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Abstract
Proteases from shrimp wastes were characterized and protein hydrolysates were 
obtained. Shrimp protein hydrolysates (SPH) were produced by autolysis (H0) and 
added 1% (H1) and 2% vol/vol (H2) enzyme extract of shrimp. The hydrolysis de-
gree was determined using a colorimetric method; the capability of hydrolysates to 
scavenge free radicals was measured with DPPH, and the antimicrobial activity of 
the SPH was evaluated by the microdilution test. The degree of protein hydrolysis 
ranged between 43% (H0) and 71.5% (H2) after 90 min, and it functioned as a source 
of lysine, leucine, aspartic acid, glutamic acid, and glycine. After 10 min of reaction, all 
hydrolysates reached 50% of scavenging effect. In addition, the SPH prepared with 
food additives showed acceptable microbiological quality and pH during 40 days at 
room temperature. This study aims at introducing a low-cost process which produces 
SPH with commercial applications in the food industry.

Practical applications
Currently, shrimp processing wastes represents an environmental and economic 
problem, since such seafood industry must pay for the landfarming service. This 
waste treatment is not environmentally efficient, and it affects the value of the final 
product. However, these wastes have a large number of compounds which hold bio-
logical activities of interest that can be used to obtain a high added value product 
such as protein hydrolysates. This by-product has several potential applications for 
the food and pharmaceutical industries. In this study, a protein hydrolysate solu-
tion was obtained utilizing processed shrimp waste as an enzymatic resource and a 
protein substrate as well. This research demonstrated the feasibility of obtaining a 
good protein source that also holds useful antioxidant properties. It is important to 
highlight that the by-product was obtained without resorting to freeze-drying tech-
nology, which makes the industrial process more expensive. To accomplish that, we 
included low-cost food preservatives and assessed the shelf life of this product of 
high nutritional quality.
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1  | INTRODUC TION

The shrimp Pleoticus muelleri (Bate, 1888) is an important fishing 
resource of the Argentine Sea, which has a large distribution area 
in south-west Atlantic waters from 20°S, Espíritu Santo, Brazil, 
to 50°S, Santa Cruz, Argentina (Gavio & Boschi,  2004). During 
last year, 126,480 tons of P.  muelleri were landed and processed 
(MAGyP,  2021). This produced a volume of waste (heads, broken 
specimens, and noncommercial sizes) equivalent to 30% of the 
total processed capture, generating a problematic situation in terms 
of waste disposal, contamination, and management (Pereira et al., 
2020).

In an attempt to recycle these wastes, private investors have tried 
to produce shrimp meals and oils, but for commercial and economic 
reasons, these projects proved unviable. This situation has led to the 
investigation of other sustainable alternatives to avoid the disposal 
of wastes in municipal garbage dumps which imply high economic 
and environmental costs. Consequently, it is necessary to provide 
an added value to these wastes composed by viscera, and following 
this objective, several studies have shown the interest of extract-
ing enzymes from these organs (Caruso, 2015; Ideia et al., 2020). In 
this sense, proteolytic enzymes from marine organisms have great 
potential applications in the industry. For example, these molecules 
have the property to maintain their activity at low temperatures, 
which would be useful in food processing to avoid bacterial con-
tamination and unwanted chemical reactions (Gudmundsdóttir & 
Pálsdóttir, 2005). Thus, the use of marine enzymes in food technol-
ogy is becoming a promising application for the development of new 
processes and products (Rossano et al., 2011).

Shrimp wastes represent a valuable source of protein that can 
be transformed by enzymatic hydrolysis into highly nutritional 
protein hydrolysates due to the release of bioactive substances 
(Gunasekaran et  al.,  2015). Most researchers used commercial 
enzymes to produce protein hydrolysates and verified that the 
type of enzyme affects the bioactivity of the peptides (Cheung & 
Li-Chan, 2010). In fact, many endogenous hydrolytic enzymes (such 
as proteases, lipases, etc.) which are found in fishery waste can hy-
drolyze the tissues spontaneously under certain conditions. This 
phenomenon is called “autolysis” (Cao et al., 2019). However, the use 
of endogenous enzymes for hydrolysates could have many advan-
tages and could improve the properties of resulting peptides, since 
it allows the control of the hydrolysis and thus minimizes undesir-
able reactions. In this way, the viscera inside shrimp head contain 
most of the endogenous enzymes which can participate in hydroly-
sis process. Shrimp protein hydrolysates (SPH) have been applied to 
diverse fields like biotechnology, medicine, and nutrition, including 
animal nutrition (Ambigaipalan & Shahidi, 2017). In cultured fishes, 
they have been included in feeds both as a new protein source and, 
in small amounts, as flavoring to enhance the attractiveness of foods 
(Hou et al., 2017). However, just a few works utilized endogenous 
proteases as this study. Previous studies on P. muelleri have charac-
terized the digestive proteases from midgut gland concerning the 
molting stages (Fernández Gimenez et  al.,  2001) and their dietary 

effect (Velurtas et al., 2011). Also, recent studies have analyzed the 
properties of proteases enzymes of this shrimp species and their use 
as milk clotting for cheese manufacture (Pereira et al., 2017) and as a 
dietary supplement for Oreochromis niloticus cultured fish (Rodriguez 
et al., 2017). Most of the studies lyophilize the hydrolysate obtained 
maintaining the structure and original appearance of the food for 
a long period of time, but this process is most feasible on a labo-
ratory scale. To enlarge production to an industrial scale, a high in-
vestment in equipment is necessary, in addition to considering an 
increase in process times and energy costs (Ramírez-Navas, 2007). 
Moreover, microorganisms such as aerobic mesophilic bacteria, 
fecal coliforms, Escherichia coli and Staphylococcus aureus have been 
found in samples of shrimp (Abd-El-Aziz & Moharram,  2016) and 
could remain in protein hydrolysates. Therefore, to develop liquid 
shrimp hydrolysates, information about the effect of storage con-
ditions (time and temperature) on microbial changes and shelf life is 
required. The principal aim of this work was to make different liquid 
protein hydrolysates and evaluate their shelf life. For this, shrimp 
wastes were employed as the source of proteins and enzymes. Thus, 
three versions of shrimp hydrolysates were produced by autolysis of 
raw material without addition of shrimp enzyme extract (H0), 1% of 
shrimp enzyme extract addition (H1), and 2% of shrimp enzyme ex-
tract addition (H2). To evaluate the feasibility of using the enzymes 
present in the shrimp residues, its proteases were characterized 
through electrophoresis SDS-PAGE, exposition to inhibitors (SBTI 
and TLCK), and the quantification of its activity and stability. Then, 
we elaborated the protein hydrolysates and determined their amino 
acid profiles, antioxidants, and antimicrobial activities, as well as the 
effect of food preservatives on the durability of the final product. 
Finally, this work would contribute to the sustainable management 
of marine wastes, increasing its commercial value and reducing the 
negative environmental impact that it currently generates.

2  | MATERIAL S AND METHODS

2.1 | Biological materials

Five batches of P.  muelleri shrimp waste were selected randomly 
from the company PESCO (Mar del Plata, Argentina), containing 
mainly heads (heads with midgut gland) and broken tails (abdomen), 
and were stored at −20°C during approximately one month to per-
form all the analysis.

2.2 | Characterization of enzymes of shrimp wastes

One batch of five individuals was randomly taken for proteolytic 
enzymes assays. Each shrimp was weighed, and cephalothorax or 
head (H), abdomen (A), and midgut gland (MG) were excised. Every 
one of the H, A, and MG samples was separately homogenized in 
chilled distilled water (1:4 wt/vol) at low speed using a blender. 
Subsequently, the homogenates were centrifuged (Presvac EPF-12R, 
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Argentina) for 30 min at 4°C and 14,000 ×g. Lipids were eliminated, 
and then, soluble protein was evaluated in the supernatant portion 
(Bradford, 1976) with bovine serum albumin (Sigma A 9647) as the 
standard protein. The supernatant was used as enzyme extract for 
the following assays.

Alkaline protease activity of H, A, and MG was evaluated accord-
ing to García-Carreño (1992), using 0.5% wt/vol azocasein in 50-mM 
TRISHCl (pH 8.0) as substrate. An enzymatic preparation of 10 μl 
was mixed with 500 µl of the substrate solution in a 1.7-ml micro-
centrifuge tube and then incubated for 10 min at 25°C. The reaction 
was stopped by the addition of 500 µl 20% (wt/vol) of trichloroacetic 
acid (TCA) and cooled in ice for 10 min. The undigested substrate 
precipitate was separated by centrifugation (5  min, 10,000  ×g). 
Afterwards, the absorbance of the supernatant was measured at 
366 nm against distilled water (Shimadzu UV-2102 PC, UV-visible 
Scanning Spectrophotometer). For blanks, TCA was added before 
the substrate. The specific activity was expressed as activity units 
per mg protein (U/mg protein). One unit of enzyme activity was 
defined as the change in absorbance per min. Assays were run in 
triplicate.

All enzymes extracts (H, A, and MG) were incubated with two 
specific protease inhibitors. Trypsin inhibitor from Soybean (SBTI, 
Fluka 93,618) was used as a specific inhibitor of proteases belong-
ing to the serine class, and N-α-tosyl-l-lysyl-chloromethyl-ketone 
(TLCK, Fluka 90,182) was used as a specific inhibitor of trypsin. 
Solutions (10  µl) of 250-μM SBTI in distilled water and 10-mM 
TLCK in 1-mM HCl pH 3 were separately mixed with the enzyme 
extracts (10 μl) and incubated for 60 min at 25°C. Then, the ac-
tivity was evaluated as previously described. Activity in inhibition 
assays was reported as percentages, considering the activity mea-
sured in the absence of inhibitor as 100%. Assays were done in 
triplicate.

Separation of proteins from the enzyme extracts (H, A, and 
MG) was done by sodium dodecyl sulfate 12% polyacrylamide gel 
electrophoresis (SDS-PAGE) according to Laemmli (1970). Aliquots 
of enzyme extracts containing 20 μg of protein diluted in loading 
buffers 1:1 vol/vol and 5 μl of low molecular mass protein standards 
(Sigma SDS7) were all loaded into individual wells of the gel. The 
electrophoresis was run at 30 mA per gel in an electrophoresis unit 
(BIO RAD model Mini PROTEAN Tetra System) refrigerated by a cir-
culating bath at 4°C. Once the front dye reached the bottom of the 
0 gel, electrophoresis was stopped. Gel was stained with an aqueous 
solution containing 0.5% wt/vol Coomassie Blue R-250 in 40% vol/
vol methanol and 7% vol/vol acetic acid. The excess dye in the gel 
was washed with an aqueous solution containing 40% vol/vol meth-
anol and 7% acetic acid.

Protease composition was studied after separation of proteins 
by substrate-SDS-PAGE (García-Carreño & Haard, 1993). Aliquots of 
enzyme extracts containing 10 mU of activity were run as described 
in the previous section. Once electrophoresis was stopped, the gel 
was immersed in 3% casein in 50-mM Tris·HCl pH 8 for 30 min to 
allow the substrate to diffuse into the gel. Next, the gels were allowed 
to hydrolyze the casein in its vicinity for 60 min at 25°C. Then, the 

gels were washed with distilled water and stained as above. Clear 
bands over blue background showed proteolytic activity.

The enzyme preparations containing 10 mU of activity were in-
cubated with protease inhibitors to identify trypsin and serine pro-
tease activities. SBTI and TLCK solutions were separately added to 
the extracts at a ratio of 1:1 (inhibitor/extract) and incubated later at 
25°C for 60 min. Distilled water replaced inhibitors in trials without 
inhibition. Then, the treated enzyme preparations were subjected 
to substrate SDS-PAGE. After electrophoresis separation, the mo-
lecular weight lane was cut apart and immediately stained. For pro-
tein substrate digestion by the active fractions on the SDS-PAGE, 
gels were soaked in casein as described above. Gels were washed in 
water and immediately fixed and stained in Coomassie Blue solution. 
Bands with and without protease inhibitors were then compared. A 
significant reduction of intensity on the band with activity was re-
corded as inhibition, to identify the type of enzyme involved. Since 
TLCK is a specific inhibitor for trypsin and SBTI for serine protease, 
inhibited bands on substrate SDS-PAGE could be attributed to the 
presence of such enzymes.

Several trials were run to assess the effect of pH and tempera-
ture on enzyme activity. Since the maximum values of proteolytic 
activity were registered in midgut gland, the samples utilized were 
protease extracts of this organ. The effect of different pH values 
ranging from 6 to 9 was evaluated using a universal buffer at room 
temperature (25°C), while the temperature effect between 20°C 
and 80°C was assessed using buffer 50-mM TrisHCl pH 8. The pH 
stability of alkaline protease was also checked by pre-incubating the 
extracts in different buffers (pH 7. 8. 9. 10, and 11) for 60 min at 
25 C. To test the thermal stability of enzyme extracts, these were 
kept in a water bath at 20°C, 40°C, 50°C, 60°C, and 80°C for up to 
60 min. In both assays, samples were taken every 20 min, and the 
residual activity was measured as previously described.

2.3 | Collection and characterization of SPH

SPH was produced by autolysis, based on the method described 
by Leal et  al.  (2010). The raw material (1 kg of shrimp heads) was 
washed and ground in distilled water (1:1), and different proportions 
of P. muelleri’s midgut gland enzyme extracts were added: 0% (H0), 
1% (H1), and 2% vol/vol (H2) of total volume. The mixture (shrimp 
heads and enzyme extracts) was vigorously stirred, and the blend 
was submitted in a water bath (45 ± 2°C). The degree of hydrolysis 
(DH) for each hydrolysate was determined according to Baek and 
Cadwallader (1995). For this, three aliquots (500 µl) were taken at 
0, 10, 20, 30, 40, 50, 60, and 90 min, with a subsequent rise in tem-
perature (100ºC, 10 min) for enzyme deactivation. Each aliquot was 
immediately transferred into test tubes containing 1,000 µl of 0.3-M 
TCA solution. These solutions were stored at room temperature for 
20 min and filtered through Whatman filter paper; 25 µl of the result-
ant filtrate was mixed with 225 µl of distilled water, 1,250 µl of 0.5-N 
NaOH solution and 0.25 ml of 1.0-N Folin and Ciocalteu’s phenol re-
agent (Sigma F9252). The resulting solution was immediately mixed, 
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incubated at 30°C for 15  min, and then centrifuged at 2,000 ×g 
for 10 min to remove turbid material. Supernatant absorbance was 
measured at 578 nm. The blank (amount of 0.3-M TCA soluble pep-
tides of un-hydrolyzed shrimp protein substrate expressed as ty-
rosine) was prepared by adding 1,000 µl of 0.3-M TCA solution to 
un-hydrolyzed shrimp protein substrate (zero time). Final hydrolysis 
(maximum amount of 0.3-M TCA soluble peptides as tyrosine) was 
determined after the hydrolysis of 0.1-g shrimp substrate with 4-ml 
6-N HCl at 110°C for 24 hr. The DH was defined as follows:

The proximate composition, moisture, lipid, protein, and ash con-
tents of protein liquid hydrolysates material were determined using 
Standard Methods (AOAC, 1953, 2008, 2013). The amino acid com-
position was determined on samples of hydrolysates H0–90 min. 
The analysis was done by Fares Taie Laboratories, Mar del Plata, 
Argentina. Assays were done in triplicate.

2.4 | Bioactive properties of the SPH

Scavenger capability of hydrolysates on free radical 
2,2-diphenyl-1-picrilidrazil (DPPH Calbiochem® 300267) was per-
formed by the method described by Shimada et  al.  (1992). A vol-
ume of 1.5 ml of each liquid hydrolysate (H0, H1, and H2) was mixed 
with 1.5 ml of 0.1-mM DPPH solution in 95% ethanol. After 30 min, 
the samples were analyzed in a spectrophotometer Epoch BioTek 
Microplate Spectrophotometer (Gen5™ Software) at 517  nm. The 
blank was the absorbance of the control reaction (containing all 
reagents except the sample). The lower absorbance means was the 
greater scavenger capability of the hydrolysate by DPPH radical. 
Results were determined using following equation:

The scavenger capability (%SE) is connected with the absor-
bance of the blank sample (ABS blank) and the absorbance of the 
sample (ABS sample).

Based on the results obtained for the antioxidant capacity of the 
hydrolysates evaluated, SPH0 was selected to develop the analyses 
of antimicrobial activity and durability of the final product since it 
has the least complexity of processing.

The antimicrobial activity of the SPH was evaluated by the micro 
dilution test according to the Clinical and Laboratory Standards 
Institute (CLSI, 2015). SPH0 was treated with activated carbon and 
centrifuged three times at 10,000 rpm during 1 hr. The supernatant 
was collected and filtered with membrane 0.22  µm (Titan syringe 
filters; Sri Scientific Resources Inc., USA). The resulting extract was 
added to the culture medium in order to achieve different final con-
centrations. A bacterial suspension of the strains E. coli ATCC 25,922 

and S. aureus ATCC 25,923 (105−106 CFU/ml) was added to the wells 
with Mueller–Hinton Broth, while a suspension of Paenibacillus lar-
vae (ERIC I genotype) was added to Mueller–Hinton Broth with yeast 
extract, glucose and sodium pyruvate (MYPGP) prepared following 
the composition reported by Dingmann and Stahly (1983). All micro-
titer plates (with positive and negative controls) were incubated at 
35 ± 0.5°C for 24−48 hr according to each strain.

2.5 | Evaluation of the shelf life of the SPH with 
preservants addition

To evaluate the shelf life of the SPH, the SPH0 was prepared with 
0.5% citric acid, 0.4% tartaric acid, and 0.2% potassium sorbate as 
preservative and acidulant (Pardio et al., 2011). SPH samples were 
kept in 50-ml centrifuge tubes with caps. The different tubes were 
stored at room temperature (25°C), fridge (4°C), and freezer (−20°C). 
Microbiological counts and pH determinations of the samples were 
performed at different time intervals (0, 20, and 40 days).

From each sample, 10 g were homogenized in 90 ml of sterile 
physiological saline solution (0.85% sodium chloride). Serial dilu-
tions were prepared by adding 1- to 9-ml sterile physiological saline 
solution. An aliquot of each dilution was plated on Plate Count Agar 
(Britania, Buenos Aires) to determine the growth of aerobic meso-
philic bacteria (35 ±  0.5°C, 48  hr); Violet Red Bile Agar (Britania, 
Buenos Aires) to determine the presence of Enterobacteriacea 
(35  ±  0.5°C, 48  hr); Molds and Yeast Medium (Britania, Buenos 
Aires) to determine the counts of molds and yeasts (25°C, 5−7); Baird 
Parker Agar (Britania, Buenos Aires) to detect S. aureus (35 ± 0.5°C 
for 24−48 hr); Violet Red Bile Lactose Agar (Britania, Buenos Aires) 
(44  ±  1°C for 24  hr) for the presumptive isolation of E.  coli; and 
Clostridium Media (Britania, Buenos Aires) (44 ±  1ºC for 24  hr in 
anaerobiosis) to detect Clostridium perfringens (Fangio & Fritz, 2014). 
For the investigation of Salmonella spp., 25 g of the SPH were taken 
aseptically and homogenized with 225 ml of Peptone Water (Britania, 
Buenos Aires) and incubated at 35°C for 24 hr for pre-enrichment. 
Five ml of pre-enriched sample were transferred to 25 ml of Selenite 
Cystine Broth and Tetrathionate Broth and incubated at 37°C for 
24  hr for selective enrichment. A loopful of enriched sample was 
streaked onto a plate with Hektoen Agar (Britania, Buenos Aires) and 
incubated at 35ºC for 24−48 hr for the examination of Salmonella.

On Days 0, 20, and 40, all samples were subjected to determine 
their pH. Five grams of sample were homogenized with 50 ml of 
boiled distilled water cooled at 25°C. The mixture was stirred for 
30 min and decanted. The pH value was measured in the superna-
tant, using a pHmeter HI 2,211 (HANNA, Buenos Aires) (Fangio & 
Fritz, 2014).

2.6 | Statistical analysis

Enzymatic activity was analyzed with analysis of variance (ANOVA) 
after testing normality and homogeneity of variances, while 

DH =
Hydrolysis at time t − blank

Hydrolysisfinal - blank
× 100

%SE = 1 -
ABSsample

ABSblank
× 100
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MANOVA and then ANOVA were used to examine the scavenger ca-
pability of hydrolysates in the first step. ANOVA with post hoc Tukey 
was used to compare the values of microorganism counts and pH. 
For all analyses, significant differences were considered at p ≤ .05. 
ANOVA was used to test differences among the regression lines be-
tween DH. Arcsin transformation was applied to percentages. The 
analysis was made using NCSS and Past Software.

3  | RESULTS

The protein content and protease activity of different body regions 
of shrimp are shown in Table 1. Protein content in midgut gland and 
abdomen was significantly higher than in the head. Specific enzyme 
activity was found in midgut gland and head extracts, when these 
were evaluated with azocasein at pH 8 (0.4 and 0.3 U/mg protein, 
respectively). However, the alkaline proteolytic activity in the abdo-
men was null.

The results indicate that protease activities, in H and MG ex-
tracts, were inhibited in a magnitude of 73.2% and 69.1% by SBTI, 
whereas the TLCK reduced the enzymatic activity in a 31.6% and 
30.0%, respectively (Table 1).

The protein fractions and their molecular weight detected by 
SDS-PAGE are shown in Figure 1. Several protein fractions have been 
observed with molecular weights of 14, 17.4, 21.2, 29, 36, 39.5, and 
52.6 kDa, for midgut gland and head. Zymograms of midgut gland 
extracts and head showed a similar pattern of proteolytic enzymes 
and are indicated in Figure 1. Active bands inhibited with TLCK were 
14 and 17.4 kDa, while SBTI inhibited 14-, 17.4-, and 21.2-kDa bands.

The proteolytic alkaline activity of P.  muelleri was weakly af-
fected by pH changes. The alkaline proteases were mostly stable in 
the pH range 7–9, with an optimum at pH 8 (Figure 2a). Moreover, 
the optimum temperature was registered between 60°C and 70°C 
(Figure 2b).

When enzyme stability was evaluated over a period of 1 hr, the 
results demonstrated that proteolytic enzymes were stable at all 
pHs analyzed (Figure 2c). Furthermore, the thermal stability of pro-
teases was registered from 20°C to 80°C, while the enzyme activity 
was measured every 20 min under standard conditions. The activity 
remained mostly stable during one hour at temperatures ranging 
from 20°C to 50°C. On the other hand, at 60°C and 80°C, a total 

loss of proteolytic activity was found at 40 and 20 min, respectively 
(Figure 2d).

The proximal content of the liquid protein SPH0 was: 7.3% of 
protein (87.95% on a dry weight basis); 91.7% of moisture, 0.38% of 
ether extract, and 0.99% of ash. The total amino acid content in SPH 
(H0–90 min) was 40.9% essential and 59.1% non-essential, mainly 
glutamic acid, lysine and glycine (Table 2).

Figure 3 shows the hydrolysis curves for shrimp P. muelleri with 
the addition of 1 (H1) and 2 (H2) and without shrimp enzymes added 
(H0). All curves presented a high rate of hydrolysis, but this rate de-
creased throughout the reaction until reaching a steady phase where 
no apparent hydrolysis took place. The DH reached after 30 min was 
statistically higher in H2 (71.5%), while the maximum hydrolysis de-
gree for H0 and H1 was 50% and 43%, respectively.

The free radical scavenger capability of hydrolysates made with 
different doses of P. muelleri’s enzyme related to the different reac-
tion times is shown in Table 3. H0 and H1 hydrolysates showed the 
highest values of DPPH scavenging capability at 10 min, while H2 
present the maximum value of scavenger capability at 20 min. At 
30 min, all hydrolysates did not show statistical differences.

The antimicrobial activity of hydrolysates was evaluated against 
E. coli, S. aureus, and P. larvae. Hydrolysate did not show antimicrobial 
activity against any of the Gram-positive or Gram-negative strains.

To evaluate the shelf life of the SPH, the microbiological quality 
of SPH treated with additives was analyzed at different conditions 
and times of storage. Aerobic mesophilic bacteria showed that the 
initial microbiological quality of hydrolysates was 1.4 × 102 CFU/g, 
and at the end of storage time of 40  days, samples stored at 
room temperature showed acceptable values of 1.5  ×  104  CFU/g 
(Figure 4). In addition, samples stored at 4°C and −20°C showed no 
significant differences (p > .05) throughout storage time. The initial 
counts of molds and yeasts was 0.7 × 101 CFU/g, reaching a level of 
3 × 103 CFU/g at room temperature and 2.4 and 2.5 × 102 CFU/g at 
4ºC and −20°C after 40 days of storage (Figure 4).

In addition, Enterobacteriaceae, E. coli, S. aureus, Salmonella spp., 
and C. perfringens were not detected in any of the samples at any 
time or condition of storage.

The initial pH level of shrimp hydrolysate was 4.95 ± 0.02, and 
after 40 days of storage, pH increased up to 5.02 ± 0.01 at room 
temperature, 5.04 ± 0.01 at 4ºC and 4.97 ± 0.01 at −20°C, showing 
no significant differences (p > .05) between all the conditions.

Soluble protein 
(mg/ml)

Protease activity 
(U/mg protein)

Percentage inhibition

SBTI TLCK

Head 3.0 + 0.15a 0.3 ± 0.02a 73.2 ± 12.97a 31.6 ± 11.39a

Midgut gland 3.8 ± 0.61b 0.4 ± 0.04b 69.1 ± 11.99a 30.0 ± 3.36a

Abdomen 4.1 ± 0.55c N/R N/R N/R

Note: Values are means of triplicate assays ± standard error. Different letters in the same column 
show statistical differences (p ≤ .05).
Abbreviations: N/R, not registered; SBTI, trypsin inhibitor from soybean; TLCK, 
N-α-tosyl-l-lysyl-chloromethyl-ketone.

TA B L E  1  Protein content, specific 
protease activity and the effect of specific 
inhibitors on crude extracts of different 
body regions of Pleoticus muelleri
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4  | DISCUSSION

Shrimp P. muelleri represents one of the most important fisheries in 
the Argentine Sea (Bertuche et al., 2000), and the commercial pro-
cessing of this crustacean produces a large amount of wastes (Pereira 
et al., 2020). Several authors have investigated the evaluation and 
biotechnological uses of fishing industry wastes (Caruso,  2015; 
D’Ambrosio et al., 2003; Djellouli et  al.,  2020; Gunasekaran 
et al., 2015; Heu et al., 2003; Ketnawa et al., 2016; Mao et al., 2017; 
Rossano et al., 2011). Their research focuses on employing marine 
raw material taken from those wastes, evaluating the enzymes and 
proteins present in it, and providing an alternative management of 
wastes generated by commercial fishing.

In the present study, the head and midgut gland of shrimps ex-
hibited alkaline protease activity, while the abdomen did not show 
such activity. This result was predictable because the midgut gland 

is located in cephalothorax, and it synthesizes digestive enzymes, 
whereas in the abdomen, part of midgut and hindgut are present, but 
they do not produce any enzyme. Proteolytic enzymes of P. muelleri 
displayed a maximum activity at pH 8, evidencing high activity in 
neutral and alkaline conditions according to Garbari (2018). Previous 
research has documented that Pleuroncodes planipes and Pacifastacus 
astacus reached the highest protease activity between pH 6 and 8 
(García-Carreño & Haard,  1993), and Munida exhibited the opti-
mum enzyme activity at pH 7 (D’Ambrosio et al., 2003; Rossano 
et  al.,  2011). However, the Panulirus interruptus enzymes showed 
two activity peaks at pH 8 and 9 (Celis-Guerrero et al., 2004).

The enzyme extract of P. muelleri was highly stable over a wide 
pH range, maintaining about 100% of their activities between pH 7 
and 11 after one h of incubation at 25°C. Similar results were found 
in P. interruptus, which was highly active in the alkaline pH range and 
was also stable over a wide pH range (Celis-Guerrero et al., 2004).

In the present study, the optimum temperature for alkaline pro-
tease activity was determined to assess its suitability for biotechno-
logical applications. Thus, the results obtained show that proteases 
were active at temperatures of 20–80°C, and the optimum tempera-
ture for P. muelleri proteases was 60–70°C. This value is similar to 
that of P.  planipes, P.  astacus (García-Carreño & Haard, 1993), and 
P.  interruptus (Celis-Guerrero et  al.,  2004). However, the alkaline 
proteases extracted either from the whole body or midgut gland 
of Munida displayed their maximum activity at 55–60°C and 40°C, 
respectively (D’Ambrosio et al., 2003; Rossano et al., 2011).

Also, the results showed that proteases from P.  muelleri were 
thermostable between 20°C and 50°C. However, at higher tempera-
tures (60–80°C), these enzymes were inactivated after 40–20 min of 
incubation respectively. Similar results were observed in enzymes of 
P. interruptus which were stable and remained fully active between 
10°C and 50°C, even after 60  min of incubation (Celis-Guerrero 
et  al.,  2004). Therefore, these results suggest that P.  muelleri en-
zymes would be a potential source of alkaline proteases for certain 
industrial applications that require high alkaline conditions at tem-
peratures below 50°C.

On the other hand, the effect of specific inhibitors on total pro-
teolytic activity (SBTI and TLCK) was tested, and the results showed 
that the serine proteases were inhibited in around 70% at head and 
midgut gland, where 30% correspond to trypsin activity. These 
results coincided with Lemos et  al.  (2000), Fernández Gimenez 
et al.  (2001), and Muhlia-Almazán and García-Carreño (2003), who 
observed that trypsin and chymotrypsin are the most abundant pro-
teolytic enzymes in the midgut gland of penaeid shrimps.

Electrophoresis is a sensitive and rapid assay method that de-
tects low quantities of protein. In order to estimate the number of 
proteases and their molecular mass of enzyme extracts of P. muel-
leri, samples were separated by SDS-PAGE and their proteolytic 
activities were revealed by casein zymography activity staining. 
It has been found that enzyme extracts of head and midgut gland 
showed several clear bands of protease activity with different mo-
lecular weights, while in the abdomen, this kind of enzyme activity 
was not registered. Some of these bands were hindered by specific 

F I G U R E  1  Composition of proteins in head, midgut gland, and 
abdomen of Pleoticus muelleri after separation by electrophoresis. 
Lane 1, protein molecular weight standard; Lanes 2, 3, and 4 refer 
to proteins from head, midgut gland, and abdomen, respectively. Sb, 
serine proteinase; T, trypsin; *proteinases with proteolytic activity
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inhibitors, suggesting the presence of trypsin and serine proteases 
in H and MG. These results are consistent with Fernández Gimenez 
et  al.  (2001), and similar to other results observed in crustaceans 
such as Litopenaeus setiferus (Lovett & Felder, 1990), P. planipes and 
P. astacus (García-Carreño & Haard, 1993), Farfantepenaeus paulen-
sis (Lemos et al., 2000), Pandalus borealis, and Trachypena curvirostris 
(Heu et al., 2003).

The wastage remaining tissues from the shrimp industry can be 
recovered by hydrolysis and serve as a useful source of protein and 
flavoring in food formulations, mainly due to their high level of free 
and essential amino acids (Heu et al., 2003). Previous studies indicate 
that Litopenaeus vannamei head hydrolysates are composed of 44% 
protein, with a high content of essential amino acids (Leal et al., 2010). 
Additionally, Karuppasamy et al. (2014) have reported high levels 
of arginine, lysine, and leucine for Peneaus monodon. In this work, 
P. muelleri hydrolysate presented a high content of essential amino 
acids such as lysine, valine, and methionine and non-essential amino 
acids, such as glutamic acid, glycine, ornithine, taurine, and hydroxy-
proline. Our results demonstrate that the hydrolysis by endogenous 
shrimp proteases represents a feasible method due to the presence 
of proteases with strong autolytic capacity, which can hydrolyze the 

high protein content in shrimp heads, releasing peptides and amino 
acids. Additionally, extract shrimp enzyme appears to be able to 
reach a high DH at low concentration levels, which produces a hy-
drolysate with low concentration of tryptophan (bitter-tasting amino 
acid), in contrast with the tryptophan values registered in hydroly-
sates of L. vannamei and P. monodon (Table 2).

A previous study has differentiated protein hydrolysates in two 
groups: hydrolysates with a low DH (1%–10%), and extensive hydro-
lysates with a DH exceeding 10% (Benítez et al., 2008). Following 
this criterion, the SPH obtained in this work corresponds to an ex-
tensive hydrolysate.

Generally, protein hydrolysates of marine species are made 
with commercial enzymes such as Alcalase® 2.4 L, Protamex®, and 
Flavourzyme® 1,000 L, obtaining extensive hydrolysates with 60% 
DH reached after 60 min of reaction (Guerard et al., 2002; Liceaga-
Gesualdo, & Li-Chan, 1999; Ovissipour et al., 2012; Piotrowicz & 
Mellado, 2015; Thiansilakul et al., 2007). However, in this work, these 
values were exceeded (DH 71.5%) by adding 2% (H2) of P. muelleri en-
zymes after 30 min of reaction. Garbari (2018) performed Engraulis 
anchoita protein hydrolysates by utilizing Alcalase 2.4 L-FG® and 
Neutrase 0.8L® enzymes as well as enzymes drawn from P. muelleri 

F I G U R E  2  The effect of pH and temperature on the enzyme activity of Pleoticus muelleri. (a) Optimal pH at 25°C. (b) Optimum 
temperature at pH 8. (c) Stability at different pH during one hour. (d) Stability at different temperatures during one hour. Values are means of 
three replicates. Different letters indicate significant differences between treatments (p < .05)
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shrimp, Merluccius hubbsi hake and anchovy wastes, and she obtained 
a higher DH on hydrolystates drawn from M. hubbsi (DH 60.2%) and 
P. muelleri enzymes (DH 56.8%). This could be due to the fact that 
enzymes drawn from these species are mixtures of endopeptidases 
and exopeptidases in contrast with Alcalase 2.4L-FG ®, which only 
cleavage internal peptide bonds (Dos Santos et al., 2011). However, 
Liébana (2018), who developed P.  muelleri shrimp hydrolystate via 
autolysis, reached a 10% DH at 45°C after 10 min (intensive hydro-
lysate), which remained constant for 90 min. These differences in 
DH could be attributed to the disparity in the initial activity of the 
enzymes drawn from raw materials (2.96 ± 0.145 U/ml present study 
3.59 ± 0.61 U/ml in Garbari (2018) and 0.14 ± 0.01 U/ml in Liébana 
(2018). Thus, the variability in the DH values obtained at different 
times for each species may be related to the action of the enzyme 
on protein chains as well as the substrate upon which the enzyme 
will act in relation with the final DH value (Bellido et al., 2011). The 
rate of DH is greater during the first 10 min of reaction, and after 

this time, it slows down until it reaches a plateau at 30 min. Guerard 
et al. (2002) suggest that this reduction of the hydrolysis rate is due 
to the limitation of the activity of the enzyme and the decrease in 
concentration of available substrate. In this research, the types of 
specific bonds that could be hydrolyzed by the P. muelleri enzymes 
at 30 min for H0 and H1 and while for H2 could be already wholly 
hydrolyzed.

Free radical-scavenging is a primary mechanism by which anti-
oxidants inhibit oxidative processes. The DPPH radical-scavenging 
assay is a widely used method for evaluating the ability of hydroly-
sates to scavenge free radicals generated from DPPH reagent. When 
DPPH radical encounters a proton-donating substrate such as an an-
tioxidant, the radical is scavenged, and the absorbance is reduced 
(Rajapakse et  al.,  2005). The decrease in absorbance is taken as a 
measure for radical scavenging activity. The presence of antioxidant 
activity in SPH may be attributed to different factors: the type of en-
zyme and substrate, their concentrations and the reaction medium 
during the process of hydrolysis, as well as composition, structure, 
hydrophobicity, or the presence of the amino acid in position within 
the sequence forming the peptide (Chen et  al.,  1996; Rajapakse 
et al., 2005). Previous studies have registered that the P. muelleri’s 
extracts have strong DPPH radical scavenging activity, suggesting 
the presence of natural antioxidants barriers (Díaz et al., 2004; Díaz 
et al., 2014). Therefore, these qualities are expected to be reflected 
in the ability of the protein hydrolysates to scavenge DPPH radical, 
since they are made from enzymes and shrimp tissues.

Several authors registered significant differences in DPPH radi-
cal scavenging capability between fish or crustaceans hydrolysates, 
elaborated with different enzymes and reaction times. This may be 
due to several factors, like the type (hydrophobicity or hydrophilic-
ity), amount and sequence of amino acids, or the DH and molecular 
weights of peptides produced (Ambigaipalan & Shahidi, 2017). Also, 
aromatic amino acid residues (Tyr, His, Trp, Phe) can donate protons 
to electron deficient radicals via resonance stabilization, which im-
proves the radical-scavenging properties of the amino acid residues 
(Rajapakse et  al.,  2005). The hydrolysate of carp Ctenopharyngo 
donidellus presented a value of 49.5% of scavenger ability, using the 
enzyme Alcalase® 2.4 L with 2 hr of reaction (Li et al., 2012), while 
the hydrolysate of Yellow stripe Selaroides leptolesis made with 
Flavourzyme® 1,000 L in 20 min obtained scavenger capability val-
ues close to 80%. Jun et al. (2004) reported that yellowfin sole hy-
drolysate using pepsin at lowest DH (22%) had a higher antioxidant 
activity than those produced using other enzymes, such as Alcalase® 
0.6  L. Ambigaipalan and Shahidi (2017) observed a significant in-
crement of hydroxyl radical scavenging activity in protein hydroly-
sates from shrimp shell discards in comparison to raw shrimp shells. 
Similar results were reported in others studies for Alcalase-assisted 
hydrolysed products of shrimp shell processing discards (Guerard 
et al., 2007; Sila et al., 2014). In this work, we observed a DPPH scav-
enging activity at the initial time in all treatments. This could be ex-
plained because the shrimp tissue presents a high antioxidant activity 
as previously demonstrated by Díaz et al. (2004), Díaz et al. (2014). 
However, H1 and H2 had an initial activity significantly higher than 

TA B L E  2  Amino acids profile (%) of protein hydrolysate of 
Pleoticus muelleri, Litopenaus vannamei, and Penaeus monodon

Pleoticus 
muelleri

Litopenaeus 
vannamei1 

Penaeus 
monodon2 

Essential amino acids

Arginine 1.0 7.3 7.9

Histidine 1.8 2.3 2.3

Isoleucine 3.7 4.3 3.4

Leucine 7.6 7.4 7.9

Lysine 12.9 7.2 8.3

Methionine 3.0 2.7 2.8

Phenylalanine 3.8 5.1 4.0

Threonine 2.1 4.5 4.8

Thryptophan 0.1 1.4 1.3

Valine 4.9 4.8 4.9

Total 40.9 47.0 47.5

Non-essential amino acids

Alanine 6.2 6.6 8.2

Aspartic acid 7.4 9.1 9.5

Cystine/cysteine 0.9 0.9 1.3

Glutamic acid 16.8 12.4 7.7

Glycine 11.0 6.2 3.9

Hydroxiproline 0.3 ND ND

Ornithine 6.6 ND ND

Proline 3.3 6.3 4.1

Serine 1.6 4.3 10.5

Taurine 4.1 ND 7.3

Tyrosine 0.9 7.2 ND

Total 59.1 53.0 52.5

Abbreviation: ND, data not determined.
1Santos et al. (2013).
2Karuppasamy et al. (2014).
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H0. Such antioxidant activity was possibly complemented by the en-
zymatic extract of the midgut gland, which might contribute by add-
ing its hepatopancreatic antioxidative enzymes (Chirawithayaboon 
et al., 2020). After 10 min of hydrolysis, H0 and H1 maintained their 
antioxidant activity constant, while H2 continued increasing.

Additionally, protein hydrolysates can be used as a functional 
food ingredient or a flavor enhancer. In this study, a high content 
of flavor enhancers were observed in shrimp hydrolysate, such as 
glutamic acid, aspartic acid, glycine, and alanine, which may improve 
food palatability and low tryptophan levels which guarantee a no 
production of bitter taste. Furthermore, it was found that SPH con-
tains high levels of lysine, a precursor in the production of carnitine, 
which plays a role in converting fatty acids into energy and in regu-
lating cholesterol levels (Cao et al., 2008). Thus, it could be used as 
dietary supplement for animal nutrition. Another important implica-
tion of this study’s findings is that shrimp hydrolysate could be uti-
lized in specialized nutrition for humans, as a result of its high-quality 
protein. As regards clinical applications, hydrolysates with high DH 
and antioxidant capability are also useful for patients with gastroin-
testinal activity deficiency (Crohn’s disease) due to their excellent 
solubility, digestibility, and intestinal absorption (Kushner, 1992), or 

in cases where the digestive capacity is reduced as in cystic fibrosis 
or pancreatitis (Farrell et al., 1987).

No inhibitory activity was observed for shrimp hydrolysate 
against E.  coli, S.  aureus, or P.  larvae. Djellouli et  al.  (2020) did not 
report antimicrobial activity from shrimp hydrolysate, although the 
glycation of some of this hydrolysate gave place to the formation of 
different molecules possessing different antibacterial compounds.

To assess the consequences of the different conditions of stor-
age on SPH, the aerobic mesophilic bacteria counts were measured 
in samples at room temperature, 4°C and −20°C. The microbi-
ological analyses of the SPH showed aerobic mesophilic bacte-
ria counts within the limits set by Food Standards Australia New 
Zealand (FSANZ,  2018) for ready-to-eat products that imposes a 
maximum of satisfactory counts not higher of 104 CFU/g and mar-
ginal of 106 CFU/g, for all storage conditions after 40 days. Aerobic 
mesophilic bacteria counts were also below values reported by He 
et al. (2015) 6.2 × 102 CFU/g) in fish protein hydrolysates (FPH) and 
Kpoclou et  al.  (2013), who reported aerobic mesophilic bacteria 
counts of 1.4 × 104 and 3.2 × 104 CFU/g for entire smoked shrimp 
and smoke shrimp powder, respectively, collected in some local mar-
kets in Ghana.

F I G U R E  3   Degree of hydrolysis of 
Pleoticus muelleri with supplement of 0 
(H0), 1 (H1), and 2 vol/vol (H2) of extract 
enzymes of same species

Treatment Initial

Time

10 min 20 min 30 min

H0 10.25 ± 2.16aA 58.06 ± 2.32aB 58.68 ± 1.20aB 63.06 ± 4.80aB

H1 24.02 ± 2.89bA 54.93 ± 1.72aB 57.28 ± 1.84aB 69.44 ± 7.59aB

H2 28.23 ± 4.25bA 54.01 ± 2.33aB 57.17 ± 2.99aB,C 68.87 ± 7.30aC

Note: Values are means and standard error of three replicates. Different lower case letters in the 
same column indicate significant difference between the hydrolysates obtained with different 
doses of Pleoticus muelleri’s enzyme. Different capital letters in the same row indicate a significant 
difference between the hydrolysates obtained at different times (p < .05).
-Scheme of the tests carried out:

TA B L E  3   Scavenger capability of 
Pleoticus muelleri’s hydrolysates (H0, H1 
and H2), at different hydrolysis times
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In addition, samples stored at 4°C and −20°C showed no dif-
ferences throughout the storage time. Other researchers have 
also observed a similar maintenance in the total populations of 
aerobic mesophilic bacteria when shrimp samples are treated with 

materials containing benzoic and sorbic acid preservatives (Einarsson 
& Lauzon, 1995) after 60 days of storage.

The initial counts of molds and yeasts was down below the val-
ues reported by He et al. (2015) who indicated counts of mold and 
yeast of 6.2 × 102 CFU/g for FPH or (Akuamoah et al., 2018) with 
105 CFU/g for smoke dry shrimp. There was a significant increase 
(p > .05) in growth of molds and yeasts in shrimp hydrolysates sam-
ples stored 20 and 40 days at room temperature and 40 days at 4°C, 
with maximum values of 1 × 103 CFU/g. However, there is not a set 
limit for molds and yeast in ready-to-eat food. Therefore, this in-
crease does not affect the acceptability of the sample.

E.  coli was not present in any condition or time of storage. 
Enterobacteriacea (including coliforms) in ready-to-eat foods has max-
imum limits of less than 104 CFU/g, with satisfactory values of 102/g 
CFU/g, while E.  coli values must be lower than 102  CFU/g. While 
total coliforms have been detected in fresh shrimp in a range of 102–
105 CFU/g, total fecal coliform in a range of 102–104 CFU/g and E. coli 
between 102–103 CFU/g (Nilla et al., 2012), FPH from Yellowtail king-
fish have showed less than 10 CFU/g (He et al., 2015). The absence of 
these microorganisms in the hydrolysate would be due to their treat-
ment to/under 100°C during 10 min to inactivate the enzyme.

In addition, S. aureus, Salmonella spp., and C. perfringens were not 
detected in any of the samples at any time or condition of storage. 
According to international standards, samples containing less than 
102 CFU/g of S. aureus and C. perfringens are satisfactory while the ab-
sence of Salmonella spp. in 25 g of sample is mandatory. According to 
this quality requirement, the SPH is acceptable in all storage conditions.

F I G U R E  4  Aerobic mesophilic bacteria (open) and yeast 
and mould (fills) counts (Log CFU/g) of samples stored at room 
temperature (squares), 4°C (circles) and −20°C (triangle). An 
asterisk indicates statistically significant difference (p < .05) 
between counts of control and treated samples at the same time 
of storage
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Evaluation of pH during storage showed a slight increase of pH, 
although this increment was not significant. The increase in pH 
might be due to the production of ammonia and volatile bases as a 
result of proteolysis and the increase of microbial counts (Fangio & 
Fritz, 2014).

5  | CONCLUSION

The results of the present study show that endogenous proteases 
of P. muelleri shrimp can be used for the production of hydrolysates 
with variable degrees of hydrolysis, antioxidant capability, and rich-
ness in certain amino acids. Additionally, the wastes of the Argentine 
shrimp industry are an excellent source of protein and enzymes with 
high biotechnological potential. This SPH could be used for feed 
formulation enhancement, as a functional food ingredient and fla-
vor enhancer. Furthermore, the SPH prepared with food additives 
is suitable for food application with respect to its microbiological 
safety profile. It is for all these reasons that the present work pro-
motes the use of the whole marine resource, which reduces adverse 
environmental impact effects produced by the fishery industry and 
supports environmental sustainability.
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