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Abstract
Background and Objective: Marosatherina ladigesi, including native fish in South Sulawesi Indonesia, are vulnerable and must be
preserved. The objective of the study was to examine known food consumption, survival, growth and the activities of digestive enzymes
of M. ladigesi larvae. Material and Methods: The larvae were obtained from natural spawning and the mixed live feed: Infusoria sp.,

Daphnia sp. and Artemia salina were given twice a day. Feed intake, growth, survival, activities of protease, lipase and amylase enzymes
were observed in ages 3, 5, 10, 15, 20, 25, 30, 35 Days after Hatching (DAH). Data were analyzed by following a complete randomized trial
design. Results: Activities of protease, amylase and lipase enzymes have been detected since 3 DAH. The protease enzyme activity was
obtained at 0.438 U mL minG1 at 35 DAH, while amylase and lipase activities fluctuated. Activities of amylase and lipase reached
0105 and 0.093 U mLG1 minG1 at 15 DAH, respectively. The activity of the enzyme increased at the same age of 10-15 DAH larvae entering
a phase of flexion. Conclusion: It was concluded that the use of mixed live feed Infusoria sp., Daphnia sp. and A. salina contribute to
enzyme protease, lipase and amylase activities during the ontogeny stages of M. ladigesi. The highest activity of protease suggests that
the fish have carnivorous feeding habits. The results of this study can be used to improve the maintenance technique of M. ladigesi larvae
in order to accelerate growth and improve survival as an effort to increase the production of M. ladigesi.
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fish in the Mangala Municipality Makassar, Indonesia. Larval

INTRODUCTION

rearing methods were performed by Jayadi et al.8, by
providing a larval rearing container using a fibreglass tank

Marosatherina ladigesiʼs original habitat is in the
freshwater of South Sulawesi, Indonesia . The condition of

with dimensions of 60 cm length×40 cm width×35 cm

M. ladigesi in their natural habitat has damaged the genetic
diversity near by Jayadi et al.4 and the reproductive capacity is

height. The volume of water in the rearing tank was

1-2

3

approximately 20 L. A water change was regularly conducted

declining . This freshwater ornamental fish was already in the

every week, with 25% of the water volume per tank. The live

category of at threat of extinction listed by the International

feeds in the form of Infusoria sp., Daphnia sp. and nauplii of

5

Union for Conservation of Nature since 1990 . One of the

Artemia salina were given during the experiment. The

efforts that needs to be made for the preservation of

feeding frequency was twice daily.

6

M. ladigesi is domestication. These fish larvae have been
successfully cultivated under controlled conditions3,7,8. On the

Sampling of larvae: The observation of the type and amount

other hand, the survival rate of larvae is still low at the early

of eaten food, growth, survival, activities of protease, lipase

stage of their life. The M. ladigesi survival rate has been

and amylase enzymes were conducted at 3, 5, 10, 15, 20, 25,

reported as 38.31-39.02% at age 5 DAH 8.

30 and 35 DAH. Five fish larvae were randomly taken to

The transition from endogenous to exogenous feeding

determine the type and amount of food consumed. The

is the critical phase in the early stage of M. ladigesi life. High

intestines of larvae were dissected under a dissecting

mortality rates of the fish larvae were found due to the

microscope (Olympus CX23, Hamburg, Germany). Growth

inadequate nutrition after absorption of the yolk-sac and the

measurements were performed by measuring the total length,

first feeding of larvae9,10. Furthermore, the food eaten by the

from the tip of the snout to the posterior margin of the body

larvae does not correspond with the development of digestive

of larvae. Linear regression was applied for fish growth

11-13

organs and digestive enzyme activity

. The ability of fish to

analysis.

consume food depends on the completeness of the digestive
organs and digestive enzymes14-17.

Analysis of digestive enzymes: For enzyme analysis, the fish

Digestive physiology of larvae is one of the most

samples were taken in the morning before feeding. To obtain

important aspects that directly influences the development,

the supernatant, 2.0-3.0 mg samples were homogenized

survival and the growth of fish16,18. It can be used as

(Wiggen Hauser D500 homogenizer, Berlin, Germany) in

information to identify the capabilities of larvae in digestion

Tis-HCl buffer 50 mM, 20 mM CaCl2 at pH 7.5 and centrifuged

and absorption of the protein and lipid content of the food for

at 12,000 rpm for 15 min. The resulting supernatant was

optimizing the survival and growth of the larval rearing19.

stored in the freezer at -80EC22-24. Protease activities were

The Information on the enzyme activity during the initial

analysed following the method of Bergmeyer et al.22, 2%

phase of larval development can be used as guidance in the

casein substrates were mixed with 0.01 M borate buffer (pH 8).

artificial feeding management13,15,16. The knowledge of

The mixture was incubated at 37EC for 10 min, added with

enzyme activity at the early stage of larval development or

0.1 M TCA and re-incubated at 37EC for 10 min. The mixture

ontogeny can be a guidance in managing proper feeding

was centrifuged at 4000 rpm for 10 min, added with 5.0 mL

during these developments14,15,20,21. The information related to

Na2CO3 and 1 mL reagent Follin (1:2). The absorbance was

activities of digestive enzymes such as protease, lipase and

measured using spectrophotometer (UV-1800, Shimadzu

amylase during the early life history of larvae M. ladigesi has

Europa, Duisburg, Germany) at 578 nm. Amylase activities

not been reported. Therefore, there is a need to investigate

were analyzed according to the method of Bernfield23. The

the activity of digestive enzymes M. ladigesi larvae during

reaction mixture consisted of starch solution 1% and citra

ontogeny by providing a mix of natural food such as

buffer solution (pH 5.7). The mixture was incubated at 20EC for

Infusoria sp., Daphnia sp. and Artemia salina under

30 min, added with 2 mL DNS and boiled for 5 min. The

controlled conditions for 35 DAH.

absorbance was read on a spectrophotometer (UV-1800,
Shimadzu Europa, Duisburg, Germany) at 550 nm. Analysis of

MATERIALS AND METHODS

lipase activity was based on Borlongan24. The analysis was
performed by adding 1.5 mL olive oil and 1.5 mL of 0.1 M HCl

Larvae rearing: This study was conducted from March-

tri buffer at pH 8.0. The mixture was incubated for 6 h at a

October, 2016 at the freshwater hatchery unit for ornamental

temperature of 37EC, followed by the addition of 3 mL ethyl
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alcohol (95%). The mixture was titrated with 0.01 N NaOH
using 0.9% thymolphthalein in ethanol as an indicator.

from 5-10 DAH. However, faster growth rates were observed
after 10 DAH. The total length reached 10.12-10.57 mm at
35 DAH. Faster growth of larvae occurred from 15-35 DAH.
M. ladigesi larval growth pattern positively correlated with
the increase of age with the equation of y = 0.169x+3870,
R2 = 0.936 (Fig. 2b).
The pattern of digestive enzyme activity of larvae
M. ladigesi given different types of natural food is shown in
Fig. 3. Protease, amylase and lipase have been detected since
the age of 3 DAH then increased rapidly at the age of 10 DAH.
Protease enzyme activity in M. ladigesi larvae is higher than
amylase and lipase. Enzyme activity patterns of protease
tended to increase with age. Whereas lipase and amylase
enzyme activity was lower (tended not to increase) and
decreased after age 20 DAH. The increased of enzyme activity
recorded from 10-15 DAH was associated with the entry of
larvae into the flexion phase.

Statistical analysis: All measurements were carried out in
triplicate. Results presented are ±SD. Data were checked for
homogeneity of variance using Leveneʼs test. Data of live food
consumed were analysed by Statistical software version 6.1.
Survival was compared by Fischerʼs chi-square test. Data of
length were analysed by using appropriate regression model
analysis. Enzymatic activity data were analysed using one-way
ANOVA and means were compared with a Duncanʼs test. The
level of significance was set at p<0.05. Statistical analyses were
done using SPSS 16.025.
RESULTS
Diversity of live foods consumed by M. ladigesi larvae
during maintenance 35 DAH is detailed in Fig. 1. Larvae started
feeding on Infusoria sp., Daphnia sp. and A. salina from
3-35 DAH. Different percentages of Infusoria sp., Daphnia sp.
and A. salina were taken by M. ladigesi larvae according to
DAH. Based on the proximate analysis, the nutritional values
of mixed food (Infusoria sp., Daphnia sp. and A. salina) were
61.47% protein, 15.46% lipid and 7.56% ash. Meanwhile, the
analysis of body protein fish at 35 DAH was 54.64%, while the
lipid and ash contents were 14.57 and 7.79%, respectively.
Survival rates and growth of M. ladigesi larvae given
various types of natural feed during maintenance period
35 DAH are shown in Fig. 2a and b. The survival of the
M. ladigesi larvae at the age of 5 DAH decreases then
increases with age (Fig. 2a). The total length of newly hatched
larvae was observed from 4.45-5.21 mm (Fig. 2b). Slower
growth of larvae as indicated by the total length was observed
Artemia salina

Dapnia sp.

DISCUSSION
The results of this study have found that the maintenance
of M. ladigesi larvae using Infusoria sp., Dapnia sp. and
A. salina as mixed live food has achieved a 100% survival rate
at 35 DAH and also provides a rapid growth rate with the
increasing age of the larvae. It shows that the food given is
very suitable for the development of M. ladigesi larvae.
However, the percentage of food amounts (Infusoria sp.,
Dapnia sp. and A. salina) eaten by larvae at each age varies
depends on the size of the mouth opening. After the larvae of
15 DAH showed increased digestive enzyme activity, the most
increased activity is the protease enzyme, which shows that
M. ladigesi larvae at that age may have been given artificial
food.

Infusoria sp.
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Fig. 1: Percentage of the live food consumed by M. ladigesi larvae at various ages
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Fig. 3: Activities of protease, amylase and lipase enzymes at various ages
Feeding habits of fish are important to identify during
larvae stage. Unsuitable live food in the development of the
morphology of fish larvae may lead to high mortality19. The

successful fish feeding during the nutritional transition
process from the phases endogenous to exogenous on fish
larvae increases the survival and growth rate26. Live food is
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The activity of protease enzyme in M. ladigesi larvae has
been detected at 3 DAH, when the larvae open their mouth. It
is the presence of trypsin, the pancreatic enzyme that can
activate other digestive enzymes14-16,21,34. The patterns of
enzyme protease activity in M. ladigesi larvae increased
with increasing age (Fig. 3). Enzyme activity patterns of
protease found in the larvae are similar with Anabas
testudineus21, Pangasius hypophthalmus34, Sciaenops
ocellatus35 and Catla catla36.
Enzyme activity patterns of amylase M. ladigesi larvae
are shown in Fig. 3. The activity of amylase enzyme increased
from 0.019 U mLG1 minG1 at 3 DAH to 0.105 U mLG1 minG1 at
15-20 DAH and decreased to 0.046 U mLG1 minG1 at
25-35 DAH. Reduced activity of the enzyme amylase protein
may be due to the increased body weight of the fish15. The
high activity on amylase depends on the eating habits of
fish37. The activity of amylase enzyme in M. ladigesi larvae
resemble that in Rutilus frisii kutum13, P. hypophthalmus34,
Pseudociaena crocea38 and Trichotus blochii39.
The pattern of lipase activity in M. ladigesi larvae shows
increased lipase activity from 0.005 U mLG1 minG1 at 5 DAH
(the phase of yolk-sac) to 0.093 U mLG1 minG1 at 15 DAH
(the flexion phase), then decreased to approximately
0.056 U mLG1 minG1 at 30 DAH. Lipase activity patterns of
M. ladigesi are similar to that in R. frisii kutum13, C. carpio
larvae16. However, it is different with lipase enzyme activity
patterns in fish A. testudineus24 and M. nemurus15.
The understanding of enzyme activity is helpful for
designing the food formula for each life stage of fish. High
activity of the enzyme can be used as a basic indicator to
determine the appropriate time of the artificial feeding of
larvae, in which the enzyme capacity is physiologically ready
to process food from the outside40. The enzyme activity was
found to be high after 30 DAH of larvae. Hence, the artificial
feeding should be conducted after that age.

suitable in the transition stage due to its complete nutritional
value and can generate digestive enzymes15,20,27. In the present
study, larvae began to feed on live food at 3 DAH. The mixed
live food was eaten by the larvae. Nonetheless, the amount of
food eaten varied in the different age groups. Fish larvae
selectively take food based on the size of their mouth
opening9. The ability of fish larvae to take live food at the time
before or after the egg yolk runs out is different in each fish.
M. ladigesi takes live food before the food reserves are
depleted8. This indicates that the fish consumed a mixture of
endogenous and exogenous at 5 DAH.
The survival rate of M. ladigesi at 5 DAH reached 66.43%
(Fig. 2), which was higher than the survival rate of the larvae
fed on Daphnia sp. (38.31-39.02%)8. The survival rate of larvae
at 10 DAH was 72.19% and increased to 100% until 35 DAH
(Fig. 2a). The survival rate of the larvae increased with
increasing age. Growth performance of the larvae positively
increased with increasing age (y = 0.169x+3870, R2 = 0.936)
(Fig. 2b). This showed that the combination of live food
may be suitable in terms of quality and quantity. The
nutritional values of the mixed live food, such as Infusoria sp.,
Daphnia sp. and A. salina were 61.47% protein, 46% lipid
and 7.56% ash, respectively. The proximate analysis of
experimental fish larvae at age 35 DAH was 54.64% protein,
14.57% lipid and 7.79% ash. The nutritional composition of the
live food and the proximate analysis of the fish's body met the
nutritional requirement for M. ladigesi larvae for their growth
and development. Similarly, it was found that the fish can have
faster growth if the nutritional value of the food meets the
energy requirement for growth28,29. The mixture of live food
such as Infusoria, Daphnia sp. and A. salina may support
better growth performance.
The enzyme activity patterns of protease, amylase and
lipase in M. ladigesi larvae are shown in Fig. 3. The response
of enzyme activity can be affected by the amount and quality
of food nutrients consumed30. The enzyme activities are
positively correlated with dietary habits31. The live food eaten
by larvae contribute to the increased activity of enzymes in the
digestive system and it is recommended to feed larvae before
and after the yolk disappears9,13,31-33. The larvae at 10-35 DAH
tended to consume Daphnia sp. and A. salina (Fig. 1).
Furthermore, it increased the response of enzyme activity
protease, amylase and lipase (Fig. 3), which led to the increase
in growth (Fig. 2b). Moreover, the increased activity of the
enzyme also is due to the completeness of enzyme-producing
organs13. The activity of protease, lipase and amylase enzymes
may indicate that M. ladigesi larvae were capable of digesting
protein, carbohydrates and fat from the onset of exogenous
feeding.

CONCLUSION
The use of mixed live feed Infusoria sp., Daphnia sp. and
A. salina contribute to enzyme protease, lipase and amylase
activities during the ontogeny stages of M. ladigesi. The
highest activity of protease suggests that the fish larvae have
carnivorous feeding habits. The development of digestive
enzyme activity can be used as a consideration for providing
artificial feeding possibilities after the age of 15 DAH.
SIGNIFICANCE STATEMENTS
This study discovers the activities of enzyme protease,
lipase and amylase in M. ladigesi larvae that can be beneficial
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for improving larval rearing techniques of M. ladigesi. This
study will help the researcher to uncover the critical areas of
the phase of ontogeny in M. ladigesi larvae that many
researchers were not able to explore. Thus, a new theory of
digestive enzyme activity of M. ladigesi larvae to 35 DAH
has been found that protease enzyme increases with
increasing larval age.
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