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Abstract

Hundred milligrams of soybean phospholipids were successfully separated by using high-performance displacement chromatography
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HPDC) on a 150 mm× 4.6 mm analytical silica column (3–5�m packings) with dichloromethane–methanol (9:1, v/v) as carrier
thanolamine as displacer. From the viewpoint of preparative separation, the effects of loading amount, concentration and fl
isplacer on separation efficiency were investigated using throughput and recovery as indices. The parameters were optimized b

est design and statistical analysis method. Under the optimum conditions, namely displacer concentration being 167 mM, the fl
isplacer at 0.2 ml/min and concentration of sample being 211 mg/ml (factual loading amount 211 mg/ml× 0.7 ml = 148 mg), the purity

hroughput and recovery of obtained soybean phosphatidylethanolamine (PE) and phosphatidylcholine (PC) were 80.2%, 65.7 m
nd 90.5%, 272.6 mg/h, 88.3%, respectively. In addition, selections of regenerant and appropriate regeneration condition were a
2005 Elsevier B.V. All rights reserved.
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. Introduction

Phospholipids, main component of cell membrane, have
lot of important biological functions[1–3]. High purity

hospholipids fractions, i.e., phosphatidylcholine (PC) and
hosphatidylethanolamine (PE), have been used widely in

he fields of nourishment, pharmaceuticals and cosmetics
ue to their perfect emulsification and penetration abilities.
specially on pharmaceuticals, the demand for high purity
hospholipids fractions are rapidly increasing with liposomes

ormed from pure phospholipids being applied as ideal car-
iers for drugs which have so called “target” and can im-
rove cure efficiency and reduce pain of patients[4–10]. At
resent, soybean phospholipids, the major source of commer-
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cial phospholipids, are usually prepared as by-product o
refinery. High purity phospholipids fractions were usu
prepared by HPLC (elution mode)[11–14], in which there
were some inherent drawbacks, i.e., low loading amoun
high solvent consumption, which lead to high production
and price. It limits the application of phospholipids. Thu
becomes an urgent problem need to be solved to find a
preparation method with high efficiency and low cost.

Compared with elution chromatography, displacem
chromatography has some advantages such as large lo
amount, high product concentration, little tailing, low s
vent consumption and high efficiency of use of the statio
phase. Hence, it is fit to be used as preparative chromat
phy. The theory and application of displacement chroma
raphy were detail studied and reported by Horváth, Crame
and other scientists[15–31]. In order to overcome the inna
shortcomings of elution mode, displacement chromato
phy was successfully tried to separate soybean PC and
our previous work[32].

021-9673/$ – see front matter © 2005 Elsevier B.V. All rights reserved.
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The purpose of this paper is to optimize parameters of dis-
placement chromatography in order to base for large-scale
use. Selections of regenerant and regeneration conditions
were also studied. The effects of loading amount, concen-
tration and the flow-rate of displacer on separation efficiency
were investigated, and these parameters were optimized by
orthogonal test and statistical analysis method.

2. Experimental

2.1. Chemicals

Standard phosphatidylcholine and phosphatidylethanol-
amine were purchased from Sigma (Superior-chemicals &
Instrument Co., Beijing, China). Soybean phospholipids
powder (acetone insolubility >90%) was provided by Jingban
Food Co. (Shanghai, China). Silica gel (100–200 mesh, irreg-
ular) used for column chromatography (400 mm× 30 mm)
was obtained from Haiyang Chemical Group (Qingdao,
China).

Methanol, ethanol, chloroform, dichchloromethane,
ethanolamine, acetonitrile, phosphoric acid and acetic acid
were of analytical grade, obtained from Shanghai Medicine
Co., (Shanghai, China).

Water used in this work was re-distilled.
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ethanol extraction, acetone precipitation and solvent recov-
ery. The solid phospholipids was further purified by using
a 400 mm× 30 mm column packed with silica according
to Mounts’s method and adjusted as the follows[34]: it
was eluted sequentially with chloroform (500 ml), acetone
(250 ml), chloroform–methanol (3:1, v/v) (250 ml) and
methanol (750 ml). The methanol fractions were collected
and removed solvents under vacuum at 50◦C. The residues
were used as raw material for separation by displacement
chromatography.

2.4. Selections of regenerant and regeneration
conditions

The system was first equilibrated with carrier at the flow-
rate of 1 ml/min and wavelength was 254 nm. The retention
time (tR,b) for p-hydroxybenzoic acid was determined by
loading 20�l sample. And then the column was eluted with
ethanolamine (dissolving into carrier) of certain concentra-
tion at a certain flow-rate, and the wavelength was adjusted
at 203 nm. When the breakthrough curve was observed, it
illustrated that the column was saturated. The column was
eluted by a candidate regenerant replacing ethanolamine.
After a period, the system was re-equilibrated by carrier.
And then the retention time (tR,a) of 20�l p-hydroxybenzoic
a th at
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.2. Apparatus

The high-performance displacement chromatogra
HPDC) apparatus consisted of a LC-6A pump (Shima
okyo, Japan), an SPD-10A ultraviolet (UV) detector (S
adzu) and a Rheodyne 7725i injector with a 0.7 ml
20�l sample loop (Cotati, California, USA). The colum

sed for HPDC was a 150 mm× 4.6 mm column packed wi
ome-made silica (3–5�m).

The analytical HPLC apparatus was kindly provided
alian Elite Analytical Apparatus Limited Company, wh
onsisted of a P200 II pump (Elite, Dalian, China), an UV
I ultraviolet (UV) detector (Elite) and a Rheodyne 77
njector with 20�l sample loop (Cotati, California, USA
he chromatographic data was acquired by chromatogr
orking station Echrom98 (Elite). The HPLC analysis w
erformed on a 150 mm× 4.6 mm column packed with 5�m
ome-made silica. The acetonitrile–methanol–85% phos
ic acid (180:3:1, v/v) was used as the mobile phase
rated and degassed before use[33]. The flow-rate was s
t 0.5 ml/min. The loading volume was 20�l. The detection
avelength of UV was 203 nm. All experiments were car
ut at ambient temperature between 15 and 20◦C. The quan

itative analyses were performed by using external stan
ased on the height of peak, which was detailed in Ref.[33].

.3. Preparation of raw material

About 50 g soybean phospholipids powder was
reated by the followed procedures: acetone washing,
cid was determined by adjusting detection waveleng
54 nm. Regeneration efficiency (RE, %) was evaluate

he followed formula:

E (%)=
(

1 − tR,a− tR,b

tR,b

)
100%

his formula used for evaluation of RE depended on the
tion extent of retention time forp-hydroxybenzoic acid be

ween before and after regeneration. When RE > 90%, w
eant variation of retention time forp-hydroxybenzoic aci
eing less than 10%, it could be considered thoroug
eneration. If RE < 90%, the column was then continuo
luted by above regenerant and took down the elution
epeated above evaluation procedure till RE was more
0%. After evaluating one kind of regenerant, the sys
as equilibrated by carrier again and then repeated a
rocedures to evaluate other candidate regenerants.

The effect of regeneration conditions on RE was inv
ated by changing the flow-rate of selected regenerant
peration process and estimate method were the sa
bove.

.5. Effect of chromatography conditions on separation
fficiency

Throughput and recovery are two of the most impor
ndices for preparative separation. Throughput of a given
ain purity product was defined as product quantity of
ime (mg/h). In this paper, consumption time referred to
ime during displacement separation period. Recovery
valuated by dividing the quantity of the product by tha
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PE or PC in the loading sample. Two indices could be com-
prehensively evaluated by the followed formula[35]:

Yi = αTi + βRi (1)

whereYi was a comprehensive evaluation index;T andR re-
ferred to throughput and recovery, respectively; i was footnote
representing different conditions;α andβ were coefficients
that could be calculated by the following formula:

α = a

Tmax − Tmin
(2)

β = b

Rmax − Rmin
(3)

whereTmax, Tmin andRmax, Rmin referred to the maximum,
minimum throughput and maximum, minimum recovery for
a series of changing conditions; a and b were weight coef-
ficients determined by depending on relatively important of
two indices (a+b= 100), which were equal important in this
paper, thusa=b= 50.

Owing to PE and PC product to be obtained simultane-
ously, the total comprehensive evaluation including two prod-
ucts was needed as the followed when evaluating separation
efficiency under certain condition:

CVi = YPE,i + YPC,i

2
(4)
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The effect of displacer concentration on separation effi-
ciency was studied by changing displacer concentration as
42, 83, 167 and 333 mM.

2.5.2. Effect of flow-rate of displacer on separation
efficiency

The displacer concentration was 83 mM and the other con-
ditions and procedures were the same as in Section2.5.1
except the flow-rate. The effect of flow-rate of displacer
was investigated by changing the flow-rate as 0.1, 0.2 and
0.3 ml/min.

2.5.3. Effect of loading amount on separation efficiency
The displacer concentration was 83 mM and the other con-

ditions were the same as in Section2.5.1in addition to load-
ing amount. The effect of loading amount was evaluated by
changing the loading sample as 150, 211 and 318 mg/ml.

2.6. Optimization of parameters of HPDC for
separation of soybean PC and PE

The separation parameters of HPDC were optimized by
orthogonal test design. Loading amount, concentration and
flow-rate of displacer were taken as factors to be optimized.
The investigated levels of each factor were selected depend-
i very
w
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here CVi was total evaluation index;YPE,i andYPC,i were
ndices comprehending throughput and recovery of PE
C product, respectively, which could be calculated acc

ng to formula(1)–(3).

.5.1. Effect of displacer concentration on separation
fficiency

The system was first equilibrated with carr
ichloromethane–methanol (90:10, v/v), at the fl
ate of 1 ml/min, then the drain was opened and the p
urged with the displacer solution. Turned off the pump
losed the drain, the injector valve was turned to “Lo
osition. The 0.7 ml feed loop was filled with the soyb
hospholipids of which concentration was 150 mg
he pump was turned on when the valve was turne
Injection” position. The feed was pushed into the colu
y displacer at the flow-rate of 0.1 ml/min. The effluent w
ollected in 0.2 ml intervals and analyzed by HPLC.
ollected effluent was combined to ensure the purity o
nd PC to be more than 80 and 90%, respectively, depe
n HPLC analysis results. The combined fractions inclu
E or PC were removed solvents under vacuum at 5◦C.
he PE and PC product were weighted and the purit

hem were determined using HPLC by re-dissolving th
nto chloroform–methanol (2:1, v/v). Throughput, recov
nd the total evaluation index could be calculated accor

o above formulas. After emergence of the displacer fr
he column was regenerated by pumping regenerant
he column, and then it was equilibrated with carrier.
ystem could be used for next separation after equilibriu
ng on above experiment results. Throughput and reco
ere used as indices to evaluate separation efficiency.

. Results and discussions

.1. Selection of regenerant and regeneration condition

The solution to be selected as regenerant must meet tw
uirements. It can remove displacer from the stationary p
uickly as well as can be easily replaced by carrier for
ext separation. It is helpful to achieve above goal whe

ecting the solvents of carrier as the main compositions o
egenerant. In this work, dichloromethane–methanol (90
/v) and ethanolamine were used as carrier and displac
pectively. Therefore, dichloromethane and methanol
elected as the basic compositions of the regenerant. F
oving ethanolamine from stationary phase, acetic acid
dded into above solvent system.

The regeneration efficiencies of different proportion
hree solvents were investigated, and the analysis resu
isted inTable 1.

Firstly, the proportion of acetic acid was fixed a
ust changed proportions of dichloromethane and meth

hen proportion of dichloromethane–methanol–acetic
as 60:30:10 (v/v), RE was 84.9% after regenerating 60

t was completely regenerated till 75 min, RE being 91
>90%) at this moment. When proportion of dichlorometh
as increased to 70:20:10 (v/v), it was needed 105 m
chieve regeneration requirement (RE = 92.3%). With
roportion of dichloromethane further being increase
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Table 1
The regeneration efficiencies of different regenerants

Regenerants Regeneration efficiency (RE) (%)a

60 min 75 min 90 min 105 min

Dichloromethane–methanol–acetic acid (60:30:10, v/v) 84.9 91.3 – –
Dichloromethane–methanol–acetic acid (70:20:10, v/v) 77.0 85.5 88.5 92.3
Dichloromethane–methanol–acetic acid (80:10:10, v/v) 49.6 64.7 78.4 85.1
Dichloromethane–methanol–acetic acid (60:25:15, v/v) 92.5 – – –
Dichloromethane–methanol–acetic acid (60:35:5, v/v) 78.6 85.7 90.3 –

a Regeneration efficiency (RE) is evaluated by the following formula: RE (%) = [1− (tR,a− tR,b)/tR,b] × 100%, wheretR,b andtR,a refer to the retention time
of p-hydroxybenzoic acid before the displacement and after regeneration, respectively.

80:10:10 (v/v), the system was not regenerated completely till
105 min (RE = 85.1% < 90%), seeTable 1. Consequently, RE
decreased with the increase of proportion of dichloromethane
when acetic acid was fixed. Relative low proportion of
dichloromethane was helpful to enhance RE. However, the
proportion of dichloromethane could not too low due to the
proportion of dichloromethane in carrier being 90%. A long
time was needed to re-equilibrate the system if the differ-
ence between proportion of dichloromethane in regenerant
and carrier was large, which was a disadvantage for improv-
ing throughput. From the above analyses, the proportion of
dichloromethane was thus selected at 60%.

Secondly, the proportion of dichloromethane was fixed at
60% and the proportions of acetic acid and methanol were
changed. When dichloromethane–methanol–acetic acid was
60:35:5 (v/v), the system was thoroughly regenerated till
90 min (RE = 90.3%). However, just 60 min was needed to
finish regeneration (RE = 92.5%) when proportion of three
solvents was 60:25:15 (v/v), seeTable 1. Notwithstanding
RE increased with the increase of acetic acid in regenerant,
the proportion of acetic acid was unfit to be too high. High
acetic acid proportion would result in damage of chromatog-
raphy system and long time for re-equilibrium. Hence, it was
appropriate to select dichloromethane–methanol–acetic acid
(60:30:10, v/v) as regenerant.

put
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d ,
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Table 2
Effect of the flow-rate of regenerant on regeneration efficiencya

Flow-rate (ml/min) Regeneration efficiency (RE) (%)b

30 min 45 min 60 min 75 min

1 25.6 62.7 83.1 90.9
1.5 64.0 86.9 94.4 –
2 87.4 92.8 – –

a Dichloromethane–methanol–acetic acid (60:30:10, v/v) is used as regen-
erant.

b The method of evaluation of regeneration efficiency is the same as that
in Table 1.

45 min was needed (RE = 92.8%), seeTable 2. Hereby, re-
generation time decreased with the increase of the flow-rate.
Because high flow-rate would result in high column pressure
which was a disadvantage for system, relatively high flow-
rate should be used to save time if permission of column
pressure.

3.2. Effect of HPDC conditions on separation efficiency

The raw material used for HPDC separation was pre-
treated by using solvent extraction and column chromatog-
raphy, which contained 18.8% PE and 72.2% PC.

The purity, throughput and recovery of PE and PC product
under different conditions of loading amount, concentration
and flow-rate of displacer are listed inTables 3–5, respec-
tively. The calculated comprehensive evaluation indices (Y)
according to formula(1)–(3)are also presented inTables 3–5.
The total evaluation index (CV) was calculated fromYPE
andYPC according to formula(4). The value of CV could
be used to evaluate the separation efficiency. The effects

T
E

D PC

ery (%

1
3

hput an depending
o

Regeneration time would directly affect the through
f product. It was determined by the flow-rate of rege
nt when other conditions did not vary. RE of regenera
ifferent flow-rate is presented inTable 2. RE was 90.9%
hich needed 75 min at the flow-rate of 1 ml/min. When
ow-rate was increased at 1.5 ml/min, 60 min was nee
RE = 94.4%). With further increasing at 2 ml/min, just o

able 3
ffect of displacer concentration on separation efficiency

isplacer concentration (mM) PE

Purity (%) Throughput
(mg/h)

Recov

42 79.7 18.2 84.8
83 81.5 23.2 94.3
67 80.0 26.7 88.9
33 81.3 23.5 66.9
a YPE andYPC are comprehensive evaluation of two indices of throug
n the formula(1)–(3)in the text.
) YPE
a Purity (%) Throughput

(mg/h)
Recovery (%) YPC

a

262.0 92.4 66.6 94.5 503.9
308.4 90.4 78.8 93.7 520.8
319.5 93.2 92.0 94.0 543.8
260.6 92.4 96.9 82.5 503.9

d recovery for PE and PC products, respectively. They are calculated
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Table 4
Effect of the flow-rate of displacer on separation efficiency

Flow-rate (ml/min) PE PC

Purity (%) Throughput (mg/h) Recovery (%) YPE
a Purity (%) Throughput (mg/h) Recovery (%) YPC

a

0.1 81.5 23.2 94.3 155.9 90.4 78.8 93.7 180.2
0.2 81.4 38.5 62.7 176.5 91.0 190.3 91.4 216.6
0.3 79.1 39.0 37.8 156.1 89.3 218.3 62.9 180.5

a YPE andYPC are comprehensive evaluation of two indices of throughput and recovery for PE and PC products, respectively. They are calculated depending
on the formula(1)–(3)in the text.

Table 5
Effect of loading amount on separation efficiency

Concentration of sample (mg/ml) PE PC

Purity (%) Throughput
(mg/h)

Recovery (%) YPE
a Purity (%) Throughput

(mg/h)
Recovery (%) YPC

a

150 81.5 23.2 94.3 668.6 90.4 78.8 93.7 287.2
211 80.8 25.0 71.4 688.8 92.4 97.5 84.3 286.0
318 81.9 25.2 49.1 668.9 90.0 126.8 70.9 287.1

a YPE andYPC are comprehensive evaluation of two indices of throughput and recovery for PE and PC products, respectively. They are calculated depending
on the formula(1)–(3)in the text.

of HPDC conditions on separation efficiency are shown in
Figs. 1–3.

With increasing displacer concentration from 42 to
333 mM, the separation efficiency increased from low to high
till at 167 mM to maximum, and then dropped at 333 mM (see
Fig. 1).

With increasing the flow-rate of displacer from 0.1 ml/min
to 0.3 ml/min, the separation efficiency first increased and
then dropped. The maximum was at 0.2 ml/min (seeFig. 2).

There was similar trend as above for loading amount
changing. With increasing the loading amount, the separa-
tion efficiency also first increased and then dropped. The

maximum separation efficiency was observed when loading
sample concentration was 211 mg/ml (seeFig. 3).

From above analyses, we found that there was an opti-
mum condition leading to the highest separation efficiency.
Horváth obtained similar result when investigating the ef-
fect of chromatography conditions on throughput[36]. In
this paper, separation efficiency comprehended two indices
of throughput and recovery. When the loading amounts, con-
centrations and flow-rate of displacers surpassed the certain
values (optimum conditions), throughput and recovery for
PE and PC would decrease due to overlap of PE, PC and
displacer peaks increasing.

F umn, 1 v/v);
fl 50 mg/
ig. 1. Effect of displacer concentration on separation efficiency. Col
ow-rate, 0.1 ml/min; fraction volume, 0.2 ml; sample concentration, 1
50 mm× 4.6 mm silica column; carrier, dichloromethane–methanol (90:10,
ml (in carrier solvent); injection volume, 0.7 ml.
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Fig. 2. Effect of flow-rate of displacer on separation efficiency. Column, 150 mm× 4.6 mm silica column; carrier, dichloromethane–methanol (90:10, v/v);
displacer, 83 mM ethanolamine; fraction volume, 0.2 ml; sample concentration, 150 mg/ml (in carrier solvent); injection volume, 0.7 ml.

3.3. Result and analysis of orthogonal test

Owing to the separation efficiency being the highest un-
der optimum conditions, it was very important for preparative
separation to look for these optimum parameters. The effect
of changing single factor on separation efficiency was stud-
ied as above (seeFigs. 1–3). However, it was not enough
to judge what parameter was optimum because other fac-
tors were fixed under this condition. The optimum parame-
ters should be obtained by using reasonable test design and
mathematical analysis.

The orthogonal test was designed to optimize parame-
ters on the base of above experiment results. Three factors,
concentration (A) and the flow-rate (B) of displacer, loading
amount (C), were selected for optimization. Three levels of
each factor were investigated. In order to look for optimum
parameters, the levels were adjusted on the base of single
factor experiment result. The selected factors and levels are
listed inTable 6.

Throughput and recovery were direct investigated indices.
The total evaluation index was used to analysis by statistical
method.

F mm4.6 m -rate,
0 jection
ig. 3. Effect of loading amount on separation efficiency. Column, 150×
.1 ml/min; fraction volume, 0.2 ml; displacer, 83 mM ethanolamine; in
m silica column; carrier, dichloromethane–methanol (90:10, v/v); flow
volume, 0.7 ml.
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Table 6
Factors and levels for orthogonal test

Level A (displacer
concentration)
(mM)

B (flow-rate of
displacer)
(ml/min)

C (loading amount)
(mg/ml)

1 83 0.1 114
2 167 0.2 150
3 250 0.3 211

The results of orthogonal test and extreme difference anal-
ysis are presented inTable 7. The analysis of variance was
performed by statistical software SPSS 11.0 and the result is
listed inTable 8.

From analysis of extreme difference, the influential order
of three factors on separation efficiency wasA > B > C, and
the optimum condition was A2B2C3 (seeTable 7).

The value ofP (significance) for model was 0.004 in
analysis of variance, which illustrated that this model was
available. Owing to the values of P for three factors being
relatively high, it was shown that the contributions of three
factors for separation efficiency were slightly different and
no significant factor. From the values ofP, A (P= 0.116) < B

(P= 0.218) < C (P= 0.368), the affections were different and
the order wasA > B > C (seeTable 8), which was agreed
with result of extreme difference analysis.

Integrating the results of extreme difference and variance
analysis, the optimum parameters were obtained as the fol-
lowed: displacer concentration being 167 mM, the flow-rate
of displacer at 0.2 ml/min and sample concentration being
211 mg/ml.

3.4. Separation of soybean phospholipids by using
HPDC

Soybean phospolipids were separated by HPDC under
the optimum parameters. dichloromethane–methanol (90:10,
v/v) and 167 mM ethanolamine were used as carrier and dis-
placer, respectively. Sample concentration was 211 mg/ml
and loading volume was 0.7 ml. In fact, the loading amount
was 148 mg (211 mg/ml× 0.7 ml), which was separated at
the flow-rate of 0.2 ml/min. Fractions of the column effluent
were collected in 0.2 ml intervals. Solvents of the fractions
were removed by blowing N2. The residues were weighted
and then dissolved in chloroform–methanol (2:1, v/v) to a

Table 7
Result of orthogonal test and extreme difference analysis

Aa Ba Ca PE

Purity (%) Throughput
(mg/h)

Recovery (%)

1 1 1 1 83.1 13.6 80.6
2 1 2 2 81.4 38.5 62.7
3 1 3 3 80.8 51.0 36.0
4 2 1 2 80.0 26.7 88.9
5 2 2 3 80.2 65.7 70.9
6 2 3 1 78.4 47.7 62.3
7 3 1 3 82.4 29.5 63.6

I
R

displac
hput an depending

o
hich is

T
R

S

M
A
B
C

E

T

8 3 2 1 80.4 26.3 52.9
9 3 3 2 82.8 40.7 35.6

I 354.7 355.7 341.4
II 402.2 389.3 360.7
II 324.0 335.9 378.8
d 78.2 53.4 37.4
a A, B and C refer to factors of displacer concentration, flow-rate of
b YPE andYPC are comprehensive evaluation of two indices of throug
n the formula(1)–(3)in the text.
c CV is the total comprehensive valuation for PE and PC product, w
d R refers to the result of extreme analysis.

able 8
esult of analysis of variance
ource Sum of squares d.f.

odel 131570.023a 7
b 1034.887 2
b 485.840 2
b 233.207 2

rror 135.807 2

otal 131705.830 9

a R2 = 0.999 (adjustedR2 = 0.995).
b A, B and C refer to factors of displacer concentration, flow-rate of displac
PC

YPE
b Purity (%) Throughput

(mg/h)
Recovery (%) YPC

b CVc

88.8 93.8 57.0 95.4 139.4 114.1
95.9 91.0 190.3 91.4 163.4 129.7
82.8 90.2 281.3 57.9 138.9 110.9

109.2 93.2 92.0 94.0 145.3 127.3
129.7 90.5 272.6 88.3 177.4 153.6
104.4 94.1 186.2 73.0 138.1 121.3
88.1 92.5 132.1 83.7 140.4 114.3
75.0 93.2 137.7 80.2 137.0 106.0
72.5 91.6 241.5 61.5 134.9 103.7

er and loading amount, respectively.
d recovery for PE and PC products, respectively. They are calculated

calculated depending on the formula(4) in the text.
Mean square F Significance

18795.718 276.801 0.004
517.443 7.620 0.116
242.920 3.577 0.218
116.603 1.717 0.368

67.903

er and loading amount, respectively.
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Fig. 4. Displacement chromatogram of soybean phospholipid. Column, 150 mm× 4.6 mm silica column; carrier, dichloromethane–methanol (90:10, v/v);
flow-rate, 0.2 ml/min; fraction volume, 0.2 ml; sample concentration, 211 mg/ml (in carrier solvent); injection volume, 0.7 ml; displacer, 167 mM ethanolamine.
The concentrations of PE, PC and displacer are shown by dot, solid and dash lines.

certain volume for determining the quantities of PC and PE
by HPLC. Depending on above analytical results, the dis-
placement chromatogram was constructed inFig. 4. Fraction
14–16 and 17–22 were combined to recover PE and PC by re-
moving solvents under vacuum at 50◦C, respectively. The PE
and PC product were weighted and analyzed by HPLC. HPLC
chromatograms of the raw material, PE and PC product are
shown inFigs. 5–7, respectively. The purity, throughput and
recovery of the soybean PE product were 80.2%, 65.7 mg/h
and 70.9%, and those of the soybean PC product were 90.5%,
272.6 mg/h and 88.3%, respectively. FromFig. 4, we found

that displacer eluted out of column after fraction 23. At
this moment, displacement was stopped and then the sys-
tem was regenerated by dichloromethane–methanol–acetic
acid (60:30:10, v/v) eluting at the flow-rate of 1 ml/min. Af-
ter eluting 75 min, the system was re-equilibrated by carrier
for next separation.

It was shown that there was little PC in the PE product and
little PE in the PC product inFigs. 6 and 7, which illustrated
that the resolution of PE and PC was high in our HPDC
system. The purity of the product being not high resulted from
effect of some impurities and that was analyzed in a previous

F silica c 80:3:1,
v , 1 mg/m purities;
(

ig. 5. HPLC chromatogram of the raw product. Column, 150 mm× 4.6 mm
/v); injection volume, 20�l; flow-rate, 0.5 ml/min; sample concentration
3) PE; (5) PC.
olumn; mobile phase, acetonitrile–methanol–85% phosphoric acid (1
l (in chloroform–methanol, 2:1, v/v). Peaks: (1) solvents; (2) and (4) im
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Fig. 6. HPLC chromatogram of the soybean PE product. Column, 150 mm× 4.6 mm silica column; mobile phase, acetonitrile–methanol–85% phosphoric
acid (180:3:1, v/v); injection volume, 20�l; flow-rate, 0.5 ml/min; sample concentration, 1 mg/ml (in chloroform–methanol, 2:1, v/v). Peaks: (1) solvents; (2)
impurities; (3) PE; (4) PC.

Fig. 7. HPLC chromatogram of the soybean PC product. Column, 150 mm× 4.6 mm silica column; mobile phase, acetonitrile–methanol–85% phosphoric acid
(180:3:1, v/v); injection volume, 20�l; flow-rate, 0.5 ml/min; sample concentration, 1 mg/ml (in chloroform–methanol, 2:1, v/v). Peaks: (1) solvents; (2), (4)
impurities; (3) PE; (5) PC.

paper[32]. For improving the product purity, it was necessary
to further study a new pre-treat method to remove impurities.

4. Conclusions

About 148 mg soybean phospholipids were successfully
separated by HPDC on a 150 mm× 4.6 mm analytical silica

column under optimized parameters of loading amount,
concentration and the flow-rate of displacer. It was illus-
trated that HPDC used for preparative separation of natural
phospholipids was feasible. Meanwhile, the displacement
chromatography exhibits great application potentiality for
separation of natural phospholipids because of its high
loading amount, little tailing, low solvent consumption and
high product concentration, etc.
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In our paper, just two components, PE and PC, were
separated. It was needed to study new HPDC system for
separation of phospholipids containing more components
before this technology to be commercial used.
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