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ABSTRACT 

	Aims: to evaluate the improvement of the immune system of vannamei shrimp with the addition of guava (Psidium guajava) leaves in feed infected with Vibrio parahaemolyticus bacteria.
Study design:  Quantitative Experimental.
Place and Duration of Study: This study was conducted over a period of 60 days, from January to March, at the Fish Health Laboratory, Aquaculture Study Program, University of Mataram, West Nusa Tenggara, Indonesia.
Methodology: The research was conducted for 60 days using the Completely Randomized Design (CRD) method consisting of 5 treatments and 3 replicates. Parameters observed included survival rate (SR), feed conversion ratio (FCR), specific weight and length growth, blood glucose levels, phagocytosis activity (AF), and water quality.
Results: The results showed that the addition of guava leaves flour had a significant effect on almost all parameters observed. The best treatment was obtained at a dose of 6% (P5) with the results of SR 94.67%, FCR 1.13, specific weight growth 1.37, specific length 4.37, glucose, phagocytosis activity 65%.
Conclusion: This study showed that the addition of 6% guava (Psidium guajava) leaves flour in feed had a significant effect on the growth and survival of whiteleg shrimp (Litopenaeus vannamei) infected with Vibrio parahaemolyticus.
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1. INTRODUCTION 

 Whiteleg shrimp (Litopenaeus vannamei) is one of the fishery commodities that has high economic value and is in great demand in Indonesia. Based on statistical data from the Ministry of Maritime Affairs and Fisheries (KKP) in 2024, national whiteleg shrimp production will reach 1,134,017 tons. West Nusa Tenggara Province (NTB) is the largest producer of 186,368 tons, followed by West Java with 128,778 tons. This high production is also accompanied by significant export value. In 2022, Indonesia's Whiteleg shrimp exports accounted for around 60% of total shrimp exports, with the United States as the main destination country. The export value reached USD 6,242.09 million, making Indonesia the world's third-largest shrimp exporter after Thailand and India (Ramadhani & Ruchba, 2024; Directorate of KKP, 2024).
The high market demand for whiteleg shrimp has encouraged people to cultivate it on a large scale. This shrimp is known to have advantages in the form of resistance to temperature changes, the ability to grow in high density, and a good level of adaptation to the bottom of the water. However, one of the main obstacles in whiteleg shrimp cultivation is the high risk of disease attacks. Diseases in whiteleg shrimp can be caused by various pathogenic agents such as viruses, bacteria, parasites, and pests. Some of the diseases that commonly occur in cultivation include White Spot Syndrome Virus (WSSV), Infectious Myonecrosis Virus (IMNV), Taura Syndrome Virus (TSV), Infectious Hypodermal and Hematopoietic Necrosis Virus (IHHNV), Early Mortality Syndrome (EMS) or Acute Hepatopancreatic Necrosis Disease (AHPND), and White Feces Syndrome (WFS) (Amrillah et al., 2015). 
One of the diseases of particular concern is AHPND caused by Vibrio parahaemolyticus. This bacterium is pathogenic and can cause damage to the hepatopancreatic tissue, lysis of blood cells, discoloration of the body to redness, and mass death. In addition to being economically detrimental, the presence of this bacteria is also a risk to human health if infected shrimp are consumed (Azhar et al., 2025).
To overcome this problem, the approach that has begun to be developed is to strengthen the immune system of shrimp through the provision of natural ingredients in feed. Natural ingredients such as plant extracts have been shown to have bioactive compounds that are able to increase the immune response of shrimp so that their growth becomes good. However, the long-term use of extracts tends to increase production costs. Therefore, the method of flouring natural ingredients is a more efficient and economical alternative, because it still maintains the content of active compounds such as flavonoids, tannins, and saponins that are antibacterial, immunostimulant and growth promoter (Basir et al., 2022).
One potential natural ingredient is guava leaves (Psidium guajava L.). This plant is known to be rich in vitamin C, antioxidants, and bioactive compounds such as flavonoids, tannins, saponins, terpenoids and alkaloids. These compounds play a role in inhibiting bacterial activity and strengthening the shrimp's immune system (Santi et al., 2017). In addition, the administration of guava leaves in feed has been proven to be able to maintain cellular integrity and protect shrimp tissue from damage due to environmental stress and pathogens so that survival is maintained.

2. material and methods 
2.1 Time and Place 
This research was carried out for 60 days, of which 45 days of maintenance, 10 days of challenge tests and 5 days of data collection. Shrimp maintenance takes place at the Production and Reproduction Laboratory, immune system tests take place at the Fish Health Laboratory of the Aquaculture Study Program, University of Mataram.
2.2 Research Design
The research design used in this study was a Complete Randomized Design (CRD) with 5 treatments and 3 replicates, resulting in 15 experimental units. The dosage of this study is based on the results of preliminary tests.
P1 = Feed without guava leaves flour + bacterial infection 
P2 = Feed without guava leaves flour + NaCl infection 0.9%
P3 = Feed + guava leaves flour 2% + bacterial infection  
P4 = Feed + guava leaves flour 4% + bacterial infection 
P5 = Feed + guava leaves flour 6% + bacterial infection
2.3 Research Procedure
2.3.1 Container preparation 
The container used for growing whiteleg shrimp during this study was a container with a size of 40×30×28 cm as many as 15 pieces and water volume 25 liters. The container is first brushed using detergent to clean the bacteria, then dried for 24 hours. The containers are then placed according to a complete random plan that has been put together. Next, the container is filled with seawater and closed so that the shrimp do not jump out of the container.
2.3.2 Test Animal Preparation
The test animal used is PL-10 in size from PT. Anugrah Agung Sumbawa. The shrimp are acclimatized shrimp for 10 days so that they can adapt to the new environment. Next, the shrimp are put into a container tank with a stocking density of 25 fish per container. During the growing season, shrimp are fed 4 times a day in the form of commercial feed with a protein content of 40%.
2.3.3 Feed Preparation and Test Materials
The feed used during the study was in the form of commercial feed made by adding guava leaves flour with a dose of 0%, 2%, 4%, 6% based on preliminary tests. The making of guava leaves flour is carried out by weighing 500 grams of guava leaves to produce 100 grams of flour, then washed thoroughly, after washing, the leaves are dried using an oven with a maximum temperature of 60OC. Leaves that It has dried and then blended until smooth to obtain leaves particles in powder form. After that, the powder is sifted or filtered using an 80-mesh sieve. The filtration process aims to obtain a finer powder.
2.3.4 Feeding and Water Change
Commercial feed is mixed using guava leaves flour with a dose of 0%, 2%, 4%, 6%, each made as much as 100 grams. After that, 3.5 grams of egg whites are weighed to be used as an adhesive and also 10 liters of water, then mixed until evenly distributed. after that, in the oven at 50oC until dry. The time needed for shrimp farming is 60 days. The frequency of feeding is 4 times a day at 06.30, 10.30, 14.30 and 18.30 local time. Water quality management is carried out by spraying once a day in the morning or evening, as much as 10% of the volume of the container tub. 
2.3.5 Preparation of Test Bacteria
Vibrio parahaemolyticus bacteria were obtained from the Fish Health Laboratory, Aquaculture Study Program, University of Mataram. The bacteria are re-cultured and purified and then re-characterized. The rejuvenation process is carried out on TSB (Trypticase Soy Broth) media for 24 hours.
2.3.6 Test Challenge
The challenge test was carried out for 10 days at the end of the treatment, which was the 51st day. Shrimp that have been treated are fasted for one day, then infected with V. parahaemolyticus. Injection was carried out intramuscularly in the dorsal area between the second and third segments at 100 μL/head with a bacterial density of 106 CFU/ml. In this challenge test, immune response data was taken and the number of dead shrimp was calculated.

2.4 Research Parameters
2.4.1 Specific Weight Growth
The specific weight growth rate is the % of the difference between the final weight and the initial weight, divided by the length of the maintenance time. According to Scabra et al. (2023) The formula for calculating the specific growth rate is:

Where: SWG = Growth rate of specific weight (%/day), Wo = Average weight of shrimp at the beginning of the study (g), Wt = Average weight of shrimp on day t (g), t = Length of maintenance (days).
2.4.2 Specific Length Growth
The daily specific length growth rate is % of the difference between the final length and the initial length, divided by the length of the maintenance time.  According to Scabra et al. (2024), the formula for calculating the specific growth rate of specific length is:

Where: SLG = Specific growth rate (%/day), Wt = Average length of shrimp at the end of the study (g), Wo = Average length of shrimp at the beginning of the study (g), t = maintenance time (days).
2.4.3 Feed Conversion Ratio (FCR)
Feed Conversion Ratio (FCR) is a comparison of the amount of feed and shrimp meat produced. The FCR calculation is carried out at the end of maintenance. The calculation of the feed conversion ratio was carried out using the formula Supono et al. (2021) as follows: 
FCR = 
Where: FCR = Feed Convertion Ratio, Wt = Final shrimp weight (g), Wo = Initial shrimp weight (g), F = Feed given (g), D = Weight of dead shrimp during rearing (g).
2.4.4 Survival Rate (SR)
One of the parameters observed every day from the beginning to the end of the study is the survival rate. It is calculated with the following formula (Amrillah et al., 2015). 

Where: SR = survival rate (%), No = number of cultivants at the beginning of the study, Nt = number of cultivators at the end of the study.
2.4.5 Phagocytosis Activity (PA)
PA was observed by taking 0.1 ml of hemolym and then adding 50 μl of bacteria Streptococcus sp. (107 CFU mL-1), incubated for 20 minutes. Next, 10 μl of the mixture is taken, then prepared for review and fixed in methanol for 5-10 minutes then dried. The mixture is then soaked with giemsa and then let it sit for 15-20 minutes and then rinsed with water until the color fades. Next, it is observed under a microscope with a magnification of 40x (Pujiati, 2013):

2.4.6 Glucose
The description of shrimp blood can be known through the blood glucose of the shrimp. Blood sugar concentration is used as the main indicator of fish or shrimp experiencing stress. In shrimp, a glucose concentration of more than 150 mg/dL indicates that shrimp require more energy during the molting process and in the process maintain high glucose concentration homeostasis in the hemolyp. Extreme environmental changes make shrimp more susceptible to stress and increase the amount of glucose in shrimp hemolip (Widodo et al., 2011).  
2.4.7 Phytochemical Tests
Phytochemical tests aim to detect the presence of certain phytochemical compounds or secondary metabolites in a sample. This identification process is the initial stage to determine the content of primary and secondary metabolites in the test material extract (Qomaliyah et al., 2023). Phytochemical testing typically includes testing for flavonoid, tannins, saponins, alkaloids, terpenoids, and fatty acid.
As much as 1 mL of guava leaf flour was put into a test tube, then added with magnesium powder and 2-4 drops of concentrated HCl. Then the mixture was shaken. The formation of orange to red color indicates the presence of flavonoids (Rahayu et al., 2015).
As much as 1 mL of guava leaf flour was added with 10 drops of FeCl3 1%. The change in solution to blackish blue or blackish green indicated that the sample was positive for containing tannin compounds (Maulida et al., 2020).
Identification of the presence of saponin compounds was done by pouring 1 mL guava leaf flour into a test tube, adding 10 mL of hot water, cooling and then shaking for 10 seconds until a stable foam was formed, then adding 1 drop of HCl through the wall of the test tube. Foam that did not disappear when added 1 drop of HCl indicated the presence of saponin in the sample (Nugraha et al., 2024).
A volume of 4 mL of guava leaf flour was mixed using 3 mL of methanol and 5 mL of ammonia, then the mixture was filtered. Furthermore, 2 mL of HCl solution was added to the filtrate and shaken. The results obtained were then put into 4 test tubes each containing 5 drops. Tube 1 contains a blank solution, while tubes 2, 3, and 4 will be mixed with 1 drop of Mayer, Wagner, Dragendorff reagent in each tube. Positive results in this test were indicated by each solution having white, brown or orange deposits (Oktavia & Sutoyo, 2021).
The terpenoid test was carried out by taking 1 mL of guava leaf flour sample then adding Liebermen-Burchard reagent consisting of 2 mL of chloroform, 10 drops of acetic anhydride, and 3 drops of concentrated sulfuric acid. After that, it was shaken slowly and left for a few minutes then the changes that occur were observed. A positive test result indicating the presence of terpenoids is if a red or purple color appeared and a brownish ring was formed (Azalia et al., 2023).
Fatty acid analysis begins with lipid extraction using organic solvents (chloroform–methanol), followed by derivatization into FAME (Fatty Acid Methyl Esters) through a transesterification reaction using either acid or base catalysts. The resulting FAME is then purified using a non-polar solvent and analyzed using gas chromatography (GC) equipped with either a flame ionization detector (FID) or mass spectrometry (GC-MS) for identification and quantification. In addition to GC, alternative methods such as LC, NIR, and NMR are also available for rapid analysis, although GC remains the most accurate technique for profiling fatty acids (Wu et al., 2017).
2.4.8 Water Quality
The water quality to be measured during the study is DO, temperature, pH, Ammonia, Salinity, DO, temperature, pH and Ammonia Water Quality measurements were carried out in all research experiments with the frequency of water quality measurement carried out 3 times during the study, namely the beginning, middle and end.
2.4.9 Data Analysis
The results of this study were analyzed descriptively and statistically using SPSS (Version 16.0). The anova test was conducted at a confidence level of 95% (P<0.05). If the results are different, further tests will be carried out using Duncan.

3. RESULTS and  discussion
3.1 Specific Weight Growth
Specific weight growth is described by the daily weight growth of the shrimp expressed by (%/day). The results of specific weight growth in this study are presented in Figure 1 as follows. Specific weight growth is the growth of shrimp during the maintenance period and shows an increase in daily body weight (%/day). In P1, the lowest cepceptic weight was 0.67%/day, and the highest specific weight was 1.37%/day. Weight growth is closely related to the food consumed, when shrimp grow large, there are growth activities in the shrimp that are raised and there is feed given as nutrient intake. The high growth of specific weight in P5 was due to the addition of 6% guava leaves flour in the feed during maintenance. The existence of guava leaves flour provides good benefits for shrimp health so that shrimp have a good performance in their life during the maintenance period. The content of active substances in guava leaves flour can increase the immune system of shrimp so that shrimp have a good immune system to support their growth. In accordance with Affandi & Setyono (2024), the content in natural plant products acts as antistress, stimulates growth, stimulates appetite, tonics and immunostimulants, and antimicrobials for fish and shrimp. The main components in natural plants that have such functions include alkaloids, flavonoids, pigments, phenolics, terpenoids, steroids, essential oils, and polysaccharide sulfates. P1 can be seen to provide the lowest specific growth results, which is 0.67%/day from other treatments. The low growth specific weight in P1 is due to the absence of the addition of guava leaves flour in the feed during maintenance. This research is in line with the findings of Wulan et al. (2022), shrimp fed with an additional 5% extract of natural ingredients containing flavonoids and tannins showed the highest SGR of 1.32%/day, while treatment without addition only reached 0.70%/day.

Figure 1. Specific Weight Growth

3.2 Specific Length Growth
Specific weight growth is described by the daily weight growth of the shrimp expressed by (%/day). The results of specific weight growth in this study are presented in Figure 1 as follows. Specific length growth can be interpreted as the addition of the daily length of the shrimp body during maintenance (%/day). In this study, it can be seen that P5 gives the highest specific length growth result of 4.37%/day and the lowest P1 of 3.99%/day. These results show that guava leaves flour containing various bioactive compounds, such as flavonoids, tannins, and saponins, can improve the health of the shrimp body, accelerate metabolism, and support a more efficient digestive process, so that more energy is used for growth. This is in line with the opinion of Uyun et al. (2021) which stated that the increase in the specific growth performance of whiteleg shrimp was caused by an increase in immune system health factors strengthened by the administration of immunostimulants from natural ingredients, in his research, the highest specific length growth was also obtained in treatment with a dose of kersen leaves extract of 2%, with a value of 6 %/day, while the lowest (without treatment) was 5.1 %/day.





Figure 2. Specific Growth Length





3.3 Feed Conversion Ratio (FCR)
Feed conversion ratio or often called feed conversion ratio is an overview of the amount of feed to increase the amount of meat, fish or shrimp. The feed conversion ratio in this study is presented in Figure 3 as follows. Feed conversion ratio or is a description of the percentage of the amount of feed used and the percentage of shrimp meat produced. Value feed conversion ratio good is marked with the lowest value in the results obtained, while the value of Feed conversion ratio the bad ones are marked with the highest scores. In this study, feed conversion ratio the lowest was obtained at P5 of 1.13, while the highest at P1 was 1.99. Low Feed conversion ratio P5 feed indicates that the feed is well utilized by the shrimp that are raised so that it becomes meat. Meanwhile, the high value of feed conversion ratio at P1 indicates that shrimp do not utilize feed for growth. This shows that feed with the addition of natural ingredients can increase feed efficiency and the growth of whiteleg shrimp, the content of terpenoid flavonoids, saponins, and vitamin C in guava leaves has strong antioxidant activity so that the health of shrimp is maintained and causes high digestibility. The high digestibility of the feed indicates that the energy allocation for growth is greater than for metabolic activities, thus affecting the growth of weight and length of shrimp. This can be seen from the value of Feed conversion ratio produced. This is in line with Scabra et al. (2025), high feed growth and efficiency will affect the low feed conversion value, feed that can be used well will be used as energy by shrimp in the growth process. Akbarurrasyid et al. (2023) In general, the FCR level in whiteleg shrimp ponds ranges from 1.1 - 1.5. This research is in line with Pratiwi et al. (2021) which found that the FCR value of whiteleg shrimp given natural ingredient extracts of 3% resulted in an FCR of 0.74, while in the control it was 1.00. This shows that the provision of natural ingredients can improve the digestibility and health of shrimp so that feed can be more effectively converted into biomass.

Figure 3. Feed Conversion Ratio (FCR)
3.4 Survival Rate (SR)
The survival rate or often called survival rate is the percentage of the number of fish at the beginning of the study with the number of live fish at the end of the study and expressed by (%). The level of continuity in this study is presented in Figure 4 as follows. Survival rate is an important indicator of the success of cultivation. In this study, the highest survival rate was achieved at P5 at 94.67%, while the lowest at P1 was 68.00%. The high survival rate in P5 is thought to be due to the addition of 6% guava leaves flour in the feed, which functions as an immunostimulant. The content of bioactive compounds such as flavonoids, tannins, terpenoids, and saponins in guava leaves is able to improve the non-specific immune system of shrimp by stimulating the activity of hemocytes, phagocytosis, as well as the production of defense enzymes such as phenolooxidase and lysozyme. This compound also activates the profenoloxidase pathway that produces phenoloxiase, plays a role in pathogenic melanination, and promotes the work of lysozyme enzymes in destroying bacterial cell walls. This is in line with the opinion of Santi et al. (2017) which states that the tannins and flavonoids contained in guava leaves are reported to work as natural immunostimulants, which can increase the number and activity of hemocyte cells that play a role as a major component of the non-specific immune system of shrimp that play a role in the clotting of hemolymph and phagocytosis.  In addition, the content of flavonoids and vitamin C acts as antioxidants, which protect cells from damage caused by oxidative stress. This is in agreement with Scabra et al.  (2025), which states that vitamin C functions as an antioxidant that protects shrimp cells from damage caused by free radicals and oxidative stress. This protection maintains the metabolic and immune stability of the shrimp, so that the risk of death decreases and the survival rate increases as in P5. This research is in line with Rahman et al. (2020) examined the effect of giving guava leaves extract to whiteleg shrimp infected with Vibrio parahaemolyticus and found an increase in survival rate of 80% in treatment with a 6% extract dose, compared to 45% in treatment without extract.





Figure 4. Survival Rate (SR)


3.5 Phagocytosis Activity
Phagocytosis activity in whiteleg Shrimp is the process by which hemocytes capture and digest pathogens such as bacteria, viruses, or foreign particles as part of a non-specific immune system. Phagocytosis is carried out mainly by hyalinocytes and granulocytes, which play a role in protecting shrimp from infection. Phagocytosis activity in this study is presented in Figure 5. Phagocytosis activity can be used as a cellular indicator of body defense that shows the ability of shrimp to respond to the entry of foreign objects into the body. This process is the first defense carried out by hemocyte cells in the face of pathogenic infections such as bacteria Vibrio parahaemolyticus. In this study, the lowest value of phagocytosis activity was obtained at P1 at 42% and the highest P5 at 65%. It can be seen that the highest percentage of values is obtained in the treatment of adding guava leaves flour in shrimp feed during maintenance. The high value of phagocytosis activity in this study is in line with the high total number of hemocytes and the suspected good performance of guava leaves flour as an immunostimulant that enters the shrimp's body in stimulating hemocyte cells to perform phagocyte activity in inhibiting bacterial activity. Satyantini et al. (2016) That the total number of hemocytes describes the ability of cells to respond to foreign bodies that enter their body, the higher the total number of hemocytes, the phagocytosis activity produced by the cell in fighting foreign microorganisms will also increase. The administration of immunostimulants in shrimp is very good to be applied to organisms that do not have memory cells in their immune system so that they can stimulate or maximize non-specific immune responses. This research is in line with Dewi's et al. (2021), which showed that the administration of guava leaves extract as much as 5g/kg of feed was able to increase phagocytosis activity in whiteleg shrimp tested for infection Vibrio parahaemolyticus, where there was an increase in phagocytosis activity of up to 64.7% in the highest treatment, while in the control treatment it was 42%.

Figure 5. Phagocytosis Activity

3.6 Glucose
Glucose levels in shrimp hemolymph indicate a level of stress in shrimp, Low stress levels are characterized by low glucose levels in shrimp body fluids. Glucose levels in this study are presented in Figure 6 as follows. Glucose levels in shrimp hemolymph are an important indicator to assess the level of physiological stress experienced by shrimp during the rearing process. Glucose plays a role as the main source of energy in metabolic processes and its increased levels often occur in response to stressors, both environmental in nature, such as changes in temperature, water quality, and biological such as pathogenic infections. According to Widodo (2011), under normal circumstances, shrimp hemolymphatic glucose levels range from 20–80 mg/dL, while values above 150 mg/dL indicate severe stress, such as during the moulting process or when shrimp are under the pressure of pathogenic infections. In this study, the results of measuring the highest blood glucose level at P1 were 44.3 mg/dL, and the lowest at P5 was 12.3 mg/dL. This low glucose level can be attributed to the positive influence of the bioactive compounds found in guava leaves, especially flavonoids and saponins, which are known to have antioxidant and immunostimulant properties. Flavonoids work by stabilizing cell membranes and decreasing the activity of stress hormones (e.g. catecholamines), thereby inhibiting the increase in glucose in hemolymph.







                                                                                           


Figure 6. Glucose



3.7 Phytochemical Tests
The flavonoids in guava leaves act as antibacterials by damaging cell walls and inhibiting bacterial essential enzymes, effectively fighting Vibrio parahaemolyticus. Tira et al. (2022) reported that guava leaves extract with a concentration of 225 ppm produced an inhibition zone of 12.31 mm. Tannins contribute by precipitating proteins and damaging bacterial cell membranes. Santi et al. (2017) recorded an inhibition zone of 3.2 cm against Vibrio harveyi at a concentration of 5250 ppm. Saponins serve as natural surfactants that increase membrane permeability and stimulate phagocytosis. Indriyani et al. (2019) showed an increase in the total number of hemocytes, hyalin, and granular cells in whiteleg shrimp after administration of guava leaves extract. Alkaloids inhibit the synthesis of microbial DNA/RNA and support adaptive immunity, while terpenoids act as antibacterial and anti-inflammatory by disrupting bacterial metabolic enzymes. Apsani (2022) states that alkaloids inhibit the formation of peptidoglycans, while terpenoids damage the outer membrane of bacteria through strong polymer bonds. Essential fatty acids such as hexadecanoic acid methyl ester, octadecadienoic acid, and octadecatrienoic acid also play a role in strengthening shrimp cell membranes and supporting eicosanoid synthesis. Ramadhani et al. (2025) reported its ability to kill pathogenic bacteria.
Table 1. Results of Identification of Guava Leaves Flour Compounds Using Phytochemicals
	Compound Groups
	Guava Leaves Flour
	Treatment
2%
	Treatment
4%
	Treatment 6%

	Flavonoid
	+
	-
	+
	+

	Tanin
	+
	+
	+
	+

	Saponin
	+
	-
	+
	+

	Alkaloid
	+
	+
	+
	+

	Terpenoid
	+
	+
	+
	+

	Fatty Acids (Lipids)
	+
	-
	+
	+



3.8 Water Quality
The quality of the waters as a living medium (growth and development) of the shrimp that are kept is one of the parameters that must be considered and must be maintained in balance. The water quality of the living media of shrimp in this study is presented in the following table. Water quality is one of the limiting factors whose range values must be appropriate for the purpose of supporting the life of the biota that are maintained. The quality of water as a living medium is one of the most important factors and its condition is maintained. Things that can be done to maintain the value of water quality so that it remains good in supporting maintenance activities is to carry out routine water quality checks, regular water changes (siphon), provide feed with good quality and easy to digest. The water quality measured in this study is dissolved oxygen (DO), acidity degree (pH), temperature (temperature), and ammonia, all within the optimal value range for whiteleg shrimp cultivation. Optimal water quality affects the growth and survival of shrimp. This is in line with the opinion of Apsani et al. (2022), which states that suboptimal water quality has an effect on the increase in pathogenic bacteria in waters that can lower the shrimp's immune system and even cause mass death.
Less than optimal water quality is caused by the accumulation of waste at the bottom of the water, so that the quality of feed and consumption efficiency by shrimp greatly affect water quality during the cultivation process. Feed that is optimally consumed by shrimp will produce a small amount of organic waste on the bottom of the water, such as uneaten feed residue and shrimp droppings. On the other hand, if the feed given is not eaten completely or the feed is of low quality and difficult to digest, there will be an accumulation of organic waste that has the potential to increase ammonia and nitrite levels in the water. An increase in these toxic compounds will negatively impact water quality, lower dissolved oxygen levels, and disrupt the metabolic process of shrimp, so that their growth and survival rate decrease. This is in agreement with Scabra et al. (2024) The factor that determines the graduation of shrimp life in aquaculture activities is water quality management. In this study, feed enriched with guava leaves flour not only showed an increase in shrimp growth efficiency, but also had the potential to reduce feed waste due to its better digestibility and natural antibacterial properties, which helped keep water quality stable. 
According to Scabra & Hermawan (2022), the more feed that is not used properly, the higher the load of pollutants entering the waters. This is in line with the statement of Suantika et al. (2015) that low feed efficiency accelerates the decline in water quality due to the increase in inorganic nitrogen compounds such as ammonia and nitrates. In this study, the use of feed enriched with guava leaves flour was proven to be able to increase the efficiency of feed utilization by whiteleg shrimp, which was shown by a lower feed conversion ratio (FCR) value at P5. A lower FCR value indicates that the amount of feed needed to produce less shrimp weight gain, so the resulting feed waste is also smaller. Thus, the use of guava leaves flour in feed not only supports shrimp growth, but also indirectly maintains pond water quality and creates a more sustainable cultivation environment.
Table 2. Water Quality
	Parameters
	Research Value (Range)
	Reference

	Dissolved Oxygen (mg/L)
	6-7
	> 4 (Tangguda et al., 2018)

	pH 
	8.2-8.7
	7.4 – 8.9 (Lestari et al., 2017)

	Temperature (OC)
	28-29.5
	28 – 31 (Arsad et al., 2017)

	Ammonia (mg/L)
	0.09-0.2
	<0.1 (Sigh, 2016) 

	Salinity (ppt)
	31-35
	15-35 (Pebrianto et al., 2023)






4. Conclusion

This study showed that the addition of 6% guava (Psidium guajava) leaves flour in feed had a significant effect on the growth and survival of whiteleg shrimp (Litopenaeus vannamei) infected with Vibrio parahaemolyticus. The best treatment was P5 which resulted in a specific weight growth of 1.37%/day, specific length growth of 4.37%/day, Feed Conversion Ratio of 1.13, survival rate of 94.64%, phagocytosis activity of 65%, and glucose of 12.3 mg/dL.
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Rata-Rata	[VALUE]±0.24a
[VALUE]±0.15ab
[VALUE]±0.05bc
[VALUE]±0.16c
[VALUE]±0.05c

0.23500317891162675	0.14523901887586094	5.0243021426978347E-2	0.15723977616255705	5.0295075788847295E-2	0.23500317891162675	0.14523901887586094	5.0243021426978347E-2	0.15723977616255705	5.0295075788847295E-2	P1	P2	P3	P4	P5	0.66999248024916647	0.88346055252523537	1.1488177891340832	1.2532865384357585	1.3676052288745784	Treatment


Specific Weight (%/day)



Rata-Rata	[VALUE]±0.01a
[VALUE]±0.03b
[VALUE]±0.1bc
[VALUE]±0.10c
[VALUE]±0.02d

1.4176946437391136E-2	2.7298914935988801E-2	1.3434683993662674E-2	0.10086886712115829	2.3982017836209752E-2	1.4176946437391136E-2	2.7298914935988801E-2	1.3434683993662674E-2	0.10086886712115829	2.3982017836209752E-2	P1	P2	P3	P4	P5	3.9898727732375932	4.0860760541094132	4.1173501268367287	4.2068795358691666	4.373000700039908	Treatment


Specific Length (%/day)



Rata-Rata	[VALUE]±0.31c
[VALUE]±0.25bc
[VALUE]±0.08ab
[VALUE]±0.18ab
[VALUE]±0.05a
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Feed Conversion Ratio 
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Survival Rate (%)
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[VALUE]d
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