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ABSTRACT 

Quantitative assays of trypsin, amylase and alkaline phosphatases 
were made in relation to age and food during the larval development 
of the Indian major carp Catla catla. The responses of all the test 
enzymes to age and food were identical. No enzymes were detected 

. from the fertilized eggs. Detectable amount of enzymes were first 
observed in the first day old hatchlings. All the test enzymes in the 
group fed normal feed tended to rise gradually with advancement of 
age till day 22 after which an asymptotic level was attained. Absence 
of food throughout the rearing period caused the enzymatic activity of 
the larva to remain at the lowest level throughout. When starvation 
was followed by feeding, enzymatic activity in the former group was 
consistently higher than that of latter, suggesting that feeding activity 
was primarily responsible in maintaining the enzymatic activity of 
carp larva. The enzymatic activit¥ of zooplankton was significantly 
higher than carp larva till d~y 6 ·to 12 after which the latter exceeded 
the former implying that carp larva during development utilizes the 
exogenous enzymes of zooplankton. 

INTRODUCTION 

The changes of enzyme activity 
of fish are most profound during the 
early phase of life. Accumulated 
evidences suggest that absence of 
stomach or less elaborate and simply 
organised intestinal tract in the first 
few weeks after hatching are the . 
main reasons for low production of 
digestive enzymes in fish larvae 
(Kawai and Ikada, 1973a; Stroland 
and Dabowski, 1979; Dabrowski, 
1984, Govoni et al., 1986). Digestive 
enzymes may exist soon after 

hatching (Alliot, 1981) or it may 
occur from the day of exogenous 
feedJng (Kawi and Ikede, 1973b; 

' . . 
Cousin et al., 1987). In common carp, 
the digestive system is not 
sufficiently developed till the tenth 
d~y after hatching, and that the 
enzyme content in the intestinal 
extract is two to three times less than 
that of zooplankton (Ostroumova et 
al., 1980). Among the plankton, the 
activity was lowest for rotifers and 
highest for adult copepods (Soda and 
Cacace, 1989). 
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Young artificially fed coregonid 
larvae is reported to· starve whiie their 
intestines are full .(Eckmann and 
Kausch, 1976). As a· result, fish 

larvae even those of-herbivorous 
species depend primarily upon 
zooplankton diet because it is 
demonstrated that exogenous 
proteolytic enzymes of food organisms 
play a role in fish digestion, in 
addition to the activation offish's own 
enzymes (Dabrowski andGlogowski, 
1977). Lauff and Hofer (1984) showed 

that exogenous enzymes of natural 
zooplankton contributed one fourth 
of the roach's own proteolytic 
activity. However, addition of 
proteolytic enzymes to artificial diets 
resulted in onlysmall positive effects 
(Ostroumova, 1977; Dabrowski et al., 
1978) possibly due to decreased 
enzyme production (Dabrowski and 

. Glogowski, 1977) and leaching effects 
(Grabner et al., 1981). Illdns and 
Turetskig (1989) demonstrated .that 
exogenous proteolytic enzymes do not 
play a significant role in the 
digestion of young common carp. A 
recent review by McLean and 
Donaldson (1990) has primarily . . 

focused on absorption of bioactive 
proteins by gastrointestinal tract of 
fish with reference to transcellular 
and paracellular processes. 

Despite the significance of 
digestive enzymes in formulating 
artificial diet of fish larvae, few 
studies have been made of the 
digestive enzymes activity of Indian 
carp larvae. Because of a distinct 

shift in enzymatic profiles from the 

start of larval feeding to adult in 
response to feedirtg adaptations, and 

. . . 

since fish larvae can modulate their 

enzyme secretions in response to ,the 
· nature (Hofer and Uddin, 1985) and 

quantity of food (Cousin et al.J 1987; 
Pederi;len et al., 1987), it is of 
particular interest to examine the 
digestive enzymes of carp larvae in 
relation. to their natural diet. The 
present paper attempts to examine 
the trypsin and amylase contents of 
Catla catla, an Indian major carp at 
different stages of ontogenic 
development in relation to natural 
diet. 

MATERIAL AND METHODS 

All fish samples subjected to 
enzymatic assays were procured from 
a local fish farm. Horn1one-induced 
spawning of Catla catla was 
performed at a water temperature 
of 25-30°C in May--July, 1992 and 
1993. Fertilized eggs, freshly hatched 
larvae as well as larvae of varying 
days ofpost hatching were procured. 
The entire batch was grouped into 
four (Table 1) in quadruplicate. Each 
batch contained at least 1000 carp 
larvae. The first batch was fed 
continuously with microzooplankton 
consisting primarily of Brachionus 
and Moina micrura whereas, the 
second batch was kept starved 
throughout the period ofrearing. The 
third batch was fed with 
microzooplankton initially for 4 days 
followed by starvation. The fourth 

batch, on the other hand, was starved 



Table 1 : Experimental conditions followed in the study. 

Conditions 

Water volume (l) 

No. of hatchlings 

Feeding with 
microzooplankton 

Fasting 

Continuous fed 

3 

1000 

All throughout 

Nil 

Initially starved 

3 

1000 

From day 5 after 
hatching 

Initial 4 days of 
hatching 

Continuous unfed 
then fed 

3 

1000 

Nil 

All throughout 

Initially fed 
then starved 

3 

1000 

Initial 4 days of 
hatching 

From day 5 after 
hatching. 
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for initial 4 days followed by feeding 
with microzooplankton. 

All the fish larvae were reared 
In 31 glass jars containing ground 
water (temp : 28-30°C, pH : 7.4-7.6, 
DO 7.5-8.5 mg/) and had 
arrangement for aeration and 
exchange of water. The day of first 
feeding was determined by daily 
examination of the gut contents of 
carp larvae under microscope. 

Fertilized eggs and hatched 
larvae were collected, blotdried and 
weighed. At least four samples (40 
mg) of fish material or live 
zooplankon were taken from each jar 
for the preparation of raw enzymatic 
solution. Then the tissues were 
homogenised and cryocentrifuged at 
10,000 x g and the supernatant was 
taken for analysis. 

Tryptic activity was determined 
following the method adopted by 
Dabrowski and Glogowski (1977) 
using casein as substrate. Mixture 
of 1 ml supernatant and 1 ml of 1% 
casein in the buffer glycine N aOH 
with pH 9.5 was incubated at 37°C 
for 2 hours. Then 3 ml of 5% TCA 
was added and cryocentrifuged for 5 
minutes at· 4000 x g and the 
absorbance of the supernatant was 
measured spectrophotometrically 
(Shimadzu-UV-180) at 280 nm. The 
results were expressed as 1-!g of 
liberated tryosine/mg of wet 
organisms per hour as total activity. 

Amylase activity was estimated 
following Bernfeld (1955) using 
starch as substrate. ·Mixture of 1 ml 

of supernatant and 1 ml of 1% starch 
in phosphate buffer with pH 6.9 was 
incubated at 37°C for 24 hours. Then 
2 ml of 3,5-dinitrosalicylic acid was 
added and was kept in a boiling 
water bath for 10 minutes and 
allowed to cool at room temperature 
and then measured spectrophoto
metrically at 540 nm. Results were 
expressed as 11g of maltose liberated 
per mg of tissue per hour at 37°C. 

The results were subjected to 
statistical analysis. Because of 
availability of data for four 
treatments employed, one ~ay 
analysis of variance and Duncan's 
multiple range (DMR) test 
(Montgomery, 1984) were performed 
on day eight after hatching to test 
the significant differences of 
treatment means, if any. The level 
of statistical significance was 
accepted ·as being p < 0.05. 

RESULTS 

Tryptic activity : No tryptic 
activity (TA) was detected from the 
fertilized eggs. The TA was first 
·detected from one day old hatchlings 
(0.24+0.007 units/mg tissue). On day 
eight after hatching, the TA in the 
normal fed groups was significantly 
higher (f3.44 - 11.969, P < 0.001) 
than that of unfed groups. The rate 
of change over time in fed and unfed 
groups was opposite to each other 
(Table 2), the lowest activity in the 
former was displayed much later 
(between eleventh and twelth day) 
than the latter group (between 



Table 2 : Mean +SD of trypsin and amylase activities (units mg 1 I 1) wet tissue during different days of ontogenic 
development of Catla catla larvae. Means in eighth row with different superscripts are significantly 
different (DMR test; p < 0:05) 

Days Continuous fed Initially starved Continuous unfed Initially fed then starved 
then fed t:zj 

z 
Trypsin Activity N 

~ 1 0.021 . + 0.007 - 0.024 + 0.007 - > 
2 0.097 + 0.018 - 0.050 + 0.001 - ~ 

>-4 

3 0.174 + 0.005 0.056 + 0.005 
0 - - > 

4 0.225 + 0.020 - 0.068 + 0.005 - 0 
~ 

5 0.300 + 0.002 0.157 + 0.018 0.086 + 0.008 0.102 + 0.004 
>-4 

< - >-4 

6 0.387 + 0.010 0.212 + 0.010 0.102 + 0.004 0.107 + 0.001 ~ 
~ 

7 0.434 + 0.013 0.275 + 0.020 0.142 + 0.006 0.135 + 0.012 ti 

8 0.456 + 0.005a 0.325 + o.oo8h 0.174 + 0.005c 0.180 + 0.002d 
cj 
~ - - - >-4 

9 0.512 + 0.010 0.395 + 0.004 - 0.190 + 0.008 z 
Q 

10 0.561 + 0.005 0.408 + 0.007- - - t"'f - - > 11 0.607 + 0.006 0.4 75 + 0.020 - - ~ 

12 0.615 + 0.001 ~ 
Amylase Activity 

t"'f 
ti 

1 0.025 + 0.001 0.025 + 0.001 
t:zj - - < 

2 0.052 + 0.005 0.030 + 0.004 
t:zj - - t"'f 

3 0.090 + 0.004 0.052 + 0.004 0 - - "'d 

4 0.136 + 0.004 - 0.085 + 0.001 - ~ 
t:zj 

5 0.168 + 0.005 0.125 + 0.005 0.101 + 0.005 0.114 + 0.005 z 
~ 

6 0.202 + 0.002 0.145 + 0.002 0.125 + 0.004 0.125 + 0.004 0 - - ":cj 
7 0.245 + 0.005 0.186 + 0.010 0.136 + 0.005 0.142 + 0.001 0 

8 0.262 + 0.002a 0.234 + 0.005b 0.167 + 0.001 c 0.167 + 0.001 d > 
~ 

9 0.292 + 0.006 0.240 + 0.001 0.168 + 0.001 "'d 
-

10 0.322 + 0.006 0.256 + 0.005 
11 0.330 + 0.001 0.262 + 0.001 ...... 
12 0.358 + 0.009 - - - 0 ...... 
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second and third days). Fasting for 
initial four days followed by feeding 
or withdrawal of food after. initial 
four days of feeding resulted in TA 
to be 8.2 to 107% higher and 60 to 
72% lower than those of unfed and 
fed groups, res.pectively. 'rhe 
activities attributable to the effect of 
initial fasting btit subsequent feeding 
amounted to 0.071 to. o.151 units/mg 
tissue, whereas, it was 0;005 to 0.016 

units /mg due to the effect of 
withdrawal of food after initial 
feeding. 

The TA of the microzooplankton 
used as live food was almost 
consistent throughout the per.iod of 
investigation, ranging from 0 .. 50 and 
0.55 units/mg tissue. The activity of 
plankton was 1 to 22 times higher 
than that of carp larvae until day 10 
after which a reverse trend was 
noticed. 

Am:vlase activity : The responses of 
an1ylase activity (AA) to feeding 
rexnained the same as that of trypsin. 
Being absent from the fettilized eggs, 
the amylase actiVIty was· first 
recorded from the one·day hatchings 
(0.025 + 0.001 un,1ts/mg tissue). 
Normal feeding induced the amylase 
activity by 56 to 80% (F3A4,.; 6.615, 
p < 0.05 ) compared 'whh . unfe:d 

groups. When feeding was 
terminated· after initial foul' qays; 
there was reduction of AA by 47 to 

73% than the normal. fed group. 
Reintroduction of :microz6oplankton 
to initjal.4 day8 unfed group resulted 
in 16 to 40 % increase to AA· against 
continuously unfed gToup. 

The AA from the samp~es · of 
plankton showed ·a trend sin1ilar to 
that of trypsin. Initially, the AA of 
plankton (0.22 to 0.2'8 units/mg 
tissue) was 1 to 9 fold· higher than 

·carp larvae, but tho trend reversed 
on and after day eight of hatch:lng. 

Ontogenic chaJiget; ·: The trend ()f 
ontogenic changes ()f enzymic activity 
was different ·between .fed and unfed 
groups. Tho trends ofchai1ges of~oth 
TA · and AA in fed group.s are 
expressed in a second order equation 
(Fig 1). The TA in the unfed gr01,1p 
as well as in the. group inH.ially fed 
followed by fasting de~onstrated an 
exponential equation. The trends of 
TA observed · in the batch initially . . . . . 

st.arved ·followed by feeding and AA 
in the continuously unfeq group were 
linear and ·expressed in tho . first 
order equation (Fig, 1). 

Ontogenic patterns of enzymatic 
activities suggests that en·zylnic 
activities of unfed group· t~nded to 
rise at a reduced rate with increasing 
age, whereas, in fed group the 
intensity of rise was very fast dttririg 
early age, but relatively less. at later 
ages resulting in almost linear rise. 
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Fig. 1 : Ontogenic changes of amylase and trypsin of Carp, GatZa catla. 
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DISCUSSION 

Differences 1n the enzymatic 
activity over time between fed and 
unfed groups and consistently high 
enzyme activity in the former than 
in the latter, indicate that the 
digestive systems of test carp larvae 
were highly regulated by the 
zooplankton diet, and that the degree 
of decline in enzymic activities was 
more profound in absence of food 
than that cf increase in presence of 
food. It is stated that protease 
activity in the intestinal contents was 
maximum 5 hours after feeding in 
con1mon carp (Onishi et al. 1973, 
1976), but 20 hours in rainbow trout 
(Falge and Spannohof, 1976). The 
specific activity of enzyme patterns 
differed greatly between rotifer-fed 
and unfed groups of 6 day larvae and 
30 day old turbot juveniles (Munilla
Moran and Stark, 1989). 

The shift in enzymic activities of 
carp larvae 1n response to 
zooplankton diet indicates that 
exogeneous feeding of zooplankton in 
carp larvae, similar to other species 
of fish could be an adaptation to 
compensate deficiency of endogenous 
enzymes which is either poorly 
developed or entirely absent prior to 
natural feeding and this strategy 
wanes gradually as the fishes grow 
old with adequate development of 
digestive system. 

REFERENCES 

Alliot, E. 1981.- Enzymologie 

digestive III. Evolution des 
quelques activities digestions an 
cours de developement lavairedes 
teleosteens. In Nutrition des 
poissons Fontaine 
Paris : Editions 
National de la 
Scientifique. 

(Ed) 79-87. 

du centre 
Recherche 

Bernfeld, P. 1955. Amylase, a and 
B. In The Physiology of Fishes S. 
P. Colowick and N. 0. Kaplan 
(Eds.) Academic Press, New York. 
109-169. 

Cousin, J. C. B., Baudin
Laurencin, F. and Gabaudan, 
J. 1987. Ontogeny of enzymatic 
activities in fed and fasting 
turbot, Scophtalmus maximus L. 
J. Fish Biology. 30 : 15-33. 

Dabrowski, K. 1984. Influence of 
initial weight during the change 
from live to compound feed on the 
survival and growth of 4 
cyprinids. Aquaculture,. 40: 27-40. 

Dabrowski, K. and Glogowski, J. 
1977. A study of the application 
of proteolytic enzymes to fish 
food. Aquaculture. 12 : 349-360. 

Dabrowski, K., Dabrowski, H and 
Grudniowski, C. 1978. A study 
of the application of common carp 
larvae with artificial food. 
Aquaculture. 13 : 257-264. 

EcKmann, R. and Kusch, H. 1976. 
Futterung von Felchenbrut 
mitKunstlichen Futtermitteln 
Fischwirt. 26 : 9-11. 

Palge, R. and Spannhof, L. 1976. 



ENZYMATIC ACTIVITY DURING LARVAL DEVELOPMENT OF CARP 105 

The activit of amylase, esterase 
and protease in the inte$tinal 
contents of rainbow trout after 
feeding. Voprosi Ikhtiologi. 16 : 
739-744 ( in Russian). 

Govni, J. J., Boehlert, G:. W. and 
Watanabe, Y. 1986. The 
physiology of digestion. in fish 
larvae. Environ. Biol. Fishes. 16 : 
59-77. 

Grabner, M., Wieser, W and 
Lackner, R. 1981. The suitability 
of frozen and freeze-dried 
zooplankton as food for fish 
larvae : a biochemical test 
program. Aquaculture. 26 : 85-94. 

Hofer, R. and Uddin, A. N. 1985. 
Digestive processes during the 
development of the roach, Rutilus 
rutilus L. J. Fish Biol. 26 : 683-
689. 

Ilkina, I. D. and Turetskiy, V. I. 
1989. Physiological biochemical 
requirements for supplemen
tation of starter formula feeds for 
fish. J. Ichthyology. 29 : 1-9. 

Kawai, S. and Ikedua, S. 1973a. 
Studies on the digestive enzymes 
of fishes. IV. Development of the 
digestive enzymes of carp and 
black sea bream after hatching. 
Bull. Japan Soc. Scientific 
Fisheries. 39 : 877-881. 

Kawai, S and Ikeda, S. 1973b. 
Studies on digestive enzymes of 
fishes - III. Development of 
digestive enzymes of rainbow 
trout after hatching and the effect 
of dietary changes on the 

activities of digestive enzymes in 
the juvenile stage. Bull. Japan 
Soc. Sci. Fish. 39 : 819-823. 

Lauff, M. 1983. Entwicklung der 
proteolytischen Verdauungsen
zyme bei Fischen und die 
Bedeutung von Nuhrungsenzy
men. Thesis, University of 
Innsbruck, Austria : 93 pp. 

Lauff, M. and Hofer, R. 1984. 
Proteolytic enzymes in fish 
development and the importance 
of dietary enzymes. Aquaculture. 
37 : 335-346. 

McLean, E. and Donaldson, E. M, 
1990. Absorption of bioactive 
proteins by the gastrointestinal 
tract offish: A review. J. Aquatic 
Animal Health. 2 : 1-11. 

Montgomery, D. C. 1984. Design 
and Analysis of Experiments. 
John Wiley, New York. 

Munilla-Moran, R. and Stark, J. R. 
1989. Protein digestion in early 
turbot larvae. Scophthalmus 
maximus L. Aquaculture. 81 : 
315-327. 

Onishi, T ., Murayama, S. and 
Takeuchi, M. 1973. Sequence of 
digestive enzyme levels in carp 
after feeding - I. Amylase and 
protease of intestinal content, 
hepatopanereas and gall bladder. 
Bull Tokai Registration Fish. 
Research Laboratory. 75 : 23-31. 

Onishi, T., Murayama, S. and 
Takeuchi, M. 1976. Changes in 
digestive enzyme levels in carp 



106 CHAKRABARTIANDSHARMA 

after feeding - III. Response of 
protease and amylase to twice-a
day feeding. Bull. Japan Soc. Sci. 
Fish. 42 : 921-929. 

Ostroumova, I. 1977. Physiological
biochemical problems in fish· 

nutrition. In : Fish Nutrition and 
Diet Development. Olah J. and 
Csengeri, I. (Eds.) 126-144. 
Fisheries Research Institute, 
Szarvas. 

Ostroumova, I. N. Turetskiy, V.I., 
Ivanov, D. I~ and Dementeva, 
M. A. 1980. High quality starter 
food for carp larvae under the 

conditions of warm waters Rybnoi 
Khozaistva. 6 : 41-44. 

Pedersen, B. H., Nilssen, E. M. and 
Hjelmeland, K. 1987. Variations 

in the content of trypsin and 
trypsinogen in larval herring 
(Clupea harengus) digesting 
copepods: Mar. Biol. 97: 467-476. 

Soda, A. and Cacace, M. 1989. 
Enzymes of carbohydrate 

metabolism in Artemia embryos. 

Actualitities of Marine Bioche
mistry, 12. Biochemistry of 
Marine Or15.anisms. Publ. ·by : 
Institute Oceanographique; Paris 
(France) : 545-551. 

Stroland, H. and Dabrowaski, K. 
1979. Morphological and 
physiological aspects of the 
digestive system and feeding in 
freshwater fish larvae. In 
Nutrition des poissons. M. 
Fontains.(Ed). 355-37 4. Paris 

Actes du Colloque Cnerna. 


