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SUMMARY
(FELFE)

pH adjustment of diluted egg yolk to 5.0 increased the amounts of proteins and
immunoglobulins extracted, but the profile of proteins extracted was not affected.
Lipid content and the turbidity of the supernatant decreased dramatically by
lowering pH of the 10-fold diluted egg yolk, which is very important for the
subsequent ultrafiltration step to concentrate the supernatant. Holding of diluted
egg volk in cold room up to 24 hr and the duration of centrifugation (30 min vs.
60 min at 2,800 x g) had practically no effect on protein and IgY extraction. As
both the holding time and centrifugation time are expensive and rate limiting
factors for a continuous, large-scale separation of IgY from egg yolk, holding time
before centrifugation should be eliminated and centrifugation time should be limited

to 30 min at 2,800 x g.

Comparison of water dilution method with polyethylene glycol, dextran sulfate, and
xanthan gum precipitation methods found that water dilution method was superior
to the other three precipitation methods(data not shown) in terms of IgY yield,
purity, ease of use, potential scaling up, and immunoactivity of IgY. Increasing
dilution ratio up to 10 times facilitated the precipitation of lipoproteins in egg yolk
because lower ionic strength helped the aggregation of lipoproteins in egg yolk.
However, volume increase makes it difficult to handle for the subsequent
preparation steps of IgY purification. Attempts were made to extract
immunoglobulin directly from egg yolk by precipitating lipids with cold
propane—2-ol and/or using two times dilution of yolk with distilled water and then
treated them with a -70 °C freeze-thaw cycling (data not shown). These methods
eliminated concentration step for immunoglobulin extract, but the yield of
immunoglobulin was lower than the higher dilution method. To reduce volume and

concentrate supernatant, ultrafiltration and precipitation of proteins with ammonium



sulfate were suggested . Between the two methods, however, ultrafiltration was
more practical than ammonium sulfate precipitation for scaling up, continuous
processing for IgY purification, and further separation of other components. In
using ultrafiltration, a pre—treatment that removes lipids and lipoproteins is
essential because they clog filters and reduce the productivity of ultrafiltration
process. Various methods such as adding polyethylene glycol, dextran sulfate, ¥
—carrageenan gum, xanthan gum, hydroxypropylmethyl cellulose phthalate, caprylic
acid or pectin, adjusting pH, or freeze-thaw cycling had been suggested to remove
lipids and lipoproteins from water-diluted egg yolk or egg yolk extract. Among
these methods, pH adjustment was the most practical for scaling up and
continuous processing, and the yield of IgY was the highest. As shown in results,

adjusting pH to 5.0 eliminated the lipids from the supernatant almost completely.

However, lowering pH below 5.0 is not recommended because at pH< 5.0, the
precipitants became loose and watery due to over—hydration of proteins. The pH
adjustment of diluted egg volk to pH 5.0 significantly increased moisture content
in the precipitant (water—-insoluble fraction of yolk) after centrifugation. This
happened because the adjusted pH 5.0 is lower than the Pls of all egg yolk
proteins and water molecules tend to bind proteins when the pH is lower or
higher than the PI of a protein. About 15% of IgY was lost at ultrafiltration step.
Significant amount of concentrated IgY was lost in membrane of filter, tubing and
empty spaces of filter. This problem, however, can be minimized in large—scale or
continuous processing of ultrafiltration, instead of batch-type processing. Since
yolk contains almost all the antibody in egg, egg yolk can be mixed in animal
feed directly as an antibody source. Direct use of egg yolk as an antibody source
is simple and costs less, but its application and efficiency is limited because the
concentration of antibody is low. Additional process such as defatting step can be
applied to concentrate antibodies from egg yolk. Supercritical fluid extraction and
organic solvent extraction methods are currently used as defatting methods for

egg yolk. Most of the current utilization of immunoglobulin (IgY) from egg yolk is



a direct use of egg yolk obtained from hens immunized for specific diseases.
Spray-drying of the supernatant will produce a water—soluble egg yolk product
with high IgY, which can be used as a dietary supplement. However, if antibodies
from egg yolk are isolated and purified, their efficiency and application can be

expanded significantly.

Because neutral lipids and phospholipids separated from the water—insoluble
fraction of diluted egg yolk are aimed for human consumption, solvents of choices
are limited to ethanol, hexane and acetone. Although acetone is not allowed as a
lipid extracting solvent for human consumption in Korea yet, it’s allowance
increased gradually as a solvent for food usage worldwide. Both ethanol and
acetone had strong extracting capabilities for phospholipids, but hexane was able
to extract very small amount of lipids from the water—insoluble fraction of egg
yvolk. The major component of both ethanol and acetone extract was phospholipids,
but some neutral lipids and cholesterol were also extracted as the volume of those
solvents increased, especially with acetone. Using 4 volumes of ethanol or acetone
was better than 9 volumes of ethanol or acetone because very high—purity(> 85%)
phospholipids with little neutral lipids could be obtained. Repeated extraction of the
precipitant of ethanol extraction with 4 volumes of ethanol increased the amounts
of neutral lipids and cholesterol in the extract. It is also clear that decrease in
ethanol concentration less than 4 volumes decreased its extractability. However,
using 4 volumes of ethanol was better than that of acetone because ethanol had
higher extractability for phospholipids from the water—insoluble fraction of egg
yolk than acetone. It is very important point because almost all neutral lipids are
eliminated from the ethanol extract without further purification steps. The
remaining lipid (mainly neutral lipids) after ethanol extraction was extracted using
hexane. Hexane is the most widely used solvent in extracting lipids from plant
seeds and also has a strong extracting power for neutral lipids. Thus, hexane was

selected as a second solvent to extract neutral lipids from the solids of ethanol

,10,



extraction. As expected, the second (hexane) extract was mainly composed of
neutral lipids but contained some phospholipids (PC and PE), indicating that there
are still significant amount of phospholipids left in the solids after the first ethanol
extraction. Four volumes of hexane were used to remove remaining lipids from the
solids of ethanol extraction and the extraction was repeated 3 times.
Chromatography also has been proposed to further purify PLs by using alumina,
silica gel, and ion exchange cellulose as media. The precipitants obtained after the
second solvent extraction with hexane contained mainly proteins. After drying, the
final egg yolk residue contained more than 90% of proteins with small amounts of

lipids and carbohydrates.

Sequential separation of IgY, phospholipids, neutral lipids and yolk protein was
successfully undertaken starting from egg yolk. Dilution of egg yolk with 9
volumes of water adjusted at pH 5 was selected as the first step for the
consecutive separation of the components. The diluted egg yolk was centrifuged at
2800 x g and 4C for 30 minutes. Ultrafiltration of the supernatant with a
molecular weight cut-off size of 30 kd concentrated IgY. The residues of
centrifugation, water insoluble fraction of the diluted egg yolk, was treated with 4
volumes of 100% ethanol and centrifuged at 2800 x g for 10 minutes. Evaporation
of the ethanol under vacuum recovered phospholipids. Further extraction of the
precipitant with 4 volumes of hexane three times and centrifugation at 2800 x g
for bminutes isolated proteins. Hexane was removed from the supernatant to
obtain neutral lipids. Removal of phospholipids using 2 volumes of 1009 ethanol
improved the purity of the neutral lipids. Overall mass balance and component
mass balance during consecutive extraction of egg yolk with water, ethanol and
hexane are made. Forty seven grams out of 51 g of total egg yolk solids (from
100 g egg yolk) remained in the precipitant fraction and 4 g (3.5 g proteins, 05 g
lipids) went to the water-soluble fraction after water extraction. Considering 100 g

egg yolk contain 17 g of proteins, more than 20% of the whole egg yolk proteins
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went to water-soluble fraction. Thus, a plan to recycle water-soluble proteins
from the supernatant after recovering IgY may be needed in the future. Ethanol
extract contained 11.5 g of solids most of which was phospholipids (9.4 g) and
some cholesterol (1.1 g). The amounts of proteins and neutral lipids were small(0.4
g and 0.3 g, respectively). Because ethanol extract contains more than 85%
phospholipids, it may be used in food products without further purification.
However, due to somewhat high cholesterol content in the ethanol extract, further
purification to remove cholesterol may be necessary. The subsequent hexane
extraction of the precipitant from ethanol extraction removed 21.5 g of lipids,
which was composed of 20.2 g neutral lipids and 1.2 g phospholipids.
Phospholipids in hexane extract can be removed by repeated extraction with
ethanol. The degree of purity should be decided by the specific applications or
needs for phospholipids and neutral lipids. The final precipitant after hexane
extraction was 14 g and was composed of 96% proteins, 3% ash and <1% of
lipids after drying(dry weight basis. moisture <7%). This product can be an
excellent source for protein supplementation of other food products or can be used
as a starting material for other value-added components, such as phosvitin. This
process is significant because multiple value-added components can be sequentially
separated and used for various food and non-food purposes. With this sequential
separation process of value—added components, natural resources can be maximally
utilized with minimal wastes. Costs for separating value—added components from

egg yolk can be decreased.

Ovotransferrin was separated from hen egg white by gel chromatography and
heparin affinity chromatography. Protein characteristics under the pH and
temperature and antimicrobial activity of ovotransferrin isolate was evaluated. The
antimicrobial activity of k-carrageenan based biodegradable packaging film
incorporated with ovotransferrin, and effects on microorganisms of fresh chicken

filet packaged with the antimicrobial biodegradable film during storage were
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determined. Heparin affinity chromatography with ferric ion saturated column
resulted in the best separation of ovotransferrin  compared with gel
chromatography and heparin affinity chromatography with ferrous ion saturated
column. Foaming ability and stability of ovotransferrin isolate were highest in
neutral condition (pH 7.0), and temperature effect on foam stability of
ovotransferrin isolate showed that the highest foam was produced at 607C.
Ovotransferrin isolate alone showed weak antimicrobial activity against E. Coli, S.
typhi, P. aeruginosa. and C. albicans at dose of 12.5mg/m¢ and 25mg/ml. Effect of
ovotransferrin isolate with either lysozyme or albumin on antimicrobial activity
shows that the effective dose was 25mg/ml especially on S. typhi and C. albicans.
Combined with k-carrageenan, ovotransferrin and EDTA film showed antimicrobial
activity on E. coli. In all treatment, total microorganisms and E. coli of chicken

filet was inhibited during storage.

Generally demand for high quality food increases in accordance with economic
growth. In case of developed countries, per capita consumption of egg is higher
than less developed countries. Korea has achieved very high economic growth, so
egg consumption rose gradually. This tendency will continue, but increasing rate
will decrease. So we need to create new consumption of egg in order to grow egg
industry. Purpose of the technology development is to improve the process of
ingredients separation of egg. Feasibility of the developed technology was made in
terms of cost-benefit analysis. There are several methods of technology
assessment. In this research, modified cost approach method was applied to

evaluate cost and benefit of the sequential separation of egg components.
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M 2Z =de Z[eHd A&

o]z $koH(Okubo &, 1997). ~Lo| we} Al

[e]
&
A& vFeA AAHL v d4e dus o8-8ty s AuadAdely &

and King, 1980). & e] vpekst dwid e ofe] 7hA] A2 7]
ZHAlaL Qe 53] gholaatd e 7 Wol AT7F Hof o] gHa e dudeln

(Fleming, 1992). w3k o1x] & Ao} FAMA| F3A|Z &3] o]&x1 U= A
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Ll

Hozx A AARSRE 714 wol AAilE o]

Sp7b o] FoA gkom, Hole H AAAowE Bl om ke WAA(IgY)d &
gle} o] gol digt WA= Frbsta 9tk Akita and Nakai (1992, 1993a)% W] 53] A
B2 Aasdd oa v FA ZElwme] AdEol o] gH i vk muldlAE
FAE Hpol @ EALo A 2 A AS FESte] AE, FAM, Ex AEFLAAEOR
s el FFeta Aok 3 W3kd o A (Immunoglobulin) 7} ©F & $Hf-¥ AlES A
Abete] &, ol &38t7] g AlmTF thgshAl ol FolA o gl AH Ehe] W ¥ A
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Ofor

SR

Bl

A 1A AT g whE Ay

7 BS o]l &e IgY wElek AA

A 9w o] FRFE 7FelA wwkeE A pHE 5.00% AT F 47T, 2800 x
g oA 4087 9AE7 3h(Nakai and Nakai, 1992; Kim and Nakai, 1996). 44
g §J AFAE oo dtof Ze T (cut-off size 100,000 dalton, Kim and
Nakai, 1996, 1988). ol 0.025% 7le}7|dh& &3 st AFAs gk 5 oAl 2,800
x g2 YA EgsA(Hatta 5, 1988, 1990), 5ol EAstE AAZ S o

g 9o o] gg&Ado] FolA= WA IgY FEL Yol & wHo] glth
90%°] 4 14 % IgYE CM cellulose Cation Exchange Chromatography® 7 A s}
of devh 2y o] WS APAA R E Golstu tiFAAA FREE A S
kAl E3Skth 40% Ammonium  Sulfateg <o A IgYE A ™ (Hanson %, 1998;
Cook &, 2001), weba digFielele #&7bs & Ao= dAdent WA ghelos

9= R diad =2 20% Ammonium SulfategH o2 Z

Tl (e} -
HAAA d=vh 2 F Ammonium Sulfates =5 40% % 2 7o IgYE 343k}
o3 T AAEE A Zo =9 T 40% Ammonium Sulfate§ Aol A thA] A A

A IgY9 =5 =t}

. A E, AR A dednd 2
ol & 78] AR o] FS NS AASL G F3 JFHE 49 &5
o EFLS PO B homogenizer® mHFale] 2400 x goll A 1587 Al Ea] shoh

=0
&5

rlo

E23lo] rotary evaporatorZ HEA|A AAE FS A=t HARE AR
0.15g°l chloroforms 1 mL¥ o] TLCE A5 E weEdh des= Zgshal ¢
Eo 4ue] &diH(n-hexane)oZ W XAAHES 33 W&ol FE3}3L rotary

evaporator2 S A A FAAAAS dev. FE:% FAA A 2rotary
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np, g2 & Ao A phosvitinit 2

W3 A AlFHoz Ee o IgY, &Foll og A A&, hexaned s FAA
gotal F2 @i S Ao AAZ FH 2 dEs Fagh
S o] 1.74 M(pH 7.0) 2a89S 9ul(w/v)H7tete] FE3HHA 4T A
12417F ¥x] 3tk (Castellani %, 2005, Choi %, 2005). A=9SE o 3}3}o](Whatman
#4) EES Al A o 9e A 045 pm cellulose membrane(10k dalton) .2 T}
Al ojgele] EFES AAT T 12 keI (Milipore Labscale TFF System,
42LSS11) &te] 50mL7HA] s=gvh wAl 1089 SRFE 7FE § 22k 38ho]

S0mLE §5stdA A& AT 7, 4 Axdte] 4Es 4T

1P FE EFARHA05 T), 2EdWA L2 Kjeldahl® (AOAC Official Method, 960.52),
ZAL SoxhletF=Wol o3 AZFstslew. Za3 AdAES AAHHAOAC
Official Method, 923.09, 935.13)%} tJ & 7]7] &2 (Atomic Absorption Spectroscopy)
sttt @A e Bradford®™ (Compton and Jones, 1985)el <3l 595nmell A

=4skgch.

o

L IgY #4

Western blottingoll & IgYe FolAd& A3t FAasint ol2udFAE
F93% AlEE 2-mercaptoethanolo] £ YA &2 &F &N 42 FH, SDS-PAGE
S AA g AoA @A S nitrocellulose  membrane(Bio-Rad) 2.2 8A]7HE <t
30mApol A ©o]F A}t Alkaline phosphate conjugated antichicken IgG
(Sigma-Aldich)S 34 %, Alkaline Phosphate Conjugate Substrate Kit(Bio-Rad)Z
A eko 2 ARSIt PBS-Tween(1% Tween 20) 95848 AlzEo=z A&
3} 2™, blocking step2 3%9 BXEF7F §HEIPBS-Tween g5 &N o2 oL}
Al skt
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AAEYE IgYRF FL ELISAEO] 98 o] Fo] Fow, 7zt AAdAE £x5 gl
stk 7t 28 gAd A AAE VS F9° =2 Anti-chicken ¥

mlo

FAZ AHE
33tk Immulon I micro titer 96 well plates (Shimizu %, 1988)E solid support®
A&ttt Plate W ZH7be] wellE2 &9 100 7} &al€ A& EHo=2 5y F
4T oA 1277 B3t Wello] 9oz 38 ¥ Platets PBS-Tween (0.05%
Tween 2002 33] A& ¥ 1% BSA(bovine serum albumin)®] X33 PBST&
3004 wellell FYake] Aol Al 1417+ Blocking¥ §-, thAl PBST® 33] A gt}
oke] Aol W 5 PBS(Sigma-Aldrich, St. Louis, MO)® 1:10,0002.2 3|4 %
antichicken IgG (alkaline phosphatase conjugate)E Z+ wellell 1000% %31 w9+
X171 #, PBSTE 53] A& 3t} tha]Alkaline phosphatase yellow (pNPP: p-nitro-
Phenylphosphate) liquid substrate® 50ul% FY3te] 30&E7 LAA 71 3 3 N
NaOH &% 50E 9ol whs-S 54 AlZlth 405nmol A ELISA reader® S33 %%
4=

J[Nv

3

F

o TLCOl 98k x] 2 +4

EME AT AL ES 2R

l-kl
ulm

of 150 mg/mL7} H A &A1 F FFLdE 2
Wes "oy dAAS At 98 EA45A17 (120 C, 2 hr) A7Hd G
platee] sampleS 2% F, chloroform : ethanol : water H|&©°] 98 : 38 : 691 W=
10 cm AAWA N G40ELL). F7]2 AFXS T hexan¥} diethyl ether¥]$-©] 120:30
I &wiE  oF 208 EQF 16em  AAAZIGHA 7] dx T 0.1%(w/v)
2'7' —dichlorofluororescein B} E-8& NS 3k ¥ Aoz FFA 7 H als)o]

574 sth(Ahn 5, 1997).
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calcium binding capacity=
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Al
gl
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. Phosvitin phosphopeptide

g4 712 dlEo] 1:1000(w/w)o =2
Fo] 37TCoANA 6A17F WHE-A]F]

Al714L,

o]

£33 phosphopeptide?]
_ 31 _

7052 ®HA

=i

=
=

[e)

R

=

=

ol =
d (iron)

o] pH
=

[e)

=

25
%

Q of

[¢]

Table 3-1°] e AT
Fol 2t (Choi 5, 2005).

to] SDS-PAGE

o

KN
T

[e}
2] ¥ phosphopeptide®] calcium binding capacity

Bl

HEE 0.1%(w/v) trypsin(Sigma, USA) £ (pH 7.0)2 ¥ A4l phosviting 4]

5

=]

RLE

A A+e]  phosvitin
, 90TAA 1087 EA49

t}. Phosvitin phosphopeptide®] #| %
t}. 0.1M2] HCIZ

LRl
method, sigma, USA)S=Z

2] % phosphopeptide 2]

Trypsino. 2 +#
Phosvitin¥}

R
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e}
T

stk A olx4d
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Table 3-1. Diet =4

it

=91 (g/kg) el A Ain2 = =R A+ 2
Casein 200 200 154 154
Corn oil 50 50 44.1 44.1
Vitamin mixture 10 10 10 10
Mineral mixture 40 40 40 40
n—-Cellulose 50 50 50 50
Corn starch 640 645 582 582
DL-Methionin 3 3 3 3
Choline chloride 2 2 2 2
A5 5 2] %186ml 114.9 114.9+2) 2186ml
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G A A2oll A 1AIZEF wykate] A7 gt (Ho] A171¥) phosphopeptide & <4
(10mg/20mL) ¥} phosvitin& % (10mg/20mL) ° ZFz} 0.1M CaCl, &% ImLS ¥ 1
78wt 3 Zbg o] A = (pHoenix Electrode Co., USA)o] AA™F =74 7](730P,
Istek, Korea)® A Zg o|2%S =43}4 calcium binding capacityE 4 3%

CH(Park and Allen, 1998).

2} W3l A S o] 83k turkey breast rolle] A Z

1) Turkey breast roll®] #| =

Al 79l ME 2 F4 (Table 3-2), 2% dlFdS
T 1% wE dgaws 3, 2%(w/w)el EEldsgdad 3RS A=
Turkey breast roll& A ZxstAtt. 7247l Ao e A55S vfdddHx 7k
A 3R 3 H, A7 115em Aol ol FHste]l 4 TollA10A1 7ol HA] st

WA transglutaminased] 98] 7twE A== vl 71 oL WHex 75T o &

ﬂ.! (e
%
Ho
=
BN
é
fo,
S
Lo
=

Ao dAg s F, FA] WFEE 1083 B (coldwater shower) WZFA 713l 4T
|4 4A 7 Bt AR Az AlRES 23 F SAHS 98 2 cm FARE, 2

i3
oX,
e
X,
N
»
o
;ﬁ
us)
>
=
w
1):‘1!'
il
o
=
]
&
—
=
2
o
e
=2
A\
ol
ol
ol
32
o
e
[-'!I.
oX,
Mo
AL
1
rlo
2

Azl I ARES GC/MS (Model 6890/5973; Hewlett-Packard Co.,
Wilmington, DE, USA)e| <24 % Solatek 72 Multimatrix-Vial Autosampler/Sample
Concentrator 3100 (Tekmar-Dohrmann, Cincinnati, OH, USA)=Z #2439 tt (Ahn
and Lee, 2002). 1 1319 ofxl AWx 7hE5AS 40 mle A5 Hdd 931 dAF(r=
99.999%) 2.7 40 psiolA 5%+ A &3t} The vial was closed with a cap with
Teflon septa® 253 F, Al 4 Col HastHA FAARE FH|3AZE o]y

by E4S =AY Ahn 5, 1999). AlgE 40C=E 7193 7, 71ALEFS
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columne 2 20CoA EF3Fe], 220CANA 287 &€213 H -907TC ol Acryofocusing
unit® F53ka thAl 220CelA 30% S FASHA GC columno® &R it
HP-624 column (15 m, 250 m i.d., 1.4 m nominal), HP-1 column (60 m, 250 m i.d.,
0.25 m nominal), 18] ZHP-Wax column (7.5 m, 250 m id., 0.25 m nomina)E& =%
3k, 9 ZA(zero-volume connector AF&)sle] 3|A RS FE A5 Mass selective
detector (MSD)E AM&3ste] JAATES 4L ALFeddrt. A ZFELAR

Wiley library (Hewlett-Packard Co.)¢] ZZFEAA5ES ol &3t 543}

3) 2-Thiobarbituric acid-reactive substances (TBARS) =74

gzl AlE 529S 50 mLel Alg#e] ¥ % 50 mLe butylated hydroxyanisole
(72%) ¢ 15 mL 9deionized distilled water (DDW)Z  #7}38}3Polytron
homogenizer (Type PT 10/35; Brinkman Instruments Inc., Westbury NY, USA)E
AFESt] 15 Eet u&o® st 1 mLe] H#HEAISEE AlFP (13x100mm)ell
@il 2 mLe thiobarbituric acid/trichloroacetic acid (15 mM TBA/15% TCA)$} &

Fah AL 15 B BE LR BANNG G ARE YL 1083
97h 4% 1 4 T, 2500 x g oA 15% B AAR At 3] FRES 531

nmell Al 43312 TBARSEZ %2 mg malonaldehyde/kg Al 5% FA|3HCHAhn %,
1997). i =7 (blank)+~= 1 mL% DDW<} 2 mLe] TBA/TCA-&Ho] =t}

4 A==

o

Hunter LabScan Colorimeter (Hunter Laboratory, Inc., Reston, VA) & A}-83}o]A|
HE(lem FA)9 #W AMx=E FA3It. CIE L#- (lightness), a*—(redness)2tb*-

(vellowness) #t< illuminant A (light source)Z AF-&3Fo] At Al5e] 7 dvx
HolA] Mg SAHsA o, FAAHLE At

5 =43 &4

AAAZ (57 2em)E 2HAdd 2~ 7 3o 1234 3ske] star-shaped, cheery-pitter

probe (Texture Technology Corp., New York, NY, USA)7} =222 3 & 7l s
skt 2 Al& & TA-XT2i Texture Analyzer (Texture Technology Corp.)ol 2=
919l probe® 50%9] 4EFEZ T SE Aedrt. AUA R & A 227 s
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Table 3-2. Formulation of turkey roll

(unit: %)
Control 1% EYP 2% EYP

Turkey breast 83.34 83.34 83.34
Soy protein isolate (SPI) 2.00 1.00 0.00
Egg yolk protein (EYP) 0.00 1.00 2.00
Ice water 10.91 10.91 10.91
Salt 1.50 1.50 1.50
Phosphate 0.25 0.25 0.25
Transglutaminase 1.00 1.00 1.00
Sodium caseinate 0.50 0.50 0.50
Dextrose 0.50 0.50 0.50

Abbreviation: egg yolk protein.
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T EA(TPA)S 23] atdrt. 2t M9 4/Me dFA 85 S48} hardness,
cohesiveness, springiness, chewiness®} resiliencedtS force—time curveol s 2o} A

231 tH(Bourne, 1994).

6) A e
Statistical Analysis System (SAS 2000)¢] General Linear Model (GLM)S& ©]-8-3}¢]
EAA YA, HiFghe] Ao]l=Tukey’'s multiple comparisong ©]-&3}o] B u &}

Bk EEAAE 95%A 2 FEIHP < 0.05)9 4 3T

uh, FfFE o]&3ke] Lutein o] ZstE AR 7R

a7 5

S5 UEY dxzTE =ANS ARESE A 5% dEEAAE R 10%=A, 10%
GFFAA AR 5% =R, 16% FEFSAAADE AFEE 4719 AAA] AlsE WHEAT
Z1E wjEdel = AW (15% of lean meat), A5 (2%), 45 (10%), EHFE1%
(g gFeF90%) % o AFE0.02% %= A H AT (Table 3-3). A g EAd= =
Ao Fikst vy A=A £ WA el dxe Fue dsAbg st
A g AxE AAAE FE7IR B C 2 FA" AN A2 (cooking) FF
5, de=olA dzsidn A7t &

E34 nylon/polyethylene bag (02 permeability, 9.3 mL Os/ms/24 h at 0 T)oll X

gopar, e AAaFad A e 2EET. 243 5 4 To] WA A4F

o

C
Wt A H o] Wk AFEFAT](Multi Vac)= &

N

C
A RIFAM 2AAY A%, ADNEE, ABYEL, 24, #EEHES S
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Table 3-3. Formulation of sausages

(unit: wt.%)

Control 5% egg oil 10% egg oil 15% egg oil
Pork loin 64.62 64.62 64.62 64.62
Pork back fat 15.00 10.00 5.00 0.00
Extracted egg oil 0.00 5.00 10.00 15.00
Ice water 16.4 164 16.4 16.4
Salt 2.2 2.2 2.2 2.2
Modified starch 15 15 15 15
White pepper 0.1857 0.1857 0.1857 0.1857
Nutmeg 0.0457 0.0457 0.0457 0.0457
Ascorbic acid 0.0386 0.0386 0.0386 0.0386
Sodium nitrite 0.0100 0.0100 0.0100 0.0100
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t}. A& += Hunter color meter, 272 TA-XT2i Texture Analyzer (with a
star-shaped, cheery-pitter probe)= A3ttt A A 4Es=2-Thiobarbituric acid
reactive substances (TBARS) A H &,

& ol g3ein.

o

UkAl &2 -8 dynamic headspace/GC-MSH

A2 A A E A

g2tz (CaCOz)el delz= &A%tk 33 1 mLT IgYE 25 mgd%E 3Hr(Hatta
5, 199750 o dudEE A He 60.7%, G AL 323%= Edteta vk
FTAAAE L Z] A 2] 65%= 2} 8} | phosphtidylcholine(PC)

phosphatidylethanolamine®] Z+z} A2 2] 26%$} 3.8% 5 xFA|sle] <Ix Ao RS
o]F1 Ut} PCY HHE= Y cholined#FS =7FA 719, acetylcholine?] A&
3%t} Choline® A¥E AQle +& vAEA oz FAsHASH, oL folic
acid®] A3BE& oF7|dth. 1 99 cholesterol®} sphingomyeline] 22 4%9} 0.6%2
A8k ¢ltl. Phosviting ©lo] ExpEke] 10%2 x}A|sle] Wate] EAjsts <lo)
80%ZE i3t Ut AA A phosvitine 55-65%¢] ©@43ES FHfale, d3aw
Aol 7%5 AT EAF 40,0009 dFw A2 A S ek ofbn|gbo] A1) gl

1L serine®] A ofm Ak 31%E FAStL 9t E3] serined ¢AF esterd g

o

el phosphoserine2. 2 &2)3+t}. Phoshoserine] Aol Zrfpol23 Adlslo] &

R R 2Hgehe e deA v Aol He Fes 49

2
|8
Ach
rir
o,
rO
o,

W71 = ok =Y oA GEAETA S el 7w o]l e, phosvitine =

]_

ol
rir

B #X3% phosphopeptides &tt3 =% =% Aoz 4 AvH(Sugino &,

-z
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Table 3-4. Genernal Chemical Composition of Hen Egg(Average Values, g/egg)

Carbohydrate
Conjugated
Water Protein Free sugar Lipid  Mineral
Oligosaccharides
Egg yolk 18.7 9.1 3.1 0.131 0.056 5.83 0.318
Egg White 33.0 28.9 35 0.132 0.165 0.002 0.231
Eggshell
0.25 - - -
membrane 59 (] 5.9
Eggshell 0.15 - - -
Total 57.6 38.1 7.0 0.263 0.221 5.832 6.449

(from Hen eggs, Takehiko &

,39,



1997; Jeneja and Kim, 1977).
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Egg Yelk

Water Extraction 10wl pHS.0

Ceatrifugetion 2800 % g 30 min at 47
]
I 1
Cupernatant Water-ipgaluble Faction
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Dirafilteration | 50 kd cut-off Aleobel Extraction | homogenization
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I I - .
4
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Fig. 3-2 Sequential separation Scheme for egg yolk components
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Table 3-5. Effect of pH adjustment on lipid content and turbidity of egg yolk

supernatant after centrifugation

Treatment Lipid (%) Turbidity*
Control (pH 6.3) 1.00 2.97
pH adjustment to 5.0 0.08 0.33

*Turbidity is the absorbance of sample at 600 nm. n = 4.
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Table 3-6. Amount of IgY (mg) recovered at each separation step'

IgY (mg) Yield”

Total IgY 883.0 100

After water extraction (10 x) 845.0 95.9
After ultrafiltration 6775 80.0

“On the basis of IgY activity determined by ELISA. Values are average of 2
replications.
'Based on 100 g of liquid egg yolk as a starting material

“wt. % of total IgY present in egg yolk

,44,
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Table 3-8 Amount (g) of the yolk solids distributed to the supernatants and
precipitants at each extraction step'

Protein ~ Phospholipids  Cholesterol ~ Neutral lipids Ash
Supernatant
Water extraction ~ 3.5:0.21°  0.240.03 - 0.3+0.02 -
Ethanol extraction  0.4+0.07 9.4+0.17 1.2+0.24 0.3+0.04 -
Hexane extraction - 1.24£0.19 0.1+0.04 20.24+0.33 -
Precipitant
Water extraction  13.6+0.32 10.6+0.38 1.4+0.32 20.6+0.44 0.7+0.36
Ethanol extraction ~ 13.2+0.16 1.240.11 0.2+0.04 20.3+0.18 0.7+0.19
Hexane extraction  13.2+0.19 - - 0.1+0.03 0.7+0.17

"Based on 100g of liquid egg yolk as a starting material. n = 4.

*Averagetstandard deviation.

,4’77



Table 3-9. Percent composition of solvent extracts

Hexane extract following

Ethanol extract I
anol extrac ethanol extraction

Phospholipids 86.210.16 5.6%0.16
Cholesterol 11.0+£0.24 -
Neutral lipid 2.8+0.43 94.0+0.29

"Average * standard deviation. n = 4.
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Table 3-10. F&dAE

Ao A E(wt.%) W3}

Moisture Lipids Protein Ash
Whole yolk 4877 332 166 15
Yolk after water 69.2 20.8 89 10
extraction(pH 5.0)
Yolk after lipid 100 0.8 86.1 3.1

extraction

,49,
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0.9

—&——pH 5.0, 30 min cnetrifug ation
—m—pH 6.3, 30 min cntrifug ation
—a—pH 5.0, 60 min centrifug ation

—>¢—pH 6.3, 60 min centrifug ation

0.7 -

Protein conc. (Abs. at 595 nm)

0.5

Ohr 1hr 2hr 4hr 8hr 24hr
Duration of holding at 4

Fig. 3-3. Effects of pH of egg yolk diluents, holding time before centrifugation,
and the duration of centrifugation at 2,800 x g on protein concentrations of

supernatant
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Fig. 3-4. SDS-PAGE for water-soluble fraction of egg yolk sample. I & III - at
pH 50 and II & IV - at pH 63. I & II - centrifuged for 30 min and III & IV -

centrifuged for 60 min at 2,800 x g. Lane 1 - samples incubated for O hr, lane 2
- 1 hr, lane 3 — 2 hr, lane 4 - 4 hr, lane 5 — 8 hr and lane 6 - 24 hr. and lane 7

- molecular size markers

,58,



o 4,000g, 30+

Halge whatman # x3

5-10KD cut-off size, #-=

inlet pressure 25psi

ghelod 2}

e E e, o0d ==

o Y o CM-cellulose cation exchange resin
&1 pH 54, 20 mM MES buffer
pH 6.5, 200 mM MES buffer
Igc Y &l )
= 85% o]4t
i Centricones(10KD cut-off size)
==
= B
Ig Y

Fig. 3-5. Protocol for Isolation and Purification of IgY
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ELISA for best binding condition for IgY in cation
exchange chromatography

0.4

S 035 ——5and65
£ 03 —=-52and65
2 0622 7 —+54and65
: 0_1'5 | —x—5.6and 6.5
[ 01 —x—5.8and 6.5
2 005 - ——6.0and 6.5

0 R

1.2 3 4 5 6 7 8 9 10

Fractions collected

Fig. 3-6. ELISA for CM-cellulose Cation-exchange chromatography using MES
buffer: fractions 1 to 5 were washed out proteins with 20 mM, and fractions 6 to
10 were proteins eluted with 200 mM buffer.
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Fig. 3-7. Western blot using IgY and Alkaline Phosphate conjugated antichicken
IgG. Lanes 1- 4 are Samples eluted in MES buffer at 200 mM pH 6.5 and lane 5
and 6 are whole water-soluble protein fraction.

,56,



ELISA for scale up study

0.4
0.35
0.3
0.25
0.2
0.15
0.1
0.05

protein conc (ng/ul)

1 2 3 4 5 6 7 8 9 10

Fractions collected

Fig. 3-8. ELISA for CM-cellulose Cation—-exchange chromatography using MES
buffer: fractions 1 to 5 were washed out proteins with 20 mM, and fractions 6 to
10 were proteins eluted with 200 mM buffer.
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IgY(mg/ml)

Buffer condition

* Wash and elution buffer conditions

Wash buffer Elution buffer

pH 5.0 pH 6.4
A Citrate—-phosphate Citrate-phosphate
B Citrate Citrate—-phosphate
C Acetate Citrate-phosphate
D Citrate Maleate
E Acetate Maleate
F MES MES

Wash buffer: 20 mM; Elution buffer: 200 mM

Fig. 3-9. The comparison of IgY contents in eluent obtained from CM-cellulose
cation exchange chromatography with different elution buffer and pH conditions

;=] 1st eluent ; @ 2nd eluent.
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10 times diluted water soluble fraction(WSF)

Concentrating step(Ultrafiltration/centricone) ( 41.00% ) | 100%
50~60% Anion exchange cation exchange 80~90%

85~90%
51~61%

dialysis and freeze—dried product

86.00%

Note : % purity of IgY )
% Recovery of IgY [ ]

Fig. 3-10. Flow chart showing the % purity and % recovery of IgY at different
stages
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Fig. 3-11. Extraction profile of egg yolk components with various combination of
acetone and ethanol : A; standard, B; extraction with 9 vol. of aceton, C;
extraction with 4 vol. of aceton, D; extraction with 9 vol. of ethanol, E; extraction
with 4 vol. of ethanol. TG ; Triglyceride, Chol ; Cholesterol, PE ;

phosphatidylethanolamine, PC ; Phosphatidylcholine.
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Fig. 3-12. Separation of Neutral Lipids and Phospholipids from Egg Yolk. TG ;

Triglyceride, Chol ; Cholesterol, PE;phosphatidylethanolamine,
PC ; Phosphatidylcholine.
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Fig. 3-13. Purity of phospholipids and neutral lipids with various solvent by thin
layer chromatography; A: ethanol extraction, B: hexane extraction, C: Middle layer
and Bottom layer 1, 2 in Fig. 3-12(Subsequent Hexane - ethanol extraction), D:

Top layer (Subsequent Hexane - ethanol extraction)
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Table 3-11 Analysis of compositions of the solvent extracts with thin layer

chromatography (wt. %)

Subsequent Hexane - Ethanol extraction”

Ethanol Hexane
Extraction extraction
Top layer Bottom layer
Phospholipids 85.1+0.16™ 4.9+0.16 85.4+0.39(1.0)™ 1.5+0.22 (0.2)
Cholesterol 12.5+0.24 - 1.8+0.22 (0.1) -
Neutral lipid 2.4+0.43 95.1+0.29 12.8+ 0.22 (0.3) 98.5+0.34(19.9)

“The hexane extracts was extracted with ethanol subsequently.

“Average *standard deviation of four replicates.

“*Values in parenthesis are absolute amount of each component distributed to top
and bottom layer of the subsequent hexane-ethanol extraction based on 100g of

yolk.
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Table 3-13 pH dependence of content and purity of phosvitin in isolates using

1.74M NaCl.
pH 50 55 60 65 70 75 80 85 90 95 100
Content 5o 56 58 59 50 48 53 50 49 42 41
(g/L)
leoj:gy 908 854 913 89 785 86 750 729 729 759 758
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(c) d

(e)
Fig. 3-14. Egg yolk products; (a) IgY, (b) Phoshpolipid, (¢) Neutral lipid, (d) Yolk

Protein, (e) Phosvitin

,71,



Table 3-14. Recovery yield and purity of egg yolk components

extraction

Treatment Recovery Yield Purity
Water extraction 100% 40%
ey A i If
mmonium sulfate "
precipitation 90% 85% ©]7d
Phospholipids Single ethanol 87% 83%
PROUD extraction ° ©
Neutral lipids Single hexane 96% 94%
extraction
Yolk protein
with phosvitin 7% 94%
Phosvitin Single 1.74M NaCl 30% 91%

,72,




Table 3-15. Proximate analysis of yolk components

Moisture Protein Lipid Trace
IgY 10.0%% 81.0% 4.0% 5.0%
Phospholipids 15.2% 0.1% 84.7% -
Neutral lipids 10.1% 0.2% 89.7% -
Yolk protein
without phosvitin 10.09%% 86.1% 0.8% 3.1%

isolation

,73,
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Table 3-16. AH&A 25 G2t AF XA 2 Eg4H&o e vtav=9] A=
T &(% mk g vl =4 %= (cp)
0 148,750
25 240,000
50 205,000
75 136,750
100 71,500
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Table 3-19. Z+4 3=l

whE whed =) s E
0% Z#37F | 33% ZHHE7F | 67% ZHEHE7E | 100% Z3H7t
2t 4 35 2 2
e 3 4 45 45
A 7z 3 35 3 2
B 2.5 45 2 3
AA A 7t 3.2 3.7 2.6 2.6
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Fig. 3-18. SDS-PAGE patterns of tryptic hydrolysates of purified phosvitin. Side
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Table 3-20. Amount of free calcium(mg/L) in phosvitin and phosphopeptide
solution with an addition of 1ImL 0.1M CaCls

Free calcium(mg/L)

Phosvitin solution Phosphopeptide solution
Blank solution” 1.02 + 0.18 837 = 0.24
Addition of 1ImL 0.1M CaCl, 437 + 0.21 858 + 0.29

* Phosvitin(0.5mg phosvitin/mL) and phosphopeptide solution without addition of 1mL 0.1M CaCl;

,86,
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Table 3-21. Proximate analysis of turkey rolls

(unit: %)
Control 5% egg oil 1096 egg oil SEM
Moisture 70.92* 70.64° 71.20° 0.13
Protein 23.58" 24.01° 23.68" 0.09
Fat 155 154 157 0.07
Ash 171 161 1.67 0.03
Carbohydrate 2.24 2.20 1.88

““Values with different letters within a row are significantly different (P < 0.05).
SEM: standard error of the means. n = 4. Abbreviation: EYP, egg yolk protein.
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Table 3-22. TBARS of turkey roll

Control 196 EYP 2% EYP SEM
——————————————————— MDA mg/ kg meat ——————————————————-
0 week 1.26% 1.35™ 1.54* 0.02
1 week 1.89" 1.99" 2.217 0.09
2 week 2.30" 2.56% 2.61% 0.09
SEM 0.09 0.09 0.07

““Values with different letters within a row with the same storage timeare
significantly different (P < 0.05). ¥ “Values with different letters within a column
with the same treatment are significantly different (P < 0.05).SEM: standard error

of the means. n = 4. Abbreviation: EYP, egg yolk protein.
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Table 3-23. Color of turkey roll

Control 1% EYP 29% EYP SEM
0 week
L 75.35" 77.00° 76.61° 0.36
a 6.89 6.48 6.61 0.20
b 16.05 16.61% 16.86 0.21
1 week
L 76.43 7713 76.76 0.32
a 6.85" 6.50 6.38" 0.10
b 16.54 16.40 16.89 0.17
2 week
L 75.49 75.75 76.06 0.20
a 6.79 6.65 6.49 0.13
b 16.61° 16.94% 17.35° 0.17

“dValues with different letters within a row with the same storage time are
significantly different (P < 0.05). SEM: standard error of the means. n = 4.

Abbreviation: EYP, egg yolk protein.
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Table 3-24. Volatile profiles of turkey roll

Control 1% EYP 29% EYP SEM
0 week Total ion counts x 10" ———————————————
Hydrocarbons 4894 34762° 38655 1733
Ketones 27617° 98609" 126945 3004
Alcohols 6921" 56295 55689° 1505
Aldehydes 20780° 64924° 77868" 4396
Others 0° 2342° 3687 273
Total volatiles 60212° 256931" 302844° 5332
1 week
Hydrocarbons 19269" 266627 282827 1636
Ketones 70883 97569 96419 9675
Alcohols 78520 76573 93274 8739
Aldehydes 63845" 79154" 83586" 4144
Others 1368° 2697" 3356 80
Total volatiles 233835 282656° 304918" 10954
2 week
Hydrocarbons 19266 29142 28998 2922
Ketones 59894 80235 95809 11134
Alcohols 66072" 73746" 94078 5829
Aldehydes 61510 87110° 90882° 6412
Others 837° 1663 2907° 134
Total volatiles 207629" 271895 312675° 20845

Hydrocarbons: pentane, hexane, 1-heptene, heptane, 1-octene, octane, 2-octene,
nonane, 2,3-dimethyl pentane Ketones: 2-propanone, 2-butanone, 2-heptanone,
5-hexen-2-one, 4-methyl-3-penten-2-one, Alcohols: ethanol, 2-propanol,
2-methyl-1-propanol, 1-pentanol, 1-penten—-3-ol, 3-heptanol, 1-octen—-3-ol,
Aldehydes: 3-methyl butanal, pentanal, hexanal, acetaldehyde, propanal, heptanal,
nonanal, octanal, Others:. 2-ethyl furan, 1,4-dimethyl benzene, methyl
cyclopentane, ethyl benzene, dimethyl disulfide

“PValues with different letters within a row with the same storage time are
significantly different (P < 0.05). SEM is standard error of the means. n = 4.
Abbreviation: EYP, egg yolk protein.
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Table 3-25. Texture of turkey roll

Control 1% EYP 2% EYP SEM
0 week
Hardness 4726.1° 4180.8" 3892.5 131.0
Adhesiveness -3.1 -35 -5.1 0.9
Springiness 0.8 0.8 0.8 0.0
Cohesiveness 0.5 0.5 0.5 0.0
Gumminess 2317.6 2031.7° 1869.9 60.3
Chewiness 1904.9° 1654.7° 15179 52.7
Resilience 0.3 0.3 0.3 0.0
2 Week
Hardness 4508.4 4223.4° 3713.0° 116.6
Adhesiveness =29 -2.5 -3.1 1.1
Springiness 0.8 0.8 0.8 0.0
Cohesiveness 0.5 0.5 0.5 0.0
Gumminess 2269.6 2066.5" 1895.7° 62.8
Chewiness 1882.9" 1699.0 1599.6° 60.0
Resilience 0.3 0.3 0.3 0.0
0 week
Hardness 45435 3975.0° 3627.8° 106.5
Adhesiveness -3.0 -2.5 -3.1 0.6
Springiness 0.8 0.8 0.8 0.0
Cohesiveness 0.5 0.5 0.5 0.0
Gumminess 2252.9 1987.6" 1785.1° 475
Chewiness 1885.0° 1658.6" 1461.6° 42.8
Resilience 0.3 0.3 0.3 0.0

““Values with different letters within a row with the same storage time are
significantly different (P < 0.05).
SEM is standard error of the means. n = 4. Abbreviation: EYP, egg yolk protein.
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Table 3-26. Proximate analysis of sausages

(unit: %)
Control 5% egg oil  10% egg oil 15% egg oil SEM
Moisture 58.97 58.31 59.02 59.98 0.17
Protein 17.51° 16.88" 16.86" 16.64" 0.09
Fat 16.07 16.87 16.93 16.83 0.26
Ash 1.02° 1.16™ 1.43% 1.56° 0.08
Carbohydrate 6.43 6.78 5.76 4.99

“PValues with different letters within a row are significantly different (P < 0.05).

SEM: standard error of the means. Abbreviation: EP, egg protein, n = 4.
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Table 3-27. TBARS of sausages

Control 5% egg oil  10% egg oil 15% egg oil SEM
******************* MDA mg/ kg meat ———————————————————~-
Oweek 0.61% 0.48" 0.38 0.30% 0.01
2week 0.62% 0.48" 0.41% 0.33% 0.01
4week 0.73" 0.60" 0.49 0.42% 0.01
SEM 0.01 0.01 0.01 0.01

“dyalues with different letters within a row with the same storage timeare
significantly different (P < 0.05).

**Values with different letters within a column with the same treatment are
significantly different (P < 0.05).

SEM: standard error of the means. n = 4.
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Table 3-28. Color of sausages

Surface color

Surface color

Control 5% egg oil 10% egg oil 15% egg oil SEM Control 5% egg oil 10% egg oil 15% egg oil SEM

0 week

L 64.24 64.10 63.68 64.49 0.55 7257 71.79" 71.23" 70.34¢ 0.31

a 1778 18.81 20.01° 20.26° 0.38 11.48° 13.08° 14.40° 16.38" 0.14

b 27.73¢ 39.94° 52.12° 61.00° 1.05 12.14° 26.11¢ 35.34 51.28" 0.60
2 week

L 66.70° 66.88" 64.30 66.41° 0.45 73.00° 72.24% 7152 71.22 0.37

a 16.74° 18.15 20.32° 18.32" 0.39 11.86° 13.31°¢ 14.40° 15.42° 0.10

b 24.65° 36.94° 52.89° 49.27 0.87 13.00° 25.13° 33.21° 38.99° 051
4 week

L 67.55" 67.61° 65.30 67.86 0.54 73.47° 72.01° 71.99 71.87° 0.27

a 15.96" 1651 19.41° 16.84" 0.49 11.37° 13.03° 14.21° 1559 0.14

b 23.81° 32.72" 44.74° 46.35° 0.87 12.79° 24.52¢ 32.20 42.37° 0.48

9V alues with different letters within a row with the same storage time are significantly different (P < 0.05).

SEM: standard error of the means. n = 4.
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Table 3-29 Volatile profiles of sausages

Control 5% egg oil 10% egg oil 15% egg oil SEM

0 week = Total ion counts x 10" ———————————————
Hydrocarbons 26019 4586° 6231° 10445 519
Ketones 242363" 169538° 27198 308770° 16237
Alcohols 357107 281727 392819" 640442 37825
Aldehydes 2974" 3422° 4063" 23450° 1546
Cyclo compounds 163447 136112° 132005" 320544° 29742
Total 768492 595385 807046" 1308151° 51807
2 week
Hydrocarbons 2314 456° 911° 1330° 49
Ketones 18672¢ 59796° 120939" 152339 4774
Alcohols 55175¢ 136542° 208565 25388 8393
Aldehydes 7737° 115121° 199466” 252904 4367
Cyclo compounds  209° 31983° 60104° 84619 1938
TerpenoidsTotal 31167 23696° 57537" 89890° 2073
Total 85141¢ 367595° 647522 834966 16586
4 week
Hydrocarbons 749 1409° 1216 1556° 102
Ketones 53534° 52010° 69934° 128099* 8897
Alcohols 51882¢ 107224° 145258" 212629° 5581
Aldehydes 4852 99245° 153793 221332° 5380
Cyclo compounds 1300¢ 19216° 52262" 72297 1621
Terpenoids Total 18541 22889° 44231° 83485 3354
Total 114171¢ 301993° 466695 719398° 15693

Hydrocarbons: 3-methyl heptane, undecane, nonane, decane, octane, Ketones:
2-propanone, 2-butanone, 2-heptanone, 4-methyl-3-penten-2-one, Alcohols:
ethanol, 2-propanol, 1-butanol, 1-pentanol, Aldehydes: 2-methyl propanal,
3-methyl butanal, hexanal, heptanal, nonanal, octanal, Cyclo compounds: methyl
cyclopentane, toluene, tetrahydro furan, cyclohexane, Terpenoids: alpha—pinene,
camphene, beta-pinene, myrcene, delta—3-carene, limonene, para-cymene.
“PValues with different letters within a row with the same storage time are

significantly different (P < 0.05). SEM is standard error of the means. n = 4
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Table 3-30. Fatty acid composition of sausages added with egg oil

(unit: %)
Control 5% egg ol 10% egg oil 15% egg oil SEM
Myristic acid (C14:0) 1.67° 1.26™ 1.27%" 0.87 0.09
Palmitic acid (C16:0) 22.30° 22.33" 22.90° 24.20° 0.22
Palmitoleic acid ab b ab a
(C16:1, n7) 3.13 2.97 3.25 3.49 0.10
Margaric acid (C17:0) 0.48 0.58 0.49 0.43 0.09
C17:1, nl0 0.45 0.47 0.50 055 0.08
Stearic acid (C18:0) 12.36 11.04° 9.84¢ 858 0.14
Oleic acid (C18:1, n9) 39.89" 38.29" 36.84" 35.65° 0.54
trans—Vaccenic acid A b be c
(CI81, n7) 3.97 3.48 3.17 3.05 0.09
Linoleic acid (C18:2, n6) 12.58° 15.33" 16.60™ 17.40° 0.39
gamma-Linolenic acid
(C183, 16) 0.13 0.15 0.19 0.18 0.03
alpha-Linolenic acid
(C183, n3) 0.53 055 0.67 0.73 0.06
Arachidic acid (C20:0) 0.19 0.20 0.20 0.15 0.03
Gondoic acid (C20:1, n9) 0.76* 0.62" 0.57° 0.46° 0.02
Arachidonic acid . b ab a
(204, 16) 1.13 1.93 253 2.96 0.17
C22:4, n6 0.20 0.29 0.29 0.31 0.05
Docosapentaenoic acid
(225, 13) 0.15 0.15 0.17 0.22 0.02
Docosahexaenoic acid 0.08° 0.36 052 0.80° 0.05

(C22:6, n3)

“Values with different letters within a row with the same storage time are

significantly different (P < 0.05). SEM is standard error of the means. n = 4.

- 102 -



Table 3-31 .Texture of sausages

Control 5% egg oil 109 egg oil  15% egg oil SEM

Oweek

surface 857.6 670.1° 4275° 206.5¢ 15.86
inside 335.4° 256.4° 216.4° 191.2¢ 6.54
2week

surface 825.4° 594.3" 246.7°¢ 198.5¢ 12.69
inside 310.9° 254.8" 205.5° 185.6° 6.07
dweek

surface 806.8 681.4° 385.7° 205.8¢ 17.86
inside 342.0° 285.8" 226.1¢ 192.8¢ 8.0

“UValues with different letters within a row with the same storage time are

significantly different (P < 0.05). SEM is standard error of the means. n = 4.

- 103 -



AA S, sFst. =g FEsrs A, 20029 FAZE 2 7| EA HUbel] o wl

AW, HEA, A7H3. dF=2 533388 A4. 1988 vhaul= Alz=Alol] T3k AR ol

S A F AR AL 1990d vhedl= A% T wAlgEe] Wt

o
o
do
o
of
Ay
ol
2
ol
2

>~
=
—
O
©
o1
L
el
1
ju |
Lo
r S
off
junc)
>~
=

Akita, EM. and Nakai, S. Immunoglobulins from egg yolk: isolation and

purification. J. Food Sci. 57:629-634 (1992)

Akita, EM. and Nakai, S. Comparison of four purification methods for the
production of immunoglobulins from egg laid by hens immunized with an

enterotoxigenic E. colistrain. J. Immunol. Methods 160:207-214 (1993a)

Ahn, D.U.,, Kim, S.M. and Shu, H. Effect of egg size, and strain and age of hens

on the solids content of chicken eggs. Poultry Sci. 76:914-919. (1997)

- 104 -



Ahn, D.U., Sell, JL. Jeffery, M. Jo.,, Chen, CX., Wu, C. and Lee, ]I Dietary
Vitamin E Affects Lipid Oxidation and Total Volatiles of Irradiated Raw Turkey

Meat. J. Food Sci. 62:954-959 (1997)

Ahn, D.U, Jo, C. and Olson, D.G. Headspace Oxygen in Sample Vial Affects
Volatiles Production and Lipid Oxidation of Raw and Cooked Meat during the
Automated Purge-and-Trap Dynamic Headspace/GC Analyses. J. Agric. Food

Chem. 47:2776-2781 (1999)

AOAC. Official Method of Analysis of AOAC Intl. 17th ed. Method 960.52.

Association of Analytical Communities, Arlington, VA, USA (2000)

AOAC. Official Method of Analysis of AOAC Intl. 17th ed. Method 923.09.

Association of Analytical Communities, Arlington, VA, USA (2000)

AOAC. Official Method of Analysis of AOAC Intl. 17th ed. Method 935.13.

Association of Analytical Communities, Arlington, VA, USA (2000)

Arias, J.S., Fernandez, M.S., Dennis, J.E. and Caplan, A.I. Collagens of the chicken

egg shell membrane, Connect. Tissue Res. 26:37 (1991)

Batista, A.P., Raymundo, A., Sousa, I. and Empis, J. Rheological characterization of
coloured oil-in-water food emulsions with lutein and phycocyanin added to the

oil and aqueous phases. Food Hydrocolloids, 20(1):44-52 (2006)

Blums M. The hidden secrets of greens. International Food Ingredients 6:7-10

(2000)

Bourne, M.C. Food Texture and Viscosity. Academic Press, New York, p330 (1994)

- 105 -



Castellani, O., Martinet, V., David-Briand, E., Guérin-Dubiard, C. and Anton, E.
Egg vyolk phosvitin: preparation of metal-free purified protein by fast protein
liquid chromatography using aqueous solvents. Journal of Chromatography B.

791(1-2):273-284 (2003)

Castellani, O., Guérin—-Dubiard, C., David-Briand, E. and Anton, E. Influence of
physicochemical conditions and technological treatments on the iron binding

capacity of egg yolk phosvitin. Food Chemistry, 85(4):569-577 (2004)

Castellani, O., David-Briand, E., Guérin-Dubiard, C. and Anton, E. Effect of
aggregation and sodium salt on emulsifying properties of egg yolk phosvitin.

Food Hydrocolloids, 19(4):769-776 (2005)

Choi, I, Jung, C., Choi, H., Kim, C. and Ha, H. Effectiveness of phosvitin peptides
on enhancing bioavailability of calcium and its accumulation in bones. Food

Chemistry, 93(4):577-583 (2005)

Compton S.J.,, Jones C.G. Mechanism of dye response and interference in the

Bradford protein assay. Anal. Biochem. 151(2): 369-74 (1985)

Cook, C.L., Pao, W., Frica, J.R., Anderson, B.E. and Fryer, J.P. Simple purification
methods for an a-galactose—specific antibody from chicken eggs. J. Biosci.

Bioeng. 91(3):305-310 (2001)

Fachin, L. and Viotto, W.H., Effect of pH and heat treatment of cheese whey on
solubility and emulsifying properties of whey protein concentrate produced by

ultrafiltration. International Dairy Journal, 15(4) : 325-332 (2005)

Ferreiro, E.A. and de Bussetti, S.G. Apparent and partial specific adsorption of

- 106 -



1,10-phenanthroline on mixtures of Ca-montmorillonite, activated carbon, and

silica gel. Journal of Colloid and Interface Science, 292(1):54-62 (2005)

Fleming, A. On a remarkable bacteriolytic element found in tissues and secretion.

Proc.. R. Soc. London, Ser B., 93:306 (1922)

Grando, F., Olmedilla. B., Blanco I. Nutritional and clinical relevance of lutein in

human health. Br. J. Nutr. 90:487-502 (2003)

Hansen, P., Scoble, J.A., Hansen, B. and Hoogenraad, N.]. Isolation and purification
of immunoglobulins from chicken eggs using thiophilic interaction

chromatography. J. Immunol. Methods 215:1-7 (1998)

Handelman, G.J., Nightingale, Z.D., Lichtenstein, A.H., Schaefer, E.]J. and Blumberg
JB. Lutein and zeaxanthin concentrations in plasma after dietary supplementation

with egg yolk. American Journal of Clinical Nutrition, 70:247-251 (1999)

Hasler, C.M. The changing face of functional foods. Journal of the American

College of Nutrition, 19(5):499S-506S (2000)

Hatta, H., Kim, M., and Yamamoto, T. A novel isolation method for hen

yolkantibody, "IgY”. Agric. Biol. Chem. 54:2531-2535 (1990)

Hatta, H., Ozeki, M. and Tsuda, K. Chapter 11. Egg yolk antibody IgY and its
application, pp. 153. In: Hen Eggs-Their basic and applied science. (ed.

Yamamoto. T, Juneja. L.R., Hatta. H.,, Kim, M.). CRC Press, London, UK (1997)

Hatta, H., Sim, J.S. and Nakai, S. Separation of phospholipids from egg yolk and

recovery of water-soluble proteins. J. Food SCi. 53(2): 425-427 (1998)

- 107 -



Jeneja, L.R. and Kim, M. Chapter 5. Egg yolk proteins, pp. 60. In: Hen
Eggs-Their basic and applied science. (ed. Yamamoto, T. Juneja, L.R., Hatta,

H., Kim, M.). CRC Press, London, UK (1997)

Kim, H. and Nakai, S. Immunoglobulin separation from egg yolk: a serial filtration

system. J. Food Sci. 61(3):510-512, 523 (1996)

Kim, H. and Nakai, S. Simple separation of immunoglobulin from egg yolk by

ultrafiltration. J. Food Sci. 63(3):485-490 (1998)

Kim, IC, Kim, JH. Lee, KH. and Tak, T.M. Phospholipids separation
(degumming) from crude vegetable oil by polyimide ultrafiltration membrane.

Journal of Membrane Science, 205(1-2):113-123 (2002)

Lesson, S. and Caston, L. Enrichment of eggs with lutein. Poultry Sci.

83:1709-1712 (2004)

Megias, C., Mar Yust, M., Pedroche, ]., Lquari, H., Giron-Calle, J., Alaiz, M.,
Millan, F. and Vioque, J. Purification of an ACE inhibitory peptide after
hydrolysis of sunflower (Helianthus annuus L.) protein isolates. J. Agric. Food

Chem. 52:1928-1932 (2004)

Okubo, T., Akachi, S., Hatta, H. Chapter 1. Structure of hen eggs and physiology
of egg laying, pp. 1. In: Hen Eggs-Their basic and applied science. (ed.

Yamamoto, T., Juneja, L.R., Hatta, H., Kim, M.). CRC Press, London, UK (1997)

Park, O., Allen, ]J.C. Preparation of phosphopeptides derived from s-casein and
—casein using immobilized glutamic  acid-specific  endopeptidase  and

characterization of their calcium binding. J. Dairy Sci. 81:2858-2865 (1998)

- 108 -



Polo, M.C., Ramos, M., de Llano, D.G. HPLC of peptides. In "Food Analysis by

HPLC”. Nollet LM, Eds. Marcel Dekker, Inc: New York, NY. pp. 99-126 (2000)

Shimizu, M., Fitzsimmons, R.C., Nakai, S. Anti-E. coli immunoglobulin Y isolation
from egg yolk of immunized chickens as a potential food ingredient. J. Food Sci.

53:1360-1366 (1988)

Starcher, B.C. and King, G.S. The presence of desmosine and iosdesmosine in egg

shell membrane protein, Connect. Tissue Res. 8:53 (1980)

Steinberg, W., Grashorn, M.A., Klunter, A.M., Schierle, J. Comparative
pigmentation efficiency of two products containing either apo—ester or targets

extract in egg yolks and liquid eggs. Arch. Gelugelkd. 64:1-8 (2000)

Sugino, H., Nitoda, T. and Jeneja, L.R. Chapter 2. General chemical composition of
the hen eggs, pp. 16. In: Hen Eggs-Their basic and applied science. (ed.

Yamamoto, T., Juneja, L.R., Hatta, H., Kim, M.). CRC Press, London, UK (1997)

Telis-Romero, J., Thomaz, C.E.P. Bernardi, M. Telis, V.RN. and Gabas, A.L.
Rheological properties and fluid dynamics of egg yolk. Journal of Food

Engineering, In Press, Corrected Proof, Available online (2005)

Tolosa, L.I., Rodriguez—Malaver, A.]., Gonzalez, AM. and Rojas, O.]. Effect of
Fenton’s reagent on O/W emulsions stabilized by black liquor. Journal of Colloid

and Interface Science, In Press, Corrected Proof, Available online 2 (2005)

USDA-NCC Carotenoid Database (1998). USDA Food Nutrient Database for

Standard Release 13, Hart and Scott, 1995

Yen, G.C. and Wu, S.C. Reduction of mutagenicity of the fumes from cooking oil

- 109 -



by degumming treatment. Lebensmittel-Wissenschaft und-Technologie, 36(1):

29-35 (2003)

- 110 -



=
>
o))
S
s
=
02}
o)
=3
(@]
Q
g
<)
=]
o
1
>,
ol
ol
0
=
=
2
ofy
1o,
ok
N
]
=
2
ol
ol
2
=

1) Gel filtration
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2) 74

Gel filtrations °]&3le BF3 FIEL &F FHEZ FAUS o]&dle] FAS
AAEAe. FAge ~#HEFZALY] 173 %E  celluloseA]  Spectra/Por Membrane
(MWCO:50,000)& o] &3ttt FAo] 2yl A4S &7l e F F5543 F

$74 Azstel Agatgch

3) SDS-PAGE & %

SDS-PAGE+ 10% acrylamide gelS ©]-83}] Laemmi(1970)2] Wl whe} 7]
S AAEFAT. T3 gel ML 0.2% coomassie brillant blue R-200(w/v)<S -
gk acetic acid/methanol/water(1:1:5) & ol @Attt Fejd Aol H7|d 54
stolaly] 9ste] TEEWM AL high range protein marker(o}™4F Hfo] @ Alo]ol ~

UKE Attt 858 2883 ol §dte] 17195(SDS-PAGEIS A 3tsith

tjo

4) Heparin 38} 2 n}E “12}3]

7b) 50mM EDTA¢®} 50mM Phosphate buffer(pH 7.2, 0.15M salt)E ©]&3F two
step ¥ WH
B oAdo] AlgH Rz e ofmikuto] 9 Alo]d Ao A -] Heparin sepharose 6
fast flow resin®] %% HiPrep 16/10 FF Z@& ol gat3ich 2ol Fe’ iong I
A A17171 93ked 0.3M ferrous chloride(FeCl) 2 Za & A& g & 100mle] S/
E SgA g dol2S AlFHste] A ASA T 20mM phosphate bufferZ ZH# &
HEslsk T 2UdWAE 210mgS 3mlel 3x FF/HFo &83 ¥ filtering 3f
o loading3l¥Gth. AE¢ €& 50mM<e EDTA buffer(0~100+, 1~20

o] g3to] £ 2mle) SEZ SR AR FHALE 58 HA0D lomY F
=

Lo
8

FatAdoh 5ol #d H 32 FF5 100ml(101~1504, 21~30% %)

D
ot
L
Eh
ot

+ %] 50mM Phosphate buffer(pH7.2, 0.15M salt3F-f)(151 ~ 250+, 31~50

olgste] Lo FPWMon AAgrh FUE Fze PHwe 2agEd

il

(UV-1601 SHIMADZU, Japan)E ©]-&3ato] 280nmellA F3%=5 FAsaL A8
2 Ye5azxste] 17195 (SDS-PAGE)S A A8t
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) 50mM EDTA¢®F 20mM Phosphate buffer(pH 7.0, salt free)E o] &3k salt free
two-step 2] W
E Ao AlEd YA o ikulo] e Aol oA -}) ¢ Heparin sepharose 6
fast flow resin®] %% ¥ HiPrep 16/10 FF Z3< o33tk 2yl Fe' iong 1
4 A1717]1 $18+9 0.3M ferric sulfate(Fex(SO.))2 Z7 S A2 s & 100mle] /5

5 oA PAF Hol2& AlHs e A7 s

A Ze &% 50mMe EDTA buffer(0~100%, tube 1~20H £3)E o] &3slo] £
2mle] £ SR AR FRANE 58 HFow 10ml¥ R 3
o] B ¥ 3x =FF 100ml(101~150%, 21~30H #)2 9SS AHe 5 50mM

Phosphate buffer(pH7.2, 0.156M salt3)(151 ~250+%, 31~50H & 3&)E o] &3lo] 2
< FRWHoeRr  AAgY. " A7 E2gES EEFEAUV-1601
SHIMADZU, Japan)E ©]&3}9 280nmeolA S34EE SA3I AEHE Yeidx

skl 7] 5 (SDS-PAGE)& A3kt

2. ¥ ovotransferrin® 7154 A+

T+ LMono (ATCC 19111), S.typhi (ATCC 14028), Staph.aureus (ATCC 12692),
E.Coli (ATCC 25922), B. cereus (ATCC 11778)&A] &= A F/MdAd oA 2
¢ktl. ZFo]lZE Candida albicans (ATCC 10231), Saccharomyces serevisiae (
ATCC 4126), Aspergilus oryzae ( ATCC 22788)2 o] &3} tH(Garibaldi, 1960).

2

Bl X] = nutrient agar, Mueller Hinton agar, Brain heart infusion agar (Difco. USA)
2 o] &319 k. tryptic soy broth & Al AA v =2 o] &&H L FFo]9

Z2& 93] potato dextrose agarE ©] &3+
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st &4 SAHo ALEE ZFZte] 7= 10mlel nutrient brothol] HE3Far 37T ol A

b
2
18-24417F ok 28 A wFstel Agsar. FEY @Ae Ad 2w

ovotransferrine 0.45 membrane filter= <o]3}35}e] AFd F 25 1250, 6.25, 3.15

mg/ml ¢ =7} HEE 2H3s9

g &AL MacLowry and Jaqua (1970)¢] paper disc o2 ZA3c. Hird
8mm paper discE Z+ "AAES HZH A wixe Zxn 50uld 7 FE9
ovotransferrin® Eojrxd 37C incubatorol A 16~24A1%F vl 5 disc FHY

inhibition clear zone® #A7Z4<& mm Y2 &3] v w3}

2) BFA =4

Ovotransferrin®] & F2# o =4 Beuchat (1981)9 wWyol] wet 1g9 24 A8

-
o|\
S

= 10ml ¥ vortex 3 F Ao 3087 AX 3 1S 3,000xgol A 208

S
A Zelste] A AT FyE AN 1go] AlRel ¥ SR

)
0,
>,

e,
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tlo
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o
ol
&
Auj

[e) = - L [e]
713 PJA58S Wangd Kinsella?] (1976) WS <F7F W Este] o] &35} 0.1g9
SHEMNAHHY SHSF 10mlS 7Fstz pHE 3.0, 50, 70, 9.0 &2 11002 x=d3t

I 2000rpmell A 30%7F homogenizing3dte] 7|EE A A|H. FAH 7L Hy
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< Choi 5(2005)¢] WHS FAsI] A=xsAY. 2% k-Carrageenan (MSC
Company, Yangsan, Kyungnam, Korea)oll 90C /= 713t & 90T 220l A
4027 gEletAdd. 289 7MARAd FE fst 7FAA(PEGiglycerol=1:1)& 1.5%
A7betAtt. Eo g H A5 938t potassium sorbate(Sigma Chemical, St.
Louis, MO, USA), ovotransferrin (Sigma Chemical, St. Louis, MO, USA),
ethylenediaminetetraacetic acid(EDTA, Sigma Chemical, St. Louis, MO, USA),
grape fruit seed extract(GFSE, MSC Company, Yangsan, Kyungnam, Korea)2|
TEAS Arbstgod(table 4-1), 71 &4 Table 1o YeEbfdch. &8d «
—Carrageenan 89 50mlS 10cmx10cm ¥ o] Fof 40T drying oven(DS-80-1,
Dasol scientific corp. Korea)oll A 24A17F :Ax3F & "7 o] PE XG4 A o] Hof A

et A|5E2 AFE-8F I tH(Fig. 4-1).

Fd5gol 44

NI\

AS 93 #F=2ZE Staph. aureus(ATCC
12692), E. coli(tKFRI 00174)¢} +3%°] Candida albicans (ATCC 10231)E k= 2] & 7H

WAL o A F kol o] 83}t
W] A = nutrient agar?}t YM agar (Difco. USA)E o] &3} th Alu] g wix =+

nutrient broth(Difco. USA)E ©|&3ta, H3ole wjYS f3lA= YM broth
(Difco, USA)E ©]-&3}t}.
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Table 4-1. Composition of k-Carrageenan-based biodegradable packaging film

Code Film Treatments
C Control : k-Carrageenan(2%) + plasticizer(1.5%)
T1 Control + Ovotransferrin(25mg/g k-Carrageenan)
T2 Control + Ovotransferrin(25mg/g &-Carrageenan) + EDTA(5mmol)
T3 Control + Potassium sorbate(10mg/g k-Carrageenan)
T4 Control + GFSE(100mg/g k-Carrageenan)
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Melting the
ingredient in 90C
D.W.

k-Carrageenan(2%) + plasticizer(1.5%)

Boil in 90C Antimicrobial agents
water—-bath for (OTf, EDTA, GFSE,
40min Potassium sorbate)

Cooling to 65T in

water-bath and

add the agents

Stir the solution for 1min

Pour on the plate

and drying in the

40C drying oven
for 24hr

Peel from the plate

and store in PE bag

Fig. 4-1. The diagram of biodegradable packaging film manufacturing
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Fig. 4-2. 10% SDS - PAGE of egg white protein. [Marker: 212.0kDa(Myosin), 170.0kDa(n
2-macroglobulin),  116.0kDa(fi-galatosidase), ~ 76.0kDa(Transferrin), ~ 53.0kDa(Bovine  liver

dehydrogenase)]
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Fig. 4-3. Chromatogram of the first gel chromatography fractions of egg white protein.
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1}, Affinity chromatographyE ©] &3 7|4 ool B
1) Heparin Affinity chromatographyS %3k #8 %2 A 7|9 % pattern

7} 50mM EDTA9} 50mM Phosphate buffer(pH 7.2, with 0.15M salt)& o] &3
two-step =2 WHTFeCl, A AH)
Affinity  chromatographyE& &3] #g S8 ZF 50/ EE=(0~250%)
chromatogram-> Fig. 4-73 2t} &% /A § 5-152 156-165+¢ ¥ A7} e}

1l
2y

o] a7 31618 SDS-PAGEE o] &3ttt (Fig. 4-8).

A
A
‘I {

ofo

=/MA F 100327H4] 50mM EDTA buffer(pH 7.2 with 0.15M salt )& &+ 4
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#
Fig. 4-4. 10% SDS-PAGE patterns of the first gel chromatography fractions of

egg white protein. [11~16 : Fraction number, Marker : 212.0kDa(Myosin), 170.0kDa
(2-macroglobulin), 116.0kDa(fi-galatosidase), 76.0kDa(Transferrin), 53.0kDa(Bovine liver dehydrogenase)]
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Fig. 4-5. Chromatogram of the second gel chromatography fractions of No. 12~14

fractions obtained by the first gel

chography
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Fig. 4-6. 109 SDS-PAGE patterns of the second gel chromatography fractions

of No. 12~14 fractions obtained by the first gel chromatography. [24~26, 36~38
: Fraction number, Marker: 212.0kDa(Myosin), 170.0kDa(z2-macroglobulin), 116.0kDa
(B-galatosidase), 76.0kDa(Transferrin), 53.0kDa(Bovine liver dehydrogenase)]
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Fig. 4-7. Chromatogram of the egg protein of heparin affinity chromatography
eluted 50mM EDTA buffer(No.1~20), distilled water(No.21~30) and 20mM
phsphate buffer(pH 5.0, 0.156M salt)(No.31~50) through column bonding ferrous

cloride.
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I 5~10842~3H F &) ovalumin® =534 EHHAoY 10~158F(4H &
3)o| = ovalbumin¥} ovotransferrin®] &3&Eo] £&% ] 43 ovotransferrin®] #

g o] Fol A4 Lprh. 158 o Follt= ofW WAL AEHA el

a3y, 151 ~250% E<ko] 50mM phosphate buffer(pH 7.2, 0.15M salt¥£3HE o] &
3o B2t A3} 156~165+(32~33% &)l ovotransferrine] w25 At (Fig.
4-9).

W) 50mM EDTA¢} 20mM Phosphate buffer(7.0, salt free)E o] &3+ salt free
two-step =2l WH (Fex(SOs) 1174 AH)

50mM EDTA® 20mM Phosphate buffer(7.0, salt free)S o] &3l £ +£43 =
5070 FHE(0~250)9] F¥=T Fig. 99 v &€&/ F 1002 7H4+= 50mM
EDTA buffer(pH 7.2, 0.15M salt Z3)E E#+ 23} 1587 1703 7709 =7}
Bt

Affinity ~chromatography® %3] 160-170%] #2l¥ 3o vz
SDS-PAGEZ o] &89t  (Fig. 4-11). E% <43 ovotransferrino] 3 &

fot
o
rlo

ovalbuming XA ¢odtl SFAIRF Fig. 4-109] 3 WAl 3 3% SDS-PAGE “dol A
owd WA WERE Bolx @itk WHe] EYOR AF DAE VAR ARH

)
b
P
N
olr
ne
un)
_IE
i

T E 938l gel filtration® ™ ¥} affinity chromatography
WS v A3, 28] We] OS5 =3¢ ovotransferrin®] #2E 7ls5H

Moz Azt 18y affinity chromatography & ©]-83ke] &
3l ovotransferrine o7 Ql9jd oz Hol2S& AFAZ Aoz Fo o] Holol &

2|7} o] Fojxjof & Zoz Ay7tE T},
2. 289 ovotransferrin® 7|54 A+

7}. Ovotransferrin®] 7}3 4 A4

754 gz A

s wuld A& 59 texture, th54, SAG, W 4 SFHY HeA

I 7124, A Z casein B A9 AL P4 olo]~AY L whipping A Fo A
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Fig. 4-8. 10% SDS-PAGE profile of the egg protein of heparin affinity
chromatography eluted 50mM EDTA buffer though column bonding ferrous cloride.
[2~3 : Fraction number, Marker: 212.0kDa(Myosin), 170.0kDa(a2-macroglobulin), 116.0kDa(f*
-galatosidase), 76.0kDa(Transferrin), 53.0kDa(Bovine liver dehydrogenase)]
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Fig. 4-9. 109 SDS-PAGE profile of the egg protein of heparin affinity chromatography
eluted 20mM phsphate buffer(pH 5.0, 0.15M salt) after eluting 50mM EDTA buffer
through column bonding ferrous cloride. [Marker: 212.0kDa(Myosin), 170.0kDa(1
2-macroglobulin), 116.0kDa([!-galatosidase), 76.0kDa(Transferrin), 53.0kDa(Bovine liver dehydrogenase)]
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Abs(280nm)

Fraction number

Fig. 4-10. Chromatogram of the egg protein of heparin affinity chromatography
eluted 50mM EDTA buffer(0~100min), distilled water(101~150min) and 20mM
phsphate buffer(pH 5.0, salt free, 151~250min) through column bonding ferric

sulfate.
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53.0 kDa

Fig. 4-11. 10% SDS-PAGE profile of the egg protein of heparin affinity
chromatography eluted 20mM phsphate buffer(pH 7.0, salt free) after eluting
50mM EDTA buffer through column bonding ferric sulfate. [33~34 : Fraction number,
Marker : 212.0kDa(Myosin), 170.0kDa(12-macroglobulin), 116.0kDa([!-galatosidase), 76.0kDa(Trans-
ferrin), 53.0kDa(Bovine liver dehydrogenase)]
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Aol 7124, vtav=e] date] {3k, FH AZA Zgol o uiFde] §an
4 So°l vh(Handa and Kuroda, 1999). 53] ¥ wuido] 7y Ade] A3 pH &
of thak ¢etA Aol 2 B} (Burley and Vadehra, 1989; Robinson, 1987; Yoshinori,
1998).

Gl d ol Frrb Frlstd 7IEZ Aol folstal IALE SIS A glon

Aol dWAdd oAM= wwAel Y| EAo] FT7F stth(Lechevalier, 2005;

Matsudomi %, 2002).

-z
Shd

H ovotransferrin®] A EAAEZA 9 TMFAAL ol 7] Y& 7IEA, LA,

2]
T4 & (Kuser, 2002) =73ttt

Sh

it

Fig. 4-12% pH 3, 5, 7, 9, 11°14 2] ovotransferrin® A|7kel]l wW& 7|¥ o] HA3 1
PSS YER I Utk 7B A1l 2390 pH 114 71 27F Ho 2 LGSkt
7b Alzrol AU A Hak ghAaskl el AR 23191 pH 3ol A= 712 FA o] 7HE
AA BAE A pHO Xl fEst= 7|Ee A FEE HolFa vk o A3
5 RS W, VX FAS AR e A5 Sl pH x1do] AFe A=
Bo At} E3] pH 39 ZAdA ovotransferrin® 7] E ¥ A|7ko] AUHAA F&£38)
Hadte AFe Bdod, pH 79 oAM= A Fo] Aol VEPA F b6t
A FAEHE 2oz FaEd ek Ao tdk ovotransferrin®] 71 ¥ A
I tdS SA8k7] 8l pH 7Te AdEs Atk

Fig. 4-132 A4 pH 79 Zz1elA 30, 60, 90, 120Ce] oz dAA-gass o
o 7lx 49 3 S By Zloln. V= B F AZke] Al wel 3t

ke
&893 Z1Ee] WS 0TS exelA /Y wgort He x0Tl el o



Kinsella, 1979)

1. Ovotransferrin®] &+, & F%o] &3 A+
Ovotransferrin> 2 # 52 HFE&E9 dq} % s
gd R QlAE e tH(Cheuk &, 1987). Eg o] axvlel 53t o] gl
o Foesw o2 A4E Fo WAL vk oF 80kDa®l EA S Kol ©dA
¢lo] gkl g o]l (Wang, and Shelef, 1991), o] transferrin® Zol:= Ul 7FA7F <

, AFsE g9y H FHadw el serum transferrin, B4, FolA Hz

L
P
)

WA H lactoferin, A A, WMol A ¢ ovotransferrin, YA, ¢F4 melanoma A 3 ol A

¥A ¥ melanotransferrine] 1t}

Table 4-2%= #2 ¥ ovotransferrin®] & &3 9 3 3o 3HE Hebd Zlolth
AL 7HA] B eI S 7EA] o] 2Eet wolddl tigh ovotransferrin®] F='E
Aasts SAHdA=H 919 sholAe F44d A 2= & F vk ot
25mg/mle] == 83 S w E.Coli, S.typhi, P.aerug®t Candida oA %k <F3k A 3f
s YEHATH

d

P

tt. Ay Agst @A ( holo-ovotransferrin) @] 7154
B Ago e 3 AFH holo-ovotransferring o] &3 In|AE TS =AY
[e)

o HAA mAE Tolx= A TS HolX &t} (data not shown). ©]
AL ovotransferrin®] & FA7]5S 84 E35to] nAE] AFof FagFS FH ¢

Ao 7 FuE)

[

| A& Ibrahim & (2000)¢] #Heo] AR ¥ E.coliolA lysozymeo] 23t &5 wAd
T gz g HToe A E HElol=9l  lactofericine  BFE]| 2] o} 9]
cytoplasmic mambranes &=3A A XA E.coli®] pH gradiente] £4& do7|= Ao

2R e dAZ

o= 7 Ovotransferrin= W @@ o] 39 wwldo|7] spx|qk L3t & 4 =7
2 Q

oA T2 W ZFo AFEoA AT Ovotransferring ¥ 33k Edl Ay
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Foam stability

12 1

10
= ——
E 87 pH3
T ——pH5
I+ 6] —&—pH7
L —%—pH9
N

—*—pH11
2 -
0
0 10 20 30 60 120
AlZ+ (min)

Fig. 4-12. Foaming capacity and stability of separated ovotransferrin in different

pH range
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Fig. 4-13. Foaming capacity and stability of separated ovotransferrin in different

temperature
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Table 4-2. & a3 3 FFo] 87
bacteria C dbicans| S saevisiee | aspergilus
E.Coli | S.typhi | P.aerug. | B.sereus | L.mono
concentration (veast) (yeast) |oryzae (fungi)
3.08 nd nd nd nd nd nd nd nd
6.25 nd nd nd nd nd nd nd nd
125 nd + nd nd nd + nd nd
25 + + + nd nd + nd nd

++! very sensitive

+! sensitive

nd: not detected
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A sts 7e e Ay Aggsta MER F55= Aot (Mizutani 5, 2001; Boffi
and Congju-Castellano, 2001). o] He] 7 5Ao] Ht nA=ZA] L Asjjof <

=
=
dh EE Edssdel APAoR WA v 42 Fi ASE Ao

,
o
9

(Aguilera 5, 2003).

Ovotransferrin " A& A4 4242 & AAANHOZA Fo s 54

S Hole Zog &AL k. AR W RNy X {EES A serumdl A
= MAEATS AT free iron®] o] &o] E7Fssth tuthy, Hol2ow FHd

ovotransferrine 4HW-S Ecoli®] AAS 93 HZ wdEd=2 AN A= &
1L staphylococcus aureus Y U2 nAEo] thal Ao mYEAA E3fo] I

S v XA g=vH(Ibrahim 5, 20000 7 A3%= Qi)

g mAE A& 54 dexdd
Giansanti 5 (2002)& lactoferrin ©] lysozyme¥} A S3 3474 & n|APE a9
AeadEsE v B sk weka 2 Ao A% ovotransferrin® lysozyme,

avidin ¢ 3 "AE g2 =A5 4

1) avidin¥} ovotransferrin®| <% &3}

Table 4-3& avidin® ovotransferrin® EdA}Eo] 3 L dFFo] 7|5 A5E
B2 FEAE YR = Folu ovotransferrine] RS £35S W 25mg/mle)
FEolA styphizh 9A 32 B oy 125 625 3089 FEoAE i FIHE

Holx ¢kttt FFolFol = IGA] candidadl A vt A4S B o 125mg/mle

Table 4-4+= ovotransferrin®] v 2 gg3do] &4 H52202 lysozymeo] 2}
£ F d=AE dEdE Holth f9 x 29 H=g AFgS HAAY s.typhivh
125mg/mle] FEdM %= <3t s a5 HJoy P

WE Holx gt FFolFolHE Candida®l oA @37l By B2 Ao 9

3}, ovotransferrin®] & 2 & FFo] A S

aerug o el = 238 &

~

F5 A1 71 7] Y&l lysozyme™} avidin

0O

o dge] mel 3A 2 Ao BAHUAW §714ke] HQ Hgo] Fo BaF
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Aow AZHo}l A7)AEe] AFNA o]olq FaAT Rolt,

3. Ovotransferrin ¥z o] &% syt

b ARSI e it - FETe] B A

ot

228 dxo FalE A5t Aol A ovotransferrino] ¢k af - Fo] S S
B}l Staph. aureus(ATCC 12692), E. coli(KFRI 00174) % Candida albicans(ATCC
10230l tiste] ARaEg e Fadds FAsN e, 1 A%} Table 4-5%

2,

oz
A
)
o,

g AT Fgolel de Afads FAGATH FAJA A 23
= g Adw. ©7F ovotransferrindt ZHAAZA4 EDTAE 37 H7bs A2+
(T2)o1 A E.Coliol thste]l A3 &35 Yt (Fig. 4-14).

rr

2 Al (chelator)?] EDTAE Fol&E59] o] &7le S Addowr Faad4ds 7H4
glow A9 lipopolysaccharideE 3 #Z-& A
st 27F FoleEY HEFAE FAdsd AEwE E

A AEstd Gram /4w AEY FRAFESE vbE F doh(Padgett &, 1998;
Boziaris and Adams, 1999; Grill and Holley, 2000). B&3]4 & E] ovotransferrin
s HAME AYH(The FddAel uehdA @%kou, Fig. 2043 2o
ovotransferrin?} Zrg A=A EDTAE 7 H7kst A2 F+(T2)7F tidatel dishd]

IS UEd A2 oleh 22 o] fd Aow Atmd

4
ke
=
X
=
M
D)
it
~
Lo
o2
NS
Rl
12
]

tjo

ol
O~

228 2K(Sorbic acid)¥ ZLAe] U F84¢ A2 A= gRek 22 vhFe Al
weol RESRMA FRLsH AHgdn. as
& FEE MAEES 0.05~-0.30g/100mle] &322l FoA A AY AFS A
AAIZITE, Potassium sorbate®] &2} 150.220]31, A2 B Ake] 7MY &34 Qe
FEHE T4 gtk (Sofos and Busta, 1993). 1ejvt AEaAd ZFoll potassium sorbate

= H7FE A (T3 8 qdA S Holx okt

rlo
ol
ol
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Table 4-3. &+t 2 gFFo] gofof g avidin?} ovotransferrin®] 35 &7}

bacteria C dbicans| S saevisiae | Aspergilus
E.Coli | Styphi | P.aerug. | B.sereus | L.mono

concentration (veast) (yeat) |oryzae (fungi)
3.08 nd nd nd nd nd nd nd nd
6.25 nd nd nd nd nd nd nd nd
125 nd nd + nd nd + nd nd
25 nd ++ + nd nd ++ nd nd

++: very sensitive

+! sensitive

nd: not detected
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Table 4-4. 3+ 2 3 F3Fo] @3o] )3k lysozymed} ovotransferrin®] A4 & 3}

bacteria C ahicans| S sarevisiae | Aspergilus
E.Coli | S.typhi | P.aerug. | B.sereus | L.mono

concentration (yeast) (yeas) |oryzae (fungi)
3.08 nd nd nd nd nd nd nd nd
6.25 nd nd nd nd nd nd nd nd
12.5 nd + nd nd nd + nd nd
25 nd ++ + nd nd ++ nd nd

++! very sensitive

+! sensitive

ND: not detected
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Table 4-5. Antimicrobial activity of biodegradable packaging films

Treatment bacteria S. aureus E. coli Candida albicans
Control nd nd nd
T1" nd nd nd
T2 nd + nd
T3 nd nd nd
T4 nd nd nd

“refer to Table 1 for
nd : not detected

+ ! sensitive

each treatment
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Fig. 4-14. Antimicrobial activity of biodegradable packaging films treated with
ovtransferrin and EDTA(T2) on E. coli(KFRI 00174)
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sorbate® H7Fet A2 (T3l A= A A71to] 7ol wel iz viste] 2
Aoz Fe(p<0.05) AT F7HE A (Fig. 4-16).

(

o= A

]

rot
=
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Fig. 4-15. Antimicrobial activity of biodegradable packaging films on total

microorganisms of chicken filet during storage.
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Fig. 4-16. Antimicrobial activity of biodegradable packaging films on E. coli of

chicken filet during storage.

- 146 -



231

i
ol

o] 71. (1999). At} grarrje] stk F3E3HA} p. 187-202.

Aguilera, O., Quiros, L.M., Fierro, J.F. Transferrins selectively cause ion efflux

through bacterial and artificial membranes. FEBS Letters, 548:5-10 (2003)

Akihiro Handa and Namio Kuroda. Functional Improvements in Dried Egg White

Through the Maillard Reation. J. Agric. Food Chem, 47, 1845-1850 (1999)

Beuchat, L.R. Functional and electrophoretic characteristics of succinylated peanut

flour proteins. J. Agric. Food Chem. 46:71 (1981)

Boffi, F., Congju-Castellano, A., Varoli-Piazza, A., Della longa, S., Girasole, S.M.,
Yalovoega, G., Soldatov, A.V. Iron and copper K-edge XAS study of

serotransferrin and ovotransferrin. J. Synchrotron Radiation, 8:196-198 (2001)

Boziaris, 1.S. and Adams, M.R. Effect of chelators and nisin produced in situ on
inhibition and inactivation of Gram negatives. International Journal of Food

Microbiology, 53:105-113 (1999)

Burley, R.W. and Vadehra, D.V. The Avian Egg: Chemistry and Biology. John
Wiley and Sons, Inc. New York. (1989)

Chen, M.C., Yeh, G.H.C. and Chiang, B.H. Antimicrobial and physicochemical
properties of methylcellulose and chitosan films containing a preservative.

Journal of Food Processing and Preservation, 20:279-390 (1996)

Cheuk, M.S., Keimg, W.M. and Loh, T.T. The effect of pH on the kinetics of iron
release from diferric ovotransferrin induced by pyrophosphate. Journal of

Inorganic Biochemistry, 30(2): 121-131 (1987)

Cho, SH., Lee, S.Y., Kim, JW., Ko, GH. and Seo, ILW. Development and natural
antimicrobial agent isolated from grapefruit seed extract—antimicrobial activities
of grapefruit seed extract. Korean Journal of Food Hygiene Safety, 10: 33-39
(1995)

Choi, J.H., Choi, W.Y., Cha, D.S., Chinnan, M.]., Park, H.]J., Lee, D.S., Park J.M.,

- 147 -



Diffusivity of Potassium sorbate in k-carrageenan based antimicrobial film.
LWT, 38:417-423 (2005)

Garibaldi, J.A. Factors in egg white which control growth of bacteria. Food Res.
25(3):337-344 (1960)

Giansanti, F., Rossi, P., Massucci, M.T., Botti, D,. Antonini, G., Valenti, P. and
Seganti, L. Antiviral activity of ovotransferrin discloses an evolutionary
strategy for the defensive activities of lactoferrin. Biochem Cell Biol.
80(1):125-130 (2002)

Grill, A.O. and Holley, R.A. Inhibition of bacterial growth on ham and bologna by
lysozyme, nisin and EDTA. Food Research International, 33:83-90 (2000)

Ibrahim, H.R., Sugimoto, Y. and Aoki, T. Ovotransferrin antimicrobial peptide
(OTAP-92) Kkills bacteria through a membrane damage mechanism. Biochimica

et Biophysica Acta. 1523:196-205 (2000)

Kuser, Paula,; Hall, David R; Haw, Mei Ling; Neu, Margarete; Evans, Robert W;
Lindley, Peter F. The Mechanism of iron uptake by transferrin: the X-ray
structures of the 18kDa NII domain fragmant of duck ovotransferrin and its
nitrilotriacetate complex. 2002. Acta Crystallographica. Section D, Biological
Crystallography. 58:777-783 (2002)

Lechevalier, V., Croguennec, T. Pezennec, S., Guérin-Dubiard, C., Pasco M. and
Nau, F. Evidence for synergy in the denaturation at the air - water interface of
ovalbumin, ovotransferrin and lysozyme in ternary mixture. Food Chemistry,

92(1):79-87 (2005)

MacLowry, J.D., Jaqua, M.]. Detailed methodology and implementation
semiautomated serial dilution microtechnique for antimicrobial susceptibility

testing. Appl. Mecrobiol. 20:46-53 (1970)

Matsudomi, N., Oka H. and Sonoda, M. Inhibition against heat coagulation of
ovotransferrin by ovalbumin in relation to its molecular structure. Food

Research International, 35(9):821-827 (2002)

- 148 -



Mizutani, K., Muralidhara, B.K., Yamashita, H., Tabata, S., Mikami, B., Hirose, M.,
Anion-mediated Fe’+ release mechanism in ovotransferrin C-lobe: a structurally
identified SO,%’ binding site and its implications for the Kkinetic pathway. J.
Biological Chemistry, 276:35940-35946 (2001)

Padgett, T., Han, 1.Y. and Dawson, P.L. Incorporation of food-grade antimicrobial
compounds into biodegradable packaging films. Journal of Food Protection,

61:1330-1335 (1998)

Robinson, D.S. The chemical basis of albumen quality. In Egg Quality— current
problems and recent advances(Wella, R.G. and Belyavin, C.G. ed.). Butterworths
and Co., Ltd. London. (1987)

Sofos, J.N. and Busta, F.F. Sorbic acid and sorbates. In P. M. Davis, and A. L.
Branen (Eds.), Antimicrobials in foods (pp. 49-94). New York: Marcel Dekker,
(1993)

Wang, C. and Shelef, L.A. Factors contributing to antilisterial effects of raw egg
albumen. J. Food Sci. 56(5):1251-1254 (1991)

Wang, J.C. and Kinsella, J.E. Functional properties of novel proteins; alfalfa leaf

protein. J. Food. Sci. 41:286 (1976)

Yoshinori Mine. 1998. Adsorption Behavior of Egg Yolk Low-Density Lipoproteins
in Oil-in-Water Emulsion. J. Agric, Food Chem. 46, 36-41

- 149 -



=
O
02
N
W
=
=

of HHY 24

A1 A AT &M g g FA4

1. Aol &H] 54

Woll = 3933 E, 19959 ol 45451, 20006 el = 479%+E, 183 2003 ol = 503
o2 FEsl T shvh 190 1Y Algad g B 19859 el = 17.0g, 1990l
+ 21.6g, 1995l &= 23.5g, 20001 o= 23.5g, 2003l &= 242 go & HF3] S7Hs
Sk ATkt 25357k e SeuEe] AR v AR FEs S
3l A, 2y O SUbEAlE dAlA e ® gstE o Ak

Seuebe] Agau ol GO of™A WT AANE sepss] 94
7S-s W) ¥7]2 o Table 5-2% 19 199 AdF w2 2+
ERfal dth 20029 A5 BY 95 3
36g, MUthe 35g, ZEF2E 48g, 18 UL

4 3
Uebrth 1919 Avlee] Wik whel $elueluch A%e] we UetE ww FF
1 = au)

o] 55g o2 SEuetrnct Bx v Ay 15g, JEE 05g, ZE WS 21go 2 S
vehroh A

aga Axd FUEAE B s A9 ot S AV AAGEHE YERY 1
AL, AF =7kl B AAFAE JERU AL 9tk (Table 5-3). WFHo| W &A= o]

A AdLHFAl= AL Srksta dnh ol el f-uete] Ae= 50 STt
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Table 5-1. A&k An]FA]

1985 1990 1995 2000 2001 2002 2003

A =l A

(1,000 ton) 309 393 454 479 490 537 503

10 143 Al

om0 2 (g) 17.0 21.6 235 23.5 239 26.0 24.2

b5 0 12003 A FrE R, FEEEAAATY, 2004,

- 151 -



Table 5-2. 11 199 A&F Gz

o
o
o
v
s
(S

1972 1974 1976 (1979 (1982 (1984 |1986 [1989 (1992 (1995 [1998
-7 | =76 | 78 | 81 | 84 | =86 | -8 | 91 | -94 | 97 | 00

2002

gk 12 1.3 14 1.7 19 20 |22 24 | 25 26 |26 |33

o 45 |44 |45 |46 |47 |48 |51 5.3 506 |55 |54 |67

w7 49 |47 |46 |46 |44 |43 |42 |39 39 140 |42 |43

@ = 46 |44 |44 |43 3.9 38 |37 |32 3.2 |31 3.0 | 36

Attt | 4.0 39 138 |38 |36 35 35 |31 3.1 3.1 33 |35

xzgk~ 1 39 4.0 4.2 4.5 4.7 48 | 49 46 | 46 4.9 5.0 | 48

o 53 | 52 53 |93 52 |51 50 |46 |39 |39 3.9 |40

=
T 0.7 0.7 |07 0.8 1.0 14 1.7 20 130 |45 |49 |55

A4 1.7 15 1.3 14 14 15 1.5 1.7 1.5 1.3 14 |15

A= 0.2 0.2 0.2 0.3 0.3 0.3 03 (04 |04 |04 |04 |05
g9 | 11 1.3 1.7 16 1.5 14 1.3 16 1.5 2.1 21 |21
Abg 12003 A ETE R, S EsEAAAT, 2004
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Table 5-3. & =7pPd 191G Al 2npAst(h/¢1/49)

- w = 1992 199 1999
& = 181 179 178
9 = 340 342 347
A o 185 177 182
il = 232 238 251
q = 179 172 165
o w 244 294 370
z = 179 174 211
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Table 5-4. Alst AHA]7}2 W 3}3=A)

1990 | 1993 | 1995 [1998 2000 | 2001 2002 2003 2004

A e 714

o976 486 681 859 693 860 749 762 1,068
(1/1070)

L=k Ae | 712 | 774 | 832 | 100.1 | 100.0 | 99.5 99.2 101.4 107.6

=

Az TEAETEA B eEAR,, vET G, 2004,
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Table 5-5. AlFA e AF 2 dAFH S
4 £ A FH |x %) | TF | 7R | AA
Ovoalbumin Al ekF 98 1Kg | 96,000 =
Egg yolk aceton powder Al ok 98 10g | 54,000 w) =
Egg protein Albumin A ok 98 1lg | 54,000 u) =
globulins Al ok 98 1g | 346000 | W=
R 21 F -7t 90 o] 1Kg | 12700 | <lwi=
Soybean protein g Fay A& 95 o]’ 1Kg | 5100 w] =3
ZE IgY-VP8 A EH 100 1Kg | 42,000 =
A3 9 IgY AEH 100 1Kg | 42,000 =
IgY o IgY EC L 80 360g | 138000 | =i
IgY A2 H 7} =
I-D One(gG, IgM, %) KR 5.05, 04 12nd. | 35000 H| =
Phosphatidylcholines(PC) Al ok 9% 1000 | 100,000 | =4
Phosphatidylcholines(PC) Al ok 95 1000 | 150,000 Extl
Phosphatidylethanolamine(PE) Al ek 95 500 | 180,000 =
Phosphatic acid(PA) Al ok 95 1000 | 500,000 Extl
Phosphatidylglycerols(PG) Al ok 9% 500 | 300,000 | =ui
Egg Phospholipids Lysophosphatidylcholines(LPC) Al ok 9% 500 | 150,000 Extl
Lysophosphatidylethanolamine(LPE)| A] 2k 95 500 | 360,000 Eat)
Lysophosphatidylglycerol(LPG) Al ek 95 500 | 120,000 =
Phospholipid 30%(bulk) A EH I E 30 1Kg | 50,000 =]
Phospholipid 60%(bulk) A EHI=E 60 1Kg | 200,000 =
Phospholipid 95%(bulk) A EH I E 95 1Kg | 300,000 =]
Phosphatidylcholines(PC) :} ::ELL gg 11(1%0 gg j]i
Phosphatidylethanolamine(PE) i} :j;g 2: 52(? ﬁ% j]i
Soybean - A ok 95 500 | 280,000 | =l
Phosphatic acid(PA) AEE % 50 | 100000 e
Phospholipids Phosphatidylglycerols(PG) :: :jg gg 55000 fgg’g j]i
Lysophosphatidylcholines(LPC) i} :j;g 2: fgg 1%% j]i
Lysophosphatidylethanolamine(LPE)| A] 2k 95 500 | 360,000 et
1,2-Diglycerides Al ok 99 500 | 180,000 Extl
Egg Yolk Lipids
1,3-Diglycerides Al ok 99 100 | 24,000 Ent]
Egg yolk emulsion Ak |30%, Egg yolk| 10ni | 61,000 w) =
e Egg volk Aok Egg Yok | 100g | 18000 | ®1%
«ZAPNG B EAAR Aol U FUEANNE e She) 43e AEIN 3l
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Table 5-6. =l IgY Ai-dA 3t =A A+

A E 8 <l B TH@7HAE) | AL |9EFE| VIE
(%)

ZE IgY-VP8 | IgYd3Hs 1Kg | 42,000 | (FHHNEZ = A F A
A IgY| IgYwdss |68(43H)| 120g | 9,000 (FIANE = 7158 A
o IgY I[gYa2  [80(+3h)| 360g | 138,000 | (FHHANEY =l 71588 F
Aol zs | IgYdEE 403 | 270g Fgutele | I 71T AAE
Coli-lock [gY3Hit (F)dupol g | = (AR FH A
Ulcer-lock IgY 3+ (F)vfel g | I (AR HTEA
ID-One IgG(A A2Z)| 9(1gG) | 120mL | 35,000 | (F)thE A2k v | ATFEAA
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Table 5-7. A& T A F2 71244
_ ] B5lo -
A% Sop | FHme)| A | s | g
ERN =31
L-3-Phosphatidylcholines(PC) Bw%ol | g 5% éﬁ%g;, Ak T
VX
L-3-Phosphatidylethanolamine(PE) ~ [95%°]%| 1g 400 $ éf;{‘;;}, AoF S
=)= A}
L-3-Phosphatic acid(PA) 9B%old| g 300 % émz S| A 5 F
_2_ : o) X} (—2[_—)%/:\_]_— oF &1L
L-3-Phosphatidylglycerols(PG) 95% 01 % 1g 300% n}o] 2 &) AleF 5
VX
L-3-Lysophosphatidylcholines(LPC)  [95%°]%4|  1g 210% éf;{‘;;}, Aok 5F
—2_ 3 3 (o) A} (‘zl‘)l:l‘}d— or =L
L-3-Lysophosphatidylethanolamine(LPE) | 95% ©] 1g 500 % H}o] 2 &) Al S|
VX
L-3-Lysophosphatidylglycerols(LPG) |95%°]%| 100mg 80% éf;%‘;;}] Aok 5
—2_ 3 1 (o) A} (‘zl‘)l:l‘}d— or =L
L-3-Lysophosphatic acid(LPA) 95%0°]7| 25mg 135% Hho) o 8] Aler 54
- o) | ()T | AFHTY
Phospholipid 30%(bulk) 30% 1Kg | 50,0009 n}o] o 8l =
Phospholipid 60%(bulk) 60% | 1Kg |2000009| (TR A%
ospholipi 6(bu 6 g 0009 | wejowm | ae
Phospholipid 90% (bulk) 0% | 1Kg |3000009| CTH L HE
ospholipi 6(bu 6 g 0008} ojom | mopm
[0)
Egg yolk emulsion egggoéc’ﬂk 100mL | 61,0009 | Sigma | Al%S5H
Egg yolk 100g | 18,0009 | Sigma | AleFs+
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Table 5-8. tjAl s=4 A& Fdd

2001 2002 2003 20043
FUAFH| A=A A=Y | FAdFY |
(22 = @(Kg) (22 = Z(Kg) (%) = (Kg) (22 = @(Kg)
=4
(=) - - - 5901 1,876,809 90| 263,007
A A 5901 1,876,809 90| 263,007
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Table 5-9. thAl A& A2 FAdL

2001 20024 2003 2004

ol Ea
-1 ZF/’]Z T
) & o(Kg) (

O_HI
= HF(Kg)

)

I~ L
v o EF(Ke)
( =

~
A o

=Y
o | = H(Kg)
=

RS
e =
e =l

o

(;g_';ﬂ; 2,025 3,024,097 2,047 1,755,468 4,160| 5,295,587 1,420| 1,904,966

T4
2 ) . . - 14 450 91| 120343
(25) " |
oftel s
o 322| 721,920 911/ 1,743,000 442| 532,680 132 159,789
SET gisa|17777207) 7654|14944670|  4373| 6.356.218]  11.641|14863073
(}—%) ’ ’ ’ y s ) ’ ’ ’ ’ ’ ’

2

Al 9,531(21,523,314|  10,612|18,443,147 8,989(12,193,935| 13,284(17,048,171
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Table 5-10. ¢F1 4] A €
20019 &= 2002 &= 20039 &= 20043 &=
A=A | TATA| THAFN | A=A |
(22 = Z(Kg) (A2 = ZF(Kg) (A2 = F(Kg) (A2 = ZF(Kg)
Sieas| 3,356 | 107,252 3,371 90,287 3,350 | 104,499 1,480 26,653
dry G a7 10076 - - - - - -
A A 3,403 | 117,328 3,371 90,287 3,350 | 104,499 1,480 26,653

Table 5-11. thF @ 714 (20059 @A)

A& AR (AR F(%) | TF(@ | 7HEAE) | LA | 5T 7] e}
w2 o+ .
PROTEIN 90 1Kg 5,100 ()44 = | A EFHTHA
il (=9)
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Table 5-12. 71} thA G A =913
2001 2002 20033 2004
cgza | o feara| Lo (s Lo [FeEa] L
FHA Q1 10,195 | 2,020,580 10,242 | 2,302,465 8,100 | 1,994,513 10,727 | 2,082,240
o)

7}:?12:— 30 6,639 18 4,035 28 5,648 48 7,000
=

ZHAI

oA 19,221 | 3,303,349 16,335 | 3,017,330 15,848 | 3,235,807 23,637 | 4,088,956
IE 388 42,266 587 94,720 739 76,593 762 65,634
qE

o 1 - 27 1,520 2 112 63 1,593 30 455

A
)

OLE l_];:é] 8,089 | 1,573,569 7,074 | 1,250,153 5,375 976,060 6,813 | 1,420,752
o4t

R 36 440 45 440 7 50 14 220

g

=27 27,829 | 4,604,405 30,927 | 5,451,125 27,063 | 4,813,172 18519 | 2,718,156

A A 65815 | 11,552,818 66,230 | 12,120,380 57223 | 11,103436 60500 | 10,383,413
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. A3 9 (market approach)
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Table 5-16. 7 = Algk A4kd] 51 g9} Wl

1$=1,20091, 1Kg=62.5g*167] 7}73

A 2] A@74

(Cent/Kg) (Cent/Kg)
¥ = 82.77 133.33
Aot 46.57 10252
o = 4356 58.35
H Al = 56.29 78.68
Zgx 55.83 77.19
s = 74.91 53.20
2344 75.65 94.12
g4 2 90.69 130.90

=4 @A SFE 3 (1998)
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Table 5-17. WF3&E ¢ 4=

2001 20023 2003 20043
FadEH | TR | T | Fad=Ad |
(2 2) = Z(Kg) (2 2) =% (Kg) (22 = 2 (Kg) (22 = %(Kg)
1,089 293,024 1,383 332,010 1,055 221,767 834 195,541
Table 5-18. W3&2 71220053 &)
A% A& = (g) A (%) A2k m) 3] A 4=

(F)A el 2ol = | 2553 7kA)

ne
ot
M
=)
00
O
[«
(@)

PROTEIN 1Kg

m
2

- 179 -



o

RS

dEA 912001, "TUTEAB MRS, FEAE

r-{m

TE21(2000), THAZIF] 7=k Wby, AR AR MAES] =
7148137520000, 71 e V1] HIh .

AE21(2004), TH]E - HEA, , BFF AL

A& - A45(2004), UG - o)A ] o]&d HA, , BFIAL

AE(2002), “71=7Fx1H 7t A A2t &AW Technology Appraisal Journal, #|13
A1Z, 49-70.

FEIA(2003), “H7IEA A=A At #AHA  J]E7HAH7F AREY, Technology
Appraisal Journal, A28 #|2%, 75-130.

QAF - F4(2001), “FIHITHE ol &g AP U= A B A7, TAER
FAF, , Al18A A3=, 147-162.

78171 (2001), 2000 A7 F G S EA DAY -7 AR R D AL
538173 (2002a), "71=7kA B7F Abe AT .

5353 (2002b), "5 AAA 7FA B, .

5354 (2002¢), T3 AS}t 71=7kA] H b, .

£517(2002d), "53] BAA 7=t HriEd,

Fr5(200D), “71= ZHAE7F I AT, TG AT, A0 A2s,
451-473.

Westland, C. Valuing Technology, John Wiley and Sons.
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