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1. Introduction

Fish are foods that need some processing, not only 
because they are very perishable, but also because it is 
required by modern consumers. The by-products of this 
process (scales, viscera, bones, skin, fins, etc.) are important 

environmental contaminants that most of the time are 
discarded in natura in the environment (Freitas-Júnior and 
Bezerra, 2015). The large national production of fish, when 
processed, generates thousands of tons of by-products. 
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Resumo
As vísceras e outros resíduos do processamento de peixes são geralmente descartados pela indústria pesqueira. 
Esses resíduos podem ser uma fonte de enzimas digestivas com potencial industrial e biotecnológico. Neste estudo, 
objetivamos a extração, caracterização e aplicação de proteases aspárticas do estômago de Carangoides bartholomaei 
(Cuvier, 1833). Um extrato bruto do estômago foi obtido e submetido a um processo de purificação parcial, que obteve 
um Extrato Purificado (EP) com uma atividade proteolítica específica de 54,0 U·mg-1. Foi obtida uma purificação 
de 1,9 vezes e um rendimento de 41%. O EP apresenta duas isoformas de proteases ácidas e atividade proteolítica 
máxima a 45 °C e pH 2,0. A atividade proteolítica do EP foi estável na faixa de pH de 1,5 a 7,0 e temperatura de 
25 °C a 50 °C. O EP manteve 35% de sua atividade proteolítica na presença de NaCl a 15% (m/v), mas foi totalmente 
inibida pela pepstatina A. As proteases ácidas do EP apresentaram alta atividade na presença de metais pesados 
como o Cd2+, Hg2+, Pb2+, Al3+ e Cu2+. A utilização de EP como aditivo enzimático na extração de colágeno a partir de 
escamas de tilápia do Nilo dobrou o rendimento do processo. Os resultados indicam um potencial dessas proteases 
para aplicações industriais e biotecnológicas
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2. Materials and Methods

2.1. Samples and extraction of proteases

The viscera of C. bartholomaei and the skins with 
scales of O. niloticus were donated by fishmongers in the 
metropolitan region of the João Pessoa city, Paraíba, and 
taken to Laboratório de Biomoléculas de Organismos 
Aquáticos (BiOAQUA) from the Universidade Federal da 
Paraíba, where the stomachs and scales were separated, 
weighed and stored at -20 °C. The stomachs were 
homogenized with 0.15 M NaCl solution, in a proportion 
of 1:10 (g/mL) and centrifuged for 20 minutes, at 4 °C, at 
10,000 g. The collected supernatant, crude extract (CE), 
was stored at -20 °C until its later use.

2.2. Enzyme activity assays

The acid proteolytic activity of CE was determined 
according to Pavlisko et al. (1997), using as a substrate a 
2% (w/v) hemoglobin solution in 0.03 M HCl. The assay 
was performed in triplicate and the result was determined 
in a microplate reader Multiskan GO (Thermo®). One unit 
of enzymatic activity was determined to be the amount of 
enzyme capable of promoting a change in absorbance at 
280 nm of 0.1 per minute of reaction. The quantification of 
total soluble proteins was determined using the method of 
Bradford (1976), using bovine serum albumin as a standard.

2.3. Activation of zymogens

The activation of zymogens, such as pepsinogen, present 
in the CE, was performed by adding 6 M HCl until the 
CE reached pH 2.0. After reaching pH 2.0, aliquots were 
incubated under different conditions of temperature (25 
and 4 °C) and time (30, 60 and 90 min). After incubation, 
the aliquots were centrifuged and the supernatants used 
in enzyme activity assays, in which it was determined 
that the best activation and preservation condition would 
be at room temperature for 60 minutes. Therefore, this 
parameter was used to activate the acid proteases zymogens 
present in CE.

2.4. Crude extract partial purification

The CE was submitted to a salting-out process by adding 
ammonium sulfate to the extract until saturation of 60%. The 
mixture was incubated at 4 °C for 120 min and centrifuged 
at 8,000 g at 4 °C for 20 min. After centrifugation, the 
precipitate was collected, solubilized in 0.15 M NaCl 
solution (pH 2.0) and dialyzed with the same solution for 
24 h at 4 °C. The 0-60% dialyzed fraction was stored and 
called the Purified Extract (PE).

2.5. Zymogram

The number of acidic proteases present in PE was 
determined by zymogram using the methodology described 
by García-Carreño et al. (1993), with modifications, in which 
after the Polyacrylamide Gel Electrophoresis (PAGE) run, 
the gel was washed in distilled H2O and incubated in 0.03 
M HCl for 5 min at 4 °C. Then the gel was incubated with a 
2% hemoglobin solution in 0.03 M HCl for 90 min at 37 °C. 

Among the fish that are produced, processed and marketed 
in the Northeast of Brazil, are the Carangoides bartholomaei 
(Cuvier, 1833) and Oreochromis niloticus (Linnaeus, 1758).

The C. bartholomaei, popularly known as yellow jack 
or guarajuba, lives in small groups, in subtropical and 
temperate marine waters. This species belongs to the 
family Carangidae and plays important ecological and 
economic roles (Duarte et al., 2017). The yellow jack is 
captured throughout the northeast coast of Brazil through 
artisanal fishing, presenting itself as a fishing resource 
for the region’s economy (Santos, 2012). According to the 
latest data published by the Brazilian government, the 
C. bartholomaei national production was approximately 
1,649 t in the year 2011 (Brasil, 2011).

Nile tilapia (O. niloticus) is the second most important 
group of farmed fish (Wang et al., 2018a). According to 
the United Nations Food and Agriculture Organization 
(FAO, 2018) report, more than 135 countries grow 
Nile tilapia, the second best-selling species. Intensive 
cultivation of Nile tilapia has steadily increased, especially 
in Asia, making it one of the most popular fish in terms 
of consumption (Roslan et al., 2014). China has an 
approximate production of Nile tilapia of 158 million 
tons per year, being the main producer country of Nile 
tilapia (Wang et al., 2018b). In 2016, Brazil was the largest 
producer of Nile tilapia in Latin America, with a production 
of approximately 240 thousand tons (El-Sayed, 2019).

In fish viscera, a wide variety of biomolecules of 
industrial interest can be found, such as proteins, enzymes, 
polysaccharides, amino acids, and lipids (Guo et al., 2018). 
Among these biomolecules, proteases stand out because 
they are the enzymes most used by industry. However, 
most of these commercial enzymes are bacteria and fungi 
proteases (Bougatef, 2013). Other proteases, such as pepsin 
are obtained commercially from mammalian tissues such 
as cattle and pigs (Acevedo Gomez et al., 2018).

Several authors have extracted and characterized 
pepsin-like aspartic proteases from the stomach of 
fish (Nalinanon et al., 2008; Vannabun et al., 2014; 
Mazumder et al., 2018; Acevedo Gomez et al., 2018). 
These fish pepsins have been obtained and tested 
with excellent results in the preparation of protein 
hydrolysates, fish collagen extraction and gelatin production 
(Bougatef et al., 2008; Nalinanon et al., 2010).

Collagen and gelatin obtained from fish waste are 
considered a possible alternative to mammalian collagen 
in pharmaceutical and food applications, due to the low 
risk of zoonosis transmission and not having religious 
restrictions (Villamil et al., 2017; Liu et al., 2019). Collagen 
extracted from fish scales has been valued for not having 
skin characteristics, such as strong odor and high fat content 
(El-Rashidy et al., 2015). Skin and scale collagen obtained 
from the fish Nile tilapia has been widely reported, for it is 
one of the most popular freshwater fish, easily accessible 
and with a wide consumer market, being responsible for 
a large amount of all fish grown through aquaculture 
worldwide (El-Rashidy et al., 2015).

Therefore, the aim of this work was to evaluate the use 
of C. bartholomaei stomach as a source of acid proteases 
for application in extraction of O. niloticus scales collagen.
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to a concentration of 2.6 M, for 12 h, at 4 °C. The mixture 
was centrifuged at 10,000 g for 60 min. The precipitate was 
collected and solubilized in 0.5 M acetic acid. The solution 
obtained was lyophilized and the dry mass of collagen 
was weighed.

For Pepsin Soluble Collagen (PSC) obtaining, the pre-
treated scale was added in 0.5 M acetic acid in the proportion 
of 1:10 (m/v) and the enzyme was added in the proportion 
of 20 U/g of scale. The mixture was subjected to continuous 
stirring for 72 h at 4 °C. The mixture was centrifuged at 
10,000 g, at 4 °C, for 60 minutes. The same steps described 
for the extraction of ASC were performed.

The extraction process yield was calculated according 
to the Formula 1:

( ) ( )% /Yield mC 100 mE= ×  (1)

mC = mass (g) of lyophilized extracted collagen; mE = mass 
(g) of lyophilized scale used in the extraction.

2.10. Statistical analysis

All analyzes were performed in triplicate (n = 3), 
and analyzed statistically by ANOVA and Tukey’s test, 
when recommended. The program used was OriginPro® 
8 and all tests were performed with a significance level 
of p<0.05.

3. Results and Discussion

3.1. Crude extract partial purification

Crude extract obtained from C. bartholomaei stomach 
showed specific activity of 54.0 U·mg-1. By means of 
salting-out, a 1.9-fold purification rate was obtained with 
a 40.7% yield (as shown in Table 1). The use of a simple 
step to refine the stomach crude extract can contribute 
to the economic viability of these proteases application 
in industrial and biotechnological processes that do not 
require enzymes with a high purity degree, such as in 
collagen extraction process. Similarly, Acevedo Gomez et al. 
(2018) through the same process report a yield of 45.1% 
and a purification 1.8-fold purification rate for aspartic 
proteases from stomach crude extract of fish Prochilodus 
lineatus (Valenciennes, 1837).

3.2. Zymogram

In the PE zymogram (Figure 1) it is possible to observe 
the presence of two acidic proteases. Due to the fact that 
pepsin-like enzymes are the main acidic proteases in the 
stomach of fishes, and the results observed with the specific 
inhibitor, it can be suggested that PE presents two acidic 
proteases, possibly pepsin-like enzymes. Bkhairia et al. 
(2016) report for the stomach crude extract of Liza aurata 
(Risso, 1810) the presence of one acidic protease in the 
zymogram. However, other authors when purifying 
pepsins from fish observed more than two pepsins in 
different fish species (Zhou et al., 2007; Wu et al., 2009; 
Cao et al., 2011).

After incubation, the gel was washed in distilled H2O and 
stained with Comassie blue R-250 solution.

2.6. Physicochemical characterization of PE acidic proteases.

The effects of pH and temperature on the acidic proteases 
present in PE were evaluated using the methodology 
described by Acevedo Gomez et al. (2018). The optimal 
temperature, enzyme activity tests were carried out 
at different temperatures, in the temperature range of 
25 °C to 70 °C. The assessment of thermal stability was 
performed by incubating PE aliquots for 30 minutes in the 
temperature range aforementioned, and enzyme activity 
tests were performed. The determination of the optimum 
pH and pH stability (30 min of incubation) was carried out 
in the pH range of 1.5 to 7.0, by use of 0.2 M glycine-HCl 
(pH 1.5 to 2.5) and citrate phosphate (pH 3.0 to 7.0) buffers.

2.7. Effect of NaCl

The effect of NaCl on the activity of PE acidic proteases 
was evaluated by incubating for 30 min, at 25 °C, aliquots 
of PE, in the proportion of 1:1 (v/v), with NaCl solution 
in different concentrations (5, 10 and 15%; m/v) (w/v). 
Then the residual proteolytic activity was determined 
at 37 °C and for 10 minutes, using 2% hemoglobin 
as a substrate, following the method described by 
Klomklao et al. (2007) with minor modifications.

2.8. Chemical agents effect

The effect of presence of some chemicals on PE 
acidic proteases was determined using the methodology 
described by Acevedo Gomez et al. (2018). The effect of 
metal ions presence on the enzyme activity was evaluated 
by incubating an aliquot of PE in a 20 mM ion solution, 
in the proportion of 1:1, for 30 minutes, at 25 °C. Then, 
enzyme activity tests were performed using the mixture 
with the ions (Al3+), (Cu2+), (Mg2+), (Pb2+), (Mn2+), (Ca2+), 
(Na+), (Hg2+) and (Cd2+). The effect of the aspartic protease 
inhibitor pepstatin A on the proteolytic activity of PE was 
evaluated by incubating the enzyme, in the proportion 
of 1:1 (v/v) with a solution of pepstatin A (2 µg/mL) 
in methanol for 30 min, at 25 °C. After incubation, an 
enzyme activity assay was performed using the mixture. 
The effect of the reducing agent DTT (dithiothreitol) 
(1 mM) on the enzymatic activity of PE was evaluated as 
in the previous assay.

2.9. Collagen extraction from Nile tilapia scales

The collagen extraction process was carried out using 
the methodology described by Liu et al. (2015) with 
modifications. The scales of O. niloticus were treated with 
0.2 M NaOH solution, using a ratio of 1:5 (m/v) for 24 h at 
4 °C, under continuous stirring. After the previous step, 
the scales were demineralized using 0.5 M EDTA solution 
pH 7.5 for 48 h, at 4 °C under continuous stirring.

For the Acid Soluble Collagen (ASC) obtaining, the pre-
treated scale was added in 0.5 M acetic acid, 1:10 (w/v) and 
stirred continuously for 72 hours at 4 °C. The mixture was 
then centrifuged for 60 min at 10,000 g. The supernatant 
was collected and subjected to precipitation by adding NaCl 
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3.3. Effect of pH and temperature over the PE acidic proteases

The PE showed maximum proteolytic activity at pH 2.0 
(see Figure 2A). However, it was observed that in the 
range of 1.5 to 4.5 the fraction showed more than 60% of 
its maximum proteolytic activity. PE presented maximum 
activity at a temperature of 45 °C. Nevertheless, a high 
activity could be observed in the temperature range of 
25 to 50 °C (see Figure 2B).

Fish pepsins present maximum activity in the pH 
range of 1.5 to 3.5, becoming completely inactive after 
pH 7.0 (Klomklao et al., 2010; Acevedo Gomez et al., 2018). 
The maximum PE proteolytic activity was observed at 
pH 2.0. Such data is interesting, as it can result in a more 
versatile industrial application, especially in processes that 
use weak acids, such as collagen extraction. Similar results 
were observed by Acevedo Gomez et al. (2018) and 
Candiotto et al. (2017), who also observed maximum 
proteolytic activity at pH 2.0 when characterizing acidic 
proteases present in the stomach of the fishes P. lineatus 
and Paralichthys orbignyanus (Valenciennes, 1839), 
respectively. The same result were reported in the studies 
of Bougatef et al. (2008) and Nalinanon et al. (2010), for 
pepsins of the fish Mustelus mustelus (Linnaeus, 1758) 
and Thunnus alalunga (Bonnaterre, 1788), respectively.

The optimum temperature for the acidic proteases 
present in PE was 45 °C, similarly to the observed for 
pepsins in the stomach of the fish Coryphaenoides 
pectoralis (Gilbert, 1852) (Klomklao et al., 2007) and 
P. lineatus aspartic proteases (Acevedo Gomez et al., 2018). 
Approximated results were found by Khaled et al. (2011), 
who reported characterizing a pepsin from the fish 
Sardinella aurita (Valenciennes, 1837) with optimum 
temperature of 40 °C. Candiotto et al. (2017) report a 
50 °C optimum temperature for the acidic proteases of 
P. orbignyanus stomach. Zhou et al. (2007) characterized 
four pepsins from the stomach of the fish Sparus latus 
(Houttuyn, 1782) and found the optimum temperature 
to be 50 °C for pepsins II, III and IV and 45 °C for pepsin I. 
Miura et al. (2015) reported the optimum temperatures of 
50 and 40 °C, for two pepsins from Micropterus salmoides 
(Lacepede, 1802).

3.4. pH and temperature stability

The PE acidic proteases were stable in the pH range 
of 1.5 to 7.0 (see Figure 2C) and remained stable in the 
temperature range of 25 to 50 °C after an incubation 
period of 30 minutes. At temperatures above 55 °C, the 
enzymes were denatured (see Figure 2D). Zhao et al. (2011) 
reported fish and mammal pepsins to be stable in the 
pH range of 1.5 to 6.0, but denatured at pH 7.0. However, 
the acidic proteases of the PE were stable up to pH 7.0. 

Table 1. Purification table of acidic digestive proteases from the crude extract of Carangoides bartholomaei stomach.

Process steps Total activity (U)* Total protein (mg)* Specific activity (U·mg-1) Purification (folds) Yield (%)

Crude Extract 52,224 ± 3.20 972.2 ± 76.5 54.0 1 100

Purified Extract 21,254 ± 1.14 213.8 ± 15.2 99.4 1.9 40.7

*Parameters established for the process yield using 1L of crude extract.

Figure 1. Zymogram of PE. Arrows indicate the presence of 
proteolytic bands.
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3.5 NaCl effect on PE acidic proteases activity

The effect of NaCl on acidic proteases activity was tested 
at different concentrations. Pepsin activity decreased as 
NaCl concentrations increased. It presented 75%, 40% 
and 35% of residual activity in concentrations of 5%, 10% 
and 15%, NaCl (m/v), respectively (see Figure 3). Acevedo 
Gomez et al. (2018) in their results on the effect of NaCl 
on aspartic proteases from P. lineatus, found that the 
concentration of 5% decreased the enzymatic activity 
by 20%. This result was similar to C. bartholomaei PE, in 
which a 25% decrease in activity was observed. Several 
authors have also observed a decrease in activity due to 
increasing NaCl concentration for both acidic and alkaline 
fish proteases (Klomklao et al., 2007; Khaled et al., 2011; 
Freitas-Junior et al., 2012; Vannabun et al., 2014; Acevedo 
Gomez et al., 2018).

The decrease in enzyme activity may be due to the salting 
out effect. It is possible that the highest concentration of 
NaCl competed with the enzyme in water binding which 
results in a stronger protein-protein interaction that leads 
to precipitation (Klomklao et al., 2007; Khaled et al., 2011).

3.6. Effect of some chemicals

The proteolytic activity of PE was completely inhibited 
by pepstatin A. Dithiothreitol (DTT) did not significantly 
inhibit the proteolytic activity of PE. All ions tested 

This may be related to the ability of C. bartholomaei acidic 
proteases to return to their native conformation after the 
conformational change, caused by changes in charge at 
pHs far from their optimum pH. However, some studies 
with fish acidic proteases have shown that, although the 
enzymes were not stable after being exposed to pH 7.0, 
they still retained a high proteolytic activity of 80% 
(Klomklao et al., 2007), 75% (Acevedo Gomez et al., 2018), 
and 50% (Nalinanon et al., 2010). Nonetheless, there 
are reports in which fish acidic proteases were found 
to be stable at pH 7.0 (Castillo-Yanez et al., 2004; 
Bkhairia et al., 2016).

The PE proteolytic activity remained stable in the 
temperature range of 25 °C to 50 °C and maintained 
100% of its residual activity at 50 °C. This behavior of 
the digestive proteases of C. bartholomaei approximates 
to the result reported for porcine pepsin in Acevedo 
Gomez et al. (2018). Such characteristic is important, as 
it demonstrates the potential for using these enzymes 
to replace commercial porcine pepsin in processes 
that require heating, like those from the food industry. 
Similar results were reported for the proteases from 
the fish T. alalunga with stability up to 50 °C and for 
two C. pectoralis pepsins that were stable up to 40 
and 50 °C, but showed residual activity of 10 and 55%, 
respectively (Klomklao et al., 2007; Nalinanon et al., 2010).

Figure 2. pH and temperature effect on PE acidic proteases. (A) optimal pH; (B) optimal temperature; (C) pH stability; (D) 
temperature stability.
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because they do not have the same ability to cleave the 
telopeptide present in the tilapia scale collagen (Acevedo 
Gomez et al., 2018). Despite having a lower yield than 
porcine pepsin, the low cost for obtaining PE and its 
doubling the collagen extraction yield may contribute to 
the economic viability of its industrial use.

Ahmed et al. (2019) extracted collagen from the scale 
of the Thunnus obesus (Lowe, 1839) and, similarly to our 
results, obtained the highest yield, 4.6%, with the use 
of PSC/S, whereas acid extraction (ASC) yielded 0.05%. 
Zhang et al. (2010) extracted collagen from the scale of 
Hypophthalmichthys molitrix (Valenciennes, 1844) for 72h 
and obtained a yield of 0.86% for (ASC), and 2.32% for (PSC/S).

The results obtained in this work showed that the 
stomach of C. bartholomaei is a low-cost source for obtaining 
digestive aspartic proteases. Through these by-products 

promoted a slight inhibition in the proteolytic activity 
of PE in the tested concentration (as shown in Table 2). 
Since the proteolytic activity of PE was completely inhibited 
by pepstatin A, and taking into consideration the effects 
of DTT and the tested ions on PE, it can be suggested that 
the acidic proteases present in it are probably pepsin-
like aspartic proteases. Similar enzyme inhibition by 
pepstatin A have been reported by other authors for 
pepsins and digestive aspartic proteases from other fish 
species (Klomklao et al., 2007; Nalinanon et al., 2010; 
Khaled et al., 2011; Acevedo Gomez et al., 2018). The DTT 
effect may suggest the absence of disulfide bonds in the 
structure of the aspartic proteases from the stomach of 
C. bartholomaei. Similar result was described by Khaled et al. 
(2011) on the fish S. aurita, in which the reducing agent 
b-mercaptoethanol also did not significantly inhibit the 
enzymatic activity of acid proteases.

All the tested ions inhibited the PE proteolytic activity. 
However, PE retained more than 70% of proteolytic activity 
in the presence of these metals. An aspect that draws 
attention is that, besides being inhibited by Ca2+, a known 
enzyme activator, these aspartic proteases presented high 
activity in the presence of heavy metals such as Hg2+, Cd2+, 
Cu2+ and Pb2+. Klomklao et al. (2007) reports an activation of 
two pepsins of C. pectoralis by Ca2+, Mg2+ and Co2+. Acevedo 
Gomez et al. (2018) report the same activation effect 
by Ca2+ and Mg2+ for aspartic proteases from P. lineatus. 
On the other hand, Ca2+ and Na+ not promoted effect on 
T. alalunga pepsin. The aspartic protease from S. aurita 
was not affected by Ca2+, Na+ and K+ ions, but presented a 
high inhibition by Hg2+ (60%), Mg2+ (50%) and Cu2+ (50%) 
ions (Khaled et al., 2011).

3.7. Collagen extraction from tilapia scales

The collagen extraction yields were 0.93% for the 
extraction in acid medium (ASC), 3.0% for the extraction 
with commercial porcine pepsin (PSC/S) and 1.86% when 
using PE (PSC/CB) (see Figure 4). Porcine pepsin and PE 
extraction presented an approximately 3 and 2 folds 
greater yield, respectively, than ASC non-enzymatic 
extraction. The difference in yield found between different 
enzymatic sources (commercial porcine pepsin and PE) is 

Figure 3. Effect of NaCl on PE acidic proteases.

Table 2. Effect of chemicals on the proteolytic activity of PE.

Chemical agents Residual Activity (%) Inhibition (%)

Control 100 ± 0.0a* 0.00

Pepstatin A 0.00 ± 0.8b 100

DTT 96.6 ± 0.9c 3.46

Cu2+ 74.8 ± 1.8d 25.20

Mn2+ 76.5 ± 2.0e 23.50

Al3+ 78.2 ± 0.8f 21.80

Hg2+ 79.0 ± 1.1g 21.00

K2+ 80.5 ± 1.8h 19.50

Pb2+ 81.5 ± 2.7i 18.50

Mg2+ 82.2 ± 2.4j 17.8

Cd2+ 82.5 ± 2.6k 17.50

Ca2+ 83.8 ± 2.8l 16.20

Zn2+ 89.9 ± 1.2m 10.10

*Different superscript letters mean statistical differences in relation 
to the control according to the Tukey’s test (p<0.05).

Figure 4. Yield of Nile tilapia collagen extraction using different 
methods. ASC (Acid Soluble Collagen), PSC/S (Pepsin Soluble Collagen 
obtained using porcine commercial pepsin) and PSC/PE (Pepsin 
Soluble Collagen obtained using PE). Different superscript letters 
mean statistical differences between extraction methods (p<0.05).
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it was possible to obtain a partial purified extract (PE) 
containing two isoforms of aspartic proteases, probably 
of the pepsin-like enzymes, with high proteolytic activity. 
The physical-chemical and fish collagen extraction assays 
indicate that the PE has potential for industrial and 
biotechnological applications and may, under certain 
conditions, be a substitute for porcine pepsin.
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