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Abstract

Natural phosphatidylcholine (PC) and phosphatidylethanolamine (PE) were separated and purified from soybean degummed oil residues
in this work. Crude PC and PE were first separated from degummed oil residues by extraction with 95% ethanol, and then the crude PC and
PE were used as raw materials to prepare high purity PC and PE by using column chromatography of silica gel (100—-200 mesh) with different
eluents and elution modes. The high purity PC (content >90%) was obtained from the crude PC by using isocratic elution with methanol
as eluent. Compared with the methods reported by using isocratic elution with mixed solvents as eluent or gradient elution, the procedure
proposed exhibits low cost and industry potentialities because of some advantages, such as operation simplicity, cheap equipment and solven
to be recovered easily. The purity of the PE product prepared from the crude PE was more than 75%. The gradient elution was preferable to
isocratic elution for reducing the elution time and eluent consumption when to prepare PE from the crude PE. The effects of loading amount
and the flow-rate on separation efficiency were also investigated. For obtaining high separation efficiency, the loading amount should be
less than 2.0 g crude PC or PE/100 g silica gel, and the flow-rate should be controlled under 4 ml/min for crude PC and 3 ml/min for crude
PE, respectively.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction with disturbance in phospholipid metabolisfi—3]. The
phospholipids are complex mixtures that include various
Natural phospholipids, main constituents of cell mem- classes of compounds based on differences in the polar
branes, have a lot of important biological functions to all groups of molecular structures such as phosphatidylcholine
living organisms. Since 1970s, with the development of (PC), phosphatidylethanolamine (PE), phosphatidylserine
molecular biology it is discovered that phospholipids are (PS), phosphatidylinositol (PI), phosphoric acid (PA), etc.
the precursors of many informational macromolecules and Each class is also a mixture that contains many molecular
biological activated substance for message transmissionsspecies with different fatty acid chaifi3,4].
and lipoprotein metabolisms, are also chemical media- Two main classes among the phospholipids, PC and PE,
tors to prevent varieties of diseases, such as heart, brainwere extensively applied as emulsification, stabilization and
blood cycle, breath system and reproductive physiology wetting agents in the fields of health products, foods, indus-
diseases. It is known that a number of diseases correlatetrial manufacture of various products, efé—7]. The PC
and PE used in these industries were usually crude products
(30—60% content) prepared from different natural materials.
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do not meet the needs of various fields because of the limit2. Experimental
to their high prices at present. Consequently, a new low-cost

technology for the purification of PC and PE is worth of 2.1. Chemicals
great importance for extending applications.

Soybean is one of important sources for preparation of Soybean degummed oil residues were provided by
natural phospholipids. The phospholipids are extracted from Yonggu oil factory (GuangZhou, China). Silica gel (100-200
soybean together with oils during extraction procedure, and mesh, irregular) was obtained from Haiyang Chemical
then separated from oils as residues during degumming pro-Group (Qingdao, China). Standards PC, PE, PI, PA and PS
cess in oil factory{8,9]. The degummed oil residues, con- were all purchased from Sigma (Superior Chemicals and
sidered as waste, contain rich phospholipids. Hence, it is alnstrument Co. Ltd., Beijing, China).
desirable source for the preparation of cheap pure PC and Chloroform, methanol, ethanol, acetone, acetonitrile, and
PE products. phosphoric acid were of analytical grade, obtained from

Separations and purifications of the phospholipid classesShanghai Medicine Company (Shanghai, China).
have been extensively studied by a number of researchers Water used in this work was re-distilled.
in different academic fieldf10-21} Pure PC and PE are
usually purified by using various chromatographies, such 2.2. Preparation of crude PC and PE from
as TLC[10,11] high performance liquid chromatography degummed oil residues
(HPLC) [12-16]and low-pressure column chromatography
(LPCC) [17-21] etc. Amongst these methods, separation  The industrial degummed oil residues contained a lot
efficiency of HPLC is the best since small diameter packing of impurities such as oil and water besides the phospho-
can be used, however, the equipment is expensive and thdipids. The powder phospholipids were obtained from the
costs of operation and maintenance are also high. The dis-degummed oil residues by washing with acetone, and then
advantages of TLC are difficult to detect on line and recover removing solvent and drying under vacuum below’80
the products. Therefore, TLC and HPLC were not appropri- The powder phospholipids were dispersed in 95% aqueous
ate for the purification of the phospholipid classes as indus- ethanol (solid to liquid ratio 1:10, g/ml) in a round-bottomed
try processes with low cost. Compared with HPLC and TLC flask, stirred and refluxed 30 min. The ethanol extracts (solu-
methods, LPCC exhibits a great potentiality for industrial ble substances) and ethanol-insoluble substances as residues
production owing to lots of advantages: operation simplic- were separated by decantation. The ethanol extracts were
ity; gradient elution to be used conveniently; low cost and concentrated under vacuum, precipitated by addition of ace-
high yield. tone and then separated by pouring out solvent to obtain

Many researchers used mixed solvents in LPCC for sep- crude PC with removing solvent under vacuum at60The
aration of the classes of phospholipifi8—21] In these ethanol-insoluble substances contain mainly PE, and then
processes, recovery of mixed solvents and reutilization in was removed ethanol under vacuum at 6@o obtain crude
certain ratio are very difficult. PE. The crude PC and PE were used as raw materials to pre-

The soybean phospholipids were usually separated bypare pure PC and PE by using LPCC method, respectively.
TLC, HPLC or LPCC without pre-separation in previous
literatures[10,13-16] The phospholipid classes could not 2.3. Analytical methods
be separated by using single solvent due to low resolu-
tion. For improving the resolution, ternary or even more 2.3.1. HPLC
mixed solvents were usually used as developer, mobile The HPLC apparatus was consisted of a LC-10A pump
phase or eluent, which is hindrance to reducing the cost of (Shimadzu, Tokyo, Japan), a Rhecdyne 7725i injector with
production. 20ul sample loop (Cotati, CA, USA) and an SPD-10A

An important factor to develop an economic LPCC pro- ultraviolet detector (Shimadzu, Tokyo, Japan). The chro-
cess is to use a simple solvent system as eluent. In this paimatographic data was acquired by chromatography working
per, the procedure with simple solvent system was proposed station Echrom98 (Elite, Dalian, China). The separation
which is worth to decrease separation cost. The industrial was performed on a 150 mm4.6 mm column packed with
raw product of phospholipids, namely powder phospholipids 5um home-made silica.

(acetone-insoluble content >90%), was first separated into The mixture of acetonitrile—methanol-85% phosphoric
crude PC and PE by using ethanol extraction, which were acid (180:3:1, v/v) was chosen as mobile phase. The mobile
used as raw materials to prepare pure PC and PE by usingphase was filtrated and degassed before use. The flow-rate
silica gel column chromatography, respectively. The sepa- of mobile phase was set at 0.5 ml/min. All experiments were
ration conditions were optimized by using various single carried out at ambient temperature between 15 arftiC20
solvents and binary mixed solvents as eluents, and isocraticThe detection wavelength of UV was 203 nm.

and gradient elution modes to be performed. The effects of The quantitative analyses were performed by using ex-
sample loading on the column and the flow-rate of eluent ternal standard based on the height of peak. The method
on separation efficiency were also studied. was calibrated by using a series of phospholipid standards
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of known concentrations. The standards and samples werel, chloroform—methanol (1:2, v/v) in Mode 2 and methanol
dissolved by mixed solvents of chloroform—methanol (2:1, in Mode 3, respectively. The eluent A was used at first, and

v/v). Each sample was analyzed triplicate. replaced by the eluent B after 120 min. The flow-rate was
controlled at 3 ml/min. Twenty-five fraction elutes were col-
2.3.2. FTIR analysis lected and each fraction was 30 ml. The column was packed

The FTIR instrument was AVTAR-360 (Thermo Nicolet, again with the changes in gradient modes. The fractions
Madison, USA). Sample about 2 mg was mixed with 300 mg were treated as those in isocratic elution.
KBr, pressed into a thin disc for infrared analysis.

2.4. Preparative low-pressure column chromatography 3. Results and discussions

A 600 mmx 30 mm glass tube was used as the preparative 3.1. High performance liquid chromatography
chromatography column with a valve to control the flow-rate
of eluent. Silica gel about 100 g (100-200 mesh) was acti- The mixture of acetonitrile—methanol-85% phosphoric
vated 40-60 min at 120C, and then slurry packed into the acid was used as mobile phase for phospholipids analysis by
column. Various single solvent and binary mixed solvents a lot of researcher22—24] The proportions of the mobile
were used as eluents, and different elution modes were tried phase components were different in these literatures because
The effects of chromatography conditions on separation ef- of different HPLC systems to be used. We found that the
ficiency were studied by change in sample loading from 1.5 resolution of phospholipids was unsatisfactory when using

to 3.0g and the flow-rate from 2 to 5 ml/min. these reported mobile phases in our HPLC system. Hence,
the proportions of the solvents in mobile phase were changed
2.5. Isocratic elution in order to find an appropriate proportion for our phospho-

lipids analysis. We found that better resolution was obtained

2.0g crude PC was dissolved in a little eluent, loaded with acetonitrile—methanol-85% phosphoric acid (180:3:1,
and eluted at a flow-rate of 3ml/min. The effluents were v/v) as mobile phase.
collected, respectively, according to 25 fractions, each of Soybean phospholipids mainly included PC, PE, PI,
which was 30ml. All fractions were analyzed by using PA and PS[25]. There were almost no sphingomyelin
HPLC. The fractions containing PE or PC were combined and cardiolipin in the soybean. Thus, the mixture of five
together, respectively, and removed solvent under vacuumstandard phospholipids was separated by HPE®@. 1
at 50°C. Purities and recoveries of these PE and PC prod- shows the HPLC chromatogram of five standard phospho-
ucts were determined by using HPLC. The purity of a lipids. Repeatability of the retention time and the height
given product was defined for this study as the PE or PC of peak were estimated and the results are presented in
percentage of the product. Recovery of a given product wasTable 1
evaluated by dividing the quantity of PE or PC in the prod-  The coefficient of variation of the height of PA peak was
uct obtained by that in loading sample. Ethanol, methanol, great (8.99%), seable 1 The result would be inaccurate
chloroform—methanol (1:2, v/v), chloroform—methanol
(2:1, v/v), chloroform—methanol (2:1, v/v) were used
as eluents, respectively. The column was packed again
and the above procedure was repeated when the eluent 751
changed.

1.5g crude PE was dissolved in a little eluent. The proce- 5 gg/
dure was the same as the above except using different elug
ents. Chloroform—methanol (2:1, v/v), chloroform—methanol

g
(2:1, viv), chloroform—methanol (1:2, v/v), and chloroform— “5 451
methanol (1:3, v/v) were used as eluents for separation wheri<
the crude PE was used as raw material. 301
2.6. Gradient elution 151
2.0g crude PC or 1.59g crude PE were dissolved in a lit- o
tle chloroform—methanol (2:1, v/v) respectively, loaded and 00 30 60 90 120
eluted with three different gradient modes. The gradient ' Time (min)

elution were performed by A and B solvent systems. The _ _ .

| t A. chloroform—methanol (2:1 V/V) was the same in Fig. 1. Chrpmatogram of flvg standard phosph_olllplds. Column, 156mm
eluent A, - ' . ; 4.6mm silica column; mobile phase, acetonitrile—-methanol-85% phos-
three modes. The eluent B were different in various elution phoric acid (180:3:1, viv); injection volume, 20 ul; flow-rate, 0.5 mi/min.
modes, which is chloroform—methanol (1:1, v/v) in Mode Peaks: (1) solvents; (2) PI; (3) PS; (4) PE; (5) PA; (6) PC.
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Table 1

The repeatability of the retention time and the height of peak for phosphdlipids

Phospholipids Retention time (min) Retention time CV %) Height of peak Height of peak CV (%)
Phosphatidylinositol 4.86 0.02 0.43 117.93t 5.61 4.76
Phosphatidylserine 5.52 0.02 0.36 85.50t 3.69 4.31
Phosphatidylethanolamine 7.840.06 0.94 201.66t 2.32 1.15

Phosphatidic acid 8.4% 0.06 0.85 20.40t 1.83 8.99
Phosphatidylcholine 10.5% 0.08 0.92 221.62+ 4.52 2.04

Conditions: column, 150 mnx 4.6 mm silica column; mobile phase, acetonitrile-methanol-85% phosphoric acid (180:3:1, v/v); injection volume, 20 ul;
flow-rate, 0.5 ml/min.

@ The concentrations of standards for analyses were 0.55 mg/ml for phosphatidylcholine and phosphatidylethanolamine, 0.5 mg/ml for phosghatidylse
and phosphatidylinositol, 1.0 mg/ml for phosphatidic acid. Each sample was determined triplicate, and each determination was interval litervalues g
are means=£S.D.).

b CV is coefficient of variation.

Table 2
Parameter of calibration lines of the phospholipidfs={ A + BX)? 250 L
Phospholipids A B Correlation 5
coefficient 200

Phosphatidylcholine 0.892 411.703 0.99643 ’g
Phosphatidylethanolamine 2.146 482.429 0.99753 |50
Phosphatidylinositol 0.438 270.602 0.99915 §
Conditions: column, 150 mnx 4.6 mm silica column; mobile phase, EIOO 3
acetonitrile—-methanol-85% phosphoric acid (180:3:1, v/v); injection vol- = 4
ume, 20ul; flow-rate, 0.5 ml/min. 50

@ Based on five concentrations for each phospholipid standard. 2

Wi
00 20 40 60 80 100120 140 160

if quantitative determination was based on the height of Time (min)

peak. Therefore, the quantitative determination of PA was Fig. 2. Chromatogram of crude PC. Column, 150 seh6 mm silica col-
not performed in our work. In addition, PS was not quanti- umn; mobile phase, acetonitrile—methanol-85% phosphoric acid (180:3:1,
tatively determined either because the content of it was lit- v/v); injection volume, 20 ul; flow-rate, 0.5 ml/min; sample concentration,
tle in soybean phospholipids. Only three phospholipids (PC, 1mg/ml (in chloroform—methanol, 2:1, v/v). Peaks: (1) solvents; (2) PI;
PE and PI) were quantitatively determined by external stan- &) P& (4) PA: (5) PC.
dard method based on the height of peak. The parameters
of calibration lines are given ifiable 2

Recovery was estimated by addition of known amounts
of standards, which was 89.5% for PC and 92.1% for PE,

respectively. 570 ] 3
The main components of the powder phospholipids, crude
PC and crude PE are presentediable 3 225
Figs. 2 and 3show the HPLC chromatograms of crude
PC and PE. 180
E
"%135
Table 3 2 Z 4
The main components of powder phospholipids, crude PC and PE @wt.%) ‘E 90
=
PC PE PI 45 .
Powder phospholipids 231 0.2 19.8+ 0.1 13.9+ 0.4 J
Crude PC 56.5+ 0.3 14.7+ 0.1 6.5+ 0.2 : : ,
Crude PE 8.9t 0.1 518+ 02 345+ 05 00 30 60 90 120

Timeftnin)

Conditions: the HPLC conditions were the same as Thble 2 Five

milligram samples were dissolved in 5ml chloroform—methanol (2:1, v/v). Fig. 3. Chromatogram of crude PE. Column, 150 sh6 mm silica col-

PC, PE and PI contents of each sample were calculated by the calibrationumn; mobile phase, acetonitrile—-methanol-85% phosphoric acid (180:3:1,

formula (seeTable 2. v/v); injection volume, 20 ul; flow-rate, 0.5 ml/min; sample concentration,
2 Values shown are means$.D.) of the triplicate determinations for 1 mg/ml (in chloroform—methanol, 2:1, v/v). Peaks: (1) solvents; (2) PI;

each sample. (3) PE; (4) PC.
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Table 4
The results of separation with isocratic elution for the crude PC as raw material
Eluent PE PC
Collection Purity’ (%) Recover§ Collection Purity’ (%) Recover§
numbef (%) numbef (%)
Ethanol N ND ND ND ND ND
Methanol 6-7 724 0.1 92.2 12-15 91.4 0.1 94.1
Chloroform—methanol (1:2, v/v) 6-8 728 0.1 92.8 14-18 91.4 0.2 94.3
Chloroform—methanol (1:1, v/v) 7-8 732 0.2 92.7 16-20 92.2 0.1 95.7
Chloroform—methanol (2:1, v/v) 8-10 790 70.2 93.1 21-24 93.& 0.1 98.9

Conditions: column, 600 mm 30 mm glass column packed with 100 g silica gel (100—200 mesh); loading amount, 2.0g crude PC dissolved in the eluent;
flow-rate, 3 ml/min.

@ Numbers shown are the ranges of fractions containing PE or PC, respectively.

b The fractions containing PE or PC were combined together, respectively, removed solvent under vacutif®. &8t 5mg PE or PC product
was weight exactly and dissolved by 25 ml chloroform—methanol (2:1, v/v), and then the concentration of which was determined triplicate. Purity was
calculated by the following formula: (2& concentration of PE or PC)/product weight.

¢ Recovery was evaluated by the following formula: 2%oncentration of PE or PC)/(crude PC weightontent of PE or PC in crude PC).

d ND refers the phospholipids to be not detected.

3.2. Selection of eluents in isocratic elution content in the mixed solvents, the purities of the PC and
PE products increased, but the elution time and eluent con-

It was vital for reducing the cost of production to use a sumption also increased. The elution time and consumption

simple solvent system as eluent. Here, single solvent andof eluent decreased to the least when methanol was used

binary mixed solvents were used as eluents for the prepa-as eluent, and the purities of the products were slightly less

ration of pure PC from the crude PC. Since the crude PE than those eluted by mixed solvents (Sedble 4. Conse-

is alcohol-insoluble, pure alcohol could not be used as elu- quently, methanol as single solvent was a desirable eluent

ents. Otherwise, PE would block the column during elution. for reducing the cost in isocratic elution. When we obtained

Therefore, only binary mixed solvents were used as eluentsthis result, we found that Yoon also used methanol as mo-

when the crude PE was used for separation as raw materialsbile phase for separation of egg PC with HPLC in order to
Recoveries of all PE and PC products were more than 90%reduce the codtl2].

(seeTables 4-Y, which illustrated that the fractions com- The results of isocratic elution for the crude PE as raw

bined for recovering PE or PC were collected completely. material are presented ifable 5

Therefore, the purities of the products were valuable to eval- The results inTable 5showed that the purities of the PC

uate the separation efficiency. products were slightly changed (the range of changing from
The results of separation with isocratic elution for the 94.2to 92.5%) with different mixed solvents as eluents. With
crude PC as raw material are givenTiable 4 the increase of methanol content in the mixed solvents, the

The solvent strength of ethanol was so weak that PE andpurities of the PE products decreased sharply (from 76.1 to
PC were not eluted and determined after eluting 750 ml. PE 53.3%), and elution time and consumption of eluent also
and PC could be all eluted out of the column by using other decreased in a great degree (from 230 to 160 min and from
eluents at less than 750 ml. With the decrease of methanol690 to 480 ml, respectively) in isocratic elution (Seble 5.

Table 5
The results of separation with isocratic elution for the crude PE as raw material
Eluent PE PC
Collection Purity® (%) Recover§ (%) Collection Purity® (%) Recover§ (%)
numbetf numbef
Chloroform—methanol (2:1, v/v) 8-12 764 0.3 91.9 22-23 94.2 0.1 97.7
Chloroform—methanol (1:1, v/v) 7-10 654 0.3 92.3 17-18 93.& 0.1 96.9
Chloroform—methanol (1:2, v/v) 7-9 558 0.2 92.1 16-17 92.% 0.1 96.8
Chloroform—methanol (1:3, v/v) 6-8 538 0.3 90.4 15-16 92.5 0.1 95.4

Conditions: column, 600 mm 30 mm glass column packed with 100 g silica gel (100-200 mesh); loading amount, 1.5g crude PE dissolved in the eluent;
flow-rate, 3ml/min.

2 Numbers shown are the ranges of fractions containing PE or PC, respectively.

b The fractions containing PE or PC were combined together, respectively, removed solvent under vacutf. &8t 5mg PE or PC product
was weight exactly and dissolved by 25 ml chloroform—methanol (2:1, v/v), and then the concentration of which was determined triplicate. Purity was
calculated by the following formula: (2& concentration of PE or PC)/product weight.

¢ Recovery was evaluated by the following formula: 28oncentration of PE or PC)/(crude PE weightontent of PE or PC in crude PE).
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Table 6

The results of separation with gradient elution for the crude PC as raw material

Gradient elution PE PC

mode - - - -
Collection Purity® (%) Recovery (%) Collection Purity® (%) Recover§ (%)
numbef numbef

Mode 1 8-10 78.9+ 0.1 92.9 18-22 92.4 0.1 94.5

Mode 2 8-10 79.3+ 0.2 92.7 17-20 91.% 0.2 94.1

Mode & 8-10 79.9+ 0.2 92.6 15-18 91.53 0.1 94.1

Conditions: column, 600 mmx 30 mm glass column packed with 100 g silica gel (100-200 mesh); loading amount, 2.0g crude PC dissolved in a little
chloroform—methanol (2:1, v/v); flow-rate, 3 mi/min.

a8 Numbers shown are the ranges of fractions containing PE or PC, respectively.

b The fractions containing PE or PC were combined together, respectively, removed solvent under vacuaf. @bsdit 5mg PE or PC product
was weight exactly and dissolved by 25 ml chloroform—methanol (2:1, v/v), and then the concentration of which was determined triplicate. Purity was
calculated by the following formula: (2% concentration of PE or PC)/product weight.

¢ Recovery was evaluated by the following formula: 2%oncentration of PE or PC)/(crude PC weightontent of PE or PC in crude PC).

d Gradient elutions were performed by A and B solvent systems. A solvent systems, chloroform—methanol (2:1, v/v), were the same in three modes.
B solvent systems were different, which was chloroform—methanol (1:1, v/v) for Mode 1, chloroform—-methanol (1:2, v/v) for Mode 2 and methanol for
Mode 3.

Hence, it was difficult to select any mixed solvents as eluent 3.4. Selection of elution mode
while to obtain high purity PE with low cost.
As compared with the results between isocratic elution
3.3. Selection of eluents in gradient elution and gradient elution when the crude PC was used as raw ma-
terial, it was seen that the purity of the PE product (72.1%)
The results of separation with gradient elution for the prepared by using isocratic elution with methanol as elu-
crude PC and PE as raw materials are liste@iahles 6 and ent was less than that by using gradient elution with Mode
7, respectively. 3 (79.9%). However, the purities of the PC products ob-
The purities of the PC and PE products were slightly dif- tained by two elution modes were not obviously different.
ferent in three gradient elution modes when the crude PC Owing to PC to be the main component in the crude PC,
was used as raw material. With the increase of methanol con-the purity of the PC product was basis to select the elu-
tent in B solvent system, the elution time was shortened andtion mode. Moreover, the elution time and consumption
volume of eluent was consumed less. When single methanolof eluent were less in isocratic elution with methanol as
was used as B solvent, the elution time and consumption ofeluent (150 min and 450 ml) than those in gradient elution
eluent decreased to the least (from 220 to 180 min and from (180 min and 540 ml for Mode 3, se€kables 4 and 6 So
660 to 540 ml, respectively, seékable §. The same trend  that, isocratic elution with methanol as eluent was prefer-
for the crude PE as raw material was summarizedahle able to gradient elution when the crude PC used as raw
7. Consequently, the Mode 3, in which single methanol was material.
used as B solvent, should be selected in gradient elution for  Fig. 4 shows the HPLC chromatogram of the PC product

reducing the cost. prepared by using isocratic elution with methanol as eluent.

Table 7

The results of separation with gradient elution for the crude PE as raw material

Gradient elution PE PC

mode - - - -
Collection Purity® (%) Recover§ (%) Collection Purity® (%) Recover§ (%)
numbef numbef

Mode 1 8-12 77.8+ 0.3 91.7 21-22 93.¢ 0.1 97.3

Mode 2 8-12 77.2+ 0.2 92.0 19-20 93.4 0.1 98.1

Mode & 8-12 76.3+ 0.3 91.5 16-17 922 0.1 98.0

Conditions: column, 600 mm 30 mm glass column packed with 1009 silica gel (100—200 mesh); loading amount, 1.5g crude PE dissolved in a little
chloroform—methanol (2:1, v/v); flow-rate, 3 ml/min.

a8 Numbers shown are the ranges of fractions containing PE or PC, respectively.

b The fractions containing PE or PC were combined together, respectively, removed solvent under vacutf. @bs@it 5mg PE or PC product
was weight exactly and dissolved by 25 ml chloroform—methanol (2:1, v/v), and then the concentration of which was determined triplicate. Purity was
calculated by the following formula: (2% concentration of PE or PC)/product weight.

¢ Recovery was evaluated by the following formula: 28oncentration of PE or PC)/(crude PE weightontent of PE or PC in crude PE).

d Gradient elutions were performed by A and B solvent systems. A solvent systems, chloroform—methanol (2:1, v/v), were the same in three modes.
B solvent systems were different, which was chloroform—methanol (1:1, v/v) for Mode 1, chloroform—methanol (1:2, v/v) for Mode 2 and methanol for
Mode 3.
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Fig. 6. IR spectrum of the PC product purified from the crude PC by
Fig. 4. Chromatogram of the PC product purified from the crude PC by using isocratic elution with methanol as eluent.
using isocratic elution with methanol as eluent. Column, 15046 mm

silica column; mobile phase, acetonitrile-methanol-85% phosphoric acid . . .
(180:3:1, v/v); injection volume, 20 ul; flow-rate, 0.5 ml/min; sample con- problem could be overcome by using gradient elution. In

centration, 0.2mg/ml (in chloroform—methanol, 2:1, v/v). Peaks: (1) sol- the gradient elution, PE was usually eluted out of the col-
vents; (2) PC; (3) unknown peak. umn before the B solvent to be changed. Thus, the purity
and recovery of the PE product were greatly affected by the
) . , composition of A solvent. Because the A solvent systems,
Figs. 5 and @ive the spectra of mfrargd analyses for stan- ¢p|oroform—methanol (2:1, viv), were the same in three gra-
dard PC and the PC product, respectively. _ dient elution modes, the purity and recovery of the PE prod-
According to the IR spectrum and HPLC analysis Of s in three gradient elution and those in isocratic elution
authentic standard, it was indicated that tht_'—: PC separatequsing chloroform—methanol (2:1, v/v) as eluent were slightly
from the column chromatography was basically pure PC gigterent (seeTables 5 and )t However, the elution time of
t°, contain very small amounts of impurities (séeble 1 the PC products were great different with different strength
F|g§. 4-9. ) i of the solvents to be used as B solvent systems in gradient
Since PE was the main component in the crude PE, theg,ion with the increase of the strength of the B solvents,
purity of the PE product was used to evaluate the separa-yq yota) separation time and solvent consumption decreased.
tion eff|(_:|ency when the crude PE us_e_d as raw material. The rho B solvent was single methanol in gradient Mode 3, the
results inTable Sshow that the purities of the PE prod-  granqgth of which was the strongest. Consequently, although
ucts prepared by. using the other eluents were low (purity 4 purity of the PE product was slightly different (purity
<70%) except using chloroform-methanol (2:1, vIv) as elu- 76 3 414 76.1%), the elution time and consumption of elu-
ent (purity 76.1%) in isocratic elution. However, the elution ent decreased much (only 170 min and 510 ml to be used) by
time was long (230 mﬁn) and the eluent was consumed m“‘?husing gradient Mode 3 (s&@able 7 compared with those by
(690 ml) when this mixed solvents was used as eluent. This qing chioroform—methanol (2:1, viv) as eluent for isocratic
elution (230 min and 690 ml, séble 5.
As a whole, gradient elution was preferable to isocratic

182_ elution for separation and purification of PE when crude PE
90 used as raw material, and gradient Mode 3 should be used
o 351 for saving the separation time and consumption of eluent.
g 301 Fig. 7 shows the HPLC chromatogram of the PE prod-
g 751 uct purified from the crude PE by using gradient Mode 3.
é 70 The purity of the PE product was not higk§0%) owing
R 651 to being always accompanied by some PI (B&e 7). The
60+ resolution of Pl and PE was not good when using irregu-
251 lar silica as packing and simple binary solvents as eluent in
501 our work. Unless the higher efficient silica or more complex
451 solvent system was used, the PE and Pl would not be sep-
ig ] arated completely. However, it was not our aim because of

the increase of the production cost. Some impurities usually
together with Pl were eluted out of the column earlier than

Wavennmbers(em-) PE, so that the purity of the PI was low. Furthermore, the
Fig. 5. IR spectrum of standard PC. recovery of the Pl was also low because Pl was difficult to
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Fig. 9. The purities of the PC and PE products as functions to flow-rate.
Fig. 7. Chromatogram of the PE product purified from the crude PE by (M) PC from the crude PC;@®) PE from the crude PC;&) PC from
using gradient Mode 3. Column, 150 mx.6 mm silica column; mobile the crude PE;Y) PE from the crude PE.
phase, acetonitrile—-methanol-85% phosphoric acid (180:3:1, v/v); injec-
tion volume, 20 ul; flow-rate, 0.5 ml/min; sample concentration, 0.5 mg/ml
(in chloroform—methanol, 2:1, viv). Peaks: (1) solvents; (2) PI; (3) PE.  spectively, changed with the increase in the loading amount

from 1.5t0 3.0g.

be separated from PE thoroughly. Hence, the recovery of PI EhSEpurities ci;‘ thhehpro;]jucts pre;l)arled ;rom the cirude EC
was not considered in our work. It was needed to be further " were all high when sample loading was less than

researched that the high purity PI and PE were separatedz'Og (>90% for PC and >70% for PE)'. _Once the loading
from the crude PE. amounts were more than 2.0 g, the purities of the products

decreased sharply (séeg. 8). Consequently, the loading

3.5. Effect of loading amount on separation of amount should be limited to less than 2.0 g/100 g silica gel.

column chromatography )

3.6. Effect of the flow-rate on separation of column
The crude PC was separated by methanol as eluent and th&hromatography

crude PE was separated by using gradient Mode 3 with the

flow-rate to be controlled at 3 ml/min. The fractions contain- - :

ing PC or PE should be combined together for guaranteeingpure PC and PE products, respectively. The elution modes

the recoveries of the products to be more than 90%. The and procedures were the same as the above except the flow-

other conditions and procedures were the same as the abovd € 0 be changed from 2 to 5 ml/min. ,

The effect of loading amount on separation efficiency was _ 1he Purities of the PE and PC products as functions to

evaluated by changing the sample loading from 1.5 to 3.0 g. theé flow-rate were plotted ifrig. 9. The purities of the
The plots inFig. 8 demonstrated that the purities of the PC _produgts prepared from the crude PC or PE were not
PE and PC products separated from the crude PC and PE, reobvious d'ff_efence_s, when the flow-rate of eluent was less
than 4 ml/min (purities of all PC products >90%). When the
flow-rate surpassed 4 ml/min, the purities of the PC prod-
ucts would decrease rapidly. The purities of the PE products
1 were high (>70%) when the flow-rate was under 3 ml/min.
85 - Once the flow-rate was more than 3 ml/min, the purities of
80 - the PE products dropped sharply.
75 ] :% . Therefore, the appropriate flow-rate was controlled under
] v 4 ml/min for preparation of the pure PC product from the
crude PC and under 3 ml/min for obtaining the PE product
from the crude PE.

1.59g crude PC and PE were used for preparation of the
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Loading amount (g/100g silica) The low-cost process proposed in this work to separate

Fig. 8. The purities of the PC and PE products as functions to loading and pu_”fy the hlgh' purity ,PC and PE from Soybean degum_
amount. ) PC from the crude PC:@®) PE from the crude PC;&) med oil residues is feasible. The degummed oil residues

PC from the crude PE;X) PE from the crude PE. were removed from impurities firstly, and then separated
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