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Introduction 
Large amount of fish by-product are currently disposed or used 
for low –value products. There is a large potential for reducing 
the amount of by-product and to utilize a larger amount of the 
by-product for value added product for human consumption 
(Diniz & Martin 1997; Haque & Mozaffar 1992; Sathivel et al 
2003). Fish by-product contains the same valuable protein as 
the fish muscles. Recovery and alteration of protein present in 
the fish by-product is a feasible alternative. By using enzyme 
technology, it may be possible to produce a broad spectrum of 
food ingredients for wide range of applications (Kristinsson & 
Rasco 2000; Rustad et al 2011).

Enzymatic proteolysis and solubilization of proteins from vari-
ous sources has been studied extensively and described by sev-
eral different authors over the last 60 years (Aspmo et al 2005; 
Petreus et al 2011). Addition of proteolytic enzymes could make 
a hydrolytic process more controllable. Alcalase – an alkaline 
bacterial protease produced from Bacillus licheniformis - has 
been proven to be one of the best enzymes used in the prepara-
tion of fish protein hydrolysate (Hoyle & Merritt 1994; Shahidi 
et al 1995; Benjakul & Morrisey 1997; Kristinsson & Rasco 
2000; Guerard et al 2001). Flavourzyme is a fungal protease/
peptidase complex produced by submerged fermentation of a 
selected strain of Aspergillus oryzae which has not been geneti-
cally modified and is used for the hydrolysis of proteins under 
neutral or slightly acidic conditions. Flavourzyme has been used 
to produce a protein hydrolysate with acceptable functional 
properties (Kristinsson & Rasco 2000).

The characteristics of hydrolysate directly affect the functional 
properties and the uses as food ingredients (Kristinsson & Rasco 
2000). Fish protein hydrolysates have been shown to have po-
tential for nutritional or pharmaceutical applications (Wergedahl 
et al 2004). Functionality of food proteins has been defined as: 
any physicochemical property which affects the processing and 
behavior of protein in food systems as judged by the quality 
attributes of the final product (Kinsella 1976). Fish protein hy-
drolysates have been well studied and reported in terms of their 
production, biochemical, and functional properties (Kristinsson 
& Rasco 2000). Functional properties of protein can be improved 
by enzymatic hydrolysis under controlled conditions (Quaglia 
& Orban 1990). To improve the functional properties of pro-
teins, enzymatic modification has been extensively employed. 
The objective of the present study was to evaluate the produc-
tion and functional properties of protein hydrolysate from fish 
by-product prepared by enzyme hydrolysis using Alcalase and 
Flavourzyme.

Material and Methods 
Material 
Fresh fish was filleted and the leftover processing by-products, 
including the frame, dark muscle, cut offs, viscera, skin, scales, 
small bones and fins, were collected for protein hydrolysis. 
The fish waste was stored in a polyethylene bag at 40 0C until 
used for FPH production. The bacterial protease preparations 
Alcalase® 2.4L and Flavourzyme® 500L were obtained from 
Novozymes, Novo Alle, DK-2880 Bagsvaerd (Denmark).
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Emulsifying properties 
The emulsifying activity index (EAI) of FPH using Alcalase 
and Flavourzyme enzyme at various concentrations are shown 
in Figure 3 and 4. The methods are generally used to measure 
the ability of protein hydrolysates to form and stabilize emul-
sions (Kinsella 1976). 

EAI of FPH produced using Alcalase and Flavourzyme enzyme 
were decreased with increasing concentrations of sample con-
centration. FPH obtained using Alcalase had higher EAI com-
pared to FPH obtained using Flavourzyme at various concen-
trations. Emulsifying stability index (ESI) was also decreased 
with increasing hydrolysates at various concentrations. FPH 
produced using Alcalase had similar ESI with FPH produced us-
ing Flavourzyme enzyme. Protein hydrolysates produced using 
Alcalase have ESI higher than FPH produced using Flavourzyme 
at various concentrations. 

Gbogouri et al (2004) reported that higher emulsifying activ-
ity and emulsion stability were found when salmon by-product 
hydrolysate using Alcalase enzyme. According to Wilding et al 
(1984), protein hydrolysates are a surface active and promote 
oil-in-water emulsions because they have hydrophilic and hy-
drophobic functional group. Emulsifying properties of FPH are 

directly connected to their surface properties, or how effectively 
the hydrolisate lower the interfacial tension between hydrophilic 
and hydrophobic components in food (Demetriades et al 1997).

Foaming properties 
Foaming properties are usually expressed as foam formation 
and stability. Foam expansion at 0 min after whipping indicated 
the foam abilities of protein hydrolysates and foam expansion 
after whipping was monitored for 60 min to indicate the foam 
stability of protein hydrolysates. The ability and the stability 
foam of FPH were increased when hydrolysate concentrations 
increased from 0.1% to 3% (Figure 5 and 6). From the figure the 
study revealed that protein hydrolysates from fish waste have a 
good foam ability and stability. This result is in agreement with 
Thiansilakul et al (2007) who studied the foam ability protein 
hydrolysates from round scad (Decapterus maruadsi).

Conclusions 
The protein hydrolysate derived from fish by-product using 
Alcalase and Flavourzyme enzyme may potentially serve as a 
good source of protein. Fish protein hydrolysates using Alcalase 
enzyme have greater of protein content, solubility, emulsifying 
and foaming properties compared to fish protein hydrolysates 
using Flavourzyme enzyme. 

Figure 3. Influence of FPH powder concentration using different 
enzyme to; A. emulsifying activity index (EAI) and B. emulsifying 
stability index (ESI). Letters indicate significance. 

Figure 4. Effect of FPH concentration to foaming properties of FPH 
using; A. Alcalase and B. Flavourzyme enzyme.






