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Abstract: Fishburgers were made with washed mechanically separated meat (MSM) from 

carcass and filleting by-product (both washed and unwashed) of the Nile tilapia. The 

proximal composition of fishburgers was different and varied according to the raw material 

used, as well the color parameters. Fishburgers with MSM from filleting by-product had 

lower hardness and springiness, and fishburger with MSM from unwashed filleting 

by-product had higher yield and lower reduction in thickness. The fishburgers containing 

MSM from filleting by-product had better sensory acceptance, due to higher color intensities 

(sensory), fish odor, tenderness, succulence, cohesiveness and fish flavor. The fishburger 

with MSM from washed carcass was the least acceptable, because of surface uniformity. 

This study shows the potentiality of using MSM from tilapia filleting by-product for burgers, 

while the formulation of fishburgers with smaller amounts of MSM from washed carcass or 

with added condiments can result in improved sensory acceptance and potentiality of use. 

Keywords: carcass; filleting by-product; sensory profile; sensory acceptance. 

HIGHLIGHTS 

 

• Fishburger with tilapia filleting by-product MSM are preferred over the carcass 

MSM. 

• This study shows the feasibility of using tilapia filleting by-product in burgers. 

• This is innovative considering the lack of studies for this MSM until now. 

• The use of carcass MSM may be feasible with reformulation of the fishburger. 

https://orcid.org/0000-0002-4232-2804
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INTRODUCTION 

Fish consumption per capita in Brazil is lower than 10 kg/year, while FAO´s (Food and 
Agriculture Organization of the United Nations) recommendation is 12 kg/year and world 
mean is over than 20 kg/year. Nonetheless, the aquaculture in Brazil increased 4.5% at 
2018, having tilapia as the highlight (growth of 11.9%), allowing the country as the world's 
fourth largest tilapia producer [1]. Tilapia has good potential for commercialization, because 
the filleted steak does not contain bones and has firmer texture when compared to other 
species of fish, as well as it is white and succulent with a pleasant flavor. Therefore, tilapia a 
good option for increasing fish consumption in Brazil. 

Tilapia is marketed mainly in the form of frozen fillets, the production of which generates 
by-products such as mechanically separated meat (MSM). The tilapia MSM can be 
produced from both the fish carcass and the filleting by-product, which has a ‘V’ shaped 
bone. At the moment, tilapia MSM is mostly used as an ingredient in animal feed in the form 
of fish meal [2]. So, there is plenty of opportunity to make better use of tilapia MSM for 
human consumption. 

Few scientific studies were found regarding the implementation of MSM from tilapia 
carcasses in meat products such as sausage [3], pâté [4] and burger [5,6]. No research into 
the use of MSM from tilapia filleting by-product for producing food for human consumption 
was found. Coupled to this, there is a notable absence of fish products in the Brazilian 
market, reinforcing the importance of using the fish by-products in food. Therefore, 
considering the low use of tilapia carcass MSM, and the lack of information regarding the 
use of MSM from filleting by-product in human foodstuff, linked to the importance of 
developing fish products in an attempt to increase the consumption of this food, the aim of 
this work was to produce fishburgers from both carcass MSM and filleting by-product MSM, 
followed by their chemical, physical and sensory characterization. 

MATERIAL AND METHODS  

Material 

MSM from Nile tilapia (Oreochromis niloticus) of the GIFT (Genetically Improved 
Farmed Tilapia) strain, supplied by Cooperativa Agroindustrial Consolata - COPACOL 
(Nova Aurora, Paraná, Brazil), was used, and at least 830 kg of live fish, in one batch, were 
used for obtaining 10 kg of each MSM. One of the MSM was produced from the carcass, 
after the fillets had been removed. However, the fillet still has a "V" shaped bone, which was 
removed by a manual "V" cut, resulting in the filleting by-product, from which the other MSM 
is obtained. 

Part of the MSM from the filleting by-product was washed at the Copacol plant itself, 
using water at 21 °C for 10 min, at a ratio of 2/3 in relation to the weight (v/w), and then 
centrifuged at 3,600 rpm for 30 s. Washing the MSM is a common step in processing plants, 
since it removes blood, pigments, sarcoplasmic proteins, lipids, ash and other nitrogen 
compounds, improving the sensory characteristics of texture, color and odor [7,8]. 

The three MSMs (from washed carcass, unwashed and washed filleting by-products) 
were frozen in 1 kg portions in plastic containers and maintained at -18 °C until it was time to 
prepare the fishburgers, that was performed 6 days after the MSMs obtainment. Unwashed 
carcass MSM was not used in the elaboration of fishburgers due to its chemical instability 
which had been determined in a previous study by this research group. 

Fishburger production 

For each MSM formulation, 1% (w/w) of Temperex Fish (BKG Adicon, São Bernardo do 
Campo, Brazil), that is a condiment for fish products, was added. Temperex Fish is 
composed of salt (63.1 - 69.1%), prepared condiment (citric acid, black pepper, red pepper, 
sweet fennel and natural fish aroma), monosodium glutamate, and isolate soy protein. The 
frozen MSMs were ground in a grinder (Bermar, São José do Rio Preto, Brazil) with a 5 mm 
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disc and then mixed with the seasoning. Then, 56 g of the dough (the weight of commercial 
hamburgers in Brazil) were weighed into a polyethylene bag, which was placed inside a petri 
dish and, with the aid of the petri dish lid, the fishburger was molded. The polyethylene bag 
with the fishburger was closed, placed inside a larger polythene bag, along with other 
burgers, and stocked in a freezer. 

The fishburgers were stored during 120 days. During this period, samples of the 
fishburgers were withdrawn for performing the descriptive analysis. However, all analyses, 
including the final descriptive analysis, were performed at 120 days of storage. For this 
reason, the raw fishburgers were submitted to microbiological analysis after zero, 60 and 
120 days to ensure that they were in satisfactory sanitary conditions for the sensory analysis, 
and all burgers were in satisfactory sanitary conditions in accordance with current legal 
standards. 

For all analyses, frozen fishburgers were smeared with soybean oil grilled in an electric 
pan for 5 min, the fishburger being turned after half the time. The geometric center of the 
product was kept at 74ºC for sanitary safety [9]. 

Analysis of the proximate composition of fishburgers 

The proximate composition was analyzed (in triplicate), moisture being measured at 
60ºC in a vacuum oven, ash content in a muffle furnace at 550 ºC and protein content by 
micro-kjeldahl (6.25 conversion factor) following the methods described in AOAC [10]. The 
lipid content was analyzed using the method described by Bligh and Dyer [11]. 

Analysis of the physical properties of fishburgers 

The color was analyzed in Color Flex 45/0 colorimeter (Hunterlab, Reston, USA) using a 
D65 illuminator, 10° observer angle and the CIEL*C*h system (L * = luminosity; C* = chroma; 
h = hue). The sample, in triplicate, was placed inside a quartz capsule with internal diameter 
of 58 mm, lining it completely. Each sample was rotated every 90° until all four rotations 
were completed, and the analysis being done on the edge and in the middle of the fishburger, 
thus totaling twenty-four measurements for each fishburger. 

The texture analysis was performed using a TA.XT/Plus/50 texturometer (Stable Micro 
Systems, Godalming, England). Two samples with a diameter of 22 mm were cut from three 
fishburgers, totaling six replicates. Two tests were performed: 1) Texture Profile Analysis 
(TPA), with a cylindrical aluminum probe with a diameter of 36 mm, 50% of sample 
compression, test speed of 1 mm/s and 5 s between the two compressions, to obtain the 
hardness, cohesiveness, springiness and chewiness parameters; and 2) cutting analysis 
with a Warner Bratzler blade with ‘V’ slot blade insert (1 mm, USDA standard) and test 
speed of 1 mm/s, the sample being cut completely. 

The yield of the fishburgers was calculated by the difference between the weight of the 
whole raw fishburger and the whole grilled fishburger, and also the reduction of the diameter 
and thickness of the fishburgers was measured [12]. These analyses were performed in 
triplicate. 

Analysis of the sensory profile of fishburgers 

The sensory analysis was performed at the Sensory Analysis Laboratory of the Institute 
of Biosciences, Literature and Exact Sciences and this study had been approved by the 
Ethics Committee of the same Institute (Opinion Report 919,827). The descriptive analysis 
was based on an adaptation of Stone and Sidel [13] and fourteen panelists (who had 
previously taken part in other trained panels) were invited to participate in this panel. 

The sensory attributes were generated by the fourteen panelists, using the Kelly 
Repertory Grid method [14]. After discussions to reach consensus, the attributes that were 
most important for characterizing the appearance, odor, texture and flavor of the fishburger 
were selected. The sensory panel also defined the attributes and references for each one of 
these attributes (Table 1). 
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Table 1. Definitions and references of the attributes of fishburgers with mechanically separated 

meats of tilapia. 

Attribute Definition References 

Appearance   

Color Whitish fish color, 

ranging from pale to 

colored 

Pale: tilapia fillet (Copacol) cooked in microwave for 

1 min 30s, at 100% power 

Colored: chicken and beef burger (Texas 

Burger-Seara), grilled in electric pan, position 5, for 1 

min on each side 

Surface 

uniformity 

Smooth/rough surface Smooth: peanut fudge (Saint Helena) 

Rough: homemade peanut fudge (Doces Leo) 

Odor   

Fish odor Characteristic of fish Weak: tilapia pâté prepared as follows: 72 g of tilapia 

fillet (Copacol) mixed with 1 g of seasoning from BKG 

Adicon and cooked in a microwave for 2 min, at 

100% power. Thereafter, 20 g of light cream (Nestlé, 

can) and 7 g of semi-skimmed UHT milk (Nestlé) 

were added, by manually mixing all ingredients 

Strong: tilapia fillet (Copacol) with 1% seasoning of 

BKG Adicon, grilled in electric pan, position 5, for 2 

min on each side 

Texture   

Tenderness Force needed to 

compress the burger 

between the molars 

Little: cooked restructured pork shoulder cut into 

cube (1.5 cm side) (Sadia) 

Very: Viennese canned sausage (Bordon) cut with 

1.5 cm high 

Succulence 

 

During chewing, the 

amount of moisture 

released by the 

fishburger 

Little: ½ slice of shaped bread (Panco), peeled, cut 

into 2-cm side squares, moistened with milk (3 mL) 

Very: ½ slice of shaped bread (Panco), peeled, cut 

into 2-cm side squares, moistened with milk (10 ml) 

Cohesiveness During chewing, the 

degree to which the 

pieces of the sample 

remain cohesive 

Little: integral cookie (Jasmine) 

Very: ‘maria mole’ (Bruju) 

Flavor   

Fish flavor Characteristic flavor of 

fish 

Weak: tilapia pâté prepared in the same way as for 

the ‘weak’ reference for the fish odor 

Strong: tilapia fillet prepared in the same way as for 

the reference ‘strong’ for the fish odor 

 
After the training stage, which took nine sessions, the panelists were selected according 

to their capacity to discriminate samples (psample ≤ 0.50), capacity to reproduce judgments 
(prepetition> 0.05) and consensus with the panel [15,16]. Twelve panelists were selected to 
conduct the analysis on the sensory profile of the fishburgers. Among these panelists, the 
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majority considered themselves to be very fond of fish and derived products and the highest 
frequency of consumption was at least once a week. 

The sensory analysis was performed in individual booths, under white light and at a 
temperature of 22°C. One quarter of each fishburger was presented on a white plastic plate 
coded with random three-digit numbers and were evaluated in three repetitions by the 
twelve panelists. The sample presentation was balanced with complete blocks that were 
randomized and monadic [17] and an unstructured linear intensity scale of 90 mm length 
was used for each attribute. During all the analyses of the sensory profile, the frozen 
fishburgers were promptly grilled, as described in Fishburger production, to be presented to 
the panelists. 

Analysis of the sensory acceptance of the burgers 

The sensory analysis was performed with ninety-nine consumers among students, 
employees and professors of the Institute. First, the consumers completed a questionnaire 
of demographic questions to specify their degree of liking and frequency of consumption of 
fish and fish products. Most of them like fish and fish products a lot and the highest 
frequency of consumption is at least once a week. 

The fishburgers were then evaluated using the nine-point structured hedonic scale, with 
the extremes ‘1 - disliked extremely’ and ‘9 - liked extremely’, for appearance, odor, texture 
and flavor, as well as overall acceptance. A five-point scale for purchase intention ranged 
from ‘I would certainly not buy this’ to ‘I would certainly buy this’ [18] was also applied. 

The test was conducted in individual booths, under white light, at a temperature of 22°C. 
One-quarter of each fishburger was presented on white plastic plate coded with random 
three-digit numbers, in a monadic, balanced and random manner. The frozen fishburgers 
were promptly grilled, as described in Fishburger production, to be presented to the 
consumers. 

Statistical analyses 

The means were compared using analysis of variance followed by the Tukey test, at a 
significance level of 0.05. Two external preference maps were constructed using principal 
component analysis: one correlating sensory acceptance and sensory attributes; and other 
correlating sensory acceptance and physical parameters. The raw data of variables were 
placed in the columns and the fishburgers were placed in the rows, and the data were 
standardized in the columns before the analysis. Factor extraction was performed from the 
correlation matrix and factor rotation was not used. All analyses were performed using the 
Statistica 10.0 software (StatSoft, Inc.). 

RESULTS 

Proximate composition of fishburgers 

The fishburger with MSM from washed filleting by-product presented the lowest levels 
of proteins and ash, probably due to the higher moisture in relation to the other fishburgers 
(Table 2). However, the burger with carcass MSM was the one that presented the lowest 
lipid content. Furthermore, the washing process for the filleting changed the proximate 
composition of the fishburgers, increasing the moisture and lipid content, as well as reducing 
the contents of proteins and ashes. 
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Table 2. Proximate composition (mean ± standard deviation; n = 3) of fishburgers with mechanically 

separated meats of tilapia. 

Different letters in the same row indicate significant difference by Tukey test (p ≤ 0.05). 

Physical properties of fishburgers 

The burgers with MSM from filleting by-product (with and without washing) presented 
higher C* than the fishburger made with carcass MSM (Table 3). Furthermore, washed 
filleting by-product MSM led to an increased L* of the burger, i.e. the color of the burger 
became clearer. Thus, the hues were different for the three fishburgers, increasing from the 
unwashed filleting by-product MSM burger to the washed carcass MSM. However, all 
fishburgers may have the color classified as yellow, because angles from 70 to 100º indicate 
a predominance of yellow chromaticity over red chromaticity [19]. There were no reports in 
the literature regarding the texture of MSM tilapia burgers to compare these results with. 

Table 3. Color (n = 24), texture (n = 6) and preparation characteristics (n = 3) of fishburgers with 

mechanically separated meats of tilapia (mean ± standard deviation). 

Characteristics 
Washed 

carcass 

Unwashed filleting 

by-product  

Washed filleting 

by-product 

Color    

L* 58.1 ± 1.13b 56.6 ± 3.46a 63.4 ± 1.29c 

C* 15.6 ± 2.93a 24.3 ± 2.21b 23.1 ± 1.19b 

h (o) 84.8 ± 1.98c 74.1 ± 2.80a 78.3 ± 1.79b 

Texture    

Hardness (N) 45.2 ± 3.74c 29.0 ± 5.55b 10.0 ± 1.77a 

Cohesiveness 0.6 ± 0.03a 0.6 ± 0.02a 0.7 ± 0.03b 

Springiness 0.7 ± 0.03c 0.6 ± 0.07b 0.4 ± 0.09a 

Chewiness 20.4 10.1 3.4 

Cutting force (N) 2.9 ± 0.66b 2.2 ± 0.36ab 1.8 ± 0.54a 

Preparation    

Yield 67.0 ± 2.27a 82.7 ± 1.55b 64.6 ± 3.78a 

Reduction in the 

diameter 

10.3 ± 1.24ns 8.0 ± 1.29ns 11.0 ± 1.75ns 

Reduction in the 

thickness 

17.3 ± 1.77b 10.0 ± 2.09a 27.9 ± 2.53c 

Different letters in the same row indicate significant difference by Tukey test (p ≤ 0.05). ns = not 

significant. 

There was a decrease in hardness, springiness and chewiness in the sequence: 
washed carcass MSM burger, unwashed filleting by-product and washed filleting by-product 
(Table 3). This indicates that the fishburger with washed filleting by-product MSM is less 
hard, less elastic and requires less chewing to be swallowed. Regarding the cohesiveness, 

Component 

(g/100 g) 

Washed 

carcass 

Unwashed filleting 

by-product 

Washed filleting 

by-product 

Moisture 72.4 ± 0.24b 70.5 ± 0.09a 73.9 ± 0.07c 

Ash 1.9 ± 0.07b 1.9 ± 0.03b 1.6 ± 0.17a 

Proteins 21.1 ± 0.35c 20.0 ± 0.19b 16.9 ± 0.18a 

Lipids 3.8 ± 0.16a 6.1 ± 0.07b 6.6 ± 0.13c 
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the fishburger with washed filleting MSM presented greater cohesiveness, indicating the 
greater force necessary to break it when being bitten. There was also a reduction in cutting 
force for the carcass MSM fishburger compared with the washed filleting by-product MSM 
burger, while the burger with unwashed filleting by-product MSM presented a cutting force 
equal to the other burgers. 

In relation to the characteristics for the preparation of the fishburger, the fishburger 
prepared with MSM from unwashed filleting by-product had higher yield and smaller 
reduction in the thickness after grilling (Table 3). Furthermore, the reduction in diameter was 
the same for all fishburgers. 

Sensory profile of fishburgers 

Filleting by-product MSM fishburgers showed higher intensities for color, fish odor, 
tenderness, succulence, cohesiveness and fish flavor compared to the fishburger with 
washed carcass MSM (Table 4), although had no significant difference for color, surface 
uniformity, tenderness and succulence. On the other hand, the fishburger with washed 
carcass MSM presented the highest surface uniformity and all the fishburgers were not 
described in unpleasant terms, such as odor and rancid flavor. 

Table 4. Intensity of attributes (mean ± standard deviation; n = 36) of fishburgers with mechanically 

separated meats of tilapia. 

Attribute 
Washed 

carcass 

Unwashed filleting 

by-product  

Washed filleting 

by-product 

Color 1.9 ± 0.73a 6.3 ± 1.40b 5.7 ± 1.30b 

Surface uniformity 7.4 ± 0.30b 2.0 ± 1.57a 1.9 ± 0.46a 

Fish odor 1.9 ± 0.45a 6.9 ± 0.80c 6.5 ± 0.66b 

Tenderness 2.5 ± 1.06a 7.1 ± 0.48b 6.7 ± 0.67b 

Succulence 2.5 ± 0.95a 7.0 ± 0.60b 6.8 ± 0.68b 

Cohesiveness 2.0 ± 0.80a 6.7 ± 0.73c 6.2 ± 0.89b 

Fish flavor 2.4 ± 1.14a 7.2 ± 0.64c 6.7 ± 0.77b 

Different letters in the same row indicate significant difference by Tukey test (p ≤ 0.05). 

Sensory acceptance of fishburgers 

The washed carcass MSM burger was less accepted than the burgers with filleting 
by-product MSM with respect to all the attributes and overall acceptance, getting between 
the hedonic categories ‘not liked nor disliked’ and ‘liked slightly’, and the categories of ‘I 
probably would not buy this’ and ‘I doubt whether or not I would buy this’ (Table 5). Both 
burgers with filleting by-product MSM were equally accepted for appearance, odor and 
texture, falling into the categories ‘liked moderately’ to ‘liked very much’ for the appearance, 
and between the categories ‘liked slightly’ and ‘liked very much’ for odor and texture. 
However, the fishburger with unwashed filleting by-product MSM had greater acceptance of 
the flavor and of global form in relation to the fishburger with washed filleting by-product 
MSM, according to the hedonic scale and the scale of purchase intention, being between the 
categories ‘liked moderately’ and ‘liked very much’ and between the categories ‘I would 
probably buy this’ and ‘I would certainly buy this’, respectively. 
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Table 5. Sensory acceptance (mean ± standard deviation; n = 99) of fishburgers with mechanically 

separated meats of tilapia. 

Acceptance 
Washed 

carcass 

Unwashed filleting 

by-product  

Washed filleting 

by-product 

Appearance 5.2 ± 1.87a 7.2 ± 1.44b 7.1 ± 1.31b 

Odor 5.5 ± 1.91a 7.3 ± 1.39b 6.9 ± 1.38b 

Texture 6.0 ± 1.84a 7.3 ± 1.59b 6.8 ± 1.46b 

Flavor 5.2 ± 1.92a 7.7 ± 1.33c 6.9 ± 1.55b 

Overall 

acceptance 

5.3 ± 1.77a 7.5 ± 1.23c 6.8 ± 1.43b 

Purchase 

intention 

2.6 ± 1.06a 4.1 ± 0.94c 3.6 ± 1.00b 

Different letters in the same row indicate significant difference by Tukey test (p ≤ 0.05). 

The sensory acceptance correlated with the sensory profile of the fishburgers. The first 
and second principal components explained 67.6 and 18.6% of the observed variation, 
respectively, totaling 86.2 % of the total data variation (Figure 1). The first principal 
component was explained by two groups of variables (Figure 1A): one composed by the 
acceptance of flavor, overall acceptance, purchase intention, color, fish odor, tenderness, 
succulence, cohesiveness and fish flavor (factorial charges ≤ -0.70 in principal component 
1); and the other composed by the surface uniformity surface (factorial charge ≥ 0.70 in 
principal component 1). This means that the surface uniformity correlated negatively with the 
other variables, whose correlations were positive with each other. The acceptance of 
appearance, odor and texture did not discriminate any of the samples and no variables 
explained principal component 2. 

 

 

Figure 1. External preference mapping between sensory acceptance and sensory attributes of 

fishburgers with mechanically separated meats of tilapia (A – Projection of variables, B – Projection of 

fishburgers). Legend: Acceptance (1 - appearance, 2 - odor, 3 - texture, 4 - flavor, 5 - overall 

acceptance, 6 – purchase intention) and sensory attributes (7 - color, 8 - surface uniformity, 9 - fish 

odor, 10 - tenderness, 11 - succulence, 12 - cohesiveness, 13 - fish flavor). 

The burgers containing washed and unwashed filleting by-product MSM were described 
by the sensory acceptance of flavor, overall acceptance and purchase intention, result of the 
high intensities of color, fish odor, tenderness, succulence, cohesiveness and fish flavor 
(Figure 1B). On the other hand, the fishburger with washed carcass MSM was highlighted by 
the surface uniformity, in addition to the low sensory acceptance. 

Sensory acceptance also correlated with the physical properties of tilapia MSM burgers. 
The first and second principal components explained, respectively, 45.2 and 32.6% of the 
variance observed, totaling 77.8% of the total data variation (Figure 2). The first principal 
component was explained by two groups of variables (Figure 2A): one composed by the 
hardness, springiness, chewiness, cutting force, and h (factorial charges ≥ 0.68 also in 
principal component 1), and another composed by overall acceptance, C* and cohesiveness 
(factorial charges ≤ -0.68 in principal component 1). The second principal component was 
also explained by two groups of variables: one made up of yield (factorial charge ≥ 0.70 in 
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principal component 2) and another composed of reduction of diameter, reduction of 
thickness and L* (factorial charges ≤ -0.70 also in principal component 2). 

 

 
Figure 2. External preference mapping between sensory acceptance and physical properties of 

fishburgers with mechanically separated meats of tilapia (A – Projection of variables, B – Projection of 

fishburgers). Legend: Acceptance (1 - appearance, 2 - odor, 3 - texture, 4 - flavor, 5 - overall 

acceptance, 6 - purchase intention) and physical properties and preparation characteristics (7 - 

hardness, 8 - cohesiveness, 9 - springiness,10 - chewiness, 11 - cutting force, 12 - yield, 13 - diameter 

reduction, 14 - thickness reduction, 15 - L*, 16 - C*, 17 – h). 

The burgers were described differently (Figure 2B). The fishburger with washed carcass 
MSM was distinguished by the high intensities of hardness, springiness, chewiness, cutting 
force and hue. The burger with unwashed filleting by-product MSM was described by overall 
acceptance, C* and cohesiveness, as well as high yield, although there is no correlation 
between the yield and the other characteristics, since they are in separate principal 
components. And the burger with washed filleting by-product MSM was described by 
reduction in diameter, reduction of thickness and L* (clearer color). 

Thus, the external preference mapping show the characteristics related to the greater or 
lower acceptance of the fishburgers by the consumers, besides corroborating and 
summarizing the results presented in Tables 2 to 5. 

DISCUSSION 

Changes on the proximal composition were found in function of the washing (Table 2). 
The increase in the moisture of fishburgers is because the washing removes sarcoplasmic 
proteins, while the myofibrillar proteins, which have the capacity to retain water, remain in 
the MSM [7]. Also, the removal of the sarcoplasmic proteins reduced the protein content in 
the MSM. On the other hand, the reduction of ash content is explained by leaching, which 
removes some of the minerals in the MSM [20]. Only one study was found in the scientific 
literature regarding the use of tilapia MSM for fishburger production, in which case the 
fishburger was produced with washed carcass MSM. The raw burger had a higher moisture 
value (75.3%) and lipids (4.7%) compared to those found in the present study but less 
proteins (18.2%) [6]. Probably the differences are in the fact that the fishburger had the 
addition of 5% soy protein and 3% canola oil in its formulation. However, the amount of ash 
(2.1%) is close to the amount found in the current research. 

The legislation on beef, pork, turkey or chicken burgers [21] regulates a maximum fat 
content of 23% and minimum protein of 15%. Although there is no Brazilian legislation for 
fishburgers, the three burgers in this study are within the legislation for hamburgers from 
other animals. 

Regarding the physical properties, the reduction of the hardness and cutting force of the 
unwashed filleting by-product MSM burger compared to the washed filleting by-product 
MSM burger is due to the loss of water soluble proteins [22], which is actually seen in Table 
2. And so, there is a greater hardness for the fishburger with washed carcass MSM and also 
higher protein content. In addition, the values of hardness and cutting force of the 
fishburgers decreased with the increase in the lipid content (Table 2), showing the 
contribution of this component to the tenderness of the product [23]. The higher yield and 
smaller reduction in the thickness to the fishburger prepared with MSM from unwashed 
filleting by-product (Table 3) may be explained by the lower moisture loss after the grilling 
process. Considering the moisture values of raw fishburgers (not shown), the loss of water 
of the fishburgers during grilling was 11.4, 8.8 and 12.4% for burgers with washed carcass 
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MSM, unwashed filleting by-product MSM and with washed filleting by-product MSM, 
respectively. Thus, the lowest water loss (8.8%) during the grilling of the fishburger with 
unwashed filleting by-product MSM may have resulted in higher yield and less reduction in 
its thickness. Still, the largest thickness reduction for the burger with washed filleting 
by-product MSM coincides with the largest water loss (12.4%). 

Filleting by-product MSM fishburgers showed higher intensities for color, fish odor, 
tenderness, succulence, cohesiveness and fish flavor compared to the fishburger with 
washed carcass MSM (Table 4), and such differences are related to other characteristics of 
the MSM and the burgers themselves. The filleting by-product MSM burgers presented color 
with higher C* in relation to the burger with carcass MSM (Table 3), as well as sensory 
evaluated color. The higher intensities for odor and fish flavor in fishburgers with filleting 
by-product MSM may be because this MSM present a larger amount of meat while the 
carcass MSM has more bone. Larger intensities for tenderness and succulence are related 
to the lower values of hardness and cutting force of the burgers with MSM of filleting (Table 
3). And again, the fact that the filleting by-product MSM presents more meat may have 
contributed to the greater succulence and cohesiveness intensities of the burgers. 

The unwashed filleting by-product MSM burger had higher intensities for fish odor, 
cohesiveness and fish flavor (Table 4), probably because the washing diminished the odor 
and flavor of fish [7,8]. This reducing may be also responsible for the higher acceptance of 
flavor and of global form in relation to the fishburger with washed filleting by-product MSM 
(Table 5). And for the fishburger with washed carcass MSM, the highest surface uniformity 
(Table 4) may be due to the greater presence of bone and smaller quantity of meat in the 
MSM, which may have led to a greater uniformity of the MSM after pressing by resulting in 
greater uniformity of the burger. 

No studies were found in the scientific literature describing the sensory profile of 
fishburgers formulated with tilapia carcass MSM and tilapia filleting by-product MSM. 
However, for fishburgers made from unwashed ground fillet and fillet washed three times 
from Serra Spanish Mackerel (Scomberomorus brasiliensis), the attributes defined by 
trained panelists were: crust color, fish shape, thickness, quantity of herbs, minced fish color, 
fish aroma, aroma of artificial flavor, salty taste, umami taste, fish flavor, herb flavor, residual 
artificial flavor, hardness, crunchiness, tenderness, succulence and cohesiveness [24]. It 
should be noted that several attributes are similar to those described in the present work. 
However, the majority of the attributes are the result of the addition of various condiments 
(salt, monosodium glutamate, textured soy protein, corn starch, garlic and onion powder, 
parsley and chives) in the formulations of fishburgers, different from our work, in which the 
fishburgers were formulated almost exclusively with MSM. Also, unlike the current work, the 
fillet washing diminished the color intensity and increased the tenderness for some 
fishburgers. 

In relation to sensory acceptance, several studies in the literature report on the sensory 
acceptance of fishburgers formulated with carcass MSM from different fishes [5,25,26], and 
the acceptance averages were higher than those found in this study for the washed carcass 
MSM burger. However, one can attribute these higher averages as a result of the addition of 
several ingredients in the burgers produced in the cited study, in contrast to our work, which 
only had 1% of condiment (see Fishburger production). Also, no studies were found 
regarding the sensory acceptance of fishburgers formulated with tilapia filleting by-product 
MSM. 

CONCLUSION 

This study shows the potentiality of using tilapia filleting by-product in burgers, which is 
innovative considering that the raw material is a by-product that can be an added almost 
exclusively to the fishburger (i.e. with little seasoning), as well the lack of studies in the 
literature for this MSM until up to the present. In relation to the burger made with washed 
carcass MSM, again it should be noted that it was also formulated almost exclusively from 
the MSM, which may have contributed to its low sensory acceptance. Thus, the formulation 
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of burgers with smaller amounts of washed carcass or added condiments, could result in 
improved sensory acceptance and potentiality of use, also adding value to this MSM. 
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