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Introduction
 The aquaculture is expanding in a sustainable manner and is cur-
rently the segment wherein more are implanted projects, mainly in 
the global fishing sector, represented as an alternative form of greater 
viability to supply the growing demand for fish, both marine origin, 
as fresh water. With the fall of the fishing extractive sector in recent 
decades, the rapid growth of aquaculture has been the only way to 
keep this high demand of world fish consumption [1]. Tilapia (Oreo-
chromis niloticus) is one of the most cultivated species in the country 
for having great ability to adapt to production systems, be easily re-
producible and easy to dispose growth.

 The fish is an excellent source of protein, because their muscles 
have high nutritional value they contain higher portion of essential 
amino acids, particularly those limiting in vegetable proteins [2]. The 
fish proteins are divided into classes based on their solubility. wa-
ter soluble proteins and albumins are called soluble proteins salts are 
known as globulins.

 One of the biggest problems in the production chain of fishing is 
the large amount of waste generated after filleting [3]. In the case of 
tilapia, waste amount to 75% of the gross weight of the fish in organic 
waste and, of these, approximately 30% consists of skin and bones 
with high nutritional quality for obtaining different products, which 
can generate extra profits for producers and reduce the harmful effect 
on the environment.

 According to Sader [4], Collagen is a fibrous protein found in mul-
ticellular animals, secreted by various types of cells and major struc-
tural protein found in the extracellular matrix and connective tissues. 
It is also found in most tissues: Bones, ligaments, tendons, cartilage 
and soft tissue. Collagen is characterized by high content of glycine, 
proline and hydroxyproline and denatured in the presence of acids 
diluted standards and converted into soluble protein such as gelatin, 
when dissolved in heated solutions [5].

 The process of obtaining collagen is crucial to their properties be-
cause their quality depends on the physicochemical properties, they 
are strongly influenced by the severity of the manufacturing process 
[5]. Achieving higher yields in tilapia skin collagen extraction process 
is essential to enable its use as a potential source of production. Colla-
gen is an excellent nutrient for most microorganisms, so care must be 
taken during its manufacture to avoid possible contamination [6].

 Extraction of collagen may be carried out in such a way as to ob-
tain the fiber and its by-product, the powder both in the raw state and 
having the same composition. With this type of extraction, the colla-
gen may exhibit desirable characteristics for use in biofilms, as it has 
an elongated physical layout and large particles [7].
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Abstract
 Tilapia is of a great importance in the aquaculture sector, is one 
of the species more produced commercially. The collagen is a found 
fibrous protein in conjunctive fabrics of the body, that has the func-
tion to contribute with the resistance and elasticity of fabrics, most of 
the collagen is obtained by means of residues generated from cattle, 
pigs and fish, among others. The attainment of the extracted colla-
gen of co-product of the tilapia of the Nile (Oreochromis niloticus) 
indicates an alternative in the use of the generation of residues of 
the production. The present study it was carried through by neutral 
daily pay-treatment with water, having varied time and temperature 
and had been evaluated characteristic as centesimal composition 
(moisture, ashes and proteins), solubility and Distinguishing Explor-
atory Calorimetry (DSC). The obtained collagen presented low 1.45 
content of ashes texts 2.18%. In relation to the humidity text, the 
same it presents texts of 9.56 to 11.67% and one high protein text of 
83.46 to 87.71%. The extracted collagen possess high solubility and 
good thermal stability. In this way, it was possible to conclude that 

the extraction from the tilapia co-product is a viable alternative for 
attainment of this product.
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 Collagen in its purified form, has several applications in the phar-
maceutical and cosmetics industry. The quality and specific appli-
cation of the extracted collagen are directly related to its functional 
properties and purity [8].

 Additionally, many studies were conducted to evaluate the ap-
plication of collagen as a functional ingredient in food. There is an 
increased interest in the food industry by collagen and gelatin due 
to their emulsifying properties, foaming agents, colloidal stabilizers, 
biodegradable films and forming microencapsule agents, with the 
trend to replace the synthetic material by natural. In addition to ex-
ploring various kinds of bioactive, antimicrobial agents, antioxidants 
and anti-hypertensive, studies have also concentrated on the effect of 
oral intake in animals and humans. Thus, an increase of research on 
the enzymatic hydrolysis of collagen and gelatin for the production of 
bioactive peptides [9].

Materials and Methods
 The skins of tilapia (Oreochromis niloticus), used as raw material 
for collagen extraction, were donated by a private fishing of Cam-
po Mourão region. The skins were purchased fresh, washed in water 
and kept frozen until the start of pre-treatments. When starting the 
pre-treatment, the samples were thawed and washed again in running 
water to remove any residues. To the extraction was used the amount 
of 150g of raw material (skin). The study of collagen extraction pro-
cess coproduct tilapia and evaluation of factors that influence the per-
formance, we used the 22 factorial design with three center points for 
tests shown in table 1.

 

 For the extraction of collagen was used a methodology proposed 
by Yan et al. [10], with some modifications. The skins of tilapia were 
cut with the help of scissors into small pieces of 1cm2; Following this 
procedure, the washing of the hides with sodium hydroxide was made 
(NaOH) 0.1M 1:20w/v (1g skin NaOH for 20ml) during 24 hours with 
gentle agitation, by means of a magnetic stirrer. This step was per-
formed to remove proteins. Then, descaling was performed skins with 
0.5M EDTA (pH 7.5) in a 1:10w/v for 5 days with the EDTA solution 
being renewed daily. After descaling, the skins were washed with cold 
distilled water (5°C). Subsequently, they were soaked in 10% butanol 
solution in a ratio of 1:20w/v, left for 24 hours and it is renewed every 
eight hours. The degreased skins, washed with cold distilled water 
(5°C) and then immediately were immersed in a 0.05M sulfuric acid 
solution (1:20w/v) at room temperature (25°C) for 3 hours. After this 
stage, the skins were rinsed with distilled water until neutral pH. The 
skins were on continuously stirring in water in the thermostatic bath 
with a ratio of 1:30w/v, varying the time and temperature, according 
to table 1.

Percent composition of collagen 
 The chemical composition is needed to enable the classification 
of foods by verifying the identity and purity of organic and inorganic 
nature substances [11], depending on moisture content, lipid, protein 
and ash. This information contributes to the implementation of goals 
as the standardization of food productsbased on nutritional criteria in 
addition to providing benefits in dietario character [12].

Moisture
 The humidity of the powdered collagen was defined as drying the 
sample in an oven at 105°C for a period of 6 hours, according to 
methods Physicochemical Adolfo Lutz Institute for Food Analysis 
[13]. The moisture analysis is based on weight loss experienced by 
the sample when it is heated conditions in which water is removed. 
For moisture analysis was performed using 3g 5g of sample.

Ash content
 For the determination of ash was used the methodology of the In-
stitute Adolfo Lutz [13], where the sample was carbonized in Bunsen 
burner and then heated in oven at 550°C for 4 hours (until obtaining a 
clear gray). For this analysis we were also used were 3g 5g of sample.

Proteins 
 The protein analysis was carried out using the Kjeldahl method as 
reported in Methods Physical-Chemical Food Analysis Institute Ad-
olfo Lutz [13], formed by the sample digestion step in which organic 
nitrogen is converted into ammonia and organic components they are 
converted into CO2 and H2O. The second step, which is the distillation 
consists in capturing ammonia gas released into the receptor solution 
(boric acid) and the final stage, where the titration is carried out the 
quantitative determination of ammonia contained in the receiver solu-
tion.

Differential Scanning Calorimeter (DSC)
 DSC analyzes were carried out on a machine Q20 (TA Instru-
ments) in hermetically sealed aluminum pan with about 50mg of each 
sample. The experiment was conducted at a heating rate of 20°C/min 
at an initial temperature of 0°C and a final temperature of 300°C. The 
data were plotted using the OriginPro software.

Results and Discussion
Composition Analysis Proximate
 The results of the collagen powder chemical composition can be 
observed in table 2.

Test Time (Hours) Temperature (°C)

1 16 25

2 16 35

3 18 25

4 18 35

5 17 30

6 17 30

7 17 30

Test Time Tem-
perature

Moisture 
(%) Ash (%) Proteins (%) Lipids 

(%)

1 15 25 11,67a±0.17 0.05±1,48c 86,54a±0.31 0.49

2 20 35 0.44±9,56d 1,60b±0.01 85,64a±0.17 3.19

3 15 25 11,27ab±0.11 2,18a±0.05 83,47a±0.33 3.20

4 20 35 10,44c±0.18 1,54bc±0.07 85,35a±0.06 2.68

5 17.5 30 10,24c±0.11 1,56bc±0.01 87,71a±0.48 0.50

6 17.5 30 10,70bc±0.19 0.04±1,46c 87,25a±0.08 0.60

7 17.5 30 10,75bc±0.10 1,50bc±0.01 87,42a±0.34 0.20

Table 1: Values of the factors time and temperature of collagen extraction for each 
test.

Table 2: Results of centasimal composition of collagen extraction of the coproduct 
tilapia.

Note: *Means in the same column followed by different letters differ by Tukey test 
at a significance level of 5%.
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 Moisture is one of the determining factors for the microbiologi-
cal processes, such as bacterial growth. The moisture content of raw 
materials is of fundamental importance for the conservation and stor-
age. And the moisture content values found varied between 9.56 and 
11.67% which is below that of Ahmed and 15.06% Prudêncio-Ferreira 
[14], cite the near and 8.31% by Olivo mentioned and Shimokomaki 
[15]. The humidity difference between samples may be explained by 
variation of temperature and time that they were exposed and samples 
5, 6 and 7 were maintained under identical conditions and resulted in 
average significantly equal.

 Analysis of ash as well as other analyzes was performed in tripli-
cate to determine the amount of inorganic matter present in the sam-
ples. The results are shown in table 3. The ash values ranged between 
1.45 and 2.18%. Only the test 3 was found above the value obtained 
by Ockerman and Hansen [12], which were below 2.0%. This varia-
tion is due to the process in which underwent the tests, the test being 
3 presented the time value and lower temperature compared to other 
tests. The tests 4, 5 and 7 showed no significant difference between 
the means.

 The ashes analysis provides background information on the nutri-
tional value of the food in relation to its mineral content. The amount 
of ash present in food refers to the inorganic residue remaining from 
the incineration of the organic matter [16].

 The values found in the analysis of powdered collagen proteins 
are shown in table 3. For the protein content, the results ranged from 
83.46 to 87.71% and showed no significant difference between the 
means, as can be seen in table 3. As compared to the literature, the 
protein levels were close to 86.35% by Alves mentioned Prudêncio 
and Ferreira [14] and Santana et al. [17] and above were 76.27 to 
81.41% and obtained by Olivo Shimokomaki [15].

 For the lipid analysis values found are shown in table 3. The per-
centage of lipids collagen powder was 0.20 to 3.19%. When compar-
ing the values with the literature we have left out the assays found by 
Cho et al. [18] and Muyonga et al. [19], 0.21 and 0.20% respectively. 
The only assay that was within those obtained by the authors was 7 
with the test value of 0.20%. Songchotikunpan et al. [20], reported 
value of 1.1% for lipids. Low fat are characteristic of this species, 
which is considered lean.

Differential Scanning Calorimetry (DSC)

 In the Differential Scanning Calorimetric analysis (DSC), samples 
of bovine collagen obtained from a compounding pharmacy, nova_
prom collagen and collagen extracted from tilapia the coproduct were  

heated and simultaneously subjected to a controlled temperature pro-
gram. DSC analysis is generally used to determine the thermal sta-
bility of collagen. The DSC curves obtained for each test sample of 
collagen and collagen standard samples are shown in figure 1.

 The Denaturation Temperatures (Td) for each test for 1 to 7 and 
collagen standard samples are shown in table 3.

 It is observed that the curves for the control of pharmacy, nova_
prom control and the curves of tests 1 to 7 show a transition around 
100°C, which can be attributed to the denaturation of collagen [21], 
the longer the treatment time of the sample, the lower the Denatur-
ation Temperature (Td). The data collected by DSC analysis indicate 
that the collagen has good thermal stability, which means that it might 
be used as polymer matrix for the formulation of composites [22].

Conclusion
 The results in this study express the skin of tilapia has great po-
tential for collagen extraction and the extraction carried out by the 
proposed methodology proved satisfactory. And it was verified that 
the present values in the analysis approach of literature, except for 
a few who were different due to the change of time and temperature 
at the time of extraction. However, this difference did not express a 
result that could alter the final characteristics of the product. The high 
content of proteins identified in collagen extraction obtained show the 
importance of the search for new sources of raw materials that can 
replace the extraction with the by-products of mammals, for exam-
ple. It can be concluded that the use of co-product of tilapia shown a 
good alternative to the seafood industry, since this waste generated in 
production has a high added value. It is also a way to decrease the im-
proper disposal of the same, preventing damage to the environment.
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