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Nlcola§ora, Annia Rae M., Gurrea, Allen Michael C.,
Valencia Hannah C. “Gastric evacuation and intestinal
passage of food in relation to time in nile tilapia
(Tilapia niloticus) reared at different salinities.”

Gastric evacuation rates and intestinal passage of
food in  relation to time in tilapia (Tilapia nilotica)
reared at different salinities were evaluated. Tilapia
broodstock (approximately 200g) were stocked and acclimated
at one ton capacity holding tanks. Fish were fed with
commercial feed (4% bodyweight) for one week and starved
for one-day prior to the dissection. Stomach and intestine
were weighed and measured. The gastric evacuation rates

were calculated using the regression model (y= ae™).

Results of the study showed that gastric evacuation in
tilapia reared in brackishwater was faster (slope=
-0.7844) compared to those reared in freshwater (slope=
-0.3709) as determined by the slope of the regression line.
Intestinal filling time was determined by testing for the
rate of food movement and intestinal passage time using
One-way ANOVA at 0.05a. Intestinal passage time and rate of
food movement has no significant difference in relation to
salinity.
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Chapter I

INTRODUCTION

A. Background of the Study

The gastric evacuation time (GET) and the passage of
food through the intestines was investigated in Nile
Tilapia (Tilapia niloticus) fish in response to different

salinities. 1In this study, voluntary feeding was imposed

and ma{kers were not used. The passage of food through the
stomach was described by the exponential model.

Jobling (1986) hypothesized that the pattern of
emptying is influenced by feedback signals from the

receptors located in the upper intestinal tract and by

factors affecting the rate of physical/ chemical breakdown
of food particles. It was also hypothesized that different
natical expressions would best fit to empirical data

ric evacuation studies, independent upon the
ons employed (Jobling, 1986).

chers depermined if there is




B. Statement of the Problem

Will there be a significant difference in the gastric

evacuation and intestinal passage of Nile tilapia reared in

"ég-@iiferent salinities?

;;E%?Hypothesis of the Study

. There will be no significant difference in the gastric

;j‘ivacuation and intestinal passage of Nile tilapia reared in

different salinities.

D. Objectives of the Study

1. To measure gquantitatively the rate of gastric
evacuation and intestinal passage of food in Nile
tilapia (Tilapia niloticus) adult fish using the

~ exponential method.
To determine if the gastric evacuation and

“inal passage of food differ with salinities.




exact time for feeding. This will also be of great help to
fish farm owners to determine the time or time interval in
feeding Nile tilapia broodstock. This will help them save
money, time, and energy in feeding.

We aim to help improve finding efficiency and increase

Nile tilapia production.

F. Scope and Limitations of the Study
This study was conducted at SEAFDEC/AQD for one month.
In this study, fish was reared at three salinity levels (0,
16, and 32 ppt),and sampled at maximum of eight time
fhE e el SR DT Y. 4, 6, B8, 10, 12) and with three fish
per time and salinity.
£ 10 &

finition of Terms




Salinity
®* The degree of saltiness

® Amount of salt in aquatic environments

Gastric Evacuation Time
®* The time for food to leave the stomach
* The time when stomach will be empty

®" Emptying of a meal from fish stomachs

Intestinal passage

" Passage of food through the intestines

t@zataon
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';'gﬁgmig? a new cllmate




in a spawning pit dug by the male; then she picks them up

Chapter II
Review of Related Literature

A. Cichlids

Cichlids (family Cichlidae) are perchlike freshwater
fishes found in South America, Africa, Sri Lanka, and
India, with more than 200 species in Lake Malawi (Africa)
alone. They are more closely related to one another than to
any other fish. The dwarf cichlid (Nannacara anomala) and
the blue acara (Pelmatochromis pulcher) are popular
aquarium fish, and Tilapia cichlids (ranging in length up
to 50 cm/20 in) are important commercial fish. Because of
their behavioral patterns, cichlids are of interest in
behavioral research. Some species of Tilapia, exhibit
mouth-brooding, in which the eggs are fertilized either in

the spawning pit or in the mother's mouth, where the brood

then remains until hatched. (First the female lays the eggs

e \ ;ygaggit&esg;disagreﬁ as to whether she

P ey i R




threatens. Eventually the mother resists receiving the

young 1into her mouth, and the of fspring are forced to fend
for themselves (Grolier, 1993).

Iwo ‘types of parental strategies are known 1in
tilapias, namely bottom-spawners and mouth-breeders. The
€ggs and embryos of the first one are spawned and attached
within a nest and are less protected and more exposed to
external dangers than those of mouth-breeders, that are
incubated in the pharyngeal cavity of one or both parents.
While mouth-breeders lay generally less and larger eggs,
providing the embryo with a higher yolk content, bottom-
spawners lay a larger brood of smaller eggs, each

containing less yolk (Fishelson).

B. Tilapia

B.1l BIOLOGY AND TAXONOMY

Aii the tilapias, in the broad sense, have in common a

k2

us diet, in distinction to the majority of
CERaRrIiOted  Bolo '
dominantly on small invertebrates or
2 Etens in ¢




Structural adaptations to this diet are the long,
coiled intestine, which may be up to fourteen times the
body length, the bicuspid and tricuspid teeth of the jaws
and the small, sharp pharyngeal teeth used to prepare the
food by shredding the coarser materials and breaking some
of the cell walls before passing it on to the stomach.
Since the preferred diet of the different species varies
from the coarse vegetation (grasses, young shoots, and
leaves of water weeds) to a unicellular algae and even
bacteria, the teeth also vary in the degree of coarseness
and movability (Trewavas,1982).

Tilapias all exhibit a high degree of parental care
and in its function they are sharply divided into
substrate-spawners and guarders of the brood on the one

hand and the mouthbrooders on the other (Lowe-McConnell

19693

The mouthbrooding of the species of Sarotherodon is
tY}.’_-,,e-‘s'_ ‘biparental or parental in subgenus
 the x stricted sense) and maternal

St 2. ek pattern in the rest. The

o e .




B.2 FEEDING BEHAVIOR

Tilapias of the genus Tilapia, especially T. rendalli,
T. zilli, T. sparmanni and T. tholloni are macrophyte-
feeders™ in " 'which the adults feed preferentially on
filamentous aigae, aquatic macrophytes and vegetable matter
of terrestrial prigin | (Yeaves, plants, etc.); but this
specialization does not exclude certain stages of
development (alevins) at certain times of year (winter),
and in certain waters poor in aquatic vegetation, taking
small animal food (Spataru, 1978).

In the genus Sarotherodon, certain species (often
endemic lacustrine species) seem very specialized feeders,
Retabliv eSS awariabilis  of lake..Victoria (fine. benthic
sediments, Fryer and Iles 1972), S. alcalicus grahami of

Lake Magadi (epilithic blue-green algae), S. esculentus

(phytoplankton) and.. S. macrochir (phytoplankton and
gg;;;;h;c algae). But many species have a much more
rsified feeding regime with a dominant vegetable

: lithic, epiphytic, and filamentous algae,

s and fine sediments rich in




large range of water bodies reveals a Very great
variability of feeding regime. This is an element of the
remarkable plasticity and ecological adaptability of

tilapias (Trewavas, 1982).

B.3 FEEDING PERIODICITY

According to Man and Hodgkiss (1977), S. mossambicus
feeds during the day. The feeding intensity (measured by an
index of stomach fullness) is maximal between 12:00 RIMe
and 3:00 P.M. and then slows progressively so that stomachs
are completely empty between 12:00 A.M. and 3:00 A.M.

Tilapia feeding activity varies seasonally according
to various factors: temperature, reproduction,
interspecific competition. In Plover Cove Reservoir, Hong
Kong, the seasonal cycle of feeding activity follows the
temperature cycle. The minimum activity is during January-
February (16 to 17°C) and maximum in July- September (27 to
30°). In Lake Kinneret, Israel, the feeding activity of S.

d by index of stomach fullness) is maximum

el 201117 is ‘maximum




C. Environmental Physiology of Tilapias

Fish of the genera Tilapia and Sarotherodon are native

to Africa and Israel, the northern limit of thelr

distribution. The tropical origin of tilapias 1is clearly
expressed in their ecological physiology, especially in
their temperature preference during their reproductive
period.

Tilapias become inactive at water temperatures below
16°C, which is the minimal temperature for normal growth.
Reproduction occurs above 22°C. Their adaptation to stable
ambient temperature regimes has limited their natural
distribution to tropical areas.

In recent vyears tilapias have been distributed all
: over the world where temperatures are suitable for their
| growth and reproduction. In many parts of the world
tilapias have been introduced for vegetatioﬁ control, pond
. culture and recreational fishing. They have become
'gstablish%d in numerous lakes in Florida, California and

e L OCCIIT L1 OLIller

3teggg;aturea are qnof limiting.

regions of the U.S.A. in




potentials Yeesusen cfsrdnaion fast growth, herbivorous oI
omnilvorous feeding habits, high food conversion efficiency,
high tolerance to 10w water quality, ease of spawning, ease

of handling, resistance to disease and parasites and good

consumer acceptance.
Tilapias are €uryhaline and are able to survive, grow
and some species even reproduce in seawater up to 40%

salinity. Tilapias are able to tolerate a pH range of 5 to

11 (Chervinski, 1982) .

D. The Feeding Apparatus and Digestive Tract

It 1s important to begin with consideration of the
feeding apparatus and digestive tract since these
structures limit the range of potential food items that can
be consumed and digested efficiently. Compared to the
haplochromis cichlids, the feeding apparatus of tilapias is

simple and unspecialized (Fryer and Iles, 1972). The role

.Bhﬁrgngeai';apparatus is to prepare food for

» species this 1is done by breaking or

$ 2




separation from the intestine by a sphincter, the low pH of

the fluid it contaips (Moriarity, 1973; Bowen, 1976b;

Caulton, 1976) and the pH optima of proteases extracted
its mucosa (Fish, 1960; Nagase, 1964; Moriarity, 1973)
7?£.$tteat to its gastric function. Immediately behind the
 >"tic Sphincter, the intestine receives a common bile
:{?_ctq The first, short intestinal segment is thin-walled
,f; and of greater diameter than the remainder. Perhaps the
- most striking feature of the digestive tract of tilapias is
the exceptional length of the intestine. Quantitative data
for T. rendalli, S. melanotheron and S. mossambicus show
that the ratio of intestinal length to fish standard length
is between 7:1 and 10:1. The intestine ends in an anal

sphincter (Caulton; Pauly; Bowen, 1976).
E. Digestion in Tilapias

©  Digestion in tilapias is a two-step process with

distinct gastric and intestinal components. The mechanism




‘act ivity. 1p
Contrast, the pH of stomach fluid in actively

(Moriarty,

1976) and values as low as 1.0
as been
h recorded (Payne, 1978) . Moriarty(1973) was the

st
fir to descripe the role of gastric acid in digestion by
tilapias. He Studied the population of §.

niloticus in Lake
- George, Uganda,

which feeds on phytoplankton dominated by
éfé@lonial. and filamentoys blue-green species.

As the algae
peacs from the ©Sophagus they may travel either of two

routes through the Stomach. Peristaltic movement carries

the food in 3 Posterior direction along the ventral wall,

up the posterior wall and back along the top to the pyloric

sphincter. Some algae take a shorter route passing across
|

the anterior of the stomach from the esophagus directly to

the pyloric sphincter (Trewavas, 1982).
F. Gastric Evacuation Time

nal passage related to digestion and

T




the need for further investigations in the commercially
more important species has been suggested. Studies to
quantify food consumption rates have been conducted by
Kitchell, McComosh (1970) and Baumann (1972). Requisite for
most of these studies was knowledge of the rate of gastric
evacuation (Pandian, 1967; Magnuson; 1969). The modified
sacrificed method remains the only method applicable for

fish by GET estimates (Perera and De Silva, 1978).

G. Gastric Evacuation Time in Nile Tilapia

Gut passage time can be a useful parameter for the

sstimation of the rate of food consumption of a fish

opulation. Much information is available about stomach and
cuation in fish (Fang and Grove, 1979). However, as

| by Hofer et al. (1982), the findings obtained

- time during which the labeled

A pa e rates may be obtained




H. Control of Gastric Evacuation and Intestinal

Passage

The detailed structure of the alimentary canal of fish
was reviewed (Kapoor, Smit, Verighina 1975; Fang and Grove,
1979) and the general pattern emerged that the major
divisions of this organ system, and its histology, conform

to the patterns seen in other vertebrates. The digestive

tube consists of an inner mucosa, supporting submucosa,
smooth ~muscle coat and outer serous layer. Major
tations occur in different fish according to® their
~habits and greatest variation 1is seen in the
e of the mouth, pharynx, stomach (when present),
length of the intestine and in the enzyme

ociated with mucosal- and digestive gland-

c nervous system coordinates peristalsis,

~ flow and other complex activities
n, mucosal cells are present which

‘and distant segments

*




I. Factors affecting Gastric Ewvacuation and

Intestinal Passage

The emptying of a meal from fish stomachs has been
| shown influence by a number of factors. The emptying rate
of the stomach depends on the species and also on such
factors as temperature, food type, meal size, fish size and

even method and frequency of feeding. Other factors such as

reproductive state of the fish, photoperiod, stock density

and diseases are also likely to affect digestion. Most

workers sampled the stomach contents at various times after
@& meal so that emptying curves could be constructed and so
‘»’

low measurements of emptying rate. Others have not

i 2 e » > 2
tified the rate of emptying in this way, but have

ratin CAT £y
gé s%gmach fullness and at intervals




emptying. Jobling (1980) concluded that the overall energy

content of the diet, and not deficiency of a specific

nutrient, was the factor monitored by the fish. However,

not all fish possess stomachs and the question arises of
how appetite in these species is controlled (S. Holmgren,
D.J. Grove, D.J. Fletcher). Furthermore, chemical and
physical composition of the food has been reported to
affect gastric emptying rate (GER) measured as weight per
unit time (Karpevitch and Bokova, 1973; Pandian, 1967;

Windel et al., 1969; Rosenthal and Hampel, 1970). An

s e

was made to compare the rate of gastric evacuation
5 ‘{2 \ r

tgﬁtinal passage of a diet containing 45% protein,
Jifferent salinities done in two size groups of

mf. weiagn
or any ‘period (Darnell and
Felred uno
17 ,;eabeurg and Moyle, 1964).
28N BT e
ate of food
cﬁrec%




Chapter III

METHODOLOGY

A. Materials

Nile tilapia fish
Fiberglass tanks
Siphoning hose
Refractometer
Ruler

Mettler balance
Forceps

Graduated cylinder

_;r;ggqgﬁctiOn tools

mean weight of 200g were
Iloilo and reared under laboratory

ieries Development




B.2 Acclimatization

All fish were acclimated to 0, 16, and 32 ppt salinity
for one week. Salinity was gradually increased by 5 ppt
everyday until it reached 16 and 32 ppt. During this time,

fish were slowly adapted to pelletized commercial feeds.

B.3 Experimental Design, Set-up and Treatment

A design to compare the effects of the different

salinities was carried out. Three one-ton capacity

fiberglass tanks were used with three salinity levels (0,
16, and 32 ppt) each, having eight time intervals (0,1, 2,
6, 8,10, 12hr) with three replicates per level and

. Around 30 fishes were stocked/ tanked so that a

) ¥, I *liey
les were used.

L3 b the intest )
g ch gfi.:}"o"Jc,"céspcmd.s to 4% body weight

in their

i




from previous studies, the water being replenished until
all uneaten food particles and feces were removed from the
tanks. Then fish were allowed to consume a diet previously
mentioned given to satiation until no signs of feeding will
be observed. Feces and excess food were siphoned out and
fish were sampled at 0, e 2. g 6,08, " {0reaill Rachoyx

thereafter.

B.5 Sampling/ Analysis of Samples

;:g Batches of fish were sampled at time intervals ranging
p from O, 1, 2, 4, 6, 8, 10, 12 hours, removed from the tanks
an sacrificed. Samples were kept and analyzed. The fish
gﬁmﬁant were not included in the analysis. Autopsy

formed according to Windel (1966;

y cavity was opened and the esophagus
with forceps. After which, the

*“Vgisg, the intestine.




the stomach per weight of fish and time was used to

ascertain the evacuation rate for each treatment.

B.7 Intestinal filling time

Length of the intestine was likewise measured. When

the food reached the anal opening, the intestine was

considered 100% full. Data were discarded when distance

traveled by food equaled the total length of the intestine.

The intestinal passage time (IPT) and rate of food movement

(REM) were then calculated as K

re.

= D/T ' ‘

L= total length of the intestine (cm), T= time since
iEpared in sroc

Qgistance traveled by food from the
LTS i 5

;95 an%_integtine (cm) (Hofer et al.,




Chapter 4

RESULTS and DISCUSSION

GASTRIC EVACUATION RATES

Gastric evacuation rates were determined from the

exponential relationship between the amount of food
remaining in the stomach per weight of fish and the
time (Fig. 1). The amount of food remaining in the stomach

per fish weight was used to determine gastric evacuation

time. This was used to correct the variability in sizes of
£ish B0 that W figheizre will not matters in gastric

A‘evacuation rate. The rate for Tilapia reared in

-fbrackishwater was faster (slope = -0.7844) compared to
Tilapia reared in freshwater (slope = -0.3709).

The gastric evacuation rates for freshwater and
brackishwater can be described by the equation:
v=20.01327e158°2 v’ 0.93 and y= 0.0192pe™'%4* 2= 0,97
respectively, where y = amount of food remaining in the

stomach per weight of fish and x = time.

No rate was determined for Tilapia reared in seawater

"

i

A o . 1
Nlle 11l1apla obtained




evacuation. This can be caused by the small span of time
that they were acclimatized to 32ppt.

Factors which affect gastric evacuation may also
affect appetite and food intake, at least in short term.
However, control of food intake may also depend on
metabolic and behavioral factors (Beukema,1968; Rozin and

Myar,1961,1964; Colgan, 1973).

INTESTINAL FILLING TIME

ééP The intestines of Tilapia in brackishwater were full

‘ter 95 min after onset of feeding, but only after 155 min

reshwater and after 395 min in seawater, so that

e

| passage time took longer in seawater than in

‘.‘_&_md brackishwater (Table 1). 'The intestinal

g ¥ 5"

‘,kishwater was not significantly faster than

"éyater SP20805). The “xrate of food
i
- was not significantly faster than

rate of food movement

-—s




g feed/g fish

0004 A

y=0.01327¢0-3709x (2_ 4 gq




Table 1. Rate of Food Movement (RFM) and Intestinal Passage

Time(IPT) of Tilapia nilotica reared at

different salinities.! Values are means * sd of
three replicates.

Salinity Rate of food Intestinal3passage
Movement? time
(cm min™t ) (min)
Freshwater 0.29440.019 308.07+109.04
Brackishwater 0821401 019 186.17+£109.04
Seawater 0.285+0.019 403.73£109.04

*Values * sd did not differ between treatments (P>0.05)

? Rate of food movement = distance traveled by food(cm)
time since feeding (min)

Iatestlnal passage t:Lme— length of intestine(cm)x time since feeding(min)
e distance traveled by “food (cm)

g v’

a90%1g§

7 .




Chapter 5

SUMMARY, CONCLUSION, RECOMMENDATIONS

The gastric evacuation time was determined by the
exponential  relationship between the amount of feed
remaining in the stomach per fish weight versus time. The
gastric evacuation rate of tilapia reared in brackishwater
was faster compared to tilapia reared in freshwater
determined by their slope.
| The intestinal passage time and rate of food movement

: . in brackishwater was not significantly faster than that in

ceshwater and seawater. Conseqguently, the rate of food

and intestinal passage time was not affected by

f!ae results obtained that no gastric
et luas Edetermined for seawater,
Tilapia nilotica should be
/ adding 5 ppt salinity every 3

h has more time to adapt




TR

Intestinal passage time should be sampled every 10 minutes
instead of every 2 hours with the gastric evacuation time.
In this study, the space gap of time intervals for
intestinal passage time is too far (0,1,2,4,6,8,10 and 12

hr) that analysis is not so significantly different.
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GASTRIC EVACUATION RATES

(Raw Data)

TIME SALINITIES WEIGHT OF WEIGHT OF

Ohr FW
| BW
| SW

S58hr FW

BW
SW
1.58hr

3.58hr

FW
BW
SW
FW
BW
SwW
5.58hr FW
BW
SW
FW
BW
SW

FISH (g)

STOMACH (g)
1911 214
1943 il
182.2 0.8
2859 295
217 1 3.07
164.2 0.45
198.7 2907
137.3 0.54
156.2 1.04
1725 0.67
234 .1 47
188.8 0.58
262.1 10.29
250.8 0.7
2346 0.81
211.8 0.96
2027 4516
2157 1.14
176.8 1.33
2076 1.62
148.6 0.89
248 1.62
231 3 0.55

WEIGHT OF

0.59
0.54
0.59
0.52
0.45
0.41
0.47
0.36
0.39
0.4
0.6
0.46
0.61
0.58
0.54
0.47
0.46
0.79
0.45
0.51
0.56
0.63
0.55

RATIO OF FEED WT.
OVER FISH WT.

0.0072
0.0041
0.0013
0.0102
0.023
0.00029
0.0079
0.00103
0.0031
0.0015
0.0023
0.0007
0.0026
0.0005
0.0013
0.0018
0.0035
0.0016
0.0056
0.0053 ‘
0.0022
0.0018
0
0.0018




INTESTINAL FILLLING TIME
(Raw Data)

TIME SALINITIES Intestine

length (cm)
Ohr FW 46.8
BW 58.52
Sw 4963
FW 71.25
Swo 50.69
) 51.75

4503
5479
8219
4513

62.81
Fuli

. 63.48

Feed

2264
30.06
46.44
62.44
37.75

Intestinal Passage Rate of Food Movement

Time (min)

124.03
116.81

64.12

108.4
142.19
131.93
212.48
195.89
267.35
437.27
289.77
655.54
414.81

423.25

{cm/min)

0.377
0.501
0.774
0.678
0.397
0.384
0.244
0.229
0.213
0.188
0.156
0.0968
0.151

0.174
0.13
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Plate 9. Weighing the stomach of Tilapia niloticus u

analytical balance.
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