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Abstract: Antarctic krill has the largest biomass of any wild animal species on Earth. Krill oil
extracted from Antarctic krill is rich in phospholipids, and is a major natural source of marine
phospholipids. In marine phospholipids, eicosapentaenoic acid (EPA) and docosahexaenoic acid
(DHA) are esterified at the sn-2 position of glycerol. This unique structural configuration endows
them with the dual physiological functions of both phospholipids and (2-3 polyunsaturated fatty acids.
Compared with terrestrial phospholipids, marine phospholipids exhibit superior bioactivity in several
key aspects, including neurotrophic support, anti-atherosclerotic effects, and lipid metabolism
regulation, thereby conferring significant application value in pharmaceuticals, health foods, and
functional foods. However, pharmaceutical excipient applications require phospholipid purity above
90%, a standard also required for high-end pharmaceutical formulations and active pharmaceutical
ingredients. Currently, commercial krill oil products vary significantly in quality. Their total
phospholipid content ranges from only 30% to 60%. Therefore, purifying phospholipids from Antarctic
krill is essential. This process holds practical value for improving the quality standards of marine
phospholipids. Hydrophilic interaction liquid chromatography (HILIC) separates polar compounds
through multiple mechanisms, relying on polar interactions between the hydrophilic headgroups of
phospholipids and the stationary phase, as well as partitioning within the water-rich layer on the

stationary phase surface. In this study, a HILIC-based method was developed for the purification
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of phospholipids from Antarctic krill oil. Industrial-scale preparative chromatography requires stable
stationary phases. Three HILIC-compatible stationary phases were systematically evaluated. These
were unmodified bare silica gel, Diol (3% carbon), and Diol-H (7% carbon). Diol showed favorable
retention and resolution. Therefore, Diol was selected as the optimal stationary phase. The superior
performance of the Diol phase compared to Diol-H suggests that a moderate carbon content is
crucial. Excessive hydrophobicity in Diol-H likely interfered with the specific hydrogen bonding
interactions required for separating polar lipid headgroups. Ethanol and water were chosen as the
mobile phases, because these solvents have low toxicity. Ethanol-water proportions were investigated
to develop a three-step elution program: washing with 100% ethanol, elution with 95% ethanol, and
column re-equilibration with 80% ethanol. Based on chromatographic plate and rate theories, a Diol
column (250 mmx4.6 mm) was used. Isocratic elution with 95% ethanol was applied. The relationship
between flow rate, theoretical plate number, and peak width was evaluated. An optimal flow rate
was selected. Peak broadening under high sample loading was examined. This determined the
maximum loading capacity. It was optimized at 8% of the stationary phase mass. Separation remained
efficient at this level. Resolution did not decrease significantly. The final purification protocol involved
washing with 2 column volumes of 100% ethanol, eluting the target phospholipid fraction with 5.5
column volumes of 95% ethanol, and re-equilibrating the column with 2.5 column volumes of 80%
ethanol. Finally, scale-up separation was performed using a DAC50 column. The crude oil contained
57.88% phospholipids. Four fractions were collected based on online chromatograms. Each fraction
was concentrated, dried, and then analyzed. The recovery of the purified product was 49.15%. Purity
was measured using the molybdenum blue colorimetric method (GB/T 5537-2008). Purity reached
95.42%. The overall phospholipid recovery was 81%. EPA and DHA were quantified via external
standard method (GB 5009.168-2016). EPA and DHA contents were 18.5% and 7.18%, respectively.
This method efficiently prepares pharmaceutical-grade phospholipids. The process is environmentally
friendly and easily scalable for industrial manufacturing. This approach supports the purification of
marine phospholipids from Antarctic krill oil and the high-purity concentrate serves as a reference
material. It supports clinical research on krill-derived lipids and promotes applications in drug
delivery and nutraceuticals. This work improves quality standards for marine lipid products and
contributes to the sustainable use of Antarctic krill resources. Preparative liquid chromatography
is a mature technology widely used for separating complex samples like drugs and natural products.
This study investigated HILIC for purifying phospholipids from Antarctic krill oil. The research
provides a technical basis for selecting preparation methods.

Keywords: marine phospholipids; Antarctic krill oil; hydrophilic interaction chromatography
(HILIC) ; diol stationary phase; preparative high performance liquid chromatography (Prep-
HPLC)
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Fig. 1 Effects of chromatographic column types on the
separation of krill oil

a. Silica column (250 mmx4.6 mm, 10 pm) ; b. Diol column
(250 mmx4.6 mm, 10 pm) ; c. Diol-H column (250 mmx4.6 mm,
10 pm).

Mobile phase A: ethanol; mobile phase B: water; elution pro-
gram: 0-30 min, 100%A-50%A; flow rate: 1.0 mL/min; injection
volume: 20 pL; column temperature: 30 C.
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Fig.2 Effects of ethanol proportion in mobile phase on

the separation of krill oil
a. 80%; b. 90%; c. 95%; d. 100%.
Mobile phase A: ethanol; mobile phase B: water; column:
Diol (250 mmx4.6 mm, 10 wm) ; column temperature: 30 C;flow
rate: 1.0 mL/min; injection volume: 20 pL.
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Table 1 Retention times, theoretical plate numbers, and
peak widths of the phospholipid peak at different

flow rates
(mbminy  tme/min numbon patem) T VA
1.0 8.37 3902.36 121
0.5 16.65 6107.04 204
0.3 27.12 8029.64 314
0.2 43.92 9545.40 500
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Fig.3 Effect of sample loading on the preparation of krill

oil

a.2.5%; b. 5%; c. 8%.

Mobile phase A: ethanol; mobile phase B: water; column:
Diol (250 mmx50 mm, 30 pm) ; elution program: 0-9 min, injec-
tion, 9-29 min, 100%A, 29-84 min, 95%A, 84-110 min, 80%A;
flow rate: 30 mL/min.
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Table 2 Contents of total phospholipids, eicosapentae-
noic acid (EPA) and docosahexaenoic acid
(DHA) in each sample and their mass recoveries

Total phospho- EPA DHA Mass

Sample lipid content/% content/% content/% recovery/%
Washing 2.54 8.52 5.42 44.16
solution
Eluent | 57.01 14.40 14.9 4.18
Eluent Il 95.42 18.50 7.18 49.15
Eluent I - - - 0.47
Krill oil 57.88 15.70 7.44
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