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Abstract
The objective of this study was to evaluate the enzymatic protein hydrolysis of viscera 
Macrobrachium rosenbergii shrimp processing, as an alternative procedure for the hydroly-
sis of this residue. For this, shrimp residues were collected, the viscera were separated, 
and the samples were processed. The enzymes Alcalase® 2.4L and Flavourzyme® 1000L 
were added for the hydrolysis process, and 2 experimental designs were carried out. Subse-
quently, the design of the rotational central compound was carried out on the effect of three 
factors, each at five levels: temperature and concentration of enzymes. The temperature 
had a greater influence on the protein enzymatic hydrolysis of the shrimp viscera, obtain-
ing values of the degree of hydrolysis (DH) of 2.11 ± 0.25% at the temperature of 67.8 °C, 
and concentration of the Alcalase® 2.4L and Flavourzyme® 1000L 0.50% enzymes. How-
ever, one of the control reactions had a DH of 2.06 ± 0.11% at a temperature of 61.0 °C, 
which was statistically equal to the value found for the enzymatic reaction. For the tests 
at 51.0  °C, an optimized reaction yield with DH of 1.88 ± 0.23% was obtained. Thus, it 
was possible to solubilize the protein present in shrimp viscera, making the hydrolyzate a 
source of protein for aquaculture.
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Introduction

Globally, aquaculture production has grown significantly over the last 30 years. In 2018, 
the total production of aquatic animals was 82.1 million tons, yielding US$250.1 billion 
(FAO 2020), and providing more than 50% of fish for human consumption (FAO 2021). 
Shrimp farming is the aquaculture sector that shows the greatest growth in production, 
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with emphasis on the marine species Litopenaeus vannamei, popularly known as Pacific 
white shrimp (FAO 2014). Freshwater shrimp farming also occupies a prominent place 
among aquaculture activities. The most recent data from the Food and Agriculture 
Organization of the United Nations (FAO 2018) showed a production of approximately 
548,000 tons, with emphasis on the species Macrobrachium rosenbergii and Macro-
brachium nipponense, with shrimp production contributing more than 60% (7.8 million 
tonnes) of world consumption (FAO-FIGIS 2017).

The industrial processing of shrimp produces numerous inedible parts. Approxi-
mately 50% of the animal is used for human consumption; the rest is discarded as ined-
ible material, with cephalothorax being responsible for about 44% of this waste (Ferrer 
et al. 1996; Gernat 2001; Yadav et al. 2019; Santos et al. 2020). In addition to the ceph-
alothorax and exoskeleton residues, there is also the disposal of shrimp viscera, where 
most of these processing residues overload sanitary landfills (Costa and Souza 2012). 
This reality implies a greater volume of waste, whose inadequate disposal can lead to 
environmental and human health problems (Heu et al. 2003; Zhang et al. 2018; Yadav 
et al. 2019). On the other hand, these by-products can also be configured as attractive 
proposals for the production of several value-added products, which can be explored in 
different biotechnological processes (Yadav et al. 2019; Santos et al. 2020).

Shrimp residues can be composed of parts of the cephalothorax, exoskeleton, and 
viscera, which can be an excellent protein source, presenting essential amino acids in 
their composition, providing excellent palatability and attractiveness to animal feed 
(Guimarães et al. 2008). These shrimp residues have been used in the production of chi-
tosan, with applications in medicine and the food, pharmaceutical, and chemical indus-
tries. In addition to chitosan, carotenoids, protein hydrolysates, and glycosaminoglycans 
are also extracted from the cephalothorax and exoskeleton of shrimp (Cahú et al. 2012).

The chitin that makes up the shell of shrimp is used to extract chitosan (Alves et al. 
2020) which is used in biomedicine, drug delivery, gene therapy, tissue engineering, 
and as a biomarker for bioimaging (Egladir et  al. 2015; Muanprasat and Chatsudthip-
ong 2017; Mitall et al. 2018), in food to reduce cholesterol (Panit et al. 2016; van der 
Gronde et al. 2016), as well as for environmental (Wang et al. 2009; Gupta et al. 2017) 
and agricultural (Wu and Liu 2008; Perez et al. 2016) applications, among others. On 
the other hand, chitin and pectin present in shrimp shells can decrease animal perfor-
mance, depending on their concentrations, because they are not degraded by endoge-
nous enzymes, affect nutrient digestibility, and modify the time the food remains in the 
digestive tract, as they are polymers of simple sugars, and resistant to hydrolysis in the 
gastrointestinal tract of non-ruminant animals (Brito et al. 2008). Therefore, it is impor-
tant that these residues are reused, to avoid incorrect disposal in the environment and, 
also, as a way to use such residues as a source of substances of high economic and nutri-
tional value (Kim and Venkatesan 2014).

One of the alternative processes for this use is the enzymatic hydrolysis of proteins 
found in fish by-products, which makes it possible to add significant nutritional value to 
them. The process involves the use of enzymes to cleave the peptide bonds of proteins, 
which can be used to change the chemical, functional, and sensory properties of these pro-
teins, without harming their nutritional value (Pasupuleti and Braun 2010). Protein enzy-
matic hydrolysis has many advantages when compared to other methods, as it occurs under 
mild conditions of temperature, pH, and pressure; in addition, they produce more homoge-
neous hydrolyzates and the enzymes used in the process have substrate specificity, decreas-
ing the probability of undesirable reactions that may result in the formation of toxic prod-
ucts (Duarte de Holanda and Netto 2006; Damodaran et al. 2010; He et al. 2013).

808 Aquaculture International (2023) 31:807–825



1 3

One of the criteria to quantify the proteolysis reaction is the degree of hydrolysis (DH) 
(Nielsen and Olsen 2002). This variable was defined as the number of cleaved peptide 
bonds or the number of free amino groups formed during the hydrolysis process, expressed 
in hydrolysis equivalence (Adler-Nissen 1986). The DH is also widely used as an indicator 
to compare different protein hydrolysates, being the main determinant of protein hydrolyz-
ate properties (Mahmoud et al. 1992; Neves et al. 2004).

For aquaculture, protein represents the most expensive and important component in the 
production of feed (Savoie et  al. 2011), as it is the nutrient that exerts the greatest influ-
ence on animal growth, as well as on weight gain, feed conversion, and carcass composition 
(Araripe et al. 2011). In a study of partial replacement of fishmeal by shrimp head protein 
hydrolysate for tilapia fingerlings, it was concluded that this ingredient is a promising pro-
tein source for the species at this stage, improving the growth rate with inclusion levels of up 
to 15% (Plascencia et al. 2002). Another study (Gisbert et al. 2018) indicated that the shrimp 
residual protein hydrolysate can be used as a supplement to increase the immune response 
of fish without affecting their zootechnical performance. Furthermore, protein hydrolysates 
in aquafeeds have been reported to increase intake, feed utilization, and somatic growth 
(Zheng et al. 2013; Khosravi et al. 2015) as well as improve skeletal development and diges-
tive systems in fish larvae (Johannsdottir et al. 2014; Delcroix et al. 2015).

Given the above, the residues from the processing of shrimp can be an alternative source 
for the production of protein hydrolysates, allowing its valorization and still making use of its 
functional properties. Researches have already been carried out evaluating the effect of enzy-
matic protein hydrolysis of shrimp residues (Dey and Dora 2014; Gunasekaran et al. 2015; 
Zhang et al. 2016; Yen and May 2019); however, the effect of enzymatic hydrolysis in vis-
cera only and using shrimp of the species M. rosenbergii has not been reported. Therefore, the 
objective of this work was to evaluate the enzymatic protein hydrolysis of the viscera resulting 
from the processing of shrimp M. rosenbergii as an alternative process to use this by-product.

Material and methods

Obtaining shrimp residue and proximate composition

The residues of the shrimp M. rosenbergii (cephalothorax, carapaces, pereopods, and vis-
cera) were obtained from a processing industry located in the west of the state of Paraná, 
Brazil. The samples were selected for the removal of carapaces, cephalothorax, and pereo-
pods, leaving only the viscera. As the aim of the work was to produce a component that 
can be used as a supplement in animal feed, only the viscera were used for the enzymatic 
procedure, as the protein present in this material is digestible. The rest of the material (car-
apace, pereopods) is mainly composed of chitin, a material that can interfere with animal 
digestibility (Brito et  al. 2008). Afterward, the samples were processed in a drying and 
sterilization oven at 55 °C for 72 h and stored in a freezer at − 3 °C until use for the pro-
duction of hydrolysates. For enzymatic hydrolysis, commercial proteases Alcalase® 2.4L 
and Flavorzyme® 1000L (Novozymes, Bagsvaerd, Denmark) — supplied by Tovani Ben-
zaquen Ingredientes (São Paulo, Brazil) — were used.

The proximate characterization of the residue in natura was carried out at the Federal 
University of Paraná (UFPR), Palotina Sector. For this, analyses were carried out to deter-
mine the dry matter (DM) contents submitted to drying at 105  °C in an oven, for 12 h; 
crude protein (CP), performed by the Kjeldahl method; ether extract (EE), in an extractor 
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(ANKOM® XT10); and mineral matter (MM), obtained by burning the sample at 600 °C 
in a muffle furnace. The procedures were performed according to the Association of Offi-
cial Analytical Chemists (AOAC 2010).

Enzymatic hydrolysis

The enzymatic hydrolysis tests were carried out using 100 mL of distilled water and 10 g 
of protein residues with the addition of enzymes and temperature adjusted according to the 
experimental design, for 2 h at 100 rpm in a shaker machine.

At the end of the process, an aliquot of the samples was sent for DH analysis, and the 
rest for enzymatic inactivation, which was placed in a water bath at 90 °C for 15 min, and, 
later, filtered in a polypropylene filter. Then, the total protein analysis was performed using 
the Kjedahl method (AOAC 2010).

The enzymatic hydrolysis tests were carried out according to experimental plans, simul-
taneously with control tests, carried out without the addition of enzymes.

Evaluation and optimization of enzymatic hydrolysis process conditions

Aiming to analyze the ranges of variables that influence the enzymatic hydrolysis of shrimp 
viscera, a 23 factorial design was initially created, in which the temperature variables (45, 
55, and 65 °C) were evaluated according to the optimal conditions and to the concentration 
of the enzymes Alcalase® 2.4L and Flavorzyme® 1000L (0.75; 1.50 and 2.25% enzyme 
protein/substrate protein).

By determining the significant ranges of the variables on hydrolysis, a central compos-
ite rotational design (CCRD) was proposed, aiming at optimizing the process. The CCRD 
planning included 3 variables (temperature, Alcalase enzyme concentration® 2.4L and 
Flavorzyme enzyme concentration® 1000L), with levels (− 1 and + 1), axial points (− 1.68 
and + 1.68), and four repetitions at the central point (0), resulting in 18 trials. The values 
of the variables were as follows: temperature (34.2, 41.0, 51.0, 61.0, and 67.8 °C) and con-
centration of the enzymes Alcalase® 2.4L and Flavorzyme® 1000L (0.08, 0.25, 0.50, 0.75, 
and 0.92% enzyme protein/substrate protein). The reference values of the studied variables 
were based on the data found in the literature [32, 33, 34, 35].

Determination of the degree of hydrolysis

The DH was estimated according to the method described by Hoyle and Merritt (1994) and 
Baek and Cadwallader (1995), expressed as the percentage of soluble proteins in trichloro-
acetic acid (TCA) concerning the amount of total initial protein; the protein soluble in TCA 
was obtained by the Lowry method (Lowry et al. 1951), in mg/mL, and the total protein by 
the Kjedahl method (AOAC 2010), in mg/mL, calculated using Eq. 1:

Psol = TCA-soluble protein (mg/ml).
Pt = total protein in the sample (mg/ml).
After the period of enzymatic hydrolysis, 1 mL aliquots of hydrolysate (soluble phase) 

were inactivated by adding 9 mL of 6.5% TCA solution and left to rest for 10 min. After 

GH = 100 ×
Psol

Pt
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filtration on quantitative paper (JP41 – Black Band), to remove the insoluble material 
precipitated by TCA, the content of soluble proteins in the filtrate was determined by the 
Lowry method (Lowry et al. 1951), expressed in milligrams of albumin. Sample absorb-
ance readings were performed in a digital UV/Vis spectrophotometer at 625 nm.

Statistical analysis

All designs were performed in triplicate. A 23 factorial design with 12 trials was per-
formed, 4 trials from the central point to investigate which variables were significant; for 
this, a Pareto chart and response surfaces were used. After verifying which variables were 
significant, a CCRD was carried out with 18 trials, 4 of which at the central point, to opti-
mize the conditions for enzymatic hydrolysis; later, Pareto graph, response surfaces, and 
analysis of variance were performed to assess the significance of the results, using the F 
test.

Results

The results presented in Table 1 refer to the components that constitute the viscera from M. 
rosenbergii, through its chemical characterization. The crude protein content was 19.43%, 
ethereal extract 59.70%, and mineral matter 2.56%.

Table  2 shows the results of the 23 factorial design of soluble protein concentration 
and the corresponding soluble protein contents after enzymatic hydrolysis. It was pos-
sible to observe that the highest concentration of soluble protein was obtained in test 2 
(1.20 ± 0.17 mg/mL), conducted at 65.0 °C and a concentration of 0.75% for both enzymes.

In Fig. 1, the Pareto chart is presented, where the values to the right of the red line were 
significant (p < 0.05). It is observed that temperature is the only significant variable that 
positively affects the response; that is, the higher the temperature values, the better the sol-
uble protein concentration results. The concentration of the enzyme Flavorzyme® 1000L 
was negatively significant; that is, the enzyme did not increase in protein solubilization.

Figure 2a and b show the response surfaces that represent the behavior of the soluble 
protein concentration — through the interaction of the variables temperature and concen-
tration of the enzymes Alcalase® 2.4L and Flavorzyme® 1000L, respectively.

Composite central rotational design

As observed in the 23 factorial design, the temperature was the only positively signifi-
cant variable. Furthermore, it was verified on the response surfaces that lower enzyme 
concentrations were already favorable for good results of soluble protein concentration. 

Table 1   Proximate chemical 
analysis of M. rosenbergii shrimp 
viscera

Component Dry base result (%)

Total dry matter 100.00 ± 0.33
Crude protein 19.43 ± 0.28
Ether extract 59.70 ± 3.60
Mineral matter 2.56 ± 0.02
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Table 2   Matrix of the complete 23 factorial design, with the results of soluble protein concentration and 
soluble protein content, after enzymatic hydrolysis and their respective control reactions

T, temperature (°C); Alk, Alkalase concentration (%); Fla, Flavourzyme concentration (%); control reaction: 
same experimental conditions without addition of enzymes

Trial T (°C) Alc (%) Fla (%) Soluble protein 
concentration 
(mg/ml)

Solubilized 
protein content 
(%)

Soluble protein 
concentration 
(mg/ml) control

Solubilized 
protein content 
(%) control

1 45.00 0.75 0.75 0.71 ± 0.02 36.45 ± 0.80 0.72 ± 0.06 37.08 ± 2.84
2 65.00 0.75 0.75 1.20 ± 0.17 61.66 ± 5.18 0.89 ± 0.05 45.60 ± 2.70
3 45.00 2.25 0.75 0.51 ± 0.02 26.13 ± 1.24 0.75 ± 0.05 38.37 ± 2.57
4 65.00 2.25 0.75 0.99 ± 0.05 51.03 ± 2.48 1.13 ± 0.07 58.38 ± 3.57
5 45.00 0.75 2.25 0.47 ± 0.05 24.08 ± 2.49 0.41 ± 0.04 21.21 ± 1.82
6 65.00 0.75 2.25 0.86 ± 0.02 44.06 ± 1.12 0.88 ± 0.02 45.37 ± 0.81
7 45.00 2.25 2.25 0.42 ± 0.02 21.72 ± 0.96 0.57 ± 0.04 29.35 ± 1.88
8 65.00 2.25 2.25 0.72 ± 0.05 36.99 ± 2.67 0.69 ± 0.04 35.32 ± 2.13
9 45.00 1.50 1.50 0.63 ± 0.02 32.29 ± 1.19 0.61 ± 0.02 31.37 ± 1.15
10 65.00 1.50 1.50 0.76 ± 0.05 39.05 ± 2.50 0.61 ± 0.02 31.32 ± 1.17
11 45.00 1.50 1.50 0.61 ± 0.04 31.55 ± 2.13 0.59 ± 0.07 30.39 ± 3.55
12 65.00 1.50 1.50 0.64 ± 0.04 32.77 ± 2.13 0.66 ± 0.02 33.79 ± 1.02

Fig. 1   Pareto graph obtained in the 23 factorial design of the enzymatic hydrolysis of shrimp viscera

812 Aquaculture International (2023) 31:807–825



1 3

Based on these data, the levels of the variables were modified in a new experimen-
tal design of the CCRD type, to optimize the experimental conditions for enzymatic 
hydrolysis of shrimp viscera.

Table 3 shows the matrix for CCRD with the variables used and the DH results after 
enzymatic hydrolysis. It was observed that in test 10, a higher result of DH 2.11 ± 0.25% 
was obtained, corresponding to a temperature of 67.8 °C and a concentration of 0.50% 
for both enzymes.

Fig. 2   Response surface of soluble protein concentration as a function of temperature and enzyme concen-
tration a Alcalase® 2.4L and b Flavorzyme® 1000L

Table 3   CCRD planning matrix 
complete with hydrolysis grade 
results

T, temperature (°C); Alk, Alkalase concentration (%); Fla, Flavour-
zyme concentration (%); DH, degree of hydrolysis (%)

Trial T (°C) Alc (%) Fla (%) DH (%)

1 41.00 0.25 0.25 1.48 ± 0.28
2 61.00 0.25 0.25 1.59 ± 0.15
3 41.00 0.75 0.25 1.48 ± 0.04
4 61.00 0.75 0.25 2.00 ± 0.04
5 41.00 0.25 0.75 1.79 ± 0.57
6 61.00 0.25 0.75 1.59 ± 0.03
7 41.00 0.75 0.75 2.05 ± 0.11
8 61.00 0.75 0.75 1.66 ± 0.08
9 34.20 0.50 0.50 1.83 ± 0.13
10 67.80 0.50 0.50 2.11 ± 0.25
11 51.00 0.08 0.50 1.40 ± 0.01
12 51.00 0.92 0.50 1.37 ± 0.09
13 51.00 0.50 0.08 1.41 ± 0.09
14 51.00 0.50 0.92 1.49 ± 0.11
15 51.00 0.50 0.50 1.88 ± 0.09
16 51.00 0.50 0.50 1.86 ± 0.13
17 51.00 0.50 0.50 1.86 ± 0.14
18 51.00 0.50 0.50 1.75 ± 0.08
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Figure 3 shows the Pareto graph for the model obtained in the CCRD planning of the 
enzymatic hydrolysis of shrimp viscera. The values that are to the right of the red line are 
significant (p < 0.05), and it is possible to observe that the quadratic temperature term was 
significant and had a positive effect. The interaction of the variable concentration of the 
enzyme Alcalase® 2.4L, in its quadratic form, and temperature in its linear form, as well 
as the concentration of the enzyme Flavorzyme® 1000L both in its linear form and in its 
quadratic form, was negatively significant.

By the analysis of variance, by the F test, comparing the calculated F value with the 
tabulated F, it is possible to affirm if the proposed model is valid and if the parameters of 
the equation fit the experimental data. Table 4 shows the analysis of variance of the enzy-
matic hydrolysis of shrimp viscera by the F test, where for the regression Fcalc > Ftab (4.13; 
0.05) = 3.18, which denotes a significant result. For the lack of adjustment, Fcalc < Ftab 

Fig. 3   Pareto chart for the model obtained in CCRD planning of the enzymatic hydrolysis of shrimp viscera

Table 4   Analysis of variance 
obtained for CCRD planning 
of the enzymatic hydrolysis of 
shrimp viscera

SQ, sum of squares; GL, degrees of liberty; MQ, medium square; Fcalc, 
calculated F ratio

Source of variation SS DL MS Fcalc

Regression 0.635545 4 0.158886 21.46933
Residue 0.096208 13 0.007401
Lack of Adjustment 0.14704 10 0.014704 3.885835
Pure error 0.011352 3 0.003784
Total 0.9375 17
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(10.3; 0.05) = 8.79, since the lack of adjustment was not significant. Considering these 
results, the proposed model is valid, and it is possible to describe the empirical mathemati-
cal model of DH as a function of real variables and their interactions that were significant, 
presenting an adequate correlation coefficient (R2 = 0.831). The function that represents the 
process is presented in Eq. 2.

It was possible to observe that the highest DH results were found in the extreme temper-
atures evaluated and in the median concentrations of the enzyme Alcalase® 2.4L (Fig. 4).

Figure 5 shows the response surface for the DH values in relation to the variables Fla-
vourzyme® 1000L concentration and reaction temperature. The highest DH results were 
found in two distinct regions: for higher concentrations of this enzyme and lower tempera-
tures, and also for lower concentrations of this enzyme and higher temperatures.

Table 5 shows the DH values of the control reactions (without the addition of enzyme) 
and enzymatic reactions for comparison of results.

In test 2 of the control reaction, the DH obtained was 2.06 ± 0.11%, at a temperature of 
61.0 °C. In test 10 of the enzymatic reaction, the DH value was 2.11 ± 0.25%, at a tempera-
ture of 67.8 °C and an enzymatic concentration of 0.50%. These results were statistically 
equal.

On the response surfaces shown in Fig. 6a and b, the highest and lowest temperatures 
used in the enzymatic reactions were fixed. In Fig. 6a, it can be seen that the highest DH 
values were obtained with the influence of Alcalase® 2.4L at the highest temperature; this 

GH = 1.831 + 0.071T
2
− 0.134 × Alc

2
− 0.110 × Fla

2
− 0.152T × Fla

Fig. 4   Degree of hydrolysis response surface as a function of temperature and enzyme concentration Alca-
lase® 2.4L
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Fig. 5   Response surface of the degree of hydrolysis as a function of temperature and concentration of the 
enzyme Flavorzyme® 1000L

Table 5   Hydrolysis degree results of control reactions and enzymatic reactions

Trial T (°C) C. Alc (%) C. Fla (%) Degree of hydrolysis of 
enzymatic reactions (%)

Degree of hydrolysis 
control reactions (%)

1 41.00 0.25 0.25 1.48 ± 0.28 1.60 ± 0.11
2 61.00 0.25 0.25 1.59 ± 0.15 2.06 ± 0.11
3 41.00 0.75 0.25 1.48 ± 0.04 1.64 ± 0.17
4 61.00 0.75 0.25 2.00 ± 0.04 1.86 ± 0.13
5 41.00 0.25 0.75 1.79 ± 0.57 1.40 ± 0.07
6 61.00 0.25 0.75 1.59 ± 0.03 1.74 ± 0.12
7 41.00 0.75 0.75 2.05 ± 0.11 1.62 ± 0.09
8 61.00 0.75 0.75 1.66 ± 0.08 1.90 ± 0.38
9 34.20 0.50 0.50 1.83 ± 0.13 1.65 ± 0.24
10 67.80 0.50 0.50 2.11 ± 0.25 1.94 ± 0.30
11 51.00 0.08 0.50 1.40 ± 0.01 1.34 ± 0.21
12 51.00 0.92 0.50 1.37 ± 0.09 1.45 ± 0.05
13 51.00 0.50 0.08 1.41 ± 0.09 1.61 ± 0.09
14 51.00 0.50 0.92 1.49 ± 0.11 1.52 ± 0.09
15 51.00 0.50 0.50 1.88 ± 0.09 1.79 ± 0.21
16 51.00 0.50 0.50 1.86 ± 0.13 1.71 ± 0.19
17 51.00 0.50 0.50 1.86 ± 0.14 1.86 ± 0.22
18 51.00 0.50 0.50 1.75 ± 0.08 1.74 ± 0.09
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may have occurred because the optimum conditions for the enzyme to act are in the tem-
perature range between 50 and 70  °C, as mentioned above. On the response surface of 
Fig. 6b, the influence of Flavorzyme® 1000L was greater, as it acts at temperatures up to 
50 °C. Through these surfaces, it is possible to verify how the temperature intervened in 
the enzymatic hydrolysis.

In the response surface shown in Fig. 7, at a temperature of 51.0 °C, for both enzymes, 
the concentrations were intermediate, where they reached the optimum point. For the 

Fig. 6   Degree of hydrolysis response surface as a function of the concentration of Flavorzyme® 1000L 
enzyme and Alcalase® 2.4L enzyme. a 67.8 °C. b 34.2 °C

Fig. 7   Response surface of the degree of hydrolysis as a function of the concentration of the enzyme Fla-
vorzyme® 1000L and the enzyme Alcalase® 2.4L at the temperature of 51.0 °C
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temperature of 51  °C, the response surface was better adjusted so that the highest point 
of curvature was obtained at the median values of concentration and, as one moves away 
from this optimal point, the surface presents a smoother curve. When comparing this point 
of 1.88% of DH to the highest value obtained in the tests (2.11%) by the Tukey test, it 
was noted that they did not differ statistically (they did not present a significant mean dif-
ference). Therefore, the lowest temperature value is chosen. This result may have been 
achieved, as this temperature can be considered intermediate for both enzymes concern-
ing the other temperatures tested — where for Flavorzyme® 1000L, the best temperature 
is up to 50 °C and for Alcalase® 2.4L between 50 and 70 °C, making joint action more 
favorable.

Discussion

According to Cahú et al. (2012) and Cheong et al. (2014), shrimp residues are rich in pro-
teins and provide essential amino acids for animal feed supplements or human nutrition. 
The protein content in shrimp residues comprises of approximately 35% to 65% of its dry 
weight, depending on the types of processing and the species being processed (Mizani 
et al. 2005). From this protein content, essential and non-essential amino acids are 56.8% 
and 43.2%, respectively (Narayan et al. 2010). In the study of Synowiecki and Al-Khateeb 
(2000), using the shell residues from the processing of Crangon crangon shrimp, it was 
determined that the dry weight of the shrimp comprises 18% chitin, 43% protein, 29% ash, 
and 10% lipid. Guerard et al. (2007) used wild shrimp residues (a mixture of Penaeus bra-
siliensis and Penaeus subtilis) and the crude protein content in the residue was 51.9% (dry 
weight).

The differences observed between this work and studies in the literature are mainly due 
to the type of material used in the characterization. While in the present study only viscera 
were used, in the studies by Synowiecki and Al-Khateeb (2000) and Guerard et al. (2007), 
the authors used the carapace and the entire shrimp residue, respectively. Furthermore, fac-
tors such as species, age, the season of the year, and environmental conditions can also 
affect the composition of the crustacean and make comparisons between studies difficult 
(Guerard et al. 2007).

In the present work, the temperature had a positive influence on the hydrolysis process, 
as the concentration of soluble proteins from enzymatic reactions at higher temperatures 
showed superior results when compared to those from control reactions. However, at lower 
temperatures, the results of the control reactions were better than those of the enzymatic 
reactions; therefore, this may be due to commercial enzymes working best at temperatures 
between 50 and 70 °C (Jung et al. 2006; Novozymes 2001).

On the response surface shown, the temperature of 51  °C is more indicated, for both 
enzymes as were the nearby springs, where it will reach the high point of the planning. 
This result may have been more recent in the media, as this relationship is at other temper-
atures tested, where for our 50 °C and for Alcalase® 2.4L between 50 and 70 °C, making 
joint action more favorable.

Comparing the response surfaces that represent the behavior of the soluble protein con-
centration through the interaction of the temperature and concentration variables of the 
enzymes Alcalase® 2.4L and Flavorzyme® 1000L respectively, both surfaces show similar 
behavior, since at higher temperatures, the most favorable values of soluble protein concen-
tration are reached, even using low concentrations of enzymes.
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By increasing the temperature as well as the kinetic energy of the enzymes, the reaction 
rate becomes higher. The gradual increase in temperature favors the collisions between the 
active sites of the enzymes and the substrate, to increase the reaction rate (Fields 2001; 
Shuler and Kargi 2002). This fact was exemplified in the present work, in which higher 
temperatures benefited the reactions.

The shrimp protein hydrolysate produced in the present study was similar to 
that obtained from the head and husk of Penaeus monodon, using Alcalase with an 
enzyme:substrate ratio of 1.05% at 50 °C for 30 min, which resulted in a DH value of 2.3% 
(Dey and Dora 2014). Yen and May (2019) obtained a DH of 4.21% with the shrimp by-
product hydrolysate from the shrimp processing industry, using Alcalase at a fixed concen-
tration of 0.2% (4.8AU/kg protein) and 0.25% of Flavorzyme pH 6, at 55 °C for 5 h. Zhang 
et  al. (2016) evaluated the optimization of the enzymatic hydrolysis process of northern 
pink shrimp residues — including heads, shells, and tails —where they observed that DH 
was maximized by 48.83 ± 0.30% using the enzyme:substrate ratio of 1.64%, hydrolysis 
time at 3.59  h, initial pH at 9, and temperature at 52.57  °C. Gunasekaran et  al. (2015) 
obtained, after 3  h of head hydrolysis of Metapenaeus dobsoni at pH 8.2, the tempera-
ture of 45.4 °C, the enzyme:substrate ratio of 1.8%, and a DH of 42.44%. The differences 
observed between this study and those mentioned above can be explained by the longer 
time of the hydrolysis reaction by these authors, or also by the chemical and physical dif-
ferences in the residues used.

For CCRD planning of enzymatic hydrolysis of shrimp viscera, the temperature was 
the only significant variable; however, according to Tavano et  al. (2018), heat treatment 
can improve the proteolysis rate — although it can change the substrate accessibility for 
hydrolysis and the hydrolysate profile, as the enzymatic structure can be modified; that is, 
the denaturation of the enzyme occurs, which prevents its specific fitting with the substrate. 
Thus, there is an ideal temperature for each enzyme, at which the reaction rate is maximum 
(Fields 2001; Shuler and Kargi 2002). This may be one of the reasons why enzymes are not 
significant in the protein hydrolysis process.

However, in test 2 of the control reaction, the DH obtained was 2.06 ± 0.11%, at a tem-
perature of 61.0 °C. In test 10 of the enzymatic reaction, the DH value was 2.11% ± 0.25%, 
at a temperature of 67.8  °C and an enzymatic concentration of 0.50%. Such results are 
statistically equal, which does not justify the use of enzymes, given that one of the limit-
ing factors for the use of enzymes in industrial processes is the high cost of production and 
purification (Monteiro and Silva 2009; Nalinanon et al. 2009).

Although enzymatic processes are considered an advantageous alternative to accelerate 
the reactions, in this case, it was observed that the control reactions (without the addition 
of enzyme) achieved relevant DH results, being in some cases even greater than in the 
enzymatic reactions. This could be due to some endogenous hydrolytic enzymes that are 
found in biological material, such as proteases, lipases, and carbohydrases which, under 
certain conditions, can hydrolyze the residue (Senphan et al. 2018). Enzymes can be inhib-
ited by substances that bind to the free enzyme or enzyme–substrate complex or compete 
for the enzyme’s catalytic site. The final result is a decrease or abrogation of enzyme activ-
ity (Monteiro and Silva 2009).

The shrimp hepatopancreas has vital functions as it is involved in several metabolic 
activities (Gibson and Barker 1979). This organ is involved in maintaining the balance of 
salts and ions; metabolism of proteins, lipids, and carbohydrates; removal of foreign bod-
ies from the vascular system; and detoxification of metals and other organic substances; in 
addition, it secretes digestive enzymes that are released in the stomach, stores useful sub-
stances, and controls the body’s biochemical composition (Gibson and Barker 1979; Icely 
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and Nott 1992). Furthermore, the hepatopancreas is a great source of proteases, mainly 
trypsin and chymotrypsin, which can hydrolyze several protein substrates (Sriket et  al. 
2012). These enzymes, already present in the substrate, may have competed with commer-
cial enzymes for the active site, or some components may have inhibited their action, so the 
DH values of the enzymatic reactions and the control reactions may have remained close.

Numerous factors influence the properties and constituents of the final hydrolysate, 
such as the composition and variation of raw materials, enzyme specificity, reaction time, 
activity and concentration of endogenous enzymes, pH, and temperature (Opheim et  al. 
2015). According to Slizyte et al. (2005), the hydrolysis process can be negatively influ-
enced by the lipid content, by the formation of protein/lipid complexes, more resistant to 
enzymatic disruption. These authors, when analyzing the composition of different fractions 
obtained after the hydrolysis of cod (Gadus morhua) with the enzymes Flavorzyme® and 
Neutrase®, observed that raw materials with a high lipid content resulted in a hydrolysate 
with a smaller amount of solubilized protein. Considering that in the present study the lipid 
content was 59.70%, this may have influenced the low DH values found.

High temperatures resulted in better DH; however, some precautions must be taken with 
high temperatures. Fluctuations in hydrolysis conditions, such as temperature, pressure, 
pH, salinity, or solvent concentration, can cause the denaturation of proteins, with the tem-
perature being one of the main factors to denature protein molecules, which can lead to the 
loss of nutritional and functional value of the final hydrolysate (Franks et al. 1988; Tedford 
et al. 1998).

Through the DH results, it was verified that there was protein cleavage since DH 
is defined as the proportion of peptide bonds cleaved by the proteolytic enzyme. And, 
depending on the degree of hydrolysis, the molecular weight, and the primary structure of 
the peptides, the hydrolysate will have different applications (Liu et al. 2007; Balti et al. 
2011; Amiza et al. 2012).

With the results obtained, it can be noticed that there was solubilization of the protein 
present in the shrimp viscera, both in the enzymatic reactions and in the control reactions 
(without the addition of enzymes). The in natura material presents 19.43% of DH; after 
hydrolysis, the results of soluble protein content were between 22 and 38%. This demon-
strates the applicability of this protein in animal nutrition, avoiding the disposal of this 
residue, which could harm the environment.

Leduc et al. (2018) observed that shrimp hydrolysates can be used for animal feed and 
also pointed out that the shrimp hydrolysate Litopenaeus vannamei improved the organiza-
tion of intestinal cells, increasing the height of the intestinal villi of fish Dicentrarchus lab-
rax. This highlights the potential use of protein hydrolysate from the viscera of M. rosen-
bergii shrimp, as the material showed positive protein solubilization results.

Conclusion

In the process of enzymatic protein hydrolysis of shrimp viscera Macrobrachium rosen-
bergii, the temperature at 51.0  °C reached an optimized yield. The highest DH was 
2.11 ± 0.25% in the enzymatic reaction at 67.8  °C and concentration 0.50% both for the 
enzyme Alcalase® 2.4L and for the enzyme Flavorzyme® 1000L. However, at 61.0  °C, 
the control reaction (without the addition of enzymes) presented a DH of 2.06 ± 0.11, 
being statistically equal to that obtained for the enzymatic reaction. This indicates that the 
utilized enzymes did not increase the percentage of cleaved peptide bonds for the shrimp 
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viscera. However, solubilization of the protein present in this residue was observed, both 
in enzymatic reactions and in control reactions. In the tests carried out with the addition of 
enzymes, it was possible to obtain up to 61.66% of protein solubilization initially present 
in the material, while in the reactions without the addition of enzymes, this content did not 
exceed 58.38%.
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