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Introduction 
For many fish species, the larval stage is 
considered critical in their life-history since 
fish undergo rapid and dramatic morphological 
and physiological changes during ontogenesis. 
Successful species reared in aquaculture depend 
mainly on efficient larval rearing where the 
availability of a suitable diet plays an important 
factor for larval growth and survival (Sarkar 
et al., 2006). Fish larvae lack fully developed 
digestive systems, thus starter feeds need to be 
ready to be consumed, efficiently digestible and 
provide essential nutrients that are needed for 
their growth and support the full development 
of the larvae gut (Fernández-Díaz & Yúfera, 
1997; Giri et al., 2002). Larval nutrition relies 
on feeding with live feed, such as rotifers 
(Brachionus plicatilis) and brine shrimps 
(Artemia) (Citarasu et al., 2002; Curnow et al., 

2006; Dhont et al., 2013; Najdegerami et al., 
2015) during early days of hatching, followed 
by a combination of live and dry feed until they 
are completely weaned (Chepkirui-Boit et al., 
2011). The use of Artemia is well established 
because of its year-around availability as 
shelf cysts, and contains all the nutritional 
requirements and is high in unsaturated fats 
(Bengston et al., 1991; Sorgeloos et al., 2001). 
One of the major drawbacks of feeding Artemia 
nauplii to freshwater larvae is that the nauplii die 
after 30 to 60 minutes in fresh water; therefore, 
larvae must be fed intermittently every 2 to 3 
hours. Moreover, in many developing countries, 
Artemia feeding for larvae is not cost-effective 
because it must be imported, increasing the 
production cost, and limiting the profitability 
of fry production. This incentivises the 
development of affordable alternative feeds to 
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in C. gariepinus larvae fed on FS feed (51.67 ± 3.85) and Artemia nauplii (43.89 ± 4.55) 
than commercial feed. This study focuses on the potential of the FS feed as live feed 
replacement for improving the survival of fish larvae. Since it is a formulated larval diet, 
the FS feed could also reduce the chances to transmit diseases to larvae when compared 
to live feed. 
 
Keywords: Artemia nauplii, artificial diets, larvae feeding, growth, survival, feed utilization.

http://doi.org/10.46754/jssm.2022.02.004



Fadhil Syukri et al.   36

Journal of Sustainability Science and Management Volume 17 Number 2, February 2022: 35-45

promote and sustain larval production of fish. 
Recently, extensive research has been done to 
formulate artificial larval diet either as partial 
or full replacements for live feed (Borlongan et 
al., 2000; Kovalenko et al., 2002; Akbary et al., 
2010; Nik Sin & Shapawi, 2017; Kemigabo et 
al., 2019) 

Artificial feed is attractive because it’s 
easier to manage and has lower production 
costs, but most have not been successful in 
raissing the majority of the fish larvae (Koven 
et al., 2001; Montchowui et al., 2012) primarily 
due to difficulty in assimilating artificial feed in 
early larvae (People Le Ruyet et al., 1993). To 
achieve long-term growth of larvae, an artificial 
diet must be attractive, ingestible, digestible, and 
nutritionally complete similar to the live foods 
(Hamre et al., 2013), and larval diet particle 
sizes must be appropriate to the mouth size of 
the larvae. For instances, small feed particles 
can lead to the problem of water-soluble 
nutrients leaching, caused by a very high ratio of 
surface-area-to-volume. This factor contributes 
to the technical complexities in developing 
larval diets, other limitations include lack of 
information on the optimal nutrient content and 
suitable feeding time of larvae. 

African catfish (Clarias gariepinus, 
Butchell 1822) is one of the most widely cultured 
species in tropical and subtropical countries. Its 
tolerance to environmental stress and diseases, 
easy marketability with high fecundity (Ishiyagi, 
2007; FAO, 2016; Kemigabo et al., 2018) makes 
it commercially important . The expansion of its 
industry needs extensive larvicidal production, 
where it predominantly depends on the constant 
production of live feed (Jonathan et al., 2013; 
Enyidi & Nduh-Nduh, 2016), this offers 
drawbacks to large-scale larval rearing. The 
C. gariepinus larvae may grow up to 100% 
per day (Conceição et al., 1998) and absolute 
dependency on live feed presents considerable 
challenges, as it requires intensive cultivation 
techniques and   high-cost live feed production. 
This study evaluates the effect of artificial 
diets, FS feed, and commercial  Artemia nauplii 
feed  on the growth performances and nutrient 
utilization in C. gariepinus larvae.  

Materials and methods 
Fish Maintenance and Feeding Trials
The experiment was conducted at Wet Lab, 
Department of Aquaculture in Universiti 
Putra Malaysia. The larvae of C. gariepinus 
were artificially produced at hatchery using 
inducing hormones. Prior to fish breeding, 
brood fish were separated according to sex and 
acclimatized for a week in a fiberglass tank. The 
brood fish were fed daily with pelleted feed to 
enhance gonad maturation before undergoing 
hypophysation technique. Ovaprim was used to 
stimulate breeding with the dosage of 0.5ml/kg 
for a female fish and 0.25ml/kg for male fish. 
The broodstocks were kept and maintained at 
27±0.5ºC. After 12 hours, each female brood 
fish was stripped, and eggs were fertilized and 
incubated at 27ºC. The incubation was provided 
with moderate aeration and left to hatch for 24 
hours. The development of fertilized eggs was 
monitored from time to time until hatching. 
Subsequently, larvae of C. gariepinus were 
kept in 5L glass tanks, with a stocking density 
of sixty larvae per tank. The total number of C. 
gariepinus larvae used in the feeding trials was 
540. Round the clock aeration was provided 
to maintain the optimum dissolved oxygen. 
Exogenous feeding was started at 3 days after 
hatching (DAH), when observed yolk sac was 
completely exhausted. Feeding trials were 
divided into three sets, where each set was 
assigned in triplicates and the trials included 
feeding on FS feed, Artemia nauplii, and 
commercial feed. Fish larvae were fed with trial 
diets three times a day ad libitum (0800,1200 
and 1700) for 21 days. To maintain good water 
quality, uneaten feed and faeces were removed 
from the entire tank bottom every morning by 
siphoning, and about 10% of the water was 
changed every day. Water quality such as pH, 
dissolved oxygen, temperature, ammonia, nitrite 
contents were recorded weekly (Table 1) and 
the experimental tanks were kept under similar 
conditions at a water temperature of 29°C and 
12 h light/l2 h dark photoperiod.
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Preparation and Formulation of Trial Feeds 
Artemia cysts used in this study were s supplied 
from Aquatic Enterprise Co., Malaysia. Hatching 
of the cysts were carried out as suggested by 
Sorgeloss et al. (1986). Before hatching, cysts 
were washed for six minutes in an active bleach 
liquor followed by rinsing in chlorine-free 
water. The cysts were incubated in a glass jar 
at a density of 0.6gL-1 for 24 h using saline 
water (25 ppt). Vigorous aeration was provided 
throughout the hatching period for efficient 
hatching of Artemia cysts into nauplii. FS feed 
is registered as trade secret with Universiti Putra 
Malaysia (T2019041601). The main ingredient 
of the FS Feed are fermented soy protein and 
fish oil and the feed is high in protein (46.40%) 
and lipid (35.80%). The main usage of this feed 
is to replace Artemia nauplii for the aquaculture 
industry. While commercial feed (Cargill Starter 
Diet- Code: 6283_1) consist of 46% of protein 
and 8% lipid. Both artificial feeds were ground 
and filtered through a 250 micron sieve for size 
consistency.

Biochemical Composition and Proximate 
Analysis 
Ten grams (10g) of the artificial feed samples 
were analyzed following the procedure outlined 
in AOAC (1990). Moisture was measured by 

drying the sample in an air convection oven at 
105°C overnight. Crude protein was quantified 
by the Kjeldahl method after acid digestion 
(% crude protein = % nitrogen × 6.25), while 
crude lipid was determined by extraction with 
petroleum ether using the Soxhlet method. The 
ash content in the feeds was analyzed by the 
combustion of samples in a muffle furnace at 
550°C for 12 h.  

Larvae Growth and Survival Sampling 
Clarias gariepinus larvae were observed 
daily starting from 3 DAH to observe their 
morphological development. The length and 
weight of fifteen C. gariepinus larvae were 
sampled weekly for 21 days using vernier caliper 
and electronic balance, respectively. Larvae 
were mildly anesthetized using MS 222: sodium 
bicarbonate mixture (ratio at 1:2), dosage at 
15ppm and sampled larvae were returned to 
the rearing tanks after the measurement.   Also, 
the larval survival rate for each feeding trial 
was recorded daily. The growth performance 
parameters were determined by the following 
formulae:

       

Table 1: Physico-chemical parameters of water in three feeding tanks for 21 days (mean ± SE)

Parameters
Trial Diets

FS Feed Artemia Nauplii Commercial 
Temperature 27.9 ± 0.13a 28.0 ± 0.09a 27.9 ± 0.7a

pH 7.7 ± 0.38a 7.5 ± 0.38a 7.6 ± 0.30a

Dissolved oxygen 6.53 ± 0.24a 6.64 ± 0.06a 6.55 ± 0.2a

Ammonia 0.16 ± 0.10a 0.16 ± 0.08a 0.74 ± 0.34a

Nitrate 0.19 ± 0.08a 0.16 ± 0.04a 0.20 ± 0.08a

Nitrite 0.04 ± 0.01a 0.05 ± 0.02a 0.11 ± 0.02b

Value of mean within the same row with different superscripts are significantly different (P<0.05, ANOVA).
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Nutrient Utilization Indices 
Nutrient utilization is important to measure feed 
efficiency of the larvae. Hence, feed intake, feed 
conversion ratio (FCR) and protein efficiency 
ratio (PER) were calculated using the following 
equations: 

Feed intake (g) = Total weight of food consumed 
by larvae within the experimental period

trial diets and gave the highest total energy of 
(25.86 kJ) compared to the other diets; Artemia 
nauplii (12.47 kJ) and commercial feed (12.10 
kJ). Several studies on the effect of lipid 
supplementation on fish reported high-lipid 
diets improved growth performance, intestinal 
enzyme activities, and reduce excessive lipid 
deposition (Kim et al., 2012, Li et al., 2016). 
Lipids are important to supply more energy on 
top of protein supplementation, as lipids are 
readily digestible by the fish, particularly larvae 
(Tocher, 2003; Conceição et al., 2010).  The 
commercial feed shows the highest moisture, 
fibre, and ash contents compared to FS feed and 
Artemia nauplii. Fish feed formulation should 
be a balance between all these biochemical 
properties. An optimum level of moisture, 
fibre, and ash content is important to ensure no 
excessive amount could lead to water pollution 
(White, 2013).

Growth and Survival of Larvae
Recently significant attention has been paid to 
the need to rear some marine and freshwater 
species entirely on artificial diet (Wang et al., 
2005; Andrés et al., 2011; Vandecan et al., 
2011; Israel et al., 2014; Kujawa et al., 2016;). 
However, a major problem in freshwater fish 
larviculture, such as the C. gariepinus, is that 
poor quality of feed is associated with low 
disease resistance, causing high mortality and 
stunted larval growth. Alternative feed other 
than live feed is important to explore, as live 
feed cultivation is costly and does not ensure 
consistent and safe nutritional quality (Drossou 
et al., 2006). A newly formulated diet, FS feed 

Statistical Analysis
All results were presented as mean ± SE. 
Statistical comparisons between trial diets 
were made using one-way Analysis of Variance 
(ANOVA) implemented in IBM SPSS Statistics 
25. Results were considered significant at a 5% 
level. 

Results and Discussion
Proximate Analyses of Trial Feeds
The proximate composition of three feeding 
trial diets on C. gariepinus larvae are presented 
in Table 2. Both FS feed and Artemia nauplii 
showed high crude protein content compared 
to commercial feed. The protein content is 
an important component in the diets of larvae 
to support the rapid growth of larvae by 
increasing body muscle mass for growing 
larvae (Cahu et al., 2003). Interestingly, lipid 
content in FS feed was the highest among all 

Table 2: The proximate composition (%: on dry matter basis) of the trial diets

Proximate Composition 
(Dry Matter Basis)

Trial Diets 

FS Feed Artemia Nauplii Commercial

Crude Protein (%) 46.40 48.55 45.21
Lipid (%) 35.80 2.95 5.25
Moisture (%) 4.43 10.25 10.47
Fibre (%) 2.90 6.42 12.12
Ash (%) 3.60 14.74 20.61
Energy (kJ) 25.86 12.47 12.10
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intended for larval rearing was designed in this 
study to improve fish health and growth. The 
trial diets namely FS feed, Artemia nauplii, and 
commercial feed have been tested to evaluate 
the growth performance, survivability, and 
nutrient utilization of C. gariepinus larvae. The 
exogenous feeding with trial diets was given 
to 3DAH larvae of C. gariepinus, as yolk had 
completely absorbed, and they had readily 
accepted all trial feeds.  

In this present study, the initial standard 
length and body weight of C. gariepinus larvae 
used were homogenous. Since exogenous 
feeding has not yet been introduced, the growth 
of larvae for 21 days could be attributed to the 
effects of trial diets. The growth performance 
of C. gariepinus larvae in terms of initial and 
final standard body length, initial and final body 
weight, initial and final standard length, SGR, 
and average daily growth were presented in 
Table 3. On day 21 of the experiment, the final 
standard length of larvae fed on FS feed (11.49 
± 1.16) and commercial feed (11.72 ± 0.91) 
showed a significant difference from larvae fed 
on Artemia nauplii (10.61 ± 1.05) (p<0.05). 
While the larvae fed on three trial diets were 
recorded to have no significant difference in the 
final body weight (P>0.05). After 3 weeks of 
rearing, the difference in SGR and the percentage 
of weight gain were also not significant in larvae 
raised using three trial diets (P>0.05). The result 
of average daily growth of C. gariepinus larvae 
shows no significant differences among larvae 
fed on FS Feed (0.39 ± 0.02) and Artemia nauplii 

(0.35 ± 0.07) diets (p>0.05), but significantly 
enhanced average daily growth (0.41 ± 0.04) 
was observed in larvae fed on the commercial 
diet (p<0.05). Based on the results, there was no 
significant improvement on growth parameters 
of larvae raised using artificial diets and Artemia 
nauplii. 

The ability of certain fish larvae to digest 
the artificial diet is largely clarified by the 
morphological characteristics of the digestive 
tract and the secreted enzymes (Portella et al., 
2008). The digestive system in C. gariepinus 
larvae exhibited pronounced development, and 
hormones from the pancreas and intestine started 
to secrete 48 hours after hatching (Verreth et 
al., 1992; Kolkovski, 2001b). At the beginning 
of exogenous feeding, larvae of C. gariepinus 
seem to be able to digest   protein and lipid, so 
any reduced growth performance and larvae 
survival rate are not necessarily due to a lack of 
general digestive ability. As more information 
on the digestive activity of fish larvae becomes 
available (Kolkovski, 2001a; Kamarudin et 
al., 2011; Srichanun et al., 2012; Rønnestad et 
al., 2013), the more this presumption seems to 
be confirmed and it may be common for this 
species. 

In our experiment, the survival rate was 
profoundly higher (p<0.05) in larvae fed on 
Artemia nauplii (43.89 ± 4.55) and FS feed, 
where FS feed yielded the highest survival rate 
(52.67 ± 3. 85). FS feed containing 46.40% of 
lipid showed better results in terms of larvae 

Table 3: Growth performance parameters and survival rate of C. gariepinus larvae fed on three trial diets for 
21 days

Parameters FS Feed Artemia Nauplii Commercial

Initial standard length (mm) 5.86 ± 0.54a 5.7 ± 0.58a 5.78 ± 0.58a

Final standard length (mm) 11.49 ± 1.16b 10.61 ± 1.05a 11.72 ± 0.91b

Initial body weight (mg) 0.74 ± 0.1a 0.69 ± 0.11a 0.75 ± 0.06a

Final body weight (mg) 8.87 ± 0.49a 8.14 ± 1.57a 11.64 ± 5.27a

Specific Growth Rate, SGR 0.95 ± 0.02a 0.91 ± 0.08a 0.96 ± 0.13a

Average daily growth 0.39 ± 0.02a 0.35 ± 0.07a 0.41 ± 0.041b

Survival rate (%) 51.67 ± 3.85b 43.89 ± 4.55b 8.33 ± 4.2a

Value of mean within the same row with different superscripts are significantly different (P<0.05, ANOVA).
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survival. A study by (Zheng et al., 2010) found 
that when darbarbel catfish, Pelteobagrus 
vachelii larvae were supplemented with dietary 
lipids, their survival improved by increased 
activity of lipoprotein lipase, hepatic lipase and 
pancreatic lipase, which helps in assimilating 
nutrients from the feed. Even though commercial 
feed gave the best average daily growth and 
final body length, is considered a poor diet since 
the mortality of larvae was significantly higher 
than larvae fed on Artemia nauplii and FS Feed. 
Survival has never been a major concern in the 
larval production of C. gariepinus due to its 
resistance to water quality and common diseases 
(Abraham et al., 2018), however, consumption 
of poor diet probably could contribute to 
mortality in the larvae. Alternatively, poor 
feeding can also contribute to starvation and 
poor diets acceptance to the larvae (Alegbeleye 
et al., 2012).

Based on the proximate analyses (Table 
2), commercial feed and Artemia nauplii were 
lacking required lipid content, signifying the 
low survival of the C. gariepinus larvae. Lipids 
are in high demand in  fast-growing fish larvae 
since they play important roles in the structural 
constituents of bio-membranes (Tocher et al., 
2008), involved in the early development of 
the digestive system (Cahu & Infante, 2001), 
metamorphosis and eye development (Bell 
et al., 2003). Unenriched Artemia used in this 
study naturally have poor nutrients, particularly 
essential lipids that are required for good larval 
growth and development. During the early 
stage of development, fish larvae are unable 
to synthesize lipids at a rapid rate to meet 
their needs, Therefore, their diet needs to be 
supplemented through an exogenous diet. The 
C. gariepinus larvae probably could not digest 
the commercial feed which contains a high 
content of ash, due to incomplete digestive 
system development. This could also lead to 
high mortality during the feeding trial periods. 
Importantly, C. gariepinus larvae fed on the 
commercial diet did not exhibit a compromised 
survival rate when compared to larvae fed on 
Artemia nauplii and FS feed. 

Feed Efficiency 
Rearing C. gariepinus larvae with different trial 
diets showed significant variation in feed intake 
(Figure 1). Observed feed intake from lowest 
to highest was FS feed, commercial feed, and 
Artemia nauplii, respectively (p<0.05). FCR was 
from 0.61 – 1.16 and statistical analysis revealed 
there were no significant differences among 
FCR of C. gariepinus larvae fed on three trial 
diets (p>0.05) (Figure 2). Thus, it appears C. 
gariepinus larvae could use artificial feeds as it 
produced similar FCR as using Artemia nauplii 
alone, and also suggested that artificial diet 
could replace Artemia nauplii in the traditional 
feed regime. In aquaculture, a feed with FCR of 
1:1 and 1:2 is considered very efficient (Huet, 
1972). In our trial, C. gariepinus larvae fed on 
FS feed had yield away below average FCR 
(Figure 2) which might indicate that FS Feed 
has away better digestibility rate. The FS Feed 
also contains the lowest inorganic ash and fibre 
content compared to other feed, indicating that 
most of the feed is highly digestible and can 
easily be absorbed (Table 2). A similar finding 
was observed when comparing artificial diet 
and live feed by (Ruyet et al., 2009). The high 
amount of energy in the FS Feed is more than 
double when compared to other feeds, thus it will 
reduce the need for the larvae to consume the 
feed, leading to lower FCR (Gibson & Gatlin, 
2001; Craig et al., 2017). The protein efficiency 
ratio, PER (Figure 3) is the most significantly 
efficient in larvae with FS feed diet (0.20 ± 0.01) 
(p<0.05). This indicates the source of protein 
used in FS feed might be more easily digested 
by the C. gariepinus larvae compared to other 
feeds. Previous studies demonstrated limited 
utilization of protein in feed could be related to 
partial inhibition of protease and amylase levels 
by some dietary ingredients (Alarcon et al., 
1999), this suggests the potential of FS feed as 
larval diet, particularly for C. gariepinus. 

From daily observation, some feeding 
tanks supplemented with commercial feed were 
missing individuals for 19 - 21 days (data not 
shown). This could indicate the occurrence of 
cannibalism, which occasionally happens when 
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Figure 1: Amount of feed intakes of C. gariepinus larvae fed on different trial diets. Error bar show 
mean ± SE. Different lowercase letters (a-c) indicate statistically significant differences among trial diets 

(p < 0.05, ANOVA)

Figure 2: Feed conversion ratios, FCR of C. gariepinus larvae feed on three trial diets. Error bar show 
mean ± SE. Same lowercase letters indicate no statistically significant differences among trial diets 

(p > 0.05, ANOVA)

Figure 3: Protein efficiency ratios, PER of C. gariepinus larvae fed on three trial diets. Error bar show 
mean ± SE. Different lowercase letters (a-b) indicate statistically significant differences among trial diets 

(p < 0.05, ANOVA)
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the feed lacks enough nutrient for the larvae. 
Larvae fed on exclusively commercial feed 
might present growth advantage due to some 
of the proteins that might be originated from 
cannibalism (Kestemont et al., 2003; Al-Hafedh 
& Ali, 2004; Pereira et al., 2017). 

Conclusion
The experiment demonstrated that C. gariepinus 
larvae can accept artificial feed on their first 
feeding. This could greatly reduce the cost of 
fish larvae culture since artificial feed does not 
require any pre-treatment or preculture. It is also 
shows that giving artificial feeds to C. gariepinus 
larvae yielded similar growth performance and 
survival rate as live feed. Although the microbial 
analysis was not conducted in this experiment, 
we believe that giving an artificial diet could 
reduce the chances of cross-contamination either 
from bacteria or viruses, which could enhance 
survival among larvae. 
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