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FLESH QUALITY AND STRESS RESPONSES OF 
Piaractus mesopotamicus AFTER EXPOSURE TO SUBLETHAL 

LEVELS OF AMMONIA AND SUBSEQUENT RECOVERY

ABSTRACT
This study aimed to evaluate de effect of the exposure to sub-lethal levels of ammonia on blood 
parameters and flesh quality of juvenile pacu (Piaractus mesopotamicus), including assessment 
of such parameters post recovery in ammonia-free water. Juveniles (27.1 ± 5.4 g) were exposed 
to concentrations of ammonia at 0.0 (control); 0.5; and 1.0 mg N-NH3 L-1 for 10 days followed 
by the same period of recovery in ammonia-free water. On the 10th day post exposure and after 
a recovery period, samples of blood were taken for glucose, lactate analyses and evaluation of 
haematocrit. To evaluate lipid peroxidation, proximate composition and sensory analysis, samples 
of muscle/fillets were also obtained. Exposure to ammonia caused alterations in haematological 
response and negatively affected sensory analysis of pacu fillet. However, proximate composition 
was unchanged and lipid peroxidation process was not intensified in muscle. In conclusion, exposure 
to sublethal levels of ammonia induces secondary stress responses and altered the organoleptic 
characteristics of pacu flesh. Nevertheless, a recovery period of 10 days was sufficient to allow for a 
complete restoration of the homeostasis and organoleptic characteristics of the fillet.
Key words: freshwater fish; toxicity; proximate composition; lactate; lipid peroxidation; sensory 
analysis.

QUALIDADE DA CARNE E RESPOSTAS DE ESTRESSE EM Piaractus 
mesopotamicus APÓS EXPOSIÇÃO À NÍVEIS SUBLETAIS DE AMÔNIA E 

SUBSEQUENTE RECUPERAÇÃO

RESUMO
O objetivo do presente estudo foi avaliar os efeitos da exposição a níveis subletais de amônia 
nos parâmetros sanguíneos e qualidade da carne de juvenis de pacu (Piaractus mesopotamicus). 
Além disso, também foi realizada a avaliação desses parâmetros pós-recuperação em água 
livre de amônia. Os peixes (27,1 ± 5,4 g) foram expostos a 0,0 (controle); 0,5 e 1,0 mg N-NH3 L-1 
por 10 dias seguidos pelo mesmo tempo de recuperação em água livre de amônia. Ao final dos 
10 dias de exposição e após o período de recuperação foram coletadas amostras de sangue para 
determinação dos níveis de glicose, lactato e dos valores de hematócrito. Para avaliação dos níveis 
de peroxidação lipídica, da composição proximal e realização da análise sensorial, amostras de 
músculo/filé também foram coletadas. A exposição à amônia ocasionou alterações nos parâmetros 
sanguíneos e afetou negativamente a análise sensorial dos filés de pacu. Entretanto, a composição 
proximal e o grau de peroxidação lipídica não foram alterados. Concluindo, a exposição a níveis 
subletais de amônia induziu respostas secundárias de estresse em juvenis de pacu e alterou 
características organolépticas do filé. Um período de recuperação de 10 dias foi suficiente para 
restaurar a homeostase e a qualidade do filé.
Palavras-chave: peixe de água doce; toxicidade; composição proximal; lactato; peroxidação 
lipídica; análise sensorial.

INTRODUCTION

In intensive aquaculture systems, ammonia-nitrogen build-up is a limiting factor due 
to its high toxicity for aquatic organisms (Abreu et al., 2012). Ammonia is a by-product 
of protein catabolism (Dabrowski, 1986) being the main excretion product of teleost fish, 
representing 70 to 90% of the total nitrogen input to the farming system (Randall and 
Tsui, 2002). In aquatic environments, ammonia exists in ionized (NH4

+) and unionized 
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(NH3) forms, being the latter a hydrophilic compound, which can 
easily diffuse through gill membranes (Liew et al., 2013). Thus, 
high concentrations of NH3 in the water impair its excretion through 
the gills because the gradient is decreased, which in turn leads to 
ammonia accumulation in tissues and blood plasma (Haywood, 
1983; Wilkie and Wood, 1996).

A primary cause of ammonia toxicity is the depolarising effect 
of the ion NH4

+ on neurons and white muscle, displacing K+ 
and causing activation of NMDA-type (N-methyl-D-aspartate) 
glutamate receptor, leading to an influx of excessive Ca2+ and 
subsequent cell death (Randall and Tsui, 2002). Effects of ammonia 
exposure vary depending on the duration and severity of the 
exposure, leading to physiological (Liew et al., 2013; Maltez et al., 
2017), morphological (Rodrigues et al., 2014) and behavioural 
(Pinto et al., 2016) disturbances, which can negatively affect fish 
growth (Paust et al., 2011), immune system (Chen et al., 2011) and 
cause death in some cases (Medeiros et al., 2016). Studies have 
reported that ammonia toxic effects can alter the homeostasis, 
which could be reflected by blood parameters such as glycemia, 
lactate and haematocrit, commonly used as secondary stress 
markers (Li et al., 2013; Baldisserotto et al., 2014; Rama and 
Manjabhat, 2014).

Physiological responses of fish to stressors, such as ammonia 
exposure, range from increases in plasma catecholamine to 
intensification in the mobilization of energy substrates, which hastens 
rigor mortis and the deterioration of flesh quality (Sigholt et al., 
1997). Fillet is the main edible part of fish to be marketed and is 
expected to please consumers as to the characteristics of colour, 
texture and good appearance. However, many factors can influence 
nutritional quality and sensory analysis of muscle, e.g. season 
of the year, feeding, pre-slaughter stress, inadequate rearing 
conditions and chemical composition (Dal Bosco et al., 2012; 
Saidi et al., 2010; Ribas et al., 2007). Proximate composition in 
fish depends on intrinsic and extrinsic characteristics that affect 
sensory analysis of the final product (Contreras-Guzmán, 1994).

Proximate compositions in dourado (Salminus brasiliensis) 
(Veeck et al., 2013) and darkbarbel catfish (Pelteobagrus vachelli) 
(Li  et  al., 2013) flesh were altered after ammonia exposure. 
Moreover, ammonia can induce oxidative stress by enhancing 
Reactive Oxygen Species (ROS) production (Sinha et al., 2014) 
and/or by decreasing antioxidant defences (Li  et  al., 2016; 
Maltez  et  al., 2017), resulting in greater oxidation of lipids 
(Hegazi  et  al., 2010), and consequently, loss of food quality 
(Zhang et al., 2016). Off-flavour, unpleasant odour, alterations in 
colour, texture and nutritional status, can subject the product to 
potential rejection by the consumers (Veeck et al., 2013). In this 
context, sensory analysis is an auxiliary tool for the assessment of 
the organoleptic properties and characterization of endpoints that 
will indicate acceptability levels of a given product by consumers 
(Dutcosky, 2007).

Fish reared in intensive aquaculture systems that have been 
exposed to oscillations in nitrogen compounds should undergo 
an adequate recovery period in ammonia-free water, in order to 
minimize the risk of cumulative stress (Wedemeyer, 2012) and 
to decrease impairment of end-products due to pre-slaughter 
stress (Terlouw et al., 2008). However, studies investigating the 
necessary recovery period in ammonia-free water, which can 
allow for resumption of homeostasis in fish exposed to ammonia, 

are fairly rare (Gisbert et al., 2004; Maltez et al., 2017) and still 
unknown for pacu.

Pacu fish Piaractus mesopotamicus is a native species to Plata 
basin (Godoy, 1975) and has a good market value, mainly in 
South America (Povh et al., 2009). It is an omnivorous species 
(Urbinati et al., 2010) and well accepted by the consumers due 
to the quality of its flesh (Jomori et al., 2003). Pacu stands out 
for its rusticity, presents good growth rates and fecundity, being 
well adapted to intensive rearing conditions (Bittencourt et al., 
2010; Urbinati et al., 2010).

The aim of this study was to evaluate the effects of exposure 
to sublethal concentrations of un-ionized ammonia and recovery 
in ammonia-free water on flesh quality and blood parameters of 
juvenile pacu (Piaractus mesopotamicus).

METHODS

Experimental conditions
A total of 117 pacu juveniles (27.1±5.4 g) were used and obtained 

from a commercial fish farm. Fish were transported on paved 
road and upon arrival were acclimated in nine 250 L aerated tanks 
(13 fish per tank) for 15 days in a semi-static system. The experiments 
were approved by the Ethics and Animal Welfare Committee of the 
Federal University of Rio Grande – FURG (# 23116.004750/2015-43).

After the acclimation period, fish were exposed to total 
ammonia nitrogen (TAN) concentrations at 0.33±0.04 (control), 
18.01±1.32 and 32.90±0.98 mg of TAN L-1 and concentrations 
of un-ionized ammonia were estimated at 0.01±0.01 (control); 
0.5±0.02 and 0.97±0.04 mg N-NH3 L-1, respectively. For the 
presentation of results and discussion purposes, nominal concentrations 
of un-ionized ammonia (0.0 or control, 0.5 and 1.0 mg N-NH3 L

-1) 
were used. The experimental design was completely randomized, 
with three treatments and three replicates.

The desired unionized ammonia concentrations were obtained 
by adding ammonium chloride (NH3Cl4) (Synth, Brazil) to the 
water or by performing partial water changes when necessary. 
Concentrations of un-ionized ammonia used herein were chosen 
based on the findings of Abreu et al. (2012), followed by pre-tests 
in which concentrations of 1.5 mg N-NH3 L

-1 or bellow did not 
determine mortality in pacu.

At the end of the exposure period and in order to evaluate 
recovery, water was thoroughly renewed and fish were maintained 
for 10 additional days in the experimental units with zero or 
minimal un-ionized ammonia concentration (<0.05 mg N-NH3 L

-1).
Commercial feed was used (Supra Acqua line) during acclimation 

and experimental periods. Composition of feed was 32% crude 
protein, 12% moisture, 3000 kcal kg-1 digestible energy, 5% ether 
extract, 2.5% calcium, 1% phosphorus and 300 mg kg-1 of vitamin C 
offered ad libitum (at 9:00 and 16:00h). Feed consumption was 
registered throughout the experimental period and feed provided 
was quantified daily. Weighing of the feed before and after feeding 
allowed for the control of feed consumption. The photoperiod 
was fixed at 12-h light:12-h dark.

Water parameters: temperature and dissolved oxygen (oxygen 
meter, EcoSense DO 200A), pH (pH meter, HANNA HI 8424), 
total ammonia (UNESCO, 1983), un-ionized ammonia (Colt, 2002), 
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nitrite (Bendschneider and Robinson, 1952) and total alkalinity 
(Eaton et al., 1995) were monitored daily, in the morning and 
prior to feeding. The parameters were maintained as follows: 
temperature 25.7±0.05 °C, pH 7.51±0.04, dissolved oxygen 
7.63±0.06 mg L-1, nitrite <0.05 mg N-NO2 L-1 and alkalinity 
48.3±2.88 mg CaCO3 L

-1.

Sampling procedures
Blood and tissue samplings were carried out (nine fish/sampling 

period/treatment) on the 10th day of exposure and after recovery. 
Fish were captured from the tanks with a dip net and anaesthetized 
with hydrochloride benzocaine (50 mg L-1). Blood was taken from 
caudal vasculature using heparin-coated syringes. Immediately after 
sampling, animals were killed by exposure to baths of hydrochloride 
benzocaine at 500 mg L-1 and liver was collected and individually 
weighed for the evaluation of the hepatosomatic index (HI). 
To evaluate lipid peroxidation, proximate composition and sensory 
analysis, samples of muscle were collected. For thiobarbituric 
acid-reactive substances (TBARS) and proximate composition 
evaluations, samples were stored in a ultrafreezer at - 80 ºC for 
further analysis. After filleting of the dorsal muscle, samples were 
stored in Styrofoam boxes filled with ice and used immediately 
for sensory analysis of the flesh on the 10th day and after recovery.

Blood variables analyses
Blood samples were used for the analyses of glucose (Accu-Chek 

Performa/Roche, Germany) and lactate concentration (Accutrend 
Plus Cobas /Roche, Germany). Haematocrit analysis was performed 
according to Goldenfarb  et  al. (1971), through centrifugation 
of 2/3 blood-filled heparinized micro capillary sealed tubes 
(12,000 rpm for 5 min), which were subsequently read on a 
micro-haematocrit reader card and expressed as a percentage of 
red blood cells in relation to total blood.

Proximate composition and Lipid peroxidation level 
analyses

Chemical proximate composition analysis of fillet was carried 
out according to the methodology of AOAC (1995). Muscle tissue 
(fillet sample) was homogenized at a ratio of 1:5 (w/v) in buffer 
(Tris-HCl – 100 mM; EDTA – 2 mM; and MgCl2.6H2O – 5mM) 
(Rocha et al., 2009). The supernatants resulting from the centrifugation 
of the homogenates (10,000 xg, 20 minutes, 4ºC) were used 
for analyses. After homogenization, total protein content was 
determined through the Biuret method (Doles). Lipid peroxidation 
was measured using the methodology described by Oakes and 
Van Der Kraak (2003). This method quantifies malondialdehyde 
(MDA) levels, a by-product of lipid peroxidation, by measuring 
TBARS. The fluorescence (excitation: 520 nm; emission: 580 nm) 
readings were performed in a spectrofluorimeter (Victor 2, Perkin 
Elmer, MA, USA) and the results were expressed as nmol MDA 
mg protein-1.

Sensory tests
Samples of pacu flesh were submitted to sensory analysis 

whereby a group of 30 non-trained individuals, comprised of 

48 and 52% of female and male tasters, respectively, and ranging 
between 23 and 45 years old was established. The same panel of 
evaluators carried out the tests right after the collection of flesh 
post-exposure and after the recovery period. Sensory tests were 
individually conducted, under white light. Each taster received 
an evaluation form for the assessment and ranking of colour, 
texture, odour and overall appearance, using an appropriate 9-point 
hedonic scale according to the methodology of Stone and Sidel 
(2004) as follows: 1 - dislike extremely; 2 - dislike very much; 
3 - dislike moderately; 4 - dislike slightly; 5 - neither like nor 
dislike; 6 - like slightly; 7 - like moderately; 8 - like very much 
and 9 - like extremely.

Statistical analysis

Values were expressed as means ± standard deviation. Data were 
submitted to non-parametric analyses using Kruskall-Wallis and 
Mann-Whitney tests. The minimum significance level was set at 
5% (p<0.05) in all cases (Zar, 1996).

RESULTS

Blood parameters, hepatosomatic index and feed 
consumption

No mortality occurred in any group and the final weights on the 10th 
and 20th days were 27.4 ± 3.2 g and 30.6 ± 3.8 g, respectively. After 
exposure, fish submitted to 0.5 mg N-NH3 L

-1 had higher glucose 
levels compared to control and fish exposed to 1.0 mg N-NH3 L

-1 
and fish from treatment 1.0 mg N-NH3 L

-1 had lower haematocrit 
compared to control and treatment 0.5 mg N-NH3 L

-1. Fish exposed 
to 0.5 and 1.0 mg N-NH3 L

-1 treatment had lower lactate levels, HI 
and daily feed consumption compared to control. No differences in 
blood parameters, HI and daily feed consumption were observed 
among treatments after recovery (Table 1).

Different superscripts indicate significant differences among 
treatments within the exposure or recovery period after Kruskal-Wallis 
and Mann-Witney’s tests (p<0.05).

Proximate composition, lipid peroxidation in muscle 
and sensory analysis of the flesh

Moisture, protein, ashes, lipid content, and lipid peroxidation 
levels were not significantly different in muscle regardless of 
treatment throughout the experiment. Sensory tests on fillet 
samples generally scored between 5 and 7 in the hedonic scale, 
which indicates that tasters’ opinions varied between “neither 
like nor dislike” and “like moderately”. Scores for colour and 
overall appearance of fillets were significantly lower in treatment 
1.0 mg N-NH3 L

-1 after exposure. No differences (p>0.05) were 
observed among treatments after recovery (Table 2).
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Table 1. Blood parameters, hepatosomatic index and feed consumption (mean ± SD) of juvenile pacu Piaractus mesopotamicus 
exposed to sublethal levels of un-ionized ammonia and after recovery in ammonia-free water.

Parameter Treatment Exposure (10th day) Recovery (20th day)
Glucose (mg dL-1) C 76.1±6.2b 65.4±18.9ª

0.5 113. 9±13.1a 72.7±12.7ª
1.0 59.1±29.7b 76.2±11.9ª

Haematocrit (%) C 18.7±4.6a 24.2±2.3ª
0.5 21.1±7.6a 25.6±2.6ª
1.0 12.9±2.5b 26.22±2.6ª

Lactate (mmol L-1) C 6.2±1.1a 7.3±1.4ª
0.5 3.9±1.6b 7.4±2.9ª
1.0 3.3±0.5b 6.6±4.0a

Hepatosomatic Index (HI) C 0.012±0.004a 0.012±0.001a

0.5 0.008±0.002b 0.011±0.002a

1.0 0.008±0.001b 0.011±0.001a

Feed Consumption (mg day-1) C 1868.8±384.7a 1484.8±607.5a

0.5 859.6±483.8b 1427.8±510.1a

1.0 599.4±544.8b 1343.6±652.6a

Table 2. Proximate composition, sensory analysis and lipid peroxidation levels (TBARS) (mean±SD) of juvenile pacu Piaractus 
mesopotamicus exposed to sublethal levels of un-ionized ammonia and after recovery in ammonia-free water.

Parameter Treatment Exposure Recovery

Proximate composition

Moisture (%)
C

0.5
1.0

78.2±0.4a

78.6±0.1a

78.3±01a

79.0±0.1a

79.1±0.2a

78.7±0.3a

Protein (%)
C

0.5
1.0

16.3±1.6a

15.1±3.3a

17.6±1.5a

16.2±1.6ª
13.9±4.5ª
18.0±0.1ª

Ashes (%)
C

0.5
1.0

1.2±0.03ª
1.1±0.04ª
1.3±0.01a

1.3±0.05ª
1.4±0.01ª
1.3±0.01a

Lipid (%)
C

0.5
1.0

4.3±1.2ª
6.0±3.1ª
2.8±1.5a

3.5±1.4ª
5.6±4.4ª
2.0±0.4a

Sensory analysis

Colour
C

0.5
1.0

6.9±1.8a

7.0±1.9a

5.6±2.0b

6.8±1.7ª
6.7±1.6ª
7.1±1.7a

Odour
C

0.5
1.0

6.7±2.0ª
6.7±1.9ª
6.3±1.7ª

6.3±2.0ª
6.8±1.6ª
6.6±1.8ª

Texture
C

0.5
1.0

6.5±1.8ª
6.6±1.6ª
6.4±1.8a

6.7±1.8ª
6.4±1.8ª

6.76±1.9ª

Overall appearance
C

0.5
1.0

7.0±1.8ª
7.1±1.6ª
5.8±1.7b

6.7±1.8ª
6.5±1.7ª
7.0±1.5ª

Oxidative stress
TBARS

(nmol MDA mg protein-1)

C
0.5
1.0

1.0±0.4ª
1.2±0.4ª
1.3±0.8ª

2.7±1.7ª
1.8±1.0ª
1.9±1.0ª

Different superscripts indicate significant differences among treatments within the exposure or recovery period after Kruskal-Wallis and Mann-Witney tests (p<0.05).
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DISCUSSION

Exposure to distinct sub-lethal levels of ammonia 
(0.5 and 1.0 mg N-NH3 L

-1) altered blood parameters of juvenile 
pacu in this study. The overall elevations in glycemia were likely 
a response to circulating catecholamine during the exposure 
period, and hyperglycemia in fish is often used as a reliable 
secondary stress response marker (Tavares-Dias  et  al., 2001). 
Increased glycemia is also a cortisol-related condition, in which 
cortisol activates gluconeogenesis and regulates glucose demand 
in peripheral circulation (Barcellos et al., 2000). Glycemia in pacu 
was higher in treatments 0.5 N-NH3 L

-1, and this increment was 
also reported in the same species submitted to 3.0 mg N-NH3 L

-1 
for 24h (Abreu et al., 2012). Other species such as the African 
catfish (Clarias gariepinus) exposed to 15.2 mg N-NH3 L-1 
(Schram et al., 2010), silver catfish (Rhamdia quelen) exposed 
to 0.5 mg N-NH3 L

-1 (Baldisserotto et al., 2014) and pirarucu 
(Arapaima gigas) exposed to 2.0 mg N-NH3 L

-1 (Cavero et al., 
2004) showed the same pattern with elevations in plasma glucose 
after exposure to un-ionized ammonia. After exposure, blood 
glucose in treatment 1.0 mg N-NH3 L

-1 was undistinguishable from 
that of control fish, which could indicate energy depletion from 
hepatic glycogen reserves. In fact, increased glucose concentration 
in blood is related to the availability of glycogen and glucose in 
the liver (Baldisserotto et al., 2014).

Haematocrit may be affected in different ways after a stressor 
is applied. Haemoconcentration or haemodilution may occur as 
a consequence of osmoregulatory disturbances (Takahashi et al., 
2006) that may take place during exposure to ammonia. Moreover, 
oscillations in the number of blood cells are likely to occur as well 
(Yang et al., 2010; Li et al., 2013; Li et al., 2014). Haematocrit 
decreased in pacu after exposure to ammonia at the concentration 
of 1.0 mg N-NH3 L

-1. Similarly, the same response was observed 
when the species was exposed for 12 h to 3.0 mg N-NH3 L

-1, and 
the decreased haematocrit observed was caused by a reduction 
in the volume of erythrocytes led by ion losses which were 
evinced by a reduction in blood osmolality (Abreu et al., 2012). 
Haematocrit also decreased in darkbarbel catfish (Pelteobagrus 
vachelli) exposed to 0.12 mg N-NH3 L

-1 of ammonia for 60 days 
(Li et al., 2013). However, perch (Sander lucioperca) exposed 
to concentrations of 0.05 and 0.26 mg N-NH3 L

-1 of unionized 
ammonia for 42 days did not present significant differences in 
haematocrit (Schram et al., 2014).

Maintenance of homeostasis under stressful conditions requires 
higher energy supply, in which anaerobic pathways are activated 
for the utilization of glycogen reserves, leading to gluconeogenesis-
induced elevations in lactate (Wendelaar Bonga, 1997; Miron et al., 
2008). Lactate was reduced for both treatments exposed to 
ammonia and could be linked to the lethargic behaviour of fish 
thoughout exposure, similarly to what has been described for 
pirarucu (Arapaima gigas) exposed to 20 mg TAN L-1 for 24 h. 
(Brandão et al., 2006).

The hepatosomatic index (HI) is frequently used as a biomarker 
for contaminants and to provide insight into the nutritional status 
of fish (Narra et al., 2015). After exposure, HI decreased in either 
treatments, which is consistent with the reductions observed in 

feed consumption for both treatments after the same period. Such 
conditions are in line with a possible depletion of hepatic reserves 
for the supply of energy (Souza et al., 2002). The reduction in feed 
consumption observed herein is also similar to those observed for 
other species exposed to ammonia such as wolffish Anarhichas 
minor, 0.13; 0.25 and 0.39 mg N-NH3 L

-1 (Foss et al., 2003), 
perch Sander lucioperca, 0.26 mg N-NH3 L-1 (Schram  et  al., 
2014) and African catfish Clarias gariepinus, 15.2 mg N-NH3 
L-1 (Schram et al., 2010).

Our findings for flesh moisture (78-79%) protein (13-18%), ashes 
(1.1-1.4%) and lipids (2-6%) corroborate previous investigations 
on the same species (Ramos Filho et al., 2008; Tanamati et al., 
2009; Freitas  et  al., 2011; Oliveira  et  al., 2014). Proximate 
composition was not affected by any of the treatments, comparable 
to that observed in yellow catfish (Pelteobagrus fulvidraco) 
exposed to chronic levels of ammonia (3.36; 6.76; 13.44 and 
26.88 mg TAN/L) for 56 days (Li et al., 2011), in which proximate 
composition was also unchanged. However, dourado (Salminus 
brasiliensis) and darkbarbel catfish (Pelteobagrus vachelli) exposed 
to ammonia for 15 (0.1 mg N-NH3 L

-1) (Veeck et al., 2013) and 
60 (0.12 mg N-NH3 L

-1) (Li et al., 2013) days, respectively, had 
significant reductions in lipid content, which is presumably a 
consequence of depletion in energy reserves.

Exposure to ammonia induced lipid peroxidation in different 
tissues of fish, such as brain (Ching  et  al., 2009), gills, liver 
(Maltez et al., 2017) and muscle (Hegazi et al., 2010). However, 
after 10 days of ammonia exposure (0.5 and 1.0 mg N-NH3 L

-1), no 
alterations were observed in fresh fillet of pacu in this study, since 
TBARS concentrations were unchanged regardless of treatment 
used. These results resemble those reported for dourado (Salminus 
brasiliensis) in which no significant differences were observed 
for TBARS after 12 h of ammonia (0.1 mg N-NH3 L

-1) exposure 
prior to slaughter and after a period of 15 days. Notwithstanding, 
fish exposed for 12 h to ammonia, prior to being slaughtered, 
were more susceptible to lipid peroxidation of fillet during the 
freezing process (Veeck et al., 2013).

Although low scores were obtained for pacu flesh during 
sensory analysis using a 9-point hedonic scale, similar results 
were observed for the same species (P. mesopotamicus), tambaqui 
(Colossoma macropomum) and the hybrid tambacu (Colossoma 
macropomum x Piaractus mesopotamicus) stored for different 
times, namely 19 days in the former two species and 16 days in 
the latter. Scores ranged from 5 to 7 (neither like nor dislike to like 
moderately) for pacu in this study whereas 5 and 6 (neither like 
nor dislike to like slightly) and 6 (like slightly) were observed for 
tambaqui (Borges et al., 2014), which mean good acceptability by 
the tasters. Similar results were observed for tinned Nile tilapia 
(Oreochromis niloticus) (5-10 cm, total length) with scores above 
7 (like moderately), which indicates good acceptability of the 
product (Pizato et al., 2012).

Pre-slaughter stress may influence the quality of flesh 
(Kristoffersen  et  al., 2006; Ribas  et  al., 2007; Daniel  et  al., 
2014), which can be also negatively affected by stress conditions 
occurring in earlier stages of fish farming. Severe stress conditions 
impact the organoleptic and nutritional characteristics of the final 
product to be stored (Poli et al., 2005). Ammonia-related stress 
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may accelerate the onset of rigor mortis. After death, oxygen 
supply to the muscle is discontinued and anaerobic metabolism 
takes over, muscle glycogen is consumed and the flesh quality 
is compromised (Pottinger, 2001).

Overall sensory analysis of fillet post ammonia exposure ranged 
from “indifferent” to “like moderately”. Treatment exposed to 
1.0 mg N-NH3 L

-1 had “indifferent” and “like slightly” correspondent 
scores, which is similar to another study on pacu flesh stored in 
ice for 10 days with no previous ammonia exposure (Borges et al., 
2014). On the basis of these results, our study shows that ammonia 
exposure altered the freshness of pacu flesh, since scores for 
sensory analysis were virtually identical to that of pacu flesh 
stored in ice for 10 days as reported by the aforementioned study.

Homeostasis resumption depends on the length and intensity of 
the exposure to a given stressor). (Barton, 2002 In fact, 10 days 
of exposure to ammonia disrupted physiology in pacu to some 
extent, however, after 10 days of allocation of fish to ammonia-
free water, resumption of homeostasis was observed on the basis 
of the parameters considered herein, which returned to baseline 
levels regardless of the concentration tested. During recovery, 
feed consumption was resumed and HI returned to normal, which 
demonstrate that once the stressor is removed, the energy storage 
capacity can be easily recovered in pacu.

As for the sensory analysis after recovery from ammonia 
exposure, scores denoted “like slightly” and “like moderately”, 
which indicate a better evaluation compared to the sensory analysis 
of fish carried out immediately after the exposure period. Thus, 
provided there is an adequate recovery period in good water 
quality, albeit a stress challenge has been previously imposed, 
our study has demonstrated that the organoleptic properties of 
the flesh will not be significantly affected even after a 10-day 
period of ammonia exposure.

CONCLUSION

Exposure to sublethal concentrations of un-ionized ammonia 
for 10 days induced secondary stress responses and negatively 
affected sensory analysis in pacu flesh. Notwithstanding, a recovery 
period of 10 days was sufficient to allow for a complete restoration 
of the metabolic parameters evaluated and the organoleptic 
characteristics of the fillet.
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