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ABSTRACT

The production of male guppies is more desirable due to it higher selling value than females. One way to
produce male guppies is change it sex, namely masculinization which can be enhanced through the
addition of coconut water, with high potassium level. Potassium can convert all cholesterol in the larvae
into pregnenolone, which functions to convert estrogen into progesterone and produces testosterone.
Hormones required in sex change can be supplemented by the oral method through feed. The research,
which was conducted from November 2022 - March 2023, was divided into two stages, first is to determine
the dosage of coconut water and the second one is to determine the appropriate coconut water sterilization
method. Each stage used a completely randomized design with four treatments and four replicates. Doses
of coconut water added to feed were 0.06 ml/g feed, 0.09 ml/g feed, 0.12 ml/g feed, and 0.15 ml/g feed. The
sterilization methods conduct in this research are using UV light, autoclave, and ozone. Observation of
male genitalia was done after 45 days by observing the urogenital organs and confirmed by hematoxylin-
eosin histological staining after 52 and 59 days. The highest percentage of male guppies at 71.75% was
produced by the dose of 0.15 ml/g feed, while sterilization treatment produces lower male percentage
than control (p<<0.05). No significant difference in fish survival was obtained. Fish survival ranges from
88% - 93%. Thus, the addition of 0.15 ml of coconut water to feed is the most effective treatment in
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producing male guppies.

KEYWORDS: Coconut water; male guppies; masculinization, oral feed, sterilization

INTRODUCTION

Masculinization has been identified as an appro-
priate method to induce male characteristics in fish
(Dwinanti et al., 2018) with the aim of increasing the
abundance of male fish (Malik et al., 2019). Male fish
have been known to be more favorable than mixed-
sex fish in a population (Chapman, 2000; Penman, 2004,
Rakocy & McGinty, 1990; Tave, 1995) and increase fa-
vorable traits over female fish (Zairin, 2002). Rapid
growth of male fish can be caused by various factors
including increased body size, better physical appear-
ance, and brighter colors, especially in ornamental fish
species such as guppies and hickey fish (Himawan et
al., 2018; Rachmawati et al., 2016; Rosmaidar, 2016).
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Masculinization can be done by administering hor-
mones, which is one of the easiest ways and can
reduce mortality rates if the dose is appropriate.
Hormone administration is not without drawbacks,
for example, the success rate is not always optimal
(Zairin, 2002). (Malik et al., 2019) in their study
showed a mortality rate due to the inability to adapt
to hormone-based therapy and the impact of lower-
ing the pH level below the threshold. Male enhance-
ment hormone therapy is usually administered orally
with an immersion procedure based on effectiveness,
efficiency, possibility of contamination and cost
(Findayani & Dina, 2022).

The method of masculinization through oral feed-
ing has several advantages, especially the ease of pre-
paring feed containing hormones. This approach is
considered efficient because it can reduce mortality
rates, thus creating cost efficiency in the fish farm-
ing process through the utilization of very simple
hormones (Zairin, 2002). Some previous similar stud-
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ies used materials such as 17a-methyltestosterone
(Barades et al., 2020); bovine testes (Hutagalung,
2020); honey resin (Soelistyowati et al., 2010); and
propolis (Tatalede et al., 2019) as alternative hor-
mones. Currently, the soaking method using coco-
nut water media is still the main approach in the
masculinization process, although there are not many
studies that discuss the use of coconut water added
to feed as a medium for inducing masculinization in
fish feed.

17a-methyltestosterone is often used to induce
masculinization as in the studies of (Ayuningtyas et
al., 2015), (Takahashi, 1975) and (Zairin, 2002). While
this method is highly effective, several limitations
and risks need to be addressed. One of the primary
risks associated with synthetic hormone use is the
presence of hormone residues in fish and aquatic
environments. These residues can contaminate sur-
rounding ecosystems, affect non-target organisms,
and potentially cause endocrine disruption in humans
consuming. Additionally, hormone residues in aquac-
ulture products can reduce consumer trust in food
safety. In several countries, the use of synthetic hor-
mones in fish farming is strictly regulated or prohib-
ited for these reasons. In addition, the price is also
relatively higher. Other limitations of hormonal mas-
culinization methods include health risks to the fish,
such as organ damage, hormonal imbalances, and re-
duced fertility in masculinized male fish. From an
environmental perspective, excessive hormone us-
age can negatively impact microorganisms, wild or-
ganisms, and aquatic ecosystems. (KKP, 2014; Phelps
& Popma, 2000; Sudrajat & Sarida, 2006 Sulystyaningsih
et al., 2022). With the growing awareness of food
safety and environmental sustainability, the develop-
ment of environmentally friendly and consumer-safe
masculinization methods has become an urgent need
to support the sustainability of aquaculture.

In contrast to the use of these hormones, coco-
nut water has been identified as a natural element
with high potential to e masculinization (Angga et
al., 2013; Arnu, 2020; Cahyani et al., 2021; Dwinanti
etal., 2018; Malik et al., 2019; Masprawidinatra et al.,
2015; Puspitha et al., 2023; Sulystyaningsih et al.,
2022). The challenge in using coconut water as a
masculinization medium is that its quality can de-
crease when mixed with air after the fruit opened,
SO it is necessary to pay attention to the right stor-
age method. Sterilization method can extend the shelf
life of coconut water, based on increasing the dura-
bility of food products by removing microbial con-
tamination (Falguera et al.,, 2011; Hermana, 1991, Jaya,
2015; Kailaku et al., 2016; Nakano et al., 2011,
Suharyono et al., 2009).

Currently, the soaking method using coconut wa-
ter as a medium remains the primary approach in the
masculinization process, compared to the feed-based
method. However, it is expected that the feed-based
method in this study can improve the percentage of
males and achieve high survival rates in guppy fish.
This study aims to determine the optimal dose of
coconut water and identify the appropriate steriliza-
tion method.

MATERIALS AND METHODS

This research has two stages, the first research is
to determine the dosage and the second research is
to determine the optimal coconut water sterilization
method in extending its shelf life. Both researches
were conducted from November 2022 to March 2023
at the Hatchery Laboratory, Fisheries Business Ex-
perts Polytechnic of Jakarta, Indonesia. Materials used
included: guppies (male and female), coconut water,
dry feed (Artemia nauplii), and distilled water. This
study used a completely randomized design with 4
treatments and 4 replicates for each treatment.

Fish Broodstock Provision

The guppy species used as broodstock in this re-
search is Poecilia reticulata, old fashion mozaic
roundtail strains (body length 4 cm, body weight 1 g)
and obtained from an ornamental fish market in the
Jakarta. The guppy gonad maturation process was
carried out by putting the broodstock into the
aquarium separately (male and female), then trans-
ferred into 16 aquariums measuring 40 x 30 x 15 cm
(capacity of 18 liters / aquarium) containing 1 male
and 2 females for further observation of the spawn-
ing process after gonad maturity.

Broodstock Spawning

The spawning process is characterized by males
actively approaching females. Successful spawning is
marked by the appearance of abdominal enlargement
and black color on the urogenital part of the female.
Based on previous research conducted, guppies mate
within 4 days (Nurlina & Zulfikar, 2016) which is the
basis for the mating period in this study. Next, the
male is removed from the aquarium and put into a
separate aquarium, while the female is observed, start-
ing when the abdomen enlarges and the
urogenital area is black.

Coconut Water

Coconut water used came from Cocos rubescens
which was then added to the dry Artemia nauplii as
feed by spraying it according to the specified treat-
ment dose. The feed containing coconut water was
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given for the first time to the female guppy when the
female’s abdomen looked large and the urogenital area
was black for 14 days using the adlibitum method.
The sterilization process of coconut water was car-
ried out after the best dose was obtained (stage-II of
the research).

Masculinization Method

First Research: Masculinization using
unsterilized coconut water

In this first stage, the objective to be achieved is
to determine the optimal dose of coconut water in
feed, before sterilization to extend the shelf life. The
dosage used refers to the research conducted by
(Sektiana et al., 2023). The first phase of the research
was conducted from November 2022 to January 2023
at the Hatchery Laboratory, Fisheries Business Ex-
perts Polytechnic of Jakarta, Indonesia. A completely
randomized design with 4 treatments and 4 replica-
tions for each treatment was applied (Table 1).

Second Research: Masculinization using
sterilized coconut water

The second research after finding the optimal
coconut water dosage by feeding is to determine the
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appropriate sterilization method to extend the shelf
life of coconut water. The perishable characteristics
of coconut water after opening from the fruit are
caused by the oxidation process and microbial activ-
ity, therefore it is necessary to sterilize it so that
microbial contamination cannot damage the coconut
water used. Sterilization of coconut water for use in
fish masculinization has not been previously con-
ducted. This research was conducted from January
to March 2023 at Fisheries Business Experts Poly-
technic of Jakarta, using completely randomized de-
sign with 4 treatments and 4 replications (Table 2).

Measurement of Potassium Content in
Coconut Water

Fresh coconut water (without sterilization) and
coconut water with three sterilization procedures
(using UV light, Autoclave, and Ozone) were measured
for potassium content at the Spice and Medicinal Plant
Research Institute (Balittro) in Bogor, West Java. Po-
tassium plays a role in sex hormone changes in gup-
pies. Coconuts used as a source of coconut water in
this research were obtained from Serang - Banten.
Coconut water samples, both sterilized and
unsterilized, were put into 250 ml bottles and then
tested for potassium levels.

Table 1. Research design of dosage of coconut water addition to dry feed

Dose of Coconut Water

Repeat Count D1 D2 D3 D4
(0.06 ml/g feed) (0.09 ml/g feed) (0.12 ml/g feed) (0.15 ml/g feed)
1 D1, D2, D3 D4,
2 D1, D2, D3, D4,
3 D13 D23 D33 D43
4 D1, D24 D34 D4,
Table 2. Research design of coconut water sterilization method
Sterilization Methods
Repeat Count  Coconut Water (D) S1 S2 S3 S4
(No Sterilization) (UV Light) (Autoclave) (Ozone)
1 DS1; DS2, DS3; DS4,
2 . DS1, DS2, DS3; DS4,
3 Optimal Dosage DS1s DS2 DS3; DS4s
4 DS1,4 DS2, DS3,4 DS4,4

Observation of male guppies

Sex observations were made morphologically and
histologically with hematoxylin-eosin staining. Obser-
vations of male guppies were carried out morpho-
logically by looking at the presence of gonopodium
in the urogenital region (Sarida et al., 2011) and con-
firmed by histological procedures using hematoxy-
lin-eosin staining through a microscope (Sary &
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Zainuddin, 2017). Histological procedures begin with
tissue fixation, selection, washing, block making, slic-
ing, and staining (Astuti et al.,, 2019; Sulistyorinie et
al., 2020). Because hematoxylin is alkaline and attached
to the male gonads, it can be distinguished when
making histological preparations based on the pur-
plish-blue color. Meanwhile, eosin turns pink because
it is connected to the female gonads and is acidic
(Dikna, 2022). Male percentage was calculated using
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the formula (Zairin, 2002) as follows:

Number of Male Fish
Male Percentage (%) = Total Fish Stocking X 100

Survival Rate

Guppy larvae were reared for 45 days after hatch-
ing (Dwinanti et al., 2018; Priyono, 2013). Feeding of
guppy larvae was done 3 times a day using the
adlibitum method. During rearing, 20% of the total
water volume was replaced every 2-3 days, while
water quality (pH, temperature, and dissolved oxy-
gen) was measured every morning and evening. The
percentage of survival rate was calculated using the
formula from (Malik et al., 2019) as follows:

Number of fish at the end of rearing
Number of fish at the beginning of rearing 4

Survival rate (%)=

Total Plate Count of Bacterial

Total plate count testing was conducted to deter-
mine the number of bacterial colonies in coconut
water before and after UV sterilization, autoclave ster-
ilization, and ozone sterilization. The total plate count
testing was conducted at the Department of Food
Science and Technology Laboratory, Bogor Agricul-
tural University - West Java

Statistical Analysis

Data on coconut water potassium value, sex per-
centage and survival rate were analyzed using ANOVA
to determine significant differences (P<<0.05) be-
tween treatments, followed by Tukey’s multiple com-
parison test to determine differences between treat-
ments. Maximum dose prediction was calculated us-
ing polynomial regression in Microsoft Excel.

RESULTS AND DISCUSSION

First Research: Masculinization using
unsterilized coconut water

Potassium value of coconut water

The results of this research showed the potas-
sium content of coconut water ranged from 1,300
mg/l to 2,300 mg/l with an average of 1,833 mg/l (Table
3). The potassium content of young coconut water

Table 3. Potassium of Cocos rubescens

Potassium
(mglL)

Type of
Coconut
Water

Repeat
Count

1 1,300
2 2,300
3 1,900

Cocos
rubescens

obtained in this study is consistent with the findings
of Muchlisin (2016), Ibrahim (2020) and Kailaku et al.
(2015), which range from 772.40 to 1,700 mg/L. The
use of young coconut water refers to the fact that
young coconut water contains a higher concentra-
tion of potassium compared to other inorganic ions.
Older coconuts, on the other hand, have a lower po-
tassium content (Bhagya et al., 2012; Dwinanti et al.,
2018; Hikmawandari et al., 2019; Kamala Devi &
Velayutham, 1978; Yong et al., 2009). Potassium is
the most abundant mineral in coconut water, depend-
ing and age and type (Rana et al., 2018; Rethinam,
2006).

Coconut water, through its potassium content,
influences the masculinization of guppy fish. Potas-
sium in coconut water converts cholesterol in all lar-
val tissues into pregnenolone. Pregnenolone then
transforms estrogen into progesterone, playing a role
in the formation of testosterone, leading to the de-
velopment of male fish (Ganong, 1983; Islama et al.,
2017; Martin, 1979; Yamazaki, 1983). Behind all the
advantages and benefits of coconut water, there is a
crucial drawback, namely the short shelf life of coco-
nut water after the coconut is opened (Az-zahra et
al., 2019). Sterilization of coconut water and proper
storage (Sari & Hadiyanto, 2013) are among several
solutions that have the potential to extend the shelf
life of coconut water. Phase 2 of this research pro-
vides an explanation of the different methods used
to sterilize coconut water.

Sex observation of guppies

Morphologically, male guppies have more varied
colors than females (Figure 1la-b). The difference be-
tween male and female fish can be seen from the
presence of gonopodium in the urogenital of male
fish which is not found in females (Sarida et al., 2011,
Sulistyo et al., 2021). Figures 1 ¢ and show histologi-
cal differences using hematoxylin-eosin staining which
shows male gonads with a purplish blue color, while
female gonads are pink. Another difference is that
the gonads in male guppies produce sperm, while
females form eggs (Zairin, 2002). Sex identification
through morphological observations in this research
gave results that were in accordance with the results
of hemactosylin-eosin histology staining.

Percentage of Male Guppies

The results of statistical analysis showed that there
was a significant difference in the percentage of male
guppies between treatment 4, which was the addi-
tion of 0.15 ml coconut water to the feed with treat-
ment 2 (0.09 ml/g feed) and treatment 1 (0.06 ml/g
feed). While there was no significant difference in
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Figure 1.
histological staining (c & d) at 52 days.

Sex differences based on visual morphology in guppies (a & b) at 45 days and by hematoxylin-eosin

Notes: [a] Male[b] Female[c] Male[d] Female

treatment 3 (0.12 ml/g feed) to other treatments
(Table 4). Based on the analysis, it can be said that
different doses of coconut water have a significant
effect on the percentage of male guppies, according
to the results by (Malik et al., 2019) which showed a
higher concentration of coconut water can increase
the percentage of male guppies. Masculinization in-
fluenced by several factors including sex differentia-
tion, fish species, hormone type and dosage, treat-
ment duration, starting time, and water temperature.
The establishment of sex differentiation that has not
yet occurred is strongly influence the succes of mas-
culinization. In guppies, sex differentiation occurs at
eight days before birth during embryonic develop-
ment and 12 days after birth at the larval stage (Hunter
& Donaldson, 1983; Piferrer, 2001; Priyono, 2013;
Strissmann et al., 2005; Yamamoto, 1969).

Table 4. Percentage of Male Guppies with different
doses of coconut water

No Dose of Coconut Percentage of Male

Water (ml/g feed) Guppies (%)
1 0.06 65.75 + 2.75°
2 0.09 66.50 + 2.38°
3 0.12 70.25 = 2.06%
4 0.15 7175+ 1.70°

Furthermore, a polynomial regression equation
was created to ascertain the optimal dose of coco-
nut water addition to the feed in the
masculinization.The regression analysis shows that
the average dose of coconut water affects 94% of male
guppies, while 6% of male guppies can be influenced
by variables not studied in this research. Based on
the third-order polynomial curve, the optimal dose
of coconut water added to fish feed for broodstock
was 0.15 ml/g feed, which resulted in a male sex ratio
of 71.75%, 6% higher than the control treatment which
only yielded 65.75%. This first stage research found a
higher proportion of male guppies than previous stud-

ies, which used a control treatment without coconut
water (Dwinanti et al., 2018; Malik et al., 2019;
Perdana et al., 2022; Sektiana et al., 2023; Sulistyo et
al., 2021).

Survival Rate

The statistical analysis based on Table 5 below
shows that there is no significant difference in the
percentage survival of guppies among the different
treatments. This indicate that masculinization through
addition of coconut water on dry feed at different
doses does not pose a risk to guppies. In some pre-
vious studies, the masculinization process in organ-
isms through immersion can cause high mortality
rates (Findayani & Dina, 2022; Malik et al., 2019;
Novitasari et al., 2022; Priyono, 2013). This may be
due to improper dosing in addition to other factors.

Table 5. Percentage of Guppies Survival with differ-
ent doses of coconut water

No Dose of Coconut
Water (ml/g feed)

Percentage of
Guppies Survival (%)

1 0.06 89.25 +5.31°
2 0.09 90.00 + 2.16°
3 0.12 88.25 + 2.06°
4 0.15 89.25 + 3.86°

Water Quality

The results of research on water quality (Table 6)
show that the values obtained are still within the
tolerance limits to support the survival of guppies.
Water quality needs to be maintained so that it is in
accordance with the needs of fish which is useful for
promoting growth during maintenance. Temperature
plays an important role in growth (Devlin & Nagahama,
2002; Novitasari et al., 2022); appetite, reproduction,
and food digestion processes (Cahyani et al., 2021,
Nakamura et al., 1998; Novitasari et al., 2022). Oxy-
gen is closely related to temperature (Novitasari et
al., 2022; Priyono, 2013). As water temperature in-
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creases, dissolved oxygen levels decrease, and vice
versa (Arnu, 2020). A pH of 4 (acidic/low) or a pH of

11 (alkaline/high) can cause fish mortality (Siregar et
al., 2018).

Table 6. Water quality with different doses of coconut water

Parameter Value

Tolerance Range

27.00x1
6.6 +0.14
43-4.6+0.32

Temperature (°C)
pH
Dissolved Oxygen (mg/L)

18 — 28 (Pethiyagoda et al., 2021)

5 — 9 (Pethiyagoda et al., 2021)

0.83 — 4.84 (Pethiyagoda et al., 2021)

Second Research: Masculinization using
sterilized coconut water

Potassium Value of Coconut Water

This follow-up study aims to determine the po-
tassium content in coconut water after sterilization
by several methods. Result of potassium value in
coconut water with different sterilization methods
can be seen in Table 7 below.

Table 7. Potassium of Cocos rubescens with differ-
ent sterilization methods

No Sterizilation
Procedure
1 Without Sterilization
2 UV Light
3

Potassium
Value(mg/L)
3,400 = 0.00°
1,100 + 100.002

Autoclave 1,566 + 450.92°
4 Ozone 1,266 + 503.322

Notes: letters a and b indicate significant differences in each
treatment result

Statistical analysis showed a significant higher in
the potassium content in unsterilized coconut water
compared to those sterilized using various methods
(UV light, autoclaving, and ozone). Sterilization us-

ing autoclaving had the highest potassium content at
1,566 + 450.92 among other sterilization methods
(UV, autoclave, and ozon), significantly different from
control (without sterilization at 3,400 = 0.00), and
had no different significant level with UV light (1,100
=+ 100.00) or ozone (1,266 + 503.32) method. Based
on the analysis, there was a decrease in potassium
content in coconut water after sterilization. How-
ever, literature references on sterilized coconut wa-
ter are still limited, so additional research is needed
to understand the reasons for the decrease in potas-
sium after sterilization.

Guppy Sex Observation

As in the first study, there were differences both
on morphologically and through histological staining
in male and female guppies. Figure 2 below shows
the results of guppy observations through morpho-
logical approaches and histological staining after
autoklaving on coconut water. Male guppies have
more varied colors than females (Figure 2a-b) and have
purplish blue color based on histological staining us-
ing hematoxylin-eosin, while the female gonads are
pink (Figure 2c-d).

ATTR

at 45 days of and by hematoxylin-

LE 1] B E
gy in guppies (a & b)
eosin histological staining (c & d) at 59 days.
Notes: [a] Male[b] Female[c] Male[d] Female

Percentage of Male Guppies

Unsterillized coconut water had a significant ef-
fect on the results of sterilization using UV light,
autoclave and ozone. Based on various sterilization
methods, autoclaving (S3) showed significant differ-
ences from UV (S2) and ozone (S4). The results showed

194

that different sterilization techniques on coconut
water resulted in a decrease in potassium value and
proportion of male guppies. The percentage of male
fish obtained from coconut water without steriliza-
tion had the highest amount of 70.00 % 1.41¢, which
successively decreased in treatments with steriliza-
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tion methods, namely 62.00 & 1.15°% (S2), 67.00 =
0.81° (S3), and 64.00 = 1.412(S4). Different coconut
water sterilization methods have a significant effect
on the percentage of male guppies compared to those
that do not use coconut water (Dwinanti et al., 2018;
Malik et al., 2019; Perdana et al., 2022; Sulistyo et al.,
2021). The sterilization method using autoclaving is
proven to be able to extend the shelf life of coconut
water and is the most appropriate method in increas-
ing the percentage of guppies by 67%, the highest
compared to other sterilization methods.

Table 8. Percentage of Male Guppies with different
coconut water sterilizations

No Sterilizations Percentage of Male
Procedure Guppies (%)
1 Without Sterilization 70.00 + 1.41°
2 UV Light 62.00 + 1.15°
3 Autoclave 67.00 + 0.81°
4 Ozone 64.00 = 1.41°

The decrease in the percentage of male guppies
after coconut water was sterilized using different
sterilization methods is suspected to be due to a
reduction in potassium levels (Table 7). The decrease
in potassium levels during sterilization using auto-
clave can be attributed to the effects of heat and water
vapor pressure (Anggari, 2008), while the intensity
of exposure to excess UV light and the length of ex-
posure time can reduce potassium levels during ster-
ilization (Triastarani, 2021), and the presence of un-
stable, highly reactive and easily decomposed com-
pounds can cause a decrease in potassium levels with
ozone sterilization (Rizga, 2009). It is recommended
to check the addition of external potassium sources,

Water Quality

The results of water quality measurements as
shown in Table 10 are still within the tolerance limits
to support the survival of guppies. The suitability of
water quality to the needs of fish needs to be main-
tained to promote growth during rearing.

Temperature has a significant impact on impor-
tant fish activities such as respiration, growth, re-
production, and metabolism. Temperature can affect
oxygen levels which are also important in the growth
process (Cahyani et al., 2021; Devlin & Nagahama,
2002; Nakamura et al., 1998; Novitasari et al., 2022;
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such as potassium hydroxide and potassium chloride,
which can offset the reduction of potassium.

Survival Rate

There was no significant difference in the per-
centage survival of guppies with different methods
of coconut water sterilization. These results indicate
that masculinization through the addition of sterillized
coconut water does not pose a risk to individuals, as
well as the addition of different doses. Fish survival
can be influenced by several factors such as feed and
water quality. Good quality and quantity of feed, sup-
ported by environmental conditions, can increase fish
survival (Renita, 2017). Feed plays an important role
and is a crucial factor during larval rearing, namely
the transition from a phase dependent on endogenous
feeding to a phase of exogenous feeding
(Taufiqurahman et al., 2017). In addition to feed, tem-
perature factors in water quality affect the structure
and function of proteins and other macromolecules
in the fish body, affecting growth when it enters in
turn (Devlin & Nagahama, 2002).

Table 9. Percentage of Guppies Survival with differ-
ent coconut water sterilizations
No Sterilizations Percentage of
Procedure Guppies Survival (%)
1  Without Sterilization 92.25 + 2.50°
2 UV Light 91.50 + 1.29°
3 Autoclave 90.75 + 2.21°
4 Ozone 91.75 + 2.21*

Notes: letters a and b indicate significant differences in each
treatment result

Priyono, 2013). (Soelistyowati et al., 2007) empha-
sized that fish need oxygen for their environmental
needs and consumptive needs, which depend on
metabolic conditions. Meanwhile, water that is too
acidic (low pH) or alkaline (high pH) can cause fish
death (Siregar et al., 2018).

Number of Bacterial Colonies in Sterilized
Coconut Water

Coconut water samples tested by total plate count
(TPC) method were equal to the number of samples
in the guppy broodstock, which were put into each
sample bottle for each feeding. The results of TPC

Table 10. Water quality with different coconut water sterilizations

Parameter Value Tolerance Range
Temperature (°C) 27.00x1 18 — 28 (Pethiyagoda et al., 2021)
pH 6.6 +0.14 5 — 9 (Pethiyagoda et al., 2021)
Dissolved Oxygen (mg/L) 43-46+0.32 0.83-4.84 (Pethiyagoda et al., 2021)
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tests taken for several types of sterilized coconut
water can be seen in Tables 11 and 12.

Sterilization with proper storage methods can
extend the shelf life of coconut water. Sterilized co-
conut water (using UV light, autoclaving and ozone)
stored in tightly closed sample bottles at -1°C or -
4°C without being opened daily, will remain fresh for
up to 20 days. If the coconut water sample bottle is
opened once a day for six days (table 6), it will only
last for less than three days. Sterilization is neces-
sary to maintain the quality and nutritional content

when stored for a long time. Coconut water cannot
be stored for a long period of time because of the
rapid deterioration of quality after being extracted
from the coconut without sterilization (Az-zahra et
al., 2019; Tranggono & Sutardi, 1990). Storage at low
temperatures can inhibit the growth of microorgan-
isms, which is also closely related to pH conditions
(Susanty & Yudistirani, 2019). The combination of low
temperature and pH can extend shelf life because it
inhibits the proliferation of microorganisms (Az-zahra
et al., 2019; Karlida & Musfiroh, 2017; Langkong et
al., 2018).

Table 11. TPC results comparison of coconut water sterilization on days 10 and 20

Bottle of unopened coconut water

TPC testing (colonies/g)

sample

Day 10

Day 20

UV Light (Freezers)

< 1.0 x 10* (3.5 x 10°)

5.8 x 10*

UV Light (Refrigerator)

2.0x 10’

1.4 x 108

UV Light (Room Temperature)

5.2 x 107

2.7 x 108

Autoclaves (Freezers)

<1.0x10°

<1.0x10°

Autoclave (Refrigerator)

<1.0x 10* (2.0 x 109

7.2 x 102

Autoclave (Room Temperature)

3.4x10’

1.8 x 107

Ozone (Freezers)

7.5 x10?

5.0 x 102

Ozone (Refrigerator)

1.1x108

3.2x10’

Ozone (Room Temperature)

1.6 x 108

1.5 x 108

Source: the Department of Food Science and Technology Laboratory, Bogor Agricultural University - West Java

Table 12. TPC results of coconut water sterilization on days 3 and 6

Treatment of coconut water sample

TPC Testing (c/g)

bottles opened every day

Day 3

Day 6

UV Light (Freezers)

1.3 x 10*

1.8 x 10°

UV Light (Refrigerator)

2.0x10°

TBUD

UV Light (Room Temperature)

2.5x108

TBUD

Autoclaves (Freezers)

4.4x10°

5.2x10°

Autoclave (Refrigerator)

1.5x10*

2.1x10°

Autoclave (Room Temperature)

1.6 x 107

TBUD

Ozone (Freezers)

6.6 x 10°

TBUD

Ozone (Refrigerator)

1.6 x 107

7.8 x 10

Ozone (Room Temperature)

1.7 x 108

1.8 x 10°

Source: the Department of Food Science and Technology Laboratory, Bogor Agricultural University - West Java

At the commercial level, packaging can be designed
for single-use, with optimized sizes meeting specific
requirements, resulting in increased efficiency. Pack-
aged sterile coconut water can be maintained by stor-
ing it in a freezer. The maximum number of bacterial
colonies in bottled coconut water is 1.0 x 102 colo-
nies/ml (SNI, 1996). The maximum number of bacte-
rial colonies found in isotonic drinks is 2.0 x 102 colo-
nies/ml (SNI, 1998). While the maximum concentra-
tion of bacterial colonies in bottled drinking water is
1,0 x 10 colonies/ml (SNI, 2009). Based on the thresh-
old datas of the number of bacterial colonies in the
packaging, the total plate number required in rela-
tion to the masculinization process of fish, including
guppies, has not been known and identified.

The results of the total plate count test indicate
that adding coconut water to the feeds is an effec-
tive method on a commercial scale. In addition, it
was found that sterilized coconut water can last up
to 20 days if stored in a freezer at -1°C to -4°C, fur-
ther strengthening this conclusion. Therefore, for
commercial purposes, the packaging can be custom-
ized to cater for single-use. This allows packaged ster-
ilized coconut water to be mass-produced as it can
be stored for up to 20 days.

The limitations of this study include storage du-
ration, the need for specialized packaging, depen-
dence on refrigeration facilities, effects on mass pro-
duction scale, and the lack of sufficient data on the
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long-term effects of adding sterilized coconut water
to feed on fish health and environmental impacts on
a larger scale. Therefore, although this method shows
promise, further development is needed to address
logistical limitations, packaging requirements, and
cost efficiency.

CONCLUSION

Different doses of coconut water added to the
feed had a significant impact on the male guppies
percentage. The optimal dose of 0.15 ml/g feed was
able to produce 71.75% male fish. At this dose after
sterilization with various methods, there was sig-
nificant lower male percentage compared to
unsterilized treatment, which means that it is not
appropriate to use it for masculinization in guppy.
Suggestions for further research related to this study
include a deeper investigation into the effectiveness
of different sterilization methods for coconut water
in maintaining the potassium content required for
guppy masculinization. Future studies could focus on
testing a wider range of coconut water doses, in-
cluding those both below and above the optimal dose
of 0.15 ml/g of feed, as well as examining the effects
of storage methods and storage duration on the ef-
fectiveness of sterilized coconut water. Additionally,
long-term research on the impact of adding steril-
ized coconut water to guppy health and its environ-
mental effects should be conducted to better under-
stand the implications for commercial-scale use.
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