. Journal of Fisheries
Jﬂ Volume 13 Issue 3 August 2025
- Peer Reviewed | Open Access

DOI: https://doi.org/10.17017/j.fish.820

elSSN 2311-3111
pISSN 2311-729X

Original Article

Impact of high intensity ultrasound on the quality and preservation period of
blue shrimp (Litopenaeus stylirostris) muscle

Wilfrido Torres-Arreola’ o Rey Partida-Rivera® e Victor Manuel Ocaﬁo-Higuera2 e Saul Ruiz-Cruz* ®

Guadalupe Miroslava Sudrez-liménez' o Nathaly Montoya-Camacho2 e José Carlos Rodrl'guez-Figueroa3 .

Enrique Mérquez-Rios1

1 Departamento de Investigacion y Posgrado en Alimentos, Universidad de Sonora, Hermosillo, Sonora 83000, Mexico
2 Departamento de Ciencias Quimico-Bioldgicas, Universidad de Sonora, Hermosillo, Sonora 83000, Mexico
3 Departamento de Ingenieria Quimica y Metalurgia, Universidad de Sonora, Hermosillo, Sonora 83000, Mexico

Correspondence

Enriqgue Marquez-Rios; Departamento de Investigacion y Posgrado en Alimentos, Universidad de Sonora, Hermosillo, So-

nora 83000, Mexico
) enrique.marquez@unison.mx

Manuscript history

Received 12 November 2024 | Accepted 16 May 2025 | Published online 27 May 2025

Citation

Torres-Arreola W, Partida-Rivera R, Ocafio-Higuera VM, Ruiz-Cruz S, Suarez-Jiménez GM, Montoya-Camacho N,
Rodriguez-Figueroa JC, Marquez-Rios E (2025) Impact of high intensity ultrasound on the quality and preservation period
of blue shrimp (Litopenaeus stylirostris) muscle. Journal of Fisheries 13(2): 132204. DOI: 10.17017/j.fish.820

Abstract

Due to the limited shelf life of aquatic products, the use of advanced technologies to extend their freshness
has become more popular recently. This study aimed to assess the impact of high-intensity ultrasound (HIU) on
the quality of blue shrimp (Litopenaeus stylirostris) tails during 20 days of ice storage. Shrimp samples were
treated at 70% amplitude for 0 (C), 30 (T1), 60 (T2), and 90 (T3) minutes. Key quality parameters were analyzed
every 5-day. The initial total bacterial count (TBC) was 2.02 log CFU g'l, increasing to 6.09 (C), 5.32 (T1), 5.01
(T2), and 5.34 (T3) at the end of storage, with the control samples exceeding the acceptability limit. In terms of
color, the initial L* value was 52.96, increasing to 62.96, 57.69, 57.94, and 57.78 for C, T1, T2, and T3,
respectively. No significant differences were observed among treatments in pH (ranging from 7.22 to 8.33),
shear force (from 15.40 to 18.50 N), water-holding capacity (from 93.02 to 98.23%), TVB-N (from 24.11 to
31.61 mg 100g_1), or non-protein nitrogen (from 0.78 to 0.48%). Likewise, SDS-PAGE profiles showed no visible
protein degradation. These results indicate that HIU, particularly at 60 minutes, can extend shelf life by
delaying microbial growth and preserving color, without adversely affecting the physicochemical or structural
properties of the muscle.
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1 | INTRODUCTION

In Mexico, a major challenge in the food sector is post-
harvest loss, which accounts for approximately 37% of the
country's total food production (World Bank and WRAP
2020). Aquatic products are among the most perishable,
with nearly 50% of them being wasted due to their high
susceptibility to deterioration (CEC 2017). Mexico is one
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of the leading fishing countries globally, ranking 16th in
total production, with 1.95 million tons produced in 2020
(FAO 2022). Fishing plays a crucial role in providing food
and creating jobs in Mexico. Around 1.1 million tons are
used for industrial processes such as reduction, canning,
and freezing, while approximately 600,000 tons are con-
sumed chilled or iced, primarily for domestic consump-
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tion (Anuario Estadistico de Pesca 2020). However, this
sector is the most affected in the country. In Mexico, one
of the main fisheries is shrimp. Due to its volume, it is
positioned in third place in fishery production, only below
sardines and tuna; however, due to its value the shrimp
fishery is ranked first (Anuario Estadistico de Pesca 2023).
It is known that fishery products are highly perishable,
and high volumes can be wasted throughout the food
chain (Germond et al. 2023). Therefore, it is necessary for
our country to adopt preservation technologies, to pro-
long the shelf life of economically important seafood spe-
cies, particularly shrimp, thereby minimizing losses and
enhancing the quality of the product available to con-
sumers.

There are currently emerging technologies that
could improve or increase the shelf life of several sea-
foods, thus preserving their freshness. One of these
methodologies is the application of high intensity ultra-
sound (HIU) (Albuquerque et al. 2021; Ugalde-Torres et
al. 2024). This technology can delay bacterial growth and
decrease endogenous enzymatic action, one of the main
causes of freshness decrease, since it leads to the accu-
mulation of metabolites leading to deterioration (Alarcén-
Rojo et al. 2019; Ganjdoost et al. 2021).

A study conducted by Pedros-Garrido et al. (2017)
found that HIU at 30 kHz had an impact on the microbio-
logical and quality parameters of various fish species, in-
cluding salmon, mackerel, pollock, and hake. The re-
searchers noted a reduction in colony-forming units (CFU)
ranging from 1.5 to 0.5 CFU g_1 when compared to control
treatments (samples without HIU). Additionally, a signifi-
cant decrease in thiobarbituric acid reactive species
(TBARS) levels was observed. On the other hand, Yi-Ming
et al. (2021) and Yang et al. (2022) studied mackerel and
sea basal (Lateolabrax Japonicus), respectively, and found
similar results. Given the above, this research aims to
evaluate the effect of HIU application on the quality and
shelf life of blue shrimp (Litopenaeus stylirostris) tails dur-
ing ice storage.

2 | METHODOLOGY

2.1 Raw material

Shrimp (6 — 8 cm tail) were caught off the coast of Bahia
Kino (28.8340°N —112.0580°W) using a monofilament
fishing net. Subsequently, they were stored on ice and
transferred to the University of Sonora. Once in the la-
boratory, shrimp were deheaded and washed with cold
water (5°C).

2.2 Ultrsound application and ice storage

Taking into account information from the literature and
previous studies carried out in our laboratory, the sam-
ples were sonicated for different durations: 0 (Control, C),
30 (T1), 60 (T2), and 90 (T3) minutes, at 70% amplitude
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using a Branson Digital Sonifier SFX 550 (Branson Ultra-
sonics Corporation, Danbury, CT, USA), which operates at
20 kHz and is fitted with a 1.27-cm-diameter titanium
probe. During the sonication process, the samples were
kept in an ice bath to ensure that the temperature did not
exceed 10°C. Afterward, the sonicated shrimp were
stored on ice in a sealed cooler. To assess the effect of
HIU on microbial, biochemical, and textural changes,
samples were collected every 5 days (on days 0, 5, 10, 15,
and 20).

2.3 pH measurements

The pH measurements were performed using the method
outlined by Montoya-Camacho et al. (2021). A Hanna Hl
90140 penetration pH meter (Hanna Instruments, Inc.,
USA) was used for the pH determination. The equipment
was calibrated daily with commercial standard solutions.

2.4 Total volatile bases nitrogen (TVB-N)

A 5 g sample was combined with 300 mL of distilled wa-
ter. Then, 2 g of magnesium oxide and 25 mL of commer-
cial oil were added as defoaming agents. The mixture was
heated to boiling and allowed to distill for 25 minutes.
The distilled liquid was collected in an Erlenmeyer flask
containing 15 mL of 2% boric acid, and the resulting solu-
tion was titrated with 0.05 N H,SO4. The Total Volatile
Basic Nitrogen (TVB-N) was calculated and expressed as
mg of nitrogen per 100 g of sample, following the method
of Woyewoda et al. (1986).

2.5 Non-protein nitrogen (NPN)

For this determination, 10 g of the sample were mixed
with 50 mL of 10% trichloroacetic acid (TCA). The mixture
was then homogenized and centrifuged at 2000 x g at 4°C
for 15 minutes using a refrigerated centrifuge (Sorvall
Biofuge Stratos, Thermo Scientific, Hanau, Germany). Af-
ter centrifugation, the nitrogen content in the superna-
tant was measured using the method described by
Woyewoda et al. (1986).

2.6 Sodium dodecyl sulphate polyacrylamide gel elec-
trophoresis (SDS-PAGE)

Proteins were analyzed using SDS—-PAGE following the
method of Laemmli (1970), which involved a 12% running
gel and a 4% stacking gel. Protein samples were heated at
95°C for 5 minutes, and 20 ug of protein were loaded into
each lane. Electrophoresis was performed in a Mini-
Protean 3 Cell system at 95 V. After the run, the gel was
stained with a solution containing Coomassie Brilliant
Blue R-250 (0.125% w/v), methanol (40% v/v), and acetic
acid (7% v/v). The gels were then destained using a solu-
tion of methanol (50% v/v) and acetic acid (10% v/v). Im-
ages of the gel were captured and analyzed using a GS-
800 densitometer (Bio-Rad Laboratory Chemicals, Hercu-
les, CA, USA).
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2.7 Shear force

Shear force measurement was conducted to assess the
texture of blue shrimp muscle. This was done using a
Warner-Bratzler blade attached to a Shimadzu texturom-
eter (model: EZ TEST EZ-S, Shimadzu Corp., Japan). A
standardized sample from the shrimp’s fourth somite (n =
6) was used, kept at room temperature throughout the
analysis, and the required force (N) to cut through the
muscle was recorded. The test was performed at a speed
of 20 cm min", with the shear force applied perpendicu-
lar to the muscle fiber orientation (Canizales-Rodriguez et
al. 2015).

2.8 Water holding capacity (WHC)

The WHC was measured following the method outlined
by Cheng et al. (2013). To perform this, 5 g of shrimp
muscle were centrifuged at 19600 x g for 30 minutes at
4°C in a refrigerated centrifuge (Sorvall Biofuge Stratos,
Thermo Scientific, Hanau, Germany). The WHC was then
calculated using the following formula.

%WHC =100 — [(Wi-Wf)/Wi] x 100

Where, Wi = initial weight (before centrifugation); Wf:
final weight (after centrifugation).

2.9 Color

Color changes in shrimp muscle were determined by tri-
stimulus colorimetry using a Minolta CR300 colorimeter
(Minolta Co., New York, NY, USA). The measurements
were carried out on the surface of the muscle.

2.10 Microbiological changes

To examine the effect of HIU on microbial inhibition, the
total plate count of mesophilic bacteria was assessed.
Aseptic samples (10 g) of blue shrimp muscle were ho-
mogenized in 40 mL of peptone solution (1 gL ™). Serial
dilutions were prepared from the homogenates, and total
viable count (TVC) was determined using the pour plate
method with Plate Count Agar. The plates were incubated
at 37 = 2°C for 48 hours. TVC was quantified following the
standard methodology (NOM 1994).

2.11 Data analysis

Descriptive statistics (mean, standard deviation, and coef-
ficient of variation), one-way analysis of variance (ANO-
VA), and multiple comparisons using Tukey’s test were
applied, with an a significance level of 0.05. For the anal-
ysis, three specimens (n = 3) were sampled on days 0, 5,
10, 15, and 20. All analytical determinations were per-
formed in triplicate. Data analysis was conducted using
Jump 5.0.1 (SAS Institute, Cary, NC, USA).

3 | RESULTS

3.1pH

The initial and final pH in blue shrimp muscle during stor-
age were 7.22 + 0.15 and 8.33 + 0.07, respectively (Figure
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1a). A significant increase (p < 0.05) was observed during
the first 10 days, followed by no significant changes (p >
0.05) for the remainder of the storage period. No signifi-
cant differences were found between the control and
ultrasound-treated samples.

3.2 Shear force

The initial value of shear force was 15.40 N, with final
values of 17.27, 16.97, 14.56, and 18.50 N for C, T1, T2,
and T3 treatments, respectively (Figure 1b). No significant
changes were observed during storage, and no differ-
ences were also found between treatments.

3.3 Water holding capacity (WHC)

The initial WHC value was 93.02%, and final values were
96.32%, 90.20%, 98.23%, and 97.30% for C, T1, T2, and
T3, respectively (Figure 1c). An increase in WHC was ob-
served during storage, although differences among
treatments were not statistically significant (p > 0.05).
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FIGURE 1 Behavior of pH (a), texture (b) and water hold-
ing capacity (c) in blue shrimp (Litopenaeus stylirostris)
muscle during ice storage. C, control; T1, 30 min of HIU;
T2, 60 min of HIU; T3, 90 min of HIU (n = 3 + SD).
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3.4 Total volatile basic nitrogen (TVB-N)

The initial value of TVB-N was 24.11 mg N 100g_1, and it
increased up to 31.61 mg N 100g_:L of sample at the end
of storage (Figure 2a). While, ultrasound treatments
showed final values of 28.68, 28.01 and 27.05, for T1, T2
and T3, respectively. A significant increase was observed
after day 15 (p < 0.05), but no significant differences were
found among treatments.

3.5 Non-protein nitrogen (NPN)

Initial and final values of NPN were 0.78 and 0.48, respec-
tively (Figure 2b). A significant decrease (p < 0.05) was
observed across all treatments, but no significant differ-
ences were found between the control and treated sam-
ples.
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FIGURE 2 a, Behavior of Total volatile basic nitrogen (TVB-
N); and b, non-protein nitrogen (NPN) in blue shrimp (Li-
topenaeus stylirostris) muscle during ice storage. C, con-
trol; T1, 30 min of HIU; T2, 60 min of HIU; T3, 90 min of
HIU (n = 3 + SD).

3.6 Sodium dodecyl sulphate polyacrylamide gel elec-
trophoresis (SDS-PAGE)

Electrophoretic patterns (Figures 3a and 3b) revealed
major bands corresponding to myosin heavy chain (200
kDa), actin (45 kDa), and myosin light chains (20 — 30
kDa). The band intensity of the MHC decreased with stor-
age time.

3.7 Color

For parameter a*, an initial value of —1.85 and final values
of 1.06 (C), 1.37 (T1), 0.95 (T2), and 0.58 (T3) were ob-
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served for color, with a significant increase over time (p <
0.05; Figure 4a) but no treatment effect (p > 0.05). For
parameter b*, an initial value of 1.57 and final values of
5.52, 6.11, 7.22 and 5.90 were found for C, T1, T2 and T3,
respectively, with significant increase over time (p < 0.05)
and no treatment effect (Figure 4b). For parameter L*, an
initial value of 52.96 was observed; while values at the
end of ice storage were 62.96, 57.69, 57.94 and 57.78 for
C, T1, T2, and T3, respectively (Figure 4c). Likewise, it was
observed a significant effect of both storage time and
ultrasound treatment (p < 0.05).
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FIGURE 3 Effect of ultrasound on the electrophoretic pro-
file of blue shrimp (Litopenaeus stylurostris) muscle dur-
ing ice storage. (a) M, marker; CdO, control day 0; cd5,
control day 5; T1d5, day 5 of T1; T2d5, day 5 of T2; T3d5,
day 5 of T3; Cd10, control day 10; T1d10, day 10 of T1;
T2d10, day 10 of T2; T3d10, day 10 of T3. (b) M, marker;
Cd15, control day 15; T1d15, day 15 T1; T2d15; day 15 of
T2; T3d15, day 15 of T3; Cd20, control day 20; T1d20, day
20 of T1; T2d20, day 20 of T2; T3d20, day 20 of T3.

3.8 Total bacterial count (TBC)

The initial value of TBC was 2.02 log CFU g_l, and final
values were 6.09 (C), 5.32 (T1), 5.01 (T2), and 5.34 (T3)
(Figure 5). A significant increase (p < 0.05) occurred after
day 10. On the other hand, the control exceeded 6 log
CFU g_1 at the end of the storage, while all HIU-treated
samples remained below this threshold.

4 | DISCUSSION

4.1 pH

The initial pH values observed in this study are consistent
with those previously reported for L. vannamei and P.
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longirostris (Huidobro et al. 2002; Peng et al. 2019), con-
firming the freshness of the shrimp samples at the begin-
ning of storage.
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FIGURE 4 Behavior of parameter a*, b* and L* in shrimp
muscle (Litopenaeus stylirostris) during ice storage. C,
control; T1, 30 min of HIU; T2, 60 min of HIU; T3, 90 min
of HIU (n =3 £ SD).

The significant increase in pH during the first 10 days
is a well-documented phenomenon in seafood preserva-
tion and has been attributed to the accumulation of alka-
line compounds such as ammonia, trimethylamine, and
other basic nitrogenous metabolites resulting from mi-
crobial activity and endogenous enzymatic autolysis (Diaz-
Tenorio et al. 2007; Garcia-Sifuentes et al. 2018; Mehta et
al. 2023). After day 10, the stabilization of pH values sug-
gests that either microbial proliferation plateaued due to
substrate depletion or inhibitory conditions, such as met-
abolic waste accumulation, which limited further metabo-
lite production. This plateau phase is commonly observed
in fish and shellfish stored on ice and marks the transition
toward spoilage. Interestingly, the application of HIU had
no statistically significant effect on pH evolution through-
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out the storage period. The lack of pH differences be-
tween the control and treated groups may suggest that
the ultrasound conditions applied (frequency, intensity,
duration) were not sufficient to substantially inhibit mi-
crobial or enzymatic activity related to pH changes. Alter-
natively, it is possible that the microbial communities
responsible for pH alteration were resistant to the HIU
treatment, or that pH is not a sensitive enough parameter
to detect subtle biochemical effects induced by ultra-
sound. In sum, while the increase in pH over time aligns
with expected spoilage patterns in shrimp, the lack of
response to HIU indicates the need for optimization of
ultrasound parameters or complementary preservation
methods if the goal is to mitigate pH-related spoilage
mechanisms.
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FIGURE 5 Behavior of mesophiles in blue shrimp (Li-
topenaeus stylirostris) muscle during ice storage. C, con-
trol; T1, 30 min of HIU; T2, 60 min of HIU; T3, 90 min of
HIU.

4.2 Shear force

Texture is one of the most important quality parameters
in seafood, often used as an indicator of freshness and
structural integrity. In this study, the shear force values of
L. stylirostris muscle remained relatively stable through-
out the 20-day ice storage period, with a slight increasing
trend, although the differences were not statistically sig-
nificant. The lack of significant softening during ice stor-
age contrasts with several previous studies that report
texture degradation as a consequence of proteolytic ac-
tivity and muscle fiber weakening (Fu et al. 2014; Caniza-
les-Rodriguez et al. 2015). However, the observed stabil-
ity in shear force in this study may be influenced by spe-
cific intrinsic factors such as shrimp size, muscle composi-
tion, or lower enzymatic activity. The specimens used
here (average length ~8 cm) were notably smaller than
those used in other studies (>20 cm), which may affect
the extent and rate of proteolysis. Additionally, the ab-
sence of significant differences between control and HIU-
treated samples indicates that high-intensity ultrasound,
under the tested conditions, did not negatively impact
muscle structure. While HIU has been reported to disrupt
tissue integrity due to cavitation effects, such outcomes
are strongly dependent on frequency, amplitude, and
treatment duration (Lee et al. 2023). In our study, the
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mild HIU parameters applied may have preserved the
muscle matrix without inducing structural damage. Over-
all, the maintenance of shear force throughout storage
suggests that the product retained acceptable textural
characteristics, and that HIU treatment does not com-
promise this attribute, which is essential for consumer
acceptability.

4.3 Water holding capacity (WHC)

WHC is a crucial quality attribute in seafood products,
closely related to texture, juiciness, and overall accepta-
bility. In our study, WHC values of L. stylirostris muscle
showed no statistically significant differences (p > 0.05)
among the control and HIU-treated groups throughout
the 20-day ice storage period. This stability in WHC sug-
gests that the muscle matrix maintained its structural
integrity during storage, despite the potential for protein
denaturation or degradation under the storage condi-
tions. These findings differ from previous reports where a
significant decline in WHC was associated with the disrup-
tion of myofibrillar proteins and the weakening of muscle
fibers over time (Fu et al. 2014; Canizales-Rodriguez et al.
2015). Moreover, the use of HIU under the conditions
tested (amplitude, frequency, and duration) did not lead
to any noticeable improvement or deterioration in WHC,
indicating that the treatment was not intense enough to
cause structural modifications in the muscle protein net-
work. Previous studies have shown that HIU can increase
WHC by modifying protein conformation and improving
water entrapment (Mehta et al. 2023), but these effects
are highly dependent on the specific ultrasound parame-
ters and the characteristics of the treated tissue. There-
fore, the absence of significant changes in WHC across
treatments suggests that neither ice storage nor HIU
treatment, under the present experimental conditions,
compromised the product's water-retaining ability, an
important feature for consumer perception and yield dur-
ing processing.

4.4 Total volatile basic nitrogen (TVB-N)

TVB-N is a widely accepted indicator of protein degrada-
tion and microbial spoilage in seafood products. It reflects
the accumulation of volatile nitrogenous compounds such
as ammonia, trimethylamine, and dimethylamine, which
result from microbial and enzymatic activity during stor-
age and their value should not exceed 30 mg of N/100 g
of muscle (Woyewoda et al. 1986). As can be seen,
shrimp has a high TVB-N content since day 0, this has al-
ready been reported by other authors for different spe-
cies of shrimp from the Sea of Cortez (Fu et al. 2014; Can-
izales-Rodriguez et al. 2015; Garcia-Sifuentes et al. 2018).
Similarly, high TVB-N values have also been reported for
other marine products caught in northwestern Mexico,
such as sierra fish (Castillo-Yafiez et al. 2007), jumbo
squid (Marquez-Rios et al. 2007), cazon fish (Mustelus
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lunulatus) (Ocafio-Higuera et al. 2009), among others.
Thus, the high initial content may be linked to environ-
mental factors and the organisms' endogenous biochemi-
cal processes. On the other hand, TVB-N content re-
mained unchanged during the first 15 days (below the
maximum allowed limit) and then increased significantly
on day 20 (above the allowed limit). This is the normal
behavior of this indicator; it usually increases to higher
levels than those allowed when the bacterial load has
exceeded the permissible limits. Regarding the effect of
HIU, the TVB-N values were below compared to control
treatment; however, this behavior was not significant.
According to health regulations, the control treatment
would not be suitable for consumption; however, this
determination should be taken with caution, since it has
been documented that many marine products exceed the
permitted limit in freshly caught specimens. Therefore,
maximum limits must be established for each species,
where microbial load determination and sensory analysis
play an important role.

4.5 Non-Protein Nitrogen (NPN)

NPN compounds, such as free amino acids and small pep-
tides, typically result from endogenous proteolytic activity
during storage and are often considered indicators of
protein degradation (Woyewoda et al. 1986). In this
study, a significant decrease in NPN content was observed
over the storage period across all treatments, with initial
and final values of 0.78 and 0.48 mg 100g ", respectively.
However, no significant differences were found between
the control and ultrasound-treated samples. This indi-
cates that, under the used conditions in this experiment,
there was no effect on endogenous or exogenous bio-
chemistry. The decline in NPN content over time con-
trasts with the usual trend reported in fish and meat
products, where NPN tends to increase due to proteoly-
sis. However, reduction of NPN during storage has already
been reported in other investigations, Mehta et al. (2023)
reported initial and final values of 0.29 and 0.18, respec-
tively, after 14 days of ice storage of white shrimp (L.
vannamei). The reduction in NPN content suggests that
amino acids could be one of the main components of NPN
in shrimp muscle, and these compounds may be used by
bacterial development during storage. It is important to
note that both endogenous and microbial enzymes can
generate ammonia by deaminating free amino acids;
however, not at a detected level by smell. On the other
hand, amino acid deamination could partially explain the
slight increases observed in pH and TVB-N. The lack of
differences between treatments indicates that HIU, as
applied in this study, did not significantly alter the rate of
proteolytic activity or the retention of soluble nitrogen
compounds. This outcome may be due to the moderate
ultrasound parameters used, which were not sufficient to
disrupt muscle structure or enzyme function to a degree
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that would affect NPN generation or retention.

4.6 Sodium dodecyl sulphate polyacrylamide gel elec-
trophoresis (SDS-PAGE)

The SDS-PAGE analysis was conducted to assess potential
structural changes in muscle proteins as a result of ultra-
sound treatment during refrigerated storage. The elec-
trophoretic profiles revealed consistent band patterns
across all samples, with major bands corresponding to
myofibrillar proteins such as myosin heavy chain (MHC),
actin, tropomyosin, and troponin (Peng et al. 2019). No
significant differences were observed between the con-
trol and ultrasound-treated samples throughout the stor-
age period. These findings suggest that the ultrasound
treatments employed in this study did not cause signifi-
cant protein degradation or aggregation detectable by
SDS-PAGE. This aligns with previous reports indicating
that moderate ultrasound treatments may not produce
measurable changes in the electrophoretic profile of
muscle proteins unless higher intensities or prolonged
exposure are applied (Zou et al. 2025). These results are
consistent with the observed trends in texture, WHC, NPN
and TVB-N, which also did not indicate extensive protein
breakdown. Overall, the stability of the electrophoretic
pattern across treatments supports the conclusion that
HIU, at the intensities used, does not adversely affect the
structural integrity of major muscle proteins in this prod-
uct.

4.7 Color

Color is one of the key parameters influencing the quality
and consumer acceptance of fishery products. It is known
that during ice storage the meat color can change signifi-
cantly, which could be a factor in the acceptance or rejec-
tion by the consumer. In this study, the a* values in-
creased significantly over storage time, shifting from neg-
ative to positive, which suggests oxidative changes in
pigments or heme-containing proteins. However, no sig-
nificant differences were observed between the control
and ultrasound-treated samples, indicating that the ultra-
sound treatments did not alter the trajectory of this color
shift. Similarly, b* values increased significantly across all
treatments, which indicates a progressive yellowing of
the samples during storage. These results show that
shrimp muscle took on a slightly brown coloration, which
can be attributed to the action of polyphenol oxidadase
enzyme. Yet again, ultrasound treatments had no signifi-
cant effect on this trend, suggesting that under the condi-
tions applied, ultrasound neither accelerated nor mitigat-
ed this discoloration pathway. Regarding the parameter
L*, an initial value of 52.96 was observed; while values at
the end of ice storage were 62.96, 57.69, 57.94 and 57.78
for C, T1, T2, and T3, respectively. These values were
higher than those reported by Canizales-Rodriguez et al.
(2015), who studied the color changes of blue shrimp (L.
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stylirostris) during ice storage, reporting initial and final
values of 51.83 and 45.62 (15 days storage), respectively.
It was possible to observe that the color of shrimp muscle
changed during ice storage and the HIU application. In-
terestingly, the control exhibited the highest increase in
L*, while ultrasound-treated samples showed compara-
tively lower lightness values. This suggests that ultra-
sound may have had a protective effect on muscle struc-
ture, possibly by reducing surface dehydration or limiting
protein aggregation, thereby maintaining a more uniform
appearance. Taken together, these findings indicate that
storage time is the main factor influencing the color of
blue shrimp muscle. These results are consistent with
previous studies reporting that ultrasound can modify the
microstructure of muscle foods, thereby influencing their
optical properties (Jing-yu et al. 2017).

4.8 Total bacterial count (TBC)

TBC is commonly used to assess the number of viable
microorganisms present in food, its determination is very
important to define the shelf life during storage. In this
research the initial mesophilic bacterial load was relative-
ly low (2.02 log CFU g ), indicating appropriate hygienic
handling at the beginning of storage. However, as ex-
pected during ice storage, microbial growth increased
significantly over time. As expected, the microbial load
remains almost constant during the first 10 days, to sub-
sequently increase significantly on days 15 and 20.
Mendes et al. (2002) reported a similar behavior. They
found an initial value of 3.7 log CFU g " and a final micro-
bial load of 6.3 log CFU g for pink shrimp (Parapenaeus
longirostris). Likewise, Canizales-Rodriguez et al. (2015)
reported an initial value of 3.47 CFU g_l, as well as 6.3 log
CFU g " at the end of ice storage (18 days) of blue shrimp
(Litopenaeus stylirotris). According to the Official Mexican
Standard NOM-027-SSA1-1993, the maximum value al-
lowed for mesophiles is 7 log CFU g_l. In our study, this
limit was not reached, so the microbiological quality re-
mained under the Mexican sanitary standards during 20
days of ice storage. However, Montoya-Camacho et al.
(2021) recommends as a safety measure for consumers a
value below 6 log CFU g_l. Therefore, the control was not
an edible product, while shrimps subjected to HIU were
below 6 log CFU g_1 and can be considered as an edible
food. On the other hand, the increases observed in all
treatments explain the increase in TVB-N and pH during
storage. The lower microbial load in the samples subject-
ed to HIU demonstrates its efficiency in retarding micro-
bial development. Our results align with the findings of
Haughton et al. (2012) and Ganjdoost et al. (2021), who
observed a significant reduction in mesophilic colonies
following the application of HIU to mushroom and chick-
en meat samples. This reduction in CFU g_l is attributed
to the generation of intracellular cavitation, where me-
chanical shocks disrupt the structural and functional

Volume 13 | Issue 2 | Article 132204



components of cells, leading to cell lysis (Chemat and
Ashokkumar 2017). These findings support the potential
application of HIU as a non-thermal preservation technol-
ogy to slow down microbial proliferation and enhance the
safety and quality of fish during ice storage.

CONCLUSIONS

The effect of the application of high intensity ultrasound
on blue shrimp (L. stylirostris) tails was studied, which
showed a positive effect on color and microbial develop-
ment. This indicates that HIU can be used to enhance the
shelf life of blue shrimp, as well as to decrease melanosis
caused by the polyphenol oxidase enzyme. On the other
hand, no significant changes were found in the rest of the
parameters evaluated, which indicates that HIU can be
used in this species without causing adverse damage to
the quality of its muscle.
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