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SUMMARY

Food passage time through the digestive tract of a detritivorous freshwatdPréishilpdus scrofawas determinate by radiographic
techniques using barium sulfate as a contrast medium. The fish were kept in tanks at a constant temperature of 23.5%@ agpdarecei
oral catheter a mixture of 2.5 parts of ground ration and 1 part of oral suspension of contrast medium (Celobar). Radiegtalphs at
intervals of 3 hours. Immediately after the introduction of the mixture the stomach was outlined by the contrast. A sphiobssrved
between the cardiac and the muscular stomachs. After 3 hours, 80 per cent of the proximal intestine was filled. Aftee &totiastt
reached the proximal, medial and distal portions of the intestine. After 9 hours 70 per cent of the distal intestine avas dited 12
hours, the rectum segment was still marked (25 per cent of the distal portion of the intestine).

UNITERMS: Intestine; Digestive system; Radiography; Fish.

INTRODUCTION intestinal duct constitute important parameters for the determination
of fish nutrition management. Rickerecognizes the gastric

he interest in fish culture in Brazil has increased congmptying time as an important parameter for the determination of

I derably during the last years. Lack of nutrition data aritie ration amount to be offered. Magnu@@oints out the relevance
food management of the native species are among thfethis item, specifying the relationships between the stimulus for
difficulties found by our breeders, turning their production objectivdseding and the appetite, the feeding activity and the amount of

towards non native species, which already have technology develofeedi in the stomach. Elligtt establishes the relationship of gastric
in these areas. emptying time to the maximum stomach capacity for food consumed

Prochilodusscrofais among the native species with goodn different temperatures and Pandiétestablishes this relationship
performance for fish culture, exhibiting high rusticity in managemefuar food conversion.
and high fertility®, besides being an excellent nutritive source, with A number of techniques has been used in the determination
energetic values similar to those showed by other fish with higiithe gastric emptying rate and the food passage time through the
protein leve?. digestive tract in fish. Among them we can find: disseétieme-

For this species, the available literature contains a numiies'®, stomach suctidii’, radioactive labeled food and radioiso-
of works related to its farming, reproduction, histophysiology artdpes$®*, monitoring feces productiénartificial food= and radio-
anatomy of digestive tra@p122223253031 graphy11184142 This last method provides great advantages in

The determination of food income of a population in itstudying non osseous structures, like elucidating aspects of
habitat is a recurrent problem in ecological studies of fish. THisnctional activity in fish, besides being a non invasive method of
determination provides the basis for research related to developmergrmous conveniente
and productive effectiveness, as well as for the calculation of energetic An important aspect to be considered in this species is its
stocks. The time between ingestion and evacuation or the fdbaphagous and detritivorous feeding habit, i.e., the ingestion of
passage time through the digestive tract is a parameter particuléslyd with low protein, fat, carbohydrate and energetic [&vdlkis
useful in the calculation of food consumptigfi*® The knowledge could force this fish to feed continuously in order to satisfy its nutri-
of gastric emptying time and the food passage time through ti@nal needs, filing completely its digestive tfact
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This work has for its objective the investigation of food ¢ e
passage time through the alimentary channé?. iscrofa using *—_, -
radiographic techniques and barium sulfate as a contrast medium.

We should still consider the lack of works monitoring food
traffic, using radiography (or other techniques) in teleosteans of \
similar physiology and food habits.
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MATERIAL AND METHOD
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h Figure 1

Th_lsh?s_saj-)g;v?; taken Wltrll a llﬂnloggnle ous gro#phof fl§Cheme of the tangle of the intestinal segmenk sdrofa The arrows
(mean weight = .75 g, mean length = 19.1 cm), whic WeHticate the direction in which the food flows through the intestine:

kept in tanks (2,000 liters) at the Instituto de Pesca (Fishefy g jngicate the segments, A and D inform if the segment is ascending
Institute), with continuous air and water flows, at a constagt descending. IP = Proximal intestine, IM = Medial intestine, ID =

temperature (23.5°C) kept by thermostat. There was a 4 mopibtal intestine. The bigger arrow indicates the point where the rectum
period for the adaptation of fish to captivity conditions before treegment begins.
beginning of the experiment.
During this period, assays were made in order to determi-
ne the ideal intervals between radiographs, as well as the kilovoltage
(40 kV) and milliamperage (6 mAs) of the radiograph equipment
(CGR - Chenon C. Paux, model G.T. - 300), besides improving the
used techniques.
The population density in tanks did not exceed 5 fishes per
aquarium. There was no change in photoperiod, because the tanks
were located near windows, allowing penetration of diurnal light.
Before the beginning of the experiment, the fish were fed l
daily ad libitum with pattern fish food, produced by the Instituto m
de Pesca.
For the experimenE. scrofawas submitted to a starvation
period of 72 hours in order to ensure the complete emptying of the
digestive tract, and after that, they were transferred to test tanks "
where they were anaesthetized (Benzocaine - 40 ppm). Wl
The fish received simultaneously, directly into the cardiac
stomach through a canule coupled to a syringe, ground and siftened Figure 2
ration, added with contrast medium in the proportion of 2.5 partsRfscrofain transversal section at dorsal fin level showing the
ration by 1 part of contrast medium (CELOBAR - barium Suhca»[éyastroir_1testinal_organs in their normal position_ inside_ the abdomi-
carboximetilcellulose sodic - oral suspension - BEECHAM), beirfef! ¢aVity- 1...6 indicate the segments, A and D inform if the segment
after that returned to the initial tanks. This procedure is essentizj%aascendmg or descending. SR = Rectum segment. (EC = cardiac

0]
ensure precisely the amount of food and the time of ingestion. At eac
3 hour interval, 4 fish were collected, anaesthetized and had their
radiographs obtained. The experiment was taken in periods of 3, 6, 9

mach, EP = pyloric stomach, P = pyloric caeca, BN = bladder, F

and 12 hours after the administration of the mixture ration/contrast. RESULTS
One radiograph was obtained immediately after the inoculation.
According to the morphometrical analysis developed by It can be observed in Fig. 3, which is the radiograph

Leite et al?, for the determination of the relationship of theobtained immediately after the introduction of the food mixture,
stomach volume/fish weight, it was possible to establish the idbat there is a complete filling of the cardiac and pyloric stomachs.
al amount of mixture to be administered to each fish, approXt this point there can be observed the presence of a site between
mately 1 ml. the cardiac and the pyloric stomachs that was not filled by the

In this paper the anatomical topographic patternsontrast. When the image is overlaid onto the anatomical scheme
described by Barbiert al! (Fig. 1 and 2) were used for theof the stomach (Fig. 4), it can be seen that the non-contrasted site
recognition of the intestinal segments radiographically markedrresponds to the small caecal segment, described by Hernandez-
by the food mixture. Blazquezet al%, which remains empty.

Gastric emptying was considered complete with the The obtained results showed that 3 hours after the
disappearance of the residues of the contrast from the cardiac iaibduction of the food mixtureR. scrofa still presented full
pyloric stomachs. The intestinal emptying was determinated by tterdiac and pyloric stomachs, with 80 per cent of the proximal
arrival of the food mixture to the last intestinal segment, monetestinal portion now full, represented by the segments 1D, 1A,
precisely the rectum segment. 2D and 2A (Fig. 5A, B).
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After 6 hours, the complete gastric emptying and the fillin[g
of the intestinal proximal, medial and distal portions (segments
2, 3,4, 5, and 6) were observed (Fig. 6A, B).

After 9 hours (Fig. 7A, B), only 70 per cent of the dista
portion were filled (5D, 5A, 6D, 6A and rectum segments) and aff
12 hours (Fig. 8) the partial fulfillment (25 per cent) of the dist3

intestinal portion was observed, more precisely the rectum segment. - Figure6 _
Radiographs obtained in lateral (A) and dorsal (B) viewR.dfcrofg

where the filling of the proximal, medial and distal portions of the
DISCUSSION intestine, can be observed after 6 hours.

—
E—ET

Figure 7
9 hour interval after the beginning of the experiment, showing that the
mixture was filling the 8 and the 8 intestinal circumvolutions, besides
the rectum segment. (A = Dorsal View; B = Lateral View).

The anatomy of the digestive tractR®crofais complex,
with a composed stomach (cardiac, caecal and pyloric), besid
pyloric caeca and an enormously tangled intestine. This aspe

-
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Figure 3
Radiograph obtained immediately after the introduction of the fo
mixture. The complete filling of the cardiac and pyloric stomachs can
observed, with a negative image of the sphincter that exists between
two stomachs.
Figure 8
Lateral (A) and dorsal (B) views &f. scrofaand we can observe the
partial filling (25 per cent) of distal portion of intestine, more precisely
the rectum segment, 12 hours after.

very common in herbivorous fish and in those that ingest food that
is difficult to digest, probably in order to increase the absorption
area?, Although the anatomical aspect of the composed stomach
was studied by Hernandez-Blazquedzall®, the caecal stomach
functions are not yet well defined. From the images obtained
immediately after the introduction of the contrast mixture (Fig. 3),
we can conclude that the composed stomach is divided in two

Figure 4 compartments joined by the caecal stomach, which plays the role of
Esophagus and stomachrocrofain right lateral view. Esophagus (E), a sphincter, isolating the cardiac stomach from the pyloric (muscu-
transition site arrow_), cardiac stomach (C), caecal stomach (CS), pylorifér) one, avoiding the reflux of the food that would be produced by
stomach (P), pyloric caeca (CP). smooth muscle under intraluminal pressures.

It is important to emphasize that many factors can change
the gastric emptying time and the food traffic through the intestine
in fish, e.g. the water temperature, the period of starvation before
the experiment, the stress caused by handling, the force feeding, the
composition of the food and the fish $iZé”2°37

It is necessary to distinguish that, for this last parameter,
Elliott® has not detected any effect of fish size on the gastric
Figure 5 emptying time inSalmotrutta, like Hofer et al’ for the adult

Radiographs oP. scrofain lateral (A) and dorsal (B) view, 3 hours afterc@P; Rutilus rutilus (12-18 cm of total length and 30-100 g of
the introduction of the alimentary mixture, when there was the filling dptal weight) over the food passage time through the intestine.
the cardiac and pyloric stomachs, besides the two first intestind@blinget al?°, consider that the indication related to the effect of
circumvolutions. the fish size is controversial.
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In addition, concerning the factor of food composition, this Although some mechanisms involved in the mechanical
investigation was performed with a mixture of ration/contrast, in ordiemction and in the control of food traffic by the digestive tract
to avoid a greater interference in food passage time, this way providifid®. scrofaare still unknown, it is proposed that in similar con-

a closer approach to natural conditions. The addition of barium sulfditons to those verified in this study, the return of the appetite
to the food does not affect significantly the gastric emptying timean occur within 6 hours after feeding, and 24 hours of star-
when compared to food without the addition of a contrast métliunvation can assure the complete emptying of the digestive tract

In our experiment, the following parameters weref P. scrofa
standardized and kept unchanged: food composition, ratio of food/
contrast, period of starvation, water temperature and fish size.

The data of the food passage time through the gastroin-
testinal tract obtained in this experiment are similar to those
reported by Maliyenk® - 9:25 h - with juvenileRutilus rutilus The authors are grateful to Dr. Massuka Y. Narahara,
(2.0 - 10.4 cm) and those related by Opuszynski; Shir8m@ril  Chairwoman of Aquatic Biology Section of the Instituto de Pesca,

- 12.8 h - withAristichtysnobilis (13 cm of total length). for the facilities in the obtainment of most of the material used in

Our results corroborate the thesis tRascrofahas for its  this experiment.
feeding habit the continuous ingestion of food, since the complete gastric We are also grateful to the Technicians José Plaza, from
emptying occurred 6 hours after the ingestion and 9 hours after belmg Instituto de Pesca and Paulo G. G. Marin and Jorge L. Sepatini,
fed, 72 per cent of the digestive tract was found to be empty. Gadirion the Radiological Service - Clinical Surgery - Veterinary
emptying plays the main role in control of appetite in*fi@wither; Medicine College - University of Sao Paulo, for their cooperation
Grove® connected the gastric emptying to the return of the appetitieiring the experiment.
and Magnusati Beamishand Groveet al** demonstrated that hunger Our special thanks to Dr. Alison Colquhoun, from the
was determined by the amount of food present in the stomach.  University of Oxford, for her helpful hints in the English revision.
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RESUMO

O tempo de passagem de alimentos através do trato digestivo do peixe detritivoro de d@uehitombus scrofdoi determinado com

0 uso de técnicas radiograficas e de sulfato de bario como meio de contraste. Os peixes foram mantidos em tanques c@m temperatu
constante de 23°C e receberam via oral, através de um cateter, uma mistura de 2,5 partes de racdo peletizada moida e 1 parte de
suspensdao oral do meio de contraste (Celobar). As radiografias foram obtidas em intervalos de 3 horas. Imediatamerddwgds a int

da mistura, visualizou-se o preenchimento gastrico pelo contraste. Foi observado um esfincter existente entre os estémagos card
pilorico. Apds 3 horas, 80 por cento do intestino proximal estava repleto. Apés 6 horas, o contraste atingiu as porc@ien@daxima

e distal do intestino. Apds 9 horas, 70 por cento do intestino distal estava repleto, e ap6s 12 horas, havia a marcagéo do seigm

(25 por cento da porgao distal do intestino).

UNITERMOS: Intestino; Sistema digestivo; Radiografia; Peixes.
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