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ABSTRACT

Corn tortilla is one of the most consumed foods
in Latin America, representing a good nutrients source,
although deficient in some essential amino acids. Jumbo
squid (Dosdicus gigas) muscle possesses high-quality pro-
tein, useful for tortilla supplementation. Our objective was
to elaborate corn tortillas supplemented with jumbo squid
muscle flour (JSMF), using composite corn flours containing
JSMF (2.5 and 5.0%), to improve their nutritional quality
without affecting their physicochemical/sensory properties
and storage stability. Supplementation with 5% JSMF increa-
sed (P<0.05) tortilla protein level, and the essential amino
acids versus the control. The 2.5% JSMF tortillas were sensory
acceptable (P=0.05) as the control. JSMF addition showed
an antimicrobial effect on mesophilic and psychrophilic
bacteria; however, yeast and moulds grew beyond the per-
missible limit at day 5 of storage. JSMF addition did not affect
(P=0.05) the cutting force, with tortillas tending to become
harder to roll without cracking as storage elapsed. Tortilla
storage stability (supplemented or not) was 3 days at 2-4 °C.
Results suggest the feasibility of adding JSMF to corn tortilla,
improving its nutritional characteristics without markedly
affecting other parameters.
Keywords: Ccorn tortilla, jumbo squid, supplementation,
storage stability.

RESUMEN

La tortilla de maiz es de los alimentos mas consu-
midos en Latinoamérica, representa una buena fuente de
nutrientes, pero deficiente en algunos aminodacidos esen-
ciales. El musculo de calamar gigante (Dosdicus gigas) posee
proteina de alta calidad, util para suplementar tortillas.
Nuestro objetivo fue elaborar tortillas de maiz suplemen-
tadas con harina de musculo de calamar gigante (HMCG),
utilizando harinas de maiz compuestas, conteniendo HMCG
(2.5 'y 5%), para mejorar su calidad nutricional sin afectar sus
propiedades fisicoquimicas/sensoriales y su estabilidad du-
rante el almacenamiento. La suplementaciéon con 5% HMCG
incremento (P<0.05) el contenido de proteina y aminoacidos
versus el control. Las tortillas con 2.5% HMCG fueron senso-
rialmente aceptables (P=0.05) como el control. La adicién
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de HMCG mostré un efecto antibacteriano contra bacterias
mesofilas y psicrofilas; levaduras y hongos crecieron supe-
rando los limites permitidos al dia 5 de almacenamiento. La
suplementacién no afecté (P=0.05) la fuerza de corte, las tor-
tillas tendieron a ser dificilmente enrollables sin agrietarse a
medida que transcurrié el almacenamiento. La estabilidad de
la tortilla durante el almacenamiento (suplementada o no)
fue de 3 dias a 2-4 °C. Los resultados sugieren que es factible
agregar HMCG a tortillas de maiz, mejorando sus caracteristi-
cas nutricionales sin afectar notablemente otros parametros.
Palabras clave: tortilla de maiz, calamar gigante, suplemen-
tacion, estabilidad de almacenamiento.

INTRODUCTION

Maize (Zea mays L.), also known as corn, is an impor-
tant cereal in the human diet worldwide. Corn tortilla is an
ancestral unleavened bread prepared from the grounding of
lime-cooking corn kernels (process called “nixtamalization”)
into a cohesive dough (masa) that is molded into a flat circular
(~12-18 cm diameter, see figure 1) product that is baked into
the so-called tortilla (Serna-Saldivar, 2015a). Corn tortillas are
one of the most important foods consumed in Mexico, as
well as other Central American countries, greatly impacting
their population’s nutritional status. In Mexico, the National
Council for the Evaluation of Social Development Policy (CO-
NEVAL) estimates an average annual per capita corn tortillas
consumption of 56.7 kg in urban areas, and 79.5 kg in rural
areas (CONEVAL, 2018). Nowadays, the corn tortilla and its
chips market has expanded around the world, particularly
in the USA, Asia and Europe (Cortés-Gémez et al.,, 2005).
Although corn tortillas are considered an excellent source of
calories due to their high starch content and adequate level
of micronutrients as iron, zinc, and vitamins A, D, E and B12
(Serna-Saldivar, 2015b), it is deficient in some essential amino
acids, such as tryptophan and lysine (Martinez-Velasco et al.,
2018). In protein nutrition, supplementation is the addition
of a moderate quantity of quality protein with a high content
of essential amino acids, to another protein source in which
that amino acid is limiting, thereby improving the protein
quality of the food (FAO, 1989). The nutritional value of
tortillas can be upgraded by the addition of legumes and/
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Figure 1. Mixographs and tortilla images of white corn flour and jumbo squid (Dosidicus gigas) muscle flour blends. a, a": Control
(white corn flour); b, b": 97.5:2.5, white corn flour:squid flour mix (M2.5%); and, ¢, ¢”: 95:5, white corn flour:squid flour mix (M5.0%).

Figura 1. Mixogramas e imagenes de tortillas de maiz blanco y mezclas con harina de musculo de calamar gigante (Dosidicus gigas).

a, a": Control (harina de maiz blanco); b, b": 97.5:2.5, harina de maiz blanco:harina de calamar (M2.5%); y, ¢, ¢: 95:5, harina de maiz

blanco:harina de calamar (M5.0%).

or animal products. Several studies have been conducted to
improve the protein score in corn tortilla by the addition of
vegetable protein such as soybean products (whole, defat-
ted flour, protein concentrates, isolates, okara, or soymilk)
(Chuck-Herndndez and Serna-Saldivar, 2019), cottonseed
(McPherson and Ou, 1976), germinated corn (Wang and
Fields, 1978), amaranth seed (Sanchez-Marroquin et al.,
1987), sorghum bran (Serna-Saldivar et al., 1988) and animal
protein such as sardine (Sardina pilchardus) protein concen-
trate (Lépez-Alarcédn et al. 2018) and egg (Serna-Saldivar and
Perez-Carrillo, 2016). However, there has been a limited use
of these ingredients most probably due to the change in the
tortilla sensory properties.

Jumbo squid (Dosidicus gigas) is a marine cephalopod
mollusc from the Ommastrephidae family, which represents
one of the five main species caught in the northwest Pacific
in Mexico. This species is attractive due to its abundance,
high yield, low cost, low-fat content and the whiteness
of its muscle (Dihort-Garcia et al., 2011; Ramirez-Suarez
et al., 2012). Nutritionally, the squid muscle is a source of
high-quality, easily-digestible protein, containing all of the
essential amino acids required by humans (Raya et al., 2006).
Although possessing a high nutritional quality, its consump-
tion in Mexico is low. According to surveys, factors, such as
the lack of knowledge about the nutritional properties and
cooking methods, have limited the consumption of squid in
the national market (De La Fuente-Betancourt et al., 2008).

Therefore, the supplementation of corn products with
seafood protein, a high-quality protein source, could be a
good strategy to enhance their nutritional quality without
affecting the physicochemical characteristics. Thus, the aim

of this study was to elaborate corn tortillas supplemented
with jumbo squid (D. gigas) muscle flour to improve their
nutritional value, evaluating its stability during storage, phy-
sicochemical and sensory properties.

MATERIALS AND METHODS
Raw matter and preparation of blends

Commercial white corn flour from "MINSA™ (Grupo
Minsa, S.A. de C.V,, Tlalnepantla, México) was used to elabo-
rate the tortillas. Squid mantle muscle was obtained frozen
from a local market. At the Seafood Laboratory of the Re-
search Centre for Food and Development (CIAD for its initials
in Spanish), the interior and exterior skins were removed. The
freeze-drying technique was used to obtain a dehydrated
product of the highest quality to be incorporated into tortilla
production. First, mantle muscle was washed in cold water
(<4 °QC), cutiinto 10 x 10 cm pieces and frozen at -86 °C over-
night, followed by lyophilisation using a Labconco freeze-
drier (Labconco Corporation. Kansas City, MO, USA). The
freeze-dried sample was powdered with a food processor,
eliminating any remaining unprocessed collagenous fibres.
Two flour blends were prepared with 97.5:2.5 (M2.5%) and
95:5 (M5.0%) corn flour:squid flour ratios. All flour mixtures
were adjusted to 14% moisture, according to the American
Association of Cereal Chemists (AACC) methods. Corn flour
was used as a control (CRL).

Mixograph analysis

The mixograph of the corn flour and flour blends
was determined in duplicate following the method 54-40A
(AACC, 1995) using a 30-g National Mixograph (National
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Manufacturing Co., Lincoln, NE, USA). The amount of water
to add to the blends for tortilla preparation was estimated
based on the mixographs. Dough consistency was suitable
for processing when dough, placed in a press covered with a
plastic sheet, was easily separated from the plates (Ardmbula
etal., 2002).

Tortillas elaboration

Tortillas were made from corn flour (500 g) and water
(500 mL for CRL and 550 mL for the squid blends). All blends
(CRL and squid added) were kneaded in a domestic kneader
(Kitchen Aid, K5SS, St. Joseph, MI, USA) at low speed. Once
the dough was prepared, tortillas were formed by using a
manual tortilla maker, placing dough portions (18 g) bet-
ween two plastic covers and pressing them until tortillas of
approximately 13-cm in diameter were obtained. Tortillas
were cooked in an electric grill at high level (~200 °C). Cooked
tortillas were cooled and packed in polythene bags (eight
per bag) to avoid moisture loss and then stored at 2-4 °C.
Forty tortillas per treatment were prepared.

Physicochemical characterisation of tortillas

Proximate analysis (moisture, method 44-15A; fat,
method 30-25; ash, method 08-02 and protein, method
46-30.01) was performed according to the official methods
of the AACC (AACC, 1995). The physical characteristics, in-
cluding weight (g), diameter (cm) and thickness (mm), were
measured. Weight was determined using a regular balance.
Diameter and thickness were measured using a Vernier ca-
lliper. Analyses were determined in triplicate. Water activity
(aw) was measured using a HygroPalm a, meter (Rotronic
Instrument Corp., Huntington, NY, USA). Briefly, two tortilla
layers (3.8 cm in diameter) were placed in a tray for a, mea-
surement.

Amino acids composition

The effect of jumbo squid muscle flour (JSMF) addition
on the protein supplemented corn tortillas was evaluated
by determining the amino acid composition on previously
ground and defatted tortillas, hydrolysed using 6 MHCl at 150
°C for 6 h. After cooling, hydrolysed samples were buffered to
pH 2.2, then the amino acids composition was measured by
HPLC using a Hewlett Packard 1100 apparatus equipped with
a fluorescence detector (Hewlett Packard 1100) and an Agi-
lent 3000-extend C18 column (3.5 x 150 mm), as described
previously (Vazquez-Ortiz et al., 1995).

Storage stability of tortillas

To observe the changes in the tortilla (supplemented
with JSMF) stored at 2-4 °C, microbiological and texture
analyses were performed on the product at 0, 3 and 5 days.
Microbiological enumeration of the aerobic mesophilic and
psychrophilic bacteria, total coliforms, Salmonella spp., Vibrio
cholerae, and moulds and yeasts was undertaken according
to the Official Mexican Standard NOM-187-SSA1/SCFI-2002
for dough products, tortillas, tostadas and flour, and NOM-
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129-SSA1-1995 for fishery products: dry-salted, smoked,
cephalopods and gastropods fresh-chilled and frozen.

Total plate count, expressed as a colony forming unit/g
(CFU/qg), were evaluated using plate count agar medium
incubated at 35 + 1 °C for 48 h (aerobic mesophilic bacteria)
and 5 £ 2 °C for 7-10 days (psychrophilic bacteria) respec-
tively (Maturin and Peeler, 1998). Yeast and moulds were
enumerated on potato dextrose agar medium incubated at
25 °C for 4 days (Tournas et al., 1998). Total coliforms were
assessed using lauryl-tryptose broth incubated at 35 + 2 °C,
as per standard guidelines. Total coliforms were expressed as
most probable number (MNP) (Feng et al., 1998). Tests were
also conducted to detect the presence of bacterial patho-
gens, including Salmonella spp. (on lactose broth at 35-37 °C
(Andrews and Hammack, 1998) and V. cholerae (on alkaline
peptone water at 27-35 °C for 24 h and then on thiosulpha-
te-citrate-bile salts—sucrose agar at 35-27 °C for 24 h).

Moisture, texture and rollability were measured on
the tortillas during storage. The moisture content (method
44-15A) was assessed according to the AACC (1995). Texture
analysis was performed by evaluating the cutting force using
aTA-XT2 texture analyser (Texture Technologies Corp., Godal-
ming, Surrey, UK). Briefly, the tortilla was placed on the plat-
form and then penetrated by the probe moving at 2 mm/s.
Rollability was tested by the subjective method reported by
Bedolla (Bedolla, 1983). First, tortillas were cut into four strips,
and then each strip was wrapped around a timber rod of 2
cm in diameter. The rupture degree was determined using
his subjective scale of 1 to 5. A score of 1 represents a 100%
tortilla breakage or torn tortilla; a score 3 indicates a partially
ruptured tortilla or 50% breakage in tortilla structure; and a
score of 5 indicates an unruptured tortilla, the best rollability.
Four tortillas were measured per treatment.

Sensory evaluation

A panel of 80 untrained individuals evaluated three
sensory attributes of the tortilla (aroma, taste and general
acceptability) on the day of its production (day 0) only.
Responses were scored on the following hedonic scale: 1 =
dislike extremely; 3 = dislike; 5 = neither like nor dislike; 7 =
like; 9 = like extremely (Lawless and Heymann, 2010).

Statistical analysis

For the physicochemical properties of the tortillas,
a 3x3 factorial experiment arranged in a completely ran-
domised design was used, considering the storage time (0,
3 and 5 days) as factor 1 and three treatments (CRL, M2.5%
and M5.0%) as factor 2. For sensory evaluation, repeated
measures ANOVA were used for detailed analyses. Multiple
comparisons of the means were achieved by using the Tukey-
Kramer test when interactions were not significant. Statistical
analysis software NCSS (version 2007) was used. Values with
a P < 0.05 were considered statistically significant.
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RESULTS AND DISCUSSION
Mixograph analysis

Figure 1 shows the dough resistance during mixing
for each treatment. Results showed that the mixing tolerance
(bandwidth after peak) decreased with increasing level of
JSMF in the blends. It can be observed that as JSMF was
added to corn flour, the dough retained its resistance throug-
hout the blending time but was smaller than the CRL. The
amount of water to be added for best dough consistency was
determined from the mixographs. Thus, the best dough con-
sistency for CRL (maize flour) was achieved by adding 100%
of water (w/v, flour:water), while an additional 10% (w/v) of
water was necessary for samples supplemented with JSMF,
probably because of the increase in the water absorption ca-
pacity, considering the blends contained higher protein than
the CRL (Table 1) (Adeyeye et al., 2017; Kongo-Dia-Moukala
and Zhang, 2011). However, JSMF addition decreased the
hydration time compared with CRL. According to the mixo-
graphs, the kneading time was 3 min for the control and 3
min 30 s for the squid mixtures.

Table 1. Proximate composition and water activity (aw) of corn tortillas
supplemented with 2.5 (M2.5%) and 5.0% (M5.0%) of jumbo squid muscle
flour (Dosidicus gigas).

Tabla 1. Composicion proximal y actividad de agua (a,) de tortillas de maiz
suplementadas con 2.5 (M2.5%) y 5.0% (M5.0%) de harina de musculo de
calamar gigante (Dosidicus gigas).

Sample  Moisture Protein Fat Ash a,

Control ~ 415+09 86+0.0° 33+04 1.2£0.1° 0.930+0.0
M2.5% 40.1+04 104+04°> 34+01 14+02° 0.935+0.0
M5.0% 418+04 126+02° 34+0.1 1.7+0.1° 0.950+0.0

Different letters in the same column are significantly different (p < 0.05).

Physicochemical analysis of tortillas

The tortillas supplemented with JSMF (Figure 1) had
a similar appearance to the control, although no evaluations
were performed to determine differences in parameters,
such as colour, appearance or texture. All tortillas were
standardised to a diameter, thickness and weight of 13 cm,
2+0.2 mm and 22 + 2 g, respectively, to ensure the analysed
samples were homogenous. The proximate composition of
tortillas is shown in Table 1. Their moisture content showed
no significant difference (P = 0.05) between the treatments
and CRL, all fluctuating between 40 and 42%. The mois-
ture content was in the expected range for maize tortillas
(34-48%; Hernandez-Uribe et al., 2007; Rendoén-Villalobos et
al., 2009). Similarly, tortillas fat content (3.34-3.42%) was not
affected (P > 0.05) by JSMF addition, due to the low-fat con-
tent (<1%) present in the squid muscle (Ramirez-Suarez et al.,
2008). Tortilla ash and protein contents increased (P<0.05)
with supplementation of JSMF at both levels. Interestingly,
the addition of JSMF significantly increased (P < 0.05) the
tortilla protein content by 20 and 45% for M2.5 and M5.0%,
respectively. These results highlight the great impact that
JSMF addition has over the nutritional quality of the maize
tortillas. Similarly, tortilla ash content also increased (P <
0.05) due to JSMF addition. Similar behaviour was found

by Lopez-Alarcon et al. (2018) when adding sardine protein
concentrate to this type of tortillas, increasing their protein
and ash contents. There were no significant changesinthea
(P = 0.05) between treatments, with a mean of 0.94 a,among
them. Relatively higher a, values (0.96) were found by Tellez-
Giron et al. (1988) in commercial corn tortillas but the storage
stability was comparable between both studies, as discussed
below in section 3.5.

Amino acid composition

Although corn nixtamalisation is conducted to im-
prove its nutritional quality over the unprocessed grain, the
tortilla made from this flour is deficient in essential amino
acids, such as lysine and tryptophan (Martinez-Velasco et al.,
2018). Figure 2 shows the amino acid composition of maize
tortillas added with different levels of JSMF. As expected, with
JSMF addition, the majority of essential and non-essential
amino acid contents increased proportionally. Interestingly,
lysine, one of the deficient essential amino acids in corn flour,
increased from 2.8 mg/g in M2.5% to 5.8 mg/g in M5.0%
maize tortillas. Methionine is another essential amino acid
that was greatly improved in tortillas with an increase (P <
0.05) of 175% when 5.0% JSMF was used. It is evident that
jumbo squid muscle proteins, possessing high nutritional
quality, improved the nutritional quality of the corn tortillas,
as reflected by their increased essential amino acid content.

Sensory evaluation

Figure 3 reveals the panellists’ scores for the sensory
attributes (aroma, taste and overall acceptability) of corn
tortillas supplemented with JSMF. Aroma scores were simi-
lar between the tortillas supplemented with JSMF (M2.5%
and M5.0%), although lower (P < 0.05) than the control. As
expected, and due to the nature of the material used for
supplementation (JSMF), the untrained panellists perceived a
“fishy” aroma, which contributed to the results. However, the
supplemented tortillas scored above the range of “neither
like nor dislike”. Notably, the addition of JSMF to tortillas did
not affect the taste attribute scores, presenting similar scores
for M2.5% M5.0% and CRL (P > 0.05). Moreover, overall accep-

201 Asp
Glu
Ser
His
Arg
Gly
Thr

KE[ NONBZ N E

b
g
g
g
g
g
g
g
g
g
g
g
g
g
g
g
g
g
g
g
g
g
g
g
g

Figure 2. Amino acid content of corn tortillas supplemented with 2.5
(M2.5%) and 5.0% (M5.0%) jumbo squid muscle flour (Dosidicus gigas).
Figura 2. Contenido de aminodacidos de tortillas de maiz suplementadas
con 2.5 (M2.5%) y 5.0% (M5.0%) de harina de musculo de calamar gigante
(Dosidicus gigas).
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Figure 3. Sensory attributes of corn tortillas supplemented with 2.5
(M2.5%) and 5.0% (M5.0%) jumbo squid muscle flour (Dosidicus gigas). n =
80.

Figura 3. Atributos sensoriales de tortillas de maiz suplementadas con 2.5
(M2.5%) y 5.0% (M5.0%) de harina de musculo de calamar gigante (Dosidi-
cus gigas). n = 80.

tability of the tortillas supplemented with JSMF, particularly
M2.5% did not differ (P > 0.05) from the control. However,
tortillas supplemented with 5.0% JSMF, despite scoring the
lowest (P < 0.05) acceptability value, were still acceptable
(“neither like nor dislike”).

It is reasonable to suggest that the attributes that
scored lower for the supplemented tortillas than the control
is because the panellists” are unfamiliar with this type of pro-
duct. No other tortillas supplemented with JSMF have been
introduced into the regional market, in which no consump-
tion of seafood products prevails.

Storage stability of tortillas

Changes in the microbiological quality of food
influences the product shelf-life and can have an effect on
consumer’s health. Corn tortillas are mostly consumed when
freshly-made. However, due to its moisture and high a, this
product presents a short shelf-life. Proposals to increase its
shelf-life include storage at refrigerated temperatures either
alone or in combination with antimicrobial agents (Martinez
Flores et al., 2004). The microbiological results of tortillas sto-
red at 2-4 °C for 5 days are shown in Table 2. Interestingly, the
addition of JSMF to the formulation affected the growth of
mesophilicand psychrophilic bacteriain tortillas, especially at
day 5 of storage, with values remaining under the maximum
permissible level of 1x10* CFU/g (NOM-147-SSA1-1996). A
previous in vitro analysis of crude extracts from two different
squid species tissues (Loligo duvauceli and Doryteuthis sibo-
gae) indicated a potential antimicrobial effect (Barwin Vino
et al., 2014), which could explain the microbiological effect
afforded by the addition of JSMF to corn tortillas observed in
the present study.

One of the main obstacles to storing maize tortillas is
mould growth, which can be delayed but not prevented (Mc-
Donough et al., 2015). In this regard, all tortillas (CRL, M2.5%,
M5.0%) presented permissible levels of mould and yeast (300
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Table 2. Microbiological analysis of corn tortillas supplemented with 2.5
(M2.5%) and 5.0% (M5.0%) jumbo squid (Dosidicus gigas) muscle flour,
stored at 2-4 °C for 5 days.

Tabla 2. Analisis microbioldgico de tortillas de maiz suplementadas con 2.5
(M2.5%) y 5.0% (M5.0%) de harina de musculo de calamar gigante (Dosidi-
cus gigas), almacenadas a 2-4 °C por 5 dias.

Storage time

Sample Day 0 Day 3 Day 5
Aerobic Mesophilic Bacteria (UFC/g)
Control 600 <100 308,000
M2.5% 400 <100 300
M5.0% 300 <100 300
Aerobic Psychrophilic Bacteria (UFC/g)
Control <100 <100 248,000
M2.5% <100 <100 200
M5.0% <100 <100 <100
Yeasts and Moulds (UFC/g)
Control <100 <100 2,200
M2.5% <100 <100 2,200
M5.0% <100 <100 107,000
Total Coliforms (MPN/g)
Control <3 <3 <3
M2.5% <3 <3 <3
M5.0% <3 <3 <3
Salmonella spp. (presence/25g)
Control Absence ND Absence
M2.5% Absence ND Absence
M5.0% Absence ND Absence
Vibrio cholerae (presence/50 g)

Control Absence ND Absence
M2.5% Absence ND Absence
M5.0% Absence ND Absence

ND: not detected

CFU/g, based on NOM-147-SSA1-1996) up to storage day 3.
Foodborne pathogens, such as total coliform counts, remai-
ned <3 MPN in all samples and storage days, a value below
the permissible limits, indicating a good hygienic control in
the processing of tortillas (Feng et al., 1998). Besides, Salmo-
nella spp. and V. cholera were absent in all samples during
the study.

In addition to the microbiological control, it is also
difficult to retain the original texture and sensory characteris-
tics of tortilla after its elaboration. As the storage progresses,
the tortilla texture becomes firmer and more rigid, which in
turn, affect its rollability (Suhendro et al., 1998).

Table 3 shows the textural properties (cutting force
and rollability) measured on tortillas stored at 2-4 °C for 5
days. No differences (P = 0.05) in cutting force were observed
among the treatments on each storage day. In other words,
the addition of JSMF did not affect the resistance strength of
tortillas. However, when comparing each treatment throug-
hout the storage, significant differences (P<0.05) were obser-
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Table 3. Texture properties of corn tortillas supplemented with 2.5 (M2.5%)
and 5.0% (M5.0%) jumbo squid flour (Dosidicus gigas), stored at 2-4 °C for
5 days.

Tabla 3. Textura de tortillas de maiz suplementadas con 2.5 (M2.5%) y
5.0% (M5.0%) de harina de musculo de calamar gigante (Dosidicus gigas),
almacenadas a 2-4 °C por 5 dias.

Storage time (days) P-value
Treatment
0 3 5 T S TxS
Cutting force (N) = SD* 037 000 043
Control 3.6+0.7 48+12 10921
M2.5% 40+04 6.8+0.7 10.7£1.1
M5.0% 33+0.1 5.7+0.5 11115
Rollability + SD** 0.02 0.00 0.00
Control 49+03 40+0.6 1.8+£0.7
M2.5% 4.1+09 32+07 23+07
M5.0% 45+0.7 2.8+0.9 2.1+0.8

T: Principal effect in treatments; S: Principal effect in storage time; Tx S:
Interaction effect between Tand S. Values with P<0.05 are significantly
different. Data represent mean + standard deviation (SD).* Triplicate means.
** Quadruplicate means.

ved, and it became increasingly harder to cut the tortillas. This
behaviour can be related to the starch retrogradation since no
major changes were noticed in the moisture content of torti-
llas stored for 5 days (results not shown) (Alvarez-Ramirez et
al., 2018). It is known that starch retrogradation causes corn
tortillas to stale rapidly after elaboration (Hernandez-Uribe et
al., 2007). Regarding the corn tortilla rollability, although a
significant (P<0.05) interaction of the main effects was found
(Table 3), no matter the treatment, the tortillas tended to be-
come harder to roll without cracking as the storage elapsed.
Nevertheless, similar values were found among treatments.
Based on the microbiological (yeast and moulds) and
texture results, under the conditions of the study, all the
tortillas (CRL, M2.5%, M5.0%) lasted up to 3 days when stored
at 2-4°C. Results demonstrate that the addition of JSMF did
not affect most of the physical characteristics of corn tortillas.

CONCLUSION

Overall results suggest the feasibility of adding JSMF
to corn tortillas for improving the nutritional characteristics,
without affecting other parameters. However, more research
is needed to improve storage stability. It can also be conclu-
ded that this product, with its particular fishy taste, can be
introduced into other regions where consumers frequently
consume fish products, considering that the addition of
JSMF conferred a delicate “fishy” taste to the product.
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