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Introduction

 The cardio-protective effects of the long-chain omega-
3 fatty acids EPA and DHA are well-documented; in 
fact, there is strong consensus in the scientific literature 
that the long-chain omega-3 fatty acids reduce fasting 

serum triglycerides [1-6], blood pressure [7-9], and the 
risk of coronary heart disease mortality [2,10-15].  The 
recommended daily intakes of the long-chain omega-3 
fatty acids are a minimum of 1g for patients with heart 
disease and 250 to 500 mg for healthy individuals [13,1
5-18]. Blanket recommend- ations to increase the consu
mption of EPA and DHA long-chain omega-3 fatty acid
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Abstract : Squid is a sustainable source of long-chain omega 3 fatty acids. This study 
aims to assess the safety and triglyceride-lowering efficacy of refined oil derived from 
the squid(Todarodes pacificus) viscera. Male and female participants with elevated fast-
ing serum lipids (i.e., total cholesterol of ≥5.2 mmol/L or fasting serum triglyceride 
of ≥1.65 mmol/L) were randomly allocated to the control (n = 52) or squid oil group 
(n = 52), and participants in the latter group were instructed to consume 3 g of squid 
oil daily for 60 days. None of the subjects reported adverse events associated with the 
consumption of squid oil. Baseline clinical chemistry and hematological parameter values 
and those toward the end of the treatment period were similar, and all values were 
within the normal range. Fasting cholesterol and triglyceride levels in the control and 
squid oil groups were similar; however, toward the end of the 60 day study period, 
these levels significantly reduced in the squid oil group relative to those in the control 
group (P< 0.01). However, high-density lipoprotein-cholesterol remained unchanged in 
both groups. Thus, it can be inferred that squid oil is a safe source of long-chain omega-3 
fatty acids and has beneficial effects on the blood lipid levels. This is the first clinical 
study on squid oil usage, and suggests that it could be a sustainable source of omega 
3 fatty acids.

Keywords : squid oil; eicosapentaenoic acid; docosahexaenoic acid; triglycerides
          Abbreviations: ALT, alanine transaminase; AST, aspartate transaminase; HDL, high-density
            lipoprotein; LDL, low-density lipoprotein; SD, standard deviations.
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s have raised concerns about fish oil sustainability [16,1
9,20].  
Many fish species are in decline and the marine eco-syst
em is being negatively impacted by human activity. Fis
h stocks, such as the Atlantic cod stocks of south easter
n Canada and the eastern United States and the Pacific 
and Atlantic species of the bluefin tuna, have dropped 
worldwide due to overfishing [21-23]. According to the 
Food and Agriculture Organization of the United Nation
s, of the 600 marine fish stocks that they monitor, 52% 
are fully exploited; 17% are overexploited; and 7% are 
depleted (FAO).
Squid oil is emerging as a novel and sustainable alternat
ive source of the long-chain omega-3 fatty acids. Much 
of the squid harvested for human consumption does not 
make it to market, but is discarded as "cut offs" during 
food preparation; these remaining or “left-over” trimmi
ngs are predominantly the squid viscera, which are rich 
in the long-chain omega-3 fatty acids EPA and DHA 
[24]. Thus, squid oil is manufactured solely from by-pro
ducts obtained during the food production of squid. Squ
id are a uniquely sustainable source of the long-chain 
omega-3 fatty acids, given that they have a short lifespa
n of less than 450 d; mainly breed a single time in 
their lives and will normally perish after spawning; reac
h reproductive age early; have a low progeny mortality 
rate; and have a very efficient food to growth ratio of 
up to 2:1.  The fisheries are managed to ensure safe 
levels of escapement and good recruitment. The main 
fishing method employed for catching squid is jigging.  
The fishing boats use bright lights at night to attract 
large schools to the surface and then deploy a vast num
ber of un-baited hooks just below the surface. This mak
es for a highly eco-friendly fishery (i.e., there is virtuall
y zero by-catch, as the fishing method is highly selectiv
e, specifically targeting same size specimens, with no 
impact on the ocean floor or coral reefs).
Squid oil is not genotoxic [25], and in a 90-day safety 
study conducted in Sprague-Dawley rats, the no-observ
ed-adverse-effect level was found to be 1,000 mL/kg 
body weight/day, the highest dose tested [26]. Human 
feeding trials of squid oil have not been conducted; thu

s, the objective of the current study was to assess, in 
humans, the safety of oil derived from squid, as well 
as the effects of squid oil on blood lipid levels. 

Materials and methods

 This study was conducted at Chinese Center for Diseas
e Control and Prevention through the Beijing Public 
Federation of Biological Sciences Technology. As the 
purpose for conducting the study was to seek functional 
food approval for squid oil supplements, the clinical 
trial protocol established by the Chinese State Food and 
Drug Administration and published in the 2003 Technic
al Standards for the Testing and Assessment of Health 
Foods for Blood Lipids Reduction was followed. All 
subjects provided written informed consent prior to part
icipation in the clinical study. The clinical study was 
conducted in compliance with the World Medical Assoc
iation Declaration of Helsinki.

Subjects

 To be considered eligible for study participation, subje
cts had to be between 18 and 65 years of age with 
elevated fasting serum lipids, defined as a fasting serum 
total cholesterol of ≥5.2 mmol/l or fasting serum triglyc
eride of ≥1.65 mmol/l, assessed in two blood samples, 
collected within 6 months of each other. Subjects also 
had to have normal chest X-rays, electrocardiogram, an
d abdominal ultrasonography at screening. Excluded su
bjects were patients with serious cardiovascular, liver, 
kidney and or blood diseases; psychiatric patients; preg
nant or lactating women; individuals with allergies to 
fish or seafood; and individuals who had recently partici
pated in another clinical study. Subjects were instructed 
to maintain their habitual diets and lifestyles throughout 
the experimental period.

Study design

 Subjects who were found to be eligible for study partic
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ipation were randomly allocated to either the squid oil 
group or to the control group; randomisation was stratifi
ed according to baseline fasting serum total cholesterol 
and triglyceride levels. Subjects in the squid oil group 
were required to consume 3 g of squid oil daily for 
60 d; this was achieved by consuming three 500-mg 
squid oil capsules, twice a day. Subjects in the control 
group did not consume any product. Following screenin
g, subjects returned to the hospital twice for clinical 
assessment: once at baseline and once at the end of 
the 60-d study. 

Study products

 Squid oil capsules (500 mg/capsule) were supplied by 
Dongwoo Industrial Company, Ltd (South Korea). The 
oil was derived from the viscera of squid (Todarodes 
pacificus) by the refining process of previous study[26,
27]. The EPA and DHA contents of the squid oil, deter
mined by the method of previous study[26,28] ranged 
between 120 to 160 and 260 to 300 mg/g, respectively. 
The capsules were soft gel-caps, and the squid oil was 
yellow in colour. The fatty acid composition of squid 
oil is summarized in Table 1.

 a Adapted from Park et al. (2011a).

Clinical and laboratory assessments

 At the baseline and 60-day clinic visits, the following 
assessments were conducted: blood pressure; clinical ch
emistry (fasting serum triglyceride, total cholesterol, hig
h-density lipoprotein (HDL)-cholesterol, albumin, total 
protein, glucose, creatinine, urea, AST, and ALT); and 
haematology (fasting erythrocytes, haemoglobin, and le
ukocytes). 

Statistical analyses and data interpretation

 Data are expressed as means ± standard deviations.  
For normally distributed variables, a paired t-test was 
used to determine whether changes at the end of the 
60-d experimental period differed significantly from bas
eline within each group; an unpaired t-test was used 
to determine whether results collected at the end of the 
60-d experimental period differed significantly between 
the squid oil and control groups. For parameters that 
were not normally distributed, data are presented as me
dian (minimum, maximum), and statistical evaluations 
were conducted using logarithmically-transformed data. 
For categorical variables (such as gender), a chi-squared 
test was used. For all statistical analyses, a p value less 
than 0.05 was considered significant.
A responder was defined as a subject who achieved 
>10% reduction from baseline in fasting serum total 
cholesterol, >15% reduction from baseline in fasting ser
um triglycerides, and >0.014 mmol/l increase in HDL 
cholesterol. The proportion of “responders” in the contr
ol group versus the squid oil group was compared using 
a chi-squared test.  

Table 1  Fatty acid composition of refined squid oila

Fatty acid Area %
Myristic (C14:0) 2.71

Pentadecanoic (C15:0) 0.36

Palmitic (C16:0) 9.92

Palmitoleic (C16:1) 4.68

Heptadecanoic (C17:0) 0.42

Stearic (C18:0) 1.36

Oleic (C18:1n9c) 11.46

Linoleic (C18:2n6c) 1.60

cis-11-Eicosenoic (C20:1) 3.29

Linolenic (C18:3n3) 1.28

cis-11,14-Eicosadienoic (C20:2) 3.02

Erucic (C22:1n9) 0.31

cis-11,14,17-Eicosatrienoic (C20:3n3) 0.30

Tricosanoic (C23:0) 2.20

cis-13,16-Docosadienoic (C22:2) 1.01

cis-5,8,11,14,17-Eicosapentaenoic (C20:5n3) 15.23

Nervonic (C24:1) 0.35

cis-43,7,10,13,16,19-Docosahexaenoic (C22:6n3) 30.50
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According to the clinical trial protocol established by 
the Chinese State Food and Drug Administration and 
published in the 2003 Technical Standards for the Testi
ng and Assessment of Health Foods for the function 
of Blood Lipids Reduction, 50 subjects per group are 
required. Thus, to account for potential subject attrition, 
we aimed to recruit and enrol 52 subjects per group.

Results

Subjects and demographics

 One hundred and four subjects were randomised to 

either the control group or the squid oil group (52 contr
ol / 52 squid oil). There were no significant differences 
between the groups in gender distribution or age. The 
control group consisted of 23 males and 29 females, 
with a mean age of 54 ± 7 years. The squid oil group 
consisted of 26 males and 26 females, with a mean age 
of 54 ± 8 years. Study participants were similar with 
regards to baseline haematological and clinical chemistr
y parameters (Table 2) which were within the normal 
range. Subjects in the control and squid oil groups also 
were similar with regards to baseline lipid levels (Table 
3)

 Abbreviations: SD, standard deviation; AST, aspartate transaminase; ALT, alanine transaminase.

Table 2. Fasting serum haematological and clinical chemistry parameters in control and squid oil groups
(Mean values and standard deviations)

Parameter Normal range
Control group (n=52) Test group (n=52)

Baseline End of trial Baseline End of trial
Mean SD Mean SD Mean SD Mean SD

Haematological  
Erythrocytes(X l) 3.50 – 5.50 4.41 0.46 4.44  0.46 4.37  0.36 4.39  0.32
Leukocytes(X l) 4.0 – 10.0 5.8  1.3 6.1  1.3 5.8  1.8 5.9  1.5
Haemoglobin(g/l) 110 – 160 135  12 136  11 138  10 139  11
Clinical chemistry 
AST (IU/l) <40 29  13 28  13 28  10 26  8
ALT (IU/l) <40 26  18 27 1 4 27  19 27  14
Total protein (g/l) 60.0 – 80.0 77.4  3.5 74.9  3.6 76.4  4.3 74.8  3.9
Albumin (g/l) 35.0 – 50.0 44.2  2.7 43.3  2.2 44.3  2.9 43.6  2.6
Blood sugar(µmol/l) 3.8 – 6.20 5.39  0.70 5.35  0.75 5.28  0.74 5.20  0.73
Creatinine(µmol/l) 20 - 200 82  26 78  17 84  16 76  15
Urea nitrogen(mmol/l) 2.50 – 6.85 4.99  1.46 4.84  1.40 4.44  1.15 4.20  1.22

Table 3. Effects of squid oil on fasting serum lipids(Mean values and standard deviations)
Number of 
subjects

Baseline End of trial Significance with
in groups

Proportion of subjects a
chieving target changea

Mean SD Mean SD
Total cholesterol
Control group 52 6.37  1.11 6.40  1.05 P=0.459 0/52 (0%)
Squid oil 52 6.38  0.85 5.65  0.70 P<0.001 35/52 (67.3%)
Significance between 
groups - P=0.977 P<0.001 - P<0.01

Triglycerides
Control group 52 2.66  1.30 2.70  1.20 P=0.211 2/52 (3.8%)
Squid oil 52 2.64  1.09 2.10  0.98 P<0.001 38/52 (73.1%)
Significance between 
groups - P=0.947 P=0.006 - P<0.01

HDL cholesterol
Control group 52 1.28  0.28 1.26  0.29 P=0.497 13/52 (25%)
Squid oil 52 1.29  0.33 1.30  0.35 P=0.726 15/52 (28.8%)
Significance between 
groups - P=0.949 P=0.573 - P=0.658

LDL cholesterolb

Control group 52 3.881 3.913 - -
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 Abbreviations: SD, standard deviation; HDL, high-density lipoprotein; LDL, low-density lipoprotein.
a The target changes for the fasting blood lipid levels were as follows: total cholesterol, >10% reduction from baseline; triglycerides, 
>than 15% reduction from baseline; and HDL cholesterol>0.104 mmol/l increase from baseline.
b Using average total cholesterol, HDL cholesterol, and triglyceride values obtained at baseline and at the end of the trial, the Friedwald 
equation [LDL cholesterol = total cholesterol – HDL cholesterol – Triglycerides/2.2] was used to calculate crude estimates of LDL 
cholesterol.

Serum lipids and lipoproteins

 Fasting serum levels of total cholesterol, triglycerides, 
HDL-cholesterol, and low-density lipoprotein (LDL)-ch
olesterol before and after the 60-d trial period are summ
arized in Table 3. At baseline, subjects in the control 
and squid oil groups had similar lipid levels; by the 
end of the 60-day study period, total cholesterol and 
triglyceride levels were significantly lower in the squid 
oil group relative to the control group (P<0.01). As can 
be seen in Figure 1, total cholesterol and triglyceride 
levels decreased significantly from baseline in the squid 
oil group (by 11.4% and 20.5%, respectively; P<0.001), 
but were unchanged in the control group.  HDL-cholest
erol remained unchanged relative to baseline, both in 
the control and squid oil groups.  Using Friedewald’s 
equation, we calculated baseline and end-of-treatment 
LDL-cholesterol levels in the control and squid oil grou
ps (Table 3). The reduction in total cholesterol levels 
in the squid oil group could be explained by a reduction 
in LDL-cholesterol levels (Figure 1)

Figure legend
Figure 1 Changes from baseline in fasting serum lipid levels

The proportion of subjects achieving the target reductio
n in total cholesterol (>10% reduction from baseline) 
and triglycerides (>15% reduction from baseline) was 
significantly greater in the squid oil group relative to 
the placebo group; however, the proportion of subjects 
achieving the target reduction in HDL-cholesterol was 
similar between the squid oil and placebo groups (Table 
3).

Safety

 No statistically or clinically significant disparities fro
m baseline were detected in the squid oil or control 
subjects in various haematological and clinical chemistr
y parameters (Table 2).  At the end of the 60-d intervent
ion period, all haematological and clinical chemistry par
ameters remained within the normal range. None of the 
subjects reported adverse events.

Discussion

 Blanket recommendations to increase the consumption 
of the long-chain omega-3 fatty acids EPA and DHA 
have raised concerns about fish oil sustainability [27,19
-20]. The oil derived from the viscera of squid is rich 
in DHA and EPA [24,28] thus, squid represents a possib
le alternate source of the long-chain omega-3 fatty acid
s. Moreover, squid are a sustainable source of the long-c
hain omega-3 fatty acids, given that they have a short 
lifespan of less than 450 d; mainly breed a single time 
in their lives and will normally perish after spawning; 
reach reproductive age early; have a low progeny mortal
ity rate; and have a very efficient food to growth ratio 
of up to 2:1. The fisheries are managed to ensure safe 
levels of escapement to ensure good recruitment.

Squid oil 52 3.890 3.395 - -
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Squid oil was recently demonstrated to be safe in a 
90-day toxicity study conducted in Sprague-Dawley rat
s, with the no-observed-adverse-effect level was found 
to be 1,000 mL/kg body weight/day, the highest dose 
tested [26]. As there have been no human feeding trials 
of squid oil, the objective of the current study was to 
examine the clinical safety of refined oil obtained from 
the viscera of squid (Todarodes pacificus). The daily 
consumption of 3 g of this squid oil for 60 d by male 
and female subjects who were hyperlipidaemic but othe
rwise healthy was not associated with adverse effects 
on blood pressure or haematological and clinical chemis
try measures.  
Statistically significant reductions in fasting serum lipid 
levels were observed in study participants supplemented 
with squid oil relative to control subjects. Specifically, 
reductions in fasting serum levels of total cholesterol 
and triglycerides were 11.9% and 22.0%, respectively, 
after correcting for the corresponding changes in the 
control group.  HDL cholesterol levels were unaffected 
by squid oil supplementation, and so it can be inferred 
that the reduction in total cholesterol was caused by 
a reduction in LDL-cholesterol levels. Using the Friede
wald equation, we calculated crude estimates of LDL-c
holesterol levels in the squid oil and control groups, 
and using these data, we estimated the reduction in LDL
-cholesterol to be 13.5%, after correcting for the LDL-c
holesterol change in the control group.
EPA and/or DHA have been shown to statistically signi
ficantly reduce fasting serum levels of triglycerides, reg
ardless of their marine source (e.g., fish oil, krill oil, 
or DHA algal oil) [29-31]. While there is consensus 
in the scientific literature that the long-chain omega-3 
fatty acids reduce fasting serum triglyceride levels, their 
effects on cholesterol levels are less clear. In our study, 
relative to the control group, the daily consumption of 
1.26 g EPA+DHA resulted in a statistically significant 
reduction in total cholesterol, with no effect on HDL-ch
olesterol, thereby implying a benefit in significantly red
ucing LDL-cholesterol. Bunea et al. [30] reported that 
the daily consumption of 1.0 to 3.0 g/d krill oil resulted 
in statistically significant reductions in total and LDL-c

holesterol, and a statistically significant increase in HD
L-cholesterol, relative to a placebo. In a meta-analysis 
of the effects of DHA from algal oil on cardiovascular 
risk factors, the daily consumption of a mean dose of 
1.68 g DHA was associated with statistically significant 
increases in LDL- and HDL-cholesterol relative to the 
consumption of a placebo [31]. The reasons for these 
discrepancies are unclear.  
Wei and Jacobson performed a meta-analysis of 21 rand
omised, placebo-controlled trials to determine whether 
EPA and DHA, when used as monotherapy, have differi
ng effects on fasting lipid levels [32]. Although both 
fatty acids were found to significantly reduce fasting 
triglyceride levels, differences between the two long-ch
ain omega-3 fatty acids were identified, with DHA foun
d to significantly increase LDL- and HDL-cholesterol 
levels, and EPA found to non-significantly reduce LDL-
cholesterol levels and to elicit small and non-significant 
increases in HDL-cholesterol. The authors suggested th
at EPA and DHA may have differential effects on the 
regulation and transcription of genes responsible for fatt
y acid uptake and metabolism.
The refined squid oil used in our study contained more 
DHA than EPA (260 to 300 mg/g versus 120 to 160 
mg/g, respectively). Thus, the effects observed in our 
study (i.e., a reduction in LDL-cholesterol and no effect 
on HDL-cholesterol) would not have been predicted by 
the results of Wei and Jacobson [32]. It is unclear if 
the efficacy of EPA and DHA is affected by their ratio, 
or if there are other unrelated factors that could affect 
lipid outcomes. Our study was not placebo- controlled, 
and although subjects were asked to maintain their dieta
ry and lifestyle behaviors, neither physical activity nor 
dietary intakes were assessed in our study. Thus, there 
always exists the possibility that there were confoundin
g variables (e.g., changes in diet, physical activity level
s) in the squid oil group that could account for the reduc
tions in total- (and LDL-) cholesterol levels. Other place
bo-controlled studies of squid oil are needed in order 
to confirm the resulted reported herein of a significant 
reduction in total (and LDL-) cholesterol levels.
Squid oil is a safe source of the long-chain omega-3 



J . Mar . Biosci. Biotechnol. 2022, p. 43 – 50 Vol. 14, No. 1 [Research Paper]

- 49 -

fatty acids, with beneficial effects on blood lipid levels. 
While the significant reductions in fasting triglyceride 
levels with squid oil consumption were expected, the 
reductions in total (and LDL-) cholesterol levels were 
unexpected and require confirmation in future studies.
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