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Introduction 
The white leg shrimp, Litopenaeus vannamei is an economically 

important exotic candidate species being cultured in India with high 
marketable value and minimum challenges during culture. Gunalan et 
al. stated that the rapid increase in culture areas since the 2008 facilitated 
spread and outbreaks of number of pathogens, viruses in particular and 
later researchers documented infectious diseases are a major constrain 
to shrimp aquaculture production in many countries [1]. The shrimp 
culture industry has faced serious losses due to the infectious diseases. 
Since the mid-nineties of the previous century, shrimp aquaculture 
in Asia are subjected to many problems such as disease out-breaks, 
environmental degradation, poor pond soil and water quality and is 
highly correlated with poor management practices in the pond [2-4]. 

Gopalakrishnan et al. reported that water quality parameters plays 
an important role in shrimp culture and various aspects concerning 
the water quality have been reported [5]. Since a decade, a few shrimp 
farmers of Tamil Nadu, India have been using saline bore-well water 
for shrimp culture, and they are able to avoid the outbreak of viral 
diseases. Aguirre-Guzman and Gatesoupe reported in last decade, 
the biotechnology industry has developed a number of microbial 
reparations to improve pond water quality, to enhance shrimp growth 
and survival, or to decrease shrimp disease [6].

Previously Allen Davis et al. has been suggested that if the salinity 
is adequate, calcium (Ca), potassium (K) and magnesium (Mg) are 
the most important ions for shrimp survival. Any of these ions can be 
limiting, but often a lack of K is the most important factor affecting 
shrimp. It should be noted that although high levels of Ca also seem to 

be necessary, the ratio of Ca:K, which is about 1:1 in seawater, may also 
be important. In waters where the Ca:K ratio is high, the addition of K 
to reduce this ratio has been helpful [7]. 

Shearer Azevedo et al. and Lupatsch et al. suggest that nutrient 
and energy deposition, and consequently carcase composition, follow 
rational patterns. Recognizing the rationality and predictability of 
patterns of mineral depositions could help explain several phenomena 
and lead to the development of applications. Patterns of mineral 
deposition have received little attention in the past level [8-10]. 
Tchung, Gauquelin, and Victoria, Reliable information of cost mineral 
deposition in shrimp is very limited. The goal of the current investigation 
was undertaken to study the incidence of mineral deposition on 
the shrimps cultured use in the borewell-water-fed farms, brackish 
water fed farms, as well as bore well resevoir fed farms to find out the 
growth-stage in which the mineral deposition become conspicuous, 
and compare the growth, survival, morphological changes, and the 
elemental composition of the shrimps in brackish water and borewell 
water fed farms. 
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Abstract
The Litopenaeus vannamei is one of the most important economical shell fish in throughout the world. Mineral 

deposition is a continuous problem in Litopenaeus vannamei culture pond in world wild. The current study to 
compares the water quality parameters, shrimp growth biomass, and mortality rates during harvest between three 
ponds. Experimental setup was selected three different ponds (brackish water pond, bore well pond, and bore well 
resevoir pond) were seeded with the same density of the Litopenaeus vannamei at Pennar River Andhra Pradesh, 
south India. The primary differences between the ponds were as the water source; one pond was filled from the 
estuary, estuarine-water was fed to the pond, the second one was taken from bore wells with high alkalinity, and 
there’d one filled from bore well resevoir pond. Temperature in three ponds was varied and it reached up to 29.6°C 
after 125 days of culture. Dissolved oxygen (DO) levels were varied within the acceptable range although levels 
in the alkaline pond were as near the lower limit in the last 90 days before harvest. Salinity levels were varied in 
three ponds, above optimal levels and increased over the 120 days. Alkalinity in the estuarine water was typically 
<100 ppm and whereas (275-399 ppm) in the alkaline pond. In the alkaline pond, beginning on 75th day the mineral 
deposits was observed all parts of shrimp over the body and it’s including the eye and the inner gill chambers after 
harvest, 42% of the shrimp showed this coating. The initial stages of the mineral deposits on shrimps showed 
pale yellow colour. Elemental analysis identified the major constituents was present in the sample as Manganese, 
Sodium, Chlorine, Magnesium, Aluminium, Silica, Iron and Calcium. Survival rates of shrimps in the estuarine-water-
fed pond was 92% with a total pond biomass at harvest was 1.65 tons ha-1 compared to survival rates of 79% in the 
alkaline pond and a biomass at harvest was 1.020 tons ha-1. When quality water may be used, its alkalinity should 
be monitored and diluted with water from other sources.
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Materials and Methods
Three different types of ponds were investigated in this present 

study as brackish water fed pond (A), Bore well fed pond (B) and 
Bore well water cum reservoir fed pond (C). The ponds were selected 
for current study and it’s located near by the banks of Pennar River 
(14o22’44.98’’N 80o06’39.41’’E), in Nellore district of Andhra Pradesh. 
The pond preparation includes drying till cracking, ploughing, 
adjusting soil pH, bottom levelling, compaction and food and feeding 
were as same described (Spontaneous WSSV infection in Litopenaeus 
vannamei grow-out ponds). But in the bore well cum reservoir fed 
pond the water from the bore well was first stocked in the reservoir 
pond for 48h then pumped in to the grow on pond. 

Water quality parameter 

Water quality parameters like temperature, salinity, alkalinity, 
dissolved oxygen (DO) and pH were monitored every week throughout 
the culture period by standard methods of Strickland and Parson. 
Salinity was measured using a hand refract meter (ATAGO, Japan) and 
pH by using a pH pen, while total alkalinity (HCO3 mg l-1), Ca2+, Mg+2 
and DO (Winkler’s method) were determined.

Growth monitoring

The growths (DOC) of the shrimps were monitored once in a week 
from 35th days of culture. During the sampling the health and weight 
gained were monitored. 

Shrimp health

The range of daily growth rate of shrimp was lower in case of pond 
B, and higher in pond C and pond A were as 0.09 to 0.22 g, 0.11 to 0.24 
g and 0.13 to 0.26 g respectively (Figure 1). At the end of the culture 
period the shrimp average growth was lower in the pond B (27 g) and 
higher in bond A (43.2 g) and C (32.4 g) were more or less similar 
(Figure 2). 

Scanning electron microscope (SEM) 

Special attention was paid to the condition of the exoskeleton and 
to analyse any mineral deposition, which were noted qualitatively. 
Shrimps exposed obvious mineral deposits were examined using 
scanning electron microscopy (SEM) (JOEL JSM-5610-LV SEM, at 
the Central Instrumentation Facility, Annamalai University, India). 
The shrimps with appreciable mineral deposits were fixed immediately 
in 2.5% glutaraldehyde in 0.2 M phosphate buffer at pH 7.2. The 
samples were post-fixed with 1% osmium tetroxide in the same buffer, 
dehydrated through a graded series of ethanol, and critical-point dried. 

Samples were coated with gold and observed under SEM. 

Energy dispersive X-ray (EDX)

To determine the elemental composition of mineral deposits, 
spectral analysis of anterior-lateral aspect of the shrimp carapace was 
examined using an elemental energy-dispersive X-ray micro analyser 
(EDX) (JOEL JSM-5610-LV SEM).

Results 
The temperature among the three ponds was not showed much 

variation. It was ranged between 27 to 29.5°C, 27.5°C to 29.6°C and 
27.4°C to 29.5°C in the ponds of A, B and C respectively (Figure 3). The 
range of salinity in the three different ponds were showed in the (Figure 
4), lower salinity (14 to 25 ppt) was observed in the pond A and higher 
salinity were noted in the pond B and C were as 25 to 35, the same trend 
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Figure 1: Daily growth rate (DGR) of L. vannamei in the pond.
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Figure 2: Average body weight (ABW) of L. vannamei in the pond.

 

35     42     49     56    63    70    77    84    91     98   105   112   119  126  133

30

29.5

29

28.5

28

27.5

27

26.5

26

Days of culture

Te
m

pe
ra

tu
re

 °C

Figure 3: Temperature variation in the L. vannamei culture pond.
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Figure 4: Salinity variation in the L. vannamei culture pond.
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was observed for pH also, the minimum was recorded as 7.5 to 7.97 in 
pond A and the maximum was recorded in pond B and C were as 7.72 
to 8.13 and 7.73 to 8.1 respectively (Figure 5). The DO level was almost 
same in all the three ponds were as 2.4 to 4.6 ml/l in pond A, 2.2 to 4.4 
ml/l in the pond B and 3.1 to 4.5 ml/l in the pond C (Figure 6).

The alkalinity in all the three different ponds were shown in the 
(Figure 7) the minimum alkalinity values were observed in pond 
A, followed by bond C and in pond B were 120 to 152 ppm, 127 to 
174 ppm 276 to 399 ppm respectively (Figure 7). In case of Ca2+ the 
minimum was recorded in the pond A and pond C were 275 to 339 
ppm and 284–358 ppm respectively and the maximum was observed 
in the pond B were 367 to 449 ppm (Figure 8). In the case of Mg+ the 
minimum range was recorded in the pond B were 452 to 603 ppm and 
maximum was observed in the pond A and C were 347 to 819 ppm and 
378 to 732 ppm respectively (Figure 9).

The mineral deposition was not observed in the culture ponds until 

70 mg/ L, DOC (Figure 10), after 77 mg/ L, DOC the mineral deposition 
fond on the exoskeleton of the shrimps in the pond B, while none of 
the shrimps in the pond A and C had deposit. The initial stages of the 
mineral deposits shrimps showing in pale yellow in colour (Figure 11). 
The mineral deposits were clearly seen on all body parts immediately 
after the shrimp exposed to air, even in the naked eye (Figure 12). 

Stereo microscope images of mineral deposition on the antenna 
and in the antennular plate (Figures 13 and 14), The SEM image of 
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Figure 5: pH variation in the L. vannamei culture pond.
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Figure 6: Dissolved oxygen variation in the L. vannamei culture pond.
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Figure 7: Alkalinity variation in the L. vannamei culture pond.
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Figure 8: Calcium (Ca+) variation in the L. vannamei culture pond.
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Figure 9: Magnesium (Mg+) variation in the L. vannamei culture pond.

 

Figure 10: Normal L. vannamei.

 

Figure 11: Mineral deposition initial stage of the L. Vannamei.
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Discussion
The aim of the current investigation was undertaken to study 

about the incidence of mineral deposition on the shrimp body parts 
from culture pond and to find out the growth-stage in which the 
mineral deposition become conspicuous, and compare the growth, 
morphological changes, and the elemental composition of the shrimps 
in brackish-water-fed, bore well water fed farms and bore well reservoir 

the mineral deposits shrimps shows that, it scattered on the carapace 
during the initial time (Figure 15a), in the higher magnification it shows 
perforate spot in the surface of the carapace (Figure 15b and 15c) and 
the single unit of the deposit mineral shows crystal structure (Figure 
15d). Further in the end of the culture period the mineral deposits on 
the almost entire cuticle (Figure 15e), it shows nodule like structure in 
the high magnification (Figure 15f), even in the higher magnification 
it shows network of fine crystal structure (Figure 15g). In the close up 
view of network structure shows stalk like structure in the carapace 
(Figure 15h).

The elemental composition of mineral values of Manganese, 
Sodium, Chlorine, Magnesium, Aluminium, Silica, Iron and Calcium 
(%) contents in the carapace of mineral deposited shrimp were observed 
in 3.5%, 2.72%, 4.54%, 1.8%, 4.68%, 8.49%, 1.54% and 72.73% (Table 1) 
respectively (Figure 16). These elemental where highly recorded in the 
three differed ponds brackish water pond, bore well water pond as well 
as bore well resevoir pond.

 

Figure 12: Severe mineral deposited on L. vannamei.

 

Figure 13: Mineral deposition on the antenna of L. vannamei.

 

Figure 14: Mineral deposition on the antennular plate of  L. vannamei.

 

 

Figure 15: A-D: SEM image showing (A) initial stage of the mineral 
deposits on carapace, (B) mineral deposits on carapace, (C) fracture 
through deposit, (D) high magnification view of deposits. E-H: SEM image 
showing (E) crystal structure, (F) close view of mineral deposition on the 
carapace, (G) Head arrow shows higher magnification view of depth of the 
deposition, (H) stalk like structure.

 

 

Figure 15: A-D: SEM image showing (A) initial stage of the mineral 
deposits on carapace, (B) mineral deposits on carapace, (C) fracture 
through deposit, (D) high magnification view of deposits. E-H: SEM image 
showing (E) crystal structure, (F) close view of mineral deposition on the 
carapace, (G) Head arrow shows higher magnification view of depth of the 
deposition, (H) stalk like structure.

Element Weight%
Na 2.72
Mg 1.80
Al 4.68
Si 8.49
Cl 4.54
Ca 72.73
Mn 3.50
Fe 1.54

Total 100

Table 1: Elemental composition of the element of deposits on L. vannamei.
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pond. Rutledge and Guest have been reported that because the better 
water quality is essential for good shrimp production, several parameters 
were monitored daily and many were present within optimal ranges 
for the shrimp production [11,12]. Maguire and Allen stated that the 
temperatures play an important role in Shrimp culture [13]. Optimal 
temperature has been reported between 27–33oC. But in the case of 
the present study observed the water temperature (29.6ᵒC) does not 
show much variation among the three ponds and also optimum for L. 
vannamei culture. In case of DO the optimal is between 3-5 ppm and 
lower levels may result in mortality [14,15]. Lee and Wickens, Garcia 
and Bruna, the other hand to study was demonstrated that the DO level 
was varied between 2.2 and 4.6 ml/l, almost optimum for L. vannamei 
culture. It is a euryhaline animal can tolerate the wide range of salinity 
from 2 to 45 ppt. the result showed the optimum salinity range in the 
present study.

In the current study, remarkably low alkalinity was recorded in the 
brackish water creek fed pond and litter higher alkalinity was recorded 
in the bore well cum reservoir fed pond followed by higher alkalinity 
was noted in the bore well fed pond. The Ca2+ value was lower in the 
brackish water pond and in the bore well cum reservoir fed pond and 
higher was recorded in the bore well fed pond, the minimum Mg+ 
was recorded in the bore well water fed pond and higher values were 
recorded in the brackish water and bore well-reservoir fed ponds. 
Due to this negative correlation of the Ca2+ and Mg+ in the bore well 
fed pond, the Mg+ enhance the Ca2+ deposition on the cuticle of the 
cultured L. vannamei. 

Saoud et al. has been reported salinity of 4.0 g L1, which is comparable 
with the salinity utilized by commercial shrimp farms in west Alabama. 
However, as K+ concentration in various waters in west Alabama varies 
by site, consequently, the K+ requirement for L. vannamei reared in 
these well waters varies by site. In addition to salinity of the medium, 
concentrations of individual elements as well as ratios of various ions 
necessary for normal osmoregulatory function vary from farm to farm 
[16]. Magnesium is an essential mineral required by crustaceans for 
normal growth and development [17]. Magnesium serves as a cofactor 
in many enzymatic reactions important for normal function, and it is 
involved in osmoregulation, protein synthesis and growth [18]. Davis 
et al. who has been reported a lack of dietary Mg2+ has been shown 
to depress K+ concentrations of the carapace in juvenile L. vannamei, 
indicating a possible interaction between K+ and Mg2+ [19]. Similarly, 
this present study also clearly indicates the Mg (1.80%) was deposited 
in carapace of L. vannamei.

Due to the higher alkalinity and mineral deposition on shrimps in 
the bore well fed pond, which contributing lower productivity, the low 
growth rate, and the low survival rate of L. vannamei in the bore well 

fed pond. The growth rate was higher in brackish water fed and bore 
well-reservoir fed pond. Chanratchakool stated that the pond alkalinity 
above 150 ppm coupled with pH levels above 8.3 lead to the deposition 
of calcium on the exoskeleton [15]. But in the case of the present 
study was described the mineral deposited cased the shrimp’s growth, 
biomass and mortality rate of the same ponds. Corbari et al. studied 
that these shrimp are exposed to mineral laden water and bacteria 
associated with iron oxide deposits have been described on their 
branchial chambers [20]. Previously Gopalakrishnan et al. documented 
that nutrient deposition in shrimp reared under aquaculture conditions 
is very limited [5]. However when the bore-well water was used, the 
mineral deposition was noticed on the farm implements like aerators, 
PVC pipes, electric wires, concrete structures (like sluices) and on the 
shrimps. Chanratchakool, explained that the mineral deposition made 
the shrimp’s shells rough (rough shell disease), stunted the growth of 
the shrimp and caused more mortality resulting in less survival rate 
[15]. Gopalakrishnan et al. documented that SEM images of mineral 
deposition as a thin layer on the antenna and the inner side of the gill 
lamellae, multiple layers which fractured vertically while processing 
shows an undisturbed layer of mineral deposits from the carapace 
and the ovoid crystal is approximately 8-12 nm in diameter and is 
composed of short rods in the P. monodon [21].

EDX analysis of the deposits revealed they are composed primarily 
of manganese, phosphorus and calcium, with some variation between 
the carapace and abdomen of the mineral deposit L. vannamei. 
Similar result was found in mineral deposits P. monodon reported by 
Gopalakrishnan et al. [21]. But in the case of the present study was 
observed, effect of mineral deposition on shrimp Litopenaeus vannamei 
in high alkaline water due to use in three different pond brackish water 
pond, borewell water pond, as well as borewell resevoir pond of Pennar 
River, Andhra Pradesh of Southeast coast of India. 
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