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Abstract
Intensive shrimp farming has raised environmental issues due to aquaculture 
pollution, which is caused by uneaten feed, feces, organic matter, and toxic 
compounds (ammonia and H2S). One way to solve this issue is by using probiot-
ics. Thus, this study aimed at investigating the effect of probiotic administration 
(Pseudomonas sp. and Bacillus sp.) at varying concentrations on total organic 
matter in the rearing water, feed conversion ratio, feed efficiency, and growth rate 
of white shrimp (Litopenaeus vannamei). This study used a Completely Random-
ized Design consisting of four treatments: T0 (without the probiotic supplemen-
tations), T1 (probiotics at 106 CFU/ml), T2 (probiotics at 107 CFU/mL), T3 (pro-
biotics at 108 CFU/mL) with three replicates each. The results showed that the 
administration of probiotics at different concentrations had a significant effect on 
the total amount of organic matter, feed conversion ratio, feed efficiency, and spe-
cific growth rate of white  shrimp. Administration of probiotics at a concentration 
of 107 CFU/ ml had the lowest organic matter in the rearing water, 138 mg /Lt. 
While probiotic administration at 108 CFU/ ml gave the lowest feed conversion 
ratio (1.22), the highest feed efficiency (81.57%) and the best growth rate (2.25%/
day). This research suggests that the administration of 107-108 CFU/ ml probiotics 
could be applied to reduce organic content in the rearing water and improve the 
growth performances of white  shrimp.
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1. Introduction
Shrimp production could be increased by an in-

tensive aquaculture system, in which more inputs, such 
as shrimp larvae and feed are required (Ekasari, 2009). 
However, the intensive aquaculture system has nega-
tive impacts, such as increasing the amount of organ-
ic matter, food waste and feces, increasing the density 
of phytoplankton, more toxic compounds such as NH3 
and H2S and increasing disease transmission in cultured 
organisms (Herdianti et al., 2015). Environmental fac-
tors, especially water quality determine the success of 
shrimp farming. Prevention of water quality deteriora-
tion can be achieved by giving probiotic from the begin-
ning of the culture period to degrade organic material in 
the pond (Irianto, 2003). The application of probiotics 
in aquaculture has been used to maintain rearing water 
quality in several fish species such as tilapia (Wang et 
al., 2008), snapper (Rengpipat et al., 2008), and white  
shrimp (Kumar et al., 2016). Furthermore, Yuvaraj and 
Karthik (2015) stated that the latest effort to improve 
water quality in aquaculture is the application of probi-
otics and or enzymes in shrimp ponds.

Pseudomonas sp. and Bacillus sp. are bacterial de-
composers (biodegradation) or what is called probiotic 
bacteria. According to Edy and Busono (2000), microor-
ganisms that have a capacity to decompose organic ma-
terials in rearing water could be classified as products of 
biotechnology. These types of bacteria were generally 
obtained from nature and had been selected due to their 
capacity to help the process of purification of organic 
materials in the water. Bacteria could be used to remove 
unwanted components in the aquaculture media, such 
as ammonium. The main strength and driving force for 
the operation of this system is the intensive growth of 
heterotrophic bacteria (Avnimelech, 2006).

Yudiarti et al. (2010) documented that the adminis-
tration of probiotics could be reduce the total population 
of Vibrio, total ammonia levels, and organic matter. Ac-
cording to Aslamyah (2011), the application of biore-
mediation probiotic Bacillus sp. with a concentration 
of 0.5 ppm per week in the culture medium could be 
improve the water quality and the activity of the α-amy-
lase and protease enzymes, as well as could be increase 
the survival and growth of white  shrimp. A study by 
Eissa et al. (2014) showed that the administration of P. 
flourescens at a concentration of 108 CFU / g could pro-
tect cultured organisms against pathogenic bacteria in 
tilapia. Linggarjati et al. (2013) reported that the use of 
Bacillus sp. with a density of 106 CFU / ml reduced the 
content of ammonia (NH3), nitrite (NO2), and the total 
Vibrio sp.. While Wang and Gu (2010) also showed that 

the administration of probiotic Lactobacillus acidophilus 
RS058, Rhodopseudomonas palustris GH642, and Ba-
cillus coagulans NJ105 respectively in white  shrimp 
gave daily growth and specific growth rates higher than 
controls (without probiotics). The results in the study of 
Cha et al. (2013) showed that the administration of B. 
subtilis had a beneficial effect on growth performance, 
non-specific immunity, and disease resistance in floun-
der fish and maintenance water quality.

This study was aimed to investigate the effect of 
probiotic administration (Pseudomonas sp. and Bacil-
lus sp.) at the different concentration on the amount of 
organic matter in rearing water and growth performance 
of white  shrimp (L vannamei). 

2.    Materials and Methods
2.1  Samples collection

This research was performed in the Laboratory of 
Fish Health Management, the Brackish Water Aquacul-
ture Development Centre, Jepara, Indonesia from Sep-
tember 2018 to February 2019. White  shrimps (DOC 
35, 8-9 cm length, and weighing 5-7 g) were collected 
from pond farmers around the Brackish Water Develop-
ment Centre, Jepara. The shrimps were in healthy con-
dition and not infected by a disease such as Vibrio.
2.2  Probiotic Isolates 

Three probiotics (Pseudomonas sp., Bacillus sp. 
SDB14, dan Bacillus sp. SDB16) originated from sedi-
ment of shrimp ponds and were not toxic. Each bacterial 
isolate was isolated separately using sterile Tryptic soya 
Broth (TSB) and incubated at 37oC for 24 h. 
2.3  Experimental Design

The present study used completely randomized de-
sign (CRD) with four treatments T0 (no probiotic addi-
tion), T1 (probiotic at a concentration of 106 CFU/ml), 
T2 (probiotic at 107CFU/ml), T3 (probiotic at108 CFU/
ml) and each treatment had three replicates.
2.4  Probiotic Preparation

Pseudomonas sp., Bacillus sp. SDB14, and Bacil-
lus sp. SDB16 were cultured in a modified culture me-
dia. The modified media were made by preparing 50 ml 
of sterile tofu-waste liquid, 25 ml molasses, 6 g glucose 
solution, and 15 g NaCl dissolved in 1L distilled water. 
Then, 100 g skim milk was dissolved in 1L distilled wa-
ter and sterilized by heating in a water bath at a tempera-
ture of 70-80 °C for 10 minutes. After the sterilization 
process was completed, a 10% skim milk solution was 
added into 900 ml of the modified culture media. There-
after, the probiotic isolates were isolated from Pseudo-
monas sp., Bacillus sp. SDB14 and Bacillus sp. SDB16 
of 105 CFU / ml each.
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2.5 Probiotic Administration
The administration of probiotics was conducted 

through rearing water twice a week with a dose of 1 ml/
liter and adjusted according to the treatments 106 CFU/
ml, 107 CFU/ml, and 108 CFU / ml.
2.6  Culturing of White  Shrimp

The white  shrimps were cultured in brackish wa-
ter with 15 ppt salinity (Suharyadi, 2011), and fed with 
commercial pellet containing 35% protein content (Nur, 
2011). The feeding was performed four times a day 
(Widagdo, 2011), with the feeding rate at 3% BW per 
day. The feces secreted by white  shrimps was siphoned 
off every seven days.
2.7  Measured Parameters

The main parameters observed in this study were 
organic material using the titrimetry method, feed con-
version ratio (FCR) (Standen et al., 2015), feed efficien-
cy (EP) (Effendi, 2003; Dahlan et al., 2017), and spe-
cific growth rate (SGR) (Standen et al., 2015). While 
supporting parameters were temperature, pH, and dis-
solved oxygen (DO).
2.8  Measurements of Observed Parameter

The amount of organic matter was measured by 
using a titration method (SNI 06-6989.22-2004). Body-
weight of white shrimp was measured using a ruler, and 
the total weight was measured using an analytical scale, 
and both parameters were measured every seven days. 
The feed conversion ratio and feed efficiency were cal-
culated at the end of the study. While pH was measured 
by pH pen, DO with YSI DO meter, salinity with a re-
fractometer, and the temperature with a thermometer. 
Water quality measurements were read out every day 
for 28 days.
2.9 Data Analysis
 Data were analyzed using Analysis of Variance 
(ANOVA) to determine the effect of each treatment 
(Kusriningrum, 2008). When the ANOVA test results 
were significantly different, the Duncan test (DMRT) 
was performed to determine the difference among treat-
ments.

Treatment
Organic content in the rearing water (mg/l±SD)

Day-0 Day-7 Day-14 Day-21 Day-28

T0 88,71±0,00 156,73a±13,68 172,49a± 8,40 170,45ab±19,27 177,33ab±21,77

T1 78,87±0,00 152,69a±39,00 138,57ab±31,36 194,94a±24,47 212,70a±13,17

T2 85,44±0,00 127,57a±13,95 129,85b±8,88 139,10b±23,94 138,68b±33,06

T3 89,31±0,00 150,66a±25,44 163,77ab±8,88 148,80ab±38,35 170,63ab±25,93

3. Result and Discussion
The main source of organic matter in aquaculture 

pond is organic fertilizer, feces, uneaten feed, phyto-
plankton, zooplankton and benthos, zooplankton, and 
benthos (Boyd, 2016). 

The measurement of organic matter is very import-
ant in this present study to investigate the role of admin-
istered probiotics to reduce organic matter content in the 
shrimp aquaculture system and contribute to the growth 
performance of shrimps. The result of organic content 
measurement during this study is presented in Table 1.

There were no significant differences in the total 
organic matter of the shrimp’s rearing water among all 
treatments (T0, T1, T2, and T3), which were observed 
on day 7 (p>0.05).  On day 14th, organic matter on the 
rearing water of T0 was not significantly different (p> 
0.05) from the organic matter in rearing water of T1 and 
T3. However, total organic matter in the rearing wa-
ter of T1 was significantly different from that in T2 (p 
<0.05). On the 21st day, the results showed that organic 
matter in T1 was significantly different (p <0.05) from 
that of T2 but not significantly different from those of 
T0 and T3, (p> 0.05). On day 28, organic content in the 
control water (T0) was significantly different from T2 (p 
<0.05), but organic matter in T2 (138.68 mg / l) and was 
not significantly different from T3 (170.63 mg / l) and 
T0 (177.33 mg / l) (p> 0.05).

The total amount of organic matter had increased 
in the rearing water without probiotics administration 
(T0) until the end of the culture period. While the rear-
ing water with the addition of probiotics showed low-
er values   than the control (T0) except in T1 (probiotic 
at a concentration of 106 CFU/ml). Organic content in 
T2 was lower   compared to T1 (106 CFU/ ml) and T3 
(108 CFL/ ml) until the end of culture. These results 
are in agreement with the result of Yuvaraj and Karthik 
(2015), in which mineralization of organic matter and 
getting rid of unwanted waste compounds can be per-
formed by microorganisms. 

Table 1. Organic-matter content in rearing water of white  shrimp aquaculture after administration 
of probiotics.
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According to Boyd (2016), the decomposition of or-
ganic material by microbes depends on several factors, 
including water temperature, pH, DO and composition 
of the organic material itself. Bacteria and other decom-
posing microorganisms degrade organic matter quick-
ly at temperatures ranging from 30 - 35oC. Water tem-
perature measured in the present study was below 30oC 
(Table 5), and this caused low performance of probiotic 
bacteria in decomposing the organic matter. This could 
be seen from the measurement results of organic matter 
at the end of the culturing period which was ranging 
from 138.68 - 212.0 mg / l.

Treatments
Feed Conversion Ratio

Mean±SDReplications
I II III

T0 2.58 2.74 2.5 2.60a±0.12

T1 1.99 1.61 1.65 1.75b±0.21

T2 1.46 2.11 2.04 1.87b±0.35

T3 1.22 1.22 1.23 1.22c±0.01

Treatments

Feed Efficiency (%)

Mean±SDReplications
I II III

T0 38.67 36.47 39.85 38.36c±1.72

T1 50.02 62.1 60.4 57.50b±6.53

T2 68.48 47.38 48.83 54.90b±11.78

T3 82.01 81.28 81.43 81.57a±0.38

Treatments
Specific Growth Rate (% BW/day±SD)

Day-7 Day-14 Day-21 Day-28

T0 0.71b±0.44 1.50a±0.23 1.41c±0.21 1.14c±0.09

T1 1.40a±0.22 1.73a±0.25 1.84ab±0.20 1.45bc±0.26

T2 0.91ab±0.24 1.95a±0.65 2.08a±0.55 1.71b±0.44

T3 1.35ab±0.37 1.73a±0.14 1.99ab±0.18 2.25a±0.03

On the day 28th day, the lowest organic matter was 
found in the rearing water of T2, 138.68 mg / l, where 
the results were still below the maximum limit of or-
ganic matter for white  shrimp culture. This is consis-
tent with the statement of Adiwijaya et al. (2008) in 
which states that the maximum limit for organic matter 
is <150.00 mg / l. According to Putra et al., (2014), or-
ganic matter content in the culture media with the range 
of 41.14-162.45 mg / l and produced ammonia ~ 0.000 
mg / l. Thus, it is suggested that probiotic bacteria with 
a density of 107 CFU / ml (T2) could be degrade and 
reduce total organic matter in shrimp rearing water. 

Table 2. The feed conversion ratio of white shrimp (L. vannamei) supplemented with 
probiotic at different concentrations.

This study used a Completely Randomized Design consisting of four treatments: T0 (without probiotic administration), T1 (probiotic adminis-
tration at 106 CFU/ml), T2 (probitic administration at 107 CFU/ml), T3 (probiotic administration of 108 CFU/ml), and  SD = Standard Deviation. 
Superscripts with different letters indicate different in FCR values (p<0.05).

Table 3. Feed efficiency of white  shrimp (L. vannamei) supplemented with probiotics 
at three diffent concentrations

Table 4. The specific growth rate of white  shrimp (L. vannamei) reared in probiotic-treated 
rearing water at three different concentrations. 
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Uneaten feed, shrimp feces, and dead plankton are the 
main elements in the formation of organic matter in 
the rearing water. Microbes break down organic mat-
ter resulting in the production of new bacterial biomass, 
~ 40-60% of the organic material that is metabolized 
(Avnimelech, 2006). 

On day 28th, organic matter at T0 treatment was 
lower than that of T1 treatment. This is due to the num-
ber of shrimps in the fourth week in the T0 tank was low-
er than the number of shrimps in T1. As a consequence, 
the amount of feed given in the T0 was lower, which 
resulted in lower amount of organic matter formed in T0 
than in T1. Whereas the high organic matter in the T1 
was due to the administred probiotic bacteria was un-
able to degrade the organic material produced by white  
shrimp. However, not all of the administered probiotics 
with higher density were able to degrade organic matter 
optimally. This was indicated by the rearing water in 
T3 (108 CFU/ ml) where the amount of organic mat-
ter showed no significant difference than that of T0 (p 
<0.05). This result might be due to probiotic consortium 
in rearing water of T3 to compete with each other for 
obtaining nutrients. 

Setiawati and Hudaidah (2013) explained that the 
high administration of probiotic bacteria could lead to 
competition in obtaining nutrients or substrates, which 
could be inhibit bacterial growth activities. This condi-
tion causes a decrease in the performance of probiotic 
bacteria in degrading organic matter. Furthermore, Boyd 
(2016) stated that organic matter containing higher ni-
trogen is easier to be broken down than organic matter 
with low nitrogen content. This might be due to the fact 
that the probiotic microorganisms required more nitro-
gen to produce their cells.

The conversion ratio (FCR) of shrimps in all treat-
ments was lower   than the control (T0) and was signifi-
cantly different among treatments (p <0.05). FCR in 
treatment T3 (1.22) was significantly different (p <0.05) 
from T1 (1.75) and T2 (1.87). In this study, the lowest 
FCR value was recorded at Treatment 3 (1.22). 

The FCR   was calculated from the total amount of 
feed consumed divided by the weight gain of shrimp 
during the culture period. The smaller the value of the 
FCR, the better the feed is utilized in shrimp growth. 
The average FCR of white  shrimp feed is presented in 
Table 2.

The feed efficiency of white  shrimp ranged from 
38.36 to 81.57%. Feed efficiency is the opposite of the 
feed conversion ratio. Feed efficiency is the percentage 
increase in body weight divided by the amount of food 
consumed. The higher the value of feed efficiency, the 

lower the value of feed conversion ratio, and vice versa. 
Higher value of feed conversion results in lower val-
ue of feed efficiency. The feed efficiency of shrimp in 
T0 (38.36%) was significantly different from shrimp in 
T1 (57.50%), T2 (54.90%), and T3 (81.57%) (p <0.05). 
While feed efficiency in shrimps receiving T3 was sig-
nificantly different shrimps from T1 and T2 (p <0.05). 
The feed efficiency of white  shrimp receiving probiotic 
supplementation could be seen in Table 3.

The highest feed efficiency obtained in the present 
study was 81.57% in shrimps with T3 treatment, while 
the lowest in control (T0), which was 38.36% (p<0.05). 
These results show that the probiotic supplementation 
improved the feed efficiency of white  shrimp. This 
result might be indicate that the probiotic bacteria are 
used by the white  shrimp as a protein source for growth 
or the probiotic bacteria produce extracellular enzymes 
that help in shrimp digestion.

According to Pahlawi et al. (2019) Pseudomonas 
sp. could be produce protease, lipase, cellulase, and am-
ylase enzymes. Whereas Bacillus sp. had been report-
ed to secrete extracellular enzymes such as protease, 
amylase, and lipase (Karigar and Rao, 2011) hence it 
could be help the digesting process that takes place in 
the stomach. These enzymes help hydrolyze complex 
molecular nutrients such as breaking down carbohy-
drates, proteins, and fats into simpler molecules such as 
glucose, amino acids, and fatty acids. Furthermore, Pu-
tra (2010) stated that the extracellular enzymes helped 
to hydrolyze complex molecular nutrients into simpler 
molecules to facilitate the process of digestion and ab-
sorption in the digestive tract of fish.

The specific growth rate of white shrimp during the 
culture period increased overtime. At day-28. the specif-
ic growth rate of shrimps in the control group (T0) was 
significantly different from shrimps at T2 and T3 but 
was not significantly different from shrimps in T1 (p> 
0.05). While the specific growth rate of shrimps at T3 
was significantly different from the specific growth rate 
of shrimp at T1 and T2 (p <0.05). The average specific 
growth rate of white shrimp supplemented with probiot-
ic at the different concentrations is presented in Table 4.

The specific growth rate of white  shrimp calculat-
ed on day-28 in T3 treatment (2.25% BW/day) was sig-
nificantly higher than the white  shrimp in control (T0; 
1.14% BW/day). This result indicated that the adminis-
tration of probiotics at 108 CFU/ml (T3) improved feed 
digestion in the shrimp through extracellular enzyme 
production. The production of extracellular enzymes 
by the probiotics increased the digestibility of pro-
tein, carbohydrates, and fat so that the feed utilization 
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was obtained from probiotic administration at a concen-
tration of 107 CFU/ml (T2). While the administration of 
108 CFU/ml (T3) had the lowest feed conversion ratio 
(1.22), highest feed efficiency (81.57 %), and the best 
specific growth rate of white  shrimp (2.25% BW/day).
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