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Abstract. The study evaluated pH differences along the digestive tract of the Piaractus mesopotamicus. The
higher pH variation occurs in the stomach region, where it occurs to break down of the food through the
gastric enzymes, which requires acidic action to perform such function.
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Resumo. Medição do pH do trato gastrointestinal em juvenis de Piaractus mesopotamicus
(Characiformes: Characidae). O estudo avaliou as diferenças de pH ao longo do trato digestivo do
Piaractus mesopotamicus. A maior variação do pH ocorre na região do estômago, onde ocorre a quebra do
alimento através das enzimas gástricas, o que requer ação ácida para realizar essa função.
Palavras-chave: aquicultura, nutrição, fisiologia, peixes tropicais.
The pacu (Piaractus mesopotamicus) is an
omnivorous fish with a strong tendency to herbivory,
feeding on organic detritus, plants and seeds. The
species is highly appreciated due to the high quality
of meat, rusticity, fast growth and easy adaptation to
production systems (Stech et al. 2010). The species
also can tolerate poor water quality and is resistant
to pathogens (Abimorad & Carneiro, 2004). The
studies using pacu (Abimorad & Carneiro, 2007;
Bicudo et al. 2009) were carried out with the
objective of maximizing the production potential of
this species, among these, studies that refer to
nutritional aspects has gained prominence.
The morphological and physiological
characteristics of the fish are defined by speciesspecific feeding habits, influencing the stomach pH,
morphology and intestinal enzymatic activity
(Cyrino et al. 2010). The gastrointestinal system of
omnivores exhibit an adaptive variation due to
different eating habits. The alimentary canal begins
at the mouth and ends in the anal opening, it may be

divided into three parts, head intestine (pharyngeal
buccal cavity), foregut and hindgut (Moreira et al.
2001). The passage of food through the digestive
tract of fish can be altered by various factors such as
the physical and chemical characteristics of the feed,
the abiotic factors of water that can influence the
metabolism and amount of food consumed
(Possompes et al. 1975, Usmani & Jafri 2002, DiasKoberstein et al. 2005). Therefore, the study
between the co-relations of the diet and the
characteristics of the digestive tract has gained
prominence in different zoological groups, being
indispensable for the manipulation and formulation
of balanced diets (Seixas Filho et al. 2000).
According to Chakrabarti et al. (1995), the
intestinal tract of the fish is in an evolutionary stage
in which most regions can produce all the enzymes
necessary to the digestive process. The activity of
the enzymes is affected by the intestinal pH, in some
cases; the pH change can affect 50% of the activity
of an enzyme (Deguara et al. 2003). Several studies
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have been carried out with the objective of knowing
the intestinal morphometry of the fish and the time
of gastrointestinal transit (Montagne et al. 2003;
Fabregat et al. 2011; Dias-Koberstein et al. 2005;
Rodrigues et al. 2010), but there is little information
relating the intestinal pH during fasting and the
changes that occur after feeding. Stomach and
intestinal pH undergoes variations according to
feeding conditions or fasting. The reduction of pH in
the stomach and feed depends largely on the
buffering capacity of the feed ingredients (Freitag
2007). Thus, the objective of this study was to
evaluate the difference in pH along the digestive
tract of pacu (P. mesopotamicus) to support future
nutrition studies on the species.
The experiment was conducted with 24
juvenile of P. mesopotamicus with an average
weight of 125.0 ± 5.7 g and a total length of 17.2 ±
2.3 cm. Juveniles were also separated into six net
pen, totaling four fish per experimental unit. The
fishes were maintained under natural photoperiod.
For the evaluation of gastric and intestinal pH,
six different times were used, the first evaluation
was performed with the animals starved, with the
fish fasted for 24 hours prior to study initiation.
After checking the pH in fasting, fishes were feed
with a commercial diet containing 28% CP and 3000
Kcal/kg-1. The pH was measured before feeding,
during feeding and at four equal intervals of two
hours (2, 4, 6 and 8 hours after delivery of food).
In each evaluation, fishes were euthanized by
an overdose of eugenol 400 mg.L-1 according to the
methodology proposed by Rotili et al. (2012)
(methodology approved by the committee of ethics
in the use of animals – CEUA-UFPR) then they
were carefully eviscerated in order to maintain the
gastrointestinal tract intact, the stomach was then
separated from the intestine, after that the intestine
was divided into three equal portions (Fig. 1).

Figure 1. Gastrointestinal system of pacu: A - Stomach; B
- Anterior intestine; C - Medium intestine; D - Posterior
intestine.

The pH of each gastrointestinal tract sections
was measured individually in triplicates directly in

the tissue, using a Metrohm 632 pH meter, with a pH
probe InLab® Micro.
For the statistical analysis, the data were
subjected to normality verification through the
Kolmogorov-smirnov & Liliefors test and to
homogeneity through Levene’s test. When those two
requirements were accomplished, ANOVA was
applied followed by Tukey’s test (α = 0.05).
The variation of pH in the gastrointestinal
tract of pacu was more evident in the stomach than
in the other intestinal portions evaluated (Fig. 2).
The pH of the stomach showed statistical
differences (p<0.05), with a range of 1.47 to 5.12
during the evaluation, the lowest value observed in
the stomach was 1.18 before feeding. The portions
of the anterior intestine and medium intestine
showed no significant changes (p<0.05) in any
evaluation with pH means ranging from 7.09 to 8.13.
The third portion of the posterior intestine showed
statistical differences (p<0.05) among the times (Fig.
2). An increase in pH was observed after feeding,
from 7.65 to 8.07 decreasing after 4 hours until the
end of the evaluations, which showed pH of 7.22.
It was observed that after the fish were fed the
stomach pH increased significantly, thus suggesting
the influence of the feed buffering power over the
gastric pH (Maier & Tulles 1984). This feed
buffering capacity was observed in other studies as
Deguara et al. (2003) using Sparus aurata, with pH
average decreasing of 5.50 to 2.50 in the stomach
portion and values of 6.95 to 7.90 in the anterior and
posterior portions. Yufera et al. (2012) described for
juvenile Diplodus sargus, the stomach pH range
variation of 7.00 to 3.00 for approximately 8 hours
after feeding. Remote studies reported fast pH
reduction in the stomach of some fish species like
Lepomis macrochirus (Norms et al. 1973),
Oreochromis niloticus (Moriarty 1973) and
Oreochromis mossambicus (Maier & Tullis 1984).
The low stomach pH emulsifies the lipids, denature
proteins and carbohydrates, and facilitates the action
of digestive enzymes, causing the release of free
amino acids present in the food (Bowen 1980, NRC
2011).
Chakrabarti et al. (1995) observed in a broad
study assessing digestive enzymes of 11 freshwater
fish species, where the pH was measured with
satiated fish presented variations among 5.32 to 7.02
for the stomach, from 5.74 to 8.02 for anterior
portion of 5.60 to 8.10 for the medium portion and
5.41 to 7.89 for posterior portion, similar pH values
were observed in this study when the fishes were
fed.
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Figure 2. Comparison of pH on the digestive tract pacu P. mesopotamicus over time.

The pH changes in the stomach can be
explained by normal digestive processes, so the
decrease in pH occurs as digestive enzymes are
secreted in response to the food present in the
stomach (Deguara et al. 2003). According to Prosser
(1973) and Guyton (1981) food in the stomach is
known to stimulate gastric acid secretion, a mixture
of acid and enzyme, justifying the changes in the
stomach pH values observed in this study.
According to Wilson et al. (2002), Grosell et
al. (2005) and Taylor & Grosell (2006) food intake
in the anterior intestine can increase the pH values
by neutralization of the gastric acid stimulated by
bolus enters in the anterior intestine due to release of
pancreatic juice secretion, reducing the activity of
pepsin and placing close to neutral pH (7.00 to
7.50), suitable for the action of other digestive
enzymes located in the intestine.
Furthermore, the amount of feed consumed in
a meal can change the velocity of the bolus as the
pH variation. Also according to the food habits of
the animals, the feed rate, the diet composition and
the time after the meal the pH of the stomach may
oscillate of 1.00 to 6.00 (Pérez-Jiménez et al. 2009).
Through this study, it was possible to trace pH
variation in the gastrointestinal tract of P.

mesopotamicus at different times. Therefore, we can
conclude that the pH has a greater variation in the
stomach, especially at the moment of feeding where
the pH tends to become less acid due to food intake.
This was already expected since the low amount of
gastric enzyme tends to be neutralized by the feed
which presents pH close to the neutral, requesting
greater release of gastric enzymes in the stomach to
break down and digest the alimentary particles, as it
is observed with the increase of the pH two hours
after the feeding. The study also served to provide
data for other works that will use enzymes that
require specific pH to act.
References
Abimorad, EG. & Carneiro, DJ. 2004. Métodos de
coleta de fezes e determinação dos
coeficientes de digestibilidade da fração
proteica e da energia de alimentos para o
pacu, Piaractus mesopotamicus (Holmberg,
1887). Revista Brasileira de Zootecnia, 33:
1101-1109.
Abimorad, EG. & Carneiro, DJ. 2007. Digestibility
and performance of pacu Piaractus
mesopotamicus juveniles feed diets containing

Pan-American Journal of Aquatic Sciences (2017), 12(3): 254-258

Gastrointestinal pH: Piaractus mesopotamicus

257

different protein, lipid and carbohydrate
levels. Aquaculture Nutrition, 13: 1-9.
Bicudo, AJA., Sado, RY. & Cyrino, JEP. 2009.
Growth and hematology of pacu, Piaractus
mesopotamicus, feed diets with varying
protein to energy ratio. Aquaculture
Research, 40: 486-495.
Bowen, SH. 1980. Detrital non-protein amino acids
are the key to rapid growth of Tilapia in Lake
Valencia, Venezuela. Science, 207: 12161218.
Chakrabarti, I., Gani, MA., Chaki, KK., Sur, R. &
Misra, KK. 1995. Digestive enzymes in 11
freshwater teleost fish species in relation to
food
habit
and
niche
segregation.
Comparative Biochemistry and Physiology,
Part A, 112: 167-177.
Cyrino, JEP., Bicudo, AJA., Sado, RY., Borghesi, R.
& Dairiki, JK. 2010. A piscicultura e o
ambiente: o uso de alimentos ambientalmente
corretos em piscicultura. Revista Brasileira
de Zootecnia, 39: 68-87.
Deguara, S., Jauncey, K. & Agius, C. 2003. Enzyme
activities and pH variations in the digestive
tract of gilthead sea bream. Journal of Fish
Biology, 62: 1033-1043.
Dias-Koberstein, TCR., Carneiro, DJ. & Urbinati,
EC. 2005. Tempo de trânsito gastrintestinal e
esvaziamento gástrico do pacu (Piaractus
mesopotamicus) em diferentes temperaturas
de cultivo. Acta Scientiarum. Animal
Sciences, 27: 413-417.
Fabregat, TEHP., Rodrigues, LA., Torres do
Nascimento, TM., Urbinati, EC., Sakomura,
N.K. & Fernandes, JBK. 2011. Fontes de fibra
na alimentação do pacu: desempenho,
composição,
corporal
e
morfometria
intestinal. Arquivo Brasileiro de Medicina
Veterinária e Zootecnia, 63: 1533-1540.
Freitag, M. 2007. Organic acids and salts promote
performance and health in animal husbandry.
Acidifiers in Animal Nutrition, pp. 1-12. In:
Lückstädt, C. (Ed.). Acidifiers in animal
nutrition. Nottingham University Press,
Nottingham, United Kingdom, 89 p.
Grosell, M., Wood, CM., Wilson, RW., Bury, NR.,
Hogstrand, C., Rankin, C. & Jensen, FB.
2005. Bicarbonate secretion plays a role in
chloride and water absorption of the European
flounder intestine. American journal of
physiology. Regulatory, integrative and
comparative physiology, 288: 936-946.

Guyton, AC. 1981. Textbook of medical
physiology. WB
Saunders
Company,
Philadelphia, 1074 p.
Maier, KJ. & Tullis, RE. 1984. The effects of diet
and digestive cycle on the gastrointestinal
tract pH values in the goldfish, Carassius
auratus, L., Mozambique tilapia, Oreochromis
mossambicus (Peters), and channel catfish,
Ictalurus punctatus (Rafinesque). Journal of
Fish Biology, 25: 151–165.
Montagne, L., Pluske, JR. & Hampson, DJ. 2003. A
review of interactions between dietary fibre
and intestinal mucosa, and their consequences
on digestive health in young no ruminant
animals. Animal Feed Science Technology,
108: 95-117.
Moreira, H.L.M., Vargas, L., Ribeiro, RP. &
Zimmermann, S. 2001. Fundamentos da
moderna aquicultura. Ulbra, Canoas. 200 p.
Moriarty, D.J.W., 1973. The physiology of digestion
of blue‐green algae in the cichlid fish, Tilapia
nilotica. Journal of Zoology, 171(1), pp.2539
Norms, JS., Norris, DO. & Windell, JT. 1973. Effect
of simulated meal size on gastric acid and
pepsin secretory rates in bluegill (Lepomis
macrochirus). Journal of the Fisheries
Board of Canada. 30: 201-204.
NRC - National Research Council. 2011. Nutrient
requirements of fish and shrimp. The
National Academies Press, Washington, DC,
392 p.
Pérez-Jiménez, A., Cardenete, G., Morales, AE.,
García-Alcázar, A., Abellán, E. & Hidalgo,
MC. 2009. Digestive enzymatic profile of
Dentex dentex and response to different
dietary
formulations.
Comparative
Biochemistry and Physiology, Part A, 154:
157-164.
Possompes, BP., Bergot, P., Luquet, P. 1975. Mise au
point d'une méthode d'étude du transit gastrointestinal chez la Truite arc-en-ciel SaImo
gairdneri Rich.: influence du nombre de
repas, des quantités ingérées et de la
température d'acclimatation. Ann Hydrobiol,
6: 131-143.
Prosser, CL. 1973. Comparative animal
physiology. WB
Saunders
Company,
Philadelphia, 578 p.
Rodrigues, LA., Fabregat, TEHP., Fernandes, JBK.,
Nascimento, TMT. & Sakomura, NK. 2010.
Digestibilidade e tempo de trânsito
gastrintestinal de dietas contendo níveis

Pan-American Journal of Aquatic Sciences (2017), 12(3): 254-258

258

crescentes de fibra bruta para pacu. Acta
Scientiarum. Animal Sciences, 32: 169-173.
Rotili, DA., Devens, MA., Diemer, O., Lorenz, EK.,
Lazzari, R. & Boscolo, WR. 2012. Eugenol as
anesthetic for Piaractus mesopotamicus.
Pesquisa Agropecuária Tropical, 42: 288294.
Seixas Filho, JT., Brás JM., Gomide, ATM.,
Oliveira, MGA., Donzele, J.L. & Menin, E.
2000. Anatomia funcional e morfometria dos
intestinos e dos cecos pilóricos do Teleostei
(Pisces) de água doce Brycon orbignyanus
(Valenciennes, 1849). Revista Brasileira de
Zootecnia, 29: 313-324.
Stech, MR., Carneiro, DJ. & Carvalho, MRB. 2010.
Fatores antinutricionais e coeficientes de
digestibilidade aparente da proteína de
produtos de soja para o pacu (Piaractus
mesopotamicus). Acta Scientiarum. Animal
Sciences, 32: 255-262.

W. GONÇALVES-FRANÇA ET AL.

Taylor, JR. & Grosell, M. 2006. Feeding and
osmoregulation: dual function of the marine
teleost intestine. Journal of Experimental
Biology, 209: 2939-2951.
Usmani, N. & Jafri, AK. 2002. Effect of fish size
and temperature on the utilization of different
protein sources in two catfish species.
Aquaculture Research, 33: 959-967.
Wilson, RW., Wilson, JM. & Grosell, M. 2002.
Intestinal bicarbonate secretion by marine
teleost fish-why and how?. Biochimica et
Biophysica Acta (BBA) – Biomembranes,
1566: 182-193.
Yúfera, M., Moyano, F.J., Astola, A., PousãoFerreira, P. & Martínez-Rodríguez, G. 2012.
Acidic digestion in a teleost: postprandial and
circadian pattern of gastric pH, pepsin
activity, and pepsinogen and proton pump
mRNAs expression. PLoS One, 7(3), e33687.
Received: April 2016
Accepted: March 2017
Published: September 2017

Pan-American Journal of Aquatic Sciences (2017), 12(3): 254-258

