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Mass Transfer of Hen Egg White Lysozyme
Using Sub/Supercritical Carbon Dioxide
With Reverse Micelles

Sun—-Mi1 Jung

Department of Food Science and Technology, Graduate School,
Pukyong National University

Abstract

The transport phenomena process of lysozyme between
aqueous solutions and AOT(Sodium di(2-ethylhexyl)
sulfosuccinate)-/-octane(2,2,4-trimethylpentane)solutions
dissolved with pressurized Supercritical Carbon Dioxide (SCO3)
were studied using reversed micelles at a plate system. The
mass transfer rates were examined for various conditions, 1onic
strengths, pHs, AOT concentrations, /—octane volumes, SCOs2
pressures and temperatures. In this study, it was developed a
model for estimating mass transfer of lysozyme on the basis of
data measured from a flat vessel at pressurized two phases
system, an aqueous phase containing protein and an organic
phase reversed micelles mixed with SCOo.

The results were similar to the conventional method of

reversed micelles process without SCO2 at the various

- viii -



experimental conditions. However under the pressurized SCOg, it
occurred constantly the mass transfer of lysozyme from aqueous
phase to organic phase for the initial 8~12 minutes and which
are approaching then it maintained an even mass transfer rate.

Mass transfer rates for the extraction of lysozyme were
measured in a stirred cylindrical vessel. The vessel consist of an
inner diameter of 60 mm and a height of 140 mm, containing 4
equi-spaced longitudinal baffles. The interfacial area was 2.827 x
107°m% Two co—axially mounted 1impellers were used, which
were driven independently by magnetic drive. In all experiments,
the 1mpellers rotated in the same direction. A water jacket was
used to control temperature in the range of 25~45°C. The CO.
pressure in the vessel was regulated by high pressure pump.

In the lysozyme extraction utilizing the reversed micelles
process, dissolving SCO: in the organic phase 1mproved
dramatically the mass transfer rate of lysozyme in the aqueous
phase. Mass transfer coefficient, A was shown the highest value
at the experimental conditions as follow: Ionic strength 0.1 M of
KCI, pH 9.3 of the aqueous phase, 100 mM of AOT
concentration in the organic phase, 200 bar of SCO: pressure,
45T of temperature in the vessel.

Resulting of diminishing the interfacial tension between
aqueous and organic phase by pressurized SCOs, the Ilysozyme
of the aqueous phase was able to be transferred to the organic
phase easily. As the results of adapting the empirical equations

for the mass transfer coefficients, this study was similar to the

_ix_



empirical model of Dekker(1990). Mean deviation (%) about the
experimental and theoretical values of the mass transfer

coefficient A was shown 25% by Dekker’s equation.
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Fig. 1. Structure of triotylmethyl ammonium chloride (TOMAC).

CH,

|
\c/ \CH/ \CH/ 2\c:|—|/
\ 2 2 2

Vs

CH

AN
o/ \o/ 2\CH/ 2\(:H/ <(:H
‘ 2 3

CH,

CH,

3

Na+O. S

CH,

Fig. 2. Structure of sodium di(2-ethylhexyl) sulfosuccinate
(AOT).
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Fig. 3. Schematic ternary phase diagram of an oil-water—
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Hz:0 + COz = H" + HCOj3"
HCO;” = H" + COs* P -
COs* + Hy0 = HCOs™ + OH RN} —

Boundary Water "

Free Water" /

Fig. 4. Schematic representation of protein solubilization in

reversed micelle.
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Fig. 5. Electrostatic interaction in organic phase.

(a) Surfactant head group repulsion.

(b) Surfactant head group/protein interaction.
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Fig. 6. Collision model for protein solubilization in reverse

micelle—containing organic solutions.
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Fig. 7. Reverse micelle size and surfactant property.
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and water concentration in the system.
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Table 1. Protein properties data

Protein Source Mw pl
Cytochrome ¢ Horse heart 12,300 10.4
Ribonuclease a Bovine pancreas 13,700 7.8

Lysozyme Chicken egg white 14,300 11.2
a—-chymotrypsin Bovine pancreas 25,300 8.3
a—-chymotrypsinogen Bovine pancreas 25,800 9.5
Trypsin Bovine pancreas 23,300 10.5
Trypsinogen Bovine pancreas 24,500 9.3
Elastase Bovine pancreas ~25,000 8.9
a—Amylase Bacillus sp. 24,000 5.9
Renin Calf stomach 44,000 ~4.9
Pepsin Porcine stomach 32.700 <1
mucosa
Bovine Serum 65.000 49

Albumin
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10. Electrostatic criteria for protein extraction.
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R = Ka(Caq - Caqz’) (2)

R : mass transfer rate of protein from
aqueous phase to organic phase
K : overall mass transfer coefficient
a . interfacial area for the mass transfer
Caq : concentration of protein in aqueous phase

7 Interface zone

b=

3 F71g Abele] wm

3 ol UEpd 4 it

1o

1o
-
=
ol
Y
o,
fE
o
)
1o
o,
ot

H7} 4 8e
o
=

#A4L o

oo

Corgj = HCaqz’ (3)

H : distribution coefficient

Corg : concentration of protein in organic phase

2l (1), (2) 28]ar S=gdof &3]y o] ogujAl Ao g A7k
e} F=5+E molar fluxE YERY S-3 3 (Nishiki et
al., 1998&1999).

rir

>
rlo i
v

J = R/a = V/a-(dCaq/dt) = A{Caq—-(1/H)Corgi} )

He EuiA24 H = Corgi/Cagi©l™, forward extractionol]X 7]
Ho| o] 849 F%7 wl$- Form g Corgi/H<KCaqiol 4] Corgi/H 3t
KeX

H
BAG gz 4 e F 3L Wg Lystel ARd 0o
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duts| & ol A (5)2 YERE 4 A (Chun et al, 1999).

1H(1—Corg/Co> — —(a/V)Kt (5)

Co : 1nitial concentration of lysozyme
In aqueous phase

V : volume of aqueous phase

wEkA,  AYE AAHS st BEEAGASR)] K valuet.
~In(1-Corg/Co)2] slope® ¥ AJ7t to] w3l

AlZre] w2 wld o] & S =AY 7|79 FE HEAW
HA 9 Fgole] By gRE BAAGAS K valueE AFO RN
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Fig. 12. Concentration profile for an extracted solute on the

liquid-liquid system.
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m. As 2 3y

L A % AleF

Lysozyme(E.C. 3.2.1.17 from mucopeptide N-acetyl hydrolase,
14.3 kDa, pl 11.2)2 hen egg whited]x] FF¥ ZS=Z Sigma
-Aldrich Inc. (No. L-6876, USA)IA FYste] AME3sIS 2T
lysozymed E4& Table 20 YeRHATH AWHEA A AOTE= purity
99.9%= Sigma-Aldrich Inc. (No. D-4422, Mw=444.55, USA), 7|
1] /octanee Junsei Chemical Reagent (No. 5G2212,
Mw=114.23, Japan)°ll A *¢iate] AH&-33ict.

0.1 M HCI/NaOH+= AR grade® (Sigma-Aldrich Inc., USA)Z}2}+2]
s gteE St 3% SRFE AR Alxste] ARgsiSith
2] KCI2 AR grade, UV cuvette A& -8 methanol> HPLC grade®
Sigma-Aldrich Inc.olA FL3At}t. =3k Ado] Q3 F=LHNe 3
A SRTE ARSSte] FE A pHel ddFe A FEF SRelth
223, 99.999%°] purity®] o|itstERAE AMESte] 2UA olilstEr
2 AHE 71l 7hdelth Lysozymeo] =4S #la AHER
AleFo 2= (CuSOs - BHHyO(Yakuri Pure Chem. Co., Japan),
Na:CsH4O6 - 2Hs0(Folin—-Coicalteu's phenol reagent, 2N, Sigma-
Aldrich Inc., USA)o] glow, F&A9 pH= Mettler Delta
350(Mettler Toledo, U.K.)E AH&3te ZA 33T},
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Table 2. Properties of hen egg white lysozyme

Properties Lysozyme
Molecular weight 14,300

Size (A) 45,000

Radius (A) 19

[soelectric point 11.2

Specific activity (unit/mg) 50,000

available Cell lytic enzyme
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(1) Lysozyme 8¢

BN
=2

gl

Lysozyme® 33} &+

o1, parameter$! 8§99 pHE 0.1 M HCI/NaOH=Z 3 7}o

0.5 mL & FgN4e] Hulo] S F4 ZE=E 31T, o]
wE

KCl= st Moloﬂ gk ekslo] 7}k o).

Ash= Fo] meEl 200 mLE A %39
] Hdf
ARSRT

(2) fr71& A=
714" i~octane 100 mLell Y&t X wel AOTES #H7}bsle]
Az T

2. AU
Lysozyme G899 pH$} o] 27%, 7|84 AHdAdAe &
=, 718wl f~octane F¥ Bl ZAA o]ikstErAe] TRoE AEES
parameter® sl ow, o]E59 ZHEL Table 3 YEeERHRIT
Lysozyme©] &3l%o] Q&= F89A4e pHE 3.8~11.3, o|24E+
KCl 0.1~0.4 M ®¥9Z2 3o, lysozymes F=317] 93 F7]&
MAko]l AOT AP A= 20~100 mM, F7]8v] /~octaneS %4
o] AbslEt s ofo] HEuH] &2 20~80%(v/v)E WEE FALH A RS
ZAA olatster At 100~200 bare] ¢ o2 7htskaltt.
W7ol &Y 200 mLE FUE H, Aur]E ol&ste] #7]%
100 mLE A3 FYAA &z Aol s b 1g|ar A,
ZA olqbstek A 100mLE FUAA st dgdd =gt F A
7} HA 9 rpme 170 rpmolA 16E7F nwkalc), =&
g

29 Sample ket 05 mlA A3 7145 w8de &

f
o
4+
09,

o
e
rlr

2y Alx-}aoa Sl 05 mLA | samplingshel 349505, Wgo

_36_



23 F, F8AAY [ysozyme FE SAHL 935t Lowry Assays

spectrophotometer (KONTRON, UVIKON 933, USA)

ZAA A4 lined 1/479¢] stainless steel pipe (316ss)S AF&3%
aL, 23phE AEjQl o]akste ATt cylinder2F-8H ¥4 7](-20°0)8 &
skl COs, ol E&A1st= 7]|E7F AlA % 3 high pressure pump
(P-50, Thar, USA)ell ol =YA olitstetie] #3d& AFHo=

[}
pumping 3F¥ 3L o]= Hkg7] Weo] AA ¢tEo] fAHS =it} Hkg

7_( gl
7] We] X+ thermocoupleo] oJaf Ao A H™ wW-3-7]
Q-] heating jackets AX|gte] ®WEG7] WF-o & dASIA K
A A Z T} System W ¢ES check valveE Ab&ate] =3+ ¢teW

32 2ldl vke7] o F& A WIS v s o safety valves
B 23 o] system W] excess pressureE A ASHTE wHEEo] Eut
T, BES7ll A mlE A olitstEAE ¥V ToR WEssith L
2]a1, 1/8” stainless steel pipe (316ss)S 7148 g AAo] o)
2 wWFo] dke7] Wi Ax3 T 1/8” metering valveE A3}

2 AA3arh

_
ﬂlH

_37_



Table 3. Experimental conditions for reverse micelle process

with supercritical caron dioxide

Conditions Ranges
pH 3.8 ~ 11.3
KCl concentration (M) 0.1 ~ 0.4
AOT concentration (mM) 20 ~ 100
SCOgz Pressure (bar) 100 ~ 200
Temperature (°C) 25 ~ 45
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Fig. 13. Schematic diagram of reverse micelle process.
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V. 23 2 u&

1. Lysozyme?] % ZA

Lowry AssayE AF&38te] lysozymeo HZFFHAS #A

o

=
sampling ¥ ¥ FENA9] lysozyme HEE ZAASAT}. Fig. 15%=
[e)

lysozyme2] 7 &F=r4 o]t}

Fig. 162 T84 olA pHe Wglo] WE lysozymeo EJHEE

S yebd 2ol (Zamarro et al, 1996). Lysozyme? pHH T} v
ot

pH 6.8~9.3 A4 A =& &I EE et o83 dAe gz
I AHSAA Alole] A71A <lFHo| 7)1ttt &Ny pHIF WS
= il do] JAFE HA Ho S E Ha e Lol AW

FU

2 Qlgo]l F7bshAl "k wEkA, Hd gdlEE IS F
de] pH7F T4 A el7] witel aae] WARE WA oA
gttt AAZFE T (Goklen  ef al, 1987). 3 Fig. 173 7o)
lysozyme®] SXH7 714 43 pH 9.3¢14 0.757 X 107 m/sec

o] 7V & AAGAS K values 7HAHL

_41_



0.25

0.20 A

0.15 -

0.10 A

Absrobanced 280 nm

0.05 -

0.00 T

0.00 0.05

0.10 0.15

Lysozyme (g/L)

Fig. 15. Calibration curve of lysozyme.
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16. Effect of pH in the aqueous phase on the mass
transfer rate of lysozyme into reversed micelles with
50:50 volume ratios of organic phase (lysozyme 0.2

g/L, KCI 0.1 M, AOT 20 mM, 200 bar and 45°C)
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Fig. 17. Effect of pH in the aqueous phase on the mass
transfer coefficient A value (lysozyme 0.2 g/L, KCI

0.1 M, AOT 20 mM, 200 bar and 45°C)
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(2) o] &%= e] g3
AA7NA Fege 788 o2 oJate] Akt dFS W
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(3) AHEZA 5= 93

AOT®] CMC #= °F 0.001 M9 mf-% 22 groz o] 5= o4
oA m Aol AT Fig. 202 ol AHLAAAY o] skel w
g} gujAl Qo 2 lysozymel FES YERH 2Ho|t}k. 1¥]al Fig.
21, 21 yepd mpe} 3o] {7 g4l A A AY st ST
= lysozymed EFAEEE F71eth AOTE 5%7F 100 mMY
W, EAAGAS K value® 0.185 X 107 m/secs el 18
Fig. 220]t}., AW Xﬂfﬂ FE7F 80~100 mMol A= A2 85% o]
ol 2 F=&S UeHoH O oYY skoAM= Hidte ddFS
Hol=dl o] o] A= HYA Al @& FHE o] Fo gnAd
QPO R 9| lysozyme FE=& 'Walstr] wjolth. wpebA, - Aol Ae

1O

AOT CMC+= 100 mM¥!
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In(1-C,,y/C,)
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Fig. 18. Effect of ionic strength in the aqueous phase on the

mass transfer rate of lysozyme into reversed micelles

with 50:50 volume ratios of organic phase (lysozyme

0.2 g/L, pH 6.8, AOT 20 mM, 200 bar and 45°C)

_46_



0.6

0.5

0.4

0.3

K x 10 (m/sec)

0.2

0.1 +

0.0 T T
0.0 0.1 0.2 0.3 0.4 0.5

KCI (M)

Fig. 19. Effect of ionic strength in the aqueous phase on the
mass transfer coefficient A value (lysozyme 0.2 g/L,

pH 6.8, AOT 20 mM, 200 bar and 45°C)
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Fig. 20. Effect of volume of the aqueous phase on the mass
transfer rate of lysozyme into reversed micelles with
AOT concentration in organic phase (lysozyme 0.2
g/L, pH 6.8, KCl 0.1 M and 45°C) ; (a) 100, (b) 150
and (c¢) 200 bar.
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Fig. 21. The amount of lysozyme transferred into the organic
phase according to AOT concentrations(lysozyme 0.2
g/L, pH 6.8, KCI 0.1 M and 45°C); (a) 100, (b) 150
and (c¢) 200 bar.
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Fig. 22. Effect of AOT on the mass transfer coefficient A
value (lysozyme 0.2 g/L, pH 6.8, KClI 0.1 M and
45°C).
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(4) 718" i~octane -3¢ FTF

Fig. 23-252 7)€" /~octaned HF3 o W& lysozyme F=&5
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Fig. 23. Effect of volume of the aqueous phase on the mass
transfer rate of lysozyme into reversed micelles with
various volume ratios of 7-octane in organic phase
(Iysozyme 0.2 g/L, pH 6.8, KCl 0.1 M, AOT 20 mM,
200 bar); (a) 25, (b) 35 and (c) 45°C.
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Fig. 24. The amount of lysozyme transferred into the organic
phase according to 7/~octane volume ratio (lysozyme
0.2 g/L, pH 6.8, KCI 0.1 M, AOT 20 mM and 45°C);
(a) 100, (b) 150 and (c) 200 bar.
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Fig. 25. Effect of various volume ratio of 7/—octane on the mass
transfer coefficient A value (lysozyme 0.2 g/L, pH 6.8,
KCl 0.1 M, AOT 20 mM and 45°C).
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Fig. 26. Effect of SCOs on the mass transfer rate of lysozyme
into reverse micelles with 50:50 volume ratio of
organic phase (lysozyme 0.2 g/L, pH 6.8, KCl 0.1 M,
AOT 20 mM); (a) 25, (b) 35 and (c) 45°C.
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Fig. 27. Effect of SCO, and temperature on the mass transfer

coefficient A value (lysozyme 0.2 g/L, pH 6.8, KCI 0.1
M, AOT 20 mM).
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Table 4. Previous correlations for mass transfer coefficient

Correlations

Lewis (1954)

Mcmanamey (1961)

Mayers (1961)

Asai (1983)

Dekker (1990)

Table 5. Constant C of Table 4

C

(Constants Geometry) Mean Deviation (%)

Correlation Equations

Lewis (1954) 4.8769x<107° 38.65
Mcmanamey (1961) 1.2951x107° 37.20
Mayers (1961) 8.0035%10° 37.56
Asai (1983) 1.6788x10° 26.71
Dekker (1990) 3.0304x10° 37.87
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Fig. 28. Comparison of Mass transfer coefficient Kexp and Kea

value.
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Table 6. Mass transfer coefficient of the all conditions

(< 1072 m/sec)

pH K value Conditions

3.8 0.102
AOT 20 mM, 200 bar

9.3 0.757 and 45°C

11.3 0.153

KCIl (M) K value Conditions

0.1 0.553

0.2 0.286 lysozyme 0.2 g/L, pH 6.8,
AOT 20 mM, 200 bar

0.3 0.085 and 45°C

0.4 0.054
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Table 6. Continue

Pres. (bar)
AOT Cone: 100 150 200 Conditions
(mM)
20 0.058 0.058 0.091
10 0.102 0062 0.154 lysozyme 0.2 g/L,
pH 6.8, KCI 0.1 M,
70 0.112 0.146 0.157 and 45°C
100 0.113 0.166 0.185
Pres. (bar)
) 100 150 200 Conditions
/—octane
(mL)
20 0.175 0.283 0.325 lysozyme 0.2 g/L.
40 0.143  0.175  0.257 pH 6.8, KCl 0.1 M.
60 0.122 0.099 0.175 AOT 20 mM
30 0077 0065  0.129 and 45°C
Pres. (bar)
Temp. 100 150 200 Conditions
°C)
25 0.045 0.045 0.095
lysozyme 0.2 g/L,
35 0.052 0.120 0.159 pH 6.8, KCI 0.1 M,
and AOT 20 mM
45 0.121 0.165 0.275
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Nomenclature

a © the interfacial area for the mass transfer, m”

C : the concentration of protein, kgmol/m’

Co . the initial concentration of protein in the aqueous solution,
kgmol/m®

Ca : Capillary number, gd®

Caq  the protein concentration of the aqueous phase solution,

kgmol/m®

Corg - the protein concentration of the organic phase solution,
kgmol/m®

Ciaq  the protein concentration of the aqueous interface,
kgmol/m®

Ciorg - the protein concentration of the organic interface, kgmol/m®
Dag : diffusion coefficient of solute A in the solution B, m%/s

fs © head coverage of the surfactant

H : distribution coefficient

J ¢ molar flux

K : the overall mass transfer coefficient, m/s

k : the regional mass transfer coefficient, m/s

kg : Boltzmann’s constant

. diameter of vessel, m

: mole volume

. agitation speed, 1/s

ooz 2

. the mass transfer rate of lysozyme from the aqueous phase
to the organic phase

Re : Reynolds number, d°Nipi/m
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Re, : modified organic phase Reynolds number, d®Na/vi
Rs @ the diameter of reversed micelle

ra : radius of a molecule of A

Sc @ Schmidt number, vi/Dag

Sh : Sherwood number, KL/Dag

T : absolute temperature, K

V : the volume of the solution, m®

Vs t the mole volume of the surfactant in the shell

Vw © the mole volume of water content in the shell

W, : the molar ratio of HoO/AOT, [H-Ol/[AOT]

Greek letter

. coefficient

o

. viscosity, Pa-s
. kinetic viscosity, p/p

H

.

o : density, kg/m®

0 : interfacial tension, N/m
0

. correction factor, 1 (uo/p1 < 7)

Sub/superscripts

O @ initial concentration
1 : the aqueous phase
2 : the organic phase
At solute A

B @ solution B

aq - the aqueous phase
org : the organic phase,

7 ¢ the interface zone
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Ay

ekl Agke] Wik, adiEo] gidvhd 2id Ske] ikl Aeol
A Adzxstar Foul siHe Aok pEEid wEAsgR g2, ")
o] Foh= \Ah Fol, AAL A, oA X F=o] AAY, AAY
oSt Gy, Ao e A3 avkele, gkl Fr1E.

AU LA U= B AZsla, w9 Aolsta o], &
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1ol Wi7E Slel. Yalge] F= ARl v obF HE SEIA
A, 1 Bg R QojHA dri ambeA|. AFET), ZTRof!

Gk dAE] Bl RGeS BojFi= Aol o] ofmte} Sl of gzt
Ao, ek, my girl, 78!
Z7tE BATH Aedy & FEAbd, I3 gEEta

2A% 7H4gel |7 Mg
FFAE B} AW @ o7shd FwAdel wEme Hold
INC s A, vel Algel W oAl dold % AL

AgAFE el AL Hey, Junl W7k U Ala
avhel, Aobe ik WAl o Wl Aelrhy] M AL,

_81_



	표제지
	목차
	초록
	1. 서론
	1.1 역미셀 계 (Reverse Micelles system)
	1.2 역미셀을 이용한 단백질의 액-액 추출 방법
	1.3 역미셀의 단백질 추출에 영향을 미치는 인자
	1.4 물질전달 이론 (Mass Transfer Theory)
	1.5 초임계 유체 기술

	2. 재료 및 방법
	2.1 재료 및 시약
	2.2 실험방법
	2.3 실험장치 및 운전조건

	3. 결과 및 고찰
	3.1 Lysozyme의 농도 결정
	3.2 Lysozyme의 추출효율
	3.3 실험 Data의 상관관계

	4. 결론
	참고문헌

