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Introduction 

The rapid development of marine fisheries has brought a vast 
increase in utilization of marine resources with significant 
amount of fish by-products. The fish by-products include bone, 
head, skin and viscera are great sources for proteins, lipids and 
polysaccharides with biological activities (Alfio et al., 2021). 

Fish oil processed from fish by-products is rich in unsaturated 
fatty acids (UFA), especially of omega-3 (n-3) fatty acids, specif-
ically docosahexaenoic acid (DHA, 22:6) and eicosapentaenoic 
acid (EPA, 20:5) (Jamshidi et al., 2020). Various researches have 
revealed the beneficial effects of n-3 fatty acids as a nutrition 
supplement, and for disease prevention and treatment. Mean-
while, recent studies also indicated that the ratio of DHA and 
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Abstract
The Lophius litulon liver was used as raw material for the extraction of fish oil via various extraction methods. The extraction rate 
by water extraction, potassium hydroxide (KOH) hydrolysis and protease hydrolysis were compared and the results revealed 
the protease hydrolysis extraction had a higher extraction rate with good protein-lipid separation as observed by optical micro-
scope. Furthermore, subsequent experiments determined neutrase to be the best hydrolytic enzyme in terms of extraction rate 
and cost. The extraction conditions of neutrase hydrolysis were optimized by single-factor experiment and response surface 
analysis, and the optimal extraction rate was 58.40 ± 0.25% with the following conditions: enzyme concentration 2,000 IU/g, ex-
traction time 1.0 h, liquid-solid ratio 1.95:1, extraction temperature 40.5℃ and pH 6.5. The fatty acids composition in fish oil from 
optimized extraction condition was composed of 19.75% saturated fatty acids and 80.25% unsaturated fatty acids. The content 
of docosahexaenoic acid (DHA) and eicosapentaenoic acid (EPA) were 8.06% and 1.19%, respectively, with the ratio (6.77:1) 
surpassed to the recommendation in current researches (5:1). The results in this study suggest protease treatment is an efficient 
method for high-quality fish oil extraction from Lophius litulon liver with a satisfactory ratio of DHA and EPA.
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EPA in fish oil is vital to the health of different age groups with 
the main reason being the particularity of EPA (Kaur et al., 
2014; Lunn & Theobald, 2006). Studies have revealed that the 
EPA could cause competitive effect with DHA and arachidonic 
acid (AA) during their metabolism process, resulting in the 
inhibition in absorption of DHA and AA (Jensen et al., 2000; 
Sargent et al., 1999). In addition, EPA has a stronger effect in in-
creasing the permeability of heart and blood vessel than DHA, 
and therefore an intake with larger proportion EPA may cause 
bleeding in certain vulnerable groups including infants and 
people with clotting disease (Yang et al., 2020). These properties 
have caused the content and ratio of n-3 fatty acids in fish oil to 
become a pivotal quality evaluation criterion for fish oil, leading 
to a demand in source materials with great content and ratio of 
DHA to EPA.

The Lophius litulon (monkfish) are mainly distributed in 
the north-east Atlantic and live in a wide bathymetric range 
from shoal to seafloor of at least 1,000 m (Laurenson & Priede, 
2005). As an abyssal fish with high nutrition and active sub-
stance content, the Lophius litulon have been wildly used for 
food and nutrition, including as a source bioactive substances 
and biological material (Lin et al., 2017; Stollewerk et al., 2014; 
Swart et al., 2019; Vázquez et al., 2020). The fish by-products 
from Lophius litulon processing could reach about 60% of the 
total weight with the liver occupying about 10%. The Lophius 
litulon liver is always seen as processing waste and is prone to 
spoilage, but it is rich in nutrients with approximate 30% of lip-
ids that is high in ratio of polyunsaturated fatty acids (PUFA), 
making it a potential source for production of high-quality fish 
oil (Aguilera-Oviedo et al., 2021; Loftsson et al., 2016; Xu et al., 
2017).

The traditional method of fish oil extraction is done 
through pressing and high temperature stewing, which have a 
low yield and high degradation of active substance (Marsol-Vall 
et al., 2021). Recent development in fish oil extraction technolo-
gy has greatly improved the yield, with methods such as solvent 
extraction, supercritical fluid extraction, pulsed electric field 
extraction and microwave assisted extraction being increasing-
ly applied commercially (Adeoti & Hawboldt, 2014; Gulzar et 
al., 2020). Enzyme extraction is a method with mild reaction 
condition and high efficiency, whereby the substances bound 
to the lipid is hydrolyzed. As a result, higher yield of oil is ob-
tained with less pollution and at a lower cost (Maqsood et al., 
2012; Sahena et al., 2009). Protease is one of the most important 
industrial enzymes which could separate protein and lipid from 

fish tissues by hydrolyzing proteins, obtaining fish oil and some 
active peptides (Haddar et al., 2010; Rebah & Miled, 2013). 
Qi-yuan et al. (2016) used neutral protease to hydrolyze mack-
erel viscera and confirmed the best reaction conditions using 
Plackett-Burman design as 1.0% neutral protease at pH 7.3 and 
44.8℃, that produced 78.66% fish oil yield which was in agree-
ment with the predicted value. Hathwar et al. (2011) compared 
four kinds of commercial protease to hydrolyze fish viscera, and 
concluded that enzyme treatment could improve the extraction 
rate, with fungal protease reaching the maximum extraction 
rate in 74.9%, slightly better than other proteases (alcalase, neu-
trase and protex 7L). Enzyme-assisted aqueous extraction was 
carried in cobia liver by Wang et al. (2020), in which they found 
that treatment by papain has a maximum extraction rate of 38% 
while obtaining protein hydrolysates with antioxidant activity. 
These results confirmed the potential application of protease for 
the extraction of fish oil in Lophius litulon liver.

In this study, the effects of different extraction methods to 
the extraction of fish oil from Lophius litulon liver were com-
pared. The application of protease in the fish oil extraction has 
the advantage with higher efficiency than traditional extraction 
methods, less cost and lower operational complexity than the 
application of some advanced technology, which provides 
more potential possibility to the real fish oil industry produc-
tion. The protease hydrolysis methods were employed by using 
papain, alcalase, neutrase and flavourzyme, the traditional 
water extraction and potassium hydroxide (KOH) hydrolysis 
were compared with protease hydrolysis simultaneously. The 
extraction process with the application of appropriate protease 
was further optimized by response surface methodology (RSM) 
with Box-Behnken design (Zhu et al., 2019). In addition, the 
protein-lipid distribution in the raw material after different ex-
traction treatments were also observed by optical microscopy 
and the fatty acid composition in fish oil was analyzed by gas 
chromatograph-mass spectrometer (GC-MS). We aimed to de-
termine the optimal extraction condition of fish oil from Lophi-
us litulon by protease, which would provide valuable informa-
tion to the production of high-quality fish oil and added-value 
to utilization of Lophius litulon liver.

Materials and Methods

Materials
Lophius litulon liver were purchased from Bixianyuan Seafood. 
Papain (8 × 105 IU/g, EC Number: 3.4.22.2) was purchased 
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from Nanjing Dulai Biotechnology (Nanjing, China). Flavour-
zyme (3 × 104 IU/g, EC Number: 3.4.15.1) was purchased from 
Solabio (Beijing, China). Alcalase (2 × 105 IU/g, EC Number: 
3.4.21.62) and neutrase (1 × 105 IU/g, EC Number: 3.4.24.28) 
was purchased from Shanghai Yuanye Biotechnology (Shanghai, 
China). The potassium hydroxide, hydrochloric acid methyl, 
alcohol and petroleum ether (30℃–60℃) were analytical grade 
and purchased from China National Pharmaceutical Group 
(Beijing, China).The n-hexane was chromatographically pure 
grade and purchased from Shanghai Macklin Biochemical 
(Shanghai, China). All other reagents and chemicals used in this 
study were of analytical grade.

Determination of crude lipid content
The assay of crude lipid content in liver was carried out by 
Soxhlet extraction method as described by Luque et al. (2010). 
The freeze-dried fish liver of 2.0 g (accurate to 0.001 g) was 
immersed with petroleum ether and refluxed at 60℃ for 12 h 
in a Soxhlet extractor. The solvent was then removed by rotary 
evaporation and the weight of oil was determined by measuring 
the weight difference of distilling flask. The content of crude lip-
id was represented by the quality percentage of extracted lipid 
to raw material with parallel test in triplicate.

Fish oil extraction and protein-lipid distribution observation 
in raw materials
Fish liver of 5.0 g (accurate to 0.001 g) was treated respectively 
by water extraction, KOH hydrolysis and protease hydrolysis 
with reaction conditions as shown in Table 1. The extracted fish 
oil was separated by high-speed centrifugation. A sample of the 
reaction solution with 100 μL was stained with 1% bromophe-
nol blue (protein dye) and 0.1% Sudan Ⅳ (lipid dye) to observe 
the distribution of protein and lipid by optical microscope at 
200× magnification.

Extraction rate(%) 

= 
Fish oil quality from extractionExtraction rate (%) 100%

Quality of raw material  Crude lipid content
= ×

×

Single-factor experiment of neutrase hydrolysis extraction
The effects of the single factor change to the fish oil extraction 
were investigated when the liquid-solid ratio, extraction time, 
pH and extraction temperature were chosen as the detected 
factors. The condition setting was referred by related references 
and our preliminary experiment (Aitta et al., 2021; Wang et al., 
2020).

The influence of liquid-solid ratio
The liquid-solid ratio was established as the variable factor (1:1, 
2:1, 3:1, 4:1, 5:1), and experiments were carried out under the 
following fixed parameters: enzyme concentration 2,000 IU/g, 
time 2.0 h, pH 7.5, and temperature 45℃. The fish oil extraction 
rate was taken as evaluation index.

The influence of extraction time
The extraction time was established as the variable factor (0.5 h, 
1.0 h, 1.5 h, 2.0 h, 2.5 h), and experiments were carried out un-
der the following fixed parameters: enzyme concentration 2,000 
IU/g, liquid-solid ratio 2:1, pH 7.5, temperature 45℃. The fish 
oil extraction rate was taken as evaluation index.

The influence of pH
The pH was established as variable factor (6.0, 6.5, 7.0, 7.5, 8.0), 
and experiments were carried out under the following fixed 
parameters: enzyme concentration 2,000 IU/g, liquid-solid ratio 
2:1, extraction time 1.0 h, temperature 45℃. The fish oil ex-
traction rate was taken as evaluation index.

The influence of extraction temperature
The extraction temperature was established as variable factor 
(35℃, 40℃, 45℃, 50℃, 55℃), and experiments were carried 
out under the following fixed parameters: enzyme concentra-
tion 2,000 IU/g, liquid-solid ratio 2:1, extraction time 1.0 h, pH 
6.5. The fish oil extraction rate was taken as evaluation index.

Response surface methodology (RSM) design
Factors that were significant in the extraction rate in single-fac-
tor experiments were further confirmed using RSM and the 
subsequent value range of factors were approximated. The 

Table 1. Extraction condition of different extraction methods
Extraction method Extraction temperature (℃) Extraction pH

Water extraction 45 7.0

KOH hydrolysis 45 6.0

Papain hydrolysis 60 8.0

Alcalase hydrolysis 40 10.0

Neutrasee hydrolysis 45 7.5

Flavourzyme hydrolysis 53 6.5

KOH, potassium hydroxide.
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experiment design, model analysis and statistical analysis were 
carried out by Design-Expert 8.0 using Box-Behnken as the 
design method. The factor choices and levels were shown in Ta-
ble 2 and the fish oil extraction rate was served as the response 
value (Y) (Ying et al., 2021). 

Fatty acids composition analysis
The fatty acids composition in fish oil obtained from opti-
mized conditions was analyzed by GC-MS. A total of 1.0 g of 
fish oil (accurate to 0.001 g) was added with 10 mL of 0.5 mol/
L KOH-methanol solution to perform methyl esterification in 
60℃ water bath for 1.5 h. Upon the completion of reaction, 10 
mL n-hexane was added to extract the fatty acid methyl ester, 
and the remaining supernatant was washed with distilled water 
several times with anhydrous sodium sulfate. The mixture was 
then centrifuged at 5,000 r/min for 10 min, and the supernatant 
was taken for GC-MS analysis (Zhang et al., 2014). The param-
eters for GC-MS analysis used were described by Dragalin et 
al. with slight modifications (Dragalin et al., 2015). Helium was 
used as the carrier gas with flow rate 1 mL/min, split ratio 1:10, 
and feed volume 1.0 μL. For heating procedure, the temperature 
was kept at 50℃ for 2 min, followed by subsequent increment 
of 15℃/min to 150℃ (kept for 1 min), 10℃/min to 200℃ 
(2 mins), 3℃/min to 250℃ (5 mins), and finally 2℃/min to 
270℃ (5 mins). The ionization energy was 70 eV, the ion source 
temperature was 250℃, the transmission line temperature was 
270℃, and the solvent delay was 3 min. The scanning mode 
used was full ion scan.

Statistical analysis
All measurements were done in triplicate. Results were analyzed 
by IBM SPSS Statistics 25, and were expressed as mean ± SD. 
Significance of results were analyzed using one-way ANOVA 
and Duncan test at p ≤ 0.05. All figures and tables were drawn 
by Origin pro 2017. The response surface experiment was de-
signed by Design Expert 8.0. 

Results and Discussion

Protease hydrolysis as a superior extraction method
The crude lipid content in Lophius litulon liver by Soxhlet ex-
traction was about 33.4 ± 0.63% (n = 3). The extraction rate 
by different methods were shown in Fig. 1. In general, the 
extraction rate of protease hydrolysis was higher than the rate 
of water extraction and KOH hydrolysis. Papain had a highest 
extraction rate at 51.03 ± 1.93%, while the extraction rate of 
alcalase and neutrase were similar and had no significant dif-
ference between them. However, the extraction rate of alcalase 
was lowest at 34.28 ± 0.78%, which may be due to the alkaline 
reaction condition. The difference of extraction rate between 
the proteases could also be explained by the difference in hy-
drolysis degree (DH). In theory, a higher value of DH would 
extract more lipid from raw materials, but it could also produce 
more emulsion containing protein hydrolysate, which negative-
ly affected the lipid extraction rate. Hence, the extraction rate 
of fish oil was closely related to the properties of the substrate 
and the type of protease used (Zhu et al., 2010). Considering 
the extraction efficiency and cost, neutrase was chosen as the 
hydrolytic enzyme in subsequent experiment.

Distribution of protein and lipid in raw materials by prote-
ase extraction
The distribution situation of protein and lipid in raw materials 
by different extraction methods were observed using optical 
microscope. The micrograph of raw materials under different 
treatments were shown in Fig. 2. The control sample shown in 
Fig. 2a revealed the initial distribution of protein and lipid, with 
the lipid molecules (in red) were adsorbed or encased in large 
protein molecules (dark green), causing a binding effect on the 
lipids. This bonding between protein and lipid are common in 
meat and chyle products due to the emulsification of protein. 
The protein could reduce surface tension by forming a thin film 
at the oil/water interface and form a stable oil-water mixture to 
encase the lipid (Han et al., 2021). Shao et al. (2015) studied the 
interaction between protein and lipid in meat by Raman spec-
troscopic, and found that the interaction between protein and 
lipid are mainly disulphide bonds, hydrophobic interactions 
and hydrogen bonding, which would explain the existence of 
protein that could inhibit the separation of lipid. After water ex-
traction, it could be observed from Fig. 2b that under the polar-
ity effect of water molecules, some oil molecules separated from 
protein molecules and were free in the solution, but the binding 

Table 2. RSM experimental factors and levels
Factors Levels

–1 0 1

A Liquid-solid ratio 1.5:1 2.0:1 2.5:1

B Extraction temperature (℃) 35 40 45

C pH 6.0 6.5 7.0

RSM, response surface methodology.
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effect of protein molecules was still obvious, resulting in a low 
fish oil extraction rate. In Fig. 2c, the hydrolysis of KOH caused 
the loose structure of protein molecules, made it easier for lip-
id separation but caused lipid loss due to the alkaline reaction 

condition. As for enzymatic hydrolysis method by neutrase, Fig. 
2d showed that the large protein molecules are hydrolyzed into 
smaller molecules and hence the lipid molecules could be easily 
freed from the binding effect of protein molecules by centrifu-

Fig. 1. Effects of different extraction methods on the extraction rate of fish oil. Means with different superscript represents 
significantly differ (p < 0.05).

a b

c d

Fig. 2. Microstructure diagram of raw materials processed by different extraction methods. (a) raw material, (b) water 
extraction, (c) KOH hydrolysis, (d) neutral protease hydrolysis (all figures were observed in 200×).
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gation, improving the extraction rate of fish oil.

Significant influence of single-factor to the extraction rate
The single-factor influence to fish oil extraction by neutrase 
were shown in Fig. 3 by one-way ANOVA analysis. Of all fac-
tors significant to the fish oil extraction, liquid-solid ratio, pH 
and extraction time displayed p-value less than 0.001 while the 
p-value of extraction time was 0.001.

The influence of liquid-solid ratio was shown in Fig. 3a 
with the highest extraction rate reached was 54.18 ± 1.47% 
under the liquid-solid ratio in 2:1. With the increase of liq-
uid-solid ratio, the extraction rate of fish oil increased initially 

before decreasing. At low liquid-solid ratio was, a high concen-
tration of substrate caused poor contact between enzyme and 
substrate, leading to an inefficient reaction. As the liquid-solid 
ratio increases, the substrate concentration gradually decreased, 
improving its fluidity in the reaction phase, and made it easier 
to react with enzyme. Further increase in the liquid-solid ratio 
beyond the optimal point would significantly decrease the con-
centration of substrate and enzyme, resulting in the decrease of 
extraction rate (Wang et al., 2020). Furthermore, the increase of 
water in the reaction may promote the formation of emulsifying 
layer, causing the absorption of lipid and subsequent decrease 
of extraction rate (Aitta et al., 2021). Thus, the best liquid-solid 

Fig. 3. Effect of one-factor on the fish oil extraction rate. (a) liquid-solid rate, (b) extraction time, (c) pH, (d) extraction temperature. 
Means with different superscript represents significantly differ (p < 0.05).
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ratio was around 2:1.
As for extraction time, it could be seen from Fig. 3b that 

when the extraction time was short, there was insufficient re-
action time between enzyme and substrate, leading to a low 
extraction rate. With the extension in extraction time, the 
extraction rate of fish oil gradually increased until a maximal 
was reached at 1.0 h (55.22 ± 0.56%). Further extension in 
extraction time would see the oxidation and hydrolysis of a 
large amount of UFA in fish oil, resulting in a decrease in the 
extraction rate and quality of fish oil (Fang et al., 2016). The ex-
traction rate of fish oil had little difference after 1.0 h and hence 
the extraction time in subsequent experiments was set at 1.0 h.

The influence of pH was shown in Fig. 3c results indicated 
that the best pH of reaction was about 6.5 resulting in a ex-
traction rate of 57.84 ± 0.46%. The extraction rate was generally 
higher in neutral range, and decreased with reaction shifted to 
alkaline. Different enzymes had their own optimal reaction pH, 
where the dissociation groups of enzyme and substrate could 
stay in a specific dissociation state. In this state, the enzyme and 
the substrate could rapidly come into contact and react (Blum 
et al., 2018). Therefore, the optimal pH of fish oil extraction for 
neutrase was determined as 6.5.

The single-factor experiments also verified the best ex-
traction temperature as under 40℃ with the extraction rate 
reaching 58.35 ± 0.94%. The results in Fig. 3d revealed that with 
the increase of temperature, the extraction rate of fish oil first 
increased and then decreased, reaching the maximum value at 
about 40℃. It is known that temperature changes would affect 
enzyme activity and reaction rate. In the early stages, , the im-
provement of reaction rate with the rise of temperature played a 
dominant role resulting in an overall increase in the extraction 
rate. However, as the temperature further increases, the enzyme 
inactivation starts to occur, and the effect of thermal inactiva-
tion on the enzymes would be more significant than the effect 
of increased reaction rate, leading to a decrease in overall ex-
traction rate (de Oliveira et al., 2016). In addition, as UFA are 
unstable at high temperature, an inappropriate temperature 
may lead to the oxidative decomposition of fish oil. Therefore, 
in subsequent experiments, the extraction temperature was set 
at 40℃.

The single-factor experiments explained the significant 
effects of several independent factors on fish oil extraction rate, 
and the results identified the optimal parameters as liquid-solid 
ratio of 2:1, 1.0 h of extraction time in, pH 6.5 and temperature 
at 40℃.

Response surface analysis with extremely significance and 
good regression effect
The former results from single-factor experiment had indicated 
a relative satisfied extraction condition for fish oil. However, a 
further optimization to the extraction condition is also neces-
sary for a higher extraction rate and material recovery. The RSM 
is a common way for process optimization, it can determine the 
effect of single-factors to testing index, verify the interaction 
between factors and establish an optimal process condition, 
providing more information of reference value with less time 
consuming (Luo, 2012). Following the results from single-fac-
tor experiment, the factors which had significant influence to 
the extraction rate were served as variables in response surface 
analysis. The liquid-solid ratio (A), extraction temperature (B) 
and pH (C) were chosen as variables with the fish oil extraction 
rate set as the response value Y (extraction time of 1.0 h, en-
zyme concentration at 2,000 IU/g).

Verification of the significance of response surface model 
and variables to response value
The optimization design of experiment and related statistics 
were shown in Table 3 where the maximum extraction rate 
was shown to reach about 58%. Multiple regression analysis 
was performed by Design-Expert 8.0 and a polynomial equa-
tion was calculated by setting the fish oil extraction rate as the 
independent variable. The polynomial equation was shown as 
follow:

Y =   –707.06025 + 62.017A + 8.6259B + 162.304C – 
0.025AB – 1.75AC + 0.179BC – 12.723A2 – 0.12043B2 
– 12.703C2

The results in Table 4 revealed that the determination coef-
ficient (R2) of the model was 0.9947 and the p-value (prob > F) 
of model was extremely low (< 0.0001), indicated a good fit of 
the derived model. The F-value related to the lack of fit was not 
significant (> 0.05), which strengthen the validity of the model. 
Furthermore, the coefficient of variation was 0.62, indicating 
high precision and accuracy of the experimental results (Wenwei 
et al., 2019). In addition, the predictability of the model and the 
significant influence of each experimental factor to response 
value were also verified (Zhang et al., 2012). It could be seen 
that the variable with the most significant effect to extraction 
rate was liquid-solid rate (A) compared to the effects of other 
variables (B and C) were also significant (p < 0.05). The inter-
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action coefficients included AC and BC were also significant 
when p-value < 0.05. The quadratic coefficients (A2, B2, and C2) 
were all extremely significant when the p-value was less than 
0.0001. These results revealed the obvious significance of re-
sponse surface model and the significant effects of variables to 

the response value (Y).

Interaction verification between variables by response sur-
face plots and contour plots
Response surface plots and contour plots are more intuitive 
ways to express the interaction between independent variables 
in the regression model and the effects to response value. A 
contour plot that trended to an elliptical curve indicated a more 
significant interaction between the independent variables (Guo 
et al., 2010). As shown in Fig. 4, the response surface plots in-
dicated that any two variables could affect the extraction rate 
as demonstrated by the quadratic effects. For contour plots, the 
circular contour plot shown in Fig. 4a revealed that the interac-
tion between liquid-solid ratio and extraction temperature was 
not significant to the extraction rate with the result was similar 
with the p-value assessment (p = 0.7185) by multiple regression 
analysis. The contour plots in Fig. 4b and Fig. 4c showed an 
elliptical trend, which was due to the pH (C) having significant 
interaction with liquid-solid ratio (A) and extraction tempera-
ture (B), respectively.

Extraction rate compare between optimum conditions and 
modified conditions
According to the results from single-factor experiments and 
plots analysis in response surface, the best value obtained for 
each factor were liquid-solid ratio of 2:1, extraction temperature 

Table 3. RSM experimental design and results analysis
Group A B C Extraction rate (%)

1 –1 1 0 53.71 ± 1.40 

2 –1 0 1 53.59 ± 2.78 

3 –1 0 –1 51.55 ± 2.42 

4 1 0 –1 51.56 ± 0.28 

5 0 –1 –1 51.99 ± 1.28 

6 –1 –1 0 52.53 ± 0.98 

7 1 0 1 51.85 ± 0.74 

8 0 1 –1 52.14 ± 0.54 

9 1 –1 0 51.02 ± 0.18 

10 0 0 0 58.76 ± 0.70 

11 0 0 0 58.29 ± 2.15 

12 1 1 0 51.95 ± 0.79 

13 1 0 0 58.53 ± 1.66 

14 1 1 1 53.52 ± 0.24 

15 0 –1 1 51.58 ± 1.40 

16 0 0 0 58.19 ± 0.84 

17 0 0 0 58.70 ± 0.69 

RSM, response surface methodology.

Table 4. Analysis of variance for the fitted quadratic polynomial model
Source Sum of squares Degree of freedom Mean square F-value Prob > F

Model 145.99 9 16.22 146.28 < 0.0001

Residual 0.78 7 0.11

Lack of fit 0.53 3 0.18 2.83 < 0.0001

Pure error 0.25 4 0.062 0.1703

A 3.12 1 3.12 28.18 0.0011

B 2.21 1 2.21 19.88 0.0029

C 1.36 1 1.36 12.28 0.0099

AB 0.016 1 0.016 0.14 0.7185

AC 0.77 1 0.77 6.9 0.034

BC 0.8 1 0.8 7.22 0.0312

A2 42.6 1 42.6 384.16 < 0.0001

B2 38.17 1 38.17 344.19 < 0.0001

C2 42.46 1 42.46 382.95 < 0.0001

Cor total 146.76 16

R2 = 0.9947 R2
adj = 0.9879 CV = 0.62
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at 40℃ and pH 6.5. The optimal extraction conditions analyzed 
by RSM is listed in Table 5 with the liquid-solid ratio being 
1.95:1, extraction temperature at 40.47℃ and pH 6.5. The pre-
dicted extraction rate under optimum conditions was 58.56%. 
With the temperature modified to a more practical value of 
40.5℃, the extraction rate achieved was 58.40 ± 0.25%, which 
was identical to the predicted value. These results suggest that 

RSM could be used to optimize the extraction process. How-
ever, the optimized extraction rate was only about 60% when 
the loss of fish oil still took a large proportion. The loss of fish 
oil during extraction was a critical problem when the reaction 
environment and subsequent collection methods were import-
ant for a higher extraction rate. During the extraction process, 
considering the instability of fatty acids, a proper reaction en-

Fig. 4. Response surface plots and contour plots of extraction rate under factor interaction. (a) liquid-solid ratio and extraction 
temperature, (b) liquid-solid ratio and pH, (c) extraction temperature and pH.
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vironment was essential when the pretreatment method of raw 
material, stirring rate of material-enzyme mixture, addition of 
antioxidants and control of vacuum degree, etc were valuable 
research points for a higher extraction rate (Let et al., 2005; 
Miyashita et al., 2018). Meanwhile, the subsequent separation 
of fish oil was also a critical point when the multiple centrifugal 
treatment and extra enzymatic treatment for centrifugal precip-
itation could potentially raise the extraction rate during separa-
tion process. Hence, the further extraction condition optimiza-
tion in future study is essential and vital for a more satisfied fish 
oil extraction rate.

A large proportion of unsaturated fatty acids in fish oil
The fatty acids composition in fish oil obtained from the opti-
mized extraction conditions was analyzed by GC-MS (Table 6) 
and the gas chromatogram was shown in Fig. 5. The length of 
fatty acids in Lophius litulon liver oil ranged from 12- to 26-car-
bon, with 19.75% being saturated fatty acids (SFA) and 80.25% 
UFA. The UFA contained 33.64% of monounsaturated fatty 
acids (MUFA) and 46.61% of PUFA. The content of DHA and 
EPA were 8.06% and 1.19%, respectively. The ratio of DHA and 
EPA in Lophius litulon liver oil was about 6.77:1. Although the 
recommended intake ratio of DHA and EPA was not standard-
ized around the world, some countries and organisms had set 
some suggestions with the consumes of EPA and DHA (Mozaf-
farian & Wu, 2012). The dietary Guidelines for Americans indi-
cated the recommend diary intake of DHA plus EPA was about 
250 mg (Brault & Miketinas, 2021). The recommendations 
proposed by WHO in 2010 suggested the pregnant and lactat-
ing women should daily intake 300 mg DHA plus EPA with at 
least 200 mg DHA containing (Ghasemi Fard et al., 2019). The 
European Food Safety Authority (EFSA) also suggested the 250 
mg/day intake of DHA plus EPA for adults and the pregnant 
and lactating women were recommend additional 100–200 mg/
day intake of DHA. The EFSA also indicated the infants be-
tween 6 months and 24 months should intake 100 mg DHA per 
day when the older children should intake the same DHA as 
the adult recommendation (Forsyth et al., 2016). And in recent 
years, the EFSA have made a clear regulation that the infant 

milk powder sold in the European Union should meet the ad-
ditive standard when the content of DHA should achieve to 20-
50 mg per 100 kcal, which was equal to the proportion about 

Table 5. Extraction rate under optimum conditions and modified conditions
Conditions Liquid-solid ratio Extraction temperature (℃) pH Extraction rate (%)

Optimum extraction conditions 1.95:1 40.47 6.5 58.56%

Modified extraction conditions 2.00:1 40.50 6.5 58.40 ± 0.25%

Table 6. Fatty acid composition analysis of fish oil by GC-MS
NO. Retention time (min) Fatty acid type Percentage 

composition (%)

1 12.82 C12:0 (lauric acid) 0.03

2 13.31 C13:0 13.32

3 13.68 C14:0 (myristic acid) 2.43

4 13.83 C14:1 0.20

5 14.89 C15:0 0.12

6 15.08 C15:1 2.58

7 16.25 C16:1 9.79

8 15.96 C16:3 0.57

9 24.05 C17:0 3.37

10 20.18 C17:1 3.24

11 20.04 C18:0 (stearic acid) 0.28

12 19.91 C18:1 (oleic acid) 9.12

13 19.70 C18:2 (linoleic acid) 15.74

14 19.28 C18:4 4.34

15 29.65 C19:0 0.13

16 21.51 C19:1 0.53

17 23.80 C20:1 1.48

18 25.86 C20:2 0.33

19 27.58 C20:3 1.28

20 22.57 C20:4 (arachidonic acid) 12.14

21 23.11 C20:5 (EPA) 1.19

22 26.37 C21:3 0.18

23 25.62 C21:5 0.16

24 27.93 C22:1 5.79

25 27.40 C22:4 2.21

26 26.64 C22:5 (DPA) 0.23

27 26.88 C22:6 (DHA) 8.06

28 34.24 C24:0 0.09

29 32.73 C24:1 0.86

30 31.93 C24:5 0.04

31 31.67 C25:6 0.14

GC-MS, chromatograph-mass spectrometer; EPA, eicosapentaenoic acid; DPA:docosapen-
taenoic acid; DHA:adocosahexaenoic acid.
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0.5%–1.0% in fatty acids (Koletzko et al., 2020). The recent 
research suggested that the fish oil from tuna is of high quality 
when the ratio of DNA and EPA content is about 5:1, which was 
a good ratio for human intake (Zhang et al., 2020). The ratio 
of DHA and EPA in the fish oil gained in this study was higher 
than 5:1, indicating the fish oil extracted from Lophius litulon 
liver is of great value and has the potential application for the 
production of high- quality fish oil.

Meanwhile, the refining of fish oil was important for the 
improvement of fish oil quality (Menegazzo et al., 2014). The 
fish oil obtained from this study was unrefined with certain 
impurities and quality indexes to be optimized. In addition, the 
great amount of UFA could also be enriched and transported 
into more PUFA by some separation technology and the appli-
cation of lipase. The application of enrichment technology such 
as low temperature crystallization, urea adduction, molecular 
distillation and super/subcritical fluid extraction, etc could en-
rich the fatty acids with more proportion of UFA (Rubio-Rodrí-
guez et al., 2010; Xie et al., 2019). The application of some lipase 
could even raise the amount and proportion of PUFA by their 
selective hydrolysis and recombination effects to glycerides in 
fish oil (Castejón & Señoráns, 2020). These optimization meth-
ods will raise the overall quality of fish oil with high content of 
UFA and satisfied proportion, and our future study will focus 
on these points for the quality improvement of fish oil extracted 
from Lophius litulon.

Conclusion

The Lophius litulon liver had a high content of lipid and we 

compared multiple fish oil extraction methods using single-fac-
tor experiments. The best extraction method was determined 
to be neutrase hydrolysis and was further optimized via RSM 
using Box-Behnken design. The optimized extraction rate by 
neutrase hydrolysis could achieve a rate up to 58.40 ± 0.25%, 
with extracted fish oil containing high proportion of UFAs as 
analyzed by GC-MS. Moreover, the quality of the extracted fish 
oil was deemed good as the DHA/EPA ratio was 6.77:1, which 
was higher than the recommended ratio from recent researches 
(5:1). The results from this study revealed the potential add-
ed-value application of Lophius litulon liver for production of 
high-quality fish oil.
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