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Effect of Formulated Feed as a Subsitute for Live Feed on Growth
Performances, Biochemical Composition and Digestive Enzyme
Activities of Asian Stinging Catfish, Heteropneustes fossilis (Bloch,
1794) Larvae
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Abstract | Substitute of live feed in mass production of fish larvae has recently drawn a great attention due to
inadequate supply and inconsistent price. The present study evaluated the effects of early introduction of formulated
feed as a substitute for live feed on growth performances of Asian stinging catfish, Heteropneustes fossilis larvae reared in
laboratory conditions. Three-day-old larvae hatched through induced breeding (2.0+0.00016 mg; 0.57+0.09cm) were
subjected to four feeding treatments in triplicates (100 larvae/aquarium). The catfish larvae were fed with live Tubifex
(LT), dry Tubifex (DT), formulated feed (FF), and commercial feed (CF) two times a day for 60 days. Results showed
that larvae fed with formulated feed (FF) grew significantly faster than the other treatments (p<0.05). The weight
gains were observed as 2.6 g in FF; 2.0 g in CF and 1.9g in LT and 1.54g in DT, respectively. Similarly, FF showed the
highest specific growth rate (SGR) of 11.85+0.71%, but significantly differed only from that of DT (SGR=11.1; P<
0.5). Length-weight analysis revealed that the growth of larvae in all treatments showed negative allometric growth
(regression slope 4 <3). The highest 4 value (2.64) was observed in larvae fed with FF. Proximate analysis showed
that larvae fed with FF had significantly higher protein content than the other treatments (p<0.05). Water quality
parameters remained optimum throughout the experimental period. The feeds used in treatments did not show any
deleterious effect on survival. Physiologically, FF led to significantly higher amylase activity in comparison to other
feeds, while protease activity was comparable among the feeds except for DT. The results suggest that formulated feed
can be used as a potential substitute for live Tubifex for the early stage of larvae of stinging catfish.
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INTRODUCTION Bangladesh, with a high demand in local markets due to
its delicious taste, nutritional values (Alok et al., 1993) and

he Asian stinging catfish (Heteropneustes fossilis), locally ~ medicinal benefits (Froese and Pauly, 2012). Once widely
known as Shing, is an omnivorous catfish endemic distributed in the natural water bodies of the country,

to Bangladesh. It is a high-valued native fish species in the population of stinging catfish has been declining
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over the years due to overfishing, habitat destruction
and environmental disturbance caused by natural and
anthropogenic activities (Dahanukar et al, 2004).
However, a large-scale commercial culture of this species
is yet to be established in Bangladesh because of a scarcity
of good quality seed supply, which, till now, comes from
natural sources. Although in recent years, some homestead
H. fossilis hatcheries have been established in Mymensingh
and Jessore districts of Bangladesh to mitigate the seed
supply problems through artificial breeding, large-scale
production of this species is yet to get its due momentum.
Apart from inferior brood quality and suboptimal water
conditions in catfish hatcheries, lack of suitable larval and
nursery feeds are the most crucial challenges impeding the
widespread adoption of this important aquaculture species

in Bangladesh.

The success of aquaculture depends mainly on the
availability of supplementary diets rich in essential
nutrients that will result in high survivability and fast
growth (Giri et al., 2002). Compared to adults, however,
the development of a diet for fish larvae is difhicult as fish
larvae are usually very small and fragile with an undeveloped
digestive system (Lavens and Sorgeloos, 1996). Therefore,
live feeds are conveniently used for larval feeding (Holt,
1993; People Le Ruyet et al., 1993) as it is believed that live
teeds stimulate enzyme secretion resulting in good growth
and survival. Tubifex is well known to increase the growth
performances of different finfish species such as Chizala
chitala (Sarkar et al., 2007), Clarius macrocephalus (Santiago
et al., 2003) and catfish (Evangelista et al., 2005; Arslan et
al., 2009). However, the regular application of live Tubifex
to fish larvae is impractical for developing countries
because of inconsistent supply and high price (Evangelista
et al., 2005). Besides, the use of live feed from unknown
commercial sources can be a potential source of pathogens
or parasites that may cause numerous water-borne diseases
(Tao et al., 2007). Therefore, the development of artificial
larval feeds as the best alternative to costly live feed has
always been a subject of intensive research (Gatesoupe and

Luquet, 1982).

As mentioned, larval feeding stands as one of the key
challenges that hitherto withhold adequate supply of
quality seeds for commercial aquaculture of Asian stinging
catfish in Bangladesh. Therefore, the development of an
artificial feed for catfish larvae is crucial, as it reduces the
dependency on live feeds and holds a huge potential in
meeting the requirements of food size and nutrition for
the larvae (Lavens and Sorgeloos, 2000). While larval
teeds are available in the local markets, these are arbitrarily
tormulated and do not meet the specific nutritional demand
of stinging catfish contributing to poor growth and survival
of larvae. Previous reports suggest that live and dry Tubifex
can be a suitable diet for stinging catfish (Ahmmed et al.,

2016; Hossain et al., 2016). However, these studies used
fry and fingerlings instead of larvae and did not include
any formulated feed for comparison. Therefore, the present
study was conducted to observe the efficacy of formulated
feed in comparison with a live feed on the early stages of
larvae of stinging catfish.

MATERIALS AND METHODS

ETHICS STATEMENT

The experimental fish were reared up and maintained
according to the guidelines of bioethics and animal care
as developed by the Animal Ethics Committee of Khulna
University, Bangladesh (KUAEC-2019/11/11).

EXPERIMENTAL DESIGN AND LARVAL REARING

A 60-days feeding trial was carried out with three days
old Asian stinging catfish (/. fossilis) larvae produced
through hypophysation technique in the breeding facility
of Fisheries and Marine Resource Technology Discipline
in Khulna University of Bangladesh. The experimental
system consisted of 12 glass aquaria (50 x36 x 30 cm®) with
a total system volume of 50 L each containing a net cage
(32cm x 20cm x 29 ¢cm) suspended in the water column. An
overhead water shower was installed over each aquarium/
net cage to ensure continuous aeration and reduction of
accumulated ammonia load. The larvae of 2+0.00016 mg
in weight and 0.57+0.09 cm in length were stocked at the
rate of 100 in each suspended net cage. Larvae were fed at
satiation level with cleaned and fine chopped live Tubifex
for three days before commencing the feeding trial. The
experimental design consisted of four feed treatments, each
with three replicates randomized across the twelve tanks.
The experimental feeds consisting of live Tubifex (LT), dry
Tubifex (DT), formulated feed (FF), and commercial feed
(CF) were used for the feeding trial. Initially, the feed was
given ad libitum twice daily for the first 15 days and then
gradually adjusted to 10% of the total biomass. To adjust
the feed ration, morphometric measurements were taken
fortnightly after a 24h feed deprivation period and the
calculated amount of daily requirement was given in equal
rations at 09 h, 12 h, and 15 h. The experimental tanks were
cleaned twice a week after two hours of the last feeding
to remove dirt and dead larvae if any, while water quality
parameters (temperature, 28+1.5°C; dissolved oxygen,
6.3+0.5mg/L; pH, 7.2+0.6 and ammonia, 0.065+0.03
mg/L) were maintained throughout the experimental

period.

EXPERIMENTAL FEEDS

Live Tubifex (LT) was collected from a local aquarium shop
while dry Tubifex (DT) (Royal Feast, R & R Aquarium
products) and commercial feed (CF) specially prepared

for fish larvae were purchased from the local markets
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(Agatanursery powder; Agata Feed Mill Ltd, Comilla,
Bangladesh). Collected LT were kept in a tray with
continuous mild water flow to keep them alive and fresh.
Each time, the required amount of LT was picked from
the tray, washed thoroughly under tap water, and chopped
to fine pieces before feeding to the larvae. FF was prepared
at the laboratory by using locally available ingredients,
wheat bran; soybean meal; wheat flour; fishmeal; meat and
bone meal and soybean oil (Table 1). The protein content
and gross energy of the FF were maintained as 40%
and 4.16 kcal/kg, respectively as suggested by Siddiqui
and Khan (2009) for the rearing of H. fossilis larvae. The
price of different experimental feeds and the proximate
composition (protein, lipid, ash, and moisture) of all
experimental feeds are shown in Table 2. The proximate
composition of all experimental feeds and fish obtained at

the end of the study was carried out following the methods
of AOAC (2012).

Table 1: Composition of ingredients of formulated feed (g
100g diet™).

Ingredients % Inclusions
(dry matter basis)

Wheat bran 16.14

Soybean meal 35.34

Wheat flour 15.82

Fishmeal 24.19

Meat and bone meal 16.59

Soybean oil 4.50

Vitamin and mineral premix 0.10

Table 2: Proximate composition (%) and cost of
experimental feeds.

Parameter LT DT FF CF

(%)

Protein 49.78+0.01 48.50+0.02 39.77+0.02 30.72+0.01
Lipid 5.48+0.04 8.27+0.03 7.98+0.03 5.70+0.03
Ash 7.79+0.01 7.26+0.01 11.29+0.04 8.35+0.02
Moisture  70.31+0.03 11.08+0.02 8.26+0.02 10.11+0.05
Price 110 9000 60 65
(Taka/kg)

GROWTH PARAMETERS

The average body weight (BW) and body length (BL)
of 15 larvae randomly collected from each replicate were
recorded in the beginning and at every 15 days interval
during the experimental period using an electronic balance
(Model: FSH; A and D Company, Korea; nearest scale:
0.001g) and Image] software, respectively. Survival rates
were monitored every day and presented as weekly for 30
days and biweekly for the remaining days. Weight gain
of the larvae was calculated according to the formula

developed by Sandifer and Smith (1974) while average

daily weight gain (ADG) and specific growth rate (SGR)
were determined following Chakraborty and Mirza (2008).

LENGTH AND WEIGHT RELATIONSHIP
The length-weight relationship (LWR) of larvae was
determined using the following formula (Le Cren, 1951).

W=axL?

Where; Wis the weight of the fish (g), L is the length of the
fish (cm), a is the intercept and 4 is the slope of the linear
regression. The equation was linearized by a logarithmic
transformation into:

logW = loga + blogl

If 4 corresponds to a value equal to 3 it indicates isometric
growth, while more or less than that indicates positive and
negative allometric growth, respectively (Ricker, 1975).

DIGESTIVE ENZYME (AMYLASE AND PROTEASE)
ACTIVITY ASSAY

Enzyme activity was assayed using crude extracts prepared
from a pooled sample of fish at the end of the feeding
trial. At first, four fish samples from each replication were
roughly macerated from where a pooled sample of 0.5 g
was homogenized with 50ml of 0.1 M Tris EDTA (pH 8.0)
at4°C. The tissue samples thus obtained were centrifuged at
12000 rpm for 10 min at 4°C (Lovett and Felder, 1990)
and the supernatants were stored at -80°C until they were
used for the enzymatic assays. The amylase activity (E.C.
3.2.1.3) was assayed according to the dinitrosalicylic acid
method (Bernfeld, 1955) using 1% soluble starch as the
substrate. Briefly, 200pl-crude extracts from each sample
in 200pl Tris- EDTA buffer solution was incubated with
100pl 3, 5-dinitrosalicylic (DNS) acid for 30min at 35°C
followed by heating at 70°C to stop the reaction. The
protease activity (E.C. 3.4.21.112) was assayed according
to the casein method (Walter, 1984) using 1% casein as the
substrate. To assay, this activity, the crude extracts (200pl)
from each sample and soluble casein (200pl) were incubated
for 30min at 35°C in which 110mM TCA (200pl) was
added to stop the reaction. Absorbance was read at 540 nm
for amylase and 280 nm for protease activity using a double
beam spectrophotometer (HITACHI, U-2910, Japan).
One unit of enzyme activity was defined as the amount of
enzyme required to produce 1ug maltose for amylase and
1pg tyrosine for protease in 1 min at 35°C.

STATISTICAL ANALYSIS

One-way ANOVA was used to analyze the data and
differences among the treatments followed by Tukey’s
comparison test. HHSD post hoc was used for multiple
comparisons. All statistical analyses were performed using
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the statistical software package IBM SPSS Statistics
V22.0.

RESULT'S

GROWTH PERFORMANCES

In this experiment, all diets were found to be readily
accepted by the H. fossilis larvae. The body weight gain
(BWG), average daily weight gain (ADG), length gain,
% specific growth rate (SGR), and survival rate (%)
of larvae after 60 days of feeding trial are presented in
Table 3. Analysis of the growth performances showed
that at the end of the experiment, larvae fed with FF
showed significantly higher growth (weight gain 2.6 g;
P<0.05) than those fed with other feeds gaining weight
ranging from 1.6 g to 2 g). On the other hand, the larvae
showed almost similar growth in length (6.8 to 7.2 cm)
among the treatments except those fed with DT (5.1cm)
which differed significantly (P<0.05). The SGR of larvae
fed with FF was significantly higher (P<0.05) than that
of DT-fed larvae, while it remained almost the same in
other treatments. Overall, the growth increment was slow
upto 30 days of rearing followed by a sharp rise, which was
evident till the end of the experiment, regardless of feeding
treatments (Figure 1a and 1b). Similarly, the weight and
length data were comparable for all feeds up to 30 days, but
differed significantly afterwards. The average daily weight
gain (ADG) of fish in different treatments ranged between
0.03 to 0.04 g with a significant high gain for larvae fed
with FF (P<0.05).

LENGTH AND WEIGHT RELATIONSHIP

The analysis of LWR of H. fossilis larvae is illustrated in
Figure 2. The LWR of larvae fed with different feeds was
elucidated through an equation as; W= 0.016* 1.2.442, 2
=0.752 for LT; W= 0.269*L.1.048, 72 = 0.164 for DT; W=
0.014*1.2.638; 72 = 0.619 for FF; and W= 0.013*L2.588, 2
= 0.787 for CF.'The growth of all treatments were negative
allometric with the growth co-efficient () ranging from
1.05 to 2.64. The highest growth co-efficient was observed

in larvae fed with FF followed by CF, LT and DT (Figure
2).

The study experienced about 50% mortality of larvae
immediately after stocking, and then stabilized upon a
time in all feeding trials. This resulted in a survival rate
about 55%, 50%, and 45% at the first, second, and third
week of the feeding trial, respectively, and remained
almost constant onwards throughout the experiment. No
mortality was observed after 45 days (Figure 3). FF showed
the highest survivability followed by CF, L'l, and DT.
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Figure 1: The cumulative growth in weight (a) and length
(b) of H. fossilis reared with different experimental feeds
for 60 days. Different letters (a, b, ¢) indicate statistical
differences among the treatments (P<0.05).

Table 3: Growth performance of H. fossilis larvae fed with four different feeds for a 60-day feeding trial.

Growth parameters LT DT FF CF

Initial body weight (g) 0.002* 0.002* 0.002* 0.002*
Final body weight () 1.98:0.69° 1.55+0.54° 2.57+1.19" 2.00+0.87%
Body weight gain (g) 1.98+0.69 1.54+0.54° 2.57+1.19° 2.00+0.87
Avg. daily weight gain (g) 0.033¢ 0.026* 0.043° 0.033*
Initial body length (cm) 0.57+0.09* 0.57+0.09® 0.57+0.09* 0.57+0.09*
Final body length (cm) 7.16+0.84* 5.10+0.59° 7.13+1.05° 6.80+0.97*
Length gain (cm) 6.59+0.75° 4.53+0.50P 6.56+0.96* 6.23+0.88°
Specific growth rate (%) 11.47+0.53* 11.07+0.49* 11.85+0.71° 11.43+0.69"
Survival rate (%) 46.17+5.46° 44.08+8.32¢ 51.00+6.19* 45.83+4.02°
Growth co-efficient (4) 2.44 1.04 2.64 2.59

*Values in the same row with different superscripts are significantly (P<0.05) different.
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Figure 2: Length-weight relationship of larvae fed (a) LT,
(b) DT, (c) FF and (d) CF at the end of the experiment.
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Figure 3: Survival rate of /. fossilis larvae fed with different
feeds for 60 days.

PROXIMATE COMPOSITION

Proximate compositions in terms of protein, lipid, ash,
and moisture of fish larvae fed four experimental feeds are
shown in Table 4. The larvae fed with LT (17.5%) and FF
(17.6%) had significantly (P<0.05) higher protein content
than those fed with DT (12.3%) and CF (15%). Lipid
contents were found quite similar in larvae fed with LT
(3.19+0.21%), DT (3.08+0.36%), and FF (3.52+0.50%),
while it was found significantly higher in those fed with
CF (4.22+0.27%). The ash contents in muscle varied non-
significantly among the treatments (2.8 to 3.52%). The
significantly higher moisture was observed in larvae fed
with DT (81.81+0.93%, P<0.05) while in other treatments
it remained almost the same (75.5 to 77.3%).

DIGESTIVE ENZYMES

Spectrophotometry analysis revealed that the dietary
treatments showed about 30-fold high protease activity
than amylase (Figure 4a and b). The highest mean activity
of amylase of 0.19ug/min/mg intestine was detected
in fish fed with FF, (Figure 4a) which was significantly
higher compared to both DT and CF fed fish (P<0.05).
'The protease activity was comparable among the feeding
trails except for fish fed with DT (Figure 4b). The highest

protease activity was found in fish fed with LT (6.5 pg/
min/mg intestine), followed by FF (6.3 pg/min/mg
intestine), CF (5.3pg/min/mg intestine) and DT (4.5ug/

min/mg intestine).

Table 4: Proximate composition of experimental fishes

after 60 days of rearing.

Parame- LT DT FF CF

ter (%)

Protein  17.5420.16* 12.29+1.00° 17.56+0.18" 14.95+0.63"
Lipid 3.19+0.21° 3.08+0.36° 3.52:0.50* 4.22+0.27°
Ash 3.14+0.29* 2.83+0.24* 3.35x0.37* 3.52+0.24°

Moisture 76.13+0.53" 81.81+0.93* 75.54+0.12> 77.31+0.31P
“Values in the row with different superscripts are significantly

(P<0.05) different.
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Figure 4: Activities of digestive enzymes in intestine of
catfish larvae reared with four experimental feeds. Activities
are expressed as micromoles of substrate hydrolyzed per
minute per milligram of protein at 35°C for (a) amylase
and (b) protease.

DISCUSSION

Despite being a very popular fish, widespread adoption of
stinging catfish aquaculture in Bangladesh is constrained
by lack of suitable larval feeds. Artificial and live feeds have
been tested as a starter food for the larvae of several catfish
species including African sharp tooth catfish, Clarius
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gariepinus (Adewumi, 2014; El-Sebaie et al., 2014), Asian
catfish, Clarias macrocephalus (Evangelista et al., 2005) and
Green catfish, Mystus nemurus (Srichanun et al., 2012).
However, information on H. fossilis is limited. A study was
conducted to determine suitable feed for 30-days old larvae
by Ahmed et al. (2016) who obtained the best growth in
larvae fed on Tubifex with lower SGR (3.6%) among the
treatments with other live foods and commercial feed.
While Artemia and Tubifex have been proved to be the best
diets for the early stages of numerous teleosts (Jayalekshmi
et al., 2017), use of these live feeds in catfish hatcheries
is not economically feasible. In addition to high cost, the
nutritional values of live feeds can also vary depending on
the season of collection, environment, and life stages (Bray
and Lawrence, 1992). Thus the main objective of our study
was to develop a cost-effective artificial diet using locally
available ingredients that is comparable to live feed.

In the study, the early stage of H. fossilis fed with
formulated feed performed better in terms of SGR, BWG,
and LWR than those reared with Tubifex (live and dried)
and commercial feed. This is in agreement with others who
report that larvae of other catfish such as C. gariepinus
(Appelbaum and McGeer, 1998), C. batrachus (Giri et al.,
2002), and C. microcephalus (Fermin and Bolivar, 1991)
accepted the dry diet as the first food leading to increased
survival and growth. Citing results from other species
Wang et al. (2005) suggests that feeding of fish larvae
solely on carefully formulated diets or a combination of
live and formulated diets results in increased survival and
growth in comparison with live food alone. Live Tubifex
is usually deficient in some nutrients, particularly some
fattyacids,18:37-3 and 20:37-3 (Arslan et al., 2009) which
are required for larval development. The poor quality
Tubifex might be a reason for lowering the growth of larvae
fed with LT in our study. Better growth performance of
catfish larvae on formulated feed in the present study
could be attributed to different ingredients that resulted in
better digestibility, bioavailability, and ease of assimilation
of nutrition from different ingredients as evidenced by
digestive enzyme assays.

The 4 value in LWRs is an indicator of the food intake
and growth pattern of the fish (Nadaf et al., 2013). In the
present study, a negative allometric growth (4 < 3) was
observed in all sorts of feed, indicating an elongated body
shape of the fish with a lesser width (Froese, 2006). The
& value reported in this study is similar to that reported
previously from the same species (2.6 for males and 2.8
for females) (Mia, 1984) as well as from other catfishes,
including C. batrachus (1.282) (Sahoo et al., 2019) and
C. gariepinus (2.9 for female and 2.74 for male) (Yalcin
et al., 2002). Among the four feeds tested in the present
study, dry Tubifex produced a & value lower than the limit
(2-4) (Tesch, 1971) suggesting inappropriate choice as an

alternative to live foods.

Experimental diets had no significant effect on the survival
of H. fossilis larvae in the present study, though maximum
mortality was observed within a week in all experimental
feeds. Survivability in all treatments was stabilized after
one month of rearing and remained unchanged till the
end of the experiment. High mortality at the early stage
could be associated with the onset of air-breathing and
the cannibalism nature of catfish larvae (Hecht and
Appelbaum, 1987) that subsided over time as the fish
were accustomed to routine feeding. The survival rates
obtained in the present study were comparable with those
reported earlier for C. gariepinus where 50% and 61%
survivability were observed with live feed and formulated
feed respectively (Ukwe and Kenoye, 2018). On the other
hand, Mahmood et al. (2004) obtained the highest rate of
survival (61%) for larvae of A. testudineus fed with Tubifex
compared to other live foods.

Digestive enzyme activity is a biological indicator to
understand how well fish can digest a particular feed
ingredient or a formulated diet of several ingredients
(Gawlicka et al., 2000). The stinging catfish fed with
artificially prepared feed showed increased amylase and
protease activities compared to other feeds, which agreed
with the findings of Magouz et al. (2020) and Aguilera
et al. (2012) for genetically-improved farmed tilapia and
tropical gar, respectively. The higher digestive enzyme
corresponding with increased growth in larvae fed with
laboratory feed indicates that fish larvae have good protein
and carbohydrate utilization capability (Srichanun et al.,
2012).

CONCLUSIONS AND
RECOMMENDATIONS

'The results of the present study suggest that the formulated
feed composed of locally available ingredients performed
well in terms of growth performance, SGR, survival,
enzyme activities, and nutritional quality of stinging catfish
larvae. The use of formulated feed will not only reduce
the production cost and dependency on live feed but also
ensure the sustainable production of this commercially
important catfish in the aquaculture system.
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This study explored the efficacy of formulated feed in
contrast with live feed on highly valued stinging catfish.
Our laboratory experiment revealed that formulated
teed could be a potential substitute for live Tubifex for the

early stages of larvae of stinging catfish, Heteropneustes
fossilis.
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