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Abstract

The study was conducted to determine the toxicity of guava (Psidium guajava), lemon-grass (Cymbopogon citratus) and horse
radish (Moringa oleifera) aqueous leaves extract to Nile tilapia (Oreochromis niloticus) fry and to determine the plant extract
that will provide better growth performance and survival during nursing period. Result showed that the most toxic plant
extract was P. guajava at 6 mL/L and the least toxic was M. oleifera at 24 mg/L. Highest growth performance was obtained
in fish reared with M. oleifera and C. citratus aqueous extracts which appeared to be statistically comparable to each other
but significantly higher compared to the fish reared without plant extract (control treatment) and reared with P. guajava
aqueous extract. Similarly, highest survival rate was obtained in fish reared with M. oleifera and C. citratus aqueous extracts.
Lowest survival rate was generated in fish reared without plant extract and those treated with P. guajava extract. Water quality
parameters such as dissolved oxygen, temperature and pH were within the range of recommended levels for Nile tilapia
culture. The findings of the present study indicated that water immersion of C. citratus (5.00 mL/L) or M. oleifera (10.00

mL/L) aqueous extracts can potentially enhance the growth performance and survival of O. niloticus after 3 weeks of nursing.
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constitute the major practicable means of providing enough
quality seed for rearing in confined fish enclosure waters [3].
The fish farmer has to obtain adequate number of young fish

Introduction

The steadily growing importance of fish farming has

compelled improvements in the technologies necessary for
securing the initial and basic requirements for productive
aquaculture [1]. Fish culture today is hardly possible without
the artificial propagation of fish seeds of preferred cultivable
fish species. The need for the production of quality fish seed
for stocking the fishponds and natural water bodies has
indeed increased steadily [2]. Artificial propagation methods
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to meet his production goals [1].

In an effort for fish farmers to economically benefit
from intensive farming systems, they started using synthetic
antibiotics and other chemotherapeutic drugs to maintain
good health of farmed fish [4]. The amount of information
on chemical use in aquaculture and its significance for
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human health assurance, environmental protection and
sustainable development of the sector, has been increasing
throughout the last decade. The restriction on the use of in-
feed antibiotics in many countries has fueled the interest
in alternative products [5]. Common feed additives used in
animal diets include immunostimulators, antimicrobials,
antioxidants and herbal plants. In recent years, herbal plants
serve as a new class of growth promoters that provide an
alternative feeding strategy to replace antibiotic growth
promoters [6].

Good tilapia seed in aquaculture is necessary in
production and to increase the good seed production of
tilapia, synthetic drugs are used. The adoption of these
drugs in aquaculture appears to be only profit driven and
unsustainable, as they present several other constraints
such as fish pathogen drug resistance, immunosuppression,
environmental pollution, and accumulation of chemical
residues, which can be potentially hazardous to the public
health [7]. Over the past two decades, there has been an
increase in the number of research with common conclusions
that indeed medicinal herbal extracts have the potential to
eradicate the use of synthetic chemicals such as antibiotics
and other chemotherapeutic drugs in aquaculture. Herbal
and plant-source extracts stand out as potential alternatives
as they provide useful biologically active metabolites with
various benefits such as immune modulation [8]. It has
been established that several medicinal herbal extracts have
potent ability to improve a range of biochemical indices in
fish including tilapia species.

In this connection, the objectives of our present study
were to determine the toxicity levels of (Psidium guajava),
lemon-grass (Cymbopogon citratus) and horse radish
(Moringa oleifera) to Nile tilapia (Oreochromis niloticus) fry
and to determine the plant extract that will provide better
growth performance and survival.

Materials and Methods

Preparation of Plant Extracts

Leaves of the guava, lemongrass and horse radish
were collected and washed to eliminate dirt and unwanted
substances that were attached on the leaves. The plant
materials were air-dried and pulverized using pulverizer.
The aqueous leaves extract stock solutions of the guava,
lemongrass and horse radish were prepared by dissolving
the pulverized leaves in distilled water at a concentration of
100 g of powdered leaves per liter of water and store in air-
tight bottles for 24 h at room temperature [9]. The mixtures
were filtered using cheesecloth and the extracts (100 mg/
mL) were used immediately in the experiments in different
dilutions.
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Experimental Fish

Freshwater Aquaculture Center Selected Tilapia
(FaST) strain, size #17 was used in the study. The fish were
acclimatized in well-aerated aquaria at Wet Laboratory of
Freshwater Aquaculture Center/College of Fisheries, Central
Luzon State University, Science City of Mufioz, Nueva Ecija,
Philippines to allow the fish to recover from handling stress
at collection time. During the conditioning, the fish were fed
daily but feeding was stopped two days prior to the actual
toxicity test [10].

Experiment 1- Toxicity Test of Plant Extracts

Toxicity test was run to determine the ideal dose of
plants extract prior to the experiment. The toxicity test
was conducted in aquaria with 4 L water for 96 hours. The
determination of median lethal concentration value was
done, following a range finding test concentrations of 3.75
mL/L, 7.50 mL/L, 11.25 mL/L and 15.00 mL/L for the leaf of
guava (P, guajava) (Table 1), 12.50 mL/L, 15.00 mL/L, 22.50
mg/L and 30.00 mL/L for the leaf of lemon-grass (C. citratus)
(Table 2) and 15.00 mL/L, 30.00 mL/L, 45.00 mL/L and 60.00
mL/L for leaf of horse radish (M. oleifera) (Table 3). Tap water
was used for the control treatment. The number of dead fish
was counted every 24 hours and removed immediately from
the aquaria. Each container was stocked with 10 fry for a
total of 450 fry used for the toxicity test. The mortality was
recorded every 24 hours interval. Probit analysis was used
to determine the 50% lethal concentration (LC, ) and 10%
lethal concentration (LC ) value and its corresponding 95%
confidence limit.

For the toxicity test, each treatment was replicated
thrice. A total of forty-five aquaria (10x10x10 inch) filled
with 4 L of water were used. The extract solutions were mixed
thoroughly in water before introducing to the experimental
fish. The toxicity test was laid in a complete randomized
design (CRD).

Concentration Of Diluted Aqueous Extract
Treatment mL/L Water
P. guajava C. citratus M. oleifera

1 0 0 0

2 3.75 12.5 15
3 7.5 25 30
4 11.25 37.5 45
5 15 50 60

Table 1: The concentrations of guava (Psidium guajava),
lemongrass (Cymbopogon citratus) and horse radish
(Moringa oleifera) aqueous leaves for toxicity test.
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Experiment 2 - Nursing of Nile Tilapia Fry using
Plant Extracts

After determining the LC,, the lethal concentration value
with 10% (LC,,) mortality was used for the Experiment 2,

and a control treatment was prepared without the addition
of the extract (Table 2). Twelve glass aquaria (30x60x30 cm)
with a capacity of 50 L of water were used in the study. The
study was composed of four treatments and each treatment
was replicated thrice.

Treatment Concentration Of Diluted Plant Samples Equivalent Amount of Plant Samples
Aqueous Extract ML/L Water Used (MG)
T1 (control) 0 0
T2 (P guajava) 1.4 143
T3 (C. citratus) 5 500
T4 (M. oleifera) 10 1000

Table 2: The concentrations of guava, lemongrass and horse radish leaves for experimental trial.

The stocking density for the Experiment 2 was 20 fry
in each aquarium and the extraction procedure from the
Experiment 1 was also followed. Each treatment was diluted
in 40 L water using (30x60x30 cm) aquaria for growth and
survival data. The aquaria were covered to avoid fluctuation
in water temperature and also to reduce light intensity
penetration. At the end of the experiment, the survival and
growth rate were determined and recorded.

The fish were fed with fry booster feed for 21 days using
15% feeding rate with a feeding frequency of three times a
day at 8:00 AM, 12:00 NN and 4:00 PM [11]. The 50 % of
water was replaced with the same concentration of extract
for each treatment which was done every three days.

Data Gathered

The data on initial and final weight were recorded and
body weight gain (BWG), absolute growth rate (AGR), specific
growth rate (SGR), feed conversion ratio and survival rate
were determined through the following formulas:

Body weight gain=Final weight - Initial weight

Final weight - Initial weight

Absolute Growth Rate (AGR)= -
Time (days)

In(Final weight)-In(Initial weight) X100

Specific growth rate (%)=
Total number of cultured days

Feed Conversation Ratio = M
Weightgain (g)

Survival rate (%)= Number of fish survived X100
Number of fish

Water quality parameters such as temperature (°C),
dissolved oxygen (mg/L), and pH were monitored every
three days before water was exchanged for water quality
analysis.
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Statistical Analysis

Data ware analyzed statistically using one-way analysis
of variance (ANOVA) and the means were compared using
Tukey’s Range Test. Statistical analysis was administered
using R software.

Results

Experiment 1 - Toxicity Test of Plant Extracts

The 96-h toxicity test, also called short-term or acute
toxicity test, is one of the most commonly used tests in the
evaluation of toxicity [12]. Based on the 96-hour median
lethal concentration (LC,), the most toxic plant extract was
P guajava at 19 mL/L and the least toxic was M. oleifera
at 24 mL/L (Table 3). The linear relationships between
probit response and log concentration of plants sample are
presented in Figures 1-3.

Fish mortality increased with increasing concentration,
but the former decreased with time (Table 4). No mortality
was recorded in the control treatment during the toxicity
test. All fish subjected to higher concentration levels
appeared in a more distressed condition. However, at
lower concentrations (at 3.75, 12.50 and 15.00 mL/L), such
physical distress was recorded only in P. guajava after long
exposure and occasionally, even at short exposure. The P
guajava aqueous extract was the fastest to show abnormal
behaviors of fish among the plant samples and it was
recorded three hours after the administration of the plant
extract. The first mortality was recorded after four hours at
the highest concentration. On the other hand, Nile tilapia fry
subjected to C. citratus aqueous extract showed abnormal
behaviors and mortality on the highest concentration at
8 hour exposure period while fish exposed to M. oleifera
attained first mortality after 12 hours.
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Plants Sample Conc.(ppt) log of conc. Mortality (%) Probit | LC, (PPT) | LC,, (PPT)
0 0 0 0
Guava (Psidium guajava) 375 057 37 67
7.5 0.88 60 5.25 6 1.4
11.25 1.05 77 5.74
15 1.18 100
0 0 0 0
12.5 1.1 40 4.75
Lemongra_ss (Cymbopogon 25 14 53 508 19 5
citratus)
37.5 1.57 63 5.33
50 1.7 90 6.28
0 0 0 0
15 1.18 33 4.56
Horse radish (Moringa 30 1.48 50 5 24 10
oleifera) 45 1.65 70 5.52
60 1.78 97 6.88

Table 3: Acute toxicity of guava (Psidium guajava), lemongrass (Cymbopogon citratus) and horse radish (Moringa oleifera) to Nile
tilapia fry after 96 h of exposure at different concentrations.

Exposure Time (H)
Plants Sample Conc. (PPT) | log of conc. Total Mortality | Mortality %
24 | 48 | 72 | 96
0 0 0 0 0 0 0 0
3.75 0.57 4 0 0 0 4 36.7
Guava (Psidium guajava) 7.5 0.88 5 0 0 0 6 60
11.25 1.05 6 0 2 0 8 76.7
15 1.18 6 2 2 0 10 100
0 0 0 0 0 0 0 0
12.5 1.1 3 1 0 0 4 40
lemongrass (Ctyunsl)bopogon citra- 25 14 4 1 0 0 5 533
37.5 1.57 4 2 0 0 6 63.3
50 1.7 6 2 1 0 9 90
0 0 0 0 0 0 0 0
15 1.18 2 0 0 1 3 333
Horse radish (Moringa oleifera) 30 1.48 3 1 1 0 5 50
45 1.65 5 2 0 0 7 70
60 1.78 6 2 1 1 10 96.7

Table 4: Mortalities of guava (Psidium guajava), lemongrass (Cymbopogon citratus) and horse radish (Moringa oleifera) after 96
hours of exposure.
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Figure 1: Probit graph for LC, value of P. guajava aqueous extract on Oreochromis niloticus fry.
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Figure 3: Probit graph for LC, value of M. oleifera aqueous extract on Oreochromis niloticus fry.
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Experiment 2 - Nursing of Nile Tilapia Fry using
Plant Extracts

The results of the growth parameters monitored in the
present study are shown in Table 5. The highest final weight
was obtained in fish immersed with aqueous extracts of M.
oleifera (Treatment 4) and C. citratus (Treatment 3) which
revealed to be statistically comparable to each other. On the
other hand, fish reared with C. citratus and M. oleifera extracts
attained significantly higher (P<0.05) final weight compared
to fish reared without plant extract (control treatment) and
to fish reared with P. guajava (Treatment 2). Similar pattern
was obtained in terms of body weight gain (BWG), absolute
growth rate (AGR), specific growth rate (SGR).

Based on the current study, significant results were
observed in terms of feed utilization of fish immersed in

different plant aqueous extract. Highest results in FCR was
observed in fish immersed with M. oleifera leaves extract
and C. citratus leaves extract which also revealed to be
insignificantly different with each other. On the other hand,
fish reared in C. citratus and M. oleifera leaves extracts
attained significantly (P<0.05) lower FCR compared to fish
reared with P. guajava extract and fish reared without plant
extract (control).

Result in terms of survival rate revealed that fish reared
with C. citratus and M. oleifera extracts attained the highest
percentage survival. Both plant extracts and the control
treatment were insignificantly different with each other.
Lowest survival rate was generated among fish treated with
P. guajava extract and it was significantly lower compared to
the rest of the treatments (P<0.05).

TREATMENT
1 2 3 4
Parameter Control Psiduim guajava by Z:Zfz’t(ﬁ on IZI‘; ::}Z‘g:
No plant extract
Initial weight (g) 0.28+0.034* 0.26+0.0752 0.23+0.02* 0.23+0.032
Final weight (g) 0.66+0.11° 0.78+0.03% 1.01+£0.03® 1.07+£0.05"
Body weight gain (g) 0.30+0.062 0.38+0.06° 0.74+0.04° 0.78+0.03°
Absolute growth rate (g/day) 0.02+0.00° 0.03+0.01% 0.04+0.00" 0.04+0.00°
Specific growth rate (%) 4.12+0.232 5.36+1.132 7.06£0.42° 7.29+0.41"
FCR 4.37+1.01" 3.63+0.85" 1.84+0.12° 1.89+0.262
Survival rate (%) 78.33+5.77° 65.00+5.002 83.33+£2.89" 80.00+5.00"

Means (+SD) in rows with similar superscript are not significantly different at 5% level of significance.

Table 5: Growth performance of Nile tilapia fry immersed in guava (Psidium guajava), lemongrass (Cymbopogon citratus) and

horse radish (Moringa oleifera) leaves extracts after 3 weeks of rearing.

Water Quality Parameters

The results in water quality parameters such as dissolved

oxygen (DO), pH, temperature and Total Ammonia Nitrogen

(TAN) are presented in Table 6.

Treatment
Parameters
1 2 3 4
DO (ppm) 7.86+£0.23 7.18+0.09 7.65+0.53 7.53+0.32
pH 7.69+0.01 7.72 +0.08 7.69+0.03 7.66+£0.03
Temperature (°C) 24.37+1.90 25.59+0.21 25.88+0.21 25.43+0.17

Means in rows with similar superscript are not significantly different at 5% level of significance.

Table 6: Summary of water quality parameters.

Statistical analysis revealed that there were no significant
differences (P<0.05) among all treatments in terms of DO, pH

and temperature. Further, the monitored levels in DO, pH and
temperature were within the range of recommended levels
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for Nile tilapia culture. According to Boyd, et al. [13] warm-
water fish grow best at temperatures between 25°C and
32°C for dissolved oxygen (5.2-7.5mg/1) and waters with pH
values of above 6.5 to 9 at daybreak are considered best for
fish production.

Discussion

The reduction of mortality observed as time progressed
on the toxicity test might be due to the lesser effect of the
toxicity on the fish after a certain period, thus the fish gained
tolerance towards the concentration. In addition, all fish
reared without plant extracts in the toxicity test had survived
which an indication that the mortality was dose-dependent
and varies within the time of exposure of aquatic organisms
to toxicants similar on the previous studies of Akinwande,
et al. [14]; Ayoola, et al. [15] and Fafioye, et al. [16]. The
abnormal behavior observed among fish exposed to higher
concentration levels in relation to fish stress includes erratic
swimming, mucus secretion, gasping for air, hemorrhages
and stiff fin rays. The initial increased in opercular movement
can be considered as an index of the suffocation stress felt by
the fishes exposed to poisons [17].

Based on the current study, fish reared with P. guajava
aqueous extract displayed abnormal behaviors even during
the initial hours of observation which was different from
the other plant extracts. According to Dhara, et al. [18] the
abnormality observed could be due to toxicant induced
cumulative deleterious effects at various metabolic sites
of the fish body or due to disruption of nervous system
function. Further, the observed behavioral responses of the
fish might be due to the impairment in neural transmission,
nervous impairment due to blockage of nervous transmission
between the nervous system and various effected sites,
induction of oxidative stress and disturbances in enzyme
mediated metabolic pathways.

In terms of the nursing of Nile tilapia fry using the three
plant extracts, the findings of the present study indicated
that immersion of Nile tilapia fry with C. citratus (500 mg/L)
and M. oleifera (588 mg/L) aqueous extracts can potentially
enhance the growth performance of 0. niloticus after 3 weeks
of nursing. The enhanced growth obtained from the C. citratus
and M. oleifera might be due to the phytocomponents and the
antimicrobial activity of the plant extracts. Medicinal herbs
including C. citratus and M. oleifera contained diverse groups
of phytochemicals such as phenolics, flavonoids, alkaloids,
polysaccharides, volatile oils and proteoglycans which
have been reported to act as antimicrobial agents and have
the capability to stimulate both specific and non-specific
immunity in fish by modulating the functions of the immune
cells, including T-cells, B-cells, NKcells and macrophages,
increasing cytokine production and immune related gene
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expression, and increasing antibody production [19,20]. Such
immunostimulating properties of herbs may lead to better
health condition, disease resistance and ultimately faster
growth in fish [21]. Previous study reported the effectiveness
of using medicinal herbs and leaves extracts as growth
promoter to fish. The study of Turan, et al. [22] showed that
the largest gain in body weight of African catfish (Clarias
gariepinus) at the end of a 30 days immersion treatment
was generated in Tribulus terrestris extract with 9 g/30 L.
This study revealed that utilization of T terrestris extract
was effective in improving growth performance of African
catfish. Previous study also reported that the phytochemicals
compounds of plants extract have been reported to promote
various activities, including ant stress, growth promotion,
appetite stimulation, tonic and immunostimulating, and
antimicrobial properties in fish culture [19]. Regarding the
antimicrobial properties of substances derived from plants,
studies on controlling parasitic infections in humans and
animals, including fish, have been stimulated and those
factor may contribute to high survival of the Nile tilapia fry
[23].

Conclusion

The findings of the current study suggested that water
immersion of 10.00 mL/L of M. oleifera and 5.00 m/L of C.
citratus aqueous extracts during nursing period of Nile tilapia
fry can potentially enhance the growth performance, feed
utilization and survival rate. The findings of the present study
may serve as preliminary information for future studies in
terms of the determination of specific bioactive compounds
present on the plant extracts used that may influence the
enhanced growth performance and survival attained by
Nile tilapia fry. Further, utilization of other herbal plant
extracts on the nursing of Nile tilapia fry or other cultured
species are also potential studies to be conducted. More over
administration of plant extract through injection and oral
administration on Nile tilapia fry is also recommended to
further evaluate the effects of plant extract used in the study.
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