50.6+3.5 14.60.3 | 29.0£2.1 1036+192
o1 9.2+09 13.4+1.3 45.0£3.5 49.1+19 14504 | 29.6%1.0 1061+177
02 9.1+06 | 13.1+0.8 | 455+26 50.1£2.2 14.4+0.2 | 28.7+1.3 1137+148
03 9.0+0.6 13.0£05 | 45.1+£1.7 50.4+2.6 145+0.4 | 289%1.1 1175£180
04 8.7+0.4 12605 | 42.8+2.8 49.5+2.9 14.6£0.5 | 29.5%1.1 1095+£94
WBC WBC differential counting (%)
(x10° NEU LYM MONO EOS BASO
cells/L)
C1 5.1+£2.6 14.3%6.2 76.7£6.3 0.6+0.2 6.5+5.1 0.5+0.5
C2 3.842.6 11.9+104 82.0t114 0.5+0.2 3.8+1.3 0.4+0.3
C3 4.8+1.2 24.3+20.6 67.1+£24.3 0.6+0.2 3.6£2.1 0.6+0.3
C4 2.3+1.7 9.9+54 80.7+£10.3 0.6+0.2 4.2+3.2 0.8+0.4
01 29+1.1 16.8+11.9 75.8+15.1 0.6+0.3 2.5%0.7 1.3£2.9
02 2.4+0.8 17.6£12.3 77.6+13.4 0.6%0.3 25%1.5 0.3£0.2
03 24+1.3 7.8£1.8 83.6+7.7 0.5+0.3 5.9+£55 0.5+0.4
04 25+1.3 10.6£4.3 80.2+8.4 0.5+0.2 7.0£7.6 0.4+0.3

*Cl: 27, C2: Fed 1% A&+, C3: A2 B-7FAICl 1% A&, C4: A2 B-7HAI¢l Y
AL 1% A8+, Ol oxazolone Az, 02, oxazolone + oA 1% A&+, O3
oxazolone + A2 B-7}AI¢l 1% &+, O4: oxazolone + A2 B-7FAQl Yx AIA 1% = g
T

**RBC: total erythrocyte count (F43&75), HGB: hemoglobin conc. (&4 F), HCT:
hematocrit (A& 784 8&), MCV: mean cell volume (BH¥AHEF8%) MCH: mean cell
hemoglobin (H# A& a2 ZFZ W), MCHC: mean cell hemoglobin conc. (3328 3%
29 % %), PLT: platelet (Z42%<), WBC: total leucocyte count (EW&F<) NEU:
neutrophils (FAZ AWM ) LYM: lymphocytes (BZ), MONO: monocytes (&3l Th),
EOS: eosinophils (AF&A W3 ) BASO: basophils (9 7] 3 A W& )
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