
Bioresource Technology xxx (2010) xxx–xxx

ARTICLE IN PRESS
Contents lists available at ScienceDirect

Bioresource Technology

journal homepage: www.elsevier .com/locate /bior tech
Optimization of physico-chemical properties of gelatin extracted from fish skin
of rainbow trout (Onchorhynchus mykiss)

H. Shahiri Tabarestani a,*, Y. Maghsoudlou a, A. Motamedzadegan b, A.R. Sadeghi Mahoonak a

a Department of Food Science and Technology, Gorgan University of Agricultural Sciences and Natural Resources, Gorgan, Iran
b Department of Food Science, Sari Agricultural Sciences and Natural Resources University, PO Box 578, Sari, Mazandaran, Iran

a r t i c l e i n f o
Article history:
Received 15 November 2009
Received in revised form 1 February 2010
Accepted 16 February 2010
Available online xxxx

Keywords:
Gelatin
Fish skin
Rainbow trout
Physico-chemical properties
RSM
0960-8524/$ - see front matter � 2010 Elsevier Ltd. A
doi:10.1016/j.biortech.2010.02.071

* Corresponding author. Tel./fax: +98 171 4426432
E-mail address: hoda.shahiri@yahoo.com (H.S. Tab

Please cite this article in press as: Tabarestani, H
(Onchorhynchus mykiss). Bioresour. Technol. (20
a b s t r a c t

Physico-chemical properties of gelatin extracted from rainbow trout (Onchorhynchus mykiss) skin were
optimized using response surface methodology (RSM). Central rotatable composite design was applied
to study the combined effects of NaOH concentration (0.01–0.21 N), acetic acid concentration (0.01–
0.21 N) and pre-treatment time (1–3 h) on yield, molecular weight distribution, gel strength, viscosity
and melting point of gelatin. Regression models were developed to predict the variables. Predict values
of multiple response at optimal condition were that yield = 9.36%, a1=a2 chain ratio = 1.76, b chain per-
cent = 32.81, gel strength = 459 g, viscosity = 3.2 mPa s and melting point = 20.4 �C. The optimal condition
was obtained using 0.19 N NaOH and 0.121 N acetic acid for 3 h. The results showed that the concentra-
tion of H+ during pre-treatment had significant effect on molecular weight distribution, melting point and
gel strength. The concentration of OH� had significant effect on viscosity and for extraction yield,
pretreatment time was the critical factor.

� 2010 Elsevier Ltd. All rights reserved.
1. Introduction

Gelatin is functional gelling protein bio polymer, widely used in
many industrial fields, such as food, material, pharmacy and pho-
tography, especially in the food and pharmaceutics industries for
its unique chemical and physical properties (Yang et al., 2007).
About 95% of commercial gelatins are derived from mammalian
sources, mainly pig skin and cow hide and the remaining part,
about 5% comes from bones of porcine and bovine, but for many
socio-cultural reasons alternative sources, like fish skins, are highly
demanded especially in halal and kosher food markets. Use of fish
skin as an excellent raw material is interesting in the preparation
of high-protein foods, beside helping to eliminate harmful environ-
mental aspects and improve quality in fish processing. Since gela-
tin is derived from denatured collagen, its properties for a
particular application is greatly influenced not only by the species
or tissue from which it is extracted, but also by the extraction pro-
cess, which may depend on pH, temperature, and time during both
pre-treatment and extraction process (Gómez-Guillén and Mon-
tero, 2001). So far fish gelatin has known limited application be-
cause the gels formed, tend to be less stable and to show weak
rheological properties compared to gelatins extracted from land
mammals. This has been largely related to a lower content of the
imino acids proline and hydroxyproline in cold-water species, than
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in warm blooded animals (Norland, 1990). Although collagen from
cold-water fish species normally contains less imino acids than
collagen from warm water fish species and mammalians, the con-
tents of amino acids as well as other properties such as molecular
weight distribution and gelatin viscosity, seem to be species spe-
cific (Gómez-Guillén et al., 2002; Gudmundsson, 2002; Johnston-
Banks, 1990). However, fish gelatin from cold-water fish species
is still preferred due to the greater availability of by-products
(i.e. skin and bone) from which it can be manufactured (Haug
et al., 2004). Many fish species have been investigated as raw
materials for gelatin extraction and the properties of gelatin ob-
tained from these sources have also been examined. There are,
however, limited studies using formal optimization procedures
for gelatin extraction, which is an important tool for understanding
how processing conditions affect the final product and for being
able to get products with desired characteristics. Rainbow trout
skin was chosen as the raw material for this project for several rea-
sons. First, very few studies have been done on gelatin extraction
from trout species. Second, the total world production of trout
and it is commercial harvest is increasing in parts of the Caspian
Sea. Thus, trout species especially rainbow trout are harvested in
sufficient quantity for them to have the commercial potential for
gelatin production. Rainbow trouts are usually processed into skin-
less fillets (mainly for gefilte fish, a European Jewish fish ball-like
product), so there is an abundant quantity of raw skins available.
Here, optimization of the gelatin extraction procedures and a study
on the properties of rainbow trout skin gelatin could be helpful in
co-chemical properties of gelatin extracted from fish skin of rainbow trout
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