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Digestive Enzyme Activities During Larval Development of Striped 
Catfi sh, Pangasianodon hypophthalmus (Sauvage, 1878)

Wannapa Rangsin, Nontawith  Areechon* and Ruangvit Yoonpundh

ABSTRACT

 The specific activities of digestive enzymes of striped catfish, Pangasianodon hypophthalmus 
(Sauvage, 1878) larvae were examined from hatching to 21 days after hatching (DAH) using biochemical 

techniques. Fertilized eggs of striped catfish hatched after 24 hr and the larval yolk sac was totally absorbed 

by 3 DAH and then the larvae were provided with artemia throughout the experimental period. The 

mouth and digestive duct appeared 1 DAH and reached a morphological similarity to the adult 15 DAH. 

The specific activities of acid and alkaline protease were detected at hatching and 3 DAH, respectively. 

The specific activities of amylase and lipase were detected 1 DAH and at hatching, respectively. The 

specific activities of all studied enzymes showed the similar pattern of fluctuation during the first two 

weeks, and then increased until 21 DAH. These results demonstrated the presence of acid and alkaline 

proteases, amylase and lipase at a very early life stage, and showed an adaptation period of 2 wk to 

the first feeding. The existence of these enzymes means that striped catfish larvae have an endogenous 

ability to digest proteins, carbohydrates and lipids that increases with age. This information can lead to 

the possibility of developing a cost-effective formulated feed for intensive farming of this fish.
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INTRODUCTION

 S t r iped  ca t f i sh , Pangasianodon 
hypophthalmus (Sauvage, 1878), also known as 
the river catfi sh and sutchi catfi sh, is a fast growing 
omnivorous fi sh and tolerant to high stocking 
densities (Paripatananont, 2002; Rahman et al., 
2006). It is an important species in the Asian region 
due to its high dress-out weight percentage and 
great value in food processing (Paripatananont, 
2002). Vietnam is the largest producer of striped 
catfi sh with a production of 1,094,879 t in 2008 
(Bui et al., 2010).
 Striped catfish is also an economically 
important freshwater fi sh in Thailand. In 2005, 

the production of striped catfi sh in Thailand was 
37,200 t (Department of Fisheries, 2007). However, 
one major problem in the culture of striped catfi sh 
larvae in Thailand is the high mortality rate which 
is thought to be due to cannibalistic behavior 
observed 2–3 days after hatching (DAH) (Baras 
et al., 2010; Morioka et al., 2010). Islam (2005) 
reported that cannibalism is evidenced when 
food is insuffi cient. The mortality rates could be 
reduced by using live food and releasing larvae 
into an earthen pond within a day of hatching. In 
order to develop mass juvenile production, the 
feeding schedule of larvae must be improved. 
Live food presents problems that include large 
investments in maintaining live food culture, 
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variable supply and nutritional inconsistencies 
(Kolkovski, 2001). A potential alternative to the 
provision of live food is the use of a compound 
diet which can save production costs as well as 
providing nutritional consistency and convenience 
(Kolkovski, 2001). However, the use of these feeds 
may be seriously limited by several factors, one of 
the most important of which is the ability of the 
larvae to effi ciently digest the feeds and absorb 
the nutrients (Alvarez-González et al., 2008). 
Knowledge of the early ontogeny of digestive 
enzymes is therefore critical for understanding 
the mechanism pertaining to larval growth and 
survival strategies. Additionally, it can help to 
determine the appropriate time for weaning from 
live food to compound feed, as well as identifying 
the possibilities and limitations associated with 
the use of artifi cial diets (Alvarez-González et 
al., 2006). Digestive enzyme activity is a good 
indicator of larval digestive capacity; thus, being 
able to identify the time when high levels of 
digestive enzyme activity occur generally indicates 
that the fi sh larvae have become physiologically 
ready to assimilate exogenous feed (Gawlicka et 
al., 2000).
 During the last decade, there has been an 
increase in the number of research reports on the 
development of digestive enzyme activity during 
the larval growth of cultured fi sh species (Suzer et 
al., 2007). However, most reports studied marine 
fish larvae. Proteins and lipids are important 
components of larval feed; thus, most research has 
focused on protease and lipase (Lazo et al., 2007). 
Carbohydrate is also important as an inexpensive 
source of energy which can help to reduce the 
feed cost but unfortunately, the activity of enzyme 
carbohydrase has been scarcely investigated (Lazo 
et al., 2007).
 There are a few published reports on the 
early developmental stages of striped catfi sh larvae; 
the focus of the available literature on this subject 
seems to be on early embryonic development and 
larval morphology (Islam, 2005; Baras et al., 2010; 

Morioka et al., 2010). To the best information of 
the authors, there are no data available related to 
the expression of digestive enzymes during early 
ontogenesis of striped catfish. Therefore, the 
current investigation was carried out to determine 
the ontogenetic development of the major digestive 
enzyme activities of striped catfi sh larvae fed on 
live food from hatching to 21 DAH.

MATERIALS AND METHODS

Fish larvae
 Striped catfi sh eggs were obtained from 
the Pathum Thani Inland Fisheries Research and 
Development Center, Department of Fisheries. 
After hatching, larvae were transferred to 250 L 
fi berglass tanks. Three replicates were maintained 
for the experiment. Larvae were fed with Artemia 
nauplii after the yolk sac had been totally absorbed 
from 3–21 DAH. The nauplii were supplied in 
excess quantities three times daily.

Sample preparation
 Larvae were collected every day from 

hatching to 9 DAH, and every alternate day 

between 9 and 21 DAH at 08:00 hours before 

morning feeding in order to minimize the 

potential effects of exogenous enzymes from 

undigested live food in the gut. In order to monitor 

growth, 20 larvae were sampled and weighed. 

The morphological development of larvae was 

recorded via microscopic examination. To 

determine enzyme activity, pooled sample of 400 

larvae at hatching to 2 DAH, 200 larvae at 3 and 

4 DAH, 100 larvae at 5 and 6 DAH, 50 larvae at 

7–9 DAH and 20 larvae from 10 until 21 DAH 

were collected in triplicate at each sampling time. 

Following the collection, larvae were maintained 

in beakers filled with water for 1 hr to allow any 

remaining food in the gut to be assimilated or 

excreted. Then, the larvae were frozen at -20 

°C until chemical analyses started. The frozen 

larvae were homogenized in four volumes (v/w) 
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of ice-cold phosphate buffer at pH 7 (Dawson et 
al., 1986) with a locally made glass pestle tissue 

grinder , followed by centrifugation at 10,000×g 

for 20 min at 4 °C. Supernatants or crude enzyme 

extract were stored at -20 °C until analysis. Soluble 

protein in the crude enzyme was measured by the 

Lowry method (Lowry et al., 1951) using bovine 

serum albumin as a standard.

Analysis of digestive enzyme activities
 Amylase activity
 Amylase activity was measured by a 

starch hydrolysis method modified from Vega-

Villasante et al. (1999) and Natalia et al. (2004). 

The assay mixture contained 490 μL of phosphate 

buffer at pH 7 (containing 6.0 mM NaCl), 20 μL 

of crude enzyme and 500 μL of soluble starch 

solution (1% (w/v). The mixture was incubated at 

37 oC for 60 min. Then, 1.5 mL of dinitrosalicylic 

acid (DNS) reagent was added and boiled for 5 

min. After boiling, 1.5 mL of distilled water was 

added and the cooled solution was read at 550 

nm. Blanks were prepared by replacing the crude 

enzyme with the buffer. For the Control, the crude 

enzyme was added after the addition of DNS 

reagent. All samples were assayed in triplicate. 

Maltose was used as the standard. One unit (U) of 

amylase specific activity was defined as 1nmol of 

maltose liberated per minute per milligram protein 

of the enzyme extract.

 Protease activity
 Protease activity was measured using the 

casein hydrolysis method modified from Vega-

Villasante et al. (1999) and Hidalgo et al. (1999). 

In the current study, proteases were assessed 

throughout ontogeny at acid pH 3 and alkaline 

pH 11, which are the optimum acid and alkaline 

pH values that showed the highest activity from 

the previous study in juvenile striped catfish. The 

buffers used were citric acid-Na2HPO4 (McIlvaine) 

buffer solution, pH 3 and phosphate buffer 

solution, pH 11 (Dawson et al., 1986). The assay 

mixture contained 20 μL of crude extract, 200 

μL of buffer, and 500 μL of azocasein (1% (w/v) 

in distilled water). The mixture was incubated at 

37 oC for 60 min. The reaction was stopped with 

500 μL of TCA (trichloroacetic acid, 20% (w/v)) 

and centrifuged at 15,000×g for15 min at 4 oC. 

Then, 1 mL of the supernatant was added to 1.5 

mL of 1 M NaOH and the absorbance measured 

at 440 nm. The blank was similarly prepared by 

replacing the crude enzyme with the buffer. For 

the Control, the crude enzyme was added after 

the addition of TCA solution. All samples were 

assayed in triplicate. One unit (U) of protease 

specific activity was defined as a 0.001 change in 

the absorbance per minute per milligram protein 

of the enzyme extract (ΔAbs440 ×103 /min/mg 

protein).

 Lipase activity
 Lipase activity was measured by the 

p-nitrophenyl palmitate (pNPP) hydrolysis method 

modified from Katsivela et al. (1995) and Dosanjh 

and Kaur (2002). The assay mixture contained 

800 μL of glycine-NaOH buffer solution, pH 9 

(Dawson et al., 1986), 20 μL of crude enzyme and 

200 μL of pNPP solution (0.01 M in isopropanol ). 

The mixture was incubated at 37 °C for 30 min. 

The reaction was stopped with 250 μL of 0.1 M 

Na2CO3 and centrifuged at 15,000×g for 15 min at 

4 °C. The absorbance of supernatant was measured 

at 410 nm. The blank was similarly prepared by 

replacing the crude enzyme with the buffer. For 

the Control, the crude enzyme was added after 

the addition of 0.1 M Na2CO3. All samples were 

assayed in triplicate. Para-nitrophenol (pNP) was 

used as the standard. One unit (U) of lipase specific 

activity was defined as 1ømol of pNP liberated 

per minute per milligram protein of the enzyme 

extract.

Statistical analysis
 Mean values of each digestive enzyme 
specifi c activity between sampling periods were 
compared by one-way ANOVA, followed by 
Duncan’s new multiple range test. The difference 
was considered signifi cant at P < 0.05.
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RESULTS

Larval development
 Fertilized eggs of striped catfi sh were 
adhesive, round and brownish green in color. 
The hatching occurred within 24 hr. Growth was 
measured using the total length and wet weight. 
The average weight and length of fi sh larvae were 
0.25 ± 0.10 mg and 2.88 ± 0.15 mm at hatching, 
respectively, and increased to 98.25 ± 19.02 mg 
and 25.03 ± 3.07 mm, respectively, at 21 DAH 
(Figure 1).
 T h e  i m p o r t a n t  m o r p h o l o g i c a l 
development of striped catfi sh larvae is presented 
in Figure 2. The newly hatched larvae were 
transparent with a large, circular yolk sac and 
undeveloped mouth (Figure 2A). At 1 DAH, the 
mouth was formed as a terminal opening and the 
anus had just opened. The yolk sack was reduced in 
size and the digestive duct was a simple transparent 
tube lacking differentiation (Figure 2B). The yolk 

sack of 2 DAH larvae was further diminished. The 
alimentary canal had differentiated; a small pouch-
like stomach was formed and the intestine became 
distinct (Figure 2C). In this stage, cannibalism was 
observed. Three days after hatching, the yolk sac 
was completely absorbed and the larvae started 
exogenous feeding (Figure 2D). During 4–7 DAH, 
the size of the stomach was larger than the intestine 
and the intestine was convoluted ventrally to the 
stomach (Figure 2E, 2F). The body of the larvae 
became more opaque 9 DAH, and at 15 DAH, the 
larvae were morphologically similar to the adult 
except for their color patterns (Figure 2G, 2H).

Amylase specifi c activity
 The ontogenic-specific activity profile of 

amylase is shown in Figure 3. Amylase specific 

activity was undetectable at hatching, increased 

slowly to 3.223 μ 0.664 UÛmg-1 proteinÛmin-1  at 1 

DAH and two peak activity regions were detected 

thereafter. The first peak of amylase specific 
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Figure 1 Average weight and length of striped catfi sh (Pangasianodon hypophthalmus) larvae from 0 
to 21 days after hatching. (Vertical bars show the standard deviation.)
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Figure 2 Morphological development of striped catfi sh larvae. (A) newly hatched larvae; (B) 1 DAH 
(days after hatching); (C) 2 DAH; (D) 3 DAH; (E) 4 DAH; (F) 7 DAH; (G) 9 DAH; (H) 15 
DAH. (Horizontal scale bars = 1 mm.)
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activity (37.144 ± 6.866 UÛmg-1 proteinÛmin-1) 

was seen 3 DAH (P < 0.05).  Then, the specific 

activity of amylase dropped to 10.775 ± 0.774 

UÛmg-1 proteinÛmin-1 5 DAH (P < 0.05) and 

reached a second peak 7 DAH  at 86.961 ± 9.590 

UÛmg-1 proteinÛmin-1 (P < 0.05). The specific 

activity decreased rapidly to 9.082 ± 0.747 UÛmg-1 

proteinÛmin-1 9 DAH (P < 0.05). After 9 DAH, 

amylase specific activity progressively increased 

until 21 DAH when it reached 137.173 ± 0.487 

UÛmg-1 proteinÛmin-1 (P < 0.05).

Protease specifi c activity
 The ontogenic specific activity profile 

of protease is shown in Figure 4.  Acid protease 

specific activity was detected at hatching and 

a ab bc

h

de
cd

g

i

cd
ef f

h

i
j

k

0
10
20
30
40
50
60
70
80
90
100
110
120
130
140
150

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

A
m

yl
as

e 
sp

ec
ifi

c 
ac

tiv
ity

 
(u

/m
g 

pr
ot

ei
n/

m
in

)

Days after hatching

a

b

e

b
b

c
cd

de

b

cd
c c

e

f

g

a'
b'

c'
d'

c'
c'd'

e'
e' e'

f'

g' h'

0

1

2

3

4

5

6

7

8

9

10

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

Pr
ot

ea
se

 sp
ec

ifi
c 

ac
tiv

ity
(u

/m
g 

pr
ot

ei
n/

m
in

)

Days after hatching

pH 3 pH 11

Figure 3 Amylase specifi c activity during development of Pangasianodon hypophthalmus larvae. 
Means ± SD with different lower case letters are signifi cantly different by multiple comparisons 
(P < 0.05).

Figure 4 Protease specifi c activity during development of Pangasianodon hypophthalmus larvae at pH 
3 and pH 11. Means ± SD with different lower case letters on the same curve are signifi cantly 
different by multiple comparisons (P < 0.05).
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showed three peak activity regions. The first 

peak occurred when acid protease specific 

activity increased rapidly from hatching at 1.635 

± 0.644 UÛmg-1 proteinÛmin-1 to 6.870 ± 0.410 

UÛmg-1 proteinÛmin-1 2 DAH (P < 0.05). Then, 

the specific activity of protease dropped to 3.503 
± 0.7514 UÛmg-1 proteinÛmin-1 4 DAH (P < 

0.05) and reached a second peak 7 DAH at 6.453 
± 0.881 UÛmg-1 proteinÛmin-1 (P < 0.05). The 

specific activity decreased rapidly thereafter to 

4.078 ± 0.496 UÛmg-1 proteinÛmin-1 9 DAH, and 

reached a third peak at 5.953 ± 0.5576 UÛmg-1 

proteinÛmin-1 11 DAH (P < 0.05). Protease specific 

activity decreased slightly to 5.694 ± 0.374 UÛmg-1 

proteinÛmin-1 15 DAH, and then progressively 

increased until 21 DAH when it reached 9.043 ± 
0.400 UÛmg-1 proteinÛmin-1 (P < 0.05).

 Alkaline protease specific activity was 

first detected at 0.399 ± 0.157 UÛmg-1 proteinÛmin-1 

3 DAH and showed two peak activity regions 

during ontogenesis. The first peak occurred when 

the alkaline protease specific activity increased 

rapidly from undetectable levels at hatching to 

3.048 ± 0.686 UÛmg-1 proteinÛmin-1 6 DAH (P 
< 0.05). Then, the specific activity dropped to 

2.643 ± 0.667 UÛmg-1 proteinÛmin-1 9 DAH and 

increased to 4.286 ± 0.794 UÛmg-1 proteinÛmin-1 

on 11 DAH. From then on, the specific activity of 

the enzyme remained constant until 13 DAH, and 

then progressively increased until 21 DAH, when 

it reached 7.079 ± 0.600 UÛmg-1 proteinÛmin-1 (P 
< 0.05).

Lipase specifi c activity
 The ontogenic specific activity profile 

of lipase is shown in Figure 5.  Lipase specific 

activity was detected at hatching and showed two 

peak activity regions. The first peak occurred when 

the lipase specific activity increased rapidly from 

8.460 ± 0.363 mUÛmg-1 proteinÛmin-1 at hatching 

to 12.105 ± 1.323 UÛmg-1 proteinÛmin-1 2 DAH 

(P < 0.05).Then, the specific activity decreased 

rapidly 2 DAH to 2.360 ± 0.309 mUÛmg-1 

proteinÛmin-1 6 DAH and increased to the second 

peak at 8.222 ± 0.897 mUÛmg-1 proteinÛmin-1 7 

DAH (P < 0.05). The lipase specific activity then 

decreased to 2.410 ± 0.247 UÛmg-1 proteinÛmin-1 

11 DAH (P < 0.05) followed by a progressive 

increase until 21 DAH when it reached 7.767 ± 
0.255  mUÛmg-1 proteinÛmin-1 (P < 0.05).

DISCUSSION

 During the early stages, the growth of 

striped catfish increased steadily and a sharp 

increase was observed from 7 DAH onwards. The 

Figure 5 Lipase specifi c activity during development of Pangasianodon hypophthalmus larvae. Means 
± SD with different lower case letters are signifi cantly different by multiple comparisons (P < 
0.05).
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ontogenetic development of striped catfish found 

in this study was similar to other reports on this 

species (Termvidchakorn, 1997; Hiranwat, 1980; 

Islam, 2005; Baras et al., 2010). In the current 

study, amylase, protease and lipase specific 

activities in striped catfish larvae were detected 

prior to the first feeding. Thus, these findings 

indicate that these enzymes that were present in 

the early larval stage (0 –3 DAH) were part of 

the normal process of ontogenetic development 

and not the result of induction by exogenous feed 

which started in the larvae samples 3 DAH. This 

inference is in line with the findings of Chen et 
al. (2006) and Lazo et al. (2007) who suggested 

that the early development of digestive enzymes 

was triggered by internal mechanisms, rather than 

induced by dietary intake.

 All the digestive enzyme activity detected 

during the ontogenesis of the striped catfish 

larvae exhibited a similar two-phase pattern 

which could be related to the morphological 

development of the digestive tract. Fluctuations 

found in the activity of the enzymes during 0–13 

DAH could have been related to the concomitant 

morphological differentiation taking place in the 

digestive tract during this early period of growth.  

However, this view needs to be confirmed. During 

the next phase of growth·from 13 DAH to 21 

DAH·the digestive system was more mature 

and functional as was reflected in a continuing 

increase in the activity of the digestive enzymes 

during this period of development. With regard 

to fluctuations in the digestive enzyme activity 

during the first two weeks of growth, Chen et al. 
(2006) suggested that the developmental pattern 

of enzyme activity from fluctuation to relative 

stability in the late stages may be related to 

anatomical and physiological modifications in the 

larvae during metamorphosis. Oozeki and Bailey 

(1995) reported that morphological changes (loop 

formulation) in the digestive tract may guarantee a 

long retention time and increase the mixing of feed 

and digestive enzymes in the digestive tract.

 Amylase specifi c activity
 The amylase specifi c activity of striped 
catfi sh was detected 1 DAH. Similar results were 
found by Lazo et al. (2000) in red drum (Sciaenops 
ocellatus) and by Gisbert et al. (2009) in common 
dentex (Dentex dentex).  In other species, the fi rst 
detection of amylase was 2 DAH for yellowtail 
kingfi sh (Seriola lalandi) reported by Chen et al. 
(2006) and also for sharpsnout seabream (Diplodus 
puntazaa) reported by Suzer et al. (2007).
 The pattern of amylase activity in 
striped catfi sh larvae was in agreement with that 
previously reported for common carp (Cyprinus 
carpio) by Rathore et al. (2005) and for Indian 
major carp (Cirrhinus mrigala) by Chakrabarti and 
Rathore (2009). This variation of amylase specifi c 
activity can be attributed to the development of 
the digestive system (Chakrabarti et al., 2006), 
an increase in tissue protein (Rathore et al., 2005) 
and the adaptation of the larva to carbohydrate 
metabolism (Chakrabarti and Rathore, 2009). The 
relatively low specifi c activity of amylase during 
the fi rst phase possibly refl ects a limited ability 
to digest carbohydrates while the relatively high 
specifi c activity of amylase in the second stage 
suggests the better adaptation of striped catfi sh 
to carbohydrate utilization. The presence of 
amylase indicates that dietary carbohydrates may 
fi ll the energetic gap between endogenous and 
exogenous protein demand for larval fi sh (Kim et 
al., 2001). Thus, the utilization of carbohydrate 
as an inexpensive source of energy can provide a 
possible approach to reduce the cost of feed for 
fi sh larvae.

Protease specifi c activity
 The specific activity of acid protease 

in striped catfish larvae was present at hatching, 

while the specific activity of alkaline protease was 

detectable later 3 DAH. Few studies to date have 

assessed both the acid and alkaline protease activity 

throughout the ontogenetic growth period. Most 
of these reported the presence of alkaline protease 
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before acid protease. Lazo et al. (2007) reported 
that red drum larvae possessed alkaline protease 
activity 3 DAH and acid protease 22 DAH. In 
California halibut (Paralichthys californicus), 
alkaline and acid protease specifi c activities were 
detected 1 and 15 DAH, respectively (Alvarez-
González et al., 2006). In the case of spotted 
sand bass (Paralabrax maculatofasciatus), 
alkaline protease specifi c activity was found 1 
DAH, whereas acid protease specifi c activity was 
detected 12 DAH (Alvarez-González et al., 2008).  
Guerreiro et al. (2010) reported the detection of 
acid protease activity in white seabream (Diplodus 
sargus) at hatching, when it showed its highest 

level, followed by a decrease to negligible values 

2 DAH. Some papers referred to the acid protease 

specific activity observed during early stage of fish 

larvae as cathepsins activity (López-Ramírez et 
al., 2010; Guerreiro et al., 2010). Cathepsins are 
involved in yolk degradation and work actively at 
an acidic pH (Guerreiro et al., 2010).
 The pattern of acid protease activity 
observed in striped catfi sh larvae has only been 
observed in few species, such as Senegal sole 
(Solea senegalensis) by Martínez et al. (1999) and 
white seabream by Cara et al. (2003). In contrast, 
the acid protease specifi c activity in several marine 
species was not detectable in the early stage of 
development and then increased with age in late 
stages such as those reported for red drum (Lazo 
et al., 2007) and spotted sand bass (Alvarez-
González et al., 2008).
 The  pattern of specific activity of 
alkaline protease in striped catfi sh larvae has only 
been reported in a few freshwater fi sh species, 
such as Cuban gar (Atractosteus tristoechus) 
by Comabella et al. (2006) and Mayan cichlid 
(Cichlasoma urophthalmus) by López-Ramírez 
et al. (2010). In contrast, alkaline protease specifi c 
activity in most marine fi sh species was high during 
the early stage of development  and then decreased 
with age such as in Senegal sole (Martínez et al., 
1999), white seabream (Cara et al., 2003) and red 

drum (Lazo et al., 2007).
 Both acid and alkaline protease specific 

activities showed similar patterns, except for 

the period between 0 and 3 DAH. However, the 

acid protease specific activity was constantly 

higher than that of the alkaline enzyme. This 

pattern has only been observed in a few species 

such as Cuban gar (Comabella et al., 2006). The 

early development of acid protease as well as 

the existence of alkaline protease supports the 

suggestion of the high capability of striped catfish 

to digest different types of proteins.

Lipase specifi c activity
 In striped catfi sh larvae, lipase specifi c 
activity was detected at hatching. Similar results 
were also found in California halibut (Alvarez-
González et al., 2006), red drum (Lazo et al., 
2007) and common dentex (Gisbert et al., 2009). 
However variations have been reported in the time 
of fi rst detection of lipase activity, for example 2 
DAH in yellowtail kingfi sh (Chen et al., 2006), 4 
DAH in sharpsnout seabream (Suzer et al., 2007) 
and 13 DAH in Mayan cichlid (López-Ramírez et 
al., 2010)
 In the current study, the specifi c activity 
of lipase fl uctuated from hatching to 11 DAH 
and then increased with larval development, 
therefore indicating that striped catfi sh larvae 
have a higher capacity to digest and utilize lipid in 
the second phase in comparison to the fi rst phase 
of development.  The pattern of lipase specifi c 
activity was similar to that reported in spotted 
sand bass (Alvarez-González et al., 2008). In 
some species, the specifi c activity of lipase was 
detected at hatching and increased with growth, 
then decreased to a minimum at the end of the 
studied stage, such as in red drum (Lazo et al., 
2000), California halibut (Alvarez-González et al., 
2006) and yellowtail kingfi sh  (Chen et al., 2006). 
In other species, like common dentex (Gisbert et 
al., 2009), the specifi c activity of lipase was high 
at the early stage and then decreased during larval 
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development. Oozeki and Bailey (1995) reported 
the existence of two types of lipase in walleye 
Pollock (Theragra chalcogramma), with the fi rst 
type activated during the early stage and related 
to yolk-sac absorption, while the second type of 
lipase increased with age after day 14 and was 
related to the digestion of lipid in the live food.

CONCLUSION

 The results from this experiment have 

demonstrated the presence of acid protease, 

amylase and lipase specific activities at an 

early stage of striped catfish (Pangasianodon 
hypophthalmus) larvae after the appearance of 

the mouth. However, the activities of the enzymes 

in the first two weeks of the larval stage were 

observed to fluctuate and were relatively low. For 

this reason, the 0–2 DAH larvae should be fed 

with live food or an easily digested diet such 

as boiled egg yolk. At 3 DAH, alkaline protease 

was detected, which suggested that artificial feed 

could be provided gradually to induce the enzyme, 

starting with partial replacement of live food, until 

total replacement at the end of this early larval 

stage (11 DAH). In the late stage of development 

(13–21 DAH), the enzyme activities increased with 

age which indicated the complete development 

of digestive enzymes in the striped catfish larvae. 

At this stage, live food can be totally replaced by 

artificial diets.  Moreover, the existence of these 

enzymes suggested that striped catfish larvae 

have the ability to digest protein, carbohydrate 

and lipid, which can lead to the possibility for 

the development of cost-effective formulated 

feed for intensive farming of this fish. However, 

further research is needed to find a suitable feed 

formulation for the effective replacement of live 

food organisms that is easy to digest and provides 

the essential nutrients optimal for growth and 

survival of striped catfish during the nursing stage. 

This can also lead to the potential development of 

cost-effective formulated feed for the grow-out 

stage of this species that is very much needed in 

the aquaculture business.
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