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Introduction
Fish industries are one of the most important factors 

affecting the economy of many countries around the world. Fish 
processing by-products, Substances that remain after the primary 
processing of the fish, are an immense part of manufacturing the 
fishes He et al. [1]. The massive amount of by-products (over 
than 60% of total biomass) is a major ecological and economical 
problem. The question is what to do with the increasing amount 
of by- products. A solution has to be found to prevent disposing of 
these by-products and they should be exploited as raw materials 
for the production of value added molecules, instead of being 
discarded Morales-Medina et al. [2]. The protein content is about 
8 to 35% and this amount is approximately 10 to 20% (w/w) of 
total content of whole fish Sila and Bougatef [3]. Fish by-products 
comprise a large amount of collagen, which is a value added row 
material for bioactive peptides. Fish by-product gelatin (soluble 
collagen) have privileges including high availability, lack of 
disease transmission risk, no religious restrictions, and high 
yields Senaratne Park & Kim [4] Over the last two decade, many 
researchers have notices the generation of bioactive peptides 
by enzymatic hydrolysis of collagen. The Pro residues at the 
C-terminal tripeptide region of a peptide has been associated 
with a positive effect on their angiotensin converting enzyme  
(ACE) inhibitor potential Stepaniak & Sørhaug [5], and we know 
that the collagen is a good source of this imino acid which could  
be used for production of such tripe prides. These peptides have  

 
a potential to act as natural alternatives for synthetic drugs or 
supplements to functional foods.

Collagen from Fish Processing By-product
Recently, collagen (a raw material for production of 

bioactive peptides) from fish processing by-products has 
received significant attention. Fish processing by-products play 
an important role as sources of value added compounds such 
as collagen, gelatin, amino acids, oils, and enzymes Ghaly et al. 
[6]. The major collagen constituent of fishby-productis in skins, 
scales, bones, and swim bladder Eastoe [7], Giraud-Guille et al. 
[8].

Bioactive Peptides Extraction from Collagen
Nowadays, two major procedures for the production of 

collagen hydrolysates in industrial and analytical practices are 
biological and chemical methods. Chemical method involves 
acid and/or alkaline for hydrolysis of collagen structure. This 
method is inexpensive and easy to perform so it has been used 
preferably and extensively to produce collagen hydrolysates 
at industrial scale. However, in this method, due to severe 
conditions and non-specific cleavage of peptide bonds, the 
process cannot be controlled, resulting in lack of homogeneity 
and reduction of nutritional quality of produced peptides. 
On the other hand, biological method (enzymatic hydrolysis) 
involves the mild and specific cleavage of proteins (collagen in 
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Abstract

The mismanagement of the fish processing industry has led to a lot of waste generation around the world, which contains a large amount of 
organic compounds. This massive amount of by-products is a major problem for both manufacturers and the environment. The exploitation of 
these by-products to produce functional biomolecule has become an essential demand. One of these biomolecules are collagen bioactive peptides 
derived from by-products. Many biological activities of peptides have been studied so far including antioxidant, antimicrobial, antihypertensive, 
anti-inflammatory, dipeptidyl-peptidase IV (DPP-IV) inhibitory, and etc. This study focuses on the main sources of collagen in fish by-products, 
the production of bioactive peptides from this collagen, and some biological activities of them.
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this case) by proteolytic enzymes (collagenases) Celus et al. [9]. 
Collagenases are the matrix metalloproteases (MMPs)capable 
to hydrolysis the collagen. As a result ofadamant triple helical 
structure collagensresist against the typical proteases but not 
by sitespecific action of MMPs (Figure 1) Pal and Suresh [10]. 
Physicochemical conditions (temperature, pH, and enzyme/
substrate ratio) must be optimize for the hydrolysis reaction 
(Kim and Wijesekara [11]; Santos et al. [12]. When the reaction 
was done, it is crucial to inactivate the enzyme by heating the (85-
95 °C for 5-20min) or acidifying the hydrolysate mixture. This 
step (termination of hydrolysis) can be coupled to membrane 
technology to decrease the costs Guerard [13]. Subsequently, 
hydrolyzed proteins (peptides) must be separated and purified 
as different fractions by chromatography methods and identified 
by mass spectrometry analysis Harnedy et al. [14]. 

Figure 1: Collagenolytic activity (Bhagwat & Dandge, 2018).

Biological Activities of Peptides
Antimicrobial Activity: Antimicrobial peptides (AMPs) 

are actually sequences of amino acids containing less than 50 
amino acids which are predominantly hydrophobic Najafian 
and Babji [15]. The antibacterial activity mechanism of these 
peptides is due to the interaction with cell membrane and form 
pores or block the membrane ion gradients leading to the cell 
destruction. However, another mechanism has been observed 
by which peptides because a cell deficiency apparently by 
making changes in the cellular metabolism Wald et al. [16]. All 
reports of AMPs isolated from fish collagen have demonstrated 
antibacterial activities against Gram-negative and Gram-positive 
bacteria. Thus they can be a novel substitution for antibiotics. 
Anti microbial activity of these collagen peptides is a broad 
spectrum characteristic which includes antibacterial, antiviral, 
antifungal, immune modulator, and antitumor agents Kim and 
Wijesekara [11]; Rajanbabu and Chen [17].

Antioxidant Activity: A profitable effect of bioactive 
peptides derived from fish processing by-products collagen is 
antioxidant activity which are found in several ways, including the 
scavenging free radicals and reactive oxygen species (ROS) Kris-
etherton et al. [18] High concentrations of ROS can be excessively 
destructive for cells and it will happen when their concentration 
outpace the scavenging capacity Amado et al. [19]. It has been 

demonstrated by some researchers that the hydrophobic amino 
acids (alanine, phenylalanine, isoleucine, leucine, valine, glycine, 
proline, methionine, tyrosine, histidine, lysine, and cysteine), 
acidic amino acids (glutamic acid and aspartic acid) and basic 
amino acids (arginine, lysine, and histidine), and finally aromatic 
residues probably enhance the antioxidant activity of bioactive 
peptides due to their potential to act as  proton donors or electron 
and/or as lipid radicals scavengers Je et al. [20]; Samaranayaka 
and Li-Chan[21]; Sarmadi and Ismail [22], chelator of metal ions 
as a result of presence of carboxyl and amino groups in the side 
chains Udenigwe and Aluko [23], and proton donors to radicals 
with electron.

Antihypertensive activity: One of the most investigated 
characteristics of bioactive peptides from collagen is angiotensin 
converting enzyme (ACE) I inhibitory activity. Angiotensin I 
which is a decapeptide converts by ACE (EC 3.4.15.1, di carboxy 
peptidase) to potent vasoconstrictor Angiotensin II. Thus, 
it has been demonstrated that the inhibition of this enzyme 
plays a crucial role in the prevention of hypertension. Updated 
research (Bader and Ganten [24]. In a specialized article by 
Yi et al. [25] it has been demonstrated that bioactive peptides 
can be achieved from grass carp skin collagen by Alcalase, 
collagenase, proteinase k and/or trypsin at their optimum 
conditions. They also mentioned that Alcalase and collagenase 
completely hydrolyzed the raw material and released peptides 
with ACE-inhibitory activity and this activity increased linearly 
with increasing degree of hydrolysis. Another study by Cheung 
and Li-Chan ACE-inhibitory peptides were produced from 
steel head (Oncorhynchusmykiss) skin gelatin using proteolytic 
enzymes acting either individually or sequentially on substrate. 
Fractions with low molecular weight (<3kDa) separated by UF 
filtration showed strong ACE-inhibitory activity. Their results 
demonstrated that particularly, hydrolysates produced using 4% 
papain for 2h followed either by ultra filtration or by a second 
hydrolysis with 1% Corolase N for 2h, presented potent ACE-
inhibitory activity.

Other Functional Characteristics: There are lots of different 
biological activities that are attributed to collagen hydrolysates 
from fish processing by-products. So these peptides are 
promising ingredients for functional foods and nutraceuticals. 
One of important applications of collagen peptides derived from 
fish processing by-products is targeting the calmodulin (CaM), 
a protein for sustaining physiological activities of body cells 
and organs Cho et al. [26]. Calcium - dependent cell division, 
cell proliferation, and neurotransmission are some functions of 
this multifunctional protein Veigel et al. [27]; Rasmussen and 
Means [28]). However, extra amount of CaM may causechronic 
diseases like cancer (Hait and Lazo, [29], O’Day and Myre [30] 
Obata et al. [31]). Therefore, biological peptides can be exploited 
to prevent or treat in such conditions. The anti-proliferation 
activity of these peptides has been proved and demonstrates a 
correlation with antioxidant activities. It has not been reported 
in any research that there is a relationship between the peptides 
molecular weight and their anti-proliferation activity Hsu et al. 
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[32] Hung et al. [33] Lee et al. [34]. Protein hydrolysates isolated 
from salmon frame and tilapia skin gelatin have demonstrated 
antidiabetic activity Roblet et al. [35] Wang et al. [36]. An 
outstanding research by Li-Chan and coworker was mentioned 
above. All the fractions of bioactive peptides from steelhead skin 
gelatin which have showed high ACE-inhibitory activity, were 
also antidiabetic as they showed high DPPIV inhibitory activity 
[37,38].

Conclusion
We tried to briefly illustrate a general perspective of 

collagen bioactive peptides derived from fish processing by-
products. Functional peptides are now agreat sector within 
the nutraceutical. Technological and basic complications 
are related to scale up the production process, congeniality 
with food constituents, stability in gastrointestinal (GI) tract, 
bioavailability, and safety along the time. Despite the fact that 
many studies have been conducted about biological active 
peptides, but there is still a need for more researches to be done 
to determine all the aspects in this field.
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