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Reevaluation of the dietary protein requirement and
the effects of dietary PROTIDE® as a fishmeal
replacer in juvenile whiteleg shrimp,

Litopenaeus vannamei

Hyeonho Yun

Department of Fisheries Biology Graduate School
Pukyong National University

Abstract

These present studies were conducted to reevaluate the dietary
protein levels for the maximum growth and to evaluate the
optimum dietary levels of PROTIDE® (PRO) as a fish meal replacer
for juvenile whiteleg shrimp, Litopenaeus vannamei, reared in the
semi-recirculation  system. After six weeks of first feeding trial
observations demonstrated, the optimum dietary protein levels could

be greater than 43.3%, but less than 44% based on the weight gain



and broaken line analysis, and after nine weeks of second feeding
trial, PROTIDE® could be used to replace the fish meal higher than
10%, but less than 20% based on the weight gain, feed conversion

ratio, protein efficiency ratio and survival rate.

Experiment 1. Reevaluation of the dietary protein
requirement in juvenile whiteleg shrimp,

Litopenaeus vannamei

A six weeks  of feeding trial was conducted to reevaluate the
dietary protein levels for the maximum growth of juvenile white leg
shrimp, Litopenaeus vannamei, reared in the semi-recirculation system
at FFNRC. After 1 week of the conditioning period, one of four
isocaloric (17.0 k] energy g'l diet) diets containing 33, 38, 44, and
54% crude protein (CP) was fed to shrimp at approximately 4% of
wet body weight en a dry matter basis to triplicate groups of 30
shrimp averaging 1.0t 0.1g (mean + SD). After 6 weeks of the
feeding trial, weight gain and specific growth rate of shrimp fed
44% and 54% CP diet were significantly higher than those of
shrimp fed 33% diet (P<0.05), but there were no significant
difference among the shrimp fed 44% and 54% diets (P>0.05).
Protein efficiency ratio of shrimp fed 33%, 38% and 44% CP diets
were significantly higher than those of shrimp fed 54% diet
(P<0.05), but no significant difference among the shrimp fed 33%,
38% and 44% CP diets (P>0.05). Feed conversion ratio of shrimp
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fed 44% CP diet was significantly lower than those of shrimp fed
33% CP diet (P<0.05), But no significant difference among those of
shrimp fed 38%, 44% and 54% diets (P>0.05). Glu, Ille and Leu of
edible portion amino acid compositions and whole body protein
contents of shrimp fed 38%, 44% and 54% diets were significantly
higher than those of shrimp fed 33% CP diet (P<0.05), however,
there were no significant difference among those of shrimp fed 38%,
44% and 54% CP diets (P>0.05). Broken line analysis of weight gain
indicated that 43.3% protein is -the optimum dietary level to
promote maximum.- growth 'in juvenile shrimp. Therefore, our
findings suggested that the optimum dietary protein level could be
greater than 43.3%, but less than 44% for maximum growth in

juvenile whiteleg shrimp.

Experiment 2. The effects of dietary PROTIDE® as a
fishmeal = replacer - in "juvenile whiteleg

shrimp, Litopenaeus vannamei

A nine weeks of feeding trial was conducted to evaluate the
optimum dietary levels of PROTIDE®(PRO) as a fishmeal replacer in
juvenile  whiteleg  shrimp, Litopenaeus  vannamei  diet.  Five
experimental diets were formulated to be isonitrogenous (45% crude

protein, CP) and isocaloric (16.4 k] energy g diet). After 1 week of
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feeding trial, quadruplicate groups of 50shrimp averaging 0.15:0.02g
(mean £ SD) were fed one of 5 experimental diets at approximately
7% of wet body weight on dry matter basis. Experimental diets
containing 20% of fishmeal were formulated with PROTIDE
replacing 0%, 10%, 20%, 30% and 40% of fishmeal protein (PRO,,
PRO,;, PRO4 PROs, PROs, respectively). After 9 weeks of feeding
trial, weight gain and specific growth rate of shrimp fed PRO, and
PRO; diets were significantly higher than those of shrimp fed PROs
and PROs diets (P<0.05), but there were no-significant difference
among those of shrimp fed PRO,, PRO; and PRO; diets, and among
those of shrimp fed PROs, PRO¢ and PROs diets (PP>0.05). Protein
efficiency ratio of shrimp fed PROp and PRO, diets were
significantly higher than those of shrimp fed PRO¢ and PROs diets
(P<0.05). Feed conversion ratio (FCR) and survival rate of shrimp
fed PROs and 'PROs were significantly higher than those of shrimp
fed PROyp and PRO, diets (P<0.05), sbut no significant difference
among survival rate of shrimp fed PRO, PRO. and PRO,; and
among survival rate of shrimp fed PROs PROs and PROs diets
(P>0.05). Therefore, these results clearly indicated that PROTIDE®
could be used to replace the fish meal higher than 10%, but less
than 20% based on the weight gain, feed conversion ratio, protein

efficiency ratio and survival rate in juvenile whiteleg shrimp.
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I . Introduction

A massive expansion of farming areas along with the
intensification has lead to the dramatic increase in the annual
domestic production of whiteleg shrimp, Litopenaeus vannamei
(Boone, 1931) from a nil value 661MT in 2006 to 2,705MT in 2010
(KOSTAT 2011). The global production of whiteleg shrimp has
increased from 146,362MT in 2000 to-2,329,534MT in 2009 (FAO,
2010), and receiving increasing attention worldwide as a potential
species of intensive farming in ponds (Hopkins et al, 1993; Burford
et al, 2003), raceways (McAbee et al., 2003; Browdy & Moss 2005)
and in floating cages (Zarain-Herzberg et al., 2010). Farmers prefer
raising the pacific white shrimp, because the species is easier,
quicker, and more profitable to grow than other commonly
farm-raised shrimp (Hedlund 2007). The excellent disease resistant
quality compared. to other shrimp species has encouraged several
shrimp farmers alongthe  coast line to ‘shift to whiteleg shrimp

farming.

Paralleling the growth of the shrimp industry has been an
expansion in feed production, production intensity and increase in
the levels of feeding. While some commercial shrimp diets are
widely used and very popular among shrimp farmers, it is doubtful
whether any of these can be considered as a true complete feed.

Growth rates of tank-reared shrimp that depend on prepared diets



for 100% of their nutritional needs do not match the growth rates

that are commonly observed in natural pond environments.

The dietary protein requirement of penaeid shrimp is an important
nutritional factor and considered as is a major limiting nutrient for
growth. Protein is one of the primary cost components of prepared
feeds, which account for over 50% of the production cost in
modern shrimp farming. Additionally, protein content of the feed
and dietary availability can - affect water quality via nitrogen
excretion. Protein that is utilized for energy and not deposited for
growth contributes to the release of nitrogen metabolites into the
culture medium (Cho et.al, 1994). Several studies estimated the
optimum protein requirement of L. vannamei and the reported level
varied widely between 20% and 55% (Colvin & Brand 1977; Smith
et al, 1984; Aranyakananda & Lawrence 1993; Kureshy & Davis
2002). Existing a wide variation in reported protein requirement for
whiteleg shrimp- leads..to contradiction and" confusion for shrimp
farmers. Protein requirements of the shrimp vary highly with
respect to changes in the biotic and abiotic factors present in the
system (Guillaume 1997). Dietary characteristics such as protein
quality, processing method, nutrient digestibility and nutrient ratios
may also affect the requirements of protein (Guillaume 1997). Apart
from all these factors, pollutions which leads to continuously
changing environment is one of the vital factors affecting the
nutritional requirement of animals including shrimps. Therefore it is

needed to reevaluate and find out a correct level of protein,



required to promote the optimum growth and survival of juvenile

whiteleg shrimp.

On the other side, expansion of world shrimp production in
combination with other economic factors has led to a reduction of
shrimp prices in domestic as well as international sea food market.
Market experts predict these trends to continue. Therefore it became
imperative to reduce the production cost. The ongoing trends to
replace fishmeal with animal by - products meals and plant based
meals  gaining momentum  with ~a view to  develop
“environment-friendly” feeds containing the least amount of protein
necessary for optimal growth. To develop better feed management
practice and improve the economics of feeds in shrimp farming has
received attention worldwide. One possible solution could be the
formulation | of diet with high quality but lower cost ingredients,
preferably from locally available resources. The formulation of
nutritionally rich. but inexpensive 'diet can be achieved by utilizing
and experimenting upon ‘a- variety of locally available low priced

materials (Usha Goswami and Goswami, 1982).

Fishmeal (FM) has traditionally been used as the major protein
source for marine feeds because it is an excellent source of essential
nutrients such as protein and indispensable amino acids, essential
fatty acids, cholesterol, vitamins, minerals, attractants and
unidentified growth factors (Swick et al., 1995; Samocha et al., 2004).

But it is one of the most expensive ingredients in formulated



shrimp diets. Expansion of world shrimp production in combination
with other economic factors has led to a reduction of shrimp prices
in domestic as well as international sea food market. Market experts
predict these trends to continue. Therefore it became imperative to
reduce the production cost. To develop better feed management
practice and improve the economics of feeds in shrimp farming has
received attention worldwide. Lee and Bai (1997) noted that the
world supply of fish meal increased only about 27% during the
past 20 years and fish meal output by the major fish meal
producing countries. actually declined. Because of limiting supply of
fish meal around the world, the cost of producing fish would be
expected to increase. The success of the aquaculture industry will
depend in part on reduction in fishmeal (FM) use in fish feeds. The
ongoing trends to replace fish meal with animal by - products meals
and plant based meals' gaining momentum with a view to develop
“environment-friendly” feeds. containing the least amount of protein
necessary for optimal growth. Several studies have been conducted
to replace or reduce its inclusion level in fish and shrimp diets by
various inexpensive alternative plant protein sources (soybean meal,
corn gluten meal, soy protein concentration etc) and animal protein
sources (meat and bone meal, blood meal, feather meal, poultry
by-product meal, lysine by product etc). Partial replacement of
fishmeal in fish feed (Bai et al., 1997, Carter and Hauler, 2000; Lee
and Bai, 1997 ; Lee et al, 2002) and considerable success in
partially or totally replacing FM with plant protein sources in

various shrimp species (Lim and Dominy, 1990; Piedad-Pascual et



al.,, 1990; Penaflorida, 1995; Eusebio and Coloso, 1998; Sudaryono et
al., 1999; Alvarez et al, 2007) has been reported. Complete
replacement of fishmeal with other protein sources reported to
produce low growth rates, especially in crustaceans and carnivorous
fish, may be due to the poor digestibility and variable quality of
alternative protein source.

As an alternative strategy to antibiotics, many reports have been
published regarding application of probiotics in feeding and health
management in aquaculture. However, because of high cost,
potential impact on the environment, regulatory -issues, food safety
and challenges regarding incorporation into modern extruded feeds,
large-scale application of probiotics in the water has been limited.
Nucleotides have essential physiological and biochemical functions
including encoding and deciphering genetic information, mediating
energy metabolism  and “cell signaling as well as serving as
components of coenzymes, allosteric effectors and cellular agonists
(Carver and Walker, 1995; Cosgrove, 1998). The roles of nucleotides
administered by feeding have been debated for many years.
Nucleotides have been considered as non-essential nutrient, because
neither overriding biochemical malfunctions nor classical signs of
deficiency are developed in human or animal models. However the
conception has been challenged by successive research publications
suggesting that dietary nucleotide deficiency may impair liver, heart,

intestine and immune functions. Nucleotide supplementation has



been one important aspect of research on clinical nutrition and
functional food development for humans. Therefore, it has been
considered that study on nucleotide supplementation in shrimp diets
is an important issue to verify its potential.

Although  initial  efforts in the evaluation of dietary
supplementation of nucleotides for fishes could be traced to the
early 1970s, research at that time had mainly focused on the
possible chemo-attractive effects of these compounds (Mackie, 1973;
Kiyohara et al., 1975; Mackie and Adron 1978).. Worldwide attention
on nucleotide for fishes was aroused by the reports of Burrels et.
al, 200la, who found that dietary supplementation of nucleotides
enhanced resistence of salmonids against viral or bacterial disease.
To date, research pertaining to nucleotide in fish nutrition has
shown consistent. and . encouraging results = for fish health
management, although exact mechanism of. nucleotides remain
hypothetical and systematic research on fish ‘as” far from complete
(Li and Gaclin III, 2006; Li et al;,~2004a, b). Research on nucleotide
nutrition in shrimp is needed to provide insights concerning
interactions between nutrition and physiological responses as well as
practical solutions to reduce basic risks from infectious diseases with
a view to reduce the fishmeal level and reduce the feed cost.

PROTIDE® is commercially popular as fermented IMP (inosine
monophosphate) by product, has been demonstared as a good

replacer of fishmeal to inhance the growth rate and stimulate the



immune responses in olive flounder, Paralichthys olivaceous and red
sea bream, Pagrus major. Various experiments conducted to replace
fishmeal with PROTIDE, emphasizing to investigate its potential in
shrimp nutrition also. PROTIDE is residual product after extracting
the energy through sugarcane oxidation. It is cheaper than fishmeal
and nutritionally rich with 63.6% of protein concentrate, 8.8% of
lipid, 10.0% of ash ,2.8% of fiber, considerable amino acid profiles

and specially 2% of nucleotide.

Therefore, in first experiment four isocaloric diets containing 33,
38, 44, and 54% crude protein (CP) were formulated and 6 weeks
of feeding trial was conducted to reevaluate the dietary protein
requirements . of juvenile whiteleg shrimp, Litopenaeus vannamei. The
present study also aimed at the development of nutritionally
balanced and' environment-friendly but inexpensive formulated feed
to promote the optimum growth 'and survival of juvenile whiteleg
shrimp.

In second experiemnt, five experimental diets were formulated and
9 weeks of feeding trial was conducted to study the effects of
dietary PROTIDE® as a fishmeal replacer in juvenile whiteleg

shrimp, Litopenaeus vannamei.



II. Reevaluation of the dietary protein requirement in

juvenile whiteleg shrimp, Litopenaeus vannamei

abstract

A six weeks of feeding trial was conducted to reevaluate the
dietary protein level for-the maximum growth of juvenile whiteleg
shrimp, Litopenaeus vannamei, reared in the semi-recirculation system
at FFNRC. After 1 week of the conditioning period, one of four
isocaloric (17.0k] energy g'1 diet) diets containing 33,38, 44, and
54% crude protein (CP) was fed to shrimp at approximately 4% of
wet body weight on a dry matter basis to triplicate groups of 30
shrimp averaging 1.0+ 0.1g (mean £ SD). After 6 weeks of the
feeding trial, weight. gain and specific growth rate ‘of shrimp fed
44% and 54% CP. ‘diet were significantly ‘higher than those of
shrimp fed 33% diet (P<0.05), but there were no significant
difference among the shrimp fed 38%, 44% and 54% diets (P>0.05).
Protein efficiency ratio of shrimp fed 33%, 38% and 44% CP diets
were significantly higher than those of shrimp fed 54% diet
(P<0.05), but no significant difference among the shrimp fed 33%,
38% and 44% CP diets (P>0.05). Feed conversion ratio of shrimp
fed 44% CP diet was significantly lower than those of shrimp fed
33% CP diet (P<0.05), But no significant difference among those of
shrimp fed 33%, 44% and 54% diets (P>0.05). Glu, Ille and Leu of



edible portion amino acid compositions and whole body protein
contents of shrimp fed 38%, 44% and 54% diets were significantly
higher than those of shrimp fed 33% CP diet (P<0.05), however
there were no significant difference among those of shrimp fed 38%,
44% and 54% CP diets (P>0.05). Broken line analysis of weight gain
indicated that 43.3% protein is the optimum dietary level to
promote maximum growth in juvenile shrimp. Therefore, our
findings suggested that the optimum dietary protein level could be
greater than 43.3%, but less than 44% for maximum growth in

juvenile whiteleg shrimp.



Materials and Methods

Experimental Design and Diets

The experiment was conducted at the Institute of Fisheries Science,
Pukyong National University, Busan, Korea. The compositions of
experimental diets are shown in Table 1. Four experimental diets
containing fishmeal, dehulled soybean meal, squid liver powder and
wheat gluten meal as a protein sources were prepared to contain
protein levels at 33%, 38%, 44% and 54%-at the expense of wheat
flour, soybean oil and fish oil. The diets were- formulated to be
isocaloric, containing 17k] g” energy based on'calculation (Garling &
Wilson1976; NRC 1997). Procedures for diet preparation and storage
were followed as previously described by Bai & Kim (1997). After
thoroughly 'mixing the dry ingredients, soybean oil and fish oil
together with 30% well water were added and further mixed to
make a mash. Laboratory pelletizing machine was used to obtain
uniform pallets of.2mm-diameter sizes... The formulated diets were

stored at -20°C (Wet pellets) until-use.

Animal husbandry and Experimental design

Juvenile whiteleg shrimp were procured from Tae-an hatchery of
the National Fisheries Research & Development Institute. Before the
starting the experiment, all shrimps were reared in a 1000L tank
and fed adlibitum, a commercial shrimp diet for 1 week. After 1
week of conditioning period, 30 Shrimp measuring initial averaging

1.0+ 0.1g (mean = SD) were randomly distributed into each of 12
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plastic aquaria (30-L) and covered with plastic. Each aquaria was
randomly assigned to one of the three replicates of the four dietary
treatments. Semi-recirculation system was used in the experiment
and water flow was maintained at 3L/ minutes. The diets were fed
to triplicate groups of fish to satiation, approximately at 4% of total
body weight per day for 6 weeks. Shrimp were fed 4 times a day
at 9:00, 12:00, 15:00 and 18:00, seven days a week. Total shrimp
weight in each aquarium was determined every 2 weeks and the
feeding rate was adjusted accordingly. Water temperature was
maintained at 25°C by wusing a heater. Dissolved oxygen was
maintained above 6.0 mgL”, salinity 32+1 psu and the pH 7.5+ 0.3,
in during the experiment.

Siphoning 'was done ‘every morning in each rearing tank; dead

shrimp were removed, weighed, and recorded daily.

Sample collection and analysis

At the end of. the feeding trial, all shrimp were weighed and
counted to calculate percentage weight gain (WG), feed conversion
ratio (FCR), specific growth rate (SGR), protein efficiency ratio (PER)
and survival rate. Proximate composition analysis of the
experimental diets, whole body and edible were performed by the
standard methods of AOAC (1995). Samples of the diets and shrimp
were dried at 105°C to a constant weight to determine their
moisture content. Ash content was determined by incineration at
550°C. Protein was determined using the kjeldahl method (N x 6.25)

after acid digestion, and crude lipid was ascertained by soxhlet
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extraction using the soxhlet system 1046 (Tacator AB, Sweden) after
freeze-drying the samples for 20h. Amino acid analysis of edible
protion was were performed by ninhydrin method (Sykam Amino

Acid Analyzer 5433, Sykam; Eresing, Germany).

Statistical Analysis

All data were analyzed by one-way ANOVA (Statistix 3.1;
Analytical Software, St. Paul, MN, USA) to test the effects of the
dietary treatments. When a significant treatment effect was observed,
an LSD test was used to compare means. Treatment effects were
considered at P<0.05 level of significance. Broken line analysis
(Robinson Norton & Baker, 1979) was wused to test the dietary
protein requirement (SAS procedure NLIN, 1996).

_12_



Results and Discussion

Growth performance

Growth trial was conducted without interruption, water quality, or
any disease problems. The experimental diets were well accepted by
the shrimp; no rejection of the feed was observed. After 6 weeks of
the feeding trial, WG of shrimp fed the CP33 and CP38 diets were
significantly lower than those of shrimp fed CP44 diet, but there
were no significant difference among the shrimp fed, CP44 and
CP54 diets (Table 2). The clear trend linear increase in weight gain
with the increase in protein concentration up to 44%-.and showed a
slight decrease with a further increase to 54%. Improved growth
and feed efficiency with increasing dietary protein levels have been
described in many other species (Tabacheck 1986; Bai et al., 1999).
Several studies reported varying the protein requirements (15 to
48%) for L. ovannamei under different conditions (Colvin & Brand
1977; Smith et al; 1984; Aranyakananda & Lawrence 1993; Kureshy
& Davis 2002; Liu et al, 2005 "Hu et al., 2008). Observed growth
pattern in present experiment is similar and comparable with
previous studies of whiteleg shrimp. S. Xia et al., 2010 obtained the
highest daily weight gain and specific growth rate 114.7+0.06 and
1.24+0.06 respectively from 60 days of experiment with sub adult
shrimp. Authors did not find any significant difference in terms of
SGR among the shrimp fed various protein levels and reported the
dietary protein requirement could be between 39% and 47% for sub

adult whiteleg shrimps. Kureshy and Davis (2002) showed the

_13_



protein requirement for maximum growth with L. vannamei to be
higher than 32%, and observed that a 48% DP level yielded better
feed efficiency. Liu et al, (2005) found better growth performance
and feed conversion ratio among whiteleg shrimp juveniles fed a
diet with a 40% protein level. However, some researchers have
reported a lower protein nutrition requirement. For example, Colvin
& Brand (1977) found better feed conversion for penaeid shrimp
juveniles fed a 25% CP diet compared with shrimp fed diets with
30%, 35% or 40% DP levels. Smith et al. (1984) indicated that
maximum growth is-obtained when shrimp are-fed a diet exceeding
36% protein. Aranyakananda and Lawrence (1993)- concluded that
maximum growth can be.obtained ‘with a DP level of 15% among
shrimp fed ad [ibitum. Hu. et al. (2008) reported that a diet
containing 34% protein is optimum for better growth. The
differences ‘can be attributed to| the wvariations in body weight,

culture system, stocking density, environmental factors, etc. (Brito et

al., 2001)

Shrimp size, stocking density rearing conditions WG (114.77) and
SGR (1.78) obtained at 44% dietary protein encouraging. While the
broken-line model (Fig. 1) indicating, the optimum dietary protein
level for supporting maximum weight gain could be 43.3% for
juvenile whiteleg shrimp. In general broken-line falls below the
actual requirement, while the difference is negligible and 44% can
be considered as the required protein level to promote the optimum

growth in juvenile whiteleg shrimp.
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There were no clear trends in survival rate of shrimps fed the
various experimental diets. Obtained percentage survival (86.7) at
44% of crude protein level is almost similar with the survival
reported in several previous studies. While Initial weight (1.0 *
0.1g) of shrimp used in the present experiment was comparatively
lower than shrimp size used in various other experiments. Shrimp
size (weight) affects growth response relative to the protein content
of the diet. Smith et al. (1984) studied the response of three sizes of
L. vannamei (4.0, 9.8,-and 20.8 g) fed diets containing 22%, 29%, and
36% crude protein for a period of 30 days. Dietary protein content
only affected weight gain for 4.0g. shrimp, with ‘a significant
increase in weight gain corresponding to the increase in dietary
protein content. Authors reported that a dietary protein level in
excess of 36% would be required to yield maximum weight gain of
4.0g shrimp. Experimenting-with initial size of 6g whiteleg shrimp,
Survival (92.93+0.17) reported by S. Xia et al. 2010 at 43% dietary
protein level, seems to_be slightly higher than the survival (86.7)
obtained at 44% level in present experiment. Duration of study,
initial size and variation in other experimental conditions could be
some of the important factors associated with the comparatively less

survival obtained in the present experiment.
In general, the FCR showed a similar linear increasing trend to

WG. Shrimp fed the CP44 diet had the numerically lowest FCR

(1.69) among all the dietary treatments, which was significantly
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different from the shrimp, fed CP33 diet. However, there were no
significant difference in terms of FCR, among the shrimp fed CP38,
44 and 54 diets. Food conversion ratio at 44% of dietary protein
levels better reported in several other experiments (S. Xia et al,
2010; Kureshy and Davis, 2002) at optimum dietary protein level
crude protein level and better than the FCR reported in several

other experiments for Litopenaeus vannamei.

No clear significant trend (Table 2) was observed in terms of PER
among the shrimp fed 4 different protein diets.. Significantly lowest
PER was obtained with the shrimp fed CP54, while there were no
significant differences among the shrimp fed CP33, CP38 and CP44.
The significant decline of PER with the increase in dietary protein
after 44%, «clearly indicating that surplus protein was being
metabolized' rather than deposited as growth. Similar results were
reported by Huang et al. (2003); Liu et al. (2005); Hu et al. 2008
and S. Xia et al. 2010..Usually, dietary protein at a low level could
be efficiently utilized for protein synthesis by shrimp. The inefficient
conversion of protein to growth reflects the continued catabolism of
protein for energy in the absence of any protein sparing effect at
high protein levels. Several dietary factors may effect the PER. First,
part of the dietary factors may be metabolized for energy when
dietary non-protein nutrients (carbohydrate and lipids) are not
improved or utilized properly. For instance, the poor ability of
shrimp to utilize high dietary lipid levels lowered PER. Second,

different protein sources with different protein quality may result in

_16_



different PER values (Hajra at al, 1988). In the present study,
protein sources were same in different diets to maintain similar

amino acid profiles.

Proximate analysis

The proximate composition of whole body and edible portion are
shown in Table 3. No clear significant trend was observed in lipid,
moisture and ash content but edible protein content followed the
increasing trend with dietary protein up to 44% CP afterwards
slightly decreased with the further increase in_dietary protein to
54%. The amino acid requirements for shrimp have not been well
defined because shrimp do not efficiently utilize crystalline amino
acids from the purified diets used to study amino acid
requirements. As a general rule, however, the amino acid
requirements of a species closely mirror the amino acid 'composition
of their muscle tissue (Lim and Persyn, 1989). The amino acid
composition of shrimp.feeds is largely based on the amino acid
composition of shrimp muscle (Akiyama et al, 1991). In fact,
Kaushik (1998) did not find any significant difference in the total
whole body amino acids of two different sizes of European sea
bass, gilthead sea bream and turbot. In the present study, the
whole body total amino acid composition (% dry sample) of the
juvenile shrimps, was not significantly altered by dietary treatments,
except for some amino acids at higher level among the shrimp fed
CP44. The same observation reported in fishes also such as rainbow

trout (Mohanty and Kaushik, 1991) and Japanese flounder (Alam et
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al,, 2002). The small differences of certain amino acid levels in the
whole body among the dietary treatments found in the present
study may be due to the differences in the tissue levels of free
amino acids as also observed in rainbow trout (Kaushik and
Luquet, 1980). Dall and Smith (1987) also showed that concentration
of whole muscle total amino acids in tiger prawn P. esculentus
changed only slightly when starved, but concentrations of various
free amino acids changed significantly. In the present study, an
improved essential amino acid profile was observed among the
shrimp fed CP44. But no significant trend was. observed in amino
acid profile with respect to various level of dietary protein. The
highest amount of protein retained in the edible shrimp muscle
(Table 4) among the shrimp fed CP44, could be related to a greater
rate of protein synthesis in the shrimp that received dietary protein

at 44% level, which demonstrates an improved amino acid profile

In conclusion, our- results are in consistent with other previous
studies conducted to -evaluate the optimum protein requirement of
whiteleg shrimp, Litopenaeus vannamei. 44% of dietary protein
appears to provide the most appropriate dietary amino acid profiles
for the maximum growth of juvenile White leg shrimp. Broken line
analysis indicating 43.3% dietary protein is good enough to promote
optimum growth. In general broken line falls below the actual
requirement, while it is negligibly different from the actual
requirement. Dietary protein at 44% level seems to be most

appropriate to promote optimum growth of juvenile whiteleg
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shrimp. The remarkable conclusion, ingredients and their
composition used to formulate the feed containing 44% of crude
protein, can be used to formulate nutritionally rich but inexpensive
feed to make culture of whiteleg shrimps a better economic
enterprise. Additionally, after further refinement in ingredients
composition with the supplementation of probiotic/prebiotic can be
employed to formulate the functional feeds for shrimp farming.
Therefore, our findings suggested that the optimum dietary protein
level could be greater than 43.3%, but less than 44% for maximum

growth in juvenile whiteleg shrimp.
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Tables and Figures

Table 1. Composition and proximate analysis of the experimental
diet (% of DM basis) "

Ingredient (%) Diets

CP33 CP38 CP44 CP54
Fish meal - 9.5 12.7 15.9 223
Dehulled soybean meal 18.8 25.4 31.9 44.8
Squid liver powder 2 5.0 5.0 5.0 5.0
Wheat gluten meal 4.0 5.0 6.0 8.0
Wheat flour ~ 50.3 40.0 29.8 9.4
Corn starch 5.0 5.0 5.0 5.0
Soybean oil 1.5 T8 1.5 1.5
Fish oil 2.9 2% 2.1 1.4
Vit. premix’ 2.0 2.0 2.0 2.0
Min. premix 0.5 0.5 0.5 0.5
CaP-monobasic 0.5 0.4 0.3 0.1
Proximate analysis (% of dry matter basis)
Moisture 13.38 11.46 11.9 12.92
Crude protein 333 37.8 43.9 53.9
Crude lipid 6.1 6.5 6.6 6.3
Crude ash 5.0 S8 6.8 8.3

“Feed stuffs not mentioned here! are the same feed stuffs as the
domestic aquaculture feed companies are using currently.

“Suhyup feed C. Uiryeong, Korea

*3]ei1 feed Co. Hamman, Korea

“Contains (as mg/kg in diets) : Ascorbic acid, 300; dl-Calcium
pantothenate, 150; Choline bitate, 30001 Inositol, 150, Menadion, 6;
Niacin, 150; Pyridoxine - HCI, 15; Rivoflavin, 30; Thiamine
mononitrate, 15, dl-a-Tocopherol acetate, 201; Retinyl acetate, 6;
Biotin, 1.5, Folic acid, 5.4; Cobalamin, 0.06

®Contains (as mg/kg in diets) : NaCl, 437.4; MgSOs-7H,O, 1379.8;
/nS0,-7H,O, 226.4; Fe-Citrate, 299, MnSQO, 0.016; FeSO, 0.0378;
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CuSO4, 0.00033; Calciumiodate, 0.0006; MgO, 0.00135; NaSeOs;,
0.00025
* Sigma-Aldrich Korea Yongin, Korea
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Table 2. Percent weight gain (WG), feed conversion ratio (FCR),
protein efficiency ratio (PER), specific growth ratio (SGR) and
survival rate in whiteleg shrimp fed 4 different protein levels for 6
weeks (% of DM basis) "

Diets - Pooled SEM
CP33 CP38 CP44 CP54
WG 84.0° 88.3"™ 114.8° 104.8% 4.62
FCR™ 2.38" 2.10" 1.69" 1.99" 0.11
PER” 1.12° 1.17° 1.15° 0.87° 0.05
SGR™ 1.42° 1.47% 1.78° 1.66™ 0.05
Survival 85.0° 93.3" 86.7° 93.3" 2.41

' Values are means from triplicate groups of shrimp where the
means in each row with a different superscripts. are significantly
different (P<0.05).

? Refer to the table 1.
® WG = (final weight - initial weight) x 100/initial weight
® FCR
® PER
® SGR = (In final weight.- In initial weight)/days
® Survival rate = (total shrimp - dead shrimp)x100/total shrimp
" Pooled SEM =-Pooled standard error_of mean (SD/+/n)

(dry feed intake/wet weight gain) x 100

weight gain/dietary protein intake
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Table 3. Whole body and Edible portion proximate composition of
juvenile whiteleg shrimp fed 4 different protein levels for 6 weeks
(% of DM basis) "

Diets Poolde
CP33 CP38 CP44 CP54 SEM™

Moisture Whole 7831°  77.00°  79.11°  79.71° 0.44
Edible 77.07°  76.60°  76.02°  76.78" 0.25

Crude lipid  Whole 3.04° 3.31° 2.22° 2.54° 0.18
Edible 2.01° 2.90° 220" 217 0.15

Crude protein ~ Whole 76.27°  81.43"  79.74"  78.08°  0.77

Edible 91.76° 9217 9418  9275° 041
Ash Whole 13.5% 12660 3AF™, 13.85° 0.19
Edible 6.21° 5.90° 5.99° 6.27 0.09

"Values are means from triplicate groups of shrimp where the
means in each row with a different superscripts are significantly
different (P<0.05).

2 Refer to the table 1.

® Pooled SEM = Pooled standard error of mean (SD/+/ n)

_23_



Table 4. Edible portion amino acid composition of juvenile white
leg shrimp fed 4 different protein levels for 6 weeks(% of DM
basis)

Diets - Pooled
CP33 CP38 CP44 CP54  SEM”
Asp. 12.45° 13.89° 14.19° 13.03° 0.35
Thr. 3.53° 3.14° 3.40° 3.45° 0.10
Ser. 2.68° 3.09° 3.15° 3.02° 0.09
Glu. 10.41° 11.82° 12.2° 11.82° 0.29
Pro. 3.93° 4.50° 4.38" 4.51° 0.12
Gly. 9.26° 9.30° 8.86° 8.40° 0.24
Ala 4.85° 4.89° 4.76" 4.88° 0.06
Val. 337 3.47° 3.64° 3.42° 0.05
Ile. 3.14° 3.35" 3.33% 3.48° 0.05
Leu 5.53 577 5.91° 5.86" 0.06
Tyr. 2.36° 2.25° 2.34° 2.35° 0.03
Phe. 2.93° 2.97° 327 3.10° 0.06
His. 2.02° 21’ 2.04° 2.1° 0.02
Lys. 6:17° 5.76° 6.27" 6.63" 0.19
Arg. 6.44° 5.83° 6.67° 6.83° 0.22
Cys. 0.77° 0.76° 0.78" 0.80° 0.01
Met. 0.50° 0.62° 0.67° 0.74* 0.03

"Values are means from triplicate groups of shrimp where the
means in each row with a different superscripts are significantly
different (P<0.05).

" Refer to the table 1.

® Pooled SEM = Pooled standard error of mean (SD/+/n)
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Ill. The effects of dietary PROTIDE® as a fishmeal

replacer in juvenile white leg shrimp,

Litopenaeus vannamei

Abstract

A nine weeks of feeding trial was conducted. to evaluate the
optimum dietary levels of PROTIDE®(PRO) as a fishmeal replacer in
juvenile white leg shrimp, Litopenaeus vannamei | diet. Five
experimental diets were formulated to be isonitrogenous (45%
crudeprotein, CP)' and isocaloric (16.4 k] energy g’ diet). After 1
week of feeding trial, quadruplicate groups of 50 shrimp averaging
0.15+ 0.02g (mean * SD) were fed one of 5 .experimental diets at
approximately 7% of ~wet body 'weight on dry matter basis.
Experimental diets containing 20% of fish meal were formulated
with PRO replacing 0%, 10%, 20%, 30% and 40% of fish meal
protein (PROo, PRO,, PROs; PROs, PROs, respectively). After 9
weeks of feeding trial, weight gain and specific growth rate of
shrimp fed PRO, and PRO, diets were significantly higher than
those of shrimp fed PROs and PROs diets (P<0.05), but there were

no significant difference among those of shrimp fed PRO,, PRO;
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and PRO; diets, and among those of shrimp fed PROs; PROs and
PROg diets (P>0.05). Protein efficiency ratio of shrimp fed PRO, and
PRO; diets were significantly higher than those of shrimp fed PROs
and PROg diets (P<0.05). Feed conversion ratio (FCR) and survival
rate of shrimp fed PROs and PROs were significantly higher than
those of shrimp fed PROp, and PRO, diets (P<0.05), but no
significant difference among survival rate of shrimp fed PROy, PRO:
and PRO4, and among survival rate of shrimp fed PRO;, PROs and
PROg diets (P>0.05).Therefore, these results clearly indicated that
PROTIDE® could be used to replace the fish meal higher than 10%,
but less than 20% based on the weight gain, feed conversion ratio,
protein efficiency ratio and survival rate in juvenile whiteleg

shrimp.
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Materials and Methods

Experimental Design and Diets

The experiment was conducted at the Institute of Fisheries Science,
Pukyong National University, Busan, Korea. The compositions of
experimental diets are shown in Table 1. Five experimental diets
containing fishmeal, PROTIDE®(PRO), dehulled soybean meal, squid
liver powder and wheat gluten meal as a protein sources were
prepared to contain protein level at 45% at the expense of wheat
flour, soybean oil" and fish oil. Five experimental diets were
formulated to be isonitrogenous (45% crude protein, CP) and
isocaloric (16.4 kJ energy g’ diet) based on calculation (Garling &
Wilson 1976, NRC 1997). Experimental diets containing 20% of
fishmeal were formulated with PROTIDE replacing 0%, 10%, 20%,
30% and 40% of fishmeal protein (PRO,, PRO,, PROj; PROs, PROs,
respectively). Procedures for diet preparation and. storage were
followed as previously described by Bai & Kim (1997). After
thoroughly mixing the -dry ingredients, soybean oil and fish oil
together with 30% well water were added and further mixed to
make a mash. Laboratory pelletizing machine was used to obtain
uniform pallets of 2mm-diameter sizes. The formulated diets were

stored at -20°C (Wet pellets) until use.
Animal husbandry and Experimental design

Juvenile whiteleg shrimp were procured from Tae-an hatchery of

the National Fisheries Research & Development Institute. Before the
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starting the experiment, all shrimps were reared in a 1000L tank
and fed ad libitum, a commercial shrimp diet for 1 week. After 1
week of conditioning period, 50 Shrimp measuring initial averaging
0.15+ 0.02g (mean * SD) were randomly distributed into each of 20
plastic aquaria (30-L) and covered with plastic. Each aquaria was
then randomly assigned to one of the four replicates of the five
dietary treatments. Semi-recirculation system was used in the
experiment and water flow was maintained at 3L/ minutes. The
diets were fed to quadruplicate groups of fish to satiation,
approximately at 7% of total body weight per day for 9 weeks.
Shrimp were fed 4 times a day at 9:00, 12:00, 15:00 and 18:00,
seven days a week. Total shrimp weight in each aquarium was
determined ' every 3 weeks and the feeding rate was adjusted
accordingly. Water temperature was maintained at 27°C by using a
heater. Dissolved oxygen was maintained above 6.0 mgL’, salinity
3241 psu and the pH 7.5+ 0.3, in during the experiment.

Siphoning was . doneevery morning in each rearing tank; dead

shrimp were removed; weighed, and recorded daily.

Sample collection and analysis

At the end of the feeding trial, all shrimp were weighed and
counted to calculate percentage weight gain (WG), feed conversion
ratio (FCR), specific growth rate (SGR), protein efficiency ratio (PER)
and survival rate. Proximate composition analysis of the
experimental diets, whole body and edible were performed by the

standard methods of AOAC (1995). Samples of the diets and shrimp
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were dried at 105°C to a constant weight to determine their
moisture content. Ash content was determined by incineration at
550°C. Protein was determined using the kjeldahl method (N x 6.25)
after acid digestion, and crude lipid was ascertained by soxhlet
extraction using the Soxhlet system 1046 (Tacator AB, Sweden) after
freeze-drying the samples for 20h. Amino acid analysis of edible
protion was performed by ninhydrin method (Sykam Amino Acid
Analyzer 5433, Sykam; Eresing, Germany).

Statistical Analysis

All data were analyzed by one-way ANOVA. (Statistix 3.1;
Analytical Software, St. Paul, MN, USA) to test the effects of the
dietary treatments. When a significant treatment effect was observed,
an LSD test was used to compare means. Treatment effects were
considered ‘at P<0.05 "level of significance. Broken line analysis
(Robinson Norton & Baker, 1979) was used to test the dietary
protein requirement (SAS procedure NLIN, 1996).
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Results and Discussion

Growth performance

Growth trial was conducted without interruption, water quality, or
any disease problems. The experimental diets were well accepted by
the shrimp; no rejection of the feed was observed. After 9 weeks of
the feeding trial, weight gain and specific growth rate of shrimp
fed PROyp and PRO, diets were significantly higher than those of
shrimp fed PROs and PROg diets (Table2), but there were no
significant difference among those of shrimp fed PRO, PRO, and
PRO; diets, and among those of shrimp fed PRO,;, PRO¢ and PROs
diets. Protein efficiency ratio of shrimp fed PRO, and PRO. diets
were significantly higher than those of shrimp fed PROs4 PROs and
PROg diets. Feed conversion ratio (FCR) of shrimp fed PRO, and
PRO, were significantly lower than the shrimp fed PRO, PROs and
PROg diet. Survival rate of shrimp fed PROs and PROsg diets were
significantly higher than those of shrimp.fed PRO, and PRO but
there were no significant difference among shrimp fed PRO,, PRO;
and PRO; diets, and similarly among shrimp fed PRO,; PROs and
PROs diet.

Usually, fish can consume feeds more rapidly but shrimp are slow
feeder and nutrients loss due to leaching is common obstacle in
shrimp farming. In during the experiment, PROTIDE was observed
to be soluble in the water easily which is demonstrated by

decreased FCR, WG, SGR and PER with subsequent increase in
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dietary PROTIDE. On the other hand, survival rate increased with
the increase in dietary PROTIDE.

The future of the aquaculture industry is believed to depend in
part on reduction in fish meal (FM) use in fish feeds. The ongoing
trends to replace fish meal with animal by - products meals and
plant based meals gaining momentum with a view to develop
“environment-friendly” feeds containing the least amount of protein
necessary for optimal growth. Several studies have been conducted
to replace or reduce-its inclusion level in fish-and shrimp diets by
various inexpensive alternative plant protein sources (soybean meal,
corn gluten meal, soy protein concentration etc)-and animal protein
sources (meat and bone meal, blood meal, feather meal, poultry
by-product meal, lysine by product etc). Partial replacement of fish
meal in fish feed (Bai et al., 1997, 1998; Carter and Hauler, 2000;
Lee and Bai," 1997 ; Lee et al, 2002) and considerable success in
partially or totally ~replacing FM with plant protein sources in
various shrimp species (Lim and Dominy, 1990; Piedad-Pascual et
al.,, 1990; Penaflorida, 1995; Eusebio and Coloso, 1998; Sudaryono et
al., 1990; Alvarez et al, 2007) has been reported. Complete
replacement of fish meal with other protein sources reported to
produce low growth rates, especially in crustaceans and carnivorous
fish, may be due to the poor digestibility and variable quality of

alternative protein sources.

In recent years, the concept of “functional foods” has developed in
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human and animal nutrition. Functional foods, which first emerged
in Japan, have been defined as ‘foods or dietary components that
may provide a health benefit beyond basic nutrition” (IFIC, 2004).
The presence of biologically active components of functional foods
can have an impact on health benefits or other desirable
physiological effects in addition to their nutritional function. The
term ‘functional foods” covers a broad range of products including,
for example, DHA- and selenium-enriched eggs, selenium-enriched
pork, stanol- and sterol-enriched margarine, etc. Also included under

this category are dietary “probiotics’ and “prebiotics’.

As an alternative strategy to antibiotics, many reports have been
published regarding application of probiotics in feeding and health
management «in aquaculture. A probiotic is defined, in the strict
sense, as “a viable microbial dietary supplement that beneficially
affects the ‘“host through- its effects in the intestinal tract”
(Roberfroid, 2000). It should be noted that the term has also been
widely and incorrectly-applied in aquaculture, and especially shrimp
culture, to include the use of live microbes to beneficially alter the
microbial balance in the culture system itself. However, because of
high cost, potential impact on the environment, regulatory issues,
food safety and challenges regarding incorporation into modern
extruded feeds, large-scale application of probiotics in the water has
been limited.

Nucleotides have essential physiological and biochemical functions

including encoding and deciphering genetic information, mediating
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energy metabolism and cell signaling as well as serving as
components of coenzymes, allosteric effectors and cellular agonists
(Carver and Walker, 1995; Cosgrove, 1998). The roles of nucleotides
administered by feeding have been debated for many years.
Nucleotides have been considered as non-essential nutrient, because
neither overriding biochemical malfunctions nor classical signs of
deficiency are developed in human or animal models. However the
conception has been challenged by successive research publications
suggesting that dietary nucleotide deficiency may impair liver, heart,
intestine and immune functions. Nucleotide supplementation has
been one important aspect of research on clinical nutrition and
functional food development for humans. Therefore, it has been
considered that study on nucleotide supplementation in shrimp diets
is an important issue to verify its potential.

Obtained weight gain from the second experiment is higher than
the observed' weight gain“pattern in the first experiment, which
demonstrates the beneficial effect of Protide on whiteleg shrimp
nutrition. Our results-are in favor of several previous experiments
reported the beneficial effects of nucleotide in different species of

fin fishes.

PROTIDE® containing 2% of nucleotide and gaining momentum in
the ongoing trend of fish meal replacement with the objective to
develop functional feed. However a nucleotide study of shrimp is
incomplete and basic. Although initial efforts in the evaluation of

dietary supplementation of nucleotides for fishes could be traced to
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the early 1970s, research at that time had mainly focused on the
possible chemo-attractive effects of these compounds (Mackie, 1973;
Kiyohara et al.,, 1975; Mackie and Adron, 1978). Worldwide attention
on nucleotide for fishes was aroused by the reports of Burrels et.
al, 2001la, who found that dietary supplementation of nucleotides
enhanced resistence of Salmonids against viral or bacterial disease.
To date, research pertaining to nucleotide in fish nutrition has
shown consistent and encouraging results for fish health
management, although exact mechanism of nucleotides remain
hypothetical and systematic research on fish as-far from complete (
Li and Gaclin HI, 2006; Li et al.,, 2004a, b). Research on nucleotide
nutrition in /shrimp is .needed to provide insights concerning
interactions between nutrition and physiological responses as well as
practical solutions to reduce basic risks from infectious diseases with
a view to reduce the fish meal level and reduce the feed cost.
Protide supplement at 2.5%. level has been reported to replace 14%
of fish meal in diets for Juvenile Olive flounder Paralichthys
olivaceous without growth “performance or feed efficiency depression.
In another experiment with Red sea bream Pagrus major Protide
supplement at 3-5% reported to replace fish meal (7-12%) without
any depression on growth performance. Results obtained from the
present experiment are consistent with other reports for protide, in
terms of weight gain data indicated the potential of protide to
replace the fish meal higher than 10%, but less than 20% in
juvenile whiteleg shrimp Litopenaus vannamei. The clear trend of

increase in survival rate with subsequent increase in Protide
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supplement suggesting the efficacy of protide to replace the fish
meal up to 20%.

Proximate analysis

The proximate composition of whole body and edible portion are
shown in Table 3. There were no clear trend in the crude lipid and
ash contents of all the shrimp diets. In the edible portion crude
protein contents, shrimp fed PROs;, PROs and PROg diets were
significantly higher than those of shrimp fed PROy and PRO,. In
the whole body crude protein contents, shrimp-fed PROs, PRO¢ and
PROg diets were significantly higher than those of shrimp fed PROy
diet. But no significant difference between shrimp fed PRO. and
PROg diets. In the edible portion amino acid composition, Ser, Gly
and Ala contents of shrimp fed BPROp, PRO,, PRO; and PROs diets
were significantly lower than those of shrimp fed PROs diet.
However, Val, lle, Leu, Phe, His and Lys contents of shrimp fed
PROy, PRO,;, PRO,; “and. PROs diets were significantly higher than
those of shrimp fed PROg diet (Table 4).

In conclusion, observed weight gain and specific growth rate trend
indicating, PRO; was the most effective diet among different
experimental diets. While, based on the feed conversion ratio and
protein efficiency ratio, PRO, appeared to be the most appropriate
diet. Protide supplementation clearly appeared to have potential
impact in whiteleg shrimp nutrition and efficiency to replace the

fish meal higher than 10%, but less than 20% (PRO2~PRO4) without
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affecting the growth performance. Therefore, Protide supplement at
10~20% can be recommended to replace fish meal in juvenile
whiteleg shrimp Litopenaeus vannamei nutrition, to make the shrimp
farming more environmental friendly and a better economic

enterprise.
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Tables and Figures

Table 1. Composition and proximate analysis of the experimental
diets (% of DM basis) "

Ingredient (%) Diets

PRO, PRO, PRO; PROs; PROs
Fish meal - 200 180 160 140  12.0
PROTIDE® ™ 0 2.0 4.0 6.0 8.0
Dehulled soybean meal 398 399 399 399  40.0
Squid liver powder 2 5.0 5.0 5.0 5.0 5.0
Wheat gluten meal 9.0 9.0 9.0 9.0 9.0
Wheat flour 149 148 149 149 148
Corn starch 4.5 4.5 4.5 4.5 4.5
Lecithin 1.0 1.0 1.0 1.0 1.0
Soybean oil 1.5 b5 14 1.4 1.4
Fish oil ™ 2.0 2.0 2.0 2.0 2.0
Vit. premix 1.0 1.0 1.0 1.0 1.0
Min. premix 1.0 1.0 1.0 1.0 1.0
Calcium Phosphate 0.3 0.3 0.3 0.3 0.3
Proximate . analysis (% of dry matter basis)
Moisture 727 723 705 /725  7.03
Crude protein 48.8 49.0 49.5 49.3 49.2
Crude lipid 7.6 7.3 6.9 6.9 7.2
Crude ash 9.0 8.8 8.5 8.2 8.0

“Feed stuffs not mentioned here are the same feed stuffs as the
domestic aquaculture feed companies are using currently.

“Suhyup feed C. Uiryeong, Korea

“CJ feed Co. Seoul, Korea

*4]ei1 feed Co. Hamman, Korea

“Contains (as mg/kg in diets) : Ascorbic acid, 300; dl-Calcium
pantothenate, 150; Choline bitate, 30001 Inositol, 150, Menadion, 6;
Niacin, 150; Pyridoxine - HCI, 15; Rivoflavin, 30; Thiamine
mononitrate, 15, dl-a-Tocopherol acetate, 201; Retinyl acetate, 6;
Biotin, 1.5; Folic acid, 5.4; Cobalamin, 0.06
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“Contains (as mg/kg in diets) : NaCl, 437.4; MgSOs-7H,O, 1379.8;
/nS0,-7H,O, 226.4; Fe-Citrate, 299, MnSQO, 0.016; FeSO, 0.0378;
CuSO,,  0.00033; Calciumiodate, 0.0006; MgO, 0.00135; NaSeOs,
0.00025

7 Sigma-Aldrich Korea Yongin, Korea
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Table 2. Percent weight gain (WG), feed conversion ratio (FCR),
protein efficiency ratio (PER), specific growth ratio (SGR) and
survival rate in whiteleg shrimp fed 5 different PROTIDE levels for
9 weeks (% of DM basis)"

Diets - Pooled

PRO,  PRO,  PRO; PRO;  PRO;  SEM’

WG 638" 647" 580% 551° 547° 14.83
FCR™ 1.68°  1.65° 1.91° 1.95  2.05° 0.05
PER” 1.24° 1.24* 106 1.06" 1.00° 0.03
SGR™ 3.63° 365 349" 341" 339 0.04
Survival >  72.0°  73.0>  77.0" 82,0 84.0° 1.50

" Values are means from _triplicate groups of shrimp where the
means in each row with a different superscripts are' significantly
different (P<0.05).

" Refer to the table 1.

® WG = (final weight - initial weight) x 100/initial weight

® FCR
® PER
® SGR
® Survival rate = (total shrimp - dead shrimp)x100/total shrimp
* Pooled SEM = Pooled standard error of mean (SD/+/n)

(dry feed intake/wet weight gain) x 100

weight gain/dietary protein intake

(In final weight-- In initial weight)/days
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Table 3. Whole body and Edible portion proximate composition of
juvenile whiteleg shrimp fed 5 different PROTIDE levels for 9
weeks (% of DM basis) "

Diets Pooled

*3
PRO, PRO, PRO, PROs PRO; SEM

Moisture ~ Whole 78.07°  77.03* 77.40° 78.08* 77.37° 0.9

Edible 76.69° 7649" 7675 7696 76.70°  0.07
Crude ~ Whole 286"  264° 270 269° 354 011
lipid Edible 2500 157  099¢ 108" 130° 015
Crude  Whole 73.76° 73.94™ 7472 ~7522" 7442 019
protein  Edible” 8536"  85.70° 86.95° 87.26" . 8794 0.4
Ash Whole 1383 1351° _13.66™ 14.00°  14.08° 0.7

Edible 692 696 695 681° 681"  0.03

“Values are means from triplicate’ groups of shrimp where the
means in each row with a different superscripts are significantly
different (P<0.05).

" Refer to the table 1.

® Pooled SEM "= Pooled standard error of mean (SD/+/ n)
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Table 4. Whole body amino acid composition of juvenile white leg
shrimp fed 5 different PROTIDE levels for 9 weeks(% of DM

basis)

Diets - Pooled

PRO, PRO, PRO, PROs PRO; SEM”
Asp. 1206 1247° 1271 12550 11.88°  0.12
Thr. 2.88° 2.90° 2.96" 2.89" 2.82° 0.02
Ser. 2.73 2.65° 2.69° 2.61° 3.00° 0.05
Glu. 1228% 1240  12.76" 12.62° 12.03° 0.10
Pro. 5.73% 5.88% 6.11° 597" 5.36" 0.10
Gly. 6.25° 6.45° 6.65 6.82° 7.74° 0.18
Ala 3.03° 3.13° 3.20 3.22° 4.75° 0.22
Val. 3.63° 3.68° 3.77° 3.74° 3.36" 0.05
Ile. 3.55° 3.53% 3.63° 3.64° 3.23 0.05
Leu 6.16° 6:18° 6.27° 6.28" N3, 0.07
Tyr. 1.53° 2.66° 2.72° 2.73 D81 0.24
Phe. 3.49° 3.49° 3.55" 3.54° 3.22° 0.04
His. 2 Ja" 219 2.16® 2.08" 1.93° 0.03
Lys. W 7.06° 7208 7.18° 6.65 0.08
Arg. 6.23% 6.28" 6.41% 6.48° 6.08 0.06

"Values are means. from  triplicate groups of shrimp where the
means in each row with a-different-superscripts are significantly
different (P<0.05).

" Refer to the table 1.

® Pooled SEM = Pooled standard error of mean (SD/+/n)
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Fig. 2. Specific growth rate in juvenile whiteleg shrimp fed 5
different levels of dietary PROTIDE during 9 weeks.
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different levels of dietary PROTIDE during 9 weeks.
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