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Effect of Different Dietary Protein Levels on Body Composition, Digestive Enzymes,
Hemolymph Indexes and Water Quality in White Shrimp Larvae Litopenaeus
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Abstract: The present experiment was conducted to investigate the effects of five different protein levels (25%, 30%,
35%, 40% and 45%) on white shrimp larvae Litopenaeus vannamei on body composition, digestive enzymes,
haemolymph indexes and water quality cultured in tanks. The experiment was performed indoor at Invertebrate
laboratory of National Institute Oceanography and Fisheries (NIOF), Suez governorate, Egypt for 90 days. The
experiment was carried out in 15 rectangular tanks (66x47x44cm, 50 L) each of reinforced with water salinity 20 ppt.
Triplicate groups of shrimp with an initial weight of ,(0.002g) were fed twice a day at a ratio of 14% from body weight
and re-adjusted gradually to 5% at the end of the experiment. The results observed that, by increasing dietary level of
protein, the activity of trypsin increased up to 35% and then decreased. The highest activity values of trypsin were
recorded for larvae fed 35% protein level compared to the other diets. No significant differences were recorded for lipase
or amylase activity values among different experimental treatments. The percentages of total protein and cholesterol in
plasma were increased in all treatments. The different protein levels also affected the production of nitrogenous
compounds such as ammonia (TAN), nitrite (NO2) and nitrate (NO3). The obtain results indicate that 35% protein level
may achieve the highest proximate body composition induces of white shrimp L. vannamei larvae cultured in tanks.
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INTRODUCTION

The Pacific white shrimp is the most widely farmed
shrimp species throughout the world. Typical
performance characteristics of this species, together with
its tolerance against a wide range of salinities and disease,
rapid growth, suitable survival and high-density culture
make it be considered as a good candidate for intensive
culture (Khanjani et al., 2016). The white leg shrimp, L.
vannamei is native to the Eastern Pacific coast of Mexico
and Northern Peru. Due to their superior breeding
characteristics, and tolerance to a wide range of salinity
(0.5-40 g/L), L. vannamei together with  Penaeus
monodon and Fenneropenaeus chinensis are considered
the world's three major shrimp candidates for aquaculture
(Gao et al., 2016), This species likes areas where water
temperatures are usually over 25°C the whole year. The
female shrimp grow faster than males. They shrimp like
muddy bottom areas (FAO, 2016).

Proteins which have numerous structural and
metabolic functions play an important role in growth.
Protein is the main nutrient affecting the growth
performance of aquatic animals, however the cost of
protein in feed is high, and its inclusion in aquaculture
feed had a significant impact on overall feed costs
(NRC, 2011). For these reasons, attempts to optimize
the amount of dietary protein in aquaculture feeds are
necessary. Protein requirements for maximal growth of
white shrimp have been reported to be between 30-36%
in brackish or seawater (Kureshy and Davis, 2002).
There are few reports on dietary protein requirements of
L. vannamei at salinity <5 g/L.

In this study, the effects of five dietary different
protein levels (25%, 30%, 35%, 40% and 45%) of L.
vannamei larvae on body composition, digestive
enzymes, haemolymph indexes, and water quality
cultured in tanks were investigated.

MATERIALS AND METHODS
Experimental diets

Five isocaloric experimental diets with different
crude protein (CP) levels at 25%, 30%, 35%, 40%,
45%, were formulated shown in Table (1). Potein
sources for the experimental diets ere fish meal and
soybean meal. The Amino acid composition of
experimental diets is shown in Table (2). The
experimental diets were prepared individually
weighting of each component and thoroughly mixing
the mineral, vitamins and additives with corn. This
mixture was added to the components together with oil.
Water was added until the mixture became suitable for
making granules. The wet mixture was passed through
CBM granule machine with 2mm diameter. The
produced pellets were dried at room temperature and
kept frozen until experiment start.

Experimental Design

Larvae of L. vannamei were obtained from a
commercial shrimp hatchery in Damietta, Egypt.
Shrimps were transported in oxygenated double—layered
polythene bags. When the shrimp arrived at the
laboratory, they were moved into the acclimation tanks
filled with seawaterafter filtered by plankton net (50pm)
to prevent the entry of un wanted materials and
suspended particles into the tanks and was diluted with
fresh water to achieve a salinity of (20ppt).. Prior to
start of experiment, shrimps were acclimated to
laboratory condition for two weeks and fed twice daily
with commercial diet (38%) crude protein. Initial
samples were taken immediately after reaching larvae
from hatchery, and final sample is taken from each tank
at the end of study for the determination of chemical
body composition.
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Table (1): Formulation and proximate composition of the experimental diets (dry matter base)

Experimental treatments

Ingredients T, T, T; T, Ts
_ (25% CP) (30% CP) (35% CP) (40% CP) (45% CP)
Fish mea]70” protein 21.00 29.00 29.00 36.00 43.00
Soybean meal (44”%) protein 23.00 23.00 34.00 34.00 34.00
Yellow corn 44.00 36.00 25.00 18.00 11.00
Sunflower oil 7.00 7.00 7.00 7.00 7.00
Mineral mixture' 2.00 2.00 2.00 2.00 2.00
Vitamin mixture? 1.00 1.00 1.00 1.00 1.00
Molasses 2.00 2.00 2.00 2.00 2.00
Proximate analysis

Moisture 11.98 11.77 '11.49 11.30 11.12
Crude protein 25.26 30.42 35.24 40.76 45.29
Lipids 13.34 14.08 13.96 13.61 14.26
Ash 6.72 7.61 7.16 6.95 7.73
Fibers 3.71 3.70 3.96 2.95 2.93
NFE? 50.97 44.19 39.68 35.73 29.79
Gross energy ( Kcal /100g)* 478.27 486.55 494.11 505.76 513.08
P/E (%)* 5.28 6.25 7.13 8.06 8.83

1- Each Kg mineral mixture premix contained Mn, 22 g; Zn, 22 g; Fe, 12 g; Cu, 4 g; 1, 0.4 g, Selenium, 0.4 g and Co, 4.8 mg.

2- Each Kg vitamin contained Vitamin A, 4.8 million IU, D3, 0.8 million IU; E, 4 g; K, 0.8 g; B1, 0.4 g; Riboflavin, 1.6 g; B6, 0.6 g,
B12, 4 mg; Pantothenic acid, 4 g; Nicotinic acid, 8 g; Folic acid, 0.4 g Biotin,20 mg

3- Nitrogen Free Extract = 100 — (%Protein + %Fat + %Fiber + %Ash).

4- Gross Energy based on protein (5.65 Kcal/g), fat (9.45 Kcal/g) and carbohydrate (4.11Kcal/g).

According to (NRC, 2011)

5- Protein energy ratio = Crude protein / Gross energy (Kcal /100g) **100

After two weeks of acclimatization, all tanks were
stocked with shrimp larvae in triplicate. Before
distributing on tanks, we weighed the shrimp, and the
initial body weight (0.002g). Shrimp were fed with
experimental diets twice a day at 14% from body weight
(initial weight) and re-adjusted gradually to 5% at the
end of the experiment. The daily feeding rate (%) for
each treatment was calculated and adjusted by
estimating the biweekly sampled mean biomass.

To maintain water quality at optimum range for
shrimps the following parameters were monitored
during the experiment.

Daily parameters: Water temperature (°C) was
measured daily at 13:00h, salinity and pH was measured
daily at 10:00h wusing multiparameter analyzer.
Biweekly parameters: Water sample (100ml) were
collected from each tank and filtered by filter papers to
analyze total ammonium nitrogen (TAN), nitrite-N
(NO2-N), nitrate-N (NO3-N) using spectrophotometer
model JENWAY 6100).

All data were analyzed by two-way ANOVA. The
ANOVA were performed by using the SAS v9.0.0
(2004) program. The ANOVA was followed by Duncan
(1955) at P<0.05 level of significant.

RESULTS AND DISCUSSION

As shown in Table (2), with the increase of dietary
protein level, the moisture content decreased. The
opposite trend was observed for body protein content.
Lowest moisture content was recorded for larvae fed the
diet content 40% protein level. Both 40% and 45%
protein levels were significantly lower compared to the
25%, 30%, 35% CP levels (P<0.05).No significant

difference was observed among the rest of the groups
(»>0.05).

The results showed that body protein content of
the 45% CP level diet recorded the highest 72.90%
values. Protein content of the 40% and 45% CP levels
diet observed significantly higher (P<0.05) values than
the 30% and 25% CP levels (P<0.05). No significant
differences were found among the other protein levels.
The body fat content of shrimp and ash did not observe
any significant differences between the protein levels.
Body compositions of aquatic animals have been found
to correlate with dietary nutrients. Some studies showed
the protein level of aquatic animals initially increased
then decreased with increasing dietary protein levels
(Mohanta et al., 2007). The results of this study showed
that dietary protein levels significantly affected
proximate compositions of whole shrimp. Crude protein
content generally increased with increasing dietary
protein levels. This is consistent with some studies on
the Pampus argenteus (Hu et al., 2008), L. vannamei
(Hu et al.,, 2008) and Scylla serrata (Unnikrishnan and
Paulraj, 2010). However, some studies showed that
crude protein content was not affected by dietary protein
levels in Scylla serrata (Catacutan, 2002). Changes in
moisture content of shrimp were opposite to protein
content; moisture content decreased with increasing
dietary protein levels. This is consistent with a study of
Scylla serrata (Sheen and Wu, 1999). Some reports
indicate that moisture content of the Scylla serratawas
not affected by dietary protein levels (Unnikrishnan and
Paulraj, 2010). Dietary protein level did not affect
whole body lipid and ash content of L. vannamei with
increasing dietary protein levels, which is similar to
Barbodes altus (Adrian, 1997).
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Table (2): Effect of dietary protein levels on chemical composition (Mean+SD) of L. vannamei larvae

Dietary protein levels %

Items Ts T, T T, T,
(45% CP) (40% CP) (35% CP) (30% CP) (25% CP)
Moisture 77.82+0.06° 76.93+0.90° 77.25+0.37° 75.52+0.62° 75.74+0.68°
Protein 70.16+0.82° 70.370.44" 71.49+1.46™ 72.76+1.36" 72.90£1.63
Lipid 4.6240.25° 4.47+0.35° 4.67+0.64° 4.58+0.48° 4.68+0.71°
Ash 12.54+0.33° 11.70£0.77* 11.69+0.90° 11.40+0.79" 12.16+£0.32°

Data are presented as means £SD. Values in the same row with different superscript letters are significantly different (P < 0.05)

In this study dietary protein levels had a
significant effect on L. vannamei trypsin activity
(»<0.05). With the increase of the dietary protein level,
trypsin activity first increased up to 35% CP and then
decreased. Maximum activity was observed in the 35%
CP level and it was significantly higher than the 25%,
30% and 45% CP levels (P<0.05). In the 25% protein
level, activity was significantly lower than 35%, 40%
and 45% CP levels (P<0.05). No significant differences
were found among the other protein levels. Dietary
protein levels had no significant effect on lipase and
amylase activities.

In this study, trypsin activity in liver and pancreas
first increased then decreased with increasing dietary

protein levels as shown in Table (3). These results differ
from a study on Penaeus japonicus, probably due to the
different size of shrimps and different protein diets
(Rodriguez, 1994). Similar results obtained by (Gao et
al,, 2016). A study on the relationship between the
amount of the trypsin mRNA in Dicentrarchus labrax
and the ingredients in the diet, showed that at the
molecular level the responses of trypsin and amylase to
the diet were regulated independently (Peres er al.,
1998). Future studies are needed on the expression of
the genes encoding digestive enzymes and endocrine
regulation pathways to further explore the mechanisms
for the regulation of L. vannamei digestive enzymes.

Table (3): Effect of dietary protein levels on digestive enzymes (Mean+SD) of L. vannamei larvae

Dietary Protein levels %

Items

Ts T, T T, T,
(45% CP) (40% CP) (35% CP) (30% CP) (25% CP)
Trypsin U/mg 122.10£1.20° 126.50+1.50° 139.20+1.30° 134.20+1.10° 130.10£1.30°
Lipase U/mg 9.29+1.30° 9.19+1.12° 9.41+1.20° 9.41+£1.40° 9.43+1.50°
Amylase U/mg 1.60+1.50° 1.40£1.20° 1.50+1.40° 1.50+1.30° 1.50+1.32°

Data are presented as means £SD. Values in the same row with different superscript letters are significantly different (P < 0.05)

Crustaceans have an open-vessel circulatory
system such that the inter organ transport of nutrients is
considered being operated through the haemolymph.
Some studies had demonstrated that metabolites in
haemolymph can be used as indices of nutritional status
because the haemolymph, together with muscle, and the
digestive gland, is a reserve tissue (Sanchez et al,
2001).

Moreover, measuring the protein concentration of
a crustacean’s haemolymph can provide valuable
information to identify its condition (Ozbay and Riley,
2002). The serum total protein are associated with
dietary protein level, and elevated with increasing
dietary protein level in this study. Similar to our result,
(Rosas et al., 2000) showed that haemolymph protein
content increased with the dietary protein in L.
vannamei  juveniles.  Variations in  glucose

concentrations in haemolymph are related to quantity
and quality of carbohydrates in the diet (Rosas et al.,
2001). Also, glucose can derive from glyconeogenesis
from amino acids (Wiglesworth and Griffith, 1994),
which is in agreement with our results and we obtained
a significantly increase in glucose haemolymph
concentration in shrimp with the protein level in the diet
increasing from 25 to 40%. This study clearly
demonstrated that plasma triglyceride levels were not
significantly affected by increment level of dietary
protein, whereas the plasma total cholesterol levels were
significantly increased as shown in Table (4). Our
results agree with Yue et al. (2012) and Shahka et al.
(2014) they reported that plasma cholesterol levels were
enhanced in whiteleg shrimp fed higher levels of fish
meal diets.
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Table (4): Effect of dietary protein levels on the haemolymph parameters (Mean+SD) of L. vannamei larvae

Dietary Protein levels %

Items T, T, T, T, T,
(45% CP) (40% CP) (35% CP) (30% CP) (25% CP)
Total protein(g/dl) 18.20+1 23+1 23+1 24.20+1 24.40+1
Glucose (mg/dl) 1290+49.1 13444+49.1 1556+49.1 1607+49.1 13394+49.1
Cholesterol(mg/dl) 135+14.1 150+14.1 152+14.1 204+14.1 235+14.1
Triglyceride(mg/dl) 225423.5 220+23.5 228+23.5 232+423.5 235+23.5

Data are presented as means +SD. Values in the same row with different superscript letters are significantly different (p < 0.05)

The daily water quality parameters such as
temperature, dissolved oxygen, salinity and pH
monitored during the experimental period are shown in
Table (5). During the experimental period (90-days),
temperature, dissolved oxygen, salinity and pH did not
show any significant difference and they were at the
optimum range for L. vannamei cultured (Da silva,
2015).

The concentrations of nitrogen parameters
measured during this experiment are presented in Table
(5). The results showed that TAN, NO, and NO;
concentrations were increased (P <0.05) by the
increasing of protein level during the experiment.
Nitrogen plays an important role in the aquaculture
system due to its dual role, as a nutrient and toxicant
(Burford and Lorenzen, 2004). Most of the nitrogen
input in shrimp culture systems enters the water column
as ammonia (Mishra et al., 2008). Ammonia is the main
end product of protein catabolism in crustaceans and is

also generated in the aquatic system by the breakdown
of uneaten feed and waste (Carbajal-Hernandez et al.,
2012).

Therefore, throughout the study the TAN, NO,
and NO; showed a slight increase up to optimum
protein level in white leg shrimp fed up to 35% CP diet.
Excessive dietary protein will increase excretion of
nitrogenous waste (Boonyaratpalin, 1996). Therefore,
the TAN, NO, and NO; significantly increased with a
further increase in dietary protein levels from 35 to
45%. Nitrogen in the form of ammonia and nitrite is
highly toxic to shrimp; however, the toxicity depends on
various factors including species tolerance, water
characteristics (pH, temperature, salinity, DO) and
exposure duration (Barajas et al., 2006). Nitrate, unlike
ammonia and nitrite is less toxic to shrimp; however, a
high concentration (100 mg/l) was reported to be lethal
to shrimp (Van Rijn et al., 2006).

Table (5): Effects of dietary protein levels on the nitrogen parameters (Mean+SD) of L.vannamei larvae

Dietary Protein levels %

Items Ts T, T T, T
(45% CP) (40% CP) (35% CP) (30% CP) (25% CP)
Temperature °C 28.5+0.53" 28.4+0.47" 28.2+0.58" 28.3+0.57" 28.4+0.43"
Oxygen (mg/l) 5.20+0.50° 5.30+0.53*° 5.20+0.50° 5.20+0.52*° 5.20+0.52*°
Salinity 20.2+0.51° 20.2+0.33" 21.3+0.32° 20.24+0.39* 20.2+0.58*
pH 7.8+0.33" 7.9+0.21° 7.9+0.30* 7.9+0.23* 7.9+0.31°
TAN (mg/l) 0.61+0.04 0.62+0.04 0.66+0.04 0.80+0.04 0.10+0.04
NO,(mg/l) 0.13+0.01 0.12+0.01 0.14+0.01 0.16+0.01 0.20+0.01
NO; (mg/l) 0.32+0.02 0.30+0.02 0.32+0.02 0.38+0.02 0.40+0.02

Data are presented as means £SD. Values in the same row with different superscript letters are significantly different (P< 0.05)
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