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ARTICLE INFO ABSTRACT

A 45-day feeding trial was conducted to evaluate the effect of dietary lipid/essential fatty acid (EFA) level on
growth performance in Litopenaeus vannamei reared at 2, 25 and 50%o salinity. Three iso-nitrogenous (374 g/kg)
experimental diets were formulated to contain 30, 60 and 90 g/kg of lipid having 6, 12 and 24 g/kg of EFA (Diet-
30/6, Diet-60/12 and Diet-90/24), respectively. A total of 540 healthy acclimatized shrimps (6.44 + 0.31g)
were transferred into 27 experimental tanks (500 L) in triplicate (20 shrimps/tank). Results of 2 x 2 factorial
design (salinity and lipid/EFA level) showed a significantly (P < 0.05) higher weight gain of 135.65% at 25%o.
Diet-60/12 and Diet-90/24 exhibited significantly (P < 0.05) higher growth compared to Diet-30/6. A high
correlation was observed among the salinities (r = 1.0000 and 0.9696). Survival was significantly high at 25%o
(84.44%) compared to 2%o (46.66%) and 50%o (40.55%). The hemolymph protein level enhanced significantly
with increased dietary lipid/EFA level but not due to salinity. Triglycerides and cholesterol decreased sig-
nificantly with increased salinity, whereas the reverse was true due to dietary change. Both salinity and lipid/
EFA level had a significant (P < 0.05) effect on body composition. Results revealed that increasing dietary
lipid/EFA level enhances the tolerance of L. vannamei at both hypo (2%o) and hyper (50%o) saline conditions, but
would not be beneficial while rearing at 25%o.
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as osmoregulation is an energy depending process, providing an ade-
quate amount of energy through the dietary manipulation is an effec-

1. Introduction

Pacific whiteleg shrimp, Litopenaeus vannamei is the most preferred
choice among the penaeid shrimps nowadays due to its improved
growth, euryhaline nature and being less susceptible to pathogens
compared to other penaeid shrimps like black tiger shrimp, Penaeus
monodon. The production of L. vannamei is widespread in Asian coun-
tries, in particular India, hence the shrimp production increased from
144,000t (2006-2007) to > 400,000000t in 2016-2017 (MPEDA,
2017). Though, L. vannamei effectively maintains the osmotic pressure
and ionic regulation by exhibiting a pattern of hyper and hypo osmosis
at low and high saline environment, respectively (Castille and
Lawrence, 1981), the growth rate and survival varies according to the
salinity (Ponce-Palafox et al., 1997; Jannathulla et al., 2017; Ponce-
Palafox et al., 2019). This difference could partly be attributed to the
variation in the utilization of energy sources. Li et al. (2015) stated that

tive way to enhance the ability of shrimp, when the ambient salinity has
changed widely from the original (Chen et al., 2014; Wang et al., 2015).
If not, shrimp withdraw their own energy sources from the body,
leading to a rapid reduction in growth.

There are several reports with regard to protein as an energy source
during salinity variation. Huang et al. (2003) reported that the dietary
protein requirement of L. vannamei was higher at high salinity than
those reared in low saline waters. Sui et al. (2015) reported a re-
markable increase in growth rate with 35 to 45% of dietary protein in L.
vannamei reared at 30 and 50%o. This positive effect is attributed to the
contribution of dietary amino acids to energy requirement (Li et al.,
2011). However, researchers sound a word of caution to reduce the
dietary protein level, as high protein levels not only increase the cost of
the feed, but also enhance the organic load and environmental pollution
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due to higher protein catabolism, which does not support sustainable
aquaculture growth (Wang et al., 2015). Therefore, identifying the
cheapest non-protein energy sources is an essential task to spare dietary
protein. Wang et al. (2015) evaluated the protein sparing effect of
carbohydrates in L. vannamei, and recommended a protein to carbo-
hydrate ratio of 34:19 to meet the energy and protein requirement in L.
vannamei at low salinity. The protein-sparing effect of carbohydrate has
also been tested by Cruz-Suarez et al. (1994) in L. vannamei and certain
fishes, like rainbow trout, Oncorhynchus mykiss (Pieper and Pfeffer,
1980), channel catfish, Ictalurus punctatus (Garling and Wilson, 1976),
European eel, Anguilla anguilla (Hidalgo et al., 1993).

On the other hand, non-protein energy is also increased by the ad-
dition of lipids in the diet. Lipids are important in maintaining struc-
tural and physiological integrity of cellular and sub cellular membranes
in addition to being the fuel source and energy reserves.
Notwithstanding, lipids also provide essential fatty acids, phospholi-
pids, sterols and certain fat-soluble vitamins, which would help to
maintain the proper functioning of the physiological process of the
animals (Tseng and Hwang, 2008). During salinity adaptation, the en-
ergy-demanding mechanisms for hemolymph osmotic and ionic reg-
ulation are activated. Thus, lipids play a dynamic role in the func-
tioning of membrane-bound proteins and can modulate enzymatic
activity, playing a major role for osmoregulation as reported in Atlantic
salmon, Salmo salar (Nordgarden et al., 2002). Chen et al. (2014) re-
ported that L. vannamei showed a higher activity of adipose triglycerol
lipase, lipoprotein lipase and hormone sensitive lipase, that are related
to lipid mobilization at hypo (3%o) and hyper (30%o) saline conditions
than those were reared at an optimal salinity of 17%o. The authors also
reported that the enzymes (fatty acid synthase and diacylglycerol
acyltransferase) responsible for lipogenesis, increased at 3 and 30%o
compared to 17%o, which indicates that lipogenesis and lipolysis ca-
pacity of L. vannamei is enhanced at both high and low levels of salinity.

Commercial shrimp feed contains 6 to 7% of lipid with a maximum
level of 10% (Akiyama et al., 1991). Linoleic (18:2c), linolenic (18:3),
arachidonic (20:4), eicosapentaenoic (20:5) and docosahexaenoic
(22:6) acids have been reported as essential fatty acids (EFA) for pe-
naeid nutrition and physiology (Merican and Shim, 1996; Glencross
et al., 2002). Zhu et al. (2010) reported that L. vannamei reared at 30%o
had an optimum growth with 60 g/kg of dietary lipid, while diets with
80 g/kg of lipid met the requirement of growth at 2%o. However, there
was no additional effect on growth due to an increase of lipid level to
100 g/kg (Zhu et al., 2010) and 120 g/kg (Xu et al., 2018). Hurtado
et al. (2006) reported that though HUFA-enriched diet enhanced fatty
acid profiles in L. vannamei irrespective of the salinities (5, 30 and
50%o), its positive effect on growth occurred only at high salinity and
not at low salinity. This is in agreement with the findings of Romano
et al. (2012) in Blue swimmer crab, Portunus pelagicus reared at a sali-
nity of 14, 30 and 42%o. A similar dose-response effect of dietary lipid
(60, 90 and 120 g/kg) was conducted earlier by Xu et al. (2018) in L.
vannamei at two different water salinities (3 and 25%o0), whereas in the
present study, three dietary lipid levels (30, 60 and 90 g/kg) having 6,
12 and 24 g/kg of essential fatty acids (EFA) at three different water
salinities (2, 25 and 50%o0) were evaluated.

2. Materials and methods
2.1. Experimental diets

Three iso-nitrogenous (374 g/kg of crude protein) experimental
diets were prepared according to the method of Dayal et al. (2011).
Briefly, all the dry ingredients listed in Table 1 were finely ground and
passed through a 250 pym mesh. The additives like vitamin-mineral mix,
binder and butylated hydroxytoluene (anti-oxidant) were added to the
ground material. After 2-3 min of hand mixing, fish oil and soy-lecithin
were included in the diets to have 60/12 and 90/24 g/kg of lipid/EFA,
while no oil sources were used in the diet having 30/6 g/kg of lipid/
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Table 1
Ingredient composition of experimental diets containing different levels of
lipid/EFA (g/kg as fed basis).

Treatments Experimental diets

Diet-30/6 Diet-60/12 Diet-90/24
Fishmeal® 200 200 200
Acetes” 100 100 100
Soybean meal 250 250 250
Wheat gluten 20 25 30
Sesame oil cake 50 50 50
Rapeseed meal 25 25 25
Broken rice 50 50 50
Wheat flour 274 239 204
Fish oil® - 20 40
Soy-lecithin® - 10 20
Vitamin mineral mix’ 20 20 20
Binder® 10 10 10
Butylated hydroxytoluene' 1 1 1

Other feed ingredients are purchased from local markets, Chennai, India.

@ Bismi Fisheries, Mayiladuthurai, Tamil Nadu, India.

> Mantis shrimp used as a protein source.

¢ Real Soy Enterprises, Madhya Pradesh, India.

4 pre-mix (g/kg): Thiamine hydrochloride (25.50g), riboflavin (25.00 g),
prydoxine hydrochloride (50.00¢g), cyanogobalamine (0.10g), menadione
(5.00 g), all-trans tocopherol acetate (99.00 g), retinyl acetate (10.00g), vi-
tamin D (50 g), nicitinic acid (101.00 g), D-Ca-pantothenate (61.00 g), biotin
(25.00g), folic acid (6.25g), inositol (153.06g), ferric citrate (13.70g),
ZnS0,4.7H,0 (28.28 g), MgS0,4.7H,0 (0.12 g), MnSO4.H20 (12.43 g), CuS04.5
H,0 (19.84 g), CoC,.6H,0 (4.07 g), KIO4 (0.03g), KCI (15.33 g), Na,SeO3
(0.02 g).

¢ Pegabind, Bentoli AgriNutrition Asia Pvt. Ltd., Singapore.

f Sigma Aldrich.

EFA. All the ingredients in a diet were blended together for 20 min
using an electric blender. The homogenized mash was hydrated with
water at the rate of 500 ml/kg to make a dough. The dough was
steamed at atmospheric pressure for 5min, cooled and pelletized in a
table top pelletizer having a 2 mm diameter die. The pellets were dried
overnight in a hot air oven at 60 °C to bring down the moisture content
to < 100 g/kg and refrigerated at 4 °C until further use. The nutrient
composition of experimental diets is depicted in Table 2.

2.2. Experimental conditions

L. vannamei, including both the sexes at pre-adult stage, were pro-
cured from a local farm near Chennai, India and were acclimatized to
indoor laboratory conditions for a fortnight with a diet containing
374 g/kg of crude protein and 60 g/kg of ether extract. Three salinities
of 2, 25 and 50%o0 were selected in the present study based on our
earlier reports (Jannathulla et al., 2017). The juveniles were randomly
divided into three groups and were further acclimatized to experi-
mental salinities by either stepwise increase using natural sea salt
(Jeeva Enterprises, Chennai, India) or gradual decrease using fresh-
water at the rate of 2%o per day from the original salinity of 19%o, and
kept in the same condition for a week. Post acclimatization, a total of
540 healthy uniform sized shrimp (6.45 = 0.32g) were transferred
into 27 oval shape 5001 (1.31 x 0.64 x 0.73 m) fiberglass reinforced
plastic (FRP) tanks with 20 shrimp per tank and covered with a fiber
mat to prevent the escape of shrimp. Each diet was randomly allotted in
triplicate. Shrimp were fed with the respective diet thrice a day
(7.00 AM, 12.30 PM and 5.30 PM) at the rate of 6% of the body weight
and the amount of diet given was adjusted according to intake in sub-
sequent days. Shrimps were allowed to feed for an hour every time after
which, the uneaten feed particles (if any) were siphoned out from the
experimental tanks using a clean Falcon tube. The particles were rinsed
with de-ionized water and dried at 60 °C in a hot air oven overnight to
measure the feed intake on a daily basis. Ultraviolet treated water was
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Table 2

Proximate, essential amino acid, major fatty acid and macro mineral compo-
sition of experimental diets containing different levels of lipid/EFA (g/kg as fed
basis).

Treatments Experimental diets R*
Diet-30/6 Diet-60/12 Diet-90/24

Proximate composition

Moisture 87.24 81.46 85.16

Crude protein 374.43 374.67 374.22

Ether extract 30.16 60.49 90.03

Crude fiber 26.67 25.54 23.67

Nitrogen free extract” 481.50 461.84 426.89

Total ash 131.16 129.37 135.44

Essential amino acids

Arginine 23.34 24.12 22.87 23.21

Histidine 11.45 11.92 12.43 8.02

Isoleucine 17.16 18.43 17.84 10.11

Leucine 29.74 28.17 28.43 17.00

Lysine 16.89 18.21 17.66 16.43

Methionine 8.283 8.86 9.12 9.06

Phealanine 16.62 16.12 16.44 14.01

Threonine 15.12 14.17 14.94 15.12

Tryptophan 4.387 4.91 4.60 -

Valaine 15.96 16.31 16.83 14.08

Major fatty acids

C14:0 0.58 2.74 7.12

C16:0 4.24 10.28 22.54

C18:0 1.43 3.01 6.13

Cl6:1 0.12 2.81 6.27

C18:1c 1.73 3.47 7.51

C18:1t 0.88 2.54 6.43

C18:2c 4.84 7.89 14.57

C18:3 0.34 0.58 1.56

C20:4 0.21 0.71 1.78

C20:5 0.37 2.01 4.28

C22:6 0.48 1.16 2.24

¥-EFA° 6.23 12.35 24.43

Macro minerals

Calcium 26.27 26.32 27.11

Magnesium 4.17 4.17 4.04

Phosphorus 14.53 13.87 14.06

Potassium 9.18 9.35 8.98

Sodium 2.49 3.12 3.01

2 Recommended level of essential amino acids for Penaeus vannamei (Macias-
Sancho et al., 2014).

b Calculated by a difference.

¢ X-Essential fatty acids (C18:2c + C18:3 + C20:4 + C20:5 + C22:6).

used throughout the experimental period and was exchanged daily
prior to the first feeding at a rate of 80% tank volume. Water quality
parameters like salinity, dissolved oxygen, temperature and pH were
measured on a daily basis and total ammonia nitrogen, nitrite nitrogen
and nitrate nitrogen were measured once a week by standard methods
of APHA (2012) given in Table 3. At the end of the experiment (45-
days), weight gain (WG), specific growth rate (SGR), daily growth
coefficient (DGC), survival and condition factor (CF) for each dietary
treatment were determined as follows.

WG (%) = Final weight (g)-Initial weight (g)/Initial weight (g) X 100.
SGR = [In (Final weight)-In (Initial weight)]/Days of experiment X 100.
DGC = [Final weight!/3>~Initial weight'/3]/Days of experiment X 100.
Survival (%) = Final number of animals/Initial number of animals X 100.
CF = Wet body weight (g)/[Whole body length (cm)]*.

Hemolymph samples were collected from five shrimp in each re-
plicate of a treatment (fifteen shrimp per treatment) through the ventral
sinus in the first abdominal segment using a 26-gauge hypodermic
needle on a 1 ml syringe containing 0.3 ml of anticoagulant solution.

Aquaculture 513 (2019) 734405

Table 3
ITonic composition and water quality parameters of experimental water with
varied salinity.

Treatments Experimental water salinity

2%o0 25%o0 50%o
Ionic composition (mg/1)
Calcium 98.64 262.24 409.32
Magnesium 137.66 718.82 1387.33
Phosphorus 3.91 3.77 4.17
Potassium 23.58 149.32 337.12
Sodium 653.43 5448.45 12,619.14
Water quality parameters
Salinity (g/1) 2.0 25.0 50.0
DO (mg/1)? 7.4 6.9 7.2
Temperature (°C) 27.4 28.1 27.7
pH 8.3 8.2 8.2
TAN (mg/1)" 0.14 0.09 0.12
NO-N (mg/)° 0.48 0.44 0.51
NO5-N (mg/1)¢ 2.61 2.64 2.57

@ Dissolved oxygen.

b Total ammonia nitrogen.
¢ Nitrite nitrogen.

4 itrate nitrogen.

The anticoagulant used in our study was the formulation of Soderhall
and Smith (1983), which contains a mix of sodium chloride (0.45 M),
glucose (0.1 M), sodium citrate tribasic dihydrate (30 mM), citric acid
monohydrate (26 mM), EDTA disodium salt (10 mM). The remaining
whole shrimps were utilized for the analysis of body composition of
proximate, fatty acids and minerals.

2.3. Biochemical analysis

Proximate composition of ingredients, experimental diets and
shrimp body composition was analysed as per the method of AOAC
(1997). Amino acid profiles were analysed using a pre-column deriva-
tization HPLC gradient system (Shimadzu Corp, LC-30 AD) after hy-
drolyzing the samples with 6 N hydrochloric acid (Finlayson, 1964).
The YMC-Triart C18, RRH (1.8 um, 2.1 X 100 mm) column was used to
separate the amino acids after derivatization with mercaptopropionic
acid, O-pthaladehyde and fluorenylmethoxycarbonyl chloride under
gradient elution using phosphate buffer (20 mmol as mobile phase A)
and combination of acetonitrile: methanol: water (45:40:15 as mobile
phase B) at the flow rate of 0.3 ml/min. Amino acids were quantified by
a fluorescent detector (RF-20AXS) using the amino acid mixer as an
external standard (Sigma Aldrich) and norleucine as an internal stan-
dard. Tryptophan, being liable to acid hydrolysis, was measured after
alkali hydrolysis by the spectrophotometric method at 500 nm (Sastry
and Tammuru, 1985). The partial oxidation of sulphur containing
amino acids like methionine during acid digestion was prevented by
adding 0.1% of phenol (Jajic et al., 2013).

Lipid was extracted by using chloroform and methanol (2:1) (Folch
et al., 1957) and the respective fatty acid methyl esters (FAMEs) were
prepared by Metcalfe et al. (1966) method. Finally, the FAMEs were
extracted into petroleum ether. Routine analysis of methyl esters was
performed by a gas chromatograph (GC-2014 Shimadzu) on a RTX wax
capillary column (100 m lengthx0.25 mm I1.Dx0.2 ym film thickness).
Nitrogen was used as a carrier gas at a linear velocity of 20.9 cm/s with
3 ml/min of purge flow. Fatty acids were identified by comparing the
retention times of the 37 component FAME mix (Supelco-Sigma) as an
external standard and trideconoic acid (C13:0) was used as an internal
standard. The quantity of fatty acids (mg/kg) was calculated following
the method of Aziz et al. (2012). The sample was digested using mi-
crowave digestion method (Anton Par microwave system) for mineral
analysis with 6 ml of nitric acid and 2 ml of hydrogen peroxide in inert
polymeric microwave vessels. The minerals were determined by
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inductively coupled plasma-optical emission spectrometry (ICP-OES;
Agilent 5100 SUV) using the 5.2 software (Jannathulla et al., 2017).
The certified reference material of ICP multi-element standard solution
(10 mg/1; Merck) was used for calibration. Hemolymph indices such as
total protein, triglycerides and cholesterol were estimated using the
respective commercial kits obtained from Sigma-Aldrich (Code No:
TP0100, TR0100 and MAKO043, respectively) in a UV-spectro-
photometer (Shimadzu, UV-1800) at 595, 540 and 570 nm, respec-
tively, according to the accredited methodologies given by Sigma-Al-
drich (http://www.sigmaaldrich. com/content/dam/ sigma-aldrich/
docs/Sigma/Bulletin/(Code No)bul.pdf).

2.4. Statistics analysis

Experimental data were subjected to two-way ANOVA for assessing
the effect of lipid/EFS level on shrimp reared at 2, 25 and 50%o.
Regression analysis was performed to assess the effect of salinity and
lipid/EFA levels on WG. Prior to statistical analyses, data were checked
for determining the homogeneity of variance after ascertaining the
normal distribution. The entire data were analysed using SPSS version
16.0 at 5% significance level.

3. Results
3.1. Water quality parameters

Of all the minerals analysed in experimental water, sodium was
abundant followed by magnesium, calcium and potassium. They gra-
dually increased with increasing water salinity (Table 3), whereas
phosphorus content (3.77-4.17 mg/1) was not affected due to salinity
change. Other water quality parameters such as dissolved oxygen
(6.9-7.4 mg/1), temperature (27.4-28.1°C), pH (8.2-8.3), total am-
monia nitrogen (0.09-0.14 mg/1), nitrite nitrogen (0.44-0.51 mg/1) and
nitrate nitrogen (2.57-2.64 mg/1) were in optimal ranges required for
the culture of L. vannamei (Jannathulla et al., 2018).

3.2. Growth performance

The effect of dietary lipid/EFA level on growth performance of L.
vannamei reared at three different salinities is given in Table 4. Results
revealed that the growth in terms of WG, SGR and DGC were higher in
shrimp reared at 25%o (135.65%, 1.90 and 1.38, respectively) than
those reared at 2%o (119.08%, 1.74 and 1.23) and 50%o (105.09%,
1.58. and 1.10) regardless of the dietary lipid/EFA levels (P <0.001).
Similarly, diets containing 60/12 and 90/24 lipid/EFA showed sig-
nificantly (P < 0.05) higher growth than that containing low lipid/
EFA (Diet-30/12). However, the growth of shrimp reared at 25%o was
found to be significantly (P < 0.05) higher than those reared at 2 and
50%o for the same diet except the Diet-90/24 at 2%o. Salinity had a
significant (P < 0.05) influence on survival and was found to be high
in shrimp reared at 25%o (84.44%) compared to 2%o (46.66%) and
50%o (40.55%), whereas diet with high lipid/EFA (Diet-90/24) had a
better survival in all three salinities tested compared to other two diets.
Though condition factor was affected by both the factors (salinity and
lipid/EFA level), the result of their interactions showed no significant
difference among the treatments, but numerically lower condition
factor was found at 60%o (0.58-0.69) irrespective of the lipid/EFA le-
vels. A higher correlation (Fig. 1) was observed when the growth was
compared between the shrimp reared at 25 and 2%o (r = 1.0000) as
well as 25 and 50%o (r = 0.9696). A similar tendency was noticed be-
tween the diet groups of 60/12 and 90/24 lipid/EFA level (r = 0.9271),
whereas the correlation was found to be low (r = 0.3356) between
Diet-60/12 and Diet-30/6 (Fig. 2).
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Table 4
Effect of dietary lipid/EFA level on growth performance of Litopenaeus vannamei
reared at different saline water.

Treatments Growth performance

WG (%)'  SGR? DGC® Survival (%) CF*
Salinity
2%o0 119.08°  1.74° 1.23° 46.66° 0.74%
25%o 135.65°  1.90° 1.38° 84.44° 0.74
50%o 105.09°  1.58° 1.10° 40.55¢ 0.63°
Lipid/EFA level
30/6 106.05°  1.59° 1.11° 42.77° 0.68°
60/12 125.31*°  1.80° 1.28° 60.00" 0.77°
90/24 128.45%  1.83% 1.31° 68.88° 0.66°
Interactions
2 x 30/6 104.97°  1.59° 1.11¢ 31.66° 0.70°
2 x 60/12 119.89¢  1.75¢ 1.23¢ 48.33% 0.81%
2 x 90/24 132.37° 1.87° 1.34° 60.00% 0.727
25 x 30/6 129.44>  1.84" 1.33° 75.00° 0.71%
25 x 60/12 145.98°  2.00% 1.47° 86.66" 0.82°
25 x 90/24 131.52°  1.86° 1.33° 91.66% 0.70%
50 x 30/6 83.75 1.35 0.89° 21.667 0.63°
50 X 60/12 110.06°  1.64° 1.15¢ 45.00° 0.69°
50 x 90/24 121.46%  1.76% 1.25° 55.00% 0.58?
P-value
Salinity (A) <0.001 <0.001 <0.001 < 0.001 < 0.001
Lipid/EFA level (B) < 0.001 <0.001 <0.001 < 0.001 < 0.001
AxB <0.001 <0.001 <0.001 0.101 0.096
Pooled SEM (+) 12.517 0.001 0.001 14.835 0.001

Mean bearing same superscript in a column within main effects and interactions
between the categories do not differ significant (P > 0.05).
1 Weight gain.
Specific growth rate.
Daily growth coefficient.

2
3
4 Condition factor.

150.0 25%o vs 2%o
y = 2E-15%2 + 1x - 2E-11
= 1.0000
130.0 =]

v

25%0 Vs 50%o
o ¥ =-0.0317x2 + 8.8991x - 501.09

Weight gain (%) at 2 and 50%o
=
=

90.0 .
r=0.9696
B
70.0
100.0 110.0 120.0 130.0 140.0

Weight gain (%) at 25%o

Fig. 1. Regression analysis on weight gain (%) of Litopenaeus vannamei reared at
25%o with 2%o and 50%o.

3.3. Hemolymph indices

Salinity had no effect on hemolymph total protein, whereas its level
significantly (P < 0.05) increased with an increase in dietary lipid/
EFA level (Table 5). A diet containing 60/12 lipid/EFA showed a higher
(P < 0.05) total protein content in shrimp reared at 25%o (9.34 g/dl),
whereas high lipid diet (Diet-90/24) had significantly (P < 0.05)
higher values in shrimp reared at hypo (2%o) and hyper (50%o) saline
conditions. Both triglycerides and cholesterol significantly (P < 0.05)
decreased with increase in salinity, whereas the reverse was true with
increase in dietary lipid/EFA level. However, the interaction effects of
salinity and lipid/EFA levels were non-significant.
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- 160.0 Diet - 60/12 vs 30/6
g y=-0.0153x2 + 4.1547x - 148.23
2 140.0 r=0.3356
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% 120.0 .
.2
a J e
31000 (e o e
S e '
= PO L4 . !
2 800 | e Diet 60/12 vs 90/24
o * y =-0.022x2 + 6.8602x - 403.27
g 60.0 r=09271
105.0 110.0 115.0 120.0 125.0

Weight gain (%) of Diet-60/12

Fig. 2. Regression analysis on weight gain (%) of Litopenaeus vannamei fed diet
containing 60/12 of lipid/essential fatty acid with those fed 30/6 and 90/24
diets.

Table 5
Effect of dietary lipid/EFA level on hemolymph indices of Litopenaeus vannamei
reared at different saline water.

Treatments Hemolymph indices
Total protein Triglycerides (mg/ Cholesterol (mg/
(g/dD) dn dn
Salinity
2%o 8.97% 64.51% 23.61%
25%o0 8.79° 52.71° 19.29°
50%o0 8.94% 48.94¢ 17.91¢
Lipid/EFA level
30/6 8.48° 48.87¢ 17.88°¢
60/12 8.84" 53.77° 19.68"
90/24 9.38% 63.52% 23.24%
Interactions
2 x 30/6 8.54¢ 56.17% 20.56%
2 X 60/12 8.49¢ 63.56" 23.26%
2 X 90/24 9.90% 73.81% 27.01*
25 x 30/6 8.46° 46.74* 17.10*
25 x 60/12 9.34° 51.067 18.69*
25 x 90/24 8.56¢ 60.34% 22.08%
50 x 30/6 8.43¢ 43.70* 15.99*
50 x 60/12 8.69° 46.70* 17.09%
50 x 90/24 9.69% 56.41% 20.64%
P-value
Salinity (A) 0.058 < 0.001 < 0.001
Lipid/EFA level (B) < 0.001 < 0.001 < 0.001
AxB < 0.001 0.269 0.269
SEM ( =) 0.015 2.466 0.330

Mean bearing same superscript in a column within main effects and interactions
between the categories do not differ significant (P > 0.05).

3.4. Body composition

Both salinity and lipid/EFA levels significantly (P < 0.05) de-
creased body moisture content from 821.36-772.56 and
795.33-786.56 g/kg, respectively. The highest moisture content of
shrimp was found with 30/6 lipid/EFA diet at 2%o. Significantly higher
crude protein content was observed in shrimp at 25%o (161.58 g/kg)
compared to other salinities (128.34 and 152.38 g/kg at 2 and 55%o,
respectively). There was not much variation in crude protein due to
dietary change (144.58-148.92 g/kg). However, shrimp reared at 25%o
had a higher value of crude protein irrespective of the lipid/EFA levels.
Of all the treatments, shrimp fed with diets containing high lipid/EFA
(Diet-90/24) showed higher body lipid as well those reared at high
salinity (50%o) had higher ash content (Table 6). A clear trend was
noticed for body fatty acid composition in shrimp fed varied lipid/EFA
level (30/6, 60/12 and 90/24) at 2, 25 and 50%o. The fatty acid content
was significantly (P < 0.05) abundant in the groups fed with high lipid
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Table 6
Effect of dietary lipid level on carcass proximate composition of Litopenaeus
vannamei reared at different saline water (g/kg wet basis).

Treatments Carcass proximate composition

Moisture Crude protein Ether extract Total ash
Salinity
2%o0 821.36° 128.34¢ 6.43° 25.74°
25%0 778.23" 161.58% 5.66° 33.52°
50%o 772.56° 152.38" 6.08" 41.89*
Lipid/EFA level
30/6 795.33° 144.58° 5.66° 33.53%
60/12 790.26° 148.80° 6.04° 33.85°
90/24 786.56° 148.92° 6.48° 33.78%
Interactions
2 x 30/6 831.64° 120.99! 5.81% 25.740
2 x 60/12 823.21° 125.38" 6.64%" 27.53¢8
2 x 90/24 809.36° 138.668 6.85° 23.96'
25 x 30/6 782.144 157.12¢ 5.67°f 35.124
25 x 60/12 774.81¢ 167.13% 5.288 31.90°
25 x 90/24 777.88% 160.48° 6.054 33.56°
50 x 30/6 772.36° 155.63¢ 5.49% 39.73¢
50 x 60/12 772.86° 153.89° 6.19° 42.12°
50 x 90/24 772.65¢ 147.62f 6.54" 43.822
P-value
Salinity (A) < 0.001 < 0.001 <0.001 < 0.001
Lipid/EFA level (B) < 0.001 < 0.001 < 0.001 0.115
AxB < 0.001 < 0.001 < 0.001 < 0.001
SEM ( =) 4.156 0.254 0.017 0.058

Mean bearing same superscript in a column within main effects and interactions
between the categories do not differ significant (P > 0.05).

diet (Diet-90/24) followed by Diet-60/12 and Diet-30/6 irrespective of
the water salinity. Similarly, shrimp at 25%o had a higher fatty acid
composition than those reared at hyper (50%o) and hypo (2%o) salinity
irrespective of the dietary lipid/EFA level (Table 7). Of all the analysed
body minerals, salinity had a major influence on sodium content (1.68,
2.58 and 8.66 g/kg in shrimp reared at 2, 25 and 50%o, respectively).
Calcium, phosphorus and potassium were found to be high in shrimp at
25%o0 and shrimp reared at 50%o0 had a higher value for magnesium
compared to the rest of the treatments. However, dietary lipid/EFA
levels did not significantly influence the body minerals (Table 8).

4. Discussion

In this study, L. vannamei reared at 25%o showed better growth
compared to other salinities (2 and 50%o). This is in agreement with the
findings of Walker et al. (2009) and Xu et al. (2018) in L. vannamei, who
reported that shrimp reared at high salinity (28 and 25%o, respectively)
had a higher growth rate than those at lower salinities (2 and 3%o). Diaz
et al. (2001) reported that water salinity should be near the isosmotic
point of 25-26.7%o (712-764 mM/kg) for better growth because less
energy would be expended for osmoregulation. L. vannamei had hypo
osmolality, when it was exposed to an environmental condition contain
high isosmotic point and the reverse was true for low isosmotic point.
Shrimp fed diets with 60/12 and 90/24 lipid/EFA showed significantly
higher WG (125.31 and 128.45%, respectively) than those fed a low
lipid/EFA diet (Diet-30/6) regardless of the rearing salinity. Shrimp fed
diet with high content of lipid/EFA would be beneficial in enhancing
the growth rate as reflected by the increased WG from 104.97% (30/6
lipid/EFA) to 132.37% (90/24% lipid/EFA) at 2%o and as well from
83.75% to 121.46% at 50%o. However, shrimp fed diet with high lipid/
EFA (Diet-90/24) had significantly lower growth compared to a Diet-
60/12 (145.98-131.52%) at 25%o. The result is in consonance with the
findings of Xu et al. (2018). Xu et al. (2018) stated that the excessive
dietary lipid causes a metabolic burden in the cultured species, since
lipid is an important cellular component and more susceptible to the
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Table 7
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Effect of dietary lipid level on carcass major fatty acid composition of Litopenaeus vannamei reared at different saline water (mg/kg wet basis).

Treatments Carcass fatty acids

C16:0 C18:0 C16:1 c18:1c C18:1t C18:2 C18:3 C20:4 C20:5 C22:6
Salinity
2%o0 687.74° 541.28° 62.12¢ 238.64¢ 202.20° 395.90° 58.89° 218.73¢ 385.67¢ 231.23¢
25%o 1041.96% 755.75° 91.72° 381.57° 344.06° 713.89° 77.73% 293.40° 523.05° 369.78°
50%o 982.82° 649.48° 81.00° 312.69° 322.54° 564.06" 74.71° 262.51° 441.34° 338.23°
Lipid/EFA level
30/6 786.31¢ 566.60° 65.32¢ 278.30° 249.04¢ 509.88° 63.20° 235.42¢ 401.08° 277.26°
60/12 910.80° 609.70° 78.07° 298.08" 282.64° 553.12° 68.67° 243.90° 433.60° 306.79°
90/24 1015.40° 770.21° 91.44° 356.51° 337.12° 610.84° 79.46° 295.31° 515.37° 355.20°
Interactions
2 x 30/6 575.40% 446.35¢ 53.07° 204.40" 173.18f 309.55" 47.93" 202.458 348.128 195.511
2 X 60/12 738.89° 515.71¢ 60.24° 239.748 207.68° 451.57¢ 62.12% 200.478 341.528 243.28"
2 x 90/24 748.94° 661.80¢ 73.054 271.80° 225.744 426.608 66.64° 253.28° 467.37¢ 254.928
25 x 30/6 979.24¢ 735.27¢ 79.92¢4 371.00° 319.23° 758.13% 82.79° 289.22° 489.70° 369.52¢
25 x 60/12 1010.06¢ 724.60° 85.81 354.58¢ 321.55° 663.364 73.28% 276.95¢ 516.46" 359.34¢
25 x 90/24 1136.58" 807.38" 109.40* 419.13* 391.41* 720.18° 77.12¢ 314.03" 562.99% 380.50°
50 x 30/6 804.31° 518.20° 62.99° 259.52f 254.72¢ 461.98° 58.908 214.61° 365.44" 266.75°
50 x 60/12 983.47¢ 588.79° 88.17° 299.93¢ 318.69° 544.45° 70.624 254.29° 442.84° 317.76°
50 x 90/24 1160.68° 841.47* 91.84° 378.62° 394.23* 685.76° 94,632 318.64% 515.75" 430.19%
P-value
Salinity (A) < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001
Lipid/EFA level (B) < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001
AXB < 0.001 < 0.001 0.002 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001
SEM ( +) 22.318 25.277 10.148 24.318 8.021 68.864 5.052 1.281 20.318 12.712

Mean bearing same superscript in a column within main effects and interactions between the categories do not differ significant (P > 0.05).

damage by free radicals, which causes the failure of the anti-oxidant
system. This would probably be a possible reason for obtaining a lower
growth in shrimp reared with high lipid diet as observed in the present
study. In contrast, at both hypo- and hyper-osmotic conditions, an in-
creased dietary lipid/EFA content improved the growth of the shrimp.

In the present investigation, an increased lipid/EFA level of 90/
24 g/kg has shown an improvement in the growth of shrimp at both
hypo (2%o0) and hyper salinity (50%o0) compared to an optimal salinity
of 25%o. This confirmed that the excess lipid provides energy to fulfil

Table 8

the energy demand at both hypo and hyper osmotic stress conditions. In
earlier studies, it was documented that the supplementation of EFA
enhanced the tolerance of shrimp post larvae (Rees et al., 1994) and
juveniles (Chim et al., 2001) when they were suddenly exposed to
hypo-osmotic conditions. Both salinity and dietary lipid/EFA had a
significant effect on survival and was in the range of 31.66-91.66%.
The correlation coefficient for WG among the salinities tested in our
study showed almost similar values, whereas wide variations were
found in growth between the experimental diets containing different

Effect of dietary lipid level on carcass macro-mineral composition of Litopenaeus vannamei reared at different saline water (g/kg wet basis).

Treatments Carcass macro-minerals

Calcium Magnesium Phosphorus Potassium Sodium
Salinity
2%o 6.88° 0.26° 2.26° 2.06" 1.68°
25%o0 7.51% 0.60° 2.442 2.742 2.58°
50%o0 5.24° 0.65" 2.36° 1.77¢ 8.667
Lipid/EFA level
30/6 6.28° 0.527 2.31° 2.08° 4.24¢
60/12 6.58" 0.51° 2.33° 2.21° 4.40°
90/24 6.78% 0.48¢ 2.43% 2.28% 4.29°
Interactions
2 % 30/6 5.61° 0.238 1.99¢ 1.65° 1.218
2 x 60/12 6.97¢ 0.25f 2.22¢ 2.20° 1.90°
2 x 90/24 8.05° 0.30° 2.58° 2.33° 1.94F
25 x 30/6 8.03° 0.65° 2.56° 2.74° 2.75°
25 x 60/12 6.97¢ 0.57¢ 2.38° 2.742 2.534
25 x 90/24 7.53° 0.57¢ 2.37° 2.73% 2.47¢
50 x 30/6 5.19° 0.68° 2.38° 1.86¢ 8.75°
50 x 60/12 5.804 0.70? 2.37° 1.68" 8.78°
50 x 90/24 4.758 0.56¢ 2.33% 1.77¢ 8.47°
P-value
Salinity (A) <0.001 < 0.001 < 0.001 < 0.001 < 0.001
Lipid/EFA level (B) < 0.001 < 0.001 0.004 < 0.001 < 0.001
AxB < 0.001 < 0.001 < 0.001 < 0.001 < 0.001
SEM ( * ) 0.006 0.001 0.003 0.001 0.001

Mean bearing same superscript in a column within main effects and interactions between the categories do not differ significant (P > 0.05).
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lipid/EFA level. Survival across salinities showed a significant variation
and was relatively high in shrimp at 25%o (84.44%) compared to 2%o
(46.66%) and 50%o (40.55%). This clearly indicates that L. vannamei
has indeed, a limited capability to tolerate the extreme hypo and hyper
saline conditions.

The level of hemolymph triglycerides, cholesterol and total protein
significantly increased with an increase in dietary lipid/EFA levels,
whereas the increase of salinity significantly decreased triglycerides
and cholesterol, but did not affect total protein. Decreased body
moisture content with increased salinity is consistent with our earlier
findings (Jannathulla et al., 2017), where L. vannamei was exposed to
3-60%o. Sang and Fotedar (2004) documented that shrimp catabolise
energy sources from their body to fulfil the energy demand during stress
conditions. This would be a reason for obtaining higher crude protein
content at 25%o (161.58 g/kg) compared to 2 and 50%o (128.34 and
152.38 g/kg, respectively). Contrary to the above hypothesis, shrimp
reared at 25%o had a lower level of ether extract (5.66 g/kg) than other
treatments (6.08-6.43 g/kg). A similar higher deposition of lipid has
been reported earlier in euryhaline crab, Chasmagnathus granulata
(Luvizotto-Santos et al., 2003) due to salinity stress. The difference in
protein and lipid was not so pronounced among the treatments, but the
evident difference was noticed in the total ash content at hyper osmotic
condition (50%o) regardless of dietary lipid/EFA levels. Its level sig-
nificantly increased from 25.74 to 41.89 g/kg with increasing salinity.

The fatty acids like C16:0, C18:0, C18:1, C18:2, C18:3, C20:5 and
C22:6 were the major ones in experimental diets (Table 2) and were
well reflected in the shrimp body. This result is in agreement with
earlier findings in Indian white shrimp, Fenneropenaeus indicus (Colvin,
1976) and P. monodon (Deering et al., 1997). Romano et al. (2014)
reported an increasing trend of n-3 LC-PUFA in Scylla serrata with a
decrease in salinity. However, in our study, the shrimp reared at 25%o
have shown a higher deposition of fatty acids regardless of dietary
lipid/EFA levels compared to 2 and 50%o. The results of the present
investigation appear to support for supplementing n-3 LC-PUFA to en-
hance the osmoregulatory abilities of the aquatic species, as already
described in P. monodon (Rees et al., 1994) and L. vannamei (Hurtado
et al., 2006). The fatty acid content in the body significantly increased
with increasing dietary lipid/EFA levels in all three salinities (2, 25 and
50%o). However, the utilization of fatty acids differed in shrimp reared
at both the stress conditions (2 and 50%o). The body fatty acid profiles
being lower in shrimp at 2%o than in those reared at 50%o, indicating
that fatty acids could be effectively utilized by shrimp reared at hypo-
osmotic stress than hyper-osmotic stress. This could probably be a
reason for better growth and survival at 2%o compared to 50%o
(Table 4). The changes in fatty acid content of aquatic species can alter
the osmoregulation process by modulating permeability of water and
ions and the activity of an enzyme, Na*/K* ATPase (Turner et al.,
2003). This is in agreement with the findings of Morris et al. (1982),
who reported the effect of permeability of water in an amphipod ex-
posed to diluted sea water by using the changes in the fatty acid
composition of gills. Palacios et al. (2004) has observed the fatty acid
change in L. vannamei reared at 10%o compared to 30%o with PUFA-
enriched diet, but not on Na®/K* ATPase activity. In our study, n-3
PUFAs, in particular C20:5 and C22:6 were positively correlated with
dietary lipid/EFA level while, the deposition of fatty acids varied ac-
cording to the rearing salinity. This result suggests that though dietary
lipid/EFA influences the body fatty acid composition, preferential uti-
lization differs according to the salinity.

It was observed that both salinity and dietary lipid/EFA levels sig-
nificantly affected the minerals in shrimp. The level of body calcium
increased from 6.88 to 7.51 g/kg (wet basis) with the increase of sali-
nity from 2 to 25%o regardless of dietary lipid/EFA level and was sig-
nificantly reduced to 5.24 g/kg at hyper saline condition (50%o).
Stevenson (1985) reported that crustaceans store calcium in the body as
well in hemolymph when cultured in freshwater for cuticular calcifi-
cation, whereas marine penaeids may not need to store calcium, as it is
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readily available in the environment. This could be a possible reason for
obtaining lower deposition of calcium in the shrimp body at 50%o in our
study. The levels of magnesium, potassium and phosphorus increased
significantly with an increase in salinity and decreased with the in-
crease in dietary lipid/EFA level. The increase of sodium was more
pronounced with increasing water salinity compared to other elements
in experimental water (Table 3) and the same was reflected in the
shrimp body (Table 8). It is reported in earlier studies (Jannathulla
et al., 2017) that L. vannamei had a better homeostasis process and
tissue mineralization for sodium at low salinity compared to high saline
conditions, which could be a possible reason for the deposition of
higher sodium content in shrimp at 50%o.

5. Conclusion

It could be concluded that a combination of 25%o salinity and 60/
12 g/kg of dietary lipid/EFA would be ideal for obtaining a higher
growth performance in L. vannamei. The salinity stress could be ame-
liorated to a certain extent by increasing the level of lipid/EFA in the
diet, however, a better tolerance was observed in shrimp reared at 2%o
(hypo) compared to 50%o (hyper) salinity.
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