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Production Technology of Low—cholesterol Egg Products and
Recycling of By-Products

ICK-JONG YOO
KOREA FOOD RESEARCH INSTITUTE

ABSTRACT

urdle technique was used to remove
H cholesterol efficiently from liguid egg yolk.

The quality of the low cholesterol egg
products from the process were evaluated. From
the 75 % cholesterol reduced egg yolk through £
-cyclodextrin treatment, 2 times weight of soy
bean oil was added to the egg yolk and homo-
genized followed by centrifuged to be maximized
to remove cholesterol. When the pH of the yolk
was adjusted to 9, 92 % of cholesterol was re-
moved while 95.4 % of cholesterol was removed
when 3 times weight of soy bean oil was added to
the egg vyolk. As the results of application of
supercritical carbon dioxide extraction to the 75
% cholesterol reduced egg yolk through &
-cyclodextrin treatment, 92.5 % of the cholesterol
was removed from the egg yolk at 35 T, 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 AB-cyclodextrin and soy
bean oil treatment showed the lower emulsion
The fatty acid
composition of the cholesterol reduced egg yolk

capacity compared with control.

produced from AB-cyclodextrin and soy bean oil
increased C18:2 and C18:3
compared with control while decreased C16:1 and
C18:1 compared with control.

treatment showed

The saponification
method with extracting solvent of hexane showed
that cholesterol concentration was 28.1 %. The
quantity of hydrolysis solution(95 % ethanol : 33
% KOH = 94 @ 6) was varied from 40 to 80
times of sample weights and the
concentration of 35.7 % was the highest result in
the 60 times(v/w) hydrolysis solution. Cholesterol

cholesterol

concentration of 35.7 % was recovered at the
first trial with saponification method, but it could
be improved up to 95.7 % after 4 times repetitive
purification.

(Key words : egg volk, low cholesterol, purifica-
tion, SFE, saponification)

N OB

eEd AT @A A9
e F
ol %ol W] F Ay Eo
T A B A7) i) 2 delA ik (Connor
%, 1981). ©]3t9] American National Heart, Lung
and Blood Institute(NHLB)oIA& olg 2L A3
g fleiAl st AdFHste A2HEFS 300 mg
olat2 A&stn Yot A °]‘C A-7|17t w5 o
Aok Jusid Al g el Fdasol de FUzHE

sh=vka8E 25



? y

EV S

T RD
| BPR F @
@
P2
TK

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

(BPR : back pressure regulator, CV :
flow totalizer, HE : heat exchanger,
pressure gauge, R : rotameter, S :
dioxide tank)

gt sitlgte BE 275 megd et H7l wEelt
(Bogin, 1991). ejy} Alde] F#zgEo] FellA A
238 AWEe AAAC] Qolo] H3 YA = ko AT
& B3l AAHste Aol Y 2HEo] EF Y AHEA
dag uAx g=ve 93+ A3 (0O'Brien®} Reiser,
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2| Eof EH?E FAAQ AAE HA BAAIIA Zstx
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check valve, EV :
HPP
separator, T

extraction vessel, F : filter, FT :
high pressure pump, MV : meter valve, P :
temperature indicator, TK : carbon
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#2g 2ol thald 1 ¢ 3 o] HEE Hrkste 35 TollA
1587 b 3 5 C7A YZepddch ¥2ad £
2.000xG2 94 ¥8gtd B-CD - cholesterol com-
plexZ AAd L ZEEL ARZ FAHAT. FAE Al
7o Y2 E AAEL 75.0 %ol en pHE 6.42,
AZNHEE 68. 2% FEoIAT

3. Hx2|El HEHo| ZHAHE MHAIH

B-cyclodextrinel] ¢j3ted Z¥|2eEo] FHE dFY
of thelA NFRE ol &7 F71HQl e AHE AAANEY
& N8 k] o]l pHE IN KOHE AR&-3}d]
pH 7. 8, 92 A% F dstdlo] F3of thaje] v
o WFHE Hrlsted 8,000 rpme £=2 1587 ¢
afod AN A T AR o TN ZH2EHES Al
Astadt.
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oo dfef YA olitslgt o] g-3to] 35~55 T,
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ZYAFZ 3 e 2HEY AARTHE HE

297 o]atslgtho] og WgtlE FE2HE e
ato] B A AR 2UA fAFEZAE B
FhoA AZE Aolvd Hujkeo] 6,00
7hsd dE&EREde® MFEE Fig. 13 Z2rh WA
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A AFES 3ot 524289 710 i sieved &2
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ger Mannheim kit(Cat. No. 139050, Germany) &
AHEsEA T
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ence meter, model TC-1. Tokyo Denshoku Co.,
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22559 At 242 GC(Hewlett-Packard 58
90 series M)l osled EMa9em, columne DM™-
Wax capillary(30mx0.25 mm i.d.: Supelco, Inc.,
Bellefonte, PA, USA)E AH&8t3ia, &5& 200 CTE
FA 88t A&7 FIDE AH8slela, F97 % #=
719 &Xx& 250, 300 T2 #AEAE. FH7IAZA
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AA27VAE split ratio® 1 @ 10028 FUslch

9. 8k
250 ml& Hlo|A 5,000 rpmeE #AEHE ]E%
200 ml& FHgtS F2(25 T)dlA 5AZE FAA &
Brookfield-Viscometer(Model LV, Brookfield Engineer
-ing Lab., U. S. A)¢ 3% LV spindleZ ©]&3}]
12 rpmellA 27} HgE wj7px] o 58 33 v
=890, S E a2 o2 Zo] Axeit
A =( centipoise, mPa.s)
= value of dial reading X 100(factor)
centipoise/100 = ps(poise)

10. EHEN

Hik 2 FFoxe] 4&8 SAS program(Stephenie
1985)2 AMEstY dojzxlew Duncan® W A4
(1955)2.2 5 %FFdA 94 AHsit.
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Table 1.

ARt TRt FR5Y Agee] il A HS 4
FAE AZe 202 Ave] AHEE97 949 4 Qe
FAZ ZASGT Wb B Aol FAA% 42

ARAE HEAY Fo=H ZY1HE AALZES ¥
wA FEE AL PN AT ZeAEHE AATH
of e AEIET. FHAR ARE 4 de 22
B-cyclodextrin, saponin, digitonin % silica gel
o] ot B AlddM e 7 &} Hojd AR 24}
# B-cyclodextrin® AHEEITH
¥ Bacillus&el "AEe] Astete G4 244
A AakElE B-cyclodextring 7709 glucose EA7F
B-1, 4 glucosidic linkageZ 349 FZE o|F&
A2, 24 oA o #715E IPste BAE R
gk o] B4 39 e B-cyclodextrin( -CD)
W23 oil-water interfaced] #X¥ Z¥2HER 2
aale] el islzﬂe H43= EAL sk 7w 9k
GEo 2Ry FY2HES AAN A% A 24
33 B-CDE ¥H$A|A B—CD cholesterol complex
AAS7] A HF 44y, &% wEAe 7
2,000 g, 35 C, 15¥c|%o W3ty Z{H59 A
M HlEL 1 398 g 4 gl
Ao HA 2713 ¢Eo B-CDY U3 F9| Fy 2H
9 ZH|7F 3 1 1¢ %Eﬂ/\ﬁli-/] AAEL 750 %
ojflen JERFPAHEL 68.2 %E YEUY. 1En
B-CD9} Zd~H &2 EH] ]’ 1%1 ) Z 2~ E A
A&L 88.9 %oley Z‘l?‘jﬂ PQEe 64.6 %E E
Witk A-CDst 2@ 28 E ] :
= ZY2HE AAE] 959 %E 45}4915’_ AED
o]:

o]
=

olrl rlo

i rlo do o

ot
E

rlo

ot N i g

PFAEL 56.9 %EA A7t B-CDY o] B &
% 2U2HE A7 BT AEUAT 9B FE 4R
% 4 ‘%} e dad fad

Effect of pH and soybean oil application on cholesterol reduction and solid residue of

decholesterolized liquid egg yolk with # -cyclodextrin.

Consecutive treatment pH Cholesterol reduction(%) Solid residue(%)
B-cyclodextrin application 6.42 75.0° 68.2°
6.42 85.3° 65.7%
Soybean oil application / 87'2bb 64'662
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)

a~c¢

28 =735
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watdlo] 2u) Hrlste dEFe| Y 2HE
Aated AlE-E HAIZE A3 Table 149
t}. B-cyclodextrindl 23jA Z#| 2H Eo]
gl pH 6.4201e™ o]Ae pHE 1IN
Z AgE pH 7, 8, 98 A F UFRE A
7Feted 8,000 rpme &=2 1587 #2dte dAFAIZ
WA daRedozd ZyrgFe] AAR dEAS
ARt FH2HEQ AAEL pHIF SVl wetbA &
7kt pHE ZAsHA] 42 45l 85.3 % 74l &
ZHES AAT & AR9er pH M9 AAE] 71
Fol 92 % & Yehlidt n¥E Z‘lf%kt 5l A
glell oA & 2~3 % AZ A= AFIUAT pH
o Wzl wetMe & Wt WE}‘%"] @skom o
pH 9¢ A$ n3E AEY °]634/i1’% e A3
< et dubdo g ulFfe ¥ ¢k
d2HE AAE 9FE vH e AR L}E}"} Nnom
B-cyclodextrin ﬂﬁlc’ﬂ oax ZHY2eZo] 2HH
gol A E dFfe Hrbgd wet 2 A& g
Aoz O'ﬂéﬂoﬁ Aldg AAstaer 1 A3 Table
201M 9t 2ol UEyT &, tFHY Hdrtge] F7hl
e FHAHE AAE] TV n¥ R A&
Fle 2 W3} it dFRE ‘*ﬂc’“oﬂ ozl 3w
71e AS Hu 954 %9 FH2HES AAT & A
v—D:‘ EH'CT:"Ing 1:1 747}'0}»\2 oTOHE 87.2 %’] %3‘“
2HE AAES Uehllo] diFf dExele 7% vlsf
A FY zEEe AA&] dAF AHE R Yl
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2. BHRQ ZYATAIFE0 ofst HESHAHIES MA
ZUARAE HELRFE FHzHES YRR
FEShed ol8Hol o adH 2dARAE 2Rt
FaeE LE7 gob 3 8olsnz Acltse
£ olgstel AdFe wud W Aoshs Hid
Gy xR ALoM shed Ae v wWde
A & 2om 1FAY ABY2HE ATAFE AT
o o 2 2YARA 9Eo2e didoR
FEIS FHLEE AAEC] Sk 10~50 %) Eait.

‘IWJr"i B-cyclodextring ol&3le d3o 2 HE]
ZHES 75 % AAT F T7]'31—°—i = A
@%0}"1 d3o 2 HE ZyrHEY &
=3

Leiner(1986) & d&%& 40 /300 bardlA QA
olxtgleth 2 F&SFEd FEFEL triglyceride, free
fatty acids, waxes, ZH2HES i3t e v
AAA L FEAFE ol gz, dlAr WA
@sittn B st

Froning $(1994) %= #3%-& 40~50 T, 163~374
barold FZaGed olitslgthe] UEIF ¥& FE22
HollA v)FA9 triglycerides YA 0]4baetdol] Tol
LA T AU AR AL &3] HA| go} FEAFE
FEHAT T Easiglo

A AL Ao vigzg 449 emulsion 547 ¥
A3 Bl glong FEAFEC FHHAE AL A
&9 7158 AAE Asted B4Foln 3 A#e
ZHY ZU2HES FE2L W AEEAN %

SEOIERETE
Hrjs ./F_%o] xLOC 1&%5‘0] Tra]?,f}tﬂ Novak et
al.(1991)&

e

B o

N

FAAAE AAEE 43
lE8Aol 2534 F

< o
AAH) L F2HA ¥1 Y 2HEFT A
] -cyclodextring o]&3} o
H2HES 75 % AAT dSAE LA o4
ol&dte] 35~55 T, 3.000~5.000 psi, 0.
2742 ALt dgAde 2dAF
A FE2A4E 93 JFE HEZD A Table 304
UERd upel o] & 45 FH2HEY A
A&o] ol 5,000 psie ZAAM 924 %9 3 F
H2HES AAT 5 YA ojwjo FFHAEL 35.2
%2A Hud 2e "ol

Bulley®} Labay(1991)% d3HE-8 40 ColM 5%
g5 150, 200, 360 barZ 4%]2& W U3iEe &
=7t 360 bardld FA43 FUttHoH FY YA

ﬂ?.b

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 to egg yolk

Cholesterol reduction(%)

Solid residue(%)

1 87.2° 64.7°
2 92.0° 63.4°
2.5 93.2° 63.0°
3 95.4° 63.1°

" pH adjusted at 9 with 1N KOH

a~d

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

&37138E 29



Tab[e 3. Effect of pressure on cholesterol reduction and wei‘ght loss of # -cyclodextrin treated liquid
yolk by supercritical carbon dioxide extraction with co-solvent

Pressure(p.s.i.)

Cholesterol 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°

pressure 4.500psi, extraction temp. 35T

L5 E A S fEUE 5Y 2xA & WA
#Ag W G L=t F439 Frlstdtia By
o Zd2elE AAEE 207, 276, 345 barold 4z

13.2, 25.4, 285 %2 FUZAA FE24H] F7ld
2}l ZH2EHE AALL T/ EY ol F&4E
Z7tel| v} o|atsterdo] Wyl S8y wlFolgta A
e uh it} FEAIZEY 4TS HE B FEA|o|
Z7V85E AAZE] %ot 2Al7?°l*‘ F28 A4S
ololgt F7beE Jepldlth. & 441 A3 l 92.5
%9 AAEE H1XE YeEMTHTable 4). %53
£ gty dgdoa iy ZHAHES AA 6}7
A&EAF Table 5914 yehd vle} o] 227}
FE AAE] e FEHALEE 9T &, 35
CTAM F28 349 91.2 %9 e =H <

ol 714 £& 235 By,

—

m}m

3. NEBYAEHE Az EX EN

AEARFAA dFFAEY B-cyclodextrin® &4
glo] oa MAatd HZe2HE G (FYAHE AAE
D954 %) 98 9o AT #ed FAL
Hlw ZAN A#E Table 69 Uebhd uls} 2o} f3H=
g BB} At fetEn feiEd e AdE 29
faEe A «l 16.7 mlell H3jA Ze2HEol 95.4
% AMAY dgdo] 15524 thh dskoy fFskAT
o e ZExHE AA A, F R dojuA

o
=3

¢ . Means with the same letter at the same column are not significantly different(p(0.05) A-cyclodextrin
treated egg yolk is 75% cholesterol reduced one Co-solvent :

5% ethanol, ™ SFE conditions : extraction

Gt Aom Uepith AZENS AFEYSH AELH
Aoz srkhom AEFAA oA AxdT A=
2E|E o] A7t 23 2 21024 AA A, F 1R

2.1

o7} AFHA Bk 74%& /4o oM Al
A% 154 %, * golo] AL 20.3 %= ot
2 ozl Aoz Urﬂ‘;k‘;} Aol glolME A 2H|
g o] AAgtd HlEAM tik @ A3E Yehii
Azol Wile AZY2HE dato] AXd vl L
(BE)Fe] Z7Feta a(FAE)#T b(FAD)He A
gttt o]AE dEo2RE FY2HE AA
phyll A&7t 37 AALRA7] | &l
ag¥ bk At An2 A€

Z29AFAFEHH B-cyclodextrin® HEA ] ¢
d Ad AZH2HE dRA(ZY2HE AAE
92.5 %) 98 g gAY #5H FLE Y
@ AR A Table 79 veRd whel 2ok f3E
A& AES] Setd f3Ea faEgS AEE A
frobE e AlMEe 16.7 mlol vlsiA E8 28 E0] 92.5

xantho-

Lae 718k

(¢]

% AAD dgdo] 16.224 ta ko Fote <
BEA Fgten #IFPmel gloiMe Y 2HE AA
A, F HE7E dojuA] ge AoR veETth AEFSA
< AF e AFWH 2R HrHen AFE T
AolA AR A 2HE Ao 44 2.3 R 2.1
A AA A, F 2 Aok QAR Fsker AFMH
Aol doXe @Y 4 164 %, AZHzHE &

Table 4. {Effect of extraction time on cholesterol reduction and weight loss of 8 -cyclodextrin treated
liquid yolk by supercritical carbon dioxide extraction with co-solvent .

Extraction time(hr.)

Cholesterol removal(%)

Weight loss{(%)

0.5 (30min) 80.8° 32.0°
1 86.3° 33.1°
2 90.7° 34.6°
3 91.2° 34.9°
4 ' 92.5° 35.0°

a,. b ¢

time 2 hrs., extraction temp. 35 C

30 =733

© Means with the same letter at the same column are not significantly different(p{0.05) B-cyclodextrin
treated egg volk is 75% cholesterol reduced one Co-solvent :

5 % ethanol, ™ SFE conditions : extraction



Table 5. Effect gf extraction temperature cholesterol reduction and weight loss of £ -cyclodextrin
treated liquid yolk by supercritical carbon dioxide extraction with co-solvent .

Extraction temperature(C)

Cholesterol removal(%)

Weight loss(%)

35 91.2° 34.9°
40 90.4° 33.5°
45 88.5° 33.2°
50 86.2° 31.9°
55 83.0° 31.8°

pressure 4,500 psi, extraction time 3 hr.

Folo] L 18.5 %2 tha Hojd Ao yeuth 4
Tl AANE AZH2HE d3o] MM H|s|A tha
He ARE JEMGY, Axe wsle Ay iHE
o] Az Bla|M L(BE)#e] 7191 a(HAE)

3 b(FAE) g Astet ).

HEATA dFFAE9 B-cyclodextrin®] &4
gl of3] A4t A2 AHE A (ZY2HE AAE
D 95.4 %)F A5 dEAY At 249 WsE do}
£ A7 Table 89 Uehd Hig} Zo| Eax|HMc
Cl16:03 C18:0& & w¥gl gdey (C16:13
C18:1& Zaslyon C18:29 C18:3 ta F7lst
At olAE AT AR EdUte] FH Foll &
ooz §4¥ Aoz AZHL

2YARAFEHL B-cyclodextring HE&A el 9
s A AZe e E A (Y 2EE AAE L 925

: 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
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e 28 E(CorHas0)& 4709l 18] cyclopentanoper-
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(342, 1995 @ B EEY 4 RHC, 1990).

Oakenfull 5(1997)% Paraskevopoulou$} kiosse-
oglou(1994)+ FH2HEL Bl A9 =A 3 hex-
ane, chloroform ¢ 4% f7]-&ud &ai=n A=

Table 6. Comparison test of functional properties of cholesterol reduced liquid egg yolk by hurdle

technique®.

Functional properties

Raw egg volk?

CHL reduced egg yolk?

Emulsion properties

- Emulsion capacity” 16.7° 15.5°

- Emulsion stability® 0°
Foam properties

- Foam capacity® 2.3° 2.1°

- Foam stability” 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°

a,

’ © Means with the same letter at the same row are not significantly different(p{0.05).

v Soybean oil application method was used consequently to reduce cholesterol from cholesterol reduced yolk treated

by B-cyclodextrin
? Diluted to 1 : 3
¥ Diluted to 1 :

I

yolk : D.W.

3 = yolk : D.W., 95.4% 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, ©
 Released water amount(%) from foamed egg yolk

Foamed yolk volume / initial egg yolk volume
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Table 7. 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” 15.4° 18.5°
Apparent viscosity (CP) 35,600° 32,600"
Hunter color value

- L (lightness) 79.01° 82.76°

- a (redness) 3.03° 2.43°

- b (yellowness) 34.84° 30.42°

a

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

R 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

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

f) Released oil amount(%) from egg yolk emulsion, ® Foamed yolk volume / initial egg yolk volume

“ Released water amount(%) from foamed egg yolk

Table 8. Comparison of fatty acid profiles(%) of cholesterol reduced liquid egg vyolk by hurdle
technique” and raw egg yolk.

Fatty acids Raw egg volk? CHL reduced egg volk? Fatty acid change
C16:0 25.1° 25.2° O
C16:1 3.7° 2.9° -
C18:0 8.8° 8.8° O
C18:1 43,5 39.1° -
C18:2 13.3° 16.8° +
C18:3 0.4° 2.2° +

* ®: 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 B-cyclodextrin, 2 Diluted to 1 : 3 = yolk : D.W.

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

Table 9. Comparison of fatty acid profiles(%) of cholesterol reduced liquid egg yolk by hurdle
technique" and raw eag volk.

Fatty acids Raw egg yolk? CHL reduced egg yolk® Fatty acid change
C16:0 25.1° 28.8° +
C16:1 3.7° 1.3 .
C18:0 8.8° 15.0° +
c18:1 43.5° 35.7° -
C18:2 13.3° 13.4° O
C18:3 0.4° 0.4° 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 e Ado] itk B3t B-cyclodextring AAS 2, B3A FA9 27.41 %ol
olg1gt Fa. AAA nZst EAL FeAHEY B e ZU2HE TR 3,069.6 megke FHAHE
g, FA, 24 9 AAE 9 99 dFA HEHn FRHES den, ofF FHHEY He, AL AR
dom oA F@ xS B A7t s o 2 ARESIHTH
ot AESHE Y 2 S0l ofgt, Asld gl olslehAd A AgdE Agsied FH2EHE HA AEE & ZHe
E U323 oy 2Aog theFslA ARgE L ot Table 112 Table 129 Wtebd wheh 2gheh, wjHsE
2 dFdM = AZHAEE A LA FAER A #2812 hexaned chloroforme AHEES A% &
He ZY2dEE s, AAdez AT 5 e = 442 28.12 %9 2.27 %& JER f-23 (p<0.05)
WS AES A o2 & HAEHE JePioH, ethere 73 &vlF

3 3
Table 109 vehdl vhe} o] AZ2elE Wakel 4] 2 EFslo] Fo| $257) Yol wiFs 22 471 &
% 2]

ZAY BAEY B-cyclodextrin® FHAAEE BEAZ 71589 0HTable 11). Hexanes AREEH Z&o] 713
FAAZI A3 1,068.7 mg%e ZYUAHES FRste A&Fol%leH, chloroforme ZHAHE fdx 7]El9
B-cyclodextrin &3 &g AU} o] BEFAZEEH 24 B4E A FE5 ARRURE @ 3RE Y

Table 10. Cholesterol concentration of the by-product” and 8 -cyclodextrin free by-product?®

Samples Cholesterol concentration(mg%) Relative weight ratio
Egg volk 1,496.5t 92 3% -
By-product” 1,068.7+105.3 100
B-cyclodextrin free by-product” 3,069.6%221.3 27.41+£1.04

" The by-product was produced from the low cholesterol egg yolk and composed of B-cyclodextrin, cholesterol and
other egg components

“The B-cyclodextrin free by-product was produced through extraction of the by-product with chloroform
3 .. .
All values are mean Tstandard deviation of three replicates

Table 11. Effect of solvent on purification' of cholesterol by saponification from the 8 -cyclodextrin
free by-product®

Solvents Cholesterol concentration(%) Cholesterol yield(%) Product yield(%)
Hexane 28.12+0.54% 49.0016.49° 4.26+0.36°
Chloroform 2.27+0.06° 65.52+1.13° 95.62+3.95°
Ether -4 - _

“Experiment conditions : mixing speed 50rpm, heating time 1hr., heating temp. 60T, hydrolysis solution: g
-cyclodextrin free by-product=50:1{(v:w)
“The B-cyclodextrin free by-product was produced through extraction of the by-product with chloroform

YValues with same superscripts in the same column are not significantly different (p<0.05),(n=3)
“Not determined

Table 12. Effect of hydrolysis solution ratio to sample on purification” of cholesterol from the 8
-cyclodextrin free by-product?

Solution ratio Cholesterol At e
Solution : Sample{v:w) concentration(%) Cholesterol vield(%) Product vield(%)

40 : 1 17.92+0.65% 62.03+11.93° 11.563+2.59°

50 1 1 28.12+0.54° 49.00% 6.49° 4.26+0.36"

60 : 1 35.74+0.15° 4850+ 2.03° 4.30+0.39°

70 1 28.47+0.11° 40.57t 4.81° 4.46+0.21°

80 : 1 29.68+0.32° 41.39% 6.61° 4.2040.42°

YExperiment conditions @ mixing speed 50rpm, heating time 1hr., heating temp. 60T, extracting solvent was
hexane, “The B-cyclodextrin free by-product was produced through extraction of the by-product with chloroform
PWalues with same superscripts in the same column are not significantly different (p<0.05).(n=3)
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Fig. 2. Effect of repeated saponification on
purification of cholesterol from the B -cyclodextrin
free by-product”.

1st, 2nd, 3rd, 4th and 5th :
purification

2b¢ Superscripts which have different letters are
significantly different(p(0.05),(n=3)

"The B -cyclodextrin free by-product was produced
through extraction of the by-product with
chloroform
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ehfidlch, Algel g ZA3 &eie] vz 10 60(w V)
Ao F98(p<0.05) 7 FFg AFAE Ho ¥E
35.74 %2 JElgon, ZY2HE & 4850 %E
YelgtH(Table 12). Al&d] g 60 (v/w)e 7A3-&
2 A8l Hexanel 2 H|AFEH S =23l Wby
o2 WEAQ AsE AN AT, 43 vEFEA T
€ 95 7 %, T&°} 30.8 %2 Ze|2HES AT (Fi

. 53] wtEFEAlY] FH2HE FEE 94.8 %, ?
Ol 30.8 %2 43 ZZAY ZY2HEFH §93Hp
0.05)7} §le A2® Yehy 43)9] WHEAQ] st &2
A Ao AtaEAY

L/\rﬂom

3 e

dgozRy ZgsHES B gaFoern A
Z &

gatd F 7k ool FazEE AA EE Hgete
hurdle techniqued o] &atRo™ oA Hitd AZ¥)
ZHE d3l sl 7HEAd 5 FEEE Ay

B-cyclodextring o|-&dte] Ze|2gEo] 75 % AAH
HFAE AERE QFFE A 2v) HIlele] @A)
Adete Ry Fe2HE AAEZES Sulgstan
Ak,
olw *a}lle] pHE 92 ZAHIUS ul =
92 %A AAE F deH dFEHE G ds)
W A7k A9 954 %9 FHAHES AAL + 3
th. B-cyclodextring ©|&38lo] ZY AH S| 75
AE dgAg A5z 2YA otEErE o] &l F
28 &S F5T 27 4,500 psi,

LIS

34 &=7i38E

%9} co-solventZ ©]& 3}04 AAZF 2 FS 925 %
o] Y28 Eo] AAR FFAE MJ.% T A9, o}

A A€ Xﬁi&ﬂ"\‘fﬂi ‘)r 1ol 4 542 BN 4
S3EAY AL B- cyclodextrm-l)r d5fAz 2
B-cyclodextrin® cholesterol oxdase 2] os] A
A A 2EE ¢ R g2 Hlg Hola)
A sttt AFEA oM e 7EE L AAF 3ol
7F ey 71 MBSl e BE A3t £3
O gopon ZE7| Axx 3 ol A2y~

HE 3ol AZ-2 1, valueZl FolHA diz7dl vlgjA
W H2 w3 a value & b value® o}l AxE
el B-cyclodextrin® SFEA o] oa) AAre
ko] AW 242 C16:08 C18:0 5 FE3pA|WAto)
oha %7}0}9151 C16:13 C18:1 & v &3 HHlo]

AU 2HE G xﬂZ:A] Ak e F9 g
& APHE &8sl Eel, A AZd 2
I A AAHE B cyclodextranJr ZY 2

£ chloroform®® F&3to] f-cyclodextrin

ot e 27N ER AL o o] Alge] Zg

2HE FE€ 3,069.6 mgxolitt. A3 S o] &3 A

A 2 2EE T vAERY FE2E 9 Sniz

hexanes AHE3892 9 chloroform™ ether 59 &vj

o B3l cholesterol &7} ®ston 73} &4(95 %

ethanol : 33 % KOH-94 D 6)e AR FAY 60u

(v/w)Z2 A&3l9E g7l Ae7old FY2HE B

35.7 %& 7} £& A9E Jehit}. #EA A 3

Aol geid Sd2HE F5/F AA wokow 43]9

HEPA A% FEE 95.7 %% FUzHES & F

o oot
) (s}
o=

>

AE 28

1. Ali S, Mahmood I and Khalid @ 1978 An
improved method for the extraction of choles-
terol and phospholipids from the bovine spinal
cord Prep. Bicchem. 8:113.

2. A.O.AC 1991 Official method of analytical,
15th edition. Association of official analytical
chemist, Washington, D.C.

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

4. Bracco U and Viret JL 1982 Decholesterization
of egg yolk. U.S. Patent 4,333, 959.

5. Bringe NA and Cheng J 1995 Low fat, low-



cholesterol egg yolk in food applications. Food
Technology 5:94-106.
6. Chung SL and Ferrier LK 1991 Partial lipid
The effects on
soluble

extraction of egg yolk powder :

emulsifying properties and protein
fraction. J. Food Sci. 56:1255.

7. Chung SL and Ferrier LK 1992 pH and
sodium chloride effects on emulsifying proper-
ties of egg yolk phosvitin. J. Food Sci. 57:40.

8. Conte JJA, Johnson BR, Hsieh RJ and Ko SS
1992 Method for removing cholesterol
eggs. U.S. Patent 5,091,203.

9. Duncan DB 1995 Multiful range and F test,
Biometrics, 11, 1.

10. Fenton M and Sim JS 1991 Determination of

cholesterol

from

egg vyolk content by on-column
capillary gas chromatography, J. of Chromato-
graphy 540:323-329.

11. Folch J, Lees M and Sloan S 1958 A simple
method for the isolation and purificarion of
total lipid from animal tissue. J. Bio. Chem
226:447-509.

12. Froning GW, Wehling RL, Cuppett SL, Pierce
MM, Niemann L and Siekman DK 1990
Extraction of cholesterol and other lipid from
dried egg yolk using supercritical carbon dioxie.
J. of Food Science 55(1), 95-98.

13. Hardarottir I and Kinsella JE 1988 Extra-
ction of cholesterol from fish
muscle with supercritical fluids. J. of Food Sci.
53:1656-1658.

14. Keen AR, Ward DD, and Hobman PG 1988
Improvements in or relating to methods of re-
moving sterols and/or other steroidal compo-
unds from edible fats and/or oils and/or fats

lipid and

and/or oil from which such sterols and/or other
steroidal compounds have been removed.
European Patent 0329347.

15. Kijowsk M and Lombardo SP 1994 Extraction
of cholesterol from egg yolk. Japanes Patent
6,504, 655.

16. Lippel K, Tyroler HA and Eder H 1981
Relationship of hypertriglycerldemia to ather-
osclerosis. Atherosclerosis, 1:406.

17. Lombardo SP and Kijowski
uction of

M 1994 Red-
in egg vyolk by the
addition of either acid or both salt and acid.

cholesterol

U.S. Patent 5,312,640 (1994).

18. Mark AM and Krukonis VJ 1993 Supercritical
fluid extraction, Butterworth Publication.

19. Micich TJ 1990 Behavior
supported digitonin with

of polymer-

in the
absence and presence of butter oil. J. Agri.
Food Chem. 38:1839.

20. Morison MR and Smith LM 1964 Preperation
of fatty acid methylesters and dimethylacetals
from liquid boron fluoride methano. J. Lipid
Res. 5:600-608.

21. Nagatomo S 1985 Cyclodextrins-expanding
the development of their functions and applica-
tions.  Chemical
Review, 17:28.

22. Oakenfull DG, Sidhu GS and Rooney ML
1994 Cholesterol reduction. Australia Patent
WO 91/11114.

23. Paraskevopoulou A and Kiosseoglou V 1994
Cholesterol and other liquid from egg yolk using
organic solvents. J. Food Sci. 59:766.

24. Ricomini M, Wick C, Peterson A, Jimenez-
Flores R and Richardson T 1990 Cholesterol
removal from cream and anhydrous butter fat

cholesterol

Economy & Engineering

using saponins. J. Dairy Sci. 73:107.

25. Rizvi SSH, Benado AL, Zollweg JA and
Daniels JA 1986 Supercritical fluid extraction:
fundamental principles and modeling methods.
Food Technology. 40:55-65.

26. Rossi ME Spedicato and Schiraldi A 1990
Improvement of supercritical COz extraction of
egg lipids by means of ethanolic entrainer. Ital.
J. Food Sci. 4:249-255.

27. Schoenheimer R 1934 The presence of
cholesterol in the feces. J. Biol. Chem 105:355.

28. Smith DM, Awad AC, Bennink MR and Gill
JL 1995 Cholesterol reduction in liquid egg volk
using A-CD. J. Food Sci. 60:691.

29. Stephenie PJ 1985 SAS/SAT™ Guide for
personal computers, Version 6 Edition, SAS
Institute Inc., Cary, NC, USA : 58,

~ 30. Stouffer SC and Majeres LJ 1994 Method for

extracting cholesterol from egg yolk. U.S. Patent
5,316,780.

31. Warren MW and Ball HRJR. 1991 Lipid
composition and supercritical carbon dioxide
1.2.3.

reduced cholesterol dried egg yolk

sR71askE 35



Poutry Science. 70:1991-1997.

32. Yano N, Fukinbara I, Yoshida K and
Wakuyama Y 1980 Decholesterolized and de-

fatted egg powder and method producing same
U.S. Patent 4,234,619.

33. Zeidler G, Pasin G and King A 1994

Removing cholesterol from liquid egg yolk by
carbon dioxied-supercritical

fluid extraction,
Egg uses

and processing technologies, New

Development, CAB International 115-126.

34 £9% AF% 445 ST WIE 1997 UFHE
o] &3t to] FH2HE AA.
A EAA EBE A 17:6.

35. ol fol% AFA 1993 ARTUAUE UF =
A 7z B3 nF A=xviaEsA] 20:217.

B /AF 1997 2UA o)itsted

d

Ol
4

P
rN

7]1 AAA QA 1997

B-cyclodextrma o] &3 3t I A E AA.

rZAveks) 2] 39:599.
38 zﬂ. Al

roie]

e BAM 1998 A ot aE o
43 oty s FE
g wskets]|A]. 41:363-366.
39. @ME 1996 ARt 3 1 o] &
AR EgAE 79-91.
40 g3 1995 FH2HE ofobr]. A7 23-27.
BYHER, 4 RIBC 1990 2 ~H .
(‘l%%%’\}. 17.

36 =1=84



