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Abstract 
Fish is usually regarded as a quality protein sources for human and animal consumption, rich in essential 

amino acids and good for digestibility. Fish by-product also contains the same valuable protein as the fish 

muscles. Recovery of proteins presents in the by-products and using these as functional ingredients, such 

as bioactive peptides is a very exciting and promising alternative. By using enzyme technology, it may be 

possible to produce a broad spectrum of food ingredients for wide range of applications. In the present 

study molecular characterization and structural analysis of fish protein hydrolysate from by catch fish 

Upeneus teniopterus were investigated. The electrophoretic techniques (SDS – PAGE) are promising 

tools for identifying protein profile in fish protein hydrolysate from by catch fishes. The samples 

Upeneus teniopterus control (UTC) and Upeneus teniopterus control - lyophilized (UTCL) had higher 

molecular weight bands; whereas in Upeneus teniopterus hydrolysate (UTH) and Upeneus teniopterus 

hydrolysate – lyophilized (UTHL) showed low molecular weight bands as acid aided in breakdown of 

protein into small peptides. The HR-SEM analysis was conducted to observe the microstructure of UTCL 

and UTHL. The microstructure of samples was obtained at different magnifications like 500x, 1000x and 

1200x. HR-SEM analysis of UTCL and UTHL revealed different morphological structures due to degree 

of hydrolysis. The changes in functional properties of native proteins are related to produce by enzymatic 

hydrolysis, which are mainly characterized by a lower molecular mass, exposure of hydrophobic groups 

and by an increased number of ionic groups. Fish protein hydrolysate has a broad spectrum of 

applications ranging from high-value peptones to food ingredients with special functional properties. 
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1. Introduction 

Proteins are important in food processing and product development, as they are accountable 

for various functional properties that influence consumer acceptability. Fish by products are 

usually discarded and cause numerous environmental problems and contain considerable 

amounts of proteins that are known to possess high nutritional value (Arvanitoyannis and 

Kassaveti, 2008; Jung et al., 2006, Fahmi et al., 2004) [13]. It has been estimated that the value 

addition of human food developed from the by product will increase significantly in the future 

(Kristinsson and Rasco 2000; Tahergorabi et al. 2012) [33]. Recovery of proteins from these by-

products and conversion to high value products, such as bioactive peptides is a very exciting 

and promising alternative (Sathivel et al. 2004) [31]. Thus, production of fish protein 

hydrolysate from fish waste is the most convenient method considered by researchers around 

the world for the utilization of fish waste (Chalamaiah et al., 2012; Olsen et al., 2014) [26]. Fish 

protein hydrolysate (FPH) is a breakdown product of fish proteins containing smaller peptides 

and amino acids. Biopeptides exhibits various biological activities such as antioxidant activity, 

antimicrobial activity, anticancer activity, antihypertensive activity and anti-inflammatory 

activity (Lordan et al., 2011). 

Enzymatic hydrolysis is employed more frequently to produce fish protein hydrolysate. A 

variety of enzymes are employed in the preparation of protein hydrolysate includes alcalase, 

bromelain, flavourzyme, neutrase, pepsin, trypsin and papain (Razali et al., 2013). The 

enzymatic hydrolysis influences the protein functional properties by changing the peptides and 

amino acid composition of the proteins. Therefore, a controlled enzymatic process can result in 

hydrolysate products with improved functional properties such as improved pH functionality 

compared to the native proteins (De Castro et al., 2015) [12]. In particular, protease affects the 

Molecular weight and hydrophobic properties of proteins and consequently the protein 
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functional properties (Villamil et al., 2017) [35]. Therefore, 

with proper selection of the enzyme and substrates, it is 

possible to achieve peptides in the hydrolysate with a desired 

molecular weight range. In the present study fish protein 

hydrolysate from Upeneus taeniopterus were studied. The 

Upeneus taeniopterus commonly called goat fish belongs to 

the family Mullidae. U. taeniopterus considered as non-

commercial species abundantly landing around coastal waters 

termed as bycatch and discarded as waste. This is because 

people are unaware of high protein profile present in the goat-

fish which has to be exploited and discovered. Also, it is 

ecologically and commercially important inhabitants of sand-

associated, shallow habitats are a clade that requires enhanced 

biodiversity-related research. U. taeniopterus are indicators in 

tropical and temperate coastal habitat monitoring and 

management (Uiblein and Gouws, 2014) [34]. Recently, Akhila 

Narikimilli et al. (2019) studied the production and physcio 

chemical parameters of Fish Protein hydrolyste from U. 

taeniopterus. Nowadays, much attention has been paid to 

unravelling the structural, compositional, and sequential 

properties of bioactive peptides. The electrophoresis of 

proteins is an effective technique for generating systematic 

data from macromolecules; since proteins are species-specific 

and electrophoretic separations are easily performed (Corzo et 

al., 1984; Jesslin et al., 2013) [10]. Many researchers have used 

the protein electrophoresis as a valid tool to determining intra 

and inter-specific variation among species, which may reflect 

the metabolic level of the organism and its adaptations to 

environmental fluctuations and the different nutritional status 

of the fish and feeding habits (McDonald and Milligan, 1992; 

Zowail et al. 1994; Navarro and Gutiérrez, 1995) [23, 38]. SDS-

PAGE is an important molecular technique used for the 

identification at species level of whole cell proteins and it has 

the advantage of being fairly simple and rapid to perform 

(Leisner et al. 1994) [20]. The micro-structural analysis is 

generally used to establish the relationships between protein 

structure and functional property. Structure of dried protein 

hydrolysate plays a vital role in determining functional 

properties of protein hydrloysate. Scanning electron 

microscope (HR-SEM) was used to show microstructure of 

dried samples, treated with different conditions. However 

there is no reported research on molecular characterization 

and structural analysis of fish hydrolysate from U. 

teniopterus. Hence the present study was undertaken to 

elucidate the molecular characterization and structural 

analysis of fish protein hydrolysate from bycatch fish U. 

teniopterus. 

 

2. Materials and methods 

In the present study molecular characterization and structural 

analysis of fish protein hydrolysate from bycatch fish 

Upeneus teniopterus was studied.  

 

2.1 Collection and preparation of Sample 

The by catch fish Upeneus teniopterus (Fig.1) was collected 

from shores across Kasimedu shore, Chennai, Tamil Nadu. U. 

teniopterus was kept in ice-box in cold condition for further 

analysis. U. teniopterus was cut into small pieces and were 

ground in a conventional mixer separately. The homogenised 

fish were stored in deep freezer -20 0C for experimental use. 

 

 
 

Fig 1: Upeneus taeniopterus 

 

2.2 Preparation of fish protein hydrolysate (FPH) 

The fish protein hydrolysate was produced under sterilized 

conditions. 50gm of homogenate is added to 500 ml sterilized 

water. The pH is adjusted to 4 using 3% formic acid. 

Hydrolysis process is continued for 90 minutes at 40 0C. After 

hydrolysis, it is kept in water bath at 90 0C for 15 min to 

terminate the hydrolysis. Homogenate was centrifuged at 

10000 rpm for 15 minutes; collect the supernatant and 

discarded the pellets. The supernatant was pre freezed to -80 
0C in round bottomed flask and were lyophilised in 

lyophilizer. The samples were lyophilized until it turned to 

powder. This is essential to carry out characterization and 

property analysis. Also, lyophilisation increases the storage 

capacity and stability of sample. The lyophilised samples are 

more applicable in Pharmaceutical field and Food industries 

as they exhibit increased shelf-life (Jeff, 2009). 

 

2.3 Sds-Page Analysis 

SDS-PAGE electrophoresis method was used to determine the 

protein composition and molecular mass. The SDS-PAGE 

was performed according to the method described by 

Laemmli (1970) [18]. First all the required solutions to run 

SDS-PAGE were prepared with pH adjusted. The stacking 

gel, separating gel, stock, sample buffer, Tank buffer (pH 

should be accurate & not adjusted) staining and destaining 

solutions were prepared. The fish protein hydrolysate sample 

was prepared by mixing equal ratios of protein and sample 

buffer. The four different samples UTC (Upeneus teniopterus 

– control), UTH (Upeneus teniopterus –Hydrolysate) UTCL 

(Upeneus teniopterus – control lyophilised) and UTHL 

(Upeneus teniopterus – Hydrolysate lyophilised) samples 

were loaded into wells in gel and tracked using tracking dyes 

bromo phenol blue. The electrophoresis is run by applying 

current. The SDS-PAGE is run till the dye reaches the bottom 

part of gel. The proteins were separated into bands that are 

stained. After this process the gel slab was removed carefully 

using forceps and washed with destaining solution. The gel 

was then preserved in 7% acetic acid. The gel containing 

protein bands can be viewed under UV-illuminator. 

 

2.4 HR- Scanning Electron Microscopy 

The microstructure of the fish protein hydrolysate produced 

was observed under the Scanning electron microscope at 

100x, 500x, 600x, 1000x & 1200x magnification at WD 

9.9mm. The HR-SEM analysis was conducted in IIT at SAIF 

(Modified method of Moreira et al., 1997) [24]. 
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3. Results and discussion 

The present study elucidated the molecular characterization 

and structural analysis of fish protein hydrolysate from by 

catch Upeneus teniopterus 

 

3.1 SDS-PAGE analysis 
The electrophoretic pattern profile of four different samples 

UTC, UTH, UTCL and UTHL were clearly observed in SDS-

gel in Fig 2. In L1 and L3 the intensity of the molecular mass 

was equal or less than 66 - 97 KDa and 20 - 35 KDa. 

Similarly, Prabha et al. (2016) [27]. studied the SDS – PAGE 

analysis of fish protein hydrolysate from Leiognathus bindus 

showed the range of 14-20 kDa due to the extent of protein 

hydrolysis was supported by the disappearance of large 

proteins in the electrophoretic profile of the protein 

hydrolysates. Likewise, protein with a MW of 97 kDa might 

be a vitellin like protein, which was found in salmon 

Oncorhynchus keta and sturgeon Acipenser transmontanus 

roes was reported by Al-Holy and Rasco (2006) [2]. Also, 

Souissi et al. (2007) [32] observed that the fish protein 

hydrolysate showed 63 KDa, due to larger proteins contained 

in raw material which are not totally hydrolysed by the 

enzyme. The fish 35 kDa protein as fish tropomyosin based 

on its thermal stability, similarity of molecular weight, 

migration of molecular weight and matched biological 

characteristics. Fish tropomyosin is a ubiquitous protein 

uniformly distributed throughout the muscle of the fish, from 

head to caudal fin. Tropomyosin was deemed a suitable 

marker protein to represent the presence of fish in food (Yi-

Tien Chen, 2012) [9]. 

In L2 and L4 the sample exhibits an intensive banding pattern 

ranging from 14.3 - 3.5 KDa. Likewise, our results were akin 

with Balaswamy et al. (2011) [4] who observed the high 

proportion of shorter peptides below 14.4 kDa for Catla catla 

roe hydrolysate with 1 % alcalase. According to Roslan et al. 

(2014) [30], alcalase has shown protein cleavage, leading to 

production of small peptides. The molecular weight derived 

by gel filtration technique relates to undissociated molecule, 

while by SDS-PAGE gives that under reduced conditions 

(Binsi et al. 2009) [7]. Several studies have shown alcalase’s 

ability to produce low molecular weight peptides via a high 

degree of hydrolysis (Lalasidis et al., 1978; Benjakul and 

Morrissey, 1997 and Liaset et al., 2000) [19, 5, 21]. According to 

Bhaskar et al. (2008) [6], fish protein hydrolysate with high 

nutritional values should be rich in low molecular weight 

peptides, and the successful production of such desired 

peptides from Tilapia by product indicated its potential 

application in functional food products. The samples UTC 

and UTCL had higher molecular weight bands. This can be 

due to improper breaking down of certain peptides during 

hydrolysis process as hydrolysis is carried out without adding 

acid. Whereas the samples in UTH and UTHL the peptides 

show low molecular weight bands as acid aided in breakdown 

of protein into small peptides. Smaller peptides have higher 

solubility than intact proteins. Hence, the presence of low 

molecular weight bands in UTH and UTHL may result in the 

production of peptides with potent biological properties. Also 

Prabha et al. (2016) [27] opined that low molecular weight 

peptides are obtained in the hydrolyzed samples which 

indicate high protein solubility confirmed to have the 

potential application as an ingredient in the balanced human 

diet. 

 

 
 

Fig 2: SDS-PAGE analysis of protein hydrosylates from Upeneus 

taeniopterus UTC, UTH, UTCL and UTHL 

 

 
 

Fig 3: UTC sample examined at 500Mag, HV-20,00KV, WD-9.9mm 

and HFW-300µm showing flake-like structures 

 

3.2 HR-SEM analysis 

The HR-SEM analysis was conducted to observe the 

microstructure of the UTCL and UTHL. The micro-structural 

analysis is generally used to establish the relationships 

between protein structure and functional property. The 

microstructure of UTCL and UTHL were observed at 

different magnifications like 500x, 1000x and 1200x (Fig.4-

9). The UTCL appeared as irregular broken micro flake-like 

structures at 500x Mag, W.D-9.9mm. When observed at 500 x 

Mag, W.D- 9.9mm appeared as smooth porous matte-like 

structures resembled honey-comb. When Mag was increased 

to 1200x at W.D-9.9mm they appeared as folded structures 

with flakes stacked. The UTHL were also observed under 

same wavelength like the UTCL. The UTHL appeared as 

smooth packed aggregates at 1000x Mag, W.D-9.6mm. When 

examined at 1000x Mag, W.D-9.6mm they appeared as 

smooth aggregates. When examined at same Mag with W.D-

9.7mm appeared as rod-like porous structure.  

Priyanka Dash and Goutam Ghosh (2017) observed that the 

protein hydrolysates from fish showed porous type 

morphological characters. Likewise, Wei et al. (2018) 

reported the micro structure analysis of fish protein
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hydrolysate from Surimi exhibits smooth protein matrix 

structure. These changes in morphological characters may 

affect functional properties of protein hydrolysates (Zhao et 

al. 2015) [37]. The microstructure is dependent on the degree 

of hydrolysis, the irregular aggregates and smooth porous 

surfaces observed in UTHL is due to acid hydrolysis. In 

UTCL more flake-like structures was due to absence of 

hydrolysis. Similar results were concurrence with Rawdkuen 

et al. (2009) [28]. and Foh et al. (2011) [14]. However, drying of 

protein induce few stresses that can denature protein by 

modifying protein structures (Joshi et al. 2011). 

 

 
 

Fig 4: UTH sample examined at 500 Mag, HV-20,00KV, W.D-9.8 

mm and HFW-300µm showing porous matrix 

 

 
 

Fig 5: UTC sample examined at 1000 Mag, HV-20,00KV, W.D-9.9 

and HFW-125µm showing folded structures 

 

 

 
 

Fig 6: UTH sample examined at 1000Mag, HV-20.00KV, W.D-

9.6mm and HFW-150µm showing smooth packed aggregates 

 

 
 

Fig 7: UTC sample examined at 1200Mag, HV-20.00KV, 

W.D-9.6mm and HFW-150µm showing smooth aggregates 

 

 
 

Fig 8: UTH sample examined at 1200Mag, HV-20.00KV, W.D-

9.7mm and HFW-150µm showing smooth porous flake. 
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4. Conclusion 

The outcome of this study shows the potential usage of 

wasted fish resource for the production of FPH through novel 

and efficient technology. Fish protein hydrolysate (FPH) 

normally has a high content of protein primarily due to the 

solubilization of the protein during the hydrolysis reaction and 

removal of non-protein compounds such as fat and other 

insoluble materials. Fish hydrolysates contain essential amino 

acids making a good nutritional product. The amino acid 

composition of the FPH product can affect its bioactive and 

functional properties. The enzymatic hydrolysis influences the 

protein functional properties by changing the peptides and 

amino acid composition of the proteins. Some hydrolytic 

enzymes affect the molecular weight and hydrophobic 

properties of proteins and consequently the protein functional 

properties. Therefore, with proper selection of the enzyme and 

substrates, it is possible to achieve peptides in the hydrolysate 

with a desired molecular weight range.  

In our study, fish protein hydrolysate from Upeneus 

teniopterus possessed low molecular bands as acid aided in 

breakdown of protein into small peptides. Hydrolysates with 

greater solubility can be obtained by increasing the time of the 

hydrolysis reaction resulting in smaller peptides with lower 

molecular weight. Small peptides have consequently more 

ionizable polar groups on their surface, which become more 

able to form hydrogen bonds with water molecules. 

Hydrolysis of proteins can result in the exposure of 

hydrophobic groups, with the only increase in ionizable 

groups due to the generation of amino and carboxyl termini 

on the peptides. HR – SEM studies on UTCL and UTHL 

revealed that the micro structure and functional properties of 

the protein. Due to acid hydrolysis, UTHL exhibits the better 

morphology structure when compared to UTCL. These fish 

protein hydrolysates from Upeneus teniopterus could be 

utilized in food and pharmaceutical industries for the 

development of functional foods with potent biological 

activities. 
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