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Abstract
Background: This study aims to determine the hypolipidemic and antioxidant activities of oil from
Antarctic krill (AK) (Euphausia superba) in rats.

Methods: Thirty-six rats were randomly assigned to three groups fed with diets containing high-fat (HF),
AK oil (AKO) or normal fat for 6 weeks.

Results: Compared with the HF group, the AKO-diet group had decreased body weight gain, food
e�ciency ratio, plasma triacylglycerol and total cholesterol but increased faecal fat and cholesterol,
plasma low-density lipoprotein cholesterol level and plasma phenoloxidase activity, superoxide
dismutase (SOD) activity and glutathione peroxidase activity of rats.

Conclusions: These results indicated that AKO is a suitable alternative for hypolipidemic and antioxidant
source for humans.

Introduction
Antarctic krill (AK) (Euphausia superba) lives in the Antarctic waters of the Southern Ocean. The biomass
of AK is estimated to be 125–725 million tonnes and thus, it may be the most successful animal species
on the planet [1]. AK plays an ecological role as the most important trophic link between primary
production and vertebrate predators.

 The oil extracted from AK consists of 49.30% triglycerides (TG), and 44.16% phospholipids [2].
Polyunsaturated fatty acids, such as long-chain omega-3 fatty acids, EPA and DHA account for 20.89% of
the total fatty acids and have attracted considerable attention because of their health bene�ts [2-5]. Mao
et al. [6] found that AK (E. superba) oil (AKO) facilitated bone formation in dexamethasone-treated mice.
However, its effect on hypolipidemic and antioxidant activities was not frequently reported [7].

In this work, AKO was prepared by supercritical CO2 extraction, and its hypolipidemic and antioxidant
activities were investigated.

Materials And Methods
Materials

Frozen AK bricks were purchased from Xiangshan Han Wei Aquatic Products Co., Ltd (Ningbo, Zhejiang,
China). Triacylglycerol (TG), total cholesterol (TC), low- and high-density lipoprotein cholesterol (LDL-C
and HDL-C), phenoloxidase (PO), superoxide dismutase (SOD) and glutathione peroxidase (GPx) kits
were purchased from Nanjing Jiancheng Bioengineering Institute (Nanjing, China).

Preparation of AKO
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Frozen AKs were thawed, dried at 80 °C to a constant weight and crushed into a �ne paste. AKO was
prepared through supercritical CO2 extraction (Model: HA 420-40-96, Jiangsu Huaan Scienti�c Instrument
Co., Ltd., Jiangsu, China) under the following conditions: dried AKs, 20 g; approximate size of dried AKs,
0.49 mm; supercritical CO2 �ow rate, 20 L/min; pressure, 25 MPa; temperature, 35 °C; and time, 70 min.

The FFA content of AKO was assayed according to the method of Natseba et al. [8]. Fatty acid
composition was determined according to a previous technique [9].

Test animals

Thirty-six male Sprague–Dawley rats with a mean body weight of 108 ± 7 g were used. The rats were fed
individually in a metabolic cage equipped with a glass separator for faeces and urine collection and kept
in an air-conditioned room maintained at 21 ± 1 °C in a 12-h light and dark cycle. All animal protocols
were approved by the Institutional Animal Care and Use Committee of Jiangsu Ocean University (Jiangsu,
China). The rats were allowed free access to water and food.

After being fed with commercial diet and water for 1 week, the 36 rats were randomly assigned to three
groups (12 rats per group): normal-fat (NF) group fed with commercial diet conforming to GB14924.3;
high-fat (HF) control group fed with HF diet containing 10% (w/w) lard, 15 % (w/w) egg yolk powder, 1%
(w/w) cholesterol and 100% (w/w) commercial diet; and AKO group fed with 95% (w/w) HF diet plus 5%
(w/w) AKO. The diets were prepared by blending the powdered commercial basal diet with other
ingredients and test materials and subsequently pelleting the food.

Experimental design

The rats were starved overnight, and blood was collected to determine the initial plasma lipid levels and
PO, SOD and GPx activities before the experiments. Food intake (FI) was recorded daily. Body weights
were recorded initially and every other day. The body weight gains (WGs) of the rats after 6 weeks of
experiments were calculated and recorded. The faeces of rats were collected for 3 continuous days of the
6th week and dried at 100 °C for 2 h to determine the fat and cholesterol contents. All rats were given
diethyl ether after fasting for 18 h. The blood was collected, and the plasma was obtained through
centrifugation at 3,000 × g for 15 min. The plasma samples were stored in a freezer at -18 °C until further
analysis.

Serum biochemical assay

Plasma TG, TC, LDL-C and HDL-C levels and PO, SOD and GPx activities were measured in triplicate using
commercial assay kits.

Faecal fat and cholesterol

The dried faeces were pulverised and weighed, and their fat content was determined gravimetrically by
Soxhlet method with diethyl ester as the solvent [10]. For faecal cholesterol determination, faecal lipid
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was �rst extracted from 100 mg of dried faeces with 2 mL of chloroform-methanol (2:1 v/v) according to
the method of Folch et al. [11]. The lower phase was dried under nitrogen gas. Faecal cholesterol was
extracted as previously described [12].

Statistical analysis

All data were presented as mean ± S.D. ANOVA was used to compare the means of the two groups.
Statistical signi�cance at 95% and 99% probability levels were set at p < 0.05 and p < 0.01, respectively.

Results And Discussion
AKO characterisation

The fatty acid composition of AKO is presented in Table 1. The total saturated, polyunsaturated and
polyunsaturated fatty acid contents were 37.94%, 40.16% and 19.70%, respectively. Total polyunsaturated
fatty acids accounted for 17.90% of the total fatty acids which was similar to the results obtained by Yin
et al. [2].

Body WG, FI and food e�ciency ratio (FER)

No signi�cant differences were observed in the FI of all groups (p > 0.05). HF diet increased the WG and
FER of the rats compared with those of the NF control group (Table 2, p < 0.05). The WG and FER of the
rats in the AKO group were lower than those of the HF group and comparable with those of the NF group.
This result could be due to the hypolipidemic activities of the unsaturated fatty acids of AKO.

Faecal fat and cholesterol

The fat and cholesterol contents in the dried faeces collected for 3 continuous days of the 6th week are
presented in Table 3. The AKO-treated group had increased faecal fat and cholesterol contents compared
with the HF and NF groups (p < 0.05). This phenomenon occurred because AKO itself is a lipid and
therefore has high fat and cholesterol binding capacity due to hydrophobic interaction.

Plasma lipid

HF diet increased the plasma TC, TG and LDL-C levels and decreased HDL-C level compared with the NF
control group (Table 4, p < 0.05). However, AKO diet decreased the plasma TC, TG and LDL-C levels and
decreased the HDL-C level compared with the HF control (Table 4, p < 0.05). Nevertheless, the plasma TC,
TG and LDL-C levels of the AKO group were higher than those of the NF group (Table 4, p < 0.05),
indicating that AKO cannot completely counteract the blood lipid increasing effects of HF diet. Similarly,
Sun et al. [7] revealed that AKO decreases the LDL-C levels of rats fed with HF diet.

PO, SOD and GPx activities
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The effects of different diets on the serum PO, SOD and GPx activities of rats are shown in Table 5. The
PO, SOD and GPx activities of rats with HF diet were decreased compared with those of the NF control (p
< 0.05). However, the AKO-diet group had increased PO, SOD and GPx activities compared with the HF
and NF groups (p < 0.05). This �nding could be due to the antioxidant activities of the unsaturated fatty
acids of AKO, indicating that AKO diet could inhibit organ damage from lipid peroxidation.
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Tables
Table 1 Free fatty acid composition of Antarctic krill oil. SFA, saturated fatty acid; MUSFA,

polyunsaturated fatty acid; PUSFA, polyunsaturated fatty acid. 
Free fatty acid             Content (%)

C14:0                   15.92 ± 0.35
C16:0                   20.28 ± 0.31
C18:0                   1.74 ± 0.02
C16:1                   12.59 ± 0.13
C18:1                   27.57 ± 0.32
C18:2                   4.64 ± 0.03
C18:3                   2.47 ± 0.02
C20:5                   8.43 ± 0.16
C22:6                   4.16 ± 0.09
Total SFA                37.94 ± 1.39 
Total MUSFA             40.16 ± 1.16
Total PUSFA              19.70 ± 0.96

Values are the mean ± SD (n = 3). 

 

Table 2. Body weight gain of rats (WG), Food intake (FI), food efficiency ratio (FER) of rats fed on high fat

(HF), AK oil, and normal fat diets (NF).
Parameters Dietary group

HF                AK oil          NF
WG (g)                   14.2 ± 0.6a          9.4± 0.4b       9.1 ± 0.4b

FI                    128.4 ± 5.8a         125.8 ± 4.9a     126.3 ± 5.3a

FER                   11.1 ± 0.6a          7.4 ± 0.4b       7.2 ± 0.4b

Values are expressed as mean ± SE (n=6). Means with different superscripts within a row indicate

significant differences (p<0.05).

 

Table 3. Fecal fat and cholesterol excretion of rats fed on high fat (HF), Antarctic krill (AK) oil, and normal

fat (NF) diets.
Parameters
(g/100g dry weight)

Dietary group
HF                 AK oil           NF

Fecal fat                10.1 ± 0.42b         13.2± 0.53a       7.9 ± 0.41c

Fecal cholesterol         18.6 ± 0.64b         21.5 ± 0.79a       10.4 ± 0.61c

Values are expressed as mean ± SD (n = 12). Means with different superscripts within a row indicate

significant differences (p < 0.05).

 

Table 4. Plasma lipid concentrations of rats
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Parameters
 

Dietary group
HF               AK oil               NF

TC (mmol/L)            3.08±0.23a      2.49±0.15b        1.93±0.11c

TG (mmol/L)            3.11±0.28a      2.51±0.16b        2.03±0.13c 
LDL-C (mmol/L)        0.81±0.06a       0.71±0.05b        0.59±0.04c 
HDL-C (mmol/L)        0.59±0.14b      0.78±0.21a        0.76±0.18a 

Values are expressed as mean ± SE (n=6). Means with different superscripts within a row indicate

significant differences (p<0.05).

 

Table 5.  Phenoloxidase (PO) activity,  superoxide dismutase (SOD) activity  and  glutathione peroxidase

(GPx) activity of rats
Parameters
 

Dietary group
HF            AK oil            NF

PO activity (O.D. 490 nm)    0.52±0.06c      1.03±0.11a     0.74±0.09b

SOD (U mg protein-1)        36.17±2.28c     64.58±4.62a    51.43±3.16b 
GPx (U g protein-1)          95.21±7.24c     156.72±14.18a  121.73±11.71b 

Values are expressed as mean ± SE (n=6). Means with different superscripts within a row indicate

significant differences (p<0.05).


