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Abstract. Tilapia cultivation using the male monosex system is to increase production which can be done
by masculinization using natural hormones such as bull testicle powder extract (BTPE). The purpose of
this study was to evaluate the morphological ratio of Nile tilapia (Oreochromis niloticus) treated using
BTPE. The study employed a Complete Randomized Design with BTPE immersion treatment dosages of 3
mL L-1, 5 mL L-1, and 7 mL L-1, a positive control (methyltestosterone), and negative control (without
immersion). Each treatment was done triplicate. BTPE was applied by immersion of 150 four-day-old Nile
tilapia seed with an average weight of 0.01 g for 8 hours. The fish were kept up to 60 days old. The
morphological characters measured were: the standard length (SL), trunk length (TRL), body height
(BH), tail spine height (TSH) and total length (TL). The ratios of these measures (SL:TL, TRL:TL, BH:TL,
TSH:TL) were also evaluated. Measurements were made using a 0.1 cm accuracy ruler and were taken
at age 60 days by randomly collecting 15 fish from each repeat unit, totaling 225 sample fish. The results
showed different dosages of the hormone did not affect tilapia morphology up to age 60 days (p > 0.05).
The highest average ratio of SL:TL was found in the methyltestosterone (79.98±0.74%) and 5 mL L-1
BTPE (79.09±0.81%) treatments; TRL:TL in the 5 mL L-1 BTPE (59.29±0.83%) followed by
methyltestosterone (58.93±0.74%). The average ratio for BH:TL was almost the same in all the
treatments ranged from 27.80±0.48 to 28.48±0.35%. The average ratio for TSH:TL was ranged from
10.58±0.19 to 10.96±0.23% in all the hormone treatments and 10.16±0.22% in the treatment without
hormones. The hormone application did not affect morphological character ratios in Nile tilapia, and
generally, the average morphometric character ratio in the fish against the total length (TL) after
treatment with 5 mL L-1 BTPE and methyltestosterone was higher than that of the other treatments.
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Introduction. Nile tilapia (Oreochromis niloticus) is an important freshwater aquaculture
commodity. In freshwater aquaculture, it is reported to be the second most important
cultivated fish group after carp, Cyprinus carpio (Waite et al 2014). Nile tilapia is also one
of the popular fish with increased worldwide consumption (Ogello et al 2014).
The growth of cultivated fish is one of the determining factors in aquaculture
production level (Carman et al 2009; Ajiboye 2015). The growth rate of male Nile tilapia
is twice faster than that of the female (Fuentes-Silva et al 2013; Felix et al 2019) raised
in either a mixed-sex system or in separate sexes in a floating net (Dunham 2004),
making male Nile tilapia preferred by Nile tilapia farmers (El-Greisy & El-Gamal 2012).
Some advantages of the male monosex Nile tilapia aquaculture include that it enables the
fish to grow uniformly, they could reach large sizes, and it reduces spawning (Ajiboye
2015; Francis & Esa 2016; Abo-Al-Ela 2018). The growth performance of monosex male
Nile tilapia is also better than that of the mixed-sex (Githukia et al 2015).
The development of Nile tilapia aquaculture is directed more toward the male
monosex system (Gabriel 2019) such as through sex reversal programs to improve the
production of Nile tilapia. Monosex male Nile tilapia can be produced in a few
methods, including by using hormones. Various hormones are used for
masculinization such as the synthetic hormone 17α-methyltestosterone;
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however, the use of synthetic hormones nowadays is not recommended because
they are less safe for food (Hoga et al 2018). One step that can be done is by
exploring natural sources of the hormone testosterone such as bull testicles.
The use of this natural material, bull testicles, as a source of the hormone has
been done by several researchers (Muslim et al 2011; Irmasari et al 2012; Iskandar
et al 2014; Huda et al 2018; Yustiati et al 2018).
The use of natural hormones is expected to have no adverse effects on
the Nile tilapia. One of the effects that can be evaluated from the use of this
hormone is changes/differences in the morphological character of fish treated
with hormone application. Morphological characters can be evaluated using the
morphometric method. Morphometry is the measurement of certain body parts
of the fish’s anatomical structure (a measuring method). Elawa (2004) defined
morphometry as markings that describe the shape of the fish’s body. The
morphometric characters often used include the total length, the standard length, the
fork length, the body height and width, the fin height and length, and eye diameter
(Lagler et al 1977). A few studies have evaluated morphological characters in Nile tilapia
such as Muhotimah et al (2013) and Ayuningtyas et al (2015). The purpose of the
present study was to evaluate the morphological ratio of Nile tilapia (Oreochromis
niloticus) produced by application of the natural material bull testicle powder extract
(BTPE).
Material and Method
Experimental fish and BTPE application. The study was conducted from May 2019 to
August 2019. Hormone treatment was performed under controlled environmental
conditions at the Ompo Freshwater Fish Hatchery and Cultivation Development Centre,
Soppeng, South Sulawesi. Morphological measurements were carried out in the Fish
Physiological Laboratory of the Department of Aquaculture of the Pangkep State
Polytechnic of Agriculture, South Sulawesi, Indonesia. The BTPE application was done by
immersion of 150 Nile tilapia seed aged 4 days weighing an average of 0.01 g for 8
hours. The dosages of BTPE used were 3 mL L-1, 5 mL L-1, and 7 mL L-1. As the positive
control, fish were immersed in the hormone MT and the negative control was without
hormone application.
Maintenance of the Nile tilapia seed post-application. After the immersion process,
the Nile tilapia seed were kept in 15 water nets sized 2 x 5 m2. During the maintenance
period, the seed were fed natural feed 3 times a day. The seed were kept for 60 days.
Morphological measurements. Evaluation of the 4 morphological characters referred
to the study by Hassanien et al (2011) and Sarmento el al (2018) which included the
standard length (SL), trunk length (TRL), body height (BH), tail spine height (TSH) and
total length (TL). The measurements were taken using a ruler with 0.1 cm accuracy. The
fish samples were placed on waterproof paper with their heads facing left. The
morphological measurements were taken at the age of 60 days by randomly collecting
15 fish from each repeat unit, creating a total of 225 sample fish.
Design. This study used a Complete Randomized Design with treatments using the
natural hormone BTPE at dosages of 3 mL L-1 (Treatment I), 5 mL L-1 (Treatment II),
and 7 mL L-1 (Treatment III), for the positive control methyltestosterone (MT) was used
and the negative control was without immersion (WI). Each treatment was conducted in
triplicates.
Data analysis. The morphometric character ratio was calculated from the results of the
morphometric character measurement results (SL, TRL, BH, TSH) divided by the TL. The
measurement data were analyzed using the SPSS software Version 26. Differences in
the performance between Nile tilapia treatments were determined using one-way ANOVA
and if there was found a significant effect, it was followed up using Duncan’s at a
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significance rate of p < 0.05 to determine the best dosage. Descriptive analysis was
used to compare the morphological character ratio between treatments.
Results
The morphological characters ratio. The statistical analysis showed that
masculinization of Nile tilapia using the BTPE hormone application treatment did not
affect the morphological measurements of Nile tilapia up to 60 days of age (p > 0.05).
Descriptively, however, in general, the average morphological character ratio for Nile
tilapia against the total length (TL) for treatment using 5 mL L-1 BTPE and
methyltestosterone were higher than that of the other treatments.
The highest average character ratio for SL:TL was found in the treatment using
methyltestosterone, followed by the treatments using 5 mL L-1 BTPE at 79.98±0.74% and
79.09±0.81% respectively, while the lowest was found in the treatment using 3 mL L-1
BTPE at 77.83±0.72% (Figure 1). However, the highest average character ratio for
TRL:TL was found in the treatment using 5 mL L-1 BTPE followed by methyltestosterone,
and the lowest was in the treatment using 3 mL L-1 BTPE at 59.29±0.83%; 58.93±0.74%
and 56.08±0.83%, respectively (Figure 2). This showed that the SL in Nile tilapia treated
with an application of methyltestosterone was greater than those treated with an
application of 5 mL L-1 BTPE, but they had the same TRL.
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Figure 1. The average ratio between the standard length (SL) and the total length (TL) characters
in the Nile tilapia for each treatment.
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Figure 2. The average ratio between trunk length (TRL) and the total length (TL) characters in the
Nile tilapia for each treatment.
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The average ratio for BH:TL was nearly the same in all the treatments ranged from
27.80±0.48 to 28.48±0.35%, which means that the fish’s body height was almost the
same in all treatments (Figure 3). The average ratio for TSH:TL was ranged from
10.58±0.28 to 10.96±0.23% in all the hormone application treatments and
10.16±0.22% in the treatment without any hormone application (Figure 4).
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Figure 3. The average ratio between the body height (BH) and the total length (TL) characters in
the Nile tilapia for each treatment.
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Figure 4. The average ratio between the tail spine height (TSH) and the total length (TL) characters
in the Nile tilapia for each treatment.

Discussion. The standard length (SL) of the Nile tilapia treated using methyltestosterone
was greater than that of the fish treated using 5 mL L-1 BTPE; however, the trunk lengths
(TRL) in both treatments were the same. This showed that the size of the Nile tilapia
heads in the treatment using methyltestosterone was longer than that of the fish treated
using 5 ml L-1 BTPE. Therefore, fish treated using 5 mL L-1 BTPE had a greater edible
portion. The morphological character where the trunk was longer and the head was
smaller, also known as the edible portion, is an important point in the production of
consumption fish. The edible portion, in this case, the trunk length (TRL) which is
consumed, had a larger portion than the head, which will be discarded.
The average ratio of BH:TL was the same in all the treatments, as with the TSH:TL
ratio, except in the treatment without any hormone application. This indicated that the
tail spine height (TSH) in Nile tilapia without any hormone application was shorter than
that of the fish given the hormone treatments.
The average ratio of the morphological characters against the total length (TL) did
not show any di sti ncti ve variati ons. The fairly varied character variations were only
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found in the SL and TRL characters. Meanwhile, in the TSH character, there were only 2
different values, and in the body height character, there was hardly difference or variation.
Therefore, the morphology of the Nile tilapia in this study appeared to have similar
body shapes and had the same height.
The ratio of the morphological characters among the fish treated with the
hormones was not unlike those without the hormone application. The lack of body size
difference was possibly because, at the age of 60 days, Nile tilapia has not reached the
growth differentiation phase. Popma & Masser (1999) stated that male Nile tilapia grow
twice as fast as females. This indicated a possibility for a difference in growth, in this
case, the body size of the fish treated with hormones compared to fish not treated with
any hormones if the fish were kept longer (Heriati 2012), at least until they reached the
weight of 50 g (Felix et al 2019).
The three BTPE hormone dosages were within the range that is tolerable for Nile
tilapia; therefore, they did not cause morphological changes in the Nile tilapia produced.
Besides morphological changes, inappropriate hormone dosages could cause death
(mortality) as stated by Hunter & Donaldson (1983) who found that the administration of
a dosage that is too high or too low could result in sterility and abnormalities in gonad
development, increased mortality, and a paradoxical phenomenon due to the pressures
toward growth (Pandian & Sheela 1995).
BTPE is suitable for application in producing monosex male Nile tilapia, where the
advantages of BTPE are that it is made of a natural material that contains organic
materials (nutrients) useful for the fish. BTPE also does not cause physiological pressure
on the fish that might cause death and is also environmentally friendly.
Conclusions. The results of this study demonstrated that the application of the
hormones did not affect the morphological characters of the Nile tilapia at the age of 60
days. Generally, the average ratio of the Nile tilapia’s morphometric character against the
total length (TL) in the fish treated with 5 mL L-1 BTPE and methyltestosterone was
greater than that of the other treatments.
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