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Abstract

To prevent and control fish diseases, medicinal plants are used as an alternative to synthetic chemicals which are ecological 
unfriendly. This study aims to evaluate the effects of methanolic extract (ME) and aqueous fraction (AF) of Carica papaya 
leaves on the epidemiological and zootechnical characteristics of Clarias gariepinus farming. A total of 240 Clarias gariepinus 
fingerlings of 8.60±0.20g average weights and showing no clinical signs of pathology were distributed into duplicates in four 
treatments namely T0 (control), T1(250 mg/l Oxytetracycline + 500 mg/l Potassium permanganate), T2 (3ml/l of water ME) 
and T3 (3ml/l of water AF) of 60 fish per treatment. The evaluation of the epidemiological and zootechnical characteristics 
after 90 days farming showed that out of the six clinical signs observed, 73.33% were anatomical (body trauma, dropsy, 
disnopea), while 21.34% and 5.23% were physiological (body discoloration) and ethological (anorexia, vertical swimming) 
respectively. Overall, the highest prevalence (p = 0.001) of pathology was observed at the control group (5.74%), followed 
by AF (1.97%), the synthetic drugs (1.11.70%) and ME (0.80%). The condition factor varied insignificantly between the 
treatments with the highest values (K>1) observed at the control treatment and AF. The mortality rate ranged from 5 (T1) 
to 10.22% (T0) and was not significantly different among treatments. The ME recorded the highest (p > 0.05) average daily 
weight gain (2.06±1.43 g/day) and productivity (3.180±1.589 kg/m3/day) but a moderate (p = 0.02) medicinal production 
cost (0.841±0.332$/kg of fish).
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Introduction 

Aquaculture is an important socio-economic activity 
in a rural community, contributing to livelihoods, food 
security and poverty alleviation [1]. In Cameroon, the 
contribution of the aquaculture sector is only about 5% of 
the yearly production estimated at 335  000 tons/year [2]. 
This low aquaculture production can be attributed to a 
greater extend to fish diseases. Fonkwa, et al. [3] highlighted 
that diseases are among the major limiting factors to fish 
production. The economic loss caused by fish diseases have 
been reported worldwide. In the United States of America, 
the annual loss of revenues due to fish disease reached up 
to $ 6 billion compared to $ 5.3 billion in 2017 [4]. Economic 
losses resulting from reduced production and export due 
to infectious hepatopancreatic necrosis accounted for $ 
12 billion in Thailand between 2010 and 2017 and over $ 
26 million in Viet Nam in 2015 [5]. As far as Cameroon is 
concerned, though massive fish death are often recorded 
both in natural and culture milieu, few data related to the 
economic losses caused by fish diseases are available. Hence, 
from May to April 2021, an epizootics outbreak of Yersiniosis 
(Yersinia spp) of farmed Oreochromis niloticus (Nile tilapia) 
and Cyprinus carpio (Common carp) was observed in a fish 
farm located in the Centre Region and resulted in $ 420.50 
direct financial loss [3].

Though Clarias gariepinus is among the most reared fish 
species in Africa because its resistant to diseases, disease 
outbreaks in C. gariepinus farms have been reported. The 
maintenance of good health of fish is achieved by using 
synthetic chemicals which at times turn be unaffordable, 
unsustainable and unavailable to some farmers. Negative 
consequences of synthetic drugs have been widely reported 
in Aquaculture [6]. The accumulations of chemical residues 
in free flowing waters thereby affecting humans’ health and 
polluting the environment have been reported [7]. Medicinal 
plants like Carica papaya is readily available in Cameroon, 
inexpensive, grows all year round and is more biodegradable 
in nature compared to synthetic drugs [8,9]. Phytochemical 
analysis of Carica papaya leaf extracts revealed the presence 
of compounds such as alkaloids, glycosides, saponins, 
tannins, flavonoids, phenolic, proteins, vitamins which 
exhibit low toxicity and have excellent antibacterial and 
antiparasitic activities compared to seeds, fruits, stems or 
roots [6]. In Nigeria, Azizah, et al. [10] reported 600 mg/l of 
water as the effective dose of C. papaya leaf extract to control 
the Argulus infestation in common carp while Yuli, et al. [11] 
highlighted in Indonesia that the effective concentration 
of 3 ml Carica papaya leaves extract per liter of water was 
indicated for the treatment of Aeromonas hydrophila bacteria 
in koi fish (Cyprinus rubrofuscus). However there is a dearth 
of reports on the effects of the extracts and fractions of Carica 
papaya leaves on the epidemiological and zootechnical 

characteristics of farmed Clarias gariepinus in Cameroon. 
A thorough knowledge of the use of Carica papaya leaves 
extracts and fractions in fish disease prevention is likely 
to improve the health management of farmed fish and 
consequently boost fish production in Cameroon.

The overall objective of this study is to contribute to 
an effective and sustainable aquaculture by promoting the 
use of native plant resources in fish diseases prevention 
and control. More specifically, this study aims to evaluate 
effects of methanolic extract and aqueous fraction of Carica 
papaya leaves on the epidemiological and the zootechnical 
characteristics in Clarias gariepinus fingerlings. 

Material and Methiods

Geoclimatic characteristics of the Study Area	
	

The present study was carried out from March to May 
2024 in an experimental fish farm located in the Douala 3 
District, Littoral Region of Cameroon (4° 36’- 4° 43’ N; 9° 33’ 
- 9° 06’ E). The climate is of the equatorial type with a rainy 
season (March to November) and a dry season (December to 
February). The annual average temperature is 27.4°C and the 
rainfall of about 3619 mm. The soil is sandy and sometimes 
sandy-clay with an acidic pH (6-7) [12]. 

Preparation of Crude Extract and Aqueous 
Fraction of Carica papaya Leaves

Leaves of Carica papaya were collected in March 2024 
at the Douala 3 District and processed in the Chemistry 
Laboratory of the University of Douala-Cameroon. Leaves 
were hence washed and dried for two weeks. The air dried 
powdered leaves (8kg) were extracted twice during 48 h at 
room temperature with methanol (MeOH (12 L). Removal of 
the solvent under reduced pressure yielded a dark brown 
oily extract (180 g). A part of this crude extract (180g) was 
suspended in H2O and successively partitioned with n-hexane, 
ethyl acetate (EtOAc) to give three fractions: hexane fraction 
(180g), EtOAc fraction (180g), and aqueous fraction (180g).

Preparation of Clarias gariepinus Fingerlings 
and Experimental Device

A total number of 240 Clarias gariepinus fingerlings of 8.6 
± 0.2g average weights were were first disinfected for 1 hour 
using successively a solution of potassium permanganate 
as antiparasitic (500 mg/l of water) and a synthetic drug 
i.e. Oxytetraycline (OTC) powder commonly used by fish 
farmers because of its antibacterial property. Oxytetracycline 
tablets were grinded and dissolved into water to obtain a 
concentration of 250 mg/l. The fish disinfection aimed to get 
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rid of parasites and suspected bacteria. Disinfected fish were 
thereafter acclimatized for 15 days in the different basins 
with underground water.

Three days before the transfer of fish into their culture 
milieu, each fish sample was visually examined for any 
malformation or abnormality using standard procedures 
[13]. The teguments (skin, scales, eyes, fins, opercula) 
were examined using a brand magnifying hand lens of 
magnification 10× for ectoparasites detection. Only healthy 
fishes free from parasites and not showing clinical signs of 
diseases or abnormalities were selected for the experiment.

The experimental design made up of a total of 8 basins of 
40l underground water each containing 30 fingerlings were 
divided into four randomized treatments. These basins were 
set up in parallel and each basin duplicated per treatment. 
The concentration of the synthetic drug (OTC), Carica papaya 
leaves methanolic extract and aqueous fraction used in the 
treatments Table 1 were adapted from the previous reports 
[10,11]. The bathing technique was used for prophylaxis 
purposes of fish infection. So, every 4 days, the synthetic drugs 
OTC + potassium permanganate), the methanolic extract and 
aqueous fraction of the papaya leaves were added into the 
culture milieu for 48 hours for 3 months [11]. In addition, 
Clarias gariepinus fingerlings were manually fed twice a 
day until satiation with commercial pellet feed Skretting 
containing 35% crude protein, at 3% of fish biomass.

Treatments 
Characteristics

Contents Concentrations 

T0 (Control) - -

T1
Oxytetracycline 250 mg/l

Potassium permanganate 500 mg/l

T2 Methanonlic extract of 
Carica papapya leaves 3 ml/l

T3 Aqueous fraction of Carica 
papapya leaves 3 ml/l

Table 1: Characteristics of treatments used during the 
experiment. 

Assessment of the epidemiological characteristics and 
zootechnical performances of Clarias gariepinus fingerlings.

Harvest controls were carried out at a regular time interval 
of 14 days [14]. Fish behavior was firstly observed to determine 
any behavioral affection (anorexia, abnormal swimming). 
Thereafter, 100% fish specimens per basin were captured 
using a fish net. Thereafter, the fish total lengths and weight 

were measured using an ichthyometer and sensitive weighing 
balance of Scaletec brand respectively. Each fish sample was 
first examined with naked eye before using a hand lens to 
diagnose any clinical sign of diseases or abnormalities. These 
signs included dropsy, external hemorrhage, deep necrosis, 
pale gills, hypertrophy of scales etc. In this study, pathology is 
defined as any abnormality or affection occurring in the fish 
no matter their origin. The number of dead fish per treatment 
was also recorded. An infected fish sample was coded as 1 and 
uninfected as 0. The pH electrode and multimeter were used 
to determine the water hydrogen potential and temperature 
respectively after each harvest.

Data processing and statistical analysis

The characteristics studied were both epidemiological 
and zootechnical and defined as follows: Prevalence of 
clinical signs of pathologies or abnormalities (Pr): number of 
fish showing a given clinical sign of pathology/abnormality 
divided by the number of fish examined. The prevalence 
(Pr) was classified after Fonkwa, et al. [15] i.e. very low (Pr 
< 10 %), low (10 % ≤ Pr ≤ 50 %) or high (Pr > 50 %). The 
prevalence of the clinical signs of pathology was evaluated 
in this study instead of the prevalence of infection/disease 
or the prevalence of infection usually evaluated because the 
etiology of these abnormalities was not determined. Also, the 
ethological, anatomical and some physiological signs are the 
first ones to draw the attention of the farmers.

Condition factor (K): ratio of the weight of the fish to the 
cube of the total length 
Mortality rate: Estimated number of deaths fishes in a 
population within a period of time divided by the total 
number of the population. The mortality rate was classified 
as very low [0-2]%, low] 2-5]% or high i.e. > 5%.
Daily average weight gain: mass gained or lost by the fish 
over the number of days. 
Productivity: total weight of fishes produced divided by 
the volume of infrastructures multiplied by the period of 
production.
Medical production cost of a kg of fish: ratio of production 
cost of the synthetic drugs, plant extracts and fractions to the 
total weight gain. 

The data obtained were processed using Graph Pad Prism 
8.0 software for analysis. The analysis of variance (F) was 
used to test the effect of treatments on the epidemiological 
characteristics and zootechnical performances expressed 
as mean ± standard deviation. In the case of a significant 
difference, that is the error probability p < 0.05, the means 
were separated using Tukey’s multiple comparison tests (q). 
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Results

Effects of methanolic extract and aqueous fraction of 
Carica papaya leaves on the prevalence of clinical signs 
of pathologies

The effects methanolic extract and aqueous fractions of 
Carica papaya leaves on the prevalence of the clinical signs of 
pathology are summarized on Table 2. A total of six clinical 
signs including 73.33% anatomical (body trauma, dropsy, 
disnopea), 21.34% physiological (body discoloration) and 
5.23 % ethological (anorexia, vertical swimming) were 

recorded in fish. Anorexia and body trauma were common 
to all treatments while disnopea was specific to methanolic 
extracts. Among the six clinical signs observed, 16.67% was 
noticed only in T2 contrary to 83.33% observed at T0, T1 
and T3. Overall, thought the prevalence of the clinical signs 
of pathology was very low (<10%), the highest value (p = 
0.001) was observed at the control treatment. The prevalence 
of body trauma and vertical swimming was higher at T0 
followed by T3, T2 and T1.

Clinical signs
Treatments

F p
T0 (Control) T1 (OTC+ 

KMnO4)
T2 (Methanolic 

extract)
T3 (Aqueous 

fraction)
Anorexia 7.77±11.48 1.11±1.72 1.11±2.72 3.33±5.16 1.4 0.27

Body trauma 14.44a±13.93 1.11abc±1.71 1.67abc±1.82 3.89abc±6.47 3.84 0.02*
Vertical swimming 7.22±12.37 0±0 0.55±1.36 2.22±3.44 1.55 0.231

Dropsy 11.11a±6.55 1.67bcd±2.79 0.55bcd±1.36 3.88bcd±2.51 12.8 0.001*
Disnopea 0 0 1.66±4.08 0 1 0.413

Body discoloration. 2.22±5.44 4.99±8.36 0 0 1.36 0.284
Dropsy + anorexia 2.77±0.12 0 0 0.55±0 2.46 0.09

Body trauma + anorexia 3.88±8.00 0 0 1.11±2.71 1.31 0.36
Vertical swimming + dropsy 2.22±5.44 0 0 0 1 0.413

Mean 5.74a±3.48 1.11bcd±1.59 0.80bcd±0.73 1.97bcd±1.82 8.01 0.001*
(a,b,c,d) : For a given row, values with the same letter do not significantly differ between treatments (p > 0.05); *: Significant; 
OTC: Oxytetracycline; KMnO4: Potassium permanganate; F: Anova value; p: Error probability.
Table 2 : Effects of methanolic extract and aqueous fraction of Carica papaya leaves on the prevalence of the clinical signs of 
pathologies.
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Figure 1: Variation of the fish’s condition factor according to the synthetic drugs, methanolic extract and aqueous fraction.
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Variation of the fish’s condition factor according to the 
synthetic drugs, methanolic extract and aqueous fraction 
of Carica papaya leaves

The condition factor varied insignificantly (F= 1.56; p= 
0.23) between the treatments with the higher values (K>1) 
recorded with the control treatment and aqueous fraction 
(Figure 1). 

Evolution of the fish’s condition factor per treatment 
based on the essay period

The profile, trend and shape of the curves were similar 
during the trial period (Figure 2). Whatever the treatment, 
the condition factor varied irregularly with a peak observed 
at day 56th. 
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Figure 2: Condition factor trend per treatment based on the essay period.
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Figure 3: Variation of the fish’s mortality rate in relation to the synthetic drugs, methanolic extract and aqueous fraction.

Variation of the fish’s mortality rate in relation to the 
synthetic drugs, methanolic extract and aqueous fraction

 The mortality rate was high (> 5%) and varied insignificantly 
(F= 1.65; p = 0.23) from 5.24% to 10.22% respectively in T1 and 
T0 (Figure 3). 

Mortality rate trend per treatment according to the 
experiment period

 Globally, the mortality rate progress in a synchronous 
manner with the higher values recorded in the control 
treatment (Figure 4). The values increased regularly during 
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the experiment period excepted day 56th and 70th where they 
drastically decreased. The mortality rates peaked on day 56 

and 84 with 15.38% and 20.00% respectively for the control 
group.
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Figure 4: Mortality rate trend per treatment according to the experiment period.
 

Effects of the methanolic extract and aqueous fraction of 
Carica papaya leaves on the zootecnical characteristics

 The effects of the methanolic extract and aqueous fraction 
of Carica papaya leaves on the zootechnical characteristics 
are recorded on Table 3. Whether the average daily weight 

gain or productivity, the lowest and highest values were 
recorded respectively for the control and methanolic extract. 
Furthermore, the medicinal cost of production per kg of fish 
was about 2.4 times significantly more costly for the aqueous 
fraction compared to the synthetic drugs (T1).

Zootechnical characteristics
Treatments (Synthetic and natural natural drugs) F p

T0 (Control) T1 (OTC + 
KMn04)

T2 (Methanolic 
extract)

T3 (Aqueous 
fraction)    

DAWG (g/day) 2.02a±1.40 2.04a±1.44 2.06a±1.43 2.04a±1.44 0 1

Productivity (Kg/m3/day) 2.607a±1.546 3.00a±1.362 3.180a±1.589 2.647a±1.551 0.2 0.89

MCP ($/kg ) - 0.625a±0.257 0.841b±0.332 1.503b±0.761 4.99 0.02*
Not considered; DAWG :daily average weight gain ; MCP : medical production cost of a kg of fish ; OTC: Oxytetracycline; KMn04 : 
Potassium permanaganate ; ( a,b,c) : values with the same letter on a given row do not significantly differ (p> 0.05); F: Anova test 
value; p: Error probability;*: significant. 
Table 3: Effects of the methanolic extract and aqueous fraction of Carica papaya leaves on the zootecnical characteristics.

Discussion

The results related to the effect s of the methanolic 
extract and aqueous fraction of Carica papaya leaves on the 
health and zootechnical characteristics of farmed Clarias 
gariepinus fingerlings, showed that the clinical signs were 
mostly anatomical. Some affections like abnormalities in the 
hematological profile (abnormal values ​​of serum protein 
levels, eosinophilia, etc.) would probably have appeared and 
have not been diagnosed because they required a thorough 

diagnosis. The anatomical signs were the most predominant 
probably because they were the most perceptible compared 
to other signs. According to the World Organization for 
Animal Health (2023), the presence of viruses in a breeding 
environment increases the probability of anatomical clinical 
signs. It is then advised to determine the etiology of these 
abnormalities. The clinical signs observed in fish would 
not be pathognomonic. Thus, the reliability of fish disease 
diagnosis depends on the specific identification of pathogens 
by laboratory methods.
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Fish skin was the most targeted organ probably because 
being in direct contact with water containing more pathogens 
specific to the body. This observation requires the systematic 
analysis of the microbiological quality of the water in order 
to establish correlations with the clinical signs appearing in 
the fish. Adam, et al. [16] on the other hand noted as clinical 
signs wounds, inflammations, ulcers and hemorrhages in the 
fish Carassius autarus using aqueous extract of Carica papaya 
leaves in the treatment of Aeromonas hydrophila infections. 
The difference between the results observed compared 
to the present study would be linked to the species of fish 
used and the difference in concentration (1000ppm) of the 
aqueous extract.

The higher and significant prevalence of clinical signs of 
pathology associated with the highest mortality rate observed 
in the control treatment might be due to the absence of drugs 
in T0 thus more pronged or vulnerable to affections. On the 
other hand, the relatively low mortality rate observed with 
methanolic extract might be explained by the fact that Carica 
papaya leaves contains water soluble karpain compounds 
that suppress activities of pathogens found on the fish body 
surface [10].

Whatever the treatment, thought the prevalence of the 
clinical signs of pathology was very low (<10%) probably 
because the physicochemical charactéeristics of the water did 
not favor the development and proliferation of pathogens. This 
very low prevalence would also reflect resistance to disease by 
the strain of Clarias gariepinus fingerlings used in the present 
study. The higher and significant prevalence observed at the 
control treatment compared to other treatments would result 
from the anti-inflammatory and anti-pathogenic properties of 
active compounds (flavonoids terpenoids, alkaloids etc) found 
in the Carica papaya leaves extracts and fractions [10]. 

The condition factor varied insignificantly between the 
treatments with the highest values (K>1) recorded with 
the control group and aqueous fraction. In other words, 
treatments T0 and T3 of the present study promoted the 
well-being or good body condition of the fish. The alkaloids 
and flavonoids present in the aqueous extracts of Carica 
papaya would have a positive effect on fish by promoting 
their growth, enhancing the immune response and rendering 
them more resistant to diseases. The condition factor was 
expeected to be <1 in the control treatment since it lacked 
drugs. Probably, the endogenous and exogenous factors 
to fish (physicochemical characteristics of the water) 
would have negatively affected the optimal expression of 
body fish condition by rendering them more susceptible 
to disease. This observation can also be buttressed by the 
highest mortality rate recorded in T0. The condition factor 
varies depending on the age of the fish, sex, season, stage 
of development of the reproductive organs, diet, amount of 

food in the intestine, amount of lipid reserve and degree of 
development of muscles. The low condition factor (k < 1) 
noted in this study with the synthetic drugs and methanolic 
extract was also observed by Diop, et al. [17] & Da, et al. [18] 
respectively on Clarias gariepinus and Clarias anguillaris.

 The mortality rate was high (> 5%) and varied 
insignificantly from 5.24% (T1) to 10.22% (T0). Additionally 
it was greater than the expected 0% standard value. These 
deaths might be caused by pathology. The disparity of 
mortality rates recorded would be due to the anti-pathogenic 
compounds of the synthetic drugs (OTC + Potassium 
permanganate) and those (flavonoids, alkaloids etc) found 
in Carica papaya leaves extract administered in tretament 
T2 and T3. This low value of the mortality rate recorded 
with phytochemicals could also be due to the long duration 
of immersion (48hours) that increases the duration action 
of phytochelmicals, however it weakens the movement of 
fish [10]. The mortalty rate observed with the methnolic 
extract (5.28%) in this study is higher than 0% reported by 
Ekanem, et al. [19] when Gold fish infected with the ciliate 
Ichthyopthirius multifilis were immersed for 72 hours in 
baths with methanolic extract of Carica papaya leaves. 
The reason being probably that the dosage and immersion 
duration of methanolic extract and fish species used in both 
studies were different. The longer the immersion duration, 
the lower the mortality rate though fish are weakened. 

As for the effects the methanolic extract and aqueous 
fraction of Carica papaya leaves on the zootechnical 
characteristics, the average daily weight gain varied between 
2.02 (T1) to 2.06g/day for T2. These values ​​are below 5.6g/d 
predicted by the feeding technical sheet for the “Skretting” 
feed supplied to fish in this study probably because the 
diseases led to anorexia, causing growth delays in fish. The 
highest productivity noted with the methanolic extract could 
be related to the lower mortality rate observed in the same 
treatment. This might explain why the control treatment 
which recorded the highest mortality rate recorded the 
lowest productivity. The medicinal cost of production per 
kg of fish was about 2.4 times significantly more costly for 
T3 compared to T1 because of the production process which 
requires expensive solvents. 

Conclusion

The epidemiological and zootechnical characteristics 
were affected by the methanolic extract and aqueous fraction 
of Carica papaya leaves. The proportion of fish showing 
a clinical sign of pathology was significantly higher in the 
control treatment. Body trauma was the most observed 
affection. The highest and insignificant values of the fish 
condition factor were recorded with the control group and 
aqueous fraction. The mortality rate was high and varied 
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insignificantly. The average daily weight gain and productivity 
were not significantly affected by the treatments contrary to 
the medicinal cost of production per kg of fish that was more 
costly for the aqueous fraction compared to the synthetic 
drugs (OTC + KMnO4).
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