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ABSTRACT

Due to the increased awareness on the ralationship between high cholesterol intake and cardio-
vascular disease, the development of low cholesterol eggs and egg products are necessary at the
present time. Largely, two approaches are possible to develop low cholesterol eggs. The first ap-
proach is the production of low cholesterol eggs by altering feeds of layers, by administering
drugs, by genetic selection of strains and breeds, and by management of laying cycle, age and egg
size. The second approach is to manufacture low cholesterol eggs technically treated with
adsorbant, solvent, enzyme, edible oil and supercritical fluid. Both approaches have their own pros
and cons, respectively, as far as the cholesterol removal rates, the easeness of process, and the
economic reasons are concerned, The low cholesterol egg production is quite labor-intensive and
has relatively low cholesterol removal rate(30~50%) compared to that of chemically treated eggs.
On the other hand, the low cholesterol eggs treated with chemicals have a very high cholesterol
removal rate (80~90%) but some of the methods are not completely safe as food processing
purposes due to the residual chemicals and the sensory quality is not as good as the low choles-
terol eggs without chemical treatment. Therefore, further studies must be conducted to improve
the sensory quality of low cholesterol eggs and to eliminate fear about the harmfulness using low
cholesterol eggs.

(Key words : cholesterol content, egg, egg products)
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Table 1. The effect of adding chloesterol to the feed of laying hen on egg cholesterol

Group Weight (g) Cholesterol concentration{mg)
Egg Yolk Shell /dl blood /yolk /egg
Before C 62.3 17.3 5.7 443146 14.5 251
E 63.3 17.9 6.0 471£45 15.1 270
During
1st week C 64.9 18.0 5.5 448+ 60 14.8 266
E 63.6 18.1 5.8 489+57 15.6 283
2nd week C 63.1 17.0 6.4 462133 15.4 262
E 64.2 16.9 6.1 585140 20.1 340
3rd week C 63.9 17.6 6.0 467142 15.3 270
E 64.5 16.8 5.8 643124 22.4 377
After
1st week C 64.0 17.1 5.9 428+43 14.7 249
E 64.9 17.4 6.1 616+27 21.3 362
2nd week C 64.4 17.0 6.2 441136 14.9 257
E 63.8 15.8 5.9 56129 18.8 325

C=Control group
E=Experimetal group

(Bogin, 1991)

Table 2. Mean yolk cholesterol levels and performance data of Single Comb White Leghorn pullets fed
alfalfa of varying saponin content pooled over the five 28-day periods

Treatment or Yolk Body weight Hen day egg Feed Daily feed
rations cholesterol gain production conversion consumed
(mg /g) (g) (%) (kg /doz) (g /hen/day)
Corn-soy(CS) 16.5° 151.0% 81.12 1.77 118.9*
CS +10%
dehydrated 16.6 105.72 78.4° 1.92° 123.9°
alfalfa meal
€S + 10% low 15.9 166.5° 77.9* 1.96° 125.9*
saponin alfalfa
CS + 10% high 15.9° 194.4° 79.9 2.00° 125.7%®
saponin alfalfa
133.0°

b P<0.05
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Fig. 1. Effect of lovastatin on egg cholesterol(Yu, M.M. and J.S. Sim, 1989).
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Table 3. Egg weight and cholesterol in the egg and yolk of different strains of laying hen

Breed /strain Egg weight Yolk weight Cholesterol Cholesterol Cholesterol
(g) {g) (mg /dl) (mg /egg)  (mg /g yolk)
S.L 69.6+4.5! 17.0£1.5 523+37 333+18 19.7£1.8
Leg R. 62.0%£3.1 18.91+2.3 470+27 294121 15.6+1.7
N.H. 61.9+4.6 17.4%1.1 475+£39 294123 16.9£1.0
R.I 6.37£2.9 19.3+2.3 473+ 34 303+29 15.7+2.7
N.N. 62.3+3.3 16.8+2.1 368+31 210+36 12.5%2.0
G.H. 65.7+4.1 16.0+1.8 330+30 191 +23 11.9+1.8
X + SD (Bogin, 1991)
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Table 4. Removal of cholesterol from liquid whole egg

223

Cholesterol
Cyclodextrin concentration Molar
concentration in yolk plasma ratio of Cholesterol
(% w /v) (mg /dl) CD:CH % left % removed
Australorp
Dilution 1 + 3 (NaCl)
2 1.13 6.1 5 95
Leghorn
Dilution 1 + 3 (water)
2 1.54 4.4 14 86
Australop
Dilution 1 + 2 (NaCl)
2 2.41 2.8 37 63
Leghorn
Dilution 1 + 4 (NaCl)
2 1.40 49 1 89

(CSIRO, 1990)

Table 5. Removal of cholesterol from labelled and scrambled egg mix by g8-cyclodextrin

DPM Cholesterol Molar ratio
Cyclodextrin Contact time Temp. Intial Final removed of
(% w/v) (min) (C) (%) CH:CH
4.0 5 40 719 51 92.9 4.3
4.0 10 40 719 32 95.5 4.3
4.0 15 40 719 25 96.5 4.3
4.0 30 40 719 36 95.6 4.3
4.0 5 10 719 35 95.5 4.3
4.0 10 10 719 41 94.4 4.3
4.0 15 10 719 48 93.3 4.3
4.0 30 10 719 48 93.3 4.3
(CSIRO, 1990)
¢t WRkAZ) & celite filter caked FoAA o3} talis purpurea®] ui@AQl cardioactive steroid

B3 B2 AlHste, 1 oA 29E oAl B2Al
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ZY2HES AFse AGoEZT AMEHT U
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W ghol] B, = D xylosed] Fo] @A 9L
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linked styrene-divinylbenzene copolymers& A
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Table 6. Removal of egg cholesterol from fresh egg yolk and reconstituted freeze dried egg-yolk using

peanut oil
Fresh egg-yolk cholesterol content 1.24%
Treatments Cholesterol % on egg-yolk Decrease on cholesterol level %
1t 0.25 79.84
A? 0.3119 74.85
2 0.1333 89.25
B 0.1820 85.32
Reconstituted freeze dried egg-yolk
cholesterol content 2.74%
Cholesterol % on egg-yolk Decrease on cholesterol level %
3 0.55 79.93
C 0.69 74.82
4 0.29 89.42
D 0.40 85.40

! Treatments 1, 2, 3, 4 = treated with acid
2 Treatments A, B, C, D = treated without acid

(Bracco et al., 1992)
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Table 7. Removal of egg yolk cholesterol treated with 8 percent monoglyceride containing sunflower oil

at different temperatures

Temperature, C
Cholesterol in starting untreated yolk, g
Fractions recovered after centrifugation
Oil phase, wt %
Membrane phase, wt %
Fat, wt %
Cholesterol, g
Product phase, Weight percent
" Fat, wt %
Cholesterol, g
Cholesterol
.~ reduction, %

54 57 60
9.42 9.42 9.42
60.9 65.5 66.1
6.5 5.5 6.7
95.2 57.8 53.4
1.28 1.06 1.16
32.6 29.0 27.2
10.8 8.72 9.6
1.71 0.88 0.87
82 91 9

AXste) BT 73 dulE TEo) Foh ot
AlZEe FH-3] dojok &b, 7lEex= Al U
HA G 2% 19 o2 70CE 9o
Me ¢Em AFR 2w W9E 55~60C7F Foh
Monoglyceride®] 332 A F39) 5% F=71 &
F3lt}. Table 72 8% monogylcerideE §-5-3+ &)
uiel71H 7188 AMEsl 54C, 57C, 60T, 63¢ol
A EHY 28 FEF EANE B Fu . o] F
63CAAM e Tld ol AR Ao st F
7Vete] ZH2HES AAT 5 vt s
9} 22wl AL & wyals g /7]
Sl E AME-EHA) ok Hw webA FF fr7]18el e
3l BA Aol e |8l ARE AP3=] gol
= @ oo,

3 548 0|23z WY

o) g Eo] AAEE FH2HE Ed)aA(choles-
terol oxidase, cholesterol reductase )& ©]-&3}
o S 2HES 3 UAIER EAA S 2HE
o] gag BHFE WL 7 Ao Fujd=
BEE AA Fe AT o g9iA Q. 2
229 Z7HAHE(4-cholesten-3-one)-& W=
A AsiEe] HEFHoZ oliEEAaE Ay
(Loomeijer, 1958), Y% &3t thAHE (coprostanol)
& Aol M FER ghe Aol Utk

(Conte, 1992)

Cholesterol oxidase® AAdsle PIEEAM=
Nocardia, Streptomyces, Brevibacterium, Rhodoco-
ccus 50 Atk FH2HES AT F A= HHEHE
oH(167) strain)7} FEA 2F< BE, Wold, =5
2 ASAY oA ERHALH, 059 iR EL
Rhodococcus  erythropolisSt Rhodococcus equio]l ATk
{Watanabe %, 1986).

Streptomyces speciesZFE Holxl cholesterol
oxidaseE ©) &3t FH2HEE AARS W, 25T
U 37°Coll A 24A17 ool E3 28| Eo] $A3] A A
Ao, AAEE 57 AR 4-cholesten-3-onel
22X, $folA FH2HES AAY HY =7t
25 o3l o) FY 2e|E9] Bt 1/20187) =
t}(Xiansheng &, 1990). ¥FHel Rhodococcus equs
MIL10372 Eo 2 HE Ed®E FF=2A kero-
sene ©]u} cholesterolS FYU% SAFULE AL
sl Zg 28|87} f-sitosterolol]l et 712 SolAg
& zteth(lida %, 1990). Aihara(1986)= 45
(strain)7} ot oldE=23RE 22lg cholesterol
oxidased] E4& vlwd A wEZ 2 FEdE
Rhodococcus equi No. 230] Aol 713 Hlow,
ATCC 69397} 1 ths-2.2 ¥X4o] £9tm, Hojde
2 RE 9] Rhodococcus sp. No. 330] &Alo] 713 gk
&8 BrE ok (Table 8).

Cholesterol reductsae?] 42 AUe 4Fo=z
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Table 8. Amounts and percentages of the remaining cholesterol and the converted 4-cholesten-3-one in
the surroundings of the colonies of the three strains

Cholesterol 4-cholesten-3-one
% (ng) % (mg)
Rhodococcus equi 23 35 (6.7) 65 (12.7)
Rhodococcus equi 33 91 (20.5) 9 (2.1)
Rhodococcus equi ATCC 6939 85 (17.7) 15 (3.2)
Control 99 (19.5) 1 (0.1

Values in parentheses show the amounts of remaining cholesterol and

converted-4-cholesten-3-one.

v 48, 45EFF, 20 52 5 F e, ¢4
I3l FE2ES £/, 2L Y usbel #Hrlst
A4S W AE Fo] Zg2HE= 2E coprostanolo]
S0l Ao} (Beitz, §, 1993). S 2HIE2%E co-
protanolo] BHEIXE AL oErix] B3k v
2 Azt 2Y2HZS coprostanolZ AFA A=
714 wtelglole] YL 4, % T AR W
I 7, Wt IR 59 AMED =) o8 o=
Al B3] Hx] E2¥E F3¥ ks
Eubacterium sp. strain HLE #3451}, o] vhe]g
ole] EA£ gram-positive, G714 o 24 A g
AlRE U8 3lm AAA B asge Avx itk
(Beitz 5, 1993).

4 ZUAIFERYE ol B3 Wy

ZAAFEIAL JALES 1A ojite] %
AollA xQA YA (supercritical tluid) & o] &3t
EAE FE3c WPoEM Aoz AR
TS FE3het 71 2ol o] &= 1 UtH(Zosel,
1081). W39} 215 ¢) hopo 2R E] £25ke] A7, kA
EZHE Vg9 2o, AR2RE 7} AWAE
AAE Hx EEH 2 U} HAooe 2YAFEPE
o] gdte] AFAM FH2HES F23He A7
5] AT 9000, Shishikura S (1986)2 o
AFGELE o] 85 HEf T FH2HES AA
T L=

ZJAARA = QAX| olge] 2xzollA A el <]
23S 239, 2QA3HANE JH2 nAY we
Aol FYAA Hoh xUAYA Y EHLe 1Y

(Aihara et al, 1986)

=, AulF JeiEA FHA] qick weps grilz
Aol 3ol Hojun], FH Ao gl7] g 4
FEAR A AFH 1 g E5 A gk 294 o
AzMe dAY 71A 2F A8 5 2lon, COx
7H7ol A¥, ¥ EA, AAYALE, v]ZdA L HlRA
A9 FREE 38t g AR U (Bradley,
1989).

derH o2 2UAFEUHE o] &3l Yo
HE] Fo|2HE AAELE & 0% Fxoln A
vo2RE ZYLHES AAse AL G840l
] ¢ ol Aoz A Qo). Zeidler(1992) &
FE8 2N COSF BREMEN ST LS o838k
AX Gaozrny T 2HES AAS A, CO,
e AHEHE wol] AALL T14%H o ¢E LS
Houlz H8 A AAEE) 83%= TAHUG
(Fig. 4).

Z2YAFSIY S o] 23 AP =RE FH2HE
AALEL 70~80% Ax2ZM H|S chlorinated hy-
drocarbon$} -2 A8 Bulloll Y3 FA)7} 23l
3, ofux] vB)8-o] FAF Jsoz &) A
0|71z &}, AX|u|7} vfg- wiRch= @-o] et w
2 FRNL BEFo g = AS B9 7k
RAEA oo 5k ZET} o] Fo) Aol Aot}

5 B0 &&= 0|38t WY

£l FEP2 g o] &3t E¥2EEE A
e wholth, &3] ARREH T Qe &9 FREE
diethyl ether, methylene chloride, ethyl acetate,
hexane, benzene 502 WA WAL WA}
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Fig. 4. Cholesterol solubility in supercritical carbon dioxide in the presence and absence of ehtanol

(Zeidler et al., 1992).

AsHA & 2 F 4 2%7F60~70T °lskdoF
o}k, & &4 A 93 o) WAL g
W o] Bajol £48 sy AFe EZ Xk
BFE nAER, A FHA THFHoloF & Wl F
2% Aol gutg oz ulTA grivte g ke
ZHAHEL 25 AAT = o a3y d=g
A 34 SE 24 Suliel 4 28T 3%, v
A7 AR A Aleloll Qe 4 Ak FArH 4
go] FlojxlnzA ZY 2HEY A AAE BT F
d= AH el i (Yano 5, 1980).

Yano 5(1980)2 <A dimethyl ether& ARg-3}
o AxdEol dREoZ RE FH2EHES FA
2 95% o) AASH on, AA BYE 30%
712 B45 ) Dimethyl ether= 8|24 34 &
W 2M v FHo] —25CE ted] gol g ¢ 3
27} gla Aol vie Fatd 4H3] AEe F
Ho] Atk (Table 9, 10). ¥HAs} Melnick(1971)2
hexaneg o] &3t d& LFBANA o 50%2] Z4
ZE 83 50~90%4 AWE 23 E£3 9
HSA felgh-g AMSSRe ZET SA 7 v S5 80

Table 9. Cholesterol extraction rates using liquid dimethylether and hexane as a sovent for egg choles-

terol removal

Results on defatted whole egg production
using liquid dimethylether or hexane

Liquid
dimethylether n-Hexane
Yield 93.5g 94.0g

Neutral fat content (extraction %)
Phospholipid content (extraction %)
Cholesterol content (extraction %)
Nitrogen solubility index (N.S.I., %)

0.7% (98.0%)
8.9% (53.9%) 11.0% (33.1%)
0.8mg /g (97.3%) 12.3mg /g (57.6%)
88.0 78.0

1.2% (96.6%)

(Yano et al., 1980)
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Table 10. Recovery rates of residual solvent from defatted whole egg after cholesterol extraction with

two different solvents

Amount of residual solvent

in defatted whole eggs with lapse of time

of solvent removal treatment

Oh l1h 2h 3h 4h 10h

ssscasanssasnrs e seessens e ppm D R R N Y R PN
Liquid dimethyl ether 7,000 N.D. N.D. N.D. N.D.
Hexane 8,200 7,200 1,500 980 980 820

*N.D.==Not detected(detection limit 0.1 ppm)

o] EFEE M= Aol o Frha sk 3lo] War-
ren 5(1988) ¢l osiM = BHHY. Hexanetg &
W2 A3 7399t hexane:isopropanol(2:1)vt
chloroform:methanol(2:1) 52 EFEL A3 7
25 vlw3k 47}, hexaneWE AR w7l B4
grlel 4 grie EFES AMEEE o vl X
w3 AAE £8o] o gol AA=N o ) 2EHE
B Arel AAe o Yok k. =, hexane§ol
o7 A FH2HES AAT Gl s dxF
e Azt AXM AW dAA L AR HFo]
Zastde,

wEtA Sl F&o] o3 FA2HEY AAA, F
WA vt} go] R4l ¢ EAe P Adel
g Bt o)7L Fe 2 E A Ao ¢
Eohe A3 S AT €58+ dAG.

N2 <

U 2uEe) WA AFYBTe WHF Yo
Al e ANASe] AN BHe FolAEA,
A@st go] EezeBe Yol ¥ HFOE 7
Ze 2682 AAG AU 2EE Aol 22
ZHE A tg aFE ADEAH Aol
g & QAT A2 268 AT Aake bl 5
74 ol 1& 4 k.

AR P HoRvE FA2HE Yol R
ARS HH Aashe Rolth. olRe Bel AlE 24
& Ws7IAG g 2H B §4, WY 2 B
g AAAE F2 e Bolol Foldrhex) o &
o BFolt A%S FUHLE WY, A &

(Yano et al., 1980)

9] AAFY], o], Alge] 27] 55 BEFERA o]
Fold 4 Qirh

T w2 Avtde] F2A), 4 &4 V8, 84,
|l 2 2AAYA 5& AP AR AFgH =
HE AlE Aidshs Rolt), o8 Wi Az 3
GHE A3 QlojA] A9 A TS A
37l ot &, AMFEE el mE A e 2|
E AZ A o Adbibge] vl e k3ol o]
o, g8 28Z9] AAE(30~50%)% FAA By
(80~90%)°ll ]38 23] F Bolr}, nidHel F
A el 9% AZY 28E] AiHE A AEo] v
22 Holy, AR b2 AAo ] BA 9
5 FHo] v S Az A& vl AoM ZA7L
H3 ek wEbA 7hbe Felof ol9h 22 FAjH o
2, 229 Mg 2uE A 2 AR AF Yot
wol tigl A3t o] Bol o] FojHol & Aoz A}
i=220=

(AQ:AZ, AR 7HEE, FH 28 ).
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