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Abstract

Fresh water fish, such as carp (Cyprinus carpio), koi (Cyprinus carpio), koki (Carassius auratus) and
comet (Carassius auratus auratus) have great opportunities for developing aquaculture in Indonesia.
However, the presence of argulosis disease caused by ectoparasites Argulus sp. be one of the obstacles.
This parasitic infestation can cause fish to experience a decrease in body weight, weakness, bleeding,
secondary infection, decrease in sale value and even death. This condition economically will have an
impact on decreasing the income of cultivators. The use of synthetic chemicals, including trichlorfon as
an insecticide, has been used to control this ectoparasite. However, trichlorfon will have an impact on
physiological changes, fish growth, and the balance of aquatic ecosystems, because it can leave residues
that can enter into environmental components, the active ingredients are very difficult to decompose in
nature and resistance can occur in target parasites so that the eggs can reappear when used. Insecticides
not in accordance with the rules of use. In addition, it can cause residues in the body of the fish.
Alternatives for controlling argulosis in fish farming can use medicinal ingredients derived from plants.
Pharmacologically medicinal plants have therapeutic effects as antibacterial, antiparasitic and
immunostimulant, apart from that they are safe for the environment and have minimal side effects for
fish and humans who consume them. So the purpose of writing this article is to describe the potential of
plants as medicinal plants to treat argulosis disease in cultivated freshwater fish. Based on the above
studies, proves that several plant species, including Morinda citrifolia, Carica papaya, Moringa oleifera,
Syzygium aromaticum, Nicotiana tabacum, Allium sativum and Areca catechu, have been able to control
Argulosis disease caused by ectoparasites Argulus sp. which infects several types of cultivated fish
including goldfish (Cyprinus carpio), koi (Cyprinus carpio), comets (Carassius auratus auratus), and
koki (Carassius auratus). A treatment used by immersion. The dosage used varies depending on the
preparation, the type of plant and the type and size of the fish.
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Introduction

Disease in fish farming is one of the factors that must be watched out for and is a major
concern. Diseased fish can result in a decrease in the production of cultivated products, and
can even cause fish death. Diseases in fish can be caused by infectious agents such as
parasites, bacteria, and viruses M. Argulus sp. is a type of freshwater fish parasite, is a cause of
argulosis in fish [> 31, This parasite belongs to the class Curtaceae, which is an ectoparasite
known as fish lice. The size of this parasite is relatively large, 5 — 10 mm, often found attached
to the fins, scales and around the head including the gills [ %1, This parasite is quite dangerous
and threatens fish health, especially at the size of the fry, can cause high morbidity and
mortality and economically causes losses for fish farmers 61, Body parts of fish infected with
parasites are characterized by red spots (inflammation) and swelling . In controlling these
parasites, fish farmers and entrepreneurs generally use various synthetic chemicals.
Trichlorfon is one of the synthetic chemicals. at a dose of 0.25 ppm it can be used to control
ectoparasites Argulus sp 1. However, trichlorphone is an active ingredient in insecticides
belonging to the organophosphate class, so its use can have an impact on physiological
changes, fish growth, and the balance of aquatic ecosystems [l. In addition, the use of
insecticides can cause residues in fish 1. The use of natural medicines derived from plants can
be developed as an alternative for controlling parasitic diseases, especially argulosis.

Medicinal plants are pharmacological has a therapeutic effect [ 11,
o~
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Besides that, medicinal plants are safe for the environment
and have minimal side effects for fish and humans who
consume them [ 121, Various types of plants have been used
as medicine by cultivators to treat various diseases that attack
fish. The medicinal effect of plants, because they contain
various secondary metabolites of flavonoids, saponins,
tannins and others which have antibacterial activity [
Several types of plants that have been used as medicine
include kipahit leaves, noni, betel nut, papaya, guava, and
turmeric rhizome. Tithonia diversifolia leaves contain
quassinoids which act as antibacterial, by oxidizing bacterial
cell walls, Morinda citrifolia L. as an immunostimulant, Piper
betle L. and Curcuma longa rhizomes are natural antibiotics
used as antibiotics naturally, Carica papaya L. is often used
as an antibacterial agent, Psidium guajava L. can be used as
an antibacterial and anti-parasitic ['“l. Based on the ability of
plants as antibacterial, antiparasitic and immunostimulant, the
purpose of writing this article is to describe the potential of
medicinal plants as agents for treating argulosis in cultured
freshwater fish.

2. Classification and morphology Argulus sp.

Argulus sp. includes ectoparasites in freshwater fish, a way of
infecting fish by attaching themselves to the surface of the
body and around the head, to the fins or gills. The disease
caused by Argulus is called Argulosis [*°1. This parasite
consists of several species, while the classification of Argulus
sp. is as follows:

Phylum: Arthropoda

Class: Crustacea

Subclass: Brachiura

Ordo: Argulidea

Family: Argulidae

Genus: Argulus

Species: Argulus fiolaceus A. indicus, A. Japonicus, A. catastomi [16]

Argulus sp. is quite large, ranging from 5 — 10 mm, divided
into the cephalothorax and abdomen, the body shape is
slightly oval dorsoventrally, the dorsal part is convex and the
ventral part is slightly concave (Figure 2). The anterior part
has two pairs of antennae, the first and second maxillae which
function to attach themselves to the host, the suction device
(proboscis) and the piercing device called the stylet is located
in the preoral part. Has four pairs of legs which are located on
the thorax function as swimming legs. It has a pair of large,
short-stemmed faceted eyes. In female Argulus the thorax is a
place to store eggs, while in male Argulus sp. the abdomen
contains the testes (Figure 3) [7:18.19],

¥ ventral
view

Fig 2: Dorsal and ventral body of Argulus sp.
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Fig 3: Morphology of Argulus sp.

3. Clinical symptoms and Patogenity of infestation
Argulus sp.

Initial clinical symptoms of Argulus sp. Infected fish are
characterized by increased mucus production, irregular
swimming due to loss of balance, decreased appetite, irritation
due to bites, hyperpigmentation in certain types of fish
(tilapia) and rubbing against the body in an effort to relieve
irritation or eliminate parasites. Further clinical symptoms are
characterized by the presence of red spots on the surface of
the fish's body, swelling around the gills and damage to the
fins. Damage to the gills in large quantities, causes the fish to
become weak and eventually die. Damage and red spots on
the fish's body due to irritation, toxic effects in the form of
anticoagulant enzymes released when the Argulus sp. is stung
with an awl with a stylet. After piercing and injuring the fish's
body, then the Argulus will suck the fish's body fluids with its
proboscis. In addition, the presence of wounds due to attack
by this parasite can lead to secondary infections by bacteria,
viruses or fungi, this will worsen the condition of the fish.
Therefore Argulus attacks are quite dangerous, because they
can cause high morbidity and mortality in fish (20 15.21],

4. Phytochemical content of medicinal plants

The ability of plants as medicinal ingredients is related to
chemical compounds, namely the secondary metabolite
compounds they contain. The results of the phytochemical
tests showed that almost all plants, in general, contain several
secondary metabolite compounds, including flavonoids,
saponins, tannins, terpenoids, phenols and steroids, which of
course each type of plant has different levels/concentrations.
These metabolite compounds have several pharmacological
activities that are useful for human and animal health, namely
as antibiotics, including as antiparasitic, antibacterial,
antiviral, antifungal, antioxidant and immunostimulant which
can trigger non-specific resistance of the body of fish [22 23241,
Other active compounds contained in plants, including
polypeptides, lectins, polyphenols, alkaloids, quinones,
terpenoids, phenolics, have been shown to be very effective
alternatives to antibiotics 1. Several types of plants contain
specific bioactive compounds that are not contained in other
plant species, including Paper betle L., besides containing
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flavonoids and tannins, it also contains specific compounds
eugenol, chavibetol and hydroxychavicol and essential oils
which act as antimicrobials and antioxidants [?°l. Specific
bioactive compounds contained in garlic are allicin and
organosulfur compounds which function as antioxidants, anti-
microbial and anti-carcinogenic 1. Specific bioactive
compounds contained in Andrographis paniculate Nees
include lipopolysaccharide, Aflatoxin and nephroprotective
(28 Curcuma longa contains several bioactive compounds,
including phenolics, terpenoids, diarylheptanoids,
phenylpropenes, = monoterpenes,  sesquiterpenes,  five
diterpenes, triterpenoids, sterols, alkaloids 1, the bioactive
compounds present in turmeric are curcumin, which is a
phenolic compound, has antimicrobial and anti-inflammatory
properties 1. Carica papaya leaves contain phenols, tannins,
flavonoids, saponins, alkaloids 3. The active substance
contained in the methanol extract of C. papaya leaves is
effective as a natural antibiotic 2, so papaya seeds contain
tannins, polyphenols, alkaloids, flavonoids, phenols and
saponins 33, a specific compound found in papaya seeds is
karpain, which is a pyroline alkaloid compound, which
functions as a natural insecticide 41,

5. Application of plants for the management of Argulosis

Many applications of plants as alternative medicines for
treating Argulosis in fish have been carried out. The ability of
plants to control this disease is due to the presence of natural
products in the form of chemical compounds in organic form,
so they are safe to use, do not pose a risk that is harmful to
fish, to humans who consume them or to the environment and
do not cause resistance to parasites 4 %1, Parts of plants that
can be used as medicine include leaves, fruit, stems, roots,
and rhizomes of various plants. Each type and part of the
plant contains certain compounds that can be used as
alternative drugs to replace inorganic chemical drugs.
Morinda citrifolia fruit contains several compounds,
including alkaloids, terpenoids, scopoletin and many nutrients
that have many benefits, and the most active ingredients
contained are alkaloids 8. From the results of the study
showed that the compounds contained in noni fruit produced
through the extraction process with ethanol solvents were able
to control the attack of Argulus sp. on the body of the
Carassius auratus, marked by the release of the parasite from
the fish's body after going through immersion in the extract
solution. A dose of 2 drops/liter is able to release Argulus sp.
from the fish's body 7. The alkaloids contained in M.
citrifolia fruit can paralyze the nervous system, while the
sucker and proboscis as attachment and suction tools
possessed by Argulus sp. to attach to the host are related to
the nervous system, so that if the nervous system is paralyzed,
the sucker and proboscis cannot attach to the host [*8 31, Apart
from being in the form of an extract, M. citrifolia fruit juice
can treat Carrasius auratus auratus fish infected with Argulus
sp. by immersion for 15 minutes. A concentration of 3.5% is a
concentration that is quite effective and safe for fish [,
Another study showed that Carica papaya seeds can prevent
Argulus sp. infestation on Carassius auratus by immertion for
60 minutes. The optimum concentration of 50 ppt to prevent
Argulus sp. infestation in Carassius auratus is 42% [,
Carica papaya seeds contain a specific compound, namely
karpain, which is a pyroline alkaloid compound, which
functions as a natural insecticide [34l. As stated above, alkaloid
compounds can paralyze the nervous system, which has an
impact on inhibiting nerve impulses reaching the
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sucker/proboscis, so that Argulus sp. cannot attach to the host.
Therefore C. papaya seeds are effective enough to prevent
Argulus sp. attacks on fish. Research shows that the juice of
C. papaya seeds at an optimal concentration of 80 ppt is
reported to kill Argulus sp. 3. Another type of plant that can
control Argulus sp. infestation in fish is Moringa oleifera. The
leaf part of this plant in the form of an extract with ethanol
solvent can reduce Argulus sp. infestation on comet fish
(Carassius auratus auratus) through a 12-hour immersion
process. The ability of this plant to control Argulus sp. is due
to its active compounds, namely anthraquinones and
flavonoids which are anti-parasitic (31, Apart from that, this
plant also contains other active compounds as antiparasitics,
namely saponins, alkaloids, carotenes and tannins [0l
Flavonoids can cause damage to cell membranes due to the
protein denaturation process that occurs in cell membranes,
resulting in inhibition of growth and resulting in death of the
parasite [“61. Saponins can form complex compounds through
hydrogen bonds in cell membranes which will damage the
permeability of the parasite cell wall so that it can cause 71,
Tannins are spasmolytic in nature which can cause cell
membranes to shrink and disrupt cell membrane permeability,
so that cell activity will be disrupted, growth retardation can
even experience death 1. The process of damage to the
parasite cell membrane is caused by protein denaturation and
the dissolution of the fat contained in the cell membrane
caused by the phenol component . Moringa oleifera leaf
extract can also be used to reduce Argulus japonicus
infestation on goldfish (C. auratus). The optimal
concentration of the 96% ethanol extract of Moringa oleifera
leaves which can reduce infestation on goldfish for 69 hours
is 700 ppm with an average percentage of reduction of
83.30% %, M. oleifera leaf extract has a high tannin content
of 8.22%, while the alkaloid content is 0.42% and saponins
are 1.75% B, Tannim is an antiparasitic compound, can bind
to proteins so that it can interfere with the process of protein
absorption, tannins can also shrink cell membranes thereby
disrupting cell permeability 52, Syzygium aromaticum oil at a
concentration of 0.05 ml is able to treat carp (Cyprinus carpio
L.) infected with the parasite Argulus sp. through the
immersion process for 15 minutes 3. This relates to the
active substance contained in clove oil, namely eugenol which
functions as an insecticide, fungicide, bactericide, as well as a
nematicide 4. In addition, cloves also contain flavonoids and
tannins which function as antibacterial. Nicotiana tabacum
leaves in the form of aqueous extract at a concentration of 9
ml/L can Kill Argulus sp. which infects Carassius auratus
auratus fish through immersion for 60 minutes. The mortality
rate of Argulus sp. produced was 83.33% and the fish
experienced healing. The healing process is characterized by
shrinkage of the wound, response to feed, and normal
swimming %1, This shows that N. tabacum leaves can be used
as an alternative material for controlling these ectoparasites in
fish, this is related to the active compounds they contain,
alkaloids, flavonoids, terpenoids and saponins ¢, Flavonoid
and alkaloid compounds can increase the innate immunity of
fish %71, In addition, flavonoids are compounds that have anti-
inflammatory abilities that can cover wounds in fish 52, This
is presumably due to the presence of flavonoids contained in
N. tabacum leaf extract can also release Argulus sp. attached
to the body of Kaoi fish (Cyprinus carpio) through immersion.
A dose of 60% gives time to release the Argulus sp. sucker
fastest (8 minutes 2 seconds) from the body of the fish,
compared to doses of 20% (32 minutes 36 seconds) and 40%
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(27 minutes 6 seconds) 8. Allium sativum ability to
overcome Argulus sp. attacks is due to the active compound it
contains, namely allicin. These compounds are active
substances that can kill bacteria and parasites and fungi I,
Another opinion says that Allium sativum contains all
derivatives as the most distinctive odour component, various
disulfides work as antibiotics, nematicides, insecticides. In
vitro allicin can also inhibit several enzymes %, Allycyn in
high doses can be toxic to cells and cause a burning sensation
in the skin or disturbances in the intestine 3. Other plants
that can overcome Argulosis attacks in fish are Areca catechu
seed. Methanol extract of Areca catechu seed had a
significant effect (P<0.05) on the mortality of ectoparasites
Argulus sp. in goldfish by immersion for 60 minutes. The
concentration of 40 ppm resulted in the mortality of Argulus
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sp. the highest, which is equal to 100% 2. The ability of A.
catechu as an antiparasitic is related to the active substances it
contains, namely alkaloid compounds, including arecoline.
These compounds are toxic, causing Argulus sp. become
weak, move passively and end in death. This is because
arecoline damages the nervous system, causing stiffness
(paralysis) and decreased movement activity in organisms [,
Symptoms of poisoning in Argulus sp. after being treated with
A. catechu extract, it was indicated by the release of Argulus
sp. from the body of the fish, hovering in the water with slow
motion, finally at the bottom of the water and can only move
the swimming legs. In the next stage, Argulus sp. will
experience death which is marked by no movement at all.
After Argulus sp. dead, the whole body changes colour from
greenish to brownish yellow 621,

Table 1: Application of Plants Medicine for Argulosis

Plant Preparation Treatment Dosage Type of fish Ref]
Morinda citrifolia fruit ethanol extract Treatment via immersion 24 hours 2 tetes/L Carassius auratus 37
Morinda citrifolia fruit juice Treatment via immersion 15 minutes 3,5% Carassius auratus 40

Carica papaya Seed juice Preventive via immersion 60 minutes 50 ppt Carassius auratus auratus| 39
Carica papaya Seed juice Egg immersion 6 days. 80 ppt Argulus egg 41
Moringa oleifera Leaf ethanol extract Immersion 12 Hours 25 ppm-62,5 ppm|Carassius auratus auratus| 42
Moringa oleifera |Leaf ethanol extract ethanol 96% Immersion 69 Hours 700 ppm Cyprinus carpio L 48
Syzygium aromaticum Oil Immersion 15 Minutes 0,05 ppm Cyprinus carpio L 51
Nicotiana tabacum Leaf water Extract Immersion 60 Minutes 9 ppm Carassius auratus auratus| 53
Allium sativum Water extract Immersion 8 Minutes 2 Seconds. 60% Cyprinus carpio 56
Areca catechu Seed methanol extract Immersion 60 Minutes 40 ppm Carassius auratus. 60

In the table above, it can be seen that several types of plants
are able to control Argulosis disease which infects several
types of freshwater fish, as well as Argulus eggs directly.
However, the dosage used varies depending on the type and
part of the plant, dosage form, type and size of fish. Each
plant and part contains different active compounds, both in
composition and concentration. In addition, each type of fish
has a different response or tolerance to the drug substance
given. This causes a variation in the dose in each treatment
given.

Conclusion

Based on the above studies, proves that several plant species,
including Morinda citrifolia, Carica papaya, Moringa
oleifera, Syzygium aromaticum, Nicotiana tabacum, Allium
sativum and Areca catechu, have been able to control
Argulosis disease caused by ectoparasites Argulus sp. which
infects several types of cultivated fish including carp
(Cyprinus carpio), koi fish (Cyprinus carpio), comet fish
(Carassius auratus auratus), and goldfish (Carassius
auratus). Treatment used by immersion. The dosage used
varies depending on the preparation, the type of plant and the
type and size of the fish.

Competing Interests
Author has declared that no competing interests exist.

References
1. Duijn van Jnr C. Diseases of fish. lliffe Books, London,
3rd ed., 1973, 372.

2. Bauer R. Erkrankungen der Aquarienfishe. Verlag Paul
parey. Berlin und Hamburg; ¢1991.

3. Yildiz K, Kumantas A. Argulus foliaceus infection in a
goldfish  (Carassius auratus). Isr J Vet Med.
2002;57(3):118-120.

4. Rosidah dan Lili W. Fish Parasites and Diseases.

~g~

Publisher Unpad Press, 2016, 304.

Noaman V, Chelongar Y, Shahmoradi H. The First
Record of Argulus foliaceus (Crustacea: Branchiura)
Infestation on Lionhead Goldfish (Carassius auratus) in
Iran. Iranian J Parasitol. 2010;5(2):71-76.

Yusuf RWN, Subekti S, Kusdarwati R. Isolation and
Identification of Gram Negative Bacteria in Goldfish
Wounds (Carassius auratus) Due to Infestation of
Ectoparasite Argulus sp. Fisheries and Maritime
Scientific Journal. 2009;1(2):129-134.

Supriyono E, Pong-Cook PR, Naiborhu PE. Toxicity
Study of Trichlorphone Insecticide Against Tilapia,
Oreochromis sp. Journal of Indonesian Aquaculture.
2005;4(2):163-170.

Pandey AK, Nagpure NS, Trivedi SP, Kumar R,
Kushwaha B. Profenofos induced DNA damage in
freshwater fish, Channa punctata (Bloch) using alkaline
single cell gel electrophoresis. Mutation
Research/Genetic  Toxicology and  Environmental
Mutagenesis. 2011 Dec 24;726(2):209-214.

Chang J. Medicinal herbs: drugs or dietary supplements?
Biochemical pharmacology. 2000 Feb 1;59(3):211-219.
Caruso D, Lusiastuti AM, Slembrouck J, Komarudin O,
Legendre M. Traditional pharmacopeia in small-scale
freshwater fish farms in West Java, Indonesia: An
ethnoveterinary approach. Aquaculture. 2013 Dec
5;416:334-345.

Vaseeharan B, Thaya R. Medicinal plant derivatives as
immunostimulants: An alternative to chemotherapeutics
and antibiotics in aquaculture.  Aquacult. Int.
2013;22:1079 -1091.

Elumalai P, Kurian A, Lakshmi S, Faggio C, Esteban
MA, Ringg E. Herbal immunomodulators in aquaculture.
Reviews in Fisheries Science & Aquaculture. 2020 Jul
11;29(1):33-57.

Rijayanti RP, Luliana S, Trianto HF. In vitro antibacterial

10.

11.

12.

13.


https://www.fisheriesjournal.com/

International Journal of Fisheries and Aquatic Studies

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

activity test of ethanol extracts bacang mango (Mangifera
foetida L.) leaves against Staphylococcus aureus. Naskah
Publikasi Universitas Tanjungpura. 2014;1(1):10-12.
Lusiastuti AM, Taukhid T. Herbal Directory for
Freshwater Fish Health Management. IPB Press, 2012,
75.

Noga EJ. Fish Disease Diagnosis and Treatment. 2"
Edition. Wiley-Blackwell. USA, 2010, 538 HLM.

Kabata Z. Parasites and Diseases of Fish Cultured in
Tropics. Taylor and Francisco Ltd. London and
Philadelphia, 1985, 318.

Hoffman GL. Argulus, a branchiuran parasite of
freshwater fishes. US Department of the Interior, Fish
and Wildlife Service, Division of Fishery Research;
1977, 167.

Mousavi HAE, Behtash F, Rostami-Bashman M,
Mirzargar SS, Shayan P, Rahmati-holasoo H. Study of
Argulus spp. infestation rate in goldfish, Carassius
auratus (Linnaeus, 1758) in Iran. HVM Bioflux.
2011;3(3):198-204.

Steckler N, Yanong RPE. Argulus (Fish Louse)
Infections in Fish. University of Florida IFAS Extension.
2012, 1-5.

Stoskopf MK. Fish medicine. W.B. Saunders Company,
Philadelphia, PA; c1993.

Kismiyati. Ectoparasite Argulus japonicus (Crustacea:
Argulodae) on  Goldfish ~ Carassius  auratus
(Crypriniformes: Cyprinidae) and Control Efforts with
Sumatran Fish Puntius tetrazone (Cyprinisformes:
Cyprinidae). Ph.D thesis, Graduate Program. Airlangga
University; c2009.

Pandey G, Madhuri S. Pharmacological activities of
Ocimum sanctum: A review. Int. J. Pharm. Sci. Rev. Res.
2010;5:61-66.

Kolkovski, S. and J. Kolkovski Herbal medicine in
aquaculture. International Aquafeed. 2011;14(2):28-31.
Reverter M, Bontemps N, Lecchini D, Banaigs B, Sasal
P. Use of plant extracts in fish aquaculture as an
alternative to chemotherapy: Current status and future
perspectives. Aquaculture. 2014 Sep 20;433:50-61.
Citarasu T. Herbal biomedicines: a new opportunity for
the aquaculture industry. Aquaculture International. 2010
Apr;18(3):403-14.

Azhar NI, Mokhtar NM, Arifin MA. Piper betel: A
review on its bioactive compounds, pharmacological
properties, and extraction process. IOP Conf. Ser.: Mater.
Sci. Eng. 2020.991 012044,

Amarakoon S, Jayasekara D. A review on garlic (Allium
sativum L.) as a functional food. Journal of
Pharmacognosy and Phytochemistry. 2017;6(6):1777-
1780.

Hosseini A, Hosseinzadeh H. Antidotal or protective
effects of Curcuma longa (Turmeric) and its active
ingredient, curcumin, against natural and chemical
toxicities: A review. Biomedicine & Pharmacotherapy.
2018;99:411-421.

Li S, Yuan W, Deng G, Wang P, Yang P, Aggrawal BB.
Chemical Composition and Product Quality Control of
Turmeric (Curcuma longa L.). Pharmaceutical Crops.
2011;2:28-54.

Pelezer MJ. 1997. General Nutrition Guidebook. Jakarta.
Duru IA, Duru CE. ldentification and Quantification of
Phytochemicals From Carica papaya Linn (Caricaceae)
Root Extract Using Gc-Fid. J. Chem Soc. Nigeria.
2019;44(7):1291-1297.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45,

46

https://www.fisheriesjournal.com

Khoiriyah M, Chuzaemi S, Sudarwati H. Effect of Flour
and Papaya Leaf Extract (Carica papaya L.) Addition To
Feed on Gas Production, Digestibility And Energy
Values In vitro. J. Ternak Tropika. 2016;17(2):74-85.
Wijayanti R, Febrinasari N. Characterization of Papaya
Seed Extract (Carica pubescens) and Antibacterial Tests
Against Enteropathogenic Escherichia coli (EPEC)
Causes Diarrhea in Male Mice cerata. Journal of
Pharmacy Science (Journal of Pharmacy Science).
2020;8(1):1-13.

Boshra V, Tajul AY. Papaya-an innovative raw material
for food and pharmaceutical processing industry. Health
Environ J. 2013;4(1):68-75.

DIREKBUSARAKOM S. Application of medicinal herbs
to aquaculture in Asia. Walailak Journal of Science and
Technology (WJST). 2004;1(1):7-14.

Sugianti B, Tarumingkeng RC, Coto Z dan Hardjanto.
Utilization of Traditional Medicinal Plants in Fish
Disease Control. Personal Paper on Philosophy of
Science  (PPS-702). Graduate program.  Bogor
Agricultural Institute. Bogor.

Insivitawati E, Setyastuti TA. The Effect of Noni Extract
(Morinda citrifolia) For Theatment of Parasite Argulus In
Comet Fish (Carassius auratus). COJ (Coastal and
Ocean Journal). 2020;4(2):54-70.

Roberts MF, Wink M. Alkaloids: Biochemistry, Ecology
and Medicinal Applications. Plenum Press New York;
€1998.

Kalsasin DD. Utilization of Papaya Seed Extract (Carica
papaya) to prevent Argulus investment in goldfish
(Carassius auratus). Thesis. Faculty of Fisheries and
Maritime Affairs, Airlangga University, Surabaya, 2014,
36.

Ghazali |, Kismiyati, Mahasri G. Giving Noni (Morinda
citrifolia) Fruit Flavor for Argulus Control in Comet
Goldfish (Carassius auratus auratus). Fisheries And
Marine Scientific Journal. 2012;4(1):45-48.

Inaya AFN, Kimiyati, Subekti S. Effect of Papaya Seed
Extract (Carica papaya) on Egg Damage of Argulus sp.
Fisheries and Marine Scientific Journal. 2015;7(2).

Kutte MM. Effect of garlic (Allium sativum) and Ginger
(Zingiber officinale) on the microbial and sensorial
quality of smoked mackerel fish (Scomber scombrus).
Int. J Biol. Sci. 2022;4(1):188-191.
DOI: 10.33545/26649926.2022.v4.i1c.105

Bipin Koirala, Raja Babu Chaudhary. Review of garlic
cultivation under zero tillage in rice straw mulch (Allium
sativum). Int. J Hortic. Food Sci. 2021;3(2):01-03.
Noviyanto F, Nuriyah S dan Susilo H. Antibacterial
Activity Test of Noni Leaf Extract Liquid Soap (Morinda
citrifolia L.) against Staphylococcus aureus. Journal of
Syifa Sciences and Clinical Research. 2020;2(2):55-64.
Praveen Choyal, Dr. OP Garhwal, Dr. MR Choudhary,
Dr. LN Bairwa, Dr. AC Shivran, Dr. DK Gothwal. Effect
of sulphur and micronutrients on growth attributes of
garlic (Allium sativum L.). Int. J Hortic Food Sci.
2022;4(2):223-226.

Afifah B, Abdulgani N, Mahasri G. The Effectiveness of
Soaking Carp fry (Cyprinus carpio L.) in Api-Api
(Avicennia marina) Leaf Juice Solution to Decrease the
Number of Trichodina sp. Pomits Journal of Science and
Arts. 2014;3(2):2337-3520.

. Soraya C, Sunnati WF. Antibacterial Effects of Neem

Leaf Extract (Azadirachta indica) Against Enterococcus


https://www.fisheriesjournal.com/

International Journal of Fisheries and Aquatic Studies

47,

48.

49,

50.

51.

52.

53.

54.

55.

56.

S7.

58.

59.

60.

61.

62.

faecalis Growth In vitro. Dent J.
2019;11(1):23-32.

Ciptaningrum 1, Putri RA. Antimicrobial Effects of
Rhizophora Apiculata to Inhibit Bacterial Growth.
Pharmaceutical Journal. 2019;8(2):75-82.

Zafran K. Mahardika DP, Retri, Martini NND. Test the
Effectiveness of Ginger Extract (Zingiber officinale)
Against the Hirudinea Sea Leech (Zeylanicobdella
arugamensis). Fisheries: Journal of Fisheries and Marine
Science. 2020;2(1):08-15.

Setyawati F, Kismiyati K, Subekti S. Untilization of
Moringa oleifera Leaf Extract on Decreasing Infestation
of Argulus sp. in Goldfish (Carassius auratus).
Aguasains. 2019;8(1):769.

Ojiako E. Phytochemical analysis and antimicrobial
screening of moringa oleifera leaves extract.
International Journal of Engineering Science. 2014;3:32—
35.

Ajizah A. Sensitivitas Salmonella typhimurium terhadap
ekstrak daun Psidium guajava L. Bioscientiae.
2004;1(1):31-38.

Abbas S. Optimizing the Use of Clove Oil for Goldfish
(Cyiprinus carpio) Affected by the Parasite Argulus sp.
Thesis. Aquaculture Study Program, Faculty of
Agriculture, University of Muhammadiyah Makassar,
2017, 38.

Indriasi M, Indra C, Taufik A. Utilization of clove leaf
extract (Syzygium aromaticum) as a vegetable repellent in
reducing the number of flies that land during the drying
process of breast milk. Journal. Faculty of Public Health,
University of North Sumatra; c2015.

Gultom DS, Desrina, Sajito. Application of Tobacco Leaf
Coarse Extra (Nicotiana tabacum) to Control Argulus sp.
on Comet Fish (Carassius auratus auratus). Journal of
Aquaculture Management and Technology. 2018;7(1):64-
70.

Sharma Y, Dua D, Nagar A dan Srivastava NS.
Antibacterial Activity, Phytochemical Screening and
Antioxidant Activity of Stem of Nicotiana tabacum,
International Journal of Pharmaceutical Sciences and
Research. 2016;7(3):1156-1167.

Marzouk MSM, Aziz AMA, Soliman WS, Abbas HH,
Mona SZ, Awad E, et al. Effect of Some Herbal Extract
on the Health Status of Cultured Oreochromis niloticus.
Research journal o Pharmaceutica, Biology and Chemical
Science. 2017;(1):1457-1467.

Solichin A, Widyorini N, Wijayanto DSM. Effect of
Garlic (Allium sativum) Extract with Different Doses on
the Release of Fish Lice Suckers (Argulus sp.) on Koi
Fish (Cyprinus carpio). Journal of Management of
Aguatic Resources. 2013;2(2):46-53.

Wibowo S. Garlic, Shallot, Onion Cultivation.
Independent Spreader, Jakarta. 1989, 194 pages.
Robinson T. Organic Content of High Plants. Sixth
edition. Translated by Kosasih Padmawinata. ITB
Publisher, Bandung; c1991.

Liu BMD. Garlic Therapy.
Achievement. Jakarta; c2006.
Kinang, EI Rahimi SY, Karina S. The Effect of Areca
catechu Seed Extract on The Mortality of Argulus sp. on
Goldfish (Carassius auratus). Unsyiah Marine and
Fisheries Student Scientific Journal. 2017;2(1):200-205.
Herika S, Rizal S. The effect of giving areca seed powder
(Areca catechu L.) on the death of larvae (Spodoptera

Cakradonya

Publisher  Library

~10~

https://www.fisheriesjournal.com

litura F.). Science. 2015;12(1):18-24.

63. Farika EY, Suratma NA, Damriyasa IM. The Extract of

Moringa oleifera Leaves as a Controller of Argulus sp.
Infestation on Comet Fish (Carassius auratus auratus).
Journal of Animal Science and Health. 2014;2(1):1-11.


https://www.fisheriesjournal.com/

