
 

International Journal of Latest Research in Science and Technology           ISSN (Online):2278-5299 
Volume 6, Issue 2: Page No.1-4,March-April 2017  
https://www.mnkpublication.com/journal/ijlrst/index.php 

 

ISSN:2278-5299                                                                                                                                                                                  1 
 

Publication History  
Manuscript Received : 21 January 2017
Manuscript Accepted : 30 March 2017 
Revision Received : 10 April 2017 
Manuscript Published : 30 April 2017 

INCLUSION OF PROTEIN CONCENTRATES 
FROM MARINE AND FRESHWATER FISH 

PROCESSING RESIDUES IN CEREAL BARS 
 
Maria Luiza Rodrigues de Souza1*,Kelly Cristina Vitorino2, Ana Paula SartorioChambo3, Melina Franco Coradini3, Jane 

Graton Mikcha4, Eliane Gasparino1, Alex Augusto Gonçalves5 
1Departamento de Zootecnia, Universidade Estadual de Maringá (UEM), Maringá, PR, Brazil 

2Graduação em Zootecnia, Universidade Estadual de Maringá (UEM), Maringá, PR, Brazil 
3Programa de Pós-Graduação em Zootecnia, Universidade Estadual de Maringá (UEM), Maringá, PR, Brazil 
4Departamento de Análises Químicas e Biomedicina, Universidade Estadual de Maringá (UEM), PR, Brazil 

5Centro de Ciências Agrárias (CCA), Universidade Federal Rural do Semi-Árido (UFERSA), Mossoró, RN, Brazil 
*Corresponding author: mlrsouza@uem.br 

 
 

Abstract - The consumer's demand for healthy food is increasing in recent years, and the cereal bars becomes an interesting food product 
for practical use, diversity of flavors and the possibility to include new functional ingredients. In order to address this consumer�s demand, 
cereal bars with fish protein concentrate (FPC) inclusion, obtained from fish processing waste were developed. The proximate 
composition, caloric value, microbiological and sensorial this new product were evaluated. Four cereal bars formulation were prepared 
with 4.5 % fish protein concentrate inclusion: Treatment 1 (control, no FPC addition), Treatment 2 (Nile tilapia protein concentrate) 
Treatment 3 (Nile tilapia and salmon protein concentrate), and Treatment 4 (Nile tilapia and tuna protein concentrate). The microbial 
results for FPC and cereal bars were in accordance with the microbiological standard for human consumption. The inclusion of4.5% FPC 
from different fish species did not affect the proximate composition and biological value of the cereal bars, but interference in the 
evaluated sensory attributes (color, texture, flavor and overall impression) of the cereal bars was observed. In conclusion, according to the 
best results, the addition of protein concentrate from Nile tilapia is the most appropriate. 
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1. INTRODUCTION 
The demand for healthy foods has increased in recent 

years, and this can be attended by multi-component products, 
such as cereal bars, which complement each other in flavor, 
texture, and physical properties. It is an affordable product 
due to the reduced price, presents a higher practicality and 
suitable for ingestion of required nutrients such as minerals, 
fatty acids, proteins, different high-quality fiber sources, 
among others. An option to address the lack of time for 
consumers, and enjoy the many benefits of the fibers present 
in the product as, improving intestinal transit and increased 
satiety, in addition to be a product easier to buy and transport, 
the cereal bar is considered as a quick way to restore the 
energy spent in intense physical activities as part of the menu 
as nutritional aids. [1] 

In order to develop cereal bars that allow the use of 
healthier ingredients, but without causing any damage in the 
sensory attributes valued by consumers, researchers have 
been seeking alternatives for the development of cereal bars 
with new food ingredients, nutritional and functional. [2]It 
has been quite common to include different types of fiber in 
the cereal bars to evaluate the acceptance and nutritional 
quality; however, studies with the inclusion ofingredients 
from the animal source are scarce. 

In this context, the fish processing industries, that generate 
large amounts of residues, can be significant sources of 
excellent quality nutrients. However, the use of such residues 

still too small, where around 50-60% of this biomass is 
discarded during the processing lines, i.e., filleting, canning, 
etc.[3].Thus, it is very important to develop ways to use these 
residues (heads, scales, skin, viscera, carcass or spine after 
the fillets withdrawal), improving the efficiency in an attempt 
the integral use of fish, providing economic sustainability in 
the sector. 

An important factor is the increasing interest of the 
nutritional quality of this residue; in particular to the 
polyunsaturated fatty acids (among them, the omega-3 
series), minerals (calcium, phosphorus and iron) [4], vitamins 
A, D and B complex, especially B12, which makes the 
product with a high nutritional value [5,6], besides the great 
biological value, i.e. balanced amino acid composition, 
usually rich in methionine and cysteine, limiting in many 
food. [7]. 

Considering these information, the development of the 
protein concentrate from fish processing residues, and its 
inclusion in food products commonly eaten daily, may be an 
alternative food source, with economic potential and social 
application, once that residue, besides being common and 
generated in large quantities, are not utilized in food 
industries (for human consumption), and have excellent 
nutritional quality. However, the quantities (percentage) to be 
used for each type of processed product should be indicated, 
and if a fish protein concentrate (FPC) mixture of two or 
more species of fish is used, the proportions to be used for 
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each species should be verified. Thus this work aimed to 
develop cereal bars, with the inclusion of protein concentrate 
fish of different species (Nile tilapia, salmon, and tuna), and 
to evaluate their nutritional, microbiological and sensory 
characteristics. 
 

2. MATERIAL E METHODS 
 

2.1 Fish residues and protein concentrate development 
The different fish protein concentrates were developed in 

the Seafood Technology Laboratory of the State University 
of Maringa (UEM), located at the Iguatemi Experimental 
Farm (FEI/UEM). Residues from Tuna (Tunnus sp) 
processing (GDC Alimentos SA Company, Itajaí, SC, 

Brazil), salmon (Salmo salar) processing (Taiyo Company, 
Maringá, PR, Brazil), and Nile tilapia (Oreochromis 
niloticus) processing (Smartfish Company, Rolândia, PR, 

Brazil) were used for protein concentrated recovering. The 
residues were washed, weighed, cooked in a pressure cooker 
with the antioxidant butylated hydroxytoluene (BHT at 0.5 
mg kg-1) for 60 minutes, drained, pressed (hydraulic press - 
10 tons capacity) and milled. The protein concentrate, 
separated by species, was dehydrated in a drying oven (60°C, 

24h) ground in a knife mill Willye type (TE-650, Tecnal, 
Piracicaba, SP, Brazil), vacuum packed, and frozen (-18°C) 

for use in the cereal bars development. For the preparation of 
protein concentrate, 90% of Nile tilapia concentrate and 10% 
of salmon or tuna concentrate were used.  
 

2.2 Cereal bars development 
The cereal bars were developed in the Seafood Technology 

Laboratory (FEI/UEM). The ingredients used in the cereal 
bars development were divided into basic and syrup 
ingredients (Table 1). The fish protein concentrate � FPC 
(4.5%) was included in the cereal bar (CB) formulation based 
on the weight of the ingredients, and four formulations was 
developed, resulting in a total of four treatments: Treatment 1 
= without the FPC addition (CB-C, control), Treatment 2 = 
Nile tilapia protein concentrate (CB-TPC), Treatment 3 = 
Nile tilapia and salmon protein concentrate (CB-TSPC) and 
Treatment 4 = Nile tilapia and tuna protein concentrate (CB-
TTPC) with four replicates per treatment.  
 

Table 1. The ingredients used for the cereal bars 
development with the inclusion of fish protein 
concentrate. 

 
CB-C (control, cereal bar without the FPC); CB-TPC (cereal bar with Nile tilapia protein 
concentrate); CB-TSPC (cereal bar with Nile tilapia and salmon protein concentrate); CB-TTPC 
(cereal bar with Nile tilapia and tuna protein concentrate) 
 

2.3 Microbiological analysis 
The cereal bars were evaluated microbiologically (by most 

probable number (MPN) of coliforms at 35°C and 45°C, 

Staphylococcus coagulase positive (CFU g-1) and Salmonella 

spp.) following the standards recommended by Brazilian 
legislation [8] and according to the official´s methods[9,10]. 

The analyses were performed in the Laboratory of 
Microbiology and Food Microscopy, Clinical Analysis 
Department, State University of Maringa (UEM). 
 

2.4 Proximate composition and caloric value analysis 
The proximate composition was performed following the 

official methodology [11] for moisture and ash content; the 
semi-micro Kjeldahl method for the determination of 
nitrogen/crude protein [12]; the Bligh and Dyer method 
[13]for the lipid extraction. The carbohydrate was 
accomplished by the difference between components. The 
caloric value was calculated by multiplying the values of total 
carbohydrate, lipid, and protein by the factors 4, 9 and 4 
respectively, taking the sum of the products and expressing 
the result in kilocalories. [14] 
 

2.5 Sensory analysis 
The sensory analysis was performed 12 hours after the 

cereal bars development. Samples of cereal bars were cut into 
pieces of 25g, wrapped in aluminum foil, identified with 
three random numbers and offered 50 untrained panelists. 
The sensorial attributes evaluated following the hedonic scale 
of 9 points (from 1 � dislike very much, to 9 � liked very 
much) were: aroma, color, taste, overall impression, 
according to the hedonic scale. [15] The intention to purchase 
[16]using the 5 points hedonic scale, where 5 represent the 
highest score "definitely buy" and 1 represent the minimum 
score "certainly would not buy", was also evaluated. The 
acceptability index (AI) was employed to determine how 
much a person like or dislike the samples. It has been 
calculated considering the average measure and maximum 
measure achieved for examined product according to the 
follow equation: AI (%) = [mean value/higher score] x 100. 
Products reaching a percentage ≥70% were considered 

accepted by consumers. [15] 
 

2.6 Experimental design and statistical analysis 
 

The experimental design was completely randomized, with 
four treatments and four repetitions, whose averages were 
submitted to analysis of variance and compared by Tukey test 
at 5% probability. [17] For the statistical analyses of sensory 
analysis data (n = 50), the computer system SAS Proc 
GENMOD was used considering the distribution of variables 
as areverse link with gamma function. The effect of treatment 
and panelists was considered, testing the FPC inclusion 
against the control, by means of testing and the behavior of 
the panelist�s notes and according to the notes for cereal bars 

with the inclusion of different protein concentrates used. 
 

3. RESULTS AND DISCUSSION 
Accordingly to the Table 1, the main goal was to evaluate 

the FPC inclusion made with different species (i.e., Nile 
tilapia, Nile tilapia+salmon, and Nile tilapia+ tuna) at only 
one single level (30.5 g) in the overall sensory acceptance 
following the levels suggested by several authors. Goes et al. 
[18] used the inclusion of up to 15% of the FPC mixture 
(20% of salmon protein concentrate and 80% of tilapia 
protein concentrate) in spinach cake.  

Considering the sensory results, the maximum inclusion 
recommended was 10% of the dehydrated mixture of fish in 
the spinach cake. Kimura et al. [19] to prepare a dehydrated 
fish mix, used 10% salmon flour and 90% tilapia flour to 
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include different levels (0%, 5%, 10% and 15%). The authors 
reported that for alfajor, up to 15% can be used without 
changing the level of acceptance of the product. Also, other 
authors have been used the inclusion of only one specie, i.e. 
of tilapia protein concentrates in sweet products.  

Fuzinatto et al. [20] used 10% of the tilapia flour in the 
inclusion of sweet cookies with excellent results regarding 
the physical characteristics, chemical composition, 
technological and sensorial. It may be noted that the inclusion 
of this type of ingredient in the preparation of a food product 
is variable depending on the type of product to be made and 
especially if it has other ingredients which may further mask 
the possibility of the appearance of fish aroma and taste.  

Franco et al. [21] developed cookies and homemade 
biscuits with the fishmeal inclusion. The authors used protein 
concentrate from a freshwater species (Nile tilapia) and due 
to the flavor and aroma quality, smoother than a marine 
species, it was possible to include up to 30% in chocolate 
cookies and only 12% in homemade biscuits, because above 
this level the aroma became compromised. According to 
those authors, the ideal should be the inclusion of some 
ingredients to improve the aroma and even the flavor, such as 
chocolate, cinnamon and clove powder, among others. 

The results of microbiological analysis of cereal bars 
(Table 2) is consistent with the microbiological standards set 
by Brazilian law [8] and are being apt for human 
consumption. The addition of fish protein concentrate in the 
preparation of cereal bars did not influence significantly 
(p<0.05) the moisture, protein, fat, ash, carbohydrates and 
consequently in calorific value, as shown in Table 3. The 
average values for the respective parameters were 21.32%, 
11.36%, 10.84%, 2.38%, 54.25%, 359.37%. The initial idea 
was to enhance the nutritional properties of the new product 
developed, and although the results showed higher protein 
levels with FPC inclusion, there was no significant 
interference between the groups. The protein quality is not 
evaluated by biological method because this was not the 
focus of this research experiment. 

These results differ from those found by Brito et al. [22], 
where developed and evaluated cereal bars (with cornstarch 
cookie, raw sugar, and skimmed milk powder). They reported 
average values of moisture (7.63%), lipid (0.68%) and 
protein (6.27%) lower than those found in this study (10:38% 
and 16.11%, respectively, for lipids and protein). Bauet al. 
(2010) developed food bars with high protein value and 
obtained 15.8% of protein, which is higher than the present 
study, but the ash values (2.74%) were similar.  

For moisture values, the mentioned authors found levels of 
12.5%, which is much lower than observed in the present 
study (Table 3).The moisture content of cereal bars with FPC 
ranged from 21.54% to 21.13%, however, the moisture 
content for cereal products established by Brazilian 
legislation [23] is15%.  
 

Table 2. Microbiological analysis of fish protein 
concentrates and cereal bars with FPC. 
 

 
 
Table 3. Centesimal composition analysis of cereal bars 
with FPC. 

 
The inclusion of fish protein concentrate interfered in the 

sensory attributes of the cereal bars (Table 4), except for the 
aroma attribute, whose average was 5.94.The score is given 
by the panelists for the color attribute, the bars receiving the 
concentrated fish were lower than the control (cereal bar 
without FPC), despite not having differed significantly from 
this treatment. For the color attribute, the CB-TTPC showed 
the worst visual aspect and statistically different only control 
(cereal bar without FPC) whose score was 7.40.Panelists did 
not observe differences between treatments for the aroma 
attribute (6.17), but this characteristic (attribute) received a 
satisfactory evaluation by the hedonic scale of 5 points. For 
texture, flavor and overall impression it was possible to 
verify that the treatments that received the Nile tilapia protein 
concentrate +marine fish protein concentrate had lower 
values than treatments with the inclusion of only Nile tilapia 
concentrate or without FPC inclusion. 
 

Table 4. Sensory analysis of cereal bars analysis of cereal 
bars with FPC. 

 
 
The purchase intention evaluation can be inferred that the 

CB-TTPC did not have a good acceptance among consumers, 
indicating that this product would certainly not be purchased 
if you were in the market. However, the cereal bar with Nile 
tilapia protein concentrate showed excellent results, 
indicating that the consumer would purchase that product. 

The acceptance of values obtained in this study are lower 
than those reported by Brito et al. [22], whose develop bars 
with different fiber sources and starch, observed higher 
acceptance values than the trademark product tested, as well 
as, the study reported by Arevalo et al. [24], which was 
develop bars with dry nut babassu flour, which showed 
higher levels of acceptance. In the present study, the 
acceptance value was in average of 3.13%. 

Several authors have studied the inclusion of fish 
derivatives in food products for the purpose of nutritional 
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enrichment and have obtained good results, both for the 
chemical composition and for the sensory acceptance. For 
example, Veit [25] developed and characterized chocolate 
and carrot cakes with Nile tilapia fillet. Goeset al. [18] 
conducted sensory analysis for spinach cake with the 
inclusion of different mix levels of dehydrated fish. Tavares 
et al. [26] tested the replacement of 5% wheat flour by 
matrinxã (Brycon lundii) flour. Centenaro et al. [27] used 
dried fish pulp (DFP) and moist fish pulp (MFP) for the 
enrichment of bread and obtained satisfactory acceptation for 
bread with 3% DFP, 5% DFP, and 50% MFP.  
 

CONCLUSION 
The inclusion of 4.5% of a protein concentrate from 

different species of fish (freshwater or marine) during the 
development of cereal bar did not affect the nutrient content 
and biological value, however, interfered in color, texture, 
flavor and overall impression. The inclusion of Nile tilapia 
protein concentrate in cereal bars was the best choice. Thus, 
the increase of fish protein concentrates inclusion, to improve 
the nutritional value, should be evaluated the amounts and 
types of ingredients to be used in the syrup, primarily to 
improve the taste. 
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