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Abstract

Nutritional efficacy of fairy shrimp (Streptocephalus sirind-
hornae) nauplii, as a live food, was studied for growth
performance and survival rate of giant freshwater prawn
(Macrobrachium rosenbergii) postlarvae. A feeding experi-
ment was designed with four different feeds: dry commercial
feed, fairy shrimp nauplii, Artemia sp. nauplii and adult
Moina macrocopa. Results from the nutritional composition
revealed that fairy shrimp nauplii had protein and lipid con-
tents of 54.58 +2.8 g kg~' and 255+ 2.8 g kg™', respec-
tively. The highest value for an individual amino acid in fairy
shrimp was lysine (140.7 + 1.6 g kg™'). The essential amino
acids content in the whole body of the larval prawns was in
the range of 66.7-67.5 g kg~'. Fairy shrimp nauplii had the
highest essential amino acid ratio (A/E) of lysine, similarly, in
musculature of prawn larvae. Weight gain and specific growth
rate of the postlarvae fed with fairy shrimp nauplii were sig-
nificantly higher than those fed with Artemia nauplii, adult
Moina and dry commercial feed. The presented results suggest
that S. sirindhornae nauplii can be used as a nutritionally ade-
quate food for freshwater prawn M. rosenbergii postlarvae.
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Introduction

Fairy shrimp are entomostracan crustaceans living in
ephemeral waters worldwide. To date, three species —
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Streptocephalus sirindhornae Sanoamuang, Murugan, Wee-
kers and Dumont; Branchinella thailandensis Sanoamuang,
Saengphan and Murugan; and S. siamensis Sanoamuang
and Saengphan — have been recorded in Thailand. They
belong to the phylum Arthropoda, subphylum Crustacea,
class Branchiopoda and order Anostraca (Sanoamuang
et al. 2000, 2002; Sanoamuang & Saengphan 2006). Cur-
rently, they can be successfully cultured in circular concrete
outdoor ponds and earthen ponds for mass production
(Sriputhorn & Sanoamuang 2011). Adults of these fairy
shrimp species contain high levels of protein, 502-744 g kg™,
and essential amino acids of 439.6-784.9 mg g~ ' dw (Dararat
et al. 2012). They can be used as suitable feeds for aquatic ani-
mals such as ornamental fish and giant freshwater prawn
(Saejung et al. 2011; Sornsupharp 2012). The nutritional
importance of fairy shrimps in terms of protein and as a carot-
enoid source for fish and prawn has been highlighted because
of their high individual biomass, high reproductive rate and
rapid growth (Munuswamy et al. 1997; Dararat et al. 2011).
The giant freshwater prawn, Macrobrachium rosenbergii (de
Man), is an important aquaculture species in Thailand and
other Southeast Asian countries (New 2005). Success in aqua-
culture is based on various criteria, where selection of a suit-
able feed and its potential use is important (Velu &
Munuswamy 2007). It is well established that live feed organ-
isms are favoured more than artificial feeds in larval and early
postlarval stages of various fish and shellfish (Lee ez al. 2010;
Dahms et al. 2011). Sornsupharp (2012) studied the digest-
ibility of dried fairy shrimp S. sirindhornae as a feed ingredi-
ent for flower-horn fish and found that the dried fairy shrimp
meal is a suitable food for smaller sized fish. Growth and sur-
vival of freshwater prawn are highly dependent on the type of
feeds provided at early postlarval stages (Alam et al. 1993).
The postlarval stages of the giant freshwater prawn are highly
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predacious in nature and they prefer live feed organisms
(Martin et al. 2006; Das et al. 2007). Their larvae cannot be
easily acclimatized with artificial feeds. Live feeds supply all
the necessary nutrients for development and can contribute
exogenous digestive enzymes that aid in digestion (Barros &
Valenti 2003a; Dahms et al. 2007a). Live feed, for example,
Moina sp., Artemia spp. and fairy shrimp nauplii, can be used
for aquaculture organisms. However, several authors believe
that Artemia nauplii do not fulfil the nutritional requirements
of prawn larvae and therefore recommend the use of supple-
mentary diets (New 2002). The possibility of using fairy
shrimps as a live feed for giant freshwater prawn culture was
suggested by Velu & Munuswamy (2008). Sriputhorn & Sano-
amuang (2011) evaluated the potential of the adults of the
fairy shrimp S. sirindhornae as a live feed for growth and
enhancement of the carotenoid content in freshwater prawn.
They found that the prawns showed high specific growth rate
(SGR), survival rate and a low feed conversion ratio. There-
fore, supplementation of live feed organisms is necessary
when used as food at the postlarval stages of prawns. There-
fore, this study investigated the nutrient composition of the
fairy shrimp S. sirindhornae nauplii and their potential as live
food for growth performance of giant freshwater prawn post-
larvae.

Materials and methods

Food preparation and feeding

Dry commercial food for giant freshwater prawn (M. ro-
senbergii) larvae was purchased from Grobest Corporation
Ltd., Phetchaburi Province, Thailand. Fairy shrimp (S. si-
rindhornae) eggs were hatched according to the procedure
described by Saengphan et al. (2005). Fairy shrimp samples
were collected alive at the instar-I stage (1 day of age;
mean length, 0.36 £ 0.04 mm) and provided daily as food.
Artemia sp. (bisexual) eggs, Great Salt Lake strain, INVE
(Thailand) Ltd., Pichit Province, Thailand, were hatched
according to the procedure described by New (2002), and
the nauplii were collected alive at instar-I (1 day of age;
mean length, 0.71 = 0.09 mm) and provided daily for feed-
ing. Adult Moina macrocopa (Straus, 1820) with a mean
length of 0.72 £ 0.17 mm were obtained from the Inland
Fisheries Research and Development Institute, Khon Kaen
Province, Thailand, and continuous cultures were main-
tained using Chlorella sp. as a staple food. During the com-
plete rearing cycle, freshwater prawn larvae were
exclusively fed with dry commercial food, fairy shrimp nau-

plii, Artemia nauplii, and adult Moina.

Experimental trials

Experimental postlarvae of M. rosenbergii were obtained
from an aquaculture farm in Suphanburi Province, Thai-
land, and acclimatized to laboratory conditions at Khon
Kaen University. Giant freshwater prawn larvae were reared
for 30 days in 100 L PE tanks at the Applied Taxonomic
Research Center, Khon Kaen University. Two hundred
prawn postlarvae (PL1) per PE tank with an initial weight
of 9.94 + 0.13 mg were fed in four treatments each with dif-
ferent feeds in four replicates. Water was exchanged every
day (10%) to remove remaining feed from the previous day
by siphoning. After water exchange, live feed was offered
twice a day at 10% of total body weight, at 8:00 h and
16:00 h. At the end of the experiment, length and weight of
thirty prawns per tank were determined. Growth rate (GR),
weight gain (WG), SGR and survival rate (SR) were calcu-
lated following the method from Chettri ez al. (2007).

Proximate composition analysis

Nutrient composition content of four experimental feeds
[dry commercial feed (control), fairy shrimp nauplii, Art-
emia nauplii and adult Moina] was determined according to
standard methods (AOAC 1995). Preparations of four dif-
ferent feeds were dried in an electric oven at 60 °C for 4 h.
Moisture was determined by oven drying at 105 °C for
24 h. Crude protein (N x 6.25) was determined by the
Kjeldahl method after acid digestion using a Kjeldahl Sys-
tem. Crude lipid was gained by the ether extraction method
using a Soxhlet extractor. Ash content was determined by
muffle furnace at 550 °C for 5 h. Crude fibre was deter-
mined by the fritted glass crucible method and ash was
determined by a muffler furnace, exposing the samples to
550 °C for 4 h. The content of carbohydrate was calculated
from the difference of the percentages between crude pro-
tein, moisture, crude fibre and ash.

Amino acid analysis

Acid oxidation was performed prior to hydrolysis to oxi-
dize cystine and methionine. Sodium metabisulfite was
added to decompose performic acid before hydrolysis.
Proteins were hydrolysed with 6 M HCI. Hydrolysates were
diluted with sodium citrate buffer or neutralized, pH was
adjusted to 2.20 and individual amino acid components
were separated by ion-exchange chromatography (AOAC
2000 method 994.12). Amino acids were determined using
GC-MS (GC: Agilent technologies model 6890N made in
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Germany and MS: Agilent technologies model 5973 made
in USA) equipped with a Phenomenex Zebron ZB-AAA
(10 m x 0.25 mm) column. The protein-bound tryptophan
was not analysed, because it was destroyed by acid hydrolysis.

Fatty acid analysis

Fatty acids were determined by a hydrolytic method accord-
ing to the standard method 996.06 AOAC (2000). Lipids
were extracted into ether, then methylated to fatty acid
methyl esters (FAMEs) using BF; in methanol; the FAMEs
were then quantitatively measured by capillary gas chroma-
tography (GC-MS, GC: Agilent technologies model 6890N
made in Germany and Ms: Agilent technologies model 5973
made in USA). The GC was equipped with a capillary col-
umn (SP-2560, 100 m x 0.25 mm ID, 0.20-pm films and a
fused silica capillary) using helium as a carrier gas. Injection
was performed by the split method at 260 °C. FAMEs were
separated with the following oven programme: (a) 140 °C
for 5 min; (b) increase at a rate of 4 °C min™" up to 240 °C.
The fatty acids were identified with reference to the retention
time and gas chromatography. Total fat was calculated as
the sum of individual fatty acids expressed as triglyceride
equivalents. Saturated and unsaturated fats were calculated
as the sum of respective fatty acids.

Statistical analysis

All data were subjected to statistical verification using one-
way analysis of variance. Significant differences between
means were evaluated by a Duncan’s multiple range test
(Steel & Torrie 1980). Differences were regarded as signifi-
cant at P < 0.05.

Results

The proximate composition of the experimental feeds (dry
commercial feed, fairy shrimp nauplii, Artemia nauplii and

adult Moina) are presented in Table 1. Significant differences
(P < 0.01) in the protein, lipid, carbohydrate, fibre and ash
contents were observed between the samples. The highest
protein levels were determined in adult Moina, followed by
fairy shrimp nauplii, Artemia nauplii and dry commercial
feeds as 585+ 0.8 gkg !, 546 + 5gkg !, 538 + 4 g kg !
and 414 + 2 g kg™, respectively. The lipid content in fairy
shrimp nauplii was the highest (255 + 2.3 g kg~') among
all feed compositions. Commercial dry feed had higher
amounts of carbohydrate (278 + 2.3 g kg™ ") and ash (162 +
0.7 g kg~") than the other feed compositions. The fibre con-
tent, however, in fairy shrimp nauplii was not significantly
different from the other feeds. Significant differences
(P < 0.01) in dry weight amino acid composition (g kg~ dry
diet) in different feeds showed that adult Moina had a higher
total amino acid (TAA) content than fairy shrimp nauplii,
followed by Artemia nauplii and dry commercial feeds
(Table 2). Individual amino acids in the dry commercial
feeds had a high glutamic acid content (55.7 + 0.8 g kg™
dry diet), followed by aspartic acid, alanine, glycine and leu-
cine. However, fairy shrimps had the highest lysine content
(140.7 + 1.6 g kg~ ! dry diet) followed by tyrosine, leucine,
phenylalanine and glutamic acid. Artemia nauplii had a high
content of glutamic acid (72.8 + 0.5 g kg™' dry diet), fol-
lowed by aspartic acid, alanine, leucine and tyrosine. Simi-
larly, adult Moina included individual amino acids such as
glutamic acid (82.7 + 1.2 g kg™~ ! dry diet), aspartic acid, leu-
cine, tyrosine and alanine.

Amino acid concentrations in the body of M. rosenbergii
fed with different feeds showed some correlations
(Table 3). A significant difference (P < 0.01) in the dry
weight of TAA composition was noted in the body. The
postlarvae fed with fairy shrimp nauplii had the highest
TAA (678.8 £ 2.2 g kg ! dry weight) followed by Artemia
nauplii (663.9 + 2.6 g kg~' dry weight), dry commercial
feed (644.1 £1.9 gkg ' dry weight) and adult Moina
(632.8 £ 0.7 g kg~ ' dry weight). The essential amino acid
(EAA) contents of the body from postlarvae fed upon

Table 1 Proximate composition (g kg~' dry diet) of feeds used in the present study

Nutrient composition Dry commercial feed Fairy shrimp nauplii Artemia nauplii Adult Moina
Protein 414 x 29 546 + 5° 538 + 4° 588 = 0.8°
Lipid 64 + 0¢ 255 + 22 187 + 0.3° 82 + 2¢
Carbohydrate 278 + 2° 30 + 29 59 + 2° 110 = 1.9°
Moisture 51 + 0.5° 54 + 4° 88 + 2° 106 + 0.6°
Fiber 31 £ 0.6° 46 + 0.2°° 63 + 5° 56 + 12°
Ash 162 + 0.72 69 + 0.2° 66 + 4° 61 2°

Values are means + standard deviations, n = 3. Mean values in rows followed by different superscript are significantly different

(P <0.01).
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Table 2 Amino acid concentrations (g kg~' dry diet) of four different feeds

Adult
Amino acid Dry commercial feed Fairy shrimp nauplii Artemia nauplii Moina
Alanine 26.21 + 0.73° 17.78 + 0.38° 36.74 + 1.60° 40.22 + 1.45°
Aspartic acid 40.60 + 1.44° 21.02 + 0.81¢ 49.24 + 0.97° 56.29 + 1.38°
Glutamic acid 55.69 + 0.79¢ 32.27 + 1.41¢ 72.84 + 0.50° 82.67 = 1.21°
Glycine 25.82 + 0.24° 12.02 + 0.50° 21.18 + 0.47° 27.21 + 1.13?
Histidine 7.64 + 0.08° 23.75 + 1.61° 8.17 = 0.19° 12.08 + 0.26°
Isoleucine 4.98 + 0.19° 22.36 + 0.69° 19.79 + 0.12° 22.51 + 0.54°
Leucine 21.14 £ 0.81¢ 41.10 = 0.32° 35.23 £ 0.51° 44.92 + 1.29°
Lysine 19.04 + 0.27¢ 140.65 + 1.64° 34.41 + 0.35° 38.68 + 1.09°
Methionine 7.34 + 0.19° 9.08 + 0.22° 11.43 + 0.25° 29.80 + 1.01°
Phenylalanine 14.46 + 0.04° 40.04 + 1.667 22.22 + 0.30° 27.68 + 0.77°
Proline 17.50 + 0.14° 17.31 = 0.45° 28.79 = 0.12° 27.02 = 0.48¢
Serine 17.29 + 0.32° 7.75 + 0.56° 29.85 + 0.52° 27.72 + 0.37¢
Threonine 10.96 + 0.34° 7.85 + 0.58¢° 22.70 + 0.24° 26.85 = 0.28°
Tyrosine 14.65 + 0.14° 45.00 + 0.87° 35.08 + 0.22° 54.70 + 1.33°
Valine 6.61 + 0.22¢ 20.95 + 0.64° 23.43 £ 0.13° 12.86 + 0.75¢
TAA 289.93 + 1.54¢ 458.96 + 2.32° 451.12 + 2.13° 531.22 + 1.412
EAA (%) 31.79 66.63 39.32 40.55
NEAA (%) 68.21 33.37 60.68 59.45

TAA, total amino acid; EAA, essential amino acid; NEAA, non-essential amino acid.

Values are means + standard deviations, n =3. Mean values in rows followed by different superscript are significantly different

(P <0.05).

different feeds were in the range of 667-675 g kg™~'. Non-
essential amino acids (NEAA) ranged between 324 g kg™
and 333 g kg~ !. Individual amino acid concentrations in
the body of M. rosenbergii fed with fairy shrimp nauplii
had the highest levels of lysine, glutamic acid and phenylal-
anine (214.4, 61.3 and 60.7 g kg~ ! dry weight, respectively).
The body of postlarvae fed with dry commercial feed had
the highest levels of lysine, phenylalanine and Ileucine
(207.9, 59.4 and 57.9 g kg~' dry weight, respectively). The
body of postlarvae fed with Artemia nauplii had the highest
levels of lysine, phenylalanine and leucine (212.6, 62.2 and
59.1 g kg~ ! dry weight, respectively). The body of postlarvae
fed with adult Moina had the highest levels of lysine, phen-
ylalanine and leucine (202.6, 57.0 and 56.7 g kg~' dry
weight, respectively).

The essential amino acid ratio (A/E) of in different feeds
showed that fairy shrimp nauplii had the highest A/E ratio
of lysine, leucine and phenylalanine (460, 134 and 131,
respectively) (Table 4). The highest A/E ratio in the dry
commercial feed was provided by leucine, lysine and phen-
ylalanine (229.4, 206.9 and 156.88, respectively). The A/E
ratio of Artemia nauplii had high values for leucine, lysine
and valine (198.6, 194 and 132.1, respectively). Adult Moin-
a had high leucine, lysine and methionine contents (208.6,
179.6 and 138.4, respectively). The A/E ratio in the body
content of postlarvae that were fed with different diets is
shown in Table 5. The body of postlarvae fed on fairy

shrimp nauplii had the highest A/E ratio of lysine, phenyl-
alanine and leucine (465.2, 131.7 and 129, respectively).
The body of postlarvae fed on dry commercial feeds had
the highest A/E ratio of lysine, phenylalanine and leucine
(469.8, 134.3 and 130.9, respectively). The body of postlar-
vae fed on Artemia nauplii had the highest A/E ratio of
lysine, phenylalanine and leucine (468.4, 137.0 and 130,
respectively). The body of postlarvae fed adult on Moina
had the highest A/E ratio of lysine, phenylalanine and leu-
cine (469.1, 131.9 and 131.3, respectively).

The fatty acid contents of experimental feeds are shown
in Table 6. The present results demonstrate that the fatty
acid concentrations were significantly different (P < 0.05)
among the different feeds. Fairy shrimp nauplii had the
highest total fatty acid content of 277.8 + 0.9 g kg~' from
the dry diet. The total saturated fatty acid content was
91.9 + 0.7 g kg ! for the dry diet, and the total unsatu-
rated fatty acid content was 185.9 +0.5 g kg™'. The
omega-6 and omega-3 contents were 33.07 £ 0.10 and
71.95 +0.28 g kg~ ! in the dry diet, respectively. The poly-
unsaturated fatty acid (PUFA) content was 105.02 + 0.27
g kg~! and the eicosapentaenoic acid (EPA)+docosahexae-
noic acid (DHA) content was 22.67 = 0.05 g kg™' in the
dry diet. The unsaturated fatty acid profile in the fairy
shrimp nauplii had the highest levels of oleic acid
(C18:1n9), linolenic acid (C18:3n3) and linolenic acid
(C18:2n6) (71.59, 47.63 and 2391 gkg™' dry diet,
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Table 3 Amino acid concentrations (g kg~' dry weight) in the body of Macrobrachium rosenbergii fed with four different feeds

Adult
Amino acid Dry commercial feed Fairy shrimp nauplii Artemia nauplii Moina
Alanine 23.47 + 0.42° 23.76 + 0.54° 23.11 = 0.882 23.29 = 0.76%
Aspartic acid 32.06 + 0.39° 36.28 + 0.73? 33.69 + 0.66° 32.30 + 0.66°
Glutamic acid 52.82 + 1.55¢ 61.27 + 0.36° 57.89 + 0.85° 54.30 + 0.55°
Glycine 20.38 + 0.70° 19.52 + 0.86° 19.14 + 0.55° 19.04 + 0.08°
Histidine 38.25 + 0.58%° 39.88 + 0.967 39.62 + 1.13% 36.72 + 0.69°
Isoleucine 30.23 + 0.62° 33.99 + 1.14° 30.44 + 0.53° 29.93 + 1.32°
Leucine 57.92 = 1.07° 59.44 + 0.43° 58.98 + 0.92° 56.72 + 0.67°
Lysine 207.90 + 0.50° 214.44 + 0.74° 212.59 + 0.79° 202.63 + 0.64°
Methionine 14.64 + 0.28° 16.19 + 0.35° 15.88 + 1.54° 15.02 + 0.33?
Phenylalanine 59.43 + 0.95° 60.69 + 0.40%° 62.19 + 0.57° 56.99 + 0.61°
Proline 16.89 + 0.84% 17.62 + 0.392 16.77 + 0.44° 16.42 = 0.49°
Serine 8.77 + 0.70° 9.55 + 0.76% 8.83 + 0.212 9.31 + 0.312
Threonine 9.15 + 0.35°% 9.76 + 0.86° 9.55 + 0.91° 9.30 + 0.42°
Tyrosine 47.14 = 0.50° 49.86 + 0.61° 50.56 + 0.84° 46.14 + 0.29°
Valine 25.02 + 0.37° 26.58 + 1.0° 24.62 + 1.08° 24.66 + 0.38°
TAA 644.07 + 1.91° 678.84 + 2.23° 663.86 + 2.56° 632.75 + 0.67¢
EAA (%) 67.48 66.70 67.34 67.32
NEAA (%) 32.52 33.30 32.66 32.68

TAA, total amino acid; EAA, essential amino acid; NEAA, non-essential amino acid.

Values are means + standard deviations, n =3. Mean values in rows followed by different superscript are significantly different

(P < 0.05).

Table 4 A/E ratio of four different feeds

Dry Fairy

commercial shrimp Artemia Adult
Amino acid feed nauplii nauplii Moina
Histidine 82.86 77.67 46.06 56.09
Isoleucine 54.01 73.12 111.55 104.49
Leucine 229.39 134.41 198.63 208.55
Lysine 206.56 459.96 193.95 179.60
Methionine 79.68 29.70 64.44 138.36
Phenylalanine 156.88 130.95 125.27 128.53
Threonine 118.94 25.67 127.99 124.66
Valine 71.69 68.52 132.10 59.72

AJE ratio = (EAA/total EAA) x 1000 (Arai 1981).

Table 5 A/E ratio in the body of Macrobrachium rosenbergii fed
with four different feeds

Dry Fairy

commercial shrimp Artemia Adult
Amino acid feed nauplii nauplii Moina
Histidine 86.43 86.52 87.29 85.01
Isoleucine 68.31 73.74 67.07 69.28
Leucine 130.89 128.95 129.96 131.30
Lysine 469.78 465.19 468.39 469.10
Methionine 33.09 35.11 34.99 34.76
Phenylalanine 134.28 131.66 137.03 131.93
Threonine 20.67 21.17 21.04 21.52
Valine 56.55 57.67 54.25 57.10
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respectively). The overall fatty acid contents in body of the
postlarvae fed with different feeds are provided in Table 7.
The present results showed that the total fatty acid concen-
trations of Artemia nauplii (64.25 + 0.68 g kg™" dry weight)
and fairy shrimp nauplii (60.64 + 0.28 g kg~' dry weight)
were not significantly different. The total saturated fatty acid
content was not significantly higher (26.71 + 0.41 g kg~ ' dry
weight) when fed with dry commercial feed, but the total unsat-
urated fatty acid was significantly higher (38.03 + 0.27 g kg™
dry weight) when fed with Artemia nauplii. Omega-6 and
omega-3 were the highest when fed with adult Moina (11.01 +
0.26 g kg™! dry weight) and Artemia nauplii (16.01 +
0.35 g kg~ ! dry weight), respectively. The PUFA and EPA
+DHA contents were the highest when fed with adult Moina
(25.80 = 0.32 g kg™' dry weight) and dry commercial feed
(11.68 £ 0.11 g kg~' dry weight), respectively. The major
unsaturated fatty acid profile of postlarvae fed with four differ-
ent feeds was found to be oleic acid (C18:1n9), linolenic acid
(C18:2n6, C18:3n3), arachidonic acid (C20:4n6), EPA
(C20:5n3) and DHA (C22:6n3). Weight gain of the postlarvae
fed with fairy shrimp nauplii (75 + 8.69 mg) was significantly
(P < 0.01) higher than those fed with Artemia nauplii, adult
Moina and dry commercial feed (56.43 + 3.86, 39.26 + 3.35,
20.57 + 2.54 mg, respectively) (Table 8). The SGR of the
postlarvae fed with fairy shrimps (7.10 + 0.60% day ') was
higher than those fed with Artemia nauplii (6.34 £ 0.44%
day™"), adult Moina (5.36 £0.17% day™') and dry
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commercial feed (3.71 £ 0.35% day'). However, survival
rates for each treatment were not significantly different
(P > 0.05).

Discussion

Live feeds can have an important role in larval nutrition of
ornamental fish (Lim ez al. 2003), marine shrimp (Farha-
dian et al. 2007) and freshwater prawn (Barros & Valenti
2003b). However, high-quality live feed, in general, may
also be costly to produce. Several live and inert feeds were
investigated as either a replacement or as a supplement for
Artemia nauplii in M. rosenbergii (Alam et al. 1995; Silva
& Rodrigues 1997) and brown shrimp Farfantepenaeus
aztecus larvae (Robinson er al. 2005). Indeed, one of the
major research themes in aquaculture is directed towards
exploring low-cost alternatives to Artemia sp., such as inert
larval diets for M. rosenbergii or other types of live feed

(Martin et al. 2006; Dahms et al. 2007b). In the present
study, although some variation was found in the crude pro-
tein, lipid and total carbohydrate, these were within the
normal range. Protein content in all the live feed items in
our study was higher than in the commercial feeds. This
study also showed that adult Moina had higher protein
content (585 g kg™ ') than the other feeds. Previous investi-
gations reported a high level of protein in Moina (Das
et al. 2007). They observed that the protein, lipid and car-
bohydrate levels of Moina were 663, 108 and 198 g kg™ ',
respectively. In addition, S. sirindhornae nauplii had a high
protein content (546 g kg~') comparable to S. dichotomus
nauplii (506 g kg~") reported by Velu & Munuswamy
(2008). However, Dararat et al. (2012) studied the bio-
chemical composition of three fairy shrimp species from
Thailand and found that the adults of S. sirindhornae had

—1

a protein content of 744 g kg™'. Similarly, our Artemia

nauplii showed a high protein content of 538 + 2.3 g kg~'

Table 6 Fatty acid concentrations (g kg~ ' dry diet) of four different feeds

Adult

Fatty acid Commercial feed Fairy shrimp nauplii Artemia nauplii Moina
Total fatty acids 98.90 + 1.68° 277.83 = 0.91° 100.87 = 1.37° 99.58 + 0.88°
Total saturated fatty acids 47.58 + 2.82° 91.92 + 0.67° 22.45 + 0.94¢ 41.59 + 0.43¢
Total unsaturated fatty acids 51.325 + 1.96° 185.91 + 0.53° 78.42 + 1.44° 57.99 = 0.44¢
PUFA 28.42 + 1.56¢ 105.02 + 0.27° 43.86 + 1.92° 33.31 + 0.24°
Omega-6 20.09 = 1.16° 33.07 £ 0.10% 8.17 = 0.36¢ 14.68 = 0.11¢
Omega-3 8.33 + 0.40¢ 71.95 + 0.28° 35.69 + 1.56° 18.53 + 0.13¢
EPA+DHA 5.56 + 0.25° 22.67 + 0.05° 1.46 + 0.64° 0.35 = 0.219
Saturated fatty acid

Lauric acid (C12:0) 0.25 = 0.01° 0.15 + 0.01° 0.10 = 0.01¢ 0.29 + 0.012
Myristic acid (C14:0) 4.39 + 0.022 2.83 + 0.03¢ 0.97 + 0.04¢ 3.36 + 0.05°
Pentadecanoic acid (C15:0) 1.28 + 0.06¢ 2.35 + 0.06° 0.26 + 0.01¢ 2.80 + 0.04°
Palmitic acid (C16:0) 29.39 = 1.60° 63.35 + 0.20° 14.31 + 0.59¢ 25.81 + 0.27¢
Heptadecanoic acid (C17:0) 1.92 + 0.10¢ 3.73 + 0.02° 0.92 = 0.04¢ 2.34 £ 0.02°
Stearic acid (C18:0) 9.12 + 0.51° 16.77 + 0.45° 5.66 + 0.24° 6.16 + 0.03¢
Arachidic acid (€22:0) 0.62 + 0.03° 0.78 + 0.02° 0.18 + 0.01¢ 0.25 = 0.01°¢
Behenic acid (C22:0) - 1.96 + 0.06° - 0.35 = 0.01°
Tricosanoic acid (C23:0) 0.63 + 0.31° - - 0.06 + 0.01°
Lignoceric acid (C24:0) - — 0.07 = 0.01° 0.19 + 0.04°
Unsaturated fatty acid

Palmitoleic acid (C16:1n7) 4.74 + 0.26° 7.75 + 0.19° 3.16 + 0.12° 7.72 + 0.11°
Oleic acid (C18:1n9) 17.76 = 1.03¢ 71.59 = 0.08% 31.09 + 1.38° 16.89 = 0.10¢
Erucic acid (C22:1n9) 0.10 = 0.01° 0.28 + 0.01° 0.05 + 0.01° -
Linolenic acid (C18:2n6) 17.73 = 1.04° 23.91 + 0.04° 7.71 + 0.34° 14.2 + 0.10¢
Linolenic acid (C18:3n3) 2.66 + 0.159 47.63 + 0.32° 33.36 + 1.45° 18.15 + 0.12¢
Eicosadienoic acid (C20:2) 0.32 + 0.01° 1.28 + 0.05° 0.27 + 0.01° 0.08 = 0.01°¢
Eicosatrienoic acid (C20:3n6) 0.13 + 0.01° 1.11 £ 0.01° 0.09 = 0.01°¢ 0.06 + 0.01¢
Eicosatrienoic acid (C20:3:n3) 0.12 + 0.01¢ 1.65 + 0.05° 0.87 + 0.04° 0.13 + 0.16¢
Arachidonic acid (C20:4n6) 2.24 + 0.01° 8.05 + 0.03° 0.37 + 0.02° 0.37 + 0.01°
EPA (C20:5n3) 436 +0.11° 21.76 + 0.04° 1.46 + 0.06° 0.35 + 0.10¢
DHA (C22:6n3) 1.20 = 0.06° 0.91 + 0.01° - -

PUFA, polyunsaturated fatty acid; EPA, eicosapentaenoic acid; DHA, docosahexaenoic acid.

Values are means + standard deviations, n = 3. Mean values in rows followed by different superscript are significantly different

(P < 0.05).
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Table 7 Fatty acid concentrations (g kg~ dry weight) in the body of Macrobrachium rosenbergii fed with four different feeds

Adult
Fatty acid Commercial feed Fairy shrimp nauplii Artemia nauplii Moina
Total fatty acids 51.05 + 0.44° 60.64 + 0.28%° 64.25 + 0.68% 59.53 + 0.47°
Total saturated fatty acids 26.71 = 0.412 25.85 + 0.97° 26.22 + 0.40° 26.23 + 0.76
Total unsaturated fatty acids 32.34 + 0.16% 34.79 + 0.27° 38.03 = 0.27% 33.30 + 0.56°
PUFA 22.61 + 0.08"° 22.12 + 0.28° 23.72 + 0.63° 25.80 + 0.322
Omega-6 9.6 + 0.14° 8.40 + 0.07° 7.70 = 0.30° 11.01 + 0.26°
Omega-3 12.96 + 0.07¢ 13.73 + 0.20° 16.01 + 0.35° 14.79 + 0.21°
EPA+DHA 11.68 + 0.112 9.33 + 0.15° 7.99 = 0.06° 7.85 + 0.14°
Saturated fatty acid
Lauric acid (C12:0) 0.06 + 0.012 0.04 + 0.06° 0.06 + 0.312 0.07 + 0.29°
Myristic acid (C14:0) 1.33 + 0.04° 0.80 + 0.04° 1.00 + 0.22% 1.36 + 0.04°
Pentadecanoic acid (C15:0) 0.54 + 0.03%° 0.46 + 0.04° 0.32 = 0.61° 0.70 + 0.15°
Palmitic acid (C16:0) 14.30 + 0.25° 15.09 + 1.12° 13.94 + 0.13° 13.58 + 0.23°
Heptadecanoic acid (C17:0) 0.95 + 0.05° 0.99 + 0.56° 1.01 + 0.02° 1.19 + 0.06°
Stearic acid (C18:0) 7.05 + 0.10%° 6.55 + 0.14° 7.53 + 0.74° 6.58 + 0.33°
Arachidic acid (C22:0) 0.72 + 0.05° 0.52 + 0.09° 0.65 + 0.63% 0.72 + 0.05°
Behenic acid (C22:0) 0.89 + 0.06%° 0.82 + 0.79° 0.97 + 0.012° 1.07 + 0.19°
Tricosanoic acid (C23:0) 0.17 = 0.03° 0.11 = 0.03° 0.14 + 0.02°7 0.21 + 0.08°
Lignoceric acid (C24:0) 0.70 + 0.11%° 0.48 + 0.06° 0.62 + 0.712° 0.74 + 0.13?
Unsaturated fatty acid
Palmitoleic acid (C16:1n7) 1.65 + 0.09° 0.81 + 0.08° 1.66 + 0.19° 1.18 + 0.04°
Oleic acid (C18:1n9) 7.71 = 0.10° 11.43 = 0.10° 12.30 + 0.21° 5.90 + 0.11¢
Erucic acid (C22:1n9) - - 0.07 + 0.33° 0.08 + 0.512
Linolenic acid (C18:2n6) 4.85 + 0.04° 3.39 + 0.08°¢ 3.69 + 0.36° 6.48 + 0.22°
Linolenic acid (C18:3n3) 1.29 + 0.069 3.94 + 0.16° 7.42 + 0317 6.43 = 0.10°
Eicosadienoic acid (C20:2) 0.36 = 0.03° 0.43 = 0.34° 0.29 = 0.01? 0.35 = 0.07°
Eicosatrienoic acid (C20:3n6) 0.47 + 0.04° 0.31 + 0.13° 0.59 + 0.15° 0.53 + 0.43°
Eicosatrienoic acid (C20:3:n3) - 0.46 + 0.24° 0.61 + 0.05% 0.50 = 0.29°
Arachidonic acid (C20:4n6) 4.34 + 0.09%° 4.69 + 0.44° 3.42 + 0.28° 4.00 + 0.68°
EPA (C20:5n3) 5.88 + 0.05° 6.34 + 0.23° 5.22 + 0.02¢ 4.68 + 0.19¢
DHA (C22:6n3) 5.80 + 0.06% 3.00 = 0.11¢ 2.77 + 0.72° 3.17 = 0.36°

PUFA, polyunsaturated fatty acid; EPA, eicosapentaenoic acid; DHA, docosahexaenoic acid.
Values are means + standard deviations, n = 3. Mean values in rows followed by different superscript are significantly different
(P < 0.05).

Table 8 Growth performance of Macrobrachium rosenbergii postlarvae fed with four different feeds for 30 days

Adult
Growth performance Dry commercial feed Fairy shrimp nauplii Artemia nauplii Moina
Initial weight (mg) 10.02 + 0.32¢ 10.08 = 0.167 9.86 + 0.18 9.81 + 0.24°
Final weight (mg) 30.59 + 2.23¢ 85.58 + 6.92° 66.28 = 3.78° 49.06 + 1.78°
Weight gain (mg) 20.57 + 2.54¢ 75.49 + 8.69° 56.43 + 3.86° 39.26 + 3.35¢
Specific growth rate (% day ") 3.71 + 0.35¢ 7.10 = 0.60° 6.34 + 0.44° 5.36 + 0.17¢
Survival rate (%) 81.25 + 2.6 80.00 + 1.19° 79.63 + 1.08° 78.12 + 1.382

Values are means + standard deviations, n = 30. Mean values in rows followed by different superscript are significantly different
(P <0.01).

compared with the Artemia nauplii reported by Helland
et al. (2003). The protein content of the dry commercial
feed (414 g kg™') was similar to an inert diet (434—
451 g kg ') for M. rosenbergii (Barros & Valenti 2003b)
and 420-432 g kg~! for kuruma prawn Marsupenaeus japo-
nicus (Alam et al. 2002). Kovalenko ez al. (2002) suggested
that semi-purified microbound diets containing 461 g kg™

Aquaculture Nutrition © 2012 Blackwell Publishing Ltd

crude protein had a good potential for successful larval cul-
ture of M. rosenbergii. In addition, the most suitable diet
for rearing M. rosenbergii should be supplemented with
protein levels ranging from 300 to 450 g kg™' (Davassi
2011). Terrazas-Fierro et al. (2010), however, reported that
fish soluble protein concentrate, squid meal, shrimp head
meal, Catarina scallop by-product meal and fish meal were
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all good sources of available protein and amino acids for
juvenile Litopenaeus vannamei (Boone). Meanwhile, Sooky-
ing & Davis (2011) demonstrated the feasibility of four
diets formulated to contain high levels of soybean meal
(364 g kg~! crude protein) in combination with poultry
by-products, fish meal, distiller’s dried grains with soluble
or pea meal in the production of diets for Pacific white
shrimp (L. vannamei). Barclay et al. (2006) formulated a
pelleted dry feed (612 g kg~ CP) for the tropical spiny
lobster, Panulirus ornatus, and they suggested that the diet
supported excellent growth and survival rates for the
juvenile stages.

Results from our study showed that the total amino acid
contents of live feeds had the highest levels of lysine, glu-
tamic acid, phenylalanine, leucine and tyrosine in S. sirind-
hornae nauplii. Slight differences are shown in high levels
of lysine, phenylalanine, leucine, glutamic acid and tyrosine
in Artemia nauplii and adult Moina. However, Velu et al.
(2003) reported that amino acid analysis revealed high lev-
els of asparagine, glutamine and glycine in S. dichotomus
and M. micrura. Similar to Velu & Munuswamy (2007),
our results showed that the amino acid composition of
adult S. dichotomus had high levels of the following essen-
tial amino acids: lysine, methionine, histidine, arginine, iso-
leucine, leucine, valine, glycine and threonine. Dararat
et al. (2012) investigated the amino acid composition in
adult S. sirindhornae and discovered high levels of lysine,
phenylalanine, leucine and glutamic acid. Amino acid pro-
files of the body of postlarvae fed S. sirindhornae nauplii
showed high lysine levels that were not significantly differ-
ent from those fed with Artemia nauplii. However, in both
treatment groups the amino acid concentration was higher
than those in postlarvae fed with dry commercial feed and
adult Moina. Reed & D’Abramo (1989) suggested that
whole body amino acid profiles can be used as a reference
dietary profile for M. rosenbergii. Alam et al. (2002) found
that amino acid profiles of juvenile prawn protein and
squid meal protein provided suitable amino acid composi-
tions for good growth of kuruma prawn Marsupenaeus
Japonicus juveniles.

The concept of A/E ratio was introduced by Arai (1981)
to formulate test diets for coho salmon Oncorhynchus kis-
utch. The A/E ratios of various animal protein sources gen-
erally show high arginine, lysine and methionine A/E ratios
(Mente et al. 2002). In our study, S. sirindhornae nauplii
showed the highest A/E ratio of lysine, leucine and phenyl-
alanine. Besides the A/E ratio of essential amino acids,
postlarvae fed with S. sirindhornae nauplii had the highest
A/E ratios leucine. In

of lysine, phenylalanine and

our study, the considered A/E ratios for the body of post-
larvae for lysine and leucine were somewhat higher when
compared with reported values for kuruma prawn,
M. japonicus (Alam et al. 2002). A comparison of essential
amino acid proportions (A/E ratios) between M. rosen-
bergii and penaeid species suggest only minor, if any, dif-
ferences in the requirements for essential amino acids
(D’Abramo 1998). The other A/E ratios in the body of
postlarvae did not show major differences compared to
Velu & Munuswamy (2008).

The present study showed the highest fatty acid concen-
tration in the body of postlarvae fed with Artemia nauplii
followed by S. sirindhornae nauplii. S. sirindhornae nauplii
had the highest total fatty acid, total unsaturated fatty
acid, omega-6 and 3, PUFA and EPA+DHA contents. The
fatty acid profiles of S. sirindhornae nauplii in this study
were similar to those reported by Velu & Munuswamy
(2008). They found that fatty acids (C18 series and C16
series) in S. dichotomus appeared to be around 20.50 and
161.12 g kg™", respectively. Moreover, the present results
reveal that the highest total fatty acid, highly unsaturated
fatty acid (HUFA), PUFA and EPA+DHA concentrations
were found in S. sirindhornae nauplii. Velu & Munuswamy
(2007) reported that the fatty acids in S. dichotomus
showed a high level of major fatty acids compared with
Moina sp. and Artemia sp. The fatty acid profiles of adult
fairy shrimps showed high levels of both PUFA and unsat-
urated fatty acids. Dararat et al. (2012) investigated fatty
acid profiles in three species of Thai fairy shrimps. They
found that fatty acid profiles in adult B. thailandensis,
and S. sirindhornae were 7.46, 5.89 and
4.75 mg g ', respectively.

S. siamensis

Larval stages of crustacean species most likely require
higher levels of dietary lipids relative to juveniles and
adults (D’Abramo 1989). In addition, the levels of lipids in
freshwater prawn diets can be as low as 20 g kg~ ! if suffi-
cient dietary energy is available and the requirements for
PUFA s are satisfied (D’Abramo & Sheen 1994). Bragag-
nolo & Rodriguez-Amaya (2001) reported that in freshwa-
ter prawn M. rosenbergii, the major fatty acids were C16:0,
C20:5n-3, C18:1n-9, C18:0, C22:6n-3, C18:2n-6, C17:0 and
C18:1n-7. Nevertheless, 80% of the total fatty acids in Art-
emia are composed of 16:0, 16:1n-7, 18:2n-6, 18:3n-3 and
20:5n-3 fatty acids as reviewed by Bengston et al. (1991).
Lim et al. (2001) reported that the fatty acid profile of on-
grown Artemia sp was deficient in linoleic acid. However,
linoleic acid, DHA and EPA were the highest among all
the four diets tested in on-grown Artemia. Velu & Mun-
uswamy (2008) reported that S. dichotomus met all the

Aquaculture Nutrition © 2012 Blackwell Publishing Ltd
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nutritional requirements of M. rosenbergii larvae with
regard to fatty acid requirements. In the present study, the
body of postlarvae fed with live feeds containing high levels
of total fatty acids and unsaturated fatty acids was com-
pared with the body of postlarvae fed with dry commercial
feed. S. sirindhornae nauplii, Artemia nauplii and adult
Moina were reflected their higher levels of fatty acids and
their effective utilization. In a previous study, dietary lipid
levels used in crustacean larvae feeds were up to
374 g kg ' (Kovalenko e al. 2002). The essential fatty
acids (EFA) in the diet of consumer organisms are impor-
tant for their growth (Velu & Munuswamy 2004). In addi-
tion, M. rosenbergii can make use of palmitic acid for the
synthesis of saturated and unsaturated fatty acids (Rousta-
ian et al. 1999). A slight difference is shown in the results
of fatty acids in the body of postlarvae fed with Artemia
nauplii and S. sirindhornae nauplii. In the present study,
postlarvae fed with adult Moina had higher fatty acid con-
tents in the body than reported for M. rosenbergii by Das
et al. (2007). Our results also show that the body of prawn
postlarvae fed with dry commercial feed had a higher EPA
+DHA concentration than the body of postlarvae fed with
fairy shrimp nauplii. This can be explained by the process
of metabolization. Dry commercial feed also had the high-
est carbohydrate composition with 278 + 2.3 g kg™ ' in con-
trast to fairy shrimp nauplii which showed a lower
carbohydrate composition with 30 + 1.6 g kg~ '. Carbohy-
drates can be metabolized to fatty acids. Tacon (1987), for
example, reported the ability of fish and shrimp to convert
high amounts of dietary carbohydrate to energy acquisition
(e.g. glucose), non-essential amino acids or lipids. This
might have taken place during our experiment.

Nhan et al. (2010) demonstrated that larval stocking
density and feeding regime strongly affected larval develop-
ment, survival and the duration of the life cycle. In the
present study, larval growth and survival were strongly
affected by feed composition. Weight gain and SGR of
M. rosenbergii postlarvae fed with S. sirindhornae nauplii
were significantly (P < 0.01) higher than when fed with
Artemia nauplii, adult Moina and dry commercial feed.
The present results suggest that S. sirindhornae nauplii can
be used as nutritionally adequate food for growing fresh-
water prawn M. rosenbergii postlarvae. During the study
period, prawn fed with live feed showed large increases in
their weight from 9.81-75.49 mg except for those fed only
dry commercial feed (10.02-20.57 mg). The gain in body
weight of M. rosenbergii fed S. sirindhornae nauplii was sig-
nificantly higher than those fed Artemia nauplii, adult
Moina and dry commercial diets. Survival rates within each

Aquaculture Nutrition © 2012 Blackwell Publishing Ltd

of the treatments were not significantly different (P > 0.05).
Das et al. (2007) reported that growth and survival rates of
M. rosenbergii  postlarvae increased with increasing
amounts of EPA and DHA in dietary Moina. Similarly,
studies on fatty acids demonstrated that HUFA is impor-
tant for normal growth and survival of M. rosenbergii post-
larvae (Romdhane et al. 1995), P. monodon (Glencross &
Smith 2001; Hoa et al. 2009), tropical spiny lobster Panuli-
rus ornatus (Barclay et al. 2006) and Chinese mitten crab
Eriocheir sinensis (Sui et al. 2007; Wu et al. 2007). Non-
wachai et al. (2010) reported that Pacific white shrimp
(L. vannamei) raised on diets supplemented with marine
algal meals rich in DHA and ARA showed significant
improvement in immune parameters. Additionally, the sur-
vival rate after challenge with Vibrio harveyi was increased.
Although the amino acid and fatty acid profiles in the live
feed showed enrichment containing highly unsaturated
fatty acids, according to our analyses, a microbound diet
can also be used as a source of dietary protein and highly
unsaturated fatty acids (Genodepa et al. 2004). Sookying &
Davis (2011) provided soybean meal diets with four levels of

! crude protein) for

protein content meal (mean, 364 g kg™
the outdoor production of L. vannamei. This study resulted
in survival percentages ranging from 86.6% to 93.7% (in
outdoor ponds) and 97.3% to 98.7% (reared in outdoor
tanks). Coutteau et al. (1996) studied the effect of dietary
purified phosphatidylcholine on growth, survival and fatty
acid composition of early postlarval L. vannamei. They
found that the growth response of shrimps fed 15 g kg™
purified soybean phosphatidylcholine or 65 g kg™' de-oiled
soybean lecithin was significantly greater than that of
shrimps fed a phosphatidylcholine-deficient diet, whereas no
effect was observed either on survival or on stress resistance.
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