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Abstract — IgY (Immunoglobulin Yolk) is a specific antibody in egg yolk, and it protects human body from virus and
antigen. There are a lot of egg yolk components such as lipoprotein and protein. To separate IgY, HPLC (High Perfor-
mance Liquid Chromatography) and precipitation were used in a batch mode and SMB (Simulated Moving Bed) was
adopted for continuous purification of yolk proteins. IgY and other proteins in yolk were separated by using three-zone
and four-zone SMB chromatography. Before performing SMB experiments, batch chromatography simulation parame-
ters and adsorption isotherms were obtained. The parameters of batch chromatography were used to simulate SMB using
Aspen chromatography. To compare three-zone and four-zone SMB chromatography, simulations in m,-m; plane on the
triangle theory were carried out. In terms of concentration and purity of both IgY and other lipoproteins, 3-zone SMB
process is considered as ideal at the vertex of triangle (m,, m;=0.1, 1.1). 4-zone SMB yields the highest IgY purity at the
coordinate (m,, m;=0.06, 0.5), which is the pure raffinate region. In 3-zone SMB without recycle, other lipoproteins in
extract are largely affected in purity by small shift from the vertex of triangle (m,, m;=0.1, 1.1).
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2% E2H A 64 KDa?l heavy chain?} A 28 KDa2)
light chain® = = 0] Qlth. §F wle] 9] tetowyy E53
= IgYe " 1500 mg g0 o] T 5o] A= 2~10% =
Qld], o] AL 1gG2] 5o] FA7} 5%<19] vlshd ©f =2 v]&olt}
[4,5]. Akt S mk)7h 1d7E ke wElellA] oF 50 g IgY7t &2
oA, o] WAL E7]] AR} 1208 2 A oE BHUE<S]
th. IgY+= 8059] el 15%-& 7Fdstol = g3k, pH 37HA+=
IgYe] &7go] Pget Aow YERT3]. 257 279 AF
kA Q) 2jo] 2 ol B IgY: ¥EHEE9 1gGY mAS-S
S FovR ThS o] gshd XA el tisl Solido] =2
IgY FAE e 5 Sl Y-S 7 AL QITHS). IgYs T o
2] ST G3ks AR 55 IgYE V) A8l AErkE
v Eeshs Ay desith

IgY9} 22wl FegAol| A2utE 187} go] ARE-Eo]
gtk ok el vle) W oUR|E ARESks FAdo] glom
53] oA Fel7t F2 o] FolA] Gofl vIFSE SJokE Felel F
ateh6]. A=rtE 1P o] 23 WAl ki 3ol
Arbdo] wkan o] FAke] 4Bt wom, &9 AT FaAA|
(adsorbent)®] &-&4Jo] Wri{7].

AFL] A3 TEE FAlel Fola o sde] AvlE Bk A
Fb = Sl ti3EA Rl A=rtE T #ie 37g0] SMB 37g¢]th. SMB

72 1960 t]] % v]=+2] UOP2] C8 hydrocarbon®ll4] para-xylene
& wEleh=tA e 7] AT ©]o] silica gelo] o] w8k

15 SA=AE o] &3lo] AR3E & Thsl sltes Felohe
A gel A-g=lojgitt.

SMB AZvHEIHY e FEHo] e F EAS RElshE
A& T 7)) shtr Gl avlEo]
Aol 2 Z10 = defA ITH8). SMBE z
& 2ALYRS 2AY ol dAITke] o]Foix] =t ol FYg
A3} o) 5 d-E AHEEE] miEolth. o]d A
FE| APl Yo7k 9] Al7kE EolFE Tt SMBE o83 |
SR gYE F& =R A7) fl8 H4]9] SMB 37 =
JEojof gt}

wEbA] Aol A= AR IgY AR 95 TR WAk
ARE F3to] ole ast #HA] SMB 34S 3h= Zlo] HZjolrt.
olF flal o C18 A o83 IgY?] 352 ARnIEIHY
A8 A3}E 0] 8310{[8], 3-zone?} 4-zone & ] ¥0] IgY2] #
gleof] 7 F74AA] A7eh= vl wANRAE T3]
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Fig. 1. (A) Schematic diagrams of open-loop 3-zone SMB; (B) Sche-
matic diagrams of closed-loop 4-zone SMB.
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o] 2e]lA] Hi= Henry <, tg dead time, ty AFAIE, e &
=E, C= 849 BE, C)p o57de] w0l Igye] 312
ARnfEIHYE Fal A2 AFARMEESE SMB AL2rHE 1
¥)9] A& Aol gt AAZ} o]FoXIt. SMB el Fast
AL o2 zoneollA TEELES} switching time (AtyS A=
Zlofu, W-e- fgloA] SMB 374 2] AAPHO] Bk 31 Qlr}8-12].
3-zone SMB 3784 zone 1, 2, 39l142] Z} 35459} desorbent,

extract, feed, raffinate®] SE&5EE vy 22 218 wlEd),

Qinput = Qnutput ®)
Quesorvent ™ Qeea = Qextract+ Qragginare (6)
Q1 = Quesorbent N
Q; = Q= Qexrraer ®)
Q3 = Q2+ Qped = Qragfinare (€

WhHo| 4-zone SMB 5784 zone 1, 2, 3, 491412 2} & 5559}
desorbent, extract, feed, raffinate®] 545+ U3} 22 25w}

£,

Qinput = Qnutput (10)
Qetuent ™ Qreea = Qextract ™ Qraginare (11)
Q1 = Quren T Q4 12)
Q= Q1= Qerrracr 13)
Q3= Q+ Qpea (14)
Q4 = Q3= Q,upinare 15)

HEPo| 2 o] g3t A o)E(Fig. 2y 37847100 7]80] F
= o]&0]™ 7} zone jollA1 9] ols d T 192k FaR&e] ], S
m= AH ] 13| (V), 355 (¢), switching time (At)ell ]38l o2}
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m; V-(I—S) (]6)
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3. TADAL

B T8 F3H t= 0.81 min, t5,=0.95 min, t,=2.67 min<
S48 Eq. Q)= S FAFFAFH)E T8k Aspen
Chromatography simulator (ver.2006, Aspen Tech., USAYS AR5}
o] SMB AZVHETHS ¢7] 915 AAEARE gl A 2e)

Table 1. Data for SMB chromatography simulation
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Eda] Y s ufEgo g AL F H ghs o]gsto] A7 o]
2ol 2%t my-m; diagrams 2HJst 5, o2 <] m ghelx] SMB
SRS ARV $18 7} zoned] -5} switching timeS ALkt
33T, 3-zone?} 4-zone®] A O R feed?] 42 EF 0.2 ml/min
2 nAsIh AARARA 55 3k 98w, 3-zoneol|A]
recycle?90] FEABA RO TR Q=Q,,,=0 mUmin® = A3}
AL, 4-zone®M= QQ e B2 AT

A8 o] ZoA] 71 oAl 2291 fIET A Hat ¢k
ollA] Fig. 1A%] 3-zone raffinate ol 24 sl7t 718 4 2
& 3-zone¥} Fig. 1B2] 4-zone SMB R W HAFRALE $=35]9] T}, o]
AR EAR #Hak 223 9Jele 7] thE m; FaEellA extracte}
raffinate®] =5 W3}1S 3-zone¥} 4-zoneollA B|walSITt X5 2
X Yol = vz Wk a3t wIE U181 vl AARARE
F7k2 Fesiglit.

4. 21} 2 E9|

SMB AL ZvlE 7 eu| o] HAkRALel ARgE HE-S Table 1°]]
LERHITE. Table 1914 HZF Hi= Fig. 28] 42188 12l &=
27} 4=g0] e 1% Ak B2 9] Hiks m,=0.1, my=1.1
o] #c},

A7 o] &8 BEUE 5= raffinate G, pure extract ¥, 1]
I A Uil 5702 A-s AdEsted Fig. 3¢l EAIBIGITE 0

6 } }
No
Pure Pure extract
outlet
5 - -+~
Pure Ha
o Pure extracy/and
= raffinate | raffiate
4 - -+
Hg
3 + }
3 4 m, 5 6

Fig. 2. Triangle diagram shows various regions of separation; Both
pure extract and raffinate are inside the triangle of H,, Hp
and W. Left region of the triangle for pure raffinate and the
upper region is pure extract.

Name Value Description
H; 15 Height of adsorbent layer
D, 0.46 Internal diameter of adsorbent layer
E 0.32 void/bed Inter-particle voidage
MTC (IgY) 10 1/ min Mass transfer coefficient
MTC (Other lipoproteins) 5000 1 /min Mass transfer coefficient
H, (IgY) 0.1 Isotherm parameter
H, (Otherlipoproteins) 1.1 Isotherm parameter
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Fig. 3. The m,-m; diagram plane based on triangle theory and selected
five points for simulation.
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EAIBIGITE SMB A=rkE 729 8] AARARE 383510] raffinate
G997} extract FAoNA 9] gy}l thE A w1 U gk A
A W] s s eteqivt.

A2 ﬂx]ﬁ @21 my, my=0.1, L.1°IA Aol & Fato]
feed®] 92 0.2 m/min®E TYAI7| T my, mOll 218 Qorpenss
Qrafinater Qesiracr At Table 291 3 o] A5t} L) e] 77t 47)
Q1 3-zone?} 4-zone?] SMB A Zv}E 123] HARALE =353 L)

Raffinate®} extract®] &= H3l= Fig. 49 YERII AL, 2=y
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Fig. 4. Comparative graphs between 3-zone and 4-zone SMB, which
are composed of 4 columns both, when m,=0.1 and m;=1.1.
(A) Concentration history of raffinate, (B) Concentration his-
tory of extract.
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Table 2. Operating parameters for 3-zone SMB depending on randomly selected points in triangle

Point No. m values Internal flow rates (ml/min) Flow rates of zones (ml/min) Switching time (sec)
m, my Qe Que Q Qu Q Q Q Q Q. t
1 0.10 1.10 0.20 0.31 0.31 0.20 0.31 0.11 0.31 0.00 0.00 508
2 0.06 0.50 0.20 0.57 0.39 0.38 0.71 0.24 0.44 0.00 0.00 279
3 0.75 1.30 0.20 0.57 0.64 0.13 0.57 0.44 0.64 0.00 0.00 279
4 0.20 0.40 0.20 1.57 0.87 0.90 1.57 0.67 0.87 0.00 0.00 101
5 0.50 0.70 0.20 1.57 1.17 0.60 1.57 0.97 1.17 0.00 0.00 101

Table 3. Operating parameters for 4-zone SMB depending on randomly selected points in triangle

Point No. m values Internal flow rates (ml/min) Flow rates of zones (ml/min) Switching time (sec)
m, my Qe Qqe Q4 Qux Q, Q, Qs Qqy Q. t
1 0.10 1.10 0.20 0.20 0.20 0.20 0.31 0.11 0.31 0.11 0.11 508
2 0.06 0.50 0.20 0.36 0.18 0.38 0.71 0.24 0.44 0.26 0.26 279
3 0.75 1.30 0.20 0.36 0.43 0.13 0.57 0.44 0.64 0.21 0.21 279
4 0.20 0.40 0.20 1.00 0.30 0.90 1.57 0.67 0.87 0.57 0.57 101
5 0.50 0.70 0.20 1.00 0.60 0.60 1.57 0.97 1.17 0.57 0.57 101
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Fig. 5. Comparative graph of concentration profile along columns
for 3-zone and 4-zone when m,=0.1 and m;=1.1.

Table 4. Purities (%) of IgY and other lipoproteins for D-® from
Aspen simulation

. Raffinate (IgY) Extract (Other lipoproteins)
Point No.
3-zone 4-zone 3-zone 4-zone
1 98.89 98.21 83.15 77.18
2 98.32 99.25 59.74 49.86
3 93.24 93.29 99.99 88.27
4 97.24 98.99 69.71 46.96
5 96.69 97.86 97.31 73.06

W210] 3-zoneoll A 83.15%, 4-zoneollA] 77.18% =& 2] F ALt
(Table 4). 4-zone 3-zone B} IgY?] F%7} 5 0 U2 | extractoll 4]
HiEE ohE vl o] $F YU 28 4 5 ST

m,-m;, diagramef| 4] 2 917 212 A4 @ m,,m4=0.06, 0.5
7HA 3L AAYRARE 31T 71 AP raffinate IgY2] feed 5%
28 g/l 7HA] =2 Fol| ZEPARE, extracts TR THH2 9] feed
FE 4.8 g/19] 55% TR 2] E A Th(Figs. 6, 7). IgY+s 3-zoneolA]
98.32%, 4-zone°M 99.25% == wE|w 3, tRE whilELe 3.
zone®lX] 59.74%, 4-zone®l X 49.86% = E F-2] QI TH Table 4).

o= ool AF3 SMB ¥ REQl Eq. (5)~Eq. (15)2.% A
7 ok 271 @F mell HIsiA dolE o E myt At ofef o}
2} Eq. (16)°] &J3llA Q% &2 #k& ZHA Hrh. 3-zoneolX & Eq.
(9), 4-zonellM= Eq. (14), Eq. (15)° 213l Qgygine’t H225101 Ml
E557F =AY 9B R 29 el A8k s 57t Fot
raffinate QoA £ 9] IgYE 2l 4 QA ©o

W= 22 Q,= 13l 3-zoneollX+= Eq. (8), 4-zone°llX= Eq.
(13) ©ll &Il EHACZE Qe t 7K1 Bt W2 o] &5
7] woll - ol 9] extract ¥ = ZopR| a1 F AdRo] 3
A& Faro] WOl A HER extract ZollA thE TA ] SEE
Faseity,
2 @ A elellA] 9% #1391 m,, my=0.75, 1.3°]t}. ©]
Z]7ol|A] raffinate T 1gY feed 552 50%el| st 14.8 g/l
7HA] EEEP extracts TRE T feed 522] 80%31 3.8 g/7HX]
gl 2S5 4 Uth(Figs. 8, 9) IgYE 3-zoneoll A 93.24%, 4-
zone®ll A 9329% === ] H a1, thE TS 3-zonedl A
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Fig. 6. Comparative graphs between 3-zone and 4-zone SMB when
m,=0.06 and m;=0.5. (A) Concentration history of raffinate,
(B) Concentration history of extract.
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Fig. 11. Comparative graph of concentration profile along columns
when m,=0.2 and m;=0.4.
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raffinate®] &5+ 3-zone®ll X 15.1 g/l, 4-zoneo| M= 17.1 g/ =
el o] Fias IgY feed FE2] 55~60%0] SFScl. Extract
] 5+ 3-zoneollA 2.1 g/l, 4-zoneo| M= 2.7 g/I= H|S3E B7HA]
Tl om, o] thE Wl feed EE2] 40~55% = Hiell v
Z|A] B3t 715 B = Qth(Figs. 10, 11). IgYE 3-zoneoll A 97.24%,
4-zone®A 98.99% === &%, TR WA 3-zoneol A
69.71%, 4-zoneoll X 46.96% == 2 2% K Table 4).

3 @ oldel 221 @ellA e AA T myell BlshA 2l
Hog my7t 22 7h& 2 ek ol we} Eq. (16)°1 28 Q,
5 #2& 3HE 2 A} 3-zonell M= Eq. (9), 4-zone®ll A= Eq.
(14)2} Eq. (15)° 130 Qpyginere’t A%t 012 Q13 raffinate®] ¥l
EE57) =1 7] witell 2 Uloll A8k 57} %0} raffinate
FAelM =t IgyE B4 5= A "k SN 21 @ellA
raffinate®} extract B2 50| 7] WlFol] =2 559 59 IgY
£ Arlabrel o et

22 Q% Q13 3-zone®|X& Eq. (8), 4-zone®|X= Eq. (13)°1] 2]
3 ANHCE Qppue’t S7F8ICE 2 UIF-0lM 9] extract S5+
ZolA| 3L Fig. 113 2o] 7 Aol FHAXAI= o] A HER
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Fig. 12. Comparative graphs between 3-zone annd 4-zone SMB when
m,=0.5 m;=0.7. (A) Concentration history of raffinate, (B)
Concentration history of extract.
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Fig. 13. Comparative graph of concentration profile along columns
when m,=0.5 and m;=0.7.

m,;=0.5, 0.7% raffinate®A1] 1gY2] feed EE2] 30~35% (3-zone,
4-zone=9.0, 9.6 g/)°ll TE3}L extracte TR TH2 9] feed T2
30% (1.4 g/l) gl MXA] E31chFigs. 12, 13). 247 O
FAFeE s BolA|vh 27 @9} v AR BE Y9 figo]
ol 71 B FEE Ve AE & Q) olF B8l A E
UFof| A 2474 0  BE] HoJ A+ raffinate®} extract®] 557}
Hash= 2E o 7 Qlok 223 my kol S7FEES 5 raffinate
9} A=)7] Wl raffinate =7t BolX|i= A& & 4= St} ©]
& myale] 7 AR T 21 @7 7 HAR 2 raffinate %
E 7= Aoz drge o= Qlth(3-zone, 4-zone=96.69%, 97.86%).

4-zoneoll A my #lo] HATTE 5 extracte} WA 7] wiTol]
LI} oA = RS & F Stk o)A m; who] Al MiAE 2R
21 O Al AR W SRS TR Zlo® st o= Qluh3-
zone, 4-zone=97.31%, 73.06%).

m,-my diagramolX] 22183 9] 571 24S F3I4] 3-zoneT} 4-zone?]
HAARAL AYE 8 wEPE, 3-zone SMBS} 4-zone SMB 374 2] =}
o] 39 A recycle] 7Rl & & 5 UTH 3-zone:
raffinate”} 2] =AA g Alo]Fo] mhe]EA|nt, whAC] 4-zone-
raffinateel| 4] IgY7} 28] ¥ 3L U5+ recycle©] F|o] desorbent2} &
S ZIT}. 017 0] 4-zone &7 ollA] raffinate?} extract®] ol FEFS
XA et WA 4-zone 5749 raffinatel A= Q0,01 TAISH]
w2, 3-zone U Qe F A FO] TN O WSS} =
2] 4-zone®] raffinate 4] IgY #2lolA o &2 A& & 5 )
Table 45 B A1 9] #327F @Y W, 4-zone F7Y0lA 7H =
O S°1(99.25%)F IgY7F FHeES oF 5= Qlgleh.

Extractol M= 3-zone®) Quegerpens’t 4-200€%) Qgigerpent Qecyere!
e A7} 2ot A 3-zone? 4-zone 3732 Qa2 BT
SHAIRE d-zoneelM Qppere”t TEAM Qugerpen®t THA - 1gY
7t Qell . TS Quegeren’ F EE5 3-zonell HF IgY &
57} ot extractel A TR @A) 7L A 0w HolH]A
ot 72|22 extractelA] thE WA 2] 3-zone©] B T2 A
< Table 45 S3l & F ok T @ o] FEolx= A Y
F3E @A 3-zone 3L W 7S & £5(99.99%)R1 A& &
ATt




IgY (Immunoglobulin Yolk) 225 $Igt 3-9%7 SMB (Simulated Moving Bed)?} 4391 SMB H]w A} 873

Table 5. Purities (%) of IgY and other lipoproteins for A-C from Aspen

simulation
. Raffinate (IgY) Extract (Other lipoproteins)
Point No.
3-zone 4-zone 3-zone 4-zone
A 98.36 97.30 97.47 89.97
B 98.89 98.21 83.15 77.18
C 98.84 98.68 56.77 54.09

Table 45 ¥ 3-zoned ] 7} 352 =t raffinate (IgY)ollA
98.89%, extract(ChHe W&ol A 83.15%0]t}. whebA] raffinate}
extractollA] 1gY %} tRE ©ild $%r) gAle] 2ovg 21 O
W 3-zone g0 7P HAQ A& & 5 Stk

F13E(B: m,, my=0.1, 1.1)0] el thz}Al sg=) Wgko & = 7o) 2}
HE(A: my, my=02, 1.2, C: m,, my=0.0, 1.0)5 57}5l°] SMB =
ntET Y AANRARE a1t A, B, CollX AARANE
all, oA AR Bold 2wt g o R o] FE w
raffinate®} extract =0l Ot RS- v] X =X] A3 Table
59 Bl BollM AR §12 SebrE 5 extractd] ol 7
=0 extractellX| 9] THE Wil ] 559} =7} Z2}7}HIL raffinate
of|X 9] 1gYe] FEo} =7t HolR| A et Hhdel] BEY-E] CZ o}
2 W d45F &5 raffinate] Gl 7147 Ho] raffinatecl| 4]
IgY?] 58} 5= S, extractoll ] THE ©hlZ o] 9] 4=
Sk Ae & Stk

VA AN 2R M3} 4-zoneoll A recycle® o] U=
Igy el &k ulitol|, 3-zoneX U} recycle®] ©]F]X]+= 4-zone2]
raffinate =20l O] & 4 5 A2 & S Qo). Extract®] TS
Wizl %o 4-zone KT} 3-zone®] U] W WL QS-S & &
S1TH(Table 5).
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