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Trichodina sp. is a major ectoparasite affecting Carassius auratus, 
reducing its aesthetic and market value. This study evaluated the efficacy 
of Gracilaria verrucosa aqueous extract against Trichodina sp., its impact 
on fish survival, and the effective dosage. The experiment was conducted 
using a Completely Randomized Design (CRD) with four treatment groups: 
K (methylene blue, 0.6 mL/L), P1 (G. verrucosa extract, 10 mL/L), P2 (G. 
verrucosa extract, 15 mL/L), and P3 (G. verrucosa extract, 20 mL/L), each 
with three replications. Observations included clinical signs, behavior, 
parasite prevalence and intensity, time to parasite death, fish survival, and 
water quality. Infected fish showed excess mucus, scale loss, pale gills, and 
behavioral changes. Treatment P3 significantly reduced parasite intensity 
to 2.93 individuals/fish, caused parasite death within approximately 8.5 
minutes, and resulted in 100% survival. Parasite lysis was observed in 
treatments K, P2, and P3. Water quality remained within suitable ranges, 
with temperature at 26.5–27.9°C, pH 7–8.1, and dissolved oxygen 4.8–5.8 
mg/L. These findings suggest that G. verrucosa aqueous extract at 20 
mL/L is effective against Trichodina sp. and safe for comet fish.
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INTRODUCTION

Ornamental fish possess high aesthetic value and have 
become an important export commodity, with Indonesia 
ranking fifth globally (Khoironi and Saskara, 2017). More 
recent market analyses still position Indonesia among 
important exporters within the ornamental fish value 
chain, highlighting the continuing economic relevance 
of freshwater ornamental aquaculture (Tarihoran et al., 
2023). One of the most popular ornamental freshwater 
species is comet fish Carassius auratus, valued for 
its attractive coloration and adaptability to various 
environments (Hafiz et al., 2020). However, ornamental 
fish farming often faces disease challenges, particularly 
infections caused by ectoparasites such as Trichodina sp., 
which induce trichodiniasis characterized by excessive 
mucus production, lesions, and reduced immune 
response (Afifah et al., 2014; Agustina et al., 2018). 
Trichodinids are widely recognized as common ciliate 
parasites on fish gills and skin and can reduce fitness by 
impairing respiration and predisposing fish to secondary 
problems under stressful culture conditions (Lom and 
Dyková, 1992). Physical damage to ornamental fish 
reduces their aesthetic appearance and decreases their 
market value (Musdian et al., 2016; Kuri et al., 2022).
Ectoparasite control commonly relies on chemical 
treatments such as methylene blue, which is effective but 
may result in residual toxicity and environmental impacts 
when overused. In addition to residue concerns, recent 
ecotoxicological evidence indicates that methylene blue 
release can pose risks to non-target aquatic organisms 
in receiving waters, supporting the need to minimize 
unnecessary discharge and seek safer options (Li et al., 
2023). Therefore, natural compounds such as seaweeds 
are considered safer and more eco-friendly alternatives 
(Hutson et al., 2012; Siddik et al., 2023). Seaweeds 
(marine macroalgae) are also widely documented sources 
of valuable nutrients and diverse secondary metabolites 
(e.g. phenolics, terpenoids, polysaccharides) that can 
contribute antimicrobial and antiparasitic effects, 
making them promising candidates for aquaculture 
health management (Holdt and Kraan, 2011; Harwanto 
et al., 2020; Windarto et al., 2024a; Windarto et 
al., 2025a; Cheng et al., 2025). Among seaweeds, 
red algae (Rhodophyta) are particularly important 
because they contain various bioactive constituents, 
including polysaccharides, proteins, peptides, and 
phenolic compounds, which have been associated with 
antioxidant, antibacterial, antihypertensive, and other 
biological activities (Windarto et al., 2024b; Windarto 
et al., 2025b). Therefore, Rhodophyta species such as 
Gracilaria verrucosa are promising candidates for further 
exploration as natural sources of bioactive compounds in 
aquaculture health management.
Gracilaria verrucosa, a red seaweed abundantly found 
in Indonesia, contains bioactive compounds such as 

flavonoids, saponins, tannins, phenols, and quercetin, 
which exhibit antiparasitic, antibacterial, and antioxidant 
properties (Matfuch et al., 2016; Febrianto et al., 2019; 
Olasehinde et al., 2019; Ouahabi et al., 2023; Windarto 
et al., 2025c). Research on the use of G. verrucosa extract 
for controlling Trichodina sp. remains limited. Specifically, 
compared with the broader literature on seaweed-derived 
antiparasitic activity and natural-product approaches to 
parasite management (Hutson et al., 2012; Cheng et al., 
2025), there is still insufficient dose-response evidence 
for an aqueous G. verrucosa immersion treatment 
targeting Trichodina sp. in freshwater ornamental culture, 
including how treatment concentration relates to parasite 
suppression dynamics and host survival under short-term 
bath exposure. Therefore, research on treating Trichodina 
sp. with G. verrucosa extract is necessary to determine 
the effect of the extract on Trichodina sp. and the survival 
of goldfish.
Accordingly, this study aimed to (1) evaluate the efficacy 
of G. verrucosa aqueous extract immersion at different 
concentrations for suppressing Trichodina sp. infection 
in comet fish, (2) compare the antiparasitic performance 
of the extract with a conventional chemical treatment, 
and (3) identify an effective concentration that maintains 
high host survival after treatment. We hypothesized 
that increasing concentrations of G. verrucosa aqueous 
extract would produce stronger and faster reductions in 
Trichodina sp. infection metrics, and that an optimized 
extract concentration would achieve parasite control 
comparable to chemical treatment while maintaining 
equal or better post-treatment fish survival.

MATERIALS AND METHODS

Experimental design and fish

The experiment used a completely randomized design 
consisting of four treatment groups: K (methylene blue, 
0.6 mL/L), P1 (G. verrucosa extract, 10 mL/L), P2 (G. 
verrucosa extract, 15 mL/L), and P3 (G. verrucosa extract, 
20 mL/L). Each treatment was replicated in three aquaria, 
with five fish per aquarium. Therefore, a total of twelve 
glass aquaria and sixty comet fish were used in this study.
Twelve glass aquaria (30 × 40 × 30 cm) were prepared, 
disinfected, rinsed thoroughly, and air-dried prior to 
use. Each aquarium was filled with 5 L of freshwater 
and provided with gentle aeration. Fish were obtained 
purposively from a local ornamental fish seller and 
acclimated under laboratory conditions before the 
experiment. Mean fish length was 8.87 ± 0.46 cm and 
mean body weight was 7.18 ± 0.91 g. Only fish with 
confirmed Trichodina sp. infection based on microscopic 
examination of wet mounts from skin and gills were 
included. Stocking density was five fish per aquarium. 
Fish were not fed during the 4 h immersion period to 
minimize deterioration of water quality.
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Ectoparasite confirmation and enumeration

Ectoparasite examination was conducted on skin and 
gills using wet-mount preparations. For each examined 
fish, a gentle skin scrape from the lateral body surface 
and a gill scrape/clip were placed on a microscope slide 
with a drop of aquarium water, covered with a coverslip, 
and observed immediately under a light microscope. The 
presence of Trichodina sp. was confirmed based on its 
circular body shape, adhesive disc, denticles, and ciliary 
movement. Parasites were enumerated using a hand 
counter.
Morphological and morphometric observations were 
performed to support taxonomic identification. The 
observed structures included body diameter, adhesive 
disc diameter, denticle ring diameter, membrane, blade, 
ray, denticle, and radial pins. These characteristics were 
compared with previous descriptions of Trichodina 
species, particularly Chen (1963) and Martins et al. (2012). 
No silver nitrate impregnation or staining method was 
applied in this study; therefore, the parasite is referred 
to as Trichodina sp., with morphological characteristics 
consistent with Trichodina nobilis.

Preparation of Gracilaria verrucosa aqueous extract

Fresh G. verrucosa thalli were collected from Jepara, 
Indonesia. The seaweed was identified based on 
morphological characteristics by BBPBAP Jepara. A 
voucher specimen was deposited under voucher number: 
GV-SW25. After collection, the seaweed was washed 
thoroughly with clean freshwater to remove sand, 
epiphytes, and other debris, then air-dried or shade-dried 
at 28-30°C until a constant weight was obtained. The 
dried material was ground into powder using a grinder 
and sieved to obtain a uniform powder.
The aqueous extract was prepared by macerating G. 
verrucosa powder in distilled water at a powder-to-
solvent ratio of 1:10 [w/v] for 4 h at room temperature 
with periodic stirring. The mixture was filtered through 
filter paper to remove solid residues and centrifuged at 
5,300 rpm for 5 min to clarify the extract. The supernatant 
was collected as the stock extract. The extract was stored 
at 4°C until use (Hutson et al., 2012; Windarto et al., 2026). 

Immersion (bath) treatment

Fish were immersed in their respective treatment 
solutions (K, P1–P3) for 4 h under continuous aeration. 
After the 4 h immersion period, fish were transferred to 
clean freshwater for post-treatment maintenance.

Post-treatment maintenance

Following immersion, fish were maintained for 7 days. 
Fish were fed twice daily to apparent satiation, waste 
was siphoned, partial water exchange was performed 
as needed, and water quality was monitored daily 
(temperature, pH, dissolved oxygen). Fish behavior and 
survival were observed daily throughout the 7-day period.

Observation parameters

Clinical signs and behavioral symptoms

Clinical signs (e.g. mucus production, external lesions) and 
behavioral symptoms (e.g. reduced appetite, rubbing/
flashing, sluggish movement) were recorded prior to 
treatment and monitored during the post-treatment 
maintenance period (Afifah et al., 2014).

Time to death of Trichodina sp.

For each treatment, parasite mortality observations were 
conducted in triplicate using actively motile Trichodina sp. 
individuals isolated from infected fish. Time to death was 
recorded from initial exposure until complete cessation 
of movement.

Intensity

The intensity of parasitic infection was calculated using 
the formula proposed by Cameron (2002). For clarity and 
consistency with common parasitological usage, mean 
intensity was interpreted as the number of parasites per 
infected host (Bush et al., 1997). Intensity was assessed 
from wet-mount counts and summarized per treatment 
group.

Prevalence

The prevalence of parasitic infection was calculated using 
the formula described by Cameron (2002) as follows:

Prevalence (%) =  (Total infected fish / Total fish) × 100
This definition is consistent with standard parasite 
ecology terminology (Bush et al., 1997).

Survival rate (SR)

Survival rate (SR) during the 7-day post-treatment period 
was calculated following Effendie (1997):

SR = (Nt / N0)  × 100%
where:

•	 SR = Survival rate (%)
•	 Nt = Number of live fish at the end of the 

experiment (individuals)
•	 N0 = Number of fish at the beginning of the 

experiment (individuals)

Phytochemical screening

The saponin test is indicated by the formation of foam 
that persists for 30 seconds. The tannin test is marked by 
a color change to dark green, steroids by a red coloration, 
and the triterpenoid test results in a bluish-green color 
(Hidayah et al., 2016). The alkaloid test is characterized by 
the formation of a precipitate. Meanwhile, the flavonoid 
test is indicated by a color change, in which flavanones 
and flavonols turn red, and glycogen or glucose change 
from green to blue (Marliana et al., 2005).
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Water quality

The observed water quality parameters included 
dissolved oxygen, temperature, and pH. Measurements 
were recorded during the immersion period and daily 
during the 7-day post-treatment maintenance to ensure 
that basic environmental conditions remained within 
acceptable ranges for C. auratus and did not confound 
treatment effects.

Data analysis

Data were expressed as mean ± SD (n = 3). Normality 
and homogeneity of variance were assessed prior to 
analysis. When assumptions were met, differences 
among treatments were tested using one-way ANOVA 
(α = 0.05), followed by Tukey’s HSD post hoc test for all 
pairwise comparisons. When assumptions were not 
met, the Kruskal–Wallis test was applied, followed by 
Dunn’s multiple comparisons test with adjusted p-values. 
Analyses were conducted in SPSS 27.0.

RESULTS

Comet fish C. auratus suspected of ectoparasite infection 
exhibited clinical symptoms such as excessive mucus 
production, scale loss, body redness, pale gills, and gill 
swelling (Fig. 1). Clinical symptoms before and after 
treatment are presented in Table 1. 

Fig 1. Clinical symptoms of comet fish. (a) loose scales, (b) 
redness of the tail, (c) swollen gills.

Table 1. Clinical symptoms before and after treatment

No Treatment Before 
treatment

After 
treatment

1 K ( 0.6 mL/L) +++ +

2 P1 (G. verrucosa extract 10 mL/L) +++ ++

3 P2 (G. verrucosa extract 15 mL/L) +++ +

4 P3 (G. verrucosa extract 20 mL/L) +++ +

Note: +: loose scales, pale gills, swollen gills, ++: slight excess mucus, 
loose scales, redness, pale and swollen gills, +++: excess mucus, loose 
scales, redness, pale and swollen gills (Hardi, 2015)

Immersion with G. verrucosa extract effectively reduced 
mucus production and accelerated the recovery of 
redness. The fish also showed abnormal behaviors, 
including reduced feeding response, body rubbing against 
the aquarium surface, staying near the aeration area, and 
remaining at the bottom, as shown in Table 2.

Effect of G. verrucosa extract on the morphology of 
Trichodina sp.

The morphology of Trichodina sp. on comet fish C. 
auratus is circular, with distinct structures such as an 
adhesive disk, denticles, and cilia (Fig. 2). The average 
body diameter is 68.87 µm, with 25–27 denticles 
observed (Table 3). 

(a)

(c)

(b)
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Table 2. Behavior of comet fish C. auratus

Treatment K P1 P2 P3

Replication 1 2 3 1 2 3 1 2 3 1 2 3

Phase Before immersion

+ +++ +++ +++ + + + +++ + ++ + +++

During 4-hour immersion

++ ++ +++ +++ ++ + ++ +++ +++ +++ +++ +++

After immersion

+ + +++ ++ + + + + ++ ++ ++ ++

+ + +++ ++ + + + + ++ + + ++

+ + +++ +++ ++ + + ++ + + + +

+ + +++ + ++ ++ ++ +++ + + + +

+ + + + +++ +++ ++ +++ + + + +

+ + + + + +++ +++ + + + ++ +

+ ++ + + + + + + + + +++ +

Note: +: responsive to feed, ++: good response to feed, stays at the bottom/rubs body against the aquarium/approaches aeration, +++: poor response 
to feed, stays at the bottom/rubs body against the aquarium/approaches aeration (Afifah et al., 2014)

Table 3. Morphometric and meristic characteristics of Trichodina sp.

Characteistics (µm) Observation result Chen 1963 di Basson dan Van As (1994) Martins et al. (2012)

Diameter

Body 67.86 – 69.89 µm
(68.87 ± 1.02) µm

63.0 – 76.0 µm
(69.2 ± 4.3) µm

77.7 ± 5.7 µm
(67.8 – 86.8) µm

Adhesive disk 60.80 – 63.10 µm
(61.61 ± 1.29) µm

505 – 63.0 µm
(573 – 4.0) µm

65.1 ± 7.9 µm
(50.0 – 76.5) µm

Denticle ring 52.31 – 55.56 µm
(53.52 ± 1.77) µm

300 – 40.0 µm
(35.9 ± 2.9) µm

44.8 ± 5.9 µm
(37.1 – 56.8) µm

Width

Membrane 3.66 – 4.56 µm
(4.29 ± 0.54) µm

5.0 – 7.0 µm
(5.9 ± 0.7) µm -

Blade 5.40 – 7.30 µm
(6.68 ± 1.12) µm

6.5 – 9.0 µm
(7.5 ± 0.6) µm

7.7 ± 0.5 µm
(6.3 – 8.6) µm

Ray 6.53 – 7.50 µm
(7.24 ± 0.62) µm

9.0 – 11.5 µm
(9.9 ± 0.6) µm

10.3 ± 1.3 µm
(7.8 – 12.6) µm

Denticle 13.19 – 15.48 µm
(14.34 ± 1.15) µm

8.0 – 11.0 µm
(9.6 ± 1.0.15) µm 13.19 µm

Quantity

Denticle 25 – 27 (25.67 ± 1.15) 21 – 27 25 – 28

Radinal pin 11 – 12 (11.67 ± 0.58) 11 – 13 11 – 13
(12 ± 0.7)
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The morphometric values are consistent with the species 
description of Trichodina reported by Chen (1963) and 
Martins et al. (2012). Immersion in G. verrucosa extract 
caused lysis in the adhesive disk region (Fig. 3).

Trichodina sp. in the treatment groups showed an 
increase in body diameter, adhesive disk, and denticle 
ring compared to the control (Table 4).

Fig 2. Trichodina sp. at 1000x magnification. (A) skin surface, (B) gill.

Table 4. Morphometric and meristic characteristics of Trichodina sp. among treatments

Characteistics (µm) K P1 P2 P3

Diameter

Body 67.86 – 69.89 µm 
(68.87 ± 1.02) µm 74.20 µm 68.61 µm 74.10 µm

Adhesive disk 60.80 – 63.10 µm
(61.61 ± 1.29) µm 65.86 µm 63.83 µm 66.31 µm

Denticle ring 52.31 – 55.56 µm
(53.52 ± 1.77) µm 60.47 µm 56.90 µm 55.54 µm

Width

Membrane 3.66 – 4.56 µm
(4.29 ± 0.54) µm 4.26 µm 3.59 µm 4.12 µm

Blade 5.40 – 7.30 µm
(6.68 ± 1.12) µm 7.39 µm 6.78 µm 6.27 µm

Ray 6.53 – 7.50 µm 
(7.24 ± 0.62) µm 7.77 µm 6.27 µm 7.27 µm

Denticle 13.19 – 15.48 µm
(14.34 ± 1.15) µm 13.21 µm 12.42 µm 11.18 µm

Quantity

Denticle 25 – 27
(25.67 ± 1.15) 27 28 25

Radinal pin 11 – 12
(11.67 ± 0.58) 12 11 11
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Fig 3. Trichodina sp. post-treatment at 1000x magnification. (A) K (0.6 mL/L), (B) P1 (G. verrucosa extract 10 mL/L), (C) P2 (G. 
verrucosa extract 15 mL/L), (D) P3 (G. verrucosa extract 20 mL/L); yellow circles indicate lysis of the adhesive disk.

(a) (b)

(c) (d)

Effect of G. verrucosa extract administration on the 
prevalence and intensity of Trichodina sp.

Before treatment, the prevalence of Trichodina sp. was 
100% with an intensity of 24.88 ind/fish (moderate 
category) (Table 5). 
After immersion treatment with G. verrucosa extract, 
prevalence in groups K and P1 remained at 100%, while in 
P2 and P3 it decreased to 86.67% (Fig. 4). Post-treatment 
intensity showed the lowest value in P3 (2.93 ind/fish; low 

category) and the highest in K (39.33 ind/fish; moderate 
category) (Fig. 5). ANOVA indicated a significant treatment 
effect (p < 0.05), and Tukey’s HSD test showed that P3 (G. 
verrucosa 20 mL/L) differed significantly from K, P1, and 
P2. The administration of G. verrucosa extract at 20 mL/L 
(P3) resulted in the lowest infection intensity (2.93 ind/
fish), indicating greater efficacy in reducing Trichodina sp. 
intensity compared with methylene blue treatment (K, 
39.33 ind/fish).
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Effect of G. verrucosa extract on the time to death of 
Trichodina sp.

Immersion with G. verrucosa extract significantly 
affected the mortality time of Trichodina sp., which 
was 510 ± 109 seconds in P3, 780 ± 356 seconds in P2, 
and 1980 ± 442 seconds in P1 (Table 6). These results 
indicate that the higher the dose, the shorter the time 
to mortality.

Table 5. Intensity and prevalence of Trichodina sp. in comet fish C. auratus before treatment

Mucus (ind) Gills (ind) Number of 
ectoparasites (ind)

Number of infected 
fish (ind)

Number of observed 
fish (ind) 

Prevalence
(%)

Intensity
(ind/fish)

1,249 244 1,493 60 60 100 24.88

Fig 4. Prevalence of Trichodina sp. post-treatment

Fig 5. Intensity of Trichodina sp. after treatment. Values with 
different superscript letters between treatments indicate a 
significant difference (P < 0.05)

Effect of G. verrucosa extract on the survival rate of 
comet fish C. auratus

The survival rate of comet fish C. auratus after 7 days of 
maintenance showed differences among treatments (Fig. 
6). Treatment P3 (G. verrucosa extract 20 mL/L) had the 
highest survival rate at 100%, while the control group (K, 
0.6 mL/L) showed the lowest survival rate at 60%.

Table 6. Time to death of Trichodina sp. after immersion in G. 
verrucosa extract

No Treatments Mean time to death 
(s) ± SD

1. P1 (G. verrucosa extract 10 mL/L) 1980 ± 442.94

2. P2 (G. verrucosa extract 15 mL/L) 780 ± 356.48

3. P3 (G. verrucosa extract 20 mL/L) 510 ± 109.00

Fig 6. Fish survival rate. Values with different superscript letters 
between treatments indicate a significant difference (P < 0.05)

Phytochemical screening

The results (Table 7) revealed the presence of alkaloids 
and flavonoids, while saponins, tannins, steroids, and 
triterpenoids were not detected.

Water quality

Based on Table 8, the water temperature in all treatments 
ranged from 26.5 to 28°C, the pH ranged from 7 to 8.1, 
and the dissolved oxygen (DO) ranged from 4.8 to 5.8 
mg/L.
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Table 7. Phytochemical analysis of aqueous extract of Gracilaria verrucosa

No Secondary metabolites Test result

1 Saponin -

2 Tanin -

3 Steroid -

4 Triterpenoid -

5 Alkaloid +

6 Flavonoid +

Description: + : contains secondary metabolite compounds, – : does not contain secondary metabolite compounds

Table 8. Water quality

No Treatment
Water quality parameter range

Temperature (°C) Potential of hydrogen Dissolved oxygen (mg/L)

1 K (0.6 mL/L) 26.7 – 27.9 7 – 7.9 4.8 – 5.8

2 P1 (G. verrucosa extract 10 mL/L) 26.5 – 27.8 7.1 – 8.1 5.1 – 5.7

3 P2 (G. verrucosa extract 15 mL/L) 26.9 – 28 7 – 8 4.9 – 5.6

4 P3 (G. verrucosa extract 20 mL/L) 26.9 – 27.8 7.1 – 8.1 4.8 – 5.8

Standard 26 – 30* 6.5 – 8.5* >5*

Note: (*) According to BSN (2015)

Based on Table 8, water temperature in all treatments 
ranged from 26.5 to 28°C, pH ranged from 7.0 to 8.1, 
and dissolved oxygen ranged from 4.8 to 5.8 mg/L. 
Temperature and pH remained within the recommended 
range for comet fish culture. However, dissolved oxygen in 
some observations was slightly below the recommended 
standard of >5 mg/L. Therefore, although water quality 
was generally suitable for fish maintenance, dissolved 
oxygen was close to the lower acceptable limit and may 
require careful monitoring during immersion and post-
treatment maintenance.

DISCUSSION

Comet goldfish infected with Trichodina sp. exhibited 
clinical symptoms such as excessive mucus production, 
scale loss, reddening, pallor, and gill swelling, as well as 
abnormal behaviors including reduced feeding response, 
body rubbing against the aquarium surface, and remaining 
at the bottom (Afifah et al., 2014; Haryono et al., 2016; 
Kasiati et al., 2016). Trichodina sp. infection causes 
irritation on the fish’s surface due to the movement of 
the adhesive disc and cilia, which damage the epithelium 
and trigger excessive mucus production as a defense 

mechanism (Islami et al., 2017; Agustina et al., 2017). 
Immersion in G. verrucosa extract at concentrations 
of 15–20 mL/L was able to reduce mucus production, 
alleviate reddening, and improve fish activity levels. 
This improvement is presumably due to the bioactive 
compound quercetin present in G. verrucosa, which 
acts as an antiparasitic and anti-inflammatory agent 
by inhibiting lipoxygenase (LOX) and cyclooxygenase 
(COX) enzymes, thereby suppressing the formation 
of inflammatory mediators such as leukotrienes and 
prostaglandins (Matfuch et al., 2016; Yao et al., 2016; 
Olasehinde et al., 2019; Ouahabi et al., 2023; Aggarwal 
et al., 2025).
Trichodina sp. on comet fish exhibits a disc-shaped body 
with denticles and cilia, which function as attachment 
and locomotory organs (Azmi et al., 2013; Fatikasari et al., 
2024; Islami et al., 2017). Based on identification results, 
the species observed was Trichodina nobilis as described 
by Chen (1963) and Martins et al. (2012). Immersion in 
G. verrucosa extract at concentrations of 15–20 mL/L 
(P2 and P3) induced morphological alterations such 
as membrane damage and lysis of Trichodina sp. The 
treatment affected the morphology of Trichodina sp., 
particularly by increasing body dimensions, including 
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body diameter, adhesive disc, and denticle ring. This 
suggests a physiological response or morphological 
adaptation to the treatment. Moreover, the antiparasitic 
activity is likely associated with flavonoid compounds 
present in G. verrucosa extract, including compounds 
previously reported in this species, such as quercetin. 
Quercetin is known to induce apoptosis by disrupting 
intracellular ion balance and promoting the generation 
of reactive oxygen species (ROS), which damage the 
membranes and mitochondria of parasitic cells (Silva et 
al., 2013; Cataneo et al., 2019; Salehi et al., 2020). The 
accumulation of ROS ultimately leads to cellular content 
leakage and parasite cell death.
The prevalence and intensity of Trichodina sp. prior to 
treatment were 100% and 24.88 ind/fish, respectively. 
The high level of infestation is attributed to the parasite’s 
rapid reproduction by binary fission and its ability to 
survive without a host for more than two days (FAO et 
al., 1985; Islami et al., 2017). Infections typically occur on 
the skin and gills, which are nutrient-rich tissues, and are 
exacerbated by stress from high stocking densities (Afifah 
et al., 2014; Arbie et al., 2014; Kuri et al., 2022).
Treatment with G. verrucosa extract at a dose of 20 mL/L 
reduced prevalence to 86.67% and intensity to 2.93 ind/
fish. This effect is associated with the presence of quercetin, 
a bioactive flavonoid with antiparasitic properties, which 
induces the production of reactive oxygen species (ROS), 
leading to membrane and mitochondrial damage in the 
parasite (Silva et al., 2013; Cataneo et al., 2019; Salehi 
et al., 2020). Post hoc pairwise comparisons (Tukey HSD) 
indicated that P3 differed significantly from methylene 
blue treatment, suggesting that G. verrucosa extract at 
20 mL/L was more effective in reducing Trichodina sp. 
intensity. These findings highlight the potential of G. 
verrucosa extract as a natural alternative for ectoparasite 
control in aquaculture systems.
Immersion in G. verrucosa extract accelerated the 
mortality of Trichodina sp., with the 20 mL/L dose inducing 
death within 510 ± 109 seconds. This antiparasitic effect 
is presumed to be mediated by the presence of bioactive 
compounds. Previous studies have shown that flavonoids 
such as quercetin may exhibit dual roles depending on 
the biological context, acting as pro-oxidants against 
parasites while exerting antioxidant effects in host tissues 
(Matfuch et al., 2016; Olasehinde et al., 2019; Silva et al., 
2013; Xu et al., 2019; Ouahabi et al., 2023; Salehi et al., 
2020).
Administration of G. verrucosa extract was effective 
in improving the survival rate of comet fish, with the 
highest survival observed at doses of 20 mL/L (100%), 15 
mL/L (86.67%), and 10 mL/L (80%). This improvement is 

possibly associated with flavonoid compounds present 
in the extract, which act as both antiparasitic and 
antioxidant agents, suppressing the growth of Trichodina 
sp. and minimizing secondary infections by enhancing the 
fish’s immune response (Matfuch et al., 2016; Olasehinde 
et al., 2019; Ouahabi et al., 2023). Flavonoid compounds, 
such as quercetin, induce apoptosis and regulate reactive 
oxygen species (ROS), disrupting intracellular ion balance 
and damaging mitochondrial cells, thereby impairing the 
parasite’s energy production (Silva et al., 2013; Cataneo 
et al., 2019; Salehi et al., 2020).
Phytochemical analysis of the aqueous extract of G. 
verrucosa revealed the presence of bioactive compounds, 
namely alkaloids and flavonoids, while saponins, tannins, 
steroids, and triterpenoids were not detected. The 
absence of these compounds is attributed to the use of 
a polar solvent (water), which is ineffective in extracting 
non-polar compounds such as steroids and triterpenoids, 
as well as the low levels of saponins and tannins (Leksono 
et al., 2018). Alkaloids are likely present in salt form, 
making them soluble in polar solvents, and are known 
for their toxic properties and pharmacological activities, 
including antiparasitic, anti-inflammatory, and antifungal 
effects (Prayoga et al., 2019; Maisarah et al., 2023; Souza 
et al., 2020). The flavonoids detected are presumed to be 
quercetin and its derivatives, which possess antioxidant, 
anti-inflammatory, and antiparasitic properties (Matfuch 
et al., 2016; Silva et al., 2013; Salehi et al., 2020; Hasnat 
et al., 2024).
Water quality during the 7-day maintenance of comet 
fish C. auratus remained within the optimal range as 
recommended by BSN (2015). Water temperature ranged 
from 26.5–28°C, pH from 7–8, and DO from 4.8–5.8 mg/L, 
which is still within the tolerance limits for fish survival, 
although close to the minimum threshold (>5 mg/L). 
Low dissolved oxygen levels can reduce respiratory 
activity, decrease feed response, and increase disease 
susceptibility (Nurcahyo, 2015).

CONCLUSION

Administration of G. verrucosa extract had a significant 
effect on reducing the infection intensity of Trichodina sp. 
in comet fish C. auratus (P < 0.05), with the control group 
(K) showing a statistically significant difference compared 
to treatments P1, P2, and P3. Immersion of comet fish in 
G. verrucosa extract for 4 hours showed that treatment 
P3 (20 mL/L) was the most effective dose, reducing the 
intensity of Trichodina sp. to 2.93 individuals/fish, which 
falls within the low category, while maintaining a 100% 
survival rate.
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UČINKOVITOST KUPKI S EKSTRAKTOM
Gracilaria verrucosa PROTIV Trichodina sp. 
KOD ZLATNE RIBICE (Carassius auratus)

SAŽETAK

Trichodina sp. je glavni ektoparazit koji utječe na Carassius 
auratus, smanjujući njezinu estetsku i tržišnu vrijednost. 
U ovoj studiji procijenjena je učinkovitost vodenog 
ekstrakta Gracilaria verrucosa protiv Trichodina sp., njegov 
utjecaj na preživljavanje riba i učinkovitu dozu. Pokus je 
proveden korištenjem potpuno randomiziranog dizajna 
(CRD) s četiri skupine tretmana: K (metilensko plavo, 0,6 
mL/L), P1 (ekstrakt G. verrucosa, 10 mL/L), P2 (ekstrakt G. 
verrucosa, 15 mL/L) i P3 (ekstrakt G. verrucosa, 20 mL/L), 
svaka s tri ponavljanja. Promatranja su uključivala kliničke 
znakove, ponašanje, prevalenciju i intenzitet parazita, 
vrijeme do uginuća parazita, preživljavanje riba i kvalitetu 
vode. Zaražene ribe pokazale su višak sluzi, gubitak 
ljuski, blijede škrge i promjene u ponašanju. Tretman P3 
značajno je smanjio intenzitet parazita na 2,93 jedinke/
ribi, uzrokovao je smrt parazita unutar otprilike 8,5 
minuta i rezultirao 100%-tnim preživljavanjem. Liza 
parazita uočena je u tretmanima K, P2 i P3. Kvaliteta vode 
ostala je unutar prikladnih raspona, s temperaturom 
26,5–27,9°C, pH 7–8,1 i otopljenim kisikom 4,8–5,8 mg/L. 
Ovi nalazi upućuju na to da je vodeni ekstrakt G. verrucosa 
u koncentraciji od 20 mL/L učinkovit protiv Trichodina sp. 
i siguran za ribe komete.

Ključne riječi: cilijati, upravljanje ektoparazitima, terapija 
uranjanjem, prirodni antiparazitik, uzgoj ukrasnih riba, 
Rhodophyta

ACKNOWLEDGMENTS

The authors would like to thank all members of the 
research team from the Faculty of Fisheries and Marine 
Sciences, Diponegoro University and others for their 
contributions to this research and article.

CREDIT AUTHORSHIP CONTRIBUTION STATEMENT 

Author Contributions: Conceptualization, Y.A.S., S., S.W.; 
methodology, Y.A.S., S., S.W.; formal analysis, Y.A.S; 
investigation, Y.A.S; resources, S.W.; data curation, Y.A.S., 
S.W.; writing - original draft preparation, Y.A.S.; writing 
- review and editing, S.W.; supervision, S.W.; funding 
acquisition, S.W. All authors have read and agreed to the 
published version of the manuscript.

DECLARATION OF COMPETING INTEREST

The authors declare no conflict of interest.

ETHICS AND PERMIT APPROVALS 

The ethics statement has been revised to ensure full 
transparency regarding ethical approval, consent 
procedures, and compliance with relevant guidelines and 
regulations.

DATA AVAILABILITY STATEMENT

Data available on request to the first author.

FUNDING STATEMENT 

This research received no external funding. 

AI USE STATEMENT 

The authors used ChatGPT (OpenAI) to support literature 
search and improve language clarity. All scientific content, 
data interpretation, and conclusions were developed and 
critically evaluated by the authors.

REFERENCES

Afifah, B., Abdulgani, N., Mahasri, G. (2014): Effectiveness 
of immersing common carp (Cyprinus carpio L.) fry 
in extract of Avicennia marina leaves to reduce the 
number of Trichodina sp. Journal of Science and Art 
ITS, 3(2): 58–62. https://doi.org/10.12962/j23373520.
v3i2.6902.

Aggarwal, D., Chaudhary, M., Mandotra, S. K., Tuli, H. 
S., Chauhan, R., Joshi, N. C., Chauhan, A. (2025): Anti-
inflammatory potential of quercetin: From chemistry 
and mechanistic insight to nanoformulations. Current 
Research in Pharmacology and Drug Discovery, 100217. 
https://doi.org/10.1016/j.crphar.2025.100217.

Agustina, S. S. (2018): The effect of commercial feed 
enrichment with Piper betle leaf extract on the growth 
and survival rate of tilapia (Oreochromis niloticus). IOP 
Conference Series: Earth and Environmental Science, 
370(1): 012011. https://doi.org/10.1088/1755-
1315/370/1/012011.

Azmi, H., Indriyanti, D. R., Kariada, N. (2013): Identification 
of ectoparasites in koi fish (Cyprinus carpio L.) at 
Jurnatan ornamental fish market, Semarang. Life 
Science, 2(2): 64–70.

Bush, A. O., Lafferty, K. D., Lotz, J. M., Shostak, A. W. 
(1997): Parasitology meets ecology on its own terms: 
Margolis et al. revisited. Journal of Parasitology, 83(4), 
575–583. https://doi.org/10.2307/3284227 



Croatian Journal of Fisheries, 2026, 84, 121-133
Y. A. Sari et al. (2026): Gracilaria Bath Controls Trichodina in Goldfish

© 2026 The Authors. Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License (CC BY-NC-ND 4.0) which 
permits non-commecial use, distribution, and reproduction in any medium, provided the original work is properly cited.

132

Cataneo, A. H. D., Tomiotto-Pellissier, F., Miranda-Sapla, 
M. M., Assolini, J. P., Panis, C., Kian, D., Pavanelli, W. 
R. (2019): Quercetin promotes antipromastigote effect 
by increasing ROS production and anti-amastigote 
by upregulating Nrf2/HO-1 expression, affecting iron 
availability. Biomedicine and Pharmacotherapy, 113: 
108745. https://doi.org/10.1016/j.biopha.2019.108745.

Cameron, A. (2002): Survey Toolbox for Aquatic Animal 
Diseases. A Pratical Manual and Software Package. 
ACIAR Monograph. Australian Center for International 
Agricultural Research, pp. 70-75.

Chen, H. (1963): Trichodina nobilis, a new species of 
peritrich ciliate from fishes. Acta Hydrobiologica 
Sinica, 3: 255–260.

Cheng, W., Yang, X., Yang, D., Zhang, T., Tian, L., Dao, J., 
Feng, Z., Hu, W. (2025): Recent Advances in Research 
on Inhibitory Effects of Seaweed Extracts Against 
Parasites. Marine Drugs, 23(4), 171. https://doi.
org/10.3390/md23040171 

Fatikasari, R., Nofreeana, A., Mujtahidah, T. (2024): 
Inventory of ectoparasites on common carp (Cyprinus 
carpio L.) in Ngrajek Village, Mungkid District, Magelang 
Regency. Jurnal Akuakultura Universitas Teuku Umar, 
8(2): 61–65. https://doi.org/10.35308/ja.v8i2.9492.

Febrianto, W., Djunaedi, A., Suryono, S., Santosa, G. W., 
Sunaryo, S. (2019): Antioxidant potential of seaweed 
Gracilaria verrucosa from Gunung Kidul Coast, 
Yogyakarta. Jurnal Kelautan Tropis, 22(1): 81–86. 
https://doi.org/10.14710/jkt.v22i1.4669.

Hafiz, M., Mutiara, D., Haris, R. B. K., Pramesthy, T. D., 
Mulyani, R., Arumwati, A. (2020): Photoperiod analysis 
on color brightness, growth and survival rate of comet 
goldfish (Carassius auratus). Journal of Fisheries 
Science and Aquaculture, 15(1): 1–9. https://doi.
org/10.31851/jipbp.v15i1.4287.

Hardi, E. H. (2015): Parasites of Aquatic Biota. Samarinda: 
Mulawarman University Press.

Harwanto D., Saputro P., Susilowati T., Haditomo A. H. 
C., Windarto S. (2020): Effect of different N:P ratios 
application on the cultivation media for the growth 
and fiber content of Caulerpa racemosa reared in 
tarpaulin ponds. AACL Bioflux 13(5):3117-3125.

Haryono, S., Mulyana, Maria, A. (2016): Inventory of 
ectoparasites on goldfish (Carassius auratus) in Ciseeng 
District, Bogor Regency. Jurnal Mina Sains, 2(2): 71–79. 
https://doi.org/10.30997/jms.v2i2.438

Hasnat, H., Shompa, S. A., Islam, M. M., Alam, S., Richi, F. 
T., Emon, N. U., Ashrafi, S., Ahmed, N. U., Chowdhury, 
N. R., Fatema, N., Hossain, S., Ghosh, A., Ahmed, F. 
(2024). Flavonoids: A treasure house of prospective 
pharmacological potentials. Heliyon, 10: 1–28. https://
doi.org/10.1016/j.heliyon.2024.e27533.

Hidayah, W. W., Kusrini, D., Fachriyah, E. (2016): Isolation 
and identification of steroid compounds from Rivina 
humilis L. leaves and their antibacterial activity. Jurnal 
Kimia Sains dan Aplikasi, 19(1): 32–37.

Holdt, S. L., Kraan, S. (2011): Bioactive compounds in 
seaweed: functional food applications and legislation. 
Journal of Applied Phycology, 23(3), 543–597. https://
doi.org/10.1007/s10811-010-9632-5 

Hutson, K. S., Mata, L., Paul, N. A., De Nys, R. (2012): 
Seaweed extracts as a natural control against the 
monogenean ectoparasite, Neobenedenia sp., infecting 
farmed barramundi (Lates calcarifer). International 
Journal for Parasitology, 42(14): 1135–1141. https://
doi.org/10.1016/j.ijpara.2012.09.007.

Islami, H., Prayogo, S., Triyanto, T. (2017): Inventory of 
ectoparasites on catfish (Pangasius hypophthalmus) 
fed day-old chick in Kelekar River, Segayam Village. 
Journal of Fisheries Science and Aquaculture, 12(2): 
58–65. https://doi.org/10.31851/jipbp.v12i2.1474.

Kasiati, E., Koniyo, Y., Juliana, J. (2016): Effect of papaya 
(Carica papaya) leaf extract immersion on the survival 
of tilapia (Oreochromis niloticus) fry infected with 
Trichodina sp. The NIKe Journal, 4(2): 50–55. https://
doi.org/10.37905/.v4i2.465.

Khoironi, F. E., Saskara, I. A. N. (2017): Analysis of the effect 
of dollar exchange rate, inflation, and production on 
ornamental fish exports in Bali Province. E-Jurnal EP 
Universitas Udayana, 6(3): 337–36.

Kuri, K., Sokolović, M., Drašner, K., Petravić, J., Maruškić 
Kulaš, M., Jakšić, G. (2022): Health management of 
endemic and non-endemic fish in the Aquatika–
Freshwater Aquarium Karlovac. Croatian Journal of 
Fisheries, 80(3): 141–150. https://doi.org/10.2478/cjf-
2022-0015.

Leksono, W. B., Pramesti, R., Santosa, G. W., Setyati, W. 
A. (2018): Effect of methanol and n-hexane solvents 
on antioxidant activity of seaweed Gelidium sp. extract 
from Drini Beach, Gunungkidul–Yogyakarta. Jurnal 
Kelautan Tropis, 21(1): 9–16. https://doi.org/10.14710/
jkt.v21i1.2236.

Li, S., Cui, Y., Wen, M., Ji, G. (2023): Toxic Effects of 
Methylene Blue on the Growth, Reproduction and 
Physiology of Daphnia magna. Toxics, 11(7), 594. 
https://doi.org/10.3390/toxics11070594 

Lom, J., Dyková, I. (1992): Protozoan parasites of fishes. 
Developments in Aquaculture and Fisheries Science 
(Vol. 26). Elsevier.

Marliana, S. D., Suryanti, V., Suyono, S. (2005): 
Phytochemical screening and thin layer 
chromatography analysis of chemical components of 
chayote fruit (Sechium edule Jacq. Swartz.) in ethanol 
extract. Biofarmasi, 3(1): 26–31.

Martins, M. L., Marchiori, N., Roumbedakis, K., Lami, F. 
(2012): Trichodina nobilis Chen, 1963 and Trichodina 
reticulata Hirschmann et Partsch, 1955 from 
ornamental freshwater fishes in Brazil. Brazilian Journal 
of Biology, 72(2): 281–286. https://doi.org/10.1590/
S1519-69842012000200008.



Croatian Journal of Fisheries, 2026, 84, 121-133
Y. A. Sari et al. (2026): Gracilaria Bath Controls Trichodina in Goldfish

© 2026 The Authors. Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License (CC BY-NC-ND 4.0) which 
permits non-commecial use, distribution, and reproduction in any medium, provided the original work is properly cited.

133

Matfuch, K., Kurniawati, I., Adam, A., Zamzami, I. A. 
(2016): Antibacterial effect of Gracilaria verrucosa 
bioactive compounds on fish pathogenic bacteria. 
Egyptian Journal of Aquatic Research, 42(4): 405–410. 
https://doi.org/10.1016/j.ejar.2016.10.005

Musdian, M., Nur, I., Sarita, A. H. (2016): Inventory 
and level of parasitic infestation and the associated 
tissue damage in comet fish (Carassius auratus) from 
ornamental fish shops in Kendari City. Aquatic Media, 
1(3): 127–135.

Olasehinde, T. A., Olaniran, A. O., Okoh, A. I. (2019): 
Phenolic composition, antioxidant activity, 
anticholinesterase potential and modulatory effects 
of aqueous extracts of some seaweeds on β-amyloid 
aggregation and disaggregation. Pharmaceutical 
Biology, 57(1): 460–469. https://doi.org/10.1080/1388
0209.2019.1634741.

Ouahabi, S., Loukili, E. H., Daoudi, N. E., Chebaibi, M., 
Ramdani, M., Rahhou, I., Ramdani, M. (2023): Study 
of the phytochemical composition, antioxidant 
properties, and in vitro anti-diabetic efficacy of 
Gracilaria bursa-pastoris extracts. Marine Drugs, 
21(7): 372. https://doi.org/10.3390/md21070372.

Prayoga, D. G. E., Nocianitri, K. A., Puspawati, N. N. 
(2019): Phytochemical identification and antioxidant 
activity of crude leaf extract of Gymnema reticulatum 
Br. using various solvents. Journal of Food Science and 
Technology, 8(2): 111–121. https://doi.org/10.24843/
itepa.2019.v08.i02.p01 

Salehi, B., Machin, L., Monzote, L., Sharifi-Rad, J., Ezzat, 
S. M., Salem, M. A., Cho, W. C. (2020): Therapeutic 
potential of quercetin: New insights and perspectives 
for human health. ACS Omega, 5(20): 11849–11872. 
https://doi.org/10.1021/acsomega.0c01818.

Siddik, M. A. B., Francis, P., Rohani, M. F., Azam, M. 
S., Mock, T. S., Francis, D. S. (2023): Seaweed and 
Seaweed-Based Functional Metabolites as Potential 
Modulators of Growth, Immune and Antioxidant 
Responses, and Gut Microbiota in Fish. Antioxidants, 
12(12), 2066. https://doi.org/10.3390/antiox12122066 

Silva, F. S., Inacio, J. D., Canto-Cavalheiro, M. M., 
Almeida-Amaral, E. E. (2013): Reactive oxygen 
species production by quercetin causes the death of 
Leishmania amazonensis intracellular amastigotes. 
Journal of Natural Products, 76(8): 1505–1508. https://
doi.org/10.1021/np400106u.

Souza, C. R., Bezerra, W. P., Souto, J. T. (2020): Marine 
alkaloids with anti-inflammatory activity: Current 
knowledge and future perspectives. Marine Drugs, 
18(3): 1–17. https://doi.org/10.3390/md18030147.

Tarihoran, A. D. B., Hubeis, M., Jahroh, S., Zulbainarni, N. 
(2023): Ornamental Fish as a Sustainable Commodity. 
Sustainability, 15(11), 8711. https://doi.org/10.3390/
su15118711

Windarto, S., Susilowati, T., Haditomo, A.H.C., Harwanto, 
D. (2024a): Effect of exogenous natural plant growth 
regulators (PGRs) on the morphology, growth, 
and nutrient of sea grapes (Caulerpa racemosa). 
Aquaculture Internasional, 32, 3545–3562. https://doi.
org/10.1007/s10499-023-01337-8 

Windarto, S., Lee, M., Nursyam, H., Hsu, J. (2024b). 
A novel phycoerythrin-derived peptide from 
Colaconema formosanum: Synthesis, in vitro, and 
in silico study on angiotensin-converting enzyme 
(ACE) inhibitory activity. Biocatalysis and Agricultural 
Biotechnology, 62, 103452. https://doi.org/10.1016/j.
bcab.2024.103452 

Windarto, S., Herawati, V.E., Wijaya, Y.J., Indriati, D.A. 
(2025a): Exploring the bioactive potential of peptides 
derived from the RuBisCO protein in Caulerpa racemosa: 
an in silico approach. Biotech Studies, 34, 071-085. 
http://doi.org/10.38042/biotechstudies.1756936

Windarto, S., Lee, M., Hsu, J. (2025b): Unveiling the 
Bioactive Potential of Colaconema formosanum: 
An in Silico Exploration of Novel Peptides from 
Phycobiliproteins. Turkish Journal of Fisheries and 
Aquatic Sciences, 25(4), TRJFAS26560. https://doi.
org/10.4194/TRJFAS26560

Windarto, S., Herawati, V.E., Wijaya, Y.J., Indriati, D. A., 
Rachmasari, Y., Elfitasari, T. (2025c): Exploring the 
Physicochemical Properties and Nutritional Value of 
Abundant Seaweed Species Along the Jepara Coast, 
Indonesia. Thalassas 41, 82. https://doi.org/10.1007/
s41208-025-00846-y

Windarto, S., Sari, Y.A., Wijaya, Y.J., Djonu, A., Safitri, N. 
M. (2026): Antiparasitic efficacy of aqueous extracts 
from selected tropical seaweed species against 
goldfish (Carassius auratus) parasite infestations. 
Journal of Applied Phycology, 38, 2405–2419. https://
doi.org/10.1007/s10811-026-03862-4

Xu, D., Hu, M. J., Wang, Y. Q., Cui, Y. L. (2019): Antioxidant 
activities of quercetin and its complexes for medicinal 
application. Molecules, 24(6): 1–15. https://doi.
org/10.3390/molecules24061123 .

Yao, J. Y., Li, X. L., Shen, J. Y., Pan, X. Y., Hao, G. J., Xu, 
Y., Liu, X. L. (2016): Isolation of bioactive components 
from Chelidonium majus L. with activity against 
Trichodina sp. Aquaculture, 318(2): 235–238. https://
doi.org/10.1016/j.aquaculture.2011.04.035 


