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The freshwater crayfish, red claw Cherax quadricarinatus is commercially cultured in many
tropical countries. Males of this species have larger harvest size than females, so it is
proposed to culture of all-male population for increasing yields. However this practice has
hindrance, since it is difficult to provide monosex seed in high quantity.To overcome this
problem, it is important to undergo a monosex (single gender) cultivation. Although sex of C.
quadricarinatus is determined by genetics, sex reversal from females to males can be
triggered by using steroid hormone at their early juvenile stage. The research was conducted
to evaluate the effectiveness of sea cucumber's steroid extract for sex reversal from females
to males in juvenile crayfish. The research was designed using factorial complete random
design. Two different techniques  in giving the steroid hormone, which are by immersion and
oral. Two groups of 1-2 weeks old juvenile of C. quadricarinatus were immersed in water
containing various doses of  sea cucumber's steroid extract 2 and 4 mg/L respectively, and
the other two groups were administered diet containing either extract of sea cucumber or
17α-methyltestoterone (MT) in dose of 50 mg/kg diets. Sex ratio, survival and growth rate
were observed at the end of 50 days juveniles rearing in aquaria.  Sex differentiation was
determined by visual observation. Data was analyzed by Anova and LSD tests. The results
showed that  administration of steroid extract of seacucumber was significantly increased the
male ratio of crayfish.  Treatment dose of  2 mg/L during 18 h immersion was effective to
increase male sex percentage from 31.03% (control) to 79.86%. On the other hand, 50
mg/kg of steroid extract of sea cucumber in the diet was more effective to increase the male
percentage up to 75,16% than MT. Growth rate of juvenile crayfish, included total length,
daily weight gain and biomass, were also significantly improved, while survival rate was
insignificant. Thus, the administration steroid extract of seacucumber by both immersion and
oral are effective to increase male sex percentage of juvenile crayfish.
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Introduction

Red claw freshwater crayfish (Cheraxquadricarinatus) is a fishery commodity originating

from Queensland, Australia and has been introduced to Indonesia since 1991 (Lawrence and

Jones 2002 and Edgerton 2005). Crayfish culture business is increasingly favored by farmers

because it has a good adaptability to the environment, so it has the potential to be cultivated

throughout the year. However, in the enlargement process there are obstacles because the

male lobster weighs more heavily than the females after 7-8 months of maintenance (Curtis

and Jones, 1995).

As the development of aquaculture one way to increase production is through the

cultivation of monosexual sex by directing sex reversal (genital reversal). This engineering

technique is widely used in the process of masculinization of fish and some animal

crustacean members, such as giant prawns, crabs and freshwater crayfish. Sex reversal is a

way of reversing the direction of genital development of animals that should be directed male

to female or vice versa. This technique is performed in a labile period before the gonads

differentiate and are still sensitive to hormone treatment (Triajie, 2010). Sex reversal only

alters phenotype rather than its genotype (Wichins and Lee, 2002). Sex reversal can be done

through natural or synthetic hormones, in the form of hormones androgen or estrogen that is

not harmful to biota cultivation and consumers, and given according to the desired sex. In

fact the steroid hormone widely used in genital reversals is 17α methyltestosterone.  The use

of this synthetic hormone has a very high rate of 96-100%, but it causes residues that are

potentially bad for human health, environment and cultivation organisms (Zairin, 2003), so

research needs to be done to obtain a natural steroid source that is safe for humans and

environmentally friendly. One way to take advantage of natural hormones extracted from the

innards of sea cucumbers (Holothuriascabra). Lieberman-Burchard test results and bioassay

using chicks showed that the extract of sea cucumber proved to contain steroids. The largest

yield obtained from 1 kg of wet viscera (21.28 g of crude extract) contains steroid 6,124 μg /

kg testosterone (Riani et al., 2005). According to Kustiariyah (2006) extract of sea cucumber

containing testosterone which can be used for genital reversal in fishery commodities, such

as giant prawns (Kusmini et al., 2001; Sarida, 2008; Triajie, 2008; Riani et al., 2010), gapi

fish Arfah et al., 2005a, b; Riani et al, 2008), where males are more valuable than females.

In addition to the steroid hormone from innards of sea cucumber and 17α metiltestosterone,

the process of sex gestation can be triggered through environmental temperature

manipulation. Temperature affects the rate of chemical reactions in the body, including the

rate of metabolism (El-Fotoh et al., 2014). Increased temperature can speed up the

metabolism process so that the lobster appetite also increases. This certainly can help the

absorption of steroid hormones contained in the feed so as not damaged and effective entry
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into the body. Optimal water temperature will affect the various mechanisms in the body,

especially during the period of sexual differentiation is very sensitive to hormonal stimulation

and temperature. Conversely, the temperature is too low to cause gonadal sensitivity in the

formation of genitals to be slow.

In tilapia the temperature 28 ° C causes male formation of 52,33%, while at 36 ° C able

to produce tilapia till 81% (El-Fotoh et al., 2014). In catfish channel fish the influence of

temperature 29-30 º C can give effect of forming males equal to 69,5% (Patino et al., 1996).

Some of the results of this study indicate that the temperature also affects the process of

reversal sex (sex reversal). Therefore, a combination of steroid hormone extracts of sand

cucumber and 17α metiltestosterone with different temperature variations on genital variation

in juvenile freshwater lobster should be conducted. This research is expected to answer the

problem in freshwater crayfish cultivation, especially in the effort to increase production

through monosexual cultivation.

Materials and Methods

Animals
Juvenile crayfish (Cherax quadricarinatus) were hatched at the aquatic biology research

laboratory, Department of Biology, University of Lampung. Juvenile crayfish at an average

age of 3-4weeks and a weight of 0.02-0.2 g were then moved in glass aquaria of 60 x 40 x

30 cm containing 20 l of dechlorinated tap water (pH 6.8-7.4), under continuous aeration,

temperature of 26–27_C and 12:12 light:darkness photoperiod. They were fed daily ad

libitum on  pellet. During nursery rearing, juveniles were observed weekly understereoscopic

microscope to determine sex, using the presence/absence of the genital open ings at the

basis of the third (females), fifth (males) or both (intersex) pair of walking legs. When the

juveniles could be sexed, 20 early juveniles were selected and randomly assigned to each of

the following experimental group

Morphological observations
The following morphological variables were recorded at the time of harvest (age 2 months)

for each male individual (n = 20, for random control samples of males/females (n = 10 of

each sex) from the same population, and for the 2-month-old individuals: body weight (+/- 0.1

g), carapace length, total body length (+/- 0.1 mm). Along with the sexual differentiation in

juvenile C. quadricarinatus, changes in the morphology of the pleopod was observed

carefully.



4

Animal Maintenance Test and Treatment:
Juvenile freshwater crayfish used ± 1-2 weeks or 2-2.5 cm long body length of ± 300

heads from Gemma Farm cultivators in Klaten, Central Java. Juvenile lobsters

morphologically have perfect organs, in good health and taken from a well-selected parent.

Before putting in the container, juvenile lobster is first weighed to determine the initial weight,

and then acclimated in the laboratory for 2-3 days before being kept in a tub or aquarium.

The feed used is the sinking pellet type from Gemma Farm with 40% protein

composition, 12% water, 6% fat and 3% fiber. The hormone used is a type of natural steroids

from extracts of sea cucumber innards which extraction process is done in the laboratory of

Organic Chemistry, University of Lampung. While the synthetic hormone used type 17α

metiltestosteron from Biotech Argo-lab (Sidoarjo). The dose of hormone used is 50 mg / kg of

feed.

Pellet feed plus steroid hormone by weighing the hormone extract sea cucumber sand

and hormone 17α metiltestosteron each 50 mg. Furthermore, the hormone dissolved in 250

ml of 70% alcohol, put in a sprayer, then sprayed evenly on the feed. After the hormone is

sprayed, the feed is then stirred and dried for 1 day until all alcohol evaporates, then stored

in a closed container. Feed on the controls do not add steroid hormones, treated only with

different temperatures. Hormonal feeding is done for 50 days. Each treatment consisted of

three replications. The amount of feed given is 8-10% of the total weight of juvenile lobster.

Frequency of feeding as much as 2 times a day that is in morning and evening.

Juvenile freshwater crayfish are preserved for 50 days or until their secondary sex

features are clearly visible. The male genital traits are shown in the presence of a bulge at

the base of the fifth stalk (periopod) rod calculated from the foot of the path under the mouth

called pethasma, whereas the female is shown the existence of a round hole located on the

base of the third periopod called thelicum.

To keep the water quality is always optimal for the growth of lobsters, on each container

is given enough aeration. Substitution of water is done as much as 30-50% every 3 days by

means of basic water menyipon or dirt settling, then added water replacement to the volume

of water as before. Water quality parameters measured are temperature, pH, dissolved

oxygen content (DO) and hardness. Observations of temperature, DO and water pH were

performed every 3 days, while the hardness was measured at the end of the study. The

value of water quality range during the study is presented in Table 1.
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Table1. Measurement of water quality in the aquaria

Treatment DO (ppm) Temperature
(° C)

pH Hardness (ppm)

KT. 27 3,0 – 3,9 26 – 27 7,4 - 7,8

83,00
KT. 31 2,9 – 4,4 30 – 31 7,4 - 7,9
ST .27 3,2 – 5,3 26 – 27 7,2 - 7,8
ST .31 3,1 – 4,8 30 – 31 7,4 - 7,9
MT .27 3,2 – 4,5 26 – 27 7,4 - 7,8
MT .31 3,1 – 4,1 30 – 31 7,4 - 7,8

Research Design :

This research was arranged with Factorial Completely Randomized Design Method,

consisting of temperature factor of 2 levels (temperature 27 ° C and 31 ° C) and hormone

factor 2 level (sand cucumber steroid and 17α metiltestosterone) with each control, 6

treatments and each treatment with three replications. The treatments are as follows:

KT.27: control at 27 ° C

KT.31: control at 31 ° C

ST.27: administration of 50 mg / kg sand cucumber steroid at feed temperature ± 27 ° C

ST.31: provision of 50 mg / kg sand cucumber steroid on feed ± 31 ° C temperature

MT.27: administration of 50 mg / kg of 17α methyltestosterone at feed temperature ± 27 ° C

MT.31: administration of 50 mg / kg of 17α methyltestosterone at feed temperature ± 31 ° C

Parameter of Research:

The formation of individual male sex

The percentage of successful formation of male sex can be calculated by the formula:

Number of male lobster

J (%) = x 100% (Zairin, 2003)

Number of lobster samples

Survival
SR = Nt / No x 100% (Effendie, 2004)

SR = lobster survival test (%)
Nt = number of test lobsters at the end of the study
No = number of test lobsters at the beginning of the study

Growth Rate of Daily Weight

The growth rate of daily weight is calculated using the formula:

(Effendie, 2004)t

WoWt
GR
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GR = daily growth rate (g / day)
Wt = average weight of lobster on day t (g)
Wo = average weight of lobster on day 0 (g)
t = maintenance time (day)

Biomass
Δ W = Wt - Wo(Effendie, 2004)

W = biomass (gram)
Wt = biomass at the end of the study (gram)
Wo = Biomass at the beginning of the study (gram)

Feed Conversion Rate

F
FCR =

(Wt + D) - Wo

FCR = feed conversion ratio
F = amount of feed given during maintenance (kg)
Wt = lobster weight at end of maintenance (kg)
D = dead lobster weight during maintenance (kg)
Wo = weight at start of maintenance (kg)

Data Analysis

The research data includes the formation of sex, life, daily growth rate, biomass, and

feed conversion ratio. The data is then processed by the analysis of variance, if there is a

real difference then continued the BNT test (the smallest real difference) using SPSS 19

program.

Results and Discussions
Results

The complete results of the effect of natural steroid hormone extracts of sand cucumber and

synthetic hormone 17α methyltestosterone at different temperatures to male formation in

freshwater juvenile lobsters can be seen in Table 2

Treatment
Percentage of

individuals
male (%)

Survival (%)
Daily growth
rate of weight

(g)
Biomass

Feed Conversion
Ratio

KT 27 42,06 ±8,36a 23,33±10,41a 1,26±0,25a 1,56±1,0a 2,98±0,51a

KT 31 50,07 ±5,51a 80,00±15,00a 0,86±0,09a 6,87±4,90a 3,94±1,83a

ST 27 75,16±6,01b 75,00 ±8,66a 1,53±0,02b 11,10 ±1,33b 3,25 ±0,73a

ST 31 62,5±12,5b 50,00±10,00a 1,45±0,10b 11,02±4,06b 2,15±0,19a

MT 27 73,79±6,18b 56,67±10,41a 1,00±0,20a 6,72±3,44a 3,02±0,20a

MT 31 53,33±5,77b 53,33±5,77a 1,15±0,9a 8,95±3,97a 2,06±0,31a

Different letters in the table indicate a difference between treatments (LSD Test)

Table 2.Percentage of individual males, survival, daily weight rate, biomass, and conversion ratio of
juvenile freshwater lobster feed treated with steroid extracts of sea cucumber sand and 17α
methyltestosterone at different temperatures for 50 days of maintenance
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Percentage of Freshwater Crayfish Males
Based on the result of the analysis of variance to the treatment, the highest percentage

of juvenile males obtained in the treatment of steroid hormone from sea cucumber was 27 °

C (ST.27) of 75.16%, while the lowest percentage of males in temperature control was 27 ° C

(KT.27) by 42.06% (Table 2). The result of analysis of variance with 95% confidence level,

showed that giving steroid hormone and different temperature gave a significant influence (P

<0,05). The results of the analysis prove that giving steroid hormone and different

temperatures give a positive response to increasing the percentage of male freshwater

lobster.

Survival
Based on the analysis of the variance of each treatment, it was found that the highest

survival rate was found in the temperature control treatment 31 ° C (KT.31) of 80.00%, while

the lowest survival rate was in the temperature control treatment 27 ° C (KT.27) amounted to

23.33%. (Table 2). From the results of analysis of variance with 95% confidence level,

showed that giving steroid hormone and different temperature did not give significant effect

(P> 0,05).

♀ Pethasma Thelicum

1 mm 1 mm

Figure 1. Differences in the formation of sex on male LAT (left) and female (right) has a bulge at the
base of the fifth-way foot called pethasma, whereas females there is a round hole at the
base of the 3rd way foot called thelicum.

Daily Growth Rate of Weight
Based on the observation for 50 days, the highest daily weight gain of LAT was obtained at

the treatment of steroid sand cucumber sand at temperature 27 ° C (ST.27) that is equal to

1.53 gr. While the lowest daily weight gain of LAT was found in the control treatment at 31 °

C (KT.31) of 0.86 gr. (Table 2). From the results of analysis of variance with 95% confidence

level, indicating that giving steroid hormone and different temperature give a significant

influence (P <0,05).
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Biomass
Based on observation on the 50th day, the highest LAT biomass value was obtained in the

treatment of steroid sand cucumber sand at temperature 27 ° C (ST.27) of 11,10 gr, while the

lowest LAT biomass value at control treatment at 27 ° C (KT .27) of 1.56 grams. (Table 2).

From the results of analysis of variance with 95% confidence level, indicating that giving

steroid hormone and different temperature give a significant influence (P <0,05).

Feed Conversion
Based on observation on the 50th day the lowest feed conversion value of LAT was obtained

at the treatment of 17α methyltestosterone hormone at 31 ° C (MT.31) of 2.06 gr, while the

highest LAT feed conversion value at the temperature control treatment was 31 ° C (KT .31)

of 3.94 grams (Table 2). From the results of analysis of variance with 95% confidence level,

showed that giving steroid hormone and different temperature did not give significant effect

(P> 0.05).

Discussion
One of the success factors in the reversal of sex toward the males is the presence of

steroid hormones as well as the optimal maintenance environment. In this study the hormone

used there are two types of natural hormones derived from sand cucumber extract and

synthetic hormone 17α metiltestosterone with a dose of 50 mg / kg of feed. This dose

although not 100% effective produces male individuals, but is sufficient to produce the

majority of male individuals in juvenile LAT.

In this study the natural hormone used is steroid extract sea cucumber. Sand sea

cucumber extract is a hormone that provides the effect of masculinity, because it can

increase the amount of testosterone in the body LAT. This is like Triajie (2008) research on

juvenile males of prawns, where the highest yield of testosterone hemolymph is found at a

dose of 25 mg / l of sand cucumber steroid extract.

Another androgen hormone used in this study was 17α metiltestosterone and gave the

male percentage of 73.79%, lower than the use of sand cucumber steroids. These results

are different from those of Carman et al. (2008) with 17α metiltestosterone dose 50 mg / kg

resulting in a smaller percentage of males of 59.96% in the same animal. Different also with

research Kusmini et al. (2001) in 20-day prawn larvae with 17α methyltetosterone at 35 mg /

kg dose feed for 30 days resulting in 80.91% males.

According to Zairin (2004), doses of hormones that are too low, causing the process of

sex reversal lasted less perfect. While the dose is too high, there is a tendency the fish will

become sterile. Therefore, appropriate dose conformity is required. In this study, a dose of

the hormone 50 mg / kg of feed, simply provide a high percentage of males when compared
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with controls. The administration of steroid hormones in small amounts given to individuals

who have not developed gonads yet, will directly affect the hypothlamus regularly during the

critical stages of gonadal development and character formation of males. Suspected

testosterone affects neurons through the preoptic hypothalamus section with synapses

secreted in gonadotropin releasing factor (Kusmini, 2001).

The natural hormone of sea cucumber steroids is capable of giving higher percentage of

males when compared with the use of hormone synthesis 17αmetiltetosteron. This can

answer the problem in the cultivation, which is the hormone synthesis, residual properties

that have a negative impact on human health. Cucumber steroid hormone can be an

alternative to replace the hormone synthesis 17αMetiltetosteron.

In addition to hormonal influences, the right environmental temperature can affect the

process of forming individual males in LAT. LAT is a poikiloterm animal whose body

temperature rises and falls according to ambient temperature (Brotowidjoyo et al, 1995),

therefore all physiological processes of LAT are influenced by ambient temperature (Efendi,

2003). Water temperature affects the behavioral response, metabolic and reproductive

processes (Efendi, 2003).

In this study in addition to the use of hormones are also given different temperature

treatment that is 27 ° C and 31 ° C. At ST treatment 27 were given steroid carcass of sand

cucumber at 27 ° C and MT.27 was given 17α methyltetosterone at 27 ° C giving male

percentage 75,16% and 73,79% respectively. This result is similar to that of Arfah et al.

(2005) at a temperature of 27 º C which resulted in the highest percentage of male gappy

male sex of 92.7%. In the process of sex reversal, environmental factors are made in such a

way that it can affect the transcription and transcription of sex determinant determinants

(Sucipto et al., 2004). By making the environment predominant or saturated androgen

hormones, the hormonal balance will be disrupted, so the phenotypic sex determination will

further lead to the formation of a male individual.

In (Table 2) it is known that the presence of steroid hormones in feed and different

temperatures causes the percentage of survival of LAT increasing. From the results of the

mean of survival proves the existence of steroid hormone in the diet and the different

temperatures have a positive effect on increasing the percentage of survival LAT, although

not significant. The treatment of steroid hormone sea cucumber sand and different

temperature can give the value of survival equal to 62,5% higher if compared to control

which only equal to 51,67%. According to Ridzwan et al. (2003) sea cucumbers have useful

bioactive components in the medical and health fields consisting of triterpene glycosides

(saponins), chondroitin sulfates, glycosminoglycan, sulfated polysaccharides, sterols

(glycosides and sulfates), phenolics, peptides, cerberosides, and lectins. Sea cucumbers

have biological and pharmacological activities such as anti-cancer, anti-coagulant, anti-
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hypertensive, anti-inflammatory, antioxidant, and anti-tumor (Bordbar et al., 2011). Sea

cucumber extract also has antibacterial and anti fungal activity. Nimah et al. (2012) states

that the extract of methanol sea cucumber H. scabra and acetyl acetate have inhibitory

power against bacteria P. aeruginosa and B. cereus. H. scabra sea cucumber extract has

antifungal activity of Candida albicans (Pranoto et al., 2012), in rough extract of sea

cucumber sand also can increase stamina of body. From some of the benefits of previous

research the sand cucumber steroid hormone is able to improve LAT body health so as to

give a positive response to its livelihood.

The giving of sea cucumber extract had a significant effect on the increase of daily

weight of LAT. This further reinforces the opinion that the steroid hormone can stimulate

metabolic activity, thus stimulating the growth of LAT. Sagi et al. (2002) states that in addition

to having androgenic properties, testosterone turned out to have anabolic properties that can

spur muscle growth. Sand sea cucumber extract contains androgen hormones just like

metiltestosterone (MT), so it has anabolic properties that can stimulate growth (Fulierton,

1980). The same opinion by Handajani (2006) that steroid hormone can affect the growth of

both male and female fish.

Figure 13 shows the treatment of sand cucumber steroid hormone at 27 ° C (ST.27)

showed a higher biomass value of 11.10 g compared to a temperature control treatment of

27 ° C (KT.27) of 1.56 gram. This shows that the extract of sea cucumber that is given can

increase LAT biomass, because the hormone that is mixed in the feed able to cooperate in

accelerating growth.

The final weights obtained gave different effects. This is suspected because the

hormone steroids increase androgen content, so that animal aggressiveness increases and

affects the rate of metabolism in the body. The increased rate of metabolism affects appetite

increase and in the end the rate of growth also increases. This is demonstrated also by

Handajani (2006) research in which steroid hormones can affect the growth of both male and

female fish. However, in the LAT growth there is a difference between male and female

individuals who are clearly seen as characteristic (Widha, 2003).

The other factors besides hormones also contain other ingredients contained in the sea

cucumber. According to Nurjanah (2008) the content of collagen in the sand cucumber

reaches 80%, while the protein content reaches 86.6%. Sea cucumbers also contain many

growth factors that can stimulate cell and tissue regeneration (Huberman, 2000).

In this (Table 2), 17α methyltestosterone hormone at 31 ° C (MT.31) was able to

produce a lower feed conversion value of 2.06 when compared with the treatment of sterile

sand cucumber (ST) and control (KT). It shows the use of the hormone 17α metiltestosterone

is still better when compared with other treatments. Provision of hormones 17α

metiltestosterone and temperature variations is able to make the conversion value of feed on
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LAT to be efficient. The results of Ayuningtyas (2015) with 17α metiltestosterone and

temperature in tilapia were able to give feed conversion value of 2.48.

The hormone 17α metiltestosterone in addition to regulate the sexual development of

fish also improves digestion, food absorption, feed conversion as well as other physiological

processes (Mukti et al., 2002). With the provision of 17α metiltestosterone will stimulate

metabolic activity, so that LAT has a high appetite

Conclusions

From the results of this study can be concluded:

1. Giving steroid cocktail sand and 17α metiltestosteron 50 mg / kg feed on sex reversal to

male individuals on LAT (Cherax quadricarinatus) has the highest percentage at 27 ° C

that is 75,16% and 73,79%.

2. Provision of sand cucumber steroid hormone is more effective in sex reversal to male

individuals in LAT (Cherax quadricarinatus) when compared with 17α methyltestosterone

at both 27 ° C and 31 ° C ie 75.16% and 62.5%

Aknowledgements

The authors thanks to DRPM the Ministry of Research, Technology and Higher

Education of Republic of Indonesia for funding at the present research work (Penelitian

Strategis Nasional Tahun 2016-2017).

Literature Cited

Abdu U, Yehezkel G, Sagi A (2000) Oocyte development and polypeptide dynamics during
ovarianmaturation in the red-claw crayfish Cherax quadricarinatus. Invertebr Reprod
Dev 37:75–83.

Aflalo ED, Hoang TT, Nguyen VH, Lam Q, Nguyen DM, Trinh QS, Raviv S, Sagi A (2006) A
new two-stepprocedure for mass production of all-male populations of the giant
freshwater prawn Macrobrachiumrosenbergii. Aquaculture 256:468–478.

Arfah H, Mariam S, Alimuddin. 2005. Pengaruh suhu terhadap reproduksi dan nisbah
kelamin ikan gapi (Poecilia reticulata Peters). Jurnal Akuakultur Indonesia 4 (1) : 1–4.

Arfah, H., I.A.K. Kadriah, O. Carman. 2005. Efek manipulasi hormon 17α-metiltestosteron
pada berbagai variasi temperatur air terhadap rasio kelamin ikan gapi (Poecilia reticulata
Peters). Jurnal Akuakultur Indonesia 4 (1) : 37-40.



12

Ayuningtyas. 2015.Alihkelaminjantanikannilamenggunakan 17α-
metiltestosteronmelaluipakandanpeningkatansuhu.JurnalAkuakultur Indonesia 14 (2),
159–163 (2015)

Azuma T, Takeda K, Doi T, Muto K, Akutsu M, Sawada M, Sagi A (2004) The influence of
temperature onsex determination in sockeye salmon Oncorhynchus nerka. Aquaculture
234:461–473.

Barki A, Karplus I, Khalaila I, Manor R, Sagi A (2003) Male-like behavioral patterns and
physiologicalalterations induced by androgenic gland implantation in female crayfish. J
Exp Biol 206:1791–1797.

Bauer RT (2002) Tests of hypotheses on the adaptive value of an extended male phase in
the hermaphroditicshrimp Lysmata wurdemanni (Caridea: Hippolytidae). Biol Bull
203:347–357.

Bordbar S., F. Anwar, and N. Saari. 2011. High-Value Components and Bioactives from
SeaCucumbers for Functional Foods - A Review. Marine. Drugs 9: 1761-1805.

Brotowijoyo, M. D., Dj. Tribawono., E. Mulbyantoro. (1995).Pengantar Lingkungan Perairan
dan Budidaya Air. Penerbit Liberty, Yogyakarta.

Brian LV, Leonard WA, Kildea DG (2001) A method for testing the effectiveness of artificial
incubation ofeggs vs. maternal brooding in the freshwater crayfish Cherax destructor
(Decapoda: Parastacidae).Aquaculture 195:299–309.

Carman O, Jamal MY, Alimuddin. 2008. Pemberian 17α-metiltestosteron melalui pakan
meningkatkan persentase kelamin jantan lobster air tawar Cherax quadricarinatus.
Jurnal Akuakultur Indonesia 7: 25–32.

Calado R, Dinis MT (2007) Minimization of precocious sexual phase change during culture of
juvenile ornamental shrimps Lysmata seticaudata (Decapoda: Hippolytidae).
Aquaculture 269:299–305.

Curtis M.C. and C.M. Jones. (1995). Observations on monosex culture of redclaw crayfish
Cheraxquadricarinatus Von Martens (Decapoda: Parastacidae) in earthern ponds. J.
World Aquaculture Soc. 26: 154-158.

Effendie. 2003. TelaahKualitas Air BagiPengelolaanSumberdayadanLingkunganPerairan.
Kanisius.Yogyakarta

Effendie, I. 2004. Pengantar Akuakultur. Penebar Swadaya, Jakarta.

El-FotohAbou EM, Ayyat MS, Abd El Rahman GA, Farag ME.(2014). Mono sex male
production in Nile tilapia Oreochromisniloticus using different water temperatures.Journal
of Agricultural Research 41: 1–9.

Fulierton DS.(1980). Steroid dansenyawaterapetiksejenis.Bukuteks Wilson danGisvold.Kimia
farmasidan medicinal organik. Editor: Doerge RF. Edisi VIII, bagian II. J.B. Lippincott
Company. Philadelphia-Toronto. USA. Hal.675-754.



13

Handajani, H. 2006. Pengujian Hormon Metiltestosteron Terhadap Keberhasilan Monosex
Jantan Ikan Gurami (Osphronemus gouramy). Jurnal Protein Fakultas Peternakan-
Perikanan UMM, Vol. 13 No. 1 Malang.

Huberman, A. (2000). Shrimp Endocrinology. A review.Aquaculture.191 : 191-208.

Kusmini II, LE Hadie, N Rukminasari. 2001. Pengaruh dosis hormon 17α-Metiltetosteron
dalam pakan terhadap peningkatan proporsi kelamin jantanlobster galah
(Macrobrachium rosenbergii). Prosiding workshop hasilpenelitian budidaya lobster
galah. Jakarta 16 Juli 2001. Hal 103-106.

Kustiariyah, 2006. Isolasi dan uji aktivitas biologis senyawa steroid dari teripang sebagai
aprodisiaka alami. Tesis. Sekolah Pascasarjana. IPB, Bogor.

Medley, P., and D. B. Rouse. 1993. Intersex Australian red claw crayfish (Cherax
quadricarinatus). J. Shellfish Res. 12: 93-94.

Medley, P., A. Camus, T. Tiersch, and J. W. Avault. 1994. Hermaphroditic Australian redclaw
crayfish (Cherax quadricarinatus). Int. Assoc. Astacology, 10th Symposium, p. 50
(abstract).

Mukti, A.T., Priambodo, B., Rustidja, dan Widodo, M.S., 2002. Optimalisasi Dosis Hormon
Sintetis 17 α-Metiltestosteron dan Lama Perendaman Larva Ikan Nila (Oreochromis
spp.) Terhadap Keberhasilan Perubahan Jenis Kelamin.
http://digilib.brawijaya.ac.id/virtuallibrary/mlgserial/Pdf%
20Material/Biosain%20Edisi%20. diakses pada tanggal 15 April 2005.

Nagamine, C., and A. W. Knight. 1987a. Masculinization of female crayfish, Procambrus
clarki (Girard). Int. J. Invertebr. Reprod. Dev. 11: 77-85.

Nimah, S., Ma'ruf, W. F., &Trianto, A. (2012).Ujibioaktivitasekstrakteripangpasir
(holothuriascabra) terhadapbakteriPseudomonas aeruginosadanBacillus
cereus.JurnalPengolahandanBioteknologiHasilPerikanan, 1 (1),9-17.

Nurjanah S. 2008. Identifikasi steroid teripang pasir (Holoturia scabra) dan Bioassay produk
teripang sebagai sumber aprodisiak alami dalam upaya peningkatan nilai tambah
teripang. Disertasi. Sekolah Pascasarjana. Institut Pertanian Bogor.

Parnes, S I. Khalaila, G. Hulata, A. Sagi. 2003. Sex determination in crayfish: are
intersexCheraxquadricarinatus (Decapoda, Parastacidae)genetically
females?Genet.Res., Camb. (2003), 82, pp. 107–116.

Patino, R.,K.B. Davis, J. E. Schoore, C. Uguz, C. A. Strussmann, N. C. Parker, B. A. Simco
and C. A Goudie. (1996), Sex differentiation of channel catfish gonads: Normal
development and effects of temperature. Journal of Experimental Zoology. 276:209–218.

Pranoto, E.N., Widodo, F.M., danDelianis P. (2012).
KajianAktivitasBioaktifEkstrakTeripangPasir (Holothuriascabra) TerhadapJamurCandida
albicans.JurnalPengolahandanBioteknologiHasilPerikanan. 1(1): 1-8.

Riani, E, K Syamsu., Kaseno, S. Nurjanah dan Kurnia. 2005. Pemanfaatan Steroid Teripang
Sebagai Aprosidiaka Alami.Laporan Hibah Penelitian Pascasarjana. Institut Pertanian
Bogor.



14

Riani, E., Sudrajat, A.O., Triajie, H. 2010. Efektivitas ekstrak teripang pasir yang telah
diformulasikan terhadap maskulinisasi udang galah. Bionatura-Jurnal Ilmu-ilmu Hayati
dan Fisik 12 (3) : 142-152.

Ridzwan, B.H., Kaswandi, M., Azman, Y., and Fuad, M.1995. Screening for antibacterial
agents in threespecies of sea cucumbers from coastal areas ofSabah. General
Farmakology Vol 26. No 7 p.1539–1543.

Sagi, A., Khalaila, Isam; Barki, Assaf; Hulata, Gideon; Karplus, Ilan, 1996.Intersex red claw
crayfish, Cherax quadricarinatus (von Martens): Functional males with pre-vitellogenic
ovaries. The Biological Bulletin 190 (1) : 16-18.

Sagi, A., E. Snir& I. Khalaila. (1997). Sexual differentiation in decapod crustaceans: role of
the androgenic gland. Invert.Reprod. Develop. 31: 55-61.

Sarida, M. 2008. Efektifitas Ekstrak Steroid Teripang Pasir (Holothuria scabra) Dalam
Produksi Udang Galah (Macrobrachium rosenbergii De Man) Jantan. Jurusan Perikanan
Fakultas Pertanian Universitas Lampung. Prosiding Seminar Nasional Sains dan
Teknologi–II, Universitas Lampung, 17-18 November 2008. Hlm 197-208.

Sucipto, A., S. Hanif, D. Junaedi, dan T. Yuniarti.(2004). Breeding Program
ProduksiNilaKelaminJantan di BalaiBudidaya Air Tawar(BBAT)Sukabumi, Jawa Barat.
http://defishery. files.wordpress.com/2009/11/hibridasi-ikan-nila-bbat-sukabumi.pdf.

Triajie H. (2008). Efektifitas ekstrak teripang pasir yang telah diformulasikan terhadap
Maskulinisasi udanggalah (Macrobrachiumrosenbergii) (tesis). Bogor: Program
Pascasarjana, InstitutPertanian Bogor.

Triajie, H. 2010. Uji aktivitas ekstrak teripang pasir yang telah diformulasikan terhadap
kemampuan sex reversal dan kelangsungan hidup udang galah (Macrobrachium
rosenbergii). Jurnal Kelautan 3 (1) : 41-47.

Wichins,J.F. and Lee, D.O.C. 2002. Crustacean Farming (Raching and Culture). Iowa State
University Press. Blackwell Science Company. USA. 446 pp

Widha W. 2003. Beberapa Aspek Biologi Reproduksi Lobster Air Tawar Jenis Red Claw
(Cherax quadricarinatus, Von Martens; Crustace; Parastacidae). Tesis. Sekolah
Pascasarjana. IPB, Bogor.

Zairin, M. Jr. (2003).Endokrinologi dan Peranannya Bagi Masa Depan Perikanan Indonesia.
Orasi Ilmiah Pengukuhan Guru Besar Tetap Ilmu Fisiologi Reproduksi dan
Endokrinologi Hewan Air, Institut Pertanian Bogor, Bogor.

Zairin, M.Jr. 2004. Sex reversal : Memproduksi Benih Ikan Jantan Atau Betina. Penebar
Swadaya. Jakarta.


