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Introduction 
There has been a high demand for live food in 
aquaculture industries as a starter feed for fish 
and crustaceans. Similarly, the zooplankton and 
phytoplankton have also become an essential 
component in aquatic food webs and for the 
growth of fish and shellfish in aquaculture 
hatcheries. Small and semi-developed mouth 
sizes of newhatch larvae need appropriately 
sized food (Cary et al., 2004). Notably, most 

widely used live food for larval and postlarval 
shrimps are Artemia  and rotifers (Brachionus 
plicatilis). Furthermore, with its wide use as live 
food, Artemia nauplii contains an ideal live food 
organism for shrimp feeding.. However, the most 
significant disadvantage of Artemia is the marked 
variation in cost. Although Artemia production 
has been proposed and widely used as a 
solution to this shortcoming (Hamre et al., 
2016), enriched Artemia also has drawbacks, 
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including unstable biological composition after 
enrichment (Olsen et al., 2000). Therefore, the 
possible solutions to these shortcomings are the 
introduction of the other live-food organisms, 
such as copepods and Moina sp, which have 
been extensively utilised as live food (Naman 
et al., 2021). Additionally, the commercial 
importance of live food has been maintained as 
a continuous culture in many hatcheries (Martin 
et al., 2003). 

The primary focus in aquaculture is the 
production of sustainable live-feed sources 
with high nutritional value due to the currently 
increasing demand for natural food. However, 
the current issue with live-feed culture is a low 
production rate, which could not fulfil the high 
demand from aquaculture hatcheries (Bryan 
et al., 2008). The production of tiger shrimp 
broodstock from closes-culture systems is 
also faced with several constraints, including 
low number of matured females due to the 
unsynchronised gonad maturation between male 
and female stocks, low mating rate, delayed 
spawning time, low hatching rate and, most 
importantly, low survival of post-larvae during 
the critical stage of development due to nutrient 
inadequacy (Uawisetwathana et al., 2011; 
Marsden et al., 2013). Meanwhile, protein is the 
primary concern in fish or crustacean culture. 
The quality of cultured water may be easily 
deteriorated by the use of artificial diets, such 
as egg yolk suspension and milk powder or 
powdered feed used to feed the larvae (Lim et 
al., 2003). Shrimp production is also having the 
problem of the high cost of commercial feeds, 
which increases from time to time (Ayisi et al., 
2017). 

The primary production of zooplankton 
plays a significant role in the aquatic environment 
(Iannacone et al., 2007; Rasdi et al., 2018c). It 
is broadly used to standardise the locality of 
laboratory ecotoxicol bioassays (Nandini et 
al., 2004; Sarma et al., 2006; Iannacone et al., 
2007). Fish larvae, which feed on zooplankton, 
are known for having a better survival rate 
compared to other types of live food (Rasdi 
et al., 2018a).  The Moina sp have also been 

proven to have the potential as an alternative to 
the more expensive Artemia and other seasonal 
zooplankton, such as rotifers in larviculture (Das 
et al., 2007). Cladocerans species is suitable for 
mass production due to the rapid population 
growth, short generation time and the ability 
to fulfil the nutrient requirements of the larvae 
diet (Yuslan et al., 2021). During the exogenous 
feeding stage, as the mouth of the larvae is 
usually small, food size which is smaller than 
the larvae mouth is required. 

The quantity of nutrients received from the 
type of feed will affect the population growth 
and reproduction of species (Müller et al., 
2000). Previous study from Nandini et al. (2013) 
found that poor diets or poor quality nutrient 
resources for Moina sp will affect population 
growth and survival, which were dominated by 
smaller sized individuals as more generations 
cannot be produced in the culture. Therefore, 
optimum nutritional value and sufficient stock 
culture as a feed for crustacean larvae could not 
be achieved. Hence, finding a suitable diet and 
enrichment was important to ensure optimum 
nutrients could be obtained for good growth and 
survival of Moina sp. (Samat et al., 2020). A 
study by Singh et al. (2019) found that Moina sp 
has shortages of nutrients needed for growth and 
survival of predator fish and crustacean larvae, 
certainly in essential n-3 highly unsaturated fatty 
acids, including EPA (eicosapentaenoic acid) 
and DHA (Docosahexaenoic acid). Thus, there 
is a need to enhance the nutritional quality by 
enriching them by pre-feeding the zooplankton 
including Moina sp (Scott & Middleton, 1979; 
Das et al., 2007). 

Apart from that, the suitability of Penaeus 
monodon for farming is clearly due to rapid 
growth and high market value. The cultures 
of shrimp are prioritised due to unique taste, 
the high nutritive value of body composition 
and fulfilment of the world market demand 
(Shailender et al., 2012). Furthermore, penaeid 
shrimps are among the highly in demand seafood 
commodities, while cultured shrimp contributes 
to a major share of global shrimp production. 
The global growth of the shrimp industry is due 
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to the increased seafood demand and economic 
return (Panantharayil et al., 2015). However, 
nutrition remains the major constraint during 
the critical stages of shrimp development, which 
leads to mortality due to inadequate live food 
sources in the hatcheries. Besides, this issue 
stems from the limited amount of nutrients being 
made available by the common zooplankton 
used in aquaculture.

The aim of this study is to improve the 
production of commercial marine shrimp (P. 
monodon) and evaluate the effects of enriched 
Moina sp on growth performance, survival 
rate of P. monodon and proximate analysis 
of P. monodon and Moina sp in hatchery 
reared conditions. This study also calculates 
the efficiency of enrichment types on Moina 
sp and the specific growth rate, survival rate 
and proximate analysis of marine shrimp P. 
monodon and Moina sp.

Materials and Methods
Sampling and Moina sp. Stock Culture 
Samples of Moina sp from the swamp around 
Universiti Malaysia Terengganu was used in this 
study. The wild Moina sp was then cultured and 
sustained in the hatchery of Faculty of Fisheries 
and Food Sciences (FPSM) in Universiti 
Malaysia Terengganu since September 2018. As 
the salinity and optimal temperature range for 
the larvae habitat were maintained from 24°C 
to 31°C, as reported by Rottmann et al (2014). 
The stock culture was upscaled and sustained 
for subsequent generations in the mass culture 
condition. Furthermore, the cultured water used 
in this study was prepared and maintained by 
changing 20% (Rasdi et al., 2018) of the water 
every two days to avoid stress and contamination 
of the Moina sp culture. Daily observation on 
Moina sp. was then conducted, followed by 
siphoning the mosses in the tank to avoid any 
contamination.

Experimental Design and Diet Preparation
The experiments were performed for 30 
days between November 1st until November 

30th, 2018. Moina sp were enriched by four 
types of feeding treatments, including canola 
oil, yeast, and microalgae (Chlorella sp and 
Nannochloropsis sp). Preparation methods for 
canola oil enrichment were used by previous 
researchers (Estevez et al., 2008; Ghader et 
al., 2015), where L-ɑ- phosphatidylcholine 
(Sigma-Aldrich, USA) was added to the oil 
in the ratio of 1:4 (w : w) to produce a stable 
emulsion to prevent the separation of oil from 
other elements. A mortar and pestle were used. 
With a concentration of 2000 mg/L (Loh  et al., 
2012), the canola oil was fed to Moina sp. All of 
the microalgae were cultured in the laboratory 
at UMT hatchery, and the quality of the 
medium (Conway medium) used for cultivation 
determined their growth performance (Lam et 
al., 2012; Jusoh et al., 2020). Following that, the 
5,000 individuals per litre of Moina sp (Rottman 
et al., 2014) from stock was transferred into 10 
L aquariums for enrichment. Moina sp were 
fed with four different types of enrichment 
diets within 24 hours (Shepard, 2015). The 
enrichment tanks were placed in an outdoor 
hatchery under direct sunlight for 12 hours of 
light/dark period. Each tank was gently aerated 
to keep oxygen levels between 4.0 mg. l-1 to 5.5 
mg. l-1. After the enrichment, the Moina sp was 
then obtained directly from the treatment tank 
using plankton net 50 µm to 150 µm before 
being fed to P. monodon. 

Four treatment diets were prepared with 
triplicates and fed to the Moina sp daily to 
determine the difference between nutrient 
content and each treatment. The concentration 
of Chlorella sp and Nannochloropsis sp fed 
to the Moina sp was 25.03 mg/L, which was 
equivalent to 1 × 107 algal cells/mL (Zaleha 
& Busra, 2012). Meanwhile, the yeast was 
fed with inert feeds, which included baker’s 
yeast (Saccharomyces cerevisiae) (Munirasu 
et al., 2016) with a concentration of 0.0005 g/
mL (Paray  et al., 2016). The Moina sp. was 
transferred first from the stock culture to the 
100 L tank and fed to the dietary treatments. The 
treatment used for the enrichment of Moina sp 
and the diet for test feeding to P. monodon post-
larvae consisted of four types – Moina-enriched 
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Nannochloropsis sp, Chlorella sp, canola oil, 
and yeast. 

Penaeus monodon Postlarvae Culture 
The post-larvae (PL15) of P. monodon were 
cultured in the hatchery of Universiti Malaysia 
Terengganu. The P. monodon PL15 amounted to 
150 individuals in each aquarium, and 20 L of 
water cultured in 25 L aquariums and aeration 
was provided for the feeding experiment. The 
experiment was divided into four groups based on 
different types of enriched live-feed treatments, 
while 450 replicates of post-larvae were used 
for each dietary treatment. All treatments in 
the feeding trials consumed four different 
types of enriched Moina sp, each consisting 
of three replicates. The salinity of the PLs was 
maintained at the range of 24 ppt to 26 ppt and 
temperature range of 26°C to 28°C (Wong et 
al., 2015). Furthermore, the PL of experimental 
groups was fed from 8 a.m. to 10 a.m. and 4 
p.m. to 6 p.m. Meanwhile, after hours of feeding 
through the siphoning method, the unfed Moina 
sp was removed from the rearing tank. Moreover, 
mild aeration was supplied continuously to 
maintain the optimal oxygen level, and the water 
exchange medium was changed once a week to 
ensure minimum disturbance to the post-larvae. 
Water quality parameters, including salinity, 
temperature, dissolved oxygen and pH were 
strictly maintained and monitored throughout 
the experimental period on a weekly basis to 
ensure that the ammonia concentration was 
below the threshold levels.

Growth and Survival of Penaeus monodon
The growth of P. monodon was analysed by 
measuring the length and weight of the post-
larvae every six days throughout the experiment 
period. Gentle aeration was provided and water 
quality monitoring was adopted in order to 
promote proper growth and increased postlarvae 
survival rates (Ng et al., 2015).

To calculate the growth of P. monodon, 10 
post-larvae were randomly sampled for every 
treatment in each replicate. The weight of the 
sample was calculated to determine the growth 

of post-larvae, which was then recorded using 
an electronic weighing scale with an accuracy 
of 0.001 g. Specific growth rate (SGR) was 
calculated from the density data using the 
following formula by (Lee et al., 2013; Rasdi 
& Qin 2018):

Specific growth rate = (Ln Ne – Ln Ni) / t

Where Ni refers to the initial density of 
postlarvae, Ne represents the end density of 
post-larvae, and t represents time. The density 
of post-larvae was calculated based on Nf – N, 
where Nf which represents the number of living 
prawn at the end of the experiment, while N 
represents the number of post-larvae stocked 
at the beginning of the experiment.The data of 
the survival of each treatment were calculated 
and recorded daily using the following formula 
(Pachaan et al., 2017):

= Total number of post-larvae survive in last 
day/total number of postlarvae on initial day × 

100 

Proximate Analysis of Penaeus Monodon and 
Moina sp.
The weights of the sample were measured and 
collected in a separate polyethylene bags and 
stored in the freezer at -20 ˚C before being dried 
for two days in an oven at 60 ˚C. Analysis on the 
protein, lipid, moisture, and ash was performed 
at the Fish Nutrition Laboratory (FNL) of 
Faculty of Fisheries and Food Sciences in 
Universiti Malaysia Terengganu. Evaluation of 
each proximate analysis parameter were done 
based on the following formula:

Estimation of protein; (Maehre et al., 2016)

Percentage (%) of proteins 
= (c-b) × 14 × d × 6.25/a × 1000 × 100

Where, a = sample weight in g, b = volume 
of NaOH required for back titration and 
neutralisation with 25 ml of 0.1 N H2SO4 (for 
sample), c = volume of NaOH required for back 
titration and neutralisation with 25 ml of 0.1 N 
H2SO4 (for blank), d = normality of NaOH used 
for titration process, 6.25 = conversion factor of 
Nitrogen to protein, and 14 = atomic weight of 
Nitrogen.
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Estimation of lipids; (Gong et al., 2000)

Percentage (%) of lipids 
= (Weight of the extract/Weight of sample) × 

100

Estimation of moisture; (Jain et al., 2000)

Percentage (%) of moisture 
= (weight loss/ original weight of sample taken) 

× 100

Estimation of Ash; (AOAC, 2000)

Percentage (%) of ash 
= (Weight of ash/Weight of sample) x100

Data Analysis
Data were presented as Mean±Standard 
deviation (SD). All data were collected 
throughout the experiment and analysed 
with one-way analysis of variance (ANOVA) 
using the IBM SPSS statistic 26.0 package for 
Windows to see the impacts of different diets 
on the growth, survival of P. monodon and 
proximate analysis of P. monodon and Moina sp. 
Differences were considered significant at the P 
< 0.05 level. When the main treatment effect 
was significant, Post-Hoc comparisons were 
made using Tukey’s test. All the data were tested 
for normality, homogeneity and independence to 
satisfy the assumptions for ANOVA.

Results and Discussion
Survival Rate
P. monodon fed on Moina sp-enriched yeast was 
found to have the highest survival rate compared 
to the larvae fed with other enrichment methods 
(92.00% ± 1.0), followed by Chlorella sp (87.33% 
± 2.51) and Nannochloropsis sp. (83.33% ± 
1.52). Nevertheless, there was no significant 
difference between canola oil, Nannochloropsis 
sp, Chlorella sp, and yeast in terms of survival 
rate, where (P ˃ 0.05). The average survival 
rate illustrated in Table 1 depended on the types 
of enrichment incorporated in each dietary 
treatment. Meanwhile, P. monodon, which 
fed on the Moina sp enriched with canola oil 
exhibited the lowest survival rate among other 
larvae (78.33% ± 5.03), with a significant 
difference of (P < 0.05).

Specific Growth Rate
Table 1 shows P. monodon fed on Moina 
sp-enriched yeast, exhibited better growth 
performance compared to other treatments 
(17.22 ± 0.10). Meanwhile, the incorporation 
of canola oil into its treatments resulted in the 
lowest growth rate with a significant difference 
of (P < 0.05) among all the treatments.

Table 1: The survival rate and specific growth rate of P. monodon post-larvae fed with various enrichments 
of Moina sp and diets.  All values mean ± standard deviation was represented by (n = 3). The small letters 

indicate a significant difference between different treatments (P < 0.05)

Diets Survival rate (%)/ (mean 
± SD)

Specific growth rate (%)/(mean ± SD)

Nannochloropsis sp. 83.33 ± 1.52bc 16.99 ± 0.76b

Chlorella sp. 87.33± 2.51ab 17.14 ± 0.88ab

Canola oil 78.33 ± 5.03c 16.96 ± 0.67b

Yeast 92.00 ± 1.0a 17.22 ± 0.10a
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Proximate Analysis of Penaeus monodon
The proximate analysis of Penaeus monodon 
consisted of protein, lipid, moisture and 
ash analyses. As a result, the mean ± S.D of 
proximate analysis of Penaeus monodon fed on 
different enrichment of Moina sp, was obtained, 
as shown in Table 1. The protein content in P. 
monodon fed on Moina sp-enriched yeast was 
higher compared to the protein content in the 
other enrichment formula. Meanwhile, the lipid 
content of P. monodon fed on Moina sp-enriched 
canola oil (2.62 ± 0.58) and Nannochloropasis 

sp (3.52 ± 2.43) were lower compared to the 
larvae enriched with yeast and Chlorella sp, 
although the difference between the contents 
was not significant (P ˃ 0.05). Moreover, it was 
shown from the moisture analysis of P. monodon 
that the enrichment method which incorporated 
canola oil led to the lowest moisture content. 
Overall, the postlarvae fed with yeast displayed 
the best result in terms of protein, lipid, moisture 
and ash content, with 64.04 ± 0.40 %, 16.89 
± 2.75 %, and 10.38 ± 2.05 % mean ± S.D 
respectively.

Figure 1: Survival rate of P. monodon fed with different types of enriched Moina sp. The small letters indicate 
a significant difference between different treatments (P < 0.05)

Figure 2: Specific growth rate of P. monodon fed with different types of enriched Moina sp. The small letters 
indicate a significant difference between different treatments (P < 0.05)
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Proximate Analysis of Moina sp.

Table 2: The body composition of  P. monodon  post-larvae fed with four different enrichments of Moina 
sp and diets. All values mean ± standard deviation was represented by (n = 3). The small letters indicate the 

significant difference between treatments (P < 0.05)

Body Composition Enrichment           Mean ± SD (%)

  Penaeus monodon Moina sp.

Protein Nannochloropsis sp. 63.09 ± 0.50a 49.49 ± 0.56b

Chlorella sp. 63.49 ± 0.28a 50.74 ± 0.42ab

Canola oil 61.08 ± 1.25b 46.03 ± 0.99c

Yeast 64.04 ± 0.40a 51.56 ± 3.69a

Lipid Nannochloropsis sp. 3.52 ± 2.43a 3.22 ± 0.09ab

Chlorella sp. 4.28 ± 2.61a 3.69 ± 0.40a

Canola oil 2.62 ± 0.58a 2.23 ± 0.50b

Yeast 4.91 ± 1.53a 3.75 ± 0.70a

Moisture Nannochloropsis sp. 13.23 ± 2.18ab 11.96 ± 5.07a

Chlorella sp. 14.37 ± 0.70ab 13.11 ± 4.66a

Canola oil 9.21 ± 2.23a 9.21 ± 2.23a

Yeast 16.89 ± 2.75a 13.23 ± 2.18a

Ash Nannochloropsis sp. 5.85 ± 4.55a 8.72 ± 0.07ᵃ

Chlorella sp. 8.06 ± 0.94a 10.60 ± 4.97ᵃ

Canola oil 5.74 ± 2.82a 8.67 ± 4.26ᵃ

 Yeast 10.38 ± 2.05a 11.58 ± 3.69ᵃ
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Figure 3: The life table parameter proximate analysis of Penaeus monodon fed on different types of treatment 
diets. (a) Average of protein analysis (b) Average of lipid analysis (c) Average of moisture analysis (d) 

Average of ash analysis. The small letters indicate a significant difference between different treatments (P < 
0.05)
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Figure 4: The proximate analysis of Penaeus monodon fed on different types of treatment diets. (a) Average 
of protein analysis (b) Average of lipid analysis (c) Average of moisture analysis (d) Average of ash analysis. 

The small letters indicate a significant difference between different treatments (P < 0.05)

Based on the table above, it was found that 
the nutrient content in the body composition 
of Moina sp was highest in Moina sp-enriched 
yeast, with a protein content of 51.56 ± 3.39. 
Furthermore, while the enrichment with canola 
oil led to the lowest value of lipid (2.23 ± 
0.50), the moisture content of Moina sp was the 
highest among all treatments (13.23 ± 2.18), 
which was followed by the moisture content of 
Chlorella sp (13.11 ± 4.66), Nannochloropsis 
sp (11.96 ± 5.07), and canola oil (9.21 ± 2.23). 
However, there was no significant difference (P 

˃ 0.5) among the four treatment diets in terms of 
moisture and ash contents.

One of the main strategies of developing 
a larval rearing system is the establishment of 
a feeding regime, which will result in optimal 
growth and higher survival rate of the larvae. 
The differences in the growth and survival of 
P. monodon postlarvae may be attributed to 
quality preference, consumption, and digestion 
of diets. In this study, the Moina sp. enriched 
with yeast resulted in better growth performance 
and survival rate of P. monodon, which was 
similar with the result from Scylla serrata, when 
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it was fed on Moina sp-enriched-yeast with a 
survival rate of 92.5 % and SGR of 10.55 % per 
day. Meanwhile, the survival rate of P. monodon 
amounted to 95.00 %, with the SGR amounting 
to 18.10 % (Zhao et al., 2017).

Although the best growth performance 
and survival rate were achieved through the 
treatment with yeast, the Moina sp enriched with 
Chlorella sp also led to high body composition, 
which was not significantly different from the 
results. Therefore, the importance of Moina 
sp as live feed was proven in this study. As 
previous study had also found that the larvae 
of L. vannamei, which was fed on microalgae 
Tetraselmis suecia, displayed superior survival 
rate and growth performance (Sharawy et al., 
2020), the result of this study was in agreement 
with the previous study, where the green algae 
Chlorella sp also exhibited higher survival rate 
and growth performance compared to the larvae 
co-enriched with yeast. Accordingly, it was 
indicated that Chlorella sp can also be another 
potential alternative to Tetraselmis sp, which is 
to be further used in enrichment formulas.

Protein compositions are the sources of 
essential amino acids, which provide energy for 
prawn larvae. It was reported by D’Souza et al. 
(2000) that there was a low possibility for amino 
acid content of the diets to be the factor of the 
substantial differences in the development and 
dry weight of the larvae. Instead, lipids were 
found to be the sources of energy, which played 
a role in the build components of the membrane 
structures of prawn larvae and promoted the 
moulting hormone of crustaceans (D’Souza & 
Kelly, 2000). In this study, the highest protein 
and lipid in the body composition of P. monodon 
was found when it fed on Moina sp enriched 
with yeast. Furthermore, a strong composition 
of yeast and its measurable nutritional value 
were recorded. Despite the high level of protein 
in the diets, lipids were reported to contribute 
to the highest growth performance of juvenile 
Fenneropenaeus indicus (Sarlin & Philip, 2016). 
Besides, high dietary protein led to maximum 
growth of juvenile pearl oyster Pinctada 
fucata martensii (Yang et al., 2017) and giant 
freshwater prawn Macrobrachium rosenbergii 

(Nguyen et al., 2019), which was in agreement 
with the present study.

González-Félix et al. (2002) evaluated 
different neutral lipids, which resulted in different 
effects on growth performance, survival rate, 
and the lipid’s potential interaction and nutrition 
of shrimp muscle tissue of juvenile L. vannamei. 
The tested lipid sources included coconut, 
soybean, linseed, peanut, and menhaden oils. 
As a result, no significant difference (P ˃ 0.05) 
was observed from the treatments in terms of 
survival rate, and no significant interaction was 
found between the effects of PL and oil types 
based on any of the responses in the experiment.

In this study, although no significant 
difference was found in the lipid content in 
P. monodon body composition (P < 0.05), the 
methods of enrichment used in this study, namely 
Nannochloropsis sp, Chlorella sp, canola oil, 
and yeast were considered applicable due to 
low-cost compared to other enrichment methods 
used in aquaculture, such as oil emulsion 
through Super Selco. Furthermore, 1.2 % of 
the ash content of the L.  vannamei was found, 
with the ash content of shrimp generally ranging 
from 1 % to 1.5 %. In the studies by Gokoglu et 
al. (2008) and Yanar et al. (2006), the calculated 
amount of ash in black tiger and white shrimps 
was 10.47% upon consumption of enriched 
artemia. These values were close to the values 
shown in the current study findings, which was 
10.38 %. However, the ash content was recorded 
to be higher compared to the content recorded 
in previous research when the P. monodon was 
fed on Moina sp-enriched yeast. Therefore, the 
use of yeast as enrichment in the zooplankton 
culture and Moina sp as the live feed for the 
larvae culture is suggested due to relevance and 
applicability for further practice.

Conclusion
In conclusion, P. monodon fed on Moina sp-
enriched yeast exhibited the highest nutrient in 
body composition, which could contribute to the 
best growth performance of P. monodon. This 
study proved that appropriate feeding of Moina 
sp ensured adequate nutrients being transmitted 
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to P. monodon postlarvae. It should be noted 
in this study that various enrichment methods 
could be used as a treatment for Moina sp, such 
as Nannochloropsis sp, Chlorella sp, canola 
oil, and yeast. Furthermore, the use of yeast as 
an enrichment for Moina sp indirectly assisted 
the industry of aquaculture in reducing the 
cost of production, including conserving time 
and labour. It was further indicated from these 
study results that other enrichment protocols 
could also be applied to enhance the nutrition 
of shrimp in larviculture. Moreover, the output 
from this study could be further expanded 
to identify the genomic effects of these 
enrichment formulae on Moina sp and shrimp 
after consuming the enriched Moina sp and be 
applied in further investigation and research. 
Further studies on the value of yeast as a source 
of protein in the formulated diet of P. monodon 
are recommended, including the exploration 
of other protein sources, which are locally 
available. These protein sources could add 
variety to the feed available to aquaculturists to 
ensure successful propagation of shrimp culture 
during the critical stages of development.
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