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Abstract: Three days old mixed sex juveniles of Nile tilapia (mean weight 0.025 ± 0.009 g; mean length 1.25 ±
0.012 cm) were fed diets containing root powder of Withania somnifera at the concentrations of 0.0, 2.0, 3.0,
3.5, 5.0, 6.5, 7.0, 8.0 and 9.5 g/kg feed for 30 days. Dietary treatment with powdered W. somnifera roots at
different concentrations except 8.0 g/kg and 9.5 g/kg showed no significant difference (P>0.05) in survival
percentage compared to that in control group. Dietary treatment with W. somnifera root powder caused
significant increase (P<0.05) in percentage of males compared to that in untreated control. The highest
percentage of males (93.73±4.2) was observed in 9.5 g/kg group, but it showed significantly lower (P<0.05)
survival percentage (56.67±3.0) compared to other treatment categories. Fish fed diets containing W. somnifera
root powder at the concentration of 6.5 g/kg feed showed high percentage of survival (97.50±1.4) and male
(91.43±0.9), and hence might be considered the best treatment regime. The plant material is reported to show
presence of phytochemicals such as tannins, saponins, steroids, terpenoids and flavonoids, which might be
associated with its androgenic property.
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I.

Introduction

Nile tilapia, Oreochromis niloticus (Linnaeus, 1758) is widely cultured in many tropical and subtropical
countries of the world [1, 2]. Due to their faster growth rate, tolerance to harsh environmental conditions and
easy culture technique, tilapia offers possible commercial protein sources [3, 4]. The fish is reported to sexually
mature at a young age of around 3 months [5] which leads to uncontrolled breeding of tilapia in ponds resulting
in excessive recruitment, stunting and a low percentage of marketable-sized fish. Hormone treatment developed
to combat this challenge does not change the genotype of the fish but affects the expression of the phenotype.
Production of all male population through administration of androgen (17-α methyl testosterone) is considered
to be the most effective and economically feasible method for obtaining all male tilapia populations [6].
However, widespread use of large quantities of such synthetic steroid hormones might have a residual effect and
pose a health risk to human [7]. These compounds including their metabolites may interfere with the normal
endocrine homeostasis at a very low concentration. The presence of testosterone and its metabolite
androstenedione in the aquatic ecosystem was linked to the undesirable masculinisation of female mosquito fish
[8]. Because of such potential ecological and health-related hazards of these synthetic steroids, the use of plant
materials is a potential alternative to be explored [9].
It has been reported that phytochemicals have various biological attributes like appetite enhancer, growth
promoter, stress reducer, antimicrobial, tonic and immunostimulator, which are useful in fish culture [10, 11]. It
is anticipated that phytochemicals such as alkaloids, flavonoids, steroids, terpenoids, etc. which are natural
steroid-like compounds, may act as endocrine modulators and either block de novo synthesis of estrogen by
their aromatase inhibitor capacity or exhibit antagonist activity to nuclear estrogen receptors in primordial
gonadal cells, among other unidentified mechanisms [12, 13]. If such activity is precisely expressed by these
chemicals, they could provide an alternative to synthetic inhibitors to induce changes in the phenotypic process
of sex differentiation in fish gonads. Natural plant chemicals with expected safer utilization and handling issues,
and possibly lower toxicity for both fish and the surrounding environment, are a very attractive alternative to
synthetic steroids for induction of sex reversal in fish [14]. However, all the phytochemicals may not be equally
potent in virilization of fish and a clear documentation needs to be conducted to establish the efficacy of
phytochemicals in producing all-male fish population. Withania somnifera (L) Dunal, commonly known as
Asgandh or Ashvaganadha, a xerophytic plant belonging to family Solanaceae, is one of the most potent
aphrodisiacs used in traditional systems of medicine like Unani and Ayurveda for human use. Roots and leaves
of this plant are used for medicinal purposes. Its aphrodisiac properties have been proved effective in improving
semen quality as well as in development of testicles in mammalian model system [15, 16]. It is reported to
improve blood circulation throughout the body and enhances sperm quality. It is also found to protect from
neurodegenerative disorders like Parkinson’s disease [17] and reduces the occurrence of various health disorders
[18]. However, there has been no report regarding its effect on sex reversal of fish.
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Considering these aspects, the major objective of the present work was to investigate the potential effect
of W. somnifera root on masculinisation of Nile tilapia, and to determine an ideal concentration for dietary
administration of the root powder that might produce maximum percentage of males in Nile Tilapia population.

II. Materials and methods
2.1 Collection of fish seed
Newly hatched juveniles of mixed-sex Nile tilapia, Oreochromis niloticus (Linnaeus) were collected from
the Hatchery of Government of West Bengal, oxygen-packed and transported to the laboratory.
2.2 Dietary treatment of fish with powdered plant material
W. somnifera roots were procured from the local plant market, washed in sterile distilled water, air-dried
in shade and ground powdered.
Three days old mixed sex juveniles of Nile tilapia (mean weight 0.025 ± 0.009 g; mean length 1.25 ±
0.012 cm) were randomly allocated into 9 groups (40 fish / group). Eight groups were fed diets containing
powdered W. somnifera roots at concentrations of 2.0, 3.0, 3.5, 5.0, 6.5, 7.0, 8.0 and 9.5 g/kg feed, one group
was fed control diet without plant powder. The powdered plant materials were mixed thoroughly with the finely
ground (<500-1000 µm) artificial diet containing 30% crude protein (Tokyo, Japan). It was then wetted with deionized water, mixed thoroughly, formed with a pelleter (diameter 2 mm), and dried at room temperature.
Pelleted feed was pulverized before feeding to the juvenile fish. The experiment was conducted for 30 days and
the fish were fed with respective diets at a rate of 20% body weight / day. The aquaria were continuously
aerated and maintained in heated (T = 27 ± 2ºC) static systems. Water in all aquaria was replaced manually and
the fish was kept under similar photoperiod (14 L: 10 D). This entire experimental set up was conducted
simultaneously in triplicate.
2.3 Sexing of fish
Sexing of the juvenile fish was done by the standard acetocarmine squash technique of gonads [19].
Histological studies of the gonads were also performed.
2.4 Statistical analysis
All data are expressed in terms of mean ± standard error (SE). Treatment effects on different parameters
were analyzed by one-way analysis of variance (ANOVA) after checking normality by Shapiro-Wilk’s test.
Where significant differences were found, a Tukey’s test was performed for separating treatment means. All
statistical analysis was performed using the SPSS version 11.5 for Windows.

III.

Results and Discussion

The control group of fish fed diets without plant powder showed a high survival percentage of
98.33±0.8%. Dietary treatment with powdered W. somnifera roots at different concentrations except 8.0 g/kg
and 9.5 g/kg showed no significant difference (P>0.05) in survival percentage compared to that in control group
(Table 1). However, treatment with powdered W. somnifera roots at the concentration of 8.0 g/kg and 9.5 g/kg
showed very low survival percentage, which was significantly lower (P<0.05) compared to other treatment
categories including the control (Table 1). These results indicate that dietary treatment with W. somnifera root
powder at concentrations upto 7.0 g/kg have no adverse effect on general fish health. But addition of a high
concentration of the root powder in fish feed may cause high mortality. Withania roots were reported to contain
tannin [20], which is known to be bitter and form high polyphenol complex with protein thereby making it
unavailable in the diet. Tannin may decrease protein quality by decreasing digestibility and palatability. It is also
known to inhibit the activities of digestive enzymes [21]. The presence of tannin in high proportion in diets
fortified with higher concentrations of the root powder might have resulted in poor food consumption by fish
leading to high percentage of mortality.
Fish fed diets containing plant material at any concentration showed significantly higher (p<0.05)
percentage of males than the control group (Table 1). The highest percentage of males (93.73±4.2) were
observed in 9.5 g/kg treatment category, but it is not significantly different (P>0.05) from 6.5 g/kg treatment
group which showed 91.43±0.9% males. Fish fed diets fortified with Withania root powder at this concentration
showed a high percentage of survival as well (Table 1). The control group showed the highest percentage of
females (65.30±2.7) and it was significantly higher (P<0.05) than all the treatment categories. The control diet
fed group showed no intersex fish while the highest percentage of intersex fish (7.17±0.9) was observed in
tilapia fed diets containing powdered W. somnifera roots at the concentration of 2.0 g/kg (Table 1). Among the
treatment categories, fish fed diets at the concentration of 6.5 g/kg showed the lowest percentage (0.87±0.9) of
intersex (Table 1). Though significantly higher than the control group, treatment with Withania root powder at
concentration of 2.0, 3.0, 3.5, 5.0 and 7.0 g/kg showed low percentage of males, which was not suitable for
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commercial production of monosex tilapia population (Table 1). Dietary administration of Withania root powder
at the concentration of 8.0 g/kg and 9.5 g/kg resulted in high percentage of males. But these two groups showed
the highest percentage of mortality as well (Table 1). It might be postulated that the low number of fish left till
the end of the experiment for those two groups had resulted in skewness towards a particular sex. Considering
the results, dietary treatment with W. somnifera root powder at the concentration of 6.5 g/kg might be regarded
as the best treatment regime for commercial production of monosex tilapia population.
W. somnifera roots have been reported to show the presence of phytoconstituents such as tannins,
saponins, terpenoids, steroids and flavonoids [22]. These phytoconstituents might be the cause behind the
androgenic activity of the plant. A notable increase in testicular weight and increase in the diameter and cell
layers of seminiferous tubules was observed in immature male Wistar rats treated with aqueous extract of W.
somnifera [23]. Different pathways have been postulated to be linked with the functional mechanisms of these
phytochemicals causing both masculinisation and feminization at different concentrations [24]. After treatment
of infertile men with Withania somnifera, testosterone levels increased significantly, while prolactin decreased
in the serum [25]. This is interesting, because prolactin counteracts the effect of dopamine which is responsible
for sexual arousal and motivation [26]. The phytochemicals may either act as aromatase inhibitor to block
estrogen synthesis or as nuclear estrogen receptor antagonist in primordial gonadal cells to affect
masculinisation in fish [27, 28]. It was also reported that methanol, chloroform and distilled water extracts of
Withania somnifera root revealed the maximum presence of phytochemicals [22]. Hence, further analysis is
required to find out the effective factors functional behind the androgenic potency of the plant.

IV.

Conclusion

The results emanating from this study indicate that the plant might be used as an alternative method to
produce all-male tilapia population in an environment-friendly manner using a natural product. However, the
highest percentage of males produced by the plant material was found to be well below the ideal requirement of
100% male population. Thus, further studies are required to establish an ideal treatment regime for production
of all-male tilapia population using the plant material and to provide conclusive evidence regarding its efficacy
to be used as a sex-reversal agent in tilapia culture.
Table 1: Percentage of survival, male, female and intersex during dietary treatment with Withania somnifera
root powder at different concentrations. Different superscripts mark significant differences (P<0.05) in means
within columns.
Treatment category
Control
2.0 g / kg
3.0 g /kg
3.5 g /kg
5.0 g /kg
6.5 g /kg
7.0 g / kg
8.0 g / kg
9.5 g / kg

Survival (%)
98.33±0.8a
93.33±0.8a
93.33±1.7a
95.00±2.5a
99.17±0.8a
97.50±1.4a
92.50±1.4a
56.67±3.6b
56.67±3.0b

Male (%)
34.70±2.7c
60.73±0.7b
57.13±1.6b
59.60±0.9b
60.53±2.8b
91.43±0.9a
63.93±1.4b
91.43±2.0a
93.73±4.2a

Female (%)
65.30±2.7a
32.10±1.3b
39.37±2.9b
35.97±0.07b
38.60±3.4b
7.70±1.5c
31.50±2.2b
7.23±1.1c
4.67±2.7c

Intersex (%)
0.0±0.0a
7.17±0.9a
3.50±3.5a
4.43±0.9a
0.87±0.9a
0.87±0.9a
4.57±2.3a
1.33±1.3a
1.60±1.6a
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