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Abstract: 
 
The market needs for vanamei shrimp become less optimal due to constraints on expenditure costs 
during cultivation, one of which is the minimal cost of buying or renting pond land and the need for 
vanamei shrimp probiotics. Vanamei shrimp farming business using round ponds is one alternative in 
cost efficiency. The provision of probiotic composition is expected to be able to provide optimal income 
for this cultivation business. The purpose of this study was to determine how much influence the 
provision of probiotic composition calculated into expenditure costs on the income of vanamei shrimp 
ponds in round ponds. The research method used was quantitative in 10 round ponds of vanamei shrimp 
farming ponds with 5 different probiotic concentration treatments. The data analysis used was variance 
analysis, variation coefficient, and 5% LSD test. The results showed, that F Count > F Table 5% or 
15.94 > 6.39. This shows that the administration of different probiotics can have a real effect on 
cultivation income at a significant level of 0.05. Then the value of the variation coefficient is included 
in the medium category with a value of 14%. In the 5% LSD test, the pool with a mixture of Trichoderma 
and Nitrosomonas probiotic treatment was the best treatment than the other four treatments by 
comparing the difference in production costs (variable) used and income obtained. 
 
Keywords: Effect; Probiotics; Production Cost; Income; Vanamei Shrimp 
 

 
 

Submitted: 1 January 2024, Accepted: 12 January 2024, Published: 30 January 2024 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 

 

1Management Study Program, Universitas Muhammadiyah Sidoarjo,Indonesia. ira.nurdiani15@gmail.com   
2Management Study Program, Universitas Muhammadiyah Sidoarjo,Indonesia. sriyono@umsida.ac.id 

3Management Study Program, Universitas Muhammadiyah Sidoarjo,Indonesia. herlindamayakumala@umsida.ac.id 
 
 



 
 

 

Ira Nurdiani, Sriyono, Herlinda Maya Kumala Sari  
2 

  

1. Introduction 
 
Shrimp is one of the fisheries sectors that has the potential to contribute to improving the economy 
of fish farmers in Indonesia, both for domestic consumers and as a mainstay export commodity 
(Usura et al., 2023; Yunus et al., 2022). In addition, according to (Mauladani et al., 2020) in the 
January-September 2018 period, shrimp has become the main export commodity of Indonesian 
fishery products. By only contributing 18.35% of the total volume of commodities exported, 
shrimp can provide foreign exchange of USD 1.3 billion or 36.96% of the total export value. One 
type of shrimp is vanamei shrimp. Vanamei shrimp is one of the mainstay commodities because 
shrimp farming has great opportunities and high economic value (Gusni et al., 2023). Gunarto et 
al., (2012) (in (Rakhmanda et al., 2021) stated that the entire vanamei shrimp farming industry 
has been supported by vanamei shrimp production in Indonesia. 
 
Sidoarjo Regency is one of the areas that is also the largest fisheries subsector reaching more than 
40%, with an area for vaname shrimp cultivation of 15,531.4 ha, this was stated by BPS Sidoarjo 
Regency (2013) (in Husada et al., 2021). One of the areas of Sidoarjo Regency that have the 
potential to develop the vaname shrimp pond business is Jabon District, precisely in Tlocor 
Village. According to Haliman and Adijaya (2005) (in Yunus et al., 2022), traditional vaname 
shrimp farming is more widely used by local farmers. In addition, vaname shrimp was chosen 
because it has several advantages, including growing faster, saving feed, being more disease 
resistant, resistant to the environment, and having a shorter maintenance time, an average of 30-
120 days per cycle. 
 
In terms of increasing the vanamei shrimp farming business, many innovations have been 
developed. One of them is the provision of probiotics which are bacteria that can provide health 
(George Kerry et al., 2018). Naturally, probiotics will protect against disease by boosting the 
immune system and helping host development (Guo et al., 2022) or in aquaculture (R. Wang et 
al., 2020). In vanamei shrimp, probiotics not only increase growth (Larasati et al., 2021; 
Mirbakhsh et al., 2023), and survival but also improve water quality and immune response and 
disease resistance (Y. Cai et al., 2019) can even replace antibiotics (Won et al., 2020). This is also 
in line with research conducted by Husaeni and & I Ketut Agus Sudarmayasa (2018) that, the 
application of probiotics is considered effective for the growth of vanamei shrimp and can 
suppress disease. 
 
In order for the development strategy of vaname shrimp farming to run well, a special study is 
needed (Sumiarsih et al., 2019). Biantara et al., (2016) (in Makalingga et al., 2019) explained that 
in maximizing welfare potential, breakthroughs are needed. Although vanamei shrimp has high 
economic value, this does not make vaname shrimp farming free from several problems 
(Purnamasari et al., 2022). The inability to maximize the area of cultivation is a problem that is 
often found in traditional vaname shrimp farming (Husada et al., 2021). The same problem also 
occurs in Tlocor Village farmers or even other Sidoarjo communities, they tend to have to use 
large areas of land or land for cultivation. Meanwhile, to rent or buy large land requires a lot of 
money. Due to limited costs, the number of farmers in Sidoarjo is less than optimal in meeting 
the needs of the vanamei shrimp market.  
 
Seeing the high cost of land investment for vanamei shrimp farming, ponds with conventional 
systems can be an alternative investment (Rego et al., 2017). This study used round ponds as a 
medium for vanamei shrimp cultivation commonly referred to as millennial shrimp farming ponds 
in Indonesia (Pramudia et al., 2022), with different concentrations of probiotics in several ponds. 
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The purpose of this study is to determine the best treatment pool by considering in terms of 
production costs (variable) and income obtained. 
 
2. Methodology 

 

This research was carried out in the pond area around Tlocor Marine Tourism, Tlocor Village, 
Sidoarjo at the end of September – December 2022. This study is a quantitative study using 
sample data from the results of experimental research on 10 round ponds of vanamei shrimp 
farming ponds that have a stocking density of 5000 heads/pond or 5000 heads/12.56 𝑚" with 5 
different probiotic concentration treatments, where the data was taken by interviewing sources 
from experimental actors. 
 
According to Sugiyono (2011), experimental research is a tightly controlled study to look for the 
influence of variables on one another. Then Purwanto (2010) also explained that experimental 
research is research where the dependent variables or usually the variables to be studied are raised 
deliberately by manipulating with treatment. So variables will exist after being treated in a 
research process—the independent variable is commonly called the causal variable (Almumtazah 
et al., 2021).  
 
Quantitative research is scientific research that uses numerical or numerical data analysis 
(Suryani &; Hendryadi, 2018; Darmawan, 2019). In addition, quantitative research also aims to 
examine the problem of a phenomenon and see the relationship or relationship between variables 
in the problem set (Indrawan &; Yaniawati, R, 2016). Variable data in this study was obtained 
from interviews with resource persons who had conducted experimental research. 
 
The experiment was conducted with five kinds of treatments arranged in a Group Randomized 
Design and replicated twice. Then the average value of income obtained from each production 
cost of the five kinds of treatment. Furthermore, variance analysis or ANOVA was carried out 
on all observational data followed by the Variation Coefficient and 5% LSD test. 
Analysis of Variance or ANOVA  
Analysis of variance commonly called ANAVA or ANOVA (Analysis of Variance) is a statistical 
method used to compare simultaneously from several populations or analyze differences between 
groups (Nuhasanah, 2019). Analysis of variance is not only to determine the impact between one 
variable (independent) on one variable (dependent) another but also between several independent 
variables on one dependent variable (Reksoatmodjo, 2007). The Anova used in this study is the 
Two-Line Anova which is to test the comparison of several samples where each sample consists 
of two or more types together (Irianto, 2004; Riduwan, 2009). Generally, Anova is presented in 
the Anova table to make it easier to see the results that have been studied. To find out the Anova 
table in the study, there are several calculations carried out. Here's the equation used to calculate 
the sum of squares in the anova table: 

FK = (∑%)
'

(
        (1) 

Information: 
FK = Correction Factor 
∑𝑌 = Total of all revenue  
n = Number of observations 

JK Total = (The sum of squares of each observation) – FK  (2) 
JK Group = (*+,	./0	12	.3/45,.	12	,46+	751/8)

(/09,5	12	:5,4:0,(:
 – FK   (3) 

JK Behaviour = *+,	./0	12	.3/45,.	12	,46+	:5,4:0,(:
(/09,5	12	751/8

 – FK   (4) 
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JK Error = JK Total – JK Group – JK Treatment    (5) 
Information: 
JK = Sum of Squares 
 
Furthermore, the data is compiled into the analysis of variance table (ANOVA), the details of the 
analysis of variance table (ANOVA) can be seen in Table 1. the following: 

Table 1. Analysis of Variance or ANOVA Table 

Sources of 
Diversity db JK KT F Count 

F Table 

5% 1% 

Group I – 1  JK K 𝐽𝐾	𝐾
𝑑𝑏	𝐾

 
𝐾𝑇	𝐾
𝐾𝑇	𝐺

 
db K, db G db K, dbg 

Treatment j – 1  JK P 𝐽𝐾	𝑃
𝑑𝑏	𝑃

 
𝐾𝑇	𝑃
𝐾𝑇	𝐺

 
db P, db G db P, db G 

Error ij – (i+j) + 1 JK G 𝐽𝐾	𝐺
𝑑𝑏	𝐺

 
   

Total IJ - 1 JKT     

 
Coefficient of Variation 
The Variation Coefficient is the ratio of standard deviation to the calculated average (Jalilibal et 
al., 2021), where the magnitude is expressed as a percentage (Yunita et al., 2022). To calculate 
the coefficient of variation can use the following formula: 

KK =	√C*	D
%E

	× 100%       (6) 
Information:  
KK = Coefficient of Variation 
𝑌E = General average 
5% Least Significance Different (LSD) Test 
The LSD test is a comparison test of the average treatment with the smallest real difference to 
measure the source of variation at 5% (Noor Shah et al., 2021). This 5% LSD test can be 
calculated by the following formula: 

LSD 5% = t (0,05; db g) ×	J"	(C*	D)
5

     (9) 

Information: 
r = number of groups 
 
3. Empirical Findings/Results 
 

Probiotic Treatment in Vanamei Shrimp Farming 
Probiotics are live microorganisms that can provide benefits to their hosts if given in sufficient 
quantities (Reid et al., 2019). Giving probiotics to vanamei shrimp can help improve the quality 
of life (Liao et al., 2022; Amiin et al., 2023), water quality (Khademzade et al., 2020; Truong et 
al., 2021; Hassan et al., 2022), immunity (Hamsah et al., 2019; Amoah et al., 2020; Butt et al., 
2021), disease resistance (X. Cai et al., 2022; Sumon et al., 2022; Monier et al., 2023), also the 
growth of vanamei shrimp (Kesselring et al., 2019). 
 
Similarly, what is expected in vanamei shrimp farming with various kinds of probiotic 
concentration treatments in this study? The use of probiotics such as Lactobacillus can usually 
help in the weight gain of vanamei shrimp (Peña Rodríguez, 2021), where if the shrimp weight 
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increases it will certainly increase the selling value of shrimp and increase aquaculture income. 
Probiotic treatment was given to 10 pools with 2 pools each. Each treatment is Lactobacillus, 
Trichoderma, Nitrosomonas, a mixture of probiotics Trichoderma and Nitrosomonas, and a 
mixture of probiotics Trichoderma and Lactobacillus. 
 
The use of Trichoderma probiotics can improve the immune system in vanamei shrimp 
(Muahiddah et al., 2022), so that shrimp are more disease-resistant. Meanwhile, Nitrosomonas 
probiotics can improve water quality (Wei et al., 2021), so that the growth rate of vanamei shrimp 
increases (Liu et al., 2023). The use of mixed probiotics between Trichoderma and Nitrosomonas 
and mixed probiotics Trichoderma and Lactobacillus is expected to provide double benefits to 
vanamei shrimp so that aquaculture income can reach the maximum. 
Observations made approximately 3 months get the result data as can be seen in Table 2. the 
following: 

Table 2. Observation Data 

Cost 
in IDR 

Conduct (j) 
 

Income  
in IDR 

Total (Yi) 
in IDR 

Average (𝑌E) 
in IDR Group (i) 

1 2 

1,520,600 Lactobacillus 94,500 189,000 283,500 141,750 

1,570,600 Trichoderma 225,000 337,500 562,500 281,250 

1,549,000 Nitrosomonas 148,500 229,500 378,000 189,000 

1,615,600 Trichoderma and 
Nitrosomonas 405,000 432,000 837,000 418,500 

1,587,300 Trichoderma and 
Lactobacillus 351,000 327,000 678,000 339,000 

Total 1,224,000 1,515,000 2,739,000 273,900 

Source: Data Analytics, 2023 
This study used 5 treatments with 2 pond groups in each treatment, where the observed result data 
was production costs (variable) with the income of round pond cultivation of vanamei shrimp. 
The total number of pools observed is 10 pools where the results of the data can be seen in Table 
2. In the first treatment pool, using Lactobacillus probiotics, production costs (variable) amounted 
to IDR 1,520,600.00 with pool 1 income of IDR 94,500.00 and pool 2 of IDR 189,000.00 so the 
total overall income in the treatment was IDR 283,500.00 with an average income of IDR 
141,750.00. In the second treatment pool, using Trichoderma probiotics, production costs 
(variable) amounted to IDR 1,570,600.00 with pool 1 income of IDR 225,000.00 and pool 2 of 
IDR 337,500.00 so the total overall income in the treatment was IDR 562,500.00 with an average 
income of IDR 281,250.00. In the third treatment pool, using Nitrosomas probiotics, production 
costs (variable) amounted to IDR 1,549,000.00 with pool 1 income of IDR 148,500.00 and pool 
2 of IDR 229,500.00 so that the total income in the treatment was IDR 378,000.00 with an average 
income of IDR 189,000.00. In the fourth treatment pool, using a mixture of probiotics between 
Trichoderma and Nitrosomonas, production costs (variable) amounted to IDR 1,615,600.00 with 
pool 1 income of IDR 405,000.00 and pool 2 of IDR 432,000.00 so that the total total income in 
the treatment was IDR 837,000.00 with an average income of IDR 418,500.00. In the fifth 
treatment pool, using a mixture of probiotics between Trichoderma and Lactobacillus, production 
costs (variable) amounted to IDR 1,587,300.00 with pool 1 income of IDR 351,000.00 and pool 
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2 of IDR 327,000.00 so that the total overall income in the treatment was IDR 678,000.00 with 
an average income of IDR 339,000.00. All observational data results can be seen in Table 2. 
 
Analysis of Variance or ANOVA  
Analysis of variance commonly called ANAVA or ANOVA (Analysis of Variance) is a method 
used to measure the average difference between experimental groups (Sawyer, 2009; Mishra et 
al., 2019; Acal &; Aguilera, 2023). After knowing the data from the observations in Table 2. the 
next is to process the data using variance analysis according to the details in Table 1. Which, the 
results of variance analysis (Anova) can be seen in Table 3. the following: 

Table 3. Table of Results of Analysis of Variance (ANOVA) 
Sources of 
Diversity DB JK KT F Count F Table 

     5% 1% 

Group 1 8,468,100,000 8,468,100,000 5.41 7.71 21.20 

Treatment 4 99,745,650,000 24,936,412,500 15.94 6.39 15.98 

Error 4 6,258,150,000 1,564,537,500    

       

Total 9 114,471,900,000     

Source: Data processing, 2023 
The results of testing the income groups of each of as many as 2 experimental pools show that F 
Calculate < F Table 5% and F Calculate < F Table 1% or 5.41 < 7.71 and 5.41 < 21.20 can be 
seen in Table 3. This means that Ho is accepted so that the grouping carried out at either 0.05 and 
0.01 significance was unsuccessful in controlling for data diversity due to non-treatment in the 
experimental environment. 
The test results of 5 treatments show that F Count > F Table 5% or 15.94 > 6.39 can be seen in 
Table 3. This means that Ho is rejected so that the treatment of different types of probiotics can 
have a noticeable effect on the income of vanamei shrimp farming at a significance level of 0.05. 
However, it means the opposite or Ho is accepted because F Calculate < F Table 1% or 15.94 < 
15.98 which can be seen in Table 3, which means that at 0.01 significant treatment of different 
types of probiotics does not have a real effect on the income of vanamei shrimp farming. 
 
Coefficient of Variation 
The variation coefficient is used to measure a series of treatment data independently by dividing 
the standard deviation by the calculated mean (Stȩpniak, 2011) in percentage form (Alvarado et 
al., 2020). Using the variation coefficient formula based on the data in Table 3. to find out the 
standard deviation then divided by the average calculated in Table 2. A result of 0.14 was 
obtained. Furthermore, the result if expressed in percentage form, amounted to 14%. 
 
According to Hanafiah in 1991 (Basuki et al., 2020), the criteria for coefficient of variation can 
be divided into 3 (Supriyanto & Sari, 2020): 

1. Coefficient of Variation with large categories has a minimum value of 10% in 
homogeneous conditions or at least 20% in heterogeneous conditions. 

2. Coefficient of Variation with medium category has values between 5% to 10% in 
homogeneous conditions or 10% to 20% in heterogeneous conditions. 

3. Coefficient of Variation with the smallest category has a maximum value of 5% in 
homogeneous conditions or 10% in heterogeneous conditions.  
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Based on this, the variation coefficient of 14% in this study is included in the medium 
variation coefficient. 
 
5% Least Significance Different (LSD) Test  
Furthermore, to calculate the smallest significant difference between treatment averages, the LSD 
test is used (Al-Fahham, 2018; Adnan et al., 2020) with a significance of 5% (Shafi et al., 2020; 
C. Wang et al., 2021). This can be seen in Table 4. the following. 

Table 4. 5% LSD Test Results Table 

Treatment Average Revenue 
in IDR 

Lactobacillus 141,750 to 

Trichoderma 281,250 bc 

Nitrosomonas 189,000 ab 

Trichoderma & Nitrosomonas 418,500 d 

Trichoderma & Lactobacillus 339,000 cd 

BNT 5% 109,802.6 

Source: Data processing, 2023 
See the 5% LSD test results in Table 4. It can be seen that each treatment can have a real effect 
on each income obtained by each pool, giving a letter notation at the end of the data indicates the 
magnitude of the influence of each treatment. In the mixed probiotic treatment between 
Trichoderma and Nitrosomonas with mixed probiotic treatment between Trichoderma and 
Lactobacillus, both are known in Table 4. has a not-so-noticeable difference influence. This is 
because both treatments are followed by the letter "d". 
 
Next, to find out which treatment is best. Then it can be seen in Table 4. that the treatment 
followed by the letter "d" has the greatest average. There are two treatments followed by the letter 
"d", namely the mixed probiotic treatment between Trichoderma and Nitrosomonas with a mixed 
probiotic treatment between Trichoderma and Lactobacillus. However, it is necessary to know 
how much production costs (variable) are incurred in both treatments. Generally, fewer (variable) 
production costs can be a reference to choose which treatment is the best that can generate the 
same income or influence according to the letters obtained. 
 
But if you look again at Table 2. The production cost (variable) of a mixed probiotic treatment 
pool between Trichoderma and Nitrosomonas with a mixed probiotic treatment pool between 
Trichoderma and Lactobacillus is IDR 1,615,600.00 and IDR 1,587,300.00 respectively where 
both costs have a ratio of 1.02: 1. Then for the amount of income in Table 2. respectively it is 
IDR 837,000.00 and IDR 678,000.00 which has a ratio of 1.24:1. Production costs (variable) of 
mixed probiotic treatment pools between Trichoderma and Nitrosomonas are 0.02 more 
expensive figures or 2% of mixed probiotic treatment pools between Trichoderma and 
Lactobacillus. While the income obtained was 0.24 figures or 24% superior to the mixed probiotic 
treatment pool between Trichoderma and Lactobacillus. 
 
By looking at expenses or production costs (variable) with a difference of 2% more expensive but 
can provide 24% superior income. So the mixed probiotic treatment pool between Trichoderma 
and Nitrosomonas can be the best treatment than the other four treatment pools. 
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4. Discussion 

 
This study investigated the economic impact of various probiotic treatments on vanamei shrimp 
farming, highlighting the significant differences in income generated by different probiotics. 
Probiotics such as Lactobacillus, Trichoderma, Nitrosomonas, and their combinations were used, 
with the mixed treatment of Trichoderma and Nitrosomonas yielding the highest income. This 
outcome supports the findings of previous studies that demonstrated the benefits of probiotics in 
improving shrimp health, water quality, immunity, and disease resistance (Wei et al., 2021; 
Muahiddah et al., 2022; Liu et al., 2023). 
 
The superior performance of the Trichoderma and Nitrosomonas combination indicates a 
synergistic effect, enhancing both water quality and immune response, thereby improving shrimp 
growth and productivity. This is consistent with the results reported by Kesselring et al. (2019) 
and Sumon et al. (2022), who highlighted the multifaceted benefits of mixed probiotics. 
Theoretically, these findings reinforce the hypothesis that probiotics enhance aquaculture 
profitability by fostering a healthier and more sustainable environment for shrimp, as suggested 
by Reid et al. (2019) and Peña Rodríguez (2021). 
 
Practically, the study emphasizes the economic advantages for shrimp farmers using strategic 
probiotic treatments. The mixed treatment of Trichoderma and Nitrosomonas, despite slightly 
higher production costs, provided a 24% higher income compared to the Trichoderma and 
Lactobacillus combination, making it the most cost-effective option. This suggests that farmers 
should consider the cost-benefit ratio of probiotic treatments, focusing on those that offer dual 
benefits, such as improved water quality and enhanced immunity. 
 
However, the study's short observation period of three months and specific experimental 
conditions limit its findings. Future research should explore the long-term effects of probiotics 
and their efficacy under diverse environmental conditions. Investigating the molecular 
mechanisms behind the benefits of probiotics could lead to more targeted treatments, and 
examining other probiotic species and combinations could provide a broader understanding of 
optimal strategies for shrimp farming. 
 
In conclusion, the study confirms that probiotics can significantly enhance the economic 
outcomes of vanamei shrimp farming, with the mixed treatment of Trichoderma and 
Nitrosomonas emerging as the most effective. These findings align with existing research on 
probiotics in aquaculture and offer practical recommendations for maximizing returns in shrimp 
farming. Further research is necessary to refine these strategies and validate their applicability 
under varying farming conditions. 
 
5. Conclusion 
 
Vanamei shrimp pond business by using round ponds as a cultivation medium is an alternative 
cost efficiency and helps farmers who have minimal land. Meanwhile, to minimize the spread of 
disease, and improve water quality and shrimp growth, probiotics are needed to supply the needs 
of vanamei shrimp that are cultivated by considering production costs (variable). Based on 
variance analysis (ANOVA), giving different probiotics can have a real effect on vanamei shrimp 
farming income. Then, the coefficient of variation obtained in the study showed results with 
moderate categories. The 5% LSD test gave results that a pool with a mixture of Probiotic 
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treatment between Trichoderma and Nitrosomonas could be the best treatment of the other four 
treatment pools. 
 
Cultivation of vanamei shrimp ponds using round ponds is one of the innovations, as well as the 
provision of probiotics also helps in shrimp growth so it has a positive effect on income. However, 
the distribution of fry in each pond must also be considered so that the movement and growth of 
shrimp can be more optimal. 
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