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ABSTRACT
The effects of an artificial commercial feed supplementation on larval rearing and crablet production of
mud crab Scylla tranquebarica. In mass production of mud crab seeds, only rotifer and Artemia nauplii are
usually fed to mud crab larvae rearing until the larvae develop to crablet stage. The supplementation of
artificial commercial feed from zoea-3 stage is expected to supply an essential nutrient required for an
optimum larval development. The research was aimed to determine the optimum dosage of commercial
feed supplementation for a successful larval rearing to produce crablet in hatchery. Newly hatched larvae
of mud crab were stocked at a density of 100 ind./L. The larvae were fed with rotifer and Artemia nauplii.
Microbound artificial commercial feed sized <100 microns (protein 52%, fat 14,5%, fiber 3% and water
content 10%) was supplemented to the larvae from zoea-3 to megalopa stage at different dosages namely:
a). 0.5 mg/L/2 days; b). 0.75 mg/L/2 days; c). 1.0 mg/L/2 days; d). 1.25 mg/L/2 days. Larval population, larval
development indices (LDI), megalopa occurrence index (MOI) and crablet production were observed and
measured. Water quality (ammonium, nitrite, Total Organic Matter (TOM), and total Vibrio sp. count were
also monitored. The LDI, MOI, and crablet production from each treatment were compared and tested
using one way-ANOVA. The results showed that the survival rate of larvae at zoea-5 ranged between 2933%. The LDI was not significantly different (P>0.05) among treatments. However, the MOI of treatment A
and B at day 21 ph was significantly higher (P<0.05) compared with treatment C and D. In addition, the
crablet production in treatment B, C and D were significantly higher (P<0.05) compared with treatment A.
It was concluded that the supplementation of artificial commercial feed in larval rearing of S. tranquebarica
could be applied at the dosage range of 0.75-1.25 mg/L/2-days from zoea-3 until crablet (C-7) stage.
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INTRODUCTION
Mud crab, Scylla spp. is known as an economically
important species in the Asia Pacific countries where
most of the market demand is supplied from its wild
stock (Keenan, 1999; Ikhwanuddin et al., 2010). As a
result, declines in catches have been reported from
several mud crab resource areas (Thirunavukkarasu et
al., 2014). Therefore, the hatchery technology for seed
production of Scylla spp. needs to be developed in
order to provide crablet (mud crab seed) for wild stock
recover y program and mud crab culture in
brackishwater pond. Unfortunately, the crablet pro#
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duction from mud crab hatcheries in Indonesia is inconsistently varied due to factors such as low larvae
vitality, unsynchronizing of zoea-5 metamorphosis to
megalopa stage, and cannibalization of megalopa on
zoea-5 larvae. Eventually, the cannibalization has resulted in only a small number of megalopa succeeded
reaching crablet stage (Suprayudi et al., 2012).
In larval rearing, mud crab larvae commonly fed
on rotifer, Brachionus plicatilis and Artemia nauplii only
(Chen & Cheng, 1985; Quinitio et al., 2001; Baylon,
2011; Anuar et al., 2011). The low contents of DHA
and EPA in rotifer and Artemia are thought to be the
cause of the low vitality of the larvae (Watanabe et
al., 1983). Therefore, the enrichment of rotifer and
Artemia nauplii with DHA and EPA is expected to improve larvae vitality (Hamasaki et al., 2002; Truong et
al., 2007b; Gunarto & Herlinah, 2015).
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The acceptance of mud crab larvae on food based
on the particle size of the food is increased with age
(Genodepa et al., 2004). Besides that, total digestive
enzyme activities increased in correlation with the
development of larvae digestive systems (Jonhston
et al., 2004; Serrano, 2012) and the capability to digest food in larvae stomach. Based on the physical
and physiological development of mud crab larvae,
some evidence suggest that larvae at zoea-3 stage
can accept artificial feed for their diets. The authors’
earlier research on mud crab larvae rearing, only rotifer and Artemia nauplii enriched using HUFA (highly
unsaturated fatty acid) were fed to the mud crab larvae without supplementation of artificial feed
(Gunarto & Herlinah, 2015; Gunarto et al., 2016). However, Holme (2008) conducted a study where an artificial feed (microbound feed size <100 microns) was
supplemented to provide an essential nutrition
needed by larvae for their growth and development.
His study showed that the combination between
microbound diet (MBD) and Artemia nauplii at a ratio
of 50:50% resulted in a higher larval survival rate compared with the larvae given either 100% of Artemia
nauplii or MBD only. This research was aimed to determine the optimum dosage of microbound commercial feed for the successful larval rearing of mud
crab, S. tranquebarica to produce crablet in the hatchery.
MATERIALS AND METHODS
The research was conducted at the wet Laboratory of Marana Research Station, the Research Institute for Coastal Aquaculture and Fisheries Extension,
Maros, South Sulawesi, Indonesia from April to June
2016. In total, 12 circular conical tanks of 250 L each
was filled with 200 L sterilized saline water with a
salinity of 30 ppt. Healthy mud crab larvae indicated
by active swimming on the water column were
stocked in each tank with a density of 100 ind./L.
Larvae from zoea-1 to zoea-2 were fed with rotifer
(Brachionus plicatilis) enriched with HUFA at a density
of 20-25 ind./ mL. After larvae attained to zoea-3 stage,
the diet was changed to Artemia nauplii enriched with
HUFA and Nannochloropsis sp. Artemia nauplii was given
at the density 3-5 ind./mL and it was continuous untill
larvae attained megalopa stage. The HUFA enrichments of rotifer and Artemia nauplii used dosages of
20 mg/L and 200 mg/L, respectively. Artemia nauplii
were enriched with Nannochloropsis sp at a density
636x10 4 cell/mL (Gunarto & Herlinah, 2015). The
microbound commercial feed sized <100 microns
(protein 52%, fat 14.5%, fiber 3% and water content
10%) was supplemented to the larvae from zoea-3 to
megalopa stage at different dosages namely: A). 0.5

14

mg/L/2 days, B). 0.75 mg/L/2 days, C). 1.0 mg/L/2 days,
and D). 1.25 mg/L/2 days.
Water was exchanged at a rate of 10 to 50% of the
total water in the larval rearing tank started at day 7
post-hatching (ph) until day 27 ph. The larvae populations from zoea-1 to zoea-5 were monitored by taking 20 ind. of larvae as a sample from each tank for
observation under a microscope to monitor larvae
development. The larvae developmental stage was
determined based on the number of plumose setae
and the length of pleopod on the abdomen (Figure
1). Larval Development Indices (LDI) were calculated
based on the criteria adopted from Truong et al.
(2007a) by given a score to every stage of larvae. For
instance larvae stage of zoea-1 was scored 1, then
larvae stage of zoea-2 was scored 2, it was continues
until larvae stage of zoea-5 was scored 5 and megalopa
stage was scored 6. In example from 20 individual of
larval sampled were taken from the rearing tank, there
were consisted of 10 indivual of larval at stage of
zoea 3, then 6 individial of larval at stage of zoea 4,
and 4 individual of larval at stage of zoea-2. The LDI
values was calculated as performed in below:
LDI 

3x10  4x6  2x4 62

 3.1
20
20

The populations of larvae zoea-5 and megalopa
stage were separated (thinning) into two or three
tanks to reduce the occurrences of cannibalism.
Megalopa Occurrences Indices (MOI) was also
monitored from the first to the fifth days after the
occurrences took place in the thinning tanks. The
MOI values were calculated based on the occurrences
of megalopa per 100 individual of zoea-5 in the thinning tank. The activity of amylase, lipase, and protease enzyme for each larvae stage were examined
based on the procedure used by Serrano and Traifalgar
(2012). Water quality parameters (ammonium, nitrite,
Total Organic Matter and total Vibrio sp.) were measured once a week by collecting 500 mL water sample
taken from each tank and analyzed in the laboratory
following the procedure adopted from Clesceri et al.
(2005). The data of LDI, MOI, and crablet production
among the treatments were compared and tested
using variance analysis with Completely Randomized
Design (one-way ANOVA) and continued with the
Turkey Test (=0.05) whenever any significant difference among the treatments was found. IBM-SPSSStatistics v.24 software was used in the statistical
analyzes. Data on water quality parameters were descriptively presented.
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Figure 1.

Larvae of zoea-2 with six of plumose setae (A) and larvae zoea-5 with long
pleopod (B).

RESULTS AND DISCUSSION
Larval Development
The larval development is influenced by many factors such as the health condition of larvae and the
presence or absence of parasitic organisms. Feeding
in sufficient quantity and quality and good water quality can support the development of larvae as well.
Based on the daily observation, the larvae of zoea-1,
zoea-2, and zoea-3 were characterized by the formation of 4, 6, and 8 plumose setae, respectively. Zoea4 larvae were characterized with a short pleopod on
the abdomen in addition to 10 plumose setae. Zoea5 has the same shape with zoea-4, but with a longer
pleopod on the abdomen. The transformation period
of zoea-1, zoea-2, zoea-3, zoea-4, and zoea-5 took
place during day 1-8 ph, day 4-13 ph, day 7-17 ph, day
10-17 ph, and day 13-20 ph, respectively. Larval transformation to megalopa started at day 19 ph and then
from megalopa to crablet stage started at day 26 ph
(Table 1). The development rate of larvae to crablet
in this study is faster than authors’ previous research
in which the lar vae fed with supplemented
microbound diet at a dosage of 0.25-1.0 mg/L, reached
crablet stage at day 28 ph (Gunarto & Sulaeman, 2017).
The daily observation on larvae development
showed unsynchronized transformation from one to
another stage among individual larvae. As a result,
the duration of every larval stage was longer (up to 7
days) compared with the duration of the normal developmental stage (Table 1). In this research the duration in each stage to develop to the consecutive
stage was required varies days, namely zoea-1 to zoea2, zoea-2 to zoea-3, zoea-3 to zoea-4, zoea-4 to zoea5, zoea-5 to megalopa stage were required 7, 9, 10,
8, and 7 days respectively. These are much longer

compared to the normal development of S. olivacea
larvae from stage of zoea-1 to zoea-2, zoea-2 to
zoea-3, zoea-3 to zoea-4, zoea-4 to zoea-5, and zoea5 to megalopa, reported only required at 6, 4, 3, 4, 5
days respectively (Gunarto et al., 2016).
Larvae populations in all treatments had decreased
by 50% from zoea-1 to zoea-2 stage. Insufficient live
feed provided in these periods (rotifer given as feed
with a density of only 20 ind./mL) was probably the
reason for this high mortality. Truong et al. (2007a)
reported that larvae fed with rotifer at a density of
45 ind./mL had higher survival rate compared to larvae fed with rotifer at a density of 60 ind./mL. The
larvae populations were variably dropped when reaching zoea-3 stage up 9.75%, 5.5%, 14.6%, and 8.3% for
A, B, C, and D treatments, respectively. From zoea-3
to zoea-4, the larvae populations continuously decreased differently by 1.8%, 2.4%, 0.6%, and 3.6% for
A, B, C, and D treatments, respectively. From zoea-4
to zoea-5, the larvae dropped in the percentage of
survival rate by 5.4% (A), 9.1% (B), 3.0% (C), and 3.7%
(D) (Table 2). The mortality rates of larvae during
their development from zoea-3 to zoea-4 and zoea-4
to zoea-5 were relatively low. This result indicates
that food combination between Artemia nauplii and
artificial feed is suitable to minimize mortality. Truong
et al. (2007a) reported that the handling procedures
of mud crab larvae at different stages from zoea-3 to
zoea-5 need to be adjusted especially related to the
species, feed size, larvae status, technique, and larval rearing systems. The larvae survival rate until stage
of zoea-5 in all treatments in this study ranged between 29 to 32% and statistically analysis there were
showed no significantly difference (P>0.05) among
treatments (Table 2).
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Table 1. Mud crab S. tranquebarica larvae development based on the characteristic
developed by Gunarto et al. (2016)
Larval stages

Characteristic

Observed dph

Zoea-1

Plumose setae 4, eye sessile, and
abdoment with 5 joint

1-8

Zoea-2

Plumose setae 6, eye sessil, and
abdoment with 5 joint

4-13

Zoea-3

Plumose setae 8, eye with stalk, and
abdoment with 6 joint

7-17

Zoea-4

Plumose setae 10, and short pleopod
in the joint 2 to joint 6 in abdoment

10-18

Zoea-5

Develop pleopod in each joint of
abdoment

13-20

First periopod modified into cheliped.
Megalopa Four pairs of walking leg, and a pairs
of swimming leg still undevelop

Crablet

16

A pairs of cheliped, three pair of
walking leg, a pairs of swimming leg
and 9 spines anterolateral

19-26

26-30
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Table 2. Percentages of the survival rate of mud crab S. tranquebarica larvae feed with
different dosages of supplemented artificial commercial feed
Percentage survival (%) from zoea-1 to zoea-5
Treatments

Zoea-1
(1 dph )

Zoea-2
(6 dph)

Zoea-3
(9 dph)

Zoea-4
(13 dph)

Zoea-5
(16 dph)

A

100

49.9 ± 2.5 a

40.1 ± 2.3 b

38.3 ± 3.5 b

32.9 ± 3.3 a

B

100

46.1 ± 3.4 b

40.6 ± 3.4 b

38.2 ± 3.9 b

29.1 ± 3.6 a

C

100

51.1 ± 3.2 a

36.5 ± 1.6 a

35.9 ± 1.5 a

32.9 ± 2.2 a

D

100

47.6 ± 4.3 a

39.3 ± 4.2 b

35.7 ± 2.8 a

32.0 ± 2.2 a

Note:

Means with different superscripts in the same column are significantly different at P<0.05
(Tukey test). Supplementation of artificial feed at: A). 0.5 mg/L/2 days, B). 0.75 mg/L/2 days, C).
1.0 mg/L/2 days, and D). 1.25 mg/L/2 days.

At day 3 ph most larvae still remained at the zoea1 stage. At day 6 ph, the LDI value (approx. 2) indicated that almost 100% of larvae were at the zoea-2
stage (Figure 2). At day 9 ph, day13 ph and day16 ph
the larvae population in all treatments were dominated by zoea-3 stage, zoea-4 stage and zoea-5 stage
respectively, where the LDI value of about 3, 4, and
5, respectively. The microbound artificial diet was
applied at varies dosages in the treatments namely;
0.5 mg/L/2 days (A); 0.75 mg/L/2 days (B);1.0 mg/L/2
days (C); and 1.25 mg/L/2 days (D) and it was given
from larvae at the stage of zoea-3 until develop to
megalopa stage in this research. However, the LDI
values in all stages of larvae statistically analysis there
were no significantly difference (P>0.05) among
treatments. Contrary, the MOI values of larvae supple-

mented with microbound artificial diet at 0.5 mg/L/2
days (A) and 0.75 mg/L/2 days (B) statistically analysis
were showed significantly higher (P<0.05) compared
to the MOI value at the lar vae supplemented
microbound artificial diet at 1.0 mg/L/2 days (C) and
1.25 mg/L/2 days (D). Despite the higher MOI values
obtained in treatment A and B, the highest crablet
production was obtained in treatment D. It seemed
that feed supplementation at 1.25 mg/L/2 days (treatment D) caused high vitality of megalopa and more
megalopa successfully develop to thecrablet stage.
Sheen & Wu (1999) reported that megalopa stage of
S. serrata required a diet containing 5.3%-13.8% lipid
and 48% protein which are lower than the lipid and
protein contents in the microbound artificial feed
supplemented to the larvae zoea-3 to megalopa of S.

120
a a a a

A=0.5 mg/L/2 days
B=0.75 mg/L/2 days
C=1.0 mg/L/2 days
D=1.25 mg/L/2 days

Larvae survival (%)

100
80
60

a b a a

40

b b a b

b b a a

Zoea-3
9 dph

Zoea-4
13 dph

a a a a

20
0
Zoea-1
1 dph

Figure 2.

Zoea-2
6 dph

Zoea-5
16 dph

Larvae development indices (LDI) of S. tranquebarica larvae fed with supplemented commercial feed. (Supplementation of artificial feed at A). 0.5
mg/L/2 days, B). 0.75 mg/L/2 days, C). 1.0 mg/L/2 days, and D). 1.25 mg/L/2
days).
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tranquebarica in this research. The protein, fat, fiber
and water contents of the microbound artificial feed
used in this research were >52%, 14.5%, < 3%, and
10%, respectively.
The occurrences of megalopa stage in the rearing
tanks at day 18 ph were observed in treatment A, B,
and C with the MOI value of 0.02 (A), 0.025 (B), 0.02
(C). In treatment D, no megalopa was detected at day
18 ph. At day 19 ph, the highest MOI value obtained
in treatment B (0.40), followed by treatment C (0.17),
A (0.14) and D (0.13). At day 20 ph, more numbers of
megalopa occurred in all treatments indicated by the
increase of MOI values to 0.71 (A); 0.8 (B); 0.28 (C);
0.41 (D). At day 21 ph, the MOI values were stabilized
at 0.71 (A); 0.88 (B); 0.43 (C) and 0.45 (D) (Table 4).
The highest crablet D-7 production was obtained
by treatment D (644.0±23 ind./tank) and showed significant difference (P<0.05) with treatment A
(550.0±30.0 ind./tank), but no significant difference
(P>0.05) with treatment C (631.0±51.0 ind./tank) and
B (625.0±22.0 ind./tank) (Table 4).
The larval development of S. tranquebarica in this
research was fast, reaching megalopa stage at day 18
ph. In authors’ earlier study, it was found that larvae
development of S. olivacea reached megalopa stage
at day 21 ph (Gunarto et al., 2016). Different stocking
densities of larvae in the rearing tanks contribute to
the accelerated larval development. In this research,
the larvae stocking density was only 100 ind./L, while
for S. olivacea , the larvae stocking density was 400
ind./L. In the S. olivacea larvae rearing, the highest of
MOI value (0.294) was obtained at the fourth day (day
25 ph) and resulting in the total crablet production
per tank of only 191±16 ind. In this research using
larvae S. tranquebarica, the MOI value at the fourth
day (day 22 ph) ranged between 0.43-0.88 with the
crablet production per tank between 550-644 ind.

Activity of Enzyme Amylase, Protease, and
Lipase
The activity of amylase enzyme in larvae from zoea1 to zoea-4 was low, but increased significantly in
zoea-5. The activity of protease enzyme was higher
compared with the activity of amylase enzyme in zoea1 larvae. However, at zoea-3, the activity of protease
enzyme was decreased and showed lower value compared to the activity of amylase enzyme. At zoea-5,
the activity of protease and amylase enzymes reached
their highest values. Similarly, lipase enzyme activity
was also low in larvae of zoea-1 and zoea-2 stage
before significantly increased at zoea-3 and zoea-4.
The lipase enzyme activity decreased again in zoea-5
stage (Table 5).
Serrano & Traifalgar (2012) had confirmed that
S.serrata larva from zoea-3 to megalopa stage produced higher amylase and leucine aminopeptidase in
order to digest artificial feed in the stomach.
The activity of amylase, lipase dan protease enzymes in larvae of S. paramamosain varies depend on
larval stage development (Hong et al., 1995). In this
research, the amylase enzyme activity in larvae of
zoea-1 to zoea-4 stage was low but increased significantly in zoea-5. This might be the evidence that the
early larvae stage of mud crab is a real carnivorous.
The carnivorous larvae exhibited low levels of enzyme activity but compensating it by extending retention time of high energy food to maximize assimilation efficiency (Vay et al., 2001). When larvae
reached zoea-5 stage, the feeding behavior shifted
to omnivorous and at the same times, the activity of
amylase enzyme increased sharply. Futhermore,
Serrano (2012), reported that the increase of amylase enzyme activities in S. serrata larvae occurred
from zoea-4 to megalopa stage. However, at crablet
stage, the activity of amylase enzyme decreased dras-

Table 3. Megalopa occurrence indices (MOI) values and crablet production from the
mud crab S. tranquebarica larvae fed with supplementation of artificial feed.
Megalopa occurrences indices and
crablet-D-7 production (ind./tank)

Treatments

Note:

18

18 dph

19 dph

20 dph

21 dph

Crablet D-7 (35 dph)

A

0.020 b

0.14 a

0.71b

0.71 b

550.0 ± 30.0 a

B

0.025

b

b

b

b

625.0 ± 22.0 ab

C

0.020 b

0.17 a

0.28a

0.43 a

631.0 ± 51.0 ab

D

0.001 a

0.13 a

0.41a

0.45 a

644.0 ± 23.0 b

0.40

0.60

0.88

Means with different superscripts in the same column are significantly different at
P<0.05 (Tukey test). Supplementation of artificial feed at: A). 0.5 mg/L/2 days, B). 0.75
mg/L/2 days, C). 1.0 mg/L/2 days, and D). 1.25 mg/L/2 days.
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Table 4. The activity of amylase, protease, and lypase enzymes in
different larval stages of mud crab S. tranquebarica
Larval stage
Zoea-1
Zoea-2
Zoea-3
Zoea-4
Zoea-5

Amylase
(µ/mL/minute)

Protease
(µ/mL/minute)

Lypase
(µ/mL/minute)

0.019
0.082
0.076
0.072
0.234

0.087
0.078
0.021
0.016
0.867

0.021
0.079
0.113
0.145
0.017

tically. Futhermore, Jonhston et al. (2004) reported
that in larvae of spiny lobster, Jasus edwardsii, the
total concentration of amylase enzyme also increased
according to the increase of the larval age.
The enzymes existed in the digestive system of
larvae could also come from the enzyme found in
natural food such as rotifer and artemia through their
autolysis or zymogen to support the work of digestive systems (Kumlu & Jones, 1995). Therefore, high
enzyme activity is usually observed in the early stage
of larvae fed with live food supplementation. In larvae of zoea-1 stage, the activity of protease enzyme
was higher than that of amylase enzyme. The activity of protease enzyme decreased slightly from zoea1 to zoea-4 but then increased sharply at zoea-5. This
might indicate that the introduction of a new diet
into the larvae will not automatically increase the
enzyme activity in the digesting system. It takes time
for the larvae and its digestive system to adapt to
the new diet. Jonhston et al. (2004) stated that a high
activity of protease enzyme was correlated with the
high protein content in their diet. The high activity
of amylase and protease enzymes in zoea-5 larvae
might be a response to the introduction of artificial
feed with diet composition of fiber/carbohydrate and
protein (52%).
The increases of lipase enzyme activity at zoea-3
and zoea-4 after leveling off during zoea-1 and zoea2 stages may be another indication of the need for
more lipid at these larval stages. However, the lipase
activity decreased again in zoea-5 stage (Table 5) suggesting that more lipid was required by larvae after
larvae attained zoea-3.
The highest crablet production (644.0±23.0 ind./
tank) was obtained in treatment D with 1.25mg/L/2
days of supplemented feed and showed not significantly different (P>0.05) with treatment B
(625.0±22.0 ind./tank) and C (631.3±50.91 ind./tank),
but significantly different (P<0.05) with treatment A
(550.0±30.0 ind./tank). Besides the feeding regime

and nutritional quality of the life feed, crablet production was also affected by the unsynchronized
molting from zoea-5 to megalopa (Suprayudi et al.,
2012). Megalopa were found grazing on zoea-5 in the
tanks, thus resulting in the low survival rate of crablet
D-1. Lowering the megalopa stocking density (thinning) by separating the population into two or three
tanks was able to reduce cannibalism and thus enhance the crablet production. Based on the result of
the research, the authors suggest that the diet of
mud crab larvae could be supplemented with artificial commercial feeds when the larvae are at zoea-3
to megalopa stage with suggested dosages between
0.75-1.25 mg/L/2 days.
The total organic matter was relatively high. There
was no clear relation to the dosages of the supplemented diet i.e.: A= 51.3 mg/L, C= 48.8 mg/L, B=
44.4 mg/L dan D= 43.8 mg/L. The same pattern was
also observed in Vibrio population. Interestingly, the
highest Vibrio sp. population of 103 cfu/mL was observed in treatment A where the highest of TOM also
occurred (Table 6). The high Vibrio population was
believed to have contributed to producing the lowest crablet production in treatment A.
CONCLUSION
This research concludes that the supplementation
of artificial commercial feed in the larval diet of S.
tranquebarica can be applied at the dosages of 0.751.25 mg/L/2-days given from zoea-3 until the end of
megalopa stage.
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Table 5. The average of water quality parameters and Vibrio sp. population from the
rearing tank for larva S. tranquebarica feed with supplemented artificial commercial feed
Treatments

Amonium (mg/L)

Nitrite (mg/L)

TOM (mg/L)

Vibrio sp. (log cfu/mL)

A
B
C
D

0.58 ± 0.01
0.97 ± 0.007
0.91 ± 0.20
0.88 ± 0.24

0.45 ± 0.07
0.32 ± 0.007
0.41 ± 0.01
0.49 ± 0.07

51.3 ± 15.04
44.4 ± 0.007
48.8 ± 7.96
43.8 ± 0.88

3.95 ± 0.31
3.91 ± 0.40
3.78 ± 0.36
3.84 ± 0.08

Supplementation of artificial feed at: A). 0.5 mg/L/2 days, B). 0.75 mg/L/2 days, C). 1.0 mg/L/2 days,
and D). 1.25 mg/L/2 days
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