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=A% A3 L paracasei T2 lactasee] &4 O] 1,053 Unit
Z1 v gA (specific activity)& 206 U/protein, mg<)
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Summary

I. Title

Development of Prebiotics and Highly Value-Added Food Ingredients with Specified
Health Claims Using Cheese Whey

II. Objectives and Research Significance

Cheese whey is yellowish liquid, which is mostly produced as a by—product from c
heese-making process. It consists of lactose and proteins as solid components and 1
s responsible for various physicochemical properties and desirable functional effects i1
n human-beings and animals. Other than key nutrients, peptides and proteins play 1
mportant roles mostly in the physiological functions in animal bodies. Some whey pr
oteins can act as Immuno-stimulatory components when delivered as a major protel
n source to animals as well as human beings and also their hydrolysates are widely
known as the functional peptides. As it is widely known, disaccharide lactose is abu
ndant in the cheese whey. While lactose is relatively low in sweetness, it contribute
s to absorb Ca, neurogenesis process, and so forth. Lactose is hydrolyzed by a lacta
se(or B-galactosidase) into monosaccharides; glucose and galactose. Of the lactase a
ctivity, transgalactosylation reaction is involved with galactooligosaccharde(GOS) pro
duction. Currently, several oligosaccharide such as fructooligosaccharides(FOS) and
GOS manufactured by the enzymatic technology has been reported to stimulate the
growth of probiotic Bifidobacteria.

In this study, concentrated cheese whey or cheese whey powder was used to pro
duce GOS of the functional prebiotic oligosaccharides and also studied to develope v
arious functional food ingredients applied to dairy products: bovine milk, fermented
milk and infant formula. In addition, growth-stimulating peptides were screened for
high cell density cultivation of the probiotic lactic acid bacteria(LAB), which can be
applied to a number of processed foods including the probiotics preparations for hu

man and animal use, seasonings, and traditional foods such as kimchi, salted fermen
ted fish.
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III. Contents and Scope of Research

7}. Studies on applications of prebiotics using cheese whey (Yonsei Univ)

O Productions of lactase microorganisms(yeast, mold, LAB) using cheese whey.

O Developement of high cell density of LAB culture using cheese whey-based medi
um.

O GOS productions using crude lactase preparation and immobilized enzyme techn
ology.

O Development of the prebiotic preparations containing high level of galactooligos
accharides.

O Development of GOS purification technology from lactase-treated cheese whey
cultured medium.

O Reviews on application technology using cheese whey-based LAB culture.

1}. Physiological functionality screening and specified food ingredients using

cheese whey hydrolysates (Chungnam Natl. Univ)

O Optimal conditions on protease hydrolysis of concentrated whey.

O Optimal conditions on the production of whey protein hydrolysates and function
al peptides.

O Development of low atopic and anti—obesity materials using whey protein hydrol
ysates.

O Development of anti-inflammatory substances derived from whey protein hydrol
ysates.

O Functionality studies of whey protein hydrolysates using lab animal models.

O Reviews on various industrial uses of whey protein hydrolysates.

t}. Development of Growth Promotion substances and establishment of its pr

oduction process using cheese whey(Vicel)

O Reduction of fermentation time with growth-stimulants for yvogurt and drink yo
gurts manufacture.



O Growth—promotion studies consists of 3 research items as follows;
1) Growth-promotion for the Lactobacillus strains.
2) Growth promotion for the Bifidobacterium strains.

3) Growth promotions for the Streptococcus /Lactococcus strains.

O Monitoring the number of viable LAB cells during the whole fermentation perio
d of stirred- and drink-type yogurts.

O Studies on the synergistic effect of growth—promoting substance with other ingr
edients.

O Establishment of simple and cost—effective process producing specified food ingr
edients derived from cheese whey.

O Selection of strains of veast and LAB which has highest activity of transgalact
osylation and optimal culture conditions such as pH, types of starters, concentrati
ons of cheese whey, and aeration controls.

O Studies on microbial growth, conditions of whey protein hydrolysis, and spray—-d
rying operations for obtaining maximum productivity.

O Process simulations in the pilot plant, trial manufacture of functional or growth-

promoting products, and writing a standard management manual.

O Reviews on common commercial production strategies: Size of investment, produ

ction via tall-processing.

IV. Results and Suggestions for Industrial Applications

1. Results

Cheese whey is a by-product from natural cheese-making process, containing disaccharide
lactose and whey proteins as the main ingredients. This study was conducted for develop
ment of growth-stimulant of LAB, functional whey-based peptides, and GOS production fr
om the natural cheese whey. Major results obtained are described as follows: Sodium chl
oride in the whey powder(Samik Dairies) was determined to be 3.55% by Volhard
method. Compositions of the whey-based medium for LAB was best at the concentrations

of 10% whey powder, 196 organic nitrogen source. Of the twelve LAB isolates, lactase
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activity was determined using ONPG disc assay to the typical colonies grown on the
MRS agar surface. As a result, all the strains were positive in lactase activity. Of t
he 12 strains, probiotics LAB(L. paracasei FBT314, L. helveticus FBT1, L. acidophil
us KCCM 32820, Lc. lactis ATCC 11454) were chosen and screened further, selected
a single strain of L. paracasei hased on the highest lactase activity of 1,053 Unit(20
6 U/protein, mg of specific activity). Lactase activity from L. paracasei FBT314 was
optimal at pH 6.5-7.0 and 30TC. It has been shown that maximum GOS production
was obtained when incubated at 30% lactose, 30C for 4 hr and was determined at
19.196 of highest yield by a HPLC analysis. A lactase from L. paracasei FBT314 wa
s successfully immobilized with 1.5% sodium alginate solution and obtained 15.4%6 of
maximum GOS vyield using the immobilized lactase with the same concentration of s
odium alginate. Crude lactase enzyme was immobilized using microencapsulation met
hod. Among the hydrocolloids as a coating materials, alginate and starch was prima
1y selected and tested in single and mixed way of treatment, resulted that best activi
ty was obtained with 1.5% sodium alginate(38.4 cP) at 30C.

On the other hand, whey proteins were used to digest with three kinds of proteases;
Alcalase, Neutrase, and Pancreatin, resulted that degree of hydrolysis for 180 min at
50C, pH 8.0 was 12.5 for Alcalase(Novo), 15.15 for Neutrase(Novo), and 21.73 for P
ancreatin(Novo), which was the highest percentage of protease hydrolysis. Moreover,
the peptide profiles was shown less than Mr 3,000 and significantly different each o
ther with the three proteases used, suggested that further studies need in order to f
ind distinct functional properties of the whey—-based peptides. In terms of titratable aci
dity(TA) development and viable cell counts of LAB, whey protein hydrolysate was better
nitrogen source than skim milk powder but less than yeast extract. In addition, viable ce
Il counts were 1.6 times higher than that of skim milk powder, indicated that the w
hey protein hydrolysate was a promising nitrogen sources, which can substitute the
yveast extract, in growth stimulation of LAB. Tt was highly expected that practical le
vel of yeast extract was comparable to the whey protein hydrolysate in the growth
promoting effect on LAB. When used the whey protein hydrolysate, growth stimula
ting effect was confirmed on LAB and developed the economical production process
in this study.

As for lactase activity, 12 lactic acid bacterial strains, three strains of Saccharomyc
es cerevisiae were screened, obtained that the activity were very slight in Lactobaci
{lus rhamnosus, Lactococcus lactis, Leuconostoc mesenteriodes, Weissella kimchii, S
accharomyces cerevisiae SD1(our lab stock), Saccharomyces cerevisiae MG3. Lactase
activity of four yogurt starters{Lactobacillus acidophilus, Lactococcus lactis, Lactobacill
us helveticus, Lactobacillus paracasei) were compared with that of Lactozyme 3000.

As a result, lactase activity of L. paracasei was almost similar to the commercial e
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nzyme. Further characterization was performed, resulting that optimal pH and tempe
rature were pIll+& 7.0, 30T, respectively. This crude enzyme preparation was able to
digest 10% lactose into 70% in 10 hr incubation and confirmed GOS production at 3
0C on TLC. In the preparation of crude lactase, GOS yield was slightly improved in addi
tion to sonication step when high pressure homogenizer was used to extract the enzy
me out of the cell. It 1s noted that LGG strain and Bifidobacterium longum were better
grown In the presence of 0.19% garlic powder, 0.196 yeast extract supplemented in th
e quarter-strength fermented whey-based media(1/4x). Finally, GOS test product was
manufactured after ultra—filtration of the fermented whey-based medium(30% lactose), follo
wed by concentration under reduced pressure and freeze-drying process.

For the test of anti-allergic effect, proteases(Alcalase, Neutrase, Pancreatin)-digest
ed whey proteins was subjected to cell-line test using RBL-2H3. Three samples(w
hole hydrolysate, fraction with 3kD or above, 3kD or below) was tested and shown
to be none to slight in its efficacy. As reported earlier, lactoferrin was effective in 1
mmuno-modulation on U937, NK92, dendritic cell line(mutz-3 and muDC), and also i
n asthma, anaphylactic shock, and allergy. In vitro assay using HMC-1 cell and Ra
w 264.7 cell from rat, expression levels of allergy and inflammation-related cytokine
s TNF-a and IL-6 was affected by whey protein hydrolysate and lactoferrin. It was
confirmed that whey protein hydrolysate was significantly lower in antigenicity than intact
whey protein using mouse-antiserum assay. Compare to normal mouse, allergy-related IgE
secretion was elevated in the mouse serum when administrated with whey protein o
r B-lactoglobulin, strongly indicated that these two substances were source of allerg
en. As for main results from the cooperative project No.2, protease—digested whey p
roteins were effective in growth promotion of LAB along with yeast extract as a ni
trogen source. Protease-digested whey proteins could be manufactured by vacuum-
or spray—drying method but special care needs not to form cake. Reaction tank for t
he protease—digestion was added in the layout and manufactured the triple jacket-ty
pe reactor, turned out to be an efficient batch-type equipment, using that it takes &

hr 20 min for whole treatment time in the preliminary pilot plant experiments.

2. Suggestions for Industrial Applications

This whey-based culture preparations contains 75% solid containing minerals, GOS,
and functional peptides, which can provide mineral supplement after exercise as we
I as maintenance of beneficial intestinal flora due to prebiotic galactooligosaccharide
s. Development of functional prebiotic materials and high value-added products using che

ese whey 1s promising green technology in terms of fermented waste, cheese whey. This
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work provides a solid platform in commercial oligosaccharide production via modern biotec
hnology. Highly value-added original technology has been established through this study a
nd linked to activate the natural cheese and the related industries in Korea. Immobilized la
ctase technology was established for high vield production of GOS, which can bhe applied t
o a number of functional foods with health-claims. Whey-based hydrolysates may be utiliz
ed as an organic nitrogen source for grow-promoting LAB, which can replace the expensi
ve commercial yeat extract products in the LAB growth media. This technology can contri
bute to solve overproduction amount of farm-milk, led to more or less stabilize dairy farm
er's household income and also import substitution of prebiotic GOS. Prebiotic GOS 1s curr
ently gaining popularity in food industry and thus expected to be exported overseas for ga
ming foreign currency. The results obtained will be published in the international journals
as well as taking out patents as intellectual property. Whey-based peptides can be applied

to anti—atopic and weight control agents in various kinds of foods.
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FolE FHE T (whey powder), A% 7 (reduced lacto

ofN

O FAGM AL vpekst 754, G2 @ AL d 7|es A= @do] T

= Z M (Yamauchi, 1992) &2 Z3jo}lv| =4k branched chain amino acid) ¥ tryptopha
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dl, 1998), Zdl~HE Z4(Anon, 1994) ¥ WY F7(Bounous &, 1993)5 ¢ theksk 7]
=

sa ZHAAL Slis Ao Had wp gtk

O NANE 5T GFA A Feld A5 HY U] Dol o) &5 o] )
Aol Aol Aeley Wepol= A 2AR FERE WA FR oo @ A7t A
SEEEEIE LUR L R

O AAZIA - i A f3 AL FEFo] =+ opioid peptide (Zioudrou &, 1979),
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2004; Harmsen ‘s, 2000; Hong 5, 2008).

O Prebiotic2 23139 A= A A S Z prebiotic& ] 2L foF A7) % W
olo] W& 22} hAAEE = acetic, propione, butyric acid®t 2S #HE €4 F9
(SCRA)ES] WgES Ef gy 7 sEd vust A7 F5 ol FaL dr} o
THAD ATl A B e aw s vlawste] HA3S AP o SPadoRes A'9s
T AdolEARE APste] AasAY AAY, Fip T 2L AFel A R
B 7R, FE3s 28 EL Y a3 (fructooligosaccharides; FOS)3 %3} B-galacto
sidase(®=+= lactase)E o] &3te] AAE = A2 &8¢t (galactooligosaccharides: GOS)

o] tF-F-o]tH(Sears &, 2005).

O ol&y ¥EAL A A5 FF Aoz LdA, T FF myuty], Ax5e &
A& AT 84 FHEALY chemokined 722 Th¥dt €4 @A EL olEy i
o] A= Aol duta B aE i 9t (Morita 5, 2004). H olEy Fu v A=
HE9 olEyyRae HAYUSS AFes A2 A wo] Algo] ¥, ofEy v Rd s}
ze 2 B2 =7 Al 9g Aolgtar WE A tHUnno &, 2001).

I vk g o] gl olEVy A Ze 5 &4 dge AAEAE THA
=2 ZAFeE A3, WHP(whey protein hydrotysates) &2 ¢ olEy ¢} 72L& ¥

== =oFed 24 olgd F i, FUIE AT el AASA
k3l &2l 5 It (Nobuko 5, 2006).

o 4k

H]Z@OLOE-/] u

O AEFETA

A
w el A= 2

idobacterium® = HAGA e F2s FA F
ddael A, AR &R WAV o] S 2 G3E e Y] wido] XA
T, 57, ofolx=adg, W Fo AEAA] ooE 9 JISAIEER olfE FHo= Ty

7 A

O =] AHESYZ(GOS)2 At A9 glols By oYzt @rlx B &8lad
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lucose®] RiA+= 0.75, galactose™ 0.71, lactoses= 0.66, galactooligosaccharide®}t fructooli

gosaccharide RiA1E A3 4= glolc),

Fig. 111 TLCE %3 glucose, galactose, lactose, galacotooligosaccharide,
fructooligosaccharide 49

A Glucose, Ry = 0.75, B : galactose, Ry = 0.71, C : lactose, Ry = 0.66,

D : galactooligosaccharide, E : fructooligosaccharide

Ao ol 2 A
RI= g oAy

18
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12 —f—p|uCose
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OD550nm
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06 += =
04
02
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i [} 1 75mg whey medium

i} 44 mg whey mediumd.44mg

=== 875 mgwhey medium

02 04 0.6 08 1.0

Sugar concentration, mg/mL

Fig. 1.1.2 Determination of sugar concentrations in the whey-based broth using DNS
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Z7FsFA vt 0.1lmg/mL+ 0.15, 0.2mg/mL-> 0.34, 0.3mg/mL-e 0.35, 0.4mg/mL-2 0.49, 0.
5mg/mLe 0.78, 0.6mg/mL-> 0.81, 0.7mg/mL-> 1.035 9] #-& el

- dqudEdoes = YEAAZFS S35 A Frkel A A
TR fA RS =RF 4o AN A 10%EEFAMAS A ZX3 S Kluyveromyces

marxianus <t Saccharomyces cerevisiaeS 217t 29%6% H<Edto] 30TolA 4L7k njekst
A AR dRg FES A% Ay ok 1@ (Fig. 11.3)3 2k ¢3& I3 54
a7 9ske] FEAZ H3 A E 100 mLE FH] AHD SFY 30 mLol FHFS
7bete] 100 mLE AE&S v 156CE YAAAA, FAA(NHF AF7] A2L, Korea) &

=489},
=
2.5
e 2
=
=
=
= 15 ]
= —— L MMOrXTONUS
=
Jé -+ &« —fl— 5. cErevisiae
0.5
n . B
O 16 24 48 T2 =1
Time (hr)

Fig. 1.1.3 Production of ethanol in 109 whey powder medium fermented by K. marxianus
and S. cerevisiae
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Fig. 1.1.4 Screening of yeast strains(left) and bacterial strain(right) utilizing lactose as
a single carborn source on Potato Dextrose Agar(pH 5.0) and Plate Count Agar(pH
6.5)

9 2Re AAAZ, BF, AA, YT SonBH Ew 9 HAH Qov B
A C) Et
plantarum, Lc. lactis, L. paracasei, L. helveticus, Weissella cibaria Lueconostoc param
esenteroides 5< w39t BX9 A% £3FE PDA wlx] Aol streaking 3+ &
single colony® F&tel H7AF A3} ofef 283 o] APA ZE s vErHT
BEFE 47 98] API kit 20 C AUX 2 A& 393, 185 rRNAZ PCR %
25 37] 98] NSUE'-GTAGTCATATGCTTGTCTC-3"), ITS2(5'-GCTGCGTTCTTC
ATCGATGC-3") primer{(Oda. Y. &, 1997)E A}&3}9 molecular typing-s < 33} t}.
I A BYBEFE S cerevisiae® FAE AT

b

o,
=
EEE Saccharomyces Kluyveromyces, Kloeckera % Go] #2303, f4t

e 8
i
L J

-
Sl
=T =

=
»

r X
25

Fig. 1.1.5 Isolation of lactose utilizing yeast strain and microscopic examination (1,500
X)
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MONDAY AUGUST 10, 2009 - @ ¢ 8:17

Fig. 1.1.6 Banding patterns of PCR products of the isolated yeast strain using 18s
TRNA primers, NS1 and ITSZ2 after amplification. lane : 1~2, S. cerevisiae
KCCM12028(type strain) ; 3~4, isolated strain YGI1; 5~6, Geotricum klebahnii

olgl ¥ (Fig. 1.1.7)2 &9 f4ibkds 455 API kit 50CHL-S o] &3l A
24 A¥ L helveticus, B¥= L. paracasei & 3 ¥}

o

43t

Adonitol

Ribose Ribose

T v B
M""M ; .-:...P o
¥

|

Fig. 1.1.7 Comparison of carbohydrate utilization patterns between LAB isolate A(left)
and B(right) using API 50 CHL kit(APL BioMeriux, Marcy ['Etoile, France).

O FAuA =4 ¢ 2 = A4

1

°] 10%, 15%H 7k A A 5 fakvte] vl FA bl uhE S 54

.
= 1s
=
= / —— RS
b=
— § —— 107
= 159
0.5
a
1Z2hr F6hr &0hr

Incubation time., hr
Fig. 1.1.8 Growth Lc lactis YM7 in 10% whey powder medium at 37TC.
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S FHstuA AT T wE vYEe] ASHEE dx79d
MRSl A o} v st Aa} MRSHIA| &} 482 10%E H71e fAuAe] nBE SA4A
E7F 60A A M@k Aoz yEE. wEka MRS ARG A" {48 AR
shiz Zlo] AbA o= Astel feldtvhal BeE S
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1200 -+
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800 -
200
400 -
200 -+

B 1Zhr

CFU/mL

B 3Ichr

m e0hr

MRS 10%5 15%

Mledium

Fig. 1.1.9 Viable cell count of Lc lactis YM7 in MRS broth and whey powder
medium.
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Fig. 1.1.10 Effect of organic nitrogen sources on the growth Lc lactis YM7 in whey
powder medium.
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93}l yeast extract, soytone, beef extract, malt extractE 1% FH7}ste] HiAE A%
gk o AR el TS Wl = IBAIIIEA SAS A [ HAAYY] ERel wep o

A 20l  Hol7t Y= Ao E e

@ Ao gkl nE vdee Asst
3
2.5
2
E g0 25
E .. — 0 50%
— —r— 156
) 1 1 50%
—p— T
o5

O . 18 =1 = L ) 50
Incubation time., hx

Fig. 1.1.11 Effect of veast extract concentration on th growth of Lc lactis YM7 in
10%6 whey powder medium.

- EERAEAC 28E wrEaR oz VP A< yeast extract®] HI7FEFel w
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2 A FAAEE 660nmollA FHEE SATOEZN Fash o gl vErdrier 2
o] Ao R 1%e14-& HbstE Aol fEd Aoz Amd

Q@ > FURANA F frkre] S22

b s A F JdE 127 F8 FAATTF(A~L)E yeast extract”} 1% H
7Fa 10% B2 Ao FEFS vFe 600nmoll A FHEE Ao 7A F4S AR
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30C

OD 650nm

a 3 & 9 12 15 18 21 24 27

Incubation time, hr

25

b /\ — /)\

15

OD 650nm

05

a 3 6 ] 12 15 18 21 24 27

Incubation time, hr

Fig. 1.1.12 Effect of incubation temperature on th growth of lactic acid bacteria
strains isolated in 109 whey powder medium.
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oAl 1¥HE A

SR EREEY
- B AT (AR ATE A= FIENAL ol gt HPe M
o] O,
=
b xx

- B oo o] AMEE F A Pancreatin-100trypsin, Neutrase—Protex 7L, Alcalase—pro
tex 6L{(Genneco international) & AF&3} S, AFES 849 EALS Table 1.3.13 28

Table 1.2.1. Properties of the three enzymes used

Enzymes Optimum pH Origin
1 Pancreatin — trypsin 8.0 Porcine
2 Neutrase - Protex 7L 7.0-8.0 B. subtilis
3 Alcalase - Protex 6L 7.0-10.0 B. licheniformis

) FAT e A
(7h) 50°Cl A &R GmA ] Fp2=5 3
DO 7t &xo) TteEI s
Table 1.2.2. Degree of hydrolysis of whey protein treated by protases at 50C

(%)

Time Alcalase Neutrase Pancreatin

(min) 1:2,500 1:2500 1:5000
15 6.1 7.37 10.12
30 7.26 7.49 10.99
60 8.57 9.23 15.15
90 9 11.53 15.26
120 9.78 12.25 16.23
180 125 15.15 21.73
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Degree of hydrolysis

DH (%)

/ / — Alcalase
13
Neutrase
___..—-'—""_-_-_
9 il

Pancreapcin

15 30 60 90 120 180

Hydrolysis time

Fig. 1.2.1 Degree of hydrolysis of whey protein treated by protases at 507TC.

Table 1.3.29} Fig. 1.2.1- Alcalase, Neutrase, Pancreatin 4ol gk 7}
ekl A9 3 FRe &4 B Azke]l At wel bR

Fig. 1.2.2 Tricine gel electrophoresis of the whey protein hydrolyzed by Alcalase at
50 C (1:2500).

1. Standard marker 2. Incubation for 15 min.
3. Incubation for 30 min. 4. Incubation for 60 min.
5. Incubation for 90 min. 6. Incubation for 120 min.

7. Incubation for 180 min. 8. Control{whey protein)
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45.0
30.0
20.1

Il ke
o

Fig. 1.2.3 Tricine gel electrophoresis of the whey protein hydrolyzed by Neutrase at
50 C (1:2500).

1. Standard marker 2. Incubation for 15 min.
3. Incubation for 30 min. 4. Incubation for 60 min.
5. Incubation for 90 min. 6. Incubation for 120 min.

7. Incubation for 180 min. 8. Control{whey protein)

kD
45.0
30.0

20.1

oo
crovan

Fig. 1.2.4 Tricine gel electrophoresis of the whey protein hydrolyzed by Pancreatin at
50C (1:5000).

1. Standard marker 2. Incubation for 15 min.
3. Incubation for 30 min. 4. Incubation for 60 min.
5. Incubation for 90 min. 6. Incubation for 120 min.

7. Incubation for 180 min. 8. Control{whey protein)

Fig. 1.2.2. 1.2.3. 1.245= 50Tl A Alcalase, Neutrase, Pancreatin 2.2 15%, 30&,
602, 90, 120%, 1808 &<t 7k aA1zl Eal&E S Tricine gels ©]&3to] d7]Y
g A xR FAEN A vas] B 3F7Y Bad wel vhEA[zko] 7:‘43}
A R ade] & FIEE & 7 A&, Alcalase®Z A g fA@EWELe X 14.3k
Dolgtell A 1kD7FA & WA & 7F ¥ ar Algke] AapstHA] A& @z e] qko] F7}
SHS & & 9. HE38F Neutrase, Pancreatin®™ H| 523 A4S Y e =1 Alcalase * €]

b vjusty FAwko]l 23 kD A=FH 1 kD A=7bA] He WHAZ 87 €& ¢

&
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9
dlo

@ Alcalase®} ¥F-&-3t 753 &5 2] peptide &
HPLC #&x312 th&3 o)
Column was protein C18 (4.6X250mm)
Flow rate was 1mL/min.
Elution solution: A is 0.1% of TFA in distilled water
B is 0.196 of TFA in acetonitrile.
Eluted with linear gradient.
Elution time was 40min.

Infection volume was 20ul of whey protein hydrolysate. (Was concentr
ated 5 times in freezing drying machine)

Absorbance of the elute column was monitored at 214nm.
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Fig. 1.2.5 Whey protein hydrolysate Fig. 1.2.6 Whey protein hydrolysate
by Alcalase for 15 min at 50TC. by Alcalase for 30 min at 50TC.

1.20000: 1.20000:
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0.60000 0.60000:

0.40000- 0.40000
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00000 10.0000 200000 30,0000 00000 10,0000 20.0000 30,0000

Fig. 1.2.7 Whey protein hydrolysate by Fig. 1.2.8 Whey protein hydrolysate by
Alcalase for 60 min at 50TC. Alcalase for 90 min at 507C.
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Fig.2.9 Whey protein hydrolysate by
Alcalase for 120 min at 507C.

g ewa-g 50Tl 15+, 304,
Fadstel HPLCZ &8 Zdi+= Fig.
9. fa WAl B3ty

@ Neutrased}
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Fig. 1.2.11 Whey protein hydrolysate by
Neutrase for 15 min at 50TC.
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Fig. 1.2.13 Whey protein hydrolysis by
Neutrase for 60 min at 50TC.

o weh B Pl 2FH Aot UsS

18-k 7h -8l = 9] peptide
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Fig.2.10 Whey protein hydrolysate by
Alcalase for 180 min at 50TC.

20,0000 30.0000

60+, 90+, 1204, 180F &<+ Alcalase = 7}
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Fig. 1.2.12 Whey protein hydrolysate by
Neutrase for 30 min at 507T.
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Fig. 1.2.14 Whey protein hydrolysis by
Neutrase for 90 min at 50TC.
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Fig. 1.2.15 Whey protein hydrolysis by Fig. 1.2.16 Whey protein hydrolysis by
Neutrase for 120 min at 50TC. Neutrase for 180 min at 50TC.

g as 50T 155, 30+, 603, 90+, 120+, 180+ &< Neutrase = 7}
ot A3+ Fig. 1.211, 212, 1.2.13, 1.2.14, 1.2.15, 1.2.16 ol ey
WAl Bakgel wek Bel Fe] 2FH ol

E
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® Pancreatiny} ¥F-&-3t 73 &5 2] peptide Y
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Fig. 1.2.17 Whey protein hydrolysate by Fig. 1.2.18 Whey protein hydrolysate by
Pancreatin for 15 min at 50TC. Pancreatin for 30 min at 50TC.
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Fig. 1.2.19 Whey protein hydrolysate by  Fig. 1.2.20 Whey protein hydrolysate by
Pancreatin for 60min at 50TC. Pancreatin for 90min at 50TC.
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Fig. 1.2. 21 Whey protein hydrolysate by Fig. 1.2. 22 Whey protein hydrolysate by
Pancreatin for 120 min at 50TC. Pancreatin for 180 min at 507C.

£33l HPLCZ #2 3k @j = F 1211, 1.2.12, 1.2.13, 1.2.14, 1.2.15, 1.2.16 °f e}
o Hhsh gol Ea whgAlzte] Aubgel weh Bl ol EFH

(W) 40CoA SHeulAol 72
D Z} §29 7RI
Table 1.3.3. Degree of hydrolysis of whey protein treated by protases at 40C

(%)
Time Alcalse Neutrase Trypsin
(min) (1:2500) (1:2500) (1:5000)
5) 4.68 3.88 5.14
10 5.45 4.37 6.74
15 5.34 467 747
30 8.39 5.74 8.79
60 8.34 7.95 11.83
90 7.38 7.96 13.56
120 8.22 9.21 12.41
180 11.33 11.71 19.45
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Fig. 1.2.23 Degree of hydrolysis of whey protein treated by protases at 40T.
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Fig. 1.2.24 Tricine gel electrophoresis of the whey protein hydrolyzed by Alcalase at
40°C (1:2500)

1. Standard marker 2. Incubation for 5 min.

3. Incubation for 10 min. 4. Incubation for 15 min.
5. Incubation for 30 min. 6. Incubation for 60 min.
7. Incubation for 90 min. 8. Incubation for 120 min.

9. Incubation for 180 min. 10. Control(whey protein)

12 3 45 67 8 9 10
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Fig. 1.2.25 Tricine gel electrophoresis of the whey protein hydrolyzed by Neutrase at
40°C (1:2500)

1. Standard marker 2. Incubation for 5 min.

3. Incubation for 10 min. 4. Incubation for 15 min.
5. Incubation for 30 min. 6. Incubation for 60 min.
7. Incubation for 90 min. 8. Incubation for 120 min.

9. Incubation for 180 min. 10. Control(whey protein)
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Fig. 1.2.26 Tricine gel electrophoresis of the whey protein hydrolyzed by Pancreatin at
40°C (1:2500)

1. Standard marker 2. Incubation for 5 min.

3. Incubation for 10 min. 4. Incubation for 15 min.

5. Incubation for 30 min. 6. Incubation for 60 min.

7. Incubation for 90 min. 8. Incubation for 120 min.

9. Incubation for 180 min. 10. Control(whey protein)

@ Alcalase®} HF-&-3t 7153 & 2] peptide S
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Fig. 1.2.27 Whey protein hydrolysate by Fig. 1.2.28 Whey protein hydrolysate by
Alcalase for 5 min at 407T. Alcalase for 10 min at 40TC.
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0.80000- 0.80000-
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Fig. 1.2.29 Whey protein hydrolysate by Fig. 1.2.30 Whey protein hydrolysate by
Alcalase for 15 min at 40C. Alcalase for 30 min at 40C.
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Fig. 1.2.31 Whey protein hydrolysate by

Alcalase for 60 min at 40C.
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Fig. 1.2.32 Whey protein hydrolysate by

Alcalase for 90 min at 40C.
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Fig. 1.2.33 Whey protein hydrolysate by
Alcalase for 120 min at 40T.

Fig. 1.2.34. Whey protein hydrolysate by
Alcalase for 180 min at 40TC.

A A 40Tl A 58, 102, 162, 302, 60+, 90+, 120+, 180+ &<+ Alcal
ase®Z 7l ste] HPLCZ #3338 A= Fig. 1.2.27, 1.2.28, 1.2.29, 1.2.30, 1.2.31, 1.2.3
2, 1233, 1234 o] U} 9&. 1eel vhehvk vheh o] A wkgAlzke] Augel w
g wel Pl 24 Folst dee ¢ 7 AU

@ Neutrase¥} WF-&-3l 7158 & 2] peptide ¥4+
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-0.200004
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Fig. 1.2.35 Whey protein hydrolysate by

Neutrase for 5 min at 40C.
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Fig. 1.2.36 Whey protein hydrolysate by

Neutrase for 10 min at 40C.
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Fig. 1.2.37 Whey protein hydrolysate by
Neutrase for 15 min at 407C.
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Fig. 1.2.39 Whey protein hydrolysate by
Neutrase forl 60 min at 40TC.
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Fig. 1.2.41 Whey protein hydrolysate by
Neutrase forl 120 min at 40TC.

1.20000
1.00000
0.80000:
0.60000:
0.40000
0.20000

0.00000:

-0.20000;
00000 10.0000 20.0000 30,0000 40000

Fig. 1.2.38 Whey protein hydrolysate by
Neutrase for 30 min at 40TC.
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Fig. 1.2.40 Whey protein hydrolysate by
Neutrase for 90 min at 40TC.
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Fig. 1.2.42 Whey protein hydrolysate by
Neutrase for 180 min at 40TC.
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® Pancreatin¥ ¥F-&-3F 7}E3 = 2] peptide &
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Fig. 1.2.43 Whey protein hydrolysate by Fig. 1.2.44 Whey protein hydrolysate by
Pancreatin for 5 min at 40C. Pancreatin for 10 min at 40TC.
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Fig. 1.2.45 Whey protein hydrolysate by  Fig. 1.2.46 Whey protein hydrolysate by
Pancreatin for 15 min at 40TC. Pancreatin for 30 min at 40TC.
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Fig. 1.2.47 Whey protein hydrolysate by Fig. 1.2.48 Whey protein hydrolysate by
Pancreatin for 60 min at 40TC. Pancreatin for 90 min at 40TC.
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Fig. 1.2.49 Whey protein hydrolysate by

30,0000

Pancreatin for 120 min at 40C.
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Table 1.2.4. Degree of hydrolysis of whey protein treated by protases at 30T
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Fig. 1.2.50 Whey protein hydrolysate by
Pancreatin for 180 min at 40C.
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A0C el A 53, 105, 15+, 30+, 603, 90, 1204, 180 &<t Pancreati
1’/] ot A¥t= Fig. 1.243, 1.2.44, 1.245, 1.2.46, 1.2.47, 1.2.
of vhebd nhe} Zo] &A whEA|Rbe] A she] w

(%)
Time Alcalse Neutrase Trypsin
(min) (1:2500) (1:2500) (1:5000)
5 4.78 3.64 4.09
10 5.0 6.94 4.69
15 5.83 419 5.02
30 591 4.81 5.68
60 6.42 5.19 6.81
90 6.70 6.85 8.41
120 8.44 6.6 13.89
180 9.70 10.46 14.88
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Fig. 1.2.51 Degree of hydrolysis of whey protein treated by protases at 30T

Table 1.2.49} Fig. 1.2512 40Col|A] Alcalase, Neutrase, Pancreatin &4l thdk 7}4
s Uebd ARG 3 TR BA BT AZEe] Aghel we} rpgERE o) Sk
A& YERY. ©] F Pancreatin®] 18074 ¥ wf 14.882.= 7} kil Neutrase™ 10.4
6, Alcalasei= 9.700. 2 e,

Fig. 1.2.52 Tricine

30°C (1:2500)

© N O w e

30.0
20.1
14.3
6.5
3.5
2.5

gel electrophoresis of the whey protein hydrolyzed by Alcalase at
Standard marker 2. Incubation for 5 min.

Incubation for 10 min. 4. Incubation for 15 min.
Incubation for 30 min. 6. Incubation for 60 min.
Incubation for 90 min. 8. Incubation for 120 min.

Incubation for 180 min. 10. Control(whey protein)
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Fig. 1.2.53 Tricine gel electrophoresis of the whey protein hydrolyzed by Neutrase at
30°C (1:2500)

1. Standard marker 2. Incubation for 5 min.
3. Incubation for 10 min. 4. Incubation for 15 min.
5. Incubation for 30 min. 6. Incubation for 60 min.
7. Incubation for 90 min. 8. Incubation for 120 min.
9. Incubation for 180 min. 10. Control(whey protein)
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Fig. 1.2.54 Tricine gel electrophoresis of the whey protein hydrolyzed by Pancreatin at
30°C (1:2500)

1. Standard marker 2. Incubation for 5 min.
3. Incubation for 10 min. 4. Incubation for 15 min.
5. Incubation for 30 min. 6. Incubation for 60 min.
7. Incubation for 90 min. 8. Incubation for 120 min.
9. Incubation for 180 min. 10. Control(whey protein)

Fig. 1.252. 1.253. 1.2.54+= 30TelA] Alcalase, Neutrase, Pancreatin &% 5%, 10

, 168, 30, 60, 90, 120%, 180% &<t 7I-23lA17l &3l &S Tricine gels ©]&
sto] d7jdEe A 79 G A vas] A 3F 5o B wep §hEA
kol A3t A fFAEHAe] B EE & F Arh Alcalase® H g FHANHLS vl
& Z7)ol= 2 A o] Wol HY o 1 Azkoly A astel] uhel 30kD o] ahe] A EX
guze] ko]l Z7hghe & ¢ Y& EF Neutrasei= AlZbe] A Hgolm E4-3kal L
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Fig. 1.2.55 Whey protein hydrolysate by
Alcalase for 5 min at 30C.
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Fig. 1.2.57 Whey protein hydrolysate by
Alcalase for 15 min at 30TC.
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Fig. 1.2.59 Whey protein hydrolysate by
Alcalase for 60 min at 30TC.
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Fig. 1.2.56 Whey protein hydrolysate by
Alcalase for 10 min at 30TC.
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Fig. 1.2.58 Whey protein hydrolysate by
Alcalase for 30 min at 30TC.
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Fig. 1.2.60 Whey protein hydrolysate by
Alcalase for 90 min at 30TC.
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Fig. 1.2.61 Whey protein hydrolysate by
Alcalase for 120 min at 30T.
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Fig. 1.2.62 Whey protein hydrolysate by
Alcalase for 180 min at 307C.
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Fig. 1.2.63 Whey protein hydrolysate by
Neutrase for 5 min at 30TC.
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Fig. 1.2.65 Whey protein hydrolysate by
Neutrase for 15 min at 30C.
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Fig. 1.2.64 Whey protein hydrolysate by
Neutrase for 10 min at 30C.
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Fig. 1.2.66 Whey protein hydrolysate by
Neutrase for 30 min at 30C.
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Fig. 1.2.67 Whey protein hydrolysate by Fig. 1.2.68 Whey protein hydrolysate by
Neutrase for 60 min at 30C. Neutrase for 90 min at 30C.
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Fig. 1.2.69 Whey protein hydrolysate by Fig. 1.2.70 Whey protein hydrolysate by
Neutrase for 120 min at 30TC. Neutrase for 180 min at 30TC.

g AS 40Tl A 537, 10, 153, 30+, 603, 90+, 120+, 180+ &<t Neutrase®

el st HPLCZ #83 A3+ Fig. 1.2.63, 1.2.64, 1.2.65, 1.2.66, 1.2.67, 1.2.68, 1.2.69,
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gol 274 Aot dee YL,

® Pancreatind} ¥F-&-8t 755352 peptide Y
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Fig. 1.2.71 Whey protein hydrolysate by Fig. 1.2.72 Whey protein hydrolysate by
Pancreatin for 5 min at 30TC. Pancreatin for 10 min at 307C.
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Fig. 1.2.73 Whey protein hydrolysate by Fig. 1.2.74 Whey protein hydrolysate by
Pancreatin for 15 min at 30TC. Pancreatin for 30 min at 30C.
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Fig. 1.2.75 Whey protein hydrolysate by Fig. 1.2.76 Whey protein hydrolysate by
Pancreatin for 60 min at 307C. Pancreatin for 90 min at 307C.
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Fig. 1.2.77 Whey protein hydrolysate by Fig. 1.2.78 Whey protein hydrolysate by

Pancreatin for 120 min at 30TC. Pancreatin for 180 min at 307C.
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Fig. 1.2.79 Tricine gel electrophoresis of the hydrolyzed whey protein by enzymes and
separated using cut off 3kD centricon.
1. Standard marker
Below 3kD hydrolysate by Alcalse
Above 3kD hydrolysate by Alcalse
Below 3kD hydrolysate by Neutrase
Above 3kD hydrolysate by Neutrase
Below 3kD hydrolysate by Pancreatin
Above 3kD hydrolysate by Pancreatin
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Fig. 1.2.80 Tricine gel electrophoresis of the hydrolyzed whey protein by enzymes and
separated using cut off 3kD centricon.
1. Standard marker
2. Above 3kD hydrolysate by Alcalse
3. Above 3kD hydrolysate by Neutrase
4. Above 3kD hydrolysate by Pancreatin
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Fig. 1.2.81 Whey protein hydrolysate by Alcalase for 180min at 50 T.
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Fig. 1.2.82 Whey protein hydrolysate by Neutrase for 180min at 50 C
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@D Protease
Table 1.3.2 Z+

A ZAH Protease? &4

A Az Source EAEA 28 o 24 pH H] 31
Alcalase DSM Bacillus Endo- 60°C 7.078.0
24L FG licheniformis peptidase (55770C) (6.578.5)
Bacillus . Ca "9
Neutrase . . Endo- 45T 6.5 .
08L DSM | amyloliquefacien | rotease | (45755C) | (515 | gl
1rv'o
) 40745C 6.5
Protamex DSM Bacillus Complex (35760°C) (55-75)
Flavourzym . o
e DSM Aspergillus Complex ( 45595§° ) G g:r% 0)
500MG oryzae C 077.
: Valley . R, .
Validase Aspergillus 50™55C ~ acid
FP500 Resl(learc oryzae Complex (45760C) 30760 type
- Aspergillus 45T ~
Umamizyme | Amano ory=ae Complex (40750°C) 6.578.0
Aspergillus 50T 4.5 acid
Protease M | Amano oryzae Complex (45755C) (3.076.0) type

T3 FHEF
3} Flavourzyme
sto] 1 E%E
=
=

225 o)

et @
ox fd
)

)

- 714
- A
- W 2
- Rk =3
L

(£ : A=A} Technical sheet)

ool pH7} 6.2~6.5% A& 3#dlo] A8 ProteaseZ 4] Neutrase 0.8L
500MG, 18]3 ValidaseE 12} A@ed i ol v e TPHFT

Hr7FerAk. ou] A de A Exoprotease 4 Umamizyme¥} Flavourzym

CHAEFAEBO AL Ax
C=

208 Abar

1 457T

. 140rpm, Shaking Incubator(JEIO TECH, Model:SI-300R)
: 3hr.

Protease A B C
Flavourzyme 0.09% 0.09% 0.09%
Neutrase 0.03%
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| Validase FP500 | | | 0.03% |

Table 1.34 Proteasex 8] 2] =22 w3}

Protease A B C
'aAE & pl 6.04 6.05 6.05
A% ¥ x4 37 37 I 7
2t o] 7 e e e

5 I
A
2

ol
i)
(i
M2
(03
S
u
N

@ fo
_0|L
2
fo
-
il
[
=
o
2,
o
(6]
ﬂ
@

[e]
of AaAYshA] B2 FHE=Y, AT 15%9E AaX YR

16 hr - + ' ' '
4 hr 3 3 3 3 3
St 8 hr - - + + +
16 hr - ' ' ' '
4 hr 3 3 3 3 3
B.i 8 hr - - - - -
16 hr : + ' + v

FAbF ~¥FE 2% @ La = L acidophilus LAFTI L10 (DSM)
St = S. thermophilus ST-BODY-1 (CHR. HANSEN)
Bi = B. infantis BI 710 (MARSHAL)

A ke &g vk v EAE SUFAE ARES A HlEte] &3 ALE
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HESe W HEQe ofnl x7o]
2ol u7t gl & (Fig. 1.3.1). whehA] o] & 28 ol A]
vouzyme T35 2|3 AE ALE3 S

- W% &% 1 37C
- "]k A)7F 6, 12, 19hr.
- Ak &

ElH % : L acidophilus LAFTI L10 (DSM)
S. thermophilus ST-BODY-1 (CHR. HANSEN)
B. infantis BI 710 (MARSHAL)

- U AE 48 wiA : Lactobacillus (MRS Agar)

Streptococcus (M17 Agar)

Bifidobacterium (BL Agar)

7 7
A A
6 6
- === Con
5.5 Con 55 -
5 == Flay 5 \ W= Flav
SKMP
45 ‘ SKMP 45
4 T T T 1 4
0 6 12 19 0 6 12 19

Fig. 1.3.2 L. acidophillus ®] ¥4 2] pH  Fig. 1.3.3 S. thermophilus ®]%< 2] pH
5} 5]
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55

=== Con

==Flav

45

== SKMP

0

Fig. 1.34 B. infantis kol e] pH w3}

9.00

8.50

8.00 -

=== Con

7.50

i Flav

7.00

6.50

== SKMP

6.00

9.00

8.50

8.00

7.50

7.00

6.50

6.00

2
e Con
/ == Flav
‘ === SKMP

Fig. 1.35 L. acidophillus¥| &<} 2] A+t W3} TFig. 1.36 S. thermophilust] &<} 2] A+t

T W}
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9.00
8.50 /-_ =[]
8.00 oS

7.50 //

7.00 =i Flav
6.50
SKMP
6.00 T T 1
0 6 12

Fig. 1.3.7 B.infantis®] ¥4 o] A4 W3}

sle] 1= Fig. 132 ~ Fig. 137914 1w vhe} o] Sx18 4 30% S48 2719
A (SKMP) BT 355 de #H7Hsk Z(Con)o]l ©] pHZF wWe] volda, = FH%F
ZHConBE = 28 FHFHFAFlav)e] o ks s 94 SKMPEE} Con
o], Con®.t} Flav’l ¢ 2 A& Yeld. E3] B infantist 12413 ¥& & A
7} SKMPell ]3] Flav7} 68t} o} 7P @A S 2pol& Hepfglar, o2 m]Fo] /73
EaEHde vyus ASSAEaA7 svha 339, I 9 L acidophilus®t S. therm
ophilus® %ol % SKMP A &KXt} Flav A&7} 2v] A% =2 AF5E Uego] &
TEE %Efﬁ Az 9 7sd& AARSEAL .

@ Lactase

Table 1.3.6 A ZAE Lactase®] EA

= aAE

A Az Source g e 2% | FE pH | Hz
Validase | Valley 60,000 ~ e -
60 Yeast | Resear Kluyuero_myces ONPGU 40~45 OC 6.0~6.5

lactis (377507C) | (6.078.0)

Lactase ch /g
GODO-Y (S}SI%(S) Kluyveromyces O‘;IOP’%)S 40745C 6.0

NL 2 I lactis /g (377507C) | (6.076.5)

(Zx] : A ZFAFe] Technical sheet)

Lactasei= Valley ResearchAt 9159 GODO SHUSEIA 957 Y £ nAAEZH
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EaE 7ERe AAYS Botel ARE thadt Lol Axstel Bris

- 714 A= YE0°Bx) AR Ax

- Hke 2T 45T

- ¥k Z7A : 140rpm, Shaking incubator(JEIO TECH, Model:SI-300R)
- ¥k§ A7k - 3hr.

Table 1.3.7 Lactase &4 A7}

Lactase Vali Godo
Validase 60 0.09%
GODO-YNL 2 0.09%

@ magsl v B

Lactase EA&A st A5 27FA ol tiste] pHYF 5 AAN L83l fiked &
S v Uit ValidaseAle] LactaseE AME3Fo] A %3 @489 pH
Al GodoAt AES pHSl 6.02K.F F3F s=9koe ], 7r]& ValidaseZ| ¢F7F w2

- ke A L 929%, A" 3%, AR 5%

- WY 2% 1 37C

- HjF A]zF 26, 12, 19hr.

- Akt 2¥E F$ 5% ¢ L acidophilus LAFTI L10 (DSM)
S. thermophilus ST-BODY-1 (CHR. HANSEN)
B. infantis BI 710 (MARSHAL)

- U AE 48 wiA : Lactobacillus (MRS Agar)

Streptococcus (M17 Agar)
Bifidobacterium (BL Agar)
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7 7
6.5 6.5
6 6
55 \ = \/3] 55 e /i
5 \ 5
45 \‘ == Godo 45 == Godo
4 T T T 1 4 T T T 1
0 6 12 19 0 6 12 19

Fig. 1.3.8 L. acidophillus 8] %}2e] pH W3} Fig. 1.3.9 S thermophilus ¥ <)) pH ¥
s}

6.5

5.5 = \/3li

45 == Godo

0 6 12 19

Fig. 1.3.10 B. infantis <o e] pH w3}
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9.00 9.00

8.50 8.50
8.00 - 8.00

/i b \/3j
7.50 7.50

=fll=Godo == Godo

7.00 7.00 /
6.50 6.50

6.00 T T 1 6.00 T T 1

Fig. 1.3.11 L. acidophillus¥j k<42 At Fig. 1.3.12 S. thermophilus ¥ <o) A
4 W3t g W)

9.00

8.50

8.00

= \/ali

7.50

== Godo

7.00

6.50

6.00 T T 1

Fig. 1.3.13 B.infantis®] 9¥<d o] A<= 3}

Fig. 1.3.8 ~ Fig. 1.3.13%A] H.= nle} o] F F5F79 Lactase™ 57d°] FAMSHAL, p
He| AAIRste} Aaramo] dojA] 2 Ao]lE Holx| gholi] ValidaseAle] Lactase® 5%
el

Ade AR
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37}

b2

(th) B} Growth promotion &2 3}¢] H)|iL

% Azl =

(P) 5%

i
ol

AL
o0

H
- HjF A

- FATE 2EHH

- 6, 12, 19hr.

. L. acidophilus LAFTI L10 (DSM)

==
)

S. thermophilus ST-BODY-1 (CHR. HANSEN)

B. infantis BI 710 (MARSHAL)

K

3
3

i

R

g

b

Table 1.3.8 &

(P)

o
o
LN
B/

)}

0.09%

4%

7)1 29 (Y)

oll
ol

4%

0.09%
0.09%

Flavouzyme

Validase 60

o
il
<]

T
]
iod

o
iz
N

L

,ﬂl
T

ol

& vl F A

e

B

A3} pHSt BFFE W]

TH

o?

ox
=

ojn

A

s

-

i
.

== i
sl
PET
Pk
A
/0

Fig.14 L. acidophillus ¥ k4] pH W3l  Fig.15 S. thermophilus %] pH 3}

_53_



6.5 1

55

4.5

35 T T T 1
0 6 12 19

Fig. 1.3.16 B. infantis ®j %4

o pH ¥

}

9.50

9.00

8.50

8.00

7.50

7.00

6.50

6.00 T T
0 6 12

9.50

9.00

8.50

8.00

7.50

7.00

6.50

6.00

12

Fig. 1.3.17 L. acidophillus®} ¥ o] A+t

5}

5}
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9.50 T

9.00

8.50

8.00 ——E

7.50 -

7.00 -

6.50 -

6.00 T T 1
0 6 12

e

Fig. 1.3.19 B.infantis®|o¥ed o] A<= W3}

Fig. 1.3.14 ~ Fig. 1.3.1894] Hi= nle} o] ERA7) A0S Hrlet wjkA(Y)7} v}
[e] o)

£ % Ame wste] GEAOR AFHALA} FFou, fHLEANE) ARG} AE
FAP) ARE A9 FAT A MAS. A AAHOR TR Al vl G
g %7) wFe] 2TEE Ax A nWE NEOR 02% A7eE AL o gl oiA
F5 o] wrh UE W] must: sl Wed Ao MY,

(&) 72 43 =4 33

E} Growth Promotion E& 3} FH3gk v} xHo= Q42 EL w52 ABT-G(7]
o5 Culture Systems)E AFE3le] QT2 E wjddS A3t HrEek Z2yE Fig. 1.3.20
~ Fig. 1.3.213%} #&.

$5ol 5% A7k Wkl (SKMP)e] piivh 71 A8 Wi

23 g
o, FRAV) 4% FH-S 5% FAIFE wjEA(Y)e pHYF 7 we] "WolF 1, HE o
oA EAaE FHEFH(Enz)ol 2 v W] "ol 18al Yo Enze 6A1ZF § p
H 4574858 uYEHA SKMPY 5469 Hlsle] & 9 w3E 57 T35 69,

QTFEE BF A fAF A E SKMPY A-$ 12417 2E F 995 wkEo] gl
tl vl Enzis 16923 %E, Y& 2193d4-S 7474 e, AP A SRR faker At
FE E38te] B o] FARE fFATEAe SR R 20 7 Are wa
=2 a7 A3, EAEFEY 164 =S ATFE Uehlo RaSAEdz2A 7HA
7 i FHEA S BERNVAE HA AL o UE AdE A
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A 2R A28z AANTFEY WS = 23

ST C124 - 2393 Z29W) oY

LA aas A2
40°C, 45C, 50TCeNA 2=t
LFGOS) Ak &2l

2. A EAE 100 w200

1. o] &4 Ao @ a4 % (ul, 300 ul, 400 pxf, 500 xf A3t
Akl o)gk AgEgeal (o ARESY g (GOS) ALt o

1 Baxe] 2 f4kt 2a [HGOS) Ak =24 F+ 2l

of 9% ZFELSHIFGO

S) A4k 2. A89A Howy - g4 930 At 29 lactase = ONP
At 9] lactased] €13 24 |G AN o]gdte] A A
=4 9@ A =271 gy T FHA {A A

4. FAHt F#3  lactasés A )
sl 3 30T, 35C 40 ¢
A5CAA AFHESZIYGOS)

-
WA g Fal

1. o] &4 He @ 845 |1, External gelation & A3t
AAE ] A RS (G |19, 1.5%, 2% alginate$} thE 2

2. B aAHA 93 2 |0S) A =271 3 SIHELS ARt Hae Ax
28 22 31 FHGOS) 9] A4 stal HA =24 HE

TE& Y L UE Ao A |20 484 HWW : alginate

:F.

2
9} CaClE ©o]&3}e] lactase
= Z

L AT Ae) srraE 2

1. RBL-2H3 A& o]l43t - W.A.(Alcalase - Protex)
) TE o]8

3.4 B 2 RRsl (RN Apsge) @ | L heutrase ot
o) elelx A3l oA & |=A AselA wa - W.P.(Pancreatin—trypsin)
3} - RBL-2H3 A X &9

2. RBL-2H3 M ¥& olg3 7}
ANre v W A 7|
- 10pg/mL, 1pg/mL

- 7} xEw A
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1. FEHHe] A4 7le AT
- U937 MXE o] g3 HA
AR 2d A

- Mutz-3 A|2Z& o] &3l W]
AR T A

- NK-92 Al£& o] &d |
AA 2d A

o]
T

5. R A HIMA &4 |

Aol
o] 412 41 Al

L 1xpd = 7] Aegk Proteasé}

Lactase2 HFAHE=RE 7148
ol o]l E AT FF] EEA
=

2. =2 Z A A ZA peptone ¥} yea
st extract® &A¥dHAHELI
3 A #5HoR BAYR &
= AES 24, o] Wiyt dAFE

Rl (N 12
oox
>
BN

2. AF-Ar38 At

7h Al 1TAE A

2,

(D oA 2 ikt Eadl

(7 A H A el lactased AE
(GOS) A ks sk 5= ¢
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@@@@@“O (D E) ) EXREK)

ks

5

Fig. 2.1.1. TLCE o]&3F A& lactase®] 2% % »rd 2 &S (GOS) A4t
1. glucose, 2. galactose, 3. lactose, 4. (GOS)galactooligosaccharide,
5. Al A +D.W.(40TC), 6. -7 8] & +lactase 100 L(40C),
7. - vl A +lactase 200 £0(40°C), 8. A vl A +lactase 300 x£(40°C),
9. F A +D.W.(45C), 10. - 8] #| +lactase 100 p(45C),
11. A v A +lactase 200 w(45C), 12. 3 vf A +lactase 300 pl(45T),
13. 53489 A|+D.W.(50C), 14. -7 8] X +lactase 100 L(50T),
15. 3 v A +lactase 200 w(50°C), 16. 7 vf A +lactase 300 pl(50T),

[
IR

[
IR

99 Fig. 2.1.18 A4 A o A 498 &4 Lactozyme 30002 100 pf, 200x¢, 300
(40T, 45T, 30C)2 24 aﬂ ol HAxAE 7] A% Ao

1)
b Fxol FHgle]l A EEYAF(GOS)o] AT R 50T A
A A E S (GOS)S Fele] 7hsskalth

(W) -2k a9 lactaseo] ™3 ONPG testZ o] &3k & fAkot Ak

Table 2.1.1. FA §4HF 2 &% 7A U lactase &4 screening 287

LAB strains +/- LAB strains +/—
A L. rhamnosus - 1 Leuconostoc mesenteriodes -
B L. brevis + J Weissella kimchii -
C L. confusus + K L. helveticus +
D L. reuteri + L L. paracasei +
E L. delbrueckii + M | Saccharomyces cerevisiae KCCM 12028 +
F L. acidophilus + N Saccharomyces cerevisiae SDI1 -
G L. plantarum + O Saccharomyces cerevisiae MG3 -
H Lc. lactis - p Control(D.W.) -

Y ONPG disc method was used. + : positive, - : negative.
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Fig. 2.1.2. F2het @ &5 #5498 lactase &4 F5% SAH(ONPG discH)

Table 2.1.2. 2] =] #] ko] B o] lactase@’d screening 23V

LAB strains +/— LAB strains +/—
L. rhamnosus - Leuconostoc mesenteriodes -
L. brevis - Weissella kimchii -
L. confusus - L. helveticus -
L. reuteri - L. paracasei -
L. delbrueckii - Saccharomyces cerevisiae KCCM 12028 -
L. acidophilus - Saccharomyces cerevisiae SD1 -
L. plantarum - Saccharomyces cerevisiae MG3 -
Lec. lactis - Control (D.W.) -
U ONPG disc method was used. + : positive, - : negative.

9] e] Table 2.1.1¢} Fig. 2.1.2+= F4btd @52 Saccharomyces cerevisiae {10,
Ao Hegd ERE o] &3] ONPG discE £3} lactase@ A& 4A 7H5¢r =48
ojt}. 12%& 4k ¥
ning 3 A3 FAkt Fol A= L rhamnosus, Lc lactis, Leuconostoc mesenteriodes,
Weissella kimchii 7} A=HA &8 ARE % 2%, B8 oA AF4H e
21 Saccharomyces cerevisiae SD1, Saccharomyces cerevisiae MG3 w57} @& &4
S Btk o] A3 AdolA ikt T dF wF BEE F RTwTolA lactase 24

U (positive) .= e S B 5 l=d, B pellets 53 AddAA YElhdt

o7 FAFY &% 9] lactaset AlE QF-Z wE3E Aol olYet AEW &4 A
o2 AAHA. webA Alxe] BAE Ao ALSHA gorw A A APS A
otk § 238 EdE @A Ald 27 2E AEEE AR S 459 probiotics
(L. acidophilus, Lc. lactis, L. helveticus, L. paracasei)E Y= AH3lo] a4
As v sheltt.

((EaA
o o

2 3F9] Saccharomyces cerevisiae ° ™3l lactase &S scree

)
o

pay

O

Ol

e I
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Cultivation of LAB strains:
L. acidophillus, L. helveticus, L. paracasel, Lactococcus lactis

l

[Centrifugation (2,000xg, 20 min) ]

k { Washed in D.W. ]

[Centrifugation (2,000xg, 20 min) ]

[ Suspendedin D.W., ]
k | Lysozyme (mg/mL)

[ Shaking Incubation (37°C, 1 hr) ]

l

[ Sonication(every 10 seconds, 20 times) ]

!

[ Crude lactase solutions ]

Fig. 2.1.3. Preparation of crude lactase solutions
#19] Fig. 2.1.32 f4bt& 25 mL ol & wjkstar 23] A3t 42 pellets lysozy
[e]
o

1
me *# $ sonication 3t MXEE st FAbit 73 lactase & A4S e =
ol
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Table 2.1.3. Al 2 F2EQ ~e}l¥] #F9 lactaseE A 1)L

AT | L. acidophilus Le. lactis L. helveticus L. paracasei | Lactozyme 3000"

OD value”’ 0.357 0.167 0.794 1.594 1.800

¥ OD was determined at 405nm by using ONPG test.
Y Lactozyme 3000 is a commercial lactase of Novozyme.

91¢] Table 2.1.32 A8 fAbt 79 Al lactase®] €48 vlwsk AFolr}, {4kt
fFele] Za A 500 Moﬂ phospahte buffer(pH 6.5)% 1.4 mL, 20 mM ONPGE 100 u¢
HA71ske] 40T, 30min 283k 3 Na:C0s3 200 wl, boiling 3te] B AWES AA A7l
z spectrophotometera‘ 58 405nme] OD#ks =43 A3} L paracasei 2] #tel 713
=2 Aoz verytt} md ) E 72 A% Lactozyme 30002 100 09 A 7Fsfe] =A 3k
A L. paracasei® ODFLE.TE F7k =4 =49 vk

Table 2.1.4. L. paracasei”’} A4t3l= lactase Aol sk pHel A3

pH
U vl 6.0 6.5 7.0 75
L. paracasei %72 0.170 1.800 1.924 0.559
Lactozyme 3000" 2.164 1.796 1.788 1.796

* OD was determined at 405 nm by using ONPG test.
U Lactozyme 3000 is a commercial lactase of Novozyme.

#19] Table 2.1.4% AH3 fFAbt79 Al lactase?] bufferE pH ¥ 8}of w}

kol
Py

’d& ONPG H SA4% Aifolth *J?r Z& 299 H3F pHyE 65~70 AEZ 4
B}t *P?O] /‘3“ 3l lactases™ & pHEU FA4 pHOlA o 54294 7HA
9}9}3}. w3 AlE &% 53 lactasers pH 6.05-8 757FA wlo WA E H &4

Table 2.15. L paracasei7} AAsE lactase &Aoo thal &5 9 o3k
L5(0) 20 25 30 35 40
OD
5 0.338 0.711 1.872 1.854 1.722
value

* OD was determined at 405 nm by using ONPG test.

fle] Table 2.1.5% L. paracasei +3 2] lactase®] %ol thsh £
A gt Aytolth. L. paracasei 32 lactasers H& 25+ 30C A= YE
acaseiv™ F7dtol7] wiidol o] fAkt -9 lactase®d 30CAHLE =
A 7HA AL AT
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35

y = 0.3387x - 0.0952 4

R2 = 0.9951
+

2.5
/

2
/

OD 405 nm

| /
0.5

o

0 200 400 600 800 1000 2000 3000 4000 000

o-nitrophenol(ug/mL)

Fig. 2.1.4. o-Nitrophenol®] standard curve 2%}4d

o—Nitrophenyl-B-D-galactopyranoside(ONPG, Sigma)Z5-H 8% += o-Nitrophenol
de FAHSEY a4 05 mL ¢ 100 mM 4 5 (pH 7.0)& 14 mL ¥l A
dol ¥ar £33 th5 20 mM ONPG € 0.1 mLE el 7hste] &3 5 30T
water bath ZollA 10%3F ¥H&AIATE 102 $ 02 M Na:COz £ 0.2 mL& 7Fsho] wb
T TAAZ o 405 nmel A FFEE SA4sAT BA 1 Us 931t #9 ONP
G Z25F¥ A EHE o-nitrophenol ¢ umole = A3 St o]E %319 L paracasei
a2 lactase?] &4 A2 4000 Uo.z A4bsled )

¢ fo

1.200

1.000

0.800

0.600

oOD595nm

0.400

0.200

0.000

Fig. 2.1.5. Bradford'}-& &3] =43 @z gF334
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$19) Fig. 2.1.5+ Bovine serum albuming ©]83l9 1 mLY 1 mg® BSA7| 3
= stock solutions A Z3tE Dyef RS F759 1:49 v &2 843ta, oAz
o] 3lo] ARESFA T BSA EF8HS v TH 3t dyed & E3FsFal Aol A

= = Itk AlEe g4skA &8 AEHE dye
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Fig. 2.1.7. Lparacasei 3 lactase®] A|7bol] wE Fyo] W}

9l el Fig. 2.1.72 L. paracasei 2] lactaseE 9 £4(10%)el € A3+
2 dF7e Hxo W3E glucose oxidase(GE)E E3to] =A% Ayjo|t}. A
Slo| wi} glucosed] %7} =718t lactosed] FHEE
STE AHESYHIIGOS)Y Ao Trtste Aoz d#A rh
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ki

Fig. 2.1.8. TLCE o| &3t L. paracasei =& A9 e E 22 a1 (GOS) AAF (30C)
O ~@); sample, C; D.W.
[A 78 ; isopropanol @ water = 4 : 1]
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Fig. 2.1.9. TLCE o|&3% L. paracasei Z3&.5
O ~®); sample, C; D.W.

o] A E &2 aF(GOS) A4t (357T)

[A A& ; isopropanol @ water = 4 : 1]

Gy T D

e [ﬁi;‘-:r"'\

Fig. 2.1.10. TLCE o] &3 L. paracasei 8.4

O ~®); sample, C; D.W.

ofo] Ao ELYAF(GOS) B4t (40T)
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27 A el
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wol A7 Aoz dAd
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g % HUtste] A& 3 By &
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Fig. 2.1.11. TLCE £3F L. paracasei X284 N9 ZAHE LS 113 (GOS) A4
1. D.W.(30°C), 2. sample A(30°C), 3. sample B(30°C), 4. D.W.(35C),
5. sample A(35C), 6. sample B(35C, ), 7. D.W.(40C), 8. sample A(40C),
9. sample B(40C), 10. glucose, 11. galactose, 12, lactose, 13. GOS
[A 781 ; isopropanol : water = 4 : 1]

d

Fig. 2111 %9 Fig. 21.8~2.1.109 tailings 3dl43s7] s Ao =&
H7tste] ¥ AAbEES 16¥) FAste] TLCE 3 ZAaolvh 919 a9y 2o
3} tailing©] spotl.@ YWENGA Huk 9o Ao A glucose?] Rf #& 067, g
alactose®] Rf #t2 056, lactose®] Rf #2 0412 yepd vHH AAEE-9] spote] Rf gk
047% galactose®} lactose?] Rfzk Alo] Zto = vpepwtc), w3k o A3 Rf ko] 0.7921 sp
oto] 3|H|stA Hol= As FAAstATh ol AL FIHMAE AT W pHE 7002 3

317] 93Fe] AF£3F phosphate buffer(pH 7.0)9] 3oz F=5 ).
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uE AR aHGOS)e A 2t
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A9 Fig. 21.12¢ 49739 9 T55 20740%7FA 5% 9= sl dEEgEa
FHGOS)e ALks gqlgk Aafoltt 30%7HA w43 AEELZILHGOS)S ikl &
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Fig. 2.1.13. &= w2 Z4FES 7 HGOS)e Ak &3

Fig. 2.1.132 &% w& ZFEZ P (GOS)e] Ates A4S Ao}, 99 L p
aracasei 1 #2] lactase & AN ONPGAE ] Aol o] 30TAA #HAABLE 2l
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Fig. 2.1.14. A 3kel] w2 23 E S aH(GOS)e| A4k &
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Fig. 2.1.15. TLCE %3t L. paracasei =& 2 E S (GOS) A &<l
1. Glucose, 2. galactose, 3. lactose, 4 galactooligosaccharide(reference)
5. sample(1/2), 6. sample(1/4), 7. sample(1/8), 8. sample(1/16)
[A7]-&w ; isopropanol : water = 4 : 1]

Fig. 2.1.15& <A Ag3s EaaAe] v &5 Az7ke] 248
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Fig. 2.1.16. HPLCE &3 2= E 28 1 3HGOS)e] A

Fig. 2.1.16& TLCE %39 913 A 5E HPLCE Abg3dto] A=3d Axto|u}, 4
E5YHGOS)E g 7hA o] Eo] olval oy 7149 polymerEs oA o]
3}

woll 9l LR o] o7 79 peak’t EAsHE e & ¢ AN
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~
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Table 2.1.6. L. paracasei 3 lactased] &3l A4bst 252 &2 51HGOS)Y A&

4’-gala 6’-gala
GOS- GOS- GOS-  Total
Fru Glu Lac ctosyla ctosyla
DP2 DP3 DP4<  GOS
ctose ctose

0.76 5.13 1.66 80.73 1.70 3.59 1.24 4.65 12.84
0.47 241 1.42 86.7 0 4.13 0.47 4.01 10.03
0.51 6.21 1.74 81.58 0.23 4.10 1.37 3.94 11.38
0.56 6.60 2.07 80.07 0 3.95 1.84 4.61 12.47
0 5.38 1.56 82.33 1.80 3.65 1.10 4.18 12.29
0 4.06 5.04 79.81 2.20 4.05 1.14 3.70 16.13
5.25 6.44 75.34 0 5.02 1.91 6.04 19.41
0 2.34 5.50 83.69 0 4.39 0.58 3.50 16.31
0.53 9.06 2.09 73.80 2.65 4.26 2.48 4.82 16.3
0.5 7.60 1.03 78.69 2.5 4.12 0.76 4.62 13.03
0.32 7.81 1.19 79.61 1.78 3.51 0.75 4.83 12.06
2.12 8.95 0.73 76.95 1.8 3.39 0.74 5.14 11.8

= - % S S
o

—
[\

Total GOS = GOS-DP2 + GOS-DP3 +4'-galactosylactose+6’~galactosylactose+GOS-DP4<

Table 2.1.6& L. paracasei 3 lactaseZE &3] A4k 4S8 13 (GOS)E H
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A4 F = 8 = Z
1 196 Sodium alginate
2 1.5% Sodium alginate
3 2% Sodium alginate
4 196 Sodium alginate + 1% modified starch
0 196 Sodium alginate + 3% modified starch
6 196 Sodium alginate + 5% modified starch

Sodium alginate &5 WE7] 93te] 60T 2z EF5% 3193, Sodium alginate
£ 34 4ol magnetic barZ nuFEH A Z 319}

Fig. 2.1.17. Na- algmat 2 m
X993 78 &2 Homomixing, 40C(B)

) HaeAzxz 4

odified starch ¥ -&42] XA, 60TCA);
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[Crude enz;rme(l‘]] [Coating materiai{B}]

\/

Homomixing
| (40°C, 10min)

-.(—[ 2% CaCl, solution]

Encapsulation

r

\,

W
[ Centrifu gation |
| (1800xg, 5m|n

Supernatant discarded ]

W

[ Slurry

L

[ Microencapsulated lactase

Fig. 2.1.18. External gelation®-2 o] &3 v A& Azx 3}A

(ch ZH=Ae H2 Wgn 44

(BRODKFIELD

e

MODEL DV-II+
VISCOMETER

Fig. 2.1.19. 8% =4A viscometer(Brookfield DV-1I+) spindle No. 63, 100 rpm/10 sec.

du| A d-S Falo] 552 hydrocolloid &2 o)A alginate?} modified starc

ﬂ%]ﬂ% = =
hE AAsala, 448 adEde wieuE dAst7] 98 alginate &5 e e =
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HEZA a3ste] 919 Fig. 2.1.193% 7S T A(Brookfield DV-1I+)& AM&3te] H &
& A% A= ol#le Table 2.1.73 21},

Table 2.1.8. ZHEZ Fkol mE Hro Wl

CECE EI

(cP)

196 alginate 25.0

1.5% alginate 38.4

2% alginate 61.2

196 alginate + 1% modified starch 24.0

196 alginate + 3% modified starch 28.8

196 alginate + 5% modified starch 33.6
$19] Table 2.1.8% ¥ <434 alginatedt H7}sle] €228 A|%3 Zo| alginate
o] modified starch® #A7}sle] A %3 FEEH W} A%r =4 Ugoew, Sodium algin

ate?] H& FEE 15% A3, 30ToA A3 o]ALe] M= 384 cP(mPa - s)o|lt) 2%

alginate®] 7d-¢ol= A=7F U ol e d= AME=d oldwol & ZAolzkal A
Zhen), AR EAY 53’\"”4 S Ee AR Ay A-Ae] o]l RerE a4 24
=

Fig. 2.1.20. L. paracasei 2] lactase 8.5 fe] FH

2
o
}—A
o)
X
w
Q
e
o
8
=
0@,
=
o]
o+
¢
bt
M
Fwi

Fig. 2.1.202 L. paracasei +32] lactase &4
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0S)& HPLCE &3t A=d Adfolvt Ske] HPLC A™ Z¥et vz = 489 Es
2 AFHGOS)e] ALES el & ¢ YA
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—_

o
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oAl 19E A

COE ER Ry
B ATE GAYRIIENA AT A= FHANDL o g3to] 4P AASHATH

(1}) RBL-2H3 A2 & o] &3 FAGwd 7tedazeo dAyA] A8l &

- JtEREE

7tEE 52 W.A.(Alcalase - Protex), W.N.(Neutrase - Protex), W.P.(Pancreatin—try
psin) &2 7R E AA 3kD o]y 3kD ol E FEIFG A, RTE ARz

7} bovine serum albumin & AF&-3}% T

- RBL-2H3 Al¥ %H]

Rat 71999 d#x] ##A vt~E A EQ RBL-2H3 AlXe F9dl oul AEshard ol A
TFdola AFo o] &3kt MEM vl x| e] 10% FBS7F H7bel Al Z vl & HHX]% o] &
skl em, 37T, 5% CO27F A== wigr]olA] matdtt. RBL-2H3 AXE 24-well
o 1.6x105/400ul/wellz ZA 34 monoclonal IgE-DNP &A1& 100ng/mL = Z%F/]%}jl 1
A Ml = AR E AHEste] 3031 wEAF T wkg-o] v DNP-HSA 39-& 10
Ong/mLE A glste] 208 &< vhEAIA Y. vh&o] Fud Feods 3Fstal g2 Al
o] 0.1% Triton X-100= Hgste] AELE w3 F d4Egsto] Aeos 3ste] B-
Hexosaminidase assay® 3to] vAE A xe] &yd] ATE ZAEAT & 7] Z
mM p-NAG 20 ul¢t A&7 A5 20 ulE 96-well plateel] €L 37Tl A 1A 7F w8
A7l oFe Whe-S A A7) Al 406nmoll Al OD #e A5l g3y AnE ZAs ).

H:l

—
—_

Sup. OD %t + Cell lysis OD 4t

* sample 02 100%= @S o 2 AT E %E ALksi),
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Degranulation(% of Control)
120
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HITT

W.AOZ Ww.AZ W.MO2Z2 W.N 2 W.PQO.2 W.EF2
[egfmb)
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I

P
(=]
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Degranulation(% of Control)
(=)}
=

Fig. 22.1. 2 A& ¥ Aol &g &4y a3
- Sample 0 1 100%, W.A 1 pg/mé @ 77.32%, W.A 10 pg/ml @ 71.79%,
W.N 1 pg/ml @ 66.85%, W.N 10 pg/ml @ 74.05%, W.P 1 pg/ml @ 70.21%,
W.P 10 pg/ml : 71.73%

Degranulation(% of Control)

120

100 4

T

WAODZ2 WAZ WNOZ2 WNZ WP0O2Z2 WP2
(3Kb-t) (3Kb-t) (3Kb-T) (3kb-) (3KbT) (3Kb-T)
(rafmb)

[ex]
]

oy
=]
|

P2
(=]
I

Degranulation(% of Control)
[y}
o

=]
1

Fig. 222, 7t A5 8 A 9 gty &3
- Sample 0 : 1002, W.A 1 gg/m¢ (3Kb 1) : 68.149%,
W.A 10 pg/mé (3Kb 1) : 60.55%, W.N 1 pg/mé (3Kb 1) : 60.49%,
W.N 10 pg/m¢ (3Kb 1) : 53.93%, W.P 1 pg/m¢ (3Kb 1) : 65.50%,
W.P 10 pg/ml (3Kb 1) : 67.16%
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Degranulation(% of Control)
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& g
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prot

Fig. 223. 7t A& E Aol 93 daty &3
- Sample 0 : 100%, W.A 1 pg/m¢ (3Kb | ) : 72.16%,
W.A 10 pg/ml (3Kb |) : 61.66%, W.N 1 pg/ml (3Kb ) : 59.22%,
W.N 10 pg/ml (3Kb |) : 63.11%, W.P 1 pg/mé (3Kb | ) : 65.77%,
W.P 10 pg/mé (3Kb | ) : 60.79%, Whey Protein 10 pg/mé : 100.80%
Bovine Serum Albumin 10 gzg/mé : 93.60%

9] Fig. 2.2.1, 2, 3014 Hi= npel o] Z+ AT
oo ATl BsiA 1 pe/miet 10 pe/me X2 Al
o ol gy %7} %E‘r—”— AL FAGHA 7hedas o 1
24 7%l i Aol o}dS RBL-2H3 Al¥ H¥ oz 713z o= %EM%—E A o]t}
wek gy XﬂoHOH}EMH 71sE F1str] flsiA Ay A B Afo
4 ¢ TNF-a9] ¥d& RT-PCRE #4353t A8 & WAL fAwwds Ay &
A¥XZHE RNAE FF39] RTS F33la Rat v2EAN ¥ 7] B &3t IL-4 9 TNF-
a®] primerg AZtste] PCRE a3t 2 A3+ Fig. 2.240] yed vy 2ok IL
-4 ¢} TNF-a9] @& WA, 9 Mﬂﬂé‘fﬂw R ddoe] HASS o F %O*E‘r
°] Fig. 2.2.1, 2, 3°lA €35 A3 AEE vetd A} o] As 7)o
2 Yetgeza fATud st Ee] dyA A AAEAY 7]Fe gl A
AR T

+
KT
N
N
S
S

IL-
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Fig. 2.2.4. RBL-2H3°| 4] RT-PCR9] %} IL-49} TNF-a¢] 23

1: WA. 2 1 WA.GBkD 1)
3: WA 3kDJ) 4 : Whey Protein
(2) 3 dwAde FEHAHY JFu-s T}

7)) FEAALE) 20
dedde QB GRAutadoniy TAF A

<, CM-Sepharose column®. =
gA AAshel Agalth EAF oF s2kDe] e

& sRHE AU|dEd 2= F
ig. 2.25% 2t} Fig. 22594 Hi= vle} o] FEHUL ¢FaA AAY ddi==
LHERSETE

+ + + + + +
(8ug) (4ug) (2ug) (lug) (0.5ug) (0.25ug)
100
75 G Sy s

Fig. 225 gEdA e T=d HA7|9F

(W) U937 Al2E o] &3 1 #d fdxse] &d

LF(100ug) - - + -+
Pl1O(500nNng) - =+ - +

PITPNA

TYROBP

Fig. 2.2.6. U937 Al 2ol H4 #d A=< ¥4

ArE A E U937 AIEE o) g3te] Auinksy} #ed A #d FAA7F SR o
o]g WP R E RT-PCRE XA A= Fig. 2269 vepdnlel 2o e i
EE pl0 @522+ PITPNAY TYROBPE @& e] mjefsi} WAZHAE4 plos &
o] Ae3tsls o EA

o}
% PITPNAY TYROBP2| @&o] ol HslA Yeldo=
S 3= Aor AZAEY HAd A%¢S Fi= Aow A

—_— —
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+ + + +
LF - - (50) (100) (50) (100)

p1l0(500) = + - - + +

DC-STAMP

Fig. 2.2.7. U937 Al ¥4 DC marker ¥ Fdx52 vy

Al U937 AEE o] &8te] FAAANMNER Z43F= dendritic cell(DC, 5+
M) marker 8291 DC-STAMP7F ZHE#H el o3 W] 5-5 RT-PCRE XA
A¥E Fig. 2.2.7°) vepdnbel vk SES Y 950 2% DC-STAMPO] w30l XA
AR, pl0 @0 2= DC-STAMPS] WEe] ofF ZshA yebdez4 DC-STAMP
BollE FEAde] dFE FA XK= Aoz A9

LF - = L

+ +
(50} (100) (50) (100)
pP10(500) - =+ = - + +

Fig. 2.2.8. U937 Al A IL-10 fd#Fe] 2d

AbgE] U937 AlE2E o] &3te] dAux| 9 #HE IL-10 fdxe] FEH- 9
o] E RT-PCRE A ZA3b= Fig. 2.2.8¢ veldniel vl FEHY d5% =
pl0 =20 2= DC-STAMPY o] =% g%, SdE#A A plo E3HA A= IL-10
o] Wdo] ofF HelA vetdomZA o] F EHo] IL-10 L Z3A FEEEE
v AR A7HT)

o

Ol
L

+ + + +

LF - - (50) (100) (50) (100)

pl0(500ng) - -+ - - + +
“ TYROBP
P cooon

Fig. 2.29. U937 A2 )4 DC marker ## FHdxE59 od
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Av-e] U937 A EE o] &3] phospholipase C A& A o] #E5 PITPNA F 4%}
o Wodud FEA #Hd A HAEY #HE TYROBP #Fd#e sEHH o3
o] 1S RT-PCRZ A3 A= Fig. 2.2.99] vepdnlel 2o} SEH#H @5 =
pl0 @522 TYROBPS deo] ZsiA vretwkal, SEA PN pl0 EFAeAd= TY
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Fig. 2.2.10. U937 A3zl A SLPT #7d#te] wa
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vke} Z2r} plo @A g 9w 3ol A AN FEAY @5 A Aol pl
0¥} &3 rr} SLPI9 wdo] v ZelA veldoe=zy gEg o] SLPT W 3}
A &g 3= Aoz AzEh
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pl0(500ng) -

GAPDH

Fig. 2.2.11. U937 Az A ICAM-1 =€)

ArEAE U937 A2 E o] 83t M¥id oy
gEy o] o3 Lo E RT-PCRZ FAFS Z3}= Fig.
107 FEsd 717 a5 A AgolE nofs
FAH e A-gels ICAM-19] ddo] w9 Z3f
dol| 2§ o AoR A7bdr.

A gekwd Ay BEd ICAM-1 F3 A9

= 2110 yEhdnkel 2k p
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AP R ARFERS EF A NFEHAR 475 F of® G
2 FEA west] Astel e wol 4de Astsnt

Table 2.3.1. 43 FAELY TEFEFES FAVeE vjdke] A E(%)

Sample No 1 2 3 4 5 6
Enzyme-treated
0 2 2 2 0 0
Whey Powder
Yeast Extract 0 0 0.05 0.1 0.05 0.1
Market Milk 100 98 97.95 97.9 99.95 99.9

A Culture systemse STFE2EE B39 ABT-BE AFE3S A, vl n
3 A~

H
8Tl viFH el pHo fabet Bt E MG IE = B35k

-

1.

Table 2.3.2. WA 7HE pHe ¥ 3}

Sample No
: ) 1 2 3 4 5 6
Incubation time
0 Hr 6.86 6.64 6.64 6.64 6.86 6.86
2 Hr 6.96 6.50 6.48 6.45 6.76 6.75
6 Hr 5.90 471 4.54 4.45 4.43 431
8 Hr D.28 4.57 4.46 4.35 4.37 4.27

Table 2.33. Bl FA 718 $2bt AFESe] W

Sample No
. 1 9 3 4 5 6
Incubation time
0 Hr 66 x 10° | 66 x 10° | 66 x 10° | 6.6 x 10° | 6.6 x 10° | 6.6 x 10°
2 Hr 21 x 10" | 1.7x 10" | 31 x 10" | 33 x 10" | 6.8 x 107 | 6.8 x 107
6 Hr 21 x10° | 12x10° | 14x 10° | 1.7x 10° | 1.6 x 10° | 24 x 10°
8 Hr 34 x 10% | 84 x10% | 84 x10° | 97x 10% | 23 x 10° | 24 x 10°
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Table 2.34. T4t FAEE M7 w2 vk A E=(%)

Sample No 7 8 9 10
Enzyme-treated
0 1 2 4
Whey Powder
Market Milk 100 99 98 96

Mg faFEE A A9d £U9d ABT-B H@RFE AEsT, WELTE 38T
oA wleele] pieh At AFSFE WRAGUE B

Table 2.35. wjkA| 7+ pHE] w3}

Sample No
o 9 10
Incubation time
0 Hr 6.86 6.75 6.64 6.46
2 Hr 6.90 6.67 6.53 6.46
4 Hr 6.46 5.27 5.79 6.39
6 Hr 5.32 4.66 4.85 6.23
8 Hr 475 4.44 459 5.85
Table 2.3.6. 8 A 7HE F-Abt A2 W3
Sample No
. 7 8 9 10
Incubation time
0 Hr 1.0 x 107 1.0 x 107 1.0 x 107 1.0 x 107
2 Hr 4.4 x 107 52 x 107 2.4 x 10’ 1.2 x 107
4 Hr 83 x 107 41 x 10° 3.3 x 10 7.0 x 107
6 Hr 3.0 x 10® 6.1 x 10° 46 x 108 19 x 10°
8 Hr 52 x 10° 89 x 10° 45 x 108 2.3 x 10°
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Table 237. EEFZ5Y HES H7sh aFd 24 E(%)
Sample No 11 12 13 14 15 16
Enzyme-treated
1 1 1 1 1 1
Whey Powder
Yeast Ext. 0 0.05 0.1 0.1
Soy peptone 0 0 0 0.1 0.2 0.1
Market Milk 99 98.95 98.9 98.9 98.8 98.8

g4 R A Ao HA HrFEQ 1%2 AR, EEFEEY Soy
peptones 27} 0.05~0.19%, 0.1~0.2% "Wl H7Fste] 67Fx ¢ vjdES =)
A3 Culture systems® L TFEES B35 A

Toll A wieked o] pHO F4tar A4S alEA7tE 2 224319t}

do
2
=L
rlo
S,
>
mal
g &

Table 2.3.8. ¥] A 7HE pHe] W3}

Sample No
i ; 11 12 13 14 15 16
Incubation time
0 Hr 6.64 6.64 6.60 6.66 6.66 6.64
4 Hr 5.37 b.14 4.90 4.90 4.85 481
8 Hr 4.34 4.30 4.24 4.20 4.16 415
12 Hr 4.08 4.03 4.02 4.04 3.97 3.90

Table 2.39. W FA 7 fabd Aol W

Sample No
o 11 12 13 14 15 16
Incubation time
0 Hr 75 x 10° | 75 x 10° | 75 x 10° | 75 x 10° | 7.5 x 10° | 7.5 x 10°
4 Hr 63x 10 1.0x10° | 1.0x 10° | 1.8 x 10° | 1.1 x 10° | 1.3 x 10°
8 Hr 22x 10" | 14x10° | 17x10° | 20 x 10 | 1.9x 10° | 1.4 x 10°
12 Hr 27 x 10" | 13 x 10" | 1.8 x 10" | 24 x 10° | 1.6 x 10° | 1.3 x 10°
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Table 2.3.11. 89 &4 71+
%
o= T TETA TS FAGE R
7h 4% el A afre] AEat arfel et aife] AREs
DAt E= N S s = S I B ] = S B O = U
AZA oln] o] [ARA o] o] |@wEAl  ofn| o] |HEA ofH] 9
HA7F glejok & [FH7F glejok & [H7F glojeR & (A7 glojer &
o} ot ot ot
(L) (%) - - 5.0°] 8} 5.00] 8t
(th F318¥(%) 5.00] % 25001 95.00] % 95.0°] %
(Frawde f
AR 35.0%
o] Folojof g
oh
() At 1ml 20,0003 |[1g% 20,0003 |1g% 20,000 1g% 20,000°] 3}
(auAEe A |ddAEe A o3t
+ 55T B |F 55CIAM B
T 30TolA 2 [ EE 30TolA 2
FEE F EE A EE
Fakej el o [Eaujdyel 9
g SAdolojop g & olofof
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4) HAFEETE 60 o)3HA BN Y] THEE e §8 - A Ed skt
5) TH&(mg/ke) 1 10 oK &FAZFEF e FR7FEFl I h
6) et @ g4 ojofok Foh(AatAlFol FHsiel).
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® 4y A

Table 2.3.13. 9] FA|ZHE pHe W&}

A2 /AR Al A2 A3
0 6.61 6.51 6.52
12 6.51 6.49 6.47
24 5.66 6.13 5.80
36 451 5.14 471
48 413 4.42 418
60 4.07 4.19 4.10

Table 2.3.14. ¥} FAIZHE Akt o) ¥}

A2 /AR Al A2 A3
0 1.0 x 106 1.0 x 106 1.0 x 106
12 40 x 107 2.0 x 107 3.0 x 107
24 58 x 108 51 x 108 15 x 109
36 2.9 x 109 3.0 x 109 48 x 109
48 3.7 x 109 43 x 109 46 x 109
” 0.75 —
- 7_.,41
9.25 4
63 '_E:\: 9.00 /
& ——a1 875 / ——a1
2 \ —|—A2 S l —-A2

825
\\ 8.00 {,ﬂ
o \ & ak / 4— A3
| 7.75 ;
\\ 7.50 [#‘/
i \1 7.25

7.00 [

A\ e

i 600 M

Fig. 238 AL 7=2ES] pHW s} Fig. 239 QT2 E9 SAFS W3
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Table 2.3.16 #j &A1t pHe] W3t

WA ZE /) AR Bl B2 B3
0 6.72 6.62 6.64
4 6.65 6.32 6.10
8 4.90 4.86 461
12 442 442 4.36

Table 2.3.17 #] A THE fAbr =2 ®H3}H

A2 /AR Bl B2 B3
0 6.0 x 10° 6.0 x 10° 6.0 x 10°
4 3.1 x 10° 3.0 x 10° 5.2 x 10°
8 2.7 x 10° 2.3 x 10° 1.9 x 10°
12 19 x 10° 14 x 10° 1.6 x 10°

N .
i - 9.00 _ /
' ——B1 /
\ 875
z ]
—-— 52 . -
\\ B.50 / -
\ B3
o 8.25 / —B3
\ 5.00 /
: 7.75

N NS

7.25 T

—4—B1

7.00

Fig. 2310 ZH 87T E2E ¥ pHH S} Fig. 2.3.11 SA8T2E vjgie] fikia W3t
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el e o] wl EWPHTE MEWPZL ©f E3do|qlc) gutdoz $HQFEE EE
CYAQTEEE AFXT u 38~42TCol|A gtz wjdAI IR 4A 7 308 A 84 7H
AE7F 2853 v 2 APoA= 36TolA AAgoenz FH7F AlHEe H-§ 84
b Qe @EE A K3kal 8~124%F Atelol] gkEd Aoz JEwgth(ug TR AHS
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Table 2.3.18 #J A8 pHe| W}

HIFAIZE / A B Cl C2 C3
0 6.73 6.60 6.61
2 0.96 0.42 0.16
4 477 4.80 4.68
6 4.50 4.59 4.56

Table 2.3.19 H] A 7HE fAbr =2 ®H3}H

vl kA ZE / A B Cl C2 C3
0 24 x 10° 24 x 10° 2.4 x 10°
2 1.1 x 10° 87 x 10° 1.3 x 10°
4 1.8 x 10° 15 x 10° 14 x 10°
6 14 x 10° 1.1 x 10° 3.6 x 10’

9.75

B4

0.50
6.5

——C1
e C1
9.25 .
]

IR\ = B

5 \K‘ 875 / c3
B 850

a5 v

H

825

Fig. 2312 A= djae] pH W3} Fig. 2.3.13 A= wjgee] fibatare] WMo}

A& B FdorA dubkdgdoz 32~33C WA wlkS sl 2 T2E )
Gt FACl Masy) f1ske] Welg 36T AAFE A FHIL AR} EWPHIL A
wilel ARA S WR Aolsh vx @rgron], fabErss 28lE ¥sb Amsh o
Y oA Aoz EWP H7bel o aa= dasx gk AW MEWP
o AgE A 2rm Wby fAES 94 2 ARRY B4 4 oz ue
o] TXUE AKFAF ] A2 dFE 79T Aoz werh, AN=EE 9 Sl
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3l prebiotics

4 wEsomny

B39 (GOSy]
H prebiotic =2 Ak
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_[Qr
ZF(GOS) o Fa
v

1. High pressure homogenizer
Aesde F7rE e xR
ARor ZAHgE&E G0
Sy Ak

2. f4lEe H g uE F
gk el /A

BABR A

3. Az AlgeelA

s ARELY NG (GOS) AAE
3. AJAEA %= A =
4. Prebiotics 42419 & v 4. L rhamnosus GG, Bifidoba
AE T2 FRa9 HE cterium longums & E
S oy x=hdAA 719 F4
3 523 A8
1. A7t = 9453 4
R = i o) e
- HMC-1A¥9 Raw264.7 A
EE o] Es dFy A g
1. 39N d 7eEsEd | - g2 )=
2. A& -
SEAYY Ve A ‘
7] 4] o o 2. WAV EA =Y dEAE A
= - in vitro, in vivo %% A |,
A F ‘3
& - AAFEE o] &3k FAA
A7 ZA)
3. AaawAe] J)eAd aA
71dE =
1. 1249 = 7] A8k Protease
9} Lactase® SHTZ=0E 7}
1. Eadd FHs59HS Fodsta ol AFAx ®
3 N=eHow BE G | AXs BT Alx = EFdxste] LEA =
A It
wth Promotion _ - °e e
2. AATEHE g 92 A%
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(1) Z2=FESY1HGOS)o] vheF 39 prebiotic =2 AAF 7] %71

- 7|&E Za A Ax WA Sonication * ] A High pressure homogenizer(SPX
APV-1000)-& o] &3] 740bar(=10732.83ps1) 8] ¥ o2 L. paracaseis A XIAHE 3 &
o lysozymes 23t ¥ Sonication * |3} th

[ Cultivation of LAB ]

v

Centrifugation (2,000xg, 20min)

% r Washed in D.W.

. v . L )
Centrifugation (2,000xg, 20min)

€ Suspended in D.W.

L 4 \ v
Homogenization (740bar)

< Lysozyme (mg/mL)

A 4 \ y

Shaking Incubation (37 T, 1 hr)

h 4

Sonication (every 10 seconds, 20 times) ]

h 4

Crude lactase solutions ]

Fig. 3.1.1. Preparation of crude lactase solutions (improved)

219 Fig. 3.1.1€ 2359 a4 Aasts HAoA FAHAo] F7td 1@,
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Table 3.1.1. L. paracasei @ lactaseo] &3] A et 2 E S8 1H(GOS)] A&
=9 : %DB
Samp | ¥E | UPKNO | prcts | Galacto | Dextro | GOSZ | GOS | Lacto | GOS2 | GOS | GOS | Total
le ™ (Bx) Sgi se se se (1) (2) se (3) 3 4+ GOS
A-1 29.2 0.10 0.16 2.07 2.61 1.06 256 | 60.67 0.85 395 | 2597 | 34.39
A-2 30.2 0.00 0.16 2.36 2.62 092 202 | 59.12 0.74 420 | 2786 | 3574
B-1 29.8 012 0.16 2.07 2.90 0.73 322 | 60.93 0.74 466 | 2447 | 33.82
B-2 304 013 0.17 216 3.01 0.85 328 | 59.83 0.74 479 | 25.04 | 34.70
C-1 20.6 0.00 0.00 142 1.88 0.45 0.00 | 9396 0.81 0.98 050 274
C-2 20.6 0.00 0.00 1.47 1.87 059 000 | 9357 0.99 0.87 0.64 3.09
D-1 23.2 0.40 012 2.70 3.21 0.86 218 | 61.29 0.83 428 | 2413 | 32.28

# Total GOS = GOS2(1) + GOS(2) + GOS2(3) + GOS 3 + GOS4+
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919 E+ Fig 31.1.9 wHo=z Agitsdl xasdfo= 2
HPLCE ©] 43 =

64% =X o /\%Oﬂ H]oH =90 719 VA= A
A 30%, B 7 30% 7F

JE

T e, CE

=
% 30%, D= 3 25%°]th
2) 5T dRAS2FYH ARESYIGOS) e /44 7= A
$H43 VEAO DD
A& 3tk

AHELYALHGOS)E /A

Fig. 3.1.3. 3] ejx}7]

, pump, stirer

- 99 ¥ (Fig. 3.1.3)01 AFEE 7171 2 A

Ultrafiltration (KMC-86S, KMC), U
ltrafiltration Membrane (YM10. MILLIPORE), pump (LABOPORT, KNFLAB), Stirrer/
Hotplate (CORNING) ]t} 3

L @slelnE S/ A AARe AYE FHo] awA B
2l shen,

=
dEe
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NS FEFEo| 25%Du7lA] A 2 3% T

[ Whey Concentrate(30%) ]

i) [ Crude Lactase Solution }
[ Enz. Fermentation(30°C ,4hr) ]
\f [ Charcoal ]

Ultrafiltration ]

Freeze Drying

v

A 4
Prototype Prototype
Product Product
Fig. 3.15. €57 dado=z

FH GOSel £2/44 & AA
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) &% A] 7H (o) R e -

0 597 5.98 6.12

6 576 5.69 592

12 5.14 517 5.35

18 451 458 491

24 433 4.45 478
fi i z —-—n
: e . :
> e C e

0 6 12 18 24 Al G
Time (hr)

12
Tirme (B}

Fig. 3.1.6. vl A7 At ®s)

- 9o & B a"s wel SUsE A AGEERE 2Ry
& ORI, pHE 71 2 WEE 9l Aem wgol & o
Holsles Aoy

Fig. 3.1.7. m&¥A|3d pH ¥ &}

A¥) A7t Aot vF
AZZNA T v kel FH A3}

b /48 34 w574 LAY ol &

- TETE TEAES 149 AP A P 2 B Uskan, oAl 1/4¥) 34
S FEHH waE el ot AFY Growth factor E2-& H7lsle] wnAE S48 3
3 ¢ JEA dolr gkr) 0.1% Yeast extract(leco)Sﬂr 0.19% Garlic powderE 747 2 &
Ho| H7FsA 90TClA 2083 A& gk § 33X FA o2 24X 7bEt & ek
Al A MRS(Difco) ¥iAl ol Hawhs sfe] HI7MEAol wel ko7t =4 gelskith
Table 3.15. &5H%F ool H7sk F2H5E4

Sample N G Y
S E2 54 SR 0.1% Garlic powder | 0.196 Yeast extract
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Table 3.1.6. L. rhamnosus GG ¥ kA 7HH A4 W3t

W9 A) 7E (hr) _ A ﬁ*’?((()}FU/mL) .
0 1.7x10° 2.0x10° 1.9x10°
3 9.5x10° 1.2x10° 1.33x10°
6 4.2x10° 6.1x10° 6.3x10°
9 8.5x10° 1.72x10" 1.82x107
12 1.8x10" 3.9x10 4.2x10
15 3.5x107 7.5x10" 7.58%10"
18 4.8x107 8.8x10 8.9x10
21 5.8x107 1.12x10° 1.33x10°
24 6.9x10" 1.52x10" 1.82x10°

Table 3.1.7. L. rhamnosus GG w%EA| 7HE pH ¥ 3}

MFAITHe) o v
0 2.99 0.97 091
3 2.7 0.6 2.7
6 0.4 2.3 2.0
9 0.2 5.1 2.3
12 2.09 499 4.88
15 479 461 47
18 4.56 448 452
21 4.38 4.23 431
24 4.26 419 4.23

Table 3.1.8. L. rhamnosus GG vi%A| 7HH TA W3l

I EIl E—— T -
0 0.112 0.117 0.118
3 0.132 0.131 0.132
6 0.139 0.148 0.148
9 0.188 0.212 0.198
12 0.233 0.239 0.249
15 0.349 0.359 0.359
18 0.481 0.475 0.493
21 0.579 0.559 0.535
24 0.602 0.599 0.587
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9.000 6.2 -
6
8.000 5.8 -
5 5.6 -
2 5.4 -
3f 7000 - ——nN B P
IH - =
0 s -y
6.000 =G as i
46 -
5.000 A% .
0o 3 6 9 12 15 18 21 24 a2 —_
Time (hr) 0 3 6 9 12 15 18 21 24
Time [hr)
Fig. 3.1.8. WAz A W3} Fig. 3.1.9. wj&¥A|zHH pH 3}

0.7

0.6 f‘

05 A [

. 04 7
I:‘(i !’/- e
F 03 /

3 -G
02 P//— ¥

0.1

o 3 [ 9 12 15 18 21 24
Time (hr)

Fig. 3.1.10. vjA17HH TA w3}

- A8 Axt x| 88 G0.1% garlic powder, 2 E ], b, ¥ Y(0.19% yveast ex
tract, Difco)E& 718t w5744 SaHoA vl BES F2o] F7lE ot A3l =
ko) 7y AA U

- GOS A4tel7] Aol alcalase® 7Fra3l] Heldt w54 da s ol &3] nA=
S wEAS A FAHEEE SRS E o] Growth factorZ i AAS FHH3E7] wlEof
7€ A Loy vawd E3F Q=R Feaur]) 9 vEE AydvE 1S
A elstal FYs AR HIE STt
Table 3.19. v&f3 LFHo| HAVldl F2&=2252
Sample N G Y
e o R ST 0.19% Garlic powder | 0.19 Yeast extract

Table 3.1.10. L. rhamnosus GG 8] %A 7HH A5 A3}
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A7 (CFU/mL)

N G Y
0 2.0x10° 2.5x10° 2.2x10°
3 9.8x10° 1.19x10° 1.45x10°
6 2.5x10° 4.11x10° 4.9%10°
9 9.9x10° 1.72x10" 1.99x107
12 2.0x107 5.2x10 6.3x10
15 5.0x10" 1.02x10" 1.35x10°
18 5.9x10" 1.35x10" 1.69x10°
21 8.5x10" 1.89x10" 2.29x10°
24 1.00x10" 2.20x10" 2.52x10°

Table 3.1.11. L. rhamnosus GG 8]%A 7 pH W3+

T o -
0 0.98 0.97 0.91
3 S.72 0.6 5.7
6 0.36 0.32 5.5
9 0.2 5.1 5.3
12 2.09 4.99 4.88
15 479 461 4.7
18 4.56 4.58 452
21 4.38 4.23 431
24 4.24 4.16 413

Table 3.1.12. L. rhamnosus GG ¥ %EA7HE TA W3}

I EIl E—— T -
0 0.113 0.111 0.119
3 0.133 0.129 0.133
6 0.147 0.149 0.152
9 0.186 0.188 0.199
12 0.231 0.241 0.244
15 0.356 0.362 0.365
18 0.480 0.510 0.530
21 0.585 0.588 0.601
24 0.590 0.65 0.69
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5.93 -
573
8.000 -
2 553 -
a, 5.33 -
ﬁ' 7.000 - ——N X 513 -
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5.000 - v e ey
453 -
g 433 -
5.000 413 —
o 3 6 9 12 15 18 21 24 O 3 6 9 12 15 18 21 24
Time (hr) Time (hr)
Fig. 3.1.11. ¥l <FA|ZE A W Fig. 3.1.12. ] FAIZHH pH W3}
0.8 +
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0.6 - -d

0.5 - y
0.4 1 . —4—N

~i
=
03 - /' -&-G
=
02 - g " ¥
e e
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Fig. 3.1.13. viA17HE TA w3}

- 29 A, AR 2 ¥ERY VRAUG AFRAT $EHHY Ba
A LGG At F4e] FAY. AR $54d TRAL o83 AL
Az Ges A9e FAF Aok, AFEAHA RS $EHHY waA FASAT

(\}) Bifidobacterium longum
- Bifidobacterium longum= WA A 79 vAEZ FUFg A4, Fa=2e
-

7]
1 o
F5 A, g A4, U A% FA% 4SS probioticse] v
DR DTEES

b /48 34 w574 LAY ol &

- L. rhamnosus GG oS SA3A 1/48) 843 T4 da el o A
Growth factor E4-& H7lste] AAES] F4& ST F A=A dolr gkt 0.1% Ye
ast extract(Difco)e} 0.196 Garlic powderS ;2 ¥F& of 9
TAYE 3 & A7 HA02 24Xt 7S wYAA BL agar Ao HA=ES
sto] H7HE A wel Aol 7F d=A el

Table 3.1.13. ¥573 SR Ve S 50=4



Sample

N

G

Y

[s)

FH%A84

o] O
vA T

0.1% Garlic powder

0.196 Yeast extract

Table 3.1.14. Bifidobacterium longum?®] v A7 A4 W3}

W9 A) 7E (hr) _ A ﬁ*’?((()}FU/mL) .

0 4.5%10° 4.2x10° 5x10°

3 85x10° 10.2x10° 12.8x10°
6 4.0%10° 7.2x10° 6.8x10°
9 2.0x107 5.2x10 4.9x10
12 7.8x107 1.2x10 1.6x10
15 1.2x10° 2x10° 1.9x10°
18 1.59x10" 2.5%x10°F 2.39x10°
21 1.8x10° 3.1x10° 3.7x10°
24 2x10° 4.2x10° 4.9x10°

Table 3.1.15. Bifidobacterium longum®] ] 9%A 7Hd pH W3}

TA w3}

T o -
0 2.90 2.99 2.95

3 2.78 2.79 571

6 0.07 0.00 5.0l

9 0.23 2.15 0.16

12 497 4.9 491

15 479 471 4773

18 4.36 431 432

21 4.28 4.23 421

24 3.78 3.69 371

Table 3.1.16. Bifidobacterium longum®] vl 9%kA 7+
I EIl E—— T -

0 0.113 0.111 0.119

3 0.133 0.129 0.133

6 0.197 0.179 0.182

9 0.286 0.288 0.299

12 0.331 0.341 0.344

15 0.396 0.382 0.365
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18 0.520 0.512 0.53

21 0.631 0.598 0.601
24 0.690 0.70 0.73
%; . 5.6
:;I- 7.000 - ——N z 51 —-—n
;ﬂ —-—c - ‘ G
o 3 6 g9 Timlézlhr] 15 18 21 24 o 3 (=1 Q‘I—imjiezlhr]iS i8 21 24
Fig. 3.1.14. vl A - A4 w8k Fig. 3.1.15. #j¥A|7Hd pH ¥ 8}

03 o ==
0.2 4 / ¥
01 | =5
o
o 3 [ 9 12 15 18 21 24
Time (hr)

Fig. 3.1.16. ¥] A zt¥ TA W3}
- LGG w<F Aol A A3E ¥, tETel v8 G0.1% garlic powder, %
E, &), ¥ Y(0.1% veast extract, Difco)E H713 =53 Wadoa] n) gL

F4o] F/hE o ARTReE Aolsk A gt

@ 7hr-all(Alcalase) 2§k 1/49] 314 57 LR o] &

- GOS AAksl7] deoll alcalase® 7hr&Esl A Eldh #5744 Qa4 E ol &s A=
S wjkElS Al ARG JEEE Eo] Growth factor®Z F AAE 21317 wi-o
71E w5 GE Ay vas] vt QleA golrr] fE bl My dve 2e
A elstal FYs AR HIE STt
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Sample

N

G

Y

[s)

FH%A84

o] O
vA T

0.1% Garlic powder

0.196 Yeast extract

Table 3.1.18. Bifidobacterium longum®] ] 9%FA| 7HH A<= M3}

W9 A) 7E (hr) _ A ﬁv’?((()}FU/mL) .
0 3.9x10° 3.6x10° 3.3x10°
3 9.9x10° 1.5x10° 1.6x10°
6 3.7x10° 6.2x10° 6.1x10°
9 1.33x10" 2.69x107 2.77x10"
12 5.7x10" 1.22x10" 1.33x10°
15 7.0x10" 1.42x10" 1.48x10°
18 8.9x10" 1.89x10" 1.98x10°
21 1.20x10" 2.45x10" 2.55x10°
24 1.47x10" 2.51x10" 2.7x10°

Table 3.1.19. Bifidobacterium longum®] ] %A 7Hd pH W3}

T o -
0 6.03 5.99 5.95
3 5.97 5.86 5.85
6 5.67 5.76 5.73
9 5.62 5.63 558
12 5.29 5.11 5.15
15 491 479 475
18 458 455 459
21 431 4.27 4.25
24 4.08 397 3.98

Table 3.1.20. Bifidobacterium longum®] v %A7Hd TA =3}

I EIl E—— T -
0 0.118 0.115 0.121
3 0.135 0.131 0.135
6 0.158 0.149 0.154
9 0.182 0.191 0.181
12 0.243 0.245 0.245
15 0.357 0.368 0.368
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oAl 1¥HE A

L) fA9NE D AR Eo] 4% © dex Wl vAE I

Human mast cell HMC)-1& 4x10°%/welle. 2 zA 3} 12 wellel 10% FBS 3
IMDM(Gibco, USA)BIX]Z 5% COs, 37T AMAEZwIE7]oll A nlFalsdrh. vl 8417 o
ABE Ydte] 3087 W23 PMAS A E3dtal 6417 vh3A71 & A¥E FHalw
RNA E-#J)1EE o] &3e] RNAZS o dle] d=a¢ cytokine?l TNF-a, IL-69] =&
& ZXAE 98lAl RT-PCRE  F83tAatlh. Raw264.7 cell 10% FBS &
DMEM(Gibco, USA)HIA & o]-&3lo] 104]3F vk F-o] A8E Agstal 308 ¥&
-6

LPSE A2l 247 wrg-A7]aL A2 E 33to] dS8d cytokine?l TNF-q, IL
o] IS ZAFE SeliA 2®l 1ol yEeRd BEed o] primerE ARESte] 30 AolEE
RT-PCRE 43 3l5ith

Fig. 32.1.¢] vehd niel o] TNF-ae thiddl d5 &4 AolErielor oexl
Bz Abgk 7199 dejx Al ¥ HMC-1 cellel whey protein hydrolysates(WPH) ¥
AgE 3kD oshe] ThERElE S AP e A TNF-af] @do] JA s = Aoz e
w3, lactoferrin hydrolysates(LFH) % A3 3kD ©]/g3 3kD o]3}e] 7hg-sl & ol A
A= FFE HATH IL-6 AF5S AAAIIE dag] HolEFe R FH
A 7tpRalE AAE A oA wFo] AskA verwar, Ao v Bl
lactoferring A 2] ¢Fgk F-oll w3 HA Lol YElEE=Y o= fAGWd 7t
o] AFHH RolEFIe T AP AoR g v A= Aom A7E.
2 E 71999 Raw 254.7 cellol #3753l
LERUR] 2t o ) TL-69] Wdols | ASH
A teEElE dAAe A 3kDolst 7Fpadl =, lactoferrin 7hFEESlE A 3kD
o] %, olgtell Al IL-6¢] o] ZetA Yehd& ATt wEpA P

o] A5 W o SAA WS A= Ao dddr

2

[

rlo

A= ¥

N
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HMIC-1 cell

(LR LR N

L
THFa eI

1 Lo e}
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i j!:l T

Aoz 7}

o]

Fig. 3.2.1. 74

HL§:]_ o];}g.

HMC-1 cell : 1. Neg. 2. PMA 8 nM 3. PMA 160 nM 4. WP 5 ug/mL, PMA &0
nM 5. WPH 5 pg/mL, PMA 80 nM 6. WPH 3kD 1 5 pg/mL, PMA 80 nM 7. WPH
3kD| 5 pg/mL, PMA 80 nM 8 LFH 5 pg/mL, PMA 80 nM 9. LFH 3kD 1 5 ug
/mL, PMA 80 nM, 10. LFH 3kD| 5 pg/mL, PMA 80 nM

o] HMC-13 Raw 264.7 cello] th3 TNF-a, IL-62]

23

Raw 264.7 cell : 1. Neg. 2. LPS 1 pg/mL 3. LPS 50 ng/mL 4. B-LG 100 ng/mL,
LPS 1 pg/mL 5. WP 5 pg/mL, LPS 1 pg/mL 6. WPH 5 pg/mL, LPS 1 pg/mL 7.
WPH 3kD?T 5 pg/mL, LPS 1 pg/mL 8 WPH 3kD | 5 wg/mL, LPS 1 pg/mL 9. LFH
5 wg/mL, LPS 1 pg/mL 10. LFH 3kD 1 5 pg/mL, LPS 1 pg/mL 11. LFH 3kD| 5
re/mL, LPS 1 pg/mL

(2) 7fFialEe] &daks 7 e
@ DPPH #HZ 27%
DPPH radicalell gt 4432 Bloise] WH[2]& W
wol 0.1 mM DPPH 18045 Y3l vortexdt 3 308 &
FrE SASY DPPH &t Z &7 tUa Ao
DPPH U 275 (%) = 79 F3% - W7

Ag_\;r&l

2]

2 ZF

Gl

A4S Kato 5[3]9

@ o} =
o} e
NaNO, &} 20u09]
(= 7}0}04 AA =
& 40 Fskar of 7]
acid® Z A3+ 1% sulfanilic a01d9]r 196 naphthylamines 1:1 ¥ &2 &3
of ZA) 16 E 7Fste] EFAIA & ek FEzE Aol A 15687

1‘>
OFO

7
A Z}

LA

HC]—HJ

n& rﬂé

_\.L

o] uwpe} vhed 2ol AU %, ImMe
Al S A0 E HUretan o71el 0.1 N HClpH 1.2) &9 140
00 }0 v}, 283 37Col A 1A 7S HFSA A AL ukSof
ZAF &8 200 s H7F3F tFS Griess A 9F(30% acetic
Fek A, Ak A7

2212 5

=

=
A =

ﬂ»@
o 2

E{o{n

- 119 -



N(%) = [1-(A-B)/(C-D)J x 100

N @ oA 2A5(%)

A AR FRE

B AR dix+9 FE=

C : Control9] &#%

D : Control &7 mL §3%

@ Superoxide anion &4 %

Super anion 27 &AL Okamuras[4]¥ & W] =AU, = AE 204,
2mM xanthine®} 0.1mM NBT &3¢} 1605 231 0.0omM EDTA7F ¥3tH 50mM
potassium phosphate buffer(pH7.4)¢] =<l xanthine oxidase(0.5 unit/ml) 20u0E 7}3}<]

Sk WA AT ThE, o 7]el 25N HCL 80 & R 7tste] wh&-& FAA

37ColA 302 &

713 560nmo A EH=E =AH 9}
DPPH #Hl% 27%5¢ f3auds seag e 7o) g Aoz ey
T} superoxide anion 2752 lactoferrin 61.3%, lactoferrin 7}F#-3ll& A 51.67%
ARG A SRR B 3kD o)

lactoferrin 7}F&3l& &A% 3kD ©] 3} 58.64%,
3l 66.21%% YELRTE o} dANE A A8E FAEHWA JleREE SAE 3kD o] st
A vhea e Al

o A 22.72%= vl eFstAl upEFRTE wEkA A A R
,igg el AT

3} & 33 superoxide anion 275 9]
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Table 3.21. 3 d 7Me2s&e] ks a4

Antioxidant activity
) Superoxide anion o )
DPPH radical ) ) Nitrite scavenging
) o radical scavenging o
Sample name | scavenging activity o activity
activity
Conc. Conc. Conc.
% % %
(pg/mL) (ug/mL) (ug/mL)
1000 133.23
Lactoferrin 500 -35.31 1000 61.30 1000 19.30
220 -5.19
Lactoferrin
o) v 1,000 30.27 1000 51.67 1000 0.1
TRl =
Lactoferrin
TRl = 1,000 3.86 1000 0 1000 0.08
3kD o] A+
Lactoferrin
TRl = 1,000 4.06 500 58.64 500 0.02
3kD o] 3}
500 11.19
. 230 1.40 500 36.70 500 15.84
whey protein
125 0.14
1,000 25.8 1,000 52.9 1,000 18.33
whey protein | 5, 179 1,000 40 1,000 16.50
TRl =
whey protein
TRl = 1,000 6.2 1,000 13.2 1,000 14.31
3kD o] 3}
whey protein
TRl = 1,000 14.9 1,000 51.7 1,000 22.72
3kD o] 3}
Vit C - - - - 1,000 98.78

(@) FRBNA eraEe) FA4 A5 2
@O Competitive Inhibition Enzyme-Linked Immunosorbent Assay(ELISA)
ep A A&
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653 Balb/C wF-¢2 3ubg]o] &3 A}

B-
FAbste] 14 MM 27 A3t F e

g} A7l & 3Y Ha}sk Fof dofg x| 3}
7} ELISA W o2 =439 3, 1/100,00
A oH(Fig 3.2.2., Fig. 3.2.3.).

lactoglobuline v&|% 10 pug
WA 3 adjuvantE E3F3ke] 2%
o A& F]gste] AME3SHA T
0

BEE AL8S

L e

2
18 ~
ig —f=—W antigen NC
14 J —fl—\W antigen anti-W
1.7 - W antigen anti-L
1 4
0.8
0.6 -
0.4 -~
0.2 o
‘_-""_'t e
0
a | 1 | 2 | 3 | 4 | 5 | B | 7
Dil. F=1/500X(1/5)N

Fig. 3.2.2. Whey protein®l] 3%+ anti-whey protein¥} anti-B-lactoglobulin® <7}

18 4

2 —#—Lantigen NC

e == antigen anti-W

| = antigen anti-L

1 -

08

0.6 +

04 4

02 \“_

0 s %
D|1|2‘3‘4‘5‘6‘?

Dil. F=1/500%(1/5)N

Fig 3.2.3. B-lactoglobulin®] t 3}t anti-whey protein¥} anti-B-lactoglobulin] <7}

s
-
@)
2>
ok
)

O
f
B
o

A3l &3 =AHALS FAGUA A2 B-lactoglobulin FAE 9]
vz_

mouse anti-whey protein serum¥ mouse anti—f3

ol

e 18 12

§ 3}

-lactoglobulin serum< F39M A 7t E &3] ¥-SA-S competitive inhibition
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ELISAZ AAsAY. fddfd 7teE3E-S 20 pg/mLE 243 50 uld PVC

E]o/\] 7131, BSAZ well®] ¥l 7S blocking 3har, g wa 2 3HA)
oF ARG A Tt H%% 0.00025, 0.0025, 0.025, 0.25, 2.5, 25, 250 pg/mLS &3}
wello] €3 ¥k&A) 7] 71 A ¥g-8 A 7]3 450 nmol A FFHE =&5AHd ko] FAA A
e FA43AT B- lactoglobuh T x ﬂe o] &3 WHE TUIA G

microtiter plate®l|

Al &2l OD3%t - Blank

Al &(%) = 100 - ALkA F

Alcalase 4= X3 7l & oA anti-whey protein serume®l| gt 7 &1
A RS E, B4 3kDol A, A% 3kDo] &= control ¢l - e Ao vl 3 A
S 1

3 e FAAMS WU Neutrase B4 E AP 7R E Fo A% anti-whey
protein serumeol] W3 FAGWMA JFEIHE, B4 3kDol A, Ex#F 3kDo| st
control7-§1 &l wla] FHAs 7'%}% d-2 WAtk L3 Pancripsin 42
g3 7pe R E FoA = anti-whey protein serumol] tak A Gz R E B
Ak 3kDo) A, F-AF# 3kDo| 3= control 9 A G Ao nE dAs e dPAS

A oh(Fig. 3.24.).

Alcalase, neutrase, pancripsin® X 2]t -7 &1 =
protein serum®| w3k X0 FA G A n3A FUAdo] AAE A=
neutrase, pancripsin< H|528 A &S VEFU A AL alcalase’t 9FzF A YESTE ThE
B3 & A% 3kD o] Aol A+ pancripsin, alcalase, neutrase
whok, Bk B 3kDol3loll Al = alcalase, neutrases <]
FA4 AAS JeEP S AL, neutrasers 2o = A YERETHFig 3.25.

i
AN
)
(o _h,

it A
O
FU
ot
rjg
o
2
2N
o,
<
o

Alcalase Neutrase

100 100

60 &0

: =4=control / == control

40 —=-V/PH 10 ————
30kD 014

/J’/‘ 000l 20 /’%—4 OkD 015

_ Hﬁg/’ ~300 0%
¥ - 0

000025 00025 0025 025 5 5 250

Inhibition %
Inhibition %

=

HWP ug/ml

HWP ug/ml
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Pancripsin

100
80 2
/
§ 60 == cafitrol
5 4 / - UPH
E / —=300[%
20

i 3.0 0] 5

000025 00025 0025 025 25 25 250

HWP (ug/ml)

Fig. 3.2.4. Alcalase, Neutrase, Pancripsin®. 2 75289 f3d i zo] th3t anti-whey
protein serum-2 ©| &% AL A7}

WPH 3.0kD 0|4
! Q
100 100
80 ? 80 .4
# / A /
) c
g / ==Control H © / —t=Cortrol
B E
E 10 =B=Fanaripsin 2 10 ==Pancripsin
5 Z/« =t=Naltrase = / =k=Neutrase
20 0 —
g i i a2 ] = calase
0 M 0 '

000025 00025 o025 05 15 5 250 000025 00025 0005 02 28 B 50
HWP ug/ml HWP ug/ml
mda
3.0kD 0|3}
100
&0 2
# /
=]
2 / ==Control
g
2 0 =E=Fancripsin
5 ¢ |
/.«1’”’/ =de=eutrase
20 =
4,,,_.-»:&""'”'{ i Mlcalase
0_

000025 00025 0025 025 25 25 250

HWP ug/ml

Fig. 3.2.5. Alcalase, Neutrase, Pancripsin 7FF38]%9 WPH, 3kD 1, 3kD o th3t
anti-whey protein serum-2 ©|-&3F A A7

Alcalase E4= ﬂﬁlfﬁ 7t F ol anti-B-lactoglobulin serumel
=]

5
& FA&}#F 3kDo| sk control 191 #7 vl A



of wlal Hls=dh FEoz dAAS v FUAS Btk

Neutrase &4 =2 A28k 7}, A% anti- B lactoglobulin serumell w3 &3 ¢
A ISR E, 'FI:X]'E]: kDol A, B4 3kDo| st control7-¢1 A el A o v & & A
3 e FAAS W Y3l Pancripsin 4% A3 7EEHE TR anti-B

-lactoglobulin Serum°ﬂ EH AN RS, EX%F 3kDol, & 3kDol 3}
= control7- @ ol vla HA T e FUAHE HATHFig. 3.26.).

Alcalase, Neutrase, Pancripsin® 2|3} f-d w2 7teE8& FolA] anti-B-lactoglo
bulin serumell gk =79 Fd e Ao HlsA FdAdo] A A3 AA=AE=d Neutr
ase, Pancripsine H] 5238k A3-& e AL Alcalase?t ¢FF =4 e 7R =
FE 2=k 3kD o] ol A& Pancripsin, Alcalase, Neutrase 2.2 94 Axbo] vEelytt)
w3k F2hwF 3kDe]skoll Al = Alcalase, Neutrase™ A9 5H3 Fgo=z ofF b 3k
A A7FE JEeERR AL, Neutraseyr v A yEoH(Fig. 3.2.7.).

Alcalase Neutrase
100 100
80 0
; . /
g W / =+=conrtol § / =t=control
£ g
=40 =&=\//PH = 40 =B=\/PH
g A =3 0KD 0| = 300 01
0 el 3.0kD 0] 4 % - 1 |%
—=300 Of5 =, =300 0[5
f: = L : ‘ — 0 m * L - i
00005 0005 005 0% 25 15 20 T e e W 59 B AW
HWP ug/ml HWP ug/ml
Pancripsin
100
80
2
g / == control
2
FREL =f=\///H
2 o / 3004
- -
% e 3.0 0|8
0 R e R R
000025 00025 0025 0 25 5 250
HWP ug/ml

Fig. 3.2.6. Alcalase, Neutrase, Pancripsin®] W& f3dald 7p¢Es] o sk anti-B
-lactoglobulin serum-g ©]-83F 94 A7
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WPH 3.0kD Of &

100 100
0 80
i &0 ; i 60 / -
g =4=Contral :E / =4=Cantrol
% - / =@=Fancripsin :% 40 =m=Lancrpsin
: / Neutrase = Z’ Neutrase
20 — i 3l a5 & . i M52
0 j 0 _M oy
000025 00025 005 025 25 25 50 000025 00025 0025 025 25 25 250
HWP ug/ml HWP ug/ml

3.0kD 0|5}

60
/ == ontrol
10 =f=Pancripsin

/ -Meutrase
20 T

Inhibition %

e 3l 352

000025 00025 0025 025 25 25 250

HWP ug/ml

Fig. 3.2.7. Alcalase, Neutrase, Pancripsin 7FF38]%9 WPH, 3kD 1, 3kD o th3t
anti-B-lactoglobulin serum-g ©]-&3F FAA A7+

(4) 7FFEE =9 mouse IgE #1)d] 1A= 43

@ Total IgE

Total IgE+ whey protein® B-lactoglobuling W3t Azl v oo g HH
g8 F7 3l mouse IgE ELISA Kit (Life Science Inc. Uscn, USA)E A}-&3Fo] o
S =AY =AU -E ELISA assay kit Wi ol wpskt), w249 total IgE9] &
%72 normal mousex ¢ 800 ng/mL <149 W& A whey proteins ™32 7]
mouse?] &A= 2,800 ng/mL, B-lactoglobuling ™93} A7l mouse?] &of|A]=
5100 ng/mL=Z 2 & YElH AL Jdth(Fig. 3.28.). deA] 7| dd A B Ax7F &4

O

E

sl5fo] Ao B Hg=E2Eds] IgE Sv7F 5 a0 29 IgEs vgA X2

of F&A < A3t IgE F9 A9l Fo] wApAFste] A 27t & 5w of

71E et A EREe] Bujsol duA] Fo] dojuE Aoz dEA 9rt. IgEY

o] A vEd A fAGHe] deA] FIdHor HaA Eg dvE A

ojw e}, weba] Fgeude) FQAA-S AEE Aol dujA WS v ofstA dh W
W ez &9 v
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Ig E

5000
4000
i mIgE
2000
1000
L

Mouse normal serum Mouse WEF serum Mouse B-LG serum

Total Ig E (ng/ml)
[}
[=]
(=]

Fig. 3.2.8.. W93l¥ mouse o 25 E Mouse IgE ELISA Kitoll &3 =4

@ Whey protein¥ B-lactoglobulin®]| t3dF £9°] immunoglobulin + 4]
Eo] 34 o= $F3GNA IR E

Whey protein® B-lactoglobulin®l] Tt gt
(alcalase 8] 7}EE)S 20 pe/mLE ZA 3] PVC microtiter plate®] coating*] 7]
31, BSA=Z welle] ¥l 37FS blocking 33, anti-whey protein serum¥} anti-B-lactogl
|

£ HLO/\VJ 7)1 ANSS A7)A 450 nmol A FHEE =H

'.L;

obulin serum=- well©]

3to] Bo] AYZzEYS =439t Mouse normal serume &35 0.9 W] 3[A
Intact whey protein *| 31317} ouse whey protein serum3¥ mouse B-lactoglobulin
serum¥f WHE-EE EH T Fro] Z+7 094, 0.60.= AT A YEREEAL, whey protein

whole hydrolysistWPWI)+ mouse whey protein serumJJr mouse B-lactoglobulin
serum¥f WHS3l= EF T Fro] 717t 068, 0.12% E3] mouse B-lactoglobulin serum}2]
dk&-o] A3 gkl wI fA A R E 3.0kD o) AelAE mouse whey
protein serum¥ mouse B-lactoglobulin serum3} ®¥H&-3f= &3F% gkol 247 0.72, 0.12
2 WPWH¢ #AFeHA vebsa, 3.0kD o] lel A+ mouse whey protein serum3t
mouse B-lactoglobulin serum¥} ¥kg3l= 3% gho] Z47; 048, 0.12 A sHA e
th ol AWM AL JEEE]E o= mouse whey protein serum¥ mouse B-lact
oglobulin serum®| %¥F$-3}li= &Y ZA 7| (epitope)”} intact whey proteinel] W] EH/H we
F-io] AAHATYE AES ouigth A Fdel Ad FAEWE U=
71574 AEH YofE AAE &&she AT AlSEA o] Fo Aok drhal A 7hsict.

iz

Fig. 3.2.9. v} oA whey protein¥ B-lactoglobulin®l] ]k o] WAZF =
4]
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B Mouse Normal serum
B Mouse W P serum
B Mouse B-LG serum
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oAl 2¥E A

(1) A =F3 o2 Z5E Growth Promotion &2 2 Az o] 7wt

12Ad =] FHE5=Re 982 3ol o]Z Protease®t LactaseZ 7F5E-38]3F A& 7)
Ak FREE o= A FAEI BHUF d=AE HUbska o, oloj A 2xhd e =
AT FHsSA0l vE AR E£F Al AUAE e F deAE Flsto
HEATA 24& dAdsta, AAR AFLFEEY IHLTEE A2 A o= A
= 8237t JA=AE HUEE Y 3ad Rl = f4HT 9] Growth Promotion & 48 A A
2 dJAAoNAN Axshs 3A-S FHstaA Akt

)

e AP AzFAE FA] Askel A fobEelA we FABFY UB
g A3 Bae fAFFAS Axsgon, ofF BraAze AFAx T P
& Amstel Buastar AxTS 24dE AW B4 FAF Fig. 3317 2ol
A3 35k

Ao AbgH FA =92 pHE 6.0°]203, BxyE 30.0° o)t o= oA Lxt
Aoz AEHE FAaEFAY 4% st

AzxTAE AA FeoZ 75TolA 2087 wyksldaA] Awsta, 45CE Yz v
< Protease(NOVOA}, Flavourzyme) 0.09%6¢} Lactase(Valley ResearchA}, Validase 60)
0.09%E HE3te] Shaking Incubatorol] A 140rpmo. = W WHSLHA 34 7HE <k ¥H-8-31 &t}
Hhgo] hxgl FAFIAANLE thA] 75TCoA] 2083 S4AEEAASE 3 vs X8 AR
Z AREsAY. AE Axd AEE F5Ye] FokA 7] FY & 739 caking
Mol Tt AS #Estr. webA] FRAEAd o] £ A e S A K
FEalojof o Ao w HRAY. HAxH AEE HoM $£EZAHV](OHAUS, MB45)= =7
S A= ey 2o

A& 13 T HE JE =49 78 P
IR Ry 5.09 o] 3} 2.33%
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Fig.3.3.4. Spray Dryer Bottom

Fig. 3.3.3. Spray Dryer Nozzle

Fig. 3.3.2. Spray Dryer
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Table 3.32. FAY A A%

B

(9] : )
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Fig. 3.3.20. Fluid bed (2)
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