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Introduction 
 

Increasing problem of ground water salinity 

have become serious issues of concern as they 

affect productivity and threaten the 

sustainability of agriculture and environment. 

Countries with notable salinity problems 

include Australia, China, Egypt, Iraq, Mexico, 

USA, Pakistan, Turkey and India. The ionic 

profile of Inland saline ground water (ISGW) 

is similar to sea water (SW) (Nulsen, 1997) 

but the concentration of potassium (K
+
) is 

International Journal of Current Microbiology and Applied Sciences 
ISSN: 2319-7706 Volume 7 Number 04 (2018)   
Journal homepage: http://www.ijcmas.com 
 

Study was conducted to determine the effect of potassium fortification on histological 

alterations of hepatopancreas and growth performance of pacific white shrimp, 

Litopenaeus vannamei, reared in different salinities of inland saline ground water (ISGW). 

Shrimps were subjected to different salinities (5 ppt, 10 ppt and 15 ppt) with potassium 

fortified to 25% (T1), 50% (T2), 75% (T3) and 100% (T4), ISGW without 

supplementation i.e. raw water (RW) and Artificial sea water (ASW). Significant increase 

in growth was observed with the enhanced salinity and K
+ 

fortification during the 

experimental period of 60 days. Final weight and weight gain of shrimp reared at 15ppt 

was significantly higher in ISGW of 15 ppt, fortified with 100% K
+ 

to the level of ASW. 

Distinct histological alterations were observed at 5ppt and 10ppt salinity and in less K
+ 

levels. However, at 15 ppt ISGW there were insignificant changes in hepatopancreas and 

almost similar to that of the shrimps reared in ASW. Thus the results of this study suggests 

that K
+
 deficiency in ISGW has a negative effect on hepatopancreas histology and growth 

of L. vannamei post-larvae, augmenting importance of K
+ 

fortification in ISGW to a 

similar level as in ASW for its culture. 
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significantly lower than in SW (Fielder et al., 

2001; Prangnell and Fotedar, 2005). The 

deficient K
+
 can be added through feed or by 

direct addition to the water as potash or 

potassium chloride (Fielder et al., 2001, Boyd, 

2002; Gong et al., 2004; McNevin et al., 

2004; Davis et al., 2005). K
+
 is an obligatory 

requirement for Na
+
/K

+
-ATPase activity, 

which plays an important role in whole body 

ion regulation and osmoregulation in 

crustaceans.  

 

The penaeid hepatopancreas is a large, 

compact, paired glandular organ occupying a 

substantial portion of the cephalothoracic 

cavity. Five types of cells have been identified 

in the hepatopancreatic tubule epithelium, the 

E- (embryonic or Embryozellen) cells, F- 

(fibrillar) cells, B- (blister-like or 

Blastozellen) cells (Jacobs, 1992), R- 

(resorptive/ absorptive or Restzellen) cells and 

the more recently discovered M- (midget) 

cells (Al-Mohanna, 1983) play their individual 

roles in digestion, absorption and excretion. 

The hepatopancreas, being analogous to the 

liver and combining many of the functions of 

the liver, pancreas, and intestine of 

vertebrates, plays important roles in several 

metabolic processes in crustaceans (Caceci et 

al., 1988; Bhavan and Geraldine, 2000). The 

organ undergoes histological modifications in 

response to different environmental changes 

such as salinity (Masson, 2001; Cuartas et al., 

2003). Histological studies provides 

information on the degree of stress, 

susceptibility and adaptive capability of the 

shrimps however, the histological alterations 

in hepatopancreatic tissues of Litopenaeus 

vannamei have never been examined when 

reared in K
+
 fortified ISGW. The L. vannamei 

(Pacific white shrimp) is a euryhaline species 

so the ability to tolerate a wide range of 

salinities (0.5– 40.0 ppt) has made it a popular 

species for low salinity culture (Samocha et 

al., 2002; Mcgraw and Scarpa, 2003). The aim 

of this study was to examine the histological 

alterations in hepatopancreas and growth 

performance of L. vannamei reared at K
+
 

supplemented ISGW; this might provide 

cytological evidence in the adaptations of L. 

vannamei in ISGW. 

 

Materials and Methods 

 

Experimental Animals 

 

L. vannamei post-larvae with mean body 

weight of 96.40+0.32 mg, were procured from 

“Saranya Hatcheries”, Uppada, Kakinada, 

East Godavari District, Andhra Pradesh, India 

and acclimated in fish farm, Rohtak for three 

days, to different test salinities (5, 10 and 15 

ppt) by gradually adding ISGW. After 

acclimatization to the respective test salinities, 

they were transferred to experimental tanks for 

initiation of experiment. The experimental 

animals were fed with Artemia nauplii for the 

first 15 days and then for rest of experiment 

they were fed ad libitum with commercial feed 

(C.P starter feed No. 5001, 38 % crude 

protein, 5% fat, 12% moisture and 4% fibre) 

twice a day (6:00 and 16:00). 

 

Experimental set-up 

 

The experiment was carried out in an indoor 

pilot hatchery at Lahli-Baniyani Fish Farm of 

the Central Institute of Fisheries Education, 

Rohtak, Haryana, India. The shrimps were 

reared in ISGW supplemented with K
+
 for a 

period of 60 days during September-12 & 

October-12. Experiment was performed in 

FRP circular tanks of 60 cm diameter and 35.5 

cm height with 100 L capacity. Each treatment 

and control groups was maintained in three 

replicates wherein each replication was 

stocked with 35 shrimps (a total of 105 

shrimps for each treatment). In order to 

maintain optimum water quality, experimental 

tanks were cleaned manually once in 2 days to 

remove excess feed and fecal matter and 80 % 

of water was exchanged at 10 days interval. 
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During the experiment, water quality 

parameters such as dissolved oxygen, 

temperature, pH and salinity were recorded 

once in a week. Dissolved oxygen was above 

7.5 mg/L, pH 8.2±0.2, water temperature was 

27°C±0.5°C.  

 

Treatments 

 

ISGW of 17 ppt was obtained from well 

located near hatchery. The salinity of well 

water was reduced to three different test 

salinities (5, 10 and 15 ppt) using river water. 

The potassium concentration of ISGW of 5, 10 

and 15 ppt was 8.4, 15.6 and 22.8 ppm 

respectively, which is very less for the 

survival of L. vannamei. Thus K+ 

supplementation was carried out with 

fertilizer-grade potassium chloride 

(Containing 50 % K+) to increase K+ 

concentration in ISGW to 25%, 50%, 75% and 

100% of the artificial sea water (ASW) 

concentration (T1, T2, T3 and T4 

respectively). ASW and ISGW without 

supplementation i.e. raw water (RW) were 

kept as control for each salinity in triplicate. 

ASW for each experimental salinities 5, 10 

and 15 ppt were prepared following the 

method of (Valenti and Danaels, 2000). The 

K
+
 concentration of ISGW at different 

salinities before and after supplementation 

was analyzed by flame photometer (Table 1). 

The quantity of K
+ 

required was calculated by 

using a protocol (Gong et al., 2004). 

 

Requirement of K
+ 

in ISGW = (10.7 x desired 

salinity) - available K
+
 in ISGW  

 

Growth performance 

 

Growth performance was analyzed by 

determining weight gain obtained during the 

experimental period. Mean body weight of 

experimental animals was recorded at the 

beginning and at the end of the experimental 

period of 60 days. Before recording the body 

weight, the animals were kept starved 

overnight.  

 

Histological studies 

 

Shrimps were collected after 60- days 

experiment to study the histological changes 

occurred as a result of salinity and different 

levels of potassium concentrations. Shrimps 

from each tank were selected at random, the 

anterior and posterior abdominal regions were 

injected with Bouin's solution (Li et al., 2007) 

and the shrimps were left in the same solution 

to ensure tissue fixation. Shrimps were later 

transferred to 50% ethanol, the gill tissues 

were dissected, dehydrated in increasing 

ethanol concentrations, embedded in paraffin 

and 5 μm sections were obtained with a 

conventional microtome. The sections were 

re-hydrated, stained with hematoxylin-eosin 

(Yang et al., 2007) Slides were examined 

under a light microscope (Model: Zeiss, Scope 

A1, Germany) and photographs were taken at 

40X.  

 

Statistical analysis 

 

Statistical analysis of the data was carried out 

with Statistical Package used for the Social 

Sciences (SPSS), version 16.0. Two-way 

analysis of variance (ANOVA) was conducted 

to evaluate the significant difference between 

the treatments at different salinities and 

various potassium concentrations. One-way 

ANOVA followed by a Tukey’s test was 

employed to compare the significant 

difference between treatments at a given point 

at 5 % level of significance. 

 

Results and Discussion 

 

Growth performance  

 

Compared to the shrimp reared in RW all the 

four treatments i.e. T1, T2, T3 and T4 showed 

significant increase in body weight (Table 2). 
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Mean final weight and weight gain of 

L.vannamei in treatment T4 (100%) and 15ppt 

salinity was significantly higher (2.12 g and 

2089 % respectively) than the other treatments 

and salinities. Treatments with lesser levels of 

K
+ 

fortification, T1 (25%) and T2 (50%) 

reported lowest weight gain compared to 

treatment T4. All the three salinity groups (5 

ppt, 10 ppt and 15 ppt) showed significant 

increase in shrimp body weight as the K
+ 

concentration increased in IGSW. Among the 

different salinity groups as the salinity 

increased from 5 ppt to 15 ppt weight gain 

increased significantly in all treatment groups.  

 

Histoarchitecture of the hepatopancreas of 

control shrimp 

 

The hepatopancreas of shrimps reared in ASW 

exhibited the well-organized glandular tubular 

structure normally seen in L.vannamei. (Fig. 

1A (5 ppt), Fig. 2G (10 ppt) and Fig. 3M (15 

ppt). Shrimp hepatopancreas are composed of 

many hepatopancreas tubules dominating four 

kinds of cells namely E (“embryonalzellen” or 

embryonic) cells, R (“restzellen”) cells, F 

(“fibrillenzellen” or fibrous) cells, and B 

(“blasenzellen”) cells. The cells showed 

normal architectural differentiation into E 

(embryonic) cells at the narrow distal end of 

the tubule, young R (restzellen) cells and F 

(fibrillenzellen) cells a short distance away 

from the distal region, and B (blasenzellen) 

cells in the middle and proximal regions of the 

tubules. 

 

The B-cells exhibited large apical secretory 

granules, the R-cells were found to contain 

large amounts of rough endoplasmic reticulum 

and lipid droplets, while the F-cells were 

found to be non-vacuolated and well stained. 

The tubule lumen was found to have a normal 

“star like” structure. A single layer of 

epithelial cells was observed as lining the 

tubules. The interstitial sinuses between 

tubules were normal (Fig. 1A, Fig. 2G and 

Fig. 3M). The structure of hepatopancreas was 

not normal in ISGW control as in ASW 

control due to the deficiency of K
+ 

(Fig. 1B, 

Fig. 2H and Fig. 3N). 

 

Histoarchitecture of the hepatopancreas of 

shrimp exposed to different salinity and 

fortified potassium 

 

Abnormal lumen (ALU) and hemocytic 

infiltration (HI) in the interstitial sinus (IS) 

were observed in the hepatopancreas of L. 

vannamei exposed to 5 ppt and 75%, 100% 

(Fig. 1E & F) K
+ 

fortification. In shrimp 

exposed to the higher concentration of salinity 

(10ppt), the distinct alterations observed were 

not observed as in case of 5 ppt and 25%, 50% 

i.e. separation of necrotic cells of 

hepatopancreas (NCH) from basal laminae 

(BL); thickened basal laminae (TBL); necrotic 

tubules (NT) of the hepatopancreas containing 

tissue debris (TD) in the lumen; occurrence of 

melanization (MZ) and coagulation (CO) in 

the thickened basal laminae; walling off of the 

tubules by hemocytes (HC) around the 

thickened basal laminae (Fig. 2 I and J).  

 

Vacuolation features were observed in 

hepatopancreas tissue of the shrimp in all 

treatments. The cells showed normal 

architectural differentiation into E cells at the 

narrow distal end of the tubule, young R cells 

and F cells a short distance away from the 

distal region, and B cells in the middle and 

proximal regions of the tubules in 10 ‰ 

salinity, with the distinct and clear architects 

of the cellular structures with 75% and 100% 

(Fig. 2K and L) K
+ 

fortifications. The shrimps 

exposed to the salinity 15 ppt with 75% and 

100% K
+
 fortification were observed to be 

normal structure, the tubule lumen was found 

to have a normal “star like” structure. A single 

layer of epithelial cells was observed as lining 

the tubules. The interstitial sinuses between 

tubules were normal (Fig. 3Q and R) and were 

similar to the control (Fig. 3M). 
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Fig.1 Hepatopancreas of Litopenaeus vannamei in different potassium fortification levels in 

ISGW of 5 ppt salinity; A: ASW, B: RW, C: T1, D: T2, E: T3 and F: T4 (Nuc - Nucleus, Lum - 

Lumen, Vac - Vacuoles, Alu - Abnormal lumen, TD - Tissue debris, Hi - Hemocyticin 

filteration, Hpb - Hepatopancreatic Blasenzellen or B cells, Hpr-, Is - Interstitial sinuses, Mfn - 

Myoepithelial cells, Sin-Hemal sinuses, Hpf - Hepatopancreatic Fibrillenzellen or F cells) 
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Fig.2 Hepatopancreas of Litopenaeus vannamei in different potassium fortification levels in 

ISGW of 10ppt salinity; G: ASW, H: RW, I: T1, J: T2, K: T3 and L: T4 (Lum- Lumen, Vac- 

Vacuoles, Alu - Abnormal lumen, TD - Tissue debris, Hi – Hemocytic infilteration, Hpb- 

Hepatopancreatic Blasenzellen or B cells, Hpr- R cells, Is - Interstitial sinus, Mfn - Myoepithelial 

cells, Sin - Hemal sinuses, Mef - Myoepithelial fibers, Hpf – Hepatopancreatic Fibrillenzellen or 

F cells, Hem - Hemocyte, NCH- Necrotic cells of hepatopancreas, NT- necrotic tubules, 

Brb- Brush border 
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Fig.3 Hepatopancreas of Litopenaeus vannamei in different potassium fortification levels in 

ISGW of 10 ppt salinity; M: ASW, N: RW, O: T1, P: T2, Q: T3 and R: T4 (Lum - Lumen, Vac - 

Vacuoles, Alu - Abnormal lumen, TD - Tissue debris, Hi – Hemocytic infilteration, Hpb – 

Hepatopancreatic Blasenzellen or B cells, Hpr- R cells, Is - Interstitial sinus, Mfn - Myoepithelial 

cells, Sin - Hemal sinuses, Mef - Myoepithelial fibers, Hpf – Hepatopancreatic Fibrillenzellen or 

F cells, Hem - Hemocyte, NCH - Necrotic cells of hepatopancreas, NT - Necrotic tubules, Brb- 

Brush border) 

 

 
 



Int.J.Curr.Microbiol.App.Sci (2018) 7(4): 3531-3542 

3538 

 

Table.1 Potassium (K
+
) concentration of inland saline ground water (ISGW) at different salinities before and after supplementation 

 

 

Salinity 

(ppt) 

K
+
 concentration before 

fortification (ppm) 

Quantity of Potassium chloride(Kcl) 

added per litre (ppm) to get respective 

levelsof K
+
 

K
+
 concentration after 

fortification (ppm) 

RW ASW T1 T2 T3 T4 T1 T2 T3 T4 

5  8.4 52.0 21.66 44.16 65.83 89.16 13 26 40 53 

10  15.6 103.0 45.00 90.83 135.8 182.5 26 53 80 107 

15  22.8 155.0 69.16 13.5 205.83 275 40 80 120 160 

RW- Raw water (ISGW without potassium fortification); ASW- Artificial sea water;  

Treatments - T1- 25%, T2- 50%, T3- 75% and T4- 100% K
+
 of artificial sea water 

 

Table.2 Effect of different treatments on growth of Litopenaeus vannamei during the experimental period of 60 days 

 

Treatment 

groups 

Salinity (ppt) 

5 10 15 5 10 15 5 10 15 

Initial weight (g)  Final weight (g) Weight gain (%) 

ASW 0.094±0.2

9 

0.097±0.1

5 

0.091±0.4

3 

1.98±0.27
eA

 2.03±0.12
eB

 2.16±0.24
eB

 1987.63±68.47
de

A
 

1900.90±17.10
c

B
 

2021.87±34.23
d

B
 

RW 0.096±0.2

1 

0.097±0.3

2 

0.096±0.2

1 

0.84±0.18
aA

 1.38±0.12
aB

 1.37±0.25
aB

 435±11.86
aA

 545.28±32.10a
AB

 685.23±11.86
a

B
 

T1 0.097±0.2

3 

0.094±0.2

1 

0.097±0.1

2 

1.61±0.06
bA

 1.19±0.15
bB

 1.52±0.22
bC

 984.65±15.35
bA

 869.20±37.53
bB

 953.40±22.58
bC

 

T2 0.094±0.4

4 

0.097±0.3

7 

0.097±0.2

1 

1.75±0.17
bc

A
 

1.69±0.17
cB

 1.94±0.27
bc

B
 

1696.70±29.62
bc

A
 

1641.93±26.73
c

B
 

1891.80±21.39
c

B
 

T3 0.097±0.2

6 

0.095±0.0

9 

0.095±0.3

8 

1.88±0.21
dA

 1.75±0.12
dB

 2.05±0.15
dB

 1838.90±16.02
cd

A
 

1703.57±29.23
c

B
 

2018.43±32.65
d

C
 

T4 0.095±0.2

6 

0.092±0.1

2 

0.097±0.2

3 

2.16±0.35
de

A
 

1.95±0.20
de

B
 

2.12±0.14
eB

 2124.50±90.54
e

A
 

1911.00±29.77
d

B
 

2089.30±35.21
d

B
 

Superscripts in lower case letters indicate significant differences within the treatments for given salinity (p < 0.05) 

Superscripts in upper case indicate significant differences within the treatments at different salinities (p < 0.05) 
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Low K
+
 concentration in inland saline water 

is a primary factor for poor growth of pacific 

white shrimp (L. vannamei), (Saoud et al., 

2003; Rahman et al., 2005; Prangnell and 

Fotedar, 2005). In the present study, increase 

in weight gain of experimental animals 

concurrent with increased fortification of 

IGSW with K
+ 

suggests that L. vannamei is 

able to grow in potassium-fortified ISGW. 

The fact that there was no significant 

difference between the weight of shrimps 

from the experimental group T4 raised in 

ISGW fortified with K
+ 

to a concentration of 

100% of that in ASW indicates the usefulness 

of ISGW as an alternative culture medium 

when it is fortified with K
+
at 100% level of 

that in ASW. (Teruel et al., 2003) observed 

that 100% K
+
 fortified ISGW was sufficient 

to support the growth of Penaeus monodon. 

(Prangnell and Fotedar, 2005) observed that 

the growth of L. vannamei increased when 

ISGW was fortified with K
+ 

to a concentration 

between 60% and 100% of that in sea water.  

 

Numerous studies have focused on the 

optimal salinity for the growth of L. 

vannamei. Shrimps at 17 ppt salinity had best 

growth performance, when compared with 

shrimps at either 3 ppt or 32 ppt salinity levels 

(Chen and Lin, 1998), suggesting that the 

optimal salinity for growth of the L. vannamei 

is around17.0ppt. (Huong et al., 2010) 

reported that L. vannamei grew best at about 

20ppt and poorest at 5 and 45ppt respectively. 

These results coincide with the present study 

indicating the maximum growth at 15 ppt 

salinity. 

 

The exposure of aquatic organisms to even 

very low levels of chemicals, salinity or 

mineral concentration in their environment 

may result in various physiological, 

biochemical and histological changes in vital 

organs and/ or tissues (Hinton et al., 1973; 

Mathur et al., 1981; Gupta and Singh, 1982; 

Rao et al., 1983; Virk and Kaur, 1987; Anbu 

and Ramaswamy, 1991; Geraldine et al., 

1999). Similarly, histological alterations have 

been characterized in crustaceans such as 

Palaemonetes pugio and various species of 

Macrobrachium exposed to various chemicals 

such as copper, pentachlorophenol, 

dithiocarbamates, mercury, cadmium and zinc 

(Ghate and Mulherkar, 1979; Rao et al., 1982; 

Doughtie and Rao, 1983; Rao and Doughtie, 

1984; Victor et al., 1990; Vijayaraman, 

1993). Surprisingly, however, there is a 

paucity of information in relation to salinity 

and K
+
 fortification induced histological 

alterations in hepatopancreatic tissues of the 

L. vannamei. The crustacean hepatopancreas, 

which is analogous to the liver of higher 

organisms, is a sensitive organ and liable to 

injury by pesticides and other water-born 

pollutants (Baticados et al., 1987; Vogt, 1987; 

Baticados and Tendencia, 1991). The 

hepatopancreas is essentially composed of 

branched tubules and of different types of 

epithelial cells (E-cells, R-cells, F-cells and 

B-cells) lining the tubules. Therefore, it is 

likely that exposure to different salinity and 

K
+ 

fortification, would be reflected in 

alterations in the structure of the tubules and 

epithelial cells. Several such structural 

alterations were noted in the hepatopancreatic 

tubules of shrimps that had been exposed to 

salinities 5ppt, 10ppt and 15ppt and K
+ 

at 

25%, 50%, 75% and 100% in the present 

study. To conclude, the lesions observed in 

the hepatopancreas of shrimp exposed to 

different salinities fortified with K
+
 

concentrations are likely to have been 

structural manifestations of disruptions in the 

absorptive, storage and secretory functions of 

the hepatopancreas. Since, rearing of shrimp 

to even low levels of salinity (5ppt) and 

higher K
+
 (75% and 100%) can result in 

deleterious changes in hepatopancreas, 

whereas, in case of medium and higher 

salinity of 10ppt and 15ppt with 75% and 

100% K
+ 

fortification yield better results and 

therefore it is suggested that, to utilize the 
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ISGW for the culture of L. vannamei, it must 

be fortified with K
+
 to a minimum of 75% to 

the level of sea water. The histological studies 

examining the effects of ISGW on L. 

vannamei needs to be investigated over a 

wider range of salinities and different ions 

(other than K
+
) to better determine how 

efficient it is at regulating various ions in 

comparison with other penaeid species. 
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