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Abstract

Growth and protein nutrition of juvenile white shrimp (Litopenaeus vannamei) were investigated by
feeding naturally occurring larvae of chironomids and mosquitoes, and the green alga gutweed Ulva
intestinalis. Shrimps with body weight 0.12 + 0.03 g and body length 2.7 - 2.8 cm were fed for 3
weeks with one of these food materials, and compared with shrimps fed on the usual pellets or given
no food, as controls. Net protein utilization by shrimps fed on chironomid larvae (36.6 =+ 3.5%) was
similar to that of shrimps fed on pellets (38.6 + 2.1%), and higher (P < 0.05) than that of shrimps fed
on mosquito larvae (18.6 + 2.1%) or gutweed (20.4 + 2.0%). Food conversion efficiency was highest
for shrimps fed on chironomid larvae (147 + 14.0%), followed by pellets (92.5 + 5.02%); mosquito
larvae and gutweed gave lower values (P < 0.05). Average growth rate (AGR) for shrimps fed
chiromomid larvae or pellets was similar (21.1 + 4.7%, and 19.5 + 2.2%, respectively), and
significantly higher (P < 0.05) than for shrimps fed mosquito larvae (8.4 + 3.0%), gutweed (8.0 £
0.8%) or no food (0.15 £ 0.5%). Feeding a combination of pellets and insect larvae showed higher (P
< 0.05) AGR and protein efficiency ratio. As much as 75% of costly commercial pellets can be
replaced by insect larvae without any negative effect on growth and survival of juvenile white
shrimp in aquaculture ponds.
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The potential of naturally-occurring materials

Shrimp aquaculture is a very important sector for world
shrimp production. Since 1991, more than 50% of shrimp
production has come from aquaculture, but production costs
have been increasing and the industry tries to find ways to
reduce these costs. Development of alternative protein sources
may be one possibility to solve this problem. Many studies
have reported the application of alternative protein sources
from plants, poultry by-products, etc. (Amaya et al. 2007a,b,
Suarez et al. 2009, Olmos et al. 2011).

additional food for shrimp aquaculture has been studied
(Martinez-Cordova et al. 1998, Tacon et al. 2002, 2005,
Martinez-Cordova et al. 2003, 2005,Gamboa-Delgado, 2014).
Insect larvae such as chironimid and mosquito larvae are
important as a natural source of food for aquatic animals
(Habib et al. 2005, Habashy 2005). Interest in the importance
of insect larvae as a protein source has recently increased more
and more (Panini et al. 2017a, b, Henry et al. 2018, Iaconisi et
al. 2018, Sankian et al. 2018). Some studies have shown the
potential of insect larvae as a feed ingredient for fish (Lock et
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al. 2016, Belghit et al. 2018, Concetta Elia et al. 2018, Vargas-
Abundez et al. 2019) or shrimp (Panini et al. 2017a,b). The
nutritional properties of insect larvae, however, depend on the
species of insect (Alegbeleye et al. 2012, Barroso et al. 2014,
Sanchez-Muros et al. 2014, Henry et al. 2015).

Martinez-Cordova et al. (1998) reported that supplementation
with natural food seemed to be a better feeding strategy for
white shrimp farmed in culture ponds and gave the lowest (i.e.
best) FCR (food conversion ratio). It was already shown that
naturally-occurring larvae of chironomids and mosquitoes,
and the green alga gutweed (Ulva intestinalis Linnaeus) were
easily digested by white shrimp; chironomid larvae, in
particular, were the most preferred by shrimps (Muangyao et
al. 2019). In that study, shrimp had eaten 98.5% of chironomid
larvae within 6 hr, but only 58% of mosquito larvae and 38%
of gutweed, respectively.

Protein is of greatest nutritional importance and also is
responsible for the greatest cost component in any diet (New
1980). Commercially available pellets are produced with an
optimized composition of nutrient sources to give a high
protein content as well as amino acid and fatty acid profiles
that are suitable for aquaculture. Chironomid larvae have a
high content of protein and essential amino acids, and of lipid,
including essential fatty acids (Habib et al. 1997, Habashy,
2005), vitamins, and minerals (McLamey et al. 1974, Habib et
al. 1997). Habib et al. (1997) stated that, in aquaculture
practice, minerals might be supplemented to fish and shrimps
by feeding chironomid larvae. Shrimps feeding on insect
larvae, therefore, should not be deficient in any other nutrients.
The value of the naturally occurring foods as protein sources
should still be assessed more, however. It is also fundamental
to develop alternative food and protein sources and to evaluate
the nutritional value of the protein in these sources.

The objectives of this study, therefore, are (i) to evaluate
the protein content and the amino acid composition of the
larvae of chironomids and mosquitoes and gutweed, (ii) to
evaluate the effectiveness of the protein for white shrimps fed
on these natural foods, and finally (iii) to evaluate the effects
of combinations of two different foods, replacing, in part, feed
pellets with the natural food.

MATERIALS AND METHODS
Materials used and the experimental design

Larvae of chironomids and mosquitoes used in this study
were collected from culture ponds in the finfish hatchery of
Coastal Aquaculture Research and Development Regional
Center 6 (CARDRC6, Songkhla) in Thailand. Gutweed
samples were collected from a pond in a shrimp farm in Trang
Province, Thailand. All these materials were kept in the

10

refrigerator (4°C) until they were used for feeding
experiments. The pellets used were commercially available
ones for white shrimp and were obtained from Charoen
Pokphand Foods PCL. Post-larval white shrimps were
provided by Blue Gen Solution Hatchery, Songkhla Province,
Thailand. The shrimp post-larvae were maintained in the
hatchery of the CARDRCG6 until they were used in the
experiments.

Experiment 1: Evaluation of individual food items

The experiment was conducted with a completely
randomized design (CRD) of five treatments, with three
replicates for each. The five treatments were as follows:
shrimps fed with chironomid larvae (T1), fed with mosquito
larvae (T2), fed with gutweed (T3), and, as controls, fed with
commercial pellets (T4) or given no food (T5). Preparation of
shrimps and feeding experimental design were similar to those
described in a previous paper (Muangyao et al. 2019). In brief,
twenty shrimps (initial body weight 0.12 = 0.03 g and body
length 2.8 = 0.2 cm) were cultured in a 35 1 glass tank
containing seawater of 20 psu. Shrimps were fed with the
selected food and the feeding rate was adjusted to provide
46.4g dietary protein/kg shrimp/day, which corresponds to the
recommended protein requirement for maximum growth of
juvenile white shrimp (Kureshy and Davis 2002). This feeding
rate was calculated from the initial weight of shrimps at the
beginning of each week and the rate was fixed for the week
until the shrimps were weighed again.

Body weights of shrimps were measured every week.
Shrimps caught in a hand net were placed on a sheet of paper
towel to remove the surrounding water before weighing. The
number of shrimps was also counted every week for three
weeks. After weighing, living shrimps were returned to the
container. Uneaten food was collected and weighed to
calculate food intake rate and protein intake. The organic
nitrogen content and amino acid composition of the shrimps
were determined at the end of the feeding experiments.
Average growth rate (AGR), food conversion ratio (FCR),
food conversion efficiency (FCE), net protein utilization
(NPU) and protein efficiency ratio (PER) were calculated.

Experiment 2: Evaluation of the effects of food
combinations

The experiment was conducted with a completely
randomized design (CRD) of five treatments, with three
replicates for each. The five treatments were as follows:
shrimps fed on pellets (T6), fed on 50% of pellets and 50% of
chironomid larvae (T7), fed on 25% of pellets and 75% of
chironomid larvae (T8), fed on 50% of pellets and 50% of
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mosquito larvae (T9) and fed on 25% of pellets and 75% of
mosquito larvae (T10).

Twenty shrimps, with initial body weight of 0.28 * 0.00
g, were cultured in a 35 1 glass tank containing water at salinity
20 psu. The water temperature was 28-29°C. About 50% of the
water was exchanged every afternoon before the shrimps were
fed. Shrimps were fed with the selected food at 08:00, 12:00,
17:00 and 22:00 each day (corresponding to the feeding time
in local shrimp farms). The feeding rate was adjusted as
described for experiment 1. Pellets and insect larvae (wet
matter) were given separately but at the same time. Uneaten
food was collected and weighed to calculated protein intake.
The body weights of shrimps were measured and numbers of
living shrimps were counted every week. The organic
nitrogen content and amino acid composition of the shrimps
were determined at the end of the feeding experiments. The
survival rate, PER and AGR were calculated.

Examination of protein content and amino acid
composition of natural foods

Analyses of samples (naturally occurring foods and
shrimps) were performed at the Chon Buri Aquatic Animal
Feed Technology Research and Development Center. Two
replicate samples of each naturally occurring food, pellets and
shrimps were freeze-dried and ground before the organic
nitrogen content was analysed by CHN analyser (Truspec CN,
LECO). Protein contents were calculated by multiplying the
amount of organic nitrogen by 6.25. Amino acid compositions
were analysed for samples of each naturally occurring food,
pellets and shrimps. The samples were hydrolysed with
hydrochloric acid to give free amino acids and the
compositions were then analysed by high-performance liquid
chromatography (HPLC, Agilent 1100 series), with post-
column derivatization (In-house method based on
Bidlingmeyer et al. 1987). The moisture content was also
measured by a standard oven drying method (AOAC, 2005),
and dry weight was calculated.

Net protein utilization (NPU) and protein efficiency ratio
(PER) were calculated as indicators of the nutritional value of
proteins and used to evaluate the effectiveness of the protein

sources.

Calculations

Food intake rate (g/g shrimp/day)
= total food eaten (g wet weight) /total shrimp weight (g
wet weight) / number of days
Food conversion ratio (FCR)
= food intake (g wet weight) / weight gain (g wet weight)
Food conversion efficiency (FCE) (%)

= weight gain (g wet weight) X 100 / food intake (g dry
weight)

Protein intake (g/g shrimp/day)
= total protein eaten (g dry weight) / total shrimp weight (g
wet weight) / number of days

Average growth rate (AGR) (% body weight gain/day)
= total weight gain (g wet weight) / initial weight (g wet
weight) / days X 100

Survival rate (%)
= (final number of shrimps / initial number of shrimps) X
100

Net protein utilization (NPU) (%)
= total protein gain in the shrimps (g dry weight) / protein
intake (g dry weight) X 100

Protein efficiency ratio (PER)
= weight gain (g wet weight) / protein intake (g dry weight)

Statistical analysis

Food intake rate, protein intake, FCR, FCE, AGR, NPU,
PER and protein content of shrimps in each feeding treatment
were analysed statistically by analysis of variance (One-Way
ANOVA) and Duncan’s New Multiple Range Test (SPSS
version 16.0).

RESULTS
Protein content and amino acid composition

Protein content of the three food items and pellets is
shown in Table 1 as percentage of dry and wet weight.
Chironomid and mosquito larvae had high protein content of
ca. 62% dry matter and these values were higher than the
protein content of pellets on a dry weight basis, but lower
when based on wet weight because of the higher water content
of the live larvae. The protein content of gutweed was lower
than that of insect larvae and pellets, on both dry and wet
matter basis.

The content and amino acid composition of each food are
shown in Table 1. The content of essential amino acids (EAA)
and non-essential amino acids (NEAA), and ratio of the
essential to non-essential amino acids (EAA/NEAA) in larvae
of both chironomid and mosquito were 30-31%, 34% and 0.9,
respectively, and were approximately similar. These values
were lower than in pellets but higher than in gutweed (Table
1). The sulphur amino acids methionine (essential) and
cysteine (non-essential) and aspartic acid were higher in the
larvae than in pellets.

The protein content of shrimps cultured with these foods
is shown in Table 2. Shrimps fed on chironomid larvae had
significantly higher protein content (P < 0.05) than those fed

11



Evaluation of naturally occurring foods in aquaculture ponds as protein source and for partial replacement of pellets for white shrimp Litopenaeus vannamei

Table 1. Protein content and amino acid composition of different foods for white shrimps.

List Chironomid Mosquito larvae Gutweed Pellet
larvae
(T1) (T2) (T3) (T4)

Protein content
% dry matter 62.3+0.18° 62.4+0.117 32.7+0.08° 37.6 +0.48¢
% wet matter 11.5+0.032 12.1+£0.02° 1.94 £ 0.00° 33.5+0.43¢
Essential amino acid: EAA (g/100 g protein)
Arginine 3.61 4.14 2.83 7.03
Histidine 1.82 2.11 0.73 2.20
Threonine 3.06 3.16 2.17 3.33
Phenylalanine 3.73 3.20 2.18 4.03
Valine 3.07 3.19 2.08 3.62
Methionine 2.99 3.62 0.90 0.70
Isoleucine 2.96 2.61 1.44 3.38
Leucine 4.41 4.42 2.82 6.10
Lysine 4.54 4.51 1.77 8.37
Total EAA 30.19 30.96 16.91 38.75
Non-essential amino acid: NEAA (g/100 g protein)
Aspartic acid 7.31 5.89 5.62 0.00
Glutamic acid 8.85 9.48 4.74 14.99
Serine 3.02 2.96 2.10 3.45
Glycine 2.85 2.75 2.20 5.83
Alanine 5.71 4.81 3.16 6.80
Proline 2.57 2.96 1.41 4.73
Tyrosine 2.67 3.61 1.29 4.28
Cysteine 0.67 0.69 0.55 0.10
Taurine ND 0.83 ND ND
Total NEAA 33.64 33.98 21.07 40.18
EAA/NEAA 0.90 091 0.80 0.96

Note: Numbers in the same row with different superscripts are significantly different (P < 0.05), (N = 2 for

protein and moisture, N = 1 for amino acid), ND = Not detected

on mosquito larvae or pellets. Shrimps fed on gutweed or no
food, however, had significantly lower protein content (P <
0.05) than those fed on any other food (Table 2).

The concentration of EAA in shrimps fed on mosquito
larvae or pellets was similar, and higher than in shrimps fed on
chironomid larvae or given no food but lower than in shrimps
fed on gutweed. The EAA/NEAA ratio of shrimp fed on
chironomid larvae, gutweed and shrimp given no food was
higher than for shrimp fed on mosquito larvae or pellets (Table 2).

Growth and protein nutrition of shrimps
Food intake rate, protein intake, FCR, FCE, AGR, NPU
and PER of shrimps fed on different foods are shown in Table

3. Food intake rates of shrimps fed on larvae of chironomid
and mosquito were approximately equal (Table 3). They were
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significantly different to those of Shrimps fed on gutweed and
pellets (P < 0.05). Shrimps showed the highest food intake
rate from gutweed and the lowest from pellets. Shrimps could
not eat all of the gutweed they were fed, even though they ate
all the time and food was always present in their gut. The
protein intake of shrimps fed on mosquito larvae was similar
to that of shrimps fed on chironomid larvae, but higher than
for shrimps fed on pellets (P < 0.05). The protein intake of
shrimps fed on gutweed was lowest (P < 0.05) (Table 3). The
FCR of shrimps fed on pellets was lowest (1.22 = 0.07). The
FCR values for chironomid larvae (3.70 * 0.36) were lower
(P <0.05) than those for mosquito larvae (7.09 £ 0.77) and
gutweed (38.6 * 4.00), and higher than those for pellets.
Statistical analysis, however, showed that the difference
between feeding chironomid larvae and pellets was not
significant (P > 0.05) (Table 3). The FCE of shrimps fed on
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Table 2. Protein content and amino acid composition of white shrimps fed with different foods.

List Shrimp fed on Shrimp fed on Shrimp fed Shrimp fed Shrimp with
chironomid mosquito larvae  on gutweed on pellet no food
larvae
(TDH) (T2) (T3) (T4) (T5)

Protein content
% dry matter 71.4+0.30° 70.0 £ 0.00° 68.8 £0.12°¢ 70.0 + 0.25° 58.9 + 0.004
% wet matter 15.46 + 0.06* 15.82 £ 0.00° 15.11+£0.03¢ 1570+ 0.069  9.09 + 0.00°
Essential amino acid: EAA (g/100 g protein)
Arginine 6.49 4.34 6.13 3.15 3.78
Histidine 1.78 1.97 1.89 2.13 1.8
Threonine 3.15 4.87 3.46 3.68 3.34
Phenylalanine 3.46 3.96 3.78 4.14 3.59
Valine 3.21 3.81 3.58 3.84 3.31
Methionine 4.72 222 5.40 2.16 2.06
Isoleucine 3.10 4.34 3.22 5.77 5.56
Leucine 5.40 7.97 5.81 7.10 5.67
Lysine 5.47 5.21 5.80 6.53 6.98
Total EAA 36.77 38.7 39.08 38.49 36.1
Non-essential amino acid: NEAA (g/100 g protein)
Aspartic acid 7.28 9.21 8.30 9.22 7.25
Glutamic acid 11.89 13.36 12.79 14.16 10.42
Serine 3.28 3.83 3.50 3.86 3.44
Glycine 6.49 7.57 6.77 7.01 6.10
Alanine 5.34 6.50 5.28 6.33 4.30
Proline 2.97 6.99 3.17 3.85 2.83
Tyrosine 2.90 3.49 2.93 3.47 3.01
Cysteine 0.82 0.97 0.89 0.90 1.08
Taurine 1.22 1.43 1.30 1.08 2.16
Total NEAA 42.19 53.34 44.93 49.87 40.59
EAA/NEAA 0.87 0.73 0.87 0.77 0.89

Note: Numbers in the same row with different superscripts are significantly different (P < 0.05), (N = 2 for
protein and moisture, N = 1 for amino acid), ND = Not detected

chironomid larvae was highest (147 = 14.0%) followed by
FCE of shrimps fed on pellets (92.5 = 5.02%), mosquito
larvae (73.1 = 8.44%) and gutweed (44.0 = 4.38%) (Table
3). The FCE of shrimps was significantly different between
treatments (P < 0.05) (Table 3). The AGR of shrimps fed on
chironomid larvae were significantly higher (P < 0.05) than
for those fed mosquito larvae or gutweed, and comparable to
AGR for shrimp fed on pellets (Table 3). Nevertheless, AGRs
of shrimps fed on mosquito larvae or gutweed were similar
and significantly higher (P < 0.05) than those of shrimp given
no food (Table 3). The NPU and PER of shrimps fed on
chironomid larvae or pellets was significantly (P < 0.05)
higher than all the others. (Table 3).

Effects of food combinations

Protein intake, PER, AGR, and survival rates of shrimps
fed on different food combinations are shown in Table 4. The
highest protein intake was seen for shrimp fed on 100%
mosquito larvae, but there was no significant difference
among all others (P > 0.05). The PER of shrimps fed on 100%
pellets was 2.46. Feeding a combination of 50% pellets and
50% chironomid larvae gave the highest PER, the AGR being
significantly higher (P < 0.05) than for shrimps fed on 100%
pellets. Other feeding combinations, namely 25% pellets and
75% chironomid larvae or mosquito larvae gave similar (P >
0.05) PER and AGR to feeding pellets alone (Table 4).
Survival rates were not significantly different among all the
treatments (P > 0.05) (Table 4).
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Table 3. Comparison of food intake rate, protein intake, food conversion ratio (FCR), food conversion efficiency (FCE), average
growth rate (AGR), net protein utilization (NPU) and protein efficiency ratio (PER) of white shrimp fed with the different foods.

Table 4. Protein intake, protein efficiency ratio (PER), average growth rate (AGR) and survival rate of shrimps fed with different

Chironomid Mosquito Gutweed Pellet No food
larvae larvae
(T1) (T2) (T3) (T4) (TS)
Food intake rate
(g wet weight/ g 0.38 £ 0.00? 0.38+£0.012 1.83 +0.02° 0.12 £ 0.00°
shrimp/day)
Protein intake (g
wet weight/g 0.044 = 0.000®®  0.046 = 0.000>  0.035+0.000° 0.042 +0.0012
shrimp/day)
FCR 3.70£ 036  7.09+0.77°  38.6+4.00° 122+0.07%
FCE (%) 147+ 14.02 73.1 + 8.44° 44.0 +4.38°¢ 92.5+5.02¢
0
AGR(%obody 5y | gg00  840£3070  7.97£077°  19.5+2.18% 0.15%0.51°
weight gain/day)
NPU (%) 36.6 +3.47* 18.6 +2.14° 20.4 £2.03b 38.6+2.102
PER 2.37+£0.222 1.17+£0.14° 1.35+£0.13¢ 246+0.132

Note: Numbers in the same row with different superscripts are significantly different (P < 0.05). Values are mean

standard deviation of three replicates (N = 3)

food combinations for 3 weeks.
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100% pellets  50% pellets 25% pellets 50% pellets 25% pellets
(Control) +50% +75% +50% +75%
chironomid chironomid mosquito mosquito
larvae larvae larvae larvae
(T6) (T7) (T8) (T9) (T10)
Protein intake
(g wet weight/g  0.043+0.000°  0.043+0.000°  0.043+0.000° 0.043 £ 0.000°  0.042 % 0.000°
shrimp/day)
PER 2.59+0.21% 3.05+0.30* 2.88+0.19®® 2.79+0.28% 2.55+0.25°
AGR
o
(% body 262+1.97° 34.1+144°> 30.6+3.43"° 285+326" 253+3.39°
weight
gain/day)
Survival rate 86.742.80  833+12.6  783+577 85.0+0.00 783 +5.77

(%)

Note: Numbers in the same row with different superscripts are significantly different (P < 0.05). Values are mean

standard deviation of three replicates (N = 3)

+

+
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DISCUSSION AND CONCLUSION

Chironomid larvae have a high protein content of 62%
(Table 1), similar to that of fishmeal (60-72%) (Cho and Kim
2011), which is the main protein source in shrimp aquaculture
pellets (Suarez et al. 2009, Olmos et al. 2011). This indicated
that chironomid larvae could be used as a protein source.
Compared to pellets, they have a higher protein content (dry
matter basis), but the quality of protein from pellets is better.
The concentrations of EAA and NEAA and the ratio of
EAA/NEAA in the chironomid larvae and mosquito larvae
were lower than in the pellets, but the quality of protein in
pellets depends on the quality of the protein source used
(Tantikitti et al. 2016). The concentrations of EAA and NEAA
in the chironomid and mosquito larvae were higher than those
reported in another study (Tantikitti et al. 2016) for pellets
which were formulated with premium grade fishmeal. The
EAA/NEAA ratios of those larvae were also higher than those
for five diets containing fishmeal from different sources
(Tantikitti et al. 2016).

The protein content and the concentrations of EAA and
NEAA in the chironomid and mosquito larvae were higher
than in gutweed (Table 1). Plant products usually have lower
content of protein and amino acids than animal products
(Hardy 2010, Tantikitti 2014)

The protein content of insects and their larvae depends on
the species of insect. The adult variegated grasshopper
(Zonocerus variegatus) had 61.5% crude protein (Alegbeleye
et al. 2012). Other insect products such as black soldier fly
larvae (Hermetia illucens) (42.1%), housefly maggot meal
(Musca domestica) (50.4%), adult of house cricket (Acheta
domesticus) (63.3%), and silkworm pupae meal (Bombyx mori
(Lepidoptera)) (60.7%) have different levels of crude protein
(Tran et al. 2015). Results obtained in the present study
showed that the protein content of larvae of chironomid and
mosquito were higher than in most of these insects and larvae,
almost reaching the level reported for the adult house cricket.

The NPU is directly related to shrimp growth. Shrimps
were able to convert protein from the chironomid larva into
that in the shrimp body at a higher level than from the other
natural foods and at a similar level to that of protein from
pellets (Table 3). Even though the NPU of shrimps fed on
chironomid larvae was not significantly different to that of
shrimps fed on pellets, the FCE in shrimps fed on chironomid
larvae was higher. Pellets are produced to be a rich source of
protein, and to contain other nutrient sources suitable for
shrimp growth. The larvae also have high contents of essential
amino acids, lipid, and essential fatty acids (Habib et al. 1997,
Habashy 2005), vitamins and minerals (McLamey et al. 1974,
Habib et al. 1997). The nutritional quality of the proteins in the
pellets used in the present study is better than that of the

protein in the chironimid larvae but, nevertheless, chironomid
larvae are promising as a source of food to stimulate shrimp
growth.

Mosquito larvae also have a high protein content (Table
1) and an amino acid profile like that of chironomid larvae
(Table 2), although shrimps fed with mosquito larvae revealed
lower growth and lower NPU. The FCE of mosquito larvae
was lower than that of chironomid larvae, but Muangyao et al.
(2019)(unpublished paper) reported that shrimp need a longer
time to digest mosquito larvae than chironomid larvae, which
are a more acceptable food. Shrimps fed on chironomid larvae
had high growth, and their growth was comparable to that of
shrimps fed on pellets.

Gutweed had the lowest protein content and
concentration of EAA and NEAA (Tables 1 and 2), so shrimp
have to eat more gutweed to obtain a high enough level of
protein. Gutweed showed the highest food conversion ratio
(FCR) and the lowest FCE (Table 3). In this case shrimps
could not eat all of the gutweed fed, so the growth of shrimps
fed gutweed was lowest.

Evaluation of the effect of feeding combinations of foods
revealed that shrimp fed on the combination of chironomid
larvae and pellets (50% or 75% of insect larvae + 50% or 25%
of pellets) had higher AGR than shrimps fed on 100% pellets
(Table 4). Feeding on 50% of chironomid larvae and 50% of
pellets was particularly effective, even more so than feeding
pellets alone (Table 4). These results show that feeding a
combination of pellets and chironomid larvae can be more
effective than feeding pellets or chironomid larvae alone;
experiment 1 showed that pellets and chironomid larvae are
similarly effective. The shrimps appeared to incorporate more
protein from the combination and to have enhanced EAA
content. Feeding mosquito larvae was also effective, but the
shrimps prefer to eat chironomids. Pellets have higher
concentrations of EAA and NEAA and higher ratios of EAA/
NEAA but chironomid larvae have higher concentrations of
methionine, aspartic acid and cysteine. So, the combination of
pellets and chironomid larvae could provide a more suitable
profile of amino acids than pellet or larvae alone. The
combinations of pellets with up to 75% of chironomid or
mosquito larvae gave similar growth to shrimps fed on pellets
alone (Table 4). This indicated that up to 75% of the pellet
feed could be replaced by these insect larvae, thus reducing the
cost of providing feed for shrimp aquaculture.

The result obtained here does raise some questions, for
example whether there may be some as yet unidentified factor
in the chironomid larvae that stimulates the uptake of protein
from pellets, or whether feeding the combination of pellets and
insect larvae may give a more suitable nutritional balance for
juvenile white shrimp. In any case, up to 75% of pellet feed
could be replaced by the insect larvae without any negative
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effect on shrimp growth. The observation reported in this
study may, therefore, be important for future improvements.

It can be concluded that stimulating the occurrence of
chironomid larvae in a shrimp pond will support more shrimp
growth than simply feeding pellets alone. The way to stimulate
the occurrence of these insect larvae in ponds should be
investigated. Knowledge of this would be of benefit by
improving pond preparation practice in a way that would
support shrimp growth and reduce the need for pellets, and
thus reduce the production cost of shrimp culture.
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