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INTRODUCTION
Global demands for white meat has lead to the rapid 
growth of the world production of aquatic resources in 
the past decades of which aquaculture industries have 
played a decisive role (Jespersen et al., 2014). Shrimp, along 
with other seafood commodities such as tuna, lobster and 
cephalopods are in high demand (FAO, 2016). Although 
shrimps are highly sensitive to environmental stressors, 
most of them are cultured in open ponds located along 
the coast which are very susceptible to unpredicted 
environmental changes or fluctuations (Pusceddu et al., 
2011). Litopenaeus vannamei growth optimum at salinity 
levels of 15-20 ppt or more (Rosas et al., 2001; Gao et 
al., 2016). Sudden changes in water salinity, mainly due 
to rain, can drastically affect the metabolism, growth, 
molting, and shrimp survival as well as the biochemical 
and physiological parameters of shrimp in response to 
stress and even cause death (Shekhar et al., 2013; Pillai & 
Diwan, 2002). Accordingly, shrimp ponds management is 
essensial, especially to guarantee that the shrimp in optimal 
conditions to resists against various stressors.

Aeration systems are important factors in intensive shrimp 
culture. Various types of aerators have been developed and 
used in shrimp farming, including blowers, vertical pumps, 
and propeller aeration systems (Lara et al., 2016). Aerators 
that produce micro-sized air bubbles called microbubbles 
have advantages over conventional air blowers, such as 
the long lifetime in liquid and its high gas solubility into the 
liquid (Liu et al., 2013, Agarwal et al., 2011). A microbubble 

generator device developed by Deendarlianto et al. (2015) 
has been demonstrated to support the tilapia farm in high 
stocking densities (Budhijanto et al., 2017). The application 
of the microbubble generator device in shrimp farming is 
an attraction to study.

Shrimp dependence on non-specific immune system 
attracts many researchers to evaluate the effect of 
probiotics on shrimp. Probiotics are beneficial bacteria 
that able to increase feed digestibility, thereby increasing 
the growth (Wang et al., 2019) or reduce the discharge of 
organic matter derived from the feces (Santos, 2014). The 
existence of immunomodulation by probiotics in shrimp 
was first raised by Rengpipat et al. (2000). Administration 
of probiotics Bacillus spp. at the dose of 1.5 x 106 cfu/g of 
diet enhances shrimp juvenile resistance to environmental 
stressors such as salinity and or temperature abnormalities, 
formalin, chlorine and ammonia (Arpanahi et al., 2014). The 
level of glucose and cortisol hormone in the probiotics 
treated groups were also lower than to controls, indicating 
the potential benefit in reducing stress in shrimp (Arpanahi 
et al., 2014). Probiotic BALSS is a mixture of Bacillus sp., 
Aeromonas sp., Lactococcus sp., Streptococcus sp., and 
Saccharomyces sp. we isolated from the fish intestine. The 
bacteria were confirmed on the strong enzymatic activities, 
non-pathogenic characters (Rohman et al., 2018) and the 
ability to promote the growth of tilapia (Istiqomah et al., 2018).

In the present study, we aimed to examine the effect of 
microbubble aeration, dietary probiotic and the combination 
of Litopenaeus vannamei juvenile resistance against acute 
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salinity stress. shrimps were maintained with microbubble 
aeration and dietary probiotic for two months before 
the acute salinity stress test. Shrimp resistance against 
the stressor was determined based on the glucose level, 
total protein, bactericidal activity, natural agglutination, 
phenoloxidase, respiratory burst, and superoxide dismutase 

activities in the hemolymph, and the shrimp survival rate (SR).

MATERIALS AND METHODS

Shrimp
Shrimps (7.6 g) were obtained from a shrimp hatchery 
center in Yogyakarta region and were acclimatized for 
one week before the experiment. Shrimps were randomly 
stocked in a 900 l tanks of seawater at a density of 113 
shrimps/container with a constant inlet water discharge 
of 0.028 l/s and salinity 25 ppt. A completely randomized 
design was used in this experiment with 2 x 2 factorial of 
two-level aerations (microbubble and blower) and two-
level probiotics (non-probiotic and probiotic diet) in three 
replicates. Shrimps were cultured for 60 days in tanks 
aerated using a microbubble or blower. The control and 
probiotic supplement feeds were given 5% of biomass/day 
(five times a day). Hemolymph at the initial experiment was 
taken and tested for glucose level to ensure that shrimps 
were at the same physiological condition (Figure 1).

Microbubble generator
The microbubble generator is one tool that can increase 
dissolved oxygen in the water. The principle of the 
microbubble generator is the pressure of water flow 
and atmospheric air into the pump and water flow out 
with micro-sized air bubbles. Bubbles produced from 
microbubbles measuring 50-200 µm. The number of 
bubbles with a diameter of 50 µm and 100 µm every 300 
bubbles and measuring more than 100-200 µm with 50 
bubbles at 33.33 l min-1 water flow and 0.2 l min-1 airflow 
(Deendarlianto et al., 2015). The schematic diagram of the 
microbubble generator is presented in Fig. 1. Nine of the 
tanks were operated with the microbubble generator (WP 
106 water pump, 85 Watt) and nine with blowers (Atman 
HP-12000, 60 Watt). Microbubble generator and blower 
airflow were equals to 0.068 l s-1.

Probiotic
Gut probiotics BALSS (Bacillus sp. PCP1, Aeromonas sp. 
JC18, Lactococcus sp. JAL12 Staphylococcus sp. JC20 and 
Saccharomyces sp. FNCC3012) were activated in molasses 
medium (fish meal 5 g l-1, molasses 3 g l-1, monosodium 
glutamate 1 g l-1 and distilled water) at 30 °C for 24 h. A 
commercial feed with a composition of protein 35% and 
lipid 6% was used as a basal diet. The suspensions of 
probiotics with concentration 106 cfu (g diet)-1 in molasses 
medium were sprayed on the feed. The control shrimps 
(non-probiotic) were fed with basal diet spread with 
molasses medium without the probiotics. 

Shrimp culture
Shrimps were maintained with two-level of aerations 
(blower and microbubble) and fed with two-level of diets 
(probiotics and non-probiotic). Shrimps were maintained 
for 60 d in a tank (1x1x1 m3) and fed at 5% body weight 
five times a day (at 07.00; 10.00; 13.00; 16.00 and 19.00 

h). At the end of the experiment (before stress test), the 
hemolymph from each tank was sampled with a syringe 
using anticoagulants (10% sodium citrate) in the ventral 
sinus section of shrimp. 0.5 ml hemolymph was taken from 
5 shrimps from each tank and transferred into a microtube. 

Stress test
A salinity stress test was conducted for 3 h at the end of 
the treatments (day-60). Eight shrimps from each tank 
were collected and transferred to tanks (30x60x35 cm) 
with low salinity 5 ppt for the stress test, which lasted for 
3 h. survival of shrimp was evaluated at the end of the 
experiment. The hemolymph of shrimp was taken to test 
for glucose level, total protein plasma, antibacterial serum 
activity, natural agglutination, phenoloxidase, respiratory 
burst, and superoxide dismutase (SOD) activities.

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

Total protein plasma (TPP) test
T o t a l  P r o t e i n  P l a s m a  ( T P P )  w a s  m e a s u r e d 
spectrophotometrically following the procedure of Setyawan 
(2019). Hemolymph was centrifuged at 1500 rpm for 5 min. 
Two microliters of serum were added with 798 μl of distilled 
water and 200 μl of protein test kit (Biorad), then incubated 
for 15 min. The absorbance of 600 nm was measured using 
a spectrophotometer. Previously, a standard curve of protein 
level was determined by BSA (Bovine Serum Albumin-Merk) 
at a multilevel concentration of 75; 50; 12.5 and 6.25 mg /ml.

Antibacterial serum activity test
Antibacterial serum activity was tested by mixing a 5 µl of 
bacterial suspension of Vibrio harveyi (106 cfu ml-1) and 45 µl 
of hemolymph and incubated for 1 h. Then, the mixture was 
diluted and dropped on TCBS (Thiosulfate Citrate Bile Salt 
Sucrose) medium fir 24  of incubation at room temperature. 
Antibacterial activity of the serum was calculated base on 
the following equation.

Antibacterial serum activity = (1-(number of treatment 
colonies/number of control colonies)) x 100%

Natural agglutination test
Natural agglutination was measured following the 
procedure of Purbomartani (2019). 25 µl PBS was 
transferred to a microtiter well except in the first well. 
The first and second well was filled with 25 µl serum and 
stratified dilution. 25 µl of the mixture was transferred in 
the next well, and 25 µl antigen was added into all wells, 
incubated for 1 h at room temperature. Furthermore, 
overnight incubation at low temperature and observed 
a lump formed in the middle well. The agglutination titer 
value of the sample is the opposite of the last dilution that 
shown agglutination. 

Phenol oxidase (PO) activity test
PO activity was measured spectrophotometrically following 
the procedure of Yudiati et al. (2016). 100 µl hemolymph 
was mixed with 100 µl PBS (phosphate Buffer Saline) and 
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centrifuged at 7000 g for 2 min. The pellet was added with 
100 µl of cacodylate buffer and centrifuged at 7000 g for 
2 min. The supernatant was added with 100 µl of trypsin, 
incubated for 10 minutes, and mixed with 50 µl L-DOPA. 
The phenoloxidase activity was measured based on the 
optical density by spectrophotometry (490 nm).

Respiratory burst test
Respiratory burst activity test was carried out based 
on the method of Isnansetyo et al. (2016). The 100 µl of 
hemolymph was added with the same volume of 0.25 
NBT solution and incubated for 30 min. After that, 50 µl 
of the mixture was transferred in a glass and added 1000 
µl of N-N Dimethyl Formamide solution, then centrifuged 
at 3000 rpm for 5 min. The supernatant was transferred 
to a glass cuvette and absorbance was measured with a 
spectrophotometer at 540 nm. 

Super oxide dismutase (SOD) activity test
The SOD activity was measured spectrophotometrically by 
recording the riboflavin by NBT (Nitroblue Tetrazolium). 
The 40 μl of hemolymph was homogenized with 160 μl 
Phosphate Buffer (50 mM, pH 7.8) and centrifuged at 12000 
for 4 min. The 200 µl of supernatant was heated at 65 °C for 
5 min. Finally, 50 µl of crude extract added with 50 µl NBT 
buffer and incubated for 2 min. The optical density at 630 
nm was measured using spectrophotometry (Yudiati, 2016).

Shrimp survival rate
The number of live shrimp was counted after the low 
salinity stress test for 3 h. 

Survival rate (SR,%) = live shrimp number/total shrimp 
number x 100 (Cai et al., 2019).

Statistical analysis
All data were analyzed by ANOVA (Analysis of Variance) 
at the significance level of 0.05. A multilevel comparison 
(DMRT) test was used to examine significant differences 
among treatments using SPSS IBM 20 software. Before 
the analysis, all data were analyzed on the normality and 
homogeneity test. 

RESULTS AND DISCUSSION

Blood glucose
The value of the glucose level is shown in Figure 1. The 
glucose level at the initial maintenance was in the same 
range (62.33-75.33 mg dl-1), and stable at the end of the 
trial (60 d). Three hours after transferring shrimps to 5 ppt, 
glucose level significantly increased in all treatments except 
microbubble aeration with gut probiotic. 

Figure 1. Glucose content (mg/dl) of  L. Vannamei.

Shrimp survival
Results of shrimp survival of acute low salinity stress 
are shown in Figure 2. The stress resistance showed an 
interaction between aeration and probiotic factor. Shrimp 
survival in microbubble aeration and non-probiotic feed 
treatment significantly (P<0.05) were higher than blower 
aeration and non-probiotic feed but similar to between 
micro bubble-gut probiotic and blower-gut probiotics 
groups.

Figure 2. Survival rate (%) of  L. Vannamei after stress test.
*Values with different superscripts on the same row show significant differences 
(P<0.05).

Total plasma protein
The total protein plasma of all groups remained the same 
at the end of the experiment (days-60) (Figure 3). The value 
before and after the stress test was also similar in the range 
of 70.13-79.89 µg/µl.

Figure 3. Total protein plasma of  L. Vannamei.
*Values with different superscripts on the same row show significant differences 
(P<0.05).

Serum bactericidal activity
The result of serum antibacterial activity at the end of 
maintenance (days-60) showed significant differences 
between treatments (Figure 4). After the stress test, serum 
antibacterial activity of all treatments significantly increased 
at various levels. The statistical test indicated that the 
serum antibacterial activity of microbubble aeration was 
significantly higher than blower aeration, while probiotic 
feed treatment no significant difference with non-probiotic 
feed treatment. 
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Figure 4. Antibacterial serum activity (%) of  L. Vannamei.
*Values with different superscripts on the same row show significant differences 
(P<0.05).

Natural serum agglutination
The result of agglutination activity at the end of the 
experiment (days-60) showed no significant differences 
between treatments (Figure 5). After the stress test, 
agglutination activity was increased in all treatments but 
remained similar (P>0.05).

Figure 5. Natural agglutination of  L. Vannamei.
*Values with different superscripts on the same row show significant differences 
(P<0.05).

Phenoloxidase activity
There was no different phenoloxidase activity between 
treatment until 2 months of maintenance (Figure 6). The 
values were increased due to the stress test but remained 
similar (P>0.05). 

Figure 6. PO activity of  L. Vannamei.
*Values with different superscripts on the same row show significant differences 
(P<0.05).

Respiratory burst activity
The result of respiratory burst at the end maintenance 
(days-60) showed no significant difference between 
treatments (Figure 7). After the stress test, respiratory burst 

in blower aeration with gut non-probiotic was significantly 
increased, while in the other treatments were similar. 

Figure 7. Respiratory burst activity of  L. Vannamei.
*Values with different superscripts on the same row show significant differences 
(P<0.05).

Superoxide dismutase activity
The result of SOD activity at the end maintenance showed 
no significant difference between treatments (Figure 8). 
After the stress test, the SOD activity of all treatments 
increased but similar between treatments (P>0.05). 

Figure 8. SOD activity of  L. Vannamei
*Values with different superscripts on the same row show significant differences 
(P<0.05).

Discussion
Salinity is an important abiotic environment affecting the 
metabolism, survival, osmotic capacity, growth and immune 
system of Litopenaeus vannamei (Alvarez et al., 2004; Xie et 
al., 2014). Although it has been reported that low salinity 
does not affect the white leg shrimp feed convention ratio 
and growth (Jaffer et al., 2020), it decreased the survival rate 
(Diaz et al., 2009). We suspect the decrease in survival is 
related to stress conditions, which could be corrected by 
the application of water probiotics (Liu et al., 2010).

In the present study, we found that shrimps treated with 
microbubble aeration and gut probiotics demonstrated 
a stable hemolymph glucose level within two months 
of treatment. This result indicated that shrimp have 
successfully adapted to the environment condition applied. 
Thereafter, la ow salinity stress test resulted in an increased 
hemolymph glucose level to more than 160 mg dl-1 in the 
control groups, indicating the presence of stress response 
to increase energy to maintain homeostasis defense (Cuzon 
et al., 2004). The application of microbubble successfully 
stabilizes the glucose levels (85-100 mg dl-1), and the 
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combination with intestinal probiotics decreases that 
number to 20-85 mg dl-1. Also, the shrimp adaptation ability 
in the conditions provided in this study as indicated by the 
stability of hemolymph glucose level (as mentioned above) 
shows the hope for shrimp farming with an indoor tank 
with recirculation system. This result supports the opinion 
expressed by Suantika et al. (2018). This kind of shrimp 
farming practice will guarantee a process that is more easily 
controlled, especially in the aspect of biosecurity which is 
often complained in open-pond cultivation. 

Application of microbubble, probiotic and the combination 
produced shrimp survival rate (SR) of 60-100% in the present 
high-density indoor farming with water recirculation 
system and low salinity stress. This result is encouraging 
considering the control group has a lower survival rate 
(39-78%). According to Widodo et al. (2011), salinity 
changes can lead to mortality due to the sudden change in 
osmoregulation, osmotic pressure, oxygen consumption, 
and stress levels. In the present study, the higher shrimp 
survival rate was obtained by microbubble aerated 
groups related to the presence of more oxygen in the 
water. According to Deendarlianto et al. (2015), bubbles 
generated from microbubbles were varied, ranging from 
50-200 µm. The number of bubbles with a diameter of 50 
µm and 100 µm each with 200 bubbles and more than 
100-200 μm with 50 bubbles. with the understanding that 
smaller bubbles will have more air diffusion areas, the 
microbial group receives a greater amount of air than the 
normal aeration group. Interestingly, the combination of 
micro bubbles-intestinal probiotics has produced SR that 
similar to the combination of ordinary aeration-intestinal 
probiotics. It was shown that oxygen is needed for waste 
respiration and degradation processes, and an effective 
aeration system is required (Bryand et al., 2006). Here, 
we speculate the possibility of some probiotics coming 
out with feces and living in the water. If this happened, 
oxygen consumption was not only done by shrimp but 
also by probiotics. Further studies are needed to confirm 
this phenomenon.

Increased serum bactericidal activity in shrimp due to the 
application of probiotics was reported by Chiu et al. (2007). 
However, in the present study, increased serum bactericidal 
activity was induced by low salinity stress in shrimp reared 
with MBG with and without probiotics. We suspect that this 
character arises because shrimp of microbubble treated 
groups live in comfortable environmental conditions, 
especially in terms of oxygen content so that they have a 
good immune system. 

Natural agglutination is an immune response to foreign 
particles or pathogen that enters the body. The immune 
response is characterized by the binding or clumping of 
particles by antibody or agglutinin. Agglutination plays an 
important role in the immune system to fight pathogens 
(Mitsi et al., 2016). We demonstrated that the application of 
microbubble and the combination with probiotic enhance 
the natural agglutination of shrimp hemolymph against low 
salinity stress. When stress occurs, natural agglutinations 
were maintained at 28-9 (256-512) by the microbubble and 
probiotic treated groups, while it was only 26-8 (64-256) in 
the control groups. 

Phenoloxidase and total protein plasma of all groups 

in the present study remained stable. Phenoloxidase is 
an enzyme that plays an important role in the proPO 
system. Phenoloxidase will oxidize phenol to quinone 
which then forms a polymer into melanin and plays a 
role in destroying pathogens Amparyup et al. (2013). 
In the present study, the shrimp phenoloxidase during 
maintenance for two months and after low salinity stress 
tests were similar between treatments (P>0.5). The stable 
PO values   during the experiments in all treatments 
showed that the treatments in this study did not affect the 
shrimp PO system. On the other hand, the white leg shrimp 
total protein plasma (TPP) was stable for two months of 
maintenance, low salinity stress-induced the TPP value to 
increase but similar between treatment. This phenomenon 
is similar to that were demonstrated by Yudiati et al. (2016) 
who applied various types of immunostimulants to white 
leg shrimps.

Cellular immunity response observed in this study was 
respiratory burst and superoxide dismutase (SOD) 
activities. We found that both parameters were relatively 
homogeneous between treatments and increased when 
the shrimps were exposed to low salinity stress. The 
increase in the activity of the two parameters indicates 
stress conditions that required more cell energy and 
was responded by the increasing of cell metabolism and 
production of free oxygen radicals (Reactive Oxygen 
Species/ ROS) (Yudiati, 2016; Wulandari, 2017). SOD 
activity is strongly influenced by the respiratory burst. The 
SOD values   indicated the ability of shrimp neutralize free 
radicals that able to cause cell damage (Yudiati, 2016). Data 
of the present study revealed that the aeration system and 
probiotic did not influence the shrimp respiratory burst 
and SOD activities.

In conclusion, it is demonstrated that microbubble 
aeration without or with the application of gut probiotic 
could improve white leg shrimp L. vannamei resistance 
against low salinity stress as indicated by the survival 
rate, hemolymph glucose level, serum bactericidal activity, 
and natural agglutination. Further investigation on the 
mechanism by which the immune stress resistance and 
parameters are improved needs to be investigated.
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