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L5 FUASUY c¥UIA AEL ARG & SYUFdMe
F2ATY 4o H3 e oA oF A Yy FH2HE
o] F8 AAZAH FELFTE AL HE& dFA o8 B H¥A
HConnor %, 1981), v]=9] American National Heart, Lung and Blood
Institute(NHLB)Il A & o]9 & A& o AsAM 3ol HHse
ZY28EF L 300 mg ©5E AT Yo AILA o= A
7h o9 ol AuUstE AR @i FRHH Je FUA2HE FIFY
A A= FF 275 mgAE7E H71 g Eolth(Bogin, 1991). 22y Al@ e
o2 Ee] dolA AT IWEY AHHA dAo] HI YA & &o
o AZE T3 HAFAse Yol Fe2HEe]l BF Fe2HEAY ¢S
n Az ¥ette A7Z 3} (0'Brien® Reiser, 1980; Flaim %, 1980)9) %
ET3n AvAES] Sd2HEC oid ¥#AFAA A4S dA B4 A7)
Z Z3ta o} Ad £330 A 2uFL ASHA F2FFE 9
£33 A& Aotk A oldd FAE TR AR dBozA
ZH 2 EY $Fe W3 AAFYAANFEHA2HE, 2mg "W/13
2) & REFHoR ARAY ASY2HE AT AF(2-24 mg/184])9]
gL d3dAE B8 AFAAAS AL gl ZEAAYe] &
B3ttt A7k A F ol

Ade ZU2HELS BH F& 71€d W= A FHAL A&
F A AAe AHFTH el g RozAM A &, 3¢H A

NEEH: NBUAHE HBHESY da)|2 e/ S8R



de AY 7R FT AFAl AlRe 2A4E WRAA FUHEA
(Weiss, 1967, Naber, 1976), 226 &9 &4, A4 2 F834 S A3
A7e 48 Foid F48HEA Z& 7 FFoU FTHE FAFL
2 HNAGHAY g ARF7], v, AR A7) & XUFEEN
AZY2HE AZFL Aste Relth(Singh 5, 1979 Hausheer o}
Fisher, 1978; Bogin, 1991). °j21# Ab¥3Ha #ie] ¢ AZTH2HE
Ade] Y Fu2eE9 Astgol I3 ol Agstd & F9d
£ 15% nigtoln] 30% o4 AIAAL AL A@&el A "oAE T
EAHol AF¥HI e Aol @ACITh

A e A4 e €8 Ade 7eHeE €9, I3H
AYE AAE FH2HESL ARAIE PYPolt. FH2HES AA
7] 9% AT N2 HIAPPdls FAAY £42E ol &IHAY
(Riccomini 5, 1990; Beitz, 1993) 294 F&¥olvt &l FEUL A8
5o Z2Y2HEL AASE wdol ov(Bradley, 1989 Yano T,
1980). £ A&7 ol &3 e ALE AAZHE PY(Bracco T
1992; Fioriti &, 197958 & + Itk °1& ¥y 77 .ol sl
oU Zout: £92ddA #Hust AFEH T BHEY ¥ of
Uzt 2689 AALE] 70% ol @3t AR wFgNE F2
2AE o)&§ AZU2HEY ARAF Ao FYH1 Ao EE ¢
B oue Qe AN BAS #%F R 1%H FIA Asrt et
}EHO) WA E BAGe) AHHT ot ol Y HEL REHD 3
AHQ EAo MAwAdA AHASA AdY AHE 7IHHA V=S
Fz8 829¢ AASG Y2 £83F 71495 ArdH.
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1. d7A% HERE

Avoze FHAHS 70~95% AAY AVAE =, A3y d
£ ANHE J14e FUAT o8 o1E% AWATAZY AWrE AR
E a7 HFEE @} '

to

2. A7AE] wg L HY
1) B-cyclodextrin 5 FHAE o) 43 SH2HE AA

B-cyclodextrin 5 ¥ZAAE o] &3t AP ZH2EEL A&HLE
AAs7] AF ANP2AQA 94, TR T, TP, 46 &, FEHA
Aol 5o e FH2HE AALE HESHAL.
2) ¥ 5 JEA FAE o4 ZTY2HE AA

NE2A FAE o8 @ AL Fo EAste FU2HEL £
AAse F2 FRL dgstn FA2HE AALEE FHAIY A%
A pHe A9, pHe 2AWY, TFF 59 EHHE & AEINUS.
3) 2YAFA &9 AEL T8 AxPo2 Ry FY2HE AA

AT E4o &4 FA dodAM Aoz FTH2HES AAG
£ F49 Age i) A% FELE, &9, AR, 2YARAA #
¥ 2 uzgve ¥4 AE2AL PESALR Fd2dBe] AAY
g9 7% SA% A 24 F 3%y 548 AESGAS.
4) NEAH FAYG 294 F& g Qdqde2fEH EFH2HE
AA _

HNEA FAE o8 E SFA2HE AA YH 2YAFA FE2HLE F
Aol o] g3t AMAFo2RE FHU2HE AALELE L SUHS daA 3§

& AAY AFIE JBH A HE2UD ¥ 2AAKA 23
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Al AR 2249, Az %, BR4ue 78 AN 5 A
o YAE9 71%5A BT APY 24 5 a 548 AEHUS.
5) £ o443} Jg FH2HE AAPY] EfH LA 4@ 2
2HE AARSY Fds ¢ AT

F7HA ol de ZezHE AATRE ¥4 g3t EY2HE AA
&8¢ ZvY3sst: HURDLE TECHNIQUES H&3dten Fa Wy
Fa4A4 o2y H AEA FA AUy EFHE, FAA o &yH Ed&
HE Rdaaxzgde 238, FAA ol&¥d 2YARA F349
EPHE o] AESNLT ojFA AL YAEY 7153 FAH AW
A z4 5 383 548 HESNS.
6) SH2ENE TFol WolA A9 AFHEALT AT

Y 2HE TFo] 2ol AJE ol gty ARLagE YA TH
& Y] Y5t F4F A9 FF 3hE 2 AF R HAHY
#F23 ol ZEHAL.
7) B2 E AA A48 FHA AL A AF

Ao SU2HE AAAN AHEE FAAE ALY AT APAY
wete ZTs7] $1std A &oie] Mz E@ulE, 4R ik AR
X Fo] BYsUen ALY FHAY SU2HE AAES Fol AE
HAS .
8) AZH2HE AT FAST2HEH FY26S9 ¥ A4

AgozRe UAHE AAA PAslEs FABole ohFe] FH2H
go) gaslol on o] FY2HE £F T84T AYol2g o] o] 43}
7] §i5t 2AE2REH ZYP2HEY £ FAE AFAY=EE FEF
A2

NEEH: NS AHEZE HBHES da)js e/ s8F



V. |37 dap 3 &-2of cfst Ao

1. 742 23
1) B-cyclodextring o] 4% d§9 ZH2HE JA
B-cyclodextrin(B-CD)°] &% 9] oil-water interfaced] EX @ a2
HEH 283t G849 EFANE YHde BEAE o83ty dgozy
B EH2HES AATA QoA HIYA(YAE, TWLE, THrAZ
B Mul &, B-CDo A 2HES )& 2siue o 4o Fd2v
€ AALE AHEUch B-CD - cholesterold] -84 EFAE 4737
A HHAYY, 2= ¢ 2PAELE 42} 2000 g, 35C, 15822 Yeg
on 33y FHFF AHUEL 1 :3Y w FH2HE AALSH YA
e ZEHAAN {FASA JEgd £ p-CDH ¢85 289
=47 3119 W ZU2HE AALEL 75.0% oo, FE nPHEL
68.2%& YEUA L, B-CDS F2HES EnH|7} 5 : 1dAE S 2H
€ AAE 889%, & RPN E 64.6%E JEIHAD. EH7L 612 HRA
g de ZH2HE AAE) 959% oIAXNY IE YA RO 569%2
A7t B-CDY ¥ol BETEF FH2HE AALY:= FHIJAANT d39
FEFGF9E0] Bol IS ¢ &+ ANTh w& A p-CDY FdU2dHE
9 g¥lE 3:1~5: 194 EHA2HE AA7} o|FAAE o) dF9 &
AQEe IEAE Y o FESYY BEHAS

2) diF#E o8¢ IR FH2HE AA

dFe FAZHES AN At WFERE ALY W AP
€9 Azte A mAY ELFE HEV] st wE £x3 away
ool o W& 47 oA} I FH2HE AAE Bols=E 3
71 fstel d&o] did 10%] NaClg H7bstied, 8000 rpmelq
Al 302 olde FEE LAt WeAoen 257 ¥ £5 IRF
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o ZH2HE AA EA & Ao deth waEA ¢ w3
WAy e FA e s e SEER HHse A9 ZY 2"
AAd ST AL ¢ & A}k TR 3 FTHRF A7tu) &) 2
L1 04y W To2HE AAESS 622%01AeW IE IYALE
1016%< UEIQTh ol dF#E HA Afsnx ZH2HES o
AASGE £%E YehiE #rugol QA FE 1Y J¥o) 100%E =
Bae Rez Bol FFRAF(O/W)S emulsion®l i PHESE ¢ T
Qo ¥ tSS : O% : FRFY Ah vE& 4:1:08% R o
fe 2U2HE AALS BE nYYE FZ 67.1%, 893%E VER
CAAde pH o2 ASAL 5% £F FA% emulsiono] ¥4
Ug2s 829 27 oifon] ¢ di@ NaCle A7t 5=
wg =2 ZU2dE AR 2L ¥RE3 7155 27t S¥E @
AR e

44 ir £ £

3) @ pH 2 pH ZAAZ AFRE o8 IFTA2HES
AAEE AL 9% |

gy 29 2HLHES AAR] A AFHE ASsed Ao
M wges pH 2 pH ZAAJ EAsHE AARE PINE 9FE
oo} Witk pH ZRA2A IN NOH E& IN KOHE A-g3te} ¢l
o pHE 7,8 9 % 1002 ZF5T, pHol e Ed=HE AAER 2
E1YHAETFL Lottt IN NaOH ¥+ IN KOHZ AH&3i& 73
e = AN pH Z7tl o FAzHE AALE FAsAE,
Gl e pH7 9Q ol EU2EE AAL] MY wRh AIRE ¢%d
o pHE Z7HA71E R4l AX dRAd EA2HE NEIL
= 4 Aelsy] dEolgien pH ZAAY Hdd UAeiME IN NaOH
v IN KOHE AHgEtE Ro) diiee pHE 9% ZA%}edY =& &
ao] B @A Su BA2HE AAL] 22 1% 86.76%, IE
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TR Fo] 57.94%9 64.46%2H ZU2HE AALTASL FELYE B
A Fgtoh wol gatd A dTH FRF WHES pHZ3
AZA IN NaOHE AHg3tde A%de dFf, ¢%, 3754 v7t 3
1:06, 080192 wol Fa2elE AALo) 81.65%, 84.38%2A 3%,
o] o HERYE FFL 6856%% 69.02%°1UT. £ pH ZRAR
A IN KOHEZ AH&£89e A$de dFH, &%, 759 vb 21
0401M AALL 8438%0IU T, FELP L 6832%2A pH ZRAZE
IN KOHE A}3tn B58, ¢, 2749 HE 2:1: 042 8= 3o
HEgo] AHES ZoldAN ZY2HE AALL Foled uAFsTIL AR
FHA.

4) 297 o) Aseid g PRz RE FH2HE FE

GRS 294 ollsgaz FEeE, ¢, ARe 2
2z3d ¢y Ay ZY2HE A= HYx R FEBFI9
A, AW 24e SASRAS. xYA o)AgEid iR A 3}
sgrHee SHEE oisgie YWE Frtd we FrASASH,
2zeRtE 2&¢9d Jstd A HFAUG oldsidid WP
Zg2Hge AYEE FY YA FEeEd I %@
zrbateley.  GBEE  40T/276 bardld 3N FEXAE W
y2uEo] 46.1% AAL d% 632%F d& + AN clistEid
Ygol 2FAZe] FAE4E M3 o) Bo F&Ho| FEVFES
Aze] Wolmth &Ael Fsbe) wat BEXd APLELS wol
2HQL, THAPLEL FEIF Zol FFHAUS

5) 22 Aol A o|AHBLE ol4d FU2HE AA

nXe 9%
297 oASEAE olfdte YHEoZFH TIYLHELS AAH
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date 2t 220 SRR W FEUYF M) FAHLTF
2 ZY2HES Bo] AAINT FEFLTH TIFREE F/HEE €
4 qlglon 218 5000psiol L F&AIZ%o] 2A1%Y W GREL2F
g 6171%9 Fd2HEL AAGAT. HALEM@T)ANN F2U4H3%t A
Zro] Z7bad BE AL &0 Hold FEIFES XA YA
stako] Zret R BESAUALe] FFol FAdger FEIFES L
(FE)ge 271D a(FAE)3 T (FYE)E Fhsut

6) 2BLES} COel 0] YA IAHBLE ol 8T FAXAT AA
nlAE 9%

2907 ol4HUAE olfed YR ZLE FULHEE AAsEd
No} FEeEg odstwad §%) vlAE Y Yorusth FFY
9 5000psi, 22N 2L TARGE Aol FFLE 0CAM 2
~HE ARGl BI8%EA /bt Bow, 33 F2eR £F Y28
a2zexe 2 9%e wA il FFLE Wt $3 F BRE
ZHAUNY $Fo] ta F/HAT FEATAY FFE st A
o olasead %] F/HE4S TA2HE AAEE FhRen
A& 5000psi, FEAT 243, $ELE 50TY Wl olsteas §
o) 10nt/minol A T7.05%¢ FA2EEcl AAUAG. FF B2eH &
B Fage olusRAY 30 BoiB F7sr1E s 10m/min o
AIAE FRE Aolg UehiA ggon odswas F¥ol wopds
= TAAPNY Cl603 Cl80d 3 F7tstfed BZAAINY
Clg1e FAsEm Cls2e F7letdch &LE7 FvtaAd ound
28 §3E FHNIE A9 2FAA FEVRLY LRIDUL 37
QT a(dYE)EH IS B2

7 B=5v7t 2917 o|ARV2E o4 IFPozREH FH2HE
AA vAE 9%
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YR EL2RYH EU2HES AASNY] Astd 294 ojigL &
Aol ¥lS49 AFE JAY w2y o) FF YA ol
GHE RG] A3t {718 E FMRLe2A &Y FA LR
BE gl AHEE AESHUY RELu2A e vges sy
EU2HE AAL, TF F2eH F& F IFEY AYL 2A 9 W3
o M= WsE dotr gty F&AY 5000psi, FEAIZ 24, FEE
50C, olitgtgae FFE 10m/mineZ A ZYA olatsigtid|
g Fe& AAEAT. 2GA oAstda: EF A ZH2HE
AAE 77.05% ot ooy deg 5% B8 AL&A ] ZHXHE A
A&l 8395%% 91.90%% F7tstRom ojAL dagd gL £
8 F4E FHNA AW EA 2 E =% 5L WY o=
AR E . 'S 10.0% ©lF Mo} ddE 75%0148 HrT
Me 238 ZHUZHEY AAL) Fadte FFE deiden FF
e 5% A7E77A Zolzt fiRoy ¥ 10% H el st v
€ 75% ol¥e HTAME FFEFHLE EoAT F& F IAFEY
2 29 WsE dwgo] duge HrlAM B9 vxd FAS
2o EAPAQ C16:03% C18:00 ©a Frhdrie ey & zol7t
fsien Ci813 Cl18:2¢ EXJAWALE F23dAo #:& F IFEY
Aze dedd g AN Had 2348 e Exgud A
€430 /LT E L(HE)FLE Z23An a(FHAR)}LS Aol YN
o b(F4x)ge F7H3Ad.

8) SFES} HEJ#A ¥ E¥ANd o ¢Fdez Yg Zd2HE
AANE £ AZH2HE 7134 F A=z

HEAFAL dFHS TFTE SFYol ths} 2z 2u), 0488 H7}s}
o dAELste dgozRE FH2HES 1A AANY 61% Fex
HES AAS ¥ 2948 5000psi, FF2% 3B5C, FEAL 2A9

-1 -
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AolM ethanole BZEvhz ALSE2A dgds) FU2HES 86.5%
AA AAY & Qe 224 4500psie} 2BAME 854%9 =
g AAee Yehig 2QARA dSAY A€ 5000psid F
2949 50CY ZEHLE, 2N FEAP A GREOENH
917%2 ZH2dE AAZ AsAT. 2YAFANIA BEEUZA
ethanol® 5% AM&¥ 44 5000psis] $&¢d, 50C F&LE, 2439
2227 2AsAN GREe FH28EL B% AA JHeRAT dF
o329 2AAFAEREe WeNo o) Se2d S| 86% AAL ¢
gay 9x dHYge HFNYL vlae A3 G380l oF 4% ZAaHA
oy g AEE Wi AUk AFSAC YoAE ZIEHA EHI}
dglou 7 ZdAMel 20% AE Rolnon 7o ti dox e ¥
o] ALY dEF NS 2AAFAFEY LAY o FH2HE
86% AAY ¢HdT 9 dgde e 2AY 2 AEdLUs2)
3 gsaAsiga)e] W Gl s A7 4%, 1% FAxdE WS 3l
Qo omlwAt e Wt A BHLHE EHELAC] 43
R1% T AHESE ASY G 715ELR HH4EE 2N 2R 249
~dE Astg 9% FEJ oA YolHE ¥ FIABAY, AFEA AF
o 2 o7t gies Az 1%4 el T BUED16:0)3 ZH o2
(18:0)9] o] Zzt 1% AE EohAwh 2yt ehnlxit ZHdME 9
87} wAnA @t SuzuEo) 8% AAY GFAL o83} @Y
I AT T KAF LR AVSERE A7) A% HAH AEeE F
Ae BC o4oz FAUATG. AZU2HE AR FAT LEE 4T
Hoz 2837 dstdAE AY THEo] 10% olstololol & F A}
2o A MY 4% olo] HAY Ao et $Ak 2ErH
279 WEFL 0002% olgeld 1647 oo HFALEE SHNE F
gou Adele] HEAdE @FEA $& AN ARl uh2 &
Reg Ardd.
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9) Hurdle 71}e] 9| & ASd26& 3% 44 2 F3 971
BgozEy ZH2HEL BT adFez AASRI] A% F A
o4 ZuxelE MA Pde 48 hurdle techniqued °1&HAL
o o|gA AAg AZA2HE Bl Wl AFHY T FLHNE AN
#90. B-cyclodextring ol &3l Fe2e g0l B% AAL G g
NEZ QS4E dgde ou Avlse Az PEAUe2A 24
2HE AAZEE Fusstna At oW dFYe] pHE 92 24T
ge o ZaAHEL 92%7A AAYL £ AeH WFHE GHAA G
$ 3w AAE AS 954%8 IFA2HESE AAYE £ UAASL B
_cyclodextring ol g8t} Fa2HEol 5%AAY dFAE ARE BT
o =AM 4Fe 2uU2¥E EHELE HEY AR} Pseudomonas
fluorescensZ 2 €] AAFE cholesterol oxidase7t 7Hd E¥& AFE UEY
o] Az 958%2 ZH2HES AASNRLH W 24AF FolE
983%<] Za2HE AALE YT B-cyclodextring °l&3ted 2
dadgo] 75% AAY G AE2 2YALtELE o8 E
HAHSS 2% 2T 4500psi, 35T =AM 5%9] co-solvent& ©l
28a 4N 228 A 025%° E2E ol AAY dRAE AW
2 gt ol@A MNYY MATA2HE g EFA 54& BAY FH
354 7A$oE  B-cyclodextrin® hFFA R B -cyclodextrin=}
cholesterol oxdase Hgo] oj&l AdE AZTA2EE G FHHS df
=76 ula] FobAA FYTH AEEA YoiAE 71EHLE AHAF A
o7 dRout 71E dHFol YAME BE YT T3] i RolAL
M FEIAEE A Rt AFU2HE B 42 L value’t
ZolAA tzTe A We We UL a value 9 b valuet Robd
Ase Yeudch. B-cyclodextrin® tiFfaelel 48 Y48 HEA=
HE v AW 24e gzTd vE C182% Cl183e] F7HE U
C16:13 C18:1¢] #A % A#E vehdAct. B-cyclodextrin®t cholesterol

- 13 -
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oxidase Aol of& Qe ¢ AW 242 Cl810 ©d& F7H33
I C16:00] tha A3Ach B-cyclodextrin®t SFEX @] ol A4kd
dgre] A AL Cl6:03% C180 § XaxEate] da F7H3tdn
Cl6:1% Ci81 T QUE XA YA Faste 3F%E Uetudd.

10) ¢ 89 SHY2eE AA AH4@ B -cyclodextring] A&§
AJ o ZHE cholesterolg A'A7IelE 8L o7 W] & A
=Ha Qed 2 F B-cyclodextrine] & PP L HFo AU
FEWAA 253 Aoz €A g 28U B -cyclodextring 7134 o]
WAz AP Rt fFEe] FUHL Jenz B dFdAe ¢
9] cholesterol M A} o] &8 A-cyclodextrin® AAHoz Fi, A&
oz AALE FAAINZ Hilgd B APE AAHAH. GEe
cholesterol- 2 &2 B -cyclodextrin complex2 ¥ £ -cyclodextrin?&
228t €92 butanol, chloroform, ether, hexane, methanol, 2~propanol
Y o)ge EFEUWE AHEEHAL &ol} complexE 2 ¢ 1~10 : 12 #|
€2 E¥3lA cholesterol AAEZRE HESHT EF B -cyclodextrin
complex®l A cholesterol®] A #HQA AAZAE Y3} st A
3 =€ ZZF 30C~60T I 102 ~3A122 W3 AF)|EA cholesterol
AAZHAE HESHADG. T 2H chloroform¥ methanolg 1 : 19] B &=
g% €99 cholesterol A &°] 983%E vlny ¥ JEten &
oi9} complexe] EFul&l AAME 4 : 19 v &7A cholesterol A A&
o] Z7tete AFS Uitk £ TRATL 1AM, 2P B
LEE S0CT7AA ZdAt Ex7b F7HE4 & cholesterol A A-&ol 99%
N Fse A%E dehiflen olgd 2J4AM Gl 8
-cyclodextrin® 2 ¢392 cholesterol AAZE&E HER A3 AHEsHA &
& p-cyclodextrin®g A}£38] cholesterol& AAAY EAE&E 100%E &
) A2 e B-cyclodextrin®} AM¥HH B-cyclodextring 1 : 1=

- 14 -
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Tt AHEE A= 811%Y AAZEES JENen, AGEE B
-cyclodextring AM£319& A4 24%9 AAZEES JeERAG.

11) ASA2EE ¢F Y4A YAt FAEZ VY Fo2HS9 &
2 AN

AEHLHE dFY QAN YPHEe BAE Fo ZH2HES 8
-cyclodextrin®] && % 3 A4 &89 £, FA}A ANEe
AEH2dE 3 AN AAHE f-cyclodextrind EH2E &9 &
¥AE chloroformeZ F&F F FF3o AzdFov, SH2HE ¥
& 3,069.6mg/100geidtt. A -cyclodextrine. 29 AAE A3 FHFFol
% 50% EFEUE &8 Loz ALSSHE W, €& 582% FHH
g Aoy wEHoz 33 AT A3} F2HEY €= 306~
314% 2 §Y3Hp<0.05)7 §19 B -cyclodextrin® AAE 9 AT
Aoz Aaddd. A3 HAA ZY2HE FE& A EFE0=2
hexaned AM8¥ M £ 3889%U Ed2HES AdUer A &9
(95% ethanol : 33% KOH=94 : 6)& A& T 40~80uiZ AT 23
60wl (v/w) HFolX ZH2HE €& B74%E w2 3¢ ZIdE
vebdh 139 Fs AN £ 328%9 FH2HEL AdRan e
A 3 HAE 48 AANY Y &2 BI%HA A5 EH2HE
AAd ERAHY Rez ARHUGD. 7] MBI GFEY #W} A
-cyclodextrin®} Zd2el& HHAY W& v}y Asf W5HA P
AAE AAE AT GPEL IR AYE W €= 07.8%8 TA=
HES 9¢ & Ao

- 15 -
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2. @80 9@ A9

ARoerE FgauEol 80~9%5% o4 AAY AFULHE AL
AT YABAL A v ALY 1ol Ful Ad 7L o] &5
o] AZdA2HE A4 AT Yo F$Y £ A€ JIdsEe ATE
o4 HTNE F AVLESRE VET ABATAT LYREZ ol
g0 AZU2EE ABFAEY A FeHd @ 2HY FW 9
3 slEAgel Fue AW ddsa Boidel BAFA WM BA
Qo) WojNmZ AvI&e Hgo i@ N2E AT AH W A
A¥e ANE AR HFAA $4 A T THAY AWl ¥A
ojfejd arst Ao AR

3. S E=RAA, XA 2 SHAF
1) A =& AA

B -cyclodextring ©| &% Gz Ee AA.

HF 2288 A, 39(5) : 599. (1997)

2 Aol Aggard AT P FE.

g2 EFete) A, 26(5) : 860. (1997)

QEFE ol 8T U EH2HE AA.

B2 E A, 17(1) : 6. (1997)

yde] pHe pH ZAA WFEFE 088 B¥IU2HES A
Aol HlXE A FFEAHAFeAHA, 192) : 145, (1998)

o gge 22498 AA AL B -cyclodextrin®] A &%

FZTEANERYA(FLT)
A2ULHE G AXA AYSE FAERTEH FU=HES 24
AA. FFEANERYAFLT)

- 16 -
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SUMMARY

1) Removal of cholesterol from liquid egg yolk by B-cyclodextrin
treatment

This study was carried out to remove cholesterol from liquid egg
yolk by using properties of B-cyclodextrin(B-CD) which formed
insoluble complex by binding with cholesterol existed in oil-water
interface of egg yolk. The conditions of treatment were varied by
means of centrifugal force, mixing temperature, mixing time, distilled
ratio and B-CD : cholesterol molar ratio, and the removal efficiency of
cholesterol of each treatment was measured. Optimal condition of
centrifugal force, mixing temperature and mixing time to remove B-CD
«cholesterol complex was 2000 g, 35C and 15 min, respectively. The
ratio of egg yolk to distilled water was 1 : 3 with the most cholesterol
removal and with the highest solid content remained. Also when molar
ratio of P-CD to cholesterol from egg yolk was 3 @ 1, cholesterol
removal efficiency was 750% and remnant solid content was 68.2%.
With 5 : 1 molar ratio of B-CD to cholesterol, cholesterol removal
efficiency was 88.9% and remnant solid was 64.6%. With 6 : 1 molar
ratio of B-C;D to cholesterol, cholesterol removal efficiency was 95.9%,
but remnant solid was 56.9%. As amount of added B-CD increased,
cholesterol removal efficiency was increased but valuable nutrients of
egg yolk also decreased. Therefore these results showed that molar
ratio of 3 : 1 ~ 5 : 1 for p~CD : cholesterol was most effective in
removing cholesterol from egg yolk, considering the amount of valuable

components remaining.
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2) Removal of cholestrol from liquid egg yolk with soybean oil
Soybean oil was added to reduce cholesterol content in the liquid
egg yolk. Soybean oil emulsion was made by addition of water with
rapid agitation speed. Simultaneously, 10% NaCl was added to inhibit
microbial growth and to reduce cholesterol from egg yolk effectively.
Cholesterol from the emulsion was removed efficiently at hight
temperature where egg yolk protein was not denatured yet, and
agitation was reguired over 30 minutes. When the ratio of soybean
0il(SO) : egg yolk(EY) : distilled water(DW) was 2 : 1 : 04, efficiency
of cholesterol removal was 62.2%, and content of solid residue was
101.6%. This ratio was very efficient for high removal of cholesterol
only with the small amount of soybean oil, but solid content more than
100% revealed that O/W emulsion was formed in some amount. When
the ratio of SO : EY : DW was 4 : 1 : 08, efficiency of cholesterol
removal was 67.1% and content of solid residue was 89.3%. At the
lower pH than that of fresh egg, O/W emulsion was formed and the
separation of egg yolk phase and oil phase got difficult. The removal of
cholesterol and separation of egg yolk phase from oil phase were made

easier by the addition of NaCl to egg yolk .

3) The effect of pH on the removal of cholesterol from egg yolk with
soybean oil

In order to examine the effect of pH on the removal of cholesterol
from egg yolk with soybean oil, the pH of egg yolk was adjusted to 7,
8 9 and 10 using either IN NaOH or IN KOH before extraction of
cholesterol by soybean oil. The efficiency of cholesterol removal was

higher as the pH increased, showing maximum at pH 9. The higher
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rate of cholesterol extraction at alkaline pH was thought -to" be due to
disturbance of emulsion stability, which, in- turn, facillitated transfer of
cholesterol to oil phase Although higher. amount was required to get
pH 9, KOH was better than KOH in the removal cholesterol and yield
of solid residue. In addition, the removal of cholesterol and the yield of
solid residue at pH 9 were the highest when the ratio of soybean

oil/egg yolk/distilled water was 3/1/0.8.

4) Supercritical carbon dioxide extraction of cholesterol from dried
egg yolk

Investigations were performed on the effects of extraction
temperature, pressure, time on solubility and selectivity of egg yolk lipid
and cholesterol, and color and fatty acid composition of the residue in
supercritical carbon dioxide(SC-COz) extraction. Lipid and cholesterol
solubility increased as the increase of CO: density and was found to
strongly depend on the extraction pressure rather than the extraction
temperature. The relative concentration of cholesterol in the extract
increased with ' an increase in temperature and decreased with an
increase in pressure and extraction time. Extraction of dried egg yolk
for 3hr at 40°C/276 bar removed 46.1% of cholesterol from the residual
egg yolk with a yield of 63.2%. SC-CO2 extraction produced a lighter
color egg yolk with less redness and yellowness. As the extraction time
increased, the resultant residual egg yolk became more saturated in
fatty acids. SC-CO: extraction offers a safe, natural method of

removing cholesterol from dried egg yolk.
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5) The effect of extraction time and pressure on cholesterol
removal from egg yolk powder using supercritical carbon dioxide.

In this study, the extraction time and pressure of supercritical
carbon dioxide extraction was varied to remove cholesterol efficiently
from dried egg yolk. The more increased extraction time and pressure,
the more cholesterol was removed and the decrease rate of moisture
and weight of the residues increased. At the extraction time 2 hours
and the extraction pressure 5000 psi, 61.71% of cholesterol was
removed from dried egg yolk. As the extraction time and pressure
increased, the more unsaturated fatty acid was extracted. In the
residues, the amount of saturated fatty acid increased, unsaturated fatty
acid decreased and L-value increased and a-value and b-value

decreased, at the constant temperature 40T.

6) The effect of extraction temperature and carbon dioxide flow
rate on cholesterol removal from egg yolk powder using
supercritical carbon dioxide

This study was performed to investigate the effect of extraction
temperature, COz flow rate on cholesterol removal from egg powder
using supercritical CO2. When extraction time and pressure fixed at 2
hours and 5000 psi, the highest rate of removed cholesterol was
81.18%, at the temperature 50C; but the variation of extraction
temperature did not affect the decrease rate of weight and moisture. In
accordance with extraction time, the amount of saturated fatty acid
increased more or less, while that of unsaturated fatty acid was not
changed. As the CO: flow rate increased, the rate of removed

cholesterol increased. At the extraction pressure 5000 psi, time 2 hrs,
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temperature 50C and CO; flow rate 1.0ml/min, 77.05% of cholesterol
was removed. Although the decrease rate of weight and moisture on
the residues increased as the CO: flow rate, noticeable change was not
found. According to the increase of CO: flow rate, the amount of
saturated fatty acid, C16:0 and Cl8:0 increased and the amount of
unsaturated fatty acid, C18:1 increased while C18:2 decreased. As both
extraction temperature and CO; flow rate increased, L-value of residues

increased but a-value and b-value decreased.

7) The effect of concentration of different co-solvents on
cholesterol removal from egg yolk powder using supercritical
carbon dioxide

This study was carried out to investigate the effect of organic
solvents, ethanol and methanol, as ;he co-solvent which can improve
the solubility of polar materials from egg powder using supercritical
CO,. After extraction, the rate of cholesterol removed from egg powder
and the decrease rate of weight on the residues was investigated and
the changes of fatty acid component and color of the residues were also
examined. Dried egg yolk extracted at extraction pressure 5,000psi, time
2 hours, temperature 50C and flow rate 1.0m¢/min. In both treatments,
59% ethanol and 5% methanol, the rate of removed cholesterol increased
to 83.95% and 91.90%, from 77.05% with extracted only COz. These
results were caused by the effect to separate and extract the
lipo-protein complexes with increased polarity by ethanol and methanol.
It showed that the rate of removed cholesterol tends to decrease in the
treatment of over 10.0% ethanol and over 7.5% methanol, and the

decrease rate of weight on the residues decreased in thie group of
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100% ethanol and 7.5% methanol. After extraction, saturated fatty
acids, C16:0 and C18:0, increased more or less but unsaturated fatty
acid, C181 and Cl82, decreased as the similar. result between ethanol
and methanol treatment. As more co-solvent was added, L-value
declined, a-value showed no difference and b-value increased which

was the similar result between ethanol and methanol treatment.

8) Removing of cholesterol from egg yolk with multi-treatment
using SFE and vegetable oil and manufacturing of low-cholesterol
processed food

Firstly, cholesterol was removed 61% from egg yolk with centrifuge
treatment after mixing 2 times of soybean oil and 0.4 times of distilled
water to the egg yolk volume. 86.5% of cholesterol of egg yolk could
be removed by SFE at the condition of extract pressure 5,000psi,
extract temp. 35C and extract time 2hrs with using ethanol as a
second solvent but at the condition of extract pressure 4,500psi, 85.4%
of cholesterol could be removed. 91.7% of cholesterol from egg yolk
powder removed by SFE treatment at the condition of extract pressure
5,000psi, extract temp. 50C and extract time 2hrs. and 98.0% of
cholesterol from egg yolk powder could be removed by SFE treatment
at the same above SFE condition with using ethanol as a second
solvent. There is no differences in emulsion stability and forming
capacity between egg yolk which was removed 86% of cholesterol with
soybean oil and SFE treatment and egg yolk in raw state. but that
decreased 4% in emulsion capacity, 20% in foaming stability and
changed its color. Linolic acid(18:2) and linoleic acid(18:3) of the fatty

acids decreased 4% and 1% each in the same material but no changes
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in amino acids. Functional and chemical test resulted almost no changes
in emulsion and foaming characteristics and color differences of egg
yolk which was decreased 86% of cholesterol by enzyme treatment, but
decreased in viscosity and increased in palmitic acid(16:0) and stearic
acid(18:0). Optimum sterilized temperature to develop the fermented egg
yolk drink with 86% cholesterol free egg yolk and restructured egg
white was over 75C. It resulted that egg solid had to below 10% and
above 4% of sugar contents in the diluted egg solution in the formula
to make successful fermentation in the low-cholesterol egg drink
product. When the content of the starter culture was over 0.002% in
the egg drink product, fermentation could be finished within 16hrs, but
manufacturing ‘condition had to be considered with industry-scale

production.

9) Production and quality evaluation of low cholesterol liquid egg
yolk produced using hurdle technique

Hurdle technique was used to remove cholesterol efficiently from
liquid egg yolk. The quality of the low cholesterol egg products from
the process were evaluated. From the 75% cholesterol reduced egg yolk
through B -cyclodextrin treatment, 2 times weight of soy bean oil was
added to the egg yolk and homogenized followed by centrifuged to be
maximized to remove cholesterol. When the pH of the yolk was
adjusted to 9, 92% of cholesterol was removed while 95.4% of
cholesterol was removed when 3 times weight of soy bean oil was
added to the egg yolk. As the results of application of cholesterol
oxidase to the 75% cholesterol reduced egg yolk through B

-cyclodextrin  treatment, cholesterol oxidase from Pseudomonas
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fluorescens showed the best effectiveness. At 8 hours after
application of the cholesterol oxidase at 38T, 95.8% of the cholesterol
was removed from the egg yolk. As the results of application of
supercritical carbon dioxide extraction to the 75% cholesterol reduced
egg yolk through B -cyclodextrin treatment, 92.5% of the cholesterol
was removed from the egg yolk at 35C, 4,500 psi, for 4 hours under
co-solvent. The quality characteristics of the produced low cholesterol
egg products were analysed. The cholesterol reduced egg yolk produced
from B -cyclodextrin and soy bean oil treatment and B -cyclodextrin
and cholesterol oxidase treatment showed the lower emulsion capacity
compared with control. The fatty .acid composition of the cholesterol
reduced egg yolk produced from B -cyclodextrin and soy bean oil
treatment showed increased C18:2 and C18:3 compared with control
while decreased C16:1 and C18:1 compared with control. The fatty acid
composition of the cholesterol reduced egg yolk produced from A&
-cyclodextrin and cholesterol oxidase treatment showed increased C18:1

compared with control while decreased C16:0 compared with control.

10) Recycling of B -cyclodextrin used to cholesterol removal
from egg yolk

The method that remove cholesterol from egg by B -cyclodextrin
was stable and efficient in food. The aim of this study was to save the
cost by recycling of B-cyclodextrin used to remove cholesterol from
egg volk because B -cyclodextrin was expensive and imported. The
solvent that separated B -cyclodextrin from B -cyclodextrin complex
adsorbing egg yolk cholesterol was butanol, chloroform, ether, hexane,

methanol, 2-propanol and their mixture. The treatment ratio of solvent
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and complex was 2 : 1~10 : 1. And condition of mixing time and
temperature varied with 30~60TC and 10min~3hr to remove cholesterol
from AB-cyclodextrin complex. When the ratio of chloroform and
methanol was 1 : 1, the removal efficiency of cholesterol was 98.8%
and cholesterol removal efficiency improved when the ratio of solvent
complex increased to 4 : 1. When mixing time and temperature was up
to for 1hr, at 50°C respectively, cholesterol removal efficiency improved
to 99%. It was concluded that the efficiency of remo,(fing cholesterol
with recycled: : non-recycled B -cyclodextrin(l : 1), only recycled B
-cyclodextrin were 81.1%, 24% respectively, if the efficiency of

non-recycled B -cyclodextrin were 100%.

11) Isolation and purification of cholesterol from by-products of
low-cholesterol egg yolk products

This study was carried out to purify egg cholesterol from the
by-product of reduced cholesterol egg product. B -cyclodextrin and
cholesterol complex from the low cholesterol egg yolk was concentrated
after extracted with chloroform, and used as the purification sample
which was stored at -5C. The sample was purified in two ways, B
-cyclodextrin adsorption and saponification. The conditions of B
~cyclodextrin adsorption varied with the kinds of solvents, water, and
methanol, ethanol, acetone, isopropanol and propanol mixture with water,
that was used to dissolve the A -cyclodextrin and sample, and numbers
of treatment. The conditions of saponification varied with kinds of
solvents, hexane, ether and chloroform, for extracting the cholesterol,
the quantity of hydrolysis solution(95% ethanol:33% KOH=94:6), from 40

times to 80 times of sample, and numbers of the procedure. Egg
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powder was purified by the saponification to compare the effectiveness
with by-product. For B -cyclodextrin adsorption, the proper dissolving
solution was the ethanol : DW=l : 1 that purified the cholesterol by
582+0.14%, but more treatment was not effective. For the
saponification, the more effective extracting solution was hexane at the
purity of 38.89%1.21%. The hydrolysis solution of 60 times(v/w) was
relatively effective at the purity of 3574%0.15% and the 4 times
repeated saponification improved the purity to 05.74£2.99%. As the
result of the egg powder purification, cholesterol was purified to 97.83*

3.91% with 3 times repeated treatment.
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H 1 & B-cyclodextrine ol &%t L&
Ed2AHE HAH

A1A A A

ARL JIELS TF 23 SANFY RN FUAHE FFol
Eol AR ZAE 4o F Urvke Ao Ade AvE AFAII=
£29% st H3 AU AAZ AZ @ FHEH de FTUzEHE
ke W 272 mg A E(Bogin, 1991)2 9] F 9] NRC(National Research
Councilol A AAstE &F Ed2HF A3 F 300 mg(NRC, 1989) A
o] futate FFolth, 2JAlote] Anitschkow(1967)e o&] F & 2H E0)
%4597 3} & (atherosclerosis)?] ¥ 7lgdcEs B3t e F
Masironi(1970)& A@e] Hd3st 44 AZEE3 FAHA FAAAL
Qe Aoz pasd wHA Adeziy Fd2HEL AAIEHE
28 e o AEHT Qed BelA FoAdte Alae =4 W
3] w& g (Hargis, 1988) ¥ azasterol2l FEE Al&3to Ade &
AAHEL FAAINPAE @ ol AR Avlde ¥ FA &€
w4 (Singh et al, 1972) R #A%3 £F 4493 (Bogin, 191) § AHF
A wyol gloey FA2HE AAEL 50%0l3t2 Axsch. £F P4
8 AP AH £, HHA AHE 9 FH2HEL FaAINE B
ooy FAA, JEPHA, £iol4 F &ulFEY(Larsen and Frong,
1981 ; Bracco st al., 1982 ; Warren et al, 1991 ; Smith et al, 1995) &
o] o]&¥xn o FH2HE AALEES 80~90%E dehdo. AdY
gUsHEE RAE AEAA 27HE ARe Avgoz KENY AA
7} olFo Ao} &n NFozA QYL FuFejorgnt & ATAA A
4% B-cyclodextrn(8-CD)& &F&A9 dFo2A & Bacillus &9
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v 3ol BAste ELE FEAA AR 749 22 A7 2YA
4 4o EAUTY A44 79 SY2HEY A4 71 AR FE
o] dgAe B¥ME P (Oakenfull et al, 1991)38 E¢A= dHE
2o o8 Eest folsitt, £ Fol it 25g/ke/Y(FT) R 042/
ke/Q(T3he] 30U3 R3S @ EARH o2 o} FYH oo @A
A SkTHMiyazki et al, 1979)3 SHRlch. |

Oakenfull (1990) $& ¥%& 016 M NaCI2 1 : 12 3AAJ|2 05~
35% (W/V)¢] B-CDE& A3t 10~40% RBES EH2HE AALAE
Beton Smith (1995) §<& &9 pHE 1062 =Astn 50T B
-CD¢} SY2HES BuE 4: 12 A& o 89.2%9 Fd2=HE AA
22 Yeuics nusgdct. B dFdME pHe Z3flol ¢ ¥4
o] Ao g2 wAA ¥e BTAM J42 p-CDE AT 3] 5L
2 7129 p-CDE o4& Fy2uE AA P¥E vt TWUSA = 3
WM ZY2HE AA ARE SdsEy) 9 AEZ 4-CDY E#H2H
g9 B¢ IAA FAY, aNeE, IV, ¢} FHFFLY 3
Mulg ¥ A-CDS ¢ SU2eEde E¥E AAH22 7L
Z2YAHE AAA B3] 4 FEIPEF ZY2HE AAREE
i PAEHA

Al 232 As 299

1. @83} p-cyclodextrin®] ¥¢ 2 HP=7

BFUE 648g9 ZAVK 24, AW PE Uy ¢ §
A8 A GBE 300 pme sieved FHAA dFH R L AAD
% A2z AHLHAT. Oskenfull $(1990)8 Wae WY o &4
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dBe 3uF FHT2Z J4¥F FAMA p-cyclodextrin (A€ B-100,
dEAFHF)Y HFFET 2%(W/V)7E HES FUketo S0TAA 30+
3t vy 5C7A dZsdh 1000~3000g2 YA &2l (Hanil, Union 5
KR)3td B-CD -cholesterol complex& AAsT FA Ao uig Fel2¥
g % 3E& 149 #Fe SR

dREHLHE AA FH}E A%t AL E, THAL R G
g FF5 A46EL 474 25~50TC, 5~60% ¥ 1~6Wl2 ¥AR
oo Fstste B-CDY ¥ d#F9 Fo2HEFHe SuE 1-6W=2
742 WEAANA M) 2L 2AEHAC

2. g9 ZHY2HE AF

g3 R AP A2 FdU2HE A FL Boehringer MannheimAte]
A% kit(Cat. No. 139050)& AH&2t%lth. A& methanolic potassium
hydroxide$} isopropanol® H7tete 714, <3 F 4 Fe sampled
catalase®} acetylacetone ¥ ammonium phosphate buffer(pH 7.0)8} &%
dF AANEYS 2709 AlY@o] EF8tn FFHE cholesterol oxidase
g A7 40TCoA 1A% F¢ incubation® ¥ 405 nmolM FFE
(Jasco, spectrophotometer, UVIDEC-610)& 243l Zd2HEE AHF
3 cHRoschlau et al.,, 1974).

3. 2A4¥4 .
HFg @ FF2xe ASL 3rEF AYAAE SAS program(1988)

& A83to Pdojzed Duncan® ©FEHAWH(Duncan, 1955)2.2 5%
FEA 11--4’8‘-"- AA&AL
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A 34 4% 7 2%

Table 1.& 8-CDol o3 @39 Za2eHE AAAN 44 W
e 2yAHE AAg L AESnYYEY AsE vehla o 94
2 1000 g2 B-CD - cholesterol complex® HAAANI| I LojF AR
gd2HE AAEL 5L0%° gaRen FE LYPHEL 87.9%E et
Wt =3 9AHE 1500 g, 2000 g2 =99 wet FH2HE AAZ
& 727} 550%9 60.6%Z FAHAUANT YRS FIETFL F7 763%
9 748%2 d¥e FEANES d4¥el EeAE ©F fUEE ¢ ¥
Ak zE 3 2,000 golde ddHAME 2208 AARDNA #3
Q Hol& Mol FUAT TYYEY FAe AAHAE A& ¢ F AU
Aot maEkd ZezuHE AAE 94F HF UYL FY2HE AA%
TPYRe] FELL 7Y w 2000 goldr ARY Aoz BdHA E
AgoNE 2000 g& 4l ALt

Table 1. Effect of centrifugal force on removal of cholesterol from liquid
egg volk by B -cyclodextrin treatment.

Centrifugal Supernatant
force(g) Cholesterol Solid
reduction(%6) residue(%)
1,000 51.0%£2.4° 879
1,500 55.0£1.7" 763
2,000 60.6*+2.6" 74.8
2,500 59446 66.4
3,000 58.0+2.2% 613

Treatment condition ; B-cyclodextrin conc. @ 2%(W/V), Egg yolk :
Distilled water=1 : 3, Mixing temperature : 50C, Mixing time : 30 min,
Centrifugal time @ 10 min

a, b, ¢ ; Column means with the same letter are not significantly different
(P<0.05)
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Table 2& B-CD $5& &9 2%(W/V), &3} FFF9 v&& 1
3, LULAIZE 308, 94E 2000 g2 YAHA s WA =S
ARE o GFozRe gy2eEol dutd AAHRLY 2JYEY #
AL om P UE Yeth AT

TYHA] £EE 2B~50C2 WHANAL ¢ d¥o2 FEHY FHLH
g AA Zdst DYAHE 24 AT ¥ AR ¥Rk 2y
30C ol3te @& SEANE B-CDY &3A=7t ol Y& ddE &
o] 35C ol4e 2EojA B-CD% d¥e FH2HES AIFAIE Rol
AdHolgdn wusHy g¥yd WA Fo dE F5HY WIE oA
e H4 L& /5T B 229 3BT/ ¥ w3

Table 2. Effect of mixing temperature on removal of cholesterol from

liquid egg yolk by B -cyclodextrin treatment.

Mixing Supernatant
temp.(C) Cholesterol Solid
reduction(%) residue(%)
25 60.0£1.2° 72.4°
30 59.8+35° 73.0°
35 60.1+£1.9° 74.4°
40 578+5.0° 72.3°
45 579+52° 74.2°
50 589+45" 5.1

Treatment conditions ; B-cyclodextrin conc. : 2%(W/V), Egg yolk :
Distilled water.=1 : 3, Mixing time : 30 min, Centrifugal force : 2,000 g
a, b ; Column means with the same letter are not significantly different
(P<0.05)
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ARAZ] FRe E2HE AALLY A€ & (Table )& &
¥ BY WAL 5202 #AS © 5056%9 Ed2HE AAEE Y
g Uiz, ZEAke 1083 15802 e W 4 645%, 67.1%4
AAEL deERiglch 28y 3 o) ge myAE AA Y 238 &
AAHE AALC AstH 208U @ 620%, 0L W 61.0%, 1AL
v 586%% Uiel WAL, LV BE THPEY 24L& AT EF
gAglel Ae AL ¢ F AU HAA dRe] EH2HE AAE
Adz 37 9§ AT RE 158 AYse ojF AYd HEHA
.

Table 3. Effect of mixing time on removal of cholesterol from liquid
egg yolk by A -cyclodextrin treatment.

Mixing Supernatant
time(min) Cholesterol Solid
reduction(%) residue(%)
5 59.5° 72.4°
10 64.6™ 70.9°
15 67.1° 70.2°
20 62.0° 70.7*
30 61.0° 72.3°
60 58.6° 73.1°

Treatment conditions ; B-cyclodextrin conc. : 2%(W/V), Egg yolk :
Distilled water=1 : 3, Mixing temperature : 35C, Centrifugal force :
2,000 g ' :

a, b, ¢; Column means with the same letter are not significantly
different (P<0.05)
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Table 4 ©BF} FHFY J4ugd g ZH2HEY AALE
3 7o FE ZYPEFE Yz o

G333 FFT4 4N &L ¢ FH2HE AAN AQT 4F
€ fAge A& ¢ + AAEY, b-CD & 2% (W/V), I 35T,
HEYAIZE 158, €449 2,000 g2 YASA sz dB3FH FFTY g 1
194 1: 67k4 Q€ W SH2HE AALL 423% o)A 942%= ¥
Asel R IS Fold EYFE FHU2HE AAEES ¥
A Eolath 28y ooty gz BERYPHELS d¥RY FHTY
Bl7E 10 1Y 9 762%°1” Aol 1 : 6HE 266%7tA AUt ©]
Ae ¢ 48 G2 FHFE Y S 9 vE Zd2HE AA
EE&S 953 AY 49 FE nPHY R 24E FU3] gEd 9
¥4, B3 QY WA AT A&EL 2 Alsdd. gEgA S
HE AAE € I& 1YE A& SUS A48 9 99 &4& 4=
3y FA2HE AAE Az & & A v&& 1 30 ¥FeH

Table 4. Effect of egg yolk : distilled water(W/V) ratio on removal of
cholesterol from liquid egg yolk by A -cyclodextrin treatment.

Egg yolk : Supernatant
Distilled water Cholesterol Solid
reduction(%) residue(%5)
1%1 423+59 76.2°
1:2 53.6+6.7° 75.0°
1:3 63.6+5.27 72.6°
1:4 71.9%23° ' 60.6°
1:5 845+2.4° 33.0°
1:6 94.2%2.6° 26.6°

Treatment conditions ; B-cyclodextrin conc. @ 2%(W/V), Mixing
temperature : 35°C, Mixing time : 15 min, Centrifugal force : 2,000 g

a b ¢ d e f; Coulmn means with the same letter are not significantly
different (P<0.05)
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Table 5= B-CDst ¢%Z9 Z@2e&3e molar ratiod W& %l
2HE AALE Yen Uk ¢¥H FRFE 13, 22 E 30T, &
WA 158, 94 2000 g2 YAsA s p-CDS} IHFo =
£ ugg WHAFE ZH2H S0 BF p-CDS molar ratio7t EFF
P22 AALL FAED, YL 24L& FX BopAE RE &
4 A B-CDSt @329 @28 &0l molar ratioR 1 : 19 @ &9
~eE AAEO] 329%2 AZHROM molar ratiort 6 : 11ME 95.9%
Yehygith 23y agdee 248 20 W HA -CDFE BAH
4 A% HEs Boste p-CDY FH 26 €9 molar ratiox 3 ¢ 1~
5:1 Atol7} AFectn #EEA.

Table 5. Effect of P-cyclodextrin : cholesterol ratio on removal of
cholesterol from liquid egg yolk by B8 -cyclodextrin treatment.

Molar ratio Supernatant
(B~cyclodextrin : Cholesterol Solid
cholesterol) reduction(%) residue(%)
151 329+7.0° 71.6°
2:1 50.2+7.9° 70.8°
3:1 75.0%3.3° 68.2°
4:1 83.8£6.3 65.3°
5:1 889+8.4" 64.6°
6:1 959+2.4° 56.9°

Treatment conditions ; Egg yolk : Distilled water = 1 : 3, Mixing
temperature : 35°C, Mixing time : 15 min, Centrifugal force : 2,000 g

a b ¢ d e: Colunn means with the same letter are not significantly
different (P < 0.05)
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AE7nA ApeEole FXAZE  digitonin(Micich, 1990)3 saponin
(Riccomin et al, 1990) 5 o] gley F2 agely wEFolA e
g AA AEHRoH 80~90%9 AMALE UG, 22y ojEL
7HFo] g AZYAHE G Ao o} AFA XE Ao @
Ho goz Aol Fru3 Augoz Zy2HES] AAE Fdg
& 4 e P-CDY ool AnE Aoz Alzd.

A 43 F3EA

1. Anitschkow, N. N. 1967. A history of experimentation on arterial
atherosclerosis in animals. In : Blumental, H. T. (ed) : Cowdey's
arteriosclrosis : A survey of the problem(ed 2), 21. Springfield,
Thomas

2. Bogin, E. 1991. Low cholesterol eggs. Proceeding of the 4th European
symposium on the quality of eggs products. 97

3. Bracco, U. and Viret, J. L. 1982. Decholesterization of egg yolk. U. S.
Pat. 4,333,959

4. Duncan, D. B. 1955. Multiple range and multiple tests Biometrics.
11:1

5. Hargis, P. S. 1988. Modifying egg yolk cholesterol in the domestic
fow]l - a review. World’ s Poult. Sci. J. 44 : 17

6. Larsen, J. E. and Froning, G. W. 1981. Extraction and processing of
various components from egg yolk. Poult. Sci. 60 : 160

7. Masironi, R. 1970. Dietary factors and coronary heart' disease. Bull.
WHO, 42 : 103

8 Micich, T. J. 1990. Behavior of polymer-supported digitonin with
cholesterol in the absence and presence of butter oil. J. Agir. Food
Chem. 38 : 1839
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9. Miyazaki, Y., Kawahara, K. and Nozoe, S. 1979. Saga Univ., Nogaku
Tho. 47 : 17

10. NRC. 1989. Diet and Health : Implications for reducing chronic
disease risk. Report of the Committee on Diet and Health, Food
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17. Singh, R. A, Weiss, J. F. and Naber, E. C. 1972. Effect of
azasterols on sterol metabolism in the laying hen. Poult. Sci. 51 : 449
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H 2 & ti5=wE ol&st e S 2EHF HA

A1d A 4

Ade vy, A7, ve, $r)4¢ T ¥ JF¥oz oS
4 AFo|A L FU2EE FFol Bob A} 2AE Yo F 3l
e Qo] AP 2HE JE2AE 2AF9 SHUst Ha Yok &3
AR & Ml g5l e FU2HE ¥FE FTF 212 mg AEVE A
=2 NRC(National Research Counci)olX d&A e 3% Za2HE 4
#% 300 mgPal A9 Susle F£Fol H&Ho] Atk Aol
Anitschkow®o]] 93] Ful2BE0] ZA4% 97 3}Z(atherosclerosis)®]
2o 7l gttE Bavt Y F Masilomi“e Ade A B AF
A8 £ FBBVAT Qe Aoz BasPon] Ho] By rHES
A7 A3y 5 287174 ¢ L $9Ase 29 296 Wb B3
b As"En An®?. BHoE AYe 54 MAHE Ao FY2HS
7 FU2HEd 9¥L U] FedE AT oyt o g
A%Y Age U U9x Lok B vof o] Fa2HE0) RAIG
o8 ¥F Be2dEd YL v Feoa FHIE 20~30% FE
o HluAANAE 2 A e JdE o] FHA2HEB B
A7t 2 Rolgde AAE Stk w4 AW FY2HE 24 g %
ol Aste BAY HEA2HE S HuHe 2¥AE 3 A
26E A Mgl £7FE violg,

2 dFE HEY FARNTRE ol&std d¥y ¥ wWeE x=
TG E GREY /18 S B 3BFY 2Y2HE0) Vg
ooz e Fd2HEL AAstE WdP¥e $43q dgo
2RE FH2HE AALLEE 370717 Aste) APe YA,
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A23 A 2Py

1. @83 g5 F9e awt

Ade K 249 4AL Agsden @ F 3% 300 ume
sieve® EUAA V39 R 48L& AAFAC dHo] AFF €3 &
A HAg BAZE wHE7 %Y ted dFRE  AHMEY
8,000rpm(IKA -Labortechnik, ultra-turrax T25, Germany)2.2 R i
o] 94 A EYdFo] A @%3H V1E5E AT F ¢¥F
of $48 Sd2HE §F L 1Y¥E ¥FE FHPsAAUT

2. Nue FH2HE AF

43 @ g A8 Z2d2HE FFS Boehringer MannheimAtel
A% kit(Cat. No. 139050, Germany)$ AM&3dch. A&l methanolic
potassium hydroxide$} isopropanol H7hstel 7, A3t F A F A
2 & catalase®} acetylacetone ¥ ammonium phosphate buffer(pH 7.0)<t
EES 5 AN S92 279 AP@e) EF}n & FE cholesterol
oxidase® ¥7bsta) 40TAA 1A $¢ incubation@ F 405 nmolA &
B (Jasco spectrophotometer UVIDEC-6100& #7435t SUZHEZL A
#Fakd ot

3. BAEH
P#zt X FEoXe) 45L 3NEY AY data® SAS program’ g

AHe3tel Ao} 29 Duncandl B2AAWY ez 5% FFoNN F44
€ PR
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A 34 43 2 23

B SYAHE Aol o4 F At AEYFRE STFH, A
24 95§, NS, Aula A g, G4S, 5 s GFdd, 142
zo de] gAoly AATE Hrlete] pHE BFo fadHE BUH
8 A7 Fo oA BAAS HS7] fsd AE4RE e oE
QA BYFE Py S& ol IFEH V1FF o2 BB d¥FT
2y 2H S0 718208 A7 ASU2HE ¢F}E &4A & F
A @t Bracco 99 4HAHE, Conte5 O sutet7|H#& o83
o GgozHE 80~90%e ZA2HES AA FAed BATFAME H
27 7tde) APBEm, FYol £ol¥ FHE ALt SdULHE AA
A9 TMAZY, 5 L hFH 0 9F 0 FHFY HFH v FE #A
. od B8Fe 12~14%7t F4E SUA=HE S A7 At @
8o ZF4E A7Hete premixture (FHFF] 10% AHUEF FH)E
AAEE £ od7]o] TR MY dFRE Fstd EFFOEH FH=
HEo] fFo2 FEHEE HALT A FutAzko] Faj2HE AA W
e 4% AvE}H(Table 1). '

Homogenizers]l A £E& 8000 rpme2 YAHA s AHAI S
5~6020.2 Fx Z7HAYl wel FULHE AALL 146%14 456%
7AA ASEUG. ZHAg] A48 2U2HE AAE FEHHAAAT 2
YRR AN A4L FUHES ¢ & INh g D] 4@ 3%
premixturest FF ETFA @FF SH2HEC dHFF FLE= 2
g7 g8 E 3082 olAre] 2EF Azto] Wastuch mEAte] 308
o 22U AALTH 32 DYYRY ¥ AF 453%9 89.3%=2 60
27k arsQe W] 456%9 87.1%sh Hl@dtel Atkd IolE HolA
ooz o)l AYPols AWAZHE LR YAHA FHU
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Table 1. Effect of mixing time on cholesterol removal of liquid egg yolk

by soybean oil.

Mixing time (min) Cholesterol reduction(%)  Solid residue(%)

5 146 * 14° 982 £ 0.7°
10 155 *= 16° 981 = 16°
15 201 = 15° %38 * 04°
20 348 £ 1.2° 898 * 05°
30 453 = 41° 893 = 0.7°
60 456 + 19° 87.1 = 0.3°

Treatment conditions ; Mixing temperature : 40C, NaCl conc. : 10% to
egg yolk, soybean oil : egg yolk : distilled water =3 :1 :06

a, b, ¢, d : Column means with the same letter are not significantly different
(P < 0.06)

Table 2& WFfol 93 Jd& FA2HE AAAN B9kl FYE
Yo} £ APAFo|th G Jlgdadj e 66T AN AFEY
70T 7Agole)s) g3 $1n'787] WEd @i LEE 40CHH
5C 1Ao2 44AA ¢Fuude] A4 %L uNA e 0THA
BeAA AYe AAsA o) 2xFed w FAZHE AALR
£ @FsA ZJASAY. ZVLE 60T, dFF : ¢ THFY ¥gol
3:1:06002 WA 08, YFUIEF $E71 I8 10%Y o S
268 AALL 572%01UeH o Ho AE TYHEL 942%E Ueh)
Ak,
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Table 2. Effect of mixing temperature on cholesterol removal from

liquid egg yolk.

Mixing time (min) Cholesterol reduction(%)  Solid residue(%)

40 392 * 35° 924 £ 14
45 43 + 36™ 944 + 40°
50 465 * 1.7* 976 = 16°
55 523 + 29% 985 + 05°
60 572 * 1.1° 942 + 4.4°

Treatment conditions ; Mixing time : 30 min, NaCl conc. : 10% to egg
yolk, soybean oil : egg yolk : distilled water = 3 : 1 : 06

a b, ¢, d : Column means with the same letter are not significantly different

(P < 0.09

e 2H2HE AAE 48 UFH AEA, dFF 2R FRF
o] A EPu|LL U7 AF APYAHE Table 39 UHetidt. HAFH
o e vge 2: 12 YAREA T FHFY vEE dH9 08, 06
2 042 Qe We FH2AHE AALL 4Z 585 56.7 R 622%=2 U
By, B¢ BE PR AodME A FF 2T 100%E I se
A3 Jehz o olg 2 EFu gl E £FFA Y emulsion
o] 4% A slo] FAdF gAY GFFH 7153 EYA G W
67t A I 2 Arle Adtn B EF HFF2
dae] v &S 3: 12 YASA sz ¢ uF FHFY H&2 08
06, ¥ 042 dge W TU2HE AAEL 47 657, 602 R 58.0%F
Jeuglen, 3EagdHEe 247 936, 952 ¥ 90.6%E el @R
of Y& EH5e EPHL0) & £5 Fd2HE AARLE) YHEE
¢ 4 Uk 1YY FHEE UF ol A7se 3§ emulsion B4l

$olsted A 2 dEte] £t 23
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Table 3. Effect of soybean oil : egg yolk : distilled water(W/W/W)

ratio on cholesterol removal from liquid egg yolk.

s Cholesterol reduction(%) Solid residue(%)

(W/W/W)

2:1:08 585 *+ 0.8° 1168 = 5.7°
2:1:06 56.7 * 46° 1203 * 7.6°
2:1:04 622 £ 20° 1016 = 48
3:1:08 65.7 £ 4.7° 936 * 36°
3:1:06 602 * 14° 952 + 14°
3:1:04 580 * 22° 906 = 58°
4:1:08 671 £ 23° 893 * 16°
4:1:06 666 * 53 858 + 54"
4:1:04 638 * 06° 843 = 25°

Treatment conditions ; Mixing time : 30 min, Mixing temperature 60°C,
NaCl conc., : 10% to egg yolk,
A : Colum means with the same letter are not significantly different (P < 0.05)

$H gFH R 3 vEe 4: 12 YA st FHFY HEL
¢3tel 08, 06 R 042 39 E W FU2HE AALL 671, 666 R
638%& Jehliglen A& nYAHELE ZZ 873 843%E UEHIAY. o
£ Kijowsk $ Lombardo™ol ¢j#} AAgu e Ffel vlexn Ha
LEE WIS W dFo2 RE 716~846%9 ZH2HES AAY
A3d oXx) R Aol BV B3 Wi UBYY 5P
e AEnYAE Fo] EAH YA ol AA AAL FLHE
Fe BRRY Aoz @waHd, ol AY AAE EU2 dF{e @
2 Hi AgdnE FALHE AA AFS vzy FL QFH 0GR
Z2HF =2:1:049 E3u & FH2HE AA A& HF F 4
1:089 &% ¥l&dlA premixtures] pH W3} WE FH2HE AA
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qAe GE(Table 93 A7HEE saAuFHIED)S Fo) B gdad
& AA ET viAE J8(Table 5)& AR}

Table 49 JEld uvle} o] pH 40 oo -Ed268& AAA
emulsion® A 7t B7rsdded, pH/t ¥ +& Zd2HE
AAEE At BEY & Y4 R0 BolE RO Mo} pH A
#2 Astel AR $37 AP ¥FETH J18F0 £t B %A
A geos g % 4+ AU AN SH2HE AANAE Q4B
pHE WSA71A @41 24329 pHlH Aste o) BU2HE A
Aol gASHTE AL & & YU AR AHE FAYHE o83t
GBI GREeRE Sd2HES AAY W pHE AAZ Fo| A
A7A @e 2ol e 4~5% B2HE AALA FY
Bracco’®e] @stsh Aursged, ol AHe# HgAHAY FF7 dex
pH 2AAY #7423 38 59 Aod me 232 gugn dg A
29 HEZ Wasi

Table 591 Lhebdl uhsh gro] thS-§ : B : RS EF ugo) 4
D1: 084 AHUESE BN GXe o 546%°ld ol ¥ 2
o] 5%8 WsHsHd 635%, 109% A7HA 685%E FALEE AARLEO) ¥
Ae ¢ 4 UANTL ¥E nFANE FE salts] BAFol BE £33
A gage ¢ 4 AUk oA AFE T4 Uy FAREY &Y
o) 2:1: 04N E FAHE A Ustied BFe) fE I
2ol &4¢ zasd dFIESRY AAFL 10% WA FAsE Aol
slgAscn B,
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Table 4. Effect of pH on cholesterol removal of liquid egg yolk by

soybean ail.
SO R B H Cholesterol reduction(%) Solid idue(%)
‘ esterol reduction id r e
(W /W /W) P €] C (] 0. es1au °
40 Formation of emulsion
50 56.7 £ 46° 1203 £ 76°
2:1:04
6.0 622 £ 20° 1016 £ 4.8°
6.6 602 + 14° 9.2 £ 14°
4.0 Formation of emulsion
50 67.1 £ 2.3° 893 £ 1.6° .
4:1:08
6.0 666 = 53° 8.8 * 54°
6.6 638 £ 06° 843 = 25°

S.0., soybean il ; EY., egg yolk ; D.W,, distilled water
Treatment conditions ; Mixing time : 30min, Mixing temperature : 6
0°C, NaCl conc. : 10% to egg yolk
a,bZColmmmwiﬂathesmeleueraremtsigrﬁﬁmﬂydiffamt

(P < 0.05)

Table 5. Effect of salt on cholesterol removal of liquid egg yolk by

soybean oil.
SO. : EY. : DW. NaCl(% to E.Y.) Cholesterolreduction(%6) Solid residue(%)
¢ e S
0 355+29 1320*16
2 : 1 :04 5 50.5+2.1%® 107222
10 57.3+1.4° 1015+ 1.1°
0 546*16° 1166+1.4°
4 :1 :08 5 635+2.8%" 949+3.2%
10 68.5+3.0° 858415

Treatment conditions ; Mixing time : 30min, Mixing temperature : 60C
A, B : Column means with the same letter are not significantly different (P
< 0.09)
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ol gL NEANETTHE AL GGy EAzHES
AASE Wge 718 §7180E Ao Ed2EES F2F F O
A BRSNS HEaE &) 2290 Do) vigd 2AFHAAE ¥
24 =& FY2HE AALDE Yehpel, QA6 FHAAHIL gl R
& ol Algdrh
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16. Conte Jr., J. A., B. R. Johnson, R. J. Hsieh and S. S. Ko. : Method
for removing cholesterol from eggs. U. S. Pat. 5,091,203.(1992)

17. #E4E, BRERR= B -0 rmIHEH-, KOHRIN
THCHNO-BOOKS 3, p. 121(1985)

18. Melnick, D. : Low cholesteol dried egg yolk and process. U. S. Pat.
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X 3 &= ustolio] pH o pH =HAHII 573
o|&st Y EEII*EiIE—l HAHE 20 o|x|= A&

A14d4 4

Ade] 2E Y26 S3 e lipoproteind] FHAZA wuAR 2
gslo] dao] EAste] G Qe FLARE FANY, I * 2
A2l Eoltt?. AP 14 s Ae EBd2HE FFES BT 272mg
Doz dye B3 Za2HE A/ 8F FU2HES =9 ARE
$ 2 SUAE dod & UAE 290 ¥ 4 A¥e Ad dEd 2
aH gL BEAE A7t o] FoA gt

ggze] ZUAHES AAS 98 B F9 HUAd ASHHAE
AHg st e fEbtAAEA AT B Y FA6 shese
FaaHe 2R A F AEHAAE Wolsd BE SE2 @
T QARARYE 3R 71§82 es RHE FANA GRFAFT 29
26 80] 718202 o|F5A HozA YgddA FA2HES AAY
£ Qe wiolg“ ¥ Stouffer 5(1994)%L AEAQRAE AHEstd B
ozny 70~80%2 Ta2HEL AASAL UAT BAGE TEY
Qstel AHEEE ABHEZE 2544, ARF, dFF, 7%, duiebd]
W, BAS, AR, TEAS, RS, A4S 5 oS s 4
ZHGAE o] 48tE Wi FH n-hexaned AHE3S YHE2NE
go2HEe BBy AAL §u3EETAe g8 #718WME A
A gote Hol BAM 2FA7IE09 AFEAL Al AE FAAR
g ARA YolE Fihe Rola®

Gilol ABYFAE HArhstr) Ao el pHE ¥59 d¥o £
q3 wak ozl HEE BFo] QAR pHY Ad oW ok FY&
HE &0 8ol pH =32 A% 99 7k lipoprotein &
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AE B4AS A7 £99 JAEE F2A7IH A T 29AY &34
g A9,

Bracco $(1982)“¢ ‘d3oll hydrochloric acidit phosphoric acid Z&
At dslste] pHE w331 @39 3~5u9] A 8FAE A SHE AA@
¢ pHolA SAHE FFS 1L.2U4%clNeY pHE 5662 #5R
0.25%2 7283 pH 3olste A ke pH 4~6A017F Foha &
23Ut

E Ao E d8Fe] FY2uEE AANY g H4E24RA F

248 AHesty, O399 pH ZAA2ZAM IN NaOH £+ IN KOHE
Ab2 3] Gl pHE ¢ 902 23%n, dFFE 7t we
2Tz gugozA B3 71§39 EAE Fxdte R pHuL
224 & AALA PN 9P LdolruA 3},

A232As 2 Y

1. A=

2 Ao E KE4e 943e 7Y%t A3t 8@ ¥ ¢%E
300me] sieve® BHAAA dFF R LB AAsS FUA2HE FES
I8 NRZAN ALsHT. FAAE dRde HF SdH2HE YIL
1240mg%0] 1 &% pHE 6.34°1 .

2. dge] pH 23 ¢ Fd2HE AA

C & 201997 W) wE dFRE A dRAN FiH
g AAE ANSHT. %Y FFQ0g)l HEAH dFF G FRT
o w7l 2:1: 047 IES 3k $A4 dF Y] FRE 77 A
o] Alge) @ pH 2AAZA IN NaOH £+ IN KOHE H7Hste] &%
o] pHE 7,8 9 R 1022 2AY F HHTY A& ¥se 7T
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2 pAsn E£gsdd. o) premixtured] ¥l 60CTZ2 712¢ WFF&
#7152 8000rpm(IKA-Labortechnik, ultra-turrax T25, Germany)22
1583 @ergiqiel.

ol§ BT B T A 71§33 ot dFFoE Y
SAchFig. 1olele] d8&& 543t EH2HE §F R JERYE
gFE &A%

egg yolk
l 1N NaOH or 1IN KOH

pH adjustment

add so n oil
and dis){itﬁgaa water

y

mixing : 8,000mm

leave for separation
'd N
upper oil phase lower egg yolk phase
{
cholesterol removed egg yolk

Fig 1. Schematic diagram showing the pH adjustment and

removal of cholesterol from liquid egg yolk.

3. 242HE ¥4
w3l 2 MY Alge Fu2elE 273 Boehringer MannheimAL<)
A& kit(Cat. No. 139050, Germany)g Al&3le] AAsAT. A&
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methanolic potassium hydroxide$} isopropanol®& 7189 71, 4% F
JAFe] ARE catalase®t acetylacetone ¥  ammonium phosphate
buffer(pH 7.0)%F €8¢ ¥ AA §9& 2719 AP B EF32 & Fol
£ cholesterol oxidase& #H7tste] 40TColA 1At $<¢ incubationd F
405rmoll A F B % (Jasco spectrometer UVIDEC-610, QEEBZF A543
A B, dBIE FA%Y ZH2HELE AFSHAL

4. TAEA
AY data BN SARAEL SAS program’®g A48 p<0.05 &
o)X Duncan® 542" vlm 24 s

A3A 2% 2 13

dao] gdatolut A4 $& H7MEIE pHE W3 fEAYHE EU4F
HAY Fo vAF FANE BEV) st dFRE Mo dAEY
ste WY $o= dREI VRS U dBFTY FULEHEC] V)
§203 A7 AZd2HE YHE 42 5 At PHYE &3 B
dFolME IN NaOH E£¥& IN KOHE AHg3td d#9e pHE 2429
9oz F/HNAEL W9 pHt Ed2HE AALY vINe F¥E Lo}
Bt

Table 10 et uist zro] diefo] IN NaOHE H7istd %9
pHE Z/HN7d Zad2HE AALE F71sto pH 99A U226 & A
Agol 14%2A EA2HE AAEFAL T2 o] do VEIYZJERT
& 57.94%°1Act. 28y @349 pH 10914 pH F7d) & FL
E AALEL g Fasdd. IS2YEYZE pH 9 o] AollA Fa3s
.
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Table 1, Changes of cholesterol reduction and solid residue on removal
cholesterol with soybean oil and distilled water from liquid egg yolk at
various pH levels adjusted with 1IN NaOH.

- Consumed amount Cholesterol Solid
P of NaOH(mé) reduction(%) residue(%)
control(6.34) 0° 61.15+0.55° 66.48+0.11°
7 0.44%0"° 71.33%0.32° 68.390.06"
8 0.70£0° 7045+1.05° 68.32£0.04°
9 1.25+Q° 74.00% 2.05 57.94%0.15°
10 2.00£0° 71.10£0.50° 63.27+0.32°

¢ : Means with the same letter in the same column are not significantly

different(p<0.05).

E£% pH 2R A 24 IN KOHE A& e He] Ed2HE AALL
Table 20] Ueld uls} o] daoiel pH7l F713tH FA2HE AAE
% #7138t pH 99 W EALHE MAEo] 86.76%2A E}ey JE
DYYEFF L 6446%°IATh Table 18] 4@ A G A vl E &
o] pH 109X & 23]3 BA2HE AAL] WolREH ol dH#FH
71859 BEst 3 o]FojXA k7] dEojgtn ARHUT JEDY
e & pH F7tol wit o3 o] (P<0.05)7F AU Tt

Bracco(1982) $“e datdel 4e Asiste pHE 23A R
ol AL HFE7} RolA R, ¢#EY 713 st & olFoA &d
2 &0) 715522 WolH7] HR AHE Hol dFY 4E AHso
pHE A&AI71W 79.84%~89.25%9] & 2H &) AAHJUGT BI3A
t}. Conte $(1992)9¢ d¢ #H7istd dgawze] Azst #Hidn
lipoprotein®] ¢4AAol A FH2HEL AAS] 4 ¥H=2 dvxn
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3. 3 Lombardo 5(1994)"& ocil in water emulsion ¥4 Ao A
o 9¢ BhSE o] TTEL 4E TUsA Hx, Aot ol e
Newee A RaEd ogse #37t AH BAAHE AA 3
9 & Qe 4ust 9o S9Y. U pHE FANAE A RolA
agas slgae st B oFoiA sA2HE AAE FARHAGE
ARHA. |

Table 2. Changes of cholesterol reduction and solid residue on removal
cholesterol with soybean oil and distilled water from liquid egg yolk at
various pH levels adjusted with IN KOH.

q Consumed amount of Cholesterol Solid
P KOH(int) reductiori(%) residue(%)
control(6.34) 0* 61.15+£0.55° 66.48+0.11*"
7 0.50+0° 70.30+ 1.00° 65.58 10,67
8 0.95%0° 80.06+0.70° 67.69+3.17°
9 1.38+0° 86.76+1.67 64.46+0.09
10 2.20£0° 7710£2.10° 61.27£0.17°

a~¢ . Means with the same letter in the same column are not significantly

different(p<0.05)

ojare] Aol A pH ZAAS A&l UM ¢ pHE 92 =3
sed IN KOHSl 2% %o| IN NaOH Rt G# 20g % 1.25m2% 1.38nl
24 oA B71E s IN KOHE AHgshe Re] EH=HE AAELESH
A=Y doH AEHIAT
- Gy pHE YT 2 AL UFEFS Z549 Htu& o
& Qe Udojur) A pH ZAAZA IN NaOHE AH&ska ¢3o
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o pH7l 92 #9e W YT fe R4S Ftulgd wE FH=2HE
AALE Table 39 VeI Conte $(1992)%2 sutei7 1A & AH&
& o] mixing temperature 70T o3, REAIZHE 15¥IUE W HEA
718 500g AHEEIAS we FHAHE AALE 83%°IUL, AHEE

Table 3. Effect of soybean oil, liquid egg yolk and distilled water ratio

on cholesterol reduction and solid residue at pH 9 adjusted with 1IN

NaOH
Soybean oil :
liquid egg yolk : Cholesterol Solid

distilled water reduction(%) residue(%)
(W/W/W)
2:1:08 76.68+1.74" 65.09£2.26™
2:1:06 75.02+1.51° 62.00+1.47°
2:1:04 7756 +1.33% 63.84£1.37™
3:1:08 84.38+0.17° 69.02+1.57%°
3:1:06 81.65%0.67™ 68.56£0.01%"
3:1:04 78.38+£1.17™ 67.421+0.34*°
4:1:08 79.42+0.61™ . 68.26+1.77%°
4:1:06 80.40+0.95™ 70.45£0.77%°
4:1:04 79.62+1.48° 72.18+1.72°

S Meaﬁs with the same letter in the same column are not significantly

different(p<0.05)
7129 g 1000 2000ge2 F/MAAE e ZHzHE AAEE
747} 86%9t BT%EA Z7tstded AHgste 84 FA ALg o] o

W 2dse ¢gFel o] FH2HE AAL] AFHAURT LadHse
o o] Ae Zo] YR HAuES FAAANY FHU2HE AAEE
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FHES B & AAL U 32 dste) TR BF : 2545 )
7H3:1:08 o]& o FA2eE AAE] 84.38%2H Egton o=
AY G et FRS TP o) EeSE 2Y2HE AALE
ol SARYTGE & S9N wze] AXsE BHIUT. o] H
VELYEYBL 60.02%01T IETYEL US4y Hrhulgo] 27
& i F7H7]e Y e AHP<0.05)7F 2 A sk,

EY pH ZAAZAN IN KOHE AMgstz d@#9de pHE 92 34
d R4 2RSS Yrhulgel BE FULHE AASES Table 4014
Uehd ue 2ok R So Ugel vlge 3: 12 A HUN FHS
o He&e 08% 0622 AYE wWe BU2HE AALo]l 87.99%s
B86%Z oM I olge EH A HAHY Ao|(P<0.05)7 AN
9. BETPHEL UTF U8 FHSY v 301 089)9e
7633%01 3 REFS] W7} vlgo] FUSEE DELYRUFE F7H
A,

ol4¢] BN pH ZHA7} IN NaOH £+ IN KOHE A18% 34
SR SS G 2559 w731 080)RE W a2
S AAgol 27 8438%, STH%EM 71 waty, AEAYEe Y=
42t 69.02% < 76.33%2A pH 2R A2 IN KOHE AH&3t= ZHo] €4
2H €€ AASE o ARoln ARAYG £ pH ZHAZA IN
KOHE A3 3¢ d5H : B : 2549 sk 2: 1 : 049 Ho)
geUaEE AALl 8438%2H WEH A4 FA¥Y W ne
WOUTH  @F FREY HE 2010042 e AT A5y Res
AEHAY.
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Table 4. Effect of soybean oil, liquid egg yolk and distilled water ratio
on cholesterol reduction and solid residue at pH 9 adjusted with IN

KOH

Soybean oil :

liquid egg yolk : Cholesterol Solid

distilled water reduction(%) residue(%)
(W/W/W)
2:1:08 82.50%0.00%° 65.09+2.26'
2:1:06 78.00+£351° 64.44+0.19%
2:1:04 84.38+1.11%° 68.32+0.01°
3:1:08 87.9910.16° 76.33+0.09°
3:1:06 8586+1.17° 75.02%0.05°
3:1:04 81.00+1.18° " 75.69+0.02°
4:1:08 81.23+4.35% 79.70£0.05°
4:1:06 84.89+0.59™ 76.51£0.01°
4:1:04 84.34£1.48% 80.67+£0.01°

2“8 . Means with the same letter in the same column are not significantly
different(p<0.05)

A 44 FaLeA
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fraction. J. Food Sci., 56, 1255 (1991). '

2. Bogin, E. : Low cholesterol eggs. Proceeding of the 4th European
symposium on the quality of eggs products. 97 (1991).

H A. and Eder, H. Relationship of

3. Lippel, K., Tyroler,

hypertriglycerldemia to atherosclerosis. Atherosclerosis, 1, 406 (1981).
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H 4z =AH o|MatEtao] o ¢

HagHoz BE9 FYAHE FE

A13d A4 4

Ade Fdo au, vew, 2738 TR AL, $o1F 235,
APy @9ad g, $5¢ gu, Y FAREY Fx2 A
gAAEgoz <L dad Ut. Y AZl IGF FHEH Ue
A FP2u g FAY AW R IAYEF T ¥ @
adeoz Agdte FF 9RH 47/ LEHT AxQ, 2), EF
American Heart AssociationdlME ojg} Z& ZAWel oq#E HAsMc
o) MAse ZULEHEFS 300 mg olEt2 BFFT ASNB) =
Ao Au%FE ZA FAd At

olg T ¢Jsld AP Fo d2HE ¥IFE FFE Vel
ARsiz ded, olde AR AL WIHANAFUHEA, EH2HES
F5 dd 2 gAARE AGATE SFEE FAA FAHZEAN
qge2HE A e ARt Q W@ AR FFHA, AL,
7180 Soz ANIsd FA2HEL AANE B, A¥A
By (5~8)0l Utk AW B, Hety WpEe FU2HE AAIZ
gee 28 And 24 AFY QA= AAH}E, @HIA2
WA EZN Ak 7%, 853 43¢ Adse A UG-
B3 7182 FEaW AezRyH FU2HEE AHYHez
AAs7 AR, 7180l FFIASAHol ;oo AEEuie sHHo|
AT gde AT A gHM ARFd FezHET JdgHoR
AAREA Z1SAT BEH AL WA ge 7I€d Lol
AFs o] W 1T AgdezE APF protein fragmentationd
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oligomerization®] #93te A9 EWY 2k FAH IZEA
pHl A lysozyme2 2F 75Co|iL, ribonuclease™ ¢ 60°Col22(9) ©yia
MAE A7 HdAMe s E ARAAM stEEdor 9. ER
AdZFe AAFo} AAHR g FEWYol v i,

Z2AAFAE HEL2ZHYH ZH2HEL HHYo2 FEdcH)
ol g5l #i(10, 11). A2 E BEAE free hydroxy group2 7FA 3L
ez Aupe] Hlste A FAHE wn, FAF] Fuj ol A7)
g APoziyg HdeYgHoz AAHE & vk 2YARH F2& @
@A 2 (one-step extraction and separation) AW# FAAHELE F2Y
F AR, AE AP 24 g Yoz ¥¥Y F Avde A
AR Atk B 2YAFAE 257 ¥ £E YR} Eol F2
gojgtnz, AL G@¥A WAHdd BAste Aire d¥Y =R
oA A o]AEAE JIFY A @A WAES WY 5 A&
Aoz 2ldEt. EF AAAL FA4A WdE FEEuid ojisEiE
HFgdolnz QAo AYozREH FEHA K3 FEJHFEA
dolsle Rez Jlggd

dd AdozRy IFZUH2HEE FEY 9 AE2A Moy
dgdnoE &0 S diEe] #F¢u), Novak $(12) @& dS
3BC/241 bardX F2dAE o F2 AF T d¥Y 4F¥}
SAHANEY, ot YBLEREH AJFS FEo FEF ny
22789 F=rt FvtEe AF AFHO Je e¥AI} Ao
SIHAAY, BT 294 olistgdart A@ duAde Ast 2= WS
Qe7)7] 42 ROE FR%n Uk |

et g A7 dFEE 294 oldseEALz2 40~60T, 207~345
bar, 1~3A% F&3e OF AW FY2HEY fIi=, H™gxE P
FERFEY AR, AWPEEAEE FAHAG.
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A24dAs R ¥H

1. ¥4 R ,
B Ay AMgd dPES Canadian Inovatech Inc.(Abbotsford,
Canada) AFo 2 UAAA7)E 100 mesh °J3ARL, FEHFL 45%A .

2. 294 oldsdid] 7 ALY &

B Agd AEE 2YAFA FEFX(Autoclave Engineers, Inc.
#08U-06-60-FS)= Ad <o) 413 bar 74X AS 7bsd &
#5¥02 NAYZE Fig. 13 2

Fig. 1. Flow diagram of supercritical fluid extraction system.

(BPR: back pressure regulator, CV: check valve, EV: extraction vessel,
F: filter, FT: flow totalizer, HE: heat exchanger, HPP: high pressure
pump, MV: metering valve, P: pressure gauge, R: rotameter, RD: rupture
disk, S: separator, T: temperature indicator, TK: carbon dioxide tank).
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HA 222EV)Y F4¢ 91 GFE 20g8 FUHAG. @UANEE
AAY(TK)ZHE check valve(CV)E AA ¢ J2EFHZ(HPP)O] &3
AGEQATt o] W wAstA FURe FFH IFE A7 # 3t
_00C WZAZHE)E AAse] ojadggxs 7ItE FAJAT. 7tdE
o AstgAE ¢t ZA7|(BPR)Y) st ¢eo] =AU LHAP)
oa ¢dol =AHARL &2 osHUT FExY WEHE 300
mio)x, eE+ HHY exzAyd 9id FAFHYH dA%eEA
(T)ol dstel 245t 94 F7 eEd FPPe= FAND F
2zz 232 Uste e EREL J12¥ metering valve(MV)&
25 2Yz2Q)NA dritez <t #AHAA gat7tas} FEEE
2agqln. o EnsE wAslael fFE rotameter(R)o] 3
2xEn HARAE totalizer(FT) &3t FAHAL F di7] T2
W& A

AYPASZ F2LEE 40~60C, ¥ 207~345 bar, SN
1~3A1ZHo1Q T, olAstgAe &€& 4 Vmin Atk 93 eE, 4
2ddM 9F A2 $¢ 288 ¥ #2584 gn R A+ e
22ARES £A%Y AFY ¥ FY26E I, A5, AR 24E
2733 A

3. ZY2HE 4
222589 S2HE ¥FE cholesterol oxidase B (13)8
ol g3t ZAsATt

223589 42& A A (color and color difference meter, model

TC-1, Tokyo Denshoku Co., LTD, Japan)® 2439 LHE), a(@d=ER),
bFAE) ez e '
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5 A 4

FERFEY AW 24L& GC(Hewlett-Packard 5830 series II)oll
95t B39 208, columne DB™-Wax capillary(30 m x 0.25 mm
i.d; Supelco, Inc., Bellefonte, PA, USA)& Al43l91, &5+ 200CE
T3t F&7l= FIDE A3, U7 % F&719 &=+ 250,
300C2 #A3FAG. 2| ZA A27MAE split ratioE 1110022
Fa3s

A3d A3 4 2%

1. o] A3} Ae] ko] @E Gy 3 ZH2HEY L=

Fig. 25 Y82< o2 259 N FA% 5¢ 2289 9
ojdgtgti e Yk wWE d¥ Az FH2HEY FHEE YR
Ak, 2=GA  olstgde] o A FH2HE LHxE
ojlisig e dE Frld we FrsiAed, o dwrFoE LIEE
°I{‘_}§}€r.+_94 dxd Bl F7pst7] wEe)Ti(10, 11). F&4E 207
bardld F&LEE 40(FE: 0852 g/em®), 50(0.798), 60T (0.738)22
gedlde W fIA=e AHANI  FUhEReY, FERE 40ToA
22549 276(0905), 345 bar(0940)2 ZE)IRE W L= FF3
2T, o2 Mo} wy AWy gd2HEy SHEE
FE2orde FE4YHd dsq AA FeEHe A2 AYHUYG
Shishikura F(14HE FAWe £Hxg FAT ZF 40C/150 barelA
041%(wt/wt) A X% 228 300 barz 28] F7MIAAL o 1.88%=2
464 Zrhsldckn Bl

A Y2 g BAE F7F A4S vl dte] B o)igA e
U 0852 g/om’ Z1Fez gz JdeExed, AYE F9dME
g2HE €3zt AW fIHE R gdrt, IYE FFodAM=
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A #AEA Frkste A4S Bt ol AUEY olitdid
A8 E AFAYA distd FH2eEe ARErE wob AYHR
ol #&HO/ LUEAAE ojdstaare & &3 TH22 Ustd
Ay g2 o) Tl Wol FEHNUY wWEelt A FEFEY
Jdy EH2HE FEE FEE9 F7 @ FEEL,
FELE F7ho @} gasaid.

10 — 0.5
9 l %
= o —o—Lipid L 0.4 3
2 —»— Cholesterol =
= 5
Z 14 E
E ) j L 0.3 R
re) | ©
B g
=l ]
2 7 0.2 &
=
S, ] £
J 7 T T T v 0.1
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Carbon dioxide density(g/cm?)

Fig. 2. Solubility of lipid and cholesterol in egg yolk as a function of
CO2 density.
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dg ojastgae] W (0738, 0.798, 0.852, 0.905, 0.940 g/cm’dllA
FE89E W FEIAFEY FES ZF 926, 906, 835 843
792%8om, U2HE AALL ZZ 119, 123, 132, 254, 285%2,
ojastgie Wx Ft wE FEAFEY F£ES FaE ud
ZHU2HE AAL) FZMEAcd, ot £8E Fstel w2} Aua
Zy 2 &0l Bo] FEHA7] W&ol Bulley$} Labay(15)= GHEE
360 bardl M $2LEE TN BT BANAE o 5 ol Asteas)
45 E F/HAAS o G389 Ldce 1454 F713tgctn w3ty

3. #&¢Ed Be Zy2HE9 HYx

TN BAEEL Jdsteltr] Yste MY E(selectivity)gHe
Adel EslEd, HYEE 23 dgao He FHRY F3Ey
FEZIFEAMY = B2 Jerdd Fig. 3& 243 207 bardlA
F2e5d mE oldswid Uy Fd2HEd HYZE Jehin
At FY GHAA FELx9 Frlel wet HdY=rst Frtsded,
ol €% 37 & YUE Zad ot Fd2HEd ud Ao
S =7t FH oz Fasgr) fol

Lim# RizvilDE %& 2= ¢3de 23std #ALL F&3Ae
W neH} A¢ & AU ojistgid dstd FY2ESe] Y}
Edda BaudtH3, Majewski 5(16)% o]idgxd] digd #Xwe
gd28g HYEE &= Z7ld wg Fssgda zasigd 2
AFME HELEot ol 60T/207 bardld AYsst 283%th
Krukonis(10)= wEZFe ZY2EE9 olistgro dift HdeYgze
60C/150 bar o]A 3892 ukd, 80T/155 barolA 5732.2 &E Z7}o
we} 27hetQ o BIEH |

-73 -

NEEXM: NSYAHE HSMES o= e/ s8R



2.3 " Y r - . y v
30 40 50 60 10

Extraction temperature(°C)
Fig. 3. Carbon dioxide selectivity for cholesterol from egg yolk at 207

bar as a function of extraction temperature.

-o—Lipid
—o—Cholesterol

Lipid solubllity(mg/g)

Cholesterol solubility(ing/g)
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0 I 2
Extraction timer)
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Fig 4. Solubility of lipid and cholesterol in egg yolk at 40C/276 bar as

a function of extraction time.
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4 23N Be 9% Ayt FH2HEY $HE

Fig. 45 40T/276 barsl A #&A2e] & 38 g3t ge2elgs
g8% WaE Ysix sl A%d SAEE FE 202AAE Al
aqstgow, 2 o Toe 48 gasych o ‘e WFL
azqaede z4o| 2&A0l et W) HEd Jojun, Fe
azAgdE S5/ e AFAPRL2 FTHE o) Bol &0
SHES 2L BE, 2EAN) LJASFE FEVFE) ST we
szEsAudes FAY Adel ¥Eue £HE RopAE ot
g2dE =8 2YAFAGNY b 848 Fasded, oE
22 AEEAAe ZU2HE G B23R7) HEo

2zAd] GE F2VRTY £8& 22AL 1, 2 3NTAA 247
843, 683 632%%en, EdxHE AAEES AF B4, 417
61%9ed, ot ZEANY Frkdl we olisigae AuFol
=goe 2&Fol ZskEy] dEoch wAM GFEL 40T/276
bardl M 3A T FE3AE Zy2HEo) 461% AAY dH 632%E
dg & AAe

5. olustgael WES $EAL BE Y FEVAE A= 2% '

Table 1% 2 247 olAsiwae WUEs HFA wHE
2za5Ee A2 WHE UYshiz Qo ouHvxed YEd
2zl 27184S Lte F/89oY ash b@e Fasted, A
o) o] 2EHYeH AT 2EVFEY 4Zo] Wol: UALE
HadZ3 gtk olx olAsterd YWEJ ELFE, FEAU
ges 294 oumwgid esd d#s  carotencidssh
xanthophyll 447t 2t Be] F&=HU7 f 2o]c}. Favati 5(17)<
%9 A o)AkslgtAocl 2|8t leaf protein concentrates2 % ¥ carotenoidst
lteinel  £2:9T, Y% HAYE 2YA  oldsigad  dstd
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I 2RY carotenoids7t F&HAF B3P

Table 1. Effect of CO: density on color values of the residue in
supercritical COz extraction of dried egg yolk

CO: density Color value

(g/cm®) L . b

Control 79.39 293 33.38
0738 - 80.65 2.83 3263
0.798 81.24 - 277 3253
0.852 81.38 2.57 32.18
0.905 82.65 2.45 32.28
0.940 83.03 253 31.79

Table 2. Effect of extraction time on color values of the residue in
supercritical CO2 extraction of dried egg yolk

Extraction time(hr) B Color avalue -
Control 79.39 203 e

1 82.23 275 —

2 84.39 2.02 929.20

84.47 212 28.99

Extraction temperature/pressure: 40C/276 bar

6. FEAIZ e FEZFSY APY =4 W3
GHE YA oAV FEHE AP FAAYL FFH we)
ZYA o]t ad] U LA dEy] fEd YL =24 de
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A £YE 2L F AL Aoz JdEy. dAF HI, S4o ¥
Aoz 7HE AWYFE 294 oA eid digteq &H=7t &7
WEA FEA we} FEFFEY APY A4 UEE FA 9
Fig. 5 40C/276 bardlA F&A%FE €sty dFES FEIUS
o FETF2 AL 2 A%E JdED AT FE2AL Fbe
o2} E3AYAQ] C16:0'1} C180 #%Fe ZF7hsiev, EXHAIYAQ
Cle1, C181, C183& zZa3ddd. 3AF FX FEoiue d
FEAFEY CI802 150% F7t¢ wd, Cl16:15} C18:3& Z#F 68,
65%2 Z23At. F FEAIRY Fte w2t EEXs AYAES gl
FEHY FSIAFEAMY I Ao Holde EAFI ey, I
Bz ERAWLELS HA F&Ho FEIFEN ¥FHI UL
EFEn Ut ol xYA oluBERrt d¥e BIXHRAYAL
AdHez F&37] Q2 A2 FHH9, Froning(19)9] dT+Z 3%}

Adx)s3z A,
160
- | e
5 L ey £ RN | N
= 4. [EE—— Y ) T
S 120 e i ceee == ShE -
B S e ek
=g
z 100
S & '
E 80 - )
= S )
Q™ \
B
5 ‘0 T T v, L
R Cl6:0  Cl16:1  C18:0  CI8:1  CI8:2  C18:3

Fatty acids

Fig. 5. Profiles of fatty acid content in the residues as a function of

extraction time.
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omuE| ZolA o|AEE20
ofst BAEE MAAN FEAZT of2ie] He

2
on
02
e
ol
AT

A13A~ A

297 4M22YL VA YAH By 52 2= o] Foi
z2AzRy £33 233 Pyt A2 E o A B BYE
nE ot oo AT nEAsY ¥ £&E 7R + UoH
zatas whdo) By HEolh 2YARAT 71ASG HA Ate9)
zH g3, 394 S4¢ /145 Y= d4A¢ MR, AEE V1A
o Mz s SN AEYe] AN B3I F& L= 4L
ARAA $AYL 2AY 4 Jlenz FHEL YA 32 £+ Y
o gv) 229 2ot AS8ue Wsk Won &ulrt AFozrE 4
A AALY 4+ Qoe Fdol Atk 2PAFAZ AFAAAAE clUsE
A7} 22 AgEHEY 2 olfE oligdas YALEE 311TeIH, H
#94, 254, TEoln uHA %r] HE ke Z1AG AR M@
#9e § A3 2 2QAFA T,

2974 $AEE HAPE 223 B9 7123 F GAR oA
2257 9% THEL 252 59T 29 ¢F WA 2IAFA
o Mate T A WOZA FZo| oF?, A 29A FAFE
we X i, Av, g, FAR, F42F 59 B AF A=HI
gou AFMe 7 AAG £xe & A$E AR AL
Qith. Froning $9& 1990de) 374atm, 55TA GRELZFEH 2/39
FY2HES AASYLD, 94deE 4,000psi, 40TANA 6% ES#2H
22 AANADGY, Zeidlers King(1994)°e gy ozre 70%9 2
2HEe 223 $8 daelME 2YARA AR E AHE3H
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FA#4M EPA R DHAE #&89°0° & 519%)7e gEF29
%71 2 AR 5 EAARE YNNG BHo2 294 ouELr Ay
A e Ao U 9% nxx Fkon 138bardld 9BTRT B
2EQ 50CANE §Y¢ PE7L B84 HAh =28 d 519970
GHE O RE 40T, 276barol M 46.1%9) TH2HEL AANGOH, @
5(1998)9¢ T3lziy HHL 22¢ AL SFAE v 60T, 4,000psicl Al
FA2 &40 713 A Jdeirtd.

B XYM 297 oA PLE o83t UPRozRY Fay
£2 AAstE do $3¢Y3 Ao e P AEHY) Y3t 2
AZ22E AN X Td26E AAL, 3F P2 e, 8 B2 2 2
& ¥ 2HEY APA 249 Wt 45 WE 2

A2AdAs R B

1. FNA=

& Alge AHgE dZES 448 ¥ E(novatech, Inc, Canada)g
T3 ARSIl 2n] 4CAA BEdHc. FAARY FEEFF 4.26%0]
AT, FEUZA AHEF o)A £EE 99.9%0] Tt

2.3 34 2 =3

2 AN AHEE 294 #MFF FA(SFX™ 220, ISCO, U. S. A)
£ Extractor, Controller, Syringe, PumpsZ T4 5o 9101, extractors
bench top22A] controllerd] ¢J3led ZAEATHFig. 1). AdYFe
10,000psiol™ 9m¢ &F9] F&8&7]d A& 30g& FAdL FEx I
t}. o] o -5C9| refrigerated circulator& 715 A7 olAtsigae] 78 &
BAGFAG FZo 93t 7ItE o)A E £EXZ ol$HIUL, I
A A EZ (AL F FEZ ETE YWHEA dridez A%t ¥4
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FERA o] eAadd FEEZ FYHAUTY o] @ ojadwie FHL
1.3mé/min®] A o}

Fig. 1. A flow diagram for the supercritical fluid extraction process.

3. 2Yd2HE ¥4

ZA ot EL0 ity F&E AR Ed2HE £42 Fenton
3 Sim(1991)"% Wdel eso AASAT. AE 03gel intemnal
standard(5 a -cholestane) 0.5m¢¢} hydrolysis solution 10mME& Y3 60T
water bathol A 1412t #gA17] F FFF 109} hexane 5mbe Wi &
3t 1000rpmel A 1083 Y428 & F 439 hexaned W& E 3kt
o ¥ W8 F&3de Rold hexanefdE sl LujFHst 1A
W7k ¥%3 2 thA] hexane 1ImZ ¥ 1pE GCol injectiondtAch.

1) GCeo 4=

Gas chromatography2] 71%< HEWLETT PACKARD 6890(H. W.
Co., Avondale, PA)9] A& A48 Columne Supelco SE-30 Fused
Silica Capillary Column(30m 0.25an ID 0.25/m film)o] it} Ovendl 2% &
265C2 %53 detector= flame ionization detector(FID)& AHg-3tx
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detectore] < E¥ 290To|Ar}. Injection porte] €& 280TeoIned
Carrier gas2¥ ¥EL AH43 4T Run time? 158212 injection %
& 1ol it

4. A B4
D ANgY A 2
29A4A%E F AR AW $5& Folch 501958)""9 o
oste] AN AT FAF BHEE chloroform methanole) 2 : 1 &
44 A8 4u) Az Foz o BRI AWo] FEHESF FHd.
g QHFXE AHEsS §4E A3RY F AFE4 ¢ 1/4 =
o] FF4E HF713td 3,000rpmolA 1087 AU ML ¥
B3 4g e BHSFd &4 @I chloroformPFo] €3] € o
7tA FHANZ F chloroform3 & #&4 chloroforme @33 FYAI
F Ae v AME ¢ gdole otde Wyez AN
Ak
-2) AEe] AP AAE
Nge A AN Morrison® Smith(1964)'79) ez A4
At &% AW 8~20mgd Y3 HE F 05N NaOH 2meE 7H3o
sand bathol A 15%3t 7149 ¥ ¥ZtAl7l  BF3-methanol & %4mE
7bg & 1583 sand bathold 71E8do. 719 ¥ @43 YZA7n
heltane 2m¢, NaCl 3189 4n¢E 7bste] vortexolq 1833 EF3RAG.
EF F 0B} ALdAN AXAIR FAI] acro disk€ AHS3HS
heptane® & o3& ¥ injectiond} Aot
3) GCY ¥4z
Gas chromatography®| 7]%& HEWLETT PACKARD 6890(H. W.
Co., Avondale, PA)9] Z1-& A5 32 Column® Omegawax 320 fused
with silica capillary Column(30m X 0.32mm ID)°)312.% Columndl film ¥
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AE 025 mmol Q. Columng 25& HLdE 170CAA 583t holding
N T 2% 25CH 2eA 1722 holdingdtel 210TE RAUT
detector: flame jonization detector(FID)E AM8-3t% L detectord =&
260C 11T}, Injection porte) EEE 250TOIREH Carrier gas2E 4§
& B9 3wy EEFen F£4ar B9 08ke, It £9 12ked &
2% . Run time® 40E°l X injection ¥ 101Ut

5 4 &3
23 ¥ ANEe AMEZ2RAHL Color difference meter(Yasuda Seiki

Seisakusho LTD,, UC 600-IV)& °|§34 L(B =), a(q =), b(FAH )3k
& 238t o] W EFHL L=89.2 a=0.921, b=0.783°] 1 t}.

6. &8 B
AOACH (1990)el) o5t 248ttt

7. 54 4
A% data BHL EAEMEL SAS program’¥g AMg8td p<0.05 FF
o} 4 Duncan®] A2 wa 4%
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A3A AR ag

EYA I NEAGFLE ol 83t GFELZRYH FU2HES AASEY
AN FEAHH FEAT0) A F¥E AEHI] A F24HH
ANHE BYste 2gAcRdRLFESE NERT FEF FH2HE
AAE, 33 F2&, TEFLE R & F 2FEY ALY 249 83
g Nz ¥gg 3 A.

1. 3499 4

$4 F&gYo] BA2HE AAL, % T2 L R F2gd 7
e S Yoti7] dstd FE2E 40T, &AM 143, oj4tgiaa
o %2 13m/minS2 nAYL $2¢H L 3000~7000psi2 @2 ste]
294 FAFEE AAEASY 2 23 table 19 JYERA vie} 2ol &
HEol F7tetel] wet FHl2dHE AALEL 3,000psi¥ @ 18.19, 5000psi
d o 34.04%°1Q T 7000psiNH 4B5T%ZAM F&Lgo| ZFslbge] uwel
ZH2HE AALEE F718AY oY olfE BE XA F&4Y
o] EolAW EH2HESo o Bo] AAYDE Hung® Unger(1995)?¢]
B3oAs} go] gtge] Frlstd ol Agrae WEsF Fzhsta 2o w
g &80 Frtstd EH2HEo] Bol AAHUY. FFFLEL 4G
11.89%, 19.11%, 27.11%2A 8ol F713t8 FFga7l Bold& ¢
At F& Yol F7iYg et & FAEE F/HhY 4AY UY¥e
2 3A F7p3A 4ted, o AREN FEYS 5000psicl A F&
2HE AAEL 4130%2 94 @7)e Y TFLLEY FEZLEL
2AY | AP FE&<4Yelgdn AR HAD
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AAEEX:

Table 1. Effect of supercritical carbon dioxide extraction of dried egg
yolk at various pressure on cholesterol reduction, weight loss and
moisture reduction.

Pressure Cholesterol Weight Moisture
(psi) reduction(%) loss(%) reduction(%)
3,000 28.72° 11.89° 55.29"
4,000 33.50° 1456™ 66.07°
5,000 41.30° 19.11° 67.16°
6,000 45.37° 21.11% 75.79°
7,000 63.85° 27.11° 86.75°

Treatment condition ; CO: flow rate : 1.3:£0.1mé/min
Extraction time : lhr., Extraction temperature : 40C
3¢ . Means with the same letter in the same column are not significantly

different (p . 0.05)

100 -
80 |
9
T 60 L
e
-
S 40
3 ,
20 /“./.
0

3,000 4,000 5,000 6,000 7,000
Pressure(psi)
—e— Cholesterol _g Weight _,_ Moisture

Fig. 2. Effect of supercritical CO; extraction of dried egg yolk at various

pressure on cholesterol reduction, weight loss and moisture reduction.
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2&qt8d) we 52 FFEY Fo AW A9 W3E Yol 2
3 table 21 YEld uvie} ok AT LEOM FE&LFHo FHEA
C16:0, C18:00] Z7Fstdx 181, Cl82, C18:3& AT olRAL F&
o] F7HstE EXZAYAL F&o] FUEL WA 2389 XA
Watel o] Z7-3thE Hung® Unger(1995)%7¢] B3} 9x3te 23
ol Mxo HWIE Yol AT table 3o e vie} Fo] FEUY
o] F/l¥$E Lt F7MSA L apt Wt e H, bakd F23A
t}.

Table 2. Changes of fatty acid from supercritical carbon dioxide

extraction treated egg yolk powder at various extraction pressure,

Extraction pressure(psi)
3000 4000 5000 6000 7,000
16:0 27.17° 26.19° 26.32"° 2687 26.62°  27.02%°

Fatty acid Control

18:0 9.25° 981°  1068° 1204° 1185 1258
18109  4439°  4370°  4209° 3995°  40.04°  37.89°
18107 2.25° 2.24° 2.19° 2.10° 2.09° 1.98°
182w6 1460° 1447 1439° 1435 1428° 1452°
183w3 0.52° 0.53° 047° . 040° 0.40° 0.33¢
2014 w6 1.8 " 201° 24T 2.90° 3.07° 3.69°
22506 0.27° 029° 036  040° 046" 056
22603 069°  076° 095 100  119® 143

Treatment condition ; CO:-flow rate : 1.3£0.1mé/min
Extraction time : lhr., Extraction temperature : 40C

a~d: Means with the same letter in the same colimn are not significantly

different (p < 0.05)
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Table 3. Changes of color values from - supercritical carbon dioxide

extraction treated egg yolk powder at various extraction pressure.

Pressure Color value
(ps1) - L a b

Control 74.87° 2.80° 28.33°
3,000 79.93° 2.80% 28.33°
4,000 80.33™ 1.74° 26.97°°
5,000 81.60° 2.35% 26.17°
6,000 81.0° 214 27.0"
7,000 31.1° 28.43° 26.5°

Treatment condition ; CO2 flow rate : 1.3%0.1m¢/min
Extraction time : lhr, Extraction temperature : 40°C

a~d . Means with the same letter in the same column are not significantly

different (p < 0.05)

2. 22029 9%

AzAzo] YRR oYY 2UAHES AAd NAE 9FE Yokn
A ferel 22UY 5000psi, FELE 40T, olAshesd FFE 13ne
mine.2 TAHT FBALE 05SNA~4AAN WHNA 28 F 2
A20E AAE, 39 BAe D £2 F2EE TohugTh Table 49
gy e} o] A& Aol 05AY Hel E2HE AAEE 3181%°)
d3 INTeE 2FALE FAAMY 406X F7HALH 2V
A 6171%, ANBANE 8607%2A S YT Y LEAM FEA
el Zobo) el 2A2HE AAL AFE FARAED oRe F¥
N9 27kl B ol Asgas APl Frer] HEIQGD. GGE
o 2HrHE AASE 2EA 9E Bol BE AL ¢ & AU
a2aage] 2E4E FRPa g0l BolReH FEULEL 0543 I
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Table 4. Effect of supercritical carbon dioxide extraction of dried egg yolk

at various time on cholesterol reduction, weight loss and moisture reduction.

Time Cholesterol Weight Moisture
(hr.) reduction(%) loss(%) reduction(%)
05 3181° 1489° 4259°
1 44.05° 19.89™ 66.82
2 61.71° 22.00° 74.04°
3 71.59° 31.89" 80.86%
4 86.07° 41.22° 87.19°

Treatment condition ; COz flow rate : 1.3%0.1mé/min
Extraction pressure : 5000psi, Extraction temperature : 40T,

a3 . Means with the same letter in the same column are not significantly
different (p < 0.05)

100 -

80 |

60 L

40 |

Reduction(%

20|.

Time(hr)
—— Cholesterol —-— Weight —— Moisture

Fig. 3. Effect of supercritical CO: extraction of dried egg yolk at

various time on cholesterol reduction, weight loss and moisture reduction.
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o 4259%°1X 4AolE 87.19%2A AA F718t FEFATL ALHO
2 F/H Y Ed2HES Bol AANY & JAAT FEFLER T
FhAa7 BReng 24100 HAY FESATLE ARFHUT

FEAIR ©E uike] WskE table 59 UERR upe} 2 &4
el F7bel mek T3APAAQ C16:07 C18:0 ##F L T/ ey, EX
stxuatel Cl8:1 Cl83& ZASth &A%Y Fvto) mah BE &)
HAELS Bol FEHAL IFAYIEL AA F&5H FE2IFEAN F
ZHFIE ¢ F AU

FE F AFEY MENE dotE ZA3 Table 60 YeErA uie} 7
o] F&Azte]l F7ME4E L F7HEAn a#gtd bate A
9 $1991®¢ &0 F71¥4E Y& carotenoidet xanthophyll
a7t Bol £&HU7 dEolstn e Bust FAsHT

Table 5. Changes of fatty acid from supercritical carbon dioxide
extraction treated egg yolk powder at various extraction time.

Fat i i \
ty Control Extraction time(hr.)

acid 0.5 1 2 3 4

16:0 2717  2622°  2652° 2673 2734 28.20°

18:0 9.25' 9.89° 1144° 1187  1243°  1450°
18109  44.39° 4350°  4070° 3959  37.21°  37.89
181w7  225° -2.23° 2.12° 2.05° 1.94° 171
18206  14.60° 14.49° 1436°  1442%  1483° 15.13°
183w3  052° 0.51° 041> 037  034° 0.24°
201406 182 2.08° 2.90° 322 3.84° 5.16
225 w6 027" 0.30° 043° 0.49° 0.58 0.79°
26w3 069" 078 1.12° 1.26° 1.49° 2.02°

Treatment condition ; COz flow rate : 1.3%0.1mé/min

Extraction pressure : 5000psi, Extraction temperature : 40T,
~f . Means with the same letter in the same column are not significantly
different (p < 0.05)
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Table 6. Changes of color values from supercritical carbon dioxide

extraction treated egg yolk powder at various extraction time.

Time Color value

(hr.) I a b
Control 7487 2.80° 28.33°
05 79.43° 213° 28.13"
1 81.83 193° 26.33°
2 82.90° 0.41° 25.30°
3 84.87° 0.40° 22.23°
4 85.53" 0.26° 20.63°

Treatment condition ; CO2 flow rate : 1.3%0.1m¢/min
Extraction pressure : 5,000psi, Extraction temperature : 40C,

3~ . Means with the same letter in the same column are not significantly

different (p < 0.05)

A 44 2nEd

1. Rizvi S. S. H, Benado A. L. Zollweg, J. A, and Daniels, J. A. :

Supercritical fluid extraction : fundamental principles and modeling

methods. Food Technology, 40, 55-65(1986).

2. Hung Tran V. and Unger, M. A. : Cholesterol reduced egg yolk by
supercritical fluid extracfion, Food Australia, 47(5), 227-231 (1995).

3. Froning G. W. Wehling, R. L., Cuppett, S. L, Pierce, M. M,
Niemann, L. and Siekman, D. K. * Extraction of cholesterol and other

lipid from dried egg.yolk using supercritical carbon- dioxied. J. of

Food Science, 55(1), 95-98 (1990).

NIEM: MSUAHESE S 480/ N

l-/h:al
S a

-92 -

=
e



4.

10.

11.

12.

13.

14.

15.

Frong G. W. . Egg cholesterol removal by supercritical fluid
extraction technology, Egg uses and processing technologies, New
Development, CAB International, p.106-114 (1994).
Zeidler G., Pasin, G. and King, A. : Removing cholesterol from liquid
egg yolk by carbon dioxied-supercritical fluid extraction, Egg uses
and processing technologies, New Development, CAB International, p.
115-126 (1994).
FR2  2YANIZRGLE o)&F FAFAAY EPA % DHA F2.
4] F 38 2] ], 25(3), 288-294 (1993).
Fo]7, AN, F9H, AN 0 2YA ojuAsEL: HEt FEFS
EQ0 vXE 9% I EXEYA. 28(4), 750-755 (1996).
gy, FHuA, DI, FHF 0 YA oldstdAe QF FFES
F&. &I FIFIA, 26(5), 860-865 (1997).
¥, AT, ALY : YA o AUELE o] E&¥ XHERE FY
A F&. 33 A, 41(5), 363-366 (1998).
Fenton M. and Sim, J. S. : Determination of egg yolk cholesterol
content by on-column capillary gas chromatography. J of
Chromatography, 540, 323-329 (1991).
Folch, J., Lees, M. and Sloan, S. : A simple method for the isolation
and purificarion of total lipid from animal tissue. J. Bio. Chem. 226,
447-509 (1958).
Morison, M. R. and Smith L. M. : Preperation of fatty acid
methylesters and dimethylacetals from liquid boron fluoride
methanol, J. Lipid Res., 5, 600-608 (1964).
A.O.A.C : Official method of analytical, 15th edition. Association of
official analytical chemist, Washington, D.C.
Stephenie, P. J. : SAS/SAT™ Guide for personal computers
Version 6 Edition, SAS Institute Inc., Cary, NC, USA. p. 58 (1985).
Duncan, D. B. : Multiful range and F test, Biometrics, 11, 1 (1995).

-93 -

NE2EXH: NSUAHES HAZMSL H40|= He /s8R



_94_

201471 1/14 1348 DB 21 LR

N2EXM: MSYAHS HBHS2 4aI|= e/ s8F



H 6 & dERo=RE XA olMziEao| ot
EYAHE HAHA FE25T2 COwae g9

A1Ad A E

wae o 50%7F TREZMN w9 16%, A 32%, WUl 2%, &5
#2 1%2 FAH Uk dPAAY 2 YR & EFPAols, A
AAs 2Y2H B0l o] T ZH2HEL dF F9 16%24" dge
5% ZUAHE 437 ¥F 2U2HES Eolv AFAY R $493%
g 9og 4 e 80 F 4 UAths 2MAEY FAHY A4 wFo]
A 9z AR AuFe Fasn YE AF0)H oY FHAE 3
7] 9% dgoz FY2HE FFL WAL AL ojFXn YUk
Ly 3 SH2HES AARY) A £ PYdlE ABe] B
g, stey AYg YNste FA2HES AdANE PPz FHAG?
EAE 043 AUY B 294538 B $9524%) Az HEA
GAE o] 289D 3y Fe2HEL AASE FY So) Ak 24
2a, 594 wge AT I4 AP ANAE AAs, @ndg A
HAANB2R AR 715, B5E 4L Adse EAH Yok

2YAFAEEYL /1A A B 5 SES ¢ do] FoiH
gAz8y 838 233 PWo2A JI o] o] FHo L VAL
nE olfE AEY nEYY 5L $£2¢ VUG & Qod zzse
ol BP9 s WEont,

R NGAME 297 oJAHAE AL FFRoZRE 2y 2
g2 AAY do] FELES} oJARVre fFo] MAE Y& Yol
7l 98 2YAFANEES ANsHed SU2HE AAL, TF B2
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€, £% B2 YoluI HEo 22 F AR AU 249 wste
Meo] W3e Yopugich,

A 24d Asg 2P

1. FNA=

& Algel AHEE dBES 48 3% E(Inovatech, Inc., Canada)&
TFYsto] A3 4CM HEsgh. FANARY FEIF 4.26%°]
At FEul2A AHE G ojitgeA ¢E& 99.9%° A,

2. %€ 34 2 x4

2 YA ALEE 2AA FAFE FASFX™ 220, ISCO, U. S. A)
€ Extractor, Controller, Syringe, PumpsZ FA43¢] 91219, extractor
bench top22A controllerel ©ldte ZHHJUHFig. 1). gy
10,000psiol™ 9mé &-Fe] FE 8710 AR 30gE FA3n &= ¥AU
t}. o] o} -5T9 refrigerated circulatorg 7}EA|H olAtslgtAe] 7818
BAAY, FZo ot ZiGE oA AE FEFXZ oFHUZ, ¥
A Y 222 FAQ ¥ FER 72 WA drides #¢, o
FHAA o)A Eas FEEZ EYIHUT o] FFL 13m
/min®) At}

3. 2d2HE &4

Z24A ozt oo FEE AR FYLHE ¥4 Fenton
B Sim(1991)"e] el ostod HASUh AE 03go] internal
standard(5 @ —cholestane) 0.5m¢$} hydrolysis solution 10m¢E& %3 60T
water batholl A 1AIZF ¥§AIZ] ¥ FH/+ 10m8$} hexane SmE ¥ &
Zate] 1000rpmollA] 1083 A EAT £ 439 hexaned S Tkt
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oz @ w8 %8¢ ZolA hexanefd& Azste FuiFs A
W72 %233 thA hexane 12 5o 1wE GCo injectiondtH o}, ©]
g GCY #A4z2dL ©g&F ol Gas chromatographys 7]FL
HEWLETT PACKARD 6890(H. W. Co., Avondale, PA)Y] R& AF&33
I Column< Supelco SE-30 Fused Silica Capillary Column(30m 0.25nm
ID 0.25m film)olAth Ovend L& 265CE WFUL detectore flame
ionization detector(FID)E A&3% L detectord] =& 290T 019;:1‘5]'.
Injection portd 2%+ 280TCo|Aev Carier gas2& PES AHE34
t}. Run time2 15%°]%0 X injection &< 1ptolAth.

Fig. 1. A flow diagram for the supercritical fluid extraction process.

4. AR 4

1) Az AY 325

Z2YARAE2E F A2 AW £&& Folch $(1958)%¢] Pio) st
o AAEFFYY. FAF FHEE chloroform3} methanol®] 2 : 1 ¥ LY
& ANEY 4 Axe Y22 da R Aol FE2HES UG €A
W qBPNG ALEstd AL ARF F A gde o 14 FE F
F48 M¥7Hsto 3000mpmolA 1083 fAEY . 42 F 83
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A-g FHldg R AT A |3 chloroform®o] ¢A3] " w7=
AR AZ) F chloroform®g #3894 chloroform& €33 ZWAN F
BE YA ALE FE2F dSoE ot WHdoz A sl

2) Ng9 A dX Y

A g9 A AAYE Morrisond Smith(1964)%¢] wioz AA s
Aok F2¢ AL 8~20mE FY3 HF ¥ 05N NaOH 2mE 7h3td
sand bathelA 1583 7}4% ¥ WZA7]Z  BF3-methano! £ J4mE
7 % 1527 sand bathold 7135 719 ¥ 933 WAz
heltane 2m¢, NaCl X3}8 < 4mE 718t vortexol A 1833 st
EF F 08T ALAA AHAAINIZ FA7] acro diskE AlgEo]
heptane®€ A& ¥ injectiond} T}

3) GCY ¥4z

Gas chromatography®] 7|%<& HEWLETT PACKARD 6890(H. W.
Co., Avondale, PA)S] RA& A}£3t¥ 3 Column® Omegawax 320 fused
with silica capillary Column(30mX0.32mm ID)°1 2% Column4 film ¥
Ae 025 mmolth Columng) £5E 3 &o)& 170C A 583t holding
ANY g £9 25CTH &AM 1783 holdingdtsd 210C2 ZHUn
detector= flame ionization detector(FID)& A}8-3l 3 detectors] 25+
260T o)At Injection port®] =& 250CoIRN LY Carrier gasZ2E ¥F
€ B3 3Bvmy TEFEAen i = B 08kg, F7e ¥F 12kgy &
HFA. run time 40¥ 0] injection %<& 1uLo)Act,

5. 48 ¥4
AOACH (1990)"7¢) 9ate] B4 &%},

6. 4= &7
& ¥ AN29 Y &AL Color difference meter(Yasuda Seiki
Seisakusho LTD.,,UC 600-IV)& ©]&3l49 L(¥X), a(AXx), b($HE)FE
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2439 o] wWe EFA4L 1=892 a=0.921, b=0.783°] At}

7. 24 4
Ay data BHL EARAE SAS program’’g AH§3td p<0.05 &
1A Duncan®] B3xAoz"? vz 2Asgch

A 34 d3 ¢ 23

1. 3&exe 9% .

2zex0 e AWMy A% &Y 5000psi, oldAEL
43¢ 130/mnes LRI FFLEE BC~S5CTE gsre 242
22¢ % 2A2HE AAE 33 B2s L £¥ P2 e Tolugth
2 A table 10] hebd wpsp go] &L E7L 35TlAM 40TE F7Het
B ZY2HE AALE 51.75%AM T178%2 F7HEEAR, 45TAME
79.10%°] .28 S0TAME 8318%2AH X7t F71e] wtet SH2HE
o AMAgo Z7tRAoY 55CAME 7997%2A FasHch oE F
Fe 22LT7t 40, 50, 60CoA BHA2HES AALEL 132 123
119%24 EYLYPoA 2525 Zao we FH2HEY FLES
zjlsted ot 2&LEe 2o wa olierd YEIF FHET]
fEolete mae e Aol d™, McLachlan $(199D)"& el4ts}
BAE ALY A4S AQH F2LEE NT~60CTHT RIFHALH,
Froning $(1990)"® 55T, 374atm¢] ZANA 2/39) e=H& A3
A3, Warren® Ball(1994)"¢ 45T, 238atmel = 84%, 45T,
306atmoll A 87%, 55C, 374atmolA 98%9) Ed2HEE AASS 2E,
o] Zrbgel wek ZY2HE AALE F7hcz BasAn. o=
Hung# Unger(1995)"7¢] A3 &=l ¢43o] 170barol A 310barZ 37t
s 15%0lM 33%= Ao] ol AAHQLY 50Tl E FY &
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Zol N ¢l Futstd Ao AAgo) Frbste WY 5Y FYH &
=7t F7hshA AWAAS Zasg =) 310bare] M T 33%0) 4 356%2
AT R Basyc ¢ 2949 270bardlN SEE 40T, 50T,
60CE F7HA718 Ed2HEY §3EE NN 2P sy @
$(1998)""¢ 4,000psiolH LEF 60~80C2 HHANA THIEY Fay2
& #2390 60CAN HYolUD 2 o)y LRoINE BAde 7

Table 1. Effect of supercritical carbon dioxide extraction of dried egg
yolk at various temperature on cholesterol reduction, weight loss and

moisture reduction.

Temperature Cholesterol Weight Moisture
() reduction(%) Loss(%) reduction(%)
35 51.76° 28.00" 61.01°
40 71.78° 31.56" 76.24°
45 79.10° 31.33" 77.85°
50 83.18° 33.22° 80.31°
55 79.97° 35.11° 71.31°

Treatment condition ; CO: flow rate : 1.3%0.1m¢/min

Extraction pressure : 5,000psi, Extraction time : 2 hr.
*~¢ : Means with the same letter in the same column are not significantly
different (p ¢ 0.05)
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Fig. 2. Effect of supercritical carbon dioxide extraction of dried egg
yolk at various temperature on cholesterol reduction, weight loss and

moisture reduction.

g YeEhd AT olgt o] N2 tE AAE Hole AL F&23AY 2
olg FEUHF o)AV LY FFo] AR dEY FEdelr AR F
Ugo] BAPo2M e F3E B Ao ARHYY oJReE Ho}
¢ Ay d2HEY fHAce FELE B &Y F9He
A & F UAMT. A 51996 2YAFAE B-carotene F&9] F
& A3 49, AL, 229 ¢ o3 Ik EF FE&2E0 ©E F
T A2E% T 28 A 98¢ ¥4 S ¢ F A}
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Table 2. Changes of fatty acid from supercritical carbon dioxide

extraction treated egg yolk powder at various extraction temperature.

Extraction temperature(T)

Fatty acid Control

35 40 45 50 55

16:0 27.17° 2968° 2759° 2693 2745° 2733
18:0 9.25° 1194° 1350° 1232° 1294° 1286°
18:1 w9 44.39° 4141° 3557 3846° 3650°  36.99°
18:107 2.25° 2.16° 0.98° 2.04° 1.92° 1.95°
182w6 1460  1435" 1470 1450  14.80°  14.78%
18:3w3 052° 0° 0° 036>  0.22° 0.24°
20:4w6 1.82° 214° 432  351° 4.01° 3.95°
22506 0.27° o' 065°  052° 0.60° 0.59°
22:6w3 0.69° 1.02° 1.70° 1.36° 1.56° 1.55°

Treatment condition ;' CO; flow rate : 1.3%0.1mé/min
Extraction pressure : 5,000psi, Extraction time : 2 hr.

@d . Means with the same letter in the same column are not significantly

different (p < 0.05)

22eTo) BE 2% 5 AFEY AW 249 WE table 20 Y
Bhd vle} Zo) &L Eo) olgtd I F¥L VA ¥ T + UN
. EsA e C160% C180 ¥3L thd FrlstHon, BI AU
1 Cl181, C182, C1832 & w3z gisich ol2l¥ Zae Froning &
(1990)"9e 2&eLEs) Fgo] Zrhetd TR PAY FFo| FrAGTE
Bast $AEY. 224 F AFEY ASWHE FELEV} F71ES5E
Lge 27b89a agtd b@te @A s ckTable 3). Froning 5(1990)"
& 2YA olAztetad] 9l daEelAM xanthophyll H&7F A|A=A7]
& LIS  FEINR a@d  bie  FAHEIT, Hungd
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Unger(1995)'"e &2 =5t 8o god B Aast AAdEdy 3
on 2YAFASS0 9std AAS= MAZE annatto, xanthophyll,
carotenes} luteinol2ta 3% tHChao 5, 1991).

Table 3. Changes of color values from supercritical carbon dioxide

extraction treated egg yolk powder at various extraction temperature,

Temperature(C) Color value
L = 5
Control 7487° 2.80° 28.33°
35 80.00° 147° 26.90°
40 84.10° 0.28° 21.70°
% B 1.06° -
%0 , 057° 20.60°
= 82.79" 0.36° 22.60°

Treatment condition ; COz flow rate : 1.3%0.1mé/min
Extraction pressure : 5,000psi, Extraction time : 2 hr.
s>t . Means with the same letter in' the same-column are not significantly

different (p < 0.05)°

2. ojdsex FFe] 99

ojAstetae] fFe] G Fd2HE AA vAE FHE Lol
B7] 918t &4 5000psi, FEAL 24, FEL2EE S0CE 2
T o) AeAd F%S 05~20m/mne 2 Bdo] FEH F F2H
g AAE, 3% F2& R 5 F2EE ohuyt 2 A3 table 4]
vehd wieh 2ol 10mt/mincl Ao Fd2HE AAEES 77.05%°I0 20
15me/minol A & 84.85%, 2mé/minol M 8874% 24 olAHeid FF<E
FAN7IE H2HE AALE F7HRe0 3G FEFLEE
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ojdstgAe FFol BotAH FIHrIE Sy 10m/min olBAME F
R Aolg YetlA] Fgtew 15m/mindME FFFALE] tha Bo}
10mé/min°] A o|itztgtie] fFolgdn ARHNG. ol F AIFHe 3
Vo 2Ry AWe FEsted ojidgadsrd 32 10944 752 F7HA
AE el FFE 1A 322 F7HAZC w2 AREEe 3wE Ftet
A @gtes, 40004 752 F7HAIFIE 21.52%A 2166%2A o= HE
o #%F ol BelAE A7t ARG Pe R1g #AHE A Foln

Table 4. Effect of supercritical carbon dioxide extraction of dried egg
yolk at various CO: flowrate on cholestero! reduction, weight loss and

moisture reduction.

CO: flowrate Cholesterol Weight Moisture
(mé/min) reduction(%) loss(%) reduction(%)
05 57.39" 5.56™ 4554°
1.0 77.05° 2167° 76.16
15 84.85° 38.11° 8357
20 89.74° 4.11° 88.47°

Treatment condition ; Extraction pressure : 5,000psi, Extraction time : 2 hr,,
Extraction temperature : 50C

"¢ . Means with the same letter in the same column are not significantly

different (p < 0.05)
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Fig. 3. Effect of supercritical carbon dioxide extraction of dried egg

yolk at various CO: flowrate on cholesterol reduction, weight loss and

moisture reduction.

o) AgEae] Pl WE & F VHEY AYY =9 w¥E
table 50 \tebd wiel 2ok o)Absherae] fFo] WolASSE EAA
Q C16:03 C1809 #F& Frtstgen, BXAFAL C181E L3
gom Cl82e 27H8e ¥ 4 ANk & F FREYY A= ¥%E ¢
ol 3} table 60) UrER uie} 3ol olitsteta sl £l FIIVTFH L
e 27T agtdt btel FARA ZAEE ¢ & AN 1AL 9
A As] $3o] Z7HeE AR7} o)A gAS WEHE Fo| BeHAT
wEoletn AN
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Table 5. Changes of fatty acid from supercritical carbon dioxide

extraction treated egg yolk powder at various CO: flowrate.

CO2 flowrate(mé/min)

Fatty acid Control
05 1.0 15 20
16:0 27.15° 26.63° 21.00° 21.28° 28.60°
180 9.25° 9.62° 11.06° 12.94° 1462°
18109 44.39° 4463° 42.15° 39.32° 34.74°
18107 2.25° 2.28° 2.18° 2.09° 187
182w6 14.60° 14.85° 14.85° 14.77° 15.28°
204 w6 1.82° 1.99° 2.75° 3.69° 4.89°

Treatment condition ; Extraction pressure : 5000psi, Extraction time : 2 hr.,

Extraction temperature : 50C

7€ : Means with the same letter in the same column are not significantly
different (p < 0.05)

Table 6. Changes of color values from supercritical carbon dioxide

extraction treated egg yolk powder at various CO. flowrate.

lor val
CO; flowrate(mé/min.) Solan yalue
L a b

Control 74.87° 2.80° 28.33°

05 74.05° 2.07° 29.53?

1.0 78.47° 1.88° 27.33°

15 83.87° 0.71¢ 21.63°

2.0 84.80° 0.27° 19.97°

Treatment condition ; Extraction pressure : 5000psi,
Extraction temperature : 50C

Extraction time : 2 hr,,

"¢ . Means with the same letter in the same column are not significantly
different (p < 0.05)
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A 7 & cHeHEo=gE T o|MstEtiol
ojst BaAHE HHA Bxgulel ¢

A1A A A

Ade A 2L @9Ay vy, vew 2dn e BEAPAe F
Yoz AP Ao Bo) ojgHoigon A JYrN B of
Ue dge f3azAe B4 7l o] stadlz, =84, ofol&a
d So Abgslo] g} de o 50%7t RHEZAH 32%9] AW, 16%2
o, 29%9] ulugsn 1% w©4sg2 Ao Aok ¢d 100gel
TEe] Ae TUA2HE FFL 1300mge 2N thE A Eo) vjse] ¢y
o] BY2HE FFo] Eol? AT HANH ¢RI wHY FA=H
2e 4 B2 olRo] ¥F FHU2HES ¥ AFY EAE Y
o 4 JAPE o] HFo] AR 7|FsE APl Y o]& FHFY
7] fste] ZalAHES AARY AW 1€NEel o2 B2 AEHT 3
123

294 FAEEYE 719 JAY g £ 229 ¢4Y Fo) Fo
A B2y AL st Pyl 294 FAFEYLe &R
Y 2o AgLvle Wyt 4n 47t AF 2R 4A AAL £ R
o AZEAQGNE 2YAFMZA o|Asteart ol ALgEHEH I
S ojAtgterae] AALEsL 3LITEAN ©¥1, ¥ 8§94, F54, 734
o]z M]MA 7] ot APd YA UYL E AHEHE FH
e dxFo} vud e J54 AEE Uz ¥FR FH2HELE
dYxoz &8¢ £ Ave Ro|HT, 297 olusgre d¥EE
E3aUA FAAYG SAU2NEE SolT Ayt FA2UE YAE 7
29 87 WEHo Ag® nzgule v2AH) 4L A YA o
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stgae] BAS Bes F7) 98 AgET & vz g3o) & 2
qA olastgtac] §714vE WP ZN LAPE FANA F& 98
¢ 3% 23 22F7 Bl ARG,

B AYdME 294 o)A eLE o)fitd dFPEoTRE g2y
£ AASE "ol RE4uist BlAE S Lolur) s B4
2H o eeT Hgee AN e e Fd2HE AAL, FTF P2
T & F AF29 AP 249 A A WRE Lopugnt,

A 24 Az 2 93

1. 3NA4=

2 AYe) AlS# GHELS 48 d3FE(Inovatech, Inc, Canada)g
TUste] AbgsR o] 4ColA BE3HAT FAAEY FE2UF 426%0]
At FLURM ALY oYL EEE 999%0)IUL, RELUIZA
AHE @ deen wede 47 ¢X 999%9 9985%9 ETALR AME
st ch.

232 X 2 =3

B ANYAN AHEE 29A #AFE FASFX™ 220, ISCO, U. S. A)
£ Extractor, Controller, Syringe, Pumps® T4 59 low, extractors
bench topo2A] controllers] 9&s ZAE=HJH(Fig. 1). HUAYHL
10,000psiol®] 9m¢ &-3Fo] F&E7]0) A& 30gE FA}L F&2 ¥
t}, o] @ -5C9 refrigerated circulatorg& 7}§AIA olAtalgta el 713t
G2 sk Yo 9ste] JIE olddgiE FEXE oFHUR Y
3 ¢9% ex2 48 ¥ 332 272 WA WG A4, o
ZHAA olastgist FE2EZ YUY o] o ojuZEAe {FFL
1.3m¢/min®| %4 }.
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Fig. 1. A flow diagram for the supercritical fluid extraction -process.

2. 29 2HE E4

29A olagtgid oty &R Mg F2dHE £4<E Fenton
# Sim(1991)®¢] wWgel st AAFHUTk AE 03gel internal
standard(5 @ -cholestane) 0.5m¢¢} hydrolysis solution 10m¢E ¥ i 60T
water batholl M 1A1ZF ¥gA1Q § FF< 10088} hexane 5SS W3 &
3t 1000rpmol A 108 QLAY F 439 hexaneF L& EU.
el ¥ wE F&3sd RZolzl hexane€dS HEAq §uFHI W
W 7}A %233 t}A] hexane IMZ %o 1uF GCol injectiond}$ith.

1) GC9 4z

Gas chromatography¢l 71%& HEWLETT PACKARD 6890(H. W.
Co., Avondale, PA)8] R€& A143l9 2 Columne Supelco SE-30 Fused
Silica Capillary Column(30m 0.25mn ID 0.25/m film)o] ATt Ovend]. L £+
265C2 B3 1 detectors flame ionization detector(FID)E- AH8-3tR
detector] %E'x‘f’ 290C o]}t Injection ‘portd] EE& 280CeolNoH
Carrier gas2& ¥§& AH434ch Run timee 15¥°)A X injection ¥
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< 1ol

3. A% 24

1) Na9 AW F& .

29A%05& ¥ N2y A% £ Folch $1958)79 ¥¥ol o3t
o AAEAY FAYE ¥ ES chloroform¥ methanol®] 2 : 1 E&4
2 NES qu] Axe Yoz 3o I AWo] FFHEE ot €A
A AHFAE AHEEY £dg AF(F F A8 % 14 A=Y F
48 ¥71sto 3,000rpmol A 108 Y4 ZstAch dHdE F 343
4L FHalo FYAFo] &4 F3 chloroformPol €43 &£ A7
AAANZ ¥ chloroform¥®& #3t chloroform& ¢A3] FEAN F X
g ZHladch AYE F2% dgde ot WPes IAY s

2) Alge At A

Nge Auwat AAMee Morrison3t Smith(1964)'79] Wyez QA3
Aok, $EF AP 8~20mge 3 A F 05N NaOH 2mE 7h3td
sand bathold 1583 7194@ ¥ Y4713 BF3-methanol & Y4mtE
¢ ¥ 1583 sand bathlH 7tgsigich 71 ¥ -3 dFAI 2
heltane 2mf, NaCl Z3}-&¢ 4mE 713t vortexoll A 183 Tt
Y ¥ 0BT AN FAAAL FAI acro disk® AHgd
heptane® € A} F injectiondt .

3) GCo] A=A

Gas chromatography?] 7|%<& HEWLETT PACKARD 6830(H. W.
Co., Avondale, PA)8] 2-& A8 Columne Omegawax 320 fused
with silica capillary Column(30m X0.32mm ID)°e1%1 2% Columny film ¥
7= 025 mmolQrTh Columns] 5% HLdx= 170CA 583 holding
A g 2% 25TH E3AA 1783 holdingdtd 210CTE %FAx
detector flame ionization detector(FID)& AM8-3t91 3L detectors] &&=&
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960°C ©)%1t}. Injection ports) &EE 250Cei%le Carrier gas2€ &
e B pud FEFoen 2= 29 08kg, 71 9 12ked &
222}, run timee 402013 injection ¥ 1uLol At

4. 58 B4
AOACHY (1990)"We] o8t A48t

5. 4% &3

2% ¥ A2 AT &3L Color difference meter(Yasuda Seiki
Seisakusho LTD., Japan, UC 600-IV)& °l43l9 L(B &), a(H =), b(%
AE)he 2R3t o W EEFME L=89.2, a=0921, b=0.783°] A+

6. 4 &4
AY data 4L FAEHE SAS program'?& A143te] p<0.05 &
o} Duncandl @R o2 wa EA3u
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A3d A% R g

BEREUZA gL Nege ASsd 259 5000psi, FEAL
2N2, & LEE S50TZ A o4y §FE 1.0m/mine 2 3
o 33% ¥ ZYU2HE AALTY $F F2EL Yol 3EF IFE
o Aurat zAel wiste ME WHE golusith £ BERUIA o
Be e AR L A%l table 191 HEMA vlg Zo] AgEE R T
Aol 2H2HE AAge TI05%CINL 25% @S Agdd
88.45%, 5%l 83.95%2AM 75%%NAM e 93.95%2A4 JeE&e] FE& F
AN E2HE AALGE Fvbstgich old¢ Ade IYEE &
{E 50C, £&A3 1412, 3449 15mpacld o)AstgA e AH43A
¢ PR Yeee 5% AHEsge W AY F&3 FY2HE AAN F
ARG Rag 9 A Zeidlerst King(199)19& g eg AHg
#9& A%l Sa2Hge &840 F713d 5% @y WEANE
Ao GgRoeRY o2& AAT 714%NA 8%2 F7HEHT
7 B &gt Hardarottir $(1988)'9¢ dejagozxe Aus a2
HES AAS7] A8 4,000psi, 0CAH QA olitsierre] GEAE
22 78%9 AWe AAHAL, e YEHRE A$olE 97% A
P& AAGRE AL §ule THL FUAA AW B B
g E9 22¢ zAsYUn BadPd. 2¥Y 100% M=
BATI%ZA 2358 dgge) A4FE Y ZU2HE AAL) Yol
Aed oldg ARE & $(1998)"0] TH2RY FHAE FEed
BE BREVZA 0-14%71A AR A S 6-10% AHE3IAE wol
Z2&4g0 M} A UYERD 2 o4 FxHE AH4HHE FedE
Base A%e Yehigites nust $AA debdEd olRe Bz
g AHE oA o) ustg2e BFo] LI o|FAA R}V WE
olgt AR EQth ge HEol AP FFU2EL FAHY Ao
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Table 1. Effect of supercritical carbon dioxide extraction of dried egg

yolk with ethanol on cholesterol reduction and weight loss.

Ethanol Cholesterol Weight %)
content(%) reduction(%) loss(%)
0 77.05° 2167 76.16
25 83.45° 29.89° 57.88"
5.0 83.95" 27.11° +30.46™
75 93.45" 20.78° +69.28"
10.0 84.71° 9.33° +127.88°

Treatment condition ; Extraction pressure : 5000psi, Extraction time : 2 hr.,
CO, flow rate : 1.0+0.1m¢/min, Extraction temperature : 50C

a~e . Means with the same letter in the same column are not significantly

different (p < 0.05)

100 -
20 Il '/\/\'
9
1 60 |
(-]
K-}
(*]
§ 40 |
(-
20 ] .—”\
0 1 i
0.0 2.5 s.0 7.5 10.0
Ethanol(%)
—e— Cholesterol —a— Weight

Fig. 2. Effect of supercritical carbon dioxide extraction of dried egg

yolk with ethanol on cholesterol reduction and weight loss.
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(P<O.05)E ol S0y 100% ArgolA o] 933%2M FFHAL &)
#astded olRAE FULHE AA A2 ojFjAX ¥l W&
FTELLE HUG,

Table 2, Changes of fatty acid from supercritical carbon dioxide

extraction treated egg yolk powder various ethanol content.

Ethanol content(%)
25 5.0 75 10.0
16:0 27.17° 27.00° 27.68° 28.41° 28.25° 28.37"

180 9.25° 11065 1229° 1329 1275 1295%
181w9 4439 4215 3961° 3697  3866" 3872
181 w7 2.25° 2.18° 2.05° 1.96° 2.00° 2.01°
18206  1460°  1485° 1492 1517  1509° 1506
2014 w6 1.82° 2.75° 3.45" 4.20° 3.24° 2.88°

Fatty acid Control

Treatment condition ; Extraction pressure : 5000psi, Extraction time : 2 hr,,
CO: flow rate : 1.0£0.1m¢/min, Extraction temperature : 50C

¢ . Means with the same letter in the same column are not significantly

different (p ¢ 0.05)

de& W Be +& F IFEY AYY =49 AgtE table 29)
YR b} o] olgg e Abgd wet Cl6:03 C18:0°] 50% A&7t
€ & F7EzIe o ol A a7t aew Clgil¢ C18:2
o EEHAYAL A2 T FE F TREY Ax AHE Lot 2
3 table 3¢} etd ule} o] Bz Boj A}go] FAYSF LIS #FA
SH L agt e Zol7t gles bgke FrhsAd
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Table 3. Changes of color values from supercritical carbon dioxide

extraction treated egg yolk powder various ethanol content.

Ethanol content(%) = Colora Sl "
Control 7487 2.80% 28.33°
0 7847 1.88° 21.33°
25 78.97° 2.41° 2877
5.0 77.40° 2.96" 29.07°
75 7453° 363 30.30°
10.0 73.20° 3.31° 29.47%°

Treatment condition ; Extraction pressure : 5,000psi,
Extraction time : 2 hr,, CO; flow rate : 1.0+£0.1m¢/min
a1 . Means with the same letter in the same column are not significantly

different (p < 0.05)

%299 5000psi, 25413 242, 2 LEE 50C2 mAsT oj4s}
BA9 %S 10n/mineE 31 BRE4U=A Uvee Agsd 22
% 3 Y2HE AAL, 3F 28 L £8 ZALE table 401 Yty
At wergel ¥rlRe ZANIY ZU2dE AALE Fstdou
75%0]1 4] A7FFANE ojAsae] BFo] HHE Wol TY2HEY
AAg] 238 Baste LS YRy $F. 22 &L 5% A7
A o7t YR 75% ol4e] AlgolME TP Lol i
et ALgd] ©E 2% F FFE AW 249 WRE table 59 U
Ehd uls} o) el gs] AgolMe Fesh vaxd FFE Yo 3}
AAYAel C16:0% Cl800] tha Z7tsrle dud 2 Aozt dlen
C18:13% Cl18:29] B EZA WAL AT $& F A7 AE Wy
g Uot¥ AT table 60 UEA ulsh go| olehg Abgolxst HkE 2
Be pRed dwes AHgo 184S Le FARAD aghe Aol
7t 9o bt FrEAc
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Table 4. Effect of supercritical carbon dioxide extraction of dried egg

yolk with methanol on cholesterol reduction and weight loss.

Methanol Cholesterol Weight %)
content(%) reduction(%) loss(%)
0 77.05° 2167 76.16°
25 81.23° 29.67° 51.75°
5.0 91.90° 27.22° +28.43°
75 81.91° 12.78° +76.16°
100 70.97° 8.67° +100.06°

Treatment condition ; Extraction pressure : 5000psi, Extraction time : 2 hr,,
CO; flow rate : 1.0+0.1m¢/min, Extraction temperature : 50C
a7¢ . Means with the same letter in the same column are not significantly

different (p < 0.05)

100 -
80 | //\
3
% 60 |
=]
g
40 L
g
20 | b—‘—‘—“\—\\Q
0 i i AL i A L '} L | TR—]
0.0 2.5 5.0 7.5 10.0
Methanol(%)
—e— Cholesterol —a— Weight

Fig. 3. Effect of supercritical carbon dioxide extraction of dried egg

yolk with methanol on cholesterol reduction and weight loss.
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Table 5. Changes of fatty acid from supercritical carbon dioxide

extraction treated egg yolk powder at various methanol content.

Methanol content(%s)
0 25 5.0 75 10.0

16:0 0177 2700 278  2699° 27768 27.11°
180 925° 11065  1200° 1069 1165  1177°
18109 4439 42155 3935 4277°  4020°  4097°
18107  225° 2.18" 2.04° 2.19° 2.09° 2.12°
18206  1460° 148"  1508°  1482°  1506°  1483°
20014 w6 1.82° 2.75° 3.68° 2.55° 3.23° 3.20°

Fatty acid Control

Treatment condition ; Extraction pressure : 5,000psi, Extraction time : 2 hr.,
CO; flow rate : 1.0+0.1m¢/min, Extraction temperature : 50°C

a~¢ - Means with the same letter in the same column are not significantly

different (p < 0.05)

Table 6. Changes of color values from supercritical carbon dioxide

extraction treated egg yolk powder at various methanol content.

Meanol content(%) L Colora vajue b
Control 7487 2.80° 28.33"
0 7847° 1.88° 27.33°
25 79.90° 2.42° 28.07°
5.0 77.83° 2.22° - 2013
75 76.03° 289° ' 2907
100 75.50° 2.66™ 28.30°

Treatment condition ; Extraction pressure : 5,000psi,
Extraction time : 2 hr,, CO2 flow rate : 1.0%0.1mé/min

a~{ . Means with the same letter in the same column are not significantly

different (p < 0.05)
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A1A A A

Ade dAe g ver, 27148 §H3n Az, &olF 25E,
Ade w3 V4, % P, dFE RAERZY S22 UstY HE
o] FAAEZJoE B Ao dF FHH e THAWAH} 2
A2 Eol BN A4Y 2 IXNYF 5 U] & 8de FEIdE
Z+E 483 A7 HEH T Y, EF American Heart Association®l] 4
% ol Ze AWl e YHME sFel HAde SH2HEFES
300mg °l&t2 ARSI Yo ATFAME g $£d ARH ARY L€ F
e A& 7 FA A

o]g ZFE3&7 Y3l AF F FU2HE §F S FFeE 7l Lol
NEHT e, ojde AR 2A4E& WIAIIAY, EH2HEY &7,
Wl R FARAE AHAINE GBS HolA FAVHEA FL H F
Foly AL FAoZ HA MYSAY @Y H@FI], dol, A@Y
37) $& 2AFozMN AZU2HE AR YUte AFRAY Py
(Washburn and Nix, 1974; Hargis, 1988)% A& AQH oz g3, 3
QY N g AN ZU2HEL AN E PR FHAY ELE
o] &3 AY, SujE&YE olf3oq FIY2HES AAstE Yol A4
a4 9 $HEL AT AW THL WAL £ Jdoy FHZHE
AAZDE Hon, B¢ AP 7154d Fad¢ 48E e 4 A2
QA AAAE MAY B ojUz, FYFL AHYANP2EZN 71%F, 8T
A& A#ste Za o] UthLarsen and Froning, 1981; Bracco, 1982;
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Warren et al, 1996; Conte et al., 1992; Stouffer et al, 1994; Smith et
al, 199; Bring et al, 1996). WatA AZFe FeA2HEL Ao
AASFEN Yoz H&ol fAHo 74t A5 4IE& WsAANA
e 7l€ Mgl AFduH, o W nHY Yoz AJFT protein
fragmentation® oligomerizationo] #oists A9 WA =& FA4H
g2l pHOlA lysozymee ¢ 75Co] 1, ribonuclease® & 60Teol=2
(Arntfield et al, 1992) @93 WAL WA 7] AHfH e 7H5d ¥ 2
To| A 7hFtefof ot

2YAFAE HFozHy Zd2HES YUY oz &8 o8H
o] g}, a¥d 2YARAEL 227 B&FE ATt gob &4 4o
g 2YAAGLE ol &l ARFe DR WA BAdE &
A9 A 2xxY AXA 7Y A 9¥d B4E YAY + 3
& Aoz 7idqEd

Leiner(1986) Y 3#¥< 40C/300barclAl YA oldslaiz F&34
ed #2&E< triglyceride, free fatty acids, waxes, Ed2H &L ##-3}
T e 9 AAIL FERFEA dor ANZ, OYI= WAAHA @&
otz Bastgth Froning $(1994)% G338 40~50C, 163~374barol
A ZEIYed  oaHEAd YEJ w& FFXIAA HIFSAYY
triglycerides XY Alo]4dstd 40l Bol S3HAT 4 AALL &3 H
A o} =ERFEY FHIHUUD RasYch AAAL Ade] uiFAH
4739 emulsion §43 YHE B Yonz FEIFEA FFHAA
e AL AwY 715H 4EE fAseH g5Hl

¥ AFo2HE ZYLHES F2Y% 9 AR2A Ao ¢
By 8o HE JG&Eo] F¢d Novak et al.(1991)& GBEEL 4
0C/276 bar, F¥AE BT/ 2AlbarslH &85 o H26E AAE
e Zt7} 1834%2A Y $&& vEgHoY FEFTY F IBY
27l ¢8Rk B
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A 2 FAE URdosiy FH2HEL ERHOE AAR)
st 4ol 9 U 2YARAREEL ¥ A8sd A
o2 ygdozry FH2HES AASE Ye BT ARG 2
ds} ASU2HE IS 04T /FFAEY Haete BPLA AY
¥ 2%E RS

A 24 As L 9y
1. A=
2 g FAE ATE K& A4BE AsABoH YIF GBS
00me] sieve® EAANA UYL ¥ SBE AAY F FANAG. & A
Hol A18E BEAY SBEFS 475%0Ich

2. 3% gFf ETAA

o] dAF 3 A AT BAFE UEI] YIS p2E o
548 H7tshed  8000rpm(IKA-Labortechnik, ultra-turrax  T25,
Germany) 2.2 wkdtdct, o] U Al EAAqFo] WAEe 32}
7183 U ¥ dE3A $id FHAzHE ¥ L YL §PE
3t Yot.

3. Ao AsGad @ dFRo2RE SHL2HE F&
QAN A g UGAF SULHE BAS A% & AY
oA AHEF 2YARAZEZNE T AT LA AzE Rels Yy
°] 6,000psi7tA AHE 7t5 @ ALABYo= Y=L fig. 1% 2ok WA
222(EV) d¥d 20mE FIHHT. @idrtae dAN(TKZYH
check valve(CV)& AR 1Y JAEHI(HPP)] 9s 7Itsidct o of
@A E FRAR FEHIAAE HAE7] H8te -20C YGXHE)E 4
A3t olatgtgta el 713E WAFHAT. FIYE o|AFTLE A=A
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(BPR)O 93t o] =AU FHAP) 23] Hgol AU
FEXZ olFHAY. FE29 WEHE 00mol L, TEE HHYLER
H7)el 9ostqd zFEHNoH ARLEA(T st Z2AHHAG. o9
Zo] 3o YA 4} LxolM FFFUZ FAE F FBI2 FTE Y
e 19 EHEL 7129 metering valve(MV)E %8 E2R(S)dlA
drigez <, BAHEA @A7t2e 2582 2YUHAC. o W §3
He @729 {3F& rotameter(R)o] &3t FAHUD HIARIE
totalizer(FT)oll ¢J3te] Aol F dj7] Fo2 Y&=UCh

APAFE 248 L 3,000~5000psi, FEALL 05~4A3, &%
£ 3HB~55T 7 ooy vxgoje] AHEAR, 5 a1 Algd dA
F5F 5ol wet ¢fdFe Fe2eE FF U Yz FFLLE
€ ZAsA

ot & or

Fig. 1. Flow diagram of supercritical fluid extraction system.

(BPR : back pressure regulator, CV : check valve, EV : extraction vessel,
F : filter, FT ' flow totalizer, HE : heat exchanger, HPP :@ high pressure
pump, MV : meter valve, P : pressure gauge, R : rotameter, S @ separator,
T : temperature indicator, TK : carbon dioxide fank)
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4. Nad S2d2HE 3%
W3 2 ANYY ANg9 TY26§ FFE Boehringer Mannheim
Kit(Cat. No. 139050, Germany) & AH&-3t1tt.

5. 4% &34

252529 47e AEA(color and color difference meter, model
TC-1, Tokyo Denshoku Co., LTD, Japan) & =3sd L(EE), a(34
=), (A E)gtez YetliAd.

6. AFa 4

222829 P4 ZAHE GC(Hewlett-Packard 5890 series I)el
& EA43lged, column DM™-Wax capillary(30m X 0.250n i.d.;
Supelco, Inc., Bellefonte, PA, USA)E AH&8t3 1, 2EE 200CE #A3t
gt A&7 FIDE AHR8tA T, FYF R A&7 €=+ 250, 300C
2 $ARAYG. S NEA AaTt2E split ratio® 1 : 10022 FY3}
A ct.

7. obul At B4 '

ol BAE d¥ ME 1g-g- 6N HCLZ A7t+&dd &
PITC(Phenyliso-thiocyanate)fr 41 Aoz wh&AIA A48 SMe o
& HPLC(Waters P/N 07370)e) Fd8ted A Z33HA. A, handbook,
1997).

8. A=

o50mee ¥lolA ] 5000pmes FAE AIEE 200md FHlEe] F&
(25C))A  5A #AAZ  F  Brookfield-Viscometer(Model LV,
Brookfield Engineering Lab., U. S. A)¢ 3¥ LV spindle& o] &8
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12rpmoll A =27} GAE W7 o 580H 33 vty 233U &3
#He g3 o] A3
A %( centipoise, mPa.s) = value of dial reading X 100(factor)

centipoise/100 = ps(poise)

9. 2Y2eE EHUE &

EH2HE EAUES SR Hd  4dEstdel xxd
plate(MerckA} A} &)& o439 thin-layer chromatography& 4lA]3}%t}.
A7) &9l chloroform® diethyl ether®) 6 : 4 &% £ vlE Al 43 on
2, T-dichlorofluorescein® #%3le] 254nme] UV light olejolA & A3t
Xt

10. $A¥4

Big € ZEoA}e 452 3WEG AY o8& SAS program&
Alg3ta] dojh 2 Duncand] TFHAWLHLE 5% FENA Fd4E
FA A

A34d 39 2 1F

1. 29A 0133t 2d ¢ dFdoe iy SH2HE AA

€ d7e ATY 7153, 853 4P %L vAe FAANA(AA
A)E F&¥A gu FY2HET YYHoz AAFY] A%t d¥Y S
ZYA )t E o839 35~55T, 3,000~5,000psi, 05~4A1%9] &4
23 LA 4 AHEE GRYL KA Yita kg
< 482 ey FEHFE 475%0IUh G¥AE YA o)iga
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2 L%, 949, NE uIEY 3¢ F F3IHEY SU2HE ¥F
£ 23§ 23} table 19 Yebd ups} Zo,

F&2E 40TelA 3,000~5000psid) F&4Poz dFJonNy £y
2889 AAE NEF v 3,000psidl MY 6.7%NA FEFHol FES
g ZY2HE AALCl 718 5000psidlAE Hol 11.1% 7HA AAE
F ey a2 e AAY & e Aol AN FAM g
Wk ole FE4¥ Y Fotel g ojitgeid] WES Y] WEel
o o]ibalebdo) ol pH7F Wolxr] wWEe]l Aol dojd HAe=
AtR €T

Table 1, Effect of supercritical carbon dioxide extraction of liquid egg

yolk at various pressure on cholesterol removal and weight loss.

Pressure(p.s.i.) Cholestgrol removal(%) Weight loss(%)
3,000 6.7 32°
3,500 8.2° 4.3°
4,000 10.0° 49°
4,500 10.8° 5.2°
5,000 11.1° 6.0°

* ¢ ¢ Means with the same letter at the same column are not significantly

different(p<0.06)

Treatment conditions ; Extraction time : 1 hr, Extraction temperature' :

40C
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Bulley$} Labay(1991)= ¢3#8 40CNA F&4™2 150, 200, 360bar
2 F/MNAE o G 4= 360bardiA FHS Fstded F
d FEoAH =& WUFANAS dEGE FY 2xdA ¢y A H
€ 9 d3E &HE7 §439] FUEAYL Eusig. EFY2HE Al
ALE 207, 276, 345bardl M 22+ 132, 254, 285%2 FULEANA 25
g Frlol w3} 2A2HF AALL FAGAEN ol FEUYY =
7tell el ol A3t eA el Wxst F7187) w&olth. Froning et al.(1990) =
HCAM FE4YE 2387 306barz BElstd GHES F234E o >
EUREFY AYL 758 2069% ALsHew, Eu2HELS 2803
655% FasAct Basidc. @8 4 E& 207barcl A 276barZ F71A]
A& W FexHEC] 122% ©] AAE vH 276bard] A 345barz ¥ &
FHNAE FE2EHEo] 31% ol o oA AAHA ol FELE9}
48 2L 40C/274bar2 A} Zeidler et al.(199)E &4 ZXEHE
o Aol i SHETE 1T2bardMe B4 FrlstAoy
241bar o] 4o ME F715e] HUtkn BIHFYct |

FE2x9 g 40C/4,000psidlAH FEALE 05~4A1%o2 g
o dFAE SRS W ¢HY F FH2HE AALEL FEAIN0
AT E wolAA 308 &9 M e 8.0%CIAo 441 F&
7R Aedte 112%9 ZH2HE AALSES Jehdig. & FI2ES
Aol FE&AL0] FrHEA) wet SU2HE AAEL FrHsA
ol FEAZIY wE o)dsgdae AH|Fe] FrELR: ZYPA st
A9 &35 Frhd 7IA@vdn Bl

FE49 4,000psiolH FELEE 35, 40, 45, 50, 55C2 @2 ste 24
T ¢ dHAE FEAAS W FHzHEY AALELE 3F 111, 110,
108, 9.7, 7.8%°|AtHTable 3). ¥YYH, FTUAR F&LE9 Faol w
g GFEe FEFEL FUEHEY ol FELE Fao w o)At
stgtael YEst F7bs7] 9 Eolrk, Bulleyst Labay(1991)E d&EES
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360bar]l M FELEE 75CAA S5CE AFARNS o GFE9 &3=7t
1454 ZF7bstgicin 2o b o

G2 2P 2 AANGL A 5 6, 7FA Jebd upe}h
o) H|ZH &4A olFo)A 50T 2E3HA 5000psid] ¥HLZ 24
dke] 90% ol4te] ZUAHES AAY £ Ak 2 d¥JezRH
o] g 2HE AAE table 39 EF uke}h 2ol 11.0%0A = ENT.

gy dggoznyg FU2HEY AALEE BV At &3
o ALHE WY F 2YAFEE AxsdY. 2 27 table 49 Y&
d upe} o] FYAHEY AAFEL 2 o4 Y + NG FEG
2 3,000psiol A 30%7tA19] ZHAHES AAE & AU FELHe] F
7Agel mEtd AAEE EolA 5000psild e 425%7HA AAE] T
At old AL E YEE G dFFE 1 22 EFE RolAG.

Table 2. Effect of supercritical carbon dioxide extraction of liquid egg

yolk at various time on cholesterol removal and weight loss.

Extraction time(hr.) Cholesterol removal(%) Weight loss(%)

0.5 (30min) 0.8° 05°
1 105° © 52°
2 109° 5.1°
3 10.8° 59°
4 11.2° 56

2 b Means with the same letter at the same column are not significantly

different(p<0.05)
Treatment conditions ; extraction pressure : 4,000 psi, extraction

temperature : 40C
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Table 3. Effect of supercritical carbon dioxide extraction of liquid egg

yolk at various temperature on cholesterol removal and weight loss.

Extraction temperature('C) Cholesterol removal(%) Weight loss(%)

35 11.1° 51°
40 11.0° 5.3
45 10.8" 51°
50 9.7° 48°
55 78 41°

® b ¢ Means with the same letter at the same column are not significantly
different(p<0.05)
Treatment conditions ; extraction pressure : 4,000 psi, extraction time :

2 hr.

Table 4. Effect of pressure on cholesterol removal and weight loss of
soybean oil added liquid egg yolk by supercritical carbon dioxide

extraction.

Pressure(p.s.i.) Cholesterol removal(%) Weight loss(%6)

3,000 30.1° 145°
3,500 40.3° 198°
4,000 o ar 20.2°
4,500 43.0° 213"
5,000 425" 209°

& b ¢ : Means with the same letter at the same column are not signi_ﬁcantly

different(p<0.05)
Treatment conditions ; yolk to oil ratio = 1 : 2, extraction time : 1lhr,,

extraction temperature : 40C
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HE#E TTE UBAL 3249 4000psi, FEHLE 40T 239
N 22N e gA2HE AALE ZAE A table 54 ehd
upo} zro) 30RojA AlFEA 4AAR FEALC] FEFE AA L
Eojgon 24 &AM 506%° T2HEL AAYL £ AN
Z2 2zA0 we dgddoz e Z2HE AALY AE &
AzF 308M 2X7AAE JAH oz ZsAou 2N o]Ae] FE&A
FolNE 2 Z7gol muladnh waN HAFF FEATL AR
Alg gt}

Table 5. Effect of extraction time on cholesterol removal and weight
loss of soybean oil added liquid egg yolk by supercritical carbon dioxide

extraction.

Extraction time(hr.) Cholesterol removal(%) Weight loss(%6)

0.5 (30min) 36.3° 179°
1 425° 22.7°
2 50.6* 26.8"°
3 51.2° 28.3°
4 50.9° 271.2°

a % ¢ Means with the same letter at the same column are not significantly

different(p<0.05).

Treatment conditions ; yolk to oil ratio=1 : 2, extraction pressure :

4,000psi, extraction temperature : 40T
Vs YR8 1 22 T SE8EL #5949 4,000psi, FEA
r 2A12te] ZAPNA LEZHUEE FH2HEY AAEET AR A

table 694 ebdl uie} o] 35TCeA A EL AAELEL Yo
52%0llen 27t F71d Gatd we AAEE vElUo 56CHAMe
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463%9 ZUH2HE AALES JeEhdch oRE 27t WopRd e
BAd7t2e] Ix7t FobA EH2HESY B T4 dEA Re=
Ata g

Table 6. Effect of temperature on cholesterol removal and weight loss(%) of
soybean oil added liquid egg yolk by supercritical carbon dioxide extraction.

Extraction temperature(C) Cholesterol removal(%) Weight loss(%)

3% 52.0° 27.2°
40 51.4° 281°
45 482" 25.3°
50 46.7° 20.7°
55 46.3° 209°

2 b ¢ Means with the same letter at the same column are not significantly

different(p<0.05)

Treatment conditions ; yolk to oil ratio = 1 : 2, extraction pressure :

4,000 psi extraction time : 2 hr.

SFEFA & o) &3l oj4tslgti g dY Eolz AHEE o] H[3to
ethanol & H&0l& A1 4¥ o FY2HEY AAZEE =Y + dde
AFAI} A 7 FoAM FFE vt B APl M diFRe EFE dF Y
g3t co-solvents] A& AHE AAE AF I AFHE table 7o YERE
upo} 2o,

Co-solvent& AH&312] &%E wol H8tq 5% ethanolE HE34AS
o 58.1%2 6%9 AAZEE /MAHNLD 5% methanolS AHE3HUE
ol = 59.8%2 78%9 AMAREC] /MM E K cHtable 7). 10%9] ethanol®
methanol2 Al4389& ol 4 576%, 59.5%9 FHLHE AALE
urebllo] ethanolell ¥l3te methanold] AM§o] B& AFHAHA Aoz e
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Wt 28U 449 EAY $& AT W ethanol 5%E AHS®Ol F&
Aoz Atggrh.

ol e AYAHRE v|Fo| G AL4AE AU 2YARAFES
ANY ASde dPne 558 4ol vt o ouje] FEAFAE
£ 4 A¥eH, co-solvents} &% 5& 4 HEIHQ 2UAFEH0)
A% AnAEQ wyolzdt ¥ 4 AT

2. EAFA 3] S2A2HE At dFAe] 2AAFE 947
Ed =€ AA

38 HgF FR42 339U FY2HES 12 AAT ERYS
o) g5t 2YARANE H &3t SH2HES AAY B 2 AAEES
golr At AYS AAE v gew 2 AFE  table 89 EHE uish
Z.

Table 7. Effect of co-solvent on cholesterol removal and weight loss of

soybean oil added liquid egg yolk by supercritical carbon dioxide extraction.

Co-solvent (%) Cholesterol removal(%) Weight loss(%)
0 52.0° 25.9°
5% ethanol 58.1° 28.7°
10% ethanol 576° 21.2°
5% methanol 59.8° 285"
10% methanol 59.5° PARY
a b

: Means with the same letter at the same column are not significantly

different(p<0.05)
Treatment conditions ; yolk to oil ratio = 1 : 2, extraction time : 2 hr.
extraction temperature : 35°C, extraction pressure : 4,000 psi

- 135 -

NBEX: NBUAHES HBHS2 M2 Y/ s8R



Table 8. Effect of pressure on cholesterol removal and weight loss of
oil treated liquid egg yolk” by supercritical carbon dioxide extraction with

co-solvent™".

Pressure(p.s.i.) Cholesterol removal(%) Weight loss(%)
3,000 701° 30.4°
3,500 79.4° 32.6°
4,000 81.6° 32.0°
4,500 85.4° 325
5,000 86.5° 33.8°
abocd

: Means with the same letter at the same column are not signiﬁcanﬂy

different(p<0.05)

* Oil treated egg yolk is 61% cholesterol reduced by soybean oil and

distilled water treatment(soybean oil : yolk : DW. = 2 : 1 : 04).
co-solvent ; 5% ethanol

*** SFE conditions ; extraction time : 2 hr, extraction temperature : 35C

549 2RSS dFde) sl 22 2w, 048 A7t B Fe &
e BoAsA @ & QAR Y¥oZRE FH2HES AAT
Na(Z2d2HE AAE 61%)F °|&3td 5%2 ethanold co-solvent®=
AHtn FEHLE 3BT, $&AL 2/t 2AA &4 wE &
H2HE AAES FER AT table 8] vebd v} 2o} 3,000psis} =
Aol 98 ¢ i) 70%e U 2HE°) AAHNLH FE4H0)
Eolddl wa Z2elE AA o) EohA 4500psie] =X 85.4%9
Ze28E AALLS JeUdn Se2dHEo| 61% AAEY d#AE o
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2319 F&49 4500psi, FELE 35T =AM co-solvent2A 5%9
ethanolE AL3HE o FEATo W EY2HE AALEEL T 2
table 9ol Jebd vio} ok 3083 F&AM 752%] FHLHEFEES
et oyt Alzte] met A o] F718td 24 ol Fole 8% o9
AALEE Yeh A

22949 4500psi, FSAIZF 3] ZFNA 2254 AXUA G
F&2xyd Y268 AALEE ZAY A table 109 YERA vle} 2tk 40T
e ZHU2EHE AAL] 86.1%0IA2Y 0T o) & 2AdtolME TBA%E
Fell2ElE AAEo] DojFor] BT 2SI E 865%] 71 w2 Fe2H
& AAEE eI

ool A#}2 thFfsk SFEY EFHH L N IR YT EH2HES
8% ol AAY + & FHol FYHALH dFF Hvldl A dEge
BAPNE dA3] HA A,

Table 9. Effect of extraction time on cholesterol removal and weight loss of
oil treated liquid egg yolk' by supercritical carbon dioxide extraction with
co-solvent”, '

'Eitraction time(hr.) Cholesterol removal(%) Weight loss(%)

0.5 (30 min) 75.2° 31.2°
1 80.0° 30.9°

2 85.4° 325°

3 86.5° '33.8°

4 | 86.2° 2.7

> B ¢ : Means with the same letter at the same column are not significantly

different(p<0.05)

" Qil treated egg yolk is 61% cholesterol reduced by soybean oil and
distilled water treatment(soybean oil : yolk : DW. =2 : 1 : 04).

** Co-solvent ; 5% ethanol -

*** SFE conditions ; extraction temperature : 35°C, extraction pressure :.4500 psi
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Table 10. Effect of extraction temperature on cholesterol removal and weight
loss of oil treated liquid egg yolk by supercritical carbon dioxide extraction with
co-solvent ™. .

Extraction temperature(C) Cholesterol removal(%) Weight loss(%)

35 86.5° 33.8°
40 85.1°° 33.2°
45 82.9° 31.5%
50 784° 30.2°
55 76.5° 30.6°

3 b ¢ : Means with the same letter at the same column are not signiﬁcantly

different(p<0.05).

* Qi treated egg yolk is 61% cholesterol reduced by soybean oil and
distilled water treatment(soybean oil : yolk : DW. = 2 : 1 : 04).

**  Co-solvent ; 5% ethanol

SFE conditions ; extraction pressure : 4,500 psi, extraction time : 3 hr,

3. A2AAAG 2dARAAGN g Y4B ASH2HE I
x4 54 o

NEAAAY UEH A 2AARAFEE) 4N o8 43
g Uga(2U2HE AAL : 86%)F A= ¢RI AFHYR BFH
EQe ¥ WA ATE table 1191 e vie} 2o,

#3E4e FEH) Y8d F3A7 FRARNE AYS A {89
e M) 167MEN ZH2H B0 86% AAY FFAd Hse] i
ESto uf EAH9 f940] ARenz EH2HEY AAd o3 F3
g ASZ WY & ANG. S AHAHE JUJAE &
A2E AA A, F A8t dojubA g Aoz vEdth

AEBHL ATYLSH AZIRYo2 Frien AFYYTA A
1N A} Age2EE Aol 27 23 € 20024 AA A, F 2
o7k ARSA @gsort AFRFY) AAMNE AAB) FF 154%,
AEd2HE P A 195%2 T2 e AL Ykt

IS
(&
g:,
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Table 11. Comparison test of functional properties of cholesterol reduced
liquid egg yolk by hurdle technique”.

Functional properties Raw egg yolk” CHL reduced egg yolk”

Emulsion properties
- Emulsion capacity” 16.7° 16.0°

- Emulsion stability” 0 0*

Foam properties

- Foam capacity” 2.3° 2.0°
- Foam stability” 154° 195"
Apparent viscosity (CP) 35,600* 28,000°

Hunter color value

- L (lightness) 79.01° o o8421°
- a (redness) 303° 2.65°
- b (yellowness) 34.84° 31.76°

a b - Means with the same letter at the same row are not significantly
different(p<0.05).

B Supercritical carbon dioxide extraction with co-solvent system was used
consequently to reduce cholesterol from cholesterol reduced liquid egg
yolk treated by soybean oil and distilled water.

? Diluted to 1 : 3 = yolk : D.W.

» Diluted to 1 : 3 = yolk : D.W., 86% cholesterol removed egg yolk

9 Expressed with consumed soybean oil(m¢) to emulsifying 1 gram of
diluted egg yolk

5 Released oil amount(%) from egg yolk emulsion

® Foamed yolk volume / initial egg yolk volume ‘

? Released water amount(%) from foamed egg yolk
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Ao ME AEH2HE dFo] AT vHA ta ¥E 2
g Jehiith 853 £3 3 F4% 54U AHE Y@FHos Hi)
913l9 Hunter color value® &3¢ 23 FE “L” gto] FHZHE AA
F ol Aoy FHMEe FMEQ “2" @§F D ghol thA dolzn. o
olfre FHZHE AAUANAN dHYe JIEIA ANEY AHEe
xanthophylio] E#2HE AAYL 7 FAYLE2XA L value?t ZobA X
a, b valueZt Rolxle AFHE Jehfo] AAHo2 G Y] A
1 Ywols Agoz WY Aoz AEd '

Table 12. Comparison of fatty acid profiles(%) of cholesterol reduced
liquid egg yolk by hurdle techniquel) and raw egg yolk.

F . ) F id
a'tty Raw egg yolk” CHL reduced egg yolk” Ay el
acids change
C16:0 25.1° 5.0 O
Cl16:1 3.7 2.2° -
C18:0 8.8 89° @)
C18:1 435° 39.4° -
C18:2 13.3° 17.2° +
C18:3 04° 2.3° +

% ® : Means with the same letter at the same row are not significantly
different(p<0.05).

N Supercritical carbon dioxide extraction with co-solvent system was used
consequently to reduce cholesterol from cholesterol reduced liquid egg
yolk treated by soybean oil and distilled water.

? Diluted to 1 : 3 = yolk : D.W.

? Diluted to 1 : 3 = yolk : D.W., 8% cholesterol removed egg yolk
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AEAH A BFEFe A} 2PAFANFS 8 A o3 A
A4 dgde Ak 24D opnled S HEE AFHE  table 129
139 e Rich

Table 126)4 JERd vlg} o] Ug d&Y F8 AWIL HIH
guledo 2y 7zt 435% R 251%9 24L& Jvenided Edatsd
AHot2Ake] H]EE Fol 133% U 88%9 Wl &g AXsA Y F
HaH g0 AAD ¢ AtE FEdih18:2)3 =EA(18:3)9 ¥
go] 4z 172% R 23%2A 98 ¢ 133%, 04%°l ¥lHAM
4~2%% ZFrbsiglch. 2gln A8 )T Br| g6 FFe &
ZF 304%9 22%2 948 9% o v AR 4~1%Y FiE @4
el et '

e UYL WFEFE TRt dPde ARYsE AHAN BT
o FAEQ xddde] dFde] EQE ALZ Bon FHEHUE d
Sfos G vl AdHoz ¥ 7~8% A FHEH U7 G
d3o] ik Ao 9YEgE uA Aoz Atrd.

¥ Hung 5(1999)& 2YAFEA d&e APae LAY 80
EAN16:0) 2Hol24H18:0)9] ol Frtstn ¥r|EAA16:1DF ST
1819 #Fo) YT ZAVTT § v Aoy B AT RN 2
AT SEAe FaRoy B EAT 2024 FIHEA ¥e A
o2 Yeyd, o)A dFfrt ¢ AP nAHA &3 dFF
b AR EQHAE 7HsAE AAE FE B4 Ao

EY26go) AAY FHF} A2 dF] ojuixAl =ML AW 23
table 1391 Uehd vish 2ok 98 d3E FAHI}T Y FL oA
SF94, olanzEA R 2oldoz Uehgon Fd2HEC AAL
dggolel ol At HE F8 ojnite YE dAH FYUNA 25"
A olAZEAL E 2olalo R EAFH
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Table 13. Comparison of amino acid composition of cholesterol reduced

liquid egg yolk by hurdle technique" and raw egg yolk.

Composition (mg a.a/g N)

Amino acid _ —
Raw egg yolk” CHL reduced egg yolk”
Ile 310 330
Leu 53 . 540
Lys 457 439
Met 162 170
Cys 132 130
Phe 261 270
Tyr 256 250
Thr 300 310
Val 360 350
His 150 140
Arg 440 437
Ala 310 312
Asp 579 569
Glu 720 718
Gly 180 190
Pro 240 220
Ser 460 456
Total 5,853 5831°

* . Means with the same letter at the same row are not significantly

different(p<0.05)

Y Supercritical carbon dioxide extraction with co-solvent system was used
consequently to reduce cholesterol from cholesterol reduced liquid egg
yolk treated by soybean oil and distilled water.

? Diluted to 1 : 3 = yolk : DW.

= Diluted to 1: 3 = yolk : DW.,, 86% cholesterol removed egg yolk
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E¢ 98 ¢ Adonxidoze S2EDH ALY, HELUL
2 yehgon g2HE0 AAY ¥FY FfAE AF oprxite o
9 9% FHU Aoz Yeno 2 e FFE P SUME U8
dge] opmlidlt 24T Ed2d g0l AAY dHe ofuxeit ZYde A
Z Zol7t g Aoz dEth ¢l Iadadd i ofvlity
F Y98 ¢ A Sole 5832 Yeigen FHXHE AAR ¢F
o A%ole 583lnge2 YEY @9l F ofrjxate FE S W fE

Ao et
4. 2Y2HE BHREALE o|Ldld JUd AZFH2HE ALY 53
54

2Y 26 & BAEL 6FF(cholesterol oxidase from Pseudomonas

fluorescens, Cellulomonas species, Brevibacterium species, Norcadia
erythropolis, Streptomyces species, Schizophyllum commune)l ti3jA
dde Fy2Ee B85S 49 A Pseudomonas fluorescensZF
B 22 % cholesterol oxidase7t @& 20%84oA 38T =AM &
% cholesterol p M@ 0.5 unit® L3 RE @ 2427 Tl 84%9] Fd =
HE AASL Vet ¥ lo) 713 Egol & Aoz Yehd v o
u}ebA cholesterol oxidase Pf(Pseudomonas fluorescens)& ©1-8384
Zy2H S0 AAY dHA FASAHE ZAG A}E s4%d v
Eige 3
$3EAN AZEY, A5 2 HAEE ZHYE ZF table 149 Yehd
vle} Zoh fFEEAC UAdME F3YI FHAAEE F3] cholesterol
oxidase PfHEl@ Aol 4 W& & Aozt Qe Aoz Yo A
ZEE249) AN E 71EY3} /EAFA dAAE AR G F/3Hol
1881 & e en Se2HE AAY ¢ f3HE 169E UErdl
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Table 14. Comparison test of functional properties raw egg yolk and of
cholesterol reduced liquid egg yolk" cholesterol oxidase from Pseudomonas

fluorescens.

Functional properties Raw egg yolk” CHL reduced egg yolk"

Emulsion properties
- Emulsion capacity” 135° 13.3°

- Emulsion stability” 0* 0*

Foam properties

- Foam capacity” 1.8 1.6°
- Foam stability” 175° , 16.2°
Apparent viscosity (CP) 28,000° 125,400°

Hunter color value

- L (lightness) 75.26° 75.01°
- a (redness) 3.24° 3.16°
- b (yellowness) 33.54° 33.29°

% b . Means with the same letter at the same row are not significantly
different(p<0.05)

Y Diluted to 20% and reacted by cholesterol oxidase(84% cholesterol
reduced)

? Diluted to 20%

9 Expressed with consumed soybean oil(m¢) to emulsifying 1 gram of diluted
egg yok

9 Released oil amount(%) from egg yolk emulsion

5 Foamed yolk volume / initial egg yolk volume

® Released water amount(%) from foamed egg yolk
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Aoy MZ. FoArt AFSHA ok 73 GHAZ YAME 4
175, 162%& Jelfo] HFto] {a7t AR Fdd. 2RI A=
o QoM ZiaXE ¢ =t 95 I F=zd vsA @A
VR TP <0.05).

w3kel M2 9ej 4 & Hunter color value® &3¢ A3 L, a, bx]ol
AiAN T3 U G FH2EEAA o]l N2 o7} gl Aoz
velgth gty ZEHAHE EHEL g Fe2HE0l AAR ¢F
2 JEE AdsTE 7154 YN & atol7 gl Aoz Yvehy
goziy ZH2HE AA AFHQ HHA A2 HrHEJH.

Table 15. Comparison of major fatty acid profiles(%) of raw egg yolk
and cholestero! reduced liquid-egg yolk by cholesteol oxidase”.

_ Fatty acid
Fatty acids Raw egg yolk CHL reduced egg yolk
: change
C16:0 25.1° ' 264" +
C161 37 3.8 O
C18.0 8.8° 10.0° +
C181 435° 421° -
C18:2 13.3° 11.8° =
C183 0.4° 0.5° @)

% b . Means with the same letter at the same row are not significantly
different(p<0.05)

Y Cholesterol oxidase from Pseudomonas fluorescens

Ao o FH2HE AstE d3Y AW i*éﬂ W3 g A5E
7] 918t AP % A table 159 JEFR ule} Fo] ¥r|EHAH(16:1)H}
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PEAN(183)e a2 M7 JFE ¢A Fpoy SHFUIDFH
2 E=dAH18:2)9 A Fole 2 FFol 1% 713 RolNe AYE YN
o, ¥Hd B EAN16:0)T 2Hol2AK(18:0) 23] I ol EolAle
AL Jeldich gt FH2HE EHEsd o dHo2HE
ZY2EEL AAY S AW 244 g4 AL e A2 YEy
o ol Aate Wsst AAED BdE 78 7153 544 oy
T G vX e $43Q0 A7t tEn

EY26F FHEL0 s Fel2HEo] AP EH9 ojvxit =
4e HEYP AHE table 169) LtEHG uls} g},

B2 3% F4 ojuxAte ITHAL, olaREZEAL, Zo]Alo]
Ao o)A Lr e Fa olrlxAy IXIAT. AiLAEE ¢F
o] M opmAte F2Eld, 2" P dHEgedo|en o] Fox= H
& 9®e AF oinxiy XA G & A F A oty
watel ol YIME BARTY o % Wiy} AQEA Yob FA2ElE ¥
A7 3 YA opnjiedl 240  UI(E VXA G Re=
YEb T

ZEHos FY2HE BAEA Ao o3 ALY dHE J=& A
g 715 EAA AN 2 Wt e ol Y JlAAE &
A3k ey A 246 JAME LHAF HEYLto] bdi Rl
e AL Yehd 9t Gu|EL 2 ol2Ate thd g@3o] FolAlE
#3tg Yeligid

ZY2EE B 0 oM ey FH2HES AAY 39 F
2HE Be4E AF ARE HESIZ] 93 5-cholesten-3-one,
4-cholesten-3-one ¥ 7-ketocholesterol®] standard® T3t thin-layer
chromatography2A A& A3} 4-cholesten-3-one?| RfFHlA AF A&
don 7lgt B39 RiGYeIME BdsHe €40l AEHA 4. Aihara
5(1988)e] 9@ 4-cholesten-3-oned FA| vl2H 2ol EAFZ AEH7
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Wi A7 94 geox 2ad v Ao,

Table 16. Comparison of amino acid composition of raw egg yolk and

cholesterol reduced liquid egg yolk by cholesterol oxidase”.

Composition (mg a.a/g N)

Amino acid

Raw egg yolk” CHL reduced egg yolk”

Ile 310 290
Leu 536 520
Lys 457 468
Met 162 156
Cys 132 120
Phe : 261 270
Tyr 256 260
Thr 300 296
Val 360 352
His 150 143
Arg 440 429
Ala 310 320
Asp 579 590
Glu 720 712
Gly 180 183
Pro 240 230
Ser 460 448
Total 5,853" ; 5,787

2 . Means with the same letter at the same row are not significantly
different(p<0.05)

U Cholesterol oxidase from Pseudomonas fluorescens
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5. AZH2HEADIE o4 AXNITAEFY 44T A2

ZYAFAFEHG S FA, co-solventd] HEAYPos FY2HE
o] 86%7t AIAE dFYe] o]4EE Foluz FAFE UHEe AJLELL
8§ MEdtc EXE F1 2 AAIAHE A7 H F8 e 0L
2

ZY2H S0 AAY dFRL TPE 125%9] Ro2A or]d) G
€ ARF Artstd RFEE @Fo] AP FALT EFE dde 73
71€ ol€39 10000mpme £EZ 1~1083 #FdY d34sta FFTE
EPA Ut 2PE o 2P 4 HAHID HAQAEFRAE ¥Ys
7) A% 12%9) 1Y ES AEE ARYE AL A7)d) fFALEE F
7] 938 lactosed}t sucrose® SN AT Ao tistd 6% HFHIR L0 table 17
A} o] Z =AY IAF ¥ Lactobacillus  acidophillus,
Bifidobacterium longum, Streptococcus thermophillus®] EJa5+& %7] &
AFE7E 10° o} HEE 002%E H7hste] 37CAAN 2403 wiFsEA A
@Yol pHE FAst G A QR A

Table 17°] el uie} o] 65~120T7X] 71QAF X W3HA7)
HA 08 AT F 7CAA wjFstAN 2443t F<¢ pHY WslE B3
g uk 65T oA 3083Le] d47 2AAME pHZF BolA ] Hoy 244
AR Folx 498 etk 83 75T o) 89 7pdaE 29 A
Fole 66C 2t W& pHE Usz 3o} 45 oldo2A fidd
ESue A4 WA vlgdEo] JAEHE BH pHS 45 vtk =93}
A Zadoh olgl@ ol 66T olste ZAdME Ad dd &
ke o2 7k F%9 ¥NAE A4 R @A F e 2ag HFY
B84 A7A ®¥ Aoz Y £ 5T o9 AF AN
= AR pHot 45 0Lz WolA gkonz o wHel =
P £g 39 Be A QAA HUTY 459 AEes Aoz we
Hel AEE RF7] el 1929 FFE HHdA 2 9L RaA F
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$feu 2 AFHE table 189 Vbl vpe} 2}

Table 17. Changes of pH in low cholesterol liquid egg with

pasteurization temperature during incubation time.

different

Pasteuﬁzaﬁon Incubation time(hr.)

temperature(C) 0 6 16 24
65 78" 5.9° 5,0° 49"
75 7.7 5.7° 48° 45°
85 17 5.6° 4.7° 46°
95 7.7 55" 47° 46"
120 76° 56° 4.8° 45°

* Means of same supercripts within each column are not significantly

different(p<0.05)
** Solid egg content : 12%, amount of sugars : 6%

Table 18. Changes of pH in low cholesterol liquid egg with different

solid egg content during incubation time.

Incubation time(hr.)

Solid egg content(%5)

6 16 24

12 76° 54° 49° 45°
.10 76 49° 44° 42°
8 7.7° 5.0° 42 4.1°
7.7 5.1° 4.2° 4.0

1.7 5.0° 4.2° 4.0°

* Means of same supercripts within each column are not. significantly

different(p<0.06)

** pasteurization temperature ; 90°C, 30 min, amount of sugars
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ANl AT AFYe] nYPEL 12%0I0 2 o1& 43 4%7A
dA Ao AQE A} 10% olsty A nyYLo 2AAA H=ZL 16
AZEe] i gol o3 pH44 °)3t2 "ozt ATde IPEL 10%E =
A3 90TCAA 308% 47 AP A9 2ol AAY 7ML A&7
et YL AAFHHT. 3L oy YL FHA lactosest sucrose®d
1:1 &3t A8 3% 71540 4314 lactose?t sucrose® 1 :1
2 EEE AL N A dF 0~8%7A HrtEEA LA 54E
B3 A7 table 199] veEbd vl 2ok & AH HoEA ¥ FS
FAFE FFsgoy dERIF Y gojua ol UAL B3I Felx
pH 7824 & ¥zt gled 2% A7sAE A5 248% 3% ¥ pH
4724 ¥ pHY A&7t olFolNA Redoh G Artke] 4% ol
AY AL HZA 4N WEFE pH 430132 Holneon 4% A7t 7
$-ol& 16A1ZF M1%A] pH 4501222 16A1 WG €88 FdE
6% ©] e Fe Hitste el 4AY Roez AlgdEch 2EEHIAE
o) 10° o)) &7 M+t HEE FrhsE HAT E AQeNE &
ge @A Hriwd we ¥i SE4& AvEozA AHIAY Jud
g AFE £ Ate Basd 2EEHAX Y AZFA wE wFFT
pH¥2tE #E3FE vt 2 ZAFAE table 209 Vel vish 2o & AY
9] x7lE 0.02%E A3y table 200] JERG vhe} o] 0.002%9
A7to) M E 16413 k] 43 o]FE “éqzle A% g Jehido et
A 001% A=Y A7t JHNE FALRE YFH2E o€ F UE
Aoz AtzEct. a3y APAAHJA 287 FAAAMY =] & F
A7) dEo FAE 2EEPANY AL FL AF0) A € A2 ¥
gk o A 2442 viFe] 9 pHSl 7 40 ujgtel 4
zo2 Wolx Bed Ko Asty & olys} AFY AP FEAME
GF AL 1643 A2V HAY Ao ARET '
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Table 19. Changes of pH in low cholesterol liquid egg with different

amount of sugars during incubation time.

Incubation time(hr.)

Amount of sugars(%)

0 6 16 24
0 76° 17 76° 78°
2 7.8 5.5° 5.0° 47
4 1.7 49° 45° 4.3
6 1.7 4.8° 43° 39
8 78° 48 4.2° 38"

* Means of same supercripts within each column are not significantly

different(p<0.05)
**x Solid egg content : 109, pasteurization temp : 90°C, 30min

Table 20. Changes of pH in low cholesterol liquid egg with different

starter culture amount during incubation time.

Starter culture(%) Incubation time(hr.)

6 16 24
0.002 7.6° 4.6° 4.3° 39°
0.01 16 47 42° 39°
0.02 76° 45° 4.1° 38
0.05 1.6° 45° 4.3 3.7°
0.1 7.6 46° 4.1° 38

® ® : Means of same superscripts with in each column are not significantly

different(p < 0.05)

=% Solid egg content : 10%, amount of sugars :@ 696, pasteurization

temp. 90°C, 30min
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A 9 = HurdleZl®ol et X Za|AEHE

vihgtolol Mo o FHHIL

A1dA A

d3e o 50%7 n¥EEA a9l 16%, A 32%, "R 2%, @F
38 1%2 FASY o ¢ F2 J¥2 EfEgAgels,
A3 FY2gEely o] F FY2HEL dF F9 16%2A I%E
g 2g2dHE 47 9% SU2HES 2oy 43EE £ 493
g dod 4 Qe 8A0] ¥ £ Uk 2uAEY FFAHA A4 wE
E3 2o g E Ad 9 AR LHFe] AT Ae 4RI
oY FAE I AF YPo 2 FH2HE FFE WFHe MNET}
ojFoAx A}.

¢ Fo 2U26EL AAFY] A% 71€HA PYPdE A &
g, 33 g AAEE EA2HES A} B2 FHAG
HEAE o83 AY £ 29458 EE $uFEYel Az HEFA
g ol v ZyzHEL AAS: WY Fol Ao 2dd £43,
sheta B AdY 24 XA AANIE AAS, dRAE YA
o2W AdY 7153, 353 43¢ AQse EAHP Ad. #HA A
@39 gd2d8v daHoz AANUA usiA Jol fA99 A%
A #%3 IS AR K 7l Aol AFEH, o] W Y
At o 2 A @% 9] protein fragmentation3} oligomerizationol]l #o &+ &
A9 WAy ex: A7 el pHA lysozymee ¢ 75Ce]x,
ribonucleaset= ¢} 60°Co) 22 (Amtfield 5, 1992) @¥d WAAE& WA F7)
N E 7tsd B& 2Ed A 7HFstoof o
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uetA EFMe dFoz Ny FHAHES AAF A JA4A w2y
FE 259 XYRYo|HA FH2HEL AFHOR AAYY %Y F
7}x] o} A9 -gzﬂl.é.ﬁﬂ.% MALYE A L3 hurdle techniqued A 43}
fen old oA D AFH2HE d&e A HFHY T FIY
7t AAEA

A24d A= 2 Y
1. A= |
2 Aol FAR AR K3Y A48 Agstdon URBE uge
300me} sieve® FHAA @Y R YEL AAC £ BAHUL & A
Yol 88 UFAY FREFE 475%0) Uk

2. B-cyclodextrin®l o] & d3 o] HAg

Al 1 e APAtol] wet IBE 3 FY FHFEZ JAFA FAq)
B -cyclodextrin(d €] B-100, Y24 F3}F)9 Eu7} & SH26 S
A 1: 30] £ HAsbste] BTN 1583 B & 5CAA $2tst
Aok WdE EFEL 2000xGE fAE I3 B-CD - cholesterol
complex® AASL JEEEL ARZ FAHAT. FAE A8 SUYLH
€ AALL 5.0%010 28 pHE 642, ISP L 682% TFolUth

3. AAYE YPde SH2HE AANY

B -cyclodextrinell 9)3le EY 26 Eo) =AY IH N dizia dHF
F& o] 8% F713Q EH2HE AANYE 2A87] Ao o)A pH
£ IN KOHE A3t pH 7, 8, 92 =AY ¥ dare] ZFo oty
el ATHE Wrhshe] 8000pmel HEZ 1583 FAsY YA
WA ¥ QMg gez FY2HES AATA.
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EF B-cyclodextrind] 3 FH 2 o] 2HE dF A s I
2HE& B#EL Norcadia erythropolis(Ne), Celluromonas species(Cs),
Pseudomonase fluorescens(Ps) 2 Bribibacterium species(Bs)2] 4% &F &
o] &3¢ 2 0.1M potassium phosphate buffer(KPB), pH 7.024 0.2g/m¢
8 AL vrEe] HAE HEd9 AYHAS 4 Ax9 FFH pHe
Ne7t 7.0, Bs7t 7.0, Cs$t Pf7} 750191222 pHEAH L W2 &4 &g,

8 B-cyclodextrino] o3 S 2EEo] 2AY Ao s} 2
Al ol B FAE o] &3 35~55C, 3,000~5000psi, 0.5~4A1%Y SAX
A9 HHA 2PAFEe AT FH2eEY AALAE AESFAT

4. Nr9 EY2HE AF
¢33 9 AAe" Age ZH2uE AL Boehringer Mannheim
kit(Cat. No. 139050, Germany) € Ag3lt}.

5. 4% %34 .

FEXFEY A7 M Z(color and color difference meter, model
TC-1, Tokyo Denshoku Co., LTD, Japan) & &A%9 L(FX), a(AH
E), b(#Mz)gte 2 JeEhRT.

6. Aga B4

F&23FE9 AYa AL GC(Hewlett-Packard 5890 series M)l
slste 2Astg e, column®& DM™-Wax capillary(30mx0.25mm i.d.;
Supelco, Inc., Bellefonte, PA, USA)& A}4391, 5= 200CE #A3
k. F&71€ FIDE AHE8HR, FUF % F&719 &=+ 250, 300C
2 $A89% $WAAZH AATkEE split ratio® 1@ 10022 F%
Ak,
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7. 3=

250me§ Hlo]FA e 5000rpmo2 FAY ARE 200y FTulstd A&
(25C)l A S5AIF  §AAZ  F Brookfield-Viscometer(Model LYV,
Brookfield Engineering Lab., U. S. A)¢ 39 LV spindled o]43}ld
12rpmol N #x17F ¢AHLE w7tz of 5ELY 33 %E 2D AL
@& o ol AdIAL.

H X ( centipoise, mPa.s) = value of dial reading X 100(factor)

centipoise/100 = ps(poise)

8. TAEH

HAs% R EEA AES 3NEE 4Y dolEE SAS program
A8t @i em Duncandl HGFAARYLE 5% FEAM FaAAde
AR,

A34d 4% 42 g

1. §3A9 N2AFA Ao o ¢ ¢FIA2YEY AA

FaA0] o8 2H2HEL AASE VE2QAE SA2HEH TR
FrAFE BAE ol g3ty FH2HEN HdYygoz ARAAH G849 EF
AE AN £ QAR S Saho] B Sue Rolth £F AEA
o) st FA2HSE Asete WAL Wy FyUE B,
g0z BAYSA BEoE F TU2HE) AE VEHFAE Fe
o Uge FULHEL AENFA Fo2 oEAY F UEEFY sEF
2 Balse Wgolg. A Fate wgel s oln] & AFME &
gozve FY2HEL ¥4 47 LYsed 4FHReY AR BS
FaAe Wrhgel Wotd AS eA2HEY AAEL BohAY A=A
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EotAA G &Ago] AXNAY FHAY AL mE JAu 8 F
7F ol Al € & AU FH JEARA A AN
HAHEY AAZEL 85% o144 €8 & Aoy dF+%9 FHFY A
4ol Fods] A B HAFAEY ASH2EEAT AEA7 @32
F e A €A ddAq 2 dyeAe EFFAG HEHFAE
WEAE $ozH EH2HE AALEE 018N F&3 FAE FUA
7171 9% Eel2HE AAFTAZ NLE A=A FAARZ ALY 5
A EAL B-cyclodextrin, saponin, digitonin ¥ silica gel $°] oY
B AgeMe 713 a9t Hold Aoz 2AE B -cyclodextring AHE
Ao

A&l Bacillus%el vl Eo] Aidste ELE FEANA AAHE B
-cyclodextrine 771¢] glucose ¥X}7F B8 -1, 4 glucosidic linkage®2 /-2l
TZE oFt BEE, B2 WA o9 {7182 EAdE E4L A
g}, o] BA 9] 3yE B -cyclodextrin( -CD)& ¢ &% 9 oil-water
interfaced] £X ¥ FH2dEH} A3 G849 EF g YA
EAE ML Utk dRoz Ry EA2HES AAS A% FH =2
& A 1 F9 dFde) o3d Iy} B-CDE ¥$AHAH B-CD-
cholesterol complex& AAE7] A3 HAH 4Y, &, AAL 4
2,000g, 35C, 15&8°IRNe d&7 FFHFe A 4 HLL 1: 39S
$A¥ & AN .

e H3 243 dEo] B-CDst ¢&F Fo Y2 E 2v7} 3
19 o) EY2HEY AALEL 75.0%°1R0 28 JFELYPE L 682%E U
BT, 281 -CDst Ed2HES E97F5: 14 o SH=EHE A
A& 889%0lRN o RELYPEL 646%E YEHNUS. B-CDg Ed
zege BME 612 e dE 2A2HE AA o] 659%E et
URL JEDPPEL 569%2A4 A7l 8-CD9 4o #ed BEIFS
ZYU2EE AA Ede FSHAT ¢Fe] FE J¥ol Wol f4EE ¢
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F o1ich wEtA date] FEAYEE A4A ¥odA f-CD ¥
HEY Bu7F 3: 19 o Ed2HE9 AALo] %2 Hu3 FLE2
olgld ANgzAH} AEAFAY HMIYxAE WYL= I X
HES 28302 AAZA AYE 23 &3 2o Yeigo.

WEFE GFgel) 2] Hrlete 3T FA2HEL AAR] A3
o AYPL AAF ZI Table 194 Zo) vdertth B -cyclodextrind
g3A Fel2dEol AAY dFYLE pH 6420121 ojRY pHE IN
KOHE& AM&3td pH 7, 8, 92 2AE F dFFE 379 8,000rpme]
£22 1587 A AL A F AP FH2EHE]
AAY ¢89S A S 26EY AALL pHYl F7HEd #HaAd F
718te] pHE ZA8A &% FLole 863% 71A] SHAHES AAE
F Aen pH 9dM 9 AAEe] 713 Eol 92%E YEtAT. nYE
BEFL OQFH A gHAM ¢ 2-3% AR o= FYIAAT
pHel ¥3}e] getde & W37t gy dgtes &X pHIY 3¢ -
Pg BEFo) 634%=2 th: W& ¥ YERh

Table 1. Effect of pH and soybean oil application on cholesterol reduction
and solid residue of decholesterolized liquid egg yolk with £ -cyclodextrin.

Consecutive treatment pH Efnlesierl | salic
reduction(2) residue(%)

B -cyclodextrin application  6.42 75.0° 68.2°

Soybean oil application” 6.42 8.3 65.7*°

7 87.2° 64.6°

8 89.6™ 65.0°°

9 92.0° 63.4°

* added amount of soybean oil = 2 times of liquid egg yolk
®€ : Means with the same letter in the same column are not significantly

different (p < 0.05)
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et oz 49 AL IR Fo2HE AAL I 1l
e Aoz Yl gorz B-cyclodextrin Ao 23A EH2HE
o] MY UHe ASE WFH FshFel w 2 AAL g
Aoz d&Ho] AYL ANsFew 2 A} Table 2914t Zo] Ue
Wk &, dE59 FrhEo) Frige wetd FU2EE AAL) Fre
gom nyEel FEFE 2 Wit AAS. HFHE BFAo] s 3
W WM AS A1 954% FU2HEL AAY 4+ ANeH dEHE
11 A78Re ASIE 872%9 ZH2HE AALE deho] bEH
QEXe AS vy Za2HEe AAL] FA AME ez
vebitoh,

Table 2. Effect of soybean oil ratio to liquid yolk on cholesterol reduction

and solid residue of decholesterolized egg yolk with £ -cyclodextrin.

Soybean oil ratio Cholesterol Solid
to egg yolk’ reduction(%) residue(%)

1 87.2° 64.7°

2 92.0° 63.4°

25 93.2° 63.0°

3 95.4° 63.1°

* pH adjusted at 9 with IN KOH
e~ : Means with the same letter in the same column are not significantly

different (p <0.05)

2. FAAt Ze2dE BHAE A 4@ R EHLHE] AA
g Eo] AAste FH2HE EHAL(CODIE o83t FALHE
& 2UGABEZ RoAA ZTosEES BFe RATE PP AR
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B FHleE ¥ S HA F ulEAS PYPoz A Aok £ Q7
A& Ne (Norcadia erythropolis), Cs (Celluromonas species), Pf
(Pseudomonase fluorescens) 2 Bs (Bribibacterium species) Yl %%
Y 2HE EHALL(CODIE AME3tE dite E2€EL AAdEY)
o] Z Eae HHEAE 7Y W Yok BTN 4 i dY &
H2EE AASHE Bs CODZL 24413t incubationdt & @ 12.06%2 7}
ZF ¥, Pf, Cs &% Ne CODE #zt 84.25, 80.38 12l 66.12%2 A Pf
7t Mg 2d2HE AA o FRon FH2HE AA FTHY Al
€4E Pf ) Cs > Ne ) Bs¥ 2stoh

olZ|g FH2HE ¥HEAY ARE B FdsEr] Ysod B
-cyclodextrine 2 d#9] FHXHES 13 Mo 756%2] Se 26 0l
AAE d¥do] Fh2bE FHELE L3 38T YEEANN 2
A2HE AANYES A ZF Table 309} Zo] et &i9
HEA WA e 7 a4 FH2HE AALE JET Y Pf
COD7} 74 &€& A3E uetuio] W 8AIZE ule] 958%<] Ee2HE
AAEAE Yl vEE 2443 o] F o= 983%9 FH2HE AA
&< UEUAY. 22U Ne CODY Aot w3244 0] AT Fof
E 792%9 9L Ed2HE AALE Yehuidc 2 ¥t &2 Bs
COD % Cs CODY 7 fole wg 24N A3 F 742 90% ole &l
2HE AALEE Yoy Pf CODY Ao HHME ¥e adE
YEFRAG 2o B2 22X Ed2HE BHAty HELAHE HAE
3t7] st 4T gz AYPF A3 Table 40914 Yehd uvhe}
Zo] Pf CODS B¥+ 2449 wH3AL AH Fo 852%24A 38T
el ds @A ey e FE AEL Sk IA A9EE Y
3 RojFgit. 22 ZU2HE ENELE A-cyclodextrin® P Y3
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AHEE B Sole Pf CODE o83l AAET oz dadd AEY
35 B% ol ¢ ZH2HEL AAHE AAY + AL $IY
T ARG ol E Ade @AY AAWYY V&g E5o2 AHgE}
T Ao Hldt F£713] o9 AAVIEE T HEHe2M Y A
o ZUHLHEES AAY & A WAl & F AL AN F& 2
32 Brtdg. 53 ZU2HE RHEARY AMRoE dRe MY 7

My 2 AUl BHde FPHez HEA 3 483 7HeAol

[=]
-3
¥ Ao AlgEn.

Table 3. Effect of reaction time and various cholesterol oxidases(COD)
on cholesterol reduction of egg yolk decholesterolized with _B
-cyclodextrin at 38TC.

Reaction COD from different microbial origin

time(hr. ) Pf Cs' Bs' Ne'
0 75.0' 75.0' 75.0' 75.0°
2 87.3° 83.7° . 80.4° 78.3°
4 90.6" 85.5 82.3° 78.3°
8 95.8° 90.6° 84.6° 78.1°
10 97.2° 93.3° 89.2° 78.1°
24 98.3" 95.1° 91.1° 79.2°

* Pf(Psuedomonas fluorescens), Cs(Celluromonas species),

Bs(Brevibacterium species), Ne(Norcadia erythropolis)

® . Means with the same letter in the same column are not significantly

different (p < 0.05)
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Table 4. Effect of reaction time and various cholesterol oxidases(COD)
on cholesterol reduction of egg yolk decholesterolized with B8

-cyclodextrin at 4C.

Reaction COD from different microbial origin

time(hr. ) Pf’ Cs' Bs’ Ne’
0 75.0° 75.0' 75.0' 75.0°
2 80.5° 78.1° 77.2° 76.3°
4 82.8° 8.7 1775 76.2°
8 83.1° 79.4° 78.6° 76.2°
10 83.2° 80.6° 78.6° 76.4°
24 85.4° 80.77 - 790° 76.5°

* Pf(Psuedomonas fluorescens), Cs(Celluromonas species),
Bs(Brevibacterium species), Ne(Norcadia erythropolis)
*~1': Means with the same letter in the same column are not significantly

different (p < 0.05)

3. EFASG 2Y9AFANFS Y SFSH2HE AA

2YAFAE HFL2RE ZH2HES HYFoZ &34 o4
Ho] . 2 2YARAe 227 ¥E&E5E YRTL ol &9 £
olEE xA|ANVLE o] &3t ARTY v WA BAd}e
Eao d¥A xR ARdA /HEY Fy @¥d ¥HYdE ¥AE 5
en nEFY AZULHE ADAES 44T &+ AA o a8y
ZYAFA BSFoE2e IRYo2RHY FY2HE AAL ol
10-50%° ¥3}stch wrebM B -cyclodextring &3 YPo=REy &
HAHEE 5% AAT F P13z 2YAFAFEE HE3to dge
2Ry ZH2HE9 AAAHY AAE A=A

Leiner(1986) Y43 ¥< 40C/300baro] A YA clitsled 2 &34
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€8 $5&E<& trglyceride, free fatty acids! waxes, 261 2& 43}
T Qe WE AXFe 222584 dob AN, SUIE WAHA @
Stk ROsth Froning S(994)E G EE 40~50C, 163~374barcl
A 2asged ouswid WUEs e FEEAAN  HIAY
triglyceride 2 Ao Ac] Bo] S345)AT T4 AP 43 5
A o} 2&AREd $EIYYTL BuAT. ANAL Ao wIAP
479 emulsion $43 VY o] Youg FEVFE 250
£ A ARY J5H 4P $A%Ed Q4Hoy, =Y Anozy
§ 228 258 9 ARZA PPl UBYNTE $Ro] Fe
dgzo] 4388 Novak et al(1991)& FHEE 40C/276 bar, GHAS
BC/24lbardlH 228G W TU2HE AALLS 47 78U%ZA @
g 32 vagHoln 2284 T uyd U} 2uHUdn vy
sk

Table 5. Effect of pressure on cholesterol reduction and weight loss of A
-cyclodextrin treated liquid yolk" by supercritical carbon dioxide extraction

with co-solvent™.

Cholesterol

Pressure(p.s.i.) reduction(%) Weight loss(%)
3,000 78.2° 31.3°
3,500 85.2° 33.2°
4,000 88.0° 33.9°
4,500 90.7° 34.6°
5,000 92.4° 35.2°

b, R .
& € ! Means with the same letter at the same column are not

significantly different(p<0.05)
* B -cyclodextrin treated egg yolk is 75% cholesterol reduced one
** Co-solvent : 5% ethanol

*** SFE conditions * extraction time 2hrs., extraction temp. 35T
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2 QA7E ARY 7%, 35 420 9FE v IAANIERA
A 255z g1n ZY2HEY Hgxez AANI Ao B
-cyclodextrin® ©| &3t YgozRy EH2HEL B% AAY ¢FY
2 zYACAZGAE o] gt 35~55T, 3,000~5000psi, 0.5~4A13]
£A4 238 ALt dFde xPAFEAN FELHA Ad 9FE
HAEY A Table 5914 Jehd uig} gol FE4Ho] ¥ S+F =
HEe AAgol Eol 5000psis] ZAAM 924% ¢ FALHES Al
A 4 gt oMo FARAEL 352%2A HRH Fe Ut

Table 6. Effect of extraction time on cholesterol reduction and weight loss of 8
-cyclodextrin treated liquid yolk® by supercritical carbon dioxide extraction

with co-solvent™.

Cholesterol

Extraction time(hr.) Femoval(9) Weight loss(%6)
0.5 (30min) 80.8° 32.0°
1 86.3° 33.1°
2 90.7° 346°
3 91.2° 349°
4 925° 35.0°

= b ¢ . Means with the same letter at the same column are not

significantly different(p<0.05)
* B -cyclodextrin treated egg yolk is 75% cholesterol reduced one
** Co-solvent : 5% ethanol

SFE conditions : extraction pressure 4,500psi, extraction temp. 35C

Bulley$ Labay(19DE Y &%¥¢ 40TAAN FE¢4"E 150, 200,
360bar2 Z7HAAE o GRE =7} 0barcl FAS FIHEA e
o Y ¢Pel LEE WHNAEL duoE T 2EAM #EE U5
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NRE o d3Ee $85s 43 IR Radyd. Ed2H)
EAAEE 207, 276, 345barol N &2 132, 254, 285%2 FUYLEANA F
248 F7te] wet FH2EHEAALL FUHEAcH ol FEU4HY
Z7be] wep ojistgae W7t F7kEtz] WEolHm AP vl Ao
2N 42 HED A FEAN0] FHETFE AALL] =%
U 2Nl 28 A v $7HEE YT F& A% B
A 925%9] AAER HnXE JYeErRtHTable 6). F&=E @st
o dgdozRe ZAXHES AA HAY AYZH Table 794 Y
Bhd uhsh go] F2 &7t RE4E AALe AN FFFLEE
Egc &, 3BCoAA F£28 A$ 912%9 ZUYZHE FELE Y
M F2 A3E B0

Table 7. Effect of extraction temperature cholesterol reduction and weight loss of
B-cyclodextrin treated liquid yolk™ by supercritical carbon dioxide extraction

with co-solvent”".

Extraction temperature(C) i:;ij;z/ool) Weight loss(%)
35 91.2° 349
40 90.4° 335"
45 88.5” 33.2°
50 86.2° 31.9°
55 - 830° 3L8°

a 5 ¢ . Means with the same letter at the same column are not

significantly different(p<0.05)
* B -cyclodextrin treated egg yolk in 75% cholesterol reduced one.
** Co-solvent : 5% ethanol

(LT}

SFE conditions : extraction pressure 4,500psi, extraction time 3hr.
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4. AgY2vEARY 3 54

NEH4AQY WS} B-cyclodextring WEMYe) ols) AuY
AgU2HE GRY(SH2HE AAL : 954%)3F LB P 713
Q3 #53 TAE WI FAE ATE Table 89 vFehd uhsh 2o &
$84¢ AEHY At S SRR AP 3} 4RYe
NABE 167000] Bl BA2EE) 654% AAR FFYo) 15524
i wov $HAREN JoHE FUA2HE AA A, £ Wt @
qUA %t Ao Ugut AFENE AZYYEI AZdPyos
Bgon AFYYSel Aol ANV ABA2HE Ado) Z2 23
% 21024 AA A, F 2 Fol7t AR Fgkon] AZRFY glo]
HE QABY AS 154%, ALA2H0E W9 A 203%2 Ti g
47 ez Jent Ed JJME AZA2HE G| AAT )
4 g2 2 ARE JEuNg. A9 ¥Hs AZTH2HE Yo
AA@) MAN LRSI 271891 a(H A=)t bFAE)ZE A
S}agth olRe UBo=HE Fe2eE AAA xanthophyll M7t
A AASUY]) GBS LA ZHHAR @3 bRE ABE A Am
A,
ZU2HE EHAL(Pf COD)9F B -cyclodextring] H&A 2ol o3 A4
d AgU2HE GGA(EA2HE AAL : 958%)% U2 FBde 7}
FAAT BEY BQL 9T PAG dohE Table 99 Uehd whe} o,
$854¢ AEN) S5 $5d7 SHAPHL AYE F S5
& QMY 167mo) BN SeLEBo) 958% AAY FRgo] 1422
A ta gtey ftAse Yolde Bd2EHE AA A, F At
Yolubx] e Rez derd AFSHE AFYASH ASQHHoz
Brhgen AEYYSo) ojd AMATR ASU2HE ABo) 27 23
2 20224 AA A, F 2 Aol7t ARHA Fgkon AZARA. glo]
Ae A3 73S 154%, A28 dFde] 39 199%2 A 9
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Table 8. Comparison test of functional properties of cholesterol reduced

liquid egg yolk by hurdle technique”.

Functional properties =~ Raw egg yolk” CHL reduced egg yolk®

Emulsion properties
- Emulsion capacity” 16.7 155°

- Emulsion stability™ 0° 0*

Foam properties

- Foam capacity” 2.3 2.1°
- Foam Stabi]ity"’ 15.4° 20.3°
Apparent viscosity (CP) 35,600° 31,000°

Hunter color value

- L (lightness) 79.01° 83.42°
- a (redness) 3.03° 2.72°
- b (yellowness) 34.84° 30.66°

® ® . Means with the same letter at the same row are not significantly
different(p<0.05).

b Soybean oil application method was used consequently to reduce cholesterol
from cholesterol reduced yolk treated by 8 -cyclodextrin

® Diluted to 1 : 3 = yolk : D.W.

S Diluted to 1 : 3 = yolk : D.W., 95.4% cholesterol removed egg yolk

9 Expressed with consumed soybean oil(mg) to emulsifying 1 gram of
diluted egg yolk

® Released oil amount(%) from egg yolk emulsion

® Foamed yolk volume / initial egg yolk volume

" Released water amount(%) from foamed egg yolk
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Table 9. Comparison test of functional properties of cholesterol reduced

liquid egg yolk by hurdle technique".

Functional properties Raw egg yolk” CHL reduced egg yolk”

Emulsion properties
- Emulsion capacity” 16.7° 142°

- Emulsion stability” 0* 0*

Foam properties

- Foam capacity” 2.3° 2.0°
- Foam stability”’ 15.4° 19.9°
Apparent viscosity (CP) 35,600 26,500°

Hunter color value

- L (lightness) 79.01° 85.63"
- a (redness) 303" 2.64°
- b (yellowness) 34.84° 31.72°

& b . Means with the same letter at the same row are not significantly
different(p<0.05).

Y CHL oxidase application method was used consequently to reduce cholesterol
from cholesterol reduced yolk treated by 8 -cyclodextrin

? Diluted to 1 : 3 = yolk : D.W.

9 Diluted to 1 : 3 = yolk : D.W., 958% cholesterol removed egg yolk

4 Expressed with consumed soybean oil(m) to emulsifying 1 gram of
diluted egg yolk

> Released oil amount(%) from egg yolk emulsion

® Foamed yolk volume / initial egg yolk volume

" Released water amount(%) from foamed egg yolk
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o7 Aoz vehdth A=) YNME AZH2HE FFo] AHJ) v
A4 tha ¢ AR Yeudd. 4EY Wlke ATH2HE ol
Addo] WA LIRS 2A3RD a(@AE)Z} b(FAE)FHE A
ahat it

2YAFA2EYT f-cyclodextrin®] W &AM 8 a4y A2
268 dg(2H2dE AAS : 025%F U ¢Fd9 FHAT
253 E3& 9T ARG ARE Table 109] Yehg uhsh 2ok §3E
g AEST) Ao 43U fAARYL N¥Y A3} $HPL A4
29 167nee] MAAH Bd2EE0] 025% AAY FHAo] 16224 Ta
gstoy felde AWEA Fgton] FAAPE JYolHE BexHE
AR A, F A8} doluA gE Aoz delyt AESHE AEWY
57 AZYAY o2 Wigen AEYYS solA M A
HE Aol 2z 23 2 21024 AA A, £ 1 Aolst ARHA &R
o0 AZFHgol YoIAE ANAY AS 154%, AFA2ENE W
A% 185%2 chd Hold Ho2 ugwd FEd YANE Adxw)
£ W] AN MHA Ta 2 ARE e ATy Ase
AEY2HE ol AMBo MHN L(ZE)F] 2AHRT a(WAE)
23 b(FYE)Ze Askako,

ABHHAL S FAYS f-cyclodextring] WEH ) o) g
AgU2HE GRA(FA2HE AAL : B)F YR G AW
A 249 WEE YobE W Table 116] LhEbd vhsh zbo] Eahx 4t
Q) C16:03% C18:0& & ¥l gldlew C 1613 Cl8:1e ZAdHow
C182% C183& tha Z7HHAnh oL Y$He FAEA Fzaiol
24 Fol ¥¥doz $YY RO AR
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Table 10. Comparison test of functional properties of cholesterol reduced

liquid egg yolk by hurdle technique”.

Functional properties  Raw egg yolk’ CHL reduced egg yolk”

Emulsion properties
- Emulsion capacity” 16.7° 16.2°

- Emulsion stability” 0° 0

Foam properties

- Foam capacity” 2.3° 2.1°
- Foam stability” 154° 185°
Apparent viscosity (CP) 35,600° 32,600°

Hunter color value

- L (lightness) 79.01° 82.76°
- a (redness) 3.03" 2.43°
- b (vellowness) 34.84° 30.42°

& b . Means with the same letter at the same row are not significantly

different(p<0.05).
Y Supercritical carbon dioxide extraction was used consequently to reduce

cholesterol from cholesterol reduced yolk treated by £ -cyclodextrin

2 Diluted to 1 :°3 = yolk : D.W.

» Diluted to 1 :-3 = yolk : D.W., 925% cholesterol removed egg yolk

9 Expressed with consumed soybean oil(mé) to emulsifying 1 gram of
diluted egg yolk

» Released oil amount(%) from egg yolk emulsion

8 Foamed yolk volume / initial egg yolk volume

? Released water amount(%) from foamed egg yolk
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Table 11. Comparison of fatty acid profiles(%) of cholesterol reduced
liquid egg yolk by hurdle technique” and raw egg yolk.

) CHL reduced Fatt id
Fatty acids Raw egg yolk” . u(;) oy e
egg yolk change

Cl16:0 25.1° 25.2° ) O
C16:1 3.7 2.9° =
C18:0 3.8 88 @)
C18:1 435° 39.1° -
C18:2 13.3° 16.8° +
C18:3 0.4° 2.2° +

b Means with the same letter at the same row are not significantly
different(p<0 05).

Soyb&n oil application method was used consequently to reduce cholesterol
from cholesterol reduced yolk treated by £ ~cyclodextrin '
? Diluted to 1 : 3 = yolk : D.W.
¥ Diluted to 1 : 3 = yolk : D.W., 95.4% cholesterol removed egg yolk

EH2HE EHEL(Pf COD)$t B -cyclodextrin®] H-E&2jzje] &f3) A
e AZY2HE GFA(EU2HE AAL - 958%)F daGHFYY A
WA 249 WEE ALY A Table 129) Vel ulep o] E3jA
Al C16:00] ta ZAsged CIgile o F7ksch 2 9o 2y
e & ¥ fle RAoR ZAEAG

Z2AAFAHFEHH B-cyclodextring] ¥ & el <& ABitld AFH
2HE GFAN(EA2HE AAL : 925%)7 Y8 FFAo} AP =4
o] ¥3E gobd @} Table 130] Yebd uhet Zo] XA C16:0
I C1802 & ¥t gien Cl613 Cl8le #adgey Cl82¢
C18:3¢ t& F7tstd.
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Table 12. Comparison of fatty acid profiles(%) of cholesterol reduced

liquid egg yolk by hurdle technique” and raw egg yolk.

Fatty acids  Raw egg yolk” CI;Lg r::;:;?d Fi:;,n Z(;id
C16:0 25.1° 24.9° _
Cl61 3.7° 33° o
C18:0 88" 8.4° -
C181 435 47 +
C18:2 13.3° 13.1° o
C183 0.4° 0.6° o

2 b . Means with the same letter at the same row are not significantly
different(p<0.05).

D CHL oxidase application method was used consequently to reduce cholesterol
from cholesterol reduced yolk treated by B -cyclodextrin

? Diluted to 1 : 3 = yolk : D.W.

¥ Diluted to 1 : 3 = yolk : D.W., 95.8% cholesterol removed egg yolk
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Table 13. Comparison of fatty acid profiles(%) of cholesterol reduced
liquid egg yolk by hurdle technique” and raw egg yolk.

) CHL reduced F id
Fatty acids Raw egg yolk” recuie 5 =

egg yolka) change
C16:0 25.1° 28.8° +
Cl6:1 37 1.3° -
C18:0 8.8° 15.0° +
ci81 435 35.7° -
C18:2 13.3° 134° O
C18:3 04 04° O

% . Means with the same letter at the same row are not significantly
different(p<0.05).

Y Supercritical carbon dioxide extraction was used consequently to reduce
cholesterol from cholesterol reduced yolk treated by B -cyclodextrin

® Diluted to 1 : 3 = yolk : D.W.

® Diluted to 1 : 3 = yolk : D.W., 92.5% cholesterol removed egg yolk
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A 10 & gtol ZAHE HHol ALEE
B —cyclodextrinel =&

A1AA 4

Adezieyg ZUAHES AFAIHAE =82 g8 e o A
532 ded 2 F B-cyclodextrind] o3 W& AF9 A Wo)
U ZeddA 58 ez g#A A’ B-cyclodextring F A 9|
dZFoz AFo] Bacillus §9 uAEo] BAsE ELE FEAA B3H
o 79 X% Ex7t nEAY d@HS BEAUNEY 544719 Y&
HEY AFA717E A2 FE8t] G849 2gAE Y45 2oz
gge Edse  ZdzHsd  AAd  ERg?. zdu 4
-cyclodextring 7}&e] Az AHstA R3txn dif&e] AT Y=
282 g dFdMe ¢ Zd2HE AAC o]&% B-cyclodextring
ez B, ATLEFoEA AAAL FAAAN7 At G F
H2HES F&F B -cyclodextrin complexZFE B -cyclodextringd ¥

'y

37] 93l butanol, chloroform, ether, hexane, methanol, 2-propanol ¥
o5 ETHLUNE AL3to SY2HE AALNE HEFNLY ojdf
o} B-cyclodextrin®. 2 3o FP2HE AALLE FESFA

A24dAs 2 BN
1. Ngda
gAYl ALY Ade (FIDFUNN TYE SR AT F 44

Zr olug Aoz FAFFY L B-cyclodextrin® B ARSI IHAER
9] A E(B-37D5, RAGMH)E AHE3
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2. NEe Az

s e Rasn oAl e 300md sieve® EHAA ¥
9 grg AN F A 509 PHd detd URe 3B FFHTZ
g3 Aol B-cyclodextrin® HAEFE7} 2%(W/V)7t H| =& 7o
BCAM Spmel SEZ 087 TN £ 5TAN WAAAT. oRE
2000go) A 1583 BAE2)(Hanil union 5 KR)# oldf 47 HEL
S$AAZAA AR AUt

3. A8ed
7h. £elAdR A E

8 -cyclodextrin complex 5g-& butanol, chloroform, ether, hexane %9
B)=2 A 2] ¢} methanol, 2-propanol 59 FA&cl 30me] wol EFE2
50Ce] water batholl A 2A17F Iwrgr & FH2EE AAXLLEE ANFSHA
T % £9l9 4 A FU26E AAC viXe AF}E AWRI]
$13+9 chloroform™ mehanol® 1 :1,1:2, 2: 19 ¥|g2 EF3HA A
Pagem® ¢ £§ hexanedt 2-propanolg 3 : 22 EHS AYE A
A8t ot _
1}, B -cyclodextrin complex 2 %€ %ﬂléﬁ]%ﬂ AAZA AEANY

B -cyclodextrin complex& chloroform : methanol = 1 :1 & E&%
ojo) Yo EFF F B -cyclodextrin complex$}t £wll e Eﬂ"ﬁ]% 2wk
L Az 5 WYY SA2HE AALEE NPT
o, A@EEY B-cyclodextring ZHLEE AALE IFE

N85 #e B-cyclodextrin® A EEE B-cyclodextrin B &S
1:1 £¢ A-cyclodextring A sV Byo) st BFe M FY F
742 JAF R FFFT7 2%(W/V)7F HEE Hrkste 60T 30
22 2w ¥ 5C7HA) Wastn o) A& 2000glA 1583 Y4+ 2 (Hanil
union 5 KR)& ¥ A&de & g 2HE ©FS FAH}AUG
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Table 1. Experimental design and reaction condition

‘ Item Reaction condition
Ratio 2:1,3:1,4:16:1,
(solvent : B -cyclodextrin complex, v/w) 8:1,10:1
Mixing time(min) 10, 30, 60, 120, 180
Mixing temperature(C) 30, 40, 50, 60

A3ddn 2 aF
1. 89474 A¥

7t @Y gvle) FH2EE AARE v

B -cyclodextrin complex i A %iiléﬂlé% ) R D B L I I
o] FTexElge] AAREES HEFAHTable 2, Fig. 1). 2 23
butanol# methanol®] E#2elE AALo] ZtF 91.6%% 86%=E EA
YElxt 2™ hexane¢] 49.1%2 713 ¥ AAEE 2} Butanold Z
2 AALEL o 7HFo] AdHez MA® ¢ Hege) ¥
ety AAE st dAF AEdlde FARE-Ro2 AGHA
t}. olo) W3 methanol FU2HE AAELE %z 7IAE APy
B -cyclodextrin®] A &4 Ao HFe Aoz el
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Table 2. Relative removal of cholesterol from B -cyclodextrin complex with

various solvents

Solvents Cholesterol reduction(%) Price(won/ £ )
Hexane 491 = 49% 1667
2-propanol 634 t 126> 1667
Ether 666 £ 21° 3889
Chloroform 670 £ 102° 2880
Butanol 896 £ 9.1° ° 2150
Methanol 916 = 4T 1000

" Means in the same row with same superscripts are not significantly
different(p<0.05)
2 The information on commodity price(1999, 1)
Treatment condition : B -cyclodextrin : solvent = 1 : 6,
mixing temp. 50°C, mixing time 120min

. 5000
2 { 4000
c
(]
°
2 2z
§ 2000
(-
8
[-]
& 1000
0

Hexane  Chioroform  2-propanol Ether Butanol Methanol
mmg Cholesterol reduction (%) —o— Price (won/L)

Fig. 1. Relative removal of cholesterol from B -cyclodextrin complex
with various solvents

(Price : The information on commodity price, 1999. 1)
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U, EgLoie S2dH269E AALE ¥R

B -cyclodextrind] &&slo] e A& 2AA FH2HELS TIE
7l $i8E £44 $uE Agsior 27 &olite ‘E’_.T'_ﬂ°“ e =
A, uZA Lol A v Lol FY28E AA viAe FFPo] & A
02 NzEo] FAH &g v 34 Sulg T 471X g EFEA
g wEo # g4vle FxHE AALEE FEHAUN(Fig2, Table
3). 2 A3} chloroform™ methanole] E¥-&ulE 90% ol 89 FALHE
ANARIN}E ‘4'5}4101 72.7%9] hexane® 2-propanole] 3 : 2 &gl Ho
e 2YU2HE AALE JYehith EF chloroform™® methanole] &
&4l 3 chloroformd] #Fol EolA+E AAL] &A UeteYy &
oAl aole Bolx Ftrh(p<0.05). WEkA chloroform® methanold] 1
11 EFEgo] FU2HE AARLH /HFAAN APz FAHUAT,

Table 3. Relative removal of cholesterol from B -cyclodextrin complex with

various mixing solvents

Cholesterol

Solvents ' eduction(%) Price(won/ ¢)
Chloroform : Methanol = 1 : 1 983 + 08" 1940
Chloroform : Methanol = 1:2 930 = 1.4 1626
Chloroform : Methanol . = 2 : 1 985 = 0.7° 2253
Hexane  : 2-propanol = 3 :2 722 £ 50° 1667

Y Means in the same row with same superscripts are not significantly
different(p<0.05)
2 The information on commodity price(1999, 1)
Treatment condition : B -cyclodextrin @ solvent = 1 : 6, -
mixing temp. 50°C, mixing time 120min
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120 _ . 3000

100 L
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;: 3
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e w0l 1000 £
3
]
2 )
.g 20 l
° Ty
I
0: 1 . i 0
C:M=11 C:M=1:2 C:M=2:1 H:P=3:2
[ Cholesterol reduction (%) —o=Price (won/L)

Fig. 2. Relative removal of cholesterol from B -cyclodextrin complex with
various mixing solvents

(C : chloroform, M : methanol, H :hexane, P : 2-propanol)

2. B-cyclodextrin complex2 %€ Ed2€E&9 AAxD AEANY
7}. B -cyclodextrin complex$} &ohe] 3 ul &

B -cyclodextrin complexst &ulel AWE ¥ g Rohiy Aol 67}
e Tgu)gol) BE SULHE AAEZFE table 491 UERAAT. oW
Zg2Eg AAl AHEE Lol chloroform¥ methanolg 1 : 12 &F
% Aoy ZMLEE 50C, TUAZL AU 2 BAH B
—cyclodextrin complex$t §vi9] v &o] 4 : 1 o4 9o 99% o]/del
AAIReH griel ulgol I ol FiHEdE fFAAA Aole UEY
A GRTHP<005). 2t fule] vlgol 2 ol FaSWAM FHXH
2 AALIE BAE AL Uehle] 3:1,2: 19 v&E ERT A
ox 242 96.19%% 959%9] AAZFAE Yehidch oA e &t
Aae Yo 5:1 o HAd{GE KeenSYe] B39l ul&d AL B
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o Yoy FEA FAZ¥YH 2d2HFL eddsds 8~1049
g7} vgAage wEYY Runte Jedy Suz grEy 29
Hge 2eld A & Ak

Table 4. Effect of solvent ratio to B -cyclodextrin complex on removal of

cholesterol from B -cyclodextrin complex

Solvent R;at;) E\g;v)com plex Cholesterol reduction(%)
2 1 959 + 0.8
3 1 9.1 + 1.0
4 1 990 + 0.2°
6l = il 992 + 05
§ 1 99.7 % 0.1°
10 1 996 * 0.2

" Means in the same row with same superscripts are not significantly
different(p<0.05)

Treatment condition : mixing temp. 50°C, mixing time 120min

. ZREAIRE

A mRAIHE AA87] 93t chloroform¥} methanol€ 1 @ 12
E¢8 &vl9t B-cyclodextrin complex& 4 : 12 E§3 A& 50Ce &
ZoA 108, 30%, 1A%, 2413, 321t §¢ avkste FH2HE AAE
€ ZAsAY. a3 ZFE table 59 Ebd uie} o] 2X mwkg F ¢
ol 99%9) 713 E& FA2HE AALELT verRoy TWAIE 143 o
Bolde FAHY AolE HolRA gsten 30&89 uWte2:s B
-cyclodextrin complex2%-8 Z# e &0 FE3] AASA o} ukA
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e 1N ool AYY ReE AZAHUTG o Ane LA 120
B~ 20%0) 7% uAdTE wEHES wast %Y FFE YA

&

Table 5. Effect of mixing time on removal of cholesterol from B

-cyclodextrin complex

Mix;rr;gint)ime Cholesterol reduction(%)
10 96.0 + 0.3
30 1965 = 09°
60 98.7 = 0.1°
120 99.0 + 0.2°
180 989 £ 09°

" Means in the same row with same superscripts are not significantly
different(p<0.05)

Treatment condition : B-cyclodextrin : solvent = 1 : 4, mixing temp. 50C

o ZeE

B -cyclodextrin complexdlA ZU26ES #ste HIT YL
=& @A) Ao chloroform® methanolg 1 : 12 &@¢ &vuist 8
—cyclodextrin complex® 4 : 12 EFE A& 1A $& 30T, 40T, 5
0C 2 60T exoH mtsld FY 28 AALS FARAG. 1 2
3 table 69) EMG uhsh o] G0TOIAN 996%S SHLE AAEE B
Qoo 50Ce TuLEME 987%° AALE Yehd 60CstH FrdHY
Aol Vet ggtoy 2 99 e LEgE g RIAHp<0.05)
o] AT KeenS¥3 HEFSTE 40 ~ 45C8 2=/t Se2HES £
o 743 ulgA st wa9 Pagington & FdLHEol HFAL ¥
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23 A$olE 60T o402 mutsls RE TaaHEe Bad HY
3 @ohe Rush was) B o 50CY ZHLE} SALHEY AR
AL 4ZEA.

Table 6. Effect of mixing temperature on removal of cholesterol from B8

—cyclodextrin complex

Mixing temperature .
& Cholesterol reduction(%)

()

30 944 + 1.2°
40 937 + 26
50 98.7 = 0.°
60 1996 + 02°

Y Means in the same row with same superscripts are not significantly
different(p<0.05)

Treatment condition : B -cyclodextrin : solvent = 1 : 4, mixing time 60min

3. A¥EHE B-cyclodextrin®] ZAAHE AALE AE

&9 HHz=A4 A ANYEEY B-cyclodextring o] g8t Ao F
HA2HEANA EE FEY AHE table 790 YA 2 A A3}
A ¥€& B-cyclodextrin®& A8-3te] Ade ZH2HES AA}YL
B¥ole 611%9 AAELE Jehdeyd ALY B -cyclodextring
AHEERE de 1561%9 ¥& AAZEE YA ZU AHEEA
%< A-cyclodextrin®} gL Y B-cyclodextring 1: 12 &3t Al
3AE W 497%] FUZEHE AARELEE JEhdo AlEsix &L B
-cyclodextrin®tZ AM&HE oo AAELEE 100%2 & of oo o3
81%9] AARI}E veluidt.
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Table 7. Effect of mixing ratio of new #-CD to used B-CD on removal

of cholesterol

Mixing ratio(w/w) Cholesterol Removal
New B8-CD : Used B-CD reduction(%) efficiency(%)
New B -cyclodextrin 61.1 = 39° 100
New B-CD :used B-CD =1:1 497 + 1.2° 81.1
Used B -cyclodextrin 151 £ 1.1° 247

D Means in the same row with same superscripts are not significantly

different(p<0.05)
A 443 FED
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A 11 ASUAEES D8 YNA Y85
s £o| 2a| Hx

FH 2 H E(CxHu0)2 4719) 2e]lZ @ cyclopentanoperhydrophenthrenegor
& e 2HZo|=A FYETEA LFFERY ZAY AXN AT L
NAAT BEY FHHER GEM L 5229 A4 9R2A EAHE
Ay fx EZogpt 2,

FY2HEL digitonin? ¥ saponin® @ B -cyclodextrin( 8 -CD)®”
S5 Adse W2 YAHHH Zol: A A @I hexane,
chloroform 59 Y¥ 471&vjd] Sa5n AEx FE 59 4Fo| A
2u2 o)y F& L AT v 54L& Ty s B, A
A, BN 2 AAS 9% o8 ATFA AEHD Yot BH2HES BE
A7 Ao wet AEsg STUYAHE A%, A P o)A
A7 N2 o8 2oz vt AHEHT Utk

AL @ Y BF 2mg A5 wlad B FA2HESE B
2 2Y20E 52 99 AFHoZ o4t WH, SH2HEo] A
B3 2AE 4ol 4 Yot ddoz A 4Fo 2 AR HFE
ARA NERRAZEE 2dA4M22 2 4-CD F24244° 5 ot
Fg WdS e AF T 2U2HES AN 9 AT A
Sk

£ dFNAE AZ2HE AT YUNY RAEQ BH2HES T
Bz, FAFozZ FAY 4 A $Ue AEAAG. nEsed 2da
HEd AWAY ¥ guEgsn wdse Yoz AT d7na®
D7} glou, Boh AgHA P$ue ZAA98 A-cyclodextrindl €@
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%393} potassium hydroxide 5o} 9% AP & 83 ZY2EEL
o5t RAERRE 145 2Y2HEY H4E AR dPEY £
AAEE FA AshYe AL vzaRrh

A24dAsr 2 I

1. AZY2dE P9 AR EH FH2HE 3+

A 593 Smith $% ANGE PPoz AFUA2HE YL Az}
Qo ol23E AAHE BAEL AEEZ Utk dEF EH2HES
3u] Eo} 2= A-CDE #7138t 80rpme £=2 b3y 35THA
3083 WA F Wzhste fAResn, MY A-CD : FA=HE
B3 RFEL Y43t 5HVZY T10m sieve®E FIHAAA dAT
U479 B2 AzsAct Azd B 6¥(v/w)9 chloroformE
713l 100mpmel £52 muksts} 50CelA 120833 H&A1A, NaSOs
o 7 ARG F 40TAA 553 J5F SULHE FHES YTE
#3le ZA2elE AAE B2 AMESRTH

2. B-CD ¥&Y L o8¢ 2d2HE A

229 Az 2288 A %% Smith 599 WHe WY
Fig. 1o] AN B$¥oz FAsNG A&st 2208 18 T& 28
el A-CDE A7HE 3ul(v/w)el &vish Tl 80rpms) SE2 W
5 BTN 08 $SA & WA YR AR BYA
2 dq}. olg 6ul(v/w)el chloroform3} &7 120#3}, 100pme £=2
Zurato] 50COA 7 ¥ ¥ NaSO:o §71 A% 40CoAH F58ho]
Zy2HES H53A '

2U2HE U A-CDE 25 &34/ 94T HPP &4 408 A
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&7 98 Nagatomo'’e) #ddld A4E $7E 3, methanol
ethanol, acetone, 2-propanol ¥ propanol® &+ 1 : 19 v|2 &3¢
g R FFHFE Fuldd SY2HE FAANYEE AT 2RE HAE
A ZPSE A-CD &3 #3 & wEsd FH2HE =8 FH8Y

A AHE LdotR it

3. A%YE o] 4@ Sd2HE A

229 A2 2Y2HESL Fig. 291 Uebd ulst 2o] Fenton 59
wye Wystd FANQG. s P HA(95% ethanol : 33%
KOH=94 : 6)& #7}3te} 60CE 715t n Se2El& S st 83
g71802 gasd ARET B F 5359 ARG vARE
A & gy2HE &892 ether™, chloroform"® 2 haxane®g A}
g31ed 3A ARE v R, NEFH FAReAe) Y ¥Ee YEH
71918 So] g Ao wis] 40~808i(v/w)2 WHAAG. BTt &
£ e gd2HE A4S 98 oM 2HY HH 2o WERIYY A
AE AAse Zo2Ege 58 24N

4. 2R FRAA

dgEel ZdAHESE Fig 20 Uehd e 2ol Fenton 509 ¥y
& Wyso] Aoz 3xe B2 AAstd $AEA F-CDSY T2
g sgA2tEe FALHE YALEH v TS

5. ZP2HE FZF

2, AAY Fd2e|EL Boehringer MannheimAte] Zd|&HE 3%
kitCat. No. 130050 AMgstel EAAHE w¥e EAsEch A=l
methanolic potassuim hydroxide$} isopropanold #H71ste 71, A3 F
YA FL catalases} acetylacetone ¥ ammonium phosphate buffer(pH 7.0)s}

- 189 -

NBEX: NBUAHES HSHBL 4|z /s8R



E95e) 2719 Agwol 235 & 2ol cholesterol oxidase® #7t3ted
40°C)M 1AM3F incubationdte] 406nmold FBEE A8 AFAA

6. TAE4

B 2 FEOAe] A2& SAS program’®g AgEe dolFen
Duncan® @2 AARYPo 2 5%5ZdA FA4 AR

Sample 10g +B8-CD (in DW)

Incubation after mixing
(80rpm/30min/35TC)

Chilling (about 5%T/1hr)

Centrifuge
(2,000 % g/15min/5C)
and gather the precipitate

Add 6 times(v/w) CHCls
to the precipitate

Mixing with sonicator (10min)
Heating (100rpm/2hr/50C)
- Filtering with Na2SO4

Concentration(40TC)

Fig. 1. Procedure of purification

with B -cyclodextrin.

N2EXN: NSUAHS HBHMB2 MAI|E MY/ 58

Sample 2g

100m¢ hydrolysis solution
(95% ethano):33% KOH=94:6 (v:v))

Heating (50rpm/1hr/60C)

|

~® 100m water+50m¢ hexane

® centrifuge (240%g/10min/20T)

@® collecting supernatant

Repeating O,@ and @

50m! hexane

Fittering with NazSO4

Concentration(40T)

Fig. 2. Procedure of purification

with saponification.
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A3d 2% 2 23

1. AgH24E 339 FAEZHEH ZY2HES JF

Table 10} Yebd uie} o] AZHAHE Y YAAY FLEQ
B-CDs} Ed2HE EFAME 54 A2 24F 1,0687m/100g8]
HES ¥#3le EFAZL LS I o] EFAE chloroformez2 F&
# 3 padtd ZULHE BE 30609mg/100gd 2 2741%E AL
olg FUHEY &8, FAHEL ARZ AU

Table 1. Cholesterol concentration of by-product and extracted

cholesterol samples

B —cyclodextrin:cholesterol ~ Extracted

Egg yolk complex cholesterol
(by-product) samples
Cholesterol : .
concentration 1,496.5%92.3 1,068.7£105.3 3,0606*+221.3
~ (ng/100g)

2. B-CD &3y & o] 4@ SH2HE A

B-CD &3yl o3t Ez2dHE AA ZFAE Table 291 Ve
B-CD % A& ZH2HE &3 Sojo QLA P ethanol#d FFHT 1
1 E40 HYPFoA €= 582%=2 oy & FAEZAE YA, 7
B AFFME £T 267~358%2 A22HE FAHA  gsich

Nagatomo?2] T o)A methanol, ethanol, acetone, 2-propanol %
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propanolg ZHFF9 1: 19 HZ E¢¢ 4o ¥ FH52e A-CD &
HEE BTAAN 2§47 1.85%2 7H8 ¥%te™, methanold} acetoned:
ZR49 1 12 E¥E £97t 03%2 M 9 Jdehd Aoz Bas
dth o AFS PoN gP2EEL £ o, -CD &3 &z F
F48 g od 2 dFdMEe 9 2uS A-CDE 2F AdAo
2 £AA AAY + Ax 20 H937) $8tod, Nagatomo'“7F Al
@ e Sz FAY A} A-CDA AE S=Eg FAY S26E
o & Abolol& ABBAI A& Ao delnoh

MZH EFHHQ FA7E olF}A ethanol® FHF 1: 1 EFE)
Adzdez A-CD &2 HA& wEF FzE Table 39 YerdAct
go2eE AAE 13~33 WEBHEE 59 WE 306~314%2
9] }(p<0.05)7} AR ey, Fd2E F&(cholesterol yield)# AF T&
(product yield)e] 2zt 34.17~23.70%3 37.00~25.04%Z <34 (p<0.05)
o2 Pase Aoz et Nagatomo'’t 8 -CD(CsHwOs)7t a
-14-glucoside 2%l &) AZY YY) w gAY &YnBozZA 18
8 2z S0z & Ax AL AL e 244 EAE EASA 3
At 4ol Yok sfem, A §%9 AFlA g-CDE AHEsto &
HAHEL AAY o AALe] Folydl we YR SAT YA E
A%E ANSHT. B AFANE BE YA AF F£&o) Faddx
£xE W7 g Aoz Uey f-CD7t Sd2EHEol s Hd3o
A oo A A TPtz AEHACT
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Table 2. Effect of solvents for purification of cholesterol with 8
~cyclodextrin from the by-product containing egg cholesterol

Solvents Purity Cholesterol yield Product. yield
(Water:Solvent) (%) (%) (%)

DW 267+£008"  66.90+250 70.85+0.84°

Methao:DW(50:50)  3.58+0.13° 2.32£0.06° 1.84£0.11°

Ethanol:DW(50:50)  5.82%0.14° 46.19%0.30° 22.41£0.63°
AcetoneDW(50:50)  3:25+0.11°  35.40+0.38° 30.74£1.10°
92-Propanol:DW(50:50) 3-5510.05° 2.09%0.10° 1.66£0.07°

Y Values with same superscripts in the same column are not

significantly different (p<0.05)
Operating conditions '@ mixing speed 80rpm, mixing time 30min.,
mixing temp. 35T, B -cyclodextrinicholesterol  extract=1M:1M,

solvent:cholesterol extract=4:1(v:w)
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Table 3. Effect of adsorption with B -cyclodextrin for purification

of cholesterol from by-product containing egg cholesterol

No. of

Purity Cholesterol vyield Product vyield
repetition for
e (%) (%) (%)
purification
1st 3.06£0.06*" 34,17£2.39° 37.00+1.81°
2nd 3.22+0.34° 2958+3.16° 30.46 +1.05°
3rd 3.14£0.58° 23.70£4.35° 25.04£0.71°

? yalues with same superscripts in the same column are not

significantly different (p<0.05)
Operating conditions @ mixing speed 80rpm, mixing time 30min,,
mixing temp. 35T, B -cyclodextrin:cholesterol  extract=2M:1M,

ethanol:cholesterol extract=4:1(viw)

3. AP L o] & TH2=HE AA

Astde Hedo] EH2HE FA A¥E ﬁ}‘ Z 3 Table 49+ Table
5] Uelgich ¥H8E &892 hexaned chloroform& AH8 &
£TE 2z} 3889% o} 227% = ZASALH ethere H3 SuiH &
#sjo] 22eld o vPs 23 HF7H EssdH(Table 4).
Hexaneo.29] &&o] 713 H&AoQ2u, choroform Zd2EHE 9ol
= 7)ebe] 244 B @A &3 NBEEOE RE €58 HEHUN
o NEol s 60ul(v/w)el HEguhE AHEE @ vy I 43E
B, £EE 3574%, FH2HE F&L& 3B321%= UEelkc}(Table 5).
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Table 4. Effect of solvent on purification of cholesterol by

saponification from by-product containing egg cholesterol

Purity Cholesterol yield Product vyield
Solvents
(%) (%) (%)
Hexane 38.89+1.21%" 65.38£2.30° 557+£0.02°
Chloroform 2.27+0.06° 65.52%+1.13* 95.62+3.95
Ether =4 - -

1 o B .
"Walues with same superscripts in the same column are not

significantly different (p<0.05)

Pnot determined
Operating conditions ' mixing speed 50rpm, heating time lhr, heating

temp. 60C, hydrolysis solution:sample=50:1(v:w)

2¥Y PPes wEAA ARE AT @I, 43) VRIFA eE:
95.74%, &< 30.80%% 2 2B ES JAHFig. 3). 53 WEFFEA9
FUAHE SEL 048% £8 080%Z 43 229 BALHES 7
A (p<005)7k Y& Aoz Yeht 489 BEAQ Pzt AR Ao
2 AeHUAT

Ay Toz YR 82682 FAF AFE Fig. 491 Jehuigich 1
2 Hosie] ¢ 834%9] Fo2dEe Fen dFEL WEHo= 3%
3 AT BHY £5E 7.B%Z FAH(E<BILE AAFRNY Fge
146%2 @A Uehgth AZI2HE B BAE AEY B-CDIY &
2H g9 B 1A FEEL YR Bo) FH2HE T X84 EFo
o2 ggRosyEe ZUAHE $e8T £A4 Yehith
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olg}8t ot Ty ATFE Y3 AN#HI e FA2HES dF
(egg oil), A9 ZHporcine liver) ® 29 3 3(bovine spinal cord) %l
N 228 Ao £E 95~99% AL AP 1Y o AFU2HE
AJAE AN RAFRFE FH2HES —E'—\a], AA st BEFIHE

Jg B AFE 37N Fo) 7198 £ oS ARHAG

Table 5. Effect of hydrolysis solution ratio to sample on

purification of cholesterol from the by-product containing egg

cholesterol
Solution ratio(v/w) Purity Cholesterol yield  Product vield
solution : sample (%) (%) (%6)
40 : 1 17.92+055"  62.03%11.93° 1153£259°
5 : 1 28.12+054°  49.00+ 6.49° 4.2610.36°
60 : 1 35.74%0.15"  4850% 203° 4.30%0.39°
70 : 1 28.47%0.11° 4057% 481° 4.46%0.21°
80 : 1 2968+0.32°  41.39% 661° 4.20%0.42°

Uyalues with same superscripts in the same column are not
significantly different (p<0.05)
Operating conditions : mixing speed 50rpm, heating time lhr, heating

temp. 60C, extracting solvent was hexane
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1st ond 3rd 4th 5th
repeated purification

N purity —8— cholesterol yiel

4

Fig. 3. Effect of repeated saponification on purification of

cholesterol from the by-product containing egg cholesterol.

1st, 2nd, 3rd, 4th and 5th : repetition number for purification.
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1st nd 3rd
repeated purification

B purity —8—cholesterol yield

Fig. 4. Effect of repeated saponification on purification of

cholesterol from eég—powder.

Ist, 2nd, 3rd, 4th and 5th : repetition number for purification.
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[82FAM]

(8]

2 Uge 44449 UFHE A URo2RY FH2HEL
AASEY QoA dgde] pHE WA BA2HE AAREE ol
7] S5t HAF 3% pH 240 Be TA2HNE AAWR] BE A
02X, T4 2RSS OBl Arisd TRP F VY TA2HES
N0z oFAA PYPoEN UBosREH TI2HEL AAst:
34 % 2UAHE AALLES ®ol7] ddtd U¥el pHE 2AsE
o 91914 pH ZAAZAE IN NaOH £ IN KOHE AHg3tn ¢el
pHE 92 248 9S4 : % : 859 v 3:1: 082 FozA
Gg3e Be 3o FA2H B 718302 AV Be2A FusH
g AALGE FAAY 4 A= FHol A& Aol
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L A5 ¢8| pH A mE ZA=EHE AALY

2. 4 A A3

B U9e 485742 UTAE ASse] YRoRRY FY2HEL
AASEE QolA dgde) pHE WA FA2HE AALLE Eol
7] Slstel HAd e pHS} pH ZFA9 ALSRE) BY Roth,

GHE o 50%7t RWE2A DA 16%, AW 32%, TIWY 2%, v5
38 1%2 TS0 U ¢RAAY Fo JEe 2e2PAdolE,
AA% BALAENH o F BUALHES U 3 L6%TH(BHY,
199) FEE ¢ TALHE M §F FU2HEL Foiw 433
¥ SuZsE 9ed 4 e 8o B & A% 24AEY $FA
Q4 HE) A £dT AR LuPe Fasn Us Aol oly¢
248 3R] AT YBOE FAXHE UFE RRAE ATI} olFo|
A3 gl

U 7o ZU2HEL AASG) A8 1€ PPle 2A T o
A7k QAEd AFFAO AR 2HE ARNA FUEA, Sd2HE F
&, 4 2 gATAE ARAIE 3E HolA FAVIER F& ®e
EZo 258 FAM02 ANAYSRAY By HBF), vol, AR
27 $& 2AYoZA AZU2HEATE YAsHE AGGHA Py
Aol A14xez g, B34 Nelg ANs FA2HES AN
e 9Yos FRAY £48 4FAY 29AFEY Ex $u13EYo)
AT AEHFAE ol &3] Uiel TA2HEL AARE $Y Fol U
. o)E wHe #Av) F, vl 3oy FARTGE AALREZBAM AL
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FRAHA WP 20% ol FH2HES AAH}Y YEH B, QA
oz Atte] 70% ol4el EH2HE AALFE A€ F A old o
A7 Bol AYHT o

B9, 813 3y F ¢F F9 TA2HES AA}Y] Heod A E
AR E AHE3tE WS F3PEAARAN dAFY €5 F7HEA FAA
7heg AEARAE A7Meld HE $x2 wvstd 3 E7 Bt
5ol dAEE FF 2L P E AHSsY ¢RE3F VEF o2 EYHe
b o] FolH dAF ZH2HSO JFFT2E o|FEHA Yo2A F
H2HES AAY & As WHold ALY F ' AEHFRE ¥
T, ARF, AFF, JAR, AvtrlqfF, BLH, BAF, EE24H, £
A, ST F ol sl FE2EE0] Sln Ao gigoly
4§ 7bsd Rojojok gt

HEGFAE ol&3teq YRR ZA2HES AA}7 A7 7]&
9] A|=&+ Bracco F°l 1982 d ¢ ¢l hydrochloric acidg #7138te pH
£ 66894 5662 RFFn A& Arbste ukstd %3 g ERE
< 7t g AXNEAH FEAFAdl AN FEIt RopA =] o] E
FEo) @2 71§52z EYHE FHAN dF Fo Zy2HEol
7Z1g2o2 AHolH7 HE AHZPozN 7984%9 FHU2HES AAF
vl qlch. £¥ Conte 52 1992 #{ula7|H{€ AHE3d d&9 sodium
chloride 20%%} 50%°] €& #H/bstn 3083 THe2 A 87%9 Fal2H)
B AAY v Jlon ol dd AEARAE HIHEH7] Hd dolut 4
€ A7tstd g pHE B53W d#e] ¥ ople} H=E EF
71 W EH2HE F&o] &olsiIgn 3. ¥H Lombardo T&
19943 WSF#F& AHE3td 10%9 93 B A7Meto 814%9 FH2HE
€ AA}RLY FaAFA Ao Aoyt 4& EF #A HHEE o] EF
B2 e e Hz, Aoy 9L w@EA JEREIAE FASY
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f3}7F B gEe g2 Eo] 4A £E 5 FE7t Hol Agde
7189 %g& ZoUA FA2HE AAZAE 9 4 sk

o] 33 o] AEAFAE o] 43td Yo ZRY FTYXHES £
7] 1% FAoE Ui Aoy I H7hstd G| pHE VP2 =
Al 2 B&E FAANIZA T 28y & dHAdME dFRE
A4E] G Fo H2HES AAGY) AT FH) ARE FFA)
71 913te] pH ZAA2A IN NaOH £ IN KOHE A8 %9
pHE ¢ d9e2 A5 4& A3 AMLSHA ¥E AeadA 60T
Z 72 QFRHE YT FY 2~4¥ Hrste akstd aFHoz &
HAAAN LS U A dHFE 71§52 HH BolstA EEMNILF A
G335 Be 4o ZH2HEC) 7IEFLR §AM §o2A4 FHiy
E AALEE FANZ & A WS AL vt 2 AFHE FA 4
std oS3

$4 pH ZAA S A oA dHF o disty dFf @
% FF59 v 2:1: 047 SI=& IN NaOHE #H7M3t 2o 9
pHE 7~1022 23z Yrjz ¢ FHFFE 2FANUG. AFHE A
7lste AP F A& ¢REH 7155 2UE FEI}Q @R339
g2 E $FE 243t ZH2HE AALE HEINH. 21 2FH E
19) YGebd wvieh o] d3el pH 442 H2HE AAEE wole &
3}E Yeto] Su2HE AALL pH 99N T4%2A EA JdEwx, o
me] IN NaOH 2% %L pH 6.34% ¢ 20gol distd 1.25meeldct. pH
10 o)A ME FY2HE AALe] TF2aAR IEIYEL pH 9 ol
oM ZxdAc EY pH TAA2A IN KOHE AH431 %9 pH7L
2y 2HE AARLY TXe ¥ ol A GFFF dsoq dF
& 9% 2549 4871 2:1: 047 95 IN KOHE 78t 4%
do) pHE 7~1002 =A% Y9AE FHFE ZAFAG. HTHE
HA7bete] ZAE F WAste ¢ H}EI V1§29 g Ao EdH2
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HE §3F< 4% A E 20 Jebd e} o] ¢3o| pH7F F71H
et FH2HE AALE S/ 20 pH 9AM EA el o] o9
IN KOH 223 pH 63421 48 20go] distel 1.38meolAck. pH 10 o]
Fxe ZH2HE AALC) F2Jn JIELYEL pH F7Hd wgd
Zpol7} At d3Fde] pHIL 99 W FHAHE AALo] 86.76%, F
EXYEL 6446% 24 IN KOHE AH43t d3te] pHE ¢z 99
EASAAE EY2HE AALE ®ole 234E JehuA

¥ L pH ZAAZA IN NaOHE AH3E o ¥339] pHYt Eej2HE #IAS
o e I

IN NaOH Zd2HE FELYE
PH 22 2(ng) AA &%) (%)
o= 7(6.34) 0° 61.15+0.55° 66.48+0.11°
7 0.44%0° 71.33%£0.32° 68.39+0.06"
8 0.70+0° 70.45+1.05° 68.3210.04°
9 1.25+0° 74.00%£2.05° 57.94+0.15°
10 2.00£0° 71.10£0.50° 53.27+0.32°

0 Y EolM e 3k B FoFH Xolrt §ie-g SinigHP < 0.06)

¥ 2. pH ZAA2A IN KOHE AH3te o J¢&9] pHyt Z26HE AAL
o wx= g3k
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IN KOH 223 2d 28 FELRE

oH (nd) AA &%) (%)

o) = F(6.34) 0 61.15+0.55° 66.48%0.11%
7 050" 7030£1.00°  6558+067"
8 0.95%(° 80.06£0.70° 67.69%3.17°
9 13810 86.76£1.67" 64.460.09"
10 2.20+0° 77.10£2.10° 61.27%0.17°

e 2q) GoM 2E B FZF #AA A7t UL ARRHP < 0.06)

d3e] pHE ¢ZIAZ AFAIT AFHSG FFHFY Astelgol g9
~2HE AAL uANE 9gg gotursl 98 pH =AAZA IN
NaOHS Alestz ¢ade] pHE 92 AT & IFFF) izt dF
g8 2~4u] H7IET, THEE 04~08) Assty AW F, GHFIH
ez 28 §E39 SUA2HE AALL Yol Z3t E 30 Ys
¢ vish o) dao] gt gFRe FTHFY EPuEL wolW €9
2AHE AALE 27189 G FFFo) et dFF : &% FHRFA M
74 3:1:08%e W Se2EE AALo] 8438%2M EA UHEHRTH
avje] US4 A7t FERYRY $Fe T EA=HE AA
$& Z7hekA) @ten ZH2HE AA ZAAY UdFF dR  FH
4=0] ulE 3:1: 0801tk

¥ 3. pH ZRA2A IN NaOHE AH83t2 ¥ &9 pH7t 99 of o7
zgso Augol FH2HE AAL AT 9%
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gEf 4% 3Ry SY2HE AAL JERLYAR
(W/W/W) (%) (%)
2:1:08 7668+ 1.74™ 65.09%2.26™
2:1:06 75.02+151° 62.00+1.47°
2:1:04 77.56+1.33% 63.84+1.37*
3:1:08 84.38+0.17° 69.02£157°
3:1:06 81.65+0.67™ 68.56%0.01"
3:1:04 78.38%£1.17% 67.420.34*
4:1:08 79.42+0.61% 68.26£1.77*
4:1:06 80.40%0.95™ 70.45%0.77%°
4:1:04 79621 1.48™ 72.18+1.72°

o 3 ol e Bk BEY FoA3 o7t (S-S RIFHP < 005)

F% pH 2AAZA IN KOHE A8t ¢¥4e] pHE 98 =A%
o YFFY FHFY Fued BE SH2HE AALE dolrnA
d3Z o) st THFE 2~4u HEL FHFE 04~089 7S
o NP X YF3H 71§39 RAE FEY 2F E 4904 dEbd v
s} Zo] TR} FHFY A& F/HNIA FULHE AALEE
golt AFHE U HFF 3% FFFY &0l 3:1: 08
A e 2H2HE AALC] 87.99%2 E}X, HFF H7HH &0 T
Hg4E AEayE FFe FEded 44 039 dFH dste &9
26& AAEE BolE A7 AU

AxHo2 pH ZAAZNE IN KOHE AHg3tn ¢ pHe 92
zR&Y, 54 FFFY A7MLL dFH @R FHFH 31
089 w B3e] FA2HE AALo] 8799%2A 7HF E%
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¥ 4. pH 2RAAZA IN KOHE Arg3d ¢339 pH7l 99 9 di5H<
2749 Fstugo) FU2HE AALA A 9

UEF ¢33/, SH2HE AAL ZERYE
(W/W/W) (%) (%)
2:1:08 82.50+0.00° 65.09£2.26'
2:1:06 78.00+£351° 64.44%0.19°
2:1:04 84.38+1.11% 68.32+0.01°
3:1:08 87.99%0.16° 76.33+0.09°
3:1:06 85.86%1.17° 75.02%0.05°
3:1:04 81.00%1.18%™ 75,69+ 0.02°
4:1:08 81.23+4.35° 79.70£0.05°
4:1:06 84.89+0.59°° 76.51£0.01°
4:1:04 84.34+1.48" 80.67+0.01°

TR Y QoM e xR HIEY FHY Aol §3-E SJRIHP < 0.06)

3. AAld]

AlAlo] 1) pH ZAAZA IN NaOHE AL83td G 8o pHE A7
918t pH7} 63490 3% 20ge]l IN NaOH 1.25mE ZF¥ H7tste pH
meter(Digital pH meter, Orion Research Inc, USA, model 520A)2 &% 3}
WA vy pHE 92 2331 YrAe GBFFd ddtd S/ w7t
047} =8 /4 6.75ME A7Istd RAY F 60C2 712 WF+F 40g
g FJsd dFF 3 FEFY ¥ 2:1 047 HEE @ F
8,000rpm(IKA-Labortechnik, ultra-turrax, Germany)2.2 153 RREA.
o] EYEL BAAFo| X1 }A 5o oo UFFH A9 J|I§FeE &
A7 GBS L NFgozy GFFY28EY 14%E AAL £ UM
.
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(a3 39 SUY2HE §FFA . SU2HEAQF kit (Boehringer Mannheim,
Germany) & AMg3dto &)

MAlOl 2)  pH ZHASA IN KOHE AH85+3 pHE 237 $lao]
pH7b 63490 8 20gel IN KOH 138m& =Z24 H7se pH
meter(Digital pH rﬁeter, Orion Research Inc., USA, model 520A)2 & A 3}H
A 4o pHE 92 2A%T UrAT @¥E3d dstel R4 Hs}
047} HES 7628 Hrtstel RAY F 60T 7+ WS 4028 A7)
3o dFF 0 9% 0 FHTFY ¥t 2 01 047 HEE @ F
8,000rpm(IKA-Labortechnik, ultra-turrax, Germany)©.2 1583+ whatglth
o] YT %Xt ol G J|EFoE FEA F EFS
2 f5Ro A YBIFULHEY 8676%E AAY + AT

AlAlof 3) pH ZAAZAM IN NaOH 1.25mE H7}8ted pH 6.342 20g
o] ¢33 pH 92 =A%, HFHF : ¢ FFFY v7E3:1: 080 H
=5 1475m9] FFTE AP BAY F 60CE 7H2E iFF 60gE 3
718te) 8,000rpm(IKA-Labortechnik, ultra-twrax, Germany)2.2 1583 &
A o] EFEE FAAFol R wAEto otfe] dBFH fl9 7]
E520F BYANI F d¥F S 5oz dHFITULEHEY 84.38%E A
AL & AU}

4lAlo] 4) pH ZAAZA IN KOH 1.38me€ A713te] pH 6.342 %
20g€ pH 92 =3z, 5/ : 4% : S/ ¥ 3:1:08°] HE
& FFT l462mE AUt BAY F 60T 712 dF# 6028 3
7F3le]  8,000rpm(IKA-Labortechnik, ultra-twrax, Germany)22 1583t
AP o] EFEES EAQGF R1 IS ofelle] @dBEFH 99 7
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g202 RN ¥ VEEL PUosAN UGEYLHEY 830%E A
A + AT

4. B3 79 B4

A4S ZFFE G Absel TUS F UY BA2AEL N1E
2oz oFAA Buftozd ugozHy FU2HES AA%E I
z gu2dE AAREE Eol7l Astd ugel pHE 2AHE A 3
o]q pH A AZAME IN NaOH £ IN KOH& Abg-sta d&el pHE
0z ZAHY GF4 : % : 3RS ¥E 311082 HE AE ¥
oz se wgezyy U288 AAIY.
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