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Abstract

Acetylcholine deficiency is a neurochemical characteristic of patients with clinical diagnosis of Alzheimer’s disease.
Substances that inhibit the enzyme acetylcholinesterase, increasing levels of acetylcholine in the brain, are a
promising form of treatment. Studies relate the use of omega-3 fatty acids in the treatment and prevention of
Alzheimer's disease. The Northeast Region of Brazil has an enormous biological diversity and a wide variety of fish
species. In this work, the oils of eleven species of marine fish found on the coast of Ceara, Brazil, were analyzed in
relation to the fatty acid profile and the inhibitory activity of the enzyme acetylcholinesterase. Total lipids were
extracted from fish samples by Folch metodology. The lipid extracts of the fish and industrialized fish oil, used for
comparison, were esterified and fatty acid profiles were analyzed. The acetylcholinesterase inhibitory activity was
measured quantitatively. The oils presented a high percentage of saturated fatty acids, which is a general characteristic
of tropical fish. Oleic acid was the highest monounsaturated fatty acid. Oils of Scomberomorus cavalla, Lutjanus
synagris and Haemulon plumieri presented expressive percentages of polyunsaturated fatty acids and the most potent
anticholinesterase activities. This research showed the oils of S. cavalla, L. synagris and H. plumieri may be
promising functional food products of active fatty acids as new therapies to treatment or prevention of Alzheimer's
disease. The expressive concentration of unsaturated and polyunsaturated fatty acids together with their relevant
anticholinesterase activity are characteristics of the importance of these fish oils.
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Resumo

A deficiéncia da acetilcolina é uma caracteristica neuroquimica de pacientes com diagnéstico clinico da doenca de
Alzheimer. As substancias que inibem a enzima acetilcolinesterase, aumentando os niveis de acetilcolina no cérebro,
sdo uma forma promissora de tratamento. Estudos relacionam o uso de &cidos graxos émega-3 no tratamento e
prevencdo da doenca. Neste trabalho, os 6leos de onze espécies de peixes marinhos encontrados no litoral do Ceard,
Brasil, foram analisados em relagdo ao perfil de &cidos graxos e a atividade inibitéria da enzima acetilcolinesterase.
Os lipidios totais foram extraidos das amostras de peixes pela metodologia de Folch. Os extratos lipidicos dos peixes e
0 6leo de peixe industrializado, usado para comparagao, foram esterificados e os perfis de acidos graxos analisados. A
atividade inibitéria da acetilcolinesterase foi medida quantitativamente. Os 6leos apresentaram elevados percentuais
de &cidos graxos saturados, caracteristica dos peixes de &guas tropicais. O acido oléico representou o &cido graxo
monoinsaturado em maior proporcdo. Os 6leos de Scomberomorus cavalla, Lutjanus synagris e Haemulon plumieri
apresentaram percentuais expressivos de acidos graxos poli-insaturados, assim como as mais potentes atividades
anticolinesterasicas. Dessa forma, a pesquisa demonstrou a importancia dos dleos de S. cavalla, L. synagris e H.
plumieri, como alimentos funcionais ricos em acidos graxos ativos, e que podem ser utilizados em novas terapias para
o tratamento ou prevenc¢do da doenca de Alzheimer.

Palavras-chave: Peixes marinhos; Composicdo de 4cidos graxos; Acidos graxos poli-insaturados;
Acetilcolinesterase; Doenca de Alzheimer.

Resumen

La deficiencia de acetilcolina es una caracteristica neuroquimica de los pacientes con diagnéstico clinico de
enfermedad de Alzheimer. Las sustancias que inhiben la enzima acetilcolinesterasa, aumentando los niveles de
acetilcolina en el cerebro, son una forma prometedora de tratamiento. Los estudios relacionan el uso de acidos grasos
omega-3 al tratamiento y prevencion de la enfermedad. En este trabajo, se analizaron los aceites de once especies de
peces marinos que se encuentran en el litoral del Ceara, Brasil, en relacién con el perfil de 4cidos grasos y la actividad
inhibidora de la enzima acetilcolinesterasa. Los lipidos totales se extrajeron de muestras de peces utilizando la
metodologia de Folch. Se esterificaron extractos de lipidos de pescado y aceite de pescado industrializado, utilizados
como comparacion, y se analizaron los perfiles de acidos grasos. La actividad inhibidora de la acetilcolinesterasa se
midio cuantitativamente. Los aceites presentaron altos porcentajes de &cidos grasos saturados, caracteristicos de los
pescados de aguas tropicales. El &cido oleico represent6 al &cido graso monoinsaturado en mayor proporcion. Los
aceites de Scomberomorus cavalla, Lutjanus synagris y Haemulon plumieri presentaron expresivos porcentajes de
cidos grasos poliinsaturados, asi como las actividades anticolinesterasas mas potentes. Asi, la investigacién demostré
la importancia de los aceites de S. cavalla, L. synagris y H. plumieri, alimentos funcionales ricos en acidos grasos
activos y que pueden utilizarse en nuevas terapias para el tratamiento o prevencion de la enfermedad de Alzheimer.
Palabras clave: Pescado marino; Composicion de acidos grasos; Acidos grasos poliinsaturados; Acetilcolinesterasa;
Enfermedad de Alzheimer.

1. Introduction

Alzheimer's disease (AD) is a neurodegenerative disease with a slow and continuous progression affecting mainly the
elderly population of the world (over 65 years of age). It has become increasingly worrying in view of the increase in life
expectancy. It is the most common cause of dementia. Its characteristics are difficulty in memory, language, problem solving
and other cognitive abilities that affect one's ability to perform everyday activities (Alzheimer’s Association, 2018).

Several observational epidemiological studies have pointed to the benefits of omega 3, especially at the early stages of
AD (Barberger-Gateau et al., 2007; Huang et al., 2005; Wu et al., 2015).

In addition to a regular consumption of fish, the supplementation with omega 3 fatty acids as a possibility of
prevention or deceleration of the disease has been investigated in moderate clinical settings. Such studies relate oils mainly to
persistent neuroinflammatory processes in the patients’ brains (Fraga, Carvalho, Caramelli, Sousa & Gomes, 2017; Hooijmans,
Jong, Vries & Ritskes-Hoitinga, 2012; Kerdiles, Lay & Calon, 2017; Song, Shieh, Wu, Kalueff, Gaikwad & Su, 2016).

For the brain, the beneficial effects of omega 3 fatty acids are numerous, especially eicosapentaenoic (EPA) and

docosahexaenoic (DHA) acids. The most cited benefits are participation in the structure and functions of the cell membrane,
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modulation of inflammation with production of eicosanoids, regulation of immune function, and action on oxidative stress and
gene expression (Calder & Grimble, 2002; Calon et al., 2004; Vedin et al., 2012; James, Gibson & Cleland, 2000).

According to the Alzheimer's Association (2018), several changes occur to the brain during the development of the
disease. Such changes may result from different factors.

Among the changes observed, decreased quantities of DHA, one of the most abundant fatty acids in a healthy brain,
are found in AD patients, especially in the most affected regions (Belkouch et al., 2016; Calviello, Serini & Piccioni, 2008).

Acetylcholine deficiency is also a neurochemical characteristic of clinically diagnosed patients. Acetylcholine is one
of the major neurotransmitters by which electrical impulses are driven through nerve cells and transmitted to other nerve cells
or to voluntary and involuntary muscles (Elufioye, Obuotor, Sennuga, Agbedahunsi & Adesanva, 2010).

Substances that inhibit the enzyme acetylcholinesterase by increasing the levels of acetylcholine in the brain are a
promising form of AD treatment (Huang, Su & Li, 2013).

Some drugs have been used for inhibiting this enzyme. On the other hand, natural products such as extracts and
substances isolated from plants, algae and other marine organisms have been widely investigated (Bianco et al., 2015; Morais
et al., 2017; Penido et al., 2017).

Substances or materials that have a positive effect on cognitive disorders, whether by anti-inflammatory, antioxidant
or acetylcholinesterase inhibitory action or by two or more mechanisms, are of great interest for the treatment of AD
(Belkouch et al., 2016; Penido et al., 2017).

The Brazilian Northeastern Region has an enormous biological diversity and a great variety of fish species. Fish oils
can be investigated as for its pharmacological and biotechnological potential. Thus, the oils of eleven fish species commonly
found in the state of Ceard, Northeastern Region of Brazil, were analyzed and an industrialized fish oil commercialized in
pharmacies rich in omega 3 fatty acids, was used for comparison. The objective of this work is to evaluate which types of fish
oils have the greatest inhibiting action of the enzyme acetylcholinesterase to value local fishes.

2. Methodology

The present study refers to an experimental qualitative research, with numerical data obtained in the laboratory
(Pereira et al., 2018)

2.1 Collection and preparation of samples

Fish samples were obtained near the fish market in Fortaleza, Ceara, Northeast of Brazil, from local anglers. Three
fresh specimens of each species of sea fishes were purchased. The samples were transported to the laboratory in iceboxes. The
heads were removed and the fillets were separated and milled in a processor until a homogeneous mass was formed. This mass
was used for analysis the species analyzed were Balistes capiscus (grey triggerfish), Cephalopholis fulva (coney),
Ginglymostoma cirratum (nurse shark), Haemulon aurolineatum (tomtate grunt), Haemulon plumieri (white grunt), Lutjanus
synagris (lane snapper), Malacanthus plumieri (sand tilefish), Myrispristes jacobus (blackbar soldierfish), Scomberomorus
brasiliensis (serra Spanish mackerel), Scomberomorus cavalla (king mackerel) and Sparisoma chrysopterum (redtail
parrotfish).

Industrialized fish oil was purchased from local stores, in a bottle containing 60 capsules, for comparison.

2.2 Materials

All reagents and solvents were of analytical grade.
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2.3 Lipid extraction
Total lipids were extracted from fish samples using the method of Folch (Folch, Lees & Stanley, 1957) in 100 g

aliquots of samples and a mixture of chloroform/methanol (3:1).

2.4 Transmethylation of fish lipids

The lipid extracts were esterified according to the methodology of the International Union of Pure and Applied
Chemistry (Internation Union of Pure and Applied Chemistry [TUPAC], 1987). The method comprises mixing 500 mg of lipids
with hexane (5 mL) and KOH at 0.1M into methanol (5 mL) in a capped test tube heated in 50°C water bath for one hour with

a subsequent separation of methyl esters.

2.5 Determination of fatty acid profiles GC/MS

Fatty acid profiles were analyzed by gas chromatography coupled to a mass spectrometer - Shimadzu Q P-2010
instrument with a DB-5ms fused silica capillary column containing dimethylpolysiloxane (30 m x 0.25 mm x 0.25 um), drag
gas: He (1 mL/min) in constant linear velocity mode, injection temperature: 250°C, and detector temperature: 200°C. The
temperature of the column was set from 35 to 180°C at 4°C/min, from 180 to 280°C at 17°C/min and at 280°C for 10 min. The
mass spectrum was obtained by electron impact at 70 eVV. The compounds were identified by retention times, comparison of
the mass spectra obtained with spectra recorded in a database (National Institute of Standards and Technology database NIST:
147,198 compounds, USA), and by visual comparison with spectra published in the catalog of mass spectra (Adams, 2001).

2.6 Determination of acetylcholinesterase inhibitory activity,

The inhibitory activity of acetylcholinesterase was quantitatively measured according to the method described by
Ellman, Courtney, Valentino and Featherstone (1961) modified by Trevisan, Macedo, Van Den Meent, Rhee and Verpoorte
(2003) using an Elisa BIOTEK microplate reader (ELX 800 model with Gen5 software VV2.04.11). In 96-well plates, the
following solutions were used per well: 25 pL of acetylthiocholine iodide (15 mM), 125 uL of 5,5'-dithiobis-[2-nitrobenzoic]
in Tris/HCI solution (50 mM, pH = 8), 0.1 M NaCl and 0.02 M MgCl,.6H,O (3 mM, DTNB or Ellman's reagent), 50 uL of
Tris/HCL solution (50 mM, pH = 8), 0.1% of bovine serum albumin (BSA), 25 pL of the sample dissolved in ethyl acetate and
diluted ten times in Tris/HCI solution (50 mM, pH = 8) to obtain a final concentration of 0.2 mg.mL! (Rhee, Meent,
Ingkaninan & Verpoorte, 2001).

Absorbance was measured at 405 nm for 30 seconds. Then, 25 pL of acetylcholinesterase enzyme was added and
absorbance was measured per minute up to 25 minutes of enzyme incubation. As a negative standard, all solutions were used,
except for the sample. The dilutions of the samples and the positive standards used in the quantitative microplate assays,
starting from the 20 mg/mL concentration stock solution, were 200ug.mL, 100 pg.mL?, 50 pg.mL?, 25 pg.mL?, 12,5
pg.mL?, 6.25 pg.mL?, 3.12 pg.mL?, 1.56 pg.mL?, and 0.78 pg.mL™.

The standard used as a positive control was Physostigmine.

All samples were analyzed in triplicate. After data normalization, a non-linear regression curve test was performed

using the statistical software GraphPad Prism version 5.01.

2.7 Statistical Analysis
Data were expressed as mean + standard deviation. Differences between values were examined using analysis of

variance (ANOVA). The results were compared by Tukey test at a 5% significance level.
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3. Results and Discussion

3.1 Fatty acid profile
The percentage of lipids (g/100 g) of the meat of different fish species varied between 0.10 and 4.80%, according to
Table 1.

Table 1: Lipid content of marine eleven fish species from the state of Ceara/Brazil.

Species % Lipids Species % Lipids
Balistes capiscus 0.10+0.03¢ Malacanthus plumieri 1.54 + 0.46%
Cephalopholis fulva 0.52 +0.21° Myrispristis jacobus 0.73+0.57%
Ginglymostoma cirratum 4.80 £ 0.522 Scomberomorus brasiliensis 1.95 + 0.00"
Haemulon aurolineatum 1.61 +0.28" Scomberomorus cavala 2.42 +0.00°
Haemulon plumieri 1.54 + 0.46% Sparisoma chrysopterum 0.08 £0.01¢
Lutjanus synagris 0.43+£0.15°

Data is presented as mean + standard deviation and analyzed by ANOVA followed by Tukey test. Values with different
superscript letters are significantly different (p < 0,05). Source: Authors.

All species could be classified as lean fishes because they had a fat content below 5% (Penfield & Campbell, 1990).

Qils of fish captured on the coast of Ceara showed a high percentage of saturated fatty acids (SFA) (Table 2). This is a
characteristic of fish from warm waters of tropical zones like in the Brazilian Northeast seas (Dey, Buda, Wiik, Halver &
Farkas, 1993).
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Table 2: Fatty acids % composition of fillet oils of marine fish from Ceara/Brazil by gas chromatography coupled to mass spectrometry.

Fatty Species

acids Bc Cf Gc Ha Hp Ls Mp Mj Sh Sc Sch
C14:0 2.84 5.31 5.05 491 471 5.28 5.90 4.23 7.34 2.60 4.34
C15:0 0.81 ND 1.08 1.47 0.90 0.95 1.77 1.39 1.01 ND 1.42
C16:0 45.30 40.56 31.04 43,69 26.66 33.30 42.98 31.61 34.60 26.92 37.03
C17:.0 1.37 2.13 1.63 2.63 2.37 2.87 2.66 1.61 1.36 ND 7.32
C18:0 22.68 21.35 17.58 16.35 9.55 12.50 18.48 18.01 16.10 14.43 22.03
C19:.0 0.40 ND 0.48 ND ND ND ND ND ND ND 1.31
C20:0 0.73 ND 0.89 0.83 ND ND ND ND ND ND ND
C22:0 0.33 3.09 0.71 0.43 ND ND 1.20 7.28 ND ND ND
C24:0 ND 3.85 0.78 ND ND ND 0.75 3.90 0.67 ND ND
C16:1n-7 2.46 3.58 7.43 4.68 12.21 8.86 3.38 3.22 8.59 6.11 6.62
Cl17:1n-7 0.23 ND ND ND 0.59 0.78 ND ND ND ND ND
C18:1n-9c 21.68 14.79 28.47 21.64 34.95 25.66 15.03 15.08 27.26 32.17 21.59
C18:1n-9t ND ND ND ND ND ND 2.47 ND ND ND ND
C20:1n-9 ND 1.38 1.99 2.78 ND ND 2.01 2.71 ND 1.87 0.75
C20:1n-7 0.85 ND 0.55 0.28 0.57 112 ND ND 1.28 ND ND
C22:1n-9 ND ND ND ND ND ND 0.60 5.35 ND ND ND
C24:1n-9 0.32 2.30 0.87 ND ND ND 0.81 4.16 0.91 ND ND
C18:2n-6 ND ND 0.91 ND ND ND ND ND ND ND ND
C20:2n-6 ND 1.66 ND 0.31 ND ND ND 1.45 ND ND ND
C20:4n-6 ND ND 0.54 ND 2.66 2.56 ND ND ND ND ND
C20:5n-3 ND ND ND ND 2.10 1.86 ND ND ND 5.66 ND
C22:4n-6 ND ND ND ND 0.49 0.66 ND ND ND ND ND
C22:5n-3 ND ND ND ND 0.28 ND ND ND ND ND ND
C22:6n-3 ND ND ND ND 1.96 3.60 ND ND ND 10.24 ND
Total SFA 74.46 76.29 59.24 70.31 44,19 54.90 75.19 68.03 61.96 43.95 71.04
Total MUFA 25.54 22.05 39.31 29.39 48.32 36.42 24.30 30.52 38.04 40.15 28.96
Total PUFA ND 1.66 1.45 0.30 7.49 8.68 ND 1.45 ND 15.90 ND

¢ =cis and t = trans, Bc=Balistes capiscus; Cf=Cephalopholis fulva; Gc=Ginglymostoma cirratum; Ha=Haemulon aurolineatum; Hp=Haemulon plumieri; Ls=Lutjanus synagris; Mj=Myrispristis jacobus;
Mp=Malacanthus plumieri; Sh=Scomberomorus brasiliensis; Sc=Scomberomorus cavalla; Sch=Sparisoma chrysopterum;. SFA=Saturated fatty acids; MUFA=Monounsaturated fatty acids; PUFA=Polyunsaturated fatty
acids; ND=Not Determined. Source: Authors.
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Palmitic acid (16:0) was the most concentrated satured fatty acid (SFA) in most oils, ranging from 26.66% to 45.30%.
In the analysis of lipids of sea fish, other studies also mention palmitic acid as the main constituent among SFA (Andrade,
Bispo & Druzian, 2009; Ozogul & Ozogul, 2007; Ozogul, Ozogul & Alagoz, 2007; Prato & Biantolino, 2012).

Among the eleven oils analyzed, the ones with the highest concentrations of polyunsaturated fatty acids (PUFA) were
the oils of S. cavalla, L. synagris and H. plumieri. Other studies reported high percentages of PUFA in fish caught in Brazilian
Northeastern waters. However, the results for these three species show that they are good sources of PUFA. Fernandes et al.
(2014) analyzing ballyhoo halfbeak (Hemiramphus brasiliensis), common halfbeak (Hyporhamphus unifasciatus), Atlantic
thread herring (Opisthonema oglinum) and king mackerel (Scomberomorus cavalla), found percentages of PUFA ranging from
20.26% to 48.81%. By analyzing striped mojarra (Eugerres plumieri) and king mackerel (Scomberomorus cavalla), Menezes
et al. (Menezes, Lira, Mena & Sant’ana, 2009) obtained PUFA percentages of 24.71% and 40.89%, respectively.

The oleic acid (18:1) was the monounsaturated fatty acid (MUFA) found at the highest proportion in all oils, ranging
from 14.79% to 34.95%. These results are higher than the results reported by Prato and Biantolino (2012), who analyzed
eleven commercially important fish species from the Mediterranean Sea, south of Italy. The values ranged from 5.52% to
13.87%. De Almeida and Silva (Almeida & Silva, 2016) found percentages of oleic acid ranging from 8.97% to 17.82% for
three species of the Lutjanidae family in the Atlantic Coast of the Amazon.

The fatty acid profile of commercially available industrialized fish oil is shown in Table 3.

Table 3: Percentage composition of fatty acids of comercial fish oil.

Fatty acids % Fatty acids %
C14:.0 6.92 C18:2 1.53
C16:0 17.48 C18:2 0.37
C17:0 0.49 C18:3 (w-3) 1.40
C18:0 3.89 C16:4 (w-3) 1.85
C19:0 1.63 C20:4 (w-3) 2.05
C20:0 0.40 C20:4 311
C16:1 10.23 C20:5 (w-3) EPA 19.80
C18:1 15.22 C22:5 (w-3) 0.41
C20:1 1.35 C22:6 (w-3) DHA 11.85

Total Saturated Fatty Acids: 30.81 %
Total Monounsaturated Fatty Acids: 26.80 %
Total Polyunsatured Fatty Acids: 42.37 %

Source: Authors.

In relation to commercially available fish oil, palmitic acid and oleic acid are also presented as the main constituents
of SFA and MUFA, but at lower concentrations than most other fish oils, especially in relation to saturated acids. With regard

to PUFA, the content was expected since it is a fish oil with a high content of omega 3 fatty acids.

3.2 Inhibitory activity of the acetylcholinesterase enzyme

The results obtained in the inhibition of AChE activity were compared to that of the alkaloid physostigmine, which
was the first discovered natural inhibitor. Santos et al. (2018), determined the anticholinesterase activity of extracts and
fractions from 54 plants and classified the action according to the ICso values as: high potency when ICs <20 pg. mL™.
Evaluating the results obtained in the AChE inhibition test, it is observed that all fish oils presented results below 20 ug. mL™,

therefore with a high inhibition power. Then, all oils extracted from regional fish showed good results for acetylcholinesterase

7
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inhibitory activity (AChEI) (Table 4), with emphasis on the oils of the species S. cavalla, L. synagris and H. plumieri, whose
values of 1Cs (the concentration that inhibited 50% of the activity of the enzyme) were the lowest, corresponding to a greater

bioactivity.

Table 4: Acetylcholinesterase inhibitory activity of fish fillet oils in state of Ceara/Brazil and commercial fish oil.

Samples (ICso g/ mL)
Balistes capiscus 8.73 £ 0.075¢
Cephalopholis fulva 7.09 + 0.040¢°
Ginglymostoma cirratum 11.32 £ 0.0112
Haemulon aurolineatum 7.74 + 0.065°
Haemulon plumieri 4.81 +0.029¢
Lutjanus synagris 2.84 + 0.044f
Malacanthus plumieri 7.97 +£0.037¢
Myrispristis jacobus 11.69 £ 0.003?
Scomberomorus brasiliensis 11.10 £ 0.0292
Scomberomorus cavala 2.60 + 0.150f
Sparisoma chrysopterum 8.81 + 0.046°
Comercial fish oil 4.37 £ 0.800¢
Physostigmine (Control) 1.15+0.047¢

Date are presented as mean * standard deviation and analyzed by ANOVA followed by Tukey test. Values with different
superscript letters are significantly different (P < 0.05). Medium acetylcholinesterase Inhibition (AChEI): 1Cso (ug/mL).
Source: Authors.

Oils with high concentrations of PUFA had the best anticholinesterase activity, including the oil used therapeutically.

The oils of L. synagris and S. cavalla, which had the best AChE inhibitory — ICso values, contain the highest
concentrations of DHA among the oils with the best activity.

Some studies on plant oils and plant pulps with high percentages of unsaturated fatty acids (UFA), with emphasis on
oleic and linoleic acids, also show results, ranging from moderate to potent in relation to percent inhibition of the AChE
enzyme (Fernadndez et al., 2016; Itriago et al., 2017; Santos et al., 2015; Vinutha et al., 2007).

Polyunsaturated fatty acids, especially EPA and DHA, are among the most studied nutrients with regard to
neuroprotective effects. They promote improvement of cognitive abilities and acts on brain neurodegenerative diseases.
However, there is still no consensus on their effectiveness (Kerdiles, Lay & Calon, 2017; Wu, Ding, Wu, Hou & Mao, 2015;).

The efficient inhibitory activity of the acetylcholinesterase enzyme corroborates the potential of omega 3 fatty acids
as they may increase acetylcholine concentration in the brain.

Moreover, a synergistic action between the PUFA anti-inflammatory process, cited by several authors, and inhibition
of the enzyme should be evaluated in relation to the importance of PUFA and UFA for the treatment of AD-induced
dysfunctions (Calder & Grimble, 2002; Mesquita et al., 2011).

4. Conclusion

In conclusion, this research indicated that the oils of S. cavalla, L. synagris and H. plumieri as functional food as new
therapies to treat or prevent AD. They are promising due to an expressive concentration of UFA and PUFA together with a
relevant anticholinesterase activity.

For future works, it is suggested to select fish samples with high levels of fatty acids for further analyses, such as

carrying out tests with zebrafish and other models. It is also suggested to carry out new surveys with other fish species from the
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Northeast Coast to find new study targets. Besides, it is important to encourage the population to consume the fish species that
had the best results.
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