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ABSTRACT The increase in shrimp culture causes problems with the quality of seawater which is a source of water for
whiteleg shrimp culture it self. The use of artificial brackish water as a culture medium is an effort to increase the availability
of water sources for whiteleg shrimp culture. This study aims to (1) determine the optimum stocking density of whiteleg
shrimp culture using artificial brackish water salinity based on carrying capacity, (2) determine mineral content (Mg,
Ca, Na and K) in artificial brackish water, (3) study the effect of salinity on the growth and blood glucose concentration
of whiteleg shrimp cultivated in artificial brackish water, (4) examine the effect of salinity on hemolymph osmolarity
of whiteleg shrimp cultivated in artificial brackish water. This study used an experimental method consisting of two
stages. Each stage was arranged using a completely randomized design (CRD). Obtained stocking densities of SD-50%
(20 shrimps/50L), SD (40 shrimps/50L) and SD+50% (60 shrimps/50L). The best growth and performance were obtained
in the treatment of 20 individuals, namely survival (SR) 87%, specific growth rate (SGR) 3.26%/day and hemolymph
glucose concentration of 30.73 mg/dl. In the next stage of the research, the salinity treatments tested were seawater, 10
ppt, 15 ppt, 20 ppt and 25 ppt. The best shrimp performance was obtained in treatment 20 shrimps/50 L, namely survival
rate 70.00%, specific growth rate (SGR) 1.55%/day, feed conversion ratio (FCR) 1.72, glucose haemolymp 73.44 mg/dl

The optimal osmotic work level (OWL) value is obtained at a salinity of 15-20 ppt.
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INTRODUCTION

White leg shrimp (Litopenaeus vannamei) has several advan-
tages, namely, they can be reared with a wide range of
salinity (0.5-45 ppt), and can live in the water column, so
the stocking density is higher than tiger prawns (Penaeus
monodon). The presence of whiteleg shrimp in Indonesia
can replace the existence of tiger shrimp (P. monodon)
which has decreased in production because it is more sus-
ceptibletodisease (Fadillah etal.,2019).

During the January-April 2019 period, white leg shrimp
production was 33,500 tons or USD 258.5 million, lower
than in 2018 in the same period, namely 36,200 tons or
USD 337.5 million (BPS, 2019). These results decreased
by 700 tons and in terms of value decreased by 90 million
USD. Based on these data, it is necessary to intensify cul-
ture to continue to increase the production of whiteleg
shrimp farming.

Whiteleg shrimp culture in Indonesia is mostly carried out
in ponds, whereas in areas far from seawater sources it
is still rarely practiced. Shrimp culture in the interior can
be done by moving seawater from the coast to the inland
areas (Roy et al., 2010). However, removing seawater on
a large scale can increase production costs. To deal with
this problem, it is necessary to engineer artificial brackish
water as a culture medium, so that it is no longer depen-
dent on seawater (Bull et al., 2020). Efforts to engineer
artificial brackish water for shrimp farming in the inland
areas can be carried out by adding unrefined salt. Un-

refined salt is the result of crystallization from the drying
process, so it has a constituent component that resembles
seawater.

The use of artificial brackish water is an innovation in white-
leg shrimp culture, so it is necessary to study several
aspects that affect growth and physiological performance.
The main aspect that needs to be tested is the oxygen
content. It is feared that the salinity of artificial brackish
water can affect oxygen solubility. Even though the oxygen
content in water is the basis for calculating the ability of
the water environment to support the shrimp being reared
or carrying capacity (Losordo & Westersmo, 1994). How-
ever, the determination of stocking density for whiteleg
shrimp culture using artificial brackish water has never
been done so far. So it is necessary to study the deter-
mination of the best stocking density of whiteleg shrimp
cultivated using artificial brackish water based on the
container’s carrying capacity which is calculated using the
level of oxygen consumption of whiteleg shrimp.

Another factor affecting growth is the salinity of the water.
Anggoro & Nakamura (2005) said whiteleg shrimp had a
direct effect on salt levels which worked through an osmotic
effect on osmoregulation and absorption of food. The higher
the salinity, the greater the osmotic pressure the higher
(Mc Connaughey & Zottoli, 1983). This opinion is based
on the results of research on seawater, while research on
osmoregulation and stress response of whiteleg shrimp
cultivated using artificial brackish water has never been
done.
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Based on the description above, it is necessary to study
the effect of salinity and mineral content of artificial brackish
water on the growth and physiological performance of white-
leg shrimp.

MATERIALS AND METHODS

Shrimp

The research was carried out using an experimental method,
which consisted of two phases. The first research deter-
mined the best stocking density (SD), which was then used
in the second research to determine the effect of artificial
brackish water salinity on the growth and physiology of
whiteleg shrimp. The first experiment consisted of 3 treat-
ments, namely: best stocking density (SD), SD-50%SD and
SD+50%SD in five replicates. Shrimp stocking density is
determined based on carrying capacity calculations. Shrimps
(1.77 g) were obtained from a previous research and cul-
tured in container with water volume of 50 I. The second
research consisted of five salinity treatments: 10, 15, 20,
25 ppt and sea water salinity (35 ppt) as control in three
replicates each. Shrimps were cultured for 60 days in
tanks aerated using a blower. The feeds were given 5% of
biomass/day (five times aday).

Stocking density

Initial research was treatment of stocking densitiy. To deter-
mine stocking density was carried out with oxygen con-
sumption of shrimp. The calculation is continued to deter-
mine carrying capacity. Carrying capacity was calculated on
Elliotts (1969).

(DO_-DO,, )xV

CC=
oC

CC = Carryingcapacity (kg)
DO, = Averageavailable dissolved oxygen content(mg/L)
DO,,, = Minimum dissolved oxygen content for shrimp

culture (mg/L)
Vv = Volume of water (L)
OC = Oxygenconsumption(mg0,/g/hour)

Treatment of stocking density were designed with SD cal-
culation of carrying capacity, SD-50% was population of
carrying capacity with diminished half of populations and
SD+50% was carrying capacity with add half of populations.
The calculate of SD:40 shrimps/50L, SD-50%: 20 shrimps/
50L, SD+50%: 60 shrimps/50L.

Salinity

After the shrimp were stocked, salinity measurements were
taken to determine the initial salinity before adjusting the
salinity to the treatment. Artificial brackish water as a
medium for cultivating whiteleg shrimp was made by
dissolving refined salt in fresh water from a well: for every
1 ppt water salinity requires 1.26 g of refined salt salt in 1
liter of fresh water. The process of adding and decreasing
the salinity level in the treatment was carried out in stages,
namely by

axS1
S2 =

n+a

increasing/decreasing the salinity level by 2 ppt/day. This
was done to avoid stress levels that can cause shrimp
death. Making salinity based on the equation from Anggoro
(1992).
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Observation parameters

Oxygen consumption

Calculation of oxygen consumption using a respirometer.
Shrimp samples were taken randomly from 20 different
size groups.

Oxygen consumption was calculated on Liao & Huang’s
(1975):
Vx(DO,, - Do,)

oC=
WxT
OC = Oxygenconsumption(mg0,/g/hour)
\ = Volume of waterinthe container (L)

DO, = Concentration of dissolved oxygen at the initial obser-

vation (mg/L)

DO,, = Concentration of dissolved oxygen at the end obser-
vation (mg/L)

W  =Weightoftestanimal(g)

T =0bservation period (hours)

Hemolymph glucose level

Hemolymph glucose was measured using the Gluco Test
(Gluco Dr). Hemolymph in the microtube was taken with
capillary and dropped on glucose strip. The result of glucose
concentration was read digitally.

Osmoregulations

Osmoregulation was measured using the osmolarity of hemo-
lymp and osmolarity of water. Measurements of hemolymph
osmolarity and medium osmolarity were carried out on the
7th day of treatment and the 21st day of the second phase
oftheresearch.

The technique of measuring the osmotic of the medium
and the hemolymph of shrimp followed the method that
used by Anggoro et al. (2018) with the help of the Auto-
matic Micro-osmometer Roebling.

Osmotic working level mOsm/L H,0 = osmolarity of water -
osmolarity of hemolymph

Shrimp Growth

Measurement of weight and length were carried out at the
initial, middle and end of research by taking 30% shrimp
samples in each treatment container. The number of live
shrimps was counted at the end of research to calculate of
survivalrate.

SGR  =100(LnW2-LnW1)/t
FCR =totalfeed (kg)/ increase in shrimp biomass (kg)
SR =(Nt/No)x100%

Statistical analysis

All data were analyzed by ANOVA (Analysis of Variance) at
the significance level of 0.05. A Duncan’s Multple Range
Test (DMRT) was used to examine significant differences
among treatments using SPSS IBM 20 software. A res-
ponse between treatment and result curve was used of
orthogonal polynomials which are obtained from Microsoft
Excel 2019. Before the analysis, all data were analyzed on
the normality and homogeneity test.

RESULTS AND DISCUSSION
Research phase 1

Dissolved oxygen and oxygen consumption
The results of observations of dissolved oxygen content
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Figure 1. Graph of dissolve oxygen content and its average availbility for 24 hours after aeration turned on.
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when aeration is turned on for 24 hours are shown in Figure
1. Observations were made for 24 hours with an interval of
6 hours. The results of observations at 00.00 - 18.00 WIB
were 4.34, 4.77, 6.28, and 5.82 mg/L. The measurement
results indicate that the average dissolved oxygen (0,)
available inthe treatment mediumis 5.3 mg/L.

Shrimp weighing 5.8 g/shrimp is the target harvest for
research phase 1. The reference for determining the target
weight for shrimp is 5.8 g based on Widodo et al. (2011).
Setting a target of 5.8 g to prove the difference in oxygen
consumption of shrimp in seawater and artificial brackish
water. The results of the measurement of oxygen con-
sumption are presented in Figure 2. These data show an
increase in oxygen consumption with increasing shrimp
body weight. The estimated oxygen consumption of 5.8 g
shrimp was obtained at 0.49 mg0,/kg/h. This estimate
becomes a reference for calculating the carrying capacity
and stocking density.

Carrying capacity (CC) and stocking density (SD)

Calculation of carrying capacity (CC) is carried out to deter-
mine the maximum limit of the number of shrimps that
can be accommodated in the treatment tub based on the
availability of dissolved oxygen available. Oxygen consumption
(OC)used in CCcalculationsis presented on Table 1.
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Figure 2. The relationship between average shrimp body weight and oxygen consumption.
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Table 1. Carrying capacity (CC) calculation.

Carrying capacity (CC)
(DOo - Dotn) x V
CC= _—
oC
(5,3-3)x50
CC= —_—
0,49
23,5x50
CC = —_—
0,49
115
CC= —_—
0,49
CC= 23469¢g

The CC calculation results in Table 1 are 234.69 g. Calcu-
lation of stocking density based on the equation below:

Stockingdensity =CC/shrimptargetsize
=234.69g/5.8¢
= 40.46 shrimps or 40 shrimps (rounding)

Shrimp performance
The survival rate of white leg shrimp after 28 days of treat-
ment is shown in Table 2. The data shows the highest sur-
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Table 2. Survival rate, specific growth rate and glucose hemolymph of white leg shrimp with different densities.

Density Survivalrate Spesificgrowthrate  Glucose hemolymp
(shrimps/50L) (%) (%/day) (mg/dl)

20 87%+8.36° 3.26+0.76° 30.73+5.28°

40 63.5%+15.16° 3.23+0.32° 55.67+19.53°

60 52.32%+13.41° 3.18+0.63° 82.73+15.81°

Notes: average value followed by different letter superscript indicate significant different.

vival rate of white leg shrimp in the 20 shrimps/50L treat-
ment, which is 87%+8.36°. Survival rate in 60 shrimps/50L
treatment showed the lowest result at 52.32%+13.41°,
followed by 40 shrimps/50L treatment at 63.5%+15.16".
Statistical results for survival rate data show that there is a
significant effect (P<0.05) between stocking density in the
survival rate and glucose haemolymp of white leg shrimp.
DMRT showed that the results between the 60 shrimps/
50L and 40 shrimps/50L treatments did not show a signi-
ficantly different effect, but the 20 shrimps/50L treatment
gave a significantly different effect. The best treatment was
shown in the 20 shrimps/50L treatment with an average
of 87%+8.36°.

The average specific growth rate (SGR) of whiteleg shrimp
ranges from 3.18-3.26%/day (Table 2). The highest SGR
was shown in the treatment with a stocking density of 20
shrimps/50L with an average SGR of 3.26%/day. The
lowest SGR was shown in the treatment with a stocking
density of 60 shrimps/50L with average 3.18%/day. Based
on the results of the ANOVA test, it was shown that each
treatment had no significantly different (P>0.05) effect on
the SGR of whiteleg shrimp.

Observation of hemolymph in the first stage of the expe-
riment proved that stocking density influenced the stress
level of white leg shrimp. The lowest concentration is
obtained in the 20 shrimps/50L treatment, which is 30.67+
5.28¢c mg/dl, increases with the treatment of the number
of spreads. The highest concentration of hemolymph was
found in the 60 shrimps/50L treatment (Table 2). The results
of statistical tests for hemolymph glucose data showed a
significant effect (P > 0.05) between stocking density and
hemolymph glucose concentration of white leg shrimp.
Based on DRM, glucose hemolymp results show the results
that the three treatments have a significantly different
effect. The best treatment is shown in the 20 shrimps/50L
treatmentwith an average of 30.73 mg/dI+5.28.

Water quality

The results of dissolved oxygen observations in 20 shrimps/
50L treatment are known to be dissolved initially at 5.01
mg/| decreases to 3.68 mg/| (Table 3). Based on the results
of the measurement of dissolved oxygen, it was decided
that the treatment of 20 shrimps/50L became the stocking
density used in the next trial. Selection of the stocking
density of 20 shrimps/50L to be used in the next trial,
namely paying attention to the availability of oxygen for
the treatment process in the 2nd trial. Water quality mea-
sured during the experiment was suitable for the growth of
white shrimp as suggested by Boyd & Tucker (1992).

Research Phase 2

Shrimp performance

The survival rate of whiteleg shrimp after 30 days of treat-
ment is shown in Table 4. Table 4 shows that the highest
survival rate was in the seawater treatment, namely
86.67% *+ 2.89%, and the lowest survival rate was in 10 ppt
salinity of 58.33% + 7.63". The results of ANOVA is signifi-
cant effect on whiteleg shrimp survival (P<0.05). However,
DMRT results showed that seawater and 20 ppt did not
show a significant difference. The results were not signifi-
cantly different among 10, 15, and 25 ppt treatments. The
best treatment was shown in seawater with an average of
86.67% + 2.89° followed by 20 ppt treatment of 70.00% +
5.00%.

Specific Growth Rate (SGR) (Table 4) shows that the highest
value is in seawater, which is 2.06 + 00a %/day, while in the
artificial brackish water salinity treatment it is aimed at a
salinity of 20 ppt with an average 1.55 + 001b %/day. The
lowest SGR value was obtained at 10 ppt salinity, namely
1.31 £ 001d %/day, that the highest value is in seawater,
whichis 2.06 + 00a %/day.

The FCR value in each treatment can be said to be high, this
is caused by slow growth and high mortality rates in whiteleg

Table 3. The quality of water in different stocking density treatment.

Density (shrimps/50L)
Test Parameters 1stday 15" day 30" day

20 40 60 20 40 60 20 40 60
Temperature (°C) 25.9 25.9 26.1 288 282 28.1 29.8 29.7 29.7
Salinity (ppt) 20 20 20 17 18 18 16 18 18
pH 72 74 74 6.9 6.3 6.7 6.2 6.1 6.5
0, dissolved (mg/L) 5.01 4.89 481 432 412 3.87 3.68 3.29 3.12
Alkalinity (mg/L) 63.9 703 703 - - - 149.9 124.9 187.3
Nitrate (mg/L) 11388 1111 11257 - - - 163.82 158.52 174.7
CO,(mg/L) 975 84.2 975 - - - 479 479 39
Ammonia (mg/L) 0.138 0141  1.143 - - - 0.101 0.161 0.216
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Table 4. Whiteleg shrimp performance with different salinity.

Salinity (ppt) Survival rate (%) Spesific growth Rate (%/day) Feed convertionratio
35 86.67+2.89° 2,06+000° 1.32+0.12°

10 58.33+7.63° 1,31+001¢ 2.01+0.172

15 66.67+17.56° 1,49+004% 1.95+0.27%

20 70.00+5.00a° 1,55+001° 1.72+0.15°

25 61.6+7.63° 1,43+002° 2.00+0.21%

shrimp. The highest FCR value was found in the 10 ppt
treatment, namely 2.01 + 0.172 and the lowest in seawater,
namely 1.32 * 0.12° meaning that the best FCR was in
seawater (35 ppt)

White leg shrimp glucose concentration

The whiteleg shrimp hemolymph glucose concentration is
shown in Figure 3. The hemolymph glucose level after 30
day of treatment has increased and after a stress test using
5 ppt salinity for 3 hours. Hemolymph glucose levels on
day 1 of treatment were within the range of 37.78 + 2.16° -
65.78 + 3.65% mg/dl. Day 15 of treatment, hemolymph
glucose was in the range of 54.22 + 7.68° - 81.89 + 4.142
mg/dl. Hemolymph glucose levels increased after the stress
test, which ranged from 100.67 + 1.22 - 105.88 + 2.5 mg/
dl.Hemolymph glucose values in all treatments increased
afterthe stresstest.

The results of the ANOVA test showed no significant effect
(P>0.05) of salt water salinity treatment on hemolymph
glucose concentrations on day 1, but DMRT tests showed
significantly different effects on seawater, 10 and 25 ppt.
On the 15th day of treatment, seawater was significantly
different (P<0.05) at 10 to 25 ppt salinity, but at 10 to 25
ppt salinity there was no significant difference in whiteleg
shrimp hemolymph glucose concentrations. The stress test
using 5 ppt salinity on whiteleg shrimp showed an increase
in hemolymph concentration and there was no significant
difference in each treatment.

White leg shrimp osmolarity

Observations of hemolymph and water osmolarity on day
1, day 15 and stress test are presented in Figure 4. hemo-
lymph osmolarity measurements on day 1 were 478+1.73¢
- 549+1.00° (mOsm/1 H,0) and water osmolarity ranged
from 293+1.00° - 1026+0.00* (mOsm/I H,0). Based on the

results of these measurements, there was a significant
difference in the osmolarity value of hemolymph on day 1
at 10.15 and 25 ppt salinity (P<0.05), but in seawater and
20 ppt there was no significant difference. The osmolarity
of the water in each artificial brackish water salinity variable
onday 1 was significantly different (P<0.05).

After the 15th day of treatment, the osmolarity value of
whiteleg shrimp hemolymph reared at various artificial
brackish water salinity levels ranged from 483 + 1.00¢ -
550 + 0.00% (mOsmy/I H,0) and the water osmolarity ranged
from 294+1.00° - 1026+0.00% (mOsm/I H,0). The results
of statistical analysis showed that the osmolarity value of
whiteleg shrimp hemolymph in seawater and 15 ppt water
salinity did not show a significant difference (P>0.05), while
the water osmolarity showed significantly different results
(P<0.05) in each artificial brackish water salinity levels.
On the 30th day of treatment a stress test was performed
using a salinity of 5 ppt. The results of the hemolymph
osmolarity of white leg shrimp showed that treatments
seawater, 10, and 25 ppt did not show a significantly diffe-
rent effect (P>0.05), but the treatments with 20 and 15 ppt
had a significantly different effect (P<0.05). The osmolarity
value of the artificial brackish water with 5 ppt salinity
showed that the results were not significantly different
from both the control and treatment (P>0.05).

On the 30th day of treatment, a stress test was carried out
using 5 ppt of salinity. The results of the whiteleg shrimp
hemolymph osmolarity values during the stress test used a
5 ppt salinity, which ranged from 455 + 0.00° - 464 + 1.00°
(mOsm/I H,0). The measurement results showed that
the 15 and 20 ppt treatments were significantly different
effect (P<0.05) and the other treatments were not signi-
ficantly different (P>0.05). The results of the water osmo-
larity measurements were 146 + 0.00° - 147 + 0.00°
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Figure 3. The concentration of hemolymph glucose in white leg shrimp in different unrefined salt salinity treatment and after

stresstest with 5 pptsalinityfor 3 hours.
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Figure 4. Osmotic pressure on whiteleg shrimp in salinity of artificial brackish water.

(mOsm/I H,0) and showed no significantly different effect
(P>0.05) in each treatment. The results of measuring the
osmolarity of the water during the stress test did not show
a significant difference due to the same salinity value used.

The best artificial brackish water salinity was determined
based on the difference between the hemolymph osmo-
larity and the water osmolarity. This difference is the osmo-
tic load or osmotic work level (OWL) of the shrimp in the
process of osmoregulation. The OWL of whiteleg shrimp
in each treatment, namely sea water (525 mOsm/| H20)
equivalent to hypo-osmotic, 10 ppt (189 mOsm/I H,0)
equivalent to hyper-osmotic, 15 ppt (59 mOsm/I H,0)) iso
equivalent to hyper-osmotic, 20 ppt (81 mOsm/I H,0) iso
equivalent to hypo-osmotic, and 25 ppt (184 mOsm/I H,0)
iso equivalent to hypo-osmotic. The osmotic work level of
whiteleg shrimp during the stress test was carried out
using a 5 ppt salinity, namely 309 - 317 mOsm/I H,0 and
was hyper-osmotic. The results of OWL measurements for
each salinity treatment showed that the best salinity for

Table 5. Mineral content of Ca, Mg, Na, Kin each treatment.

whiteleg shrimp farming using artificial brackish water was
15-20 ppt close to iso-osmotic.

Mineral content

The measurement results show that the Ca and Mg
content in the artificial brackish water is lower than that in
seawater. The function of the Ca content is for the forma-
tion of whiteleg shrimp carapace, while Mg functions as a
growth modulatorin whiteleg shrimp.

Waterquality

Observation of water quality parameters during the 2"
study had a good level of water quality with adequate
water quality eligibility categories (Table 6). The results of
research that have been carried out on the parameters of
Temperature (°C), salinity (ppt), pH, dissolved oxygen (0,),
alkalinity (mg/L), nitrate (mg/L), CO, (mg/L), and ammonia
(mg/L). Table 6 shows the average temperature value of
28.5 °C, pH 6.80, salinity 10-35 ppt, dissolved O, 4.86
mg/L, alkalinity 63.4 mg/L, nitrate 71.4 mg/L, CO, 18.6
mg/L and ammonia 2.24 (mg/L). During the observation,

Salinity (ppt)

Parameter
35 10 15 20 25

Ca(mg/L) 408 172 156 176 212

Mg (mg/L) 1273.32 13851 187.11 230.85 272.16

Na(mg/L) 4054 4365 4990 6549 7017

K(mg/L) 69 71 106 122 186

Table 6. The quality of water in different salinity treatment.

Test Treatment
Parameter 1%t day 30" day
Temperature (°C) 27.1 275 27.2 27.3 27.2 27.8 28.2 284 27.9 285
Salinity (ppt) 35 10 15 20 25 35 10 15 20 25
pH 74 75 74 7.6 74 71 6.9 7.2 7.1 6.8
Dissolved Oxygen (mg/L) 3.98 4.06 3,92 411 3.94 3.01 321 3.19 3.10 3.18
Alkalinity (mg/L) 76,6 57,5 70,3 89,4 89,4 63,9 51,1 447 51,1 63,9
Nitrate (mg/L) 51,2 61,6 435 394 381 70,1 1164 101,7 1058 1255
CO,(mg/L) 124 13,3 71 89 89 17,7 17,7 21,2 30,1 443
Ammonia (mg/L) 0.005 0.001 0001 0.001 0.002 0100 0.0112 0.017 0.021 0.020
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the water quality parameter values were still within the
range suggested by Boyd & Tucker (1992).

The use of unrefined salt is a new innovation in shrimp
culture so it needs to be studied in several aspects that
affect the survival of shrimp. The main aspect studied is the
oxygen content in the water which is the basis for calcula-
ting the Carrying Capacity (CC). Observations showed that
the average dissolved O, content in the water culture was
5.3 mg/L (Figure 1). The result of shrimp oxygen consump-
tion is 0.49 mg02/kg/h and this value is stated to be suffi-
cient to maintain shrimp with a target harvest weight of
5.8 g/shrimp. The data also shows that the increase in oxy-
gen consumption is proportional to the increase in shrimp
weight (Figure 2). This statement is supported by Budiardi
et al. (2005) that the level of oxygen consumption of white
leg shrimp depends on the size of the shrimp. Ambeng et
al. (2006) also said that the low dissolved O, content will
affect the level of oxygen consumption and can reduce
production, this is because shrimp spend more energy to
survive thanto grow.

The calculation results show a positive correlation between
the availability of dissolved O, and Carrying capacity (CC).
The CC result was 234.69 g, then this value was divided by
the weight of the target size, which was 5.8 g/shrimp. The
calculation results showed that the optimal stocking den-
sity during the study was 40 shrimp. In this study, the
increase in carrying capacity can be proven in the perfor-
mance conditions of the survival rate of shrimp and the
stress response of shrimp. One of the studies by Stige-
brandt (2011), stated that the optimal stocking density can
be determined by measuring the carrying capacity. The
measured carrying capacity reviews the conditions that
are acceptable in the water quality standard and the
impact on the environment. Ariadi et al. (2022) stated that
the carrying capacity will affect the performance of shrimp
tobeableto grow well.

The performance of the shrimp tested in Phase 1 is the
survival rate (Table 2). From the calculation results, it is
known that the best treatment is shown in the 20 shrimps/
50L treatment, namely 87%+8.36°. The results of statis-
tical calculations also showed that there was a significant
effect (P>0.05) between stocking density and white leg
shrimp survival. So it is known that the higher the stocking
density, the lower the shrimp survival rate value. This is
because the increase in density affects the space for move-
ment, food needs, and environmental conditions. This
statement is supported by Lama et al. (2020) the lower
the stocking density, the higher the chance of shrimp sur-
vival due to the wide range of motion so there is no space
competition. Another study conducted by Novriadi et al.
(2020) also stated that the optimum density will provide
better bearing capacity.

The specific growth rate (SGR) (%/day) of whiteleg shrimp
at a stocking density of 60 shrimps/50L was lower than
that of the treatments with a stocking density of 20 and 40
shrimps/50L (Table 2). Based on the ANOVA test, it was
shown that stocking density did not have a significantly
different effect on growth. A higher stocking density causes
an increase in the intensity of treatment which has an
impact on increasing shrimp competition in getting space,
feed or oxygen which causes uneven growth and high mor-

tality rates (Rakhfid et al., 2017).

The stress response in this study was seen from changes
in glucose levels (Table 2). The lowest concentration was
found in the 20 shrimps/50L treatment, which was 30.67+
5.28°mg/dl, increasing with the number of stocking treat-
ments. From the test results, it is known that increasing
stocking density will increase glucose levels in the hemo-
lymph which indicates the condition that the shrimp is
under stress. Stress is a survival response in shrimp to
stressors. Glucose levels will increase when stressed due
to homeostatic processes or automatic mechanisms for
self-defense (Septiningsih et al., 2015). This statement is
in accordance with the research of Arifin et al. (2014) which
states that the energy needs to improve homeostasis during
stress are met by the processes of glycogenolysis and glu-
coneogenesis that produce glucose. Another study by Yus-
tiati et al. (2017) also stated that an increase in glucose
concentration was related to the mobilization of energy sto-
rage under stress conditions as a fuel source for anaerobic
metabolism resulting in the production and accumulation
of lactate.

During the observation of water quality parameters obser-
ved temperature, salinity, pH, dissolved O,, alkalinity, nitrate,
CO,, and ammonia (Table 3) were still within the range
suggested by Boyd & Tucker (1992). The concentration
of ammonia and nitrate obtained tends to increase with
the increasing stocking density used. The need for dissol-
ved O, increased in accordance with the increase in the
mass of shrimp, thus making the availability of dissolved
0, increasingly depleted in all treatments on the 30th day
oftreatment.

Based on the results of observations in the first phase of
the study after 28 day of culture, it was shown that the
remaining dissolved oxygen content in the 20 shrimps/50L
treatment had a higher concentration than the other treat-
ments, namely 3.68 mg/L. The survival rate in the 20
shrimps/50L treatment also showed the greatest value
and was significantly different compared to the other treat-
ments. There was no significant difference in the specific
growth rate of each treatment, but the glucose concen-
tration in the 20 shrimps/50L treatment was lower compa-
red to the other treatments. Based on these results it was
decided that a stocking density of 20 shrimps/50L was
used for the next phase of the trial.

Next trials focused more on the use of unrefined salt as
a substitute for seawater. Observations were made for 30
days with salinity concentrations of 10 ppt, 15 ppt, 20 ppt,and
25 ppt. Some of the parameters observed were spe-cific
growth rate (SGR), survival rate (SR), feed conversion ratio
(FCR), stress response as measured by glucose concen-
tration, whiteleg shrimp osmolarity, and mineral content.

In this study, the minerals observed were calcium (Ca),
magnesium (Mg), sodium (Na), and potassium (K) (Table 5).
It was found that the highest Ca and Mg content in the
seawater (control), which was 408 mg/L and 1273.32 mg/
L respectively, while in artifisifial brackish water, the Ca
and Mg value increased with increasing salinity treatment.
This result is in accordance with the research of Yunus
& Haris (2020), the main minerals composition in sea-
water salt mostly calcium (Ca) and magnesium (Mg). The
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main minerals are needed by crustaceans for the conti-
nuity of basal metabolism and growth. Meanwhile, in artifi-
cial brackish water, the mineral content is lower than sea-
water because in making un-refined salt from sea water,
many minerals are lost by evaporation Arwiyah et al.
(2015). Because this reason white leg shrimp sea water is
betterthan artificial brackish water.

The result of whiteleg shrimp performance is the highest
SR can be seen from Table 4, which was obtained in the
seawater treatment, namely 86.67% + 2.89? followed by
salinity of 20 ppt is 70.00% + 5.00%. The other treatments
did not have much difference between the treatments.
Statistical test results on survival rates also showed a signi-
ficant difference between seawater and each treatment.
The percentage value of the SGR in this study shows that
there is an effect of each salinity treatment on whiteleg
shrimp SGR. The results showed that the best growth value
between the artificial brackish water at salinity 20 ppt it
was 1.43%/day + 001°. However, when compared to sea-
water, the SGR value of seawater is the highest value,
namely 2.06%/day + O0a. Good SRI and FCR in shrimp
during this study followed the previous parameters, namely
in the treatment of seawater. Table 4 shows the FCR value
also found in seawater, namely 1.32 + 0.12¢. This FCR
value was followed by the 20 ppt treatment, which was
1.72 + 0.15". From the results of SGR, survival and FCR
measurements it can be concluded that the best growth
performance was found in seawater followed by 20 ppt
salinitytreatment.

In the previous discussion, it was stated that mineral con-
tent affects growth and survival. This statement is following
the research of Yunus & Haris (2020) the main minerals
in the constituents of seawater salt include calcium (Ca)
and magnesium (Mg). The main minerals are needed by
crustaceans including whiteleg shrimp for the continuation
of basal metabolism and growth. In the study of Dwiono et
al. (2018) the ratio between minerals in the water is consi-
dered the ideal ratio found in seawater. The ideal ratio of
minerals can increase the survival and growth of shrimp.
Other research also stated that the growth of whiteleg
shrimp was influenced by two factors, namely the fre-
quency of moulting and growth at each moult. Provides
Ca and Mg which are needed by whiteleg shrimp in the
formation of their shells (Atmomarsonoetal., 2014).

The stress response in 2™ study was also reviewed from
the concentration of glucose content in the shrimp’s body.
The results of observing glucose concentrations are pre-
sented in Figure 3. The results of the observations showed
that the glucose concentration increased with increasing
observation time and experienced another increase during
the stress test using 5 ppt salinity for 3 hours. In addition,
the results also show a relationship, increasing salinity
decreases the value of glucose concentration. Hemolymph
glucose levels on day 1 of treatment were within the range
of 37.78 + 2.16° - 65.78 + 3.65* mg/dl. Day 15 of treat-
ment of hemolymph glucose was in the range of 54.22 +
7.68° - 81.89 + 4.14% mg/dl. Hemolymph glucose levels
increased after the stress test, which ranged from 100.67 £
1.22 - 105.88 £ 2.5* mg/dl. Hemolymph glucose values in
all treatments increased after the stress test. Glucose
levels increase during stress due to homeostatic processes
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or automatic mechanisms for self-defence (Septiningsih et
al.,2015).

The osmotic work level (OWL) is the difference between the
osmotic pressure of the hemolymph and the osmolarity
of the water used by the shrimp in the osmoregulation
process. In this study, measurements were made for each
treatment of artificial brackish water. The observation
results are presented in Figure 4, which shows the osmo-
larity measurements of hemolymph on day 1, namely
478+1.73, - 549+£1.00, (mOsm/I H,0) and water osmo-
larity ranging from 293+1.00° - 1026+0.00° (mOsm/I H,0).
The results of measurements on the 15th day of the hemo-
lymph osmolarity values of whiteleg shrimp reared at
various levels of artificial brackish water salinity ranged
from 483+1.00¢ - 550+£0.00* (mOsm/I H,0) and water
osmolarity ranged from 441+1.00¢ - 1026+0.00* (mOsm/
| H20). The results of the hemolymph osmolarity measure-
ments during the stress test ranged from 455+0.00°
- 464+1.00% (mOsm/I H,0), while the water osmolarity
was 146+0.00°-147 £ 0.00° (mOsm/IH,0).

The OWL of whiteleg shrimp in each salinity treatment,
namely seawater (525 mOsm/I H,0) equivalent to hypo-
osmotic, 10 ppt (189 mOsm/I H,O) equivalent to hyper-
osmotic, 15 ppt (59 mOsm/I H,0) iso-equivalent to hyper-
osmotic iso, 20 ppt (81 mOsm/I H,0) iso-equivalent to
hypo-osmotic and 25 ppt (184 mOsm/I H,0) iso-equivalent
to hypo-osmotic. The OWL results during the stress test
ranged from 309-317 mOsm/I H,O which is hyper-osmotic.
The pattern of hyper-osmotic osmoregulation is a condition
where the shrimp has a higher body osmotic pressure
compared to the environment. This condition forces the
shrimp to excrete fluids in the body to match the osmotic
pressure with the surrounding environment. The process
of ionic traffic in shrimp will use up the portion of the avail-
able energy so that the portion of energy that should be
used for the growth process will be reduced or not even
left. This is what makes shrimp slow growth and can even
experience stress.

From the observations, it can be seen that the osmotic
pressure comparison between hemolymph and the water
shows that the osmotic pressure in the treatment medium
is lower than that of hemolymph. So the whiteleg shrimp
osmoregulation pattern is hyperosmotic. Based on the
results of calculating the osmotic work level, it is shown
that the ideal salinity of artificial brackish water for white-
leg shrimp reared in artificial brackish water is ideal at 15-
20 ppt. The low OWL at this salinity can minimize the
shrimp using energy for the osmoregulation process so
that the available energy can be used optimally for growth.

Maghfiroh et al. (2019) stated that the form of the rela-
tionship between the level of osmotic work is inversely
related to hemolymph osmolarity and parallel to water
osmolarity. According to Anggoro et al. (2018) hyperos-
motic or hypoosmotic regulation is aimed to maintaining
the ability of osmolality and the balance system between
body fluids and fluid of the water. In the process of osmotic
regulation in the shrimp body, the higher the water salinity,
the higher the whiteleg shrimp’s workload. This workload
is to balance the osmolarity pressure and balance the
electrolyte content so that the energy that is discharged
towards osmotic performance is even greater (Rachmawati
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etal.,2012).

Observation of water quality parameters during the 2™
study had a good level of water quality with adequate
water quality eligibility categories (Table 6). The results of
research that have been carried out on the parameters of
temperature (°C), salinity (ppt), pH, dissolved oxygen (mg/
L), Alkalinity (mg/L) Nitrate (mg/L), CO? (mg/L), and ammo-
nia (mg/L). Table 6 shows the average temperature value
of 28.5 °C, pH 6.80, salinity 10-35 ppt, dissolved O, 4.86
mg/L, Alkalinity 63.4 mg/L, Nitrate 71.4 mg/L, CO, 18.6
mg/L and ammonia 0.021 (mg/L). During the observation,
the water quality parameter values were still within the
range suggested by Boyd & Tucker (1992). Parameters
of temperature, salinity, pH to dissolved O, did not have a
significant difference from the first day until the stress test.
While the concentration of Alkalinity tends to decrease, this
is because alkalinity can be influenced by CO,. Meanwhile,
the concentration of nitrate, CO, and Ammonia increased
because they come from the decomposition of accumu-
lated feed organic matter.

CONCLUSION AND RECOMMENDATION

Conclusion

The best stocking density based on carrying capacity for
whiteleg shrimp culture in artificial brackish water is 20
shrimps/50L. Mineral content of Ca, Mg, Na and K in artificial
brackish water is still low compared to seawater, but it able
to support the shrimps survive. The best growth and lowest
glucose hemolimph of whiteleg shrimp reared in artifi-
cial brackish water was found at salinity of 20 ppt. The
lowest osmotic work level in whiteleg shrimp reared in
artificial brackish water was found at a salinity of 15-20 ppt,
whichis close toiso-osmotic.

Recommendation

Based on the results of research on the growth of whiteleg
shrimp in artificial brackish water treatment, the results
were lower compared to seawater due to the low mineral
content of Ca and Mg. So, in future research, is expected
to add Ca and Mg minerals to artificial brackish water
treatmentto maximize good shrimp growth.
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