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Abstract

Waste production derived from agroindustry (bark, bagasse and seeds) has been increasing in Brazil. The cultivation of
cashew to produce chestnuts and products obtained from cashew peduncle has generated a large amount of residue.
Therefore, the objective of this study was to elaborate Nile tilapia fishburger with addition of cashew residue flour
(CRF) and evaluate its microbiological and physicochemical characteristics. Three formulations Fo, F; and F2 (0%, 5%
and 10% CREF, respectively) were elaborated as a substitute for mechanically separated meat (MSM) from Nile tilapia.
The results of the microbiological analyzes of CRF and fishburgers were satisfactory, according to standards established
by the Brazilian legislation. Fishburger formulations showed low lipid and high protein content. The analysis of
centesimal composition showed that there was no significant difference (p>0.05) between the formulations (except
water content and carbohydrate). The results show the elaboration of new products based on the residues of agroindustry
provides greater access of fish products to different social classes and waste valorization. CRF has been applied to
fishburger formulations satisfactorily, helping to reduce the environmental impacts associated with the disposal of this
agroindustrial waste.

Keywords: Fish products; Flour; Tropical fruits; Cashew residue; Valorization.

Resumo

A producéo de residuos derivados da agroindustria (casca, bagaco e sementes) vem aumentando no Brasil. O cultivo do
caju para a produgdo de castanhas e produtos obtidos do pedunculo do caju tem gerado uma grande quantidade de
residuos. Portanto, o objetivo deste estudo foi elaborar um fishburger de tilapia do Nilo com adicéo de farinha de residuo
de caju (FRC) e avaliar suas caracteristicas microbioldgicas e fisico-quimicas. Trés formulacGes Fo, F1 e F2 (0%, 5% e
10% de FRC, respectivamente) foram elaboradas como substituto para a carne mecanicamente separada (CMS) de
tilapia do Nilo. Os resultados das analises microbioldgicas da FRC e dos fishburgers foram satisfatérios, de acordo com
os padrdes estabelecidos pela legislacdo brasileira. As formulacdes de fishburger apresentaram baixo teor de lipidios e
alto teor proteico. A anélise da composi¢do centesimal mostrou que nao houve diferenca significativa (p=>0,05) entre as
formulagGes (exceto teor de agua e carboidratos). Os resultados mostram que a elaboracdo de novos produtos a partir
dos residuos da agroindistria proporciona maior acesso aos produtos derivados de pescado as diferentes classes sociais
e valorizagdo dos residuos. A FRC tem sido aplicada em formulagdes de fishburger de forma satisfatoria, ajudando a
reduzir os impactos ambientais associados ao descarte desses residuos agroindustriais.

Palavras-chave: Derivados de pescado; Farinha; Frutas tropicais; Residuo de caju; Valorizagdo.
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Resumen

La produccion de residuos derivados de la agroindustria (corteza, bagazo y semillas) ha ido aumento en Brasil. El cultivo
de anacardo para producir castafias y los productos obtenidos de su tallo ha generado una gran cantidad de residuos. Por
lo tanto, el objetivo de este estudio fue preparar una hamburguesa de pescado con tilapia del Nilo con la adicion de
harina de residuo de anacardo (HRA) y evaluar sus caracteristicas microbiolégicas y fisico-quimicas. Tres
formulaciones Fo, F1 y F2 (0%, 5% y 10% de HRA, respectivamente) se desarrollaron como sustituto de la carne separada
mecéanicamente (CSM) de la tilapia del Nilo. Los resultados de los analisis microbiolégicos de HRA y hamburguesas
de pescado fueron satisfactorios, segln los estandares establecidos por la legislacién brasilefia. Las formulaciones de
hamburguesa de pescado tenian un bajo contenido de lipidos y un alto contenido de proteinas. El analisis de la
composicién centesimal mostré6 que no hubo diferencia significativa (p>0,05) entre las formulaciones (excepto el
contenido de agua y carbohidratos). Los resultados muestran que la elaboracion de nuevos productos basados en los
residuos agroindustriales ofrece un mayor acceso a los productos de pescado a las diferentes clases sociales y la
valorizacién de los residuos. La HRA se ha aplicado satisfactoriamente a las formulaciones de hamburguesas de
pescado, ayudando a reducir los impactos ambientales asociados con la disposicién de estos residuos agroindustriales.
Palabras clave: Productos de pescado; Harina; Frutas tropicales; Desperdicio de anacardo; Apreciacion.

1. Introduction

Agribusiness is a prominent sector in the Brazilian economy. This has caused an increase in waste production mainly
from the disposal of shells, bagasse and seeds. The recovery of these wastes provides the development of the bio-economy and
the reduction of negative environmental impacts (Satari & Karimi, 2018).

Cashew is a tropical fruit with high technological and economic potential (Guedes-Oliveira et al., 2016; Andrade et al.,
2015). Northeast Brazil is the largest cashew producing region in the country (Oliveira Silva et al., 2014). Various products that
can be marketed from cashew, such as juices, cashew nuts, sweets, among others.

According to data from the Institute of Applied Economic Research — IPEA, 80,484 tonnes of cashew residues were
generated in Brazil in 2009 (IPEA, 2012). Most of these residues are rich in sugars, fiber, vitamins, minerals and antioxidant
compounds, with great nutritional value and can be a source of obtaining these nutrients (Abud & Narain, 2009).

The use of residues in the preparation of flour has been considered a promising technology, as it is economically and
environmentally viable, in addition to having numerous applications (Alcéantara et al., 2012; Coelho & Wosiacki, 2010; Storck
et al., 2015; Assis et al., 2019; Resende & Franca, 2019). Coelho & Wosiacki (2010) evaluated apple pomace flour added in
bakery products. The physical-chemical composition of apple pomace flour presented 43% of fibers on a dry basis. The authors
concluded that apple pomace flour may be a potential alternative source of dietary fibers in bakery products. Storck et al. (2015)
evaluated the microbiological quality of residues flours from the processing of acerola, orange, grape and apple juices, and
obtained satisfactory results. Pinho (2009) used cashew residue to elaborate beef hamburgers, proving to be a viable option,
when compared to conventional beef hamburgers.

Fish products such as nuggets and fishburgers have been considered as an attractive food to consumers due their
nutritional value and practicality (Mitterer-Daltoé et al., 2014; Amalia et al., 2016). These products allow the use of filleting and
secondary parts of fish carcass, parts that would previously be discarded.

Mechanically separated meat (MSM) from fish is defined by Codex Alimentarius as a product obtained from a single
species, or mixture of fish species with similar sensory characteristics, subjected to a process of mechanical separation from the
edible part, resulting in skeletal muscle particles free of viscera, bones and skin (FAO, 1994). The chemical stability of fish
MSM is related to lipid oxidation, mainly due to the action of atmospheric oxygen on unsaturated fatty acids present in fish,
which can be oxidized even during the freezing storage period (Costa, 2017)

Seafood processing waste generally ranges from 20% to 60% of the initial raw material, with an average of 20 million
tonnes worldwide (Suresh & Prabhu, 2013). Waste of fish and seafood consists mainly (27% of fish) of offal, heads and tails

collected by gutting, cutting and filling processes (Plazzotta & Manzocco, 2019). The utilization of filleting wastes from silver
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catfish in the formulation of fishburgers was evaluated by Bochi et al. (2008). The study showed that filleting wastes can replace
up to 50% of fish fillets, without changes in sensory acceptance and improved nutritional value and cooking characteristics.

The use of food waste in the elaboration of other products can give these functional characteristics, since they are rich
in many nutrients (Matias et al., 2005; Franceschinis et al., 2018). Thus, the industry has a cleaner production technology, less
impact on the environment, and the ability to produce foods of high nutritional value (Sette et al., 2020). Consumers will benefit
from the production of these foods as they may have nutritionally rich and lower cost products (Reetz et al., 2015).

In this context, the elaboration of new fish products can be considered as an alternative for the valorization of
agribusiness residues. The present work aims to incorporate flour obtained from cashew residue as substitute of Tilapia MSM

for fishburger production, evaluating its composition and nutritional value.

2. Material and Methods

The research was developed following a quantitative descriptive methodology, according to Pereira et al. (2018). The
preparation of the product and the physical-chemical and microbiological analyzes were carried out at the Federal Institute of

Education, Science and Technology of the State of Ceara, Limoeiro do Norte, from August / 2017 to July / 2018.

2.1 Obtaining Raw Material and Ingredients
Nile tilapia MSM and residues from the cashew pulping process were obtained from industries located in the Jaguaribe
Valley region of Ceard State, Brazil. Other ingredients used in the preparation of fishburger formulations were purchased from

local market in the city of Limoeiro do Norte-CE, Brazil.

2.2 Preparation of cashew residue flour-CRF

The CRF was obtained based on the methodology of Abud & Narain (2009). The cashew residues were sent to the Fruit
and Vegetable Processing Pilot Plant of the Federal Institute of Education Science and Technology of Ceara. The material was
deposited in stainless steel trays and taken to a greenhouse with forced air circulation at 55 °C, remaining for 24 hours.
Subsequently, the dried residues were crushed in an industrial blender and sieved until the powder was properly sized (20 mesh).
The flour was stored in sterile plastic containers and wrapped with aluminum foil to preserve its nutritional characteristics and

stored at room temperature (25 °C).

2.3 CRF analysis procedure

Microbiological parameters were analyzed as recommended by Resolution RDC N° 12 ANVISA - Agéncia Nacional
de Vigilancia Sanitaria (Brasil, 2001). Salmonella sp analysis and thermotolerant coliform count followed the methodologies
proposed by Silva et al. (2017)

CRF physicochemical characterization was obtained by determining pH, total acidity, soluble solids (SS), vitamin C
and the soluble solids/total acidity ratio. All analyzes were performed in triplicate, according to methodologies described by
AOAC (2005). The determination of the proximate composition, lipid, water content, total protein (Kjeldahl method), crude
fiber; ash and carbohydrates were performed in triplicate, according to method of AOAC (2005).

2.4 Fishburger preparation and processing
Three fishburger formulations were elaborated according Table 1. Control formulation (Fo) did not receive addition of

CRF and F1 e F, formulations received the addition of 5% and 10% of the flour as a substitute for Tilapia MSM, respectively.
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Table 1 — Fishburger formulations from Nile tilapia MSM added cashew residue flour.

Ingredients (%) Formulation

Fo F1 F2
MSM from Nile tilapia 96.0 91.0 86.0
Cashew residue flour-CRF 0.0 5.0 10.0
Salt 2.5 2.5 2.5
Dehydrated Garlic 0.5 0.5 0.5
Black pepper 0.5 0.5 0.5
Sugar 0.3 0.3 0.3
Monosodium glutamate 0.2 0.2 0.2

Fo=96% MSM, 0% CRF; F1 = 91% MSM, 5% CRF; F2 = 86% MSM, 10% CRF. Source: Authors.

Initially, tilapia MSM were unfreeze at refrigeration temperature (4 °C). Then the ingredients were weighed and mixed
in a cutter until a homogeneous paste was obtained. Portions of approximately 80 g of meat dough were individually molded
into hamburger patties and individually packed in plastic wrap and frozen at -18 °C (Figure 1).

Figure 1 - The flowchart of fishburgers processing.

Obtaining raw materials
and ingredients

Preparation of cashew
residue flour (CRF)

Unfreezing of MSM (4
OC)

Ingredient Weighing

—Mix of ingrendientes-in—
cutter

—(4-seg)
Fishburger modeling and
formatting

Packing

Storing in a Freezer (-18 °C)

Source: Authors.
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2.5 Fishburger microbiological analysis and proximate composition

Microbiological analyzes were performed on all fishburger formulations as recommended by ANVISA (RDC No. 12)
for fish derivatives including Samonella sp research, thermotolerant coliform counts and coagulase positive Staphylococcus
(Brasil, 2001). Counts of mesophilic aerobic microorganisms and mold and yeast counts were also performed. All analyzes will
follow the methodologies proposed by Silva et al. (2017).

Proximate composition analyzes were performed in fishburger formulations to determine the water content, lipids, total
protein (Kjeldahl method), crude fiber, ashes, and carbohydrates. The methodologies used were those described by AOAC
(2005).

Data were analyzed by variance (ANOVA) followed by Tukey test at 5% significance. The software used was Statistica
10 program (Statsoft, 2011).

3. Results and Discussion
3.1 CRF analysis

Initially, CRF characterization was performed to evaluate microbiological and physicochemical parameters. Figure 2
shows the CRF obtained in this study. The results of the analyzes and the limits established for flour by Brazilian law are shown
in Table 2.

Figure 2 — Flour obtained from cashew peduncle residue.

Source: Authors.

According to RDC 12/2001- ANVISA, the maximum values allowed for this type of food are: coliforms at 45 °C/g <102
MPN/g, and absence of Salmonella sp. in 25 g of sample, and must also have absence of Escherichia coli (Brasil, 2001). The
samples presented acceptable microbiological parameters, as shown in Table 2. These satisfactory results are related to the origin
of the cashew peduncle residue that was used to prepare the flour.

Cashew is a naturally acidic fruit however changes can occur with its processing. The average pH value of the CRF was
4.4, considered in the acid range (pH<7) as shown in Table 2. Acid pH restricts the growth of microorganisms, agreeing with the
satisfactory result for the microbiological standards verified in this study. The acidity value of fruits is related to its maturation
stage. The total acidity analysis of the CRF presented a value of 1.53 g/100 g. Similar to the results obtained by Uchoa et al.
(2008) and Muniz (2017).
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Table 2 — Microbiological and physicochemical analyzes, proximate composition of CRF of the present study, criteria of Brazilian law and comparative results with other authors.

Parameter Results Legislation
Present Storck et Coelho & Uchoa Pinho Alcéntara Muniz Andrade et Guedes-
study al. (2015) Wosiacki (2008) (2009) (2012) (2017) al. (2015) Oliveira et
(2010) al. (2016)
Microbiological
Thermotolerant coliforms <3.00 <3.00 <3.00 - - - - - - <1.00x10%*
(MPN/g)
Escherichia coli Absence Absence Absence - - - - - - Absence*
Salmonella sp. Absence Absence Absence - - - - - - Absence*
Physicochemical - - - - -
pH 4.40£0.05 - - 4.52 3.48 4.15 4.15 4.30 4.70 -
Total acidity (g citric 1.53+0.08 - - 1.38 2.61 - 1.23 - 0.69 -
acid/100 g)
Soluble solids (°Brix) 87.10+1.81 - - 40.48 - 36.67 - - - -
Vitamin C (mg ascorbic  78.32+5.41 - - 34.72 9.32 - - 78.50 - -
acid/100 g)
soluble solids/total acidity 56.88+2.24 - - 40.48 - - - - - -
Proximate composition
Water content % 12.15+1.18 - - 6.99 6.80 14.73 15.74 6.82 9.25 <15.00*
Lipids % 0.86+0.02 - - 3.03 1.07 - 5.43 1.72 -
Total protein% 4.79+1.38 - - 1.16 10.56 - 1.58 9.65 10.09 -
Crude fiber % 19.62+11.80 - - 9.92 53.71 - - - 76.20 -
Ash % 2.21+0.04 - - 1.78 1.09 2.07 2.04 1.42 0.74 -
Carbohydrates % 59.09+11.10 - - 36.55 9.86 - - 76.68 2.24 -

*Brasil (2001). **Brasil (2005b). MPN-Most Probable Numbers. Source: Authors.
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The analysis of soluble solids (SS) of the CRF showed an average value of 87.1 °Brix. The SS content may be associated
with the type of cashew used in the production of the flour.

The vitamin C content is an important parameter of food quality, as it varies according to the conditions of cultivation,
storage and processing (Pinho, 2009). Due to its characteristics such as high solubility in water and susceptibility to chemical
degradation by oxidation, the level of ascorbic acid can change during food processing. The concentration of vitamin C found in
the CRF of was 78.32 mg of ascorbic acid/100 g. The Recommended Daily Intake (RDI) for adults by the National Academies
of Sciences, Engineering, and Medicine (2019) is 75 mg/d for men and 60 mg/d for women. In Brazil ANVISA establishes an
RDI of 45 mg/d for adults and 35 mg/d for children (Brasil, 2005a). Thus, CRF can be considered an important source of vitamin
C reaching the recommended daily intake.

Regarding the centesimal composition, it was observed that the water content of the CRF obtained an average of 12.15%
(Table 2). RDC 263/2005 ANVISA establishes a maximum humidity of 15.0% (g/100 g) for flours, cereal starch and bran, and
therefore the analyzed CRF is within the standards (Brasil, 2005b).

An average percentage of 0.86% was verified for the lipid content of the flour in this study, an approximate value
obtained by Pinho (2009) (Table 2). The percentage of protein in the flour analyzed was 4.79%. Protein content may vary
according to various factors, such as crop, variety and harvest time.

The flour analyzed showed a crude fiber content of 19.62%. The high fiber value verified in this study, suggests that
the CRF can be used in other products, such as bakery, meat, among others widely consumed by the population. The average
value of the ash analysis obtained for the CRF was 2.21%. These levels may be associated with a higher concentration of minerals
present in the analyzed residues, after the pulp extraction and drying process.

A high carbohydrate content was obtained in this study, with an average value of 59.09%, which is related to the high
concentration of SS previously presented in the CRF. Fruits in general, contain high sugar content, particularly fructose and

glucose, also present in cashew (Andrade et al., 2015)

3.2 Fishburger formulation analysis
The Figure 3 presents Nile tilapia MSM fishburger formulations with added CRF (Fo, F1 and F,). The results of the
microbiological and physical chemical characterization of the fishburgers are shown in Table 3.

Figure 3 - Nile tilapia MSM fishburger formulations with added CRF.

Fo=96% MSM, 0% CRF; F1 = 91% MSM, 5% CRF; F2 = 86% MSM, 10% CRF. Source: Authors.
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Table 3 - Characterization of Nile tilapia MSM fishburgers added CRF.

Parameter Fo F1 F2 Legislation
Microbiological
Thermotolerant coliforms (MPN/g) <3.00 <3.00 <3.00 103
Salmonella sp. Absence Absence Absence Absence in 25 g*
coagulase positive Staphylococcus (CFU/Qg) Absence Absence Absence 103
Mold and yeast (CFU/Q) Absence Absence Absence -
Mesophilic Aerobics (CFU/g) 2.00x103 1.00x10® 1.50x10° -
Proximate composition**
Water contente % 77.79+£0.54* 74.3240.51° 71.23+£0.23¢ -
Lipids % 0.96+0.29* 1.10£0.112 0.84+0.152 -
Total protein% 16.22+0.78* 15.59+1.472 14.97+0.542 -
Crude fiber % 0.32+0.22° 0.53+0.10? 0.59+0.12° -
Ash % 3.13+0.49* 3.37£0.56* 3.38+0.652 -
Carbohydrates % 1.58+1.04¢ 5.09+1.53° 8.99+0.70° -

(Fo=96% MSM, 0% CRF; F1=91% MSM, 5% CRF; F2 = 86% MSM, 10% CRF). *Brasil (2001). **Averages followed by the same letter in
an analysis do not differ significantly (p>0.05) MPN-Most Probable Numbers. CFU- Colony Forming Units. Source: Authors.

The analysis of all formulations showed low thermotolerant coliform counts, absence of Salmonella sp. in 25 grams of
sample, coagulase positive Staphylococcus count and mold and yeast. These results guarantee the quality control carried out in
the preparation of Nile Tilapia MSM fishburgers with the addition of CRF, confirming that they are suitable for human
consumption, in accordance with current Brazilian legislation (Table 3) (Brasil, 2001). Similar results were found in other
research with fish products (Costa, 2017; Marengoni et al., 2009; Pinto, 2017). Microbiological analysis of Tilapia hamburger,
performed by Costa (2017), presented similar results, but obtained Staphylococcus counts (<100 CFU/g).

The data on the approximate composition of the three Nile tilapia MSM fishburger formulations with CRF are shown
in Table 3. The analysis of the three formulations (Fo, F1 and F2) showed a water content greater than 70%, showing a significant
difference between the formulations at 5% probability (p<0.05). The data indicate that by increasing the amount of CRF in the
formulations (Fo=0% CRF; F1 = 5% CRF; F; = 10% CRF), the moisture value decreases. The reduction in the water content of
the product (F1 e F2) can contribute to a delay in bacterial growth, which is considered advantageous, as it results in greater
durability of the fishburger.

The lipid content varied between 0.84 to 1.10%, with no significant difference between the formulations (p>0.05). The
protein content was high, with values between 14.97 and 16.22% (p>0.05), characteristic of fish derivatives.

The percentages of crude fiber (0.32-0.59%) and ash (3.13-3.38%) were higher in formulations containing addition of
CRF (F1 = 5% CRF; F2 = 10% CRF), with no significant difference between formulations (p>0.05).

For the determination of carbohydrates, there is a significant difference between the three formulations (p<0.05), with
the highest value observed in F, (8.99+0.70). These results are also related to the amount of CRF added, as the flour is inserted,
the total carbohydrate content increases with each formulation.

The centesimal composition data indicate that there was no difference (p>0.05) between the formulations (except water
content and carbohydrate). This shows that the flour can be used as a substitute for fish in the indicated proportions, not causing

significant changes in its composition, being satisfactorily applicable and generating a valorization of cashew waste.
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The F, formulation with 10% CRF had a higher content of crude fiber, ash and carbohydrates, being considered the best
formulation from the nutritional point of view. The elaborated fishburger showed quality comparable to other fish products
(Marengoni et al., 2009; Costa, 2017; Pinto, 2017)

Thus, the residue flour was applied to fishburger formulations helping to reduce waste and environmental hazards. The
food industry, when producing the fishburger, would have a reduction in the costs of the raw material (MSM of tilapia), since
this is replaced by the CRF. The acquisition of the waste will not bring high costs, because many times this waste is disposed in
the environment by the agro-industries, being able to be easily acquired for a very low cost. However, the company must have

the equipment for the preparation of the flour, or already acquire the residue in the form of powder, facilitating the process.

4. Conclusion

Physico-chemical and microbiological characterization of agro-industrial residue for valorization in fish derivatives
proved to be viable. The CRF presented satisfactory microbiological standards and centesimal composition in accordance with
Brazilian legislation. The results of microbiological analyzes of fishburger demonstrated satisfactory quality, adequate
processing, meeting the standards required by legislation. Nile tilapia MSM fishburger formulations with CRF addition showed
low lipid content and high protein content within what is expected for fish derivatives. The F2 formulation with 10% CRF had
a higher content of crude fiber, ash and carbohydrates, being considered the best formulation from the nutritional point of view.
Therefore, with the elaboration of new products based on waste, it can have a wider public, due to its low cost and satisfactory
nutritional quality. CRF can be used satisfactorily as a substitute for fish in the preparation of fishburgers, generating a
valorization of cashew waste.

For future studies, the development of new formulations is suggested, increasing the percentage of substitution of the
ingredients of the cashew residue and MSM of the Nile tilapia. In addition, it is recommended to evaluate the acceptance, as well
as, the identification of the bioactive compounds and the antioxidant activity of the CRF, increasing the valorization of the

cashew pulp residue and the final product elaborated.
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