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ABSTRACT
Fish viscera, a fish processing by-product, is currently underutilized, despite its complex composition 
of high value-added components, such as proteins, lipids, and polysaccharides. This work explores 
the potential for revalorizing fish viscera as a sustainable source of proteins, lipids and polysaccharides 
in the food industry. Furthermore, their potential food applications and future perspectives are 
discussed. Fish viscera, constituting 12–18% of the total fish weight, is abundant in proteins, lipids, 
and polysaccharides. Protein hydrolysates derived from fish viscera exhibit diverse bioactivities, such 
as antioxidant, ACE-inhibitory, and antibacterial activities. Various enzymes with high stability 
properties can be extracted from fish viscera. Moreover, fish viscera-derived lipids are abundant in 
saturated/unsaturated fatty acids and phospholipids, which can exhibit excellent bioactivities such 
as immune regulatory, anti-inflammatory, lipid metabolism-regulatory and anti-tumor activities. 
Additionally, polysaccharides present in fish viscera display anticoagulant and antithrombotic 
activities. Overall, fish viscera have great potential as a good source of proteins, lipids and 
polysaccharides.
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Introduction

It has been reported that total fisheries and aquaculture pro-
duction reached a record of 223.2 million tonnes in 2022, 
185.4 million tonnes (live weight equivalent) of aquatic ani-
mals (FAO 2024). World fisheries and aquaculture produc-
tion of aquatic animals is expected to grow further reaching 
205 million tonnes (live weight equivalent) in 2032, and an 
additional 19 million tonnes or 10% increase relative to 2022 
per capita apparent consumption of aquatic animal foods is 
projected to reach 21.3 kg in 2032 (FAO 2024). However, 
approximately 70% of fish used for industrial processing ends 
up as waste (Olsen, Toppe, and Karunasagar 2014), including 
fish viscera that constitute 12–18% of the total fish weight 
(Friedman et�al. 2022; Sahu et�al. 2016). At present, the com-
prehensive utilization of fish viscera is limited, with a signif-
icant proportion being discarded directly. This practice not 
only results in resource waste but also leads to environmental 
pollution. The utilization of fish viscera, a by-product of fish 
processing, has gained growing attention in recent years. Fish 
visceral organs mainly include liver, swim bladder, intestine, 
roe and ovary (Estiasih et� al. 2021). The major components 
of fish viscera are proteins, lipids, polysaccharides, minerals 
and water (Estiasih et� al. 2021). Fish viscera is abundant in 
protein, ranging from 10–25% (wet basis) (Borges et� al. 
2023), which also serves as a potential source of various 
enzymes, such as trypsin, pepsin and lipase (Jaran et� al. 
2021). In addition to protein, fish viscera are a significant 
source of lipids (G. Li, Sinclair, and Li 2011). The content of 
unsaturated fatty acids in fish oil ranges from 15% to 30% 
(Shen et� al. 2019). Typically, marine fish tends to exhibit a 
higher lipid content in comparison to freshwater fish, charac-
terized by a high proportion of polyunsaturated fatty acids 
(PUFA). In addition, fish viscera can serve as a valuable 
source for polysaccharides with bioactivity, such as glycos-
aminoglycans (GAGs), chondroitin sulfate (CS), dermatan 
sulfate (DS), hyaluronic acid (HA), keratan sulfate (KS), hep-
arin (Hep) and heparan sulfate (HS) (Nogueira et� al. 2019).

Fish viscera can serve as a promising source for develop-
ment of high-value products, which is abundant in proteins, 
enzymes, lipids, polysaccharides, and bioactive compounds, 
thereby presenting a myriad of potential application avenues. 
Despite extensive research endeavors in previous studies 
aimed at extracting and purifying these valuable components 
from fish viscera (Estiasih et� al. 2021), there is a dearth of 
consolidated reviews that systematically assesses fish viscera 
as a comprehensive high-value resource of proteins, lipids, 
and polysaccharides. To address this knowledge gap, the 
present review synthesizes the current state of fish viscera 
resource utilization, providing an insight into fish viscera 
protein and elucidating the methodologies employed in the 
preparation of protein hydrolysates, their associated bioactiv-
ities, sensory attributes, and potential applications in the 
food sectors. Furthermore, the review delves into the 
extraction process of enzymes from fish viscera, examining 
their physicochemical properties and diverse application 
prospects within the food industry. Additionally, it focuses 

on advancements in lipid preparation techniques, elucidating 
the physicochemical properties of fish viscera-derived lipids 
and their promising applications. Also, the review examines 
the preparation methodologies of polysaccharides derived 
from fish viscera and their functional attributes, underscor-
ing their significance in diverse applications. Notably, this 
review encompasses viscera resources from both freshwater 
and marine fish, fostering a holistic understanding that pro-
motes scientific cognition and technological advancements 
in the comprehensive development and efficient utilization 
of fish viscera.

Proteins from �sh viscera

Overview of �sh viscera-derived proteins

Fish viscera is recognized for its abundance in protein. 
Generally, there are no significant differences in crude pro-
tein content in viscera between freshwater and marine fish. 
The protein content of viscera in freshwater fish ranges from 
12.03% to 15.61% (wet basis), while that in marine fish 
ranges from 12.0% to 21.5% (wet basis) (Estiasih et� al. 2021; 
Munekata et� al. 2020; Santana et� al. 2023).

Currently, three main methods have been used for 
extraction of proteins from fish viscera, including physical, 
chemical and biological methods (Kumoro et� al. 2022). 
Physical methods involve a series of processes, such as stir-
ring, ultrasonic treatment, filtration, pressing and drying, 
which can be employed individually or in combination to 
enhance process efficiency. Additionally, employment of 
suitable solvents and/or enzymes can further improve the 
yield (J. Zhang et�al. 2024). The chemical method primarily 
employs acidic (pH � 3.5) or alkaline (pH � 10.5) aqueous 
solutions to dissolve proteins from fish viscera. At specific 
pH levels, the net charge of proteins can cause repulsion 
between protein chains, facilitating their dissolution. 
Centrifugation is further utilized to separate the protein-rich 
aqueous fraction from insoluble components, such as skin, 
bone, scales, and lipids. However, it is important to high-
light that low pH can be detrimental to proteins, leading 
to denaturation and loss of functional properties, while 
high pH can promote oxidation, resulting in browning and 
unpleasant odors, particularly if polyphenol content is high 
(Ganjeh et�al. 2023). In contrast, biological methods employ 
specific microorganisms, yeast, or enzymes for fermenta-
tion, degrading raw material into peptides. Subsequently, 
centrifugation is employed to recover the protein-rich frac-
tion from lipid fraction, which is mild and frequently 
applied in the food industry (Bashiri et� al. 2024; Kumoro 
et� al. 2022).

Recently, proteins derived from fish viscera have been 
utilized in a variety of forms, including bioactive peptides 
and peptones obtained through different processes such as 
acid/alkali hydrolysis or enzymatic hydrolysis, along with 
extracted enzymes such as trypsin, pepsin, and lipase 
(Bartolomei et� al. 2023; Chotikachinda et� al. 2018; Jaran 
et� al. 2021; Wang et� al. 2023a).
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Protein hydrolysates from �sh viscera

Protein hydrolysates can be obtained from fish viscera 
through either chemical or enzymatic hydrolysis. It has been 
shown that amino acids play a crucial role in bioactive and 
functional properties of protein hydrolysates from fish vis-
cera, which is dependent on the raw materials, enzymes 
used, and hydrolysis parameters (Villamil, Váquiro, and 
Solanilla 2017). Table 1 lists the amino acid composition of 
protein hydrolysates from different fish viscera that are 
abundant in essential amino acids (Villamil, Váquiro, and 
Solanilla 2017).

Extraction methods of �sh viscera-derived protein 
hydrolysate
The preparation methods of protein hydrolysates can be cat-
egorized into chemical methods and enzymatic methods 
(Vasquez, Sepúlveda, and Zapata 2022). Villamil, Váquiro, 
and Solanilla (2017) reported a comprehensive extraction 
process to obtain protein hydrolysate from fish viscera, as 
illustrated in Figure 1.

i. Pretreatment. Pretreatment processes involve the con-
centration of proteins to ensure a homogeneous mix-
ture of water and minced viscera with minimal lipid 

Table 1. The amino acid composition of �sh viscera-derived protein. Readapted from Villamil, Váquiro, and Solanilla (2017) with permission from Elsevier, copyright 2017.

Amino acids (g/100g)

Fish species

Persian Sturgeon
(Acipenser persicus);

Alc 2.4L

Catla
(Catla catla);

Alc 2.4L

Tuna
(Thunns albacares);

Alc 2.4L

Atlantic cod
(Gadus morhua);

Pap

Atlantic cod
(Gadus morhua);

Alc

Atlantic cod
(Gadus morhua);

Endo

Essential
 His 2.08 2.06 8.45 1.20 1.00 1.10
 Ile 3.80 3.60 6.93 3.30 2.90 3.10
 Leu 7.13 7.17 7.70 5.30 5.10 5.10
 Lys 6.80 7.07 1.87 3.30 3.70 3.70
 Met 10.30 2.02 1.48 2.20 2.00 2.10
 Phe 3.14 3.53 3.85 2.70 2.60 2.60
 Thr 3.50 4.02 5.90 4.10 3.40 3.70
 Try – – – N.R. 0.50 0.50
 Val 5.79 4.79 8.93 4.00 3.60 3.80
 Arg 7.28 10.82 8.81 3.40 3.90 3.30
Non-essential
 Tyr 2.34 2.57 1.31 2.40 2.40 2.50
 Asp 8.30 8.50 11.83 6.30 6.10 6.00
 Glu 13.70 15.01 15.31 9.70 9.40 9.70
 Gly 5.40 10.99 5.87 7.10 7.40 6.60
 Ala 6.30 7.04 2.23 5.10 4.90 4.80
 Pro/Hyp 3.46 6.24 N.R. 4.30/1.40 4.20/1.60 4.00/1.20
 Cys N.R. 0.23 N.R. N.R. N.R. N.R.
 Tau N.R. N.R. N.R. 2.70 2.50 3.30
 Ser 4.20 4.34 6.81 4.10 4.00 4.10

N.R.: Not reported; Alc: Alcalase; Pap: Papain; Endo: Endogenous enzymes.

Figure 1. Flow chart of preparation process of protein hydrolysates derived from �sh viscera.
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and other undesirable components for subsequent 
hydrolysis (M. U. Khan et�al. 2024). Many techniques 
have been used to remove lipids from fish viscera, 
including heat degreasing, press combined heat 
degreasing and dissolving degreasing (Dominguez 
et� al. 2024). Firstly, heat treatment is a conventional 
approach that both inactivates enzymes and removes 
lipids. The solid fraction is further separated mechan-
ically through centrifugation (Nemati, Shahosseini, 
and Ariaii 2024). Secondly, pressing, combined with 
heat treatment and followed by drying to a moisture 
content below 10%, has also been utilized 
(Bonilla-Méndez and Hoyos-Concha 2018). Thirdly, 
solvent-based defatting, using heated minced raw 
materials with ethanol or isopropyl alcohol and con-
stant stirring, has proven effective (Chuc-Koyoc et� al. 
2024; Fuentes et� al. 2024). Lastly, a novel technology 
for isolating proteins from fish tissues involves solu-
bilizing the protein in acidic or alkaline solutions, 
followed by centrifugation and filtration to remove 
insoluble compounds. Once removed, proteins can be 
precipitated by adjusting pH to the isoelectric point 
and recovered through centrifugation or decantation 
(Maksimenko et� al. 2024; Nurdiani et� al. 2024).

ii. Hydrolysis. At present, protein hydrolysis can be 
divided into chemical methods and enzymatic meth-
ods. Enzymatic hydrolysis requires specific tempera-
ture and pH conditions. Once hydrolysis was 
complete, enzyme inactivation was achieved through 
high temperature or pH adjustment. On the other 
hand, chemical hydrolysis requires specific tempera-
ture and pressure conditions. Hydrolysis by chemical 
means can be terminated through heat treatment and 
pressure removal (Rana et� al. 2023).

iii. Purification. Protein hydrolysates can be purified 
using various methods depending on their intended 
use, including centrifugation, nano-filtration, ultrafil-
tration, microfiltration, and ion exchange chromatog-
raphy. In addition, centrifugation is the most commonly 

used to yield four distinct phases, namely oil frac-
tion, emulsion layer, protein hydrolysate, and sludge 
(Wu et� al. 2022).

For protein hydrolysis methods, chemical methods are 
suitable for nonspecific hydrolysis. Chemical methods are 
suitable for nonspecific hydrolysis using acid or alkali solu-
tion, which are employed in the food industry due to their 
simplicity and low cost. However, these methods still have 
challenges in controlling the reaction process, resulting in 
nutrient loss and reduced bioactivity of hydrolysates (Silveira 
et� al. 2018). On the other hand, enzymatic hydrolysis is a 
mild and environmentally friendly approach that allows for 
precise control over peptides formed, thus enhancing their 
bioactivities (Espinoza and Castillo 2022). Overall, enzymatic 
hydrolysis is the main research strategy to obtain protein 
hydrolysates from fish viscera (Ananey-Obiri, Matthews, and 
Tahergorabi 2019). Table 2 summarizes the optimal condi-
tions and results of enzymatic hydrolysis of fish viscera by 
exogenous or endogenous enzymes.

Bioactive peptides of �sh viscera-derived protein 
hydrolysate
Bioactive peptides normally consist of 2 to 20 amino acids, 
which possess specific functions and offer health benefits 
(Marti-Quijal et� al. 2020). Protein hydrolysates derived from 
fish viscera exhibit a wide range of bioactivities, such as 
antioxidant, anticancer, anti-diabetic, antihypertensive, 
anti-obesity, retarding aging and immunomodulatory activi-
ties (Imat 2021; Ozogul et� al. 2021; Phadke et� al. 2021; 
Sarteshnizi et� al. 2021; Wu et� al. 2018). Table 3 summarizes 
the main bioactivities of fish viscera-derived peptides, 
including antioxidant, angiotensin-I converting enzyme 
(ACE) inhibitory, antibacterial, and anti-fatigue activities.

Antioxidant activity.� Recent studies have demonstrated 
that protein hydrolysates from �sh viscera are potential 
natural antioxidants. Speci�cally, numerous antioxidant 

Table 2. optimal preparation conditions of �sh visceral protein hydrolysate.

Fish species Hydrolysis type
Optimal preparation 

conditions Results References

Red tilapia (Oreochromis spp.) Enzymatic hydrolysis 51.44 rpm stirring, 59.15 °C, 
10% (w/w) E/S ratio.

Protein concentration: 10 g/L; 
high solubility across various 
pH; highest antioxidant 
activity in <1 kDa fraction.

(Vasquez, Sepúlveda, and 
Zapata 2022)

Rainbow trout (Oncorhynchus 
mykiss)

Autolysis (Silage) Adjusted pH to 4.0; stored 
�sh viscera mince at room 
temperature for 7 days.

DH: 75.8%; Free amino acids 
yield: 3.2%.

(Dominguez et� al. 2024)

Enzymatic hydrolysis Alcalase, Protana Prime, 
endogenous enzyme at 
1% protein, pH 7, 60 °C, 
7 h.

DH: 83.8%; Free amino acids 
yield: 5.9%.

Skipjack tuna (Katsuwonus 
pelamis)

Enzymatic hydrolysis Alcalase 3% (w/w), 20 min, 
HTSTV/bu�er 1:2 (w/v), pH 
10, 65 °C.

Hydrolysate rich in essential 
amino acids (43.13% of 
total), high Glu (12.8%), Met 
(12.11%), Asp (11.85%).

(Klomklao and Benjakul 2017)

Mackerel (Pneumatophorus 
japonicus)

Enzymatic hydrolysis Neutrase 1762.87 U/g, pH 
6.76, 43.75 °C, 6.0 h, water/
material 20.37 (v/w).

Max NR: 37.84%; Hydrolysate 
MW < 3 kDa.

(X. Wang et� al. 2018)

Tuna Enzymatic hydrolysis 60 °C, 0.5% Endo/Exo protease 
(w/w), 4-h incubation.

DH: 47.80%; Hydrolysate 
histamine: 12.80 mg/kg.

(Boonbumrung et� al. 2023)
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Table 3. Bioactivities of protein hydrolysates from viscera from various �sh species.

Bioactivity Proteases Methods
Structural 

characteristics Sequence Species References

Antibacterial activity
 Inhibitory rates 

(2 mg/mL): L. 
monocytogenes 
78%, S. aureus 
75%, E. coli 80%, 
Pseudomonas 
70%.

Protamex Protamex (1.5% w/w) 
added at 41 °C, pH 
6.5 for hydrolysis.

Frequent amino 
acids in 
antimicrobial 
peptides: Arg, 
Ala, Val, Leu, 
Lys.

-- Yellow�n tuna 
(Thunnus 
albacores)

(Pezeshk et� al. 2019)

 The minimum 
inhibitory 
concentrations 
(�M): E. coli 2.5; S. 
typhimurium 5; B. 
alveolaris 5; S. 
aureus 2.5; L. 
monocytogenes 
2.5; B. subtilis 2.5.

Trypsin, Pepsin Viscera in deionized 
water (2% w/v), 
enzymes (2000 U/g) 
after enzyme 
inactivation, 
4h-hydrolysis.

56 peptides 
screened, avg. 
length 20, net 
charge +1 to 
+7.

GITDLRGMLKRLKKMKTurbot 
(Scophthalmus 
maximus)

(Bi et� al. 2020)

Antioxidant activity
 Hydrolysates 

prevented viability 
loss and ROS 
accumulation in 
Caco-2 cells 
(H2O2-induced). 
ROS levels 
decreased 40% 
with hydrolysates 
(DH 42.5%, 
0.1 mg/mL) and 
<1 kDa fraction 
(0.25 mg/mL).

Alcalase Substrate: 8 g/L, E/S: 
0.306 U/g, reaction 
at 60 °C, pH 10.

High Amio acid 
content: Gly 
(25.7%), Thr 
(9.7%), Leu 
(9.6%).

-- Red tilapia 
(Oreochromis 
spp.)

(Gomez et� al. 2019)

 Hydrolysates 
(0.05–0.1 mg/mL) 
decreased Cu/
ZnSod (aorta: 
1.24x) and MnSod 
(aorta: 1.1x, heart: 
1.24x) in mice.

Commercial 
proteases 
(1.1/1.0/0.9 for 
Protamex/ 
Flavourzyme/ 
Alcalase)

Commercial protease 
mixture hydrolysis 
at pH 7.5, 50 °C, 
3 h.

High contents: Leu 
(6.87%), Lys 
(10.94%), Arg 
(8.83%), Gly 
(10.87%), Ala 
(12.06%), Glu 
(11.77%).

-- Anchovy (Engraulis 
encrasicolu)

(Giannetto et� al. 2020)

 IC50 (DPPH 
scavenging): 42.03, 
13.03, 8.99, 
3.87 �g/mL for 
hydrolysates with 
DH 34.98%, 
35.55%, 36.01%, 
41.46%.

Alcalase Alcalase hydrolysis 
produced bioactive 
peptide-rich 
hydrolysate.

-- -- Tilapia (Riyadi et� al. 2020)

 Iron chelating 
capacity increased 
with DH, peak at 
67.1% for 42.6% 
DH hydrolysate 
(2 g/L).

Alcalase Hydrolysis at 60 °C, pH 
10, 8 g/L substrate, 
E/S 0.306 U/g, 
960 rpm stirring.

Hydrolysates (DH 
42.6%): high 
hydrophobic 
(51.9%), 
antioxidant AA 
(31.25%), Lys 
(9.2%), Leu 
(9.6%), Thr 
(9.6%).

-- Red tilapia 
(Oreochromis 
spp.)

(Zapata and 
Gomez-Sampedro 
2024)

 GRW, ARW DPPH 
EC50: 1.053, 
0.773 mg/mL. HO· 
EC50: YDYD, QDYD, 
GRW, ARW, YPAGP 
(0.150–0.190 mg/
mL). O�2·  EC50: 
YDYD, QDYD, ARW, 
DDGGK, YPAGP 
(0.107–0.128 mg/
mL). ABTS EC50: 
YDYD, QDYD, 
YPAGP (2.337–
3.839 mg/mL).

Papain Optimal conditions: 
65 °C, pH 7.5, 2.5% 
enzyme, 2 h 
hydrolysis.

-- YDYD, QDYD, GRW, 
ARW, DDGGK, YPAGP

Monk�sh
(L. litulon)

(Sheng et� al. 2023)

 Pressurized liquid 
extraction viscera 
extracts: TEAC 
3739 �M, ORAC 
7772 �M Trolox Eq.

-- Extractions at 1500 psi, 
pH 7, 50 °C, 15 min, 
using distilled 
water.

A total of 137 
(656.34–2601.2

Da) peptides were 
identi�ed.

GPP and GAA Salmon �sh (Salmo 
salar)

(Fuentes et� al. 2024)

(Continued)
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peptides have been identi�ed in �sh viscera-derived 
protein hydrolysates (Zu et� al. 2023). Wang et� al. (2018) 
indicated that the IC50 values of mackerel viscera 
hydrolysates (MVH) for DPPH radicals, hydroxyl radicals 
and superoxide anion were 0.81, 0.52 and 0.46 mg/mL, 
respectively, exhibiting the excellent antioxidant activity 
(Wang et� al. 2018). Furthermore, protein hydrolysates/
peptides from yellow�n tuna (�unnus albacores) viscera 
showed signi�cant hydroxyl radical scavenging activity 
(p < 0.05) (Pezeshk et� al. 2019). In addition, compared to 
high molecular weight peptides, low molecular weight 
peptides derived from �sh viscera exhibited the highest 
DPPH radical scavenging activity. �e F4 fraction 
(minimum molecular weight, <3 kDa) was the most active 
(lowest IC50 value) against DPPH and ABTS at 1.8 mg/mL 
and 1.4 mg/mL (Pezeshk et� al. 2019). One speci�c 
antioxidant peptide, Ala-Cys-Phe-Leu (518.5 Da), was 
puri�ed from mackerel viscera. At the concentration of 
0.2 mg/mL, it showed scavenging rates of 59.1% for 
hydroxyl radical and 89.2% for DPPH radical (Kumar, 
Nazeer, and Jaiganesh 2011). Moreover, protein 
hydrolysates obtained from black pomfrets (Parastromateus 
niger) viscera possessed a protective e�ect on DNA by 
mitigating damage caused by hydroxyl radical. DPPH 
radical scavenging and metal chelating ability of black 
pomfret viscera hydrolysate at 1 mg/mL were 54% and 
78.6%, respectively. �e study delved into the impact of 
black pomfret viscera peptides on DNA damage induced 
by free radicals. �e treatment of DNA with these 
peptides mitigated hydroxyl radical-induced damage, 
thereby demonstrating an antioxidant e�ect (Ganesh, 
Nazeer, and Kumar 2011). Also, antioxidant peptides can 

hinder the spoilage of food by preventing lipids from 
interacting with metal ions or forming chelates with 
them. �us, �sh viscera-derived protein hydrolysates have 
great potential in preventing lipid peroxidation-induced 
food spoilage and extending the shelf life of food products 
(Behera et� al. 2022). At present, the antioxidant 
mechanisms of peptides from �sh viscera have not been 
fully elucidated, but �sh protein-derived peptides have 
been reported. Nirmal et� al. (2023) concluded that �sh 
protein-derived peptides exhibited antioxidant activity by 
scavenging and chelating free radicals and reactive oxygen 
species (ROS). Hydrophobic amino acids of peptides can 
stabilize radicals by donating electrons, which is crucial 
for radical scavenging. In the context of lipid peroxidation, 
hydrophobic amino acids interact with lipid layers to 
scavenge lipid peroxides, inhibiting lipid oxidation 
progression (Gui et�al. 2022; Wong et�al. 2019; X.-R. Yang 
et� al. 2019; J.-B. Zhang et� al. 2019). Hydrophilic amino 
acids in peptides like LHDELT and KEEKFE from paci�c 
herring (Clupea pallasii) muscle possess potent metal 
chelating abilities and proton donating capacities to 
mitigate ROS (Wang et� al. 2019a). �e presence of 
carboxyl and amino groups in the side chains of 
hydrophilic peptides can enhance their antioxidant 
potential (X.-R. Yang et� al. 2019). Lima et� al. (2019) 
suggested that Trp at the N-terminal and Lys at the 
C-terminal of WDDMEK from stripped weak�sh 
(Cynoscion guatucupa) skin and bone played crucial roles 
in inhibiting ROS. �e indole ring of Trp can act as a 
hydrogen donor, while Lys can chelate metal ions (Lima 
et�al. 2019). Further kinetic analysis of ATVY (from Black 
shark skin) interaction with ABTS radicals revealed a 

Bioactivity Proteases Methods
Structural 

characteristics Sequence Species References

ACE inhibitory activity
 Highest inhibition 

(P < 0.05): 
intestinal crude 
enzyme (IC50: 
1.21 mg/mL), 
followed by gastric 
(1.25 mg/mL) and 
pancreatin 
(1.28 mg/mL).

Intestinal and 
gastric enzyme 
preparations 
and porcine 
pancreatin

Hydrolysis with 
intestinal, gastric 
proteases, and 
pancreatin at 
50 °C/37 °C/37 °C, 
pH 8.0/2.0/8.0, 
enzyme/protein 
ratio 3:1, 6h.

Essential Amio acid 
proportions: 
intestinal 
hydrolysate 
52.38%, gastric 
53.69%, 
pancreatic 
53.43%.

-- Smooth hound 
(Mustelus 
mustelus)

(Sayari et� al. 2016)

Antifatigue activity
 Low-dose (5 mL/kg/

day) and 
high-dose (10 mL/
kg/day) 
hydrolysate 
increased climbing 
exhaustion by 
24.76% and 
43.39%.

Protamex Protamex hydrolysis of 
liver homogenate 
at 50 °C, 2.5% 
(w/v), 1–5 h.

High Asp (19.18%), 
Arg (10.31%), 
Glu (13.30%), 
Cys (12.49%), 
Ser (7.41%) 
a�ected 
activity.

-- Monk�sh
(L. litulon)

(Ge et� al. 2018)

Antiallergic activity
 C6 peptide 

fraction: 1 mg/mL, 
89.40% 
anti-allergic 
activity.

Alcalase, Neutrase, 
Pepsin, Trypsin

Enzymatic hydrolysis: 
12% (w/v) 
substrate, 1% 
enzyme ratio, 
distilled water.

-- TPEVHIAVDKF Atlantic Salmon
(Salmo salar)

(Wang et� al. 2019b)

Table 3. Continued.
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biphasic scavenging process characterized by an initial 
rapid phase followed by a slower phase. To elucidate the 
pivotal amino acid involved in this mechanism, Gly 
substitutions were introduced at the C- and N-terminals 
of peptides (GTVG, ATVG, GTVY, and ATVY). Among 
these variants, GTVG and ATVG showed no interaction 
with ABTS radicals, as evidenced by spectrophotometric 
scanning (200–800 nm), which showed no increase in 
the 340 nm peak nor reduction of the 415 nm ABTS 
radical signal (Q. Yang et� al. 2020). Conversely, GTVY 
and ATVY exhibited significant changes in absorption 
peaks and a visible color shift from blue-green to 
purple, indicating effective ABTS reduction. Figure 2a 
illustrates the reaction mechanism between ATVY and 
ABTS radicals, confirming the crucial role of tyrosine 
in this process (Q. Yang et� al. 2020). Additionally, 
antioxidant peptides derived from Atlantic sea 
cucumber (C. Frondosa), identified through de novo 
sequencing, underwent in-silico docking analyses 
against myeloperoxidase (MPO), a source of in-vivo 

oxidative stress (Y. Zhang et� al. 2020). Both peptides 
engaged in multiple types of interactions (hydrogen 
bonds, hydrophobic interactions, van der Waals forces, 
and electrostatic interactions) with MPO, e�ectively 
obstructing the active site of enzyme. (Figure 2b) (Nirmal 
et� al. 2023; Y. Zhang et� al. 2020).

ACE-inhibitory activity.� Hypertension constitutes a 
signi�cant risk factor for cardiovascular disease, with 
ACE playing a pivotal role in blood pressure regulation 
by generating angiotensin II, a potent vasoconstrictor. 
Inhibiting this enzyme is paramount in the prevention 
and treatment of high blood pressure (W. Song et� al. 
2023). Recently, Behera et�al. (2022) revealed that enzyme 
subtilisin could e�ectively release ACE inhibitory peptides 
from Mediterranean �sh viscera. Val-Ala-Met-Pro-Phe 
has been identi�ed as a highly potent ACE inhibitor due 
to its low IC50 value (0.44 µM) (Behera et�al. 2022). Riyadi 
et� al. (2020) investigated the e�ects of tilapia viscera 
hydrolyzed with Alcalase to produce a bioactive crude 

Figure 2. (a) The interaction mechanism of generation of TEFHLL (a) and EEELAALVLDNGSGMCK (b)�with the active site of myeloperoxidase. Readapted from Zhang 
et� al. (2020) with permission from Elsevier, copyright 2020.



8 S. HUANG ET�AL.

extract (VisBC) administered to spontaneously hypertensive 
rats induced by DOCA-salt. Treatment by VisBC at 
150 mg/kg signi�cantly reduced systolic (19.64%) and 
diastolic (29.15%) blood pressure, and inhibited TNF-� 
(8.08%) and IL-6 (8.39%) expression. Speci�cally, VisBC 
from tilapia suppressed TNF-� and IL-6 expression, 
leading to reduced systolic and diastolic blood pressure in 
DOCA-salt-induced rats. �ese above �ndings highlight 
the potential of �sh viscera as a source of bioactive 
compounds with antihypertensive properties (Riyadi et� al. 
2020). Currently, the mechanisms through which bioactive 
peptides derived from fish viscera inhibit ACE have 
not been fully understood. However, ACE-inhibiting 
mechanism of peptides from other �sh components have 
been documented. It was reported that �ve peptides 
predominantly engaged in forming hydrogen bonds, 
hydrophobic interactions, and metal-receptor bonds with 
ACE residues. Each peptide established a minimum of 
�ve hydrogen bonds with ACE, demonstrating e�ective 
interaction with the active site of enzyme and enhancing 
its inhibitory potency (Abouelkheir and El-Metwally 
2019). �e strong hydrogen bonding with residues in the 
S1 pocket (Ala354) and S2 pocket (His353) primarily 
contributed to the ACE inhibition by peptides (Wang 
et� al. 2017). �ese �ndings underscored that the peptides 
exhibited inhibitory activity due to their e�ective 
interactions with active sites of ACE, ultimately leading to 
enzyme inactivation (Soleymanzadeh et� al. 2019). W.-Y. 
Liu et� al. (2021) studied the mechanism of action of ACE 
inhibitory peptides from Atlantic salmon (Salmo salar L.) 
skin. Various binding a�nity and binding modes were 
established to stabilize the ACE-peptide complex (W.-Y. 
Liu et� al. 2021), as illustrated in Figure 3 (W.-Y. Liu et� al. 
2021). As depicted in Figure 3A, Gly-Arg interacted with 
ACE residues Asn70, Glu143, His513, Ala354, and Tyr523 
via six hydrogen bonds. �e peptide Arg-Glu-Arg formed 
six hydrogen bonds with Asn70, Glu143, Ala356, Tyr523, 
and Arg522. Arg-Glu-Arg also formed a �-cation bond 
with Trp357, His383, Tyr523, and interacted with the 
Zn701 active site via two metal–acceptor bonds (Figure 
3B) (W.-Y. Liu et� al. 2021).

Antibacterial activity.� Antimicrobial peptides (AMPs), 
which constitute a diverse class of bioactive small peptides, 
serve as a crucial component of the body’s initial defensive 
mechanism against pathogen inactivation. �eir action 
modes involve disrupting bacterial cell membranes, 
modulating the immune response, and regulating 
in�ammatory processes (Magana et� al. 2020). AMPs can 
modulate cell chemotaxis and apoptosis, enhance cellular 
immunity, and facilitate wound repair (Lin et� al. 2022). 
Antimicrobial peptides serve as integral components 
within the innate immune system, contributing to the 
host protection against infection. �ese peptides 

encompass �sh liver-derived AMPs (e.g., hepcidins and 
LEAP-2), defensins, cathelicidins, and histone derivatives 
(Houyvet et�al. 2021). Enzymatic hydrolysis of �sh viscera 
has become a major strategy to generate AMPs (Pezeshk 
et� al. 2019). S. Khan et� al. (2022) concluded that 
Flavourzyme, Protamex, Papain, and Neutrase were 
employed to hydrolyze mackerel viscera. �e resulting 
protein hydrolysates exhibited potent antibacterial 
properties against both Gram-positive (L. innocua) and 
Gram-negative (E. coli) strains (S. Khan et� al. 2022). 
Notably, protein hydrolysates fractionated with acetone 
demonstrated the highest antibacterial activity, indicating 
the involvement of hydrophobic peptides. Trout pepsin 
can be utilized to produce AMPs from trout viscera, 
which exhibited signi�cant potency in combating �sh 
farming pathogens and reducing food contamination. 
Given their remarkable attributes, �sh viscera-derived 
AMPs show signi�cant promise as antimicrobials in the 
food industry (S. Khan et�al. 2022). At present, the action 
mechanism of antimicrobial peptides from sturgeon 
(Acipenser ruthenus) spermary was studied by H.-L. Li 
et� al. (2023). �e binding interactions of NDEELNKLM 
and RSSKRRQ peptides with DNA gyrase and DHFR 
were depicted in Figure 4A and B, respectively (J. He 
et� al. 2020; Roney et� al. 2023). As shown in Figure 4A 
and B, due to their essential roles, inhibitors targeting 
these enzymes are highly regarded for treating bacterial 
infections. Conversely, inhibiting DNA gyrase results in 
microbial DNA strand breaks, genome integrity disruption, 
and cell death (Roney et� al. 2023; Singh et� al. 2018). 
Peptides NDEELNKLM and RSSKRRQ exhibited strong 
binding a�nity to DNA gyrase and DHFR via salt bridges 
and hydrogen bonds. �is interaction suggested these 
peptides may exert inhibitory e�ects on E. coli by directly 
interacting with these enzymes (H.-L. Li et� al. 2023).

Organoleptic properties of �sh viscera-derived protein 
hydrolysate
Bitter taste of �sh viscera-derived protein hydrolysate.�Natural 
proteins typically do not elicit bitter taste, yet protein 
hydrolysates o�en exhibit an undesirable bitterness. Peptides 
predominantly contribute to bitterness rather than free 
amino acids. �e presence and quantity of hydrophobic 
groups within peptides modulate their bitter taste thresholds 
(Liu et� al. 2022). Peptides derived from 20 amino acids 
found in proteins exhibit varying degrees of hydrophobicity, 
with Trp, Ile, Tyr, Phe, Pro, Leu, and Val being notably 
hydrophobic. Increasing the proportion of hydrophobic 
amino acids such as Phe or Tyr heightens bitterness intensity 
while lowering the bitter taste threshold. Bitterness 
signi�cantly restricts the utilization of protein hydrolysates in 
food applications (Y. Fu et� al. 2019). To further improve its 
utilization value in the food industry, it is essential to 
mitigate bitterness. Industry-scale production normally 
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employs masking, encapsulation, Maillard reaction, and 
exopeptidase hydrolysis to mitigate bitterness. Conversely, 
methods like selective separation, enzymatic deamidation, 
and plastein reaction have not been implemented on at 
industrial scale (Wang et� al. 2023b).

Odor of �sh viscera-derived protein hydrolysate.� Numerous 
�sh protein hydrolysates exhibit bioactive properties, such as 
antioxidant activity; however, their integration into food 
products is hindered by the presence of �shy odor. Speci�cally, 
Yarnpakdee et� al. (2012) concluded that �sh protein 

Figure 3. Docked details of Gly-Arg (A), Arg-Glu-Arg (B), Gly-Pro-Arg (C), Ala-Pro (D), and Val-Arg (E) with ACE (PDB: 1O86). The �gures on the�left� represent the 
3D structure of the ACE–peptide complex, and the �gures on the�right� represent the 2 D diagram of the ACE–peptide molecular interactions. Readapted from Liu 
et� al. (2021) with permission from Elsevier, copyright 2021.
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hydrolysate powder derived from Nile tilapia stored for 
18 days under ice displayed intensi�ed �shy odor compared 
to fresh samples. �is enhancement in sensory attributes was 
linked to increased lipid oxidation in stored �sh, which 
contributed signi�cantly to the development of undesirable 
�shy odors. �e freshness of Nile tilapia used in producing 
protein hydrolysates in�uenced both lipid oxidation and the 
development of �shy odors and �avors in the resulting 
product. Fresh �sh was found to be optimal for minimizing 
�shy odors and �avors in the hydrolysates. Additionally, 
combining the antioxidants Trolox and EDTA e�ectively 
inhibited lipid oxidation and the associated development of 
undesirable sensory attributes (Wang et�al. 2023b). �erefore, 
employing fresh �sh along with antioxidants is recommended 
to produce �sh protein hydrolysates that are well-accepted in 
terms of sensory quality.

Color of �sh viscera-derived protein hydrolysate.� Color 
of protein hydrolysates is in�uenced by various factors 
including sources, processing methods, lipid content, 
moisture levels, light exposure, temperature, and the 
presence of hemoglobin, myoglobin, and novel protein 
ingredients in food formulations (Korkmaz and Tokur 
2022). For instance, di�erent treatments of spray-dried 
visceral hydrolysates from Pangasianodon hypophthalmus 
yielded varying color parameters: lightness (L*) ranged 
from 78.62 to 57.62, redness (a*) from �1.27 to 5.24, and 
yellowness (b*) from 23.66 to 31.91. �e color analysis 
indicated that spray-dried visceral protein hydrolysates 
exhibited a more yellowish hue (Hassan et� al. 2019). �e 
colorimetric properties of �sh protein hydrolysate powders 
derived from fresh and 18-day ice-stored Nile tilapia, 
both with and without mixed antioxidants, are presented 

Figure 4. Molecular docking of peptides with DNA gyrase (A) and DHFR (B). Readapted from Li et� al. (2023) with permission from Elsevier, copyright 2023.
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by the study of Yarnpakdee et� al. (2012). All hydrolysate 
powders exhibited a light yellow hue, probably due to 
lipid oxidation products such as aldehyde compounds 
through Maillard reaction.

The use of activated carbon for decolorization effectively 
removes pigments from solutions. However, increasing the 
dosage of activated carbon accelerates the decolorization 
rate, which leads to a greater loss of nitrogen components 
and amino acids in the enzyme hydrolysate. This process 
also impacts the secondary structure and antioxidant activity 
of hydrolysate (J. Fu et�al. 2024). Therefore, when employing 
activated carbon for decolorization of protein hydrolysates, it 
is crucial to consider not only the decolorization efficiency 
but also the potential loss of nutrients and bioactivities.

Application of �sh viscera-derived protein hydrolysate
Enzymatic hydrolysis of peptides extracted from fish viscera 
has been widely studied in the food industry (Behera et� al. 
2022). The application of viscera protein-derived peptides in 
freshwater fish and marine fish is summarized as follows.

For freshwater fish, Deraz (2015) performed enzymatic 
hydrolysis of Tilapia nilotica viscera and prepared protein 
hydrolysates with excellent amino acid composition and pro-
tein efficiency ratio as a nitrogen source in microbial growth 
media (Deraz 2015). A comparative study was conducted on 
the protein hydrolysates from rainbow trout (Onchorhynchus 
mykiss) viscera and poultry by-product protein (Taheri et� al. 
2013), revealing that protein hydrolysates from rainbow trout 
viscera exhibited a high proportion of hydrophilic peptide 
chains in comparison to hydrolysate from poultry by-product, 
showing the great potential as water-binding additives to 
enhance the texture of aquatic food products (Taheri et� al. 
2013). Riyadi et� al. (2022) proposed that tilapia viscera pro-
tein hydrolysate (TIVPH) administered at 450 mg/kg BW 
demonstrated promising effects on Tregs and lung function 
improvement. TIVPH attenuated inflammation by preserving 
naïve Tregs and enhancing IL-10 and TGF-� expression 
through CD4+, CD25+ activation. Additionally, TIVPH 
reduced lung expression of CD66a and MPO, providing pro-
tection against LPS-induced lung injury in mice. Thus, 
TIVPH holds potential as a potential nutraceutical (Riyadi 
et� al. 2022).

As for marine fish, it has been shown that protein hydro-
lysates derived from Sardinella heads and viscera, treated 
with Alcalase, exhibited solubility rates of 100% in the range 
of pH 6 to 10. The findings suggested that fish protein 
hydrolysates can be readily incorporated into food formula-
tions (Villamil, Váquiro, and Solanilla 2017). Additionally, 
research has been conducted on the oil-holding capacity of 
hydrolysates derived from fish by-products. Specifically, pro-
tein hydrolysates sourced from the viscera and heads of sar-
dinella exhibited enhanced oil absorption capabilities 
compared to native protein, demonstrating a superior per-
formance to casein at degree of hydrolysis of 9.33%. 
Consequently, these hydrolysates possess an oil-holding 
capacity that renders them suitable for application in formu-
lations in the food and confectionery industries (Villamil, 
Váquiro, and Solanilla 2017). Klomklao and Benjakul (2017) 

indicated that protein hydrolysates derived from skipjack 
tuna (Katsuwonus pelamis) viscera exhibited high contents of 
essential amino acids (43.13%), showing potential as nutri-
tional supplements (Klomklao and Benjakul 2017). A previ-
ous study by Klompong et� al. (2012) revealed that peptone 
extracted from yellow stripe trevally (Selaroides leptolepis) 
viscera, treated with Alcalase and Flavorzyme, displayed bet-
ter growth-promoting effects on S. aureus, E. coli, yeast, and 
mold, compared to commercial peptone, suggesting that fish 
viscera-derived protein hydrolysates can serve as a valuable 
nitrogenous substrate for microbial growth (Klompong et� al. 
2012). Recently, Nikoo, Benjakul, and Gavlighi (2022) 
demonstrated that protein hydrolysates derived from Atlantic 
salmon, obtained through autolysis, can be utilized as a 
potential nutritional supplement for malnourished children. 
Consequently, the abovementioned findings provide a theo-
retical reference for application of fish viscera-derived pro-
tein hydrolysates/peptides in the food industry (Nikoo, 
Benjakul, and Gavlighi 2022). Boonbumrung et� al. (2023) 
suggested that tuna viscera protein hydrolysate (TVPH) was 
transformed into tuna viscera flavor enhancer (TVFE) 
through the Maillard reaction. The Maillard reactions of 
TVFE were conducted with or without supplements such as 
xylose, yeast extract, and methionine. The volatile compo-
nents generated by Maillard reaction were analyzed using 
gas chromatography-mass spectrometry. Sixteen new volatile 
compounds, including 2-methylpropanal, methylpyrazine, 
2,5-dimethylpyrazine, dimethyl disulfide, and 2-acetylthiazole, 
were identified. Aromagrams of TVPH and TVFE were gen-
erated using odor activity value and odor impact spectrum 
(OIS) techniques. According to OIS results, compounds such 
as 3-methylbutanal, 2-methylbutanal, 1-octen-3- 
ol, 2,5-dimethylpyrazine, methional, and dimethyl trisulfide 
contributed significantly to the meaty, creamy, and toasted 
aroma of TVFE. These findings suggested that TVPH, after 
Maillard reaction, holds promise as a food flavor enhancer 
(Boonbumrung et� al. 2023).

However, the current application potential of fish viscera 
peptides is predominantly constrained within the realms of 
theoretical elaboration and in-depth laboratory research. 
Given this context, the future research strategy ought to 
emphasize on enhancing the exploration of their practical 
applicability, to bridge the practical gap within this field and 
facilitate the transition of fish viscera peptides from theoret-
ical research to viable practical applications.

Enzymes from �sh viscera

Extraction and puri�cation of �sh viscera-derived enzymes
Fish viscera contains an array of enzymes, particularly tryp-
sin, transglutaminase and lipases (Marti-Quijal et� al. 2020). 
Currently, several methods have been developed for extraction 
and purification of fish viscera-derived enzymes. Table 4 lists 
the extraction and purification methods of different fish 
viscera-derived enzymes. At present, the main extraction 
methods for enzymes from fish viscera mainly include inor-
ganic solvent extraction and acetone extraction. The inor-
ganic solvent extraction method typically utilizes sodium 
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Table 4. Optimal preparation conditions of �sh viscera enzymes.

Fish species Enzyme types
Extraction and puri�cation 

methods In�uencing factors Results References

African cat�sh (Clarias 
gariepinus)

Protease Viscera homogenized, 
centrifuged. Supernatant 
puri�ed by 60% 
ammonium sulfate 
precipitation and dialysis.

High-fat content (57.61%) 
in African cat�sh 
interfered with 
puri�cation.

Speci�c activity 
increased 2.3-fold 
to 608.70 U/mg, 
61.43% visceral 
protease recovery.

(Jamalluddin, Siti Roha, 
and Normah 2021)

Giant cat�sh Alkaline protease Three-phase partitioning 
isolated alkaline 
protease at 1:0.5 (w/v) 
tert-butanol:50% citrate, 
pH 8.0, 25 °C.

Factors a�ecting 
partitioning: salts, 
solvents, pH, incubation 
temperatures.

The enzyme recovery 
rate was 220% and 
puri�cation fold 
was 6.

(Ketnawa, Benjakul, 
Martinez-Alvarez, and 
Rawdkuen 2014)

Nile tilapia 
(Oreochromis 
niloticus)

Lipase Primary T-ATPS: lipases 
partitioned to 
EOPO-rich top phase 
(20% crude enzyme, 
40% EOPO, 10% 
(NH4)2SO4, 4% NaCl). 
Secondary T-ATPS: 1:1 
(w/w) top phase: 
distilled water, 60 °C 
phase separation.

Partitioning results a�ected 
by salt type/
concentration, EOPO 
concentration, NaCl, 
EOPO: water ratio, 
temperature.

Lipase yield: 64.45%, 
puri�cation fold: 
6.30, overall 
recovery: 93.59%.

(Jaran et� al. 2021)

Tilapia (Oreochromis 
niloticus)

�-amylase Crude extract: heated 
(40 °C/30 min), 
centrifuged (10,000g, 
10 min, 4 °C). Saline 
fractionation: 
ammonium sulfate 
(30–60% w/v), gradual 
addition (10 min, ice 
bath stirring), 
centrifuged (10,000g, 
10 min, 4 °C). Column 
equilibrated and eluted 
with phosphate bu�er.

Puri�cation e�ect related 
to heat treatment, 
fractionation, gel 
�ltration 
chromatography 
parameters.

�- Amylase yield: 38%, 
puri�cation fold: 
76, speci�c activity: 
8300 U/mg.

(Ferreira et� al. 2021)

Rohu (lat. Labeo rohita) 
�sh

Phosphatase Enzyme precipitated with 
ammonium sulfate, 
then puri�ed by 
CM-Cellulose 
adsorption, Sephadex 
G-100 chromatography, 
Reactive Blue 4-Agarose 
a�nity chromatography.

Key puri�cation factors: 
ammonium sulfate 
precipitation, 
permeation 
chromatography.

Enzyme speci�c 
activity: 1.75 U/mg, 
puri�cation factor: 
43, yield: 
approximate 0.15%.

(Siddiqua et� al. 2012)

Asian seabass Lipase ATPS conducted with equal 
ammonium sulfate 
(20%, w/v) and 
PEG-6000 (50%, w/w).

Salt type/concentration, 
PEG MW/concentration 
a�ect results.

The puri�cation ratio 
was 9-fold with 
the recovery rate 
of 48%.

(Patil et� al. 2023)

Engraulis anchoita Alkaline trypsin Viscera homogenates 
centrifuged, supernatants 
collected. Acetone added 
(1:0.75, v/v) at 15 °C, 
stirred for 10 min, 
centrifuged at 10000g, 
4 °C. Supernatant mixed 
with pre-cooled acetone 
(1:1, 1:1.25).

Precipitation e�ect 
in�uenced by enzyme: 
acetone ratio.

Final puri�cation 
enhanced trypsin 
activity 1.83-fold, 
speci�c activity: 
0.175 U/mg, 
recovery rate: 
138.03%.

(Lamas, Yeannes, and 
Massa 2017)

Common dolphin�sh 
(Coryphaena 
hippurus)

Trypsin Intestines mashed, 
homogenized in 50-mM 
Tris-HCl, centrifuged. 
Supernatant 
precipitated with 
40%–60% ammonium 
sulfate, centrifuged. 
Precipitate underwent 
molecular exclusion.

Protease puri�cation e�ect 
related to saline 
fractionation 
parameters, �ltration 
chromatography cycles.

Final puri�cation: total 
activity 1.804 U/mL, 
protein 0.069 mg/
mL, speci�c activity 
6241.81 U/mg, 
recovery 60%.

(Ribeiro Cardoso dos 
Santos et� al. 2020)

Thread�n bream 
(Nemipterus sp.) (TB)

Transglutaminase 
(TGase)

TB liver homogenized, 
centrifuged (20,000g, 
30 min, 4 °C). 
Supernatant �ltered, 
centrifuged (45,000g, 
1 h). Partially puri�ed by 
DEAE-sephacel, 
hydroxyapatite, 
sephacryl s-200, hi-trap 
heparin chromatography.

Sephacryl S-200 super�ne 
was the major factor 
for puri�cation.

Post-Hi-trap Heparin: 
TGase total activity 
313.60 U, speci�c 
activity 3920.35 U/
mg, puri�cation 
fold 86.28, yield 
5.12%.

(Hemung and 
Yongsawatdigul 2008)
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phosphate as extraction buffer, yielding a crude extraction 
solution through processes, such as dissolution, homogeniza-
tion, and centrifugation (Kuepethkaew, Damodaran, and 
Klomklao 2021). Despite its simplicity, this method is 
afflicted by low extraction efficiency and limited effective-
ness. On the other hand, the acetone extraction method uti-
lizes acetone as a solvent to generate a crude extraction 
solution by means of dissolution, drying, redissolution, and 
dialysis (Ben Maiz et�al. 2019). Compared to direct extraction, 
this method offers higher extraction rates; however, it is not 
economically or environmentally viable due to the consump-
tion of acetone reagent. While this method maximizes the 
utilization of viscera, it involves more complex operations 
and higher extraction costs. In recent years, researchers have 
also explored the application of ultrasound-assisted extraction 
of viscera-derived enzymes. Following the recovery of crude 
enzyme extract, purification can be achieved using chro-
matographic techniques, such as ion exchange, gel filtration, 
precipitation with ammonium sulfate, hydrophobic interac-
tion and affinity (Borges et� al. 2023).

Physicochemical properties of �sh viscera-derived enzymes
Currently, a significant body of research is dedicated to 
explore the physicochemical characteristics of enzymes 
derived from fish viscera. Enzyme activity and physicochem-
ical properties are mainly influenced by various factors, 
including pH, temperature, metal ions, chemical reagents, 
and inhibitors (N. Jamalluddin, Siti Roha, and Normah 
2021). Table 5 lists the physicochemical properties of differ-
ent fish viscera-derived enzymes.

Overall, the enzymes isolated from both freshwater and 
marine fish viscera exhibited stability and a plethora of 
superior properties under defined conditions. This pivotal 
finding underscores not only the adaptability of these 
enzymes to specific environments but also their significant 
potential for widespread application and promising avenues 
for development in the food industry.

Application of �sh viscera-derived enzymes
Enzymes derived from fish viscera exhibit considerable 
application potential in food, chemical, pharmaceutical, and 
detergent industries due to their stability under defined con-
ditions Subsequently, a summary of the utilization of viscera 
enzymes in both freshwater and marine fish species will be 
presented (Zainuddin et� al. 2020).

For freshwater fish, Naghdi et� al. (2023) have applied 
crude alkaline protease from rainbow trout (Oncorhynchus 
mykiss) viscera to extract sulfated polysaccharides from 
Skipjack tuna (Katsuwonus pelamis) viscera. The findings 
indicated that alkaline protease could effectively extract sul-
fated polysaccharides with high antioxidant and antibacterial 
activities (Naghdi et� al. 2023). Therefore, alkaline protease 
from rainbow trout viscera is expected to be used as raw 
material for extracting active polysaccharide. Ferreira et� al. 
(2021) found that efficacy of �-amylase from tilapia 
(Oreochromis niloticus) (AMY-T) in hydrolyzing raw starch at 
40 °C, achieved rates of 45% and 35% for suspensions con-
taining 1% and 5% starch, respectively. Compared to other 

�-amylases, AMY-T demonstrated superior performance in 
digesting raw potato starch. AMY-T achieved significant 
hydrolysis of raw potato starch, indicating its potential as a 
competitive alternative to microbial enzymes. The finding 
underscored AMY-T’s suitability for various industrial appli-
cations in the starch industry (Ferreira et� al. 2021).

Several studies have been performed to explore the poten-
tial applications of marine fish viscera-derived enzymes in 
various industries. Patil et� al. (2023) found that trypsin puri-
fied from the pyloric ceca of Asian seabass (Lates calcarifer) 
could be utilized for hydrolysis of acid-soluble collagen Asian 
seabass trypsin could be a commercially important alternative 
to some proteases that have religious restrictions (Patil et� al. 
2023). Lamas, Yeannes, and Massa (2017) found that the 
extracted protease derived from Engraulis anchoita viscera 
and heads exhibited high activity and stability at alkaline pH, 
as well as activity at low temperatures and stability in the 
presence of SDS, which endows them with great potential as 
laundry detergents (Lamas, Yeannes, and Massa 2017). 
However, owing to the unpleasant odor present in fish vis-
cera, it is imperative to employ specific methodologies for 
odor mitigation of the enzymes derived from these viscera 
prior to their utilization in the formulation of laundry deter-
gents. This pretreatment step is crucial to optimizing the 
application efficacy and ensuring the optimal performance of 
the resulting detergents. Murthy et� al. (2018) demonstrated 
that the crude enzyme extract obtained from tuna viscera can 
effectively synergize with commercially available enzymes for 
hydrolyzing fish protein (Murthy et� al. 2018). Seer fish 
viscera-derived pepsin or trypsin was more effective than 
commercial enzymes in hydrolyzing squid, suggesting their 
potential for producing squid protein hydrolysates with desir-
able antioxidant properties (Shakila et� al. 2016). Recently, H. 
Liu et� al. (2023) have demonstrated that golden pompano 
(Trachinotus ovatus) viscera-derived lipase can significantly 
enhance the content of EPA, DHA, and DPA in golden pom-
fret lipid through hydrolysis. n–3 PUFA enrichment in the 
glyceride fraction of golden pompano oil was performed by 
GPL-catalyzed hydrolysis and yielded a total PUFA concentra-
tion of 56.99%. EPA, DHA, and DPA were enriched by 10.4-, 
3.2-, and 1.8-fold of their initial levels, which suggested the 
promising potential of lipase as a valuable tool for producing 
� –3 PUFA concentrates with acyl chain lengths greater than 
C20 (H. Liu et� al. 2023). Additionally, TGase from fish liver 
has been utilized to crosslink food proteins, altering their 
functional properties. It could be combined with emerging 
minimal food processing technologies like ultra-high pressure, 
microwave-assisted processing, pulsed electric field, UV irra-
diation, ultrasonication, and fermentation to enhance attri-
butes such as gelation, water holding capacity, texture firmness, 
yield increase, and viscoelastic properties (Gharibzahedi et� al. 
2018). TGase can also incorporate Lys into food products 
with low or no Lys content through isopeptide bond forma-
tion with Gln residues. This process can enhance protein 
functionalities such as solubility, emulsification, foam forma-
tion, and gelation characteristics (Jiang et� al. 2024; Laksono 
et� al. 2021). Commercial TGases are available in pharmaceu-
tical, analytical, and food grades. However, the current sources 
of commercial TGase are limited to animal (mainly guinea 
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Table 5. Physicochemical properties of di�erent �sh viscera-derived enzymes.

Fish species Enzymes species Enzyme types Optimum T 
(°C)

Optimum pH Stability range References

Giant cat�sh Peptidases An aqueous two-phase 
system (ATPS) of 15% 
(w/w) polyethylene 
glycol (PEG-2000) 
and 15% (w/w) 
sodium citrate.

70 8.0 It retained more than 
50% of activity at 
the highest salt 
concentration 
(30% w/v).

(Ketnawa et� al. 2015)

Nile tilapia (Oreochromis 
niloticus)

Puri�ed lipase Primary T-ATPS: lipases 
partitioned to 
EOPO-rich top phase 
(20% crude enzyme, 
40% EOPO, 10% 
(NH4)2SO4, 4% NaCl). 
Secondary T-ATPS: 
optimal top 
phase:water ratio 1:1 
(w/w), phase 
separation temp. 
60 °C.

40 8.5 The sample exhibited 
stability within the 
temperature range 
of 0–40 °C and pH 
8–10.

(Jaran et� al. 2021)

Hybrid cat�sh (Clarias 
macrocephalus × Clarias 
gariepinus), snakehead 
(Channa stiata) and Nile 
tilapia (Oreochromis 
niloticus).

Crude lipase Viscera powder 
suspended in water 
(1:9, w/v), stirred at 
4 °C for 30 min. 
Supernatant 
recovered by 
centrifugation 
(5000g, 4 °C, 30 min).

40–45 7.0–8.5 Enzymatic stability 
una�ected after 
30-min heating at 
pH 7.0–10.0, 
�40 °C.

(Patchimpet, 
Sangkharak, and 
Klomklao 2019)

Silver carp Puri�ed trypsin Trypsin puri�ed by 
chromatography. 
Temperature 
dependence was 
assessed at pH 8.0 
(20–80 °C). 
Thermostability by 
residual activity at 
pH 8.0, 65 °C 
(15 min).

65 – Trypsin remained 
stable at 30 °C for 
8 h in the 
presence of 
calcium ions.

(Abe, Yuan, Kumagai, 
and Kishimura 2020)

Nile tilapia (Oreochromis 
niloticus)

Puri�ed �-amylase Viscera homogenized, 
centrifuged. Crude 
extract thermally 
treated (40 °C, 
30 min), centrifuged. 
Saline fractionation 
(30–60% ammonium 
sulfate), equilibrated 
column with 10 mM 
phosphate pH 7.0, 
eluted with same 
bu�er.

– 8.0 Stable for 24 h in pH 
3.0–10.0, resistant 
to methanol, 
isopropanol, 
butanol, DMF, 
DMSO, ethyl ether.

(Ferreira et� al. 2021)

Rohu (lat. Labeo rohita) �sh Puri�ed acid 
phosphatase

Enzyme precipitated 
with ammonium 
sulfate. Puri�ed by 
CM-Cellulose 
adsorption, Sephadex 
G-100 
chromatography, 
Reactive Blue 
4-Agarose a�nity 
chromatography.

40 5.0 – (Siddiqua et� al. 2012)

Chihuil sea cat�sh (Bagre 
panamensis)

Semi-puri�ed 
protease

Intestinal tissues 
homogenized, 
defatted, centrifuged 
to obtain crude 
enzyme extract. 
Extract saturated to 
30%, 70% (NH4)2SO4, 
centrifuged. 
Precipitate 
resuspended, 
dialyzed, resulting in 
semi-puri�ed 
proteases extract.

40–50 11.0 High stability over pH 
9–12, temp. 
10–40 °C. Protease 
stable with NaCl, 
organic solvents, 
reducing agents.

(Rios-Herrera et� al. 
2020)

(Continued)
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pig liver) and microorganism sources (Lerner et� al. 2017). 
Fish/shellfish TGase showed significant sequence homology, 
conserved regions and similar structures. For example, salmon 
TGase has 62.4% similarity in amino acid sequence to red sea 
bream TGase, while it showed only 43.5% and 34.4% of 
sequence similarities with guinea pig liver TGase and Factor 
XIII, respectively (Hemung and Yongsawatdigul 2008; Y. 
Zhang and Simpson 2020). One promising application of 
TGase from fish liver is in the development of nutrient-dense 
food products at low temperatures, aimed at replacing 
energy-dense foods linked to adverse health effects among 
consumers. Based on the relevant studies summarized above, 
at present, the application prospects of enzymes from fresh-
water fish viscera are mainly raw materials for extracting 
active polysaccharides and hydrolyzed starch. The application 
prospects of enzymes from Marine fish viscera are mainly 
hydrolyzed protein, used as raw materials for laundry deter-
gent, enrichment of unsaturated fatty acids, enhancement of 
food protein, development of nutrient-enriched food, etc., 
involving food, pharmaceutical and other fields. Thus, 
enzymes derived from Marine fish show promise for a wider 
range of applications than freshwater fish. Nevertheless, it is 
imperative to underscore that the present scope of inquiry 
into the comprehensive deployment of visceral enzymes, both 
in freshwater and marine fish species, remains predominantly 
confined within laboratory settings. This restriction has pre-
cluded the attainment of substantial industrial-scale imple-
mentation, thereby significantly circumscribing the realm of 
practical applications.

Lipids from �sh viscera

Overview of �sh viscera-derived lipids

Fish lipid is a highly complex natural compound (C. He 
et� al. 2021). Wang et� al. (2019b) identified 12 subclasses 
comprising more than 700 types of lipids in freshwater and 
marine fish species, especially the presence of numerous bio-
active lipids with significant amounts of n-6 fatty acids, 

specifically C20:4n-6, and n-3 fatty acids, notably C20:5n-3 
and C22:6n-3. In addition to their favorable fatty acid com-
position, fish viscera-derived fatty acids are also crucial for 
their distinctive acyl group combinations and structures, 
which can improve their bioavailability (Angel Rincon-Cervera 
et� al. 2019; C. He et� al. 2021).

A series of studies have been performed to investigate the 
composition and content of fish viscera-derived lipids. It has 
been shown that the lipid content in the head and viscera 
from freshwater fish was significantly higher compared to 
muscle (C. He et� al. 2021). Triacylglycerol was found to be 
the predominant component, comprising over 80% of the 
total lipids in muscles and head. As for phospholipids, the 
percentage of polyunsaturated fatty acids (30.35–52.05% of 
total fatty acids) surpassed that of triacylglycerol (18.11–
25.15%) with C52:2 and C52:3 as the most abundant ones 
(C. He et� al. 2021). Engelmann et� al. (2018) found that lip-
ids derived from common carp viscera contained approxi-
mately 65.8% unsaturated fatty acids (MUFA and PUFA). 
The unsaturated fatty acids with the highest concentrations 
were palmitoleic acid (C16:1), oleic acid (C18:1), linoleic 
acid (C18:2), linolenic acid (C18:3), eicosapentaenoic acid 
(EPA) (C20:5), and docosahexaenoic acid (DHA) (C22:6). 
The most abundant saturated fatty acids (SFA) were palmitic 
acid (C16:0) and stearic acid (C18:0) (Engelmann et�al. 2018).

In terms of marine fish, Munekata et� al. (2020) pointed 
out that the contents of lipids in the intestine and liver of 
sea bass were 53 and 35 g/100 g, respectively. Pateiro et� al. 
(2020) demonstrated that the contents of lipids in the intes-
tine and liver of gilthead sea bream (Sparus aurata) were 
34.11% and 25.76%, respectively. Saliu et�al. (2019) extracted 
lipids from bluefin tuna viscera and revealed that MUFA 
exhibited a significantly higher concentration (37.2%), com-
pared to other components of tuna. The most abundant 
fatty acid was palmitic acid (14.9%), while oleic acid (18.4%) 
was identified as the most abundant monounsaturated fatty 
acid. Among PUFA, DHA exhibited the highest concentra-
tion (17.5%), while cholesterol content was found to be 
quite low (84 mg/100g). Overall, the fatty acid composition 

Common dolphin�sh 
(Coryphaena hippurus)

Trypsin Intestines mashed, 
homogenized in 
Tris-HCl bu�er, 
centrifuged. 
Supernatant 
precipitated with 
ammonium sulfate, 
and centrifuged. 
Fraction subjected to 
molecular exclusion.

40 8.0 50% of max activity 
at 50 °C. Sustained 
activity at pH 
5.0–10.0 (70%). 
Trypsin activity 
una�ected by 
commercial 
detergents.

(Magana et� al. 2020)

Thread�n bream (Nemipterus 
sp.) (TB)

puri�ed TGase TB liver homogenized, 
centrifuged. 
Supernatant �ltered, 
centrifuged. Partially 
puri�ed by 
DEAE-sephacel, 
hydroxyapatite, 
sephacryl s-200, 
hi-trap heparin 
chromatography.

50 8.5–9.0 The enzyme 
demonstrated 
sustained activity 
even at high salt 
concentrations

(Hemung and 
Yongsawatdigul 
2008)

Table 5. Continued.
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in viscera from bluefin tuna is close to that of commercially 
available fish oil capsules using omega-3 as supplements 
(Saliu et� al. 2019). Recently, Franklin et� al. (2020) have ana-
lyzed the fatty acid composition of extracted lipids from 
yellowtail fish (Seriola quinqueradiata) viscera and identified 
18 types of fatty acids. Oleic acid exhibited the highest con-
centration, followed by palmitic acid, stearic acid, DHA and 
EPA in the yellowtail fish viscera. The amounts of SFA were 
38.63% and 41.42%, when n-hexane and ethanol were used 
for extraction. The proportions of unsaturated fatty acids 
were 61.37% and 58.58% for n-hexane and ethanol 
extractions, respectively. Among the MUFA present in the 
extracted lipid, oleic acid displayed the highest concentra-
tion, ranging from 26.63% to 23.87% (Franklin et� al. 2020). 
Sae-Leaw and Benjakul (2017) analyzed lipid samples from 
Asian seabass viscera depot fat (SVDF) and indicated that 
triglycerides were the majority, ranging from 92.10% to 
93.23%, while phospholipids ranging from 6.03% to 6.41% 
in the total lipids) (Sae-Leaw and Benjakul 2017). According 
to Han et� al. (2021), the PUFA content (50.48%) in Atlantic 
salmon in winter was higher than that of Rainbow trout 
(46.79%). Phospholipids are the structural components of 
biomembrane, and fish remodel the FA compositions of 
phospholipids to adapt to environmental changes (C. Liu 
et� al. 2018). Phospholipid fatty acids (PLFAs), which are 
sensitive to environmental variations, are less influenced by 
diet. A previous study has reported that the compositions of 
PLFAs in fish are sensitive to variations in salinity. After 
seawater acclimation, the PLFAs in the muscles of rainbow 
trout change significantly to enhance the fluidity of the 
biomembrane to adapt to the high-salinity environment 
(Han et� al. 2021). Given the abundant fatty acid content, 
particularly essential fatty acids crucial for human health, 
present in the viscera-derived oils from both freshwater and 
marine fish, in-depth research on these oils assumes para-
mount scientific significance.

Extraction methods of �sh viscera-derived lipids

Diverse techniques are available for extracting lipids from 
fish viscera, encompassing heat extraction, wet pressing, 
supercritical fluid extraction, and solvent extraction (Arias, 
Marquez, and Zapata 2022). Notably, supercritical CO2 
extraction is considered the most favorable and environmen-
tally friendly method (C.-H. Wang et� al. 2019a). For 
extraction of lipids from freshwater fish viscera, an array of 
methods has been investigated. C. He et� al. (2021) used a 
combination of chloroform and methanol (volume ratio of 
2:1, 9 mL) to treat tilapia viscera and found that the total 
lipid yields from muscle, head, and viscera were 1.04, 12.29, 
and 13.86 g/100 g wet weight, respectively. The viscera con-
tained the highest amounts of fatty acids (6893.70 mg/100 g), 
followed by head (4231.72 mg/100 g) and muscle 
(458.63 mg/100 g). SFAs were the dominant components 
(from 195 to 3353 mg/100 g), followed by PUFA (from 181 
to 2105 mg/100 g) and MUFAs (from 82.03 to 
1435.01 mg/100 g) (C. He et� al. 2021). Engelmann et� al. 
(2018) reported a thermal-mechanical process for obtaining 
refined lipids from carp fish viscera. The crude oil refining 

process, encompassing degumming, neutralization, washing, 
drying, bleaching, winterization, and deodorization. The 
crude oil refining process, adhering to specified operational 
parameters, encompassed degumming (80 °C, 30 min, 
500 rpm agitation, 1.0% phosphoric acid), neutralization 
(40 °C, 20 min, 500 rpm, 20% NaOH solution, 4.0% excess), 
with each step followed by centrifugation (7000 g, 20 min). 
Washing involved three cycles of 10% water addition (95 °C, 
10 min, 500 rpm agitation, 50 °C oil temp), drying (90–95 °C, 
20 min, 500 rpm), bleaching (70 °C, 40 rpm, 5% adsorbents 
blend, 20 min, filtration). Winterization involved three stages: 
nucleation (30–5 °C, 0.62 °C/min, 500 rpm agitation), crystal-
lization (5 to �4 °C, �4 to �5 °C, rates 2.7 and 0.25 °C/h, no 
agitation), with olein-stearin separation via centrifugation. 
Deodorization entailed vacuum treatment (750 mm Hg) in a 
condenser-connected vessel to remove volatiles (Crexi et� al. 
2010). The composition analysis of carp fish viscera revealed 
moisture content of 78.51%, ash content of 1.21%, protein 
content of 10.79%, and lipid content of 12.20%. The 
extraction process demonstrated a recovery efficiency of 80% 
from carp fish viscera, whereas the refinement process 
yielded 65% in obtaining bleached lipid from crude lipid 
(Engelmann et�al. 2018). On the other hand, Al-Hilphy et�al. 
(2022) proposed an innovative method (ohmic heating) for 
lipid extraction from carp (Cyprinus carpio) viscera. By sub-
jecting the system to an electric field intensity of 22 V/cm 
and temperature of 95 °C, it was able to achieve the perfor-
mance rate of 0.97, accompanied by the yield of 1.03 L/h 
and lipid extraction efficiency of 26.66%. Moreover, the 
higher temperatures and stronger electric field strengths 
contributed to improved productivity (Al-Hilphy et�al. 2022). 
Recently, Arias, Marquez, and Zapata (2022) have compared 
three different methods of lipid extraction from fresh red 
tilapia viscera (Oreochromis sp.), namely direct heating at 
69 °C for 29 min followed by lipid separation, direct heating 
followed by freezing, and ultrasonic-assisted solvent 
extraction. The yields obtained using these methods were 
60.99%, 92.126%, and 55.36%, respectively (Arias, Marquez, 
and Zapata 2022). However, most studies have not yet 
refined the extracted fish viscera-derived lipids.

In terms of marine-derived fish viscera, N. A. Jamalluddin 
et�al. (2022) reported the sample preparation, lipid extraction 
operation, and characterization of fish lipids and enzymes. 
Figure 5 illustrates a schematic diagram of supercritical CO2 
(SC-CO2) extraction system, which facilitates production of 
fish lipids. SC-CO2 was able to remove lipids from fish 
by-products with minimal denaturation of protein for 
high-quality fish lipids due to its mild extracting conditions 
(N. A. Jamalluddin et� al. 2022). Franklin et� al. (2020) 
employed supercritical CO2 to extract viscera fish lipids 
from yellowtail fish. The extraction was conducted at tem-
peratures of 40, 45, and 50 °C and pressures of 15, 20, 25, 
and 30 MPa. The separator temperature was maintained at 
45 °C. The CO2 flow rate remained constant at 27 g/min, and 
the extraction time was fixed at 3 h. With the aid of SC-CO2 
extraction, lipids from yellowtail fish viscera contained a sig-
nificant amount of polyunsaturated fatty acids, with the 
highest content (20.14%) of omega-3 fatty acids recovered at 
40 °C and 30 MPa (Franklin et� al. 2020).
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Current research endeavors in the realm of freshwater 
fish viscera-derived oil extraction primarily concentrate on 
solvent-based extraction, thermal extraction, and ultrasonic- 
assisted solvent extraction techniques, each of which pos-
sesses advantages in their respective applications. In contrast, 
the exploration of marine fish viscera oil extraction predom-
inantly leans toward the adoption of supercritical carbon 
dioxide extraction technology. Although the extraction effi-
ciency of this novel method, in terms of oil yield, may 
slightly lag behind certain traditional methods, its environ-
mentally benign and sustainable nature underscores its sig-
nificant potential and importance in the field of oil 
extraction, deserving of heightened attention and intensive 
investigation by the scientific community. Furthermore, it is 
imperative to acknowledge that a pivotal aspect often over-
looked in contemporary studies pertains to the oil refining 
process after extraction. Refining is an indispensable step 
prior to utilization of oil in the food industry, as it is crucial 
for enhancing oil quality, eliminating impurities, and opti-
mizing its physicochemical properties. Consequently, future 
research ought to prioritize the optimization and innovation 
of oil refining methodologies, aiming to develop a more effi-
cient and eco-friendly integrated process encompassing both 
oil extraction and refining.

Characterization of �sh viscera-derived lipids

At present, in order to clarify the physical and chemical 
characteristics of fish viscera-derived lipids, some scholars 
have carried out research. Regarding freshwater fish, the 
physical and chemical properties of common carp viscera 
(Cyprinus carpio) crude oil and bleached oil were character-
ized by Engelmann et� al. (2018). The peroxide value (PV) 

serves as a measure of hydroperoxide concentration, reflect-
ing initial lipid oxidation stages while the �-anisidine value 
(AnV) is used to determine the amount of �- and 
�-unsaturated and secondary oxidized aldehydes where 
�-anisidine reacts with aldehydes to produce a yellowish 
product. Increased AnV indicated higher levels of nonvola-
tile oxidation products (Ribourg-Birault et� al. 2024). The PV 
and AnV of crude oil are 3.92 and 8.48 meqperoxide/kgoi 
respectively, while the PV and AnV of bleached oil are 
reduced to 1.99 and 5.25 respectively. The Totox value which 
refers to the total oil oxidation state (primary and secondary 
oxidation) for bleached oil was 9.2. The iodine value (IV) of 
carp visceral oil was high, with crude oil and bleached oil 
being 115 and 114 cgI2/g respectively, and saponification 
value (SV) being 196 and 195 mgKOH/g respectively. The den-
sity was low, both crude oil and bleached oil were 920 kg/
m3. IV represents the degree of oil unsaturation, SV rep-
resents the average molecular weight of fatty acids. Crude oil 
contained approximately 65.8% unsaturated fatty acids 
(UFA). The predominant UFAs were palmitoleic acid, oleic 
acid, linoleic acid, linolenic acid, EPA, and DHA. (Engelmann 
et� al. 2018). Al-Hilphy et� al. (2024) developed a novel solar 
energy-based (SE) system to convert carp fish viscera into 
oil. SE extraction yielded 18.4% more oil compared to con-
ventional extraction (CE) methods. SE oil exhibited signifi-
cantly lower PV, free fatty acid (FFA), and thiobarbituric 
acid (TBA) levels compared to CE, by 40.9%, 43.8%, and 
27.1%, respectively. Specifically, SE oil had PV, FFA, and 
TBA values of 2.600 meq/kg, 0.5049%, and 2.340 mg 
Malonaldehyde/kg oil, respectively. Additionally, the FFA 
content in oils extracted via SE was 43.77% lower compared 
to CE (Al-Hilphy et� al. 2024). SE oils were characterized by 
the presence of PUFA such as linoleic acid (octadecadienoic 

Figure 5. Simultaneous production Fish oil and enzyme recovery through SC-CO2 process. Preparatory measures were undertaken prior to commencing SC-CO2 
process. The chiller (No. 4) was used for cooling to 4 °C, while the stainless steel extraction container (No. 6) was heated to designated extraction temperature 
(T > Tc). Liquid CO2 was then pumped into the extraction vessel using a high pressure pump (No. 3) until the required pressure (P > Pc) was achieved. This resulted 
in the formation of SC-CO2, which serves as the extraction solvent at pressures higher than Pc and temperatures higher than Tc. To release the complex of SC-CO2 
and �sh oil extract, rapid depressurization was carried out through a metering valve (No. 15). The �sh oil extract was collected from the separation container (No. 
7), while the defatted �sh guts were retained in the extraction container for subsequent analysis and utilization. Readapted from Jamalluddin et� al. (2022) with 
permission from Springer Publisher, copyright 2022.
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acid) and arachidonic acid. Moreover, eicosenoic acid (gon-
doic acid) was detected in SE and CE oils at levels of 2.38% 
and 2.57%, respectively. SE oil was enriched with valuable 
UFA, including octadecenoic (35.1%), hexadecanoic (18.8%), 
and octadecadienoic acids (9.9%). The total percentages of 
PUFA, MUFA, and SFA in SE-extracted viscera oil were 
13.49%, 34.09%, and 39.53%, respectively, whereas these val-
ues were 4.11%, 6.27%, and 6.87% for CE-extracted oil 
(Al-Hilphy et� al. 2024).

As for marine fish, the physicochemical properties of fish 
oil from yellowtail fish (Seriola quinqueradiata) viscera 
extracted by SC-CO2 method were characterized by Franklin 
et� al. (2020). The results of the study showed that all oil 
samples extracted using SC-CO2 technology had PV between 
2.07 and 3.60 meq/kg. The AnV of SC-CO2 extracted oil at 
different temperatures and pressures ranged from 9.73 to 
13.65. The Totox value of SC-CO2 extracted fish oil was 
16.07–19.28. At 45 °C and 15 MPa, the FFA content of 
SC-CO2 extracted oil was the lowest (4.28%) (Franklin et� al. 
2020). The fatty acid profile of the extracted oil included a 
total of 18 fatty acids. Predominant among these were Oleic 
Acid, followed by Palmitic Acid, DHA, Stearic Acid, 
Palmitoleic Acid, and EPA. The UFAs extracted using 
SC-CO2 extraction with percentages ranging from 58.16% to 
59.57% under varying conditions. Among SFAs, palmitic 
Acid predominated, ranging from 25.65% to 22.4% in the 
extracted oils, while among the UFAs, Oleic Acid was the 
most abundant, ranging from 26.63% to 23.87% (Franklin 
et� al. 2020). Sae-Leaw and Benjakul (2017) evaluated the 
physicochemical properties of lipids extracted from SVDF 
using different methods (heating in air, heating under vac-
uum, autoclave, and solvent extraction). Autoclave-extracted 
lipids consistently exhibited higher PV values over the 
30-day storage period compared to those extracted by heat-
ing in air, heating under vacuum, and solvent extraction 
(p < 0.05). A lower PV was observed in the sample prepared 
by vacuum heating. Thiobarbituric acid reactive substances 
(TBARS) value is an index of degradation of hydroperoxides 
into the secondary oxidation products in the later stages of 
lipid oxidation (Ribourg-Birault et� al. 2024). A slightly 
higher TBARS value was obtained in lipid extracted by auto-
clave (4.08 mg malonaldehyde equivalents/100 g lipid), com-
pared to others (2.07–3.18 mg malonaldehyde equivalents/100 g 
lipid) (p < 0.05). Autoclave-extracted lipids consistently exhib-
ited the highest AnV values, followed by those extracted 
using heating in air, heating under vacuum, and solvent 
extraction, respectively (p < 0.05). The FFA content in all 
samples consistently increased over the 30-day storage period 
(p < 0.05). Autoclave-extracted lipids exhibited the highest 
FFA content, followed by those extracted via air heating, 
vacuum heating, and solvent methods, respectively (p < 0.05) 
(Sae-Leaw and Benjakul 2017). Lipids from SVDF contained 
29.88–32.38% SFA, 33.80–35.18% MUFA, and 28.43–29.80% 
PUFA. MUFA and PUFA collectively comprised 62.23 to 
64.98% of SVDF lipids. Oleic acid was the predominant fatty 
acid in all lipid extractions (25.34–27.18 g/100 g lipid), fol-
lowed by palmitic acid (20.08–21.80 g/100 g lipid), and lin-
oleic acid (12.86–15.19 g/100 g lipid) (Sae-Leaw and Benjakul 
2017). Messina et� al. (2021) evaluated PV and TBARS in 

crude viscera oil (CVO) from farmed gilthead sea bream 
(Sparus aurata) extracted under different conditions. The 
peroxide content varied from 5.42 meq O2/kg in CVO 
extracted at 60 °C for 10 min to a maximum of 22.74 meq 
O2/kg at 90 °C for 60 min. TBARS content also increased 
with higher extraction temperatures, ranging from 14.15 
µucts (AnV, TBARS), and total oxidation value (TOTOX) 
showed significant decreases (p < 0.05) in refined viscera oil 
(RVO) derived from CVO extracted at 60 and 80 °C. The 
results also showed a significant reduction (p < 0.05) of FFA 
in RVO produced from CVO extracted at 60 °C reaching 
values lower than 3%. Additionally, the fatty acid profile of 
seabream viscera total lipids is tested. MUFAs were the most 
abundant class of fatty acids (49.13%), followed by PUFA 
(27.38%) and SFA (23.51%). The predominant fatty acid was 
oleic acid (16.11%). Among PUFA, the MDA/g at 60 °C for 
10 min to 33.43 µg MDA/g at 90 °C for 60 min, surpassing 
that of CO (5.51 µg MDA/g) (Messina et� al. 2021). After 
refining (degumming, deacidfication, bleaching), primary 
oxidation products, secondary oxidation prod predominant 
fatty acids were EPA and DHA (8.19 and 11.27%, respec-
tively) (Messina et� al. 2021).

In recent years, studies on the physicochemical properties 
of viscera-derived lipids from both freshwater and marine 
fish have demonstrated their stability. Notably, the stability 
of these lipids undergoes further augmentation following the 
refining process. Due to their superior physicochemical 
properties, including exceptional oxidative stability, fish vis-
ceral lipids are regarded as versatile raw materials with sig-
nificant potential for a wide range of applications. Specifically, 
the enhanced stability of refined lipids underscores their 
unique advantages in enhancing product quality, prolonging 
shelf life, and bolstering consumer acceptance.

Application of �sh viscera-derived lipids

Currently, there is substantial research dedicated to the com-
prehensive utilization of lipids derived from fish viscera, 
driven by the physicochemical properties and rich fatty acid 
content in lipids extracted from fish viscera. C. He et� al. 
(2021) found that tilapia viscera-derived lipids exhibited ste-
reospecific characteristics and identified two predominant 
triglycerides (C52:2 and C52:3), showing significant potential 
applications in infant formula and food supplements. 
Moreover, Engelmann et� al. (2018) succeeded in obtaining 
structured lipids rich in PUFA by combining common carp 
viscera lipid and its esters with pork lard, which are prom-
ising for production of baking products, fried foods, and 
condiments.

Concerning lipids extracted from marine fish viscera, dis-
tinct free fatty acids released from viscera lipids of Atlantic 
salmon (Salmo salar) exhibit varying effects on immune cell 
activity in both mammals and fish (Holen et� al. 2019). Saliu 
et� al. (2019) found that the adipose tissue attached to the 
ovaries of Atlantic bluefin tuna contained a significant 
amount of omega-3 PUFA, primarily in the form of triacyl-
glycerol. These fatty acids are highly conducive to absorption 
by human intestine, rendering them a valuable source of 
marine lipids in food (Saliu et� al. 2019). Franklin et� al. 
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(2020) used both conventional and supercritical CO2 
extraction methods to extract edible lipids from yellowtail 
fish viscera. Lipids obtained through supercritical CO2 
extraction exhibited superior oxidative quality, compared to 
lipids extracted using conventional methods. Additionally, 
these lipids contain a significant amount of PUFA particu-
larly DHA and EPA, which are known to play a crucial role 
in preventing cardiovascular diseases and promoting overall 
physical and mental well-being (Franklin et� al. 2020). 
Furthermore, lipids from SVDF, when extracted by heating 
under vacuum, could serve as a rich source of n-3 fatty 
acids for human consumption without hazardous chemical 
contaminants. It has been shown that the lipids from Asian 
sea bass viscera are typically abundant in long-chain �-3 
fatty acids and PUFA, which are promising as food supple-
ments (Sae-Leaw and Benjakul 2017).

Compared to freshwater fish oil, marine fish oil is known 
for its higher content of long-chain �-3 PUFA, specifically 
DHA and EPA. �-3 PUFA has been shown to have various 
positive effects on human health, including reducing the risk 
of cardiovascular diseases, improving metabolic syndromes, 
and preventing obesity. These health benefits are believed to 
be a result of the anti-inflammatory and hypolipidemic 
activities of �-3 PUFA (Pinela et� al. 2022). Emerging evi-
dence, particularly from in vivo animal models, suggests that 
�-3 PUFA may regulate appetite and calorie intake by influ-
encing adipokines like leptin, enhancing insulin sensitivity, 
reducing plasma triglyceride levels, decreasing fat mass, pro-
moting lean mass through increased lipid oxidation and 
energy expenditure, and limiting hepatic steatosis (S.-H. Liu 
et� al. 2022). The potential mechanisms have been proposed 
to explain how n-3 PUFAs may reduce body weight and 
enhance metabolic health (Figure 6) (Albracht-Schulte et� al. 
2018). As illustrated in Figure 6, these mechanisms include 
adjusting gene expression in adipose tissue, altering 

adipokine release and related pathways, suppressing appetite, 
affecting carbohydrate metabolism, increasing fat oxidation 
in the liver, adipose tissue, and skeletal muscle to reduce fat 
storage, enhancing energy expenditure potentially through 
thermogenesis, stimulating muscle anabolism pathways, and 
influencing epigenetic processes. Additionally, n-3 PUFAs 
can decrease the production and release of proinflammatory 
adipokines and promote protein synthesis in skeletal muscle. 
Overall, these mechanisms collectively contribute to an 
improved metabolic profile (Albracht-Schulte et� al. 2018).

Currently, research on marine phospholipids is primarily 
focusing on regulation of lipid metabolism, anti-tumor activ-
ity, and enhancement of brain function. Firstly, DHA-enriched 
phospholipid has a significant impact on blood pressure reg-
ulation, while EPA-enriched phospholipid exhibits potent 
activity in inhibiting body lipid accumulation and improving 
lipid metabolism (Castejon and Senorans 2020). Secondly, 
recent studies have indicated that phospholipids found in the 
biofilm and protoplasm of animal and plant cells possess 
anti-tumor and immunomodulatory functions. The presence 
of unsaturated fatty acids, e.g., DHA in marine fish, has 
been found to play a beneficial role in reducing tumor inci-
dence (Mauricio et� al. 2022). Lastly, with regards to enhanc-
ing brain function, Ahmmed et� al. (2023) demonstrated that 
honokiol-loaded lysophosphatidylcholine (LPC) nanoparti-
cles demonstrated superior solubility, stability, and sustained 
release. Additionally, nanoparticles demonstrated the ability 
to traverse the blood-brain barrier and accumulate in brain 
tissue (Ahmmed et� al. 2023). The differential effects of free 
EPA and LPC-EPA can be attributed to distinct absorption 
and metabolic pathways (Yalagala et�al. 2019). EPA, found in 
fish oil and krill oil, is absorbed as triglycerides (TAG), 
whereas LPC-EPA is absorbed as phosphatidylcholine (PC) 
or LPC. Upon uptake of phospholipid-bound EPA, the liver 
secretes more LPC-EPA and LPC-DHA compared to 

Figure 6. Mechanisms mediating e�ects of n-3 PUFA on liver, adipose tissue and skeletal muscle metabolism. Readapted from Albracht-Schulte et� al. (2018) with 
permission from Springer Publisher, copyright 2018.
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TAG-EPA. The blood-brain barrier sodium-dependent sym-
porter Mfsd2a facilitates the entry of LPC-EPA and 
LPC-DHA into the brain. EPA transported via this pathway 
can be converted to DHA within the brain, and both EPA 
and DHA are integrated into membrane lipids (Cui et� al. 
2022). Additionally, LPC-EPA and LPC-DHA may partici-
pate in transesterification reactions with endogenous phos-
pholipids containing arachidonic acid (ARA), displacing 
ARA and leading to its subsequent oxidation via the 
�-oxidation pathway, resulting in reduced ARA levels follow-
ing EPA intake. In contrast, free EPA generated in plasma 
enters a distinct metabolic pool via diffusion and is prefer-
entially oxidized by the �-oxidation pathway, without signif-
icant accumulation in brain membranes (Scheinman et� al. 
2021). Nanoparticles can traverse the blood-brain barrier 
and accumulate in brain tissue resulting in significant neu-
roprotection against injuries induced by oxidative stress in 
rats (Yalagala et� al. 2019). It can be inferred that LPC plays 
a crucial role in brain development and protection. 
Administration of LPC-DHA/EPA exhibits the potential to 
enhance brain function and mitigate neurological impair-
ments (Ahmmed et� al. 2023). C. Song et� al. (2016) pointed 
out the mechanism by which EPA/DHA protects neurons. 
Stress, excessive intake of n-6 PUFAs, or inflammatory and 
autoimmune conditions can activate microglia and induce 
their transformation into the M1 phenotype. This transfor-
mation leads to increased production of pro-inflammatory 
cytokines and oxidants. Pro-inflammatory cytokines, in turn, 
stimulate the hypothalamic-pituitary-adrenal (HPA) axis to 
release glucocorticoids, which disrupt neurotransmitter sys-
tems, potentially leading to neuronal apoptosis, mood disor-
ders, and cognitive decline. EPA, DHA, or a combination 
thereof, may inhibit the synthesis of n-6 PUFAs and gluco-
corticoids, and also reduce inflammation. This protective 
effect helps safeguard neurons and ameliorate symptoms of 
depression or neurodegenerative conditions (C. Song 
et� al. 2016).

Polysaccharides from �sh viscera

Extraction of �sh viscera-derived polysaccharides

Polysaccharides have been extracted and purified from differ-
ent types of fish viscera. S. Song et� al. (2017) demonstrated 
full profiles of acidic polysaccharides in 5 species of fishes 
(Channa argus, Oryzias latipes and Lutjanus erythopterus, 
Cyprinus flammans and Cyprinus carpio) livers and intestines. 
The results showed that minor HA distributed in all these fish 
intestines and livers. Hep was observed as the prominent 
acidic polysaccharides in fish livers with contents of 1.55–
11.6 mg/100 g dry tissue, while CS was the major acidic poly-
saccharide component in all the fish intestines with contents 
varied from 1.21–23.8 mg/100 g dry tissue. DS was observed 
in four of the five intestine samples with contents of 0.03 to 
2.13 mg/100 g dry tissue (S. Song et� al. 2017). In terms of 
freshwater fish, Nogueira et�al. (2019) extracted and identified 
various GAGs found in the intestine of Nile tilapia 
(Oreochromis niloticus) and Pacu (Piaractus mesopotamicus). 
The extraction amounts of GAGs from fresh Pacu (Piaractus 

mesopotamicus) and Nile tilapia (Oreochromis niloticus) were 
11 g and 8 g, respectively. The extraction rates were 0.18% and 
0.15% (based on the total amount of natural viscera), respec-
tively. These yields were obtained from total in viscera, and 
correspond to freeze-dried materials (Nogueira et� al. 2019). 
The main process of obtaining GAGs from fully defatted 
organs involved proteolysis, precipitation with anion exchange 
chromatography, and chondroitinase treatment. The GAG 
profiles showed remarkable similarity, as revealed by nuclear 
magnetic resonance (NMR) analysis. Specifically, the fractions 
obtained from P-0.75 and T-0.75 contained CS, DS, and HS, 
while high-purity DS was identified in the P-1.0 and T-1.0 
fractions (Nogueira et� al. 2019). Recently, Silva et� al. (2023) 
have performed proteolysis and complexation with 
ion-exchange resin on proteins derived from tilapia 
(Oreochromis niloticus) viscera. GAGs were subsequently puri-
fied using ion exchange chromatography (DEAE-Sephacel). 
The structure of GAGs was identified as CS through physico-
chemical and NMR analyses with two highlighted peaks cor-
responding fractions with 0.5 and 0.8 M NaCl. SDS-PAGE 
analysis demonstrated that the elution compounds were con-
sistent with the metachromatic bands observed in CS. Given 
the similar electrophoretic profile of the compound isolated 
from tilapia viscera to that of CS, it was named CST. NMR 
analysis by comparing CST with two standard chondroitin 
compounds confirmed their structural similarity. The electro-
phoretic profile and analysis of 1H/13C NMR spectra allowed 
for the characterization of the compound as chondroitin sul-
fate (Silva et� al. 2023).

As for marine fish, Naghdi et� al. (2023) investigated the 
separation of sulfate polysaccharides derived from Skipjack 
tuna (Katsuwonus pelamis) viscera using rainbow trout 
(Oncorhynchus mykiss) viscera-derived alkaline proteases and 
Alcalase. Four different methods were used to isolate poly-
saccharide sulfate, namely crude alkaline protease (AP) 
method, ultrasonic-AP, Alcalase method and 
ultrasonic-Alcalase method. The results showed that all sul-
fates contained xylose, mannose, rhamnose, galacturonic 
acid (GalA), and glucuronic acid (GlcA). The total saccha-
ride content ranged from 59.76% to 62.22%, with rhamnose 
accounting for 15.3% to 16.4%, xylose 14.3% to 17.1%, man-
nose 16.2% to 17.3%, GalA 25% to 27.5%, and GlcA 23.6% 
to 26.7%. Additionally, the results indicated that ultrasound 
pretreatment in sulfated polysaccharides extraction with 
Alcalase resulted in better performance and improved 
extraction yield, compared to alkaline protease. The higher 
yields of the enzyme-ultrasound-assisted extraction com-
pared to enzymes were primarily attributed to the produc-
tion of cavitation bubbles through sonication, which 
increased mass transfer rates and improved enzymatic kinet-
ics (Naghdi et� al. 2023).

Liu et� al. (2018) employed trifluoroacetic acid (TFA) 
hydrolysis combined with LC-MS/MS to analyze the biosac-
charide fragment derivatives containing uronic acid in the 
viscera of Ctenopharyngodon idellus, Cyprinus carpio, 
Larimichthys crocea, and Trichiurus lepturus. The identified 
disaccharide fragments contained uronic acid in the four 
types of fish viscera and determined the types of uronic 
acid-containing polysaccharides (UACPs). By comparing the 
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mass spectra data and retention time with that of standard 
polysaccharide disaccharide derivatives, it was confirmed that 
disaccharide derivatives of HA, chondroitin sulfate, and Hep 
were present in Ctenopharyngodon idellus viscera. Additionally, 
CS, Hep, and a small amount of HA disaccharide derivatives 
were identified in the viscera of Cyprinus carpio. The polysac-
charide components derived from the viscera from two types 
of marine fishes (Larimichthys crocea and Trichiurus lepturus) 
were found to be relatively simple, comprising CS disaccha-
ride derivatives. The composition of UACPs in the viscera of 
two freshwater fish species was observed to be complex, with 
the presence of an unknown UACP in the viscera of 
Ctenopharyngodon idellus. In contrast, UACPs in the viscera 
of two marine fish species were relatively simple and predom-
inantly constituted by chondroitin sulfate (Liu et� al. 2018). 
Overall, these findings highlight that the composition of 
UACPs in the viscera of freshwater fish is relatively complex, 
with Ctenopharyngodon idellus viscera containing HA, CS, 
Hep, and an unidentified UACP composed of repeating disac-
charide units linked by uronic acid and hexose. Cyprinus 
carpio samples featured CS, HP, and a small amount of HA. 
Conversely, the components of UACPs in the viscera of 
Larimichthys crocea and Trichiurus lepturus, were relatively 
simple, mainly consisting of CS (Liu et� al. 2018). Considering 
the inherently low polysaccharide content within freshwater 
and marine fish viscera, strategic enrichment techniques can 
be implemented to elevate the polysaccharide levels, thereby 
augmenting the overall physiological benefits and broadening 
their potential utility in diverse applications. This enhance-
ment process is crucial for harnessing the full potential of fish 
viscera-derived polysaccharides.

Bioactivity of �sh viscera-derived polysaccharides

GAGs, such as CS, DS, and HA, are polysaccharides known 
for their diverse biological activities, including antiviral, 
anti-inflammatory, and anticoagulant activities (Mutalipassi 
et� al. 2021). These GAGs are part of proteoglycans found in 
the extracellular matrix and can selectively bind various pro-
teins and pathogens (Silva et� al. 2023).

The bioactivities of fish viscera-derived polysaccharides 
have been intensively explored in recent years. For freshwa-
ter fish, Nogueira et� al. (2019) demonstrated that some 
GAGs from the intestine of Nile tilapia (Oreochromis niloti-
cus) and Pacu (Piaractus mesopotamicus) have great antico-
agulant and antithrombotic effects. CS, DS and HS were 
identified from P-0.75 and T-0.75 (Fractions eluted with 
0.75 M NaCl from both fishes) fractions, pure DS from 
P-1.0 and T-1.0 (Fractions eluted with 1.0 M NaCl) frac-
tions, and all fractions showed anticoagulant activity. At 
0.25 mg/mL, the Nile tilapia samples had the best activity, 
where samples increased normal clotting time at 2.8, 3.3 
and 2.3 times, respectively. The Pacu samples increased 
normal coagulation time at 2.4, 2.3, 1.5 and 1.7 times, 
respectively. Activated partial thromboplastin time in the 
absence of GAGs samples was 25.6 s (normal clotting time) 
(Nogueira et� al. 2019). Silva et� al. (2023) focused on CS 
extracted from tilapia viscera (CST). CS has been used as a 
treatment for osteoarthritis (OA) by retarding, or stabilizing 

the condition, with the aim of determining the efficacy of 
CST in reducing leukocyte influx in acute peritonitis mod-
els induced by sodium. Upon administration of CST, in vivo 
experiments showed a significant reduction in the influx of 
polymorphonuclear (PMN) leukocytes into the peritoneal 
cavity of animals, as compared to a control group at all 
evaluated doses. The chondroitin sulfate obtained from tila-
pia viscera and purified was able to inhibit leukocyte 
recruitment by up to 80.4% (10.0 µg/kg). The present result 
suggested that CST exhibited potential as an 
anti-inflammatory activity (Silva et� al. 2023).

As for marine fish, Ge et� al. (2018) conducted a study on 
the properties and effects of polysaccharides extracted from 
the swim bladder of nibe croaker (PSB). The protective effect 
of these polysaccharides against acute liver injury induced 
by carbon tetrachloride in mice was investigated. The study 
revealed that PSB was a sulfated heteropolysaccharide rich in 
amino sugars and uronic acids, composed of mannose, glu-
cosamine, glucuronic acid, galactose amino, glucose and 
galactose, with a molecular weight of 89.7 kDa (Ge et� al. 
2018). In the anti-liver injury experiment, compared with 
the model group, the high-dose PSB group significantly 
inhibited the increase of alanine aminotransferase (ALT), 
aspartate aminotransferase (AST) and malondialdehyde 
(MDA) (p < 0.01). The activity of glutathione peroxidase 
(GSH-PX) and the contents of total superoxide dismutase 
(SOD) and total nitric oxide synthase (NOS) were signifi-
cantly increased in high and medium dose PSB groups 
(p < 0.01). Therefore, PSB has certain protection against 
induced acute liver injury in mice (Ge et� al. 2018). Recently, 
Naghdi et� al. (2023) explored the antioxidant activity of 
bonito viscera sulfated polysaccharide extracted from rain-
bow trout viscera crude protease. The antioxidant activity of 
polysaccharide was evaluated using various assays, including 
DPPH·, ABTS· and metal chelation assays. Among them, 
AP-viscera-SP displayed the highest DPPH· scavenging activ-
ity (approximately 52%) at 2 mg/mL. The sulfates, particu-
larly those obtained through Alcalase-treated hydrolysis, 
exhibited a potent scavenging activity against ABTS radical 
scavenging activity (82%) at 2 mg/L. Furthermore, the ultra-
sound pretreatment resulted in polysaccharides with higher 
antioxidant activity, compared to those obtained by enzy-
matic process (Naghdi et� al. 2023). Moreover, the extracted 
polysaccharides at 5 and 10 mg/mL exhibited inhibitory 
effects against three types of Gram-positive bacteria (L. 
monocytogenes, S. aureus, and B. cereus) and three types of 
Gram-negative bacteria (E. coli, S. typhimurium, and S. 
enterica). The antibacterial activity of sulfate polysaccharides 
with ultrasonic-Alcalase method at 10 mg/mL was the high-
est, and had a significant effect on L. monocytogenes, S. 
aureus, B. cereus, S. enterica, E. coli, and S. typhimurium. 
The inhibition zone were 3.7, 4.5, 3.3, 2.5, 3.6, 3.6 mm, 
respectively. The antibacterial activity increased with the 
higher concentrations, and the ultrasound process further 
enhanced the antibacterial properties of polysaccharides 
against the tested strains (Naghdi et� al. 2023). Accordingly, 
sulfate polysaccharide extract demonstrated favorable antiox-
idant and antibacterial properties, suggesting its potential 
application in the food industry.
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Polysaccharides, a natural bioactive component inherent 
in fish viscera, have emerged as a promising candidate for 
multifaceted applications spanning food science to biomedi-
cine. However, the current landscape of research into their 
preparation methodologies and application remains insuffi-
cient. This deficit not only impedes our comprehension of 
the polysaccharides’ comprehensive properties, functional 
mechanisms, and optimal exploitation strategies but also 
restricts their further progression and adoption in practical 
contexts. Consequently, there is an urgent and paramount 
need to fortify research endeavors about fish viscera-derived 
polysaccharides.

Conclusive remarks and future perspectives

Viscera from both freshwater and marine fish have a high 
protein content, ranging from 10% to 25%. Protein hydroly-
sates derived from fish viscera contain eight essential amino 
acids, which exhibit significant bioactivities, including anti-
oxidant, ACE inhibitory, and antibacterial properties. The 
main enzymes found in fish viscera are protease and lipase. 
These enzymes from both freshwater and marine fish exhibit 
high stability. Marine fish viscera possess a higher average 
content of unsaturated fatty acid compared to freshwater 
fish. Moreover, they exhibited various bioactivities, such as 
immune regulating, anti-inflammatory, and brain and vision 
health-promoting activities. Phospholipids present in marine 
fish viscera also contribute to the regulation of lipid metab-
olism, anti-tumor effects, and enhanced brain function. Fish 
viscera primarily contain polysaccharides, such as CS, Hep, 
and a small amount of HA disaccharide derivatives with 
anti-inflammatory, antioxidant, and antibacterial activities. 
Taken together, fish viscera can serve as a sustainable source 
of proteins, lipids and polysaccharides. Due to their nutri-
tional composition, bioactivity, and functional properties, 
fish viscera represent a promising high-value-added product 
that holds potential applications in various sectors, including 
food and pharmaceutical industries, as well as serving as 
microbial growth medium. Given the significant potential 
for application in the food industry, it is imperative to 
enhance and optimize the utilization of fish viscera.

Despite extensive research on fish viscera and their deriv-
atives, such as protein hydrolysates, enzymes, lipids, and 
polysaccharides, several unresolved issues remain to be fur-
ther investigated. Addressing these concerns could generate 
the development of fish viscera products in the cosmetic, 
pharmaceutical, food and nutraceutical industries. The fol-
lowing discussion outlines the existing unsolved issues and 
future perspectives on fish viscera.

i. The in vivo efficacy of fish viscera-derived protein 
hydrolysates, lipids, and polysaccharides has been 
insufficiently studied. Therefore, further research 
should be conducted to investigate the bioactivity 
and confirm their efficacies in vivo. For instance, fish 
viscera-derived protein hydrolysates can be processed 
into peptide powder and tested in vivo models to 
verify their antioxidant and ACE inhibitory efficacy, 

thus confirming their functions as functional food 
ingredients. The extracted protease can be applied as 
a detergent, and its foamability and stability can be 
evaluated to determine its potential role in detergent 
production. Proteases can be also employed in enzy-
matic hydrolysis, and a comparison of DH and phys-
icochemical characteristics of the resultant 
hydrolysates with conventional protease can substan-
tiate their potency. Lipase can be utilized for lipid 
hydrolysis, and its efficacy can be compared to ordi-
nary lipase to determine its potential applicability. In 
addition, fish lipids can be incorporated into func-
tional food products and in vivo studies should be 
implemented to demonstrate its efficacy in immune 
regulatory, anti-inflammatory, and brain and 
vision-promoting functions. Polysaccharides extracted 
from fish viscera can be incorporated as functional 
food ingredients before confirming their in vivo 
functions.

ii. Although fish viscera-derived peptides possess vari-
ous bioactivities, the peptide powder obtained 
through spray drying of fish viscera-derived protein 
hydrolysates exhibited an unpleasant bitterness, odor 
and color, making it challenging for consumer accep-
tance and application in the food industry. For miti-
gating bitterness, fishy odor, and color in protein 
hydrolysates, industrial-scale production utilizes tech-
niques such as masking, encapsulation, Maillard reac-
tion, and exopeptidase hydrolysis. The combination 
of antioxidants such as Trolox and EDTA can effec-
tively inhibit lipid oxidation and associated sensory 
defects. Activated carbon is effective for decolorizing 
pigments in solutions; however, when used for pro-
tein hydrolysates, nutrient loss and biological activity 
should be considered. Additionally, incorporating 
Trolox and EDTA during enzymatic hydrolysis can 
contribute to maintaining color.

iii. The extraction methods for fish viscera-derived enzymes 
currently involve the use of inorganic and organic sol-
vents, which are not only detrimental to environmental 
pollution but also yield low extraction efficiencies. 
These methods are normally limited to laboratory-scale 
extractions, which are challenging to scale up for 
large-scale production. Therefore, it is essential to opti-
mize the extraction methods to discover more environ-
mentally friendly, economically efficient alternatives 
(e.g., ultrasonic-assisted extraction). This optimization 
process aims to reduce extraction costs and enhance the 
efficiency of extraction processes.

iv. Fish viscera contains a diverse array of bioactive 
compounds, including peptides (with antioxidant, 
antihypertensive, and antibacterial properties), lipids 
(esp. essential fatty acids), and polysaccharides (with 
antioxidant and antibacterial potencies). These bioac-
tive compounds hold potential applications in func-
tional foods and cosmetics. Therefore, future research 
should explore the effects of fish viscera in nutrition, 
healthcare, and cosmetics based on in vivo and in 
vitro studies.
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v. The systematic investigation into the extraction meth-
odologies, physicochemical attributes, and extensive uti-
lization prospects of polysaccharides derived from fish 
viscera remains inadequate, highlighting an urgent 
necessity to address the existing disparity in knowledge 
within this domain. Consequently, future endeavors in 
research should be directed toward refining the effica-
cious extraction strategies and implementing meticulous 
characterization analyses of polysaccharides isolated 
from fish viscera. The overarching objective is to com-
prehensively elucidate the structure-function relation-
ships to these polysaccharides.
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