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ABSTRACT

The optimum conditions for the extraction of lecithin from egg yolk were determined using response surface methodology
(RSM). On the basis of the results of preliminary experiments, the most effective values were selected. The effects of three
independent variables, dilution ratio, solvent composition, and extraction temperature on the response of crude egg lecithin
(g) were then determined. The optimum conditions for egg lecithin separation obtained using ridge analysis were 6.51,
95.83%, and 40.2°C for the dilution ratio, solvent composition, and extraction temperature, respectively. Using the optimum
conditions, 55.04% of crude lecithin in total phospholipid can be obtained from 100 g liquid egg yolk. The experimental
values (56.21% crude lecithin in total phospholipid) agreed with the predicted values.

Key words : egg yolk, lecithin, RSM, phospholipid
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31217521 phosphatidy! choline(PC)©] 70-80%, phosphatidyl
ethanolamine(PE) 10-15%, lysophosphatidyl choline(LPC)
1-2%, sphingomyelin 13%Z TAEo] glom, PC gl
w2} 7154 ApolE JEPATE (Kim er al., 1995). ©]<}
Z2o] ¢ HAIRE oy BopollN -85 E-Z 0] 89
FUE Jlom, HAE FEFo] 855 FIRAT) &
7] Wil ml=, 4 SolME A" 2, 0]
==
ATHoZ HAHe] £, F2UHS

F718ME o83l oy HIoe IeTe] HAE”
=40] gle §E AMESte AAE] WhHoz B,
Sty I 298 2F0] hh(Nielsen, 2001). 2
A HAIRR Ui #AAE 2 2G4 Ao Bt
2 AR dFHARE S FASHE HHe did
jg-&o|} isopropanolE A3l F&3dh= whHo] Yut
Z o] tH(Hanahan et al., 1951; Kim et al., 1995). ©}&-0]
NEHEE o8 F22 &vle] A gt d glo)

A RS B 5 A= A o] tH(Schneider, 1989).
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Fresh egg yolks 100 g

!

Mix egg yolks with ethanol
!

Homogenization (10,000 rpm, 5 min)

1

Centrifuge (200 g, 15 min)
i

Filtration (Whatman No. 1)
\

Filtrate

1

Rotary evaporation (55C)
1

Washing with acetone (vortexing for 3 min)

1

Acetone insoluble material
1

Drying (100C, 40 min)

!

Crude phospholipid
Fig,. 1. Extraction of crude phospholipid from liquid egg yolk.

choline, phosphatidyl ethanolamine % sphingomyelin-&
Table 19] 427107 HPLCE o83l £ 3t
2ol g mgTR 2 He T 9 SR F ALeE
AL AAA Al5E 045 um BE A3t o] gt

TR WD Azl T2 AR 22

2 W] Aol 4317 Y8l #271(20,000 rpm;
Ultra Turrax T25B, IKA, Germany)& 5%, 29 & A}
43t WHKVELP, EU) 30%, %S9 (Branson 8210, USA)
3002 747} A0 X(23°0) e H2lE F A
H 2EAEE Flsid

N

3) =& At OLMIE MiXZ0l M2 2AE 22

] QAA FE5& 9% ‘T\lLZU\V}"ﬂ 0E 59E
WA 7](Ultra Turrax T25B)E ©]-8-3}a] A-29A4 20,000
pme] 52 5 mind 10 min®] 72 E_Zig_ a3l Hla

Table 1. HPLC condition for lecithin from egg yolk phospho-

lipid
Pump HP 1100
Column Zorbax Analytical C g (4.6X25 mmX5 Lm)

Solvent n-hexane/isopropanol/water=6.0/8.0/1.8 (v/v/v)
Flow rate 1 mL/min
Detector UV Detector (205 nm)
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3t 58k A AW Ak AlAS 198 obME o)
ol WE(50, 100, 150 mL) 1A &} phosphatidyl
choline®] ¥ ZA3 HY 1S AASAG.
4) t.'_f% 2A7HE O *Eﬂ)\lE' "I 2= MY
&
s B3k %—F%Hi—— OHEJ—%E ﬁ%‘ o}%u A EE
o)l 7P Qe 20S Adste] 1 248 wigew
AYsH %’Qﬁﬂ' J7)8] (central composite design, CCD)®]] 1}
o Sujulg@RFd] 3, 6, o), FH2:(20,
40, 60°C), NehS FX(90, 95, 100%)2 stHem 2zt A
P 278 -1, 0, 1 07 BE3lsle] ¥A" 157 270
o3l 23] o] wrE-AYe %‘/\13}9&5} 3 olE =9
ol o3l JEFTS we FHAFEE dAEY e
stRom 7} SYwgo] 52 Table 29} 2t} B2 o)
&S 918 FAEAE SAS ZE (2000, version 9.12)
= o83l FPWUS tigh TS0 vheEE A
E Mz} T30 BHoE BT AR
435 AR ] HdiFolAY HAFe] ol kg
¢ AL et HHHE TS THSung, 1993).

5) |_§|- E‘I|A|E| K|EEAE xA-I

2218 AL Folche] W (1957)0 wle} s =
22EZ e DE 2319 14% BF,YESE v
Y olzelzatslel date] %9l F A 2HE Fea
E0}E 72 (Hewlett Packard 6890, USA)E o] -&3la] B
Fol2 AEV|E AEYT) o] W] ZHL Supelco wax
10 capillary column(30 mx0.25 mmx0.25 umy2 ©]-8-3}%
oM QB9 %7] £E+ 180°C °)al 2°C/ming] &%

Table 2. Central composite design arrangement and variables

2 52 39on AT L5+ 220°C oYt T}
AZ719] x5 747} 250°Ce}t 260°Co] ATt

SAH X2

A, FAAZL obE A F #R HlolHe
Statistical Analysis System(2000, SAS version 9.1) ZE71
S o] 83t MRS Ao feo/do] 1A
£ 7% Duncan's multiple range testZ ©|-8&38}] H gt
7he] HoAE swole) SN AR
}

FE e g |

[

o d Aol B AR B

A dgdely AR F2 AAE 22 Y3t
7198 oAHPH-S Z)dle] A HE K Table 3). T3E 7|
g o]g3lo] 587, AXYUE o] &3 Wl 308, 29}

T

3089 AP F AAA T 47} 6.07, 5.63, 530%°
AL o) FEjd ARAEY YA e 22 56.14,
52.40, 49.15%% YEPATHp<0.001). TetA A= 5

Table 3. Phospholipid and lecithin composition of egg yolk
after different extraction methods

Treatment Homogenization Stirring Ultrasonication
catm, for 5 min for30min  for 30 min
Yield 6.0740.222"  5.6310.085®  5.30+0.234°
Phospholipid ~ 63.5240.940°  59.21+0.910°  58.54+1.660
Lecithin? 56.14+0.040*°  52.40+0.360° 49.15£0.180°

DLecithin content is percentage of separated phospholipid.
*“Means in the same row with different superscripts are signifi-
cantly different (p<0.05).

Trezli\tlment Levels for.Independent Dep.endent Tndependent variables
0. variables variables
X1 X2 X3 Lecithin(y) Dilution ratio(X1)  Temperature(X2) % Ethanol(X3)

1 1 1 0 73.25 9 60 95
2 1 -1 0 59.91 9 20 95
3 -1 1 0 47.78 3 60 95
4 -1 -1 0 20.97 3 20 95
S i 0 1 48.69 9 40 100
6 1 0 -1 56.54 9 40 90
7 -1 0 1 75.80 3 40 100
8 -1 0 -1 5.73 3 40 90
9 0 1 1 84.21 6 60 100
10 0 1 -1 72.53 6 60 90
11 0 -1 1 65.30 6 20 100
12 0 -1 -1 63.10 6 20 90
13 0 0 0 5221 6 40 95
14 0 0 0 52.21 6 40 95
15 0 0 0 52.21 6 40 95
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£ A2jg o] fo9Fow 2o XA IS Ny
o w3t HAEY FHE 56.14%2 M B ZAS
HERATE ol @8RS 20,000 pme] £5& 587 F
2% o] Apgat vl de) Agks o a0z 7o
F o8 QAT Sim 51994y 100 go] A} hsol
2 400 mLe] 95% oNe-&-S ristel A4 wmuksle 30
B9 60F = T 247} 1092 g} 1215 g9 = HA]
B AL S} (Kim et al., 1995; Sim ef al., 1994).
a8y B ApeaE AMmte|ul 289 M) WhHR
O 5t AAVIE o189 ol B 22 PR gk
Rof o]% o] Wb S Melsle] o)g3t).

m& AlZtof| 2 HA[El Bt

AAE F2E A% 72 e AAT T A7)
& HAE 3hke) wels dwugk o
587 1089] 738} 3 IAA Tk 107 A
—4.94%0 2 Q3|8 FoHog 7taslgon oo ulak
PCe] I 56.14-54.21%F 7HA8}Ithp<0.001). Wt
A g dl dA" 2EE 93 3RS sEe® AR
B30t Palaciose} Wang(2005)2- wHate W) Q1=x)do) 7.0%
FFERTAL St B AFAART 09% B HAFS )
ERRI=T Chi®t Lin(2002y2 A Galolx] o1xze of
0% AAFTIL k3 F 38 ABE oF 292 3}
A}l B3 &9 tH(Palacios and Wang, 2005).

OIMIE MIZ{Zkoll HE 2fA|El B2

oAl ES W ) 1A BEA] AWE AAE 9180
| 22QJTHAOAC, 1994). Fig. 19] B0l we} olyE
50, 100 ¥ 150 mLo.g2 Aglsle] A 48, 9z~
! HAIRHO] RS A E Ayl olHE Hrleke] 271
= QA -8 7Aoo} FEH grEe) et
2 238 F718FtH(Table 5). Wu9} Wang(2003)% ©|
2 JE B sted 9E | Sio) BERxow
obA|E] BalES] ol EY] A4S AYHo B F
AL wA st otEL B EFEo| FrhE o] QIxA
o] gafido] Fvkslo] AA A F8 AAF Aoq B
I wEtA o] % oplE X geke pCY &%t
Z7He 150 mLg Algsle] o83},

to o

Y s

Table 4. Phospholipid and lecithin composition of egg yolk
after different homogenization times

Time (min) 5 10
Yield 6.0710.222 4.94+0.158°
Phospholipid 63.5240.690* 61.2440.240°
Lecithin? 56.14+0.040% 54.2140.105°

ULecithin content is percentage of separated phospholipid.
**Means in the same row with different superscripts are signifi-
cantly different (p<0.05)

Table 5. Phospholipid and lecithin composition of egg yolk
after acetone washing with different volumes

Acetone

addition (mL) >0 100 150

Yield 6.73+0.440° 6.07+0.220° 4.91£0.120¢
Phospholipid 61.4740.960°  63.52+0.940*°  64.84+0.890"
Lecithin" 54.89+0.085°  56.1410.040"  59.12+0.017°

YLecithin content is percentage of separated phospholipid.
“*Means in the same row with different superscripts are signifi-
cantly different (p<0.05).

SEHEMUHS 0|26t 2AIEl 22| 2N =A
Aol Qo7 d3tl gajel £2]371(20,000 rpm
oA SEZF FA, o HE 150 mL FH7hHE 7B o 3]
Ay ATAHNE B1E(Kim ef al., 1995; Palacio and
Wang, 2005) IAA & 71} FEE vAe= F52 2
T, F=80 ArME, FE8d Fg4HIE 9Qloz 3§y
HRSEAEA 7o 2 uixg 157] A Xz Tol theh
w3kl galel B2AgS A kb Q1xd
FZ Az Al 1A 290Hrl oEE HIMMIE(3-6
Hj, X1), 35L5(20-60°C, X2), VL %%(90-100%,
X3yl 2 FEHHFEAE %, Y)o thek 923%™ 39
A& o7 2t
Y = 1920.991062+146.849912X1-3.771257X2-49.343757X3
-1.462981X1%-0.056084X2X1+0.028576X2?
-1.298733X3X1+0.023681X3X2+0.305743X3?

x doqz

o] A& nigo g FEH AR gk R% 0.911
o3 folAde 0.0340F 1 F240) Q1AFHATHp<0.05).
S 3 A" F2o) diE e A8 Feratio
7t 16824 5% FoFElE BAA XS BYal
F2259) JdEeE5e Fratios 247 275, 6002 B
RoH s FEOAAMT 5%2] F949S YeRAT. u}
ZA] datly) grjele] FE52 k2] HrmEd F
o o3 BAHCE oA JeS wgroy} 28
Tof wE ke e Hog AdHnt olist Ax
= Palacios?t Wang(2005)°] @A 2j7} olghe-g ©]8-3F Q)
Aol FZo BEFQ83tty By AR fARE Ao
At o2 Aukg gk Aol dAelsle] whildo]
HAEH S Ake] Adhs ddsle] xubke] &
< &olaHA k= AR 4R ot ek AV}
7% =4 S = oju] whillEm) xpe] ARE FEI
AAslel7] izl Aoz FH3h

APz e d2d AAdLe FH BygzxA
(maximum point)©] YEIA] ka1 9F37 (saddle point)©]
e olof tigk HA Ee2AS 2] A3 SAEAS
AAIZE Ay} HH o] Bl 2148 d8td 100 g 712A] o
B8 B5 9583%, FELEE 40.2°C, oEHe HyME
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Fig. 2. Response surface 3D plots and their contour maps.
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Table 6. Fatty acid composition of separated lecithin (unit: %)

Fatty acid SELY KPC-50” Egg lecithin®
Palmitic acid (16:0) 28.73£0.52 32.12+0.32 27-29
Palmitoleic acid (16:1)  1.9940.12 2.2310.04 -
Stearic acid (18:0) 17.97£0.22 12.1310.14 14-17
Oleic acid (18:1) 33.18+1.0 32.53+0.45 35-38
Linoleic acid (18:2) 17.0810.4 12.34+0.09 15-18
Arachidonic acid (20:4) - 2.95+0.03 3-5
Others 1.05£0.6  5.70+0.06 -

USEL : Separated egg yolk lecithin of this study.
PKPC-50 : Data from Kim et al. (1995).
3Data from Schneider (1989).

EIA|Elo] X4 =N
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SRR frobd ZAEFol MAAFE ARREHYE &
AELLZE F2 FIAE o] 2H7E FTHYoo, 1998;
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UAE F=F 64.8%017F, AANBDEF 55.04%F BYA ¥
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linoleic acid= T & 558 VERIS T E3F] stearic
acid™ 5.84% =& 3HS HYTH(Table 6). ~Ze]v} arachidonic
acidv= HEHA] &3t} o)5 W= Schneider (1989)7}
AAG A AR At 2A81ET A AX]3HY
O} palmitoleic acid®} arachidonic acid®] H|-&o] Th2 7
UE o] o] AT Akl Aele) Alekzzidl] whe
2to] 2 AETHPalacio and Wang, 2005).
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