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Abstract: To determine the effects of nitrite exposure on muscle quality and physiological functions
in Wuchang bream (Megalobrama amblycephala), we exposed M. amblycephala juveniles to acute nitrite
(0, 1, 5, 10, 20 mg/L), and the muscle and blood samples were measured at 12, 24, 48, and 96 h. The
results showed that when exposed to nitrite for 12 h, the concentrations of blood glucose, cortisol,
aspartate aminotransferase (AST), and alanine aminotransferase (ALT) in the 20 mg/L experimental
group had the maximum value. The activity of lactate dehydrogenase (LDH) increased significantly
in a dose-dependently manner and peaked at 96 h in the 20 mg/L group. During 96 h of exposure
to nitrite, the total antioxidant capacity (T-AOC) and catalase (CAT) activity in the liver of the
20 mg/L experimental group were significantly higher than those of the control group, while the
concentration of muscle glycogen showed a downtrend. At 12 h and 96 h, the hardness of the four
experimental groups were significantly higher than that of the control group. Our research shows
that acute sodium nitrite exposure will not only cause oxidative stress and decreased muscle quality
in M. amblycephala juveniles but also will be accompanied by changes in serum biochemical index,
liver antioxidant capacity, muscle physiological characteristics, and muscle physical characteristics.
Preliminary speculation may be that acute nitrite exposure may cause M. amblycephala juveniles to
choose to reduce muscle quality and activate antioxidant systems.

Keywords: Wuchang bream (M. amblycephala); nitrite; antioxidant; muscle quality

1. Introduction

With the increase in total production, the aquaculture industry pays more and more
attention to muscle quality. Moreover, the body’s metabolism is usually closely related
to muscle quality. In order to maintain the homeostasis in fish and resist stress, it always
requires a lot of energy consumption. Therefore, a large amount of metabolic waste is
accumulated. High levels of nitrite exposure cause considerable stress in fish, and its toxic-
ity manifests in physiological change, tissue damage, and cell injury [1]. It was reported
that the increase in glucose, glycogenolysis, and lactate is caused by increased energy
demand and anaerobic metabolism under tissue hypoxia caused by exposure to nitrite [2].
Glucose is important because glucose concentrations are generally elevated by the increase
in carbohydrate metabolism of fish exposed to toxic substances [3]. The utilization of
glucose and glycogen by aquatic animals is a mechanism for detoxification, and glucose
concentrations generally increase under stressful conditions [4]. Simultaneously, detox-
ification of nitrite occurs via endogenous oxidation to nitrate and inhibiting the activity
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of antioxidant enzymes system [5]. This may result in a negative impact on fish muscle
texture characteristics.

Nitrite (NO2−) is found in ecosystems as a natural component of the nitrogen cycle [5]
and is potentially dangerous in the environment [6]. Nitrite is a common pollutant in
aquaculture water. Excessive accumulation of nitrite can cause oxidative stress and is toxic
to fish [7]. In fish farming systems, the concentration of NO2− is usually low, but due
to the high stocking density of fish or the addition of fertilizers to the water, there may
be an imbalance between bacterial nitrification and denitrification, which will eventually
lead to the accumulation of nitrite [8,9]. The high level of nitrite may affect the physio-
logical functions of aquatic animals, including ion regulation, cardiovascular, respiration,
endocrine and excrement, and even damage the health of fish, resulting in a large number
of deaths [5,10–12].The toxicity mechanism and physiological effects of nitrite have been
extensively studied in many fishes and fish cells [13–15].

Living organisms produce a certain amount of reactive oxygen species (ROS) during
normal growth. Due to the role of the antioxidant system, the body can eliminate these
oxygen free radicals through its own ability. Common antioxidant systems are mainly
composed of superoxide dismutase (SOD), glutathione peroxidase (GPx), and catalase
(CAT). Fish, especially freshwater fish, exposed to high levels of nitrite may cause the accu-
mulation of nitrite in various tissues of the fish body, affecting the plasma components [16].
Stress enhancement, tissue hypoxia, and the accumulation of oxygen free radicals in the
body inhibit the antioxidant system, directly or indirectly affecting the immune vitality of
fish [17]. Eventually it will damage the health of the fish and even cause death. Experiments
have shown that nitrite stress can induce endoplasmic reticulum stress and calcium ion
disturbance in fish hepatocytes [18]. Hematological parameters are considered reliable
indicators of the physiology and health status of fish exposed to toxic substances [4,19]. The
blood is a major target site of nitrite action in fish exposed to waterborne nitrite [11]. Nitrite
enters the plasma through chloride cells in fish gills [20]. Thus, hematological parameters
and plasma components are critical factors in assessing toxic effects of nitrite exposure in
fish [15].

As an important freshwater fish in China, M. amblycephala is a widely accepted food
fish. The aquaculture industry of this fish has spread all over the country. In the past
decade, large-scale aquaculture has developed rapidly because this species is very suit-
able for intensive aquaculture using natural foods, but it is vulnerable to environmental
factors [21]. Previous studies have investigated the physiological response of fish to acute
nitrite exposure [22–24]. In addition, there are few studies on the effects of acute exposure
to sodium nitrite stress on fish muscle quality. We used the method of acute toxicity test.
M. amblycephala juveniles were exposed to sodium nitrite aqueous solution at different
concentrations and at different times. Therefore, this study was aimed to comprehensive
analysis the antioxidant index and muscle quality after acute exposure to sodium nitrite
in M. amblycephala juveniles, as well as to investigate the effects of acute toxicity on serum
biochemical index, liver antioxidant capacity, muscle physiological characteristics, and
muscle physical characteristics.

2. Materials and Methods
2.1. Experimental Fish and Rearing Conditions

M. amblycephala juveniles were obtained from the Fish Hatchery of Tuanfeng (Hubei
province of China). Prior to the experiment, they were transferred to the aquatic laboratory
holding tanks, which had a radius of 42 cm and height of 60 cm. The fish were fed with a
commercial pelleted diet twice daily at a ration of 4% body weights. Ammonia and nitrate
levels were less than 0.1 mg/L, pH 7.3 ± 0.2, a water temperature of 20 ± 3 ◦C; dissolved
oxygen was 7.0 ± 0.5 mg/L during the holding period. One-third of the water was changed
every 2 days to ensure good water quality.
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2.2. Nitrite Exposure and Sample Collection

Having been acclimatized for 2 weeks, the fish (average weight 213 ± 33 g) were
randomly selected for the 96 h acute toxicity test. Sodium nitrite solutions of different
concentrations were used as the nitrite stress solution. A 96 h nitrite exposure was used
at five sodium nitrite levels: 0 mg/L (control), 1 mg/L, 5 mg/L, 10 mg/L, and 20 mg/L
in triplicate (25 individuals per tank). Each ambient nitrite concentration of experimental
groups was measured every 4 h and adjusted to the relative constant value by adding
sodium nitrite to the tank. The sodium nitrite was purchased from Sinopharm Chemical
Reagent Co., Ltd. (Shanghai, China), with a purity greater than or equal to 99.0%.

Each group of nine-tailed fish was randomly selected and anesthetized with MS-222
(MedChemExpress, Monmouth Junction, NJ, USA). The sample was collected at 12 h, 24 h,
48 h, and 96 h during the nitrite exposure. A 1 mL syringe was used to take blood from the
tail artery of the experimental fish. Serum was separated by centrifugation at 3500 r/min for
30 min. The serum was stored at −80 ◦C. Serum was used for the detection of biochemical
indicators. We used sterile surgical instruments to collect experimental fish tissues. Liquid
nitrogen was used to preserve experimental tissues. The experimental tissue samples were
used for anti-oxidation index detection. A fresh steak of 1 cm thickness muscle between
the dorsal and caudal fin was sampled for measuring of texture parameters. A total of 10 g
muscle lateral line was frozen at −80 ◦C for determination of lactic acid and glycogen.

2.3. Oxidative Stress Biomarkers
2.3.1. Physiological and Biochemical Indicators

Lactate dehydrogenase (LDH) was determined by NAD-UV method, total cholesterol
was calculated with the COD-POD method, blood glucose was calculated with the hex-
okinase method, triglyceride was calculated with the endpoint method, total protein was
calculated with the biuret method, alanine aminotransferase (ALT) was calculated with the
LDH-UV method, and aspartate aminotransferase (AST) was calculated with the MDH-
UV method; automatic biochemical analysis was performed in a Chemix-800 automatic
biochemical analyzer (Sysmex Corporation, Kobe, Japan). Measured on the analyzer, the
kits were purchased from Wuhan Kangruijia Technology Co., Ltd. (Wuhan, China). The
cortisol was determined by radioimmunoassay (RIA), and the kit was purchased from
Beijing Northern Institute of Biotechnology (Beijing, China). Glycogen was determined by
oxidation colorimetric method, and the kit used was purchased from Nanjing Jiancheng
Biochemical Corporation (Nanjing, China).

2.3.2. Antioxidant Capacity

The antioxidant capacity of the liver was measured by the supernatant after homog-
enizing, and the total antioxidant capacity (T-AOC) was measured by the iron reduction
method. The activity of antioxidant enzymes such as superoxide dismutase (SOD) was
determined by the xanthine oxidase method. The activity of catalase (CAT) and glutathione
peroxidase (GPx) were determined by the oxidation reaction. The kit used was purchased
from Nanjing Jiancheng Biochemical Corporation (Nanjing, China).

2.4. Determination of Related Indices of Muscle Metabolism
2.4.1. Metabolism Analysis

The detection of muscle glycogen and lactic acid were determined by colorimetric
method (Infinite M200 Nanoquant, Tecan, Männedorf, Switzerland). Glycogen was dehy-
drated by 98% sulfate and reacted with anthrone to produce a sugar aldehyde derivative.
The formed blue compound could be detected at 620 nm, and the standard glucose solution
could be color processed and quantified at the same time. When lactic acid was enzymatic,
lactic acid was measured on the basis of the transfer of H+. Nitrotetrazolium blue chloride
was reduced to purple by H+, which could be detected at 530 nm. The above-mentioned
two tests were realized by a commercial kit (Nanjing Jiancheng Biochemical Corporation,
Nanjing, China).
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2.4.2. Measurement of pH

The determination of drip loss refers to previous studies [25]. Muscle sample were cut
into rectangular shapes with dimensions of 4 × 1.5 × 1.0 cm (length × width × thickness)
for drip loss measurement. The cubed samples were weighed (W0), wrapped, and sus-
pended in a plastic jar; kept at 4 ◦C in the refrigerator for 2 days (48 h); and then re-measured
(W1). The reference value of drip loss of each sample (W) was expressed as a percentage of
weight loss from cut cube and calculated by the following equation:

W = (W0 − W1)/W0 × 100%

The pH value was measured using a portable pH metre Testo 205, (Lenzkirch, Ger-
many). The average of three pH readings was averaged as the ultimate pH value for each
cubed sample.

2.4.3. Textural Parameters

Texture parameters were measured in raw flesh immediately after removal of the
second transversal steak of 1 cm thickness from fish. The assay was performed following
the method described by Zhang [26] with minor modifications. Measurement was done
by penetration of a probe perpendicularly to the cross-section of the 1 cm thick steak (in
parallel to the muscle fibers). A texture analyzer TA. XT. Plus (Stable Micro Systems, Surrey,
United Kingdom) equipped with a 25 kg load cell was used. The probe was a flat ended
stainless-steel cylinder with a diameter of 36 mm and a pace of 1 mm/s. The texture
profile curve of each sample was used to calculate the independent mechanical parameters
(springiness, hardness, cohesiveness, and resilience).

2.5. Statistical Analysis

All data were subjected to using one-way analysis of variance (ANOVA); then, Dun-
can’s multiple range test was used to identify the significant difference between treatments.
All statistical analyses were performed with the Statistical Package SPSS 19.0 (IBM Corpo-
ration, Armonk, New York, USA 2010). All data were controlled in the same time period,
and the differences between groups under different concentration conditions are analyzed.
Standard deviation in each parameter and treatment was calculated and expressed as
mean ± SD. p < 0.05 represented significant differences.

3. Result
3.1. Biochemical Indicators and Antioxidant Capacity
3.1.1. Serum Biochemical Index

At 12 h and 24 h, the serum glucose levels of juvenile M. amblycephala exposed to
10 mg/L and 20 mg/L nitrite were significantly higher than the 1 mg/L and 5 mg/L
experimental groups and the control group (p < 0.05). At 96 h, the blood glucose levels of
the 5 mg/L and 20 mg/L experimental groups were significantly higher than the 1 mg/L
and 10 mg/L experimental groups and the control group (Figure 1a). At 12 h, the serum
cortisol level of the experimental groups was significantly higher than the control group,
showing a significant positive correlation with the exposure concentration. Serum cortisol
in the 20 mg/L experimental group was 321% higher than that in the control group. With
the increase of exposure time, under the same nitrite exposure, the cortisol concentration of
the experimental group began to decrease, and there was no significant difference in the
cortisol concentration of each experimental group at 96 h. (Figure 1b).
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Figure 1. Serum biochemical index of M. amblycephala juveniles exposed to different nitrite concentra-
tion form 12 h to 96 h. Data are expressed as mean ± SD (n = 3). (a) Glucose concentration; (b) cortisol
concentration; (c) total protein concentration; (d) triglyceride concentration; (e) total cholesterol
concentration; (f) lactate dehydrogenase activity; (g) aspartate aminotransferase activity; (h) ala-
nine aminotransferase activity. Different letters represent significant differences among treatments
(p < 0.05).
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For experimental groups with different concentrations of nitrite, the total protein
and serum triglyceride levels of M. amblycephala juveniles did not change significantly
(Figure 1c,d). As for changes in total cholesterol concentration, at 12 h, the total cholesterol
concentration of the 20 mg/L experimental group was significantly lower than that of the
control group. The value was 86% of the control group. As the exposure concentration
increased, the total cholesterol concentration showed a gradual increase trend. At 96 h, the
total cholesterol concentration of the 20 mg/L experimental group was significantly higher
than that of the other groups. The value was 114% of the control group (Figure 1e).

Among the experimental groups, the LDH activity showed an overall upward trend
with the increase of exposure concentration. At 12 h and 48 h, the LDH activity of the
10 mg/L and 20 mg/L experimental groups was significantly higher than the other groups.
At 24 h, there was significant difference in the LDH activity of the 5 mg/L, 10 mg/L, and
20 mg/L experimental groups. At 96 h, the LDH activity of the 20 mg/L experimental
group was at its maximum (Figure 1f). The activity of AST in serum at 12 h, 24 h, and
48 h increased with the increase of exposure concentration, but there was no significant
difference between the exposure groups and the control group at 96 h (Figure 1g). At 12 h,
the activity of ALT concentration in 20 mg/L exposure group was significantly higher than
that of the other groups (p < 0.05), and there were no significant differences at other times
(p > 0.05) (Figure 1h).

3.1.2. Liver Antioxidant Capacity

At 12 h, 24 h, and 96 h, the T-AOC in the liver of bream was negatively relevance
with the exposure concentration. At 48 h, the T-AOC of the 10 mg/L experimental group
was significantly greater than that of the other experimental groups and control group
(Figure 2a). There was no significant difference in the SOD activity in the liver between
the 10 mg/L experimental group and the control group at 24 h and 48 h (p > 0.05). At 24 h
and 48 h, the SOD activity of 5 mg/L and 20 mg/L experimental groups were significantly
higher than that of the control group (p < 0.05). At 24 h, the SOD activity in the 1 mg/L
experimental group was significantly higher than that in the control group (p < 0.05).
However, at 48 h, there was no significant difference between the results of the 1 mg/L
experimental group and the control group (p > 0.05) (Figure 2b). For CAT, at 12 h, 24 h, and
48 h, as the exposure concentration increased, the activity of CAT gradually increased. At
96 h, the CAT activity of the 1 mg/L and 20 mg/L experimental groups was significantly
higher than that of the control group (Figure 2c). As for the GPx activity, there was no
significant difference between the different exposure experimental groups (Figure 2d).

3.2. Muscle Metabolism
3.2.1. Muscle Physiological Characteristics

After exposure for 12 h, 24 h, and 48 h, the muscle glycogen concentration of the control
group and 1 mg/L, 5 mg/L, and 20 mg/L experimental groups were not significantly
different, and the muscle glycogen concentration of the 10 mg/L experimental group was
significantly lower than control group. However, at 48 h, there was no significant difference
in muscle glycogen concentration between the control group and the experimental groups
(Figure 3a). At the same exposure time, there was no significant difference in the lactic acid
concentration of the muscles of the control group and the experimental groups. However,
with the increase of exposure time, the lactic acid concentration of muscle showed an
increasing trend compared with that at 12 h (Figure 3b).
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Figure 3. Concentration of muscle glycogen and lactate in M. amblycephala juveniles exposed to
different nitrite concentrations from 12 h to 96 h. Data are expressed as mean ± SD (n = 3). (a) Muscle
glycogen concentration; (b) lactic acid concentration. Different letters represent significant differences
among treatments (p < 0.05).

Drip loss measured in the muscle samples of the experimental groups were not
significantly different from that of the control group (Figure 4a). At 12 h, the pH value of
the 10 mg/L experimental group was significantly higher than that of the control group,
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and the pH values of the other experimental groups were not significantly different from
that of the control group. At 24 h, 48 h, and 96 h, there was no significant difference in pH
value between the experimental groups and the control group (Figure 4b).
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3.2.2. Muscle Physical Characteristics

At 12 h and 96 h, the hardness of the four experimental groups were significantly
higher than that of the control group (Figure 5a). At 12 h, the springiness of the 10 mg/L
and 20 mg/L experimental groups were significantly higher than that of the control group.
At 24 h and 96 h, the 10 mg/L experimental group had the maximum springiness. At 48 h,
there was no significant difference in elasticity between the experimental groups and the
control group (Figure 5b). There was no significant difference in viscosity between the
experimental groups and the control group (Figure 5c). At 12 h and 24 h, the resilience of
the 20 mg/L experimental group was significantly higher than that of the control group. At
48 h, there was no significant difference in resilience between the experimental groups and
the control group. At 96 h, there was a positive correlation between resilience and exposure
concentration (Figure 5d).
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Figure 5. Muscle texture characteristics of M. amblycephala juveniles exposed to different nitrite
concentrations from 12 h to 96 h. Data are expressed as mean ± SD (n = 3). (a) Hardness value;
(b) springiness value; (c) cohesiveness value; (d) resilience value. Different letters represent significant
differences among treatments (p < 0.05).

4. Discussion
4.1. The Effect of Nitrite on Serum Biochemical Indices

The triggering of fish anti-stress mechanism is mainly through the stress of fish
regulating the central hypothalamus–pituitary–renal tissue axis (HPI), releasing adrenocor-
ticotropic hormone (ACTH), and promoting stress hormones such as catecholamines and
cortisol in the fish body [27]. The synthesis and release of the stress hormones induce stress
response in the fish body, which can promote protein, fat, and carbohydrate metabolism
by regulating various physiological and biochemical reaction processes of the body. In
addition, as an oxidant, nitrite also triggers the activation of the protective effect of the fish
body’s antioxidant system, which triggers changes in the activity of enzymes including
SOD, CAT, and GPx [18].

As a direct energy supply substance, blood glucose can maintain the internal envi-
ronment stability under environmental stress and improve the energy security of osmotic
regulation and material metabolism [28]. This experiment found that nitrite stress can
lead to a significant increase in serum cortisol concentration. At 12 h, the serum cortisol
concentration and exposure concentration showed a significant positive correlation. The
increase in cortisol concentration reduced the utilization of glucose by various tissues of
the body, and at the same time enhanced the gluconeogenesis of the liver, resulting in an
increase in blood glucose. Therefore, during the exposure period, the blood glucose con-
centration of M. amblycephala juveniles was observed to increase significantly in the higher
concentration experimental group. Cholesterol and triglycerides are both important sub-
stances in fish lipid metabolism and play an important role in resisting external stress [29].
At 12 h exposure, the serum total cholesterol concentration decreased significantly with
the increase of exposure concentration, while at 96 h, the 20 mg/L experimental group
increased significantly. That may mean excessive energy consumption during the initial
resistance to external stress and that causes a decrease in cholesterol levels [30,31]. As
time goes on, the fish metabolism compensation mechanism is activated, which makes the
cholesterol level recover and rise again to resist stress [32,33].

In this experiment, the AST activity in the 20 mg/L experimental group was always
higher than that of the control group at 12 h, 24 h, and 48 h exposure, and had the maximum
value. At 96 h, there was no significant difference in AST activity between the experimental
group and the control group. The results showed that nitrite stress may have a certain
effect on the liver of M. amblycephala juveniles. LDH is the key enzyme to complete the
anaerobic glycolysis process of glucose. The external stimuli would increase the lactic
acid concentration of the fish body [34]. LDH can catalyze the degradation of lactic acid
and maintain the body’s internal environmental balance. Das [1] and other studies [35,36]
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found that the activity of serum LDH increased in Indian carp (Catla catla), South Asian
wild carp (Labeo rohita), and Indian carp (Cirrhinus mrigala) in the 96 h exposure process,
under the concentration exposure conditions (1–1.8 mg/L). In this study, it was found that
at 24 h, the activity of LDH in the blood of M. amblycephala juveniles increased significantly
at 10 mg/L and 20 mg/L, and as the exposure time increased, the LDH concentration
in the low-concentration experimental groups also increased. It is positively correlated
with exposure concentration. Therefore, acute nitrite stress may cause the accumulation of
metabolic wastes in M. amblycephala juveniles.

4.2. The Effect of Nitrite on Liver Antioxidant Capacity

The function of the fish body’s antioxidant system mainly depends on the changes in
the activity of antioxidant enzymes. As the most important oxidase in the fish body, SOD
plays an important role in the process of removing active oxygen, eliminating superoxide
anion free radicals and protecting cells from temperature stress. Nitrite exposure can
promote the formation of reactive oxygen species in aquatic animals, thereby inducing
oxidative damage [37]. The increase of SOD, CAT, and GPx activity are considered to be
a strategy for fish to cope with oxidative stress [38]. In this experiment, we also found
that at 24 h and 48 h, SOD activity in the liver of each experimental groups increased
significantly to resist oxidative stress. CAT in organisms can reduce H2O2 in the body and
maintain the normal physiological activities of cells and the body [39]. During the period
of nitrite exposure, CAT activity also increased significantly with the increase of exposure
concentration to resist the damage caused by oxidative stress. In addition, there are some
other antioxidant enzymes such as GPx that can catalyze the degradation of hydrogen per-
oxide and hydroperoxide [40] and remove lipid peroxides [41]. Exposure to Macrobrachium
nipponense with high concentration of sodium nitrite for 24 h will significantly reduce the
GPx activity [42]. However, in this study, it was not found that nitrite had a significant
effect on the GPx activity in M. amblycephala juveniles.

4.3. The Effect of Nitrite on Muscle Quality

Changes in concentration of lactic acid in the muscles are generally considered by
two ways in nitrite stress. First, the inhibition of respiration causes increased lactic acid by
anaerobic substrate oxidation to meet energy demand, as it has been found in silver catfish
(Rhamdia quelen) [43]. At the same time, stress response involves metabolic activation and
increased energy consumption. Glycogenolysis and gluconeogenesis are usually promoted
under stress conditions, using amino acids and lactate as substrates [44]. In spite of this,
the increase of lactic acid accumulation in muscle was not manifested in M. amblycephala
juveniles exposed to nitrite. It suggested that anaerobic metabolism did little or no prevail
in the present work.

A significant reduction in glycogen occurs in the 10 mg/L experimental group at
12 h, 24 h, and 96 h. Compared to the control group, other experimental groups showed
a decline, but these were not significant. This indicated that nitrite could increase the
metabolic consumption of glucose in the white muscle to resist stress. Acute exposure (8 h)
to 20–30 mg/L NO2− also decreased glucose in white muscle and lactate in the muscle
of Piaractus mesopotamicus [45] and Brycon amazonicus [2]. Muscle glycogen metabolism
can be only exploited through the glycolytic pathway, but an increase in lactic acid levels
was not observed. For M. amblycephala juveniles, nitrite stress may result in more muscle
energy consumption rather than tissue hypoxia. Thus, only at 12 h, the pH of the 10 mg/L
experimental group was higher than that of the control group. As the exposure time
increased, there was no significant difference between the experimental group and the
control group in pH.

Flesh quality is of increasing concern in the aquaculture industry with the increase
of total production. Moreover, flesh quality is usually defined in terms of appearance,
taste, smell, and nutritional composition. The quality of flesh is known to be influenced by
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extrinsic factors such as feeding regime, diet composition, and environment, which impact
on structure and metabolic characteristics of muscle tissue [46].

With the value of drip loss or pH, the quality of examined fillets could be possibly
evaluated and determined in a simple and direct way [47]. Less drip loss always means
loss of soluble protein and flavor compounds, leading to its flavor and mouthfeel being
pronouncedly improved [48]. However, in this study, drip loss measured in muscle samples
from different experimental groups showed no significant differences from the control
group. For muscle pH, a low ultimate muscle pH postmortem can lead to more rapid
degradation of the muscle tissue [49]. In this study, only a lower pH was found in the
control group in comparison to the experimental groups, suggesting a connection to a high
glycogen level in the muscle [50]. The results also showed that it is possible to quickly
adjust the pH conditions inside the fish muscle, and there was no significant difference at
24 h, 48 h, and 96 h.

Among the sensorial characteristics, texture is one of the most important parameters
for fish producers, processors, and consumers. Nitrite stress significantly altered muscle
hardness, springiness, and resilience. In this study, muscle hardness increased as exposure
concentration gradually increased. With the prolonged exposure time, this trend had
not changed significantly, and similar results were obtained on the springiness. This is
consistent with the results of kuruma prawn (Penaeus japonicus) [51]. Moreover, muscle
resilience significantly increased with the increase of exposure concentrations at 96 h. For
acute exposure, more exercise and higher consumption of energy metabolism in fish could
possibly cause changes in muscle texture. These changes are also associated with glycogen
concentration, which then influences muscle quality [52].

5. Conclusions

Acute exposure to nitrite in M. amblycephala juveniles could stimulate the HPI axis,
promote the synthesis and release of stress hormones such as cortisol in the blood of the
fish, intensify its metabolic activity, and cause excessive energy consumption. At the same
time, the catabolism of energy substances in the liver and blood was intensified, and the
gluconeogenesis was enhanced. It also damaged the tissues of M. amblycephala juveniles
and induced the activation of the body’s antioxidant system.

In short, acute nitrite stress could induce lower muscle glycogen concentration and
increase metabolic enhancement and energy consumption of M. amblycephala juveniles.
Meanwhile, the alteration of muscle texture properties eventually led to the muscle quality
deterioration of M. amblycephala juveniles. Further research is needed for the exploration of
muscle metabolism regulation mechanism which causes these changes.
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