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Abstract: This study aimed to determine the effectiveness of papaya leaf
infusion against the weight gain of Nile tilapia infected with Aeromonas
hydrophila and identify the active compounds contained therein.This study used
a complete randomized design. The treatment consists of 5 treatments:
treatment K (control), treatment A (25 ppt), treatment B (50 ppt), treatment C
(75 ppt), and treatment D (100 ppt). This research includes several stages, the
first being to infect tilapia with A. hydophila. The second stage is to mix papaya
leaf infusion into the feed and observe behaviour, clinical symptoms, weight
gain, water quality parameters, and phytochemical analysis. Results showed
that treatment A showed the highest value for weight gain. Active compounds
in papaya leaf infusion are alkaloids, flavonoids, terpenoids/steroids,
glycosides, saponins, and tannins. Papaya leaf infusion increased the weight

is distributed under a (CC-BY License)

gain of Nile tilapia infected with A. hydrophila.
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Introduction

World fish consumption increased from 1960 to
2015. Per capita consumption of fish in the 1960s was
around 9.90 kg and became 14.40 kg in the 1990s. Total
fish consumption increased to 19.70 kg in 2013 and is
estimated to exceed 20 kg from 2014 to 2015 (FAO, 2016).
Capture fisheries cannot meet the protein needs of fish
as the number of human populations increases globally.
Aquaculture is a solution to meeting global fish protein
needs (Abd El-Hack et al., 2022). Aquaculture is essential
in the industrial world because the production period is
fast (Zaher et al., 2021; Sherif & Kassab, 2023).

Aquaculture includes the cultivation of freshwater
fish and saltwater fish under controlled and semi-
controlled conditions (Abd El-Hack et al., 2022). Fish is a
source of protein production (Zaher et al., 2021; Youssef
et al., 2023), vitamins and minerals essential for humans
(Qu et al., 2022). Nile tilapia is one type of fish suitable
for cultivation (Abd El-Hack et al., 2022), lives in
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freshwater (Ngamkala et al., 2020; Amer et al., 2022);
Kerigano et al., 2023) and is originally from Africa
(Nivelle et al., 2019). The advantages of Nile tilapia are
high market demand, low production costs, ability to
live in different environments, ability to live in low
dissolved oxygen conditions, ability to live at high
ammonia levels (Abd El-Hack et al., 2022), disease
resistance (El-Garawani et al., 2022), easy to reproduce
(Ahmed et al., 2023), fast growth (Levia et al., 2021) and
cultivated extensively and intensively (Kerigano et al,,
2023). Nile tilapia is farmed globally by various
countries (Shen et al., 2021; Sherif & Kassab, 2023) and
placed third in the world (FAO, 2020).

Aquaculture has health constraints due to diseases
caused by pathogenic bacteria, such as the Aeromonas
hydrophila (Kerigano et al.,, 2023). A. hydrophila is a
facultative, gram-negative anaerobic bacterium with a
broad spectrum of warm-blooded and cold-blooded
animals to humans (Kerigano et al., 2023). A. hydrophila
bacteria is the causative agent of water infection and the
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leading cause of Motile Aeromonas Septicemia (MAS)
(Ma et al., 2020). In addition, it is resistant to certain
antibiotics (Saleh et al., 2021).

A. hydrophila is known to be the cause of mass death
in aquacultures such as Nile tilapia farming (Sherif &
Kassab, 2023), catfish (Kusdarwati et al., 2018) and
vaname/whiteleg shrimp (Zhou et al, 2019). It is
commonly found in fresh waters (Ngamkala et al., 2020)
and becomes a pathogen when fish are stressed and
water quality is poor (Rozi et al., 2022). The mortality
rate of fish caused by A. hydrophila reaches 80-100% of
fish (Kusdarwati et al., 2018; Rozi et al., 2018).

Nile tilapia infected with A. hydrophila have
symptoms such as decreased appetite, haemorrhage,
and damaged fins (Rozi et al., 2022). The solution used
is to use herbal ingredients. Herbal ingredients that have
the potential to be antibacterial and able to fight A.
hydrophila have an essential role in aquaculture activities
(Zhou et al., 2019). In addition, herbal ingredients
containing papain enzyme can break down protein so
the body quickly absorbs it (Hamid et al., 2022). One
example of an herbal ingredient with papain content is
papaya leaves (Candra et al., 2017).

Papaya leaves are natural ingredients used in
medicine (Devmurari et al., 2021; Rifaath, 2022) and have
the potential to be antibacterial (Sharma et al., 2022)
because they contain phenols (Hariono et al., 2021). In
addition, it also contains papain, which can stimulate
growth (Hamid et al., 2022). This study aimed to
determine the effectiveness of papaya leaves on Nile
tilapia weight gain, and identify the active compounds.

Method

Research Design

This research is an experimental laboratory and
uses a posttest-only control group design approach
(comparing two groups, namely the control group and
the treatment group). The experimental design was
completely randomized, with five treatments and three
replications.

Making Papaya Leaf Infusion

Papaya leaves are washed and then dried. After
that, the leaves are mashed and boiled at a temperature
of 90 °C for 15 minutes (DirJen POM, 2000). The doses
used in this study were 25 ppt, 50 ppt, 75 ppt, and 100

ppt.

Nile Tilapia Infection Procedure

Nile tilapia were infected with A. hydrophila with a
bacteria density of 1 x 108 CFU/mL (Indriani et al., 2014).
Nile Tilapia was injected with A. hydrophila at a dose of
0.1 mL in the intramuscular section. Then, the Nile
tilapia is transferred into a maintenance aquarium given
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aeration. Next, an infusion of papaya leaves that have
been mixed into fish pellets is given at a dose of 5% of
the body weight of the fish. Observation was carried out
for 14 days. The size of Nile tilapia is 7-9 cm. A. hydrophila
bacteria come from the Fish Quarantine Station for
Quality Control and Safety of Fishery Products in
Tanjung Balai.

Observation of Clinical Symptoms

The symptoms observed are behavioral
observations and physical symptoms of Nile tilapia
infected with A. hydrophila.

Observation of Weight Gain

The weight gain of tilapia is calculated using the
formula according to Effendie (1979).
Weight gain (WG) = final weight - initial weight

Water Quality Parameters

Water quality parameters include temperature,
dissolved oxygen, and pH. Observation time is every
week.

Phytochemical Analysis

The active compounds analyzed are alkaloids,
flavonoids, glycosides, saponins, tannins, and
triterpenes/steroids. At the same time, the quantitative
analysis is flavonoids. Phytochemical and flavonoid
level analyses were conducted at the Pharmaceutical
Biology Laboratory, University of Sumatera Utara.

Data Analysis

The research data were analyzed descriptively and
using ANOVA. The data analyzed descriptively in
tables and graphs are weight gain, water quality
parameters, phytochemical analysis, and test flavonoid
quantification. The data analyzed statistically using
ANOVA is Nile tilapia weight gain.

Result and Discussion

Result
Behaviour and Clinical symptoms

The behavior of Nile tilapia infected with A.
hydrophila is irregular swimming, slow feeding response,
and staying on one side. The clinical symptom of Nile
tilapia is haemorrhage on the surface of its body, as
shown in Figure 1.
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Figure 1. Nile filapia with haerhoi‘rhége
Weight Gain

The weight gain of Nile tilapia is shown in Fig. 1.
The highest value of Nile tilapia weight gain was in
treatment A, and the lowest value was in treatment D.
Treatment A has a weight gain value of 1.5 grams, and
treatment D weighs 1.25 grams. The results of ANOVA
papaya leaf infusion showed that the Fyaiues (6.654) > Fraple
(3.48), which means that papaya leaf infusion water
affects the weight gain of Nile tilapia.
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Figure 2. Weight gain of Nile tilapia

Water Quality Parameters

Water quality parameters from this study are
shown in Table 1. The temperature ranges from 26 °C to
290C, pH values are between 6.82 and 7.7, and dissolved
oxygen (DO) values range from 4.6 Mg/L to 7.1 Mg/L.

Table 1. Value of Water Quality Control
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The flavonoid infusion of papaya leaves ranges from
16,940 QE/ g Extract to 34,084 QE/ g Extract.

Table 2. Result Test of Phytochemical

Range Value
Treatment Temperature (°C) pH DO Mg/L)
K 26-29 682-71 47-6.6
A 26-29 690-71 46-68
B 26-29 690-75 47-69
C 26-29 6.85-77 47-71
D 26-29 692-72 48-7.0

Phytochemical Analysis Result

The results of this study's phytochemical analysis
are presented in Table 2, and the quantitative analysis of
flavonoids is presented in Table 3. The active ingredients
of papaya leaf infusion are alkaloids, flavonoids,
terpenoids/steroids, glycosides, saponins, and tannins.

Class of phytochemical Description
Alkaloids +
Flavonoids +
Terpenoids/Steroids +
Glycosides +
Saponin +
Tannins +
Table 3. Result of Flavonoids Analysis

Treatment Value (QE/ g Extract)
A 16.94
B 19.00
C 23.85
D 34.08
Discussion

The behaviour of Nile tilapia infected with A.
hydrophila from day 1 to day 4 is abnormal swimming,
slow feeding response, and staying on one side. The
clinical symptom of fish is hemorrhage on the body
surface. The research results on gourami infected
with A. hydrophila showed the same symptoms as in this
study, which is a slow feeding response (Rozi et al., 2022)
fish stay on one side and haemorrhage (Murwantoko et
al., 2013). A. hydrophila produces enzymes and toxins.
The toxins produced by A. hydrophila are hemolysine,
enterotoxins, and cytotoxins. Hemolysin toxin damages
red blood cells, causing cells to come out of blood vessels
and resulting in a red colour on Nile tilapia skin. The
working of this toxin is related to the specific interaction
between receptor cells and hemolysin, resulting in injury
to the fish body (Rozi et al., 2022).

Extracellular toxins have two regions determining
virulence. They are the active region as the leading cause
of infection in cells, and the attachment region is the
place of attachment of toxins to specific receptor cells.
Hemolysin and enzymes work together to open up
tissues on the skin and scales of fish. The invasion of
pathogenic bacteria into the fish body begins with the
attachment of bacteria to the skin and firmly adheres to
the scales protected by the substance -chitin. A.
hydrophila produces the enzyme chitinase to degrade the
chitin layer and facilitate penetration by bacteria. In
addition, these bacteria produce the enzyme lecithinase,
aiding the entry of bacteria into the bloodstream of
fish (Rozi et al., 2022).

From day 5 to day 6, the feeding response of Nile
tilapia is still slow. On the 7th day, the Nile tilapia
responded when fed and began swimming normally.
Nile tilapia already shows symptoms such as swimming
normally and, when fed, immediately gives a response
on the 10th day. The condition of the fish becomes
normal, and the clinical symptoms of tilapia disappear
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allegedly due to the phytochemical content of papaya
leaves. The results of the phytochemical analysis show
that papaya leaf infusion contains alkaloids, flavonoids,
glycosides, saponins, tannins, and triterpenes/steroids.
The analysis of flavonoid quantitative showed that the
highest value was found in treatment D of 34,084 QE/g
Extract, and the lowest was found in treatment A of
16,940 QE/ g Extract.

Flavonoids have anti-inflammatory (Zaragoza et
al., 2020; Adinew et al., 2021) and antibacterial potential
(Chotimah et al., 2020; Hariono et al., 2021; Sychrova et
al, 2022; Gerrine et al., 2023; Winda et al., 2023).
Flavonoid compounds work by inhibiting the formation
of nucleic acids (Chotimah et al.,, 2020). The B ring
inhibits the synthesis of nucleic acids in the process of
intercalation. The hydroxyl group in the flavonoid
structure modifies organic components, making them
toxic to bacteria (Safitri et al., 2021).

Nile tilapia weight gain was 1.5 grams in treatment
A and the lowest value in the control treatment.
Treatments A, B, C, and D had higher values when
compared to controls. Papaya leaf infusion contains
papain enzyme and stimulates Nile tilapia growth
(Hamid et al., 2022). Papain is an enzyme derived from
papaya sap containing protein-breaking or proteolytic
enzymes (Candra et al., 2017). Protease enzymes are
essential in breaking down protein macromolecules into
simpler compounds (Tacias-Pascacio et al., 2021).
Meanwhile, lipase and amylase play a role in breaking
down lipids and carbohydrates. Using papain enzymes
in the substrate, like proteins, lipids, and carbohydrates
in fish pellets, causes these macromolecules to
decompose before consumption (lhsan & Mahsul, 2018)
This process facilitates the digestion and absorption of
food nutrients in the body to increase growth (Candra et
al., 2017) and affects the efficiency of feed used by fish
(Rachmawati & Prihanto, 2019).

Weight gain in treatment D is 1.25 grams, which is
smaller than treatment A. The papain enzyme content
mixed into fish feed is in excess, interfering with fish
growth (Salam et al., 2020). Enzymes have an optimum
limit and catalyze specifically on one substrate and will
be inactive if no substrate is present. The adverse effects
of adding protease enzymes that exceed the needs of fish
are inhibiting metabolism and can affect growth and
survival. The addition of excessive protein hydrolysis is
thought to affect the regulation of trypsin synthesis and
secretion (Rachmawati & Prihanto, 2019). The content of
phytochemicals in tannins affects the absorption of
nutrients carried out by the body's digestive organs.
Treatment D has the highest dose and tannin value
compared to other treatments. A high amount of tannins
can reduce the rate of absorption of nutrients by the
digestive organs because it inhibits metabolism in the
body (Hamid et al., 2022).
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The water quality values are temperatures ranging
from 26 °C - 29 9C, pH values ranging from 6.82 - 7.01,
and dissolved oxygen values ranging from 4.6 Mg/ L -
7.1 Mg / L. The temperature range optimal for Nile
tilapia survival is 25 0C - 32 °C, with a pH of 6.5 - 8.5 and
a dissolved oxygen value of >3 Mg / L (SNI 7550, 2009).
The maintenance water quality in this study is still
normal and supports Nile tilapia's life.

Conclusion

Papaya leaf infusion increased the weight gain of
Nile tilapia infected with A. hydrophila. The
phytochemical content of papaya leaf infusion includes
alkaloids, flavonoids, terpenoids/steroids, glycosides,
saponins, and tannins.

Author Contributions

Author contributions are writing draft, review and editing,
D.P.; resources, J; methodology and data analysis, I. Z. All
authors have read and agreed to the published version of the
manuscript.

Funding
No external funding.

Conflicts of Interest
No conflict interest.

References

Abd El-Hack, M. E., El-Saadony, M. T., Nader, M. M.,
Salem, H. M., El-Tahan, A. M., Soliman, S. M., &
Khafaga, A. F. (2022). Effect of environmental
factors on growth performance of Nile tilapia
(Oreochromis niloticus). In International Journal of
Biometeorology (Vol. 66, Issue 11, pp. 2183-2194).
Springer Science and Business Media Deutschland
GmbH. https:/ /doi.org/10.1007 /s00484-022-
02347-6

Adinew, G. M., Taka, E., Mendonca, P., Messeha, S. S., &
Soliman, K. F. A. (2021). The anticancer effects of
flavonoids through miRNAs modulations in triple-
negative breast cancer. Nutrients, 13(4), 1-37.
https:/ /doi.org/10.3390/nu13041212

Ahmed, S. M., Hordofa, B., Meressa, B. H., & Tamiru, M.
(2023). Population structure and genetic diversity
of Nile tilapia (Oreochromis niloticus) using
microsatellite markers from selected water bodies
in southwest Ethiopia. Veterinary Medicine and
Science, 9(5), 2095-2106.
https:/ /doi.org/10.1002/vms3.1212

Amer, S. A, El-Araby, D. A., Tartor, H., Farahat, M.,
Goda, N. I. A,, Farag, M. F. M., Fahmy, E. M,,
Hassan, A. M., Abo El-Maati, M. F., & Osman, A.
(2022). Long-Term Feeding with Curcumin Affects

2419



Jurnal Penelitian Pendidikan IPA (JPPIPA)

the Growth, Antioxidant Capacity, Immune Status,
Tissue Histoarchitecture, Immune Expression of
Proinflammatory = Cytokines, and Apoptosis
Indicators in Nile Tilapia, Oreochromis niloticus.
Antioxidants, 11(5).
https:/ /doi.org/10.3390/ antiox11050937

Candra, B., Nasmia, & Tobigo, D. T. (2017). Pengaruh
Pemberian Enzim Papain Pada Pakan Buatan
Terhadap Pertumbuhan dan Kelangsungan Hidup
Udang Kaki Putih (Penaeus vannamei). J.
Agrisains,  18(2), 77-83. Retrieved from
http:/ /jurnal.untad.ac.id/jurnal/index.php/AGR
ISAINS/ article/ view /16910/12091

Chotimabh, I. H., Triatmoko, B., & Nugraha, A. S. (2020a).
Skrining Fitokimia dan Uji Aktivitas Antibakteri
Tumbuhan Jelutong Pipit (Kibatalia arborea
(Blume) G.Don) terhadap Escherichia coli.
Pharmaceutical Journal of Indonesia, 17(02), 493-500.
https:/ /doi.org/10.30595/ pharmacy.v17i2.4806

Devmurari, V. V., Patel, P. P, Jadeja, R. A., Bhadaniya,
C. P, Aghara, P. P, Patel, A. S, Tala, S. D., Savant,
M. M, Ladva, K. D., & Nariya, P. B. (2021). Steroid
and Fatty Acid Contents from the Leaves of Carica
Papaya.  Folia ~ Medica,  63(3),  422-428.
https:/ /doi.org/10.3897/folmed.63.e55300

DirJen POM. (2000). Parameter Standar Umum Ekstrak
Tumbuhan Obat (1st ed.). Departemen Kesehatan
RI Retrieved from
https:/ /www.academia.edu/10368669/Paramete
r_Standar_Umum_Ekstrak_Tumbuhan_Obat

Effendie, M. 1. (1979). Metoda Biologi Perikanan. Yayasan
Dewi Sri.

El-Garawani, I. M., Khallaf, E. A., Alne-na-ei, A. A,
Elgendy, R. G., Sobhy, H. M., Khairallah, A.,
Hathout, H. M. R,, Malhat, F., & Nofal, A. E. (2022).

The Effect of Neonicotinoids Exposure on
Oreochromis niloticus Histopathological
Alterations and Genotoxicity.  Bulletin = of

Environmental Contamination and Toxicology, 109(6),
1001-1009. https://doi.org/10.1007 /s00128-022-
03611-6
FAO. (2016). The State of World Fisheries and Aquaculture
2016 : Contributing to Food Security and Nutrition for
All FAO. Retrieved from
https:/ /www .fao.org/family-
farming/ detail/en/c/465805/

(2020). The State of World Fisheries and
Aquaculture 2020. In INFORM (Vol. 32, Issue 6).
American Oil Chemists Society.
https:/ /doi.org/10.4060/ ca922%n
Gerrine, G., Prajitno, A., Fadjar, M., & Kenitasari, R. E.

(2023). Effects of Keji Beling (Strobilanthes crispus)
Crude Leaves Extract Against Aeromonas
hydrophila Bacterial Infection in Vitro. Jurnal

FAO.

May 2024, Volume 10, Issue 5, 2416-2422

Penelitian ~ Pendidikan  IPA, 9(5), 3849-3855.
https:/ /doi.org/10.29303 /jppipa.v9i5.3502
Hamid, N. K. A., Somdare, P. O., Md Harashid, K. A.,
Othman, N. A, Kari, Z. A., Wej, L. S., & Dawood,
M. A. O. (2022). Effect of papaya (Carica papaya)
leaf extract as dietary growth promoter
supplement in red hybrid tilapia (Oreochromis
mossambicus X Oreochromis niloticus) diet. Saudi
Journal of Biological Sciences, 29(5), 3911-3917.
https:/ /doi.org/10.1016/].sjbs.2022.03.004
Hariono, M., Julianus, J., Djunarko, 1., Hidayat, L,
Adelya, L., Indayani, F., Auw, Z.,, Namba, G, &
Hariyono, P. (2021). The future of carica papaya
leaf extract as an herbal medicine product.
Molecules, 26(22).
https:/ /doi.org/10.3390/ molecules26226922
Ihsan, M., & Mahsul, A. (2018). Optimalisasi Tingkat
Pertumbuhan (Growth Rate) dan Mortalitas
(Survival Rate) Ikan Nila (Oreochromis Niloticus)
dengan Enzim Papain Kasar. Biota, 9(2), 190-199.
https:/ /doi.org/10.20414/jb.v9i2.47
Indriani, A. D., Prayitno, S. B., & Sarjito. (2014).
Penggunaan Ekstrak Jahe Merah (Zingiber
officinale var. Rubrum) Sebagai Alternatif
Pengobatan lkan NIlla (Oreochromis niloticus)
yang Diinfeksi Bakteri Aeromonas hydrophila.
Journal of Aquaculture Management and Technology,

3(3), 58-65. Retrieved from
https:/ /ejournal3.undip.ac.id/index.php/jamt/ar
ticle/ view /5802

Kerigano, N. K., Chibsa, T. R., Molla, Y. G., Mohammed,
A. A, Tamiru, M., Bulto, A. O., Wodaj, T. K,
Gebreweld, D. S., & Abdji, A. K. (2023). Phenotypic,
molecular detection and antibiogram analysis of
Aeromonas Hydrophila from Oreochromis
Niloticus (Nile Tilapia) and Ready-To- eat fish
products in selected Rift Valley lakes of Ethiopia.
BMC Veterinary Research, 19(1).
https:/ /doi.org/10.1186/512917-023-03684-3

Kusdarwati, R., Rozi, D Dinda, N., & Nurjanah, I. (2018).
Antimicrobial resistance prevalence of Aeromonas
hydrophila isolates from motile Aeromonas
septicemia disease. IOP Conference Series: Earth and
Environmental Science, 137(1).
https:/ /doi.org/10.1088/1755-
1315/137/1/012076

Levia, K., Waspodo, S., & Astriana, B. H. (2021). Uji
Efektivitas Anti Bakteri Ekstrak Biji Pepaya (Carica
papaya L.) Terhadap Kelangsungan Hidup Ikan
Nila  (Oreochromisniloticus) Pasca  Infeksi
Aeromonas hydrophila. Jurnal Perikanan Unram,
11(2), 195-208.
https:/ /doi.org/10.29303/jp.v11i2.255

Ma, S., Dong, Y., Wang, N,, Liu, J,, Lu, C, & Liu, Y.
(2020). Identification of a new effector-immunity

2420



Jurnal Penelitian Pendidikan IPA (JPPIPA)

pair of Aeromonas hydrophila type VI secretion
system. Veterinary Research, 51(1).
https:/ /doi.org/10.1186/513567-020-00794-w
Murwantoko, Rozi, Istiqgomah, I., & Nitimulyo, K. H.
(2013). Isolasi, Karakterisasi, dan Patogenitas
Bakteri Penyebab Penyakit Pada Gurami
(Osphronemus goramy) di Kabupaten Bantul.
Jurnal Perikanan (Journal of Fisheries Sciences) All
Right Reserved, 2, 83-90.
https:/ /doi.org/10.22146/ifs.9102
Ngamkala, S., Satchasataporn, K., Setthawongsin, C., &
Raksajit, W. (2020). Histopathological study and
intestinal mucous cell responses against
Aeromonas  hydrophila in  Nile tilapia
administered with Lactobacillus rhamnosus GG.
Veterinary World, 13(5), 967-974.
https:/ /doi.org/10.14202/vetworld.2020.967-974
Nivelle, R., Gennotte, V., Kalala, E. J. K., Ngoc, N. B,
Muller, M., Mélard, C.,, & Rougeot, C. (2019).
Temperature  preference of Nile tilapia
(Oreochromis  niloticus)  juveniles  induces
spontaneous sex reversal. PLoS ONE, 14(2).
https:/ /doi.org/10.1371/journal.pone.0212504
Qu, B., Zhao, H., Chen, Y., & Yu, X. (2022). Effects of low-
light stress on aquacultural water quality and
disease resistance in Nile tilapia. PLoS ONE, 17(5
May).
https:/ /doi.org/10.1371/journal.pone.0268114
Rachmawati, D., & Prihanto, A. A. (2019). Effect of
Papain Enzym Supplementation on Growth
Performance and Nutrient Utilization of Catfish
(Pangasius hypopthalmus). Malays. Appl. Biol,

48(5), 1-10. Retrieved from
https:/ /jms.mabjournal.com/index.php/mab/art
icle/view /1581

Rifaath, M. (2022). Effect of Carica papaya on beta
catenin and Wnt mRNA expression in human
colon cancer (HT-29) cells in vitro. Bioinformation,
18(3), 289-292.
https:/ /doi.org/10.6026/97320630018289

Rozi, R, C. Prijantono, R., Sudarno, & Kusdarwati, R.
(2022). Pengaruh Asap Cair Tempurung Kelapa
(Cocos nucifera) terhadap Hematologi Ikan Nila

(Oreochromis niloticus) yang Diuji Tantang
Bakteri Aeromonas hydrophila. Journal of
Agquaculture Science, 7(1).

https:/ /doi.org/10.31093 /joas.v7il.236

Rozi, Rahayu, K., Daruti, D. N., & Stella, M. S. P. (2018).
Study on characterization, pathogenicity and
histopathology of disease caused by Aeromonas
hydrophila in gourami (Osphronemus gouramy).
IOP Conference Series: Earth and Environmental
Science, 137(1). https://doi.org/10.1088/1755-
1315/137/1/012003

May 2024, Volume 10, Issue 5, 2416-2422

Safitri, D., Roanisca, O., & Mahardika, R. G. (2021).
Potensi Ekstrak Daun Senduduk (Melastoma
malabathricum  Linn.) Sebagai  Antibakteri
terhadap  Pseudomonas  aeruginosa  dan
Staphylococcus aureus. Chimica et Natura Acta, 9(2),
74-80. https:/ /doi.org/10.24198/ cna.v9.n2.34582

Salam, N. I, Sambu, A. H., & Heriawan, E. (2020).
Optimasi Penggunaan Enzim Papain Pada Pakan
Keong Terhadap Kelangsungan Hidup dan
Pertumbuhan Ikan Patin (Pangasius sp.).
OCTOPUS : Jurnal Ilmu Perikanan, 9(2), 66-71.
https:/ /doi.org/10.26618/ octopus.v9i2.7068

Saleh, A., Elkenany, R., & Younis, G. (2021). Virulent and
Multiple Antimicrobial Resistance Aeromonas
hydrophila Isolated from Diseased Nile Tilapia
Fish (Oreochromis niloticus) in Egypt with
Sequencing of Some Virulence-Associated Genes.
Biocontrol Science, 26(3), 167-176.
https:/ /doi.org/10.4265/bio.26.167

Sharma, A., Sharma, R., Sharma, M., Kumar, M.,
Barbhai, M. D., Lorenzo, J. M., Sharma, S., Samota,
M. K., Atanassova, M., Caruso, G., Naushad, M.,
Radha, Chandran, D., Prakash, P., Hasan, M., Rais,
N., Dey, A. Mahato, D. K, Dhumal, S, &
Mekhemar, M. (2022). Carica papaya L. Leaves:
Deciphering Its Antioxidant Bioactives, Biological

Activities, Innovative Products, and Safety
Aspects. In Oxidative Medicine and Cellular Longevit.
Hindawi Limited.

https:/ /doi.org/10.1155/2022 /2451733

Shen, G. P, Ding, Z. N, Dai, T., Feng, ]. H,, Dong, J. Y.,
Xia, F., Xu, J. J., & Ye, J. D. (2021). Effect of dietary
taurine supplementation on metabolome variation
in plasma of Nile tilapia. Animal, 15(3).
https:/ /doi.org/10.1016/j.animal.2020.100167

Sherif, A. H., & Kassab, A. S. (2023). Multidrug-resistant
Aeromonas bacteria prevalence in Nile tilapia
broodstock. BMC Microbiology, 23(1).
https:/ /doi.org/10.1186/s12866-023-02827-8

SNI 7550. (2009). Produksi ikan nila (Oreochromis niloticus
Bleeker) kelas pembesaran di kolam air tenang. Badan
Standardisasi Nasional.

Sychrovid, A., Skovranova, G., Culenova, M., & Bittner
Fialova, S. (2022). Prenylated Flavonoids in Topical
Infections and Wound Healing. Molecules, 27(14).
MDPI.
https:/ /doi.org/10.3390/ molecules27144491

Tacias-Pascacio, V. G., Castaneda-Valbuena, D.,
Morellon-Sterling, R., Tavano, O., Berenguer-
Murcia, A., Vela-Gutiérrez, G., Rather, I. A., &
Fernandez-Lafuente, R. (2021). Bioactive peptides
from fisheries residues: A review of use of papain
in proteolysis reactions. International Journal of
Biological Macromolecules, 184, 415-428.

https:/ /doi.org/10.1016/j.ijbiomac.2021.06.076
2421


https://doi.org/10.22146/jfs.9102
https://doi.org/10.26618/octopus.v9i2.7068
https://doi.org/10.4265/bio.26.167

Jurnal Penelitian Pendidikan IPA (JPPIPA)

Winda, F. R., Suparno, S., & Prasetyo, Z. K. (2023).
Antibacterial Activity of Cinnamomum burmannii
Extract Against Escherichia coli. Jurnal Penelitian
Pendidikan IPA, 9(11), 9162-9170.
https:/ /doi.org/10.29303 /jppipa.v9i11.4045

Youssef, I. M. 1., Saleh, E. S. E., Tawfeek, S. S., Abdel-
Fadeel, A. A. A., Abdel-Razik, A. R. H., & Abdel-
Daim, A. S. A. (2023). Effect of Spirulina platensis
on growth, hematological, biochemical, and
immunological parameters of Nile tilapia
(Oreochromis niloticus). Tropical Animal Health and
Production, 55(4). https:/ /doi.org/10.1007 /s11250-
023-03690-5

Zaher, H. A., Nofal, M. 1., Hendam, B. M., Elshaer, M.
M., Alothaim, A. S., & Eraqi, M. M. (2021).
Prevalence and  antibiogram of  vibrio
parahaemolyticus and aeromonas hydrophila in
the flesh of nile tilapia, with special reference to
their virulence genes detected using multiplex pcr
technique. Antibiotics, 10(6).
https:/ /doi.org/10.3390/ antibiotics10060654

Zaragoza, C., Villaescusa, L., Monserrat, J., Zaragoz, F.,
& Alvarez-Mon, M. (2020). Potential therapeutic
anti-inflammatory and immunomodulatory effects
of dihydroflavones, flavones, and flavonols.
Molecules, 25(4), 1-13.
https:/ /doi.org/10.3390/molecules25041017

Zhou, H., Gai, C., Ye, G., An, ], Liu, K., Xu, L., & Cao, H.
(2019). Aeromonas hydrophila, an emerging
causative agent of freshwater-farmed whiteleg
shrimp litopenaeus vannamei. Microorganisms,
7(10).
https:/ /doi.org/10.3390/ microorganisms7100450

May 2024, Volume 10, Issue 5, 2416-2422

2422



