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I. Introduction 

Fish living in various habitats show as a rule different feeding habits. 
They may often utilize different kinds of food. Great variations occur 
in the degree to which various digestive organs develop. In some fish, 
such as sharks, the pancreas is compact, but in most teleosts it appears to 
be a diffuse organ. ARIMA and KUBOTA (1931), who made a detailed 
and thorough study of the pancreas of 72 species of fish, stated that it 
may be found either inside or outside of the liver adhering to it, outside 
of the digestive tract, or inside of the spleen (SuY~m~o, 1942). 

Pylorie caeca, which are the embryological equivalents of the exo- 
trine pancreas, may be its physiological equivalent in certain cases 
(menhaden, Brevogrtia tyrannus; and scup, Stenotonus chrysops) where 
the pancreas does not show a high degree of morphological differentiation. 
In these fish the caeca are important as a source of proteases (C~EsLEY, 
1934). These structures are, however, absent in many fish. 

Some of the fish do not have a " t rue"  stomach. Mugil cephalus, for 
instance, has a stomach without gastric glands but with a gizzard-like 
pylorie region (IsHIDA, 1935). In Cyprinus, Rutilus, Gobio (AL-HUSSAINI, 
1949, according to FISH, 1960) and Fundulus (BABKI~ and BowIE, 1928) 
a " t rue"  stomach is also missing. 

Herbivorous fish have long coiled intestines, whereas carnivorous 
fish have short ones. 

AL-HussAI~I and KHOLY (1953) described the distribution of amylase, 
protease, and lipase in the digestive tract of Tilapia nilotica, Clarias 
lazera and Sargus vulgaris. Extracts of the buccopharynx of the three 
species showed an amylolytic activity. I t  was higher in Tilapia and 
Sargus than in Clarias. In general, the concentration of the amylolytic 
enzyme seemed to increase towards the anal orifice, showing that  it was 
strongest in the middle and posterior parts of the intestine. Proteases 
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were completely absent in the buceopharynx. They were more con- 
centrated in the stomach and posterior third of the intestine than in the 
rest of the tract. With regard to lipase, this was also found in the bucco- 
pharynx. Here it was more concentrated in Tilapia and Sargus than in 
Clarias. In  Tilapia it was found throughout the tract  but especially in 
highest concentration in the stomach. I t  was not known, however, 
whether the enzyme was secreted in the stomach or originated in the 
intestine or pancreas and subsequently passed on to the stomach. The 
fact tha t  the differences in concentration of the enzyme of the three 
species were only slight might be due to the similarity of their food. 

According to a recent study by FIs~t (1960) on the comparative 
activity of some digestive enzymes in the alimentary canal of Tilapia 
mossambica and the perch, Perca ]luviatilis, amylase is found throughout 
the tract,  including the buccM cavity and mesenterie tissues (pancreas) 
in Tilapia: whereas in the perch it can apparently be extracted from the 
diffuse pancreas in the connective tissues covering the intestine. Dif- 
ferences in the proteolytie activities of the two species seem to be relatively 
slight. The stomach contains a protease with a pH opt imum of 2.0, which 
may  therefore be pepsin or a pepsin-like enzyme. From the mesenterie 
tissues (pancreas) a very active protease can be obtained. I ts  opt imum 
lies at the alkaline side of pH 7 and hence it may  be of tryptie nature. 

Comparatively little is known of the effects of special and natural  
diets on enzyme production, and this is particularly true in fish. CI~ESLEY 
(1934), comparing the mehhaden, Brevo6rtia, which feeds on fa t ty  food, 
with other fish which normally consume far less fats, could find no 
differences in the lipase activity. AL-HvssA~NI 0949) claimed that  in the 
predominantly herbivorous Cyprinus, an appreciably more active 
carbohydrase and a definitely less active protease are present than in the 
carnivorous Gobio (BARmNGTON, 1957). VO~K (1941) found that  the 
differences in the activity of earbohydrases are much greater than those 
of the proteases when omnivorous fish are compared with carnivorous 
ones. He showed, for instance, that  the amylolytie activity of the 
pancreas of the carp was more than a thousand times greater than that  
of the carnivorous dogfish and pike. In  contrast to this big difference, the 
"tryptie" activity of the pancreas of the dogfish and pike was only eight 
times greater than that  of the carp (BA~m~GTON, 1957). FISR'S (]960) 
investigations showed that  the digestion of starch is more efficient in the 
herbivorous Tilapia and tha t  digestion of protein is a little less than that  
found in the carnivorous perch. 

With respect to the problem of the extent to which a particular 
organism can adapt  its enzyme production to changes in diet, the picture 
is not so clear. SCtILOTTKE (1939) did find variations in the relative 
proportions of carbohydrase and protease activity in the carp, but these 
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variations were not clearly correlated with the nature of the diet (P~ossER 
and v a n  WEEL, 1958). 

SQUIRES (1953) stated that  the African native on a carbohydrate- 
rich diet shows a salivary amylase activity several times higher than that  
of the native who has been on a protein diet. When put on a carbo- 
hydrate-rich diet, the latter showed, after several weeks, an increase in 
amylase activity of the saliva. 

GROSSMA~ et al. (1943, 1944) found that  a high carbohydrate diet 
produced a pronounced increase in the amylase activity of the pancreatic 
tissues of rats. A high protein diet resulted in a greatly increased 
trypsin activity, but a high fat  diet caused no important  alterations in 
that  of lipase. 

S~AMBAUG~ (1954) discovered a positive correlation between the 
blood ingested and the subsequent protease activity in the midgut of the 
mosquito, Aede8 aegypti. However, Guw~ et al. (1956) found no such 
correlation between specific pancreatic enzymes in dogs and the kind 
of food they were fed within a few hours after feeding. This negative 
result may  be due to the fact tha t  an adaptation to the diet was not 
possible because of the short interval of time (PROSSER and vA~r WEEL, 
1958). 

VAS WE~L (1958) found a positive adaptation of earbohydrase 
activity to the diet in the African snail, Achatina ]ulica, after several 
weeks of dieting. The proteases, on the other hand, showed a negative 
adaptation: Less proteolytic enzymes seem to be produced in protein-fed 
animals than in starch-fed ones. Lipase activity does not seem to be 
affected by the diets. 

From the literature it is apparent  that  the distribution of enzymes in 
Tilapia corresponds with tha t  of most teleosts (BAR~I~G~OS, ]957), 
except that  the buccal cavity shows a certain amount  of amylase and 
lipase activity. Since fish do not have salivary glands, these enzymes may  
have their origin in other parts of the intestinal t ract  and appear second- 
arily in the mouth as a result of regurgitation. 

Concerning the effects of different natural  diets on enzyme production 
in fish, the herbivorous fish seem to produce more carbohydrases, 
especially amylase, and a little less proteases than the carnivorous fish. 
As far as lipase activity is concerned, no significant differences have been 
found between fish which feed on fa t ty  food and those which consume 
far less fats. No definite conclusion can be drawn yet with respect to 
the problem: "Does a particular individual fish adapt  its enzyme 
production to changes in its diet ?" 

Tilapia mossambica PETE~S waS chosen to experiment with because 
being an omnivorous fish it may  be expected to be equipped with a full 
complement of enzymes. I f  special diets do have a definite and specific 
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ef fec t  on  t he i r  a c t i v i t y ,  i t  w o u l d  be  e x p e c t e d  to  b e c o m e  m o r e  no t iceMe 

in such  an ima l s  t h a n  in  those  wh ich  h a v e  a l i m i t e d  e n z y m e  c o m p l e m e n t  

a n d  which  are, on  a c c o u n t  of t h a t ,  a l r e a d y  spec ia l ized  to  a ce r t a in  diet .  

I am indebted to Dr. P. B. VASe WEEL for his critical interest in these investiga- 
tions and his help in preparing the manuscript, and to Dr. A. L. TESTER for his 
comment on the statistical t reatment of the results. 

II. Material and methods 
Tilapia mosambica P~T~RS, 15~20 cm in body length, were obtained from a 

private pond in Honolulu, Hawaii. For the experiments on the effects of diets on 
enzyme activity, three groups, each of which consisted of six fish, were kept sepa- 
rately. Each group was fed daily for a period of six weeks: The first group ex- 
clusively with rabbit meat (protein-rich diet), the second group with bread (carbo- 
hydrate-rich diet), and the third group was fed with ground beef, containing a high 
percentage of fat. The amount of food given to the fish was regulated so that  it 
was all consumed by the next feeding time. At the end of the six-week period, all 
of the fish were killed by a blow on the head, and the digestive tracts quickly 
dissected. The mesenteric and fatty tissues covering the stomach and intestine 
were carefully removed and discarded. Since the intestine shows an anterior-, 
middle-, and posterior part, characterized respectively by zigzag-, longitudinal-, 
and transverse mucosM folds (AL-HvssAI~I and K~oT,y, 1953), the digestive tract 
could be divided into the following five parts: esophagus, stomach, anterior-, 
middle- and posterior part of the intestine. 

The contents of these parts were carefully removed by rinsing and the tissues 
mashed with a pair of scissors and weighed. The brei was extracted with 50 To 
glycerol (3 ml of 50% glycerol: 1 g of brei) in a refrigerator for 24 hours, with a few 
drops of toluene added as a preservative. The extract was then filtered through 
glass wool and immediately assayed for enzyme activity. 

Digestion was carried out at 360 C for a specific period for each enzyme (see 
Section III). A 3 % gelatin solution was used as a substrate for proteases, a 3 % 
starch solution for amylase, and a tributyrin emulsion for lipase. The following 
buffer mixtures were used in determining the pH curves: K-biphthalate-HC1; 
K-biphthalate-NaOH; KH2POd--NaOH; and HaBOz--NaOI-I. 

To determine amylase activity, SCHOO~L'S sugar titration method was used 
(PRossER and vA~ WEEL, 1958). 

Protease activity was determined electrometricMly by SS~E~SE~'S formaldehyde 
titration to pH 10 with a "Pho tovo l t "  pH meter (VA~ W ~ L ,  1959). 

RO~A'S and MIC~]~LI'S sta]agmometric method was employed to measure the 
lipase activity (PRoss~R and VA~ W~EL, 1958). 

Details as to the amount of extracts, substrate, and buffer used in the experi- 
ments are given in "Digestive enzymes". 

I I L  Diges t ive  enzymes 

T h e  p H  o p t i m a  of amylase ,  l ipase,  peps in  a n d  t r y p s i n  were  de te r -  

m i n e d :  

a) Amylase. 1 m l  of e x t r a c t ,  1 ml  of buf fe r  so lu t ion ,  5 m l  of 3% 
s ta rch  so lu t ion  a n d  0.5 ml  of 2 % NaC1 so lu t ion  were  m i x e d  a n d  a few 

drops  of t o luene  added .  T h e  cont ro ls  were  m a d e  in  t h e  s a m e  way ,  

b u t  h e a t e d  e x t r a c t  was used.  A f t e r  i n c u b a t i o n  for  3.5 hours  a t  360 C, 
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the enzyme activity was arrested by heating, and the amount of reducing 
sugar was determined. 

As can be seen from Fig. 1, an opt imum was found to occur at 
pH 6.71. 

b) Lipase. 1 ml of extract, 1 ml of buffer solution, and 15 ml of the 
aqueous tr ibutyrin solution were mixed and a few drops of toluene added. 
The controls were made in the same way using heated extract. After 
incubation for 1 hour at  360 C, the enzyme activity was arrested by 
heating and the percentage of residual tr ibutyrin determined. 

The optimum appears to be about pH 7.15 (Fig. 2). 

c) Proteases. Because two different enzymes (pepsin- and trypsin- 
like) were probably present (see Introduction), a more detailed study 
was necessary. The digestive tracts were divided into five parts (see 
Material and methods) ; and two experiments were carried out, one with 
a part  including, the other with the corresponding part  deprived of its 
contents. 

1 ml of extract, 1 ml Of buffer solution, and 5 ml of 3% gelatinsolution 
were mixed and a few drops of toluene added. The controls were made 
in the same way using heated extract. After incubation for 4 hours at 
360 C, the enzyme activity was arrested by heating. 

The result of the protease activity determinations (Fig. 3, 4) show 
that  there are two different proteases, one with an opt imum at p i t  2.8, 
which might be pepsin, and the other showing an opt imum at pH 8.0--8.2, 
which conceivably might be a tryptie enzyme. 

IV. Effects of diets on enzyme activity 

To study the effects of special diets on the activity of each enzyme, 
three experiments were carried out. 

Corresponding parts of the digestive tracts of six fish from each diet 
group were washed together in order to minimize individual differences 
and to give a sufficient amount of extract to carry out a determination. 

Enzyme activity using the same mixtures as given in "Digestive 
enzymes",  was determined at the pH optima found previously; pH 6.71 
for amylase, pH 7.15 for lipase, pH 2.8 for pepsin, and pH 8.0--8.2 for 
the tryptic protease. The results are tabulated in Tables 1--4. 

The data of these tables, except for those on "normal  diets 'u were 
treated statistically, using a "sp l i t -p lo t"  analysis of variance (S~]~D~COR, 
1959, Section 12, 11) to determine if there were significant differences 

1 Fish which were obtained fresh from the pond and which had therefore lived 
on "normal", but uncontrolled diet, were found to be unsuitable for this statistical 
treatment. 
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between the means  for enzyme ac t iv i ty  depending on the different 
diets and  the different parts  of the gut  (Table 5). 

For  the gut  as a whole, 
Table 1. Amylase activity with different diets 

Carbo - Diets hydrate- Proteiu- Fat- Normal 
Parts rich rich rich 

Esophagus 

Stomach 

Anterior 
part of 
intestine 

Middle 
part of 
intestine 

Posterior 
part of 
intestine 

31.21 
30.8 
31.9 

28.6 
28.0 
28.4 

34.1 
33.9 
34.2 

36.7 
36.3 
36.5 

34.9 
34.7 
34.9 

28.6 
28.5 
28.4 

25.9 
25.1 
25.5 

32.5 
33.1 
32.9 

34.2 
33.8 
38.9 

33.5 
33.4 
33.1 

29.7 
28.3 
29.0 

25.0 
24.8 
24.8 

33.6 
33.2 
33.2 

35.1 
35.7 
35.3 

33.0 
33.3 
33.2 

28.9 
28.7 
28.9 

25.1 
25.0 
24.9 

33.3 
32.5 
32.9 

35.2 
35.0 
34.9 

33.2 
33.2 
33.1 

1 Expressed in mg glucose. 

Table 2. Lipase activity with different diets 

Diets 
Parts 

Esophagus 

Stomach 

Anterior 
part of 
intestine 

Middle 
part of 
intestine 

Posterior 
part of 
intestine 

i Expressed in 

Carbo- 
hydrate- 

rich 

21 
3 
6 

38 
40 
45 

35 
30 
31 

33 
32 
34 

25 
23 
29 

Protein- 
rich 

1 
5 
2 

37 
40 
41 

33 
30 
29 

34 
32 
30 

25 
24 
28 

Fat- 
rich 

1 
3 
4 

45 
40 
39 

35 
30 
29 

29 
30 
31 

25 
23 
27 

Normal 

2 
4 
5 

40 
39 
42 

33 
29 
34 

30 
29 
28 

25 
24 
21 

% of digested tributyrm. 

the three diets produced 
s ign i f i can t  differences in  
amylase a n d t r y p t i e  activ- 
ity, bu t  no t  in  tha t  of 
lipase and  pepsin. 

The significance of 
the individual  means  for 
diets was invest igated 
by  a series of D-tests 
(SN~DECOR, 1959, Section 
10.6). F rom this analysis, 
it  is apparent  t ha t :  

1. Considering the en- 
tire digestive t ract  as a 
uni t ,  there is a significant 
difference in  amylase 
act ivi ty  between the fish 
fed on a carbohydrate-  
rich diet and  those fed 
in either of the other two 
diets, bu t  there is no 
such significant differ- 
ence between the fish 
fed on protein-rich and  
on fat-rich diets. 

2. There is a signifi- 
cant  difference in  t ryp-  
tie ac t iv i ty  in  the in- 
testines between fish fed 
on a protein-rich diet 
and  those fed on either 
of the other two diets. 
No significant differences 
are found between eso- 
phagus and  stomach. 
Between fish fed on car- 

bohydrate-r ich and  those fed on fat-rich diets, no significant differences 
are apparent .  

As might  be expected, enzyme act iv i ty  differed significantly between 
the parts  of the digestive t ract  for fish fed on each of the three diets. I n  
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the case of amylase and  trypsin,  there was a small bu t  significant inter-  
act ion between the two factors (diets and  parts). Despite this interact ion,  
which reflects pr imari ly  
differences in level ra ther  
t h a n  direction of change, 

Diets 
it seems justifiable to parts 
draw the following con- 

clusions from the data, Esophagus 
which illustrated graphi- 
cally in Fig. 5, 6, 7, and 8. 

I. The amylase acti- Stomach 

vity in the intestine is 

greater than in the eso- Interior 
phagus and stomach : but part of 
in  the esophagus, it  surpas- intestine 

ses tha t  of the stomach. Middle 
part of 

2. The lipase activity intestine 

in the esophagus is Posterior 
smallest. The stomach ap- part of 
pears to contain more of intestine 

this enzyme than  any other 
par t  of the digestive tract .  

3. The pepsin ac t iv i ty  
in the esophagus is small- Diets Parts 
est of all. The s tomach 

contains much  more pep- Esophagus 
sin t h a n  any  other par t  
of the in tes t ina l  t ract .  

4. The t rypt ic  ac t iv i ty  Stomach 

in the in tes t ine  is greater 
t h a n  in  the esophagus and  
stomach. The esophagus 
contains the smallest 
a m o u n t  of t rypt ic  enzyme 
of all. There seems to be 
no significant difference in 
the enzyme ac t iv i ty  be- 
tween the three parts  of 
the intest ine.  

Table 3. Pepsin activity with di//erent diets 

Carbo- hydrate- Protein- Fat- 
rich rich rich 

0.021 0.04 0.01 
0.03 0.02 0.01 
0.01 0.03 0.02 

1.00 1.00 1.00 
0.95 0.90 0.99 
0.92 0.80 0.97 

0.26 0.25 0.25 
0.24 0.23 0.20 
0.23 0.22 0.21 

0.22 0.21 0.20 
0.20 0.20 0.21 
0.21 0.23 0.20 

0.23 0.19 0.20 
0.23 0.20 0.23 
0.25 0.22 0.24 

1 Expressed in ml 0.1 n KOH. 

Normal 

0.02 
0.01 
0.02 

0.90 
0.88 
0.89 

0.22 
0.20 
0.24 

0.23 
0.24 
0.21 

0.21 
0.20 
0.23 

Table 4. Tryptic activity with di//erent diets 

Anterior 
part of 
intestine 

Middle 
part of 
intestine 

Posterior 
part of 
intestine 

1 Expressed in ml 0.1 

Carbo- Protein- 
hydrate - rich 

rich 

0.021 0.03 
0.01 0.02 
0.02 0.02 

0.18 0.20 
0.16 0.18 
0.20 0.18 

0.52 0.60 
0.50 0.62 
0.51 0.61 

0.50 0.58 
0.49 0.56 
0.49 0.59 

0.47 0.56 
0.46 0.55 
0.45 0.55 

n KOH. 

Fat- Normal rich 

0.01 0.02 
0.01 0.02 
0.01 0.01 

0.17 0.19 
01.6 0.16 
0.16 0.18 

0.50 0.50 
0.52 0.52 
0.52 0.51 

0.49 0.50 
0.48 0.49 
0.50 0.50 

0.48 0.48 
0.48 0.47 
0.46 0.46 

V. Discussion and conclusions 

F rom the exper imental  results i t  is obvious t ha t  Tilapia appears to 
have an enzyme complement  comparable to tha t  of other fish. The pH 
opt ima found are also comparable with those found in  other fish. 

19" 
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Amylase with its optimum at pll 6.71 compares favorably with that 

of Acanthurus triostegus sandvicensis (RANDALL, 1961), b u t  i ts  o p t i m u m  
is s l ight ly  lower t han  t h a t  of Pleuronectes (pH 7.5--8.0,  BAYLISS 1935) 

Table 5. Analysis o/ variance o/ split-plot experiment 
on special diets and enzyme activity 

Source Degrees I Sum of Mean 
of Variation of Free- dom I Squares Square 

Main-plots: 
Replications. 
Diets . . . .  
Error . . . .  

Sub-plots: 
Parts .... 
Parts • diets. 
Error . . . .  

Main-plots: 
Replications. 
Diets . . . .  
E r r o r  . . . 

Sub-plots: 
Parts .... 
Parts • diets. 
Error . . . .  

Main-plots: 
Replications. 
Diets . . . .  
Error . . . .  

Sub-plots 
Parts . . . .  
Parts • diets. 
Error . . . .  

Main-plots: 
Replications. 
Diets . . . .  
Error . . . .  

Sub-plots: 
Parts . . . .  
Parts • diets. 
Error . . . .  

Am~ lase 

4 
8 

24 

4 
8 

24 

Pe 

0.54 
41.38 

0.30 

486.83 
8.93 
2.25 

Lipase 

2 13.73 
2 10.00 
4 25.07 

7208.5 
16.3 

129.20 

~sin 

4 
8 

24 

Trypsin 

2 
2 
4 

4 
8 

24 

0.0037 
0.0025 
0.0015 

4.6177 
0.0122 
0.0237 

0.0004 
0.0349 
0.0002 

2.0615 
0.0153 
0.0026 

and  a few other  fish 
such as the  puffer, 
Spheroides maculatus 
and  toadfish,  Opsanus 
tau (opt ima a t  p H  7.2, 
CHESLEr 1934). 

Lipase  has pract i -  

0.27 cal ly the  same p H  opti-  
20.69** m u m  as the  one found  
0.08 in Acanthurus (RAN- 

DALL, 1961). 
121.71"* The op t imum of 

1.12"* 
0.09 pepsin  ( p g  2.8) com- 

pares  f avo rab ly  wi th  
t h a t  of herr ing (pH 

6.87 2 .5--2 .8 ,  A L ~ r  1926) 
5.00 b u t  is s l ight ly  higher  
6.27 

than that of pepsin 

1802.13"* found in Pleuronectes 
2.04 (p i t  1 .5--2.5,  BAYLISS 
5.38 1935) and  perch (pH 

1.65--1.8, HAYKES, MA- 
ZAN]~T and Sz~cs~NYI, 

0.0019 1934 ci ted f rom BAtr 
0.0013 
0.0004 RINGTON, 1957). 

The p H  o p t i m u m  
1.1544"* of t ryps in  (pH 8.0--8.2)  
0.0015 is in general  agreement  
0.0010 

wi th  the  o p t i m u m  found  
in pancrea t ic  ex t rac t s  of 

0.0002 Anguil la japonica (pH 
0.o175"* 7.0--8.0,  OYA et al., 
0.00005 1927), and  Pleuronectes 

(pH 7.5--8.5,  BAYLISS 
0.5154"* 
0.0019"* 1935). 
0.0001 Amylase  in Tilapia 

mossambica was de tec ted  
th roughou t  the  digest ive t r ac t  wi th  the  grea tes t  a c t i v i t y  in the  intest ine.  
Amylase  m a y  be secreted b y  in tes t ina l  g]ands of Tilapia and  b y  the  
pancreas  (pancreat ic  t issue conta ined  some a m o u n t  of the  enzyme 
according to  FISH'S inves t iga t ion  in 1960). 
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Fig. 7. Pepsin activity with different diets 

Fig. 8. Tryptie activity with different diets 
Z. vergl. Physiol. Bd. 49 ]9& 
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The presence of amylase in stomach and esophagus is unusual, but 
AL-HvssAI~I and KHOLY (1953) and FISH (1960) found the same in 
T. nilotica, and in T. mossambica respectively. Carbohydrase has also 
been found in the stomach of Mugil by ISHIDA (1935). There is a remote 
possibility that  intestinal secretions get into the stomach and esophagus 
by  way of antiperistaltic movements,  hence the presence of amylase in 
these parts. No direct evidence exists of carbohydrases being secreted 
by  either stomach or esophagus. However, SA~BAHI (1951) described 
racemose glands in the mueosa of the esophagus of Labee rohita and 
suggested tha t  they might be concerned with the production of a carbo- 
hydrase. Thus amylase found in esophagus and stomach of this species 
may  originate in these glands. However, as the activity of amylase in 
Tilapia appears to be very small as compared with that  found in other 
parts of the digestive tract,  its physiological importance (as to digestion 
of carbohydrates) appears to be small. That  the activity of amylase in 
the esophagus is greater than in the stomach is understandable. The 
pH of the gastric contents proved to be 3.0--5.0 (as determined with 
pH test paper), therefore too low for amylase to show an appreciable 
activity (Fig. 1). From the experimental evidence, it may  therefore be 
concluded tha t  the secretions produced in intestine and  pancreatic 
tissue are of pr imary importance in carbohydrate digestion in Tilapia 
mossambica. 

In telosts, lipase has been found in the intestinal mucosa of Fundulus hetero- 
clitus (BAre,IN and BOWIE, 1928), Zoarces auguillaris (MACKAY, 1929), and Pleuro- 
nectes platease (BAYT.ISS, 1935). BAYLISS could not find any lipase in the pyloric 
caeca and the investing pancreatic tissue in Pleuronectes and believed that this 
enzyme was secreted by the intestine. However, C~nsLmr (1934) found that the 
pancreas was also associated with lipase secretion in several teleosts, and according 
to B~RI~OTO~ (1954), ISHIDA (1936) detected lipase activity in the pancreas of 
Salarias, in which this organ is separable from the liver. 

The data (Fig. 6) show that  the stomach apparently produces most of 
the lipase in T. mossambica. This unexpected result finds corroboration 
in AZ-HUSSAINI'S and KHOLu investigations (1953) who found the 
highest activity of lipase in the stomach of T. nilotica. MACKAY (1929) 
also reported tha t  in Zoarces anguillaris the lipase of the intestinal 
mucosa is weaker than tha t  found in the gastric mueosa. I t  is therefore 
possible that  the main seat of lipase secretion is the gastric mucosa. 
I t  does not mean, however, tha t  lipolytie action is strong here. The 
gastric pH is too low to allow a marked fat  digestion. However, when the 
enzymatic secretions arrive in the intestine, where a more favorable 
pH range (pH 7.0--9.0) occurs, the lipase should show activity. The 
fat  digestion will occur mainly in the intestine, although lipase secretion 
seems to be much weaker here than in the stomach. Whether or not 
these data may  be generalized in fish, is still questionable. More data 
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are needed before such a general s tatement  as to the site of lipase 
production can be made. 

Relating the physiological data  with the histological ones, there seems 
to be good evidence that  the production of pepsin is associated with the 
granular secretory cells of the gastric glands (BAI~INGTO~, 1954). I t  is 
usually assumed tha t  pepsin and hydrochloric acid are produced in the 
same cells but  there seems to be no clear cytophysiologieal evidence for 
this. 

In  Tilapia mos.sambica, pepsin activity is greater in the stomach 
than in any other par t  of the gut. This agrees with the above-mentioned 
view by  BA~m~GTO?r When the contents of the intestine are carefully 
rinsed off, there is little activity of this enzyme at pH 2.8 in the rest of 
the gut (Fig. 4); but  when the extract  is made of intestine with its 
contents, then at  p i t  2.8 pepsin activity in the intestine becomes ap- 
parent (Fig. 3). Judging from these data and the fact that  FIs~ (1960) 
found no pepsin activity in the pancreas, the enzyme in the intestine 
may  very well arrive from the stomach. Considering the p i t  range found 
in the intestine (7.0--9.0), pepsin activity here will in all probabili ty 
be nil. 

As far as trypsin is concerned, the situation in the teleosts is frequently 
complicated by  the diffuse form of the pancreas. BAYLISS (1935) at- 
tempted  to determine whether the pancreas was the sole source of 
trypsin, or whether some production also occurred in the intestine. 
Unfortunately the results as a whole were inconclusive, and the source of 
the enzyme could not therefore be defined. In  Tilapia mossambiea, 
FIsK (1960) found tha t  most active trypsin preparations were obtained 
from the mesenteric tissues as compared with those from the other 
tissues. The investigation reported on in this paper shows tha t  tryptic 
act ivi ty is highest in the intestine. Since this investigation does not 
include the pancreatic tissue, no conclusion can be drawn as to whether 
or not this enzyme is produced only by  the pancreas or produced by  the 
intestine and the pancreas as well. 

As mentioned previously, herbivorous fish seem to produce more 
carbohydrases and a little less protease than earbivorous fish; and there 
seems to be no correlation with respect to lipase between fish which feed 
on fa t ty  food, and those which consume little fat. 

As to the problem of the adaptat ion of enzyme production by an 
individual fish to changes in diet (for which no data have been found in 
the literature), no significant differences were found in lipase and 
pepsin activity between the groups of Tilapia mossambica on these 
different special diets after a six-week period of feeding. On the other 
hand, there appears to exist a positive adaptation of amylase and 
tryptic activity to the diets. 
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No explanation can be offered as to why pepsin and hpase activities 
are not correlated with the diet, although it is generally accepted that  
the physiology of digestion is closely related to the diet of animals. 
This non-adaptation to the diet in hpase activity is also seen in the 
African snail, Achatina/ulica (vA~ W~EL, 1959) and in rats (GRossMA~ 
et al., 1943, 1944). In addition, no explanation can be offered as towhy 
in Tilapia mossambica the tryptic activity is correlated with diet and 
pepsin activity is not. I t  may be due to a difference in the time required 
for each type of secretion to become adapted to a particular diet, although 
nothing is really known about such an effect. 

As was found in different animals (SQUIRES, 1953; GROSS~AN et al., 
1943, 1944; VAN WEEL, I959) amylase production seems to be correlated 
with diet to a greater degree than protease production. However, in 
the cockroach, Blattela germanica, the opposite has been reported 
(DAY and POWNI~G, 1949). 

Summary 
1. Tilapia mossambica PETERS was used as an experimental animal in 

studies of the pH optima of amylase, lipase, pepsin and trypsin. They 
were 6.71, 7.15, 2.8, and 8.0--8.2 respectively. The optima were in 
general agreement with those from studies on other teleosts. 

2. A weak amylolytic activity was found in esophagus and stomach. 

3. In the entire digestive tract, hpolytic activity (at its pH optimum) 
appeared to be strongest in the stomach. However, since the prevailing 
pH (3.0--5.0) here is so low, lipase will in all probability not show a 
marked activity in this organ. 

4. The effects of special diets (protein, carbohydrate, fat-rich) on the 
activity of these enzymes were studied: amylase and trypsin showed a 
positive correlation with the diet, whereas pepsin and lipase did not show 
such a correlation. 

Zusammenfassung 

Bei Tilapia mossambica PETERS wurden die pH-Optima der Amylase 
(6.71), IApase (7.15), des Trypsins (8.0--8.2) und Pepsins (2.8) bestimmt. 
Sic stimmen mit den Ergebnissen an anderen Teleosteern iiberein. 

Im Oesophagus und Magen wurde eine schwache Amylase-Aktivitgt 
gefunden. 

Die Lipase-Aktivit/~t (bei ihrem pH-0pt imum) ist am grSgten im 
Magen. Da jedoeh der pH (3.0--5.0) hier niedrig ist, ist die Lipase- 
Wirksamkeit im Magen wahrscheinlich gering. 
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Die Wirkung  yon  eiweilL, kohlenhydra t -  bzw. fettreicher Nahrung  

auf die Aktivi t / i t  der Fe rmen te  wurde unte rsucht  : Amylase u n d  Tryps in  

zeigten eine positive Korre la t ion  mi t  der Nahrung,  Pepsin  u n d  Lipase 
nicht.  
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