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1 Introduction

Fish have a high nutritional value because they provide 
high quality protein, are rich in essential amino acids, are a 
good source of complex B vitamins, and contain a wide variety 
of minerals including phosphorus, magnesium, iron, zinc, and 
even iodine in marine �sh (Ariño et al., 2013).

�e Nile tilapia (Oreochromis niloticus) stands out in the 
aquaculture industry as one of the most cultivated freshwater 
�sh in the world (Chen et al., 2013); this fact is due to several 
technologic enhancements and the intensi�cation of cultivation 
practices (Fuchs et al., 2013), which contributed to the quality 
of white meat and the removal of �sh bones during the �lleting 
process. Studies regarding the utilization of the residues generated 
by the �lleting process of this species have the potential to add 
value and to increase Brazilian aquaculture production, because 
tilapia is the most highly produced species in Brazil (Instituto 
Brasileiro de Geografia e Estatística, 2014).

�us, �sh protein concentrate has been highly studied due 
to its nutritional characteristics and its potential for human 
consumption, as shown by Godoy et al. (2013), who developed 
the �avored �sh meal using Nile tilapia carcasses. Flour made 
from the heads and bones of tilapia (O. mossambicus) was 
prepared by Vignesh & Srinivasan (2012) and they observed 
that the �our contained seven essential minerals (calcium, 
iron, potassium, magnesium, copper, sodium, and zinc). Other 

studies have been performed to improve the nutritional value 
of several food products (broth and soup, extruded snacks, 
cookies, and crackers) by including �sh meal (Godoy  et  al., 
2010; Justen et al., 2011; Franco et al., 2013). �is inclusion is 
a good way to increase �sh intake in the country once people 
are buying more industrialized and fast food products, easy to 
prepare and nutritious, but low-calorie.

Noodles are a popular product due to their low cost, ease of 
transportation, long shelf life, and their nutritional properties, 
as pasta provides signi�cant amounts of carbohydrates, protein, 
and complex B vitamins (Fradique et al., 2013). Some works 
have already been developed for inclusion in �sh noodles, such 
as Reis (2013) that prepared a dry pasta with 10% of tilapia 
protein concentrate that was mechanically separated, thereby 
obtaining a product with a greater protein content and good 
sensory qualities. Also fresh pasta that included 30.6% of 
cured pacu �llets (Piaractus mesopotamicus) was developed 
by Maluf et al. (2010), and they obtained noodles with 15.2% 
crude protein.

�erefore, the aim of this study was to develop a fresh 
pasta enriched with protein concentrate made from Nile tilapia 
�lleting residue, and to evaluate the obtained pasta in terms of 
chemical composition, mineral content, and to conduct sensory 
and microbiologic analyses.
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Abstract

With the goal of developing and characterizing the nutritional and sensory aspects of fresh pasta supplemented with tilapia 
protein concentrate, four types of pasta were prepared, with inclusion of 0, 10, 20, or 30% of tilapia protein concentrate. Linear 
e�ects were observed (P < 0.01) in crude protein, total lipids, ash, carbohydrate, and caloric values; these parameters increased 
with increasing amounts of tilapia protein concentrate in the pasta. �e concentration of Na, P, Ca, Mg, and Zn increased linearly 
(P < 0.01) in correlation with the increase in protein concentrate content, while Fe content decreased linearly (P < 0.01). In the 
sensory analysis, texture, overall impression, and the acceptance index demonstrated a cubic regression (P < 0.05), with the 
inclusion of 20% protein concentrate yielding the best scores. Including up to 30% of tilapia protein concentrate in pasta yields 
an increased nutritional value, but based on the sensory results, 20% of tilapia protein concentrate in pasta is the recommended 
maximum level.
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Practical Application: Mass can be nutritionally enriched with �sh.
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2 Materials and methods

�e protein concentrate made from Nile tilapia was produced 
at the Fish Technology Laboratory at the Iguatemi Experimental 
Farm of the Universidade Estadual de Maringá (UEM). Frozen Nile 
tilapia carcasses (spines with ribs and remaining meat �lleting) 
without �ns, which were byproducts of the �lleting process at 
the Smart�sh Company located in Rolândia, Paraná, Brazil, were 
washed in a chloride water solution and baked for 60 minutes 
using an industrial pressure cooker. A�erwards, the material was 
pressed in a hydraulic press (10 tons) and the pressed material 
was ground using an electric meat mill. �e resulting mass was 
dehydrated in a forced air oven at 60 °C for 24 hours, and the 
�sh protein concentrate obtained from this process was used 
in the manufacturing of the noodles.

Wheat �our, protein concentrate from Nile tilapia, eggs, 
common salt, and water were used to prepare the pasta; the 
�sh protein concentrate was included in the following levels: 
0, 10, 20, and 30%, partially replacing the total wheat �our 
according to the values shown in Table 1. �e dried ingredients 
were weighed, screened, and mixed. A�er the addition of eggs 
and water, the dough was manually kneaded. �en, the dough 
was molded into thin noodles, sectioned, and stored under 
refrigeration (5 ± 2 °C) until the analyses.

Microbiologic analyses were performed on the protein 
concentrate and pasta in each treatment. Microbiologic analyses 
of the samples were performed to determine the most probable 
number (MPN) of coliforms at 35º and 45º, positive coagulase 
count of Staphylococcus in CFU/g, and the presence of Salmonella 
sp (American Public Health Association, 2001).

Chemical composition and mineral content analyses were 
conducted. �e determination of moisture, crude protein, total 
lipids, and ash content were performed in triplicate according 
to the AOAC (Associations of Official Analytical Chemists, 
2005) methodology. Carbohydrate content was determined 
by calculating the di�erence between the other components 
(Brasil, 2003). Total caloric value was obtained by the sum of 
the multiplication of protein, lipids, and carbohydrates means 
multiplied by the factors 4, 9, and 4 respectively (Souci et al., 2000).

Mineral contents were analyzed in the pasta to evaluate 
sodium (Na), potassium (K), phosphorus (P), calcium (Ca), 
magnesium (Mg), iron (Fe), manganese (Mn), zinc (Zn), and 
copper (Cu). Phosphorus was determined by using ammonium 
phosphomolybdate and UV-VIS spectrophotometry according 
to Eijsink et al. (1997). For the determination of calcium and 

iron, the samples were digested in acid and the quanti�cation was 
performed using �ame atomic absorption spectrophotometry 
(Zhou et al., 1998). For the determination of the other minerals, 
atomic absorption spectrophotometry (model Perkin Elmer 
3300) was utilized and calibrated for a speci�c wave length, 
split, and mixture of the gases for each element. To create the 
calibration curves, standard ampoules were used for Merck 
atomic absorption and appropriately diluted with deionized 
water. Analyses were performed in triplicate.

For the sensory analyses, the noodle samples were cooked 
with water and salt for 20 minutes, and a�er tomato sauce was 
added. �e sensory analysis was conducted with 40 non-trained 
academic tasters from UEM. Methods of sensory analysis was 
approved by the Comitê Permanente de Ética em Pesquisa 
com Seres Humanos (COPEP) of the Universidade Estadual de 
Maringá, Maringá PR Brazil (Protocol 458.151/2013-COPEP). 
�e  samples (around 25 g) were o�ered to the tasters on a 
disposable plastic plate, and each sample was identi�ed by three 
random numbers. A water bottle was o�ered with the samples 
to remove any residual �avor from the mouth. Appearance, 
aroma, �avor, texture, and overall impression were evaluated 
using a 9-point hedonic scale with a minimum of 1 (extremely 
disliked) and a maximum of 9 (extremely liked) (Dutcosky, 
2007). To evaluate the Acceptance Index (AI) for the products, 
the Expression 1 was used (Dutcosky, 2007).

average grade obtained for product
% 100

9
AI = ×    (1)

In addition, the intention to purchase the products was 
evaluated using a 5-point hedonic scale with a minimum of 
1  (would de�nitely not buy) and maximum of 5 (de�nitely 
would buy) (Damásio & Silva, 1996).

Data obtained for the di�erent analyses were submitted 
to a linear regression analysis with a 5% signi�cance using the 
statistical program Statistical Analysis System (SAS, SAS Inst. 
Inc. Cary, NC, USA).

3 Results and discussion

According to the National Health Surveillance Agency – 
ANVISA (Brasil, 2001), the law establishes that frozen or cooled 
�sh and �sh based products cannot have a Staphylococcus count 
greater than 103. A < 1 × 102 positive coagulase Staphylococcus 
count was veri�ed for the tilapia protein concentrate and the 
formulation used in the noodles. �e law also establishes that 
fecal coliforms have a limit of 102 MPN/g for pre-cooked or 
breaded food; the values observed in this study were lower than 
those established by the law for all treatments. Salmonella spp 
were absent in 25 g of the analyzed sample (Table 2).

In relation to the chemical composition (Table 3), positives 
linear e�ects (P<0.01) were observed for crude protein (y = 28.422x 
+ 9.704, R2=0.98), total lipids (y = 1.132x + 1.084, R2 = 0.60), ash 
(y = 17.732x + 1.115, R2 = 0.95), and negatives linear e�ects for 
carbohydrates (y = -46.061x + 50.592, R2 = 0.96), and caloric 
value (y = -60.367x + 250.940, R2 = 0.77) contents. �is helped 
to verify that with an increase in the levels of tilapia protein 
concentrate, the crude protein, total lipids, and ash contents 

Table 1. Formulation of fresh pasta dough with the inclusion of di�erent 
levels of tilapia protein concentrate.

Ingredients

Tilapia protein concentrate 

inclusion

0% 10% 20% 30%

Wheat �our (g) 580 522 464 406

Tilapia protein concentrate (g) 0 58 116 174

Egg (g) 62.5 62.5 62.5 62.5

Water (mL) 250 250 250 250

Common salt (g) 7.5 7.5 7.5 7.5
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increased linearly, whereas the carbohydrate content and caloric 
value decreased. �is observation is related to the composition 
of the tilapia protein concentrate utilized in this experiment 
(Table 3). Tilapia protein concentrate contained 59.5% crude 
protein, 6.68% total lipids, and 27.5% ash. �us, the inclusion 
of this ingredient in the pasta was responsible for the linear 
increase in the noodles’ nutritional values.

Moisture content did not di�er (P > 0.05) among pastas 
in this study, where values ranged between 36.03 to 38.97%. 
According to Reis (2013), drying pasta is an alternative method 
to decrease moisture content and to concentrate the nutrients.

Dried pasta normally contains an average protein content of 
11.5% (Belitz et al., 2009). �e inclusion of 30.6% of cured pacu 
meat (Piaractus mesopotamicus) in fresh pasta yielded 15.21% of 
crude protein and 9.73% of total lipids in noodles (Maluf et al., 
2010). �us, the inclusion of mechanically separated tilapia 
protein concentrate in dry pasta increased the crude protein 
content from 13.28% at the level of 0% protein concentrate, to 
17.80% at the level of 10% protein concentrate Reis (2013); this 
supports the results obtained in the present study. �e maximum 
level of tilapia protein concentrate that was included (30%) in 
fresh pasta in this study resulted in a product with 18.28% of 
crude protein. It is worth noting that the protein quality of 
the noodles with protein concentrate is greater than others, 
because �sh and their derivatives contain a high biologic protein 
with a balanced amino acid pro�le and a good proportion of 
methionine and cysteine, which are the main limiting amino 
acids in vegetal protein sources (Neves et al., 2004). Previous 
studies evaluating the amino acid composition in tilapia protein 
concentrate (Souza et al., 2016) showed that protein concentrate 
also contains all essential amino acids, and that the amino acid 
content is much greater than the standard required by the FAO 

(Food and Agriculture Organization of the United Nations) for 
both children and adults (World Health Organization, 2007).

When Costa et al. (1990) evaluated the inclusion of concentrated 
Trahira protein (Hoplias malabaricus) in noodles, where Trahira 
protein replaced 5, 10, 15, or 20% of the wheat �our, they obtained 
a concentrate with 84.3% of crude protein. �ese authors also 
observed that the addition of protein concentrate in noodles 
led to a darkening that was proportionate to the level of added 
protein. �e same phenomenon was observed in this study; once 
the protein concentrate was added to the pasta, the degree of 
darkening increased in the fresh pasta before baking. �e dough 
was stretched by using a cylinder, as the texture resulted in a 
less malleable pasta that was more easily manipulated by using 
a manual cylinder.

Total lipids content in the noodles in this study increased 
linearly from 1.11 to 1.43%, based on the di�erent amounts of 
tilapia protein concentrate included in the pasta. Total lipids in 
tilapia yielded a good fatty acid pro�le, as Petenuci et al. (2010) 
observed in �our made from tilapia backbones. �ese authors 
identi�ed 24 fatty acids in �our with primarily the following 
fatty acids: 27.4% of palmitic acid (C16:0), 35.15% of oleic acid 
(C18:1n-9), 11.82% of linoleic acid (C18:2n-6), and in a lower 
proportion: 0.88% of alpha-linolenic acid (C18:3n-3), 0.08% of 
eicosapentanoic acid (C20:5n-3), and 0.59% of docosahexaenoic 
acid (C22:6n-3) (Petenuci  et  al., 2010). No presented data 
regarding tilapia protein concentrate used to prepare noodles 
in this study presented 21.16% of polyunsaturated fatty acids 
(PUFA) in tilapia protein concentrate which 4.28% are omega-3 
and 12.26% are omega-6 (Souza et al., 2016).

Pasta is a product that contains large amounts of complex 
carbohydrates (Giese, 1992), while dry pasta contains an average 
of 70 g of carbohydrates/100 g of pasta and an abundant amount 

Table 2. Microbiologic analysis of tilapia protein concentrate and of fresh pasta containing tilapia protein concentrate.

Tilapia protein 

concentrate

Inclusion levels of tilapia protein concentrate

0% 10% 20% 30%

Coliforms at 35 °C (MPN/g) <3 <3 <3 <3 <3

Coliforms at 45 °C (MPN/g) <3 <3 <3 <3 <3

Salmonella sp Absent in 25g Absent in 25g Absent in 25g Absent in 25g Absent in 25g

Coagulase positive Staphylococcus (CFU/g) <1 × 102 <1 × 102 <1 × 102 <1 × 102 <1 × 102

CFU/g - Colony-forming units/gram; MPN/g – Most probable number/gram.

Table 3. Chemical composition of fresh pasta containing tilapia protein concentrate.

Parameters (%)
Tilapia protein 

concentrate

Inclusion levels of tilapia protein concentrate
P-value

0% 10% 20% 30%

Moisture 6.42 ± 0.03 37.01 ± 0.04 37.28 ± 0.50 38.97 ± 0.07 36.03 ± 0.99 0.71NS

Crude protein 59.45 ± 1.70 9.77 ± 0.21 12.48 ± 0.08 15.34 ± 0.49 18.28 ± 0.99 <0.0001a

Lipids 6.68 ± 0.09 1.11 ± 0.14 1.16 ± 0.07 1.31 ± 0.10 1.43 ± 0.17 0.003b

Ash 27.45 ± 0.35 1.20 ± 0.09 2.90 ± 0.09 4.39 ± 0.15 6.62 ± 1.04 <0.0001c

Carbohydrates - 50.92 ± 0.35 46.18 ± 0.54 39.99 ± 0.30 37.63 ± 1.05 <0.0001d

Caloric value (kcal/100 g) 297.94 ± 6.99 252.71 ± 0.90 245.10 ± 1.57 233.14 ± 0.94 236.58 ± 1.23 0.0002e

Values expressed as the mean ± standard deviation. NS = Non-signi�cant. aLinear e�ect: y = 28.422x + 9.7043. R2=0.98. bLinear e�ect: y = 1.132x + 1.084. R2 = 0.60. cLinear e�ect: 
y = 17.732x + 1.115 R2 = 0.95. dLinear e�ect: y = -46.061x + 50.592 R2 = 0.96. eLinear e�ect: y = -60.367x + 250.940 R2 = 0.77.
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of starch (63 g/100 g) (Belitz et al., 2009). In the present study, 
the carbohydrate content in the fresh pasta decreased linearly 
from 50.92% (0% tilapia protein concentrate included) to 37.63% 
(30% of tilapia protein concentrate included); this result may be 
explained by the linear increase in the other pasta components 
(crude protein, total lipids, and ash). Pasta is also a high energy 
food (Nicoletti et al., 2007), which was observed in this study, 
as the fresh pasta without tilapia protein concentrate yielded 
a caloric value of 252.71 kcal/100 g. �e inclusion of protein 
concentrate led to a linear decrease in this parameter, where 
the maximum inclusion level (30%) yielded a caloric value 
of 236.58 kcal/100g. �is lower caloric value was due to the 
reduction in carbohydrates and the increase in crude protein 
content, which resulted in a better nutritional value for pasta that 
included tilapia protein concentrate. With the goal of decreasing 
the energy value of noodles, Nicoletti et al. (2007) prepared a 
dry pasta using soybean meal and broken rice, thus obtaining 
a product with 393.47 kcal and 21.11% crude protein.

In the present study, ash content (Table 3) demonstrated 
a linear increase associated with the addition of tilapia protein 
concentrate, which can be associated with the ash content in 
the tilapia protein concentrate (27.45%). �e fabrication process 
of tilapia protein concentrate aggregates nutrients and minerals 
found naturally in �sh; therefore, the greater ash levels observed in 
noodles with tilapia protein concentrate is important because the 
noodles can be a source of several essential minerals. According 
to Sartori & Amancio (2012), the �sh meat is a main source of 
calcium and phosphorus, but also contains iron, copper, and 
selenium. �e mineral composition for developed noodles in 
the current study supports these claims, which can be observed 
in Table 4.

Sodium, phosphorus, calcium, magnesium, and zinc 
contents increased linearly (P<0.01) according to the increasing 
levels of protein concentrate based on the following equations: 
y = 3.753× + 2.700 (R2 = 0.77) for sodium, y = 24.220× + 0.982 
(R2 = 0.99) for phosphorus, y = 44.573× – 0.349 (R2 = 0.98) 
for calcium, y = 0.580× + 0.153 (R2 = 0.77) for magnesium, 
and y = 10.397× + 9.328 (R2 = 0.84) for zinc. However, iron 
concentrations decreased linearly (P < 0.01) with increasing 
levels of protein concentrate (y = -89.357× + 80.159, R2 = 0.87). 
Potassium, manganese, and copper contents in the pasta were 

not signi�cantly a�ected (P > 0.05) by the inclusion of tilapia 
protein concentrate.

Five macro minerals (sodium, potassium, magnesium, calcium, 
and phosphorus) and four trace minerals (iron, manganese, copper, 
and zinc) are needed for the regulation of healthy functions in the 
human body. In addition, calcium, phosphorus, and magnesium 
are involved in bone health (Hosseini et al., 2014). �e �sh meat 
is a valuable source of calcium and phosphorus (Simões et al., 
2007). �is statement was observed in the present study, as these 
mineral contents increased linearly when the tilapia protein 
concentrate was included. �is fact was also observed by Reis 
(2013); when they prepared dry pasta with the inclusion of 0.0, 
2.5, 5.0, 7.5, and 10% of mechanically separated tilapia protein 
concentrate, they obtained the most calcium (0.066 mg/kg) and 
phosphorus (0.256 mg/kg) levels in noodles when they added 
10% of mechanically separated tilapia protein concentrate.

Iron is the most abundant trace mineral in the human body, 
and an insu�cient daily consumption may result in anemia 
(Hosseini et al., 2014). In the present study, iron concentration 
decreased linearly from 78.71 mg/kg (0% tilapia protein 
concentrate inclusion) to 51.33 mg/kg (30% tilapia protein 
concentrate included). �is occurred because the inclusion of 
tilapia protein concentrate was achieved by reducing wheat �our 
content, and because the wheat �our used to produce the pasta 
was enriched with iron and folic acid. In Brazil, a speci�c law 
(Resolution RDC nº 344, December 13th 2002) determined that 
from 2004, each 100 g of wheat �our should contain 4.2 mg of 
iron and 150 mcg of folic acid (Brasil, 2002). �e lowest iron 
content observed in the present study (51.33 mg/kg) is much 
greater than the Recommended Daily Intake (RDI) of iron, 
which is 14 mg for adults (Food and Agriculture Organization 
of the United Nations, 2001).

Sodium regulates the osmotic pressure of tissues in the 
human body, although excessive consumption may lead to 
hypertension (Karppanen & Mervaala, 2006). �e World Health 
Organization’s (WHO) recommendation for the maximum 
daily intake of sodium in adults is 2000 mg (equal to 5 g of 
common salt) (Nilson et al., 2012). In pasta with tilapia protein 
concentrate included, sodium content increased linearly with the 
increase in tilapia protein concentrate, with values ranging from 

Table 4. Mineral composition of fresh pasta with the inclusion of tilapia protein concentrate.

Minerals
Tilapia protein 

concentrate

Inclusion levels of tilapia protein concentrate

0% 10% 20% 30% P-value

Calcium (g/kg) 7.09 ± 0.92 0.14 ± 0.02 3.18 ± 0.17 8.94 ± 1.01 13.08 ± 0.37 <0.0001a

Copper (mg/kg) 0.78 ± 0.37 2.71 ± 0.53 2.47 ± 0.53 2.91 ± 1.36 1.77 ± 0.14 0.2709 NS

Iron (mg/kg) 146.12 ± 25.55 78.71 ± 4.03 72.10 ± 2.39 64.88 ± 6.61 51.33 ± 1.13 <0.0001b

Phosphorus (g/kg) 5.13 ± 0.66 1.22 ± 0.11 2.98 ± 0.11 5.97 ± 0.08 8.29 ± 0.14 <0.0001c

Magnesium (g/kg) 2.26 ± 0.06 0.17 ± 0.02 0.17 ± 0.04 0.30 ± 0.02 0.32 ± 0.03 0.0002d

Manganese (mg/kg) 2.20 ± 0.92 5.92 ± 0.14 6.12 ± 0.32 5.78 ± 0.29 6.09 ± 0.41 0.8238 NS

Potassium (g/kg) 1.39 ± 0.06 1.20 ± 0.16 1.21 ± 0.27 1.22 ± 0.27 1.56 ± 0.49 0.1855 NS

Sodium (g/kg) 6.43 ± 0.11 2.78 ± 0.09 2.93 ± 0.38 3.51 ± 0.35 3.84 ± 0.02 0.0002e

Zinc (mg/kg) 3.93 ± 1.07 9.00 ± 0.33 10.62 ± 0.21 11.88 ± 0.61 12.05 ± 0.42 <0.0001f

Values expressed as mean ± standard deviation. NS = Non-signi�cant. aLinear e�ect: y = 44.573x - 0.349 R2 = 0.98. bLinear e�ect: y = -89.357x + 80.159 R2 = 0.87. cLinear e�ect: y = 24.220x 
+ 0.982 R2 = 0.99. dLinear e�ect: y = 0.580x + 0.153 R2 = 0.77. eLinear e�ect: y = 3.753x + 2.700. R2 = 0.77. fLinear e�ect: y = 10.397x + 9.328 R2 = 0.84.
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2.78 to 3.84 g/kg. However, Reis (2013) did not observe changes 
in sodium content in dry pasta with 0 to 10% mechanically 
separated tilapia protein concentrate, with values ranging from 
394.266 to 397.600 mg/kg sodium.

Magnesium, manganese, and zinc are responsible for 
regulating the activity of several enzymes (Taskaya et al., 2009). 
In the present study, we observed that magnesium and zinc 
displayed a linear increase with increasing levels of tilapia protein 
concentrate included in noodles. When studying Nile tilapia 
�llets, Marengoni & Santos (2006) observed values ranging 
from 1.33 to 1.56 g/kg of magnesium and 16.33 to 15.66 g/kg 
of zinc; this suggests that this species contains considerable 
amounts of these minerals. �us, the nutritional quality of the 
fresh pasta was improved through the addition of tilapia protein 
concentrate, because the inclusion of this ingredient increased 
the crude protein and lipid contents, decreased the caloric value, 
and improved the mineral pro�le of the pasta.

Regarding the sensory analysis results (Table 5), we observed 
that the color and aroma of fresh pasta containing di�erent levels 
of tilapia protein concentrate did not present with a signi�cant 
di�erence (P > 0.05) among treatments. However, texture, overall 
impression, and the acceptance index displayed a cubic regression, 
with the inclusion of 20% of tilapia protein concentrate resulting 
in the best scores. �e �avor scores decreased linearly (P < 0.05) 
with the increase in tilapia protein concentrate.

According to Maluf et al. (2010), color and aroma were not 
a�ected by di�erent treatments because the noodle samples 
were o�ered to the tasters with the addition of tomato sauce 
according. However, the other characteristics that were evaluated 
(texture, �avor, and overall impression) were in�uenced by the 
treatments, as observed in Table 5.

A cubic regression was observed for texture, overall impression, 
and for the acceptance index. �ese results indicate that the 
addition of 20% of tilapia protein concentrate in fresh pasta is 
ideal for improving the nutritional quality of noodles without 
a�ecting the sensory properties. Dutcosky (2007) recommended 
a minimum acceptance index of 70% for the product to be 
well accepted; the pasta with 0, 10, and 20% of tilapia protein 
concentrate showed a high level of acceptence (75.56, 71.00, 
and 77.6%, respectively), with only the 30% level of protein 
concentrate presenting with an acceptance index lower than 

70%. Bread with the inclusion of 3 and 5% of washed and dried 
Bluewing searobin pulp (Prionotus punctatus) presented with a 
good sensory acceptance index of 77.0 and 76.7%, respectively 
(Centenaro et al., 2007).

In noodles with the inclusion of 5, 10, 15, and 20% of 
Trahira (H. malabaricus) protein concentrate, Costa  et  al. 
(1990) observed that the level of 20% supplementation was not 
considered acceptable by taster panels in terms of color and 
�avor. Kaminski et al., (2011) performed a sensory analysis of 
noodles with 25 and 75% of integral rye �our replacing wheat 
�our, and they observed a lower acceptance by tasters in terms 
of color, aroma, �avor, and texture characteristics in noodles 
with 75% of integral rye �our.

�e results regarding the analysis of the noodle characteristics 
corroborate with the tasters’ purchase intentions, all of which 
are presented in Table 5. �e inclusion of 30% of tilapia protein 
concentrate resulted in the lowest purchase intention (2.78). It was 
demonstrated that the increase in tilapia protein concentrate in 
noodles caused a linear decrease (y = 3.643 – 0.022×, R2=0.62) in 
purchase intension, with average values ranging from 2.78 to 3.53. 
Reis (2013) did not observe signi�cant di�erences (P > 0.05) 
between formulations of dry pasta with tilapia pulp �our (2.5, 
5.0, 7.5, and 10%) and the standard formulation (0%) in terms 
of appearance, aroma, �avor, texture, overall impression, and 
purchase intention. In the purchase intention test, Reis (2013) 
observed values ranging from 3.40 to 3.62. Similar values for the 
inclusion of 0, 10, and 20% tilapia protein concentrate were found 
in the present study. �erefore, we realized that the inclusion of 
tilapia protein concentrate in noodles can signi�cantly improve 
the nutritional value of this widely consumed product.

4 Conclusion

We concluded that the inclusion of up to 30% of tilapia 
protein concentrate in fresh pasta is able to linearly increase 
the crude protein and total lipids contents, decrease the caloric 
value of this product, and increase the calcium, phosphorus, 
magnesium, sodium, and zinc concentrations. However, based on 
the sensory results, we recommend a maximum inclusion level 
of 20% of tilapia protein concentrate in fresh pasta. �e �our and 
the pasta contained a good microbiologic quality, meaning that 
they were well prepared with a minimal risk of contamination 
during the processing.

Table 5. Characteristics pro�le and intent to purchase of fresh pasta with tilapia protein concentrate.

Attributes
Inclusion levels of tilapia protein concentrate

P-value
0% 10% 20% 30%

Color1 6.88 ± 1.77 6.73 ± 1.43 7.00 ± 1.28 6.35 ± 1.81 0.25NS

Aroma1 6.75 ± 1.85 6.68 ± 1.40 6.90 ± 1.57 6.43 ± 1.52 0.51NS

Texture1 7.05 ± 1.87 6.55 ± 1.66 7.95 ± 6.32 5.98 ± 2.08 <0.05a

Flavor1 6.48 ± 2.11 5.98 ± 2.03 6.40 ± 2.07 5.20 ± 2.37 <0.05b

Overall impression1 6.85 ± 1.89 6.03 ± 1.99 6.68 ± 1.83 5.60 ± 2.17 <0.05c

Acceptance index (%) 75.56 ± 18.10 71.00 ± 16.19 77.61 ± 17.22 65.67 ± 18.00 <0.05d

Purchase intention2 3.53 ± 1.28 3.45 ± 1.18 3.50 ± 1.20 2.78 ± 1.40 0.02e

Values expressed as mean ± standard deviation. NS = Non-signi�cant. 1Hedonic scale between 1 and 9. 2Hedonic scale between 1 and 5. aCubic regression y= -0.001 x3 + 0.034 x2 - 0.3208 x + 
7.050 R2= 0.99. bLinear regression y = 6.523 – 0.034 x R2= 0.56. cCubic regression y = - 0.0005x3 + 0.023x2 - 0.263x + 6.850 R2= 0.99. dCubic regression y= -0.005 x3 + 0.204 x2 -2.005 x + 75.556 
R2= 0.99. eLinear e�ect y=3.643 – 0.022x, R2=0.62.
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