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The quality changes of Lifopenaeus vannamei stressed by acute hypoxia and stored under
chilled conditions were studied. The stressed group was exposed to hypoxia (~0.5 mg L
DO/5h), whereas the control group to normoxia (5.0 mg L' DO). pH was significantly higher
in stressed shrimp and increased throughout storage time. Total Volatile Bases (TVB-N)

increased (p <0.05) during storage for both, control (70%) and stressed shrimp (87%).
Maximum permissible limits of TVB-N were reached on day 9 and 6 for control and stressed
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shrimp respectively. In addition, higher Trimethylamine (TMA) concentrations were detected

in control shrimp. No pathogens were detected for both shrimp, and the permissible limits of
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the monitored microorganisms were not exceeded. Ante mortem hypoxia had an effect on pH,
but not on the microbiological quality, TVB-N and TMA-N values.
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Introduction

Shrimp produced by aquaculture is the most
important crustacean in terms of value, representing
15.4% of the total value of international traded fish
products in 2008 (FAO, 2010). In México, shrimp
production participates with 37.8% of the total value
of national fish products in 2013 (CONAPESCA,
2013). Mexican shrimp production grew from 45,857
tons in 2002 to 100,321 tons in 2012 (CONAPESCA,
2013).

During culture cycle shrimp are exposed to
unpredictable and highly variable physicochemical
factors (e.g. temperature, pH, salinity, dissolved
oxygen, metabolites, and etcetera), which in some
cases could be stressors for shrimp (Alpuche et al.,
2005, Pillet ef al., 2016). Hypoxia is one of the most
common causes of stress for farm-raised shrimp;
herein, hypoxia events usually occur during night
when phytoplankton consumes oxygen, and during
harvest process because shrimp increases its breath
in a reduced volume of water; in addition, large
fluctuations in dissolved oxygen levels are common
in estuarine environments inhabited by shrimp,
causing considerable economic losses due to the
increased mortality, decreased growth rate and the use
of anaerobic metabolism to produce energy (causing
low protein utilization) in organisms exposed to low
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oxygen levels (Ibarra et al., 2007; Brown-Peterson et
al., 2008; Jiang et al., 2009; Sonanez-Organis et al.,
2012; Pillet et al., 2016).

The response of crustaceans exposed to hypoxia
has been well studied from behavioral, physiological,
metabolic and molecular perspectives (Brown-
Peterson et al., 2008; Jiang et al., 2009; Martinez-
Cruz et al., 2012; Jimenez-Gutierrez et al., 2013;
Trasvifia-Arenas et al., 2013; Pillet et al., 2016);
although, there is scarce information regarding how
the ante-mortem stressors can affect the post-mortem
biochemistry and quality of shrimp, recently Ramirez-
Guerra et al. (2012) and Garcia-Sifuentes et al. (2013)
studied the effect of hypoxia on the physicochemical,
functional properties and protein stability of white
shrimp, concluding that hypoxia had an effect on
the physicochemical and functional properties of
shrimp stored on ice, but the effect overcame after
the frozen process. Other study reported the effect of
exercise, emersion and presence of Hematodinium
sp. on the pH, glycogen, L-lactate and the adenylate
energy charge (AEC); the authors concluded that the
chronic stressors resulted in a complete ante mortem
depletion of abdominal muscle glycogen (Gornik
et al., 2010). However, there is scarce information
regarding the effect of antemortem hypoxia on the
microbiological and postmortem quality of white
shrimp. Changes promoted by antemortem hypoxia
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combined with changes occurring during storage (ice
and frozen) could have negative implications on the
acceptance of shrimp by consumers.

Shrimp is a very perishable product, and
postmortem changes may occur rapidly compared to
fish (Zeng et al., 2005: Wei-Hsuan et al., 2017). Total
viable microbial counts (TVC) and chemical tests,
such as analysis of trimethylamine (TMA) and total
volatile basic nitrogen (TVB-N), have been used for
years in the seafood industry to evaluate spoilage of
seafood (Yuan et al.,, 2016). Limits for these quality
indicators are defined in standards, guidelines, and
specifications for acceptability.

Considering the above information, the aim of
this research was to evaluate the quality changes of
the white shrimp (Litopenaeus vannamei) stressed by
acute hypoxia and stored under chilled conditions.

Materials and Methods

Chemical reagents

All chemical reagents used for the parameters
studied were reactive grade from Sigma-Aldrich; in
addition, agars and culture media for microbiological
quality evaluation were also from Sigma-Aldrich.

Bioassay

Live shrimp were obtained from a commercial
farm located at Guaymas, Sonora. Organisms
were transported to the laboratory and randomly
distributed into two plastic tanks (200 shrimp/tank
2000 L). Specimens at inter-molt stage and weighing
approximately 15 g were allowed to acclimate to
laboratory conditions for two days. Thereafter, one
group (tank 1) was exposed to hypoxia conditions
(0.5 mgeL!' DO) for five hours; during the bioassay,
the decrease of DO was monitored until level drop
down to 0.5 mgeL"". The second group (control, tank
2) was maintained under normoxia (5.0 mgeL"' DO).
Water parameters were maintained at the following
optimal conditions during the experiment: salinity
3.5%, pH 6.8-7.0 and temperature 28 + 2°C. Both
groups were harvested simulating farm harvesting
conditions. Shrimp were immediately placed on
coolers within alternate layers of ice-shrimp-ice and
transported to the Seafood Laboratory at CIAD in
Hermosillo, Sonora, where the cephalothoraxes were
removed by hand. The abdominal portions of shrimp
at pre-rigor stage (control and stressed) (Diaz-
Tenorio et al., 2007) were placed inside plastic bags
(eight plastic bags for control and eight for stressed
shrimp), then placed on coolers (ice-shrimp-ice)
and stored at 0-2°C for 21 days. pH, Total Volatiles
Bases (TVB-N), Trimethylamine-N (TMA-N) and
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microbiological quality were analyzed at days 0, 1, 4,
6,9, 12, 16 and 21 of storing.

Muscle homogenate pH

In order to obtain the muscle’s pH, a sample of
10 shrimp without shell was homogenized to obtain
a fine paste. pH was measured by triplicate at 2-4°C
using a flexible micro pH electrode (Thermo, Orion
4 star, USA). The pointed tip of the electrode was
inserted into the shrimp paste. In order to determine
when the pH changes were more evident, ApH was
calculated.

Total volatiles bases (TVB-N)

TVB-N was determined according to the
procedure of Woyewoda et al. (1986). Briefly, the
method determines volatile bases by distillation
in alkaline condition using magnesium oxide. The
TVB-N was evaluated at each during storage at each
sampling day (1, 2, 3, 6, 9, 12, 16 and 21 d). Ten-
gram sample and 300 mL of distilled water were
homogenized into a 1000 mL round bottom distillation
flask, using a tissue homogenizer Ultra-Turrax T-25
Basic (IKA® Works, Inc. Wilmington, NC, USA).
Two grams of MgO were added and immediately
swirled; thereafter, 20 drops of commercial oil were
added as antibumping, and the distillation flask was
connected to a vertical distillation apparatus. The
distillation flask with the sample was heated for 10
min and distillation was carried out for 25 min. The
condensate was received in an Erlenmeyer flask
containing 2% boric acid solution and titrated back to
the original color using a standard solution of 0.05 N
H,SO,. A blank was titrated using the same reagents
without adding the sample. TVB-N was expressed as
mg N/100 g sample.

Trimethylamine-N (TMA-N)

TMA-N was determined by following the picrate
method with minor modifications introduced by
Woyewoda et al. (1986). TMA-N was extracted at
each sampling day (1, 2, 3,6, 9, 12, 16 and 21 days).
A 1g sample was homogenized in 6 mL of 7.5%
TCA for 2 min using a tissumizer Ultra-Turrax T-25
Basic (IKA® Works, Inc. Wilmington, NC, USA).
Thereafter, the homogenate was centrifuged in a
refrigerated centrifuge Beckman J2-21 (Beckman
Instruments Inc. Palo Alto, CA) at 3000 x g for 15
min at 4°C and the supernatant was filtered through
Whatman No.1 filter paper. Finally, the extract was
frozen at -40°C until the appropriate analysis. Results
were expressed as milligrams of TMA-N per 100 mg
of sample.
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Table 1. pH, ApH, total volatile bases (TVB-N) and trimethylamine (TMA-N) of control
and stressed shrimp stored on ice.

pH ApH TVB-N mgN/100g of TMA-N mgN/100g of
muscle muscle

Chill Control Hypoxia Ctrl Hyp Control Hypoxia Control  Hypoxia
storage
time
(days)
1 6.62+0.13%  §.85x0.10%8 23.13£2.85% 22972112 1.88x06% 0.73£0.1F
2 6.79£0.23% 70420273 015 0.18 2560+1.09% 2560+0.98% 345£0.934 259+174
4 6.85+0. 1204 71240238 (006 018 2721+350% 2960+028° 380072 234+174
6 6.98+0 07 715+020°8 010 000 3174+106° 3300+313° 352+08% 213+144
9 709+0 195 736+011°8 017 021 3344+210° 3422+131b° 4.10+0704 2 12+1 64
12 727+0.06°% 74240158 011 007 3449+2350 3757+20c  247+1 7304 (90+0 58
16 7.33+0.05%% 750+007°8 006 01 3880+334c 4082+1219 364+020% 233+154
21 7.35£0.00%% 7562006 0.07 0.06 3921+292¢ 4289+2439 3.19£0.58% 238+1.64
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Ctrl: Control, Hyp: Hypoxia. Values are reported as mean + standard deviation (n=9). Different
lowercase letters within the same column indicate significant differences at p<0.05 and different
uppercase within the same row and parameter indicate significant differences at p<0.05.

Microbiological quality

Shrimp without cephalothoraxes (stressed and
control) were used for microbiological analysis. A
total amount of 10 g of muscle was collected and
placed into sterile plastic bags in each sampling
day. Aerobic mesophiles, psychrophilic (NOM-092-
SSA1-1994) and coliforms (NOM-113-SSA1-1994)
were evaluated at each sampling day (1, 2, 3, 6, 9,
12, 16 and 21 days) incubating at 35 + 2°C and 24
h; whereas Vibrio cholerae (BAM. 8va. Ed., 2004,
Cap.9), S. aureus (NOM-115-SSA1-1994, Baird
Parkeragar Difcoat35-37°C), Salmonella spp (NOM-
114-SSA1-1994, Xylose Lysine Desoxycholate XLD
agar Difco at 35-37°C) and Listeria monocytogenes
(NOM-143-SSA1-1995, UVM Modified Listeria
Enrichment Broth Difco, followed by plating on
Oxford MOX, agar Difco, incubated at 30°C/18-24
h) were evaluated exclusively at the beginning and
the end of the storage time.

Statistical analysis

Data were analyzed by performing analysis of
variance (ANOVA) using the statistical software
package NCSS (version 5.1; Kaysville, UT).
Significant differences were detected by performing a
Tukey multiple range test, considering a significance
level (o) of 0.05.

Results and Discussion

Bioassay

Dissolved oxygen levels control remained stable
with in control tanks, registering an average of 4.53
+ 0.1 mg L' (Table 1). In contrast, a continuous
decrease of DO was observed through the first hours
(1.75 mg L' and second (1.96 mg L"). Once the level
of ~0.5 mg L' (0.46 = 0.06 mg L") was registered,
it remained constant during the rest of the bioassay

(approximately 5 hours).

Muscle homogenate pH

pH monitoring has been a common practice in
studies of spoilage of fishery products; however,
in the opinion of some researchers, sometimes pH
may not be an effective indicator of freshness for
some species due to their biological variability and
harvesting procedures; for this reason, pH must be
complemented with other analyses (Howgate, 2009).
Usually, pH increases after the resolution of rigor
mortis; results of pH exhibited statistical differences
(p<0.05) among control and stressed shrimp. In
addition, pH level increased (p<0.05) throughout the
storage period for both treatments; for instance, pH
increased from 6.62 to 7.35 and from 6.85 to 7.56
(Figure 2) for control and stressed shrimp respectively;
however, stressed shrimp registered higher values of
pH compared to control. Nirmal and Benjakul (2011)
reported initial pH of 6.59 in pacific white shrimp
stored in refrigeration, and reported pH increments
as storage time ran. Okpala et al. (2014) described
a decrease of 80% of the titratable acidity for white
shrimp on 8th day of store in ice. The increase in pH
level of shrimp during ice storage was the result of
accumulation of basic compounds generated from
both, autolytic processes by endogenous enzymes
and microbial enzymatic degradations (Nirmal and
Benjakul, 2009). Diaz-Tenorio (2006) stored white
shrimp in ice and reported that the first significant
increase in pH occurred from 3h to 15h; after that
(from 15h to 48h) the pH increase was associated to
the NH*" generated during the synthesis of IMP from
AMP. In addition, crustaceans have high intrinsic
concentrations of ammonia in muscle as well as
enzymes that produce even more.

The highest increase in pH (ApH ) was found to
occur on 12th and 9th days for control and stressed
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Figure 1. Dissolved oxygen levels registered in water
during the bioassay, for shrimp exposed to normoxia
(control) and hypoxia.

shrimp respectively (Table 1); results also indicated
that the ApH of stressed shrimp was evident since
the beginning of the storage. Changes in pH may
represent a promoter of the adequate conditions
for microbial growth, considering that mesophiles
and psychrophiles increased at 12" day of storage
as shown in Figures 1 and 2. These data suggests
that stressed shrimp could be more susceptible to
microbial and endogenous enzymes activity.

Total volatile bases (TVB-N)

Total volatile bases and TMA-N are usually
considered as quality indicators and are widely used
to estimate the freshness of fishery products. These
parameters may indicate the occurrence of bacterial
spoilages independently of the ageing process,
because the autolytic aspects of deterioration are
contemplated (Ocano-Higuera et al., 2009). Changes
in TVB-N registered in control and stressed shrimp
were monitored during ice storage of 21 days (Table
1). At the beginning of the storage (day 1) TVB-N
values were 22.13+2.7 and 22.97+2.1 mg N/100 g of
sample for control and stressed shrimp respectively;
however, maximum permissible limits established
by the Mexican Official Standards (35 mg N/100
g sample) were registered at 6th and 9th days for
stressed and control shrimp respectively, suggesting
a negative effect of hypoxia on this parameter.
Diaz-Tenorio (2006) reported initial a TVB-N value
of 21.5 mg N/100 g for recently harvested white
shrimp, the study described that the permissible
limit was exceeded at day 5, but no ammonium odor
was detected. Although the limit of acceptability
of TVB-N for shrimp and fish is 35 mg N/100 g,
as shown in the present and in another studies, the
average of TVB-N for fresh crustaceans sometimes
could be higher and in good conditions to consume.
In example, Wei Hsuan et al. (2017) reported TVB-N
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Figure 2. Mesophilic bacteria evaluated in control and
stressed shrimp stored on ice.
Curve line represents the trends while breaks line represents the
values obtained during the storage. The continuous horizontal
line represents the permissible limits of mesophiles.

of 70 mg N/100 g in fresh shrimp under refrigerated
storage, while Zeng et al. (2005) observed initial
TVB-N values of 33.5 mg N/100 g in fresh shrimp
under stored in ice.

The results of this experiment also showed
that TVB-N increased (p <0.05) during the storage
time for both treatments; control increased by 70%
while stressed shrimp increased up to 87%. It was
reported that the increment of TVB-N level could
be caused by different factors; these factors could
be proteolysis catalyzed by endogenous proteases,
degradation of ATP, some ammonium derived
from osmoregulation of the organisms and finally
the presence of ammonium previously formed by
bacterial deamination of proteins, peptides and
aminoacids (Etienne et al., 2005; Diaz-Tenorio,
2006; Howgate, 2010; Yun-Fang, Shen-Ping, Jing
et al., 2013). In a recent study, Martinez-Cruz et al.
(2012) reported a significant increase of 70% in the
ATPase activity of the mitochondrial protein extract
of white shrimp undergoing hypoxia (after 6h); the
authors hypothesized that during the early phase of
hypoxia the enzymatic machinery hydrolyzed ATP
instead of producing it; when this process occurred,
ammonium from autolysis is produced and changes
in pH may occur.

The results of this experiment suggest that
hypoxia itself may not be a robust factor to have an
influence on the post mortem deterioration of shrimp
muscle. The adequate post mortem management in
this experiment did not allowed hypoxia to have
a further negative effect on the muscle’s quality;
however, it could be hypothesized that hypoxia played
a role as a promoter of ATP hydrolysis; this ATP
hydrolysis produces ADP, which is further degraded
into AMP, with the subsequent IMP conversion and
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Figure 3. Psychrophilic bacteria evaluated in control and

stressed shrimp stored on ice.
Continuous horizontal line represents the permissible limits of
psychrophiles.

NH?** production; finally, the ammonium produced is
detected in muscle as TVB-N.

From the microbiological perspective, the quality
of both control and stressed shrimp were acceptable
during the storage period, the permissible limits
(Mexican Official Standards and Codex) of the
microorganisms studied were not exceeded. On the
other hand, other biochemical changes may occur
in shrimp muscle in spite of the absence or non-
detectable limits of microorganisms; for instance,
Garcia-Sifuentes et al. (2013) exposed white
shrimp specimens to similar hypoxia conditions and
reported greater hue angle in stressed shrimp than
those exposed to normoxia; greater changes in color
occurred after day 9; the study also demonstrated
that raw shrimp tend to turn into brown color after
the storage in ice. Considering this information and
some of the results obtained in this experiment, it
could be hypothesized that the true break down of the
quality of white shrimp may occur after 9-12 days of
ice storing; Zeng et al. (2005) and Yun-Fang, Jing,
Shen-Ping et al. (2013) described a rejection limit of
acceptability by sensory scores at day 6.

Trimethylamine (TMA-N)

Trimethylamine is formed by the reduction of
Trimethylamine oxide (TMAO) by some species
in the bacteriological flora of spoiling fish. It is a
pungent volatile amine which gives the typical “fishy”
odor of spoiled seafood. The changes in TMA-N of
control and stressed white shrimp were monitored;
at the beginning of the storage TMA-N values were
1.884+0.6 and 0.73£0.1 mgN/100 g of muscle for
control and stressed shrimp respectively (Table 1).
In contrast to the TVB-N, trimethylamine (TMA-N)
value was higher (p <0.05) in control than in stressed
shrimp. Control shrimp increased (p <0.05) the
TMA-N content during the storage time, whereas
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Figure 4. Faecal coliforms (NMP) evaluated in control
and stressed shrimp stored on ice.

Results are shown in log MPN/g. The continuous horizontal line
represents the permissible limits of psychrophiles.

no differences (p> 0.05) were observed in stressed
shrimp. Unless no significant differences through the
storage time were observed for stressed shrimp, if
day 1 is compared vs 21 of storing, TMA-N levels
increased (p <0.05) 3.3 times from de initial level. The
permissible limit of TMA-N for fresh shrimp and fish
has not been considered yet by the Mexican Standars
or the Codex Alimentarius. Results of the present
experiment showed that the limit of acceptability of
5 mg N/100g was not exceeded for both, control and
stressed shrimp during the storage period. However,
the highest value of TMA-N was registered at day
9 for control shrimp (4.1 mg N/100g) and at day 2
for stressed shrimp (2.59 mg N/100g). Okpala et al.
(2014) reported non acceptable TMA-N values for
shrimp after 8 days of ice storage (5.21 £ 0.54 mg
N/100g).

In addition, the formation of TMA during
spoilage requires that the muscle contains sufficient
amount of TMAO for TMA to be formed. Typically,
muscle tissue from the marine environment contains
adequate amounts of TMAO, and consequently
TMA is almost always found in spoiling marine fish
(Yancey et al., 2014). Yet acceptable limits were not
exceeded in this experiment.

Microbiological quality

The shelf life of a product refers to the time that
the product can be stored with good physical and
sanitary conditions. Shrimp as many food products
presents a worthy nutritional quality, texture, and
moisture characteristics; thus it is an excellent
material that could be used for some bacteria. If
bacterial growth is presented, in this case shrimp
muscle can reach levels above the limits established
by the health authorities, decreasing its quality and
subsequently not being safe for the consumer.
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Results showed that the microbiological quality of
both groups (control and stressed) were acceptable; in
addition, the permissible limit of the microorganisms
studied were not exceeded. Pathogens such as Vibrio
cholerae, Salmonella and Listeria monocytogenes
were not detected in any of the samples through the
storage on ice.

Results also exhibited no differences for aerobic
mesophiles (sometimes referred as aerobic plate count,
total viable count or standard plate count) among
control and stressed shrimp (Figure 2); however,
mesophiles exhibited a slight increase during the
storage period. Though the permissible limits were
not exceeded during the 21 days of storing, the
increment observed during this period suggests that
storage periods longer than 21 days or a broken cold
chain may cause an increase of mesophiles above the
permissible limits. Recent reports showed an initial
aerobic mesophiles of 4.45 and 4.19 log CFU/g
in pacific white shrimp (Mu et al. 2012; Okpala,
2014); these values were reached in this study by
the control shrimp at day 21. The microflora of fish
and crustacean is composed by the indigenous flora
and the microflora of the processing environment.
Any handling from the point of harvesting to the
table of the consumer has the potential to affect the
microflora of the final product (Lyhs 2009). Herein,
it was observed that shrimp muscle avoided the
proliferation of microorganisms for both treatments.

Regarding psychrophilic microorganisms, no
significant differences were detected among control
and stressed shrimp (Figure 3); however, similar
to mesophiles, psychrophiles increased after day
12 of storage for both control and stressed shrimp.
The evaluation of psychrophilic bacteria is essential,
considering their relation with shrimp proteolysis,
lipolysis, TVB-N and TMA-N content (deteriorative
indicators) through prolonged shrimp cold storage; in
that period some bacteria could produce metabolites
associated to the off-odors and off-flavors as a result
of the spoilage (Lyhs, 2009). However, as showed
previously, permissible limit of TMA-N was not
exceeded through the storage period. Results for
fecal coliforms are shown in Figure 4. No differences
were detected for fecal coliforms comparing control
to stressed shrimp. In addition, no changes were
observed through the storage period, coliform bacteria
remained stable. The results could be indicative that
the microbiological quality was no affected by the
hypoxia and that the adequate shrimp post-harvest
handling could have buffered any negative effect
produced by ante mortem stress.
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Conclusion

Stressed shrimp registered higher values of
pH compared to control, but no effect on TVB-N
and TMA-N values was observed. The absence of
pathogenic microorganisms in shrimp avoided the
proliferation of microorganisms. The microbiological
quality was no affected by the hypoxia ante mortem,
permissible limit of the microorganisms studied were
not exceeded. Further studies could investigate the
production pathways of ammonium compounds
promoted by the hypoxia including amino acid
profile.

Acknowledgement

The authors want to thank to FONSEC-
SEP-CONACyT for their support of the project
“Interaction between ante mortem physiology and
biochemical post mortem in muscle of white shrimp
process (Litopenaeus vannamei) and the effect on
their quality, technological functionality and shelf
life” under code 24384.

References

Alpuche, J., Pereira, A. and Agundis, C. 2005. Biochemical
responses in shrimps to marine environmental factors.
Revista Electronica de Veterinaria REDVET 6(5):
1-10.

Aquaculture and fisheries national commission
(CONAPESCA). (December 2015). Yearbook of
fishery and aquaculture statistics 2013. Retrieved on
December 31, 2016 from CONAPESCA web site:
https://www.gob.mx/conapesca/documentos/anuario-
estadistico-de-acuacultura-y-pesca

Brown-Peterson, N. J., Manning, C. S, Patel, V., Denslow,
N. D. and Brouwer, M. 2008. Effects of cyclic hypoxia
on gene expression and reproduction in a grass shrimp,
Palaemonetes pugio. Biolological Bulletin 214: 6-16.

Diaz-Tenorio, L. M. 2006. Post mortem changes in white
shrimp muscle (Litopenaeus vannamei) and effect of
post-harvest in their texture: La Paz Baja California,
Meéxico, Center for Biological Research of the
Northwest, S.C. (CIBNOR), PhD Thesis.

Diaz-Tenorio, L. M., Garcia-Carreflo, F. L. and Pacheco-
Aguilar R. 2007. Comparison of freezing and thawing
treatments on muscle properties of whiteleg shrimp
(Litopenaeus vannamei). Journal Food Biochemistry
31: 563-576.

Etienne, M., Ifremer and Nantes. 2005. Volatile amines
as criteria for chemical quality assessment. Report
of SEAFOODplus on traceability, valid methods for
chemical quality assessment. SEAFOODplus France.

Food and Agriculture Organization of the United Nations
(FAO). (November 2010). Yearbook of fishery and
aquaculture statistics 2008. Retrieved on December



Garcia-Sifuentes et al./IFRJ 25(4): 1574-1581

28, 2016 from FAO website: http://www.fao.org/
docrep/013/i1890t/i1890t.pdf

Garcia-Sifuentes, C. O., Pacheco-Aguilar, R., Scheuren-
Acevedo, S. M., Carvallo-Ruiz, G., Garcia-Sanchez,
G., Gollas-Galvan, T. and Hernandez-Lopez, J. 2013.
Effect of ante-mortem hypoxia on the physicochemical
and functional properties of white shrimp (Litopenaeus
vannamei) muscle stored on ice. Food Science and
Technology International 19: 261-269.

Gornik, S. G., Albalat, A., Atkinson, R. J. A., Coombs,
G. H. and Neil, D. M. 2010. The influence of defined
ante-mortem stressors on the early post-mortem
biochemical processes in the abdominal muscle of
the Norway lobster, Nephrops norvegicus (Linnaeus,
1758). Marine Biology Research 6(3): 223-238.

Howgate, P. 2009. Traditional methods. In Rehbein, H. and
Ochlenschlager, J. (Eds.) Fishery Products, quality,
safety and authenticity, p.19-41. United Kindom:
Wiley-Blacwell.

Howgate, P. 2010. A critical review of total volatile bases
and trimethylamine as indices of freshness of fish. Part
1. Electronic Journal of of Environmental, Agricultural
and Food Chemistry 9: 29-57.

Ibarra, A. M., Pérez-Rostro, C. 1., Ramirez, J. L. and
Ortega-Estrada, E. 2007. Genetics of the resistance
to hypoxia in postlarvae and juveniles of the pacific
white shrimp penaeus (Litopenaeus vannamei) (Boone
1931). Aquaculture Research 38: 838-846.

Jiang, H., Li, F., Xie, Y., Huang, B., Zhang, J., Zhang, J.,
Zhang, C., Li, S. and Xiang, J. 2009. Comparative
proteomic profiles of the hepatopancreas in
Fenneropenaeus chinensis response to hypoxic stress.
Proteomics 9: 3353-3367.

Jimenez-Gutierrez, L. R., Hernandez-Lopez, J., Islas-
Osuna, M. A. and Muhlia-Almazan, A. 2013.
Three nucleus-encoded subunits of mitochondrial
cytochrome c¢ oxidase of the whiteleg shrimp
Litopenaeus vannamei: cDNA characterization,
phylogeny and mRNA expression during hypoxia
and reoxygenation. Comparative Biochemistry and
Physiology Part B 166: 30-39.

Lyhs, U. 2009. Microbiological methods. In Rehbein,
H. and Ochlenschlédger, J. (Eds.) Fishery products,
quality, safety and authenticity, p. 318-348. Oxford,
United Kindom: Wiley-Blacwell.

Martinez-Cruz, O., Calderon de la Barca, A.M., Uribe-
Carvajal, S. and Muhlia-Almazan, A. 2012. The
function of mitochondrial FOF1 ATP-synthase from
the whiteleg shrimp Litopenaeus vannamei muscle
during hypoxia. Comparative Biochemistry and
Physiology Part B 162: 107-112.

Mu, H., Chen, H., Fang, X., Mao, J. and Gao, H. 2012.
Effect of cinnamaldehyde on melanosis and spoilage
of Pacific white shrimp (Litopenaeus vannamei)
during storage. Journal of the Science of Food and
Agriculture 92: 2177-2182.

Nirmal, N. P. and Benjakul, S. 2009. Melanosis and
quality changes of pacific white shrimp (Litopenaeus
vannamei) treated with catechin during iced storage.
Journal of Agricultural Food Chemistry 57: 3578-

1580

3586.

Nirmal, N. P. and Benjakul, S. 2009. Melanosis and
quality changes of Pacific white shrimp (Litopenaeus
vannamei) treated with catechin during iced storage.
Journal of Agricultural and Food Chemistry 57: 3578-
3586.

Ocano-Higuera, V. M., Marquez-Rios, E., Canizales-
Davila, M., Castillo-Yanez, F. J., Pacheco-Aguilar
R, Lugo-Sanchez ME, Garcia-Orozco, K. D. and
Graciano-Verdugo, A. Z. 2009. Postmortem changes
in cazon fish muscle stored on ice. Food Chemistry
116: 933-938.

Okpala, C. O. R., Choo, W. S. and Dykes, G.A. 2014.
Quality and shelf life assessment of Pacific white
shrimp (Litopenaeus vannamei) freshly harvested and
stored on ice. LWT - Food Science and Technology
55: 110-116.

Pillet, M., Dupont-Prinet, A., Chabot, D., Tremblay, R.
and Audet, C. 2016. Effects of exposure to hypoxia
on metabolic pathways in northern shrimp (Pandalus
borealis) and Greeland halibut (Reinhardtius
hippoglossoides). Journal of Experimental Marine
Biology and Ecology 483:88-96.

Ramirez-Guerra, H. E., Garcia-Sifuentes, C. O., Pacheco-
Aguilar, R., Ramirez-Suarez, J. C., Lugo-Sanchez, M.
E. and Scheuren-Acevedo, S. M. 2012. The influence
of ante-mortem hypoxia on the physicochemical
stability of myofibrillar proteins in the muscle tissue
of whiteshrimp (Litopenaeus vannamei) exposed to
multiple freeze—thaw cycles. European Food Research
and Technology 235: 37-45.

Sofanez-Organis, J. D., Rodriguez-Armenta, M., Leal-
Rubio, B., Peregrino-Uriarte, A. B., Gomez-Jiménez,
S. and Yepiz-Plascencia, G. 2012. Alternative splicing
generates two lactate dehydrogenase subunits
differentially expressed during hypoxia via HIV-
1 in the shrimp Litopenaeus vannamei. Biochemie
94:1250-1260.

Trasvifia-Arenas, C. H., Garcia-Triana, A., Peregrino-
Uriarte, A. B. and Yepiz-Plascencia, G. 2013.
White shrimp Litopenaeus vannamei catalase: Gene
structure, expression and activity under hypoxia
and reoxygenation. Comparative Biochemistry and
Physiology Part B 164: 44-52.

Woyewoda, A. D., Shaw, S. J., Ke, P. J. and Burns, B.
G. 1986. Recommended laboratory methods for
assessment of fish quality. Canada: Minister of Supply
and Services.

Yancey, P. H., Gerringer, M. E., Drazen, J. C., Rowden,
A. A. and Jamieson, A. 2014. Marine fish may be
biochemically constrained from inhabiting the deepest
ocean depths. PNAS 111(12):4461-4465.

Yuan, G., Lv, H., Tang, W., Zhang, X. and Sun, H. 2016.
Effect of quitosan coating combined with pomegranate
peel extract on the quality of pacific white shrimp
during ice storage. Food Control 59:818-823.

Yun-Fang, Q., Jing, X., Sheng-Ping, Y. and Wen-Hui, W.
2013. Study of the quality changes and myofibrillar
proteins of white shrimp (Litopenaeus vannamei)
under modified atmosphere packaging with varying



1581 Garcia-Sifuentes et al./IFRJ 25(4): 1574-1581

CO2 levels. European Food Research and Technology
236: 629-635.

Yun-Fang, Q., Sheng-Ping, Y., Jing, X., Xiong, Q. and
Zhi-Li, G. 2013. Impact of the O2 concentrations
on bacterial communities and quality of modified
atmosphere  packaged pacific white  shrimp
(Litopenaeus vannamei). Journal of Food Science 78:
M1878-M1884.

Zeng, Q.U., Thorarinsdottir, K. A. and Olafsdottir, G.
2005. Quality changes of shrimp (Pandalus borealis)
stored under different cooling conditions. Journal of
Food Science 70: S459-S466.



