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ABSTRACT. The objective of this study was to evaluate the quality of meat
protein of Dormitator latifrons for humans based on its Protein Digestibility
Corrected Amino Acid Score (PDCAAS). Wild and cultured specimens were
evaluated for amino acid content using HPLC equipment. The calculation of
PDCAAS was performed as follows: milligrams of essential amino acid in 1 g
of test protein per milligram of the same amino acid in 1 g of reference protein
per true digestibility. To evaluate the protein of D. /atifrons in relation to that
of other fish, PDCAAS was calculated from the proteins of eight fish usually
used in human nutrition. D. latifrons has a good essential amino acid profile,
providing the same nutritional quality as those of other fish. Although the
meat of wild D. latifrons contributes only 73% of human lysine requirements,
it can be complemented with other lysine sources.

Key words: Essential amino acids, human nutrition, limiting amino acid,
native fish, muscle protein, low-income communities.

RESUMEN. El objetivo de este estudio fue evaluar la calidad de la
proteina de carne de Dormitator latifrons para los seres humanos de
acuerdo al computo quimico de aminoacidos corregido por la digestibilidad
de la proteina (PDCAAS). A los musculos de peces silvestres y cultivados
se determin6 el contenido de aminodcidos utilizando un equipo HPLC. El
célculo de PDCAAS fue: mg de aminoacido esencial en 1 g de proteina a
probar mg~! del mismo amino4cido en 1 g de proteina de referencia por
digestibilidad verdadera. Se evalud la proteina de D. /atifrons en relacién con
otros peces utilizados en la nutricion humana. D. latifrons posee un buen
perfil de aminoacidos esenciales que satisface los requerimientos humanos
y la misma calidad nutricional que otros peces. Aunque la carne de D.
latifrons silvestre contribuye con el 73% de los requerimientos humanos de
lisina, se puede complementar con otras fuentes de este aminoacido.
Palabras clave: Aminoacidos esenciales, aminoacido limitante, comu-
nidades pobres, proteina del masculo, nutricion humana, pez nativo.
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INTRODUCTION

Aquaculture research is continuously seeking
new fish species that may have nutritional and
commercial value. There is a trend towards increasing
the variety of aquatic organisms with culture po-
tential, especially the use of native species (FAO
2010, Saint-Paul 2017). Aquatic foods make a sig-
nificant contribution to improving dietary intakes and
promoting healthy nutrition among most population
groups (Toppe et al. 2012). Rural populations living in
riparian and coastal areas are some of the poorest
communities in the world. These communities not
only consume fish but also depend on it for their
income and livelihoods (Dey et al. 2017). Rural
communities capture small fish for consumption, and
the remainder is sold and bought in small quantities.
All small fish species are a rich source of animal pro-
tein and bioavailable calcium. Some are rich in vi-
tamin A, iron, zinc and essential fatty acids (Thilsted
2012).

Dormitator latifrons, also known as chame,
popoyote, puyeque and Pacific fat sleeper
(Rodriguez-Montes de Oca et al. 2012), is a fish
that lives in tropical and subtropical climates, with
a preference for brackish water with temperatures
between 21 and 30 °C (FAO 2010), although it has
been found in water temperatures of up to 40 °C
(Ancieta-Calderén y Landa-Cannon 1977). It is dis-
tributed from the USA (California) to Peru, inhabiting
Pacific coastal waters, lagoons and estuarine sys-
tems (Yanez-Arancibia and Diaz-Gonzélez 1977). In
Central America, it has great commercial potential,
and its fishing represents an alternative source of em-
ployment (Larumbe-Moran 2002, Lopez-Lopez 2015).
Few studies have been conducted to evaluate the nu-
tritional value of this fish. Lopez-Huerta et al. (2018)
showed that it has a good fatty-acid composition, es-
pecially when the fish are cultivated with adequate
diets. However, there are no studies evaluating the
biological value of muscle protein.

The biological value of a protein depends
mainly on its composition of essential amino acids
(EAA) and its availability. In 1989 the FAO/WHO
Expert Consultation on Protein Quality Evaluation

recommended the use of the Protein Digestibility
Corrected Amino Acid Score (PDCAAS) method for
evaluating protein quality (FAO 1991). The objective
of this study was to evaluate the quality of meat pro-
tein of D. latifrons for humans based on its PDCAAS
with a view to providing arguments for its use by rural
Mexican populations.

MATERIALS AND METHODS

Twenty wild specimens of D. latifrons (mean
weight of 150 + 15 g) were collected from the la-
goon “El Quelele” in Nayarit, Mexico. A cast net was
used to catch the fish. Of 12 total organisms collected
(all apparently healthy), 6 were randomly selected and
frozen immediately (-25 °C) for later analysis. Another
20 fish with similar weights (150 4+ 17 g) were ob-
tained from a semi-intensive culture performed at the
Laboratorio de Calidad de Agua y Acuicultura Experi-
mental (LACUIC), Puerto Vallarta, Jalisco, Mexico, fed
for 4 months with a commercial feed (Purina ®) for-
mulated for the growing phase of tilapia (35% pro-
tein, 8% lipids). The amino acid (AA) composition
of the defatted pooled samples of D. latifrons muscle
collected from the wild (n = 6) and from semi-intensive
cultures (n = 6), were evaluated for AA content using
HPLC equipment with a fluorescence detector (Wa-
ters 474 series ®, Milford).

The amino acid profile was determined using
the pooled samples (defatted, freeze-dried and pul-
verized) according to the technique outlined by
Vazquez-Ortiz et al. (1995). The micromethod of
Bradford (1976) was used to determine the amount of
protein in the defatted muscle samples, using bovine
serum albumin as a standard.

The calculation of PDCAAS was performed as
follows: milligrams of essential amino acid in 1 g of
test protein mg~! of the same amino acid in 1 g
of reference protein per true digestibility (Schaafsma
2000). The protein digestibility value used was 94%,
considering the fish meat value reported by the FAO
(1991). The lowest PDCAAS value is the first amino
acid limiting the protein quality of the test protein.

To evaluate the protein quality of D. latifrons
in relation to that of other fish, PDCAAS was calcu-
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lated from the proteins of eight fish usually used in
human nutrition. The EAA contents of the fish protein
were obtained from USDA food composition tables:
tuna (Thunnu salbacares) USDA code 15127, cat-
fish (lctalurus punctatus) USDA codes 15234 and
15010, carp (Cyprinus carpio) USDA code 15008,
tilapia (Oreochromis sp.) USDA code 15261, rain-
bow trout (Salmo gairdneri) USDA codes 15240 and
15115, salmon (Salmo salar) USDA codes 15076 and
15236, and bass (Mix of Percichthyidae and Centrar-
chidae) USDA code 15003.

RESULTS AND DISCUSSION

This is the first report of the amino acid con-
tent of D. latifrons muscle protein. Table 1 presents
the human requirements of essential amino acids
(HREAA) and the EAA profile of D. latifrons and other
fishes usually used as human food. Evident varia-
tions between cultivated and wild fish were observed;
nevertheless, all amino acid levels were superior to
the HREAA (except lysine in wild D. /atifrons).

Table 2 shows the PDCAAS of D. latifrons com-
pared with fishes traditionally used for human con-
sumption. Muscle of cultivated D. /latifrons presented
an amino acid pattern equivalent to those of the
reference protein. Only the PDCAAS of lysine was
below one, thus lysine was considered as the first
limiting amino acid in wild D. /atifrons protein. All other
evaluated fish showed adequate levels of amino acids
with a PDCAAS greater than 1. As the first report of
the meat protein quality of D. /atifrons, this study is a
highly important step towards proposing its use as a
good quality food for human consumption, especially
in Mexico and other developing countries with nutri-
tional problems. Rural populations, the most unpro-
tected in Mexico, only have access to fish meat mostly
through artisanal subsistence fisheries (FAO 2005),
although many of these consume it infrequently.

Malnutrition in Latin America, especially in chil-
dren, is a problem that affects most of the countries of
the region and is mainly concentrated in indigenous
populations (CEPAL 2017). Although Mexico has
made substantial progress in reducing child malnutri-
tion, the prevalence remains high, with almost 15% of

this population in chronic malnutrition (Palma 2018).
Fish that were introduced to Mexico as an inexpensive
source of animal protein, such as tilapia, have al-
ready become expensive (Flores-Nava et al. 2016)
and are therefore economically out of reach of the
poorest people. National scientific and technological
projects directed to the research and culture of native
species have focused their efforts on species of high
added value, in their majority directed to an interna-
tional market and not to address national demand.

In this scenario, aquaculture should represent
an alternative source of fish food, providing protein,
essential fatty acids, vitamins and minerals, as well as
contributing to food security, the generation of foreign
exchange and regional development. However, for
Mexico this vision of aquaculture has not fulfilled all
these premises, especially those related to improving
the nutritional quality of marginalized populations.
According to The State of World Fisheries and
Aquaculture (FAO 2018), Latin America will see a
considerable increase in its total fish consumption:
33%. This is particularly important for the region,
since it is currently a net exporter of fish and a large
producer of aquaculture but has the lowest per capita
consumption worldwide: only 9.8 kg per year. In 2015,
Latin America only consumed 6.2 million tons of fish,
less than all the other regions of the world, except for
Oceania (FAO 2018).

In Mexico there are freshwater species that
have a high productive potential but have been poorly
studied, as is the case for D. latifrons. However, in
other countries such as Ecuador, D. latifrons, it is
considered a resource in popular demand, and its
production occurs in both fisheries and ponds (using
wild offspring) (Schwarz 2007, Arriaga and Martinez
2002). Ecuador has the largest stock of empirical
knowledge about this species, as it is a native re-
source that is part of traditional gastronomy, is one
of the most commercialized species and is even ex-
ported because its meat is considered exquisite (Del-
gado et al. 2016). However, and paradoxically, with
regard to nutritional value, there is very little published
information. Lépez-Huerta et al. (2018) determined
the proximal composition and fatty acid profiles of wild
and cultivated specimens and observed a good com-
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Table 1. Human requirements for EAA and the EAA content of muscle of D. latifrons and other fishes (mg/g protein).

Human Dormitator Rainbow ) Atlantic
requirements latifrons trout Catfish salmon
EAA 1-2 years Tilapia Bass Carp Tuna
. farmed wild farmed wild farmed wild farmed wild
children
Histidine 18 26 32 23 29 29 31 29 22 29 29 27 28
Isoleucine 25 39 41 46 46 46 48 46 45 46 46 47 44
Leucine 51 65 72 80 81 81 85 81 76 81 81 79 78
Lyisine 55 59 43 90 92 92 96 92 91 92 92 92 88
Methionine/Cystine 25 35 29 40 40 40 42 40 40 40 40 41 39
Phenylalanine/Tyrosine 47 77 129 89 73 73 76 73 73 73 73 79 70
Threonine 27 48 60 47 44 44 46 44 45 44 44 42 42
Valine 32 43 43 48 51 52 54 52 48 52 52 54 49

The EAA contents of fish protein were obtained from USDA food composition tables (2018): tuna USDA code 15127, catfish USDA codes
15234 and 15010, carp USDA code 15008, tilapia USDA code 15261, rainbow trout USDA codes 15240 and 15115, salmon USDA codes
15076 and 15236, and bass (Mix of Percichthyidae and Centrarchidae) USDA code 15003. *limiting amino acid.

Table 2. PDCAAS of D. latifrons and other fishes used as human food.

Dormitator latifrons

Rainbow trout Catfish Atlantic salmon

EAA farmed  wid | 1apia Bass - Carp — o rred wid  farmed  wid U@
Histidine 1.38 166 122 154 154 161 154 115 154 154 140 147
Isoleucine 1.47 154 174 173 173 181 173 167 173 173 178 1.66
Leucine 1.20 133 147 150 150 157 150 140 150 150  1.46 1.44
Lyisine 1.01 073" 154 157 157 164 157 156 157 157 157 150
Methionine/Cystine 1.33 108 152 152 152 158 152 150 152 152 156 1.45
Phenylalanine /Tyrosine  1.55 259 177 146 146 151 146 146 146 146 157 1.40
Threonine 1.69 210 1656 153 153 160 153 157 153 153 147 146
Valine 1.26 126 142 151 151 158 151 142 151 151 159 145

The EAA contents of fish protein were obtained from USDA food composition tables (2018): tuna USDA code 15127, catfish USDA code
15234 and 15010, carp USDA code 15008, tilapia USDA code 15261, rainbow trout USDA codes 15240 and 15115, salmon USDA codes
15076 and 15236, and bass (Mix of Percichthyidae and Centrarchidae) USDA code 15003. *limiting amino acid.

position of fatty acids of the @3, w6 and w9 series,
and the ®3/w6 ratio was higher in wild fish. However,
the protein quality of this fish has not been studied
so far. In the present work the high quality of its pro-
tein was demonstrated by the PDCAAS, a method that
measures not only the relationship between the amino
acids of the fish and those of the reference protein
but also the availability of the protein from digestibility
data. The limiting amino acid was lysine, which is of-
ten the first limiting factor for many protein sources.

In the present study, the content of essential
amino acids of D. /atifrons and other fish was analysed
in relation to human requirements. It was found that D.
latifrons, despite being a fish not appreciated by rural
and coastal populations, has a good essential amino
acid profile. Most of the species compared with D.
latifrons are species with high commercial value (with
the exception of carp and tilapia, whose prices are
lower); therefore, the possibility of their consumption
by rural populations is practically impossible.

One of the few fishing regions for consumption
of D. latifrons in Mexico is the Laguna de Tres Pa-
los, Guerrero. The price of this fish (whole) is 25
pesos (1.3 USD) on average for a dozen fish that
range from 13 to 16 cm in size, which corresponds
to approximately 1 kg. The average price of the fillet
is 40 pesos (2.2 USD) (kg). A comparison of these
prices with those of other fish consumed in Mexico
and analysed for nutritional quality based on their PD-
CAAS shows that D. /atifrons, although low in price,
provides the same nutritional quality as the other fish
included in the analysis. According to the National
System of Information and Market Integration (SNIIM)
of the Ministry of Economy of Mexico, the fish with
the lowest average prices are carp, tilapia and catfish
(40.7, 58.5 and 59.7 pesos (2.1, 3.0 and 3.1 USD)
kg~ respectively); tuna, black bass and trout are al-
ready priced higher on average (80, 90 and 117.5
pesos (4.2, 4.7 and 6.1 USD) kg~ !, respectively).
Salmon, which is only sold as a fillet, in Mexico,
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reaches prices of up to 419 pesos (21.8 USD) kg~ .

With the exception of lysine, there are no
amino acid deficiencies that could make the consump-
tion of this species inadequate for human nutrition.
Variations in the chemical composition of fish (in-
cluding proteins) can be caused by diet, sex, migra-
tion and season, among others (Huss 1998) and do
not necessarily indicate that, in this case, lysine al-
ways remains a limiting amino acid in wild D. /atifrons
throughout the year. However, in cultured fish, the
lysine contents are adequate and do not present a
limitation. Although the meat of wild fishes contributes
only 73% of human lysine requirements, it is not so
serious a limitation that it cannot be complemented
with other foods with a high content of this amino
acid, such as eggs, beans, soybeans and lentils; most
of these foods are usually consumed by low-income
communities.

The elimination of malnutrition in marginalized
and under-resourced populations in Mexico is a goal
that should be obtained as soon as possible. The
search for native nutritional sources, high quality and
low prices is essential to the provision of alternatives
to unprotected communities. Dormitator latifrons is a
viable alternative nutritional source of high quality and
low cost.
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