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Abstract

Oscillatory movements present in the transport of live fish may compromise the physiological stability and the
future performance of the animals. Therefore, the objective of this research was to evaluate the effect of
mechanical vibrations in the transport of Nile tilapia through vibration levels and shocks occurred in transport
boxes previously installed in a truck. The research was carried out in a fish farming integrating company in the
state of Ceara, Brazil, with the monitoring of 5 live fish loads. The transport truck used was of the open type,
with capacity for five boxes of fiberglass with a useful volume of 2400 L, density of 236 kg m™. The data were
recorded through five dataloggers, to monitor the vibration level (m s?) and the occurrence and amplitude of
mechanical shocks on the roads. Hematological, metabolic and ionic responses of fish were evaluated as well as
visual observations of physical injuries. The most intense shocks occurred with the truck between 60 and 80 km
h', with vibrations 1.151 m s in the transport box, as well as in the water 0.489 m s2. Larger vibration levels
occurred on the asphalt road, with an average value of 1.13 m s?, while on the dirt road they registered an
average of 0.57 m s. Vibratory and mechanical stimuli presented secondary responses to blood level stress with
alterations in glycemia, hematocrit, hemoglobin and magnesium ions. Physical lesions with 34% severe and 21%
moderate, showed an uncomfortable environmental condition to fish.

Keywords: ambience, fish farming, well-being
1. Introduction

The world production of animal protein has been steadily increasing, as well as consumer demands for products
that meet their needs and desires (FAO, 2018). One of the main sources of protein in the world is supplied by
aquaculture. Fish handling procedures in aquaculture, such as capture, handling and transport, are often
traumatic and may cause serious physiological and biochemical reactions. The direct effects of stress are those
that influence the organism of the fish, altering physiological functions, hormones or cellular mechanisms.
However, the indirect effects act at the population level, affecting the trophic relationships in the productive
environment (Alves et al., 2016; Goes et al., 2018).

The stress response corresponds to a series of physiological changes. The effects are divided into primary,
secondary and tertiary, characterized by increases in catecholamines, adrenaline and noradrenaline, and
corticosteroids in plasma, changes in blood glucose, lactic acid, hepatic and muscle glycogen, the declines in
productive and reproductive performance and resistance to diseases, respectively (Navarro et al., 2017). Thus,
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stress can affect the quality of fish meat. Therefore, animals stressed before slaughter enter rigor mortis more
quickly, reducing the useful life of the fish (Mendes et al., 2015).

Hematology is a tool used to aid diagnosis and prognosis of fish to different environmental challenges. The
knowledge of hematological reference values for each species of fish is of great relevance, since environmental
and physiological variations interfere in the homeostatic pattern of these animals. Thus, the blood parameters can
be used as biological indicators for monitoring fish health, being used as a tool for the diagnosis of animal stress
imbalance influenced by the environment or due to the presence of infectious agents (Silva, Rocha, Fortes, Vieira,
& Fioravanti, 2012).

According to Nazareno et al. (2015) road quality can have serious impacts on the load to be considered in
transport planning, noting that the worst levels of vibration and shocks occur vertically as a result of overshoots
and sudden braking as well as on asphalt roads in function of the vehicle. For Miranda de la Lama et al. (2014),
most of the vehicles are not designed to reduce vibrations experienced by animals knowing that vibration levels
are influenced by the type of suspension, engine speed, number of axles and tire calibration (Nazareno et al.,
2013).

Gebresenbet et al. (2011) reported that exposure to the effects of vibrations during transport caused discomfort to
the animals moving from their center of balance, causing them to injure themselves (Nazareno et al., 2015), or
by the physical and agonistic behavioral interaction with other animals or through concussion with the tank walls
(Turnbull & Kadri, 2007).

There is still no research on the influence of vibration levels produced during live fish transport practices, nor on
a limit of comfort and wellbeing, unlike other species of animals such as horses (Niedzwiedz, Kubiak, & Nicpon,
2013), and pigs (Smith et al., 2004) and cattle (Mendonga et al., 2016; Schwartzkopf-Genswein, Faucitano,
Dadgar, Shand, & Gonzalez, 2012), which already have a standard considered adequate. Thus, it is of
fundamental importance to understand the benefits to be achieved with the introduction of programs aimed at
minimizing the effect of stress on animal welfare and on the final products generated from this exploitation,
especially for Nile tilapia, a precursor aquatic species of this study. In view of the above, this work has the
objective of evaluating the effect of mechanical vibrations during Nile tilapia transport operations.

2. Method
2.1 Location and Experimental Conditions

The research was conducted by a fish company located in the State of Ceara, Brazil, presenting latitude of 5°6'20"
South and longitude: 38°22"2" West. The experimental periods were from September to October of 2018 and
March of 2019, accompanying 5 shipments of live fish from the municipality of Morada Nova/CE to the
municipality of Fortaleza/CE, Brazil. During the experimental period were quantified, per second, the vibration
levels, mechanical shocks, force g, path, average speed of the truck and water temperature through attached
dataloggers in a fiberglass box with useful volume of 2400 L. Four of these dataloggers (Figure 1) were attached
at the upper ends of the last transport carton (front right, front left, right rear and left rear), measuring range+3 g
or 29.4 m s, The recording intervals were 1 second at the constant 27 Hz frequency.
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Figure 1. Illustration of the datalogger and description of the axes of the accelerometer; during installation the
same orientation was always followed during attachment to the tanks

During the five shipments accompanied, a single driver carried the transport. In all transports, the datalloggers
were installed in a fiberglass transport box with a 2400 L useful volume, density of 236 kg m~, BERAQUA
model E-22400, 2.26 m long, 1.15 m width and 1.05 m in height (Figure 2). The transport truck was of the open
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type, model 9-150 E of Volkswagen, presenting the following dimensions: 7.5 m in length, 2.6 in width and 2.6
in height, with three axles. Tire calibration was done at 100 pounds, and the suspension type was with parabolic
springs and double acting hydraulic shock absorbers.
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Figure 2. Description of the accelerometer, gyroscope and orientation sensor axes adopted in this
research in relation to the truck in the X, Y and Z direction, respectively, X lateral direction (left side to the right),
Y horizontal direction (front to back ) and Z vertical direction (from floor to top); the dataloggers were attached
to the lid of the last tank

2.2 Procedures and Variables Analyzed

Twenty-eight fish were monitored throughout the survey. The organisms were packed in a shipping carton, 236
kg m”, each fish having an average individual weight £1200 g. All fish were maintained for a minimum of 24
hours fasting, and then anesthetized with Eugenol® solution at a concentration of 50 mg L™, according to Vidal
Oliveira et al. (2008). The evaluated fish were individually tagged with external, sequentially numbered,
yellow-colored tags, by insertion in the anterior portion of the insertion musculature of the 6th dorsal fin,
according to methodology described by Teixeira (2007). After the desensitisation, 0.5 mL of blood/fish™ were
collected by puncturing the caudal vessels, using 3 mL syringes, immersed in 3% EDTA anticoagulant, with 26 x
7 mm needles. Blood glucose concentrations were measured using a Contour TS BAYER® digital meter. The
chloride and magnesium ions were analyzed by the LABTEST® kit. The collected blood was inserted into a 250
EDTAK2 ® tube, 250-500 pl, for laboratory hematology analysis: plasma total protein (g dL™), erythrocyte count
(10° mm™); mean corpuscular volume (VCM) (fL); mean corpuscular hemoglobin (HCM) (ug); mean
corpuscular hemoglobin concentration (CHCM) (g dL™"); total hemoglobin (g dL™") and hematocrit (%).

The number of erythrocytes was counted using the hemocytometer method, in a Neubauer chamber, with
toluidine blue (Merck Chemical, Brooklin Novo, SP), 0.01%, diluted in 0.9% physiological solution with a
pipette of Thoma, in the proportion of 1:200. The hemoglobin (Hb) was determined by the
cyanometahemoglobin method, with the commercial kit Analisa Diagndstica (Gold Analisa Diagnostica Ltda,
Belo Horizonte, MG), for colorimetric determination, according to Collier (1944). The percentage of hematocrit
(Hct) was determined by the microhematocrit method, according to Goldenfarb et al. (1971). Total plasma
protein (PPT) was measured by the Goldberg manual refractometer, with a microhematocrit tube rupture, after
reading the hematocrit (Jain, 1986). Subsequently, hematimetric indices were calculated, according to Wintrobe
(1934), as described below: Mean corpuscular volume [VCM = (Htc x 10)/erythrocytes]; Mean Corpuscular
Hemoglobin Concentration [CHCM = (Hb/Hct) x 100]. Before and after transportation, samples were also
collected and the physical and chemical parameters of the water in the transport box were determined. The
parameters of water quality were measured: pH, temperature (°C) and dissolved oxygen (mg L) through,
respectively, a digital pH meter, AKROM mark and a digital oximeter, brand MO900. Samples of non-ionizable
ammonia (toxic to animals) were sent for further analysis in triplicate in the laboratory.

The frequency and severity level of the physical lesions of Nile tilapia before and after transportation were
evaluated. However, no lesions were identified prior to submission to the challenge of mechanical shocks and
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vibratory stimuli. Agonistic physical lesions were recorded on the basis of the Nile tilapia evagram prepared by
Alvarenga and Volpato (1995) and Mueller et al. (2017). The severity of the lesions was distinguished in four
categories: no lesions, low lesion (lesion in the caudal, dorsal, ventral and pectoral fin), moderate lesion
(jumping eyes, abnormal color eyes and loose scales) and severe injury and with visible parasites). To register
the severity of the different lesions, the fish body was subdivided into distinct anatomical sections: caudal, dorsal,
ventral and pectoral fins (left and right sides respectively), including the eyes and identification of parasites
throughout the fish body. Fungal and parasitic infections were evaluated first, followed by the presence and
intensity of different types of lesions in different parts of the body. The intensity of the trauma was visually
estimated by one person, while a second person recorded all the information in the protocol. In this study, the
visual estimation of lesions in the field following the proposed protocol took an average of 2 minutes per fish to
evaluate all parts of the body and types of lesions. To evaluate injuries in fish were placed individually alive and
not euthanized in a transparent plastic box, 40 L, with water from the Curral Velho reservoir, Morada Nova
municipality, Ceara, Brazil. All the technical investigators were trained or trained previously by a detailed
training exercise on the use of the protocol, using the score sheet (Table 1).

Table 1. Description of injury types and general health criteria

Description

Types of physical injuries

Wounds in the caudal, dorsal, Skin lesion between fine rays. Wounds can range from small cuts between fine rays and fully

ventral and pectoral fin cracked fins.

Skipped eyes Exophthalmic, visible extension of eyes, swollen eyes.

Eyes with abnormal coloring Change in normal pigmentation of the eyes, usually visible, such as partial or total opacity of the
lens or dark coloration.

Injured eyes Lesions in the eyes reaching from small abrasions to deeper wounds with lesion of the eye tissue.

Loose scales Any part of the body with loose scales.

With visible parasites Parasites visible externally (e.g., lichens, cilia, arthropods) or other visible indicators of parasites

(e.g., white or black spots) on the skin, fins, gills and eyes.
Source: Adapted from Mueller et al. (2017).

2.3 Classification of Intensity of Mechanical Schocks

We present the data collected by RMS value, average, maximum and minimum. The RMS (Root Mean Square)
value or effective value is a statistical measure of the magnitude of the measured signal, for example that of
vibration. Mathematically, it is expressed by:

[
Xevs = |5 2N Xl (1

where, x, is the set containing the measured data; xzyys is the unique value representing a series of samples
equally spaced in time; N is the size of the data set.

From the RMS value on the three axes, we can calculate the resulting value by applying the square root of the
sum of squares on each axis, Equation 2:

RSS = \/RMSEC + RMS;, + RMS? 1)

2.4 Statistical Evaluation

The analyzes of the water, hematological and metabolic parameters of the fish before and after the vibratory
stimulus and mechanical shocks during transportation were carried out using the software Bioestat 5.3. Initially
the Kolmogorov-Smirnov test was applied to test the normality of the values obtained. Afterwards, the data were
submitted to Analysis of Variance (ANOVA). When the value of F indicated a significant difference (p < 0.05),
the means were compared by the Tukey test. The results are presented as meanststandard deviation in all
analyzes.

3. Results

Of the fish followed during this research, after transport, one died, and another fish was not evaluated due to the
detachment of the marking on the fin. In total, twenty-eight fish evaluated, with average weight (g) and average
length (cm), respectively, were 1100 g and 37 cm. Mean temperature was obtained before and after, respectively
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26.7 °C and 24.9 °C. The mean dissolved oxygen rate of 11.5 mg L™ and 8.7 mg L™ ¢ o pH between 7.28 and
5.40, before and after transportation, reciprocally. The highest concentration of toxic ammonia (NH;) recorded in
the water analysis before and after, was mutually 0.12 mg L™ and 0.07 mg L™

In all 28 samples analyzed, lesions in the caudal fins (35%) and eyes with abnormal coloration (25%) were the
most frequently observed types of lesions, followed by head injuries (21%), loose scales (6%) and eyes (3%)
(Table 2). Regarding the metabolic and hematological responses, we observed a significant reduction in
hematocrit, magnesium ions, as well as hemoglobin content (HCM), p < 0.05. On the other hand, post-challenge
stress led to a significant increase in total mean corpuscular volume (MCV) and plasma glucose levels (p < 0.05)
(Table 3).

Table 2. Distribution and frequency of agonistic physical lesions observed in tilapia (Oreochromis niloticus),
after transportation

Agonistic physical lesions Number of injured fishes (n = 28) Percentage of fish with lesions (%)
Caudal fin wounds 10 35

Dorsal fin injuries 0

Ventral fin wounds 0

Pectoral swimmer injuries 0

Skipped eyes 1 3

Eyes with abnormal coloring 7 25

Injured eyes 0 0

Loose scales 2 6

Sore head

[=)}
[\
—_

Table 3. Meantstandard deviation of haematological and biochemical parameters (n = 28) of Nile Tilapia
(Oreochromis Niloticus) before and after vibratory stimuli and mechanical shocks during transportation

Variables/Group Before After
Erythrocytes (10°/mm3) 1.49+0.31 1.23£0.55
Hematocrit (%) * 27.57+5.01 24.85+4.59
Hemoglobin (g/dL™") * 9.8143.15 7.93+2.34
VCM1 (fL) * 190.58+41.53 234.52+95.47
HCM2(ug) 66.21£22.83 78.81+£38.26
CHCM3 (g dL™) 35.63£14.24 32.23+8.63
Chloride (mmol L™) 117.20+26.34 99.304+26.30
Magnesium (mmol L) * 2.63+0.55 1.68+0.50
Glucose (g dL™) * 75.57+24.78 95.53+27.43
PPT4 (g dL™) 3.03+1.18 2.46+0.84

Note. (1) VCM = Mean corpuscular volume; (2) HCM = Mean corpuscular haemoglobin; (3) CHCM = Mean
corpuscular hemoglobin concentration; (4) PPT = Total Plasma Protein; * differed from each other (P < 0.05) by
Tukey’s test.

4. Discussion

Regarding the limnological parameters, only the pH was found in an uncomfortable range for fish, according to
Boyd and Tucker (1998), but not lethal. Tilapia withstand well pH between 5 and 9, below and above these
values, have low survival and lower developmental rates (Barbosa, 2007). The decrease in pH was already
expected due to the respiration of the fish, resulting in the release of CO, and consequent acidification of the
environment (Moreira et al., 2015). There was no statistical difference between treatments (transport box before
and after) (p > 0.05) throughout the experimental period. Although aggressive interactions are part of the fish’s
natural behavior and are constant and intense, such interactions can cause serious damage, increase energy
expenditure and cause animals to suffer from social stress. Despite these behavioral variations, all cichlid species,
especially Nile tilapia, a territorial species, are marked by aggressions (mouth/mouth bites, mouth/side,
mouth/tail) and by signs such as threats and other exhibits (Wolff & Donatti, 2016; Gongalves-de-Freitas et al.,
2019).
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It was observed that 21% of the samples had severe lesions in the integuments and 34% had moderate lesions.
Barreto et al. (2015), found a similar result for Nile tilapia, a Thai strain, in which fish presented increased
lesions and loss of scales when grouped according to their size. There are also incidental traumatic events that
significantly reduce the survival capacity of the fish. In this way, a mechanical shock of a fish against a hard
surface can traumatize various parts of its body (Texeira Filho, 1991). The analysis of similarity of the lesions is
extremely relevant to verify which are the alterations that have some type of relation between them according to
the degree of severity and with the environmental characteristics (Oliveira et al., 2016). Pigment abnormalities
can cause physical damage and fish mortality. This can also result from the severe loss of body protection
against infections, and reduced swimming performance (Vernerey & Barthelat, 2010; Noble et al., 2012,
Dastjerdi & Barthelat, 2015).

In the present study, the effect of glycemic index on the glycemic index of the fish in the diet was significantly
higher than in the control group. Thus, the increase in the glycemic values of the fish exposed to the proposed
challenge may have occurred by the stimulation of the catecholamines, mobilizing the increase to glycogenolysis,
in order to generate energy for a fast action of the animals to a stressor agent (Moreira et al., 2011). In the
present study, the effect of glycemic index on the glycemic index of the fish in the diet was significantly higher
than in the control group. Thus, the increase in the glycemic values of the fish exposed to the proposed challenge
may have occurred by the stimulation of the catecholamines, mobilizing the increase to glycogenolysis, in order
to generate energy for a fast action of the animals to a stressor agent (Moreira et al., 2011). In the present study,
plasma glucose fluctuated after transient vibration from 75.57 to 95.53 mg dL”, within the range previously
reported for Nile tilapia, from 45 to 130 mg dL?! (Gongaves-de-Freitas et al., 2019; Keller-Costa et al., 2015;
Volpato & Fernandes, 1994), and for other species, from 40 to 110 mg dL™' (Damsgard & Huntingford, 2002).
However, the higher the concentration of this sugar in the blood, the greater the stressful condition of the animal
(Eslamloo et al., 2014). Glucose elevation was also observed in tilapia after fish were submitted to other
stressors (Moreira et al., 2015; Navarro et al., 2016).

Post-transport hyperglycemia results in part by the stimulation of catecholamine glycogenolysis to meet the
increasing demands of energy in response to stress. In addition, catecholamines work to regulate some
cardiovascular and respiratory functions, including increased blood flow, gill permeability, and lamellar
recruitment. The resulting increase in gas exchange also increases gill permeability to water and some ions. This
may be manifested as water gain and loss of blood ions from freshwater fish and as water loss and influx of ions
to marine fish. However, for this osmoregulation to occur, it is necessary to increase energy consumption by the
fish. In order to control energy expended with osmoregulation, tilapias mobilize energy reserves and direct them
to other functions of the organism (Rodrigues et al, 2018; Portz, Woodley & Cech Junior, 2006).
Osmoregulatory disorders can be stress-induced. The ionic regulation, maintaining the concentrations of the
fluids in certain limits, can be used as a measure of stress, the extrapolation of these limits being a stressful
situation (Moreira et al., 2015). In teleosts, electrolyte levels may vary with species and environment. For fish
cultured in tropical climate, plasma magnesium levels are approximately 0.5 to 2.8 mmol L™ and chloride of
58.0 to 193.0 mmol L™ (Tavares-Dias, Bozzo, Sandrin, Campos-Filho, & Moraes, 2004). Chloride levels did not
show any significant changes in fish submitted to mechanical transport stimuli. The mean chloride contents were
lower (p > 0.05) when compared to the control group (117.20+26.34 mmol L™).

The amount of magnesium in the plasma of the adults of tilapia before transport showed, on average, 2.63+0.55
mmol L. After the average of three hours of transport, the fish sampled reduced the Mg”" ion content, differing
statistically (p < 0.05) in relation to the control, reaching 1.68+0.50 mmol L. Indicating that the animals could
not maintain the initial homeostasis. Iversen et al. (2009) submitted salmon salmon, with a mean weight of 71.8
g to the transport, also observed that immediately after the imposed challenge, there was a significant increase in
fish plasma magnesium compared to the control group (before transport).

There was a significant increase (p < 0.05) in the values obtained from the hematimetric indexes of the Mean
Corpuscular Volume (234.52+95.47 fL) when comparing with the values of the control group (190.58+41.53 fL).
The values were higher for the values described in tilapia by Tran-Duy et al. (2008) 111 fL and Nagata et al.
(2009) 106 fL; while CHCM values of 32.23 g dL™' were lower or similar to those found by Bittencourt et al.
(2003) 35.2 g dL'; Tran-Duy et al. (2008) 40 g dL™'; Nagata et al. (2009) 27 to 33 g dL™' in tilapia. This increase
suggests that the tilapias sought to adapt to the adverse situations of high densities and expense. According to
other authors, biological, physiological, behavioral and environmental factors may influence the variation of
hematological parameters, such as the hemoglobin level, since there is a correlation between both, Medium
Corpuscular Volume and Hemoglobin. These parameters are related to fish activity and habitat, as well as
nutritional characteristics (Azevedo et al. 2016).
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Hemoglobin, the respiratory pigment of erythrocytes, has the function of transporting O, and part of CO, into the
blood (Ranzani-Paiva & Silva-Souza, 2004). Hemoglobin exhibits differences still in relation to its buffering
capacity and variations in oxygen affinity (Val et al., 1996). Paiva et al. (2000) determined 7.3 to 9.7 g dL™' for
migratory species and other authors recorded 6.6 g dL™" and 13 g dL"' for other species (Azevedo et al., 2016).
Although the values found before and after the transport were within the expected values for the species, the
hemoglobin concentration presented a significant reduction (p < 0.05) after the environmental challenge
presented, vibrations and mechanical shocks. The erythropoietic activities related to the number of erythrocytes,
hemoglobin concentration and Mean Corpuscular Volume (GV) are indicators of the capacity of oxygen
transport, hypoxia, exercise, induced stress, reproductive stage and seasonal variations (Tavares-Dias & Moraes,
2004). Therefore, any deficiency in the number of erythrocytes or hemoglobin concentration may reflect a lack
of O, in the tissues and impair the proper functioning of the cells (Ranzani-Paiva & Silva-Souza, 2004).

Mean values of erythrocyte numbers (RBC), although not significant (p > 0.05), presented values lower than the
control treatment (1.49+0.31 x 10° mm™), prior to transport. The mean number of total erythrocytes was similar
to the values found by Azevedo et al. (2006) 1.5 x 10° uL and lower than Ighwela et al. (2012) 4.3 x 10° uL. Red
blood cell count (RBC) and hematocrit are tools used to diagnose stressful conditions in fish. Both parameters
are studied in an associated way, where the hematocrit represents the concentration of red blood cells per blood
volume and is expressed in percentage (Grant, 2015).

Hematocrit may change due to other causes, such as increased erythropoietic activity of the spleen and the stress
kidney, while nutrient deficiency depresses the production of erythrocytes, thrombocytes and leukocytes.
Hematocrit changes through stress cause hemoconcentration or hemodilution; in hemoconcentration may be by
the release of erythrocytes by the spleen; in hemodilution the reduction in hematocrit values (Silva et al., 2012).
In the present study, after the transport stimulus, there was a reduction (p < 0.05) when compared to the control
group, prior to transportation (27.57+5.01%). The percentage of hematocrit is the index that presents the lowest
variation among tilapia, remaining between 25.6 and 33.7%. Due to the fact that hematocrit is the index of
erythrogram with lower coefficient of variation in O. niloticus, it can be considered an indicator of the actions
caused to fish by environmental factors (Lewandowski et al. 2015). The decrease in hematocrit is associated with
chronic stress in fish (Barcellos et al., 2004). Orji (2005) also mentioned the significant reduction in the
hematocrit level of the Nile tilapia (Linnaeus) due to transport stress. The stress of transport and acclimatization
to the new environment, such as handling and the moderate and severe physical injuries encountered, are likely
to damage the mucous or lime layer surrounding the fish. Under this circumstance, being a freshwater species, it
absorbs a large part of the acclimatization water and contributes substantially to the reduction of the hematocrit
(Okafor & Achilefu, 2017; Meges et al., 2015).

Total plasma protein has been frequently used to elucidate the health status and mechanisms of the biological
metabolism of animals under environmental stressors (Cheng et al., 2017), since they have fundamental roles in
the physiological and immunological systems and are the main components of serum (Kumar et al., 2005), its
decrease may be indicative of physiological deficiency (Moreira et al., 2015). Mean plasma protein reference
values for healthy tilapia were averaged between 3.0 and 7.7 g dL™ (Araujo et al., 2015). According to Table 4,
the total protein concentration in the plasma was not significantly influenced (p > 0.05) in the animals after the
vibratory stimulus throughout the experimental period. On the other hand, fish after transport maintained the
concentration close to the Control Group level (3.03+1.18 g dL™), dropping to 2.46+0.84 g dL™' when they were
sampled. The organisms obtained lower mean values of total plasma protein concentration, compared to the fish
sampled before the vibratory stimuli and below the healthy level for the species. This same behavior was
investigated by Eslamloo et al. (2014) by subjecting Carassius auratus to acute stress.

We will discuss below the data related to the vibration signal. After analyzing the signal collected with the
dataloggers, a correlation was observed between the speed of the truck and the intensity of the mechanical
shocks. We can see that the occurrence of mechanical shocks accompanies the increase in speed (Figure 3). The
quality of the roads contributes directly to the occurrence of these impacts that are propagated throughout the
structure of the truck until the transport boxes arrive. Thus, deformations in the asphalt, holes, spines have effect
amplified depending on the speed at which the truck is driven. In general, the strongest mechanical shocks
occurred in the X, Z and Y axes, respectively in descending order of intensity.
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Figure 3. Behavior of truck speed and occurrence of mechanical shocks; (a) axis X, (b) axis Y and (c) axis Z, of
the accelerometer sensor

The mechanical shocks were divided into levels according to the intensity and speed of the truck at the moment
of occurrence, shown in Figure 4. As a reference we use International Organization for Standardization (ISO)
2631-1, which deals with a study carried out to evaluate human exposure to whole body vibrations. This standard
considers four important factors to determine the human response to vibration, namely: intensity, frequency,
direction and duration, which includes the time of exposure to certain levels of vibration. The reference value
adopted was 0.315 m s, the same used by Nazareno et al. (2015) and considered for transport duration up to 8
hours. Let’s look at Figure 4. The graphs depicted by color show the mechanical shocks perceived by each axis
of the accelerometer. We observed by analyzing the samples in the three axes that there is a correlation between
speed and intensity of shocks. The most intense shocks occurred more frequently with the truck moving above
40 km h'. In the X-axis (Figure 4a) we noticed the significant occurrence of shocks with intensity 10.08 m s,
32 times higher than the norm cited for humans, followed by shocks of lower intensity. In the Y and Z axes
(Figures 4b and 4c) there was a significant occurrence of shocks with an intensity of 5.04 m s, 16 times higher
than the norm recommended, followed by shocks of lower intensity.
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Figure 4. Visualization of the samples referring to the occurrence of mechanical shocks, considering the
parameters speed and intensity

In Figure 5 we show the amount of the mechanical shocks considering the intensity in relation to the average
effective value, RMS. The highest observed occurrence included shocks up to ten times higher than the average
calculated on all trips. To compare the magnitude of the vibration in the tank structure with the magnitude of the
vibration felt by the fish in the water, the PO5 data were used. This equipment was placed in a float inside the
tank, in order to measure the vibration propagated in the water.

303



jas.ccsenet.org Journal of Agricultural Science Vol. 11, No. 17,2019

4 Number of mechanical shocks and amplitude
35 x10
L T T T T T T

: . : : ; .| IIMRMS X =0,67 mis?
3 : ' S S — [ IrmMs Y =0,65 mis? |
: v Il RS 7 =0,65 mis?

Number of shocks

1 2 3 4 5 6 7 8 9 10
Number of times > RMS value

Figure 5. Occurrence of mechanical shocks and comparative with the intensities relative to the average effective
RMS in the X, Y and Z axes

In Table 4 we present the vibration values calculated from the data of the five trips. For purposes of comparison,
we separate the routes on land, asphalt, and the complete route land and asphalt. In the tank structure the
resulting RSS was higher considering the complete route (1.151 m s) and lower on the dirt road (0.574 m s).
The vibration measured in the water was higher in the earth path (0.515 m s) and smaller in the complete path
(0.489 m s?), with values very close. It is noteworthy that on the dirt road the truck traveled with an average
speed of 20.39 km h™', while on the asphalt the measured speed was higher, approximately 57 km h™. As
expected, the perceived vibration in the water was smaller than in the tank structure, since the water acts as a
vibration damping agent. But not enough to avoid the effects that this causes to living organisms transported.

Table 4. Vibration values for the record made during the five trips

Acceleration vibration levels (m s?) Velocity Duration
Types of road Tank structure (PO1 to P04) In the water (P05) average truck  of transport
X Y z RSS X Y z rRss  (km/h) (hour: minute)
RMS 0.308 0.363 0.316 0.289 0.293 0.307 20.29
Dirt Max(+) 4.736 4.458 5.341 0.574 9.686 10.696  5.554 0.515  38.39 00:06
Min(-)  4.409 4.783 2.304 8.885 7.979 9.948 0.00
© RMS 0644 0659 0657 0233 0253 0326 sz
Asphalt Max(+) 12.445 13361 13.47 1.136 11.818 15225 11.148 0475 99.01 03:10
Min(-) 15273 13.194 14.195 13.156  19.292  13.852 0.00
""""""""" RMS 0674 0655 065 0243 0262 0331 748
Dirt and asphalt ~ Max(+) 14.559 13.896 14.200 1.151 13.743 17192 11.548 0.489 99.18 03:04
Min(-) 15.771  14.874  15.209 13.854  20.123  14.256 0.00

5. Conclusion

The frequency and severity of the agonistic physical lesions of the fish, with 34% severe and 21% moderate,
after transportation showed high interconnection with the haematological parameters found. Thus, fish presented
secondary responses to stress at blood level with changes in glycemia, hematocrit, hemoglobin and magnesium
ions, when compared to the control group, prior to transportation. In this way, we can infer that the shocks and
mechanical vibrations quantified in this work may have contributed to the stress of the organisms sampled.
Therefore, it is recommended for transport and pre-slaughter operations of Nile tilapia, do not exceed the speed
limits of 60 km h™" and consequently traffic at levels below that found in this study, vibrations 1.151 m s~ in the
transport, as well as in the water 0.489 m s . We also suggest, if possible, better cushion the transport boxes by
inserting springs into the boxes in order to reduce the effect of mechanical shocks.
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