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Resumen

Los inmunoestimulantes han sido utilizados para prevenir enfermedades en cultivo de Penaeus
vannamei. El nejayote es un residuo de la nixtamalizacion del maiz, cuyo perfil fitoquimico provee
propiedades bioactivas. Este estudio evalué el efecto de la adicion de nejayote (2%, 4%, 8%, 16%
p/p) al alimento comercial para camardn (AC) sobre las propiedades nutracéuticas y nutricionales.
La respuesta fisiologica del camaron infectado con Vibrio parahaemolyticus y alimentado con la
mejor formulacion (ACN) fue evaluada. Los alimentos se caracterizaron por analisis fisicoquimico,
proximal, fendlico y actividad antioxidante (AOX). Se realizaron bioensayos para determinar el
factor de conversion alimenticia (FCR) y la respuesta celular (CR) del camaron alimentado con
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ACN y AC. Para FCR, el peso del grupo de camarones se registroé durante 14 dias de alimentacion.
Para CR, el grupo alimentado con ACN fue infectado con V. parahaemolyticus y el contenido de
hemocitos fue registrado por 6 h. La calidad del agua (fisicoquimicos y microbiolégicos) fue
monitoreada para determinar su influencia. El contenido de fenoles totales y AOX se incrementd
conforme la adicion del nejayote en AC (p<0.05). La formulacion AC-4% presento6 el mejor perfil
nutrimental con potencial bioactivo (p<0.05). Los organismos alimentados con AC-4% expresaron
un mejor FCR (p<0.05), la cual promueve la respuesta celular en poblaciones de camarén. Se
descarté la relacion de la calidad del agua con la respuesta fisioldgica de los grupos (p<0.05). El
nejayote es un subproducto con alto potencial uso en la sanidad del cultivo camaronicola.

Palabras clave: Penaeus vannamei, Nejayote, Alimento nutracedtico, Vibrio parahaemolyticus.

Abstract

Immunostimulants have been used to prevent Penaeus vannamei culture diseases. Nejayote is a
residue from the nixtamalization of corn, whose phytochemical profile provides bioactive
properties. This study evaluated the effect of adding nejayote (2%, 4%, 8%, 16% w/w) to
conventional shrimp feed (AC) on the nutraceutical and nutritional properties. The physiological
response of shrimp infected with Vibrio parahaemolyticus and fed with the best formulation (ACN)
was evaluated. Shrimp feed was characterized by physicochemical, proximal, phenolic and
antioxidant activity (AOX). Two bioassays were performed to determine the feed conversion radio
(FCR) and the cellular response (CR) of the shrimp fed with ACN and AC. For FCR, the weight
of the shrimps was recorded during 14 days of feeding. For CR, the group fed with ACN was
infected with V. parahaemolyticus and the hemocyte content was recorded for 6 h. The quality of
the water (physicochemical and microbiological) was monitored to determine its influence. The
content of total phenols and AOX increased according to the addition of nejayote in AC (p<0.05).
The AC-4% formulation has the best nutritional profile with bioactive potential (p<0.05). The
organisms fed with AC-4% expressed a better FCR (p<0.05), which promotes the cellular response
in shrimp populations. The relationship of the water quality with the physiological response of the
groups was discarded (p<0.05). Nejayote is a by-product with high potential use in the health of
shrimp farming.

Key Words: Penaeus vannamei, Nejayote, Nutraceutical feed, Vibrio parahaemolyticus.

1. Introduction densities and its adaptation to various
The production of food from the sea has conditions of pH (6.8-8.7), salinity (1-50
increased due to the growth and demand of ppm), dissolved oxygen (3-6 mg / L), NO2
the world population with an estimated value (1.8-6.4 mg / L), among other abiotic factors
of profits of USD $ 250 billion [1]. The [2].

Pacific white shrimp (Penaeus vannamei) is

the species that represents >50% of the total Shrimp production demands requirements
world production of food from marine origin that guarantee the health and safety of the
[1]. The high production performance of product. However, an important aspect of
Pacific white shrimp is due to the ability of Pacific ~white shrimp culture is its
the organism to grow at high production vulnerability to infectious diseases caused by
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pathogenic bacteria of the genus Vibrio (V.
harveyi, V. alginolyticus, V.
parahaemolyticus, V. campbellii and V.
penaecida) [2]. Vibrio parahaemolyticus is
considered as one of the main disease-causing
agents in shrimp production and it is
challenge for aquaculture due to health and
economic impacts. Vibrio parahaemolyticus
is responsible for the acute hepatopancreatic
necrosis disease (AHPND) or mostly known
as early mortality syndrome (EMS), causing
total loss of culture within <30 days of
production [3]. In this context, the
implementation of good aquaculture practices
in conjunction with feeding protocols that
improve shrimp health and sanitation have
aroused interest [4, 5, 6].

The efficiency of shrimp farming is based on
nutrition through shrimp feed, which it is
estimated to represent the highest cost of
production [4]. To satisfy the nutritional
demand of shrimp, fish protein is traditionally
used, which is characterized by being
digestible, having an adequate protein and
lipid profile with the shrimp growth stage [7].
However, fishmeal has a high cost, and the
growing exploitation of aquaculture has
promoted the search for other food sources
that partially or totally replace fishmeal
sustainably [4].

The physiological response of shrimp fed
with several formulation of shrimp feed of
animal and plant origin have been evaluated
to determine biomass gain, survival and
phenotypic attributes [8, 9, 10]. Even the
incorporation of nutraceutical compounds
(peptides, glucans, sterols, alkaloids,
saponins, pigments, essential oils and
phenols) to the formulations favors the
optimal development and the immune system
of the shrimp has been documented [11, 12].
The search for sources of nutraceutical
substances and their use in food is an area of
interest [13].
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Nixtamalization is a thermal-alkaline process
for the transformation of corn into edible
products, from which two fractions are
obtained: the nixtamal (mass) and the
nejayote (waste Dby-product) [14, 15].
Nejayote is an alkaline residual liquid by-
product that is produced in large quantities
(16 to 22 million m®) by the corn industry,
representing an important source of
environmental pollution. [16, 17, 18]. This
waste contains high concentrations of organic
matter, which their nutritional, nutraceutical,
antioxidant and antimicrobial properties have
been determined [19, 20, 21, 22]. The
nejayote nutraceutical compounds include
arabinoxylans, additives for baking products,
source of phytochemical compounds such as
hydroxycinnamic acid, ferulic acid, p-
coumaric  acid, dehydrodiferulic  and
dehydrotriferulic acid, making it a promising
by-product in the biotech industry [23, 24].

The necessity of the aquaculture industry to
guarantee the production and health of Pacific
white shrimp, together with the reuse of by-
products of the corn industry with
biotechnological interest, implies demand to
be addressed. Therefore, the aim of this study
was to evaluate the nutraceutical potential of
nejayote as a supplement to the commercial
formulation for feeding shrimp (Penaeus
vannamei) infected with Vibrio
parahaemolyticus.

2. Materials and methods
2.1 Materials and equipment

For the formulation of the shrimp feed
supplemented with nejayote, a commercial
formulation for shrimp based on fish protein
(CAMARONINA PLUS®) was used. The
nejayote was donated by a regional company
that produces corn flour. For the compliance
of the bioassays, 120 L plastic fish tanks and
seawater from the Sea of Cortez
(24°39'01.8"N 107°59'38.7"W) were used.
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The adult Penaeus vannamei organisms used
were donated from the 2019-2020 production
cycle from a local shrimp farm. Analytical
reagents and culture media were purchased
from authorized distributors.

2.2 Elaboration of nejayote flour

To obtain nejayote flour, the procedure was
as it follows according to [21] with
modifications. A total of 300 L of nejayote
were left to stand for 24 h, at 4 °C.
Subsequently, the supernatant was removed,
and the resulting precipitate was filtered with
a smooth organza cloth to decrease the
percentage of moisture in the precipitate. The
eluate was subjected to drying in the oven at
50 °C for 24 h to remove the moisture
completely. Finally, the dry eluate was
processed by grinding in a manual mill and
then sieved until reaching a suitable pore size
(No. 70 sieve, 212 microns). The flour
obtained was stored in hermetic bags (4°C)
until its use. The yield for obtaining nejayote
flour was calculated using Eq. 1.

Sedimented fraction (g)
Solid phase (g)

Yield=( )00 (Eq.1)

2.3 Formulation of shrimp feed by cold
extrusion

For the development of the formulation for
shrimp supplemented with nejayote as an
immunostimulant, the methodology
described in [7] was followed with some
modifications. The commercial formulation
was ground and sieved (mesh no. 8), and the
nejayote was added in proportions of 2, 4, 8,
and 16% w/w per kg of commercial shrimp
feed. For each kilogram of processed shrimp
feed, 410 mL of distilled water, 40 g of
gelatin were added, and the remainder
corresponded to commercial shrimp feed and
the percentage of nejayote flour supplement.
Once the mixture was homogenized, the mass
was subjected to the cold extrusion process,
using a model 20N simple screw (Brabender
Inc, NJ, USA), temperature of 85 °C and a
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screw speed of 240 RPM. Subsequently, the
prepared formulation was subjected to a
drying process at room temperature with
constant ventilation for 24 h. The elaborated
formulation was stored at -20 °C until its later
use. The elaborated formulation samples
were identified as follows: formulation
without nejayote (AC), formulation + 2% of
nejayote (AC-2%), formulation + 4% of
nejayote (AC-4%), formulation + 8% of
nejayote (AC-8%) and formulation + 16% of
nejayote (AC-16%) and nejayote flour (HN).

2.4 Physical evaluation and determination
of physicochemical parameters of shrimp
feed formulations

The physicochemical parameters of the
formulations prepared were determined as

established in [25] and NMX-F-317-
NORMEX-2013. The panel of
physicochemical ~ parameters  included:

diameter, length, yield (pellets/g), density,
percentage of fines, water absorption capacity
and pH. All analyzes were performed in
triplicate on each made formulation.

2.5 Proximal analysis of processed shrimp
feed

According to the specifications by the AOAC
2000 (Association of Official Analytical
Chemists) the proximal properties of the
shrimp feed were determined. For the
analysis of humidity (AOAC 950.46), ash
(AOAC 920.153), non-protein nitrogen
(AOAC 960.52), and lipids (AOAC 4.5.01
Method 920.39). All tests were carried out in
triplicate. The carbohydrate content was
determined by difference in nutritional
content. The caloric content was determined
by converting grams to Kcal, thus being 1 g
of carbohydrates = 9 Kcal, 1 g of lipids = 9
Kcal, and 1 g of protein = 4 Kcal.
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2.6 Extraction of soluble

compounds

For the extraction of soluble phenolic
compounds, the method described in [26] was
followed. Briefly, 0.01 g of flour was
weighed and 1 mL of 80% (v/v) ethanol was
added. This suspension was stirred in a rotator
(OVAN Noria R, USA, 2010) at a speed of 25
RPM for 10 min. Subsequently, it was placed
in the centrifuge (Thermo Fisher Scientific®,
USA) at 3000 g at 4 °C for 10 min. The
supernatant was brought to a volume of 200
pL in a concentrator (Speed Vac
Concentrator, Thermo Electron Corporation)
at 35 °C at low pressures. The concentrate
was stored at -20 °C until use. The extractions
were performed by quadruplicate.

phenolic

2.7 Extraction of
compounds

The extraction of insoluble phenolic
compounds was performed using the method
described in [26] and modified by [27]. The
soluble extract residue was digested with 1
mL of 2 M NaOH and the sample was
subjected to heat treatment for 30 min in a
water bath (Labnet®, USA) at 90 °C.
Subsequently, the sample was stirred for 60
min at 25 °C. The mixture was acidified with
0.2 pL of concentrated HCI and 500 pL of
hexane was added for lipid removal. The
resulting mixture was extracted four times
with 500 pL of ethyl acetate. The ethyl
acetate fraction was collected and evaporated
to dryness (SpeedVac Concentrator, Thermo
Electron Corporation). The compounds that
were extracted were reconstituted with 200
uL of 50% methanol and stored at -20 °C until
use. The extractions were performed by
quadruplicate.

insoluble phenolic

2.8 Determination of total
compounds

To determine the concentration of total
phenolics, the Folin-Ciocalteu colorimetric
method described in [28], was used. In a 96-

phenolic
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well plate, 20 pL of the soluble and insoluble
phenolic compound extract was added.
Subsequently, 180 puL of Folin-Ciocalteu
reagent and 50 pL of Na2COs at 7% wi/v were
added. The plate was left to incubate for 90
min at room temperature in the absence of
light to avoid photodegradation of the
compounds. After the incubation time, the
absorbance at 750 nm was recorded in a
microplate reader (Synergy HT, Biotek
Instrument). A calibration curve was
constructed with reagent grade gallic acid as
a standard. The results were expressed as mg
equivalents of gallic acid (AGE) in 100 g of
sample on a dry sample (ds) (mg AGE / 100
g, ds). The content of total phenolic
compounds was calculated by adding the
phenolic compounds present in the soluble
and insoluble extracts.

2.9 Antioxidant activity of shrimp feed
formulation by ABTS* method

For the evaluation of the reduction of the
radical ABTS™ by the antioxidants present in
the extracts, the methodology proposed in
[29] was followed. An aliquot of the solution
with the radical ABTS™ was diluted in
phosphate buffer solution (PBS) until
reaching an absorbance of 0.7+0.02 at a
wavelength of 734 nm. A reading of the blank
and extracts was taken. The test consisted in
adding 20 pL of the sample and 1980 uL of
ABTS™ solution. The absorbance at 734 nm
was measured 15 min after initial mixing and
the absorbance loss of ABTS ™ was calculated
relative to a blank. A Trolox equivalent
calibration curve was prepared and data was
expressed as pmol TE/100 g (ds).

2.10 Experimental design of the performed
bioassays

To determine the effect of the prepared
shrimp feed formulation on the growth and
cellular response of shrimp, two bioassays (I
and I1) were performed. These bioassays were
carried out in fish tanks with a capacity of 120
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L of water and were filled with 20 L of
seawater obtained from the Sea of Cortez
(24°39'01.8"N 107°59'38.7"W). Each one of
the fish tanks had constant aeration, cleaning
by removing organic matter by siphoning and
the lost water was recovering daily during the
two bioassays. For both bioassays, the culture
conditions described below were
standardized.

2.10.1 Physicochemical monitoring of

water

To monitor the physicochemical conditions,
measurements of the parameters of pH,
temperature, concentration of total ammonia
nitrogen (TAN) and dissolved oxygen in the
water were made during the acclimatization
period and during the performance of the
bioassays using a water quality Kit, according
to [30] (LaMotte, USA). Evaluations of these
parameters were performed once a day in
duplicate.

2.10.2 Microbiological water monitoring

The  monitoring of  microbiological
parameters on water was performed
according to [31]. From each of the fish tanks,
a 50 mL water sample was taken in aseptic
conditions in a falcon tube. The tube was
submerged in the middle of the tank and was
closed under the water. Subsequently, from
this sample, one mL aliquot was taken and
inoculated in 9 mL 1X PBS to make serial
dilutions (101-10%). An aliquot of each
dilution (10 pL) was inoculated on TCBS
agar added with 2.5% NaCl (p/v) and the
bacterial concentration was quantified using
the drop counting technique. The counting
tests were performed by duplicate and the
results were expressed in CFU/mL.

2.11 Bioassay I: Biological response of
Penaeus vannamei

The comparison of the biological response of
the organisms fed with a commercial shrimp
feed formulation versus the formulation
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supplemented with 4% nejayote was carried
out using 8 fish tanks with 6 organisms each
with a starting weight of 11.00 + 2.91 g. In 4
fish tanks, the organisms were fed with
commercial shrimp feed formulation and in
the remaining 4 tanks with the formulation
supplemented with nejayote with the best
nutritional characteristics. The organisms
were fed in relation to 4% of their biomass,
with rations of 30% in the morning, 30% in
the afternoon and 40% at night. This
evaluation was performed over a period of 14
days. During this period, the feed conversion
radio (FCR) [32] and the biometry of the
organisms [33] of each experimental group
were determined.

2.12 Bioassay Il: Cellular response of
Penaeus vannamei
2.12.1 Preparation of suspension of Vibrio
parahaemolyticus

The selected V. parahaemolyticus strain was
previously isolated from Penaeus vannameli
shrimp samples and characterized [34]. The
growth and concentration of the bacteria were
performed according to [35]. The selected
strain was cultured in 500 mL of sterile
medium of peptone water added with 3.5%
NaCl, and it was incubated at 30 °C for 24 h.
Subsequently, the bacterial culture was
centrifuged (Sorvall™ ST 16 Model, Thermo
Scientific, Germany) at 4500 RPM for 10 min
at4 °C. The pellet was recovered and adjusted
to a concentration range of 1x10% CFU/mL by
serial dilutions (10-10%). The concentration
was verified by total count on TCBS agar
added with 2.5% NaCl (p/v).

2.12.2 Determination _of the lethal dose
(LDso) of V. parahaemolyticus in Penaeus
vannamei

To determine the LDso, the procedure
established in [36] was followed, with some
modifications. Four plastic fish tanks were
used, each containing six organisms that were
subjected to an acclimatization period of
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seven days. During this period the organisms
were fed with a commercial formulation in
relation to 4% of their biomass, with rations
of 30% in the morning, 30% in the afternoon
and 40% at night. Following the acclimation
period, the organisms in each group were
challenged intramuscularly with 30 pL V.
parahaemolyticus concentrations of 1x108
CFU/mL, 1x10" CFU/mL, 1x10°® CFU/mL,
respectively, and 1X PBS for the control
group. From this, the mortality and survival
of the organisms was recorded. The LDso was
determined by Probit analysis [36].
Following this, the linear regression of the
Probit values vs the logarithm of the dose was
calculated. Once these values were known, it
was possible to calculate the LDso value.
Additionally, the survival of the organisms
infected with V. parahaemolyticus was
determined.

2.12.3 Phisiological evaluation of Penaeus
vannamei

The external evaluation of the shrimp
consisted of taking a specimen from all the
fish tanks (n=4) to visually detect the
coloration in the cuticle, the pleopods and
periopods, the facial deformations, the
characteristics of the exoskeleton and the
necrosis or melanization in the shrimp cuticle.
For internal evaluation of the shrimp, an
organism was taken from each fish tank and
the gills, intestine, cecum and hepatopancreas
were aseptically removed. The organs were
observed fresh under the microscope (40x,
ONYX, Mexico) with 0.85% saline solution
and lesions caused by bacterial infection were
determined according to the established
criteria [37]. These attributes were measured
at0,3and 6 h.

2.12.4 Evaluation of the cellular response
of Penaeus vannamei

The evaluation of the cellular response was
performed by following a previously
described protocol [38]. From a bacterial
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suspension of V. parahaemolyticus (1x103,
1x10* and 1x10° CFU/mL), two organisms
per fish tank were injected with 30 pL
intramuscularly. An equal volume of PBS (30
ML) was injected into the organisms for the
control group. Hemolymph samples were
taken at 0, 3 and 6 h after injection from the
cardiocele of each shrimp in the ventral part
of the organism, just in the area of the second
pair of pleopods with insulin syringes (27G x
13 mm). The syringe was pre-filled with 20
pL  of anticoagulant solution (30 mM
NazCeHsO7, 0.34 M NaCl and 10 mM EDTA
at pH 7.55). The circulating hemocyte count
was performed with the wuse of a
hematocytometer (Neubauer improved) in an
optical microscope (ONYX, Mexico). The
number of hemocytes (cell/mL) was
determined according to Eqg. 2.

Counted hemocytes

CR= (Number of counted quadrants) 110000 (Eq 2)

2.13 Statistic analysis

The data were analyzed using a one-factor
analysis of variance (ANOVA) to determine
if there were significant differences (p<0.05)
between the means of the shrimp feed effect
over the organisms. The Tukey-Kramer test
was used for multiple comparison of means.
Additionally, a Pearson correlation test was
performed for the relationship of phenolic
compounds and antioxidant activity. All
analyzes were performed using Minitab
statistical software version 19.2020.1.0.

3. Results and discussion

3.1 Yield of nejayote flour production
From the processing of the residual liquid
from nixtamalization (nejayote) donated by
the regional corn flour producer company,
745.36 g of nejayote flour were obtained on a
dry sample. The yield obtained from this flour
was 7.2+1.2%.
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3.2 Physicochemical evaluation of the significantly between the formulations
shrimp feed (p=0.05).

Table 1 describes the physical . ) ]
characterization ~of the  experimental The selection of ingredients for the
formulations. The statistical analysis showed development of shrimp feed formulations
significant differences (p<0.05) in the mean determmes Fhe 'FeXture’ water ret?nt'on
values of the diameter, yield, percentage of capacity, uniformity, cost and nutritional
fines and water retention capacity among the quality of the feed [39]. The addition of HN
formulations evaluated. The addition of to AC modifies some physical properties
nejayote to AC increases the diameter (Table 1), but they are maintained with values
(2.80£0.40) and the percentage of fines according to that reported in the literature [25,
(0.087+0.004), but the yield (27.8320.93) and 40]. The evaluation of the physical quality in
water retention capacity (51.59+4.49). The feed formulations after their immersion in
values of length (2.8820.70), density water allows to establish critical points in the
(1.25+0.00) and pH (6.30+0.10) were not maintenance of nutrients and the effect on the

feeding response of shrimp [25].

Table 1. Physicochemical properties of the elaborated formulation supplemented with nejayote.
Commercial feed shrimp supplemented with nejayote

Parameters AC AC-2% AC-4% AC-8% AC-16%
Diameter (mm) 2.002032°  2.80:041°  2.80#0.41°  2.80:041°  2.80+0.41°

Length (mm) 2.5040.88°  2.90+0.64°  2.90+0.64°  3.00£0.56°  3.10+0.64°
Yield (pellets/g) 73.00£1.00° 26.33+1.150 27.33:057° 26.33+0.57° 27.33+1.15°
Density (g/mL) 12540000  1.2580.00°  1.25+0.00°  1.25#0.00°  1.25+0.00°

Percentage of fines (1x107%) 8.86+1.522 8.06+0.57° 8.76+2.08? 8.86+1.15? 8.93+3.212
Water retention capacity 62.57+0.54%  4592+0.24° 49.44+0.08% 53.81+1.01° 57.18+0.70°
pH 6.45+0.012 6.19+0.342 6.24+0.382 6.28+0.222 6.36+0.032

Row literals represent significant differences (p<0.05) between the means by one-factor analysis of variance (ANOVA) and the establishment of
mean differences using the Tukey-Kramer test.

The diameter and length in a shrimp feed feed is needed for it to be consumed [39]. The
formulation are indicators in the quality WRC values of the formulations ranged from
control of product elaboration [25, 39]. The 49-57%, guaranteeing the conservation of
adequate size of the pellet depends on the age their properties [42]. Other factors must be
of the organism, the suggested optimal size considered on the WRC of the shrimp feed
for adult organisms is 2.5 mm x 5 mm [40], formulation such as the surface tension
as observed in our results. The yield of a between the shrimp feed formulation and the
shrimp feed must be small enough, this in water, the displacement of the pellet, the
order to be available for all organisms in temperature and the salinity of the water [43,
culture, ensuring a uniform intake and growth 44].

[25, 41]. The values obtained in our study

proved that the addition of nejayote does not 3.3 Determination of the proximal
influence the size and that it is within the composition of the shrimp feed
optimal size (2.88 + 0.68). Water retention formulations prepared

capacity (WRC) is a relevant attribute for
shrimp culture, due the shrimp feed
formulation that is submerged and remains
intact for a period of 4-6 h, that the shrimp

The ideal shrimp feed formulation for optimal
shrimp growth is in accordance with the stage
they are in and the proximal composition of
the elaborated product [4, 7, 12]. The

36



Vol. 9, No. 51

proximal analysis of the commercial
formulation (AC), nejayote flour (HN) and
the combination of both is presented in Table
2. The nutritional content varied between the
experimental formulations elaborated and the
AC (p<0.05). The protein content
(30.41+£5.06) of AC improves with the
addition of nejayote in the range of 2-4%
(30.80-37.98%), and the lipid content is
gradually decreased with the addition of HN
to AC. However, the carbohydrate content
does not reflect a defined pattern with the
addition of HN in AC. The AC-4%
formulation has a content of proteins
(30.80+0.23), lipids  (5.73+0.17) and
carbohydrates (39.26+0.18) that corresponds
to the ideal shrimp feed to be administered to
shrimp in the juvenile/adult stage [4, 12].

Julio - Agosto 2021

During the cultivation of juvenile shrimp, its
nutritional demand must be satisfied by
requiring a food that contains 30% protein,
10% lipids, 43% carbohydrates, 1.5% fiber,
9% ash and 3.5% moisture [7]. Meanwhile, in
the adult stage, the nutritional requirements
are 30% protein, 4% lipids, 42%
carbohydrates, 4% fiber, 10% ash and 10%
moisture [4, 12]. In this sense, the values of
the formulation with 4% added nejayote
contain nutrients similar to those reported as
adequate for shrimp intake. The protein
content is relevant because the amino acids
present in the formulation are adapted to the
requirements of the organism and its state of
development [44].

Table 2. Proximal composition of the shrimp feed added with nejayote.

Percentage of proximal composition (%0)

Shrimp feed Moisture Ashes Lipids Proteins Carbohydrates Kcal/kg
AC 5.50+0.05° 16.46+0.05% 8.49+0.06% 30.41+1.42°¢ 40.00+0.12% 354.77+0.50°
HN 457+0.07¢ 1.92+0.10°  6.47+0.03® 10.33+0.07¢  76.69+0.062 406.35+0.32?
AC-2% 8.92+0.112 15.93+0.29° 6.44+0.10" 37.98+0.108  30.68+0.32° 332.54+2.77¢
AC-4% 8.28+0.14° 15.90+0.05° 5.73+0.17% 30.80+0.23° 39.26+0.18¢ 331.87+1.39¢
AC-8% 8.53+0.15° 14.96+0.10° 5.94+0.18* 28.14+0.46° 42.40+0.58° 335.68+0.75°¢
AC-16% 8.91+0.03* 13.95+0.19¢ 5.40+0.17¢ 23.02+1.40° 48.69+0.69° 333.563+£1.47¢

Row literals represent significant differences (p<0.05) between the means by one-factor analysis of variance (ANOVA) and the establishment of

mean differences using the Tukey-Kramer test.

Regarding the lipid content in the
formulation, its relevance converges on the
storage of these in the shrimp hepatopancreas,
a functional organ that stores this type of
components and transforms it into energy
when necessary [44]. In our results with the
different additions of nejayote, the protein
content was different, oscillating (37 to 28%)
as the concentration of nejayote was
increased. The nature of cold extrusion could
be influencing protein denaturation by
temperature during the manufacturing
process [45], and thus complexing it with
other components of the shrimp feed
formulation. Nejayote as a supplement in
animal feed formulations has Dbeen
documented [15]. A previous study shows
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that the contribution of proteins and Ca*? of
the nejayote added to a cattle feed improve
the nutrition and weight gain of the animals
[16]. The tendency of shrimp farmers is to
provide shrimp feed with adequate protein
levels, considering that this makes the growth
of organisms in culture more efficient without
increasing the cost of production [1, 2].

3.4 Content of phenolic compounds in
shrimp feed formulations

Figure 1 shows the phenol content of the
experimental shrimp feed. The concentration
of soluble and insoluble phenolic compounds
varies between AC and HN (p<0.05). The
quantification and behavior of soluble and
insoluble phenolic compounds of the shrimp
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feed formulations prepared shows that the
increase in the concentration of HN favors the
content of phenolic compounds (p<0.05). The
shrimp feed AC-8% and AC-16% show the
highest content of soluble phenols
(376.56+£12.59 and 461.72+27.95 mg
AGE/100 g ds, respectively) compared to AC
(298.01+0.79 mg AGE/100 g ds). The
formulation AC-4% (261.2846.59 mg
AGE/100 g ds) does not modify the content
of soluble phenolic compounds compared to
AC (298.01+£0.79 mg AGE/100 g ds). The
increase in insoluble phenolic compounds in
the formulations made increases gradually
with the addition of HN, observing an
increase of 134% for AC-2%, 175% for AC-
4%, 217% for AC-8% and 325% for AC-16%
compared to AC.
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The use that has been given to nejayote in
recent years is aimed at recovering value-
added components [15]. It has been suggested
that nejayote phenolic compounds can be
used as a natural alternative to promote
animal growth and additionally take
advantage of their antioxidant effect in
industry [44]. The evaluation of the content of
hydroxynamic acids, the composition of
sugars and the antioxidant capacity of corn
and nejayote has been reported [46]. Ferulic
acid (FA) and ethyl ferulate (EF) are
compounds of natural origin from corn that
have bioactive properties and act as synthetic
B-adrenergic agonists (B-AA), providing
biological effects such as antioxidant and
anti-inflammatory activity in different animal
study models [47, 48, 49, 50].

Insoluble Phenols

Samples of shrimp feed

AC-4%

JAC-8% = AC-16%

Figure 1. Content of soluble and insoluble phenolic compounds in shrimp feed formulations with nejayote. Literals
in histogram bars represent significant differences (p<0.05) between the means by one-factor analysis of variance
(ANOVA) and the establishment of mean differences using the Tukey-Kramer test.

Furthermore, the prebiotic and
immunomodulatory properties of nejayote
against degenerative diseases have been
demonstrated [51]. Importantly, foods rich in
bioactive compounds have become an
important alternative to reduce the risk of
diseases [51].
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3.5 Antioxidant capacity in shrimp feed
formulations

The antioxidant capacity between the
different shrimp feed formulations is
observed in Figure 2. The ABTS method
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supports that the addition of nejayote favors
the antioxidant activity of AC (48.681+1.329
umol ET/100 g ds) (p<0.05). The values of
the formulations were 67,389+2,667 in AC-
2%, 73,906+£773 in AC-4%, 77,401+2,633 in
AC-8% and 81,441+1,991 in AC-16% pmol
ET/100 g ds, respectively.

The correlation analysis between phenolic
content and antioxidant activity was
determined. The results of this test showed
that there is a positive statistical relationship
of the content of total phenols (r=0.989,
p<0.005), a total antioxidant activity (r=0.790
p<0.005) as the increase of the percentage of
supplement of nejayote to the formulations
elaborated. Additionally, the total phenol
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content is positively related (r=0.800,
p<0.005) as the nejayote content in shrimp
feed formulations increases.

Certain biological properties such as the
antioxidant activity of nejayote are attributed
to the presence of bioactive compounds, such
as arabinoxylans (AX) and phenols. The
former are polymers of xylose substituted by
an arabinofuranosyl, which are present in
cereals and grasses without cellulose. The
latter are derived compounds that function as
a structural link between the pericarp and the
endosperm of the grain [15]. Phenols are
secondary metabolites that have been
attributed the antioxidant character of some
cereals [27, 52].

ab

Insoluble ABTS

Sample of shrimp feed

AC-4%

1AC-8% = AC-16%

Figure 2. Antioxidant capacity by ABTS in shrimp feed formulations with nejayote. Literals in histogram bars
represent significant differences (p<0.05) between the means by one-factor analysis of variance (ANOVA) and the
establishment of mean differences using the Tukey-Kramer test.

3.6 Bioassay I: Biological response of
Penaeus vannamei

To carry out the bioassays, the AC-4%
formulation was selected due to its optimal
nutritional composition for adult Penaeus
vannamei organisms. Additionally, this
formulation had phenol content similar to AC
but with antioxidant capacity higher than AC.
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The values of weight gain, size and FCR of
each of the fish tanks evaluated are found in
Table 3. The biometry performed to the
organisms fed with AC and AC-4% showed
an increase in weight (1.61+1.87 and
1.06+0.66 g) and height (0.17+0.14 and
0.15+0.06 mm) in the organisms of the fish
tanks compared to its starting weight and
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height. It is worth mentioning that a survival
of 100% was observed throughout the
bioassay attributed to the adequate control of
the physicochemical parameters (Table 4).
There were no statistically significant
differences (p>0.05) between the two-shrimp
feed. However, the formulations used in the
bioassay showed a better FCR (p=0.0000) on
the organisms fed AC-4% (2.72+1.90)
compared to AC.

The evaluation of biological parameters of
shrimp during their growth allows to establish

Julio - Agosto 2021

feed administration dynamics with optimal
quantities to reach the desired weight and
height, without affecting the chemical nature
of the aquatic environment [53].

A previous study [54] in shrimp Penaeus
vannamei with a starting weight of 5.94 g,
obtained a FCR of 1.32+0.33 by replacing the
fishmeal with fermented cottonseed meal
during a period of 28 days. On the other hand,
results reported in [55], organisms with a
starting weight of 4.44 g showed a FCR of
1.36+0.04 during a period of 60 days.

Table 3. Biometric evaluation of Penaeus vannamei organisms exposed to concentrations of Vibrio parahaemolyticus

and fed with a shrimp feed supplemented with nejayote.

Shrimp feed Biometric parameter | I Fish Tanks i v
Weight gain 1.25+1.12¢2 0.43+0.25° 0.50+0.08%® 0.56+0.17%
AC Height gain 0.32+0.352 1.03+0.73? 0.85+0.612 0.24+0.122
FCR 5.97+£3.93¢ 18.26+£1.172 14.16+2.58% 12.63+1.28°
Weight gain 0.85+0.772 3.00£0.992 0.70£0.142 1.13+1.21°8
AC-4% Height gain 0.30+0.29° 0.07+0.08? 0.39+0.232 0.10£0.032
FCR 2.53+2.322 1.15+0.38? 4.98+1.002 12.63+£1.282
Fish tanks from I, 11, 111, 1V represent the repetitions of the experiment. Row literals represent significant differences (p<0.05) between the means
by one-factor analysis of variance (ANOVA) and the establishment of mean differences using the Tukey-Kramer test.
The use of adult-stage organisms with a
starting weight of 11.00 g for the biological 3.7 Bioassay Il: Cellular response of

and cellular evaluation bioassays in this study
justifies the difference and minimal gain in
weight and height compared to the
aforementioned studies. The increase in
weight and height is reflected in the FCR
values, since it is one of the variables to be
considered as a whole of the food
administered to obtain the value of the
performance of the food in the biomass [33].
The FCR values of the organisms fed with
shrimp feed formulation (AC) and the shrimp
feed added with 4% nejayote (AC-4%) were
higher than the reference values [33, 54, 55].
An adequate behavior of organisms in culture
is demonstrated by obtaining greater weight
and size gain, depending on the shrimp feed
administered, the growth stage and the
acquisition of biomass from the organism,
with FCR values between 1.0 to 1.5.
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shrimp Penaeus vannamei
3.7.1 Determination of L Dso

The shrimps were challenged at a V.
parahaemolyticus concentration of 1x108
CFU/mL, 1x10° CFU/mL and 1x10°
CFU/mL showed mortality of 100%, 80%
and 60% within 3 h post-infection (p.i.),
respectively. No mortality was observed in
the control group. The regression analysis of
accumulated mortality at 6 h (p.i.) revealed
that the mean of lethal dose (LDso) of the V.
parahaemolyticus  strain  was  3.8x10°
CFU/mL. Regarding the  bioassays
performed, data reported suggest that the
LDso found for V. parahaemolyticus through
the challenge by injection in Penaeus
vannamei is 6.05x10° CFU/mL [36].




Vol. 9, No. 51

3.7.2 Physiological evaluation of Penaeus
vannamei

Regarding the histological analysis of the
internal organs of the organisms infected with
V. parahaemolyticus by injection at different
concentrations, it revealed the existence of
slight damage in the different monitored
organs. A slight deformation in the tubules of
the hepatopancreas and cellular hypertrophy
were observed in fish tanks Il and Il with
severity grade 1 on the scale of [37] in both
tanks in which the AC-4% formulation was
administered. In addition to this, a slight
presence of tubules with apical strangulation
was observed, without a decrease in lipids. In
the case of fish tank I, the organisms fed with
AC-4% did not show deformation in tubules
of the hepatopancreas. On the other hand, gill
necrosis was observed in fish tanks I and 1l
that were fed with AC-4% and in fish tank IV
fed with AC with severity grade 1 on the scale
of [37]. A large presence of chromophore
compounds was detected in the intestines of
the organisms of all the fish tanks. Tubule
deformations, inflammation, and increased
cellular activity in Penaeus vannamei
organisms can be caused by nutritional stress,
presence of pathogens, or environmental
disturbances [56, 57]. Atrophy that occurs in
the tubules of the hepatopancreas is directly
related to the presence of bacterial infections
[58]. In our study, the degree of severity on
the [37] scale helped us to elucidate that the
manifestations in the tubules could be related
to the LDso to which the organisms were
challenged, showing minimal levels of
atrophy in the tubules in the first evaluation
hours (pi). The P. vannamei organisms with
lipid content in the hepatopancreas represent
the storage of a sufficient supply of energy
that can be used during exposure to external
conditions such as hypoxia, heat stress,
frequent molts or periods of inter-mutations
and even when the supply of shrimp feed is
interrupted [58].
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3.7.3 Cellular
vannamei

The cellular response of the organisms
exposed to Vibrio parahaemolyticus
concentrations was determined by the
hemocyte count (Figure 3b). The cellular
response evaluated in shrimp by the
hemocyte count was differentiated into 3
(4.12x10° cel/mL) and 6 (1.08x10* cel/mL)
h (pi), with hemocyte counts higher than the
initial count (1.08x107 cel/mL) before being
infected (p=0.000), showing a higher
response  after the LDso of V.
parahaemolyticus administrated.

response _of Penaeus

Formulations supplemented with natural
compounds and administered to Penaeus
vannamei organisms infected with V.
parahaemolyticus have been evaluated,
reporting the hemocyte content in response to
infection and stimulated with natural
ingredients is higher depending on the
bioactive nature of the supplement [59]. On
the other hand, the effect of the cellular
response of the organisms against pathogenic
bacteria that are inoculated at the muscular
level, there is a decrease in hemocytes present
in the hemolymph due to their migration to
the point where the affectation was promoted.
[59, 60]. In addition to physical parameters
during  organism infection,  cellular
parameters show a significant reduction when
shrimp were subjected to the combined stress
of Vibrio spp infections and low salinity [61,
62]. This justifies the behavior of the
hemocyte cell count in our study, when the
organisms were challenged with V.
parahaemolyticus.

3.7.4 Physicochemical and microbiological

monitoring

The  monitoring of  physicochemical
parameters of seawater in fish tanks such as
pH, temperature, dissolved oxygen and total
ammonia nitrogen (NAT) remained within
the optimal value [1, 63, 64] and in a stable
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manner during the time of the bioassays
(Table 4). On the other hand, the
microbiological monitoring of the biota in
each one of the fish tanks showed that the
concentration of Vibrio spp was kept at
minimum concentrations to be considered an
infection factor of the organisms during the
bioassay. The analysis of the bacterial
concentration on fish tank I, which was fed
with AC showed statistically different from
the concentrations of fish tanks II, 11l and IV,
fed with AC%4, which were similar to each
other (p=0.000). AIll fish tanks were kept
below the permissible concentration limits for
Vibrio parahaemolyticus (10* MPN/g) [65,
65, NOM-242-SSA1-2009] (Figure 3a).
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Water quality in ponds can severely affect
shrimp health [66]. An important parameter is
the nitrogen released into the environment
through P. vannamei culture water, since it is
considered among the main pollutants in
water. Since only 20% is used, the remaining
80% remains immersed in the aquatic
environment [67]. The high concentration of
the ammonium ion is toxic and affects many
physiological processes in shrimp, such as
reproduction, growth and survival [68]. For
this reason, constant water changes are
recommended, in this way reducing the
nitrogen concentration and avoiding toxic
levels for the organisms in culture [67, 68].

o2

4 5 6 7

Time (Hours)

oFish tank I mFish tank II eFish tank III aFish tank IV

3

-4 5 6 7 4

Time (Hours)

<oFish tank I smFish tank II eFish tank III aFish tank IV

Figure 3. Microbiological and cellular monitoring during the Penaeus vannamei biological evaluation bioassay. A)
Monitoring of the bacterial concentration in the fish tanks evaluated. B) Hemocyte cell count monitoring in Penaeus vannamei shrimp. Literals in
intersection points represent significant differences (p<0.05) between the means by one-factor analysis of variance (ANOVA) and the
establishment of mean differences using the Tukey-Kramer test.
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Monitoring of biota in fish tanks is a
parameter that can influence the proliferation
of bacterial diseases in organisms [69, 70]. In
a previous report, it was pointed out that
Vibrio spp concentrations of 10° CFU/mL in
the water used for shrimp culture can cause
mortality in the entire production [70].
Concentrations of 10* CFU/mL of V.
parahaemolyticus can cause a mortality of
50% at 48 h (p.i.). The concentrations of the
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biota in each of the fish tanks evaluated in this
study were lower than those reported by the
authors, so the distribution of biota through
the water during the bioassays did not
influence the mortality of the organisms
evaluated. A Pearson correlation showed that
the values of the biota present in each of the
tanks were not influenced by their own
abiotic parameters (p>0.05).

Table 4. Physicochemical monitoring during the Penaeus vannamei biological evaluation bioassay.

. Fish Tanks Recommended
Evaluation Parameter

[ 11 v value

pH 7.50+0.008  7.50+0.00*  7.50+0.00*  7.50%0.002 6?%;8647]0

Temg‘g;it“re 27.000.00° 27.00£0.00° 27.00+0.00° 27.00£0.00°  >'100;3100

Physicochemical Dissolved 3.00-6.00
oxygen (mgL) 6.00£0.00°  5.93+0.11*  6.00£0.20*  5.53+0.11° [1, 63, 64]

Total ammonia 1.20-6.50
nitrogen (mgL~  2.50+0.00*  5.00+0.00°  0.25+0.00°  0.25+0.00° L, 63, 64]

)

Row literals represent significant differences (p<0.05) between the means by one-factor analysis of variance (ANOVA) and the establishment of

mean differences using the Tukey-Kramer test.

4. Conclusions

Shrimp feed supplemented with nejayote (AC
4%) can be considered as a source of nutrients
with antioxidant properties for the cultivation
and health of the Penaeus vannamei shrimp,
as well as being a possible aid in diseases
caused by Vibrio parahaemolyticus present
during the production cycles. The shrimp feed
formulations must have an adequate
nutritional content for the shrimp growth
stage, because the effect of the formulation is
reflected in the biological development and in
the reduction of physiological damage in the
organs of the organisms in culture. As
nejayote is used as an additive to the shrimp
feed formulation, its biotechnological
potential is used. However, the use of
molecular techniques that quantify the
response in the immune system of shrimp fed
with a shrimp feed formulation supplemented
with nejayote is suggested.
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