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A study was conducted to determine the effects of different dietary treatments on the growth, survival
and digestive enzyme activities of Mystus nemurus larvae. Newly hatched larvae were reared for 14
days in twelve 15 L glass aquaria (for growth and survival) and eight 300 L fiberglass tanks (for enzyme
samples) at a stocking density of 15 larvae L. Beginning at 2 days, the larvae were randomly assigned
to Artemia nauplii, a microbound diet and a 50:50 combination of live food-microbound diet, while
another group was unfed. All treatments were triplicated (growth and survival) or duplicated (enzyme
development). The results showed that, M. nemurus larvae which fed on Artemia nauplii gave the
highest survival rate (83.7%), followed by those fed on a combination diet (56.0%) and a microbound
diet (26.5%). All unfed larvae did not survive beyond Day 9. Artemia had also given the best growth
(20.4 £ 1.4 mm TL and 37.2 £ 6.0 mg wet weight) for the catfish larvae. This was followed by the
combination diet (18.3 £ 0.6 mm TL and 32.6 + 3.4 mg wet weight) and the microbound diet (11.0 = 0.1
mm TL and 11.9 £ 0.9 mg wet weight), respectively. Pepsin began to significantly appear in M. nemurus
larvae at 4 days old for all treatments, while chymotrypsin, trypsin and amylase were present even in
the newly hatched larvae. In general, highest enzyme activities were observed among larvae which fed
on a combination diet, followed by those fed on live and artificial diets, respectively. This suggested the
important role of exogenous enzymes from live food in the larval digestion particularly at the early

feeding stages.
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INTRODUCTION

Over the last decade, the world catfish aquaculture
production has increased by 6 folds (FAO, 2009). lts total
production in 2008 was 2.78 million tons (worth USD 3.92
billion) compared with 541,883 tons in 1998. The catfish
production in Malaysia has also jumped by 7 folds from
7158 tons in 1999 to 81,041 tons in 2009 (Anon, 2011).

In fact, catfish farming has overtaken tilapia as the
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Abbreviations: MBD, Microbound diet; BTEE, benzoyl tyrosine
ethyl ester; TAME, N-tosyl-L-arginine methyl ester; LMWP, low
molecular weight protease.

top freshwater cultured fish species.

Mystus nemurus, the Asian redtail catfish or locally
known as baung, is one of cultured catfishes in Malaysia.
It is a popular indigenous Malaysian freshwater food fish
(Khan et al.,, 1990). M. nemurus production has only
become significant in 1993 (FAO, 2009) particularly in
Malaysia due to the success in its artificial breeding
program (Thalathiah et al., 1988) and development of
grow-out feed. To date, it is only commercially cultured in
Malaysia and Indonesia either semi-intensively in ponds
and pens or intensively in floating cages (Abidin et al.,
2006; FAO, 2009). The annual national production of M.
nemurus in general, has steadily increased although it
remains less than 1% of the total freshwater aquaculture
production (FAO, 2009).



Although, M. nemurus fries have been routinely produced
in several hatcheries, one of the major problems during
its larviculture is the larval dependency on live food. At
present Artemia nauplii are being widely used in M.
nemurus larviculture. It has been estimated that the
optimal feeding rate for M. nemurus is five Artemia mL™
for first week of feeding and ten Artemia mL™" for the
second week of feeding (Kamarudin, 1999). Other than
high variability in quality of nauplii, common problems of
using Artemia are the frequent and unpredictable
fluctuations in supply and price of cysts which is
considered often expensive for the importing countries
such as Malaysia. In addition, hatching the cysts needs
extra facility, hatchery space and labor (Kamarudin et al.,
1999; Verreth et al., 1992) that not only further increase
the cost of fry production but also the risks associated
with live food production.

The development of a specific artificial larval diet for M.
nemurus is therefore, desirable or necessary in order to
solve most of the problems stated earlier. Other than
convenient, the use of artificial feed could provide con-
sistent supply and quality of M. nemurus fries. However,
Verreth et al. (1992) reported that most fish larvae face
some problems in utilizing artificial diets. Most of the
failures of larval feeds are due to the lack of information
and understanding on the larval digestive capacity
(Kamarudin et al., 1994), mouth morphology and feeding
behavior and ecology. This study was conducted to
determine the effects of no food and different diets on the
growth, survival and digestive enzyme activities of
developing M. nemurus larvae.

MATERIALS AND METHODS

In this 2 weeks study, newly hatched M. nemurus larvae were
randomly stocked at 15 larva L™ in twelve 15 L glass aquaria for
determination of growth and survival and eight 300 L fiberglass
tanks for monitoring the enzyme development. All larvae were
obtained through induced breeding (Thalathiah et al., 1992). At the
start of exogenous feeding on Day 3, the larvae were randomly
subjected to four different feeding treatments: Artemia nauplii (Bio-
Marine Brand), a 55% protein microbound diet (Kamarudin et al.,
1995) and a 50:50 combination of Arfemia-55% protein diet, while
another group was not fed (unfed). Proximate compositions of live
and artificial diets are shown in Table 1. All treatments were
triplicated (growth and survival) or duplicated (enzyme develop-
ment).

Feeding was started on Day 3 and daily done at 0800, 1200,
1600 and 2000 h. Artemia were given at 5 nauplii L™ in the early
larval stages (Day 2 to 8) and 10 nauplii L™ in the later stages, while
the microbound diet (MBD) was given at ad libitum basis. For the
combination diet, the Artemia at a halved density were given 30 min
after the MBD was delivered to ensure that MBD was utilized. All
uneaten food and fecal materials were siphoned out before every
morning feeding and the water volume for each tank was
maintained to the original volume.

The larvae were randomly sampled at every other day.
Organogenesis of M. nemurus larvae completes when they are 14
days old (Harmin and Somga, 1995). For enzyme study, whole
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larvae were sampled before the morning feeding (Baragi and
Lovell, 1986) from each fiberglass tank into five 1.5 ml Eppendorf
tubes (40 larvae tube-1). Excess water was removed from each
tube and all samples were kept at -80°C prior the enzyme analysis.
For growth study, twenty larvae from each aquarium were randomly
measured for total length and body weight.

The water in each culture tank was 50% changed during the
samplings. Water parameters were estimated on non-sampling
days. The ranges of dissolved oxygen (D.O.) (6.2 to 7.8 ppm),
temperature (26 to 30°C), pH (7.76 to 7.8) and ammonia-N (0.2 to
0.6 ppm) during the study were within the acceptable range.

Enzyme solutions were prepared by homogenizing the pooled
whole larval samples in the appropriate buffer solutions (Kamarudin
et al., 1999) and centrifuged at 4°C and 5000 rpm for 20 min. All
enzyme solutions were analyzed within 24 h after preparation.
Pepsin, chymotrypsin, trypsin and amylase were quantified in U
using hemoglobin, benzoyl tyrosine ethyl ester (BTEE), N-tosyl-L-
arginine methyl ester (TAME) and soluble starch as substrates,
respectively (Table 2). Larval protein content was estimated using
Bio-Rad protein test kit (Bradford).

All data were subjected to one way analysis of variance (ANOVA)
and means differences were analyzed using Duncan's multiple
range test (SAS Institute Inc., Cary, North Carolina, USA).

RESULTS AND DISCUSSION

The effects of different feeding treatments on the survival
and growth (Figure 1) of M. nemurus larvae are
summarized in Table 3. None of the unfed larvae
survived beyond 9 days old. The best survival and growth
were achieved when the larvae were fed on live food,
followed by those fed on a combination diet and artificial
diet. Larval growth was more defined for body weight.
After 4 days, larval body weight sharply increased with
the inclusion of live food in its diet (partial or whole). All
treatment means were significantly different (P < 0.05).

Pepsin was absent in newly hatched M. nemurus
larvae (Figure 2). Although, traced activity was detected
in 2 days old larvae, significant pepsin activity began
when they reached 4 days old. In general, total pepsin
activity among fed larvae increased with the larval age
but the increase was slower and much lower among
those fed solely on the artificial diet. In fact, pepsin
activity among the later and unfed larvae was almost
identical up to 6 days old. Only traced pepsin activity was
observed among unfed larvae at 8 days old.

Specific pepsin activity increased sharply in larvae fed
on Artemia and the combination diet from 4 to 6 days old
and remained high. The activity among those fed solely
on the artificial diet slowly increased to a peak at 12 days
old.

Other digestive enzymes were present in newly
hatched larvae (Figures 3, 4 and 5). Generally, total
chymotrypsin activity was higher and increased with
larval age when Artemia was solely or partially included
in the larval diet. Other treatments showed a decreasing
trend in total activity although, peaks were observed at 6
and 8 days old for unfed and the artificial diet. Specific



Table 1. Proximate composition of test diets.

Nutrient (g kg™ dry matter) Gross energy

Protein Lipid Ash Fiber (kd g™
Artemia nauplii 553.7 167.3 59.3 4.6 235.4
Microbound 635.1 66.4 73.2 7.2 220.5

Table 2. Substrates, buffer solutions and parameters used for enzyme analyses.

Enzyme Substrate Buffer pH Wavelength Temperature Reference
solution (nm) (°C)
Pepsin Hemoglobin  Phenol 1.8 280 35.5 Rick and Fritsch (1974)
Chymotrypsin BTEE Tris 7.8 256 25 Rick (1974a)
Trypsin TAME Tris 8.1 247 25 Rick (1974b)
Amylase Starch Phosphate 6.9 564 25 Rick and Stegbauer (1974)

chymotrypsin activity for all treatments increased by 2
days old. Except for the artificial diet, specific activity
increased to peaks at 4 and 6 days old for those fed
solely or partially on Artemia and unfed larvae. Generally,
the combination diet gave a higher specific activity.

All fed larvae showed increases in total trypsin activity
with larval age. Generally, the highest total activity was
found among those fed on a combination diet, followed
by those fed on Artemia and artificial diet, respectively.
Specific trypsin activity among fed larvae peaked at 2
days old for all treatments. Low total amylase activity was
observed in catfish larvae during the yolk absorption
stage (0 to 3 days old). Following the start of exogenous
feeding, the activity shot up for all treatments. It generally
increased with larval age for all fed larvae with the
highest for those fed on the combination diet and
followed by those fed solely on Artemia and the artificial
diet, respectively.

Specific amylase activity for all treatments peaked
when the larvae were 4 days old. Another peak for those
fed on a combination diet was observed at 8 days old.
Generally, those fed partially or solely on Artemia showed
a higher amylase activity than those fed solely on the
artificial diet.

A good quality live food is often costly and frequently
varies in reliable quality and supply. On the other hand,
despite many advantages, artificial larval diets often have
limited success in fish larviculture. Kolkovski (2001) have
suggested that, freshwater fish larvae could have a better
chance to be successfully reared without a live food
supplementation due to the larger size and well-
developed stage of emerging or hatching larvae. This is
especially true for salmonids as they have long incu-
bation and yolk absorption periods.

The present study, however, showed that live food
(Artemia nauplii) gave the best performance and was

essential for a successful M. nemurus fry production.
Similar observations were made on Javanese carp,
Barbodes gonionotus (Kamarudin et al., 1999), African
catfish, Clarias gariepinus (Van Damme et al., 1990),
Japanese catfish, Silurus asotus (Hirakawa et al., 1997)
and other tropical catfishes (Table 4). In fact, most
studies on tropical freshwater catfish and carps show that
excellent results could be achieved if live food is partially
or wholly included in the larval diet.

Appelbaum and McGeer (1998) and Petkam and
Moodie (2001) have shown that, an optimal larval diet
could provide a better growth (than live food) for tropical
catfish C. gariepinus and Clarias macrocephalus, respec-
tively. However, the resultant survival is usually poor or
significantly much lower than that of live food. Similarly,
this study showed that, although M. nemurus larvae could
survive and grow solely on an artificial larval diet, the
survival and growth performances were much inferior to
those fully or partially fed with live food. Eguia et al.
(2000) concluded that live food organisms are required in
the first and early stage feeding (up to 4 days) for a
successful larviculture of M. nemurus. The intermediate
performance of a combination of live-artificial diet in this
study confirms that, live food is particularly essential in
the first feeding and early larval stages of M. nemurus
and the slightly lower lipid and energy (but slightly higher
protein) in the artificial diet could not be the main causes
of its poor performance. In contrast, a combination diet
gives the best results for most other tropical catfish larvae
(Szlaminska and Przybyl, 1986, Table 4). Kolkovski et al.
(1997a) noted that, the addition of live food to a larval
microdiet could significantly enhance the diet through
improved growth.

Petkam and Moodie (2001) stated that, an artificial diet
may not be consumed efficiently at the start of
exogenous feeding of larval catfish but at later larval
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Figure 1. Growth of M. nemurus larvae fed on different diets.
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Table 3. Mean total length, wet weight, survival and specific growth rate (SGR) of M. nemurus larvae fed on different diets.

. Total length (mm) Wet weight (mg) . ;
Diet Initial Final Gain Initial Final Gain Survival(%) SGR(% d")
Artemia 5.51 + 0.21 20.41+1.40% 14.90+1.40%° 1.65+0.01 36.19+591% 3454+591% 83.73+1.96° 22.38+0.04 2
Combination 5.51 +0.21 18.33+0.96° 12.82+0.96°  1.65+0.01 32.60+3.93° 30.95+3.93° 56.0+1.76° 21.31+0.08°
Microbound 5.51 +0.21 11.02+0.14° 551 +0.14° 1.65 + 0.01 11.93+0.86° 10.28+0.86° 26.53+2.43° 14.13+0.54°
Unfed 5.51 +0.21 7.91 £0.18* 2.40+0.18* 1.65 + 0.01 3.9 +0.00* 2.35+ 0.00* 0+0° 6.14 +0.21*

Mean + standard deviation; *Measurements at day 8. Means within a column and followed by same alphabet are not significantly different (P > 0.05).

stage. Qin et al. (1997) suggested that, poor larval
survival of an artificial diet especially at the
early larval stage is probably due to the larval
under-developed digestive enzyme system as
enzymes are not sufficient to optimally digest non-
living food. In addition, the ingestion rate of a dry
larval diet in fish larvae is much lower than that of
a live food (Kolkovski et al., 1993). Petkam and
Moodie (2001) reported that, the performance of a
paste (moist) diet among catfish larvae is better
than a dry diet but is much inferior to a live food.

Understanding the ontogenetic development of
the larval digestive capacity is important for the
development of a specific larval feed and feeding
or weaning strategy. Kuz’'mina (1996) stated that,
the digestive capacity in fish larvae depends on
the ontogenetic development of digestive system.
All digestive enzymes except pepsin were present
in newly hatched M. nemurus larvae. Kamarudin
(1999) reported that, alkaline phosphatase is also
detected at this stage in the mid and posterior
intestine of M. nemurus.

The presence of pepsin has been shown to
increase digestion (Fosterck, 1992). Pepsin began
to appear in traced levels in 2 days old M.
nemurus larvae and became significant a day
after the exogenous feeding started. At the same
time, acid phosphatase and non-specific esterase

begin to appear in the larval intestine (Kamarudin,
1999). Pepsin total activities for both artificially fed
and unfed larvae were almost the same up to 8
days old when the activity dropped to a traced
level for unfed larvae. Verreth et al. (1993)
reported that, pepsin and acid protease appear in
C. gariepinus larvae 4 to 5 days and 3 to 8 days
after the start of exogenous feeding, respectively.
Baragi and Lovell (1986) noted the appearance of
pepsin in striped bass larvae at the onset of
exogenous feeding (4 days old), while Kamarudin
et al. (1999) could not detect any pepsin activity in
B. gonionotus larvae.

Verreth et al. (1993) suggested that, pepsin
appears and becomes involved in larval digestion
when a functioning stomach has fully developed.
This seemed to be also true for M. nemurus as its
gut differentiation began when larvae are 4 to 5
days old, while its functional stomach is fully
developed when larvae are 5 to 7 days old (El
Hag, 2000). Kolkovski (2001) stated that, pepsin
activity is also absent in most fish larvae prior the
formation of gastric gland.

Total activity of all digestive enzymes in M.
nemurus larvae generally increased with larval
age. This is in agreement with reports by earlier
workers (Hofer and Nasir Uddin, 1985; Kamarudin
et al., 1996; Kamarudin et al., 1999; Kuz'mina,

1996). It is also interesting to note that, specific
trypsin activity peaked in 2 days old larvae when
traces of pepsin activity were detected. Pepsin
could only digest a protein in the presence of
trypsin (Uys and Hecht, 1987).

Artemia nauplii are excellent and most widely
used first food for most freshwater and marine fish
species. Other than providing some essential
micronutrients, Artemia may contribute to an
activation of zymogens or digestive hormones
(Petkam and Moodie, 2001) or may increase
larval endogenous enzyme secretion (Pedersen
and Hjelmeland, 1988). The higher pepsin activity
in M. nemurus larvae when Artemia was included
(partially or solely) in their diet seemed to support
this theory. The inclusion of Artemia appeared to
enhance the larval pepsin secretion. Although,
Dabrowski and Glogowski (1977) have reported
the presence of pepsin-like protease (using a non-
specific pepsin substrate) in several crustacean
live foods including Artemia, crustaceans are
known to contain low molecular weight protease
(LMWP) rather than pepsin (Galgani and
Nagayama, 1987; Zwiling and Neurath, 1981).
Therefore, the higher pepsin activity in larvae
could not be directly contributed by exogenous
pepsin of Artemia nauplii. In a later study, a
dietary pepsin supplementation seemed to neither
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Table 4. Performances of live and artificial diets in relation to hatching size for several tropical freshwater fishes.

Mean hatching size

Species Diet performance Reference
TL (mm) BW (mg)

M. nemurus 5.51 1.65 Survival: Microdiet << Combination << Live food  Present study
Growth: Microdiet << Combination < Live food

M. nemurus 5.98 Survival: Microdiet << Combination = Live food Eguia et al. (2000)
Growth: Microdiet << Combination < Live food

C. gariepinus 6.5 2.67 Survival: Microdiet < Live food < Combination Kamarudin et al. (1996)
Growth: Microdiet < Live food << Combination

C. gariepinus Survival: Not stated Garcia-Ortega et al. (2001)
Growth: Microdiet << Live food

C. gariepinus Survival: Not stated Appelbaum and McGeer (1998)
Growth: Live food << Microdiet << Combination

C. macrocephalus 0.5-0.7 Survival: Microdiet << Live food Petkam and Moodie (2001)
Growth: Live food < Microdiet

C. macrocephalus Survival: Microdiet << Live food < Combination Fermin and Bolivar (1991)
Growth: Microdiet << Live food < Combination

C. batrachus Survival: Microdiet << Live food Alam and Mollah (1988)
Growth: Microdiet << Live food

C. batrachus Survival: Microdiet << Live food Knud-Hansen et al. (1990)
Growth: Not stated

P. bocourti Survival: Microdiet << Live food Hung et al. (1999)
Growth: Microdiet << Live food

H. longifilis <7.0 <20 Survival: Microdiet << Live food Kerdchuen and Legendre (1994)
Growth: Microdiet << Live food

A. nobilis Survival: Microdiet<< Live food < Combination Fermin and Recometa (1988)
Growth: Live food < Microdiet < Combination

B. gonionotus 3.0 Survival: Microdiet £ Combination « Live food Kamarudin et al. (1999)
Growth: Microdiet £ Combination < Live food

C. striatus <6.5 <0.2 Survival: Microdiet << Live < Combination Qin et al. (1997)

Growth: Microdiet << Live = Combination

Eguia et al. (2000)

significantly increase larval pepsin activity nor a microdiet
performance in terms of growth and survival (Kamarudin,
1999).

Dabrowski (1982) stated that, most small fish do not
have sufficient enzymes for digesting non-living diets. It
has been suggested that exogenous enzymes from live
food play an important role in assisting in the digestive
process in fish or crustacean larvae (Dabrowski, 1982;
Jones et al., 1993; Kamarudin et al., 1999; Kolkovski et
al.,, 1997a). Munilla-Moran et al. (1990) estimated that,
live food contributes significantly 43 to 60% protease, 78
to 88% esterase and 89 to 94% amylase into the
digestive system of Scopthalmus maximus larvae.
Kolkovski et al. (1993) further demonstrated that, the
assimilation rate of a microdiet can be improved by 30%

with an exogenous digestive enzyme supplementation.
Nevertheless, the contribution of exogenous digestive
enzymes from live food in some larval fishes has also
been reported to be less than 1% by some workers
(Garcia-Ortega, 2000; Kolkovski, 2001).

In the present study, the total activity of non-pepsin
digestive enzymes was generally higher in larvae fed on
the combination diet followed by those on Artemia. The
enzyme activities in those fed exclusively on an artificial
diet were generally much lower than the latter. The
results strongly suggested that, the higher activity of
these enzymes could be directly contributed by Artemia.
Nevertheless, the role of Artemia stated earlier may be
also involved and should not be totally dismissed for
these enzymes.
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Trypsin activity in fish larva is usually lower than
chymotrypsin activity (Baragi and Lovell, 1986; Faulk and
Holt, 2009; Faulk et al., 2007; Kamarudin et al., 1996;
Kamarudin et al., 1999; Munilla-Moran et al., 1990). In
the present study, trypsin activity in catfish larvae was
generally higher than chymotrypsin. Chymotrypsin activity
in Artemia nauplii is relatively low (Pan et al., 1991).

The importance of live food in the first and early stage
feeding of M. nemurus larvae for growth and especially
survival has been demonstrated from the present feeding
and digestive enzyme study. Possible roles of live food in
activation of zymogens or digestive hormones to enhance
specific digestive enzymes and contribution of exogenous
enzymes in M. nemurus larval digestion have been
supported. Kolkovski (2001) cautioned that, the contribu-
tion of live food to the larval digestion assimilation pro-
cess may also be in forms other than the direct enzyme
contribution. Kolkovski et al. (1997b) have demonstrated
that, both visual and chemical stimuli of live food could
increase the ingestion rate of a microdiet by up to 120%.
Holt (1993) suggested that, live food facilitates a better
nutrient absorption as it contains approximately 75%
water. In addition, Kolkovski et al. (1997a) noted that, live
food enhances microdiet efficiency by promoting assimi-
lation and deposition of dietary nutrients. An autolysis of
live food could also significantly contribute to larval
digestion (Hjelmeland et al., 1993; Pan et al., 1991).

Petkam and Moodie (2001) suggested that, the length
of live food feeding period is crucial for a successful
larviculture with high growth and survival. However, it is
economically and practically desirable if larvae could be
optimally weaned to an artificial diet without significantly
compromising both survival and growth as early as
possible. The crucial periods of live food feeding for C.
macrocephalus and C. gariepinus larvae are the first 5 to
10 days and 10 to 14 days feeding, respectively (Petkam
and Moodie, 2001; Verreth et al., 1993). Eguia (1998)
concluded that, the best weaning scheme for M. nemurus
larvae is a gradual wean from day 6 to day 12 after the
start of exogenous feeding. The present study on the
changes in larval digestive enzymes seemed to streng-
then this notion.
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