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Abstract

The canned Amazon River prawn with sauce (tucupi and jambu) was thermally prepared (121 °C) at three
different times (T1: 15 T2: 20 and T3: 25 minutes) in glass bottles. The product obtained 20.86% crude protein,
with good acceptance by consumers (global acceptance >7) measured through centesimal and sensory
analysis of the hedonic scale. Increased exposure caused obvious changes in the sensorial characteristics of
the product, which were not evidenced by consumers in the sensorial analysis, and for this reason, texture
profile analysis (TPA) and color (CIELAB) were carried out, in addition to analyses of concentration of Total
Volatile Basic Nitrogen (TVB-N), hydrogen potential (pH) and microbiological performed during 12 months, in
addition to yield and weight loss by cooking. The sensory analysis did not show a significant difference
between the treatments, however, the yield reduced with the application of heat, with the best yield being in
treatment T1 (58.76 + 0.49 a). The centesimal analysis showed excellent values of protein content of 20.86%
and lipid content of 0.33%. The treatments followed the variation in color and texture according to the
application of heat, mainly concerning the increase in the b* value (10.84 + 0.70 to 13.50+0.24) and reduction
in cohesiveness (0.56 + 0.05 to 0.50 + 0.04), gumminess (368.81+ 109.23 to 262.09 + 63.78 g) and chewiness
(999.30 + 356.92 to 633.71 + 221.56 g). Despite this, the product proved to be safe during the analyzed period
without the development of the remaining bacteria, even with an increase in pH (4.2 to 5.9) and TVB-N
(20.22 to 28.46 mg/100 g), despite this, there was no development of the bacteria analyzed, proving to be a
product suitable for industrial implementation.
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Highlights

e  Exposure to high temperature drastically alters the sensorial properties (mainly texture, color, flavor,
and aroma) of all ingredients (prawn, fucupi and jambu)

e The proportion of ingredients aided by weight loss by cooking the prawn caused changes in the tucupi sauce,
causing strangeness to consumers

e  Despite the alteration of all sensory and physical-chemical characteristics evaluated, the microbiological
and TVB-N analyses showed that the product is safe for consumption, even after 12 months of production

1 Introduction

Fish stand out among the most commercialized food commodities around the world, reaching the
per capita global intake 0f 20.2 kg in 2018 (Food and Agriculture Organization of the United Nations, 2022).
However, fish is more perishable than other food, mainly for microbiological degradation, lipid oxidation,
and enzymatic activity (Mei et al, 2019). Factors like temperature (owing to their heterothermic
characteristic), pH close to the neutral values (mainly post-mortem), and greater concentration of protein
nitrogen compounds can aid in bacterial development (Lunestad & Rosnes, 2008).

The Amazon is a heterogeneous mosaic of natural resources such as water, biodiversity, metals, minerals,
and energy that promote the economic and social well-being of the residents (Mardas et al., 2013).
The Amazon area belonging to the Brazilian territory is called “Legal Amazon” (IBGE, 2022), a region
influenced by the presence of several indigenous ethnic groups and immigration of Portuguese and Africans,
that helped in the development of a unique cuisine (Nishinari, 2020).

The Amazon River prawn (Macrobrachium amazonicum) is a species from South America with greater potential
for aquaculture (Moraes-Riodades & Valenti, 2004). This prawn came from the Palaemonidae family and is present
in Guyana, Suriname, French Guiana, Brazil, Colombia, Venezuela, Ecuador, Bolivia, Peru, Paraguay, and Argentina
(Maciel & Valenti, 2009). Its sensorial characteristics such as flavor and texture are higher than Macrobrachium
rosenbergii, thus explaining its better acceptance in the Amazon region (Moraes-Riodades & Valenti, 2001).

In the botanic variety from the Amazon Forest, jambu (Acmella oleracea (L.)) stands out for the development
of some studies due to the spilanthol, that is, a bioactive compound (Barbosa et al., 2016). This chemical
compound (alkamide) can provide a strong/spicy flavor and provokes numbness when it is intake
(Romao et al., 2015). This plant has a great nutritional profile with high concentrations of fiber, carbohydrates,
and minerals like calcium, magnesium, iron, zinc, potassium, copper, manganese, and sodium (Neves et al., 2019).

Tucupi is a liquid by-product of the production of cassava flour (Manihot esculenta Crantz)(Chisté &
Cohen, 2011; EMBRAPA, 2019), which, as it is a cyanogenic plant, has a high concentration of cyanide in
its composition, released in the form of hydrocyanic acid (HCN) in fucupi, thus increasing the acidity of the
medium (Amorim et al., 2006; Chisté & Cohen, 2011), seeing that it is a fundamental characteristic for
thermal sterilization in an acid medium (Gava et al., 2017), considering that acidity increases the sensitivity
of microorganisms to thermal exposure (Evancho et al., 2009).

Among the gastronomic diversity from the Amazon region these elements, prawn, fucupi, and jambu are the
most used ingredients for the typical dishes “facacd” (Robert & Velthem, 2009). This is an indigenous food
commonly produced during some festive events in the Brazilian Amazon (Modesto Junior & Alves, 2014).

However, due to the rapid degradation of its ingredients, mainly related to prawns, marketing to other
regions is very difficult. Taking advantage of the physical-chemical characteristics of the fucupi sauce and
the stability of the thermal sterilization process, it is noted that this research aimed to develop a canned
Amazon River prawn in fucupi and jambu sauce, aiming to increase the shelf life and enable the
production/commercialization of a food characteristic of Amazonian gastronomy in other regions.
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2 Material and method

2.1 Obtaining the ingredients

Amazon River prawn (M. amazonicum) (90.00 £ 0.85 mm in total length) and jambu (A. oleracea) were
obtained from the market Ver-O-Peso, Belém-PA. 10 kg of whole prawn were stored with ice flakes in a
2:1 ratio, in a Styrofoam container and sent to the Fish Technology Laboratory (Laboratorio de Tecnologia
do Pescado - LATEPE), Braganga, Para state, where they were processed upon receipt to avoid alterations
due to deterioration as the transit time may vary (approximately 3 hours). Industrialized tucupi (Vovo da
Floresta, CNPJ: 01.852.807/0001-15) was purchased at a supermarket in the region. Hygiene and processing
conditions were carried out following decree N°. 9.013, of March 29, 2017 (Brasil, 2017), and Decree
N°. 10,468, of August 18, 2020 (Brasil, 2020b).

2.2 Experimental design and processing

This experiment occurred in a completely randomized design with three different times of autoclave
procedure (15, 20, and 25 minutes at 121 °C) and five replicates. Samples of prawn (60 g), fucupi (39 g), and
jambu (1 g) were placed into cylindrical glass bottles (volume 100 mL, dimensions 65 mm in height, and
50 mm in diameter). In adequate hygienic conditions the prawn was properly cleaned, peeled, removed from
their cephalothoraxes and legs, then immersed in 10% brine for 10 minutes. The fucupi was previously boiled
for 15 minutes with flavoring condiments. The jambu used in the experiment was previously bleached
(Figure 1). The proportion of each ingredient was 60% of shrimp, 39% of fucupi, and 1% of whitened jambu.
Thus, 24 samples were produced for further analysis over 12 months, after the sixth month a sample was
used to perform Total Volatile Basic Nitrogen (TVB-N), pH and microbiology analyses every 3 months.

Raw material (4. oleracea) Raw material (M amazonicum) Tucupi

J &
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Figure 1. Processing of canned Amazon River prawn with fucupi and jambu sauce.

The prawns were arranged manually in the glass container, where the blanched jambu and hot tucupi were
added, this procedure caused the removal of the air inside the glass by convection (exhaustion). The shutdown
hermetic sealing of the containers (crimping) occurred manually and instantly after the addition of the sauce,
then the containers were submitted to sterilization in an autoclave. After processing, the samples were kept
at room temperature (25 °C).
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2.3 Sensorial analysis

Sensory analysis was performed 3 days after sterilization, the analysis was applied to 40 people (not trained)
recruited from the Federal University of Para, Braganga Campus, with age variation from 19 to 68 years old,
consisting of 62.5% being males and 37.5% females. The questionnaire used a nine-point Hedonic Scale test, a
scale ranging from 1, “I disliked it extremely” to 9, “I like it extremely”, evaluating the attributes of appearance,
texture, flavor, aroma and color, and global acceptance (A.G). A frequency of consumption test was carried out
with a scale ranging from 1, “I would only eat this if I was forced” to 9, “I would eat this whenever I had the
opportunity”. Purchase intention was measured using the 5-point test, a scale ranging from 1, “I certainly would
not buy it” to 5, “I would certainly buy it” (Instituto Adolfo Lutz, 2008).

2.4 Yield and loss of weight by cooking

Performed five days after sterilization only with prawns and determined by the difference of weight caused
by cooking procedure according to Manheem et al. (2012), as follows (Equation 1 and 2):

Yield (%) = (Final weight / Initial weight) x 100 €]

Cooking weight loss (%) = ((Initial weight — Final weight) / Initial weight) x 100 2)

2.5 Centesimal analysis

The centesimal analysis was carried out five days after sterilization of the product, using the drained
product. Moisture analysis was carried out in an oven at 105 °C at a constant temperature, and protein
analysis according to the Kjeldahl method. However, lipid extraction was carried out by direct soxhlet
extraction method and mineral content was determined by combustion of the samples at 550 °C for
22 hours, all following the A.O.A.C methodology (AOAC, 1990). The carbohydrate content was
determined by the difference of the other nutrients analyzed (Linhartova et al., 2018). The energy value
was calculated using the methodology of Brasil (2020a), Normative Instruction N° 75, of October 8, 2020.

2.6 Total Volatile Basic Nitrogen (TVB-N) and hydrogen potential (pH)

The analyses were carried out five days after sterilization (first month) with the drained product, aiming
to the assessment of product deterioration. TVB-N were quantified using homogenized samples and
quantified by distillation of ammonia and volatile amines by steam dragging in a slightly alkaline medium
and quantified by neutralization volumetry (AOAC, 1990). The pH of the topping sauce was quantified using
a bench pH meter only in the fucupi sauce, the first quantification occurred in the topping sauce at the time
of filling (first month), and later at the sixth, ninth, and twelfth month after sterilization. Both TVB-N and
pH analyses were performed on the same day.

2.7 Microbiological analysis

Microbiological analysis was performed 5 days after sterilization with drained product, and then it was carried out
every 3 months. The microorganisms analyzed were selected according to Normative Instruction No. 60, of
December 23, 2019 (Brasil, 2019b), analyzing coliforms at 45 °C, coagulase-positive Staphylococci (CoPS) and
Salmonella sp., while Clostridium sp. was also analyzed because it is the genus of bacteria that is extremely dangerous
for commercially sterile foods due to its thermotolerance (André et al., 2017). The analytical methodology used is
described in the Compendium of Methods for the Microbiological Examination of Food (Salfinger & Tortorello,
2015) and all analyses were performed in triplicate.
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2.8 Determination of the Most Probable Number (MPN) of Coliforms at 45 °C

The multiple tube technique was used, with three series of three tubes in each dilution (107!, 10 and 1073).
Lauryl Tryptose Broth is used as a presumptive medium with incubation at 35 °C for 48 hours. After the reading,
the positive tubes (which showed gas) were placed in Escherichia coli broth (EC), for confirmatory testing, and
incubated at 44.5 °C, in a water bath, for 24 hours. The evolution of MPN, of coliforms at 45 °C, was performed
using the Hoskins table.

2.9 Coagulase-positive staphylococci

The surface sowing technique was used, inoculating 0.1 mL aliquots of the 10™! and 107 dilutions on the
surface of Baird-park Agar in duplicate. After incubation at 36 °C for 48 hours, colonies characteristic of
staphylococci were enumerated and remained in the coagulase test. The results were expressed in CFU/g.

2.10 Salmonella sp.

The samples that accompanied the pre-enrichment in sterile buffered Peptone were inoculated, transferring
1 mL of the culture to 10 mL of Selenite Cystine Broth and 1 mL to 10 mL of Tetrathionate Broth, being
incubated at 37 °C for 24 hours. The isolation of typical colonies was carried out by replicating them by
sowing on surfaces in Salmonella-Shigella agar (SS) and Brilliant Green Agar (BGA), with incubation at
37 °C for 24 hours. Typical colonies were confirmed by biochemical tests using Triple Sugar Iron Agar (TSI),
Lysine Iron Agar (LIA), Urea, and Citrate Broth and serological testing (polyvalent O and H serum).

2.11 Sulphite-reducing clostridia (Clostridium sp.)

The technique of sowing in depth with overlay was used, inoculating 1 mL aliquots of the 10" and 10
dilutions on the surface of the plates and adding Tryptose Sulphite Cycloserine Agar (TSC agar). After
incubation at 36 °C in anaerobiosis for 24 hours, the typical colonies (black) were enumerated, and five
colonies were transferred to Thioglycollate Medium (TGM) and incubated at 46 °C/4 h. The results were
expressed in CFU/g.

2.12 Texture Profile Analysis (TPA)

Performed 60 days after sterilization only in the prawns, using a texturometer CT3 4500 - Texture
Analyzer (Brookfield), and also a cylindrical probe TA11/1000, 25.4 mm in diameter, previously calibrated
(Jo etal., 2021). The second segment (Nunak & Schleining, 2011) of 10 samples from each cooked shrimp
treatment was highlighted in a homogeneous cubic shape with an 8 mm edge, the pre-test velocity was
2 mm/s, the test velocity 0.2 mm/s and the post-test velocity 10 mm/s test, trigger force was set to 0.5 g
(Impaprasert et al., 2017), compression was 50% (4 mm) (Impaprasert et al., 2017; Wang et al., 2022), all at
room temperature (25 °C). Texture variables (hardness, cohesiveness, springiness, adhesiveness, gumminess,
and chewiness) were calculated as described by Bourne (2002) and Etemadian et al. (2011).

2.13 Colorimetric analysis

Colorimetric analysis was performed 30 days after sterilization, in triplicate, using a previously calibrated
CR-400 colorimeter (Konica Minolta). Each constituent in natura, processed and final product
(T1, T2 and T3) were evaluated referring to the CIELAB color spectrum (L*, a*, b*), where L* represents
brightness, from white (100) to black (0), a* coordinate from red (+) to green (-) and b* coordinate from
yellow (+) to blue (-), at room temperature (25 °C), methodology adapted from Parisenti et al. (2011).
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2.14 Statistical analysis

Data were processed using the analysis of variance (ANOVA) and for samples with significant differences,
the Tukey’s test was applied, at 5% significance, using the statistic® 6.0 program. The values were shown
as means with their respective standard deviations.

3 Result and discussion

3.1 Sensorial analysis and yield and loss of weight by cooking

The sensorial analysis demonstrated global acceptance higher than 7, but other sensorial results demonstrated
mean values below the global and did not show any difference among the treatments (Table 1).

Table 1. Mean values of the results for sensorial analysis, yield, and weight loss by cooking the canned prawn with
tucupi and jambu sauce.

Parameters Treatments
T1 T2 T3 p-value

Global acceptance (G.A.) 7.35+1.02 7.15+1.57 6.92+1.62 0.058
Appearance 6.92 +£1.44 6.72 + 1.60 6.42 +1.68 0.365
Texture 6.82+1.65 6.90 £ 1.60 6.82+1.50 0.972
Flavor 7.05+1.52 7.22 +£1.58 6.75+1.85 0.564
Smell 6.72 +£1.57 6.70 £ 1.54 6.30 +1.92 0.544
Color 6.77 £1.62 6.72 £ 1.69 6.85+1.62 0.943
Frequency of intake 6.13+2.10 6.33 £ 1.65 6.23 £2.06 0.900
Purchase intention 3.57+1.11 3.85+1.10 3.50+0.96 0.300
Yield (%) 58.76 + 0.49? 57.84 +£0.88% 55.08 £ 1.77° 0.021
Weight loss by cooking (%) 41.24 +0.49* 42.16 +£0.88 44.92 £ 1.77° 0.021

Different letter in the row mean statistical difference by Tukey’s test (p < 0.05).

These sensorial values were below than others observed by Majumdar et al. (2017) which produced giant
river prawn (M. rosenbergii) with curry sauce, demonstrating global acceptance above 8.

Considering that the elaborated product uses the traditional food culture of the Amazon region and that
there is no similar canned shrimp on the national market, possibly the comparison with the traditional product
(tacaca) occurred on the part of the tasters, which may have harmed the perception of the product since the
process of thermal sterilization changes its sensorial and nutritional characteristics (Awuah et al., 2007;
Cheng et al., 2017; Durance, 1997).

The yield presented variation inversely proportional to the application of heat. Weight loss due to
cooking increased proportionally with the time of heat application (Table 1). This can be explained by
damage to the shrimp tissue, a consequence of exposure to heat, which results in protein denaturation
(actin, myosin, and sarcoplasmic proteins) and loss of water retention capacity (Badiani et al., 2002;
Niamnuy et al., 2007).

The values of weight loss by cooking are higher than those obtained by Bhat et al. (2017) of 20.15 when
cooking Pacific white shrimp (Penaeus vannamei), a lower value when observing the best treatment (T1) of
41.24 £+ 0.49, which can be explained by the greater exposure to the heat in canned prawn (121 °C for
15 minutes in T1).
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3.2 Centesimal analysis

The results of the centesimal analysis (Table 2) demonstrated that the developed product has a
satisfactory percentage of protein and a low percentage of fat. The percentage values of protein (20.86)
were lower than those obtained by Furuya et al. (2006), who analyzed batches of fresh Amazonian shrimp,
obtaining an average percentage of 24.80. The reduction in the protein content in the canned can be
explained by the presence of jambu and tucupi sauce present in the canned since these components do not
contribute to protein fractions.

Table 2. Results of centesimal analysis (100 g) for all samples of canned Amazon River prawn with tucupi and jambu
sauce compared with giant river prawn with curry sauce (Majumdar et al., 2017).

Analysis Canned Amazon River Prawn in tucupi and jambu sauce Canned Giant River Prawn in curry sauce

Energy (Kcal)* 92.57 -

Moisture (%) 74.30 75.26

Protein (%) 20.86 17.66
Carbohydrate (%) 1.54 -

Lipid (%) 0.33 4.03

Ash (%) 2.97 0.44

*Kcal/100 g.

However, comparing the values found in this work with those obtained by Majumdar et al. (2017),
who produced canned giant river prawn (M. rosenbergii) in curry sauce, one can see a higher
concentration of proteins and ash in addition to lower fat content in canned of Amazon River prawn
(Table 2).

3.3 Total Volatile Basic Nitrogen (TVB-N) and Hydrogen Potential (pH)

The Total Volatile Basic Nitrogen (TVB-N) is the main chemical indicator of the degree of
freshness of shrimp, the increase of these bases is carried out by the action of endogenous enzymes
or by microbial activity (Kamal et al., 2000; Liu et al., 2020), these groups of amines alter the
physical-chemical and sensorial characteristics of the product, causing an increase in the pH
(Kim et al., 2023).

The TVB-N changed from 20.22 mg/100 g, in the sixth month, to 28.41 mg/100 g in the twelfth month
(figure 2), fitting within the limits established by Brazilian legislation of 30 mg/100 g according to
RIISPOA Decree N°. 9.013, of March 29, 2017 (Brasil, 2017) and Technical Identity and Quality
Regulations (Regulamentos Técnicos de Identidade e Qualidade - RTIQ) for fresh prawns
(Brasil, 2019a), showing the efficiency of processing in slowing down product spoilage. Values were
better than those obtained by Liu et al. (2020) who stored dried white shrimp (Penaeus vanameii) and
obtained values greater than 30 mg/100 g in 15 days of storage at a pH close to 8, similar pattern was
observed by Kim et al. (2023) who evaluated the pH and TVB-N of 3 different species of fish at different
temperatures, the fish at 20 °C obtained TVB-N values greater than 50 mg/100 g and pH close to 7,
after 7 days of storage.
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Figure 2. Graph of change in pH and Total Volatile Basic Nitrogen (TVB-N), in the 12-month storage period.

The pH increased over the period of analysis, ranging from 4.2, at the time of addition of the dressing,
to 5.9, in the last analysis, after 12 months. The pH values after 6 and 9 months were 5.2 and 5.8, respectively.
It should be noted that at the time of the commercial sterilization process, the pH of the topping sauce was
below 4.6, which is the appropriate value to inhibit the development of bacteria of the genus Clostridium
(Evancho et al., 2009). The reaction of the amines with the groups that receive content in the fucupi is a
neutralization reaction and gives the medium an increase in pH, enzymatic action, or even bacterial activity
(although no development of the bacteria received has been shown, bacteria that cause risk the health)
(Kamal et al., 2000; Liu et al., 2020; Talukder et al., 2020).

3.4 Microbiological analysis

Despite the significant increases for pH over the 12 months, canned prawns did not show visual alterations,
discarding the presence of microorganisms. This was confirmed by the microbiological analysis that it did
not present the development of the genera analyzed. Fitting within the limits established by Brazilian
legislation of Resolution of the Collegiate Board (RDC) No. 12, of January 02, 2001 (Brasil, 2001) and
Normative Instruction N°. 60, of December 23, 2019 (Brasil, 2019b). This result indicated sterilization
efficiency (Table 3).

Table 3. Evolution of microbiological analyses over 12 months after production of canned prawns.

Analysis dates

Analyses

3 month 6" month 9" month 12" month Legislation
Coliforms <3 MPN/mL <3 MPN/mL <3 MPN/mL <3 MPN/mL >10> MPN/mL
Salmonella Absence Absence Absence Absence Absence
Staphylococci <10 CFU/g <10 CFU/g <10 CFU/g <10 CFU/g >103 CFU/g
Clostridium <10 CFU/g <10 CFU/g <10 CFU/g <10 CFU/g -

3.5 Texture analysis

The hardness values (Table 4) ranged from 669 g to 521 g, for T1 and T3, respectively, similar to the
values obtained by Majumdar et al. (2017) in canned M. rosenberguii in curry sauce at 116 °C, with hardness
values ranging from 580 g to 680 g, with 53 and 63 minutes of exposure, respectively. However, much lower
than the hardness of Fenneropenaeus chinensis (1087.57 g) cooked at 32 °C for 10 minutes, obtained by
Li et al. (2017) and cooled Pneus vannamei (2011.70 g), obtained by Xu et al. (2019).
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Table 4. Mean values of the analysis for texture among the treatments (T1, T2, and T3).

Treatments
Analysis
T1 T2 T3 p-value

Hardness (g) 669.75+218.21 680.97 + 180.72 521.53+115.06 0.095
Cohesiveness 0.56 + 0.05° 0.56 + 0.04* 0.50 + 0.04° 0.015
Springiness (mm) 2.68 +£0.38 2.58 +£0.23 2.37+0.29 0.087
Adhesiveness (mJ) 0.12 £0.09 0.14+0.07 0.17 +£0.08 0.368
Gumminess (g) 368.81 +109.237 377.55+101.202 262.09 + 63.78° 0.017
Chewiness (g) 999.30 + 356.92° 984.19 +317.20? 633.71 £221.56° 0.018

Different letter in the row mean statistical difference by Tukey’s test (p < 0.05).

The characteristics of muscle tissue, referring to the loss of the ability to retain water, protein denaturation,
and collagen gelatinization, express the sensitivity of shrimp to exposure to acidity and heat. Therefore, the
application of heat reduces the hardness of muscle tissue, comparing such hardness values with those of fresh
or frozen shrimp.

The attributes cohesiveness, gumminess, and chewiness differed, with T3 having the lowest values in
relation to the other treatments. The reduction in cohesiveness can be justified by the great protein
denaturation that occurred in the shrimp muscle tissue and collagen gelatinization, factors that also affect the
gumminess and chewiness, in the sterilization process, a reaction accentuated by the acidity (pH = 4.2) of the
tucupi sauce.

3.6 Colorimetric analysis

The treatment with the highest a* value (7.08) expressing a more reddish color, therefore more attractive
to the consumer, was T3 (Table 4). Color values for processed Amazonian shrimp are similar to those
obtained by Majumdar et al. (2017) canned M. rosenbegii in curry sauce, with a* values of 3.83, 4.86, and
5.37 after 53, 57, and 63 minutes of exposure at 116 °C, respectively.

The color of fresh shrimp is a great indicator of shrimp quality and the quality is reflected in bluish and
grayish tones, due to the a-crustacynin in their tissues, but their coloration becomes more reddish with
positive a* values after heat treatment due to astaxanthin that is disposed in the disruption of a-crustacynin
(Buchwald & Jencks, 1968; Li et al., 2017; Parisenti et al., 2011) which can be seen in Table 5.

Table 5. Mean values of standard color CIELAB of Amazon River prawn tucupi and jambu, nature and after sterilization.

Prawn
Standard CIELAB
Nature T1 T2 T3 p-value
L* 40.99 +0.012 40.14 £ 0.05° 35.32 +£0.05¢ 50.91 £ 0.154 0.001
a* -0.67+0.01* 6.59 +0.14° 3.92+0.07¢ 7.08 +0.244 0.001
b* 2.22 £0.24° 19.97 £0.16° 15.73 £0.03¢ 25.36 = 0.364 0.001
Tucupi
L* 36.06 + 0.05° 32.22 +£0.24% 29.86 £ 0.17¢ 31.27 £0.23° 0.001
a* -1.55+0.20? -0.73 £ 0.02° -0.44 £ 0.06° 1.00 £+ 0.03¢ 0.001
b* 9.59+0.312 17.88 £1.14° 16.49 £ 0.16° 19.42 £ 0.29bd 0.001
Jambu
L* 19.55 +1.522 7.53 £0.05° 10.52 £ 0.03¢ 7.65 £ 0.03° 0.001
a* -7.39+£0.15* -0.65+0.16° -0.36 + 0.08" -0.66 £ 0.08° 0.001
b* 12.44 + 0.08* 8.46 + 0.02° 7.18 £ 0.04¢ 9.27 +0.024 0.001

Different letters in the row mean statistical difference by Tukey’s test (p < 0.05).
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Tucupi in nature is characterized by its yellowish color, expressed in the b* value of 9.59, but the hue was
accentuated by thermal processing, reaching a value of 19.42 in T3. This increase can be explained by the
Maillard reaction, which also justifies the decrease in the L* value from 36.06 in fresh fucupi to 29.86 in T2.
Jambu in nature has a dark green color expressed in the value of L* and a* of 19.55 and -7.39, respectively.
However, it became even darker after processing, reaching values of L*=7.53 and a*= 0.65, in T1.

In the CIELAB color patterns of the final product (Table 6), a tendency for the product to turn yellow can
be observed with the increase in the b* value, with T3 (13.50) being significantly higher than the values of
T1 and T2. There was also a slight oscillation in the reddish color, where only T2 (-0.17) did not show
positive values, tending towards green tones.

Table 6. Mean values of standard for CIELAB for the final products.

Products
Standard CIELAB
T1 T2 T3 p-value
L* 21.37+£0.222 20.30 +£0.14° 22.53 £0.25¢ 0.001
a* 2.17+0.122 -0.17 £ 0.05" 1.65 £0.06° 0.001
b* 10.84 £ 0.702 11.36 £ 0.062 13.50 £ 0.24¢ 0.001

Different letters in the row mean statistical difference by Tukey’s test (p < 0.05).

4 Conclusion

Despite good acceptance, the canned product presented drastic physical, chemical, and sensory changes,
mainly related to color, texture, and pH. Possibly a change in the proportion of ingredients to the closest to
the traditional dish, tacaca, could reduce these changes and improve product acceptance, despite this, analyses
showed that the product is suitable for industrial production.
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