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{ SUMMARY >

1. Purpose of the Study Development
The development of stability-improved egg yolk by microencapsulation
and the development of food beneficial on the intestine condition and

body weight control by using the microcapsules containing egg yolk

2. Content of the study

1) Extraction of the egg yolk and Determine of the Process
Through the using of immunized egg of hen immunized by injection,
egg yolk powder containing high purified IgY(Anti Lipase IgY, Anti
Coli IgY, Anti Sal IgY, Anti Helico IgY) was produced.

2)Determine of the microencapsulation process of igY and its

evaluation
Purpose& For the use of coating materials, the edible and high encapsulation
Contents efficiency-having sodium alginate was selected, and as the second
coating material, chitosan was chosen.

3) Standardization of egg yolk as thr raw material

By using SEM, the size and surface consistency of egg yolk was

confirmed and through BCA assay and ELISA, it was also confirmed

that the egg yolk was maintaing its activity in the intestinal
environment

4) Manufacturing of the test product

Through the mass production of microencapsulated igY, not only food

for human but also medical therapy products for animal were

developed.

* The problematic low availability of the oral passive immunization
could be overcame. Thus, it is expected that the present market of
egg yolk antibody is activated.

Results

* By mass production of the high purified egg yolk with low cost
and development of stabilization, it became possible that this
present product can be differentiated from the other similar
products and have an more fortified market competitive ability. in

the field of various functional foods and animal medical products.




Expected
Contribution

Through this study performance, the unstability of the existing
present egg yolk antibody products can be highly improved and
high qualified food production could be possible.

Products using microencapsulation techniques still are not in the
market, if this study can be developed successfully, a new
exploitation could be possible into not only domestic but also
international market. For the more, there are not many egg vyolk
antibody companies in the world, especially it is a blue ocean
market without any special leading global company. Thus, it is
expected that an positive propulsion can promise an global growing

company.

O By exploitation of an mass production technique of egg yolk
antibody with low cost and high purified stability, this new
product can be differentiated from the other existing products

have more fortified competitive ability.

O Recently, due to FTAs with USA, Canada etc, and at the
present status of the decreasing income of the agricultural
houshold, the government has been supplementing their deficits
and recommending more beneficial agricultural items. Compared
to the general eggs, the immunized eggs including special
antibodies are expected to 1improve the income of the

hen-feeding agricultural household.

Keywords

Immunoglobul [Microencapsul Sodium

i rotease . Chitosan
in Yolk ation b alginate
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+ Chitosan—Alginate Microencapsules for oral delivery of egg yolk IgY.
[Veterinary Immunology and Immunopathology 129 (2009) 132 - 136]
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* Encapsulation of Chicken Egg Yolk Immunoglobulin G(IgY) by liposomes.
[Biosci. Biotech. Biochem., 57 (9), 1445-1449, 1993 ]
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* Chitosan—Alginate Microencapsules for oral delivery of egg yolk IgY.

[Veterinary Immunology and Immunopathology 129 (2009) 132 - 136]
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* Encapsulation of Chicken Egg Yolk Immunoglobulin G(IgY) by liposomes.
[Biosci. Biotech. Biochem., 57 (9), 1445-1449, 1993 ]
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AR 10000xg, 102)8 B3 ALFEodn FABS 247 Atk JABL ¥ 196
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FaolA oldel eE FAL gt REYOM, Fo dn A

2879 ISA-brown7l el A#AE AHSSQAL, A AR @ Apa

Al Hedel A 20166 1149 11dFH oF /i3 Fastsion, Aoy
A Lipase# 3l #ll, Anti Coli IgY, Anti Sal IgY<e] <3 MONTANIDE ISA 70 VG=

37 vlg R Edete] fEstArh A7 f5 s A Fel 05mH 23] 2§57

Aston, F7 AEL 14 AF F 27 0AE 14 9EH YW PPor F 39
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2ol Lipase A3l A, Anti Coli IgY, Anti Sal IgY, Anti Helico IgY7}
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Zo ANFEE dutdy HodSe v A ¥} Lipase, E.Coli, Salmonella, Helicobacter
pylori 3Y<S 5ug/mlo] ¥ XEZ corbonate-biscabonate buffer(pH9.6)% 3]A]3lo] platee] 2z}
welloll 100p1% F5:3Fo] 4Tl A overnight®. & coating= 3t} Coting®] 953 plate:
washing buffer(PBST,0.02M NaH-PO,, 0.13M NaCl, 0.05% Tween 20, pH 7.2)% 33| A3
3k % 5% Skim milk/PBSS 7t welld 175ul% 53 2417 &9t 37Col A wjssit)
PBSTZ 5 Al# st 5% Skim milk/PBS¢t washing buffers &S 2 A2 dilution
buffere ©]&3t 53 43e 7+zt 200082 3|4 ste] 3ul4 ©@A 8 A% § coating®
welloll #53Fo] 37CeolA 1A17F 302 &<9F WwbSAIFHTh 221 §A 2% alkaline phosphatase

conjugated rabbit anti-chicken IgG(jackson ImmunoResearch Laboratories Inc. USA)&




500081 2 3]Aste] 37TCeAA 1A7F 30 &<+ 7] plate®] wellell #+F3to] wHg-A| o
Substrate buffer®+% phosphate substrate tabletsS 05mM MgCl, 7} 2%%H 10%
diethanolamine(pH9.8)oll &3jA]171 &N AFg3le] 37ColA 2087F WS A ZH T} HbS-FX%
AleFo 7 5M NaOHE Ap&3le] wH$-S  blockingAl 2l % microplate reader(EL-800,
BIO-TEK instrument Inc. USA)E ©]-&3to] 405nmellA &3 =& F783to] w45kt

1,000,000
800,000
600,000 .=
= Yt
.LE
400,000 e
200,000
o 4
Anti-ipase Anti Coli IgY Antisal gy AntiHelico 1g¥
Nz | gwed [ dew i
Lipase A 3l Al 50,000 16,435 183,606 440,689
Anti Coli IgY 220,000 13,762 586,829 899,061
Anti Sal IgY 100,000 12,157 146,743 408,055
Anti Helico IgY 50,000 12,511 263,245 417,988

Fig 1. Antibody titer in the egg or egg yolk powder.
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#dE E3t9]  Methacrylic acid copolymer, Beta cyclodextrin, Whey protein based
microencapsulation, Lecithin/cholesterol liposome, Chitosan - Alginate 52 X 3553
To 2 A3 At.
S zAbsbg oW, Methacrylic acid copolymer®] 7% &
gl ARgstH TtdEAel 9ol IgY X FA4E 3 soR
131, Beta cyclodextrine F% A4 52 (XWARE) £ A8 Whey protein based
microencapsulationS gel Xﬂz Al 7FEEAH@OCel oz Qlste] IgYe] &4l 598 A3t
A= Aoz Fol ﬂoﬁ:} =3} Lecithin/cholesterol liposome?] 7% E3&0] 50% o°]3t
2 ¥XHFE "HoyHE Fdle FHF yEEZ=Z Chitosan-Alginates A AsHA = At}
Calcuim °]=< %=¢ 6‘}01 1H= Alginate geli= protein, drug, peptide, Al %52 & 3}3519]
ARE-E Ao A gtetA A §8&¥ o] gk

o

b
v

ON

%
o
R84

gk

>J

T8 dEEge vlolar AEstE 93 35EZ(coating material) & AFE8-E Sodium
Alginatet™= =79 H#4& olF+ E}‘%%% F%3 Aoz B(1-4-linked)-D-mannuronic
acid®} a(1-4-linked)-L-guluronic acidE @=A| 2 7}A]+= random copolymer ©]™ Eof 4
oW gelst ¥ S 7HAAL AT

2) A3A=

2 Ao F Y982 AlLEHE G4 JER Q8= A AZHIMEQ GNAGE
F (QINGDAO BRIGHT MOON SEAWEED GROUP CO., LTD, China)S T3l A}&3}
Foun FIEAS] AL YEE 10 cpse A 30,000(avg.)e] 71EAF (Glentham Life
Sciences, Corsham, England)2 A}-83to] +18kith

3) 234

AHAA FdS AdA dEEES =}
Sodium Alginate®] %3 5% Y3 893 111 H
7} Hl =2 3to] 4T A overnight XA, F3F A7 &

B2 A= Xiao-Yu Li9) =FE #Faste] wykEx 200 rpm, FAMFE 0.7mm (2121 74),
719t 0.3 m¥h, alwkell ARg® Chitosan/CaCl, &3} BEH242¢] ol= 8 cm ¢ %7
o7 A¥S 2P rt. EYH Alginate-IgYe %49 capsule AAkol A}g-3F  CaCl2
& FAG ] Folgl: IgY @l dE BCA A% ste] gelstth. BCA9l 4
Bovine Serum Albumin Standard(Thermo Scientific, Hudson, NH, USA)E A}-&-3}o]

o oy &
ol P
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StandardE 0, 10, 25, 50, 75, 100ug/mlZ 3ol 4|3} 3L, Sodium Alginate =¥ 2 AF-&
H CaCl2 895 Z+ZF 213 3ke] double dilutionAl# YAHE 648) 34 samples WHE
F3lom, BCA Protein Assay Kit (Thermo Scientific, Hudson, NH, USA)¢] €97} 1:1 9|
52 HojA 37Tl 1A 307 B<F ¥vkg A171 5 microplate reader(EL-800, BIO-TEK
instrument Inc. USA)E ©]&3te] FH%E 562nmeolA FA4sttt. BCA assay®d 745
Standard®} Sample& 3ur&E-o 2 2AF3ttE  BCA assay® £3F whlad A gkS o] 8-31o]
IgY-leaded Egg volk powder (X1), Sodium Alginate®] %% (X2)E SHWHERE F11 Ig
Y-leaded Egg yolk powder®] X g&S THHATE sl B¢ & ALt

GGt F8do v AARFES fste] B3 dEEE HES 0510%7HA & A A st
AEE st 24 Ay FEEEe] w2 5%7F "olrbA HW 84 J s ol
=2 e wAVE Rt dEETe] HIFEEE 5%E AAQG3AY. Sodium Alginate?]
T 5% dEd FE&AY LHERE Mo HFEEE 052%2 sto] mlelaR &
stE g A¥ FHEe] FH 2 xJEES 1Yste s5E 1%E AASAT. fEEAER]
Sodium Alginate®] sXxol] w2 e & 2 FH20 9d& A& 9t BCA assays
B3 gudAy A AT Sodium Alginate %] W2 IgY-leaded Egg yolk powder?]

o7 Zheo] Aol ZA Fo Sodium Alginated FX7F ol
of wl XFFEE F7E = AL FA3A Y. Sodium Alginate?] ¥7F F=7F wold S

5
5

2)

= [gY2o HYdREo] o= AL RHAFAY 2%7F |7 A FHW nozzleo] Z7]e} #H
oY, I[gY v FEAHe] EFor A AAG Fo TR Qe depdet 2 dHe 4
o] e Ax Al e ddeA] st EItE R JHE AAEE gl vk
T A3 ARRle A B vkel o] AL Al BAE Al AAAE L ste] Aoy 7R
TAE FA &= FH 7FEY FHE e & 5 A= HA Y Sodium Alginate ==
1% = AR5t
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Ll L L

Nozzie «— Pump tube

- Chitosan

- Cacly

[ Sud. alginate
- 1g¥

Magnetic stirrer

Fig 2. Simplified schematic diagram to prepare the experinental capsules using

nozzle.

Alginate(%)

95 A
g0 -
85
80 -
75
70 T T T
0.5 1 15 2

Fig 3. Entrapment efficiency of IgY-loaded Sodium Alginate gel beads prepared

under different conditions. Different letters on the bars indicate significant difference
(P < 0.05).

single
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1% Sodium Alginate, 2% Sodium Alginate. |

Fig 4. Morphology of bead with Sodium Alginate Concentration.

Gaserod %o wWr=W, Chitosane %7} 310 o]Ate] %W Alginate gel WH&2 2H2ko] of
H11, Alginate gel ¥Wol &2% o] membranes FAdt= Aoz BIEo v} [Gaserod
et al, 1998]. & AFoA AFE¥ Chitosan< Mw 300K ©]Z= = electrostatic interaction®l
93t Chitosan¥} Alginate®] Z23%-S Alginate gel WA dojup= Ao & 7pAsA . 23
A el Coating solution! Chitosan®] -5 A71A 7= B9 9 #Fwe R ol 9
Alginate®} IgY &2 e] A2 = =FHdE &5 Alold EAets 28s HE &

F ek

Chitosan< Alginate gel®] FHo] F& o] o] 2A4%S dAst 2 A} polyelectrostatic
interaction®] ¢]&] &84S A3t} Chitosand %9 A9 CaClFg Ay &3 39

o
S o 1%7F @ol7FA FHW  Chitosan o]l %4 &+ IS etk Alginates}
Alginate/Chitosan®] 5% &2 217} 92.25% 9 89.2% % WElsk o Chitosane #H7M7F &
Y ZEo AT dFE FAEEC] dAh At AEgS HoAFH o) Fol LA
Alginate®} %ol I##FQl Chitosan Abelel &4 ¥ &= ionic complex?] dehydration®. & <l
3] Alginate bead®] A|FA] AF] x| EA3t= Egg yolk powder? o 7]2138=
Ao g FAET

O
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Alg-Chitosan

100 -

Fig 5. Entrapment efficiency of IgY in Alginate and/or Chitosan-reinforced Alginate bead.

dF =4

T
T

1. Sodium Alginate®} @3tzZo] do) v

Sodium Alginate?} Q&Za FX=7F &2 2o 1] %]

beach,

t2 s

3

ol‘l:__i 1.000 O]

= =
L

o7 9= Ao YEt 7] e Azte] FA7} 9l

- 16 -



Table 1. sensory evaluation for the bitterness of experimental capsules as affected by the

Sodium Alginate and calcium chloride.

Conc. of intensity of bitterness

jlog(ii;jtne Conc. of calcium chloride(mM)
(%) 10 50 100 200 300 500
0.5 5.0 5.0 5.0 4.3 3.3 1.1
1.0 5.0 5.0 5.0 4.1 3.4 1.2
1.5 5.0 5.0 5.0 4.2 3.4 1.0
2.0 5.0 5.0 5.0 4.2 3.3 1.0

o A x4 xF3)

QoA st AgEel nF F3sk A3 I33A Microencapsulation® %78 Table 2. ©ll
A A 3}9} o] 12} coating solution®. & 84 W 59 Sodium Alginate 1.0 %%
AF8-3}1 3L, hardening solution® # CaCl, 100mM-E AF8-31$ 2™ 23} coating solution & &
Chltosan 1.0%, Acetic acid 1.0%E %+3} stith. dripping 'W2S §3le] A& o]
ol °F Immolst A== 2 w5 4 Ui, dd3 272 fFANS & F JA A
t}. Chitosan FH7F= 1%k =7]¢] Wt AT

Table 2. Compositions of encapsulation

Composition Concentration(%)
Sodium Alginate 1%
[gY &&= 5%

Composition Concentration
CaCl2 100mM
Composition Concentration(%)
Chitosan 1
Acetic acid 1
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Stirring 200 rpm
0.7 mm
Needle. (outer diameter)
Air volume 0.3 m’/h
Distance 8 cm

g Ax =19 %3}

=5

1) 23249

ot
W
=2
o
[
i
oy
e
o
o
oo
P‘L
e

Dry oveng ©o|&3dle], 25=5 37C9 50CE Ao 5

297 AZAFE AP,

(2) 2942+

79 GAAE A4S B 5 9o, 370 A5 I
A7 o AzPS AFA STk 1 A9 Az 37T

Nl A R
¥ ot %0 m

445 7 Fol BolA @om g fEo] YAHE AL = F AN
olelg AHE Fate HNE: HOoRE ITCR 2U7 Axsh= 3E H5odtt

37C
Fig 5. Change of bead shape according to drying temperature.
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1) 24y
A2k Chitosan—Alginate beadE WA 9] MAfol| o] sle] AAFAAv Aoz {25 &2l
=g

(2) 2343
37CoAM Ax3 el FUTEE AAFAAVA(SEM) &2 #3233t

Aeel 27 3 FH, 19 #ddS gl on, A% bead®] =7]= 6007800pm7d
= oM, = +ES el &

st Wjehe HojF= =

(A)

Sodium Alginate Beads Chitosan-Sodium Alginate beads

(B)

)

/

Sodium Alginate beads Chitosan-Sodium Alginate beads

Fig 6. Scanning electron micrographs of microencapsulation of IgY-loaded (A)
Chitosan/Sodium Alginate beads, (B) sulface of Chitosan/Sodium Alginate beads
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3. In vitro 235 &3 Microcapsule 9 7]%

oX
]
o

7}. Chitosan Alginate &9 pHE A| 7t o} {-oF W3}

(1) 23y
o1y Ay QFe gl w=ekA(U.S. pharmacopeia)?] Ald WS o] &3le] A

S
pHxZo A o] Jejs WstE y3ketr] fleto] pH4, pHE6S| =34 %=

Table 3. condition of simulated gastric fluid and simulated intestinal fluid buffer.

USP SGF(simulated gastric fluid) USP SIF (simulated intestinal fluid)
NaCl 2.0g Monobasic potassium phosphate6.8g in DW
purified pepsin 3.2 g NaOH(0.2N) 77m{ and DW 500m¢
HCI 7.0m¢ pancreatin 10.0g

adjust with either 0.2N NaOH or 0.2N HCI to

a pH 6.8+0.1.
Media has a pH of about 1.2 purified water gs. 1000m

purified water gs. 1000m¢

(2) 234%

Ao Eozts ol Ase] 44 WsE gRlstr] flste] 1g9 AEst @ AES AE 9
Ny} olFgl pH4, 6 &N AHEdt F 37T incubatorell Wil 1A17F 7+A 02 release &
L& SASAT =g A3 202 1Al A 3ATF A F Qlgg o ® WIAIA
Fol AA QA dojups 23AII FASE FEje] wHEo 73

Z
1l = T
sample ¥ bead®] 7S A3 A3 AFHdoA Wst= A

A A F Ao R WMakAZl bead?] A-$ 2417 o] FHE SRS 4ok A7)

WSS whehl 7] ARSHEOm, 4A3F o FHE beads] FeElsk FolAm Fae Y w
HAS P PEHE AL FAOE FAT 5 ATk pHY, 69 B FRE vF; ¥
97k AAE RS FARGAT 7 o] Fol = WHE HIT & AT
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6 hour

7 hour

Fig 7. modification of Chitosan-Sodium Alginate

fluid/simulated intestinal fluid buffer

beads

in

simulated gastric
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wEF

A

. BCA assayE %3 Chitosan-Alginate f &2 o9

i

A9

1)

o

of Ale)A7]5L &

H7] s

3] 3|

= H
=

23ta 49 75 BCA assay d3A] BSA

23}

A4

(2)

%

=3

—_
file)

el

A

4

rze]

A

S % release

37°C incubator®l

ko3
T

of A%

LA ]

= WA AT A

0|

Nd

ol

T+ 136.85ug/mb %

3

3

o M=

o

=0
=

&

ol

X
s

B
o

9/]

[¢]

Q] Mo A o] HF=o] Chitosan—-Alginate bead®] #|Z A] A

Egg yolk powderd %

|

A

A},

oy

o)
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s

W

0

i+

K

ol

simulated intestinal fluid
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j-.il‘llll
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Fig 8. In vitro protein release from IgY loaded microcapsules.
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t}. ELISAE %3 Chitosan—Alginate <9 A 543 A3

(1) 23449

QlF Aoy QlF9e &oe vk (U.S. pharmacopeia)?] Ald WS o] &3l on
23ta 42 A9 ELISAY blockingAlol skimmilks &FH A 7]7] wjiol Ae)sta A3Y3HS
th w3k oF Aol Ao A EygAzAola Az WAF g Ao R WA
7A AHS A3t Lipase, E.Coli, Salmonella, Helicobacter pylori 39S 5Sug/mio] 5
=% corbonate-biscabonate buffer(pH9.6)% 3]2413}4] plate®] ZF welloll 100p1% #F3519

o~
3

T4l overnight®®  coatings 3ttt Cotinge] =% plates Washmg
buffer(PBST,0.02M NaH.PO,, 0.13M NaCl, 0.05% Tween 20, pH 7.2)2 33 A3 & 5%
Skim milk/PBSE 7} welld 175ul% &5 - 2A1%F 5<F 37TColA wjdstaith. PBSTZ 5
H A 233l 5% Skim milk/PBS¢} washing buffers &% o % 22 dilution buffere ©] &
sto] =53 F&e 247 200082 31X ske] 3ujH dAI B M3 ¥ coating® wellel
sto] 37Tl A 1417 30 &<k WS A A Y. 23 A Z+= alkaline phosphatase conjugated
rabbit anti—chicken IgG(jackson ImmunoResearch Laboratories Inc. USA)E 50008 = 3]
Aake] 37Col A 1AIZF 30% &< 7] plate®] wellel &F3to] ¥H-gA|ZTE Substrate
buffer®+=  phosphate substrate tabletse  05mM  MgCl, 7F X23¥H  10%
diethanolamine(pH9.8)ell &3 Al 71 &S AL8-3te] 37T A 207 HE-g A TE RES-F 4]
AleFo 2 5M NaOHS A}8-3te] WHS-S  blocking*

121 % microplate reader(EL-800,
BIO-TEK instrument Inc. USA)E ©]8-3}¢] 405nmol A &%

8 243 2439

5% W il
of FojFal 1ARF (HA O R release BEE FASAT E9 1 2L Qg
A 3ARE WA F e 2Ros WsA ATl Al AN dojube st
ARG @Eje] whao] Folu 1 23 le S Yol & sampledl A= oF 13,5007 =2
@ A LE ol e wh Q3] 2zl A= 361,000 o] it WE kol vhEbuk
oo RlEele) 3ol vls) 1ol 2 of 27 me] FAVF HEHE AS Hop 9
M= FA WEol dojubA dow, el i dAe WEe] dojdue AL o
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simulated gastrci fluid simulated intestinal fluid

450000 -

350000

300000 -

250000 -

200000 -

150000 -

100000

50000 -

Fig 9. In vitro releaslgY from IgY loaded microcapsules.
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@2) AAF Az

b 71E4 3 vtolaA = e3t @ dFET AxTAHE

& . AFT4d 4 .
Al 5 A A | F TR L AY8d
1] A4 #04 || @9 ¢ gacip| y 28 9 2ol g A
2H A& 3 H_?_ X J—]—E]'Xﬂ}]‘ ’ Sl A}
3][ € & A A |[ TABLE LIFTER] | 2ton || AT A F =AUR A¥E B9
2| 8F
. 15,0007 S = A4 ulx
2t A1 2 /3] ol A HEF 84
41 A 8 ][ 5eiAa5ed \ A B
Air
57 AA i} AHFHE7] A7
- ‘ =Z(6E527) #71Am
5[ 2 a&‘ & & || #\z}o@ | [ 15,00070/HR | | 3 g
N 2AFZH stk & Ay BEE b7 o f
. a7 g Tm]oq * o“’]’H =k j 1%
%Z’r-‘cuﬂﬂ olFd 7 I‘ﬁﬂ%‘— HEA
olFHIL Rotary pump HZ o] 83te] AH7|= o]F
71 # 2 = || o#7line filter vhahg o]$d AP FAIR oF
A7) o)y A o
3 o A 4ge= 500 2 HAE AH A W 2EFA AFES
ol &P Rotary pump A7) s AR dgold
Balance tank 50 ¢ A7) O TS AAHEA BEEA
o) FHXE Rotary pump 13 Pump 49 17-19
9 A oz Sooe 7+ Hot water A% +3H64T-65T)
Hot water _ 5 5
a3ty w3k 64°C-65T 5
tank
TYEB 2"/10M AhtEl W3 Chiller2 o4
Wzt Chiller Chiller water A% <3H4T-6T)
"‘ (40RT) At F AFE 25(7C-107)
T2 EFA )&
2R Az =&Y
I Spray‘ dry71 | . e
R 8o 5% 0 AAUE 1%E
11 =g 9 gk H7) tank & €j gl o] FJsle] 25CTE F73] & ¢
ik
P Stirring 200rpm, Needle 0.7mm
70 =13 =9 : . ’
1 W&t i il Air volume O.Smé’/h, Distance 8cm
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