MARINE AND FISHERY SCIENCES 38 (4): XXx-XxX (2025)
https://doi.org/10.47193/mafis.3842025011009 1

ORIGINAL RESEARCH

Comparative assessment of digestive enzyme activities of five fish species
from the southwestern Atlantic Ocean

MaRiA CECILIA BONADERO!, MARIA VICTORIA LAITANO2, JUANA CRISTINA DEL VALLEZ, YAMILA ELIANA RODRIGUEZZ,
NAIR DE LOS ANGELES PEREIRAZ 3 and ANALIA V. FERNANDEZ-GIMENEZ? *

'Departamento de Ciencias Marinas, Facultad de Ciencias Exactas y Naturales, Universidad Nacional de Mar del Plata (UNMGdP), Funes 3350,
B7602AYL - Mar del Plata, Argentina. 2Instituto de Investigaciones Marinas y Costeras (IIMyC), Facultad de Ciencias Exactas y Naturales,
Universidad Nacional de Mar del Plata (UNMdP), Consejo Nacional de Investigaciones Cientificas y Técnicas (CONICET),

Funes 3350, B7602AYL - Mar del Plata, Argentina. *Grupo de Investigacion Laboratorio de Acuicultura, Facultad Regional Mar del Plata,
Universidad Tecnoldgica Nacional (UTN), Avenida Dorrego 281, ZP B7600CLF - Mar del Plata, Argentina.

ORCID Maria Victoria Laitano
Yamila Eliana Rodriguez
Analia V. Fernandez-Gimenez

Marine and
Fishery Sciences

MAFIS

OPENaACCESS

*Correspondence:
fgimenez@mdp.edu.ar

Received: 27 March 2025
Accepted: 2 September 2025

ISSN 2683-7595 (print)
ISSN 2683-7951 (online)

https://ojs.inidep.edu.ar

Journal of the Instituto Nacional de
Investigacién y Desarrollo Pesquero
(INIDEP)

@Ol

This work is licensed under a Creative
Commons Attribution-
NonCommercial-ShareAlike 4.0
International License

https://orcid.org/0000-0003-2436-0839, Juana Cristina Del Valle
https://orcid.org/0000-0002-4596-3586, Nair de los Angeles Pereira
https://orcid.org/0000-0001-9232-4560

https://orcid.org/0000-0003-1095-8098,
https://orcid.org/0000-0002-7341-5333,

ABSTRACT. Due to the scarcity of data cited in the literature, digestive enzyme profiles of fish
species from the southwestern Atlantic Ocean are of particular interest. In the present study, the viscera
yield and digestive enzymes (acid and alkaline proteinase, lipase and amylase) of the stripped weakfish
Cynoscion guatucupa, Brazilian codling Urophycis brasiliensis, Patagonian flounder Paralichthys
patagonicus, southern eagle ray Myliobatis goodei and smallnose fanskate Sympterygia bonapartii
were determined. All species exhibited high proteolytic activity (acid: 0.44-11.0 UE mg protein’!
and alkaline: 0.11-2.32 UE mg protein™!) as well as moderate lipase (0.07-0.76 UE mg protein™!) and
amylase activity (0.03-0.24 UE mg protein!). Teleost fish exhibited higher enzyme activities than
cartilaginous fish, with U. brasiliensis exhibiting the highest activities (proteinases, amylases, and
lipases). High-activity enzymes from cold-temperate-adapted organisms, mainly from U. brasilien-
sis and C. guatucupa, may be the source of marine biotechnological bioactive compounds that are
beneficial for biotechnological processes.
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Evaluacién comparativa de las actividades de las enzimas digestivas de cinco especies de peces
del Océano Atlantico Sudoccidental

RESUMEN. Debido a la escasez de datos citados en la literatura, los perfiles de enzimas digestivas
de especies de peces del Océano Atlantico Sudoccidental son de particular interés. En el presente
estudio, se determin6 el rendimiento por viscera y las enzimas digestivas (peptidasa acida y alcalina,
lipasa y amilasa) de la pescadilla de red Cynoscion guatucupa, la brotola Urophycis brasiliensis, el
lenguado patagénico Paralichthys patagonicus, el chucho Myliobatis goodei y la raya mermorada
Sympterygia bonapartii. Todas las especies exhibieron alta actividad proteolitica (acida: 0,44-11,0
UE mg proteina™! y alcalina: 0,11-2,32 UE mg proteina’'), asi como moderada actividad de lipasa
(0,07-0,76 UE mg proteina™!) y amilasa (0,03-0,24 UE mg proteina™'). Los peces teledsteos exhibieron
actividades enzimaticas mas altas que los peces cartilaginosos, siendo U. brasiliensis el que presento
las actividades mas altas (proteinasas, amilasas y lipasas). Las enzimas de alta actividad de organismos
adaptados a climas frios, principalmente de U. brasiliensis y C. guatucupa, podrian ser la fuente
de compuestos bioactivos biotecnologicos marinos beneficiosos para los procesos biotecnologicos.

Palabras clave: Enzimas digestivas, peces marinos, Mar Argentino.
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INTRODUCTION

Argentina’s maritime territory extends over
4,000 km of coastline on the southwestern At-
lantic. Demersal fish assemblages in the northern
Argentine continental shelf (34° S-41° S), which
corresponds to Buenos Aires Province coast, are
extremely diverse (FAO 2011). They are distrib-
uted along the continental shelf, which exhibits
latitudinal fluctuations in salinity and temperature
(Piola et al. 2000). Their habitats vary from de-
mersal to benthic, with depths ranging from 60 to
150 m. Eating habits also vary as they consume
different proportions of fish, crustaceans and mol-
lusks (Acuia Plavan and Verocai 2001; Molina and
Cazorla 2015).

In the present study, we investigated three bony
fish belonging to the Class Actinopterygii and two
cartilaginous fish belonging to the Class Elasmo-
branchii. The selected Actinopterygians belong to
three taxonomic orders (Perciformes, Gadiformes
and Pleuronectiformes) while the two selected
Elasmobranchians belong to two distinct taxo-
nomic orders (Rajiformes and Myliobatiformes).
The chosen species are representive of different
taxa and are part of the fish diversity found in
demersal communities from the southwestern
Atlantic coasts. Furthermore, the studied species
are subjected to industrial exploitation by marine
fisheries. They are all captured and landed in great
quantities and they all have commercial value
(SSPyA 2024). These species are often caught
unintentionally as bycatch and discarded before
landing (Bovcon et al. 2013). Additionally, inland
fish processing generates a considerable amount of
waste. Instead of being discarded, digestive organs
could be utilized for enzyme extraction, providing
a wide array of enzymes with unique properties.
This would reduce pollution and the environmental
impact of fishing while also providing sources of
marine bioactive compounds for biotechnological
applications.

The digestion processes in fish is similar to those
of other vertebrates. Proteinases, amylases, and
lipases catalyze the hydrolysis of macronutrients,
breaking down the ingested material into small-
er size molecules (Karasov and Douglas 2013).
Acid proteinases are found in the gastric chamber,
whereas pancreatic proteinases, which act at higher
pH levels, are present in the intestinal lumen. These
enzymes play a key role in fish metabolism since
aminoacid intake and assimilation are crucial for
fish growth and overall metabolism. Pancreatic li-
pases, which depend on bile salts for the digestion
of insoluble substrates, are the main lipid digestive
enzyme in several fish species (Farrel 2011). Car-
bohydrate digestion proceeds at a very low rate
in carnivorous fish, as they are not nutritionally
important for their requirements and metabolism
(Jiao et al. 2023; Yu et al. 2024). Omnivorous and
herbivorous fish can vary their intestinal enzymatic
activity in order to generate higher activities when
more carbohydrates are ingested (Farrel 2011).
Moreover, the five species studied in this work in-
habit cold temperate waters below 20 °C (Piola et
al. 2000). Enzymes from cold temperate-adapted
ectothermic organisms could have great potential
for use in the industry due to their high activity at
low temperatures.

The nature of digestive enzymes varies depend-
ing on the habitat and climate in which fish live.
Temperature adaptation of these enzymes involves
differences in structure, substrate affinity, and ac-
tivation energy, as well as changes in secretion
rates and the production of isozymes-enzymes
that catalyze the same reaction but with optimal
efficiencies at different temperatures (Volkoff and
Rennestad 2020). Effects of water temperature
on fish digestive enzyme activities appear to be
species-specific, as the optimal temperature for
enzyme activity generally falls within the ther-
mal range of the species’ natural habitat. Reports
on enzymes from cold-adapted organisms have
shown that adaptive strategies for functioning at
low temperatures vary among enzymes. Analyses
of structural features important for stability (e.g.
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intra-molecular hydrogen bonds and ion pairs;
proline, methionine, glycine, or arginine content;
surface hydrophilicity; helix stability; and core
packing) indicate that each cold-adapted enzyme
or enzyme system employs a distinct combination
of structural adjustments to increase molecular
flexibility, thereby enhancing catalytic efficiency
(Arne et al. 2000).

The aim of this study was to determine protein-
ase (acid and alkaline), lipase and amylase activi-
ties, as well as viscera yield in the striped weakfish
Cynoscion guatucupa (Cg) (Cuvier, 1830), Bra-
zilian codling Urophycis brasiliensis (Ub) (Kaup,
1858), Patagonian flounder Paralichthys patagoni-
cus (Pp) (Jordan, 1889), smallnose fanskate Sympt-
erigia bonapartii (Sb) (Miiller and Henle, 1841),
and southern eagle ray Myliobatis goodei (Mg)
(Springer, 1939).

MATERIALS AND METHODS

Biological samples

Fishes were obtained during the Maritime
Littoral Campaign (March-2018, Mar del Plata,
Argentina), carried out by the Instituto de Inves-
tigaciones Marinas y Costeras (IIMyC) (Project

PUE-CONICET) (Table 1). The fish were dis-
sected ventrally. Viscera were removed and their
contents emptied. Stomachs, intestines and py-
loric caeca were used for subsequent tests. Each
sample (stomach or intestine with pyloric caeca)
was individually homogenized in chilled distilled
water (1:3 w v'"). The soluble protein fraction was
obtained by centrifugation (Presvac EPF-12R, Ar-
gentina) for 30 min at 4 °C and 10,000 g. Super-
natants were separated as extracts for all enzymat-
ic assays. Enzymatic extracts from the intestine
were frozen at -20 °C. Extracts from stomachs
were maintained overnight at 4 °C to activate the
pepsinogen and then stored at -20 °C until use
(Friedman et al. 2020).

Biochemical analysis

Soluble protein in crude extracts of stomach and
intestine (mg protein ml-!' extract) was measured
according to Bradford (1976), using bovine serum
albumin (Sigma A9647) as standard. Acid protein-
ase activity was determined in stomach simples
whereas alkaline proteinase, lipase and amylase
activities were evaluated in intestine samples. Acid
proteinase activity was determined at pH 2.0 in a
substrate solution containing 0.5% (w v'') bovine
haemoglobin (Sigma H2625) in 200 mM Gly-
cine-HCI Buffer according to Anson (1938). Al-

Table 1. Scientific name, abbreviation, taxonomic classification, number of samples used and distribution areas of studied fishes

from the southwestern Atlantic Ocean.

Species Abbreviation Class, order, family Samples Distribution area
Cynoscion guatucupa Cg Actinopterygii, Perciformes, 9 22°8-43° S
Sciaenidae (Caille et al. 1997)
Urophycis brasiliensis Ub Actinopterygii, Gadiformes, 6 23°S-40° S
Phycidae (Cousseau 1993)
Paralichthys patagonicus Pp Actinopterygii, Pleuronectiformes, 4 23°S-43° S
Paralichthyidae (Diaz de Astarloa 1994)
Sympterigia bonapartii Sb Elasmobranchii, Rajiformes, 10 23°S-54° S (Menni
Arhynchobatidae and Stehmann 2000)
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kaline proteinase activity was determined using
0.5% (w v'!) azocasein (Sigma A2765) in 50 mM
Tris-HCI Buffer, pH 7.5, according to Garcia-Car-
refo (1992). Absorbance was recorded at 280 nm
and 366 nm, respectively.

Lipase enzymatic activity was measured at pH
8.0 using the method described by Versaw et al.
(1989) and its modification by Nolasco-Soria et al.
(2018), using 20mM B-naphthyl caprylate as sub-
strate. Activity was determined by measuring the
release of B-naphthyl in a microplate spectropho-
tometer at 540 nm. Amylase activity was measured
following Bernfeld (1955), as the rate of production
of glucose from starch (1% w v'!) as substrate at pH
7.5. The glucose produced during the incubation
was measured by the DNS (Dinitrosalicylic Acid)
method (Vega-Villasante et al. 1993).

All assays were performed in triplicate at room
temperature. Specific enzymatic activities were
expressed as units of activity per mg protein (UE
mg protein!). Total enzymatic activities were
expressed as units of activity per ml enzymatic
extract (UE ml enzymatic extract!'). The viscera
yield (Y) was calculated as units of activity per g
of tissue (UE gr tissue™!). One unit of activity cor-
responds to the change in absorbance per minute
(UE = AAbs min™!).

Statistical analysis

Results were presented as means plus minus
(£) standard error of the mean (SEM). Enzymatic
activities among species were compared through
Generalized Linear Mixed Models. Models were
constructed using the function Ime from the nmle
package (Pinheiro et al. 2017) and they were vali-
dated using ANOVA. Differences between species
for a specific activity assay were contrasted using
Tukey. All statistical analyses were conducted in
R 2.13.0.

RESULTS

The highest acid and alkaline proteinase specif-
ic activity was observed in Urophycis brasiliensis
(11.0 £ 1.75 and 2.32 + 0.41 UE mg protein’!, re-
spectively), which were statistically different from
those of the other species (Table 2). Similarly, the
highest specific lipase and amylase activities were
observed for Ub (0.76 £ 0.11 and 0.24 £ 0.02 UE
mg protein!, respectively). Lipase activity showed
a trend of being more than 50% higher in U. bra-
siliensis compared to the other species (Table 3).

Table 2. Total and specific activity of acid and of alkaline proteinase of Urophycis brasiliensis (Ub), Cynoscion guatucupa (Cg),
Paralichthys patagonicus (Pp), Sympterigia bonapartii (Sb) and Myliobatis goodei (Mg).

Acid proteinase Alkaline proteinase
Species TA SA TA SA
Cg 2.34+0.312 3.21+£0.382 0.7+£0.10* 0.98 £0.10*
Ub 2.69 £ 0.36% 11.0 £ 1.75° 0.87 £0.11° 2.32+041°
Pp 1.93 £0.11° 2.51 £0.17% 0.64 £ 0.172% 0.94 £0.26*
Sb 1.03 £0.14¢ 0.44 £ 0.07° 0.35 £ 0.06% 0.14 £0.22°
Mg 1.67 +0.17° 0.76 £ 0.20¢ 0.71 +£0.18® 0.11 £0.03¢

Total proteinase activity (TA) and specific proteinase activity (SA) was expressed as UE mL! and UE mg protein™!, respectively.

Data are indicated as means (1) standard error of the mean (SEM). Different letters in the same column, indicate significant

differences among species.
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Viscera yield values varied significantly among
species, but at the same other enzymatic results.
Urophycis brasiliensis showed the highest yield
values for all tested enzymes (Table 4). Regarding
enzyme activity values and yield per viscera, C.
guatucupa ranked second in importance, where-
as P patagonicus, although showing a tendency
to occupy third place, this was not supported by
statistical results, which could reflect the limited
number of samples.

DISCUSSION

The five fish species analyzed here showed con-
siderable activity differences between them. En-
zyme activity values were in general substantially
lower for cartilaginous than in teleostean fish. The
different enzymatic activities can be related to the
phylogenetic groups to which the fish belong (Chan
et al. 2004; Chaudhuri et al. 2012). Variations in

Table 3. Total and specific lipase and amylase activity of Urophycis brasiliensis (Ub), Cynoscion guatucupa (Cg), Paralichthys
patagonicus (Pp), Sympterigia bonapartii (Sb) and Myliobatis goodei (Mg).

Lipase Amylase
Species TA SA TA SA
Cg 0.18 £0.022 0.38 £0.072 0.08 £0.012 0.12£0.012
Ub 0.29 +0.02% 0.76 £ 0.11° 0.24 +£0.01° 0.24 +0.02°
Pp 0.17+0.012 0.21 £ 0.032 0.05 £ 0.012 0.05£0.01%
Sb 0.12 £ 0.022 0.07 £ 0.012 0.09 + 0.022 0.03£0.01°
Mg 1.24 +£0.31° 0.12+£0.032 0.03 £ 0.012 0.12 £0.032

Total enzyme activity (TA) and specific enzyme activity (SA) was expressed as UE mL™! and UE mg protein!, respectively. Data
are indicated as means (+) standard error of the mean (SEM). Different letters in the same column, indicate significant differences

among species.

Table 4. Viscera yield of acid and alkaline proteinase, lipase and amylase of Urophycis brasiliensis (Ub), Cynoscion guatucupa
(Cg), Paralichthys patagonicus (Pp), Sympterigia bonapartii (Sb) and Myliobatis goodei (Mg).

Proteinase
Species Acid Alkaline Lipase Amylase
Cg 2.08 +0.45° 0.67 £ 0.08 0.23 £ 0.04° 0.08 £0.01°
Ub 827 +1.37° 1.80 +0.30° 0.80 +0.17° 0.21 +0.02°
Pp 1.17 £ 0.09? 0.47+0.132 0.11£0.012 0.03 +0.00%°
Sb 0.22 £0.04* 0.06 £0.01* 0.03 £0.02? 0.02 £ 0.00°
Mg 0.37 £0.08* 0.05 £0.02* 0.06 £0.01? 0.06 £0.01%*

Viscera yield (Y) was expressed as U gr'! tissue. Data are indicated as means (+) standard error of the mean (SEM). Different letters

in the same column, indicate significant differences among species.
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values obtained could also be related to the species’
feeding habits. Their digestive organs, particularly
the intestine, reflect fish feeding habits. Fish diges-
tive enzyme activities are closely related to the diet
and the fish ability to digest and absorb different
nutrients (Liu et al. 2021). Previous studies found
that herbivorous fish such as Roho labeo (Labeo
rohita) and Japanese eel (Anguilla japonica) have
stronger amylase activity than carnivorous fish
such as great white catfish (Wallago attu) (Agrawal
et al. 1975) and rainbow trout (Oncorhynchus my-
kiss) (Hidalgo et al. 1999). In the present work, all
fish species showed elevated proteinase activities.
These elevated values could be associated with their
carnivorous diet (Jiao et al. 2023; Yu et al. 2024).

Urophycis brasiliensis had the highest values for
both enzyme activities (total and specific activity)
and viscera yield, with C. guatucupa coming in
second. Regarding feeding habits, U. brasiliensis
preys on crustacean, fish, mollusks, and annelids,
displaying opportunistic behavior (Acufia Plavan
et al. 2007). Cynoscion guatucupa feeds mainly on
crustacean, but as ontogeny progresses, individuals
begin to consume fish (Sardifia and Lopez Cazorla
2005). On the other hand, P. patagonicus also preys
mostly on pelagic fish (Troccoli et al. 2021). The
skate S. bonapartii preys on various fish species
(Castello et al. 1997), while M. goodei shows a uni-
form diet, feeding mainly on bivalves (Molina and
Cazorla 2015). Differences in predatory behaviors
and dietary items could explain distinct enzymat-
ic activities. Generalist and opportunistic feeding
behavior, along with a wide range of habitats, could
be associated with high enzyme activity.

Friedman and Fernandez-Gimenez (2024) recently
conducted a systematic review of the state of knowl-
edge regarding marine fish digestive enzymes at a
global level. In this sense, the authors reported limit-
ed studies addressing species distributed exclusively
in the southwest Atlantic Ocean, such as whitemouth
croaker (Micropogonias furnieri), Parona leatherjack-
et (Parona signata) and Brazilian flounder (Paral-
ichthys orbignyanus). In the case of the Brazilian
flounder, the present study determined the enzymatic

activity of intestinal proteinases using azocasein as a
substrate under alkaline conditions. This study made
no distinction between alkaline peptidases classes,
nor did it evaluate their optimal biochemical condi-
tions. However, Candiotto et al. (2018) reported the
presence of trypsin, chymotrypsin, and aminopep-
tidases in the intestine using specific substrates and
inhibitors, and observed optimal pH values of 9.5, 9.0,
and 8.0, respectively, with an optimal temperature
of 50 °C. Additionally, Friedman et al. (2022, 2023,
2024) stated that the most studied digestive enzymes
in fishes are alkaline proteinases, with a general lack
of information on other hydrolytic enzymes, making
this an area of research vacancy. The same authors
studied alkaline proteinases of several species from
the Argentine Sea, including Argentine hake (Mer-
luccius hubbsi), Brazilian flathead (Percophis bra-
siliensis), U. brasiliensis, and C. guatucupa. In this
regard, Friedman et al. (2022) reported that stomach
proteinases of U. brasiliensis and C. guatucupa ex-
hibited the highest stability at pH range of 2.0-4.0.
Alkaline proteinases of both species were highly sta-
ble between pH 7.0 and 11.5. Optimal temperatures
were 30 °C and 50 °C, with stability at 10 °C and
30 °C for 150 min. The optimal temperature of intes-
tinal enzymes was 50 °C, with high stability at 10 °C
and 30 °C for 150 min. Furthermore, Friedman et al.
(2023) conducted a kinetic characterization of crude
extracts of alkaline proteinases from the intestine and
pyloric caeca of U. brasiliensis and C. guatucupa,
demostrating that maximum A440 values were de-
pendent on both the species analyzed and the initial
concentration of azocasein. Finally, Friedman et al.
(2024) observed that the aspartic proteinase activity
of these species was stable in the presence of Mn?*,
K*, and Ca?*, and that the surfactant Tween 20 in-
creased enzyme activity in all cases, whereas Tween
80 had a positive effect only on proteinases from U.
brasiliensis. Enzymes from both species were stable
in the presence of hydrogen peroxide, and notably,
the aspartic proteinases of C. guatucupa were com-
patible with the tested commercial detergents. While
studies by Friedman et al. (2022, 2023, 2024) focused
on advancing technological knowledge of proteinas-
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es, the present work emphasizes a comparative analy-
sis of different enzymes, acid and alkaline proteinases,
amylases, and lipases, from five fish species of the

southwest Atlantic Ocean.

Proteinase, amylase and lipase activities of a
few other sciaenids (C. othonopterus, C. parvi-
pinnis and C. xanthulus) have been reported
(Gonzalez-Félix et al. 2020). Regarding flatfishes,
various enzyme measurements have been carried
out in the genus Paralychtys spp., mainly P. oliva-
ceus, in which different types of proteinases, carbo-
hydrates degrading enzymes and lipases have been
detected (Candiotto et al. 2018; Tian et al. 2002).
Enzymes have also been detected in P. orbignyanus
(del Valle et al. 2016) and P. californicus (Zacari-
as-Soto et al. 2006). Studies on members of the
family Phycidae, particularly Urophycis sp., as well
as on two chondrichthyan species, Myliobatis spp.
and Sympterygia spp., are scarce. In this context,
Lamas and Massa (2023) extracted and purified en-
zymes from the gastrointestinal tract of M. goodei
using low-cost processes. Peptidases and lipases
were characterized, demonstrating that purified en-
zymes were stable in the presence of commercial
detergents, and that contributed positively to the
removal of protein materials.

Enzymes are used in a wide range of bioprocess-
es (Fernandez-Gimenez 2019) as those occurring
in detergent, leather, food, agrochemical, pharma-
ceutical, chemical and waste treatment industries
(Bougatef 2013; Homaei et al. 2016). Enzymatic
extracts from marine organisms have been previ-
ously assessed for different biotechnological appli-
cations, demonstrating promising results as on ac-
tive agent in antifouling paints (Lenchours Pezzano
et al. 2024), in the production of hydrolysates with
high nutritional content (Pereira et al. 2022), and
as additives in aquaculture (Rodriguez et al. 2019,
2024; del Valle et al. 2022) and cheese making
(Pereira and Fernandez-Gimenez 2017). Thus, ma-
rine fish from cold temperate water, primarily from
U. brasiliensis, followed by C. guatucupa, could be
a source of compounds with unknown properties
and novel biotechnological applications. Addition-

al assays are required for the study of enzymes
measured in these preliminary determinations.
Stability in pH and temperature assays carried out
with these enzymes would be of special interest for
further studies, especially in the case of proteinases
with high activities. Furthermore, determination of
enzyme activity with different concentrations of
industrial compounds, such as salts or detergents,
would provide new useful information about their
potential applications.

ACKNOWLEDGEMENTS

This study was supported by a CONICET fellow-
ship for Maria Cecilia Bonadero. This work was
supported by UNMdP-Argentina under Grant (EXA
979-20), CONICET (PIP 1093-20), MINCyT (PICT
1851-20) and (PUE-CONICET-RD N° 1692/16).

Author contributions

Maria Cecilia Bonadero: formal analysis; data
curation; writing-original draft. Maria Victoria Lai-
tano: formal analysis; data curation; writing-review
and editing. Juana Cristina del Valle: formal analy-
sis; data curation; writing-review and editing. Yam-
ila Eliana Rodriguez: formal analysis;data curation;
writing-review and editing. Nair de los Angeles
Pereira: formal analysis; data curation; writing-re-
view and editing. Analia V. Ferndndez Gimenez:
formal analysis; data curation; writing-review and
editing; supervision; project administration; fund-
ing acquisition.

REFERENCES

AcuNa PLavaN A, VErROCAL JE. 2001. Importancia
de la pesqueria artesanal y biologia de la brétola,
Urophycis brasiliensis (Kaup, 1858) (Phycidae,



MARINE AND FISHERY SCIENCES 38 (4): Xxxx-xxX (2025)

Gadiformes) en la costa uruguaya. Investig Mar.
29 (1): 47-58.

AcCUNA PLAVAN A, SELLANES J, RODRIGUEZ L, BU-
RONE L. 2007. Feeding ecology of Urophycis
brasiliensis on the Uruguayan coast of the Rio
de la Plata estuary. J Appl Ichthyol. 23 (3): 231-
239.

AGRAWAL VP, SAsTRY KV, KausHaB SK. 1975. Di-
gestive enzymes of three teleost fishes. Acta
Physiol Acad Sci Hung. 46 (2): 93-98.

ANsoN ML. 1938. The estimation of pepsin, tryp-
sin, papain and cathepsin with hemoglobin. J
Gen Physiol. 22 (1): 79-89.

ARNE OSS, HaNNA-KIRSTI SL, VIBEKE O, NILS
PEDER W 2000. Cold adapted enzymes. Bio-
technol Annu Rev. 6: 1-57.

BERNFELD P. 1955. Amylases, o and . In: CoLo-
wick SP, KApLAN NO, editors. Methods in en-
zymology. Academic Press. p. 149-158.

BoUGATEF A. 2013. Trypsins from fish processing
waste: characteristics and biotechnological ap-
plications—comprehensive review. J Clean Prod.
57:257-265.

BovcoN ND, GONGORA ME, MariNao C,
GONZALEZ-ZEVALLOS D. 2013. Composicion de
las capturas y descartes generados en la pesca
de merluza comin Merluccius hubbsi y lango-
stino patagonico Pleoticus muelleri: un caso de
estudio en la flota fresquera de altura del Golfo
San Jorge, Chubut, Argentina. Rev Biol Mar
Oceanogr. 48 (2): 303-319.

BrADFORD MM. 1976. Rapid and sensitive meth-
od for the quantitation of microgram quantities
of protein utilizing the principle of protein-dye
binding. Anal Biochem. 72: 248-254.

CAILLE G, GONZALEZ R, Gostonyl A, Ciocco N.
1997. Especies capturadas por las flotas de pes-
ca costera en Patagonia. Programa de bidlogos
observadores a bordo, 1993-1996. Informes
Técnicos del Plan de Manejo Integrado de la
Zona Costera Patagonica. 27: 1-21.

CanDpI0TTO FB, FREITAS-JUNIOR ACV, NERI RCA,
BEZERRA RS, RODRIGUES RV, Sampaio LA,
TesSER MB. 2018. Characterization of diges-

tive enzymes from captive Brazilian flounder
Paralichthys orbignyanus. Braz J Biol. 78 (2):
281-288.

CasteLLo JP, Hammovicti M, ODEBRECHT C,
VOOREN CM. 1997. The continental shelf and
slope. Subtropical convergence environments:
the coast and sea in the southwestern Atlantic.
New York: Springer. 308 p.

CHAN AS, HorN MH, DicksoN KA, GAWLICKA
A. 2004. Digestive enzyme activities in carni-
vores and herbivores: comparisons among four
closely related prickleback fishes (Teleostei:
Stichaeidae) from a California rocky intertidal
habitat. J Fish Biol. 65 (3): 848-858.

CHAUDHURI A, MUKHERJEE S, HOMECHAUDHURI S.
2012. Diet composition and digestive enzymes
activity in carnivorous fishes inhabiting mud-
flats of Indian Sundarban estuaries. Turk J Fish
Aquat Sci. 12 (2): 265-275.

Cousseau MB. 1993. Las especies del Orden Ga-
diformes del Atlantico Sudamericano compren-
dido entre 34° Sy 35° S y su relacion con las de
otras areas. Frente Marit. 13 (A): 7-108.

DEL VALLE JC, MICHIELS MS, RADONIC M, LOPEZ
A, LorpEZ MANANES AA. 2016. Digestive and
metabolic profile at the biochemical level of
juvenile flounder Paralichthys orbignyanus
(Valenciennes, 1839) (Pleuronectiformes: Para-
lichthyidae). Pan Am J Aquat Sci. 11 (4): 309-
323.

DEL VALLE JC, ZaNazz1 AN, RoDRIGUEZ YE, HA-
RAN NS, LaitaNo MV, MaLLo JC, FERNAN-
DEZ-GIMENEZ AV. 2022. Morphological chang-
es, peptidase activity, and effects of exogenous
enzymes in the early ontogeny of Nile tilapia,
Oreochromis niloticus. Aquac Int. 30 (4): 1645-
1658.

Diaz DE AstarRLOA JM. 1994. Las especies del
género Paralichthys del Mar Argentino (Pisces,
Paralichthyidae). Morfologia y sistematica
[PhD thesis]. Mar del Plata: Facultad de Cien-
cias Exactas y Naturales, Universidad Nacional
de Mar del Plata. 194 p.

[FAO] FooD AND AGRICULTURE ORGANIZATION OF



BONADERO ET AL.: DIGESTIVE ENZYMES IN FIVE FISH SPECIES

THE UNITED NATIONS. 2011. Coastal fisheries of
Latin America and the Caribbean. Rome: FAO.
52 p.

FERNANDEZ-GIMENEZ AV. 2019. Properties and
some new applications of enzymes from wastes
of the shrimp Pleoticus muelleri (Decapoda, Pe-
naeoidea). J Shellfish Res. 38 (3): 635- 642.

FriEDMAN IS, BEHRENS LA, PEReIRA NDLA,
CONTRERAS EM, FERNANDEZ-GIMENEZ AV.
2020. Digestive proteases from fish process-
ing wastes: their partial characterization and
comparison. 28 July 2020, preprint (version 1).
Research Square. [accessed 2024 Dec 12]. DOI:
https://doi.org/10.21203/rs.3.r5-45716/v1

FrieEDMAN IS, BEHRENS LA, PEREIRA NDLA,
CONTRERAS EM, FERNANDEZ-GIMENEZ AV.
2022. Digestive proteinases from the marine
fish processing wastes of the South-West At-
lantic Ocean: their partial characterization and
comparison. J Fish Biol. 100 (1): 150-160.

FRIEDMAN IS, FERNANDEZ-GIMENEZ AV, CONTRE-
RAS EM. 2023. Kinetic characterization of diges-
tive proteinases extracted from the processing
waste of South Atlantic fish. Bioresour Technol
Rep. 23: 101563. [accessed 2024 Dec 12]. DOI:
https://doi.org/10.1016/j.biteb.2023.101563

FRIEDMAN IS, FERNANDEZ-GIMENEZ AV. 2024.
State of knowledge about biotechnological uses
of digestive enzymes of marine fishery resourc-
es: a worldwide systematic review. Aquac Fish
Fish. 9 (5): 812-824.

GARrcia-CARRERO FL. 1992. The digestive pro-
teases of langostilla (Pleuroncodes planipes,
Decapoda): their partial characterization, and
the effect of feed on their composition. Comp
Biochem Physiol Part B Biochem Mol Biol. 103
(3): 575-578.

GONZALEZ-FELIX ML, DE LA REE-RODRIGUEZ C,
PEREZ-VELAZQUEZ M. 2020. Partial character-
ization, quantification and optimum activity of
trypsin and lipase from the sciaenids Cynoscion
othonopterus, Cynoscion parvipinnis and Cy-
noscion xanthulus. Arch Biol Sci. 72 (1): 81-93.

Hibarco MC, Urea E, Sanz A. 1999. Compar-

ative study of digestive enzymes in fish with
different nutritional habits. Proteolytic and am-
ylase activities. Aquaculture. 170 (3): 267-283.

Homagr A, Lavajoo F, Sarir1 R. 2016. Develop-
ment of marine biotechnology as a resource for
novel proteases and their role in modern bio-
technology. Int J Biol Macromol. 88: 542-552.

Jiao F, ZuanG L, LimBu SM, YIN H, XIE Y, YANG
Z, SHANG L, KonG L, RonG H. 2023. A com-
parison of digestive strategies for fishes with
different feeding habits: digestive enzyme activ-
ities, intestinal morphology, and gut microbiota.
Ecol Evol. 13 (9): €10499.

Karasov WH, DoucLas AE. 2013. Comparative
digestive physiology. Compr Physiol. 3 (2): 741.

Lamas D, Massa A. 2023. Abstract extraction and
purification of enzymes from the southern eagle
ray (Myliobatis goodei) by-products and their
compatibility with detergents: a practical ap-
proach towards circular economy. Iran J Fish
Sci. 22 (4): 853-870.

LENCHOURS PEZZANO J, RODRIGUEZ YE, FERNAN-
DEZ-GIMENEZ AV, Laitano MV. 2024. Ex-
ploring fishery waste potential as antifouling
component. Environ Sci Pollution Res. 31 (13):
20159-20171.

LY, L1 X, L1 J, CHEN W. 2021. The gut micro-
biome composition and degradation enzymes
activity of black Amur bream (Megalobrama
terminalis) in response to breeding migratory
behavior. Ecol Evol. 11 (10): 5150-5163.

MEenNI RC, STEHMANN FW. 2000. Distribution,
environment and biology of batoid fishes off
Argentina, Uruguay and Brazil. A review. Rev
Mus Argent Cienc Nat. 2: 69-109.

MoLiNa JM, Cazorra AL. 2015. Biology of
Myliobatis goodei (Springer, 1939), a widely
distributed eagle ray, caught in northern Pata-
gonia. J Sea Res. 95: 106-114.

Norasco-Soria H, MoYANO-LOPEZ F, VEGA-VIL-
LASANTE F, DEL MONTE- MARTINEZ A, ESPINO-
SA-CHAURAND L, GISBERT E, NOLASCO-ALZA-
GA H. 2018. Lipase and phospholipase activity
methods for marine organisms. In: SANDOVAL



10

MARINE AND FISHERY SCIENCES 38 (4): Xxxx-xxX (2025)

G, editor. Lipases and phospholipases. Totowa:
Humana Press. p. 139-167.

PeErRelrA NDLA, FanGgio MF, RopriGuez YE,
BoNADERO MC, HARAN NS, FERNANDEZ-
GIMENEZ AV. 2022. Characterization of liquid
protein hydrolysates shrimp industry waste:
Analysis of antioxidant and microbiological
activity, and shelf life of final product. J Food
Process Preserv. 46 (8): €15526.

PEREIRA NDLA, FERNANDEZ-GIMENEZ AV. 2017.
Exogenous enzymes in dairy technology: acid-
ic proteases from processing discards of shrimp
Pleoticus muelleri and their use as milk-clotting
enzymes for cheese manufacture. Int J Food Sci
Technol. 52 (2): 341-347.

PinHEIRO J, BATES D, DEBROY S, SARKAR D,
HEISTERKAMP S, VAN WILLIGEN B, MAINTAINER
R. 2017. Package ‘nlme’. Linear and nonlinear
mixed effects models. [accessed 2024 Dec 12].
Version 3.1-134.

ProLa AR, Campos EJ, MOLLER JR OO, CHARO
M, MARTINEZ C. 2000. Subtropical shelf front
of eastern South America. J Geophys Res C
Oceans. 105 (3): 6565-6578.

RoDRIGUEZ YE, LaitANO MV, ZaNAzzi AN,
FERNANDEZ-GIMENEZ AV, PEREIRA NDLA,
Rivero, G. 2024. Turning fishery waste into
aquafeed additives: enhancing shrimp enzymes
immobilization in alginate-based particles using
electrohydrodynamic atomization. Aquaculture.
587: 740846.

RoDRIGUEZ YE, SACRISTAN HJ, LartANO MYV,
LOPEZ-GRECO LS, FERNANDEZ-GIMENEZ AV.
2019. From fish-processing waste to feed ad-
ditives for crayfish. ] World Aquac Soc. 50 (5):
954-968.

SARDINA P, LorEz CazorLA AC. 2005. Feeding
habits of the juvenile striped weakfish, Cy-
noscion guatucupa Cuvier 1830, in Bahia
Blanca estuary (Argentina): seasonal and on-
togenetic changes. Hydrobiologia. 532: 23-38.

[SSPYA] SUBSECRETARIA DE PESCA Y ACUICULTU-

RA. 2024. Desembarques de capturas maritimas
totales, 2024. SSPyA. [accessed 2024 Dec 12].
www.magyp.gob.ar/sitio/areas/pesca_maritima/
desembarques/lectura.php?imp=1&tabla=
especie_flota 2021.

STEHMANN M. 2009. Myliobatis goodei. ITUCN
2013. IUCN Red List of Threatened Species
(version 2012.2). [accessed 2024 Dec 12].
https://www.iucnredlist.org.

Tian WH, Jun ZP. 2002. Activities of digestive
enzyme in different tissues of Paralichthys oli-
vaceus. Oceanol Limnol. 33 (5): 472-476.

TroccorLl GH, MiLesst AC, MaRri N, FIGUEROA
D, DE Wysieckt AM. 2021. Trophic ecology
of Patagonian flounder Paralichthys patagoni-
cus (Jordan, 1889) in the Argentine-Uruguayan
Coastal Ecosystem. Mar Fish Sci. 35 (1): 67-80.

VEGA-VILLASANTE F, NoLasco H, CIvEra R. 1993.
The digestive enzymes of the pacific brown
shrimp Penaeus californiensis. 1-properties of
amylase activity in the digestive tract. Comp
Biochem Physiol Part B Biochem Mol Biol. 106
(3): 547-550.

VErsaw WK, CuppeTT SL, WINTERS DD, WIL-
LiamMs LE. 1989. An improved colorimetric
assay for bacterial lipase in nonfat dry milk. J
Food Sci. 54: 1557-1558.

VoLKOFF H, RoNNESTAD 1. 2020. Effects of tem-
perature on feeding and digestive processes in
fish. Temperature. 7 (4): 307-320. DOI: https://
doi.org/10.1080/23328940.2020.1765950

YuL, YuaN Z, HuaNG X, Gao Z, Liu H. 2024. The
difference of the composition and digestive en-
zymes of gut microbiome in herbivorous blunt
snout bream (Megalobrama amblycephala) and
carnivorous largemouth bass (Micropterus sal-
moides). Aquac Fish. 10 (34): 459-468. DOI:
https://doi.org/10.1016/j.aaf.2023.12.002

ZACARIAS-SOTO M, MUGUET JB, Lazo JP. 2006.
Proteolytic activity in California halibut larvae
(Paralichthys californicus). J World Aquacul-
ture Soc. 37 (2): 175-185.





